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To elucidate the mechanism of bloom outbreaks and to prevent fishery damages by the bloom of Cochlodinium sp. (type-Kasasa),
distribution of the cells and concomitant environmental factors were investigated in coastal area of Nagasaki Prefecture from April 2005 to
September 2008. We examined the growth responses of Cochlodinium sp. (type-Kasasa) with 54 different combinations of temperature (10-
30°C) and salinity (16-36) using a culture strain of this organism (0501) isolated from Omura Bay in 2005. Morphological characteristic
of the strain 0501 was compared with Cochlodinium sp. strain 99i and the strain CP87IMR, which were isolated from Imari Bay in 1999
and 2004, respectively. Distribution of the organism was confirmed in Omura Bay in September 2005 and 2008. Morphological similarity
between the strain 0501 and the strains 99i and CP87IMR, and its swimming behavior indicate that these strains belong to the same
morphotype. Cochlodinium sp. (type-Kasasa) tolerated a wide range of temperature (15-30°C) and salinity (16-36), and the maximum
growth rate of 0.55 day' was found at 27.5°C and salinity 28. These results suggest that Cochlodinium sp. (type-Kasasa) have distributed
relatively wide areas in western Kyushu since the late 1990s and will cause red tides during warm seasons in high salinity water thereafter.
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R MR Cochlodinium polykrikoides Margalef 13,
BHHAPBERRECARBRELREAZER L, BREAESD
AERFZN ERETEREMLE L AN TWE (B
f - % % 2004, Matsuoka et al. 2008), Affic & 3 HA
TOREFESEIBE,» SHHEMIC LD, KESETHE
RILHRLEELE5ZX T3 KEFMREREHELHT
2006), Cochlodinium J&® i & C. polykrikoides & 3E{B
LIBEEZ LDV DD0ENH B Z LBFEIN TS
(Iwataki ez al. 2008) , ¥ ¥ CTHie: & 1Lz Cochlodinium
sp. (Yuki & Yoshimatsu 1989) 1ZFE/LMHEHR T b HIR5HE
AIN, BE, EEREAOIENLVEBE L O T RER
WOFERD & Cochlodinium fulvescens Iwataki, Kawami et
Matsuoka & L THHEEH X117 (Iwataki et al. 2007),

—%, W+ HBICHEL-BREREI D EHEWETH
B TIE, 1982 £ & 1985 £ i C. polykrikoides ¥ bl
WKEBRBICE-T, 7VRAVARF, EF2HEDOEM
AEICAHSE NIRRT TIMOBESREL = (B
REEKERERE 1995), 2 OWBERIHEBREKRER
53 C. polykrikoides £ R4 5 Z L ERH I, T
(Cochlodinium sp. (type-Kasasa)) & L TRAl & h T &
7o (BREBRKERES 1995). Cochlodinium sp. (type-
Kasasa) ($RHBUNTOFRBURIZHFETH o>z, HE
SHARVPCHBBRESOERIIBED T v, RIBRRER
TIXBEIT C. polykrikoides Fi#l & Z 1L HE S WEHKEFEOR
13 dH %53, Cochlodinium sp. (type-Kasasa) D #R#flid kK
HEETH - (RFRKERRS 1979-1997, RIEREE
KEERERS 1998-2008, LA S 2003), LA L, 2005 fic
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13 KANE T Cochlodinium sp. (type-Kasasa) & ﬁié?? I
MO HBADSHERR St re, £/, 2006 FICid, BEAEYA
b Cochlodinium sp. (type-Kasasa) # i EI?;% & LR
WIASFEA L2 (B S 2007), 2@ & 912, Cochlodinium
sp. (type-Kasasa) (Z#llla2sTZREMICHBIL T 270, C
& T C. polykrikoides & IERECGHRMN S NFEIZTHNIT
BEoT, INSHRASINTEHRIN TV RIELD 5,
Cochlodinium sp. (type-Kasasa) &t % 4 2 58K
WRAETH D EEZ N T LD L, REONTRE L O
HBRBREE ORI E 2 R L TR < & & IEARE D AR TS A H%
DRI, Z 3T X 2 MEEREE 2 RSB IET 2 DICEZR)
LEZLNS,

Z TR TR, RIERIAREETREREMATON TV
2 EE % Rz, Cochlodinium sp. (type-Kasasa) O B
MEZHURET 2 0O Z ET % & & %) g, KiE

TorHE L 7 B EERR 2 T, B SRR & O
KOWTENEBRERZ2T>7, E5IT, lzlll}*ukr/ﬁ;rik“c
C polykrikoides £ L TRl S LT E MBEICO VLT

