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Effects of Chronic Ammonia Stress on Foraging, Growth, and Haematological
Parameters of Yellow Catfish (Pelteobagrus fulvidraco) Juveniles
LI Bo"2, FAN Qixue!™, YANG Kai"2, ZHANG Lei', GUO Hongxi?, WANG Qingyun?,

GAO Yin'ai?, ZHU Sihua?> & FANG Wei'
(‘College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)
(nstitute of Fisheries Science of Wuhan, Wuhan 430065, China)

Abstract Some health yellow catfish juveniles were chosen to raise in the water with different ammonia concentrations (A -3.36
mg L', A -672 mg L', A-13.44 mg L, A,-26.88 mg L, and A -no exogenous ammonia), respectively. 450 catfish samples
in good health and condition were distributed equally among fifteen 280-L circular fiberglass tanks, and the exposure time
was 56 d. The results showed that un-ionized ammonia significantly influenced on growth, foraging and blood parameters of
the yellow catfish juveniles, but had no significant effect on the body composition (P>0.05). With the increase of un-ionized
ammonia, foraging rate decreased dramatically and foraging efficiency reduced. Compared to the control group, the special
growth rate and survival rate in high concentration groups were lower. Plasma ammonia concentration increased significantly
with the increase of unionized ammonia concentration (P<0.01), and the blood ammonia concentration of treatment group was
less than the surrounding total ammonia (TAN). However, plasma urea nitrogen levels showed no significant difference among
experimental groups. Alkaline phosphatase (AKP) activity and cortisol levels increased quickly in two concentration groups
(13.44 mg L', 26.88 mg L), and although those of Al and A2 increased, however, there were no significant differences among
different groups (P>0.05). Glucose (GLU) concentrations showed a gradual decreasing trend, especially decreased rapidly in
two high concentration groups (13.44 mg L 26.88 mg L). Alamine aminotransferase (ALT) and aspartate aminotransferase
(AST) were correlated to ammonia concentration. The more ammonia in the blood was, the more ALT and AST increased.
Therefore, yellow catfish juveniles were unsuitable for raising in the water with high levels of ammonia, and the concentration
of ammonia should be less than 6.72 mg L. Tab 5, Ref 22

Keywords chronic ammonia stress; yellow catfish (Pelteobagrus fulvidraco); foraging; haematological parameter
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TE BSR4, A7 S RN B BB A S AR AR A
VRS A AL A1 T . AR SCRIF S 1M A 2 2R W o 6 30 £ 4y £ 43
B AR R I AR AR AR BRI, LAY Ry B A £ B
FrIH P (AR 2 A

1 MRS 5 ik

L1 iRXga w14

B 1T 20084F 5 M A B Z K Ik TR R AR5
O (EBL) P v A A I SR, 5% T°3.5 m¥/KJe .
U], 45K (7: 00, 18: 00) FIEDUAR oG kA7 BR A 7 4
PR HTIZ AR (R 1) IR R 2k 3714 dJS,
P MRS — B AT I S A Dy a0 1. 7 K O
52 AL BRI A SR K, JKIRQ7.5 £ 1.5) G, pH 7.7~7.9, DOX
7.2~7.8 mg/L, AR, 5 7 Y 9NH,CL (¥ 70 Hral)
HET 26 S BC R0 g LR, U585 He 91 7 B 220K

xR AMEZERBEBAREEZNFEHM
Table 1 Formulation and chemical composition of the
experimental diet

J5UE} Ingredient & Content (w/%)
fa}} White fishmeal » 35.00
fa3H Fish oil 1.00
o-JER a-starch 5.00
A Soybean meal 36.00
/NZEKr Wheat flour 17.00
i Soybean oil 1.00
2 FE Immune polysaccharide 0.10
)R TEY) Mineral premix 2 3.40
HEEZTREY) Vitamin premix Y 0.30
44 C Vitamin C 0.10
SULIEFE Choline chloride 0.10
=46 4% Chromic oxide 1.00

