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1.1 SEIEzhY

S0 A 216 7Ry il &y £ 0 T K% R IEAR FRZA
] PR (7.1120.43) cm, SFHIAE (10.82+ 1.82)
go LIHATTENE IR A KRG T 37 7 do BRI, /K
IR(25.1£1.1)°C, FhEE 32+1.0, IF%E> 6.0 mg/L, & H
BORFEFR IR 1 R, BRI INERE, LR ErE
A 24 h,
1.2 SR

fEH A I Steffensen =X A 2817 UK BE 771 5 7K
I 5 2165 AR 7 ff 4 £ ) 1 S i R B R Ui
VKOKIE 2l AN . R BlbL . SRBESE Rk = 4l
o WP ZE B FAE A 70 cmx20 cmx20 em(LxWxH),
T A 500 25 42 o PR B AL Al R B ALY Sl MR 2
T, i I AR YUK 2 ol 2 R T I A K. Ui
ik P K IR R A /N 3 3 2 (FLOWATCH,
i+
1.3 L&KM

AKIRSEI LS 4 MR, 35 15.2°C L 20.2°C
25.6°COH BRE) A1 30.4°C o Pk 4K AH T 1) fd e 52 56
60 F&, 7 BUHRZL AR, R4 30 2. THE
A P IR T, BT A K LRI, KR
BRI 2~3°C, PHEIIWE KRG LR S LY 24
h, ZJEREALPRIE 8 &S5 I I LUk, Phik 6
R ST A0 S S KRR o S TR DK K R e v K
W B BE KR, SR 32+1.0, IAf#%>6.0 mg/L,

LRSI I 5 BB, ol 0. 10, 20,
3200 HEAL)FI 40, P32 1A K AR I 1Y) £t B S 56 111 80 J2,
Sy RCTHER BE AL AR AR B A, Hoh TR A 30 BB, BR
ERREL 50 B FHER AL R T S AR A, AR
2 48 50 0 RS0 A R KRR ARER B, b B g R
W 2~3, WELREERER, LRMAIEN 24 h, Z
JrBEHLERGE 8 &SI I RE I AL, Phik 6 s
0 00 ) 2 A U o 52 0 T U K 7R v 1 1A 7K A, 7
FREEE, KI(25.120.4)C, HHE>6.0 mg/L.

VARSI LR 4 ABEEE, 40000k 2.14 mg/L .
4.10 mg/L. 5.81 mg/L f17.36 mg/L(XHEZ), 5056
56 1) D UK KOR v (83 K S AR, BT A A &
WE S, ZIRHNLPkE 8 J STt fh I 1 I Sk,
Pk 6 5L I 0 A f R o S K I (25.2+
0.3)°C, R 32£1.0,

1.4 e SFHEERNE T &

1 4 B Ak =, 78 7.58 em/s B
BN 10 min, Z 5B EPRHE I ZE 13.17 cm/s,
I SIS TF 4R, 10 SR SER TF IR A I R] . S5 A AE
P VK 10 min J5bE K 5 B TR 4 cm/s, A5
¥ 40 il FEEENFK 10 min, MPEE TR 4 cm/s,
WA, B2 S 55 5 1R IEDK, 0k SE g fh
TEUK 5 AR [B] o 9 55 A TFH B o Sy SI2 36 145 7R T UK
FEARGFER 20 s DL b I (U TR AR

erit = U H(T/To)xU,
Arp, Uy RS20 0 BEAS FFELIFTK 10 min A9 5 5
(cm/s); U, 52 3 FE 18 55 (4 cm/s); T H2 55 06 A0 7E e = Tk
P A4 K IS 6] (min); T, 205 18] 18] B& (10 min).
15 JRKRHFERNE R E

SR P S B o) R R R A T s Y K 6 R
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Z A B 2 13,17 em/s, RS TR,
B 15 s BT 2 em/s, QR E, HEIR M
99 55455 LR TRE K, O 19 A 3 R Sy S 56 £ 7 e R T Uk

R . 9% 57 B PRI bR v R S 06 £ 45 R i UK 2 R v 4=
B 20s LI,
1.6 #FIESW

AR AR R B2 Bl U S g £ A Il SO0
e U ) He A AT 5 R T 22438 il Duncan £
G K AR5 I S U A i 2 R 1Y
KR ML AR E, LL0.05 A E K. BT
A B FEAL ] PASW Statistics 18 Giit 4k k1T,

