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Effects of Water Temperature and Bio-logger External Attachment on
Oxygen Consumption of Korean Rockfish Sebastes schlegelii

Geun Su Lee, Pil Jun Kang and Sung-Yong Oh*

Marine Biotechnology & Bioresource Research Department, Korea Institute of Ocean Science & Technology, Busan 49111, Re-

public of Korea

The oxygen consumption rate (OCR) of Korean rockfish Sebastes schlegelii (mean weight 573.9 g) was measured
using a closed flow-through respirometer under two external tagging conditions [non-tagged control (C) and bio-
logger external bio-logger attachment (BEA)] and three water temperatures (15, 20, and 25°C). Water temperature
significantly affected OCR (P<0.001), while BEA had no significant effect (P>0.05). OCR showed a linear relation-
ship with temperature (T) between 15 to 25°C: OCR=-57.0229+7.8729T (1>=0.95, P<0.0001) in control and OCR=-
79.1333+8.7433T (r*=0.97, P<0.0001) in BEA. The highest Q,, was observed from 15 to 20°C in the control and
from 20 to 25°C in the BEA group. BEA consistently showed higher Q,,values than the control across all temperature
ranges. Water temperature significantly influenced metabolic energy loss (MEL) rate (P<0.001); however, MEL in-
creased more rapidly with temperature in BEA than in the control. These findings offer quantitative insights into the
metabolic response of Korean rockfish to bio-logger attachment under controlled thermal conditions.

Keywords: Bio-logger, Tagging, Thermal effect, Marine fish

M B

A 217124 biotelemetry) & 11 A} 1 e) oAl
22 Q1912 Q1 27 WollA] o] 72 3wt A e of] Tt
AR5 2491 P2 glo] A7l e %A 17H mU e 4 9)
= 83t o5 W © 2 A)(Smircich and Kelly, 2014; Macau-
lay et al., 2021), Tzt Al A eF HlofE] A7) 3l viE 2]
o2 FAH vlo] 2 27 (bio-logger)E &85 BYEEo| o]
Fo] Ak Macaulay et al., 2021; Park and Oh, 2023; Kang et
al., 2024). HRo| L 2 A = A o] 7] AlEA AAlpA] 9 A
Agg et ofuj 2} thret 4181 27 wslol e s 5
A 0 AEE AE 53 28 Al At ng e
(Cooke et al., 2013; Macaulay et al., 2021; Park et al., 2024).
AR 0|9} 7He AW = ujo] 9 27| KA} A F| So] ulo] o2

Aol oJsff YFolut AW A2l 4 FaFo] n|A|A] gh=th= 7+
o] AA|=jojopgt AlZE 4= Itk Perry et al., 2001; Jepsen et
al, 2015). 2, uo] 2.4 2} AjHle] YR vol @ 2 AS b
2}51A| oF2 TNA| BFE i Este A SR Q1A1E 4= 7] Wi
o[th(Perry etal., 2001). ThehA] Blo] @ 2 A S S8 =4
274 7 vlo| 227 Balo] nlA|E G o] g 43 7
7F B4 o2 g -Eth(Macaulay et al., 2021).

AELASA A AFE 5= Al L 2 A= 543 g0 et
radio telemetry, acoustic tag 12| 1! satellite tag 5°] ]2
(Hussey et al., 2015), T/ of ol 485171 $1eF A gkt
& a] el Rk, EA9lA) W vlole @] 5 v
& ol digh AelA g3, 12 vpole A RAa g Fof
tfjgt AL7} o|F o] FH tH(Mellas and Haynes, 1985; Kang et
al., 2024; Oh et al., 2024). ©] 5= satellite tagQ] pop-up satellite
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&4, 798 Aot W 2B A {8 T oA offell A A
o7 BAA JF2 v]A 5 s ol Yltk(Thorstad et al.,
2000; Steinhausen et al., 2006; Methling et al., 2011; Thorstad
et al., 2013; Kang et al., 2024; Oh et al., 2024). =, A=
o HEAASA 7o) A4S Ss] AL ol 2.2
7] Saol w2 424 o] ek A A 2AKE Ul %
Q3}cK(Thorstad et al., 2013; Lee et al., 2023; Oh et al., 2024).

