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Effect of Starvation on Parameters in Olive Flounder,

Paralichthys olivaceus (Temminck et Schlegel)
by

Seon Rang Woo

Submitted to
The Department of Muarine Bioscience and Environment
Graduate School of Korea Maritime University

(Supervised by In-Seok PArk, Ph. D.)

Abstract

An experiment was conducted for 12 weeks to determine the effect of
feeding and starvation on the survival and growth, the phenotypic trait and
hepatosomatic index (HSI), the morphometric changes in the external and
sectioned body, the biochemical changes, the hematological parameter, and
respiration in olive flounder, Paralichthys olivaceus (Temminck et Schlegel).

The survival and growth of the starved group was lower than those of
the fed group during the experiment. Starvation resulted in retardation of
growth, which provides examples of the reduction of final body weight,
growth rate of body weight, specific growth rate and condition factor,

whereas the fed group continued to grow and remained in good condition.



The starved group had lower gutted body weight, and similar viscera index
and dressing percentage compared to those of the fed group. Although the
starved group showed higher concentrations of protein and DNA than the
fed group, food deprivation resulted in a decrease in the HSI. At the end
of the experimental, the fed group (RNA/DNA=9.7) were significantly
distinguished from the starved group (RNA/DNA=3.5)(£<00.5).

The starved group resulted in a decrease in most sectioned body traits
as well as condition factor and viscera index. In sectioned body traits, an
almost the entire trunk region were significantly affected by feeding or
starvation (£<0.05). There was an increase in truss dimension of the body
depth in trunk region of the fed group at the end of 12-week experiment.
The wvalue of trunk region dimensions with a large component of body
depth in olive flounder is most likely to be compromised by wvariability
related to differences in feeding regimes of fish in different habitats.
Classical dimension of longitudinal length characteristics at body belly
region increased when fed, and classical dimension of head characteristics
increased when starved, but decreased when fed.

Blood analysis (hematocrit, hemoglobin, red blood cell, mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration and mean corpuscular
volume) showed no significant differences between the fed and starved groups at
the end of the experiment (#>0.05). There were no significant differences in
plasma cortisol, glucose, Na*, CI', K" and aspartate aminotransferase between the
fed and starved groups (£>0.05). Plasma alanine amino transferase levels of the

starved groups were higher than those of the fed groups, whereas plasma

_Vi_



osmolality levels of the starved groups were lower than those of the fed groups.
The results that oxygen consumption rate and respiration frequency of the starved
group were lower than those of the fed group appeared that energy metabolism
activity becomes low in the starved group.

These results suggest that all nutritional parameters used for starvation and
feeding in this study appear to be a useful index of nutritional status in olive
flounder. Additionally, the data have been interpreted in detail and some

biologically important relationships were discussed.

Approved as qualified thesis of Seon Rang Woo for the degree of Master of
Philosophy by the Evaluation Committee in June 2005.
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Table 1. Seawater quality during the experiment

Parameter Range
T-N (mg/L) 1.9~4.1
TKN (mg/L) 1.0~1.2
NH,"-N (mg/L) 09~1.1
NOs-N (mg/L) 0.9~2.9
T-P (mg/L) 0.02~0.78
PO.>-P (mg/L) 0.004~0.351
COD (mg/L) 2.0~11.1
Water temperature (C) 19.4~22.4
Salinity (%) 34.0~37.0
Dissolved oxygen (ppm) 5.7~8.0
pH 6.5~7.8

The values are monitored for 12 weeks. COD: Chdmicggen demand;TKN:

Total Kjehldahl nitrogen; T-N: Total nitrogen; T-Hotal phosphorus.



Table 2. Composition of the diet used in the experit

Content (%)

Crude protein 50.0
Crude fat 8.0
Crude fiber 4.0
Ash 15.0
Cacium 15
Phosphorus 1.7
Mineral 3.0

Purchased from E-wha Oik Fat Ind. Co., Busan, Korea.
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Fig. 1. Truss and classical dimensions of distanoesasured for the starvation
experiment in olive flounderP. olivaceus. Morphological landmarks are
numbered and morphometric distances between lakdmare shown. (a)
Truss dimension: 1, Origin of pelvic fin; 2, Origiof dorsal fin; 3, Anal
fin base cross a vertical line which intersect aghtr angle of the
intermediate point of standard length; 4, Dosal fese cross a vertical line
which intersect at right angle of the intermedigtgint of standard length;
5, Most posterior aspect of operculum. 6, Insertidnanal fin; 7, Insertion
of dorsal fin; (b) Classical dimension: 1, Mostteaior extension of the
head; 2, Origin of dorsal fin; 3, Origin of pelviin; 4, Most posterior
aspect of operculum; 5, Origin of pectoral fin; ®rigin of anal fin; 7,
Dorsal fin base cross a vertical line which intetsat right angle of the
intermediate point of standard length; 8, Insertioh dorsal fin; 9, Most

posterior scale in lateral line.
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Table 3. Dimensions of body shape used in thisystud

Dimensions
Truss dimension
Origin of pelvic fin x Origin of dorsal fin 1x2
Origin of pelvic fin x Anal fin base cross a vertical line which 1x3
intersect at right angle of the intermediate point of standard
length
Origin of pelvic fin x Dosal fin base cross a vertical line which 1x4
intersect at right angle of the intermediate point of standard
length
Origin of pelvic fin x Most posterior aspect of operculum 1x5
Origin of dorsal fin x Anal fin base cross a vertical line which ox3
intersect at right angle of the intermediate point of standard
length
Origin of dorsal fin x Dosal fin base cross a vertical line which oxd
intersect at right angle of the intermediate point of standard
length
Origin of dorsal fin x Most posterior aspect of operculum 2x5

Anal fin base cross a vertical line which intersect at right angle of 3x4
the intermediate point of standard length x Dosal fin base
cross a vertical line which intersect at right angle of the
intermediate point of standard length

Anal fin base cross a vertical line which intersect at right angle of

. ) . . 3x6
the intermediate point of standard length x Insertion of anal
fin
Anal fin base cross a vertical line which intersect at right angle of 3x7

the intermediate point of standard length x Insertion of dorsal
fin

Dosal fin base cross a vertical line which intersect at right angle of 4x5
the intermediate point of standard length x Most posterior
aspect of operculum

