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Oxygen Consumption of Sea Squirt Halocynthia roretzi Depending on
the Water Temperature and Body Size

Pil Jun Kang, Geun Su Lee and Sung-Yong Oh'*
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The oxygen consumption rate (OCR) based on the water temperature and body size of the sea squirt Halocynthia
roretzi was examined to provide quantitative information about the metabolic response of the species. OCRs were
measured using a closed flow-through respirometer at four different water temperatures (10, 15, 20 and 25°C) and
two different body sizes (21.4+1.1 g and 150.5+1.3 g, wet weight) with triplicates of each treatment. OCR increased
as water temperature increased at both body sizes, but decreased as body size increased regardless of the water tem-
perature (P<0.001). The effect of body size evaluated as a power function ranged from 0.8055 to 0.8884. The highest
Q,, values in the small and large size groups ranged from 15 to 20°C and 20 to 25°C, respectively. The metabolic
daily energy loss rate via respiration at all tested temperatures ranged from 56.2 to 106.1 J g d! in the small-size
group and from 44.5 to 92.0 J g! d"! in the large-size group. Our results indicate that the metabolic response of H.
roretzi highly depends on fluctuating water temperature at a given life stage.
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Qlot x|efe thoket AjoplEe] 47| U ofjet ofay
o] 0 o] o] 2ol iz Atbio] &L SfaAlE Alolct
(Jahromi and Barzkar, 2018). 3}A|9t S A 7 0] AL 5O 2
QIZE QIZFO] a2 AAQk 2|9 9] AEThldat A H A
£ W3S 11 Qlal(Velez et al., 2016a), A7) H7HA] ot
e 22l 1.8°CollA] 4°C7HA] Ad5o] of| 25 =(Velez et
al,, 2016b) & & 5O =2 Qg W2 ko] sty EHA
w2 Ao oAbt 428 slepEe] 4 AE, Blol]
, =5 W A 22 AEEHE ol A4l dvkE v
A= 7P A9l €4 2.2l 59| shttolth(Saucedo et al,
2004; Yin et al., 2013). sjF8E2 A4 &= HY oA 4]
23t olg HRHoR Al ol galu] ofuix] AulE Ha
SFSFAIRE WS 2ol A= A Bl F7Hek 9] diAkeol| A

[} 3L

oA A A W AE s 907 4= QI (Thomas et
al., 2000; Wang et al., 2006; Yin et al., 2013). & tAl= A
HH2 o & tpelel 2 oA A8 ES] AeehA v
H7leh= 523 A2 7HEEH(Gorsky et al., 1987; Katsa-
nevakis et al., 2005; Yin et al., 2013), =20 Wh2 Ak4 4H]E
(oxygen consumption rate, OCR)-> A&7} ]9} A3k of
YA A&}t AR 4 3ES B oItk (Schoknick, 1995). E3t
T2 WSkR of7|E A ES] A AT} ARk oA
H] & 9 AEHA H-9-2- 5 71517] 8 X 24 (Romo et al.,
2010; Pérez-Robles et al., 2012; Oh et al., 2020), 7L ¥+-3- F =
= 4% eflo] w2} eItk etal, 1991).

Y7 (Halocynthia roretzi)= gt=r2] g8l Y Fal Azt &
2 55 RS 2ol o vl A Alet= A-5EA 1 RE
A (Tkenoue and Kafuku, 1992; Lee et al., 2020), E-3-2] U, =

