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Abstract - The active development of the global marine trade industries has been known to
increase the inflows of marine invasive species and harmful organisms into the ecosystem, and the
marine ecological disturbances. One of these invasive species, Ciona robusta, has now spread to
the Korea Strait, the East Sea, and Jeju Island in connection with the climate change but not the
Yellow Sea in Korea. Currently, the spread and distribution of C. robusta is increasingly damaging
aquaculture and related facilities. Therefore, this study aims to identify the spread of C. robusta
and potential habitats and to secure a data for the prevention of effective management measures
due to climate change as well as damage the reduction in future through the prediction of spread.
We used environmental variables in BioOracle. Also, the potential habitat and distribution of C.
robusta was predicted using MaxEnt, a species distribution model. Two different RCP scenarios (4.5
and 8.5) were specified to predict the future distributions of C. robusta. The results showed that
the biggest environmental factor affecting the distribution of C. robusta was the salinity as well as
the highest distribution and potential habitats existent in the East Sea and around Jeju Island.
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Table 1. Collected regions of Ciona robusta

Sites GPS

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Daejin 38°29'59.3"N 128°25'33 9'E *
Geojin 38°26'52.0"N 128°27'46.1"E * *
Gonghyeonjin  38°21'14.7"N 128°30'42.6"E * £ %
Ayajin 38°16'23.7"N 128°3322.6'E * *
Jangsa 38°13'36.0"N 128°35'19.9'E * *
Gisamun 38°00'28.2"N 128°43'50.0"E * *
Namae 37°56'39.7"N 128°47'14.5"E * * %
Gangwon-do Jumunjin 37°53'32.4"N 128°49'48 8"E * * ok
Gangneung  37°46/14.0"N 128°56'49.0"E * * *
Anmok 37°46'11.9"N 128°57'15 4"E *
Eodal 37°33'42.3"N 129°07'12.0"E * *
Mukho 37°33'05.7"N 129°06'54.5"E ox ok *
Donghae 37°29'26.2"N 129°07'32.5"E * o £ %
Chogok 37°18'38.4"N 129°17'38.9'E *
Imwon 37°13'45.1"N 129°20'45.0"E £ %
Hupo 36°40'48.0"N 129°27'16.7"E * w0 % *
Chuksan 36°30'33.5"N 129°26'54 4"E * £ % *
Gveonesanebuk.do GANZEY 36°21'31.6"N 129°23726 3"E * *
yeongsang Guryongpo  35°59'21.3"N 129°33'I88"E ~ * * * 0k * *
Yangpo 35°52'49.5"N 129°31'10 4"E o xx ok £ %
Gampo 35°48'31.2"N 129°3021.7"E * % o x %
Bangeojin  35°29'05.3"N 129°25'42 6"E % %
Ulsan Ulsan 35°31254"N 129°22'22 5" * * * %
Jangsaengpo  35°30'09.5"N 126°08'11.0"E * *
Deabyeon 35°13'28.7"N 129°13'42.1"E * * % %
Busan Songjeong  35°10'48.8"N 129°12'22.8"E * % * *
Busan 35°06'152"N 129°02°21.6"E ~ * * * £ x ok
Dadeapo 35°03'24.8"N 128°58'45.2"E * * 0w * o x 0 x
Jangseungpo  34°51'51.6"N 128°4326.3"E *
Gveonesanenamedo TONEYeong  34°50213'N 128°25'12.9"E * * ® 0k ok * %
yeongsang Samcheonpo  34°55'33 4N 128°04'10.8"E * % *
Mijo 34°42'35.7"N 128°02'48 5"E £ %
Gwangyang  34°55'30.5"N 127°41'524"E * * * * * *
Teollanam-do Wando 34°19'02.1"N 126°45'50 4"E *
Seomang 34°21'55.8"N 126°08'11.0"E * *
Mokpo 34°46'49.9"N 126°23'01.0"E * * ok £ %
Teollabuk-do Gunsan 35°58'15.2"N 126°37'07.0"E * *
Bieung 35°56'07.2"N 126°31'38.2"E * o x £ %
Gimnyeong 33°33'30.98"N126°44'12.8"E * *
Seongsanpo  33°13'30.98"N.,126°55'30.9"E ok *
Jeju-do Seogwipo 33°14'20.9"N 126°33'50.2"E * £ % o x
Moseulpo 33°12/58.1"N 126°15'01 9"E o x
Hallim 33°24'46.1"N 126°15'20.9'E ok
Aewol 33°28'07.9"N 126°19'28 2"E *

75h3 A Ao A AECIF] de P
@1tk (Shin et al. 2013; Januario et al. 2015; Park et al. 2017).

