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Coastal Distribution and Movement of Juvenile Chum Salmon Oncorhynchus
keta Released in Namdaecheon, Gangwon-do, Korea
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To analyze the distribution and migration patterns of chum salmon fry, survey was conducted four times from March
to April 2020 using a surface water pair trawl in the coastal waters of Gangwon Province. The number of fry per unit
area of chum salmon fry averaged 2,302 Inds./km? (1,625 to 2,984 Inds./km?). The number of fry per unit area, total
length and condition factor of caught fry under water temperatures above 12°C significantly increased compared
to those under below 12°C (P<0.05). Analysis of the otolith markers showed that fry released in Namdaecheon and
Wangpicheon moved north along the coast and were captured off the coast of Sokcho. The results of this study provide
key information on the initial coastal recruitment, distribution, migration, and biological indicators of chum salmon fry
released in the Namdaecheon area, and can be used to determine the timing of salmon release in the area.
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AlAA & Q7 F7FstAA] bdskal Y7t e A4
ot Ak AR5 Aol gt Tio] oA A AR
AlF O 2 A19) 7F2| 7} 2A] F7FskaL Qlth(Naylor et al., 2021;
Ho et al., 2022). ©-g]t}z}o]lA] 2016-2020112] Hat A7 4=
AHE 28RS 66-68 kgoll 015 AEZ A|A| 23l 30w A
Ao =715 7o g Aystal 9JrhOh et al., 2013; Park,
2017; Jin et al.,, 2021). £3] AR 20 4] Qo] An|eke 7ju}
2 27} A2 Kol L §lo] 2000 tholl = 19F 1 HE Q] =9k
o E2UARE, 2020 o= 47t 3HE S & 543 F7FsH T
(Kim, 2018a; MOMAF, 2023). 3+ ¢o]= A A] 10t} 773 3

10 2

T 3 et o7&, SeuehE Hste] A AlAIA o= Ao
2H|7F57F FA o) Qlom, sfjol A A= ol 4%
2Fo] 10% vl 42 0. 2 A Akeyo] o2 ]u|gt o] ch(Kim,
2018b; Ho et al., 2022).

55| =ujoll A AAbE] = T o] Aol oA A
% 2] 7)%01(Oncorhynchus mykiss)= H7)2] 90.6%% 2t
A, 2 A0 2 17|17} w2 A9)(Oncorhynchus keta)
9} %0|(Oncorhynchus masou) 5-& U] AYAFEES] 9.4%0]
AU o} Qlofse] 498 A4HoR F71E AOR o
ArElth(Lee et al., 2007). 2uate] A0i(O. keta) o1&
& 1996-20001744] H+t 14.19k}2] 2 ojZ]gro] WA,
2001-2005\d0ll= Ft 3.99btE]= FAsHA Haskglal,
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2006-2010 o= 6.37Ha}ke], 201120150l 3= 8.8%ula] =
A2t Z7kek= AeES BYAN 2016-2019ofl = 7.27HA}2],
2020-2023d0l= 0.97H0H2] &5 UEho] Haste 4= 5
o]a1 QITH(Kim, 2024; Choi, 2025).

AI(0. ketayl= W44 O1FO R T Fafro] A4 2 3
FHs doli} ol F 7V thEAQ FoR Az mes
LA Lo A Abgto] o]FtofZIt(Shaklee et al., 1999; Kim
et al., 2005). ZFA4FE €] Aoj= F37HA] eF 60 0] 49 =
(Groot and Margolis, 1991; Myoung and Kim, 1993; Zhang et
al., 1995), -3} & A S0l A 30-35Y 0 AA HF&-S S5 &
E305 o|Fto] Yol YAk B4L 7h 3 Urk(My-
oung and Kim, 1993; Zhang et al., 1995). oj= HolHHE
ARSI 30-509 A= SHUAERS 5 ek o Bahul, of
A717t S B A e 27k wrerabE A 201 Ry
7} AFJAl e 28 ESK(smoltification) 7} X13Y % HA] s 42
ol ZgkslA A%, A4 % of7hu) o] ez} wsETMyoung
and Kim, 1993; Zhang et al., 1995; Sundh et al., 2010).

