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The subsurface section of the mangrovetidal flat at the
Funaura Bay, Iriomote | sland

Hidenori Tanaka"

Abstract: The mangrove sediment was observed by a core (8 sampling points) and trench (3
sampling points) investigation at the Funaura Bay, Iriomote Island, Okinawa Prefecture. The
age of amangrove roots or shells including the core samples were measured by the *C method.
Fine sand with abundant mangrove roots underlies the soil in the Backshore. The sediment of
the mangrove swamp is mainly composed of weakly laminated mud. Tidal flat deposits consist
of massive fine to medium sand. The section of the Funaura Bay is drawn based on these

observations.
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Diatom remains and its vertical change of the core samples
from Lake Koyama-ike, Tottori Pref., southwest Japan.

Tetsuhiro Hamada', Y uji Sakuno?, Katsumi Takayasu®, Koji Seto’,
Saburo Akagi®, Ryohei Nishida’, Zenzo Tanaka’, Yuji Murata’,
Hisashi Asamura’, Keiko Fukuta’

Abstract: Abstract:For understanding paleoenvironmental changes, an analysis of diatom of a
core KY 9401 from Lake Koyama-ike was carried out. The results are summarized as follows:
1) 23 species in 41 genera were identified in diatom in the copeM@st dominant species of
diatoms in the core are a limnetic Melosira granulata, and other diatoms are also limnetic
species. 3 That many kinds of diatoms in the core are limnetic or brackish species indicates
that the environments of the lower part of the core had slightly higher saline that the present
environments have. )4Since the number of diatoms found in the layer upper than 54 cm from
the top and the number of diatoms found in the layer lower than that differ markedly, it is
considered that water quality environments in Lake Koyama-ike changed at that tilne. 5
Many species living in the moderately polluted environments are found in the part upper than
20 cm in the core, which reflects the recent pollution of the lake.

Key words: diatom remains, paleoenvironmental change, core sample,Lake Koyama-ike
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Mo CE < R AEM %R L.

20) Rhopalodia J& (#R7K ~ <k A7)

ZoJEi, 4aTEHIOM LTz, B E 54 cem
FTEFEHIHML, 55em& ) FHTIRIFIE
HEIIZ AR LT 7z, MRt d Ficxie L,
HEEB4emE ) FTIE 1% KiG720%, 55cem &
DT HIZ2% AiAOMELH D, S 86emTIEZ
DIEDH M 3.5% x 7w L7z, MU TRAE, M
I BT A5 Tl - T A AEm F 7R L
7z.

21) Bacillaria J& (kK ~iRKkA4:HH)

COIFEIE, X 16cm 41lemD 2RFHI R SN
7o MxFiE 25 R E D 1% DT EIEE 1AL
W,

22) Nitzschia J& (7K ~ 57Kk A 1)

:0))2 I, A8FFHCR SNz, EEB52emE T
&, [ FITERIZOA L, 583emlEIZFIES I
barii wat. AR IR S Lem DT D 2.5% 78
HEETHY, 1% L EOEIFEZE 9em & by B F
WZERL, 2D THIT 1% KEOfEZ R L
7o, WUTHRS L, Mxfbiz EAH5 T HICH -
T L 7 A @A % 7R L7,

23) Qurirdla J& (kA fif)
CoEiE, 58 TEIXS I M LTV, M
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IRz @ LT, 12T 1% KiiTH o7z,

2. BET3ERERARPOEREE DLEE

BAEOWMIE TR SN A HEMEE, M (1994 2
2L 1908 4ATETH D DR L, HEIREE 2 55
LN-EEMEIL 238 41 CIIZFBE TH - /2. A
I AL, BHEOMINBICIER SR
& LClE, wAK4 D Tabelaria k&, Meridion J&,
Cocconeis &, Caloneis J&, Stauroneis J&, #7K~i%
Jk 4 @ Rhopalodia J& (R. gibberula), Achnanthes &
BHITHNG,

72, HAEOHILMIZ BT 2O B 5 I3k
4 @ Melosira granulata T % 25, FEREE 22 5 1%
LNTHEIZOWTHHES 74cm % Tld Melosira
granulata 23S I 50% Hifz 2R LCTH Y, 4o
B O KER 3 AIHERE L 72 BfCIE, BAE & AR O BRI
TholzeE2ZobNb, LrL, H#E75~84cmT
137k 7K ~ 75 7k 2 @ Coscinodiscus lacustris A3 HH#t
50% Fif: %k L, Melosiragranulata % iz § % =
EnD, BUEE 2% ) KEBREN R 2255 -
TEMERIND, S5\, SRR - Y - 4
RS XD B AT & N2/ (1988 O BRBIIEIE
HEIZHTIED L &, WO [FRKKAfE
], O L UL [GRAKFWEMSEMERE] v 2 &1Thk
5.

3. NESMBRIEZELITER EEREAITIER DR
HESHHEPOHEE SN A HRELEL 512
FEL T 272012, %A (1995 MS YKL 53-#T
B ML HTAE R B 5072 X, Y, ZD 38 (ff
BF13A (1995 O C, B, A D&KEBITHY) & oL
ATo 7z, T, KT LATKESHT K UMb AT
AR E HEOMAER 2 B L 72 R 2 LT I2R
5.
a X &

AR DOEE 54em &L ) THDOETH Y, &K
TOMT, RELkELL, &@F%KERE (TOC)
DY, CINIOBIMESHEY R LA SN LkE TH
5.

Z D TIE, Ak ~ 15K D Coscinodiscus lacustris
MBI > TE L&Y, [FRISRKRETE SO
Melosira granulata 254> 7% { %2 1), 75~84 cm T
Costinodiscus 2SEEMZ 7 5. F 72, ok ~1RKAE
® Rhopalodia gibberula, [[ U < k7K~ iKKE D
Achnanthes brevipes var. intermedia 213X Z D g 72
IR S NS, TR D X9 1Tk~ EK

DL DWW H N Z L, TOXBT
&, FRICEES 75 em & ) TR T, EABAEL D
EhT0IE <, WILIE & )RR IZ TV IREE
PolztEZHN5.

F72, 2O TITiRAKAE D Cocconeis placentula
var. klinoraphis 25 & 56 cm 71~72 cm 85~86 cm
THBIZEL EENS. ZhIE CINIEO#ENL T
WhHHTE IS =L TwAE, T/, RKED
Fragilaria construens var. exigua 2% & 54~ 64 cm,
75~81cm T2 ) FEIICE (Ao s, Ziud,
EDOGHHERE DR MR 2 R, TOMOHEE
IZBWTH TN EFMENZRT D DIEE R,

b) Y k&

HEIRRE DR E 20~53 cmDETH 1), FH5HT
DFEREHRD L, DY BTIEEKRE, R, TOC,
CIN TV R E L T 5.

DT, #IkAED Meosira granulata 75 &
L, Kk ~i5/k4 D Coscinodiscus lacustris 5% 1112
FiFEL CTwWh, ZLTCEB L HRELIRELR
. F, XBTEDHI)ALNL o 72RKED
Gyrosigma acuminatum 252K AL 65 X 9 1Z% D,
XETHEMWIESNZb01E, oY ETiEiz:
AERONTGEL A,

CORBIL, KIS OME LRI ZE L
TWwWh., ZLTHHESMOBRTORASNS L9
I, BRI OHREIIBNTEH, XELYBOBER
WZH7zHES S4emfFE CHELZEVPRON S,
Z QRN L N O % D JEL TREDOZAL S -
P22 EWIPDRD.

c) ZE

MR O®RE 20ecm & ) LiioBThsb. 20
ZRETREKRRIILEA L, KEIHNALT S, £72
TOC M4 I EF- L, CINIRIERES KT 5.

ZDJgTIE, Y I L [FEEkIC Melosira granulata 7%
&5, Coscinodiscus lacustris 28FERE L, & b I2%%E
L CTw5A. Gyrosigmaacuminatum b Y J& & [f4f 214
e % 7~ 9.

Y J@ & B B L, kKD Diploneis ovalis, %
JK ~ A7k E @ Nitzschia tryblionella 2S5 #1912 % <
RoNbZETHD., WRKEDHENS 2HD5
H, Z DR TRERAK~IRED S DD BEIE A %
INT DA TH 5 A%, Diploneis ovalis, Nitzschia
tryblionella (3 & (2 HEME, MHEHEOHEE TS
52 Ems, WlthoiEs TR <, © LAMILET
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WL BV TR 1 m ORREE (KY 9401) %
FRIL T, BEEY I EIT-o72. TORKELUT
CEFED s,

1) HEREED B 15 S 7zt O B A 1 23 7
41BTH o7,

2) KRB O L2 5RO BEIICE S -
XKD Melosira granulata T 1), B O
TREETIZEAEPRAEDOHETH > 72,

3) HEREEL O AL TIRA ~ KO A I B 1Y %
BT 52 05, TIHOREDHER L 72k
&, WADPHAEL D DT RICE R -72bDEE R
bhs.

4) FEIREFE O X 54 cmd AL E FAL TS 2
WCHEHELAOMBEMS R L2 b, ZOk
IO KERBEICZIAEP Db D L%
ZbNb.

5) FEIREE O X 20cm & ) _EALTHTEE M, HiTE
EEDOTDOAXT DS 7 5 DI, TAED I
DFEEY L LR R 7ZeEZz o5,

HESTCIE, RN HEREOLELB) 2 L
WTEDHD, WEDHERE L-ER2HET A LT
# L\, o THRRITHEIRGURSHERE L 72FE 12D
WTHEE L, oL REZEO SR/ ZH O I
LTW&E7W,
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Fragillaria construens
var. exigua

Melosira italica

Synedra ulna

Coscinodiscus lacustris

2

g

Eunotia praerupta
var. bidens

Meridion circular
var. constricta

Eunctia sp.

Cocconeis placentula Achnathes brevipes
var. klinographis var. intermedia

Achnathes inflata

Diploneis ovalis  Diploneis puella  Diploneis slendida

ARG W KY 9401 2 7 IS & E N2 EREEOBMBIEE (1) (R 7 — /N —TRY)
Appendix 1 Photographs showing diatoms in the core KY 9401 core from Lake Koayama-lke
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Pinnularia mesolepta

Cymbella
naviculiformis

st

Gomphonema
acuminatum augur var. gaitieri
var. cronata

Stauroneis

phoenicentron Gomphonema

olivaceum

Epithemia sp.

Nitzschia sigma

oy

N

hemia sp.

Epit

. Nitzschiu
tryblionella

Rhopalodia gibba Rhopalodia gibberula

10pm
P2 LG KY 9401 2 7 HICE EN S EEOHMBEE (2) (A7 — VN —TRY)
Appendix 2 Photographs showing diatoms in the core KY 9401 core from Lake Koayama-lke

Surirella robusta
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Polychaete community structure and itstemporal change through last 20 years
in the intensive scallop culture area, Saroma L agoon, northern Japan.

Takeshi Sonoda’, Shigeru Nakao' and Katsumi Takayasu?

Abstract: The accumulative impact of the intensive scallop culture on the bottom environment
and polychaete community structure were studied in Saroma Lagoon, northern Japan. The
bottom sampling was carried out in 1995, and the multivariate analysis have been used to
compare 1975, 1987 data with 1995 data. 55 species were identified in 1995 samples, among
them the dominant species were Maldane cristata, Lumbrineris longifolia and Scalibregma
inflatum, which were typical species in Japanese eutrophic coastal bays. The result of
comparative analysis of the polychaete community structure during period of the past 20 years
showed marked changes in species number, density and species composition. The species
composition of polychaete community in 1995 indicates that the lagoon environment may not
be in the state of heavily organic pollution. But clear temporal changes in the community
structure and frequent occurrence of spreading hypoxic water and red tides in recent time
suggest the accumulative organic loading by the intensive scallop culture in the lagoon may
cause severe bottom hypoxia, eutrophication of water and stressful disturbances to the benthic
community.

Key words: community structure, disturbance, organic loading, polychaete, scallop culture
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il

BE (BAE, 1998) , FE— LR FL v 2L AIED
1%L (Collieeta., 2000), & 5 |ZEMAEEHFHZE

EBROEYIFEOEEER 70 X 12B W T,
TEFTETERT S ARIGEENIEELZERHRKRO—
Do TWA, D L) R TO NGO
—DIZEESH T OoNL., TFHEEICL S ERERA
DFRBIZOWTIIRA ZAEDPORE SN TE TV
% %Y (Dayton et al., 1995; Jennings & Kaiser, 1998;
Eleftheriou, 2000), iZEEFEICS A7 T 1 TR
G2 Tnab0E LT, SUERIRE, Ao

(ZHIR S 2 JE S O & R LR MK DA BRIG 403
HIFo5n s (fLH, 1990; Omori et a., 1994; Wu,
1995; 111, 2000)

IR PE TG IE 8 2 20 FE ISR O RIS T A
Wik L, AR 2fFU LT, A
HETLANEDO 1A ZEDLIZWIZoTWD
(Naylor et al., 2000). Z 9 L7zifgioKiz e b
o T RERBRANDZEIIOWTOMLHET

toAbiRE KK ERKERHAITZERE Graduate School of Fisheries Sciences, Hokkaido University, Hakodate 041-0821, JAPAN
2 B RERKIENIZE 2 >~ ¥ —  Research Center for Coastal Lagoon Environments, Shimane University, Matsue 690-8504, JAPAN
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D, WMAKTAHEEIEN - 2B Z, 2ok
REZR AERE % 3B Z 7% ) IKEVEREFE D 8 1) 272122\ T
DIGEFEREm P ER SN TE T3 (Wu, 1995;
Naylor et al., 2000) .

7~ % 7 %' 1 Patinopecten (Mizuhopecten) yessoensis
EHDEICHRERIC BT X b TEELRKESR
JEO—>TH Y, JAFEDESEAMERITFHK 50 1
N, AEEEFEIEK 800 EMIZE L T b (MK
BARETTEHER, 2000). K& T A A GETAERE T
7o F IHOTIC &Y AEE S B MBI 2 K EE S AR
JHFECH AH. 0 b FEEEIIH T X i R
DFEREIIHRE P OMES TO—8F L7238l AE
HEE LTIRHEN TS, 0 L) HiEEREK
WIIKREORY 77 A 2 FAWIHE - EH LT
WERE RO Z LR SN D 20, BRI R
W7 EICRESNLDON KK TH 5.

WAL, BRI & i O 2 Clkg - BRI
ELTHELTBY, HERDBFERBRIIBWTE
BRBRERZO—D2TH L. —J7, JLilEIZIE 61
DUEERIBERH Y, €D H B 22 HNEAK T, HARY]
B\ S 2 ORI B R O 133 A A 5
S G Nl | 73 = 1 s AR/ 7 [RYA Y ==t e B 7317 v e
JE ] EWEI, FeATE O E B AN RN 255 A6 L
TW5b (UNEEZD, 1994) . 2O THYu~ifid
AR 150.4 kn?, FeROKIE 19.6 m, “FIIKEE 8.7 m
DI E KDL - WK R R <, K5
T A ORI AGE - TEHE R E L TR ST
WHLEELRKIETH S (L, 1994).

FOICBIT DR T A T TR IE 1960 4E
B0 O REEMICERK L, JE4F TIAERK 7000
N DEREREIEL TWA, BRI X P4
T OF, EFHG AR XK 725 km? Tl FE DK 48
%EHEDTWE, HNTIEEY FH A OMIZH F38
JERER D REINTEBY, I tdhbes & &
YA 34 79.3 kmv® T THIFE Dy 53% 7% A H
TEEAmE LTHHEIN TS (R - FH,
2000) .

O L) IZENREMEEY E L TR S Tw
BRI CT— AR BIE L 2 5 D%, KBOEREL
RERGITH L. HHETEEOY A1 HAG AT
HIETH Y, MMEXOBBEEIZRD & ARG Y
DAL R SIEL, MoEBIINSnb DL
EZZOND. LHLEHS, EREAYEITERROR
ERENOY LA SR TREIX, $TI2h
F Y 12 B\ TS biodeposit 12 & 4 i AL
(Ito & Imai, 1955; 32 Il 1Z 72>, 1971) % H K5 4L

- mEnc

(%, 1999) OfEEL LTERMELTBY, Hu~ilf
DRI THAETFTEBEIIBVTY, 22 30FMIC
BRI HE K L 7 225 4 B O RFE I B DK R SR
ST T B EFIERILTVE Z AP
ns.

Y u W OWEEREE L A EE ISR T A - 0F
FEIIRAAFEICEY A AENPOYVMENL TS
A3, FETEGHEIC X B M EEBREA OB & B AR
RO IS 2 SMET L 72Bid v, & QIR A
WINCHRIE L 9 2N b ABEEICET AR I3
OWBBIRTH A, L LadS, N b AFEOH
YRRV BT AR AR B OREE R £ D IFREIC
ERT L L CHEHZEREZIEET L2 DOTH S
(Nakao, 1982; H1/&, 1989, 1997).

—5, BREIW S BRI LB - R & 3k
BRRIE~ 7 By b ABEE TR - B - A=
BOWTELETLHHETHY, ZoAEMN L R
RO TEREMEICEATWS., ZRHEICHL T
K& RS OFZEHEA TV D DS, & I
X, ABNEEI OB KIC X B FBRED N AT, &
BALSERINL T A T, LEBHEOBRBEIREN OMHE
DD THRBINDL LI >TET WA (Reish,
1979; H1J&, 1983; Pocklington and Wells, 1992) .

Z ZOARMZEIE, TAE Y & L TR ISR
HEhTExTwaHuovifficBwe, v7uaxr b
AMETELETAILTHENREL, (1) HIko%
TBHEEOMEREZDEOICTHIE, (2) 8
O RARHR L LBERE T4 28T, $EH
HEDOEE IR EOZLEIR D 0 &) EdhE
LT 52 L, 3) UEokREEZ D 12 u il
DRI OBUIR L BB EERT LI L2 HIY
L7

M#EEHE

1 RAESLSY > TILDHR

AT 1~ 12 55 Hh AT A B LT 1995 4 10
BB Z o7 (Fig.l). N¥ b ZDO4EL, Smith
-Mclintyre BIEREZ: (FREWERE vViom?) £ HWC, 1
W 10lB 2 % o7z, BRE L 2R > 7L
X, 1mm A v ¥ 2DffizEHWTHB W, #filic
Feo7zRY M A% 10% HPEALV~< Y v THREE -
FL7-.

NRYPMNAY Y TWVIEERETCY T4 7 L7
%, LEHY Y TNVICOWTHRERIR Y FEL ~ L &
TONHEREE B I v, FEOMEAEEEHH L 7.
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N148°
n E 46

Sea of Okhotsk 100km

- The 1st channel

1(a) Fu~<ilfZER  (b) PR X UK
Fig. 1 (a) Map of Saroma Lagoon on the northeast coast
of Hokkaido. (b) sampling stations (closed circle) and
depth contour in Saroma Lagoon.

2 T —XERM

(1) ZEBHEOEERME O HRIRE
BEMEOREICOWT, Mk B, #Bh
DG I85 — v B E NI LT, DWTHHAE
o A OFERERL & B EE A & b R OB & R E M & AR
L, BEMMI2BI oz, 7 — ¥ BITICIZHR
#7127 2 PRIMER 4.0 (Clarke & Warwick, 1994)
% T, Bray-Curtis FWEEFREATHICED < JE
BRSPS RO S Ay e B ko7, D
WTHRE SN BERIDSE D X 9 7 G BB IS
LTWah 0k, R L [FIRICSER S 7S E 5T
g (SIS, 1997) 7S MEHL 72,

(2) ZEEHEDE B AR

o< coxy b AFEAE, I (2977) A3
1975 4E 7 & 1976 4125 H L 72 5EA 2 S AL A5 =1
A RE e i DRAE T H B, DWW CALHEE B
(19884, b) 51987 fEICB I o TWnWh, o
WTORY THEIHEFEDRIEAL L T & 72 1965 4F L
BICERE SN2 2D 2 DOFRAHKE RICARF AL
kb L, 13T 10 FHFET 20 4F B O HEHRE
MWL b, 22T, TNOHOHRETFT— ¥ 2 KM
L, a~iloL BHEHEOHERFEICDOVWTRD
BT eB I ko,

9, TSRS, AR L7,
HI(1977) (ZEREETEFE /17 m? O AT IR T 1

W2 mE 23 T 197545 H, 8H, 10 HB &
1976 4E 5 A2, duiERHSET (1988 b) (X ERIETH
f& 1/20 m? @ Smith-Mclntyre FIIR{E2: T 1 #1451
5T 29 #hri % 1987 4F 7 A2, AWFZE CTIERE M
/10 m? @ Smith-Mclntyre  FIFRJE2FC 1 HisT 1 [IF!
55 Hi i & 1995 4FE 10 H ICIRE L TW5B. 550D
Ay vatrf RFEND Imm @l Twil 1
Y 7 ) OFREmREPI (1977) & ARAFFETIE
L <, JLiBER%EIT (1988b) TARMZED 1/2
Thb. Lz->T, BEIHBRE,R L O (5T
fbL7z. MBS RERMIC L > TEREEZIT 5
B, TTTIRT—F 2EEH.
FEEME D ZEMEICOWT, Tl%L, %%, Shannon
-Wiener BA%%1Z & A FEZ AR H' B X OF Pidou D%
FE J 7% & ONIC Simpson D& (5 B D % F ALk 24 12
Ko7z THORRERERNE L RIS 2 AR
DTF—=F1E, In(x+1) 23 L7212, —IThCESH
530 (1 way-ANOVA) 12 & ) FRALE: R CEWATH
BE)ERE L. B, ZoBIHII (1977)
IZOWTIRIEDDOFAELE L RO FEE TH 5 1975
£10 A OFERZ 7z, JIAR S o BEER G
¥ — RETT A 720\, T 71 77 4 PRIMER
4.0 (Clarke & Warwick, 1994) % fi\v>"C, Bray-Curtis
MR BATYN D CIEMEREFH X0 7 7
Ay — B & OIEENE M S Kot RO Kk
(MDS), 3 & U FA N v i OB ERE & O FPIE 2
TS H B E D) D ERMETT B 72O P ELT 5
Hr (ANOSIM, Clarke & Green, 1988; Clarke, 1993) %
BIholz. &b, BHRET— ¥ I ZIEBMEZ MRS
L1204 FMREWRE B % -72. ANOSIM 12X 1
HUEATHIBICAEBEEZP RO SN E R
Bonferroni D% E k% B = 7\, BRAEREEEDE
DFER|ZEOHBENEG LTV AP ERET 5720
HLE H 9= H (SIMPER, Clarke & Ainsworth,
1993) 2 BT o 72,

¥ 72, ZEBFFEOBER 2 B 5 MG
94728, Fauchad & Jumars (1979) |2 L7225> T
BHOBMAEREZSH L, SHIOBET2EEORE
N, ENENOERRIREIER O L 0%t %
Waf L7z, 72721, K TiEwaEEIEZy r 7y
T A % (Madanidae, bamboo-worms) @ & 9 12 HEf&
YFeia 7> & 30 cm AR FE F Tk o TIEALT A MR D W
Bz, TOX) HMEIIERE THED AL & L
T4 L7 (Holte, 2001). ¥ 7z, HEfEWFRE CELR
T AHHEREICIZ A A FL (Spionidae) @ & 9 12 BRI S
PRIZIE U CHEAAR & R £ 2 © BB W) F B
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#£1 1995 EDY T <iH DL EHEM. RA% AIAE L

B, mean {845/ m? SE:1

Hean

“HEN

.

