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Effects of acclimation temperature on locomotion performance and behavior of pale chub.
FU Cheng, PENG Jiang-lan, FU Shi-jian*
vior, Chongqing Key Laboratory of Animal Biology, Chongqing Normal University, Chongqing
401331, China).

( Laboratory of Evolutionary Physiology and Beha-

Abstract; To examine the effects of acclimation temperature on locomotion performance and
behavior of pale chub (Zacco platypus) , fishes collected from Wujiang River were acclimated at

15 °C and 25 C for three weeks,

performance and behavior (activity and hiding behavior) were measured. We found that fishes

respectively. After that, the critical and fast-start swimming
acclimated under low temperature (15 °C) had lower critical swimming speed and lower metabo-
lic parameters (e.g. maximum metabolic rate, routine metabolic rate, and metabolic scope) than
those acclimated under high temperature (25 C) (P<0.05). Furthermore, both the fast-start
maximum velocity and maximum acceleration, distance moved in 120 ms were lower for fished
acclimated under lower temperature ( P<0.05) , whereas response latency showed no difference
between two groups. The behavior exhibited substantial differences between two temperatures as
fish acclimated at lower temperature showed decreased spontaneous activity and increased hiding
behavior (P <0.05). Our results suggested that pale chub adaptively regulate its swimming
performance and metabolic status at low temperature, whereas the behavior compensation mecha-
nism such as decreased spontaneous activity and increased use of shelter as well as the unchanged
fast-start response latency might be adaptive strategies to cope with potential predators at low
temperature.

Key words: critical swimming; behavior; low temperature ; metabolism; fast-start; pale chub.

S EEAF DI REG, I —H 4% et al.,2015b) , MRIEUFKCRRAE , FTHE £ 28 0 T vk o)

HFEGE F UK (steady swimming ) F13E £ %2 Ui UK (un-

steady swimming) P K2 ( Domenici et al.,2010) , H:

% H AR 4 T H (31670418 31700340) | F BT RF R ELAL Rl
ST AR A (estc2017jeyjA1150) FI T P 2 Z R4 5 B
(KJ1600312) %58,

Wk H 3 : 2017-10-11 2 H. 2018-01-29

* WIRVEH E-mail ; shijianfu9@ cqnu.edu.cn

MR VK B A S B, Uk R b e R
] PRAEAR G R 0 F AR IR R & 48 S
B WS H A4 (Plaut, 2001 ; Kieffer, 2010 ; Fu
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et al.,2013; A S 2014) , BF 58 &l FH i S
UK (critical swimming ) BE 71 2 fiif & £ 2 19 £2 22 1%
Yk fiE 11 (Plaut,2001 ; Domenici et al.,2010) , I
S UK BE J1 B H T M 18 b 6 9 i 5L Dk G
(critical swimming speed, U_,, ) .1z s % (swim-
ming metabolic rate, MO, ) , iz KA % ( maximum
metabolic rate, MMR ) , B3 # 2l I B #E HE ( cost of
transport, COT) %5, AERE Wik £ M LRz o, 7RI
DKk AR v RE RN ) B B AR AR Al (5 A
2014) , 38 T Rkl £ 7R 2 2 A g bl A
( Blake, 1983 Videler, 1993 ; Domenici et al.,2010)
WF5E 3 W (0 I RS 3 ( fast-start ) BE 7 3 i i .24
MAERSE WK BE 1 o R AP S S P8 b e 4
B R (maximum linear velocity, V, ), e K&k
JiNi%E  ( maximum linear acceleration, A ) il b i}
#iit (response latency , T) 5% ( Reidy et al. 2000 ; Marras
et al. ,2010)

@5’3 E 7i (ﬁ ﬁ @ ( spontaneous activity) E/\J f%] fEE
XF SRR ) kR £ R0 A H 05 3 5 i
(Peacor,2002) , I EA EHAESHEE L, 85
ARG SR A T R BB ) A S M S B (E R S T
TEvK T R B R A2 FK B0 ) 2= A BT BE
Jeid BBl ()4 B BT A A , 2 T 14 I 44l 2 XU ( Hanke
et al. ,2000; Pohlmann et al. ,2001) , TEEEST,
Bel B 37 BT 0 A7 A6 X T 10 28 09 2R A7 02 T 40 A ALY
(Millidine et al.,2006) , A W52 L, @il &S
T, B 1 2 AR 18 3 R I3 n 55 B 37 T 1Y)
FIHR (Alvarez et al.,2003;Fu et al. ,2015a)

