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Physiological Responses of Starry Flounder Platichthys stellatus
during Freshwater Acclimation with Diffrent Speeds in Salinity Change

Young Soo Kim, Yong Hyun Do, Byung Hwa Min', Han Kyu Lim', Bok Kyu Lee? and Young Jin Chang*

Department of Aquacuiture, Pukyong National University, Busan 608-737, Korea
"Department of Aquaculture Management , National Fisheries Research and Development Institute
*Depariment of Biology, Dongeui University, Busan 614-174, Korea

Physiological responses (hematological factors, cortisol, glucose, osmolality, Na*, K and CI') in starry flounder
Platichthys stellatus were investigated during freshwater acclimation in the conditions of different speeds in salin-
ity change with acute-decrease (AD) or stepwise-decrease (SD I and II). In AD of acute-decrease salinity, hema-
tocrit (Ht), red blood cell (RBC) and hemoglobin (Hb) were rapidly increased more than SD I of stepwise-decrease
salinity. But in case of SD II, Ht, RBC and Hb were no significant difference from beginning to end of this exper-
iments. In AD, cortisol level significantly increased from 2.1+1.0 pg/mL at the beginning to 13.7+0.2 pg/mL at
6 hours and recovered to the basal levels (3.1 pg/mL) at 10 days. In SD 1, cortisol level was significantly increased
from 2.1=1.0 pg/mL at the beginning to 13.6+0.6 ug/mL at 6 hours and recovered to the basal levels (3.1+0.4 pg/
mL} at 10 days. In SD I, cortisol level was a little increased from 2.1+1.0 ug/mL at the beginning to 10.5+2.5,
10.8+5.6 pug/mL at 6, 12 hours and recovered to the basal level at 48 hours. Glucose level of AD, SD I, Il were
no significant difference from beginning to end of this experiments. Osmolality was 286.8+3.3 mOsm/kg at the
beginning. In SD I of stepwise-decrease, osmolality was no significant difference during rearing in freshwater
(FW). But AD of stepwise-decrease and SD I of stepwise-decrease, osmolality was a little decreased end of this
experiments. In AD of acute-decrease, only CI level was showed no significant difference from beginning to end
of experiment and Na', K" levels were decreased. In case of SD I, CI' level was showed no significant difference
from beginning to end of experiment and Na’, K" levels were decreased.
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SISt M2 A7 AN, 6, 12, 24, 48417, 6, 10U Aol
z}z} AT

oHo| K2} 2

AR7E AAH AZES Fig. 10] YRt 2+ A8
X AHo] 3k} 25 heparin sodium 2] FAF7](3 mL)
£ ARgste] mIFIglo] mF-E el 305 ool HHS A
FHelgl dAe A Aol FA AAsI. Aol
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o} @29 cortisol 5= Donaldson (1981)2] HAPH A=A
H(RIA @} cortisol RIA kit (DSL, USA)E 3417} 1|
o] FAloll AAA0Z WHEEE s F53 U, Hewlett
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Agate], Aol tigt AE 84 (hematocrit, Ht), 287
(red blood cell, RBC), @45 (hemoglobin, Hb)S 41

33t

Table 1. Size of starry flounder used in experiments of salinity
change

Salinity change Total length (cm) Body weight (g)

Acute decrease 19.6+1.7 167.2+£33.1
Stepwise
Freshwater decrease [ 18.9+1.8 168.443.3
Stepwise 18.741.6 162.8£42.0
decrease 11
Seawater 18.3+1.4 147.6+£37.7
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Fig. 1. Salinity changes designed for the AD I, SD T and SD II.
Points indicate the blood sampling time.
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SPSS-E-A =714 (version 10.1)1] 2|3 ANOVA U Duncan’s
multiple range test® 73733}3IT.
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Eolio] Ht, RBC & Hb

Ht, RBC @ Hb2] W3} Table 20l LFERGITH. ADOYA] Ht
© ABMNAIAG) 15.8£1.2%ZFE], 6A7HA0 72.7421.3%F
w43 SIRo AHEEA] 108400 14.422.8%F A7)
AAMAL FEox 385tk RBCY A5, AFAAA
2.4+0.3x10° cell/uLSE o] 1221 7H1of] 11.8£0.9x10° cell/pL
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Table 2. Variations of hematocrit, red blood cell and hemoglobin levels in plasma of starry flounder in AD, SD and SD

