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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”.

G IBILITEUEA
UBEiL RS MA R

IKEFRFAER

(Local Independent Administrative Agency

Hokkaido Research Organization

Fisheries Research Department)

FRRIKERERS

(Central Fisheries Research Institute)

HREKE A BRI
(Hakodate Fisheries Research Institute)

sliE& K E A ER S

(Kushiro Fisheries Research Institute)

MEKEERS

(Abashiri Fisheries Research Institute)

MK EE S BRSS

(Wakkanai Fisheries Research Institute)

ALK A ER S

(Mariculture Fisheries Research Institute)

S ET -AKEKERRS
(Salmon and Freshwater Fisheries
Research Institute)

046-8555

SHERR AT EAFHE]238
(Hamanaka—cho, Yoichi, Hokkaido 046-8555, Japan)

040-0051

BT R HA20-5

HEETERRKE - BEREEMREE2—A
(Benten—cho, Hakodate, Hokkaido 040-0051, Japan)

085-0027
SB& T e AT 4-25
(Nakahama-cho,Kushiro,Hokkaido 085-0027, Japan)

099-3119
MEETEHEI-1-1
(Masuura, Abashiri, Hokkaido 099-3119, Japan)

097-0001

MEATRIL4-5-15
(Suehiro, Wakkanai, Hokkaido 097-0001, Japan)

051-0013
FRThA RET1-156-3
(Funami-cho, Muroran, Hokkaido 051-0013, Japan)

061-1433

ERETT AL AaAHE]3-373
(Kitakashiwagi—cho, Eniwa, Hokkaido 061-1433, Japan)



AtBEKEARBAARS
5510475
H &

FI #%, BER 5, B8, PERT, BERE
BT = (R 5 ATH T Z) AREOKE S & EHOBIEITE DL BU o 1

HHEE, &% W
KB BT AT 8 7 I A IR AR S 7R R O TH R DHETE oo 13

EhEe, €% W, IE =
o EHETE E Karenia mikimotoi DWEXIBEIZ BT AR & ERHEIC BT AREBIIEZRIZOWT e 21

mEARR, BFEA
I35 12 251 2 WK IR O B KA 04 4 N ER RIS 5 & 2 S (B - oeeeoeeeeoee 33

RE *
FEEII Y T MR DBEIREE 2 AL S DGR oo 37

RiRE, FABEOEA, RellEd

3 ¥ ESpirinchus lanceolatus > & O Aeromonas salmonicidadD F) 578 (FIFR) o oovvrermre 41

TFHMK, RINXE, HAHARR, REHZ
AR AR & O R — Y 7 M TR S IO 9 5 (AP oveeveereeens 15

HES, MEE, KL

20214F 3 £ U20224F D BRI BT B AREIZEE ERAEREM T T 27 F 2O

HEELT O UA T (BEE) e meee e 53
EREFBRAB0FRY FEHHX (1)

IBE %, EEXH, XRAH
e 5 AW BT B 6RO EMEEEM TR N8 T 7 b EYED

VST (JEE0) e veveneeeeten ettt 65
ZR A

B H AR WD —% B2 BT D Neocalanuslg 71 4 7 2 FH (Neocalanus plumchrus/flemingeri)

DA LTI E D AETETI & 2 DY TR -+t everet ettt ettt ettt 79

ERAH, IKH &
BEOANFBIIBIT L2877 > 7 b OBiffaEB L UM OB
—HEICH A T VHHIT DT CBERE) oo 89

(20234°9H)



SCIENTIFIC REPORTS
OF
HOKKAIDO FISHERIES RESEARCH INSTITUTES
No.104
CONTENTS

HirosH HOSHIKAWA, Akira SUGAWARA, Hirovya OKUMURA,
Kand NAKAJIMA and Tatsuya UNUMA

Improving the gonad size and color of old sea urchins (Mesocentrotus nudus) by cultivation -------«-------e -+

MasarFumi NATSUIKE and Makoto KANAMORI

Estimation of the elimination rate of paralytic shellfish toxins in the midgut glands of cultured
Japanese scallops (Mizuhopecten yessoensis) i Funka Bay -« oreeereeereemr

MasarFumi NATSUIKE, Makoto KANAMORI and Isao KUDO

First occurrence and a red-tide event of harmful dinoflagellate Karenia mikimotoi in
Funka Bay, HOKKaId «+++++ -« r+srerrermm ettt

AxiyosHl SHINADA and Havato SANEYOSHI

Effect of sea surface temperature on the migration pathways of salmon river return rates to the
Teshio River, Hokkaido, Japan (Short Paper) .............................................................................

Mitsuru TORAO

Fasting alters school structure in chum salmon Oncorhynchus keta fry (ShOrt paper) «--«««««--xerevereeereennn.

SHINGO ITO, Nozomi OKADA and Ryuvya HASEGAWA

First isolation of Aeromonas salmonicida from Shishamo Spirinchus lanceolatus -+« -+« rovrrererieeieeees

Kobal MORITA, DaicHi KUROKAWA, Yutaro SUZUKI and KazuHiko ITAYA

Arabesque greenling Pleurogrammus azonus in young fish caught in the Sea of Japan and
Okhotsk Sea around the Soya Strait (Note) ...............................................................................

MasarFumi NATSUIKE, Tetsuya KONISHI and Takuya MIZUKAMI

Occurrences of red tides and harmful algal species in the southern Hokkaido
during 2021 and 2022 (NOtC) ................................................................................................

With special papers for the Periodical marine research 30 years
report article Part 1

HirosH SHIMADA, DaicHi ARIMA and Hiroki ASAMI

Long-term fluctuations in zooplankton biomass collected during six research cruises around
HOKKAIAO (REVIEW) + v v v v reremeeet ettt

Hiroki ASAMI

Annual fluctuations and factors affecting the abundance of Neocalanus plumchrus/flemingeri
il’l the Sea Of Japan Off northern Hokkaido .................................................................................

Hiroki ASAMI and HirosHi SHIMADA

Comparisons of zooplankton biomass and composition during the day and night in spring at a station
in Ishikari Bay, western Hokkaido, with special reference to copepods (NOte) ««««««rxxereeereeeriieraiinns.

ol 7= 11151 1 T

(September, 2023)



JekEmFE# 104, 1-11 (2023)
Sci. Rep. Hokkaido Fish. Res. Inst.

mEm7= (FELFYFZ) EEROXE S EEBFADRERTICLHHE

FlI &7, BR B, RAHE, REHT, BER&
TTALBEL R EMREE P RKERERS, ABEIR S MEHEIE R RKERRS,
tBELR S MEBEEKERRS, ‘EUMERREEAKERE - BEEE KEZRAERR JIERTE,

IRFAE ¢ B AFEARIKRERLREFIAER
Improving the gonad size and color of old sea urchins (Mesocentrotus nudus) by cultivation

HirosHt HOSHIKAWA*, Akira SUGAWARA?®, HIRova OKUMURA?, Kanyt NAKAJIMA' and
TatsuyA UNUMA*

' Formerly: Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046-85535,
* Central Fisheries Research Institute, Hokkaido Research Organization, YoichiHokkaido, 046-8555,
* Abashiri Fisheries Research Institute, Hokkaido Research Organization, Abashiri, Hokkaido, 099-3119,
* Kushiro Field Station, Fisheries Resources Institute, Japan Fisheries Research and Education Agency,
Katsurakoi 116, Kushiro, Hokkaido 085-0802, Japan
* Present address: Graduate School of Agricultural Science, Tohoku University,
Aramaki, Sendai, Miyagi 980-8572, Japan

On barren grounds, the sea urchin Mesocentrotus nudus has small and dark gonads of low commercial value from a lack of
food. Efforts have been made to develop cultivation techniques to increase commercial value. However, the sea urchins on
barren grounds are relatively old and fishermen believe that the small gonad size and dark gonad color of aged urchins are
difficult to improve. Here, we fed urchins collected from barren grounds with sufficient Saccharina japonica and examined the
gonad index and gonad color by age. It was found that by providing sufficient food, the gonad index of old urchins could be

increased to the same level as that of young sea urchins. In addition, the dark gonad color can be brightened with the increase

in the gonad index. This result could lead to the effective use of aged sea urchins in barren grounds.

F—T—F BT, ¥FLTHFTo,

F & LT F 7 = Mesocentrotus nudus (A. Agassiz) 1
N7 ¥ 77 ZStrongylocentrotus intermedius (A. Agassiz)
LA TILBEDOIRREBEEICB W TEE2MAFEO—>T
BHDHo ETHH, AR, ALEERTHO H AN TIE
U ZHD L 7 BT BT AEEE 12 o T
W2 (BEMH, 1987 7Rith e, 1999, 2002; ZEARS, 2014),
BB O BWIAIAERT 23 47037 =21%,
Py A XD AES0 mmIZ Y B Fiin b4k & A7 <, AGEH
ot (REIST T 2 A0EERZOHE) 200 FIZR S
25, BERLE 2 BUREEAAE L T\ BT, EY A
RIET HERS BEICR YD, 204 R D D T

AFEE, RATEH,

W

B PG ENTwD (B 1997, 2D L) %=
BRI DD 2o W EEBE LT R S A ST A R AN S 7
fEONAF & 2T %7 = (AR 5 2
&TC, HIRORE SZHINTE S e shitn
% (B FE 1997 ;. Agatsuma et al., 2002 ; Kinoshita et al,
2013 ; Unuma et al., 2015 ; Takagi et al, 2019) .

— I, ENTHHBICB T 24y = (BHEE) OFHIE
Fix, HA X, A OHR, BIUKEEbLNL TV
(Agatsuma et al, 2005)  BEBET I HERES L2 F ¥
LT X ZOAFERIL, ~ 3 ¥ T Saccharina japonica’
ERSELIET, omE (A X, & @H, B
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2 T # EE OB, BN RS, ERRE

LOUBR) PLEEIND Z ENHEINTWAS (Takagi et
al, 2019), 1% 5 O TIREAF MG IART, &TH
WIZAH R TR L B (LE) 8L, dEEET 3 R
DI LH®WART LTIy EmoMNE, kit Ry
LT VFZ U ErOKT2OEKE LY, BEREERTCIE
TIAWEDPSRE LR LT F T bR L Y
b BV EHI & 1572,

COX NN, BRI A T A AR AN S T
BIEIMR N F ¥ A S F v 2o~ ay 7k EomEi
B25.252 LT, WEPUETLREARENTE
72o —JiTC, BREEVURESICZ VSR =Tl SRS
B2 (FoarRyt) L) REFmSNTS
D, DX %Y ZOMEUERIZOWTIEE AR 2 1
MR, EHEROBEL, TR LoEBoMEL, &
W b ETHH AN O ER THHE Td 1) (Agatsuma et al,
2005), AR & B EALOREE LA E % B OB R
% %8> (Kinoshita et al, 2013), =@ X 9 % Gl HEOE MG
fLizid, ke e LTHISNE VKR T AT V55 L
TWwb EEbITwb (Pease and Cameron, 1991 ;
Vaschenko et al,, 2012) ,

T/, RO T XA LT AEE o=
AT (FAD LIZ W) &) FED SR O
TELNTVL(FEESIZLIHHEMY ), BHADTUN
7 v TR L AR B O BIR & RS T,
A ERAE R IFE RS em F TIIHEMI L CTHY25123E 4 525, 7
emZ 2 B LA L CRES embl B TIZITIC R o 72
LaEns (UK, 1993), F72, S purpuratusT b ik fE40
~50 mm¥F TITAEREIEEIIEINT 528, FiLi kK&
WEDLTPITEAT B EHE SN TS (Conor, 1972),
INBIIRIROWGD OFE L 727 IS T 2 HHITH
D, AT LY TR, KBSy =13y
A LIZ VeV EFDERR L IZ—HT 5, £D—
F, S purpuratusTIE, FEIMHETO2H X7 = OKE & 4
JHEEEOBRIZIZIZERYTH Y, KEICE->THA
FEEIAA IS L F bR ot b H 5 (Ebert
etal,2011),

Dok oiz, mERGc3Eiy =13 (1) HAD
LiZdw] 9212 1) HoansBFATns] L&z
LNTEY, BEETHLTED TREFE21T-oTHE
rnfilifE AU S B PEERHT 2R b dofc, £ TR
FZETld, BTSN OREL X7 27T F 7 =2
L, BN TOH 2580 Tl A lE~ 2
VT ERMEEL, Fhnl AEEY, G, BLOA L
W& OBRE RN, RIS X Y, HBEEFAEETO
GIHEE 2 2 BEEEO [HBAD ] BXU [Hof ]
DUGED W REME & MFE L 72D THE T 5,

ARKR VA E

Xy = delEE R RO H AT L 22 S AT RO
BRBE L MR B K THREE L 720 EBRLICH W27 =1
20124E5 23 H, EBR21Z IV 727 = 1320154E4 H20 H 12 HF
U, AR T A A T TR UK SR BRI AT A 52
BRes |2 Rk TE L Z2FRPESL b >kl (PISF#EL75 cm, 490
em, P70 em, ZKiGR60 em) (ZINEY L7z ks Bk
W oOM500 m, ZKFE10 m7 & HOK L CTHBiEa L 72 #50
DR E TR L, FEERFIGER F TR THEE L7,
EER 20124F6H25H A 58 16H £ T, 51HMOFH
FEBEAT o720 BRI THE Loy =h b MmEZIC
120f81F (R%4%45~76 mm) %30, 9 52008k % FEEREH
TRIRE VSR L, 7% D D 1001814 2 Sl B F25R I\ 720 2ETH
Fer 2B a2 |27 L 72 FRPELL b 2K ABIZ R ) 1V A
ML S T (E65 cm X 65 cm X 742 <40 cm, HA1 cm)
E2UEAN, FNEIUSEAD T =2 A L CHE L
7o MEREOWIEREKEZHIEL, 7 I T A b
— VR ANTHREZLT- 720 fHBIGENZ13 TR o 7k
BIZZOBEAICERS L, BTEHIZIZN2TE R -7
(Fig.1) o MK IZTH L 7z BEFR AT o Cagiif S /oA~ o
VT REIREL 25 L) IHIZL, 2EFGEE L 72,
fE BARIRE & #C TS, 4, REB L OV ER
e L, AERIENE TRoNTRD 2,

AHE AR R = A JH A L X 100/ K

AR D TR A PRI L, B RO  fER A E 2 AT
o7z (JUAR, 1973 1 B3 1997), F 72, EHEOMEH
(L™H, a*l, b*H) %FMT 5720, AEJEHEEZ T ) E
LCH T ANATIVIZANR, 06l E (CM-700d,
KONICA MINOLTA Co. Ltd,, Japan) % J\V>CL*H, a*H,
b A E L 72 (538, 2010),
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T
@ Water temperature (°C)

Temperature of the seawater used for Mesocentrotus
nudus rearing experiments in 2012 (Experiment 1) and
2015 (Experiment 2). The temperature in the tank was
measured every morning at 10:00.



KER2 FEERI L) AR THOAHRE 2 HO57-0
WZEEH A L, 2015456 A3H 2 H8A27H £ T, 84
HE O fE LR 1T 720 WAGETCHE L T 7l
S E R & e S A KT 048 K (724358 ~84 mm)
2RO, 9 B ISR % fE FIAET 002015455 H 15 H I fiF5
L, 50 O30fk % B FEERI 720 FRPELL > /KA
WZhY ANy MO K T (#Ed4 cm x HET0 om X 7 $48
em, HE2cem) AN, FOHIZTZFRNELTHE L
720 FIEBIMERC13 T o 2KiBIZZ DR~ 12 LS
L, BTEZIF23C &7z (Fig. 1), ZOMOTFNEIZ
FERLEFRRE L7z

HBENEE EZRioy 210w T, Mk
2720, FERTEOAEEO -T2 7y KV~
WCREE L7 HHIZLVES10 ymD/XT 7 1 VY F
AWML B ANy AT TR E LT
PSR CBIZ L, SO RPVE Z Fuji (1960) D3
WA BT LzEEE (A7—21), BEH (25—
D2), WA (A7 —23), B#EH (A7—-v4), B
LOWHE (A7 —v5) 1248 L7 (Unuma, 2002),
EZAT FEERIO Y 12OV TUE, Aot
%7280, FAHER T RO AR % -80 C CHHLRAT L 720 1K
L) R EE R b B R T 5 72 (Unuma
et al, 2003 ; Murata et al, 2020), 5O EIG A7
< TG S ASE A A T — D20 MR D I 5T L 7o ARGl
HEOEKFEIL, 105 T CARMEZE L 2RO ERZAL
MRS, T A= U EFRIET VAT CREEEIC &
D AHT L7z (Unuma et al, 2003), $72, Wi 7 3 /o
b, HIEFHREETAHINY I U HHWAETAAL
F=v, kN Y, FNYY, TIZY, HRERTHN
Vo, Avad Ty, uaA sy, AFF=Y, J=)
TI=v, ThF=r (B ARF, 2007) OFF®EE S
BT X BRATET (H AR NSHEL-8900) 12X D llzE L
72 (Murata et al., 2020) .

