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W OE: X 3.20 mmol/L(XFHRA) 7. 73 mmol/L 12. 60 mmol/L }216.67 mmol/L 5§ 4 4~ NaHCO, Bif{ & f:
LSR5 3 A 223883 ( Huso dauricus @ X Acipenser schrenckii & )60 d, A H8 BE X 2225 63 4l 0 i ik - A= K LA
B EACTR BRI, 25 5 7 - 45 10 2t 0 e R A6 T ) ) 5 3 A 97 A OG5 A% 2T 38 B R A0 R
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#37.73 mmol/L 12. 60 mmol/L }16.67 mmol/L i ¥&4H I 7% I 2K 11 (ALB) \JR 2%/ LET ( BUR/CR) 1% T % BE4H
H2Z5 83 ,12.60 mmol/L J16. 67 mmol/L 502 52K [ (TP) | 5 %5 B IR 25 (1 I B B ( HDL) IR X R4 2.
2R RE LB H M (TC) M&F 7. 73 mmol/L J X} J& 41 H 22 7 & 3, 16.67 mmol/L X 55 41 & BH [
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FRFH VAT 02 Sy A A T R D Ak
2 ( Triplophysa ) | FU K HE & fa, ) 2 Fl 1
( Pseudorasbora parva) . 2%k ( Noemacheilinae ) Fll
T Z2 00 £ ( Pungitius sinensis) 55 , 35| 1 KB
( Barbus capito ) . & $i H i ( Chalcaburnus
chalcoides aralensis) <1 1 BE ER B (1) Fa 28 (H ik
AR DA KRS, MBI, 53 A
e, R RE B R T AR L A PR A AR R i 2 0
e & SRR, TS

“Ud W — 57 Ze ] ( Huso dauricus @ X
Acipenser schrenckii & , 8] FRZ23CET) 2 15 EC B8R
Jit PR3 24 32 W o i i, A e B2 — A B B R
R £ T A, SRR SEAN R L AR G T
5 3E W PSR L 2 YIS, e AL AT SR, B R
40 FR0 S 0 T O EE S A FE R
ST PR R KB 9T i A 1 4 2 1 e 1 LA
Bt H BRSNS S AR K TR IR B AR RS
IR S HL 52, SRR A T Bk A 57
G R T BE 2R 0 UM, 1H DG TR X
A AR e S M O e DL AR E . A
G I I R AN [) B8 i R R K 57 B A 22 3 4)) £
T A X6 G A 3R R M P R L A
FER AR RE S BT, 308 3o 10V A A s Fn 4R 58 H:
Xof R TR )3 AL, DA R K el T £ S A
2RI AR R BRI S A SRR TR
Ak, IR B, 45 HiURH 4k T K = A
DA £ 7 B T ARUAS W 44 D, o) 4650 55 B AT i 5
i) o FRURRG b e fif £ /K {4 £t e % B e R 1Y
FHICBIFTE , AN BEAT ROF 6 B K a8, SECRb 3 47
RS T AR Bl 11 ) Bt 3 AR O R A
2, HESH TR E Ehpde i — gL R

U BRIk

1.1 ReH

RIS PR IR S AN Al 99% (WG R IE TH — 251
B ), HAI T A A4, 1 0. 01 mol/L £h s
FE, LATG K | FR A8 -2 e W TR 5 YRR 48 7 R R AT
B EE S, 0 K i L R R R A AL 4R
b, BARILER 1,
1.2 KA *

