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Oxygen Consumption and Blood Physiology of Olive Flounder Paralich-
thys olivaceus Subjected to Salinity Changes

Sung-Yong Oh*, Yu Kyung Jeong, Geun Su Lee!, Pil Jun Kang' and Hye Mi Park!
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Oxygen consumption and blood physiology of olive flounder Paralichthys olivaceus (mean body weight 106.6+6.8
g, mean+SD) was investigated at salinities of 34.0 (control), 33.7, 33.3, 32.6, 31.3, 28.6, 23.1, 12.2 and 0.0 psu at
20.0°C, respectively. Stepwise salinity changes (34.0—33.7—33.3—532.6—31.3—528.6—23.1—12.2—0.0 psu) with
an interval of 24 h for each salinity induced a significant (P<0.05) increase of oxygen consumption rate (OCR) in
fish exposed from 31.3 to 0.0 psu compared to that of control fish. The maximum OCR was found in fish exposed to
23.1 psu, which was accompanied by 36.2% higher energy consumption than the control fish. Fish exposed to each
salinity for 24 h induced a significant decrease of blood plasma Na" in 0.0 psu and CI- in 12.2 and 0.0 psu (P<0.05),
and increase of plasma glutamic oxaloacetic transaminase (GOT) in 0.0 psu compared to the control fish (P<0.05).
The results of this experiment show that P. olivaceus exposed to concentrations below 31.3 psu requires more energy
costs to adapt to salinity changes than 34.0 psu under our experimental conditions.
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2]2] &K Hur et al., 2004) 12]31 2}2]o129] HE YA](Chun
and Rho, 1991) 17} B arg v} QIA|qk, & A3t uhE of
ARg B3}l thgh A+t HarE Bhrt glo 2 dAtol| A= T
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i ol thE HA 9 @ A HekE 2] 9fsl 2
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2 2447 F9F 87 = 2 2F A Este] o W glutamic
oxaloacetic transaminase (GOT), glutamic pyruvic transami-
nase (GPT), glucose (GLU), hemoglobin (Hb), Na*, K*, Cl- &
hematocritE FUJI DRY- CHEM 4000i (Fujifilm Co., Tokyo,
Japan) A-§-3to] ZABHIT. WAL WSk ojA] AEw 2
of #2812 93] BE ol 4§ A 484K Bk WA

