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First occurrence and a red-tide event of harmful dinoflagellate Karenia mikimotoi in Funka Bay, Hokkaido
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The occurrence of the harmful dinoflagellate Karenia mikimotoi in Funka Bay, south-western Hokkaido, in late July 2021,
was firstly detected in seasonal samplings from April 2018 to March 2022, with the maximum cell density reaching 6.6 cells
mL-!'. Strong thermal stratification due to record-breaking heat waves with higher nutrient concentrations in deeper layers,
which has been considered favorable for the growth of K. mikimotoi in other areas, was observed in the bay in late July, 2021.
K. mikimotoi was observed at low densities (<1 cells mL"") until September. Thereafter, the red tide of this species in the bay
was first observed in Muroran Port, which is located at the mouth of the bay, with the maximum cell density reaching 4400
cells mL' on October 11. The red tide extended outside the port temporarily, and relatively high densities of K. mikimotoi were
detected in the nearby fishing port and scallop cultivation area in early October; the maximum cell densities reached 890 cells

mL-" and 21 cells mL-!, respectively. Warmer temperatures and higher precipitation than usual were observed during the

growth period of the K. mikimotoi.
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Fig.1 Location of the field sampling. Open circles and
triangles show the sampling points for the regular field
observations in Funka Bay and for the temporary
observations around Muroran Port.
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Table 1 Sampling stations, periods, frequencies, depths, and observed environmental factors in this study.
Station Period Frequency Depth Observed environmental factors
Yakumo Jun. 2018-Dec. 2021 monthly 0, 10, 20, 30 m temperature, salinity, Chl-a, nutrient
Jul. 2019-Sep. 2019
thi 0, 10, 20, 25
Mori, Abuta, Date Jul. 2020-Sep. 2020 frotiy or T temperature, salinity, Chl-a, nutrient
twice a month  or 30 m
Jul. 2021-Sep. 2021
Muroran port (Etomo
and Sakimori sections), Oct. 2021-Nov. 2021  weekly Om temperature, salinity

Kogane fisheries port
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T, mfzed (DIN) & L7z, B0 o3tk D300 mL% 2
007 1 VvalE R EHIZGF/FH T AHEEACIsE L,



24 ERbECE, &% Bk, L
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Designs), 70U 7 f VaigExE L7z, B, Thb
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Z D%, SHEIEASIHRREICHT T, ANEME DAL
DOFHE, WH, FRINE S CIEEEE 2K, mikimotoi St i
N, FOEEIZRATOL cells mL'Th 72, 20214F
10A1H OA®ZFoFAEE LT LS RE D72
OI0H THIZFE S A72) I2FHEME SO0 mfE T21 cells
mL "' DK, mikimotoi7 3 Fii E7ze T OFEIN TR S L
7AEDS, AR CHERE X 72 K. mikimotoiffifa 78 fE D
KIETdH o720 20214E9 B OFHEMNE LA O K. mikimo-

Fig.2 Microphotographs of Karenia mikimotoi collected
from Funk Bay in July 2021. The scale bar (black line)
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Fig.3 Seasonal changes of Karenia mikimotoi at the regular
sampling points in Funka Bay.
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Fig.4 Relationship between the water temperature (A) or
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mikimotoi detected during the regular observations in
Funka Bay.
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FZ BWT20214E9 H30 H 2K, mikimotoigRii HSHERE S,
Z ORI EE 131460 cells mL ' Td - 72 (Table 2),
%, HEENORIFHIX B X CIEFHIXIC B 55T
X, 10A1HIZ, ZNF120 cells mL™', 40 cells mL'?DK.
mikimotoi7’S Sz, F 7z, ST W4
HEIZBWT, 10H4FIZRE2HERR S 1, 890 cells mL™' o
K. mikimotoi7SHiit & L7z, #5t < 10 H 11 H OFRA Tl =0
PR N O R HiL X T800 cells mL™", 5T #[X T4400 cells
mL", #&HPET130 cells mL' DK, mikimotoi 3 & 11
720 IRWTIOHI8H OFAETIX, K. mikimotoild 25 Hi i N
DAEHHHX TI0 cells mL™', IBF5FHE[X T150 cells mL™' D%
FECHH L, ®EMmETIIRBSNeror. LIFEIOH
250 L 1A 1TH OFRA TIEE RN CTK. mikimotoil 3 #
ENLyo T2z 0H 2T b - 720 EEEAIZB VT
b B HEE OK mikimotoi i S 7z & & okl
182 C T, ZKifiA315.0 C LU TlXK. mikimotoil I & i
Lo ize B, BREBRELLICB Y 2 REFA T, 2021
EE DSBS EHHER I BV TR L 2 R R o 3
B CTd LK. selliformis\ I S LR 0o 72,
EHREICE T ZEEEE 201940 520214ENT~9H
DOUCHM & FHFMZ B AKIR &L, 2 EN49 THh
5224 T, 3021753390 TH o720 FFEL A
EH T ENL VOB RREOEN IS 575, THH» 58
AP E F T, KiREHESOMBENZRENKE L, 8H
%A HIF T TERE 2 22050 /N & {7 B AH )
Ad -7z (Figs. 5, 6) #£4EEL L8ABEDRHITIIHITT
K (HE433.600 1, Jkili6 CLLE) og#is 2y
72 & 2 SN DR OE KK E 125003 A A
Hole 70T T 4 )ValEFEIZ018 pg L'H 5853 pg L

