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Fluctuations in dinoflagellates, diatoms, and tintinnid ciliates at ports along the Tokachi coast of the Pacific coast of
Hokkaido and the appearance of diatoms off Hokkaido in years when the harmful red tide algae Karenia selliformis

did not occur

AKIRA MIYAZONO®, Daicat ARIMA', Yosamort NISHIDA', Tomoakt YASUNAGA?, Ryo INAGAWA',
SumNnicat MOTOMAE?, Yutaro ANDO* and Takasui FUITOK A’

' Central Fisheries Research Institute, Hokkaido Research Organization, Yoichi, Hokkaido, 046-8555,

? Fisheries Research Department (Hokkaido Nuclear Environment Center), Hokkaido Research Organization,
Kyouwa, Hokkaido, 045-0123,

* Tokachi Fisheries Technical Guidance Office, Tokachi General Subprefectural Bureau, Hokkaido Government,
Hiroo, Hokkaido, 089-2601,

* Kushiro Fisheries Research Institute, Hokkaido Research Organization, Kushiro, Hokkaido, 085-0027,

’ Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido, 040-0051, Japan.

The prevalence of dinoflagellates, diatoms and tintinnid ciliates in the Otsu Fishery Port and Tokachi Port on the eastern
coast of Hokkaido and the occurrence of Karenia selliformis and diatoms off the coast of the Sea of Okhotsk and the Pacific
Ocean in Hokkaido were investigated in the year after the K. selliformis red tide occurrence. The appearance of diatoms in
Otsu Fishery Port and Tokachi Port was greatly affected by the light environment, and the number of cells was high in June-
September and low in September-November. At the beginning and end of dinoflagellate blooms in spring and summer-autumn,
diatoms decreased and increased, respectively. A comparison of the size of dinoflagellates and loricae sizes of tintinnid ciliates
suggested that the increase in tintinnid ciliates at the end of dinoflagellate blooms was not a predator-prey relationship. In
2022, K. selliformis will not appear on the coast or offshore of Hokkaido, and diatoms will appear at a density of 10° cells

mL-' or more in the offshore area of the Pacific Ocean from August to September.
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Fig. 1

Sampling locations of phytoplankton from Otsu
Fishery Port and Tokachi Port sited on the Pacific
coast of Hokkaido, June-November 2022.
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2 Sampling stations of phytoplankton off Hokkaido in
July (@, &, ©), August (&, A ©) and September
(M, ©), 2022. Surveys in the Sea of Okhotsk in July
(26-27) were conducted by the Hokuyo Maru at 16
sites within the range of 143.2-1453°E and 44.3-
452°N. Surveys in the Pacific Ocean in July (26-31)
were conducted by the Hokushin Maru at 15 sites
within the range of 140.9-145.5°E and 41.6-43.0°N.
Surveys in the Pacific Ocean in August (17-18) were
conducted by the Hokushin Maru at 6 sites within the
range of 144.5-1455°E and 42.5-42.9°N. Surveys in
the Pacific Ocean in September (1-2) were conducted
by the Hokushin Maru at 7 sites within the range of
143.7-1455°E and 42.4-429°N. The arrows indicate
the Tsushima Warm Current (A), Oyashio (B), and
Coastal Oyashio (C).
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Fig.3 Vertical profiles of water temperature (°C, A), salinity
(B), and chlorophyll a concentration (ug L, C) from
June 1 to November 21, 2022 at Otsu Fishery Port
(upper) and Tokachi Port (lower). The black circle
indicates the depth of water sampled and the sampling
date. Vertical profiles were drawn using data every 1 m.
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Fig.4 DIN (H), DIP (&), and Si (O) concentrations from
June 1 to November 21, 2022 at Otsu Fishery Port
(upper) and Tokachi Port (lower). The gray bar graph
indicates the maximum precipitation data of AMeDAS
stations in the catchment area of the Tokachi River.
(https://www.data.jma.go.jp/obd/stats/etrn/index. php,
2023.3.1).
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Fig.5 Cell numbers of diatoms () and dinoflagellates (O)
from June 1 to November 21, 2022 at Otsu Fishery Port
(upper) and Tokachi Port (lower). Black dashed squares
indicate spring dinoflagellate blooms and summer-
autumn dinoflagellate blooms. Black solid line indicates
the daily changes of 6-day moving average in global
solar radiation from June to November 2022, and black
dotted line indicates the mean values of global solar
radiation from 1991 to 2020 at AMeDAS Obihiro
station. (https://www.data.jma.go.jp/obd/stats/etrn/index.
php, 2023.3.1). Dashed solid line indicate 13.3 MJ m™.
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Fig.6 Individual numbers of tintinnid ciliates (A&) from June
1 to November 21, 2022 at Otsu Fishery Port (upper)
and Tokachi Port (lower). Black dashed squares
indicate spring dinoflagellate blooms and summer-
autumn dinoflagellate blooms.
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Table 1 Relationship between environmental factors and the dynamics in cell numbers of diatoms, dinoflagellates, and
individual numbers of tintinnid ciliates in the period of spring and summer-autumn dinoflagellate blooms at Otsu
Fishery Port (upper panel) and Tokachi Port (lower panel) in 2022.