the U Szol £851903 voll B ket
RtE 24

2= 2=+ SPSS 11.5 (SPSS Inc., Chicago, IL, USA)2- 9]
g3to] EAHEA(ANOVA)YE AA|akoitt. BAREA o] x o
Az 54 SANE FHAT, I 29 Kruska-
Wallis test 2 A| 30}, S A3} 9l3t 417} 91 2
< Tukey’s multiple range test= H+7F -] A2 95% Al 2|4
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AR 717t 53 HARE WASHA] Ghokeh A T AIA W
of| wh2 g 2] 9] 4h4 AH]E ¥IZH= Fig. 1of] Yeh et 4l
o] Fo1 7l it F 1= 34.0-0.0 psu] H flof| A {2 &f Ak4s
&2 1182-201.5 mg O, kg' h! WP o, Ak 4b]jgo
2|4 gl 2o $5 352 717F 34.0 psu (123.4-153.9 mg O, kg
')} 28.6 psu (143.5-200.1 mg O, kg h')efl A Liebtet. of
27 Hl 34.0 psuollA] 23.1 psuZ7bA] o] ghaxglol| w)
2 G2 o] AkA AH]E2 FAA O 2 Z713E 5 12.2 psue} 0.0
psuoll A= sk 43S Bk A4 & #iste| n2
G219 AZF Hot 4bar AxHlEE Fig. 20 YER ST i
34.0,33.7,33.3,32.6,31.3,28.6,23.1, 12.2 1] 1 0.0 psuo]|
A YR Q) A 7b Hat Ak A8 747} 137.8,142.3, 155.0,
159.3,176.5, 175.9, 187.7, 171.7 712] 11 163.3 mg O, kg h'
o]Qlt}. H 34.0-32.6 psu Q] A|7HS Hat AbA 4H] 8-S
FrofRk ato 7k IAIRE (P>0.05), 71 ©]9-1 31.3-0.0 psu 9
O A7 Bt Abar 48lEE 2T {51 =kom,
23.1 psucll Al 73 E=thP<0.05). G5 B3R Q13 AlA &
H]&of w2 U7t Wt thArel A A] 42H]E-5 Table 1] LR
ek ©A A A wiste] w2 g2 Y3t Ht At e A] 4
H]&->45.0-61.3kI kg' d' M= Uebstow, 7P =2 tiA
oL A] AH)E-E HQl 23.1 psurl R E T oF 36.2% T W
< AUA|E ARk A O UEyiT
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e st w2 gxo dH(F, @4 2 AE) W GOT,
GPT, GLU, Hb, Na*, K*, CI Z1.2] 2 hematocrit 3= Fig. 3
of LeRU It ¢ 34.0-0.0 psu Mol A 2447 &S
2] 9] FN W GPT, Hb “12] 3! hematocrit= 5 ¥H3}o] wja}
rofek Aol 7} glATHP>0.05). SHA|RF € f Na'e} GOT2
749-34.0-12.2 psu H{] ol A= th 212} 2ol 7F Gl A, 0.0
psuclAl= 2R f-oJ5H] EALKE, Nab) #9THE,
GOT) (P<0.05). N 1 CI-9] 72- 12.2 psus} 0.0 psuc Al o
ZFE Y FOf5HA| WAThH(P<0.05). Eof W} GLU2| 7--32.6
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Fig. 1. Fluctuation of oxygen consumption rate in olive flounder
Paralichthys olivaceus subjected to stepwise nine different salini-
ties with an interval of 24 h for each salinity.
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Fig. 2. Comparison of mean oxygen consumption rate of olive
flounder Paralichthys olivaceus subjected to stepwise nine dif-
ferent salinities with an interval of 24 h for each salinity. Values
(mean+SD, n=3) with different letter indicate significantly differ-
ent (P<0.05).

psu®t 31.3 psucf A tztreh -2 EUAITHP<0.05),
71 9] fEoll M thzek Aol 7k I AEHP>0.05).

Table 1. Metabolic energy consumption rate (MER) of olive flounder subjected to stepwise nine different salinities with an interval of 24 h

for each salinity

(psu)

34.0 33.7 33.3 32.6

31.3 28.6 231 12.2 0.0

MER (kJ kg d)

45.0£1.3° 46.4+2.9% 50.6+1.8%° 52.0£2.9%c 57.6+2.3° 57.4+4.7* 61.3+2.7¢ 56.0+0.9% 53.3+1.2>

Values (mean+SD, n=3) with different letter indicate significantly different (P<0.05).
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Fig. 3. Comparison of hematological indices in blood plasma (hemoglobin, Na*, K*, Cl;, GOT, GPT and glucose) and in blood (hematocrit)

of olive flounder Paralichthys olivaceus subjected to nine different salinities for 24 h. Values (mean+SD, n=5) with different letter indicate
significantly different (P<0.05).
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o B ol o= AW =9 thE ditol =5 B¢
AFE ol B S5 HiEshH AW 4/d (homeosis)=
Agtet. o]of e AFEQF W o] 2wk 2 IS thAbolY
A& Q& 5h, o] 7 9] gk Ao A AkAs AHE-E 5] &
3 Aol Fast oy A|e e 4 JaFe 45k tH(Mor-
gan and Iwama, 1999; Boeuf and Payan, 2001; Altinok and
Grizzle, 2003; Kidder et al., 2006a, 2006b; Erm et al., 2014). &
A% A3 3 e W9 A dn] o] oI5 Qe v]
Ak o] 1] 1ol 4 Qb0 2 A8l S B (Kidder
etal., 2006a) == SAIEQ; 27 (Peres-Pinzo and Lutz, 1991;
Gaumet et al., 1995)0|4 7}AF W2 AbA 4H|8-S BHolu 4)
o 24l LAzt oA Hlgo] 7H Wrhar ®arskar 9f
©(Em et al., 2014), @3] 9] LvbA Q1 A14] FE-21 34.0 psuo]|
A 7P 2 Aba S Bl 2 AY Aukel U]kt
SEAIRE Y5 H Ao A= sfjatel 7} = 2710 Al (Plaut, 1999;
Gracia-Lopez et al., 2006) T+= g2 7} 3l 4= 271 o] 4] (Plaut,
1999) 7P -2 Abas 2HlE-S Vet 210 & & uf o] o] w}
2} A& Wsto] ¥kl H o Adolgt A& & 4= qlh

