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In addition, the Fisheries Research Department of the Hokkaido Research Organization will now comprise the

following seven local Fisheries Research Institutes. The study achievements of these institutes will be published in

the “Scientific reports of Hokkaido Fisheries Research Institutes”.
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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.1 The particles used in this study (upper panel, dotted
circle) which were selected as the particles coming to
Pacific off Hokkaido at September 30th 2021 from
south of Kamchatka at October 2nd 2020 (bottom
panel, dotted circle) on the results of the particle
tracking experiment (Kuroda et al., 2021).
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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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Fig.3 Tracks from Kamchatka to Hokkaido of the particles which reached the Pacific coast of Hokkaido at August 15th 2021 (left
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/
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under 1 °C, respectively.
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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
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for 1 particle (black), respectively.
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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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Fig.6 Transportation routes (black line with open circle) of six particles from March 2™ (e) to August 28" (allow head) which
experienced almost over 5 °C in the particle tracking experiment and the line charts of water temperature (black circles,
solid line) and of depth (open circles, dotted line) that the particles experienced in transit. Dotted allows indicate that the

particles taken out of this field.
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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.

F =17 — K : Karenia selliformis, S5F, g, WMETEE 7V —4, FHEETER, SKHHE

20214E- 1T HICILIBEE DO RTINS BV TS AE L7z 384 - R - MERE - 895547 (L - AAH, 2000 ;
Karenia selliformis % (s & 3 5730 (DA%, Ks. Rl & FR A, 2001) EapER AR ahE O KEEMI T8 - i
T5) 3ERLEEL L5 L (BB - Il 2023), - MERHICREE) LIRSS 5 4 4 7 (Hutton, 1960 ; Ingle and
FRENAZ BRI IR - PR & o 2 &2 LT Williams, 1966) 753 %, KsR#ldimaB AR L LTl

HOCH 7 A632 (20244F 6 H17THSZHE)
*Tel: 0135-23-4020. E-mail: miyazono-akira@hro.or,jp
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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.

IREAWAE 20224ETA» S5IHOKFEB L UOTHD
TR =Y 7 EOIRE- A B DA E L 7
(Fig.2), CTD (Sea-Bird Scientific) |2 X % 7Kif - ¥isrl
& IR L HEFETE A S BRI & I THERAK L 720 $7
KL T Z > 7 b UBIEHY  Tvicfii s sz,



Latitude

aa

i i |
141°E 142°E 143°E 144°E 145°E 146°E
Longitude

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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HIZZN2ZN10 uM%Z F il - 72532 LA HEH 1210 pM
PLEofii% 7R L7z, DIN, DIP, SioB)X (I3 L &I
LZero 7208, BEARBEDSE V6 H8H A £ TH%R
PRI OWENNELBEAR & OXfIE & F 2 HN72D%, AR
P9 H LR o S22 5 10, FEIZDIPOIEINIZ > W T
FokeE & ORGSR h o7z,

MESICBIT L6 H11H F TOERE L HIEEEOM
fufe s & O IR oK H S (20224E8, 1991~2020+F
W) %Fig S5ITR L7z, EEBIIRE (ML 22581
AR (10° cells mL' L)L) ZEegEL7-0
B, 925111 F TOMBED10” cells mL' LT F T
{ 7% h &) EIIE W2 360E L Tz, mliERIE T
B coH A HT7H HA, SH A SR MEIIZEFNR
AU EAS 1005 A BE L2 BN 5 2 BRSO S 7z K
FETIZOH R HTH LA oM BZE LN E Do
72h%, 8 LA H9H A oM EZA I B & [ AR
JEICRE P72 22T, TNENOHM O BT

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



STR THICKERBEE THETHLTICMBE L
(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

K.s IEFEEFEOWEE OWMIETHE - i - AH#ER 19

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
MEROEFLEF~MFOT IV — LOBERITEEEDOH
£ EEBBIZBR LT (Fig.6, Table 1), H:FEOBIGHIZ
WERBOFMEITRN & GBS, FHERHHEN
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
HEOBEALIZ X B2HEOFEF L TIEL 5720, Z O]
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,

# O

B 37 FZE B 56 1 AOKBERFSE - #08 BhE o> i L 22 s i
2iE, BEROMERE W EREERELRIERE W
Pul, STIEKRLTLEI Y EHoEEZE LT,

ARIFZEI LA AI34E B B BB R B AR SR R m o
B A T = XL DR X AFETFETEORER Y
Bz RWER T T v 7 N v OREEWIIT b %
DFE] O TEBI NI,
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Development of a random forest-based classification model for large seaweed communities using the fishery

acoustic method and underwater camera imaging
SHIORT SONOKT”

Kushiro Fisheries Research Institute, Hokkaido Research Organization, 2-6 Hama-cho, Kushiro, Hokkaido
085-0024, Japan.

Hokkaido is a major kelp-producing region in Japan; However, in recent years, a decreasing trend in the number of
fishermen and a reduction in production due to climate change has been observed. To assess the status of kelp species,
obtaining both spatial and quantitative information is essential. Acoustic measurements provide information on distribution
areas, but fall short in distinguishing the types of communities. In this study, we developed a random forest- based
classification model for five large seaweed/seagrass species using acoustic measurements and underwater camera observations.
The discrimination model for valuable and non-valuable kelp achieved high accuracy, whereas the models for Sargassum and

eelgrass demonstrated moderate the accuracy, enabling accurate classification of the four communities based on fishing data.

F—7— N 7~E WYL FrEARERENE v 7, gZsll 9MiEE KU FTUT, U AT VA NE

HEIIBNTa Yy THR>ERLZMENRETH L, K REELZ2EOHME L TOREOILRIZHI-TH

FiIZ, A ERAACFER R (B ~RE) 2B 2a >
THOWE I B OWERO6E & 5 b a3 THOTH
BEEMTH LD (LHEKERBET) . AW, Hit

BATE L THEMZRI YA a7 (Saccharina angustata),

R IHT AT (S coriacea), F =27 (S. japonica
var. diabolica) D375, BATEERMER EOMTHE L
THHENDFH a7 (S longissima) 7 EDFH I~
THEAYSAT LT\ D (IS, 1993) Ak Lk e m s
LD EREBECHES N AR T Y 7L, BABK Y
B 9B EARI T > 7T, FIEIZ—EB0EEI % B
WTIZE A ETHOINT VRV, T, REHSICBIT 53>
THOREEILRAENCH Do HADENE LT, i3
BHROBL % EORESIIROEHR, KEEENIES
K EAZEICEZ 3y 7HOKHEZEOZT (Sudo et
al 2019) HZFEF LN TW5, 2 ¥ 7HOBEHNI I &
I & o TEFIREOMAESEIE ST 555, BHIC X
% B UE L o=, iALE TR Lzt v TV o2

0, RO 3 2 7O AT OBURIEIRIZAT LT
W7z, WIS ZEBOFEREIIAYTH 5,

3 Y THEOGIER O RS L OEBE D202, K
WCIIRKkT > Tl 2 B 5 KU & o THEEEEER
B (F4JH, 1995 553, 2014) 12 X % i O iR AEE
DO TV B HEEEIERIC LY, HESENEDIZ L A
ELWIEEHa Y 7 (74 X THh X (Alaria praelonga),
A A (Costaria costata), 7 F * (Agarum clathratum) 73
&) XA F T T (Sargassum sp.), AHE (Phyllospadix
iwatensis) FFOEPTINI A A RKEMEE, B XL OEEL
B LB AOERMEOMTLAIKERLIRET LI L
THM 2 Y 7EOFELPEINT 2 2 EMOBN TR
BRBRAESERT 2RI & 2 BHLFHA TR RS S
NTVLEGEDNH LD ODBBIFEHRTH 2 72051 7%
BUKIERICE o T b 72, BiRROFHa > 78D
RO INE % EDOEENZNR OIS NI %> T
Vo S, il OMERB L UEE L L L TW 7ol

HOCE 5 A633 (20244F 6 JJ17TH ZEL)

*Tel: 0154-23-6222. Fax: 0154-23-6225. E-mail: sonoki-shiori@hro.orjp
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179 FPICIE, BARREM, HEEBRE~OM S %
EDPATONT & 720 WHETIE O — 22X 5 223m 4% %
W END L (B2 IZILHS, 2017 5 AR5,
2023), Fu— 2 & 2 2RI, EekiFEn R, &N
FEDTE NS ORI TE 2 RS 5 720108 L 72 FET
HbHo UL, RUEHSIIHEEDE V- DE AN
A, T THEOGAEEDI0 mE R B 720, WHD S
WEARTEREOBREN L {, Fu— X 22 HiEHE L
TWi\ 22T, R TIFHFERHITEICEH L,
TSN TE L L, KRPISHEEE R B L, WAL
WHKIZ N 720 TR L TR TELEE2ZITEL LT,
MR E COMBERYAROME X LIBT 2 FETH L, K
EORESR, MEEIET e fEosheifEsr L

