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Productivity of vegetative cells, planozygotes and resting cysts of dinoflagellate
Alexandrium catenella (Whedon et Kofoid) Balech based on the field observation

Kazumi Matsuoka® and Terufumi Takeuchi**

Abstract The relationship between the numbers of vegetative cells, planozygotes, and hypnozygotes (resting
cysts) of dinoflagellates was determined in a one-year-field survey of Alexandrium calenella (Whedon et
Kofoid) Balech during June 1983 to June 1984 for a 1,350 cm water column in Tanabe Bay, central Japan. The
cell numbers of both normal vegetative cells and planozygotes produced during that period were calculated on
the basis of cell counts taken at three levels of the water column from water samples. The number of cysts
produced during the same period was estimated from cysts collected in a sediment trap at the same station.

The results are as follows ; 1) The number of normal vegetative cells was 1.15X 10° to 6.6 X 10° cells/
c¢m?/1,350 cm/year. That of planozygotes in the water column was 2.8-3.5 X 10" cells/cm?*/1,350 cm/year. For
the resting cyst, a total of 5.7 X 10° cysts/cm? was produced within the same period. 2) Based on these data, the
index of cyst formation [C/I=2Nc/(N+2Nc) X100 (%)] is 1.2 to 2.1%. 3) Most of the vegetative cells and
planozygotes were produced from May 19 to 25 in 1984 during a large bloom. In other seasons these cells
appeared in a very low number. The temporal distribution of the cysts showed the same pattern of the vege-
tative cells.
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Fig. 1. Life cycle of modern dinoflagellate.
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Fig. 2. Monitering station for vegetative cells, planozygotes and hypnozygotes (resting
cysts) of Alexandrium catenella in Tanabe Bay, west Japan.
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Fig.3. Sediment trap used in Tanabe Bay.
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Schematic diagram for estimating numbers of
vegetative cells and planozygotes
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NI | -El ectronic Library Service



The Pal aeontol ogi cal Society of Japan (PSJ)

36

REMAE L ESHEEEFROFEREER OH
EHEEZDER

KA & BB O T O A R AR S R
BRIciS o N2l A J o e U 7o, diilak
S OGEBHES oK% Om, 3m, bm,
125 m OKETHIEL /2. FEBHIKZEZRD
B BRIERICH S hicd Nk TN F O
BARDIGEERSZTINTHEAEL (K.
150 bR ERAPKERR DT LA D RIEKER
OARAL THL., AL 0m~3m F Tt
Om TEONEMEES3m £ TH—TH s &
BKEL, #NoA20H T 5HETHS. Blllo”
FRIEAIRANE » 7o, BRIPITSbNIE -1
WRICIZRR & Nicfla s o HEE I 3BT O 2 8
b OFHEER V.

WeREAE 1) BRI O R RS IR (5] D B 1
FCHREISNTWEEEZ, SsiIkEhTNoK
BECTHABARBE L TYZoKFEILEETN TV
RO E Lz, 7 LeTa AV b bTy
THOY R MR EWKT B dic, RERICE
1 cm?X 1,350 cm O/KEEICE £ 1 A i s
L.
SN 19834E6 [ 519844£ 6 HE TO B
L& 1HEMNIC 1em? X 1,350 cn D 7KHEICHFEAE L
T W 7o R & M e B 1156 X 10° cells /
cm?X 1,350 cm » year EEi S (& D).
EZATINAES A21H D 7 v — & R
(IREIRAR) DR EHMNLEL133.8X10° cells/cm” «
1350 cm s day Th -7z EHEHIE NS, LrL C
OWRAEE 1 HBR D ©, %5 H22H 121387 X 10"
cells/cm? » 1350 cm » day &7 D EiH X &M
R b Ute, 7072 Lds o BRIt~
R FOMBBBLZ N E S T — AL T
WickFZ b5, b H25H 1213780 cells/cm? »
1350 cm s day i TP L, TOEicTIV— 4
BB LIEVWA S, Licd->TH5H2IHD 55
H26H £ T 7v— o R O K EE136.4
X 10° cells/cm? » 13560 cm TH » 7z EHEE S N
(K 5), FERRHBMDHGE ELHd TV &
R A

FOSSILS 59 (1995)

EE S T EEERS T I REME & E Rk
TREETH 2 0T, [El—D 1k THg/KP O FETER
ZHEE L, Fhik b EICERORHREEE T L
7z, 19834 6 5198446 A 1 4[] A48 L
TAHBE, EHMEGTOMBIRNIIE 5 A LA
P56 Al E TRFESNTED, O]
RN 7V — A8 S N ic—3 L T
W3, ZORNICHE L ESIERA T, T3
b BRI, 3.4X10* planozygotes/cm? «
1350 cm » year EEHB SN (R2). F7:1984
5 H22H 5 b H25H & TIcJER & 3L 7o EHH)
MEBES T-132.4 X 10" planozygotes/cm? » 1350
cm TH Y, FRBHBEDOKNT0% % HH TV iz
(X 5).

