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Effects of Climate Change on Whitening Event Proliferation the Coast of Jeju'

Sung-11 HWANG’, Dae-Kweon KIM”, Bong-Jun SUNG?, Sue-Kyung JUN’,
Jong-I1 BAE’, Byeong-Hyeon JEON?
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ABSTRACT

The study is intended to investigate the proliferation of whitening, the impact of climate change (sea temperature
rise) on the proliferation of whitening, and the reproduction and growth of crustose coralline algae, which causes
the whitening, in the coast of Jeju Island. The size of the whitening-affected area in the coast of Jeju was 2,931ha
in 1998 and increased to 4,54 1ha in 2003. The whitening occurred mainly in the southern coast of Jeju in 1998
but spread across the whole coast of Jeju by 2003, except in the coast of Jocheon-eup (eup refers to an administrative
district in Korea) and Gujwa-eup. The average sea water temperature in February from 1992 to 2004 was 15.1C
in the whitening affected area and 13.9C in the marine forest area, showing a clear difference, but there was
no difference in the average temperature in August. The long-term (37-year period) average of the sea temperature
was 15.3C in the whitening affected area and 14.1C in the marine forest area, showing 1.2°C higher in the
whitening area. The annual rate of sea temperature rise was 0.038 C in the whitening area and 0.024 C in the
marine forest area, indicating the higher long-term variation of sea temperature in the water affected by whitening.
The results indicate that the continuous increase in winter water temperature due to climate change is expanding
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proliferation of whitening in the Jeju island.
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Figure 1. Map showing the 37 sites investigated for the barren
ground survey along the coast of Jeju in 1998

(@) and 2003 (O).

2. +2HS

A cAoLe] AkS WALl shosty] $13) A2l 2
Ak S0l 8Yo] RS AN hEY e e
| A9 GTE Hastct

2 WAl 5 AREISIOIN Ag) Fh Al

AAZA H3E B(33° 137 58" N, 126° 30" 51" By
Aeistal, sisd siale sisdol 2 W dhs vl
T 39(33° 24" 24" N, 126° 137 55" E)S A€i5iqich
T2 A Eﬂ%ﬁi Lol ARSI @7 HE
= 199278 20053704 A2 L) stARY) + 2]
of 2% CTD(SBE 19)2 Z43t3ith A71H52 19689
e 20068704 BEE =Y aqtetd AAHE A RS
ol- g3ttt WS A= HMEEAA 7 77ke- 314-057
(33° 00" N, 126° 30’ E)7} v]ok=o] Q1A3s} 313-02%(33°
24.4'N, 126° 00" E)o] &= 2A2Z o]g33ich

Holo] AT <la) WS 3ol

o HEHOE ot gl

TS RRE O Y AEF seed bankZFE #¢
S E2Ape Ay Ziéﬁf‘% - ‘211:}

B ATold B 4 el Wus 3} ok =
bed= Z=Hoj 4] 2 H 22} 2L A F5H= barrier Oﬂ

& Stch(Vadas et al., 1992; Kang, 2005).

E3F Wootton(2002)0]] 2J5t Hojo] d#A o] Hge =
Al “the rise to dominance?} the demise of dominance” 5
7FAl 2+ (process) O.& LH T, ofH S4FO| “the rise
to dominance”+= ERA X o7 7 9] Al (dispersal

ability) 7} %1 aeloAle] Aefd @wo] ejs) AuHc,

A= ool $AHeR et FANEARE
“the rise to dominance”®] 2J3]] o]= U*A E= (abundance)
e AEA e FUEL, FHE FEe W Sl

Sl U daie] HAS OJAISHs bamers ) A3t
% 9e.
et RS S 5Y Hgore) FEAERR

9] “the rise to dommance” J—Pﬂg v wsl7] Y3 19993
2, 4, 6, 8ol [} vlgE F 9 4] 6mof| 7I=,
M= ZF 50cm, s°] 12em(FA| 60kg) A2 ZAE &
98 717 S Aelsih olF 219 BAoR Bee
Sl 00%}01] H]1}7] A Q] H(nondestructive method)Ql A2
o Yo g FEAASZFO 1k (bottom cover, %)E

ZA}%}%E}. ZAR= 19994 109714] AlA|5HAT.

m 1

E

a 1

1. A= SAEE

19987} 2003112] 458 SHAIZAFRS Figure 20]) LEl
o} 1998419] A2, AAZAlS} QheE, qAS 5 3 B
° wy) Tl R, %—71@741 dele, Al 27) 47
oA UERE F2 AkgL o] 294 9ee
o 4 ek,

T} 200350 19981 2A} AL, WrIEAISl qkel,
SR =

5 V) AEe WS A4skn glov, AR
1.0

AR o w9 FrIsde] SejEn e B 4
olck
WP Wed AFDAZ 4T A, 2 27,
a

3: 7], 4 W7|)E JLE3S} Categorical values 7} E3F A7
EA] B F HFo] glot AlFAeL BAFT ol
S7HE 5= HolF=al QltKFigure 3). A S-S
B AFA] s o] 32.2%% 7P Wol F7Fs e A
F B o] 49%E 7P AA| F7FsHTH(Table 1).

