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B, FET R X HR BT S SR EOR Ak R AR S
EASIE

1 MREFE

1.1 SEIEEh

S5 FLAA XTI AA (6.8720.42) em, (45T i
(3.34+0.59) g, g TH BT FHFHY . BRJETE
Y E 2 m EA KA PR IR S do B FRIIE], KRR
FHTE (250+0.5)°C, 3 32+ 1.0, 5 E >6.0 mg - L',
H 2 Yt A S TRC AR 1 h 55k
PERIEAE SO A AT B AR A SCBG AR, S50
SCEHFASE 12 he
1.2 IWiFt5ERF

LGRSk B TR A LA /)
TR A] P Y AT ELIE A R KA ORI B R AT BR
A)) N E o UK KA A RLRS 24 100 em x 25 em x 25
em (Lx W x H)o 7K it BE A ] H A VR-101 2 i 34
THE . WEvkoKAE b7 g 1 I 22 W H BT, DR
HEFUK KRB DG IR A — B, g a), KR PR 4
£ 24.8 C, #0532+ 1.0, A >6.0 mg- L', SLH6 1
IR SEa s R bl AR (25 M- 1) X5
USRIV A TR R T SRAR, LA B He i vk A2 13 3

LR TR Y S B2 e TR B /KA (155
emx 30 emx 30 em, Lx W x H) Fill g, KRS R4
MPREIE 22448 1K 5 om T 46 1Y BEARARAE A EL BB R
FEZKAE 15 265 em AbHCE —FBEARHL (25 Wi-s7) LA
W SIS A T R RN
12,1 A ¥ S5 ok BT B 2 % Amornpiyakrit A1
Arimoto ™ R IE, L7 200 s 1 g A< 52 5 1) B KT
R UK o T] 0 5 S 0 i 5 A 5 3 7Kt
BE, 4 9 K:222~298 em+s ' 253~358 ecmes” .
28.1 ~39.6 cm+s" 31.7 ~ 41.5 cm+ s f1349 ~ 455
em s o KU AL SRy S A0 R 39 K U TR DK R ek
B BRI T AR SE g [ 9 ~ 10 B 5k

B 0, i 2 A H A2, Rt S 06 I ) £ R 18 ~ 20
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SR AR S0 A A DK B (DR VG B, SR
ALK BE 45 £ SAT (Swimming Ability Index), SAI
SRR ] 55 9D B AU 19 T 2 5 A B L B )
O B TE AR, B TR 3 RE FRiE Dk B[R] P 5 T 25
S TR BE T, PR SR A S UK RE T Y R AT AR,
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Sy AR SAL=[ ™ ude " R (em - 57T
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E SR i, B R SR S 07 15 LUK . B ARG
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F£23.0 em - s™ LT 3 N 10 min f5 T LR 5250, i
KIS TFARIN A Ta] , SEBGHRTERI IR R iiFUk 20
min WK L 4 em - s SRR ] RS
1K 20 min WP T T 4 em s DI R, HE
SR IR 95 J5 45 1R UK, 1O 3% S 6 R Ui Pk 45 R[]
iR DL 1-A ), BRI SE I [l i 4 ~ 5 R 5L 5
I, SE0E 19 B, e i Im AU (U,,,), AR
ﬂ:] “3J2

U= U, +(T,/T,) x U,

s U, 2SI AR BRI AP EEI7 UK 20 min (95 (=
W (emes™); Uy fe R JE W (4 em - s7); T 2 S 56
HRTE S e A UK T (min); 7, 2 D] (20
min) FEX I PR U, LARERD B i b 1A 9 A 4
Frs BL-s™)o SR EIG fHFH KMPlayer 4044
ST IETE 3 s SRR URIEDK R BB EL. Bl
T 5 SRR, A TR 3 IR
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123 GEBLERE  BEOLEEIZ 12 h AR SR IR
JBE, B A SZB0 K A P 1 5 ming 22 )5, A/ IVEE S firh
SERGURS M ol H A A B, SR A 1 |k
FHFAEARE G ER 5 FRACSR i, 28 S AR 55 AN 1
AsEGE N 1F GRRRE LK 1-B), M 19 525
WR, SEHESRALAH FH KMPlayer 55445387 i FH Photoshop

