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Comparison of tolerance of red seabream, Pagrus major
exposed to hypoxia with body size
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Experiments were performed to investigate hypoxia tolerance with body size of red seabream
(Pagrus major) at 24°C. The rate of oxygen consumption was measured at an interval of 10 min
using automated intermittent-flow respirometry. The weight-specific standard metabolic rate (SMR,
mg O, kg 'hr'") and critical oxygen saturation (Sei,. % air saturation) of the fish were measured under
normoxic condition and progressive hypoxia with 0.6-786 g of fish weight (W), respectively. SMR
typically decreased with increasing body weight based on SMR=351.59-W"'* (1’=0.934). S was
higher in larger fish than those of smaller fish in the range of 17.3-24.4%. The result of this study
suggests that the smaller seabream can withstand in hypoxic waters better than the larger ones.
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TA TE9 A4t F(hypoxia)e A4t 5
S 2HE oA 9 4k Q@ gE 4kh FF0
AGAY FF9] 4k TFEA ] RA o fA] 4H]
& @3 oF st AFAE I E(% air saturation, PO;)
2 A ol5]31 ) tH(Farrell and Richards, 2009; Yoann
et al., 2019). PO,= 72 AL H$|(metabolic
scope) = Agete 7 T A% 4 aclolH, o
AL RAIY] Hd tiARES A FAl B
3k H A ALE &, EF U AFE(standard metabolic
rate, SMR) AFo]2] 22 FA| S TH(Fry, 1971; Clair-
eaux et al., 2000; Townhill et al., 2017). 1 F+= PO,
7} Aqka EASE Bole T3t olEt HH Ak
W= FolE1, 3714 HALEAE SMRS #4
g = gAl FEh(Nilsson et al., 2004; Nilsson and
Ostlund-Nilsson, 2008; Farrell and Richards, 2009).
o} 52] thAFE-(metabolic rate, MO,)©] SMR ©|3}7}
g oj9] PO, =& A7} 5714 thAtel A #7143
hALZ A gE o o] POE YAl AFAE S = (crit-
ical oxygen saturation, Sei)Z WEFH Th(Farrell and
Richards, 2009; Richards, 2011; Chabot et al., 2016).

FE Seie OI3FANA E7143 tALE @714 sl
280 2 thAskA R @714 tAbE v A B&
o] o} a1 Aol Ak Fo FA 4Ee] 4
HoZ AAIFQl sfidAo] & Hojr, Hx} el
By AAE BolHA XAt o] 2A] " TH(Clair-
eaux and Chabot, 2016; Chabot et al., 2016). A 4FA
o =&% oF< F5A DO F&& HAYE 3}
7] Y3l ob7in] WA H S48, 719 T4, EF
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AS 0.6-786 g B FE 5270A o] AV|ERE
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4% SwE ARE MA 270l T2 A4tk
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| A YA AFde At S el A A
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st A AP AHESEATE Hols AT WiEALE
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MO, X HXIet &td =H

MO, =4 FAA = ol=¥ AL 2(140 cmx55
emx40 cm,, 5% 250 L) 2709l PCE Ao} dl= 3+8
= 51_'—’? F2lo] &&= A (automated inter-

mittent-flow respirometer, AIFR)2} AIFR©] A ] ¥
otad x| 23 PO, 2HEAAE FAHIA
1, o] & AX| 9] AAl= Kim (2021)°) 71&9 w2}
2.

MO, X1t EZEHAIZ(SMR)

Aol Ay Az Ao MS-222 (100 mg/L,
Sigma-Aldrich) & PIHAIAA AFE =43 5 <=
A w8 TFA FE&3ATE olojA TFHL
AIFR-S 3k F7](flush period)2 A 3te] 2 H o]
o] AFH s HH A FAHEES =