2 HR5HMH

2.1 KIRXTLIEE TR 75 i 4h & fF ok B 1 RSN
NIRRT 168 7R T il &)y 80 199 1 5 Ui R e R
W 1 iR 16 15.2~30.4C/KIRTERIN, BEK
H(T, C)Ftm, SC50 A A IG S (U, om/s)FlHR
FRWER (U, cV/s) YJZHTHENN, (G SFUFHN 13,12 cnvs
T g 29.07 emys, ERUFHEM 17.51 cm/s FHiEH]
37.38 cm/s, 7K ik 5 Ik S U R e R Ui R 1 2 R bR
BER, LR HN Ugi=—0.095T+5.450T—47.79,
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S a1 Il B U A S RO R Y AR A 2
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Tab. 1 Critical swimming speed (Ugit) and maximum swimming speed (Umax) of
Takifugu rubripes under different temperature
n=6—8
K/ C I S /(ems™") Ueri R REH/(cm's™) Upa
TR/
temperature B (B AR A 15 /Ml I N] B (E 7 o 15 Fe/ME o]
X +SE minimum maximum X +SE minimum maximum
15.2 13.12+1.20° 9.85 20.09 17.51+£0.74° 15.03 20.62
20.2 22.57+1.28° 17.17 28.47 23.41£1.15° 20.62 28.07
25.6 29.54+1.00° 25.54 32.99 33.65+1.27° 29.93 39.24
30.4 29.07+2.24° 24.34 39.64 37.38+2.31°¢ 29.93 44.82

W [l — B AR AT AN R R ) R ] 22 5% Bk 3 (P<0.05).

Note: Values with different letters in the same column are significantly different from each other (P<0.05).
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Fig. 1 The relationship between temperature and critical

swimming speed (A) and maximum swimming speed
(B) of Takifugu rubripes

ik I 5 0 114 6 D 3k R e A i i 45 o 21K X
(25.6°C)F130.4°C (P<0.05), 25.6°C F1 30.4 C i 5216 11
P14 1 S i i R e K U 8 4 TG Jb 5 2 5 (P>0.05)
2.2 EhEXTLIEEZR 77l 4h &k B 01 RN
AN R BT 2165 7Ry fif )y £ 1 s SR i R e R
TR AN 2 fiis o SIS R WoR, SR 20 BP L
BRI B de Kk, SR 40 /0N, EREF 10 I SR fR
B Rl o, I 32 B/, 7220,
AN TR BE R 206 0 i 0 A AR 3 2 R (P<
0.05), i f Kl G b 3 25 5% (P>0.05), Duncan £

g 2

A=

AR, R 10 F1 40 AF 56 10 I Sk 2
LT AR 20(P<0.05), {H5%F B2 4 0C ik 3% 22
F(P>0.05); EhHE 0 F1 20 IS5 fr 1 L3 5 %
HEZH 39 70 i 2 2% 5 (P>0.05).
2.3 BEITLLEETRF % &k e IR
ANl S i T £ 8 2R D7 il 4y £2 14 e 3 S
B KU ANEE 3 iR, 7 2.14~7.36 mg/L KA & i
JLEIA, Bl A & (DO, mg/L)THEr, 256 il
FEWEE (Ui, om/s) FR R (Upax, cm/s) 3432 #1318
o, I FEE N 10.40 c/s THETF 29.54 em/s, FK
TiF i N 16.43 cm/s FH= 5 33.65 cm/s. A & i Sl
Fi U S e RO R 2 = R R BOE R, R R A
M Uqi=0.230D0*+1.561DO+5.84, R*=0.995(P<0.01)
1 Uppax=0.806DO%*+11.10D0O-3.919, R=0.985 (P<0.01),
(B 2), 72250 Hr R, AREAS T SR
SRR IR YA AR i 25 57(P<0.01), Duncan £
IR, RN 2.14 mg/L. 4.10 mg/L 1 5.81 mg/L
st S 55 1 74 1 5 Ui 0 420 4 20K % AR 4H.(7.36 mg/L),
2.14 mg/L I SE56 A R i £ (IK T 4.10 mg/L .
5.81 mg/L F1 7.36 mg/L (P<0.05), i) 3 A& %
(P>0.05).
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Tab.2 Critical swimming speed (Ugit) and maximum swimming speed (Umax) of Takifugu rubripes under different salinity