PRI L T RS R P BB G B 2 b &I Cochlodinium
sp. (type-Kasasa) T % AlReME % MG L 72,

MR ERE

Cochlodinium sp. (type-Kasasa) DO TIHE
Cochlodinium sp. (type- Kasasa) o HBFA I, 2005 4

4 A5 2008 4F 9 A RIGEAE - 58 L =0, PR

SRS, KA, FiE D 5 #HsICE ﬁ L7 12 R TITV,

M@FJ 1 [B] AL TR D % 2 % X 7 (Fig. 1), #AuK
R E U CKEE 2m g SY Bk ARG (I EHR

BUERTEL) 2 HWCEIRL, BB T0.5, 5, 10, B-1

m (HEEHLE 1 m) BobIL 72, bv 7, &EED
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Fig. 1. Maps showing sampling stations ( @ ) of coastal waters
in Nagasaki Prefecture.

K (0.1-10L) Zenrao—27LF—F 7408 — (K
AU 8 yum) 12 & o THIERMEE (BRI 100-
500 £%), AxoMilaEE 2 H2 6 B H £ T ol BEEEE T
TR 720 BROAKIRFICIZ B IS B U 2 K & a2 B85 %

T H/KE R Quanta (Hydrolab #1:8Y) 1 X h #IE L 7=,

R & 1D

FEE I > 72 Cochlodinium sp. (type-Kasasa) 0501 #
1%, 2005 £E 9 HICRIE D WERICALIE S 2 3B DI 135 (Fig.
1D St. 1) DEkEaHEL, ©Xy bk (5 2000)

LEoTru—vkkE L, RoRES X OHEEE

ESM i (WS 1982) % Hwiz, ZI\H\OD#HID/fi*ﬁLi L}JL
LTwezndy, Bl 1IN ISR IR o Hil 380 ok
Mol Do, NI7TFYTILDEGEEDRICHIIZ 51
TwhtEIoN 3,

% 72, C. polykrikoides & U CTIRFEE LT & 7 HE O FET
X, 1999 45 & 2004 fED 2z 2N 8 A ATt L
7z Cochlodinium 7R¥liE K 2> & 578 L, ESM iz v
MEFCRT2E L 72 991 bk & £/2 K5t CHkfL L 7 CP87IMR ##% H
Wi, MitkE HI222.5°CTRERZTo> 7, IS DilllddiE
BB 2GR 3 & OVBDGHEME 2 M CREMICBIEE L, K
W& Cochlodinium sp. (type-Kasasa) 0501 #E¥ X OVl
D C. polykrikoides DISHEMRFYL & ik L 72,

BIEICRIFT KR EIBED DRE
BEA SEER XK % 10.0, 12.5, 15.0, 17.5, 20.0, 22.5,
25.0, 27.5, 300°C ® 9 B b, i %= 16, 20, 24, 28,
32 36 D 6REOMAaGDLYE, G540 THEMEL 2, M
S DOFEEE 1999 4F 3 A AL FI S VY 60 km (32°55.5
N, 128°15.5" E) CERHXL 7= ZJEifiK% GF/C &7 Akt
KTHBLAbDREARYIK (s 34.2) L L, x_h’%/”('t
KTHR, &%\ 50° Ca)lmml%%ﬂnw” T i 1
TR (T o 7, BETEFEBICIEAERE (¢ 15x150 mm)
2V, HoPHEE L ki BSM R )43 % TN L 7255
% 5 mL 92547 LT 120°C, 20 A —F 7 L — 77
W L7, & ORTHI W BRI & TR L 22 Wik 2
100 cells mL"' % EICA 2 X ) ICEEREL, 3A%TT, X
i 80 ymol m” s, 14 RFREIHH 10 RffEIG O BING A 7 L
DEMETTRE LKL, kB, ZOHRGEERIZES 28, Kit
175 £/ 225°CTEELDL, 1 HIC 1.0-2.5°CT o8
FiEZ LRSI THSE, 3 H2 T2 ZFNo %k
DIEGAEANBIML S 72 b D% iz, EERBGE, 2 HE
FICHBRW ORI, 77 v 7 b VR E -l
D% 1T - 72, %1"‘%(,%,‘#%* AW 7i1c7ay kL,
SRR D TERSR D I I &, R NIRRT D Lk
& (u) (day") ZRkod7, £7, EHEMOREMIEEE &
WIS E D 76 % IR AN (cells mL™!) & L7e, &,
FENERFTE S BRI & TN PE RIS B 2 A0 ¥
AL & DR Z T 2 70, RIGEBAKERER,
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Fig. 2. Light (a-d) and fluorescence (e-g) microscopic
photographs of Cochlodinium sp. (type-Kasasa) collected from
Omura Bay. a; ventral view, b; dorsal view, c-d; chain consisting
of two cells, e-g; rod-like chloroplasts. Scale bar=10 pm.