A4 4H]E(oxygen consumption rate, OCR) A&
o e Ao Fagt AW thrtell A S HgFeksh= 7H
32 A Q1 ®IHH © 2 A(Pérez-Robles et al., 2012; Lynch et al.,
2017), vpo] @27 Fzto] 7]QIet Ae|%] Jgks wotsh=t|
&3t u o2 S8 Qlth(McGuigan et al., 2021; Lee et
al., 2023; Oh, 2023, 2024). v}o| @ & 7] B2k} 7k 0] 914 o
3} oo] -2 ofze] A thAlkS el 7 Ko
FE v A= FQ T AREA|(Pirozzi and Booth, 2009),
vlol 2.27] A2] 32ba - 2of k2 B o] ok
WEAAEA ATE 8 War o2 RTEE 1 Aloltt
(Lee et al., 2023; Oh, 2024). Zu]52(Sebastes schlegeliiy=
Scorpaeniformes= Scorpaenidaey}of| &= WEA ofF2
A B HAIR, 5, Q2 L ket A slele] Aok ohyt
2 @] 25 A28} (Yamada et al., 1995), Ad4o] e} 20
Q4] olol At 2igk Ao} AR E Slek bk Akelo) 2
thAarE o 2 Qajuba(Park et al., 2007)¥4t o}y 2} Z3(Song
et al., 2023)0] A &= X|&52| Q1 BF 77} o] Fof x| AL Qlt}. sFA| Tk
) 2to] QIgk Ao o] W 33 SAjo] cfet Ale| A Ak
Ao, Al9] 23} Hlol 0 2A1% TET ABUHEY A
i ol ol2l w7} gl 2 Rete] 45 ulo] 2.2 A2 3
2hof| w2 AW N9 sletA] A wstel 22 e A vk
(Park and Oh, 2018) &1 H 117} QIAA|TE, 9] F2lo]| ufE
OCR H3}of ¢l At o] Fof A A] dth. whepA 2 A+
ol A= Hpo| L2 A A Q] K2k} 4=2.0] Zjolof whE ulEet
O] OCR} of| L} A] axH|& 5-9] 2] 2] M35 A wfslsto] 21
Egof| |2 FE dotE Tt

o
At 2

5
AU ko] A A AFof| A ARS 9 Bt Ak
i AAo] 22k 573.9+21.6 ¢ (mean + SD)2} 33.2+0.7 cm
2]t 18012) S AMgalolet. AlE 1 Tl 9 51.0%
A& A5 (Aller Aqua Co., Christiansfeld, Denmark)E 4
oJAHIF] 1.0-1.5%9] H]&2 A ofolA Fastalom, -
i, S22k 2 pHE 242} 204+0.1°C, 33.9+0.1 psu,
75+03 mg/L 123 7.9+ 028 SA]5Hgich

T2 W Hfol e 27 A 9] F2to upE 2u]E20] OCR &
o Aol 48 BEA, A o
o]X Lee et al. (2023)%] &g SHAI LTS ARESHIT 4
T TG SAALE W A &5 2 kWO 5lE eF gzt
(DA-3000B; Daeil, Busan, Korea)E AMg-sFo] 24 9 5-%|3}
fo0], 7t Alg 270 58§ U 2050 S84 5
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[oRRESug
o] 2|7} #| 4 0.2 mg/L o]AH(Lee et al., 2023)0] &&=
T A

Ju

A

A3 222 15°C, 20°C, 78] 3. 25°C= Lee et al. (2023)9] 1]
of whe} 2AsHT) &, L 20°Col &2 H A7 012 20°C =
79] 223 =ghofatA] A|AH 3 set Yol outa] ] FARQ] 2 4§
Skod 5FEof 1°CH Yg] ALt =0 15°CoF 25°C2(H, 20°C %=
AL A 9]) 243 thF 24 10Y o4 ZF Ay m2of A=A
ShoiTh. ZF Y 2 2719 A ol= OCR &4 A Abs A5
of wh& A2 A FaFe viAIsE] el 297 F AR ok A Y
< X35k th(Lee et al., 2023).

