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Growth of Gymnodinium sp. (type-'65) Cultured in the Seawaters
Sampled at the Southern Part of Omura Bay— 1
Bioassay Results and Environmental Condition during

Summier seasons of 1977, 1978 and 1979.

Kazutsugu HirRAYAMA and Toyoki KAWABATA

In summer of 1977, 1978 and 1979, the seawaters collected at the southern part of Omura Bay
at weekly intervals were examined if the water had the ability to support the growth of
Gymmnodinium sp. (type- '65). Bioassay was carried out by two ways, one of which was axenic
cultivation of Gymnodinium type- '65 in the sample waters at 10 m depth sterilized by filtration,
to compare the growth with that in the artificial culture medium (control). The other method was
to maintain the unfiltered sample waters without any treatment under laboratory condition to
compare the population change of Gymunodinium type- '65 with natural population change in situ
at the sampling station.

In three years, the visible red tide by Gymnodinium type- '65 had occurred four times. Three
to eight days before the bloom, every red tide had a heavy rain and/or strong wind which might
cause the environmental change.

The extreme low level (under 1m £ /¢ ) of oxygen content at 1 m above of bottom layer (18
m) was reflected in the waters at 10 m depth, most of which in such cases could not support the
growth of Gymnodinium type- '65.

In bioassay of the waters at 10 m depth by culturing axenically Gymunodinium type- '65, the
ability of the seawater to support the growth tended to change abruptly at the sampling day of the
occurrence of visible red tide, i. e. in two cases of four red tides, the seawater sampled at 10 m depth
became suddenly unsuitable for the growth of Gymnodinium type- '65 at the sampling day of the
occurrence while the seawater had been able to support the growth till the previous sampling day.
In one case, the seawater which had not had the ability to support the good growth till the sampling
day before red tide, became suddenly suitable for the growth at the sampling day of the occurrence.
The bioassay to check the population change of Gymnodinium type- '65 in the unfilterd test water
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under laboratory condition showed that only in 2 to 3 weeks just before occurrence of red tide, the

results of bioassay on upper layer water were similar to the population change in situ at the

sampling station.

This study was the first step to find the premonitary symptoms of red tide occurrence by the

bioassay methods. The results obtained connected directly neither prediction of the occurrence nor

discovery of any trigger of the development of causative organisms. The results were, however,

suggestive to improve the bioassay method for the aim of this study.
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Tablel. Chemical composition of artificial culture medium (NH
LT B W2 10mED @K F R —15).

%, pH %7.8 (19774£138.0) i< FRET NaCl
L7z, ZofEkzE22bl), 18 KCl

BZDEE, MAEREREELT MgCl,-6H,0
K,HPO,-12H, 0% 3 mg/ ¢ , NaNO; % MgSO0,+-7H,0
120ng/ LML 70, TEE bAE
0.224m DI YET 7 4 AT —TH IS{ugﬁ(e)s‘

2 4

EEEL. Zh 3Bl ATA

240g  KNO, 100.0mg
06g Tris (pH 7.8) * 0.4 g
45¢g EDTA—2Na 10.0 mg
6.0g Metals T? 5.0 md
0.7g Thiamin—HCI 10.0 mg
50m¢  Biotin 1.0 ug

10.0mg Vitamin B, 1.0 ug

Triple disilled water 925 g

sEzEys NH-15 (Table 1) 1 liver

1) Sulfides mixture per 1000 m¢ triple distilled water ; NH,Cl 0.2g,

extract (Difco &) 20mg/ ¢ #EA0L
TEEEELABLL. e 3E

DEEEIRIERZ 20 ETFE7 7 A ?gs
a5 A& (197744 3 &) 12100m 3" 2 Nhﬁd
WEANTHE LTz, BRI K,CrO,

LRGBS 7 7 A 2SR T H
M, ATHARESFELIL7I7A3E
EERERIARBBEL B, 520D ATHEK

(NH- 15+liver extract 20mg/ ¢ ) TEEL TBW /2
Gymmnodinium’65FEFIFE % 60cells/me 127 5 £ 5 12 [F]
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K, 10mEdgkE $200mEFET 7 A 212100m 37D
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noiz,
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BABTOFRWERED HBRIKIE Fig. 2 W&E

