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(1]

1 #REFZE
1.1 FEEHERILEITHR

[10]

1.2 SCI§igit
1.21 L HA&ERYI

(2.0 mx1.5 mx1.0 m, 2000L)
(20.0£1.0)C DO>6.3 mg/L 30~31
pH  7.9+0.2 14L : 10D
10d : (8:00  20:00),

1.2.2 ZELIGFEIZIENEH

[10] 50 cmx40 cmxX

40 cm, 80 L, (20£1.0)°C;
29~31,
, 24 h , pH
7.9+0.2; 14L: 10D
1
123 AEEMHEREN LW ,
24 h, ( 0.01 g)

6 /), «C )
(61.26£0.98) g
120 mL/min 150 mL/min 220 mL/min 420 mL/min

700 mL/min >1000 mL/min, ,
216 /d 270 /d 396 /d 7.56
/d 126 /d >18 /d, YSI 55

, DO (2.24+ 0.24) mg/L
(3.14+£0.24) mg/L (4.27+0.18) mg/L (5.38+0.25) mg/L
(6.94+0.14) mg/L( 1) 40d

F1 FZREBEMNABEKTE
Tab.1 The dissolved oxygen content of
different treatments

/(mg-L™")
designed dissolved
oxygen content

/(mg-L™")
measured dissolved

treatment
oxygen content

D024 2 2.24+0.24
DO; .14 3 3.14+0.24
DO,5; 4 4.27+0.18
DOs 35 5-6 5.38+0.25
DOg.o4 7 6.94+0.14
124 MREABREMNEKRE LK
1.2.3 , 24 h,
( 0.01 g)
6 /) ( )
(76.18+0.48) g 3 ,
10d 2 mg/L(S;)
4 mg/L(S4) 7.5 mg/L(S75) , 3
, 10 d 7.5 mg/L, 10 d 1
, 40d
s 18 s
50d
1.3 HmlESHEFELR
: , 24 h,
( 0.01 g)
3, 6 ,
, 15 min
3
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24 h,
, 70°C
; (%0)
(
%6.25%) (kJ/g) PARRI281
3,
14 HETE
DGC = (W’ ~Wgy*)x100/ 40
We,  We, L 4
(FRy) (FCEy)
FR,, =100 | (W, +W, /2)/(t —t,);
FCE,, =100x (W, -W )/
R CI
(d) . W, W,
(g), |
(2
Ce=Gt+F+UAR
C. =1 xGEg;
G, = EFt2 —Egy;
F, =C, x(100—DR)/100;
U, =Uy x24.83;
R =C.-G,-F.-U
, Ce (k)), G, (k)), Fe.
(kJ), Ue (k)), Re (kI); 1
GEfeed (kl/g); Eg,
= Lt ,
GEpy, =W, X GEgy, ;
GEFtl :WFtl X GEFtl
, GEp, GEp, b
; Un (g), 24.83 lg
( ) (kJ) DRg

DR =100%[1=(GEfees / GEpeoq) X (AlAgeq / AlA e )]
, GEfeces  GEfeed
(k)/g), AlAfeed  AlAfeces
(%0)
Un (8),
Uy =Cy -Gy —Fyo
Gy Fn

(2

’CN

(€9) (2),

Cy =1 xNygeeqs
Gy =W, X Ng, =Weg, X Ny 5
Fy =Cy x(100-DR ) /100,
Nreea  Npy N,
t t

(%)
DRy
DRN =100x I:l - (Nfeces / Nfeed) x (AIAfeed / AIAfeces ):| °
Nfeces (%)
(©)

100xG,/Cs, V)

F (R)

[(FR., J/(g-d)]

FR, =1000xC, /[ (Wey, +Wg, )/2]/(t; ~t)).