Nemuro city

Hamanaka cho N

300km A
I

Hamanaka cho

DOHWTIA S HW BN TV A, EHEIKEET, 3
W AR A 2 EATE L Z e D, TR, R
DA HETE T (B 2 (XKomatsu et al, 2002;FF &, 2012;
Sonoki et al, 2016) & L CHRIH SN T2, FEFHITF
B X HEENE IR 5120, HET— 5 05
DF WS X ONFETER 2T 2% B3 2 LD S
%o Shao etal. (2021) 1%, H—HEIIBTLEET—%
EHMTFT = 2T v L7+ LA MEIZLD R
OFEZ T 2 TEEZR L, EREEZ AT 2T
FATVF IS STV v, Z 2 TRIFFETIE, FF
AR (DA, SrEfusikengs) 1oL 2585
WTFE %2 TR EEEEOEE T — 5 2R L, [H
FIOKEA ATHIFICL L BT —5 28T, 0%
AT x LA MBI X DM & D Cl it vk & R
TOMEREOHET NV EMET LI L HIYE L7z,

Ochiishi, Nemuro city

(G
Seaweed'eontrol
A (2018°cont

/300m
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"ol [ 20237111
N »-

Fig.1 Survey map. The area enclosed by the dotted line represents the survey area, the solid black line indicates the continuous
acoustic data acquisition line, and the black circles denote the underwater camera observation points. The shaded region

depicts the area where weed control has been conducted.



Table 1

years of past control efforts

BEFHINC X 5 REGEEOH G 27

Survey results including date, water temperature, salinity, surface area, line length, number of observed points, and

Water surface Salinit Survey  Acoustic .
Survey region Date temperature y area survey line Number of Ylsual Past seawged control
) (PSUL) (ha) (k) observation periods
2020/7/29 13.3 325 25.0 14.6 45
2021/7/21 9.2 32.8 34.2 4.5 19
Coastal region of 2022/6/22 9.2 32.8 34.2 5.7 19 Not control
Ochiishi in Nemuro city 2022/9/16 17.0 328 29.2 34 16 (Natural area)
2023/7/11 10.2 32.6 35.9 45 19
2023/9/19 12.8 32.7 35.2 4.7 19
) 2021/8/31 134 334 26.8 5.2 19 2018
Seaweed control region 2022/7/4 10.4 324 241 5.2 20
A of Hamanaka cho 2021
2023/7/19 14.0 32.6 25.3 6.1 19
) 2021/7/16 10.5 325 28.7 4.6 23
Seaweed control region 2022/7/4 105 323 272 46 23 2020
B of Hamanaka cho
2023/7/19 14.0 32.6 27.8 6.4 21
ARRUAE K72 ERECIEEAEEIC 2 > T L E D BEIWDH 572

KhhASICLZBRAELEIEZARBRANEICL2BTE
RE AT AR R S ALE S A P AT
FEDMEETEBRBR S I S AL TV B HEERIX AR T A
IR O IEBR PR (AR 1XI2B W, FH
Y THOMEM~ENTH 56~9H ITKE25~10 m
DU % EE LFEM L 72 (Fig.1, Table 1), MR
W2 TlX, Ny 7 R—RF = — VI X B ERERD44E IS
HAIDOH A 7 VTEBEINTE Y, FEEIIRMAGETH
%o TERHHREZRIZE, DEITELIEDNE S T~
D BLY ST AU RE 2 B S s AR R A BEKSE-310
(Table 2, V= 7)) % H\w/, FAEHROMBIL,
EA (2021) THHON TV L5094~ v 7O ER BEMGEE
IR EMO MBI MGEE L 7o a 5%, I E T A8
M, FAAH S E COREERL EEZEL, Sh~vy T
DHEEREENT5~80% & AT N5 #9200 mIZF%E L 72
T 72, KEEEREO DA IZKIERETH ), SRS

Table 2 Specifications of small quantitative echo sounder
KSE-310

KSE-310 with a T203 transducer

Frequency 120 kHz
Pulse length 0.3ms
Beam width 5.0 degree
Resolution 3.2cm
Ping rate 55"
Beam type Split beam

W, SEICIEE 2 PAER T TICRE L, SEERIK
TR AR A 2 2 CIERERICHT D K L 2S5 /iAT9 5 2 &
EL7ze COMBEME2~5/ v FTHIEL A 5500/
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MBI 70 B EMEHE, T B E TV O SRR S AN
RO 4T 7200 DTET— 5 & L THWZ, fitE
h, EEOMETEML, T2 a3 v h A FGoPro
HEROS Black (GoProft#) |21 — 7 & $E%& 1} 723 T
KFEH AT H2THL, SEOEFEZIZS0 cmp| Z 11T, 30
L EoBmZ IS L 720 S OMYEONEZ ZOH a1
B A KEEEOFEE L, BHNOBHRICHV 2.
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fle At [ N AL T K BE W A A 19 4%, hitp://www h-skk.
orjp/index php?%E8%B3%87%E69%96%99%ES%AE%A4,
20244E1 ) o> [EEE 2 2 2 ASOHIKE] 1250 &
ncwarHaryrs, Fyhsarrys, FFIar7, b
nuaryraeFHarTEEERLZ. STy
THEBETHDLAYVARLT T A, 74X T H AETIEH
Hary7He Lz, ary 78U o R EE L, a7
ERRRICAEAREE L TEBTLA T MEIRTAT /) E
JREDKRY YT T, BWENIIOMAT A AN E, Wi
W29 Ai 3 % T ~E (Zosterasp.) (L7,
HEEH O AT 121X Echoview (ver.11.0, Echoviewfl) %
7o KEVEED A L CW Ao -7 9 0%
Fig. 212" o W2HEH A © KEEROFEHO A % it 3
LI, BERET O i TR RET 5 LEN D DX
TRIGFEDTR A 2R T—H T, WRDOEHEEE <,
R HIZ SR DAMEIC R > T b, COBERIMNE &
GRSBEEZ 10— 27 5 A OMGEIE L ZEIHE L
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Empty sea water

Large seaweed

- HEE a0 .
Back Scattering Wolume, 5, [dB)

Fig.2 Example of an echogram of acoustic data within the distribution area of large seaweed communities, along with a

histogram of the reflection intensity per cell within the region enclosed by the dashed line. The histogram has three peaks,

representing seawater, large seaweeds, and the seabed from left to right.
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720 ORERREE, SFEINASCHEIZ DWW TUE, HEEfER] 0
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)T — Y ORIBE, WEREOMMEICHRE LT A v
Wy R = XD TICRESNTLE-S-Z8ICL
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FOMWIEEHW L2 v 7 VodEa %R+ HBR
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TG, ANEERELHEIERS N TV, EE
Moy 7HEPMERI N84S0 B, FFEHaY 7o
PN X BEE IO AT, TSHS T CAEM Y T, kv 8
7T, ANEELRELHEIER SN T, Ky
57 T EITA2M T CHERR S T2AS, R T FHEHD A
L BMEHRIZIHPTOMERTE T, 7 XCOEH- AR
VTHRRANE L OREME LML T ize AT EE
ST CRERE S NS CoME IR s NS, FH-JE
BRI Y 7R R T R EBARE LT L Tz,
7 X EIIOMT THERINTZD, TRXTHTYEDOAIZL
BHEE THOREGHFRIIME TS hd o7z KPP X T
W% S8 0 7R &, B DTS B W TR
AR CEHA S N B BB = a— 7 7 A %Fig 312
R . AV THOSAKELIES L L, X ERCEET
T RERANED, ROEHTIZAR Y 8T T4 L
Tz, F72, KENEREOFEEOE S (m) & 4t
BREE (Sy) W&, T TS LRV T TIHET
YENLVEL, MW E Lo TR L, 5T 5
WREIC L > T2 a— 279 A COREFRD B2 )5
7o Tz, Fig 412K REERED RIGA & - 72 &
WENOHEE DL 5 L T A h o im0 FE T — 5 0
S AR KIS O 53 Al HipT D KR D F-3133~6
mT, REVEEDZ LT & T 2 & KIEFED - 720
BECOESIE 7Y ETRIEL2 miid &), i
KIEEEE TIX0.7~10 mTdh o 720 ASVOFEEIL R
VETIIGHEHEATETIRD I %2 o720 NASCILT <€
ERVETTHTRELCRY, KENEED LV HLETIE
INEL e o726 FIINASCOZEBIRHUT KT HEFE O 72\
WETRKELSRY, WEISA L Tz m Tldhs <
o T\ie, F7z, RERFEREED A L T 7-# o
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Table 3 Underwater camera survey results from 2020 to 2022, including occurrences and frequencies of large seaweed

