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|
, , 24h 48h 72h
, 96 h , :
(ACP) (AKP) 23]
(SOD) , (LCs0) (SC) . SC=0.3x%

1 #MEEFE

1.1 SRme#

(3.05+0.16) cm, (0.5120.02) g

200 L PVC ,
| S )
, (27.5£0.4)C,
16, 2.0 mmol/L, pH 8.4, pCO,
43.06 Pa, 24 h , 7d
12 EWHE
121 XEIEAK 5
Na,CO; NaHCO;
, 0.1 mol/L
HCl1 0.1 mol/L NaOH s 24 h
pH )
1/2 )
122 R2M4ERHE L
1.7~12.0 mmol/L,
2.12~4.29 mmol/L*?,
3.5 mmol/L,
, 2 3 46 69 10.5 15.8 mmol/L
3 , 10
200 L PVC ,
, 0.1 mol/L
HCl NaHCO; Na,CO; NaOH

, 100 L,

48 h LDso/(24 h LDso/48 h LCDs)>
1.2.3 BRERELEE BT B £ K LI

, [24]
200 L PVC ,
) 3.5,
5, 6.5, 8 mmol/L, pH 8.6 89 9.0
9.2, 122 (
2 mmol/L), 3 ,
20
3 (7:00, 12: 00, 18: 00), ,
2 h , 30 d,
, 0.01 g
(SU, %) (SGR, %/d)
(%0) (%0)

(SU, %) = 100 x (Ng—Np)/No

(SGR, %/d) = 100 x (LnWe—LnWp)/T

(%) = 100 > (We—Wo)/Wo

(%) =100 x (L—Lo)/Lo

,No N
()T (d); Wo W,
(g); Lo L
(cm)

1.2.4  WRERERFR BB HIE K0
I

6.5 8 mmol/L, ,
3 , 10
30 d,

3.5
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[mg(prot)/mL]
, (g/L)=[( oD -
oD )/ oD - oD )Ix
_ / (0.563 g/L)
. 1.3 %
_ % it o #r
3 +
. ( X +SD) SPSS 17.0  Excel 2010
1.25 ACP. AKP #1 SOD B & il E
(ANOVA)
, 5 6.5 8 mmol/L, (
: 3 ’
),
, 20
0 3 6 12 24 48 72 h, LSD ’ 0.05
3 , ,
1.5 mL 2 ZER59H
) , 21 HREBEREENESEQIHEEILRE
; 9 24 48 72 96h
(W/V) PBS ) 1 4.6 mmol 24 h
(3000 r/min, 4°C)10 min, , 96 h 10%;
10.5 mmol/L 48~72 h,
’ 96 h 50 %; 15.8 mmol/L
(ACP) (AKP) (SOD) ,72h 100 %
ACP[ /g(prot)]=[( OD - OD 24h 48h 72h 96hLCsy 2
)/( Ob - OD )]x 96 hLCs, 8.73 mmol/L, SC 2.51 mmol/L
(0.1 mg/mL)~+ [g(prot)/mL] 2.2 WRERELWEERMMEXTE E A A KA 32 0H
AKP[ /g(prot)]=[( OD — 3
oD )/ oD - OD )]x ,
(0.1 mg/mL)~+ [g(prot)/mL] , 3.5 mmol/L
T-SOD[U/mg(prot)] = ( OD - oD )+ (P=0.05);
50%x + ,

®1 FERBREFHETEEBIFHRRATTE

Tab.1 Thecumulative mortality rates of Exopalaemon carinicauda under different carbonate alkalinities stresses

n=3; X+SD
/(mmol-L™") /(mmol-L™") pH /% cumulative mortality rate
designed carbonate alkalinity measured carbonate alkalinity measured pH 24 h 48 h 72 h 96 h
2 2.07+0.06 8.33+0.12 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
3 3.00+0.10 8.53+0.06 0.00+0.00 0.00+0.00 3.00+0.00 3.33+5.77
4.6 4.67+0.15 8.90+0.00 0.00+0.00 6.67+5.77 10.0+0.00 10.0+0.00
6.9 7.00+0.10 9.10+0.10 6.67+11.5 10.0+0.00 30.0+10.0 33.3+5.77
10.5 10.57+0.15 9.27+0.06 33.3+£5.77 36.7£5.77 46.6+5.77 50.0+10.0

