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Ecophysiological Responses and Subsequent Recovery of Olive Flounder,

Paralichthys olivaceus, Exposed to Hypoxia and Iron.
1. Effect of Iron Concentration on the Growth of Olive Fiounder
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This study is to find out the effects of various iron concentrations on growth, feeding and feed efficiency of olive flounder, Paralichthys
olivaceus. The growth rate, feeding rate and feed efficiency of olive flounder in each experiments were represented by the relative
value. The relative growth rate and relative feed efficiency of olive flounder were kept almost constant below the iron concentration
of 1.0 mg/¢, but were significantly decreased above the 5.0 mg/Z iron concentration. The growth rate, feeding rate and feed efficiency
of olive flounder exposed to 10.0 mg/Z iron concentration were si%niﬁcantly decreased than that exposed to normal condition. From

these results, it could be concluded that the high level of 5.0 mg/

of olive flounder in coastal area.

iron concentration in the bottom water would curtail production
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HEO 2 (1, 05, 1.0, 50, 100 mg/¢9) 5719 FETE stock 89
o] 34 st HFsPct. AP 59 FFEE phenanth-
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AZ9) HEgoz Yrm, ofrld 1008 Fito HEsYc. 9,

Table 1. The chemical components of seawater used in the

experiment

Item Value
Temperature (C) 200
Salinity (%) 318
pH 8.03
Dissolved oxygen (mg/¢) 725
NH.*-N (pg-at N/£) 0038
NO, -N (pg-at N/£) 0.029
NO;™-N (pg-at N/&) 0.823
PO, "-P (ug-at P/£) 0.039
Suspended solid 103
Iron (ug/€) 5.23
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AR 05~15% BE7E AT A 4FES
APN AN ZTE HE3Y HEZ 1.0mg/loldtel Al 1440~17.
18%2 FAE 4¢SS deghldov, ¥x 50mg/loldedAxe
2o v& gadte A% BYrh ¢, 49 39 AF= 10
mg/lolA AREL 1440% 2 SOmg/lsxe 1545% 80 @A
velgn, 438 49 A¥E 10, 50mg/ldl He 47 1442,
1448% 2 FA1E AZES R =3, &4 489 o 2
FE 01 mg/le H3EL1544~1718% 2 tR £ 484 o
Z79] 1486~1566% 2 Th A YEINT o] 2& Zie AP
AHE3 gAe 271AF 2 AYINT T AolddA 71U 2
g3 AZEg. A, ol AEAHE J3Fo2 vudr] ¢
3t RE 439 dz2FodA 4FEo] HF =& #E 10%2
dto] ot A4 3Ee BAE Fabo Fig 19 et

AL EL 4 AP dz2T T& 22 AFRdAE vag
2 Zoz yEsgo HT FUEFEL tZT 97.8%° H| 3
AFE 01.05. 10,50 2 100 mg/N A &7 103.8, 973, 958, 87.
0, 692%2 AFE 10mg/iloldtll e FAS AgE By,
A E 50mgel o)A dzTel vF Fo ZAE Yedg
(P<0.05).
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Table 2. Variation of iron concentration and water quality in each experiment: Data are presented as mean * SD (n=32)

