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BBEEBENZESEREFEaREE S/ M ERERRIE
HY 52 M

B, HEME, A&, B W, s, BAs

(1. A RIS BE T VK R SE BT Yook f2 0 S0 07 B8 4 TRRSE 00 5, IR IR W0
HEPEAE K A, LI 201306)

1500705 2. |-

W OE: RABMRKRITREE, BFE T RS B (LR R C,, 10,30,50 70,90 110 mmol/
L) ST (84. 62 6. 70) g B 1 L I80 B EG 29 0BG 460 USR03 20 ik S HR 0 D R 56 0
(Rhag \Rhbg Rhegl F Rheg2) {ESBAISUH 35 WO 0R . 25 SR 01, W2 OIS 0 T2, O R 8 £ R S
FHER A I e T IEJG b THI RS, FLAB B TP RLL(P <0.05) , 7E C,90 i FEA S AIHE AL I ik
SIBLARAE, 29 C, 90 AT A ik HLI) KL FCHE ) 460 T R T2 (K0 RS IE LI , B R O T8, L G
A LS A R I ETHIE T4 7 C,00 BEABIWEAL, SRTITE C,0 ~ S0 i, T FHE % fo i 42 & it G
GBI (P >0.05) , F 055 L0 FC FEHER 30k 1 thy 4k 1 HE WL, 0 F K P B 4 3 B G 1 2 A it A
MR, R POR IR, 2 SAURE Y 4 Fl Rh L8 7R IR 4 S04 1 /R DR B 1 1 ik s 3L
tfi Rhegl 1 Rheg2 1EFSE (C,110) 5l B35 (P <0.05) , %] Rhegl I Rheg2 Tl AL HLW 5L [CHE % f6 5
BUE FIOHE R R R AR B AERLARIITISE (O: N) B, 76 C,0 ~ 70 B, 30 f6 Jo ks W #E 3 2 RE R
g BT 5 B R T T 1 B ool T ZE B 4 90 ~ 110 1, I 5 B2 RERS T FIBR K (b & M k0 25
FTHERE , ARG R P o i SR BFTE S R, TR ARV T LMY B0 PR 20 407 e B F o HE S 38

W% K T RE 0 A BRI G0 F- AL, S Sk BT FU PR 1 AN [R) S Y R /K Jok 14 48 77 A 4 PR 22 ks
KRR : IR HLIFCIRMED M5 PRER IR ; AB4R; HFER MA T ; Rh R AALL

hESES: S917 XERFRRRS: A

FERIRBKFHELZHER, Z9F 0. 46
ACN B, EZE A AT AE ARG ATl Pa b Py i L DX 1Y)
19 M A EIAX N o P AR DL X 2 kiR
ALK, X B AR AR ER BEAR S (1 ~5) ,(H
FLAT R IR AR BUEE 55 pH RS B R BRE R
T 2 B v B T2 50 2 5 1k 8 BIR A #2810 A=
A EARFVESH, PRI AR R 3l R ) 1 P Bt AR E 3t
X ERBRK T & R ERE

FLECHEZ 1 ( Leuciscus waleckii, UL fa] FR HE
) F 8 8% ( Cypriniformes ) . # &
( Cyprinidae ) \#f % 1 .} ( Leuciscinae ) , /8 FF 45
LD . Ao, 2 IR E LT A 0 43
a2 B o SR A A R VT IR AL

s HER: 2016-02-21 &[5 HH#A: 2016-03-16

PN 5 L8 B SR BRI T v, LA A 5 1 T 52 ke
12 EL B8 ( Carbonate alkalinity, C, ) %51, GEWETE
PN fili s ER BRI T 35 HL) (€53, 57 ,pH 9. 6) A=
7 5 BB T IR AL 340 ok Ll Ay T2 0 2Tt A 4
FA BB T S N Beli = At b DX R K Bl 77
B R BRAERA )

I IR 11 it s KT R A 03G 3 f0) i A
PREBR  AB AR FHRE R 1w S e TR WA
B BT AR B A A, SR ERSZ B B A
B (PSRN FRIRZS S5 A &R Bl
SRS, HAE SRR HEE AR IR 32K 58 R R 152
M o CH KR pH RT3 BE X 28 FE R R HE
W W C A T 2 SR kB, R R X g
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( Hypophthalmichihys molitrix ) | #8 ( Cyprinus
carpio ) ' FIFKSE B4y £4.( Scophamus maximus)
FhEE A pH X H A 5 4fi £ ( Nibea japonica) %))
% R RN pH Xt ( Mugil cephalus) 46
PR AIHER R AR 0 5 T 0 % #1232
BRI 1T 0 BIF 5 0] 3 2 4R v AE JLRIE N R
LRI = S < R~ (| R R 7 B | e
23 W il
( Oncorhynchus clarki henshawi) S AR
( Gymnocypris przewalskii ) Ly Joik B e %
a1

