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Effect on bivalve molluscs of a harmful dinoflagellate Heferocapsa circularisquama
isolated from Omura Bay, Japan and its growth characteristics

TosHIFUMI YAMATOGI,** MAasAO SAKAGUCHI,! MASAHIKO MATSUDA,!
.SHUNSUKE IWANAGA,! MITSUNORI IWATAKI? AND KazumMlI MATSUOKA?

I Nagasaki Prefectural Institute of Fisheries, Nagasaki, Nagasaki 851-2213, Institute for East China Sea
Research, Nagasaki University, Nagasaki, Nagasaki 851-2213, Japan

Heterocapsa circularisquama is a red-tide forming dinoflagellate causing mass mortality of bivalve molluscs in
Western Japan. Bioassay on bivalve molluscs was made using two strains of H. circularisquama isolated from
Omura Bay, Nagasaki Prefecture in 1999 and 2002. Pearl oyster Pinctada fucata died within 2-3 days after being
exposed to 5,000 cells/mL of H. circularisquama. Short-neck clam Ruditapes philippinarum died within 4-6 days af-
ter being exposed to 5,000 cells/mL of H. circularisquama. The growth characteristics of H. circularisquama isolat-
ed from Omura Bay in 1999 were examined in 54 different combinations of temperature (10-30°C) and salinity
(16-36) under a light intensity of 80 umol/m?/s. H. circularisquama reproduced at 12.5-30°C and 16-36 in salini-
ty. The highest growth rate was obtained at 30°C and 32 in salinity. Under the conditions, maximum specific
growth rate was 0.91 day—!. The effect of light intensity on the growth of H. circularisquama was examined at
seven different conditions ranging from 10 to 140 umol/m?/s under 14 h light and 10 h dark cycle and 25°C. H. cir-
cularisquama grew well at a light intensity of 20 yumol/m?/s and higher, then the growth was saturated at 80 ymol/
m?/s. Under the conditions of this experiment, the half-saturation constant for growth of light intensity (Ks) and
threshold value (lo) were 24.0 umol/m?/s and 15.5 umol/m?2/s, respectively. The occurrence of H. circularisqua-
ma in Omura Bay, Imari Bay and Tachibana Bay was confirmed in the present study by observation of body scale
structures.
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Heterocapsa circularisquama 7.
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Fig. 1 SEM (left) and TEM (right) photographs of Het-
erocapsa circularisquama (9901 strain) collected from
Omura Bay. a, body scale.
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H. circularisquama SEE¥H 7Y ) OEBRICRET
2B £, OM8-NDI12#k & 9%l #ka H\, #
nzhn GF/C A8k (354 34.0) <, 0,1,000, 5,000,
10,000 cells/mL O EIZHE L, 500mL BV —H—
{2450 mL ANn/z, InHOEKIC, OM8-NDI2 o
EETIE® K 31.6+2.0mm, 991 kO ERTIIRE
31.4+1.8mm )7 V) Ruditapes philippinarum 7 3 i
KT OREL 7z, AL 7279 VL ERE /N EHET %
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Fig. 2 Sampling stations (@) in coastal waters of Nagasaki Prefecture.

WOEETTH- 72, ¥, FREESLMHIIKER17.5C
BEU225C, HH28 & LTz, BEREIIIHICLI~
25CHFOERABHLVII TR, EREWHRE2 HUA
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DERX T, ERBG, S 24 BRBICADN A,
TR ORI >N THEmML, 2 B#ICIE 100% @
RSB 7o, BILRHTIIREERABEIN, 0
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Fig. 3 Effect of Heterocapsa circularisquama, 9901 strain,
on the survival of Pinctada fucata (N =30, shell length
0.82+0.12 mm).
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Fig. 4 Effect of Heterocapsa circularisquama, OM8-ND12
strain, on the survival of Pinctada fucata (N =4, shell
length 13.1+1.3 mm).
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BRDOLNDL L XD 700 cells/mL LL 123 o) i #% 4l B
Wz G, WHEREER, KR ESLLicE s
KEWEHR AR BN, RAHBEBEE D 0.91 day-1 i3

