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Fig. 1. Studied organisms.

a: Ceratium fusus (EHRBG.) DUJARDIN.
b: Ceratium furca (EHRBG.) DUJARDIN.
c: Ceratium tripos (O.F. MULLER) NITSCH.
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Fig. 2. Location of observational stations.

Table 1.

Glutaraldehyde (27 %)
(37 %)

Formaldehyde
CaCl2

4 ml

0.4 ml

1 g**

Composition of fixative fluid*

* add separately to 100 m/ of sample water

** add as solution.

1 % B - b 388 - AERRERE - BRILEh,

M, Beick, Bic2~5[E, BRZE45]
10 EEDT, 757 P VEBEDIHODER
[BRDERIR & KIBOREEITIS 72, TOM,

6 238 » 52582 TD3 B, EBRRHD

s s (Fig. 2, St. 2) Tuls@ifl 2477 - 72,
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. 3. Vertical distribution of C. fusus indicated as cell number per 100 ml.
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Fig. 5. Vertical distribution of C. tripos indicated as cell number per 100 ml. 7= 0672

EABE, N=88 Lxichxn? oT
p=r+3X0.675
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N
KD, BBOEERRORET, BREENRO 2k &
p=0672 +£0.118

E135,

Table 23, B#EIC LT C fusus & C tripos, C furca & C. tripos OB ERYD, ThbERD
BH1:HDTH B,

ZORRICXB L,
3®D Ceratium @

Table 2. Correlations between cell number of 3 species of Ceratium

Correlation coefficient

oo Eavaion cloutee s in population ) st AIREHIREORICIE,

» q 95 % confidence limit IEAREE DBIGR DB 0 ,
C. fusus and C. furca y = 0.094x + 4.59 0.672 £ 0.118 o o
C. fusus and C. tripos y = 0.040x + 2.77 0.631 * 0.130 %@#Eﬁakﬁcib:j)
C. furca and C. tripos y = 0.251x + 3.48 0.505 % 0.161 DENWESNIB T,
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Fig. 6. Vertical distribution of water temperature (°C). ETHEONS, —%,
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Fig. 3, Fig.4, Fig. 5% Fig.6 £~3 &, C fusus, C furca, C. tripos DOTHOBAICS, &
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Fig. 7. Vertical distribution of total phytoplankton indicated as chlorophyll
a content (mg/m3).
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Fig. 8. Variation of cell number (n) of 3 species of Ceratium at selected layers.

a: C. fusus b:C. furca c: C. tripos.
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Fig. 9. Variation of average cell number (n) of 3 species of Ceratium for the water column.
a: C. fusus b: C. furca c: C. tripos.
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Fig. 1013, Fig.8 WWRl’:, 3H®D Ceratium ®, EKEICH T B &, Fig. 9 1R LI FHI
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Fig. 10. Variation of cell number of 3 species of Ceratium at selected layers indicated as the deviation from
the average (Dp =n — n). a: C fusus b: C. furca c: C. tripos.
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C. fusus DA, KRBT, 15KTiE, n =5 cells/100ml, n = 75 cells/100 m/ T, Dp = —70cells
/100 mI LB KR ELEDEEE > TS0, BRD 3K (D = 107 cells/100 m/) ¥ T—HkiCHmML, =
DORBL LTS, 5 mETIHISHICIE, Dp = 167 cells/100 ml &, FERICKEIMETH 53, BHD3
BsE TII—HRICEA LU, Dy = 33 cells/100 m/ /NI REICGEL TV S, 10mBICBNTI, Dy &, 09
NOBZICEVTHADMELLY, TOEHOES, REP S5 mEOHA LBNT, »EV/N&WV, C furca
O5a, KBTI, C fusus OFALFAB, 15MHCE D<K 0 TH 55, BAO0BET—HICHEMLT
Dp = 12.5 cells/100 m/ £73D, ZDRBFA LTS, S5mETI, 15KCIZ Dy = 17 cells/100m! &
REQEEZRTH, BEDOORETTHRICE DL, Dy = 1.5 cells/100ml &7 5T 3%, 10mfBiCHNT
iZ, C fusus OEE LR, BIC Dy <07T, ZOEHOBS/NS W, C tripos 13, KBTI, C fusus
2 C furca QA ERITD, 1BRHCES/NSWME (D = —5.8cells/100 m)E S ->TH D, BAD 38 (Dy
= 6 cells/100 ml) FT—HITHEIML, 2OH—BIKHEP LTS, 5mETII, 158C Dp = 11.5 cells/
100m! TH5H5, BEDORET—HRICEAD L, Dy = —3.2 cells/100ml L1730, ZDOHWEML TS,
0 m@icsnTid, C fusus ® C furca OFEERIYD, Dy EOEHDBIHEIICKEL, Dy>0
B EbHB,

