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Influence of Biologger Attachment Method and Water Temperature on
Oxygen Consumption of Spotted Sea Bass Lateolabrax maculatus

Sung-Yong Oh*

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

An experiment was conducted to examine the effect of four different external biologger attachment methods: no
attachment (control), anchor attachment (AA), monofilament attachment (MA), and silicon tube attachment (SA);
at three different water temperatures (15, 20, and 25°C) on the oxygen consumption rate (OCR) of spotted sea bass
(mean body weight 2,175.0 g). Fish OCRs were significantly affected by the blogger attachment method (P<0.001),
water temperature (P<0.001), and their interaction (P<0.001). Fish OCRs increased significantly with increasing in
water temperature, independent of the blogger attachment method. The OCRs of AA, MA, and SA were considerably
higher than that of the control in 20°C. At 25°C, the OCR of AA was significantly higher than the other attachment
methods, but there was no difference among the control, MA, and SA. The Q, values of AA, MA, and SA were high-
est at water temperatures ranging from 15 to 20°C. The metabolic energy consumption rate (MEC) of fish increased
with increasing water temperature in all experimental groups, and the MEC of AA was the highest at all water tem-
peratures. These results indicated that SA is an appropriate biologger attachment method for spotted sea bass under
our experimental condition.
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lite archival tag)«= W& | E757, A= 2 TAfjol7e &
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Hlo] @ 2 7 (biologger)E 0183 AEYZA S (biotelem- 2 EA ¢ Lo AH-S 7HA] = tag & A](Stokesbury et al., 2004;

etry)2 3% o]5%2] GIS (geographic information system) 7]
uE4, 522 0 A A B SR okel 44| 22 5 o
ek AEA Am 543 vo] o4 ol5e] AHaekA ) &
%5 9 9 ok Ao ek A 34 B WASHE HPAEA
9] 9hg AT 59 ATSHz -8 1 Hofo|th(Block et
al., 1998; Arnold and Dewar, 2001; Bridger and Booth, 2003;
Musyl et al., 2011; Lynch et al., 2017; Oh and Jeong, 2021;
Lee et al., 2023; Park and Oh, 2023; Park et al., 2024). A&
AZ 7 o] AME-Sl= ThEt Hlo] 2. 24 5 PSAT (pop-up satel-

Wilson et al., 2006; Graves et al., 2009; Musyl et al., 2011;
Park and Oh, 2023; Park et al., 2024), THAMAY o) A ] F-215t
PSATE: =213id o AZH 5 ehetel 5 sfos we
2 & A= A7E ARGOS (advanced research and global
observation satellite) 2 #<4:5l= 4] © &2 28 t)(Schaefer
et al., 2007; Hazen et al., 2012; Park and Oh, 2023; Kang et
al., 2024; Park et al., 2024). 3}x|q 0|9} 72 PSATS] 4|2
2o i A $3 F7\of wreh A are o)A & s
©@3o] Slth(Grusha and Patterson, 2005; Steinhausen et al.,
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2006; Burgerhout et al., 2011; Methling et al., 2011; Lee et al.,
2023; Oh, 2023; Kang et al., 2024). v}o] 2. 2 7 2] X 9] F2}of|

2 BAA A F5(Pagrus major)2} Z21]E2(Sebastes
schlegelir, Park and Oh, 2018), ®o{(Seriola quinqueradiata;
Oh and Jeong, 2021), WAkl (Anguilla anguilla; Burgerhout et
al., 2011; Methling et al., 2011), thA|%F 54 Gadus morhua;
Steinhausen et al., 2006) 2! { x| (Paralichthys olivaceus; Lee
et al,, 2023) 5 ThEt o] ol A Al DA A, 2B A B
22 9 o] AH]of el HAlE HE §lo], Hio| @ = A &g
S AELASA AGE iMool thigh AP At7F 8
=

AkA AsH]E(oxygen consumption rate, OCR)2 4=5-9] &
Ah SRS U 47 B AR oR 24T 4

i

S(Turker, 2011). olo] o] B A7olA Thoket o F5S
o o 9 skl T 2Eds W B 94 5
of Wast AW Aeld vk PEo] Hush AERARY of
Ut op olfel HH A ol 43 58 AN A%
bioenergetic model 1+=0f] 4= Q12 OCRS &-8-5}1a1 it}
(Jobling, 1981; Dube and Hosetti, 2010; Cech Jr and Brauner,
2011; Lynch et al., 2017; Leonard and Skov, 2022).

