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Growth characteristics of Rhizosolenia imbricata Brightwell occurring
in Ariake Sea

KAZUYUKI SASAKI AND HiTosHI KITO

V' Fukuoka Fisheries and Marine Technology Research Center, 1141-1 Imazu, Nishi-ku, Fukuoka 819-0169, Japan
Present address: Fukuoka Prefectural Water Resources Planning Bureau, Planning Division, 7-7 Higashi-kohen,
Hakata-ku, Fukuoka 812-8577, Japan
Corresponding author: Kazuyuki Sasaki, e-mail: sasaki-k8192@pref. fukuoka.lg.jp

2 National Fisheries University, 2-7-1 Nagata-honmachi, Shimonoseki 759-6595, Japan

Abstract The Nori (Porphyra temera) industry was seriously damaged by a red tide species
Rhizosolenia imbricata in Ariake Sea from December 2000 to March 2001. Unlike other diatoms,
such as Skeletonema costatum, Chaetoceros spp. and Eucampia zodiacus, which are common red tide
species in this region, R. imbricata has never formed a red tide during the Nori culture season. The
present study aims to clarify the growth characteristics of R. imbricata in the laboratory, and
discuss the cause of its outbreak. The preliminary culture showed that R. imbricata could scarcely
increase cell numbers in 100% and 10% SWM-III medium, but grew well in 1% SWML-III (i.e. 99%
diluted medium with seawater). In 1% SWM-III, effects of water temperature, salinity and light
intensity on the growth were examined. The maximum cell division rate was 1.38 per day under
the conditions of 111 gumol m~2s~! and 20°C. Growth was characterized as a long steady state
with sustaining high cell densities. The optimum temperature for growth was 20-25°C, although
R. imbricata could not grow below 10°C. The maximum cell density was obtained under higher
light intensities. Lowering salinities had an adverse effect on the growth, and R. imbricata could
not grow in 70% seawater. However, temporal decrease of salinity accelerated cell division rates.
Iron was an essential element for the growth of R. imbricata. Low requirements of nutrients of
this species is considered as one of the most fundamental factor that allows R. imbricata to sustain
the red tide for relatively long periods even in poor nutrient conditions.

Key words: Rhizosolenia imbricata, red tide, mono specific culture, low nutrient-requirement
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Table 1. Composition of modified SWM-III medium
used in the present study.
NaNO;3 1.0M 2ml
NazHPO4 50 mM 2 ml
NaEDTA 15 mM 2ml
FeCls 1.0 mM 2ml
PI-metals 2ml
Tris 500 mg
Sea water 1.0L
pH 75
Pl-metals
H3BO; 1237¢g
MnCls l4g
ZnCl3 0.11g
CoCl36H,0 4.8 mg
CuCl;-2H20 0.03 mg
H.0 20L
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Fig. 1. Location of sampling stations in Ariake Sea.
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Fig. 2. Effect of dilution of modified SWM-III
medium with seawater. R. imbricata was incubated at
20°C and 28 umol m~?s~! with a photoperiod of 11 h
light and 13h dark. Each percentage indicates the
proportion of SWM-III medium. Bars of each point
indicate standard deviation.
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Fig. 3. Effect of water temperature on the growth of
R. imbricata. 1% SWM-III medium was used for all
experimental cultures at 28 umol m~2s~ 1.
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Fig. 4. Effect of light intensity on the growth of R.
imbricata. The incubation was carried out with the
medium of 1% SWM-III at 20°C.
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Fig. 5. Effect of salinity on the growth of R.

