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Fig.1-1 The study area in the Bungo Channel
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Fig.1-2 Schematic diagram of water mass structure in the Bungo Channel during
summer season. (After Akiyama et al.,1993)
B.C.W. : Bungo Channel water, K.W.W. : Kuroshio warm water
B.S.W. : Bottom shelf water, K.W. : Kuroshio water
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Fig.2-1 Location of the stations monitored in the the Bungo Channel
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Fig.2-2 Records of water temperature along the eastern coast of the Bungo Channel

in 1991. Scales of the ordinate is for Stn K1 and for the subsequent stations
the scale is shifted 5 °C upward, respectively
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Fig.2-3 Records of water temperature along the eastern coast of the Bungo Channel

in 1992. Scales of the ordinate is for Stn.K1 and for the subsequent stations
the scale is shifted 5 °C upward, respectively.
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Fig.2-4 Records of water temperature along the eastermn coast of the Bungo Channel
in 1993. Scales of the ordinate is for Stn K1 and for the subsequent stations
the scale is shifted 5 °C upward, respectively.
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Fig.2-7 Location of the stations monitored in the Bungo Channel. Closed circles

show regular stations for red tide monitoring in summer.
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Fig2-8 Water temperature at Sm depth at Stn K5 in Shitaba Bay from 1989 to 1997
Scales of the ordinate is for 1981 and for the subsequent years the scale is
shifted 5 °C upward, respectively
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Fig.2-11 Changes in average of diatom concentration at Stn.R6(see Fig.2-7) and sum
of water temperature variations at Stn.K5(see Fig.2-1).
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Fig3-4 Changes in vertical distribution of water temperature observed by STD

along the center line of Shitaba Bay(see Fig.3-1) from 8 to 19 August in
1990. Dotted part denotes the warm water mass with temperature higher than
25C accompanied by Kyucho. Shaded parts indicate the cold water with
temperature lower than 22 °C
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Fig.3-7 Seasonal changes of chlorophyll a (closed circles) at Stn.K5(5m depth) and

precipitation over 10-day intervals(solid bar) from July 1990 to June 1991

-4] -
- 40 -




§ 1 4
g E
: H
8
S A
8
[ems) Stn.3 Sm Current velocity
100
P @
g 40
204
£ 9 2
£ 40 &
-60 4
Z g04-- 2
-100 -]
3 % YD WR 1 2B 4 5 5 %8

3

o0
O

SoB853

=35
Depth (m)

Depth (m)

" Aug.s

Fig 3-10 Vertical distributions of Wwater temperature along the center line of Shitaba
Bay(see Fig3-6) from 27 July to 5 August in 1991

Fig3-9 Records of water temperature , north and east components the current
velocity at Stn.3(Sm amd 40m depth) from 27 July to 8 August in 1991
Thick lines indicate the current velocities filtered by 25 hours running mean

S
4D -




,,f“ s ;;“ \’——//u/z/ /-\\// /“r\ Q [
, 3 / "
: TRl Ty = o /ﬁ AN/ .// '\‘\\ 'r}\ v
- i [ W L AR P Water temperature. (C) Phosphate. (M)
s f""\j 2 e A Rt o LS ] El PLESSRE Sy i Deg

2] 5590

3
==l
.

IS NATRE
0 NN

it (S
1

!
8 1 g
04 =t

= - %
o ki i ; :
i = =4 ¥ 2 Ammonia (u M) Silicate (M)
: - f:-:_: é : Tha! z l § .‘ 1 tou g r z A L
¥ o =1 o 1 Z} \) v Fr
& ’.g |u~ :
-~ e = ;; A A
= ": ,: : ‘3 ! 10— 3\ \ ! /\
- - - ;& 4nJ \ r\( \ \ ALANE X
=1 ) 1 g Nitrite+Nirate (M) Diatom ( log cells/ml)

25 & B

Fig.3-12 Changes in vertical distributions of water temperature, ammonia, nitrite,
nitrate, phosphate, silicate and diatoms at Stn.3 from 30 July to 8 August in

along the center line of Shitaba Bay(see Fig.3-7) from 27 July to 5 August in

Fig3-11 Vertical distributions of ammonia, nitrite+nitrate, phosphate and silicate

1991
g




Ammonia(z M)

Nitrite+Nitrate(u M)

2 T
|

21 22 23 24 25

Water temperature (C)

21 22 23 24 25

Water temperature (C)

26

Phosphate(

oo 00
o - N W

21 22 23

24

25

e

21 22 23

25

Water temperature(C)

Fig3-13 Relationships between water temperature and nutrient concentration at Stn.3

-46 -

10000

1000

=

=

Cell density (cells/ml)

10000

1000

Cell density (cells/ml)

Fig3-14 Relationships between nutrient concentration and diatom cell density at

Stn.3.

-47 -

10000 r B0 I
e [ 4
S b W | oo
- § 1000 o8 & —
3 O . ~ e L
3 oo f e - 2
B 100 —— S
A
o L]
—=1. B iaa A& a o i
z of !
Bt o e
T = s T e |
0 § 10 15 0.0 0.2 0.4 0.6 0.8
Phosphate (uM)
10000
%‘ e o
— 5 1000 - o N [ S E—
2 |
E) s
—~ 5. 100 — e |
2 g
® 8 . o o
o | ey | a
3 -
o
1 T
0 1 2 3 5 0 5 10 15 20
Nitrite+Nitrate (uM) Silicate (uM)




FaR SNEICERAT S EEADER

2 5HBE TEE BT 2BMERTICE
T50H#257, BRIZKE

$3 ECIE, ANSTRBRREONBIRICS

SOWTRE L, FOER, 2WIZH0RBROMBAZIR % 2]
HEAZR L, EFoFPnE T A BTN O LTEHEELERZRE-LT
WBZ Yo, Lvl, BNAEHAESEICEZSEECANMTOLODOREER
EOSHBEITHOWTIHOWETRAM I MIIE], TOEEIXRH->TWARNY, *
7=, ARECAEAHLBATIEERKIZOVWTY, TORBESEEACENDERAIZH K
T3 HDROPENIIBEABAEZERL T I LORONARHTHD, ZOERAKDER
W HEMICT 5 L, BARRORBERORBAMHECERVEFOTMERS D VI
BEABICBT O REREGERMERET 5 LTERODTEETH S,

ARETH, ZHOOEMAZW LT ERE L 1992 ~ 1994 £D 3 EM DOWFFE
WEE RIS X, B 1 RN 2 8 CRANSRAMEOFERE O SR EDO LT & AW
FICHERNICBAT D EBRADERIZSOTEAENLRNT 5, FiCH 3H T DIRRA
ORI L B 22 83 5, B AGEREIAR T3V 2 R KR & REEh 2w & ok
RIZOWTHERET D,

W AW LSRR OGO

AW OFEAEN > TR AT 2 KT RBEROB AL THY (Takeoka and
Yoshimura, 1988, Takeoka ef al., 1993), MAMICIXHEROWMAKLEZLLNDIDT, £D
BATABAROBBUC L SN, RR-EOZ2 LT BHKESRIC S K& RS
52560 B2 NS, £2T, 1992 EIiCH, FECRATIAWMEO OO
KEREONGMEEZILPCT L2 AME LTRBMERK L, £, 1993 Fi,
FRek b S AGE P S b OMICEE L2 BSIC BT, SWBANEOREHRIED S
it DR ML AR R 5~ MM ET>7,

WS L

1. 199 z‘r'-o)ﬂlal!l

1992 {EIT BB AL Lwd” ick->T7A 23, 24, 25 HOF 3 AHEMZERKE L, &
ROMBRORAES Figd-1 R Figd-2 (77, FRATHE STD ZAHVT 0.25m HIRT
AR - H4 % RAOKEE 250m £ TRIET S & & biZ, 0, 10, 20, 50, 75, 100, 150m %
KRR L LTt U EEIRABE AV THIAZRRL, FREBOWNE (D5 ELS
LR fTo7 (EMADOKESKERIELL2VBEIIE LS mBE2RIL, &

-48 -

KiZ 150m kg & L7)
7 A 23 BOBEE, SEAERBER»SBISICES B (Figd-1) KB 328
AR i EL B L) - |

IORAENED bhhif,

LTIi=27=bDT, 7H24
T DHHK
7H 24 HORA Bl ~ B6 I1#
7o, BERKERREB COBN S
TH24~25 DT TRMNRRAELED L
HEDLDDEEEBED YR EL W

AR A6 ~ Al iZ
AR X~
®, 7 H 25 BITIZ@AL

"D

57, BEKEPRME (Figd-2) T

2. 199 3F0@EH

1993 FIX7H 23 A, 30H, 8 6 HD 3 AR, Fig4-3 IR L-Fg L oisa”
WH” Lo THMET 27, 2%, 28X 78 29 AERELEDT (Fig2-4), ,,mm
EERENAMRAN, ED, BERICYE

BRRTIESTD (T Ly 27 () W A(L-zoo) 2T 0.1m MRS TAR - Hisy 2
BE L7z, [IRFIZ 0, 10, 20, 30, 50, 75, MBI L S miE% ILHRG & LCF ot lafilis
ABEROTHIAZERRL, V127 7 HEICL D EFREREIETS & & bio, &8
KOFRBEBEDWELITo 7= (D HEIBIELFABTHS), 28, 74 30 A
HTIHIRAED=, BIR KL~ K6 R &7,

MRBRUER

1. 199 24|

7023 (B A), 24 B (W B), 25 A (I C) OFMBROMENE Iz 5 Al
WSy - B - RO % Figd44 ~ Figa-7 (o5,

7 H 23, 24 AOBMEER (ngu 4, 4-5) |, WAL SMMLICIZWEANEY 22 LK
DUFERMEZT L, TORY - I RKERBNEBD LA ST, FEHTMOWT T E
LAKBBTREOSY - L B —HLTEY, LETIHED TECEAERN &h, B¥ok
BERIRT TV LD LM ENL, £, BIISESZH-T (Fig4-4 D A7 ~ A8
HEIZBB 7 7 RSTFHEL TWE), FOREEOEADIE S )it (M LI, 7 A 24
AORABI ~ B3 (284 2 TROKEEBIEL 7 A 23 BOR LA TOBRRMEL » 0%
®<2Y,DINTIHTA 23 HIZIZA bhAR257 12 ¢ M, POP THE 08 1 M, Si THE 15
M OFEERNFHAL, TROFEREBESGMLZ, @A DARBETHEIZBT 5 TRO
ABZERZERD L, 7H 23 BIZ<T 7 A 24 ADEN T R DAL A DI 22 5 %2204
LT (Figsd4, 4-5), ZOT LI FREDSMELRIEDMMIERA DB A IZEE L

-49 -




et EAEMELTVS, JOARBEAKE~OFBEIKBICHT oMM E L TKETiEM

(A 3-5 o a8
7H 25 BIZ@B L7 C9~CIsolrmE (Figd-6) 75, BEAGEDHERVIZEMIZ
#HOBARRDBARH-T-Z L5, ZOBRKROIERIZH] Zuy bR EN:
C10 fHTI{F{EL, BRAMOFAIAKIE 21 THREEM . 25 & 30 ~ 40m BE L
L, C10 fHEmERIC

HER Xr-, SRR oW b AKRRE & X1
BARZ oY b EFROEERERO 70y FAFEREA TV, BAROESEE L-KR
21 THRIZHRE R E THE DIN T 2uM, PO-P T 02uM, Si T3uM OFERE ThETh—
HLTHEY, BALEANSRARROBARTH-Z LAHD. B L) ORFEROBK
BROBRIT som BEETHMLTEY, ZhiZlo THEROABHEREDOMAIZ L
>THbhTLE WM H D, C6 ~ Cl OIffi (Figd-7) BV TH, BWICLIH
FEOWMAROBAVHETED
UED LS, AMICL-> TRATABRARZAEETHY, BADHRLLTFES

IO FRFURIEIC D TRE REEBE 5 A TVDZ &MY,

2. 199340/

1993 47 A 23 A, 30 H&U8 J 6 HiZ Stn.6 ~ StnK6 (Fig4-3) THIM Sh7=AiR -
Hisy « I - FRHEBMOMPMIT DA% Figd-8 ~ Figd-10 W2d, Fiz, FU L WFk
Ffik - FEFE M DSWITE £ & F LT Figd-11 1277,