o] Aele] Zrhe 9lal Y5 ol Aoje] 27 YE&T
& HRA], B E R e AL shd ) At o
oA AHdFsh= Hol =] ¥4 9 AA ¥, sk W s
3t7 o] W3lo wle} depAth(Fukuwaka and Suzuki, 2000;
Kang et al., 2007, Kwon et al., 2014). 0]} 22 W5 9109
27| A&, A% 54 2R 7IA19] 29 Bl 24P
Qg ul o & o] A x| HhLS M85}l Qlrk(Bardach et al.,
1972; Eggers et al., 2004; Quinn, 2005).

e utehs et A7 of] 2 A2 F 8l EAIshHE
AgatT glom, ST S A AAlE, 2
HEAL7] A, e e T 52 71el e Ao e
S 7250} ¢lo] 2] o] S HhFslar 9Ith(Lee et al., 2007). ¢10]
5 Akglo] et 54 1 @) 71710l Hefgopaatyol 7918
(North Pacific Anadromous Fish Commission, NPAFC)+= &1
of o] 49 EA| R Yl SEFIES slof o] 4| T LA
S B9 Wk el uhe 2715 wdsla QI AWHKim, 2007;
Lee et al., 2007), oF&712] f-2|uetol A= 0|4 4] AR =
H}EO 2 3R ATHE AR AT o] Rol4l 7t girt.

22 lo] Aloj7} 71 wo] WREE drjAel shd 23
Eol AgHe] =2 W] s Aojof 27] 7+ B4, Hol
2, 27] AEE 50| WBlE o] Xofo] 27] AER| 14
sto] ofu] Aol9] 3|HE F FFE vA L = AA oIt}
(Fukuwaka and Suzuki, 2000; Lee et al., 2007; Kim, 2024). w}
EPA] 2 ATLo] A Glo] X|o] 4 RIS tol7] $I3H W FA
7] A7 Sl U= Fdt " Qo] At sfiolA &
5 ATolol i o]gato] SHHOIA Ak e 0= slesk
o] Zjofo] A A H]&, o5 S W 27| 44 S 54
5h2 B4 WEal 7leleke] wiste 25T

Ho o

-

Iz H U

TAF B o g

o] ZJot= NPAFCO A Fofh2 sfEl(F, 3-3-4H)& et
& A7)0l A BEe] e ol A] 2020 29 2092+ 39 109
Zk2} 2007 kute] 2} 310%k02], - 5107k (B3t 7] 0.9-1.0
2)5 ST W AAo1o] A9k X0 ARz shdelA At
8o 0 2 719]H= A17] & 312 (Kang etal., 2007)3}10] 2020
39 30 (12)), 44 7AQ2AD), 44 169(32}) 17131 44 209
(@xhell AAJskdet. 2AF 911 FeE S2 9 oF Aeks)
Ao F o/ FHOR, H2A] AEF(HA 1), FEE 22K
B4 2), GARRKHEA 3), dHA(EA 4), AHEA 5), T
2|(8 4 6)ARtoleK(Table 1, Fig. 1). ¢1o] 22 2 A7
E2 At & whet ol FshEA ESNA 4 S m7bA] A
Ho] 7kt AR ARt g ol 1ES ARSIt AR ol At
& o7t @ T, AR ST o =R A EH Y, AR
& o] Ao P2 7k 13 m, Y= 4.5 mo|jl o, e
A7) GMAELE S om, AR L= 2 em, fEF 0.5 cmO]
Stk ol Fell= EET frARHARE 18 ool HEE w
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Fig. 1. The map showing sampling sites in the coastal waters of
Gangwon province.
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Fig. 2. A view of the nets deployed and hauled out to catch chum salmon Oncorhynchus keta.

