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Fig. 1 Diagram of the measuring device for swimming and tail-flipping abilities of Macrobrachium rosenbergii
a: behavior observation tank; b: control panel; c: motor; d: propeller; e: water flow direction.
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3AFAT, BASEATIE 10 BSLIiF), FEA%E.
AR i % P LI Bl e T B S A A IE A 4 A6 (P>
0.05, Kolmogorov-Smirnov #:5%), i H Iy ¥ &
NI PE(P>0.05, Levene ki), R AR £R B 22 [6]
B 22 57 R L 5 22 73 BT (one-way ANOVA),
o R BB R [ -, SPAT RO BENLE .
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Bl i — 2038 5k Duncan b4 T B B X HE o AH G
ST R AT LRI A, Rk
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2 ZERE5HMH
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I, FEECRIIN T 55.2% (P<0.05); hJEM 8 i#k—
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He
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—Hao
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0 1 1 1 1
0 4 8 12
EFF salinity

K2 AFEEREAKE T2 R IR R
AN TR) FBEFm 22 5 1 35 (P<0.05).
Fig. 2 Oxygen consumption rates of Macrobrachium
rosenbergii under different salinity levels
Different letters indicate significant differences (P<0.05).

TR 12 B, HAFRSAEFIEI T 19.5% (P<0.05).
22 RS/

221 WBzgSRIFEEE ASRBEXMHTY
[C TR AR 68 22 Bl i ACI G TR R 45 SR LR 1, iz
PG HK SRR R PFK  ZLER I & LDH
FSER R I A MDH O3S e R AR S F
IR K B AR (P>0.05),

il % TR 1R 2 J5% S 1t PDH R4 i €2 25 C 48 {L g
COX MG PEAE AR B 258 T 8 B0t AR 481 R0
e EREEN 0 FHE 4 BF LRI M0 B A
16(P>0.05); #KiM, #HEEHE—DT = 8 I FiREIE
PEREIN T 25.4%~38.0% (P<0.05); hEEM 8 TI &=
12 i R B EPEIE N T 26.1%~27.4% (P<0.05).

x1 FAREBEZFHTFRBMELAESNHEEGE

Tab.1 Enzyme activities of energy metabolism in gill of Macrobrachium rosenbergii under different salinity levels

n=9; X £ SE; umol/(min-g prot)

i LGSE b5y
salinity one-way ANOVA
enzyme

0 4 8 12 F P
AR HK 76.53+4.54 81.02+4.66 74.21+6.83 80.84+3.51 0.442 0.724
WEIR ML PFK 43.09+2.12 39.28+2.74 44.77£2.09 47.32+2.36 2.076 0.123
AR S LDH 99.50+6.06 87.70+6.51 93.98+5.62 84.19+4.76 1.380 0.267
PN R i S8 PDH 80.60+4.07° 75.28+5.27¢ 94.42+5.23° 120.27+7.58° 12.515 <0.001
SRR A i MDH 223.94+6.30 218.80+7.89 239.77+8.53 234.43+7.87 1.547 0.221
g C HiklE COX 12.65+0.78° 12.29+0.72¢ 16.95+1.24° 21.38+1.04° 19.517 <0.001

e AT AR B8 22 57 .35 (P<0.05).

Notes: Different letters in the same line indicate significant differences (P<0.05).
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(P<0.001).
2.3 AlAREERGIEEENE
231 WEREINA AR ELE M4 T Y RB IR

ek e JUL IR BE B A AT M P A R LR 2. TRk R
WA MDH R % P 7EAS 6] 3h B 2 1 T IF R & A
=M AL (P>0.05), Tk £ LA HK . PFK Al

LDH i MEAEAS A 3h B2 45 00 T R B0 AR L 1 #1
B EREEM 0 THE 8 B R g T 1 3 0 AR
1h(P>0.05); KT, EREH—LFZ 12 i LR E
TR 2 T [ (P<0.05). BiEVk E LA PDH
COX [l PEAEAS [F) 3h B2 2518 5 R 30 0 AR AL F
A RN 0 THE 4 B ARG MY T B T
(P> 0.05); SR, M 4 A= 8 B Lk
BTG E R R T 18.5%~32.0% (P<0.05); EhEEM 8
TH2 12 B FiRFHEME T T 14.9%~29.7% (P<
0.05).