n=6—8
ENES M A3/ (cms ™) Uerie BRI/ (cms™) Upax
salinity  Spgy(Hprifiift X £SE f/ME minimum 5K maximum P EERHER X £SE 5/ME minimum  f2 A {H maximum
0 27.37+2.24% 18.49 35.39 38.93+2.47 31.79 48.55
10 26.4242.97° 17.69 40.44 41.47+2.82 31.79 50.41
20 32.93+1.92° 21.02 40.04 37.75+2.69 28.07 44.82
32 29.54+1.00" 25.54 32.99 33.65+1.27 29.93 39.24
40 24.031.57° 17.69 30.47 39.24+0.96 35.51 42.96
TE: [R5 b AN [R) S0 (10 B ] 22 57 8 25 (P<0.05).
Note: Values with different letters in the same column are significantly different from each other (P<0.05).
* 3 A RERBESETLEER AL E IR R IFHEN & XIFE
Tab. 3 Critical swimming speed (Ugrit) and maximum swimming speed (Umax) Of
Takifugu rubripes under different dissolved oxygen content
n=6—8
Il 5437 18 /(cm-s Vcritical swimming speed % K% /(cm-s™") maximum swimming speed
A/ (mg L) — —
dissolved oxygen T2 (PRI /M ITONI:I FE bR Bo/MiE BRAG
X £SE minimum maximum X £SE minimum maximum
2.14 10.40+0.20° 9.45 11.05 16.43+2.06* 13.17 26.20
4.10 15.50+1.00° 11.45 20.09 26.95+3.62° 13.17 37.38
5.81 23.35+2.00¢ 17.69 32.59 34.59+3.07° 28.07 48.55
7.36 29.54+1.00° 25.54 32.99 33.65+1.27° 29.93 39.24
T Rl =B bR AN R B (B ] 25 57 8. 3 (P<0.05).
Note: Values with different letters in the same column are significantly different from each other (P<0.05).
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16 1520/ 202CHE, SmAIERIEE . BATE 3| e besp
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3.2 EhEXTLIHEIR 7 il 4h &k B 1 RN

Z1 8 7R Oy B Sk T ER PR R f0 28, 3E ER YO LR
5~45, FdiEh R 15~351); Lee 25K, 4I#EAR
7 fifi 4y 61 R TR 57 (%) 3k BE TS Ry 28.5~34 0 A S IR 45 R
WFBH, 208 AR Jy fli 4 f00T D3 I 3R 1 R B AR 4k
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B R Bk oy B i W AR, T R TR A L £ 2K
BTk A 1020 i, R R TR 4 o R AR R
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carii) B AL 2, AAHTAh, LB AR i & £
AJ B ELA Ao Y PR A5 1 I8 0 R AR e A UK %
P RE ST o HAE, KR B a2 5
VK B ) A7 etk — AT
33 BAEXMLIEER A4 &k EE S8

TEERE IR T, MR ARk RE ) — M F%
ik Hian, 76 1~8 mg/L WA AMT, A A 2] )
M6 00 £ %I S A B R A AR A AR
Hpfil(Carassius auratus)2f i (1)1t S o il 2 15 4
Frm I I R AR R R S R, K
PO 4% (Gadus  morhua)VE k — Bk s sz 1 He ik
B R, ZJE W R, AR ST g 25 R R,
BV A S i TR, ZL6E 2R 7 B4 0 i A R UK RE
i A L 7E 2.14 mg/L .4.10 mg/L F15.81 mg/L i, 52
0 #4114 W 5 3% B 3 1) LU X BR2H (7.36 mg/L)REAR T
64.79%. 47.53%#1 20.96%. BRI, IKEFMG T
0.2 % I S0 o 52 W R e i BRI, AN ] T AR
U T 22 s RE WA LLHRYBREN >4, Begnt,
a2 O v VP IR A R Ty e LA 2 ek sl v R
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WEAGFR R GEA0 L 38 i R A R P e ) AR i 3