imburicata. Salinity of the contorol (100%) was 33.94

psu. All experimental cultures were carried out with

1% SWM-III medium at 28 gumol m~2s~1L.
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Fig. 6. Effect of dilution with distilled water on the
growth of R. imbricata (upper), and division rate
(lower). Arrow shows the addition of distilled water
on day of the experiment.
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B RBALG > S X B £ T 16 HEIC AT T,
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TRICHERBRDTRIEL 0,2,5, 1I5HEDS 5, &
ARAZLEE AR L IBEETRA L, TRTOERXT
A OEBEN IS ODEREBED LN, D5
5, 50 cells-2ml~' DI E3ERE U /X3, MR 0% WA
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No. 6 X® 149 cells-2 ml™!, NaNO; & FeCl; 27
L7z No. 11 K ¥ic NagHPO, Z@snL 72 No. 15 X
DEED 77 cells-2 ml™, FeCly 2L 7 No. 14 X
D Tdcells'2ml ! DFF5XTh -7, —FH, FELAL
BERERER SN - 72 (<4 cells-2 ml™!) EBRKX I,
Na;HPO, #/RZ L7 No. 4 X, FeCl; #3RZ L 72 No.
5 [X, NaNO; & Na,HPO, »#/RZ L 2 No. 7 KX,
NaNO; & FeCly #8RZ L 72 No. 8 X, Na;HPO, &
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Table 2. Effects of nutrients and trace metals composition on the growth yield of R. imbricata.
Open circles indicate nutrient addition and bars indicate abscence.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
NaNO; - - oo o o — — - 0o o o — — — 0
NazHPO, - o o — o o — o o — — o — — O -
FeCls - o oo o — oo o - o o — — — O — -
PI metals - o o o o — oo o — — o — o — - -
Initial cell number
(cells-2 ml™Y) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cells number after 15 days
(cells*2ml™Y) 15 27 15 2 2 149 4 3 277 2 77 15 4 74 77 27
Maximun division rate
(2, day ™1 0.35 040 0.36 0.10 0.06 0.72 0.27 0.17 062 0.16 0.49 0.31 0.15 050 049 042
Incubation period*
(days) 5-15 5-15 5-15 5-15 5-15 2-5 2-5 5-15 2-5 0-2 5-15 5-15 5-15 5-15 2-5 5-15

* Incubation period at which maximum g occurred.



84 BETS v 7 b v¥eik

24 15cells'2ml ! & 27 cells'2 ml™! THEEOD
HREETH - 7.

wRiz, SBLEESHEV S D3 NaNOs, NagHPO, KU
FeCls ZEML 72 No. 6 X® 0.72 div-day™!, 41 T,
Na,HPO, & FeClz 2#ML 72 No. 9 X 0.62 div-
day ! TH -1z, No.11,No. 14 XU No. 15 3iE3 & A
EZH 57 049~050div-day ! Th 7. —FH, &
HFEEFEDOE VS DIE, NaHPO, MWRZ L7 No.4 XD
0.1 div-day~!, FeCls #/RZ L 7z No. 5 X® 0.06 div-
day~!, NaNO; & FeCls #RZ L7 No. 8 KXo 0.17
div-day~!, NagHPOs & FeCls 25KZ L 7z No. 10 X®
0.16 div-day~!, NaNOs, Na,HPO, & U FeCls M/RZ
L7 No. 13 X® 0.15div-day ™! Th -, Wit
LTh, FeCly WRZ T 3 ENHHEMIEL 50, WM
BbELOT 2RISR SN

7. 74—V FRAE

/Y At D 20004 10 A ~2001 £ 3 A % T O,
DIN £ 75 v 7 + viLBRBOWR % Fig. 7 i</RL7:.
BiEIZ 2 19 S ORIEBEEEE L TELK. DINIZR
BHEHD 10 ALA»5 11 A THOEHBE T 13~25
pugatN-L7 L &/ VOEBTICE » TR TS ITEHVIKEER
bote, =K, 75vr7 s viLBER, TOM, 1ml
IOL I RFEDLRLS I Y2 b v iRIBEAEHEML
ot ZDk, 12 Ahf)n o TAICH 1 THFEL,
EBE 10ml-100 L fhEF TcREicEmL 2. %
DOfER, DIN 2/ )V OREICHLELBETH L EEbN
TWw3 10ugat N- 171 GUB)IIKRBEEBERBRFNE
B£1976) #KE{ TH5 2~3ugat N-17! F THI
L, 7V 3EEL LEREABRES|IEEC Lic, ToRE
253 AR TR & TheW 7o, BB 2 YV EE