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

750 IR, HO, WHE, AX, 5E, RBE

H. circularisquama (cells/mL)

= <© = 10000 = = = 5000 ==-tr=—1000 —>*—0

~ 1001 . OCO®®®
L 20 °C . 1

> '

= 1

£ po

[] ' ]

550- , s 50 4
.é ’I

E L

E

3

O oA 0 -

Days

Fig. 5 Effect of Heterocapsa circularisquama, 9901 strain, on the survival of Ruditapes philippinarum (N=3, shell length 31.4£1.8

mm).
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Fig. 6 Effect of Heterocapsa circularisquama, OM8-NDI12 strain, on the survival of Ruditapes philippinarum (N=3, shell width

31.6+2.0 mm).

30C, B9 32 0&HTHL (Fig. 8),

HECRETHREOHKE FHMEITHIT S 99l
PR O WA R % Fig. 91089, A#KIL 20~140 pmol/
m?/s OREAT L WML, REMIAPEIL 20.5x 103~
60.5 x 103 cells/mL O&FFHIZH - 72, 10 umol/m2/s O
553 FiC k1) A iR MBI & 1d 253 cells/mL & A7z
o7, HWHEEEEIHREOEME L HITKESRD,
80 umol/m?/s TITIFRIF L 7= (Fig. 10), (1)RIZ &
0, ABEOD u, 12 0.86day-1, Ks it 24.0 umol/m?2/s, Io
{3 15.5 umol/m?/s TH V), HIMMHEE & HrdE & DB
FRIIRAFOATE T LB TE,

H. circularisquama O HH RN 20024F1~12 H
& T H cireulavisquama O BB IR K % Fig. 11 1T~ L
7o ARIIFHEEBCIZ7TH22BI1C1.0cell/mL, 7 A
30 HiZ 90 cells/mL, AF¥ETiX8 A 9IHIC 0.3 cells/
mL, 8 H20 H 2 0.7~4cells/mL, 985 HIZ0.7~2

cells/mL, ®&TiL 10 B 8 Hi< 0.001 cells/mL fEFR X
Nz,

] 2

THEADOHE Tav A REOBEELERIL, &
£0.82+0.12mm ¢ #%E 13.1+1.26 mm OFH A X &
12 5,000 cells/mL T3 9, 500~1,000 cells/mL T
i, MHO#E (BE0.82+0.12mm Y 4 X) OERK
CAEEBARIIFIT I EDhbhoTc, TOI LT, K
HUREEKEB DT> 7 a v AR (FH®R
% 1.88mm) ORFEEBR CHEHE L HEIEIL 3,000 cells/
mL F T NI L LHELUL WA, E7,
Nagai et al.?® (AR REE K% A\ TT - 2 BB ER
T, 7avHARE CFEEE 70mm) O 24 FfEfgic
B 585 2,000 cells/mL TFEDHH, LDsg ik &
% 5,000 cells/mL TH-7cb LTED, SEOEERIC
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Fig. 7 Growth curves of Heterocapsa circularisquama, 9901 strain, grown at various temperature and salinity combinations.
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Fig. 8 Growth rate (day~!) of Heterocapsa circularisqua-
ma, 9901 strain, under various temperature and salini-
ty combinations.
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Fig. 9 Growth curves of Heterocapsa circularisquama,
9901 strain, under various light intensities.
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Fig. 10 Growth rate of Heterocapsa circularisquama, 9901
strain, under various light intensities.
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Fig. 11 Distributions of the maximum Heferocapsa cir-
cularisquama cell densities in coastal waters of
Nagasaki Prefecture in 2002.

AW/c k2RI TR <, BATL A 5000
cells/mL FH#4nid, ARICEELRIZT LEZ2ON
B
THYOBEELERIT20CH LU 25CICEBL T
5,000~10,000 cells/mL TA 6 N7, 73V iE 1,000
cells/mL O 4, 20°C Ti3#FEL ¥, 25°C Ti3 5~8
HECTIXTOMBGBHELL -2 &h D, RLMREE
TH-> THERKERICHELZT R T VI LRBSh
7o 2D LT, 22CTHEEBRIZEZRBINT Y
A5 HEE T, 100~1,000 cells/mL T35 & 5,
5,000~10,000 cells/mL TI3BEE AR NEDH LN &
SNAHEY LELUL Tw5, £/, RElEK RRE
& 10,000 cells/mL) % BA\\TfT- 7= BBEERS T,
THYbEMF (FBEE35+0.2mm) F5HBICT AT
BEIE L 72 C L REH « RHY =B 1) 5 R
OT YU OEIERK 2 5, EKEORE TAES 1,000

cells/mL % 2 A 1 ERENE Efe /o2 bid, 7
Y YORFE LT O+ MIlEE Ch- 1 b
ZONHELTVWAZ L E LS —F LT,