K,HPO, 0.1g, NaHCO; 0.2g, MgS0,-5H,0 0.04g, Na,S-9H,0 0.1g,
2) Metals mixture T per 100 py triple distilled water

5.0 mg MnCl, 1.0 mg
5.0 mg ZrOCl, 2.0 mg
0.5 mg Ba(Cl, 1.0 mg
0.2 mg

* This is adjusted to pH 7.8 in a stock solution.
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Fig. 2. Occurrence of main flagellates at the upper layer

(0-5m deep) and the middle layer (10 m deep) at the
southern part of Omura Bay. Double circle and star
represent the day of occurrence of visible red tide
of Gymnodinium type- 65, and remarkable change
in the environmental condition, respectively.
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Fig.3. Changes in daily wind velocity, wind direction and precipitation. Wind velocity is shown
as the maximum in the average velocities at three succeeding hourly observation. Daily
maxima under 1 kt were omitted in the figure. Explanation of double circle and star isin

Fig. 2.
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experiments with and without the addition of nutrients. Explanation of double circle and
star is in Fig. 2.
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change of natural population in situ at
the survey interval. Arrow length (C)
and slope (8) represent the magnitude
and degree of population change, respec-
tively.

In the case of field survey,
C=Ci—Cy, 6= 2(C,—Cs)

Ci+GCo
and in the case of bioassay,
o~ _2C—Cy)
C=C:—Cy, H—*Cﬁ_cl

where C,and C, represent the concent-
rations in seawaters at the privious
sampling day and at the sampling day,
respectively, and C,represents the
concentration in the sample water after
keeping for several days under labora-
tory condition. Explanation of double

circle and star is in Fig. 2.
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D F FHEEEIC I EAM (1979) %7243 5 HAE (1978)
WEB L 72580 Gymnodinium’ 65EREDIEEL L
i3, BRBAE TD Gymnodinium 65 FREDOEIL L b
b¥TFig YRl Tabs, HEORKED
Gymmnodinium’ 65FERIFEDEE » Co, FHALBDERE
2C, 51, BKYHOEAREERICIBEE R
SHMELBOBE:2C LT, FAZFADEL
2 (C) LZoBEE () 2Rk, BEIIRH
ORS, BEIZOAETERLTHS. Thbb,
EMBEBROBRIEIZ TN,

—Cp— UGG
C=C.—Cu tan 8 C.tC.

TREN, BETOEREI,

2(Ci—Co)
C1+C0

C=Ci—Co tan =
THREN5,

Mizashad ks, 10mEDEAKCO>VWTIE, B
BE TOHKR L RBAKE O Gymnodinium’ 6555 7S
BOBBROBROMCH  VEEIASZ VY, 5
MPURBOHAKIZDOWTIE, WEEL b S O/MER
bdLoCHITonl, £ {I219784% 8 H14H, 1979
F£I9F 3 HOFFNEHEBESNZHIO 1 ~ 2 :@8EI 3R
BAKRTELOHEESS YD, ThEERICEEETY
REHLORBWCHIET 2EANH S I L ¥biro T,

% =

3, ERBUTC, Gymnodinium 655FHFEIC & 25
N ERENCEESNDRI7TTETAE5H, 8 Al
H, 1978 8 B14H, 197959 B3 BN 4ETH 5,
IS0 H Rl HE & 10mERRD EWERST
WBREATHSB L, 19778 7 A 5 HOFRE 1:ERRTO
6 A28HIC iz ) DFENA SN, ZThETRER
DEFEEZRD It/ L AETH-7 b0, 7THIBAK
i, EBTCRIZLALBERRIRS ZoTni, —
A, A Z TOIMBOEAIREE S HMT L
Gymmnodinium 65FREOEREE*—ILK 2 =25, TH

5 ADiEAS & IS BEREL BT 3EEL & ko,

7z, 1977F 8 A1IHOFRMD 3 HET (8 58 H) «©
i3, #19kt DRSS E, FORHOERITLE0MS
FCELAERPOREBOBERENS—RNIC 1
me/ LBl B o7z, 7 L CEBKDKIE D —FrIC k
RUl., &MERSTEREA2 L, TH5BOKRE
X ETE & T10m B D Ak Tl Gymnodinium
BSERBEHMETEL ko DKL, 208 BIIHOD