Dosal fin base cross a vertical line which intersect at right angle of

the intermediate point of standard length x Insertion of anal 4x6
fin

Dosal fin base cross a vertical line which intersect at right angle of AxT
the intermediate point of standard length x Insertion of dorsal
fin

Insertion of anal fin x Insertion of dorsal fin 6x7

_13_



Table 3. Continued

Dimensions

Classical dimension
Most anterior extension of the head x Origin of dorsal fin 1x2
Most anterior extension of the head x Origin of pelvic fin 1x3

Most anterior extension of the head x Most posterior aspect of 1x4

operculum
Most anterior extension of the head x Origin of pectoral fin 1x5
Most anterior extension of the head x Origin of anal fin 1x6

Most anterior extension of the head x Dorsal fin base cross a 1x7
vertical line which intersect at right angle of the intermediate
point of standard length

Most anterior extension of the head x Insertion of dorsal fin 1x8
Origin of dorsal fin x Most posterior scale in lateral line 2x9
Origin of pelvic fin x Most posterior scale in lateral line 3x9
Origin of anal fin x Most posterior scale in lateral line 6x9

Dorsal fin base cross a vertical line which intersect at right angle of 7x9
the intermediate point of standard length x Most posterior
scale in lateral line

_14_



Fig. 2. Total height (THX), width (WX), area (AX)height (HO), and belly

thickness (BTQ@ and BTQ) measured in olive floundeR. olivaceus on a
cross section slice taken at the just one-thiré Ibetween most posterior
aspect of operculum and mediate point of standamdgth (X=0), a
vertical line which intersects at right angle ofe tlintermediate point of
standard length (X=A) and midpoint line between iaed point of

standard length and most posterior scale in latémal (X=M).
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Zy A W3 (Area at one-third line between most posterior aspect of
operculum and mediate point of standard length: AO, Area at a wvertical
line which intersect at right angle of the intermediate point of standard
length: AA, Area at midpoint line between mediate point of standard
length and most posterior scale in lateral line: AM)Z HotH S o] 83}
em® B 27 2490

2t o]l MA| Fol(Total height at one-third line between most posterior
aspect of operculum and mediate point of standard length: THO, Total height
at a vertical line which intersect at right angle of the intermediate point of
standard length: THA, Total height at midpoint line between mediate point of
standard length and most posterior scale in lateral line: THM), & (Width at
one-third line between most posterior aspect of operculum and mediate point
of standard length: WO, Width at a wvertical line which intersect at right angle
of the intermediate point of standard length: WA, Width at midpoint line
between mediate point of standard length and most posterior scale in lateral
line: WM)< cm @912 22t S 3t d o

1/3 AAHANA FHoZ A i) AW =o|(Height at one-third
line between most posterior aspect of operculum and mediate point of standard
length: HO)E cm @92 SAA. B74 F7(Belly thickness 1 at one-third
line between most posterior aspect of operculum and mediate point of
standard length: BTO 1, Belly thickness 2 at one-third line between most
posterior aspect of operculum and mediate point of standard length: BTO

2)E cm @92 SABsATH(Fig. 1). B 574 F7(Average belly thickness:
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ABT)= cm ©$Z (BTO 1+BTO 2)/29] 21& &3t At A
(Body shape: BS) A Al A& 1(Body shape 1: BS 1) (CIA/BL)x100° 2,
A& 2(Body shape 2: BS 2)= (THA/BL)x1002.2, A3 3(Body shape 3: BS
3)& (WA/BL)x1002.2 A 4+3} o).

ol&# 7z Aol Iy (Section shape: SS) EAHE WELSE ALsATH
%, A93 1-1(Section shape 1-1: SS 1-1) (WO/THO)x100, A T3 1-2(Section
shape 1-2: SS 1-2)& (WA/TA)x100, &&& 2-1(Section shape 2-1:55 2-1)<
(HO/WO)x1002.2, ¥ 3-1(Section shape 3-1: SS 3-1)2 (ABT/WO)x1002.
2, 33 3-2(Section shape 3-2: SS 3-2)= (BTO 1/WO)x100°o.2, T3
3-3(Section shape 3-3: SS 3-3)2 (BTO 2/WO)x1002. =2, T3  4-1(Section
shape 4-1: SS 4-1)2 [0.5(mxHOx0.5 - WO)/AO] x100L. 2 A A& Th.

7} ghol st AP AlFAle] sk E2F(Ratio 1: fed/initial) ¥ 7] okt
(Ratio  2: starved/initial)®]  Bl} E 2o gk 7ot H|(Ratio 3:
fed/starved)E T3t Ml AL FA T

2 AR AFA aga FEAY ZAT, Voo 2R dEAHI AAE
Adste] Z+ i Al 9] BTO, BTA B BTMAlAM 9 B3 F7 2&<& copy stand

AHgatel AR 2 s

Ll

ZF 10vkg o] gAS W es 3t a@uid A £4 % HHDNA, RNA)9 4
T EAE AAskAn. eudRs SAs] AAste A Al kE2AS oF 50
mg® FH3ll 09% A2 AAE 408 7} homogenizerZ T &E3 I F 3,000

xgol Al 10&3F A2t FF A 100 wE FH3W Lowery e al (1951)3%
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Ohnishi and Barr (1978)% "ol we} Sigma kit (Product code TPO 200,
USA)E 283t A8t HF AHES] F3EE 700 nmol A S s

RNA-DNA Hlo| ta) A= Schmidt-Thannhauser-Schneider ¥ (Schneider,
1957)ol wet SAHsAv. 2 AAS FEFHS o 200 mg® FHaE 5%
perchloric acid 408 &) T 3}sled 3,000 xgol Al 1083 LA E 3 AT

FEAS Hela JHE ethanol-ether (1:1) €& 5 mL

ff
o
rlo
o
oo
a1
o
3

m
A 1023t 7HEd F &8t AAS AAsGAH. e 5 mLe
03 M KOHE 73l &3fsta 37CelAM 18A%F 7tdatdth. 539 03
M-HCIZ F38}3tal 60% perchloric acid 0.5 mLE 7}tk 3,000 xgoll A 10