41 Chemical composition &t Content (w/%, dry matter)

T¥)f Dry matter 94.23
HMIEEE Crude protein 40.54
HLHEWT Crude fat 3.87
K45y Ash 9.28
JSAERE Gross energy (e/kJ g?) 17.28

Ol RO SR AL D Fishmeal used in the diet was from Peru

21 Y B B Mineral premix (w/mg kg'): NaCl, 500; MgSO,-7H,0,
7 500; NaH,PO,2H,0, 12 500; KH,PO,, 16 000; Ca(H,PO,),-H,0, 100 000;
FeSO,, 1 250; C;H, CaO-5H,0, 1 750; ZnSO,7H,0, 176.5; MnSO,-4H,0, 81;
CuS0,'5H,0, 15.5; CoSO,-6H,0, 0.5; KI, 1.5

DYEERTURR (w/mg kg« BREE, 205 #ZiE R, 205 Ve 205
cyanocobalamine, 2; MR, 5; 7245, 50: JULEE, 100; JE5ilg, 100; £
55 UER 32265 PURILER, 111: V,, 1105V, 205 V, GEliE-a- B TSR
fig) » 1005V, (PZEENEARIRELD 10

» Vitamin premix (w/mg kg'): Thiamine, 20; Riboflavin, 20; VB6, 20;
cyanocobalamine, 2; Folic acid, 5; Calcium pantothenate, 50; Inositol, 100;
Nicotinic acid, 100; Biotin, 5; Starch, 3 226; Ascorbic acid, 111; VA, 110;
VD3, 20; VE (Racemic-alpha-tocopherol acetate), 100; VK3 (Menadione
sodium bisulfite), 10

1.2 iR &

WA 2R B A Y St BRI IR 45 596 h LC, 1910%
BRI, BT TAN E AR R, 435 336 mg Lt (A) |
6.72mg L' (A,) . 1344 mg L' (A,) | 26.88 mg L* (A,) , [H]IRf L)
AU INSE AL 0 TR 10 32 KAV X IR (A) , B3
7. BRI S 302, RS 0L 322, IS4 25280 L

