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The Hydrographic Conditions and the Fisheries Damages by
the Red Water Occurred in Omura Bay in Summer 1965-11
The Biological Aspects of a Dominant Species
in the Red Water.

Shoji Trzuka and Haruhiko Irie

From late August to early September in 1965, the second flowering*
of Gymmodinium (species undetermined) together with a remarkable
discoloration occurred in the southern half of Omura Bay. Biotic and
abiotic environmental surveys, and the biological observations of the
phenomenon were carried out mainly in Nagayo Inlet in the southern
innermost part of the Bay. The results obtained are as follows :

(1) The nontidal movement of the waters concerned was only 600~
1000 meters per 6 hours even in maximum. (Survey was carried out at
the time of spring tide.) The waters concerned had a tendency to form
a clear stratification in high temperature season. Consequently, it is
usually seen in the central portion of the Bay that low dissolved oxygen
occurs in the bottom waters and this tendency is very remarkable in
the summer months. The dominant species of red water prefers to
flourish under such conditions and the dominant species of the present
red water also flourished in the central portion rather than in the
coastal area. It is suggested by the perfect coincidence of the two
phenomena (red water and low oxygen), that these phenomena are
dependent on each other.

(2) The dominant species in the present red water was one of the
naked dinoflagellates (refer to the Fig.10) and it had so many yellowish-
brown chromatophores that the water was discolored to deep brown by
the flowering. The maximum cell number and amount of chlorophyll a
in situ attained to 8.4x%10° cells per liter and 183 mg per cubic meter,
respectively. Optimum temperature and chlorinity and possible conditions
for living are shown in Table 12. Tolerability against low dissolved
oxygen seems to be strong. There was observed a phenomenon that the
swarms after flowering at the surface sink towards the complete de-
pression depth of oxygen below 15 meters. The organisms also prefer to

* The first flowering occurred during the period from the middle to the latter part

of July covering most of Omura Bay, and it disappeared at the end of July.

67



68 BUIR - AL 2 1965 B AN BRI OMIL & 2 ORE

flourish in the biotic environment where naked and armed dinoflagellates
together with desmoconts and silicoflagellates flourish abundantly both
in number of species and in quantity. This species probably migrate
vertically. Such movement was observed twice ; once off Dozaki and
the other time in the innermost portion of Nagasaki Harbor. The sink-
ing velocity of the swarms was about 1.7 meters per hour.
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Fig. 1 Chart of Nagayo Inlet. The numbered dots indicate
stations for survey of nontidal movement; the circ-
les at the mouth of the Nagayo River and in the
K Pearl Farm are stations for daily observation at
a fixed time to catch early symptoms of fed water;
and the circle off Dozaki Bana is a fixed station
for survey of red water. Shaded portions of the
chart indicate 3 pearl farms located in the south-
western and eastern waters of Nagayo Inlet,
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Table 1. Elements of the survey for the movements of
sea water in Nagayo Inlet.

Hour i i
Obs Tidal Tide
Date ’ of
no. Observation hour level
Aug. 21 1965 1st. 05:20 - 06:40 22:31 (L.W.) 43.2cn
g. 21, ) . 04:21 (H.W.) 67.2
~ g 2nd. 11:20 - 12:40 11:43 (L.W.) 28.6
eap tide : W .
3rd. 18:00 - 19:10 18:27 (H.W.) 616
1st. 11: 00 - 12:10 05:35 (L.W.) 24.8
Aug. 27-28, 1965 11:29 (H.W.) 86.4
o o ond. 17:25 - 18:30 1751 (L.W.) 2.2
pring tide : W :
3rd. 23: 40 — 01:00 2620 (H.W.) - 8.1
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Fig. 2 Changes in horizontal distribution of temperature at the surface
(upper) and bottom (lower) in neap tide, August 21, 1965; illus-
trated by the succeeding 6 hours interval. Ist, 2nd and 3rd
surveys were carried out at the time shown in Table 1 and co-
incided principally with high water, following low water and next
high water, respectively.
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Fig. 3 Changes in horizontal distribution of dissolved oxygen at the
surface (upper) and bottom (lower) in neap tide, August 21,
1965; illustrated by the succeeding 6 hours interval. Further
explanation is same as Fig. 2.
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Fig. 4 Changes in horizontal distribution of temperature at the surface
(upper) and bottom (lower) in spring tide, August 27, 1965; ill-
ustrated by the succeeding 6 hours interval.  1st, 2nd and 3rd
surveys were carried out at the time shown in Table 1 and co-
incided principally with high water, following low water and next
high water, respectively.
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Fig. 5 Changes in horizontal distribution of chlorinity at the surface
(upper) and bottom (lower) in spring tide, August 27, 1965;
illustrated by the succeeding 6 hours interval. Further explan-
ation is same as Fig. 4.
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Fig. 6 Changes in horizontal distsibution of dissolved oxygen at the
surface (upper) and bottom (lower) in spring tide, August 27,
1965; illustrated by the succeeding 6 hours interval. Further
explanation same as Fig. 4.
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Table 2. Precipitation in mm before the occurrence of the red water
(Data were offered by Nagasaki Marine Observatory)

Day Precipitation | Day Precipitation Day Precipitation Day Precipitation

1 0 8 0 15 0 22 0.1
2 0 9 0 16 0 23 8.0
3 0 10 33.7 17 1.8 24 1.6
4 0 11 1.9 18 0.3 25 0.4
5 0.4 12 0 19 0 26 0

6 46.1 13 0 20 0 27 0

7 0 14 0 21 0 28* 4.3

*Red water first occurred on this day.
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Fig. 7 Daily variation in the amount of rainfall, chlorinity, temperature,
dissolved oxygen and relative amount of chlorophyll in the surf-
ace and bottom waters at a point of daily observation at a fixed
time in the K Pearl Farm.
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Table 3. Comparison of dissolved oxygen between the surface and the
bottom waters, and between the northern and the southern
bottom waters in Nagayo Inlet; Values shoud be read in cc
per liter.

ob Surface waters Bottom waters

Date 10 S- in the whole in northern part | in southern part

: Average (Range) | Average (Range) | Averag e(Range)
Aug. 21, 1965 1st. 4.8 (5.4-2.8) 2.3 (3.1-1.7) 4.1 (5.0-1.3)
' 2nd. 5.0 (5.8-4.6) 2.1 (2.7-1.0) 4.4 (5.6-2.2)

(Neap tide) 3rd. 5.2 (6.2-4.3) 2.3 (2.8-1.7) 4.7 (5.8-3.3)
Aug. 27, 1965 Ist. 5.4 (6.0-4.5) 4.1 (6.0-1.7) 5.6 (6.0-5.2)
) . 2nd. 5.9 (6.3-5.2) 1.7 (3.0-0.1) 5.8 (6.1-5.0)
(Spring tide) 3rd. 5.7 (5.9-4.7) 2.5 (5.7-0.1) 5.5 (6.2-5.2)
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cc/l TRPEVIE»IZABRERFZIGEY. BEAFATIE, 10mT, 5.1cc/l, #BE1mME
BT 0.6cc/l T, I0MPETHAEOHENE & § KBERIERNIOEST 2. K416
mEy» L BBBRREL 50, ISmELUESREERBERECH S L ltsns. HEiF—
Bl T, KE 25.5~26.0°C T, HE—BEEic~% L8 1°C E». BRERIIL
SAREBETH Y, ZEREITRECO V. COREOBEBKIZEKEE U bk
BrRUiz. HE—ZBTik st. 31 & st 30 ICEWHRERBZD 2 ST 78 » 12 55,
st. 31 TidmEEEICTVIRE (0.3 cc/D), FREBSTIIEBKOBREENTEBRE L
B Utz O THIEIE HSRs A3, 16mBOED &l U CERE/KIZ EBBRERRICSH 5725 5
EHEMIT B

