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Abstract - A native species to the European ocean, the tunicate Ciona intestinalis now appears
worldwide, from sub-Arctic to tropical regions. C. intestinalis generally occurs as an opportunistic
fouling organism on artificial substrates in harbors or aquaculture. This study focused on
estimating the early growth pattern of C. infestinalis under various temperature conditions.
Adults were collected from the Guryungpo harbour in November 2016, and their artificially
inseminated eggs were used for the study. The growth of the C. intestinalis was investigated at 8
constant temperatures, ranging from 12°C to 26°C, at 30 psu. Results indicate that the growth
of C. intestinalis increased with increasing temperature. The growth was sluggish at 12°C, and
decreased at 26°C. The optimal temperature for growth of C. infestinalis was therefore estimated

to be between 20°C and 24°C.
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= 7159 F,17008 0 Fuko] -39 thAeF dAgtollA &
AEeH, o]F AHQl, ojgeo}, 22 F AFE AY
oAM= A4o] 2l ATt (Kocak er al. 1999). B FAI (C.
intestinalis)= A8t BP4 Ex A vigo] £abste] A
AAZ FlLlsHA G4HE Aoz A glen, ofxlote]
BE AL FAA7IO e AR Yo, e 23
T, &, A=Y Ao FolA BHEE Aoz HuFH It
(Agassiz 1850; Ritter and Forsyth 1917; Kott 1990; Carver et
al.2006; Shin et al. 2013). =W 9] ¢ 1960 tfjof] FAF 4
oA AZ WAI7E SlE F,20004 o] F Aot A7 A
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A5 A3 2E SfetollA] WA glon, 20100 o]
2 AFeE Z33 »E gjeto 2 3hAkE| Itk (Shin et al.
2013).

FH YA (C. intestinalis)y= FRt We E= Adko] vie
ojuf FAel 713 A o2 i WSt BAA, 4 AL
2 GggE A s Aer dEA don, SUE M
2 B M AAE EE BAY AHE (nvasive
potential) &2 X|A3}o] T3}l Utk (Carver et al. 2006;
Shin et al. 2013). WA 0]9] WA L FAF WIS ¢5}¢]
4, Ut 5 SoA - YA (C. intestinalis)®] Tt
2,47 o wrAo] Be A3t o] FolH S (Berrill 1947,
Millard 1952; Dybern 1965; Tursi 1980) thH5.0] A77} %
7| A Aol AEE el 9ow, okl ARl A
A AT AL YA Eo|A(RE, 9% 50 Q| A
g AT 7F A 2Fo]E E At (Petersen and Riisgard
1992; Zhang and Fang 2000; Zhang et al. 2000).

EZF WA= FA pA]= FF] e A5 (Na
1977)¢} 27] AT otk AL (Yang 1979)7} 0] F0]
How, $HYA (C. intestinalis)?} =HFZXGHHA (C.
savigny)®] W) )3 0 T BEo] B A% A7} A
=] 1T} (Shin et al. 2013; Lee and Shin 2014). 124
7HA = - JHOR AL 27 A BE A=
Ae] 0|01 41 4] g3k,

B ARL G WA (C. intestinalis) 2] 431} &&= 99
AE FEste oE A MALY 4 A3 Has
3 =S A2 A F R Y S5 FASHL £3

b 5 gAo] that 78 A2 E eI XS,

e ofn rl:i

s L g
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H Ao AMH FHEA (C. intestinalis)= BAEE E
FA G FFEZ L] YT LEEZFF(N: 35°59'24.76", E
129°3320.56") & oA 2016\ 1190] 3} *—J%J%‘C’ﬂ
A AR iAol AT Bk flsl AR A oF
307HAI 25 E AAret 4& A ste e, 20 L 84 (30 psu)
oF Esto] oF 1AZF A= whl7] flofA A&Lo g2 Z3tst
Gk, d&o] AZEE 40 pm AR TS 5t =3
A &2 BAAE AAT F, 100 mm (A5) X 40 mm (F°])
37]9] breeding dish (SPL Life Science)oll ¢F 2007 A=
—] AT EFSITh £ATo] E0] 3+ breeding dish