AR — U Sz S — S 5 — i
1165 1, 18 FH TmageTool 00 2 S 98 A AR 0130 o0 g B
BIVE R IR RS (d, em), BRBKETIE] (2, s)=N/25, N2y
Sk SR RETA 125 s), BRBKHEE (v, em+s™)
=dlto FIXTFUBKHEE » AR B B R I 58 R
(BL-s™), RHRSCIMFHT 3 ~ 4 IR L HBkiz ),

BT . TS IRE
A oo = s IR
e TE230cm s i S emes” Tk T nf
Pt i RS 10 min Iy k20, . Wt SRR SERRAR S
ut shrimj N - min T Ry ST -
SR Ll Acclimatize for [ P e P T sk W | ik
into Swimming for velocity o A
o Start K Swimming Fatigue Over
swimming 20 min ncreased
channel A by4em-s”
B .
NSRRI 24
IR 2 A S min i - G i ST &
s - 8 SLEGHR o BN N SRy
S 3 2 ualy
ST Kt , | HI . o || e
Choose 1 Tap Tail-fli Stop ap No
shrmp cephalothorax arp tail-flip cephalothorax response

BT Il S s (A) FIFBEHE EES25 (B) Wi AR Al

Fig. 1  Process of critical swimming speed (A) and tail-flip speed (B) tests

13 HFmRESEEERINE

it PR A 200 L FAHTEERIAY | mL A TEST %
NI 6 A 55— St AL a8 111 o Ak A EBC I 34 £ 200
uLo, BRERN RS TEA L mLELE IR, T4 C
800 /min £5.0> 10 min, BV A B0, 34 C
TR [RIATHR 10 2 55 SE U R [RIRUA i Ak
SIS FLANIEE X IR A X B2 . A B AR I 42
54545 E (mmol - L) H ¥ =8 (mmol - L) B 2K
(mg - mL™") FIFLAER (mmol « L), F e 50 i i 244 T
FEBIF ST T A P AR R
14 HHESH

it PR ST RS ¢ RS 30 43 A S 30 MR 5 B9 57 i e
B AR AR 19 25 5 AN IR T Dk 0 55 J5 45 A 3
FEARI ST FH BRI 22 U7 22 73 7 FE DUNCAN 2 8 [
355 DK 5 TR SR UK s ] R K A2 128 2l A o
Z AL 6 22 Pl 4R [T UH SR A, DL P<0.05 Jhy i 28

Ko A B A B FH SPSS 13.0 58 R {4 54T -
LERVIPHIME £ ARfERZEFOR
2 HZERS5HN
21 BI;ITA

IR T, LAt ir 28 i e e, Hod
o i vk 2 B PR AR Bl K i Bl SEIR R R ER
P TR 7 52 36 /KA e 20, (/R E AR = Bl
B (v, em - s7) HE, SEERARIRUK R ARSI (F, Ha)
WREZ R, — 3 Z a1 5 2 Al FHZ M s s
/=0.049 60+4.299 5, R*=0.96 (P<0.01), SLYGHFA A
R BT AR, R B e, Sk i R i s 0% 7 7K RS JEE
SRR —E M YRR AMIOK IRl = ik
KA T I 27 A s ks Sl LU RS 42 1 2 3
TR

HK AT, 2432 B S MIIRIE L, S0 MR EH
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) Sk b HE R T 25 R e R £ B R ek A
1) S AR e il )5 O #% 2l e sl # v i 86 %
Wi B A IR B AN T b, S e iR —
P os re As E S ) k Iz B, BE AR B, %
S LBk A YR B2 L B R R R S N 3 v
%, B S AT A Bk B A5 AE KA G
2.2 AR KT iE]
LGNS IR A AT S B KN ] (e, ) B (o,
em+s”) (RIEILZHT D, —F R EOE R, LR
KKt =-141 121n (v) +52 460, R’=0.99 (P<0.01), {1
2. SitER L KR (24.81£0.3) CI FLAATEXT
IRBYIETK RE I 48 £ (SAD Hy:

SAI:J'OHOOUdt:IOnOOe(52460—1) I4”2dt= 16.49 cm,

Tk IsHE] () /(x 10%s)
Swimming endurance

NO'—‘N’T)-&U!O\\I

6 28 30 32 34 36 38 40 42
WK (0)/ (em+s™)

Swimming speed
P12 LA X AR A TP Sk it TR] 55 Ji ko B 22 [ ) O %
(n=18 ~20,%+SE)

Fig. 2 Relationship between swimming endurance and swimming
speed of L. vannamei (n=18 ~ 20, x+SE)