HE W3l w2 Abas Ax8|E WS} 92 o] Fof whet ek
17| vrebd T, 2382 Sebastes schlegelii) (Oh et al., 2014)
I} F =2 v|(Hexagrammos otakii) (Oh et al., 2015)E thAke
2 JES 33.4—-33.1—32.8—32.2—31.0—28.7-23.9—14.
538 psus T4 0= WBA1Z A9 33.4-28.7 psu W91l
A FEol whE Ak 2x8]E-0] ol 7} gl AT, 23.9 psu (£
w]22ho} 145 psu (Fedul)ol 4 71 S8 Ahds Anl @S
Bol 3 725t WE S Bol B 4% Axtel SAKIT E
3} sea bass Dicentrachus labrax (Dalla Via et al., 1998) 2] o]
£ 37.0-20.0-5.0—2.0 psu SA 2 o2 WsiAZ 49 7t
2 HIPA T UAJA QL Ak AH|E A & sk aiEl
S Bolv, FZU-E(Tridentiger trigonocephalus) (Kang et al.,
2004)1} 785 Favonigobius gymnauchen) (Kang et al.,
2000) 201 2] A< 2F7F 33.6-10.1 psu@} 33.6-20.2 psu H 20|
A= oAl 2ol 7k /1A ARE, 6.7-0.0 psu2} 13.4-0.0 psu ¥
Qo A= 9-0J8k 7k welth Uliano et al. (2010)& ©H2=0]
¢ gambusia Gambusia aftinis®} zebrafish Danio rerios thA:
o7 724710, 10, 20, 30 28] aL 35 psu 241} 0, 10, 20 12|22
25 psu A A ZH2E AbA AH|8-S A AT} gambusiats
20 psudf| A F-2Jgt 571 & 35 psudi| A Frasl= ¥, zebraf-
ishi= ol e o] gliz 02 LEhL} ojo] tat o
oFe i o,

2= o5 Hslo) 3 Na'/K'-ATPase &A1 9] A8 &
3t oprfu| ] o] xd AAdlo] Ae|-FEjstA A4
(Marshall, 2002; Evans et al., 2005; Tang and Lee, 2007)3}
A& H3tE e AEY A $ 2R Bu|(9), catecholamine

P
T

AEE - v

2} corticosteroid) (Wedemeyer, 1996; Lee and Kim, 2005) 5
o QIFk YA} u]g, 3 Ak Au|R0] F71E Zeah 5
3], Y& 7H4= Mummichog Fundulus heteroclitus (Kidder et
al., 20062)2] 7-9- 3.8-20.8%, blenny Salaria fluviatilis (Plaut,
1999)+ 12.0-55.0%, Z3]&2H(Oh et al., 2014)+= 18.5-52.0%
T2]ar F=2fu](Oh et al., 2015)2] 79+ 18.8-37.8% Aka
axH|Eo] F7RRIthE ol Autel 2 A7 9] oF 3.3-36.2% 5
7¥et Aufe} GAFsFATE ¥ turbot Scophthalmus maximus
(Gaumet et al., 1995)%} common snook Centropomus undeci-
malis (Gracia-Lopez et al., 2006)2] -3 g&0] Zr43sk 79
Ak Zev] o] ZAagtHe B a17) glo] o]FE B Wl of
et tiAkE W7 Adolghe o 4= Utk Oh et al. (2012) 5
L 15-25°C2} G 33.0 psu A4 9.1-266.4 g2] A=
Aoz gial of x| A 53.8-208.2 kI kg! d'E E1I5}
o] H AF oA Lehd 45.0-61.3 kI kg' d'9H= o] S 1Y
AR, ol e ARt 217] Aolof ofgt Ao Az
ESH AR} o] FAA F91 Hsol(Lateolabrax maculatus)
(Oh et al., 2006)9] 7S A7kA] Z=2(15, 20 12| 1 25°C)7}
HHH(0, 15 Z12] 3L 30 psu) 2710 A] 4=2of| w2 tA} o | 4]
aHlEE F7VHAE, ZF 2 204 Hi Hato] nhE
A} o4 7] 4l &L edato] gtk BisliL 9lo] 7t o5
A visto] 433k efel Zol7t glrk AL o 4 gle.
o1 50] ol AARE 873 Wistol gk AeIsh ko) A