2. sl siHut

3

C
=

Olo
ol

hotol 22 ws

ol

1992 A+€] 2005U7HA] HEka} BlFE oA 293} 8
Yol B5E #5522 Figure 49} Lt

29 $=e8 H|E B4 10.0-15.0C(BF 13.9C
+1.4) Y92 Bgon, Ml &9 13.0-164T(FH 15.
IOELL) WIS uleh, 5 de] 2 Haf 22 w2k ol
o] H]ofte sodrr} 1207} ko, = ao Zhof Feigt
2012 B QTHP=0.001).



532 Y - ddid - 4%

AN

A=eA A sk A] 31(6) 2017

el

s o
4 -=~2- " = Namjejug %
7 q
_ 7 o Seoguiposi
Namjejugun | \ 9
£
W e @
e
Year 2003
16
3 2
o * N\
o (- N
U Jejusi -7
=
Bukjcjugun -~
[ - v
- == . Namjejug p
7 7 Scoguiposi |
Namjejugun | @
L e

Figure 2, Maps of barren ground along the coast of
Jeju. (Upper panel: survey in 1998, Lower
panel: survey in 2003)

5 Year: 1998
] |
3
")
2, L
3
g 1 T
>
s 1
g
<
= o
-
: Jeju Bukjeju Seogwipo Namjeju
S 5.
s Year: 2003
8 4
=
o
8
] 3
o
2
1
(0]
Jeju Bukjeju Seogwipo Namjeju
Locality

Figure 3. Comparison of barren ground along the coast
of Jeju. Data are categorical values of round
(1: undisturbed, 2: early stage, 3: middle stage,
4: last stage). Data are meantstandard error

20 4

—e— Beophwan February
18 1 o Biyangdo
16 4 y =0.179X +13.792 o O oo 0 g 5

R’ =0.4513

14 y = 0.2424X +12.089
R®=0.5216
12 -

10

8

30

v = 0.0079X + 25.398

August
R? = 0.0002 o

V\He"terrpe—due(o(:)

28

L]
26

fg\ o/\ /\
O
- o
24 - o =]
S y = -0.0065X + 25.315
R®=0.0001
o

22

20
1990 1992 1994 1996 1998 2000 2002 2004 20

Year

Figure 4. Annual variations in water temperature of the
surface layer at Beophwan barren ground) and
Biyangdo(undisturbed area)

ERE oY B v Sk s ool = 0.18T, B¢
ol A= mid 0.24TH 40| A5ataL glo] 9]
T F7HEE B djoo] Wkl Kot wth

SHAIQ] 84 9] -2 W&k afj9o] 21.9-28.8°C(H+t 25.
3042.3) Holgon, vgr AL 21.5-29.5C(HHF
25.5C£2.6)%2 e 7 3 7t 84 22 Zpol7t il
th(P=0.67, Table 2).

T o199 EFT} 10m3o) A9 SAQ2Y) 7] 2}
= Figure 5¢} Zt}h F& $22 H3 3190] 12.2-18.6C
(Bt 153C£11) HePow, BjFE 392 11.9-15.0C
(Bt 14.17T+0.8) 9= Fat 22 HE afjoo] v|Yge
o] wlsf 1.2°C7F wokeh Ar|Hs E3 = Al 7k F
SIgE ApolS HATH(P=0.001). & Bt 42352 W2t df
olo] 0.0387, H|%E o] 0.023TH Z7}ekal Q)

W, 7129 kS AA v 10m fFolA = e
39 13.7-16.7°C(F 15.3°0+0.8), H|FE 39 12.5-15.
3C(Et 1427C+0.8) W= gk o] H|Ye okt
Bt 1.2C7F A ekt Qla, & s 7hofl F3igt 4=
& z}o]2 HYHHP=0.001).

Table 1. Estimation of the area of barren ground along the coast of Jeju

Area Village area Origin area (ha) Origin rate (%) Increase
(ha) 1998 2003 1998 2003 rate (%)
Jeju-si 646 36 244 5.6 37.8 322
Seogwipo-si 1,661 598 741 36.0 44.6 12.4
Namjeju-gun 5,031 1,559 1,806 31.0 35.9 4.9
Bukjeju-gun 7,113 738 1,750 10.4 24.6 14.2
Total 14,800 2,931 4,541 19.8 30.7 10.9

ns; not significant, *P<().05, TP<0.01 , T P<0.001



Akl A 7| 5uakt

70

A At miAle 9% 533

Table 2. Summary of two-sample #-test results for water temperatures recorded during short-term and long-term monitoring at Beophwan

(barren ground) and Biyangdo(undisturbed area)

Site Beophwan Biyangdo

Month Mean + SE Mean - SE df t-value p-value
Short-terming monitoring (1992-2004)
Feb. 15.14 + 0.30 13.91 + 0.38 26 -0.68 <0.001
Aug. 2445 + 0.71 2527 + 0.64 24 0.434 0.672ns
Long-terming monitoring (1968-2004)
Feb. 1531 + 0.19 14.12 + 0.14 70 6.74 <0.001
Feb. 15.32 + 0.14 14.15 = 0.13 68 8.29 <0.001""
ns; not significant, P<0.05, ~P<0.01,  P<0.001
g F Al BE AT 22 AEH0E AFsstaL 9l ] B o
o3 P=0.014, H]%F P=0.026), A7 HE-S A3 5o 1w ~° Bivangdo o128, peoi035
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Figure 5. Annual variations in water temperature of the

surface layer and 10m layer at Beophwan (barren
ground) and Biyangdo (undisturbed area)
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depth at Beophwan (barren ground) and Biyangdo (undisturbed area)
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