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Effects of Temperature and Salinity on Egg Development of
Ascidiella aspersa (Ascidiacea, Phlebobranchia, Ascidiidae)
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Abstract - This study was performed to investigate the effects of water temperature and salinity
on the egg development and larval attachment of Ascidiella aspersa. The egg development and
larval attachment were examined in 12 different water temperatures (6, 8, 10, 12, 14, 16, 18, 20,
22, 24,26 and 28°C) and two salinity conditions (30 and 34 psu). The hatching and developmental
rates of A. aspersa showed a tendency to increase with increasing water temperature regardless
of salinity and to decrease after the optimal water temperature range. The optimal water
temperatures for the hatching and development of egg of A. aspersa were in the range of 20-
22°C. The low threshold water temperature was not different between 1.5 and 1.8°C at 30 and 34
psu, respectively. The attachment rate showed the optimal water temperature range of 16-22°C
irrespective of the salinity and the attachment time increased continuously with increasing water
temperature. Experimental results showed that optimum development and survival temperature
of the egg and larvae of A. aspersa were in the range of 20-22°C regardless of the salinity
conditions. The results can be used to predict the distribution and occurrence of A. aspersa, and to
prevent economic damages caused by its spread.
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A =2 (family Ascidiidae)oll &3t9, ‘54 YA (European sea

squirt)’ 2 GHA Ut (Inglis et al. 2008; Mackenzie 2011).

F 12 AXTEN AXAAFHA (Ascidiella
aspersa)= A4 ER (phylum Chordata) 3l 27} (class

Ascidiacea) HA| 3| 2% (order Phlebobranchia) W3 Al =}
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Miillere]] &Jsff 1776\ @ =0 ==go]9] g2 ofo} 3
9 2 E (Christiania fjord)ol| Al & 7]5% & (Berrill 1928),
A2FEHE, I HF, ol A=, ZF2, AT T
H Ao A B3 =tk (Millar 1952; Pirie and Bell 1984;
Kott 1985; Hily 1991; Cohen et al. 2000; Mackenzie 2011).
=] %, Pyo er al. (2012)°] 2J8f 2010 F3H<tH (7
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Rom, B
Z33t ehete A R g EE7}F Bl E Q).
F dE;Fe AARFHA (A. aspersa)= DA G

(solitary sea squirt)2A4] A1 AFefoll A <oF 1871E A= AY
Zols Ao mIEH, o|BA7|o SAo] Haslo] 4
& AASEL, 2e0] BolAE ALHolE 4BE W
Ao d3A o Millar 1952). W2 =49 23t
Ao MEE 4 80 moAE HAET, A At (rock)
< HEsto] 9 4 (harbor wall), BEE (rope), 77 &
5 (wharf piles) 5 F2 ©osta AX #Ho| §2Fste] A
A18ke} (Curtis 2005; Inglis et al. 2008). W2 A5} w2
WER e B4 WY Aole] AYANEE 24
9 AETGFAFS ZAA 7] (Curtis 2005; Mackenzie 2011;
Picton and Morrow 2016), £3], Ho| FAo|L} 4ol 9
ol e B4 FAF SN 2, A2l 5o A
of e Asistel kA Ardel AAH WeE £ ek
(Carman et al. 2010; Park et al. 2017). WtA A E=H A
of St WA 2 WAE I8 AR FBE Siste] =
290let ZLoflA Fo e & T H Y T5
T3t AL (Knaben 1952; Nierman-Kerkenberg and Hofmann
1989), Q= A A Y] ¢ A% WA Helol Bt A
(Nagabhushanam and Krishnamoorthy 1992), 18|31 =3}
2ol AL} A FEiol et AT Fol =
ot (Millar 1952; Kanamory et al. 2017). S A= A A3
W7ol elgt Eolut kil Aol s ALt maslg)
O (Park et al. 2017), ©]9] Al 2] & FAE gt
e, B3, St Foll gt e AR e R A4 ol
AR FEA 55 vIET A2F7Y Bx29 it o
S F= FA% QR0 E 23 gE Fo] RuEG o
™ (Nierman-Kerkenberg and Hofmann 1989; Carver et al.
2006), 21 o e WA AHA AT e A
B3 (ecotype) Abo]ol A Th2A] Yeht= Aoz g 9l
E]-(Nagabhushanam and Krishnamoorthy 1992; Carver et al.
2006). kA 2 Aol A Aol AXgEHA &
o i 9 A9 A YL Fdto] Ioll AAste A
A FgA 9 2 @ dreo UE 73, ¢S5, FAE
= A e H, o5 HIgeE AZYEHAY I o
FAE AN A4 L FAE AT 7|2 ARE FHEAL
A 38t

