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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)

FRRIKERER S

(Central Fisheries Research Institute)

BB 7K EE S BR
(Hakodate Fisheries Research Institute)

IR 7K EE R Bk 15

(Kushiro Fisheries Research Institute)

MEKE B ER

(Abashiri Fisheries Research Institute)

HERKER RS

(Wakkanai Fisheries Research Institute)

AIEKER RS

(Mariculture Fisheries Research Institute)

STE Y -ANKEKERRS
(Salmon and Freshwater Fisheries
Research Institute)

046-8555

SHERRTHET A ET238
(Hamanaka—cho, Yoichi, Hokkaido 046-8555, Japan)

040-0051

ERE I R ET20-5

HETERKE - BEREEME L 2 -
(Benten—cho, Hakodate, Hokkaido 040-0051, Japan)

085-0027
#I P& T BT 4-25
(Nakahama-cho,Kushiro,Hokkaido 085-0027, Japan)

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

097-0001

MEATRIE4-5-15
(Suehiro, Wakkanai, Hokkaido 097-0001, Japan)

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

061-1433
B REMALEAET3-373

(Kitakashiwagi—cho, Eniwa, Hokkaido 061-1433, Japan)



[ i g K A FE RS | 1005 DFEH 28 2 T

KIEMFEATE  AM &

[bigE K e BRI 2e s | (LUT - Jb/kERWFR) 1319634812 [bigdE oK BB | & L CHIAT
S, 198845305 5 [ JbilgE KRB gE s | 12, £72, 20104E D M7 AT BuE MBI B
WIS S A L HATAICIET 5 L & B 12, 20114EDHES0TH S [ ST F3 - WK K #ESERS 723 |
FRALE L7z JKRIFRIE— it B 2 0 R & L2 nEEEo Tdekl7Z L 0] 3B, Bz
HEOSHMWBENE - HEETEINIRLTH Y, L OMREICTIHMEL L OEHETE T,

BONTWRET — 7 R EZMY ORI LEMIIE L T S LI REREELZZ L TH Y, Kk
AIFRICHE SN GEEE T L LOE L OMREDH 4 ICHEEET L L b1, TNFTEIGTNHSS
FEAEE, SGRTHEINFTZMR 52 ENTE, WMEZBESCHBRIHELNERICES#B L LT,

SC, JKEWER T, LiEee, 23R - A, 3B (v o duE - HE - SEAERE - R - Bl
B - REFE), 48 (FUH), SALFEE - KELY - 2OMICHEL, 2 E TITH600T D%
FHRL T E T, SPIEILI960EMRICHFE SN A7 MY ¥ T2 258 T ) HORS] 02D H
D, %105 < SV E TIbEEE OKEML) (CBE S 208 MEP L VS H ) £ L1z, TOkIEE
SFADOR A TSN Z T, Wl T Y HICHET 2 A7 b7 ¥ T OFFRSLERIIZE S A, 19934F 0
425 C [A7 b & THAMEORE L LS 2F4T L, EiER, Fte, ENRAESEORL %
Wrges 2|l £ L7z,

F72, 199645705 [HARME= Y VEFEEAREE] BT 0, 178, Wize, HRIEE, ERAF—LL %o
7e7aV s MEESNE Lze 2OTO Y27 N TELOMIRRRENE LN Eh s, Ky
AINZ100/4E (20014F) REAICBWT =2 v ¥ U RY T L 2L, 20024E 05562512 [ =2 V45l ] %
FIAT L F L7zo Bt TIRMERTIZL T < ACBE T 2072885 £ < o TEB Y, ALk iR 5
KRBT BEROEEL LI EHNTEET,

—77, ZOSYEDR TREFEIZBWTIZINELER T b7 5T~ A 7 3 OABIZFEV19874E12300
TN %RB22KEFTERFELF LD, ZOBROBAMOMIIINZ CEETIIFEEMETH L7,
ANWAAL T, B RDOBERRLKE TIHA DN DY), 10007 b 25 RELZFELDH ) £ L7z, WEFE
I~ AT O HRY THADRIES HHN10007 b &2 F L7225, Fflau S EREEOLED H
0 HEREARIZAI200005 ) & Bk LVIRIL T L7z 29 L7ZIRIROH, KERFZEARTE T, /KIEEW % Fiftig 124t
BT A7200FEZY ) v 7 RHTAMEOHEAE, FEHIE MR EHEMITIZ D T EAN TN Z LR, v —
T M Y EEE ZKEDOMILIEEMIE S HED TN T EPEEEEZ VTS,

EHEETIEITFYIN TGV A T+ — A= a3y, H—KryZa— I VOB ZREBIICHEEL X5 &
LTwkEZATHY, ERIITIIFE L TIHEIEBL, WOOLRB TR ROL S LFED
LT [y 2& R sy 7] #iEdT0nET, 29 LAZERZRWIEREEL Vo A HEEOZED
MIREICIE 2, L EORRICEMTE 2 X)L ED, SHRIMARELZEEL T2 v EAn
F9. Ihhsd MK 2 &9 LA LI BEVZLET,



AtBEKEARBAARS
551007
H &

]

BlatiiSicn

%@sﬂ

Wi %=, $H &

AL E R/ AL ISR B U B - < Cololabis saira®D AR oA el -+
FHMMK
RHEALCPUE © FI\W 72 ACHEE NS BT B4 2 < O SRBERFA oo
£HKRRK
T A ANNNWHEEADOIERZ B L U 7G0T DR GRANDFEEE v

RE 3, BEFEA, MEH

SN E R DG B 234 7 HEAR DB TKT) FE5E L A IBE (ST 2 D RAL v

RHRE, €% 0, UETESR, HEFH, AR—2

GMliZe 7 4 5T T AN X T W7z hEBERTOKRY 774 HEHOITEIEIE (Bflrid)

2% 7, rRHEz, R E

FIFREKE OJLE H AR BT 5 27 b ¥ T O E & (88D

£ F, BE =

201042 DALHEEE LI B B 7)) OWERZB DR CERL) e

(20214F9H)

ZBIFAFREE HEOEDIZEE) GEIL) v

....................... 41



SCIENTIFIC REPORTS
OF
HOKKAIDO FISHERIES RESEARCH INSTITUTES
No.100
CONTENTS

HirosHi SHIMADA

Long-term fluctuation of red tide and shellfish toxin along the coast of Hokkaido (Review) «:---:eeeeeemeeene 1

Rvyo INAGAWA and Osamu SHIDA

Distribution of Pacific saury Cololabis saira in the pre-fishing season in the Northwestern Pacific off Hokkaido,

Jap 7Y | DR R R R 13

Kopal MORITA
Evaluation of migration level of Pacific saury in Hokkaido by standardized CPUE -« -+ -roeeeerrernereienennes 29

TomoNorl KANETA

The effect of pelvic fin removal on the swimming of fox jacopever Sebastes vulpes fry -+« +-cooeeeeeieeieneees 41

Mitsuru TORAO, Manito MIYAMOTO and Miki KOBAYASHI

Effects of diet supplemented with fish oil on the swimming ability development and predation avoidance for
chum Salmon fry ............................................................................................................... 47

MasarFumi NATSUIKE, Makoto KANAMORI, CHitose YAMAZAKI,
YosHiNorl NISHIDA and KazuHiko HONKE

A case study of behavioral observation of interim cultured scallops using a low-priced time-lapse camera
(Technical FEPOTE) ++ v et e e et et et 55

Nosoru HOSHINO, Takayuki HONMA and TapasHi MISAKA

Growth and maturity of walleye pollock in the Sea of Japan off Hokkaido in the lower level period of stock
size (Note) ...................................................................................................................... 63

Nosoru HOSHINO and TakasH FUJIOKA

Characteristics of yellowtail catch in Hokkaido, Japan in the 20105 (NOte) ««««++xxerersrerermnerinar. 71

(September, 2021)



JeAkE w100, 1-12 (2021)
Sci. Rep. Hokkaido Fish. Res. Inst.

tBERFICH ITBFMERSORAKE (F5ER)