) [(Ge, Tgd)]
[Fe, J/(g-d)] [Ue, J(g-d)]
[Re, J/(g:d)]

15 BEHSEITHT

. <30%
>70%
: DUNCAN
, 0.05
SPSS11.0
2 HER5H5

21 AEABRBREGEBTFRDEEKR MR
S ER BB

211 FEARBERNLENEK, BRE5A
g :
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65¢g , (108.49+3.76) g, , 5.38 mg/L
(73.19+1.35) g DOs3s  DOg.os (37.66%), 2.24 mg/L
, (48.04%)(  3) ,
(P<0.05), )
(4
. 22 REBBEHENRKENBTESEEK
1.33%/d 0.63%/d A sEAD
, 100% 221 MREAFBELEERIKEHEHEHEKR,
71%, BREESQUHNLEE
5.38 mg/L ( 2)
212 ARAHBEUMLEREESE , 10d ,
, ()
5.38 mg/L 1 10 d
, ( 6

(P>0.05)

*2 TRBABEAENLEBBFEFMARAREIFW), LRKEFFW). BEKREH(DGC).
BRERFRMBYEMLHEFCE)

Tab. 2 [Initial fish weight (IFW), final fish weight (FFW), daily growth coefficient (DGC), feeding rate (FR),
and feed conversion efficiency (FCE) in different treatments of dissolved oxygen supply n=3; X +SE
indicator treatment group
DO, 4 DO; 14 DO, 27 DO:s 3 DOs.04
IFW/g 61.23+0.49* 61.12+0.72° 61.48+0.71° 61.25+0.67° 61.29+0.71°
FFW/g 73.19+1.35* 82.90+0.28° 93.01+3.32° 104.85+1.53¢ 108.49+3.76%
DGC/(%-d™) 0.61£0.04 1.1740.15° 1.46+0.13° 1.93+0.03¢ 2.06+0.10°
FR/(%-d™") 0.63+0.01° 0.88+0.06° 1.04+0.03¢ 1.24+0.15¢ 1.33+0.04¢
weight 71.78+4.10° 85.95+1.92° 97.96+5.20" 105.71+0.43¢ 104.36+1.41°
FCE/% energy 28.78+5.30° 35.01+2.81% 40.65+2.38% 43.55+1.30° 36.22+2.68"
protein 29.27+4.75° 31.19+2.42° 35.29+3.71% 40.30+0.67° 36.39+1.07"
(P<0.05).

Note: Values without the same superscript letter in the same row are significantly different from each other (P<0.05).

*3 AREBMEMMLEERTFHENNRGEENE

Tab. 3 Individual energy allocation of juvenile Paralichthys olivaceusin different

treatments of dissolved oxygen supply n=3; X +SE
/KJ 1% 1% 1% 1%
treatment group energy ingestion (C) growth energy (G) fecal energy (F) excretion energy (E) metabolism energy (R)
DO, ., 336.44+7.92° 28.78+3.30° 17.84+0.23° 5.35+0.52° 48.04+2.24°
DO; 14 509.07+30.63° 35.01+2.82% 15.53+0.04° 5.23£0.27" 44.22+3.07%
DO, 27 641.84+30.83° 40.65+2.38" 15.15+0.13° 5.01+0.36° 39.19+2.24°
DO:s 3¢ 826.38+16.34¢ 43.55+1.30° 14.11£0.16* 4.68+0.03° 37.66£1.20°
DOg 94 905.21+50.66¢ 36.23+2.68% 15.23+0.36" 4.9240.13° 43.62+2.21%

: (P<0.05).
Note: Values without the same superscript letter in the same column are significantly different from each other (P<0.05).
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R4 FRBRMEMNLENSTHHBHBMARERENRS

Tab. 4 Energy allocation of unit body weight of juvenile Paralichthys olivaceus in different

treatments of dissolved oxygen supply n=3; X +SE
/K] /(kJ-g™" /(kJ-g™h /(kJ-g™") /(kJ-g™"
treatment group energy ingestion (C) growth energy (G) fecal energy (F) excretion energy (E) metabolism energy (R)
DO, 125.22+1.85° 35.85+6.13° 22.35+0.60° 6.71£0.72° 60.31+6.63°
DOs 14 176.82+11.26" 61.38+2.81° 27.47£1.75° 9.20+0.29° 78.78+9.69%
DO, 207.50+5.56° 84.61+7.19" 31.4340.62° 10.39+0.78" 81.07+2.44%
DOs 35 248.73+2.81¢ 108.26+2.01° 35.11£0.71° 11.63+0.19%¢ 93.73+4.02%
DOg.04 266.17+8.00¢ 96.83+9.84° 40.50+0.61¢ 13.07+0.08¢ 115.78+2.69¢
(P<0.05).