Mol oo rp

F

O o

1. 4% AA

Aol AHEE AR FEA = BdEE TIA =5
YA g TN FAE=AE (N34°49'42.2", E128°26'06.9")
U R EZOA AW tho|H] (scuba diving)2 3 20173
64 143 74 1] AT JHE A= A=
2Htste] Ay s 2 (7F2 90 cm X A2 90 cm X E0]
50cm)ol A 157 ol o] kg3t 717HE AR T APl A
SE AT st 7t ¢ 2 a2 9= 22 A
HAHT FASHA 2442 11£1°C2 33+ 1 psu A5k
on, Bol YA AHge] Qurdom AgEHE FAUR
Z5F 2% (Isochrysis galbana, Chaetoceros calcitrans)™} T
Z5 1& (Pavlova lutherii)& 277 1 LA Z3H(F 3L)319] 1

3)/d FF3F4 Tt (Lee et al. 2009).

=, 2 Lee et al. (2009)2] =
I a7t @7 Sk E W8] (FR 28
1

35L I, £8L fEstAch dEo] AIFEH 120
pum F2 7 (Muller gauze)2 EZ 2% 24E5& AAS =
12k Al & &, A=A G2 ARE AASH] f8 60
um F27HA| 2 23} Al skl

3 ANNEHA 2o 3 2 4489 ¥ Y

AXANE=YA Y] =872 ZF A A= 279 o144 3
7F 5mLA @A %J+= 24 well plate (Cat. 32024, SPL Life
Science)?] Z} well (A& 155 mmx=°] 17.5mm)°] T3
(pipet)& ©|-§sto] g /W4 B33 &, Setay 9987
of dolA Zt Y =2 2RH 4 pxoA €Y 23}
4 fA9 B2g st AXARSEYA & TS89 F
A 2 9 4 245 gofsty] Qs 12719 & =4
(6, 8,10, 12, 14,16, 18,20, 22, 24, 26, 28°C)T} 2719 9=
2730, 34 psw)ol A =& U G=EZ 24 well plateo]] 17F
HOR sto] F 83 WHEo 2 XSt 2 A 209
T 192709 A sho] AHEEH U E% 34psud HL, A4
(purified water)©]] 1% 3<% (Instant Ocean Reef Crystals
salt, Aquarium systems, France)& &¢3}to] dj4eo) 7}
S, A 30 psu B, Sgol AeE E3dste] E=E
Z AL 35 29 28 YWZr] (DA 500B, Daeil
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cooler, Korea)?} A5 2= 22 7] (OKE-6422H, Sewon,
Korea)& ©]-&3dte] 244, A 59 27 d=
L 71542 =A7] (Pro Plus, YSI, USA)E o] &35t
Aotott AN FHA Y &2 A HA 2 FEAu|H
(SMZ1000, Nikon, Japan)3}ol| A H3}o} Bz} o2 ol 747}
9] AIZHE ARSI

A

4742 B4

F-31-& (hatching rate)2 gofA R3sH 54 (larvae)
o W (RAY 44 2/F Y D2 AERAL UK
(development rate)= &olA F3712] A A7 &3
T AR (VANTHEA A&, F2HE (settlement rate)<
ol A Rt & Bzt fA89 =2 ArEdhgla, AL
E (rate of settlement time)> &4 F&712] A AI7HS
ST T P (ATHEA AEsHTh AXd =AY 2
JESE, BAE 223 BFATRS SAS softwares &
43t B A ttest, dY FAHEA] (one-way ANOVA), 1
21 Tukey’s HSD ¥& o] &3t thEu|w
comparison test)= ~3Y 3 TH(SAS institute 2004).