ISH %=

L BE LR SR TRAEAB K IR T AEB

Long-term fluctuation of red tide and shellfish toxin along the coast of Hokkaido (Review)

Hirosar SHIMADA™

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

The occurrence of red tides in Hokkaido and long-term changes in shellfish toxin has been reviewed over the past 40 years.
The red tides have occurred without damaging the fisheries until recent years. However, in 2014, harmful warm-water species
were detected. In 2015, harmful red tides caused by the dinoflagellate Karenia mikimotoi occurred in Hakodate Bay. Regarding
the changes of shellfish toxin, both paralytic and diarrhetic shellfish toxicity increased in the cold regime in the 1980s, and
tended to subside after the transition to the warm regime in the 1990s. On the Tohoku coast, the occurrence of red tides and
the change in shellfish poisoning tend to be similar to those in Hokkaido. To reveal the northward expansion of warm-water

harmful/toxic species, it is necessary to start monitoring harmful organisms using morphological observations as well as

molecular identification.
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AR, MERBBE OB LA TR L LT, R HED
JRR & % BEERFHT T 27 N OEREEISAO AL
KOSfEH ST 2% (Bl Z 1EDale et al, 2006) , F75E
BIZBWTH, 1ZFLTOWEE CHFTIAKR O LA H
2 5 1 (http://www.datajma.go jp/gmd/kaiyou/data/
shindan/a_1/japan_warm/japan_warm.html, 20214F 1 H 21
H), ZOMEAEHABIZBWTHE LV, T, HEEK
IR IS HEZE 4 Heterocapsa circularisquama)™ & BN
B E THMIR L 722 & (IS, 2012) 13, FATENC
B BB MEEFHOGAIKOFEE L RTEDOTH 5L,
=75, #RAADI/NT A PR B SR B R 2P D
EHEHTT 7 P ONEIRBALEL 2oTEY,
BN SNBSS ERS Lo LRSI NE T — A
DEE SN TW3  (fl 2 (XHallegraeff, 2004 ; Nagai et al,
2007) 6 Z O &) RIEGO 47, 201 ST ARTE THE
TR HE B 5 Karenia mikimotoi D AT E 7R 2L H AR TH)
OHTRFFSI N LiE (IKBH S, 2016 &7 5, 2018), ifE

HEKE®HETST 7 b

PRI L 2 5 & L 720k A S o oA de L asdbiE
WCBWTHHEL o2 L DIETH L. AbiFEITH
RENESOIHGALE L, FIEWRZ o BER 5 3%
HAMEE, ISR EZ B T3 5 b0 FEICH L,
CREEEIEB £ ORI O BUH ISk 2 BesiZse) 2 30
ITLCEITE 2R 2 Fo, T &9 2B E%
WEz, tHADRRZREST 2 RIZHT—2 L LT,
Bl BT 5 FEMO MBS E —ETE 28R % &
NEEDDLIENEETHD, AR, K5 771 2%
IO ET HKEEDKRA LICHEERFITIZB ) AH
EEHET T 7 b OBEERIIOWT, WRERE(L L
DB AR S A2 AR5 R 2 & CREAE AU & BB
L, AEMOESUEHIORELZ & DN ZER E OAUR
WARRETHI LI - T, REKREEDOFHN I8
WCETHHDTH D,

TREDFRLE R

JbEEIC BT BRI O3 ALk % Table 112, FZZR

HOCE T AS92 (20214F 6 JJ18H ZHL)

*Tel: 0135-67-7621. Fax: 0135-74-3135. E-mail: shimada-hiroshi@hro.or jp



Fig.1 Photomicrographs showing the common red
tide species in Hokkaido.
1: Akashiwo sanguinea, 2: Prorocentrum triestinum,
3: Prorocentrum micans, 4: Heterosigma akashiwo

JRIRAEY 2 Fig. HIF LD TRT, LEEICBT 2R
S, BEHET V- L% [FRE] & Lziesk (g,
1911) ZEx< &, 1928 T BRRREIZB 0 2 A O
HEEMEC X 2RO CORETH S (HIR, 1972),0
FEE D ARENELI9834F1C b Fidk S, JRRAE & L C i
E #dkashiwo sanguineads £ U Gymnodinium sp.7)8 it §k &
T2 (FH, 1984), TG F O ARENE 19724 IR
FREICEIZR S NA K12 Y, 19854E1213 4. sanguinea,
Prorocentrum triestinum®B £ P micans7)S it & 7% # %
Bl (A2 - fH, 1986), H19864E121&F 7 4 Nk
Heterosigma akashiwo®D JRHEI 2SI L 72 2 L ASRLEk S
T (&1 - i, 1987), TR REOTRENIIKED K
WIS 5 (MR ©, A0 ED
b OO, EEPIREE RS 72010, AREFER
BRI A O E B E R KT (HIR 1972500
FH, 2000 ; fAH, 2001), Z D7z TG TIE1985 -
19984F (2 AR D BEAR 2K & L7225, 198T4E LU D 584
FoERIE ey (FAH, 2001) 0 BRI & B < AR RIS

B 2RSS EORLERE, 20004 Lt oA 12DV Tid,

19734EMERE IR (BUR-BUR, 1974) B X U19744E 4 1
<N B AR (IS, 1975) 2BRWwT, Rek
BHIEEN TV v, 2L, JLiEEREICBIT 2R
B3, Bl OGRS & o, SR E A L2
BOMREL o T o720 TH S LHEETIC &
o THRE OB AR AT S 72200148 DURELE, AbifgE
KM R T 2 7 F 2 7 Noctiluca scintilans, Prorocentrum
micans, Heteroshigma akashiwo, Akashiwo sanguinea s |2
LB HREDRLF ST LA, Rl 52015FE D ER
WFEA DAL, RN X 2 MO B DS ERLEIE
e\ JLHEEIG R B 2 RE O R R A, T

~ -

Fig.2 Photomicrographs showing the harmful red tide species detected
in Hokkaido after 2014.
5: Chattonella marina, 6: Cochlodinium polykrikoides,
7: Karenia mikimotoi

BLUT 74 FEXIL®, HE BRE 772 /8B
FOZ VT INREECSTNEN T T2 7 N HETH LD,
B W (Tintinopsis sp., Mesodinium rubrum), 514 7 248
(Microsetella norvegica) & \>x>7:@¥) 75> 27 b v bid
FRENTNEZEDD, BUNEWIZ X KO ELHSR
ELTEFRSNDINGED [#7#] (I, 1916) 1&, 49
LYWW TS o7 b Al oTHEAET A ERRS v
& W5y A (Table 1),

W04 F EFICIiEEAFEDRRETT 74 N
Chattonella marina, #ETE# Cochlodinium polykrikoides &
Vo 2K OB ETRE AW O MBI L H AR THI© TR
g, ALHARIZBWTHAMEE R T HERIOEAE
VAW AIEDNHSNE % 572 (Shimada et al,
2016, Fig. 2, Table 2), F20154E DR\ ILEHRHEIED
VA IR TE ¥ Karenia mikimotoilZ X 5 A FEREIHFE
AL, RENCEZ8M0E (7, AVAA4H, ZITT
Y) 0¥ LB T TRk Sz (BH S, 2016;
Table 1), TN 6H0FTFEE, BETHMN LI, R
LB R e L TR ERMAED O34 2 b N HE
RO FEWHRD I L L TV B L DFETHS )
NS BRKIEE ERMAEWOSAIL LA =L E LT,
FeATE H AR R A Ak 23 A5 RIS X 2 HIR
F /I DNT A DIKEEIZ X B NN ADEE S
NCH Y (Shimada et al, 2016 W 5, 2016), AATIC X
B INIEFA 7 & NI T 7OV & H 7ok B RS
BRERI12 X o€, Aidb b A 1 = X A 0B A S LT
Wk,