Table 2 Cell density of Karenia mikimotoi per one milliliter detected during the temporary observations around Muroran Port
from September to November 2021. Temperatures in parentheses indicate the surface temperature during the sample

collection.
Areas 9/30 10/1 10/4 10/11 10/18 10/25 11/1
Bay mouth of Muroran P. 1460 - - - - -
Sakimori section in Muroran P. - 60 4440 150 0 0
(18.2°C) (16.0°C) (14.2°C)
Etomo section in Muroran P. - 20 800 90 0 0
(15.8°C) (15.0°C) (14.6°C)
Kogane F.P. - 10 890 130 0 0 -

(18.4°C) (15.2°C)

P. and F.P. indicate port and fishing port. - indicates no data.
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Fig.5 Vertical and seasonal changes of water temperature, salinity, chlorophyll a, dissolved inorganic nitrogen, dissolved
inorganic phosphorous, and dissolved silicate in the offshore of the Abuta in Funka Bay from July to September 2019,
2020, and 2021. Black triangles indicate sampling date.

DOFFATH Y, @ L 207> 530 m/E THEEVIERE (>
2ug L) 2R THANR SN, BB E R TR
FEZTEIC—E LEIIER s h o7 (Figs. 5, 6)
B, 7Uu T A OVEED2 ng L% 8 2 70 125 b Al
B iro 275~ 7 b v O FEREL T N CEEEE
Tholz (REET—5). IARERIRE ) VRE) ~
R, A BRIREEL, ZNEN011 uMA56.14 uM, 0.05
pM72> 5311 uM, 034 pM72> 54552 pMOEIFH T - 72,
MERSEE R L ) VIRREY V1L, ASEMNICRTERB TR
REVIREZRTEHASH ), 71 BRITEE L EKET
W VIR E A IR T A0S R S 7 (Figs. 5,6)0 2O
JEJE 2 BT B @ W ARETRIREE L, 20214E TIXTH ZFED2 S

SHREIFICHETH > 72,
KRRE 20214F7TA O FHREROTHME (228T)
1%, 20024F 20 520214E CTHe & 55 <, H HIRERH o F35 M8 (7.1
h) 2% H I, FHREO T (34 msec”) (£20024F
2202145 TUFHIC, iR (9.0 mm) 1220024575
20214ETI9F HIZEWETH 1) (Table 3A), 20214E D 2
ORI FIAE & el L CHER O H 2% , &iihsE <,
WL olze TIH D20214FE DRI 5 B #IE, 2019
£ L U20204F & L L CHHHE TH - 72 (Table 3A),
WAT, 20214E9 22 H 2> 510/ 11 H F TO20H R D
WRIROFIME (171 T) 122002457 5202145 T2H H (2
Ed, AR OFIGMHE (49 h) 132002472 5202145 T
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Fig.6 Vertical and seasonal distributions of water temperature, salinity, chlorophyll a, dissolved inorganic nitrogen, dissolved
inorganic phosphorous, and dissolved silicate in the offshore of the Mori in Funka Bay from July to September 2019,

2020, and 2021. Black triangles indicate sampling date.