3] AHEA (linear regression model)= ©]-&3 AFLY
53]_0:] e Eo] “()”o] 5]& TS ;qi =1 Xe) 017_-]]/\_‘%2
2 AEstg o, gukAe] RY=EEo] ex vy B
Wo| AFE-EE Sharpe-Schoolfield (SS) model (Sharpe and
DeMichele 1977; Schoolfield er al. 1981)& H& 3t Sharpe-
Schoolfield-Tkemoto (SSI) model (Ikemoto 2005, 2008)2 &
gotol MAHPLE RGO 2 223 WE e PAS 23}
St AN R A G EYe] 2o AT %
Y4e de3 g

el )

_ll)l'

o ok

&

HA (multiple

o

To R \Te T
()=
AH; 1 AHy (1 1
”e"p[ R (F"F)]+e"p[ R (T_"?)]
L H

Y= EHQE(°K)°1W-4 TS5 (145717, RS 7173]
AF42(1.987 caldeg” ' mol™"), AH,= BE A A3 4
4 4 (rate-controlling enzyme)7} Zjj3}= w9 & }\éﬁ]r
A=Y (calmol )9 W3}, AHE $E2HALTL A9
A3 50% BAEEE A BAY AE (calmol )] W
3}, AHpE SSAFLOIA o9k HAH ADT (cal mol )<
tﬂﬁ}g ofujgttt. 72 SR H a7 AL ) 50% 7
4L Ul L5 (CK), Trs $E2HF27} 1.2
-J’SH 50% B= BES A LA He 2E(K), To= B4
7F 84 Al e FEol AWK WA HH 25, po

£ 849 EgA0] glotal 7HAE o WH HHLE Ty (1/

A)o A o] EES 2Ju|dttt(Ikemoto ef al. 2013). ZH2+9]
7= RE ZHE Wiz 24 Z2a9S &85t
o} A3+ ) (Ikemoto et al. 2013).

2 o

1.527 dxo g2 AXYFYA g9 B3ls

ARNYZHA Q] G A% 30 psuol| A 28°CE A5t =
EAY 42 276,8, 10,12, 14, 16, 18, 20 22, 24, 26°C)
oA Fatstgon, 232 1.56~52.88%=2 LB TH(Fig.
). 9% 34 psuolME £ 6°C} 28°CE A9t RE £
2 20N F37t dojigen, R3EE 4.70~53.66%
£ Bt (Fig. ). F 9% 24 BFRA 0] F713
of wet £3kgo] Frhstg e, 4% 30 psucll A= 14°C
o]%o| 181 PE 34 psudlAE 16°C 0|30 HAHo7
#Fashs Aol vehdth(Fig. 1). 9% 30 psu 279 F
© 22 6,8,10,26°COlA 1.56~28.13%% AfHoR 1t
L B3-S Kol "hHe, 22 12, 14, 16, 18, 20, 22, 24°C
oA 39.06~52.88%%2 F5tA = F3&S UEHIT
(Fio77=7742,p<0.05) (Fig. 1). 8% 34psu?] H$, 42 8,
10, 12, 14, 24, 26°COll A 4.70~2135%2 ]34 #e &
IS R, 2 16, 18,20, 22°Coll Al 33.85~53.66%%