Hpol o 2 7] |9 F2k2 Lee et al. (2023)2} Kang et al.
(2024)9] Wilol] vzt Zalaet S ol 28 29|
silicon tube (2178 4.24 mm ¥ W73 2.64 mm)E wilton ap-
plicator pin (Wildlife Computers Inc., WA, USA)S AR5}
o] A5k 3 tube Y= monofilament (7] 0.64 mm)E @
o] dummy mark report pop-up archival tag (mrPAT; 55 40
g, 40| 127 mm)(Wildlife Computers Inc.)2} 914 3}5 th(Fig.
1), o] .27 Rt A] WS ol w2 A=A 5 Al A
2 2|43)517] 913l 2-phenoxyethanol (Junsei Chemical Co.,
Ltd., Koshigaya, Japan) 150 mg/L2] &= tlF|A]7] & o]
L B2AE HAsY o, B2 F jodine solution @ 2 F2}F H.9]
£ 253502200 mg/L 9] oxytetracycline 5o A 157+ oF
£-5}31(0Oh and Jeong, 2021; Lee et al., 2023) S84 of] ~8-5]
). Z3]Beke] OCRS Hlo] @27 4]9] 58(bio-logger
external attachment, BEA)2} 1] 521191 tf] 2 ~(control) 74|
2t o)y 7 g oo 28 554 Yol 830 4
S50l o3t 2B A s, T W A8 2 AR 2o vt
SAIZ171 Y8l 12A17F oA P AT T3 30% THA S & 64
7k &< SAsHTh ZF =2 2704 33] BhE ARE AA|

19121, OCRL ol Jobling (1982)] Ao ute} Latgict.

I3

OCR (mg O, kg'! h')=(Ci-Co) X /W

Ci, 015 554§ SEAL = (mg/L)
Hl520] §EAA S (mg/L)
Q. oIF BEAS AL A7 G (L)
W, 554 58 o4 F(ke)
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Fig. 1. The process of the external attachment of bio-logger mrPAT to dorsal muscle of Korean rockfish Sebastes schlegelii.

3|2} BEAS} 270] 420 T2 OCR®] data unit
BHE 2 poolingste] 2 Bk AHESHEON, S8 W

%(Q,,)= okl Wuenschel et al. (2005)2 A& ARHE-5fo] 5}
it
10
Q= [%] &

o1714, R 7} R = 42 T3} 7,9 w2 3 OCR

G2t uto] @ 27 Katol wh2 2 1] E2ho] thARES, 5 OCR
HASHE Q13 o A] |82 oY A - 2HAI4x(1 mg O,=13.598
J=3.25 cal)E o|-&-5}o] A5}l h(Brett and Groves, 1979).
SA 2

E A% Ay £ T2 72 SPSS 11.5 (SPSS Inc., Chi-
cago, IL, USA)E o|-§-5to] Hpo| o274 A|9] F2 J3 T-
test2 HSolR AL, 2 FF2 one-way ANOVA 1&]il =
21} vio] 9 24 A|9] HaF 53 JF2 two-way ANOVAS
23| §-2J5t 2Fo| 7} UERS 7 £ Tukey's multiple range test®
95% Al=Z]4=ol| A BT F24d-S ARSI
a 1

G2-3} uo] @ ® A A| Q] Fato]| wh2 ZulEeke] Ht OCR
& Table 10 Uebfi it 23]529] B+ OCR-S BEAS} 4
T§lo] 2of wek #-9]8HA S7FsttHP<0.001). 4~2of ot
£ 2} BEATH 291529 H4F OCR 37F H[E&2 =2
15°CoflA] 20°CR F5 Al 42t Bt 57.2%¢2F 57.9%°131L,
20°Col|A] 25°CE A4A] 22} 44.0%9) 62.6%, 123l 15°C
ol A 25°CE A5A] ZF2F 126.4%8} 156.7%8 e, 4229
u}2 BEAQ] OCR 57} B|&o] 2Rt &9kct. shA|gh 2
$& 20A dizT2} BEAZF v E2ke] Hi OCRS &
oJ3t zo]7t $IATHP>0.05). 4=(T)ol| w2 zujEeto] 3
 OCRE Hpo] .27 nlRAHZ, th27)9] 79 OCR=-
57.0229+7.8729T (=0.95, P<0.0001)0]2}3, BEAS] A<

OCR=-79.1333+8.7433T (*=0.97, P<0.0001)2] 2]7]4]&
itk ol4ke] Aol A 5=2(P<0.001), HFo] 22 A #| 9] K2
(P>0.05) 12| 3L 7 QIR AFEAE(P>0.05) F K10l
u]= 2] ot OCROY| #-27h FF=2 AT