7 H 23 B OARNEE (Figd-8) NHLM LR E I, 7 HROTRME L THRHEIK
VKRB S hTHY, A K6 DEMICH 13 CUTOEBABFEL T, =
hEB2ETHRREL 51, 6 AND 7 AIChH TEEAENIZAKEAOBEMFTEA &
BbhaAAOBABKEBICA LAY GkMEED, 1996) :Exbhd, A K6
OERBICHHREOEEEENEN SN TEY, BALEAKIHOIFIERELF-> T
Wi, —%, EBCRBBEBMONMA K3 ~ K4 Mlic7o s baEREh, ED70Y
FELI I R R OB AR HhizAs, To 19 TLLEOBASIE L > ZIRICHIRE L 7=
PRIETHEEL TV F20, CORFEROBARZIRTIE, Wil EoXBEEREI
ThLBEFRECERSNDME Y 2V EL, BALLHAIZEBEAGESEDORIE
REICKEREBE S b LRSS,

KICAMRARED 7 A 30 BOBMEER (Figed) o0 THRHT 5. RRICLVE
A5 K4 DU TE TRV, Bl K3 LY RIS S BMICHE I RARICE > T
Whh T, Hoit7 423 8L Tospsu BEETFL, REERELFLE

W kb, BALEZERARASWE - KHY c REEOARTH-=Z LHHD, 28,
HA5 K6 ~ K10 FHED EE CHBEOFEREEA MM S h oS, ThizZoffmici¥ER
W7oy FAERESATWA I LS, BEMA (7 A 29 B) OFLVEHICLDHE

5 L0 BN RIZP B (Takeoka
W bE, O MRITEBAROTRE
AR L CHB 2V,
‘9 30 HOBMEER (Fig4-9) LH&LT,
FREIERIAR K3 LARI 0 8 6 Kl o St
riizkaiBrbhd, £, XE
ViTKEWmE RS —BELTWE, Zhb
RZFOEBRAORBAILL > THE &F
BERNOSERERIEOEE & FROBRH R
i BEAGEPRIE L OMTHEZI S TWAZ L EFELTNS, 2F 0, fificaste
Fe LTOZB&ICEBAICRAT S EIR A, B&AGHEROIKEA THD ATEIESE
by %UJ%E}L;EH&EL i, RREAROEEMBA X S L HEN S h 5 a3 1
ELTEY (BRHEIED, 1995; fiAIED, 1995), ZOEEADEREARDE Iz
fAHET DD H LhR,

LIAET, RMOBMANE~OLEL LT, @ATIRAND SV IZAMEOMEIRA
DEMBEAKATHS Z LPBESh TV S, TN CREEFEASEABMEh? = Lt
HTha, BWICH ) ERREODALZMA Lflizlev, LasLaais, Sammsh
DEFRERROE(L (Figd-11) ZR5E, BIAKE O FRIZ 3.5mN L FOEHEMFIE 60
ULATOEABA STV Z & 2RI, BRI L TAE L, AMBALEICE
AT DAL E DBICHBPUBAT D {EIRK B AR REEE A TH 5 TTHEMEE D 2 &

1235y
& (3 ESM)

SN D BRAS
and Yoshimura, 1988) X>°F
#IcB T 2 BUREV T
8 A 6 HITKL, Fig4-10 ¢
CEAMETL, HAERLE, Z0
DEREHLREMIZER - S5Ok
HRELHAEFIIRIELTEY, 53
DFERIIF BTN B 6Kl P SR
ZEERLTEY, BIETH

o BEMifn HORBEIHE

AIENCRE L= 1992, 1993 ‘FL’Jmillllﬁﬁi'/nf). A& ICB & h B ERADERA N
EEBARROFBEREBNCHAET S LV 5 PRGRAER COREIZ L Vo4, 8%
KBS D bR 2 AGENEBIC S L T B ATRetE A R S ke,

—RICERMR A XV 2l G ORFIER KIS I 5 BEMAE L T, ERAkOmAER
%23 LIF L@ & TV 5 (Atkinson, 1977 ; Lee and Atkinson, 1983 ; Matsuda ef al., 1989
i Iioh et al, 1994), %7z, ZOMHA L{EEAZRFIZZENARICBATIZ L85
Atkinson (1977) HZDERAKDBARRZ" bottom  intrusion” L FEA TS, APFFRD
MR Th 5 BHRAEORMATIHLOZEV TS, AROERKOBABENEET S L
RRESNTEY (BNE2, 1987 ; #REIEA, 1995 ; BAIED, 1995), 5 LKA
DAERNBA~DRBAN, BEAESMOKBZIET XS/l GREIZA, 1996) bR




WEXhTWg, BT 3ERAERERESEETHY, BRRICBT 2 XBERO FE
B THD L &5 (Lee and Atkinson, 1983 ; Atkinson ef al, 1982 ; Atkinson ef al.,
1984 ; Itoh et al., 1994).

1993 {EDBBTILB A2 8% ﬁ@éﬁﬁmﬂﬁ(if-ﬁmiﬂm LTHELT, FEBEXEICE
o THRAS2EBR & 2o THY, EERADERICOVWTHE 28N IMTE Dol AH
Tik, THAA 5 B A BEMAE (% ”Vlﬁliﬂ’lﬁﬂ&dﬁf{zm{?yﬁiﬂih M3 5 B
BRE L= 1994 EOBBEERICESE, BMIRICRAT BISRA & BelFHE (T E

45 L2 LB ERADBBEEN LMY 5T & 2RAE D,

WAk

it 199447270, 290, 8A 1H, 8331, 8H4HRUBASHD6 AR,
Figd-12 (R4 AL (Lline) TRABM" LLWD” KEoTHMELE, 7 H 27 A&
8 A 4 Bickt, BERNE (C-line) OBM b TERMELZ, FRATESD (T
2 @7 (#k) W ACL-200) % Ji}V T 0.5m IR C/AIR - H5 2 BE L7, RIEFIZ 0, 10, 20, 30,
50, 75m RUNREE L Sm A AR LT L MGEEABEHOTHEAZERL, *®
REREOWE EHELEI WLFEAR) 21727, X, TR LK E RIS e OB
WA (Fig3-1, K5) KB} d3mE@nr7an” (/va W RO B EEAKIR O O TR
Bricim Ui,

AW 8 A 1 ~3 BRI TRELEDT (Fig2-5), —MOBMITAMRLND DR
B B BEAGH O EM L 2 RN TV S,

HRRUHER

. EKRADERA

Fig4-12 {75 L 7= A dbau (L- line) TEHi L =@M RO 5 B, KiR, DIN, PO4-P, Silicate
ORB FOBESHELEZENTD Figs-13, Figd-14, Figd-15, Figd-16 i, EEN&
(C-line) M7l & O Silicate DFMFE A E(L % Figd-17 iR, Bt 20 ‘TEATF (KiR), 6uM
Bl (DIN), 0.4uM BLE (PO-P), 8uM ELE (S) KREhFhBREZEL TV, 2
B, WAL ORH H;:sltﬁﬁ’ﬁml’éftﬂ«iﬁ%(h&ti& LT/hEL, BEOHMIE
HEARDO DA TRE S TVWEDT, I THARIMOLTT,

Fig4-13 107k Lo AKIRERE AT E(LD 5 H, LR 26 CULEOBRASICERT S &
A 29 BT Stn. 7 SARIICARE LTV /E & 20m BEEOBAKMIE 8 1 HICH F v O #p

(Stn. 12) WEEEL, 8 A 3 BICHEOMZIE 30m BLEISEL TV, 20 T O ¥
Wi HBAMOE AN 3 R L FREBNIIC P 5 I 22 SRR A B O AR TR SR T

nfZE{t (Fig3-5, Fig3-11) tH&&TH & "(“\‘(\5\ '&'W"T i B (LB BRE TRV
EARDBAN L > TRAOARR LR L2 LT BNTHY, BMINE

Dhs‘ivilfik‘é/t\«hw&L CEET S E (Figs-13), AMABERAORABRENIEL bh
TW3, 20 CUTOERA (BIFERE 1% 7 A 29 HIZIE Stn3 fHE DRI THRZR
MIROAKBEER b o THEEL TV, OBl aoAREERMIE? (1987)
mIED (1995) AN LTV 5 Bellif i O ISRAOBR I & 5 AR EICEEL L TR
D, BEMEHAAD Sm. 4 (HECHEMETHA LcbnLBx bhd, ZOEEAD LN
itk 2 TS EAGENIIZ@AL, 8 A 4 RIZIXTEAEN (Sm. 12) & Lz,
MO SBT3 BERAETH, ERAONMESHYICL-> TEBHT S AEE1SHY, A
1Ehs (1995) 1HEEAEICHT 2 ERAOMY I L5 BBIREAEIS MO 1 RIEHTH 10
v ANBETHE L EBELTVS, REMORERR IR o e {ERAKDOBEERET
(BB AD BN SHATS L 7TH 27 Anb 8 A 5 BOMIZK 175 <A A1 THY

(Fig4-13), ¥t L 2K BOZTHIOBMEEEDNT S ~EWTERY, €2 ”\'.
= OIEIRADE AT TR LBt i R O(EIR A £ O b O 2 AEP it
AL=bDLEZBND,

Atkinson (1977) I, BESSHE 238\ L2 o iERAD REM O KR ERAT SRR E
“ bottom intrusion” EFEL TV 5, A#HITH &hizk o ERADERA L Z D" bottom
intrusion” D—HiLE 2 b5, £OMNMRNFRIEITSEORNBRETH S,

wiT, WEMNROKBRMENGLEL (Figd-17) #R5 &, AMisELMD 7 A 27 A Ok
B4 TH, 40m BREEQE R Fo 7 24 CLL EORASIA S#AGEAURE (MER) =
WY T CEIEL, SEAGETERE Julil) @ Stm. 19 ~ Stn. 15 BHZIZBIME A K
Broy PABREATVE, £, U EICE 20 CUTOERAKIZLEBD RN
o, AMIBEAED 8 A 4 AOHMENM T, 24 CULOBRAMOEAILT A 27 AL
BTBENR0M D, WMRIZHFEELEKR7 2> TR LTV . EFICE 20
CLLFOISIBAN 30 ~ 40m DFEHZEH> TAENBIZEBA L, SHAGHER S H->
Tz, 2RI EROBARITE Y L THHAEIUFKIZR > TRAT S (Takeoka et
al, 1993) DX LT, ERAKEZBEAESKICBALTVWD Z 1S,

HESEPIEBT 2 BEAAGEOER KRB ZDOERAKDBAILL-THORLLL3 ~4
CREEF L7z (Fig4-13, Fig4-17), £7-ZOERAOEA L IEEMYLRL LTE
TR > BASSERA L TH Y, M b8 6 Al O R R IR 25k Lz,
W HBROKIRMES T2 RS & (Figd-17), LR EIEROKIRZET 7 A 27 RIZIZH 5
CTChotent, EHRABAKD 8 A 4 HIZIEAK 10 CTLEHL MM L, ABLIMM Pz
4 Li-am T, EROBEAROM@A & EROEBADEAL VD 2 DDOREHWITL
TRV, BHAHICET 2HEREIRD TRELEEL 52 LN 5,




==

FREMEDOHHE(N (Figd-14, 4-15, 4-16, 4-17) FABRSHELEEBDOTIL —F
L, +2bb, FREBICBAL IR AT I AR & Rk
PR OWEE R LS, Ra Mic@BAL, 8 H3 B~ 5 B TFERDER

HRICETHEELE, LEB-T, ZOERAKDBAICEL->T, BEilismkoskMis
DSEEAGE NI ke 311, ZFOEEH THEIZ RiTWiztEEZh3,

3 ETARARRL L TW =GR OIEERKIE, £oERERE
fhhfﬁﬁ,ﬂLfﬂ’ﬁmi HATHD EMEEShE, £, TOREBKIBEEKEERSK
BOHTAKERARICBALTEY, FIBERROABOLZL2LTE f’ﬁknﬁ"‘h&lk?‘ﬁmm
P@ELTW b0 LEXILND

{ERAIL, 7 H 27 F

CAGEA

INbDI EMD,

2. THEBICBHAKIR - 7nu7 v aBEOCE(L

AN TR & h - Beiif i ko (BRADBAN TEEOHH T 7 7 b OB s
AT-BEBRHNT 5720, WAKS BT 3 KREVZ on 7 4 v a BEOE/LE Figd-18
loat, WEMMPIC, sEOBARELTEY, 7H 19 BICRA LM EZRITIE,
Wb BMIC L 2 KIRO LRO%K, KRIXR4ICETFLEZ L8345, —F, Zun”
fNVa BERAKRDETE EbIRBMLTEY, HI3EWTHLMZ LERAKDBRBAIL X
2 F BT O AR AT MM b b B HE L Tz e e Shd, 2B, 7H 30
H~8 A 1 AOMIE, AESBETLTWAWZGFLLT /7 an 7 20 a RERKM L7
2, Bl ESEE (1994) Chhif, ZoZvuu 7 o0 a BEOKMOFR, 7 A 25
A~ 27 Bz 7 A ORBEARDOK 90 %IZET S 77Tmm ORFERABR S TS Z Lh
5, KRMFIC L 2BEARRORERBOWBE I/ nn 74 Va REICKEEL 522 b0
tExbh3, LML, 8 A2 ARAMORAIC X 5ﬁ$%wﬁkm;01¢nn74
NVa BETBEICETLTEY, MAbROREEERS TEREDMYM S 77 b itk
HEBILENON IV EEFRBLTVS

8 A 2 HIZRA L7-2MIC L 2 KIREBIIZhLADOBMIC L 5 KIREE & LTk
RIEA/PE VR, ThiE7 A 19 BRRAE L-ANMOBICEAKRESET Lot &
KEDbDTHD, KREAOE—-2IE8H4BTHY, TOHS A 5 BITIARMET
Listh, 7oo7 4 aBRELKEBDETE L HITMMLTWS, ZOKBROETHATE
THRW L O, MelfdEhRoKRABBRNICEBALEZERTHY, BREOREE
B2 4 AT EOEERAN 7H 27 B2 8 A S HOMICBH&AENIIC, E7=8
H3B~5S BRI TEBNICBALZLDLEESNS, TOKE, TEEOKRET
Ll binEREEmEsitiaEh, thBEH 77 FroofiEREL, JuoT sV a
BEXEMLEbDEBEXLEND.