T —ZE ATEREIEEB OB (L o* b¥) OF
—ZIZOoWTIE, FEERITIXI0% A 5 135%, FERTIZ10
WL IROEGE L OTIORMLEE LTHho72, &
NS DEMBMOFEIZOWTIE, EERITIE / 2785 X b 1)
v 7 %5 HlghosE © & A Kruskal-Wallisti 72 % 17V, ik
@ ¥ 12 13 Dunn-Bonferronitfi 72 & H W 720 FEER2 TIEH%
TROZEROMNERI2~TEE Vi oiztz0, 4
FIEBMEIZER L 20 o720 EBL 200w wn
ThH, FlELME, o, bMEL OB, X O Fhn
WOEREIE L LME L OMBITIZE 7 v v o=
BRI X AT o700 FEBRIE20BT, BG4 58
FIRBAEIC L ) W Lo &K, 7)) a—7r &
HFRBIOERT I /VREFREIZOWTE, TR ETHE

Y S AEORE S Lot 3

MEOBBALPESNDL Z &5 (Agatsuma et al,
2005), 4~65% & A hnlE, TR & mEniE & L7228
VF, A D & R O AR T R AT o 720 B & [H
B 12 Kruskal-Wallisti 72 2 17 V>, 2 0 L EZ (I Dunn-
Bonferronif& %2 % FV 720 FH&IZIE 7 V) —#EFFY 7 PR
(verd22) % Hw7z,

& R

EER1 FFMICEEIE L 2RI R o Fze L
72w Z OB TR DRERIZ61.0 = 92 mm (P + 1=
H#FEZAE, DTHLE) THY, Fhnd4mr 513 T, 45
ETREICE— R B20ERI 72 - 72 (Fig.2A) . EHEBI D
IEAFig 2BII/R L 720 40 S TRAIAT TiE, W L4
i T b AR O RAME & /MBI IZF20 mmOIE S D & 28
B2, 8L LTI Z0#EHASEE b, 102 LTl
EET0 mmB Th o7z, Bkl L THERTIINTH D,
FEHIC R DI OITREN E 70 578, 95 DL B CIRIHIT H 12
o7z,

FRERBAIA IR 2R L 72k (4616 £ 9.2 mm, 4EHG
90 £ 33 7%, n=20) OEFHEIREIZ0+30THY, 4
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Fig.2 Number of individuals and test diameter by age of
Mesocentrotus nudus reared in Experiment 1. (A)
Number of individuals. (B) Test diameter. Data for
each animal were plotted by age. Asterisks indicate
significant correlation (¥*** p <0.0001).
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Fig.3 Gonad index by age of Mesocentrotus nudus reared in
Experiment 1. Values represent the mean + SD of

7-27 individuals.
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Fig.4 Relationship between age and gonad color of Mesocentrotus nudus before rearing in Experiment 1. (A) Lightness (L*). (B)

Redness (a*). (C) Yellowness (b*). Regression line and Pearson’s correlation coefficient are shown in each panel.

Asterisks indicate significant correlation (**, p < 0.01; ****_ p < 0.0001). For color measurement, the gonads were

mashed, placed in glass vials, and subjected to spectrophotometric colorimetry.

A L*

601 a

ab

abc pe pe

Age

B. a*

Age Age

Fig.5 Gonad color by age of Mesocentrotus nudus reared in Experiment 1. (A) Lightness (L*). (B) Redness (a*). (C) Yellowness
(b*). Values represent the mean + SD of 7-27 individuals. Superscript letters indicate significant differences among ages

(p <0.05, Dunn—Bonferroni test).



4 years old 5 years old
50 (ﬁ 50
O %
- 40 O - 40 © e}
(e}
r=0.238 r =-0.650*
30 + . . . 30 4 . . .
0 10 20 30 0 10 20 30
Gonad index Gonad index
8 years old 9 years old
50 r=0.590* 50 r=0.923*
ol Q. : (e}
Tof 829 “al  o®
o8 o
30 +——— 30 +—O——F——
0 10 20 30 0 10 20 30
Gonad index Gonad index

Y S AEORE S LE@oTE 5

6 years old 7 years old
r=0.416 r=0.696***
50 50
o 3
- 40 © @ - 40 Q)
OoO
(e}
30 + T T " 30 + T T "
0 10 20 30 0 10 20 30
Gonad index Gonad index
Over 10 years old
50 r=0.152
- 40
(o] O%
Oto
0 +—
0 10 20 30
Gonad index

Fig.6 Relationship between gonad index and lightness (L*) of Mesocentrotus nudus gonads reared in Experiment 1. Data for

each animal were plotted by age. Pearson’s correlation coefficients are shown in each panel. Asterisks indicate significant

correlation (*, p < 0.05; *** p <0.001).
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Water, glycogen, and free amino acid content in Mesocentrotus nudus gonads reared in Experiment 1. Values represent the
mean = SD of 8-17 individuals. Superscript letters indicate significant differences among groups (p < 0.05, Dunn—
Bonferroni test).
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Fig.10 Relationship between age and gonad color of Mesocentrotus nudus before rearing in Experiment 2. (A) Lightness (L*).
(B) Redness (a*). (C) Yellowness (b*). Regression line and Pearson’s correlation coefficient are shown in each panel. An

asterisk indicates significant correlation (*, p < 0.05).
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Estimation of the elimination rate of paralytic shellfish toxins in the midgut glands of cultured Japanese scallops

(Mizuhopecten yessoensis) in Funka Bay
Masarumi NATSUIKE*' and Makoto KANAMORI®

' Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051,
* Hokkaido Research Organization, Sapporo, Hokkaido 060-0819, Japan

In recent years, the period of self-restriction for the shipments of cultured Japanese scallops (Mizuhopecten yessoensis) in
Funka Bay has increased owing to an increase in the occurrence of the toxic dinoflagellate Alexandrium catenella (Group I),
and this has become a problem for planned shipments by farmers. Therefore, to predict the timing of the lifting of the self-
restriction as early as possible, we estimated the elimination rate constant and biological half-life of paralytic shellfish
poisoning toxicity in Japanese scallops (Mizuhopecten yessoensis) by analyzing data on the occurrence of 4. catenella in Funka
Bay and data on paralytic shellfish toxicity in the cultured scallop midgut glands continuously monitored in one area of the

bay during 2021 and 2022. The elimination rate constant and biological half-life were estimated at 0.0219 per day (equivalent

to 2.19% of the toxin eliminated daily) and 31.7 days, respectively.
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T2 ERETIUE, B DRI TOHRMEMEA S B E
TS ETICESTL2HHEAEFNTE2, 2DL9 %K
FUHEDONT, INFTHA R THEEIZOWT, FRE
PR O B & FR R B~ ORI L Y HEE T
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Fig.1 Location of the field observation points in Funka Bay,
Hokkaido, Japan. The open circles indicate the stations
of the field sampling to monitor the occurrences of
toxic phytoplankton species.
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Fig.2 Seasonal changes in the cell density of toxic
dinoflagellate Alexandrium catenella (Group 1) in
Funka Bay, Hokkaido, from April to December in
2021 and 2022.
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Fig.3 Seasonal changes in the paralytic shellfish poisoning
toxicity of the cultured scallops collected from a fixed
station in Funka Bay, Hokkaido, from April to
December in 2021 and 2022.
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Fig.4 Relationship between elapsed day and paralytic
shellfish poisoning toxicity of the cultured scallops
collected from a fixed station in Funka Bay. The
clapsed day is the number of days from the start date
of the elimination period until the toxicity was
measured. The solid and dashed lines show the
regression lines from the generalized regression
models with the natural logarithm of the toxicity as
the response variable and the number of elapsed days
and the year (year of 2021 or 2022) as the explanatory
continuous and categorized variables.

20224 L HAH D HOH ISR IEIN L 725, 6H 2257
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(Fig.3) o Z D, 20214F, 20224F & & 12 B MEAE A L
BHHI2H F TR SNz, L72A > C, BT % 8 H
MORAETEL, T YRITICBI A REEH I8 A1
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EDBET24, 2022EDTETIICTH o720 TNHDTF—¥
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=504), COETNVIIEITAEMFEHEIGEN TV RN
LD, 2H EOHELMEER (HEORE) 13358 T,
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N AR (T,) 331THTHh o7z T2,
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100 MU g, 50 MU g CTH 5 LIRET 5 &, HitlfERO
HIREHEE (2 2 TIEEH-&4% (2017) 1225w, 20
MUg'& L7) 2TFRLETICULERARE Fhdh
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Fig.5 Relationship between paralytic shellfish poisoning

toxicity at the start date of the elimination period and
the estimated time required to lift the self-restriction.
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Fig.6 Flowchart of actions required from research institutes,local government, and fishery cooperative to use predictions of the
occurrence of self-regulation due to paralytic shellfish poisoning and the timing of the lifting of self-restriction for

planning scallop shippments.

(Fih s, 2021), 20214F 35 X UN20224F (3485 12 A D L
MM E,P-72. 2D X912, SkibirRiloEmt
AR T LR DL H 5.2 D LD R TFIZBWT, ki
JEPEHTRIZ X A WA EIDE Lo 0089 20, F7-HifrH
I L7z LT O TARES NS 2 x FHNZFHl§
5T oL, EEEVHWEEAMRETT S ETLYEEL
%5

ARFFZENZ B\ TR — B2 51T B RS H 3 7 e 7
FEICAE S L DED RV E W) KRB S 72—, 2018
AE L 20204 D EIRIEIR = O Ui (NMRGHHFNE) (12
B DR EFEOWIEE L, T EITBLT 5

Table 1

PEAFEREE N T\ 5 (Table 1, H#ES, 2021), F 72, db
WE, TR, R oBEK RSB SNk y T
A DOHFLEEERZ IS 5 &, EHEICBNTEL S
BAEAME S, AW EEX162~350H &, ;)RR T
2UGEFEE S o 72 (Table 1), HERMEERII KRS 744
DACHTERB I ARAE L, BRBESE (B 2 13K Ry 747
A OAETRIREE (Bl 21X, M8l R0
Br 35 LN SNE, AT, KT H A ORI
HOLERE, TR B ERCH CHRELPT -
HKIBIZB VT AR T & 12 B3 4 (Nishihama, 1982;
Watanabe et al., 2019) . = O X ) 7 4= HL B 5E R4 75 | 24K

Comparison of the elimination rate constants and the biological half-life of the

paralytic shellfish poisoning toxicity in Japanese scallops ( Mizuhopecten

yessoensis). The elimination rate constants by other references were recalculated

by the authors to meet the unit.

Ellimination Biological
Area Year Refferences
rate constant  half-life
Isatomae Bay in Miyagi Tanabe et al.,
2018 0.0253 27.4
Pref. 2021
Isatomae Bay in Miyagi Tanabe et al.,
2020 0.0325 21.3
Pref. 2021
Onagawa Bay and the
Tanabe et al.,
eastern Part of Oshika 2020 0.0429 16.2 2021
Peninshula in Miyagi Pref.
Tanabe and
lwate Pref. 0.0198 35.0
Kaga, 2020
Funka Bay in Hokkaido 2021, 2022 0.0219 31.7 This study
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First occurrence and a red-tide event of harmful dinoflagellate Karenia mikimotoi in Funka Bay, Hokkaido
Masarumi NATSUIKE', Makoto KANAMORI? and Isao KUDO*

' Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051,
* Hokkaido Research Organization, Sapporo, Hokkaido 060-0819,

* Graduate School of Environmental Science, Hokkaido University, Sapporo, Hokkaido 060-0810,

* Faculty of Fisheries Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

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

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

growth period of the K. mikimotoi.

¥ — 17— N : Karenia mikimotoi, ™%, SREM, /K, KEEE,

I ¥EE AR (Class Dinophyceae) ) Karenia mikimotoi
X, £&18 ym7* 537 pm, ME14 pm7> 535 um, FHEH
MR FECLREIEMAEPrS LA Zm 2= A, T
DBEB TN TEY, e LTHEDS A E R
O HMBIROTEE L7k 77 > 7 b Th o (JE,
1990) , AfEIL, 200 THALMMEEDS { I L T\ 7z
Gymnodiniumlg O 1F& & LT 7228, BIE TldKarenia&
(23 E T 5 (Daugbjerg et al., 2000) , K. mikimotoi
ET0 4 T HARRHEE 72 T V7 & LI 3 S BEK
PR E LTS NTW 228, BifE Cldifi2nsisin: & i o8
T E TR T O T LSS S LT A (Brand
etal, 2012 ; Lietal, 2019),

ARAE, BHECMME TKRHER CILH R T
~DFEURRT (Li et al, 2019), EPRIZBVTK. miki-
motoilTHe b T & S FWNC X B HEFEWEIMS N, FEL
OIFEM] 2oRTHY, ZEEA,FIEICBNTAL
FIHAE LRI X - THBEFEEHO T I ¥ 77 1 25K
wAE L 72 B AR & L CrlERL i s 7 (B, 1935),
Z D%, THHAERD NG FRM T N & OB B
W E % JU S HHERICK. mikimotoidR B ASFSAE | C 22 M
FHEHDONIER: EOWEREL T SRE I L, 1FORET
10 A B2 AERGEERENELLZ LD (B
MIKFER, 2013), FD7-8, K. mikimotoilZ Vi H A2 B
WOKEEY I ELY G2 AEEME L TE=F) V7

HOCETA61T (20234F 6 JH27H ZH)

*Tel: 0138-83-2893. Fax: 0138-83-2849. E-mail: natsuike-masafumi@hro.or jp
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T 7 & OFEIZE SR I T L (B 21X, 1935;
Aoki et al., 202072 &), FREIOILL ST % & AR
RHWERPRICORDLZMADPB LN TEL (FH,
2016), L22L, HIL - L HAIZB W TIEK mikimotoilZ
L BRI R EEREN INETIZITEAERD LN
Lholzize, REOHBIIET 2 0 2 m IR S
s (BH, 2021),

JLHEER R ICB\NT, K mikimotoi |\ X BRI | 27 & 9
B EEEBICBVC0ISEOHF IO TRt Sz (%
H5, 2018), 2Ok, FAEMFICHEEESEIZB VTR
WAL, BEL TV AN XA HREBEANOY 7

R EQRRTIZE G Lz gt fetii S v s (IBH S,

2016), LI, KB ICBWTENNZE=5 ) 7
DEM N, AR, K mikimotoid WEIDHER I N2 b D
D, 20204 F THRWI AR T 513 & DBEE 20 MBILHERR
ERTww (%5, 2018 1B, FAE). LA L, 2021
8 H R OB AETE N O &I fE IS TK. mikimotoi D 7]
PHERR S N7z (Hilh s, %) . & 5I1220214FE0FE 25
FRIZHFC, BRAFEEOHE - T B W THER
HEEMEK. selliformis% FAK & 9 B ARMASRHPHIZ BB L,
TN T =R r R DO REEDFEA L 72
(Hasegawa et al., 2022) . & OK. selliformis% £8 & 3 L7k
WIIE, EIE134 0L OOK. mikimotoidi gy 5B Z &
DEFH E N T W B (Iwataki e al., 2022) o A TR
LBY, 2UFEEZFEOMRENKBIZB VT DK mikimotoid
2o TR SN D L E DI, IAL101IZ0F T=
BRI B W CTAREREIAIEA L. 20 X 9 12,2021
FEOFE D HRKITHT T EF T A & R O RTINS
DT TK. mikimotoi S IRFIZHB L 722 & h 5, TNHD
RIS C AT O B 58 2 MR BRBE ST S L Qv 2]
BEVEATE o EHIZ B\ TK. selliformis% Hla & § % KH
FEARIIATE L & AL 72 R R 20 i BRI & L CH RIS
KHEARDSENZ ENEIT 5N TWDHDS (Kuroda et al.,
2021), MWEKBIC BT DK mikimotoi®d W & Wi B EE D
BRIEFN SN TR, F 72, EEEEDNIE § 2 it
WD FE AL, BB AR L 72 3 RE R T H
%o 20154EOBEEB I BT B REIFS AR, UV
7 5 H A HE T B IR X o Tl S 72K, mikimotoi
B, BRI B DRI O R E AR 7 - 22 REE
MEZENTWE (IBHS, 2016), B, AR
BWC0214E 2B S 72K, mikimotoi D F2 5 1% 52 4 %
FERH L CTHAMIZD o 2T REMEDIER ST 5
(Kuroda et al., 2021) o MEKBIZ S B2 SR 00T CTHER
BEEASTE AT B 728, B2 5 DK mikimotoi D% (3 4H
EEND,

WXL AL M E R PR O AN AL L, PR )

‘{\160139"140° 141°142°143°144°145° E

Sea of
Okhotsk

45°

44°

43°

4221 7
Pacific Ocean

Funka Bay

Sakimori section s

Muroran P.

Iz

Fig.1 Location of the field sampling. Open circles and
triangles show the sampling points for the regular field
observations in Funka Bay and for the temporary
observations around Muroran Port.