20°C =2 (140 cm (A2) X 105 cm (=0])ol A 3U7F &

]3]'01] ek 9 3R] breeding dish 2 FESIAL
o, AAA o2 WAy 13t AT RAbekA] Za /4

< AAT T, A% 30+1.0psu] 87 15174(12, 14, 16,
18,20, 22, 24,26 £0.5°C) A A3 AdS APt o
ol YA O YAR Ago] 2ol F2
calcitrans) 153} 3 HR 22 (Paviova lutherii, Isochrysis
galbana) 2&& Y% v &R TFsto], 8A7F 7HH o0&
breeding disho] 22} 10 mL¥ 3gF3tch 49717 & 3
ZAL 16:8(F : ¢H) (2F 3000 Im)E A3t AHL 8
T Fe AYstglon, 24 F 2339] AR 2717} 2
of A Al E2o] FEE o] ZHAA ALstion, 472}
BE §FA7HA] 2F 744 (£ 33) 02 2EHE 30744
FaHo g Rt AL AZS S Ad
A Z9] 242 AAz7|od&= sFEu]7 (Stereo microscope
Discovery. V20, Cal Zeiss)& AMEsIF o1, 652} o]F ¢
Ad 7} 2 (COOLPIX P510, Nikon)& 2+ A<} 0.1 mm
el 2AQE ol B T AFE ofux] pHZET
2 (Axiovision4.5, Cal Zeiss)= &3}t 4" A2E
IBM SPSS (Ver. 21) (USA, IBM Corporation)= A3t &
AA Fo44< "dEsHeloh

=+ (Chaetoceros

2 I

SBYA (C. intestinalis)y= 2= ZA}F A|7]o|A =7} =
7Ferel meh AREET oSl ST AL 26°C] A5
AL =7 HAadhe FdS Bth(Figs. 1,2). 389 A%
2 4730 A 0.39 mm (12°C)° A 4.23 mm (26°C) (F7,167=
113.63, p<0.000), 652= 0.97 mm (12°C)oll A 14.34 mm
(26°C) (F7.181=85.71, p<0.000), 181 8FA}= 1.91 mm

309 ... Ao 4 weeks

— O0— 6 weeks
25| —O0— 8 weeks

Mean body length (mm)
O

12 14 16 18 20 22 24 26
Experimental temperature (°C)

Fig. 1. Mean body length of C. intestinalis under experimental
temperature conditions at each sampling week. The vertical
lines indicate standard deviation of the observed mean.
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Fig. 2. Mean body width of C. intestinalis under experimental
temperature conditions at each sampling week. The vertical
lines indicate standard deviation of the observed mean.
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ZAZ7 0] B WA (C. intestinalis)®] AAES &
E A 2T RANA 4FR A 623 AR A AR A
© oF 2.87+0.744) Hﬂo}gao o 6720 4] 83 A A

2 BA = (Fig. 3) (F2.504=
452 o A 632F A Al oF

A EHoH, 672 A 85

A2 47 A oF 12640248 43 AL ekyh(Fig,
4) (F2,504=154.26, p<0.000).
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Fig. 3. Mean body length distribution of C. intestinalis at each sampling week. The curved lines indicate normal distribution.

— 6 weeks

D

8 weeks

44 4 weeks
3 =
oy
£ o s
g ™
i3
] \\
0 T
2 3

T T T T f
1 2 3 4 0 1

Mean body width (mm)