18% H 12, P EE D FIME (7.7 msec”) 1220024E %5
20214E TI3F HIZ, & (147.5 mm) 1320024F 7> 52021
FETIHFHIZHNETH Y (Table 3B), Z OHIHILHIF
LI L TRIBDT B W TERRPHAPE o2k B 2
%o

£ =

T HIX20114E 0 S BRI BV 5 R EREO
BRZEPICHIZHRAODO L EMIICEKLTHBY
(Fih s, 2012, 2015), ZO 1 T0214EDTH 512K
mikimotoiy3 ) ¥ TR E L7z KB B\ CTK. mikimo-

i E N7z e V) I I NF TSR L, A
REBIZBTHREOWHE L2 5N 5, Kifse Tk
< & H20194E 2> 5202 14E D B Z | M KB OHEEL D H ki
THIZIA H2M OB THEME S N 72MATIZ BV TK. mi-
kimotoih S N7 DIF202ED KR TH 5720 TDI L
nH, ZOHMIZB W TARES MBI L 72202145 1%, X
BIZBWTAREOMBUIE L 7-BRESTER S Twiz &
EZOND, BAKBENIZBU LA MR, W
IZBWTTHRPICHB S WEE LR L%, SH2S
IH TN 2T TR THERE L7z (Fig.3)o ZD1%, 9
A2 510 AT 2 CE M 2 012K mikimo-
WIDFRI TR T B L L b2, BT EOfHENT
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Table 3 Meteorological features in the Muroran City compared between the 2021 and the recent 20 years from July 16 to July

31 (A) and September 21 to October 11 (B).

A
2019 2020 2021
Rank wii Rank wihi Rank wihi Average from
Value o within Value o within Value o within 2002 to 2021
20 years 20 years 20 years
Average 20.1 1 14 22 1 1
temperature (°C) 0. 9 8.7 .8 9.3
Sunshine
2.9 17 3.8 11 7.1 2 4.2
duration (h)
Average wind
) 1 3.8 3 3.2 16 3.4 11 3.4
velocity (m sec )
Totalprecipiation 59 4 45.5 18 9.0 19 77.4
(mm)
B
2021
o Average from
Vale Rankwithin 5505 ¢ 2021
20 years
Average
temperature (°C) 17.1 2 15.9
Sunshine
4. 1 5.8
duration (h) 7 ?
Average wind
. 1 4.0 11 4.1
velocity (m sec )
Total precipitation 1475 3 0.4
(mm)

R VEEE (21 cells mL™) 2SR Sz, 26D
ZENDG, 22U4ETABES AICICHME, SRS S
10 B I S B % doi2m o B E ok H dH - 72
LEZ 5N D20214FETH OB E % & tedb g0
BT 2R L0 BIIEEN L EHR L DHIZH D
(Table 3A, Fig.7), dLHEERIEOIME ClEHKIRAS HT:
WEIELZ (RBIT,2022), 2N5DORRHEEIZL -
T & N5 B3 DK, mikimotoi D W Hl & O BENIC
BS5- L7220 REME A S B o K. mikimotoilZ, KikAEE4210 T
A 530 COHMPATHIETTHETH 1, 51225 CHHE CTE#E
[ZHEES A (LU - AREg, 19895 1LRK, 2006), FEMIFHAE
DEE BT B20214E7H #2100 mlg O KR O3
fi1220.6 C & K. mikimotoi® ¥a % |2 28 3 72 KIF AT > -
72728, BKBNICB W T LR 3 VWKIRREETH -
mEEZRED. 2L, 0 mEOKEIZ20214E8 H A 59
AHEo0 A E < 213 TH 5218 T), 7220194

20204E 12 b B E M AKIRA20 C % 8 2 2 WA AE
L7z (Figs.5,6)0 MA T, AMITEBTILA T HHEGHE
WREZFP CH NI 2 TER T 261055 {HiF ST
W5 (B ZIZWEH 5, 2016 : Vandersea ef al, 2020) Z 4L
5D EX, BKBIZBIT AK mikimotoi® B & IND
FIHADS, HUHIEICHE 2 KR ThH 72 L DRIZH D
LXE 2D, AT, K mikimotoi O BEGH |2 7 5
BRECHT 2 AT OMAALERT 2L, £OHAET
AR W LI IR OFEAIZ £ A RBO 5O TIC X
LRV E N TnWAZ b, RIS TF
JERERE O T RE D5 72\ L IR A & AR O MG 05D 5
W& h3% ~ (Vandersea et al, 2020) , /& O E KM & T
D KAWL O G H32021457 H (2 O KB I BV
THIEENTBY, ZIEDEMEHK. mikimotoi DHEHE
I CTH -7z SN b,

20214F9 A K HI0A FE IS T TEBBNB L OZ
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Fig.7 Seasonal changes of the weather condition (average
temperature, sunshine duration, average wind velocity,
and precipitation) in Muroran City from July to
October 2021 (open circles) and average values from
2002 to 2021 (gray triangles). The periods indicated
by the dashed and solid arrows are the periods when
Karenia mikimotoi is considered to have grown in
Funka Bay and Muroran Port, respectively. These
periods are the same as the analysis periods shown in
Table 3.