VB 2 b DEAES0 kmALEE O IS I
Thbo BRI TR T4 EEIfTHONLTBY,
WHOEERRCTH 5o BOROEHORILIEIZHEL6
kO ERIL BB TH L EZWIEH ), E T
RYE L L CEERVELY HOTwD (Fig.1), #
FHOIL, WMAKBEOKRS T4 A FEFEHERIZ B CT20104E(t
DS, R~ YEOEERIC L - THIEDE S 12
WIS N 2 MR OWEREr GO 77 > 7 b Ol
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Table 1 Sampling stations, periods, frequencies, depths, and observed environmental factors in this study.
Station Period Frequency Depth Observed environmental factors
Yakumo Jun. 2018-Dec. 2021 monthly 0, 10, 20, 30 m temperature, salinity, Chl-a, nutrient
Jul. 2019-Sep. 2019
thi 0, 10, 20, 25
Mori, Abuta, Date Jul. 2020-Sep. 2020 frotiy or T temperature, salinity, Chl-a, nutrient
twice a month  or 30 m
Jul. 2021-Sep. 2021
Muroran port (Etomo
and Sakimori sections), Oct. 2021-Nov. 2021  weekly Om temperature, salinity

Kogane fisheries port

BURDLR MRS O B I Y i L, AEREE S L
THIGNTWBET A 7T 4T W EBEOIEMIER T 7 1
N 38 O Heterosigma akashiwo7s & D#ERR 75 > 7 b
PEFIIHB T L2 LC& (Hihs, 2012,
2015), FEFIC, BKBEORY T4 A EER IZTEOENE
RYTHADOKEILE 2T, KELEFEEL TV L1HE
WD d 2 HFEOFREEETOZE 2 R Bk 35 L) 10 %
o7z (&7, 2019), ZD72%, RO & MM
WCHETHZET, R THADOKBILDORINE % 55
BRI L2 EADZ - ANEF 572, FOHIC
WXARY THA OMEEE LW 777 ol (8
iR ICBIT A REL G I Nz 22T, EH LI, &
FERK, ATHrE e L T, 20184FELUF%, MAED RS 7
WA B OEFC, W7 T v 7 N v x Gk
Bia A E S HE R L CREL TWvWd, 2089
12, AFAEIICAY, BFETI Y7 Ny oRBURILE S
PICTHZERELLIERE LTV A2 >72b00, #
BLLT, AESI7 b OB EZIERT A2 &
Wb D2%dorze ZOFEOHT, REIZBI HK. miki-
motoi® I % 2021 FF E F 29D THERR L 721412, 20214F
R ICARTEC & RS ERBNTHEAE Lz, 22 TR
WFgETid, MERBENIZ BT 5202 14E O RFEOZHT 7 1
BURIL & AR AR 2 B L, A% - PR UM
WIS BT B AFE AR L BURD & OB &2 W) L7z,

ARRUAE

THIFAZE 201846 4 H20214E12H £ T H I I E O SHEE
THKBRFONEME R (Fig. 1) I2BWTENREE
1T-72 (Table 1), £ HKEF (AST-1000, F 721
RINKO-Profiler ASTD102, JFE7 FNY 5 v 7) 12Xk 5
TKiB L S OHE A 2 WEST S & &I, Van-

Dorn¥f/k 5% FHVT0, 10, 20, 30 mE DK %E1 LED
R EICERE L TG - G L CERZICH LR - 72
NEMIZB I 28 OEMMAEINZ T, 2019FEH5
22UEEFDTA D H9F IS AENOFE, WCH, b
D3EH (Fig. 1) 12B8WT, WHEHFTITHI2[E DM,
P CIE AR OEE CRBEOFHE Z 1T - 72
(Table 1), R4 L 72K IZBEIHG R CHRAT L, $RER30
B DI CMEE R L O aa 7 4 baB & OV
M OWLEFR %2 47 - 720 K. mikimotoi % & T — &R O H LR ]
BWHIL, RV RV VT IVTE FOREIEICL -
THEDIHBEIBIEIN L, ZO70, ERZICHLR
S 7B R, B S (2016) OFEEICHE LT, MERE
TE CHAMSEBIZ I L7z L3 pmD R 1 — KR A — b
#7 1 )% — (Nuclepore, Whatman) % fJ\>C500 mLo
ARV & A3 L C10 mLIZ3HE L 72e SRS &
LHMEOEIL 2 Tz, HIRET), HETTAB L,
COEAEFEI0S mLA 1.8 cmx23 cmD I % i L 7= F
¥ UN—RIAS A FH S AT L CHE 7S
(IX71, F 1Y »782) % HFWT1002> 5600f% THigh L,
Karenia)@ |\ J5 R0 72 EAIR 0 AL &, BIN A% CHE T A
LB EICHMBOLERICENTET S Z &
(Fig.2) 5K mikimotoiD[RIEB L Vs x 7o 72 ()
HIPRF%0.04 cells mL™") . F72, %Y OE0 5 MmiknE
SRR EE M E A 1210 mLZED A ¥ v v 8512k VR
AL THNTE T-20 CLUF CHsifRfE L7zs R L
72tk &2+ — ~ 7+ 5 49— (QuAAtro, Bran+Luebbe)
PHW, 7O ba Vs T, 7 ES 7RSS 0
THPRREZE SR, fHERREZESR, V) YMRREY v, S AMRRES A
KOS O BRI EIRRETNE L2 T Y E=
THEEEE, WAEMRREEE RS L OMERRE S ZOEE AR L
T, mfzed (DIN) & L7z, B0 o3tk D300 mL% 2
007 1 VvalE R EHIZGF/FH T AHEEACIsE L,



24 ERbECE, &% Bk, L

UEHCZ 40 CCOHMT £ THaflfRer L7z RO L 728K %
NN-UAFIVENVLT I FI0 mLIZIELTrzaT 7 1
ax i L, 86X E R % H v T (Trilogy, Turner
Designs), 70U 7 f VaigExE L7z, B, Thb
DEMRATH b N/ FERRE OB R IO Ww T,
20214F |2 K. mikimotoi® BEL NS FNHEFR S N7/27T~9A D
WM Ao, WEAIENAH S T ORI AT b
2019~20214FE D7 — ¥ ZAGEROET/RL, ANEMNERD
ACTHEN L 722018F DM BT 28557 — & 13RO
HTRE oz MAT, FAHEEA T2 LR b &
WD & MEFHI D23 B OGRS, BRI E) & i b B L
R T L CTREROIEIIR L 72,
EWEBRIOREAREERRL 20214930 H 12 = HHEE
BHIOER TR L 72iE kA0 S, K. mikimotoihsfi i &
Nizo & 2 CHlBHIIH ORI (A E 3 248X B
KOS 35 & OVE BT B AR B K O
EEE (Fig. 1) 12BWTC, KO EBPHER S NHH
D20214E10 A 1H A 5 B2 1AIFEE OH#EE T, Van-Dornff
KEEBWL T T AT v 78N & V0 mEDHEK] L
FRE A BRACL 72 (Table 1), #EKOBRE & FFIZZIHE
KEE (AST-1000, £ 7213RINKO-Profiler ASTD102, JFE
7 RNV T v 7)) w v OKRB L OGO 8E 54 %
BE L 7zo ZFEE A OIRFEBLEINEK. mikimotoid I 23
0B DL Rk L CHifa S S e K e o 7211 TH F
TN L 720 BRI L 720Kk, SURMLE £ CTRTGTE T
PRIFL, AEfFEHEK]I mLEEE % 1.8 emx 23 emdD M2 i
L7zFx YN=RIZA T A4 FHF 20T L CEIAL M
(IX71, 1) ¥ 782) % HVT1002 560065 THgE L, H
B3 %K. mikimotoiD a1 EB X G x 17 - 720 HgEEl
K. mikimotoi# FE 25 L0015 1 mLIZFHET L 72 (B
BRFLIET cells mL™),

K[RRE R EERIIBWCHERT 275, AN,

K. mikimotoilZ20214F D HZFE 2 LK IZ T TO MR EIL
L7278, 2 OMEIZIEZK. mikimotoi DYEHE |2 1 72
A 2R BRI AT S T W TTREME D D B o 2 & T, I
KBIZTH T 5 Z 2B H20024E 75 520214F  (204E 1)
DIANPHI0HDEST—4 (1H Z & OF&I, Bk
w, HBREEH, S EGE) 25507 R — 4= (http://
www.data jma.go jp/gmd/risk/obsdl/index.php, 202342 [
10H) Y ATFTL7e 2OLET, #EIIBWTERT
K. mikimotoi DB EDORF M ZE % B F 2, 2021407
At (TH16H2531H) L9A22H25H10411HFE T
D20 H [ % K. mikimotoi DIGHHI & R5E LT, 202140 2
OB OFHER, AN, FEE, FRkaoFy
fif % B IT204E (20024F 52 520214E) O [R5l &
gL 72,

& R

TEHIFAE IC B (T BKarenia mikimotoi® HIZIRH 2018
D 5202 14E 12200 F T A 50 L 72 \E b o e il ©
1320184F A 520204F £ TK. mikimotoi | IR & 413, 2021
AE10 H D A0 mfE CTK. mikimotoi (Fig.2) 751 cells mL™'®
RIS 7z (Fig.3) o 20194E A 52021450 TH 05
9F I EN, BCH M, ARhCHEM L /2 T, 201948
7 520204F £ TK. mikimotoilZ i S 9", 20214E7H
0 59 F AT TK. mikimotoin kit 7> (Fig.3)o 7
H#%F 2B N TK. mikimotoins I L 72 & & O KAMNE
BEL, WCHMO0 mEIZBI) 566 cells mL' T - 72,
Z D%, SHEIEASIHRREICHT T, ANEME DAL
DOFHE, WH, FRINE S CIEEEE 2K, mikimotoi St i
N, FOEEIZRATOL cells mL'Th 72, 20214F
10A1H OA®ZFoFAEE LT LS RE D72
OI0H THIZFE S A72) I2FHEME SO0 mfE T21 cells
mL "' DK, mikimotoi7 3 Fii E7ze T OFEIN TR S L
7AEDS, AR CHERE X 72 K. mikimotoiffifa 78 fE D
KIETdH o720 20214E9 B OFHEMNE LA O K. mikimo-

Fig.2 Microphotographs of Karenia mikimotoi collected
from Funk Bay in July 2021. The scale bar (black line)

=20 pm.
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g 2 1 ¢ Date
< 7ND.
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Fig.3 Seasonal changes of Karenia mikimotoi at the regular
sampling points in Funka Bay.



i MBEIT ST ERE <AL, SCHME TR K0.04
cells mL™', FRiM5%E H CTHA0.08 cells mL'OFECTHILL
T 7o BT BV TK. mikimotoih i S 727K
BLUOHSOHFIZ, #hEN132T252247T, 3128
M 53394D#iFITH - 7= (Fig.4)o B, 2021FEE 5
P E B B\ Co8 AR L 22 KR O £ 2 T H
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Fig.4 Relationship between the water temperature (A) or
salinity (B) and the cell density of the Karenia

mikimotoi detected during the regular observations in
Funka Bay.
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LK. selliformis\(IHH SN2 o 720

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

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

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

(18.4°C) (15.2°C)

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

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

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

2020, and 2021. Black triangles indicate sampling date.

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

£ =

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

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



28 HibrEh, & Ak, T B

Table 3 Meteorological features in the Muroran City compared between the 2021 and the recent 20 years from July 16 to July

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

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

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

20204E 12 b B E M AKIRA20 C % 8 2 2 WA AE
L7z (Figs.5,6)0 MA T, AMITEBTILA T HHEGHE
WREZFP CH NI 2 TER T 261055 {HiF ST
W5 (B ZIZWEH 5, 2016 : Vandersea ef al, 2020) Z 4L
5D EX, BKBIZBIT AK mikimotoi® B & IND
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W& h3% ~ (Vandersea et al, 2020) , /& O E KM & T
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Fig.7 Seasonal changes of the weather condition (average
temperature, sunshine duration, average wind velocity,
and precipitation) in Muroran City from July to
October 2021 (open circles) and average values from
2002 to 2021 (gray triangles). The periods indicated
by the dashed and solid arrows are the periods when
Karenia mikimotoi is considered to have grown in
Funka Bay and Muroran Port, respectively. These
periods are the same as the analysis periods shown in
Table 3.
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Effect of sea surface temperature on the migration pathways of salmon river return rates to the Teshio River,
Hokkaido, Japan (Short Paper)

AxryosHt SHINADA*' and Hayaro SANEYOSHI?

' Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061-1433
? Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Nakashibetsu, Hokkaido 086-1164, Japan

The contribution of sea surface temperature (SST) to variations in salmon river return rates was investigated in the Teshio
River, located in the northern Sea of Japan, Hokkaido, Japan. SST rose faster on the Sea of Japan side than on the Sea of
Okhotsk side from April to June, indicating that a temperature gap of 2 to 3°C existed between the two areas. Spearman’s
correlation coefficients between the SST and salmon river return rates were positive from late April to mid-May in the Sea of
Japan side. This suggests that the survival rate increases with higher SST immediately after sea entry. In contrast, on the Sea
of Okhotsk side, a positive correlation was observed in early May and a negative correlation in late June, when SSTs were
above the lower habitat limit (5°C) in early May and reached the upper habitat limit (13°C) in late June. The above results
indicate that the variation in return rates may be related to the SST immediately after sea entry and the length of possible
residence time on the Sea of Okhotsk side, which is the migratory pathway.
AN =8,
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Fig.1 Location of the survey area. Dotted arrows indicate
migratory pathways of salmon estimated by Irie (1990).
Bold lines show the borders of the sea surface
temperature area. The location data for the Teshio River
was obtained from digital national land information
presented by Ministry of Land, Infrastructure, Transport
and Tourism (https://nlftp. mlit. go.jp/ksj/gml/datalist/
KsjTmplt-WO05.html, 2022/9/15).
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Fig.2 Annual changes in the salmon river return rates in the
Teshio River.
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Seasonal changes in sea surface temperature in the
migratory pathway of salmon from the Teshio River.
The upper graph shows average values from 2000 to
2016, the middle graph shows the best years, and the
lower graph shows the worst years of the salmon river
return rates.
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Fig.4 Heat map of Spearman’s correlation coefficients between salmon river return rates and sea surface
temperature by migration pathways and season. * indicates p-value <0.05, ** indicates p-value <0.01.
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Fasting alters school structure in chum salmon Oncorhynchus keta fry (short paper)

Mirsuru TORAO®

Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,

Eniwa, Hokkaido 061-1433, Japan

Chum salmon Oncorhynchus keta fry were reared for 5 days at three feeding rates (0%, 1%, and 3% of the total fish

weight), and the distances between individuals were compared using video analysis to examine the effects of the nutritional

status of on school structure. The inter-individual distance was significantly greater in the 0% feed group, suggesting that a

decline in nutritional status affected the school structure of salmon fry.
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The term “herd” refers to the spatial aggregation of indi-
viduals that behave in a unified manner to varying degrees
(Iwasa et al., 2003). In fish, an aggregation of individuals is
often described as a “school” or “shoal” and such behavior
may provide advantages with regards to predator avoidance,
foraging, learning, mating, and migration (Pitcher and Parrish,
1992 ; Masuda, 2007, 2010 ; Sakai, 2017).

Chum salmon (Oncorhynchus keta) exhibit schooling be-
havior as soon as they emerge from the gravel after hatching
(Torao et al, 2014). These schools of fry can be found in slow
moving currents during the day (Hasegawa et al,, 2011 ;
Urabe, 2015), and actively descend rivers at night.
(Kobayashi, 1953 ; 1958 ; Neave, 1955). In long-river systems,
the in-stream mortality of chum salmon fry may be greater
(Kasugai et al,, 2014 ; Morita et al., 2015) because of predation
by piscivorous fish (Kubo, 1946 ; Hikita et al,, 1959 ; Fresh
and Schroder, 1987 ; Takami and Nagasawa, 1996). Because
fry in long river systems can experience a significant decline
in their nutritional status during downstream migration
(Mizuno and Misaka, 2010 ; Shimizu et al, 2016), they may
become more susceptible to predation (Torao et al., 2021).

Several factors influence the schooling structure, and vari-

nearest neighbor distance, nutritional condition, Oncorhynchus keta, video analysis

ous measurements can be used to quantify the structure of
fish school. These metrics include measuring the distance
between neighboring individuals (nearest neighbor distance
[NND)]), the angle of separation between individuals (separa-
tion angle), and the separation swimming index (SSI) as indi-
ces (Masuda, 2010). Among these, the NND is specified by
the characteristics of each fish species, such as plankton-
feeding and fish-feeding habits (Masuda et al., 2003). In addi-
tion, the presence of predators, foraging status (Masuda,
2010), differences between wild and reared fish, and water
temperature (Tsukamoto and Uchida, 1990) may affect NND
in several fish species. When a predator is present, the NND
tends to be smaller (Masuda, 2010), which is considered an
anti-predator behavior. However, little is known about the
effects of nutritional status on school structures.

To examine the effects of nutritional status on schooling
structure, we compared the distance between individuals in

schools of chum salmon fry reared at different feeding levels.

MATERIALS AND METHODS

Fish stocks and rearing conditions A total two experi-
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ments were conducted in 2018 and 2019 at the rearing facil-
ity of the Salmon and Freshwater Fisheries Research Institute
(SFFR) of the Hokkaido Research Organization, using 2017
and 2018 year classes chum salmon fry. The 2017 year class
were obtained from eggs artificially inseminated at the
Chitose River Hatchery of the Nihon-kai Salmon
Enhancement Program Association in October 2017. The
fertilized eggs were maintained at the Chitose River Hatchery,
transported to the SFFR rearing facility in December, and
incubated in a vertical incubation system until emergence. On
February 2018, 5000 fry were moved from the incubators and
placed in a plastic rearing chamber (3.26 m [length] X 033 m
[width] X 0.33 m [height]) supplied with a constant flow of
fresh water. The flow velocity in the tank was less than 1 cm/
s. The fry were fed a commercial diet (Alpha Crumble EX
Masu C1 and C2 ; Nosan Co., Ltd., Yokohama, Japan) ad [i-
bitum on six times a day until dietary intake was manipulated
to control for nutritional status. The 2018 year class was
transported to the SFFR immediately after artificial insemina-
tion at the Chitose River Hatchery in September 2018 and
incubated in a vertical incubator system until emergence.
Emerged fry were reared using the same protocols as those
described above for the 2017 year class.

Feeding rate-controlled rearing Chum salmon fry were
reared with limited feeding for 5 days in both the 2017 and
2018 classes. Once the salmon fry reached an average fork
length of 50 mm, 500 fry were placed in each of the three
rearing chambers. The fry in each tank were fed a commercial
diet at 0% (feeding rate; FR 0%), 1% (FR 1%), or 3% (FR
3%) of their body weight. Members of the 2017 class were
placed in three rearing tanks on April 17, 2018, and feed was
restricted for 5 days from April 19 to 23, 2018. Similarly,
feed for the 2018 class was limited from March 7 to 11, 2019,
after an acclimation period of 3 days. The average water
temperatures during these feeding experiments were 8.6 =+
03 °C and 82 = 0.1 °C (mean = SD) for the 2017 and 2018
year classes, respectively.

