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Pollen assemblage changes in the Holocene in the area of Izumo Plain-Lake

Shinji—examples from Lake Shinji and Lake Jinzai—

. o1
Sayuri Kawai

Abstract: The vegetation and climate history since the early Holocene in the eastern Shimane
Prefecture were clarified by pollen analysis performed on the two sediment cores drilled from
Lake Shinji and Lake Jinzai. About 9500 cal.yrBP, the cool-temperate deciduous broad-leaved
forest of Fagus and Quercus subgen. Lepidobalanus were dominated around Lake Shinji,
the warm-temperate evergreen broad-leaved forests of Quercus subgen. Cyclobalanopsis and
Castanopsis-Pasania were mixed with the cool-temperate forest around Lake Jinzai. Until
about 7000 cal.yrBP, the warm-temperate forest predominated around this region because of
warming. Until about 4300 cal.yrBP at Lake Shinji and about 3200 cal.yrBP at Lake Jinzai, the
coastal forest of Pinus thunbergii grew on the sands appeared by regression, but the succession
of warm-temperate forest progressed in spite of cooling. Then, Cryptomeria and Fagus were
increased by the cooling. Until AD1635, secondary forests of Pinus densifolia were expanded
by artificial effects.

Key words: Holocene, pollen analysis, Lake Shinji, Lake Jinzai
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Fig. 1. Location of the SJ96 (Lake Shinji) and JZ01 (Lake
Jinzai) .
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HEE SRR 13 10~20%, AFE - >/ FEIL
B AS%ARMEL L, A7 F -1 FEiTka 30
~40%, 7V IEIE 1%KL T 5.

JZ01 - 145 - ~16.51 m. I F ZHE LK 10% 5,
TFIBIL 5% NE B 41201 — T4 & O 8hn4 5.
T A HE IIBEAL 20~30%, ~ FIEI 5% 55128
mL, ¥4 /7 F -7 1)FIIH30% F TR L
721% K-Ah BBHEZIEIZ 10% 128 L, Y~EEITH
S5%EMT 4. =L -7 v XEIEIMA 10~20%, 7
<XV TF - THFEIEK 10%ICHEML, AFE N
X SBARMERL, 407 % -1 FEIZH
20% 29T 5.

JZ01 - IVif:~13.72m. I ZHFEIZF 10% LD
5% A, 7 FIEIE 5% K~ & & 41201 — A &
DA D, THTHEIRIZR20% LD 5%~ &
B, VA7 F =TT AIEIE 5% KBRS
H. XXBIIKS% LD 10%~NL¥nL, Y~EE
EH 5% RENT 5.~ B BHHEE R HE 124 10%
5950 60% 58, £ 3BT 5% AT L D 10% 5%
NEZLBIL, =L -7 Y FEIZR 10~20%,
AFXE - Ny FBIIZASURGEL L, &7 )
F -/ XTI 10%58 KD 5% KW~ & AT
%.

JZ01— Vaif - ~10.25m. I T HiE1E 3% K~
EJZO1I -V &) EH6ITEA L, 7FHBEIZIFEALY
WL b, 7HAVHIRIINS%, V17 F -

I 5~



RS ANERY

Depth(m) '
[ [ (=] - = = = - = N
L1 ? CI, 1 ] | | °| ? l : '\J’ olg
2 8 g2 3 @ e 2z &3 =
] 3 4
B S ® ® > an < w Sggo 3
= & s 8 2 a8 88 & 288 2
l 1 _— R | 1 S @ L
f : |
I — I - S—— = zz e
: ||| ' |H 'Il' iR | :
3 . : i re
g : [ g
2 | .F.w'rms subgen. Diploxylon : s
s [ XURMHERER : g
8 . | H 3 : e
: | : s -]
3 i i H]ii Hlllﬂﬁ : | Aphatianthe-Celtis L7 / ¥ —L /%R
P | ; || I H ll]M.._l.L-ll ol o FES T T ll Lo Lo . A = o §
Tt~ aai 'I"‘]“"T“'- ]"’]—'Iu T i)
= L E , Iq 1 Fagusj‘)‘. ' 1 AbiesEZR
o T P T — el IIILI.I..A i POTEEPORE 1 74 | [ O
= ; d — - e e a— N S I !__ : R
g 1. _ i Scuobprtys:l")*'?*l . | Tsm‘}ﬁl i
e 1 W r“—rl—l-[ LI L L A ey M| .:- YTy 1
: L.Il v | Ll_msram‘g_ui-- P I I : ; ' Pado‘-’mus7 J
T

- : - - r— [ S— — -
e [ Il wr :ll ]W'ﬂﬂ”ﬁln L 1 .y I ]"]llr I I“r L2 B S I
21__‘,| ) I - ! i | Juglans-Pterocarya 2 ILS—%D 4 IR 'CWW’W&?\’F. KR

'_'lf'l_]";"l '1—[ ';"Ill'Wl"'-'l-rl"[“'—' I_' E_'I vy ]l llll l'“[ I Ll v
: : l&wkjﬁ)—’f-l : Mty:m Wa*’c’?f%
== e ..,,.,m,..w-.....;. e e e =
| : . : lCary!us:\*'/ﬂs. i IAahus:\JJ#-l T i
- : II —'-r—r'] —-—.—r—"—v—l_'—l—l—‘ lI I I L) 'l'_l'l" - _l'l_l |
W I l “Tl!eﬁ.?/#l

2 {l‘grmnus-omnb'x’vv'-—?*}ﬁfl

Frﬂir"u -I] " .[I'wy'qummmmwmwm

T "_I_II'|' (TR Gl L L
Quercus subgen. Lapmmzﬂ-—,-lzfvil

i

! AwﬂITl

IWWWW Hr"”“

L —_—

0 01 0Z 0y Umoz*umozoca;omuzocoun mg.umgumgo oL 0Zy

T
1 Quercus subgan,ngaba}anopsisJ"‘ﬁl?’JﬂJ ER

T L R

O£ 02 0L 0O %O¥ OE 0Z OL 0‘0!05010 0L 0O 0ZOL O %0L O 'MJI.O 0L 0O0ZoOL O

—— 7T T l' ' S
|E%‘,s_z,ﬁw ;‘-_ M m l IECastamp._w‘s—A iased /X —TT IR
HL-.A_-.‘.Ll_ IT_TT I ”lﬁ llll ]ll lhl " | I ‘;II “ _LL_ | atda. B o o T
: 1 Artmuﬂi#‘ E
7L D N | Polygorum 3T R - -
[._ - i - —_— gy I S —— :_. S ——— I- S
IGEnminaae-( TH [ ;
‘ 1 Ch;paraceae?:l’t")')'g"fﬁ' 5 : i 8
M Trees and shmbs**&ﬁ I:IHor‘hs‘$TEﬁ SporefdF
| | “ | |u | r"lll [
3
] JZOI 1 JZ01- ]I ‘ JZo1- I JZ01-IV JZOI v JZOI-VI | JZ01-VI JZ01-VH -
314, Jz01 @%fﬁ MR, BRI YT T Ak )%iME%% EeLit J:Jﬂ*cc;tmﬁacm (2004) &

O - &% (2006) 12
Fig. 3. Lithology, "

oL GO FLBIEE 2

& fE L.

C dates, pollen diagram and local pollen zone at SJ96. Columns and "“C dates are based on

Yamada et al. (2004) and Yamada & Takayasu (2006). Legend of lithology is referred to Fig. 2.
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TTNVABIE S%RENE S HITEAL, YYE
FBRIZEAEENLRLSRY, vFFEIITH5~10%
FEMT 5. < BIEHEE HAE 1342 60~70% &
SHIZHML, EIBIIK 10%, AFIEIEIK 5%EE
HL, =LY ®EIE5%E, /7~ 7-7H%%
B 5% ARG B

JZ01 - V7 @ ~6.88 m. I THiJEIL S%5E~&
JZ01- Vi L Wi+ %. 77 v liEidia 5~
10%, ¥4/ F TNV AEITH 5%, Y~EE
X 5%EFICHEIML, ~F)E I 5~10%EHT 5.
A¥E - I T-THEE - =L - T Y XEI
HASBERICHINN L, ~ v J8HHEE HH R (3 4a 40
~60%, EIBIIFISWIZHATEH. ERIZBWT
A AFEDS 5% IENEBEINT A

JZ01 = VI75 @ ~395m. I 5 THEids%mm, 7
FIEIE5%55 L JZ01 - VIGF K D ¥In+%. 7H AT
WEIZF & fE 5s~10%EHL, 1/ F-—~<v7N
AL 5% AW, ~FIEIE SB AL, v~
EEIZ10%55 XD 20%55 128N 5. =L -7
XEL 7~ T - TH VRIS 410%5E, VTR
F5%I1cHEimL, AFEIZH 10%, EIFITH 5%
FEH L, ~ v B M AR (A2 30~40% 1298
T5.

JZ01 - VI - ~KH. 3+ MR 5%5g, 7
FIEIE 1% KM E JZ01 - VIFH L VP35, 7HH
SHBIIRIS%, YA F - TNV A B 3% A
WA 5. TS USORAR LIRS 5 h
T~ Y B M Rl O ADEAQ 70~90% |2 it
T5H, BERIZBWTIEIA A2 10% 557005 50% L) |
WZHEEINY 5.

5 # =

51 HiEE - HREOERER

ST VLI S A RTL O 1971~2000 4F 0 30 4F
] % 3 L - 4RI AR T 14.6C, SERI K E L
1799.4 mm (HZE4MH) Th b (RARTH— LR —
V). S0 GCUEoHPFERiEE 5C &
DEOFERAEEM - FE, 1949) 13 115C TR
(85~180C) IZ&F 1, WIEHRMAE T VH - >
A FHEROFIRRILIEBM®R E SN D G5, 1973). 1E
5 800 m L EhENLHIZIZ T % I XF T F4hD
WEIEILIEBIMRDSIL A L, HoRRIA SEB AR & W 28
B ORI E I - TSRS
% (SALFF, 1977).

ZAEH T OEMRE, E2(2002), LHEHIZ2(2004),

I - @22 (2006) 12 & 2 4EACAE % o 3 SR FE L2 It
BIE S S CHEM L2, ERMEDEET 5 1201 - T
iy - B RILEE T 2 oOEREL ZEE L T
L, %410 DAL THUETLA L THERLT 5.

511 SJ96 RK—1)> ¥

SJ96 — 1 77 © BHlh - A& THAUIH S 2 TIE s
37050 * 500 yrBP, 29700 % 300 yrBP (GREZIEAEAL 1 11
H- 8%, 2006) OFERMERE TN, D &b i
B chrEZONDL. KuizaroiliE, =
V=T Y X BIErOEEILERDIL L, ZoHhicT
FIERL AN FIE R EOGIRGEEO L OV & F
N ENFRHTHL, PEO I T LESLY YV EH
MERBEREZ S LU EMTHL. Lo
CHOAT LI T 5 B2 IR TE AR I L, O
L I SETT ST AR S A5 %, Bl L D) 27
DEEGRETH o EHEESN L.

SJ96— T 7 : 9400 LH~7430 cal.yrBP. 77 ILHI12
BU LG EEILEROBRLE T AN L HEE - v
40X =TT A BT & OB RS S o3
MTEHE#MOTONE. ZOHED ANED ) DT
IR LERIE L, ZAUIETRICBWT L) BET
BHolzbEZONDL. 7277 UG L3 % iR
IRIERDSHRE ISR T A I E > TR v T, B
LD IIGHETHoEEZOND.

SJ96 — TN © 7430~7200 cal.yrBP. 77 D4 1%
TFIE - 1N FE T & OE IR ETE IR TR O Sk
IR T IR &Y< T & ORI R
IREEB O ZGR RN TH 5. IRIELATS 5 I2HEAT L
7EEZ o, FEHIZA (1989) 12X 5 & FFHR
W2S145C % LA E T A AT HENS0% L EB X
PV~ EED 3% EHBT 5 & DffENS, 3T
WZHHE LRI N L ) RREBEIZ R > Tk
EZbLh.

SJ96 — V7 : 7200~4270 cal.yrBP. AHF DHFHLIL,
VAT I SER L R 3 2 IR AT I SR O LR AS ARy
HCRE THAHI L THY, MTHRIRE 2 L
TSR OILR L Tzt ZE2 o605, 72
~ RS W HLE 2 RIE 2 B 2 4 ) R LoD
g5 LU TH D, AR 7400 cal.yrBP B
\ZFHET HWINCTEONHE I N2 s s (b
(T2, 1996 ; WA, 2006) DT, Z O LA &I
JOaYMPEEF L, NEERIBFERBEDIZOHEE
CHAEAREDIELTWZ b EZLND.

SJ96 — Viii : 4270~1780 cal.yrBP. A DHFFHIL,
|-V AE EHETEO T F BT 5 2 &



8 ERENERS

BB RO IC X S ASNE~FE (BB - =
I, 1998) AsBEN4 5 2 & Th 5. KAEI AL EE

U722 & L CREBILOE I - 7
U EREILEBMDET LI 7-b oo, Kbk
RIZTITBRIRFE R ORI L 9 2 IEELXETH -
72eEZHND.

SJ96 — VI : 1780 cal.yrBP~THJ& 1635 & L < 1% 39
£ RFOFMIIAFEIHEINT A2 THDH. A
X HEHIZEAKED L I TH S (B, 1960) O
T, mERIEE NS,

SJ196 — VI7 - THJE 1635 & L < 1% 39 fE~Hifk K
ORI~ Y BEMEE KBS ERT 5 2 & T,
NBIWZE DT =Y IR LD HEFTHIIRIBE S LS.

512 JZ01K—-1>%

JZ01 -1 77 1 9600 Gi~8970 cal.yrBP. A7 4K
o JHEE 7@ L CT A Y R A
METHZETHD. Lizhio CThmEZ &L
LEILBERIAR A & BRI B AR A SE AR AN D RAT DS HEAT
Looh st Tho/E2ZbNL. T4
77X - XEDPEFIZL N L QEFRT, 5
HiJE 38 ORI i E R A (A AR CREFR, 1990) D A 7
JEF - XIMICEDN TV EEZ LN,

JZ01— T 77 : 8970~8180 cal.yrBP. Riif DA 1%
A F-RTNVARE, YYEENHEMTS L
TH Y, BRI HERLEB MRS S SITET L DD
hHolzbE2zonb. A7) F -1 /)F)ge=1 -
TYXIEDL N LB O—DT, FIEk &5
R L DGR H IR R R ICE DN T & %
Zbb.

JZ01 - 04 © 8180~6670 cal.yrBP. i O 4F# 1L
THAVHEBE A ) F < TN A BIEBET 5
L ThDH. —REIRBEAL U CRER FRRIL 2R AR
IN N AR =Y (-

JZ01 — V4 © 6670~4610 cal.yrBP. %5 O FFf# 1%
VAV X —RTNVABPRLTHILET, O
EAXB ZALA KIS AT 7300 cal.yrBP EIZ583E T 5 iR+
INIZ X ABEITOMZED 72K & 72 > 72 (1LH
37, 2004) A5E, XD EEICTIEDOH 2 &2 s
(FXF, 19925 NI, 1998) ¥ A /X —< TNV 18
B, aFSHBERT N A VHEICH S TSN
& EIRET HUREEDS D 5.

JZ01 - Viif © 4610~3160 cal.yrBP. i O 4F# 1%
< XEPINT A Z & T, BRI H AL SEB AR AT Z
ITBAHIEL T2 eEZoNh. YFEHN10%LL
BT 2 SUEERER I AETFEAR 14.5C LR, R

KRR 2400 mm DL b GRHIZ2, 1989) & OfadE
bdHY, H L 0iBETho o REErH L. F72
<~V EBEMEERHIE DG T A 2 L ST, 4100
cal.yrBP B =X L O Bl & K HEAK T O AH 35
KT INAFEE L7z (U - &%, 2006) & %
LU C, Z7uaxvipERsiik L7722 & 2mgd
LUREED D 5 .

JZ01 — VI © 3160~1720 cal.yrBP. K75 D4 1%
AF/HHEINT 5 2 & T, L HEE SN S,
JZ01 = VI 1720~965 cal.yrBP. A7 OUFf I Y
Hig & 7T F AN 5 2 & T, ZEIHFEALICEE
U7z &2 e L CRBILHOE I — Y TR 7+
U EREILTERMRDET LIGO 722 EAMEE S L
5.