Table 1 List of polychaete species found in Saroma
Lagoon, 1995. RA % : relative abundance of species,
mean: ind./m?, SE: 1 standard error of mean.

RA% mean SE
Maldane cristata 1447  48.54 11.63
Lumbrineris longifolia 12.57  42.18 9.00
Scalibregma inflatum 9.05 3036 10.25
Glycinde sp. 726  24.36 5.60
Dorvillea sp. 6.93 23.27 9.28
Laonice cirrata 6.72  22.54 4.19
Cirriformia tentaculata 6.66 22.36 7.59
Heteromastus sp. 6.61 22.18 3.87
Pista sp. 3.63 12.18 3.90
Harmothoe imbricata 2.60 8.72 2.89
Sigambra tentaculata 2.60 8.72 2.88
Nicomache minor 2.43 8.18 6.87
Polydora sp. 2.38 8.00 3.70
Haploscoloplos elongatus 1.78 6.00 2.78
Lagis bocki 1.57 527 1.72
Pilargidae sp. 1.57 527 522
Cirratulus sp. 1.08 3.63 1.39
Praxillella sp. 1.08 3.63 1.04
Melinna sp.1 0.97 3.27 1.40
Goniada maculata 0.81 272 2.52
Glycera capitala 0.70 236 0.88
Scoloplos armiger 0.65 2.18 0.84
Amaeana trilobata 0.48 1.63 .14
Chone  sp. 0.48 1.63 0.88
Aricidea sp. 0.27 0.90 0.46
Maldanelia sp. 0.27 0.90 0.59
Nephtys caeca 0.27 0.90 0.46
Owenia fusiformis 0.27 0.90 0.73
Pherusa plumosa 0.27 0.90 0.90
Cirratulinae sp. 0.21 0.72 0.72
Euclymene sp. 0.21 0.72 0.72
Eularia sp. 0.21 0.72 0.35
Genetyllis castanea 0.21 0.72 0.72
Onuphis holobranchiata 0.21 0.72 0.72
Potamilla sp. 021 0.72 035
Spio sp. 0.21 0.72 0.43
Terebella sp. 0.21 0.72 0.56
Anaitides maculata 0.16 0.54 0.39
Nereis sp. 0.16 0.54 0.39
Sigambra sp. 0.16 0.54 0.30
Typosyllis sp. 0.16 0.54 0.39
Apoprionospio sp. 0.10 0.36 0.25
Glycera sp. 0.10 0.36 0.36
Nereis vexillosa 0.10 036 0.36
Nereis virens 0.10 036 036
Ophelia limacina 0.10 036 0.36
Thelepus  sp. 0.10 0.36 0.25
Ampharete sp. 0.05 0.18 0.18
Eteone longa 0.05 0.18 0.18
Hesionidae sp. 0.05 0.18 0.18
Lepidonotus sp. 0.05 0.18 0.18
Melinna sp.2 0.05 0.18 0.18
Spiophanes bombyx 0.03 0.18 0.18
Syllinae sp. 0.05 0.18 0.18
Tharyx sp. 0.05 0.18 0.18

LY

Maldane cristata

Cirriformia tentaculata

Heteromastus sp.

e

0 100ind./0.1m?

2 1995 4F 10 H D5 TR 22 [ 554
Fig. 2 Spatia distribution of the dominant species in
Saroma Lagoon, 1995.

T A5 MR OB 2O L OB NL20, IhE
S BREY - WERPER L L THoHELL
(Holte, 2001) .
& 2

1 ZEFHEOEERE CHRIRE

FEFEMR: o5 A CHERR S N2 L BHUILE 11 H
2555 TH o7z (Tablel). Ho L bEHLT
WD Y r 7 IR AFOKRY ¥ -7 T Maldane
cristata, 2 W T ¥R ¥ 4 vV X F D Lumbrineris
longifolia T&H > 7. 1 #2472 ) O P E
8.4, AMEIF 16 1T, FIHE L 384.3 K/,
KB 1030 fEfE/m? Tdh - 7z

BEEODT: Tablel TR L7 5E256% DLk
D 8D ARERE A B & (Fig.2), K4 DM THE
Ao MEIm SO N, KEEHETH S
Maldane cristata 1355 1 #1725 4 i H VG R D KR 5
m725 156m £ CTOHPFIZEPITHML, 5§21
CE S —EB 5504 LT\ 72 b O ol Fa il & 3R
BIZIZIFEAESAA L TW 2> 72, Lumbrineris
longifolia, 4 & =7 A4 Ft ® Heteromastus sp. &
Maldane cristata & 3Hl L 7250 4i 78 % — ¥ & 7R §
B, B2 DB B HEEBMEIZ S 5 LT 5.
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F£2 1995 FEDOKREMOBELTE. RA% A BEEE, mean il A%/ m?, SE:1 FHERAE.
Table2 Dominant species of each community type in Saroma Lagoon, 1995. RA % : relative abundance of species,

mean: ind./m?, SE: 1 standard error of mean.

Al type RA%  mean SE A2 type RA%  mean SE  Btype RA%  mean SE
Sigambra tentaculata 2325 3330 10.10  Maldane cristata 2124 10850 2340  Cirriformia tentaculata 1663 8400 3000
Maldane cristata 20,15 2880 1800  Lwmbrineris longifolia 1929 9850  17.00  Glycinde sp. 1346 68.00 19.50
Dorvillea sp. 19.37 2770 1920 Scalibregma inflatum 950 4850 1440  Scalibregma inflatum 12.47 63.00 4320
Heteromastus sp. 1395  20.00 520 Dorvillea sp. 866 4420 21.80 Pista sp. 970 49.00 16.00
Glycinde sp. 852 12.20 6.90  Heteromastus sp. 820 4190 7.10  Laonice cirrata 851 4300 1040
Lumbrineris longifolia 775 1110 290  Laonice cirrata 6.98 3570 730  Nicomache minor 851 4300 3570
Laonice cirrata 232 330 220  Glycinde sp. 428 2190 7.10  Harmothoe imbricata 772 39.00 11.20
Polydora sp. 1.55 220 200 Polydora sp. 223 11.40 530  Heteromastus sp. 316 16.00 6.90
Scalibregma inflatum 1.55 2.20 2.00  Lagis bocki 214 1090 3.60  Goniada maculata 297 15.00 13.20
Apoprionospio  sp. 0.77 110 1.00  Cirriformia tentaculata 1.86 9.50 390 Melinna sp.1 277 14.00 6.00
Species number 4.33 038 Species number 11.1 0.55 Species number 9.9 0.99
Total density 143 2398 Total density 5109 43.11 Total density 305 7943
Community type
— T B oA
S B
— . L
B abiotic zone

A2
1
— e—=|n
0 T 50 100

Bray-Curtis similarity%

B3 1995 DL EHMEENLED 7 T R 5 — HHTHE R
Fig. 3 Result of cluster analysis for the polychagte community
structure in 1995.

INS 3HEDOHA/NY — v L IIIEIC N 2~ T
# 4 Scalibregma inflatum, =% 4 F 1 ) & oD
Glycinde sp. 137K D E K046 L, i 75 i 350
TOLEHEIISA LTV, 72, AR
Laonicecirrata, I A FITHAFDI A FTH
A Cirriformia tentaculata b H #5977k 3812 45 Afi
L, &IZMO XY oKIBIZS WEIS A LD 5N
72, 2L, a4 v AFO Dorvillea sp. 1355 2
TS AR AR B 7275, ORI %\ E
M2sdH - 72,

B RUBRAR: TRAEAEE OB E % b T O R 75 A
JEI S 7 T AY — RN LTS R, 3 D DBERIDER

X4 1995 FEDORERI O Z2E 54 (AW &)
Fig. 4 Spatial distribution of each community type, including
abiotic zonein 1995.

57z (Fig.3). NN DOREER oK %
Table2 |2, TN5DZEMHA/NY — & Fig.d 2R
L7z, B, Fgallid~ s uNy F AHFERETE 4
o 7o T A A L L CRIFEISR L72. AL
MEEEERIC A L, 354 7O, TIIHEE, %
FESh o &b /NS oz, HEIEIE A FTh AR
Sgambra tentaculata, B & % Maldane cristata,
Dorvillea sp., Heteromastus sp. C x5 76% %
H Tz (Table2, Fig.4). A 2 (X Maldane cristata
& Lumbrineris longifolia THEEL DT 651, T 2
TED FEE R A A 2 5 AFIBASIE LTz, il
¥ BELOAAEIEL o L b RKE Do 72 (Table 2,
Fig.4). B IEiMTESHES, BHERISA S AL, A 2 12DV T
- BEHNKE L, Cirriformia tentaculata, Glycinde
. B L U Salibregma inflatum THFED T H L, A
1-A2 TH#ELE L Tw7 Madane cristata &
Lumbrineris longifolia @ 5 EEIZIEF IR &2 o T
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W7z (Table2, Fig.d). T 7z, #EAMIEIZHIEE DK
EAOm gL L & LTIAD > Tz,

EERE: SO OKMERPEEEE S Lo X
9 RIS a%érbva‘: BRI E TN L MEHD
JEE GBS S HEF L 72 (Fig.5). S EEERIIZKGE-
e - ARRE - EF - AT VREIPLERSN
HIEEEMEE LB LTBY, Al2S BIZhT
TINGDFFHEEDI/NE K A ETICH 72, T4
HhH, BIIKENERWETERDEDLD 5 VR
FIRETH Y, ALIZKEPESRETHEEYED
% R R RICBEEICXTIL L, A 2052 ORI E:
BERL TV 374 TOKLADOBTHEICE
Lo TWwhEEHREHEIRTEETH Y (1-way
ANOVA, Scheffe'stest, p<0.05), HEEN Lo 72
DA TV EETH-T2. T2, TELBERTDH
HA2LBBICHESEYH>-DIIKEL X UR

20 100 T=== o
O x
i 801
15 z A
% _—L A0 5 60_
g 10 5
3 5 40
[ JoX §
57 ’__::__‘ 20 *00
0 0
A1 A2 B N Al A2 B N
3 0.4
O x
*L . PN
039 =
o
2 2
8 ax F 0.27 A
2
14 *0 *0
ﬁ 0.11 ‘—‘L‘
o 0.0
A A2 B N M A2 B N
20 poa 5T
4__"[_ o
1.5
o g 3 [OF3
@ 107 g
» 3 21
0.57 o a 1
0.0 0
Al A2 B N

5 KEHERITWIDY 5 EBRERE. 17 T) —
NSRS, (EIPI M EEEERE, © R L
(*<>Ao+) BEEEOAFEX (p<0.05) ZRT (F—%
EEHRIED, 1997 2255 1H).
Fig. 5 Sediment characteristics of each community type.
See text for A 1, A 2, B. The category N means abiotic
stations. Values are mean = SE. Symbols (* O & +)
indicate significant differences (p<0.05) of each pair of
the community type. ( Data cited from Sampei et al.
(1997)).

- mEnc

e CdH o 72 (1-way ANOVA, Scheffe's test, p<
0.05).

2 ZERBEEOEEBRE

BE/INT XA —ZDLE: KRR THE LML
1995 4FE D K & 1975 4, 1987 [FDOFEH & K L
7o, BSABEICBITLLEBHMEOTE, ®E, £
FEEEAR I D W TR L 7245 5 (Fig.6), HEif & %
BT REE & & b IS A H Y, 1975
L 1995 E THEAEDTED H 1172 (1-way ANOVA,
Scheffe'stest, p<0.05). & { IZEEDILTIZE L <
1975 4E Tl 1600.5 fi K/ m? TH - 72 D 7% 1995 4 |2
(3 3843 R/ mP L VA A LT b, LR
ERRBO H L D ICIERAEFEMICHEEE RO LN

mirodz. L LIS I Tl 1975 4 Lo A
EMICHEZZEDTFD 51 (1-way ANOVA, Scheffe's
14 - 2000 "
127 o
o 15001
.g 101 E
§ 81 151000
5 6] S
g 4] 2 500 o
5] [!—\
0 0
1875 1987 1995 1975 1987 1995
2.0 1.0
« O
151 08] o,
- 0.67
I 101 =
0.4
0.5 0.2
0.0 0.0
1975 1987 1995 1975 1987 1995
0.5
0.4

Simpson's D

I

0.0
1975 1987 1995

6 KM EHOMEE, WE, SHERRH, X%
BT, BEEEDME. ¥RV (+O) IHREEMOHE
72 (p<0.05) Z/RY. fHIETHfE - FEHERR

Fig. 6 The number of species, density, Shannon s index
H’, Pielou’'s J and Simpson’s D in each sampling time.
Symbols (*O) indicate significant differences (p<0.05)
of each pair of time. Values are mean= SE.
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test, p<0.05), 1975 4F & fLilg L T 1995 4F CTlI R %
WEE I E o Tz,

EERELUE O LB FEEMEOFUMEIZ D W TR
FF LS, 79 A5 — T TlES 4 OFAEFIL R
LAY T TR =R, TENENOFHEFED
HEMEIRLZ > TVWAIENRBINT
(Fig.7). £72MDSIZ X B4HE D ZNENOFELSE
O7 0y MIMEIZIZIZELZSTIMELTBY,
BLEATHI AT DR, &4 OFEFIIMHEICAEE
(B BB EREE 2R L TWwiz (1-way ANOSIM,
Global R=0.30, p<0.001).

ZIT, FRABEEORE T8 % -V LT,
19754ED 5 H, 8 HB X UM 1976 4E 5 A OfE %
2 CHEEHDMEORIT 2 B %> 7-D)Fig8 TH

0
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2 50 i 1
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" 950 g7y " 750 ' 950
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y S e w750
:o. .o‘:‘o%. AA* 087J
- % s * 950
[ o] A
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. . o o a
° o o o
o [s]
o]
Stress = 0.23

X7 HWBEOHENED 2 7 A5 — @ & MDS
DR, 74131975410 7§ (750), 1987 47
(87J), 19954FE 10 A (950).

Fig. 7 Results of cluster analysis and MDS ordination for
each sampling time. Data are October 1975 (75 O), July
1987 (87 J) and October 1995 (95 O).

L. ZOFEHE, 1975 - 76 AL 1975 4F 5 H 5%
RBENT- T Ty N7 B 2%, 1987 4E, 1995 F DL E
PO L THAEICEFEEF->TBY, 1975 - 76 £ D
P b OB EREEZAL, T b bFEENELX
PFAEFEROZALL D /ST EATRIE I NI,

FEIE R O LEE: 20 4E ] O 45 FA A R 1 ) C R 4 A o
BEAL L CTE 72T EATRENTZD, TD L) Lk
AL EOREBEEOZILIC L > TH 726 S/
D h % U F 30 Ceat L7z, SAEEICS
B BT L B, SFRYERE A Table 3 127K
L7z, AR O RHERE O P IEEDEE X, 1975
4 - 1987 4E D [ T 71.93, 1987 4 - 1995 4E D [ T
70.13, % L T 1975 4F & 1995 4 o [ T3 75.77
T, 19754E & 1995 F D TH oL b KE D o7z,

40
50
=
b
8
=
w
®
5
Q
&
e
100

950 87J 76M 75A 750 75M

.
-

/ /
76M % 754 /
/ /

(n)‘//

N g

Stress < 0.001

M8 HIMAFEOREMED 7 7 X5 —ffHT & MDS
DGR 1975 - 76 7 — # IFHRAEH B E L O TH
Brize.
Fig. 8 Results of cluster analysis and MDS ordination for
each sampling time. Data are summarized monthly in
1975-76.
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#3 FWMAFEOBELRE. RA% A EEEE, mean il fiE/ m? SE:1 FEHERAE.
Table 3 The top 10 dominant species of each sampling time in Saroma Lagoon. RA % : relative abundance of

species, mean: ind./m?, SE: 1 standard error of mean.

1975 RA% mean SE 1987 RA%  mean SE 1995 RA%  mean SE

Lumbrineris longifolia 4520 723.61 16930  Sabellides sp. 2044 24620 240.50  Maldane cristata 1447 4854 11.63
Dodecaceria concharum 1422 22763 6473 Lumbrineris longifolia 1563 18820 39.53  Lumbrineris longifolia 12.57 4218 9.00
Sigambra tentaculata 736 11781 2343  Maldane cristata 950 11440 4388  Scalibregma inflatum 905 3036 1025
Dorvillea japonica 722 11560 28.54 Ampharete spp. 9.16 11020 8596  Glycinde sp. 726 2436 5.60
Notomastus  sp. 514 8236 19779  Dorvillea japonica 767 9240 6436 Dorvillea sp. 693 2327 9.28
Paraprionospio pinnata 415 6647 2205 Capitella capitata 383 4620 40.57 Laonice cirraia 672 2254 419
Scalibregma inflatum 253 4063 2085 Laonice cirrata 3.55 4260 1026  Cirriformia tentaculata 6.66 2236 759
Maldane cristata 230 3689 1162 Nofomastus sp. 355 4260 11.85 Heteromastus sp. 661 2218 387
Scoloplos spp. 230 3689 981  Glycinde sp. 343 4120 631 Pista sp. 363 1218 390
Goniada maculata 223 3578 6.65  Sigambra tentaculata 337 40.60 9.87  Harmothoe imbricala 2.60 872 2.89

1975 4F & 1995 4E A& Wit L 72354, TREHA I O B4
WrEOIEMEIC L > b HFH LT L5/
&, I Ak T4 1 Flo Dodecaceria concharum, ¥
KAV AFO Lumbrineris longifolia, ¥ I 1
# » Sgambra tentaculata, = 7 1 F 0 ) B o
Goniada maculata, = 1/ X £ ® Dorvillea japonica
T, N5 5HOIFEPIEN D B F 55813 3357
Tho7-.

KRAFH OB SHEEROZLE AL L (Table
3), 1975 £ T B 5 TdH > 72 Lumbrineris
longifolia 138 L AR TIXIZIZED S WO,
HE - BESMETLTCWwWA. 72 Sgambra
tentaculata b [FERIZEHEAME T LTz, s
L T Maldanecristata 3% A 1987 4ETE o 72 B
DOEELEE TR A AN L, 1995 4F Tl i b
Lo Tz,

B OERK & 1L FFEMRE OB 2
WIRIKIZ BT 2HEROFMHTE»L T Lo, €D
RERE L O FE 28 L 2 #eat L 72 (Fig.9). Z DR,
FhE THERE Y fr X 1975 SE LR EA L, IRERET
HEAE A IIF AR & & B ITHML 722 & 2%
bz, FKEMBEWEE L 1987 FIEEIFTHV D
DD 1995 4F Tl gD L TV 72,1995 £ TlE R 0 W
BV R 720 O DMER R AR, &
KEBEY - HEYEEOEGIZRE LRELIEED
LN ahoi:.

E =

RIS COEREL - ARGEROETIZE D
ZWHER B & OV KO EL - AL IR IE 2L
LTw <. R 2 LAY O 0 m I SHER Y o
BARFEORZ LA OEREREL, 5121
29 Lo MR W\ CH2 & KB K D B R FAL

&, KDALY & ALK EZEDHEHIC L -
T, MY 2 A BGIRERE L CHHT 2N
M ABEAHELER DA MLy — & LT
HT5E910%%., —fRICHEEDOHELETREA ML
ZIZE 5 INT WL AEYREEORERIL, HEEH
DT & FeE R O 8 5 EERE N, AR AR R B R
EW O A4 ZOWA, r—8EE OWnG & o
@z Rr$T & wvwbTwa (Odum, 1985; Hall,
1994).