I 3 AW 4238, B BRI VLK W55 r
I 2% b [ ¢ HiA Ky (133,17 £16.75) mm,
PR (12,43 £3.99) g, FRFH M i o856
IR R R 7K (BRBEE 3.2 mmol/L) | 85 7657 B
SLEA AR E 4 4> NaHCO, #8 i (il 5%
), R BB 7. 73 mmol/L . 12. 60 mmol/L
}16.67 mmol/L( BIARNEIN 75/ 29.4 g.58.8 g,
88.2 g NaHCO, 435I AJEA 70 LK /KA, i
AR FETROK ) o B[R]t A S B Rl AL 43 3] 4
AN B3 ANEE (M), BH& 15 B, BHT
L P AR SRR (BT Blk ), H R 24
KR Y 1% , B M5 AR i, G A
202047 25 HE9 H 24 H,3 60 d, RIFEK
FIE L, B 2 ~ 3 H K50 a4 b 4 2 o 2%
iy ] o v BE K R, DR REK B . K
i, £ 2R T, X BE 4 7. 73 mmol/L 12. 60
mmol/L % 16. 67 mmol/ L 20 5l & FEATG I 5 4331 o~y
0.001 4 mmol/(L + h) .0.0056 mmol/(L - h) .
0.020 8 0.047 2 mmol/(L - h); £ 41 pH 25 fk
4351 —0.006 7 pH/h 0.001 3 pH/h, —0.003 5
pH/h Fz —0.002 5 pH/h, H 1 7. 73 mmol/L ZH i

JERFARTT pH 3500

F1 HFXWAKENLIER BER pH T

Tab.1 Changes of physical and chemical indexes, alkalinity and pH of water in each experimental group

; " e 0 Ao JKif pH VIGRRTHES
JKIE Water HL3 R i 4R Y HBoKit p ok .J.J'M;
ZH 5 . .. e . ¥tk pH pH at Alkanility at
temperature/  Conductivity/ Salinity/ Dissolved . . .
Group < ( ws/cm) (mg/L) oxygen/ (mg/L.) Initial pH changing changing water/
» V8 water (mmol/L)
3.20 mmol/L( Control ) 20 =1 0.75 0.37 6.5~8.5 7.71 7.39 3.133
7.73 mmol/L 20 1 1.18 0.59 6.5~8.5 7.99 8.05 7.467
12.60 mmol/L 20 +1 1.61 0.82 6.5~8.5 8.28 8.11 11.600
16.67 mmol/L 20 =1 1.98 1.01 6.5~8.5 8.46 8.34 14.400
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1.3 miFHFmRRERENIEREN
RIAE G, A A BEPLI 6 il T R
EF AL SR 1ML, ZE VR CE: 30 min 5,2 000 r/min 4
CHELL 10 min, IR ETEA, - 80 CLRAFR
FH Beckman AUS811 4> {34 {b 43 B (LA
PR MiE A8 bR, G548 N 2l (ALT) (A3 5L
FE W (AST) | Bl 1k W BRI (ALP) & RLF6
ity 45 N % & M ( AST: ALT) (JUUER B (CK) (3
PRI %0 (LDH) (a-32 JEW2 i 20 i (HBDH ) | G
F(TP) \H#EH (ALB) (BREH (GLO) \H Bk
(ALB/GLO) , S HZL &K (TBIL) | H# B 20 K
(DBIL) JULEF(CREA) JRZ (BUN) [ JKER (UA) |
PRZ/WUEF (BUN/CR) (B R AR (HCO, ) | Hi %)
BE(GLU) EE[EEE(TCHO ) | =Bt H Il (TG) (&
IR HE  EL [ i (HDLC) %% B2 g 2 1 JEL T
AE(LDLC) \#1 (K) J#H(Na) FA(Cl) 5(Ca),
1.4 RIGHIELIE
IR I AR I AR SR, 58
T 3G R (Survival ratio, Sy ) | 3% % ( Body
weight gain, Gy ) K 3K 3 (Body length gain,
Gy ) B 250 (Feed conversion ratio, Ry ) o
HRITEWT
Sz =S,/T, x100 (1)
Arpe S, il 45 1 J5 i 41 il 5 i e 4K
( Survival number of experimental fish,S ) ;T “HiZ
20 4R, 56 £ 4 B2 4 ( Total number of experimental
fish,T ) ;
Gupy = (M, -M,)/M, x 100 (2)
2o MR R 5 R {4 T & ( Terminal body mass
of experimental fish, M, ) ; M, ki 56 %) £ {4 i 5
(Intial body mass of experimental fish, M, ) ;
Gy = (L, -L,)/L, x100 (3)
2o L, AR ES R AR {K K ( Terminal body length
of experimental fish, L, ); L, i % %) £ 1k K
(Intial body length of experimental fish,L,) ;
Ry =F/(M,-M,) x100 (4)
s Ree R R LG F O BRHE A & (Food
intake ) ; M, Fll M, 38 SCIR) b 50 il mfa]
B LI {E + ArifE2E#on, FI SPSS 25.0
BAF AT T 22 03 BT sl HAB 23 BT, LA P < 0. 05 22 53
2, PP <0.01 M,