Period Spring bloom Summer-Autumn bloom

date TJun.  15Jun.  29Jun.  6Jul. 21 Jul. 17 Aug. 24 Aug. 31Aug. 5Sep. 16Sep. 29 Sep.
water temperature (°C) 8.9 10.4 10.2 17.8 17.8 13.9 14.4 16.6 17.4 18.8 18.3
Salinity 31.8 30.3 32.6 28.7 30.6 32.8 32.7 31.0 343 31.8 31.0
DIN  (uM) 0.7 19.0 27.9 1.8 57.0 22.0 24.2 32.0 41.3 2.6 26.2
DIP (uM) 1.0 1.1 0.8 0.4 1.2 1.6 15 1.2 1.0 1.2 1.5
Si (uM) 0.2 30.8 109.3 69.9 146.3 34.3 40.6 71.8 89.9 10.1 63.5
N/P 0.7 17.4 37.2 4.1 48.3 13.8 15.8 25.9 40.9 2.1 17.8
Si/P 0.2 28.2 145.8 162.6 123.9 215 26.6 58.0 89.1 8.3 43.1
Chlorophyll a (ug LY 37.1 18.5 5.9 10.2 1.4 2.6 2.5 2.4 1.6 11.6 1.2
Global solar radiation (MJ m™) 16.3 15.7 16.4 15.8 11.0 16.0 16.1 8.8 13.4 15.8 9.6
diatoms (cells mL™) 476 181 66 13025 76 440 984 21898 8601 30215 63
dinoflagellates (cells mL™) 8.9 7.8 28.2 57.1 6.4 2.6 1.0 6.4 7.7 62.3 31.7
tintinnid ciliates (inds mL™) 0.2 0.3 0.4 1.4 22.6 0.9 0.4 3.0 1.9 0.2 7.5
dinoflagellate bloom stage before start  intermed. peak after before start intermed. intermed. peak after