3. FRHMOBXRO LM

AETIRERKOBAIZL Y BEKERNSBIZEBA Lz

. HEEIEELTIH, 78 27 BORBATAEARIZH 2 d o7 20 TULF OIS
gk (Fig4-13 - 24 A 51, UATIEEAK) & m(“ L, BEEfiTHD Stn. 4 X
DA BALEERKOGHEHR L, #-oT, FHAAELWERIX 7 A 27 8, 7
9fH, 8A3H, 8ASHD4ETHS. ZOEIEKEFigs-17 ILE SN TEEKEAN
IHREPLTRILEATRAL TOWELRE L. #EMMAPIEROhEEONE
HRE L KBEOBEEZRE Lz s =5, Figd-19 IR LG BERRBY b, £Z T,
STD & ->THLNE Im £y ERRRECRAL, ToRERERDE

(Table 4-1),

Bt Z @ L CAEAMIC@AL-ERAIZ 7 A 27 A~ 8 A 5 AOR® 9 AMIC
27km’ & 729, FT 5 & 3km'/day OIERAKDS MR P IZAENBIZ@BA LD EIZRD
FhZnoOBMNMO 1 A4 OERAKORARIZ 7 A 27 B~ 7 A 29 AOR S
6.5km%day, 7 H 29 A~ 8 Al 3 ADMAS 2.0kmYday, 8 A 3 H~ 8 A 5 H DM 3 0km’ T
Y, TH21A~7 A 29 OMAEb KERMEZR LI, 1 BYEY) OFREFORAR
BREBREREEZRLEDIXSA3IA~8 A 5 HOMTHY, DIN T 477ton/day, PO.-P
T 473ton/day, Si T 1131ton/day & Rofz, ThiXZoffiz, X Y {KR®D 16 CLULTFOKER
KA BEMRZ D b AENHIC@A L (Fige-13) ZLIEDb0THD, WEMMPD 7
A 27 BA5 8 A 5 HOMIZSEA LKIRADEA & o Thetilig 4 il L 7- R R80T
DIN T 2,706 ton (301ton/day), PO.P T 494 ton (55ton/day), Si T 6,957 ton (773ton/day)
LRt SR, BL, ABNTIHERAKOBABREZRLIOATHY, AHNIZEAL
TARIRAK D Z D% OHFETIER T E TORY, BA LERAKEEO £ EAGANBIZH F
HOTIERRL, BUREMRL Y KEANKINT 2L bE2 60D, ¥, BWIEIZAR
BETLARZ2VWALZBMEN TS (Fig2-3 ~ Fig28) OT, £ TOR/NMBAERIZS
EHRR S hi- & 5 RIEREADBABBRNEE > TV EIRBLARV, #-T, ABRMOR
Anb, EERAOBAICLDBHEAEN~DF v hOFREIHEREFMTE LT TR
2,

REREHEET D LER-A

=]z

BIW BWIORERS & SR AKROZE

AR CIT BB ARFICAHE NI @ AT 2 Rt i fi R o (Rl ko 8- ZYHTT
BE L. FMBIERT28MORERRIIFICLoTRELRAEY (B2HsK), &
BADBA L BHBREOKRET b #H4 OFHIZ L > T« Ch 5 (Fig2-2 ~ Fig2-6),
ZOZ L EBEAEERICFET D EEABE Lo TE L TW S AEMEEZTET 5,

ST, BRAEHEBIBRICIIET 2EEBO281E, WK THET 2BAKFHN
HHEEMISET Ao Lind OISR ST 0 B ol

S2TEZY (B, 1996),

-55



PHEE B B A EMIC A RBAET D (K, 1991), F£7=, ZOBRKE & BWIA
& ORISR O Pei# i 7 HifA L CEHERIC@ATD
AIREMEAS M STV S (Akiyama and Saitoh, 1993), AEFHKIBEIZIVYT bIERE KRN
WHOBRNKELBEELTWAZ EBEREShTEY (BA, 1991), BEOBEEELE
BAOBRICIEELZBEAGFHET I L0 L Bbh5, AT, BHRKEOMRBRLE
DEB AT B EEAR L BB O BMEEIEOT — & 2 AV TR L 8
HAEER AR OEEELOBFRIZOWTERNT 5.

WEHk

RRAT I V=7 — Z 1B R UK ERBRB A% 1965 E X D EH 1 EIFERE L TV 5 B#AGE
REERBMON, BEWEIHONA BT21 (k#E#H 105m, Fig4-12) iZBVF 25 100m FE
OABRTHD, £-, BWIHEOCRIT, #ERLTABRBETOREERIZEREATY
% S IBIR 5 O BWIRE A BERE (1965 4~ 1995 4F) &MV 7e,

RRRCER

Fig 4-20 1277 L7 BAWIHE S BEMER OFIR BT21 12381 5 100m EOKRZE(LE RS &
1977 445 1979 4EO BWI O KIE(T % HEIC @ % ACEDERARITAE < RARY, $EFTHL
MO EBARITE NI~ MBS &35, £, BWIBSEMMICRET S
HHEOARE RS &, BMIRREMCEmREIRIS D, SRR SR T 2 8micdh 5.

F T, S h b OMIE R T ICHIRICT 5 72 HRERIERE & SRR OIS BIHR 2 B L7
Figd-21 i34 BT21 TR S hAKRARE £ OMM A 2 S TGS h TV 5 R
BEREEREOMIES 70 v F L= bDOTHD, MEOHGEEND, BEAGHERITRM2
R PSR L, RBERETS ERIRLTABAICHD T LM B, ShiT, BHRAGEE
AR b ISR L D B EEREE 25 <A VRETHY, 20 v/ LD WCHER 5 LI
BT D EEICH 5. BNIRERE & AGENE O BERAKROBIRI S bIENN 2 K8 T
FREATWAARERbH D, BATHLNS T — ¥ HRERERNA K2 EIRAE, &
BARRAK I BORTHY, MEOMEEZILLIVEVWAS— AMNTRBTHILIZREL
v,

B R

AR CH, AWEICANICEBATAEREAICHA L, TORFERURMNTMOLEDOLE(L
LOBRICHOVW TR L, BATOZ 2 E2H LML,

- 56 -

3 Ik o 2
5. BMIEICEAIC
2 3-8 Rageg ] Vi FET RS
DEALBNIZ LD OB
RRRICRE LT, Bkl
¥, BEAHERRMIOKR

DRI BE R
FRERE

DT, BEAKH EHROMRRRERT S LTEY
ChY, §®IITOL S LEADLBEAGHIZEIT 2R

MEHZEXDLERSHD




r=]

V7

.

25 I R W
1 $ &
3 v

\ Lol

\ S i Shikoku
“hannel g T
Bungo Channe es\' ‘ C{rj L}
G
] &ﬂf\\ﬂ

7 on

Sukumo Bay

Kyushu \
4%3

J

83 T4
82 %5 Okinoshima Is.
F —{40
B1®A6
L %
= dao
A8
Pacific Ocean
0 10 20Knm
L 2]
1 1 | 20
132'10° 20’ 30
Fig4-1 Location of the monitored stations in the Bungo Channel from 23 to 24 July

33"
oo

33|
10

Shikoku

33
00’

Sukumo Bay

o 100q 10 Wi

50":;5

R &

1 1 1

132"10' 132'20" 132°30"

Fig4-2 Location of the monitored stations in the Bungo Channel on 25 July 1992

1992




Uwajima

Shikoku

. Kyushu
} Y

Sukumo Bay

o 100m 0 10 20 tm
B il
50@ 1 1
13215’ 13230

Fig.4-3 Location of the monitored stations in the Bungo Channel from 23 July to 6
August 1993

- 60 -

Depth (m)
S
o
I

Depth (m)
o
2

Depth (m)

N

1 S
5/—\

e ",

| Silicate ().AM\)\ 1=

Fig4-4 Vertical distrubutions of water temperature, salinity, density and nutrient
concentrations (DIN, phosphate and silicate) along the A1-A9 line (see
Fig4-1).

« 8F -




Stn,

cs G0 cn cr cw C1a ci5 co clo Ch C12 cu Cu cs
o4 1 1 e A 2 !

1

20
_ B 50
g a
o
=
B
v
= L./
™. P g
. DIN (M)

Depth (m)
Depth (m)

Depth (m)

Depth (m)

Mo Silicate (uM)

a0 Dendsity (o 1)

Fig4-5 Vertical distrubutions of water temperature, salinity, density and nutrient

concentrations (DIN, phosphate and silicate) along the B7-B7 line (see Fig4-6 Vertical distrubutions of water temperature, salinity, density and nutrient
Fig4-1) concentrations (DIN, phosphate and silicate) along the C9-C15 line (see
Fig4-2)
- 63

=62 -




K6 K5 K4 K3 K2 K1 10 K6 K5 K4 K3 K2 Ki 10 6
1 1 ' i 1 " i 1

/
Y

Depth (m)

0 1 1 4 1 1 1 = 1 l‘ - 1 1 1 1
o ) \ L 1 10-/31f5 | \“)
10 / ( 4 __ 201 & §
il - ] /A B 3oL W 1 —u
7 (] — = L
B nnn “"” // E ol N -
= un B
5 u 2 =
& 50« | / 1S P
s ) : ; 0
% JCHI‘:_: Sllmlly (pm) gom Salinity (psu) & ) =" Phosphate (uM)
0 crmend
o : . ! : . e L (R L =y L et
Hi=———— S

2 A ] ] 10 1 i~
20 1 20

Depth (m)
Depth (m)
g 8
L S

" Dendsity (o 1) " iticate (M)

Dendsity (o 1) Silicate (uM)

90
m

Fig4-7 Vertical distrubutions of water lemper.alt.ure‘ sal]mny, :En(f:y:lni Ut Fig4-8 Vertical distrubutions of water temperature, salinity, density and nutrient
Cf’"“""“"“" (DIN, phosphate and silicate) along the C6-Cl line (see concentrations (DIN, phosphate and silicate) along the K6-6 line (see
Fig4-2) Fig.4-3) on 23 July 1993

- 65 -

-64 -




K6 K5 K4 K3 K2 K1 10 K6 K5 K4 K3 K2 Ki 10 6
1 1 i ) i 1 1 1 1
Stn. o 7 7,
\ 104 25— /
o 5 O*Q“ /
10 T 30“\23\/\/“
_) g 2 ‘//\/
= 30 v f"\u
) g 504 8 \/\/\
£ .U /\ll\/\ £
= 50ﬂ a 0 :
a I~_—18 e
904 o .\ancr temp. (T)
m
92‘_ 0 1 1 1 1 4 1 1 1 1 1 1 1
: S=JWTTTN] 1
- ~—~ 301 E B
20 -
o] g e s ‘///
0 ﬁ =] O > 04 .
£ 50 a2 d
= M~
(=] kLN
90
m
90+
" o
L L it 0—
0 ' L L .\ N 1 ”
- 204
10 00 [N = Pl v
20| 1 g 307T—_
H 30 1 P
E =~ B 50_—\
§ [
= "
E 504 Iﬂ{ a s
- I~N25.0
A 90'“— \ ( - Dcn&;}ly(a 1) - SiliAu}é (M)
90 4 Dcm{xl‘l’y‘(n 1) B Silicate (pM) il
n
Fig4-10 Vertical distrubutions of water temperature, salinity, density and nutrient
o 3 = . st 2 d 3 concentrations (DIN, phosphate and silicate) along the K6-6 line (see
Fig4-9 Vertical distrubutions of water temperature, salinity, density and nutrient

concentrations (DIN, phosphate and silicate) along the K3-6 line (see Fig.4-3) on 6 August 1993
Fig 4-3) on 30 July 1993

-67 -




-89 -

- 69 -

£661 18n8ny

9 01 AInf £z woyy (g-p' 81 93s) aul| 9-9 Yl Suofe anjeA UOHEBINES
(ypw) uadhxo paajossiq

UaBAX0 pue UOHENUIIUOD USBAXO PIAJOSSIP JO SUONNGNISIP [EIIA 114814
(%) anpeA uoneanjes wadlxQ

o
=0 °

Depth (m)
o w N
o o

oL

T

rt

Seto Inland Sea

Hayasui Str.

