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Changes in metabolic rate and hematological parameters of black rockfish

(Sebastes schlegeli) in relation to temperature and hypoxia

Heung-Yun Kim'

Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Republic of Korea

Experiments were performed to investigate changes in metabolic rate (MO,), critical oxygen satu-
ration (Sir) and hematological parameters of black rockfish, Sebastes schlegeli exposed to hypoxia
at 15, 20 and 25°C. The MO, was measured at an interval of 10 min using intermittent-flow
respirometry. The normoxic standard metabolic rate (SMR) was 116.5+5.5, 188.6+4.2 and 237.4+6.8
mg Oy/kg/hr, and S was 22.1+1.2, 30.6+1.5 and 41.9+1.4% air saturation at 15, 20 and 25°C,
respectively. Qo values were 2.62 between 15 and 20°C, 1.58 between 20 and 25°C, and 2.04 over
the full temperature range. In the investigation of blood (hematocrit and hemoglobin) and biochemical
parameters (plasma cortisol, glucose, electrolyte and osmolality), the rockfish were subjected to Scric
for each temperature during 4 hr. All of hematological parameters of the rockfish exposed to hypoxic
water were significantly higher than those of normoxic control. Moreover, blood and biochemical
parameters of the rockfish maintained to normoxic water showed the tendency of increase with temper-
ature, and were significantly higher at 25C. As a result of this experiment, it was found that physio-
logical stress due to hypoxia increased at high temperature.

Key words: Black rockfish, Hypoxia, Oxygen consumption, Critical oxygen saturation, Hematological
parameter
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H 2= A 2-JAAE 2-8-3FthJobling, 1982;

F23F §&4 2 (dissolved oxygen, DO)E &
o A AE R AL E ke 8% 8%l
o] th(Brett, 1979; Buentello et al., 2000; Pan et al.,
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Kir and Demirci, 2018). ©]F<] o A& (metabolic
rate, MO,)-> A2, F2] A o] o7 A=0] gl
Z0A KHole H4& FA AES S FTUAE
(standard metabolic rate, SMR)Z, SMR< 57}8}+=
YAEZ A oA ol random activityZ} FHFE AEl
o] tAFES Yt AFES(routine metabolic rate,
RMR)E, H £5E o5 v T wo] At
€& &5 AL (active metabolic rate, AMR)E
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3t} (Randall, 1982; Schurmann and Steffensen,
1997). B W 3}e] @& o] 7o MO, AT = 4
21 Foll o3 tAE HEE wiAIsH] 918t SMR
< YA g AFE &-8FrKChabot ef al,
2016).

o) F9] A4k F(hypoxia)S S FEHE A4
E FE37] oA"AY B9 4t 7ROl B
o] YA &HE Z&A7|E DO =2 Hod
tH(Abdel-Tawwb et al., 2019). AAF= AHFFL
A4k W97k A= DO7F ZHAstd = MO S SMR
EE RMR FF22 A4 AHE 43R RH(Fer-
nandes and Rantin, 1989; Steffensen, 2006), & 4=
F o]she] A4qkaoll 2HsHH MO= SMR ©8t=
Fadte] S 9] DO F=ol +=-8-3kaL, o] wWef 4+
X3 E YA LA S S (critical oxygen saturation,
Sei)BF TH(Schurmann and Steffensen, 1997; Ri-
chards, 2011). thF-4-9] ©]7F+= DO Sppmel A= 4

Broid oA

2, 4, AE E AYd 875 553 (Brett,
1979), A=l FolA AA H2] == °F 2ppm

(Ar2E 3% 30%)°] TH(Rabalais et al., 2010). o1&
9 Seir= T, o1 F, JMAl A7k A B Sl
el zpol 7t flow, Q@ A o) ofg rlof= 4t
& FF 2ATY S APsts ZoE dHA o
(Schurmann and Steffensen, 1997; Pichavant et al.,
2001; Thuy et al., 2010; Pan et al., 2016). o] 5l
Ao F& e MOE S7H7I= 809 '
Aol 59| 2t g T 0] EEFF Yol
A TS FFo A THEA RS BAE
o fol MX= Fa% g4 aclolgt & < Utk
(He et al., 2015). WhetA] of Foll g =48 Sy
24 AT FANYSE 2AREA on)}
ST Az,

oAF7F Aata A FAHY =2 HE T
TE STMIA Y9 Aa 2EFE wolal, =3
L8 Gta pES FEANTIEE 28] s

el Ado] HaldAT L 515 Y(Soivio et al., 1980;
Soldatov, 1996; Silkin and Silkna, 2005; Gaulke et
al,, 2014). =3 A4 wF& ol W2 stressed fish
o ez zdols AIEHE-M 3t A - (T
ME Afrste B8] HF AHEQ cortisolo] ¥

o

[e]
RN

o SOH(Ellis et al., 2012; Abdel-Tawwab et al.,
2019). @ cortisol, glucose, F3d F=} AFEL
< 12} 220 2EH 2 whgo] AFEA thAF B o]
2 -] A HstE RUEPSE ) o] &H
Th(Herbert and Steffensen, 2005; Ellis et al., 2012).

