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Abstract

Massive Sargassum horneri (Turner) C. Agardh was found in the
south-western coasts of the Korean Peninsula (KP) and around Jeju
Island in 2015 and had caused enormous damage to fishing and
aquaculture industries. The drifting S. horneri in the East China Sea
(ECS)/Yellow Sea (YS) was sometimes detected by satellite images from
Geostationary Ocean Color Imager (GOCI), but it is not well known its
origin, inflow path, and physical factors affecting the inflow. This study
investigates the origin and detail inflow path of S. Aorneri into the
adjacent seas of Jeju Island and what the physical factors influence the
inflow through a series of particle tracking numerical experiment.

Numerical results reveal that S. horneri found in the western seas of
Jeju Island originated from two regions of China, the south of the
Shandong Peninsula from December to early January and the Jiangsu
province from late January to mid-February. S. Aorneri in the northern
part of Jeju Island Island originated from the north of the Shandong
Peninsula in early December and was moved by winter monsoon and
tidal residual current. S. horneri in the southern part of Jeju Island
originated from the southern coast of China below 33°N from December
to January and was moved along the Kuroshio Current. It is also found
that the magnitude of northwesterly winds in the YS in December is a
main factor that determines the annual amount of S. Aorneri inflow
toward Jeju Island, indicating that it can be used as a potential predictor

of S. horneri inflow.
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Fig. 1. Massive Sargassum horneri found in (a) Jeju and (b)
Shin-Ahn, June 2015
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Table 1. List of numerical experiments.

) Physical factors
Experimental Name

Winds Tides River discharge
Control(CTL) EXP. 0 0 0
No wind EXP. X O O
No tide EXP. O X @)
No river EXP. O O X
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(a) Monthly Mean Surface Currents & SST (Dec., 2014)
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Table 2. Percentage of the number of particles entering three regions (A, B, C) to the number of the released particles

according to the initial release points and periods in the CTL experiment. Unit is percentage(5) and the bold font means over

10%. Three numbers in each cell represent the percentage for A, B, C in order.

Initial release period

rele::iloint 1200 1208 12415 12/22  12/29 0105 0112 01/19  01/26  02/02  02/09  02/16
-12/07  -1214  -12/21  -12/28  -01/04  -01/11 _ —01/18 0125 -02/01 _ -02/08  -02/15 _ -02/22
Point 1 - - - - - - - - - - - -
Point 2 - - - - - - - - - - - -
Point 3 410/~ 1/-/- - - - - - - - - - -
Point 4 25/-/-  23/-/- 23/-/- 31/-/- 28/-- 1/-/- 4-/-  2/-/- - - - -
Point 5 - - - - - - - - - - - -
Point 6 - - - 2/-/- - 1/-/- 4/-/- 5-/-  15/-/- 28/-/- 16/-/-  3/-/-
Point 7 -/=/2 - -/-/1 -/=/1 - -/=/1 -/-/1 -/=/3 -/=/1 - - -
Point 8 -8 /10 ~/-10 /-5 /-8 /-5 /3 /L U -2 /A /-2
Point 9 -/=/3 -/ /=15 -/~6 -/-24 -/-/11 -/-/13  -/-/1 -/~/6  -/-/13  -/-/5 -/=/1

_14_



A% A% A A

CTL A3olx dA+=44dd 23 A5 MF s ol AT A A A 124

2

FH 1¥€ 2704 2bs vEE T2 Point 4914 "Hojmd i x}o}

TV G ARl point 6014 Bojmmd datEeo] A ] QI tH(Fig. 4). point
4o A 12978 19 Z27H4] "Woljmdl b= 12, 1, 29 & I+

o= H9] 33-34%0 WFETI}L 4d57Y A7 WEFew sty A AHow
r 4 = A H(Fig. 8a).