http://www. shhydxxb.com

2SR5

2.1 BAWARETEREK

TR 1o e A v e e i e T I R
7,12, 60 mmol/L }% 16. 67 mmol/L 21 %5 %} & 41
Pe1/4 ~ 173 18800191 7 52 450 805 B s e
FRVUIE ST, Je 300 0T o0 38 52 I A o 38 4 5[] % R 2
FHLEG , oA A 4R )02 12. 60 mmol/L Jz 16. 67
mmol/L 21 £ #k 2%, H & & & T i 20% L 1.
7.73 mmol/L 12. 60 mmol/L % 16.67 mmol/L 4|
FET BT 8 H 11 H GRIEFFLREE 17 K) .
8 H 8 H(RIIF4H55 14 K) &8 A 4 H (X5
R 10 K) % AT MAHI T8 A 19 H
(BT IR 25 K) , Mo T H AL 0 41, 532 5 5t
TR R ARG (B 1) o i 2esc 34 st
TR BB ] BE T 38 Je A BT B LR B 18
PErpEE , P ERE IR 22, U] 12. 60 mmol/L J¢
16. 67 mmol/L fif i Ff A3k ) 42 5 i 2 M v #5340
BEH FE B {H

M 60 d f5, XF R4 7. 73 mmol/L 12. 60
mmol/L % 16. 67 mmol/L 41 il i% K (S ) 35l H
70.139 +£7.639 64.103 = 11.750 .28. 205 +4. 441
J 51.515 +5.249, J5 3 2 B iE R KT X BE AL
JEH 12,60 mmol/L 21 5% FRZH 22 el i 2 (P <
0.01),7fi 16. 67 mmol/L #1 5 %} BE 2H 2% 5 i &
(P<0.05),7.73 mmol/L £ 5 %} B 2H JG g & 2%
5, U A 2 8 4y 8 75 5 B I T 7. 73 mmol/L 7K
UNSEE %Ny o

RIS 25 A, %k B2 A BT 6 v T, 8K
12. 60 mmol/L }% 16.67 mmol/L 4HZ R R & (P <
0.05) o Xf FRATMAA K T HABAL, %5 12. 60 mmol/
LR (P <0.05),% 16. 67mmol/L 42
SREE (P <0.01);7.73 mmol/L 4 {&K KT
16.67 mmol/L 2 H 2 5% .3 (P <0.05) , WK 2,
2.2 FRWAEKEREMRY

R KR ( Gy ) LK KR (Gy,) 2
iy 1 52 g v AR KR DL AR AR, X B
7.73 mmol/L 12. 60 mmol/L A 16.67 mmol/L 2
Gy 5 52y 33. 783 £20. 029 ,22. 025 + 10. 411,
19.552 £5.469 J% 16. 189 +8. 624 ; %41 G, 433
7 112.330 £21.377 .86.690 +20. 787 .83.00 =
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13.51 % 68. 75 + 16. 64, 12. 60 mmol/L. 16. 67
mmol/L 4] Gyy N Gy W] BAR T XS I, J5 3 Gy,
557.73 mmol/L 4125 55 B3 (P <0.05) , 5 %]
HEFWBEE(P <0.01);12. 60 mmol/L K

16.67 mmol/L 4 Gy S5 X HRH ZE TR B (P <
0.01) H)5#57.73 mmol/L 41 R EE(P<
0.05).