Video recording of schooling behavior Schooling be-
havior was recorded on the day after feeding restriction treat-
ment, which was at least 15 hours after the last feeding. A
circular polyethylene tank (diameter, 48 cm; experimental
tank) was used to record the schooling behavior of the chum
salmon fry. The water depth the experimental tank was main-
tained at 3 cm to restrict the behavior of the fry to two dimen-
sions. The amount of water in the experimental tank was

approximately 5.7 L. Water temperature was kept constant

within the optimal temperature range for chum salmon fry.
The video recordings were conducted in a room with a con-
stant temperature of 10°C to help maintain a constant water
temperature. In addition, iced gel packs were placed under the
experimental tank to keep the water temperature at 8-9 °C.
Ten randomly selected fry were moved from the feeding
rate-controlled rearing chambers to the experimental tank and
allowed to acclimatize to their new environment for 10 min,
Fry schooling behaviors were then video-recorded for 5 min
using a digital camera (Pentax Optio WG-4 GPS, Ricoh
Imaging CO. LTD., Tokyo, Japan) placed above the experi-
mental tank. Three experimental groups with three different
feeding rates were recorded in triplicates, each with a differ-
ent group of test fish. In both years, video recordings were
conducted between 9:00 and 10:00. The illuminance above
the experimental tank ranged from 114 to 138 Ix, which is
within the range in which fry can recognize others. All fry
used in these trials were anesthetized after each recording,
their fork length (FL, mm) and body weight (BW, g) were
measured, and the condition factor (CF) was calculated.
Measurement of Neighbor Distance Neighbor distance
(ND) was calculated to quantify the schooling structure of
chum salmon fry. Still pictures were captured from the re-
corded video every minute, for 5 images per group and 15
images overall. For each image, all inter-individual (10 indi-
viduals) were measured using ImageJ (Schneider et al., 2012),
and the mean value was used as the ND for that group. The
total lengths of the fry were also measured from the images.
The ND was expressed as a standardized value obtained by
dividing the measured inter-individual distance (mm) by the
mean body length of the image.
Statistical Analysis Data on FL, BW, CF and ND among
the three feeding treatments were compared using Scheffé’s F

Test.

RESULTS

Differences in body size according to feeding condi-
tions In both the 2018 and 2019 experiments, FL, BW, and
CF tended to increase as the feed rate increased (Table 1). In
the 2018 experiment, there were significant differences in FL,
BW, and CF between the FR0% and FR3% treatments
(Scheffé's F Test, p < 0.05). In 2019, only CF in the FR0%
and FR3% groups differed (Scheffé's F Test, p < 0.05).

Differences in ND by feeding conditions The ND was
greater in the FR0% treatment in both the 2018 and 2019



Table 1 Fork length, body weight and condition factor (mean
+ SD, n=10) of chum salmon fry in the different
feeding groups in 2018 and 2019 experiments.
Values with different letters within the same column
in the same year class are significantly different
(Schefté’s F Test, p < 0.05).

. Mean Mean Mean
Date of Feeding . .
. fork length ~ body weight  condition
Experiment  rate (%)

(mm) (2) factor
Apr.24, Fasted (0%) 49.1+1.75" 0.83+0.10° 7.00+0.43*
2018 Fed (1%) 522+3.24 ® 108+021™ 7.46+£0.38
Fed (3%) 52.8+3.06° 1.17+025° 7.85+£042°
Mar. 13, Fasted (0%) 51.1+£4.97° 098+027% 7.15+£043°

2019 Fed(1%) 527+322% 1.12+0.19° 7.58+041 %
Fed(3%) 542+5.19" 131+042° 8.04+033°

47 2018
a
b
3t —EF C
2 L
1 L
@ o
\></ a
9 47 2019
3t b °
2 L
1 L
0
Fasted FR 1% FR 3%

Fig.1 Neighborhood distances (ND, mean + SD, n=10) for
different in 2018 and 2019

experiments. The bars with different letters in the

feeding groups

same year class are significantly different (Scheffé’s /'
Test, p <0.05).

experiments. In 2018, ND (mean = SD) was 2.78 = 0.07 for
the FR0% treatment, 244 = 0.08 for the FR1% treatment,
and 2.08 £ 0.06 for the FR3% treatment, with significant
differences among all treatments (Scheffé’'s F* Test, p < 0.05).
In the 2019 experiment, the NDs of the 0% FR, 1% FR, and
3% FR treatments were 3.71 = 0.10, 2.60 = 0.07, and 2.84
+ 0.08, respectively. ND was significantly greater in the
FR0% treatment than in the FR1% and FR3% treatments
(Scheffé’s F Test, p < 0.05), and there was no significant dif-
ference in ND between the FR1% and FR3% treatments.

DISCUSSION

The structure of the fish school was characterized by uni-
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formity and inter-individual distance. In this study, the 3 cm
depth of the experimental tank limited the complete freedom
of movement of the fry. However, previous reports have
shown that changes in schooling behavior can be assessed
using this method (Torao et al,, 2014). Despite the two-dimen-
sional limitations of this study, distances between chum
salmon were affected by feeding rates, with increasing dis-
tances as feeding declined, suggesting that nutritional status
may affect the school structure of chum salmon fry.

Fish schools are dynamic and often form different shapes
depending on the situation of the school and the environmen-
tal factors. For example, distances between individuals tend to
increase during foraging, whereas aggregations can become
compact and dense when a predator is present (Masuda,
2007). This may be explained by the psychological state of
individuals, such as motivation for feeding and wariness of
predators, reflected in their behavior, resulting in changes in
inter-individual distance. Similarly, schools of ayu,
Plecoglossus altivelis, become less dense as the water tem-
perature increases and more compact when it declines
(Tsukamoto and Uchida, 1990). In this study, water tempera-
ture and illuminance were controlled to eliminated their ef-
fects on school structure. However, we observed that the
distance between individual chum salmon fry was maintained
by following the movement of adjacent individuals within the
school. One factor that may have contributed to the expanded
ND observed in the school of fasting fry is that their poor
nutritional status could have compromised their ability to
maintain a distance between individuals within the group.
Although long-term fasting (> 20 days) markedly reduces the
swimming ability of chum salmon fry (Torao et al, 2021), it
is possible that relatively short-term fasting can affect the
behavioral activity of salmon fry and lead to ND expansion.

Predation is a cause of mortality of salmon fry in rivers, but
the specifics regarding how changing the dynamics of school
structure help mitigate such threats are unclear. Predation
experiments have suggested that a reduced nutritional status
can negatively affect swimming ability and increase the risk
of predation (Torao et al, 2021). Starvation can lead to an
energy decline that can reduce activity levels, thereby influ-
encing school dynamics and the ability to protect against

predation.
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First isolation of Aeromonas salmonicida from Shishamo Spirinchus lanceolatus

SHINGO ITO*, Nozomt OKADA? and RyuyaA HASEGAWA?

" Salmon and Freshwater Fisheries Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061-1433
? Mariculture Fisheries institute, Hokkaido Research Organization, Muroran, Hokkaido 051-0013, Japan

In 2022, mortality from wobbly swimming and skinniness occurred in Shishamo. Many bacilli were observed in Safranin-

stained kidney smears. Kidneys of five fishes were cultured on Trypto-casein Soy Agar containing 1% sodium chloride and

incubated at 15°C for 1 week. Many single colonies producing brown pigments were observed in four out of the five fish. The

isolated bacteria were agglutinated with anti- Aeromonas salmonicida (As) rabbit serum, and the partial sequence of the

16SrDNA region (1,422 bases) matched 100% with As. The biochemical analysis also identified the organism as an atypical

As. This is the first report of As isolation from Shishamo.

F —"J — F : Aeromonas salmonicida, shishamo, Spirinchus lanceolatus,
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LEH M) TFr— AV A FEREM (LUF, TSAR;#h)
IZEHRL, 15CCTHRMEREL 72,

16SrDNA G 3 Bt %) /% T |2 (XBacterial 16S rDNA PCR
Kit (# 1 F34F) 2ER L7z, ¥ v MIREMFshTn
A2 TIVIZHE, PCRIETHSIE L, 155 1L7-PCREE
Y OEIREEH Z R Tz V= v AT IR ST 7
A%y ZIZRFE L Tzo B NIRRT A1) 71 5T
HEW T 2GR > ¥ —DF 5 A »~ (https://blast.ncbi.

HOCE 5 A620 (20234F 6 HH27H ZHL)

*Tel: 0123-32-2137. Fax: 0123-32-7233. E-mail: ito-shingo@hro.or jp
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Table 1 Comparison of the biochemical properties of the bacteria isolated in this study with those of Aeromonas salmonicida
subsp. salmonicida and marine fish isolates.

A.salomonicida

subsp.sa/monicida Marine fish isolates This study

ATCC14174**
Gram stain - - _
Mobility — _
O/F test F F F
Catalase + + +
Cytochrome oxidase + + +
Brown pigment + + +
Lysin decarboxylase + + —
Indole production — + _
Voges-Proskauer reaction - + +
Gelatin hydrolysis + + +
Acid from glucose + + +
Acid from mannnitol + + +
Acid from sucrose - + +
Growth at 4% NaCl + +* +

*1:Yamada et a/. ( 2000)
*2:lida et a/. (1997)
*:Growth until 4.5%NacCl

This table was prepared with reference to Terashima et a/.(2021)

nlm.nih.gov/Blast.cgi’PROGRAM=blastn&PAGE _
TYPE=BlastSearch&LINK_LOC=blasthome) Z F|H L, #H
R % L7,

B AR LI E KD S 535 S N7z $id.salmonicida
Ar-3k 7 I % 7 3 F il 130.85%5E 4 >
MUY AR TIORAR L CHEW S RE L, BEOFE
L7,

AL PER D —FBIZ OV T, APROE (V4 A Y 2
=) FHAWTHRz. 7T 2getalh & OTERER R
IZOWTIET I agtaFy b (HAXZ bY - Fa v ®
YY) RGTHAN, EB R L OF B ILARME - i
&K (1990) DS EEFICE >/ F b7 u—24 - FF
V=PRI TF hra—24 - FF T — PR A K
[=v A4 ] (HAKRESE) 2, 75T —Vilbaidass:
BRI Z3% ML K T K % T L CIEM L 7z o 3 A3t
TS (1985) O TR, %3, 16SIDNATH
I8 D ER AR FRECH AT, Pl salmonicidavy H FIMLTE I X
B EEHER, B X UL R MEIRERER I, 3T BE
L7-HRE 7z

HBRBLUER

FEIRE LCES D50 8 L REHEK #Y,
A S NTzo fFEH L7275, JasAVN S iz,

wE -
Ei
p{&,

HAT D EIETERD> 720

oY 77 = G BE L A, BREVS
Big: Sz Bh L W% 1%38 6T M) 7 A& HTSARE
WTHAE L 2L 2 A, BRCIISHAR4RAT, KT
Stttk et R 2 AT 212 ER—0an=—
PEFEGE SN SO Ehs, BRTHESN, M
&R S 00 S MR RE AL TR TH 2 W HetED D
Sl SR EES NI RIZBOBERELET LI D,
A.salmonicidaS5e b I7205, b I AHEM S 0HE S 72
Vibrio anguillarum T 18O ELE DG D H B Z & »
5 (Sakai et al., 2006), 16SIDNASHIS DY FLECHIFENT, L
A.salmoniciday ¥ FMTE 12 £ % BERER,  AELF09 MR
BT FEHE L 72

FEAT S 4172 16SIDNATH I8, 0> H 43 K BEBC 51,4223 26 1%
A. salmonicida® ¥ 35S (NCBI Accession No, KU359246.1)
L100%—3% L7-o T 72, ¥Yid.salmonicida Ar-3%k 7 F
MBS & 2 BEEERBRIL 172 o 72 EALZ I RIR & 22112
R L 7zo AOTBERMIIEESIED 7 T LABEHERTH D,
OF BRI AF 5t b & OEtsiesE, 714 7 —Eallre 7
Frua—2 - F Uy —YEllRidbt, B EE
L7ze F72, BEIIIELT M) AERER L2007
P8, AL DU T LR DA% £ TOWMAEE L F TRE T
RETH o7,

DibhofERrs, g NwmIZEERD
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Hb

# A

KT 2 BT 52720, LA salmonicidav il
Ex 545 L CHEW-dLEE REOFIASERIZ =
wRLET,

51 F3ZEk

FEl RS, TEAKE C UKE - BT, HAREETS
(), It REEEMA~ =2 7 V. [EEMEAERM, K
. 1990 5 9—20.

JeiEE. KEEBNY OFE T O A K Ot It OV K EE BN
DE MBS B AT (FESUCHSE SR AET i)
(HIASEBE~ANSAERE) . LI 2022 ; 8.

B R, WHTE, A, S dEEmoJEE
7 Aeromonas salmonicidal& 9 iE. fIRHEZE 1997 ;
32 1 65— 066.

AHEKRED. GRS RS ) — X fEERICLS
T EOEREE. KLY 2016 593 1 10-15.

¥ ¥ X EDA.salmonicida 43

Bl 14 YUy B oS hnlcb OkBER
CBEHERCE, BHSE - ATHER] - IBHE - ER
W), bR EAL, AL 2003 ; P.86-89.

oo, AE I, EEGEH. R T LA L
Pseudomonas anguilliseptica/ &Y. fHRIFZE  1985:
20 : 481 —484,

HENMER. A2 7L A 5 orHES L7z E B deromonas
salmonicida. fAIFIFZE 1994 ; 29 : 193 —198.

Sakai, T, Yamada H, Shimizu H, Yuasa K, Kamaishi T, Oseko
N, lida T. Characteristics and pathogenicity of brown
pigment-producing Vibrio anguillarum isolated from
Japanese flounder. Fish Pathology, 2006;41:77-79.

SFEAT MBI, 4539, AR, REHER &
Bl —, ANk, SREE, RA—RR Bl
V258 L 72 F F O IEE R Aeromonas salmonicidali&
Yefie, FRRFZE 2021 5 56 : 26-29.

Yamada Y, Kaku Y and Wakabayashi H. Phylogenetic
intrarelationships of atypical Aeromonas salmonicida
isolated in Japan as determined by 16S rDNA sequencing.
Fish Pathology, 2000 ; 35(1) : 35-40.
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V) BTHRESINLERIAOKR Y 7 (EH)

MR EEKE RS

Arabesque greenling Pleurogrammus azonus in young fish caught in the Sea of Japan and Okhotsk Sea around the

Soya Strait (Note)

Kopat MORITA*, Daicat KUROKAWA', Yutaro SUZUKI? and Kazuniko ITAYA?

' Wakkanai Fisheries Research Institute, Hokkaido Research Organization, Wakkanai, Hokkaido, 097-0001,
* Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido, 040-0051, Japan

WA,

F — 7 — N ! Pleurogrammus azonus,

& v 4 Pleurogrammus azonus\d AL JE 2 7> & A H
AU CHIE SN L KEERTH D, 2DH f)ﬁ?iﬂﬁﬁ
Db AR A ks — 2 7 o bl Ein e S a1
FTHAT ARy FidELEE LIS (G - ga?]’
2010) ok v 7 EALHRI EIREM 2 & DR RS
RO S MM & o TS, (IR 319904 (LR~

7 520004E A0 E2 212200 THEAQL0T b > 28 2 TV 22,

20094F LLFEI A L, 2015-20174F121.605  ~ Hifs £ T
¢Lt(¢%mﬁﬁ%%%2wnoﬁ%%ﬁ¢®%l
FHE BRI AR EDES L CMAMER L7222 212
Iz, R (0Ff) EfhoMmEIC X b EmgasE (U
T, BE) PSR LR, BRESHA LI LI
HBHEEZLENTWE (BFiB, 2012 ; ik /KiEER 5,
2022) 0 2O &) ARV L, 20124ELIRE, A& 5% i
S L EEMEICB W CERRIES =% HEMIC
B L, BAROHEE AL LG iE 2 £
ENTE (PYRERRYG S, 2022), OB IFEHHE
BEIZINZ, 20174E4%, 20194FH8% & v - 728 2 B O 4F
A L7z 2 & Tl sE o & s iR 1B 1 &
Bo LA, 20194 LIRE, o BE 2 AR AR I AERE S
TBHY, BETEZEFRNTII RV, §lEHE
BAELEET L2 AP LEE SNTwD (dik
FERRBRYG &, 2022),

R BACEEO EIINE-12 T, 12-1 &I L L
7oARf (42F10-30 mm) (FFEII AT OERE IS5 L,
-4 FNIZHARMEB X OF R — 2 7 @O ME A6 % L

EALHE, KA, A

T2 (kv rifge s v—"7, 1983), hE4-16 cmlZ i E
T E, FAIEESIZALHNEDY, ORI O IE
T2 HE AT, REOMRETEORZROERAEHHD
R RN e B R S R S B (il - A9 3E, 1957
Ty ATV — 7, 1983), 10-12 G127 5 L&A
TENBAT L, RR20 o2 D ORE A DSE B IR o o —
Y 7 RO RKEM CHIEMAST 2 (kv Fiffze s v —
7 1983) o EHGKIL, METIZREEINART DGR IR T 5
T2, AT D LD, 1T $950-100%, 25 DI X
100% & N5 (Takashima et al., 2016; Y115, 2018) , A&
EIIT AR O S IS X A IEDE GO E L, O
T 0- 1R AN RIED TR TH 5 (hJuk iR
5, 2022), & v rEILEEOEE LT, AEATICRAT
L 72 A D07 & AR R % D & & 55 A A
MORBEFNICBIT 2 BELILRETCINE, Fo8E8
IS U CHERIf o shBE 2 FHaiIcstm < &, XD bR
HEFEHEE T ERTE L LMD,

— RIS B 2O R E SHFD
BOBRETICKE FEET L2 L2 5 (Anderson,
w%)mﬁéﬁ%t DOEFHOAFRI R 2 E N %

MICT B LIIERBFEE A HEET S ) 2 CEELE
%ET%)%O A v BAEOAFHESR ] (£&10-40 mm) (2
DT A v M Z X B IREFAE 2201345 IR 4E2
HEAFICHAREBE F R —y 7 lETEBINTE L &
A, 2014 https://www.hro.or jp/list/fisheries/marine/att/
07ulkr000000gdf0.pdf, 20234E3 [ 14H, LI FURLEWE) . &

HOCH 7 A621 (20234 6 H27H %#)
*Tel: 0162-32-7166. Fax: 0162-32-7171.