OB TS ZOHEEMENS D 5 LHEII N 20D T, HE—EEM b < $7z JEBERR
Zdh -t BH LMl LIz, Th b ORI & HEFRREL, BEESRN LY sMEHTIZT
LW EWHBAL Tz, 2 5 LEOEKEICRS T, BENOMEKICEDHELIZEDE
HHT 5. 875 < 8 A8HDKNT, ANBREEE/KEL C DEBRFEKRICEEbNT
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SN
Y

ST.31
26.40°C
0.29 CC/L

2
L]
OMURA BAY (20
WEAK
RED WATER
A (OBSERVED AT 13:00 )
sT.30
ST 27 250 260 270 280 230 300°C
§ 10 20 30 40 50 &0 cc/h
¢

HUTA- 25.50°C
SH'W 0.00 CC/L . T T T
KURO- 000 ¢ sT29 2} e T
KuRo- 0 N |
T2 A1
stes . . 3 WTEMR 7
0
sT.26 0.0t e /L sT.28 gl N\,
25.90°¢ 2ih ) £ ’
oooCcC/L  ef2M) & o[- “ °
tz21 M) RED WATER “rt X
(OBSERVED AT 14:00) 7 ©:
- o1s.0, 6,900c/ d . &
IN'SORFACE WATER 16| ‘
sT7 L
26,40° L2
0.63 ¢C/!
stig (20M)
ST. 20 21.20°C
26.95°C 1.80CC/L

0.46CC/L s1.%s  (18M)
(175M)  26.19%

« 030CC/L 250 260 270 280 29.0°C
(20M.) 10 20 30 40 50 Cc/t
SAKINO- T T T T T
BANA STI7 N .
NAGAYO- 02 _e"A
URA 7
/’/‘,‘ N w.TEMR
o ry
< ar

)

Fig. 8 Chart of Nagayo Inlet and adjacent waters showing depression of
dissolved oxygen in the bottom waters. Shaded portions indicate
patches of red waters found at 1:00 p.m., on August 28.
Values at each station indicate temperature and dissolved oxygen
at 1 meter layer above the bottom, and bottom depth (in parenthe-
ses). Inserted figures indicate vertical distribution of temperature
and oxygen at St. 17 and the same at the position of weak red
water off Mishima Is.

WizbDEEZ L. (TNUBROBMBFRRIOHERIZE 3HSIHD T &)

4 REBCBIZFARERBLRBERE

DX 5 IR TREIE M EMIBRACRD DT 5 KO FBAKHTHREL 20, £
R TR I THGEEIBROREEICECEY (8 B280), WK - —AMHR 28 CHEIK
B bamicks X 29, 0HDORM), 9B IHTTRHLIZ. COMOREBEERZ
THOML TH 5.

8 H28H, fRiE, 13W250 HEREVEM (st. 30M3D) THIKEGIREEFR, ZOHMBYIX
NEHE, ZoERIIEEE. THREMRE L MR L, BERNREE T CIEeRT
HEYFAT L e x X TF (FEKIm) - HH T GRIMEI2m) - v (KE 3~
Sem) FEOHEGENNFEE LS. 14F, BBEETRNBER2RR, I BR1E
&, ZEEIT200~300m7s Y. BEMEER 6.9cc/f, MFIE 145%, ZORIILHTE
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Table 4. Vertical distribution of HRBEOHEZ B 180, S

relative values of chlo- UBRBIC B e, HKERRET
rophyll a at the Dozaki

: ; T2 L. BZ5 REYERIZIL
fixed station, at -18:00 N .

on August 28. BHEBL 20 R L7200 L Bbh

Depth - . 5. BEHEBO /uo 74 VvEERH

(m) Relative value ~, 10~15m@Eic% HIRER BB 2 L

0 0. 005 #FEH, (Table 4), FREIEDERILT

5 0. 005 EDEZERL . BEEIER NR S

10 0.042 Wb b .
. o 8 29, BRI, 12~14KESTHAICHE
: rREICIRETEAE, BRI Y. AR

* Bottom depth is 21m. YRTHEE, FEES, EEEACARSZL. BB
~NDELVHER L. ZOHORER

WETEOmWL.

53043, THEEIRKER R, T Ay I UEEE, —ARHSE T 2 OBUEE ANV

By 9RI0, T 3 ANF 2 @AW, BRI RSPLEES V. 3 R

MICERERL, h & o740 JBFER. 1215209, FERUEL, TRIE, WERENCEEEI

& UCHAE, GRERELDY. KRE

OERKEE S Table 5 127y . WEE Table 5. Data in situ of the deep
. red water, occurred off

i 5 mEERE SRR, 10mPIRE Ooya-bana at 12:20 on

HEFRRER Y . 12055057, BIGE A August 29, 1965.

THRME L. H200mEEN F BT 2

—3mMTEIZBES D, ZOREDY

DIXE b b OBETRIFNIEFERRE

Depth Temp. Dis. O, Chlorophyll a
(m) (°0) (ce/D (mg/m?)

0 29. 40 5.44 96. 43
#e. 130, B REL, BKBERR 5 28. 45 5.23 _
L. 16052073, 3 ClofBucimita L 10% 27.10 1.17 18.35

HEME Thl R 2R T
8 A30H, ZHBEERRMAL, L
U Silg, KiEBSHumicHiL 22 L 2B E 3. Bk XA, E5)
AbBEET. EAPPEKEE . ZOHUREKEBEZET22LE L. BERE
MEERIZIEOIL (Table 6).
8 ASLH, S7:7-UNiSTEERE. Ml GRUKER) Mt H 3 8N, o7+ 74 -
F ABAVTERE LT REAOWEL S R CEERY.
9H 1 H, &FICRNEE, WKRREbO TEL. REMKE2. 0cc/lx TET, #EH
B40cm. M KZEEIREIZISH 2 ¢ - 7 L L, RBEECELY. BEEE TAWIER Y
WLt IMRBEOBEIIRE 2.
9H2H ¥ARGEHICEL, BANWEERL(KEE. $ 2« NEENNFEE EE
M, MBI CER, WEKER, RERBRNESML (Table 7).
9H3~4H, EL EEBRSL2EY, EARIUFERES. BSIIMIRE.
9H 5 H, FKBELUTHREEE, KgETROREEL.
9H 6 H, W¥~EHEEN, ES/IHEK, HEACRNEERL YVEHETEL. 70544
BLl, Frodeqy o BERRER Y. KIRGHEBNERAKT 7 oe 740 a 183.58
mg/m¥izEd (158307)). FERIEHEROML (Table 8).