HZ AFEE7E 7SS EEA o4 a2
g res Fsd TR Ao YL
sl2 Q3 Y == AH4ath = At AHA S
&2 A S A EhE alo] Hal JTH(MceBryan
et al., 2013; Kir et al., 2017). 29 & gz}
Fafiche] s THFEl oA Bl FAEM, 45H
of e, Agta 3 9 A2 o BAAR] &
A7F ste] g A A o] djlo] vkl
3t ATH(Lee et al., 2013; Jee et al., 2015). Seo and
Lee (2007)= & ZA &, Cochlodinium polykrikoides
o] 28 52 DO TE= 2 E] UKo 9
Zxa, AWAFNA C polykrikoides?] BWE7}
5,000 cellsmlo| A= Y& §F DO7F ZHA3he] Al
ol s AAZIEE oF 40% AF A4k
7} #AIZE Bt A& E =, Lee and Lee (2006)=
SElvel Fai ek Falol A BZE C polykrikoides
o] Ao Y=+ 747} 13,370 2 32,000 cells/ml©] 2}
stttk 3, Aibie] =E2H 29 Ed #3
ATEE T2 12°C} 20°Ce] B 2tAE S Eo|
A DOE HFHA AAL ok d 4o Wt
(Jee et al., 2015)5, &2 AHAitA7F Wdsl=
@3l 7hetRke] JHEE 3704 siEe] DO F
SO mE 9 Ee] g4kt B A4S H glucose
=5 ZAMS A3 (Jung et al., 20145 ZolE &
T 29 e gt =298 Sue &
, T2 S T Aatael L
3 g Ao WstE 2AR AT

il

> 0l
30 o
X3
o W go g
[o

o
&

oo W30 off

o}® 7]

kA, B AT H542 F2 15,20 E 25°C]
A Z3) B2 (Sebastes schlegeli)= JX AU Aoki
Z710 =& AA MOyt EEUAHE(SMR) ©]5+H=
aste AAXIE, S E H7EAL, 2 Sy
g o] Wsts FALEH
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Ad 9 e rHreoA AbsdE

=, 262-285 g)2 24| 4=3kod 2
FRP A= 27 o] &4+ 83+ 20.0£0.5
ocoll 233t =XA AT ARe AREE AAA
509 mmE WY AFo °F 2-3%F FF3A
T 15°C9F 25°CE] A@ol& 20°Col =29 A
3o 2] =28, 250 Lyl 2+ 20mbe]H &
7 387 7] (Alfred Chairsell, type ST 95, Den-
mark)®} 42 X (TempREG, Loligo Systems,
Denmark) 24 &Fo & 1°C EFA &<
F10¥3E SAAHTE A 71 F AlsEe AT
9] ¢F 12%E FwFatAth AHSTF2 pHE 8.0+0.1,
G2 329403 psus FASFAL, Aol A4F

Aol 297 WA A AT

=
o
2ol
=3
h

y
e

i
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MO, SXEX| & stAxH

MO, SAol AH&H AF TFF74 %A (auto-
matic intermittent-flow respirometer, AIFR)+= ©}=
2 AZE 42 2(140%55%40 cm, 5% 250 L) 270l
A X3k AIFR 1M E& 432 fiber-optic oxy-
gen meter (Witrox-4, Loligo Systems), 4712 &4
7} DO probe chamber, W& =8 % 348 Hax
(Eheim 1046, Germany) 871 2 T4 =tk & 870
T FAe MO, 42 AutoResp software (Loligo
Systems)°ll &Jal A=, SHX7} display® 31
Oh AIFRO] AAE 2F 29 F22 224
2~¥l(Temp-4 & TempCTRL software, Loligo Sys-
tems)3} H-<5 8] (low-temp. circulation bath, cool-
ing coil, heater)& AH&3to] HA F29 +0.1°CE
243t} sl AaE s EE 4AaSA7)(0XY-
REG, Loligo Systems)ell 2& 271¢] relayell sol-
enoid valve (Burkert 6011, Germany)S 143} A
AE AAE3LE O £1% HE oA No2t air 5]
AANH =S sttt 4 Fx9| s % F=
(Eheim 1260)24] =23} 2FAXSIE7) 7Y 3t=
= 3R Aol AHEE sl AF AR
Aol 1 pym 7HEZAEBEH ZHA o ste] A
(&%, 600 L)oll Fol =ik Tt Aol A4t

