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HAZHAE N 2R A S0z sk ) MGz 3hae 1 52, S YA fi (B AR DGR BE I e SR 1 2% BIFSE R B, v A2 £5) )
AN ) A 30 A 25 R B Ik A i S A AR 25 57 (1) WPl B8 of RAE b A 80 i) 0 51 42 3 B 7 1 PR s sl e ok O . 35 52
(BREKMEBESN) (P>0.05) , Bk TRl it 17 T 3045 0 4 B ( No-advantage hypothesis ) 5 (2) kil B Xt 2 ik b A 81 it 47 20z
SHAE 1 B S UGH BE ( Critical swimming speed, U, ) FlE KA ¥R ( Maximum metabolic rate, MMR) 50 . 3 ( P<0.05) , 18°C
PAE-18°C LT A U, A MMR BT 28°C YIME-18CHILTR B9 U, H MMR , 45 R E 73 STRFIIMEA 25 R UERTE A 2 i ( Cooler
is better hypothesis) ; (3) YIFLIREE AR BE K R XS FR AR B AT 32 SRR (Active metabolic rate, MOZ)fﬂifﬁfbﬁ%ﬁE
T IH#E ( The energetic cost of transport, COT) 52 0 ig3& ( P<0.05) , {HASEIE RIS, HUFGHE /N T 30 em/s B, YIAL IR EEXT MO,

1 COT TEsg i , 5 R SAF Tt Mt s 0 2 Bk B2 R T 30 em/s I, 7ERFAE B WEE T 285 28°C WL Ay s AR BRI TR 18 7E 28C 18
J2 18°C KT T MO, Fl COT P4, A5 A1) T SR AT 2 {BOME (Warmer is better hypothesis) o #F5E 45 R 978 - YIMEA 4
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Effects of temperature on different eco-physiological properties in Spinibarbus

sinensis ; testing the beneficial acclimation hypothesis

HUANG Yan, PENG Minrui, XIA Jigang "
Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology, College of Life Sciences, Chongqing Normal University ,
Chongqing 401331, China

Abstract; Traditionally, it has been assumed that all acclimation changes to the phenotype enhanced the performance of an
individual organism in the environment in which those changes were induced ( beneficial acclimation hypothesis, BAH).
However, since the responses of different eco-physiological properties of animals to acclimation may be inconsistent, the
phenotypes selected for testing are particularly critical for the verification of BAH. Thus, it is necessary to integrate different
eco-physiological properties that characterize the fitness of the organism and to explore their response mode to acclimation.

To verify the hypotheses (e.g. BAH) related to thermal acclimation, Spinibarbus sinensis, which is widely distributed in the
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middle and upper reaches of the Yangtze river in China, was taken as the object to investigate the effects of acclimation
temperature (18°C and 28°C) and test temperature ( 18°C and 28°C), as well as their interactions on the aerobic and
anaerobic swimming performance of this species. We confirmed that the responses of different eco-physiological properties in
S. sinensis to temperature acclimation were not consistent. (1) In addition to maximum linear acceleration (A4, ),

acclimation temperature had no significant influence on maximum linear velocity (V_ ), latency time (T ) and escape

max Latency
distance during the first 120 ms after the stimulus (S,,,,.) that characterize fast-start performance of S. sinensis (P>0.05).
The data tend to support “no-advantage hypothesis”. (2) Acclimation temperature had a significant effect on critical
swimming speed (U, ) and maximum metabolic rate (MMR) that characterize aerobic swimming performance of S. sinensis
(P<0.05). The U, and MMR of the individuals acclimated to 18°C and tested at 18°C outperformed than those acclimated
to 28°C and tested at 18°C. The data tend to support the BAH as well as “cooler is better hypothesis” at least in part. (3)
Both acclimation temperature, test temperature and water velocity had significant effects on active metabolic rate (MO, )
and the energetic cost of transport (COT) in S. sinensis ( P<0.05). Interestingly, acclimation temperature had no effect on
MO, and COT when the swimming speed was less than 30 cm/s, and in that case “no-advantage hypothesis” was supported.
Whereas the MO, and COT of the individuals acclimated to 28°C were lower than those acclimated to 18°C no matter the test
temperature was 28°C or 18°C at a specific flow rate ( greater than 30 cm/s), and in that case “warmer is better
hypothesis” was supported. Overall, the data from our studies rejected the generality of the BAH. The results indicated that
the verification of the BAH was not only influenced by the choice of phenotypic traits, but also strongly affected by the

selection pressure of the test environment.