2.3 g SRR FA3E Bk B

HRAEIm AR ) AT, 2T A1, /KR (248+03)
C I, FLAREEXT IR AL A (35.67£0.62) em + 57,
Bl (5.02£0.09) BL 5™ (n=19); £ 54453 Hr Fil 44 %
B, FLARTE X R s Bk hy (106.51£6.08) em =57,
BP (15.74+0.96) BL s (n=19),
24 IERESENEERE

ANT) T Uk 57 i, FLAN T X6 R o 5 A 3

BVRAVAEAANR L 7R eI 55 i, 25 S 9w 2H X

AR I 2 LR R 18 450\ 2 i 1 % BB 2 (P<0.05); 7
26.7cm+s” 31.0cm* s 1346 cm - s ik N, kg 55
J SRR I 3 =V 2 5 TR RRZE (P<0.01),
MAERH 386 cm« s F140.8 em « s~ I 50 HEZH G i 2%
25 (P>0.05); 76267 em+ s 346 em+ s F138.6 cm* s
T T WEPKE 57 5 SR Il S SR R B T
X HEL] (P<0.05), M E 4 31.0 em s~ F140.8 cm « s~ Fif
XA T E 5 (P>0.05), J7 22501 2, ARl
NI 57 I , 25 S IR 2H =2 (R A4 2% -0 =g A
R AR 25 5 (P<O.OL), TR A WA LRV
JEYTE 25 (P>0.05),

ek S 3 R K B2 S v, ML T X R B 3
W 55 I IR A BRER AR SR I 2 s, iB 3l oy
S o ST AR P 3 I = RS v B 0 B
HIC 2255 (P>0.05), 1T UK R0 3% LR MR B k25
e TXRRAL (P<0.05),

R1 REFEE TlFKES B FLERTHR I 3R £ B AR 4L

Tab.1 Changes in plasma physiological parameters of L. vannamei after swimming fatigue at different swimming speeds

n=7~10 ;x£SE

ik X HEAH TFPGERE / (em + s7') Swimming speed
Plasma Control 26.7+29 31.0+36 34.6+37 38.6+33 408+3.4
prrvarey B - -
ﬁf{ﬁ/ (mmol - L) 095+0.17  2.11£0.26 2.03+0.26 2.26%0.18 2914031 2424032
b — ik 1! - . » ‘ '
F =T/ (ool L) 154001 0274002 02620027 0320037 0.16+0.02° 0.18£0.03"
riglyceride
™ . -l ¥ ; o - .
SR/ (mg - L) 75401644 10291£744™  84.72+329°  10821+£3.74™" 11627£598™ 77.41£7.93
Total protein
| A L7 . § B . .
fg%ﬁmmo} LD LI8£0.16 4601099  440+1.13 4.10+0.74 6.93%1.11 1724132
T FoR 50 HRAL 22 57 02 (P< 0.05); % /R ST IRYT 22 Sl 0.2 (P<0.01); [F]—A7 P ARl R BUE 3R 22 5 .2 (P<0.05) .

Note: * Indicates a significant difference from control group (P<0.05); ** indicates a very significant difference from control group (P<0.01); values

with different letters in the same row indicate significant difference from each other (P<0.05) .
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Tab.2 Changes in plasma physiological parameters of L. vannamei after exercise fatigue in critical swimming

speed and tail-flip speed tests n=6~10; x =SE
i3 XAl RS s
Plasma Control After swimming fatigue After tail-flip fatigue
HAHE/ (mmol * L) Glucose 0.95£0.17 2.33+0.37%* 3.20£0.29%*
HiH =M/ (mmol - L") Triglyceride 0.15£0.01 0.17£0.04 0.231+0.04
BEA/(mg mL™)  Total protein 75.40+6.44 86.75+3.64 87.32£5.04
FLB2/ (mmol - L") Lactate 1.18£0.16 524+ 1.07* 7.56£0.57**

TE: 7 FORGRIRA 225 B3 (P<0.05); " FoR G X IR 22 2 B2 (P<0.01).

Note: “*” indicates a significant difference from control group (P<0.05);“**” indicates a very significant difference from control group (P<0.01).