WA JYL 0|0 £ 2uelHE H2T 2B G
s
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Qli= 9FA] 22220 t}(Inanami et al., 2001; Lambert et al., 2016;
Lee et al., 2020). Lambert et al. (2016)2 H-50FA|oF7} A]4]
A1 YA L] HA g 420] 8-13°CE Harstal LAk, g
0] el Aoke] A7 e Bz 5-25°C (Kang, 2000; Sung
et al., 2010; Lee et al., 2020)2 4, 654 2] 11422 A 9
ol a4} 219102 3 518 it QIek(Na etal., 1991). Ao
g ol Sl £ A7) o] 2HE & 27k £ o
F ol (Yoo et al., 1988; Yoo et al., 1990), A 2] el o] 3
3t 4= U5 R vl 9l ©U(Shin et al., 2007, Lee et al.,
2020), 2ol w2 YA O] AgejshA wk-gof thet d5+(Na et
al., 1991; Shin et al., 2011; Jeong and Cho, 2013 )= ulj-- |t
Zolct. wHehA 2 A= HAY 271 AR Bl A= 4
20| Y wols Fofl A Whg =] AEsket FA A
= T E 9 712 ARE sk H4]0] Jlrh
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Aol A7) 25 A AN 4% SBolha] AlA
(400 L) 2749] 2 27 2000+2] 4 g}
A8kt A £2717F 5t 55 2GS 4 A
2% FHSHO0, 2, pH 2 GRE 24 15:02C,
0.1 Z12]11 34.5+0.1 psu©] 3t}
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20 w2 OCR2 Oh etal. (2020)0] A3t
A A28 ol galo] 2 stk WAL
1S AR frbs 2 27] 2 2 A Ak
o} 2 7E G S 2o} 24 0.2
HOh et al., 2020)0] HE=5 243591, A28 U
AAE 3| E (&5 2 kW)L WZ7](DA-2000B; Daeil, Busan,
Korea) = ol 5}0] 445 418 228 A4l §A/akir).
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A8 4222 10, 15,20 12]31 25°CE A5 om, 7 23]
20 £A =AY AR H A2 2 15CE A H 51
27 =3to] ] A AF 0 2§ BF 1°CH A4 3] EEAL
Fo] AF 2o H43Y o4t 2] & AR ARSI A
3 52 22 7|17 B9 AF0 12% = SRS 235}
o, Holof oI5t G uljAsr] Slal AE Al H 297t
2 A5kt

ZF Ay oo £AH WAE 35 24 Al Y 354
of =& M FAE Zgstg on, Ao A3 FAY 205
I ) 159 Hat FAl= 22 21.4£1.1 g (mean+SE, 55%)

T} 150.5+1.3 g0 22X 554 f 22} sufeje) 3nte] 4 3uks
4-85to] AES AYstoitt. T34 483 = handling®]|
o5t 3L uj A5} 7| Y5te] 24A17F Bt X A1 T, 244
7F 50 SEZFA 0 & Abd AH|ERS 25T Abd 4|

& YA WEArEE YA Y oS AlAS L AR
80°CollA] 37t AxXAIZ & AFFS S48 tH(Jeong and
Cho, 2013). 719} 4~&0]| -2 OCR-2 Jobling (1982)°]l £J3}
HI1E offf o] A& o]-g-sto] 53T

OCR (mg O, g’ h)=(C-C,) X Q/W

=

=

C= 84 U5 §EU4E SE(ngl)
C,= 554 55| §EAL S (mg/L)
Q=EFAL AHe AT S3H(LM)
W=554 58 97 453

HE OCRS WHE3 2 7 HitghS data unit® 2 A3}
Aon], WA 205 B1E] 42 wstol] T2 Al uke
E(Q,)== ot o] A& o]-g3to] 7519l tk(Bayne and Newell,
1983). 17141, R 3 Rz & T34 1,9 whe] %t OCRe|e.

R, 10
—r—21C )
Ql()i[ lz1 ] I-T,

Abzs Zob]of| Wh2 o] 2] Au] HE o] 2] A3k A4x(1 mg

0,=13.598 J=3.25 cal) (Brett and Groves, 1979)& ©|-§5
o YA A7)0l w2 =2 thAF Aol SRt o | A] Al
& st

Xz 24

Z} 247 o] FAA 2= SPSS 11.5 (SPSS Inc., Chicago, IL,
USA)E °]-§3sto] BARZA(ANOVA)S &3l Tukey's mul-
tiple range test= Ha 7t 21432 95% Al &4 HA S}
ek 2719 FFE T-testS F3f, o3 27]9] 2t 4
two-way ANOVAE £3l| #4353t

2 o

A7]|¢} o] wE YA ] Ht OCR- Table 1] LFEFH S)
ot WA 2357 15 259 OCRL =& 10°Cof|A] 25°C
2 Aol aet f-olshA S7kskth (P<0.001). 42 25°C
o] A5} ti152 OCRL- 10°Cof| H]al| z+z}F <t 88.6%
9} 106.6% S7Fsto] t Lol Al o] 2 57F vj&-S Bt
o] 4Fe] Aol A 4= 2(T)of| w2 YA 415} tf 15| Ht
OCR2 7+ OCR=0.0591+0.0105T (2=0.9358, P<0.001)
9} OCR=0.033+0.0096T (1*=0.9406, P<0.001)2] ] #41-&
Hojrh