Shikoku

Uwajima Bay

Sukumo Bay

18230 N b

July 23

Honshu

Pacific Ocean

Fig4-12 Location of the monitored stations in the Bungo Channel from 27 July to 5

August 1994

‘we




Stn
12 11 10 9 0
0 f 201
20- o
= 504 <
s 5100
§ 1004
27 July 1502
0
2[]1
~ 9l
c 3
g & 100+
& a
B 29 July
150,
0_
204
b E 504
8 5
2 £ 100
o A
a
1505

n

Fig4-14 Vertical distributions of DIN concentration along the transect L (see
Fig 4-12) from 27 July to 5 August 1994
Fig4-13 Vertical distributions of water temperature along the transect L (see
Fig.4-12) from 27 July to 5 August 1994




Stn.
12 1 1]0 EII
0_
04 20-
204
5 50
—_ a8
§ 50 =
= (o9
o o' 100+
2 100 &
27 July
150
150, U}
0 20
20
o, 504
~ 50 8
g° 5
f=} =N
) o 100
100 A
(a]
. ' 29 Jul
150 29 July N IGU; L
] \ B b
04
20+
204
S 504
g | g "8
- & 100
o - H
2100+ 2
150
150, "

Fig4-16 Vertical distributions of silicate concentration along the transect L

Fig4-15 Vertical distributions of phosphate concentration along the transect L. S
(see Fig.4-12) from 27 July to 5 August 1994

(see Fig.4-12) from 27 July to 5 August 1994

~ T3




Depth (m)

Depth (m)

@

Water temp. (T) Silicate (# M)

Fig4-17 Vertical distributions of water temperature and silicate concentration
along transect C (see Fig.4-12) on 27 July and 4 August 1994

=Tl

—e— Water temperature l

I wzzz Chlorophyll a

28

(Q,) a1mesadwa) 1a3ep\

~
o~

™ o
o~

|

|

!

|

4

8.0

(oot 26

T ¥ R TR M1

SN
55

-t 22

o~ ~
1

' v S
[N
SNNNNNNNNNNNNNNNNNNNS

,....‘. L

SESRRSES
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

ASSEFERERRRRITIY
' NNNNNNNNNN
, ASSSSSSSSSSSSY

| [SSRSNSSROY
SSTIEEREEERIERRREY
SERUSSERN

S \\\\
\\\\\‘

S
[N\

[ONNNNN
ESSUTUEINNESY
o

\\\\\\\\\\\\\\‘
NN

\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\ \\\

' S
. \\\\\\\\\\\\\ \\\\‘

\ \\\\\\\‘

\\\
T RN

'
'
'

! \\\\\\\\\\\\\\\\\\\\\\\\
| SRR

NSNS
\\\\\\\\\‘

\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\\\ o  —SNINNNNRRNNNNNN

DIAATIIN IR RN

\\\\\\\\\\\ AN
ANNANAN - ANANNANNNNNN

'
H 1@ ESSOSSSSNY
H . NN
' « SERRRRS
H

NN
\\\\\\\\\\\ TR

[N
[ SOAAEIEIEANNEREEIREAARRRARER RN AN
1 . AN

ASSSSN
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\‘

o
~

o
©

o o
w -

o o o o

™ o~ — o

(1/67) e |lAydoiojy)

©

o
3
<

July

e

L))

Fig4-18 Daily water temperature and chlorophyll a concentrations at 3m depth of

Stn. K5 from 1 July to 31 August 1994. Arrows indicate the Kyucho

occurrence.




14 -
Nitrate=0.080T%-4.36T+59.24
= s Table 4-1 Volume of intruded cold water <20.0 °C over the shelf edge and calculated
= '
= ] nutrient fluxes associated with the intrusion
8 5
z
27 Jul 29 Jul 3 Aug S Aug,
¢ Volume (km®) o 13 23 29
T A S 16 18 20 2 24 26 2% 3 DIN (metric tons) 125 940 1877 2831
Water temperature (°C) Water temperature (°C)
Nitrate (metric tons) 109 839 1713 2658
1.0 9 20 +
o9 o Phophatc=00041T-023T+340 = [ Silicate=0.066T"3.73T+54.92 Phosphate (metric tons) 26 189 362 520
S Silicate (metric tons) 358 2623 5053 7315
k
~0.74 Estimated flux over the shelf edge
= -~
2061 AL - (DIN metric tons/day) — 408 — — 187 —— — 477 ——
' o ~
§0.59 8 (Nitrate metric tons/day) — 365 —— — 175 —— —473 —
a
.44 =2 3
§ ¢ & (Phosphate metric tons/day) — 82 = AN e sy Q) ¥ —
% 0.3 4
s (Silicate metric tons/day) =B34 5l  ]] 3 Fp—
0.1+
0.0 1
14 16 18 20 22 24 26 28 30 14 16 18 20 22 24 26 28 30
¥ater temperaturs (°C) Yater temperature (°C)
Fig4-19 Regressions of DIN, nitrate, phosphate and silicate versus temperature
taking all data except for coastal area (Stns.11 and 12) influenced by
nutrient supply from fish culture.
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Fig4-20 Time-series of the distance of the Kurishio axis from Cape Ashizuri Misaki
(upper pannel, see Fig.4-12) and water temperaturte at 100m depth of
Stn.BT21 (lower pannel, see Fig.4-12) from 1965 to 1995
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Fig4-21 Rerationship between the distance of the Kuroshio axis from Cape Ashizuri
Misaki and water temperature at 100m depth of Stn BT21 (see Fig 4-12)
from 1965 to 1995
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(K¥E 21m) oXit-FRZMEL<, BL, AFETIIMBERET 10cm OX T R%E L
ELTHBBREZHRLTWAOT, HRE EOXETR la & L OEOMEE L= 06929
la (r=094) ZXVWREOFIIZE BHOMELHIE L7,

e, KBREFIMEREO 9 MR (K1 ~KI11) @ 5Smf#, KS O 3m J§&R DR IZ5%

BLizAEY —RXKRE (TVyZEF (B) AT-32K) OBBIGEEE (30 A ¥ -~
'b) b, BEEAKEZRYD, BMOREARGEOMITIZHER L7,

r

g

RRBOH 5%

1. 1 BWoRAERS

PRI R L= BRESR, K1 ~ K11 (Figs-1) (2815 A FHARIZONT,
BWIDOFEARW (Takeoka and Yoshimura, 1988) Z %M L7=5 AN b 10 AOMOHEB%E
Fig5-2 {ZR1, HRPIzAM L s~z kilo2Z5£137A 208, 8 A6H, 8419
B, RU'9 A 20 BAlED# 4 BIFELELE, ZhbolN, 8 ARRALKE 2 BEOBMIZHE
IRKBEABKBEOMIZ S CTERAIZLOT, FORBIZIZM LR EROBNE R
(K11) I TRU, 1995 B S hBBlO 20 Tk b XBMA AW L Al & h 5,
2B, UTFIk~2 FTEBICET 2SR 02 oA ZEAX 8 A 1 HNH9A
14 B ORIz M L7,
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1. 2 fiH7527 FrofEs

FEOBRES K5 Gm B) KB %A FHAKBRRUPZ vn 7 4V a BEOHEBZ
Figs-3 iond, BRL7=L Hic, AMEEENR Pz 2EREL, 8 H6 HIERELERA
M (CLTAMA) Tk, 8 A8 HIC274TETABRMNEAL, RERZIHSTTH- 7,
S$HI16 BICRAEL-AM CITAMB) TiL, 8 2 HIC280 CETKEBENLERAL, A
BIEITAMA LV KX 6 CEBATVE, B A TIXZOH S A 10 H»HLAMICKR
PETF LD, 8 A 16 HICKE 214 TL2Y, 6 CEZEBAIKRETHABRBMEh, —74,
2% B TREFOED 1’1&{(1‘ FASMA DL KHEFTIHAEL, 9A B BETRAICET
Lz, BIETHEMLA-L OIS, BMBEOKRETHREMICHES HORKLEZ 520
i, “o 2 EOaMokbAkE 2B, BNEOKRETHENM A THREAXTHY,
AN B THBSHTH- =R THD

AW A, BEbio, KBREAMICIZZ oo 740 a BER—B gl UTFETETFLT
BY, BWICEE-> THRNIZERA LZBRAKRITHS 75 7 P RORBRBATH 72
LS, AN A TIRAREARSESHIZR-8 A7 ENL 9 HichITZrr 7 ¢
Va WENETRML,
8H 12 AMBbZun 7 ¢ a BERAKICHML, 8 A 14 BIZIE 3ugn 282 2 EA8E
REhi, —F, AN B TiL, B A OL>RANEDI va T 4V a REOBMARE
{kir@E» bR, 9H 5 BETOM 1pg) METHEB L, LL, 9A 6 BrbZun
7 4 v a BEERAHITNM LT O A 7 RICI 4.6p) OENRENM S hiz,

oMol 77> s b ook, ERELEEREOMaEE (CUTHE) X5
L C Fig5-4 {o7Rd, EEMRBUZBMMGIM I 1cell/ml AT 5 430 X 10%cells/ml DM TK
XL LT, B A Tit 8 A 8 HIT lcel/ml £ TIET Lz, SdicfmL, 8 A 14
HITIE 430 X 10°cells/ml (i L7=, AN B CIXRBAMED 8 A 19 BICHEENREIE 1ml L
S THBETERLRY, FO%KL 8 A 29 B THELMMERT I LR JEVERE
CHEB L=, 8 A 30 ALK, EENCEIHMAMAEBLEL, 9 A 7 BIZ 277 X 10°cells/ml 125%
L. —F, WEREHAMORAEI ) BAROBAIL L > TEENCOET T 5800
tHHLOD8HSH, 8 A9 BRI A 7 HIZ 10cells/ml ZEEX ZEENBRSh/D
FRATHIE, VIR 10cellyml LSV THEB L, BEREO LS REELEREELER
»hhRoT, ERBEOBELEIIAR L2 a0 7 oV a BREOE(L (Figs3) & X

—ELTEY, BRGMEOs oo 7 v a BEOHMRITEL L THERBOBEOEL

ZeEZBxbhI,

#8 & hi-EEM B IL Chaetoceros spp., Leptocylindrus spp., Pseudonitzschia spp
Skeletonema costatum, Thalassiosira spp. % T# Y, Chaetoceros spp., Leptocylindrus spp.,
Pseudonitzschia spp.® 3 SYBRENEE LTV (Figs-s) . £z, Rl A CEMRSO®BL
ARMBAICEE L= 8 A 9 BA 5 11 HOMR, fW B TEESHMMLED-8 A 30 H