Note: Values without the same superscript letter in the same column are significantly different from each other (P<0.05).

x5 REBMEMNRIRERAEBITFLHENEKE
Tab.5 Thebody weight of juvenile Paralichthys
olivaceusin different period of limited DO

supply and restore n=3; X +SE; g
. treatment group
period
SZ S4 S7A5
initial  75.59+0.35° 76.85+0.54° 76.09+0.60°
S10 78.50+1.24" 87.99+1.63° 93.50+1.27°
R10 100.56+1.21*  105.98+0.52°  102.39+1.09%
R20 119.28+4.26°  120.49+4.66°  116.25+2.23°
R30 131.7845.75"  135.10+1.49°  131.85+4.85"
R40 146.98+6.54"  151.09+1.14°  142.35+4.43"
: (P<0.05).
S10: 10 ;RI0 R20 R30 R40 10 20 30

40

Note: Values without the same superscript letter in the same row
are significantly different from each other (P<0.05). S10 represents
the 10™ day of hypoxia; R10, R20, R30, R40 represent the 10", 20",
30", 40™ day of recovery, respectively.

*6 PREVAMEMN RS HAEBIT T4 ERY
HEKZH
Tab. 6 Daily growth coefficient (DGC) of juvenile
Paralichthys olivaceusin period of limited
DO supply and restore  n=3; X +SE; %-d™"

10 d
C 7 » Sy
( 3
222 MRAEIABEHEEEREEHEHENEES
(i} ,
( 1.05%),
9

b

x7 REABEMNREEREBTENEHREE
Tab.7 Feeding rate (FR) of juvenile Paralichthys
olivaceusin period of limited DO supply
and restore n=3; X +SE; %-d""!

treatment group

period
) treatment group S, Sq S7s
period
S, S4 S7s S10 0.53+0.02° 1.004£0.06° 1.51£0.08°
S10 0.53+0.24" 1.95+0.23° 3.01+0.28°¢ R10 1.56+0.04° 1.39+0.09* 0.97+0.19°
c b a
R10 3.31=0.14 2.60+0.17 1.48+0.20 R20 1 1740.04°  0.9940.08" 0.96£0 08
R20 2.71£0.63 2.05+0.71 2.02+0.31 R30 0.95+0.08° 0.90+0.04* 0.82+0.04°
R30 1.66+0.27° 1.93£0.50° 2.08+0.59*
R40 0.99+0.04" 0.97+0.02° 0.80+0.06"
R40 1.88+0.05* 1.95+0.10° 1.324+0.31°
. - . R1-40 1.15+0.04° 1.05+0.04 0.88+0.08°
R1-40 2.39+0.18 2.13+£0.01 1.72+0.11
whole 21140.16°  2.110.01*  1.96+0.10° whole 1.02£0.03 1.06+0.03 0.99+0.08
_ (P<0.05). (P<0.05). S10:
.R1-40: 1 40 ; whole: 1 40 ; whole:

Note: Values without the same superscript letter in the same row
are significantly different from each other (P<0.05). S10 represents
the 10™ day of hypoxia; R10, R20, R30, R40 represent the 10", 20,
30", 40™ day of recovery, respectively. R1—40 represents the period
from the 1*' day to the 40" day of recovery; “ whole” represents the
whole experimental period.