& Y Hho| o 27 |9 Fato] mE ujEete] £-2 qigt
&= Q,, &k Table 20 YR QIe}. 422 15-20°C, 20-25°C 1
2|2 15-25°C 719 Q) gk ti=to] - 242+ 247, 2.07
712]31 2.260]9131 BEAQ] 739 747}2.49,2.64 18] 312,572
UER A -1l A BEAS] Q ghol =9to-m, B2k BEA
27} 15-20°C24 20-25°C kol A 7He =7 Vrebseh

ool 27 Ao} 2 gl 422 wigto] w2 ZujEete] A}
ofAA] ABl&2 Fig. 200 UeERlnt. Zulaete] A3t Bt
oA aHlge AY 2 2304 tj279t BEAE 242t

-
L

Table. 1. Oxygen consumption rate (OCR) of Korean rockfish Se-
bastes schlegelii exposed to three different water temperature (T)
and two different tagging methods (TM)

™

T(C) Control (mg O, kg™ h™") BEA (mg O, kg h)
15 62.3+1.92¢@" 55.8+0.38@
20 98.0+1.15@ 88.110.87°@
25 141.048.082@) 143.312.412@)
Regression 1% 05, Pe0.000T) (0,67, P<0.000T)
Two-way ANOVA

df. SS MS F P
T 2 20,943.320 10,471.660 271.844 <0.001
™ 1 99.831 99.831 2592 0.133
TxTM 2 116.582 58.291 1.513 0.259
Error 12 462.251 38.521

Control, Non-attached of bio-logger; BEA, Bio-logger external at-
tachment. *Values (mean+SE) with different superscripts within
the same column are significantly different (n=3, P<0.001). **Val-
ues (mean+SE) with same superscripts in parenthesis within the
same row are not significantly different (n=3, P>0.05).
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Table 2. Q,, values of the Korean rockfish Sebastes schlegelii ex-
posed to two different tagging methods for different water tem-
perature ranges

Temperature interval (°C)

Group

15-20 20-25 15-25
Control 247 2.07 2.26
BEA 249 2.64 2.57
Control, Non-attached of bio-logger; BEA, Bio-logger external at-
tachment.
60
EEEER Control
50 | C—3 BEA a 4
2
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Fig. 2. Metabolic energy loss rate of Korean rockfish Sebastes
schlegelii according to two different tagging methods (Control,
BEA) and three water temperatures (15, 20, and 25°C). Con-
trol, Non-tagging; BEA, Bio-logger external attachment. Values
(mean+SE) with different letter are significantly different (P<0.05).

20.3-46.0 kJ kg d'9} 18.2-46.8 k] kg d' W& vepych.
222 15°C2} 20°Col| A= th =7} BEAS] Hl8) oF 1.11-1.12
v =2 Al ol A] AHE-E, 25°CollAl= BEA7} tx+9
il oF 10241 $=& AgS HAARE {205 2pol= ¢lolth
(P>0.05). &, Hio] @2 A A|&] F2to]] wp2 U7F Al o |
aHlE0] G AT (P>0.05), & dsTko] A} oflH
A ZxvlEof {23t FakE v H TH(P<0.001).

L.

2 A A} Hiol e = A A9 AR AFEglo] euto] =
1]=2+9] OCRO +-2J3F FaFe nlA, o] 9] A Aufe} of
2 A= B tH(Lee etal., 2023; Oh, 2024). Lee et al. (2023)
< Bt FA 2,281.7 g0 HAE Lo m 2 AFolA AR

3} silicon tube Y monofilamentS ©]-8-5}0] vlo]| 2. 2 AE A
9 Bz} & 222 15 20, 12|31 25°C 2794 OCRS =43t
A} e vtol e 24 A 9] F2h, e ar FRIALS| AT ARG
R =7} | X|(Paralichthys olivaceus)2] OCRO] 3Fg u|zIch