JZ01 = VII%T7 - 965 cal.yrBP~I . A% O Id ~
VIEEAMEEREE)SH T 5 2 LT, ABICLET
B ZIRMEPHEAT L2 EZ NS,

5.2 BETFTEMTE & D3ttt

LR b 5 R e o vl - SRAE IR I BV TER
P2 (1990), ¥ (2005) 7 &2 & B e @i ieh
WOHMEENTVWEDT, Zb DA D
(% 412).

LY FE - FEAHT OIS T HEEE
7 (10000~9800 cal.yrBP) (& 2 F FHiJg & & 7 /
¥ - FEOBELTHEER DT O CRIEIED,
1990). Kb b & E 2 SN LML 72Aek %
(X, SJ96 — I 2L EB DR EE 14.22~13.90 m (9400
EH~9250 cal.yrBP) & JZ01 — 1 i F#RD 24.28~24.04
m (9600 B4 ~9530 cal.yrBP) |Zi8& H v 5. BEAEHF
Ze L OMIZIRKK 500 FFOTNAROSNL. ZD
FHE LT, St ~RA T 7 RV gz
TOERIEEDD T WEEFEITZE & AWF7E & DR IZ4F
REDOIBEEDEN B D Z LR, REEIHET S
EARERD L 7 7 % =1 X (KB, 1990)
TRV T2 R ENEZLNDL., L7 /) F
& -/ ¥E o7 FEH (9800~9600 cal.yrBP)
&, 27/ F¥E- /X |ELaFTHENLL, 7
~ 7R, =L -rYXE TrEREENE) (K
PEIEA, 1990) & &b, SJ96— T4 FHBOD 13.90~
13.12 m (9250~9010 cal.yrBP) & JZ01 — I 771+ B
? 24.04~21.48 m (9530~8970 cal.yrBP) 72k} [t &4
HEEZOND. BAAIZE & ORI AR 600 £
FTRPED SN, FEREOREEDER, LT HN
YXE V-V RE LA ) F - RER
EOWRHAEY S KR 2 B & 4 0 B3 720, T
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Central Sanin district This study
Onishi et al. (1990) , modified by Watanabe (2005) SJ96 JZ01
age Pollen age Pollen age
Fesn o s °x ¥(calBP)| zone [(calBP)| zone |(calBP)
A
Gramineae- ¥} SI0-w JZoi-u
AD5~12C|SJ96-VI 1780~ | JZ01-VI 1720~ |
Cyclobalanopsis— 3000~ SJ96-V 3700~ | JZ01-VI 3160~
Castanopsis s{ AT $£4500~ 4270~ | JZ01-V_ 4610~
ThHALER— . Castanopsis 4/ %6750~ | g jo6-1v 6780~ [JZ01-IV 6670~
D27 . . 7200~ %
Cyclobalanopsis PhH L BIR %7500~ [5395-m 7430~ 20" g1g0~
Pinus—Abies Ulmus—Zelkova =L —T X X & 367850~
IVR—EIR X
Fagus—Tsuga 2 JZ01-1
TrR—yH R
- ¢ 8970~
Aphananthe—Celtis gus 7R 29800~ i
LY/ B—T/%R Quercus 17 S B 310000 9360~ | 2"~ 1 9530~

|SJ96— I late Pleistocene

Alnus—Quercus I\os /¥ —T 7.
Quercus—Alnus 372 N/

AR R IO R T CRPEIEA, 1990 : FEHGS I3, 2005) & ABFZEDIEA X5 & DB

£, AT L - &2 (2006) 123D <

Fig. 4. Relationship between pollen zone (estimated by Onishi et al.,1990 and revised by Watanabe, 2005) in

central Sanin district and pollen division in this study. '“C dates are based on Yamada and Takayasu (2006).

DOBEMBHEZ R LIZ W E R EPEZSNL.

7T FIE = W O 7~ 2 TR (9600~
9300 cal.yrBP) (3 7 FJ& & Y WEH % L, v HIE )
W35 (R¥EIZ2, 1990) & &b, SI96— D
? 13.12~11.35 m (9010~8440 cal.yrBP) 25%f It & i
HEEZoND, BAAWITE L OFIZEA 800 1L 1
DAVLPRO N, FRMOKEDOZESL, v TED
BRI 2 ENEZ NS, Thbb Y Tsuga
sieboldii (I 1E) DYFE § 2 EHREKEL, £
WRIRAT 7~16T D4 1600 mm LLETH 5 (FH
127, 1989) OT, HWIERIR THREAK L EKRDL NI
HVIRIEEL T2 esE x b, HEBRFIE
3L & D fe i E R ERIE 10% 5820 5 30% 5 &
BRRH D, 2B, 12011213y FE oW )i i
B RHB IS, v DR RO RED X
D ER JZO1 A EICIZ E A EG L T o
CZ L ERIRET L. THE - HER O g
(9300~8550 cal.yrBP) (&7 FJ& & HIEn% <, v
HIEDBAKE 7B & S D (K2, 1990). SJ96
— I35 &R 11.35~9.2 m (8440~7850 cal.yrBP) %%
ML ENsEEZ 65, B L ERPELR S
3, FREOEEOZER, IV HEOGADORY %% &
NEZOLND.

THlE -V HEBEOLY ) F - FEAia
(8550~8200 cal.yrBP) 1&, 7@ &V HEH % <,
VHBIERRWAL, v~V TFE - AV ) X)E -
JXBEREDPHEMTLEENL. v VE-EIEW
DE 3BT (8200~7850 cal.yrBP) iX, ~ Vi ¥

B-EIBAREPWINTLEEINE v VE-EIR
W= VIE— ¥ ¥ E T (7850~7500 cal.yrBP) (%
IVIREEIBIELL, AFXE - ZLE-TYXE
AT 5 & &b (Lk, KA, 1990). SI96—
I f 1 EB D 9.2~8.19 m (7850~7430 cal.yrBP) &
JZ01 — T %7 21.48~19.18 m (8970~8180 cal.yrBP)
WiEar7 /7% -2 /%8 - =L-7rVYXE-~VE
BHEEREIEN L\, 7272 =L - Y FEEiE)
L) F - XA, 7~ iRk &8,
T BE AL & ke LRV bWw L E AL E R
8.2ka 1 X b (Alley etal., 1997) 72 & VZ4E ) i
TEORL % O L CR M 2l R A DKL T
Wl h, IS OO ERER A —E L 2\
DT, fi4 OFEHAFT I TS LIETE%ho
7.
THHTVHEIE - A FIEGOT A Mg A
&, WYHE-FIHE- VA VTR XE
&% (RMEIEA, 1990), K-Ah Z#AE L (5 -
P, 1996), 4E AR 1E 7500~ 6750 cal.yrBP (% 34,
2005) & S A, SJ196— M4 - Vi P 8.19~5.68
m (7430~6780 cal.yrBP) & JZ01— 47 - IV T &6
® 19.18~16.51 m (8180~6670 cal.yrBP) 2%} [t &4
BHEEZHND. S196 DERDEEFIIZE L & < —3
THDOIZH LT, JZ01 DBEERDTEL LH b oA
JF-RTNVABOEREPEH O, LR
R REORREEZONDL. THATVE
B-4/FEBE0 A4/ FEeliadE, ~XERD
7Y, XVE-AVE S IE VAR LN



10 URVNERE

Lk & CRIEIED, 1990), 4EM1E 6670~4500
cal.yrBP (Y34, 2005) & &b, SI96— Viif LD
16.51~2.84 m (6780~4270 cal.yrBP) & JZ01 — IV 7%
L#8? 16.51~13.72 m (6670~4610 cal.yrBP) 25k} It
ENBEEZONL. FAPEMAIRE L —FF
LD LT, VA4 F TN A GO
1201 T, ZoHEIFIZ01 - N OE TEE L
2. THAVEE -V A FEHOA X< X @
&, V- VAENS L, FESHEIL ORI
72, 1990), 4EfXIE 4500~3000 cal.yrBP (&2, 2005)
& &7z SJ96— Vi THED 2.84~2.40 m (4270~
3700 cal.yrBP) & JZ01— Vi ® 13.72~10.25 m (4610
~3160 cal.yrBP) DIELHFEEDS KL I NE EE 25
N5, EREENEE I—8T 5. THHVE
B-4 7 FEFEOAFEHTIX, AFBEOWIMIC
LD EEBO T S CRIEIE 2, 1990), 4EfLIE 3000
cal.yrBP~#7e 5 il (P32, 2005) & &b, SJ96
— Vi B 2.40~1.46 m (3700~1780 cal.yrBP) &
JZ01— VI75 @ 10.25~6.88 m (3160~1720 cal.yrBP) 2*
ME b EEZ5ND. SI96 DRIRFEA ST LD
&, HEREEE 0L X A ERBOBEOKT, H
BWIET Y BDEFED 20 A& O BMGIEE %
HELIZC W EIZXBEEZONS.

A ARVE DT A IR - 3 T R XA A
BEassgimL, 28 - FIHENE < R, 1993),
FERITETE S~ 12 AL & S b (5, 2005). SI96
— VITH D 1.46~0.79 m & JZ01 — VI45 - VIH FHEBOD
6.88~146 m AR ILEN D EEZ BN L. A ~FHEF
O~V RHER YV EPAMT S L S b (KA,
1993). SJ96— VIiif F &R0 0.79~0.24 m & JZ01 DO VI
HEROD 1.46~0.68 m DFFENK L EIN D LEZ B
L. AXFREO~ VG - AFIRIRIE~ VB AR
LAFEDEEM LG 5 CRVE, 1993) & &4, SI96
= V45 BB 0.24 m £ 0 EALE 1201 — VT B
0.68m & 0 FALOREI I EIND LEZ ENL.

6. £ & ®

EREFEHOTHHAR—1) > 7 a7 oW %
FEHE L 72. 9500 cal.yrBP GH, S5 SJ96 12 BVl
7 @R a ) T HliE & AR & B s i 5 S
MRSERE L, &0 IR CHREER RO B O R
P IZ01 I2BWTWE T A HVHER Y A ) F -~
TNYA R % FAR L 5 5 BRI AR IA B L ANHE
ATz ImBEALOFER, 7000 yrBP I &1 A
N BB ER T 512 E 72 FO®RGHEL

VZRE D MR 7 E D72 OIEK L 7N 7 1~
MDA T D% EL72D, B HoIcimETH -7
728, SI96 Tl 4300 cal.yrBP EH, JZ01 Tl 3200 cal.
yrBP 272\ CHE A R O ARAI R A3 A 72 DLFE
S FEALDOEENAFERS 7T EOMINE L TN
7.

BEfrse i s e 2 34 5 L, L) %
BEENK 2 RSN 00, BB OFAI—E
LaWEBENRD 5, ZOHBE L CHhMhid/
WETHEDEL < %2 ) 235 2B A O Bz %
DBENC LR, BEAFOWIFEOERIORE AN C
EDOEBENEZ LN,

i B

2001 4F B B R iR 9E 2 o~ 4 — 12 Tor
W& it L 72 Kie T & F & o 7-WF3e A B4R
DFDTz, bW FwE LTL 728 o7 5057212
AL ET.
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Changes in filtering and survival ratios of the ark shell Scapharca kagoshimensis
depending on salinity and temperature.

Yasushi Miyamoto', Akiko Hatsuda'

Abstract: To clarify the optimal environmental conditions for the ark shell Scapharca
kagoshimensis in the brackish lagoon Nakaumi, its filtration and survival rates under various
salinity (9.4-31.4 psu) and temperature (8-31d) were examined by laboratory experiments.
The filtration rate varied with varying salinity and temperature conditions. The rate was highest
at intermediate salinity (18.8-22.0 psu) and lowest at low salinity (9.4 psu). Under the low
salinity condition, filtration was not observed. In addition, the filtration rate was highest at
summer temperature (27d) and lowest at winter one (8d). The survival rate also varied with
varying salinity and temperature conditions. Dead individuals were only observed under the
combination of hot summer temperature (31d) and low salinity (9.4-15.7 psu) conditions. In
particular, the combination of 31d and<12.2 psu was critical for the shell, the survival rates
were 0% and 25% at 9.4 psu and 12.2 psu, respectively. In the lagoon, where halocline is
maintained whole through the year, the critical temperature and salinity for the shell’s filtration
activity and survival were only recorded in shallow zones above halocline. Therefore, it is
suggested that shallow zones above halocline is not suitable habitat for the ark shell.

Key words: Scapharca kagoshimensis, filtration rate, survivorship, salinity, temperature
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Fig. 1. Schematic diagrams of the experimental design.

HOMOMARKLRDOWAV THoT-2EZ BN TN
% (F% 1955, S HUR K E R ERY;, 1959). £ O
%, MSHIAREARIE L 2 Y RE O ERR
MO YT ER OFA 40 FEARB IR D L, E
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&, WAKROBALNZEWKIBEOR M & 725> Tn b
(Sakurai et al., 2007). Z N5 —HOFEIL, TR
7 DA HMEIRTEA DR FZEE T 12d 5 2 & & 5 <
RIEL T\ 5.

T, Ry OARIE, KT AG L TEL
T5EDL ) HEREERICHIR SN D). BT
JElE, BRICHE L BAIRS, KEOWIROEE TR
L Twad (FEEIZ2, 1986; ElE - /NEFIE, 2003;
Nakamura, 2005). F1C b IE51%, FilED X 9 %K
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2004). [EIRELS, VR OEE DS O
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SFTERTT 22 & MmE SN TwD (REITD,
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FHIIZEALT 5 2 e HaIcFHEINLIC b b
59, KIRIZIE U 72355 T % 72 H B 7 e,
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HE2HA L LT, Bl 2 XA OEMEROPT AT
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2001). FJEOESITEE K E WV IHE (9 1020
psu), FREOE/SITHENZE L T2 (§9 30 psu)
(Ishitobi et al., 2000). 4 HIZBIFT A4 VAT DAL
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TeldRETH D, HHGHT Itz s+
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272 5 I8 BHE (CR) 2SR EEE LCHEIEINRT
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Fig. 2. Effects of salinity (upper) and temperature (lower)
on the filtration rate of Scapharca kagoshimensis.

WHEEDOWESTA L NI ENEholT0, o
D5 EHTTIEKIRL 8T - 20T - 27C DR OAE
M7z, Db o2y #iid, SPSS 11.03 (SPSS Inc.)
HHWTITo 72,

i R

BBRE

VAR OUEBEA LIRS U CE b L 72 (Fgy
=648, P<0.001). £ D5 (18.8~22.0 psu)
T IR K 7 B HT, KR (9.4 psu) T
/& e DMEAIAS, KR 20 - 27 - 31C O F TRED
bh7z (Fig.2). L2L, Kig8CoTTE, £
£ BIRAZEACIIIG U7z i B O LIZRED S
o7z (Fig. 2). 2 OKIRISIE U T & 8 EE
B DBIRAZEALT B, HEHICEETH - 72
(Fsuxremp = 2.15, P<<0.05) .

F 72, RO JEE I KEICIE U THEILL

72 (Fremp =29.41, P<0.001). ZKimlZJ& U 72 85 2
DAL, FREEOESOTF (18.8~22.0 psu) Tl
ZEThHY, JEEEEIIKIR27CTRA, €L T8C
Tie/he o7 (Fig. 2). LA L, 9.4 psu DI T
TlE, 20 &9 AKIRZELIZIE U728 021t
D LN o7z (Fig. 2). ERto X 512, My
EKIBOMNRDLEHENERPERE TCHo/zZ &b
(Fsueremp = 2.15, P<<0.05), &5 1206 U Tk & 68
WD BIRAEALT AL, RIS D BT S
nr.

AR

PR T OEFRFS R EKIRIZIN U TEfbL
7z (Fig. 3). S HOfFMMEIC BT 2 E%FF, K
I 31CIZBU BHEKD 1/3 (12.6 psu) LLFDOEMET
FHL ML, 94 psu DIFSTFT0%, 12.6 psu T
25% CTd - 7z (Fig. 3). 7% B, 18.8 psu Ll LDy
TTIECD RO bz o7z,

£ =

POV AR OPEEAFE I & KRS U TEfEL
7z, UEAETEEE (P FLEE ¥R S (18.8~22.0 psu) T
KB EDNHS D% - 72 (Fig. 2). HEHET
(2 & B S O T IO IV AR T Hidy
73 % (Nakamura, 2005) . A BH#EOEKIZ 15 psu (i
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0, 2o, WA AS10 psu & FIE A & EATE) G
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L (Fig. 2), », 9.4 psu CILHFWATEI DD H 1L
72 { 7z o 72, Nakamura (2003) (37K 18°C Tk
TS U EEEE T2 R L7228, 29 L7z
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HDOHFT—HLTWAZ EDERIEEDFER L DL 2
W7o 7z, L7223 T, RIESIKIEICTHD 6974
VAR OUEBTHFENCAETH L LM TE 5.