FETAMEHBIATE] Time of first death

30r

:[ n=3 Mean+SE
]
5
R
g I. .......................
N
| o
| ! I
51 L
0 %
— 7.73 mmol/L 12. 6 mmol/L 16. 67 mmol/L

Control group

#H5 Group

B1 JiXKEHRT HIT T E

Fig.1 Time of first death of each experimental group

®2 JFARANER REERERMEK

Tab.2 Survival ratio (S ) ,terminal mass( M, ) and terminal length (L,) of each expermental group

n=3; Mean + SE

25| Group

X84 Control group

7.73 mmol/L 4 7.73 mmol/L group
12.60 mmol/L 44 12.60 mmol/L group
16.67 mmol/L & 16.67 mmol/L group

JIEZ Sy AR M, BAERK L
70.139 +7.639° 45.45 +24.01° 239. 83 +35.98*
64.103 +11.750% 32.76 +14.19 210.00 +30.98
28.205 + 14.440° 27.55 £6.43" 201.73 +14.90"
51.515 £10.250" 25.57 +10.88" 187.53 +24.55°¢

T RNIVEEA HE PSS LR PRI A 22 5 3% (P <0.05) , AR IAII 25 Sl 2.3 (P <0.01) ¢

Notes : Values in each column with adjacent superscripts are significantly different( P <0.05) , and values with interval superscripts are extremely

significantly different( P <0.01) in the table.

TR (FCR) BB Sz Wi 50 ) 9 e 1k 4
BIRCE X RE4 7. 73 mmol/L ., 12. 60 mmol/L }%
16. 67 mmol/L 4 Ry. %3 % &y 50. 74 £ 9. 69,
36.08 +8.41.25.88 +2.21 }722.57 +1.89; %} &
A Ry i THAWL, 5 7. 73 mmol/L 41 2% 5 i
Z(P<0.05),512.60 mmol/L }% 16.67 mmol/L
HEFWBFE(P<0.01);7.73 mmol/L 411 Ry,
5 12. 60 mmol/L % 16. 67 mmol/L 4 2= 55 g 3
(P <0.05),12.60 mmol/L }% 16. 67 mmol/L 2 [f]
Ry 2R (K 2),

2.3 FHiXGAMBENIEIRILE

A LA AR B) L A A BRI Sl BOKR, X R

AMAJE] ) ALT (AST (ALP .CK ,.LDH .HBDB . TP [},

Lo K FE A 19728 5 R BC(CV) KT HA A 5
H, RPN CV 5 HAbZH 2200 A k. 7. 73
mmol/L 12. 60 mmol/L } 16. 67 mmol/L &5 2H
ALB BUR/CR K TX MAHER B & (P <
0.05);12. 60 mmol/L } 16. 67 mmol/L 4] TP,
HDL IR F X HR 2 H 25 57 B 3 (P <0.05) ;12. 60
mmol/L % 16. 67 mmol/L 4 4H TG B B A% T
7.73 mmol/L J X B4 H#EF B #E (P <0.05);
16. 67mmol/L 2§ TCHO .HCO; K Ca H B AL F X}
M2 H2e 5 W% (P <0.05) , 1l H: CK,CREA B
R TR IR HL 25 R 3 (P <0.05) ; LR 8 b5
ZRABFERI) .
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102 Eo oW W k% % 2%
140 a =3 Mean+SE
B RN R,
0l ) DR R KE 6,
BAEKHKE G

H4H Percentage/%

100

80

60

40

20t

C

16. 67 mmo1/L

12. 60 mmol/L
415 Group

pagictiil 7. 73 mmol/L

Control group

I P _EARAS PR 22 57 B35 (P <0.05)  #fl[B] PR RR 2 5 i B35 (P <0.01) ¢

Adjacent letters on the column indicate significant difference( P <0.05), and interval letters indicate extremely significant difference ( P <

0.01) in the figure.