WA’ 5 MO, S-S AEskth ofad Ao
TFA Y= AT 10 g o8] - 05 L AR

R a, oA Z7EE AFRE 55 4 EUN
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AE)e] Byt A= BlE H 0.06 kg/Lol At
MO, &4 ¢ T54 7 0, A4 (fiber optic O,
probe, PreSens DP-PSt3, Denmark) AF¢] 9] recircu-
lation pump®} <8 flush pump (Eheim 1046,
Germany)®] #&-2 oAl 7|9} T84 Fajo m
2} tubing clampZ# 2~5 L/min B9 & ZH 3}
EE AdoA 189 MO, SAL2 102 F7]12 7
A= A TH5-6327F 4, flush period; 1823 T84
3 0, A 3 tubingW M- EF, wait
period; 3-4%-37F MO, =7, measuring period). 5=
24C S} PO, 90% o7&l A 7HA] 271" SMR =74
S _?,]‘8]- §:<‘Z Z;H ;(]_4: A7+ ﬁ/\ M027]' %
Moz pEEr BREE 2447 S UG
A THChabot et al., 2016). MO,9] ZA X 7}&H
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71¥ 23 o]o] MO,7} SMR ©]3tZ Z+43= PO,
H MO0,2| 3# AAlo] SMR¥} watskE A 9
P0O,°] 3L, AutoResp software (Loligo Systems)E &
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S2MAZE A E R, 2 24CoAA 3 F(EE,
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29| 3| EN

=4 A=+ SigmaPlot 13.0 (Systat Software,
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=& 24C 9] normoxic wateroll Al 24413t FoF &
=9 MOE SA% AFAERE HA MO0,9 39
10% BdAZA 4&% SMR (mg O, kg'hr')&
Fig. 13} 2tk AZF(W) 0.6-786 ¢ B9 & SMR
2 SMR=351.59-W*'"” (*=0.934, p<0.001)] 7
202 A F AN, AFo] T whet
SMR2 7H43he §8S BAFUTH 72 24Cq
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0.805(=1-0.195) % AF=H ot Fi #3E(log scale)
o) JEFA SMRES logSMR=2.546-0.195-logW 2] ¥
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AR O Z NA 27|17} S5F SMRE AAdH 02
= A%s YEAtH(Fig. 2).
A o= SMRo] At BI7HE = AF St
H7tE s A7 2@ o2 AET  As MO,
=7 el we} gk SMR SA o] WA =7
o]2} 3} t(Claireaux and Chabot, 2016; Snyder et
al, 2016). SMR2 A3 20 Z ¢=x9 A&
g o s 23 Holo 43f 9l Fga Fet 2
2 E-0]-5 & 2 &(specific dynamic action)©] F~HE]
A ¢, B8 Ao Yl A inactive “FE
o 3k 7§A| 9] o =] AHlE&= A &3tk (Chabot
et al., 2016; Rosewarne ef al., 2016). ok ] o] F =
§H4 2 inactive AEfol = A-¢7F A 7] w
ol SMRe| AefZ Fode AFAYD Zlow A
P = UAAT o] Aqta el E HatE Ay
7 ol AS A3t M E A=A Hojue=
7] B SAIRE Ho] BF 7]3tol= SMRS 57t
sh= AR 5] A Ve ARE At
A AA | FHo] 743 X THChabot ef al., 2016).
melA SMRE ool tAd A UEhlE o
AL BgIE AAA Bxel Y WRE A AR
=, w8 ARES AR 34 5ol U@ A o
G ARz T2 2§37 o] Yepstaow
A BAAel = AYH wrgoletn S
(Fry, 1971; Cutts et al., 2002; Millidine et al., 2009;
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Fig. 1. Standard metabolic rate (SMR)
of red seabream, Pagrus major under
normoxic waters at 24°C. Data points
are the average of the lowest 10%
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Fig. 2. Linear regression of standard
metabolic rate (SMR) of red seab-
ream, Pagrus major under normoxic
water at 24°C. Data points are the
average of the lowest 10% metabolic

rates for measuring 24 hr.
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Metcalfe et al., 2016). ¥ AT A FE2] SMRE
AFW)el Z7Fgtell wheh 2+43HA 3, SMR=kW"
2 Yebd A2 9] k9 b= ZHZ} species-specific
A 2 AT 9 A 4(Nilsson and Ostlund-
Nilsson, 2008; Lucas et al., 2014)°|t}. Z-&F2o] A
FF AF(b=0.805)= A= o FNA BIH 0.79-
0.89(Clarke and Johnston, 1999; Nilsson and Ostlund-
Nilsson, 2008; Kraskura et al., 2023)2] M H 0¥,
Ob-DE YR A5 011904 -0.2190 433l o
E B2 oFfEd g a9} FAEA Y. Hg
(power function) A Z Y ERH SMR< log:SMR=