COL) REFRE - HEREROMEITICE D RS
RN Y b AREDOZAL - BRHEIIOVWTH S
COMFEDR R ENTETEY (eg. 3 - H L, 1996;
Karakassiset a., 1999), (1) ZEBHOBEIN, HikHH

1007
L 807 3 B
° %
e B DB
S 607 S
g O FS
2 [
q>) 407 B O
E O cC
% 20 ” ;
TR e
i i
0
1975 1987 1995
Year

9 VUil TEIE BT LB
DIsHZAL. B: kg THER 3, DB: 8 T A%
WaE, S RBHRY AL, FS: S ERE EEY -
W, F B AR, O MaE, C WA,

Fig. 9 Temporal changes in feeding mode composition of
the polychaete community in Saroma Lagoon. B:
subsurface detrivores, DB: deep subsurface detrivores, S:
surface detrivores, FS: facultative surface suspensivores/
detrivores, F: suspensivores, O: omnivores, C: carnivores.
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EZ I O - K, (2) MO, LRE
DT, (3) KB RGO, IR AR,
(4) 15 A DA B 5 EE o3 hn,  (5) K& KD
BMRFAIZ & D 4 ) A OMB, L) —fKkiy
I R S Twa (b, 1975; %, 1975-
1982; Pearson & Rosenberg, 1978; £, 1990). Zih
5 OMEMIIHEE DR L BFEA P L AIZEHINT
W B YRR — I ORISR IS 5. £EBHI
29 LA ESHEAT L2 RBERICBWTHE
fL, MONY N ADERDRRD b MR ) Bk
RRCOUFEMOERDNROONDL Z LD, ZOk
RSN ORE I ARG IO #EITRINE ERT 5
ETHEHAGERERE T EEZEZON5.

Y a il 0% BEEOE S IMMONE LY
T EIEFICHELDLTBY (BERE, TR,
1989; Eit&|E 2, 1991; FEKE, HE, 1997; —FENE
BE, HREIED, AREMT) , SRS oI dhE T
LHEMTHLEEZONS. LIIFRIA VA
£ @ Lumbrineris longifolia, &Y % 7~ 7 ¥ Maldane
cristata, b+ /%~ I % A Scalibregma inflatum X H
KINGOWERSY TG TELSEFSVWHEFETDH
4. 72, Lumbrinerislongifolia, Maldane cristata <
Cirriformia tentaculata, Dorvillea sp., Heteromastus sp.
DITARBEGIZE b o THIMNT A2HREL LT, £
THARFIESEONBIZB T HIEEMEE L Cffsn T
W% (Pearson & Rosenberg, 1978; #jith, 1982). —
77, ARG e R (HEAT L 72 s T Y
H%EM, ThDbLIHREEMEE LT, 4 bTh
A @ Capitella capitata, A ¥+ Paraprionospio
pinnata (A &l) 7% 2% SN TW 5% (5,
1982), 1975 4F - 1987 4E O H 1 < i Fi AL Tl A RE
SNTWBE DD, 19954 10 HIZB W Tl &
bAEEDPHERTE o7z,

1995 4E 10 H o u il 0 % BHREHL L 3 2O
R 2R L (Fig.3), KD KERG I ESHRE D
B A2, BRIOBERID A LT\ 7z (Figd). M
¥ A TIIHEREBNE N H LSOO, T - HE-
Y e EOREEEUMEIEE < (Tale2), T 72K
BoRSEEDOAERZIZL LI L TBY (Fig.5),
A2 BISbR R, B BB IS L 72 R4 Y
EoTwie, MESHREPROEE - AL b
WZ/ANE WA LN, BEENN I, HE A & A
PR A L, R arm e AR = Tl 2 ¥
AT EFRRLEE I LTz, ok bof
1 %%)5 { Maldane cristata & Lumbrineris longifolia
PEET S A28, MONERY TH AL TD

BETLIHEMNTHY (HRIED, 1989; HE,
1997), ALY A EEEE b FHUEIFm . L
HS o THEFLEE & F4RIEf OB, B L OBFER
INF — i BIE, Y a < oM EBREE 3o NS &
7T IaA WS UL EREY R L, BMEOA
BHROETZRET HIRBIZE o TnhneE
AoND.

—7, 1975 -5 1995 £ 2T, ua <o
SEHHEOHEDIZILL TCE 2D E 5N
o7z, TR - EARECE LA L (Fige), f#
AR E 25 L 72 (Table3). BEAEMEE IZEHAMY
[ & KO 2L & —E O FHIN 2 BRETAB) IS L
B2 2 R, LS o T, BEREIC B
5 EMER % b D28y — v ORI IE TR
LENY — L HEELT, BRYIF—7120 £0<
fEAT DL ETH B . RS THW 27— ¥ 13 1987
1995 F T — Y B —FHIRMELHDTH S
A, 1975 - 76 D JFET — & L e L CHIREIC £ 7
HIEIRENIZZTENDS (Figs.7,8), 2 H Dk
EEALITENEN KL 2b 0 EZ 6N,

B R K o &AL T % @ & Lumbrineris
longifolia D% - #5 E OX T & Maldane cristata
DM BEEEOMINTSH 5. Maldane cristata
DFREI 1975 4F & 1995 4F D JLEL TR & =2 b2’
R bW, Lumbrineris longifolia O 4 1 %
FE1E 1975 4 5 1995 4122 THY /15 I T L
7o, F7o, FUEGSESNOMER?LHIE, I Xk
& I 1 #}® Dodecaceria concharum, 7 ¥ I A &}
7 Sgambra tentaculata 7 & b A & HEE O %
IZHG L7 HETH L Z EHTRSI N,

O L) BEETERK L BEOENIIONT, &
G137 (1991) 1ZFEBLB IC BT 2 L BHEFED 10 4
B ORBERA S, BEOFELHOKRE L LiRES
EORBHL ML, COERE L CMEMEEE
M, & ICHESNPERIEH OWREME % 84 L T v
5. KR TH & 502 o 2BEEEREROZALD
FRED T REME 2 HETE V. LALEYS, &7
T INAREFRY AV AR BH OB BRI
&, ¥ 7T ARSEHIL L 50 IEE R

BEICETEBUERY OFRE T~ OHXRITE A,
FRUA YV ARSBEHE GOMORE THERY £E
\ZEEE R # fit45 L, gardening 1% (Hylleberg, 1975)
AEFLTVDEDEMLH S (Levin et d .,
1997) . ¥ 7z, Holte (2001) (&% 7 7 > T Hh A B4 E
FO LI X 2 Y O FIRE LSRR 208
ORI OHERE I X D AW B EE O BN e
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WEEHEIZIEOREE RITT ), BEEOHEL
EHEREW R E R 20 ORI THER A IIE A D
MERERITTELTVS, L2L, uxio%E
FERE SRR R O AR LK (Fig.9) 225 1E 2D &
) TRAEREREH OBIFR 2 HEW T X 5 X 9 70 HARE 20 {61
GRS oz, HEEELEEROZLICBT
DAY MM EEH OB X S 4 BZE 05T
HrEEDbND.

Hu~viTORY T ETEBESIAELL 20
1965 fE LI T, Il (1977) A2 B I R o7
1975 F i<l cox ¥y FERTEBEEENZN
FCTO 10EM CRIEMICHE KL 72RHICH - 5.
1975 L%, K% 7 A FE =13 1980 4E £ T 7000-
9000 h Y /AEERHMERE L2, F0tk, KEHELHS
MR EEEIET, 1985 F 4 H FH A L
7z, ZOI, 1978 4F 12 A 255 2 IS A TRaHI &
NTwa., JuifFERZT (1988 a, b) A¥HEjE L 72
1987 SEFRBIZZN S DA XY M RIZH T2 5.

Yo~ ca 7k oA L7223 (1984)
(X, 1929 FE D LI BAEI % o HeRE A B 5 &,
1965 4E LI 1982 4E T T AR oM hEm %
X522 L, 1965 LR OHERE AR OB I A
L7ohsy 7T EEE L ERT A LML T
. DT 1988 4F IZ K IEHEREY) % 40 A L 72 TH -
T (1992) 1%, 1965 FEDKE A (1965) 12 & 5 H
O <R OMARER L R LT, WETHKRE
GHRPMEVEEPIERL TWA Z L ZiEfHL, 2
OWGE, HEL1- FE2MIOREIGOREICL )Y
0 <N O & ERRBRE O 2L T\ b & F
AoNBZ ENS, VIV - R ER T S AR
WS IAL NGRS R 2% - FEE SN TS 72
HOEEZELTVA,

—75, 1965 SE LD 1 =il O K E BB & T L
7ot E - EH (2000) (&, 1978 4E D& IO BHEI
DA\ A B = A L7228, EE i ot
LMD Y, -t E 4 EHETNELD
DAL KBERICH B L 2HELPICILTVAS.
1 < TUE 1974 SE LR AR S O FE A D R S
F-EHICIIARE 15 m DR COBMFEL DL S
NTw5 (FiE, 1994) . LA LIEEIIKE O ERE
LA DSHRE L 72 0, 72 BB FEARILD T ATES
DAL TIRFEHTHALNDL Z EPHE ST
% (o~ i EEEE L AL, 1999).

FEAEREE O ZLIC BT B W ER O BEEM T W
IDFETH RV, BEREEOWHEZMKT X
(Fig.6), HEEREEAEDEARTER L DEZEB AR &

- mEnc

W EITRERT 2 b O LHIET 512137 BRET DS
HThhEEZONL., #FE 204EMOH 1~
B AEE L REDOEALEHM ZEE T 5 &, 1995
EOTREREE &Y O I O <l O HE
LHG 2 L, B BT IS B R R KL OF
HEHERE LI A 7 — )V ORI B & 2 o RENE
HEZ N5 (Diaz & Rosenberg, 1995). 11 < i
DETFEHER Y 774 OPREIZEI S BITHhITT
BEhL, 100 H FAICE =27 I2E L BB T L &
WHELPIZESNTWS (FHIZA, 1991) . FhHAE
WOHE \CHER T 2L AERIED 20 L) 2%
BERL, ESKICH T TEY OB HEE R E A
KT BHEEICKEKOARFE L ENTELER
SNn. BEEETa< AL Ry T A ETE
SHOFSE B L b OB THIRBRKOERER{LR
BOWERENL LR, Ky THAEME DB
RokRE 2T b (F)E - FEH, 2000).
THOAETEMSCB U D ERFERIOE &
IREIOFE, KE T Ot OEIE X T
{LHLORETH L. 0k mlkEriEs 57
D DOFFE WL DO BREILUE 2OV T T TIAKRE RS
B oIEEBENRED SN TWVEDS, TEIEFRY A
2 & BRI & 2 OFR S REH = BREIC AN
FHED T ST B (B1l1, 2000) . Z DRTED
REITEEIEAEY C & B E~OH YA & KA A
W X B0 RO O BlETH Y, ThE
TRIES 2 W 2A0) - ALARERED X 1) IERE CRER 2
BT EEIC R S, 4%, Tu~iloLEHEEER
WEP O S N-BREZ b S IR L, Rl
AR 3P L WLERE EREL T T
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A Preliminary study of the dinoflagellates of L ake Nakaumi, west Japan.

Natsuhiko Kojima’, Tsunehiro Miura’® and Mikio Nakamura®

Summary: Thirty seven dinoflgellate species are described from the sample water collected
from August 1998 to July 2000 at Lake Nakaumi,brackish lake, west Japan. The assemblage
consists of three main groups, Prorocentrum minimum, Heterocapsa rotundata and “small
Gymnodinium complex”. These dinoflagellates are present in the lake all the year around. They
are adapted themselves to intense environmental changes of brackish water lake.

Key words: bracksh water, dinoflagellate, Gymnodinium, Lake Nakaumi, unarmored species
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Table1 Monthly change of dinoflagellate assemblage in Lake Nakaumi(

YEAR AND MONTH

AN 1998

SPECIES Aug. Oct.

Sep.

Nowv.

1999

Dec. | Jan., | Feb. | Mar. Jun. | Jul

May

Prorocentrum micans
Prorocentrum  minimum
Dinophysis acuminata
D.sp.1

Oxyphysis oxytoxoides
Gymnodinium  catenatum
Gymnodinium  mikimotoi
small Gymnodinium complex
Gym.
Gym.
Gym.
Gym.
Gym.
Gym.
Gym. sp.7
Amphidinium - spp.
Gyrodinium  dominance
Gyr.
Gyr.
Gyr.
Gyr.
Gyr.
Gyr.
Katodinium  glaucum
Polyknkos schwartzii
Nematodinium armatum

sp.1
sp.2
sp.3
sp.4
sp.5
sp.6

Impudicum
instriatum
Spirale
pepo?
britannia?
sp.1

Noctiluca scintillans
Ceratium furca

Gonyaulax  spinifera
G.
Alexadrium sp.

verior

Heterocapsa rotundata

Protoperidinium  bipes
Proto. leonis
Proto. pellucidum
Proto. pentagonum
pyniforme
Spp.
Scrippsiella  trochoidea

S. spinifera

Proto.
Proto.

IHEE A Dynophyceae Pascher 1914

Zuus » h)VAH  Prorocentrales Lemmermann
1910

Juus v MV AE Prorocentraceae Stein 1883
Juus » MvAJE  Prorocentrum Ehrenberg 1834

Prorocentrum micans Ehrenberg 1834 (ki I, 3)

Ll PR 2 Mo &b RS> S 72
5. BIIBEAE TR E SI13EKE 30~40,m, KIER
20 m. MRERTEE MR H ), £ 06 24K
DWEEN TS, oo s . MR 13 TEH
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Table2 Monthly change of dinoflagellate assemblage in Lake Nakaumi()

YEAR AND MONTH
AN 1999
SPECIES Aug. | Sep. | Oct.

Nov.

Dec.

2000
Jan.

Feb.

Mar.

May

Jun. 1 Jul.

Prorocentrum  micans
Prorocentrum  minimum ® L ] o
Dinophysis acuminata
D.sp.1

Oxyphysis  oxytoxoides o
Gymnodinium  catenatum
Gymnodinium  mikimotoi
small Gymnodinium  complex e O
Gym. sp.1 o
Gym. sp.2
Gym. sp.3
Gym. sp.4
Gym. sp.5 o
Gym. sp.6
Gym. sp.7
Amphidinium  spp.
Gyrodinium  dominance ® ©° L
Gyr. Impudicum ®
Gyr. instriatum
Gyr. Spirale

Gyr. pepo?

Gyr. britannia?
Gyr. sp.1
Katodinium  glaucum
Polykrikos  schwartzii
Nematodinium armatum
Noctiluca scintilans
Ceratium furca
Gonyaulax  spinifera

G. verior
Alexadrium  sp.
Heterocapsa rotundata o
Protoperidinium  bipes o o
Proto. leonis
Proto. pellucidum ®
Proto. pentagonum
Proto. pyniforme
Proto. spp.
Scrippsiella  trochoidea o
S spinifera @&

W%, MR GFEMEE T CIEMEIRICE 2
A5, EAEREFEMEE TIE I NS OWEAH A 7
T4 YTV CTH B Z L DBbh b,

HUEUR TRl CEIZE S LA Prorocentrum J& Tl R

TH® Proro. minimum 28BS, ARFEIZZ D
Proro. minimum @ 7 )L — L D H|
%<, HMTEZINLHIEA %,

-2y

— Hity

HOoNB I EN
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Prorocentrum minimum (Pavillard) Schiller 1933 ([XIki
I,1,2)

FLEC PR 2ok b IR E 2 S 72
5. KE, KiEIE 15~25,m T, =M1,
N— N, A, &AHMBIEMEISEVS Db H
DEEPREZ W, MBORTEICEL LM AR D ),
ZFIMO 2ROWENSH TS, ffgidEEtr 2
7.

i : Prorocentrum O TIX/NEID 720, D
Prorocentrum & L3 % & ZEi L3 v, L
L, P.mnimum &MENTWE S OO TIITEREZ
ROWEHRKE D THEEWNY 7 7T 7 » O HEL
WLEE SN TS (1 1990). Joar Bkl
22 (P T ¥M%) CTILERMIS/N S b IRRE & 25780
LMD, TNOOMREIIEATETHMESIZET
FHVBREEOE TV THLZ Ldbrb., Wwo
< MElER L 2353k <.

B B A A i TR I R 22 2 L T
WL RIS TARE E B LR <, FRITK
TETEIBE Ny FIRREPBE I NS, L 2
CCTHETEE I NS DY, K OEIIHIT TEHIRE
2% % (RAHeH0).

714/ 74 AH Dinophysiales Kofoid 1926
74/ 74 v A% Dinophysiaceae Stein 1883
74/ 74 v AJ® Dinophyss Ehrenberg 1839
Dinophysis acuminata Claparade et Lachmann 1859 ([X|
ML, 4)

FRHk: A AR ESY 40 4m, {RIE 25~30 m. RME1 )7
M2 LBIEST 2 LI TH A5, IEHPLRE EE
LAIRESIN TV, B IR, b
AR T/ S L FRED GO DI DRE . HiE LS
o THIHRIRER ERFEREF2%E L T
L. BIFBIRERA IMIRIC EZ W Tn b, HHEC
o THEAICHEIREE DT E L T2 05 ixE
BABEF LD EC, TORMMICIE3IEROMHIRD
LNA. TR C M I 28 B R E A8
2ZAN5.

TERC: AFEL D. fortii (205 2%, ARMEI A2 S BiEE
B RIS LA R WIRTE 2 R T DI L,
BRI AT T EBORE D EMIRIC o TV B T
P H B

HfEC O BE VIR FRAT I 3 B L &0 — T
fREEs N8, BIshs LSBT L Eo 72
TEAE TS 5.

D.sp.1 (KW I, 5)

R MR 30~40 um DI VIR, AR
o AR B AN E Y . KNI HE H ARG
DEIER I N D, MIFRTE S5 5 B D5 T 5
ITHELCWL. BWEAMD S OMBIEES AR
.

TR AT D.acuminata (ML 2 25 25 HE L2
VWIETHEZ 5. Dinophysis & TdH 5 Z L ISFERR T X
72, AR SBETE Loz T TR
mTEehod.

T ¥ 714 A% Oxyphysiaceae Sournia 1984

FF¥ 74 T AE  Oxyphysis Kofoid 1926
Oxyphysis oxytoxoides Kofoid 1926 (i II, 8)

LG AM OISR 2 2 L, REIEE S 2/
BT I D A . AL 40~55um, fRIE L
20~25,m (KB . L TFofEEKIEENIZESR
# L v AT O S HE#EIZ D e Y B H
VASHERE 2 AR AL S & ) 12 RBIRE AN E T 5 28,
s ® Dinophysys 2H 2 lb X% &/ & v, i b
%, Fsah& bZFONumdR 505, B Em A
(2% % ELAMRDILAY , TR OTEEBAEIIK
2% 2 e LEROIGIRIZRKRE RERNPEL S Z
Ll b.

ERC: A X Oxytoxum J& @ &l i 12 T REAYBL 5
B, WIEDPLEAIIKE CHEN S idEz b
DI L, KRBT B8RO Lk, Ttk
b2MTOL I EnoXKHIEESTHAL. F
7o DFEEDOREEI &L ) IERE EOBEAEZESKE <
%5,

MBI 10 A ~2 HOMIZHBLT 5.

FL/ T4 =7 ALH Gymnodiniales Apstein 1909
FLH T4 =7 4F  Gymnodiniaceae (Bergh)
Lankester 1885

FL/ 71 = L& Gymnodinium Stein 1878
Gymnodinium catenatum Graham 1943

FLHC HER CHEF IR mE SN 2ME. Lk
TSRS )RR, REETHG X000, B
MR AR IEE & D R0 B ICALE L, JEEE CREETR O
2~3EDEELR Y. HEEE LEEOTEEE T 2 546
0, TEETHICETETS.

7R AL Gyrodinium instriatum (2L % 25, R
DOREEDHILH I G H B 2 L, S5
BOBREFBERIE LW LR ERLRXIIENDS.
F ARSI A ES 2 &% (, Land sl
T2 LMBBENZEDL Z LML TWD, FEIC
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JHEHIRAE Tl Gyrodiniumimpudicum (21805 78, %
O I ASREIR S 72 B & R0 T i O L A P SR
ThbHI L, &5IZ Gymnodinium J& & Gyrodinium
J& DERN 7238\ T d B OB DFEEE D & X
N5,

Gymnodinium cf. mikimotoi Miyake et Kominami ex
Oda 1935

RLEC ARG NS AL LIRS
B, AR5 A5 EHHE IR TH L, Milazk
FZEEAUIFED bz v, FIEEIE LD W1 %
N—2RZ LTBY, THEGRIIHERED T mE £ T
B LTV 7DIZRERI I BN 2 M A5780 & 1
A, HEEIIENIC EIEICEAL TWD. FEH 30
pm, AKIEH 30 2m.

TERC: AFEIL Gyrodinium aureolum (2L CEB Y Z D%
MEL S LA, 2 TIIEDERI A DS H
2 SRR ICHEA L TV 5 728 G, mikimotoi 22V b
DEL7ens, FHEEENIEZ-oZ VBRI N o7
0D, TEEEAEE & S OME S IR T o 72, T
12, Gyr.aureolum & %\ & Gym. mikimotoi |23V
TCREDHIETH L Rethi3dE TSI v,

Gym. spp. (small Gymnodinium complex) ([ I,
13, 14, 15)

TERL: 10 em A2 FE 0 /N D Gymnodinium AN ERE &
F A, TEt Gymnodinium &t o /NEFE % — & A
TWAIREMESD V. FEHNIEAE.