3L B3k} TS Oh (2024)2 Hat £7] 2,175.0 g A
o](Lateolabrax maculatus)E 42 2 silicon tube, anchor
monofilamentE &3t Hio] @ 24 A| 9] F2} A] 423} Bo]
Q2 A A Q] Al F QI}0) A5 A E7) AE50] 9] OCR
ofl froJ3t & ml A= A o2 Y, & Aol A Uehd 4
2ol §ofgk gk vtk Aol thE S Aok
ol2} o] vjo] 22| A9 ol TE o] FH OCR §F
2 A X|(Lee et al., 2023)2} WEAN 7| (Coryphaena hippurus; Mc-
Guigan et al., 2021)2] 7% ZrA5h= HHH, A ¥t H(Gadus
morhua; Steinhausen et al., 2006) 12|31 ¥&o{(Angulla an-
guilla; Methling et al., 2011)2] A$ Z7}el= A0S Hol B
A} Ao st A qt, FA4Yol(Carcharhinus plumbeus; Lynch
et al,, 2017)& Blo] e 24 A &] Fato] tjalgo] FaFe v|A|
A epecki Bk Qo] 2 A Azket fARt

Oh (2024)+= &=~22} A ¢ F-2higof wk OCRe| ]2 = 9
s checka BBk Oh 0240 Hole] 49 48
15°Col|A] nto] @2 A9 Fzfo] JkE w|A|A] ¢grob 2 A
3 Ay}l SARFI AW, 20°Coll Al anchor, monofilament
4l silicon tubeE -85t A9 Fahbs] mE7E T3 25°C
ol A= anchor ¥2lo] OCRe S7HAIZITHAL H 15}t o]
o} Z-2 OCR 57} Fi= s Hio| @2 A A9 Rt w2
2 (drag force) 5 7HMethling et al., 2011; Tudorache et al.,
2014) E= T4} o] 7 o}7}m] &] -84k 4 % (ram ventilation)
789 ZH4(McGuigan et al., 2021)7} ¥l 4= o] &F% )
et Al QIAbol| gt F3F A7t P asieh EgtHlol e g
A A9 FARE 2L RO A 8 B Y T 23] Al
dhof| W= AE YA HES-0 2 A thekgh el 4] ofgko] yEt
4= 212 1(0h, 2023; Oh et al., 2024), o] = 213F AW A3
FAIE 913t ol q #] B]-g- #3}o]] w2 OCR 579] Hsk= Lhe}
Y 2= Q1tH(Oh, 2024). Park and Oh (2018)2- dummy PSAT %
9] Fatol| w2 ZulE2N(Ht 896.7 g)2] AU HAAJAL WS}
£ 2197wkt A} o} 7| 9] A7 ol 2 FakE v A] g
Aom & o, 2 A Hiol ez R AA|ef m]F2F A)A|(
=, j27)7k] OCR Zol7h e S htel gelo
7L}, o] 4pe] Aol 4 ol ufe} wlol 22 Ale] 32}
9] ko] thEA Uepdti= A& & 4= 312 (Jepsen et al.,
2015; Lee et al., 2023; Oh, 2024), Z} o]FH¥ A1 5 S 2=
Zo] opd i B2} vkl (Tudorache et al., 2014) 5 Hlo] 22
A Rt mpE 2B A A W FY 58 a8 A WekE
Tk obug} of A 7] W vlo] 9 2 A FA| v]-&(Thorstad et al.,
2013; Smircich and Kelly, 2014; Oh et al., 2024)3} 72 t}%F
ek QA= thEt thAdol 7ol Ael 4] g5k ateta) vlo] e = A
F2aE Y T P A QL FA i of] i gh aLe 7 3RS glo]
ofF gk Al o|tH(Lee et al., 2023).

