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Tab. 1 Seawater chemistry parameters of the control and expe-
riment groups (Mean+SE)

H bk E e £ 5 pH
5 5+0.3 29.1+0.3 8.1+0.3
20 20+0.2 29.1+0.2 8.2+0.2
30 30+0.2 29.1+0.2 8.2+0.2




2 3 B AN TR 5 8 NLAMTE T IR 6 2 038 N fE g S Hod AL R 277

FIHST, 7 S50 45 I BN 1 R S R R,
BT HRMA R K 4 Ja , A A LR F(BSA3202S,
322 T ) Bk B 4% S 96 21 PP 45 R R IMA B RS 1 &2
0.01 g), B J5 % LR 24 30H 57 HRs 2 A K . (Speci-
fic growth rate, SGR), Z\H W, FI W, 43 31 S 6 45
55 FF U6 i S5 0RO K E, Tl A S 06 ) R 4R I ]
(30d).

SGR (%/d):w X100
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TRAA £ SN20%0 F15 %0, K 260165 MR (1] FE AR
AHER R I 53 5T XK 56039F16040( 1 1, P<0.05).
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Tab.2 The growth and survival rates of 30 families of Litopenaeus vannamei under different salinity conditions (Mean+SE)

7 30%osalinities

5 20%osalinities

L 5%osalinities

U oy
ﬁi@ﬁ%&ﬁ%%mmsﬁﬁz VP4 R K K Specific . 1T Y4y st K K Specific o 1iH “%»%if
0. growth rate (%/d) urvz;%l e g ore growth rate (%/d) Surv&z)a)l rate g ore growth rate (%/d) Survgzl)l rateg ore  score
6002 3.90+0.25 8333 325 3.1540.16 100.00  3.15 3.17+0.53 1111 035 6.76
6003 3.10£0.26 100.00  3.10 3.4140.42 88.89  3.03 2.86+0.26 2778  0.79  6.92
6005 3.55+0.26 9444 335 3.65+0.25 9722 355 3.30+0.68 16.67 0.55 7.45
6006 3.03+0.22 100.00  3.03 3.25+0.20 8333 271 3.05+0.37 2500  0.76 6.50
6009 3.45£0.30 7778 2.68 3.37+0.27 7778 2.62 2.7240.72 2222 0.61 591
6010 3.47+027 91.67 3.18 3.86+0.36 69.44  2.68 3.64+0.33 2222 081 6.67
6016 4.2120.20 100.00 4.1 4.20+0.32 100.00  4.20 3.63+0.24 4722 171 1011
6017 4.9040.17 75.00  3.68 4.36+0.36 80.56  3.51 3.71£0.20 11.11 041 7.60
6018 5.11+0.24 7778 3.98 4.67+0.48 5278 246 4384047 1111 049 693
6019 4.39+0.23 75.00  3.30 3.74+0.32 50.00  1.87 3.77+0.23 3333 126 642
6020 5.11+0.25 7222 3.69 4.9340.35 4444 219 4.66+0.33 2222 1.03  6.92
6022 4.94+0.23 88.89 439 5.38+0.26 7222 3.89 3.92+0.16 4167 163 991
6023 5.06+0.17 100.00  5.06 5.17+0.17 7778 4.02 4.5140.22 1667 075 9.83
6024 4.8740.17 91.67 447 4.4140.15 52.78 233 3.48+0.30 11.11 039 7.18
6026 4.4140.21 91.67  4.04 4.52+0.40 9444 426 3.32+0.29 3333 111 941
6027 4.75+0.24 100.00  4.75 4.38+0.26 80.56  3.53 3.800.60 2500 095 9.23
6028 4.8240.30 91.6 442 42140.18 8333  3.51 3.71£0.22 27.78  1.03  8.96
6029 3.37+0.18 100.00  3.37 3.44+0.19 8333 286 2.81+0.28 3611 1.02 725
6030 4.63%0.18 75.00 347 4.36+0.11 63.89 278 3.2140.20 2222 071 697
6031 3.91£0.26 100.00  3.91 4.1540.41 75.00  3.11 3.25+0.27 5556 1.81 8.83
6032 3.61+0.30 9722 351 4.05+0.16 100.00  4.05 4.06+0.21 3333 135 891
6034 4.91£0.31 8333 4.09 4.5540.21 3056 139 3.47+0.27 3611 125 6.73
6035 3.83+0.18 9722 372 4234026 69.44 293 3.1440.13 11.11 035 7.01
6036 4.40+0.20 80.56  3.54 3.84+0.23 36.11 139 2.85+0.30 3333 095 5.88
6037 3.78+0.32 88.89  3.35 4.04+0.26 8333 337 3.30+0.34 4167 137 8.10
6039 4.1240.36 4444 183 1.56+0.37 25.00  0.39 2.5140.18 1389 035 257
6040 5.03+0.20 7778 391 4.71+0.33 3056 1.44 2.91+0.25 833 024 559
6045 5.07+0.36 69.44  3.52 4.76+0.20 80.56  3.83 3.72+0.21 3056 1.14  8.49
6047 4.8940.51 8333  4.08 4.3340.17 63.89 277 3.46+0.63 2222 077 7.61
6050 4.84+0.27 86.11  4.17 4.67+0.83 69.44 325 3.96+0.16 16.67 0.66 8.07
T/Iii{f 431£0.12°  86.48+2.31" 4.11£0.13°  70.56+3.95" 3.48+0.10°  25.56+2.19°