* Bottom depth is 11m.
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Table 6. Data of observations in two pearl farms, located in the south-
westernmost waters of Nagayo Inlet (Observations were carried
out at 9:05-12: 05 on August 30, 1965)
K Pearl Farm
Location Rannuki Bindama No. 11 Takeshita
ikada ikada ikada ikada
];ptl\l\~ Item Temp. Dis.O;, Temp. Dis.O, Temp. Dis.0; Temp. Dis.O,
(m) °c cc/l °c cc/l °c cc/l °c cc/l
0.5 28.4 5.50 28.5 5. 89 s — — —
3 28.4 5.03 28.1 5.59 28.1 4,47 28.5 4,12
5 — — 27.8 3.32 — — — —
Bottom water* 27.6 1.13 27.8 1.06 27.3 1.48 27.9 0.51
Bottom depth 6.5m 8. 0m 6. 5m. —
Visual Not Blackish Weak Not
observation appeared red water red water appeared
S Pearl Farm
Location Rannuki Ichiretsu Seiyo Yonretsu
ikada gyojo ikada gyojo
1MItem Temp. Dis.O; Temp. Dis.O; Temp. Dis.0, Temp. Dis.O,
(m) ~ °c cc/l °c ce/l °c cc/l °c cc/l
0.5 — — — — — — 28.0 3.90
3 27.8 3.75 28.1 4,77 28.4 4,82 28.1 5.08
5 27.3 1.09 27.2 1.27 27.6 3.60 — —
Bottom water* — — — - — — — —
Bottom depth — — — —
Visual Not Not Not
observation appeared appeared appeared Red water
* 1 meter layer above the sea bed
Table 7. Data of observations in K and S pearl farms, located in the
south-western and eastern waters of Nagayo Inlet (Observat-
ions were carried out at 11:45-13:30 on Sept. 2, 1965)
) K Pear! Farm
Location Site of Rannuki Ukidama Seiyo
ikada before No.B 1: d
Dep;}\ evacuation ikada lkada
. Temp. Dis. O, Temp. Dis. O, Temp. Dis. O,
(m) \\\\\\\ °c cc/l °c cc/l ’ °c cc/l
0.5 27.4 4,51 — — — —
2 — 3 27.3 4.24 27.3 4.32 27.1 4.34
5 J— — _ — — _
Bottom water* 27.3 3.88 27.4 3.54 27.4 3.94
Bottom depth 7m Tm 6m

IR T~8H, REBREL IR,

SAHESE Table 9 1R .

9 A 9 H, KibIRmeEl W ERT.
9HI0H BEZ3FHE, DEREHREAICHEET .
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Continued from Table 7

K Pearl Farm M Pearl Farm
Location T ar
emporary Seiyo Rannuki
Item Sakino : '
farm ikada ikada
Iﬁgﬁ?\\\\\\\ Temp. Dis. 0, | Temp. Dis. O,  Temp. Dis. O,
°c cc/l °c cc/l °c cc/l
0.5 26.6 — — — — —
2 — 3 26.6 4.62 27.1 4. 66 27.2 4.70
5 27.2 4. 00 — — 27.3 3.36
Bottom water* 27.2 2.11 27.4 3.28 27.1 1.71
Bottom depth 10m 6m 9m

* 1 meter layer above the sea bed

Table 8. Data of observations at va- Table 9. Data of dissolved oxygen in
rious locations in Nagayo the K Pearl Farm (Obser-
Inlet. (Observations were vations were carried out at

carried out on Sept. 6,1965) 12:00 on Sept. 7, 1965)
. Depth Temp. Dis. O : Depth Dis. O
Location (erg) < Cp &S: 7 2 Location (m) cc/1 *
Mouth of Nagayo R.| 0.5 25.9 3.83 0 4,05
- No. 11 ikada 2.5 4.05
No. 11 ikada 2.5 26.8 4.46 Bottom water 4. 05

of K.Farm 6.0 27.1 2.11

ite of i 0.5 27.1 3.53 0 4.26
Site of Rannuki . . ) Seiyo ikada 9.5 410

ikada in K Farm 3.0 27.1 3.42
beforee vacuation 6.0 27.2 2.46

Bottom water 3.73

Site of Rannuki 0 4.26
‘ 0.5 27.3 4.40 ‘kada before o5 10
Dozaki 5.0 27.0 - evacuation Bottom water 3.98
fixed 10.0 27.2 4.23
station 15.0 27.0 2.39 Temporary 0 4.57
20.0 26.5 0.45 Sakino farm. 5 4.59
Bottom water 4.45
0.5 — —
1.0 26.9 —
Temporary 2.5 27.0 4.46
Sakino farm 3.5 274 -
4.5 27.3 —
5.5 27.5 —
10.0 27.2 —

YULORBEAY DA ->THT, SEORFHORREORH 2 HEDTHZ L, 1) £
FAGHEBIOEOUED (28H), K - — ARk R R TG K BRICZIEA L (29
H), ZOHIEHKEEEEEEICELIZOT B0R), BRI SOV ik MG 5E (3
BOLHE) »EBALIZEDHESEN. Ub L, ChizEEEE»LA12H8TH -
THEE TOFRMHEZPEEORARRE 2728 51080 3 FHUIBR I QO i) 3R
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B L, T 5 TRk E ORFINHEBETH 553, BRI EKEES—RE
IZH > THD DT, BREMNCHREBRERCEBT 2RI OEREL Y Dl s. )
HoEHIIEEG @WMT2RUIE) 3 VRFIBETH 505, HBADS—RICHE - 1 BR
TIREREZHOD &S 51z, 1) U O EERRAPERcERIh3 %
{, Hili - HERTRIZEALA LN 5T, U VBBEHOHESERE RN 5
WINPT OVWTIZRIBIRTH 5. BH H2VII/NHEO AT L0 HBL L 7261
bhH, REHEOMSAA S 5. ULrd, CNHEEHIERMEMEET s L, B
ROBAEHI E DY TRETH 5. COBFIIMPAEHEBE T, K2 R BEBL s
5. iv) FEcAEE, WEEcEAL8H29A» 5989 X TI2HETH A, O
M, BIROBUD» - 2Bl E T 5 TRVEEESEE L, RCHBORBR 12 E 512h5, B
ZETHU» SIZDIXIB1~2HT, #EKLI~S5HETH . ZOERZETLTHEK
REEFRICEL LT, V) EBRE/KOBIRINE B KL TF BB RIGDWIREEL /s 5
1205, WS TIXIERBREIC R AL L3 d - T HERBIREICE 5 C 21372h -
To. HEL CORMICH B JRBFD S b, HIKEEEN - & b LBN, »o, O E
Dotz VEEIEKIERSI I RIS U TAVWIERO BB 1 BB hi. Fflics
JARENRIEG TR 5120, BARBRICH >Teh b > TohOBHizZEc Lk 5708
DEHHM LTz,

5 FHEMEEOETRR

REEMEROMAERPRETH 201, BREBE 2T 2120 TROPEPRTEL
TNZD T, BIURERE 2R T 5 CARZBENE 2 L TERBU L. EYREOHER
son7 s VvEPLHRITACE L, HREL SEEICEABBEAUD Y v e 7 4 VHE
BB, MSEST, 6,7, 9, 12,15 19, 24850 7@, 0, 5, 10, 15 m ¥k VE
A BE1ImEE O5BTEAEELRL. Yue 7 viEEE & $ITKE - HRE -
MEBORHE T2, 7007 4 VEZEAGEIARZ2HNIFTSTH - 12» bR
EmeA UL GE2EHEESR),

