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Abstract

The coastal water is a space where salmon (Oncorhynchus keta), critical energy-conveying mediator, stay to adapt to different
environments while traveling between ocean and river ecosystems for spawning and growth. The mid-eastern coast of Korea (MECW) is
the southern limit of salmon distributed in the North Pacific Ocean. Understanding the distribution and migration characteristics of
salmon in the MECW is important for the prediction of changes in the amount and distribution of salmon related to changes in the future
marine environment. We analyzed the relationship between the salmon migratory timing ascending the Wangpi river and change in
vertical seawater temperature and tidal elevation. Overall results highlight that (1) Salmon began to ascend the river when the sea surface
water temperature (SST) decreased below 20°C; (2) The number of salmon ascending the river increased when the temperature difference
between the upper and lower layers decreased, but decreased when the temperature difference was higher than 5°C; (3) The number of
salmon ascending the river peaked, when the SST was 18°C-19°C and sea levels rose at high tide. This study provide important insight
into predicting changes in the ecosystem energy circulation through climate change at its southern distribution limit.

Key words : Migratory timing of salmon, Vertical seawater temperature, Tidal elevation, Mid-eastern coast of Korea,
Southern limit of salmon distribution, Wangpi river
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A& 2o th(Jonsson and Jonsson, 2003; Gende et
al., 2004; Flecker et al., 2010; Kovach et al., 2013).
Aol gt Akets 18l st sbd AEi Al E 27}
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Selo] e A, 917 5 o] w4 5
el T Agt 2ol wt ol s ST Al 51t
Z B 7| dEbti(Ogura and Ishida, 1995; Ishida et
al., 2001; Azumaya and Ishida, 2005).
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Fig. 1. Location of the study area on the northeastern coast of Korea. The open circle, open triangle, and open square
indicate the location of the tide station, rivers, and ocean buoy, respectively. ‘Hs’ in the open circle represents the
tide station at Hupo. Red (EKWC) and blue (NKCC) arrows indicate the East Korea Warm Current (EKWC) and
North Korea Cold Current (NKCC) along the NECW, respectively. TWC is the Tsushima Warm Current. ‘Sb’ and
“Yb’ in the open square indicate the ocean buoy around Samcheok and Yeongdeok, respectively.
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Fig. 2. Daily variations in the sea surface (SST, (a, b)), and bottom (SBT, (c, d)) water temperature in the buoy of
Samcheok(solid line with open triangle) and Yeongdeok(solid line with black circle), respectively. (a) and (b)
indicate the sea surface water temperature in 2019 and 2020, respectively. (c) and (d) indicate the sea bottom water

temperature in 2019 and 2020, respectively.
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Fig. 3. Daily variations in the number of Chum salmon (black solid line), tidal elevation (grey solid line), sea surface (SST)
and bottom (SBT) water temperatures of Samcheok coastal water (solid line with black circle), sea surface and
bottom water temperatures of Yeongdeok coastal water (solid line with open circle) in 2019. ‘E’, ‘M,” and ‘L’ on
the x-axis indicate the early, middle, and end stages of each month, respectively. Dotted line with ‘Early’, ‘Middle’,
‘Lately’ on the top indicate the early, middle, and late stages of salmon migration, respectively.
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Fig. 4. Horizontal distribution of SST (°C) in 2019. Open triangle indicate the location of the Wangpi river.
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Fig. 5. Daily variations in the number of Chum salmon (black solid line), tidal elevation (grey solid line), sea surface (SST)
and bottom (SBT) water temperatures of Samcheok coastal water (solid line with black circle), sea surface and
bottom water temperatures of Yeongdeok coastal water (solid line with open circle) in 2020. ‘E’, ‘M,” and ‘L’ on
the x-axis indicate the early, middle, and end stages of each month, respectively. Dotted line with ‘Early’, ‘Middle’,
‘Lately’ on the top indicate the early, middle, and late stages of salmon migration, respectively.
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&l S AYlA AoA(Oncorhynchus keta)7} G131 0.2 o] Fsh= A7)k It 25712 A 1075

AT g=20] 5 21 ALY FAFR A= Al 7ol uhs
THFig. 3, 4).

