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Origin of seeds of Karenia selliformis red tide that occurred along the Pacific coast of Hokkaido in 2021
~ Consideration of the transportation route of the seeds from Kamchatka to eastern Hokkaido and the water

temperature condition of the route ~
AKIRA MIYAZONO™ and Hirosut KURODA’

' Central Fisheries Research Institute, Hokkaido Research Organization, Yoichi, Hokkaido, 046-85535,
? Fisheries Resources Institute (Kushiro Station), Japan Fisheries Research and Education Agency,
Kushiro, 085-0802, Japan.

We investigated particles transported from the east coast of Kamchatka Peninsula to the coast of eastern Hokkaido by
analyzing results of particle-tracking experiments of Kuroda ef al. (2021a) that the origin is assumed to be the red tide on
Kamchatka Peninsula occurred in 2020. The majority of the particles shed from Kamchatka Peninsula were transported
southwestward along the Kuril Islands, partly through the Sea of Okhotsk and partly through the Pacific coast to the eastern
Hokkaido coast. It is possible that K. selliformis that followed this pathway, which had lower water temperature conditions that
were more severe than those along the eastern Hokkaido coast, could not survive. On the other hand, an extremely small
number of particles were transported off the coast of eastern Hokkaido via a pathway that experiences milder water
temperatures than the eastern coast of Hokkaido, and remained off the coast of eastern Hokkaido from early June to mid-

August. This extremely vulnerable route might have been the transport route from the Kamchatka coast.
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Fig.2 Monthly distributions of the selected particles as coming to Pacific off Hokkaido from south of Kamchatka and water
temperature (°C) of the particles experienced from October 2th 2020 to September 2th 2021. Black dotted circles indicate
the particles which moved southward the fastest , black dotted squares indicate the area almost over 5 °C in March-June
when the other particles experienced under 5 °C, 2021. The panels enclosed by red square indicate almost particles were

over 5 °C, other ones enclosed by black square indicate almost particles were under 5 °C.
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panel) and water temperature (°C) which the particles experienced in transit (right panel). Open circle with grey dotted
line indicate surface water temperature in coastal Tokachi (https://www.data.jma.go.jp/gmd/kaiyou/data/db/kaikyo/series/
engan/engan121.html, 2022.12.12) , dotted square and long dotted square indicate the period under 5 °C, and the period

under 1 °C, respectively.

fw R

DLF vy APSERICERL ZRFOKEREE 2021
AF9 A 30 H A A A3 e S B3k L 72k 1322611
12DV, 20204E10 H2H A 5 14 HiE0 5304 & 5K
DAL xR T (Fig.2)o MFIETEHIEIG > TR
BHCHE S, 2 V¥ r Yoy — Uikt R—v 7
WZAD, 7YV VIEBETRIFEIIR S b DL K EE 2
DFFETTHd0IG0N-06, LML JbiE
Wi TRFEFEZET L7ze 2020410~ 11 H X & ki1
L5 CUEoKRAEREER L7z L2L, Z0f%, 12HI1C
WERT- OREERAKIRIZZ~5 T b, 1HIIE1~3 T, 2
~4H1213 % L DRLTDSA R =y 7L TULF, K
FHITI~2 CERERL 720 8512, 4HDEE RT0%h
AHHER L 72 72 OR T O FEFKIRDE AR & 2o
720 B2, 3~6A ORI TIZS CULEEREHRT 5
BT AHERR T & (Fig.2 MRkuf), 7THUREEEZ L o
HFAY5 CUEOKIEZ #EER L 720 K FORENEEEDE
VIZIEFRE ISPV R E (Y, ENUC X B REBUKIRO
EWAER L 72 12~3F 1213 b F LB P L TWAHN
EVKIRL R RRER L Tz (Fig. 28R BAL) o

B LT vy HHOERIGREICEER L FoPIiZidE
BIRRICERELZDONEEN T KslkilOFs%E
BRI BV C20214E8 H THIZ B AL AR & i &8 T
i 7 an 7 4 )valfi{R THERRT & A IREE DTS
ROLNTBY, ZNUENICERELIN Iy A ER 5