Note: Values without the same superscript letter in the same row
are significantly different from each other (P<0.05). S10 represents
the 10" day of hypoxia; R10, R20, R30, R40 represent the 10", 20",
30", 40™ day of recovery, respectively. R1—40 represents the period
from the 1* day to the 40™ day of recovery; “whole” represents the
whole experimental period.
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R 8 PREIAME G K vk S B8] 48 5 6T 4h & AY

AR R E
Tab. 8 Feed conversion efficiency (FCE) of 4 4
juvenile Paralichthys olivaceusin period of limited DO
supply and restore n=3; X £SE; % .
(Oncorhynchus mykiss)
) treatment group 13-14] ) [15]
period - 5 5 [ (Scophthal mus maximus)
2 4 7.5
i [16]
S10 68.415.4°  132.948.7" 135.3£9.3" (Pelteobagrus fulvidraco)
R10 141.7+6.9° 121.6+2.6° 107.7+30.3°
R20 125.6£13.2*  96.6+9.1° 122.0+14.1° 312 ARAMBEMNREFELH)EHEESNE
R30 105.5+7.8° 102.5+13.1° 108.0+7.2% (
b
R40 112.942.5% 105.9£10.4° 97.7£15.3%
. , . 2 mg/L )
R1-40 122.3£1.8° 108.0=1.2% 107.4+9.5%
whole 122.6+2.8° 110.8+1.0° 115.1+£6.2° ’ >
(P<0.05). S10: >
10 ;R10 R20 R30 R40: 10 20 30 40 .R1-40: ( 3 9)
1 40 ; whole: .
Note: Values without the same superscript letter in the same row
are significantly different from each other (P<0.05). S10 represents ,
the 10™ day of hypoxia; R10, R20, R30, R40 represent the 10", 20",
30™, 40™ day of recovery, respectively. R1—40 represents the period s
from the 1% day to the 40™ day of recovery; “whole” represents the [3-8]
whole experimental period. ’
S 2 .
2 , (Carassius auratus)
( 10 )
S [4]
’ (Carassius carassius)
( 11) (6]
3 it h sl
31 AERMBEENNBTIIPEERKKEE '
53 EE B 50 ’
311 AREARBEMNITIBITELE LKW ’
, 4.28 mg/L ,
(10 d) (40 d)
, (Silurus soldatovi) (
[2, 13-16] 2.58 mg/L) ,
RO REREMEMERBITHNEMIEESE
Tab. 9 Individual energy allocation of juvenile Paralichthys olivaceusin limited DO supply period n=3; X +SE
/kJ 1% 1% 1% /%
treatment energy ingestion (C) growth energy (G) fecal energy (F) excretion energy (E) metabolism energy (R)
S, 82.02+3.88" 1.05+9.40° 18.77+0.41° 10.70+1.04° 69.47+8.36"
S 165.73+11.31° 28.50+£2.91° 18.32£0.26* 1.26+0.25" 51.9242.73%
S7s 258.09+15.83¢ 32.65+2.68° 17.68+0.36" 2.47+0.33° 47.21+2.38°

: (P<0.05).
Note: Values without the same superscript letter in the same column are significantly different from each other (P<0.05).
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®10 MEARAEMEMNERETHSHENMIEESE

Tab. 10 Individual energy allocation of juvenile Paralichthys olivaceus in restore period n=3; X +SE
/kJ /% /% 1% 1%
treatment energy ingestion (C) growth energy (G) fecal energy (F) excretion energy (E) metabolism energy (R)
S, 1042+67.8° 41.11+1.16° 16.36+0.23% 3.95+0.13% 38.58+1.01°
S, 977+35.0° 33.17£2.67° 17.41£0.23° 5.70+£0.20" 43.72+2.75°
S7s 811+90.3* 32.45+5.34° 15.41+0.34° 5.36+0.53" 46.78+5.06°
(P<0.05).