£3], OCRE ol 2.27] |9] Rkl 2 o)t QIxjo]
ol w2 o 7ol A% JF Y energetic FEE TH}5]Y]
3t ok o2 o]8-5 1 Qlti(Steinhausen et al., 2006;
Burgerhout et al., 2011; Methling et al., 2011; McGuigan et
al., 2021; Lee et al., 2023). 0]&} t]&0] 222 o] 72| AU A
eJukSat ofui ) Aulo] 440l GRS X T Fast
915 FRAREA, oI5 AR At 9IS Lhehdl 4= glof
(Fry, 1947), ko] 9 27 9] 310] w2 2t A ] Ak 432
) 5re molslr] $lalA Leslof 3 Fa A % shfolth
(Lee etal., 2023).

#=-0(Lateolabrax maculatusy= t) ¥4 33414 oFA]o]Fo]
A g-elupet Qloh A ol LEFR 0 ol EA910 2A] ol
2 EAS YV PEUAZY Q7S 52 TR A2 et
2} 48 570] 275 Aol ATHOh, 2023), o] That A
T BEG ARolth, Aol Ao ol o2 A BEE
SJgh vo] @ 27 2|2 22} 917](Oh, 2023) L A2} H2py
(Kang et al., 2024)0]] tjgt B 17} QAT vlo] @ 27 Hz}
of] w2 A 2] & tARH]E, & OCR W3} A= o] Fo{ 7 upr}
glth 53], vlo] e 24 F2PHS 4ol fof it Rata g
Pakope} AEHAE S 4= ¢lof(Kang et al., 2024), ©
of thet ] 4] 7 atefo] mif- Fasitt. whEhA 2 5t
A& Hto] @ 2 A FAR 1l 4-2of k2 1450]9] OCR H3}
o oof| wh o A] B]-&-2] 2ARE F8f Hio] 2= A FAbo] up
< AW Aeuks-o] sl g A= s aetstr] g3k 7=
A=E sk

Aol AU ko A A28 W ARS2(1.5 % 1.5 %0.6

Zol Ha FA L} AAo] 247F 2,175.0+298.6 ¢
(mean +SD)2} 63.8 +2.6 cm?l H5-0] 12012 & ARS8 T
Aol U2t oA AF9 1.0-1.5% v]&= v FHAFE (crude pro-
tein content 51.0%; Aller Aqua Co., Christiansfeld, Denmark)

5019 OCR &4 5= (head tank), A5 = (res-
ervoir), &-&A(respiration chamber), £EAH: SA4(DO
sensor chamber), -7 (flowmeter) Z12] 37 multi data logger
2 4% o 20 55 24 AU AHSSIATHOh o
al., 2014). 48 717H 59 THAL FHIE §E 24 02
mg/L o4}9] §E4kE & Afol7t §AHES AT o
(Oh etal., 2020), A28 v} A2 5]E) (& 2 kW)2} W2H]
(DA-2000B; Daeil, Busan, Korea)S £3f ZF 43 25 &
AJahoirt.

SR

bt

A5 2.0 15°C, 20°C U 25°CE AAsI9 o, 3
A 2dllof| 4=8-517] 7 109 o)/ 15°C 2210l A 22| Al #i Tt
0122 A A& F2FH-2 Kang et al. (2024)0f| A] .1 gH v
7} F251A A H2H(anchor attachment, AA), = =2 2hwl
E Bz (monofilament attachment, MA) 18] A 2|2 FH2
FzL(silicon tube attachment, SA) Y 7|52 (control)2] 4
7HA ARG Akt Fabol| ARg-Et Blo] @ =4 PSAT
+= o]A H7H(Lee et al., 2023; Kang et al., 2024)0]| 4] o] &%
7 40 g+ o] 127 mme] dummy mr (mark report) PAT
(Wildlife Computers Inc., Redmond, WA, USA)E A8-51%
o}, A3 AA, MA 9 SA9] anchor (274 0.46 g, Z1o] 20.2
mm), monofilament (=7 0.64 mm) ¥ silicon tube (W} 7 2.64
mm, 27 4.24 mm)E &85t dummy mrPAT F2HHo
Kang et al. (2024)2] %] 7} 5 L5k AR, silicon tube 4] 2]
74 silicon tube W cable tie T A1 o] monofilamentE- 445}
dummy mrPAT®} As}e] F2Fel A th(Lee et al., 2023; Fig.
). 2e Agols W5 9 dummy mrPAT F2bo] w2 2
Ef A A7 Y3l 2-phenoxyethanol (Junsei Chemical Co.,
Ltd., Koshigaya, Japan) 150 mg/L= v} A|71(Oh, 2023) th2
Zk B O & vlo] @ 2 A& Fak 5 gHAA| oxytetracycline
200 mg/L 5= sfjs=of| A 157 2F8-3F t}-2(Oh and Jeong,
2021; Lee et al., 2023) H2 A7 42201 15°C2 245 72
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Fig. 1. Measurement of oxygen consumption rate of spotted sea bass Lateolabrax maculatus exposed to three water temperatures (15, 20,
and 25°C) and three different biologger attachment methods. Anchor attachment type, A-1-A-3; Monofilament attachment type, B-1-B-3;

