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A simple method for measuring the swimming speed of salmon fry using escape behavior
MITSURU TORAO™', MAHITO MIYAMOTO' and Mk KOBAYASHI’

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

*Donan Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Yakumo, Hokkaido 043-0402, Japan

We attempted to establish a simple swimming speed measurement method (escape measurement method) for chum salmon fry
by video recording escape behavior and analyzing it. Fry were placed in a circular test tank, and sound stimuli were provided
twice at 10-second intervals to induce escape behavior. A video recording of the swimming behavior was taken with a digital
camera, from which the burst speed and cruise speed were measured by video analysis using free software. The measured burst
speed ranged from 70 cm/s to 110 cm/s (18-22 fork length/second, FL /s), and the cruising speed was 10-22 cm/s (2-4 FL/s).
A strong positive correlation was found between swimming speed measured by the escape measurement method and the stamina
tunnel method, suggesting that the escape measurement method is a valid measure of the swimming speed of salmon fry. The

apparatus used in this measurement method is very simple, and it is expected to be applied to various investigations in the future.

F—U— 8BRS, e, RMETE, SHUEEE, HkEETE), Z2EdEE

- Oncorhynchus ketal3, ALKFHEIZB W TROEE
BHGERNGMED 12 TH Y, JLAKIZBWTH EIRRED
SEEHRI NI L > TSN 2 EE L KEEHRT
Hro HRIZBU B TEMOV LD TH LILHRETIE,
Y r&ROL PALBURERIC L o THEFRF STV S
L#E 25N TWwb (MR, 2009 ; Nagata ef al., 2012;
Miyakoshi ef al., 2013; Kitada, 2014), W7 Oy %
1970 04> 5 2000 FALHTEICRIRICAR L TB Y, Th
AR EE D WERE S T Il s T TH - 722 &
\ZINZ T (Beamish and Bouillon, 1993), #i 4= HilT o
) R I & B A FREE oA s SRRSO
WETHDLEEZSNTWVS (Kaeriyama, 1998 ; /MK,
2009 ; B, 2013)o LA LiRsE, AuifEd Cldiui#is k&

CEALRR VIS b 63, W7 ke &I iR AMEN
I2H Y (Miyakoshi er al., 2013), EIFZEBIZR OfFEA & B
SRR PRD LN TV A,

7 ORI A D EIRSR 2 @0 5 720121F, R
Fefo 2 BREEDS R AT 22 Wi 42 [T B R - STk
Wl AEETHYH (B, 2013), 2L oDdH b ilHERE
B LT, B s b rfimoy (BEt) %300
LEIE M 2 FRGEET 5 2 &%, BRI & 2eiizm
F7dko12Ez 6Nk, INETHIfEMTIE, &
(LA RREE R M AGE I RE 7 SRk 4 e 38R X - TR
HEHMIE S (REF - (M, 1988 5 [, 2013), MEIKGERE D
o R OREEE LT AHEO 1D LTHw SR
Twb (f121, Mizuno ef al., 2008; Misaka et al., 2014)
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— %V HERE S OB A B A RIS X - THE
AN, FOFERIEIWAELEZZ 5N TS (Bailey and
Houde, 1989) . % { O CIIHAE I Hikds % 572
VDT, KD IIMEEOREL BT A ZFKL 720
DEELREHZTHSH (Plaut, 2001), it Sz 7 fEf
TH, MINTOMOBIIC L AHE (AR, 1946 ; E
FH %, 1959; Fresh and Schroder, 1987; JE R, - &%, 1996)
X, BRZEONRETIIESCHEIC I 2HEl MRS
N T % (Scheel and Hough, 1997 ; & & - F 111, 1997;
Nagasawa, 1998;Sturdevant et al., 2009 ; EHES, 2013), Z
D7z, 7 BT O M & LR & L C Ol ikoEE
DIBIIERE L EZEZ DN D,

FFHOWEHGEE DEFRIIMA TH L DS, KELHTT
300K T T — IR &S (Beamish, 1978), 7
b, MR & o TR PANIZRR o THkiT 5 i K
ETH 2R (burst speed), 205572 5 200 43 3 ik
T HE T XK 9 T A 5 R i K R B (prolonged
swimming speed), JE5 T 5 2 & 7 < 200453 LL Bk A3
HEHEGOHEE  (sustained swimming speed) Td 5, DI
VK RE T I %8 C UL Bl S E Pk H B (critical swimming speed:
Brett, 1964) %%t b —#xA9752% (Plaut, 2001), Z DI
1 ~BOR R 3 2 I RO Tk & B3R SN B 22 e s
(Blaxter, 1969) <25 WRF [ 35 vk s B @ 9 &l 2 RE [ % 60
gl Lo RiEREE (RHLHEEE, cruising speed:Brett,
1964) AN SND T &b S\, WERHEDHE 1T~
GEESLTEIELZEINTEY) (Tsukamoto ef al., 1975;
Beamish, 1978; 354, 1991), FEEVEFHifEIE L LT
OB RIE T, BREERIE LY 4 — 5 —
oAV (R - KHE, 1983 5 KARES, 1998 : LI, A
FIFhrRVE) BECHWENRTE, A% IS b
VA VSR A RE B T O HE M O 2 EE O E
* HEYICBgs s, B CREEOFHMICE L CTRED
BWHIEEEZ LN D, HHOEREERLEOFER
FARP L E 2 720G HIRS L5, —J5, Masuda
etal. (2002) X~H NP EANTZE—H—IZBDH D &
SO CTHERIEE G- 2 TREfTEI 2 FR L, WLz
GO & o TLEMMEEE & KATRE Z/E L. F 77,
FIED FET~ 7 DM o £ RLEE R AR T
Wk % e LigEsm LT\ % (Masuda, 2006) , Masuda
5 (2002) OFEEIEICHETH Y, FgkEBREE
I LT EBELITOGIR S A%, ko dz
b HEFLOBEGGREOWE IS 2 LAk, FEE
e EHIS LTINS B W T O EREIEDS T REE 22 1),
TSP DILKAIIFES L5,