Z 180, g 30,
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a a o0 ;'5 b ()
@ 5ol -4 & -4
g 150F 7% T £ 24} .3
%, 1201 v12 % v 12
Ex E xisf
a =0 i
=& 90} (=48]
2 g rce
g 60t R=0.889 | ' R=0.956
& F=79.981"" % F=219.679""
i 305 02 0.4 05 9 % 02 0.4 0.6
FE4 % /[mg/(g-h)] oxygen consumption rate = F#E4 % /[mg/(g-h)] oxygen consumption rate

K3 AR T % R AR A A AR i 22 e R A B M OC 2R
ok TR L2 I 22 TG M 22 BB R B 3 A D6 (P<0.001).
Fig. 3 Relationship between oxygen consumption rates and energy metabolism enzyme activities in

gills of Macrobrachium rosenbergii under different salinity levels
**%* indicates extremely significant correlation (P<0.001) between oxygen consumption rates and enzyme activities in gill.

®2 AEHEEZFHTFTRBEFKEUHGESRGEEE
Tab. 2 Energy metabolism enzyme activities in pleopod muscles of Macrobrachium rosenbergii under different salinity levels
n=9; X+ SE; pumol/(min-g prot)

HhE HLH B Jr 220 B

filf salinity one-way ANOVA
enzyme

0 4 8 12 F P
CURH S HK 57.86+3.09" 60.67+2.88° 55.56+3.52° 43.04+£2.10° 6.980 0.001
W AWM EG PFK 64.54+2.36" 63.54+3.03° 67.95+2.99° 52.59+1.51° 6.817 0.001
FLIE ML LDH 139.28+8.57° 131.58+7.88° 140.24+10.44° 103.55+5.86" 4.233 0.013
VAT b & PDH 227.74+11.86" 208.99+8.07° 170.28+7.43° 144.91+7.33° 17.761 <0.001
SR A M MDH 387.52+12.39 394.42+10.71 371.17+11.43 389.22411.30 0.767 0.521
M@ E C &kl CcoX 20.40+1.32° 22.39+1.44° 15.22+1.01° 10.700.69° 20.870 <0.001

T AT AR S 3R 7R 22 57 2. 35 (P<0.05).
Notes: Different letters in the same line indicate significant differences (P<0.05).

HEN 0 T2 8 if, BENLA HK. PFK Al
LDH 6 P IR K A 1 2 P22 f(P>0.05); ST,
HE -T2 12 i, LA HK. PFK A
LDH i P b 3 T B (P<0.05).

232 FEERALA  AREREESM T P BRI A
WLPR B8 A S e s PR SR UL 3% 3. EFF LN MDH
il 155 P4 AE AN TR R B 25 R 9 ok & AR A AR A
(P>0.05),
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B 0 F+Z 4 B, IEHHLA PDH A1 COX
il 1 M IE R & R B AR AR (P>0.05) . SR, $hE
H—LHE 8 i, EERNLA PDH 1 COX M i 1
W T RE(P<0.05). M 8 F+& 12 B, EHFAL
Al PDH Al COX i M Al Af i 2 F(P<0.05).
24 =ThEE

ANTEER B S F % IR AR Y2 BhBE 1 L3 4.
I 0 FHE 4 B, B IR ARG B IR R

KA B FEYEAR AR (P>0.05); EhEEM 0 L= 8 I, %
FCYR R Sk R TR T 31.1% (P<0.05); R
M4 FHE 12 BRI IRIG Sk T TR T
47.3% (P<0.05).