Key Words: temperature; swimming performance ; fast-start; beneficial acclimation hypothesis; Spinibarbus sinensts
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6. (1) DL 25 B ( Beneficial acelimation hypothesis ) i M4 80 (0 B A5 1 2 38 L7 16 S 025
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FERIAR (TETZIRE T ) M AT B4 s, B0 3 932 3h e ol BIGTR B B Mtk o Y 5 (2) #0AT 25
( Warmer is better hypothesis) Fll(3) ¥4 25 {156 ( Cooler is better hypothesis) W43 51\ Ky, = i/ R IR T 913209 3h
Y55 HC AR EE T YIS S AR L (FEAS PR EE T ) BT B4 AT R R EGE A Y 5 (4) Bt R B IR B
(Optimal developmental temperature hypothesis ) I\ K, AR EGIR T & B 198 5 HABRE T X & s
He(ZEAFREET) Y B AR LR 54T R ; (5) Joti M5 ( No-advantage hypothesis ) A4, 7E 8]
W) IE 6 SRR R A IR X s ra AT o R TEsE M AR L AR LUBIEAT 25 8 U R L5
Wi 77, R0, BB ARAR T — S SRR 1 S, (0 A8 M — B AR R

12 Bl S e o B AR BRI Bl 2 — R AR D BB D RE IR ] T AR A B A I A 2 R Y
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AR EERE , 5 WaE A R UIARSC T BRI, f 28A ST B [ A B Bl IR Tk O OR TR, 3
 RRUE IR UK B T R Y AICAE | S5-3I A SR A AR BRSSO T, A AR e R 5
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1.3 o4z shhE i E

KA 2P 3 3hi 1k BE J7 ( Fast-start performance ) Il 5E 2 G pEA 7 2 22 1Z RS FRAFE NI IE
SR (XTI, 40 emx40 emx 15 em ; SEHGHLIE A AYE A VLB 214 1 emx1 em AIRIFELL) (—4>
P F/KFEIE R 77 30 em AR LED SERESGIR L K —~ LED B BK b8 m AT 45 . K B4 1 mm A9 €8/ B0} Bk [
TEAE S B e B JRERJZ AR S A DRl R R R R SR A AR SE, 44T 5 min YIS
N AT BR L AL e, K AR ZK IR 8 om , M 48 = 90 % 1 PR 48, S 56 F) DR It stiadkate 7 Ay i v ik v ol
WO (A5 :0.75 v/ em RIS 50 ms) o 78 K 3% HL DK b A ] IRE, e S B2 AL (500 Mo/
BASLER A504K, Germany ) F 4 A45 i s S0 0 £ A B BE i o 72 40480 B 2 s . LED F8 75 KT HL U555 3R 3 U
FRI, w] LIE o SR AR AT LA A 1 1 {500 S SRR i f 2

FHEGAL PR A (nEO iIMAGING 1 ACDsee 12) Xt 41145 i RIS 47 AL 2, R FH 4K TpsUtil A1 TpsDig
(http ://life.bio.sunysb.edu/morph/ ) ¥ FIAR B0 - A LA £ 5256 £ 0 6 B8, MKl 5 O L300 1 5 H s g s e
(Latency time, T, ) JRARZHE (Maximum linear velocity, V,, ) K (Maximum linear acceleration,
A ) VARG IR 120 ms B0 FS 87 F% ( Escape distance during the first 120 ms after the stimulus, S, ) %
28
1.4 AHizshiie e
1.4.1  IEFFUKHEE ( Critical swimming speed, U, )

R AWK OO E U, 20 o D 5 502 S0 56 £ A DK TPl 1V 20 min AR 17 AOK O
A (6 em/s, B —FEEK) o Z)5 8K 6 em/s TFUR, BB 20 min 32 FF— WK 3 (G &= 0 6
em/s) IR 1 R LA RIS N YK R AR TR0 IR K1) 80% , B2 S B3k Sy RS, 1R
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15 U, M i R b i T A (HQ30, Hach Company, Loveland, CO, USA) Xk A8 N K A 7 480K
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MO, ITHEARXIT .

MO, =60 (S - S,)V/m

T, S Sy 43 AR KA K AR TE A 250 AT fa (AR FE AR ) IR OL T AV UK T B ) A5 fb Ak 26 1) 246 X,
V R KR R G BRT(3.5 L) W SC i A Jir 7 AR, m S S B fa AR TR (ke) o

W U 0 SRR P AR ) f K MO, 38 R 3 KARIH % ( Maximum metabolic rate, MMR) ',
1.4.3  FKACR

38 15 S YUK A2 B PR S HE B JH #E ( The energetic cost of transport, COT) 3R & BIFFIK SR, COT(J/m)
R MDA > COT MR AT .