Period Spring bloom Summer-Autumn bloom

date 15Jun.  29Jun.  6Jul.  21Jul. 27 Jul. 17 Aug. 24 Aug. 31Aug. 5Sep. 16Sep. 29 Sep.
water temperature (°C) 10.1 8.9 18.4 19.1 22.9 135 15.9 17.4 17.9 18.9 18.2
Salinity 30.1 32.5 26.5 24.8 25.0 33.0 32.1 28.9 27.4 31.0 285
DIN (uM) 14.4 12.2 0.4 17.9 11.6 19.7 17.6 21.6 28.9 2.5 17.2
DIP (uM) 1.2 1.2 0.4 0.4 0.9 2.6 2.0 1.4 0.4 0.5 1.0
Si (uM) 18.7 18.7 35.7 73.5 30.5 36.7 30.9 44.6 74.0 0.2 47.3
N/P 15.1 10.0 1.0 41.0 13.0 1.7 8.7 15.9 82.0 4.8 17.2
Si/P 30.4 15.3 88.4 167.9 343 14.2 15.3 329 210.2 0.4 47.3
Chlorophyll a (ug LY 2.5 6.0 14.2 19.8 - 10.4 89.5 15 90.7 12.3 3.3
Global solar radiation (MJ m) 16.3 15.7 16.4 15.8 11 16.0 16.1 8.8 13.4 15.8 9.6
diatoms (cells mL™) 85 34 2592 105 104016 281 208 389 4415 39726 59
dinoflagellates (cells mL™Y) 2 0.0 60.0 137.0 29.0 1.3 1.0 19.2 12.3 74.4 12.5
tintinnid ciliates (inds mL™) 0.3 0.1 12.6 19.8 22.0 1.7 4.8 5.1 47 0.5 6.4
dinoflagellate bloom stage before start  intermed. peak after before start intermed. intermed. peak after
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Atsc, Diplopsalis spp., Heterocapsa spp. 2328 72, Atsc
DRI EUE L 7-BR I, @FoREMIL ) K&
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Fig.7 Composition of the spring dinoflagellate blooms (A, B) and the summer-autumn dinoflagellate blooms (C, D) from June
1 to November 21, 2022 at Otsu Fishery Port (left: A, C) and Tokachi Port (right: B, D). Black lines indicate the
fluctuation between the armored group and unarmored group.
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Table 2 Size of diatoms, dinoflagellates, and tintinnid ciliates dominated when the peak of dinoflagellate bloomed at Otsu

Fishery Port (upper panel) and Tokachi Port (lower panel) in 2022.

date species n mean = SD min. max. measurement
of the peak (um) (um) (um) point
6 Jul. Diatoms Centrales Thalassiosira spp. 15 24.7+£8.7 7.6 35.9  cell width
Skeletonema spp. 21 8.2+t3.4 4.5 12.5  cell width
Pennales Thalassionema spp. 22 4.4+0.9 3.1 6.7 cell width
Dinoflagellates A.tamarense s.c. 35 30.5£5.7 22.1 42.1  cell width
armoured
Diplopsalis spp. 17 21.8+£2.2 18.1 25.3  cell width
groups small size species* 27 16.4+2.5 12.0 21.8  cell width
unarmoured  small size species* 17 14.7+£3.6 8.5 19.7  cell width
groups middle size species* 3 33.9%12 23.6 47.1  cell width
Ciliates Tintinnids 41 13.8+£2.6 8.8 18.4  mouth width of lorica
16 Sep. Diatoms Centrales Chaetoceros spp. 21 7.1+£0.9 6.0 8.3 cell width
Skeletonema spp. 21 8.1t1.9 5.9 10.4  cell width
Pennales Asterionella spp. 24 8.5+t1.9 5.3 10.6  cell width
Dinoflagellates  armoured small size species* 19 15.4+25 10.8 20.9  cell width
groups middle size species* 14 30.2+4.7 26.4 455  cell width
unarmoured  A. sanguinea 13 41.3+8.2 27.6 51.9  cell width
groups
Ciliates Tintinnids 6 14.2+£3.7 7.2 17.3  mouth width of lorica
date species n mean = SD min. max. measurement
of the peak (um) (um) (um) point
21 Jul. Diatoms Centrales Skeletonema spp. 21 8.2+t3.4 4.5 12.5  cell width
Thalassiosira spp. 15 24.7+8.7 7.6 35.9  cell width
Pennales Thalassionema spp. 14 4.4+0.7 3.4 6.0 cell width
Dinoflagellates armoured A.tamarense s.c. 22 24.1£2.6 19.0 29.5  cell width
groups Diplopsalis spp. 17 21.8£2.2 18.1 25.3  cell width
Heterocapsa spp. 19 15.8+£2.3 11.7 20.0 cell width
small size species* 27 19.4£2.9 13.1 23.3  cell width
unarmoured  small size species* 17 14.0£2.5 8.8 19.2  cell width
groups middle size species* 5 26.6 2.8 23.6 30.7  cell width
Ciliates Tintinnids 41 13.8£2.6 8.8 18.4  mouth width of lorica
16 Sep. Diatoms Centrales Chaetoceros spp. 21 6.1+0.7 5.3 7.5 cell width
Skeletonema spp. 21 8.4+2.3 4.9 11.6  cell width
Pennales Asterionella spp. 21 10.8+1.5 8.7 13.8  cell width
Dinoflagellates  armoured small size species* 27 15.1+£4.1 7.9 23.6  cell width
groups middle size species* 10 40.2£11.0 23.7 50.9  cell width
unarmoured  Polykrikos spp. 25 40.7+£9.3 24.6 60.4  cell width
groups A. sanguinea 10 39.7£7.1 31.6 53.3  cell width
middle size species* 5 24.2+3.37 21.5 39.3  cell width
Ciliates Tintinnids 6 12.4+4.8 7.8 17.4  mouth width of lorica