o
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Fig. 1. Hatching rate of A. aspersa at various combinations of tem-
perature and salinity. Each bar is the mean obtained from
6°C to 26°C experimental conditions, and vertical lines
indicate the standard deviation. Means with the same letter
are not significantly different whereas means with the other
letter are significantly different (p <0.05). *Significant dif-
ferences in temperature are shown in the two salinity condi-
tions (p <0.05).
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AHo R 22 B3-S Yebl o (Flor=12.76,p<0.05)
(Fig. 1). Z+ A9 204 F 9% 24 7] R 2}o]
H WA, 2 10, 12, 14, 24, 26°C AL B3t (93t
2ol 2 UEFH O W (1576-14=2.62-9.69, p<0.05), =& 8°C
(a==0.24, p=0.8173), 16°C (t1a=—0.47, p=0.6434),
18°C (f14=1.14, p=0.2726), 20°C (t12=0.17, p=0.8691),
22°C (t14=1.54, p=0.1455)01 A 9] H3l&-2 {23t AJol&
Ho|z] oFokth(Fig. 1).

2.52% 4 42 AQHZYA 2| 228

AR EHA & F2EL I 30psu] B, =2
26°CON A 78 =9k (0.059£0.017), 52 8°CollA 714
2rom (0.0174£0.004), G= 34 psudl S, 52 24°C9
A 7HE =% (0.061£0.019), =2 8°CollA 7Hd Wttt
(0013+0.004) (Fig.2). Zt 9= ZANA LALEL 42

(A) 30PSU
0.08 |-

0.06
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Development rate (1h™")
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Fig. 2. Developmental rate of A. aspersa at various combinations
of temperature and salinity. Each scatter is the mean ob-
tained from 6°C to 26°C experimental conditions, and ver-
tical lines indicate the standard deviation. Means with the
same letter are not significantly different whereas means
with the other letter are significantly different (p <0.05).
*Significant differences in temperature are shown in the
two salinity conditions (p <0.05).

Table 1. Developmental time (h) of A. aspersa from egg to larva at
various combinations of temperature (T) and salinity (psu).

Developmental time (h) (mean =+ SD)

TCO
30 psu 34 psu

6 600+139 -

8 61.0+10.8 822+215
10 498+13.0 444+149
12 313%£7.7 399+103
14 290+73 357+135
16 269+10.6 328+134
18 22.1+44 316150
20 237+123 251+123
22 226+72 275+13.5
24 195+£52 182+£538
26 18.6+6.3 262+10.5

Aol wet FAH R A2 {3t 2to] & HEHHTHE0 psu:
F10718=50.16, p<0.05; 34 psu: Fos02=20.20, p<0.05) (Fig.
2A,B). SAMT W5 A% 30psu] A9, £ 6,8,
10°Coll A F 49.8~61A17F,0.017~0.0220.2 At og o
2 S ES BHYon, 42 20,24,26°Col A ¢k 18.6~237
A7F, 0.050~0.0602 AjHoz =2 WHegs BTt
(Fi0718=50.16, p<0.05) (Fig. 2A, Table 1). 8% 34 psu2
A5, & 8,10°CoA AjFez 22 A{ES HIe
o, 52 16, 18,20, 22,24, 26°Col| A AR o g =2 ukg
& BT (Fos02=20.20, p<0.05) (Fig. 2B). & g% %24
Zroll Al 22 12, 14, 16, 18, 26°C9] HEE-2 F2g Alo|&
VFERH O U (f53-100 =2.94-6 .47, p<0.05) (Fig. 2A, B), 2
8°C (115=2.07, p=0.0564), 10°C (tss=—1.71, p=0.0943),
20°C (t167=1.53, p=0.1288), 22°C (1145=0.36, p=0.7182),
24°C (13=—1.15, p=0.2526)] A1 ¢] ALEL §3t 2}o]
£ Ho]x| ¢k} (Fig. 2A, B).