E-mail: morita-kodai@hro.or jp
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LURAOMTSBROBBELFE L 2V HEL. TOER
RIS B IR OIREN AU R TH %o

A OEARIREIZ OV TIE, RETHS 2 L7
FERER KA 5 2 8 v T HROSAE % FE L CHE
HAERTETHI LA, LR RETT o
RO ENDL, RFAETIIEMIZFEHBL 72 ba— )L 4 v
b RAMIEIE 2 2-3 kte L72AS, AL 7-& v r A
BRIz y Ry REINREN L DOTIEZ% <, #HHm
NIEK T BTSSR THERR S L7z, L2 T, b
=ty MZXBREFRADEGE, & v rEROBEK
TNRIET B 720, REHEL BT 2 L10Xk o THE
BENELRDLIEDRAEND, £72, HEE10-20 m
AR S L7z Kb g L LU C ok v 7 B 54
DR ENIZZ &N, RFE0-20 m%E —FICHMETEX S
ME L L CRFMEOREICHH SN TS+ v & =3 b
O — )L 4> b (Ueno etal, 2003; %G/, 2017) Z A5 2
EBRRE LRy FERERET D HED—2L LTH
AN, 51T, BATMRSLATEDY) ¥ 74y I T
LERED D - 72 X ) ICHINTER & 0 b FB %k L
DATREDRE SN L RENH L Z L5, tTa—)
A b EDNEITH D DMEERRD R, 20 ¥ 74
v P EDMOFRE CHREMEPRVEZZONL T L
—2A bha—)bt v b (Itaya et al, 2007) ZKEIZE LD
HELS TR T LI E DA RFEL L TEITOND,

DLEXY, RKEAGHOWFEE VT 5 A E L
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BEEOEIZORNL EMFEINS,

# A

T FEhE L T 7222w 2R AR IL EE L O B A
FEMEZIILOREME O, rou—Lty O
POV TTI/RE W2 W o FE T OB K,
AR T I 72 720 2 N K R O U AR S A I,
ST E T - KTHKERERY O N HFIZEIG, JEREEEC
B L ZBE 7o 72w 7o JuKE SRS O KIS, 1k
FEBURICE (X U &9 B fE K BRI B ¥Rk 12 1%
HWHL LT E T, RO S L ORI IE, FEIZE &
v 7 EALREE DT B O 8 B AT OV 7R L O
M IZE D FEmES N,
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Occurrences of red tides and harmful algal species in the southern Hokkaido during 2021 and 2022 (Note)

Masaruml NATSUIKE*, TErsuyA KONISHI? and Takuya MIZUKAMT!

' Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051,
2 Oshima-Hokubu Fisheries Technical Guidance Office, Oshima General Subprefectural Bureau, Hokkaido

Government, Mori, Hokkaido 049-2313, Japan

F — 17— K : Harmful Algal Bloom, red tide, =B,

Wil 77 > 27 b OREBHBIC L > TAEL ZMHEHD
EHEBREZRE (red tide) LR, 7527 M roHfiC

FHHEIR A EE T LT TEOFES SN TE D,

COL) HEEPFM LT 5 L, KEEADOKE
W EORBBE L ELFI SR T I VDL, 2D K
I e NS RBRBEANOEZE L L b 72 ) Rilid, F5E
7@ (Harmful Algal Blooms; HABs) & &%, dbifEE
O 38 HHEIR I B T20214E O Bk I F i HEE R
Karenia selliformis% 18 5718 & 9 % KB 75 ERE A5
HEL, U2 EOKREESMORKEILE L E LR
HSENEDSEA L (Hasegawa et al., 2022), TEER O 7R 1Z
D ERE#HRARE ST E o7 20214EDTHTO4TE IS
BT DR RD R E U CTH EFF O b 5 AR E K
7Ty by OEEICBIT A MBURTLZIEH (2021) A8
FLOTWD 20214E L 20224E 13 A S A L e § WBR
i Ch o727z h, EREMOEEDS D, BRI
B 2 RESEOBMAEIIBEL VL, oI %E
MR 7o ZOHIZIE, IBH (2021) THES LTV RN
WS - RS X B AREIEFHEGISE 0, i A o8
M7 >7z0 €T, AWFFETIZ20214EH 520224F (2%

JCERBBERICB TR 2R L7277 v 7 b AR,

7Ty Ny OWBUIRIIZE T 55 4 OFA O T THERR
ENTBENLBEE TS V7 b U FEIZOW T ORI
MAEEMLCERE LTHRET %,

TA T T AN A ERMEE 771 Nk

ARKR VA E

TREIFERR 2021451 H 2 520224E 12 5 £ TO24EM I
R (1L s 2 & Bl )7 3 & OEIRHL 5 DK
BETORAR ) 1I2BWT, RISEM, 5
MR BRI A& 25T L 720 e 9 5 BRI oM 2 B v CHERE
SN2 —FEI & 2RI L & 5T L 720 AREIEEE
X, NTURKTT I ATy 2 BFRIE S, R
MR Hih, S < & D2 H LIPS B K o 3By 12 3
HAENE, TNOOFEE M TGN X OB 77
SEMSE (BXT71, ) /8 A) CHEL, AR AR
fai s % g L7z S (1990), Hasle et al. (1996),
WIS (2013) 2 BEIHORE T D, T4 O5HHT:
I 72 22 T 12 D W T (X AlgaeBase (https;//www.algaebase.
org/, 20234F1 4 H %) %% 235 | M H Uk 2 fERE L 72,
FEFHERBOLBRERE 525 5 3 RmE A RIS
b FEICHEE EEABICBWT, 201ELSHY 7T ~
7 b OBEEIToTWA (FEith s, 2012, 2015, 2019,
2022)c IHHDEBEIZBWTC RMICIEIES Lh o d
OO, FERMEREOHESHERIN TS, £2 T,
NS DOFIZOWT b ER I BT 5 TR 2 HR
RN E LTty 5. 22Tk, EBEICHBL
WSV IREE A W~ D TEHEY 70 Bt % 7 5 % A AR 5
K& L 7ze KEEY~OERN RBICEE b 727 Wil
HSHLGE 7 R % TE R L 72 B\ BLE B 1 7 0 B AR Tl

HOCE 5 A622 (20234F 6 JH27H % H)

*Tel: 0138-83-2893. Fax: 0138-83-2849. E-mail: natsuike-masafumi@hro.or jp
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WHBEEIND I EICL o T, BEEENHELEL TKEEY
KRBT HEEDH A (Imai et al., 2006), ZD KD 7%
HRIZIZIZT N TORBIIBOCTHELENLY) A2 £ LT
FIETHEEZONDLZ0, 29 LZFEIZOWTIdHRE
DRRE Lrhotz, T, BEOAROGELYET S
W75 7 b REDRE R TER L 72, Zhb 2k
HAIEM L2 TRHESZOER RIS ERE I 3
5l oT, MRROEMS L TR AS TS5 G
& 5 (f5l 2 1ZClemens, 1935 ; Hata et al., 1982), =D &
IS, EMICERN BRI 725 SR WHR O R R
THHEORRE L ah oz,

HBRBLUER

TREIFEAEIRI  20214F 7 5 20224F O E R I B 1T 2 7%
WA BR6E, ER S OEERE L L CTRENHELL
T2 FNHOHT, TNFTIREEYORTET] &
CFZEPHS TV B E AR E AR 12 X 2 7R
SR, ORXIMETH 72, 512, EBIHRITE
AL R RESEY OFE D5 E L AR 5
Karenia mikimotoi\Z X 51 TH -7 (Fl), 7272L, K
mikimotoi\Z X % 7% & K EEA Y OFETE & O RE R IR
H<TH b, MEH (2021) 1, dLiREEBICBIT 5 19724F
520204 F TOFREIFEA G T &3 LIRE L T b,
EBIZ BT B RIS0E B O AR S DO R45 DO LI 4
T AHUES BRSNS BV COEMETHRE L 22 &1

B0, REBEEN S o E ALY, T, KOS
AHEBIIRE T (ST RPHEfEE () TRELLTW
EaAd by (1), FERE7, o7 (&6t TR%
L, BilEholn

‘%0139”140” 141°142°143° 144°145° E

X1 20214F 38 & U20224F 2L B R P B LS B8V THR
FEEEDFRD D L7, FERRENI AR oW %
T RWFROHPHE R L, R ENI R34 L
TR R LT\ o BAREENCA L - F 513 3%

1OFEF IR L T2,

R 1 202145 X U20224F (AL B B PRI 38\ THERE S L7z 7Ri)
HS REWRE REEDER FEAHERLTE ﬁk%ﬁﬂ@fﬁg TR ERER R DKE AL
(cells mI™) DIET-*
1 2021/8/24 IZE#HNW Noctiluca scintillans 3,500 SR LEHDIHDIENTE N &
2 2021/9/2  HEEAEN Karenia mikimotoi 3,200 TWE i3
3 2021/9/29 HIWETEITEER Mesodinium rubrum 7,560 ZWHh piis
4 2021/9/30 EEENB L URELESE K. mikimotoi 4,440 IEWHREHZDIZNFZ i
5 2021/10/12 w@E&EN Mesodinium rubrum 610 N Fii3
6 2022/6/271 HEHEEANZETHEZEA Heterosigma akashiwo 300,000 CHNWE i
7 2022/7/4 HEMEST EERE Rhizosolenia temperei 2,520 CHNWE i
8 2022/7/20 A RTETEEITAEN N. scintillans 930 HhBWNHH i3
9 2022/7/21 FRETEESAENA H. akashiwo 80,500 ERIZERZDLEVEN i3
10 2022/7/26  FHFBA H. akashiwo 44,400 ZWEADIZWTZW i
11 2022/7/28  EREEHN Fibrocapsa japonica 1,460 SRI-E =
12 2022/7/30 FHFEA Eutreptiella sp. 64,000 TWEREY i
13 2022/9/s  DURANERGERNERON L 47,200 TLhE 5
BEE TORBRBEN
14 2022/9/9 BEETHIRAEREBN N. scintillans 1,980 HHDNHDHDTT NI
15 2022/9/13 RAERHETICEESBABES X FE N scintillans ENE NG piis
16 2022/9/15 IEEaNEs(AEBEHX) N H akashiwo 45,000 CHWVWERZRDIZLZL =

HUBETIERPEFLCRE CFIMT 2RI - BEZEHTW AW, FPEKEEYDIRT L DRRBRITTBTH S,



AEEEE RO OB STE L o 778 (3R]
IZB89 2 TEREIAE e AL~ D E B9 5 BEA AT A
U TFICE LD, KT, HRBEr S ICHEET
% L CHR) AR ORI R L 720 FERE O
TEN T 7 FE 2 T RE MR B LRI SO O Sk 2 2%
&Nz, 72, BESEAIIOWTIE, 5T 5RT
R AHEA T WA 72, SRAT SN AT RS
TN H BT, EES NIV,

Rhizosolenia temperei (EEE#E) i3 200 pm%
W2 AHZEDHLRKEEETH Y, Rhizosolenialg DYFEL
RN S BGRAS I RINDEST S i AT AN BN e e )

HEEORMEGETI 7 M 55

% ([H2A, B)o AFHIL, 20084F (2 HAMEDWHIAE & KB
& DI, 20144F £ 20224E 07 H A AR 17 AR O FH o0 3
BRI BV Tl B IS - TR O Bkt o R 2 T2
B L7z ([K4A, B) o AFEIC & 2 KEBIESE~OH EFH
I STV,

Karenia mikimotoi (R¥EEREME) RTTLADD LT
AELEHELR &R RELrH 27MET, RESESIEE
1230 umEETH 5 ([M2C, D)o AN L3 12 HlngBe
WA Lo FEEEY A L, EEED S 2RI
0o L, BRIROEBOBOIERAKEFT 5, U5
O 5 &z L 2SSk T 5 2 LIS QDD 5o AHE

2 JLiEERE PRI B\ ORI 2 TR L 72 R IRE (A~T) .
A: Rhizosolenia temperei, B: R. tempereifliiatin DEHIKD S, C: Karenia mikimotoi, D: K. mikimotoi DI EHMN,
E: Noctiluca scintillans, F: Fibrocapsa japonica, G: Heterosigma akashiwo, H: Eutreptia sp., 1. Mesodinium rubrum,
B A —)LN— (20 pm) AR T .
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% &t Karenialg e ik 3 A RMRIRFEN % L 1%, KL~
) VEOEERIZE T, HEHIHEAIBIESI NG 720
ABHRERHIEIFITTERESVLETH 5 AMIF20154F,
20214F, 20224F OB ~FkZ (R TE < J L HEIs 0 8 7 N
I2BWT, 20214 FEFKEIIAENOERRICBWT, #
Ao RO K L7z (K4C, D)o ARFHIL
I KA CAEER AR T I EsmenTw 5 (L
etal,2019), AFRENITEHARZ FOICEICHEISE
FICHBIIZET L2 ENHEL MO TV S8
(Imai et al., 2006), RAFIHOLZEREZO M FER K7 &
AR AR OB R M 12 B W T R 2 TR T %
Wiahidh b Z LD SN T 5B (Lietal, 2019; Vandersea
etal, 2020), di< 22O HAREHULIZ, 7)) FEOREEM
LT AV HAEOTMH, TR EDEREORE
ARSI LTEBY, TETH LIETLITKE ik
ERHESINTWD (B2 ITHES, 20165 IIFKS,
2016) o JLEE TIE20154F & 202245 (2 i 75 %0 2 O J& 0 1
HIZBWTHRBOZEEI > TEBBENOY 727 7 ¥
EDILTDE SN TWBDS, K mikimotoizRill & 21 b
DIKEAEY DI & ORFBIRITHE R ILH T v (1§
M5, 2016), F7z, EEE~OMEIY) T, $EL
AN A AT ERNO T3 THE & 7 IREECTHENICRE L)
BB, K. mikimotoiZSIRHL L T % & —EBD A 71 2585
L CRAMEDS T A5 & 59 AN H - 720

Noctiluca scintillans GB¥EEZEME) MizEFITRKL
mmfEEIC D % 5 KEFECTH D, ERIEOMBEAAIRT D
BHIMBEBIETE S (K2E), MEOEHR, ik
DR MR ETHVOBEORE KT 5 (H4E) . #
JANICKEDT VBT A2ER D720, ROV EET S
LWRBT VEEZT R D, ZOT VESTIIMMES
WXL CHEHTHLEEZLNTBY (M1 - HE,
1976), 7 ¥ E=TIZE9\\ A 71 7% & OBAREN) 12 & - CTHF
WICHEEE SN TS, i)y, MIATHLEYITF 2708
AT E BRSO CHER 50T 5720, Raiss
RO DT HRIR 28K < 62 XM 2 1w 2sh R o
BRI DD BN, EHMIED L LR
M b BB R 2 BT AT D1D L F o TRV,
Fibrocapsa japonica (77 ¢ NE#) BHETEX30
um, PH20 umfRFEE, HWHOOEREKICEDLNL TV D
(M2F) . Mifgfitic ROz A L, mm2 5 142
ROWESMO D, KRNI EOAEFHFOL (KIF), &
FIZ, TEHAZ B IR Z BT 5 2 &5
NTW2, JLFE CORBIEEOREIIWOTTH 5,
FHEDPM SN TV DAY (B 2 1Xde Boer e al., 2012), ff
EWREIINTH D,

Heterosigma akashiwo (57 4 KE#8) WO >7%EH

ExLTBY, MBERmMOMNLRLBEEERO & A0 I
BERHY, FEFLIIRFPRY vy TABREEEL T
% (M2G), ¥ OTEREL HERDL, RIMWE b2
10 yumAREED R Z 2T, Kipliddso T v, el
[ DE AT A D 5 IZIFERO2ROHEE A R I
TRY, WELMIZNE L 225K T 5. £EOMO
MHMETTHAML, F0HRK, IFICHER ORI SHEZ
WCHBEAZH O BEORB LR T S (K4G) . AT
FARBFEESHONTBY, THHARICB W CRHE 2 R
TERC & 2 #HA DO RKBIEFOWFEREIH SN TV 5,
HFE TIZ 2 E TS S HAUE OB i 2 KT o+
Wi, BEEE T E ISR AT T A 2 oSG ST
W5 (IBH, 2021) 6 ZAVE TITBEN THSERE IR S
T 72\ 20224F O E R TIETH ISR L BAEIC B
W, O FTLZERT O TR DS A AHERE S M 7ze 1H
KBWIZ B\ TH. akashiwolZ X BRI AERE S 7z
DIZMDTTH 5o

Eutreptia sp. (1—7J L FEM) HIEWFEHIERL IR
OMBAIIRT, LRI Hts CHITE O JL AR U 12 BHE 70k
WIRE A AT S (K2H)o AT 4 FFH T AE\ AT
BHLZZEIZ T30S U0 EEy] &2 5y 24
e EEZRTZEDVH b, BEOL—7 L FEIT
Eutreptial®,, Eutreptiella)d, Euglenal®D3JESH b, 25
RBOWEINRD % & Eutreptialg, REROHTEI2RSD
% & Eutreptiella)g, WEEANAKRD % & Euglenald |2 5738 &
N5 (Throndsen, 1996), 72721, AFEOHITE ILEHZE:
WKWLIELIEHE L CBETE RO TE L NV TORE
DR Z L 5%\, SRIOFREIEEE O > 7V DF
ELITEA DM TEENRETH D, »2s) LT
AT & /oMK Eutreptial& Td - 720 L— 7 L #EHHIC
L pRENdAk T 295 (M4H) ., ER TIEEEICHAR
B OEBNCTHERIIE L EPRESIN TV
(BT, 2021), 20224E EF DM KB F O AN IZEB W
TR DO FEEDTERR SN T2o BKE CHRAEDTER SN2
DIZTNDBHDTTH D, L— 7 L FEHEOIKEAY~
DI BT LN TR,