* Small and middle-sized dinoflagellates were roughly distinguished by cell lengths below and above 30 um.

TEOWREHE TH o720 Wik & bI/NABREITID LT
OIS A TR AP Tlddkashiwo sanguinea, B
T X Polykrikos spp. 232 ¥8 L 72. #4& % 18 U CTKarenia
selliformis\$ BB, K. mikimotoil3HZED 7' )V — L 112
HOITPITHI L 720

KA & TR IC BT 2 5F - BE~EFEo Rl
FETN— LY — 7O, WEEEOE S OMI
T AR EFEMERODT ) HFEOFEERERT
(Table 2)o WTNDOT I —AIZBWT L FHEMTEROD
U A ERIETFIETI24~142 pumTH o 72 AU LT, B
. ClE L H @D Chaetoceros spp. & Skeletonema spp.®DF-

R IX6~8 umE T ) X Dk - 7208, T
BRWHEZELESEAEALZIERL T/ PIRED
Thalassionema spp. & Asterionella spp.®D Y HNalE 1344~
108 pmTdH o 72725, B RIZ VT H30 pumZ B 2 720 i
HEEHE U/ O el - Al & b (I MR 1
140~194 um THEMETR OO Y ZFLIZIZFALH L0
ERENo72,

TR & KRR TIZ6H 2 B 11 H £ TK. selliformisi
HWBLL hoice dR—Y 7l EIREHEIIBIT 20 EH
=T HK. selliformis\E I L 72 5> > 72 (Table 3),

KDL L O R = 7GR~ M S BT 57
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Table 3 Results of occurrence of Karenia selliformis in the samples collected from Otsu Fishery Port, Tokachi Port from June

to November, and offshore Hokkaido from July to Septe:

mber in 2022.

Water Karenia

Number of sampling

Area Year Month Day temperature  selliformis
samples  depth (m)

(°C) (cells mL™)
Tokach Port 2022 Jun.-Nov. 19 0-8 8.5-22.9 0
Otsu Fishery Port 2022  Jun.-Nov. 1 0-3 8.8-24.5 0
Okhotsk Sea 2022 Jul. 26-27 16 0 7.5-15.5 0
Pacific Ocean 2022 Jul. 26-31 15 0 8.6-21.6 0
Pacific Ocean 2022 Aug. 17-18 0 12.8-20.7 0
Pacific Ocean 2022 Sep. 1-2 0 15.7-17.0 0

[\ v B B [\ v

Y,

2022/7/26-31

2022/8/17-18 2022/9/1-2

10° 10° Y 2
2 10° 10 Y %7 104
2 103 10° - 103
= 102 102 ) 10% =
- 10 10 : N 10
1 1 3 ; o 1
cells mL? cells mL? §g>§ cells mL | &)
(¥ ® ~ 7 5
2N b 4 azn- :
ffﬂadk) o K(ﬂif

Longitude

Fig.8 Distribution of diatoms in cell numbers from July to September 2022 in the Pacific Ocean and Okhotsk Sea off Hokkaido.

