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Relationship between Cyst Density and Red Tide Outbreaks of Chattonella
(Raphidophyceae) in the South-western Part of Harima-Nada,
the Seto Inland Sea, Japan

Kenichi Oyama, Satoshi Matsuoka" , Keiji Honda, Sadaaki Yoshimatsu

In order to clarify relationship between cyst density and red tide outbreaks of
Chattonella antiqua (Hada) Ono and Chattonella marina (Subrahmanyan) Hara et Chihara,
field surveys were carried out in the south-western part of Harima-Nada, the Seto
Inland Sea.

Water samples were collected from seven stations, also from the south-western
area of Harima-Nada as red tide outbreaks were anticipated, and vegetative cells
were counted. Sediment samples were collected from six stations in the middle of June
2001-2005, and total living cysts in sediment were counted by the direct count method.
To know long term trend of cysts and vegetative cells, cyst density at the station (St.K4)
in 1988-2005 (except 1990-1992, and 1999-2000) and appearances of vegetative cells in
1977-2005 were discussed.

The red tide outbreaks of C.antiqua and C.marina were classified into three terms,
frequently occurring term(1977-1989), not occurring term(1990-1998), and sporadically
occurring term(1999-2005). Cyst density changed in the range of 0 - 655 cysts/cm?-
wet sediment. In the years which cyst density was high, the dispersions of cyst density
varied more widely than when it was low. There was a positive significant correlation
between cyst density and maximum vegetative cell density of each station during
2001-2005 (r=0.83). There was not a significant correlation between cyst density
and maximum vegetative cell density at St.K4 in 13 years (1988-1989, 1993-1998,
2001-2005). But there developed a tendency for red tide outbreaks to become low
frequency when cyst density was low. There was not a definite relation between
maximum vegetative cell density and cyst density of next year at St.K4.

While it was necessary to consider environment conditions of investigating area, the
result of this study suggested that cyst density played more important role as a factor of
red tide outbreaks in recent years, in the south-western part of Harima-Nada.

F—J—F: VAN, KEM, Chattonella, 7R, Rk

(* BUFT I A )1 UL B BOK EE FR K E AR



12

TN BT 2 AR50, 1974 40 41 %
W E LTIRA A LT 5 282, fMBEREES
W& 5 THRMOIEEIIR, WERICKRELEBRE R -
TWwh, & U DblJ Chattonella antiqgua (Hada) Ono &
Chattonella marina (Subrahmanyan) Hara et Chihara
&, FNEGETHBT RN TZ 27 b Oh T
DEBLETLMTH Y Y, KETOWEDREIZ L
A ISER EAFIL, 1970 ~ 2004 SF DO RFHT, 851 6
FHIIZDIEY, RN & 2R ESHOIIZ I
% %55 M, B TIE, 2003 47 H A3 R VY
R CTHA L 72 Coantiqua RN X 0, FHH O F
BLOA FPBANWIL, 4189 THHOREED A
L7z 9,

RSB O 1o & LT, ARlEwoAiGE
WELE 2O OO B/ SN0, ¥ X MIHE
ERAERENERET DI L VbILTW5S ), C.antiqua
E Cmarina I2BWThH, EFERO—RIWIZV A %
e LTI CHAT 5 2 e, X b
DIEHGA 10, AKIR & B L OHFITOVTOA
AR TR R R 101, KIBC BT B oA W IZRI T B
HMAPERMEINTE . LA L, FREOBEICT X
BENRED L) ICHELTWw 00 h7z-T
AL 72FHNEP %L, ZORBRBRITVERZICHLNT

1 34|° 10'E

2\,

T ZCARMFZETIE, HE R A (VN R AL E
B 7o N BRI ) (2B B Cuantiqua &
C.marina D A NEEB X OREME O MBLIRI %2 3
L, MEOMBREME Lz, 28, AU THI
9 % Chattonella J& 2 1%, i 2 D HMZ b Chattonella
ovata Hara et Chihara , Chattonella globosa Hara
et Chihara 3 X U Chattonella verruculosa Hara et
Chihara ® 3HHE 2 H % 25, AHZETIX, ThH3
XD EBRMICHBBEENES L, KEELEREL
C.antiqua B X O° C.marina ZW7ext 4 & L, Dk, &K
T Chattonella & FC7R 3 5 Y56 1%, C.antiqua 3 £ O
C.marina Z/R$THDET 5,