Mesodinium rubrum (fEHFYU FZX ) Kho
ERIRDSE 7% 7272 5 FIE THRA DGR IERRAREE DR %
AL, K&ESITES30 pm, 1H20 ymfEETH 2 (K21,
AT SIIMESMOTBY), ZOMEEMEHL Tk
P55 EDITBEHT 5, — MBI RBEIE T 0k L
THAEMZ AT 2 B REEW TH 5205, AT EH
Mz, MIENICEFEORY 7 >~ 7 b VO TERRR % T
Nkt Z & (BIERABREFBREINDLZENDHDL (K
18,2020)) 12 &> CHIFBN CHARLZATH S TE S
720, FALHEARMYIZHEEC X % (Gustafson er al., 2000) .
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3 AvifFEE VR B L oA E AR A R AR (J~S) .
J: Karenia longicanalis, K: Karenia selliformis, L: Margalefidinium polykrikoides (H.HG), M: M. polykrikoides®
MG, N: Takayama sp. 1, O: Takayama sp. 2, P: Chattonella marina var. antiqua, Q: Octactis speculum, R: Vicicitus
globosus, S: Pseudochattonella verruculosa, BARIE A —)V/x— (20 um) %7R”7
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EINTIRECKFICEML, 74 YLy FMEOREZH
BT A (K41 o RN 12 EWFICHBLL 724K
TEAEM L7 F 270 2 EOTMEIHREBT S
CENBDH, BOOFRE 75 BRICERETITHRE
574 ALY R) Y Thb, 741 R »EMKIT
)R EEEIZE T NS BETAMRIITIERWICEE
TdH b, BRI CIEEERRELOEEN TFIZ E i
TR &2 TR 2 AN ESER TR STV,
FERHERBEOEBRRE FRHOFEEIEES 2o
7278, EFEEIC BV CHERR S, AR AT L CKE
AP ORKEREZTI SR T EFMONT WL HEME,
FEINE TITAHFEIZH S TR WS ERED K
P2 & FE DB DI L BTEN 5 A E/E O DILHER
HBURE 2 F &7z, 72720, ZOHT, Karenia sel-
liformis\E AW FE O K R B THIHZ R L T
A, ERICBWCHRZREgEL T ST Lo
KMEROKRE S5, MBEEEOHERER L7,
Karenia longicanalis (GB¥iEE#) JIE TE 21330
pum, E25 umAEREE CK. mikimotoi & |ZIZ[A] U2 1A ) /N &
W ([XI3)) o KareniaJ® 23l 5 2 E4 oo R 2 H 5
bo HITMIEHRILICArE L, BB G TERIEOEREEH
T5o NSO A S Yang et al. (2001) IZFE#R ST
W5 K. longicanalis & FIWr U 720 AFE 13202145 0 18 B
\Z BT BK. selliformis FAK & 5 5 KBUBL 2 AR 124
HWEIAE THIDTED SN, EOERMEOTEREITS
I (multilobed) & s T % (Iwataki e al., 2022)
COEIIHENITEEN L 2Rz HH L0, SR
HEOEHNH 200 LI\, D Karenialg & [FIFkIZ
ARTE D A7 AR EB T 5 EEESMSNTED,
TR AR I IEE S LE CTH S (Brand et al., 2012),
202248 T MK IELZ BV TR EE (100 cells L'ELTF) @
HBDERE S N2 BB B L OHEMIEEBIC BT 5 T
DIERIERRED D TTH 5,

Karenia selliformis GR#EEZREM) TIEHAICHT %M
bR TR EIEE 40 pmfEFE T, K mikimotoiX®
K. longicanalis & 1) H 17252l ) (2 &KEITH S (X3K,
Iwataki et al., 2022), Karenial® |2 383 5 E4 F o g
WEHETH, HGH CHIROIERMAZ A L, ZITTHN
IZNET 2o BT Lo 7MErBIEENLZE0H
5 (Iwataki et al., 2022) o %6 { DIKFEBIWII RS iRV AE
EWEPMOENTED, BMELBRSULETH D, T4
W G ORISR, AEIZIE =207 L— FOVFEET
LI ENHMESNTWS I RS (Iwataki e al., 2022),
L, OB ERRPER S NDREED D 5o WHFExt
SR TH HNEHR, JES, I TR O BB
REN TV,

Margalefidinium polykrikoides GB¥EEM) KM T
HARDOMILIZE S30 pm, 1E20 umA2ETH 575 (K3L),
2~ 8L DI R 2 TERL T 2 5 5058 v (U3M) . 26
A DIERREZ AT L, MR GERI B 2 59208 L, ¥
F SR L, R OR RO G Z FED, AR
Z N F TCochlodiniumg |2 575 S LT 7228, L HTak
& N7zMargalefidiniumlg \Z#47 L 72 (Gomez et al., 2017) .
R OTLRER TR, IRtk ofE, SO A i
% EORBTHB OSSR TH S, MWAHEEH
THZEPHLNTBY, EHNTIIIEH AL PLICES
272 72 O SR ORI Z IR L, FIEAOK
I E PR R e B2 G SR I F 2 LAYIs
TV % (Imai et al., 2006) , AFED53A I EF L TIEHA
HEZ BV TORHATS LTV 5% (Shimada et al., 2016), 7k
BRI E S I EOFE TR SN T, 20224F
DHEZFEIZHEEB X OB B W TO AHAMER S
e TKREETH o 72,

Takayama sp. 1 GR¥EEZRM) LHEIIVIETERO
B\ STUIK C Takayamalg & HIWF S % (X3N) o g A
ZNE30 umfEETH V), 20214EDK. selliformisiii |2 IRAE
LT\ Z &3 T\ % Takayama sp. (Iwataki et
al., 2022) LIZREMICBICTE Y, FEOW LD 5, &
TR DKL A~OE EVEIARHZ)S, Takayamalg
WIEHERSEINL720, AEOFELRLTETCE LR
W MK TE TIZ20214E7 H £ 20224E6 H TR 58 2 A F
T, TCRFEETHILL Tz,

Takayama sp. 2 GR¥EEZEME) L#EHEIISTIRT
Takayamalg & )W S AL72HY, FOFEIITE Lh o7,
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LMD ATH D, T2, TNSLAMNI O HERM 7S
Y7 N UHEFEERIC B W THEREIIILCBY, 4%
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Long-term fluctuations in zooplankton biomass collected during six research cruises around Hokkaido (Review)
Hirosai SHIMADA*, Daicat ARIMA? and HIRokt ASAMT?

' Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido, 046-8555,

* Central Fisheries Research Institute, Fisheries Research Department, Hokkaido Research Organization, Yoichi,
Hokkaido, 046-85535,

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

The results of the zooplankton research conducted by the Hokkaido Research Organization over the past 30 years were
reviewed. To elucidate the fluctuations in lower trophic level production, we examined long-term changes in zooplankton
biomass and species composition of samples collected using the NORPAC net almost six times a year around Hokkaido.
Regarding the long-term fluctuation of zooplankton biomass, it was revealed that the biomass remained almost unchanged,
although the annual fluctuations at each station were largely based on the wet weight dataset from 1989 to 2019 obtained from
the subsurface layer (depth 150 m) at the six stations. However, the species composition of the dominant large copepods
obtained from the mesopelagic layer (depth 500 or 300 m) from 2008 to 2019 varied by area. The dominant large copepod
species were Neocalanus spp., Eucalanus bungii, and Metridia spp., which fluctuated significantly annually. Because these large
copepods are cold-water species that prey on important fishery resources such as chum salmon, walleye pollock, and
arabesque greenling, it is important to monitor these large copepod species, considering the relationships among their biomass,

ocean warming, and fishery resource status from a long-term perspective.
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deviations
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Fig.6 Dominant large zooplankton species collected using the modified NORPAC net (vertically towed from mesopelagic layer)
in the four areas around Hokkaido from 2008 to 2019 (modified from Shimada 2018)

Sma" copepOdS Oithona spp.
<, -
- ¥

,“'
¢
>

Mesocalanus tenuicornis

. Pseudocalanus minutus

Scolecithricella minor a ° 7

v

Fig.7 Dominant small copepod species collected using the modified NORPAC net (vertically towed from mesopelagic layer) in
the four areas around Hokkaido from 2008 to 2019 (modified from Shimada 2018)

1987), HAMMFIZBNWTAT M7 IBL Ky ro (K EREORD BN, 5B V27 5 OB
FFIRE DS 2 A AL OKEETT - KEWTZE - 20E HeRE EROAEWMOWAE) PENLREED S, L
https://abchan fra.go jp/digests2022 /index html | 20234E3 H M2 LW HARHE (ST https://www.data jma.go.jp/
8H) LTWwaA I Llys, ML 2METOBAEY kaiyou/data/shindan/a_1/japan_warm/cfig/warm_area.
T N OBMO—KNTHALUREEDLZ Z 515 html?arca=F#title , 202343 H28H) &4 +k—> 7l (Bl
(WS, 2016), SHE=F Y U 72T A 281240, 21X [BRIT  https//www.data jma.go jp/kaiyou/shindan/
MR L3 X ORRMEAL OMEATIC & o THi7z 22 B)ER  a_1/series_okhotsk/series_okhotsk html , 202343 H28H )



70

5

biomass
(wet weight mg m2)

biomass

abundance

(wet weight mg m™2)

(103 ind. m™)

F, ABRA,

200

100

LA

Doto North Pacific

P15

zooplankton biomass

545

ol J

PR

0
150

large copepod biomass

|:| other large copepods

[ calanus spp.
[] paraeuchaeta elongata

. Metridia pacifica/okhotensis

. Eucalanus bungii

. Neocalanus plumchrus/flemingeri
D N. cristatus

[ other copepods

[l oithona spp.
|:| Pseudocalanus spp.

[ scolecithricelia minor
. Mesocalanus tenuicornis
|:| Calanus spp.

year

|:| Paraeuchaeta elongata

. Metridia pacifica/okhotensis

. Eucalanus bungii

. Neocalanus plumchrus/flemingeri
N. cristatus

Fig.8a Annual/seasonal changes of zooplankton biomass and dominant copepod species in the Doto North Pacific from 2008 to
2019 (updated from Shimada et al. 2012)

biomass
(wet weight mg m2)

biomass

(wet weight mg m™2)

abundance

(10% ind. m™?)

0
300

- N
o o
(? o

Donan North Pacific

P 52

zooplankton biomass

200

100

150

100

|:| other large copepods

[ calanus spp.
[ paraeuchaeta elongata

50

. Metridia pacifica/okhotensis
. Eucalanus bungii
. Neocalanus plumchrus/flemingeri

D N. cristatus

[ other copepods

[l oithona spp.
|:| Pseudocalanus spp.

[ scolecithricella minor
. Mesocalanus tenuicornis
|:| Calanus spp.

. _
2008 2009 2010 2011 2012 2013 201
year

|:| Paraeuchaeta elongata

. Metridia pacifica/okhotensis

= . Eucalanus bungii

2019 Neocalanus plumchrus/flemingeri
N. cristatus

2015

2016 2017 2018

Fig.8b Annual/seasonal changes of zooplankton biomass and dominant copepod species in the Donan North Pacific from 2008
to 2019 (updated from Shimada et al. 2012)



777 b ORMEE 71

Japan Sea (shikari Bay) J 33

® zooplankton biomass

k@@ﬂ%@%&%@w@& w

0
150

biomass
(wet weight mg m™2)

-2

. her| d
large copepod biomass E‘;;,j;;f;;"pem *

S
8 %o 100 |:| Paraeuchaeta elongata
© £ . Metridia pacifica
g -%" B Eucalanus bungii
a3 50 W Neocalanus plumchrus/flemingeri
ko) D N. cristatus
E
308 — —T [7 other copepods
I |l oithona spp.
(O3 D Pseudocalanus spp.
Q g 200 [ Scolecithricella minor
.g 'g . Mesocalanus tenuicornis
[ I |:| Calanus spp.
_g =) 100+ B | LN CENECM M 1 | O paraeuchaeta elongata
[ I . Metridia pacifica
. Eucalanus bungii

0-
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 ENe"f""’”usP’“mf”’us/flf’”’"ge”

y e a r N. cristatus

Fig.8c Annual/seasonal changes of zooplankton biomass and dominant copepod species in the Sea of Japan from 2008 to 2019
(updated from Shimada et al. 2012)

Okhotsk Sea O 26

zooplankton biomass '
200

‘°°@W%/j @w@ £e

biomass
(wet weight mg m™2)

0
150 - |:| other large copepods
large copepod biomass B Calanus spp.
100 [] Paraeuchaeta elongata

. Metridia pacifica/okhotensis

. Eucalanus bungii

50 a3 . Neocalanus plumchrus/flemingeri
D N. cristatus

biomass
(wet weight mg m™2)

308 |:| other copepods
copepod abundancej Wl Oithona spp.
[ 2 |:| Pseudocalanus spp.
8 e 200 g i [ Scolecithricella minor
-g 'g I H . Mesocalanus tenuicornis
g cé 100 I 77777777777777777777777777777777777777777777777777777777777777777777777777777777 [ catanus spp.
'% = |:| Paraeuchaeta elongata

. Metridia pacifica/okhotensis

. Eucalanus bungii

5008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 M Neocalanus plumchrus/fiemingeri
N. cristatus
year

Fig.8d Annual/seasonal changes of zooplankton biomass and dominant copepod species in the Okhotsk Sea from 2008 to 2019
(updated from Shimada et al. 2012).




72 WGH & HBRH, A

OEEITER Lo, dbifFE B4 8155 E=4 )
T RLATL TR A 2 ENEETH b,
BARRICBWTHEBREABOL CILRERDOA %
HWE LR THRE SN TEB Y, MO IHEEAT
Wi, SRIET VIV AT RO R, K
Ry A 7 M SRR O W TR O R 258 % 1E I 5
07, BREFFETIC X 2 EYROEORNEZRET S
CENHEE LTERENTWVDS, BHEIZOWTIIERS
H B SR E BB ME O KIUAE S 72 b B Metridialg /1 4 7 3 $
(Hattori er al,, 1989 ; Hirakawa, 1991) =2, #4472 Wk 8EAT
BiZ4T ) 4 %7 IEB X OIS o K R

Table 1
2018)

(Brinton, 1967 ; Shulenberger, 1978) 7AYE- A IZEREE S 4L
VT EDFEREMESND. FIZAR— 7L, &
i 2@ 1235 B3 4 Metridia pacificals X UNM. okhoten-
sisVSIEBI IS T 2R CTH S 72010 (IBH S
2012), FRAERFRTT I X 2 EMREOENREI VLD EE R
b, —F, PHRERMTEERETL20LED R ER
B K TFEOH R BB OWTIL, A B
BALL ORREEE LoD, KEESHEOFEM Y — 7
DNAF A (RBELHETT 2138 — 7 ORHHIZR
L, 3 A< ZFET) 12EF B L CRITEB 2 AT L, K
FERRAT L OBREHOL 2T A2 ENEETH D,

Length-weight equations of dominant zooplankton species/taxa collected around Hokkaido (modified from Shimada

Species/Taxa Measuring length (X)

of body parts

Length-weight equation (W = a X®) and/or
Wet weight (WW)-dry weight (DW) equation (WW = ¢ DW)

References

Constant values for calculation formula for
Wet weight (WW mg) Dry weight (DW mg)

a b c a b
Crustacea

Copepoda Neocalanus spp. prosome length (mm) 5.70x1072 284 7.22 6.90x107° 2717 Shimada (2018)

Eucalanus bungii prosome length (mm) 6.60x10° 3.70 9.98 1.20x107°  3.39 Shimada (2018)

Metridia spp. prosome length (mm) 6.13x102  3.24 4.82 120x107° 542 Shimada (2018)

Paraeuchaeta elongata prosome length (mm) 519x102 3.19 5.39 250x10°  4.03 Shimada (2018)

Calanus spp. prosome length (mm) 3.95x1072 3.45 5.79 5.00x10°  3.42 Shimada (2018)

other large copepods prosome length (mm) 7.66x102 293 6.22 1.04x1072 297 Shimada (2018)

Amphipoda Themisto spp. prosome length (mm) 247x107" 281 7.84 201x102 3.16 Shimada (2018)

other amphipoda prosome length (mm) 2.90x107" 233 6.18 414x107%  2.33 Shimada (2018)

Euphausiacea Euphausia pacifica carapace length (mm) 3.18x107"  2.96 5.19 368x1072 3.20 Shimada (2018)

Thysanoessa spp. carapace length (mm) 1.05 231 3.68 1.03x107" 275 Shimada (2018)

other Crustacea

Mysidacea Meterythrops microphthalma carapace length (mm) 707x10”"  2.13 6.43 486x102 254 Shimada (2018)
Ostracoda standard length (mm) 7.78 1.20x107° 253 Nakamura et a/. (2017)
Chaetognatha body length (mm) 1.1 1.00x10™* 3.13 Nakamura et al. (2017)
Cordata Appendicularia trunk length (mm) 8.83 501x102  1.99 Nakamura et al. (2017)
other Cordata body length (mm) 19.6 2929x107°% 273 Nakamura et a/. (2017)
Cnidaria total length (mm) 18.9 130x107°  3.24 Nakamura et al. (2017)
Annelida total length (mm) 118 3.09x102 153 Nakamura et al. (2017)
Mollusca total length (mm) 9.05 1.95x10~" 113 Nakamura et a/. (2017)
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TEREGHL % R 720