5K 3% B T K AR, B A 140 LIRIRIA W, #4224 h7E’<, DO
96.5~7.2 mg L . IR W], JKiR(27.6 + 1.4) °C, pH 7.7 + 0.2.
S S FH 2 DG 7 2 000 7 45 2 G 2 ROV B, O B T B st o
H A  BE R B, 150 9156 d. AR g it R,
TN P MR B 8 20K (72 00, 17: 00) , i 1 35 WL 50k A e
40 minf7, HFHOR AR, HF IR HEE . AR i
PRI A% T R 26, AEBE (182 00) 5 B 49 T8 21 Fic B i A 1o
JoT ik B A5 IR B NH,CIA W, A8 1 Na, CO, 7 W 7K 1 pH
AR XS RRE . B2 IORE R, IR A — KA 1 d; HRORE
sF P L ORI g X i g R,
200 mg Lt MS-222 ( Sigma, MO, USA ) 4 &% 31 4 ke f5 , il
WA IR (2K K EES) , 845 R (d 56)
R0 8 Fifh, FI1 mLiE S R GO ER UL, 4 “C 015
min (3 000 r min™) , AR IRAR L LV B 26 T i /hisk
B, —20 CLRAE, e Ja Xt BT A g6 41 0y L3 e L itk A7 A
AL AR 2 R0 4 AT
1.3 X IG W EFNE
131 HRERER 7RSI, BRI .
SRR KA i AR A AR I O . QA ST, ST EDET
FRis T, JT AR ULER A IE 25 B A B AL A L.
132 £RKMBE  [{BWIRE], SR 1058 U0 R
i, G R 0 2 RAET G OL. AEIK R d 0. d 14, d
28.d 42, d 56, % ZHEURE IS B (A AR . (R4 i (Weight
gain, WG) =W,-W; $5E A K (SGR, /%) = (In W,~In W)
/(t,=1,) x 100, W ANW Rt fa)e Fle AT (g) 5 Gkl AL A%
(Feed conversion rate, FCE, #/%) =K 5 (g) /A BHE & &
(g).
1.3.3 A MEMEENNE LKL R, NSkl
HLELI0RE ,, HAE AR A A b, K id105 CRFET=E
e A T L IR U s BRI R &R
A2 R 48 (Soxtec system HT6, Tecator, Extraction Unit,
Hoganas, Sweden) i i & il £ 2% 5 20300 52 5 IR 45 3 3 7
i 550 CHABEIENIRE ; AE &8 13 Phillipsonfi i fE & 11
(Phillipson micro bomb calorimeter, Gentry Instruments Inc.,
Aiken, U.S.A.) M E . W1k HAFEAL R FH [RIRE 1 0 45 70 k.
1.3.4 Ii&HEFR  FZJREE (Cortisol) « KL 5URF 38 414
FARA BR 2> w AT A P A (1250 BE o et S5 B 58 20 A 10
R 5 4 P TSR P B B TR AT E L B (Glu) | B
FI(TP) . N6 (W (ALT) | A 5056 (0 (AST) | it i
2t (ALP) . JREA (Ur-N) : BRI SEEHESR (Abbott) 24
FAE PR R R N A, IUBE R B R 2k, R
it | A DAY P Tt RO Tl R Al 0 P A e, DR R AU
%, 7EABBOTT AEROSET 4 H ahA: kA b #4705 . 1 2
(Plasma ammonia) : >R 3% [0 A A B R R R &, 7236
i Az AW AR PR Vitros 35088 4 {8 T U202 sl A4k o B
A HEATIE .
1.4 HiE4bIE
2 56 B0 9 2% FH Statistica Version 6.08E 174 ¥ 434fr, 45 %
DI AR ETR (Mean + S.E.) R, KM RHARNE
J #4381 (One-way ANOVA ) JEF7H: 58, P<0.053RIH % 7 i
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3, P<0.015 01 22 S 4 1o 3. AR B8 o r 42 S s /R 5 K
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PHFIE 32 A 5 . 38 26 1T S 8 U0 21 B SRt v P o) S 222

JEIER T R PR BEOH R, JEE T E I REA KX,
BT A =02 H M/ [10 0Kert 4]

Hir, pKa=0.09018 +2729.92/T (T HIFIGIEE, 2 T273 +1 °C)

2 RS0
2.1 HREER

TE R BT, IR B LA A BB e B T W
Fo. i, R A AR, FET R R K. thaE ik
FREH B L, B ES, Wik Sie, PR, B4k g
e ER BT, Bl 88 L T AL, A LEFET AR IR RS, SR
FEIfi; FTIFEETE, & PR 22 RS 41 5 fisn) AR ik, ATHE R A,
BN EY R RN R, ST S At el
Bk /0, AR IR A R R S A, v B R
05 g R, IR AE T, AR & ¥ Fifa g
ELA 8 e R .
22 EMERMEXEFEEENERKNZMm

FE 8 X T A AR T AR AR R R A RN 4 R DL SR

2. iR A, B &R (Feed rate, FR) WA T i e 41 A0
X HRZH (P<0.05) , iRk BE 20 48 oK 22 A 3 (P>0.05) .
AR (FR) W2 RSB AERK N 2Z R, A ALK
A AR (Final body weight, FBW) B i & T2 i FE 4 ; Bl &
e B F 2 B, B AR (SGR) TR #h. 25 5%
B, AR 20 B A AR KA AR B, SR R B
T2 W Sl A1 A Y R R B RS, R UL 1
b AL
2.3 B e EE A SR 5 FE 2 T RIR

S U0 X A (0 A R I G 25 SR L3R 3, Al
] 22 AR (P>0.05), 3-Hd 56F1d 0fAA 43 2% St A
. BiE A AR E T, EEaHTARNRR R (G) W,
MaEae (F) MR EE (U) IE4FAH I (4, P<0.05) . Bl 75U
JEE RN, AR T 22 0 Rl TS SRR, A R
K BE R D
2.4 124 EAME X E A M iE iSRRI R