Gym. sp.1

RLE AR 15 ,m 2 E /NI, _ESEEIEHERE O
F—2dk, TEEBIALEAE & ) B CEEBTIE
IEXFFRIZ T 5.

Rl THERS ORI 2 72 0 BT s o <.
L L, /NI 7230 65 BAMEE TUEEE L WU
EZENL W, EIEMEIC X 2 EEEBE L SEM
WX ABEPVLETH L., ARLFAEOHED S
Gym.sp3, 4, 5, 6, 7122V TH SEM 12 L B EIEHT
VETH 5D,

Gym. sp.2

FLi R 40 om (13 E DAL, HiER O REEER %
%Yo FEERIE N — L0RT, TEREIEHER O FHEIK.
TR AR C, MERHIEO ETICRE-oTBY,
JEERCIRIZ & A EBGEIERE D SR, il (SR
MO TR, Jefll B &9 1R 2 5 M4 a Iz

TR DIERED D 5

Gym. sp.3

FLHG R 15 m R O/, ESEARIE B — A
KT, TEERIGMELMTRESSITEN DL, /L
i, e QERIRTH 205D KE .

AL /N D 72 O FERIAN .

Gym. sp.4

FREE KR 10um 2 LIZZE N FOIERIT/NS 2
Mg, ESEERIE N — A0RT, THEGRIZERIRE &Y 2%
R HIRREIZ R 5 ATWA L) BIERE 23, T
SEEROD 2 D DERE IA T DT TR LR E V. 1
WL CIEL TBVIEDIA. HEEIEE» ST
TR U MR AR I ~NET 5.

VERL /N D 72 O RERIANHA.

Gym. sp.5

RE: ARE 15m 3 o/, AR %
Gymnodinium #Hl DTLREZ 7R3, bk, THEL D
F—=2IRZ/RL, MEHMOEZDOIIHE LR R
ft, ML CREL TV D, HHEIMENS T
FHAMBY, TEFECTEL, ZOHEGH FHERRCIXM
HeELTROLNS.

R AN O 72 0 FERIAR .

Gym. sp.6

RREE KR 10um 2 LIZZENLDLFOIERIT/NS 2
Mlid. EsEERIEHER O MR, TR F—20K%
. MG L )RR T IME T .
HEE (T ASHA.

RS /NI O 72 9 FERAN .

Gym. sp.7

RLE AR 15 um (3 E/NHE. JEH ICHER O
Wil T, RSEES, TEEES & b HRIR.  LSEESAHYT 6
LY KRE S, HEESHHIER L ) 2R THI
[ERERA

ERL: NI D 72 D FEHIANHA.

77474 =7 4JE Amphidinium Claparede et

Lachmann 1859

Amphidinium spp.

RLE MDY BRI E LS. BT AR, KR
20~25,um.

JERC: #RAY Z Amphidinium OIEZEE % 72 3 5l 02 7
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T ANHA.

o741 =7 A& Gyrodinium Kofoid et Swezy 1921
Gyrodinium dominance Hulburt 1957 (k7 1, 6, 9)
RO MR IR A L CB Y, R\
FHIEMDNIE Lo T b, BRETH S, LEEDTH
HIE F—LIRTH 225, THEOTmEBIE LR L Y
RHIEDVL N, MEIIET CTEREALZEL, 20%E
BRSO USHEETH 5. HtHkid LEETEE T
B2 o E ) T W E TET 525, HiED
BefEpnic A L ANy 712 - Tl A 720 1 il $
5. R 20~40,m, fRIE 10~20m. A XI3%
RIZED.

7ERC: HifE T Prorocentrum minimum & 353 5 55
BENE o7z,

WA il cRlo oL s,

Gyr . impudicum Fraga et Bravo 1995 (X II, 3, 4)
FLE AT o AN, RIS 4 HEHRI T O IR
%, Rumflifa & BICHE 7/l TR IC
KELENDD L. KMl EEBF =ML %
%, TOMOMIBIMIEDILNESE 2§, 1
BEIIEMCRBEEREL, 2oEIMBENH 14T
HbH., HEEIETEOmMMETIEL, FICHEDTE
TR ) 122 0Tz B T WL, KE
20~25,.m, fKIEHY 20 2m.

RS AR 4GS CTHIET A 2 LR D W
A, ZOMITIEHAR, 288K, 8:H5H, 168D b D
BEDOLNL, KFEILY A MLBKL, PELH
M5 LM EN TS (Kobayashi et al ., 2001). £
B#TLEETT VIRWEE K= ICHWT 5.
S 9~11 A 2 IcER T 575, 7HICD —
FEBZEIN w5,

Gyr. instriatum Freundenthal et Lee 1963 (X 1T, 6)
FLR: B W o AL T IE T ISR MR I S
NTwb., FiEIEEEZ LTV THEERIZES TH
5. THED BB TH L IHMEED LR AERICE T
FELTWAD, EIIIEMEARD LN L. JHE
2B B HED X VITMIBED 2/1 205 1/3. #iEi#1X
FERICER A ARTHFE TIZELTBY, THEC
(ZEER % [A] ) AR —EEN ICEEIEL TV A, K
RO LSRR REICRRD b s, BRRIZERIK
&, fRE 30~40um, 1RIE: # 25.m.

FRL PR E TR TFEO L) ITRTED Y X b3
BIRIZ > THEPERTLEHPRDOLN TV

(Kojimaet al .1994) . % D& & F2HA R b o0 3 9k
ROBIEMAREIIZL v, RIFTIEIAFEORE D
HOENTWDL I ER2FEZDE, LMD H 2 IETHET
BTN —2%BILTHBNLL R,

W Gyr. impudicum & FAERIC9~11 A& 7 H
ICEE I N TWwA,

Gyr. spirale (Bergh) Kofoid et Swezy 1921

ALk B A Lo KBEIOMIRTH 5. BMEE T T
T THEA MICSEMPMARS RO N L. Mgk
DIRD 250 L& 5 72 ks v, i, WHE
Fae bEEEZE <, MO IZIZIZIIETH
L. WIEBUIIEIHFRT, LEETHERASR R4 I fEH 72
Bl o Twa, THERIZSR A, THEH S AR
v, BEOEIHTOREIIHET, Mzkof 1
2T, JETH—N—Nv 7L TWVE, K£EH 60
pm, ﬁif[]g;"f’j 25/1m.

R A O A TIE Gyr. dominance Y% FE$ 5 B
GICHETLGAENE o7z,

Gyr. cf. pepo (Shutt) Kofoid et Swezy 1921

FLEC WA Lo RAIOMBLCH 5. B THES
BICSAEAMTAR G o 5N 5. BEEBIZIETFRT,
RIS IEATBIME X, MEEEII I EEAEC LD
LI D SR B, REEES, THEERE B K
UEBIES A . REWTIE XTI TH B, MBS
D, MEO U3 IEXICh 5. HHEIX LETO
BHNLIELED, THEFOTHETHRVTVS.
A& 60um, fRIE 35.m.

JERD: AT L Gyr. pepo D ICRLH & LT 5 &AM
CEPT DS, MlaENEC, LT RmE D
RoTWLEW) HTERLE>TWA,

Gyr. cf. britannia Kofoid et Swezy 1921

REC B L oftROREMETH 5. BET
TEH TN ARDBO NS, FERITTSELD
BV, REERUGERIZR B 25, T EEA M T AL .
BRI R L ) R Li2h D), EEICBIT B
AIGMBED U3IETH 5. MK T IZH
. K& 60~70,m, fKIE 25 ,m.

TERC: AHE L Gyr. britannia (21805 2%, JCRC#EL & G
5 LMRBEDSREFIEE LR A XDEDK
2V, ZOMOFFH BT > TV BEFEICHET S D0
MR\,

BB 1999 4 6 12 1 EEBIEE.
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Gyro. sp.1

RUHC R 30~35,um, IR 15 pom FEEE 0 H B
fa. BRI RMERO MR, THEIIIAE 2%
EL, GBS ZELIIRIC % 5. BEHEIKCE
H2> 5132 7% D EFE Lo oM E M % 0] % 2%, JEH
TOEREIIKRED U4A~US FREE. HEd LERTEER T
POHIBED, FHKRRESE CHO L, THEEERAEEIC
RERE W LIRS O L) R OO0 2 5.
FRL BEOBRENH T ) FE L < % <, Gymnodinium
BT Ao EEE D H 5.

AN T4 =T AJF  Katodinium Fott 1957
Katodinium glaucum (Lebour) LoeblichIl 1965

RUHC RS 2 L 7o B T, A AR IR T 3T
M. HEE DS S8 ~AR 5 12 o 725850 IS A0 iE &
. LR EEIZRRHEN TR L S OHL V. HHEiE
DEGEIRHEIRD USFLEET, #EH IR AT T §HS
Kt £ THT TS, Mg EARITES T, &M
JADORRLTHICH L. KK 40~50pm, 1KIEHK 15~
20pm.

ARV 271 axE Polykrikaceae Kofoid et Swezy 1921
A1) 7 ) aXjg Polykrikos Butschli 1873

Polykrikos schwartzi Butschli 1873

7+ )V ¥ TE Warnowiaceae Lindemann 1928
A+~ b7 1 =7 2JE Nematodinium Kofoid et Swezy
1921

Nematodinium armatum (Dogiel) Kofoid et Swezy 1921
e B Lo A, BsEENE N — AR,
TEEGBIESE SN 2 B MR 1 MRl B L TEE
IR ED 05 EFEEE S 4. ik (L B8k S /I ) 12
D C, 18D LEl>TwA, THEIZIEL Y X
ARASHHBE |2 B2 S A . AR 50~70m, fKIE 25~
30m.

/7 F )V H Noctilucales Haeckel 1894

/7 F V7% Noctilucaceae Saville-Kent 1881

/7 F V71 )&  Noctiluca Suriray in Lamarck 1816
Noctiluca scintillans (Macartney) Ehrenberg 1934
LG IR A5 H 5 & PR R, BoR %4
WEZ D, TORIEDM A TV 5555 25HEE
WZH725. HEEOWmPOE L TL o) L2TF2°
RN TW 5, ORI O 1 3 OR
HEEDLNTVLHIREERLEHNHELALND
(HEHEE) . MM I ITRIROMES R S, filla
SR TVWE s fak R,

PR MO IBHET I L B LT A X, TBREE b
KE R D7D LOT 0,

I AT AT RO (LR R b 0T h
B, LELEIBABEET I b Ya—20k) %
DT — LRI X T, il TS T
i, F DB AR AT TR L TV B 0
LTSI SN .

T=4% 27 AH Gonyaulacales Taylor 1980
7737 LF  Ceratiaceae Willey et Hickson 1909
77 F 7 A& Ceratium Schrank 1793

Ceratium furca ( Ehrenberg) Claparede et Lachmann
1859 (BRI, 1, 2)

RLHC A AT ICHIR <, IRRAY 180 «m, A1 30
pm (FRUEED) CHIBE 2 LARDHTA & 2 KO %M H
Leh, FRIETHLID LR CTHETICM 2> T
Mo TWD, FRRD 2ARKDEMITIEMD JTHK
COR 2D R S 25>, HEEIZHET, WA
CHRV.

1ERC: AFE L C. kofoidii, C. boehmii, C. belone 1218 %
%, BUARL 2 X EIE IR E 2 52T T 5 1 Cat
%% 1), C.belone (ZTMIfEEAHDO R S TARE L Xl S
5. F72, 5T FULBORIITBREERENE L v
bS5 THBY (C.fusus, C. tripos), |7l —FED
EENPBMO TRKRELELEDLLI ENMOLNTWED
(Hadle and Nordli, 1951; Nielsen,1956) . % @ Z A 12
DWTIIIEFIRER KRR EPEBR LTS L E
bILTEY, 1D X ) EREZB O L\ iRk
TR IORTHEETILEDNFHS ).

T=% 9 7 A% Gonyaulacaceae Lindemann 1928
T=4 7 7 AJE Gonyaulax Diesing 1866

Gonyaulax spinifera (Claparede et Lachmann) Diesing
1866

FLER: ERZe W LIZHEBRIE oM. Tk O K
2EROMMBAOEND Z DL VDS, REGEDH S
PRSI TR D S B . AR ST T g
S TWAED, EECREEIED 2 B D BGED
HY, WEESF = N=N L TW5h, BT
BARICDAHD Y, TN AT EBIRATEA S, R
£ 30m, 1K 25,m.

G. verior Sornia 1984

RLHC MR RICR L, TEAMREES L
TWa, BEHm»S6 R4 8, ERE 50 =MAF
W<, FBRESE C2RRAMIZERL Tw»
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5. TR 2 RDEE L EADFEL T
. S OFRIEEHEH REEE 2R3, B IS o
EIFhILER A Y, HEHEZIEEANE X 0 BisE~T
G CHEIL SRR LT b, HEEIX TR~ T S
I 5.

JERE: AfE L Alexandrium B O Z L L FHLL L 722 X
MR T A DY, FiETIIEDE ZABEIN T
v, L L, JERE FW 7253 EBR TARE Ok
BB N2 ST A NOFLEDITITHEY
N,

T7L¥FH Y Y7 LR Aexandrium Halim 1960
Alexadrium sp.

AL MR X ERIZ IS <, Rakid F— Ak, FRktid
BIRRE 2. KK, HRIEZIZIEELL, Kol
ORI R 2 S O A R, RIE 30~35
pm.

1AL Alexandrium J& 13 THFLIR & THAR & O BFR G SL
DRLIE 7 RO THRUN B8 DB ET, KTE
DEGEIZ DT DEBENTE Lo /2720 E T
BHOPIZTE Lo 7.

~N) 74 =7 AH  Peidiniales Haeckel 1894

A7 1% 7% E Heterocapsaceae Fensome et.al 1993
AT 0% 7)E  Heterocapsa Stein 1883

Heterocapsa rotundata (Lohmann) Hansen 1995

LG Vv Y a = ZROFERELY LMD TS
Mifg. EBsmOTLCHEZEL, TiD 2, 3fEdH 5
(PR IIRD T/ S IEF B T TIETROILA
R DER S & KB ) ., A A DOZERIEH
MO TRKE L, KK 6~16um, 1RIE4~10.m.
FERL R R AVE D SN 2 S HREERIZ LR T
V. LA L, A ADEFRENZ ENLINL %
TRCE UL T unid, Fo4EED)HH
LRI hnEido& ) LA LIEFEZ R\,

A1) 74 =7 AR Peridiniaceae Ehrenberg 1831
7ua kX1 F 4 =7 LJE Protoperidinium Bergh
1881

Protoperidinium bipes (Paulsen) Balech 1974

Rl THE A ARIE S 72/, R 5
PoHDLELRIEI=AEEZZL, TRIIEORVE
ks, THEEZm»HHEE L 2 RKOBHMSIEL
TWa., MBEIIESIL CEHTORERIZEA LR
v HEE I E ., R E 15~22 4m, {KRITE 15~20 .

Proto. leonis (Pavillard) Balech 1974 (K11, 4)
FOEC WRE IR E S 2 RIS, R 5 1 A
LA D EMRELRIBIZIZIZEL C, EAIZIFIEN
Fr. BRI, TRl 2200 X ELRA
PORDEBENSIEDES 200 =M%
9. BAEmTRIEAR S, M IIIEE TR U218
TN s, HEEZLRPEY. KK 50~60m, AIE
50~ 60 ..

L AL TCREHE AT T Th w7z RIEHREL L
TWhEENTWAD, FRIZHEMM D P.obtusum (24}
TR G D — TR DE TR SN TV B 55D
HoHD, FM—FTHALLTLAMEDS.

Proto. pellucidum Berch 1881 (UM I, 1)

SE BREO PRI, BT AR RRE ST
W5, THAIZEEE T, TR 2 ROZ)
HAH., BIIEIEFZ LS %9, MEISHR I %
WLIFZZABBTHICMET . EEICBI 5B
IR V2 . HEEIIIEAN L < RHE D S T
2T THRLTWA, HHESOER R DR R058%
LTwW5,

R AHILEA% O P. mite, P. pyriforme, P. steinii, P.
latispinum (2% 2%, REiOfIE, K& S ETK
MTELL00H5. LoL, M Cldk
bIRARN 238\ Td B gLy & ik L T 2 fEE
THERRT 5 Z LI3HEL <, BKERZRD LRI O
RTIEFEZRAWHENEDL S 5.

Proto. pentagonum (Gran) Balech 1974

LG WHEAM» S A EHMAOML. ERiE
LM, TRIEZODOBRAND D05, AOMD
FHEADI-OERE L THEISEY. fiE I
YL 2 (212 - TW A DS, JEERAHT TEH
b OMFESEIRD 2EEEREZ AL S E 5. it
WIEERORGE L2 HE L, TR FEIcE T
EY 5. AKE70um, KIE 80 m.

7ERL: AL Proto. latissmum & L5 75, THMK 1 &
B g & DBIR» B IX D o 72721, 8
T, Lo b AHINE THERE S 2 D138 L v,

Proto. pyriforme (Paulsen) Balech 1974 (XA I, 2)

RLEC BRIEO R, IR IR S T
Who REMRIEL )RR R E V. TREEmEICIE
2ARDBEIINTPATICHFAET 5. BBICIZET A
AOOEND . 2AKDBMOMIZEEL TW5D. K
AR 2B D, EEICBIT2EEIH T Y R
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Sy, HEHEOIEIE 2 RBBOTEICIZIZSE L v,
RE# 40 m, ARIEH) 40 m.
R AME L P, pelucidum, P. mite, P. sainii, P.
latispinum (2% 25, ALERIERE, ZBEOFE T
ELZELHDD, EROMERIDLELREA IS
AR CIEE L VIR D B 5.

Proto. subinerme (Paulsen) Loeblichll 1970 (X 1T,
9)
AL AR, MRIEIZIZIZE L. BEAM2 L /T,
IS TED A, FTRIZIRIZERIRE R, TH
A, A bE. HEEIZEC, BAIIZmd > TH
WTWA, #EOBEIZIZEALR N2V, KE
% 60 xm, R 60 .«m.
JERD: AHE 1T Proto. obtusum, Proto. leonis (218 % %3,
B & ZHEE DR O I &, BAGREIZE WA H
52 ETRBIE N, HE T ARSI )T m A
BROREZ I T TWDEEBIZ, BAKLRIRIZE,
WA ETINLXHWTE .

Proto. spp.

R BRIRZ W LI E FAMICRE SN TV A,
FXITITHRRICAET 5.

1E50: Protoperidinium J& CT&» 5 Z & 1dbh 55,
TKRIRFEDSH N & LT CIC LT L E o727
OEE CTORENPTE Bh oz,

A7) 7T 7% Sorippsela Balech 1959 ex
LoeblichIll 1965

Scrippsiella trochoidea (Stein) Loeblich I 1976 ([X] ki
I, 5

FLEC e LMo/, sl hro et B
. ERRIAAD D B TIHERIZBEZE 228k )3
HbH. TlEPEELE 2. #iEdEd, ERTHE
g & RN Z 0 U2 FRET NS, Mk IIMEE» S
TR OFH L TOMIHFES 5. /KK 18~30
pm, ﬁif[]g;"f’j 20/1m.

Fi AR AIKED Y A M 2D A, VA MIE
I zEREZ S 6, KREH T AT
LTV, KEOEHEIESTHFIRILLTB Y,
EARTEAILE T B3R EIERSLETH 5.

Scrippsiella spinifera Honsell et Cabrini 1991 ( [X] bit
I, 6)

REC RSB HATIRO R R, i =
AT, TREIXIZEARIRTH 5. WHEE A

bR5 L EFEO T TEEOIE ) L) Ewv. B
I 2 R ORI E SRS S5 . R 30~38
pm, RIE 25~30 m.

e R & &EE

EART TSR SN, 5 F TORHIZBIY
57727 b UBEOTIA TILIREEE R 38D TR
SNT-FERE L RIE SN T hhotz. TOEKT
4B D) A NI TH O RBEEEERED &K
B AR ELDRODIIRTE /2 LIln 5.

HHEESROMHKE R E 128050 2 LI
BRBMWEEIBMO TEHL VW ETH L. FIiC
Gymnodinium J&, Gyrodinium & I2& £ L5 A%
vy, Gymnodinium J& ORI IZIEREICFETE T
Wb DbL\w, T 7/hIO Gymnodinium I2JET 5 &
Bbhsb—HLHEEL, TN % smal Gymnodinium
complex & L7z, T 7 — FIZI3EEMEDE TN
TWbLbDEEZLNL., TNHITRNTE WS
)V — 7°%% Protoperidinium JETH 5.

RO EFED B Y TH LY, BENL
MzisEE{ESTHMEEZRT. T4bL, 14
* B U CHEL T 5HE LTI Prorocentrum
minimum, Heterocapsa rotundata, 75% <, smal
Gymnodinium complex 75 Z ALIZR W TW5, Tihh
3o )IV—TD% 1% (Gymnodinium @ HCAH
DHDVH D) LEZE L ThlKIBICHFEL, B
BEENC) TCHEIN L 220 EHEYEL T
L. FEORME LTI NTUNIEE W) 2L
bhHiTohs.

1950 A LW ETITMIEERE L L THIE SN
TV DI CeratiumJ& (X TOFEIIZR L) H°E
72072 (A 1931, AKES 193374 L), Ih
PEAL L7 L7720 2558k o £ 5 13T H (1959) 28
s L T 5 Exwiadla apora D K34 TH 5. E.
apora |[ZIHFETIEHBZ 5 < Prorocentrum minimum @
ZLLMESNDDOT, TEOBAEMEEED TR E
YISO LZ L EZbNE, £
DEIE-> ED & ZOMEMME S NIRD 72 D W3
(1975) 12 & b #i5 & 1172 Prorocentrum minimum @
1974 12 BT A RFEETH L. ZOEPSHIET
T, AW TT 7 b UHBIEED > Twwne
EZbNA.