B2 FHAWAERMREFRKEEREERKE
Fig.2 The food conversion ratio( FCR) , body length and body weight gain( BLG,BWG) of each experimental group

£33 JFRABRAMFENLIER

Tab.3 Serum biochemical index of each experimental team n =6;Mean = SE
ahr bapiisas 7.73 mmol/L ZH 12.60 mmol/L 2 16.67 mmol/L 2
Index Control group 7.73 mmol/L group 12. 60 mmol/L group 16. 67 mmol/L group
BN ALT 151.67 +449.36 133.00 +56.31 20.00 +48. 87 100.33 +46.54
& B AST 541.33 +106. 14 493.00 +60.36 757.33 £115.52 507.00 +63.53
BRPERE R ALP 248.33 +79.01 196. 00 +35.79 273.67 +79.65 138.33 +17.01
A AST: ALT 3.69 £0.82 4.68 +1.01 3.73 £0.671 4.55+0.81
WLER K CK 598.33 +438. 66" 1702.33 £1327.23  1399.00 +213.13 2585.00 +1514.62°
2L S LDH 1 112.00 +411.53 856.00 +32.23 1 397.00 +362.75 999. 00 +268.22
a-}2 5L I 2 HBDH 535.33 +250.03 396.67 +18.58 606. 67 +207.75 411.67 £106. 16
MEQ TP 12.50 +2.99* 9.73 +0.83 8.43 +1.50" 8.37 +0.23"
M5 8 ALB 3.67 +0.58" 20 2.67 +0.577" 2.33 +0.58"
R GLO 8.83+2.42 7.93 £0.99 4.43 £3.67 6.37 £0.23
HEkH ALB/GLO 0.43 +0.06 0.23 +0.06 0.43 £0.12 0.37 £0.12
MJHZ1Z TBIL 0 0.30 1.00 £0.28
B %HLT % DBIL 0.27 £0.06 0.10 0.20 +0. 10 0.27 +0.15
()43 B 41 2% DBIL -0.30 0.30 0.65
WLEF CREA 31.00 £6.93" 54.67 +6.51 50.33 £0.58 89.67 £57.73*
JEZ BUN 2.90 £0.76 2.73 £0.29 2.07 £0.15 2.23£0.72
SRR UA 105.00 +38.97 65.33 +24.79 143.67 +59. 88 133.67 +31.50
JRZ/ L BUN/CR 0.10 +0.05° 0.05" 0.04* 0.04 +0.02"
R HCO; 6.67 £0.58* 5.00 +1.00 5.00 +1.00 4.00 £1.00"
25 WA %R GLU 2.53 £1.51 1.66 £0.27 1.47 £1.26 1.25£0.20
M JHE fE TCHO 1.70 £0. 54* 1.45 £0.24 1.17 £0.38 1.02 £0.16"
=Bt TG 6.37 £1.16° 6.70 £1.31° 4.64 +0.72° 4.09 +0.58"
T % B A% 7 P JIE [ HDL 0.23 +0.08* 0.18 £0.02 0.13 £0.01" 0.13 +0.02"
R 3 N5 46 (A I [E R LDL 0.18 £0.11 0.37 £0.41 0.05 +0.01 0.11 £0.05
K 7.63 £3.16 8.70 +0.61 8.73 +1.91 8.51 £2.10
4l Na 118.33 +8.39 124.33 £1.53 121.33 +9.87 122.00 £19. 16
ma 98.67 +12.10 111.33 £2.52 102.67 £19.73 124.33 £3.06
£ Ca 1.58 +0.11° 1.68 +0.05° 1.45+0.16 1.26 £0.18"

T RNFVEEEA HE T ARSR AR BRI 7E 22 5 2 (P <0.05) AR 22 Sl 8.2 (P <0.01)
Notes: Values in each column with adjacent superscripts are significantly different( P <0.05) , and values with interval superscripts are extremely
significantly different( P <0.01) in the table.
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3 e