SET A o e AU AR R
AT B BB R 8 ol 65 E 25 £ 7 AN [7) Bk 52
N AR BRI R (AR AR AR | =
JEAE) K AT BES: sk 4 A B T 1 2 TR R 1R
T UCHEA T IR A3 BT, 25 0 b I A R 2 £ 7 v Bl
N B AR BRI R I S AT RE 1Y 43 1L, RISy
2 0 7 A oty = 3 DX TR 26 28 B 7K 3 )
HEFRIHAR PR A

1 Me5I5k

1.1 LI

HER 0 R TR B2 2009 41 PPN 527t 3k BLi 5 |
b ARSEES T 2015 4F- 4 H RSB IR K P52 fr adk
11,550 o N TER RGN Fyo RN —
3, RFE R R (84.62 £6.70) g, &K K (18.19 +
0.55) cm, {@#FREGE UL Fy N4 50 e = N6
KT (96.5 cm x52.5 ecm x45.5 cm) B 3
—JA. SEERKCA R RS 24 h 1 H kK, KR
(20+£2) °C,pH 7.25, A% 6. 38 mg/L, & &
0.32 mg/L, £ R 0. 10 g/L, S0 EE K 0. 44
mmol/L, E\EE 7 80. 08 mg/L, SZIEG I 48 h {5
1E &,
1.2 BRERHRWEHENIZE

AR A R, FE 2 #7196 h 100%
AR C 115, L, AP LS E T 6 4
T R 26 Bk 5 6 BE (43971 2R 10,3050 .70 .90 . 110
mmol/L) Fl 1 MR 7K X B4 (C,0. 44 mmol/L) ,
FEAAL AL 5y HIREE 2 1741, R A NaHCO,
(ATl ) e & AH N B8, 2R J5 0. 02 mol/LL 1y
AR, DARRIK  FH R 2R (IR ) 1R R R
FUNC S S A 43 3 9. 4.29. 6 ,48.0.,69. 6,
88.0 F1109.2 mmol/L,

( Oreochromis alcalicus ~ grahmi )" |
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1.3 FREWHEHRS aREENFIRHNE
SR U AT K T kT 0 A 2 0 4
FOMHEE AR o e IC4F A B BE 1Y 7K A (64
em x33 em x 19 em) N7 HIA 5 B g fa, il
HIE R 4 b SRFFRIRAE 18 ~19 C, HR=ENA
SRIGHE AR JE R A HLHE B P S0k S &
(1, BBUR/N 20 L) 38— A B 680 A 7K A
RS R S xR I A v IR
P2 S, D T B ol £ 7 5 7 o e v I 8/ T
XAE AR Z R A, S50 40 e 7% 0P 1 28
HERE 1 h S HEITIRIE . Frecs it T A 48K
A JE IR KR T R, PR A A S
HPHEAE 6 ~7 mL/s Z 0], SRIGIFR TN . Fiba
L/NIFIIAE 1T K B A ] PR 2K A2 L P 1R 3 B o
K BN R, S 3 AL I ] 7
AL o SRR W 5 KR 1 5 i S
R A B IR I KRR P i R A

=48

-
kO
water
outlet L
' v 3
ko

\‘ water inlet

E1 sHEAmRAXFERE
Fig.1 Closed water breathing chamber

L4 #HEAR

FEACR TR A
O =(Doy =Dy,) xV/W (1)

A 0 WFEAEE (mg/g + h) 5D o R HEK T R
(mg/L) ;Do 9 K FHE A (mg/L) 5 V g B AL i
KR (L/h) s WO SEs iR i (g) o

AR AR

Agr = (N, =No) xV/W (2)
A A HHEER (pg/g - h) 5Ny KRR
St (ue/g) N, WK RS i (ug/e) sV
FAALINF )RS (L) 5 W OSSR AR T (g) o
1.5 Hmi&E