FEYEOWER 2 KE - HEBORMEET» S A5 &, TIKETIREREAKZ 29°C #f
BT TENCRIE, FHRAETS. EEKE 26°C i Td 50 5, KEK20mMO Z OEM
TEHBEEIIN 3°C TH 5. ORBOVWT L KMREENLH %55, 24N ORE
DX EELTE Y RERBL TS D EED LN S, 10~15mEMDREEL TR & D
IV, HEREE, BREKTAREL. 0%, ERBKTIT.062 Th 505, 10mPEKDOE/LZ
Wi, KEAHRCHRTEBAECENY S b, HRE 2 BICT 2 lCRKOBIRD H
StzDTRVWhE BB INA. BEEIR, 0, 5SmTIEKRAE 6.0cc/l TharH, 5mE
OHEDENEAS S 5. FHCI2BOFHETEL L BVY, ChiZRBEDERBOEFEELE
ZHsrbDEELI. 10mBNE, FEEICLETIE ARG 2.5cc/l Th 53, 1GREDIFIZEL
CHINL, BWEKTHHOIZE 5.5cc/l TS o7z, 60T ORI U AR TH
%. 15mBEIR A 1.0~1 5cc/l, FHEBEKIIOELBROCERZRETH-12. D
$OBMBHRTLUTO Y v w7 4 VEEMOBERZT/S 51205, L LOERD L ASEE 121k
TEGFOTREN E 12 L 72h o> 12 E OV WERNMER T » 12D T, U TFOBEO®ITI
BZDEDOEBEPDLNZBEND 5, :
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smuT 4 VEIRG, 7, 9B LU TEBRAMBIE DL, BHEL DTV, BHhT
L10mPE T L, DETAREWEA S A. ChicsL12, 15, 1985 0% FHA R 113 R

EBCZHRT RS D Y, BIHEISDODTREV. T4bD,

IR, b mETIKI2RICEREL & 5 bh, fOFHER TEW,.
I0mE T, BMABIXISEKICH Y, 19K EV. IomEdLHEEL2BLU Tt b
vy 4 VEHBETH 35, 15EOBEERIC/KIT 52 S I0BHCEAEDS S 5. EBKORTI:
mBEOZE L LI, IR WV BAELHS. CnbekhbE, BEOHAMEIZIZ
RELIRII B & FcRED SIEEA~EBEIL TV 5. 12850 0 mERNL, flHBRRE THRE
UTehd, RSHERTEGRZZED TOWRVDT, B\ 7 e e 7 4 VEFHES .
BEZHL5mEL hEWETH VWD BT . UL VARSI kB TEREERS
DBEEINTVWADT, ATEADC OREICIEAE S mELEIC AR YEER O O ps IR
LTz D LY 5. chds16BRT 2 2 & Tl4E) S RIS IIMEEL, 0 THE

[T d %

CERBRLTCVWSEL, TOBANE TREABMETALON L T2, TDL

0 m/Bi 1215 D Bk}

PRAY

BROBELH 50T, CCTRARLTHEL Y v o7 4 VORBBITHRIL R4
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Fig. 9 Changes in relative amount of chlorophyll, temperature, chlorinity

and dissolved oxygen, at various depths at various times; survey
was carried out from sunrise to midnight at Dozaki fixed point
on August 29.
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6. FEXFEOEYENRE

SE ORI G O LAKkFEIZ Gymnodinium D »H AFThH 5%, FEIXIZIZIIR £ 12
X7ZHET, WEICELIRESNTE Y, K 30—§l2 Lowix, Kie2ee, &&
#9302t [RJEHI5~164 Td 5. FEEIZADIZIZTHPINC H > TRAKEEIRTD 555, i

Fig. 10 The dominant species of the present red
water in Omura Bay. While this is a sp-
ecies of genus Gymnodinium, the name is
undetermined. Upper figure, swarms of
the concerned organisms; lower enlarged
individuals (x940).

* SRR F S ROBEIZ - L4uE, Gymnodium ochracaeum @itiblZ Kik—HT %438, =
BROKFERERR A S ARG & Y IR L SRE S 7
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B 00 o ek 23 5. BB THRIZTICH 525, EEACSRWVEBOEIF BYoh
5. BEEZERTEE HEOTHE. B, BERERLLV. &% I B
U, EEERIEZEERL > OHBENESI TR T 5. b b ROESBIKET T AHD
RIS 5. (Fig. 10 B)

EERFOEEIES EGEREOEHICEL) Th 52, ARMBBEEOESUETEL
WEBILEEL, T MK TRERTH 5. BKkoaERR Table10 iIT/RLI:

Table 10. Pigment composition of the red water
Date Aug. 28 Aug. 29 Aug. 30 l Sept. 6
Time 18 : 40 12 : 20 11: 00-12: 00 l 12:00 15:30
Location of Dozaki fixed . Seiyo ikada of
Sampling Station - Off Ooya-bana | K Pearl Farm | ¥ peyr] Farm
i)
Depth 15m “ om 10m | 0.5m 5m | 0.5m  0.5m
Chlorophyll a 7.97 96. 43 18.35 15.70 11.40 7.94 183.58
(mg/m?) ,
Chlorophyll b 1.81 0.00 1.97 1.84 1.98 0.32 0. 00
(mg/m?)
Chlorophyll ¢ 3.61 22.24 5.64 6.78 2,87 3.43  47.00
(mg/m?)
Plant carotenoids 11. 90 132. 20 24.60 22.00 15. 40 9.00 252.50
(mspu/m?) ,
Red water was
not observed at
the surface yet, . D
Visual and the mass was| Deep red water i;d :{ate; Sll_fh V:"e;ik re;p
Observation | deemed to be | ¢ the surface y tinged wi €
present at the black water water
depth of 15 me-
ters at the time
of collection

2, BEEIZZon 74 vaBTR 200mg/m® Thsb. Zwvnr7qnbidBGEEAKD S
BEAEBHEShEY. oo vcBLOEYEIeF /4 FERAZBICE T U
7. HEEuIEAKL SIH TV ES 8.9%x10%ells/l THA. COEIZ X XITHRHLUIZEBER
BEA—-FK»o6BI-0THEI»EL, 1HMEAEERERPBELTSL, JuuTygva
T 21.85%x10°mg/cell T, - THEE TEEEVBEE LI Gymuodinum [&5HITE
DEEICHUTEETH 3. UL UBEEOKS S 2BR/T 25 L HAREH L) DBERS
BTREZIZV. COXIE M E ARESL b - TEKE, ERCEEIEE
DFERE UL EOBEREE L. BUGHBERY 6.9cc/{ GEME, 5~60cm, /Kif
27°CT tEHREL17.06%), MAETI40% 22 LD COBOEELRUIZEDEER
5.
SEOFRBBEIZHEUE2EEOH L T4 L5 T, REARTEDLNZVWEAHE
DRI FET 2 FE2 UIE VIEBE L), AEZ2ELVREEEL TUE 5 I3 ER
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RETHA. BTN, Bl (NEE- 73 20X 2o W ERESESHEEE
BRaiirs o1, Dl & b BUWEERE» o hish» 2. D UAERE TV E OH
GEDSHRN.

1. RBREWBOTI Vo bUiE

EE L7 WEDKEE T, SRERENBO I v 7 NUHEOSLRBE L. BRI
UTEHIN T %25, EHHUC & 2 ERBHRE L EEITR > 1. FHEIIEKERDOEED 5 E
BENBPENL T2 0T, REEEHZERO TLEBBEBET & TAHE2EE
bdotetd, EEVHFSNARAETHERELSNFEREBAS.