BEDORLERH

N E TILHEIZ BV CIE, AT Alexandrium
catenella (Group 1) (IHA. tamarense, Ffi 4725 86 OFHEILIK
A (2020) (ZFEAR) AVEE A & HESE S LB R H B
(PST) B & OH I Dinophysis spp.% J5 K44y &
T 5 NHIEE#E (DST) DBIERFE,OHEFIIHEAEL T,
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Fig.3 Photomicrographs showing the common PST/DST
causative species in Hokkaido.
8: Alexandrium catenella (Groupl), 9: Dinophysis fortii, 10:
Dinophysis acuminata
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Fig.4 Diagram showing the annual variation of PST accumulation by scallop around Hokkaido since 1980. Sizes of circles

indicate annual maximum PST toxicity (MU g-1 digestive diverticula of scallops)

T, R8T (https://www.biodic.go.jp/reports/2-4,/b000.
html (1982), 2021/1/12), ‘ERIEL (FHEE 5, 2005 5 i,
2009, https://www pref.miyagi.jp/soshiki/suikisei/akasio.
html | 2021/1/12) |, & B (https://www pref fukushima.
lgjp/sec/37380b/akashio3.html |, 2021/1/12), ‘&HTFW
B 2011) B L OFKH R (https://www.pref akitalg jp/pages/
archive/40313, 2021/1/12) DRiEEAIFREN TV 5, Th
S OREHR L BEOFEAIR & MBS 5 &, WEiEEO
Prorocentrumlg, Gymnodiniuml&, Noctiluca scintilans,
7 4 N ¥ Heterosigma akashiwo®: % £ 5 KN & 5 %
BNHOBR 2 ED R WRERFEENTBY, Thb

VAL BT 2 KA AR O FCEE LT DRI
LIZIZFAECH o722 EMMfilbI b, L LA s HAR
HERREIC B 2RI KR 2 BT Z L <, ARiliAEw
DGARERERELIIRT 2720 DA E L T b, 5%
FALA T A2 BT, A ERK R & F v C IS
OB Z G UL, BRIV EAREE O MBS -3
ABR SRR D 5 o

HFEIZOWTIE, 19614 A FIRKAREEET 17 7
A Chlamys farreri akazara®D B2\ X % iz o &
LT (%11, 2003), 19754 LLREIE FE12A. catenella (Group
1) (IHA. tamarense) 7S [KAW) & HELE S0 2 FRE 1 H 25
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Fig.5 Diagram showing the annual variation of DST accumulation by scallop around Hokkaido since 1980. Sizes of circles
indicate the shipping restriction level due to DST in edible part of scallops.
(Modified from http://www.hro.or.jp/list/fisheries/research/central/section/kankyou/kaidoku/att/yosatsu2019.pdf)

WEETLH LR, REAEWOERI R S LT
5 (f@ft, 1985 HE &, 2006), BHIZB % A5 & 1980
EROESL Y — A T TRAOEFLAEEF I N HIE

deigiE & 3l 2 A% CRALDOKEERTZERT, 2007, Fig. 6),

19904EDAEDIRBEL ¥ — A FIZBWTh, ZFERRETIE
B 2 mE LoV 72 TR 25 (IE S, 2012) =
iR BAbIZI1E, A catenella (Group 1) 7213 T% <, B
ZE 5 2 BB 9 DA pacificum (Group IV) (IHA.
catenella) D5 HIEHEE T WD (A 5, 2006) . 2011
FEORARKERZITFERICL DEEOHE (=2 A b
DIFEHFAEAME) 12 X o TIEFE FEIFHFOHEML 722

LR XN TV 5 (Kamiyama et al, 2014) . —FH DAL
Tl&, N7 oY) I = Telmessus acutidens, A < 77 = Charybdis
(Charybdis) japonica® & (¥~ 7R ¥ Halocynthia roretzi spe-
cies group 2OV CIREE I & 2 BLBIAERE S
Twa (fillll, 2017) FHIERFEIZOWTIE, 19764 E
WL T L T % A 5 A Mytilus galloprovincialisDELF |2 X
gl (B, 2003) LA, D. fortiik (X Lo & L7z
Dinophysislg % BN AW & 3 534 LD, EIGEL IV — 20
19804F AL & H.LM A5 L 72 CRAL XK EEWTZERT, 2007) 0 —
MHLAVCIlE, ~RYH. roretzi species group 22T i
PHEIC L 2B HE ST D (i, 2017)6
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Fig.6 Long-term changes of the annual mean SST anomalies
in the central part of Japan Sea (above) and North
Pacific off Sanriku (below). Shaded arrows between
two graphs indicate the cold/warm regimes occurred
after 1980s.

(Data source: Japan Meteorological Agency, http://www.data.
jma.go.jp/gmd/kaiyou/data/shindan/a_1/japan_warm/japan_
warm.html)
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Fig.7 Photomicrographs showing the warm-water toxic
species recently detected in Hokkaido.
11: Prorocentrum lima, 12: Ostreopsis sp.
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Distribution of Pacific saury Cololabis saira in the pre-fishing season in the Northwestern Pacific off Hokkaido,

Japan
Ryo INAGAWA* and Osamu SHIDA?

' Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 0465-8555,
? Hakodate Fisheries Institute, Hokkaido Research Organization, Hakodate, Hokkaido 040-0051, Japan

The results of pre-fishery surveys for Pacific saury Cololabis saira fisheries conducted in the Northwestern Pacific off
Hokkaido, Japan from 1986 to 2015 are reviewed in this paper. Immature age 1 (1 year old) fish and age 0 (0 year old) fish
were distributed in the northeastern and southwestern parts of the survey area, respectively, and mature age 1 fish were found
in the southwestern area. There was no correlation between the mean survey CPUESs, neither biomass, total catches, nor fishery
CPUEs of stick-held dip net fisheries. However, a significant positive correlation was found between the mean condition
factors of age 1 fish collected in the surveys and commercial fishery indices (total catches and fishery CPUEs of stick-held dip
net fisheries). Furthermore, there was a significant positive correlation between the proportion of age 1 fish caught by the
surveys and stick-held dip net fisheries. In this paper, we discuss the relationship between the indices of the surveys and

commercial fisheries, and the origin of mature age 1 fish found in the surveys.

F—T— N EZREINRE, IR, Yo, AEREEIRS, VTR, i, R,
A ST ALY

> < Cololabis sairald, AIFIZBVCTACKH Sl Az L Ge B8, fkic i%ﬁiﬁﬂﬂﬁ&ﬁ‘% H A% &0
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dbview?sid=0003238631, 202141 H5H)  &E & A % EHE ATl (DABE, &R e ng9), I Ta»
HEMER RM A (https://www.samma jp/tokei/catch_year. 5108 FAIZ =R, 11~12 0 O a2 135 8 s
html, 20214E1H5H)), %@j(ulg G & A F SR LEBMMIER SIS (FIL5, 2020;Fig. 1), —77, it
BED TV D, JL#EEIZB T, BEEDSNIN  LHISEIRTH 2 5 BRI B W TITb LS 55, ZDifi
HE 20 S AT L%ﬂiﬁi%ﬁfﬁ?f/)ﬂ“(ﬁ N, LT H FEMNZIE, EFICEINT 5 L BbNAEENEENE S
HIfSETH 57225, 19934FEEDLAEEEDBM L2720, &, Yoo d VI I0FEREPFVI Lo Enrs, &
19974F (2 AL B AR ISE & 2o o 72 (JEFF3E, 2004) NOIIBTMAEORN R L L > TWLTHELIIRARY, 6~
BZREEORMEN R & 2 5 EHIE, AATETIE, FE SHEEERARICBVW CEEM CIHES N LRI L
WZESE K2 5 B LT, BIIEE LB Th 58 (1, 2005 5 R, 1984) 25EJEE SNTwaH (HH

O A593 (20214F 6 H18H ZH)
*Tel: 0135-23-4020. Fax: 0135-23-8721. E-mail:inagawa-ryo@hro.or.jp
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Fig.1 Fishing grounds of the Pacific saury fisheries of Japan.

White arrows indicate the southward migration routes
of Pacific saury.
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Fig.2 The pre-fishery survey area and the survey stations.
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Table 1 Constitution of drift-nets used in the pre-fishery

survey.