Vi 2R 722 5 3l W WG . s o SC B Y AR S TR T 22
— MR RE X Ry A K AEHFZ 3 A AR
R (Pang et al. ,2016) , TEFGEIRE DI R
()RR 7 2 TR R BT RE T M, ©A K
WS UESE 7R3 B B LA 28 B Be 2
Rifi Vi B % 1717 B IR ( Lee et al., 2003 ; Peng et al.,
2014;Pang et al.,2016) , FRTXS T A7 2L 40 201 55
BRI AERE X A AF oG 2 IS 4 s Rk
FIRHARIR Y S A A 2 AR SF 2 B Tl AT ok
WX 3z Bl RE ) Ay B I AB S b B2 5T 88 i) ( Zacco
platypus ) J&—Fl S UF 0L A S5 00 /N B BB 40 2 AE
A B AR B AT )T IZ 0 A (Yan et al.
2013;Fu et al. ,2015b) , AT BEXT e FIAERR E ek &
A AR AT, WITEKIR (25 #1115 C) K8 S
FAVLI R ZE M4 Z= 0 2= 1 PE/K IR I Bl (Pang et

al.,2014) . P, AHE 5% 1 HCSE 68 Ak BIF 58 % 42
S3OFE 25 CCH1 15 °C T 5z ghfig 71 FAT R e
E, 555 12/ N R £ 28 X HER T 0 335 17 SR, 480k A
KA AR A 2R S AR LSRR B 25

1 #REFZ®

L1 SEEARES YR

S I VEEE I (4~ 10 o) P A VL H R P
B£(29°02'N,107°50" E; 7Kk 21 C) , FEAR LT = h
A H AR PR R KA (1.2 mx0.55 mx0.55 m)
HIFE 1A . YIS, 5250 f0 5 K DLUK R 2126
AP R AR R — R B, B 30 min J5IE
PR AR RIZEME , KRR SIAE (20£1) °C, AR
EAWA KR 78 A2 SR P AR A, H 4
TKEEZ N MK R 10% ~20% ; YCJEIA N 121 ¢ 12D,
1.2 LR

YNFREEH S5, ¥ i A S g fa BEHL ST R 4 - 15
fi2s c4l, Il 1 C - d7 AR N DIFRIR
JE (20 °C) JFA THR Gl 3 im e S8 ) sl B IR (il
TERKALEE L) |, IR BN B8 IR BE IS, 4E 47 3 8 AR
Yk (Pang et al. ,2016) . I I ] B i HEAN [
A HAa TR X S AR e —2. BEYIME
SERUR AT SR B R K /INGHE B R T R i R
M, 43 I 15 °C (K :7.23+0.52 g; 1464 .7.8+0.19
em) 125 CH (AT .6.86+0.38 g; 1A K ;7.58+0.15
cm) PKE 10 J& S AR | /N2 3 1 v 6 B £
MR AT IR R B EEAT Sy PR Sl Al Sk fig
pALON e
1.3 SHdiE
1.3.1 {GERPERIIGE 3 JAl Y i B2 9N A 45 R 5 4%
48 h, AT IR BRPE R A R R R S £ gy
SR ZIFIE AT RS B (120 L) A7 R
Yk, HE NG 12 em, JH DL AR 52 56 10 78 K 4K
o) I B 3 (Smith et al.,2009) . 7EE 2 K1Y
09:00,12:00 F1 1500 43 5% 5255 33547 20 min 1Y
08k . BTl AT S 544 EthoVision
XT 9 #4743 M, SC80 fa7E 20 min P A9 S Bl I
(m) B2 SR BRAE (Fu et al. ,2015a) B 3 3145
GORS SN
1.3.2 FREFTRHMIE  1E BRI E 5E S, B i
SEHGfh, RS RE B K, TR B A B
BT, Bl S i 3 He sk (I8 A S
PRI, 29 15 emX 10 em, K2y b 2 A0 100 25
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EREIE A 13%, A3 AR R ZS [t
S R, T R R S T TG RS A e T R
WYk, 7255 2 KK 09:00,12:00 F1 1500 5351 %F
SEES AT 20 min BUAT SR, BT A BRI 4
T NFE A EthoVision XT 9 #4701, L4 fa7E
BelFE 7 BT v 5= B8 1 SRR () 7 SLBS ] (20 min) 1Y A
53 LRI SCRHBREEAT R (%) , B3 AR T3
1.3.3 PREEshae e Segn kAT o
ETEMGIRE 3 d, 5458 48 h FFIG P IS dhie
JIRGI R A R T AR R S (B R
) /N AHGANEIERER(ERY 1 mm, i
<0.001 g) HI/b 1k JB /KRS B A8 S 56 #8757 &8 19 Joia .0 for
B (Fu et al. ,2015b) . Fifi J5 0 5256 f0 75 78 28 PRl s
i E 7K FE (40 emXx40 emx 15 em) FEFT 1 h B9
SEAHERN (Fu et al.,2015b) . W 5E KK 8 em,
IKRE BT 7% A%, T 5 S2 M BE B IE 3
o7 235 BRI R S0 0 Ui 28 I AKOR v o7 B, T
R EAAHL ( ASO4K , 7 [F] Basler 23 ) ;500 MifFFb) |
Wit f 25 S5 B £ — U HL R (FRLAA IR 0.55 V-
em™  RFZEATE] 50 ms) (BEBRRFAE,2011) , HLURRCE
BB RN AEE AR AN AT A SR r
TEAREFE], R AHAILAL S T F R RS 17 S 6 fa pR
i shikR SN ) 4 L BE  FAAR G e 51 R A B Al
FH TpsUtil 1 TpsDig A4k 73 B 38 4> ik 3t 1o & v 5K
B B0 RS S . RN 22 | LI £ 50 Y
Bk 4T 5 A3 WP AE AL 3 ( Domenici et al.
2008) . PREE S SEOTE . RRLKHEE (Y, ,cm -
s IRERINERE (A, ,m « s7),120 ms NAIESN
BEES (S50 e ,em) AN S (R, ms) , Hir v, Fil
A, SN R S £ 9 3 o R P SO S o ) B Rk
REEFUIMER L S S5, A S 50 £ 306 3% 5o 7 v F, o8
FFURJE AT 120 ms SEHG O R Sl B iR, S8
T 2 S £ D\ H RSO 4 (LED KT 5% ) 3388 5% f2 )
TG BBt TRl [E] BF ( Yan et al. ,2015)