SSI model®]l &3 F=4H W& ZAH} B HFE Fig. 2
9} Table 394 UetH it E= 307} 34 psu 24 BFE 4
20| Zobglof wet WaEol St A¥FS EYou, ¢
T 30psudll e A 12 HY oA AA3] HAaEE F
FE 22 B, 4% 34psuollAle 343 daEe A
= H 3tk (Fig. 2). A&RA o 3t AL TEAA T2 (low
developmental threshold water temperature) @@= 30 psu
o A oF 1.5°C (Y =0.0022X —0.0033)2} HE 34 psuol| A oF
1.8°C (Y =0.0025X —0.0045)2 ZA =t A2 w894
F22 5 AT 27 7ol E AolE HolA] Yttt

3.427 dEd) BE ANGEYA $49 228

ARG EEA FA8S A 2= HH HolA 9= 30psu,
T 14°Co A 47.14£8.55%= 7H &2 FHES UE
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Fig. 3. Settlement rate A. aspersa at various combinations of tem-
perature and salinity. Each bar is the mean obtained from
8°C to 26°C experimental conditions, and vertical lines
indicate the standard deviation. Means with the same letter
are not significantly different whereas means with the other
letter are significantly different (p <0.05). *Significant dif-
ferences in temperature are shown in the two salinity condi-
tions (p <0.05).

on, 28
Vet Qith (Fig. 3). 9% 30 psu, 2 12°CollA H2F
F43] Z7htaoH, =& 26°CoA FA5HA A
Atk (Fig. 3). B3, 9= 34psu, 2 16°CoA FZEo] &
A3 F7HstRoH, 22°C o] & HzHgo] 43| A
T} (Fig. 3). ¥% 30 psu 279 %, =2 8, 10, 26°Col| A
4.16~2343%= FHH O R W2 HAES HQl Hige|,
212,14, 16, 18,20, 22, 24°COl| A 38.56~47.14% = ¥-2]3}
A #2 F2AES YERTH(Fio77=62.67, p<0.05) (Fig. 3).

AE 34psu A9 AL 2L 8,10, 24°Col| A 4.18~
939% 2 S-o5HA We HAES BAT 12,14, 16, 18, 20,
22°CO) A 17.70~46.36% 2 AHoz2 =2 BIAES 1}
EFATH(Fi077=11.62, p<0.05) (Fig. 3). & %= 27 7Foj A
F2 12, 14,24,26°Col A H2-E2 §-93 Zo|& UEtH S
W (t14=3.03-12.81, p<0.05) (Fig. 3), 3= 8°C (r14=—0.24,
p=0.8173), 10°C (114=2.14, p=0.0502), 16°C (t14=—0.18,
p=0.8588), 18°C (114=1.02, p=0.3255), 20°C (t1s=—0.24,
p=0.8116), 22°C (14=0.83, p=0.4210)9]| 4 2] BHEL &
ogt 2}o] & Ho|R| &okth(ha=—024-2.14, p>0.05) (Fig.
3).

8°Col A= 4.16+498%= 7H F& HZ
=]
B

O o 3
T nrlm

O||

H

423 dEo) BE ANREYA S R

B3t ALY FGA FA0l BRI gt FuE A
7He A% 30 psu, 2 26°ColA 7FF =3k ™ (0.046 +
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Fig. 4. Rate of settlement time of A. aspersa at various combina-
tions of temperature and salinity. Each scatter is the mean
obtained from 8°C to 26°C expermental conditions, and
vertical lines indicate the Standard deviation. Means with
the same letter are not significantly different whereas means
with the other letter are significantly different (p <0.05).
*Significant differences in temperature are shown in the
two salinity conditions (p <0.05).

0.011), = 34 psu, FL 8°ColA 71 23k} (0.009 +
0.001) (Fig. 4). 2 ZA|I7He BE @& 2704 fg0] %S
22 BaA|7ko] L#H T, $L0] ZolAsE B 7] A
2w A = AES BT (Fig. 4, Table 2).