o 182 A B0| 4351 Elo] 914
S1 AR B 22 Yol 34 45 m ofelirA 1
#7hE S ShIchFig. 2). of T A 4 124 Eknot), o]
e Bt 4082 ANFEOn, oy ARt £ 5 108 7
7207 M| GPS PH| & o] §31e] 91 A% HES 7|5 5to]
ARSI

ol ol 1

2 7}lhe 21719 e Hste
2437 glafol, v?%l’éﬁ AN e QI
A2|(%= 38°07' 21N, = 128°39' 02"E)3t 3|t o] 9]
39 219449 2099 ~& A= (https://www.nifs.go. kr/rlsa/
main.risa)S 2451

o}
20| x|0{2] Y=ot E4 A
47

0185 o] 2o} AR (total length) 0.1 cm, A% 0.01
g71) 2A3gich. 2k A0 uhelsol AATE oA H(
H A A 5=N/SA X q)S AH8-310] T2 2 Th(Inds./km?)
o = ghiltsto] AiFalsll om, o8] aE(q)< Prado (1990)9]
HeR 0.55 285kt 0714 N whe] 4=, SA (swept
arca)t= 28|, qi= 018 &S 717t Lpehiint.

o] zjofo] AZE=E wrhslr] 93t B|TH=(condition fac-
tor)= A A =F S W AlS ARg-sho] ARESHIT

2 O|AIIIEl BA

L

Table 1. The sampling sites in the coastal waters of Gangwon prov-
ince

Locations of the throw net Locations of the hauling net
Latitude  Longitude Latitude Longitude
St.1 38°12'02.3" 128°36'01.1" 38°10'47.9" 128°37'04.1"
St.2 38°09'00.7" 128°36'46.8" 38°08'04.4" 128°3729.9"
St.3 38°07'44.0" 128°37'51.3" 38°06'58.9" 128°38'26.8"
St.4 38°06'45.0" 128°38'42.0" 38°05'58.9" 128°39'30.4"
St.5 38°05'41.9" 128°39'46.5" 38°05'12.5" 128°4022.3"
St.6 38°04'31.2" 128°40'46.8" 38°03'33.8" 128°41'10.3"

Station

ZAL sl eofA ZETE Aof 2|ojo] M BEE #A5H] 9
sto] AR AZIE R o]8E HAIES 0.5 cm (HA 2 A
Tkl 271 28 W (%)E 245 e, &3 HETt

= S FHER RS W Ao9] FA] £4E 9
?5H o] FEg A7 & o)A S SR FHO| o] A
3ol EAE AAS F Y& E A|H kil Al H(glycerin)

o] @1 well plateol] 7§A"E 2 HysGich. FA]= o]Alof 3
AE d5S YA R A (Primoster 1; ZEISS, Oberkochen,
Germany) .2 54519t} o] 4]¢] A& whako Lafo|=2a}
2o] 0] A& AT B AAFHS AL E AFREo] Anlsl & oF
Fu]E -9t (alumina powder) 2 FEH-& WL, Ag|&H =
213 o) gato] sl 4 A ajelo] B4 A2, sfeizt ofel
Atolo] Ae] 55 S5t FAH HEE Ao A A
AleF3iTt.

SHo] W3 dlof XojEo] ¢igtel| 7e] Wl 053l B4
<= A8 fisted, 13}- 47‘]'77]'74 Z/\}E] = :rL‘l?(%fE
B}t £} stOﬂ) B:[Loﬂ(
ARG i) Z1ejan D?—OE‘(—,JR% OH‘Z‘.)EE —T’-—F':O}Oﬂ —TL
o Ao 209 B2 s F4 Pi’i‘ﬂr-

SAXzE

= A E= B 219 SPSS 11.5 (SPSS INC., Chicago,
IL, USA)E AREBE] AR A7 29 Zpol o) ZF A oA
ST Ao A ojof A=sha] S, A, vke)o] 2}
°l°ﬂ 3 HAHL A (ANOVA) S AR89 0.1, -8 2ho] 7}
As A Duncan s multiple range test= 95% 412|520 A
Hat 7k o4& A5
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Fig. 3. Daily fluctuations in surface water temperature and the abundance by survey time. Values with different letter are significantly dif-

ferent (P<0.05).