communities
Discrimination (A) (B) (€) (D) (E)
Seaweed zfosr::niﬁs E:I,;ery valuable 5;::3’;; Tp Sargassum sp.  P. iwatensis Zostera sp.
Present 108 84 42 8 9
Indivisual distribution 36 9 0 0 9
Co-occuring distribution 72 75 42 8 0
Coexistence with A 36 39 4 1 0
AB 21 0 0
ABC - 5 0
ABCD - - 0
ABCE - - 0
ABD - 5 0
ABDE - 0
ABE - 0
AC 21 - 0
ACD 5 - 0
ACDE 0
ACE 0 - 0
AD 0 2 0
ADE 0 0
AE 0 0 0
B 39 - 10 0
BC 21 - 0
BCD 5 - -
BCDE 0 - -
BCE 0 - 0
BD 0 - 0 - 0
BDE 0 - 0 -
BE 0 - 0 0
C 4 10 0
CD 2 0 -
CDE 0 0 -
CE 0 0 0
D 1 0 0 - 0
DE 0 0 0 -
E 0 0 0 0
Absent 76 100 142 176 175
HFET—DHL, BENLODESIIOWT, il ETWIZOWT, RERITH 2 KHILHOLET IO

WMD) THERZDOA I ZMER S 5 72 9 12 Steel-
DwassHiE# T 728 2 A, 6610 OMAEGHLEDH B
550 0) OMAEDLE THEEDNH -7 (p<005). HE
FEDED o 72 AE DN OWT H IR,
BERLAE D 2% EOFHEIER O N LD o720 ZD7
O, ARSI o5 A T 2 KENRE O T BRI FEIC L 5%
b REwe L, Her AEFTRREORE R LTl
HWEERETIVICT L7200, EHILIZ—D2DET IV
& LTIERR L 72

FUELTALRAPNKICEDEEHAET IV 2020~
0224ED HMT— 4 L FET - T— 5 R[N, T

T 07 LA MERATo THESE S NS OB 5

BEECH 2 FHEA Y =75 % R (Fig.5). AHa >
THOHFETIVCTIE, HEEEDOE S L IKEOFE

o

PEDFIHLER L ANTRE P> 720 AT Y THO

HHITE, BERFEOE S OEBIPROKE S, o
DAL O BRI TH o720 257 THOH
BE TIVIREERAEVE OJE & ENASCOEE ) 10 b K &

Polze AFEDHREFTIVTIE, HEEEOE SR
b MR ED o 72, MOFAEE L DTN E
BMIZ o720 7 EDRFIE TV TIRAKEDES D
DOFAZE L L TR o Tz, ETFVNEOT
— I NDOBEE X R T L T —F%Table 412773, X, B
W > 7HTI47%, AT Y THT50%, K 5T

B8R
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Fig.3 Comparison of underwater camera images capturing the

collected at the same locations.

Maximum Sy (dB) Depth (m)

Covariance of NASC

3

~

N

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

o

(a)

Thickness (m)

J .. 5

ezés&\q ) fbe \3@ 9\% R 06
Seo S &P ¥ 2 Q“LN
EF EFT Fo & & <
S S L8 ¢ e
@ & &) Q v &

(c)

=
Ok
£
C
~
o~

S
=
Q
0
<
=z

SR S & © S §

) Q Ny Q) 2 9
S S & & © &
TP Ffe o & 0 ]

S A & &
£ N @ < v &

(e)

2 .. 5
RO
L FFe & e & @
& P LR S Q & e
N J@ R N & N
o QO ) Q 4 q;'”

700000

600000

500000

400000

300000

200000

100000

& & $
& @ F
A Q 9
& ¢
$ @
AP &
& S S
N Q N
) g
@ 2 o0
& 2 @
N 9 >
v &

31

Fig.4 Acoustic data by distribution status of large seaweeds at each location. (a) to (e) are, in order, depth, thickness directly
above the seabed, maximum SV, NASC, covariation of NASC.
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(A) Fishery valuable kelp (B) Fishery non-valuable kelp (C) Sargassum sp.
Thickness © Thickness ° Thickness °
Depth ° NASC o NASC °
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(D) Piwatensis (E) Zostera sp.
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Fig.5 Average decrease in Gini coefficient, an indicator of the impact of each explanatory variable on decision trees for each

community classification model.

Table 4 Error rates from internal data of discriminative model
analysis obtained using the random forest method

Out of Bag estimate of

Classification model error rate (%)

Fishery valuable kelp 14.7

Fishery non-valuable kelp 25.0

Sargassum sp. 14.1

P. inatensis 4.4

Zostera sp. 2.7
THT141%, AT ETE44%, T~ET2I%IZ>770

HEBTF — 2 ERAVEHBIETIVOFEERTE €7 Loyt
T =5 THhH20234FOFAET— % (n=78) OHHT—
5 % Table 512789 o 78:Hb w554k x| 2 KB IE ¥ H5
AT &2 2023 E DA T — & OFET — & % FHHE
ELTHEHBETVICIRA LSO NERE, £ETN
DREERGE R 1T > TH LN IEREE, AT, HHE, FI
Z 37 %Table 61253, G T~ 7HHIETNOERR
J£1280.8%, W AENT83%, THHIENBTILW%L %), FI

Table 5 Occurrences of large seaweed communities from
the 2023 underwater camera survey
A, B, C, D, and E represent the valuable fishery
kelp, non-valuable fishery kelp, Sargassum sp.,
P, iwatensis, Zostera sp., respectively.

Discrimination of
seaweed community

Present 55

Composition

ACD

BC

>
(@)
N|jo 2| o N 2 NG

Absent 23

ATTIF083E | BVIEE L oz IRWTHBENE
MolzDIXIEERED Y T OHBETFIVT, IEMHEED
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Table 6 Validation results using the discriminant model and external data, including accuracy, precision, recall, and F1

scores
Correct classification Miscrassification Accuracy Precision Recall
(%) (%) (%)  Flscore
Present Absent Present Absent o 0 0
FBheTi;smabb 36 27 10 5 8077 7826  87.80 0.83
Fishery non- 26 32 7 13 74.36 78.79 66.67 0.72
valuable kelp
Sargassum sp. 12 42 7 12 73.97 63.16 50.00 0.56
P. iwatensis 0 74 4 0 94.87 0.00 - -
Zostera sp. 1 76 1 0 98.72 50.00 100.00 0.67

Table 7 List of correctly identified misclassifications in discriminant model when using external data

() () ©) ) E)
Fishery valuable kelp ~ Fishery non-valuable  Sargassum sp. P. iwatensis model Zostera sp. model
model kelp model model
Actual class of seaweed Classifiction result of model
distribution Present  Absent  Present  Absent Present Absent Present Absent Present  Absent
TRUE 36 27 32 26 12 42 0 74 1 76
FALSE 5 9 13 7 12 7 0 4 0 1
Composition of FALSE classified
A - - 7 1
AB - 1 4 6 -
ABC - 6 - 2 1
ABD 1 1 2
ABCD - 1 -
AC - 1 2 2 -
ACD - - 1 1
B 1 1 -
BC 3 - - 3
E 2 - 1 1
Bare bottom - - 2 2
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Fig.6 Species classification map estimated using Kriging based on the results obtained from the model. It assumes that the
species in question is distributed with a probability of 50% or higher in the surveyed area.
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Table 8 Estimated distribution area based on model classification

Coastal region of Ochiishiin

Seaweed control region of

Distribution area(ha) MNemuro city Hamanaka cho
Jul. Sep. Region A Region B
Survey area 350 352 253 275
All kelp 16.2 16.9 237 273
Fishery valuable kelp 126 145 230 251
Fishery non-valuable kelp 14.4 135 203 271
Seaweed bed including Sargassum sp. 42 0.2 3T 05
Eelgrass bed (Zostera sp.) 0.0 0.0 02 0.0
Bare seabed 18.8 18.4 1.0 03
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Availability of natural increases for defining catch limits of sea cucumber Apostichopus armata in northern

Hokkaido coastal areas
MiINORU SANO*
Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido 051-0013. Japan