AT, Fig. 102R5&, C fusus, C furca DHA, RBCHBT 3 Dy OfEE, 5mfED Dy fEid
BB H DB ZR LTS, Fig. 1143, C fusus, C. furca, C. tripos D, KBICHF 3 Dy D

EL, Sm/ED Dy OHBNTHS, ChoDOMERBE, C fusus,

C furca T3, MEORICIERICK
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Fig. 11. Correlation between Dy, of 3 species of Ceratium at surface and 5 m layers.
a: C. fusus b: C. furca c: C. tripos.

WEEBIDBEER DS D, T oDEMH, RABZNICIIREBIC, XBRABLNCTII 5 mBICERLTHET &5
Db, Table 31T, FEMCE T 2TEOBHLED TRT, FIZIE, C fusus DBE, WEORBIC—K

Table 3. Correlations between Dp* values of surface and 5 m layers of 3 species of Ceratium

Organisms Equation calculated by Correlation Correlation coefficient in population(p)
S least square method** coefficient at 95 % confidence limit
C. fusus y = —0.60x + 85.7 -0.851 ~0.272 2 p 2 —0.978
C. furca y = -0.79x + 10.3 —0.945 —-0.678 2 P 2 _0.992
C. tripos y = —0.67x + 1.80 —0.580 0.309 = p = —0.927

*Dhp=n-n
n : cell number of sampling layer
T : average cell number for the water column

** x : Dy value of surface layer
y : Dy value of 5 m layer.
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Fig. 12. Variation of chlorophyll a content (c) at selected layers.
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N Lick s, 2ERNSENBOBBEDOE
2 CREBRELT, @i3sic, SBMIckD
. LT 5 V7 b YOEBESHOMER L,
A 5m ZOENOBEEWDHC EBTEBHD

0%~ o, ,O--\Q~\~-2>/O .
iy T =0 o -0 10m o LEZIoNB, CONERBE, EETIR
Time15 18 21 0 3 6 0 12 15 18 21 0 3 & 9 ®CDc>0T, 6FNCKEA (248, 4.05
Day 23 2 25, June,1975. mg/m>; 258, 4.60 mg/m®) &30, 218