15.8 15.93+0.06 9.60+0.10 70.0+£10.0 90.0+0.00 100+0.00 100+0.00
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F 2 BREAELWE X B TR R BT IR (P<0.05) 3.5 mmol/L
Tab.2 Themedian lethal carbonate alkalinities of Exopa-
laemon carinicauda (P=0.05);
/h /(mmol-L™") .
time LCs of carbonate alkalinity
24 12.40 ’
48 10.88 (P<0'05) ’
72 9.34 (P<0.05),
96 8.73

*® 3 RERELEE N E E BINE KEFE

Tab. 3 Effects of carbonate alkalinity on the growth of Exopalaemon carinicauda

n=3; X+SD
/(mmol-L™) 1% /(%-d™) 1% /%
carbonate alkalinity survival rate specific growth rate relative length gain rate relative weight gain rate
control 83.34+4.72° 2.83+0.05° 36.97+0.98" 133.42+3.12°
3.5 84.44+3.85° 2.70+0.10° 36.03+0.23" 124.58+6.54°
5.0 80.00+6.67° 2.47£0.06" 30.80+0.50° 117.48+3.70°
6.5 46.67+0.00° 1.63+0.08° 28.49+0.23° 62.96+3.71°
8.0 22.2243.85¢ 1.23£0.00* 23.4620.03° 44.05%1.03°
: (P<0.05).
Note: Values with different small letters in the same column are significantly different (P<0.05).
2.3 RRERELTEE BB XY B E B AV SE Y RN
1 , 3.5 5 6.5 8§ mmol/L ( 4) 3.5mmol/L
63.34% 61.96% (P=0.05); 6.5 8 mmol/L
44.45% 15% 0%; 3.5 mmol/L 12h 6h
(P>0.05), (P<0.05); 24 HEBEIEEHENEEONERNREERET
8 mmol/L kiAol
, 3.5 mmol/L 241 Xt ACP &I
(P=0.05); ACP
P<0.05
( ) .
s L a
oror 1 n=3; 74SD
v ( 2), 3.5 mmol/L o 00T
o S8 sof ?
v >80%, 2 a0
(P>0.05); 8 mmol/L 5% s} ¢
& -
, v 6.5 mmol/L Tg | ’—]—‘
(P=0.05), 16.67% 0 . . . L4
papiis 3.5 5 6.5 8
36.11% control
3 BRBREL B8 E /(mmol-L) carbonate alkalinity
1
) (P<0.05).
; 3.5 mmolL Fig. 1 Effects of carbonate alkalinity on spawning rate of
(P=0.05), (P<0.05); Exopalaemon carinicauda

Different letters mean significant difference among
8 mmol/L treatments at 0.05 level.
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120 X 5 6 ’
O 100 B a a 113 bR
g 1 n=3; x+SD ACP _ _ .
5 80 b
g , 72 h ; 3h 72h
260 f
2 c (P<0.05),
R 40}
ﬁ ¢ 72 h (P<0.05); 5 mmol/L
20
’J_‘ 12h ,6.5 8 mmol 3h

pagiist 35 5 6.5 8
control

BRERERDRE /(mmol- L) carbonate alkalinity

v
. (P<0.05).
Fig. 2 Effects of carbonate alkalinity on ovarian
maturation of Exopalaemon carinicauda
The percentage represents the proportion of shrimps with stage
IV ovarian maturation to total shrimps. Different letters mean
significant difference among treatments at 0.05 level.
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Fig. 3 Effects of carbonate alkalinity on the rate of egg
incubation of Exopalaemon carinicauda
Different letters mean significant difference among
treatments at 0.05 level.
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4

(P<0.05).

Fig. 4 Effects of carbonate alkalinity on metamorphosis
survival rate of Exopalaemon carinicauda larvae
Different letters mean significant difference among
treatments at 0.05 level.
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(P<0.05).

Fig. 5 Effect of carbonate alkalinities on ACP activity in gill
of Exopalaemon carinicauda

“*» represented the significant difference between the experi-

ment group and control group at the same time point (P<0.05).

'T; 700 - —e— XJFE4H control
& 600} —* 6.5 mmol/L *
;51_ 2500} 5 mmol/L
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e

(P<0.05).
Fig. 6 Effect of carbonate alkalinities on ACP activity in
hepatopancreas of Exopalaemon carinicauda
“*” represented the significant difference between the experi-
ment group and control group at the same time point (P<0.05).

