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2021 ERMEFABEKEFRRFEICE (T DEEFREEKarenia selliformis M
KEDTGHLCWEMT T b OHBERE

W g2 EREA, R SHES

Horizontal distribution of harmful red-tide Karenia selliformis and
phytoplankton community along the Pacific coast of
Hokkaido in autumn 2021

. + . .
Atsushi YamacucHt”?', Yusuke Hamao', Kohei Marsuno' 2 and Takahiro I1pa®

20214F 10 H 6-12 HIZ, A& RPN RO 32 M CREFAKZIT, MW T v 7 M U REEEZBIS L. 7T >
7 b BT A0, TR B 1 38-9033 cells mL ~ ' O#IPAICH V), Karenia selliformis H3 58 L 7= 4E TE 2o
72, Z7una 7 4 VakK selliformis DMBEEEOMIIZAEZIEOBBSBIE S, coMBNs no 7 1 VERRIZ
37pgeell ' ERAED SN BEEER OKIR, Hig, %2 [NO,, NO,, NH,, PO,, SiO,]) & K. selliformis O il la K% BE
DOBRE AR E T VIC X D IEIT L7z E 2 A, POIRIEL OAFERIEOMBESH LN, bl FEER R B
BAREIFETER & LT, BIAE XD 1-3°CEVKIRO KRR IS E ST C, R ORIFEHANGE L 722 & 2R S hiz.
L% LK. selliformis \$RBYRENI A58 % 7250, RN TR CHREEZMET 5 H%%ﬁ%iﬂ%ﬁi K. selliformis ¥R 2
FRCTHAREATH) T EITE DB LKL, ZORBERMORIENGA U THRERA L > TRERI I S 1,
KB GERMPE L2 ENEZ SN

F—T—=F:AVL=7 &) 740 I X, KEWEAER, JCERCTRE R, R — R E 7oy

The phytoplankton community was analyzed from surface water samples collected at 32 stations along the Pacific
coast of Hokkaido during 6—12 October 2021. Phytoplankton cell density ranged between 38 and 9033 cells mL™". The
phytoplankton were classified into four separate communities, and the harmful, red tide, dinoflagellate Karenia sellifor-
mis dominated the high cell density community. Chlorophyll a showed a significant relationship with K. selliformis cell
density, and their pigment content per cell was estimated to be 37 pg cell . A generalized linear model on K. sellifor-
mis cell density applying the environmental parameters (temperature, salinity, nutrients [NO,, NO,, NH,, PO,, SiO,])
as independent variables revealed that PO, concentration had a significant positive relationship with K. selliformis cell
density. High temperatures (1-3°C higher than normal years) that induce the development of water stratification and
diminished nutrient concentration near the surface are a necessary condition for the formation of K. selliformis red tide
blooms. Under such conditions, because of the mobility of K. selliformis, it can perform diel vertical migrations to refill
nutrients from a deeper layer during the night and photosynthesize near the surface layer during the day. Then nutrients
supplied through vertical mixing under weakened stratification for such a water mass dominated by K. selliformis, would
be a possible mechanism for the outbreak of a red tide bloom along the Pacific coast of Hokkaido during autumn.

Key words: Karenia selliformis, intensive harmful red tide, Pacific coast of Hokkaido, nutrient, generalized linear
model
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LI