Fig. 14. Variation of chlorophyli a content at selected layers indicated {4/ (238, 1.00 mg/m3; 24A,1.10 mg
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ARLTVS, UnBICE0TIE DS 0 T, 2OZEBOEL/MSL, 5mEIcd 3 D 12, Eo D,
L10mfED De DEDMZERED £ SICEILL T3, BB, S5mBickd 3 D, 2, KBk 3 D¢ DfE
DSHR/NE 12 B2L AR (238, 0.49 mg/m?; 248, 1.16mg/m>) &35 T, XED D¢ iTlEWMEERL, &
JAiC B0 3 Do DEAMEA L 125 6 BHACH/N (4B, 0 mg/m?; 258, —0.60 mg/m®) &7 -7, 10mED
D IGEWVERRT , #8859 4UE, chloropyll a Bk > TREINZAMEHF 5 V7 b vid, 684Dl
LR iCRRBICER L, 20BE e LBRIICIE, 2715 L6 5 mBE TR, BI3—Rcashd 2 &
VI, FAENIEBERDEL TS, REOD D, % x, 5mEicsd3 D, % y EThi, mEDBR
ashagE Dicxy
y =-023x + 0.78
LERBSh, BAMBEY 7, SHEEERKe P Yaenen
r = —0.61
-0.14 2 p 2 -086
LHEEING , Thil, WEDOMICIZFAEBEOBFHESS D, ZOHBEERER—GEOEEALTLIObDE
EZoh3,
TOXIC, Fig. 10 CREN1=C fusus, C furca, C. tripos ® Dy Df#, Fig. 14 K&K 77 v 7 b
vBENRET 26D L LTRE N chlorophyli a &) D¢ 13, WFNbEEE 5 mFETHEEOBEER
L, 5mfE@id, choodkticd T, ErEMICH COOEREREREETIBTH B EMEEINS, LhL,
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—7%, Fig. 14 & Fig. 10 2T 2L, &7 7 v 7 b oo, REEHOIC, FRICERIBER DR
TokxtLT, C fusus, C furca 3, B i3E 1z C tripos BN THMD 2B 513 LHE TR
Vs, EBE S mEO_SOBOME, EEMICKEET ALENSEANHD, CTTH, Hc0EMTEBL
734113, Chlorophyll a BETRENZLHWY T T v 7 + vOHHER, £ REBHMAERLERT T b
BERIND, 1, ChOOEMHBRBICERT 2R, 0~38L, M7 7 V7 P YHBRBICERT
BEADHZ 6 LD BRI B ->TVEEANSD, COARMEINIbDEELLNS,

EppLEYS 2212, 196746118, # ) 7 +/v=7 D Seal Beach i ICHRMIATAE LIcKE, RMEIEICK D,
BT chlorophyll a BOEEAHER~, #H77 v 7 Vi3, 15HEICE 2 mUROBICER LT 525
1985204012 5 mBICER L, 21K304EICiE, S5mbdSl6mDOMICBICAET SE L, chud, £ELT
C furcalt k BbOTHSS &, AMBA DEIMREAFET BERETE > TV 5, WEOFT &L 5™
kD, 0mME, 5mBICEY AEORINLELERS L, REC RN, R4 03 Fig. 12 T/RLU7cchlo
rophyll a BOZALE , 1BIZA UHBZMMAERLTOS, B, #EDICENE, COFRMI, C furca
sk, C furca ERFEED Prorocentrum gracile, T b 2FEi3 EF {1378V, Prorocentrum micans,
Peridinium depressum, C. fusus %SQiRMEEE, HiC, »EVOBOEE, Ditylum brightwelli [T -
THBEIN TV EDET, HEE, ChooEPD> 5, C furca & P micans DHHBEEBEHZITIED
LEZ ONBDT, BRIINLENE C furca TEBbDTHBHEEZTHBERTH S, ZORIIZN
BHEN0H B bDEFEL SN chlorophyll a BOZEAL, BEHIC C furca DRHDEALC L BB DITE
YW BT EREREELDTIRONEEZL OGNS,

Table 4 1CEksEHINRIh OXKDOBHEDENERT, CORIKEBE, COHMOD, T OMRROBRE

Table 4. Transparency of sea water through the 31.5~2.5mT, 2.0~2.5mDESE <, FIE

continual observations 32mTHo-7,
Date Time Transparency (m) ET AT, KELICET BKPMEE [ 2, Beer®
June 23 12:00 2.3 BRIk
15:00 2.2 - —ot
18:00 2.0 It = loe
24 6:00 2.2 zZT, loREBICBY 2RE, o 3RO
9:00 2.0
12:00 22 ETHs,
15:00 2.0 —%, @ EBERE T; ORI
18:00 1.5 ~
25 6:00 2.0 a = L7/Ty
9:00 25 12 5 BE25 52,
12:00 2.5 |
Ik = —= Io