ARG TIE, T HEA O HRATE) D2 & WHRIFHTIC
L pERAE N (DT, e O % ila

7oo F7z, RBEAED L RTINS
AF IF bV AINVETHE L7228 HE B L ORAHE
FHIRL, oAkl EE D L LT o kR e ik
DA% REE L 726

MK ERIE

#HEAa 20102F 12412 () WEENST - $38H
FEW X ORI BRIV TERIN S 7z 24500 % Ak il
A AIFERARE S 9 - KK EE U505 18 B
DIVFAILZRHITINAE L, B LFETEELZ, 201344
H1BIZRELZY 7 f#Efa%Z, 7 238k (B
E326mXIME0.33mXKEE0.21m) (ZIE LR Y 7 HiE
SPARATE EXTT158L002%, HARE) CHiT
B L7, M fufie GRETERN3%) 25272
FHHKIIZERR L2 Tk KRR 9.5C) 2L
THEMH L7,

EAREDRITEAZE HEHGEEE, 20134F4H2H (FE
%1HH), 4H9H (FL#%8HH), 4A16H (FL#I15
HH), 4A230 GFE#22HH), 44300 (FLEHE29
HH), sH10H (FL#%39HH), SHISH (FLfk4d
HH), sH22H GZL#s1HH) oftshl, EEAICH
L7z REERIZOWT, AERENICRE L ET Fv
T, hBEAEEE AY I F N AVETHE L7z,

HEEERITE AN & B Kk iR E I E

1. BEAHE  ABEEE I A5 o E 2 E O
X % Fig. 1 \ R L7z, EBUKfEL LT, TlROAER
ARYVIFLVEZZSW (R SW56H], PR
MR EHH) 2l EBRAMEFICAIATH=W%
WRiE LT VY NVA AT (PENTAX Optio WG-1 GPS,

Fig.1 Schematic illustration of the measuring apparatus for
burst and cruise speeds with the escape measurement
method: A, polyethylene basin; B, digital camera; C,
tripod; D, nylon line (750 mm long); E, sinker (20 g
weight).
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TRPE & RALHPE & AT L 72 RWEE T, SEREY
NAEEHD S O 10 BICHIE S N2 KOBEREE & 5E
FL7oo 72, I X o CEKDIPET 5 20 H D
T (AN 20 048 812) O 1001 O F-Hg5k iR
B (em/s) % KPLHE & 23 L7,
WHEIRNTIZIE, WYR ORI E 2> & FfE %l LR E)
HEZFET S Windows HO 7 —V 7 b o7 [EE)
< Afor Windows 2.0] (http:/Avww.vector.co.jp/download/file
/win95/edu/fh 537268 html, 20204E3 31 H) =M L7,
VAV ENE S IANE s AV |7 S U W O
W Lot oWyt xt 2 )y 2§52 L THREY
L, MEMBIZ3I 7L —24 (01l JrEL
186 N7 ERE R O BEEED & 3 E & I L7,
ZZIF P RIVEICL D WEFREDRTE A g
THIE S N7 2258 L RALEE OB % ML S % 72
O, T ELOBEKEEDWEICHAENDE Z LDL W
A& IF bRV UMK - KRE, 1983) 12X o T2
T & RALHE % WE L7zo Fig2lc A% IF by Ak
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Fig.2 Schematic illustration of the water tunnel apparatus for
measurement burst and cruise speeds of chum salmon

fry.
e L, MERAZHBARENSER LT 7 V8l
OWEE (NFE40mm, £ S700mm) (2 AN HE2cm/s

TS5BS 721k, WE Lz, BIEICHEKE Dk
A% lemTOTIFTCkES—N—T70—-845 2
ETHIEBEMNICHORZ 4 L s+, HADHEERTO A v
A A7) — T LEIKARE L o 7RI T O
MO E KD, ZEERE L LT,

AZ IF b AIVEIC L BRI, EEOWHEIC
BUF 54 He M o3 Gkon] BERE I & 7R 30 ik B & VR L
TR 720 AR 2 WIEE NI LiE 2 cm/s T 5551
BIF S 8714, 2.8~83.0cm/s DR DD 7B FEDHHE T
WK S, BB R C oMK TR (F) ZlE L
720 M IZETRER C 3R D17 0720 135 N7z
&l KR 2 & BIFRN TR %K@, 3,600%5 (60
53) OB AT R 20 FRas & FH U CRATHEE & L7z,
BEPGRE DRER IS TR MEE L, BIXRLAESL
HE L7z,

Wk SR & 72 ) OEkEEEE (cms) BI U Ih%
BAXETHRLIMEER (FLs) TRL7ZZ, dlEllED: s
A% IF b ANETHE S NI T R OFMERE &
RALEE L2 DWT, FNENAMBIBTR % MEE L 72,
RABEKREDOHBEE 4 & SRR OBENERDOH
¥ RIS BT B e & RO E RO
LA RGEES 5 720, HIE L7-&ME (96#k) D d
TN ZEE R DS S ALCHER], B X ORER ofE IR
I I R TR & kB Db %, EBOKEA~ DA
EAO 10720, 10HOFRMHED 10556, 2EHOFH
WAED 10 I TRLEk L 72,
HEEREEICH T2 ERKIEOERY EKXKRENGTZ S
PRI AEHETIIBWT, ERAEOERDE
WA HER O BEGGREE 1508 2 52 5 &) bR ARG
T 57280, 20144E3 H 7 HITEERENEOH 7 Hefaix FnT,
507, 567, 75FDIODOKEEDKR) TF L V5
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Table 1 Burst and cruise speeds of chum salmon fry measured using escape measurement method.