Fig. 4. Mean body width distribution of C. intestinalis at each sampling week. The curved lines indicate normal distribution.
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2 A7 A% YA (C. intestinalis)®] gL
Z7bol e A W ABe 4 S5} kA
HAou 26°Ce A% 4% £x7F Fashe A4S UE
t}. Dybern (1965)8] A+ A A= o]t FAFSHA 30°C
oldel A= Aol AAHE 2HE UEhll o] AL #3
WA (C. intestinalis)7t ZHA|Ho] HAbA|o]m whebr] 112
Ao AAo] AR HE= 2AE Bl Ao g A7)
Yamaguchi (1975)9] A+ A3} A5 =20] 10°C o|3l=Z E
XA ghe dES TR AFE dF oIt A9 &
A (C. intestinalis)= B2 YEA F715 7HAH, A%
2 ) oF 0 mm AEH S20] 20°CoA 24°CA AL
o GHE 20mm AR, 4-20] 14CoH 19°C Aol
A ALFHo= €% 10mm o= AR Yergton,
Aol oF 20mme w A Aol dojuh= Aoz Hus)
ek & AHAT 14°Co A 18°Ce| =R oA 473} 4
A A oF 10.28 mm, 20°C} 24°Ce] 2= $lol A F 16.29
mm “d%3}e] Yamaguchi (1975)9] A+ A3t FARE F
2 et

E3] YA (C. intestinalis) 7] B S ¢ w
E Aoz BIuFEYoen, £20] 10°C zpol7} & uf A &
Z7} 24 ®Po]7F Y= AL R A Atk (Yamaguchi 1975).
3t Zpol= FHYA (C. intestinalis) &0 H83} 73}
of del= Az Apolz 2 AT Aete] A HlaL
€ oS & AFY A, 4FAlA 673 A Al A
=N A BF oF 2.8 A= AT Aoz 4
Ehgton, 672l A 8F2F AR Al oF 148 AR Aoz
Yeltth o] 23t A= C.intestinalis®] %27] AAo] WE
7129 A4 Aot FARE S YEileH, 653 o]
MATAA T 9 A7t B, ALY R ET=
WAREE o) 474 A7 $YE Aot e,

TR BA (C. intestinalis)®] 374-E 2 &0 w2t 4%
E E A5 Woke 202 HuEd glon, £290] 8°C
£ 9A Y= 270 unof A Aol AAsh= T
Al (C. intestinalis)®] 7% 2F 150 mm7}A| A8t 2~3d 7
WS 1o & W AASHE Ao B ek Dybem
1965). E3t ATENE A7 2 4lo] e A Ex
AEE 20| o —1°C Ax=ol1, ojFH & 15~20°CY
T2 HHE 7, 7~87Md B=x= 8°C o]} 25 U
= A9 S A (C. intestinalis)= 12~187]1¥ A=
£ AEsH, 130 29 AAlste A eg2 A= Tt Millar
1952; Dybern 1965). o]2]3t 2A|HiE AY= AZS o]&
ol AAtE AT o] =AETMA st At st o

o

—=

o At AL kel Bl Asta S A Y
EFATH(Dybern 1965). 181 4220] 5°Co]| A 20°C Ato]2l
P FEAY e AFAY dF 22 AGoA= A
A&EH 07 Aetst= S Uehdth(Berrill 1947).
P25 AT LA H Y F-F YA (C. intestinalis) 2
2& = 25°Co|A] 28°CE HIEo] glon, 21°C 0|49
AN = FBEA (C. intestinalis)®] ZFol FFS A
Petersen and Riisgard 1992), &5 Fo A= 18°C 9]
o] =2oA FHYA (C. intestinalis)®] FEU o} vjE&F
I} 3 FFFo] Fadte Ao ¥2A ok (Zhang and Fang
2000; Zhang et al. 2000). ¥ A= = FFGA (C.
intestinalis) WA A& (12°C o|ghollA ALl AJAs1A]
Ao, E3F 112 (26°C o h)ollAE o] Hashe 4
F2 Bt weba] 2 G A| (C. intestinalis) AL
1do] 2AHE 7HA = 2dA G AL fARS A
FEEs RY Ao FHH

=2 SHHA (C. intestinalis) NA TS A2
718%0 2= A% A B3 9 ARt FA 59
g ofe] HUE S Fato] LA A7t = ojop
Ao Z AR HC} o|E vig o2 §H WA (C. intestinalis)2)
MAT Tt AdAE £ 2 4 P oA 73
B (C. intestinalis)®] At A D A A F-83HA o] &
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