Sl QI S O] 22 AR At 39 2131471419
A B3 522 10.84+035CE 714 H9ka(P<0.05), 49

Bt BE 5L 11.43+0.39°CE A5ttt
ol Z|o|¢] Tl HAT AWAI7E =UE 4
A 11-20¥9 Bt F5 5221240 +042°CE 2AL 7|75
off 220] 7M & 54 HATh(P<0.05, Fig. 3).

12} 2A0] 79- 67119] Aol A F 4470A)7F o 2 = Gle
o AT ZHAle(Inds/1 km?)2 gHAkeE A3 67]2] 4o
A F L7470 A km?7F Z32 8T A4 Wi A 13 A4 A
50|41 Zkzt 5570 A /km?2}F SONA km? 2 e 71 SoEo.
™, 83 201 A= 8017 A km’ = 718 3= 34 eh(Fig. 4). 22F 24}
A= 6702 Aol F 4070H|7F of B =] L aL, T AT
Ml & LO2SNAKm? 2 L e 12} AR} fFARRE A4
HES Boh A 3oMs Aol A7t A== A] ¢k,
A1 (7670 A km?)ol| A A 2] BE=7) 7H S ekan 743 4 (86670
Akm?)oll A 71 ke, 32k 2AL A= 71439 ook A
1-5 (& 5702 A AR 2AP} R = 92, - 877 A 7F
o= qlet. &9 HAF A= F 2,849/ Ak’ 2 1242}
22} Aol B3 A4 WE=7E S 7k in A4 Eiee 4 59
A 7P Sk (7871 Al km?) 787 4 (1,386 714 /km?*)ofl A 71
EQkT 43 2AFS] A9 F 67119 Rl F 887017} 01 E]
sflen gl WA WAl T 298470 A km’ = 33} A}
OF frAke A Btk A4 e A 6 (16870 /km?)o]l
A 7P kA A 1 (8017HAkm?) 2 A7 3 (86471A]/km?)
oA A e T 2AFAIZIE o] H|o]o] A9 71 542
3930274 7900 Z+2) 1,74970A) /kn’ 2} 1,625 70 A /kmP S
HAAE, 49 16437 204 o= 212} 2,84971 A0 /km? 2} 2,984
A km* 2 F7Foke B 3e AT

ARE F A ALl A 22 o] 2[o]o] Hat AR 1AL 2
A} ZALY] A9 242 5.4+ 1.2 cme} 5.8 +0.8 cmE 2] $F 2] 0]
£ 2ol 2] ASIAINHP>0.05), 32} ZAFR} 42} ALl A= Z12F
6.6+0.8 cme} 6.8+0.8 cm® Z7}5FATH(P<0.05). 13} 2AF
of| A A o] 2|of o] Hit M2 HH 5(F,6.5£0.0 cm)
2 7P A ekl 3 2 (5.1 £0.6 cm)ol| A 71 2HQEA]
B2l Rk 2kol= fLITHP>0.05). 22 A= H 3 1(7.2£0.8
cm)ol| A 718 FA] YR IL(P<0.05), B 2 (5.2+0.7 cm)©]]
A 7P 2ok A 3-69] Hat A 5.5-6.1 cm® HH 2
of mlsl ZAAITHP<0.05), %3 1] H|siAl = A4 TH(P<0.05). 3
A 2ALl A Bt A A 1(7.6+0.6 cm)oll A 71 2
S m(P<0.05), J 4 35| A= Bt 6.1-6.5 cm= 7] g 2}o]
2 10| AITHP>0.05). 43} AL - A 13} 20]| 4] 2}
7y Wit A% 6.3+0.4 cm@} 5.9+0.4 cmE 22 A HSo] £
EE Bh, G 360 A= Hat 6.9-7.2 cm W] 27|17}
Z A Ee] BESH= 2l 0 2 LERGTHP<0.05, Fig. 5).

