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& ERABYF (Macrobrachium rosenbergii) ¥R
RVGIRAF KB ER, A 1976 4E A H AL
HERRES , BHAMER AR 535, &
EE L AR AR A, BT B TR A K
FEFRBE A B IR ARE Ry — S is s AR,
GUHAT R . AT, REE SR, BRI
VKATARIAR, BN, SOM 8 T i vROm 5 0 2 T
JeHIE B B % QTR MR R 222k o s B A L
Haz ghik Jyox ik — B0yt SR H wi ¢ T 4R
Kz o7 N 5T £ 2L T3 MR (Penaeus
monodon)'"” . HASEMF (Marsupenaeusjaponicus)™”
FLYNIE R BR (Litopenaeus vannamei)" F1 # [ 1 %
LN (Fenneropenaeus chinensis)[22'23] E S Al
Rz Bl R 7T R AR A R S B AR X 2
Je IR 12 5 B kA AR AR B TGIR IR AT R g
R an g B, BRI ARSE . AT BT
B IR AR K AR Bk iz AT R, DA
[F] 5 BE i ok ANk S, % IRVAMRWLA R . |
= ER AR S i, DL . R IRIE SR
I R e O B TS 12 Ak, TN T % TRVA AR A Ui
VKR i R i vk R N R A HE B B R R )
TS, DU R e R Rz shit A e g, AP WA
IR TR A B A

1 MRS

1.1 SCIEXT&

B ICIRERR A ) AR SRERFH A B
LKL 100 B2 [CIEER, A ZE NIEH K IRIE R
LR 1R BIRWIE, KIR4ERRAE (25+1) °C,
WA ERT 6mg/L, YEREFII 14h J6HE 100
ARG, SR RIS 2 IRELA AR, R
S5, REMLPEEE 80 BRI [SFHEE (4.39 £
0.28) g, FIAK (5.18 £0.11) cm] T JG£esc8,
1.2 St

i U ORI 53 K S 626 S Li AR Y Tt
HAT T ek, EENEK 100 emxFi 30 cmx i 30
em K 7 TG B BE KA . S 56 K A8 SEBR K IR A 25
cm, 38 PR FAILGS HOR TR K B o K I
JE R FEDRG %8 7K A7 3 300 22 X (Starflow 6526, K
R KAl o5 B 1 H 22 W HOBET, DIRIE
WL (1) IR 25— B, SEUR I E] T SR B IR 1
SR FRm AR

SIS ERERT A M Al T RE 24 Be sh# S22
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PR o MR B . SRR AT 2 TG IE AR
24 h, EAWFFER, 200 min JEPKF 5 min
S O R R A e A AR S I, SR Y2 Bl
S8R A IR B R v R B R R TSI 2 R
N, BRI IR RS TR 200 min i R % 55 B OK
K EE S 10 em/s; 2 [C VR HRRREE K 5 min 1T
I 57 1 e Kl Al A5 %2 0.05 Hz (FH 40 ™ 3 B
20 Fh il 2 QTR MR AR A 3L 1 k). L, ARBFSE
L 10 em/s (7K 3 BE AN 0.05 Hz fild i 47 545 0 %2
[V U v 487 58 88 i DK 7K T 80 v 46 5 8 S3fL Bk 19 fd Al
Ko

i S o S [ L LN =0 I 8 2
B, 7K i EEE 430 0. 5. 10 FiT 15 emys,
vk AL ALl 40 B2 [CIRIR, BRIk s B o
S 10 BSLIir, ECSRR T, SCOR R R i
ATKAEIE Y 15 min'™, i 20 S50 0R 7E § K 25 1
T A Mz, R L i 2 S R A X R
R 7 I B T R VK 200 min, 5 B 2H S2 I AR
TE 15 em/s FK LR BE B HpLEilvk B 20857 o Wik
55 JI PRI LA S 36 MR 45 1 W DK I 4 7K O e B KR i
P L, FH/NED WK S 56 iR A% sh B KA i 3 IR
WA EFE AR IER