Silicon tube attachment type, C-1-C-3.

<33 S A" Y Z5Alof I7A14, 39k 4=8-5191
t} A0l 9] OCRS %2 3 %&:ﬁl 483t % handlinge] I3t
% Al717] 913l 24417F FRE QP A
Zh AR 22 24A7 7HA 0 & WA s1e]
%, 22 A9 —1*2( 15°C)0ll ¥ESAIZ] 3 ok A o] 4=
2 15°C—20°C—25°C)= A|7F 1.0°C 7HE 0 & AbA] A
ZABE A 12417 ol XA T e Ao s o 2
HAEE7] 2 6417 B S5 AT TEAR U=
TS SR FEE FAEH] S8l A4z f oflofglol A
52 90% ool Abas 3L & F A A FITH Hlo] e B A
HiH 1l 2= 0 of| w2 A 0] 9] OCR- Jobling (1982)0] .11
0??419} T2 AlE o] gste] Aokt

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

o _l>4' mlo

Al §9140] §EAA 5 E(mg/L)
Al B Z:40] §E4kE S5 E(mg/L)

AL A7 AR eHLA)
58 oA (ke)

Hfole. 274 HATF, AA, MA % SA)9} tj27-0] -2
OCR-2 HH2=1H 2 pooling §- ZF B4k data unit &2 AR
SHAAL, =& 1t uh2 AR HEE-E(Q, ) oFel o] A& o1&
5lo] 7151 t(Wuenschel et al., 2005).

Q-olF
W=5%

wx fo
11{014

714, R} R = 4~ T, 3 T4 wj 2] B+ OCR

T2 9 Hiol @ 27 Rapof whg - g0] 9 of| | #] 2x8|&
2 Brett and Groves (1979)0] A A3t o #] AgE #|5(1 mg
0,=13.598 J=3.25 cal) & AMg-5}o] 5%k,
A 24

RE AS Av= £7) 2738 SPSS 11.5 (SPSS Inc., Chi-

cago, IL, USA)E AHg-5to] A+ Ato] o] BAHEA(ANOVA)
o AA g o, 805t 2fo|7) Q1S AL Tukey‘s multiple

range test= 95% Al 2|30l A Ha 7k (-2 42 A8t
2

Hpo] @ & 7] Faknh gl =20 u2 50]9] Hit OCRE
Table 10] YR ) vlo] @ 27 Fah o) Aaglo] =2
Aol ket 501 2] OCR-2 #2817 Z71sHtHP<0.001).
F(T)oll W2 %012] Ht OCRS tf=712] 749 OCR=-
7.9570+4.0698T (1>=0.90, P<0.0001)0]%} 1, AA, MA 12|
31 SA A3re] A 7HE OCR=-6.7259+4.7970T (*=0.93,
P<0.0001), OCR=-10.0704+4.5654T (1>=0.96, P<0.0001), 1
23 OCR=18.2339+3.1601T (>=0.91, P<0.0001)2] ]7]4]
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Table 1. Oxygen consumption rate (OCR) of spotted sea bass Lateolabrax maculatus exposed to four different biologger attachment methods
(BAM) and three different water temperatures (T)