FRERERMO TS v by (8 A24R, KBIMREMEORKEAR) © B HE I
Bacteriastrum-Chaetoceros-Nitzschia TGS 1, & T Bacteriastrum JBOHE
B2V, WK1 12 b OB TAO 10007 — % — TREKCE. B - 5
EHEEILREKICE L, 0o N, Cerci%’ium fusus + C. furca + C. kofo-
idii + Peridinium INUBSEREO I ICREE < R UAPRBMEFRERS 5
Nis\), %1z Dictyocha fibula OHELS BT -1, FREK CIEREE, ERKTE
IREEE BB ST, REBKD TS 07 b UAOESHIRE LTV 5.

FHMAED TSV by 201 (9A6H, KEGHERPIHELS) @+ 7
I bW, 8 H2AHOEBAKEBICERL, BiEA SN TEHEA b NLh - 2RI
Dictyocha fibula ®» T, SFEL L HBEUREIZ, SSRME (HEEZEK1ILH
12O TFHAID 10° DA — 4 —) Bt Polykrikos B 178, Pyrophacus B1FETH 5.

FEBMEROFS o by 202 (9F6H, KSHEmhIosiiKER) @ A5
RIS BERBAED SR UI 3 0T HEBEIZESREES S - & 5% L (8.2x10%ells
/D, EHBE D% % LTz, B8O 6 %k Bacteriastrum-Chaetoceros EHERROEEE:
WK1 H 12 ) O 100 OF — % —, Tt Ceratium fusus « C. furca BI O
Peridinium & (478) - Pyrophacus & (178) - Provocentrum & (278) EHE®
WEENBE UL BAID 108 5 THD 100 OF — F —BEOHE, $10RREIREL
N Gymnodinium [& (%7E), Polykrikos BEZB1 U 100 DA —&—, ZFOi
Dinophysis |8 (178) $xohiz. BEE/ v 7)o 2BYHROHRE H -1z, b
LRMEA L UTHEREESZ N DIE MR TH 505, ThUNOENS ZER M B Uiz
&, U ZOHRERIARETHEO 10° O 4 — & — THEEKII I e RER VT &
MBEH 31 % (Table 11).

FRHERBRREOTSI Yo by 201 (9 HI3H, KEBINRBAAEOR/KER) © HE
$H T3 Bacteriastrum BOEKIRZ DS, Chaetoceros « Coscinodiscus « Skeletonema
« Nitzschia + Rhizosolenia + Navicule BEFHET L, MEICETORL»H 5. &
BRHERR MY S <,  Gymnodinium BO b OPFEHBY 205, NEREEI A
g, BREETIE Ceratium fusus O & Provocentrum [& (2 ) - Dictyocha fib-

*3 AEAEEKE 1~ 3IBET, RBRIBEREKE -7 ThbbAERIERERLT 2EITD
REZRTLOTHB. (ZOBORFTIZO>WTUIRBE RO S5 o7 v 202 BREOZ
&)
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Table 11. Plankton composition in the deep red water (The sample was
collected from the surface of the Seiyo ikada of K Pear! Farm
at 15:00 on Sept. 6,1965.)

Diatom
Gen. BaCleriQStrum «vvoerveevesrsrtrriieiiioreeisiniiiaieeiiin, 21x10* cells/1
Gen.  CHAELOCEFOS +++vrevrrrrresnserrirrmiriiieiiiirieearnaneienans 2.5 ” ( 2.7%)
GeN.  NILZSCHIG ++vervvrrerrerrensimsmeieiiriesirerrarrenan 0.5 ”
Dinoflagellata
GYMAOATNTUN SP ++++vevrrrrnrrrunernneriie it 839 ” 94 %)
(The species concerned of the red water present)
Other naked flagellates ««--- eooeverereeriiiini 6 ” ( 2.7%)
Armed flage]lates ................................................... 18 ”
Desmocontae
Gen. Dinophysis-«eeeoeererrernmieiiiiiniii 0.5 7 ( 0.6%)
GEN.  ProvoCentrumn +o-veeeereerierinrininiiiiieiiereineieieiin 5 ”

Total 892.5 (100 %)

wla & I UTc. MFEEEIZSE $ KRR E U TBEBKITE.

FEERBEDOTS v by 202 (9 BI3H, BEESOBMKER « AEARIILH
ZRESETEFLCE Y, 7507 oM aimiagEs s fr 5. B Bact-
erviastrum-Ceratium fusus 7» 6 F & LT A2HE - HRESRET, h»HEARE U
TX OMDEEE - Bl - BOWRESEESSHHEERE L.

UESYDASTHS L, REIRERMBERERD T 7 b UBEBRIQL, JFEh
DEAR THRESE S HB T 5 DAL, Bl - FREOBRICEEV SV RS
P»THhA.

8. FHHB®ZROWKSR

(1) E5#EDOKRER

R OKRE 2D D, TOBROEBRBREOWE 2% 12 9 AI3ARSH THE 2T
otz HEEARIIEL UTERBHRE - BREB X ONEEOEERN % 51 5 Bty
bigh. CORERE, KEXEERBETKAE 26°C, FTHBAREIE L 4.0cc/l BE G.9
~2.1cc/l D) T, KEEBOMMES L CEBRED 2 VIZABROTLEEEVED 5
niz.

Bz 5 9HI~IIHORAEEE, TOROKBIETHEERES2{EELIZIZDTH
25, BEEERIE, KB TERBEL QO BRED S b A, SRR
DKM E £, FRELEYEROKEDSITV & O 2151, BEKERL, HG—EARMY
DHJEKT, FENE & bR, »OMUL B Th 3. COX > IHERED S b
HEMOERRI Y 6, REZOKRENKEEELR, COREELAHEL TRERL
SUOEEHTEZEO I Z 7V F AT VBANWIET AIREDN D -T2, HER § HIG—BIARK
BTEHA 2 2547 VDR FIFEEMREEIT S H —ERIZFEERE L L T, RENT KR ER
BICH 5 EBEERIIC Db ET, COBREND 12 E1E, Ud b IEFRRRO » &
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Fig. 11 Temperature, dissolved oxygen and survival of the species conc-
erned after disappearance of discoloration in Nagayo Inlet. Shaded
portions indicate distribution of survivors, and the inserted figu-
res are vertical distribution of each element at each position

shown by the arrows.
Upper figures, September 13; lower, September 20

PF AT VAMEEE, RMBEOBRTFEHEENSARG—RL Tz bz (Fig. 11 8K), =
RBRPEUCREIELI . CO—BERESE» b L0y, —F TREBESEAREC
& 5T, RERBIEREHRLUTOBEDEA BT 5. FEEDREBESE L LR
DUTBRTEB L sTe W2 7 F A 7 UANWIEREIE, HE TREB—BR D > 22T
RIBROME LR TR L 5 -1z,

ARG OB HITIN, 9H2 308 ITabhz. 9 A20H DRI, EERRE
1 3.5~4.0cc/l T, BIEIFAZE L D IZ{ETF URHCHARRIMTEN. FoHBESICBY 5
EEEFEICHIL2SDOWH LD T, SHBATIZRRICE > TEEBERLDHVES EE
A bNiz. WRARFEIZ, BEEO2HTENLULE 02D TLRAD I, MIBIIER
ETR—ELOHTECELVLRTH -2, TOX3RRETH 12005, 208BRETHE
BT LA BELTRZWEDLHRAIL. Lb L, ZOMMEREIIER - Mg s 4 /E
AR R 82, FREKOBHAICE TREELBARSDYH -1:DT, LBHE
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BOEH Y eEx . 0RE/KE 25°C T, EEREREIHEEEST 2.9/l TH -
fo. WEESLLE O ETHIULY, ¥ NTEERTH - 12.