WK TIRZEREIET 2 & D ik D B R AEERE T
HXBO150%IC kY, ZOERSOWEERL. L
L, ROHB (8 A16H) 513, 10MBOWEAKTE
—ROHEETRT HOD, WL 5T Gymnodi-
nium’ 65T OIEFEICHE L ok L v 2 R ko
7z, 19780 8 A14BOFRMD 8 HEl (8 A6 H) i«
Ak D OFE2RH D, 8 A14AF 3 HEIED %L
B ERh i BEO TS, 2, Bl CE
BTh2m/t UEDH- i BHEHRY S AR CIIE
BRETLTY20O0EILD. EMENITRERE A
2k, HEE T Gymnodinium 65ERIFE D NI 75 #agE

X ZTCoRImEBEORE KRR 8 AL4R T,
Gymnodinium 65 FERTED TN EE 2 { H > T 1 3,
W (8 H21H) i ->T, ZOEAIZEIEIELT
VB3, RIY1IOmMBOYEKTIZ Gymnodinium’ 655
HEIHE D LR RS Rho72, 197949 H 3
Hof#EoD 8 HEli (8 A26H) 213, AFE:BELSH
b, 8H31H, 9A 1 HRHENBLERLrTHAKNE D
P EG, —HEE, 8 BITHOBEALIE, BE
THoKBIEL THELETEOREZIIA R &
D, IMBOBFERIETL, fElosash9IA
3HWi, 1I0mEBTY, 2w/t L2>7. BET
3, R, 1t/ LT TH B, BERELEORER
BHEDON, WHEDI BB, 2/t ML
%o T, FRUCEBIZL TR Twiz, EVENSRE
ReHbE, 8H6 HORNOUWHED 510mEDHEK
i3, Gymmodinium’655ERIEDHEFEZ B L 728K 72
D, BCHIAERIEIE LN, BELRBIFE A7,
ZOMERAEZE D, BMETULR25 bREL, K
HEH (9 A3H) iz, 10mEiEkTD Gymnodi-
nium’ 655 BUTE O X HE B AE IR L X 3 R D #1568 T
botz,

Uloddic, 4EOFREEEHL D, 3HNE]
BERICE» 2D OME - 3ERANA LD SN, B
KPBERE N2 % Y OBREBDH -7 2 L RS
2z, FREEZECIIEOBRER I 5, EED
BEBRIRPRCED LIEEH 2 H, BEP LT
LEBOEBGEBEESETEMLLZY, EiEmny s
Rz AR IBENENEN 1 b -7, BERSER
ansk, BEBELLTHRERBKTIE, —BcL
AZDEGEBRRVEMT s e hEZONS, L,
{SHEREDRR S 2 51, BRIk TR EBT SN
EROBE LY, EBKOBERRIZ, #Eitshs
LD HETTE 3 +aEZ5n 5, 6213, 1978
£ AUBOBRETOHCE»R ) OBEROH L, 3
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BRI B IZer R AP Tnl, Zhd, KE
PHEESY, SAURKRARCEBOBEREZE
TERLDOTERIEEZ OGNS, 1979F9F 3 H
2, EBOBTEBREN LR TAKEE2TRL TS,
—HImMBTRBIEE L VIEFBRRIAMICETL
Twb, InbEl, BAOBRC - TERBCIIHL
BB HFERO S L EADPEE S, 10mBEIIE#C
EBOEFEBREOY R WIS S N BERT, K
BrF S TNHROILIEEZRLTWAEEZ OGN
3, ID&OK, BEROBHERRDOERY, MIBE
Hiz, —E0MEEEZREEVOEZ, BEMNEBC1EE
WG Th s /7o iz, BEESD 258 IHBHRE
%, HIBEICRBAERE>LDORERL T
WhZrtiekpdrBbhs, REEZHOIMBEDO A
YPERATTIER S, B £ T Gymuodinium 65555
DIBIEIFE T H - 12 DHASEI b - T filHt 2 [H,
FRIEEFE L 3D Z R WIREETH o 72 b DHMFREIT
pbo Bl 1 E, FEORESHE L2 LA 1 E
LEBEBETHoTz, ZDLHEZ, FREMHERDIOm
BOEWRZHSTRRIZIZOEIMOBERDRER L i3
FELLELTWBBERE L, ZOELOMERIZ 4
EOFRBREHT—HL T, 20ILy,
MBI 1 ELMEN Th- 2 s ICBEAL TWS & F
Zoha, Thbb, BEINLKREY, THORE
THolh, REETHo7 b Llw, Gymnodi-
nium 65ETIBO RBEV O REEIEIC S5 2 25F
BRoTWwWhIty120FERATHS LBbh b,
Gymnodinium 65 FERIFED B EN D AXED I IC 5
BB, RUEYE 2 ABORBERC L >TK
& < B D EFEOVERC T IRERNT, RERC IR
B 2 EBTFSN T BE)