2021 AE AR I AL B RSP R T I A L 72 TR B
HERE] X, Y EBEENTOY 7 Oncorhynchus keta ®
IR, TV INT V7 = Strongylocentrotus intermedius DK
BIREGISEI L, Y7 oWEIE279008, 7 =0 ER
2,800 b X IZDIFY, AT 2 HGENE 12202242 H 28 H
BUE T8I 2 5 L SN T2 (LB K EEM TS
BB JR K BE PR PALER,  https://www.pref hokkaido.lg.jp/st/ssk/
akashio_info.html, 20224F-4 15 H). = O KBEA EAR 0]
DR L SN T2 005, WHEEREE D Karenia selli-
formis T3 5 (Iwataki etal., 2022). HARICBWTINET
Karenia )& \Z X % 7RE1E, V8 H A0 WA A iR JUMN 38
& L7z, K mikimotoi \2 X BHENHRE I N TS
(5, 2016). 2 D K. mikimotoi DALHFHEIZ BT 5 HBLZ,
JLEREBOKEE B THE SN TBY), TEHAK
Madb L3 20 BIRmAKICK Vg Ihi-botEZroh
Twa (GHEA, 2016; %137, 2018). —75, 2021
SEORBUBAT EFRWFE IR TH 5 K. selliformis 13 2004 412
Za2—V—=F Y FEEIPLRBEESNAMETH Y (Haywood
etal,2004), CNFEFTAFIIAW, =2a—-—IY—FF,
F—ANFV)T, F2=2TVT, 77— MBI LREIE
BASHE SN TBY, BE S L K mikimotoi & K. selliformis
IR 20 2R3 & SN TWwW5b (Brand etal., 2012).

2021 AE D RBUBEA EARENC I L CTIX, K selliformis D38
EZ 7 AT R Ma Y 4 X (Iwataki et al., 2022), F 7z 7R#TE
SRS DA 2 R & R T B R E 7OV X 2R R
WoOHE I THhNTWwb (Kurodaetal., 2021). KBLEA
EIRW O K. selliformis \Z2WTIE, BIRICH—E SNz
HICE 2R T YT - HAF Xy I PRBRFICBNT,
2020 F KIS Z o 72 2 EAHRE SN TS (Iwataki et
al,2022). WHFE M TIE I N F TIZD, 1972, 1983,
1985, 1986 4F- 12 Gymnodinium J& % WU & 9 % i HEEHH O
WD o722 EAHE IR Tw S (IBH, 2021). 2
NS BRI BT 2RI F A S 2 2 1 = X A3,
[RERELRE] ] & ShTwad (FH-, 2001). LA L, 2021
EORBBA ERMOREL, HI5FEO—RICE T S
F, BEEEPHIIARE A S BRI X T O M P 2 A HEPH I
B2, FORNRIERXA D = AL EHET LLEDND
5 EEbs. AWFFEIZ2021 410 H 6-12 HIZA ) THiE
PG B2 & JE BRI oD [ BB |2 C MR E L 72 30k i 3
L 7z K. selliformis DMNAEEE L, MW7 Z > 7 & VR
DA AW ST U, F 72 BEROE R R8I B
SHRWOHEIIONT D &, KBEAERBOET 5
FZOWTEGZITo 72,

MEEFE
2021410 H 612 H 12, b i K K e 2 58 B s #8 fi
[HLBH]ICXD, BEEMPE»SERM (41°49.9'N-

42°58.7'N, 142°48.0' E-145°00.0'E) |27 TRklF 724232 54
WZBW T %47 -7 (Fig. 1, Table 1). W75 27+~
AEHZ, ) LBIHEORBHEABA LITFR T LoT,
MOEHICT L 2SR L7z, M AKRBREUTIEEE TR 1 mild
5. KRN, IBEE1%ICRL XTIV =V TVT
E FARMLUEE L7z ERIPOER (St. 420 D415 5,
Table 1) T, [AK 2 CTD (Sea-Bird Electronics Inc., SBE-
19plus) 12 & DK - 2 WE L, CTD/RMS D = A F
VERAKERIZ XY, K10, 20, 30,50, 75 m A S K JEERAK L
AR R HWT, RBEE 7007 4 Vel ER R L7
FFBAENE, it LT —50°0C THEURAE L7z, FokkE L
FEREIZBWT, = M7F 74 %— (QuAAtro, Bran+Lu-
ebbe) ZHWCHEIRIE (NOy), HAEMIE (NO,), 7r¥ €=
v A8 (NH), V) Y EEE (PO, B X U7 A BRI (Si0,)
MEANE L. 7007 4 Vel (Chl.a) &, kIS
T13mL% GF/FIZEM L, 6 mL®DMFIZ I, i
BRI LEE BB, B RFEBR=EICTY —F—
HOEHEERT (Trilogy; Turner Designs) % W C, BRI RN
% (Welschmeyer, 1994) Tifll5g L 7.