Test Test g Temperature . Dissolved
No. vessel number xed iron con.(mg/?) during test (mg/€) () Salinity (%) pH oxygen (mg/¢)
1 Control NCS* 203 £ 051 318+ 1.02 7.6 £0.08 74 %208
2 0.1 0.11 £ 0.034 202 + 046 3202 1.04 79001 711201
1 3 0.5 049 £ 0.022 20.1 £0.52 319£1.03 7.5+088 721188
4 1.0 0.97 + 0.041 202 £ 0.61 31.7+1.08 771097 734197
5 50 495 + 0.062 203 + 0.48 318+ 1.02 7.8 £0.05 7.1 %205
6 10.0 9.97 £ 0.075 202+ 044 320+1.03 80+ 0.75 72%1.75
1 Control NCS* 19.8 £ 0.59 3221 1.02 7.5 £0.08 751208
2 0.1 0.10 £ 0.015 200 £ 048 324+ 1.00 74101 741201
2 3 0.5 0.51 £ 0.027 199 + 045 320£1.08 75+ 188 734188
4 1.0 0.98 + 0.039 199 £ 0.50 3252109 772197 74197
5 50 495 £ 0.062 19.8 £ 0.53 3231101 7.8 £1.05 7.1 1205
6 100 9.97 + 0.092 20.0 £ 0.49 322£1.03 8.0+ 175 72%175
1 Control NCS* 19.7 £ 0.50 318+ 1.09 7.7 £1.08 731208
2 0.1 0.09 £ 0.010 199 + 048 319+ 1.04 7.8 £1.01 711201
3 3 0.5 0.49 £ 0.061 19.8 + 0.51 320+ 1.02 76t 188 724188
4 1.0 096 + 0.071 19.8 £ 0.52 31.7+1.08 79197 741197
5 50 499 £ 0.121 199 £ 047 317 £1.03 7.7 £ 205 73 %205
6 10.0 9.96 * 0.098 19.7 £ 046 320+ 1.08 79+ 175 71+175
1 Control NCS* 20.1 £ 042 322+ 1.09 7.8 £2.08 731208
2 0.1 0.10 £ 0.012 202 + 0.53 324£1.02 79+2.01 70+ 201
4 3 0.5 0.48 + 0.029 20.1 £ 049 323+ 1.08 77+£188 72+ 1.88
4 1.0 1.01 £ 0.041 20.0 + 045 323+ 1.10 781197 71+197
5 50 494 + 0.055 20.1 £ 042 3241103 80205 70205
6 10.0 9.99 + 0.125 20.0 * 0.50 322+1.04 80175 70+ 175
*Natural concentration in seawater : 5.23 ug/é
Table 3. Growth rate of young olive flounder reared at various iron concentrations for 21 days.
Test Test I n.(mg/) Fish number Mean body weight (g) 'Growth  “*Feeding “Feed
No. vessel number 100 conAm Total  Died Initial + SD  Final + SD  rate (%) rate (%) efficiency (%)
1 Control 20 0 7527 £2.08 87.06 £ 2.13 15.66 2531 4521
2 0.1 20 0 7598 +2.01 89.04 + 1.89 17.18 26.04 4243
1 3 0.5 20 0 73.62 + 1.88 85.50 £ 2.02 16.14 24.93 44,12
4 1.0 20 0 7592+ 197 8751179 1527 2720 46.80
5 50 20 0 7493 £ 2.05 8422+ 210 12.40 2592 3125
6 10.0 20 2 7592+ 175 82.81 + 1.88 9.08 19.87 2523
1 Control 20 0 7630+ 192 8749 +2.03 14.86 27.81 4167
2 0.1 20 0 7135 £2.00 89.94 + 1.99 16.48 29.12 5142
2 3 0.5 20 0 74.61 £ 1.68 8542171 14.69 24.05 44.73
4 1.0 20 0 7673 £ 1.79 8793 £ 1.83 15.89 27133 3931
5 50 20 1 7572+ 201 84.83 207 12.19 26.42 26.50
6 100 20 1 75.57 £ 1.23 83.76 + 1.36 10.98 20.95 18.92
1 Control 20 0 76.16 £ 1.39 8745+ 142 1522 2712 4394
2 0.1 20 0 7853 £ 154 90.72 £ 1.50 1592 26.73 4542
3 3 0.5 20 0 71271 £192 88.77 £ 2.01 15.28 28.12 4795
4 1.0 20 0 75.62 £ 1.28 86.22 £ 1.39 1440 2542 4042
5 50 20 1 76.51 £2.03 88.02 + 1.89 1545 2695 3509
6 100 20 3 7708 £1.18 8598 £ 1.32 11.85 19.51 2201
1 Control 20 0 7942+ 1.59 91.11 + 1.60 15.50 26.30 46.62
2 0.1 20 0 80.70 £ 1.82 92,55+ 1.81 15.44 27.16 4295
4 3 0.5 20 0 78.05 £ 1.08 89.14 £ 1.15 1498 25.63 4124
4 1.0 20 0 7992 +2.10 90.87 £ 2.13 1442 26.05 4452
5 50 20 2 79.09£1.73 89.96 + 1.86 1448 23.16 237
6 10.0 20 2 79.37 £ 2.14 87.98 + 2.09 1142 1527 19.06
“IGrowth rate (%)= mean final weight—mean initial weight X100

mean initial weight
total food consumed

“Feeding rate (%)=

dayXtotal initial weight
total weight gain

“Feeding efficiency (%)=

total food consumed

X100

X100
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Fig. 1. Relation between relative growth rate and iron concent-

ration. Relative growth rate is expressed in terms of
percentage to the maximum growth rate from control
vessels for each experiment, Symboles @, O, A, A
and ¢ represent experiment numbers 1, 2, 3, 4 and
their mean, respectively.