H0f R|0f2] YA Ex EH

AR A Aol A 2] H Aof 2]o] o] ot AT 12 Y
22} 2A}e] A 7k7k 139+ 1.10 gt 1.33£0.68 g2 AL
A4k, 329t 424 2 A A= 7H2E 1.78+£0.69 gt 2.41 +1.04
g2 2715t A3FS B YTHP<0.05). 13} ZAR= AA 604 3
2,04+ 1.61 g2 7P 32 AAAITS Bl H A 2014 B+
0.90+0.32 g2 7} WAk 50|35} 2o = ¢ QI tHP>0.05).
22} 2 = Bt A B 1014 2.3240.73 g2 71 =
UATHP<0.05), 71 £]9] FHE 7helli= f-eJgh Zfol 7 glgiet
(P>0.05). 32} ZAF= AA 400 4] 1.66+0.60 g& 7H WOk
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Fig. 4. Spatial distribution of abundance (Inds./km?) of juvenile chum salmon Oncorhynchus keta by survey time and stations.
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Fig. 5. The total length of juvenile chum salmon Oncorhynchus
keta by survey time and stations. Values with different letter are
significantly different (P<0.05). In 2nd survey, chum salmon were
not caught at St.3. Additionally, in the 4nd survey, the survey at
St. 6 could not be conducted due to worsening weather conditions.

3 A 5o4 Hat 0.64+0.002 71 WkARHP<0.05), 1
9|9 FHEolA = ol Aol & HolA] Uth(P>0.05). 22}
AR 37} AP A= H AR F-OI7E Abo| & HolA] QRkAITE
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Fig. 6. The biomass of juvenile chum salmon Oncorhynchus keta
by survey time and stations. Values with different letter are sig-
nificantly different (P<0.05). In 2nd survey, chum salmon were not
caught at St.3. Additionally, in the 4nd survey, the survey at St. 6
could not be conducted due to worsening weather conditions.

(P>0.05), 42} ZALol| A 97 5ol A Bt 0.77 +0.022 H|9k=
7h 7V QAN 11 9]0 S-S -9 Aol & Hol R 2ok
tHP>0.04, Fig. 7).
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Fig. 7. The condition factor of juvenile chum salmon Oncorhyn-
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are significantly different (P<0.05). In 2nd survey, chum salmon
were not caught at St.3. Additionally, in the 4nd survey, the survey
at St. 6 could not be conducted due to worsening weather condi-
tions.
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Fig. 9. Spatial distribution of abundance (inds./km?) of juvenile
chum salmon Oncorhynchus keta by sampling area.

A7 F71 e HYon], FuEl 272 5.0-6.0 mme}
6.5-7.5 mmol 4] UeFRLTE, 42} 2AL A= & 8870 A7} 2]
H9om, Hit ARL 6.8 mmE FHEE 2702 6.0-7.0 mm
©}8.5-9.5 mmojl ] Urepytet.

o10f X(012) 0JA TE 24 L 0}5 S4

¢lof 2]o] 9] o] Ao A H Uthet FH S ehaste npH
HEE B4 A}, 25970 FollA] gkt E9
A2 QAE o A EA|5 3-3-4HS] HES 7HA AR S &
2670A| = A 9] 10.0%E AFAISFA AL, B ERIEL7 | ATHATE
ol A EARE 4n-4-2H &1 O] 27047} & ske] AA 9] 0.8%
£ ARSI A AIZIE R SElS 7H o] A]ofef £
S A E 12} AL A= F 4470 Soll A 97171(20.5%),
22} ZAL| A= F 4071 A S0l Al 37HA|(7.4%)7} 3-3-4HS]
HE B} 32F AL A= F 87T7HA] S0l A T7HA(8.0%)7F
3-3-4H2] 9jel-&- 2 931, 270 41(2.3%) 7} 4n-4-2H Q] T8l S 1
ATt 42} AR A= F 88711 A S0l A T7HA(8.0%) 7T 3-3-4H

of RS thepyet.

sloj olo] Alojo] RE WES BAT AT ATl (2
St sfed)ol A T WA AAISE Ha 3267k,
B0t )ol A= T S497HAIkmeE Sloj] A
A7k 7bg A LebtehP<0.05). CRe(HAR- 2 A8 2)
o ZHG Aol B 365 kmIG=t], DA
3 daol)olA B 24k Folat 24ol7t i3]
th(P>0.05, Fig. 9).