Fe b SEEREE 12 B\ CRE R BRI L, Bfmics
20mLIC L7z, CORMABPHATA FIFT R RIC
500 uL 2 Iy, BINZBAMSEE (Nikon, Eclipse Ts2R-FL) % J
WTAHZEBIZIC X VREIL .. 2V F — LT VT R
X BT, Karenia& OMIBIIRBEZELTLE 9 A,
Ml DI REZAL % /NI Z B & 5 W W URH L G AIr
WCERAE L, FZEBIEBURNICEHEE1T - 72, K sellifor-
mis O HE ] BN O EREOB S HFHTH - 7
(Iwataki et al., 2022). MR IERAEICHEH L, Mk

4300N 1| @ Sea surface
© Seasurface + CTD/RMS| 2590 ! —

SEe K

4230N Hokkaido

42°00N

@
|
(o e
e 8
.29 0 ° @
\ o
200m

000 m

- 1
41°30N ——
142°30E  143'00E  14330E  144°00F  144'30E  14500€ 145730

Figure 1. Location of the sampling stations along the Pacific
coast of Hokkaido during 6-12 October 2021. Black and
gray symbols represent that only cell count samples at the
sea surface (black symbols) and cell count samples at the
sea surface combining with the water samples from each
sampling depth collected by CTD/RMS (gray symbols), re-
spectively. For details of sampling dates and items at each
station, see Table 1.
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Table 1.

2021 AERKFACIEE AR S B B A EARWE Karenia selliformis DAEGAB L ORI 75 » 7 b v OREEREE

Sampling data on cell count samples from the sea surface (0 m) and nutrient and chlorophyll @ (Chl. @) water samples collected
by CTD/RMS (rosette-multi-samplers mounted on the conductivity-temperature-depth sensor) from sampling depths (0, 10, 20, 30,
50, and 75 m) at each station along the Pacific coast of Hokkaido during 612 October 2021.

Sea surface CTD/RMS
St. ID Latitude (N) Longitude (E) Sampling date cell count
Nutrients Chl. a
1 42°19.5" 143°52.7' Oct. 6, 2021 O
2 42°25.8" 143°57.2" Oct. 6, 2021 O
3 42°36.0' 144°06.1' Oct. 6, 2021 O
4 42°44.5' 144°48.7' Oct. 7, 2021 O O O
5 42°55.0' 144°49.0" Oct. 7, 2021 O O O
6 42°55.0" 144°51.1' Oct. 7, 2021 O O O
8 42°56.4' 144°53.2" Oct. 7, 2021 O O O
9 42°58.1" 144°55.7' Oct. 7, 2021 O O O
10 42°55.9' 144°56.5' Oct. 7, 2021 O O O
11 42°54.0" 144°57.4" Oct. 7, 2021 O O O
12 42°51.9' 144°58.8" Oct. 7, 2021 O O O
14 42°50.9' 144°59.0" Oct. 7, 2021 O O O
15 42°49.9' 144°59.6' Oct. 7, 2021 O O O
16 42°49.1' 145°00.0" Oct. 7, 2021 O O O
17 42°48.0' 144°50.8" Oct. 7,2021 O O O
18 42°48.8" 144°50.4' Oct. 7, 2021 O O O
19 42°51.6' 144°49.2" Oct. 7, 2021 O O O
20 42°52.9' 144°48.5' Oct. 7, 2021 O O O
21 42°50.6' 144°21.8' Oct. 9, 2021 O
22 42°39.7' 144°19.6' Oct. 9, 2021 O
23 42°42.8' 144°19.7' Oct. 9, 2021 O
24 42°46.5' 144°18.9' Oct. 9, 2021 O
25 42°50.1" 144°18.2" Oct. 9, 2021 O
26 42°58.7' 144°21.7' Oct. 12, 2021 O
27 42°13.0" 143°44.8' Oct. 12, 2021 O
28 42°05.8" 143°43.0" Oct. 12, 2021 O
29 41°52.5' 143°40.5' Oct. 12,2021 O
30 41°49.9' 143°16.7' Oct. 12,2021 O
31 41°51.8" 143°06.4' Oct. 12,2021 O
32 42°03.9' 142°48.0' Oct. 12,2021 O

A340 umBEET, FERAEEAE , FREO B ORI
% K. selliformis & L, fIBEA30 um LU & /N THEARR
Basdie {, RO GO ML E K mikimotoi & LT
AL 7-.