SEYGAE UG , K 5L £ DA 5 48 R 1
B2 1 7R v A R S I R I (T 0, 20
mg/L) o AW (AR IK 7, B i - A
Ko HRIANFZE (50 pl) 19 2 mL 34145 W A
PR RN L, R R AR A MR T 1.5 mL B0
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B, F 4 000 r/min, F {E .0 8 min (Sigma 1 -
14) JJ 23K T - 40 CykFa R AEH T 1l 20 %
TN (] SR B XTIy R 1) i 2 2 TR
T 54k Rh HER BRI FGR I E 5 K550 o
1.6 MEEEHNE

R P i 2 A7) A (r ot AR IR R A
) 0 IV A R, B A 2D TR R i
RE U A FEAT . R HIBEAR AL ( BioTek Synergy
2) 7 630 nm Kb i 25 K 5 O FE AR, AR 45 125
o AVIR DY /N W p N (=l 58 = s
1.7 SRALHSEE (RR) EE PCR il

4 Fh Rh HE[H S 18 S 514k F] CHANG 45k
105149, R SV Total RNA Isolation System
7 & ( Promega ) #2 B 8 RNA , PrimeScript'™ RT
reagent Kit with gDNA Eraser ( TaKaRa ) 2 7| & [
i 55 5 cDNA, 3% il ABI 7500 5 Kt PCR X
( Applied Biosystem 7500 ) £ il 2 [ ) %2 i it
SYBR 5& & PCR WK % 4 20 wL:SYBR premix
Ex Taq (TaKaRa) 10 wlL, Rox Reference Dye 0.4
wL,51 4 1. 6 ul, cDNA f#g 2 L, RNase-free
water 6 wL, PCR W FEF 4:95 C 305,95 C 5
5,60 C 34 5,95 C 155,60 C 1 min,95 C 15 s,
1.8 HRESH

FEACRME AR R 2% B w4 iRaE
Tk SR FGAEOR T 2 kL S R R
P BI{E = 1 22 7R, Al Excel 2010 #1
SPASS 19. 0 Bt AT Bl geit 3o 1A 22 5=
K Duncan [RZ & A, B3 KFH P <0.05,
e RE K P<0.01,

2 RS0

2.1 AEWRENESaEIENZME

W2 B 1T, 2 A RE SRR R R
Je EFFR R (B AR AL BRI FE AR B E KT
XTHRZH (P <0.01), £ C,30 ~70 i, AR A
—E M TR R TEH B 225 (P >0.05) ;78
C, 90 I35 B Fe AR {H , #E 4% 4 (0. 186 +0.018)
mg/ (g« h) {HE5 C,70 4bFHLH 25 7oA B 3E (P >
0.05) ;Bfif5 € C, 110 BHUAT B 1T, — & 278
(P <0.05), WA 2,
2.2 AERENESEaHSENZN

Bl AR T, 2 ) HE R A
TXIHRA, 22 il 2 (P <0.01) s SFEE R 1

FEAERHMIML, 7E €30 ~ 70 B, HER R BA —E M
TR EA L W 225 5 (P >0.05) 5 7 €90
I HER R IR PR ARME, D9(3.37 £1.24) pg/ (g -
h) Bfif57E C, 110 A5 B It H2ER A B (P >
0.05), WK 3,

0.05

=i
~7 '

B 0
%% 010

0 10 30 50 70 90 110
B/ (mmol/L) alkalinity

2 AEAWEMHESERAENZIN

Fig.2 The influence of different alkalinity conditons

on oxygen consumption rate in L. waleckii
AR TR AR LR 22 57 B3 (P <0.05) , 3 -6 [d],
Different letters indicate significant difference between different

groups( P <0.05) , the same in fig. 3 - 6.

—_—

ON R IOO N

HeEZ 4%/ (ug/gh)
ammonia excretion rate

0 10 30 50 70 90 110
B8%/ (mmol/L) alkalinity

B3 AREEMEXNES aHRENMm
Fig.3 The influence of different alkalinity conditions

on ammonia excretion rate in L. waleckii

2.3 AEAWEMEFEMSSERZN

BEE TR 1 T, e i o R 4
o FRER S, 1E C,90 BHA SR E, M2 &
H(346.51 +36.48) pmol/L, BiiJ5 1 C,110 B4
FIr . BNy 225047 o, BB AR T 50 B,
BRI S A M AT 2 2ZR AT (P>
0.05) 5 A e T 50 B, 45 e e 20 55 I 4 &%
XTHEZH 22 S I 35 (P <0.01) , ILE 4,