THEED D B o 20214E8 F 15 H I E IR RICHER L 726D
DR T OFLER & FHr T OREBKIE A 7~ (Fig.3). T
L6D0DKTAE N AF ¥ v HFEBOFH S KN EY
BMTL, ZVEryasy— gt r—y 7 gl G
ALZOBLZOFERMF, 7 v VIV TRFHEICED
ZOFFHERMIEL LI V=T Eillo7ze TNHOD
FEBORIRIZ DWW, KRS CTRUUF & 74 % 111132020412
A7 520214578 £ TH7- AT (Fig.3 right R
), T0HH1 CUTERDLDIE2~3A D25 A
(Fig.3 right ERRINA) TH o720 BAaRAIZ, 20204E10
H 2 520214E10H & T BHIBF O #mKiE (Fig.3
right) (2& 5 &, BRI CTIEIKES CULT O3~
H, 209 b1 CUTOHE 1y HTh o720

bR T LRFRE (Fig. 2 BBRAL) @9 B, 2021
E3H2H 2 AbfE42° DR Ai L, BBokimAss CULET
H o726 DDOKF (Fig.2 BEHRIL AN DR OBfisfE i
ERBOKIRORMZEL 2R L7z (Fig.d4)s INHIEVT
WD KPR 2 T3 23R UV — b 288 T20214F
3HICIAbREA2 T IE L7228, 0%k, TRk

LA T S AL, 4R H9H £ TILEER M O
H#E39~46", HHE149~154° DILFFHICTR L7zo D72

%, 20204E10 H 20 520214E3 1242 &3 5 £
TRWFN O BEBKIRIZIZIZFFR LT, 20k, HTFoi
PRI X o TREBKIRIIRE SRR o712 ZORHL
LT, 5208113202045 12 H 4 52021455 H  TORI6 -
A, KiES CLUF 2 #2857 L (Fig.4 right fizRpd ), b



7 25
.4

2 October

s ..{’ 20

K. selliformis7zif} > 5 4 O 1% 5

h,. —~
“/" 'November 8(_)/
z } /‘.:.gé' 'fcember E 15
i --)' = g
K <1
5 § 10
@
®
= 5
0
AN SRR 2PN S AN AN
160 \\, \’\\’\ \,\”L\ \'\,\ '\,\’\«\ \,\’b\ \,\v\ '\\%\ '»\b\ \X\\ \,\‘b\ \,\Q\ \,»0\
> > D & NI AR AR R R\ iy g
Longitude (°E) D A9 I'L 2 S e P M A

Fig.4 Tracks from Kamchatka to Hokkaido of the particles which reached the most south at March 2th 2021 (left panel) and
water temperature (°C) which the particles experienced in transit (right panel). Broken red circles in right panel indicate

particle positions from October to March. Open circle with grey dotted line indicate surface water temperature in coastal
Tokachi (https://www.data.jma.go.jp/gmd/kaiyou/data/db/kaikyo/series/engan/engan121.html, 2022.12.12) , dotted square
and dashed square indicates the period under 5 °C for 4 particles (yellow, purple, green, blue), and the period under 5 °C

for 1 particle (black), respectively.

BA U EF CH T L2210 T2 1205520 FTo
#1357 A %5 CLUT KRS % #85k L7- (Fig.4 right
WRIUA) o F 72, SIS OR AR L 7= i flokimid v
ITNL2 CULETH o7,
RERETHFHGILBFEICEET 0L 2?7 RITKIZE
TN 72NN L 7ok 7B BRG FE H 9 % bl

DIEA P (bE4122~4170°, HHF1485~149.55°) 7
S L72RFD10HED 554 & A A &, 20214E4 30 H
VIR 2L\ Ban § DR TSR0 B 7208, #ieT 5
W07z (Fig.5). %k, BERREM ORI
BFEAA 7 70 2 DKL D3 T IVEEBSMI G L 72
72D THb, LPL, BTV ih s 20214F4F 75
8H F TALME R 2D R AMERR S A, dbifEE o 1%
L SAbiEEIR R TR 28k 2861 H 5 2
L bhrolz,

JeifEE O iéﬁﬁ*#%jmﬁL%ﬁ%ﬁ’%ﬁ;ﬁé*ﬁ%@
kAR 2 PR A 72012, SH30H, 6H29H B L UM H29

HzdbigE e F Clfit S hv/ze60ff ok 1 (Fig.5 %
JRIGA) 12DV CREKR2S BB RS T, 57miE
ERBBELRI0mUETH- b0 L7, 20
ek % i 72 96K 112 D\ TR & REBOK IR & R S
(Fig.6) o W T OWb#RIE IR 4 Th 245, dLlEEOME
(bia1~43° FFE148° DIVE) 12895~6 H ORI IZ
b7z ) I LR T okl
6k T D ) H5KT (A~E) 1Z6H LHh 58 fhy £ Tl
Bgsn AL IR AR (Jbfid2~43°, Bikk146° LLTE) 12