Mesh size  Number of piece(s) Length of a piece Total length

(mm) (tan) (m) (m)
182 2 51.8 103.6
29 2 25.8 51.6
182 1 51.8 51.8
48 1 51.8 51.8
182 1 51.8 51.8
63 1 51.8 51.8
182 1 51.8 51.8
37 2 25.8 51.6
182 1 51.8 51.8
22 1 25.8 25.8
182 1 51.8 51.8
82 1 51.8 51.8
182 1 51.8 51.8
29 2 25.8 51.6
182 1 51.8 51.8
55 1 51.8 51.8
182 1 51.8 51.8
25 1 25.8 25.8
182 1 51.8 51.8
72 1 51.8 51.8
182 1 51.8 51.8
37 2 25.8 51.6
182 1 51.8 51.8
48 1 51.8 51.8
182 2 51.8 103.6

Total 1,345.8
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PR = A (g) /AR (em)’x 10° -+ (2)
GSI=JpiiE = (g) MAE (g) x10° - (3)
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DA X L7z,
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St 158t 97\ LSt 1IOFEPHTIE, 5°COEEMAS
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Fig.3 Mean SSTs (Sea Surface Temperature) observed in the
pre-fishery survey. Circles and vertical bars indicate
mean values and standard deviations, respectively.

BHABATICL 2 AERR MERBRICLD &5
100337 D% » < A3RE S (Table 2), 9 5 L CPUE
OBV B4A29, 37, 48 mmlZ X A f4#1397,532
B (97%) L RFEREDHz, FHESTBIT L ERNO
FIHCPUE (B ) %R 5 &, O falddiAsiEso i
M HEVEHEIC A E S AS 11~13 (Fig. 5A) TI2~I18)2
SREFL, URAIEHR YD S AL o s T E T 5
St.1~11 (Fig. 5B) T8~29 K & Ed -7z, FHIKIR
TR E, Y <id74~220°CORHTRE SN,

BRI TIE, OREfiE13~14°C (Fig. 6A) TI5~192 X,

1% 137~14°C (Fig. 6B) TIl2~59/2, X & F-3#4CPUE
B3 L S AR E D T 3 A KR O #E TR Uk S D T A3 A
<, DORVIKIRGT F TIEATS Tz,

FHAFCPUE & EHKIR O MR %, F#n5l - A
FAEZ b L L CFig. TW2/R L7zo Offiid, 1986~20154F

Table 2 Numbers of Pacific saury caught in the pre-fishery
survey.

Year  St.1 st.3 St.5 St.7 St.9 St11  st13  Sst15  st17 Total

1986 931 293 354 297 88 21 381 2,365
1987 42 210 290 3 2 41 26 614

1988 562 1,057 439 449 3,029 247 5,783
1989 273 618 3,473 1,819 1,391 2472 0 10,046
1990 1,814 987 1,177 1,400 241 104 142 5,865
1991 4,818 4,116 1,782 68 46 0 10,830
1992 0 0 4,978 503 20 648 106 6,255
1993 774 424 2,586 61 361 2,590 154 6 6,956
1994 167 1,228 1,262 2,718 0 2,123 18 1 El) 7,607
1995 106 1,310 3 1,017 613 11 102 0 3 3,165
1996 0 0 0 0 0 655 325 9 158 1,147
1997 0 0 51 742 6,082 19 753 6 7,653
1998 391 0 7 280 323 580 0 0 1,581
1999 2 0 0 0 0 2,082 244 0 2,328
2000 0 0 0 1 0 499 0 53 0 553

2001 20 0 0 43 19 1,864 826 9 0 2,781
2002 41 131 0 19 0 21 12 4 1 229

2003 40 172 4 1,008 1,173 346 436 405 3,584
2004 39 0 0 0 15 63 395 33 4 549

2005 329 2,181 12 0 215 259 532 3,528
2006 1 790 2,086 2 170 935 104 22 258 4,368
2007 4 0 1 49 178 153 1,217 1 0 1,603
2008 2 617 3 964 17 4 1 12 2 1,622
2009 524 91 31 193 63 117 11 1,030
2010 55 11 68 6 625 149 0 7 0 921

2011 89 0 0 47 2 122 707 1 6 974

2012 105 0 1 389 0 171 81 13 24 784

2013 0 0 0 1 0 750 97 1 2 851

2014 188 230 1,103 2 1 6 1,530
2015 157 889 1,864 241 31 2 51 0 3,235

Total 3,034 8,074 11,550 15,073 20,477 25253 10,741 4,915 1,220 100,337

OFEMI %38 LT, 12~15°COKER A AT St 11
~13DOCPUEN E D - 720 Ufld, HELH o THh
51988~19994F 1%, T~14°CO5 Al TH 5 St. 11754k
BT < CPUED B\ A5 A L 7225, 20004F LLF% 1%
CPUED B\ S L, €05 Aikins L AT D
EHDENKEL o7z, Jeal kB & ORIR TR

B L EORRLWMNIAE L TB Y, JFEfiL19904F 4K
F TSt 9~ 115 L7z o Jesi A & 2 bl o3
KIS C AR EDSE 20 o 7278, 20004 DI B o 5t
U RHE DGR EIENE L KL oz 72, HElo%k
WASBIAE L ) Bl oSt 13~14F TR T LT\ 721991,
2001, B L U20054FE 2B 5 R A OS5 AEIE, oL
KELZEDLS TS 11X Y ILHIZDH - 720
BERRTIRAR CIRESI N Y > Y OEMFRES  wiblw
PR CTRE SN2V v ORKEIX12.7~362 cm D #iH
ZH Y, KEIZ6.9~2620 gDFEFHIZH > 720 TS DI
yeid, WEREPSHBIL CORMAB L IRMAEEZS
N7zo WIEE —RERMR (Fig. 8) 25z LR
WELLTo#EY) Th b,

K (g) =0.0008 X A E (cm) >

IR CRE SN RADIEGE L, 34~750
HFICH 72 REM T L OFHMEE RS &, JLHDSL
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Table 3 Statistical evaluations of the correlative analysis for indices of the pre-fishery surveys.

Percentage of age 1in survey catch vs.  Survey CPUE vs.

Condition factor vs.

Percentage of age 1 in fishery catch

Biomass Fishery catch Fishery CPUE (Aug.)

Biomass Fishery catch Fishery CPUE (Annual)

r 0.42 0.21 0.34
p 0.02<0.05 0.49 0.07
n 30 13 30

0.27 -0.04 0.55 0.71
0.17 0.90 0.00<0.01 0.00<0.01
27 13 30 27
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Evaluation of migration level of Pacific saury in Hokkaido by standardized CPUE
Kopal MORITA*
Wakkanai Fisheries Research Institute, Hokkaido Research Organization, Wakkanai, Hokkaido 097-0001, Japan

I standardized catch per unit effort (CPUE) of stick-held dip net fishery for Pacific saury landing in Hokkaido from 1998 to
2019 with a generalized linear model for assessing the quantity of Pacific saury to migrate to fishing grounds. The estimates
of annual changes in standardized CPUE were higher than the nominal CPUE from 2005 to 2009 and lower than that after
2010. The CPUE changes in August and fishing effort by fishing vessel size class were considered as factors causing the
differences between these CPUEs. It is suggested that the nominal CPUE included these factors, and the standardized CPUE
removed them reflecting the condition that Pacific saury migrated to fishing grounds. In conclusion, the standardized CPUE
calculated in this study will be useful as an index for assessing the quantity of Pacific saury to migrate to fishing grounds.

FF il

F—7—F: —fftEEET IV, v, EHELCPUE, ki

Y >~ Cololabis saira\ZALTE KPS A < A
51T A (Hubbs and Wisner, 1980), FHanld24E & 4
< (Suyama et al., 2006), KB FHiM#EEZATH o 5~

TW7228, 20114ED13.6 5 b v &2 ¥ — 27 23 A L, 2019
AEIZ26H M 107 b B RKE L T 72 (20204EE S
FEHIE [ v~ (KFEE~ A R — 7 #E) | http://www.