3.1 BEMEEZEE

B pH A Ay il 7K 5 bR v ) E AR B
Wi 7K 7 ST R AR BB . B K AR
BRI R FIRE 1, S AR v 55 1R I g - Y B A, R
SRIKR AP Y B2 32 20k B T 55 B Y B R -
SR Y B e i, S K AR B A
PERL, THABOE 3 i, AL IR N RS,
SRR L 2 P O P, T P A %, LB AT 7
IRIIHENE, 51 K 412000 R 22 i 3R
AT B AL A f R 2 R B T, AWFSE A
TR H B ] 32 i T 4 i, 5 O T
SRS 3 R BRRH 2 b A AE T X R Bt 46 L)
T J8 S0 o 48D o i ( Monopterus albus ) 15 5, i
SERESIWEFE B A AR ) s BF 5 25 3R UL B 2% 52 9
TR AE R BCBE AR T PR e T B ( Misgurnus
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A5 88 LB EPLAE S # A 5%, IR 41 CREA &4
e TN R, AP0 16. 67 mmol/L ZHFE bR B I i
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16.67 mmol/L 4] HCO; ,Ca®" B A% T X HE 41,
A Rg T /INVE I RESZ I, i HCO, (Ca®* Joikpk

http://www. shhydxxb.com

TR, PRI, I 9 3k P R S - RIS, &
SN A N I - A 02 AR &R S B AR, FBERF
26 BE g HRUTF R 1) rp AR 8 40 £ B A 4%
SRR I R IR B A TR R B B AR
A 1M 75 Ca®* BB 1S K M4 A

AHIFGE e B 3G 0 s, 2% A2 65 0L % ALT
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Effects of different carbonate alkalinity on survival, growth and biochemical
indexes in serum of three-month-old hybrid sturgeon ( Huso dauricus ? x
Acipenser schrenckii & )

WANG Nianmin', YANG Helin’, FENG Chaojie’, LYU Weihua', CAO Dingchen', XU Wei', ZHANG
Ying'
(1. Heilongjiang Fisheries Research Institute, Chinese Academy of Fishery Science. Key Open Laboratory of Cold Water Fish

Germplasm Resources and Breeding of Heilongjiang Province ,Harbin 150076, Heilongjiang, China; 2. College of Fisheries and
Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract; Four NaHCO, alkalinity gradients which were 3. 20 mmol/L ( control group), 7. 73 mmol/L,
12. 60 mmol/L and 16.67 mmol/L were set for breeding of 3-month-old hybrid sturgeons( Huso dauricus @ %
Acipenser schrenckii & ) for 60 days to compare the effects of alkalinity on survival rate (SR) , growth and
serum biochemical indices of juvenile hybrid sturgeons. The results are shown as follows; that the time of first
dead individual in each group was negatively correlated with alkalinity; the average survival rate of each group
was 70.14% , 64. 1% , 28.21% and 51. 52% , respectively, the mortality of 12. 60 mmol/L and 16.67
mmol/ L experimental groups was higher than that of the control, with extremely significant difference ; the
body weight gain, body length gain ratio and feed conversion ratio of each group were exiremely significantly
lower than those of the control with extremely significant difference ; the serum biochemical indices of 7.73
mmol/L , 12. 60 mmol/L and 16. 67 mmol/L groups were significantly lower than those of the control, the
levels of serum total protein ( TP), high density lipoprotein cholesterol ( HDL) and triglyceride (TG) of
12. 60 mmol/L. and 16. 67 mmol/L. groups were significantly lower than those of 7. 73 mmol/L and the
control , the total cholesterol (TCHO) , serum hydrogen phosphate (HCO, ) and serum calcium (CA) of the
experimental group were significantly lower than those of the control, while the serum creatine kinase ( CK)
and creatinine ( CREA) of the experimental group were significantly higher than those of the control with
significant difference. In conclusion, high alkalinity may affect the synthesis and metabolism of protein and
lipid in hybrid sturgeon, cause slow impairments to cardiac,hepar and kidney tissues, inhibit its growth and
even cause individual death. It is concluded that juvenile hybrid sturgeon can be safely cultured in water with
alkalinity of 7. 73 mmol/L and below, and the suitable alkalinity range can be increased through domestication
and adjustment of seedling specifications.

Key words: Hybrid Sturgeon ( Huso dauricus @ X Acipenser schrenckii & ) ; carbonate alkalinity ; survival rate;

growth gain rate; food conversion ratio; biochemical indices in serum
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