MRBELUHE

KEMROE

KRN, BRI O R KL ~ K7 1280w
T (Fig.l), 2001 ~ 2005 4F® 6 ~ 9 HiZdb s ARk
wEHCTEN 2~48) IZRIL (Table 1), &
#t1 m Lo Cantiqgua & C.marina O 52T % 5t
Bl7o R KATIE, HH2~705mERETHEN@®
J&) \ZHEkEZENEN 1 LERIL (Table 1), K74
AZX8UMDAYTFT VT AN —%HTENAH

the Sea of Japan

&
. f-' the Pacific Ocean

® K7(32m)

134° 30°E
- 34°40'N
*K1(36m) Harima—Nada
K2.(35m) L 34°30'N
® K3(43m)
K6(28m)
° -34°20'N
K5(24
4 g ka(35m)

Fig.1. Locations of sampling stations in the south-western part of Harima-Nada, the Seto Inland Sea. Water samples
were collected from Sts.K1-K7, and also from the area of diagonal lines as red tide outbreaks were anticipated.
Sediment samples were collected from Sts. K1-K3 « K5-K6 in June 2001-2005, and from St.K4 from May to July 1988-
1989 -+ 1993-1998 - 2001-2005. Numbers in the parenthesis indicate to the average depth of the stations.



Table 1. The number of plankton investigations
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B AU 6. .66 . 8() 5.5 5.
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Numbers in parenthesis : the number of samples given
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Fig.2. Daily changes of maximum vegetative cell density of Chattonella antiqua and Chattonella marina at Sts.K1-K7
in the south-western part of Harima-Nada from 2001-2005.
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Fig.3. Yearly changes of maximum vegetative cell density of Chattonella antiqua and Chattonella marina. Closed
circles (@) show changes in the south-western part of Harima-Nada, 1977-2005, and open circles () show at
St.K4, 1983-2005. Arrows show red tide outbreaks of Chattonella in the south-western part of Harima-Nada.
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Table 2. Percentage (dry weight) of five size fractions of sediment at Sts.K1-K6 collected on 13 July 2005

Size fraction

St <62 pm 62-125 um 1256-260 um  250-500 y m 500 um<
K1 82% 8% 5% 3% 2%
K2 93% 3% 2% 1% 1%
K3 86% 6% 4% 3% 1%
K4 92% 4% 3% 1% 1%
K5 87% 6% 4% 3% 1%
K6 54% 33% 9% 3% 1%
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Fig.4. Changes of cyst density of Chattonella before cyst germination in surface (top 3 cm depth) sediment at Sts.
K1-K6 from 2001-2005 (upper), and St.K4 from 1988-2005 (lower). Bars represent standard errors. ND means not
detected data. Data at St.K4 1988-1998 are cited from Okayama pref. et al. (1999).

* Lower than 10 cysts/cm?® wet sediment

W EE (105 ~ 250 fll /cm3) #=/RL, ZDOHEEA
L7z0 2005 4EDE M K2, Kb BX K6 TiE, ¥ A b
B SN o7z i K4 T, 1998 4E 1% 655 1
/emd &2 L CE L, 1989 4E B L U8 2003 4E1%, 147
il /em3 B X 132 /cm3 &R E L, T E
1% 10018 /em3 L FTHh - 726
BARSHILE  #HWT, YA MREOKD -7
2001 4F, 2004 4E B X OF 2005 4E 1B B T A NEE
DD —FEZRELT2E A, THPELL v
Lol P<005), 2T, BEOE)
5722002 4B L V2003 4 &, KAh - 724E (2001 4F,
2004 43 X 182005 4E) ORGSO E FRENRIEE
L7ceZh, DIl ->ThH, YA MEEOK
Mo FoAE & AT, 2002 41 1.37 fi%, 2003 4F 1 3.14
T, E52&NKEDN-72 (P<005),

A MNBELZOFEICHIRT 2REMREE L DOBFR
2001 ~ 2005 4E D 6 HIZHB T B EH KL ~K6 D ¥
A NBEELZEDED 6 ~9 HITHB LK ERTOR
ML O i F IR B & OBIfR % Figh ISR T B
K2 ~ K6 Tlx, ¥ A ML REMBEE & ORI,
HWIEOMBE 2D 51t (r=097 ~ 099), K1 Tl
R o7 (r=059), EfRE LTI, YR MNEE
LRI &L OIS, AEZIEOHBIFED b
(r=0.83, P <001, n=30), Chattonella ® > A B JE
METIUE, ZOEICHBLIT 5 RIEMIBE R b = iE
Mz d - 72