CTL 4% 94 E3 FRwmol 4% 0 d2AE ALEd d5s

N
N
N,
=
a
o
fr
o
Auj
3
£
&)
IS
©
o
©
k=2
©
(@)
-
ot
ul(f
o
fr
["0
o)
)
o
N
N,

2,
>
—
Do
o,
=2
He
>
ol
o
é
o
oY
_OL
~,
(i
2
o
i)
—
o
X
Do
o,
-3
k1
-
MN
ol
He
>
ol
Y

2
1o,

vhgho] E17] wj# o] th(Fig. 10a, 10b, 10c). Y A= ©hA] 3€ ol 59| 33-34%=7}14]
FEow $49 F 496 Y5 HFig. 8a, Fig. 9d, %), ALH FAFI)
oFall 3, 499 &A1 WAF(Fig. 11)9 vl28k7] hebdeh, CTL Agel A &
o ARE AT G B B AFRES we dasie %9 BER

TolM e Fedlste WAAN Y] s5& UEHUtHFig. 11). AERtE J3E

K

point 4°1 A4 12958 149 Z7HA] F3ld A= A ALFY] FS wo

_15_



Latitude [°N]

Latitude [°N]

Latitude [°N]

Fig. 8. Trajectories of particles entering the each box. Particles were selected only
at the release time when the inflow probability was more than 10%. Marker colors

M 05/01
40|
104/01
39|
38|
I 103/01
37|
36|
02/01
35|
34
o _ 01/01
* ]
«f
- 12101
122 123 124 125 126 127 128 129
Longitude [*E]
38 05/01
37|
104/01
36|
351/
103/01
34
33
102/01
31
01/01
30 r
29|
- 12/01
119 120 121 122 123 124 125 126 127 128 129
Longitude [*E]
05/01
104/01
103/01
102/01
01/01
- 1201

122 124
Longitude [*E]

118

126

represent time at the location.

_16_

351

w
S

Latitude [°N]
8

121 122

123 124 125
Longitude [*E]

126 127 128

Latitude [°N]

Ko
iy
&
w7
w
4 -
W 3
Faly :

122

124
Longitude [*E]

126 128 130

129

05/01

04/01

03/01

02/01

01/01

05/01

04/01

03/01

02/01

01/01

12/01



GO T
\\«\l\\.«\\\\x . 5 - N
u P S N

LI S AT e R PP I

LA A s N e

[ JTan -
" Y, P~ A P oD B e
W 7
b B T e e L
& s S S [
ro T
P O o G = S —— o
) I A .
./ P o
M.
= A
Loy /, A 1
Q2 Lt -] 4
= : 3
= Y N 0 © = >
s 3 5 8 3 s 2
[N-1opnyye

(a) DEC

L WD B e f
AR * X % \VA\\*\NX,V\\\‘\\\\\\\l
L %\\\\\*\.\\;»\\\\\\\\&
& S A S e L P A e
S PN S T e ST SIS s L
Nole Fian s PATEL 5 5 2 AR s e om0
' S e P S e I
HoF e P
[T

.45
E
s

122
Longitude [*E]

31
29

126

124

Longitude [*E]

122 124 126

120

126

120

Longitude [°E]

() maY

AT
X St aa A

?

¥

w2 N

(e) APR

®

(d) MAR

S

T P

P

S

!

A

N NPT

@

Longitude [°E]

Longitude [°E]

Longitude [°E]

Fig. 9. Monthly-average surface ocean current (a) December 2014, (b)
March 2015, (e) April 2015 and (f) May

January 2015, (¢) February 2015,
2015 from the CTL experiment.

)

d

(

_’I7_



.\\\‘Q\A\\\M\\Mz
v/ Y Y sy,
: T\\\\\&l%

f
E@J@ P P g

129

I

126

e

i S

Longitude [°E]

%,
~
T NN
S ....c..,.,w.

123

//{///

e nig v
TN

-
P

P
~

120

(C)

3 8 ] g
E_%E__m._

a1
85

\\\.k\ﬂ\\\\x\ll

129

: %\\\\\\JW

e U N
TN P AE s P o Y

126

Longitude [°E]

123

120

(b)

5 8§ & g
[e] apniyen

a1
38t

—

129

AT AR AT S
\ m\\\\\\\b

126
Longitude [°E]

123
PR S

120
120

@

7 8§ 8
[N-]epnine [N-]opmne

a1
agh

126 129
Longitude [*E]

123

129

(d) March 2015, (e) April 2015 and (f)

Longitude [*E]

_‘|8_

120

129

126

Longitude [*E]

respectively.

