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Simplified in-vitro Batch Culture Method for Measuring Growth Rate of the Noxious
Dinoflagellate Heterocapsa circularisquama and the Application in Coastal Waters
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For the purpose of establishing a convenient method for a short term prediction of occurrence and disappearance
of the noxious dinoflagellate Heterocapsa circularisquama red tide, growth rates, measured from changes in the cell
densities of the phytoplankton collected from a field site in Ago Bay and cultured under the simulated conditions with
the natural environments using a simplified in vitro batch culture method, were compared with those of the natural
population measured in situ. To begin with the study, we investigated adequate measurement conditions, with respect
to the number of times to count the cell number per culture bottle and the minimum cell number and bottle number
required for a measurement, to obtain accurate growth rate. The cell counting was done with the direct microscope
technique. From the investigations, it was determined that it was necessary for accurate measurement with coefficient
of variation less than 30% to count the cell number three times per culture bottle, and cell number in each measurement
should be over 70. Moreover, over 1 or 2 bottles were necessary to detect a difference of 0.2 divisions/day based on the
standard deviations of growth rates measured with 5 culture bottles. Growth rates measured by the simplified in vitro
batch culture method were similar with those measured by the field culture method, in which culture bottles were
suspended from a raft in Ago Bay, indicating the batch culture method can be used to estimate an actual growth rate of
the natural population in the sea. Growth rates of H. circularisquama and Karenia mikimotoi were monitored during the
blooming seasons of H. circularisquama in 2004, 2005 and 2008 and K. mikimotoi in 2006 for reference, respectively, in Ago
Bay, using the in vitro batch culture method. The growth rate increased during the increasing phase of cell density of
the planktons and decreased during the decreasing phase, suggesting that the monitoring of growth rate measured
with the simplified invitro batch culture can be a useful tool for the short term prediction of red tides of

H. circularisquama and other planktons.
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Fig.1 Location of sampling stations for monitoring growth
rate and cell density of Heterocaopsa circularisquama in
Ago Bay.
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Table 1. Phytoplankton composition in sea water sample
used for estimation of the number of culture bottle.

Species Cell density
(cells/ml)

Dinophyceae
Prorocentrum dentatum 5
Ceratium furca 3
Dinophyceae (unknown) 8
Bacillariophyceae
Chaetoceros spp. 1,888
Skeletonema costatum 25
Nitzschia spp. 70
Cryptophyceae
Cryptronadales (unknown) 13
Chrysophyceae
Dictyocha fibula 23




S - HE IR - B -

BIF IR — 206G (BEH 2006) 12X 5T
1To720

N=2 (Za2+Zp) SD2/A (FN%)2

ZZT,

N DR B0 R )

a @ MUEDHEAKE (0.05)

B AEEE Wk THET (0.20)

Za2t EHGAOEE a./ 2%K

Zp  EMAAO LM B %

A (FVy)  FHINDZE GBHEEDE)
Thb,

mB, WIEHEEO®E (1) 1, 005, 010, 020 B L
050 DFMEIZFEE L, ENTNOFEMIIBT 5 LE LR
FRMOARE % R o 72,

2. BIGEARBOBREREE=5 Y

H. circularisquama 7R A3 58 A L 72 2004 45, 2005 4E 8
L2008 FFAZ VML SN BN T, RFEOMEHEL L O
BHAEEEZE=5 ) 7 L, MEDOHRORIEZHE L
720 2006 4E\X H. circularisquama \Z £ 5 JREIDSFE AT
Karenia mikimotoi D37~ % L1 L 72728, K. mikimotoi |2

OWCTHEBDOE=SY) ¥ 7 e Rl L7z, MIEEOMEI,

KR 05m, 2m, 5m B X UK I 1m & O FHK O MFw %
M HRD AN M A V720 BIEEEOMEIL, FE
Brl. 2) OFENEREDFEIZHE D TTY, BRI 2004
4L 2005 4E1F 1A, 2006 4F & 2008 4RI1E 2 AL L7zo 7
B, H. circularisquama 3 £ O° K. mikimotoi D #NLH & HS
100cells/me Pk D356 % Arilf & ARGE L 720

fm R

1. Ny FERICK D EIERERNEEDKRE
1) HRZEQCNEEEMIN Y > MOkt
WsEmEE 3, 50, 10 ENIBT 2 18EH 720 O
fag i (RGN E O F9ME) &, MfREEOHIETO CV
(%) L DOBtR%E Fig. 2128 L7z, CVHIE, BEtofil
HESRWE, RERB2MEAPREO N, 2 OMEAE
BEREA 3|, 50, 10EO 3 &M bRAETHY,
CV IR 2 JI5E B 5L D 5L R S R o 7o
WoE 1|70 oMLY 7 >~ % (3 ERE OFE1E)
&, MRBEEOBETH CV (%) L OBMHRE Fig 312
RL7ze CVAEIE, MIFEA 7 ¥ N AR, KEL
7 BAEAERD S, H7 > b Eds T0cells/ [0 T D
CV X0~ 100% (F¥H41%) ThHho7zDIHL, &
7 > b T0cells/ [T BL_E T CV filii 20% L (FF3

26

it

TR - PR - PERTIE R
150
o L]
3 measurements for each sample
120 B 5 measurements for each sample |—
& 10 measurements for each sample
-
—~ g0
A
EQ« -ﬁ é‘ N=107
3 60 T ™
.‘%‘@A =]
30 A
> &k oI
[ ]
0 +—e 4 oo ® [

1000
Cell density (cells/ml)

10000

Fig. 2 Relationship between the number of measurement
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Fig. 3 Relationship between cell count numbers per
measurement and coefficient of variation (CV) of cell
density.

Cell count numbers and CV of cell density were
calculated from 3 measurements for each sample.
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Fig.4 Changes of growth rate of Heterocapsa circularisquama
measured with the field culture method and the indoor
culture method.
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Table 2. Estimation of the number of culture bottle necessary for detecting each amount of change of growth
rate based on standard deviation (SD) of growth rate. SD was estimated from 5 culture bottles.

Number of culture bottle (N} *

Amount of change

High-density sample

Low-density sample

of growth rate (1) (SD=0.07) (SD=0.05)
0.05 31.4 16.0
0.10 7.8 4.0
0.20 2.0 1.0
0.50 0.3 0.2

£ =0.05, B =020, N=2(Zo,+74)SDYA
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Fig.5 Changes of cell density (@)and growth rate ((]) of Heterocapsa circularisquama in 2004 (A), 2005(B),
2008 (C) and Karenia mikimotoi in 2006 (D)in Ago Bay(marks : mean values, vertical bars : SE).
Cell density refers to a mean value of measurements of 4 layers in water column.
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Table 3. Adequate measurement conditions and coefficient of variation (CV) of cell density on each density

level.
Cell density ~ Measurement frequency Cell count number CV (%) Number of data used
(cells/ml) (measurement/sample) (counts/measurement) (Mean+SD) for the estimate
1~4 3 all 49.7+£28 .4 29
5~9 3 all 40.6£22.2 9
10~19 3 all 30.4+11.8 14
20~49 3 all 19.1+£5.7 6
50~99 3 all 11.1+5.3 6
100~999 3 100 9.0+4.9 10
1,000~9,999 3 100 8.4+4 .4 I
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