VA NBREEZOFEITHBT 2 REMBERE L OB
B BHIMICIERT 2729, 1988 ~ 2005 4E D 5~ 7
HOERKAZBIIDLVAVBELEZDEDG6~9
WL L 72 0 K4 B X OHREB R 1HEB I B 1) 5 48



200

150

(cells/mL)

100

Maximum vegetative cell density

[
o

0 n n n n 1

17

1

0 50 100

150 200 250

Cyst density (cysts/cm®-wet sediment)

Fig.5. Relationship between cyst density and maximum vegetative cell density of Chattonella for each year at

Sts.K1-K6 from 2001-2005.
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Fig.6. Relationship between cyst density of St.K4 and maximum vegetative cell density (left : St.K4, right : South-
western part of Harima-Nada) of Chattonella for each year from 1988-1989, 1993-1998, and 2001-2005. Closed circles
(@) show red tide outbreaks of Chattonella and open circles () show no occurrence. Cysts' data from 1988-1989

and 1993-1998 are cited from Okayama pref. et al.(1999).
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Fig.7. Relationship between maximum vegetative cell density (left : St.K4, right : South-western part of Harima-Nada)
and cyst density of next year of Chattonella. Closed circles( @ ) show red tide outbreaks of Chattonella and open
circles( O ) show no occurrence. Data of vegetative cells are used from 1987-1988, 1992-1997, and 2000-2004. Data of
cysts are used from 1988-1989, 1993-1998, and 2001-2005. Cysts' data from 1988-1989 and 1993-1998 are cited from

Okayama pref. et al.(1999).
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Fobi b AGER (FRILRZF D) Sf0E L, BEEILR o
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VA NDOEEED O ORBHMIBOTALIAR DR
AL CWh7zoTREVWrETFHINS, F72,
A OFAE R R S TUERICALE L, K WIRE T
BDE R EE DD SHEMN KT TIE, ¥ A MEFEIZK
WA ERIKL ~ K6 & JF U LNV TR AT Y
BLTwWaZehn, MipEs 50K AD
WEEZTRTWENMTHI VR b, LI >T,
VR U C b B & POt Y A b &AM
& DOBIRITE WD A SN, WH DR Z R 51213,
W RRAETR, WGRIE, B OREROSM% E
FTLULENRHDLENZLES S,

b 9 — 1L, Chattonella 7R H3HH5E L T\ 72 1970
~ 1980 AR OB P UHE I N2 &
AR, REIFEAEERE LT Y A b OEEEDHR
MWL TV AIRENEVWEEDLNLZ ETH A,
T b HIKEE I B S Chattonella TR
(1977 ~ 1989 4F) Ok fe T3 H 1L 222 HTH
S 72D L, w0 (1999 ~ 2005 4F) O 3F-34 H#1,
85 H L7 < 920, DIEGIZ bR TH AL D Chattonella
AL, el s & HITHEANIM S FEU L Tw
%o WHEAORKEBHOAMBESEMICHIR S, FFIC
DIP AT L2 & 2%, ) v of/h NG
A W Coantiqua (620fmol/ Mifid) ® 12L& - T, J#
FINET Chattonella & %63 A MO EREHHED Y ~
O/ &R, B 213X Karenia mikimotoi ( Miyake
& Kominami ex Oda) Hansen & Moestrup @
250fmol/ #ll B& 29, Cochlodinium polykrikoides Margalef
@ 370fmol/ Mifg 2 2 L L B LT, V) YHIRBIREET
TOWIHIIAFTH Do L72h > T, OB &M
WCCGEMANNZ & 5 HAE, Chattonella 23K BB 5H 3
LRI o T a EFHEEIN, FRIFAEICK
TTRMEEFOEREDZ(LTETWD LIRS
5o Thbbh, IWHBELRHSBET S LW) T LI,
ZNF2T BRI D SR 3R O FE A s b & OVBLRE
WCKREREELZRIZT LD ER DN, Chattonella 12 &
S THAMOD T H EHIZ, wWhllE { o%E
FREAS Y A PO RFELTVENRE W) ZEDPERIZ
GhHEZEZOLND, 9\ EKRTIX, RN IE T
DEHITY A T DORFNGATE L ST ERD LR\l
Wik, REBEOTGEMGELELTOY X NOEENE
A5, ARIICH L TV BT REEDTE VW E HES T X B,