VB FOKPER TR TS & v & — B & OV HEAR KNI v & —
12 & o THEi I - HGREHE o Ty 0—%
FIH L 72 G 1984, EliieaKpEaEY; 2005, HHS
2007),

BR
AHRET®D Cochlodinium sp. (type-Kasasa) O HIREE
ERE

IAH 72 B OF5E, Cochlodinium sp. (type-Kasasa)
ODHBBR S NI RNEBOARTH Y, Z LI DK
TOHBEBHER S Ao, KB TOARED H BRI
122005 4E9 H 15 H & 2008 49 H 18 HTH > 7z, At
St. 1 (Fig. 1) @7k 0.5-2.0 m Jg i fiiE%EE 0.01-36 cells
mL' CHEL, ZDHoKkikiE27.4-28.1°C, $#H551E 32.5-
326 TH-7z, 2005 49 HICHB L M 5l & 2 f
N DGR T D - 72, BAINEOMINEE1EHY 30 pm, HHEE
fifaz 2 AL, K<, #e, U 2 Mgk T A Z
B TH B DKL, BMIE T ER Y T EESPPR
%3, THBEMRZI2ODIR%2 b 2L I ICRZ %, Bk
WAEME R L, Wk S Z4 6 23 Gz ANVANR THEDT il
T 2R D o 7=, REHIFHEBE S oliias s, EEH
MR T 2REDIR o N7z, B & 40 BfEES7 L 72 0501 b
TH, HEREIRERENICB W TLRAT2/MTH -
7 (Fig. 2).

FREETOD Cochlodinium sp. (type-Kasasa) thDFEE
1999 ¢ & ) #EFUREEE L T L0 BB EKE (991) DIEiE

e® g
“/ :j

Fig. 3. Light (a-d, f-g) and fluorescence (e) microscopic
photographs of cultured Cochlodinium sp. (type-Kasasa) cells
collected from Imari Bay in 1999 and 2004. a-e; in 1999 | f-g; in
2004. Scale bar=10 pm.

AL, RO KD BREEMERL 72, SR 3 RN
WM LIELIERD, THEOHEEL T T &2 6 I
fc2o0l8%b0k)IcRz3 (Fig 3), £&27-33
pm, B§ 18 -23 ym TH H, HOGIEAMEzZ 2 ML, K<, ®
W, EEERITEEAET, BiR» S Z0s K MRS
7 D MEH IS ELA S 2, EKIR I A IR T 5,
SRR I3 2 MDA T, 2 SR A T A Z T U7 INET
Hote, £, 2004 F X H AR L o707 BBk
(CP87IMR) &gtz 13.8 - 32.4 ym, 1 8.9 - 34.2 ym T
Hh, THHEMNZFHE 991 bk & —3 L 7o, MEEHEAT 2 il
PDUNCh -7z, HifihgcliEMlEE 20 pm BUT oM il
LIS LISEE S e (Fig 20). <415 2 toOTUREME L
E KRS D & 478 L 7215280k 0501 & KK —BL T,

Cochlodinium sp. (type-Kasasa) DIBIEICKIZT KR E
B DRERT

FEBR & AT o T B - M SIS BT B Cochlodinium
sp. (type-Kasasa) 0501 #koii&ileitiE % Fig. 4 12, M
BARERE %2 Fig. 512 d, AL, 10.0-12.5°CTIETXT
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Fig. 4. Final cell yields of Cochlodinium sp. (type-Kasasa) cultured at different temperature and salinity

combinations. Vertical bars: standard deviations.
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Fig. 5. Growth rate of Cochlodinium sp. (type-Kasasa) under
various conditions combined with temperature and salinity.