7 AAEEYstd AEHS RNA #480=2, JHd = 5% perchloric acid

5 mLE 7}3] 100Cel A 15837 7hdsta 9482 (3,000 xg, 108) ¥ FZ
S DNA 24§22 A48 %t RNA, DNA 2% F3EE 260 nmolA =
Fatgoen, ZH&M 59 RNA Tt DNAS F& FF:T W3} 004286 &

obzolM FEHE 7 10vtele] JAE e m g 444 E4& AT
A2 20 IU/mL heparin sodium (Sterile Solution HEPARIN Inj.,
Choongwae Pharma Corporation, Korea) A2|¥t ZFe2~H FAL7](3 mL-23 G,
Dong Shin Medical Instruments Co., Korea)E AH&3te] Wi glo] 1& oW
R oA Aot AMAEE AFHIT A 15 mL microtube
(MCT-175-C, Axygen Scientific Inc.,, USA)°l 534t} o|F A A 4%

AEE ZA FARNYIZ BASEOY, BF BUE ARE 5600 g2 5% F
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YA E2](MF 550 Hanil centrifuge, Hanil Co., Korea)ol &3l & FE3514
-70C2] Y& (CLN-500 UW Nihon Freezer, Nihon Co., Japan)ol X3} t},
gl FAoll 9loIA hematocrit (Hf), red blood cell (RBC), hemoglobin
(Hb)# 2o o gae 2FIAEM 7 (Excell 500, USA)E =43ttt o]
Wi JAEF &4 (Mean corpuscular volume: MCV), 3 A

g7

X
i)
2
B>

=2
& (Mean corpuscular hemoglobin: MCH) 3 31

o
1>
flo

S X (Mean corpuscular hemoglobin concentration)E T3t T Al
MCV=Htx10/RBC, MCH=Hgx10/RBC ¥ MCHC=Hbx100/Ht&} Zt}.

A% cortisol FE+E Donaldson (1981)9] W®lol wa} Coat-A-Count

)

TKCO Cortisol RIA Kit (DPC, USA)E F4-&x w&S FE3 o, 1470
WIZARD Automatic Gamma Counter (Cobra I, Packard Co., USA)E A&

8] radioimmunoassay (RIA)] 98] =AUtk glucose, Na', CI' 2 K

AST ¥ ALT %< Chemistry System (Hitachi 7180, Hitachi, Japan)©ll <] 3

o

o
o
ol

25 249 A4S Nee) g4 we 5agel Ue 2

o], Micro osmometer (Fiske 210, Fiske, USA)Z =743}t

20 g/L, 710k 188 g/LY ML 2 A4 428 SHZX 0 Yo N&Hog A
A &Ml WEE RUYEY Hoen, Fe FREAEAAA(Circulating

water bath, Johnsam, Korea)E AF-&3to] Zd3S .



.EH

“d
.A

0% ££8 1CH 30CHA A5 A7

2

3

N

~

oo

: 21:00~09:00) 2. =

09:00~21:00, 7]

o))

1oR

B
fite)
!
N
o
[

X

N

el
oK

~
o

A 3}

SHAl

560+10 mL/min® 4 3A

{(C-C,) xFx60}/ W,

(VO2 mg/kg/h

o

S|
4

<

7o

H]

H [ AF

4
<

<

AE

oA F

(L/min), W

11. 5 A A4

A} 5 SPSS-2 A ) 7] A (SPSS

9l

test

range

Duncan’s multiple

ANOVA Y

o %
Fl .

S

9.0, SPSS Inc., USA)O]

(Duncan, 1955)2 773
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|, Paralichtlys olivaceus (Temminck et Schlegel)

] %
2

RE

%
L
x4y

"o Mo

Al
i
o

L= N J T Em CIRNCR
A - o - %
g SS9 X s e S e e oyos b ow
0 ! T N S SO -
W I S voa Bowm .3 N OE 4
< 2w ke Mo A B ST
. ® N io- RS .8 = 9 T 2 .
R oy R ! < Wy T B3 o Oy I
o SR TS = oM Ry o= d gy P
& e o X Moo Mo w = o X g =
% = o W 5 HoR NI
il ~ U._ﬂ _ == R B ‘UI B
f e 0 gl B UGN
S T L TR S -
. X MEECEE G T £ T 92 OB g o= N
— o) — ;
ﬂ bl NjJ of & .MM n H._ ﬂww © ) NG 1..m 3 " M.._
D T oMy oo Mo W oo T gy ﬂqn_ oo woE R
S 3 =0 2 d o B = < q T
- o €L N K N T Mo~y Ko
o JER e TN N s ®
g X = e I E z o B2 owm o P S
g T 0 B —— N ) G ~ fa o = o
— e} ™ o ) e —_ S = |
L T N % ﬂ o .m/ﬂ g OV = W ol o T
) X Iy ~
S ¥ B o s e B B R
n+y_ ro = M < BR W o Be 0g ,oﬂ o K O X
. i - 2 %
Sy Noom, wr_ b wl_ < % o a4 N B O® W
f o} o 0| i 3 _ —_— 32 )
o R G A R S I O -
" or - X » < W Ao Nio <
rH RO Mo - EN S R L = o = < X
5o o o T R o N
2 & gk o o R %o TR woox N
" N O N R odh o x BT R O o W .
= o BB RS N ST W — N q =~
L L > - LA I
B4 L B, T S M B m < 4
- S G =R . B T - N~
G B mow oo ° 3 N ®
< ~ T o - X P Kfo
GO CUN N >N I ST U S

_21_



100 —

(o]
o
T

Survival (%)
(0]
o

70 F — Fed — Starved

60 1 1 1 1 1 1 I 1 I [ 1 1 1 1 1 1
10 20 30 40 50 60 70 80
Rearing period (days)

Fig. 3. Mean survival of duplicated experiment difve flounder, P. olivaceus fed

and starved during the experiment.
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Table 4. Performance of olive

floundd®, olivaceus fed

and starved for 12 weeks

Fed group Starved group
TL (cm) 31.2+1.94% 21.1+1.70°
BW (g) 312.2462.49° 56.4+16.64°
GRL (%) 11.0+4.30° -3.9+4.11°
GRW (%) 46.9.4+21.56° -19.5+15.56°
Specific growth rate (%) 2.5+0.90° -0.4+0.47°
Condition factor 1.0+0.01° 0.6+0.01°
Feed intake 2.3+0.22 -
Specific feeding rate (%) 33.3£10.01 -
Feed conversion rate (%) 8.4+3.70 -

The values are meanszS=Q0) of duplicated groups. Total length amddy

weight of the initial fish were 22.9+0.88 cm, 10€17.67 g respectivelyMeans

in rows with a same superscript letter are not iBaggmtly different @ > 0.05).