82

AROEF L L bicZaa 7 4V aBERXHOCHED Lz, £OH&,

2

niH9 A 1 BOMIT (Figs-4) , Wihd Chaeroceros spp. 'l L TV iz

3 FEREREOZE(
F#d (Figs-1) OBREMR KS Gm B) KB 2EEERMEDHB % Figs-6 i=, K
BEUZ an 7 )b a BE & OISR E Figs-7 RV Figs-8 IZRY, 2B, TIIRE
2, BEMMPOES ICKERERITRZL, BROESTNEVWEEILND,
NHN E&uhﬁ?ﬂ”7 = vRROMM (Figs-3, Figs-4) 105 RBEBHROKE
223t Bbhs 8 A 12 AU, 9 A 7 BUBROMERITIE, Bz K2
274N a BEOELOMIZHEOMBIIED oL 2M o7 (Figs-7, Figs8) .
PO-P BEIZOA 6 HETEH Lo bl ERL, 9A 7 A7 7 F ik
OBWMA2EM (Figs3) ICX2RXBERHROEBETH L (EWESEN X hiz LA
NHeN & Rk, KRS/ rR 7 40 a BEOE(L L ORMIZREDOMEFRE m\uu Lne
& edol (Figs-7, Fig58) . 777 bt LB HROKEEZITHIZHMDL
P, TO LD REETTOR NH-N X POP RBENTHE T \wzjmmgmwmgb
WML HDEHIENS, —F, NO-N+NO-N KU Si ##/FI3HE» TELE- =48 %
i~ L7 (Fig5-6) o #12 Si OMER(L IEAKRZE L & MM 2 AOMBIBIRE R L
(Fig.5-7) , KD EFIZ Lo TREEWEITET L, KEO FRICE->THMLE, &
W% OARRE TIZBABROEBRAKORACLL LEZLNALOT, Si BEOKMITEH
T DRI E B AISRABBPUBA LIRS s,
EZAT, Bl X 5 GBI P IZRA L-SW A RURM B TR, TO%D
ENRFOMMIZED TRE QBRI bz, Bl A THAW% O KR T ¥ C
(Fig.5-3) , SRFSHMEELBHEIIHMML (Figs-6) , Zun7 (/b a WESCHERROBE
XaimL 7= (Figs-3, Fig54) . —4, @NIB Tk, KiRETHEMA DX 5 ITH
EFTRL (Figs3) , RBEREOHMLESLHTHY (Figs-6) , Zun7 4 )Va BIE
PERROBEIRMMENLAALTHEB L, T2 T35, SMEOERKDOBA~
DEADIERE L RDERKERD ZOMOHERE (KS) % 3m BOKBEL L LELTHE
(Fig.5-9) . 2¥ A THANORBLEIZ L > TEMAEN 8 A 7 BIZ 247 CETLERLE
NEDOHSMIZTREL, 8 A 16 AICIX 203 TL o7, 2¥ B CHRAMOREALIZL-T
ERAKENS8 A 2 AL 237 CETERLEN, TORAMIITRTIZ Lidhholz,
#->T, 88 A T3m BOKBRIPBBITET LERER, 28 B L0 L BARROER
KOBARBRE Cho=HiEILND, BIETHLMILEL I IZ, BWIEOKIER
ETIfE S BABRORBERMOMBIIBROERTF 7 b OMMBIRO—> L LT
EELAFEZRELTVD, BB ESh=88 A RUEN B (2 ) Al %O KRIE T ol
WiZ, ERAOBAROEBNEZRLTEY, fGShi-EEAROEBNNRZa0T7 4V a
BEORM, 21 TLERAONMMIIKELEBESA-LOLEZLNS,

1]

&7




T —

D, AN A O%ICHERN S h R OSMN N ERAKDBAIHE S EBARR
DEFEEMBEBB I ENICREL-ERTHY, AN B T, ToOHBERSHIRE
Lhol-boriEMEhD, = SN EOESEORMIT T OMORIRER A
®NES, FEEBEFOLOI Lo THREALTWS I EFBLTVS,

fake (1979) 1= LB ARBOERROMME FRT 5 AFEEROREIL 5-10uM A
#ThD, TEBICEVTY, ENREOBEELE &L EELEERLTTREERIZ
Si THY (Fig3-14) , ESFORBEIMMPERICECRR (WA TIX8A9A~8
A 11 HoOM, @% B Tt 8 H 30 H~9 A 1| HOM) T, Si BMESHMLTWS
(Fig.5-6) , FEBIHBVT HHLATE & Ak, BERBEOHMIZ S| ARBEROPTH |
BRI F & L CHAE L TV 5 AIREMED @

1. 4 XRTFROZEL

Wi T O N T R ORI E A5 KS B 2 BWEOHEB % Fig S-10(A)C, MEEETD
AR R F ik B Z{b % Fig. 5-10B)IZRT,

FUMEL 45 ~ 145m (74 9.1m) OMTHBL, 2% A L2N B ORI S BRA
BMoOBAILL->T, #hFhs A 11 A2 13.5m, 8 A 19 HIZ 145m TR L=, 2M¥
ADEICHZ a7 40 a BIEORMN (Figs-3) & & bIBEVIEIIZHICIETL, 84 13
HiZIX 45m & 2o, Al B Q%I 1 a7 4 )b a BEORKZMMASIED Bhied
S7=feth (Figs-3) , BUIE S EMMICHE > T 10m 28X 2 THB Licas, 94 6 HUL
Dy an7 4 a BIEORIMCE>TO A 8 AT 60m £ CET L, Mifi LoX
BT RIZER A OKFIC L5 HEEA )T 340 ~ 1437pE/mYsec (F# 1052uE/mYsec) @
MCHBLE, £/, MEXTOR FHERFRIZ 02 ~ 699pE/mYsec (F1
17 7uE/m'sec) THEB L, MRE EOX R TR L BFAEOLEBIC Lo TWREER i D KM
HERE Z L Ic k&S B LTV, IS, 2 A#ED 8 A 11 HITIE 56 TuE/m’/sec,
£ B E&D 8 A 19 HIZH 69.9pE/m’/sec DX R FAMEERTICHE L bD LHEES L
oo ThiL, BUEOMMICHE S HHEKOETICE 20T, BMOREI L THEN
KEALEEMEROBARN STV 7 P ROBRBESBARMBATH72Z EERL
TW5, Eiz, AR LABAEOE®H LFKR, JneT o N a B ESEERB OB AR
L7488 (Figs3, Figs-4) , MEXR@ICIXT DT RESIET DIBE 2P -7

W2 PRERER D 5A M
AfCit, FREKICE 5 ERSKRVMaOMR, ®E, EHEBICOVWTHRMNT S

Wik
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1995 10 A 2 H, 199642 H 28 H, 5
77— ( () MEAH) ZHWT

BL, 11 CHEBTIZPREY

H, 8 A 28 AICAHE 12mm O/ a7

EA (Figs-1) &Y &EERE (0-3cm)
7=t%, MPN ik (Imai er al, 1984)
Stn. 8 TiHIEEMSUARIME OHKE S

2

7z MPN IEDOHERIZRABIKATIC E 5% 60pE/mYsec, 14L:10D DXA&{F, BE 22 T
IERELL BT AMTY, M5B 6 B RICEIHMS T CRENRIEROA KL
BRLEZ. 28, MPN BEXEORICBR SN XEMA X Chaetoceros  spp.,

Leptocylindrus spp., Thalassiosira spp., Skeletonema costatum 0> 4 535 A3 EBIR I & LT
WEDT, AHFRETRIAD 4 WP K e L TRIRIMIO KA KL, EEOM
(I FER (MPN g'-wet sediment) % ffV iz,

KRR UER

THAPRBO Sin. 8 (Figs-1) (21T 2 EMBURIRIMIA OS5 % Fig5-11 IR
G 1995 4F 10 A DA T 2-3cm JEF THE 10'MPN g'- wet sediment % 2 % (RHR VI iAQ
PEEL TV =28, FHLAE TR 10 MPN g-1+wet sediment LT & 72 ¥ 3cm JEIRZ HEIZIK
AR I3 U M Lis, 1996 4F 2 H OMA T, 10° MPN g-1-wet sediment Z 2 5
IR TFE L TO =D 1-2em B E TTH 7223, 2-3cm B TH 10° MPN g-1-wet
sediment X THY, THUETIE 1995 4 10 AOWE L Mk 100 MPN g-1-wet
sediment AR Cho 7z, WEZIT-7- 6em BEE TOSKIRMMIREIZ LD S 2-3em
EE CORIRY MO AT 1995 4 10 A M 97.1 %, 1996 4F 2 A 962 % THY, W\
ThbSRIEMARD 95 %A EE DTV, KA - 5 (1991) (ZEEMBAIR AR
HEDOLDIZH, 2om UROWMERZ ERTLEXEIOKRMMRZIERTE, K%
ROAAT 3cm BEFETIRETHZLBALETHD LTV EH, THEBIKBWVWTY,
FEgROFERENBONE,

FEBIZEHT 5 20 AR (Figs-1) OERRKRMMIOKESML Figs-12 (2, ¥
Fia % B B ORRR A (b % Fig 5-13 125, FTEBOKRMMIAE L 1995 4F 10 A2 039
X 10° — 9.23 X 10 MPN g+ wet sediment, 1996 4E 2 A {Z 2.50 X 10° — 4.45 X 10' MPN g’
‘wet sediment, 5 A 121X 0.89 X 10° — 9.66 X 10' MPN g'-wet sediment, 8 A IZF% 339 X
10° — 1.64 X 10° MPN g'-wet sediment D#EICH > 7. FHEEIZ TN TN 262 X 10°,
1.57 X 10%, 3.10 X 10°, 3.62 X 10' MPN g'-wet sediment Th Y, LF|ZHEITPRET
T2L0D, REIZDE-T10° MPN g'-wet sediment Z 2 2 BE CHEL TV, &
FOERZBVTC, TOEERBTRETEHL, REBTEVERICH . TEEICS



VT 2 RBROBLEEHRL I ] & (BIRUEUKEERBRE, 1995) 5, (KR

MR, BAEROREMEICHE LA IR 27T 0L E2 605
RIR MM DML (Fig 5-13) 122\ T Chaetoceros spp.7’ 80.9-97.2 %

(F 44 %)

(F# 9138

+ Skeletonema costatum 73 0.6-2.6 9

%) , Leptocylindrus spp.7s 0.5-98 %
(F¥) 13 %) , Thalassiosira spp.#% 05-67 % (FH25%) % &7, i Chaetoceros
spp. XA FIZ 809 % L EDLBEELREF E I UMIVTHRE 90 2B THY, F
B DEEVE T Chaetoceros spp DKIEMEIBANBEIH= Y, EH THVERE CHE
LTV =,

EIAT, HERBEOELSMICESMRE (1976) , IWAIED (1980) ik 2 HHROBREE
EZIZ EhiE, HFIC Chaetoceros spp. 735+ 2 FH (Figs-S) I Chaetoceros B, +
ROLRAFROFEOMERORAE L LTHESH, 2Wlick 2 RBEROA KR DEE
XD TRBEOHERELMEL R —BKLTWS,

H3M IR 53 12 2

T WA THE4EZ 0 U T Chaetoceros  spp. % (K & 45 EEMUEIRIR MR A 177E LT

DT e oTe, T OEENEIRIRIMAIRG A MR L U TR BILGT 5 720 1T TR A

BERFTHMEN DS, EEMFURRYIAID R LR UKRBEEL TV L0
W2 HD (Hargraves and French, 1983) ., —7, 44k (1991) K 15CLL EThhif,
AR FARIR MMM D FEIENT & > THIBRER & 12 ARV 28I L T3, FRIMNE
MOHFOERARD 15 CTZ T2 TSV O T, ARZHRERS LT85
LBETRW,

A IR MR ORI T 2 AR M2 EAERICE > THLMIL, 1Tk
ML 7-BWIC & 2R AL & 08T, BWEOEREHMMOER Y L TORR LI
DERIERNT S

WELE

1995 8 A 1 HIZ Stn. 13 (Figs-1) LVRMLAKRBREMANT, 99 (1992) AU
Imaier al. (1996) {CEU=2 ) ¥ — 158 (6 M) I2X-> THIREIBMOREICE2 5
KR HEDOKEEWM~7-, T7bL, EWIE 05g MMl L-%E SWM-IIHERE (B -
43, 1987) @ 100ml (ZHEBWEE, 100ml BOAZRL Y ¥~ 6 N'W’SL,*:&. 22°°C
OB TIZ 12 BHARE L 7=, 0% 10ml O ¥iEE Nz, Ru{ﬁﬁiml_ % 14L:10D
DKV A 7N, 22 CORNFICRE LEERBIZNELE, £, VYo ¥—0ERREIR
110pE/mYsec DXkl L, V¥ —OMifiz 7L I KA VETHEY, ) ¥ —Kifi
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PYLlER 0, 1.3, 48, 13.6, 33.8, S24uE/mYsec @ 6 &fFicMEE Lz, 23, THEROK
g R L RSO MR REO FEICRET 5 Z L L TWEDT, -3
WRORE L L, V) —OXEHID 1oml ZERL, TD 56 Iml ZREEDE
+ $AP4E T T Sedgwick-Rafter HEA 74 FERAWTIT27
ORIESEMERA LV ER | [E, HHOKDYIC9 ARREREL TTY,

Axh‘”.;o" FIROBRBAFRE MG L.