YU EORERD 5, RS TIRARBREZIRENMNCI 9B 9 B TRE U 12 3=
Fiffiz 9 H20RE T 2 L ELI.

(2) BLE - BKBEDOKR

EBSMEATUT, BE BAET AEMERAES»ER L. B EBEORIRIFE
X 8 A31HT, ESMHIC2 BN TCWA. Bz 2FEEIZ, KFIEBHOE U BRI
EVERET, HRIEEBLBICEB LI 51z, BTHIRESHED 6 BRIRICRAEL 120
ERRNTH A, EREIESHLA-FT, EEBREIL A 2 ARETHREEE PR
HDO—E TBRICTVIREEIL H - 12, B LBEORIRBOBRRMKEIR 9 Ah4a (168
) <, ARROESHE 1x 1 BEEN 3. BLETIIEREST b RIS 2 H
STEST BEOLBWMCERTAEDTHAH. HENMEREDEBERIEATH
EEFENVOIBRTOIA2IAFAEL 2. FAEIBHIIBLULICHR > TEEH & AERE
Tt -tz T OFER, EE/KRIZ24.3°CRlk, 5mETH 24.5°C TARKEIEDHL
TW3Z L, BXOEBBRERIREM 3. 3cc/l T L DK TI 3. 5~4. 0cc/l T,
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Fig. 12 Temperature, dissolved oxygen and survival of the speciesc con-
cerned after disappearance of discoloration in Katagam Inlet.
Survey was carried out on Sept.21 and 29.
(A) Chart of Katagami Inlet with survey point, station number
and bottom depth at the points concerned; (B) temperature at
the depth of 5 meters and distribution of survivors on Sept.
21, indicated by the shaded portions in the figure; (C) tempe-
rature and dissolved oxygen at 1 meter layer above the bottom
on Sept.21; (D) distribution of survivors on Sept.29 ; indi-
cated by the shaded portions in the figure.
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200 DEEH & HE U TKRET 0.4°C BEEWD, BEETERELNTERASI.
U URREOBRTFRIZESHEE LU S, 2120505 b8 S THBILIZ. £
ERTFIAD 6 BHRE - RS X CRHET, Woh s BB EE» PHER 2 -
to. BRI RTINS L OHES TIRRZEL T b, 12 Il EE <381 B AR
RRDIEOMEAL S HHDT, BEETIE T HAEYREGKRERIIC/SWVE D EEbh
tz. 9 B29R RFIAES L CHES CA R O REASFEL, HHESEELT. HE
i 9 CICREEERIZTE T U8B Th - 1203, BMEOHKEZT OMIZ20H DRI &
K L, EREEPZEWKT 2028 U, KEIZS5mET 23.5~24.0°C Th -
2. BLEBTB T ARKRAEIZIOHI6BICITI - 1205, NEEL I L AYEBEYY, bY
PEEMEETRIIOATHS. COROKEIR 21.0~22.0°C, ®WHFEEIL 4. 0cc/l L
ETHB. CORETRRILTEICHEB LI EBENEIZOT, EHOERLBEILL
T, BLBOAVERMEEINZI0HI0E LUz, ESHICGENS CEEIR20E T &
%.

E/KETIX 8 H28H 1 U THRIARM O JKE 238w, 30 « 31H & BN b BRI~
LHEAY, 9H1~2HICZOMICEL. COMOBRIZESHE SO THLULTY
3. BABTIE, REMEEOFEEIL A28 1 BT -120AT, BHOWBIZARHETH
5. EHREH O BEICOMT 5 9 HOREBRERICL 5 &, EBKERI 22.3~22.5°C,
B#RE 4.2~5.1cc/l T, 0HDESHORIUCIELIL TV 525, 29H O EEIC N
Wk 0.5~1.0°C <, BEETIIARED V. WEFREFIIE B &EIIO0
2 HCRFEREML,» 7205, OFESETIETNTHELUEZ. Lrl, BENRIZEDD
TAisd, EERRO L OBED» 5Tz, TLHEERIBOBIEZALY, Tk Cerati-
um fusus O KRFEC, NERHESZEREVIRRT, Uy s EREEOATH -

tz. F 22 OO R

2??:/\\/ SUZUTA R. BEHBIT 2 KE, B

tzzan Mz 13a0ESR
'%@L%é B 5 A DRI RELL L
AR . COBETE LN
e i, BRI B R TR

F P WEEMTRE DB IR
ANAS B EEIc N THIT LT

HIGASHI WA LTI, O

OOKAWA R. R 6, FREIED L
fé%; BETRR I B & E A

BANA ste ,
T ST.3
244% /‘z
440c0/L /74, 3900/L
/UZSM) (13.0M)
7
SHIROIWA -

BANAY

sT.9 - T Xdoml . S -
?gg&)ﬁw le\m-oomm R SNIDOT, BKETE
' EEELEE 9 ARpE
Fig. 13 Chart of Tsumizu Inlet with survey point, HEE LTz, KB OREL
station number, temperature, dissolved ox- FESHEELUNTH 5

ygen and distribution of survivors of the S 4k N
species concerned (shown by the shaded 1o0s, RENHILI0H
portion) in the bottom water, and bottom ni.

depth. Survey was carried out on Sept. 29.
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P EOHAEKEREY, HETOHEHBL2MA CEHOAREET AL, TTOESHOD
REFEED 51X, /N « REIR 2 & b3 AIRORENL A S 5, O TIZ
B2 1M TH B LT U2, C ORI, RERD - EERERSO=ZERICO
W REZE DD & BRI % BRI 3 2 PEUC X 1208, FEE» 2690 6 —F
H9, LUATEROARESEE 2. UL UFBRICREBEH - T, BEHRIEE
ThdEFFRMCBBEINTZL, Thicis 0L UTRHINKEEYS -7, Chidi
ZE T, MERBRKROESHAORA, &5 WVZHR/KOBHEmMTH 5bhiz.
QELHOMHERBRIERD 5, REFAEICEET 5 L ZA 5h 5 RBEROREFIED
BT, FPEKIT OV TR ERIIRE Tl EHNBEEII RO N &, EiEREI -
WTRFEDEKEIFL6.5~17.02Th 5 L &, F1-EEROFREST TI13HRIE O HHER
b SWEBHTIEIESTH 2006, A URHAEYBIHFEE S 51, WEABOHSFE
ZMCEL TN A T E BRI,