1.3.4 i SHlEvk e I AR R I PR e il
FESEGIRIE 3 d, BEJG AR 48 h T IR I S e Uk
TR, Ff 5 S 55 B 2 Blazka U
DA DU 2 A R AT O, R AR 2 A E (Fu
et al.,2015b) o W UKACT I A {060 45 W UK 45 | I
HLBL R MLERZh & AL AR R E SR (Fu
et al.,2015b) . Horp ARG S W Tk 8 (SRR 3
L), HiEA LI A %, o NSNS, SEgfafi
TR (BRI 19.9 em?) 21, WA TSR A

e R IR T TR KRR 1k S £ k5
JKCIE T (18 87 3 5 B L A i A R AL A
KA, B SIS RS Z 5 1T 2 h AYIE
IO 3 7 0T ) iUk 48 28 B w1 TF T4k, K e i
H3em-st,

WA RS KR B HITE 3 em - 57 4ERF 20
min (JTIE H#ABE) 58S 7E 5 min K
WA FEFETHE 24 cm » 57 , N 5 B:BE 20 min 7K
TR 6 em - 7', H RS )5 (Fu et al.,
2013) o JJum R Wb I by 52 30 £ AN BE AR I DK A T
PRAFOLE T D B AR EF2E 20 s(Lee et al.
2003) . U, 35 LT 2450 (Brett, 1964)

U, =U+(1/T)xAU (1)
U, U S S50 0 58 i 58 i B R R (13 i —A4
B, em - s71) s AU S B — R B K i B A (6
em + 7)) 5 T ARBE— A4 B WE UK BT[] (20 min) 52 S5
B0 7 e R Y (B e — ) 19 52 PRl UK i [R]
(min) ,

Sy a1 i vk A o e HAR R B iz s AR
PR HKTEE N 3 om - s I SE A9 R
V£ H # AL 18 2 (routine metabolic rate, RUR) ( Fu
et al.,2013) , JHLLA Sz S 0 8 1 H o BE S T AR T
SEI T FIFUKE BB R /KR
FAE KA HE 285 i AR S I BRI I Dk
B 5E A A E KR A 2 min I&E—IK
UK TR S g USRI E A
R (Yan et al. ,2013) .