T2 59 P OEEMIE % Fig 812713, AR
iR, HoEBEENEN, dh—v ol (TH) 75~
155C, 3240~32.66, KT (TH):86~21.6 T, 3236
~3367, KNP (8H) :128~207TC, 33.14~3358, K
S COH) 1 157~170T, 1517~3352Tdh o 72, B
XTI R = 7 TR IO 1 (R~ K
M) 2525 cells mL™ (0~10) &7 {, KFFETIXT0X
10*cells mL™" (10°~10*) TH > 720 8 DI FEETIF22 X
10° cells mL™' (1~10"), 9 H O K T1E4.6 X 10* cells mL™
(1~10°) TH Y, 8, IADKFHETITHED T IgMNILL
BEREEDS10 cells mL' % [0 - 72,

£ =

K. selliformisF2022 L BERFICHEB LA o2 &
20224F DOJERYEE, TIBIEB X O A= 7l & K
NI CUEK. selliformisSHEL L %2 72— 72 (Table 3), db
HEE DS E N L 72K selliformisD R EE=4%1) 7 Td
202246 H ~12 H IZARFE O I FERR S 72 h o 72 (L
M, K5I, F7o, JIRENEREEICB I AFAETIE,

20224E1 HIZK. selliformisD B BHERR SN2 b oD, £
MLABE IR S AL TV OREERSRE, R332 o RIS
A IZHE { 20224E 4D IR R O KRG EEARIT O 7 —
FIZE R, 5 TLUFAI30H, 209 52 TUUF A
60H, 0~1 T2%30H TH - 7z (https://www.datajma.
gojp/kaiyou/data/db/kaiyo/series/engan121. html, 20244F
SHIH). K. selliformis®LiEEREIX 5G40 T LIk L0
CTLD DS CORFBEREBECERENELRD, 5 TTIR
OHPLLEAEKRT L2 L5 TE 5 (KD, 2024), /-,
K. selliformis?® 3 A s OFFEIIHER S 1B 5§ (Iwataki et
al,2022), ¥ A b OFFTEEMERT 5 720 OIEeR 72 F 5
THRPEFEFIIMR I N TRV RS, 2023), F72,
WTEDK. mikimotoild ¥ A b HIRA T, dbilEEHKEEE O
FOKIEBIE TIIMATE 2 WI AR ERTWDE (%
B5,2018), LLEDZ &2 5 K selliformisid s A N &3
xR CAEOMKIEE & XKL EH N2 B
TN EDHEE KA, 20214E DK s RN IR A K.
selliformis\ 3 & WU = O W 70 AT KRB 2 B 2 &
MTE Do A REED =V,

20225 MDK. mikimotoiD HI] K. mikimotoilx6 H T ) 7>
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(Fig.7) o SN ORI CTlde H TR HBLL 72 Ok
PENEHE, R5EE) . dLIEELFER L 72INEE=5 1) ¥ /T
AR - I - T - HETTA R ~8H Raichb
WL 72 (dbilaE, REEF). /o, HEETEK
mikimotoilZ9 FH \Z B U B T ClREITERICE - 72 (OK
I, 2023). K. mikimotoilZ20154E |2 EAETE T Lo TH
HUREIZE L7 (BHS, 2016 &% 5, 2018), #
D%, 20214F IZITMEJGE TS THIB LERBEB L O
B TR A TR L 72 (S, 2023), K. mikimotoi
o B - SRR T o TR W EA A & A6 il
EIREICEBRL, AfEE TS, b= 70RO
FAMEMAKE CTH ISP MR SN2 & H 5D T
(Al 7K e PR 0 K o g 7 PE SRR - L vl ST AR B W5
FAE v UL BRI IR R, 2021), AR, Ak —
v 7 R LIDEBINC X o THERINEICERL, 6
FEEREBI TRt SNz Ex b b,