LTwiz, £72,

Balt L7z 72721, Bk ORI %= oL
HENDENIZE ) K&K B o7z, BAMICIE, KT
A, BIIKiR5~10 COM %, k¥FC, D, Eldkils C
VL2 REER L D0l in e o8k L7z M, RLFF
3 b FF T SN0 F 0%, ALHEER I3
WL 7o 720 KA AL OREBRFEFE IR EE100 mPLE T
HY, WFRORT 2 HIIFIFEE20 mELIRI oA L, 4
HEIRGOKALRIADSAFNIZIEENEL oz, B
B 55 H DI IREE20 m X D VB2 L7z

Z =

ALF vy ALSORERETIEHDIL— MMEF RORFEIC
BYZBDH? Kuroda etal (2021) 13k 1B HRFERKE
RARTRE LTI L 720 —, AWFE Lk a0
FERE 7OV TEMR S 7B R kL F- 5 2 0T L 720 fE
BIRLT OFNTIIIEET T IV OREEZ T Tld e <, KB
BREERCTHW LS, 77 v B A7 — VELi ki
DINTAF )X =gy, PIIRTFOREIC DK TH
B2, AHEEEFRKEWZ L2 ERTEIV TRV, &
NZNDORFED S DIEA iﬁ\?’ﬁa)é%ﬂﬁ“(“&)éo

20214 D AL R E L 20209E D A1 A F v v T BT B
Ks RO BEM: % w3 5 72 01213K sellzformts@ﬁ&ﬂ(
UM B3 2 A E I TH 5 (Iwataki er al, 2022)
AMOHARBFEETIDRICREEETE LI o7
Chocrodinium polykrikoidesiRid> > — K RE 2L —3 3



1 ¥ ™ 2021/3/11 ¥ ™ 2021/3/21 ¥ ™ 2021/3/31,

*"'/ i *"f *’- a4
l‘“‘ .' -'«@ 1‘”‘.. ' “Z
7% | il e

on

(2

o .
! ‘..._.'-.—'-.', LA
on- . a -
4 4 ) 4 "y "
WOE

. .
« WE  MPE E WOE  MZE MEE WEE  WE
Pk

46°N N

14 . 2021/4/20 ¥ | 3 2021/4/30 P 14 7 2021/5/10 |

) f .
.
;’_ AN~ /’, & N - My, aen- -
B B g B e s
k] k] p oU . ] > %
N an- oN- =+ . aN £ I -
. of &7 . ¢ : % . . °|° L
I I T o , - L o :
¥ o o . g S oo oo
L %] c R cet . o
4N £ 0N e r N B - 5
4 ) ) ) ) 4 ! ) ! ! 4 ! ) ) ) 4 ! ! | !
UOE WXE P 1GE  14E UOE NE U4E 146E 148 UOE  4XE 14EE 4GE 140E UOE NE U4EE 14GE 148

2021/6/9 2021/6/19
14 7 2021/5/20 LT | ™ 2021/5/30, T ﬁ 9 F : ™ /6/19,

44N 44N .
e T
% fmoooton 5 . °he 5]
a2N- = 2 N v LN 42N < . S — prowl (2 e
. Ik X ET A . oL ; . b=
. . . . 8 1 g
e . 3l ’ :
40°N- 4N- AR "sasssssass in 40°N-, b 40N
4 . 4 4 | e 4 ‘ I I I
W4E  MPE  MEE  WMBE  14BE ME  MPE  MEE  MBE  14BE 0E  142E 14E 1EE 14BE 10°E 142E 140E 146°E 148
lon lon lon lon

™ 2021/7/9 ] _F ™ 2021/7/19, _F . 2021/7/29

UOE  142E PE MEE 148 UPE  AKE MGE 148 1OE  14PE PE MEE 14BE 140E  14PE PE MEE 148
n lon lon lon

lo

¥ S 2021/8/8 i ¥ A 2021/8/18 _F s 2021/8/28

aaN
k1 k1 k1
N 4N~ 42N~
40N~ 4N 40N~
1OE  142E MPE MGE 148 WM0E 14E 14OE 146°E 148 WOE  WM2E MEE 146E 148
lon lon lon

Fig.5 Ten days distributions of the particles from March 2th to August 28 which were set in 41.22-41.70°N,148.5-149.55°E at
the start of the particle tracking experiment, where the most southern area of the particles reach from Kamchatka at March
2th 2021. The particles in black dotted squares at May 30, June 29 and July 29 were examined their transportation routes
and experience of water temperature on the particle tracking experiment.
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