T/, IEEEEIEESOT (314 psu) THET
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Fig. 3. Effects of salinity (upper) and temperature (lower)
on the survival of Scapharca kagoshimensis.

KA IG U7z iR B 022 ki, PO 5
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20°C BT DA 513 5 A AL T 1215 L 7218

HWHEOKTIRAEHEOMAETLREDOD LN TWD
(Nakamura, 2005). —7J7, 7Kili 20C LLECoKii &
TR O BRI S B R v RIFgE T, 27C
OKIERTHEEEEDSRAKICRY, S5I231TICH
5 EPEBEAENRRMLT T4 2 EATRENT. 27T
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LTl REETLHE, HHEET VR Y OJEMIGE)
AFICELETL, BEFIIRKICR D LR TE
5.

AEFRER G M4 & KRS U T LT 2 I AR
Sz, ¢@F%WTW@$%$u,ﬁ%$@E$
it (31C) 12 B B85 5 (<12.6 psu) TH
LT L7 (Fig. 3). 29 L7zEKiE KIS o
S, PlETIXZ 7-8 HOESGREICH YT 4. B
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Fig. 4. Schematic representation of the results: Temporal
variations in salinity and temperature in epilimnion (light
shade) and hypolimnion (dark shade) during past 15 years
(1990-2004) at the center of lake Nakaumi in comparison
with active conditions (inside the broken line) for
Scapharca kagoshimensis.
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9 —7, BETHOEREOEMETIEtEb 2w
EDIRENT WS (FEHITD, 1997). T oD
M5, IREROERSE, BRIV ERTICEST
B 2R DR T W EATRIBENS.
AHIE 22 40 MR ST S 5 il Tld, Mg &k

I DZEEMEA Y L TR TR E KR4 5. Hiko#
D, Mo - oKimE b ISEY (BRE EHR) 2B B4

BMRIL, Y (B TEE) 1ICEB T L { K& (Fig.
4). EHOS L AKIROZEEBIL, VR Y 9E
BERATZ R WHIBIC D KERIEBD 2 D2 L1120
A, BOLM 3L b EEAH S (Fig. 4). I
L, GO & KO LB FEITIE YV R v H3E
A7) SR E EHEAIRE WS &2z, BOEH %
FEI & DEEN 2\ (Fig. 4). L72h»> T, Hgk
KIBROBREEICE L Cld, Wy VR o4 BIZHE
LTWw20I3HEE FHoEE Tldk <, BETHO
B CHDLIENREBEING, ZoHIE, FHEICB
\F % 22D TOELRY VAT 23555 HE R o T RIS
H725HKE6mAIARDEEG TH > /2 HFE L LTFE
% (BRI ERYS, 1920).
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Some leeches (Annelida: Hirudinida: Piscicolidae,
Glossiphoniidae) in the Hii River system,

Shimane Prefecture, Japan

Takeo Yamauchi', Tetsuya Itoh?, Katsuhide Yamaguchi® and Kazuya Nagasawa*

Abstract: During a parasitological survey in the Hii River system including two brackish-
water lakes, Shinjiko and Nakaumi, three species of leeches (an unidentified piscicolid,
Limnotrachelobdella okae, and Batracobdella kasmiana) were recorded. The unidentified
species was collected from the body surface of Japanese icefish Salangichthys microdon
captured in Shinjiko and the Ohashi River. Limnotrachelobdella okae was found unattached
in both Shinjiko and Nakaumi. Batracobdella kasmiana was collected from the mussel Unio
douglasiae nipponensis from the Hii River. Color photographs of live specimens of these leeches

are given.

Key words: Batracobdella kasmiana, Limnotrachelobdella okae, Unio douglasiae nipponensis,
Salangichthys microdon, brackish-water lake, coloration.

Introduction

Leeches (Annelida: Hirudinida) are distributed world-
wide and can be found living in marine, estuarine, moist
terrestrial and freshwater ecosystems (Sawyer, 1986). Al-
though about 60 species of leeches are recorded in Japan
(Itoh, 2003), only fragmentary information is available.
For most species of Japan, little is known about their host
preference and geographical distribution.

To date, the leech fauna of Chugoku District has been
poorly understood. However, 12 leech species (five in
the Glossiphoniidae; one in the Piscicolidae; two in the
Hirudinidae; four in the Erpobdellidae) are known in
the Hii River system (Uéno, 1943; Anonymous, 2000):
Alboglossiphonia lata (Oka, 1910) (as Glossiphonia
weberi lata), Glossiphonia complanata (Linnaeus, 1758),
Helobdella stagnalis (Linnaeus, 1758), Hemiclepis
japonica (Oka, 1932) (as Placobdella japonica),
Placobdelloides okadai (Oka, 1925) (as Hemiclepis
okadai), “Ichthyobdella uobir Oka, 1910", Whitmania

! Toyama Institute of Health, Imizu 939-0363, JAPAN

acranulata (Whitman, 1886), Whitmania pigra (Whitman,
1884), Dina lineate (O. F. Miiller, 1774) (as Erpobdella
lineata), Erpobdella octoculata japonica Pawlowski, 1962
(as Erpobdella octoculata), Erpobdella testacea (Savigny,
1822), and Mimobdella japonica Branchard, 1897 because
many ecological and faunal studies of benthic animals
have been conducted in the river system including two
brackish-water lakes, Shinjiko and Nakaumi.

During a parasitological survey in the Hii River system,
three species of leeches were collected. The present paper
provides distributional and ecological data of these leeches
in the river system.

Materials and Methods

The Hii River system (Fig. 1) consists of the river
itself, Shinjiko, the Ohashi River, Nakaumi, and the Sakai
Channel. Both Shinjiko and Nakaumi form an estuarine
system which opens to the Sea of Japan. These lakes and
the Ohashi River, a short connecting river between the

* Marine Biological Research Institute of Japan Co., Ltd. (Sapporo Branch), Sapporo 007-0862, JAPAN

: Shinjiko Nature Museum, Izumo 691-0076, JAPAN

* Graduate School of Biosphere Science, Hiroshima University, Higashi-Hiroshima 739-8528, JAPAN
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Hii River

Sea of Japan

Nakaumi

Shinjiko

Ohashi River Sakai Channel

0 10km

Fig. 1. Map of the Hii River system, Shimane and Tottori Prefectures, Japan. Two closed
circles, two open triangles, and a closed triangle represent collection localities of Piscicolidae
gen. sp., Limnotrachelobdella okae, and Batracobdella kasmiana, respectively.

lakes, are the largest brackish-water ecosystem remaining
in Japan at present.

In March to July 2002 and February 2004, fishes were
captured by a pound stationary net (Japanese name:
Masu-ami) in Shinjiko, the Ohashi River, and Nakaumi
and were macroscopically examined. On September 16,
2002, we collected a leech from a mussel Unio douglasiae
nipponensis Martens, 1877, thathad been sampled from the
Hii River (between two bridges, Nada-bashi and Mizuho-
0-hashi) and reared in an aquarium of the Shinjiko Nature
Museum (SNM). The mussel examined had no experience
to cohabit with populations from other localities.

The leeches collected were photographed alive for
their coloration. Then, they were fixed in 10% formalin,
preserved in 70% ethanol, then examined and measured
under a stereoscopic microscope. Specimens examined in
this paper are deposited in the National Science Museum,
Tokyo (NSMT-An 388, 389, 390, 391). The common and
scientific names of fishes follow those recommended
by Froese and Pauly (2007) and the scientific names of
mussels follow Masuda and Uchiyama (2004).

Results

Two leeches were found attached to the body surface of
Japanese icefish Salangichthys microdon (Bleeker, 1860):
one (Figs. 2-4) was found in Shinjiko (off Aika, Matsue)
on March 24, 2002, and another was in the Ohashi River
on February 15, 2004. The icefish (79.5 mm SL [standard
length]) attached by latter was dead when the leech was
collected. Two leeches were identified as Piscicolidae

gen. sp. on the basis of the following characters: body
color light yellow with pale-green pigmentation (in fresh);
radial color pattern on the surface of caudal sucker; 18.8
mm in total length [TL]; 2.4 mm in maximum body width
[MBW]; cylindrical body; neck region indistinct from
abdomen; pulsatile vesicles on both lateral sides of body
unclear; male and female gonopores on the segment XII;
annulation of body unclear; and one pair of eyes on the
dorsal surface of anterior sucker. A few days after the
leech was collected in Shinjiko, it was retained in a petri
dish containing water of Shinjiko and deposited light-
brown cocoons (Fig. 5). Unfortunately, the leech collected
in Shinjiko was not preserved.

Two unattached leeches were found among fishes
consisting of various species: one (Figs. 6-7) was found
in Shinjiko (off Aika, Matsue) on April 26, 2002, and
another was in Nakaumi (off Ronden, Yasugi) on April 29,
2002. They were identified as Limnotrachelobdella okae
(Moore, 1924) based on the following characters: color
black (in fresh) or pale black (in 70% ethanol); 75-87
mm TL; 17.0-17.5 mm MBW; body flattened, markedly
subdivided into neck and abdomen region; caudal sucker
considerably less than maximum body width. Although
these specimens almost agree to the descriptions of Sawyer
(1986), Epshtein (1987) and Nagasawa et al. (2008),
lateral margins of their body have indistinct vesicles. We
don't think that this difference is important enough for
specific segregation.

A leech (Figs. 8-11) was collected from U. douglasiae
nipponensis (infection site unrecorded, see Materials
and Methods) on September 16, 2002. The leech was
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Figs. 2-11. Live leeches collected in the Hii River system. 2: Piscicolidae gen. sp., lateral view. 3: Ditto,
dorsal view. 4: Ditto, caudal sucker, lateral view. 5: Ditto, cocoon. 6: Limnotrachelobdella okae, ventral view.
7: Ditto, oral sucker and trachelosome, ventral view. 8: Batracobdella kasmiana, dorsal view. 9: Ditto, ventral
view. 10: Ditto, oral sucker, dorsal view. 11: Ditto, caudal sucker, dorsal view. Scale bars: 20 mm in Fig. 6; 10
mm in Figs. 7-9; 1 mm in Fig. 10; 2 mm in Fig. 11. Scale bars are not given in Figs. 2-5 for Piscicolidae gen.
sp. because its live specimen was not measured.

identified as Batracobdella kasmiana (Oka, 1910), which
show the following characters: color translucent yellowish
brown dorsally with five yellow longitudinal stripes (Fig.
8); 11.1 mm TL; 3.8 mm MBW; body elongated, head
slightly broadened; eyes one pair (Fig. 10).

Discussion

The unidentified piscicolids found this study resemble
members of the genus Piscicola in the body shape and
radial coloration of the caudal sucker. However, we
could not accurately observe their annulation and sexual
reproductive organs. Uéno (1943) recorded marine

piscicolid leeches (as “Uobiru” in Japanese = Ichthyobdella
uobir) heavily parasitizing common carp Cyprinus carpio
carpio Linnaeus, 1758 in Shinjiko. Our specimen is
obviously different from 1. uobir, which is presently as a
junior synonym of Beringobdella rectangulata (Levinsen,
1881), in the body shape and marking. Japanese icefish is
an economically important fish in the two brackish-water
lakes surveyed. Further study on the leech infection of fish
should be made in the river system.

Limnotrachelobdella okae is distributed in Japan, China,
and Russia (Epshtein, 1962, 1987; Yang, 1987; Furiness
et al., 2007; Nagasawa et al., 2008a, 2008b, 2009). On
the Japanese coast of the Sea of Japan, L. okae has so far
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been reported only from Ishikawa (as Kaga) (Oka, 1910)
and Yamagata (Nagasawa et al., 2009). Accordingly, the
present finding represents the third distributional record
of L. okae from the Japanese coastal Sea of Japan. The
species has hitherto been reported from a variety of host
fishes from Japan (Mizuno, 1989, 2006; Furiness et al.,
2007; Nagasawa and Fukuda, 2008; Nagasawa et al.,
2008a, 2008b, 2009). However, it is uncertain whether,
when we collected our specimens, they were attached to
fish hosts or were free in the water because the specimens
were found unattached among the fishes captured by the
net. Further, although the species is known to inhabit on
marine, brackish and fresh waters (Oka, 1927b, 1947b;
Oka and Nagao, 1965b), there is no reliable record in
brackish and fresh waters in Japan. This is the first record
of L. okae from brackish-water lakes. Especially, the
finding in Shinjiko, a low saline, brackish-water lake, is
significant in relation to its distribution. Nagasawa et al.
(2008a) have recently suggested that L. okae is a coastal
marine or brackish-water species.

Batracobdella kasmiana is known as a parasite of
mussels, including Cristaria plicata (Leach, 1815) and
Anodonta spp. (Oka, 1927a, 1947a; Oka and Nagao,
1965a; Sawyer, 1986; Yang, 1996). In China, this leech
also parasitizes Unio douglasiae (Gray in Griffith and
Pidgeon, 1834) (Yang, 1996). Our finding of B. kasmiana
from U. douglasiae nipponensis is the new host record in
Japan.
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New discovery of shell mound on Early Jomon period in the SETO Inland Sea:
Report of Inujima shell midden (S.Ono collection)

S.Onbe’, H.Kumagaiz, N.Nakajimas, M.Yamauchi’, S.Kakubuchi’
Y.Miyata', M.Yoneda®, T.Kusuhara’, S.Ono’, S.Ono’

Abstract: It has been known a few of shell mounds on the Early Jomon period so far in the
SETO Inland Sea. The majority of those shell mounds are kishima type pottery stages. Tehima
Ratazaki shell mounds was followed to shell mounds of the Kishima type stage.

This research introduce the Inujima kitchen midden (S.Ono collection) on the early Jomon
period was thought to be a stage immediately before the kishima type. It has been understood
that the Inujima shell midden were mainly composed of the Corbicula japonica at the age of
about 8600BP and Yamagatamon type potteries.

Key word: Early Jomon period, AMS Radiocarbon Dating, pottery chronogy, Corbicula
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Fig. 1. Early stage of Jomon period in the Seto-Inland Sea.
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Table 1. Excavated pottery at Inujima shell mound.
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Table 2. Date of X-ray Fluorescence.

Nb/Zr 0.0371
Y/Zr 0.1352
Sr/Zr 0.9251
Rb/Zr 0.3008
Zn/Zr 0.1177
Ni/Zr 0.0468
Fe/Zr 11.4235
Mn/Zr 0.3007
Ti/Zr 0.1845
Rb/Sr 0.3252
Rb% 13.5
Sr% 41.6
Zrh 44.9

L 7- e sl & & IS, R IER e
Yy y =0 7 Ak (FEREE S MTC) T
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i, TRTIEE X 2 FEVAANEHIED 7200
HETHY, RIWESEMELELT( ) TRLTSH
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Table 4. "'C age of mollusks shells at Inujima shell mound.

Sample-name Lab-Code HiE SAIRE{E (BP) 8 %clE
OKIN-K1 MTC-10680 W <hI P  8670+40BP (-10.7%1.0%0)
OKIN-K2 MTC-10681 H<h U=  8570+40BP (-9.3+1.0%0)
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BLREIZBHT S 2T REME DS .
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@B : HEIZZOMDENZ L T, 4 HHAR
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Table 3. Measurement value of mollusks shells at Inujima shell mound.

RAES BE B 3 i) I HRka kb HE EE

1:0KIN-1 ¥ IR DI R 18.33 19.21 6.81 524  16.05 1.1
2:OKIN-2 Y RhIDS L 2519 2578 9.1 595 2215 2.9
3 YOOI R 2114 21.81 7.95 4.65 18.28 1.7
4 ki 52.39 31.9 14.42 12.6
5 RILE=Y 16.96 11.3 0.8
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Corbicula japonica age and calibrated age for excavations in the Seto Inland Sea.
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Fig. 7. "“C age of pottery decorated with dowel impressed patterns.
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Preliminary study on possibility of eco-tourism around Lakes Shinji
and Nakaumi

Yoshiaki Tsuzuki', Hidenobu Kunii’, Hirofumi Itakura’,
Kimio Iino* and Tomiko Notsu®

Abstract: The area around Lakes Shinji and Nakaumi is in an appropriate timing for considering
about ecotourism after stoppage of land-filling of the Honjo Area in Lake Nakaumi and
registration of the Lakes to the Ramsar Convention. In this paper, we introduced recent various
activities by local governments, industries and NGOs related to ecotourism in this area and
elements to be included in the ecotourism program, and identified desirable directions for the
ecotourism in this area based on the collected information and the current situations in regards
to tourism in this area. Development of tourism industries was considered to be desirable
for sustainable economic development in this area and many elements to be included in the
ecotourism in this area were found. Close relationship of the urban planning sector with the
ecotourism sectors, and citizen participation framework for ecotourism were considered to be
desirable. For development of ecotourism in this area, planning of ecotourism with preparation
of model tour courses is found to be desirable. In short term, origin-directed tour courses are
found to be acceptable for both tourists and this area. In medium and long term, various types
of tourism especially including destination-directed tour courses are found to be acceptable.
Moreover, early stage participation of professionals and environmental NGOs has been pointed
out as a desirable element for ecotourism, the framework of which has already been formed.
Effective application of the framework should be desirable.