15 BKEEDS, BBEIER to &—BS AP T
te= 25Ty

L123, COBRIE CLARKE® SR ERAEE b L —KT 5, Thil, TOMRICHT 5 ELEHRLY
Rtho BHEEREL, 2125 mTH-1EEL 0N, COSmEVSEIR, &I, 2B 7777 b7,
C fusus, C furca, C. triposic & - TH] O > DEREFIER NS 5 LEESN S mBE L —HLTWVS,

Table 51C, BED - HESHERIEPOSREMH BT 2ERERT, cD>5, RERTF Y7 b YO
FEMEE S L THEKDSH 3 LT ATH - 7208, AEFFHSBTERME SN -1,

Fig. 15, Fig. 16, Fig. 1713, €he&n, 197545 A5 5 19764F & TORMMAHRD, St. 10KRECET 2
C fusus, C furca, C. tripos ORFHOLENERLIHTHS, ChbDORICEDE, C fusus, C furca
DO2FETIE, 5~6 8 & 9~108 ICHIBEAEINT B HifHH 5 C Esbipbbs, C tripos ITOWTE, 9
ORI ERZED SR, C fusus, C furca TRONAMAKOBHHLZILE, Riey 5™
PG APERED Georges Bank ICBWTRLIAEM 7 F ¥ 7 b Y EOZALOME LIEFICECUTEY, th
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Table S. Meteological conditions throughout the continual observations MBI ICB TR ﬁg)
— — v RonaFHEOR
. mospheric ig 28 ) -
Date Time Weather temperature (°C) intensity (lux) )‘C BIabDLEEL
June 23 12:00 fine 25.2 90,000 5h3,
15:00 fine 24.2 23,000 .
18:00 fine 23.8 2,000 Fig. 18 i3, ¢ 0¥t
21:00 clowdy 21.4 - DIKRDOZEALER UK
24 0:00 drizzly 224 - .
3:00 rainy 22.0 - ThHB, CORICEBE,
6:00 rainy 19.8 580 KBIEZSA»STROTF
9:00 rainy 20.4 3,600 ) —
12:00 rainy 20.9 6,800 BT TLROBEERL,
15:00 clowdy 21.8 20,000 Z0% 9 B EAFTIZIZ
18:00 clowdy 21.6 - .
21:00 rainy 21.9 - 28~30C D E iR D% &,
25 0:00 drizzly 22.5 - Lig—Eic T LT, 1
3:00 drizzly 22.0 - .
6:00 rainy 21.7 2,000 ATa»rs 2 A EAIch
9:00 drizzly 22.0 3,800 N N
12:00 drizzly 20.4 10,100 HTICaEBIBUL
BLTWW3, 2nkH13
x10°
10 4 cells
100ml
5 .

0 .

MAY JUN JUuL T AUG SEPT N ocT Nov DEC JAN FEB

Fig. 15. Seasonal variation of cell number of C. fusus.

1 x102
cells
51 100m1
0 I‘\___lJ_'—L' ﬂ—-\_ —t 1
MAY JUN JUL AUG SEPT oCT NOov DEC JAN FEB

Fig. 16. Seasonal variation of cell number of C. furca.
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x10%

cells
100ml
0

MAY  JUN  JUL AUG  SEPT OCT _ NOV  DEC  JAN  FEB

Fig. 17. Seasonal variation of cell number of C. #ripos.

Temp.
301°C

0 %fo“v

10 4
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Fig. 18. Seasonal variation of water temperature.