H& 30psu 249 A, FFA RZAZEE (1/h)
2 42 8,10, 12, 14, 16°Col A 2F 49.9~93 0X|7F, 0011~
002022 AgFoz valA Bastqhi, 28 18,20, 22,
24, 26°Co A ¢k 23.1~39.0A17F, 0.027~0.0462.2 §2J3}

A w2 A B2ZSFATH(Foess=114.10, p <0.05) (Fig. 4A,
Table 2). @5 34psu 279 3¢, 2 8,10, 12, 14, 16, 18,
20, 22, 24°COll Al OF 434~113.3A17F, 0.009~0.02420.2 At
oz vaA Baatga 26°Col A ek 353417F, 0.033

2 FYstA wEA FHZSFATH (Foss=14.49, p<0.05)
(Fig. 4B, Table 2). & 9= 27 7ho] 42 8, 18, 20,22, 24,

26°Ce] HAA L Fogt ZpolE YEFH O U (r907-141=
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Table 2. Settlement time (h) of A. aspersa from egg to settlement at
various combinations of temperature (T) and salinity (psu).

Settlement time (h) (mean = SD)

TCO 30 psu 34 psu

8 930+28 113.3+18.8
10 83.7+123 849+164
12 69.8+25.6 74.7+245
14 62.3+26.1 599+24.1
16 499+£8.7 599+262
18 390+7.6 529+£26.7
20 362+12.6 549+£28.1
22 374+148 50.1£235
24 346+8.0 434+83
26 23.1£59 353+139

Table 3. Parameter estimates and y(7) values for the development
rate function (Schoolfield ez al. 1981) fitted to the mean
rate vs constant data for of A. aspersa.

Salinities (psu)

Parameters
30 34

To" 283.6562 289.3675
Py’ 0.02426 0.03635
Hy' 17176.71 10363.49
H’ -50358.9 -578981.5
Hy' 42268.95 510563.4
T 272.0217 281.0196
ity 298.1527 2994113
R-square 0.9252 0.9646

“To is the intrinsic optimum temperature at which the probability of
enzyme being in the active state is maximal (K), "Po is the developmental
rate at the intrinsic optimum temperature 7o (1/day) assuming no enzyme
inactivation, “Ha is the enthalpy of activation the reaction that is catalyzed
by the enzyme (cal/mol), Hy is the change in enthalpy associated with
low temperature inactivation of the enzyme (cal/mol), *Hy is the change in
enthalpy associated with high temperature inactivation of the enzyme (cal/
mol), 71 is the temperature at which the enzyme is 1/2 active and 1/2 low
temperature inactive (K), *Tw is the temperature at which the enzyme is 1/2
active and 1/2 high temperature inactive (L).

0.89-4.45, p<0.05) (Fig. 4A, B), & 10°C (t3=—0.11,
p=09154), 12°C (t136=1.49, p=0.1376), 14°C (1143=—0.15,
p=0.8774), 16°C (117s=0.88, p=0.3781)]| /] §-2J3t Z}o| =
B0 9FTh(143-13=—0.11-1.49, p>0.05) (Fig. 4A, B).

A& ¥HA, 2o0] ZastAL A p2 Y HT oA
8%, Fogo] HopA|a K3l 9 o] A= A
B |t (Kanamori et al. 2017). =3+ AAgFHA 9] A

=& A 27190 o3 2, oF 17~25mm & o

B QAo wdo] WA AZtE AL, oF 22~30 mm & o

E= Uxr} gdsl=s Aoz B uEQth(Millar 1952;

Kanamori et al. 2017). o]} Zro] 20| Z7tsld H3kg

o] Fobx|a 3}t @ AAto] WA s WebA U

T 37t 2 9T A ¢ Utk 2 AF 2N E =

of AgHgle] 429 F7tol et §3kgo] Wtk = B

Heom 27A 2 HAAE AU Fadte S ZAH

aeu 5Ugh 2 2A0MA FE9| ztolof wet Filgo]

7Vt A¥olAe AtolE Bk (Fig. 1). AXHF=EA
£ A HAF20] 8°C o]l A GollA] F4H 35t A &

5o 7hs3t Ao 2 I3 A Qlth(Kanamori et al. 2017). £
AFA o A= = 30 psuclA 0] 6°C2 o= o

B 23571 dojipon, A& 30 psuolA F% 34 psukth £

3= 93 =2 W97 o WolAls AR EIEIT. A

A2AALG 2L 27 She §EWA (Halocynihia

aurantium)® FE7F F2 (20 psu), &9 H3shrF A

oJuA] gkrout AETF Eobdof (25~34 psu) wheh ZF A

o oA Bigo] golde AFS Yo (Lee er al.