Key words : Lakes Shinji and Nakaumi, ecotourism, tourism, community participation, Ramsar
Convention, rural economics, planning
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Experimental Studies on relationship between feeding materials
and increase of soft parts of Corbicula japonica

Keiko Yamaguchi', Ayako Ko-uchi' and Katsuki Fujioka®

Abstract: Rearing experiments were carried out to study relationships between feeding
materials, feeding methods and increase of soft parts of Corbicula japonica. Artificial soy food
was very effective for the increase of soft parts. Diatom Thalassiosira pseudonana, one main
food of the clams in Lake Shinji, increased the soft part, but the efficiency was not so high.
Two feeding methods, “feeding once a day” and “feeding little by little for 12 hours a day”
showed almost the same growth of soft parts under the condition of circular running water.

Key words: Corbicula japonica, Condition Index, feeding experiment, diatom, Thalassiosira

pseudonana

i U & (C

Y~ § P 2 (Corbicula japonica) &, KIE5 D
FARIBIZBWTELETL2ZHMATH L. BRI
%/\L(ﬁﬂﬂiﬁ%lﬂ’]&ﬁ ”"wmﬂw’fﬁfﬁ) n, ¥~ }\
VU I DR P EEE A TH D (A 2000a).
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DD - 7-DIIxf L, ITAF I EE DA ERNIC
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YY MYV IFABEELTBREDEEL S
N, BWABEENER-STBY, MNOMWY7Z »
7 N RIKFPORETLZEHENH S E L THERS

U R R
>l A4 Nakaura Foods Corporation

NTW5, FITARTHIZEEIC L) RAANRE SIS
L CHREREBEOBREERL VL. ZDLH
WCERFBE LR T WRARBII BT, REIIAKE S
{LICEELZBEZZ LTS, ZNET, YYhYY
IPKIBOEFIEER TR THRENI DOV TITEAIZ
WEgE ST & 72 (A, 2000b 5 HAS, 2004 5 112
1992, 1997 %2 ). IS DOM%ETIE, Y~ b Y
ROEMIZOWTIE, EBICLAMW T T N
DOEW A LA EE LTW5D, M LENEBIZEL -
MK (1967) WM 7T > 7 b O T EE
HANL CRERRE NI 720, FICHEHEEZEWE LT
WhHEHRE LTS, LaL, K&IED (2004) 1

HESERHILO F FRESLETIHESIN TR 2 L
ZRLTBY, 8% L, ONICHDAATHTD
FERIZHAEE LTI TW a2 E ) iR s
TWwhwv, —J, M- KR (1967) 12, ¥ IFHD
HILENZBZEL, M) 5 A2 (BHEYE) 3%

s Faculty of Life and Environmental Science, Shimane University
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T, Y~ FMYIV3ipbrua— A9MEEsriEs,
O EEMEY OV O — A5 5L T, FO%E
EFHALTWAIREEERL:. 2OLH) R &h
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W, JEREEE IS X o TEORER A FRM L 72,

M e B E

EERICHW Y MY 313, BRERIICAE
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A XD Z LD, K 19.42+1.04 mm, BHEE
2.74%0.43 g OEKZ FEERIZMEH L 72,

Y IOBEREIIEF TR L CEAEN T L, 5
Erbaami O AR E R (g) 2 ETFRFT0.001 gD
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it L7z, 22T IR & X A E oK e L
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7272,
WA Y= (AFDW)
= BRI R - AR E R

FERG
KREHEBETIE, OFFEN (BHONE), B&
OB R FN & AR5 L, 622 T 57
DI, DUTOEBRXZZEL, ThEThov~< ¥
T I O A WE L7z,

1) fk St ik
fil kSR & LT, a) RO N LEIRL, b) 3RS
WAL OME, o) BELHEDIMEL ) &
g A L7

a) NLEEHI A B HIZBISS S B K EET,
KExFEMEET2000 (HAREEMER, —
BOHE R A EE M-1) 2 L 7.

b) = ¥ (Phragmites australis) O 313 5% E# T ¥
VIR L-FEHEAS, MEEZH R
kL L ICERE L. TR 50C TR S
w72t Biies (AS ONE #1#L, WB-1) THiA
L7z BREAKICIE, FYESMBTHM
HEMHBFREL T D EEZ, ZOREKIZH
L72avoEZBLAN, ZT7L—Y3r
LTy HEBE, a7z &,
AYOREEEHEELIZEZA, ML
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(#730~50 um) AR TE 7. ZD7z, &
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THR%E G ATIRETHL 72

c) B EEEOMILRBEI KD O R Sz
¥k Thalassiosira pseudonana (SR KFHE FEB
KATFZELECTHIA T A Scl) b bz, HiE
DOEZIIKI 3 um TH o 7z, AFITFE IR
WTLIFLIEES L, EEX10um LT TH
Hz, Y b TUIOMELTHEME T
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YTV INOFGH & BRI BT % 9Bk 51

K1 EBRICHEMR LR (NTEF, 3>, HE)
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o ERAHE)

Table 1. Nutrition Values of tested food materials (Soy
Food, Reed, Diatom) : par dry weight (g).

Calorific Value C N

cal/g % %
Soy Food 5430 42.2 6.08
Reed 3594 36.6 1.75
Diatom 2531 47.8 9.10

V7 A, 20C, BEHEGTRELZIT 2
4~7 H T 400~500 J cell/ml 2 & 72 o 72 %
O LU ERRICAE L 72 EEEIEEERP 1L
W72 D cell B, WEEREYRD, HEED
FHEICHH L7z BT OBEED cell %,
HEN01uL ThH D b—<MEKFEL T
L, ITLY720 2B L7z BaEE % 450C
THIMLHZ L TBWIH T AT 4 VET — Ak
(Whatman #1#, GF/F) TA# LT, HEEOD 1
LM77 oEwEZRDT.

TNENOEOHITY) —ZHh 1) — XA —4% —
(PARR fH#, 1425 %) CTHIEL, ML T —I2
b L) EERRIARLE RD. HokE= -
ZHFRFIIOWTH CHN JLE 5P (Yanaco I #L,
MT-5) CTillsE L 7=.

MEEEIE, A0 ) =2 LIRS L), WiRE
BCHELCALER LI LT, I % 1511,
HEA2 2154, 52562 kbL7 HREEORE
WZERLTiE, AL ToOEMFATEERICHIT 5k
I mo 7 —% (ILiE2,, 2004) ##12, A
TRtz VTP mER (AREEZL, =7 —K
PANEBIT L= arDRk) Bitor:. BE
w2 7g BMEOMEAEOBEN 4 H~6 H) 128115
HRAR BB 1 = 8 BE 23 WZ J B & TR 0.0025 gdw/day T
HolzZ s, AEEEF 10% & KE LT, 0.025
gdw/day D8 % 458 (jE A A (R E & D 0.92%/day)
L7z Zh, BEHOBEMBHR SN LaL,
PORBREOMDP O FIZHERE L Cwiziz, B s
HWrL, ANLffzHkier LCrYIBER FHA
A) M7z ) IR T 0.5%/day DEE|ZH 725 A
Ba5252 ke L7 $4bb, YUIRERI
g 8720 5.0 mg O N LEHE=27.15cal/day O flf & %
Hz7 3y EEEIIOVWTH, ANLEE LR O
) —DEEEERD, VI 1 gM4) FRENE
BEEET76mg 108mg DfEY 5 272 (F1).

M1 fFar 7 FOEHE
Fig. 1. Photography of containers for the rearing experiments

kb, TOERE 1HIZGR2EE2ETIEL
525, 1 H 1RGO ETIT- 72,

2) KA o g
FROFHEBRDOFER, S, —FICKEICHEL S
A2, BEINTICHETLIZ LD 5. F72,
BB LS REm#EL LCHRELTLE Y, &
B \VIZIEEY OB I L x LT LE )
e EOREBET, THICRBERINDSTZ RV EAE
Aoz, 2T, 20 OMEHEEREL,
RIS K 2R LR L2, 121, 1HIC
5.2 52fm% 1 MTE&TH5 25 1 RHBHEXE L.
ZHUZx LT, WU 1 Hd70 O % EEBiil R
> 7 (EYELA #L#, MP-3N) # b 5T, 1 HO¥:
GO 2 E T TAERTO—ERHETEH 25
FfxEL, REMGHEKXELZ 202250
WH TR s ARV A RN, TR
THARE OISR S Tz Nk & L7z,

3) FH

B HEIL 52X375%X205ecm DT T AT A4 v 7
WMary 7S EOERD/INEV3TX25%X13.5cm D I
YTrrRw (K1), RERay 7 HdfiERD
V=N (BEET), N"NEBarsFidvy ot
HlEE L (BHELE), REMNARY 7THEKE
B S, ThZEFEABFTO1RELL. fE#EOa
T EZEEH 2ecm &, FoHh T Ik
fF L7z FEKGTHRO AL#EAKES LA+~
IR % TR 5 psu lCFREE L, —DDRIZH 20
L OfEKE AN, HHERY 7 THESE. I
WX o TRFIZKRDOFTENERZ L, oLmEo



52 WS - =T - RO

HKIZCEoTZTL—YaryoMErdizgi. 7
VEZTIERENEL D E VY IOEFIERZE)N
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FBIIER20CICHREL TR IC LR v 7
F & S5KRxE L, SEHMIL 200544 12 H2H~
20054 12 H24 Ho 22 HI & L7z 7B, FEEI
MO E O AFERERIZET 100% TH - 7-.

4) Bl 5

ERE D) FEERHX o BEE o I g, —IT
ML AT 2 W THBEENREOLNZDT,
Scheffe ® % & L # (p<0.05) #47 - 72. Eit2)2
M OAGH E OB, tBEEITo 7.

X512, FRE ORI R OB R & B OB
INFREECREM L 72, fEHIR T2 B 23005 O

A Soy Food /Once
0.014
x 0012 | //L,,,,{
2 oot T
_gwmg——i//,
2 0006 |
S 0004 |
0.002
0 Il Il
0 day 10 days
C Reed
0.014
= 0.012
i 0.01
el D
so0008 f ¢ % —3
5 0.006
S 0004 |
0.002 }
0 2 2
0 day 10 days 22 days
E No Feeding
0.014
x 0.012 }
[0}
2 oot |
.g 0.008 %‘ﬁ
5 0.006
S 0.004
0.002
0 day 10 days 22days

2. MEwEoZ L A ALfR 1 H 1, B: ALfE 1 H12h C: I3, D:HME E: Mk

fR7)

MEZFHBEHETES>T1HB/ZZ) OMILEE, B

LFUB0HZRELZ 1y Hd2) ofEN#E & L

2. bbb

BN (/day ) = (BIE# T R LG B — fF BALG
e G EE) ~ il H H %

B hna# EE (/month) = (5 #¢ T R o IR B — 5 B
e o G BE) + i H %< 30

wREEE

B2 IS EE DAL Z RS, Bk b 3HEHOH &
VUICKHELEZ A, TRNFNOMEX TR
ol IBmMEOCEANR SN, Y~ VIO
TR LL, FEERBIAAKIZ1E 0.0085£0.0013 TH - 72 (1)
WifiE). 22 H OB R, N TEEHX O REGEE A R

B Soy Food /12h
0.014 = -

%0012 f ,/’i

2 00 _—1

soos| ¥

£ 0.006 }

§mm

0.002 }
0
0 day 10 days 22days
D Diatom

0.014
=x 0012 p
()
2 oot 7S —{
5 0008 } E/_r,
5 0.006
S 0004

0.002

0 2 2
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Fig. 2. Change of Condition Index of each treatment. A: Soy food/Once a day, B:Soy food/12 hours, C: Reed, D: Diatom, E:No

feeding, (bar = Standard Deviation)
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Table 2. Condition Index values of each food treatment.

Food Soy Food Reed

Diatom No Feeding

ClL 0.0125°+0.0013

0.0080°+0.0009

0.0102°+0.0015  0.0075°%0.0009

3. MEHEOBIEE 1 BB L 17 H)
Tabel 3. Increasing Rate of Condition Index (par day and
par month)

Increasing Rate of C.L

/day /month
Soy Food 1th 0.000183 0.0055
Soy Food 12h 0.000187 0.0056
Reed -0.000023 -0.0007
Diatom 0.000079 0.0024
No Feeding —0.000043 —0.0013

bEL Y, FEBHTEIZIZ0.0125£0.0013 & 72 5
72 WITHEWEE 2SS < 72 o 72 DIXEEHEIX T 0.0102 +
0.0015 TH -7z, T X EEREEX O Z 1
Z 11 0.0080 = 0.0009, 0.0075=0.0009 T, A& i & 2%
LR L7z, EBFRTROIMEIZOWT, &
BXMOWK T2 2 A, SO EHCTEHE
HAEDFRO b7, ZEHEL (Scheffe: p<0.05)
BATo 7z, FORERE, I3 VXK EEGHXOEE D
MIZIZEIIRD SN o /zh, Zofo 2 FHHIZ
FZEDAED BN (K2, X3A).

HEX EERHX L ICHEERENALNZZ L2
5, il b MUY IIIEEAMEICHREL
LTWINLTCWABZ EdVyholz, LrL, ANIf
BIX EBEEX T, BEXOEMEIAEIZ/NS
holz. 1gd72) DRFESARITEENCRE
WOIZHL (1), 7a)—%RELELZDT, ik
FETHEST L L NLTEEO 1/4~1/5 BE DAL
BETHY), FWIENE NV T EDRTEL, RS
I (2004) DFEERPS L DL LI, Y~ by
VIIRIOMEBIRLEEOETEHEILL TW b bl
Tld% L, HREO—HIIBNZEAL TH, WD
FIREZZ0F TR L CEL LRSI TV S,
CDEIHI, HEOYY IV Y IOME L TORE
FE < iE v, Zhuaa LT ATERENE, EEo L
AV AT D B e w2 &, ZHHMSETICHSE
SN2V DTH A0, ERETWINT S X912
LENTWALZ LR ENPLEHITHILTE DL DL
Ezond, BEL YT EA S5 BWNTIE,
NTLFRDEEE LTHERTH S Z bz,

—, WMEETo2hT, VK TIREREX O
R & AR Z=NRD N holz. 2D LT,
LSEOFEBRICBWTIEY~ MY 33T Y ONE
RIZEAERIERTAZ LN TE TV EP o722
ERBEWRT B, EBid, KREOIREEZ BI% L7,
VXIZBWTCORERE LTH 2723 OB
JEEZHH S M ICHERE L T 7278, Lo FEERIX TIIK
BHOFICHIZRZ TH»%S 2 L3Er o7z, T v
&, M HEsE, 27 A7 L —Ya v &L
THFEEE L TW2Ds, TIlafBa i Ttniziro
7meEZLNDL. BEME TR AL L, Mrvio
LHEHET LD, KRELFFETTHLLOLHFEHELL
(#30~50um). I VIFTHELIZLL, FTRYF R
IETHDICEEMDE b EeEZONL. KIEH
(2004) 128, Y~ PV ICHEMREE AT,
EFEIO0umUFTHLIENRENTVE, ZD
720, SROFEBROERNIS, Y~ by Y INEE
DEEFTITOFN)ZFAEHELTHHALTW
LOENEWRETHI LI TE LT

B EOENIZ X D BN E O E % RS
5720 T o 72 12 FEHFR AR X Cld, EBRE TR
I BE A 0.0126 £0.0017 T&H 0, — H 1 A X
DNEEEE 0.0125 +£0.0013 & FIEFE U & 7% - 72 (X
3B). 2 0D EOM T g & 47T o 7245 R,
& CRMEICHEEEIRD SN o7 FiE
BCIRIEKIRETIZT L —Y 3 v OA%E{To T2
728, BEASHERE L7228, AREBRTIT - 72BN O
HIRAETIEMARRESE & ICHERE 1T A S L 2o
7. Thbb, FOKEEREALE L2 LT, 1B
WZBWTH 12 Wl & FERIZ, 52 728254551
MBPEINZEEZLEND., ZOZ 0L, TEDOK,
RGBS ZEL Z e TENE, 1 H 1A
B9 5 HETHGTHLZ LD bh o7

F 312, REBRTOMRmMEMIN#EEZ RS, RE
Becid, b E2 o 72 NLEFE T D 0.0056/month
ThD, HETIIZHIIMKC 00024 THo72. K
JeiE 2 (2001) X, ATBHZfHE->TCY~h U3
DOEMBNEEEREZIT o720, Z0 L & OLiE
DAL (FkEH K2 oAk b e, ANTLE
WTIEHEISME B L O 5 &0 T TEBUIE



54 WS - =T - RO

x
(]
o
=
c
©
)
E=
C
o
(@)
Soy Food Reed Diatom No
Feeding

A

0016

0.014

Condition Index
o
S

B

Once a Day 12Hours a Day

3. FEERIE TR BT 2 S HEERIX O N R E.
A RIS O L, B ¢ AR T O FLEL.

Fig. 3. Mean values of Condition Index of each treatment.
A: Comparison between food materials, B: Comparison
between two feeding methods.
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Pictures of bottom surface in the central part of Lake Nakaumi (part2):

dynamics of bottom water with regard to a seasonal wind in winter

Ritsuo Nomura', Kouji Seto’

Abstract: We observed the bottom water movements and the ecology of brackish organisms
over a five days of Feb. 13- Feb.17, 2007, by means of a long-term monitoring waterproof
camera that installed on the bottom of Lake Nakaumi at a depth of 6.5 m. The winter organisms
are occupied with a hydrozoan and cionid community. These organisms indicate the bottom
water is enriched with dissolved oxygen and the condition is quite different from our first report
that showed a bacterial mat covering the bottom floor.

