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Effects of agitation on the growth of the diatom Skeletonema costatum and the dinoflagellates Alexandrium tamarense and Heterocapsa
circularisquama were examined using a magnetic stirrer at 100, 200 and 300 rpm. The growth of S. costatum was enhanced with
agitation level at 100 rpm or more. The growth of 4. tamarense was clearly suppressed at 200 and 300 rpm while it was enhanced at
100 rpm. On the other hand, the growth of H. circularisquama was suppressed apparently in the initial lag growth phase then recovered
7 days later. Thus, the responses of phytoplankton to agitation are different in different taxonomic group and even in species of the
same taxonomic group. The results obtained in the present study suggest that we must be careful on growth experiments of phytoplankton

in terms of mixing conditions in the experimental design.
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Fig. 1. Variation in cell densities of Skeletonema costatum agitated
with a magnetic stirrer at 100, 200 and 300 rpm. 0 rpm is the results

with no agitation.
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Fig. 2. Variation in cell densities of Alexandrium tamarense agitated
with a magnetic stirrer at 100, 200 and 300 rpm. 0 rpm is the results
with no agitation.
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Fig. 3. Variation in cell densities of Heterocapsa circularisquama agitated

with a magnetic stirrer at 100, 200 and 300 rpm. O rpm is the results
with no agitation.
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Table 1. Summery of statistical analyses for the growths of three species (Skeletonema costatum, Alexandrium tamarense and Heterocapsa
circularisquama) examined in this study under different agitation levels (0, 100, 200 and 300 rpm by a magnetic stirrer). The t-test was applied
to the data on Day9 for both S. costatum and A. tamarense, and to those on Day5, Day7 and Day9 for H. circularisquama, respectively. * indicates

significant difference at p=0.05.

0-100 0-200 0-300 100-200 100-300 200-300
Skeletonema costatum Day 9 t 3. 5533 1. 7526 1.1615 -0. 7339 -1.2488 -0. 4419
p 0. 0237* 0. 1545 0. 3100 0.5037 0.2798 0.6814
Alexandrium tamarense Day 9 t 3.0572 -15.8965 -16.9153 -27.4398 -25.0795 -4.3841
p 0.0377* < 0.0001% <0.0001%x <0.0001%* < 0.0001%* 0.01184x*
Heterocapsa circu]arisq_uma Day 5 t -21.5337 -25.1150 -25.2582 -7.0148 7.5901 -1.5785
p <0.0001% <0.0001%x <0.0001* 0.00217% 0.00162% 0. 1896
Day 7 t -1.2818 -5.8354 -13.9454 -5.3172 15. 5694 -5.9146
p 0. 2692 0.0043% 0.0002* 0. 0060* < 0.0001* 0.0041*
Day 9 t 12. 9688 12. 3459 -9. 2581 -4.0759 24.7310 -35.5929
p 0. 0002x% 0. 0002* 0. 0008% 0.0152% < 0.0001%* < 0.0001x%
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Hc100/2HeO L ABENEL A2V, I bIT, EBRETHE (Day9)
TIitHc100 & Hc200 A3 He0 Dffifagk s LRI >72 (py _ o0
=0.0020, p,_ g =0.0025) (Table. 1),

%

S. costatum DYEFEIITEEE /218 #E (Sc100) TRE XNz
(Fig. 1) TOZ i3, BEEEICE > T, HEBREDCHEE
BHHFREENMEESND VW) INETORE L —&T
% (Schéne 1970, Thomas et al. 1995), —J, B¥BIAT
£ A (Sc200, Sc300) (1% Scl00 T b THEFEAHIH] &
niz, ZdOZ i, Pasiack & Gavis (1975) M3EERENIRL
ko, BELAARHDBENU LIRS LIS A —
CrExBb0EEZLND, LLE, RIS RICHERED
BETHDHLEZX LN TVWBEBRICOVTY, RERTEE
LAABH B END I ERRRENT, B L~VIER LB
BETHoTHRBICL > TRARB I EMEBSH, 4%, &
FXERBCHOVWTHBRESh D ZENEEND,