MO,=60x(S,=S,) xv/m (2)
X, MO, R 25 40 (1328 SRR (mg O, « kg™
h™) ;S H S (A% mg 0, « L™« min™") 4351 Rk
WA TGRS T I UK R R BL
PRANTEFE 40 ) , il %05 & (mg 0, « L7") 5 [A]
(min ) AYZME A THEE AR 5o JER KA 1Y SRR (3
L) ;m ALK AR (kg) o I 5E i B B B K
MO, E SRR HE MMR V58 5250 AR g
MIFE bR . A AR B R 98 8& 65 MO, () F1E vk
(x) R FE S LT AR TIA

y=axe” (3)
K a MRUKEERE Dy 0 B MO, , b Ry BUVE il
VKB Y 5 538 bn . AVEITEE (MS) 5 MMR 5
RMR 25108,

PN PR ES RS BIFERE COT(J - kg™ + m™") FHLAG
S R RN R P R IR R AT Y
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COT=MO0,/3600x100x13.56/V (4)
Ao, v FRoR LI A UK E (em - s71) ,13.56 K
APCURRE() - mg' 0,), COT fEB AR H Wik
1.4 FdiEorr

SCES B R ] Excel 2010 #E47 5 #0361
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PR A R il P H R 22 SR RS 15 A
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COT BIVTARAG COT Sk BE i S R 7, TR
FNFDK R XS COT W5 F SR R 5 25537 o

2 FERE5SH

201 T U B A S K R R 3 Y 5
15 CsLHtn U MMR ¥ 5 2% T 25 C

H(P<0.05; & 1), Mt 25 °C 41, K& IE 2 5 K
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LMEIE R EH T 15 C4H(P<0.05), 15 525 C
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WA y=0.0423x+4.3504 (R*=0.697) Fl y=0.0255x+
5.5335(R*=0.590) ,

TREEXT COT 520 i 2, e Uk MLE X COT 51
ANEEMEZFX COT W WAF L HAER (P<
0.05; /& 2), MRIHET 15 CHW KBRS T 25 C
2, {FL B 5 iRk B R B 5, T 2 2 [ UK 0 15
Bk,

2.2 IRBEXT VLS HETRH R Bk %R BE ) Y 0

15 °C 41 5250 0 P 38 2 S 80 e Kl
(V) » TR JE (A, M1 120 ms # 2 7 $
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Fig.1 The effects of temperature on critical swimming speed and metabolic rate in pale chub
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Fig.2 The effects of temperature on swimming metabolic
rate (MO,) and swimming efficiency ( COT) in pale chub

0.05; /& 4) MR E T H 15 CHEFET 25 CH
(P<0.05;[& 4) ,

151 A

1.2

0 | K3

0.6

Voo (m+s™)

0.3 r

0

151 ¢

12

S'20ms (cm)

15 25
REE(C)

3 R BEEEAR R E B Bk BE IR

3 i i

3.1 IR EEXT v AR FUEIK RE T 5 R

RN Y EE N AESH T2 —X a2k
H PRI e A B ( Zeng et al. ,2009) , TE—E
TEETERP IR I T B bt 2 fa 25 /R T B
T IE I SRk BE 6o A= 35 v ) v B T
FOREEL ARWGE R, HIXTF 25 C KR T L5
U, MMR ¥ Z A%, BLAh, IR RMR F MS
TR, iRt U, WIREAR T RE i H B ik oh
IR AR TS, AR AN PR 7 10T KRG 3
TRARFEEERE N, i 7K BH3E K ( Temple et al.,1997) ,
A5 A E AR R BT UK BEFERE Ry . ZE IR ER
071 AR WL L 20 S AR MR A , Bokr
AT RE T 9 5 BOUL A AR R 51 T FE ((Guderley,
2004) , F L 8 B ( Claireaux et al.,2006) ;.0>-fifl
R0, W O R A T RERE IR ( Claireaux et
al. ,2000; Joaquim et al. ,2004) , AfFFEH AKE T
SEEY . RMR MMR 1 MS ¥ 5 BRI 52 T 3% —
Mo SR, AT, IR T MMR T /% T 37.49%,
M U AR T 12.45% 3% 1] g5 R R AR T ok
JEE T B g 5 A v TR VR SR A G (BT 2B)

150 g *
120 |
90 -

60 -

A, (m-s?)

30

20r p

I

12

R (ms)

15 25
REE (C)

Fig.3 The effects of temperature on fast-start swimming performance in pale chub

* R 15 5 25 CAZMER BE (P<0.05),



1894

EERERE OHE3TE FHol

REE (C)
B4 REXEEHIT AR

Fig.4 The effects of temperature on behavior in pale chub
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