TL: total length, BW: body weight, GRL (growth ratlor total length) (%):

(final mean total length-initial mean total lengthPO/initial mean totallength,

GRW (growth rate for body weight) (%): (final medwody weight-initial mean

body weight)x100/initial mean body weight, Specificowth rate (%): (finalmean

body weight-initial mean body weight)/rearing day;ondition factor: body

weightx100/(total lengtR) Feed intake: dry feed intake/(rearing dayxnumioér

fish), Specific feeding rate (%): dry feed intak@®4((initial total weight+final

total weight+death total weight)/2), Feed convarsimte (%): specificgrowth

ratex100/specific feeding rate.
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Table 5. Phenotypic traits of olive flounddp, olivaceus initial, fed and starved
for 12 weeks

Trait Initial Fed Starved Ratio Ratio Ratio
rai

group group group 1 2 3
CF 0.8+0.05" 1.0+0.01° 0.6+0.01° 120 0.72 1.66

GW (g) 98.2+16.05° 297.1#51.84%° 52.9+1527° 3.02 0.53 5.61
VW (g) 9.5+¢1.52°  17.1#3.81*  3.7#2.74° 181 0.38 4.67
VI (%)  9.8+2.10° 5.8+41.16%  7.846.48° 059 079 0.75

DP (%) 91.1+1.75% 94.5+1.04° 93.0#5.21* 1.03 1.02 1.02

The value are meanszSn=10) of duplicated groups. Means in rows wigh
same superscript letter are not significantly défe (> 0.05). Abbreviation,CF:
condition factor=ungutted body weightx100/body Wlg GW: gutted body
weight; VW: viscera weight; VI: viscera index=(visa weight/gutted body
weight)x100; DP: dressing percen- tage=(gutted boggight/ungutted body
weight)x100; Ratio 1: fed group/initial group; RatR: starved group/initiagroup;

and Ratio 3: fed group/starved group.
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Fig. 4. Typical external morphology of dressed baalyolive flounder, P. olivaceus

(@) fed and (b) starved for 12 weeks. Bars are 4 cm
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Table 6. The change of hepatosomatic index (HSlplofe flounder, P. olivaceus
fed and starved for 12 weeks

Rearing period (weeks)

0 4 8 12

Fed group 1.140.27% 1.940.52% 2.1+0.35° 2.1+0.29°
HSI

Starved group  1.1#0.27>  0.6+0.08" 0.6+0.28" 0.4+0.15"

The value are meanszSh=10) of duplicated groups. Means in columns wéh
same superscript letter are not significantly défe @ > 0.05).
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Fig. 5. External and internal morphology of oliveeunder, P. olivaceus, (a) fed
and (b) starved for 12 weeks. Note the enlargecr liof fed group

(arrowed). Bar is 4 cm.
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x2 9 7)otrt R ASE A truss dimensionol PIX = 9 FLS Table 7
I 2. truss dimension®] EZ AT A9, 1x2, 1x3 E 4x59] A|S g &of A

4P AN T

Wi

Fol7b A Th(2<0.05). Truss dimension®] XZ213<]
A5, A AZAG FogE FUHE B AS FES 1x4, 1x5, 2x3, 2x4, 3x4,
3x6, 3x7, 4x6, 4x7 L 6x7 O] ATH(LP<0.05). Truss dimension®] EATA 75
2x59] ASFEHS AP AlFAA Blsf ST

Truss dimension®] 7)o}l 7B, 1x2, 1x3, 1x4, 2x3, 2x4, 2x5, 3x6 H
3x79] AS F&EolA AP AAAY FYT Aole fIATH(L<0.05). Truss

dimension?] 7]o} <l A5, Ad Al Al Hlg] feojst FUME B AF I

E2 1x5, 4x6 22 aL 4x7 ol em, A A Al Hld FoF HAE H<
AS FEE 3x49F 4x5 2L 6x7°] ATH(L<0.05). Truss dimensiono A
A3} 7]okA] 1x5, 4x6 Bl 4x79) A5 &= A5 A AFAOl vlE 35 A
o7 F7F Ao 3x49F 6x79 ASF FHAM= AP AlAAC BlE] 24
T2 S7Fe whE T)ob e Akl

X2 9w 7jolrt ¥ A=A classical dimension®] VX FFS
Table 83 Zt}. Classical dimension® X241 7ZA-$ 1x6, 1x8, 3x9 18]l 7x9

o A= FEAM AF AFAL} Fold Zolrb fIATHP<0.05). Truss

o

dimension®] EHT¢ B AF AFA ws fA% ZHE B AS G

2 2x9 oo, 1x2, 1x3, 1x4, 1x5 B 1x79] A5 5L A A ZA]d

Classical dimension®] 7]o}<l A9 1x2, 1x4, 1x6, 1x7, 1x8, 2x9 & 7x9

o AZ FRAN 2G ARAtE FF Folh GATHP<0.05).