Unstable condition was occurred by a strong south and westerly wind over the speed of 10
m/s in Feb. 14 and 15. Winnowing of bottom sediments occurred at wind speeds greater than 10
m/s, which supports the previous observation. Water clarity decreased in these days. However,
we confirmed that the winter bottom sediment is easy to blown up even in the speed of ~7 m/s,
which is supposedly due to the absence of bacterial mat. In contrast to the quick response of
bottom turbulence to wind stress, waters of bottom and the upper waters were not easily mixed,
despite of the wind speed of over 15 m/s. A mixing of the bottom and the upper waters was
temporally occurred after the 20 hours continuous blow over 11~16 m/s, but soon after that the
waters from different depths were separated while the strong wind continuing.

A number of fishes along with a school of unknown fry were frequently observed when the
bottom water turbulence stopped. We are able to recognize the rich fish communities in this
season.

Key words: wind speed, bottom turbulence, winnowing, sediment, water dynamics
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Fig. 1. Water temperature in every one hour. Notes that

thermal structure of upper and lower waters is inverted in
winter. Data from Izumo River Office.
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Fig. 2. A scene of picture showing about 40~50 cm wide bottom surface about 60 cm ahead of the camera. Hydrozoan and cionid
community occupying the scene.
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Fig. 2. (continued)
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Fig. 3. Time-series changes of wind speed. Data from
Izumo River Office.
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Fig. 4. Time series changes of water level at Sakai tidal
observatory and Nakaumi observatory in the central
part of the lake. Water level difference between Sakai
and Nakaumi is indicated in the lower half, with a flow
direction. t indicating southern flow, } indicating northern
flow. Data from Izumo River Office.
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Fig. 5. Time series changes of dissolved oxygen content.
Data from Izumo River Office.
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Fig. 7. a. Time series changes of chlorophyll-a content in the bottom water. Data from Izumo River Office. b. Time series changes

of suspended matter content in the bottom water. Data from Izumo River Office.

(a) 2008/2/16/22:00722:05
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Fig. 8. Small translucent fishes covering bottom sediment.
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DNA fingerprinting for Ostreidae oysters in Kyushu

Yusuke Iidzuka"?, Futoshi Aranishi'

Abstract: Among several genera of the family Ostreidae, Ostrea, Crassostrea and Saccostrea
play a central role in the near shore brackish ecosystem worldwide. Although 9 species of
oysters belonging to these 3 genera had been found in Kyushu, Japan, oysters are highly
variable in form with ecomorphological variations, and molecular methods can usefully
complement morphological in determining the status of oyster taxa. In this study, a simple DNA
fingerprinting analysis of the mitochondrial DNA segment encoding the 16S ribosomal RNA
gene was developed for differentiation of 3 genera oysters. Of 2 Ostrea, 4 Crassostrea, and 2
Saccostrea species distributed in Kyushu, Japan, nucleotide sequences of the mitochondrial
DNA 16S ribosomal RNA gene were aligned to detect unique sites of restriction enzymes for
genus and species identifications by means of PCR-RFLP analysis. PCR amplification of an
apparent 530 bp fragment of the partial 16S ribosomal RNA gene was successfully performed
on all specimens collected. Direct double digestion of the PCR products using Eco130I and
Hindlll enzymes enabled to discriminate Ostrea, Crassostrea, and Saccostrea genera. In
addition, double and single digestions of the PCR products using Ddel and Alul enzymes
and Alul enzyme alone enabled to identify 4 Crassostrea species and 3 Saccostrea species,
respectively.

Key word: Ostreidae oyster, PCR-RFLP, mitochondrial 16S ribosomal RNA gene

i U & (I

A &R FE FHZ, A B RIS
TAHREMN R ZHEFETH Y (Matthiessen, 2000),
W% &R FEE 2 EICER L T (Hedgecock,
1995). A & KA FXE D FED, IBEEARBIITEL
T 50 FHEX, MMOEYHE BT R EINET E L
THHLTEY, IBEAKEREZWEN DO ATER
WBRFEL T2 (L, 2000). fiE5F45HLZ 60 DL
FHATLEHR SN TVDE A F KT FED FHD
) E, SAEDSHEWNIL <, KEEZEMEZ & 43
FELLEDSA & R X Ostrea, ~ 7% )& Crassostrea

BELEANT T HFE Saccostrea D 3 JH I I N
(FRZE - BBk, 2004), A2 CHARIZIE 12 FA5 A
L "C\>7z (Torigoe, 1981; Hedgecock et al., 1999). 4¥
W T XEOH FEIIHARNIBNGAD R, il
HEFEHAMABEIZHETL L TV AR X C gigas 1, [
FzOA ALHEE) ], THEIE (ZEER)], [HE
ANAT (i B IR 1 70 &) 1994 4F 12 o AR IR B 6t b 3 12
B THEFHAEFEFAM AL L 724 7 % C. nippona
E[BRIEDOWbLAE | L LTTT ¥ NMEAEA T
5 (BA 5, 2001). —7, A XKTFEDA YR
7' 0. denselamellosa (%, 7O TCEHE L THRES
N7z, AR AR i CAEBEDSHR L, IR

U EBAR KSR KIEgE 4 —  Coastal Lagoon Research Center, Shimane University, 1060 Nishikawatsu, Matsue 690-8504, Japan.
PRI RS RFE A ZERL Graduate School of Agriculture, University of Miyazaki, 1-1Gakuenkibanadai-nishi, Miyazaki 889-2192, Japan.
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RTFER L ETIHHMEEEEICTRE SN TS (F
L 2002; T-3ELL, 2006). 72, HARTIZIZE A
FEHEENTVW RWFANAT O RFEO 7 TN
* 8. echinata (%, ¥ A LESA—A NI ) TLRED
WHE7 VTRt T2 7 CEME HWE LT
JE ST\ % (Southgate and Lee, 1998).
COL)ITHERBENPOEERFMICH EE L 3
BOA XL, ABREEICL) ARG EOREN
BEPELLRe T WD, STEMRELL WSS
EDL . Bl 2, RENFHOEMIZL ) <Y
FOWMFEFATHLLEZOLN TV T AT F
C. sikamea (Imai and Sakai, 1961), K> XA /7 % §.
cucullata DHFETH L EEZ ENTW A —A T
V) 7 ¥ S, commercialis & N7 0 I F S, mordax
D 2 HE (Stenzel, 1971) = EWB 5. FIHEDI T X &
YHANFIE, I FIFYTDNADIES ) R —
2\ RNA & 15T ##T (Banks er al., 1993) B X OHHH.
ZHCFEER (Banks ef al., 1994) (2 X W BIFECTH 2 & &
nNTws, BEOFNZarFE 3, 940
707 FITEA S TV R WEAR O BRI RE B 52
(FRZE - Bk, 2004), F—A M5V 7 W FI3HEH®E
{Z I EMT (Buroker ef al., 1979) 2 X > T, #hZF
NRI AN TR LI THLEENTWE. T2,
R TIX, FBEOALR ST, BEORER O
RSO WL AER S L. BIZIE, ~TXFEDA
THXIEER LT TUENF O. circumpicta T
HbHEEZLINTW]z (Wakiya, 1929; Hirase, 1930).
IO ORI O S RMEIC & 2 585 EoREL
(X, B EORIRESZ BT D ASTE R AR 2 2
LA WEEE LT3 .
COLH)BIRWOT, FETIE, DNA ZIFHE L
L7z TS TR L A YR XE, ~0F
BB IO NTaRXIEORKS FOSHEIRLIE
FEMEDSEWE ENTWS . FHi2, filaNoa Y-
WL L ENDES 7% 2 3 K1) 7 DNA OEIEF
ADNA~Y—7— ¢ LTHIMICHESNL TS
Blz X, Fhoru—2ucBRILBITEREY 7122y
NIBfEF 2 ZEIZR IV NNV F C angulata % H
& L7z~ 38 6 fli % ik L 72315 (O'Foighil et
al., 1998), [FE(nT % P EOFEE LI5S
LHRAXE e L2 9fE g L2 (Lam
and Morton, 2004), [R5 T % £\ 2 ECTHEDR
BLLTCWwWA <A ¥E 2% Lk L 723 (Wang er
al., 2004) 72 EOHEFINH 5. F 7B O#E T T,
16S 1) ARV — & RNA #HfaF 2 &KI2deRkE 77U
A B~ R E 3 A i L 72 #s (O'Foighil et

al., 1995), [ fRT % IR EHIZHA T 5 4
YR X)E T A L 7235 (Jozefowicz and O
Foighil, 1998), [fi#&{n 1 % 2L\ TUNO A B2 5546
T 5~ XIE 3 A L L 7235 (Hedgecock et al.,
1999), [ AT % B R R I2 5T 5~
HEE 2 A& I L 72 (Lapegue er al., 2002)
FEEF 2RI, ¥ PRPFFEICIL S AT 5 4
ryafxE 4y L 23 (Lam and Morton,
2006) FEDOLBOHER N H L. LirL, THHD
WEBI DL IR R BRMRL LR B AL
HEH % RS 5 FETHY), SR RET 54
RBRE~NOBHIINEETH L. —F, A#EEB L0
f % 1 72> & PCR-RFLP (| IREESR Wi R4 B1) AT
BIE AR ICEN - FETH ) (B - &K,
1997), TOEREHENOBHISHFEIN TS,

Z 2T, AW TIX, BRIZHAAT HA4 7 KT F
B, ~HXEBLOAINTuFFEDIE 12 (2
HXFED ) B, JUNEFEOFERAKVEE R 2 S 8 T
23S B A 7 RAT ¥ 0. denselamellosa, 37 T
EIF O. circumpicta, <7 C. gigas, A3/ LTI
¥ C. ariakensis, {7 7% C. nippona, > 71 X 7% C.
sikamea, /N7 QO W X S. mordax, T 7% S. kegaki
BLO 70N HES. echinata D 3 )& 9 FEE TR &
L C, PCR-RFLP f##71C & % I8 3 & O 53 4 H i %
% L72. 73, GenBank [EFFT — & N— A28 §%
ENTVEA Y KRTFRA FHOMHAL I b2
> F1) 7 DNA @ 16S V) AV — & RNA #I&T D
A iR L2

A H e A&

=t

A RKITFE, Y HTFEBLOANTOTXED
3@ TFEDI P R 7 DNA D 16S 1) RV — A4
RNA BT O3 1E LA H) 1, GenBank [E B 7 —
FR—=ANSHAE L7z (K1), 72, BT —F X—
ANCKBSFO A TUETFBLIITr X0 2)E 2
Fiod X 3> K1) 7 DNA 16S ') RV — 2 RNA #Iz%
T O YEILEINE, R TR L 7-.

B, HOEARY O Lo TuEehFIE
WM, 7 7 LB IR C 2 N2 R S -3kt
AR L, EREACHE A FE L 7ok, B & 9 B
LCaMricts 2 £ T-20 CILCHEIRE L 72 .

DNA E3&!
JR # -SDS-Proteinase K {12 fE vy, Hf L 72



JUMZDAi$ 54 % KA FFH FHD DNA 5% 71

F1. A RTFED XD HARICBIT 504 at8%B & O GenBank EIFE 7 — 7 N— A B 4% 5

Table 1. Recorded distribution of 9 Ostreidae oyster species in Japan and GenBank accession number

Species Distribution in Japan Gentnk
accession number
Ttabogaki southward of Boso and Noto Peninsula AF052067
Ostrea denselamellosa
Kokegoromogaki -
Ostrea circumpicta Mutu Bay Kyushu no data
Magalki , Hokkaido ~ Amami AF177226
Crassostrea gigas
Suminoegaki . Ariake Bay AY632547
Crassostrea ariakensis
Iwagaki -
Crassostrea nippona Mutu Bay Kyushu AY007426
Shikamegaki . Ariake and Yatsushiro Bay AY632551
Crassostrea sikamea
Ohagurogaki Kii Peninsula ~ Ryukyu AF458912
Saccostrea mordax
Kegaki - .
Saccostrea kegaki Mutu Bay Amami no data
Kuroherigaki Kyushu ~ Ishigaki Island AF463493

Saccostrea echinata

w5 7/ - DNA % il # L 72 (Aranishi and
Okimoto, 2004; 2005; Aranishi, 2006; Aranishi and
lidzuka, 2007). P& A5 % 20 mg % 200 ul @ TESU4
74312 (10 mM Tris-HC1 pH 7.5, 20 mM EDTA pH
8.0, 1% SDS and 4 M urea, 25 ug Proteinase K) |2 %%

L, 55CI2T60% Fﬁ?ﬁ*ﬁ:ﬂn*ﬂbf’ 25ul D5M
NaCl # R L iR a Lok, EFRIcitw 7 «

J = VB (phenol : chloroform : isoamyl alcohol =
25:24:1) B U7 oo k)L @ (chloroform :
isoamyl alcohol =24 : 1) ZH\WTHEE L, 5l &#H &
TY ) —=VIZE kL7 DNALEZ T8 / —
VTR LT lc#e R L7214, 10TO.1E i (10
mM Tris-HCI pH 7.5, 0.1 mM EDTA pH 8.0) |ZF 7 f#
L7z,

%3, DNA {EBOWEDS L OWEEEE, N1 4 7 +
I A —% — (eppendorf f154) 12 X 1 l%E L 7-.