3+ 450
S 5 400
i:
Sc B
I .S 150
<r 5 100
WE 50
| 0

0 10 30 50 70 90 110
B8/ (mmol/L) alkalinity

E4 AEEENHESENSSSHHEMN
Fig.4 The influence of different alkalinity conditions

on plasma ammonia content in L. waleckii
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2.4 AEWEXNBETAEEMHL R BEERIEE
op- A1

EjXT BRZHAH B, Rhegl 7 Ji A7 B0 J3 A0 B 2H 3%
R RIM (P <0.05), 5 i@ kX BEZH 1Y
1.38 ~3. 51 4%, Hep C,110 14 i £ K ; Rhag 7F
€,10,C,30 .C,90 1 C,110 4 P HREH KB RA
JIrHG I, BEWE 301 A 1. 46 £ 1. 95 1% .2. 66 5 F
1. 66 £i% ; Rhbg 7E A [] g B b B 40 2 38 2 35 A
B, AAE C,30 A1 €90 ik AT Fir 38 Jin, 43 i
1,33 A5 1. 25 %5 Rheg2 RAE WA i kB 20
(C,90 F1 C,110) Fik 3G, HHE iR R ) #R
Ay 1. 71 A5 R 4.00 £, #5085 41 LE , Rhegl
Fl Rheg2 78 C, 110 ()35 5 0 2 =y T H A ol
41 (P <0.05); Rhag 1£ C,90 MR IKH B EH T
HAlBREEZ (P <0.05) , 1 Rhbg 1E4- TR 2H 1%
BES AW E, C,10 FRE 7 8 EFEIT C,.30,
C,70.C,90 F1 C,110, WAl 5,

SEN
-\
S
ik
[

lative to 18
O = NNCOCO
CUIOUTIOUTIOUIOUI

ression levels

exp
re

FEXS 185434

N =
Rhag Rhbg Rhegl

5 4 F Rh BEEERERE
WEEEARQPHREE
Fig.5 Expression levels of Rhag, Rhbg, Rhcgl and
Rhceg2 in gill in L. waleckii

under different alkalinity conditions

2.5 AEAWRENES asEERE0ZNME

HI [l 6 W1, A2 fa fERR % C, <70 B, %
A (0: N) 2 31. 150 ~35. 446 , £ 41 [] TG 4 &k
L5 (P >0.05) ;AR 90 ~ 110 B, 0: N K
55.349 F157.372 , B b s T A AR 2 Sont FR4H
(P<0.05),

AR
oxygen—nitrogen
rate

0 10 3 50 70 90 110
B/ (mmol/L) alkalinity

6 TEHEZGTHRTERALL
Fig.6 Oxygen-nitrogen ratio of L. waleckii

under different alkalinity conditions
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3 ifig