Table 7. Truss dimension of olive floundd?, olivaceus initial, fed and starved

for 12 weeks

Dimension Initial group Fed group Starved group
1x2 24.1+0.77% 23.7+1.40° 24.3+0.63%
1x3 29.241.22% 30.0+2.87° 29.242.91°
1x4 44.9+0.81° 47.2+2.09° 44.1+2.24°
1x5 15.2+0.572 16.2+1.06" 16.6+1.73°
2x3 48.4%0.78° 49.6+1.86" 47.7+1.89°
2x4 44 5+1.12° 46.2+1.36" 44.6+2.12°
2x5 21.4+0.832 20.6+0.84° 21.8+0.93°
3x4 37.5+1.29° 39.4+4.21° 35.7+0.93°
3%6 41.0+1.15° 43.0+1.95° 41.6+2.21°
3x7 44.8+1.08% 47.1+2.08° 44.4+2.36%
4x5 30.9+0.66° 31.6+2.68° 28.8+1.52°
4x%6 44.7+1.25% 46.6+2.98° 45.9+2.39%
4x7 40.3+1.25% 41.2+1.70%° 41.8+2.52°
6x7 9.1+0.40° 10.7+0.73° 8.6+0.48°

The value are meanszSDh=20) of duplicated groups. Means in rows with

same superscript letter are not significantly défe @ > 0.05).
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Table 8. Classical dimension of olive floundeP. olivaceus initial, fed and
starved for 12 weeks

Dimension Initial group Fed group Starved group
1x2 10.60.602 9.5+0.81° 11.3+1.56°
1x3 24.3+0.72° 23.4+0.87° 25.1+1.11°
1x4 27.6+0.95% 26.3+0.75" 28.2+1.03%
1x5 27.5+0.82° 25.8+0.62° 28.5+1.03%
1x6 29.7+0.77° 29.4+1.01° 29.4+2.02°
1x7 53.9+0.88°% 54.9+1.12" 53.9+1.87%
1x8 87.8+1.29% 88.8+1.46° 87.6+7.07°%
2x9 92.7+1.43% 93.2+0.98" 92.0+0.85%
3x9 81.3+1.13° 82.4+1.05% 79.4+4.26"
6x9 76.3+1.46% 76.9+1.432 75.4+1.19"
7x9 53.9+1.30% 53.4+1.26° 52.6+4.49°

The values are meanszSh=PQ0) of duplicated groups. Means in rows with

same superscript letter are not significantly défe > 0.05).
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Classical dimension®] 7|0} 4% 1x33} 1x59] A= &5 Ag Az
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H1 3] 1538 F7HFATHL<0.05). 2t Al AEHA ] A sele XA, 7o}
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EATO M= 433H1E T AAQl AS AF AR 24TEY Zlen,
AMRl A5 ZATo] A AAAEG Flou, AASH AMOIA AE A ZA 9}
EAFE AOAIAM 9 A v A= 7okl wls| Zth(2<0.05). 7)okl
girlgt 227 HlE AAQL A 4768, AMS] AS-E 47792 Fth

Zr A Adde]l AA w;olold THOS THAQ A% I Z7|e¢s EAL,

7)ok, AF A FA] o] ATH(L<0.05).
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Fig. 6. External morphology of olive floundeR. olivaceus, (a) initial, and the

end of the (b) starved and (c) fed for 12 weeksarsBare 4 cm.
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Table 9. Phenotypic traits of olive flounddp, olivaceus initial,

for 12 weeks

fed and starved

Dimension Initial Fed Starved Ratio Ratio Ratio
group group group 1 2 3
BL (cm) 16.6+0.45° 28.7+0.99°  18.7+0.95" 1.72 112 1.53
CIO (cm) 12.8+0.26° 24.1+0.81° 14.1+0.84° 188 110 1.71
CIA (cm) 12.9+0.24° 24.8+0.71*> 14.1+0.84° 193 110 1.76
CIM (cm) 7.3+0.68° 15.2+0.62% 8.6+0.52° 2.10 118 1.77
AO (cm?) 4.3+0.43° 4.0+0.30" 0.940.12°% 093 0.22 433
AA (cm?) 5.5+0.24% 5.0+0.43" 1.1+0.14° 091 0.19 4.76
AM (cm?) 1.9+0.27" 2.2+0.26" 0.5+0.08° 112 023 4.77
THO (cm) 6.3+0.17°  11.3+0.39% 6.8+0.40" 1.79 1.08 1.65
THA (cm) 6.5+0.16° 11.6+0.32% 6.8+0.41° 1.79 105 171
THM (cm) 3.6+0.36° 4.3+0.20° 4.1+0.22° 201 114 176
HO (cm) 2.8+0.19% 4.9+0.30° 2.9+0.21° 1.74 101 172
WO (cm) 1.3+0.10° 2.6+0.14° 1.1+0.07° 192 085 227
WA (cm) 1.1+0.05" 2.3+0.13°% 0.9+0.06° 206 0.81 256
WM (cm) 0.8+0.05" 1.7+0.08% 0.7+0.09° 2.18 0.88 2.49
BTO 1 (cm) 0.6+0.11° 1.4+0.23°% 0.8+0.09° 231 136 1.70
BTO 2 (cm) 0.2+0.05° 0.3+0.05°  0.1+0.05° 230 092 251
ABT (cm) 0.4+0.07°¢ 0.940.12%  0.5+0.05" 231 128 181
BS 1 77.3+2.61*° 86.6+2.46° 75.3+1.51° 112 098 1.15
BS 2 39.1#1.83° 40.5+1.32° 36.3x0.81° 1.04 0.93 1.11
BS 3 6.8+0.47" 8.1+0.52° 4.9+0.23° 1.20 0.72 1.67
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Table 9. Continued

Dimension Initial Fed Ratio Ratio Ratio
Starved group
group group 1 2 3
SS 1-1 21.3+1.41° 22.9+1.21° 16.7+1.25° 1.08 0.79 1.37
SS 1-2 17.4+0.43° 20.1+0.93° 13.440.45° 1.16 0.77 1.50
SS 2-1 211.1+15.74° 190.9+13.88° 251.4+3.49° 090 1.19 0.76
SS 3-1 28.2+4.72° 33.9+4.83" 42.4+503* 1.20 150 0.80

SS 3-2 45.4+8.43° 54.5+9.60% 72.9#10.13° 1.20 1.61 0.75
SS 3-3 11.1+2.45° 13.3+1.67° 12.0£3.93° 1.20 1.08 1.12
SS 4-1 68.845.80° 248.2+48.54° 276.7+20.01° 3.59 4.01 0.90