THIZZEERE O 7230 B - FLR AT EE - Hh s8R K8 % b fishexp.hro.or.jp/exp/central/kanri/SigenHyoka/Kokai/,
LD, 6~THIEEICHEISE LRI 4§ 2 (Bl 20214830 1H),
5, 2016 : Hashimoto et al., 2020) . Z D f%, 1478l % 20104F DU, ffEmAsid s L 72 5021, MEEnc B

o

L, 8~12A I T-BHEB L O H AT E L (Suyama
etal, 2012 ; Miyamoto et al., 2019), FEIIY;CTdH % B
174 - IR - AT E T T2 (RE, 1979),

AIEFEE L AKERGETH Y, BRTIIRESS A
FHRZMMEIC L > TS LD, RfEIZ20194F 04
ATIEIC & 0 IR L S 228, FMEIE8~12H C
H5H (L, 8~12A %ML IER), HERDOY <D
FEEIX 19804 A 52 ~20004E 12 201 T2007~3077 k>
TREMIHRE L TE7/. LAL, 20104 LR @I
) (BILS, 2020), 20194F iR 1346/ b >~ T
19564F LA & 70 o 72 (RMOKBERISE - FEIHEEE
% &l https://www.maff.gojp/j/tokei/kouhyou,/kaimen_
gyosei/, 20214F3A1H ). dbifE (GERFEZWE) (2B
% v < O SERIZ20004E LU, 1075 b U EIA CRE L

Téﬁxv@‘ﬁ;ﬂ@#%é(%M%zmm
Do AiEE, KEWE - BHE RS ERK L TV 5EE b
0 — Vil % 72 AR A (BRI i) |
INHEINTCNDE (RICRKERZERT, 2021) . Z DO
FE20034FE 2 HAFF6~THIZERM S AL, HALME? 5V
FRI6SE 2 iAW & LT\ b, PR Z 11X (~HR
165 >2E(ﬁ$mﬁh4wﬁ>ﬁzmmﬁ~ﬁﬁms
Ji) 12X L, 20104FLARE, H AR X O 534 2= AN
dLi.Vﬁmﬁ W~ B W TR http://tnfri fra,
affrc_go.]p/press/r2/2020073 1/20200731sanmayohou.pdf,
20214E3 A 1H) o 1XIZA3 AT 5 5 ¥ < LR |2 Rt
Lfﬁﬁéﬂéﬁt%x%ﬂfbble\ﬁiﬁm&
L72Z & T8~ FAIZ BT B EAL L (115,
2020), AEFE LRI OENICEDS 572,

HOLH7AS94 (202148 6 H18H 2 H)
*Tel: 0162-32-7166. Fax: 0162-32-7171.

Email: morita-kodai@hro.or jp



30 SFHIATR

AUIIZ, EEOMEILd BRAEAL L 2R & E
A H5NTWS, 20004E ;1L il F 08 H 12kl
EHERI A O T-BH BMIIIER &, 9OH TE~10H 14
E=EREEMS, I~ 12X E BN S EAMICET L &
I EHICHAFI B VR T L, (A A @ U CHMbAEE

FRIBANIIER S Tz (RIS, 2020) 0 20104F DU,

BB MELT 2 EAS RS, 9~ 112 O—HH
FHRRISSELDTHONHEICER SN D £ 9 127% o 72 (BLIX
JKFERFZERT, 2012; 34111 5, 2020) . 20194E |2 T 2 7 5
2010~20184F D fily & 1) & S I E DO RAEISSE LI D
ANHESEDIR S, TR 10H L E TRk L,
BoOmMmEL s L D IHE L 2o 72 (SFH - L, 2021) 6
JCHEE AR AT FE R R EERT SR AT Tk, dbifEEIC B
VT B IKEE RO Y) 70 EEEE BT A R oW E - i
2R 2 EERIH 2 R R 2D SRAWICHET T 5
7o, FEAFIZOWCTHEFRERLE M Z 54 L7z [&
THEEME | 2 BEVERR L T\ b o AR — B, iF
G, TV EBEOIDITEIN, 09 bitag
IR, F72050) IR TLOREKRETRE E Vv -CLifFE~O
e FHM L TV 5 SRiEKER L, FEDORE
IRFEDIBIEME %, FEAEAR GEE204F ¢ 20204F & ATl

FHTIX1995~20144F) DIREMEDOFII TR L72ETH D,

C DI L LT v < TIESRERRER, Fnlut
OFM AR TIZEMER T 2 BB &S ) R
(CPUE) HWHILTWA,

kit R m AR L, EERE30S A v 22 D)
CPUER TR IR L 72 C4ERH L, Iha RFEL 72
HTdhs (FALXKEFZERT, 1991)0 >~ OILIFENT
VAT & LI 2 4380 L -3 s e ke i S AL S
THH (EES, 2004) (Fig. 1), TS DMEHTES
L 72 R G R E D o~ ~ O SRR E I WV S R

40N +

35N T T T T T
140E 145E

T T T T T
150E 155E

Fig.1 Fishing grounds of stick-held dip net fishery for
Pacific saury divided by Watanabe et al. (2004).

TWwb, FlZIE, 201847 & LIFT o B A C 148
B (CHlE) % HERHEE & L Tw7zhs, 20194E 5 DU X
R DI O M AN HIIE T 5 728, LRSS T &iff
W (BifEls), dE0EE (CHplsy), e (GiEs) (12
WRENZe TD LI, RiERFEETREIL O
EiT 20 Lo T, FOMEPLEALT 5 (Fig. 2). il
D LIS AFRERESEDM AL L T B IREA~ DK}
JB& L, 4k D FERHER AT SN D REEN D 5 o4
F LT, BEHMIEICBY 2 RERTOIREM, 74
D5 R KEFFA ORI I SN L BEDH D,
fEHEME O B R AR L2 1SRG R E R Db S
W ORI DB L 7 b,

CPUEIZ /K & EHN TIiA < AV & 1L % & i fR Al
DUEDTH Y, BIFFHHEIZ BT 2 RilEREFH T H
Z L OFEfiAETHV O N TV, Bk (R
RfEERE) 2REEE DR (BEERHEHRR L)
T L CHH &N /2CPUEIL / 3+ VCPUEL MEIEN %,
— MRV EVRRHM I X IEE T — Y WS LA Z E AL,
BEMLZ EOBRET—-F P LEHR SN/ 3 5 IVCPUE
&, BHOE LY FUAHMIEE, X2 EOkc 2%
HzE&ATHD (EE, 2004), FHEFETIVETNT/ 3
FIVCPUEDR S TN O DOERZ Y &, &IHOE L
Y FEHIE T 5 8% % CPUBEHEAL L - OY, Z 0@fE %
#& CTH & N 7-CPUEBIZ B #E fLCPUE & IF-1Z 1 5 (JE 7,
2004), $hbb, [EHELCPUEIZEENOENL Y Fa X
DIEMEICFET X912/ I FVCPUER LB L2fETH 1,
7 — % EoRlF oy uE, EELCPUER W5 2 &
AEFE L L, EBELAVOEFFHECIlE &= &
LT/ IFIVCPUER IV EN S Z &I HEARAIZ R W
OKEEIT - EZWFFER S AR EERTZE - BB HEAE, 2020),
S A FRZHMEDOWIE 2 WAL EITLTEB Y,

2.54
@ Arcac
() Area B+C+G
2.01
x
)
°
£
D 1.5
>
2
c
.2 1.0
®
S
2
= 05
0.0 1
T T T T e
D o o - —
o o o o o
— (sY) a (s} (s}
Year

Fig.2 Annual changes of migration level index.