242 3 AKP &M 78 ;
AKP ,
(P<0.05); 5 mmol/L 6.5 mmol/L
12 h ,
; 8 mmol/L 48 h ,
AKP
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s 24 h ,
, 72 h
(P<0.05)
N 350r —— X} HB4H control --®- 5 mmol/L *
4;" 300 —a-6.5 mmol/L --5-- 8§ mmol/L 'I-
g 22501 - '
ﬁ % 200 !
< g 1501
{E <1007
g sof
< 0 , . . . . . .
0 3 6 12 24 48 72
HUkERT[A]/h sampling time
7 AKP
o
(P<0.05).

Fig. 7 Effect of carbonate alkalinities on AKP activity in gill
of Exopalaemon carinicauda

“*» represented the significant difference between the experi-

ment group and control group at the same time point (P<0.05).

~ —e— Xt 84 control - 6.5 mmol/L
T 600 u-5mmolL o ey
& 500f
£ 2
i 2400

Q
& E300}
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& 100t
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(P<0.05).

Fig. 8 Effect of carbonate alkalinities on AKP activity in
hepatopancreas of Exopalaemon carinicauda
“*» represented the significant difference between the experi-
ment group and control group at the same time point (P<0.05).

2.4.3 Xf SOD i& B 9 10 ,
SOD 5
6.5 8 mmol/L SOD 12 24
48 h ,
, 72h (P<0.05)
SOD ;

3.5 mmol/L 12 h
; 6.5 8 mmol/L 3h
, , 72 h
(P<0.05)

23
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w g 0T
@ 40t
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ok
(P<0.05).

Fig. 9 Effect of carbonate alkalinities on SOD activity in gill
of Exopalaemon carinicauda

represented the significant difference between the experi-

ment group and control group at the same time point (P<0.05).
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Fig. 10  Effect of carbonate alkalinities on SOD activity in
hepatopancreas of Exopalaemon carinicauda
represented the significant difference between the experi-
ment group and control group at the same time point (P<0.05).

ko
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31 BHEBINXEERHEE R Z T
(61 ,pH 8.65
(Ctenopharyngodon idellus)24 h
LCs 82.2 mmol/L;  pH 8.30 8.74
, (Hypophthal michths)24 h LCs,
109.0 95.0 mmol/L; pH 9.14 ,
(Aristichthys nobilis) 24 h LCs, 65.7 mmol/L
pH 8.4~9.6
24 h LCsy 12.40 mmol/L,

b
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8.11~8.72 ,
vannamei)

pH

[26]

pH

, pH
3.2

A1)

24 h LCs

o . pH

(L.
12.40 mmol/L,
pH ,

,pH  5.2~9.9

[25]

pH

REREL T E A E X B RE B KA EEM

[27]

(Oreochromis niloticus)

60 d
chalcoides aralensis)

3.5 mmol/L(pH  8.6)

(P<0.05),

5 mmol/L(pH

2+
Ca S

[28].

(Chalcalburnus
29]

(P<0.05);
(P<0.05),

8.9)

5 mmol/L(pH  8.9)

> B

Ca2+
[30]

2+
Ca

s 2.05~4.58 mmol/L
#(Moina mongolica Daday)

6.43~
[31]

8.98 mmol/L

[32] 6 mmol/L ,

(Protosalanx hyalocranius) ,
[33] @E

El

(Barbus capito) ,
3.2 14.32 mmol/L R
72h ; 5.1 14.32 mmol/L
, 96 h
, 3.5 mmol/L(pH
8.6) ,
(P=0.05); 5 mmol/L(pH  8.9)
(P<0.05); 8 mmol/L(pH  9.2)
, 3.5 mmol/L
(P=0.05),
(P<0.05); 6.5 mmol/L(pH

(pH 8.6)

9.0)
‘2% b

, 3.5 mmol/L(pH
8.6)
, 5 mmol/L(pH 8.9) ,
33 mEBEWEMENEEQNEREBENR
M) &y 471 41

ACP

AKP (34]