CRE WIS I T ) R o 1 A o e - R O
LS. bl AR B 2 MR B T, 2R B
(P<0.01) , {H 4% b P 2 iy 2 0 v 8 376 vy 1 L T A 34 58 R 2
R EE, T PR R BB R AR 22 R AN . AL FIA,

F2 BHSERpEXEFESEERKERHZMm (V=3)

Table 2 Effects of chronic ammonia stress on growth and food intake of yellow catfish juveniles (N=3)

2%, Ammonia (p/mg L") 0 3.36 6.72 13.44 26.88
4857 Un-ionized ammonia (p/mg L) 0 0.11 0.22 0.44 0.88
FREZE FR (/%) 1.27+0.02¢ 1.25+0.02% 1.24+0.01% 1.21+0.02° 1.12+0.02¢
YILE FARE IBW (m/%) 20.20+0.56 20.07+0.21 20.59+0.25 20.38+0.13 20.07+0.32
AARAIKTE FBW (m/%) 32.77+0.55¢ 30.05+0.38° 29.79+0.60° 24.60+0.29° 23.25+0.17°
A£G Survival (/%) 98.88+1.11¢ 91.11+1.11¢ 86.67+1.92° 73.33+3.85° 58.89+2.94
FEE 4K # SGR (1/%) 0.86+0.03° 0.72+0.03° 0.66+0.03° 0.34+0.02¢ 0.26+0.02°
AR FCE (/%) 66.72+1.33¢ 54.2242.11° 51.06+1.99° 27.79+2.10* 23.15+0.76*

[ — 4R bR AN N REE R AN ZE R 3 (P<0.05) , WA AHIRVING bk 2R 4R 2 AR (P>0.05)

The means with different little letters within the same column represent significantly different at the 0.05 probability level, and the means with the same letters

are not significantly different

=3 BHERNEMENEBHTRINEESE

9520 (N=3)

Table 3 Effects of chronic ammonia stress on proximate composition and energy of whole body of yellow catfish juveniles (N=3)

Z % Ammonia (p/mg L) YIUEFERE Initial fish sample 0 3.36 6.72 13.44 26.88
T¥J5i Dry matter (/%) 24.68+0.22 24.2440.29  24.28+0.35  24.20+0.30  24.17+0.33 24.65+0.29
H[ Protein (/%) 15.38+0.18 15.86+0.17 15.56+0.35 15.70+0.17 15.98+0.40 15.47+0.20
figMi7 Lipid (/%) 6.68+0.15 6.81+0.37 7.06+0.48 6.59+0.33 6.45+0.17 6.55+0.32
K45 Ash (/%) 3.32+0.10 3.37+0.18 3.39+0.22 3.61+£0.25 3.34+0.16 3.40+0.26
At & = Energy (e/kJ g) 5.19+0.07 5.25+0.08 5.21£0.07 5.08+0.09 5.0220.10 5.07£0.10

x4 BHESRMEXN EF AN EEREVTHFN (N=3)
Table 4 Effects of chronic ammonia stress on energy budget of whole body of yellow catfish juveniles (N=3)
Z % Ammonia (p/mg L") 0 3.36 6.72 13.44 26.88
C/kJ g'd! 0.219+0.004 0.227+0.009 0.220+0.005 0.209+0.003 0.196+0.006
As a percentage of C (#/%)
G 20.65+0.69¢ 16.43+0.47¢ 14.21+0.91° 6.70+0.47* 5.87+0.75%
F 21.64+0.97 23.75+0.71° 25.02+0.62° 28.52+0.57¢ 30.55+0.62¢
U 6.92+0.03* 7.47+0.09° 7.45+0.03° 8.12+0.09° 8.43+0.09¢
R 50.79+1.57* 52.35+0.95%® 53.32+1.53% 56.65+0.93¢ 55.16+1.45%
As a percentage of 4 (#/%)
R 71.06£1.28° 76.12+0.75° 78.94+1.54° 89.41+0.80° 90.36+1.32¢
G 28.9441.28¢ 23.88+0.75° 21.06+1.54° 10.59+0.80° 9.64+1.328