COBET-IHPOLHEMEINS /) I VCPUEIZFHIR
BREMS &\ o TR DAL O R O E DG 2 5T b
EHESIND, L7z o T, o~ OREIRTEDFRIEE
& LTCPUEZE HI\V 2 IZIZATE T IVIZ L ) S5 DR)
K2 B FEELCPUEZ S 5 ¥ H'dH . CPUED
BEHEALICIE, S E T—ALEIEE TV (GLM) 284 <
AWSNTEHEY (Maunder and Punt, 2004), &5 EHiiE:
2BV T GLMIZ & % (L CPUE DS R B IREE D Fa 5 fili
ELTHHENTWS QO0FEEEFFHEE [ AV A A
71 (H AR | 5 20204F G HETAR [ 1 7T (R
4x 9 g 355 ) | - http://www fishexp.hro.or jp/exp/central/
kanri/SigenHyoka/Kokai/, 20214E3H 1 H )

ARWFZETIE, SRiEGHRERBICRDLLH 0T ~0
KRB OTREMOME * BHiWE LT, duifpE o F2055%
ARG L 72 S A SRR OB T — & 2 6 AL
CPUEZ S L 720

ME ERE

KREITHFLHHEIZL B, S A FHBEZHEIEM~O I
S FEIS~12H Y~ O EFKGETHEBS N
(AL BV TUIAEREHS & FIEE), S H B ofEsET
— & DR L E IR A > A 7 & (Fishery
Resource Conservation : LLF, FRESCO & I.53) |28k S
NTWb, ZOF—=FN=AN051995~20194E 12 BT 5
WHEAE A H, WEALE (R - KR, s, Mm%

(FREED), yRmkim, A b 8 BnEsERET,

A OKIGE) 2 s L7z S L727 — 4 09 51997
SEOWIGERMKEATE CRIBHETH 572720, LIEOMF
BECIE, 19984ELIFED 75— & 70 5 KGN L HFE TH 5
T EHMB L THW,
CPUEILIHME47- ) ol (Jfaslim (b >) /#Ellgk
(H)) & L7z F—%IlZid¥ua¥yvF (CPUE=0) 7%b
FTHRHFELA, SAFTHBRSHAEIEMTE A,
VRDMFEATTICE T 572 2 E R L 72, TR
T CHIET B 720, POy v F L B REMEA RS
THERWEEZ ONDL, LIz >TC, Padxy v F7F—413
IT—7—45ThHhHEHML, LIBEOMITASBIL72,

XA FHSMMEDOCPUEIZIZAE, H, s v 5, #
KR, MEXAES L 2 EDRITIRICE D RENT
Wh 7% (315, 2016 ; Hashimoto et al., 2019), 5
RHMAZEBICHWAZ L L L, SHEHIZ OV THE
L7z,

ENEB L AR, HEELERE T T
HNVEFE L THW S A FHZHEEOHEIHIZ8~12
ATH L0, BRSO TICME- C, sz

HHE{LCPUELZ & 4 v~ Dkigakfli - 31

WENOKRGEDPWA L, RINNOKRGT PR E %25,
FELATI AL G2 ToE A, HART - O
WHAGDEDRD Y, T D LEHETHI~10 &1t
By 5 e TL oz 3512, 12T — 4 0%
MTHor (Table 1)y DO EDS, BFICHVWSH
Z8~103 & L7

BIRORE S OMAIL, BN o Bx 7T AL
L THW 2. & A ERZHIMAREAR b > B 5 /N IAG
(20 ™ ¥ ), HEAE (20 b > DIE100 b v ), R
it (100 b > 2L 1200 > i) O3FEREICFIT o TED
(L5, 2020), 2OX5%FIH L7z 200645 LIFT O 7 —
FAE, AR S BRI TW L T e TN
W, EES A FHBEZHIER MG AEHERIT LTV

Cross-tabulation of the number of data between
years and months

Table 1

Year Aug. Sept. Oct. Nov. Dec.

1998 127 164 30 3 0
1999 111 203 73 4 0
2000 126 158 18 0 0
2001 162 115 17 0 0
2002 136 175 50 0 0
2003 146 151 94 2 0
2004 121 173 161 6 0
2005 133 161 110 8 0
2006 110 161 132 4 0
2007 127 129 97 5 0
2008 99 137 94 0 0
2009 142 191 55 0 0
2010 174 226 114 2 0
2011 206 214 125 16 0
2012 150 201 100 1 0
2013 143 261 138 0 0
2014 130 206 82 11 0
2015 172 300 122 9 0
2016 139 227 99 1 0
2017 114 220 201 14 0
2018 134 162 115 8 0
2019 75 243 188 23 0
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Fig.4 Fishing area defined by Hashimoto ef al. (2019) (a) and that applied for CPUE standardization

in this study (b).



Table 2 Comparison of BIC for models

HHEALCPUEIC & A4 v < Ol 33

Year Month Area  Sst

Grt  Year*Month Year*Area Year*Sst Year*Grt Month*Area Month*Sst Month*Grt Area*Sst Area*Grt Sst*Grt Intercept BIC ABIC

+ + + + + +
+ + + + + +
+ + + + + +
+ + + + + +
+ + + + + +

+ + + 0.04941  21227.3 0.0
+ + + + 0.02053  21231.2 3.8
+ + -0.08950 21234.9 7.5
+ + + -0.18649 212352 7.9
+ + + 0.19718 212382 10.8

+ : The explanatory variable included in the each model
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Fig.5 Histogram of residuals (a) and Q-Q plot (b) for the best model.

NZFETWIZOWT, 2Rl L 7R b
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/AN FEFY (LSMEAN) 2845212k DENL
YRARIL L, W | CREEEE{LCPUE L L7z, A
HALCPUEDIS % B HEIX ML, EEAFL Y 7Y
VTENST=HIINRANETIVELTRD, ZOET
V7 & FZ i ALCPUE D 55 % 1000l #2 0) 3K L C 3R 72
(=T A NVFEIZELT— ATy TEEXM),
NRAMETUDLIDDOHBE»Z RN T2ETVE EN
FHHSEL, TNHDOEFIVOBICE XA +EF I DOBIC
D7 (ABIC) % HWT, KHALHOEAEILCPUEICKS
T hERBE L7,

P Eof#RTIZR (ver. 3.6.1) (R Core Team, 2019) %
WTATVY, GAMIZ Idmgev package (Wood, 2017), E7°)L
B2 1ZMuMIn package (Barton 2020) % H\v 72,

& R

BIC /N & 72 o 727 )V, Year, Month, Area, Sst,

Grtd5> O &) H: & Year &£ Month, Month & Area, Month
L Grt, Areal Sst, Area& Grt?D5DO DA HAEFIHE % il ZE

BIZELETVTHY), TNEXRAMETIVE LT
(Table 2)o NA k€7 )N OER[LFE AL IEH 54 2> H K
BT, WIREEICR L TORERRY AR LN
LhrolzZ Ehs (Fig. 5), 2OEFI & EHELET L
& L CIE#EfLCPUER S L 720 (L ET V25100
TS E % B 72 E OV O ABICIZMonth & [\ 72 F 7 )L
B bDRKE L, RIGHzE W ET VR RE P72
(Table 3).

1998~20144F  (CEFAFAME O FEHER) T ME THIME
{tL72/ I 5 VCPUE L f#(LCPUE% ik § 5 &, 4F%4
By AT A —F L T\Wwizds, /3 FIVCPUEICA) LiZ
# fLCPUE7S20064F % [t < 2005 ~20094F (£ 55 < %2 1,
20104 IR < 72 2 [H{[[ A% - 72 (Fig. 6).

Z =

W i {LCPUEIZ / 3 F JLCPUEIZ KT L, 20064F % 4 <
2005~20094F (DLF, EABIEHIE35) (3@ <, 2010
PR (LUF, FHBESE§2) (LW d - 72,
PIRERD ) BIEELETIVICE 2 B HENRRKE VDI,
AR EBMORKEZIOBEETH 7225
(Table 3), / I 7 )VCPUE & fFi#E{LCPUE CHEAA: U723
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Fig.6 Annual changes of nominal CPUE and standardized CPUE. Gray zone represents 95%
bootstrap confidence interval for standardized CPUE.