Sh= 8-12°Col 4=20] 7P A3kt Ao
2 A A glo, HAka=2-0] 480-530°C (S 500°C)7t =
Holsim, 2k AeEollA e 4 & R3] oF 60Yo] 28
He= Aoz A A JAthGroot and Margolis, 1991; Myoung
and Kim, 1993; Zhang et al., 1995). F-3}% W13} z}o{(alevins)
= H 2.0 cm A5 2 3F2A] (photokinesis), 4] A4 (geotaxes)
¥} 7/ (theotaxis) 9] S/ 71|l §lo] BIH & 0|53

of ZHA4| 9] kS 30-35U%F 2HA 8] Fdh A A U (en-
dogeneous feeding) THAIE #ZIthMyoung and Kim, 1993;
Zhang et al., 1995; Rumsey, 2022). Wt&o] S=7} it o]
Z]o](juvenile chum salmon)= #|5-ol| A FA4F510] 255
A2Fste sha oAl oF 80-100Y H =5 wFE2Chr} vt o]
Fok=t, sPdollA A Ak Bt AAFIske ol dEY] oA
2 A HES do]o] 27| HEET} 3)HEol Y vIAA
FIth(Kang et al., 2007; Kwon et al., 2014). 9FoFo] H o
WS ol A|oj7F BitkR 7FQ) el Al 7)ol AAISE AL At
12} Z AR A 1,74970 A /km?, 22F Z AR A 1,62571 A /km?, 3
A} Ao A] 2,8497)A|/km?* ZL2| 3L 42} ALl A F 2,9847]
Akm?7} ALt s ol EESt= A= UER 49 2aHH
S| A At sl e ® T E= o] 2|09 FiA|T STt
St S HATH(Fig. 4). o] Z[o17L 7kl == Al7]oll &%
3o9] 5 22 3Yoll= Bt 10.6°C, 490)= 12.1°CE U}
EfLK(Fig. 3), 5 4=20] ¢F 12.0°C7} = A] sE ol A AE 3l
o= Fels A4t S7leke Aake nelrh ube.
& 53kt Ao Z|of7} shHolA AAIE ufjo] A4 A4 =2
2 10-12°ColBi, 4-20] HUH .2 Z/SIA st dfelo.
2 71QJsto] 15°C ool B -2 =4l O & o] Fdh= 2 o'
e A Qlth(Fukuwaka and Kaeriyama, 1994; Fukuwaka and
Suzuki, 2000; Minegishi et al., 2019). & Lo A= Hote]
T2 12.0°C ool 7Hist= 7HAI7F FASHA S7oke
kS Helon, o] FTIsHEA A & 91t A
S o5t A3 KAt whebA] ¢lo] 2|ojo] 27| HES
I3 A-FEE Eol7] HsiAl= sl AR 717k 2L
2l5to] A9k 71Q) A1719] 4-2-0] 12-15°Co] ¥ 97t & 4= Q1=
5 WFAI719] 2do] adt Ao wekE o] Aofof vt
ol 7H B A 20 S a9 9] 359 Aol 9 &

dole] Al 2 2
1 A
g
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T P22 T 10°C o] 25 Hola glon,
Aol A= 49 F= o] F 5220] 12°C o5 Holx
efofA o] 2|0 o] AT} F7kek= A ' UER:
Zo| Y= Al7] & aLeste] WRsfof & A o= A7