[ —FEbR AN D BEE R AR ZE R 3 (P<0.05) , MR AHEVING -5 3 R OR 40 22 R AR (P>0.05)

The means with different little letters within the same column represent significantly different at the 0.05 probability level, and the means with the same letters

are not significantly different
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*®5 ARMBX AF S LS MIRENIEFRIFNE (V=3)

Table 5 Effects of chronic ammonia stress on selected hematological parameters of yellow catfish juveniles (NV=3)

%% Ammonia (p/mg L") 0 3.36 6.72 13.44 26.88
J JREE Cortisol (p/ng mL™") 11.96+0.66" 9.66+0.82° 13.28+0.74° 17.22+1.65° 19.03+1.37°
1## Glucose (p/mmol L) 2.47+0.61° 2.110.33 2.28+0.47% 1.13+0.21% 0.92+0.14°
MEEHE TP (pgL?) 28.42+1.19° 24.55+2 .20 22.66+1.72% 18.94+1.28° 18.37+1.60°
B GTP (p/UL™Y) 26.23+1.88" 35.03+2.90 39.10+3.400¢ 44.09+3.68 47.14+4.34¢
BE AST (p/U LY 151.89+13.61* 164.67+12.41° 184.67+18.10* 219.67+18.50° 221.00+12.10°
TMEREER ALT (p/U L) 71.52+3.56° 77.23+8.11° 74.34%5.59° 106.76+7.64° 111.43+9.38"
JREZ Ur-N (p/mmol L) 1.47+0.13 1.10£0.07* 1.03+0.16* 0.87+0.14¢ 0.74+0.08°

1% PA (p/umol L) 111.67£16.04

147.90+15.82°

254.50+28.02° 548.48+31.30¢ 849.62+25.36¢

[E—fabr AN N RS FOR AR ZE R R (P<0.05) , b FHREVING 85 ZOR A E R ARE (P>0.05)

The means with different little letters within the same column represent significantly different at the 0.05 probability level, and the means with the same letters

are not significantly different

B A W TR il ( AKCP) 7% P 1Bz Jo Pt K1 T s e e, v (R vk i
HALE FTHEAS X 2 22 5 A 8 3% (P>0.05) . IfilHf (GLU)
e 7 TR 2 BA W AR 1 R B, A RIA R b, 8 %
il A A e O S P R 2 T i e, A s Ok O
T S . R R R T =k TR, 2
TR SRR, JE BT a0k B R A 40y £ Y R AR TR
B A B A e, BT AR B T 0 i i 4 0 B AT ] Y
P8P REPE O 5 PRI, B A 0 4 0O B AR TR A R VR B Y
FARAIEL P, 1 SR H K R = R N R AR T
6.72 mg LYK

3.1 EMREBE X EH &I TR

RIS E, WMl EEE R EE TRy akE
S IRL R 2, TEBIRE I ES, R Rs, R 2R 5 K
Y, Syt A5, g B AT B . i
IR F R KW a0 2 5 S0 A K SR R AR 28 A A5
T B A AR B AIR. P, o A 0 75 A R e, SRk
R — B R R A, P aE IR &K
S HEME A, i T A B R R b, S8 R
BRI HRCR AR, B difa kK, KBRS EN, K
W R R el i K= sh g AR K 2%, S 8t st R Tt
117, Lemarie 5 & BUAE = ik B2 IR B 7 2 b F24H (0.9 mg L'
0.88 mg L) , & 14 (1) 116 oh = W W34, BET R ™5 &
T IRAEE 2% 40.0688 mg LI, 77 1R AL 1 24% U,
32 BUREMEXEFHAEEMAEKNEN