5525 (1982) 39

St. B 010m Bz DT D&Y ER &
BHEOBRDS 5, HRLBHELERE I LbED
boiz, EE (WITmE) oBEREND TSNS,
SEMOBEBCOBRERR L EMFHNTHEREL E &
HTRT L, Table 200k 312k b, EBOBERSR
Blml/ LTI DE, ZORENIIMEBIZLE L
U, 10mBO KD Gymuodinium’ 655 FFE D HEFE %
H 2R R BFENE L, T 2nl/ L ML EDBE
&, RERS O¥EAKIE Gymnodinium 654 FIFE & — G5
WEE B E0bholk,

ZOIMBOEAD EMENSITIL, FRkEtDF F
EEAKICEBE L IRMLBEO 258D OfEAICOW
Tl o7z, TR, 1978FER 8 ATEA» S, *
BB INEAD 5 Gymnodinium 655 B & D £
EHTEEEREL, —HI9ERSATA»SIR9A
1B 2B &, RERFINEKO T RSEERENS
WEWBSERENZ SN, ELVBTLL—HKLME
F%RE oz, REBIZF Wz Gymnodinium’65
ERERFEEREOB ERE C TSRS TS
D, BEROXRERBEOHBREANOFRLALELE
BT 2k0, ARBOER» S, RKNEIZBU 5
Gymnodinium’ 65 FEIFE D BEIEE N » REIRER R
HEEUDIT20R, B5TH2S,

ANBOBRBEKEZOE FHEEZCHET 2 &
5 AETOEYENSTTER I, FEREROER %
ErvTi, 430 BB TO Gymuodinium’ 65FEIfE
DEB L BECBRERST, ZOFKREOVTHER
B, BE, TOMBEEREL SR EML 5 LEH
HirEbh3,
REBRTITR - L EVERANMOBRVESL 12, K
NETORBREDFMAEE L IIRE - BIHEHEE

Table 2. Number of bioassay experiments ranked in 3 categories by the growth of
Gymnodinium type- 65 in 10 m depth water at station B.

Nutritional Oxygen contents Growth in 10 m depth watem

condition in bottom layer Total number
in bioassay at sampling station *Good* **No good** No growth

With addition Under 1 mé/ ¢ 9 (47%) 2 (11%) 3 (42%) 19 (1009%)
of inorganic 1—2 me/ & 4 ( 50%) 3 (38%) 1 (12%) 8 (100%)
nutrients Upper 2 mf/ £ 15 (100%) 0 0 15 (1009%)
Without addition Under 1 mé/ ¢ 12 ( 63%) 1 (5%) 6 (32%) 19 (100%)
of inorganic 12 mb/ & 4 ( 509%) 1 (12%) 3 (38%) 8 (100%)
nutrients Upper 2 md/ £ 14 ( 93%) 0 1 (7%) 15 (100%)

*  Maximum growth is more than 3 %102 cells/ mé-
**  Maximum growthis lower than 3x10? cells/ mé-



40 AL - U 2 RAEYEKD YRR

BT 2D LR A, Lirl, SBREVEN
DMOFEEREL, ERERVRT 2o, ANE
T O Gymnodinium’65FRBEORBFEED VU & 23
WERE, F7EHBERROBHO—BERZD I B LR
bz, BHMHRE, BEEEERD>S>OKEEORHA
%, BRKOHEREFEFOKOWEECZCHEL TR
Emz, FERHRELT, BREFTTIZ2FETDH
5.

B AEROKTICHI D, HRBHVEWLER
FET, BAHE0OmMRCE BH#BL 7.
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