DIFTEMT TR L e o7z, 15.0°CTlE, HHD 32 DA
THIE L, FeA&Hiiait i3 27 cells mL',  HHSiHE 2 0.11
day 'CH o7, 17.5-27.5°CTIR TR TOHYEM T TH
WL, A NI 13 2.07x10%2.1x10° cells mL™', #4
M 13 0.27-0.55 day™ O #HiPHIZ H > 72, 30.0°CTIxHiD
16 THRTE o2 b DD, 20-36 TIRHIIHL, ikl
J 1E 8.53%10%-2.0x10° cells mL™!, HLHg it 12 0.42-
0.54 day ' CH - 7c, BAHIEEE (0.55 day ') W, K
Wi 27.5°C, 5y 28 DEfETHE s,

EE
G DA TARREI B L 72 Cochlodinium sp.
HFERHA IR 2 MIIATH b, BRI T 24 L,

Frifiis ot & 1T v % Cochlodinium sp. (type-Kasasa)
(i 1984, VLS BLOoKEE GRS 1995) DR —8L

el s, ZOMMBIEEIIRAEIC S BT 3 2 LA
W NT, I 61T, 1999 4F 8 Hic fty BB T pi & %
t > 7 Cochlodinium 7% W1MEK 2> & 53 BERE . S 47 B A vk
(991) DIFRES 2 PR L 72655, Cochlodinium sp. (type-
Kasasa) OFizfi>Z LV HIHL 72, 2o RETO
AR R, C. polykrikoides & L CHiE 7% Sz b
OO, HERHAS 2 MM L2 a s R n I Ep s, MY
7% C. polykrikoides & D BFICO W THEPBETH 3 &
s v (LUfks 2003), %7, 2004 4F 8 Hicfit)i
HEcHAEL, B 7 7 72 RICENER UF L
Cochlodinium 77 W] O JE K # b C. polykrikoides & 15
NTWwizhy (R A KERERY; 2005), 717 LR O
SR RN B W T O M ERHA S 2 MIlEA FTH - 2 &
DRI LR AGK S AR v ¥ — DT TElE I N T
Wi, 612, TORHCTEES R #Ek (CP8TIMR) b
Cochlodinium sp. (type-Kasasa) & [d U JERE“ AR Z Ff 6
SRR 2 e cic LA s ko7 (Fig. 3), 2nb
D Z L6, Cochlodinium sp. (type-Kasasa) (&7 Hi4
WHHBIT 2 2 &3 >7, L7cdd> T, Cochlodinium
sp. (type-Kasasa) 1% 1990 4EARAK D & VG UM 0 )R i (<
A LC\wie2dy, C. polykrikoides & L TGS NTELT]
Bt 2, £7, KANEBE XOPTEBTRITIcZNT
2 1ml, Cochlodinium sp. (type-Kasasa) @ F&2ED3MERR S
NTWw3Itx2EAD L, 5% b Cochlodinium sp. (type-
Kasasa) (&P UM S TR 2 TR L, e 2
BAF TR ORI TH B LV 2 B,

HNFEETIE, Cochlodinium sp. (type-Kasasa) 23Hififi
L 727K P 1%, 15.0-30.0°C, HEsrfiPH % 16-36 Td - 7
ZED 5 (Figs. 4,5), AN OGEE - HEoHPHICE LT
WG 2 A B E R B L Cw B T EBHE D E o Tz,
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AN BEEMR O IR EEHS 0.5 day ' DAL & 7 B35 EEAE
Kil 26.0-30.0°C, 3H4r 25-34 DEERNICH 7=, /=, &
iZ C. polykrikoides & L T#He& S i 7 BEEK (991)
b 27.5-30.0°CTRBEMIET 5 Z LRI NT B (ILES
2003), —7#, RRTOABORERREZRTAB L, AR
BTHEALZE ZDKIERIZ274-28.1°C, i3 32.5-32.6
THbH, FHBETIZAER260-28.9°C, #5 32.1-33.0 D
FHEHTAESKRMEZR L Tz (Table 1), 7=, K
Tid Cochlodinium sp. (type-Kasasa) O #i#lF4: B kig
13 27-28°C, ik 31-32 CH-o7 (5% 1984), Z D&
IICENEBEERTE O N KER - HY OMMEEBEME I,
ANE, FHRE, 8XUHRHEET Cochlodinium sp. (type-
Kasasa) 2SHHBIL 72K L W O L 1ZIFAKT 3, 2
neDI b6, Cochlodinium sp. (type-Kasasa) 1& 27-
30°C, 28-32 fhEDEKIE - WESFET T, AHED I B
KEHERICHET e o LiElTE 3, Moz Lty
5, Cochlodinium sp. (type-Kasasa) 1&&7Kifl (25-28°C)-
HET (28-36) & THREMIET B C. polykrikoides (1L
€5 2005a, 2005b, 2006, LLIAE 2006) & HEM L 7 5K
2HOEWVRD, X510, KNBEKRE L UG BBEK (1L
B S 2003) 3 17.5-30.0°CH L\ EEFHT 1,000 cells mL' %
B THTESZ L0 6, BBEMAEMSE X VIEVKERTY
RZR T 2 IBENMBEELZE T L EL 0N D, EIE
FHETREBNAROE 10 A4 (22.5-24.6°C) I
BRI L7 2 LB I T3 (8E S 2007), —4, C.
polykrikoides 1% 10.0-12.5°C THTEN TR TH 2 DX L
(1LH& 5 2005a, 2005b, 2006, LLHE 2006), Cochlodinium
sp. (type-Kasasa) KAHEERIZ 15°CL ETL 0 TE X
v, RATBEBERD ISSCUTTROTLICLOHEEL 2V
ZEBRINTWE (UEES 2003), fE>T, KNEBEKL