Population size, catch, and natural increase in the sea cucumber Apostichopus armata were estimated in three coastal areas
of northern Hokkaido, Japan, based on dredging data (swept-area method) collected between 2008 and 2017. Natural increase
was estimated as the difference in the population sizes of the two annual cohorts, where the population size of the second
cohort was the difference between the overall population size and catch of the previous year. The results showed that
population size decreased annually in areas where the mean annual catch exceeded the annual natural increase. Conversely, the

population size increased every year in areas where the mean annual catch was less than that of natural increase. Therefore,

stock managers can use natural increase to define catch limits for Apostichopus armata.
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Table 1 Sea cucumber Apostichopus armata fishery data and stock management in three coastal areas (a, b, and c) of

the northern Hokkaido
Items a b c
Number of ships with dredge nets for sea cucumber 1 6 16
Fishing season 16 Jun - 30 Sep 1 Jul - 31 Aug 16 Jun - 31 Aug
Upper catch limit (ton) per boat no limit 4.7 5(2008-2009)
3(2010-2013)
Minimum weight of individuals at capture (g) 100 (2008-2011) 130 100 (2011-2012)

120 (2012-2015)

130 (2013-2017)
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Fig.2 Spatial data methodology for calculating mean sea cucumber Apostichopus armata density and total sea cucumber catch
in a grid. n: number of polygons. X: density (kg/m’) of the catch in the polygon a (a = 1, 2,..., n). Y,: dredged area (m’) in
polygon. C,: catch (kg) in polygon. L: number of grids. n,: number of selected polygons in the grid 2 (h =1, 2,..., L). X,;:
density of selected polygon i in the grid 4 (i = 1, 2,..., n,). ¥,,: area of the selected polygon i in the grid 4. Y, total area of
polygons in the grid 4. C,: total catch in the grid 4. m,: number of polygons recorded on the first day of fishing season in
the grid /. X,;: density of polygon j recorded on the first day of fishing season in the grid & (j = 1, 2,..., m,). ¥;;: area of
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100 m x 100 m. Modified from Sano et al. (2011)
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Fig.4 Annual change in population size, total catch, and
natural increase of sea cucumber Apostichopus armata
populations in three coastal areas (a, b, and c) of
northern Hokkaido. Solid bars: initial population size;
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Relationship between the high growth rate of sown scallops Mizuhopecten yessoensis in 2021 and environmental
factors in the Okhotsk Sea coast off Hokkaido

Yasurumt HADA*, SHoTARO SAKIMURA? and Koyt MIYOSHT’

' Abashiri Fisheries Research Institute, Hokkaido Research Organization, Abashiri Hokkaido 099-3119
? Abashiri Fisheries Research Institute, Hokkaido Research Organization, Mombetsu Hokkaido 094-0011
* Central Fisheries Research Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

We report the rapid growth of the Japanese scallop (Mizuhopecten yessoensis) in the coastal area of the southern Okhotsk
Sea, Hokkaido, Japan, in 2021. Based on monitoring data for the past 29 years and previous studies, it was suggested that the
high growth rate in 2021 might be promoted by a favorable feeding environment due to the intrusion of dichothermal water

from the Okhotsk Sea to the coastal area, with optimum water temperature in spring and moderate current velocity for feeding.
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Fig.2 Seasonal changes in adductor muscle weight at the
fishing grounds of Mombetsu. Circles indicate values
in 2021; squares, triangles, and bars indicate the 1st
and 2nd tertile values and range values of the previous
29 years, respectively. Except for March, samplings
were conducted in the early and middle of each month.
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indicate values in 2021; squares, triangles, and bars
indicate the 1st and 2nd tertile values and range values
of the previous 29 years, respectively. Except for
March, samplings were conducted in the early and
middle of each month.
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Fig.5 Seasonal changes in bottom water chlorophyll «
concentration at the fishing grounds of Mombetsu.
Circles indicate values in 2021; squares, triangles, and
bars indicate the 1st and 2nd tertile values and range
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Fig.6 Seasonal changes in bottom water temperature at the
fishing grounds of Mombetsu. Circles indicate values
in 2021; squares, triangles, and bars indicate the Ist
and 2nd tertile values and range values of the previous
29 years, respectively. Except for March, samplings
were conducted in the early and middle of each month.
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Table 1 Ranks and values (in parentheses) of growth
parameters calculated from values in early April,
the sampling that recorded the maximum values
(varying between mid-July and early October), and
average environmental factors in April or May for

the top 5 years for scallop growth for the period

1992-2021
ltem Rank (Value)
1992 2002 2004 2013 2021
IRAM (%) 5(121) 4 (128) 3 (154) 2(168) 1 (199)
IWAM () 4(137) 2 (17.3) 5 (128) 1(19.7)  3(156)
aCHL (mg/m) 6(40) 22 (12) 15 (24) 14(25  8(39)
mCHL (mg/m) 2(67) 8 (37 11 (25 9 (3.4) 1 (48.4)
aTEMP (°C) 6(35) 3 (38 4 (37) 11(286) 1(4.4)
aSLD (cm) 3(188) 4 (182) 12 (163) 7 (17.7)  1(225)

IRAM:Increase rate of adductor muscle

IWAM:Increased weight of adductor muscle

IRAM and IWAM calculated from the values at early April and the sampling that
recorded the maximum value (varies between middle July and early October)
aCHL : April average bottom chlorophyll a concentration

mCHL : May average bottom chlorophyll 2 concentration

aTEMP: April average bottom temperature

aSLD : April average sea level difference between Wakkanai and Abashiri
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Low water temperatures decrease the motility of chum salmon fry after seawater transfer (short paper)

Mirsuru TORAO®

Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061-1433, Japan

The effects of low water temperature on the motility of chum salmon Oncorhynchus keta fry after seawater transfer were

examined in a rearing experiment. After freshwater rearing, chum salmon were reared in artificial seawater at 2 °C, 4 °C, and

8 °C for 3 days. After rearing in seawater, the motion distance (MD), nearest neighbor distance (NND), and separation angle

(SA) were measured via video analysis. The MD was 15% lower at 4 °C and 50% lower at 2 °C than at 8 °C, which is the

optimum water temperature range for chum salmon. NND was markedly greater in the 2 °C treatment. SA indicated the

maintenance of the schooling structure and no significant differences among the three treatments were observed. These results

suggest that the motility of chum salmon after seawater transfer is reduced at low water temperatures.

F—"7— N

Temperature is an important environmental factor that affect
animal physiology, behavior, and geographic distribution
(Magnuson et al., 1979). In fish, the water temperature also
affects ontogeny, oxygen consumption, growth rate, and
maturation (Watanabe, 2017). However, the optimal water
temperature or temperature preference differs among fish
species (Tsuchida, 2002), and the water temperature preference
in salmonids is closely associated with feeding, metabolism,
and growth (Brett, 1971 ; Webster and Dill, 2006 ; Torao, 2022).
Thus, water temperature may be a major environmental factor
limiting salmon behavior.

Chum salmon (Oncorhynchus keta) is an anadromous fish,
and their juveniles descend to estuaries in a relatively short
time after their emergence from spawning redds in rivers
(Kobayashi and Ishikawa, 1964 ; Mayama et al., 1983), where
it transitions to marine life. Early marine life is considered a
major mortality period for salmon (e.g., Parker, 1962 ; Healey,
1982 ; Bax, 1983 ; Fukuwaka and Suzuki, 2000 ; Willette et al,,
2001 ; Mueter et al., 2002). Several studies have reported that

the body size and growth rate are closely related to salmonid

nearest neighbor distance, Oncorhynchus keta, separation angle, video analysis

mortality during this period (Healey, 1982 ; Saito ez al., 2011 ;
Tucker et al., 2016;Honda ez al., 2017, 2020 ; Hasegawa et al.,
2021).

Several coastal field studies have indicated that the
distribution and growth of chum salmon fry/juveniles during
their early marine life are strongly influenced by sea surface
temperature (SST) (e.g., Mayama and Ishida, 2003 ; Nagata et
al., 2005, 2007). Along the Hokkaido coast, juvenile chum
salmon are distributed in the SST range of 5 °C-~13 °C, with
good growth occurring between 8 and 13 °C (Irie, 1990;
Kasugai et al., 2012;Seki, 2013). Conversely, a low SST of <5
°C may limit the migration and depress the growth of salmon
fry (Nagata ef al., 2005 ; Nagata ef al., 2008 ; Kasugai ef al.,
2012). As juvenile chum salmon grow, their habitats expand
from the coastal to nearshore waters. However, low water
temperatures hinder habitat selection.

Low water temperatures generally reduce the metabolism,
feeding rate, and growth of teleosts fish (Brett, 1979 ; Jobling,
1994). This phenomenon has also been observed in chum

salmon fry (Torao, 2022). Low water temperatures during early
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ocean life are believed to limit the migration, distribution, and
growth of juvenile chum salmon; however, their impact on
individual behavior remains unclear.