Table 3 Comparison of BIC for models excluded each explanatory variable from the best model

The removed variable ~ Year Month Area  Sst

Grt  Year*Month Month*Area Month*Grt Area*Sst Area*Grt BIC ABIC

Best model + + + + +
Sst + + + +
Area + + + +
Grt + + + +
Month + + + +

+ + + + 212273 0.0
+ + + 21254.6 27.2
+ 21316.5 89.2

+ + 21808.7 5813
+ + 227159 1488.6

+ : The explanatory variable included in the each model

ZHRIEINO200R) K THL EEZDBND, 22T, 2
NOEOMEIZHEH L, HHSN/2CPUEIZZED A U3
HAEERL7z.
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CPUEICHR S sBBES N T WD EE 2 bd, [EHE{LCPUE
1%, FiRD8A DCPUEDZALLFAML TH Y (Fig. 6),
C OZEALHEHEAILCPUEIC UL S, 7 I 5 )VCPUE L 7
WEL/EEZLNS,

8 DCPUEIZOWT, R BIEMIZ AR M)
B, FRIZ2007~20094F (il 0 £ S 5, IR R
PSFENE S TR D B (RALXKEERFZERT, 2009; 5L
XK EEWTFERT, 2010 BUALIX K EERTZEAT, 2011) . " HIEIE
Wi, BREEEEERTICB TR OY ¥ < D55
BOA L, R EORRASEAL L2 s NT
Wah (EILS, 20200, L7zA->T, ZOMMO8H D
CPUEDEKIL, ¥~k Z LrERICHD L
RN D,

220 HOMMOK E SOFRICOWT, AT 7 7)) 5
IZCPUE%R /L% &, xR TR, KB TH
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Fig.7 Annual changes of CPUE (a) and fishing effort (b) by month of stick-held dip net fishery for Pacific saury from

1998 to 2019.
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Fig.8 CPUE (a) and annual changes of fishing effort from 1998 to 2019 (b) by fishing vessel size class of

stick-held dip net fishery for Pacific saury.
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Fig.9 Annual changes of monthly fishing effort by landing region of stick-held dip net fishery for Pacific saury by

large class vessels (>100 GRT) from 2005 to 2019.
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Fig.10 Annual changes in monthly fishing ground of stick-held dip net fishery for

Pacific saury by large class vessels (>100 GRT) from 2005 to 2019 in Japan.
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The effect of pelvic fin removal on the swimming of fox jacopever Sebastes vulpes fry

ToMmoNORI KANETA*

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

In artificial seedling release of the fishes, removal of the pelvic fin is widely used because it is a low-cost method that can

be implemented in the juvenile stage. However, the effect of pelvic fin removal on swimming ability has not yet been

investigated. In this study, we evaluated the effects of pelvic fin removal on the swimming performance of the fox jacopever

Sebastes vulpes fry. Swimming time was measured at various flow velocities with total lengths of 40, 50, and 60 mm fry, after

removing one of two pelvic fins (experiment) or untreated (control). Analysis of swimming time measurements showed that

the critical swimming speed (Css) increased with growth. There were no significant differences between experiment and control

groups for the swimming curves and the Css. Furthermore, the swimming ability indices (SAI) were almost the same.

Therefore, we believe that pelvic fin removal does not influence linear swimming.
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L, fEAREA, S~ 2 P CmMEESE (DS7 7 —
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%, EEzZFHIL, Th2ho s 5 AREMEO £2 mmiZ
AbbO%, FEERXEFIXE HIZ60RET D% #ED 551
770 EEOFIFESE Z Table 1R L7270 $TXRTOLEEY
T ADEERIXE L O IRIXIZ BT 5 &ROFHMHIL HE
EEO 04 mmPINTH -7z, T2, TNEhoeEs
T ANZBWTERX ERIX TCEREOFHMICHE R
X7 o 7z (t-test)

FEERX ORI, Mo T B JEED ) b, HEER
T P L TR R IEM S Rz & 1240 mmid 5o, 50
mm(I/ED, 60 mmiIFOEEER ¥ oty N TIRET S &
LB, BEOIES (R oumit) b TE L7215 &k

W7z (Fig. 1)o dHXOMEAICIE R ICORE L Z2h o 72,

Table 1 Mean total lengths of experiment and control fishes
for each 40 mm, 50 mm, and 60 mm classes. p is
the probability that the mean value differs between

the experiment fishes and control fishes.

Total length classes

40mm S0mm 60mm
E C E C E C
Mean 4028 4034 4992 50.02 5995 59.69
S.D. 1.05 1.06 1.24 1.14 1.27 1.18
n 60 60 60 60 60 60
p 0.720 0.648 0.241

E: Experiment, C: Control

FEERX OALE L, 4:F40 mmiZ20184E8 28 H, 50 mmiZ
20184E9 20 H, 60 mmiZ20184F10 23 H 24T - 72, JEfiE
HALE | 72 BRI EE & RS0 REICIE L, e
BROENE L) Ik BH PO HBERERIZAE L 720 5
BXIZZENZEND 7 T ADFEEBRXIE H OB #12
L, FEEEIT-72

TENEME BEIRERIIGNE O KM 7z
(Fig. 2)o E—% —IZX D AKBE TIEHD 7107 % [Hix
L, $RIEHIANKEZTEERT 2 KT, BUAEHE Y 7 AR
HTHD, BHIEIL, £ 53200 mm, JE300 mm$ & O
S350 mmTH V), EERADTEM LT WL, #EHMIC
MO =7 — 7 2 EREICA ) )72 Bao 77 A
F v 7MW —T DT T ABEOHENZILY ) 720 F 72, 81
WO MR, WED D DER 2D )72,
C OIKABIZ IR A @K A 72 L, SE KR R U155
T~160 CICFREE L 720 MBI — A & L, TSR
THES NI 2 & DT & it % /M, HFb i
L2 ki e Witz ki & L7ze k& RADDFHET
2R CTEBEZ TV, ZDIID» O TIEELI0RET DO THE

Fig.1 View of a fox jacopever fry (total length: 60 mm) with
one of the two pelvic fins removed. Dashed circle
indicates the position of removed pelvic fin.

Measure
Observation window

Fig.2 Diagram of small waterflow tank.
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Fig.3 Relationship between flow velocity and swimming
time of fox jacopever fry (total length: 40 mm).
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Fig.4 Relationship between flow velocity and swimming
time of fox jacopever fry (total length: S0 mm).
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Fig.5 Relationship between flow velocity and swimming
time of fox jacopever fry (total length: 60 mm)

Table 2 Estimated coefficients a, k, and error term o of
experiment, control, and experiment and control for
every total length classes and results of likelihood
ratio test. T is statistical value of the likelihood ratio
test, df is degree of freedom.

Total length classes

Coefficients 20 mm_ S0 mm_ 60 mm

E&C o 5.28 5.42 3.87

E k 0.30 0.19 0.14

E a 113.13 7134 7521

C k 0.26 0.20 0.13

C a 81.59 7693 68.27

E&C o 5.42 5.44 3.98

E&C k 0.28 0.20 0.13

E&C a 95.89 74.09 71.84

S T 5.51 0.76 5.90

Likelihood df 200 200  2.00
ratio test

0.06 0.68 0.05
E: Experiment Group, C: Control

TEXEE KER7 7 AOMET & ORI xFig. 3
~Fig. 51T L7z F72, MR SNI-ZREBOME LT
FEF & Table 21R L7720 WTENOEEZ 5 AI2BVWTH
FEBRIX &t BRI Cepk A I 2B 22 o 72,
WEKBEHTEEL (SAl) KER7 7 ADFEERNK B L O
X DSAl% Table 3178 L7z, &R7 7 ADORELIZE b
RVSANIRE o727, FEBRIX EMIRIX CliTIzss
Loz,

ERSLBEKRE (Css) Hak7 7 ADFEEIXE L O
XPDCss%kTable 4\12R L7z &7 I AOKBLIZE b
72\ Css &stdCssiI R & oo 7205, FEBRIX &R HEX Tl

Table 3 Estimated SAI (Swimming Ability Index) for every
total length classes.