SRS, KA ALOCHT, PRIEKAE K
PR A F i IR A o S I R B R A KA I 3
15 min, 7F 582 BB B 9 F0 M (K 25 em,
M4 T42 10 cm, FHEK 15 cm) 19F4k B HB LA [E
S AT il 2 (VR R0 A AR A Lt o e il
SRR P 2 VR ARG st 1] ) Bl S, %o BR
(Al filE, 0 Hz), K58 EEAL (H1F 30 s filthlf 12K,
24 0.033 Hz). "ok B2 41 (18] B% 20 s fil fif 10K,
0.050 Hz). 7= 9 BE2H (BIF% 15 sl flf 11k, &4
0.067 Hz), X RRAISCEGHF [tz oly, (IR0 5 4 fink
Bl 10 ¥X (5 min), H5 4 kAl 20 YK (5 min), &
R 85 2 AR L R B R 5T o LR 55 ) AR
SCHGHR LR AZ 3 YR P A kAT
1.3 {TAWE

0 3 900k A R R A KA Bl A R e K
Pl R B R e BT Y RIB IR s sh AT N . S
5 91 ) KA — 0 AR AR L, 0 Bl B 4
2 min 9, P AT ERRIE SR AR KA SR

vk R B R RIS =T/ F
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HREIIREE = A/BL, A MiiFvk 2 5 oz 3h 9 6] 42
S KB (cm), BL AL IMA K (cm), Iif
VK R B R B B 4 R4 B i B KBS (4) 1N o
27 Li 25, [{id i Photoshop B 4KF 2 minf 4
W —HER By, I R R e SR KO R
i i Je 42 80 1) e KB 5

L4 HLAEHRENNE

Tk s BBk A oS, T4 s 5 1 S0
IR, PREHARR SLFRAR AL, 438 SRR K 2 L
PRURIEE =R LA (EFRAILIA) . HEEBAILIAER 0.1 g,
Ui Ui LA BRSSO U S5 etk A2 A 2R ULIA o
WUPRE S 3 A5 IR 22 w7 510K, S1H
T 4 °C F1 2 500 r/min 544 F B5.0> 10 min, B b3
WH T AT . ARSI E A Fe bR BB
YRR R, H ol =FER AR . B AE (C
G HK APL BRI SURE LDH) 367 . A 105 il
(PRI 2 Jd 0 PDHL. S SR 2 Jii &0 MDH FAR i
fiti LIP) 15 LA K PLAR 5

TEvK R LR FIIE RS ILA B It . s, H
T =R DA R FLIR o 0 e @ A ) TR Y
T A P R G, W S 2R U
oo BEIE . AT, Hm = ER L ER I o R
(I RE 451 620, 595, 540 A1 530 nm.,

Ui Uk 2 LA RN RS UL A R ) HK. LDH.,
MDH FI LIP 3 P 0 £ 3500 85 ) [ p o i 2B T
FEWFSEIT o Uik 2 L PR R &R ATLIA P () PDH 35
i FH AL 5t R S FRHEA B 7 Az 7 R A e
HK F1 MDH 7% 400 £ F WG 340 nm, LDH
PDH Fil LIP Jif P4 M & A W 5% B 43 51 R 450, 605

1570 nm,
1.5 BIESH

s R EAPRMELR (meantSE, n=10), %
[CVH IR AT g A A 25 5 R FH R 28 7 22 0 i
(One-Way ANOVA), #2255 I 3 (P<0.05), Wi
— R e/ i 35 25 529 (Least significant differ-
ence, LSD) X} AN 7)1z 3y 5 B 647 PR 9 % e . AH G
PEO BT R FH el i R PR RIS, IR R
J7 22501 (ANOVA), P 4iit 43 Hr #3812 SPSS
19.0 B 5E o
2 4R
2.1 Rk FNEBKIT A

B [CIRURAN )32 35 B R AT vk A kA 7>
SER IR 1 TRk IR, B LG TR AR R d A
SIS I Ui K i BE G T SR 35 O (0=0.219 8x+
0.690 4, R=0.949, P<0.05), k. . w4z
(1] F18 U0 Uk A e KSR S i R G I 36 25 S (P>0.05),
B4 5 2% w8 T R4 (P<0.05), SieukAT AR L,
% TR ARtk ], R B i A B 1 2% o )k
I B4 00T R B (9=0.949 8x+0.972 6, R=0.986,
P<0.05), K. ™. (e Al 2 (6] Y R R KA B
W B TG i 3 25 S (P>0.05), {H 34 W 355 T 0T R4
(P<0.05),