ZD L) BEHEOEIZITED L) RRERERA
RKELEDSOTWBEDORIZOWTIE, BEEEETH
LU S HHERVOKICIZ 2 DR Z B ICH 5 ) 15
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DIXHE L V2%, ST (1990), Kondo et al.(1990) T
IIEREEDST 7 > 7 b Y O OPEEER L LT
WEIN TG,

IMHEEE S ACE IR R HEO R K A &
LCEBEHINTE ., 207010k, HERERK
TOWFEIEZ NP DOTEIZIREATVRDE EF ST
W, A OFRAETH BEAESHIL Tws. T
I3 Gymnodinium mikimotoi T& % %% 1998 £ ™ 11 H
CLEEZZT LER D ABIEE L7, 2 ORIk & b #i%s
%L T —20%BZ L7-EHIZ R, REIIHH
R IEEREL R L CE 2B THAREOI
PRS2 0 (IL1T2000), HiECEIZ SN T
bBA L IE% v, Gymnodinium catenatum (& H #
JERFEE LTSN TW5H (F@t 2000), AFD
2000 6 HIZ1ELXTBE SN DA TH 5.
Dinophysis acuminata (& 1999 4F 7 A & 2000 4£ 1 A
B SN Twb, AL HERRETH 505, K
IO DIFEHFETHEEDS OIFMEHEL V) X
9 %BIH Y (Leeetal.1989), HAric & v #Hbd
L23DL Vb0 H 5 L9772, F 72 Alexandrium
BEEONZHEOBE SN L TRIETE &
Mol ltOFHETHLNEIPRIARATHL. &
SIZMIEERE TIE 2 WAHE U R KETH 5 7
7 4 F#¥H D Heterosigma akashiwo b il ST B
D, COMIIKEDHEFEFRILL O oTS
UNE, RFEF). AT HEE L < Ao Il 8 i
IR L 72 CARMICHIEL 72 & 2 A D5 HiE
THEMEDPHRIZ XTIV — 2 %25 X TIREMED &
L. Dol R LIS L ToHmE» 51
EZBNBVLBWEEETH LI LWL -
7o Flo2odizidRE - HERKEES D2 vz )’
LEINTWES, KOMERMEZE 2 5 T4
%, WERESEATMEM T 7 v 7 b Ok
Eo Y —DEEIIL > TLDLDTIERNA ) D
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H i A C U B AR U P K T K 2E B BR 5 0 KAk s
K, ®i RIS w72 nwre, FRK%Eo
— B SCER B Bl Fe i Bh & (R 5 10640454)
W Irbi/z, B L TERES IS OB
7 5.
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Plate I
1. Prorocentrum minimum 2. Prorocentrum minimum 3. Prorocentrum micans 4. Dinophysis acuminata 5. Dinophysis sp.
6, 9. Gyrodinium dominance 7. Gyrodinium sp. 8. Gyrodinium sp. 10. Heterocapsa rotundata 11. Gymnodinium sp.
12. Gymnodinium sp. 13. Gymnodinium sp. (small Gymnodinium complex)
14. Gymnodinium sp. (small Gymnodinium complex) 15. Gymnodinium sp. (small Gymnodinium complex)
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Platell
1. Protoperidinium pellucidum 2. Protoperidinium pyriforme 3. Protoperidinium sp. 4. Protoperiniumleonis
5. Scrippsiella trochoidea 6. Scrippsiella spinifera 7. Polykrikos schwartzii 8. Oxyphysis oxitoxoides
9. Protoperidinium subinerme
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Platell
1, 2. Ceratiumfurca 3, 4. Gyrodiniumimpudicum 5. Warnowia? sp. 6. Gyrodiniuminstriatum
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Appl. Phycol , 1: 147-152. ol - SE O R & Bl WHE AR, 36
Nielsen, J. 1956. Temporary variations in certain marine 15-34.

Ceratia. Oikos, 7: 256-272. T A 2000. A 5 2% ) i #8 =& % Gymnodinium
KAAER] 1998, {5/KIZ BT 2 /N O 4748 mikimotoi AL - A REF A & RS A A

FHIRFZE. SCERE AR JE R B S 78 R ety RUOETROBIK. A - Aot L ¥

(R 08640889) . 67 pp. A - Bikr. BHAKEERRER &, W5, pp.101

fERIPESE - KVEART - W& we - =& & 1990. -136
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The finding of some diatom species, which are known as brackish species,

from hyper-salineinland lakesin Turkey

Kaoru Kashima'

Abstract: There are alot of inland saline lakesin the central part of Turkey. We found diatoms
which were known as " brackish diatom species”, from the inland hyper-saline lakes whose
salinities exceeded twice or third as much as the marine salinity.

The diatoms from the hyper-saline lakes were divided into following four species groups.
Group a; the species which were reported coastal areas and brackish lagoons in Japan
(Cyclotella hakanssoniae, Nitzschia compressa, Nitzschia constricta, Amphora coffeaeformis,
Entomoneis alata)

Group B; the species which were reported from freshwater areas and low saline areas in Japan

(Fragilaria fasciculata, Navicula cincta)

Group C; the species which was not reported before in Japan (Cymbella pussila)
Group D; the new finding species which should be described as a new specie (Cocconeis sp.

_1)

The geological surveys presumed that the inland saline lakes in Turkey had been formed by
glacial and interglacia climatic changes during the Quaternary. Therefore, the adaptation of
“hbrackish species” into the hyper-saline environment occurred during the Quaternary. It
indicated that some of brackish diaotms have high ability to change of salinity.

Key words: adaptation, brackish species, inland saline lake, Quaternary, Turkey

i U & I

RAKIBICIE, ZOBRBEISEID L 725 a OB A
ARBLTWS., flzI1E, 5E# 2BV Tl Cycotela
hakansoniae 255 L CREHL L TH Y, #MDLE D
oo T KRG R IS B B EERER D 80-
90% ML & EHTwa (R, 1994). [AEDOHE
&, dviEEREEN (BB 199), FEIREIR FHER
AEIERED Hih (APRIZ 2, 1999) 7 EI2B W T
bEgE s, FE O DY 10% L T oK Iz 3
BLTALNDL Z EDG0oT.

DX BEESA &S L OB 7 BRI

bR AR A BB A 7 B U ERER

HEEARAKIBUZ BT 5 I RBEEHOEITO 72012,
FEOKVEDEE AR ATRO CH RIRIE L 2 5 2 & %
RLTW2 (iR, 2001) . 213, BUEEKE D
RIK E K DIEG O EAITH, #I2
Cyclotella hakansoniae 23859 % & 9 7K 5512
MR LFAELIZ LD, K=Yy 7a7REos
MEVHEESINTWS (KRH - B, 1997; & HIZ
7, 1998).

—77, FFEIZ 1991 F L) Moy a NEEER O HE
WO HBEEETICET AR AR L TWnb, £
LT, WEBESETO-O 0L LT, R
DNEEFFEICB A EEFEEOGH 24T > TE 72,

&M Department of Earth and Planetary Sciences, Kyushu University, Fukuoka 812-8581, Japan
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1 MV IIZBT 5 FRAH A E
MtoFFiE, £1LIZBTL2HEAL2RT.
Fig. 1 Research areasin Turkey
The numbers in this figures indicated the site number

shown in Table 1.

ZFOHT, WHMHRD 2~3EE B2 5 L) iR
WYERE 2 S, RKPEDEEEEAE & B L 7o EE AR
BT LI ENTEDLIEN o7, BlZIL,
A @ Cyclotella hakansoniae %%, 345 100% % ik 3
BB 5 b EEH AR S N7z, K 1041281
BB ORER, FRRGFEH WV OPOHEMIZE
WCHEBI Bl CE 722 LS, RigLTZDFRE
Mz 4 5.

S5, WOBREORECELL, Ly b
CHEN 7= S O —MS R L 722 £ 5, iR
IRMEEE DAL & BRELEIC IS 2 EE 217 .

A #4

MV IIZBUT A BUEREEEORFRIUL, 1991 4F,
1992 4F, 2000 4F, 2001 4F |2 7o 72, Rt ORI %
oz FERWE - I Tomy) Th s (1K1,
F1). EEIEEEDOOLRDY O VHNEEDE
PEHED D B, S50 40%0 % B 2 B i e & 7
B, Y5 D% 40% LA T g R & 7 WiEIC oW
TEHEH ORI E KEMEEZ To 72, EHIZIND
DB E OB D728, YK T 8T L 2
T, MRS L7235 KRB O 2 B CHE %17 -
7z,

e SR

EEEHORR)
WAL B 2 AR L LT, K, iR,

F 1MV IIIBUT B EERE
Table 1 Diatom samples from inland saline lakes, fresh-
water lakes and rivers and brackish lagoonsin Turkey

Salinity [1991[1992]{2000}2001
(Hyper Saline Lakes)

1 Lake Seyfe >100 0 0 *
2 Lake Ak >100 [0} * *
3 Lake Boliuk >100 0]

4 Lake Meke >100 0]

5 Lake Tuz 92 o] o] * *
6 Lake Krater(Aci) 61 [¢] [¢] [e)

7 Lake Aci 40 [¢] * *

(low Saline Lakes)

8 Lake Burdur 25 [e] 6] [0}
9 Lake Duden 19 [¢] 6]
10 Lake Akshehir 17 [¢] [¢] (0]
11] Lake Kucuk Duden 9 [¢] 0O
12] Lake Aci (Konya) 8 6]

13 Lake Salda 8 0] @] (0]
14 Lake lica 4 [¢] 0O

(Fresh Water Lakes)

15 Lake Egridil 0 [¢] 0] [¢]
16| Lake Beyshehir 0 6] 0

17 Lake Isikli 0 [¢] 0
18 Lake Karakuyu 0 o

19 Lake Kus 0 o
20 Lake Uluavat 0 [0}
21 Lake Iznik Q (0]
22 Lake Sapanca 0 0]
23 Lake Mogan 0 @]
24 River Kizirilmak 0 6] [¢]

(Brackish lagoons)

25 Lake Dil 20-36 [¢]
26 Lake Bafa 19 0] @]

O sampling sites of diatoms
samples could not be taken because lake level became very shallow

*

A ORI 47 - 72,

KIEAKIE, BIRORELET L7720, KE 50
cmiZBWT, EHE2Y v PIVERLLZ. T
C, RV Y EMZZOL, WREFTICRE L
720 BH%, BESY VT IVIRO TEICIE T L720
L, ol )& EfokERELE. FOBE, Ei
SEERRIC X o T 200 DY v T IV L 72,

FRIE, O xHWTHERRE 2~3mm 23 <
I LTRILL, ¥ 7FVRICAR, BRIV~
Uy EMZ .

I, ToNEEMOERETEEL, F—
W TBWThH, B, KE, KEEEEZ &5 TR
BL7z. WINOBGE SR 72508HE T >~ 7 V4
WETOMAKE AN, T ¥ TVEOEE D STE
BRCHABERIIZ DA, NETHEEZSHEL .
ZFOk, mERLV<) Y EMA, BERHORE YT
YT IR ANERE L 7.

(KERIE)

BRI S O K X, kiR, HOSBLXOPhIC
DWTOH, 2 FIVERRERIZFHII L 72, EHIE O
WYV D72, S X OO AN % B
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L, UToOXHIEHIIL 72, o3P o taask
Waste Hw, ot Toltciishb o, F72,
ph I3HEHF Ph X — & — % vy, /N —H7 F TR
L7z, KBIZEREFHC X 2 HE 24T 72,
(EEEHBOMIE &3 A)

MV aESANOREI ORI LIZIE, bV I BUF
DFRFDLLE T, RO &g 7 L oS

7 — FOFERE, NIV IHERO T M) T EE
T CTiT - 72,

PRELL 7250kHE, Eamar B0k, @ERbkEKRE
A CTHEE L, HEROSEE GRS DS %
fTo7z. 20k, B OTHHICE o THIFEL, &
=0 FAFIZIET L, WEREO%, ~7 2 MXT 1
TEMZ, KATL/ST—F & LTEALZ.

PASE T2 U IH MM EE % v 1000 5 CEIZE L 72
#7308 200-500 1K % [FE L 7-.

PRIBIEANREMAN, SEH L /-
[k | EE5AE

MNEER B OFE 25 96 FOEEE N E#LEE S
72, A%, F 12 Krammer and Lange-Bertalot (1991,
1997 a, 1997 b, 2000) , Krammer (2000) , Lange-Bertalot
(2001) Z M7z, 72720, TS OLHTIE, w2k
BICBITAT— TR aTE R WD, 77080
PIREITE % Fedk L 7 Gasse (1986), 1 A F Z)ILVOWH
W8 % 508k L 72 Herlich (1995) # &R L7-. $7-,
HEOERBEEICOVWTIE, Eiioxmolir, £
NEFTOMEOLIC L 2EH%E T & o7 Lowe
(1976) D7 — ¥ R— R, BLUOHEHIZ L L HEOH
e RS 7.

N BEEPEIE 2 5 e L 7R M IC O W»
T, ZTOEBREEOEZ LFto kI & - THERR
T5HE, WINOMED I F TIIPHREEER & 134
CERLDIEHETTOELDPHESINTNREHDOT
Hotz. FLT, ZOIFLALITINF T [HAN
ffi| L s Tn2dbDThHo 7.

VU, $E557%% 40%0 % Bk 2. % s ¥ N B 198 20 &
WU R EEMICOWTERT S (2, ™
hit 1).

(1) Cyclotella hakanssoniae

AMIE, REMCHROELTL2FEEERETD
D, IKEEHEREY > O EH T 5 HEET O 80%
DEZEEOTWE, FEikoIGE, fEM, B (&
MRSV MEIEEE) 22 &S THEIZE SN, 55 10%0
LT OARIR 53 DR KGHITE THRABIZREL L T B f

22 RIEMEELSER Lo EEEEMIZBIT S
RE IR

ZEOTH, GHERMENNE, YOGHE - I, R
KB BT BERIRL S R L7,
Table 2 the distribution of hyper-saline diatomsin Turkey

8 g
HEHBHAE
2lo2lelslg |-
SRR
S|51515|alg| 835
S1S|S|0|FIV|T| e
Slelelels|eie|gle
SEHEHELERE
NEHEHEINNEISE
(Hyper Saline Lakes) salinity {%o)
Lake Seyfe >100 Ol+]+]© +]0O
Lake Ak >100
Lake Bolluk >100
Lake Meke >100 +|+ [e]
Lake Tuz 92 Oj+]© O]+
Lake Krater(Aci) 61 + Q[+ +[®
Lake Aci 40 + +
(low Saline Lakes)
Lake Burdur 25 © +
Lake Duden 19
Lake Akshehir 17 O [e]
Lake Kucuk Duden 9 ©|© ©
Lake Aci (Konya) 8 +
Lake Salda 8
Lake lica 4 + +
{Fresh Water Lakes)
Lake Egridil 0 +
Lake Beyshehir 0 + 1+ +
L ake Isikli 0 +
Lake Karakuyu 0
Lake Kus 0
Lake Uluavat 0
Lake Iznik 0
Lake Sapanca 0
Lake Mogan 0 +
River Kizirimak 0 +
{Brackish lagoons)
Lake Dil 20-38 O+ +
Lake Bafa 15 + + |+ O]+

© dominant (>30%)
O abundant (10-39%)
+ rare (<10%)

EWz b (B, 1994, 1996; Af#1341998) . 2
FTIE, BE - /K (1985) 128D\ T, Cydotdla
caspia L WA ML EHWT & 727 (FEE, 1994,
2001) , {K/KEED Cyclotella 122\ Tld, ZD44EIC
DWW T 1990 “FACLARE, EIREERED VKR 7 L
7 & CO#RRAET 51T & 72, Krammer and Lange
-Bertalot (2000) (2 X % &, KA Cyclotella caspia
DY A THEARLIZWS PISRORPRL L L,
¥ 7> Cyclotella hakanssoniae &\ ) X4 2SE % L T
X7z kickh, Do L Tid, Cycotla
hakanssoniae = V2 5.

RV a T, 1992 2BV BT, WKk
A 100% % B 2 5 Seyfe i 5 e L 72, T4,
Seyfe il TIL§H 2 % KA DK T A4 L, 2000 4E,
2001 FEOBP TR AL RN T A2 L 1ETE R
N7z,

MV D Seyfeitf» b e L 72 EARIL, #OKE
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27

1-11: Cyclotella hakanssoniae 12-13: Nitzschia compressa 14-15: Nitzschia constricta
16: Amphora coffeaeformis 17-18: Entomoneisalata 19-20: Fragilaria fasciculata 21-23: Navicula cincta
24-25: Cymbella pussila 26-27: Cocconeis sp. -1
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S, MO, D) Q) ORER &%, il
DI REMEZE & &0 THRET L7225, BRI T, 5
WMo @EH LS O LR L Cydotdla
hakanssoniae & [ & 3§ % DA% Y & H S 7z,
E51Z, MV aTEOIBEEKBETH 5 Bafaibl
(3855 15%0) 705 b [T D BE M HSHERE S L7z,

(2) Nitzschia compressa, Nitzschia constricta, Amphora
coffeaeformis

KRR - (KT, ZCERTLHEETD
A, T, BAKRMOMER SICAEBLTBY, WiE
J& R BSER O R —1) 7 aTEHE S b LR
b, MERKEEOBEMRE L THWOHNS.

IV I T, Nitzschia compressa (3 Seyfe il T,
Nitzschia constricta & Amphora coffeaeformis 1% Seyfe
W, Tuzifl, Mekeil7Ze &, MGG CTLET S
MRS NI, S HICHRBE D 2 1L, Akshehir
it - K.Duden it} 7 & 554325 40%0 LT O 55 35 VR Fe
BB THL CER L, WEEEMEME» S EERT
HREMLEHEHE LI L TV 5.

FIT, oz, bV aATEEOIREEAHE
T&H % Dil it (345 20-38%) TkFl& DILE % 4T -
7z. Dil iAo 1%, EFEo 32z T, Nitzschia
granulata, Achnanthes hauckiana, Achnanthes brevipes,
Cocconeis scutellum, Amphora holsatica, Amphora
ventricosa 7 EASEEH L, T OFERERIE, HARDEK
WMBEI3ITIET 5, Lo L, BED 6 MIZIEMEA
FESEVEMErOEL T2 2 L3 o7z,

(3) Entomoneis alata

AL, MEEOREBEZET2HEMTH L. T
A DIEVIKIE, SREEABIZEL 5 2 &5
HENTW B (Krammer and Lange-Bertalot, 1997 a) .
HARDEAMB TS, Yo~ oFKEHEREY R )
SOREEPRER SN TWAED, ZORE I RV,

MV aTlE, Ad i, Tuz iz & o3 rEmE,
Akshehir il 72 & O 5935 EIE CREH L 72,
(4) Fragilariafasciculata

ARFElE, 2N F T Yynedrafasciculata & LT, Fi#k
L T & 7:7%, Krammer and Lange-Bertalot (2000) |2
¥, X, K% Synedra 2> 5 Fragilaria B IZBJE L,
Fragilariafasciculata &\ 9) J&ff4; 2 IRV, A
T, WFSE M~ R & S (Lowe, 1974) , #RIK
Bir & T O L A KB TOAEEPHSENTE
7> (Krammer and Lange-Bertalot, 2000) .

MLV ZIZBWTIE, 345 54~65% 7 Krater (Aci)
WTCESRICER L7z, [FRE T, 1991 4F, 1992
4, 2000 4E 0 3 [AIFE 2 RN L 722%, WIhoGs

THEEEE L THZE SN 512, FRKH
B o Bafa il (345 15%) 2B W T b, 1992 4F &
2001 4F- DM FRATRFIZ & b IZRE L 72,

(5) Navicula cincta

R, PROERE - HROMATIKE, &
To¥Es % & A AERT 5 L S (Krammer
and Lange-Bertalot, 1997 a), HAZHM TH % D
HHEAZED 5N D, bV aONEEEE T,
SRIETED Seyfe i, Tuz i, §93EVED Akshehir iiff,
llcaiffi 7 &C, OA FEM L7z, R, o130k
A - W, IR ERKEIE O Bafa il & b A
DHERR S 7z,

AIEIZIEZ K OEFEDEH ), Z O ILEEL
o7z, EHOSCHL (Lange-Bertalot, 2001) % Fl \»
T, #E, BE, SHOEELZOBELR & ERET
L7273, BRI CIIARTESY &3 5 O05H Y &k L
7z.

(6) Cymbella pussila

KX INFET, HETOWESEEHEAERCEE
DENKIB, ARG %% EATSKIBIZERT 5 2
ENHE SN TW A (Krammer and Lange-Bertaot,
1997 a) . HAEANTIX, FEHHH LR TIIEH D
WAER SN, F72 Lowe (1974) O A MIh 4
HEBEOGLBO LW L6, @E T2 O MBIHE
DINEWFETHDLEEZ LN,

Lo L, MVvaoNEEENE I, Mo
Meke i, Tuziil, Seyfeii, Krater (Aci) i, §93EME:
@ Aci itfl, Akshehir il, K.Duden il T L 72, Afd
X (1) ~ (6) CREE L7 MEE R, Mok
TR R KB OB 0 S 3BIE T E o 7z,
(7) Cocconeis sp. -1

A X, Cocconeisplacentula & e THELL L T
% . Cocconeis placentula |2l TEEDIMED 2
o TWBILAEDZELL, BOKEE - LHEE
7 E O BT Cocconeis placentula ® 2L E TD
FC#k (Krammer and Lange-Bertalot, 1991) & (32—
T5. BRIk T AL, EREENSH T ICLHER
DR EFEN TN/, KAFRTIHFEENIC
Cocconeis sp. -1 & L Cre#k L 7.