AH gL dxzTE HFEY ET 50mg/leldtdl A 2316~
B12% 2 §AE g YIRS, 100 mg/lEEolA 2095%
olgtz Zadte AFE UYehUTh AREE LS 43ET 93t
AZ AT 10mgloldtol A 3931~5142% 2 vl 2T A
AgS Jetdd oY, 5.0 mg/loAlA 3509% 0132 AU 2
gu, 4 d48el gl 448 2 AREES Tad o9e YA
A, AR EY AN Z AY3Fd gt & Fog WESHY
o oy, dzx7e AfeA 7t & & 10022 39 4
Zto] 4 A4 E 2 AUNARESHY BAE Tt Fig 29
Fig. 3o vtebdlch.

Z A8 Yol A& ¢ ARAEE AFeE Yehlolx
WzFE v FEete 2o FFEAANE A AFsA 28y,
AR gL AFE 100mg/lolN Fod Z2E 2ygu (P<
0.05), 50 mg/€oldte] FxolM= A AAEA Yeyh E3
AUAREEE FE SOmglol gl A& vp7AR 3
FE9 Z7to) wat ZAsHL, S0myLol g FEANE #9
g 247t AR HUG (P<0.05).
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FAHEAo] EAste FEZB I o F AeH AE= 42
o sz A Bed § glon, dutdog offrt & oYz
AFste 710de 2% dojui, /3 Tt AYA
#o] gobxth (Busacker et al, 1990). WebA, 43 Fxe
25T 22 LHEA EAde FYd AYde oF9 A
A, d9gE 2 8483 O ddvEeR {83 A
4% % 9ld} (Bagenal and Tesch, 1978; Larkin, 1978; LeCren,
1972; Waters, 1977).
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Fig. 2. Relation between relative feeding rate and iron concen-
tration. Relative Feeding rate is expressed in terms of
percentage to the maximum feeding rate from control
vessels for each experiment. Symboles @, O, A, A

and 4 represent experiment numbers 1, 2, 3, 4 and
their mean, respectively.
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Fig. 3. Relation between relative feed efficiency and iron con-

centration. Relative feed efficiency is expressed in te-
rms of percentage to the maximum feed efficiency from
control vessels for each experiment. Symboles ‘, 0O,
A, A and @ represent experiment numbers 1, 2, 3,
4 and their mean, respectively. '

Bgd. a3u, Agd geNe 2T SOmgldA 4FE0l
1.0mg/oldt T2t #AY FAH Yede F+E A
g A48 2 ARESE Ui e YA, AAEY obF
A2 Age) wet & oz dFdte JFE dEd of 22
Age A AHES YA 271AF L 4871% 59 Aol
A HEE Zojgtn AAEY. gy, o] ZAE FIFHoE
vl @3] A% JAAFEL FEE 50mg/lol A dzTd
Hs fo8 A8 e ddd4Ee 35S 100 mg/l
A F9E 42 E By, somgloldtl e fAS AFE
Ueldth AAEEEe BEE So0mglol BN AFEH
tld7tA 2 Aexe Fvkst dEe FAFYUL, 50mg/lold
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dMe FA3 a7t AU o] Afe deddl 50 mg/
LAFET EAT S, A 34FA 8% o Fod A
o2 AAHY AR 2 ARESEL AT e AL Yu)d,

FAFE Wg d9 9 FAYME FHFFEL UYo
FAEAH BN duHA A7 A& ¥ (Gajbhiye and Hi-
rota, 1990; Mullick, and Konar, 1991), 434 3l9} Zo] tH4 3
02 Ugue 54, 53 ofFd B AEc Fojur] Y.
2y, ofFoll tat nHFAALZA FUEAHQ BHNE EHe
Bz} St ol A7 AT A3, AR H& AVl 3o F
3 o7 4F2 ¥ Y wet Foid 277 vz gidh
Z A5 2mg/ed S EFsY FA3 Ao, Cyprinus car-
pioe A7 9Fe] YA 2w (Kirchgessner and Schwarz, 1986),
%, Chiysophrys majore]l Wi¥ He} 87%FL S0mg/gol At
(Sakamoto and Yone, 1976). =3 kv 7], Ictalurus puncta-
tus7t 78 AFEE 3.0 mg/gel 213 (Delbert et al,, 1986), |
B} B2 096 mg/gll e A L AR EE0] FAFH,

o] %3t o] FAFE gt Ho EHL FHFFEN ¢
AF7F FEo1, /o tlMe JEFHA FHAA QR
o A7t o] FoAI 7] YEA FAFHY FHN & 4
A3} AR vasrle of e, JFTHA SHAME 4B
U3 ¥z 87T F g FoldA vehtx gich 29
U, 9FHQA ZEA A ofFel 4R Fo TFL o)EY A Y
AREES FUAAhe Aol AN T, dx]d gl
e BHg Fo ot Aro HE AR F5 - $utEo] 9
902 F4T £& oy aFry Ho] EMe E4FEL
o7 F g Aol