Mean Mean Burst speed Cruise speed
Datf: of Days after fork length body weight ’ ’
experiment emergence (cm) (@) cny's FL/s cny's FL/s
Apr. 2,2013 1 3.50 = 0.11 0.38 + 0.07 703 £ 3.7 201+ 1.6 148 £+ 19 42+ 0.6
Apr.9,2013 8 3.89 = 0.21 0.49 + 0.05 752 +£74 194 £ 1.8 102+37 26+09
Apr. 16,2013 15 392 + 0.25 0.64 + 0.12 839+ 55 214+14 145+52 37+13
Apr. 23,2013 22 434 + 021 0.77 £ 0.09 89.8 £9.0 207+22 166 + 80 38+ 1.8
Apr. 30,2013 29 444 £ 025 0.77 £ 0.12 91.5 + 10.1  20.6 + 2.1 171+ 64 38+ 14
May 10, 2013 39 477 + 0.28 1.03 + 0.18 925+94 194+ 15 196 +59 41+13
May 15, 2013 44 4.94 + 0.36 1.06 £ 0.20 105.8 £ 11.0 215+ 24 208 +79 42+ 15
May 22,2013 51 5.62 £ 0.60 1.67 £ 0.58 109.6 + 10.8 19.7 + 2.6 23+73 40+14

W AR EBRKE & L ClEREE R ME Lz, FNENDE
BRAKFE DIKGE 3 em B2 BT A BIZKE DOEREIZ42cm, 48
cm, 6lem TH o772, FNFN 12K % FV TLeEdfE &
KA L WE L, 30 DEBFKIEH THRETNEBEID

BN DOWT, Steel-Dwass i THE L 72,

f& R

PEEERITE RIS & BHEKRE  AENETIC L o THlE L
7222 HE T & ST % Table 11278 L7z HIEICH W2
o AR LER OB A X EHRE3.50 £ 0.11
cm, FIKE0.38 £0.07g TH -7z, fHS1HHEIZIES.62
+0.60cm, 1.67+0.58gF CTHE L7z, T LER (B
3&m)’M%éht%LEFu,mmmf%oto%m
BRIGEREIX, 7 EE29HE (BXE44cm) FOREL
EHIZ2em/s FT L7z, 2 EA39HE (BXE4S
cm) C—EEICZEHEE O F A3 90cns B TR L7278,
FEFH44HEH (BLES0cm) Tl06cm/is FTEHEIZ EH
L, #MtEs1HH (BXES5.6cm) 121 110ems & o7z,
O, ZEREOREILIX, BXZ20FLsTIRE—%E
ThHo72,

RFEEE FE EER (BXE3S5em) TlsemsZR L7
%, mEHBSHHE (BXE39cm) 1213 —FEIZ 10cm/s
WK T L7ze Z0RIEEe,Ic R L220H (BE43
cm) 1ZWE17em/s & o720 29HH (BXE44cm) 120
17cm/s & — R I2A558 L7225, 39 I H DRI RFLIHEE 13
L%Lﬁﬁﬁ(%ﬂﬁsmm)”inmmk&otoﬂ
BHE A AREIL TR S &, F EEZIC42FLs & ILEIHE
mﬁﬁ%mbt%,SHE&Zﬂlmif#%%_ﬁTL
720 ZDIZ, 3.7~42FLisD#PHIZH - 72,
ZZIFPRIEICEDIERREDAE A¥ I )b
VANVEIT X B ZEME R EE & K HT B o ) € AE B % Table
2R L7z FEBRICHW - rfEfald, 3 BRI R

HFe3.45+0.16cm, FHERE039+0.01g22H, SIHHIC
13546 £ 0.25cm, 1.31+0.17g& %o 70, Z3EMEL, 3
LD 21emis 225 51 HHD 53envs T T—H L TEA L7
TSI HE (BES.Som) OZSEREOM FIZPEET
B o720 FEHEHEEDOREIIZ6.2~9.8 FLADFEFT, #.L
»522HH (BXE44cm) FTIE, EREORELI
6 FLs Th o728, RIEDNS5.0emiE{Il%>7244HH
VIRl L 8.5~9.8FL/s /R L7,

AFIF YAV X BRI Z KD B 720,
E L THE SNz AR % Fig3 12, 155 N7z ik O
FIERKI2 3,600 70 % A L CRIE S 472 K ALHEE % Table

3R L7zo RO S N7 RATHPE 1L 1.7~8.1 cn/s DFHEPHT
Holro FLEKRESHEHDOKHEEIZ23ecm/s TH -7z
A5, 15HHIC—HNIC 1L 7om/s IZIKT L7z, 208, 22
HH, 290 HI2134.5~5.0cm/s #7x L7z, 39 HHLUEIC
PFEIC LA L65~81emsBR L7z, REITIZ04~1.6
FL/s DHFIPTH - 72,
EEHATEEEZRZIF P RIVETES W EEKEED

Hes dBEEdE A5 I Y AVETHlE SR
HEEE ORI, MWAELRMEIED bz (Figs ;

r=0.953, P<0.001), F7, KHHEETOHZRAEED
BTz (Figd ; r=0.909, P <0.05),

Table 2 Burst speed of chum salmon fry measured using the
stamina tunnel method.

Date of Days after Mean Mean» Burst speed
experiment emergence fork length  body weight ﬁ
(cm) () om's s

Apr.2,2013 1 345+0.16 0.39+0.01 214+2.1 62+1.1
Apr.9,2013 8 3.66+0.19 0.38+0.08 22.7+4.7 62+1.4
Apr. 16,2013 15 4.17+0.21 0.55+0.11 26.6+3.6 64+0.8
Apr. 23,2013 22 443 +£0.20 0.68+0.10 30.8+7.1 69+14
Apr. 30,2013 29 442+0.27 0.64+0.12 333+8.1 75+1.7
May 10,2013 39 4.99 £0.34 098+0.34 393+12.7 79+24
May 15,2013 44 494 +£0.28 0.82+0.14 423+147 85+£2.7
May 22,2013 51 5.46+0.25 1.31+0.17 534+£13.0 98+22
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Fig.3 Relationship between swimming duration of chum salmon fry and water velocity estimated using the stamina tunnel
method. The day in each figure shows the number of days after emergence.