BAM Control AA MA SA
T(°C) mg O, kg™ h'
15 56.5+0.60°@" 62.5+0.75%) 56.4+0.66° 64.2+0.73%
20 66.5+0.45°C) 94.8+0.35°@ 85.2+0.60°® 84.410.48°®)
25 97.240.382® 110.4+0.613@ 102.140.292¢) 95.8+0.692®)
Regression OCR_=-7.9570+4.0698T OCR_=-6.7259+4.7970T OCRf-1 0.0704+4.5654T OCR_=1 8.2339+3.1601T

(r>=0.90, P<0.0001) (r*=0.93, P<0.0001) (r*=0.96, P<0.0001) (r?=0.91, P<0.0001)
Two-way ANOVA

d.f. SS MS F P

BAM 3 1,119.982 373.327 35.813 <0.001
T 2 10,359.117 5,179.558 496.866 <0.001
BAMXT 6 665.185 110.864 10.635 <0.001
Error 12 250.187 10.424

Control, Non-tagging; AA, Anchor attachment; MA, Monofilament attachment; SA, Silicon tube attachment. *Values (mean+SE) with dif-
ferent superscripts within the same column are significantly different (n=3, P<0.001). **Values (mean+SE) with different superscripts in
parenthesis within the same row are significantly different (n=3, P<0.001).

S Btk £ 15°Co) A9 tf 279} vio| @ &4 HAK(S, 40
AA, MA, Z12]31 SA) 7+e] 4t OCRE -9]3t Aol & o]
A] UTHP>0.05). 42 20°C2] 49 AA AE7F 71 E3L
237} 7P o Bt OCRE H A H(P<0.001), MAS}
SA AT 7Hl= Aol7} QATHP>0.05). 422 25°C2] 7%
AA 9] Hqt OCRo| ti 2+, MA W SA A¢1o] Bt
OCR .t} 40517 =9k H(P<0.001), 2T MA 2 SA
Al Tbolli= Aol 7 RIATHP>0.05). o]/4e] At A] Hio]
927 BRI (P<0.001), 5-2(P<0.001) B T Q12L0] A5
2H8(P<0.001) B F5o0le] OCRe| Folgh Agke w e}
(Table 1). 0

o] @ & 7] b Ul 42 20f wp2 Hlgoio] Q71 Table
20]| YERH i) Hho] @ 27 BAHZ, AA, MA 718|131 SA)
9] ¢ & 15-20°C 7ol A 7P 4231 20-25°C F7Hol| A
7P e Q,, W EAA, tizt o] FgRE B ).
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Fig. 2. Metabolic energy consumption rate of spotted sea bass Late-
olabrax maculatus according to four different biologger attachment
methods and three water temperatures (15, 20, and 25°C). Control,
Non-tagging; AA, Anchor attachment; MA, Monofilament attach-

Table 2. Q, 0 values of the spotted sea bass Lateolabrax maculatus ment; SA, Silicon tube attachment.

exposed to four different biologger attachment methods for differ-

ent water temperature ranges A5]o] o]2o] 7 15-25°C 271 EH—JZ—:IL, AA, MA 2l GA A3
Group Temperature interval (°C) T Q, B ZH7H 1.72, 178, 1.82 T12]3L 1.498 SA A@ T

15-20 20-25 15-25 7} 714 WA LR

Control 1.39 2.14 172 o] .27 Sahi Ul 420 i Aiolo] 27k Pl
AA 2.40 1.36 178 Y] 28188 Fig. 20 LrER Qi vho] 2.2 7] Fapigo] 4}
MA 229 144 1.82 T810] 42 Aol weh iAol L 7] Al &2 271819t of
SA 1.74 1.29 1.49 279 AL 15°Col|A] 20°CE AFSTF A9 ¢F 17.7% thAk]
Control, Non-tagging; AA, Anchor attachment; MA, Monofila- UZA| AH]go] 27151991, 20°Cof|A 25°CE Al A9 oF

ment attachment; SA, Silicon tube attachment.
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46.1%, L8] 31 15°CO| 4] 25°CE AF48F 72 ok 72.0% thAte]]
YA Anlgo] F7FstoTh =2 15°CollA] 20°CE, 20°Col|A]
25°C&, 18|31 15°Col| 4] 25°C2 AF5ah 49 AL AA] 7
© 7¥7} 51.7, 16.5 12|31 76.8% 27151913, MAS}H SA A&
o] Ao 77k 51.1,19.7 2 80.9%2} 31.5, 13.5 2 49.2% tf
Al 2] AxB]go] F7FsFATE 422 15°CY] 79 =<} v}
o] @ &2 HAE 7he] thAte g A] AH]E-2 2to]7F ¢RI Tk
(P>0.05), 20°Col| A= AA, MA 18] 31 SA A L7} 21 B
T} 217} 0F 42.4,28.1 W 26.8% thAM L A] axH]E-0] Z7151
THP<0.05). 4= 25°Coll A= AA A 70| o 2712k SA A
L Bk 217 13.6%2} 15.3% =& thAto| Y A] AH[ES W
HIL(P<0.05), 2T, MA 1831 SA AFFE 7hof|= 2}o]7}
92 THP>0.05).