Total length classes
40 mm 50 mm 60 mm
E 5.1 6.6 10.2
C 4.8 6.7 10.1
E&C 4.9 6.7 10.2

E: Experiment Group, C: Control

Table 4 Estimated Css ( Critical swimming speed), its
estimation error (SD), significant level p between
experiment and control groups, and standardized
Css (stdCss) of experiment and control for every
total length classes.

Total le:;lgrtnli EorC Css SD* p* stdCss
40 E 113 027 2.8
C 11.1 0.15 0.27 2.8
50 E 16.1 0.26 32
C 163 024 032 33
60 E 262 0.19 4.4
C 258 0.10  0.04 43

*: Estimated by bootstrap method
E: Experiment Group, C: Control
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Bk Tk~ (AR

KRy I ADET ZI3EELRAER R, PREYE
DTG ORE, 10BOFITD ) HO~1EIFEEDOHET,
FRAEPS O JECTHT & BETHI 205 7 9 BBy R0 JEC THT 0 $fi] 508 & 050 77
T AW & DD AR Tk & 5 1L T A RS R &
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BIRHI 24521l L, Y8 77 & TEPI A LR
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Effects of diet supplemented with fish oil on the swimming ability development and predation avoidance for chum

salmon fry
Mitsuru TORAO*', MaHITo MIYAMOTO' and M1kt KOBAYASHTI?

' Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061-1433,
2 Donan Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Yakumo, Hokkaido 043-0402, Japan

We examined the effect of fish oil supplementation on the development of swimming speed in chum salmon fry. The effect
of fish oil supplementation on the repression of salmon fry predation was also verified. The cruising speed measured by video
analysis of escape behavior was significantly increased in the fish oil supplemented group 26 days after emergence when the
average fork length was 4.3 cm. The results of the predation test showed that 1) if there was no difference in body size and
swimming speed, there was no difference in predation rate; 2) the predation rate was higher when the body size was relatively
smaller, and the swimming speed was lower due to fasting; 3) diet supplemented with fish oil reduced the decrease in
swimming speed during fasting, and the predation rate was also lower. These results indicate that the feeding of fish oil-
supplemented diets may repress the decrease in swimming ability and predation of salmon fry when their nutritional status
declines after release.

oo N AR, AUEE, R, SRR BEEL 74— KA A

AT [0 W5 £ C 3 A B Oncorhynchus ketald, HAR Tl 5, 2010 ; Hasegawa and Takahashi, 2013), L72>L, ¥iifE
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Kasugai et al., 2013) ,
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KRS, 2016),
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1997 ; Kawamura and Kudo, 2000 ; Nagasawa, 1998 ;
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Sturdevant ez al., 2009 ; =JES, 2013), FHE SN LHEMA
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Fig.1 Equipment used for the predation test for chum
salmon fry. (A) The tank is constructed of FRP (690 x
1490 x 580 mm). (B) Object set up in the tank as
hiding places for fry. (C) Three water tanks for the
predation test.
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Fig.2 Development of (a) burst, and (b) cruise swimming
speeds in the control (open square) and fish oil
supplemented (solid circle) groups. Asterisks indicate
significant differences (Welch’s #-test, P < 0.05).
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Table 1 Comparison of mean fork length, body weight, and
condition factor between the fish oil supplemented
group and the control group. There was no
statistically significant difference in any of the values
between both groups (Welch’s #test, P> 0.05).

Davs after Mean Mean Mean
Y Group fork length body weight condition
emergence
(cm) () factor
4 Initial 3.60 + 0.11 0.34 + 0.04 7.20 + 0.54
3 Control 377 + 0.13 0.38 = 0.07 7.11 £ 0.73
Fish oil 3.78 + 0.09 0.40 + 0.03 743 + 0.52
16 Control  4.12 + 0.11 0.56 + 0.05 8.01 + 040
Fishoil ~ 4.14 + 0.11 0.55 + 0.07 7.71 £ 0.51
21 Control 433 + 0.15 0.69 + 0.08 847 + 0.63
Fishoil 433 + 0.17 0.67 + 0.08 8.19 + 0.36
2% Control 452 + 0.20 0.74 + 0.09 7.95 + 0.34
Fishoil ~ 4.50 + 0.13 0.71 + 0.09 7.75 + 0.63
6 Control ~ 5.01 + 0.16 1.12 + 0.10 891 + 0.36
Fish oil 5.01 = 0.21 1.12 + 0.12 8.88 + 0.55
0 Control 534 + 0.19 141 + 0.17 9.20 + 048
Fish oil 5.18 = 0.21 1.26 + 0.20 9.01 + 0.65
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Fig.3 Predation rates between trained and untrained chum
salmon fry in a tank with white-spotted charr. No
statistically significant difference was found (Mantel-
Haenszel test, P > 0.05).
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Table 2 Comparison of mean body size and swimming speed of chum salmon fry in exercise training and non-training groups.
Asterisks and bold italics indicate statistically significant differences (Welch’s #-test, P < 0.05).

Mean Mean Mean Burst speed Cruise speed
Date Group fork length body weight condition
(cm) (© factor cm/s FL/s cm's FL/s
Tun. 2012 Control 570 + 0.35 1.72 + 0.35 9.21 + 0.85 90.3 + 22.5 159 + 4.0 146 + 6.3 26+ 1.1
un.
Trained 558 + 028 * 1.52 + 0.24 *8.67 + 0.64 843 + 23.8 15.1 + 4.1 132 +49 24 +0.9
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Table 3 Mean body size and swimming speeds of chum salmon fry for each fasted experiment. Asterisk and bold italics

indicate Welch’s #-test statistical significance (P < 0.05).

Mean Mean Mean Burst speed Cruise speed
Date Group fork length body weight condition
(cm) (2 factor cm/s FL/s cny/s FL/s
Aor 2013 Fed  6.41 + 0.42 245 + 049  9.19 + 0.71  114.9 + 194 178 + 2.8 9.9 £51 4.6+ 18
pr Fasted * 5.70 + 0.44 * 1.30 = 0.37 *6.81 = 0.54 * 97.4 + 15.9 171 £26 * 40+22 *35+09
Mav.o0;3  Fed 499+ 030 098 £ 017 783 £ 075 100.7 +20.8 201 £3.6 169 %75 3414
v Fasted * 4.65 = 0.29 * 0.66 + 0.14 *6.48 + 0.58 * 822 +20.9 *]7.7 44 *13.6+49 *29 =+ 11
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Table 4 Changes in body size of the fish oil supplemented
group and the control group during the fasting test.
There were no significant differences in fork length,
body weight, and condition factor between the two
groups (Welch’s t-test, P > 0.05).

Davs after Mean Mean Mean
Y " Group fork length body weight condition
fasiting
(cm) (g) factor
0 Control 534 + 0.19 141 + 0.17 920 + 048
Fishoil 518 + 0.21 1.26 + 0.20 9.01 + 0.65
7 Control 5,13 + 0.17 1.02 + 0.11 7.48 + 0.36
Fishoil 514 + 0.32 1.00 + 0.17 7.35 + 0.68
14 Control 518 + 0.27 0.99 + 0.17 7.03 + 0.53
Fishoil 513 = 0.28 0.96 + 0.15 7.02 + 042
0 Control 521 £ 0.25 0.95 = 0.16 6.74 = 0.88
Fishoil ~ 5.08 = 0.36 091 + 021 6.81 + 047
10 Control 5,10 = 0.33 0.86 = 0.18 6.36 = 0.40
Fishoil ~ 5.08 = 0.30 0.85 + 0.16 6.44 + 047

Fig.4 Predation rates between fed and fasted chum salmon
fry in a tank with white-spotted charr. Asterisk indicate
statistical significance (Mantel-Haenszel test, P < 0.05).
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Fig.5 (a) burst and (b) cruise speeds of the fish oil
supplemented (solid circle) and control (open square)
groups during the fasting test. Asterisks indicate a
significant difference between the two groups (Welch’s
t-test, P < 0.05).
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Fig.6 Comparison of the predation rate between the fish oil
supplemented group (solid bar) and the control group
(open bar) during the fasting. Asterisks indicate a
significant difference between the two groups (Mantel-
Haenszel test, P < 0.05).
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