Alglo] o] Fofxl 7} 422 7o) A YA 2] A% F7H= OCR
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Table. 1. Oxygen consumption rate (OCR) of two different body weights (W) of sea squirt Halocynthia roretzi subjected to four different
water temperatures (T)

Group temp. (°C) Small group (mg O, g" h) Large group (mg O, g" h) Regression

10 0.17+0.005%®" 0.14+0.006°@ OCR=0.3941W01%4 (r2=0.9238, P<0.001)
15 0.20+0.006°®) 0.1740.003°@ OCR=0.4121W?"""¢ (12=0.8093, P<0.001)
20 0.2740.004°® 0.21+0.003°@ OCR=0.2760W-'24% (r2=0.8356, P<0.001)
25 0.32+0.005®) 0.2840.0044@ OCR=0.2546\W0183 (r2=0.9326, P<0.001)
Regression OCZJ_R=O.0591+O.O105T 02C2_R=0.033+0.0096T

(r*=0.9358, P<0.001) (r*=0.9406, P<0.001)
Two-way ANOVA d.f. SS MS F P
T 3 0.075 0.025 370.713 0.000
W 1 0.01 0.01 153.605 0.000
TxW 3 0.001 0 3.014 0.061
Error 16 0.001 0

*Values (mean+SE, n=3) with different superscripts within the same column are significantly different. **Values (mean+SE, n=3) with dif-
ferent superscripts in parenthesis within the same row are significantly different.

o] §-93} 742 YERY Y THP<0.001, Table 1). 4= 10, 15,
20 712] 31 25°Col| A 4 71F0]] v]8l t 159 OCR-2 717} 54
20.9,15.0,21.2 18] 31 13.3% 7HA3FSI T A2 (W)l w2 A
OCR-2-10, 15,20 18] 31 25°Col| 4] ZFZF OCR =0.3941 W--1945
(?=0.9238, P<0.001), OCR=04121W16 (2=0.8093,
P<0.001), OCR=0.2760W*12# (2=0.8356, P<0.001) 1]
I OCR=0.2546W183 (12=0.9326, P<0.001)2] 3|74
Hoom, 7h =2 2HoA AF2] P ZH7F 0.8055 (1-
0.1945), 0.8884 (1-0.1116), 0.8757 (1-0.1243) 12|31 0.8167
(1-0.1833)¢] A== vepytet. o] 4] Aatel A g A1S] OCR
£ 37](P<0.001)2} 4=2(P<0.001)0]l -3-2] 3t A FES- m]) FH 2|4k,
T QIAFO] AT A(P>0.05) F 3k v A A] ¢hShth(Table 1).

BA 225 15 42 W3t Wk Q,, 4k Table 2
of ettt £2253 159 Ad Q,, w2 47
15-20°C¥} 20-25°C -7 o A LFERTE

A719F g=20f k2 YA Q] hARRES-ofl 25t o 7] A&
Fig. 10 YR QIT). 422 10, 15, 20 18] 32 25°Cof| 4] U7t 3
FoUA] 2L 21820 AL 7171562, 65.6,88.3 T12] 1L
106.1J g d1o]Qlar, )18 7% 7}2F 445, 55.7,69.5 12|31
920Jg'd' 2 Yeht, 2050 1F B 2 st oA
oYz ulgo] F7Fstom, 7F =2 274 &T1F9 o

Table 2. Q,, value of sea squirt Halocynthia roretzi subjected to
different body weight and water temperature range

Temperature interval (°C)
10-15 10-20 10-25 15-20 15-25 20-25
Small group 138 157 153 182 1.62 145
Large group 159 157 163 156 165 1.75

Group

150

B Small group
[ Large group

100
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Energy loss rate (J g d)

Fig. 1. Respiratory metabolic energy loss rates of sea squirt Halo-
cynthia roretzi in relation to four different water temperatures and
two different body sizes. Values (mean+SE, n=3) represent with
different letters are indicate significant differences (P<0.001).