(Samjeetech P402, Korea)oll =8A171 RS A3}
ATt AIFRO] ZAH 29 ZE FEZE Z5F Al
Aol oja Agolel AL WA Slsto] &

F 7 Yz 4X=Ak

MO, £ U BZELHAFZ(SMR)
MO, =7 Han and Kim (2016)2] Z}9} v
o E3te] AAHIUT A3 A& He 49

o]
MS-2222 THAANA Ag= ST 7 A &
2 289 TFA012 cmx30 cm, 339 Lol &
Atk Aole] M=ol W IFE viAls] 2
stef, ddols TFA dof s +83 +

s}

=l

MO,& S43tAth 54 B¢ Wi <% J=

S Hz o FHFS 247 30 Limin A2 243}
A, 132 MO, 4L 108 F712 FAHAG
(623 &7, 183 3547 A2 9 tubing 49
34 & F 373 MO, 574). SMR AHAE
571 90% ©]74<] 3l S(normoxic water)ll A1 204]
b EF] MO, S Al A HA MO,7}F HHE2 o
2 =2H49 & 6719 HA MO, SHAAZ =4
2ol A HFE-S SMRE, 181 SMRE 5

7Vl MO, W9E RMRE YERH ] tH(Schur-
mann and Steffensen, 1997; Chabot et al., 2016). <
< MO, 4 A9 Hg 2=AF(Qi)= T
2o ' AEs o™, RiF Ree & T ThollAl
2] MOE YEFATHT,>T)).

Qi= (RZ/RI)(IO/(TLT])

Xt EEO CHE MO22} Scrit

T 15,20 B 25°Coll Al SA A ] A4k4A sl
(hypoxic water)oll =EA|71H A A3 o] MOE
SAAT A2 F2EHE 2043 5% normox-
ic wateroll Al MO,& 543 th a9 4H4AES])
=E 60, 50, 40, 30%= A3l Z+zh 1A17HA,
E3L% 25%-15%° A= 22 3021 MOE
AT Sui= hypoxic waterdl]l =23 A F o]
MO,7} SMR ©]&t2 ZAdtE AAT3 ey
MO, A 9] 3 A2 do] SMR¥} WA 3= A A
9] 2AX =2 7S tH(Schurmann and Stef-
fensen, 1997; Chabot et al., 2016). 2 15, 20 ¥
25°Coll A (P E, 33 psu)e] AAEIE 100%=

do v e b
o B o
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Zy7}+ 828, 7.50 & 6.82 mg Oy/10] A33io),

L &%

7F AHEE T A ol= 2 2ol 6vt
SR "*01 24A1Zt &<2F normoxic wateroll X3+
o A A gE AL =E AdTE 1A
Zbol| AA AFAZIEE T S 2 0] 4413
23N F AP E 85t H| R A I
< AFHSA sl M2k 4| hematocrit
(HO= 2] 2A ol AL 349] 12,000 pmol Al
S5EZE YA EE(VS-12000, Vision Scientific Co.,
Korea)3}d Ht reader24 =7 3} 3L, hemoglobin
(Hb)g- H A ZFH O F Z;@s}oaq. o] Bo] &

2 Eppendorf tubeol] T+ E}u 5,000 rpmol| 4] 5
T dAEYste 84S stttk @4 ez
(Na', K", CI)& & '5H;§H/H7](Fu_]l Dri-chem 800,
Japan) =, glucose™ & HAY3}8HLA 7] (Fuji Dri-chem
3500s, Japan)Z, HFA FE= AFEY SA71(0s-
momat 030, Germany)Z =243} T}, Cortisol-2 cor-
tisol ELISA kit (IBL RE52061, Germany)Z4 1
protocol®ll whe} #4138t

SAXzE|

EE AR SPSS 27 FAITZIA(IBM, USA)E
oj-gstea] FE MO, S8} St one-way
ANOVAE A&kl H 71| Aol & AT &
Duncan’s multiple range testE, 522 2 normoxic
water2} hypoxic wateroll 25 Agoje] @Y A
A B4 A= two-way ANOVASH Turkey’s multi-
ple range testE F3l 72 3FH THP<0.05).