Note: Values without the same superscript letter in the same column are significantly different from each other (P<0.05).

x 1 BEANLRHESTSHENMAEENEK

Tab. 11 Individual energy allocation of juvenile Paralichthys olivaceusin the whole experimental period n=3; X +SE
/kJ 1% /% /% /%
treatment group energy ingestion (C) growth energy (G) fecal energy (F) excretion energy (E) metabolism energy (R)
S, 1127+62.5° 39.38+0.70° 16.54+0.20" 4.31+0.16" 39.76+0.56"
S4 1162+30.0° 33.17+1.61° 17.56+0.19° 4.97+0.08° 44.30+1.82%
S7s 1057+106.4* 32.77+4.11° 15.95+0.23% 4.62+0.27° 46.66+3.84"
(P<0.05).

Note: Values without the same superscript letter in the same column are significantly different from each other (P<0.05).

( 7.41 mg/L) [1o)
2.63% 24.60%"! (Mugil cephalus) 10d
R ,4.35 mg/L 30d
: , ,  1.66 mg/L
[12] [19] ,
, 10 (P>0.05, 5),
) 10
, , (P<0.05,  6),
«C N ( 9,
, , 10 ,
( )
32 MRHEIBMEMERMENTBFTLEEK
ReeEnmasm
321 MREABEMERKENBIEHEEK 322 REIUABEMNRREXBTEEEE SR
ERp=A ESEA ,
[17-18] 10d (2mg/L 4 mg/L) ,
, .S 2

10 d [9-10]
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Responses of energy allocation to limited dissolved oxygen supply and
recovery in juvenile brown flounder, Paralichthys olivaceus

XIONG Xiangyingl, HUANG Guoqiangl’ ? LI Jie’, TANG Xia®, ZHANG Xiumei’

1. Guangxi Key Laboratory of Marine Biotechnology, Guangxi Institute of Oceanology, Beihai 536000, China;
2. Fisheries College, Ocean University of China, Qingdao 266003, China

Abstract: The aim of this study was to investigate the growth and energy allocation responses of juvenile brown
flounder, Paralichthys olivaceus, to a period of limited dissolved oxygen (DO) supply and recovery. This informa-
tion is important to understand the adaptive strategy of brown flounder to fluctuations in DO. Juvenile brown
flounder were kept in a recirculating system and the DO supply was limited by controlling the water velocity. Two
experiments were designed to measure the growth responses and energy allocation. Across a wide range of DO
(2.24-6.94 mg/L), the body weight, daily growth coefficient, feeding rate, and feed conversion efficiency (in wet
weight) were positively related to DO (P<0.05). Individual energy ingestion decreased as the DO level decreased,
and the highest percentages of growth energy were recorded at a DO level of 5.38 mg/L. Energy of feces increased
and energy of excretion also increased slightly as the DO level decreased. The energy of metabolism decreased as
the DO level decreased, then increased when the DO level fell below 5.38 mg/L. Energy allocation to metabolism
was minimal at DO 5.38 mg/L (37.66%). For energy allocation per 1 g body weight, all parameters were positively
related to DO and increased as the DO level increased. The growth of juvenile brown flounder was depressed
during 10 d in low-DO conditions [2 mg/L(S,) and 4 mg/L (S,;)]. However, when the fish kept in low-DO condi-
tions were transferred to control conditions, their body weight recovered to that of control fish within 10 d. Com-
pared with the fish in the control, those kept in low-DO conditions showed a higher feeding rate during the recov-
ery period and slightly higher feed conversion efficiency. There were no significant differences among the differ-
ent treatments in energy ingestion, growth energy, and energy of metabolism during the recovery period (P>0.05).
However, compared with control fish, the fish kept in low-DO conditions showed slightly higher energy ingestion
and growth energy, and slightly lower energy of metabolism. Energy of excretion was lower in the S, group than in
the other groups. Low DO levels decreased the feeding rate and feed conversion efficiency of juvenile brown
flounder by depressing the energy supply, leading to depressed growth. These results show that juvenile brown
flounder can adapt well to a short period of low DO, and completely compensate for the growth depression in a
short period of recovery by improving their feeding rate.
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