VE: [l =17 EARAN[F RS 2 7 535 (P<0.05)

Note: Data in the same row without the same superscripts mean significant difference (P<0.05)



2 3 B AN TR 5 8 NLAMTE T IR 6 2 038 N fE g S Hod AL R 279

A 06 r a
= u %7 6016
— . I FZ 6022
) FZ 6039
< 7 b X 7 6040
o 04 f ¢ ¢ &
an ax ax
E%E N B 7 b+
2 b
Ww e <t§ aT %éﬂ
=]
8 i
£ 02
2
4]
[
0
30%o 20%0 5%o
B 1.5 r
a*
T
2 ab b o
T 2
10 | 7L o
i -
5 2 1Y o
m ¢ B o
# W o*

%S

i

R R R

2R
<X
3

000
6% %% %%
2%
0RRR]
XXX

XX
X

%S

R RRIRRIRR
QR

55
%% %e%%
R

0¢
XS
totede

ORIIRLRLRK

Q5K
R

9%
3R

<

%
208

K

<R

o

%
%K
X
<5
XX

o

X5
%S
R

2

o
<
X

Ammonia excretion rate [mg NH,-N/(g-h)]

(=]

30%o 20%o 5%o

K1 AN FE SR B2 TR DA KR LGRS IR R (A FE R A
BYHFR R EARAER)

Fig. I Respiration rates (A) and ammonium excretion rates (B) of
Litopenaeus vannamei from 4 families possessing the highest and
the lowest salinity adaptive ability at salinity of 5%o, 20%o, and
30%o (Mean+SE)
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Fig. 2 ATP contents in the muscle of Litopenaeus vannamei from
4 families possessing the highest and the lowest salinity adaptive
ability at salinity of 5%o, 20%o, and 30%o (Mean+SE)
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MECHANISMS OF SALINITY ADAPTABILITY OF LITOPENAEUS VANNAMEI
UNDER DIFFERENT SALINITY CONDITIONS

HU Li-Hua', SHI Wei’, LIU Guang-Xu’, FU Wan-Dong’, LIAO Miao-Fei’, HUANG Xian-Ke',
LUO Kui', WU Jia-Yan' and YAN Mao-Cang'

(1. Zhejiang Mariculture Research Institute; Zhejiang Key Lab of Exploitation and Preservation of Coastal Bio-Resource
(Wenzhou);, Wenzhou Key Laboratory of Marine Genetics and Breeding, Wenzhou 325005, China; 2. College of
Animal Science, Zhejiang University, Hangzhou 310058, China; 3. Zhejiang Marine Development
Research Institute, Zhoushan 316021, China)