Changes in behavioral activity and schooling behavior are
expected if low ocean temperatures affect the behavior of
salmon fry. The swimming and schooling behaviors of salmon
fry can be quantified using video analysis (Torao et al., 2020,
2023). Therefore, this study used video analysis to examine
whether salmon fry activity was affected by low water

temperatures.

MATERIALS AND METHODS

Fish stock and rearing conditions Experiments were
conducted in 2018 using a 2017-year class of chum salmon fry
at the rearing facility of the Salmon and Freshwater Fisheries
Research Institute (SFFRI) of the Hokkaido Research
Organization. Fish were obtained from artificially inseminated
eggs at the Chitose River Hatchery of the Nihon Kai Salmon
Enhancement Program Association on October 30, 2017.
Fertilized eggs were kept at the Chitose River Hatchery,
transported to the SFFRI rearing facility on December 13, and
incubated in a vertical incubation system until emergence. On
March 1, 2018, 1000 fry were moved from the incubators and
placed in a plastic rearing chamber (length X width X height:
326 x 033 X 033 m) supplied with a constant flow of fresh
water. Water temperature during the rearing period averaged
82°C (range, 7.4 °C-8.5 °C). The fry were fed a commercial
diet (Alpha Crumble EX-Masu #1 and #2; Nosan Co., Ltd,
Yokohama, Japan) six times a day at 3.5% of their body weight
until seawater transfer. Three fish bowls each filled with 10 L
of artificial seawater were placed in water temperature control
tanks at 2 °C, 4 °C, and 8 °C. Aerated water was used as
artificial seawater in the fish bowls. On April 11, ten
freshwater-reared salmon fry were placed in each bowl. After
3 days of seawater rearing, the fry were used for behavioral
measurements on April 14.

Video recording of chum salmon behavior Behavioral
activity was measured using video recordings. A circular
polyethylene tank (diameter, 48 cm; experimental tank) was
used to record the behavior of the chum salmon fry. Artificial
seawater, adjusted to the water temperature for seawater
rearing, was added to the experimental tank. The water depth
of the experimental tank was maintained at 3 cm to restrict fry
behavior in two dimensions. The amount of water in the

experimental tank was approximately 5.7 L. Video recordings

were conducted in a low-temperature room. Iced gel packs
were placed under the experimental tank to maintain the water
temperature. Ten fry from three fish bowls at each seawater
temperature were randomly transferred to the experimental
tank and acclimated for 5 min. The fry behavior was then
video-recorded for 5 min using a digital camera (PENTAX
Optio WG-4 GPS, Ricoh Imaging Co., Ltd.,, Tokyo, Japan) set
above the experimental tank. All fry used in these trials were
anesthetized after each recording and fork length (FL; mm) and
body weight (BW; g) were individually measured. Their
condition factor (CF) was calculated as follows: CF = (10° X
BW)/FL’.

Video Analysis Three parameters were used as behavioral
activity indices: motion distance (MD), nearest neighbor
distance (NND), and separation angle (SA). For MD
measurements, the free Windows software “Undo-kun for
Windows 2.0” (http://www.vector.co jp/download/file/win95

/edu/th537268 html, March 31, 2020) was used to measure
the distance and calculate the movement speed from the
coordinates of the video images. The coordinates were
recorded by clicking on the fish snout on the screen. The
measurement interval was every 15 frames (approximately
0.25 s), and the distances between the obtained coordinates
were calculated. Preliminary analysis revealed that the distance
moved by the chum fry during the first 30 s of recording was
representative of the entire recording time. Therefore, the
distance measured during 30 s was converted to the distance
moved per minute, and this value was defined as the MD. The
MD was expressed as the value (cm) divided by the FL of the
individual measured on the image (XFL).

NND is an indicator of schooling behavior; the shorter the
NND, the stronger the schooling structure (Masuda, 2010).
NND was measured following that of Torao (2023). That is, a
still image was extracted every minute from the recorded
video, and five still images were obtained per experimental
temperature treatment. For each image, the distance between
the nearest neighbors of each individual was measured using
Image]J (Schneider ef al., 2012), and the average value was
used as the NND for each temperature treatment. The NND
was expressed as the value (mm) divided by the FL of the
individual measured on the image (XFL).

SA is defined as the angle between the body axes of the
focal and neighboring fish (Masuda et al., 2003) and indicates
the parallel orientation of individuals constituting the school.
SA was the average angle between the body axes of all

individuals measured using ImageJ for the above still images.



Statistical Analysis One-way analysis of variance
(ANOVA) was conducted on the FL, BW, and CF of chum
salmon fry to test for body size differences after water
temperature treatment. The Tukey-Kramer test was used to
compare MD, NND, and SA across the three seawater
temperature treatment intervals for multiple comparisons. The
SA in each treatment was also compared to 90°, the value
expected in a random distribution, using Student’s t-test. All
statistical analyses were performed using R statistical

computing package v422(R Core Team, 2022).

RESULTS

No differences were observed in the body size of the chum
salmon fry after the 3-day seawater rearing treatment
(Table 1). The mean FL of fry in the 2 °C, 4 °C, and 8 °C
treatments was 47.1, 48.6, and 47.1 mm, respectively, without
significant differences (Tukey-Kramer test, p > 0.05). BW was
slightly higher in the 4 °C group (0.73, 0.82, and 0.73 g, in the
2 °C, 4 °C, and 8 °C treatments, respectively), but without
significant differences, and CF were similar (Tukey-Kramer
test, p > 0.05). The body size of all groups was <1 g, which is
considered an appropriate release size (Nogawa and Yagisawa,
2011); however, no mortality occurred during seawater rearing.

The mean MD was 564 FL at 2 °C, 939 FL at 4 °C, and
114.1 FL at 8° C; the lower the water temperature, the shorter
the MD (Fig.1A). The MD of the 2 °C treatment was 50%
smaller than that of the 8 °C treatment, and that of the 4 °C
treatment was 15% smaller. The 2 °C treatment was
significantly different from the 4 °C and 8 °C treatments
(Tukey-Kramer test, p < 0.001). No significant difference was
observed between the MD of 4 °C and 8 °C treatments
(Tukey-Kramer test, p > 0.05).

NND (xFL), an index of schooling structure, was 1.7, 12,
and 1.3 in the 2 °C, 4 °C, and 8 °C treatments, respectively

Table 1 Fork length (FL), body weight (BW), and condition
factor (CF) of chum salmon fry in the experimental
groups at different seawater temperatures. All
characteristics were not significantly different
between water temperature treatments ( Tukey—
Kramer test, p > 0.05).

Treatment Mean + SD
Date of - -
. temperature fork length  body weight  condition
Experiment
in seawater (mm) (2) factor
Apr. 14, 2°C 47.1+391 0.73+0.17 6.90+0.59
2018 4°C 48.6+2.55 0.82+0.16 7.09+0.48

8°C 47.1+3.17 0.73+£0.16 6.94+0.42
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(Fig.1B). The NND in the 2 °C treatment was significantly
larger than that in the 4 °C treatment (Tukey-Kramer test, p <
0.01). No significant differences were observed between the 2
°C and 8 °C and the 4 °C and 8 °C treatments (Tukey-Kramer
test, p > 0.05).

The mean SA values were 52.2°,47.1°, and 41.4° for the 2
°C, 4 °C, and 8 °C treatments, respectively (Fig. 1C). Multiple
comparisons revealed no significant differences in SA among
the three treatment groups (Tukey-Kramer test, p > 0.05).
Conversely, SA in all water temperature treatments was
significantly different from the expected 90° in the absence of

parallel orientation (Student’s t-test, p < 0.001).
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Fig.1 (A) Motion distance (MD), (B) nearest neighborhood

distance (NND), and (C) separation angle (SA) of

chum salmon fry in different low-temperature

seawater rearing treatments. Error bars indicate
standard deviations (n = 10). Bars with different letters
in the same panel are significantly different (Tukey—

Kramer test, p < 0.05).
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DISCUSSION

This study demonstrated that the motility of chum salmon
fry after seawater transition was reduced in a low temperature
environment. The effect of water temperature on burst
swimming speed is generally small in fish but has a greater
effect on sustained swimming speed (Brett, 1967 ; Wardle,
1980;Batty and Blaxter, 1992). The MD included in sustained
swimming speed is likely to be sensitive to water temperature.
SA, an indicator of the parallel orientation of individuals
constituting the school, indicated that the school structure was
maintained and no effect of water temperature was observed.
Conversely, the large NND of 1.7 at 2 °C indicates that a very
low water temperature may affect the retention of NND. NND
was enlarged during fasting due to a decrease in inter-
individuals following the behavior of chum salmon fry (Torao,
2023), and NND may be enlarged when fry conditions are
poor. Even under low seawater temperatures, decreased
behavioral activity may have reduced the subsequent behavior
of individuals, resulting in the expansion of NND.