Elapsed AT (%) RBC (< 10° cell/pL) Tib (z/dL)
time SWOFW SWOFW SWoFW
(hours) AD SD T SD1I AD SD1 SD1I AD SD I SD1I
0 15.861.2°  15.8:1.7° 15817  24403°  24+03°  24+03*  981.1® 98t2.7° 0827
6 72.7421.3° 21144 142439° 113150 2.8+0.6° 22405  11.0+23%  85:2.1°  7.7+2.6°
12 69.6£14.9°  37.5£17.2% 13.9+41.8°  11.840.9°  5342.4°  2.0+0.5°  12.8£23% 8328 6.6x1.5
24 16.7£6.8°  28.5:23.6° 16.1+4.0°  2.1+0.8  3.7432%  22+0.5 15458 105435  7.9+1.7°
48 23.0£12.0°  15742.1° 154235  32+17° 224020 2.3+0.5° 99426 9312  6.6:L6°
Day-6  15.6£3.4°  16.134.6°  16.0+4.8°  2.1403"  22+02°  22+0.6°  8.0+1.9°  9.0+2.9% 73427
Day-10  14.4+28  147+4.1°  12351° 21203  2.1£06  17:0.7°  89+1.0° 67429  7.743.0°

The values are mean+SD. Means within each item followed by the same alphabetic letter are not significantly different (P>0.05).
Ht: hematocrit, RBC: red blood cell, Hb: hemoglobin, FW: freshwater, SW: seawater.
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S7PAIN A 2.4+0.3%10° cell/uLF 0™ 127 7He]] 5.26+2.4x10°
celluLE 7RI} 48A17HR10l| AB/NAA] FEOE 35
Ht}h Hb= A MAIAof 9.8+1.1 g/dLS 2™, 2447+
10.5+3.5 g/dLE Z71 oL}, AFFTEAIR] 10940l 7.87+0.3 g/
dLE )&t ¥slE HolA| ¢kgtrt. SD IIel4] Ht, RBC ¥ Hb
= AGINAA O 9.8+1.1 g/dLR O HAEFFEA 7.68+3.0 g/
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EAO| cortisol
Cortisol#} ZF722] W3l= Fig. 29} Zt}. ADoA d%
cortisol?] FE AEMAIA] 2.1£1.0 pg/mLEFE AHNAF-
6l 13.7£0.2 pgmLE FA3] S7FHE o, At A
3lo] AYETEAR) 104400 3.1 ugmLE VERY AEPAIA]
F207 FRHQIY FFIA T AREIAA £93
zpo) 7 vERA] 2kt). SD Pl 3 cortisold] s A
BAAA 2.14£1.0 pgmLEFE 64Tl 13.6£0.6 /mLE &
R3] Ve AES HoH, At aste] ABFEAIQ
102340l 3.140.4 pgmL=E S EHUT}E SFI~ FEE AF
FRAAl 217432 mg/mLERE] AFFRAQL 102A7H4] -+
3t Zjo] 7} JeRdA] 9skt). SD el @7 cortisold] 5=
ARANAA 2.151.0 pgmLEFE 6L 12470 42
10.5£2.5, 10.8+5.6 pg/mLE S7FHs AEE XG0} 4843
ARE AGNNA 202 JuH = A BYoH, 4
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Fig. 2. Variations of cortisol and glucose levels in plasma of starry
flounder in AD, SD I and SD II. Same alphabetic letters are not sig-
nificantly different (P>0.05).

el o, Al AT 25 AENAE 6AIAl 2 263+5.4,
276.3+4.5, 266+4.6 mOsmkg® E 23 Tadhe AT
Yehie, 49559 10878l 266.3+8.5, 242.2+12.5,
269.5+4.9 mOsm/kg7HA| 213k Wk} Bolx] gkgict.

Na’, K* @ CI2] ¥3= Fig. 33 2t} ADoIA] Na's] &
T AR Ol 136.8+4.4 mEqLIE A0] 6XZHAIRE] 7

23] A&ste] AgEaA 109A% 123.0+4.8 mEg/LE
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Table 3. Variations of osmolality levels in plasma of starry
flounder reared in freshwater

Elapsed time Osmolality (mOsm/kg)
(hours) AD SD1 SDII
0 286.843.3 286.8+3.3 286.8+3.3
6 263.0+£5.4 276.3+4.5 277.3£4.6
12 255.7+6.7 269.7+4.7 268.8+£2.9
24 268.3+9.1 262.3+4.6 277.3+3.1
48 246.3£7.3 280.0+8.1 254.0+6.9
Day-6 258.5+£6.0 269.5+8.8 284.0+£13.0
Day-10 266.3£8.5 242.0£12.5 269.5+4.9
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Fig. 3. Variations of Na’, K" and Cl" levels in plasma of starry floun-
der in AD, SD I and SD II. Same alphabetic letters are not signif-
icantly different (#>0.05).
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07 FE3I g}, 19 HE AEAA] 107.443.4 mEg/
Lo, 6, 124710 93.5£10.0, 93.4+11.3 mEq/LE 48}
T AL Bolon 241 7HAlel FoldiA Sk e AEE
BA] 104421 101.545.7 mEq/L7A ARMAA 2] 207