Table 3 Cruise speed of chum salmon fry measured using the
stamina tunnel method.

Date of Days after Mean Mean Cruise speed
experiment emergence fork length  bodyweight cm/s FL/s
Apr.2,2013 1 376 £0.14  0.36+0.05 23 06
Apr.9,2013 8 383+0.16 0.44+0.07 23 06
Apr. 16,2013 15 4.05+022 0.53+0.10 1.7 04
Apr. 23,2013 22 445+024  0.69+0.13 45 1.0
Apr. 30,2013 29 4.55+024  0.69+0.13 50 1.1
May 10, 2013 39 490+0.23 0.99 £0.15 6.5 1.3
May 15,2013 44 495+023 087+0.11 81 1.6
May 22,2013 51 534+0.44 1.22+0.34 7.3 1.4
701 BS (cml/s)
— [ ]
[} 50 A
=
3 o/°
L
% 30 A
2 D)
10 T T 1
50 80 110 140
escape measurement
109 CS (cml/s)
[ ]
©
c
RS
—
()
© o /o
s °
0 T T "
0 10 20 30
escape measurement

Fig.4 Relationship between burst and cruise speeds (BS, CS)
measured using the escape measurement method and a
simple water tunnel apparatus.
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I B, FEEUKFEANOIEE % I i R TGE BE ASRLdk S
7EAR CBEEE) (851K (88.5%), 1[01H OFHIEAIC
T R RGHRBE HSROEk S N7 ERIZ oK (9.4%), [RIERIC
20 HPIBECIZ 2R (2.1%) TH o7z (Fig. 5)0 <D
PR T £ D 10 F0 B 12 IR KGR BE 2SR ek & 7z,
72, EBAKEANOG T HEHIDERSS, 1HHBIU?2
b H OFHEAAIIE, W SNz RlEREEE, B
BEE & BT L7 (Fig 6)o INEREZ 1 L72E & DK
Kk EE(Z 1 ] B O RS %ICIE P 0.80, 2MEHOH
FIBATIE 067 F TRT L7z, 72, 10BHEOFE
BB, NAEGE1E L2 E, OB OFHME
Ti20.56, 2[01H OEFRHHETIE 045 F TIRT L7z,
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388 HEAOEL D EBIIMZ v ke e gl
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Fig.7 Comparison of burst speed (BS) and cruise speed (CS)
measured using the escape measurement method using
three different sized tanks. No significant differences
were found in swimming speed among tanks (Steel-
Dwass test, P > 0.05).

Table 4 Burst and cruise speeds of chum salmon fry within tanks of different sizes measured using the escape measurement

method.
Type of Inner diameter at Mean Mean Burst speed Cruise speed
experiment Water depth 3cm  fork length body weight
tank (cm) (cm) (2) cm/s FL/s cm/s FL/s
Type 50 42 497 +£022 1.08 £0.13 100.2 +9.4 20.2 + 1.8 202+49 41+1.1
Type 56 48 491 +£042  1.04 £0.33 96.4+86 19.7+15 233+64 48+1.3

Type 75 61 5.03+0.20 1.12+0.16 108.5 £ 13.9 21.6 +2.3 23.1+4.1 46+09
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Periods of upriver migration and spawning, and annual change in upriver migration of pink salmon Oncorhynchus

gorbuscha in the Uebetsu River, a non-hatchery-operations river, in the Nemuro area of eastern Hokkaido, Japan

KiryosHl KASUGAI", HAYATO SANEYOSHI® and YOSHITAKA SASAKT

"Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,

Nakashibetsu, Hokkaido 086-1164, Japan

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

* Abashiri Fisheries Research Institute, Hokkaido Research Organization, Abashiri, Hokkaido 099-3119, Japan

We surveyed the number and noted the period of upriver migrating pink salmon Oncorhynchus gorbuscha in the Uebetsu

River, a non-hatchery-operations river (adult fish are not collected for hatchery programs and fry are not released), of the

northern Nemuro area, between 2008 and 2015. In the Uebetsu River, the observed numbers of pink salmon and their redds

peaked between mid-and late September, and between mid-September and early October, respectively. The total number of pink

salmon observed in the Uebetsu River peaked in 2009 and 2010 of the odd years and even years, respectively and decreased

dramatically after those years. The total number of pink salmon observed in the Uebetsu River significantly correlated with the

coastal and river catches of pink salmon in the northern Nemuro area.

o= NIHTT MR, MR, WL RN, R - Jei)
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D SEHRFFIT & D HER 1~ LA RO & Ut
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Fig.1 Changes in coastal and river catches of pink salmon in
the northern Nemuro area and total catches of pink
salmon in Hokkaido. The enclosed area indicates the
boundary of this study.
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Fig.2 Locations of the Uebetsu River and surrounding rivers

where pink salmon are collected for hatchery programs
in the northern Nemuro area.

BENBMEFEL, BROBEEI IR EFE L2,
722L, T T NIADEFICE LB S NGETTIE
FEIRPER L IEBICE R TCE szl R
(Fukushima et al., 1998 ; =E, 2006 ; fiH 5, 2014), H
O ERATHEZ B LA OFEIIR & XA EETH
72®, 20084010 A FAEILES & UN2014 4F 0 4iRATHIH
OREIRENIBNTICH W otz BHL7ZH T 7 b~
AR B L OBEINREIEM 2 S Of#ECT 1 km T &I
R L7,