D JE L THERR S L RENZ, BEKE TR T DK, mikimo-
IO FRHGE & 7 o720 BHWEIZB W TR S 2K
mikimotoi D R EE (4400 cells mL™) XM NENOIEH
MZBWTHERR S N2 KEE (6.6 cells mL') X Dy
TOORERE B NMETH o 720 — RIS, FHSEEO SV AR
EEEE, ANEK & DUERIR DA 70 W 720 | R THEGE
L7275 27 bt LR T2 &, [AfRIZEED> S
DOFFHFHL FRIHE LT W77 07 b o
JEIZE L CWAH Z L, EERMSENC EIZL o TH
TH Y 72 B A A5 DS HERE S N T W 72D IZK. mikimotoi %
GUMERHAOEMIZE > TAMNTH 2EOHE NS

HERBPEELLTWERELEZEZ ONLD (Wx_ﬂifﬁ,
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1985 ; Imai et al,, 2006 ; Vandersea et al, 2020) , ZE R 2
BT FEED R I 72 B TK. mikimotoi® 3 & 7%
PEEAL LD S RIS L 72T REMEDS S v ARIEISSAE DL
BN EREIC BT 2902 I L TW RO T, K miki-
motoi7S\ D TAH M LG L 720 h & W9 5 013 L
Vs, K20 T, HE30FEE TOARMEDOHIHEELIL, 0.6
divisions day ' & HiE &N TWbH Z &5 (I - A,

1989) , $iLiflZe & DAL & ZJE L 70 W EUAHRY Z2 B35 T
(ZI0H #1264 (2°7") RELICHIGE L1585, EHIVENIC
BWTI0 cells mL'RE ORI & BHERTE R VEEOR
ETHo/z LTh, 100D HIUIHREMEEK LGS &
IRFETE D, FI T, ZEEIZBIT BK. mikimotoi DYEHE
M 2202149 H21H 2510 1NTHO22HIH & L72o 2D
WIRNEBI4E & i L TR S < HERIERI A 722 <, B
IZOA TAIZFEREDZ W EANIZ D - 72 (Table 2B,

Fig.7)o {IIKOFEAEDEENNC X 5 HERE O F 1)
AR S O FEREHOMIGIE, MiERIZ BT 5K
mikimotoi D K HIEFIZ G0 & 1L A I 2 R DO —D
Td 5 (Vandersea et al,, 2020), =D X ) IZEFHEAICE
WK, mikimotoiS¥E5E L 7- &£ E 2 HGNAH90 FTaE &, It
HHZ 3\ TK. mikimotoi 3B L 7= E 2 5N 5 TH %
FORRRENL, ZURDTE WA TR CERTH - 72728, B
KEDLFHIIR o Tz, 2O LiL, HSHEIE

BETHDLEWE L, BIOENKET, K mikimotoihH
G LR WERIRADTE R S L MRS i BRI AT R 72

S TWVBE I ERRELTWD, 4%, HEAEICBWTEH
EFREOFEA % BT 2 EH 2 BG4 5 1T, MBS
W&o THRBI OISR AT M Z ZEIZANT
Eﬂj‘ﬂﬁ HOAREZRET L EHEEZ N D,
K. mikimotoild75 CX°10 C THEERIEIZBIT 5 T K
M COMIEAFER SN TBY (U - A%, 1989
A, 2006), FARBESCld4 CREDHEKIRICB VT
—EMMHAERT2EAEPHREEN TS (Lieal,
2019) o Z D7 DARFEILS CHRE DS IE T 68 2 KR O TR
LEZOND, BXBE BT 24FORMKRITEEY
124 TCxw FalA728, K mikimotoi®D SR 1X 4221275
WTHEKRT LI LR EE 2 b b, FEBIZ, NER
2B A ENRAETIIKEMET T 24FENSEHEFII)
VFCK. mikimotoi\3F S E N7k 2o 720 AFHITITAR, FEhR
BEFIZBWTIHAMEVDW S 2 A MEROMIE DI
DB S AL (Liu et al, 2020), 2O A N EEAINEAS IR
WY IAET 22 e ME SN TS (Liu et al,
2021), LA L, EPIZBIT 2K mikimotoi®d > A b kA
MBI HE SN TRV, 20720, BFEICZE
WC, BEKEBIZBWTARD Y A M X o> Tl L TFE
NORERIEAZ MR L T b & E 2 5 X0 b IRBE 7 ik
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html), 20234E3 H8H %) . M2 T, Kuroda eral. (2021)
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L, 20214ERKZR 2384 L 72K, selliformism FAK & 3 5 K
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72 H LA ER W7 H #2213 KB TR mikimotoi D BB
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