AW et A W A — o R T X
TR, S B0 U A KR 27, R AR . K
WA R LY, A IEE T2, ARE R TR,
I HLKH 4 A & FAUAR M I #E, IR H T4, S
VR AL R R BRI SR (N AE IR f ( Anarhichas minor
Olafsen) TEARMR I Z A 4L (K HRZ1A10.13 mg L) HomiiR 4L
(0.13 mg LA10.25 mg L) 2R KOR B m, AR R IR
K AT fig 545 & i R A 0, Lemarie S5 0P 58 T AE B &0 &
Wi B4l A 2R, FEIR IR R SS dJn, XA 4L A6 1 B
3445, T E 4L (0.90 mg L) HA L8f, JHIMHE R 5k
BT E A, AR T & 0.26 mg Ly 2 4 R e Ji
®, FossZE 5T TR B F 20 KV i 200, MIERF&E K
F0.06 mg LA}, HEEE S8, AR EFEALD. Pinto®F W58 T

e FEZ X ZENINIR R (Solea senegalensis Kaup 1858) &
A FEER A RS2, e e B 2H 1 A EE G R Ik 02,
33 EEEpE X B A RIS

A3 X B A1 BB LS B 45 0 22 S L AR
RIS, OB B R E RIS, 2 m ik BT
R PR 7 v R ZH R AP B T /KT B s X L
(R 22 AN 3. X R 22 BRI ML B JE AT 48F196 hit B4 AT 5%
GEILO0 B ASCRRL, — 02 B SRR Bl G IR R A T
e 3. AR, ZER BRI 2 AU A, 84 e bR 2
[ T X8 B A K- B8 1 3 R A 100 Y £ 288 LA 3 O B
iR 38 1 B IR RE T, (HAEARE U S A KA 2 A
SO U2 g S R] DL S 0 I A AU (R A KA R
2 B 15 UL,

A3, Bl AR B R EE A RN, i R R A
WU D, 1] B 0 4y £0 7 = vk B AR B UK AR, R
B AR, 3 5 22 e 45 R UM — B AT L
o 22 b A M R A AR Y AR R v i e D Y
Az, BEIM G A HE T DL B S Ak i TE 5 A P B2 1o, 3 ek 2
PR R 11 T 7K A R 2 R 8 10 At mT AR 1k 22 S0 £ 1R P 19 R
R, M HAEVF Z s, LK = A Al s & Eh A A
PR R g PRU7-181,

Ti4h, MR R R PR R IR R A EUKOT 2 Bl 2 R
[E) ) 2 < 177 49 o201, H— i 5 A0 L B K2 ) L
ARG G ZR U020, g8 20 % & o 5 40y f A AF SR 45 R I, il
FKV- 5 4R BT Z AR DG, Beaumont¥E & I, Bl 4 I 207K
SESE I, O Rz BT KO A i, B R A R
23 P BURN Bz B IR 2, X5 AR SRt g 25 AR — 2

References

1 Wajsbrot N, Gasith A, Diamant A, Popper, DM. Chronic toxicity of
ammonia to juvenile gilthead seabream Sparus auratta and related
histopathological effects. Fish Physiol & Biol, 1993, 42: 321~328

2 Foss A, Siikavuopio SI, Sather BS, Evensen TH. Effect of chronic
ammonia exposure on growth in juvenile Atlantic cod. Aquaculture,
2004, 237: 179~189

3 Dosdat A, Person-Le-Ruyet J. Coves D, Gasset E, Le RA, Lemarie G.
Effect of chronic exposure to ammonia on growth, food utilisation and
metabolism of the European sea bass (Dicentrarchus labrax). Aquat
Living Res, 2003, 16: 509~520

4 Spencer P, Pollock R, Dube M. Effects of un-ionized ammonia on



828 N 5 R R W F 3 Chin J Appl Environ Biol 17 %
histological, endocrine, and whole organism endpoints in slimy sculpin 59: 55~69
(Cottus cognatus). Aquat Toxicol, 2008, 90: 300~309 14 Person-Le Ruyet J, Lames A, Le RA, Severe A, Boeuf G, Mayer-