Cocconeisplacentula 1%, #KAEDEEHETH Y, M
W7 ETEET AT TH S (Lowe,1974). H
RIZBWTYH, BKIEZ L THRD O HEIKTE
TOERPZEOLNZ. PLVIIZBWTH HAR L
KEIZ, Beyshehir i 7 & O ki, llcailfi, Akshehir
M7 EOFGIEEONEEEMEIE, Bafail Zz & O
BRI S D EMD RO bz, THITH LT,
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Cocconeis sp. -1 (& Krater (Aci) il (M%) 54~67%0)
THEERICHER L7z, Krater (Aci) i1 Tld 1991 4E,
1992 4, 2000 40 3 [EFEE 2RI L 7225, W ho
¥4 b Z @ Cocconeis sp. -1 258 5§ 2 BRAERE LAY
BlgEs .

RIRE D SRIEMEIRIE (TNt § B B D@ IS E

VIO, HERKD 25 ~3 5 &) Eik
DMy % 29 5 MR B OB 2304 L Tw
. INSHDEBISLEO, bR e
BEAEDSEH L7225, 2o 0RO 3T, il
WIHTIIERLR LB T COERPMON TS
D THho7.

IV I QN EESREMEIRE L, 50U O IR O 5
BEEFHOHRTERINIZEDTHL I LWMENT
W5 (Kashima, 2000). NV I HifEio 2 > 4 i -
N ZIC BT AR—1) v THREOKRELD, 20
HWIgII R & A LORBINCIZIRE, HOREINC IR
& B EBEEBOMEINDRED b, IS T,
KEBE L WIKBRBE DO ET S U7z 2 LA b Tn
L. WA OY G, 2~3 T AERT O AR oK iR B 1S
(&, WIKAZIE 30mIE< b AL, kDS E%
KISED o7z 20K, BKPIOmBEILIZHEY,
AT L, K DS b 50% L E3ginL 722 &
AfEsE S 7z (Kashima, 2000).

SO ENS, PVIZBUAMIEMEEL, B
PRSI, HPEAYIZRREEE S N7z IRE TR S L7
BECThHLEVZ L., £ LT, ELOWE - w)ll-
KB E0 6, HES BE) - &S, Sk
RETCOMBOARRREZER LIz EHEESND.
COB\IET, HEMOH L ZE N ThhTH
D, ZHUIEEEOBIEN RIS BEICRENIC L B2 b D
EEZOND, AR, MIVIOPEAIE - e &
MPOELL72107THD ) b, 40% &R 5 &9 %l
WHEREED O QW L7-0id 26 ff, iR KA
MNOHREL L7240 ) HsiEkREIC B W T
HL-DIX18HTH - 7.

sEIRPENBEEE 2 S RE L -0 % <X, H
RE2EOTABHILOMTETIE, I F THRAKEIZA
HBYpHE LTHONTWZbDTH-T2. FNb
X (a) #EEERKMBCOER ML N T vz
(Cyclotella hakanssoniae, Nitzschia compressa, Nitzschia
congtricta, Amphora coffeaeformis, Entomoneis alata 7z
), (b) WAKE»SHTOWD AT 5K TO
AR S T w7 (Fragilaria fasciculata,

Naviculacincta 7z &), (c) K2 S T D5

BT AKIBTOERT A EDEHINTIENS D
DD, ZOEMIPHRD THTH - 72F (Cymbella
pussila 72 &) IZX &7z, E512, (d) bFH»T
3D 5 DBICERP A SN, BIFEE L CoREDL
2 &R S 72 FE (Cocconeis sp. -1 72 &) D LS
N5 ehhrhnoi.

209 b, (a) - (b) - (c) DEMERITZNF TR
—OHEPHIE—HICERT A LTV EE R
SNTE7. LaL, MvaossiatmiEs oIk
—WE» S OEEHDFER SN, I TIER oz
W R TR TR S LT W 5,

TER, BRI OWTIE, K ERAD
HROBREICAEBT L LW I LERIND D
EDE Dol OB RS, UL, EARIZIED
AVE D, WIWR &I L) ESEEAEE AL,
L2bZOEHERIRKEVE W) SRS L. 20
728, PRARMEA TR R R A AR L2 R T,
LD RHEIH RIS T e R o T EE R
SNA. Al MVaoWEREBEICES 2k
AR EIEEBREA~O M, T OIS LI
T HEAREEOBRNITEICE 23D THY, FFiown
COMPDRTIX, 100% % Bz H1E5 T TOERD
TRTHALIERZRLTVA.

O L) WRHEDE Y AT A0S, HA
D &9 T Mg TUE R RKIR & v ) BR S L 7-BREE
TORTELRTLIONPE VD HIZOWTIE, #AIE
RLWRTIEENENICEFOFEDIT ) BAERIZLD
HMLTBY, BAET M % W RKIR & EE
EWVIOIBRBETCFOERBEZHE L L-EEZ LN
b, FDI, FAKEEEESE VS, —/, 2
EENLZCEBREE T X DML L 2 BREDEISR I NS 2 b
7 o7z,

3 & &

NV 3 ERIZ A 9 B N BEIEVEINE O3k 2 &
9 FEDEEENIBE SN2, CNHDOFEDITE AL
INFE TR & LT, {RKRBUIFRI 2 B
B L CHEEINTERLLDTH A,

COHGL, KB OO B AT 5
DR SICEDLEDTH Y, HAKEDEY O
DOEDERLTVAELDEEZ LD,

WARBESRKRECELRY, 2 L CHHEMICLEEN
TS TR L 2 R E S R o2 L izonT
X, ABREEERLEOLIMAT, LR EH



NV a2 DEIEPENBEIE A S BT 5 TR ] B 53

T T TFETH 5.
Bl i

K7 LD DHI2H72 0, KK TOMEE L
ZATLEE o7, BERLHEEZIZLO LT 5 EE
RIS LT D)7 2 1@l 2 Wiz LET. &5
2, MVIIBITREMHETZRL TLEE S
72, KT E AR U &4 5 B EEA PR
fbt> s — - 7F ) 7ELFRGEIT DN 4 |
B LET. B, RBFZEIE, 2000 FREREM Y = v
ATMBREEIT TR B R & [ 825 3812 B U 2 iR Y
FEMBICBIT 2 EM DL L TDOEE] 12X £
L7z, st LT~ L 7.
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Feasibility study for the estimation of chlorophyll concentration
in coastal lagoon environments using satellite optical sensor
—Results of sea truth in Lake Shinji and Lake Nakaumi, 2001

Yuji Sakuno®, Tsuneo Matsunagd Toshiaki Kozu®,
Katsumi Takayasu', Toyoshi Shimomaf and Daisuke Nakayamd

Abstract: In order to estimate chlorophyll-a concentration (Chl.a) for coastal lagoon
environments using satellite optical sensor, simultaneous water quality surveys with satellite
observation were conducted from July to November 2001 in Lake Shinji and Lake Nakaumi.
Thermal infrared image of Terra/ ASTER at night in August 2001, and a radar image of ERS 2/
SAR, avisible image of SPOT-2/HRV, and in-site water quality datasets in November 2001,
were obtained. Comparison between the smulated ASTER data using spectra reflectance data
obtained from the lakes on boat, and in-situ Chl.awas performed. Consequently, “Band ratio of
Band 1 and Band 2" or “Band ratio of Band 1 and Band 3", and “Logarithm of Chl.a” had
comparatively high correlation. It was suggested that Chl.a distribution in the lakes may be able
to be estimated using ASTER data.

Key words: optical sensor, ASTER, coastal lagoon, chlorophyll-a
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Fig. 1 Standard stations of simultaneous water quality
survey with satellite observation in Lake Shinji and Lake
Nakaumi, 2001
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Table 1 Summary of simulataneous water quality survey with satellite observation in Lake Shinji and Lake Nakaumi, 2001

Date Satellite Path-Row Time of satellite Quality of ~ Water quality ~ Water  Atmospheric

/Airborne / airborne observation satellite image data on the boat reflectance transmitance
2001/7/23 Terra 210-209 22:27 O Table 2 x x

2001/7/25  Terra/Landsat7 112-35 11:12/? x/x Appendix 1 A

2001/8/3 Terra 111-35 11:06 O Table 2 x x
2001/8/8 Terra 210-209 22:26 A Table 2 x x
2001/8/10  Terra/Landsat7 112-35 11:12/? X/% Table 2 X x
2001/8/11 SPOT4 317-279 11:21 x Appendix 2 O O
2001/9/4  Terra/Landsat7 111-35 11:12/10:11 x/x Appendix 3 O x
2001/9/6  SPOT2/ERS2 317-279/77-241 11:12/10:47 X X x x
2001/10/30 SPOT2/ERS2 317-279/77-241 11:12/10:47 O Appendix 4 O O
2001/11/10 Airborne (Pi-SAR) - 14:30£15 x/O Appendix 5 X x
2001/11/15 SPOT2/ERS2 317-279/77-241 10:47/11:12 x/O x x x
2001/12/1  SPOT2/ERS2 317-279/77-241 10:47/11:12 </ Appendix 6 A X
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Fig. 2 ASTER imagesin Lake Shinji and Lake Nakaumi, 2001
(a) Thermal infrared band image, 23 Jul. 2001 (22:27 JST)

(b) Visible bandsimage, 3 Aug. 2001 (11:12 JST)

(c) Thermal infrared band image, 8 Aug. 2001 (22:26 JST)
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Table 2 Water temperature/turbidity data at the surface of Lake Shinji and Lake Nakaumi. Data from towers
owned by the Ministry of Land, Infrastructure and Transport.

(a) Water temperature

Date Time L.Shinji Matsue L.Nakaumi Yonago Bay
(center) (center)
2001/7/23 22:00 29.5 30.1 29.8 30.7
23:00 29.5 30.2 30.0 30.7
2001/8/3 11:00 31.2 31.9 31.8 30.9
22:00 31.0 31.0 30.2 29.8
2001/8/8 23:00 31.0 30.9 30.2 29.8
Unit ('C)
(b) Turbidity
Date Time L.Shinji Matsue L.Nakaumi Yonago Bay
(center) (center)
2001/8/3 11:00 5 2 4 9
2001/10/30 11:00 7 7 7

Unit (mg/1)
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Fig. 3 Example of in-situ spectral reflectance in Lake Shinji, Ohashi River, and Lake Nakaumi
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Table 3 Dataranges of chlorophyll-a and transparency

—SRIE - HEIC BT % 2001 4F O B ARG R 59
4 { T T I
% 0 25 July 2001
3.5+ ® 11 August2001 |
X 4 September 2001
3L Regression line ||

Chl.a Tr
Date (ugh (m) N
25 Jul 01 4.0 2.4 I
11 Aug01 7.8-18.6 1.3-19 6
4Sep01 11.7-37.9 0.6-1.5 4
Total 4.0-379 0.6-24 11

F 4 BIGERGERT — & 2 H R S 7z ASTER
T=FONY RILEB 7007 1)V aliREOBR
Table 4 Correlation coefficients between the simulated
ASTER band ratio from the in-situ spectral reflectance and
the in-situ chlorophyll-a concentration

Band ratio B1/B2 B1/B3 B2/B3
Chl.a -0.42 -0.37 -0.24
LnChl.a -0.65*% -0.64* -0.45

* denoes significance at 0.05
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Fig. 4 Correlation between the simulated ASTER [ Band
1/Band 2] and log chlorophyll-a concentration

W, BT, E A (2001) &, BB S5
THER R L D, ChlalfEE lZERNED 77— 2%
A CThHhHI x5 L TWA, EBrile MRk
HTdHHEEM - PilElZ BT LRI 7 — %
A2 AREM D EZ SN, FOFHEAREMEIZOW
TEABOBETH .

3 & &

KAl - RIS B W TE AL U2 X % Chl.
affEEiEofE 2 BIETHMT, 2000 4£0 7 H~11
FAZh T TR REFBKEREZ T o 72, £ ORER,
2001 4F 8 H ICfZ M o Ax#f i 1% (Terra/ ASTER)
2001 4E 11 Hi2ix L — ¥ Hi{% (ERS2/SAR) & w4
Hif% (SPOT-2/HRV) R UHBEKEDF—% & v b
REEFICIEA ZEDTE, /2, MErSEHL
oA T — 7 2o T, #il Terra/ ASTER
T—FtChhaT— ¥ DOlExiro7. ZOMHE,
[Band1 & Band2 Dt ] & %\ i [Band 1 & Band 3
D] & [Chl.a x5l | 1B AHBE 2% <,
ASTER 7 — # |2 & ) 5R&E#M - HifED Chl.af /i &
HWETE LR D D 2 L AURIB ST,

il Gad

KRIFFE DR D—ERIL, SCEFHFE B AT il



60 TEBPARF] - RIS - ARk EME - R - SR e - TREE - RSy

B o B ge A (WF7efUE: S wc) 2 H L
7o, F7-ARWIZECHEM L 72 ASTER 7 — % [ASTER
T =& FICET 5 EZE] Ic X RSz b
DTHY, 77— OMANIRFEEERIIFET 5.
KW H 72, REEIZH2) THIT 7272w
TR ST L T BRI OB, BRAFERAH
TEERBEAEDOTINIK, TRERFE LY 4 FAEOEHFH
RS - IUARIESR, MRS CE# 2L ET.

51 B X ®

Lathrop, R. G., Lillesand, T. M., and Yandell, B.S.
(1991) Testing the utility of simple multi-date
Thematic Mapper calibration algorithms for monitor-
ing turbid inland waters. Int. J. Remote Sensing, 12
(10) : 2045-2063.

K IEME - TEEF R - B oa s - AUKIEHRE - P
HE - E T (1996) SREWIC B 2 K D 53k
Bt KB, HARYE— bRy o v 735520
[l /Aty i 6 X U8, AR, 67-68.

Matsunaga, T., Sakuno, Y., Nakayama, D., Takayasu, K.,
Kunii, H., Nakamura, M., Yamamuro, M., and

Rokugawa, S.(1999) Water quality mapping using
airborne and satellite multispectral sensors-Lake Shinji
and Lake Nakaumi, Japan. Proceedings of Fourth
International Airborne Remote Sensing Conference
and Exhibition/21 st Canadian Symposium on Remote
Sensing, 21-24.

Ih—HE - RS - AT IEAT (2001) & i BE K
BiFsKE)E— bV, HRYE—-FE
vy IEEE, 21(5): 449-457.

VEEFARR] - ARKIEHE - WPILRAr - RIHE— - E%
- BHFHM - A - D= EE (1999) SPOT
HRV 7= %12 X % 7 4 a 5RO R E#&E 7
0a 74V agEsmofE. HR)E— bt
VTR, 19 20-36

VEEF#EF] - Ak EHE - NME— - SLwl - BHTF
fin - Rl (2001) ZHE SPOT HRV 7 — % |2
L BEERRE DR —KEEEE=YY) . H
K E—- MYy TEEEE, 21(2), 141-149.

LR - EiE (1979) EIRFHICE » O
HIKERHN (zoa 7 4V anEs), BT
ErFEPTIE S, 6: 85-93.



m$%%%/ﬂ%mwfmmﬁ®7mm74wﬁﬁﬁm@jwﬁ

—SZIE] - WL

fF 1 FHEW - PiEIC BT B KERE

K% (2001/7/25)
Appendix 1 Results of water quality measurement in Lake Shinji and Lake Nakaumi, 25 Jul. 2001

B} 5 2001 4F O L3 A 5

No. Station Latitude Longitude  Weather Time Tr (m) W.Temp(°C) Sal(psu) DO(mg/l)  Chl.a(ug/l)
1 SJ01-3  35°26'50"  132°57'45" Clear  8:27 17.3 6.7 6.0
2 SJ01-2  35°27'02"  133°00'48" Clear  9:05 1.8 17.6 248 6.9 5.6
3 SJO1-1  35°27'01"  133°00'49" Clear  9:20 22 17.6 3.1 4.7 5.6
4 OHO1-1 35°27'11"  133°06'09" Clear  9:40 1.5 17.4 8.1 4.6 7.1
5 NUOI-1 35°27'02"  133°08'03" Clear  9:52 1.8 18.2 15.4 6.6 4.0
6 NUO0I-2 35°27'47"  133°11'35" Clear 10:08 2.4 18.5 143 6.8 4.0
7 NUO0I-3  35°30'30"  133°1224" Clear  10:35 23 18.0 12.1 12.1 4.7

742 SEM - hiEc B KGN ER S (2001/8/11)

Appendix 2 Results of water quality measurement in Lake Shinji and Lake Nakaumi, 11 Aug. 2001

No. Station Latitude Longitude  Weather Time Tr.(m) W.Temp(°C) Sal.(psu) DO(mg/l)  ChlLa(ug/l)
1 SJ0I-3  35°26'48"  132°57'44" Clear  8:30 1.3 29.3 29 7.4 18.6
2 SJ01-2 35°26'59"  133°27"43"  Clear  9:00 1.3 29.2 2.8 6.7 12.5
3 SJo1-1  35°27'01"  133°03'13" Clear  9:30 1.5 28.9 29 59 12.8
4 OHOI-1 35°27'09"  133°06'12" Cloudy 9:50 1.7 279 2.4 5.4 14.7
5 NUOI-1 35°26'56"  133°07'48" Clear 10:30 N.D. 279 35 6.1 N.D.
6 NUO01-2 35°27'45"  133°11'36" Clear 11:00 1.7 28.3 17 7.2 8.7
7 NUO01-3  35°30'19"  133°12'28" Clear  11:30 1.9 27.9 18 7.3 10.4
N.D.=No data

3263 W) - IS B AR EIERR (2001/9/4)

Appendix 3 Results of water quality measurement in Lake Shinji

and Lake Nakaumi, 4 Sep. 2001

No. Station  Latitude Longitude ~ Weather Time Tr.(m) W.Temp('C)
1 SJ01-3  35°26'49"  132°57'48"  Cloudy 9:12 1.3 11.7
2 SJ01-2  35°26'56"  132°59'52"  Cloudy 10:00 1.4 13,1
3 SJOl-1  35°2723"  133°03'01"  Clear 10:25 1.0 14.4
4 OHOI-1 35°27'09"  133°06'11"  Clear 11:10 0.6 379
5 NUOI-1 35°26'56"  133°07'59" ND. 11:35 20 5.6
6 NUO01-2 35°27'46"  133°11'33" ND. 12:05 15 13.9
7 NUOI-3  35°30'31"  133°12'27" Cloudy 12:40 1.6 9.4

N.D.=No data

224 W - RIS BT A KEIERE S (2001/10/30)

Appendix 4 Results of water quality me@rement in Lake Shinji and Lake Nakaumi, 30 Oct. 2001

No. Station Latitude Longitude  Weather Time Tr.(m) W.Temp(°C) Sal.(psu) DO(mg/l)  ChLa(ug/l) pH SS(mg/l)  Turb.(NTU)
1 SJ01-3  35°26'49"  132°57'45"  Clear  8:50 1.2 N.D. 3 6.5 16.0 7.1 2.8 5
2 SJ01-2  35°27'00"  132°59'52"  Clear  9:23 1.3 N.D. 3 6.8 17.0 7.8 3.6 5
3 SJOl-1  35°27'38"  133°03'15"  Clear  9:50 2.4 N.D. 3 6.4 9.8 6.9 2.4 4
4 OHOI-1 35°27'09"  133°06'09"  Clear 10:15 1.8 N.D. 3 6.7 9.0 6.7 4.2 5
5 NU3 35°27'19"  133°09'07"  Clear 10:35 1.4 N.D. 8 7.8 6.4 7.8 22 48
6 NU2#  35°27'42"  133°09'59"  Clear 10:50 1.3 N.D. 9 83 4.6 83 1.8 3
7 NUOI-2 35°27'46"  133°11'36"  Clear 11:00 1.3 N.D. 10 8.0 4.1 8.0 3 3
8 NUOI-1 35°30'30"  133°12'24"  Clear 11:20 1.2 N.D. 14 8.4 11.7 8.4 3 5

NU 2# 13 NU 3 & Hifiil Lo i (NU3 D)
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Appendix 5 Results of water quality measurement in Lake Shinji and Lake Nakaumi, 10 Nov. 2001

No. Station Latitude Longitude  Weather Time Tr.(m) W.Temp(°C) Sal.(psu) DO(mg/l) pH SS(mg/l) Turb.(NTU)

1 S1-1 35°27'13"  132°57'50"  Clear 13:02 N.D. 14.4 2 6.7 7.8 11.2 19
2 S1-2 35°26'47"  132°55'06"  Clear 13:18 N.D. 14.6 2 7.4 8.4 6.9 10
3 S1-3 35°26'17"  132°55'09"  Clear 13:35 N.D. 14.7 2 7.6 8.6 5.4 6
4 S1-4 35°25'53"  132°55'12"  Clear 13:46 N.D. 14.8 2 7.2 83 4.6 9
5 S1-5 35°2523"  132°55'18"  Clear 13:58 N.D. 14.7 2 7.2 83 6.2 8
6 S2-1 35°28'01"  132°59'36"  Clear 15:09 N.D. 14.6 3 6.9 8.2 7.2 9
7 S2-2 35°27'33"  132°59'39"  Clear 15:20 N.D. 14.6 3 6.8 79 5.2 9
8 S2-3 35°27'04"  132°59'49"  Clear 15:32 N.D. 14.6 3 7.2 83 7.2 12
9 S2-4 35°26'33"  132°59'58"  Clear 15:42 N.D. 14.6 3 7.3 8.5 5.6 9

10 S2-5 35°26'05"  133°00'04"  Clear 15:53 N.D. 14.5 2 7.4 8.5 6 8
11 HJ2 35°3027"  133°08'45"  Cloudy N.D. 1.6 153 15 9.5 ND 6.4 N.D.