22 BEEYIR

ANEEE SR E S, % IR ERETK 2 LA A
TBALA A BE R B S A R L2 2, BBk
ik, AS[R)S e BE 2 18] LA AR A RS R 0

*1 FZRIBINARIENEE Tk MEHRITA

Tab.1 Swimming and tail-flipping behaviour during locomotion at different intensities in M. rosenbergii

BHATH pagict K58 g R TR Fft PlE

locomotor behaviour control low intensity medium intensity high intensity F value P value
Wik R (Hik) pleopods (swimming)
e KAR BN Hz 0.83+0.11¢ 1.61+0.07° 2.84+0.19° 4.08+0.13° 120.719 <0.001
maximum beat frequency
e KAR BN IEE/(%/BL) 6.90+0.26 12.84+0.13" 12.76+0.18" 12.96+0.17" 246.720 <0.001
maximum beat amplitude
BB (#8k) uropods (tail-flipping)
e KIEB % /Hz 0.001+0.001¢ 0.032+0.001° 0.045+0.004° 0.056+0.002° 170.002 <0.001
maximum beat frequency
i KAE BB /(%/BL) 1.78+0.55° 69.30+3.13° 68.19+2.88" 70.73+1.61° 217.59 <0.001

maximum beat amplitude

1 FATANR - RER R £ 7 B % (P<0.05), FF; BL. kK.

Notes: different letters in same line indicate significant differences (P<0.05), the same below; BL. body length.
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Tab.2 Energy substances of pleopod and abdominal muscles after locomotion at different intensities in M. rosenbergii

BTN it (it Hh 5 fR IR FfH PlE

locomotor behaviour control low intensity medium intensity high intensity F value P value
Wik RUIREEK)  pleopods muscles (swimming)
HHAF/(gL) protein 0.90+0.03 0.97+0.06 0.94+0.04 0.87+0.06 0.722 0.546
B it =/(mmol/g prot) triglycerides 0.94+0.04* 0.73+0.04° 0.89+0.05* 0.91£0.05° 4.582 0.008
P8 J5/(mg/g )  glycogen 1.32+0.05° 1.19+0.06° 0.96+0.05° 0.70+£0.03¢ 31.843 <0.001
JEERALN(FBE) abdominal muscles (tail-flipping)
HHAF/(gL) protein 1.00:+0.05 0.98+0.09 1.06+0.07 1.09+0.07 0.495 0.688
B it =/(mmol/g prot) triglycerides 0.82+0.04 0.91+0.06 0.85+0.06 0.91+0.08 0.534 0.662
B /(mg/g wet mass)  glycogen 1.14+0.03° 0.90+0.05° 0.78+0.04° 0.59+0.04° 29.506 <0.001

HEET (P>0.05),

Wevkis shas s, XHREL . b s 4Ly
PO LA H 90 =R G 22 5 (P>0.05), {H
0w TR 4 (P<0.05), Tk 2 AL P 5
ik o IR K SR B RGN 2 2 R R (P<0.05). Bk
B RE , ASIE] Sk 2 1a] R SR LA H ik =
fis & 24 U0 B 22 5 (P>0.05), {EIE LA B
-t DU 5L K AR 34 i e T B (P<0.05).

23 PEEARHBEMLIRSE

kiR lRkiEghE, P RIBEMEK R
WLA HK &5 5% o, IR B 41 35 & T il
(P<0.05), fHJ&r . /&5m gl ¥ W8 /N F X A
(P<0.05). i B 2 UK 2 LR HK 36 1 3 25/ VT
HHER B4 (P<0.05) (£ 3).

iF vk 2 L) LDH 455 o, o & 40 5 %t
MR IR JC i 35 22 5% (P>0.05) WA iz shoi X,
LR B AL DK R LY LDH WS MR B E KT
X R 2H TR 58 2 4H (P<0.05), HL i o B2 240 i ik e
WLA LDH &4 B 2 = T 4 (P<0.05),

ek JE WL PDH. MDH 1 LIP & B AH {2l

MORLAEE: XTHRZL . . SR Z IR 2R
(P>0.05), {H¥E/NTAGREL (P<0.05).