BERICH T IEREOHEEBELRAHEOME HiEo
BHE IO RE S EC BET L2 Mo Tw D
(Erga and Heimdal , 1984 ; & IIH &, 2010), Erga and
Heimdal (1984) (36 H D354 K HSHE133 MI m™%
TS S ORI R & 25 2 L 2 fEf L T
Wi, £H5 (2018) IXHEEBICBIT L EREORMA L F
BWERHFRBIMIm* 2 THLZENL—HT S
LR O Tz, KEWME, THBICBT 2 EEOMR A
A D EIH TR LB DK & b 035860 &7z
(Fig.5) o 2O Z LIFERKHFEDNI33MI m™% Tl % H
L2 & (Fig.5) &k —3 L7, )7, 9AF
WD FRIEBRBEII B - 22 e S, HEOMBE
W REEEFIE T o b I T& % (Fig.4)o
19914F- 72 520204F £ TO LR HFEIZON R s
133MIm?% FlEl> Tk Y (Fig.5), 97 LLEOE R+
R ICEE O AR LTS D EEZ S
N5

BEBICE T SHEEOHEBEDINE DR DINIZ6~9
A g cidsiml (6A1H, 7H6H, 9716H) #EEE X
HEPETIZ20 pM, T EEETIZ10 uMEL_E O EE ASHERE &
N7 (Fig.4), THENTIZ6~8AHHE THRAKEDS
WH2E X, 9~11H £ TIEBAKD B VHD L o722 &
M6 (Fig.4), W NHRORFEMAGRIZ6~8T L o~
NHICA o b HERE SN D, 6~ THOEKHE
BLIENE <, EEEEIZ10°~10° cells mL™" % THIhN L 72
(Fig.5) o Z O], 512 X 2 DINW #4513 a7k B - O DIN
ko THiff s et E2xoNb, —F, A~
1LH F ClRBkED D % i CDINIEEEA E HIZHER L
722 k2% % (Fig.d)o COMOERHFEIZAR L H
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B0 cels mL'% FHE 2 2 DL oz L5
(Fig.5), EEFEIZ X 2 DINHE 060 A DIN D i %58
DERD—2EE 2 bz, T ODIND &I 28 &t
TEEE L BA T A RO D X o AT & 7 5]
BEVED D 5 o
BEBICE T IRBEETN-—LDZ->LIFICESTS
REER KEAE L THBEOES - EE~KF O
FETIV— 0TI, ThznollrhoeRK w1z
BLABIMI m? %z TBY), HEOHMIEIZE > T
W2 BECTH o 72 £\ 2 5 (Erga and Heimdal, 1984), i
G 7 )L — 2 BMGEEODIN, DIPB X OSSiiE I # 2
n, 10, 05, 1 uM#%# 2, Si/PHIZ15% B> Tw/z2
EAG, RERIRIIEE OB 2 W T 2 ERTIE o
TEHEBIENDL, LaL, 0L EOBEOMIESE
1Z10°cells mL'% FlHl->TH Y (Table 1), FOBAEITN
ERBSRM D O EHATE R h o Tz, TR ORI
FEEEARA L2 SIRED 2O NTW DS (5
H:, 1995 ; Imai and Yamaguchi, 2012) . Karenia mikimotoi
OHHEITEESHMAD L2 L SICHERENDL 2 ENEn
(LU, 1994 fERE S, 1996 ; — . &, 2007 ; V5L 5
2013 K5, 2018) AREIRE T 7 > 7 b v IdEHEO W
HIBZE D10 cells mL"'% T lu] - 72 B2 L g v & L
TSN B D (B, 2012)0 Vb, Kidkifa &+
BB ARMEER TV — 20D E > P IZEEOFA