12 HI1 35°3024"  133°08'43"  Cloudy N.D. 2 153 15 8.9 ND 42 N.D.

13 NU4 35°28'30"  133°08'51"  Cloudy 13:46 2.5 15.2 14 8.0 ND 3 N.D.

14 NU3 35°27'45"  133°09'37"  Cloudy 14:00 1.5 15.0 13 10.3 ND 4 N.D.

15 NUO1-2 35°27'47"  133°11'32"  Clear 1420 14 14.8 15 10.0 ND 7.4 N.D.

16  NUI 35°27'46"  133°11'33"  Clear N.D. 1.3 15.0 14 10.6 ND ND N.D.

17 NU2 35°29'30"  133°12'19" ND N.D. 1.4 15.1 15 9.8 ND 6.8 N.D.

18 NUO0I-1 35°30'32"  133°1228" ND N.D. N.D. 15.5 17 9.7 ND 4.8 N.D.

N.D.=No data
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Appendix 6 Results of water quality measurement in Lake Shinji

and Lake Nakaumi, 1 Dec. 2001

No. Station Latitude Longitude ~ Weather Time

1 SJO1-3  35°26'49"  132°57'45" Clear  8:55
2 SJO1-2 35°27'00"  132°59'52" Clear  9:20
3 SJol-1  35°27'37"  133°03'17" Clear  9:42
4 OHOI-1 35°27'09"  133°06'09" Clear  10:03
5 NU3 35°27'18"  133°09'39"  Cloudy 10:23
6 NUOI-2 35°27'46"  133°11'34"  Cloudy 10:38
7 NUI 35°27'45"  133°13'41"  Cloudy 10:55
8 NU2 35°29'30"  133°12'20"  Cloudy 11:12

Tr.(m) W.Temp(°C)
1.1

1.1
1.0
0.6

21.9
N.D.
12.4
16.5
238
239
12.8
14.7

N.D.=No data
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Preliminary study of SAR monitoring of coastal lagoon environments:

Possibility of wind speed estimation

Keisuke I chikawa, Toshiaki Kozu, Toyoshi Shimomai, Katsumi Takayasu
Yuji Sakuno, Tsuneo Matsunaga

Abstract: Coastal lagoon is more directly affected by surrounding environment than open
ocean areas, o it isimportant to continuously monitor its environment. The Synthetic Aperture
Radar (SAR) is an active microwave sensor having a high spatial resolution and all-weather
monitoring capability. Thus it should be especialy useful to observe narrow water areas like
coastal lagoon. We have been studying the feasibility developing a satellite remote-sensing
system to explore the possibility of wind of utilizing a satellite SAR (Synthetic Aperture
Radar) as a part of monitor the environment of Lake Shinji and Lake Nakaumi. In this paper,
we analyze JERS 1/SAR data, acquired until now for severa years, as a preliminary an
examination of wind speed estimation with the SAR. Asaresult, good correlations are obtained
between in-situ wind speed and NRCS observed by the SAR in moderate to high wind
conditions. We have conducted a series of coincident satellite and in-situ observation
experiments at Lake Shinji and Lake Nakaumi in 2001. We also summarize these observations.

Key words: Synthetic Aperture Radar, JERS-1, SAR, coastal lagoon, wind
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Tablel List of satellite scatterometers and SARs for Earth observation launched by the end of 2001.

(@ Scatterometer

Frequency(GHz) Year of Launch
Seasat1/SASS 14.6 (Ku—band) 1978
ERS1/SCAT 5.3 (C-band) 1991
ERS2/SCAT 5.3 (C-band) 1995
ADEOS/NSCAT 13.995 (Ku—band) 1996
(b) SAR
Seasat1/SAR| ERS1/AMI ERS2/AMI JERS1/SAR |Radarsat1/SAR
Frequency (GHz) | 1.28 (L-band)| 5.30 (C—band)| 5.30 (C-band)|1.275 (L-band)| 5.30 (C—band)
Wavelength (cm) 235 5.66 5.66 235 5.66
Polarization™ HH \AY \AY HH HH
Look Angle (deg.) 20 20 20 35 20-49
Swath Width (km) 100 100 100 75 100-500
Resolution (m) 25X 25 30x 30 30x30 18%x18 25-150
Look 4 3-4 3-4 3
Year of Launch 1978 1991 1995 1992 1995
* H: Horizotal, V: Vertical, HH (VV): Horizonal (Vertical) transmit and receive.

s

78500 (2001) 1, HEREEEZ 15 (JERS1) #i#k
SAR (LLF JERS1/SAR LT ) 4 A —VIZEHS
(2001) » GMF %@ L, oGS A X % sk
72, Lo L&, #LEHEED DD~ 1 7 ajk
L UHICIE CNY FUEDOBEWERESH WS L
TBY, ERSUSARD L H % LNy FIZBW Tl
e SAR 77— ¥ DR = 7 BNT A v,

FZTAHENE, HAKRBIZBI A SART—4 %
ffio 72 B SAHEEDOE LB E LT, #@E
(1992~1997 4) IZHUS & 172 JERS-1/SAR 7 — %
DN AT - 72, Zhd, BUfETRA 2D T b B
ORI HAt A 2 (ALOS) AR EO L — ¥
(PALSAR) B X UV & 4 i w8 AR 4 il 4 51 2 &l
(AVNIR-2) & H\ 720t - it v H AN &
B {ROKIERBEE = & Hidff OWF%E (Kozu et al., 2001)
DT L CHMEMITONS.

JERS-V/SAR 7 — & DM IZ v 72 Jal [ Jil sk 7 —
F 1%, [EITCELACGHEA O F BN CTEI S
T2T =3 DRTHoT. TD720 2001 4F 12 1L H 2
B (R L CH BB 247, XDl 720 B
TR TLZEE L. RKEHLTIE, 2O
BTN OBEE B X OGRS e CHRE 5 5.

2. L—HICLBKBEADERIE & KR
T{ERA L 7= SAR O E

L — ¥ DSAEEI B b EHRE S 12 OZIEARH

(ZHALTHIFE S 72 ) O EELIT AR (NRCS) (&
i, 1986) TH V), WA ZEEMET S LITTE
v, LaL, BIZC/YY F (5GHzZ ) 5 Ku
(14 GHz 77) Tld~ A 7 gkt v % v 7z JGEHE
EFHRITERLoICH 5 (HiEM, 1986; Liu,
2001).

KT _E DR i ~ U R E D PR E o
JE & KT & ORISR D712 X 5 BEHEET) & K DR
T - REICL AMEEHICE s TiiREns, <A
7 OB OWE (10~30cm) & BT S
BORWINS OKIPEDOW R L DR TRS
N 2% Bragg BELOSMEH AT T 5.

2Asinfd =niA (n=0,1,2) (1)

22T, AMIWFEREORE, AL —FEo
Wk, 013V —FWAKEICAGT 5 & EZD AL
THbhH. ZTOREH 5 NRCS (& F:A M (28 12
X o TR SN A KEHE AN b IVEREE 25 < KA
THZ A, JNFIHT B OIS E T IKRE
(23T B IIIWGE IR WA R DSEIER T 2 25,
WEAKM WP IL R IIDE R, BARBICBIT A
NRCS (2 & 2 Jal#HEE D RETEIE T 0% 2 5 5.
SAR 12 & 2 JEEHEE I B S IEO — D 3B
HIPE—~THLZ L THDH. FOAFOLE, 7
¥ T F ORI O M FE VIR 72 1345 0 J5 1) & U]
EORIZIE, 0, 180 FECHMiok, 90, 270 FE T
T B L) BRDSH S (Ulaby et dl., 1982).

—



WRERA W L — 712 & B PRI O BRERIH - i) 18U 5545 5 vl RE 1L O T Mt

#2 Pi-SAR DT
Table2 Characteristics of Pi-SAR.
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X-band SAR L-band SAR
Frequency (GHz) 9.55 1.27
Wavelength (cm) 5.6 23.6
Off-nadir Look Angle 10-75(Variable) 20-60(Fix)
(deg.)
, 2-ch® 4-ch™® 6-ch™* * 4-ch*®

Obd t Mod -

ervation oce Pol./Interfero| Polarimetry| Pol.&Interfero 1-ch. Polarimetry
Swath Width 19.6/425km|  8.2/19.6km|  4.3/11.9km 42.5km 19.6km
(Observed from 12,000m Altitude) i ’ ) i i ) i )
Slant Range Resolution 1.5/3m 1.5/3m 1.5/3m| 3/5/10/20m| 3/5/10/20m
Azimuth Resolution
(4/8-look) 1.5/3m 3/6m

*1 1-ch [L] (HH) or (VV)

*2 2—ch [X] Polarimetry: (HH,HV) or (VV,VH)/Interferometry:(Vmain, Vsub)
*3 4—-ch [X,L] Polarimetry: (HH,HV,VH,VV)
*4 6—ch [X] Polarimetry & Interferometry: (HH,HV,VH,VV,Vmain,Vsub)

NE TITHT S BT S N7 B R o JaE 3 52 FH #%
BLET CIEHE R M OB & 17\ Jals & B o [F] IRgHfE
TE&%fT>CTw5b (Elachi, 1987). F72E£ 1IZRT X
IS, JEUIAF T BIRE DO C/NY FULEOE W
EEBEHNTWS, —J7, £1IZEDLETRT SAR
I L~C/\>Y FTa» A (Elachi, 1987; Li and Raney,
1991; JPL, 2002; Li and Raney, 1991; NASDA, 2002) .
INFTo, FAIEERATO SARIZ—HA2H
DEBEI LA TE w0, EROAFEEEIZL - T
JEGEDHEE D SAR 7 — ¥ O A TIIAFFE IR E A
b, FORDHEDOEZ A, BBOBGET—% %
[EET VL B RAEROFHDPLETH S, L
UM ZEREFEE SAR O X 9 I CHEED
5OBIMATRE AL, AmiEE R EZ S
n5.

A CTIRR72 X912, SRIFEITHTICHEH L7720
i, LNV N (JEE 8 24cm) HH R ORSFHR 3%
HE, KFERESZE) © JERSUSAR TH L. —H,
2001 FFFE O A FIHERR I L7 SAR &, &2
£ #k SAR & L T3 Radarsat-1/SAR & ERS-2/AMI,
M7t SAR & L CTIZ Pi-SAR T 5.

Radarsat-1 (& 1995 4E |21 F+ ¥4, F 72 ERS2 X
1995 4£ 12 ESA (European Space Agency) #3515 LI
72 SAR £ O HiEk @Il 2 TH 5 . Radarsat-1/SAR,
ERS-2/AMI (WLEHUSE— F)* DF#FITCIEFELITRL
720 CThHDH., T-E2ICP-SAR DETLEIRT.
W EBF LI CNY FTH Y BEEOWEIZN 5.6

* AMI (Active Microwave Instrument) &, #HEO#REZ > C Y
YRL=FTHY, g, iR, B 3 00/ME— FEHED.

em TH 5. FiEIMRIEA HH, BEDVV (%3
EQEERYE) THAH. Z D72, Bragg ELELO BT
T AHKERE DI EH ERSVUSAR & 13# 74 1, ERS
2 L Radarsat-1 CIXRIEDE VD FHET S, D72
® Radarsat-1, ERS-2 Tl JERS1 & i3 #F N ENHie
LR AR OA A=Y, F—yHPHEEIND L I
N5,

Pi-SAR (T BB A 5 AT FEAT (CRL) & S B
FEHFEN (NASDA) H33L[F LTRSS L 7z At Zepk g &
EOREET IV F NG A—F SARTH Y, LNV F
& XN F, HH, VV, HV, VH D 23 F 4Rk
TOBDTTRE: E DR O S REO M L —
5 Cd 5 (CRLINASDA, 1998). FIZFEEIZ X & L
INYR, A BRI BT AEBINA TR -0, £
%AW, BeAREOT— ¥ % @SEE T T
b, TD0, 5%, FMERRPREDENIZLS
NRCS O B IKAFE D E WA f2E 3 5 L CIEEICH
HAThrtEZLNS.

3. JERS-1/SAR 7 — 2 & L V't Ak

3.1 HEZLANJLNRCS DEERE

L RIEMT 2 4T - 7o DI, 1992 4EH 5 1997 42 b7
%153 — > ® JERSUSAR 7 — % (Level 21) Td
5. Levd 21 12 E T W5 7 — %13 SAR D%
EEIEICHB LA™~ ME (DN) THEDT, &
B ZENT 24T 7289, KD NASDA 12 X 5 4
3\ (NASDA, 1992) % Hv», &AL 5 BsLIT im0 A%
(NRCS; ") =k 7.

7'=2010g,(DN) +CF (2
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Table3 Outline of JERS-1/SAR data and wind speed/direction data used for the analysis.

Izumo Airpol Center of Lake Shinji Center of Lake Nakaumi Miho Airport
Date Path—Row| Direction| Relative | Velocity| Direction| Relative | Velocity | Direction| Relative | Velocity [ Direction| Relative | Velocity
(deg) |Direction| (m/s) | (deg) |Direction] (m/s) (deg.) |Direction| (m/s) | (deg) [Direction| (m/s)
1992/10/27 | 77-241 VRB - 1.5 SSE| Cross 1.8 | No data Cross 1.0 210 Cross 21
1992/12/10 | 77-241 60 Up 1.0 SW| Cross 1.9 | No data|] Cross 0.0 200( Cross 1.0
1993/1/23 | 77-241 60 Up 26 SSE[ Cross 0.8 | No data] Cross 04 VRB - 0.5
1993/3/8 77-241 340( Cross 3.6 SSw Down 6.8 [ No data| Cross 29 350 Cross 4.6
1993/4/21 77-241 70 Up 3.6 SE Up 52 ENE Up 58 70 Up 72
1993/6/4 77-241 260 Down 6.7 SSW| Down 9.0 WNW| Down 79 280 Down 72
1993/7/18 | 77-241 300 Down 15 SSW Up 26 NE| Cross 42 40( Cross 3.6
1993/8/31 77-241 40( Cross 3.1 ESE Up 22 NNE Up 10 60 Up 3.1
1996/7/22 | 77-241 240| Down 46 W| Down 44 WNW| Down 238 250/ Down 3.6
1996/10/18 | 77-241 VRB - 15 WNW|[ Down 24 NE Up 05 190| Cross 26
1997/1/14 77-241 230( Cross 4.6 | No data Down| No data SW Down 9.3 250 Down 117
1997/4/12 | 77-241 260 Down 8.2 W| Down 8.4 WNW| Down 7.0 270 Down 6.7
1997/7/9 77-241 40( Cross 15 NE| Cross 0.8 NNW Down 25 340 Cross 26
1997/8/22 | 77-241 250 Down 8.7 W| Down 10.9 WNW| Down 8.1 260 Down 117
1997/11/18 | 77-241 260 Down 1.7 W| Down 12.5 WSW| Down 13.2 260 Down| 123
F 4 JERSVSAR 7 — & NI v 72 Jala) G 7 — & B (L2l 4 ) O Bl & 4

Iy gERT) OfLE

Table4 Location of wind vector observation stations operated by Ministry of Land, Infrastructure and
Transportation (MLIT) and Meteorological Agency used for the JERS-1/SAR data analysis.

. Center of Cneter of . .
[zumo Airport | |\ o Shinji | Lake Nakaumi| Mine Airport
North latitude 35°24 387| 35°26 50°| 35°27 48°| 35°29 21~
East longitude 132°53733"| 132°57°45”| 133°11738"| 133°14’ 21"
Altitude 10.3 5.7 14.1 7.2

Z Z T, CF (Conversion Factor) i —85.34 (dB)
(NASDA BEHEfEIX #Af5, 2001) THH, KT 5

TV NIVHEATHL, LaL, K (2 TRDS
N5be' 2L, MEBNOEINTVWED, SNIb
DEVIGEIIIERNLETH S.

JERS-1/SAR @il H & fif RV H O
R AL RIS BT B e w BT o i m i 7 — v &
#3112, FLEFBMNEOMNEEZFKAIRLTY
5. 209 Lok (EE, #12~13m/s) (97
8 H 22 H) &gk (ELE, % 1~25m/s) (92
F£A0H27H) OREMN R 24 XA =T %X 1 IR
T, KA S IEREEED T PSR SV
(NRCS VK& W), F72, FRlZouE#ic B Tidy
BT E WA T E A 2 b0 b.

JERS 1/SAR (3 JEFE DR T, NRCS D/ Sk
BCIIMESE DS LEIC o T AT REED H B, #
DDLU TOHETHZT L NIVDEF X 275 7.

ML ANV ERRHEEST B 20, ANIEE - il
DI E ENENMA < HEIL (178 7% 2000
my), FNFho 7oy 712815 NRCS & &
WL, 20870y 709 L, 153 —2IZBIT5
/Y NRCS % M5 % i NRCS & L7-. ZTh
i, i pElsnzz7ay 7 odizid, NRCS2S

FFINS BV Ta Y 70T 5 &
EZONLLDTHA. ZOFE, ME5H NRCS
(%) 13—19.8[dB] £ 7o 7. 6ome DELTIE %
TH)2ET, LV EENLBTZIT) 2 LS REL
B, DIEBAT IS T 5 NRCS (6°) 13 6% &7
LolwzboThy, kUL HEH L7

(3)

KT JEGE & 6° OABIEAT IC B\ CTid, B & SAR
BT 0 D H 3R\ IKFE 72 53 D 1) & DA F BE 12
LB EGEE o OBBRDOIKFEZ B TR, 2
Wi, JBlcak7z X 9 7 L — &k AS 510 & JElR o
HEX 48 FE D BB AVEAIB I BT H LT 2 Dh %
MR A0 TH 5. ok, BINEGET — &7 135558
Wi E bW Lo T -7 2L, F¥ NRCS
LT Lkm UG IZBIT LD TH 5.

0

g"=10|ogm(1oﬁ —10%5)

4. 2001 & SAR B #H & £ REAERAIEER

41 EBRHE

2001 4E 3 A5 12 122 TAEE 9 Mo & [F
B JE ) R B FEER & 4T o 72, 3 5 I FIAETN SR
OMEZ2FTLOL.9 OB S FHEICO AE
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(a) October 27, 1992

(b) August 22, 1997

1 JERS-V/SAR DIREMMLZOF) (1992 4E 10 H 27 HB XUV 19974E 8 H 22 H)
Fig. 1 Examples of JERS-1/SAR image of Lake Shinji (October 27, 1992 and August 27, 1997).((c) METI/NASDA)

% BoiE LR EGE B 2 B 4G L 72, 2001 45 o JELTH) Ja
BT R % U OISAT o 72, [AEBERAS IAH
L 71 2 5% SAR 13 Radarsat-1/SAR B X O ERS 2/
AMI, T - ARV R O 6 v d SPOT 2
THhb. T72, 11 A 10 HIZIIAMERIE KD Pi-SAR
EORMBBIZITo 72, B, HTHESTNS M,
9 A 4 HFWHiCId Landsat 7 B L IV ASTER, 11 A 11
HZ R 1& SPOT-1, 11 H 14 H4HEiIC & Landsat 7
B L ASTER OB AT h LT,

R EERIZB VT, METIIEEORET 1Y)
EZDRFIHR 105D 3KRA ¥ MT, IHICHEE SR
7V 7 VR oA EGER (7 = —FE=F—1) T
JETEJRGE & b 12 30 AR DB O I fE % S8k L 7-.
T/, vV —F=F — I3 Jal|a) E ol 12 iR E
(N, BAb), &, B (BN, B4, &, K
JEIREPEBH TS, IS OEIMEIX 1 58I A€
VIZRLER SN A, —J, R CIEHEERT H o Jal i Jal s
tE VT, 30 MEEIRRGEZ B L7z, 2 ofEsk
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Table5 Summary of satellite and airborne SAR observations of Lake Shinji and Lake Nakaumi, and simultaneous in-situ

observations conducted in 2001.

Number of point Observed data
. Observation Spe',:‘t_ral .
Date Sattelite time Coast |Over water] M?;k;a)ta reﬂi?:;g;iy at Chl.a %Z;::'Turbidet SS ﬁa;? Salinity| pH | DO
wavelength
3/14 Radarsat1 6:16 0 2 O Oo| O O O| O O |Of|O
9/4 Radarsat1 17:56 10 6 @] O O O Oof O O |OfO
9/6( ERS2/SPOT2| 10:47/11:12 10 7 O O O O O| O O |OfO
10/30| ERS2/SPOT2| 10:47/11:12 9 3] O O O O |O]O
11/10 Pi-SAR| 13:57~14:35 10| 20(12)3% 1 O O | O O |O] O O |O]O
11/15| ERS2/SPOT2| 10:47/11:12 9 4 O O O O O O| O O |OfO
12/1] ERS2/SPOT2| 10:47/11:12 10 4 @) @) (@) @) @) Ol O O |0of0o

X1 Onls} wind direction was obtained at eight points become of the failure of the Instrumen

~+

%2 Meteorological data include air temperature, humidity and pressure.