F()E 0.9340] 2, AA

MA =271 WE AF
E3i=

=
—/ L
Hslol] o3k FFoZ oA

AL LA

£ 24T 2] normoxic water®ll Al PO, 80-10%2]
hypoxic water®] @A H O 2 =EAAA Sus =
A3k A= Fig 339 2ok FEY AFW)H Seie
Aol = Seir (%) = 2.316:logW+17.805 (r°=0.682,
p<0.001)9] 3| A2 A2 02 e 4 QAT A
Z 0.6-786 gQl FHE 2 SuiE 17.3-24.4%2 A WA

2.546-0.195-logW ] 320 = WystH 2A A A777F S5 Sa?t STV 22 AA7E A4
40
30 -
®
e 2
£ T L Sy}
£20 1 e® °80 8o o0 °
e °
Seie = 2.316-logW + 17.805 Fig. 3. Critical oxygen saturation (S,
10 } (r*=0.682) % air saturation) of red seabream,
Pagrus major exposed to progressive
hypoxia following SMR measure-
0 ments under normoxic water for 24 hr.
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<ol 1009 5718 MO= 40-60HH
2 &9 AsE MOF A2 2 JHAIL
=& Aol 3l th(Sloman
et al., 2006). ©|H g F3-& o}riu] FHZ o] A
A717F 5 Aol e A AR et
I, AT FF AF b2 0.76-0.90 0. 24 A F 4
MO, +8] bk Welek FARRE S A= St
Jeu obbe] EAAL AR FFH e A #
of AR JHA =717} 245 MAE MO, 5714}
HEo] oprtw] Aol Ao 7 Frlstal
(Nilsson and Ostlund-Nilsson, 2008), o}7}7] &4k A
= MA 2719 FFE B2 FA G2 Z(Kisia
and Hughes, 1992) 7§ =7 & A4k WA
Afolg of7kn] ERA O ZA A7) ofgrin
A TH(Pan et al., 2016). Nilsson and Ostlund-Nils-
son (2008)C o} Fo] A A4 A mXE= /A
=719 Gl ko] oj7do] F&3F FiEA HH
so] A4k WA o] AElA 71 #jF oA
S 7€ ARES AR E A ASHATE HA,
oAA Z7|= Ak Z=xolA A4 HFH sl
FEFES FA gt 1 ol IS AE ok
2] oprtu] AL MOl F-&= o] WA =2717F
S5 ot A NAY MO7F Sk,
@ Foll A 7HA =L7]ell whet A 4ka WAl 2hel
} oA Aol AE wkAla AJAlx]e] A&
gt} e o2, AZHe A sk Faks %(ﬂ-
77 AES flsl 714 Akl o&dd
2 A= =& weight-specific MO,Z 13l & 7|4
AR (LAY, HYoll 23 2| AL =50 =2 3hA
g 2@l 2109 Zelr] Wi 2 A7}
e MAE F7kske BEe o)Fo] Ak nhA
ORE, AAAOL Fe b AShEE 7L Ho3}
WAHA B7E HE ABEF)L
At BE2 AgHES AT ol
> /R—]Eﬂo] xgﬂ;ﬂ 7% 2
@ 9N R A a%lo] B 5 Ak S

Elshout ef al. (2013)2 T/ 68Fol g A
A DAE A kA HAQFEE(LOEC) Aol
A 2oj= Aofoll Hlgte] A4ta Aol Eral
sttt xol ek A Abol €] o]2]7k Atel= AlFol

N
r
B>
L
ox
o o
T o
»