KBTI, FEHETIE 28~29°C, Fea:rd 27~28°C ©, 27°C LI EWF@E/KE G
PEEL LN, IBEBRRETIE, FE4 ORICERZEK2BESETED I, TORKD Y
nu T ANVEBLIOTI VO N UEDEIBRORRE Bz, MAEOBBBE KL~
BICRA VIR TRV LB Nz, QESHOERERNFAETIZ, 8 H21HICH
RE Nl IERERKOEBERED, 2THORHETHTREICH 2 Ll sh, 28HO
S CRIBERTIXI6MEDEIZ BT, - ISmELRIIERECTH S E¥br b Lt
2, BRI RNERERERICREICOET 5 &, BIOBBREENENC DS, %
OHIENKTH 5 CEDHAIsh, BESHITH b ONIEIBREKIZO—MTH S &2
Hont. REREOTHRSEL A%, COEBREKROBEAORAEBE —HL, W
FZOREM 2 IRET ABENH S EEL bz, WRBEYEROBEIC DV TIE, K
HELGMIBTH 205, KEESBEIZESC HVERVWEE, REOHAERS sbD TH
ETHHT DD, FYREROEERENCL 2D TEWVD L OEADBHEN SN, X DB
& 5 IIANEERER 2 LD Uiz, Chic & W AEYBEOINTERE 2 EH LT L.7m /K
DiE%Ez. Uh LZOHZICE, BEZLOBEKTEMERD 2. 6)5HOREESE
iz 20 THEZIIERR 2D 5 1205, Z DEVPENREB IR~ NIz T, BTG
ZhDreu7 v agBBENCE, BLEI/en T4 VbIRERBHRLH ST LE
BEREHMTH 2D, TOEEBREROINTE VWD & ORI Btz ¢ OREANS FRE
WO s7aa 7 VEPRBEIHVEBTHW 2 E» 5720 & 218 T505, EJSUE
BHOR T IFRAEDOE S H 5. ORBRENP ORETIETTI 7 Uiz ERIIC
BT AL, BLOWT IS FUoMHOERED ONT, LU ASEOFRENL Bacteriast-
rum—Ceratium fusus BEEER 2 T E 7 2HEE - HEBEEPTB L TWVWA L EW
b otz EEERIL, BEREKD TIZEEEIIN% 2 50205, BY O 6 % OB
WHAK IS T2 FHD 10° OF -4 —T, CHIZRMBOMEEIEE LS50, (DR
HOEEMNEE, BEESHETE I 2 7 F 40 VERRES BT 51208, < OBESIIREH
Wi 2 IEL X Wz, BRI O 7 o v ROAETRMEIED b ¥ UK ERNIY, ES5HETI A
9H, EETIHIGHETH 5%, EWENERIIIESHTIH20H, BLEETI0H10
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Bk 9 A0 Th 5. R TRBBLE I LAEED L STZIC b
b oY, KEHICC DX 5 ICEPSHRIZORBRIC L 2ENECILDTHEID. &
RRA—BRTREBED - BTN, HELE» -z, 0k 5B, REHTIRE
iF—RARBEOKE, BLBTERFINAEKTH 2. Ch b OBFMIFRMAEY 2RF S &
LI RHA TS b D EEbN 5. ‘

D OB D D 5, HEREZMA TTFROFEICOVWTERL L O HmE LTS .

1. FEEMEROBHICDONT
FREEYEROBENL, ATHAEKRENC L, $REEHIREOR L - T

DEBEENIC & 5 BEEENC L 50 TRVY BRI NIIOT, WERELZHEIL, —)7
TRy e 74 VEOSEHESEEOCEILT 5 RIEBRD 5 BT B 218 57 Dl
WOPWEE BEE 2ERUI. T, HEBRIICOWTIZ, BYi & % BHAMERENL AR
B VWA E DI IE IS TH B, 600~1,000m/6hrs.  FEE O RFTNERLH 5 D
EHERIUT:. COBEBEHORIUL, 3 -5& 3BILDIT U - 12l & B TOBRT
btz b, INLIXBAMEICEL, L OEAD A VIZABIELMNMIChUTTHS L
Z2 5. BIBTVRWIESHE AEL L, T TIRAEEASX L RE-T 600~700
m/6hrs. FEETH 2 WAL, LT B s D% LEb 3 L 05d
5> Th, TTTRUIMEE REPRIUS RERNEBETKEICH Tz g 2R|LENVAE B, C
D & 5 7S REMRILO N EAHERE DS, B B TAL 2 i U, RO &
b, DOREREELIBIE, AVESHACRNEEFIRT 5 < & 27 EBIRAKEDKE
BiLRBEREUDBERICE s T0WA e 2EA % &, REVEYEMD T OBE 2 B/KR
e & - TV BBRY, FHEMRORRE ICE OIS TR I3 58 BAR i KRS 72 7K SE
BEINBC 5 ERBLEN

FEBENCOWTIE, v w7 VEZHEBLRENICEBICIET 3§ 2R 548
EMOIL TG 2HEI L1203, COMWANIIE EHAEKPBEERIh TV L L, Fi25tse
BABIRIE T OBME TR & B L EBRRIGEWEREKANNLT T 5 C & DEYRNEED
RBT, COBBITHEME2BUFBEOBRED H LHZZL TV, LI IEBIET
103 Eh bRk I T, 4k B—HEic & 2 KEERELIE > TN A T & 2D,
et E—FRTEEU. X106 B 512HETT, 7THOEGESNE 5 & it
UL, ZORBRERLUI.. COBKFNTH 55, TROBEEI LD 51z (Fig.
14 2H),

) FEBKC I AKEETZIE, AMOBER T2 -7 UHEB T HE G T
5. HHOZGHRE, XEL» L ISMEI CTHRIPEETCOMEE T L AEBK @
Bkgg, Kkllm) FCEB8LERN. BHOALBRGIIFELECBC 28R ThH 5.

i) EEA (10m) ZHERI D SEME QLR 5EB 6K T) BHRERMIE,. K

* FEMGRE 2IHOFETE, FROMEL S -720T, ERFICL 2EEFEOBERE 217 »
7z. FEIXIIHOKH « INHOHRETH - 7253, BAKB—HABRIBMARNE L EHERE—HAR
BRREPS, ZNZN 2.5m BEHIRE &/ 48, 570m/6hrs. Lo~ 300m/6hrs. DOFH)
B2z, ZNEDBERREEFOE2HET R TH » .



94 B - AVL : 19654E B ERAM AR MR O MM & 2 OHE

800 (OCT. 6)
12:00 {oCT. 12}

I3
o
S

1:00
= 03:00 (OCT.10)

< 03:00 {oCT. 73

< 03:00 {0CT.8)
-412:00 (OCT. 9)

- 06:00
=109:00
4 15:00
1800
2100
24:00
41800
digoo

. qos00

DEPTH IN METER

vl 200
GRADE OF

o)
RELATIVE AMOUNT |2 ¥H3 175~ 200
oF cHloroPHVLL [ ¥

K Co s

125~ 150

100-125

: 150-175 | 6 -
;
.

Fig. 14 Afternoon flowering of Gymnuodinium (same species as the red
water present in Omura Bay) at the surface and vertical changes
in the relative amount of chlorophyll at each time preceding and
following the flowering. Surveys were carried out in the inner-
most region of Nagasaki Bay on Oct. 6 to 12, 1965.

SHe AR RIS <, HRIREY. Ued - T, EYEROEERE L H 50T ) b
WA B, HEOEBEEAIZELE LS. BHROHEDE/KO ORGP R EEE KD %
NICHUTETEAT2DTH 5.

iti) FRIFROELBS, b o DINTHREN S b¥A .. BLEBEEREKTE-
WEET A F TICBRBNOENN S 5. BEEAOEING, SREVEMOEEIEHIC X
ZOTRHRVW»EHETINS.

TN o ORI, I5sOBEHEEDS BILTHEZEEL, HO IR ERE2HEL
122 ET, WEHREGEP KM CEERE 217725 O Ty L OBRICEENAR 2R
Utz b DEEL B, THAROBRERMSEMT % C &1, BEELIEHEEAPEC 5T
WA T ERTTIBBRIEIT. b3 RFOBEERD & DY THROWESORGUCHE
TELONHEEBLS.