2 o

HECHALZ(SMR) 2t LY THAFZ(RMR)

T 15, 20, 25°Coll A HHAF 284 g2] Ao
ol o3} nomormoxic waterdll 4] MO,E =43 2
= Fig. 13 2ok 23 A2 & FA%E S

HE Zo] & MO,E B3, AZto] Agd w
2} b HE FE YE Y. 2 15, 20, 25°Coll A
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Fig. 1. Examples of metabolic rate (MO,) data deter-
mined during 20 hr period and used to estimate the
standard metabolic rate (SMR) and routine metabolic
rate (RMR) in black rockfish Sebastes schlegeli at 15,
20 and 25°C, respectively. The total period taken for
one determination of MO, was 10 min. Horizontal dot-
ted lines indicate SMR for each fish calculated as the
mean of the six (equals 1 hr) lowest measurements fol-
lowing the elevated MO, by initial handling. RMR was
considered as higher measurements of MO, than the SMR.
Numeric values are the fish’s biomass.

20417 ) A2H =HE MO, ZHE -8k normoxic
SMR-2 Z+7} 116.5£5.5, 188.6+4.2 & 237.4£6.8 mg
Oykg/hro| 913, RMR2 247} 112.2-236.5, 188.4-
332.1 2 231.4-365.3 mg Oykg/hre] BLE YeERY
A THTable 1). 2% normoxic SMREZF-E] 4F&3H
ZEAFQu)E FL 15-20°C Tl A= 2.62, 20-
25°Col A &= 1.58, 182 A & W99 15-25°C
ol A= 2.049] Fhe HAFUATH(Table 1).

I1f_|‘_$_ h:%()" [[I'E MOZQI' Scri!
T2 15, 20 2 25°C2] normoxic water®l] 4] 20A]
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Table 1. Standard metabolic rate (SMR), routine metabolic rate (RMR) and critical oxygen saturation (Seir) in black
rockfish Sebastes schlegeli exposed to normoxic and progressive hypoxic water at 15, 20 and 25°C, respectively

Temperature Body welght Normoxic SMR Normoxic RMR S ((V) Q
crif 0
(°C) @) (mg Oy/kg/hr) ' 1
286.1 122.6 (£2.2) 125.3-222.7 22.8
284.5 115.7 (£3.6) 119.8-236.5 20.6
15 279.4 118.5 (£2.9) 123.6-217.4 23.4
291.6 109.3 (£2.3) 112.2-231.2 21.7
285.4+5.0 116.5£5.5% - 22.1£1.2% 2.62
292.4 186.5 (£3.2) 193.4-317.1 31.1
275.8 1944 (£3.7) 199.2-328.4 29.2 204
20 283.6 189.1 (£3.9) 192.5-332.1 32.6 ’
2817 184.6 (+3.1) 188.4-325.2 29.8
283.4%7.5 188.6+4.2° - 30.6+1.5° 1.58
278.7 2278 (£3.2) 231.4-340.6 40.4
293.2 241.4 (£3.8) 246.2-365.3 43.7
25 284.6 2432 (+3.6) 248.3-357.9 412
274.3 236.5 (£2.9) 231.7-361.7 42.5
282.8+£8.2 237.246.8¢ - 41.9+1.4°

Qo is given in the first column between 15 and 20°C and between 20 and 25°C. In the second column the Qi
is between 15 and 25°C. Data are presented as mean+S.D. Different superscripts are statistically different (P<0.05).

1t EFF MO E S8 F AHAXEE 60-15%9
hypoxic waterdll ©AIH 0 E w=ZEAZ] A3 o
MO,E =743 A= Fig 29 2o} 15°C9] 4k4
E3}% 25-30%1 4= RMR ®912] MO,E Holth
7} AFAE SIS 20%9]1 A= SMR ©| 82 7FAEHS

25°Col Al A Z A1 hypoxic waterdl] =& 4 g o]
o] MOZHH A& S 27t 22.1£1.2, 30.6+
1.5 9 41.9+1.4%% TH(Table 2).

RAA mEO| M2 Y M

o} 20°Col A= AFAXESIE 30% |3}l A, 25°Ce] T2 15, 20 H 25°C2] normoxic water®l], 18] 3L
e AFAEEIETT 40% ©3tE FAFHH MO= normoxic water®l| Al 1A17kol] A 28 S, 2 W&

238 SMR °|stE Z4ASFT. = 15,20 2 hypoxic water®l]l A1 & 4A13F =& A1 & A E

Table 2. Levels of plasma electrolyte and osmolality in black rockfish Sebastes schlegeli following 4 hr-exposure
to normoxic and hypoxic water (critical oxygen saturation, S for each temperature) at 15, 20 and 25°C, respectively