gX g A FFXE 50mgloldol ] AFMA 15FHE F
BA 05~15% =7t &2 St =3, @A Jo43E 2
FUABEEE HFE 50mg/lol el A dl2To] HE faldkA
A2EAL, YA EE, YHAEES 2 AP ee EFx
100 mg/ol A F93 a7 AR, oy Ade 83 +
Zd FFE 50mg/loldy EAv dAY 43 49%E v
F e AL gn g,

o} 79 Alg @ AL ZAMNT= 29 =AU Fd WA of
A =34 A vy} Q7] i ol & AW Ee AL Y
oz & A4 9 ol L&Y, Yayoi et al. (1986) 9] ¢J3HH,
87 %9 cadmiumol EAE A5 oF AN &4 ==
Fa49 F& Ao 71 43, g oprtnis) 7 Felgn
3 28 a, AR HUbete R AU &gt AA FA
g A 23, A% HEF €22 g 34 3dn 3y
t}, ols} Zo] &Yl o3 oAU £ He FFE ¥l
YR Aol3tA vehde Re 47y FFA329 F57180] ¢
z27] folgln Fodlz oy, #AFFY FFE5L HENA
B AR Y Fel A oprtn e FAF =Tt ASHA Yepdot
o g 23, A7 Ao FrE T35S AEHA oA
g8 o rgez gwtddy gk 223, Jiro et al. (1985)
o o3td 875 Fo 50 ug/ld) cadmiume Yoio A P o}
7tulel A ALPS] A4S ASAUT R Husta Ut

T ZHFAAM H¥A def S4%HU dFAF 9Fd

(¢, 1997), o} Ao} Aoz ZAY A$d THFE AEL
3 A, ole Ao EA4ZET dde] YT Ak EF, <
e uEE UREe 55 Ao g wW4ds| T Q7] § R
A% Ao BEAQL olu A EAste Ho Yo A9, 3
=3 4 AREHA FE ARt =Y, 3R &4
o AFAA FLo g3t dojuin], HF e FoN F
& 2Adke 7149 B3z 2ogot AFFE S/ Hol
Ao EEAE 43 439 3ERE 2YPda Ba
33 Yot

w2tA, Ao glojA e ojAule] F4 - Ewtss 3N
BAL5FA EAste so e 4F T S4HoR A4Y
Aolw, B A7 Foll BT 94X A R ARFLE oF
2 L4FAM e E 3549 9§ QYR Wdd 7199 2
1 58 § Atk &, F45F 50mg/lolde] Ho] EA
& 3% 9AE 4719 ARAAN deve F34&9 9 35
Qe st o) o3 ERFAA vehte ZAE Asto Abg
A7 AT, 4 g0l F4dAAE A0E FEHY, YA
Ae 2 AREEY Zae 438 F4AE 2dde 2F3E 0
F3cn 44ddg. =3, AFE 1.0 mg/loldtelA BildS, ¥
Hidel 2 FUARAEELS FAH JEd 2R2EH §35F
ol 10mg/d] AFEr} EAY A%, 4T 3F ojud dAe
RAAQ AFo] o)Fo]d Aoz WTUEY o4 Hs} =9
2R 8354F 100mg/ls e YAE A850) A3E R
ojm, o]2 U A2 AE E HFEL #2T Aoldh £Y, AF
T 50mg/olA gAE AAHY A 2 ARESE VIdE &
A& Aoz AgHo] A 2 P LY o &AM 50mgy
Lo 3ol Hol ZAY 7o) WX AT dYFE wA A
02 AREL

L*] %

B A7E 9999 #7304 2 FAEFY ol&AAAA 3
AE F de Ao gd oE gx9 AMAE AR ot
71 93t ole) HHHE YA 4%, A4 2 AREEA vAe
A9 4F%S AEFH

gxe AAEe 4 AYe Y27 F& 22 FendNx ¥
BH E o2 WEdgoy, B JAAFEL Q2T 978%
H8) AFE 0.1. 0.5 1.0, 50, 100 mg/ol A &2} 1038, 973, 958,
870 ¥ 692% 2 HFE 10mg/loldtlde FAME A% B
o1}, 50mg/folde] T=A o FAE e

A e 2T E MR AT E 5.0mg/loldtlXe fA
3 gt& JEhN oY, 100 mg/lE oA FASYEL, FA4
& AFE 100 mg/laA fAT ZLE AT, 50mg/l ©]
39 FxdMe AY 4A3FA JERT AREES BFE 05
mg/eol &l A iz FAE S dEhd o, 1.0 mg/t
FE OJFREH Zaste A% 2Yd 28y, AAls Ege
HAFE 50mg/lol ] FEAE 2T v ¢ Favt
AR =H AT
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