40} (20

@
o
1

10

DIN (ugatN - I'Y)
N
o
L

—
o
P

Settled volume of Plankton (ml - 100L™")

05600 T 2001 M

Oct. Nov. Dec. Jan. Feb. Mar.
Fig. 7. Seasonal changes in DIN (closed circles) and
settled volume of plankton (open circles) in Ariake
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Fig. 8. Frequency distribution of cell volume for
R. imbricata.
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Table 3. Population cell volume of red tide diatom species occurring in Ariake Sea.
Cultures were incubated in several modified SWM-III medium.

Maximum Population .
Cell volume Light
. . cell number 3 cell volume Temp. . . Photo cycle
Species Medium i m®) P 0 intensity
(cells-ml™7) (um3-ml™1) () P (h)
(A) (AXB) (umol s
Eucampia zodiacus SWM-III 2.1X10%*  24x10%**  50%x108 20 78 11L:13D
Chaetoceros curvisetus ~ SWM-III 4.9x10%*  12Xx10%*%  59x108 20 78 11L:13D
Skeletonema costatum ~ SWM-III 42X105%  25x10%*%  1.1x10° 20 78 11L:13D
Asterionella japonica SWM-III 6.4x10**¥  1.6x104* 1.0x107 20 78 11L:13D
Rhizosolenia imbricata  SWM-III 4.0%10° 7.8Xx10% 3.1x10° 20 28 11L:13D
” SWM-III (1%) 5.0x10? 7.8%x10% 3.9x107 20 28 11L:13D
” SWM-II (1%) 9.5x10% 7.8%x10* 7.4x107 20 56 11L:13D

*! Data on diatoms were compiled from Sasaki & Uno (1988) and *2 Uno & Sasaki (1987).
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—7%, BEHIERGICAER U fo#B7kh @ DIN B3 445
ugatN-1"! ThHo, TOBEERFig. 708RTEE0D R
imbricata 1< & > TREBICHEBEMBEB I 3 BIFRE
BETHa0iixtl, /7 ViKE->TREELMNBE AL
HEBICRBATABRBETH 5.

VIRTIcERET- 4 BohTthELDOFERE LT
HHICPRE & 12 - TW B E. zodiacus iIcD>WTHAE, E
HERa AR 24 X 10" um®, HZREEE I 2.1 X 10
cells'ml™! 25 1 ml FOEAEREIZ 5.0 X108 yum®:
ml~! CEHE Nk, —H, R imbricata i2>\\W Tk, F
B ES 78X10" pum®, REFHEEH 9.5 X 10
cells'ml™! TH B &h oBEREIR 74X107 yum®-
ml~! CEHE SN, DK DT R imbricata & E. zo-
diacus \CHNTHEB TR 68 E/NE WhrilakE T
1333 fEkE\V., Zhid E zodiacus Tl 100%, R. im-
bricata Ti3 1% OBEORLZ SWM-II EBETO
HRERETH 5705, MBOBENIEMEL RETIENT
%%, L»d, R imbricata DAL, Fig 2 IoRT &
SICHKBREZRMLIEV 0% OHBXOHEKTS, W-
KO TRBELFRMARELI CRBECHEBELL O
0% HKX I RABKPORBESRM L RT ENT
LS. Lch->T, BIGETIE R imbricata ® E. zodi-
acus D& 5 1 HERAHIAAEARE WEREMS V- LA
LY 5 &, HARLOEHICHEML, Thicfk-T
HKFOKRBIESZHICHBD T 3. 2Dk, ThoD