The values are meanstSDh=@0) of duplicated groups. Means in rows with a
same superscript letter are not significantly défe (>0.05). Abbreviation, BL:
body length; CIO: body circumference at one-thiidel between most posterior
aspect of operculum and mediate point of standaemgth; CIA: body
circumference at a vertical line which intersectrigiht angle of the inter mediate
point of standard length; CIM: body circumferencé midpoint line between
mediate point of standard length and most postesaaie in lateral line; AO: area
on section at one-third line between most postedspect of operculum and
mediate point of standard length; AA: area on sectat a vertical line which
intersect at right angle of the inter mediate pafitstandard length; AM: area on
section at midpoint line between mediate point d¢déndard length and most
posterior scale in lateral line; THO: total heigbh section at one-third line
between most posterior aspect of operculum and ateedioint of standard length;
THA: total height on section at a vertical line winiintersect at right angle of
the inter mediate point of standard length; THMztatoheight on section at
midpoint line between mediate point of standardgienand most posterior scale
in lateral line; HO: height on section at one-thilde between most posterior

aspect of operculum and mediate point of standardjth; WO: width on section
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at one-third line between most posterior aspecomdrculum and mediate point of
standard length; WA: width on section at a vertitak which intersect at right
angle of the inter mediate point of standard lengittM: width on section at
midpoint line between mediate point of standardgienand most posterior scale
in lateral line; BTO 1: belly thickness 1 on sentiat one-third line between most
posterior aspect of operculum and mediate poinstahdard length; BTO 2: belly
thickness 2 on section at one-third line betweenstmposterior aspect of
operculum and mediate point of standard length; ABVerage belly thickness,
(BTO 1+BTO 2)/2; BS 1: body shape 1, (CIA/BL)x10BS 2: body shape 2,
(THA/BL)x100; BS 3: body shape 3, (WA/BL)x100; SS11 section shape 1-1,
(WO/THO)x100; SS 1-2: section shape 1-2, (WA/TA)BL1®BS 2-1: section shape
2-1, (HO/WO)x100; SS 3-1: section shape 3-1, (ABO)XL00; SS 3-2: section
shape 3-2, (BTO 1/WO)x100; SS 3-3: section shaf @TO 2/W0)x100; SS
4-1:. section shape 4-1, [0BHOX0.5- WQO)/AO]x100; Ratio 1: fed group/initial

group; Ratio 2: starved group/initial group; RaBo fed group/starved group.
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ol A7) £& EHASH(L<0.05), SS 1-12 A% 7okt Wbl 2 o] H]
= 1378, 283 SS 1291 A-F 7lokwr vl E 23] Hl= 1.508] o] Yot
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1618 F7FE Eow ZEATe Zlokate] HIE] 0758 HAE H AT SS
3-3% A AF AFA, EAT, Vot A Z AR TH2<0.05).
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o 439 mg/g oA EATE AW F sFAAE BuAL W) A9 gRot

2AF 2842 4% 3 12%0) 381 mg/go® F98 as BATHL<0.05).
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Initial Starved Fed

Fig. 7. Typical external morphology of a cross ®ectslice taken from the
experimental olive flounderP. olivaceus at one-third line between most
posterior aspect of operculum and mediate poinstahdard length (O), a
vertical line which intersect at right angle of thetermediate point of
standard length (A) and midpoint line between ntedipoint of standard

length and most posterior scale in lateral line .(Bar is 4 cm.
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Table 10. Protein and nucleic acid (total DNA an®tA} contents in the liver
tissue of olive flounderP. olivaceus fed and starved for 12 weeks

Rearing period Protein DNA RNA RNA-DNA
(weeks) (mg/qg) (mg/g) (mg/qg) ratio
0 43.9+7.42% 0.3+0.12*  1.8+0.33° 6.23
4 36.2+3.04% 0.2+0.10°  1.9+0.46° 9.78
Fed
group 8 38.0+1.75% 0.3+0.07*  1.7+0.39°% 6.78
12 38.1+#1.22° 0.2+0.07*  1.8+0.25° 9.56
0 43.9+7.42° 0.3+0.12°  1.8+0.33% 6.23
4 38.5+3.52% 0.4+0.07* 2.2+0.11° 5.25
Starved
group 8 50.9+5.73° 0.5+0.05° 2.1+0.14° 5.01
12 45.3+1.28° 0.5+0.06° 1.5+0.02° 3.48

The values are meanstSDb=Q00) of duplicated groups. Means in columns wéth

same superscript letter are not significantly défe > 0.05).
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A #2FATHP<0.05). o1F F AP P AP FERAL Y F 25747
| A8 AZAI g} 2Fo]E Holx Zt).

Hemoglobin $#2 A3 AlZHA] 116 g/dLEREH AT+ 43 F 8Fd
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154 g/dL, 248 % 1250 163 g/dLZ A&a)A o th(»,<0.05). 7okt 7

-, AP F 85l 175 g/dL, A48 F 125l 205 g/dLE F 713 ATH2,<0.05).
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Table 11. Blood analysis of olive floundd?, olivaceus fed and starved for 12 weeks

Rearing period (weeks)

Parameter
0 4 8 12

Hematocrit (%)

Fed 29.2+#4.10°  19.3+3.43%  29.44582°  28.1+2.78"

Starved 29.2+#4.10°  19.6+0.35%  32.3#8.53°  32.3+5.17"
Hemoglobin (g/dL)

Fed 11.6+¢1.56°  12.7+2.17*°  15.4+1.11"°  16.3+2.15%

Starved 11.6+1.56°  14.4+0.31%° 17.5+2.10°  20.5+4.54°
RBC (x10° cell/uL)

Fed 4.9+0.34° 2.9+0.52% 4.1%1.04* 3.940.20"

Starved 4.9+0.34° 3.3+0.09%° 4.8+0.69° 4.6%0.70°
MCH (pg)

Fed 59.74#4.25%  67.2+1.81°  72.1+5.85*  71.5+3.68°

Starved 59.7+4.25° 59.3+2.68°  59.3+5.94° 69.8+3.32°
MCHC (g/dL)

Fed 39.740.25%  66.0+1.89"  53.5+6.98”  58.5+9.25°

Starved 39.7+0.25%  73.842.86°  62.1#3.71"  62.9+4.36"
MCV (fl)

Fed 60.0+4.24°  44.4+1.43% 38.7+6.92° 41.7+5.52"

Starved 60.0+4.24%  43.7+0.43°  36.7+1.46™  44.0+4.29"

The values are meanst+Sh=(0)

of duplicated groups. Means iparameter:

with a same superscript letter are not signifigandifferent @>0.05). MCH:

mean

corpuscular

hemoglobin;

MCHC:

mean

corpusculaemoglobin

concentration; MCV: mean corpuscular volume; RBEd blood cell.
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St 4¥ AR 39 ng/mLEREH AW F 450 %2

BY
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A9 23 ZolE yERN A ZRTHL>0.05). Zlokte] AF, Az T
22~39 ng/mLE F93 zo)= §lATH£L>0.05).