32E9It} sDolA Na?] St AF7/IAIAe 136.8+4.4 mEq/
Lo Aol 6da7EA = ol Wshe HolA] dgkont, 439
ZEAQ 109400 118.0£12.1 mEq/LE #2138k st 74

HS BT K9] 55 AP7MAA 32408 mEg/LolA 5
8] 7haslo] AEEEA] 109R)0]] 2.3+0.6 mEg/LE VFEFRTY
T ARAIA 107.443.4 mEQ/LTFE AEFEA
1095 103.0+9.9 mEq/L7FA H-2)8t Wsks 1ol okttt
SDOIA Na'd] 5 AHMAA ] 136.8:4.4 mEq/LAE A
o] 48X)7Hsjol| foJstA FAsIgla, ARFEAIR] 10950l
125.2412.0 mEq/LE AA/WANA] 202 SEHA = ottt
Ko i ASAAA 32408 mEqLA L 6, 12417
247} 24402, 2.240.4 mEq/LE Fadhs A4S Holu W §,
A¥ZaA 1094 23:0.6 mEq/L7HA] 723 WgkE HolX
o¥eltt. Crel Fis A8/ 107.443.4 mEg/LTE A3
Zu A 1094 111.4+10.5 mEq/L7A] #-2l81A 5718150t
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o}, ol2igt A iatagel <) vEhk= cortisol?} S5
T oA & AEHAAER I HcHWedemeyer and
Yasutake, 1977). Cortisol "5 AEMAIA 2.1£1.0 pg/mLE
VEREOL, SD I, 18] AT BFolA 6AZHC S 3]
cortisol ‘F5=7F F7FBISIAIRE DA1A GEwistE = SD I I}
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A= SAAQ JEAsRY AEHAE go] By 38 &
Er B =Evhe A8 & F Sirh 224, cortisold] St
F7Fskz Aol slojrls F7EA SolM e £ gl A
A, FAst sl mE A=A W ) glow B
A, o1FellA cortisol?] Eih= tlAl, AREREE, WA AR
o] glev(Pickering, 1987), FHAd o1l cortisol 34
GolA vl Fad AFEARE T2 Eo| U Mayer et al,
1967). 53], ol7jv|e] GFAEL] Na/K'-ATPase &4, Na'/
K*-ATPase o-subunit®] U3 wah-g SIIAA si42-39) A8
WS S7MZICKPickford et al. 1970). WEFA cortisobe- o]
FE ErolA sz &4 o opb] AFAEe] 898
ATl ARCEE B 4 9lod, ofd] gt Bu} 7& 7t
Hes Aoz vk},

guiA o g FEFAE AEH A o3 Z71HH, Barton
and Iwama (1991)7= cortisol E5=7F Fold o 5T
FEF FolAle @S AEH 2o o3 T ER §R-S Hu
22b-g-2] daebar skivt. oj sk Ak 5ol Mugil
1999), pejerrey Odontesthes
bonariensis (Tsuzuki et al., 20015 B2 7ol Fox B5
Ik 2l B AeME o)) t2A) 378 aids)
Al cortisol®] FEE 57 WHH SRIAXA FRE SV &
of dutA o 7 YAl THEEFIAA 5 TiPds 4
S ERIA] gtow, o] AL cortisololl 2l F5512 AlAY
Aol dolpy] 4, BFFv B AAE
° 7 H#738] AREHAAY, cortisol} FHE 4455k cortisol B
o w2 AIZE oufel] AEH A o] He] FER HBES
A5 SIth ol 28 Ak 2 FePA R B
=3 QU(Park et al., 1999).
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3HAD)S} WA FRH3KSD 13 DS 918 W) 5t
219 Azl 9he-& AR

ADSIA Ht, RBC 9 Hb= Exp. IIel] vldl $718h= ghol &
A vgten sjEshs 55 =3k 2t SD IR= Ht, RBC
2 HbelN AN ET ARFEA 4lo] A8 AolE
Kol gksket. ADOIA cortisol®] E5 AE7IAA] 2.141.0 pg/
mLERE] APANAE AT 137202 pg/mLE 5A3] 5
7kt ot 10940l 3.10 pg/mLE AFAANA] FF0 2 35
=S}, SD olIA cortisol?] = AW 2.1£1.0 pg/mL
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