HEED

HRRUER

IR ORI « WA LE R AT D REEER L Figs-14 IZRd, 23, #
RIEDAIRIARIE L 3.53 X 10° MPN g'-wet sediment Thofz, £z, TOMERIT
Chaetoceros spp.%% 3.50 X 10, Leptocylindrus spp.2% 1.40 X 10°, Skeletonema costatum %%
170 X 10° MPN g'-wet sediment T ¥, Chaetoceras spp. HSRIRMIFIAL D 99 % % L )
TV, EbIT, FEIFHICHIA L 7-EEE S ARIRIAS ORER & [RIERIC Chaetoceros  spp.
MIEERICES LTRY, EMREO®EL(LITIZE Chaetoceros  spp. DL L —F L
TS

EMBIEHRBRMMAE 2 A AW 136 RV 338uE/mYsec KT, 3 HAK 48 BT
52 4uE/msec (X THEE &h, 13.6uE/mY/sec LA EDKFRAE TIL 10%ells/ml LLEIHHIL 75
%7, 48uE/misec Bl EDREME T, Withb R Tikd 5 2 EMRE NI &
Hol L TR A o L AR & s, 1.3pE/mYsec [XCIE 6 A BIZ 1lcells/ml 2SR &h
PSR O MM B S W, X TSRO bhAhot, I LI
SEETHEROEE LR, ) ¥ —NOEERERBICREL TV, ThbnZ E
M, THEAZBT2EREOKEINMELIE 1 3pE/mYsec L EDXRMETHNIE2~3 A
BIERFLELT A LRWETHS LHEESz. LA L, 13pE/mlsec KTIEERL
7k 5126 B BIEOAHEMBOXEMNIHBSLZIOBE Y, EREAEERRL 2
BB Lidhhol, #oT, HERSOKRYMANEFEIELLTHML, BWER
Bx LEBZBEICRD-DICH, 48uE/mYsec HDVHEEZNU EOXRUNLELEZD
N3, “hbOERIIIAE THE Sh TV ZERSKRMMAOSRESF - MMIZLERE
%{F (Hollibaugh er al, 1981 ; 43, 1991 ; Imai ef al, 1996 ; i, 1995) LIZIZ[FIHk

Thol.

WERBIHEE SO TORSRNFET 10’ cellsiml A ikl HER S, £
DL FEEEBLM O HERE (EREEEELED) Thotw. 4 (1994) THE
BE D Chattonella &< Heterosigma akashiwo 0 2 b OEFIZHITIE EFLETHDL L
HELTWS,

EARBROMEE, FRMMROTESE 2F3F & A LB HE ML 4.8uE/mYsec HDVY

£89%




REHLELETHY, 13.6uE/mlsec UL ED ¥

7= (Fig5-14) , £7=, RB¥FL e M I )
BY, KRBEEIIERGOE TRFL, BLbREBICRELTZbDLER T
%, EHEBAGM T ORERTO KR FROEBEZRS & (Figs5-10B) , 8N A I
THERTICIHARMMEASREFE L, SEEIHMT 5700 E R RN
ZEAHD, AWM A DBE, EROXRTRAENERT 2 ~ 3 HEIZ 10'ells/ml &L E
DREFRHMBBOLNTN (13.6uE/m¥sec Ll k) 3 @ L7-Dix 8 A 7HT

(Fig.5-10B)) , EEMSEOMAMAEMETHS 3m B OIS DIL8 A 9 B THhoT7-

(Fig5-4) , “hix, XEHOEIE»S 2~3 BEERF L LBIERE L-ZAEROE
RLBLHLTWS, £/, AM#%IC Chaetoceros spp. kL + 2 EEREIMM L7~
Z & (Fig54, Fig5s-s) , FEEOKERYIME TY Chaetoceros spp. LS LTWBZ &

(Fig.5-13) 25, (KIRMAMIM A 6 RFE L - MKASHMD “PIMBE” B1H “seed bank”

(takura et al., 1997) DEF % R/ LTV S AIREHEA BV,

—J, B B TRMEETOLRTRITEN A LYV LWV ETREHMEBELTEY,
WM EZPLET D “DINIRE" L L COMBOBKRITEN A XV LEhobolifllsh
D05, EEMBULIFRERIESFIRT 5 E THM L 207 (Figs-4, Figs6) . amMiko
EERRO ML, KIRIWAII ORI & RRADOBAIC L5 FBEBEOMG L 1S 220
BAWTLTAELIRERDDIbDLEELLhD,

B JEE TR P D EENEI R IR ARG FX 7 T il (KR 40 ~ 60m) (@& T LTH
Y (Figs5-12) , EEMEO “FE” BRI E D EEATRIBICH D LM Ehs, T
WTITRAMRAERIT 20m LLEOBEHERBM SN2 L bH50T, 8 A 1 BIZENE
- Lo Y7 it 1437pE/msec & EWE 20m 2V T, MEREICEET 5 KR
FROMEZRL -, HREShE 50m BT 129uE/mYsec, 60m & T 5.4pF/m'/sec &
2D, BIHE KS 0L 5 RBEBOLAL LT, BPRBIEBVTHRAMOREICLST
MR EICRFIC a2 RTFROBB I b0 LSS, BiZ, ZoHEEH
B 571z L7k R RO BB % Figs-15 (KR, ZhiX19964E8 A 13 H
OB/MRERIC, TEEPRIEO Sin. 19 (Figs-1) TERMLAZKERCAD KR T RO
ME/HTHD, BWHFOFHEL 210m THY, KBOHELHHS 25 CTUL ELOBRK
B 47Tm BETHELTHEY, REOXE 280 L ch 5, BRIZATORRT R
5335 LAl 9 B 20 KL TH Y, MRE KRR 482uE/m'sec & €V
fiCHo7=2, FTHREBOFEHKETHD 45m ETIX 7.5uE/mYsec DA ¥ it T k383
Ehiz, KERRBRE ECEMEWYHOBTPEERTFRS 1162uE/m/sec THDH I &
&*1!4 L, RMIRARICE P RBOMERERICREFICHDRERTRABIET S &

EROMEMITRY L V2D, 2T, BNORICEATIBRAROBHEIC b ES
éhb/ﬁ, b i M EE S A L TV S IRIRWIHRR S, EERSUNMo “vImRe” b
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“seed bank” (Itakura ef al, 1997) & L TO®BEE R L TS FTREMER SV,
AHEOERSINMO “PIMEE" L LTIHBWIBLELEIZEA CHIM L TV Miia
RANELELEBIN TV A AEEPHEARICBATI AR (BAREERKESE)
ERMAERB L TOVIAEMELSETILERHS. BiC, AWML IERORE U
. A, 1992) REROEE ERVCLIKBRMMROBFEZRELTVELHEXL
. AFFRTRINLO/IMETIRHIIT-TE Fi-H &fﬁﬂ\ﬂﬁ!@mﬂkﬂ b ]
':Iﬁ%TéE%?ﬁbmcwl&Jz‘.u’d T VRATCORTIC@E-> TS, §%RIZhLD
AICET AL VFERRRNELETH D,

B

AETH, FREHCBTHERBEOME LM >R « (LPREOR(L L OMFRE
PRIR SRR D 38 35 (- L B2 W Ao R USRI B 2 BN B 0 Tl 22 BRI L 7=,

BRI 2 MoOXSRA2EM (BW A, B8 B) BRAEL (Figs2) , MHADOMT,
AMBEOKRIETPZ re 7 40 a WEWCITERSOBR LAY -V BREL RR -
TWe (Fig53, Figs4, Fig5-s) . BMIGEOKIRIET & Si RED LR L ORMIZITADH
BEBSERASERW B (Figs-6, Fig.s-7) , Rk 4RI S FHHU B TR A 23 RS
LOBRICHE S D T LIt ko THNOREEBMASMY 2 = L MBS hiz, Ml
A L2H B ORABOEMROBELLOE (Figs4) 1L, BMEICEA LIRS
NARBEROB NN Lo THNAT I Z LN TE D,

TS O PR 1R 4E % 3 1© T Chaetoceros  spp % (& & L 7= EEWRIRAIR I 2% 0 4
EIZFEL TV (Figs-11, Figs-12) . ESSUARMMIRORIFIZE 2 5 R HFOKE
ERELIEE 25, BECLBERERMIT 1.3uE/msec LLETH Y, £DHO+53 725
DI=HITIE 48uE/m'sec 3D WIEFNE EOKRELLETH -7 (Fig5-14) o HHEH
MM OBERTOKR TROMKEBM L, S#IZHE 5 BAROBAI Lo TEVEEIH
ML, WEREICITARMMEAREEL, BT 5-DICLERERGNB-EREZ L
Wl o7= (Figs-10) , T74bb, AMICE> TEHEOHVEARSBEAN~EBATS =
Licky, n“&,&ﬁ’wﬂ.ﬁt FRASIN L, WPAETRI @ R I TFTE S 5 IR AR =
MRE, BLELT, BNMGOERBNMO “DINKE” L LTORBERET, £k, &

;iwﬁﬁiﬁwkﬁﬁﬁbir&%ﬁ_mwu REFOMRICEFLTHEY, KRN O RF L
FESEO DR CREMRE) HANEOERKOBAIIME S TEA LRI S
NAFEFEELZHE L TESHIZNMET S

InbOZEnD, RARNEDRL, BEFEORARNDYZVFRBORRERIZBNT
i, 7avYHA4 OFELRN LR IERBROMMIT, SWORLELFZOEBEDIERKDEAL
NI 2 oDEEAHRMITHIET I LIC Lo THRF SN TV S LD LRSS, £k,
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HiE, BN
2T, EFEOBWIREEC
WOFF-> “TEOf

BWORERTERKDERAEZ
ZB1 5 EFOERTUINAMSH

Seto Inland
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Water temperature
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Fig.5-2 Water temperature at Sm depth of Stns K1-K11(east coast of the Bungo
Channel; Fig 5-1) from May to October. The ordinate scale is for Stn. K1
and for subsequent stations the scale is shifted S °C upward, respectively
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Fig.5-3 Changes in water temperature and chlorophyll & concentration at 3m depth
of Stn. K5 from 1 August to 14 September 1995
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Fig.5-4 Changes in cell density of diatoms and flagellates at 3m depth of Stn. K5

Fig5-5 Changes in diatom species composition at 3m depth of Stn. K5 from 1

from 1 August to 14 September 1995.
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Fig.5-7 Relationship between water temperature and nutrient concentrations at 3m
Fig.5-6 Changes in nutrient concentrations at 3m depth of Stn. KS from 1 August to depth of Stn.3 from 1 August to 14 September 1995
14 September 1995
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Fig.5-9 Changes in water temperature at 3m depth and at the bottom of Stn. K5
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Fig.5-14 Changes in the abundance of vegetative cells of diatoms and flagellates
which germinated and ascended from the bottom sediment to the surface of
cylindrical culture vessels . The bottom sediment collected at Stn.13 was
cultured under different light conditions according to the method reported
by Imai ef al. (1996)
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Fig. 5-15 Vertical profiles of light intensity and water temperature at Stn.19 when
the typical Kyucho occurred on 13 August 1996

- 105 -

1000

~ 100

Light intensity (uE-m™*-sec’)




B6 R FREHCET DK

AR £ CrITRED ] Z5BMICHOVT, FOMAKZRBIECERE
OWFRERESD “EOMRE PbicEM L, ok I REEThEBERHREE2 R
b#Eb5T, FHECHEERRICAZIh2EEFRNS LELERAL, BEHEL

HEEhTWS,

-ic, BER TS ST V7 P OREREEHEH SRR L0, FERUKFICIR
HREO/A—L0REZY, EFCEIHERRS ST S (Durbin e al, 1975, Nakamura,
1978), =~ OFMAEBOREICOWVTH, HEMER (LEE - RRER - HL%) ©
fRBOER (KR - $5 - HRE) ANEWHIH TS (Smayda, 1980), i (1994) i
ThLOHMRICESNWT, EFCBY 2EMRORIR L WERROSEE, Wik THNM
T & A2 VEENUE & #iE CHRIATRE R B L V) ME OMARHEOB O IT X o TR
el L=, WG, $HEBmEN %A LYW 2 XREENFET 2 ER ICBE B2 HER
T2, FOMHDORVEENREIC Y - T, REORET S EFOREIMMICT#Z %
 (lim, 1994) LExHND, £, ERBKRRMMELE 7 74 FRTHD
Heterosigma akashiwo ® 3 Z ks ORFFHEDE D6, FHEORMMBMEEBRAT 5MR2 b
2&RTWS (Imai ef al., 1996 ; Ttakura et al., 1996) ,

EEWE & § 6 N 00 T B A & A HE P AL B RO RHE R O TR M2 AR D L W
SRAuE, ATRTENT ML MY ST 7 bR OMEE L D TEHR
ME &R, Wb, 33 EEOE 6 W TR LA L 51, BMIEEFOTMiEOENEUY
AMHE 2 L TEREARREY R LTWAOT, TR 5 HENRN O A AN
I AEMEMMOMBIFET 2RRE BRI LNTE D,

AETH, $1HCBOTTEIBORMRBERRZBHET 2, 5 2 @i CILRA 2k
#E H7-b L7 Gonyaulax polygramma #RW\FEARF ORI R 2 EET 5, B3 i CH,
WEREOABYNSENTHS AAHKEBHIC>VT, FRETRLEFFHOZV
Gymnodinium mikimotoi FMOWBMEI 2 b & IR T 2,

W1 FREOFRNMORERR

FMMICBH 2 FMREREL 256N TEY, Wif 4 5, B R DR S
AT NCEEL S ORENDHD (BEAR, 1912) . LAL, FREOHREEOM
T ShEH=ORBENEICBT 2 RN AN MER S 1960 FRT, RPN
+FRAEORRI > TEMANBIHESBD LB LIRS THLTHS, T
WOFRAEFBROHEBE RS & (Fig6-1) , 1975 5D 16 #F2 ' — 7 iR/ Ea I
o - RMILEE, BORMERICH S, ThE TREShAEEFHIZI 20 FTHY
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(Table.6-1) , 727
Aich, EEH LebTHEMMELTHR G

LTRIhHMEOENERSHh

polygramma HEF b, FREICBT5H
W,

REIOBLEGROAVHEBE RS & (Figé2) , 12 A~ 2 A ORI O R4 TRE
spd, Er LTHFECFRMBLERED LTS, REFRBRLIZVOI6 AT RIS
sr o Z BTN (IS - AL, 1965) LEMESh?, FR@BRETH, #40BT
AR ORMA R ITRET D (B - 1$E, 1978) .