3 it

3.1 ATHREEEKRT 8]

BB DK R RE (Y 100, FLAN X I g AT R i Dk
TR 28 9 /0, I 26.7 em = 7 PGS 2416 057 s
T FE#140.8 cm - s I T 411 s, 7E26.7 em-s™!
VL T8, 65 9% 1 52 30 MR AT ¢ 237 DK B ()88 55 7 200
s, UG AT DLACH, FEAR S 86 254 T AIKRF26.7 cm - 57!
F14) YiFe S AT AE SRy ML 4 Y2 o R ) T 4 52 Vi kR
Amornpiyakrit Fl Arimoto " 4% i, H 4 2 % #F (42 K
127~ 142 em, /K202 °C ) 7628 em -« s i 14 T 1)
ARSI )R 2 7 200 s, X 5 A S5 FLAN I
XoF R AT RREEE VK BE A

ARSI EE R F I KR (24.8+0.3) CHHA G
(3.34£0.59) g FLAN VXS R SAT A 16.49 em (SE55 7K
B 267 ~ 40.8 em+s™), Zhang % "R H, K
1820 CHHMA T 4.09 g FLYNTEXTER) SAT A 7.28 ¢m
(LI K E 541 ~ 1147 em-s™), A WLKIRXS
TKAE B AR RE D5 M 0 2, AR R Y R P, DK
RE 11— BB IR B T R e AT, 22
9 BT A SAT I 22 52 TS 07K gt B2 K T A ]
T
3.2 e 5RiFFEEFN3E Bk B

e 5 0 3 TT LA by — S HR O 5 4 FH R 1AL
FL A K AR B 04 A R PTA B KA SRk o
Fe S e i (A S8 ARHBE T ™ A St 2K m I Lk
CUA KAl , 2R 56 T IR 28k B8 ) i 4B R AR
o ABIFFE S B 2 AU B I E Tk T T L

YRUERTERAIG A . 45T, 7K (24.820.3) C
B A4 (6.8710.42) em FL A4 15 Xof I 4 1 S Ui 3
28.87 ~39.58 cm s (437 ~5.66 BL-s™), /K/EzhY)
F4 I S R, B B R T AR iR Dk kT Ay i R 1
I BB S, S HlH X 4 5 4 By A ETR] )i
PR R ST, i R TR 45 X R A i K T RSk
JEA R B RAR

WF5% % B, Pandalus danae (K7 em,12°C ) Y
SBH L 300 em s " HUF (Crangon crangon) (P
K 1.1~6.9 em, 13 °C) FY3APEE L 440~ 110 cm 5™
H 7 $E X HF (424K 14 ~ 15.8 em,17.8 ~ 213 °C) 3
BRI N 7~217 em - s ARSI (24.840.3)
CHHARK (6.8720.42) em (1) FLYAE X R Bk oy
70.32~193.13 em* s7(10.34~28.40 BL+ s™ ) i1 T/K i .
SR AR RIAR A5 S B0 SR ), A ST 45 R 5
1) 4% S0 45 2 [R) i ME LAEA T R b, 3Bkiz B
SR b & RS R PR BE A — 5 T A
720, Sk B B e T R RCE B R . A
S K IR, FLAPE K R AN [ A 4% (8] ) 55k ok 5 A7 A
BRESR T RIE 27545, AMHTA R & i T
A HIRI Y 25 ST, SRBRRE 1 25 M AR T 245 2
A, DRI, E R 1 B TS0 X G B o7 Bk o 3oLk
PR & TR, LASR = O S 1 B
3.3 XHMEENESS e R AR N A

AT P A 6 T X R Dk A BRI ST R AR /D,
Zhang 25 "BIFSE T WETKRE 0T PLAAIEE T I L3 4 4
W RV LR B A SR, R R A H A s i
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IR L R Y F2 A3 S A K S AR R
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AR BE Y 0 2 T i o AT TSR AR,
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TH T R S T R, R R — N ) B )
T oRIG M N, s i R R B Bk B S
HOP eSO & i T T AR Bk
9% 95 Jei FLARTEE XTI AR Bt S A R AR TR 3
SR e e BRI RE ORI, Zhang
a6 VORI, DL BRI DR 555 HL il 3 M 11
et AR, 33X FT B2 R T I b LA RRL s S
VERBEEY . I35 R ST s sk el p
BB AR 80% ~ 95% Y TE BV Sk F 523
WA I 5 A A ", AR SIIR A SRR 15 5)
P55 J5 , PLANTE TR i % S B v B S T a3, 43
BTS2 T = 0 B 11 328 305 R LA T X R A 24
L35 2 2 B B0 DA A s R ) , DT B
KREATET A, 76267 cm+s".34.6 cm+s™ Al
38.6 em- s T, IEVK I 57 I S B0 MR I AR
W i 2 TR (P<0.05), 7B % 31.0 em = s I
BT BTG 225 (P>0.05), 4Tk & TR
[F)PA XS RKCE 55 4 BN A AE 26 57 T
TERARILE B WUk 57 5 , FLAATE XTI il
T TR R B P R ) Jb S R I I U
S S T, A Bl 57 1 PLAN I I ot 2T
TH = TR R R P A T, (25 N
SIMTIACA, AR DK I ) 0 e, S5 30 M A e i
PR FE 57 ARG T A2 shisf [ B ; i ik
SR, SRR AT DK ZE % 5T 5 L B
S, SRR T IR Z I SBkZ B, 32 shi R) g
ARPIE A 57 IR A Bk, P, 328 8 20