B RRICEY 7T v 7 N EGHTT A7, IBH -
BO(2014) X, TS NIRL T H AT EH BT

Sy oy AT A %BSS L7z (Fig.5). £
72, Nakamura er al. (2017) & WBH (2018) 1%, KAIE
HHEBOET A X, BEEBLOEERT -5 2ERL
T, KA XN F<w208B (7ox b)RX) %
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037f%, g s ¥ G I LT IR T
FHOE L, KB4 A7 LA B U O SR % R E
LC, BN 7 & (Imagel ¥ 7213 Motic Images Plus)
AW THERT 4 X &gk L7z (1B, 2018),

7T v 7 b VIO G OMGR, T EAEO KT
T (Fig.6, WM, 2018) B X OO/ NRI A A 7 3
(Fig.7, WS, 2018) 2 EECTH L Z LWL Lo
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T A 7 3 (Neocalanus spp., Eucalanus bungii, Metridia
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Tkeda, 1999 ; 2001a ; 2001b ; Tsuda et al., 1999 ; Padmavati
et al, 2004 ; Tsuda et al, 2004 ; Shoden et al, 2005), /NI
Fli % & o 7R B & A B & | Metridia spp. D RRAKIZ
Mz <, /WNEFED Pseudocalanus spp., Oithona spp.73% <
WL, EEMEROLENINA AL EIZRE D>
7z (Fig.8a-d, WBHI®, 201202 K5E£ 7 — ¥ 23800 .
Nakamura et al. (2017) ZHEH (2018) 25& ) F & 7=
R A ZENA F~ ZADOBR (Table 1, Fig.9) & Hw»
HZLIZEoT, REHHEHMOT VI VIRV T AT
w7 afggmg (0.1565) (IBH - B, 2014) A
ORIEVBEETED /N A A< ADHEIETRE & 7% o 720 /NS
HAEIZOWT Y, LRI (0376 OBIEHENTIZLD
FEB L OFESTRETH L 2 EHL N E R -7 (I
H, 2018) o

WIS O RFVESTEDONA T~ A AR 2B L, K
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sis) DSRAET % (Ikeda et al, 2008) DIk L, HAMET
1IN, plumchrus B X M. pacifica, # & — 7 7 i TIIM.
okhotensis3 X UM. pacificalZ 1 - 7z i 2 R TH 5
T L CH o7z (IG5, 2012) o T 520 HAL
T TR BRI A B I LTSS CTh 5 2 L 2R T %
720, WEFEmEALORE (B2, KRIME LR N A 4~
ADWA) ZIEERCBET L EVEHETH S,

EEBEHDE, FHIONAF < AGEHIIRECE
B4 a2 LWL R o7 (Fig.8a-d, IBH 5, 201212
RIEET— 5 2B SIS Zfzaldile & L CHIS
B HARWEIZBWTIE, —REEDS ZIRAERE % AL L Tw
LU REED R S 4L (IGH, 2020), AFOHEREIC L
BHENEANOREE MG L BFOWY 777 s T
— ADFEH)S, RURH ORI A4 7 B SO N
AFXAZIY PE— VLTI REND L, &b D
n, KREME L NA F <~ ADE=S ) v 7 % Rl 14
M TARAT L CRkBE S 5 2 & 1E, KEBREHO Ny 7
7oy R ORI R 5T, BMOTEETH S,
Bl 21, HARUE TIZEBEDN. plumchrusDEFEHS A b
7T OFHRE L R H 5 RREARIEE N TS Z &
NCUNC S ERVA e i i
headquarters/domin/pdf/20200828_pressrelease.pdf, 20234
3A8H), KRB HEOEET— & ZMpghlcERE L, K
ERBEEH L OMREHRL ZEPEZETH L, —F, B
WB L OEBERKHEICBIT2EEOEYW T F > 7~
DR AL, KRS OWHEERRE OFHIZ Lo
Bl 2T 572012, Moz L) bFEHZIKR
VNI LML TYS (IBH S, 2012), fiE- T, #H#4
SEOKEBROEEN L LTCOBW T T2 7 v % E

http://www.hro.or jp/info_

ZF ) LI, TRELORE LT, T
RIFBOWREZITH) T EDVEF L,

TT o N OHEGHIIET B EATE LT,
AR E R OEPCS (P, 1993), FEER= 3% & 5 D OPC
(K5, 2008) 3 X O FVPR (711, 2008) 223815 5
N5, FFEI1EZooScanz FH W72 FiEDBS AR DS (Bl 212
Gorsky et al, 2010), {HEHE % #H BT 2 LE05H 5
7o, KBEFEOGHIZEARAMETH L, Z 2 THART
(E20134F 70 & 72 2 AT OREER I A A, 20174F |2
TYINHATICEBamEEEMRLL (IBH - B
2014 ; Nakamura et al, 2017 ; WBH, 2018) . #7272 0H1 i
X o ChER: (B 5T 2 SEARTEMEE T T, WMEE
FRAECHE) L) bIEERMERDIMERE IR 72 (1H
BT GIARILO2RK D HEANDIEN) 2%, S 574 51
WA B £ OHEREEM_ B T, RO & 9 % il p g S
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Wiz, FERIIIZAEE B R 2 T 720 T RED
BEHOHEICANTE=Y ) V7R RO L& &
Zz2 505 (P, 2021 ; Moseid et al, 2021)

TYEN AT RGN, 777 b R
3H BB O FEM 2 AEREWFZE I IE M 22 20 WS, JKEEE IR
OEEIFEZ B E LBy ) Y FICERIEE LN
Do WA, B~ (NE 1977 /ANE 1994), 247 by
55 (/N S, 1997 5 /N[E] &, 2001 ; Yamamura ef al,, 2002 ;
Yamamura et al, 2013), 7k v 7 (Kitagawa et al, 2011) ZE0D
KBV A 7 2% T &3 % A8 OR8] 055 1 o f R
BREHIIRICIE, ROMEZHOWANS T AN—-ZADK
REEHOE=5 ) Y I PENTH L, — i, AT 5
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Asami et al, 2005 :2007), =3 > (&R 5, 2010 ; Arima et
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Fig.10 Zooplankton specimens embedding in UV-curable
resin for accessory and exhibition (modified from
Shimada 2021)

(a) Arranging zooplankton individuals in resin liquid on the
silicone molds

(b) Curing in UV light box

(c) Removing the products from the molds

(d) Accessory strap with plaited cord

(e) Observation using a stand loupe on an LED light panel

(f) Close-up image of the final product with >20 individual
specimens
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Annual fluctuations and factors affecting the abundance of Neocalanus plumchrus/flemingeri in the Sea of Japan off

northern Hokkaido

Hirokr ASAMI*

Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,

Eniwa, Hokkaido 061-1433, Japan

Annual fluctuations, i.e., between winter and summer in the abundance of the calanoid copepod Neocalanus spp.

(Neocalanus plumchrus/flemingeri) in the northern Sea of Japan were investigated at a station from 1989 to 2011. Neocalanus

spp. increased from June to August. The maximum abundances increased continuously from 1998, and prominently high

abundances were observed in 2001. Except for 2000, these years were characterized by low water temperatures in April. After

2001, high abundances were found in 2003, 2005 and 2010. The abundance peaks in these years corresponded with a sharp

decrease in water temperature in April. Significant negative correlations between water temperature in April and the maximum

abundances of Neocalanus spp. in each year were recognized, suggesting that water temperature was the most important factor

for the abundances of Neocalanus spp.

F— 7 — N : Neocalanus, [8ARHCE B, Kim, B0 H AW, F2LH)

Neocalanuslg /1 A 7 2 LM ER I B L 07 0% i
AT A REOMEESEY 77 >~ 7 T (Motoda
and Minoda, 1974), ZOHEWEIIKBEOBY 77 > -
b AR D80~95%I23# T 5 &£ b F b (Vinogradov,
1970 : Vidal and Smith, 1986), fIHRHHE L & D@k
FEHOFAY L L CHEETH S (Fukataki, 1967, 1969
Kawamura, 1982;0date, 19947 &), M F T, Neocalanus
JEN AT VDD B, Neocalanus plumchrus & Neocalanus
SflemingerilZ DT, SrHEIIIIZE (Miller, 1988), FHZE
TV — AN FEER L 72 B S A AR ) ShE R E) 2179 A=
755 (Miller and Terazaki, 1989 ; Tsuda ef al, 1999 ; /gt

<, 2000), Neocalanus plumchrus\Z>\WT, FARIZ &
LB — 7o 7 b (Mackas et al, 1998 Batten
and Mackas, 2009) , SR BIffmAKIERL 7 0T 7 1 ba
B COBEERICHEEE SN S Z & (Liu and Peterson,
2010 ; Ashlock et al, 2021) 72 EDOWF3EDdH 5,

Neocalanus plumchrus/flemingerild At 18 J& 2 18 C &
HEEPOEFIIPT TN T2 P VBHFREOE R
B b (IBHS, 2012) 2 LT, FricdbigdE H AR # T,
KEERETH D= s ol - 114, 1949), F v 7
fief CaAR 2016) &Rl (JCHI-FERE, 1949, 5L, 2015),
Yo (BEH- RSP, 1982) 2 EofAEY L L TEET
BHbo —IZ, BT TV b OEENIEEOMBI A
BRMERE*HE L CEFREE IC2E L RITT
(Cushing, 1990)s Z D7, B 77 v 7 b v OE#H %
HOPIZT 5 2 EIIKERROLHER*E 2 5 L CH
PiCdh b (Bl Z 1L, Brodeur and Ware, 1992 ; 3, 2007),
ARWEZEIL, KEBFROLEERBEHIZET S L2 HIY
WCHARWACE O —Em T 77 7 M2 REL, HF
WZEEAEY) & L CE 7 Neocalanus plumchrus/flemingeri®
AR OFLEB) & COEREERZ L2 D TH b,

HOCE 5 A624 (20234F 6 JH27H ZHL)

*Tel: 0123-32-2135. Fax: 0123-32-7233. E-mail: asami-hiroki@hro.or jp
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Table 1 Sampling date of zooplankton at J15 from 1989 to 2011.
Year Date Year Date Year Date Year Date Year Date
1989 1990 Feb.19 1991 No sample 1992 Feb. 18 1993 Feb. 16
Apr. 10 Apr.16 Apr. 9 Apr. 13 Apr. 13
June 5 May 28 June 4 June 2 May 31
Uy 31 duly30 o July29 o duly31 . July29
1994 Feb. 16 1995  No sample 1996 Feb. 13 1997 Mar. 4 1998 Feb. 16
Apr. 20 No sample Apr. 17 Apr. 9 Apr. 15
May 30 No sample No sample No sample June 2
_____________ Aug. 1 _No sample Aug. 2 ___No sample _July 28
1999 Feb. 23 2000 Feb. 23 2001 Feb. 19 2002 Feb. 20 2003 Feb. 17
Apr. 15 Apr. 14 No sample Apr. 10 Apr. 10
June 2 May 31 May 28 May 28 May 26
e July 26 duly26 July 23 duly31 o .....No sample
2004 Feb. 17 2005 Feb. 14 2006 Feb. 6 2007 Feb. 5 2008 Feb. 5
Apr. 19 Apr. 15 Apr. 12 Apr. 16 Apr. 16
May 24 June 1 May 29 May 28 May 26
[ July 29 o dulv24 July 28 Ul 29 July 30
2009 Feb. 25 2010  No sample 2011 Feb. 9
Apr. 15 Apr. 25 Apr. 21
June 1 June 7 June 6
July 22 Aug. 2 July 28
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Table 2 Date of maximum individual densities in each year. Because the continuous samplings from April to August were not

conducted in 1995, 1996, and 1997, peaks of individual densities were unclear in these years.

Year Date of maximum Surveyed
individual density month namely
1989 June 5 June
1990 May 28 June
1991 June 4 June
1992 June 2 June
1993 May 31 June
1994 May 30 June
1998 July 28 August
1999 July 26 August
2000 May 31 June
2001 May 28 June
2002 May 28 June
2003 May 26 June
2004 May 24 June
2005 June 1 June
2006 July 28 August
2007 July 29 August
2008 July 30 August
2009 June 1 June
2010 June 7 June
2011 June 6 June
i R AR % 72 & B A GATH256 L) 12
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Fig.2 Abundance of Neocalanus plumchrus/flemingeri at J15 from 1989 to 2011. Asterisks (*) indicate the peaks of individual
densities that were higher than about 150 inds. /m’.
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Fig.3 Percentage composition of developmental stages of Neocalanus spp. at the peak abundance each year. Because the
continuous samplings from April to August in 1994 and 1997 were not conducted, the abundance peaks in these years
were unclear (see Table 1).
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F—T— N A AT VM BEE, R, BRI BT s b

ARFB A E R S A E T A RO TH Y,
Yo, SV, kv, AT NUTIREDS L DKE
EIROUFfTH 5 (bk,1980), KEICBITAINSS
S OKEE R % T2 HIRRAEEIFEMO 72012, Bl 7
Fvr Ny OBEE UM, 1977 /NG - T, 1978 ;
/NE, 19815/, 1983a, 1983b), HMBIfE L HE (W
5, 1979:/NE - ULR, 1979 X 5, 1983: 95, 1985)
%L OWIENH 5, TETIE, BWTI 27 0D
BB OR RO JlT 20 4 7 VHIZOWT,
WCEFICEST 2o MBEOFER) (KRS, 2010),
F4EZ B L7280 75 > 7 b VIR OFEZAL (Arima
etal, 2014a), 714 7 VEBMOFHENEY /25T
K (Arima et al, 2014b) 72 EOW%ERH S, TN F T,
ke (BAE, ERUKED (ZAbifEE sl BT
BRI A BRI S L, B O X 4 < KZE150 m
POOERICEVEM 7T v 7 b OREEZIToTE
7oo —FH, L OEMWTT 7 b IXER TREBNYIC A
BIREAZEZ 2 HEASHEBEIZIT) 2o Ttnd
(GCH, 1972:8REB, 1989)s L2 L7255, AFETIEH
W77 v sy olBE MBEICH L a7 T

LRI E A LT T v, ZoEis, 2
D &9 ERBIRTEZIZL D ENDD D0 L) Hr iR
LTBLLIERFEETH L, SHI2, HEE LT
T N IR OBED S, BEEEEE L CEY T
F 7 by OMBIECHBIRE L S5 2 Lk, KiE
A ORI O #Y) 2% Sl L EZ HND, K
ff7eid, BB EoRIES L CHBT A1 T
DHICHESE LT, BT Lo osYESEAT
LEBEOAME (NG, 2001) T, BLROWERH
FEDOBNEHONZIT LI ERHIE LT

ARKR VA E

20034E5H12H, AFFE O —%E M (J33, KIEET00 m)
T, AHEE T YR R BRI E SR AR B e L B
GEbh 8178~ ») 12Xy, HA (13:03-13:22) &7
(21:35-22:00) 12, BB/ LSy 7 xw b ([11£045
m, HA033 mm, (GCHI, 1994)) DFFE R X% FHE L
72 (Fig.1)o SRBEL 2 VoSy 7 3w MIIGHEKET 2 3%
L, 200 mA» 5FRmME T, BLOHERES00 mA 5 R

HOCE 5 A625 (20234F 6 JH27H % HL)

*Tel: 0123-32-2135. Fax: 0123-34-7244, E-mail: asami-hiroki@hro.or jp
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Fig.1 20034E5H 12H (250 L 72 A& O A s (J33)

FC, HeMicenenin, BfxFEfL7z. #56
NBEREIM ETES SRRV Y TREE L 72, 12
RITFEBREICFRBIR - 721, 5E#HTHWT,
RESE % HE L7z, PEEE200 m2)» 5 O R THE 5 7o il
RIZDOWT, BB D1/25E0, SHICHESE% 459
B ~16575)), FEARBAMEE T T &R % 51
LY —bL72 612, IA T VHEHIIOWTII
REZ PR D Mlid 5 W3R £ CTHEE L TR L 720 ABFZET
1%, Neocalanus cristatus )7} @ Neocalanus)E Z Neocalanus
plumchrus/flemingerit LT > 72 F 7z, Pseudocalanus)&
\& Pseudocalanus newmani/minutus & 1 T3 > 72 Oithona
BIZOWTIEE T TOREE L7ze & 5I2, Paracalanus
parvus|Z2OW T, HLEIE H AT MBS 5 Paracaranus
parvus\X, JEELEOP parvus & 137 B3 CTRER S v

HZEDNRENTEY (Hidaka et al, 2016 ; Ueda et al,

2022), ARWIZETIEHENRM ) DL 7D Paracalanus parvus
s. 1& LTHo7,

7o N ORELWATLTC, F UK
12X, %k (10, 20, 30, 50, 75, 100, 125, 150, 200 m) 7>
57007 4 )VaigEa N OBMKE RN L 72, F72, %
HIARIE N TRIK L 720 3UKIE, 15512 1 T300 mL
ZGF/F7 4V — T L, 74 )V ¥ —ZHHET T
PRAF L 720 B L CH SRS L 72GF/F 7 4 v ¥ — % EER=E
WEEGBIRD, 90 %7 & b VA T Uik, BRI
(Holm-Hansen et al., 1965) |2X ) 707 1 ValEfE%

17255 81%,

G720 512, HFEOLE, CTDIZ &L Y, AKif & i
UL 720 KIROETE 7T 7 7 4 S KInERRE O JE
EBAHI200 mIZd o722 &2 XY, Ll L7z Ny o
Fow b ORHERE %200 mE L7z. FEKOKEIZHIR
AIRFTCHIE L7z MM ERAK L, EBREICH:
HLiR o 721, #5555 (AUTOSAL MODEL 8400B) Cilll5E
L7z