ErAREEEICETSE, VOBELPHETTS I L
A5,

iR & ERkic, BPABEOREBE T Y REIICRE
LCRIEE 7 » TV B HEED—2IT Coscinodiscus wai-
lesii 5d %, KEVEEEE C. wailesii DEEE 3, BH - B
(1994), F&JI1iEH (2002) 5T-THH, THIKHVWGH
RERRO Y VEREBEPERE, R imbricata OYERER
BEEICHN, 2hF0103~117EE0. Lics-
T, R.imbricata 13 C. wailesii I [t <NFEBEERIZEN &
EZobh3,

RiZ, R.imbricata DHZLRE AR T 51291,
I BEEROHEE % Table 4 1R Uto, SHEUEREL
DA~7THHOHSHEE W, 11l gmol m2s™! T
0.33 div-day™!, 28 umol m ¢ s7! XTit 0.67 div-
day™!, 56 umol m~2s7! XTid 0.90 div-day !, 111
umol m2s ! XT3 092div-day ! &7 0, MREEMN
BRI THELS BA2ERPR N, T, O
HE DR IIEERE 2~4HH® 111 gmol m™2s™!
X® 1.38div-day ! T, TOBFEWHHEERINKLED
S ZABAE, BSEKbOhoEn TS v b v
L OHGEHRFICB W TBAIMEHT 2 b0 EEAOND
(EAAK « FH 1994), &5, A TR, XETHER
B3 BRE CHE tmol m™2s™! OEEICET 3 &
5, R. imbricata FENERER L D ROSTEEE

Table 4. Mean division rate (u2 day™!) of
R. imbricata under several light intensities.

Light intensity (#zmolm~2s™1)

Incubation

time (days) 111 56 28 11
0~2 0.21 0.29 0.00 0.00
2~4 1.38 0.87 1.05 0.50
4~7 0.92 0.90 0.67 0.33
7~10 0.98 0.99 0.91 0.81
10~14 0.22 0.30 0.55 0.51
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boOLEEEINS.

JKIRIZ DWW T3, Baars (1988) i R. imbricata O ¥E5E
HKiEIX 12~30°C T, #ic 25°C LI TR MM T 3
EHELTVE, SHOERERTS R imbricata 13
10°C T T e, 15°C RILE, #ic/kiE 20~
25°C TRIFRMEART I &, &5, KER AR
BoRETH, 20°C X465 B E R bEMBERETE
BKBEHTHY, T/ 25C XEREEBEEAEARLIZ &
M5, R.imbricata 12 & - Tl 20~25°C HEB/KE &
Risg et Ld. £, EHE TR imbricata 3
P THRBAEFR L 72 2000 £ 12 B LA OKEBERE7
14~15C B2 L T, KREICL > THaBEmA
e kBRTH > ETA LD (F@KED 2001),

ERNTHBI1EE R. imbricata OHEFEIIEL, 80~
90% #/KX DREHEEIZ 200~300 cells-2 ml™! T
100% #/KX D 20% BEC ULrELETS, 5 70%
WKL T TR AARECTH - 7c. TDTEWH b,
R. imbricata (T EHESETHEI > TL3RERLD
b, EROBVAEICHELLETH D, /INBiEH (2002)
B, 2000 FEOFRBEMEL» SBEBICHED > TIA
DBote L EXRELERIFET A,

EREXGARE (1990~2000) OBEFE O &R »H
2, BIRBREOKEHTICEBIT 3 R. imbricata DFHE
BT/ 3 2000 4 10 H~2001 4 3 B & 2 DRIED
1999 X UBE 10 F/ (1990~1999 ) D AR, 4
BloKkESED T &S Fig. 9 iRl 10 FER0E
ENELHFEOBEES 12 Hicbki 3RkhITE
B BEBICH - 7. —F, 2000 Fid 11 B EalicZ:
10 EFH D 88 fEicH 723 143 mm DKEBMRHH
D, #5115 HBITR imbricata WRFEELTVWB, O
1 # A OfE R. imbricata DERNEERICE T 2 BREE
BicET 2L I3EE U TH 5. D R. imbricata D
RFEAEE, DS OBEEREVEOHMGOEELTRDI
WA, —RISIEE T RO R & 72 > TV TR
WAFO, 2O EEESIFL L, ABWIENE
TAE LEZENERTIE (Fig. 6), #KEMcX-T
HBIKBREN 76% £ TIH 5B &, R. imbricata D555
BGEMER B 7T 5 E0FHENTH -
. 20k, ERNERTHEEMRENFEL &, BRY
KRAREEVEMETT 208 L T, BATEE
TFEOEE I L ZERERICH~NTELICES HEIE
4 571®, R. imbricata DRI P > bD EE
Zohb,