7] 48] £0] 21817 EATHP<0.001).

n B
ofaAdol g AEol A4 2 Wl ollA] 2 F7to] whet

5 50| Z7Fsh= Uukz| el 9FAo|(Griffiths and Griffiths,

1987; Shin et al,, 2011) & A& A= 2|51}, 2 A5 2
T} =22 7| 9] OCRO| -2J3h P& m|F om, o] %1 0] A+t
Akl F-AsFtH(Na et al., 1991; Shin etal., 2011; Lee et al.,
2020). Naetal. (1991)2 557 7|5 2154750 g)2t o 1
F(104-108 gy thF o & 42 20°CL}F 25°Coll A AZF 7 o]
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W2 A AH| 3RS ZARSE AT A5 49 25°C (4.5-23.5
mL kg h')7} 20°C (3.7-21.0 mL kg h")%.c} oF 11.9-21.6%
Z7)8k9iaL, T 1E0] 4 25°C (4.2-16.1 mLkg' h')7} 20°C
(2.2-13.2mLkg "' h")}XE T} 2F22.0-90.9% S7}s5fo], & Al¥ o
20°Co| 4] 25°CE AF58E 74 2F 20.1-32.2% Z75h= Axfe}
Aol BAX, o] A& 7], BA7IKLOCR 24 e 0 5
B4 S8 5 A3 upge] 2jolo] 7]eleks Ao A7k
t}. Shin et al. (2011)2 YA eF4lo] o] Fo|A1L Q= HE &
of 2] Y 422 H9]¢] 8.0-25.2°Coll A} 14.1-179.6 g2] WA
£ g2 OCRS =438 A3 7-109(H+F 0.37 mg g' h)
o] 11-29(H+ 0.18 mg g' h')=r}h oF 105.6% %7 LIE,
=AY 10°ColA] 25°CE 5T 4 2057 t 15l A]
F7} oF 88.6%2t 106.6%2] Z7Fet Auket fAFSESITE Lee et
1. (2020) 4] 9.8-24.7°C H 9] A] 4=2-2 WA 2] OCR %7}
| 4229 oJakS v ATkT 1 askl o), BAje £t 8
Z7H(Ascidiacea) Ul Styela clava®l 73$- 12-28°C ¢ Wl &
& 5ol AAl OCRe 2132191 doFe w|zltkar B arslet
(Jiang et al., 2008; Kang et al., 2015). 0|2} B &0 AL} Zo]
oA AS1= Liitorina littorea (Zeuthen, 1953), Ostrea edu-
lis Newell et al., 1977), Crassostrea virginica (Shumway and
Koehn, 1982)°]| A &= ARG 73 gFo] HarH uf ik,

P 2] T AF T OCRS A5 F7hol| whet dyke
O = Fraoin, & Ao = FURt HeFo] Uehpten o]
o] A+ Aol U A5k ck(Naet al., 1991; Kang et al., 2012).
Na et al. (1991)2 555 7]& 47-50 g H$] A7} Hef
£ 104-108 g 919 7fA R} 422 20°C2} 25°Cof|A] °F 6.7
40.5% OCRe] Zh2:3lthan Basho] £ A1g0] 5ol 42 9]
ol A vrehd 13.3-21.2%9] Z4 vl&- F-AFHITh Kang et
al. (2012)2 Ht F7) 47, 56.7 1211 68.7 g&] Al7HA] 27|
TFY PAE WYL E 2 20°Coll A OCRS S At 2
7]of whlgstelen] 27 OCRE 22} oF 0.1-0.3 mg g
h' veh 2 A9 20°C A319] 0.21-0.27 mg g ' h'€F F-AF
St A5 ®Qitt. kA9 Brachidontes striatulus (Gunasingh
Masilamoni et al., 2002)2} Mytilius edulis (Sukhotin et al.,
2003)9] ¢ =2 & 27| F7te] w2k OCRO| F716h= B
AL glo] o] whet Aolgt Ayt ehdS & o ) SITh