Temperature 0, level Na® K" cr Osmolality
(°C) (mEq/1) (mEq/1) (mEq/1) (mOsm/kg)

s Normoxic 171.6%3.1° 1.4£0.1° 142.3+1 .4° 338.7+3.1°
Hypoxic 179.243.74% 2.0£0.2%% 161.2+1.6** 345.6£2.7%%

20 Normoxic 173.743 4% 1.5£0.2° 143.5+1.7° 340.7+2.5°
Hypoxic 182.2+3.6™* 2.240.3%% 164.3+2.4%* 352.343.4B%

55 Normoxic 178.4+3.5° 2.1£0.2° 148.2+2.5° 346.4+3.9°
Hypoxic 191.5+4.38% 3.240.35* 172.7+2.95% 362.1+4.1%*

Data were analyzed via two-way ANOVA and Tukey’s multiple range test. Data are meantS.E. (n=6). Different
letters are statistically different (P<0.05). Asterisks indicate significant difference between normoxic and hypoxic
water.
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Fig. 2. Critical oxygen saturation (Sei) in black rockfish
Sebastes schlegeli exposed to progressive hypoxic water
at 15, 20 and 25°C, respectively. The horizontal dotted lines
indicate SMR. S was taken to be the intercept of the
SMR and the regression line through the points below
SMR. Data (showing opened-circles) include SMR and
RMR measurements in Fig. 1. Numeric values are the fish's
biomass.

o] Hie} HbE ZA 3 AF+= Fig 33 2ok Hes}
Hbe F20] 555 F7M8te 4%S Bdoy
20°Col A= 15°Coll Hl&te] folshAl &3ka(P<
0.05), 20°C2} 25°C Alololl= Zpol 7} fldth =
H Sydll 417 =& H A o] o] Htek Hbe &

¥ normoxic water®l] F+A]H o) ZTol HlSt] f-2
sHAl & 7= YERY ATHP<0.05).

T2 15, 20 2 25°C9] normoxic water®} =3

Sei®ll 242 == H AP0 EF cortisol - glucose
TS = Fig. 49 YeERISIS. 15, 20, 25°C2] nor-

moxic water®l A cortisol &5+ 217} 19.3+4.8, 22.1

+4.2 9 33.8+5.7 ng/mlo) R L, 25°Cll A 2] &1
mo = qufoic}(ko 05). Glucose &=+

o 1

o

Ho
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F I Normoxic water *

40 [ Hypoxic water
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Fig. 3. Blood parameters in black rockfish Sebastes
schlegeli following 4 hr-exposure to normoxic and hy-
poxic water (critical oxygen saturation, S for each tem-
perature). Experiments of normoxic and hypoxic expos-
ure were performed separately. Data were analyzed via
two-way ANOVA and Tukey’s multiple range test. Data
are presented as mean+S.E. (n=6). Bars with different
letters are statistically different (P<0.05). Asterisks in-
dicate significant difference between normoxic and hy-
poxic water.

15, 20, 25°Coll Al Z+Z} 12.242.1, 20.3+3.3 & 26.4+
5.2 mg/100 ml= Z78 = o 15°Coll Al FoJsHA B
Atk 29 Sl 4AZE =E2H dFole] EF
cortisol@} glucose == 212} 30.7+5.3, 35.8+4.2,
57.6+£6.6 ng/ml ¥ 19.5£2.7, 29.5£3.2, 42.9£5.6 mg/
100 ml°] 2L, == normoxic wateroll Hlsle]
o3HA &4 H(P<0.05).

Szt M| E(Na*, K*, Cl-)zt

£z
& 15, 20 E 25°C9] normoxic water®} -

Saie®ll 242 =28 Aol X A Ay HFEA
T % Table 29F 2o}, 2% normoxic water©l] A]

A ANa', K, CI)s=+E 15°C}F 20°C0l) Hlé}oq
25°Coll Al FrolatAl =3k o™ (P<0.05), 72 &
JME 22 HFE B F3 ) Hypoxic wateroﬂ
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Fig. 4. Levels of plasma cortisol and glucose in black
rockfish Sebastes schlegeli following 4 hr-exposure to
normoxic and hypoxic water (critical oxygen saturation,
Seic for each temperature). Experiments of normoxic and
hypoxic exposure were performed separately. Data were
analyzed via two-way ANOVA and Tukey’s multiple
range test. Data are presented as mean+S.E. (n=6). Bars
with different letters are statistically different (P<0.05).
Asterisks indicate significant difference between nor-
moxic and hypoxic water.

4N AR Aol Hajd AEE vEE
) 27 (normoxic water)oll B3t F&J3tA EUT
(P<0.05).