PCR 1&g

#1530bp @I b2 K1) 7 DNA D 16S V) K —
2 RNA SEAZ #8509 38 & B WE 9 % 729 16Sar (5
-CGC CTG TTT ATC AAA AAC AT-3") B X UF 16Sbr
(5-CCG GTC TGA ACT CAG ATC ACG T-3") D/ F
4 ~<—+ v b% MW/ (Kessing ef al., 1989). PCR
Bt E, 5 ul @ GoTaq Green Master Mix (Promega ft:
), 2ul D25 mMMgCL, &1l D7T514<— (5
pmol/ ul) BE 1 ul ® 50 f5#%R L7 DNA 7 > 7
L—bOAEEHI0u TRIG L7z, =~ V¥ A 7 F—

(TECHNE #1#. TC-312) % FH\»72 PCR B S4-13,
94 C T2 s N ZE M %, 94 C T 10 FPRIDOEHE:
/54 C T2 DE&E/72 C T 40 P OMHEZ 35

F# DR, 2C TS pHORBMEICLDET
L7
1B A5 EEAT

GenBank FE 7T — ¥ X— 206045 (% 1), 7=
(LU0 ZE = TR L 723825 A I L ) e 5
TWielz®, ¥~ F D 16S V) KV — A RNA #nT
D5 203~733 HiFE A Y 2 HEFEBCH R 12 7 0O il
Btk BATICHEE L 7o, HEIEECY O £ B K fRAT
B L OHIREEE OB HRZE 121X, ClustalW 7'
7" Z 2 (Thompson et al., 1994) & NEBcutter 7" 1 7
7 L (Vincze et al., 2003) % TR L7

RFLP fZ#f

A7 RTXE, ~TXEBILOFI N7 aildE
D 3 J& O 43 % RFLP f# A1 1%, 5 ul ® PCR EW, 5
unit @ Eco1301 HllBER#F (Fermentas #1:%), 5 unit ®
Hindlll | FRE# % (Roche #1%) B X AR X1 O
il (R % 3% Fl Tango buffer (Fermentas #1%8) % & ¢ 10
ul DRISERIZ L D, 37 T T4 BEHS L7z,

RAOFEITF, AI)IHF, ATHTFBL
O 7 A H %D 4 FEOFESHE RELP fE#ATIE, 5ul O
PCR W, 2.5 unit D Alul %R (Fermentas F1#)
2.5 unit O Ddel il BREEZ (Roche #1#) kB L O
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FE x 1 OHIREZ M B buffer (Roche #L#) % & 10
Wl DFUBERIZ LD, 37 CT2 RS L 7.
FoNrahdxEirNralEFBlNr 3o fH
OFEH] B RELP AT IE, 5 ul @ PCR #W), 5 unit D
Alul HIPEE%E (Fermentas fH#) B X UOHRE X 1 O
] PR % 5% F Tango buffer (Fermentas f1:%3) % & ¢ 10
Wl DFUSERIZ LY, 37 CT 2RI L7z .
7B, PCREWY B X ORFLP WX, Bib=TF
U L TYe L 72, EDAS 290 Gel Documentation
System (invitrogen f1#) |2 X 1) S84 F CHZ L 7-.

faRbd JUVER

GenBank EE T — ¥ X—=2A» 505 L7238 71
DI 3R 7 DNAD16S Y KRV — L RNA &
BT O FIRERT O B, A 7 *1L, 277
bp OB IEEACY) L A BFHINTB 5T, HIREE
TR OBERICIAE L Tz, 200, =
WRF UL RE A 7 A7 % & Y REHIB O FE AR BCH % G L
7z.

S hIT Y FY 7DNADI6S Y KRV — L RNA
AL T 56 4 sH I 530 bp & £ A G EAT L,
NEBcutter 7' 777 2 % v Tl BREE 3R AR AL 2
R L7, TOMRE, 38BN 2 H| REEEFR
AP B L OV 2 8 6 TE O FEE S Y 7 1 BRI 3R FR AR TR
frafsE L7z HIREESR Ecol301 B £ UF Hindlll |12
Lo T3EDESH, HREEE Alul B X U Ddel 12
Lo T~ *IE 4 oM, HIREFER Al 12X 5
THANT I FIE 2 FOTEFFEAT] RE & HEW S 7z
(K1), 72, A7 0% *)E3)E 5% RFLP Ut
WZEoT, ANnNZabFbr AE¥xo2fl&gIns
nNFayA7E syuaN)AxFo 1 EoNTa Y A
ANy (WAl

B O A, HIREESR Ecol301 B & UF Hindlll
I2& o T, 4% RFFEIXRFLP ]GO ED
468 bp 3 L TN 59 bp IZUIHT S 4L, ~ 7 F &1L 530 bp
TSNS, AT usdxEotrN7alrx B
LT F O 2% 196 bp, 173 bp, 100 bp B &
59 bp lZEIWF &, 7 1) 13 232 bp, 196
bp B & UF 100 bp IZYJIr & 4172 RFLP BEEW 23 A 1 &
N7 (M2, ~H¥E4FEOESEOWE, HIR
BEF Al B L Ddel 12X - T, < F13 357 bp,
100bp BL 73 bp IZEIHr S, A3/ 2 HFI
305 bp, 100bp, 73bp BEL U 52 bp IZWIWT &AL, A
777 % 13X 199 bp, 171 bp, 125bp B L U35 bp 12]
WrsAL, ¥ H A A F1 216 bp, 141 bp, 100 bp B &

U873 bp IZYJIHF & L7z RELP M SR & 7z (X
3). ANTaAXIEOYE, TR AT HIREEE
Al |2 & > T, F/\7 107 %13 243 bp, 170 bp, 67
bp BEL U 50 bp IZYIWr &4, 7 #F1F 170 bp, 160
bp. 83 bp., 53 bp, 50 bp B LU 14 bp (YK S 7z
RFLP W23 S 7z (K4), M2, K3BLY
B 4 TIX, 40 bp FEEDYIM 7 2 4] 5l 2 D (3
L <, %7100 bp LT O YIEr A b FIARIZH B L
W Lal, ENENOEB L O CTHEN L ER
KERE RS NIz, A ¥ RTFE, ~HFE
BN usdEo3EoESEE, <Y E
4 FEORENHE, A N7 X8 3 HO M B A BE
Lo,

45 RIXEIBO A FHEUIMFIIL 404 LT
BY, 7 FRAEEDIC X D AR R EETEIC X
LIKEENER &, INRERKARRROEE 2 1%H
HoTWE, 51T, IBREOEIETE D O T
HBEL, RENES -0, BHLLTOEELS
Wy ZD—75 T DNA AT 72 & OBFZE I a2
HHLDOD, TOHBIIRETHEEIFEZL R, 7
TR BB LI X o TRREENZ RS ) R
T, EROEEFHFETITIHBRWRAET 2 &
DIEETHRT 525, 7 FHIIERHREIZL T
H R Ao EOREBNREIZIL LT
Wi, W XEEIEEICOET A LIIRETDH
L. A, A Z R IR FHEICOWTUL,
=T HF C virginica* YA ¥ - A3 T XD 3
(O'Foighil et al., 1995), > H AHF - < HF - A3
J L7 ¥ @ 31 (Hedgecock et al., 1999) 7z & DFR5E
ENZ-HFEEMFRIZI FT 2 FY) 7 DNA D 16S
1) R/ — 2 RNA 1% 7-5818 D PCR-RFLP T 12 X
LOEESEHE SN TV A, K% TlE, I ba
¥ K1Y 7 DNA @ 16S V) K/ — 2 RNA & {1 5H 15,
@ PCR-RFLP AT I & D, JUNTRES N L 1 ¥
RAXRA X3 E QWA MBI HEHTE, 2o
ARERRASIZIGH C & 2O RZE« Hig L 72, #lR
f%5% Ecol301 B X U Hindlll |2 X > C 3 )& D& 554
MRS Alul B X O Ddel 12 X 5 T Crassostrea J& 4
RS, HIREEE Alul 12 X 5 T Saccostrea & 3
FEDOFESFMNTE D Z L ASHIH L 7.

S, IUNIBRRKIBORETHRES NS A &R
7% R X HH 3 I8 9 FEO MHE A D LAl 7 [7] 72 3] RE
W27 ), RERMESIC BT 50 SO AREICR S
LIEWP RN ESHESIND. —T, JUNLL
o BARERN O TIE 3 E DD FHEITAZE T
WO > 7z9FPANZ v X H X S. malabonensis,

IN—T



NG4S % A & R 97 %5 F 50 DNA e 73

1 60 120
Fco1301
0. denselame!/osa CTCTCAGCAATGCCTGCCCAGTG  TGATTAAAAATCATAAACGGCCGCCCTAGCGTGAGGGTGCTAAGGTAGCGAAATTCCTTG
0. cricumpicta CGCCTGTTTATCAAAAACATCACTGTGAGATT-ATAA. .. C.G................. C..... GG .Gt
C gigas CGCCTGTTTAACAAAAACATCACTAGAAGATA-AAGA. . T.T......A...
C ariakensis =~ —————————————————— CACTAGAAGAGA-AAGA. . T.T......A...
C. nippona
C. sikamea AGA.
S mordax - ACCTCACTAAGAGAGG-TTTG.
S kegaki CGCCTGTTTATCAAAAACATCACTAGGAGAAG-TTCA.
S echinata = ————— TATCAAAAACATCACTAGGAGAAACTTTA. ... T....G.A. ..
180 240
0. denselamellosa CCTTTTAATTGTAGGCCTGCATGAATGGCTTAACGAGGGCTTAACTGTCTCTGGTTTACA GGGTCTAAATTGGATTAAAGGTGAAGATACCTTTATATAAAAGT CAGACAAGAAGACCCC
0 cricumpicta ... ... ... G TT.
C gigas CUTTT
C. ariakensis .. TA.
C. nippona CLTTT
C. sikamea L TTT
S. mordax T.CC. TAT
S kegaki T.CC. TG-
S. echinata TG TGT
300 360
£co1301
0. denselame/losa
0. cricumpicta
C gigas ..CCTT. ... CG.AT.T...... A
C. ariakensis ..CCTT.... CG.AC.T...... A
C. nippona ..CCTT. ... CG.AT.T...... A
C. sikamea CG.AT.T...... A
S. mordax
S kegaki . . X .
S echinata LG....T.. ACTTAC..... . L A TACT. .. —  —TTTGT.AA..GT....G..TG..G.........
Alul Ddel
420 480
0. denselamel/osa C-AATGCCGATCATAGGAGAAGTTACGCCGGGGATAACAGGCTAATTCACTAGTAGAGAA  CGTATTGGCTAGTGGGATTGGCACCTCGATGTTGAATCAGGGATGATACCTTTAAGGCGT
0. cricumpicta =G T .. T Co.......
C gigas TLTATT. C.TT
C. ariakensis TLTATT. o C.TT....
C. nippona TT.TATT. ..
C. sikamea TLTATT. ..o
S. mordax
S kegaki
S. echinata
540
Hindl Il
0. denselame/losa AGAAGCTTTGAAAGTG -
0 cricumpicta —  ......... AG..... GGTCTGTTCGACCTTTAATACCCTACGTGATCTGAGTTCAGACC GG
C gigas . .G.......... AGGTCTGTTCGACCTTTAATACCCTACGTGATTTGAGTTCAGACC GG
C ariakensis ...G... AGGTCTGTTCGACCTTTAATACCCTACGTGATCTGAGTTCAGACC CG
C. nippona . ...G... AGGTCTGTTCGACCTTTAATACCCT—————————-——————— -
C sikamea .. .G.......... AGGTCTGTTCGACCTTTAATACCCTACGTGATCTGAGTTCAGACC CG
S mordax ... AGG. ... GGTCTGTTCGACCTTTAATACCCTACGTGATCTGATCTGAGT— ——
S kegaki . GGTCTGTTCGACCTTTAATACCTTACGTGATCTGAGTTCAGACC GG
S echinata LG G.... GGTCTGTTCGACCTTTAATACCTTACGTGATCTGATCTGAGTTC A-

I A RTFF3EIOFED I T2 K 7 DNA @ 16S V) KV — 2 RNA AR E 5 SISO A ST, TR
FBCHNZ 3 JE DS HHIZ BT B HIREESR Eco1301 (5-CCWWGG-3') 3 & U Hindlll (5-AAGCTT-3) ORI, — &
THRROEERIE~ A X E 4B L O N7 a7 X )E 2 FOFESHEIC BT 2 HIBREESR Alul (5-AGCT-3) 3 & UF Ddel
(5-CTNAG-3") DRI ZNZIURT .

Fig. 1. Alignment of sequences of mitochondrial 16S ribosomal RNA gene in 9 Ostreidae oyster species. Dots indicate sequence

identity with O. denselamellosa. Numerous endonuclease restriction site differences are apparent among the 3 oyster genera and
restriction sites for Ecol30I (5-CCWWGG-3) and for Hindlll (5-AAGCTT-3") which differentiate the 3 oyster genera, are
underlined. Numerous endonuclease restriction site differences are apparent among the 4 Crassostrea species and the 2 Saccostrea
species restriction sites for Alul (5-AGCT-3") and for Ddel (5-CTNAG-3’) which differentiate the 4 Crassostrea species and the
2 Saccostrea species, are double-underlined.
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M Od Oc Cg Cn Sk Se

1,000 bp
500 bp

100 bp

2. A %HK7F(0d), 37 TaEHF(0c), 7 ¥
(Cg), £ 7% (Cn), ¥ ¥ (Sk) BL U Zu~y 7
F(Se)dI b2 F1) 7 DNAD 16S ) AV — 24 RNA
B ARA- TR I DB REE R Ecol301 35 & U Hindlll %
FHV>72 PCR-RELP f#HT. M i 100 bp DNA ¥ — % — %
R

Fig. 2. PCR-RFLP analysis of the partial 16S ribosomal
RNA gene using Ecol301 and Hindlll restriction enzymes
for standard oyster specimens of O. denselamellosa (0d),
O. circumpicta (0c), C gigas (Cg), C. nippona (Cn),
S. kegaki (Sk) and S. echinata (Se) . Lane M, 100 bp DNA
ladders.

M Sm Sm Sk Sk

1,000 bp
500 bp

100 bp

B4, FnrudiFx (Sm) BLOT ¥ (Sk) @3 b
2> K 7 DNA @ 16S V) KV — 2 RNA #1515
T O HIBREES Alul % V72 PCR-RELP f#AT. M 1%
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Juvenile morphology of three Pseudogobius species (Gobiidae)
occurring in a mangrove estuary, southern Thailand
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Abstract: Morphological characteristics of three gobiid Pseudogobius species (P. javanicus, P.
sp. 1 and P. sp. 2) in their juvenile phases which collected in Sikao Creek, a mangrove estuary
located in southern Thailand were described. Juveniles of them were distinguished from each
other by the following characters: P. sp. 1 (n =59, 7.4-13.3 mm SL) with two distinctive large
blotches located on dorsal and ventral sides symmetrically of caudal fin base; P. sp. 2 (n = 13,
6.7-12.0 mm SL), with three blotches on caudal fin base; and P. javanicus (n = 18, 6.5-11.8
mm SL) with two distinctive large blotches on caudal fin base in asymmetrical, upper one close
to the lateral midline of body. All of these Pseudogobius individuals were collected within
creek, mainly at middle reach, whereas no individuals from the marine area off the creek mouth,
suggesting that these species spend most of their life within the estuarine habitat.

Key words: Gobiidae, Pseudogobius, juvenile morphology, mangrove estuary

Gobioids are the most dominant fish group in Indo-
Pacific mangrove estuaries, and because of the high species
diversity and abundance, they have been considered to be
one of important components of such estuarine ecosystem
(Collette, 1983; Robertson and Duke, 1987; Blaber and
Milton, 1990; Vidthayanon and Premcharoen, 2002;
Tachihara et al., 2003). However, ecological information
on mangrove estuarine gobioids in their juvenile phase
is still limited to some species (e.g. Eleotris and Butis
species) (e.g. Maeda and Tachihara, 2005; Yokoo et
al., 2006), because juvenile morphology of mangrove
estuarine gobioids for the other genus has not been
studied to date, and thus their early developmental series
are hardly identified to the species level. More detailed
morphological studies of gobioid juveniles, therefore, are
needed to clarify the species-specific utilization pattern of
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each species in mangrove habitats (Yokoo et al., 2006),
which contribute to better understanding of their roles
within such estuarine ecosystem.

The gobioid genus Pseudogobius is widely distributed in
the tropical- temperate Indo-West Pacific region (Larson,
2001). They reside in freshwater and estuarine habitats
including muddy substrata, seagrass beds and mangroves.
Morphological characteristics of Pseudogobius juveniles
were not known except for two temperate estuarine species,
Pseudogobius olorum (Neira and Miskiewicz, 1998) and
P. masago (Dotu, 1958). The purpose of this study was
to describe the characters of the Pseudogobius juveniles
including two new types which collected in Sikao Creek,
a mangrove estuary located in Trang Province, southern
Thailand. Short comments on their distribution patterns
are also given.
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Fig. 1. Map of the sampling stations in Sikao Creek, Trang
Province, southern Thailand. Open circles, marine area;
solid circles, lower reach of creek; open squares, middle
reach of creek; solid squares, upper reach of creek; shaded
area, mangrove forest

Materials and Methods

This study was conducted in Sikao Creek, a mangrove
estuary located in Trang Province, southern Thailand.
Samplings were conducted at four areas: marine area
(outside the creek) and lower reach (0.4-3.3 km from
the mouth of the creek), middle reach (4.3—4.4 km) and
upper reach (6.5-7.8 km) of the creek (Fig. 1), in August
1999, March, May, September and November 2000, and
June 2002. A small seine net of 1 mm mesh [see Kanou
et al. (2002)] was towed at about 1 m depth along the
shoreline over a distance of 20 m. At each towing, net-
mouth opening was constantly kept at 4 m, such covering
the area of 80 m?. In each area at each census time, two
to five collections were made during low tide in daytime.
Fish densities are expressed as the number of individuals
per haul (per 80 m?) in this study. All samples were fixed
in 10% formalin seawater in the field and later preserved
in 70% ethanol in the laboratory.