Ui vk R LA LR S S R, X BB 21 AR
AW FH 2R (P>0.05), H¥BE/NTFrhimEd
T 8 A (P<0.05) ey 5 3 A FLIR 7 i W 3
TR B4 (P<0.05).

#ykiEsh) ks s Y IR E LA
B A A 0 P B LR O i 2 R LR 40 IR AL
PRl HK 37 1 B 59 Bk 5 B 3 B 2 R B (P<0.05),
S22 M, BEEENLA LDH J 4 00 [ 55 ik 5 5 1 fin
M 23 L F+ (P<0.05).

fE &R AL PDH, MDH Al LIP 7% ¥ & 1 A
PARELAEE, IRk R 2 6] JC 8 2 5 (P>0.05).

JEFBNLA LIRS SR W, Bl Sk B3,
HE LA FLRR & i 3 BT (P<0.05), R4
FLIR & H 3 X A 1Y 2 7% (P<0.05), 15 B4
FLR S 2 0 S TR A4 (P<0.05),

24 EITASHEBREXR
BB HYRUKER EE X BROK SRS N
RS BE A, T DK R JIL DA A 5 e Bt i K 56 JEE

®3 TREEHEETT RBINEKENRERERHBEERIAKRSE

Tab. 3 Enzymes activities and lactate contents of pleopod muscles after different intensities of
locomotion in M. rosenbergii pmol/(min-g prot)
Y xof R fIRER HhEiR e TR FIH PlE
contents control low intensity medium intensity high intensity F value P value
CH#EE HK 60.37+3.80° 78.4342.96" 47.11+3.57° 33.63£1.86° 37.141 <0.001
ARINEE LDH 136.23+8.25° 129.67+6.68° 187.11£12.44° 264.36+14.20" 33.007 <0.001
W& PDH 218.28+15.82" 278.45+15.03" 237.03+11.19° 230.82+13.23 3.500 0.025
R AR MDH 408.58+34.09" 549.96+25.40° 440.09+23.97° 414.60+20.57° 6.159 0.002
JEWilE LIP 5.29+0.67° 8.54+0.55" 5.91+0.75° 6.05+1.03" 3.446 0.027
FLEE A E  lactate 0.073+0.008° 0.083+0.009° 0.114+0.010 0.188+0.012° 27.050 <0.001
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Tab. 4

different intensities of locomotion in M. rosenbergii

Enzymes activities and lactate contents of abdominal muscles after

pmol/(min-g prot)

7 o HEE fICHR gz TR FIH PIH

contents control low intensity medium intensity high intensity F value P value
CHi%EE HK 73.53+£2.96" 60.52+3.83" 45.74+3.78° 29.91+4.02 26.296 <0.001
AN LDH 143.20+7.86° 172.40+8.07 212.02+10.08" 263.28+10.65" 31.638 <0.001
WAL %8 PDH 181.76x13.74 195.51+18.23 176.32+24.29 182.58+20.29 0.174 0.914
YR ER MDH 512.84+28.27 530.15+33.39 549.37+23.66 492.54+34.43 0.643 0.592
NEWiEE  LIP 9.39+0.86 8.58+0.96 8.87+1.48 9.440.79 0.157 0.925
AT R lactate 0.089+0.005° 0.117+0.007° 0.141£0.008" 0.205+0.011° 38.477 <0.001

B i BE (B 1-a). iEVK 2 LA HK. PDH F
MDH ¥ P 5K fi KA S 3 5t Bk 2 2 M IE A
XK (Bl 1-b, e, )0 MUK HLIA H I =8 & 5 5 ik
JE B KRS R 2 W Rk A O (B 2-a), TMTIHE
VKR LA LIP 336 M D) 5 i ik e e 48 s i e 2
FLRMEIEAR (F] 2-b),

YUK 5 B MK KT 34 o 22 i B AP BF
ik R L PR D5 R R HK 3 7 5 ik R A KR
Bl R A G AR OC (K 1-a, b) HSZAHR,
TEvi L LAl LDH 36 M AL IR & & 5 T vk e fe R
Bl L W A M IE ARG (B 1-¢, d).