_Qi

d
ol
4o

E MO, 717} ob7hel A S ST 7]
ol oJaf RS Wi, &9 AT A FF 5
o] JfA Z7] 9k TJ’]'O}E]"I] A ol A2
A o] 37 Wsto| g F-§E& WF3= Aol
399t} Nelson and Lipkey (2015)= F2] Ae] 9

T 1% MAol vlste] suj o] A 44 WA
o] k=, ole F4 T MA= A4ks WA

< AR5k 8 4 aQlEe] e Ao 2wt
A8tk 18] Burleson et al. (2001)S PO,
2] gt water race wayE ©]-8-35F9 large mouthbass,
Micropterus salmoides®] MA ZA7|EZ AL &
5 8 ARRESE e Wg-e EAE B PO, 27%
olstel A =] W-g-2 BYA W Ae A3
500 g)7} % WA (1,000-3,000 g)ell HIdke] PO,7F
we FRE el o] F& A4k 9L 4
Sk 1:_451- 2= g}l\g‘uq AR =S 9 1=
o] A MRS AT 5 e PO, TS A
il FA3ATE H 2ol £ Chabot et al. (2016)
< MO S AREE Ak WA B7F Al REEA] 2
T+ SMReol| tigk /HFFE 578 WH S, Synder
et al. (2016)2 +83 3219 MO, S H (inter-
mittent-flow respirometry)oll &g S2 HZA A
HE A3t closed respiratory©l] 23l A= St
o) HrlE oA AT Pan er al. (2016)2 A<k
4 o]F< red drum®l thH3}e] Chabot et al. (2016)7}
Synder et al. (2016)9] A|tS FE3NA NA Z7]
o S AF 026-686 g F 3] red drum,
Sciaenops ocellatus®] Seirs 573 B}, Seir= 14.35-
25.12%2A A A7Vt S5 S Fe B
ZHe A7 E A RT AAEA £EE A2lA =
E 2AAZRE LAAZ $0|5k7 T-E(Burle-
son et al., 2001; Elshout et al, 2013)& 4 A= AV E|
24 zl—;@l o] 9 /\ O]]:}._]"_I_ 01'95\E]' ] 7H;q] 37]
7h A4k WA Zpolol MAE TbsA Qe A1
24 22 NAZE 2 AAA Ol vls) A A o
E2 Hbs ERITH Aids FFolA &30
2 RMaE FET F AL, Ajtes o7 A&
F(hyperventilation)S %3} (Ern and Esbaugh,
2016), red drum®] A& & W2 /MA 7] whet
g=27] wio] 22 AANA olHF 71 S0l
Sairs RA & 7HsA el de AR FAHEIH
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(Pan et al., 2016). & AN A AF 0.6-786 g BH
A FEY Suits 17.3244%2A MA A717F S5
5 S/t S7FeATH A A DAl A HEe 7
WAl =27 w2 Hbe kA s zfo] FF-
T 22 55 Aitio tete 83 AE
A 71AE ek 2AVE FF QFE AR 22
MANA St 2 Fhe Hol= H A H o
25 A2 A7 2 A RS Ak S A4
X e IAAZRE L LAXZE golA F&
g 7hsAdo] o, At s Hel A WS A4t
2 B (Jung et al., 20140 A 2 A= 2 A
of nla 159 AEES Y F UE Aol 2

A2 AAZG.

o
S

12

rlr

2 A= 2 24CoAlA A5 0.6-786 g M9
g 5270A19] SMRE SA43 & HZ1H Agka
239 =EZAAAN SewE F3EA WA A7)0l
w2 Aika YAS e S o= A
SMR (mg O, kg'hr')& SMR=351.59-W"'”* (=
0.934, p<0.001)e] #AIA 2 AT F AU,
AF W) 7ol et Zashs e 2oFAh
FE0 AFH Seie AHOINE Seie (%)=2.316TogW
+17.805 (=0.682, p<0.001)2] 3]AZH2 07 1}
Bl & QJa, AF 0.6-786 g MALY S
17.3-24.4% HANA MNA =717} S5 =7}38)
of 22 AA7F Ahka Wgde] & Ao E e
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