ol 2jo19] AAS #ASE At 13} ZAMA Bt 5.4 cm
(1.39 g)2F 22} AL A 5.8 cm (1.45 g)& 719] 2719 6.0
cm ©|5}9] A Z9] HlEo] =UAINE, 32} ZAboll= 6.6 cm
(1.78 g), 42} Ao A= 6.8 cm (2.24 g)= 32} A} o] 5o
+ 6.0 cm o|AFS] A EQ] H]&o] &=kth(Fig. 5). Homel and
Roegner (2020)= ColumbiaZd} ¢19F Q] ZAbo|A 7+
o] 27 AYoAE 55-6.0 cm 27]9] doj7} & Kus)
Ank A2ESE 02l AASo] 2Aek lelo] F1ae uo]
£ 6.5-7.0 cmz AAAE0] 2717h F7hoHe Aom B 24l
oF AR AT BT Glo] AJojo] WY FREL 17 24}
4.0-5.5 cm2} 6.0-6.5 cm, 24} A} 4.5-5.0 cm, 5.5-6.0 cm 1
231 7.5-8.0 cm, 3%} A} 5.0-6.0 cm&} 6.5-7.5 cm, 42} ZA}
6.0-7.0 cm<} 8.5-9.5 cm= YElFTHFig. 8). A} 7+4(8-9
)t FREO HgS st AR E ol Aoj=89YU F
ok oF 8-10 mm2] AJ7o] o] FolA UU AFEL 1-1.3 mm/
day= UEFIT Orsi et al. (2000)0] w2 ™ ¢lo] 2]oj= et
aff ol Al 1-1.6 mm/day®] /&S Harsto] & A 1-32}
of 4Bt AT, ShAe 33 2} o] 0] g el
A UERd AFES A o2 W=, AEe] Wokd A
= Ak sl 7HIE o A|ojEo] 22 st Aol wh
o] w2 TAIEC] A& FHCE o]FEI7] fEo R
ZF= th(Minegishi et al., 2019; Fukuwaka and Suzuki, 2000;
Orsi et al., 2000). o975 o 2|o] 9] Heet Y& +4
= QIRE A= TRt 3ol A Zu A A} o] FofAfof g
Aoz Atz

¢lo} 2|o o] A} A= o83t vivte £4 Aut, 13t
ZAbol| A HIREE=Z} 74 12QEaL 2349} 32 AL A= FHaxs)
= %S HAANE 4%} 2AL|A] THA] Afsdte Ao = L
Sth(Fig. 7). o] 2o W75 skl A 4-g-ste] &5
Ho 252 3 Fof| ¢Igto & 7[jJo] o] Foix|7| wj o] A
7Fd 2710l= FALE7E FoF BN TE A YERUR]RE, S
FollAl= Bt S e} Hol A5 AX A Blo] AdF&o] 4
sho] BlYtE7E dobd 4= Qlrh, dRbH o g o)lfe= 2 H ¢
£ 5 e aglo] BizlelH AEYAE Hol YA[H o7 o]
g50] fasl= Aoz 43 A QItkElliot, 1991; Hong et al.,
2004; Ibarz et al., 2010). o] 2| o]= 12°C 0]8}2] W2 4220
A HolZHg-2 st 5HA] Self 9] W8-=o] skl 2
o] 12-14°CE /5stH &gt Holghgo| o] Fo| Zth(Fuku-
waka and Suzuki, 2000; Homel and Roegner, 2000). & ZA}
oM -20] 12°C o]5}el 1-27} A17]2] 4% W& wo] 433
2 Hjghest dopzl A0 AzbEm, vhe 4-20] 12°C o4
o= A% 37 24} o] Foliz it shefe] 7ol ol etk