%521  Gonyaulax polygramma R\ DFEA TR

1994 EEEENLKEOK 3 » AR, FMERET G polygramma \= X 5 HRMBREL,
F DD L 72 o T BT ED TREMAN B EEITH 8 EMIC0E S RREEESE
L7 GKEEFF, 1995) o ARl &2 FMIZEAN TR E TIOEKR (%), 190) ,
KHE (HEIED, 1966) TRREkEH, 1993 FITASIRECTERMT Y 16 1 #HO
WEE 52 OKEF, 1994) , FREHIBOTHE, 1969 I G. polygramma L Bbh
ARNFMEIBRL, AABICERAUEL L L (RPUAR, 1970) . £, 1993
|2 b —EHEHE CARLIC L A RN B Shic OKET, 1994)
K1 35 — 66 1 m, 026 — 56 1 m OHBMAHOMEENAT (Wi, 1992) , KA
SR EERT B AEAEME LTHMSHNTEY (Taylor, 1979 ; Ferraz-Reyes ef al. , 1979
; Smayda, 1979 ; Catherine and Suzanne, 1990) , A A T2 TROME TILR b ER %
HYA3FD—D2Thd.

G. polygramma ¥iffl

WAk

FEITFAWORAELTB L 1994 F 8 A 25 B2 b 11 A 17 ROM, JE~30 [,
HBYCICFTMBE (Fige3) Tiiol. FWIZ L 2 H B THEBOBALERT D L
by \CEEREEE (YSI AN, Model 58) ZMWT 2, 5, 10, 15 mRGOEFRNE R
I ABOBER T Tee Bl LEHAIZERZANIZELMY, Sedgwick-Rafter # 32 7
A4 FEZAWTHEMSET T K 1ml PO AFEHKMIAD B 21T 7=

DA BAEL PR 2720, HERBIZIVT, 8A26 [, 30 AORHRET
8 A 26 B OHEICBB B ARBOLKERH (7 Ly 7 EFHR, ACLIISI-DK) ZAWVT,
in vivo 78874 VEXAORESHEZNE L. K87 — ¥ BFRNBERRE OB
%, KEBOTEELEICITEERAD SmK7 (Fig2-1) @ 5 mICEE Lz 2E ) —30K
B3 (F Lo 2 EFHMN, AT-8000) DREREE (G0 554 V7 —30) hbHROI-AFE
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KR il 2 AR I BT L7

MR B DA H 2L ORRITICIE, BAMPIBIETF LTW5 Z L S» L WAL %
ifiokam, HH, FRHET ﬁ 4 M (Fig6-3 PICHMTES) DEILEH
B 2L TOBRNEROFHME AV, BFERREOELIISVTREAELDOWEE
THRAAXEELE 44 (Fig63 PO St A, B, C XU D) OBAMERZ T LICARITE

fiof

G. polygramma DFEAIRB,

Fig6-4 IZ (i, &M, PRBERU=0 4B 5 G polygramma vk HBIAE K

(U F&E) ofAZELEZRT, FMEHERELS T TRFICER SA TV EDTIRRL,
8 A 25 HicEmfidk (LUFamM) ROEHER (UTER) TThTh 285 celym,
900 cellyml DOFHETHBL, FO#% 9 A 30 BiCFREMER (LLTFFfE) T 25
cells/ml, 9 A 13 BICIX =g (LLF=il) T 700 cells/m! D& HE T IR Shic,
B, &M, FmEE 108 28 BET 10 cellyml 82 5EETHBEL, =Mix 114
10 B ¥ T 10’ cells/ml % 82 5 %M THEB LT,
G. polygramma D E 5315

WAERTBIZ B D B PO in vivo 7 10 7 4 VENEORE DA % Fige-5 o, BMD#
434 % Fig. 6-6 \Rd, 723, AKRMILG. polygramma —fTEREhTWEDT,
DKM BN EARMO BkMBBEOLELL R shd, BHPOEKMD RIS
(Fig6-5) HWihd 2 mBBRIEEDOE — 7 BIFEL TV, —F, RHOMIEIAIE
(Fig.6-6) Htr &tz L THR W EWVERMTH S, ERHTICHRRE—27 2805
hiz,

K& - W

7 AMb 10 AOM® 10 B Z & ORAROELE FHEME & HIC Fig6-7 IWRT,
1994 ERIEKTN LR, L, W HROBREES 4 A 1 AHL 9 A 30 HOMRESE
LTRSEhTEY, 7 ALM, 8 A LN, 8 A THORAKERZWTHRY Omm THo/

IERB O StnK7 (Fig6-3) 13842 1991 Ed D 1994 FDOKIBE(LE Fig6-8 (TR T
1991 4EA 5 1993 4% TD 3 FEMICH, BPEAITRELAKBROSERSABRN Sh T
275, 1994 4Eix 7 A Fn b 8 AFAIEIHH T A2 FESERM Sh 72724 TAIE
DAEBEIFHEBMIhA»ot=, £z, 1994 £0 8 AFUNSL 9 APAETOKIR
25T ETHY, o3 EME L THLMCHAKRTEB LT,
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.u(!&%«gl& Mar BB B
(CBIRAZEELE 4 BNSOBRTFREER (ULT DO) OXEL%E Figs9 2, fA
> Table.6-2 {Z/"7, DO iE&y FHHEROETR 2~ 3m) &

RRTIcfE Lz, 2B, T TiX

(¥ 8m) B WL T Sm FEOE
3mUl AT DO & WRE#, 1mld LU T % ERER
Stn. A Tix, FIORENHE 5 DO MAMITIETL, 8AH30 AKX
26mid, 98 2 BIZIZ0SmU L2 »T-, O, 9A3 HIEX 23mA ETRIELEbO®D,
OH7HIZIEXFEWGIETL, 98 11 BE T 1ml UL FOERERKMI TR E ] Sm. BT
1%, 98 13 BT 02ml/l DEREFARSER EN%, 22 AMOEMIChREY, REERDH

AV EEERERRENBV -, SHETIRI A 3 BEREh - BERAMOEEIZLY,
B~ T4 FRPVE 14 ATRET S, 374 FROBMABSEEL R =, Sn
C TIXStn. A &k, FHIEREE S DO NAWITETL, 94 16 HIZ 0.7mi1 OHERE
FAMMBER SN, FO#BERIZENo7. LaL, BBASAOHE TIT R
ABROFRERT B8 Lk SBATICFELTEY, 9 A 27 BICREROELEDD
BENA~DEDOBEN CET, B~ & GK 71 HRVBIES 2%, #1251 HRLOEM
U ENAE Uiz, Stn. D THURMIABAICEA LZE®O 9 A 13 BIZ 6.3ml OFW
DO BB S hieAd, BEAMICIETFL, 9 A 19 BT 04mid, 9 A 21 RIS 0.1m @
) TIEWV DO ot FDOHS 10 A 6 BIZ 0.5myl MM & 5%, # 18 Allich
=0T, HEERDHDVILEER ARSI S Wiz, o=l TIHEMREOMR2 N T,
HEREDOESN ~ ORI R, BAMIZIE 3,546 TEIZRET 2 ¥ VA4 RUE w;xw
BEFE Lz, 2B, ZThb4RTIIVTNHBARARDL I VIEHFARE R 2 " #W
Y REMMER S, (HE—#HTR P2 SRR R R b,

Stn. D IZEIT 5 DO DA ZE{L% Fig6-10 (2773, 9 H 16 HIZiX 10m LAEET 2mll
LT &2y, TO% S ~ 10m OWPRECREFLEME, HMERAARPER SN, 9 A 30
BIZ BB AHE~ORM O FEOHEAIZ LY, —IFNIE LT 6.0ml D@V DO 23
BRI SR, 104 4 AICIT2R CEMERIRIEL 29, 107 8 HETREBL, 23,
98 22 ARTF 10 A 7 RIZBEMLE=READ AVS (REMEMMILY) Xt th
1.28mg/l, 236mg/l, NHeN %554 uM, 14.1 uMTh o7,

5 %

G. polygramma (XEWIMIZDE Y FWEZFET 5 “persistant bloom” & L ERSh

(Catherine and Suzanne, 1990) , S REIOHFEM L TFHM TILBEIZHZ L2V 3 ¥ AT

EERBMFM L 2ot MAERTIIANMEDOSRIZL 2R HEOKEE EMMZT6
i, BELRERDD VITERREARSERENE (Fig6-9 KU Fig6-10) ,
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WD B Pz 5ABRITEAMOMENT (Fige-s) 25, 2m LUROERIC
botz, WMOWMERR (Fige-6) TiXH P LT 2 LB TiEh 38 -
BERBETEMINE, ZOY— 275G polygramma OFEFMKEIZE 5 L+hif, A
HHAREBHEZToTVWEbDEELILAD

ANMFEOBEN @ SN/ (Table6-2) 1F, WThiEELAMEEH DV ITERS
KDL E -k (Fig6-9 BT Fig6-10) Thot, =BV TRE RBEEL T
F=7 a¥HA (Table6-2) X DO A 1.0-15 miA £ CRIERZFEREFTS (Ful, 1991) ©
T, BEREVETLEEBOLATCIOLIRERRT XY A OBENBEL-LIZE
Az, ERLAL I, Sin. D THRERTHREES S WITERRAROTRE LY
CHRIEOMILY, 7oE=THARMEN:, ZhETICY G pobgramma F¥FEALMD
FL LT, AMRAROER L BBREOHRILAEDLZWVIXT v E=T OFESERE L
Tv% (#)Il, 1900, Catherine and Suzanne, 1990) . MEFEF LM F THR S DY
FAMRICH LTHETHY, KEEDOLEFRIREED 2V MK REOBEMEH T
LY, MEDEENRRHTCELIIBYTHLDOWENHS (Theede et al, 1969) ,
L= T, SREIDFMIC L DM ITRBER R CEREFE KO R & Fhiztk-
TAELEWMBREOHILY, 7ore=T7THOWUENEBIL b0 LETESND,

HRMRAERORTR, WMHERIZEE TS L, 1994 FORKMIT T LTI TRHA
AV hotz L THD (Fig6-7) . HRMIRERMMOSRBETMICH=2 8 A 15 AN b
9 SHETD22 HM, B2 BRSHT, B TERELGRBEN TV, &
RO RMIRIFORBERZOWT, RBAENNICRMM AR B =& GINED, 1966)
PHETHSDZ L (Catherine and Suzanne, 1990) MBI NH TV 5, FREHERL TIX
1969 EIC b ARMIC L 2 L Bbh a2 RMIASRAE LA (Table 6-1) , TORARD LA
MicdH=5 9 A~ 10 A OREAKRIE Simm & F4ED 15 %ITBE T (Rl&$E, 1990) ,
AFEANIIE AR DR, KB|EGORE LIFCRELSWEW S BmBFRZ 5,