Gobiid specimens collected were sorted out following
Larson and Murdy (2001) and Nelson (2006), and then
identified to the genus level following Larson (2001) and
Larson and Murdy (2001). Although species comprising
the genus Pseudogobius were given as a preliminary list
by Larson (2001), a total number of species belonging to

this genus are uncertain yet and undescribed species may
exist. Therefore, species identification of Pseudogobius
specimens were based also on Day (1876), Herre (1940),
Akihito and Meguro (1975), Kottelat et al. (1993) and
Larson and Lim (2005) tentatively, and individuals
with incomplete key-identification characters were
identified by the series method of Leis and Trnski (1989).
Measurements of body length and parts were made with a
micrometer attached to a microscope and digital calipers,
and illustrations of juveniles were done with the aid of
camera lucida attached to a microscope. Terminology and
methods for counts and measurements of morphological
characters mainly followed Leis and Carson-Ewart (ed.)
(2000).

The specimens examined in the study were deposited at
the Museum of Tokyo University of Marine Science and
Technology, MTUF-P(L)7206, 7254, 7345, 7355, 7378,
7458, 7490, 7491, 7497, 10654, 10720, 10736, 10742,
10757, 10779, 10786, 10788, 10792, 10806, 10833,
10855, 10878, 10880, 10908, 11187, 11291, 11298,
11303, 11307, 11341, 11344, 11403, 11599, 12248,
12354-12390, 12392, and 12393.

Results and Discussion

Identification. A total of 78 individuals of 9.2-29.2
mm SL were identified as Pseudogobius by having
the combination of the following characters (Larson,
2001; Larson and Murdy, 2001): dorsal and anal fins
separated from caudal fin; both dorsal fins separated
from each other; segmented caudal fin rays 16; mouth
small, subterminal, with rounded snout overhanging
mouth; entire gut spirally coiled; body scaly; one pair
of sensory pores present on snout. According to Larson
(2001), P. avicennia, P. javanicus, P. melanostictus and P.
poicilosomus are possibly distributed in this study area.
Out of 78 Pseudogobius specimens collected in this study,
32 (13.0-29.2 mm SL) were identified as P. javanicus (Fig.
2A), based on pigmentation patterns on head, lateral side
of body, and membrane of vertical fin rays. Although the
remainders were not classified into Pseudogobius species
listed preliminary by Larson (2001), they were divided
into three types (Pseudogobius sp. 1-3) on the basis of
the presence and/or absence of preorbital transverse
band and pigmentation patterns of lateral side of body
and caudal fin base. Pigmentation patterns of each type
were as follows: Pseudogobius sp. 1 (n =22, 11.9-25.2
mm SL, Fig. 2B): transverse band absent below eye, five
large blotches present on lateral midline of body, and two
blotches present on caudal fin base; Pseudogobius sp.
2 (n =8, 13.0-14.0 mm SL, Fig. 2C): transverse band
absent below eye, several melanophore blotches present
on lateral midline of body, and three distinctive blotches
present on caudal fin base; Pseudogobius sp. 3 (n = 16,
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Table 1. Pectoral fin ray number of four described species and three types of Pseudogobius and three types of
juveniles collected in Sikao Creek, Trang Province, southern Thailand from August 1999 to June 2002

Number of pectoralfin ray

References

Adult
P. avicennia 15-16 Larson and Lim (2005)
P. javanicus 14-16 This study, Akihito and Meguro(1975)
P. melanostictus 14-15 Larson and Lim (2005)
P. poicilosomus 14 Kottelat et al. (1993)
P.sp.1 17 This study
P.sp.2 15-16 This study
P.sp.3 14-16 This study

Juvenile
Type A 17-18 This study
Type B 15-16 This study
Type C 15 This study

9.2-14.0 mm SL, Fig. 2D): transverse band present below
eye, several melanophore blotches present on lateral
midline of body, and no distinctive blotch was observed
on caudal fin base.

A hundred and twenty one juveniles (4.6—13.7 mm
SL) possessed the combination of the characters being
particular to the genus Pseudogobius. Of them, 91
individuals with melanophores on trunk and tail were
subjected to the further analyses. They were divided into
three types with distinctive pigmentation patterns on
caudal fin base: type A (n = 18, 6.5-11.8 mm SL, Fig.
3A) with two distinctive large blotches located on dorsal
and ventral sides symmetrically of caudal fin base; type
B (n =59, 7.4-13.3 mm SL, Fig. 3B) with three blotches
on caudal fin base; type C (n = 13, 6.7-12.0 mm SL, Fig.
3C) with two distinct large blotches on caudal fin base in
asymmetrical, upper one close to the lateral midline of
body. Larger individuals of both types A and B (>11.3 mm
SL) had preopercle sensory canal although incomplete.
Pseudogobius sp. 1 and sp. 2 identified above in this study
possessed the sensory canal on preopercle, although no
Pseudogobius species of Larson (2001) possess the canal.
Type A juvenile possessed two distinct blotches on dorsal
and ventral sides of caudal fin base, and the number of
pectoral fin rays was 17 or 18 (Table 1), these characters
tallied with characters of P. sp. 1. Type B juveniles accorded
with Pseudogobius sp. 2 by having three melanophore
blotches on caudal fin base and 15 or 16 pectoral fin-rays
in number (Table 1). Therefore, types A and B juveniles
were identified as Pseudogobius sp. 1 and Pseudogobius
sp. 2, respectively. Type C juveniles were distinguished
from P. avicennia having numerous melanophores on
the membrane of vertical fins (Herre, 1940), from P.
melanostictus by absent of blotches on caudal fin base
(Larson and Lim, 2005), and from P. poicilosomus and
Pseudogobius sp. 3 by absent of transverse band below

Fig. 2. Specimens of four Pseudogobius species.

A Pseudogobius javanicus, MTUF-P(L) 11303, 27.1 mm SL;
B Pseudogobius sp. 1, MTUF-P(L) 12355, 23.9 mm SL;

C Pseudogobius sp. 2, MTUF-P(L)11403, 13.3 mm SL;

D Pseudogobius sp. 3, MTUF-P(L) 12385, 14.6 mm SL

eye (this study; Kottelat et al., 1993). On the other hand,
because the pigmentation patterns and the numbers of fin
rays of type C juveniles were consistent with those of P.
Javanicus collected in this study, type C was identified as
P. javanicus.

Descriptions of Pseudogobius sp. 1 (Fig. 3A).
Morphology — Body moderate to elongate, body depth
14-16% SL; gut moderate to long, preanal length 47—
55% SL; head moderate, head length 25-31% SL; eye
moderate, eye diameter 28-30%HL; predorsal length
35-42%SL; caudal peduncle length 28-31% SL, depth
8-10% SL; snout length 16-19% HL. Jaws subequal,
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Fig. 3. Juveniles of three Pseudogobius species.

A Pseudogobius sp. 1 MTUF-P(L) 12360, 13.1 mm SL;

B Pseudogobius sp. 2 MTUF-P(L) 11931, 12.3 mm SL;

C Pseudogobius javanicus MTUF-P(L) 12370, 11.3 mm SL

upper jaw slightly projecting. Scales on lateral side
present. Predorsal scales appearing first at 10.5 mm SL.
Preopercle pores becoming complete at 11.3 mm SL.
Scales on opercle appearing first at 11.3 mm SL.

Pigmentation — Melanophores scattered on such head
regions as upper and lower jaws, lower jaw angle, snout,
cheek, preopercle, upper part of opercle and isthmus;
saddle-shaped pigmentation appearing on dorsal part of
lateral side of body from anterior part of first dorsal fin to
posterior part of caudal peduncle; five to six melanophore
blotches appearing on lateral midline from under pectoral
fin (not shown in the Figure) to posterior part of caudal
peduncle; four blotches present on ventral part from anal
fin base to caudal peduncle; two distinctive melanophore
blotches present on caudal fin base, dorsal edge of dorsal
blotch being on the upper second segmented caudal fin ray;
transverse band present on membrane of first dorsal fin;
melanophores scattered on second dorsal fin membrane.
Melanophores present on pelvic fin base but disappearing
at 11.0 mm SL.

Remarks — Pseudogobius sp. 1 differ from Pseudogobius
olorum and P. masago in pigmentation patterns. The latter
possess indistinctive blotches on caudal fin base and lack
transverse band on first dorsal fin membrane.

Description of Pseudogobius sp. 2 (Fig. 3B).
Morphology — Body elongate to very elongate, body
depth 9-14% SL; gut long, preanal length 50-56% SL;
head moderate, head length 22-27% SL; eye moderate,
eye diameter 26-30%HL; predorsal length 31-36%SL,;
caudal peduncle length 27-30% SL, depth 8-9% SL,;
snout length 17-22% HL. Jaws subequal, upper jaw
slightly projecting. Scales on lateral side and predorsal
area present. Preopercle pores present.

Pigmentation — Melanophores scattered on such head
regions as upper and lower jaws, snout, cheek, preopercle,
opercle and isthmus; scatterd malanophores appearing on
dorsal part of lateral side of body from anterior part of first

dorsal fin to posterior part of caudal peduncle; four to six
melanophore blotches appearing on lateral midline from
below second dorsal fin origin to posterior part of caudal
peduncle; four blotches present on ventral part from anal
fin base to caudal peduncle; three distinctive melanophore
blotches present on caudal fin base; melanophores
appearing on upper part of pectoral fin base; melanophores
scattered on membrane of first dorsal fin. Melanophores on
pelvic fin base appearing at 12.7 mm SL and disappearing
at 13.3 mm SL.

Remarks — Pseudogobius sp. 2 can be distinguished
from P. olorum and P. masago by having indistinctive
blotches on the lateral side of body and three blotches on
the caudal fin base.

Description of Pseudogobius javanicus (Fig. 3C).
Morphology — Body elongate, body depth 13-16%
SL; gut moderate to long, preanal length 48-55% SL;
head moderate, head length 26-30% SL; eye moderate,
eye diameter 28-32%HL; predorsal length 34-40%SL;
caudal peduncle length 27-31% SL, depth 9-11% SL;
snout length 12-20% HL. Jaws subequal, upper jaw
slightly projecting. Scales on lateral side of tail present
and expanding to trunk at 7.5 mm SL. Predorsal scales
appearing first at 8.9 mm SL.

Pigmentation — Melanophores scattered on such head
regions as upper and lower jaws, snout, cheek, preopercle,
opercle and isthmus; distinctive blotches present on
preopercle and opercle; scatterd malanophores appearing
on dorsal part of lateral side of body from anterior part of
first dorsal fin to posterior part of caudal peduncle; five
to six melanophore blotches appearing on lateral midline
from under pectoral fin (not shown in the Figure) to
posterior part of caudal peduncle; four blotches present
on ventral part of anal fin base to caudal peduncle; two
distinctive melanophore blotches present on caudal fin
base, dorsal edge of dorsal blotch being on the upper
fourth segmented caudal fin ray; melanophores appearing
on upper part of pectoral fin base; transverse band present
on membrane of first dorsal fin; melanophores scattered
on second dorsal fin membrane. Melanophores on isthmus
disappearing at 10.6 mm SL.

Remarks — Juveniles of P. javanicus are distinguishable
from P. olorum and P. masago on the basis of melanophore
pattern. The latter possess indistinctive blotches on caudal
fin base and lack transverse band on first dorsal fin
membrane.

Occurrence patterns. In the present study, all of the
Pseudogobius individuals were collected within Sikao
Creek, while no individuals from the marine area (Table
2), suggesting that they spend their entire life cycles
within the estuary system. Neira and Potter (1992) have
also pointed out that estuarine gobiids such as P. olorum
typically spend their juvenile and adult life in a restricted
area within estuaries, and the demersal and adhesive eggs
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Table 2. Number of individuals per haul of four species of Pseudogobius colleced at four
areas in Sikao Creek, Trang Province, southern Thailand from August 1999 to June 2002

Upper reach Middle reach Lower reach Marine area

P. javanicus 0.5 5 0.1 -
P.sp.1 0.1 31 - -
P.sp.2 0.2 13 0.3 -
P.sp.3 - 1.2 <0.1 -

enabled them to reduce the potential loss from the estuary
with the seaward flow.

Within mangrove estuaries, distribution patterns in early
life stages of species of the genus Acentrogobius (Yokoo
et al., unpublished data), Butis (Yokoo et al., 2006) and
Eleotris (Maeda and Tachihara, 2005) were different even
among closely related species. In contrast, Pseudogobius
juveniles occurred mainly at the middle reach area within
Sikao Creek. Further studies are needed to clarify the
mechanisms which allowing their coexisting within such
a restricted area.
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Transplanting methodology of eelgrass Zostera japonica in brackish lagoon

Lake Nakaumi (Preliminary report).

Yasushi Miyamotol,Takahiro Kuki', Akiko Hatsuda', Hidenobu Kunii’

Abstract: The chronic loss of eelgrass Zostera japonica Aschers et Graebn. has been a problem
in the last decade in brackish lagoon Nakaumi, and re-establishment programs are strongly
desired at present. In order to encourage the programs by offering the useful information for the
eelgrass re-establishment, we conducted field surveys and experiments to (1) detect inhibiting
factor of seed production in the lagoon, and (2) develop preferred transplant methodology. The
inhibition of seed production was detected to be caused partly by sediment perturbation, since
reproductive shoot production was inhibited in the sediment perturbed treatment. Since seed
production was hardly observed at the recent lagoon, we developed the preferred transplant
technique using sprigs, that are sections of rhizome with shoots and leaves attatched. In the
attempt, it was suggested that adequate temperature is a key for successful transplantation.
Finally, we discussed the genetic problems accompanied with transplantation, in particular,

“founder effect”.

Key words: Zostera japonica, disturbance, seed production, transplant experiment, sprig

i C & I

7 < & (Zostera marina L.) & 3 7 < % (Zostera
japonica Aschers et Graebn.) 1%, 722 T 0 &7 rhifg
DRYIZo72 HM0ERTT, 29 LT~ EH
TN OIREIRICIRIA A/ LCB Y, BMAEHOE
O - BESE LCERICRAELZ 5.2, SHICHE
RERHRE L CREEFICHDEELY S 2 Tw: (BIR
WK B Yy, 1935; HLEE, 1955; P34, 2006)
LU, BEAI30 4 X ) R OBIRA G E D,
S HTEW L OP DR T/ Sy FIRO A 2057880
bNDBDIIIm o7z (EA - B, 2006, HA - 1)
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M, 2007). &9 L7=4rAits ol - Briafbix, 4
W) O WISARARE DS WS 2 B TLTHLED ) T
Hb ER-RE, 199%). 29 L2BUIRZEET S
L, TYREHOE LR WA EVIED, 20O LTH
HETEEMHLTHZ L, SHOMHICBI 5588
7EBZA.

2O LEEROT, HilEIZBWTT Y EOMEED
HICD NPO % HLLIZHED 51T 5 (BAR, 2007).
ZL T, WROTbNIW L O TIE, Mtk
BRI LOBERICHII L TWAE, T ELERD
AT EETIL ATONT X728, ERENLT~
EHHEITFEDNHER - BB L 00% v (R
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545, 2004). L72h3- T, HHEIC BT D 7 < EREF
DRMIBL LRI O—DEER L. Le
L, 2)LAT7<EMBICBITAHEL LVEELE X
EHIFIC, a7~ EOHIFIIDTPIATbRTWAIC
FTERW, FRUIMNZ, aT7IEICELTE, T
FIZEARD LRI OIIZEREISH TE 2 HE0E L
CRENTHBY (TEICHLTIL, KEF - <Y
J 7+ =521 02007) &0HDH), TOI EHAM
DR LFEREDDL FTORERBEEL > TW
5.

Z ZCARMZER, HEICBUI AT IEDORELE
FAEZED L LT, WHAPRRIEREEL L%
HigE L7z Lo, BEOPEECHBER ST
WA a7 <EOREAETMN W] BIEIZOWT, )
GLOSENZ A B LB EROB R EZRET 5. K
2, MFAAEEORIZZELCHBL-aT7YED
B EBRORE S 2 /0T 5. Wiz, BREEC
WIZOERF &) MES, BN REEII DN TEE

S =

179
MR e A&

1. A7<E

a7~ E XL ER O IR A O # IR s 12 A ) T
3RS B HEERR THEM T & A (KAR, 2000). EPRT
FERTFEREE RO E LZNBOERKBICATT S 1
DO, FETIIEFHARAEIZ B 5 (BT 2,
2007). LA L, REIZAER ELCEREICEETDN
THEETH V), FRICHS LRI 2 I Z D4
BAEMS LN TE S, HlETIERIGEN 2 & /MEFE:
HIEZ R B TRIA R #i P C B A HERE S L (B,
2001), S 512, WWOEESIKEVWAFERTH,
AL b e ¥ o 2 e | = QY £ = /Ao 0)
HILTWA (B, 2007; 8)111Z 2, 2007). 7B, K
FEIZ20064E F C, BEE Ly FF—% 7 7 1CE#H
AEDOH (DD) & L CTHEMIT SN TW .