ASEERICH L-BEEE BT, HOTRIBICHT
BRFEDIEEN R 572, A tamarense®D¥E5EIZ100 rpmT
oy ba— L LEVRR LN, 200 rpm & 300
rpm DL AL TIEEE SN (Fig. 2). —7%, A
circularisquamaTiL, R OB EIIERYIS CIXMENIIER
L, Bl r < LR, ERBETHRBBHEAR LN,
Day7dr7- ¥ TRREEBRKOMMEEICZNIEERE RS
@< 727 (Fig. 3). White (1976)iX 4. tamarense DY¥E%E
NBRICLVEESND D EERE LTV SR, EROHEE
TRZY S BB L UL TIIA tamarenseDIEFEIZITTE 2
EEIIR LN E W) BE LR EN TV S (James & Elijah
2003) , BIBEDERTIZe=102 n? s? (2 I T, eiddlifi=
FAX—BEE) OBBRTELNIERTHY (Thomas et
al. 1997 % b & 12125 rpm OKRFEZHROHEH LI2fE), &
FIIEBX Ny 7T —FEEHC L o> TH b Te~10" n* 57
FTOBBCARLNERETHS, VTHICE L, PSR

BITESEE L 0 bIEEICH L TERTH Y, TN ODIREIR
FILHEHETLRICL TR LI THS,

James & Elijah (2003) D#&EIZL B &, £TOREIIYT
XEADITTIIRWE, dlexandrium fundyense,
Gymnodinium catenatum, Lingulodinium polyedrum& > 7z
HBREMIRE Y A XD/ & W (ER : 25-50 pm) TiE, BV
~ULHBVES (e~107 m? s78) THEFENMBES LTV D,
=L, BRRICE - THRENENIK BE, ERICITHEICL -
THIRL G FRHCE &N D Z L2 5D T, MRRE TOWHE
KEBOBERLT LHBL 25bITiddewn, AERTH
W iEHEEE 2 fEIC OV T, MECHEEREIIRRDI LD
D, KERTE X I-HK HHEVER L0300 rpn TH, A
circularisquama & A. tamarense D EERI& TR (Day9) I8
\F % MR EIEAY 10,000 cells mL™! & #9350 cells mL™! T3
D, ZhbIETNZNIHMEEEOK43ME & 2. THIZHES
+% (Figs. 2, 3), H circularisquamaid 18-30 ym X 12-
22 mBETA tamarense (& :25-48 pm, 08 :25-48 pm)
KHERTAETHY, BOBBLAIVIZEBWTAH .
circularisquama®¥EFEN X D RES = Z LI ThE TOH
B —HT 5,

Bk A EEEROBMOMEL, BICKEEORYA
LA BEY B - RERICE D O TRV, BOEELIC
L VR Y ko TlEkSREIC 72 5 72 L OMBHREE 2T
70 (Thomas & Gibson 1990a), FZHERYRZ(LCHEZDE
R Y, M SR PEAESNEZY DT
HBLWIHELHS (Berdalet & Estrada 1993), 7c,
Pollingher & Zemel (1981)i%, SEBRIC &V #i#AS Peridium
cinctum forma westii (Lemm.) DIZSBUZ L b2 ) FARNR
HICRBAEEZTWAZLEBELTVD, ki, #
7 & B BT B R E OB Y A B FHR LS O R THIRO
ABZOMICEEBYEXD bbb, SEDERERTB
£DEL OHFEFH LD L DI, BESHIAICEXDE
BIIERTE b0 TR, EREROMREROIER L
LRVEBBLLDOTHD, LEHoT, TRETHRESATY



BEBRT—F OMRICEELRI I L L BIC, SBROERRTIE
TORERERBLEBREERTOLENSHS D,

EHFELEWD, TS 7 PR T ARBOREBERAAN
EHRICBWT, ThLORBROMELKIIRETH D,
ET, FBX Ry 7T —HEHIC KRR ZTIZLITE
D, TRAXF—EE L E LTHREB L~V E R
TERBBREND XD ILR->TELH (Gibson 2000,
James & Elijah 2003), AWV=FBOFRLKE X, 5251
BofE (L TiREERE, KESER, V)7, oy
N L) RS (RBGEE, BERRLE) REBRR-
TWA7®H (White 1976, Thomas & Gibson 990b, Berdalet
& Estrada 1993, Thomas et al 1997) , BEDT—F LD
BT R TH 5, SH%ITBBRIC L B OHENR
SEMEEIC, EHTT 7 N OEBENRMERE S E2E
b sz L, BENRERRECIHEERE £HELZRITHZ
EBLETHAD,

3

FHEEZITOCHIY, EREEFERVIUEBRFERE
BeA BB EH AR ORRETF KL, WF PR KERZEET
ORILIEEHLICES LA LLTEYT, ARAHBEZR
W EBREXREREVBREFERO)NID €&, FEEF
MBI EHBE L ET, K&, FRICH LAERRaAS
ERWEREOH 2 \TBHN-LET,

S AXH#R

Berg, H. C. & Purcell, E. M. 1977. Physics of chemoreception. Biophys.
J. 20: 193-219.