5
ool £¢45 45 ol o
S

] 2+ Apol €] E‘E‘ﬂ]T(QIO)i
Y 3rtd ¢ ‘RAE}E 3 A th(Kita et al., 1996;
Kier et al., 2017; Kier and Demirci, 2018). & 15,
20, 25 % 28°Coll A AIZ 23] E2K(S. schlegeli)2]
HF AT £L-2 20.5°Ce] 2 (Tsuchida, 1995; 2002),

W= SEuiAber dA8Y 219

Jobling (1981)= Hrolet aflro] 49l 3t re-
views T3l ol 79 HA A Fe HF As
o HI3) 0.5-1°C ETHIL kAt & Aol A
215,20 2 25°Col A AR 29 E(H FA
% 284 2)9] normoxic SMR-2 72} 116.5+5.5, 188.6
42 2 237.4+6.8 mg Oykg/hro] 3L, Qo2 15-20°C
T2 A= 2.62, 20-25°Col & 1.58, 18]l %
T2 HLIQl 15-25°C FIHAlA &= 2.049] 3he B
2 15-20°C T3kl Blske] 20-25°Coll A Q)]
S AL 25°Ce] A =y B diste] g
S e 5 e A A 72 89S st
= Feol7] yjEo 2 Azt Oh ef al. (2007)S
15-20°C, 20-25°C & 15-25°C F3FollA 20|82 A&
‘6401(129 )2 Qi &2 Z+zF 2.79, 1.49 2 2.030]%
1—416&01(351.1 )= Zt7 1.90, 1.71 2 1.800.2

aatATh AF o] Qe E AP Ao} f
Pé}aﬂzur s 22 2 77 Qi #°l
2Folehs g5, ol - 48 590l A
/e 28 Ro ) 59k ojAe gaA
o] &gofol Hlste 21 Ao HjFol= AP:rXH
¥t 34 WstE AP o 2A e A8
s AXT HogE F74 %E} Choi et al. (2009)
2 ZuEge A4 HF 22 15-20°C0| L
20] 23°C o]/del™ Ho] ];HEW =9 El 25
°C o]’Fo A= Aelrlsel Ao R i
Hatol] w17kt o Fole} skt ANk Do et al

(2016)2 = 15°Coll A 1°C/day2] & 45 =1
Sholl 15, 18, 21, 24 2 27°Col A A3 =y B
(430 g)°] MO,= 27+ 17.9, 38.2, 64.8, 1029 ¥
152.5 mg OykghrZA] &0 =&45 F7}3%
TH(15-21°C, 21-27°C & 15-27°C Afol2] Qe &zt
8.53, 4.17 & 5.84). =3}, Kim et al. (2003) <3|

T2 24.1°Coll A 1°C/12 hre] & A5 27 A
A A H 1F2(29.4°C)0l ©] 27 74A %3] E-2H290
29 MO = A & 24.1°Col A 94.5421.2 ml Oy
kg/hr (=135 mg Oykghr)E 7|H o2 FL20] =&
TE JAHor 57}“8}3 PAH L2 o]l
A FAH et & XAk o] Enkal s Th
3£ H| JLX# gF5d0] A& AFA oF e
2 FE AFNA AsteE AEld 54 (Choi e
al, 2009) 5= Hole A& 7¢tstA oA At
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F5 AL =AE 2o Aow
2 15, 20 2 25°C2] normoxic waterol| 4]
Z3lE 60-15%2] hypoxic waterd] &8 ZI &
2ho] Sy ZH7F 22.1, 30.6 B 41.9% 2 A 0]
=&+ E F718HH T Schurmann and Steffensen
(1997)& A5 70-473 g WA UFNTFE, Gadus mo-
rhua®) Se= & 5, 10 2 15°Col A ZH2F 16.5,
232 H 303%%2 F&o| =24E F7}5t2, Fer-
nandes and Rantin (1989)-2 U da}a]ole] A4
(P 20-25°Cll 4] 18.5 mm Hg, 30-35°C
o| A= 30 mm Hg= 7}l st %E3F, Sc-
hurmann and Steffensen (1992) Tt A ol = 4+
AEFEI} Yol AR ofAle] AaaTel o) Sl
£ o MEgeo] wolAH, Pan er dl
(2016)2 A5 0.5-1,000 g ¥ W, Sciaenops ocel-
latuse & T A NA Z717F EFF Pone
E=3tha ST Thuy er al. (2010)2 s 72 o
% Perca fluviatilis®] P.y= A2 3F o] Ao v]s}
o] 4213 o)A ol A 3.4-49 kPa (= 16-23% air sat-
uration) &7} 0h= AFHE BAFUTE o] Hbs}
o Ultsch et al. (1978)3} Ott et al. (1980)> 179
St FL7 FHEAY $80] 525 289
sk Ao E B3t Maxime ef al. (2000)
2 79 Seir= MO, 578" (closed respirometry,
flow-through respirometry, intermittent-flow respi-
rometry)@ o]Fol we} xfol7h ATk skt
Steffensen (1989)2 TAGTES A& RIEHE=
MO, &4 Al 845 AFaEsHS