d|
L]

2 A Aut 2t Hio] @ 2 A A Q] FAY gl = Q1A
3AE 7} A 0]l OCRY|| S v A= A0 & e}
oA o B 119} A5k tH(Lee et al., 2023). HFo]| 2 2 7|
2R o] ke Asol o] tiakEol th= A YebitTh a2
Col 79 vpo| e 24 FARL 5019 OCRe| ¥aFs
2] 2] SR E, 422 20°C 2} 25°C 7% = tof| vla) AAQ}
MAZH eI 371 e Melh o)L $-2 4oz
o 2%5019] £G(swimming) TE] Z7ke} T vho] 9 27
20 2 AA g2 (drag force) 57 iEE| o] T Atef| U 2]
9] A n|7} oA A o & AZHEc(Mellas and Haynes, 1985;
Burgerhout et al., 2011; Methling et al., 2011; Tudorache et al.,
2014). 2, vol 2.2 2] A9] £33l 5749 7540 7
as3his 5 Thoret AR Y] §9 ol fola ke )X
= Ao 2 LA ItH(Culik et al., 1993; Watson and Granger,
1998; Wilson et al., 2004; Grusha and Patterson, 2005; Pavlov
etal., 2007; Hazekamp et al., 2010; Tudorache et al., 2014). T
3ol o 272 Hael] 98 7)o} 28-8 el nylon
wire 50,2 TASHE S A ol ol 49 el 254
P50l FEFS A = k= o] d A-(Jellyman and Tsuka-
moto, 2002; Aarestrup et al., 2009; Methling et al., 2011) A1}
£ %, 2 ool 4 o] o] 4l vho] 0 27 Rruhy] olx] 15
o}o] 49 %52 So] S v OCR 27} Uslo® wald,
Sk, 2 A3 A} SAS] OCRE 20°Ce) 792k Al of sl of
279 fofat 2ol 7} ¢ AA 2 MAS] B3} §2l5h] ]
U ke e m et o] AL o)W AFolA miH wole.
27] Alo)Rzto] uhe tAbEe] AEdA Sl b 22
9 A W AAA F S ohekR Al AR A Rkt A9 7]
AA eJato] Y1 4= Qltk(Park and Oh, 2018; Oh and Jung,
2021; Oh, 2023; Kang et al., 2024; Oh et al., 2024). Kang et al.
(2024)2 = A 5 US| B3t 57 26308 o] ol S
4RO 2 anchor (£, £ A3 9] AA), monofilament (MA), 71

o £ oox

—
V)]

o

2] 1L silicon tube (SA) 4] 0 & nlo| @ 2 7| & KAt 5 1-84
o Alolo] HAAARS ZAFSE AF} anchor ¥ monofilament
FzLof| A glutamic oxaloacetic transaminase, hemoglobin,
glucose, total cholesterol 2! cortisol g =7} H}o] @ 2 7] u]H 2}
T Hoh A YEREA|RE, silicon tube F-2Ftol| A= b H 2t
o} gof3t 2fo| 7} girk B uSSIc) 2, nlolo 24 Rafo
T AEY A 92 o] 7] A fAloll dFE mIAA
w32 o] 2 QI of| A #] H|-§-9] F7tol] mhE AR S7H S
5ol & o, SAZ}F oh2 RAPHof| vls 2B A fE Vs
go] 7H¢ Hk= A & 4= Slth o] = Qs AA 9 MA<] H]
3 SA7} 7HY WS OCRE YERH Ao 2 Holth Tudorache
et al. (2014)2 2 Aol A o] FolX 555 FHSH= HIO|
Q2 A Fap thAl u] fof] Fabsh= Wi gl 79 5
of WA= Ve HaAZ 2
A A 2B A HRS, §9 52 D OCRE| AatatA o of
g A7F B asieh