AFICBT HAEHREIC L 2BERELLL &L, VK
BOREMIEHEE S 4,000 cells/mL LL RiZ7c % & HIH
OBENALND L D7D, 10,000 cells/mL LA £
BECE N FAOITRXRTTHERESRESI R TV
BHo ANETIE, AEREIZ1995 409 H3~190
(17 B (CREL, ReMIa%EEL 48,000 cells/mL
THYH, W19 F0D9I A 13H~1086 7 (24 AR
ICHREL, BEMREEL 3,700 cells/mL Tah - 72,12
CNOORFREMETIET IV H A LOZMEADOEM
PATHN TV AR, BEFHFZEIRESIA T RN L
b, AEAFRBREIESD LV EHEEMEVO TR AW
DEHWEINTW, LAL, SEIORBEEHIC L -
T, A&t 1,000~10,000 cells/mL T7 av 4Bk
U7 VI T 5B EHL TCWAZ EBHLEN -
oo ANBOEKREMRFES (BELLILE) CHTS
MERDFAEORER, 1995 EOHREFAERICKEEL
BHOEMCALNIBMET, BIEBICRRNELHER (R
KRS L BHRES LUK RIC L ARE) L, £8%:
BB IABO S MEE SRR AR Th e WS TH
HEENCAEER AL L TER LD, BELEh-7
EHZEFOTY T (200 @) (3 NTEEL L EOBHR
BETW5S, Fi, YROAERBRESHAE CREER
AHBEYVEEBREL SOOI T T\ I LA
BINTWD, - T, RNBKRIZRICHTHEEITE
THLOD, FREREFOEMES ORISR &I
foT, ANBTHREHEEL RN TELELDN
B

REREREE REEERICEO L, ANBRIIKE, &
SEEIER L L TALHEICIT12.5~30C, H5 16
~36 DHIFE THEBEAFRETH L &b, LKEME A
wEHETHH 25, 15C DS 36, 17.5C DS 24
~36, 20~30°C D4 16~36 OEPITid, B
INED 700 cells/mL ## 2 5 CnW5Z &b, Thb
DEHET T, AREIFEEREYEL WD EE2D
N5, AEOIEHEE L, KR, HHHAEWITEHE
TR A E, RAHMEEERE L 30C, S 32 D%
HTHONI, MW7V 7 b OB, R—&
THo TLHREIC LA EVWRD A LIEHBINTWA]
&, 15 Bir DY O S /o KO KR « oot
TOWMBICEIC O WTHEK L 72, IHHWIE, EEBE
B L INSBE, FHEBE, B/ ABELLUAR
BEOAKIL, 10CTide<HEmcEd, 15°CTEE
BOOATHEML, HHEEEISKE SE7TALEV
R A 60, RAHMBEREL 30°C, 5 20~30 TF
LNl enb, INLKIIEKE, BESIFD

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

Heterocapsa circularisquama 0 —F B~ EE L L 753

////
i

20 34
Sallmty PSU)
0:0-100 0:100-500 O :500-1000 (O :>1000 (cells/mL)

Temperature (°C)

Fig. 12 Relationship between water temperature and sa-
linity for cell densities of Heterocapsa circularisquama
in coastal waters of Nagasaki Prefecture in 1995-
2002. Diagonal lines show seawater densities (at).

s O AR R L TS EL T b, K EK
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T-S% A7 5 A% Fig. 121R L 7o, K3 17.7~
30.2°C, #4013 20.75~33.86 DHEIFH THEI NS, £
N>+ 500 cells/mL Lh FOBEE TAENBIE S N7k
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