Karenia selliformis DEPAMI BT 5 B8R %2 H 5 0212
T A7, BREEERE LT, KR, M, fERME, WA
B, 7 YR AN, ) VR, A MR 2 A
B, K selliformis BB EE 2 HIWETE 3 5 — Al A
E 7 (generalized linear model: GLM) | X % fi##Tr % 17 -
7o REWOS L, fHEE & WAESREIXE R T — & 1K
W BRI BRIELLT) 238 h o 727280, KE0-30 m M O
SR & 72, 2 Karenia )@ 25 8 ) # 8 H HE
SEBE ZRT I e (KR, 2015), SHAZHKE LT
Az Z b Lz hEEeiE & A Ut o g3k,

KEIZBWTHMRIBIRALLT Tla o 72720, #EFREIC
Bl 51l % GLMENT I 72, K selliformis ORIRGECH B
L, GLMIZH W2 KiR, s L OV (ANE,
B, TryES AN, ) VR, AR BEOM
BA AR L ) FR L7

Karenia selliformis DAV 5338#E & LC, Hasle and Syvertsen
(1997) # X O'Horner (2002) (ZH&D %, HEEEFIIME F 72
BELARVT, BB IIE LNV CHE L. TER
HITA S L PERICO T TRHEL 72, 5 13k
X300 & HE AT o 72, 5HEsg, B o %5538
HOMPEEE (cellsmL ™) ZFHE L7z ARWFZETBIE
SNTEGBREO LB 2 M E T — 713, AL
ERFFMERETL 7 ¥ a VITTAR L7 (http:/hdLhan-
dle.net/2115/85122 20224E5 A 18 H).
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A A O F 721308 Z & oMREEED 7— 513,
Bray-Curtis similarity index {Z & ) HBLE= V) v 7 2 %%
W L7z %, 3 As 3 (UPGMA: Unweighted Pair Group
Method using Arithmetic mean: #£°F-34{:) T7 > Fu 7 7 A
ZER L, EEOBPETXYL I EIZE-T, WO
DTN =TT 7z, BRI BT B MR I D
&, Shannon-Weaver % #REER % (H') 2 LT X THI
L7

S
H'==%"p,xIn(p)
i=1

TSR, p 3 O KRBT BT B AR R
FEarRRLTWS (T, 1996). £k % Nonmetric Multi-

43°N Karenia selliformis
cell density
(cells mL")

1
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Yo o8
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Figure 2. Horizontal distribution of Karenia selliformis cell
density at sea surface along the Pacific coast of Hokkaido
during 612 October 2021.
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Figure 3. Relationship between Karenia selliformis cell density
and chlorophyll a concentration at sea surface waters along
the Pacific coast of Hokkaido during 6-12 October 2021.
Significant regression line was shown in the panel.

dimensional Scaling (NMDS) (ZX 1), ZWJchliE L, BRb%
T—& OKim, 35, KEE RERE, WAIREERE, T
T A, ) VERIREE, 74 BIRIRE) 2UREE
T HMIEGH AT, 7T R —OREST L HRERBR
DI BEEET— 5 &RDIz. 7T A Y —RHT B L I'NMDS
(&, #EtY 7 F PRIMERV & W TiT o 72, BREEDSED
KIIZIET 2 02 BEALT 572012, Kill, Hoo7r—2%
A, T-SFA T 7T AEER L. FRANIH O H A
W AT BT A i F M KR (SST: sea surface temperature) &
Chl. a DK P53 A&, JAXA D 24§ %5 GCOM-C @ 10 J
YHDT—% ZPIRL 7.