B NFERRAFAE 22 57, T BN IZ 3l 09 95 J5
A R AR 22 5

FLRRE IR A AR =, WILPA 2L R A ok
WRAAETE LA N A AL, it R M LA i R 7
HbZH U A AL RHE S A SIIRLE R KW, 1550
P55 I , FLARTEE R I SR FLRR MR 2 T e . Ha
5 J5 98 B8 BF (Nephrops norvegicus) F Munida rugosa
95K L P PR L R 5 ikt S s T T L, B
BlE WL A A FLIR S AR Mk EL R B A I ik
LR RS SR FEsnE s AR X
ST LR B T BUMIB pH FFAR, 705 T 1M 85 5 A
AR SRR 1 BB SRR D BT R, PRI, K
FUR & 2 1o T A RS R B I B2 57 -

25 |, 7K (24.8410.3) CHT KK (6.8740.42) em
T it (3.340.59) g 4 FLAA 5 0 R 1 Tk BE 1 76 %k
SAIA 16,49 cm, P-4l AUz Ay (35.67£0.62) em-s™,
R (5.0220.09) BL- s, P34 38k ok (10651 £6.08)
em+s B (15.74+£096) BL - s, 38 3% 57 J5 FLAN I X
S IR I A LR B ek b 25 e
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Swimming ability and physiological response to swimming fatigue in
Litopenaeus vannamei

YU Xiao-ming, ZHANG Xiu-mei, ZHANG Pei-dong

(Key Laboratory of Marine Aquaculture, Ministry of Edu cation; Ocean University of China, Qingdao 266003, China)

Abstract: The swimming endurance at five swimming speeds (26.7+2.9,31.0+3.6,34.6 +3.7,38.6+3.3,40.8 +3.4)
em+s” (means+SD), critical swimming speed (U,;) and tail-flip speed of Litopenaeus vannamei [body length
(6.8710.42) cm, body weight (3.34+0.59) g, wet mass| were determined at (24.8 +£0.3) °C . The metabolite concentrations
in hemolymph were determined before exercise and immediately after exercise fatigue to evaluate physiological effect
of exercise in L. vannamei. The relationship between pleopods beat frequency and swimming speed could be described
by linear model. The relationship between swimming endurance and swimming speed could be described by logarithmic model.
The swimming ability index (SAI) of L. vannamei was found to be 16.49 cm. The average critical swimming speed was
found to be (35.67£0.62) cm *s™' [ (5.02£0.09) BL + s™'] and the average tail-flip speed was found to be (106.51 +6.08)
em+s” [(15.74£0.96) BL+s™']. The plasma glucose and lactate concentrations of L. vannamei increased significantly
(P<0.05) after swimming fatigue under different swimming speed; plasma triglyceride concentration increased significantly
(P<0.01) after swimming fatigue under 26.7,31.0 and 34.6 cm *s™'; plasma total protein concentration increased significantly
(P<0.05) after swimming fatigue under 26.7,34.6 and 38.6 cm+s ™. The plasma glucose and lactate concentrations
increased significantly (P<0.05) after fatigue in critical swimming speed and tail-flip speed tests, however, no significant
differences were found for plasma triglyceride and total protein concentrations (P>0.05) . Results could be helpful in
evaluating the swimming ability, swimming physiology and improving capture efficiency and stock enhancement of L.
vannamei. [Journal of Fishery Sciences of China,2009,16 (4): 533-540]

Key words: Litopenaeus vannamei; swimming ability; critical swimming speed; tail-flip speed; glucose; triglyceride;
total protein; lactate
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