(<10°cells mL™") & BIfR L W72 BEEDSE
BEBICE T 3REEETIL—LOWEICES T HEE
ER BWEETIL— LDV — 7 EEODINEE X1 Bk
DHEFOTIV—2%ZEE10 Mz KE CTRD, NP D
167 KELLFH->TW/AZ L5 (Table 1), EEfEICE
S TNRZDOIRINZ D o 72T iglED S %o ZD3DDT —
AT, KEEY O CHHEE L BEEREOMMHS 12 X
LIEER 7V — 2 OIS o 7 0h b Lt v, il
W, THEOEED TV — DY — 7 BODINIEE X179
IME B IEEE 7L — 20 — 7 FRCIZEEIZE 5
TH| & X MHEBARICDH o 72720 (Table 1), BIEEEHE
TN — DN DR E O ARSI L LB DT
HolzbiFE 2TV, WMHITEEE 7V — L4 H3F] TEE
HEORBEEZD CHHEHFEIROLNI-Z DD
HEOFICILIREEE 7V — A% ¥ 28K & LCHE
BThHbEEZBND,
HEEMTROMINTIRMIIEE 7 )V — 2ENTHED,
BEEE TV — 20 L IZHERKY -7 PBIEsS N
(Fig.6, Table 1), ZDZ LA S AHEMEROHAIZL S
FBOW RS DIz, AHEBTERIT T ) 7 R
D&M R PET A (Fil, 1999), Fo ERIET Y HFED
40~50 % (Spittler, 1973 ; Heinbokel, 1978), 75~87 %
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(Verity and Villareal, 1986), @ 1) 71 £%12%5 L\ (Capriulo,
1982) R EDHEBH Y, 1V hOKRE S OHFHANTH
BHIR T 2B AIGE I D% ) RN D 5 LR ST
V2% (Capriulo, 1990), % { OFFEHHTERITS /A4 XD
HEEWE (Sherr et al., 1986) %2/ HHEEHR (Stoecker er
al., 1984) =T 5, REIOEEEE W EE (3 A Sk
EHOMEHIM S 2 WHSEEE O 22 2 &I &
S ThET L EEBICHE L, HRMEEL = £ 5 (Verity
and Villareal, 1986) o REMAE, THHEICBII2EFEFER
F~KEORMMETEE 7V — 2 2 HERL L 72 i SR o 1
fath A Zigwdnd B L-FESRTE oo ) A LD
K& < (Table 2), FHEMERICL 2 EIEEE TV — 2L
ay b= VoOTREIRro 72 EEZ OGNS, HMILL
TR O H O 5 L 7zSkeletonema spp. & Chaetoceros spp.

ORI A BT R OT ) AEL Y /IAS L, B,

FVHEHREE O NI E R L L THEEI DT
(Verity and Villareal, 1986), A $##il;k & O BEHNI L B O 1
MNZIGE L7202 b LItz

BEHICETABEET N - LOBRELBLEDHE
R HFOBWTET IV — L TlEAtse ORF - ) &
Diplopsalis spp. (1) 25238 L7202 L, HE~FkF
DOIHHEERE 7V — A Tl PeridiniumBl o /N & Akasiwo
sanguinea (KEHTS) & %\ X Polykrikos spp. (+ i)
DAL EEHE o, INH D) BAtse, Akasiwo
sanguinea |35 F#fE (Lim et al., 2019:;Bockstahler and
Coats, 1993), Polykrikos spp.\Z it J&E 5 %5 /H (Jeong et al.,
2001) THbH, BEFOMMETEEE 7 IV — A TES L 7zAtsc