< AFHOM FEOHEEIIZBE (Area-Under
-the-Curve: AUC) 5L K w6 T 5% (English et al.,
1992; Irvine et al., 1992) o AUCIZ & %35 Tl F 4
RICH72 BEARICL 2BEKO Ty P LETH S
(Bue et al., 1998), & AT, HRFEBRELOWIMNITIES
H oA o/NEBROREm A5 EST 2457 b= R
AHIMT AL S TBY UNEIL, 2003), HHJIZBW
THREZMEOT9 AP E2EIELTwWE, Ly
L, AEFZETIZ9 A ERLETO T — 7 237 ABE 0@
EEIESNRNI L7 S AUCIC & BHEE I Th -
7oo HURPEBONL Y X INZBWVTIZ9 A 20 HETR M -
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e (REEIals, FREl, PP oz
H\Wize 197 M= AOMIHHERSB & ORI =
EFMX O E vz (dbilEE sy - $9mHEERS
EF - TS - YRS AT 4, 2020.1.28E), i
RS, NS, PRI IR R L ORI
Wiz, RO 75 7 b~ AEEHEIERE SR AnE
X O R, AREILEBHLX o 0] )1 i 5ER o [ 0 B+
1% Kendall O NEAZAHBS THEEd L 720 #EETHEMNT IER version
3.62 % HWTiTW, HEKHEIZS5% & L7z (R Core Team,
2019)
w B

W ERS SOERRE MHINI BT, gz G
L729OARANSEL DN T 7 b AREEL, Fl2Lo
TN AROEFCEHBT LN TEL, /2, hT7
b ADOBEBIT VT NOEDL I AP Er L TRICRKE
7272 (Fig. 3, Table 1)o /1 7 7 b~ AIXIIH 5 AKX
BINOR LD 7.5km TSNz (Fig 4o #7771+
~ ADEIEENT9 A PAENIZIAI 2 5 3km & O i CEigs
BN DO HED18.5-96.7% (F3533%) TH-

WRINCBT B A5 7 b~ A0@ R 13

7298, FEIOMEATE LD ITFDOHEIEAL ol

FARICBISE SN BIEHOAFHIR/NT 141 (2014
), HARTS961H4E (20104E) THY (Fig. 5), Py
+REHER 7213 2,436 £ 2,000 8K TH o 72, HEAFEIL2010
E, WHAEIZ 2009 F IR E LY, ERLBEIEEA LT
Vo Tz, BEI22014, 201541 FNE RO 2ERT OAEHE
BEDT.5%, 23.0% & EMERPER LT,

FEIIR O AE X 1RO 729 A aIcidBlig s/ (Fig
3)o FEIIREA KNI %% o 21, 20134E3 X U82015
T HHA, 2011 4E1Z 10 LATH o 7205, £hlist
DEIFZIATHET, 7T 7 b ADBEEITRKICE 72
B2 5 2 DLNIC H - 72,

BEEEL - AR - FIVBOEEHEL BEILK
WX 2B B EERE, 8B FA~8 B FaIZAITT
AR &% o7z (Fig 3)o MEIIHX OWINNZBNTIES
TN ADONBIISATHIPLIHEDL I ENEL L, 8
ATA~9R FaIch» i TR Rk L % -7 (Fig
3)o TR AT IR RS 72 2 W RIS DS e KA
AN =T 50, HELVIEZFO2HLUNIIH -7,
WEMX O CRES N A T 7 < ZAORIPIL
9H Fa~10 A FaicArbi, 9 A ~9 B FaIZERIN
BomKExR Lz, MHNDOA T T b3 ADOBIERD
R, RS X O W N R SRR % o 72
M vi1~2mEN7 (Fig.3). T/, WO AT 7+
< ADFEINRED SRR T o 7oL, 24E AR E (2013
4 CA, 20114F @ 28)1R), REALISHX ORI A
R o7 X ) 18N (Fig 3),

LB ARERTE - AIIEEREOREFR HRINCBT

Table 1 Number of observed adult fish and redds of pink salmon in the Uebetsu River between 2008 and 2015. Upper row:

number of adult fish, lower row: number of redds.

September October

November December

Year . . . . Total

mid late early mid late early mid late early mid late

1,791 1,145 149 5 0 0 0 0 0 0 - 3,090
2008

1,000 1,602 - - - - - - - - - 2,602
2009 1,395 1,665 610 125 34 1 0 0 0 0 - 3,830

369 621 220 4 38 - - - - - - 1,252
2020 3,965 1,869 94 33 0 0 0 0 0 0 - 5,961

1,043 1,416 84 13 - - - - - - 2,558
2011 1,156 1,010 776 459 26 0 0 0 0 0 3,427

364 675 820 656 140 - - - - - - 2,655

667 778 73 2 0 - 0 0 0 0 - 1,520
2012

263 451 51 - - - - - - - - 765
2013 655 248 329 - 26 1 0 0 0 0 - 1,259

506 67 101 - 2 - - - - - - 676

30 72 8 3 1 0 0 0 0 0 0 114

2014

173 89 24 0 0 0 289
2015

220 144 85 5 - - - - - - - 454
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Fig.3 Changes in the seasonal proportions of the coastal and river catches of pink salmon, and their eggs collected from the
northern Nemuro area (upper panels), and the changes in the seasonal proportions of the upriver pink salmon and redds
in the Uebetsu River (lower panels) between 2008 and 2015. The open circles, closed circles, and closed triangles in the
upper panels indicate coastal catches, river catches, and eggs collected in the northern Nemuro area. Furthermore, the gray
and black bars in the lower panels indicate observed pink salmon and redds, respectively in the Uebetsu River.
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Fig.4 Seasonal proportions of observed pink salmon in the Uebetsu River between 2008 and 2015.