Vb X912, RO EIIWE SR 4- 05
BRPMHENCEG T 5720, YA MNEEOARILY LIF
THREBEEEZWEA I LIFH LY. YA MR RERAE
FROBEELTHHLE) ET5LE121F, YA L
BT ORI TL B4 525012
FTHLUENRHS ) L, TN5DFEMPIEKUEOFFEC
FoTHELAENETHA ),
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EZAT, —HRS5 9L, EEEEICB T Chattonella
BT ANEE (EVAF, BEHEOEIALD
JOWL-DbDEBRbNLV A MEAFILIZTV AT
WRE) OSRIESAG # P, 100 4E LR o FFE T o
Y A MBS o 7278, R ESHE L o7z
1970 SERIFAICHR Y A PEEIRR D EL R, 20k
DA NHED R EN AT ICHE L Tw 5 &
WMELTBY, VAN ERMFEE L OM SO R ER
BRERIEL TV,

T, FWSEOWREL IRV E WE 5 Y 2 NEE
XEDH)THAHAI D Figba s bl v A MNEE
508 /cm3 AT ICBE RIS 5 L 9 IR SN E D,
GH L BEL Y, SO W ORRE T S LR
WSS O REMEIZMR WV & W 2 B ¥ A MR OB R
&, WHERAEIC X > TG RZ Y, BN SN
LMEDLDOTIE Wk _bg, 7272, VA MNEE
BRI L T A2 A R {, 4tk & Dk
LTTF—%%2&RL T 2 &, FRsAEomy -
FEDH) ZTHEHETH L, T2, VA MNBEIRHVE
JESEAC IR IR 1Y D v 2 b L ML E OBRZITE
T 52 L, BT ORMBEEERE Y HEETS ) 2
TIEIEFIEID L Bbh, 458 L0 L 2 i
NEIEN5L,
REMRBOHIRKAE VX FOMEE DR

AR, JFBhEEC 1987 4EE Z D Chattonella 751
B, THIHESTY A MVEESHME L2 L2
5, REMEOHMIBURIAS, WBER~NDO Y X - ofl
WMEBRICHELTWSE ERRTWDE, T2, 5
5 WL, JLERIA B T 1990 AEE 2D Chattonella 77 1)
BEHEO YA MNEEIL, AREESER & B L TEIE LT
Wz it L C\WwWb, Chattonella ETRIC T 7 4 REED
Fjaponica TlZ, HH O %5, KR L B3 L -
D KAMNL RO ML % 1985 4F 4 J] ~ 1986 4
4 HIZIRAELTW 525, SR Z KL 72h0 >
A bEOFELWEINE, #ERAICHk T2 0L
ZAObNBERBRRTNVDS,

RIFFEICB T, Chattonella D SRERIL OB =l
NaBE L BAED Y A NEE L OMBRE TR, —E
OBBIEREERro72, ZhiE, YA MPBERSh
L5THH)8~IHNOLHFES ~7 HORREE TOR
2, BRAETICE DY A DDA - R - HE, ik
WKEBHAELRE, HRAGERIZK > TY R MEENIE
BLHROBMETH Y, FEMBEERINS YA
e OMBREBEHENIORTIOTIEEVWEWVWZDLTH
5o TDVHITH T, HAIREBHILEAZ VD
LWV TZDOWIETIEREINDE YA MOED S VWE I
WRBWEEZ LN, VA MNOBEEIL KMo
AEPIREER ¥ A MEBRE OB S AL SN S L

Ebh s,

rN 2%, H B3I B W T Alexandrium catenella
(Whedon et Kofoid) Balech ® ¥ A Mk % & ¥ 2
YERMNTZ AL EMMIGREL TS, LL,
Chattonella |22\ T RO FEIZHEA TV R\, 558
MO MBEBED Y A EOMFREILET 2121,
AU TY A MVEERLHRLRNET 2LEND
D, SHROWMFEHETH %,

#

AWgeE2 L D FLDBHIIH2D, HIgEZ WZE
A DR B % W > 728 N R AR S E e BB B T A
AL, N AE A ML L BT 5 & &I,
Chattonella J& D ¥ A MZOWTHBIE W72 W 2F]
KPP Bz — RANS L, W07 N i IX K ERT
ZEIr A AR TE B R (DT A L, R AR A
BBz 43—l L ICRCE#H T 5, LT, K
BHRE IS I W 72720 7/ )R SER AR [ <D ]
MBI Lo, FINEAREOEZEHT, 7K E A
DI AL S L BT %,
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