HEHE2)
SKEEMN: S, AE, M2 ik -
TG 5 DT, JTOMIIEAZIC X > THET
DT, IROMARHIZ TSN T L,
U 7o » THEBEE DS Dkt & & &I FREBIEL
BN 2 R (BRI 27 v — o &g
i, B o BRI 7 v — LWt o
HPERTH B EHEETE 5.

19834F 6 H 7 5 19844F 6 H % T Il sk A3
Ui 0 T d 28HRIE, 1) 19834
S8H23H»S10811HE T, 2) 1983412H 13
H» 5198441 H18H <, 3) 19844E 2 H 14
Hh» S5 3H20HF T, 8BLU4) 198444 18
H» 56 HIOHZ Toit4 BB D ol £h
ZND T — s O KRR 5 £6.6 X
10° cells/cm?+ 1350 cm » year £ 75 % (X 6).
TDOHEETIO8E 4 HI18H» 56 H19H £ T
7w — s O E HEE T B £ 4.6 X 10°
cells/cm?» 1350 cm * year & 750, i3 b 4E[H
BB OHT0% R HD 5 T Licil 5,
EEHEES T COMIEREME 2 b 4R
K& - Tl 22 &3, £ T7— oMl
ATl O BRI & © SHREEDEM L T
Iz oS EmA, 7v— L2HRd OB
E U7, Mfagormilblk b bbb 2801, =
DRI EHT L < EEHEES T OER N TE 57,
B IR AT IR L L EELZ DN

NI | -El ectronic Library Service



The Pal aeontol ogi cal Society of Japan (PSJ)

1t

F 59 (1995)
1. FEMEOFARD LHEAE L TE M
Table 1. Investigation dates, and calculated numbers of vegetative cells.
Total cells

om 3m 5m 12.5M |in water column

6/23-6/30(8) 0 0 0 0 0
7/1-7112(12) 0 0 0 0 0
7/13-7/28(16) 0 0 0 0 o
7/29-8/7(10) 0 0 0 0 0
8/8-8/22(15) 0 0 0 0 )
8/23-9/26(33) 212 0 0 0 212
9/27-10/11(15) 3150 0 0 0 3150
10/12-12/1(56) 0 0 0 0 o
12/2-12/12(11) 0 0 0 0 o
12/13-1/10(29) 10440 207930 190530 5220 414120
1/11-1/18(9) 2700 540 2160 1080 6480
1/19-2/13(26) 0 0 0 0 0
2/14-2/26(13) 0 1950 390 0 2340
2/27-3/6(9) 1350 810 810 2223 5193
3/7-3/12(6) - 720 720 360 0 1800
3/13-3/20(8) 2400 1920 720 0 5040
3/21-3/27(7) 0 0 0 0 0
3/28-4/5(9) 540 540 540 540 2160
4/6-4/10(5) 0 0 0 0 o
4/11-4/17(7) 0 0 0 0 0
4/18-4/22(5) 805 1165 0 0 1970
4/23-4/26(4) 2160 4088 0 0 6248
4/27-5/1(5) 13350 11400 5850 6450 37050
5/2-5/7(6) 2280 7380 360 180 10200
5/8-5/14(7) 13230 26565 2695 2170 44660
5/15-5/17(3) 159474 329676 144315 624 634089
5/18-5/20(3) 75120 115920 19680 360 211080
5/21(1) 736000 608000 46000 44000 1434000
5/22-5/24(3) 324000 246000 156000 0 726000
5/25-5/27(3) 4230 1620 1170 1440 8460
5/28-6/3(6) 900 540 0 0 1440
6/4-6/12(9) 0 1890 0 1188 3078
6/13-6/19(7) 420 420 0 0 840
6/20-6/27(8) 0 0 0 0 0
Tota cells/ / 1353481 1565074 571580 65475 3559610
Total cells/m! 1353 1569 571 65 3558
Cl1 C2 C3 C4 C1+C2+C3+C4

Total cells/ml /year 1353x300 1569x200 571x750 65x100 1154450
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Fig. 5. Changes in productivity of vegetative cells and planozygotes in a year from June
of 1983 to June of 1984 based on the estimation method 1.
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Table 2. Investigation dates, and calculated numbers of planozygotes.