RiT, REBERICODWTH B &, R imbricata (3
FeCls & NapHPO,, FeCl; & NaNO; % NayHPO,,

®50% 25 (2003)

1 sol
= 1999
=m 2000
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3 1001
]
£
©
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Fig. 9. Seasonal change in rainfall in Ohmuta City
from Oct. 1990 to Mar. 2000.

FeCls ® NaHPO, B0 TR HIEL, FeCls ®
NaNOs, NapHPO, 23R 5 LHEHEEIEEL., I 51T,
FeCls, NasHPO, % U NaNOQ; % BiiciiRin L /e EERX
3, ZERXPV VEORSHBEILT A > T FeCls,
Na;HPO, % U NaNO; 3% h Fh B /R L 7 £
Kichh~z 3 ahicEEBSRFCTH 1. TOZDO0
EBRX I BE WA ER T 2 R 2 #7TE T 2B%kic
Hb, TNTNOHEA DI L T R. imbricata DEEEIC
FEBEHEATVI0b LTSNS, ERRBO D bEkic
2W T3, Nakabayashietal. (1989) 3EZE 7V — 40D
ERRIC 3 Fe?t BUETH B T &, £12, Yamochi(1983)
3 Heterosigma akashiwo 3% L — F#EDEMTE L <
BT A EAREL TV, SHOEBRERICOVT
b, Fe M R. imbricata DA LR T 2EERKS D—
DT, $WT PO, & NOs DFEEMATRTH S LEX
ohd, B, HEBEHER Y/ Vick > THEMSEES
haEEbhTwah (TERfizm» 1972), SEIDERT
3= v A i3 Plmetals D—&& L TiRMEn TRV
M, 2 VEMOEREIERL TOR VDT OREE
KOWTERERTER,

SRIDOEBEEERIC XL - T, R imbricata \37kig, 185,
REOBEISEEMNELL, MAT, toEREL D ERE
ZUTTHETEIENZ 6> EMNHHLL. DL
& OAEII—RRSIESETIC L - THESTIE S 0
3 &, MRAAREOGRE L, HELEEMNRV I HHEKPO
REEZHICKBICNDAL T L s, Ko, ft
DHEFLERUIFY, THObbRBEETHIANLE
RBIERHET e %2 b> 2 &, XE% 3 1AM
bOEHRICO2BEEAREICIE/DTH A 5.

Rk, HEHUBRE, BE, KEFOERICBVLT, R
imbricata DESEERVUE — 7% T 2 BN R EER
Rtk 2~3fETnrHFMHRON, ZOFEREL
TEZ LN &L, R imbricata DHIIEY 4 XHKR X
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<, BETbOAL~<y b1 (BBLR00ImD &
BlcksEETR, zodhicdnsfEiaucREnE
ENEL R, FhiEEdsnic 1T >#ERELT
B EBAAR Y 2 F AR TEREIT-> . LEEA, WA
BEREHA Ol £ ORI IAEBEEICEN D, Thn
HREBICEL AL LAELDEMEEINS,

WO®

KEBREED BN, 507 vOREEELT
W2 WP NEKERTTOoRE XELcER#Ho
SEFbERTELLELIC, KEFO/ Y MEOHIGIZED
N BEEUKEBEBN £ v ¥ —BIHEBRAFRRE—E
X LT SEEART.
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