T2 7P tEA Q] o7 Ak 2ERIAEA, & AY
9] 2uEe OCRE 4~2of whet {23t S7H5 Helow o

il
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A

re

T B9} A3 THOh et al., 2007; Lee et al., 2023).
, 522 AFso]| W 43 A OCR 27K, OCR =a+bT, T=3*
YE 22 0(0h et al., 2007), 2 A= FA3}3ct Oh et
al. (2007) 2 o1(Bt 12.9 g)o} n]4do(351.1 g)9] Zu|&2t
S O RE 2 1594 25°CE 5T Z$- 21019 OCR2
414.2-843.8 mg O, kg '} OCR=-209.34-+42.95T (1>=0.96,
P<0.001)2] 3] 7)41& H a1, ulAdo]o] 4 182.0-328.2 mg
0, kg' '3} OCR=-38.80+14.62T (1>=0.98, P<0.001)<] 3]7]
AlE Hol & A fARsEIT sHARE, OCR A5 712 71(5,
b)= Oh et al. (2007)2] 14.62-42.950]| B3} 2 Al o] A] A
(5, 7.87-8.74, Table 1 =) UEFTE o] 212 A7 ol AMERE
WA Z7]0l 71218 A0 =2, Ut O 2 ke A Fd OCR-2 A|
5 570l whet 7423k (Oh et al., 2007) o] of whet Hot o 2
NAE AH&EE 2 AF ] 7F =2 Bt OCRI =2 45|
w2 A 7187] GA] fragh Ao 2 AzbEnt gk 2 A
Y 2 d5(F, 15°C-257C)0f w2 2152 B OCR
e HlE-2 126.4-156.7% LFERLE, BT} 242 7h A 2 A g o]
o] F0]Zl Oh et al. (2007)2] 80.3-103.7%}.t} =Skt} o] AL
Ag o] o] &3t 2u B <A77 A Ui E AR
Zfolof ofgk A o= YzbeT), shAIRE 2 Aol w2 BEA
9] OCR ‘&5 Hl&o] thzto] Hlal] E9kom, ool A+t &
(Lee et al., 2023; Oh, 2024)2} G-AFHgITh. 2 A% 0] 72
o] @ 27 ] fzho] 2u]E2ke] OCROY| #-25h G vl
A A] QYA 42 51} Tl E o] Hio| @ & A Fato| w2 K
g 9 e 7k 958 A Lol Al9] &4 0] OCRO|
FAF= A g Qleng Fs Wt o A7) ARl AdS Fe ot
Feh A A 32 2] B4l o] atEITt

B Aol A Uelhd Q) 3 2.07-2.64 M2 A, dut o
B A W =2 5ol T Q,, kel 2-3 W2l (Fry,
19712t LAHTE 2 A At A9 42 7 BEoA
BEAZ} t &2+ B} 2 Q, 4+ Bglon, ojde] A+ &
119} U5 ATHLee et al., 2023; Oh, 2024). 3}A|4F Hlo] &
27 A9 B2o] w2 Ho| WAL Y3 (Lee et al., 2023)
9} A501(0h, 2024) 7- 15-20°C 1ol A YEp & A E
9] 20-25°C 7= Afo| & BT o] A2 o] T A 4] =2,
A FEl(F, AAA Be 92 B 3A) e
AW Aeehs H= Fofl &gk zfojof o3k Ao & AYztert.
53] 2 A A w2 42 W EE g2, 15-20°C)
¢} BEA(F, 20-25°C)ttol| =2 11| Zpol& K glew Oh
(2024)9t AR A3HE B} o] 212 Hlo] @ 2 A A 9] F2}
of wh2 A e H A-g A= o] ol whet L ke g
2 42 9)o] gk upo] 9 2 A Kol mp2 Athy] B of whE AY
2|4 JF mpoto] F g5t}
2 AY A} 22 259 A} of| 1 A] &H|Eof AH

G vElen, o] o] At ATHOh et al,, 2007)2}

%It} Ohetal. (2007)2 <=2 15°Col| A 25°CR A5 Al &

[‘}o JIN e
>.

ke

X

d

>
ofr ro
QL o,

52t ojet nl4ole] U7F B ik oA Arlge 22t
282.9-576.3 kI kg! d'9} 124.3-224.1 kJ kg d'& K15}
OF 1.8-2.08 S7FoF3L AL, 12 AR ol A Urehid tiAl o L 2] AxH]
£(&, 182468 kI kg' d) 9] W Z7} v|-&(Z, 2.3-2.64))
B &0 52 Ad50] oA HlE 571 = AldS & 42l
o SHAIRE Ao gEe] Afol= bAl AaRt vhek ol ZiA =27]
Zpolof 711gk A 0 & Abm Tt o] 9F 2 o | 2] AxH]Eo] tf
A H = A SolA BEEASH A i A= ol|A
A](Adams and Breck, 1990) 2 A4 sk w2l J12(Bartell
et al,, 1986) 5o 2L 4 91 Aow A7, ol o2
7] 5ol w2 zu)Eete] oAl of 7] Au]&-E Ho]E ol
2] oFo} oA Y2 (Lee et al., 2023)2} F5-0(Oh, 2024)9}=
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