Abstract: Owing to their high tolerance to a wide range of salinity, white shrimp (Lifopenaeus vannamei) has been gene-
rally recognized as an excellent candidate for inland culture. Recently, inland farming of L. vannamei has become a
growing industry in many regions of the world. Therefore, the effects of water salinity on the survival and development
of L. vannamei has attracted great research interest at present. However, according to previous studies, the salinity adap-
tability of different families of L. vannamei were found to vary significantly and the most optimal salinity for the cul-
ture of L. vannamei is still debatable, which pose a challenge for the selection of seed juvenile for inland culture. It has
been reported that the different salinity adaptability of different families of L. vannamei may be due to different genetic
backgrounds, and the underneath mechanism remains unknown. This study compared the growth traits (specific growth
rate and survival rate) under different salinity conditions (5%o, 20%0 and 30%o) among 30 families of L. vannamei. Con-
sistent with previous studies, our results demonstrated that the specific growth rates of shrimps were significant diffe-
rent among different families after 30 days exposure to different salinity conditions. Four L. vannamei families with two
highest (family 6016 and 6022) and two poorest salinity adaptability (family 6039 and 6040) were chosen based on spe-
cific growth rates and survival rates of 30 L. vannamei families for further investigation. Plsama cortisol concentration
has long been generally used as an important index for the evaluation of environmental adaptive capacity of aquatic or-
ganisms including shrimps. Therefore, in this study, the plsama cortisol concentration of shrimps from different fami-
lies were measured after 30 days exposure to different salinity conditions by using commercial ELISA kit. The plsama
cortisol concentrations of shrimps from family 6039 and 6040 at salinity of 5%o were significantly (P<0.05) higher than
those from family 6016 and 6022, which indicated a stress response of these shrimps at a water salinity of 5%o even
after 30 days accommodation. This result suggested that these shrimps from family 6039 and 6040 may be inadaptable
to the lower water salinity conditions, which may therefore lead to the inhibited growth and survival rates of shrimps of
these families as observed in the present study. According to previous studies, Na /K -ATPase and Ca’ -ATPase are
key enzymes for the regulation of osmotic pressure involved in the active transport of ions including Na' ,K and Ca’
in the animal cells. Furthermore, the adaptation of aquatic animals, especially marine animals, to a low salmlty environ-
ment has been reported to be mediated by these enzymes. As a result, in order to explore the physiological mechamsm
of the varied adaptatlon to an altered salinity among these L. vannamei families, the enzymatic activities of Na K-
ATPase and Ca’ -ATPase in the shrimp gills from different families after 30 days exposure under different sallmty con-
ditions were examlned by using ATPase activity assay kit in the present study. Results obtained found that both Na K-
ATPase and Ca’ -ATPase were significant lower in L. vannamei family 6039 and 6040 compared to that of family 6016
and 6022, suggested the hampered ability for osmotic pressure mamtenance of shrimps from family 6039 and 6040.
Since the driving of active transport of osmoregulatory related ions by Na /K'-ATPase and Ca’ -ATPase is a process re-
quiring energy source from ATP, the metabolism as well as the ATP contents and ATP synthase activities in the muscle
of shrimps raised under different salinity conditions after 30 days exposure were also analyzed among different fami-
lies. In the present study, the respiration rates and ammonium excretion rates of shrimps from all families were signifi-
cantly (P<0.05) altered with the declined water salinity. However, compared to these shrimps from family 6016 and
6022, the families with poor salinity adaptability (family 6039 and 6040) showed a significantly (P<0.05) lower meta-
bolic rates at all water salinity conditions. Similarly, the ATP contents and ATP synthase (pyruvate kinase) activities
were also significantly (P<0.05) lower in the muscle of shrimps from these families (family 6039 and 6040) after 30
days exposure, indicated a constramed energy supzply under low water salinity conditions. Based on the data obtained in
this study, the suppressed Na'/K'-ATPase and Ca’ -ATPase in the gills of shrimps with poor salinity adaptability can be
resulted from their energy shortage for osmoregulatory under low water salinity levels. In conclusion, our study demon-
strated that the different salinity adaptability among different shrimp families may be due to their differences in meta-
bolism rate, ion transportation, and energy synthesis. In addition, this study will contribute to the efficient production of
seed juvenile for inland culture of L. vannamei.

Key words: Litopenaeus vannamei; Salinity; Energy synthesis; Na /K '-ATPase; Ca’-ATPase