YRR B DK BEZKSP-3EG i 22 75y 5 B KB
Tk S L PR 5 R HK 3 P ek o 448
1M T F% (B 1-a, b)o Wedk A2 WLA LDH {14 W) B JiF
PR EERG G T (8] 1-0). 5222800, Bk RN
PR LR 7 Sk [R) R B A Dk sk B 38 g T (& 1-d).

Fpkizah sk R MO REZKOE R AL
L RO, E BB PBE R i R R R R
B R S R OG (K] 3-a), HZAHML, HEEBAL
PR HK 3 1 [R5 8 Pl e R 428 sl o 5t Wl 35 67 A
X% (# 3-b). MEEBLA LDH 3% M FI LR & & K 0
HARRI A, B SRR RIS R 2
FHIEARC (K 3-c~d),

25 AHERRESREBEREEMECENXR

liFikiEshfa, ® RIBIFEK L LA HK 36 P
SR R LR LR 7 52 M TR G (18] 4-a);
S22 AR, Wik R WA LDH 35 2R 0 5370k 2 LA
FLIR & & 5 i 2 A M IEAHOG (] 4-b). #iBkiz sl )5
% G A R AR LA HK 36 7 45 16 3 LA FLIR &
5 LRk U O (1B 4-¢), 1T HE R UL LDH
T P DU 5 L PR LR R G R IE A G
(A 4-d),
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1 FRBENEKS i E A PR Sk B a RN X &R
Fig. 1 Relationship between carbohydrate metabolism of pleopods muscles and maximum beat frequency of
pleopods during swimming in M. rosenbergii
* P<0.05, **. P<0.01, *** P<0.001, the same below.
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Effects of locomotor intensities on the locomotor behavior and
energy metabolism of freshwater prawn Macrobrachium resenbergii

LI Jiangtao, QIU Xiaolong, HUANG Feifei, QIU Xiaotong, FANG Junchao,
LIANG Rishen, LIQingqing, LINLi", LU Xiaojing"
(Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: Locomotion is considered a fundamental property of most aquatic animals and is crucial for the survival
of such animals. To explore the behavioral characteristics of locomotion and their relationships with muscle energy
metabolism of Macrobrachium rosenbergii, the experiments of swimming and tail-flipping with four intensities
(control, low, medium and high) were conducted. The behavior, energy sources and related metabolic enzyme
activities of M. rosenbergii were determined after locomotion. The swimming intensities were obtained by setting
different water velocities in a specific time period. The water velocities of control, low, medium and high intensity
swimming were 0 (voluntary locomotion), 5 (200 min), 10 (200 min) and 15 cm/s (swimming until fatigue)
respectively. The tail-flipping intensities were determined by setting different touch frequencies in a specific time
period. The touch frequencies of control, low, medium and high intensity swimming were 0 (voluntary loco-
motion), 0.033 (5 min), 0.050 (5 min) and 0.067 Hz (tail-flipping until fatigue) respectively. Results showed that
the maximum beat frequency (f,,,) and maximum beat amplitude (4,,,,) of pleopods and uropods were signific-
antly higher in each locomotor group than those in the control group. There were no significant differences in
muscle protein contents among different locomotor groups. The contents of muscle glycogen were significantly
decreased in each locomotor group compared with that in the control group. The lowest contents of triglyceride in
pleopods muscles were observed in the low-intensity swimming group. The activities of lactate dehydrogenase
(LDH) and lactate contents in pleopods muscles were significantly elevated in medium and high intensity swim-
ming groups compared with those of control group. The activities of pyruvate dehydrogenase, malate dehydro-
genase and lipase in pleopods muscles were significantly increased in low-intensity swimming group compared
with those of control group. The LDH activities and lactate contents of abdominal muscles were significantly
higher in each tail-flipping group than those of control group. Our findings indicate that the energies of loco-
motion are obtained by increasing the intensity of muscles energy metabolism in M. rosenbergii. The energy meta-
bolism pathways of swimming vary according to swimming intensities. Tail-flipping is powered by anaerobic
metabolism. These findings enhanced our understanding of physiology and behavior of locomotion in prawns,
providing basic data for the healthy culture of M. rosenbergii.
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