RN 0 THE 4 BB TR ARk R & AR
i E VAR B (P>0.05); EREH—LTHE 8 AsBk
B ARIR R &4 2 AR 16 (P>0.05); EhEEM 4
ThZ 12 B2 FC A BR kel B 52 3 R B (P<0.05).
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Tab.3 Energy metabolism enzyme activitiesin abdominal muscles of Macrobrachium rosenbergii under different salinity levels

n=9; X+ SE; pmol/(min-g protein)

LS wir T
i salinity one-way ANOVA
enzyme

0 4 8 12 F P
cHE A HK 72.89+3.80° 71.75+3.41° 68.23+3.95" 52.27+4.66° 5.751 0.003
IR M EE PFK 137.72+3.78° 134.16+3.89° 128.07+2.27° 118.67+3.05° 6.335 0.002
RN SR LDH 151.88+7.53° 144.98+8.56° 141.60+7.51° 117.64+6.21° 3.939 0.017
N R 2 I S i PDH 227.74+11.86° 208.99+8.07° 170.28+7.43° 144.91+7.33° 18.153 <0.001
SRR A B MDH 512.46+16.57 499.69+12.34 484.23+10.35 479.65+13.10 1.274 0.300
Y C AfLiilf coxX 15.82+0.94° 14.94+0.82° 11.34+0.70° 8.28+0.54° 20.780 <0.001

e TSR3 32K 225 57 3 (P<0.05).

Notes: Different letters in the same line indicate significant differences (P<0.05).

R4 TRBEFHTTKBIIE3NEE

Tab. 4 Locomotor ability of Macrobrachium rosenbergii under different salinity levels

n=30; X+SE; cm/s

. LGSE b=y
L”j”‘“jj, , salinity one-way ANOVA
locomotor ability
0 4 8 12 F =
I UG Uerie 20.35+1.06* 19.27+1.00° 14.01+1.04° 10.71+0.64¢ 22.641 <0.001
FABEEE U 52.42+1.48" 50.43+1.80° 47.04+1.67° 38.30+1.29° 15.841 <0.001

e FATAS ARk R R 22 57 ik 35 (P<0.05).

Notes: Different letters in the same line indicate significant differences (P<0.05).

25 EEENENAEERENXER

251 HFikEEHNSHEAKBRINAEBEERENXER
AN TR R B 451 2 E TR MR Uk B 5 ek R LA
REE IR ILIE 4, REMN 0 FHE 12 B, PR
TR MR I ek B2 5 ek 2 LA PDH Hl COX il
T T S A 3 e M IR A DG (P<0.01)

252 HEBEEANSEBINAEERFENXE A~
)k B 45 1 R % R TR MR Bk AR 0 5 HE R WL IA) fig i
R RILIE 5. EREEM 0 F+ 2 12 B, B [RIFEF

s Bk B 5 IE LN HK . PFK A1 LDH Jg 6 1 &
I L IE A E(P<0.05, K 5).

3 iTit
31 #HEWFRBEEEENBEHZIE

Ko R e Rg T B &GN Y, B
A A, LR K R AR X R 1 7
FITRE S DRI R, ARSI hE
B0 07 S B U FSNEEE {0 N 1) ) FI N o ) € 7
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= 360 T 40,
2 a
g e ( & b e 0
a0 L =4 i L =4
& 300 .8 g 32 . g
E v 12 3 v 12
= 240} . g..24f
EZ éé =4
~— O
2™ 180} I 5716} =
® w
= < >
& 120} R*=0.587 a o R—0.637
% F=14220" @ F=17.541"
L 1 1 L J 1 1 L J
600 10 20 30 & 00 10 20 30
15 SR BE (e1/s) Uy I AR BE/ (cn/s) U
K4 OR[RIFREE 0T 2 TR ARG S Uk o B 55 e Dk e JUL A RE A eI G &
o R I S UK S 3 AR UK A2 UL PR £ QS P =2 1] B A At 3 A DG P (P<0.01).
Fig. 4 Relationship between critical swimming speeds (Ui;) and energy metabolism enzyme activities in
pleopod muscles of Macrobrachium rosenbergii under different salinity levels
** indicates very significant correlation (P<0.01) between critical swimming speeds and
energy metabolism enzyme activities in pleopods muscles.
2 g B
ngO—a .0 ;D 175—b .0 & 250-c .0
o0 -4 ‘g r =4 £ -4
E -8 < 150 -8 g 200r -8
) v 12 Sy 12 % <12
S ¥ 0| SEos) EZ150 /ﬁ
E B =
= 2
g R=0.622 E o00f R*=0.451 W 100} R*=0.507
% F=16.449%* %é F=8.231* = F=10.286**
o 0 | | | ) & 75 A L A ) % 50 A A A )
30 45 60 75 %& 30 45 60 75 & 30 45 60 75
BBk B/ (cn/s) Uy BBkEEE/(cm/s) Uy PRk B/ (cm/s) Uiy
K5 ORTRIFRBE SR 2 TG T A ot i B 55 S L P R o £ TG0 e ) ) G %