oF 3
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ol A-gsto] Elgt HolFgor HTHE=T}F F7IRE Ao
& yhekEloh(Fukuwaka and Suzuki, 2000; Hong et al., 2004).
o] o]Alo]| 3-3-4H & 721 7HA|= 26714, 4n-4-2H i
A& 7H A= 27041 =], S 7H 7RA1 ] BlE
| ZAIA = 20.5%% =QAITE 2242 ZAL| A= 7.4
10.3%2] v]-&=2 SobRt AE dof 2o 2] vl&o] W& A
& Sl W o] X|oj 7} 2AF A7 e whE A At 3
O = o] FoAAY S T T2 Ao r 4 T ol F
of At s o= 7t MAlE0] A2 o2 wWEA ofF
H Autz 7ok wheba] g s of| R dof X|oj7t A
St Ao 7hRl s = Al7| e WhE A7 RE BEUE Y 2AF
£ AAISEAL, o8 EH Ao 2]of o] A 9] A] s ¥lS EAI5lo] =
7] o] Aol tigt F7HA el A7 B g Ao g A7
¢lo] Aofof F3t ik S-S 2 F-thed) s elollA Hat
32670 A/km?, #-HAR s ol A= Bt 54970 A /km?,
AFe-2 AR} s ol A= Bt 36571 Al/km?, 4F) &
ol A= et 32171HA|/km*Ql A} ¢1o] 2|09 ’y77t YAk
O] g&of X7t FHFH oA o] Fo|R= A aLefshd Ao
Aoz BHO R o]Fdl= Ao wrtErh 321¢ef 4317} &
A FZof 923 AHEolA A7 s A 7]
7h 7Skl -20] STVsHHA 2 A O R o] Fshe 54
of 7|1t A o2 Azt ch(Fukuwaka and Kaeriyama, 1994;
Fukuwaka and Suzuki, 2000; Minegishi et al., 2019). $10] %]
o7} At s o2 7Rl o] o HHO R o] Fdl= A A
o] 2]019] o] Aof| A H HE S A Aol A e FAFSHA
LFERET. 219k a9 9f 32} 2AH4Y 169)2] A 104 28]
H NAE FolA AERIEIL7| A-AE o A Helet Al 7] o 3
A&t 4n-4-2 - 7HA| L Q= THAIEC] 223 E o] §lo] A4
oflA] 2744 o] Ao & BRI Ut &% At a0l A
235 JNAIES 39 2o 4HA 9] Suf Aol A Rt AiAlE
= A st oA 2 2AF AR 1741] 19t 8l o2 wet o]
e AYE AT F 12 km=, WR dS 7E02 459U 5
Qe o572l E U7t o572l = &ibshd 3.8 km/day ©|F
Ao g2 Yehyith B AAlSo] s o] Zolof wol 3l 4
2 20| whet spd e m = 717ko] gebR| 7] Sk uk Ut
© 2 sPHA AlFsk= 717He] 20¢ (Kang et al., 2007)< ©]
% QeollA] A2} QIS sfelollx] %27kA] AA O o
B Y421 259 A85HH Y7t olF £ = 6.9 kmE =74
Q. o] otof ub =¥ Simenstad et al. (1982)2 3.0-7.0
km/day, Bottom et al. (2008)< 9.0 km/day ©]3}, Morita et al.
(2015)2 2.6-8.0 km/day o|5gtcta Bslal Qlo] B ¢+
A 8 A7t o5 4591 6.9 ki/day @} F-AFSFATE SO
20} 59] ol s&Ee A i W 42, Ho =Y EE,
AR 5 chofet 274 2 919 93K (Simenstad et al., 1982;
Bottom et al., 2008)= B7] tfiZofl &3t o]F 543 85t
7] SJahAl Sk 2, Mol B B 413 S4o] that 2714
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Ql 2R} o] A7 % o] 5 B4 thigt 7t AL Q.
g 7o 2 wetEc

oj4fel AIE & uf G ol WRE o] X|oji= 220]
10-12°Cof| A 3ol A At sl o2 71Q] == ZiAl4=2] vl&
o] WQIA|TE 12°C o) o] EHA] At dfjd o2 7hQ] =)= 7HA|
7} S ok A LR Yebgth ezl A gk g o g 7t
Q% ¢Jo] 2o F24l0] 5-10 mel AA¢t YL e} B& o7
ol5al A Yol FF-S 53l oF 7 emZ AL 2 At
Aikz Fe 2ol WRE Aol x]oje] 7S], JHAIE £,
ol EAI A 5ol tist 7| 24 RS Algsh, 3 3l
T A 9] elof B Al7] 9 AHH 7o S8 4= 9l Aol

Al AL

B AT 20254 AR4A AT FAREA-AAE 4
AFEAAL LAY (FIRA-RP-25-002)2] %] €10 2 53] 3)
&t
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