A AT IE 3l 8 e T A A AT EE,
M JC AUk 32 2 28 B L AR ke, BE IR
Y ETAIERER . ATP MBERR LR, A2 ok 1
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FEEE AN XS A A BFUK BE I S . BRI & ik
2.14 mg/L B} S50 A A e K T L X BR A R AIG T

51.18%%F, oAt 2 419178 B E A1k A bk hy, P&
BEIREE T, A T AR B AR, IS R R
A FLER & TP AR R S EUN I pH B
I, 33K 2 490 ) T S R it Tt 190 0% 2, 3 i s 12 UL
W S50 il (R R BE, AT S 46 £ 1) TG SR Dk i

H T A A A2 S LK ik, AR fa
B OW LN R A0/ o N T K 1151 |
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L [G 2 51 11 (Peltebagrus vachel i) Fl ik 417 £ (14 I L %
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SUKOF N B SRR LA U UK e Ty, 15 e G B
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IRBE AR AT R e A B R A B e Ty, ik %
EfFHAEEZ L,

Zi b, AR RN RS 2 2 B AR AL 6 ARy Bl %)
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Effects of water temperature, salinity, and dissolved oxygen on the
swimming ability of Japanese pufferfish, Takifugu rubripesjuveniles

YU Xiaoming, CUI Wenda, CHEN Lei, XING Binbin, REN Heng, ZHANG Guosheng

Center for Marine Ranching Engineering Science Research of Liaoning, Dalian Ocean University, Dalian 116023, China

Abstract: We investigated the effects of water temperature, salinity, and dissolved oxygen (DO) content on the
swimming ability of juvenile tiger puffer Takifugu rubripes. The critical swimming speed (U, cm/s) and maxi-
mum swimming speed (U, cm/s) of the juveniles was determined under different temperatures (15.2°C, 20.2°C,
25.6°C and 30.4°C), salinities (0, 10, 20, 32 and 40), and DO content (2.14 mg/L, 4.10 mg/L, 5.81 mg/L and 7.36
mg/L). The U, and Uy, both increased as water temperature (T, ‘C) was increased from 15.2 to 30.4°C: Uy
increased from 13.12 to 29.07 cm/s; Uy, increased from 17.51 to 37.38 cm/s. The relationship between T and U,
or Upey could be interpreted with quadratic models, as: Uy = —0.095T *+5.450T-47.79, R*=0.995 (P<0.01); and
Upnax = —0.018T?+2.204T— 12.27, R?=0.981 (P<0.01). The Ug; and U, also increased as DO was increased from
2.14 to 7.36 mg/L: U increased from 10.40 to 29.54 cm/s; U, increased from 16.43 to 33.65 cm/s. The rela-
tionship between DO and U or U, could be interpreted with quadratic models, as: U.;=0.230DO*+
1.561D0+5.84, R*=0.995 (P<0.01); and U= —0.806DO*+11.10DO-3.919, R*=0.985 (P<0.01). The salinity
challenges had no significant effects upon U, and Uy, of the juvenile tiger puffer (P>0.05). Temperature is
known to strongly influence the contractile properties of muscles. According to “compression of the recruitment
order theory”, recruiting all of a fish’s aerobic fibers at a lower speed results in reduced sustainable performance.
The effects of temperature on the physical properties of water may also affect fish swimming ability. The viscosity
of water decreases as temperature increases, and this may increase the swimming efficiency of fish in warmer wa-
ters. The swimming ability of juvenile tiger puffer might be limited by the cardiorespiratory system in response to
hypoxia as a result of impaired functioning of the oxygen transport and exchange system. Furthermore, as another
response to hypoxia, increases in respiratory frequency to improve the absorbance of oxygen must evoke an
additional energy cost to the animal. The absence of any significant changes in the U, and U, of the juvenile
tiger puffer following the various salinity challenges could be a direct result of this species’ exceptional ability for
maintaining plasma homeostasis and water balance in the tissues. In natural environments, lower temperatures and
hypoxia would reduce the swimming ability of juvenile tiger puffer and thereby weaken their predation and/or
predator-avoidance capacity. These findings increase our understanding of the biology and ecology of the tiger
puffer, and may be useful for enhancing stocks of this near-threatened species.

Key words: Takifugu rubripes; temperature; salinity; dissolved oxygen; critical swimming speed; maximum
swimming speed
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