3t A7 AA(CO, %, AP E F)ol Al
PojFoll mAl= FEFS WiAAZE = Ao HA A
dAo] =& =HHOZ intermittent-flow respiro-
ryE Astnh B Aqte] A3} A o F/
gt 24 S =T Pwd] 2HES UXE
,AHA FEE FAEE T doiAE A
EBETE GrolA = e A7 A Aol
oJ A AAtEtE w7 W Ao ® Az
o] Heet Hb B A8 9] Fof & AT}

p

2 P22

2 AAE o7 AtaeRted A dEE Bt
3t o f-83HA o] &= th(Jia et al., 2021). Sold-
atov (1996)= T2 15°C9] 4AtAX I T 30% (2.6-
2.7 mg O/)0ll ZHZ} 2, 6, 24413t 5 FAE A=
t+2l, Pleuronectes flesus luscus= 2~ Zte] 73 28}
H 8% FF89 87} normoxic watere] Oj &7l
Hlske] 2,50 kol 6A3te] AU T2 F
o] A% AR & 37% S7HRTAL ST Gau-
like et al. (2014)2 < 15°C9] 42X I T 30%
(2.0 mg Oyl 4A1ZF A ¥ largemouth bass,
Micropterus salmoides®| 41, Silkin and Silkina (2005)
T 18-20°C9] AHAZ3IE 20%°0 3A7F =EH sea
carp} rock perchol| A1, Ht2} Hb+= ol &7 (normoxic
water)°l] B3t E=}thal Btk gt W
Fo]EA HEAN, Phoxinus lagowskiie 1A3F &<
ol normoxic wateroll Al DOE TAH &2 yr3Fof
HZ 0.5 mg Oyl A AHEHe] HHF 49} Hb
2 3l SR (Yang et al., 2021). 5
2 18°Coll A turbot, Scophthalmus maximusS 84
o Ax FFXHOZ DOE EFo dALA
(3.34 mg O,/1)ol A A& Y] Hes} HhEE=
Tl vlste =94 th(ia et al., 2021). £ AT
2 15, 20 9 25°Co| A AtAax s =T} 7}
31% 2 42%< hypoxic waterol] 4A17F =& 8 2T
259 Ht9 Hbe EE 24 o) ZF-(normoxic
water)ol| B3} E}THP<0.05). o2d A= A
<3t 7} =}, sea carp, rock perch 2 turbot2}
Abstdth 2l S0l =EH 29 &t A4
2 B NA =8 AEFY 5 STHIAA EY
o] Aba T EHFG Folal, 2HOF ik FHES
=27 9 =28 71 &o] ke Ao E Heln

ghH, 28 normoxic water®l A A o] o] Ht

off

o
9

I~

Eay

[\
[\
8BS 4N

o} Hbe 720 &5 FVlste AEFS Bids
gl 20°C2} 25°Col A= 15°Cl Ikl freofaiAl &
St 255 offFe F20] EETF oA Y
b4 7Y golAH, oA o] A FHS T
3t7] A3l E GHAINE &5 A ST,
o}7}n] 3+5F 8-Z(gill ventilation volume, Vg) & Tl
3 9 =¥ 7)o 9% Htet Hb X 45 F°l
2tes 7102 AZET Do et al. (2016)S F&
15°C9] normoxic water®l| A 1°C/day®] G~ “d<5 ol



T3} A qkasel wh

i

LE2H 29 Eg giste 3Y A0 2 AP Ao
Ht2} HbE ZAMSE A3}, His 18°Col Hlshe] 24°C
9} 27°Col A 493 A =9Fo ) 21-27°Ce] &
T-Xb Abolell= Abol 7 QISAAL, Hb = AR 3