3.1 BEBHREENZESRTERIEENZMN
R T 38 A AR B 25 T T AU AE ALY
pH , £ 28 W40 A 1 R 5 FIE 3 H o 1 L
B2 RAO SNy, ta 2 b T 4595 15 I h %
I, FEAA IR, i 2 55 2 i, AR R BT e
RS0 /K 8 2R AH DG 58 A% LIRS,
XF1.0 ~2.5 g ()-8 ( Rhabdosargus sarba)'>’ |
F A< 8 i ( Anguilla japonica ) £ 1 2 B i
(Ictalurus nebulosus) ™" FE AR 2R BE S50 T HIFE 4
RGN A B, A0 S AE SR AR A 3 g 2
W TR RIEARER BE 250 T AR R s T
Ao TRIREH, AT R R B2 1 2O, 23 X
FELURI 53 FE P M At o 9K TR 5 P
WFIE R B, Bl G 083 1Y T, 52 B 6 ( Carassius
auratus var pengzenensis) 4] A FEE R Z T &,
8L PR AT R 52 PR R ) A= 5 A TR K o, R
JERYTE 52 ) 2, HORE I 1 52 8 R A X i 2 L 3
RN B RE R TR I8 BLBVHE D K I AR TS TE
R BRI X R R B A R 2 1.
ARSCHBE 5T 45 et o] LU Y 24 6%03 4 30 ~ 70
mmol/ L I, 3 HL 1 HE 27 81 (1% 6 480 8 FE A 4 5 A
AR X5 7 I AR B A AF 5 45 SR AR R i
R A 2 A 3 H R Y BT Y RE 06 o 4 4
AR PSR IR BN i Eh AR B A I . I, EA
S5OV B 5T e B, AR AR TR Dt T (C,60) ik
WAE S 0 R RS AR VL HE 2 0 1 IR 405 5
HIF-3o FED B IR A [ R 23577 2, FAFETLAE
B T v Ak Ok B RE X i ) LR
ik, 25 Ik B 2 0 O e S
PN TG i e BT A A K P IR A v 2 i
PR, 15 HLWIHE 2 £ HORG S0 3 B B2 7y 184
1M R i 45 SR 5 i K fa 28 I A T 45 SR 5L, O
18 C,90 3K BB AK, L4 R 2 75 U0 W1 35 B HE %
75 C,90 AR T 4% SUA A Fr it — 2 TR A
WFFE BT SEARIL A PF T 08 HF 2058 0 il 2 5 o ik
—UESE C,90 A RESE K HLIHE D 0 T BE K2 1
B KR W38 R 7o 145 X4 I T R ik B I
D 0 A AN [ 248 78 £ B 7K 3 1 38 B i B A
TR TR XL
3.2 ZFEHBEFEMNHIERERS FILE
oK N E B B Y & ). IR AR
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4 R 2R B ) Y, (H 7 & 3h i 2 1
T, & P EEOIE U] — 2 A R TR N R R A
By FERA Y S RN, RS ) — L8
ERBMNAAT AT ZAE G I U R . BIFSE R B,
FEAR R R 10 HE 2B T i3k 2 i 56 Bk £ S A7 05
R . A o s ) (pH 10. 0, €400
mmol/ L) (¥ & £ ] DL EUE W) 58 4 AR R 197
FCHEH P i H A i et S A HER A O 2
TR 8 0 HE i [R) A8E, an 4= B LI (pH 9. 8,
C,153 mmol/L) By & $ H A ( Chalcalburnus
tarichi) '™ 3% E ¥ (pH 9. 4, C,30 mmol/L)
FORRER Kk B R A 40 TR 4, X e
AN TR R T AR SIS S i fe] S PR 59 45 HE 2 e
WANG 252 A K A L% o 1 (R ) 2 it
JIG S ik ) 25 A o R EG A i 4 e £ 2 HE 22 R
e EE R H ¥ TCAH DGR . A5 5E 2ot
BOE AR E (KA ZE vh ) I 7 35 LI RE 2 4
AR 30 B, B B2 18 B T, 3k LT RE 22
0 HE SR R A, X S 2B
ORI T 28 R — 2, U BTk BLIHE % £ 38 2o R AR HE
ARG N = B AT (H o NFRATT A BIF 5 &5
RAFTLUE ), b2 58082 0 E T, A8 HE o
TR IR 2ME (& 3) o AR R
W, @iz E H Rh G AR 5 R g f b
KRBT o AL A i 5 4
2RV R, I8 HES . 2 /D AETE 4 R
Rh JEDR, FLAERRE B30 T 3 m ik ™ . A
U R W, B B A BT, 94 A
A Rh BEPR R A A R R 1 B Rk, H
H1 Rhegl A3 ARk, 1 H 5 Rheg2 7615 % EE
H(C,110) FiRERI R, X5 C,110 2
FAH EFMEERAET S (B 3,5) . 4 Rh
SRR FRIRFT LA ik VS a0 i s sh 4k
FEER Y 2 338 DA A e L7 5 ER A B T 1Y
HEUME L, %45 W 2L Y R 6 MARVIN
2PV YEBE T #61 ( Danio rerio) 4y 1 pi #41 F) BF 5%
HIREM,

T34h, A ] i B2 0 A5 19 1l 22 % = 7T AR
B SRR A T HER il s R T,
FEAE €90 I 35 ) dse = A, 5 2 A HEME 3 1Y S I
JAFAWERE o [R) I & B, BRJRETE O ~ S0 Z[a], HER £