2009), FEUIEY (Styela plicata)®] BF- = W2 4= =

(22, 26 pswoll A= F3p7h dojubx] ggtoy 4= =4

o] ok (30~34 psu)oll wet FdAH o2 Washs Ao

2 B35t} (Thiyagarajan and Qian 2003). E3F A X5

BAY EEE FATAHANAE 34 psuc A 8°CHt 26°Cof| A

FA EEEC] Fhdts AFLE Hol AXNYFHYA=

EEo] ojA EX= 30 psuoll A 34psulich WS L2 U

4 MYE 7= Ao AztEr

AXYZEHA L $2 8,20, 23°Co|A R37z Z+z
39, 17, 15A|7ko] AQ il B 15 Q1 21 (Knaben 1952;
Nierman-Kerkenberg and Hofmann 1989), & oA &=
Aol FA] 42 £ 8,20, 24°ColA o 71 HEA|
Zrol atE|glom, =2 8°ColA= H%E 34 psudlA <
SHA 71 Alzto] B a sttt (Fig. 2, Table 1). EJF -8 4do]
(Halocynthia roretzi) &2 7%, 2 6.5~8°Col|A] 72A7F,
12.5~13.5°Co| A 40.5A|7F, 18~20.5°Col|A] 23.5A]7k0] 4
a =] ¢ 71 AJzte] 8 = )tk (Park ef al. 1991).

& 30 psudAE £& 12~24°C HYolA T2 £
2R 2 B3E&S HYon, A2 (6~14°C) 12
(24~26°C) 27 A, 9% 7tol| £3H&9 zto]7h Yehh=
Ao g Kol Qo BAglo] AXHFHA= 16~22°C7}
oo HA 2 H=ZA A4EM, 7 d= 2 A

oo oox o rfr &
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o] AEES 128 20~22°CY A UL 42 (optimal
developmental threshold water temperautre) S 71A] &=
Ao FAH

ARGRRA G 2334 §4 (arvaero] B F, 5}

< FRotchrt A3gt AARQ1 vt v g, Ra
of =gstd Faksto] 2] ofdl Z)A (juvenile)= HE]
(metamorphosis)sto] A2 st Fzto] Hufjsh= 4
$= F=th(Lee er al. 2009). WA AN FHA F49]
252 Haed) gEo] AXRFEAY Do & F3F
A e 24 AZ4EY, £3kea ASET FASHA ¢
21 d= 2o Y-S W= AR BRI Gk (Lee et
al. 2009; Feng et al. 2010). Feng et al. (2010)= vt g 721
Styela canopus FA 8] 7] HZ o n|x]&= £L29] o
gt AtollA A 27 psu 2 A 0] 12°CoflA] 30°C
2 Z713o| wet B2Eo] 67.5%004 31.6%2 7rasth
I BI3FT a8y H2YA (Halocynthia aurantium)+=
8~24°C9] 42 W Qo)A 20 psu ZANAE F2bo] dojit
A ko, 24 psus ALl BE 2 2N 9=
Z27(25~34 psu)o] Fobgol| met Ha-Eo| Frkstea
e A o] F7Hetol wet RatEo] Frhsittrt
20°C o|%& Zrasle AEFS Hch(Lee et al. 2009). 2 &
T+ A, AXRFEAE F2EAL FASH ¢=0] Eot
Aol wet fH2Fgo] S8k S EYoy 4 27
whal 24°C (34 psu) = 26°C (30 psu) ]| F THAde A
= 2ok ol¢} 22 At AXAFYAT H2HA 2ok