—7%, BEHSET THSEYOERBERSRE—H 2 BRI 2 HE 2510, B
W 51 EEBRR L. CORE, REEFEEL 1.3~0.8m/hrs. OHARfzkE
Erioc EeBEH U, CO@EIX, Sz L7m/hrs. iU TME L, —F LU
Rz 1z BHEPFERRE TORERZ LEbofcc &it, EDL ) Bz T ~N&H
FLoTWB., WIS UAMBEIR 1240, FEHORERF ROV TL, & X
WCKH « FHH 1957)%6 L 08 (1966)"0W&E t H b, SEOBECOWT 6585 E
A THEATOEIIN.
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2. FAXFEOEBRFESRMG

SEOREEL, 7HAhE» 5 9 AT T, BNk - TQRI0A A E TOEMMRE
BUROT, BEACHT AT D TRb A3 g h 3. KIEIT2WT
X, WEECABBSFERSH TORVD TELJRBEE 2WBICH~S &, WR2iHI123
» 5 31°C B AHHENLBEHRCHE L. D) bEMEE I, Bl R #8 © i3,
26~30°C, BHRHTIX 27~28°C TH 12D TG 26°C UL b BHEEZA DN S.
U UK ZBIRESH S 3 U BEREEAE —B LUV LD 5 DI, EYEES
REZHOATHRIINATZDTHS 5. FEETE, BHRENKELIZHEDIH
28, 9HI AR IZOEERENBC 51205, T OROHRBKIEIZ 5 mET 23.5~24.0°C
Ths. '

CoX i 25°C LT OREFRHT b NEREDOEFEN2EF I 5 T i3 55
5, BREMEIZERUEIGRNDO TRV EEL 2. HREIC OV TE, 15~18%Z O#ifH
L EBTHRETH 505, i UAEIESHK 2T 5 L. BEEZREDIEIC DWW T4AHE
DPFEIZO & & ED s 5 12hd, BSHK X b ZEKEIREK O F B BEEEN BEd - 12
U, E—BFRORENENK & FBEBHEA 128 OEKDEDSEE » Flt Urc /R & SRR o
HHEEDTH > teh b, SEOEEESIFHEEDSMETH 5 C LIZTDIHERIT X 1.

BEBRBTHSZEOARPSEIEIN S Lo xc e ¥dnid, TRXEBRRREBICBWTT
H5HH. CTHICOWTKHIR UIZER, BERED 1L O0cc/l fIE T EFER2 BRI NN
EDEZ HOIE S . BRIZ, & UTHRBEVEREROLTRE 2l i8R 517
bhitch, BEESTIIISMYEEIED 5 VIEBRERETH >12itb bbb o T,
WODHEERICEIGMEIC/ v e T 4 VEBIESHE LI L, ik 3 BBAEEOBREIK:
Lruu T g VBBHBEULEIE,» -1z, ChbDERE, —JFTid dead-chloro-
phyll T/ & DEESET A, L TRZI THRVWEDBE»LRUIZY. CO#
ATHBERICIAHEFI T v 2D EEL Iz, FARICHILDEEICT T 2 MIHE 6 4%
N EEa 5. ittt s EERENL s, 156mEEEKIZEKERN S U5 L HL
KEREFELIC.

HEBIEIC DWW T, RERMBDO TS5 b0 L» LT A L, BIFEBIOEHE
WRIYEIL, EHRE - BISE Tk Chaetoceros—Bacteriastrum EE» 512, T O
BMERERNTH 5. ANBTLARRCOMEREEZEET 280 TH-T2L, §E X
OB T 51z, TOX D REERERICE LT, EEKR TIZERS L RO
DR - MBS VIS B L. Lz o, FREIRB L X ORiE OB 2 %
32 &, BEEEE T Bacteriastrum J8, WEIE T Ceratium fusus TRFEIN S
Bacteriastrum—Ceratium fusus % ThH 53, [REEC Prorocentrum « Dictyocha
SEOBEEA - BEEHEE L SV ONEMTH . LD S SBEMRRTRE LIS O
ThiHh 5, SEOFKRBEEEL, TOREDEYNERIEL LIRS - SRR - 55

*6 BB T TIE, ~NWIRBERIZIER 2 H I BRI B 2, MIBABMIIIET Y 5 2 LR
N5, RHEEEO 20X 2HER, FEMEOFRNRELRFI0E T, BROEERE LA
—BHEB. L7zdt5 ¢ ERRICTCEREKTO 7 00 7 1 ViR, SHEHASEER TS -5
L EZDZEOHES.
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Table 12.

BUR « ATL « 1965 B ANB R OMI & 2 OHFE

caused the red water

Environmental conditions of the species (Gymnodinium) which

Optimum Possible condition
condition for living Remarks
Water temperature| 26°c to 28°c l 23°% to 31° The flowering in autumn de-

veloped even below 25°

Chlorinity

about 16.5% |
1

15%0 to 18%0

The present species prefers
somewhat lower chlorinity to
the wusual concentration of
coastal water.

Living is possi-
ble even in the
lcc/l waters of
oxygen

Living is not obstructed by
the complete depression of
oxygen in the bottom waters.

No definite
value of oxygen
required

Dissolved Oxygen

The present species prefers the bio-environment which the thec-
ate and non-thecate dinoflagellates flourish with the desmoconts
and silicoflagellates. The outline of the plankton flora is repre-
sented by the Bacteriastrum-Ceratium fusus community.

Plankton flora

BB OEREE = U TV L 2RI L TH BEND 5. Ly b EEFERL
5, BEEFRE/KRTS THEEUNOHBEBALNIZC L, BLUPZ DMK HEEVRA
O & ORI TARE LD 572 &id, & Xickm (1956)° b3fafl Utz 77 3 ik
1T & A BAE(LIRG L b Fis 5 Tz

Y kb b S HEOFRMERES TR L T 28RBERM% BET % & Table 12 (T/RTU0L
5%, AAEE LS LRI L 2 REBEE S KRB TR T 5 T LI HRETH 05,
C DI L BIREMBFET AR ICB VT, T TRUNBEEBRIRETNCEYT
HBHIPEEL S, SHIEME L2 OFREATEERIC DV T, BEBEBEALE 2 HE U0 (e
Bhs. :

3. BEERFE(LFAOCRE

FRENE FUFELEN D>, JEEFEERD L VI B DWW TR ESHES NI B b 2
b, RN X AZEHRRBEHNREHR TH A0 5, BHFENIZETEBADHDH
LTh 5. FICREDEKE AIRD 2 RERME T 00K 5 DBA L, CheEET
ZEREFMCEATOE. Ud U, EFLGIEMREFELE T, RESRETREE UT
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Fig. 15 Flourishment of naked dinoflagellate (dominant species is a spe-
cies of Gymnodinium but not identical with the present red water
in Omura Bay) in bottom waters of the Sakibe region of Sasebo
Bay, during the period July 11-31, 1960 : showing in cell number
and chlorophyll amount. N
On the afternoon of the day (July 19), shown by the arrow in
the figure, the surface water discolored suddenly and the-concen-
trations attained to 6.5x10° cells per liter in cell’ number and
61.85 mg per cubic meter in chlorophyll a. It is deemed that
some part of the bottom swams of the organisms concerned rose
up towards the surface and grew.
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