MEAZHITEEER(P>0.05,[84) , iZ4RY
LGS S5 I — A . UL Ik L
R ORI N E v B ) SR i3 D e R
IS . (H R MHEEFRTE , A i 4 iR
R BALT X HRA (P <0.05, 18 3) , ufh 5k
WRER t0 5 SR AR A7 BRBEUEE AR (1Y) €50, BEH]A
AR 2 T g B 1 R, T DR AR AR R
MZRAHFEIE LIRS h . CAITRE
UiNTENT R s iR uN 2 AR LN D =R i
HORE R R Y e Ak RUTE B 19 B AL TR BUR R K F)
xR pH BRBEAE R . W AR ST
R BEAE B Y BT, 38 BLIRE R £ il 3R U
IR R & J AW B, X Sert 54
20 M TET UE S T 35 HLWHE 2 #0.0] DA
N2 A0 208 o AL U RE M 2 B R IR R, A
MARFFANIE A S &, SSIER IR T
AR o
3.3 ZEHRSESHNE THEEN S
SR A R Al A W R A b RE U5 ) B IH
FEM)— T LR bR, W] DA LA Y 2 1 5 IR
I F ik K AR G W = F 4R BB = W e il
MAYZAUD 2575 i i 5 58 4 D)L 2K 11 R AR 4L Ak
#,0:N iy 7 ~ 105 IKEDA 45 H 40 2% DL 1 5t A
NRMIfERE, O: N g 24 ; CONOVER 2§ i 4l
Roe e LURIT ok L& P fibag i, 00 N f
FRe CHMAKN, BHEX Y P LM
( Oreochromis niloticus ) """ 1 45 1% ( Sinonovacula
constricta) ' O N [ $ W 56 AR 45 45 L3 A8 ML
o P, 00 N 2R L rT fE S A B Fr Ab 3R 55 1 )
FEYVIAHOC , W] LAAE g A 0 B e L 3t 107 37 45 1 7 1)
—IERR T ARG 3k HUIAE S e HLE
BB N (C, <70) 1), 0: N JE i F B0 (P >
0.05) , KTk HLHE D o A5 2 H AE ot Z 1 Be
IR o BV AT S AR AR S X AR A R R 45 R 2
FAFFIY o (H 2665 15 2] C,90 B, ik BHLBIHED
W46 J5 ShAERERR Iy, FLrib I I ANk K Ak 5 W 1Y)
ARUHZK P 322 i T2 5, 3 2ok sl /0 2 1 BB fE
DU FRAREE R AR (B 6) o IZE5 R LR I 52
BrA: =S58 (CAn PR G 7 4 ) 4 7 4Rt T
HEEE,
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Effects of carbonate alkalinities on oxygen consumption, ammonia excretion
and ammonia excretion gene expression in Leuciscus waleckii Dybowski

HE Qiang'”, CHANG Yumei', SU Baofeng', SUN Bo', SUN Xiaowen', LIANG Liqun'

(1. National & Local United Engineering Laboratory of Freshwater Fish Breeding, Heilongjiang River Fisheries Research Institute ,
Chinese Academy of Fishery Sciences, Harbin 150070, Heilongjiang, China; 2. College of Fisheries and Life Science, Shanghai
Ocean University, Shanghat 201306, China)

Abstract: Effects of different concentrations of carbonate alkalinities on oxygen consumption rate, ammonia
excretion rate, plasma ammonia content as well as relative gene expression profile of Rh family in gill of
Leuciscus waleckit Dybowski fish were studied using closed water flow respiration measurement chamber.
Oxygen consumption rate and ammonia excretion rate were significantly inhibited in different alkalinity
conditions in comparison with those in control, and the lowest values of them were found at C,90, which
indicated C,90 may be the alkalinity limit for this species. Contrarily, the plasma ammonia content showed
the opposite trend, first increasing, then decreasing, and peaked at C,90. No significant difference was found
for plasma ammonia content when C, ranged from 0 to 50 mm, indicating this species has evolved to have
specific ammonia excretion mechanism and thus helps to maintain the low level of toxic ammonia form.
Quantitative real-time PCR showed that Rhegl and Rheg2 out of the four tested genes in Rh family may play
an important role in the process of ammonia excretion under high alkaline stress. Energy metabolism ( O: N)
study found that L. waleckit Dybowski did not consume too much energy to satisfy the energy needs within
tolerance range (C,0-70) ; however, when the environmental alkalinity was between 90 and 110, the body fat
and carbohydrates became the main energy sources to reduce protein consumption, which in turn decreased
the poisonous ammonia excretion. This study served to elucidate the ammonia excretion strategy and possible
physiological and molecular mechanism of ammonia excretion in L. waleckii Dybowski under high alkaline
stress and it may provide evidence for aquaculturing L. waleckii Dybowski species in different carbonate
alkaline water bodies.

Key words: Leuciscus waleckii Dybowski; carbonate alkalinity; oxygen consumption rate; ammonia excretion

rate; plasma ammonia content; Rh genes; oxygen-nitrogen ratio
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