Total cells
12.5M| in water column

=
3
w
3
0
3

6/23-6/30(8)
71-7112(12)
7/13-7128(16)
7129-8/7(10)
8/8-8/22(15)
8/23-9/26(33)
9/27-10/11(15)
10/12-12/1(56)
12/2-12/12(11)
12/13-1/10(29)
1/11-1/18(9)
1/19-2/13(26)
2/14-2/26(13)
2/27-3/6(9)
3/7-3/12(6)
3/13-3/20(8)
3/21-327(7)
3/28-4/5(9)
4/6-4/10(5)
4/11-4/17(7)
4/18-4/22(5)

QIO |O|0|Q|D|IVIQIV|CIVIVIQ|Q(VV|V[O|C
QQIQOIQ|QQ[(Q|QVIQ[QICIVIV[VIQ|VIQIQ|OID ||

QIO IVI|VIOIQO(O|O|QIV|Q|Q[(VV QOO |0

Q0|00 IV|V[(V|V|Q|VI|V[|Q[D[VIQ|S O |C

Q0|00 |O|T|VI|VIIDIVIV[QVIV|VIVIVQD QO |Q|Q|Q|Q |9 |O

4/23-4/26(4)
4/27-5/1(5) 150 150
5/2-5/7(6) 996 180 1176
5/8-5/14(7) 420 1260 1680
5/15-5/17(3) 630 63 900 1593
5/18-5/20(3) 5160 720 360 6240
5/21(1) 38000 4000 0 2000 44000
5/22-5/24(3) 42000 0 6000 0 48000
5/25-5/27(3) 1890 810 1080 . 630 4410
5/28-6/3(6) ) 0 o o0 0
6/4-6/12(9) 585 270 0 0 855
6/13-6/19(7) 0 0 0 0 0
6/20-6/27(8) 0 0 0 0 0
Total cells/! 89681 7453 8340 2630 108104
Total cells/m! 90 7 8 3 108
C1 C2 C3 C4 CI1+C2+C3+C4
Total cellspml /year 90x300 7x200 8x500 3x100 32700
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Fig. 6. Changes in productivity of vegetative cells and planozygotes in a year from June
of 1983 to June of 1984 based on the estimation method 2.
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Table 3. Investigation dates, and recorded numbers of cysts collected in the sediment
trap.
Period days cyst Cysts/cm day | Cysts produced
6/17-7-13 26 - -
7/14-8/8 26 0 0
8/9-9/19 42 - -
9/20-10/12 23 0 0
10/13-12/2 51 28 0.73| 37
12/3-1/11 20 0 0
1/12-2/14 34 - -
2/15-2/27 13 1 0.1 2
2/28-3/13 15 12 1.06 16
3/14-3/28 15 20 - 1.76 26
3/29-4/6 9 12 1.76 16
4/7-4/11 5 16 4.23 21
4/12-4/18 7 12 - 2.27 16
4/19-4/23 5 0 0 0
4/24-5/2 9 80 11.76 106
5/3-5/8 6 16 3.53 21
5/9-5/18 10 16 2.12 21
5/19-5/25 7 4000 755.59 5289
5/26-6/4 ] 10 100 13.22 132
6/4-6/20 16 4 0.33 6
Total cysts /year 5709
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Fig.7. Change in the number of cysts trapped in a year from June of 1983 to June of 1984.
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Transition from vegetative cell through planozygote to
resting cyst and its control factors
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Fig.8. Schematic diagram of the flow from vegeta-
tive cells through planozygotes to resting
cysts and effective factors during cyst for-
mation.
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RS 15 Do it U el in, g

(1982) & Scrippsiella trochoidea (Stein) @ v
2 MERGBIE & 7 D1 DA AR T TR
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4) EEFHEEESFEKRE (P - 1%;Index of
planozygote formation)
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6) X MERZE (C+19%;Index of cyst forma-
tion)
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3.4x104planozygotes 5.6x10 cysts
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= Planozygote
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X9. 1983&FE M 51984 F it h it THE IO
Alexandrium catenella DHRFERIE X OED)
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Fig. 9. Relative frequencies of vegetative cells,
planozygotes and hypnozygotes of Alexan-
drium catenella produced during the interval
between June of 1983 and June of 1984. A;
based on the estimation method 1, B; based on
estimation method 2.
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