2020 0] o= 10Y F<zoll T H 0 & o] 53517
AlAFsEe] 119 F<mof o om, A9t 35 422 2
20°C, 214 15 C7HA] YR tHFig. 5). oj7F Lajd o
2 o]5dh= 270l A FFof k20T, Aol oF
18C =207} K35t o, 53t 3157 A7}
Zlolglof| Wt 1 0. =2 ol g sk= 7N AlG7 T HAF Eo bRl
o} 710l At #F =20] ¢F18.5C o]3t2 W=7t
3L, b O] 28J7} skl = Al7 o s e & o535t
= Aol A7 71 kT o), Aol - ASE
2E27FeF5 T o|4f0 & AZ] AIHE] SFH 0 & o)
Sk ZiAl7 Skl W7o Aol £33 4-20]
2F18°C olal2 Wel7h= Al7]of| 3 AF7 =27t
At Zolgol ket 3 0 & o] 5 5k= WA oAl B
oo, Ak 5 4o] o 17C ofstz et
H3U AT g=20] A fFAFH A= Al7 1ol mEETHFig.
5, 6).

2019972020 Aol e 3552 dAol= 10 5
oA 129 Z2= Atolof] Fal| S5 Aol A shH o=
o|EstR o, sl A7l At T 22 Hof oF
15-20.5°C Ato] itk Ao17h 3HH 0. & o5& Al&eh=
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7h A2 2 ot 2GS A e Ao = YE
vtk Sl S A%l doje A ol of
15-20.5°C Afo] Y wf 517 0 =2 o F3}3irt dAo)7} 8k
© 7 o] Fdh= 27) 0= e 42201 20 C o]sh2 W
711, 453 5k Abo] A F A2l E Tk 7
o= /4% =201 19°C oJt& Y2f7kaL, 227} HAt A
A} o] %, Aofi= A aket APt 5T C R AR =
AR s 02 o gdk= 7Rl adst ATt U]
of] Hof= 45 4201 18°C o8l Y& 7}aL, 453t 5t
S0 o] AL frAFIAl= Al7 10l sh .= o) 55k
ZRA7} Rl dobslon, At 5 4=20] 15C olalE
W27, A5 20] ALY FARIAl= Al7]ofl 31
2 ko5 71| mh Al ofeft o] 517 o) A
71 ] 428 Raro} 24 W] wet 371K S4L
Holch

Z7]0] Aotz AT 4=2-0] 2F20C o]5h= i
7h= A710l sk 2. & o] F5l7] Al2tst i) WA of
T dol= Ap2oA S5 AESF A A
s A of | #] Axn] 9l A A4 i S 7} 2Rkl A
H, AF7IA] o] 5 & A | A 7F RS AL, A
of| r=2tsl7] Hof| Alstel] JHiet e 7t 4= k. o]
gk o] -2 53l S5 At A Aol 5ol a-2o|
LS G- A 5ol 717 HEHA Abek A7) 9 Abek
HA7HA o] 5 AU AIE sk, 7] W2, s
o, 24 2R Soz Qe dFol A sl o=
o] s3Itk E3l 5 Aol A= Hole] 51 o) F A7
of At AT 2ol Ut Tl FF A1, &
Honshu, Hokkaido X3} ARSI S H(E3l S5
12-20°C, Honshu : 12-20°C, Hokkaido : 5-20C; sea
temperature info (https://seatemperature.info); Kaeriyama
et al., 2014; Wagawa et al, 2016; Kim, 2021), 2 A]o}
Kamchatka, 1)<t Alaska | o] H|g]| Al A o2 =2
Ao & vehdtiKamchatka : 6-15C, Alaska : 0-12
C; sea temperature info (https://seatemperature.info);
Ohwada, 1956; Johnson et al. 1997; Kuzishchin et
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