Fig. 82 boll A ¢} o] glucose Fe HAF A|ZA] 235 mg/dLEFE 4

d ¥ 450

F

Aol A 62.0 mg/dL, ZIokE ol 973 mg/dLE Fo kA =

OF A THP<0.05). o] F 859 12F Aol T 7|okx BTN F93 21

AE 717 123 Bt AT 7ol Na' 5%, A %%, K 5%, AST

2 ALT 3 2 AEF =5 W3E= Table 129 20 3 No' 9 5

r lr
[

2ol A A 717 B9 160.8~165.4 mEq/LE #2]3F 2o]E Ho|x] gkorny,
7oA E A F 85 1585 mEq/LZ 23F AlZA] 163.0 mEq/L 2t}
A ol on 12FoE 1595 mEq/LE 859 #2943 xpo]S Holx &

RTHP<0.05) (Table 12).
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Fig. 8. Variations of duplicated experiment of @jrtisol and (b) glucose levels
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Table 12. Variations of Na CI, K', AST, ALT and osmolality in plasma of
olive flounder, P. olivaceus fed and starved for 12 weeks

Rearing period (weeks)

Parameter
0 4 8 12

Na" (mEgq/L)

Fed 163.040.01%° 165.4+1.11° 164.3+5.51™ 160.8+0.96

Starved 163.0+0.01%° 164.0+1.87°° 158.5+4.43%  159.5+1.73%
CI' (mEq/L)

Fed 134.5+0.71%° 141.9+1.03° 137.0+4.36°™ 132.3+2.50°

Starved 134.5+0.71%  140.1#3.52° 135.345.74®° 139.3+1.71™
K" (mEg/L)

Fed 3.7+0.142 3.6+0.44%  3.3+0.56° 3.4+0.25%

Starved 3.7+0.14% 3.6+0.19°  3.5+0.16° 3.320.21°
AST (IU/L)

Fed 6.0£0.01° 4.6+2.95%  8.7+7.23*  11.8+6.60°

Starved 6.0£0.01%  13.841.94° 12.0+8.83"  15.5+3.00"
ALT (IU/L)

Fed 2.0+0.00° 2.1+0.47° 2.2+0.09% 2.3+0.50°

Starved 2.0+0.00°  11.8+1.19°  10.3+0.50°  10.0+1.60"
Osmolality (mOsm/kg)

Fed 403.5+17.67° 389.3+15.90° 379.0+14.53"° 383.5+21.83°

Starved 403.5+17.67° 351.3+3.30% 352.3+16.66% 346.5+18.67°

The values are means+SD=(Q0) of duplicated groups. Mean in parametefith
a same superscript letter are not significantlyfedént @>0.05). ALT: Alanine

aminotransferase; AST: Aspartate aminotransferase.
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Fig. 9. Oxygen consumption (OC) rate of olive flden P. olivaceus fed and

starved for 12 weeks.
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Fig. 10. Respiration frequency of olive floundé, olivaceus fed and starved for

12 weeks.
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(Ehrlich et al, 1976; Theilacker, 1987, Currens ef al., 1989).
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ool A me FL7t EFRITA Aolo TFew AMRHE ZAAH, WA MY
T Y VIFeE F&sH AR E & s ACItHCurrens ef al, 1989). o}
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299 FAEe e A4 He
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A AGw DA olNE JlolEe Y ARG He) g g FAE W
Ach. A Auwel A, WA D QA Belol FEHOZ, o7t ¥4 &
Aoz BE ol £4 EAAH AR 1/2 AR FHoz YA A
(A) Aol Zolel 1/3 AMelA FHeZ W&l H(O)] Hsl A L Ash AGe
e 4% 7lob

A AHoR FA Wel7k dolubs gAR, olH@ LA slokA A Auw
3]

A3 Aol F3F FAM)7E v 2 FAS EAH.

i

5
Hats ASHAEA B truss dimensionol A A e} mE e I Fe ¥

A Agwe] FQ A Zlopel wiHlg E Ao Bz A 1/2 ARl
A FHerE Y AdA)dA 7HE wsked, o3t Aat= Ak BIgE A A
41 BTO 27} BTO 1] W3] %2 54 F/AE H Ao=2® wgsHa 3o 7]
ofroll mls} ‘TN EF FAEC] w2 AL AT w&| ok e 7]
ofAl B Ao zHE AquAY Fae 7" Aeg Atsdn(d F,
2002). ol 5 FA 134 57 FA 20149 zol= B 3ujA Y A,
Oncorhynchus masouSt 291, Plecoglossus altiveliso) A VERG w} 3ul A 7} 72} o]
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st 7]olAl RNAZo A 74 3= Yeya Th(Brachet, 1955). <A|

x2

Brouche et al. (1970)2 ¥, Cyprinus carpio®] 3t ZZ oA G d &3 RNA
T s A o7k 7]otA] o] FolXttal B gk up 3t

o} A =AW RNA-DNA ¥l= 44 &3 A& o5 Rigsirta His
i )= ®BF(Haines, 1973; Buckley, 1979b), &
HlE 95622 7)okt 50120 RNA-DNA Hlo] HI&] Erom, oyt Aze