BEE(E, COBRO—EHERERLEEL5nD Y, ¢ OREBAR, COBATRNINIRED
IR > TVBEbDEELONS,

Fig. 15, Fig. 16, Fig. 17% Fig. 18 &xi¥ 5 &, C fusus, C furca, C. tripos DR DE WOIFY
12, 132K 15~20C DAL — ] L TNE L EDDODB,

Fig. 19, Fig. 20, Fig. 21 &, ehZnBKRE, C fusus, C furca, C. tripos OHIREER L DRRE
FLbDTHB, 1272L, TNEHDOERET, KiE%E 1 CTOORIBICKEID, £DEEFRENTOREM

rel rel.
100 cell No 100 cell N
50 50
0 0
| v T T ° | v T T o
10 15 20 25 30 °C 10 15 20 25 30 °C
Water Temprature Water Temprature

Fig. 19. Probable abundance of C. fusus at different Fig. 20. Probable abundance of C. furca at different
environmental temperatures. environmental temperatures.

FasiAsky, chofidsd it LT, £ 2 CORKRBIBEZEMLT, FB 8 IC & - TR 1 EORER
ETH3, Coffi, SEEREAICE O TEFTRIMIED, HRTRSEERT 60 EEZONB, C
noORIC LY, C fusus, C furca, C. tripos X9 5 ERKE, KRR AR 5 &, Table 61T
FECETHD, BL, BHEARED, REYOERICEE LTSN BKE, HF KRR &3, E#K
BT THF TR MBI O 3L EOMIEAER LS 5 LHEES N ARERETH 5, T SOfE,
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58T, Fig. 3, Fig. 4, Fig. 5 »oHfEE I,

10017 e CNSOEYOIFEKRREE b & <KL
T3,

NorpL®? i, Oslofjord %518

5 to C fusus, C furca DE—EREELE
T, TNHDEYORETEICEZ 2REOXE

ERRTNDE, TORERICELB E, C fusus

i3, bCTRLIHIEL, 8~24°CoHH

0 T, I5COBRD¥SU LOREIME ONT
015 20 2 30 °C VWa, k%, C furca TR, WCTRAD
Water Temprature HREHE ON, 12~25COHA, Z0¥K

Fig. 21. f;zzﬁi:;urt‘:;np:a;iei tripos at different en- PEORRERE SIS, BT, BRAARUD3?)
ik, C tripos 1220°CTERS & < 15

U, 5CET»525

Table 6. Optimum temperature ranges for 3 species of Ceratium CoBHATHIUL

Organisms Most optimum temperature Optimum temperature range* DREBRONE,
C. fusus 18 — 19°C 15 — 23°C SRR DG,
C. furca 22 - 23°C 17 - 27°C WD S5 HRk

C. tripos 17 - 22°C 14 — 23°C BT BERA S &

* Temperature range supposed to maintain half of cell number sustained at most ZL-bDT, ¢h

optimum temperature.
LCEBRETELN
BIERAE S LIC UcfEEd, ZOBKGBARLBEH, Ebic, C fusus, C furca, C. tripos DIFEKIER
WEERDISDTHD, CHOMELWKT 5L, AMEESN7MEZ, NorDLPV® BRAARUD® 1T X
TRENIAEL D S HAEDTH 5B, BRARRUD D) 13, KEHETE Shic Prorocentrum micans & Oslo
fjord TH o7z Prorocentrum, R T# Shic Peridinium trochoideum & Oslofjord TR Shic b
DOREREE LB LT, Oslofjord THON7:bDIF, M0, LVEOER TR ONADDLD S, HHMENE
ETXHET 52 E2RLT B, €0, NORDLIPV® BRAARUDD L& » TREANEE, AERA
DI AE & DERIZ, BRAARUDINC X - TRE N1 Prorocentrum % Peridinium D4 LR, E¥OH:
BEOMWENIEAERICIZbDTHBEELONS,
LTAHT, BOCHE~IX ST, KERD, 9A23RIIZ, C fusus % FTEHRHEL T 2 EA RO
Bltc, CORBMOEMMRIZ, Table 7 CRTTEL THo1z, COHDKER, 24.3CT, T4 OHH|
Ltz C fusus OHEKBHEEHNT