Emerson K, Russo RC, Lund RE, Thurston RV. Aqueous ammonia
equilibrium calculations: Effect of pH and temperature. J Fish Res Board
Can, 1975, 32: 2379~2383
Siikavuopio SI, Sather B. Effects of chronic nitrite exposure on growth in
juvenile Atlantic cod, Gadus morhua. Aquaculture, 2006, 255: 351~356
Kasturi Reddy-Lopata, Auerswald L, Cook P. Ammonia toxicity and
its effect on the growth of the South African abalone Haliotis midae
Linnaeus. Aquaculture, 2006, 261: 678~687
Lemarie G, Dosdat A, Coves D, Dutto G, Gasset E, Ruyet JP. Effect
of chronic ammonia exposure on growth of European seabass
(Dicentrarchus labrax) juveniles. Aquaculture, 2004, 229: 479~491
Siikavuopio SI, Dale T, Foss A, Mortensen A. Effects of chronic
ammonia exposure on gonad growth and survival in green sea urchin
Strongylocentrotus droebachiensis. Aquaculture, 2004, 242: 313~320
Person-Le Ruyet J, Galland, J, Roux R, Chartois H. Chronic ammonia
toxicity to juvenile turbot (Scophthalmus maximus). Aquaculture, 1998,
154: 155~171
Foss A, Evensen TH, Vollen T, Oiestad V. Effects of chronic ammonia
exposure on growth and food conversion efficiency in juvenile spotted
wolffish. Aquaculture, 2003, 228: 215~224
Pinto W, Aragao C, Soares F, Dinis MT, Conceicao LEC. Growth,
stress response and free amino acid levels in Senegalese sole (Solea
senegalensis Kaup 1858) chronically exposed to exogenous ammonia.
Aqua Res, 2007, 38: 1198~1204
Wicks BJ, Tang Q, Joensen R, Randall DJ. Swimming and ammonia
toxicity in salmonids: The effect of sub-lethal ammonia exposure on
the swimming performance of coho salmon and the acute toxicity of

ammonia in swimming and resting rainbow trout. Aquat Toxic, 2002,

15

16

17

18

19

20

21

22

Gostan N. Long-team ammonia exposure of turbot: Effects on plasma
parameters. J Fish Biol, 2003, 879~894

Jentoft S, Aastveit AH, Torjesen PA, Anderson O. Effects of stress
on growth, cortisol and glucose levels in non-domesticated Eurasian
perch (Perca fluviatilis) and domesticated rainbow trout (Oncorhynchus
mykiss). Comp Biol Chem & Physiol A, 2005, 141: 353~358

Randall DJ, Tsui TKN. Ammonia toxicity in fish. Mar Poll Bull, 2002,
45 (1): 17~23

Ip YK, Chew SF, Leong IA, Jin Y, Lim CB, Wu RS. The sleeper
Bostrichthys sinensis (Family Eleotridae) stores glutamine and reduces
ammonia production during aerial exposure. J Comp Physiol, 2001, 171:
367~367

Wang Y, Walsh PJ. High ammonia tolerance in fishs of the family
Batrachoididae (Toadfish and Midshipmen). Aquat Toxic, 2000, 50:
205~219

Ruyet JPL, Chartois H, Quemener L. Comparative acute ammonia
toxicity in marine fish and plasma ammonia response. Aquaculture,
1995, 136 (1): 81~94

Richard SR, Bodil K. Ammonia and urea in plasma of juvenile turbot
(Scophthalmus maximus L.) in response to external ammonia. Comp
Biochem & Physiol, 1998, 120A: 163~168

Knoph MB, Olsen YA. Subacute toxicity of ammonia to Atlantic salmon
(Salmo salar L.) in seawater: Effects on water and salt balance, plasma
cortisol and plasma levels. Aquat Toxic, 1994, 30 (4): 295~310
Beaumont MW, Butler PJ, Taylor EW. Exposure of brown trout Salmo
trutta to a sublethal concentration of copper in soft acidic water: effects
upon gas exchange and ammonia accumulation. J Exp Biol, 2003, 206:

153~162