123

10. Monthly ASCAT average wind speed vectors in (a) December 2014,

(b) January 2015, (¢) February 2015

May 2015

Fig.



Tidal residual current

o T

R e R
M | e T e \
P o N
_ o I
! \« \.\ \ T e

,.\\\A\‘,.
i

b

-

n ]

]

e

S BN -
- y

f

[N.] apnineq

124 126

2

2
Longitude [°E]

120 1

118

Contours

Tidal residual current in CTL experiment.

11.

denote depth (Contour interval is 10m).

Fig.

_19_



A AL G A PR J9 6% ot R FElEA Estal AewtE @&
Acrell Al WMEm A AdoR {FduA krh(Fig. 12b). CTL¥ vhshAl A <]
3]+ %H(Fig. 13a, 13b, 13c)¢} CTL ¥ % F8F(Fig. 9 A5 v =28kA o
Ebkal ALd CTL AgolA Z5alFe T2 vided sl A== ASF71
Al e & dnh nEAALGAA o] HEFIE BASA K3 PA=
watelA]l etk 2AAALGANA PAE "ojmd YA E VFo R WA

(Fig. 13d, 13e, 13f). ©] 24 @37t AAE APA Ak F3 As|er A9ks
el detsteith ST FEE AA APl = 4

B 1920 Wolwdl 450 FRALHFE B Wasiehrl B9l 3% o)A
AAR o8] FEHOR Wollbe YRR I/ tehgthFig. 12d).

_20_



. . . - . 02123 . . - - . 02123
40 40
02/09 02/09
37+ a7t point 4 ' 2
B, 01/26 v S |} {o1i26

z 4 _ 34} . D

© [ L

St i 0112 g 54} ; > 01/12

= ' g M #

= = .. -.I >
28r 12/28 98 ¥ 12/29
257 1245  25[ o , 1215
(@) CTL i (P) no wind

12/01 12/01
115 118 121 124 127 130 115 118 121 124 127 130
- : 02123 . . - - . 02123
40t 40t ;
02/09 o 02/09
37t 37} point 4 5 e
01/26 ! " (e 01/26

F4 z 3 # .

[} 1]

Saf 0112 5 g5t 01/12
28¢ . "1 B{1228 28 # b {12120
25t o _ 1215 25 _ 1215
i (€) no tide »r(d) no river

12/01 12/01
115 118 121 124 127 130 115 118 121 124 127 130
Longitude ["E] Longitude ["E]
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Fig. 15. Spatial distribution of particles released from the north of Shandong
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Fig. 19. Percentage of the number of particles entering three regions (A, B, C) to the number of
the released particles according to the initial release points and periods in various experiments

(Upper) percentage of entering region A, (Middle) percentage of entering region B, (Lower)
percentage of entering region C. CTL, No wind, No tide, No river, 12 Halfwind indicate the various
numerical experiment used for our study. The date and colors represent release time and the

ratio inflow into each box. The unit is percentage(%).
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Table 3. Physical factors affecting the inflow into the each box from by release points. (+)-
means positive (negative) affect.

Box A Box B Box C

Point 3 . Wind(+)

Point 4 Wind(+), Tide(-)
Point 6 Wind(-), Tide(+), River(+)

Point 8 . . Wind(-)
Point 9 . . Wind(-)
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Table 4. Percentage of the number of particles entering three regions (A, B, C) to the number of the released
particles according to the release points during winter (DJF). The unit is percentage(%). Three numbers in
each cell represent the percentage of entering into the each Box A, B, C.

Initial Experimental Name
release point CTL No wind EXP. No tide EXP. No river EXP. 12 Halfwind EXP.

Point 1 - - - - -
Point 2 - - -/3/- - -
Point 3 -/1/- - -/1/- -/1-/ -
Point 4 12/-/- - 1/-/- 13/-/- 8/~/-
Point 5 - - - - -
Point 6 6/-/- 32/2/- - 4/-/- 8/~/-
Point 7 -/-/1 - -/-/1 -/-/1 -/=/1
Point 8 -/=/5 -/-/3 -/-/4 -/=/2 -/=/6
Point 9 -/=/9 -/=/4 -/=/3 -/=/5 -/=/9
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