Table 7. Composition of planktonic organisms of red tide occurred

near Sensui-jima island around 23 September, 1975 B o1z, ZNIGENEETH
Organisms cells/100 m/ of, ¥, C fusus ZFXEELE
Ceratium fusus 898 TEIRBIRETH 7LV Z, C
Ceratium furca 91 .
Ceratium tripos 10 fusus BAROHISI, 100w Hi:

Gymnodinium spp.
Peridinium spp. } ca 1,000
Other phytoplanktons

D898 ML T, 6 H4 R (KkiR20.8
©) @ 1,040 MEUICIIRIT Y, HHAa
BT, &EHTI5 7+ Y DLTBEE
BEZLEDBICT ERD 1, TR, COAR, RADEREFETE5DOTRRBOEEL SN, BEDEK
B S, KEOTHEIBICHE > T (Fig. 18 BR) , R4 T LFBKBEEICE SN EC AT, 0
EMETEBREL T 2 REBHR LTV EDOREKSZTETHS,
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1975465 A 7 5 197642 A : TOWIIC, BLTiTHRET (@ SHE TR ONMRZE S ICLT, W N
Bic kBB Sh, RRORREYIHRENE LT MO TS 3ED Ceratium ITBLT, K
BB HED D, DIBRTIRETE 1, ZOKR, UTCORTHADBPSPICE -7, BIB,

1. chd 3BOEMONF, chlorophyll a BiC Kk - TRESNELEHYT 7 V7 LOL X RA €
ICRIIBH, ThoDEMOMRK, 2En77 v7 b &R, E£Ep SEBE TOFLEL SDREES &
KLTEZBE, WIhd, ZEICEYBELE 5 nEICET BiEE ORMICIEHBEDBIERIS S

9. LlEMTS v b v, KEERLE LT, BERICERIEERDETOICHLT, chs 3-OE
Mz, BEESmBO_SOBOME, ARNCEEBHT 2LV HANSS,

3. AWEMT IV b UHEEICRBICERL TV ADICHLT, T SDEMIT 0~ 3 RICKRBICERT
B EVHBEAERY o

4 EWEELECLTHETSE, LROSmER, BMEREL—HLTVS,

5. BECERICEBE, C fusus, C furca i 5~6 ARU9I~108, C triposid5~6AIKELR
WaN 3, ChoORIE, KR15~20 COMPE—H LTS,

6. FRSIRLEEREDEIC, T 3EOAYDEE KR, FEKREBEERDS L, Table 617K
XNBLOMERENAN, ChODMER, UE/IbOTHELEELOND,
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SUMMARY

A primary study has been done on the ecology of 3 species of Ceratium, which are

common in the Seto Inland Sea area and well known as causing or composing organisms

of red tide phenomena, on the ground of materials obtained from stations near Sensui-

jima island, Tomo, Fukuyama, during the observational period of May, 1975 to February,
1976.

1.

As the result of this study, the followings have become clear;

There are inverse correlations between the values of surface and 5 m layers as to
the whole of cell number of 3 species and total phytoplankton represented by chloro-
phyll a content when examined on the basis of deviations from average values of water
column, though the distributional patterns of these organisms are markedly different
from that of chlorophyll a.

These organisms tend to show diurnal vertical migration bipolarly between surface
and 5m layers despite that total phytoplankton throng and disperse periodically
centering around the surface.

Although total phytoplankton throng around 6:00, these organisms thrive 0:00
to 3:00 in surface layer.

Five meter layer refered above is in acord with the daily compensation depth
estimated from transparency of sea water of the continual observational period.

According to the whole year observation, C. fusus and C. furca are abundant May
to June and September to October when water temperature ranges 15 to 20°C,
though C. tripos does not increase in number in autumn.

The most optimum temperatures and optimum temperature ranges of these organ-
isms calculated from the data of the whole year observation thought to be reasonable

are shown in Table 6.
(Received April 12, 1976)