22 ol AU whgofl 7 23291 FFE wAl
SHERQICBA], -2 A5 0 & QIR Al A2 &4 ¥h3
7t A AAIE Stk ST ka2
2 0]59] OCR 57}= YEPATHO et al., 2006; Song et al.,
2024). Oh et al. (2006} 1 5.5 go] HsolS gayoz 4
215,20, 28|32 25°C} 9+ 0, 15, X 30 psu 27104 OCR
& =43 A3} 328.8-659.9 mg O, kg h'e] H S Hof, 4
L2 15°Co] =3l 20°CL} 25°C2] OCRE ©F 1.3-2.08 =7}s}
= 235 Hol, & A9 1.2-1.88 F7Het FAFH T 5HA]
Tk 2 4% 9] OCR H$I(F, 56.4-110.4 mg O, kg h')2ke] 2}
o= AE 2719 gkl 7|Q1Igt Aoz, o] HA(Oh et al.,
2006)°l| Blsf oF 3508 o] Z7|(Z, B+t 2,100 g o[ H=E,
kA 0 2 A%o] Z7hgol uhel k9] A% OCRS: 7H4st
7] wj&o]ti(Cai and Summerfelt, 1992; Oh et al., 2012). ©]
0] 42 Ao] THE OCR -8 AR AL ¥
91 Yol 4 2 412(%, OCR=a+bT, T=2)°.2 %7}5}5(Oh
et al., 2020; Lee et al., 2023; Song et al., 2024), & Ad A
e AT AT 2, AA, MA, 12|31 SAS] =&
o] T2 OCR 4% 71971(Z, b)2] S Zk2F 4.0698, 4.7970,
45654, 18] 1 3.1601 2 LFEFL} vlo] 8 7] ELalubuo] 229
Aol ® = AR o] S v Ao ® U
EFSTE. Oh et al. (2023) HA] Hat 2,281.7 g A& tjAtCe
B P2 15-25°C ¥ 9]ol| A vpo] e 2 A F2} of Flof k2 OCR
= ST A el wFEALY] OCR 5 71&7](b)=
747} 4.08433} 2.6793 0. 2 UpEhLE 2 AR} frAlsHA| Hiol 2
27 2fo] 48 Al ThE AERS i Alolstehe 2
3 BTG PR 42 F7ho] T2 Hho] & 2 B
o, SAA|2])9] OCR F7} Hl&-o] B 2K, th2+) Bk 3=
2 A vpo| L2 A Fzto| whE ke S7h A9 &4 H AE
g2 Bh S3 §A| 2 5ol B eol HhdE A o= A
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71w, vfo] @ 2 A FaHH 1l 22-0] A} 5 28 A A| 5o
9] OCRO|l F&F& v tt= Aot A x| ghcK(Table 1).
SRS =2 WF w2 Ay 717d(Spanopoulos-
Hernandez et al., 2005)& Yet= Q,, 442l 7% 1.29-2.40
o] & A At FY olF (B 5.5 9= W= 5Y &
£ F7ro| A o] Fo] 7 o] A A} 1.63-2.26 (Oh et al., 2006)2}
2ol Hel A2 7HA| 7] zfojet A wWe] 7|QIgh Ao
2 Boltt. AX|(P. olivaceus)s A2 2 silicon tubeE &%
S mrPATE F219] Q) 782 2 A} FUsHA 15-20C
TN A 71 AL A o] o] Fo]X 15-25°C BE 17t
of|A] vfo| @B A H2L7} ml 2kt Kot =2 Q) Gh(Lee et
al,, 2023)& Hof 2 A} 2ol 5 H It o] A2 ofF, 7]
2 Bz 5] ztojof 7|QIgt Ao &, ke thefe 2 of
7} o]FY] Wi7Hd weto] @ FE T
Ho] @ 2 A Fz} gl 20 uh2 HFo]9] oy 2] avlE
2 Aol whet S7kste o o) Axket U5 th(Oh
et al., 2006). Oh et al. (2006) = A1} FUTH 2 274
oA o] AolE tiAte = U7F giAtol L A] AH|E 224.6-
450.7 kI kg' d'5 Hirsto] i 99| 18.4-36.0 kI kg d
I} 2polE YL, 422 15°CollA| 25°CE 5T 7% 15°Cell
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