COT = 13.56 MO,/ (U x 36)
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2.3 RN S f0 s SR RN UR AR Y 5

YR EE DR R | Dk o X S £ 09 32 B AL MO, 520 1 3 (P<0.05, % 1) . SIFk B /N T
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Table 1 The effects of acclimation temperature and test temperature on different eco-physiological properties in Spinibarbus sinensis

At IR BN/ C IR EE RN/ C ZHAEH
Variables Acclimation temperature effect Test temperature effect Interaction effect
RS shRE S Vo /(ms) F| 6=0.156, Fy¢=2.53, F 6=0.064,
Fast-start performance " P=0.695 P=0.117 P=0.802
F\ 6 =8.76, F\ 6=4.97, Fy 6=6.09,
P=0.005 P=0.030 P=0.017
F 60=0.964, Fy6=16.9, Fy 6 =0.305,
P=0.330 P<0.001 P=0.583
Fi 6 =0.692, Fi =922, F 6 =0.021,
P=0.409 P=0.004 P=0.886
WFUKRE 7 Fi60=30.38, Fi =188, Fi60=9.82,
Swimming performance P<0.001 P<0.001 P=0.003
F| =159, F| ¢ =63.5, F| ¢=0.238,
MMR/ ( mg 0, kg’l h! ) 1,60 1,60 1,60
P<0.001 P<0.001 P=0.628
Lﬁiﬁﬁﬂﬁ]f’? . MO,/(mg 0, kg™ h™") Fy =330, Fi 4, =315.8, F 1, =0.001,
Active metabolic rate P<0.001 P<0.001 P=0.975
A7 S i F =9.34, F =189.3, F =0.117,
PR I B Fll?ﬁ COT/ (J/m) 1,422 1,422 1,422
The energetic cost of transport P=0.002 P<0.001 P=0.732
Voo s TR E Maximum linear velocity; A, : S KNI E Maximum linear acceleration; T grency : SV Latency times S50, 0 RIS

120 ms NS B0 Escape distance during the first 120 ms after the stimulus; U, : IS #9K# & Critical swimming speed; MMR ; f KL
Maximum metabolic rate; MO, ; i& B % Active metabolic rate; COT: PN BSHEFE The energetic cost of transport; * P<0.05, 255 i 3

0 18°CHI4k B 28°CIfk
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g 09 E

4 < 9%
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B 1 YIEREFRNRREX R ERRIEE V. AT atency ~ T S120 ms FIFE 0
Fig.1 The effects of acclimation temperature and test temperature on V..., Anas Tiatency a0d S1y0 s in Spinibarbus sinensis

2 TRERHE Maximum linear velocity; A,,, : HHKMNHE Maximum linear acceleration T, : BT Latency time; Sy, : TR

120 ms WL EE B % Escape distance during the first 120 ms after the stimulus; * 78 [A] — 7R B T R [FR R YIfL 4 18] 22 7 B 3% (P<
0.05) ;a, b FARFHEARRER 18°C YLK 25 0 7E AR RIS T 225 8.3 (P<0.05) ;x, y FARTFHEARR LR 28°C YAk 5525 10 726 AR TR
IR T 22 5% .3 (P<0.05)

max *

el i, BIA L E TR | iR G X S5 £ 2 Bl 7 B REAE COT 52 i3 ( P<0.05, % 1) . 24liF
K BE/NT 30 em/s B, WAL IR EEXF COT CR2 M (P>0.05, 18 3) |, 45 3 32 50 25 U0 5 1 24 9% bk o 2 K T
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Fig.2 The effects of acclimation temperature and test temperature on U, and MMR in Spinibarbus sinensis
U, WGFHIEKEE Critical swimming speed; MMR: S fGH % Maximum metabolic rate; * 3577 7] Ik T AR 7] 6 B B4 ] 2 5
#(P<0.05) ;a, b LARFEEARZR 18°C YL S50 AL AR IR BE T 22 5 3% (P<0.05) 5x, y LARFEEA R FRR 28°C YLy SL 5 £
FEA TR EE T 225 2.3 (P<0.05)

30 em/sBT, TERFRE TLE T 48 28°C YL A SE 56 1 TS 7E 28°C /& 18°C MY HE T COT H#AK ( P<0.05,
K 3) 45 S A 2R,

—*—18°CYUL—18°CIIX  —a—18°CHYML— 28°CIIX  —a—28°CHYIL—18°CIMIX  —o—28°CYUL—28°CIIA
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B3 DiMEiR R i iR ik B X rp AL B RISE MO, F0 COT KYZAE
Fig.3 The effects of acclimation temperature, test temperature and swimming speed on MO, and COT in Spinibarbus sinensis
MO, ; B3 LR Active metabolic rate; COT: HL{7 M HEAE The energetic cost of transport; #3718 75455 7K It 34 B A IR] — R0 8 AN AR