+E A (Ciona robustay= 24}5&%5 (phylum Chordata),
1) $-5E o2 (subphylum Tunicata)ol £3H= F2Hg 3 UFA
MEEEM, 19679 A& EqoA AHF HiEoH
(Hoshino ez al. 1967), ol A= 22 o] FAl FrofA
Ag HHE o|F, At FPp B Al Higo] Fabsto]

(Kim 2005; Kim et al. 2018) F3ali¢t, 3ot @ AlFx= <ot
© Z AR It (Shin ef al. 2013).
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Table 2. Environmental variables used in this study

Data Environmental variables (/year)

Temperature (max)
Temperature (mean)
Temperature (min)
Salinty (mean)
Chlorophyll (max)
Chlorophyll (mean)
Chlorophyll (min)

NN R W=

Average Sensitivity vs. 1-Specificity for Ciona robusta

Sensitivity(1-Omission Rate)
s &

Mean (AUC=0.838) =
Mean +/- one stddev ®
Random Prediction ®

0.0 0.1 0.2 03 0.4 05 0.6 07 0.8 0.9 1.0
1-Specificity(Fractional Predicted Area)

Fig. 1. Area under curve (AUC) obtained by the receiver operating
characteristic (ROC) curve of the species distribution model
of Ciona robusta.

I 9t} (Daigle and Herbinger 2009; Park et al. 2017). w2}
A | FAR = -2 A (C. robusta)yS TSl S E A L THAY
2.2 AAsto A& BEE a5t YUt (EFFARE,
2017). @A7HA] R GA (C. robusta)ol] thgt X421 A4
A W EZ 2AP} o] R Yot A B
Ao Qsto] dmrh ¥ AL St 2ALR HEIE A AR
£ glsk=dl ofg&ol Ut

2 A7 Il FYE] bt Je ATBEY &
WA (C. robusta)) oFQ] AL AEE vigtog £EIRY
(Species Distribution Model)& &-8-31o] ZA2 X212 EE

£ 245k, 5 A2 o E2 T 71X RCP (Representative
Concentration Pathways) A|U2| 25 53| 7|53} w2
njg o] A AR D ZFEZE S5t FHYA(C. robus-
)] F4 A 9 584 B E A% 7= ARE FHe}
17} PGt

FBYA (C. robusta)®] 3 A Fof T3t AR 2008~
2017 7R At Eafet, Falet 2 AlFEE Ay =AM
o 715835 28 AEe 7|E B RAME B9t FRlE A
A 299 A7E FYst] o838t (Pyo eral. 2012; Lee

Table 3. Contribution analysis and permutation importance of envi-
ronmental variables for the prediction of potential habitat
of Ciona robusta

Variable (/year) Percent Permutation

y contribution (%) importance
Salinity (mean) 57.6 57.6
Chlorophyll (mean) 15.7 18.3
Temperature (max) 105 11.7
Chlorophyll (max) 9.7 4.4
Temperature (mean) 49 3.5
Temperature (min) 14 02
Chlorophyll (min) 03 42

and Shin 2014) (Table 1).

B Ao A& Kim er al.(2018)8] ATE vigoR 9=
(PSU)S 52 (012 BHWHE AAsHgom, vt B3l
= ¥=2 (chlorophyll) 5% (mg-m)E Z718t%ch S48
4 AR Z BioOracle database (Tyberghein et al. 2012)9]
F B4 G=PSUS A5 AW, 2 9 B 454 5=
£ 2g3h9ch(Table 2). =3t SHHA (C. robusiays 72
£ 2~6mo] AAEt= Ao 2 H I E W (Shin et al. 2013),
SRR LERE &4 10m7RE 0] $AR o B
11L& 0] (Choi et al. 1995; Park et al. 2000; Park et al. 2017),
AEWLE(SST)Y A% A, Ha L B 42 24
o] ©]-8-3}% th(Table 2). E3F IPCC (Intergovernmental Panel
on Climate Change) 52} B 1A & vl S 2 RCP 4.5 (2417}
2 A Ae] 4] AAH F9)9k RCP8S (AA 242
A7l MEEE 99 A BE I Adees
A7 3ke] 2040~2050 37} 2100 of] ek QA AJA1A] &
B2 E o &3} th(Suppiah et al. 2007).

QGIS =213 (version 2.18.16) (QGIS Development Team
2018) AH&ste] BE=F ZHgstgion, A dEZY 3
TS B8l AAH HUA) BTS FBHOZ AN
I EE HREUORE FEEE ST 5 e 2P Max-
Ent T2 1Y (version 3.4.1) (Phillips et al. 2006, 2017)& At
$3to] HE % 3yt B FH3hgich YL ROC Re-
ceiver Operating Characteristic)®] AUC (Area Under Curve)
e Bstel 2AsIgon, BYY ARNEES Fol7] Sl3te]
104 BAEFS B3 AW B HEF HYOE wa
Fom, "3 A (Response curve)S F3l| z1z+o] 4w
o w3:] BAG sorstolet.