& R

KB, ES/ELC7O007 1 laREDOHREIOT7 74
JU KEIZFET 2 54120 mE TlEF7~10 T, 120~200
mi3fI3~7C, 200~300 miFH1~3C, T4 L H300m
DIRTIRICUT & e o7z, (Fig.2)o $HATIEETE A 530
mF T339, 30 mA 5100 mF T340, TN LY 500 m
FTIEITMITH o720 7007 1 ValeFEIL, B E D
12, FHD 530 mE TH04~07 pg/LTH - 7275, 50~
75 mT1.8~2.1 pg/LEMRAIZZ Y, 100 mPAZETI20.01~
0.4 ng/LIZIET L720

BT N OBEE HEAES00 mE TORERILE
WTENZN, 1230 g/m’B L '1220 g/m’ & (2T UAE
Tdho7 (Table 1), —77, ¥EEE200 mF TOBKDOEE
BlIZNZENh, 798 ¢/m’B L1082 ¢/m* TH V), #H
OERITEMOENOHIMETH - 72,

S EBREREE  EE200 mp HIRE S NG T
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Fig.2 #RALHS (J33) 1B AKE, OB IO 7 00 7 1 VaillkE O 8E 540

A A (J33) 2B BEEFEE200 mB X UB00
mITICBITLEM TS 7 b rEER (g/
m?) A

Table 1

Day Night

Depth (m) 13:03-13:32 21:35-22:00
200 79.8 108.2
500 123.0 122.0

7 7 b VR, B EICI3251.6 X 10° fE fk/
m’, ZRIZIE3752 x 10 fEfk/m* &, {RER R, #KH
OFEEBEE RO TN LY HISEE» - 72
(Table 2), S3FEEERIBREMMAEELCTIZ N A 7 S HDIEHEN
2% {HY80-87% % 5, A F 7 I (WK) ASTHUTK
W72, REGBREEOBRKOEWIE, AT VM
(Copepoda) DB TOREMAEEOENIZLEEZ A
WREL, AT VHEOMEEEE L ER 02022 % 10°
fEfR/m’ 26 L, #E21E327.5 X 10° Bk /m* & #91.665 F
THIML 720 E72, EEBEEEIRFT IO o7205 H
H%H (Ostracoda) & iz B O %4 (Echinodermata larva)
7 EH B TIENDFED STz,

HAT7 O EBLVZTORERERN ORERFHROERLE
B HMBLTHZELEIA T VHEETMETSH > /-
(Table 3), 2N 6 OHHBAED 5 B, Calanus pacificus,
Mesocalanus tenuicornis, Paracalanus parvus, Clausocalanus
pergens, Corycaeus affinis\IHEKFETH 5o BRDOWTIL
A TR U 25100 x 10° i/ m* % /8 2 T4 < 13l

L 72 @&, Neocalanus plumchrus/flemingeri, Mesocalanus
tenuicornis, Pseudocalanus newmani/minutus, Metridia
pacifica, Oithona spp.55T& - 72 (Table 3), Neocalanus
plumchrus/flemingerilx /& 1% £ 4 12 #9500 X 10*E £ /m* &
VEIZT U RO 572 - 720 RIS,

SBEEDEDNTE A LTRDO LN D> 72 Pseudocalanus
JENX KI5 DIP. newmaniTd - 72 Oithona spp.tZ O
B OFREBAB O (B 1K) HH0TENS Do
726

Metridia pacifica’s X ("Mesocalanus tenuicornis TlX, &

HORERITH20EU LEOE VRO N, FFIZ
Metridia pacifica Tl M OBREZ DB D265 L K&
»o7zo (Table 3), 7z, EMAELKIIL IRV LD
D, Scolecithricella minor® J&- 7 T TR A K £ H33 415,
Clausocalanus pergens\3 847 CTHREMIEED2.655 & e

272 TNHMED ) B, fb B L THILL 2Metridia
pacificalZ O\ CHF W % J-X7- (Table 4), Metridia
pacificald AR A M TZERE, Eoa~Ky 4 b

2BV T O R OWEMABHEER L NEHNICH Y, KK

RIZHENZ DAL ¢ DEREBDN L H > 72,

P. newmani/minutus

z %

— W, HARMEIZ 200 mPLE O FE I35 B O
W E Y, INXDFEVEE00 mPIEO R ILHAR
WEAKEIFENZKEO~1TCTORTEDLND (F
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Table 2 FAH AL (J33) (2BIF 2 HE200 mA SHRESNBW 77
Y7 b Y E R OEREE (X 10° inds. /m?) D EAL L
Taxa Day Night
Hydrozoa 2.2 2.0
Chaetognath 2.8 2.3
Polychaeta 0.2 0.3
Ostracoda 0.1 1.4
Copepoda 202.2 327.5
Amphipoda 0.5 1.0
Euphausiacea larva 39.3 334
Gastropoda larva 0.7 1.0
Echinodermata larva 0.5 3.5
Appendiculata 33 2.8
others 0.0 0.03
Total (<10’ inds. /m”>) 251.6 375.2

M, 1934), JbifEdE % b -3 2 5 BEERIE 100 m#A» 5
150 mDJE E 23 553, 5453400, F oK BIER KD Fod
TR B IERIE S O BRI R B KB D A A D
A (FHHEHS, 1977)c ABFFE T30 mPIERICEIE S /zik
G1340LN T ORI, BRI A K LR S ND, £72, A
FEOBLE T, AKiR7 TULE, #5534 10% BREHK
HBUNCELEP LEFOKELRITZE T T L L ST
% (BTER - BEF:, 1982) 0 FHASEEODKIIZZEM A 549120
mE TIZ7TCLETH D, 5512100 m72> 5500 mF T34.1
THolzZ b, KWIAMIZITET LIEFOME
B CHo7bEZONDL, 708 T 1 )ValElL, B
& DH1250~75 mTHY2.0 pg/LOBARIENFE S iz &
A & [FAEO20034E A FFEOBERTIAH»SH6H £TH
HAEBIEI L7227 00 7 1 VaigFEOFER T, 4o
X0 LKA AR GAF PRI EE 58920 mlZ T
H3~5 ng/LOEFEFET IV —LDY — 7 ZEM L2 & H
5 (A5, 2010), SR OFERNIIEFE TV —20E
BHICH L LR IND, BT L EIITHA T HD
FIZIEFEFE T — o EFRICER L EHE R 2 oD
W, K TIRERM TR ANET 7NV — L %2
TWbHOT, REFENIEY 2B NICH o7 eE 2D
b,

ARWFFECIE, BRES00 m2 5 DOHEREIZL > THES
N2EW 7707 N ORBERIIEHOENTIZNE D
LEZ BN —F, KE200 mF TOHRERITEHKT
Hp ozl tas, BAEROHEEIIZERE TOMIED
ZEINTws (IBH 6.

BESHORFBEICHET 20 4 7 JHEITBAKME L &
KEDOWRE LIHEN S Lo TnD (KRS, 2010),

B THEIRE IR % H > 72Dk, Neocalanus
plumchrus/flemingeri, Mesocalanus tenuicornis, Metridia
pacifica, Pseudocalanus newmani/minutus, Qithona spp.2:C
Hoitz (Table 3)o TNHDOFEILTRTEFOHIFED
BEEE LCHmsng (KRS, 2010),

Neocalanus plumchrus/flemingeril3 7575 DA FFE O & 7z
59 (B 5, 1983;/NE1983b), dLiliE L kg T3 %
FEL (IBFS, 2012), =3 URif OCH - 4779, 1949),
Ry i CAFR, 2016), v 7 pif (GoH -, 1949,
DAL, 2015), UMM (BEH - JEEF, 1982 Nagata et
al, 2007) DAY E L TEETH LD, HAMEIZS
> CNeocalanus)@ 51 A 7 > $82ff  (Neocalanus plumchrus
& Neocalanus flemingeri) O 1551122\ C, Miller and
Terazaki (1989) |2 XV, HW 75> 27 b ¥ OAET A
7OV ZBAAR L 7RSS A b ) SR E 21T 2
EPHONTWDZ b, EFIISWY TSI 7 b
DEE LRI EL T 5 EE 255, Minoda
(1971) F5~6[12, ~N—1 ¥ 7ifpd L 0L AT
12 B\ Calanus plumchrus (Neocalanus plumchrus) I
EAMIZOWT, B E D150 mPLEIZ A L7z L LT
Who FE (2008) 1, FAR3HIZKIFEFIS00 mOHRE HE
I3 C H 9112, Neocalanus flemingeri® $3H 734 % Fi
72l AH, SAOHFLZI0 miZH o/l LTWwD,
(2005) 12375, 6 HIZKIEAHIS0 mD AT FEF NI I8
C, Neocalanus spp. (N. plumchrus/flemingeri) O H & $i1E
AL A, HOMBRIZET L, HEENI LA
52 & EREIELT-. Neocalanus plumchrus & Neocalanus
SflemingeriO M % XH L TBIL T 5 2 LHAUETH S
2, AR TZOMEEEREICEKTITE A LEVD
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Table 3 FHA&H A (J33) 1I2BIFTAHEE200 mD SHRESI NN A 7 VHOBRE (X 10°
inds. /m?) A LL#
Species Day Night
Calanus pacificus 0.2 0.2
Neocalanus cristatus 0.1 0.1
Neocalanus plumchrus/flemingeri 51.8 52.9
Mesocalanus tenuicornis 7.8 15.6
Eucalanus bungii 2.8 1.8
Paracalanus parvus 1.5 04
Pseudocalanus newmani/minutus 45.6 45.8
Microcalanus pygmaeus 0.1 0.0
Clausocalanus pergens 2.6 6.8
Paraeuchaeta elongata 0.2 0.1
Scolecithricella minor 0.7 2.3
Metridia pacifica 62.5 164.0
Acartia longiremis 0.1 0.1
Oithona spp. 26.4 36.9
Corycaeus affinis 0.0 0.2
Unidentified calanoid 0.0 0.03
Unidentified harpacticoid 0.0 0.1
Total (x10%inds./m”) 202.2 327.5
Table 4 AT (J33) 2B 2EE200 mA» HHE PELHLTWZ (KRS, 2010), AL T, LM
ENTzHh AT VM, Metridia pacifica® 565 B CREE (1997) 13 b i T TG B R 1L i oD K T #9250~
AU P2 10" inds. /mz)ﬁ)E\Tﬁiﬂgﬁ 450 mD IR T, 1~27 H 42 Pseudocalanus newmani®
Stages Day Night H i OS54 2 720 £ ORR, REIREEICE
CI 0.2 0.1 D, REEFI200 mPLEIZ0A L TWwWz 2 E 262 L
CI 1.7 4.3 72 Pseudocalanus newmanild Neocalanusl® 71 A 7 3 38 [A]
pER LINDT R o
CN 22.3 79.0 Oithona)&, T X Oithona similis & Oithona atlantica® 2% |2
Ccv 11.9 230 cmtmes OkiEo0 m) <o H Lo
adult & 0.0 0.2 e 2pronomBNASS (P 1993), Zhic
adult 2 0.0 84 gz WL L I2H kDT EEAES, 9121

HOOLNL ol FOHMIX, BZFH L, Neocalanus
plumchrus/flemingerild 5 A — b VLA OBIE T RALIZE
BCERBEDA DR B, AFFRD L) IZFEFT IV — L
DFEAEFP L0 SREAICEV100 mPl E OB TR L
72728, BROREBMERINECIE L 2o/ b E 2
bNb,

Pseudocalanus)& (2 B L Tl BB L 72 Pseudocalanus)&
DT & A L I3Pseudocalanus newmani T V) | [ 4EDSH
TN A FFEIENE A2 B VT B Pseudocalanus newmani

VHELBENIBIE SN ol T2, AFLEFOE
I (KZE1000 m) T, Oithona atlanticalZ/84% D43 Af 7
W3NS BEBENIFED SN h o7 (EiF - FIII,
2001)c ZHHEDZ Lpb, AFEIZE TS AMEILER
DIFAIIFITE A EENT LV D EEZ LN D,

Metridia pacifica, Mesocalanus tenuicornis, Scolecithri-
cella minor3B X UFClausocalanus pergens D & FE CTlL/EAL T
REBAERDPHLEBREZY, KHTERESNIZZ L
Mo, TN HMEITHESEREOREEARE VW O L
wmENIz,
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Metridia pacifica\ 3887 70 H B $RER B & > THMIZ
Frh3AaZEIERECHSNTW S (Morioka, 1976 ;
Vinogradov and Sazhin, 1978 ; &4% - *FEJIl, 2001), Afi
EEF TN — ARISHEFEICEE L, SRR L IR
T4 MVHENCET 5, 2L T, KiiAR0CE2 B2 2EZF
(213500 mPAZR O HF 2R B L TIRHIRREIZ A B Z & ¢
BIETHS M TWwWA (Hirakawa and Imamura, 1993),

T72, AFETHFRROEGEIRREINTHD (KR,

2003), F72, BB TIE, 6H\ZMetridia pacifica® ik
®A% HAIE300 mOHRERE 2G4 L TW/z b Dht, &
MILZ1250~75 mDERE IR LT 5 2 L BE SN, KB
~RE) L7 D% ATV D B\ ILTEFE 7 TG B)
Cdh o722 ARSI T 5 (Hirakawa, 1991), AHF
FTHBEINTHELORMOF LS, 2OERO—
ELTHINCER LS o2d Ltk v, EEEO#E
R EEHIFELWIREIDPLETH 5,

Minoda (1971) (£5~6H12, ~N—1 ¥ 7ifFEH L O
ALK 12 BV T Sceolecithricella minorlIAZ 12133,
FENZIE50 mPURIZHAi L7z 2 L2l RCTwb, $72,
Scolecithricella minor® H JHEREFZE) A 10 H O H RGOk
JEEHECH S NTCW S (Morioka, 1976), X512, &Il
(K %1000 m)
Scolecithricella minor® 3K 57 A MR (W], V)
B L OO B SE GO TONENLH D (5
&P 2001), SAUZEAUE, FEFIHICINH2HIC
FBEE R E LB S T\ 5, & 512, Yamaguchi
etal. (1999) (&, &% (K%E1000 m) 12BW\TC, 2H, 9
H, 117 ZScolecithricella minor® H JE $3 185046 & BRES L
fob A, EOEFERL100~400 mOBIZSA L,
DREOHFNT, 2HIIZTRTOFREFEMET, IAI
R, 2L CUHIZIEaKRy A4 b VIS S SR 515
MIZ E5 U722 & 2852 L T\ 5, Clausocalanus pergens
DI DERHESIAT O HBAZ DOV, JoH -k (1948)
DTH, FAREEWERMN OKEI00 m) TOHREDNDH %,
ZIC LIEARREIEEI BB (RERTWwD
6B A &F930 mPLER), T IcdER (R
IZH915 mPL%), & L CFRID» O T RICITRB > O FEE
WCRENL72E LTBY, KRPFERRE BEOITENIES
%o REE X Mesocalanus tenuicornisR AR EIL D72 2 - 72
#ASParacalanus parvus7s & & A A TR I 2 BEK AT
H Y, KRG % B 2 TEREISSE L7 REME L
& N5, KIBEETRAS Y O 5 A FFE Tl BRI & 2K
Rk b EESINS O, X0 Bl SREREZ T
S CKYIMEE &L OBREER T L 0LEDH 5,

AW ORER, FREREE O BT R 2 WillE
Metridia pacificaT& V), AFEIIAFE CTHIUEASE &

CMesocalanus tenuicornisB 5 OF

OHAREDLZ C GRA, 2003), RFEOFEWNEZ 0
T 5720 EHE (500 m) A5 ORENWIETH D 2
EDHO N E o7z, ALREEZIE S A T OIS
b, HESMERBZIT) mlHES A 7 I Lo~
@75 7 b % At b (Ikeda etal, 1992;
Iguchi and Ikeda, 2004;WGHI5, 2023), 7K & 5 O 8K
AL L OIRREEE =% ) 72T a1, b
@26 O FEARE LT, TE L2 KMICHFEEO
REZPETIEMTLIEDNET LV EEZ SN,

E il

AN 772 & T L7z, BEBERBR LBA
(FF) DIFEZ S IR B OBRICEHEL 3,

5| PSR

FIERERD, MEHE. BFEOFEIIBIN L IR ORI L
FFEOMEBLOG KO, 19814FE R
MAKERAT ST B ST - S5 ORE
BBt O FZE S 28 E5E i) BURT9E 7
V—=T1 VR=F. 34T AGilEEXOKEZERT,
B&T. 1982 1 69-79.

Arima D, Yamaguchi A, Abe Y, Matsuno K, Saito R, Asami
H, Shimada H, Imai 1. Seasonal changes in zooplankton
community structure in Ishikari Bay, Japan Sea. Bull.
Fish. Sci. Hokkaido Univ. 2014a; 64 - 17-23.
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RS, BT I P OEEREHTHNDL AT
THEO—FE, X N)TAT 8T T 4 h (Metridia pa-
cifica) . JLKF/Z LY 2003 ; 61 : 22-24.

FRVLRME, WSHIZ, A H BORER, sl EF0OLME
WZBWTELT 2047 EEMOELES). JbiffE
SR RERRBRY IR 7E A 2010 5 77 ¢ 1-11.

ERAM. A& H AR B 8075 7 b
DEJRE L R v FHSE201SFEH AN P A5 - HAR
7Ty b YERERRASAHEESE 2015 GEH
7&7S06.
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3J1E (Erratum)
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15 Station SKO1 Mean fork Mean fork
Table 1 length(mm) length(mm)
W/SD* W/SD"
88.6*6.7 89+7
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912+6.7 91+7
» SKO06 ” s
102.1+63 105+7
»  SKO7 ” s
98.0+6.1 98+ 6
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914+65 91+6
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1088 +4.1 109+4
7 AKO06 ” ”
108.1+73 108 +7
7 AKO7 ” ”
1049+119 105+12
7 AKO09 ” ”
98.8+9.0 101+10
» AKI10 ” s
1013+70 104+8
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