AR Y — 7 BRIC KB DB EF O BIE S22 &b,

AHAETHIZ X DV A MDD D EKIED HHES S
PR Z N2 EZ 6N b, i)y, Kt (TS
2B 2 BEFE~KFOMMERE 7 )V — L O ELERMET
B % PeridiniumF} O /NEIFE & Akasiwo sanguinea (Polykrikos
spp.) (I EE LI AEFEDOBMRIZH Y (Bockstahler and
Coats, 1993), Peridinium®} @ /N T Ff o B H 12 5 v T
Akashiwo sanguinead % \ > 1L Polykrikos spp. 7328 L, Z 1L
|2 & o TPeridiniumBt O/NRFEDA L7z LD IR Z 5o
Z M Polykrikos kofoidii®d i £+ 12 & - C Gymnodinium
catenatum® 7 ) — A FEE L 725 S 7 FH
(Matsuyama et al., 1999) &{lCw7z, A - AH (2000)
IS A BT OQEE - K - JRR) T1992~19984FE D
S~10H ML TV — L DEZF ) ¥ 7 &7\, 54
O REEEEE 7 )V — & O & 5T (X Protoperidinium spp.,
Prorocentrum mians 3 &£ U°Prorocentrum triestinum < & %
&, MBIk TEEEIIB LR EEL
T\ 5%, Protoperidinium spp.D % { (3 HEIERFEFTH V)
(Hallegraeff and Reid, 1986 : Lessard and Rivkin, 1986 :

Jacobson, 1986), P micans kP triestinum | i & %4 & &
(Jeong et al, 2005) T & %, H ¥E * ff & § 5
Protoperidinium spp. DMLY — 7 1ZHE T IV — 4 ¥ —
I HBVIZDORIEREND Z EDHE SN TS
(Kjeeret et al., 2000) , P. micans & P. triestinum |7 S8
ELTEIE LB T 2 2 LMo nTwb (B,
1987) 728, ftlEsEE s L Tdb 55 F 9 (Jeong et al,
2001) 6 & D & 5 (AR OIMETEE 7V — L OB IR
ERLHEATHY), FICE o TESEPRL 2013 H:R
& DT B4 BRSO B £~ B AR A I BT B 7
HEEZLND,

TEICH T 2 RMEEREFFOFRLERFE 1970~ 19804FA
W PR R CRA L7RENZ VI N I A ~THI2 %
LTz ([, 2001) AEAME & TBBICBT 20
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£ EEBBIZBR LT (Fig.6, Table 1), H:FEOBIGHIZ
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133 MJ m?PUE & 7 6~9 ] Ay FEaE ], 13.3 MJ m*?
DU &7 2 2 DI H & Tl & &z 67z,
HEE O WEGH BN HER O R FE G S b LB
PNEFENIEIE T & 5 7280, BEGHA B AVHAS AT IR i E
PRI Z O C DA L o THIHAHIH S N2 ] RE
s, Lo, SFHLIEILH £ TIEFEIN 2065
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IZKFM+ZDOBROIZ D4 (FAH, 2001) HdHiUL,
HEEREICE > CIIEHE L OMHES ICHBTLTF v v A
PEEINT 2 LEZOND, EHIZ, LR LB iEEE
TN— DI BT AR BRI EE B~ T2 Cld
< HEEER Lo E-HAEORLHERHOMA, &
512137327 5 1) 7 X°HNF (heterotrophic nanoflagellates) 72
EHBIH O HiE 72 microbial loopSTERL X 15 (Kamiyama
etal., 2000), M (2001) (TR R ORBHIFEEIIEEO
W X DK - KEHEO OB OFFERE R O ATLE
FHTH LB THEIETIE RN L 2R LTV, 7R
DIV EGAM & i 72 L 72 B b T o LW FEi o B
ROSEE L EE 2 RITEEZOND,
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