ol 1 2N BEF 5 ASS HoFUen £
o

tlo 4z

F2EE 4% 2] #Aglo] 16~22°Co =2 He ol
A HH JHE BT

AR EGA Y FAL == 20°Col| A F27EA] 224]7F
o] 48 =3t} (Nierman-Kerkenberg and Hofmann 1989). %
@ o] (Halocynthia roretzi)2] 73-%-, 5 6.5~8°Co|A] 40.5
A|7F, 12.5~13.5°Co|lA] 65A|7F, 18~20.5°CoflA 1054 7H0]
4285tk B 0FATh(Park e al. 1991). 2 A7t A3},
AXGEFPAE g% 24 BAGlo] 20| wordof ot
2} R&A|7bo] A&H o7 Fraste] 4o Fo= o E
B 2o

Nagabhushanam®} Krishnamoorthy (1992)+ =29 tjjgt
AN FEA A W ol thgt AFolA = 15°C
ANA= 70%, 16~26°Cl A= 100%2] NA7F BEsHAL,
o] HYRT FAY 2 o= 100% AFetgled, &

T 28~35 psudllAl BE AAI7F YESHAATE o] R ejE Tt
YA 8 Aol 100% At B sl
2 AF 2ol AXNAFEAY &9 RIEn IS
8 f49) ARG LA, 2T A AE L5
9] (Nagabhushanam and Krishnamoorthy 1992) 5& I.&
oo, AN EEAY A dS @ AE 22 9 o
20~22°C A=Y AoZ FAHY HX 34 psuEthE 30
psuZt B A Aoz FAHHATL 2 dFAE A d=
24lo] $&3j0] ANYZYAY 27 A 208 249
= AL 7S 28y sl AAEN F2HA (H.
aurantium), $-H 30| (H. roretzi) 51} ¥]|3lo] & o Bt
E2 52 200 22 A A AAUSEEA Y HE
£, 228 5) 140l B8 0% 24E, goz
71 WSE A Fh Ay g 2= G R Qs
A SolA AXREEA L G4 9 gz FA|
st 348 4 9 A0 AZEn tetd B a
W FAgelAe] ANYEHAN I3 AAH W7
P Sl AR CA o]9 Siks BHAstal B B &S
F7HN 7= B agh A 272 SRt AAEG e
AL Ex 9 Y A7 St A v
Faoie o 712 4224 287 4 9)

Ol? [ og‘.

1z
B‘F‘H“ rZ;
S

rir

]

N
o
h

Ni

< o,

e
o
fru
>,
il
(i
)

o
)
O
)
fllo
Ay
O]

flo XN &

q 2

B A3 = AXNSEHA (Ascidiella aspersa)®] & WS-
A 2o vz 23 429 FFE wofstux A
Alstgich AR EEA & TS5 48 B2 AEL 1270
ol & Z7A(6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28°C,
3} 279 H= 27 (30, 34 psu)oll Al ISR AZIhE=H
A &o Biga Y552 d=o BAgle] =0 ok
of wat F7leke A Baon X 2 WY ol
2ot AFE Hylon 23 9 I8S AT HH 22
20~22°Co] WS Eoh AL T YA 2L 30 psuet
34psuollAl Z+ZF 1.5°Ce}H 1.8°CR & Aol & Holx| ghrt.
F2E2 Axo BAJO] 16~22°CY] A =2 HAE B
qom RIS 20| F7iete| wet A&H e F7t
stgth Aty o g AZYEYA Y 4 I @ Y& 2
2 A= 27 BAGO] 20~22°C HYE Ech & A+
A= AU FARAA Y AR EEA ] gt FAA 1
a7t F7FetaL Qs AR olA AR EEA Y Ex 9 I
AI71E d&stal g4 B2 9 A Beks A5t o &
44 5 Y AoE AAH.
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Al Al

o] =EL 20189 HYSAR YO FYAtae]
£039e) UL wob s A7 (SHPAHA LA
23} gajsjoryEe] Bal7|&7Na20130265).
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