Berdalet, E. 1992. Effects of turbulence on the marine dinoflagellate
Gymnodinium nelsonii. J. Phycology 28:267-272.

Berdalet, E. & Estrada, M. 1993. Effects of turbulence on several
dinoflagellate species. p.737-740. In: T. J. Smayda & Y. Shimizu,
(eds.) Toxic Phytoplankton Blooms in the Sea. Elsevier.
Amsterdam.

Guillard , R. R. L. 1975. Culture of phytoplankton for feeding marine
invertebrates. p.26-60. In: Smith, W. L. & Chanley, M. H. (eds.)
Culture of Marine Invertebrates. Plenum Publ. Corp. New York.

RA¥— A0 B 2003. BLYART 7B L UHEEKRETM
DEMT T 7 N oBEOREEBRRICRIETHR. skLH
89: 430-437.

Lazier, J. R. N. & Mann, K. H. 1989. Turbulence and diffusive layers
around small organisms. Deep-Sea Res. 36: 1721-1733.

Munk, W. H. & Riley, G. A. 1952. Absorption of nutrients by aquatic
plants. J. Mar. Res. 11: 215-240.

FHEL - EHEEH - REHE - FEEA -F0 .50 8
2003. KBRSV CHREISN-ERED ST 7 P B

7Ty bR T AR

HLOMMRF VFEMICx T 2 HAMIEE  HBLLFERE L
soa7 4 VO SEH89: 438-445.

Pasiack W. J. & Gavis J. 1975. Transport limited nutrient uptake rates
in Ditylum brightwellii. Limnol. Oceanogr. 20: 605-617.

Pollingher, U. & Zemel, E. 1981. In situ and experimental evidence of
the influence of turbulence on cell division processes of Peridinium
cinctum forma westii (Lemm.) Lefevre. Br. Phycol. J. 16: 281-
287.

Schone, H. 1970. Untersuchungen zur dklogishen Bedeutung des Seegangs
fiir das Plankton mit besonder Berucksichtigung mariner Kieselalgen.
Int. Rev. ges. Hydrobiol. 55: 595-677.

Sommer, U. 1988. Some size relationship in phytoflagellate motility.
Hydrobiologia 161: 125-131.

Thomas, W. H. & Gibson, C. H. 1990a. Quantified small-scale turbulence
inhibits a red tide dinoflagellate, Gonyaulax polyedra Stein. Deep-
Sea Res. 37: 1583-1593.

Thomas, W. H. & Gibson, C. H. 1990b. Effects of small-scale turbulence
on microalgae. J. Appl. Phycol. 2: 71-77.

Thomas, W. H., Tynan, C. T. & Gibson, C. H. 1997. Turbulence-
phytoplankton interrelationships. Prog. Phycol. Res. 12: 283-284.

Thomas, W. H., Vernet, M. & Gibson, C. H. 1995. Effects of small-
scale turbulence on photosynthesis, pigmentation, cell division,
and cell size in the marine dinoflagellate Gonyaulax polyedra
(Dinophyceae). J. Phycol. 31: 50-59.

White, A. W. 1976. Growth inhibition caused by turbulence in the toxic
marine dinoflagellate Gonyaulax excavata. J. Fish Res. Bd. Can.
33: 598-602.

IhAEE 1992, ARFPMBEEROHEEML L COERBOHMK
. FERBOEBZEHRIMEIC X 2 EERBENORSEICEY
L. MEERKKEREFT TR 2 FEMERES. 55-65.

D4 1993, EERBEOMBEICRITTAME L RBEORE. A
BRBOEEZHHEIZ L SEEHRBTOBREICET S5
%. MEERKEREIER 3 EEFERES. 49-62.

ngd 1996, FERBEHOBIZKIET KB LI DOFE.
MWEER - 77« FESHURPORBERE L FREROBRSR
BT B, mEMERKEMERT TR 6 EENEREE. 7-
12.

WnE 2000, AFRPORECESSHRERM TS boB
SRR, REER - 77 ¢ FESHRRE O AN
& TFRIBHTOBRSICET 2%, EEWEEKKERFERS yED
WESEE. 7-20.

IWARK - $hARHE - B HE - BE 152003. MRS /160
DA, BROBHEZNODBEY T T 7 b BRBEDHM
RIETHE. SLH89: 482-488.

ILARK - AR 1997, LKBBEATSRWEENE Alexandrium
tamarense OWFIZKITTAIE, HORORBEDOKSE.
I 45: 95-101.

(Received 1 Aug. 2003; Accepted 6 Feb. 2004)