S BAT AT Normoxic wateroll A o] F+=
T2l EETE oA Bad o B AhaeT
FE SFF, Aug 9 Vg ST = 717
tete] 28 2Hgof oste] PR 4ha 4 Y
< SUAZ AOE AR

ol FE A4kA 2Ed 2o tfg3tr] Yt &
Hehz w3t g T2 9 AEeE 2d uks

< B3t A& AU A AE dHE AT
4 JtH(Gaulke et al., 2014; Abdel-Tawwab et al.,
2019). Stressed fish2] &3 cortisol, glucose, 2 3l 2
I AR vEE S2EF A3EHA qh-3-9 A&
2] o]-&%F th(White and Fletcher, 1989; Barton and
Iwama, 1991). =2 15, 20 ¥ 25°C2] S0 =&FH
Z3] B2 "3 cortisol, glucose, A3l A (Na", K,
CH¥ A5 s=& dxzFo vlste & 55
=2 BAT} Jee ef al. 2015)S F& 20°Co) A %]
2 AF, 301 )& oF 2547 0l A AAEIE
7} 10.9%= FH438ke &< 100, 50, 30 2 10.9%
Za o A Y cortisol, glucose, 3] A3} 4t
Ed FEE ZASE v}, cortisol AFAXIIE
10.9%°1 A, glucose= 50% A S713tR AL, A3l
HAMNa', K, 3 454 55+ A XSE 30%
olgtoll Al F7FstRATE 12l al, = 18°Cell 4] 84
Ztoll A4 HRZFHOZ DOE B350 YARAFTE
7HA] =2 A 7] turbot] cortisol# glucose &5
=T Hlste] fofshAl &9k th(Jia et al., 2021).
ool AREERH oF7 dANLEE ©
A =2HHgE AAd e 4Ee ~EYLAE
A83s & g U

Aikae =E2d 29 E A A A
288 £ 15,20 2 25°C9 S 22t 22, 31
2 42%931, EENATFOZE 747} 182,232 B
2.86 mg O,/1°]t}. =2 15°CS} 25°Col| A 213 o] 9]
normoxic SMR-2 Z+7} 116.59} 237.2 mg Oy/kg/hro]
a1, 15-25°C 7319 Qi %2 2.04%ThH(Table 1). 25
°CY Sy dll =& B2 AES 3t 15
°CO| S0l =EH AP ofo Hlst 2.04v] B
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A4 MOy S7EGD ¥ 4 gtk o} F @
o] sha EGFE TIFIG Ho Gl o £
i s, obbulE B8 B e BE
Gohvg 24 8 A HES oo A8
AEE BAsHE £R) hFstel s2E BRe
£EE UFo] Aa F4E Bl 718 Sl T
A 7o FHUL oA F/F FFY B Fo
AAE AN T 5 At e, AYTF 285
Ho 34, £55 % vg AdE 51 ABHY
Hol githa AZET: 8 25°Cel A ol A9 Ak
aFGo B AaE F5E] AL 15708

25°CY] Seieoll & TS VIR &
2Fekle o, 25°C) 15°Col| Hlse] T A2t
Z oprhu] ShFaFo] H A 154 o] Bolof )
AT A 4tadl =ZH flounder (Platichthys fle-
sus), plaice (Pleuronectes platessa) 2 turbot (S. max-
imus)?] THETE NHAESETL GoldFE A
3} A (Steffensen et al., 1982; Jia et al, 2021),
flounder®} plaice®] 789 42 10°Col| Al 4FAE<QF
o] °F 140, 93, 60 ¥ 39 mmHg<l Z7el ZH7t 30
= A AEEYC] HeTF TFFT Vee 7

olo
o
ol

x A
T o

R=ET=1

0]
0

B AFE F£& 015,20 2 25°Co A =y &g
(Sebastes schlegeli)y= AFAQN Miba 270 =
EZNA TF AL o] EEUAE(SMR) ©]t=
Zadhe AAaES s, SwE B7FSHL, T Sai
o At =& & g e HIE A
ste] AAEAT £ 15, 20, 25°Col A nor-
moxic SMR2 Z+Z} 116.5£5.5, 188.6+4.2 & 237 4+
6.8 mg Oy/kg/hrol A3, TFAT(Qi0)= 15-20°C T+
ZF A= 2.62, 20-25°Coll A& 1.58, 283 A &
£ ¥l 15:25°Col A= 2.049 T F2 15,20 2
25°Coll A S ZHZF 22.1+1.2, 30.6+1.5 2 41.9+14
%A T Seoll 4412 =& & Y Heet Hb
2 @A cortisol, glucose, A3 &ANa*, K', CI)3} 4
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20| 4] normoxic water2] =
T-oll Hlate] fofshAl EqhTh 2 15, 20, 25°C«]
normoxic water®l| A1+ Ht, Hb & &% glucose &

£ 15°Col| 13} 20°Ce} 25°Co A, A cortisol,
Asfd B AFE w52 25°Col A FroletAl &3t

ok Tl Syl A4tk =E2H 2IEEL &

0] FEFE AL 9T oA o] AEF ~E

e 7tEEE 208 yehgt
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