A A7 E dEggti(Schutt et al., 1997). G5 W37}
50 22 QIAEA THFE o QA5 $7H E
= gulelv, olo} 78 S7HE QB WISl ¥ o] Al o
2 gJ817] 9lak Aelata) whe-o 2 7k Schreck 1982;
McCormick, 2001). G0l w2 Hx| 9] Foll/d4; Hstol
3 wko o727} B %9 ck(Hur et al., 2003; Hur et al., 2004;
Hur et al., 2006). Hur et al. (2004)-2 35 psuof| 4] AR5 521 g
A 21015 AU, 0 psu)oll l=EA1A 75 3A17E 24A17F
FCI9HNa 527t 5 §9J5p ghagickn Barstel & 4
9 Autel FAFSHATE 2 Hur et al. (2002)= H 3] 2|o1& 0
psult 15 psud] =g 49 1, 3, 24X 7 of] 25 Cl 527}
FrolekAl ZHassh, =5 2447 Foll= 15 psulith 0 psuof 4]
H Cl F=7F fhaghehal Basteiy & AolXe Cl 5=
O] 79 it 12.2 psutitE F2J51A Haxsk7] AlAFs] 0 psuol]
A Y ol e 23S Belrh @ f CI = Na' 5=7} A
i 27 ofA FrAdl= dAe 22U E2H(Oh et al., 2014), F
=2 u](Oh et al., 2015) 1] 31 Atlantic halibut Hippoglossus
hippoglossus (Imsland et al., 2008) Sol|A %= X I1% A4,
Atlantic cod Gadus morhua (Arnason et al., 2013)9] 3¢ &
+ Hs7E o f Na' steof| 93k nAA] dethe Balke
Q1ith. Hur et al. (2002; 2004)2} Oh et al. (2014; 2015)2 #]
2 2oA iEE= @4 W Na', K" Z12]3L CI o] 55
7 A8 H= AFE 4 (hyper-osmoregulation)2- 51| 7E

ox B 2 H
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etal., 2004). 2 23 GLU %%=9] 2% 0 psucll A k=2 24A|17F
T iRt f-of = §LLAIRE, 32.6-31.3 psu 9ol Al &7
TR E o] A A A8l B2 oAU A E AREsh o] = <l
8l Ak o] 7ok QbR A 02 AZEA, B
- H3tol| B E of 7] thefRt e A] (o], Na™-K*-ATPase,
cortisol 5)%} 3-5E4J(behavioural characteristics) (Uliano et
al. 2010)0] Ak2: 28] ]3] 7} B shcy. 2 Ao
A YERE 0 psu 2704 9] GOT % S7h= o9 Aute}
o] 2] 81931 (Hur et al., 2002; 2004), THE3} of L] 7] Ag-0 2 7+
7|5 Aol= F=8F 4= QloJ(Hur et al., 2002) A4 AH]E 57}
9] ste] Q1o = AYZHEr.

o] o] Aol A A& Hsh= HA9] Abdr Axv|Ea} TheF
o 1ol - olgt QaHS u| Ak o 81 Aol B o E 5
2 QIR AYE A2 A A R AL FFE =+
= AT WS- 284 glo] B ARG AL U] AU
2 ARSEH e ol iRt AR = E83 4 oS Aotk
5| Abas AxBlEo] STk i 2rolA] 9] -S54k

]

2|
| 9]

]_

o

30 |o

trowd m

= e el e e ARl (A S PG51030)
Al ef] sl ey = 9l o, oo A=Yt
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