EIERAE T D KRENL (Fige-8) Mb, 1994 FITIIFIEL R KiROBERS
AR ENT, 8 AyND 9 APMIHh TEMM 25 CTLL EO®MV VKR TRIEMICHE
BLEZ WS, KBOBMARELIBWMOREILL-THERIEHhTWSDT,
FMBAEERCRANARE Lho b #EShD, 2V, 1994 115 3 £THMA
L7=8WiC L 2 A OMAZRSHIE L LR TR TEL, BB SETHLMIC LA
Wi L AEMBEOMAMIBM ST CRE L R o BEX DT LM TE S, #-T, AW
RARRIE, ABAMORERLFOFEMMBIVRAROKNMEREL LL LA
FARROWR ST THEEICMELTWS b0 LEbhs,

/4

F 3 Gymnodinium mikimotoi 7717 P N LB )
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T ——

BWENE O | i Cdh D Gymnodinium mikimotoi Miyake et Kominami ex Oda (@il - &
M, 1991) I3 BAOEM CRARRERF L EASARLFWEDE LTHLATVS
(Takayama and Adachi, 1984), ARORMIZM L TH, REWHECESHENEL, M
g« AT (1966) IXXHEIZHIT 5 ARAM ORAERBE D OREMIEFE & RBR b RO
FE LD 2 oORERBEZIRR LTS, ARIIEGKIZLSHENELVERTLH
3%, BEZSESERNAMISN, Al - ES - EHEEC L IMMEEREF LTS

(Lo - A3k, 1989), X bic, Zh5HOAMAEFMBIEIZE-S AR ORERE
ZEL, A (1994) AENEREERT-o THY, RERSOEKE RSN TVS,

ARMITAEC DR kMR L LTRESN57=% (Honjo, ef al, 1990; FHEIEN,
1987; BIBIED, 1994) , AL NEZRIAEFMETH D Chattonella JB R fth O ¥EE M
HO X 5B YA MERICOWTIZRME & h, £FI0EE K- kM FEO RN
RIZEETUDL LW H 8% (Honjo ef al, 1991) b5, Chattonella BOREFTRNEL L
CHEEEE R L TRESh TWADIH LT, ARMITRGE TR T - BB E L
b L= EHE AR CHIELED bh, ToMBMHBEEE#RETHS =L (HRE
B, 1991) , FRREO MBIk S ED#RAOBI - IS A HIROBERE BT T L

URRIEDS, 1994) SMH B2 TWD, & BIZHHE 7 L 5 ARRY O PR
Wy T AR e LTREShTWYS (WiEhy, 1993 ; Yanagi et al., 1995),

FRHEICBVC Y, @I E & 5 TR 20 (50 5 B 11 1% G. mikimotoi \Z &
55D THY (Tables-1) , ARMITFIMEZBITLRENL2ARFRMATH 5.

Lz AT, #kDEARBICEKTSZ EOTESHERRD S B, VW ONORBITH
AEEEZSEBTT AN EFEST LB TS (Eppley ef al, 1968 ; Yamochi and
Abe, 1984 ; Kamykowski, 1995) . G. mikimotoi (=B Th, AEMEBROBENHY,
D FRE~OBB#E L 1 3mhour (Honjo er al, 1990) 75 1. 7m/hour (fREE « AJL,
1966) DOEFIZHD & TN TS, AFROHEBBIRES LETRMHTEIC & > THRAIIRE
And L) EERER (Hirayama and Numaguchi, 1972) %226, fuds (E& LTHIE
BEEN 2 HRRVERE) L OBAIITOH R DOLBNHKTHD = LAERS L
TW3 (Honjo et al., 1990), = DAEZMICEERRFHETHS AAMITHBE 2 FHMIZRMN
FTEZ LM, ARMAMORERBRHOBELEL 2 5AEENHD.

AHCHAROREBBONMEIEZ 5 = LTl L 1992 FOlg iRz on

T3,

WAEE

1992 €0 8 AP nb, BEAEEEEOEERE TAMIC S SRS RAE L, B
£2. X n /- kAR O R G HEIE 3.9 X 10%ells/ml (2 L, —#HE CIRfREE L @ES
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iz (KEET, 1993) ., WBIEFERBNO 2 B4 (StnA, SinB; Figé-11) T 8
12 BH5F 13 BT, U7z, BBV ERBERBEAIOLEER (
VBT (BF) M ACL-200) T, 70~ 120 7R T O0.Im D in vivo 7 v a7 4 VKAl
(CAFHEME) BRUKIER - EE L, Fic, BREEPICEEDOKE)» SHWAZE
WL, EfEEmEiic WAROEHMEZREST S L} #K 1ml ho ARk
FIRA % 2 FAPISE T T Sedgwick-Rafter HE A 74 FEZAWTRELE

SReE T

ERRUER

ER LA (1337 N) OEXAME G. mikimotoi FEpkHINE & DRI % Fig6-12 1R
T, WEOMICIEAF 2 AGMESED bh, HOEEERHTH LN MII AR I

2bDLEZ LMD, BAD 2 BIAIZE T 5ENMDEE Fig6-13 R U Fig6-14 iZ
Y,

StnA (Fig.6-13) Tik, ARKEEKMIREIRINIC FR~BE L, 23:30 ICiMEICH)®
L7z, —MRICRUIBRICBT S 77 7 P OREBHICTOVWTR, 777 FrEHICE
BB LIS I L 2PN BERONBEBR T R& THD, MHRIZEBIT 5K
- S5y - BIE (0 ) OMEN (Fig6-15) 1, StnA IZEBWTH 16:35 ~ 21:55 DfliE
TELTEY, 22 Eb I OMEARRMGEKMRIT O E S HELE, HRH2BXOK
BEZHTWRWEEZ LS, F- bH~OBWIL 01:20 Aite (FW T 4 RefAT (P8
&Y, 09:50 [HERRBICHE L, ZOMOBEEEL Fige-15 R Lzl
Bk b, WMESICL 2RO LBEOKBEZT TV SRS H D, E>T, Bh#
HEIE, 01:20 ~ 04:50 % 06:25 ~ 09:50 =B KIZ, 04:50 ~ 06:25 HEil/MIHEE Sh T
Wwd,

StnB ICB AMEBE/ Y —> (Fig6-14) b StnA DEFH (Fig6-13) L EERLT
Hote, MBEROLY -7t 23:10 £ TICHIZIEAE 18 ~ 20m BEICHEL, TO#®
01:05 EMH L FE~BEHEMIEL, 0945 FTRBEBICHEMLE, 0 SnB 2B HKIR
Sy BE (0 ) ORESTIL StnA LHELTRELTWE (Fige15) . #~T,
StnB 1231 2 E BB OMOBEEEIINMKSIC L2PROLBEOEBFEREIIRTT
WARWEEXbhD, £IC, SmB THRARIOLMED ©— 7 S8R & hiz kg & Ry
MC XSV T, AROHEBBEEL RO, FOER, EFH, FTHOThoOEEDL #
22 mhour & HEEh i, ThitiEicEE ShAMOREBEEE (Honjo e al,
1990 ; fREE - AL, 1966) % EEl->TW5, £/, Thi TRE Sh-WEREORKE
% < OHBE 0.2 ~ 2.0m/hour (Kamykowski, 1995) Th 0, BB TH L izibvkdiiE
D TR,

G. mikimotoi VX P RO KN TH D = LM bh, BELKRMEHRT S LEIOH
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AKIES ~ 10m IZfFET D L5 (Honjo et al,
EBEEES & FIROEN Z PREICFET Dk
fEAE L RES b ~ 30m BETBHT 5 Z LAFES
5. D% DAY 7 2o e ARMABOREBBEN I, 25m DIERIZEH

i EROFEERCHMREDR L AFSFIATELILE
ARBOREKEIAEE B OM 4 BRMATICIE EF~OBEZMA L, 10:00 AT#E TICIT LR

izElE L7 (Fig6-13, Fig6-14) . SAPIERARETHIZLOTES

FAEEEEAS 10" ~ 10%cells/ml D LS TIL
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Fig6-1 Yearly change in red tide occurrences in the eastern coast of Bungo Channel

Fig.6-2 Monthly change of red tide occurrences in the eastern coast of Bungo

from 1963 to 1997

Channel from 1963 to 1997




Table 6-1 Red tides causing damages to fisheries in the

eastern coast of Bungo Channel from 1963 to 1995

[

Year Month Locality | Species Fish damaged
|
1963 | Apr | Nishiumi unknown Benthic fishes
Oct Uwajima Gymnodinium mikimotoi Red sea bream
1969 | Sep.-Oct Uwa sea Gonyaulax plygramma Pearl oyster, Yellow tail
Oyster, Prawn
1971 | Jul.-Aug Mikame unknown Yellow tail
1973 | Aug Uwa sea Gymnodinium mikimotoi Yellow tail, Horse mackerel
1975 | May Iwamatsu Heterosigma akashiwo Yellow tail
Aug Iwamatsu Noctiluca scintillans Green fish
1978 | Jul Uwajima Gymnodinium mikimotoi Red sea bream
Jul Iwamatsu Gymnodinium mikimotoii Eel, Gray mullet
1979 | Aug.-Sep | Uwa sea Gymnodinium mikimotoi Yellow tail, Red sea bream
1980 | Jul. Uwa sea Gymnodinium mikimotoi Yellow tail, Red sea bream
Horse mackerel
1981 | Jul Uwa sea Gymnodinium mikimotoi Yellow tail, Horse mackerel
1983 | Jul. Uwa sea Gymnodinium mikimotoi Yellow tail
1987 | Jul.-Aug Hoketsu Gymnodinium mikimotoi Yellow tail
Aug Y b G di k Horse mackerel
1992 | Aug Hoketsu Gymnodinium mikimotoi Yellow tail
1994 | Aug.-Nov. | Uwa sea Gonyaulax polygramma Yellow tail, Red sea bream
Chinese sea bass,Chiken grunt
Japanese coaker, Pearl oyster
Crimson sea bream, Scallop
1995 | May Uwajima Heterosigma akashiwo Yellow tail
May Iwamatsu Heterosigma akashiwo Red sea bream
May Yawatahama | Heterosigma akashiwo Horse mackerel
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Hoketsu Bay

Noshima (ls1-="
<X’

Uwajima Bay

Fig6-3 Monitoring stations in Hoketsu Bay and Uwajima Bay. Areas separated by

dotted lines are important for fish and shellfish culture. Dissolved oxygen
concentration was observed at Stn. A-D and water temperature was observed

at Stn. K7

- 117 -




Fluorescence (relative units)

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Shiraura —4—— Yoshida

‘:m A;mz:l

Depth (m)
.....‘L.....,...

|

L

20
Aug,

Sl s

Fig.6-4 Changes in the cell density of G. polygramma at the surface layer of four
areas.(see Fig 6-3)

Fig.6-5 Vertical profiles of in vivo fluorescence in the daytime (around 13:30) on
26 August and 30 August in Hoketsu Bay
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Fig.6-7 Precipitation (mm) over 10-day intervals from July to November at Uwajima
in 1994 (closed bar) and in a normal year (open bar)

Fig6-6 Vertical profiles of in vivo fluorescence at 23:00 and 00:00 on 26 August
in Hoketsu Bay
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Fig6-9 Changes in dissolved oxygen concentration at Sm depth of Stns. A-D
(see Fig.6-3)




Table. 6-2 Mortality of cultuerd fishes and shellfishes during the red tide

period of Gonyaulax polygramma in Uwajima Bay, 1994

species mortality in numbers

Yoshida Japanese flounder ( Paralichthys olivaceus ) 16x10 *
yellow tail ( Seriola quinqueradiata ) 2x10 °
red sea bream ( Pagrus major ) 51x10 *

Chinese sea bass ( Lateolabrax sp. ) 5x10 *

o
1

=
E
<
£
=
a
0
o

Uwajima | Japanese flounder ( Paralichthys olivaceus ) 150%10 *

yellow tail ( Seriola quinqueradiata ) 7x10 *

red sea bream ( Pagrus major ) 736x10 * l
15

Chinese sea bass ( Lateolabrax sp. ) 163x10 *

chicken grunt ( Parapristipoma trilineatum ) 120x10 * Fig.6-10 Isopleth of the dissolved oxygen concentration at Stn. D from 13 September
Japanese croaker ( Nibea japonica ) 15x10 * to 28 December. Dotted areas indicate oxygen deficient water (below 3mi/l
crimson sea bream ( Evynnis japonica ) 60x10 ° of dissolved oxygen).
scallop ( Chlamys nobilis ) 676x10 *

pearl oyster ( Pinctada martensii ) 2,870x10 *
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Fig6-12 Relationship between cell density and in vivo fluorescence using data from

13 samples collected from several layers at Stns. A and B
Uwajima Bay

Fig.6-11 Map of Hoketsu Bay showing the positions of Stns.A and D.
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Fig.6-14 Changes in vertical profiles of fluorescence (relative units) at Stn. B
Fig.6-13 Changes in vertical profiles of fluorescence (relative units) at Stn. A
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