These changes in motility and school structure due to low
water temperatures may increase the risk of predation in chum
salmon fry. Swimming ability is one of the most important
characteristics of fish survival (Plaut, 2001 ; Cano-Barbacil et
al., 2020) that affects avoidance of predation, feeding, and
migration to new habitats (Webb, 1994 ; Drucker, 1996 ; Plaut,
2001;Nelson et al., 2002). Water temperature is one of the main
factors affecting swimming ability, and its effects and the
optimum water temperature range vary among fish species
(Beamish, 1978). Furthermore, low or high water temperatures
outside the optimum water temperature range reduce
swimming ability (Zeng et al, 2009). A low temperature of 2 °
C could be considered outside the optimum water temperature
range for motility of chum salmon fry. In addition, in many
fish species, schooling is regarded as an anti-predator behavior,
and the formation of schools is thought to have early detection
of predators or dilution effects on predation risk (Masuda,
2010). Water temperature affects both the social behavior and
energy expenditure of fish, with lower water temperatures
leading to lower fish activity and more cohesive schools
(Bartlini ef al,, 2015). Changes in school structure due to low
water temperatures differed from those observed in chum
salmon fry. Although there is still little evidence that low
water temperature conditions increase predation on chum
salmon fry in the field, reduced behavioral activity and

changes in schooling behavior at low water temperatures may

be detrimental to predator avoidance in terms of anti-predator
behavior.

In hatchery programs, releasing chum salmon fry at 7 °C
-11 °C SST is recommended to allow for their downstream
migration period in the river after release (Nagata et al., 2007;
Seki, 2013). However, salmon catches in Japan have continued
to decline in recent years, despite continued hatchery releases
(Miyakoshi et al., 2013). One possible reason for this is that
climate change may have caused the SST to rise faster,
shortening the optimal water temperature period for the
growth of chum salmon in coastal and offshore areas (Saito
and Miyakoshi, 2018 ; Kuroda et al., 2020). In response,
hatchery release programs continue to search for the optimal
release timing and size for chum salmon fry. Chum salmon
need to grow to a FL of 7 cm (3 g body weight) and migrate
offshore by the time water temperatures reach 13 °C, the upper
limit of their distribution (Mayama, 1982). Low water
temperatures immediately after sea entry may limit foraging
behavior, resulting in slower growth rates in the coastal zone.
In addition, when chum salmon fry enter the seawater at low
temperatures, short-term fasting in freshwater suppresses their
growth (Nakamura ef al,, 2019) and reduces swimming ability
(Torao et al., 2021). Avoiding such growth and behavioral
influences requires chum salmon fry to remain in good
nutritional conditions until they enter the sea. Feeding fish oil-
supplemented diets effectively in increases lipid accumulation
in chum salmon fry (Murai ef al., 1983) and has been
conducted in some hatchery programs. The effects of feeding
conditions and nutritional status on behavior at low water
temperatures should be examined in the future. Water
temperatures of <5 °C are not necessarily good for chum
salmon fry. However, if the optimal water temperature period
continues to decrease in the future, the release of salmon fry
at lower water temperatures should be considered. The effects
of low water temperature on the behavior of chum salmon fry
should be clarified, and effective release methods should be

considered.
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Effect of sea surface temperature on migration pathways and return rates of salmon to the Chitose River, Hokkaido,

Japan (short paper)
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The contribution of sea surface temperature (SST) to variations in salmon return rates was investigated for the Chitose
River, located in the northern Sea of Japan, Hokkaido, Japan. Spearman’s correlation coefficients between SST and salmon
return rates were not significant in April in the Ishikari River off. This suggests that the variation in return rates was less
affected by sea entry. In contrast, on the Sea of Okhotsk side, a positive correlation was observed in May and a negative
correlation in late June, when SSTs were above the lower habitat limit (5°C) in May and reached the upper habitat limit
(13°C) in late June. These results indicate that the variation in return rates may be related to the SST for the length of possible
residence time on the Sea of Okhotsk side, which is a migratory pathway.
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135 C% Ell>TWa ZEhs, YRR OZE) I
MR O KR LI R E 2L 52 TnieneE
ABbND, ZOMEHIE, Nagata eral. (2016) D4 L [F]
FeTH Do anH - B (2023) (& HAWEALEEO KIE) 12
BT S A7 MU RS O M T KR & AR R R
OS5 2 ZHWELTWAEA, ZIUTAR)IET
£ 1200 km(Z &L A7 E 3 2 KIS B 2 i
BRI O M AIZS CUTOEL R T2 2 L5 L
TV EEZLND,

[FEARR R T 5 4 & — > 7 A O i KA C % b
1% OIEHERG =TS A 1, fERETSARRTHo
72 (Fig.3)o Ti)IA i S sz r fEfast k—v
7 I O HERR R IR R IS S 5 B A © b
L5, ALMEERENT OFEABE THMIATo T 5 [723
1% fd o 72 T HER OB L B ESH P54
FHEBSHEET A 2 G SN TBY (49 2023),
D & &SRR LIRS DS, Ak — 2 i
W L C B b L EZ B5Nb, 22T, 5H
A ST BT B MRS R O W KR & 1 REE
22> CSpearman D A AHBIFRELZ BHEL L 720 2 OFGR
TRCOHTHEZIEOMHBEBERIFRS b7z (Fig.4).
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Fig.3

Seasonal changes in the sea surface temperatures in
the Ishikari river off (Ishikari), Oumu coastal arca
(Oumu), and Abashiri coastal areas (Abashiri). The
box represents the interquartile range (IQR), which is
the range of values between the first quartile and the
third quartile. The median is represented by a
horizontal line inside the box. The whiskers represent
the range of data outside the IQR, and the outliers are
plotted as individual points beyond the whiskers. Data
from 2001 to 2018.

Sea surface temperature (°C)

Fig.4 Scatter diagram between sea surface temperature and
the salmon return rate in the Chitose River. Lines
indicate simple liner regession line. Correlation

coefficients and p-values are shown in the graph.

Upper x-values represent the sea surface temperature

off the Ishikari River from early April to late April.

Middle x-values indicate the sea surface temperature

along the Oumu coastal from early May to late May.

Bottom x-values reflect the sea surface temperature

along the Abashiri coastal from early June to late June.



B, IEYEER AT R V200048 7% & PR 72354 C
b [FREDFERTH -7 (Early May: 1s=0.71, p<0.01, Mid
May: rs=0.82, p<0.01, Late May: rs=0.63, p<0.01), 5 #1a)
DFFF & MG B O ZKIR O 3495 T & 7% -
TBY (Fig.3), - —v 7HH~NHET L LI2Lo
TR KR ASS CTULT OKRBE#EE S 5 2 &3 7 Hidh
DHEFRIZE o TRRNCEH L E 2 b5,

TN SR S N R, AFErHdtkL
TR 2 @, 4 h—y 7 ilefERREETE T
LT, wmMIZIEA R —y 7 lIcms) LE2ohTwn
% (AL, 1990 ; i, 2000) o #HEIFTIZ6 ] THIZHE
FEOHLXTHLIB3CTE2HBRALENBHUWEINT WD
(Fig.3)o 22T, 6] LD THIZBIT 2HEERRED
W IR & 7)1 ER 12D W T Spearman O JE A 4R 24
TEtE L7, €oOfER, HMHEH THTHEEZAD
HBDERD b7z (Fig.4)o 2B, WIEYEERAEHZE 2
25 V20004FE & B\ 7235 5 TH AR O R TH - 72
(Early June: rs=-0.26, p=0.31, Mid June: rs=-0.68, p<0.01,
Late June: rs=-0.55, p<0.05), 13 CldH¥ 7 feM AN =%
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PELTWLDDE Lk, ORI, BEF 5T
N HERUZII G OBREE I EIS ESR9TIZRFE Y A TR
Wb EEZBNL, T dR—y 7l oMK
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Proposal for renaming based on the distribution of two species causing paralytic shellfish poisoning along the

Hokkaido coast (note)

AKIRA MIYAZONO*, Satosar NAGAT?, Kosiro KON?, Tosaikt MASAKI?, Yasunosu KITAYAMA®,
Kazuma KOBAYASHTI®, SHunet FUNAKI® and Koner SANO’

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

* Fisheries Technology Institute (Yokohama Station), Japan Fisheries Research and Education Agency,

Yokohama, Kanagawa 236-8648,

* Formerly of Ishikari Fisheries Technical Guidance Office, Ishikari General Subprefectural Bureau, Hokkaido
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X — 7 — K : Alexandrium catenella (Group 1), Alexandrium tamarense species complex,
Alexandrium pacificum (Group 1V), 75-T-AWp5# )44, LAMP:

B IR RBRR 77 > 7 ' ZS ) 2T
DI9T0FEMEFE S ER S T 5 (FE S, 2020) o ffE
WHBORKE 77 > 7+ P3RS BT H
DRI O 72 5 R X o THEFEMRE L
DATHINT & 720 Alexandriumlg |2 OV C b FELEH A2
D721 T & 720 Alexandriuml@ X 24 4) Gonyaulax)F
7257273, Protogonyaulax)& % #% C Alexandriumg~ & %
FRASTE Sz, bl |2 B3 2 IR RERY 72 70 HE AR R
ey, JBfLOFHEZ X O Alexandrium tamarense species

complex (|HA. tamarense) & Alexandrium tamarense species
complex (IHA. catenella) % [XJl| L CHEODIEE % T-> Tw
5 (FES, 20200, &A%, BEOGTEWFNSG
BRI & DIET 0SS, HA. tamarense & [HA. catenella
\ZAlexandrium tamarense species complex|ZJET 5 b DD,

ZRENZ F D M) Bl 205 R E 70 72 00 TE R 75 A [ o (2 13
ETF BT DIERDBLETH 5 LB E N7 (John et al.,
2014 : Litaker et al., 2018 : YA, 2020), Eihs (2022)
W EEEETE & KB BT D A. pacificum (Group TV) (IHA.

HOCE 5 A638 (20244F 6 JH17H ZHL)

*Tel: 0135-23-4020. Fax: 0135-23-8721. E-mail: miyazono-akira@hro.or jp
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catenella) & A. catenella (Group 1) (IHA. tamarense) Dk
IO MBURIL A PCRIEAIZ X > THL I L, UGS
TOMED MBI IIEES 2N L 2R L7 —
Ji, bEOHFBERN TS 7 b =S ) 27 TIEE
T2 FAR R HE © 72 TIHA. tamarense] B X O° TIHA.
catenella] O EMHLTEBY, 29 L7#HRAEST
LEFROP DT T EIFEF L v (AR, 2020),
ZIT, bEEOHBERT I brE=S) YT
BF b Alexandrium tamarense species complex ()& 3 5% 27
O PN BFTT 572012, WEEE L EAKEYRE
=5 ¥ 7SI BV T O BRI & 2R E R
FHETHR L 20 THRET 5%,

ABRUAE

AEREE WAHTEIEEBET I b RSSO
RO BLRKERS % Bk <, IHA. tamarense?S BT % iff
WoORFSHATH L (K1), HARBAIZIEIINE T
Alexandrium tamarense species complex(X ¥ L T2 727
S 7295, 20054F DI A S T 2 AFFE Ot Tl
4, [HA. catenellad BB #E D33 5 (20224E10H 13 H 10
mJE20 cells L', 20214E7H13H0, 10, 30 m€40-140 cells

47’N"
46°N - I

® f
45°N -
44oN-
4
v
43:N-
422N~ J

O RAEMR

u

140°E 142°E 144°E 146°E 148°E

1 FAH T,

L) Z&ns, A7z, BRIV T
FKUIR L7 YR8 g 77 v 7 b =8 »
TECKBIRAKT v TV EESRY B 2K LE IR
L, 7 = VS TS T A T FE R Lk e 2R
BRES\ZA T L7z RSB D v T 20224E 1 24T
b7 T BT S Kareniadi 4 T15: 7-DNAZ#T FH 31
FETANYF L TIVDH Y, HA. tamarense?SHI L 726
P TNVEMHALE (£,

PRI L 727k L EBREICBW =2 -2 ) RT
TANEY— (@47 mm, HE&Sum, 7 v b<>) TiHE#EL
Db, T4 Y —EA 2 A DS B TR,
EY, T4y —IHEES N TF RIS mLv S 21
F 2 — T AN T-40 CLU T THEEIALE L 720

125 COMBGEFEMI L 23 L Ertky FEH
THKE 74V —Z2FWL, WH L722mL~A 7052
— TIZ AT 20 25 % ChelexiAifi250 pL& FRINE, <2
VAN (TRAT Y, EXTEREIFAHF =Ry A))
EOTINYTAREDFAF— (=0, NT—2y
X =) TIGFHEAREY F A A LTz Ry ANVIIHE L7
12250 uLD5% ChelexiBF i TF 2 — 71 A7z,
Fa1—T%hKNVF 7 AIFH— (TAITEC, S-100) TH
L, 7avyrv—%— (7 X7, MyBL-10) %Hw
T97 T C204 MINE L 720 JkiG T4, 3L (11,000 rpm,
3min) OOL, FiEA (DNAMHE) %215 mLF 2 —7
WL, KOGHE THIER L 720

AlE A L7 T AW TR ko #EE T
MEHEIC LR TR Y, Ml Z2WiEEE LRSSk
LAMPIECH 5 (ZFATR, 2004) , LAMP{: 13 Loop-mediated
isothermal amplification method® st CH D, OFT T
DFISHEFRCTHETT 2, QHIRRZRAMRO T K
DIENEHEN 2155 Z LR TE L, O TEWIFREZ
ol CORMYE D H. T 72, AFETIIEN L § HDNA
DM EICHE ST 2 2 LA TE LD, EmLE
IS N\ e DNAY V7LD ) BELAMPIED5-HTIC
ftL 72D HBRINT T > 7 s ') ¥ 7 OWKEEE
22 X o TlHAlexandrium tamarenseD)Sti & L7230k ¢

&1 Alexandrium tamarense species complex D 73 FEWEF MR D 72> D > 7) ¥ 7 EHH|

BX BT F B w=E (m) D% FRE MRS

BB P 2023 7B ~108 0,10,20,30 16 B K EE BT R 38
FR—V B == 2023 68~7R 0,10,20,30 16 O TE B AR X K EE R i K F5 BT
RE Ik JEab=2s 2023 6B~7H 0,5,10,15 8 REMX KIBIE R FT
KIFEFHEL B 2023  SHE~8A 0,5,10,13 16 12 Hh X oK EE B2 AT R $E S P
KRIFFEFEL +B%E 202  7A~9A8 0-8 5 + B XK EE AT R HE BT
R EFEED BN 2023 5A~6A 0,10,20,30 16 HeE Xk ig88 N AT
ez AN 2023 5H~8H 0,10,20 12 BB X K EE AT K e B AT
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x®2 HiEEHRRNTS 27 b =Y v 7 ClHAlexandrium tamarense & [F5E S 72~ 7 )V OLAMPE:C L A flEE[FE

TE A A
No.  E i mpa  OOE BEEE o0 apDNA N R i ommps oA MBEER 00 appa
(m) (cells/L) (m) (cells/L)
1 RE Bk e 2023/6/13 0 130 O x 18 KEHHRB RS 2022/9/5 0 600 O x
2 IRk = 2023/6/13 5 70 (@] x 19 P it 1o 2023/5/8 0 40 O x
3 RE B 221 2023/6/13 10 20 O x 20 REHEB il 2023/5/22 0 1840 (@] x
4 KEEERB ER 2023/5/25 0 250 O x 21 KEHEB (il 2023/6/1 0 660 (@] x
5 KFEEEE B 2023/5/25 5 240 O x 22 5 B 2023/6/1 20 10 x x
6 KFEEHB ER 2023/5/25 10 210 (@] x 23 Gl 2023/6/12 0 2500 O x
7 KEEHES e 2023/6/22 13 270 O x 24 (il 2023/6/12 10 930 (@] x
8 KFEEE EE 2023/6/22 0 10 (@] x 25 BA 2023/6/12 20 100 (@] x
9  KFEEB EER 2023/6/22 5 170 O x 26 AN 2023/5/16 0 10 O x
10 KFE¥EERB ER 2023/6/22 10 100 (@] x 27 etz 30 it 2023/5/16 10 30 (@] x
11 KFEEEE ¥ 2023/7/19 0 30 O (@] 28 etz 314 pail) 2023/5/16 20 10 (@] x
12 KFFER 2 2023/7/19 5 60 O O 29 peat 230404 A 2023/6/1 0 430 O x
13 KFEES  ER 2023/7/19 10 20 (@] x 30 etz giaila il 2023/6/1 10 120 O o
14 KFEFEREB BB 2022721 0 21900 O (@] 31 FAR—voE  BE 2023/6/5 10 10 (@] x
15 KE¥EHRHB S 2022727 0 200 O (@] 32 Fk—voE  ®EE 2023/6/5 20 10 (@] x
16 KFFEFRE BB 2022/8/5 0 300 O x 33 Fh—voiE  ®Ba 2023/6/20 10 10 O x
17 KFERB FBE 2022831 0 200 O x