R EBERIIVENIC T 37200 Th{, HHERFEcs
VTS RICEKRRAIORHERR LN S O EIELL, ZhF
TG SN T 3 BN C. polykrikoides DIGER L 1%
B tdbhol,

C. polykrikoides |3 % /KR 12°CEEZ TET T353R
BRFEF BEELL/\ R CIERMRORETERLT 2 2
EDHERIN TS (LUK S 20053, 4 - A 2005), L
L, SEOEBEHEBERD S, Cochlodinium sp. (type-
Kasasa) 1&%4FKifAH% 10°CUAT 2% 2 KHE (B 1985)
TRFKMEORETHELTELVWEEZ NS, —H,
HEOLFKRIZISCREEETCLIAET L2 (BRE
EKEEMBAR L ¥ — 2006-2007) Z &5, EETIE
Cochlodinium sp. (type-Kasasa) (3ifikfiig D REE CHL
TEBLEAoN, ZOBRLHIELROEAKEMICE T B Rk
WMoy —FRE2L—>arvih2A@EsEI NS, B
fE - B (2004) i, C. polykrikoides HEZH & KFIZHH
AMOE S FEHRERED & HRBETREICHL T TZD5S
fEBTF TS LR BERLTWS, IhETHHBEPEA
BTOARBE XN T Cochlodinium sp. (type-Kasasa)
25, NS OBEONEER TIRBICMET 2 ANBPRFELTE
BTbMEEREEI N Z ik, Cochlodinium sp. (type-Kasasa)
LbEE»SKBICEAMOE Y FBRTIBEY 5 HAEAE
BRRICOICZOFMEBET T I EETRL TS,
Cochlodinium sp. (type-Kasasa) DEREEZHS HICT 57
BT, 5%, LR THEMLIERILEHS»ICTSE L
EdIC, HRIRS A P2 EDBERAPLHE - BEBRICD
WTOFMLFAERABLETH 2, FARIC, FEMNEDE
o &5 & Cochlodinium sp. (type-Kasasa) %&®
EEEROHECKRMBLEDE =5 Y v /2 REMRERIC
EMEL, WREHENILEER 208 S B,

Table 1. The ranges of water temperature, salinity, cell density and damages to fishery during the occurrence of Cochlodinium sp. (type-Kasasa)

in western Kyushu from 1982 to 2008.

Temperature Salinity Maximum cell Economical loss
Year Month Locality o dencity Fish damaged Reference
(°C) (PSU) 3 (1000 Yen)
(cells mL™")
Yellowtail,
1982 Aug. Kataura Bay 27,800 Goldstriped Amberjack, 90,990 Aramaki 1984
27-28 31-32 Purplish Amberjack
1983 Aug. Kataura Bay 460 - Aramaki 1984
Yellowtail, R
1985  Jul  Kataura Bay 12,500 Goldstriped Amberjack, 76265 Kagoshima Pref. Inst. of
. . Fish. 1995
Purplish Amberjack
1992 Sep. Kataura Bay 6,400
Silver Seabream,
1999 Aug. Imari Bay 26.0-289 32.1-33.0 11,060 Yellowtail, Tiger Puffer, 760,000 Yamatogi er al. 2003
White Trevally
2004  Aug  ImariBay 264278 323325 9,930 Tiger Puffer 7000  Nagasaki Pref. Inst. of
Fish. 2005
2005 Sep. Omura Bay 277 326 0.01 - This study
2006 Sep. Kataura Bay 28.7 316 ca. 10 - Murata (unpublished)
2006 Oct. Yokaku Bay 225246 332-337 15,000 Sakurada (unpublished)
2008 Sep. Omura Bay 27.4-28.1 32.5-326 8-36 - This study
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