AdRbA o & YA 9F 2 ofufujFo] A7 whE Akas AxH]
(oxygen consumption, OC; mg O, h')i= A|5=A][OC=aW" (a,
b AFR)] 080, HE(weight, W)©0.8 FHE L= OCR
[(mg O, ke’ ) =aW | o|o]}oi, o] uj =712 eJakel 4
F(b)E 53l & 4 th(Shumway and Koehn, 1982; Oh et al.,
2007; Kang et al., 2015; Lee et al., 2020). Lee et al. (2020)
2013\ 7955 20158 19702 AR} 745 2o BAE A
Hotol oES AR A} o] o yEhd 2x(b)= 0.841-
11172 e £ A3 9] 0.8055-0.88842F G-AGH HYYE H
%21, Bayne and Newell (1983)3} Gosling (2015)°] Ei1k

F

N

o

2

ofg] Ff AAEES] A4x(b)2] “FTHH (upper limit)2} 2] +=
Aog & o AAlFE2 27 AR A 27 A9
2= ol vigsiotal Huskict Fdet s 27 W S. clava
9] 7% Jiang et al. (2008)2} Kang et al. (2015)2 212} 0.4755—
0.69882} 0.441-0.8692] 7]2(b)2 H. 115}, Styela plicata
(Fisher, 1976), Ciona interstinalis (Shumuag, 1978) 12|1.
Styela sinensis (Zhang et al., 2000)°1| 4] 2+2+ 0.81, 0.7 Z18]3L
0.64630] R =t Th2 o]ufju]| 721 M. edulis, Chalamys
forreri, Pecten irradians, O. edulis “12] 31 Cardium edulis®] 73
9 7+7} 0.555, 0.597, 0.820, 0.480 12|37 0.5600] H ilk|o]
(Winter, 1978; Newell and Bayne, 1980) AJ=of el 27] 4
o 2| chopahA| LheRhS ok 4= 9lek(Jiang et al., 2008). o]
of 28 Ajoliz 7k Ay o] cheket A2 Aol Al ] 9
3174 27104 71918k A 0 & AZHE th(Jiang et al., 2008).

Q, & 4-& W] nje AEe] MRS e A%
2 A|(Jiang et al., 2008), & A& A} 10-25°C Alo]o] =& W
stof| whet YA Q] 215 tLE-S 217} 1.38-1.823 1.56-
1.75 Y& H ¥ o0 (Table 2), 2153 159 A 2+2t
15-20°C-#74a} 20-25°C #1bell Al 7P A UrEf, o] =2
Tl A AW B FAIE ol B ol v #] 4H]E gtk
e & Qlnk o] Ao A 56l = wff A A IA 2211
B wollA oF 1, 12 o5 =2 tAkE 71l
U2 G4 |9} tjEo] Aol Fast Bo] 3 w7t
Qs 7oz Y7L Lee et al. (2020) HA] 54 14
of| w2 thAt 8+ B RgH 7HE ol R 7F U A[5HA] ot A|
W oA 7} arzbe] o BA7E ZHAsghobar Harskal glo], ol &
A o] I TS AL ok T8> HesEo T
A, 3% AEE A 52 Sl gt odR| 9] =8 a4 3}
A &9 slt2 A (Kern et al., 2014; Lee et al., 2020), A2
SEUARR QI o q A 42| 9] A9 Lee et al. (2020)2 A
O] TFTALE Q1% ol R] 4xB]7} oS- T AA 77 272.4
Jd'¢} 186.5-201.3 J d'-& B 135111, Shin et al. (2011) QA
7-1097k 11299 H+t ofjf 2] 2u]&o] 21211208 J g d
(A 288 037 mg ¢! h'] TH] EH4h}F58.7 1 g d! (0.18
mg g Ir1o] 9] byl ol ErkaL wirsla glo, & Al
44.5-106.1 ] g d'o} FAlet A3k B it o9} Z-2- oA
aHlEE YA A A B o] whE Ho)] I A,
2y whe] Wet A Bdl 55 Rt 7|2 AkR R A E
o] Abefe] W ALY S el 28T 4 e A
A7k,

o] 3e] Ao A 3} A7]= A2 OCRO|| f+-2J3F F
= PRItk AS o 4= dslom, WA A A |
w2 27| ARS The] 9 of| U x| =28k ofu 2t Al A
A A WE whet W ol &E 913t 712 AR E E8E 4 9L
A0 2 AzFETE Kim (1980)2 26.5°C o] Akoll A HA 1= ¢]
T} Sk 2 HARgohar Barskar lar e veht

il

|o
ull

O L offt ot

4y o o 2
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