16 HRHI B, EEEN, EoREE

8,000

Average : 2,436
SD: 2,000

5

&= 6,000

©

9]

2

3

Q 4,000 -

o

—

o

<

i© 2,000

O | ——

2008 2009 2010 2011 2012 2013 2014 2015
Year

Fig.5 Changes in the total number of observed pink salmon
in the Uebetsu River between 2008 and 2015.
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Fig.6 Relationship between coastal catches (upper panel) and
river catches (lower panel) in the northern Nemuro area,
and the total number of observed pink salmon in the
Uebetsu River.
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Residence time of stocked chum salmon fry in the Shiriuchi River, in southwestern Hokkaido

YOSUKE KOSHINO™*', YosHIHITO SHINRIKI’, ToMoya AOYAMA’, KaTsuMi TAKEUCHI, HAYATO
SANEYOSHI’ and YASUYUKI MIYAKOSHI*

"Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Nakashibetsu, Hokkaido, 086-1164,

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

*Donan Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Yakumo, Hokkaido 043-0402,

* Formerly: Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

We collected the otolith-marked chum salmon fry that were released at different periods to determine the residence time of
stocked fry in the Shiriuchi River of southwestern Hokkaido. The number of chum salmon fry collected with a fyke net trap
decreased notably within approximately 2 days after release. While salmon fry were not collected during the day, many were
collected at night. These results suggest that the salmon fry stocked at the Shiriuchi River, where the distance from the release

site to the estuary is short, migrate to sea quickly and mainly at night.
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Table 1 Release informaton for each otolith-marked group.
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Fig.1 Location of the survey area and sampling sites.
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PICT B0 N T v 7 (K&4.7m, [1££0.6X0.6
m, H&S5mm, DLF T v 7) 12X 58EHREL, 2014
EICE3HIIEAS5H7HE TICER9ME, 20154F121%3
H11A256A2H FCIci24lldr> 720 T v FIHAH
A5 500m RIS dH B HINAAE T OMITH IS (1TEAS
40m, KEEDFI0.4m, FHEFI0.6m DY) 1TFRE L7,
WEOBEHEATEIOMIETIE, 7 MMy o SR IC
P TREHEST 22 DL E o TWDH 2 (UK
1964), RFAFIZBT D N T v TOREREH L4 718
BN D BEAORFE T Lz T v T CHEEDPIRETE 2
WA EEE L, ORI S 1km FRO4 A 100

Release . Release Number Folk length  Body mass River temperture Sea surface
Otolith hatch code
year date released (mm) (2) °O) temperture (°C)
2014 2,3-2H 11-Mar 1,342,000 55 1.33 3.5 2.6
2014 2-2,3H 11-Apr 1,828,000 54 1.21 7.0 6.7
2015 2,3-2H 11-Mar 1,005,000 54 1.16 0.6 8.3
2015 2-2,3H 11-Apr 957,000 54 1.17 9.1 10.2
2015 2-2,1,2H/2-3,2H 1-May 915,000 57 1.26 12.1 11.8
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Baitv, RERKO—E (RK30BHREE L)) %5
% RNV EETIREREE LB TRAEA D 70% =
)= VERICR LB R, EROEROZOIHRL)G-
720 FEBETREAELREOWE ZITo 2%, V7 if
POHERTRRIL, BAEROMERE L OO
ol BAWAT A FF T A A EERE 2 H v
TEEL, WAMERBI Ty EY 7710 VA% HW
THHOEPBE LT A ETHE L, HEL-HEA%L
SERMEE T CEIZ L, EROGEOMHAS X UEHRAIC
DV TIHERBE OB E 4T o 700 HEMOIREREF &
W Table 2128 L72e b T v P TEBIRES N T
Mo, BAERAOEEY LT, SHREMTORE
Ao R R L,

Table 2 Summary of chum fry collection and identification
of otolith marking

Number of otolith-  otolith marking rate
marked fry

Number of
collected chum fry

Number of sampled fry for

Year Method
otolith identification

Fyke net trap 842 221 88 40
2014

Electrofishing 359 359 51 14
2017 572 282 49

504 504 146 29

2015

BrfTEi0 BEZIL AN BT B4 7 o RiER
FOHREENEFLLFARSL 2O, Ty FI2L b8
$ L fF TR S X 5 (DIDSON, Sound Metric #1:54)
ZHH L7290 r A OITEBISE 21T o7z, 7 RO
WREENE, FRICEBICERICR L 2 LS NTE DS
(IR, 1958), EAEICIZZFD X9 2 BELIC & A EIE
LWIREETICB U 2 KEEYOITE 2 D 720 DH L
WL LTRPEES X IPER LEBEDTWE, T
T CH TR DOEEBRENCOWTIE T v T2 X BERE
FATICL o THLPICENTELD, KPEEN AT %
FIHSUE, HRICBI2HED T v TOREGE, &,
EHNLRETIIFARDL 2 LN TE Lo 2RO
PSS TE 2T D S, £ T, 201544
HIHI5E254 130 2B CEY 7oz oy 7
W& D IMEMEICERE L, BT L7c, KPEED X T,
AH11HOKEANS 12HOKFE TO24IEH, 7 v 705
m FRENIGRAUTK L THEAIZ 2 X9 AR I ) T
TARHICHRE L, BT 1.8MHz, FRIEYES 3m 7%
FELT, 8107 L — 4 CTlIlOFLEE R L 720

S

N7 v T L AERERAORELS, BitH GHI11H,

T RO ROMESE 21

AANHEBIUSAIH) LZ0BEBMEIL L, 2R
sciddlehor: (Fig2). BRY 3 v h—CTHRELT
THEAIZOWTHIZIZFEEROMAIA A S L, kA Ok
TLHH 2V IEZEDOBHIIIERL OB EL Do 72b DD,
Zh 60 H U OFE CIIE#AIZ Lo 72 (Fig 3).
2015455 B ICHOE L 72 BERR i 3 b 2 A R DRI iRE &
N9, 3HAB L0 I S AR & T
DA EAEE AT AR S 7z,

20154E4 11 H2>5 13 H 12 3 BRI 2 W 4 i da 2 $R4E
L7455, 11 H D21 5 24 ICIREHD R DL <, 12
HO oM F THRIESIN: (Fig. 4)o FHEEBIIRESHAL
72boo, 12H21855 13 H 9K F T b B H M ORERH
W B ORERDSE— 7 L o7z — /T, BH
M HATFICHE D WD S 18I F TORIIE Y 7 HEfu
BT LIENTE LD o7,