,ACP  AKP

, DNA
[35]
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ACP , ,
, , SOD
, 72h 34 BEBMERBKEFENTITHE
[36] [37] pH ,
, (Cyclina sinensis) , pH [t
0~3 h ACP ,5h ,
,9h ,15h  ACP pH ,
, ; (Scylla serrata) ,
R ACP ,
, , ACP pH 4.8~10.5
, . , pH 7.9~8.6
ACP , 3.5 mmol/L pH
72h ACP 8.6,
; ACP , 3.5 mmol/L, pH 8.6
’ , 5 mmol/L  pH 8.9,
[45]
, AKP , 72 h
, (Chlamys - ’
farreri)*® (Branchiostoma lanceol atum) P ’ ’
(Carassius cuvieri)[** " ’ ’
AKP
,  AKP , SE
[1] Jia H X. Soil salinization control and sustainable agriculture
(SOD) in north-west endoland region of China[J]. Acta Botanica
Boreali-Occidentalia Sinica, 2003, 23(6): 1063—1068. [
’ [41-42] ]
, 2003, 23(6): 1063—1068.]
> [2] Wang H, Geng L K, Fang W H, et al. Studies on the com-
R R mercially experimental culture of penaeid shrimp, Peneaus
[43] chinensis, transplanted to the northwest inland salt waters[J].
, ' Marine Fisheries, 1997, 19(1): 9-12. [ s s
’ SOD > 1. , 1997, 19(1): 9-12.]
s 5 [3] WangJ L, Huang X J, Zhong T Y, et al. Review on sustain-
SOD , 72 h able utilization of salt-affected land[J]. Acta Geographica
, (Fenneropenaeus Sinica, 2011, 66(5): 673—684. [ , , s
chinensis)*¥ (Gymnocypris przew- Ul 2010
66(5): 673-684.]
alskii)!'® SOD
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Effects of carbonate alkalinity stress on the survival, growth, repro-
duction, and immune enzyme activities of Exopalaemon carinicauda
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Abstract: Saline-alkaline water is relatively prevalent throughout China, where there are about 99.07 million hm?
of saline-alkaline land and more than 30.67 million hm® of saline-alkaline waters. Because of the complex ion
composition and high pH value, only a few bodies of saline-alkaline waters have been used to farm freshwater fish.
Many of these ventures have been unsuccessful, and so the fish farms have fallen into a state of neglect. Conse-
quently, it is important to find ways to develop and use saline-alkaline soil and water resources. In recent years,
Exopalaemon carinicauda has become one of the most important and extensively farmed shrimp species. Because
of its strong ability to adapt to harsh environmental conditions, including ammonia nitrogen and pH stresses, E.
carinicauda could be the ideal species for farming in saline-alkaline waters. Therefore, the aim of these experi-
ments was to explore the effects of water carbonate alkalinity on the survival, growth, reproduction, and immune
enzyme activities of E. carinicauda. The carbonate alkalinity dose lethal to 50% of E. carinicauda individuals
(LCs¢) was determined in an acute stress experiment. For the LCsy experiment, individuals of E. carinicauda were
subjected to various levels of carbonate alkalinity (3.5, 5, 6.5 and 8 mmol/L) and then their growth and reproduc-
tion were evaluated. The LCsy was 8.73 mmol/L at 96 h. With increasing carbonate alkalinity, the mortality rate,
specific growth rate, spawning rate, egg incubation rate, ovarian maturation, and metamorphosis larval survival
rate of E. carinicauda decreased. In another set of experiments, the carbonate alkalinity levels were set to 5, 6.5,
and 8 mmol/L, and the activities of acid phosphatase, alkaline phosphatase, and superoxide dismutase were deter-
mined at 0, 3, 6, 12, 24, 48, and 72 h. The activities of all three enzymes in the gill and hepatopancreas of E.
carinicauda first increased and then decreased over time during carbonate-alkalinity stress. Our results indicated
that E. carinicauda can adapt to a highly alkaline environment by regulating the activity of immune enzymes. E.
carinicauda can be farmed in water with 3.5 mmol/L carbonate alkalinity, but cannot grow or develop normally in
water with >5 mmol/L carbonate alkalinity. Therefore, water with high carbonate alkalinity must be treated to
render it suitable for farming E. carinicauda. This study provides a scientific basis for the development of E.
carinicauda aquaculture in saline-alkaline waters.
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