FEDIfb g 8] 22 5 i 2 ( P<0.05)

R SN R R TR IR AR AR K FR B b X R IR AR Ak — M Dy A PR IR B A A (1 i % (128 )
RIS PR AR AL (N ZE T A4 BT N PEREE TR D Bh , Ak BRAL AR S A A R B A T S R
PAE FLRE 7R SR A AR A X — R A 2R R e/ M A A S R 3R

W EOLT , 5B B IR S W AR EL | 28 05 AH [ SO R 58 94k 1) 20 W B A 7 A2 1) ) 1) 30 2
B BT, B A XA B P BT e i A DI 3R AR R R T — T R AR
), I AE— R BNLE T AT TR G, 2R RAE & B, 22°C P fb—22°C M3 A [ K Az BB HL ( Macrobiotus
hufelandi) 38 T L G2 S H %K T 2°C—22°C LT 893, (5 2°C HIlfe—2C KT /) 3 5 22°C 9
A—2°C T Zh WYz Sh R AR L TC 1835 22 5, 45 SR 00 SRR IR 2 (B0 5 2 0F 5[] N i 2 3, A AT i 5
T3P ) ST 56 TR P S 2 s R A S35 45 B 132 Sl R . Geister 55598 TR IRIIR IR BE (27°C |
20°C) 25T, KB IR (27°C 20°C) AL EE (27°C .20°C ) X AARARHIR #8555 ( Bicyclus anynana) 38 Bt 51 %R
FYSENA] | 45 58 BRAE 20°C NRAFREE T 28 17 20°C Y4k % 2l 4 28 032 Gz T oAl A4 SR T 7E 27°C il R B
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TR 277 27°C YL AR 19 B T2 75 20°C PRI NMA (L7 20°C & & 27°C WAL AR A
Pedse) |, 25 R4 S LA 25 IS, L Ah it B 507 R B, 25 25°C BIAL 1 45 )5 8B ( Cynops orientalis ) 7F
25C AT BE e VK T BE B KC , 15°C 1 20°C T Ik Fry e BE 7 107 £ 00 L B T Dok B R ke, 8 ) 2 IR
FEYIL I ShTE LR T B BESR A DRE 25 BURIGE & | 45 SR 1 S DI AT 25 G

— AN, A DAL TE RS A B AR A DL (767 R B & R PR R ) B2 BEHL AR B0 4 L (1
T AL X FE 5 (7= A R DI R FH O T B, Yot AL B0 A S 7 A — S 4 s 58 8 700 T £ 452 725 2 L))
B AT I A K AL R AETE 00 R, WL [ 5 1 A2EL 2 AL BR 5 A 0 R 55 7 i)
AR T BEAEAE 2 500400 (B, 28 o PRt AR R , e e £ 0] 08 5 I R T 52 70 25 6L T 52 A 7 43 3 T R T 1) 1—2
JRkEIRE , TTRTKIZ ShAE I 7E 4 FkBIRASE , I (LS AR vl 70 0 (1 J ) A8 DA R 10, TR, A 1Y
FRIMER AR XT YA A 22 U 30 e T | (AR A2, AR RIS AE A R BR T A= 3 —
T 2 AN R X YIS 2 A TIRTIE | A5 A 25 AR T R B M, AN S 4 fa 2 R T
PR B A5 RE I TE DAL AT 25 558 T L33k S AR [ () A 38 A4 25 M R =2 AR B SRR AE AR IS R ) SR
23 S TR B SRR 7 S LA 25 1B . BFSE & B, v A {0 0 S ) A B A 2 B L 1 £ 1 7 7 7
25k AL BRI X 2 b A 8]0 BTG 4R B g ) U Bhilfe Tk TE W (BR A, 80 (X FEAE
A (BB A 468 BRI U, 1 MMR 206 535, 9T FL 25 5% 1 vh A6 (30 60 1032 B 1038E % MO, LA S GZ 30
7B B HEAE COT, Ho— MR ShAE 152 DIk IR S S0 AN 805 11732 D00 st T S S 25, s v A o L 46
32 1A 3 AT R R A A A PR R ] 38 R 128 S T TS R B T 25 R, T S R
32 1 IR 1 A AL BE X I A P 1 7 5 585 3 R B R S S AR R B LA TR A o
FIF AT 20T S B30 PR (0 B R 5 (LBt | L2 By A A R L LA 7 S B ) P SE A, 56
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