HbH (322), 334 7 IIZDOWT, Nagai (2013) O
YREILT 94 < —% W, LAMPEZ X %A, catenella
(Group I) & A. pacifucum (Group 1IV) O % 1T o 720 45
WTEA. catenella (Group 1) 1) — A & A. pacificum (Group
IV) 2= A TR %I4T - 720 UT OEAEIZHEESE, +
VINET Ty aT A ATHHLRE N T o 72,
PG EMIX O 3 8 : DNAYS IR % » b (L 5k,
Loopamp) & 6D 77 4 ~— (FEZLER : 50 uM7» 5
HEAR) B I EG - B ML RE (R
Loopamp) % F3IRTHETILSmL~Y A 7 0F 2 — 7|2
&N, RNT v s A FT—THRIFOO L BN L
¥ (7 X7, Mini Centrifuge) TIFRLELL 72, &A%
400 TN T EOTER L. 774~ — DAL
BB DGR R/NRICT B720, 7)) — XY FH
THW, BRI — b7 L— 7R L7223 QK E
HL7z
GHTADNAY TV AT T4 Ty ha—

(dH,0), RY 71 7a > sa—)v (4. catenella (Group I),

A. pacificum (Group IV) DRFFEMRD SAERL L 72DNAY >~

&3 LAMPED SR AW ZAFKT 5 720 ORI DR

=R

[S)E=ER
regent x 1(:2‘)“"16 x10 (S:Sples B
2X Reaction mix 12.5 125 Loopamp @ TfRD F v kHEK
FIP primer (40uM) 1 10 F5 R from 50uM to 40 uM
BIP primer (40uM) 1 10 75 R from S0uM to 40 uM
F3 primer (5uM) 1 10 R from 50uM to 5 uM
B3 primer (SuM) 1 10 Z R from S0uM to 5 pM
Loop primer-F (20uM) 1 10 #5 IR from S0uM to 20 uM
Loop primer-R (20uM) 1 10 751 from 50uM to 20 uM
BST DNA Polymerase 1 10 Loopamp : FIfRD ¥ v b
Fluorescent reagent 1 10 MR DI
dH,0 2.5 25 Loopamp : MifR®DF v bHE
LAMP reaction mix 23 230

TN ERELZOL, BEASE S s 0T -7 (B
02 mL) |ZLAMPRUSIEMIX 23 pLx 73EL 720 £ 212,

ST TN WLEMZ, Y DOF =T AHTT 4T
JybhU—), RIYTA4 73 M= )VEZNZEN2 uL
Iz 720 8#F 2 —7DFEL Lo» 0 LT, gikEED

B I OB CIEO DL, 62 T TG & ¥z,

P SUE TlEBE AR OIS0 T 5720, RO F
21— T OERE L, ERviiEkL 7,

LS

FEHITFR2 L X212 7R L 726 A. catenella (Group 1) 1ZNo.
&Ry TV THRBE N, T2 LIddtiEEICE
\F % [HA. tamarenseld (T & A E3A. catenella (Group I) T
HbHIEwRLTWE, M5, A pacificum (Group 1V) 1%
No. 11, 12, 14, 15, 30 THH & 1720 No. 11, 1213ZFED

47°N"
46°N - l

45°N-
44°N-

43°N-

42°N-
@ A. catenella

> A. pacificum
®7

140°E 142°E 144°E 146°E 148°E

2 LAMPF:|Z X 5 A. catenella (Group 1) & A. pacificum
(Group TV) OHHELIRIL, 3 EMS (2022) 2255 1H,
[?] 3ERBROVFRAAETL) 7 2R,
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THI9HKEO m, 5 mOY > FUTHY, [[HDKFEL
mDY ¥ 7V (No13) 2513k Sz 225 720 No.l4,
153 B0 7H21, 27H O > 7V Td 5 o No 3013 1A
D6FTHIKEIO mDY > TV THholz, BEilhs (2022)
&AL, MEKEBIZIZA. catenalla (Group 1) 28FIZHIZ
HE L, B/KIREDFKIZIZA. pacificum (Group 1V) 75H
Hy 52 endb T/, WEEEIZIZA pacificum (Group
IV) kA. catenella (Group 1) HSHIEL L, Wil H B
BEHELZVWIEEZHRELTWS, LaL, KPHERE
DE 7, KFEHEREO TS & OEERE: O HIN Tl
T SFEIRE 2 ORISR T 2 2 & 05H 5 2 L SH &
MmE o7,

INLOMEREFEZ DL, lLlEEOHRFET T 7 F
VEZYY) BV TCRER, @EEcBITA [H

A. tamarense | &\ PLNIFFEY THAHZ LIk bH, ),

F R — 7 iE\ZA. catenella (Group 1) 2SHBLL %o 72
LDV TIHIBROFEAEmRIE L ) IEICBIT 55
AR EMEFET B2 UEDH L. F72, HAWRNZHEH T
% IHA. catenella (Group I) DGR TE T &0
AR 5 72,

PLEOfER? 5, 4F07 (2025) 4O LD B H K
TIYI N YEZYY Y TICBWTL, EROAFTH
% [ IHA. tamarense| 7% [Atsc : Alexandrium tamarense

species complex | [CZH§ 5 Z &L 2 REL 72\,

X

John U, Litaker RW, Montresor M, Murray S, Brosnahan ML,
Anderson DM. Formal revision of the Alexandrium
tamarense species complex (Dinophyceae) taxonomy: The
introduction of five species with emphasis on molecular-
based (rDNA) classification. Protist 2014 ; 165 : 779-804.

Litaker RW, Fraga S, Montresor M, Brosnahan ML, Anderson
DM, Hoppenrath M, Murray S, Wolny J, John U,
Sampedro N, et al.. A practical guide to new nomenclature
for species within the “Alexandrium tamarense species
complex”. Harmful Algae News 2018 : 61 : 13-15.

EROE IEH % mBHRR, EithEL. JuiEE B
J LR EERN TS v 2 b oSk E TR HAE
k. HFI#EE: 2020 5 52 1 165-170.

Nagai Satoshi. Species specific detection of six Alexandrium species
from single vegetative cells by a loop-mediated isothermal
amplification method. DNA Testing 2013 ; 5 : 33-46.

HihE SR, A, iTHEE, IBHZ, SORET. HEES
LU KB BT B H 7 HE T B Alexandrium
pacificumBLUA. catenella (Group 1) 120184E.7252020
FEOWBURDL. HATZ2 /b 5438 2022:69(1):1-10.

BUREI T, Alexandrium)&\Z 3517 % 5748 L M4 25T OB
&RRE. A TIMERE2020 ;52 1 200-204.

R E:. LAMPHEEO FE — (a1 o fiiyy - Mk 70 HEiE
H—. AV A 2004 ; 54(1) 107112,



2021 FALBERTFEAFICFE U /=Karenia selliformis
FED 2 X DHEFEIZDODNT

~HLF vy hHOERICEIEXRER EBRBRAGEICD
W T DI&ET~

20204F 2B E L7 & F v v B O g & 2R & AR
£ 9 A Kuroda er al. (2021a) DR T-BHRFEERGE K % FH W
TH LT Y v AifE?HERIGE T Tk SN oRT%
AT L7260 AT v v AP LIZRT DL T B5

Bt THMAMICEX SN, —8 i3t F—y 7z,

— IR TR 2 FR L CREAGR ISR Lz, B
WL DL WIROKIRSEH L % 5 C O %2l o 72K
selliformisiI EFR T E e o/z b EZ b —F, BDHT
DI W ORTFAE ARG R & D AR oK RS A
Rl CERMICEE S, 6H PS8 F CEE
MMIHEE L2 ens, oD TR ZEHES Y LF
X v TR D Ok FR T H 5 RN D 5 o

A631 J/kEmiE: 106, 1-10 (2024)
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BEFREEKarenia selliformisIEEIREDFHBEAREDE

BICBTZREEER - % - GEMEROER EHEE

TOERDHT

HEOE ARKH, WHIFH, ZkMmEH, fRIl s,
AEIM—, ZZEMIKH, R

Karenia selliformis7 il 58 42 32 45 O @ HIN o= O KEE I
ETFBICB 2 TR, HEB L O EREROW
FedviE Atk —y 7L KEEORRE2LMAEIIBIT
K. selliformis & Bt 0 MBLIRUL & P4 L 720 K
ETBBICB I 2 EE IBIOESICRE (RBE N,
MiRaEE6-9R 124 <, 10-11FICh ol HBFEB &
CEFE~KFEOMPBTET I - 2DIEF ) L&D Y (2
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