2. BAVPREFEEICEAZITE
TYEICHEANRD L a7 E'IGEE O LAk
OMBULENE LD WEHASH S (T~ EIS
B 158 3BT, 2004; I, 2007, 7~ EIC
B9 51858k : AR, 2000; R 122, 2000; FTHEIE 2>,
2004). 29 L7 TR S, KERAEISE
KT 2EELPERD1DEEZNDL. LD,
Wiz 227~ TE L I EHORE % &
DR L COMmIROILK - B4 % 4T 9 A (Cabaco et al.,

2005), FEFAEEZAT) 7201213 H 2EOMK, b
LLEV A XETHRETLILENHL0LTH S
(Olesen, 1999). I 7Y EIZT7 Vv EHOF T KE
DIEFEPRKEVERVAKIFIET TS 2 L0800
(B3R, 1962; KEFIZ 4>, 2006; #&J111Z2, 2007), &
DZENATYEOHTEED VLSRR L SET
WLIREEDS T ICE Z BN 5.

FIT, WES AT EOMTERICEEY S 2
HPEIMEBELNIZT L7020, FEEKEIZTEH
EEREAT o 72, EBUKER I BTUR SAGERNE ST O
HORGH A R A RN ALE L, A XIEE 1 m,
FEX10m #&15ecm ThHAH. a7 — MNLDJE
AN AH 5 em OFE S CTHEFED S, BidE
T2 R O (GRAK) MEENR > T LD HkEE
HENTWD, AKkBEOBE Yy - %3 - 4
> - JRE O Silt-Cray 2 - ERE - KIE - Kit) &
gD BN L 7 555 H% v (Table 1), HRIZAK
EDPENT &, FHENEWNT &, F L TES MR
S EDNEKBEOEELTH A (Table 1), LA L, &H
DOHFHEIZBT B a7 < ELORIBRER, KR
MEZEHTETWDEZ s (BRIE, 2006), &
ASTRETdH B & HIWT L, 2006 40> 8 12 HA# X
DERELL 72 AR 2 RAE L 72, F 0, Btk ES
L, HTFZEIC X B9MILKIFER S 7 G
RLERESM).

200844 H, a7 <EXBAL 2 RKOKEED
b, IR 25272, 7~EEI KHOKE
LIS AL 2T A 2 D% 72 (Cabaco et al.,
2005; Neckles et al., 2005), A H OREZ B 723
Gl 5272, BARRIZIE, KENTT ¥ AI12207
AT, 2020 cm O#FIPHTIES Sem DR EZP DT L,
COPNAE U EE RO BIHE L. 0k
B H70%0aT7<ENMTETEFE DL
WIHE L. 20o—H%D S5 A, #HELx 72Kk
BREZITTWARWKERICT, a7 EDOWE LS
DT B AFER OB % WK T 10 192, 50 x50
cm DI KT — F & HWCEHIIL 72,

AFERR DB IIH AR E VIZ EBEWEA DD -
7-7-8% (BEFELKE © R=0.64, P<0.05; XHRKE © R
=097, P<0.001), FHELHFETLERE (EIEMROERE
TRA) 125 2 % 58 % Wit (ANCOVA) =
WCEHME L 72, 57— & OIEBIME % #E R UIRHT O R
D& S 5720, AFEKRO BRI % it
L 7- (Sokal and Rohlf, 1995). 7 ¥, il AHERR
(R T BEWGEORIEMETH B, W HT &
MR OB 11X, SPSS 11.0J (SPSS Inc.) % T
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R LHHEICB T 237 v EOHAM (Fig. | ) & EZHOKEICB 1T 2 BE0E. BAE#O 7 —
%13 2006~2007 AEEEDPUFEE: (6 - 8 - 10 - 1 A) I[ZUE S N72b 0, EBUKHO 7 — ¥ 13k
2 4FH] (2008~2009 4F ) IZIUFHEICINE L 72D D TH S, BT THREZ vz, K7FEEH

BEVPROONIZZ L 2R,

Table 1. Comparisons of environment factors between native habitats in Lake Nakaumi (see Fig. 1) and

experimental channel using 7-test. The data in native habitats and experimental channel have collected
at four seasons (Jun, Aug, Oct, Jan) during 2006-2007 and 2008-2009, respectively. Bold represents

significant difference (P < 0.05).

Native habitats

Experimental channel

Environment factors T P
Mean 95%ClI Mean 95%ClI
Depth (m) 1.07 0.19 0.10 0.02 -10.2  <0.001
Current velocity (cm/s) 4.00 0.70 0.79 0.24 -8.71  <0.001
Salinity (psu) 145 2.76 5.4 1.08 -6.05 0.002
TN (mg/L) 0.89 0.49 0.59 0.11 -1.15 0.26
TP (mg/L) 0.087 0.031 0.049 0.026 -1.87 0.08
Ignition loss (%) 1.43 0.28 1.33 0.07 -0.73 0.49
Silt-Clay fraction (%0) 4.18 0.91 5.55 0.33 2.50 0.04

f1o72.
3. BHERER

SHIZBIT AT Y EHOBNZEL (1) T2 v
R E Q) HEHVWAEBEO 201K E NS
(Br¥E4, 2004; Seddon, 2004; 8 J11Z 7>, 2007). L
L, a7~E0is, LiLo X )\ HoafT 2
35 2 EDRREERIRICH S, Lz2A > T, Bl
HTCIIHRE AW BEIHEN N HREE2 5. %
TEAETIE, BFEHOREE T RICT EHOK
HE 2 B ARSI AME N B B — 7, Ik FR
AR NPO 1L AT VERHAEFE M TOLNA LD
o7z OKEET - =Y/ 7+ —5421,2007). 2
ALBIREZE T2 5L, —KHTR T HETEE
e A CHED R R OIS LE L BEb b,
ZIT, INoD&EMtEm LckefIHLzaT
TEDOBM~ v b EER L.

Bt~y ML, ~F S GLERREIRESE) 24
35 NTHIE#E~ v b (HfE 20x20cm - JE & 125
cm) [CEBUKIECTHE L2 TE% 4~5KEE L 72
%, ZOKBIZTH 2AMOPHBEREZIT>720 D
TdH 5 (Fig. 2). B~y P OERIZIZH T ED%
uiih, K 10em BELAZMHA L. ZoX) 2T
FTAERREIEC, MBRICERITHL 2 LN, a7
< E & [E UAZERIOWEE Posidonia sinuosa TIERE S
T\ 5 (van Keulen et al., 2003) . Affi I RIERE DS

120 cm T2 1) (Seddon, 2004; Westphalen et al., 2005)
A7RELYVKRETHL, ZOSIZIFEEL, L/
Boa7<ETHRMBEOE S OM T ELMmEIH
Lz m < &I L 72
OB~y NEEERD AT VT L— 4 (25X
25 cm) IZ[EE L7z, 2008 4ED 5 HIZ 10~y k
i b | CRE SN il ZE 4G (Fig. 1)
DOKFE0.5-1.0 m (2% L 72, BAE o EE 12D
TIFMEEI AN T HTETH 5.

R &EE

1. HEIPBFEEICEADIFE
ATREEBMELZ2ARDOKEDH) B, 1 KRIZT
WELE G- 2 7ok F, BELHE % /E 5 Ak O TR %
THES A MHMAERD Sz, Z LT, 2 OMEmIIHE
ENE L R BIZEHHE Th - 72 (Fig. 3 - xfHRX 0 f#
& =2.57x10"> ALK DM E =1.02X 107 © F e omn
opue=104; P=0.005). =9 L7, HELE <)
72K TR T 220 B & B 0K AS S R 12
5 F Chid KH, |ELEZ 2T RD o 72K TIE,
BEREDSE VI TUEHL T 2 RS & 2 A I K A5
TL, HIERROTESETE A EEZ ML /2 DT
Holz. TORRIL, TYEHEISHETEERTO
DICHLEEDOH, LIV A AETHET L
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Fig. 1. Map of Lake Nakaumi. Native habitats in Tottori
prefecture and transplant site are represented.

BN H T L EfFET A (Olesen, 1999). L7275
T, WHEBETOa7~EIX, KEICX25HIEK
BB ST LD TAENKR T T4 &% 2
5Nb.

B, WIELEL 2 &h o 2K TR E
&, AT OMEICE AT BWER DD - 72, [
WO THE SN TW5E a7 < EDEGKE
JEIZ0-11.1%TH 5 DIxf L (1T A, 2004;
Hi, 2007), $HELE 52 b o 2KBIC B A HEIZ
11.8-56.4%, FI¥T38.6% Tholz. TNHDHER
X, FEFKEORBEREOZEMND, 37 ~EOMH
THEZMEMSEL ETEETHLZ EERELT
W5,

2. BHEXER
P8 AR 4 I N IR IS TR~ v D 2 FR L

2. B~y POBEHE, FEBKERIZEIT S 2 MO
BRI E D P EIRR L.

Fig. 2. Photo of transplant mat. Rhizomes elongated during
two-weeks culture in experimental channel.

7oAER, K2 AR AT -2 TORTETE
BAVROLNTZ EHIER L7107y h&ETIZB
W, % v FOAMENZ 0.5~10 cm O HL T 2R AHE
a7 (Fig.2). 29 LM TEMEICL S50
WRPARFHEDOENTH L s, Biivy b
PRI L7z 52 5.

B, MELAZHTEIET, BIEE<Y bW
HTix R, ZORMEBEMAEL 7= (Fig.2). v b
FET, JEEEE T lem NI ZE EETWL L
S, aTEOHTEIR (1) EHOEEAE % 1
ETHEMEH LD, LI Q) BEMISH L L&
WKIERHEET AEEEHLLDEEZ NS, T2
2L, KEHMICHEHBEREZ AATTBIET L L,
TEOLLAIREFRM, b L ATEmMBE T EMEL
TWBZEND, BIBEOHRPIELWEEZLNS.

ORI~y b EEBKBICCHEER T 72
Pr CERE 18 4E 4 H) oKiRIE 12.8~20.2T, #H5r1E
¥ lpsu THh o7z, ZOPOKIEIE, ERFEER (B
1374, 2007) CTHRIZH-# & Sn/z#if (10~15T)
EEESKRE V. LAL, Kiiat20C % ERFS &9
2% o726 AU T RAERENSLLZ. b
OFERI Y, BEEOIIIIAKIE (F7213FH) 120E
BRI bRIE RSBV EAVRBEN. —F, &
FICEL T, AFICBEIFE ShTwbifig (7.5~
15psu) (EJI[1Z 2, 2007) £ D Hix 5 IR GAET
Bt P 2OMESHER SN, Lo, &
L HETE, EIESIIBMOBEEIZLR S R\
LEZHNA.

ISR~y bE, KIEICE L Chf#E & # 2
LM% 5 IR MEH (Fig. 1) (23 L7z, Bhikk
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Fig. 3. Effects of sediment perturbation on seed production
of Z. japonica. Broken lines represent linear regression
lines between eelgrass cover and reproductive shoot density
for disturbed and control channels.

DEBOEE SIS E NS, B, 4F
(1 B)iAT o 7Bl &6~y b, 27
FOKRTS ORI CTHEBEPMERE I NI, ATV T
L—2a b NIHHREO <y PSS THREFEL TS S
EG, 4xy NTHEPHER S N o 72 JE KRNI
WEOWHIIZE LD THSL., I T7IEDEEIC
IF# 2 KIEAT10~15CTHH T L 2 EET 5 & (B
JE A, 2007), FAtEo 1~3 FIid/KiE 10C H i
DEMDFEA T2 2 EDMUFT Z IR L 2R EH D 1D
EEZOND. TTVHIZBIT LT Y EHOKBM
X, 5~6 HORWGENBIFTH 5 Z Lz S hiTn
% (Wadden Sea Newsletter 2002—2, 2002) .

B, HROBHITEICHEBOWIEZ M 720,
FAMIZH L TEELVWEELY RIZE2nwE ), +
DREENLETH L (BEEEE, 2004). 2o
H A H O/ 253 L i CLRERICACRE S uiald 7
SRABETHAD . TOHITHST 5720, HAE#E
IR KIS) 2 5 ORRERIUE 177, fe/NREEZHN 2 72
(#5025 m* DEFHAA SN V2 1/3 1 EDFR). L
2L, FEL 72O A TIEBHEICA T TH - 7272
9, PRI 2 SR 2 BB 9 5 FEBRUK I ISR AE L
WGl A ATz, 2006 4F 8 H IZERHL, FEER/KES 12 FEHE
L7tk #914EETHEICLTH IS m®, Bl
%7 60 fEDIGHTEIZ ) L 72 (Fig. 4). i L 7-92880K
BEOKE EERNE, KEDSE L (B 10 em) RO
BAUNE W ETHDH. TOEML, 4 HOHMEIS
B a7 ~EROMIRER, oL EiROMER [
WTEX TSI et (BIRE, 2006), 2O &

FEEOKEIZBIT 5 a7 <~ EWIHO KL & b
AN, B, ZOKKTIE, Lok IZBE
DO EWRTHE LS WHETOEFEIZHD) LT
L. INoomHE, HEEOEVKEOER AT
T KEE DA & AR D EFEICH R CTH B 2 & 2R
L CTWwhb.

3. MEA

BHICIAT7TELOBAEICITFEICRE 4 HE
WOoEF L), TNITEENZMETH L. Bl
OB TR IN L EEMZEFEL LT 1) Al
I8 %% (founder effect) - (2) &% 1% 1% (genetic
swamping) - (3) JEfE il 24 & A% 23S BE §5 2 (heterosis
and outbreeding depression) % Z81F % Z L AT X 5%
(Hufford and Mazer, 2003). = Z CTAFZED L 9 12,
BRI RED N 2 WA 12T (1) BB E
DOIRDHEE 25, FFE, TYEERRE L72KAT
WhECld, BA S N O BRI Z DT
T LA, HETFOFFRPM T EREIENFH
AHE SN TH Y (Williams and Orth, 1998; Hufford
and Mazer, 2003), AlMGERN RSB EOMETH 5 2
EDSDDL. B, BIEHNSEEEOKTIL, 225
7 BEBZE B (JR PR A DTAT 42 &) A3 L7230, fHfk
HEAWIH T AR 2 EDOTLE ) BN ARMETY
H5H B - KIE, 1996).

KR TERLTVLITYEOBM L & OE
EFICEATHDL ZEDTICTFRENS. e
b, AWZeTIEHAEMORS /MR % SR8 12
L) B S TR B L T b 720, EE
RN ZE LN S W ETFHEINL D TH L. 2
WSz, WwilEARo a7 <ETIE, BHAERMIC X
LIMAOHHENRRKEL RV EARIBENTED
(Araki and Kunii, 2006), H4:H#OEEHL RN D X
BEELBWIERTFHREND, L2 LSRR E
12, ABFZE TR L FFEEEIT> TWAI TV E
WKL T, ENETOBERNEREDLD D OIER
HTHD., SRIIHTRELTWDE a7 v EDBEN
LR R L2 BT, AMRERI R AR, HER
BIEHI SR & HER L 20 S 4 - FAERIl ol -
XY 72vr,

o &

BB T aT v EORMER LT £
T, RFKBRAROA: S E, BRKFETHESE
MAEERK, FLTIZARY 7 I v 7lAESHoKR
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Fig. 4. Expanded distribution of Z. japonica in experimental channel. Four (upper) and

14 (below) months after transplantation from native habitat.
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Pictures of bottom surface in the central part of Lake Nakaumi (part 3):
Recovery of damaged bacterial mat in a low oxygen condition

Ritsuo Nomura', Kouji Seto’

Abstract: Bacterial mat is commonly found on the floor of Lake Nakaumi from late spring to
late autumn. Particularly bacterial mat develops in a low oxygen condition (dysoxic to anoxic
environment) of bottom water and without the bottom water turbulence. In such a bottom water
condition, a fish stripped off the bacterial mat and consequently a muddy lake floor appeared in
the size of about 16 cm diameter. However, the bacteria are very productive in the low oxygen
water. We observed the recovery of bacterial mat is completed by about 18 hours after that the

muddy substrate cropped out.

Key words: suboxic, anoxic, bacterial mat, recovery time
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Fig. 3. Recovery of partially destroyed bacterial mat in every two hours.
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