KPEEN AT L BB TIIEELET 50 7 Hif
OBENIIBETE D DOD (Fig 5), AT L IZE BT 2
CERWEETH T, FDD, FOHRMDOEENE I
e UCEH L7z CORR, MUREHRTH 5905 12
BOMICR D Z VA8 DEEN D&M L -0 2 FER L, F0D
BHISEER 5210, R1I2H D35 6HEHIL DTN T
3D B DENTOREHED A SN (Fig. 6)o 11 H21F2»
512H3EF CORMIIET r OB IEISRTE L
"7z,
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Fig.2 Number of marked chum salmon fry collected by fyke
net trap in 2014 (upper) and 2015 (lower). The color
patterns correspond to each otolith marking and
arrowheads indicate the day of release of each marked
salmon.
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Fig.3 Number of marked chum salmon fry collected by
electrofishing in 2014 (upper) and 2015 (lower). The
color patterns correspond to each otolith marking and
arrowheads indicate the day of release of each marked
salmon.
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Fig.4 Number of chum salmon collected by fyke net trap at
3 hour intervals between 15:00 on April 11, 2015 and
12:00 on April 13, 2015.

A school of fry

Fig.5 An acoustic image of chum salmon fry observed by
dual frequency identification sonar (DIDSON). The
elliptical white images in the circle are the school of
salmon fry.
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Fig.6 Number of chum salmon fry schools observed by
DIDSON between 9:00 on April 11, 2015 and 6:00 on
April 12, 2015.
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INETOF T HEBMOREEREICBT 78T,
R ORI ET BRI L 5o TR 2> TV A
AR ENTE (MRS, 19655 EIlIS, 1983),
FRIZ, B (4 A LA (2B S e BECIZ R LLRE
R & 728 & ST IR 295 < (BXLZ10
FAREE), FEATNBWERIE R O ANE N 2 & A &5
ne 7o T\wb (Kasugai et al, 2013), 2D &1L, ¥4
HEAITI R BREE A8 7 R ISP CT & 2 & 9 ISR o
HEZRHL COALDZEEZLNTVS, MWIINIC
B DAER T, MEAEOMINGHAELMICZ 2 F CHFEZ
EWNERSNT, CORGRICB VT B X F itk
ObL T PRI BEOE -7 BAhS5N2b DD,
20154F 5 AU & AL 7R3 O A 2 H R A1 1d 4
CRESN o7, TOFRIT LR L7z X9 Rtk
B & B BEALERE OE N E L L T 7205 b Ltk vy,
PRI NN RSB 2> S £ TOMMEDYHY 3 km &5
W ENS, B EEE AN AR ] a8 I OB S
Do EZ S5,

Y HEAORETE O H Rt 2 MR L2, KM
PEHFHFICOANT v TTHRESNATICIZITZEA L
BESN D o7, TORKRIT, FBRRITERICEMIC
b s Ewv)#EEoME (McDonald, 1960 ; /MK,
1964) & —FL7ze O X RBEOMENIIAE (ER -
iR, 1996) R BEIZ L 2H& Uk S, 2000) % #El)
LizbrEZo5NL, LL, KhHEEH AT TIEAT
DBRERICERT 5 T HEROBENEHRT 5 2 & 58
T&7zo /NBK - PR (1977) (FHEREERNICTH 7 HEFDTHL
TR A TE) % BlE L CRGR 2 H 2 18km i DI
THRESNZEZHELTBY, ZIUIABR 2R
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NTHLEAEZREL TW200d Ltkw, Lizh>
T, KBEED AT TH T HLORTITE) 2 H2I56
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An improved method of real-time PCR assay for zoospores of Saccharina japonica var. religiosa. (Technical report)

YosHIYUKI TAKAYA

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

-7 —FN:EE, kv xar7, #EEF, JTNVE A LPCR

LHRERE T O H AN = T, FE2KEmETSH
BRV AT TOREDED L, BEREITIREEL o Tw
5o TOL) RUHETIE, WHETOMBHTH 2 HED
WAL, FEEORESHEEIZ R > TV D, KRB
WETHEERST A LIE, I TEHEOEER 2 4l
LIODEELRTFVNN LR DD, [ERHAWSNTE
FRIZE BT GE S, 1980 ; &4, 1989) Tix, %
WARD G3AT 58 L 22> 720

B (2016) ZUT7NVY A LPCREFHWVWTARY A1
VTBETREABRDICERT ATETHB LY, KE
L7-HEMEE IS5 72D IIdE R EEE L7 1 vy =12
2,000 L. FOBEET 2 HIRT 2 2 EAPLEL 572, T2
T, 02wt T EETE 2 kL L
T, Wi (EAES, 2016) 1ICHART, HiHHEODNARE
A105 & % ZHIECTOFIFIC O W THE Lz, $72,
PCROMIEREEZ M EEE L7012, AV xar7THT
FA<w— (BEDH, 2016) T, FNHOLNEZ 0D -
TR RO B AT A DR R 774 7 — i
J & SR ElERE 2 Ko, PCR 70 k2 — )L & E]
L7z,

AR ERE

DNAflIE ¥ v FOZEHE  [iFk (&4 5, 2016) THwWw
7-DNA#li i ¥ v I (DNeasy Plant Maxi Kit (QIAGEN
) 1, HHEEOREED2,000 L TH o700 %
R A7200 uL T % DNeasy Plant Mini Kit (QIAGEN