WS oA 4TS 4209 RNA-DNA HIdA e HYAS B vbH 7)ol

©
-\
o
'
o
L
N

12t ¥ 1.39~1459] ¥ RNA-DNA HIE yehd uF doe] %,

1999). HIE A T2 Z]ofwrol Hls] AU AR HAHE & o 7AEH v

=
MA S s #8388 & As WA Sl (Bulow, 1970), DNAZS 7
z71 st x AR Ax 5 Uele AFE AMEE W (Dortch ef al,
1983). 1822 RNA-DNA H] 3} RNA-DNA BI7} ZAU AEe] 49} =
71 FEFE WA domE RNAT G5 2ARte s Z2UAL &8 dotste
AR G5 Ao Wy ol th(Haines, 1973).
Z10kAl A glucose, Tl A WA L hematocrite]l W] Atlantic cod,
Guadus moriimwa L. European eel, Anguilla anguilla, pick, Esox lucius, toadfish,
Opsanus  tan,  goldfish, Carassins auratus, American eel, Anguillz rostrata

(Kawatsu, 1966; Bilinski and Gardner, 1968; Tashima and Cahill, 1968;
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Chavin and Young, 1970; Larsson and Lewander, 1973; Ince and Thorpe,
1976; Moon, 1983; Karma, 1996) SolA &xE2 Hu3tAdth. 2y o] A9
AFNME @712 slote] Epel7] WF] B AelN 12F st Ae|E

Y 5 Qe oz AZHt 34 2 v4Hez Ao AdAE sl

PN

= T
2 el wEt HE 2 F e FERo)7] Wi & AFdAMe A H A
SES T 0E 24 353 vin PEIE gdol nIAT do Yruc

23l 3P o, o] H 3 stresse] WRIO] H& AAY AFE stress 202 A9

&th(Selye, 1958). StressE F&sle QA& A =24, 354 @ ETH 5

o] 9J7 a7 A AR dojubes WA 8lez FET 4 AUThSelye,

1958).  A71AQl  stressol =T =W

(Hypo thalamic — pituitary —adrenocotical axis, HPA axis)S &3l o2 7} djA}
3l

Aol A B AT T2 R BHl S22 (Corticotrophin releasing hormone,

o
olo
o

Ry

do 7=, HAA (Limbic system)et W7dAH (Reticular formation)E

CRH)°] #HEA gtk CRHE HetsAdoA FA9 A= 52 (Adrenocor-
ticotropic hormone, ACTH)°] W& X5 317, ACTHT 33 7]#< ZHAId o A

< EFXIAA, stress AL ¥ UEFHT wWebA cortisol stress

e

Cortisol %
Hhg-o] F93k A7t Eo(Specker ef al, 1989).

ot ¥ AW AT FUE £ L AFW olshy AF Sol Yl

of Yebdth(d %, 2003). Guyton (1991) 7]otAlo] dojue Aeld WHile

g2 Al BGAE AXE AoE Bt 3 WA GAAMe e §EE
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st AFEHAG glycogeno] F3H = glucose= AR EHM, F WA A=
A Ao] o] &= WA oxaloacetaeol BIFN Acetyl CoA2l FFHYo] dojuA H
o A= T ES(Acidosis)ol ZEA =i, A WA GAdAM= G o] 1

2 RN oA TR o Felel WA HEE 53 AL BEH

B Aol YJeEld A cortisol FEE 459 8F o EAToA EolA=
S BPou, 7okl ztolE Holx| Fskth. W3 glucosed] A5 4FA

AAE F7h BHS wolit o A@ ALA R b AL ZARLE F4

ol
rr
pay
[o
fru
i

B}t th. Cortisol S G4 stress® 4%, EE o] FoA wE Azt
ol stress ¥H&S UBEUW = A2 &4#HA AT (Pickering and Pottinger,
1989). 53], dolfol = 1A1ZF ool 40~200 ng/mLE F7tsl= Ze=m &
HA Jom, glucosed] 735, cortisol T7F0ll &St FHHEE= AoZ EElA
A TH(Pickering and Pottinger, 1989). Barton and Iwama (1991)= stressoll A ©]
A3 Fhe T2 W B2 oAb vhge] AAetal Q01 stressE TS
f EHIE = cortisol®] FESZ A3 glucose AT (Gluconeogenesis) &~
of gk &/do] wobA glucose’t EHIHE = A= Hiusio.

710} 7F ofd thE A7]A Q stresse] AFONE stress HFEE HPA =9 &3
cortisol X A} B & oA F7}EA|RE, 7)o} stresse] AFole AHFHo=R

APl AWE 2 5 Qe Aolr] M 27lde A%sA Hger] 9lshol
=)

whgo] A4EHT AT 5, 2008). whebA slo FolelE O FEsE 27
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wepaA 2 Aol UEhd 450 2ATS AP B F UE 9F 2EH

7%, cortisol FEl
Me F7HEAE FAAT, glucose7t F7HE AL E Hol, AW AZEHUL
glycogen©] 3= o] glucoseZ A3t v ASZ BAZG. Iy AESE
of 4F A AA TASHA B AR FFH3Y, ofHA= Z]ok 7] yE

e WY, 259 s AR FE 95 s 4T 4GP

Sumpter et al. (1991)2 F-ANEl, Oncorlynchus mykisss A+-83F 7] 0}A]

cortisol¥ AAT=2E FTo il BHASHEH, cortisol 2 AL, 1
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ol XAk N I,

=<l hematocrit, hemoglobin, RBC ¥ MCH %ol|lA &

O Aake TAEH JlohiEe] Aolg molA o}, sl WE FFoz o

[¢

Baele & 9L FA 2o Aow e slod oe dd 4y =

hematocrtioll Wiste] FA7NF e}t pick (Kawatsu, 1966, Ince and Thorpe,
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A7 A& Avle F2(Brett and Glass, 1973; Wi and Chang, 1976), &
(Rao, 1971; Forsberg, 1994), #F7|(Withey and Saunders, 1973), A =Z7]
(Brett and Glass, 1973), A& ¥ 3 & (Brett and Groves, 1979) 2 stress A%
(Smart, 1981; Barton and Schreck, 1987) & & 7FA] Q<o & Ee8pA =
Ao g 4#AL Uttt Gardner and King (1923)2 o]fF+ dutdo=z AHAHL2
T HSdA 29 sl HEst 4bA avlgo] Frigthal SFATh ES

e

Wi and Chang (1976)°] AFAAME £ o & 4ha
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