MaxEnt &4 23}, 2§ A3} Aes 24 st=
AUCE 0.8382 YEMTH(Fig. 1). AUCE 0.8~1.00]H =
B o] 5ol glvkal AHE T (Franklin 2009). %4
(C. robusta)®] £ I A AA e B2E T HS=0] 4
BF AE7} 576%=2 7P =L 7|dEE BYon o
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Fig. 2. Potential habitats and distribution of Ciona robusta predicted by RCP scenario (4.5 and 8.5).

2 B 527 157%, AW £=20] 105%] 7|9 =5 &
Aok Bt Ha 0] 22 4.9%9% 14%9] 71928 2
gom, HAd 9 M4 QELE 247 9.7%<} 03%9] 7=
£ H S th(Table 3).

FHBA (C. robusta)®] A AAA] E Ex= Faetat
AFe At A 221 Fafieh 7 A Ho] 7MY ke,
Asfieto] 7H Roth(Fig. 2). ©]¢} &2 2F 9 o & A=
A opeEAtA A& Aafiet A Fol A FEFFA (C. robusta)
9] Aalo] FRIF I A ¢ At A5kt 53 (32~34
psu), &3l (31~34psu), 1L A3f (28~32psu)e] A5 G=
HEeS 1T o Ao ¥ A 24| FHHA(C. ro-
busta)7} 232 H St Al @2 Ao R
w, Kim et al.(2018)2] -F+FHA (C. robusta)?] & 9rs A3
A= FARRE ZIE BT

RCP 459} RCP 8.5 Z17+] AUy o g 24 Ay},
T AL} 2040~2050, 2100 0] ZFo]E HolR] ggro
o, E£3 o, B4, & fFEH2EY FLE BF RCP
4.59] 2040~2050A 7} 2100 o] ZFo]7} YAt 181t RCP
85914 o, B, 4 F4THLEE 2100 0] 2040~
205049 Bt} Z}zF oF 2°C ot AFE BTk (Tyber-
ghein er al. 2012). RCP 8 594 =29] Z}o|& R IAT &+

A (C. robusta)®] BEoll= 2 FFS A ¥, &
A/(C. robustay= AL} FARSHA 3¢t AlFE ALt
a3 FEeh G Ex23 Ao R dAHEch B35 2040~
20509 181 21009 )= RCP 4.59} RCP 8.5 2% F&E 7]
o2 =7 JAH AR} s AL AT ¢
Aoy A2 FFBA (C. robusta)7t AAE 5 e
HAANA MAR 7} =R & Ao et B2 9 F
A AR = Fafete] RE ¢t AFE] BE gt &
Hafehel g AQtollA 7P =A SR on, At
At T AL A A= 22 Al gt
534 (Response curve) 23 20| opgof wtat {3
A (C. robusta)®] EE7} S AR Yegon, 9+
Kim er al. (2018)9] dA-tollA ¥3l 24 HE (32~34psu)2t
FAREE 23S YEhfo] 4 Ay of ExvF g Ao
2 UERsith(Fig. 3).

AnH o2 JHYA (C. robusta)®] F3E 9 A 4] R o
£ 97t 7HE T ag 3 HeE 2851921, 2040~2050
Wt 210092 SHYA (C. robusta)] B I A A 4%
£ Bxof 7P 2 7|AEE Bols dr9 ¥t ¢l &
Aot FAHA FaQt BE At AlFE A dgte] Exd
Aoz BAESIc

Bk
Bk

I o (Z rlo
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Fig. 3. Response curves of Ciona robusta for present environmental variables.
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o
oH,
=

robusta)®] B3 D A AAAE &2l
ﬂi"ﬂ o oo FAt FAE 22 FEE 2
FAHAT A FBBA (C. robusta)= 43}
ﬂ?l Fafieh @ Eslet At A AlFEE ofn] £
ol Fafiet, Faliet @ AlFEs ghate] thigh WA 9 e
b olei Agolet. et o B2} BAEA g A7
G EE TE NGl HE FFBA(C. robusta)?] EE %
A AAA Y Ha ASAe mUE T G 247 e
she, gHbst=tl ¥ vlA= WAA Sl ek e et
o] @ast Aoz AZHT gEo| $HYA (C. robusta)
B ohel ThE slek ok e A ek AR A&Hl
RUE Y e Weto] AT Ao ARE

B A7 M= MaxEnt FEEZ 23S 53
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