) ICEBET 52 LT, fMlET O DNARE 2 1ERD 10
& L7ze ZOBE, * v FPTED DNAIETIEO @I,
WETEMET DI L-ERERETEAT v
7 (M1DOAT v 77~9) ZEMLZ (K1),
FERIBBOEF1 7714 v —BEORS JREREE
T2 774X —REORELRET L7720, 774
7 — RIS % 4 BERSICHH# L CPCR 24T > 725 PCR UBHE
\%, TB Green Premix EX Tag 1 (% 5 7 /54 *#k) 12.5
pLAZA Y X 3 2 7O Forward & UFReverse 77 1 < —
(BE5, 2016) % HIEEAT0.6uM, 0.4uM, 03uMB &
C02uM 2% 5 X 912Nz, WHK TR % 23 ul (2%
L7:e SHIC, 7 7L — k&% 5DNAHEZ 200
N2 CHRARAIZ 25 uL 12 FH%E L CPCRICHE L 7o, R4
MRiE, KV A2 TODNARESHVWE ZIZELLT N
728, ZOFEBTHWT 7L — M, DNAFHHIE200
UL FZAR Y & 3 2 7T 30 #1240 DNA % & i
R L7z,

Z 115 % Thermal Cycler Dice Real Time System Lite (%
BTN AFL) BHWT, VT IV A LPCRICHEL 72,
PCR D U5, 95 C30R TR 24T - 7212, 95
CTT5%, 60C TI0HDIRES 1 7 )V % 45[4TV>, PCR
HET B A R RARSAT 24T - 720
FERBIBORIK2 HHEEATEENRST o077
A % — R S 15 R EIEIRD Tm HId R Y 2 3~
TOTmEE WS PIHR > TV b 720, JEFRRBIEIC X
B IEWDSTERE L CHOBE R RV, USRI EY) S TR
FANENH MR 2 R I BRI E A T v 7R %E

W5 AS86 (20204E7 A 3 HZH)
*Tel: 0135-23-7451. Fax: 0135-23-3141.

E-mail: takaya-yoshiyuki@hro.or.jp
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DNA D3 HH FJIE DNeasy Plant Mini Kit (QIAGEN 1) {& /3 i
1.
2. 4uL® [RNasel #HH< %,

3.

4. BIREAMNI-F 2 —T%65°CTISDREA »FaX— T3, TR T2~3E, FLTvoX

6. ZR, 20,000XGTSHEROLDHT 5,
7. FLWASMLF 2 —7ICEAF Yy JTEEELEEBE T, FEISFEVLTWD L O EIBHKITE

8. =8, 20,000XGT2HBELDEET B,

10.
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13,
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16.

17.
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24,
24,

400pLD [AP1] Z2mLDF 2 — 712 ANE5°CICHIRT 51,

BEFZRBLIEREZ 1] OF2—7ICANS™,

TEHT 5,

130uL? [BufferP3] %ML, RNILT v I A TREMT S, ZOB, Fa—7DTFEE TH
BT DEDITHLCIBHIT S, BERICHMEZELCZEEMLOBCARZDT, FER
WTFv RS D, TD, KETHEAVF a2~ b5,

SRAN AN

[QIA shredder MiniSpinColomn @mLF 2 —7IZt v bEA) (ELRE) | (T LEE2E%]N
AOF v 7 T8d, MERIEHRDEZ NE/EbRWNE ST 2,
R, 20,000 X GT2H LR LDBET 5,
EBRAEFLL2MLT 2 —7ICERy fEESTEYS, OB, E0LFai—7AICLyY
FATETCWBEHEEIE, INZIEIAIHVWESITERT 5,

M1] TBLEZA4t— bD1LEED [Bufferaw1s| AL, By T4 > 7 TREMNT
%, BEIL, SOUEEDOTAL—FIEOLNDDT, M2 [AWL] (F675uLe & 5,

[12] @B % [DNeasy MiniSpinColomn 2mLF 2 —7 Ity biFEH) (BE) | 1287
72720, 2EREBEHRVOT, 28I TBT LTk D,
R, 6,000XGTINMERLANEET 5, RRIZIE TS,

[13] T ->7=7 A — k% [DNeasyMiniSpinColomn] (Z#9,
ZER, 6,000XGTINMELDEET 5, BRE T 2— 713 T, [DNeasy Mini SpinColomn |
xRy MR OmMLIOL Iy aryFa—TIiltky FT B,

[BufferAW2*3 | 500uL% 1 7 LIS %,
R, 6,000%X GTINMERLDBET 5, ER&RILIE T2,
BE, 500uL® [BufferAW2] % 51 Z LITHRINT %,
R, 20,000X GT2HEHROLDBEL, AV T LU EFEIESES,

[ DNeasy Mini Spin Colomn| Z# L W\W.5mLF 2 — 72T,
100uL® [Buffer AE] % [DNeasyMiniSpinColomn X > 7L > | (77249 %,
ERTSOMEA > F ax— 9 3,
6,000 X G T2 = LD BES 5,

[22] ~ [24] %##Y:RT, REEZIL200uLE 725,

APUIERTHREEELDZDT, H5H LH0CCREICINE L THRSEEBEL C2mLO F 2
— 712400l OEL TR by 7 LTHECE KU,

RIS EDAPLISZRESIND &L 5, N I TREREEZL2ICUIKT 5, BIRZINALTHBHHRY
KothotliL, oty b TREEZIRY ELTFa—TI2tE B AN D,
YBTICAW =AY I ety M, AV IEBITDH, 1V TNLTEICTR/

— L THEEL THERS,

AWLE AW2IEEBRER D T, BRI TIZR/ —ILTHFRLTEL, AWUIEBEHNE SN 3
HE1E, 65°CICINARL TRABRZARL/Z#ICT R/ —ILTHERT %,
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FFRMICNET A I LNREE D (FHTNAF T =
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PCR DEMES 2Q)MIEAT v 7 (4 =7y MERT
i) |, http://catalog takara-bio.cojp/product/basic_info.php?
unitid=U 100004190, 20204E5H 20 HH%), 2T, PCR
T RORMGIIAR T2 S, JEFREEE R~y 2 a v T
DTmEDZELZ TR, MEIEA T v TIENT 5 Ot
FEMIE A T v T OWE & BE L 72,
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2 2019410 A 30 H 2 dbipE e SRR E N 4T
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