FHEORRKT LR 10 0 DFF 21 451, 1482
KR LAT - 72 AL R T OB CH w7 i ET
(&, JEGE I RS Els 9 2 dillnlds 2 FUH L7z
DTHY, WEIEREIC LY 30 70 O3 EE
EDERTELLDTH A, FAMITHMBIZLD
30 MM OFH % 16 AL Cridk L7z, SEEiM -
M 2B O R RRCRIE R 1 H AR T, #d 5 »
34 FTHHKRIEL] T 5 Radarsat D4, 3 1 14
HA4RI 60164, 9 H 4 O 5K 5647, %
DA KB R # 2 (ERS-2, SPOT 7 &) 1341 11

BRI Th b, 72 P-SARIC X 2 BUINI 1% 2
PO THo7o. B L URRmEINE, EAmICS

N O REKELN A TERML 7.

BT E LT, WETIEK 4 1R TIEE R #E]
LD 9 B A 5k 10 b5 % = OB % 17 - 72,
Bl SR IC TR E L, BEOMIELEEY O
BTG 2 @R L7z, F72, W Lol
W IEEEARMIZEIT L ) R ORI &bt
5T ERBEL, fREOFRNKRRM & 20 10 477, 10
SO IMBETEI 4T - 72, F OB, SO
TEIM S OFEE S LE R 2o, S DI
AR & B L7omE b Risk Lz, 70, RN
GBI OB AL Z b EZONDL 20, B
HIRE 2B A AR O AL KE O T 72 £ b R0
L7,

7272 L, Pi-SAR O [AHIFERERE (2IZ LT O B 2
CETHEEZZZBIEZIT > 72, Pi-SAR IFALZEHE
B TH L OBEICL~NEEIEL, /240
OEAICIIhilE L2 E A HAb, FOEi R %A
MOHEAN, SRE - P EZEE TR S HAD 30D
I— A% BT o 72720, BHABRG S#T
FTH A DDE. TD8, FEICHZ THE
2BV T b AL % 47 Vil F Tl 20 H s T

BATo 72 — )7, WETOBMM AL 10 S TH
AR, 158 ClE% { 208 I Bl 247 - 72,
42 WMETF—2OHE

FHABGANC X » CTIES N EGE T — 7 D) b
MEICBIFA2bDEEKG6I1Z, MEICBITAbDEE
712”9 .20014F 3 H 14 HIZoW T, #iEIcBr
B e i B EH BN ER L TB 57, [T R
FOEHBRNEIIBIILTFT - EATFETHLD
T, MOBAH & IZRIcR8ICEFLDD. b, A
MOWREICBWT, BMIZFOFEETIL &, %
F2vK E WIGAITITEY) T v G apsEmE & 72 A1)
BV DB, 20720, 1 OOBAEOBETF—%
2B A 16 o) boRMEEamE Lz, 7
720, AT 180 L EAE L T A A
VRB (Variable) & L 7-.

B, KE, 5RO T— 5 BIHIZOWTORE
M (FEEPA, ARFEH) 2B I 72w,

72, 2001 4F 9 H IO BN D WThH, FHFHO
KRBT MR E LA A B & 7 — % EOE R
W o B EGEBNA 2 4R AT L, e Ttz 3
TOLTETHA.

5. NRCS & ERDERIAEAT#E R
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Table6 Results of wind speed and direction measurements simultaneous with satellite and airborne SAR observations in
2001 (at the coast of Lake Shinji and Lake Nakaumi) .
(a) 9/4/2001
Observation Point| 1 2 3 4 5 6 7 8 9 10 11 12
Wind  |Average 15 o6| 32| 29| 13| 24| 39| 39| 35| 38
velocity[Max 20| 13| 45| 38| 22| 34| 45| 45| 40| 45( £ £
[m/s] [Minimum | 05| 00| 23| 20| o1 10| 35| 35| 30| 20| © °
Wind direction NNE| NNE[ NE| ENE| ENE E| ENE| ENE| ENE| NE| 2 2
ASL[m] 20] 10| 10| 20| 32| 25| 30| 70| 30| 25
ASL: Above Sea Level
(b) 9/6/2001
Observation Point 1 2 3 4 5 6 7 8 9 10 11 12
Wind  [Average 12| 00| o1 32| 75| 59| 31 40| 03| 22
velocity [Max 20 03| 08| 45| 90| 70| 40| 55| 19| 40| £ £
[m/s] [Minimum | 05| 00| 00| 20| 52| 48| 20| 30| 00| 05| © o
Wind direction | ENE| VRB| VRB S s| sw| ssw s| sw| vre| 2 2
ASL[m] 20/ 10| 10| 20| 32] 25| 30| 70| 30| 25
(¢) 10/30/2001
Observation Point 1 2 3 4 5 6 7 8 9 10 11 12
Wind  [Average 02| o7 18] 27| 04| 15| 12| 09| 22
velocity [Max £ 14| 21 32| 3. 15| 22| 19| 29| 28| ¢ £
[m/s] [Minimum | © 00| oo0| 00| 15| 00| 00| 02| o1 19| © o
Wind direction > VRB| NNE| ESE W[ wsw| NE N N| ENE| 2 2
ASL[m] 10/ 10| 20| 32| 25| 30| 70| 30| 25
(d) 11/10/2001
Observation Point 1 2 3 4 5 6 7 3 9 10 11 12
Wind  [Average 38| 57| 5.1 35| 41 42| 64| 54 32| 60
velocity |Max 2 49| 66| 61| 43| 50| 53| 78| 63| £ 47| 14
[m/s] _[Minimum | © 29| 48| 38| 22| 31 35| 40| 40| © 23| 48
Wind direction | = NE| ENE| NE| NNE| NE| NE[ NE N| 2 NE| ENE
ASL[m] 10| 10| 20| 32| 25| 30| 70| 30 20| 40
(e) 11/15/2001
Observation Point 1 2 3 4 5 6 7 3 9 10 11 12
Wind [Average 02| 09| o6 03 14 20| 07 07| 33
velocity|Max £ 10| 21| 28 16| £ 211 29| 20| 20| 37
[m/s] [Minimum | = 00| 00| 00| 00| © 0.1 02| oo0| © 00| 28
Wind direction | = | VRB| NNE| wsw| wnw| 2 | NNw| Nnw| wsw| 2 | wsw E
ASL[m] 10| 10| 20| 32 30] 70| 30 30| 25
® 12/1/2001
Observation Point 1 2 3 4 5 6 7 8 9 10 11 12
Wind [Average 60| 27| 59| 24| 24| 6.1 04| 22 0.1 1.3
velocity|Max £ 65| 45| 66| 32| 40| 65| 14| 40| £ 06| 2.1
[m/s] [Minimum | © 52| 17| 50| 15| 10| 53| 00| 05| © 00| o.1
Wind direction | = SW W W w| wsw w| VRB| sw| 2 | wsw| sw
ASL[m] 10/ 10| 20| 32| 32| 30| 70| 30 30| 25
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Table 7 Results of wind speed and direction measurements simultaneous with satellite and airborne SAR observations in
2001 (on Lake Shinji and Lake Nakaumi, measurements with small boats) .

(@) 9/4/2001

Observation Time(JST 17:46 17:57 18:07 17:45 17:57 18:07
North latitude 35°27° 4187 35°28729.7” 35°29'186"| 35°26°53.5” 35°27'46.4" 35°28'255”
East longitude 133°13730.8”| 133°13°02.8”| 133°12'32.4”| 133°11"17.1"| 133°11'35.7"| 133°11'43.1”

Wind velocity [m/s] 24 3.7 2.8 4.1 2.6 2.7
Wind direction[deg]* 71 81 57 87 90 96
ASL[m] 1.6 1.6 1.6 2.0 2.0 2.0
*: From Mag. North
(b) 9/6/2001
Observation Time(JST 10:36 10:47 10:57 10:34
North latitude 35°27° 475" 35°27 476" 35°29'46.8”| 35°30°59.4"
East longitude 133°09°37.9”| 133°12°23.7"| 133°12'22.8"| 133°09° 40.0”
Wind velocity [m/s] 0.9 45 6.0 0.6
Wind direction (deg.) 270 180 340 324
ASL[m] 1.7 1.7 1.7 1.6
Observation Time(JST 10:47 10:57 11:13
North latitude 35°29'39.9” 35°28'29.2” 35°28'39.6”
East longitude 133°09'02.2| 133°08'57.07| 133°11'59.9”
Wind velocity [m/s] 0.9 1.3 2.2
Wind direction (deg.) 80 182 146
ASL[m] 1.7 1.6 1.6
(b) 10/30/2001
Observation Time(JST 10:37 10:50 11:01
North latitude 35°27°19.1” 35°27° 416" 35°27'46.4"
East longitude 133°09° 07.3”| 133°09°58.5"| 133°11'35.7”
Wind velocity [m/s] 3.0 15 15
Wind direction (deg.) 326 65 10
ASL[m] 1.8 1.8 1.8
(d@-1) 11/10/2001(Lake Shinji)

Observation Time(JST 13:04 13:17 13:36 13:49 14:01 14:23
North latitude 35°27°13.37] 35°26°47.2” 35°26'16.7"| 35°25°53.3” 35°25'23.2" 35°25'50.6"
East longitude 132°54’49.9”| 132°55°06.1”7| 132°55°08.8”| 132°55’ 12.0”| 132°55  17.8”| 132°56’ 39.5”

Wind velocity [m/s] 54 6.3 45 45 54 4.0
Wind direction (deg.) 0 40 40 30 40 40
ASL[m] 1.6 1.6 1.6 1.6 1.6 1.6

Observation Time(JST 14:42 15:12 15:24 15:34 15:44 15:54
North latitude 35°26°20.8”7| 35°28°00.7” 35°27'33.17| 35°27°03.8” 35°26'32.6" 35°26'04.9”
East longitude 132°57"42.8”| 132°59°35.9”| 132°59’39.4”| 132°59’ 485" 132°59’57.6”| 133°00’ 04.1”

Wind velocity [m/s] 6.3 3.1 7.5 4.0 2.7 3.1
Wind direction (deg.) 30 40 60 60 30 30
ASL[m] 1.6 1.6 1.6 1.6 1.6 1.6

OMBIZEWEIZE 2 2\, L, AL 5
MDA TRV LR, HEY R &I1I2X Bk
MBS, Kk EORENEZ SNL., SHEUEL
7oy — REY A Cross DE D 7 — ¥ B34 7%
{, o & W L ZoMHEEERT A LITTE R

V. L LRI Up, Down B X 1) & NRCS 131
WEDSH D, EEBICIE I N T TOBIREE L
BLTWhRW, 5%07 =% AFOFIZIE Cross D
bOERBRIIZAFL, BITEIT) FETHS.
F72, 21213 JERS I/SAR & [F] UK AR % THL
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FT7 HE
(d-2) 11/10/2001 (Lake Nakaumi)

Observation Time(JST 13:15 13:30 13:47 14:05
North latitude 35°30°26.57| 35°30° 235”7 35°28'30.17| 35°27 454"
East longitude 133°10° 45.0”| 133°08’ 43.3"| 133°08'51.1"| 133°09’37.1”

Wind velocity [m/s] No data No data No data No data
Wind direction (deg.) 45 20 30 30
ASL[m] 2.0 2.0 2.0 2.0

Observation Time(JST 14:21 14:40 15:03 15:21
North latitude 35°27'47.0” 35°27'46.3" 35°29'30.2" 35°30'31.9”
East longitude 133°11'32.0"| 133°13'38.2"| 133°12'19.2"| 133°1228.2"

Wind velocity [m/s] No data No data No data No data
Wind direction (deg.) 30 50 50 45
ASL[m] 2.0 2.0 2.0 20

(e 11/15/2001

Observation Time(JST 10:25 10:47 10:56 11:14
North latitude 35°27°46.47| 35°27 465" 35°27'46.6"| 35°29°30.1"
East longitude 133°09° 41.5”] 133°11732.3"| 133°13'38.8”| 133°12"17.0”

Wind velocity [m/s] 05 25 1.8 04
Wind direction (deg.) 19 315 300 260
ASL[m] 2.0 2.0 2.0 2.0

® 12/1/2001

Observation Time(JST 10:32 10:44 11:03 11:21
North latitude 35°27°48.17| 35°27° 46.6” 35°27'454"| 35°29°29.8"
East longitude 133°09°38.9”| 133°11733.5"| 133°13'41.3"| 133°12’ 20.0”

Wind velocity [m/s] 3.0 20 0.4 2.7
Wind direction (deg.) 280 285 VRB 270
ASL[m] 2.0 2.0 2.0 2.0

ZERFERO L — & & Fl W CEUH & L7z NRCS (A)
-15 (Guinard and Daley, 1970) 2S¢ CT/RLTH A, =
NEAREH L7 NRCS EDEFH B IZETH -
. — T, AR 72 NRCSIZEH 512X 5 GMF
PORB LD LT AL 4~10dB 1T &K &
VW, SIS HEE OBV EPER E LTE

_20 -

_25 -
A O Cross Xl I;) ﬂé .
A Aircraft
-30 R
-1 -05 0 05 1 6. SARBERICR SN 28BN E L7+
log10 of Wind Speed (m/s) a'_ _\7

2 FHEME X OHEROEIC B A EGE (E L
B F 7 — BT 5 BL) & JERS-1/SAR NRCS
DA

Fig. 2 Correlation between wind speed measured at

6.1 JERS-1/SAR %
3WIESHEmITE4T 72156 — > D JERS 1/

Ministry of Land, Infrastructure and Transport (MLIT) SAR A A =T DOHT, $RIZHFEMN %Y 7 F v 25
stations and JERS-1/SR NRCS at Lake Shinji and Lake NTW/219934F 1 H 23 H, 8 H 31 HOZE MO A

Nakaumi. A= VAT, €3 Q) CIRTEREOER L5,
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Table 8 Wind speed and direction data on and around the time of Radarsat-1/SAR

observation on March 14, 2001.

Observation Time(JST 6:02 6:19 6:35
North latitude 35°27°66.7°| 35°27°68.3” 35°29'30.0
East longitude 133°10° | 133°14° 024" 133°12’

Wind velocity [m/s] 24 2.7 1.3
Wind direction[deg]” 270 205 52
*: From Mag. North

(a) January 23,1993.
(Example showing possible water flow from Hii River).

LS

(b) August 31, 1993
(Example showing possible water floats from small rivers)

3 KBl O JERS-VUSAR NRCS LG FiH) 7% o 7 F F v & F¢ D Hl
Fig. 3 Example of NRCS image derived from JERS 1/SAR data at Lake Shinji (examples showing

peculiar signatures) . ((c) METI/NASDA)
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Fig. 4 Location of wind speed and direction measurement around the coast line of Lake Shinji and Lake Nakaumi.
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Fig. 5 Radarsat 1/SAR images on March 14 and September 4, 2001. ((¢) Canadian Space Agency (2001); provided
from NASDA), superimposed by wind vectors measured simultaneously with the SAR observations.
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The long-term observation of the boundary between saline and fresh water
in subsurface aquifer system beyond the saline water invasion area at
River Gonokawa, Shimane Pref., Japan (October to November, 2000)

Takao Tokuoka', Hiroyoshi Ueno’, Yoshikazu Sampei’,
Kiyokazu Nishimura®‘ and Shigenori Suzuki’

Abstract: A groundwater well was installed at the river bank for the observation of
groundwater system. The well is 50 m in length and penetrates the alluvial sand and gravels.
The long-term observation of the freshwater and saltwater boundary using the monitoring
sensor of temperature and conductivity as well as the water table was succesfully carried out

from Oct. 10 to Nov. 30, 2000.

Key words: saline wedge, halocline, grounwater, Gonokawa

1. 13 U & IC

{LONNTEGRAR GRAKERD) o) o 3 A&
BT AREFE LTHLNTWA, {LOJIITIE,
IEARIGEE IS5 4~7 km OFEFHT, T 728K
BN 205 8.2 km D ARIED M % 8 2 T 10 km
WCELFTHMETLEZIENHY, ZOBHNIZTENGE-
B (1996) T 1960 41 TN 7B AT E T
WT, RIETIEEESPHE L T 5 (FERIZD,
1998, 1999 5 X 1U¥2001) (X 1). #H ITHREDHE
L0 ERCIEEAM EIEZ 52w, 22T
PR ICE HERE L T 2 P FE AP RS fh 2 13m0k
BEANAAE L TV, kIR T RO BRI A L

TERFOKBREEIIFERT (B R PR EHIR)
University)

FIZE o TINETITIEENEELZZL2H D,
COEESEOERRLIEAK L L Lo X9 BRI
HHLONEEEL TBL ZEZHTAFHO EA S
BHOLLICLTBAREFETH 72, 20720
12, 1999 fEFE I 1A 5 D FEEE 8.65 km DILOD)I|
A5 OSER; FACREE 50 m OB AR E S, ik
WERZ GO T KRB 2 S, ZoOiEE, Wl
Vi - KAEAEER G E L 2dk 0B & —3 ¥
5) 95, RELVIEOMTICEHE SN
KB D KM AS T A 5 722 & DB &, HEoK
EFOROMTICHE INEKIBEE R ALDID
B d 5 2 LD L N7 (T D,
2001).

Tokuoka Laboratory for Studies of Brackish Water Environments (Professor Emeritus, Shimane

ARSI AL R R ETZE Rl Tapan Advanced Institute of Science and Technology in Hokuriku
BRI AM TS Faculty of Science and Technology, Shimane University, Matsue 690-8504, JAPAN

C R SEHARAE AT FE R R B PR BRI ZE 3™ Marine Geology Department, Geological Survey of Japan
5

(#7E RKEH  The Tsurumi-Seiki Co. Ltd.

77



78 BRI - BB - A - FERNER - SEAREE

1 Lo & HAT BRI oA E

Fig. 1 Index map showing observed area of the lower
stream of R. Gonokawa and the site of the observation
well.]
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Fig. 2 Configuration of the Ichimura observation well at
8.65 km from the river mouth.
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Fig. 3 Configuration of monitoring sensors installed in
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Fig.5 Temperature and salinity distribution at the
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observation well (Dec. 19, 2000).
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Fig. 9 Water level at Kawahira Observation Site (Oct. 10~Dec. 6, 2000)
Fig. 10 Water level at Kawahira Observation Site (Nov. 1~Nov. 7, 2000)
Fig. 11 Water table at the observation well (Oct. 10~Nov. 30, 2000)

Fig. 12 Water table at the observation well (Nov. 1 ~Nov.7, 2000)

Fig. 13 Variation of temperature at each monitoring level at the observatioin well (Oct. 10~Nov. 30, 2000).
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Fig. 14 Variation of temperature at each monitoring level at the observatioin well (Nov. 1~Nov. 7, 2000).
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Fig. 15 Variation of salinity at each monitoring level at the observatioin well (Oct. 10~Nov. 30, 2000).
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Fig. 16 Variation of salinity at each monitoring level at the observatioin well (Nov. 1~Nov. 7, 2000).
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Long-term observation of high-saline watermass at R. Oohashigawa-Lake
Shinji area, Shimane Pref., Japan (Observation in Summer, 2000)

Takao Tokuoka', Hiroyoshi Ueno’, Yoshikazu Sampei’, Kiyokazu Nishimura®,
AKkira Suzaki’, Shigeo Matsuda®, Shunsuke Kubota’ and Shigenori Suzuki®

Abstract: A long-term observation was performed during the summer season in 2000. The ob
servation system developed by the present writers’ contributions consists of several sub-
systems such as an acoustic reflection profiling system for spatial disitribution survey of
halocline (Model SC-3), an underwater ascoustic reflection measurement systems for long-
term observation of halocline behaviour (On-line mode model SC-2 and Off-line mode CL-3) s
a thermometry system using optical fiber distributed temperature sensor (MOodel DTS-80)
and a temperature salinity measurement system using multiple CT sensors (Model MCTH-2) .
The observations were successfully carried out from July 11 to 28.

Key words: saline wedge, oxygen-poor water mass, coastal lagoon, LakeShinji, Ohashigawa
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Fig. 6-2 Time series data of salinity at the bottom 5 points of R. Oohashi by Multi-
CT sonsor (July 11~28,2000)
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Fig. 7-1 Time series data of temperature at the bottom 5 points of R. Oohashi by
Multi-CT sonsor (July 21~23, 2000)
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Fig. 7-1 Time series data of salinity at the bottom 5 points of R. Oohashi by Multi-
CT sonsor (July 21~23,2000)
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Fig. 8 A case of temperature distribution obtained by
Optical fiber sensor DTS-80 along 1500 m optical fiber
cable (time, 22:28:51, July 2, 2000)
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Fig. 9-1 Time series data of temperature at the 100 m point of Optical fiber senor
(July 11~28, 2000)
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Fish fauna of northeastern part of Lake Nakaumi
—a comparison of two adjacent water bodies separated by Moriyama dyke—

Toshiki Koshikawa*

Abstract: Moriyama dyke, situated at the northern part of Lake Nakaumi, generates two
different large water bodies, one being connected directly with the Sea of Japan, and the other
being disconnected. The author compared the fish fauna collected with the set nets settled at
both connected (Shimo-ubeo) and disconnected region (Honjou area), and found that fish
fauna differed significantly between them. Some species such as swimming crabs, squids and
octopuses seldom or never occurred in the catches of the set nets in Honjou area, whereas they
frequently appeared in Shimo-ubeo region. Such phenomenon suggests that there occurred a

drastic change in fish faunain Honjou area.

Key words: Moriyama dyke, current, sea fish
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