{1y

w R

Karenia selliformis D534 L IRBER

N K. selliformis B EFEIED AT % L CWizmg ik, A
b, S, RRORES D 2B EMTH - 72 (Fig. 2).
AWFgETIX, WS 2K selliformis 3 & UK. mikimotoi &
FiElE 2 T & 2B LANE, Karenia BOAHFEE LCTF &
OTHEB L 72720, MWD Karenia &< Takayama )& O I 1H
HIZOWTERT S LIETER . F 72K mikimotoi 13,
K. selliformis O IR PN T O P M B8 BE D #9 1/100 #2 B2
ThHol-.

HIY5 i FRM Chl a B2 (X) 133.6-39.8ug L™ ' ORICH
Y, K. selliformis ORISR L (Y; cellsmL™") DRIZIE,
Y=27.07X — 110.82 TEE 2 HE R IEOMRYEH - 72 (=
0.845, p<0.001; Fig. 3). ZolEROMEEZFH$ 5 &, K
selliformis DHMIFEN 7 007 4 VERF®IE37 pgeell "' & K

Table 2. Result of the generalized linear model (GLM) on cell
density of Karenia selliformis at sea surface waters along the
Pacific coast of Hokkaido during 6-12 October 2021 apply-
ing various environmental parameters: temperature, salinity,
nitrate (NO3), nitrite (NOZ), ammonium (NH4), phosphate
(PO,) and silicate (SiO,) as independent variables. Note
that most of the environmental parameters applied for GLM
were derived from the sea surface (0 m), but those of NO,
and NO, were the mean values for 0-30 m depths because
they were lower than the measurement limits at the sea sur-
face for most of the stations.

Parameters Estimate  Std. Error  #-value P
Intercept 60220 52702 1.143 0.286
Temperature —481 762 —0.631 0.546
(0m)

Salinity (0 m) — 1544 1600 —0.965 0.363
NO; (0-30 m) 154 242 0.635  0.543
NO, (0-30 m) 4428 4661 0.950 0.370
NH, (0 m) —816 554 —1.475 0.179
PO, (0 m) 1522 629 2421 0.0418
SiO, (0 m) - 166 105 —1.584 0.152
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Figure 4. Scatter plots between Karenia selliformis cell density (Y-axis) at the sea surface (0 m) and various environmental parameters
(X-axis): temperature, salinity, nutrients (NO,, NO,, NH,, PO,, SiO,) along the Pacific coast of Hokkaido during 6-12 October
2021. Note that most of the environmental parameters were those from the sea surface (0 m), but NO, and NO, values were derived

from mean values at 0-30 m depths.

Mohsb.

K. selliformis ORURLECR B &2 HINA R, BRBEEN % 30
ERETHGLMBN 217728 254, KHF#ED D b,
U U L IEOBRDH B 2 LS S AT o 72 (Table 2).
ST XIS ER D) VB %, YElZ K selliformis
OMINBEEE Y 7ay P LAEBARICBWTHM) 2 Las
k7 (Fig. 4).

L A R B N - 5

WA @ LT, MR 7T v b U EEEIE38-
9033 cells mL ™ ' DFEPHICH - 72, FFEOMBBEBEE IS
(T TRY —RTOKE, WWT7 7+ VHEEIZAD
DAL T SNz (Fig. 5a) 420475 » 27 b v
BEDI B, HEAICEIND ERA2E ST 18 1 & Ik
D%, BEEAITMMERIE O K. selliformis 25HNE 505 &
DN%% O THEBE L, ZoFYHlkks® g
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Similarity

Figure 5. Results of cluster analysis based on phytoplankton cell density along the Pacific coast of Hokkaido during 6—12 October 2021
(a). Four groups (A-D) were identified from Bray—Curtis similarity connected with UPGMA. Occurrence of each group on T—S dia-
gram (b). Nonmetric multi-dimensional scaling plots of the four groups (c). The direction and length of arrows are indicating the re-
lationship to the grouping and the strength of the relationship. T: temperature, S: salinity. Horizontal distribution of each group (d).
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Sea surface temperature (e) and chlorophyll a (f) images derived by GCOM-C satellite sensors on 9 October 2021.