353l s s b R AR R UL IA) BE kAU T TG A 2 1) B AT 2 (P<0.05) AT I 3 A DG (P<0.01).
Fig. 5 Relationship between tail-flipping speeds and enzyme activities of energy metabolism in abdominal muscles of
Macrobrachium rosenbergii under different salinity levels
* and ** indicate significant (P<0.05) and extremely significant correlations (P<0.01) between tail-flipping speeds (U,i) and
energy metabolism enzyme activities in abdominal muscles, respectively.
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Effects of salinity on the energy metabolism and locomotive ability of
Macrobrachium rosenbergii

LI Jiangtao, QIU Xiaolong, QIU Xiaotong, FANG Junchao, HUANG Feifei, LIANG Rishen, LI Qingqing, LIN Li,
LYU Xiaojing

Zhongkai University of Agriculture and Engineering, Guangzhou Key Laboratory of Aquatic Animal Diseases and
Waterfowl Breeding, Guangzhou 510225, China

Abstract: To explore the characteristics of energy metabolism in Macrobrachium rosenbergii and their relationship
with locomotive abilities under salinity stress, an experiment with four salinity levels [0 (control), 4, 8, and 12]
was conducted. Oxygen consumption rates, key energy metabolism enzyme activity levels in gills and muscles,
and swimming and tail-flipping abilities were determined after 48 hours of salinity stress. The results showed that
there were no significant differences in oxygen consumption rates as salinity increased from 0 to 4; however, the
values were significantly higher in the 8 and 12 salinity groups when compared with those in the control group (0
salinity). There were no significant differences in the activity levels of hexokinase (HK), phosphofructokinase
(PFK), and lactate dehydrogenase (LDH) in the gill among different salinity level groups. However, the activity
levels of pyruvate dehydrogenase (PDH) and cytochrome c oxidase (COX) in the gill were significantly elevated
as salinity increased from 0 to 8. Moreover, the activity levels of PDH and COX in the gill were positively corre-
lated with oxygen consumption rates. The activity levels of HK, PFK, and LDH in pleopod and abdominal muscles
did not change significantly when salinity increased from 0 to 8, but PDH and COX activity levels in pleopod and
abdominal muscles significantly decreased under the same condition. Significant decreases in the activity levels of
HK, PFK, LDH, PDH, and COX were observed as salinity increased from 0 to 12, either in pleopod or abdominal
muscles. With regard to locomotion, swimming ability significantly decreased when salinity increased from 0 to 8;
meanwhile, the same decrease for tail-flipping ability was observed at a salinity of 12. Swimming ability was
positively correlated with PDH and COX activity levels of the pleopod muscles, whereas tail-flipping ability was
positively correlated with the activity levels of HK, PFK, and LDH in abdominal muscles. Our findings indicate
that as a response to salinity stress, M. rosenbergii increases its reliance on aerobic metabolism in the gill, as evi-
denced by the increase in oxygen intake. However, these physiological regulations reduce the enzyme activity
levels associated with energy metabolism in muscles, resulting in observed decrease in swimming and tail-flipping
abilities of M. rosenbergii.
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