999 cellsmL "' &, MHOBELZIEHE L Tw7z (Fig.6). #f
EBECIZRENEThewEmE2ENDIRL, TOMIuE
FREIL 113-152 cells mL ™' & WM <, K selliformis
35-47% % O TW2hS, HEHD 3440% % H O Tz

46—

(Fig. 6). HEEDOMIEEEEIZ 77 cellsmL ™' & 4D D
B0 Bikb VR, K selliformis D 5B HFIT5% LK D
D, HEEEOEARITZ% L Eh o7 (Fig. 6). Wi
7Ty N Y HEORMERRIER, MBEEDLS < K. sel-
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Figure 6. Mean phytoplankton cell density and species compo-
sition of four communities (groups A-D) identified from the
sea surface waters along the Pacific coast of Hokkaido dur-
ing 6-12 October 2021 (cf. Figure 5a).

liformis DSB8 U 7-TE4E A 530597 e AL L, Moo 3 B4
1£2.036-2.289 & Hh o 7z,

T BV B R IE AKX 13.9-18.1°C®, H#is1E
27.6-337 D% R L7z (Fig.5b). #7527+ v d
BEEGTICH BB R F o T BB E KR & 5
T, WINLHEDIIEL, TLTHEBLCLHIHE
B 72, K. selliformis D3 HLEE L T 72 8E4E A LSRR &
B bV EmIcBW TR SN (Fig 5¢). #Ai 7
T v N YBEEOKIEGAINL, K selliformis DV T2 b 7z
FEAED AR DVIC A S5, FEB I TIE =M oiRF:
A0, FEECIIIIEEIN & TR A SN0k L, B
FEAZZENS ZECRBEBEBREERICIELS O LTV
(Fig. 5d). sRABIMIC BT B HAL 7 — ¥ 12360 ik
e Chl a2 53, B ChL a2 ERH S zmig,
SESEIR LR OAK IR 22 KBECTH 5 2 L A5 2 72 (Fig. Se, 1).

Z =

Karenia selliformis \& = 2. — ¥ — 5 ¥ F % & Haywood et
al. (2004) ICX VRSN, 77 =2— MIBWTHEHDI
x5 &iE 2 L (Heil et al., 2001; Glibert et al., 2002), 434
BFFVRF2=I7Hh5HHHE SN TS (Guillou et al.,
2002). Karenia J& O W C &, K. mikimotoi & K. selliformis 1%
MR 254 2R & 8N Twb (Brand et al., 2012).
BIET (ITSB X O'LSUIDNA [D1-D3] ¥ —4 ¥ &) f##T
I2& VY, K selliformisid 7 V—71E I3 TF 6, 7V—
THE, vy 7, FUEHAOILEED G ERD G E N,
ITNV—TE, =a—V—=F VR, A5, Fa=V7,
HHRODHHRTHR SN TEBY, i@y 7T0h A
F X v WO ORR RO T RXTOITS VY — 7 Y Al
F—TdHo7-Z EHWE SN TS (Iwataki et al., 2022).
Iwataki etal. (2022) Ti&, 4O KBEEAHERB TOK

selliformis \$MIREY A4 23, Haflsh/iz=2—-Y -5 F
(B & 12027 um, 1§ : 16-24 um, Haywood et al., 2004) X 1)
LR YDRENTE (EE 13544 um, I8 : 32-45um) A°
WHEINTWDE, RIFEIZBWTHEIZE S N7z K selliformis
DR 4 XD, Z DlIwatakietal. (2022) 12X 2 &
EL—FL T (ER, K%EH).

VU ERAL KRS BT B K. selliformis (2 X A 7R#E11%, 2020
SEFKITH AT v v AEEBRFICTREZ 5722 L2 s
Twb (Iwatakietal,2022). 7 A F v v AFEHREICH
VB KBBRE OFA S L LT, BISEICHRT6eC Ll
W KIRAF Y T, R — 7 B0 20204F 10 H @ Chl.
a5 ug L NTE L, Karenia )& DORBL I XK
622 cellsmL ™' TH o7 SN TWw% (Bonduretal,
2021). T @ Chl a2 & MMBEE L, RFEOHEE b
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