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U ) VIV 38 ( Conslant acceleration test speed, U, ) #0083 (P<0.05) , EEMEXS U, A U, TEBEZN (P>0.05) ;
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Effects of temperature and repeat measurement on fast-start, swimming
performance and post-exhaustion metabolic characteristics in Brachymystax
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Abstract: Temperature is one of the most important abiotic factors for ectothermic animals and has been called the
“ecological master factor” for fish. In the context of global climate warming, the temperature adaptability of cold-water fish
has become a focus of interest and concern. Brachymystax lenok tsinlingensis, a threatened fish in Qinling Mountain region,

is a second-class state-protected wild animal in the China Red Data Book of Endangered Animals, and is generally regarded

BEWE : HRARPAREE T LITH (31770442) ; Berbia KR BHE T H (2018sl1kj-20)
Yo7 B #3:2019-07-30; W45 AR B #:2021-01- 15
# MIRVEH Corresponding author.E-mail ; jigangxia@ 163.com

http ://www.ecologica.cn



2506 JAE = 41 4

as one of the two southernmost-distributed Salmonid fish worldwide. Remarkably, the lowest elevation at which B. lenok
isinlingensis occurs has risen by about 300 m, likely reflecting shifting thermal ranges in response to changing climate.
Although water temperature is crucial for the survival and distribution of B. lenok tsinlingensis, information on the thermal
biology of this species remains largely unknown. In this study, we investigated the effects of temperature and repeat
measurement on fitness-related parameters ( i. e. fast-start, swimming performance and post-exhaustion metabolic

characteristics) in B. lenok isinlingensis. The results showed that: (1) the latency time (7, of fast-start in B. lenok

latency )
tsinlingensis became shorter as the temperature increased ( P<0.05), but temperature and repeat measurement had no
significant effect on the reaction rate (R) (P>0.05). (2) Both gait transition speed (U

speed (U

) and constant acceleration test

) were significantly affected by temperature ( P<0.05), while those were not affected by repeat measurement

cat

(P>0.05). (3) Temperature had a significant effect on the routine metabolic rate (RMR) and the maximum metabolic rate
(MMR) (P<0.05), but had no significant influence on the metabolic scope (MS) (P>0.05). Besides, the MS and MMR
were not significantly affected by repeat measurement (P>0.05). (4) The Q,, values of physiological parameters was larger
in the direction of low acclimation temperature (6—12°C ), and smaller in the direction of high acclimation temperature
(12—18C ). The results indicated that; (1) B. lenok tsinlingensis could react more rapidly at high temperature, but it
mainly adopted the strategy of “keeping still” rather than escaping in response to the low-intensity mechanical stimulation.
(2) The swimming performance of B. lenok tsinlingensis was sensitive to temperature changes, and the optimum temperature
for swimming performance was estimated to be between 12°C and 18°C. (3) B. lenok tsinlingensis showed excellent
performance in metabolic recovery and repeat swimming performance, however, due to the relatively weak swimming ability

of this species, it may be vulnerable to changes in habitat water temperature and flow environment.
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LB TR 0.3—4.8°C 1 IR HE IS BUAR 2 0 2 YRl 2k o H B PRET AR B B A2 B 1T 5 3
HE SRR BRI 5T, 00U B0 a2 CREIR 2 /K P 028 ) R 8 3 Ry 1) Rt i
FTRARGERIRTT

TRLEE 2 S 0 AR R AR SRR T B A R AN 3 T B R S SR e
SahWiiiashae s AR KRR HGE MRS B IAR O IR AL B WA R S AR S B AT 0 Rl
—Ff A S EETE ( Metabolic theory of ecology) R N o N A e o2 )| S O 1 R S S £ B/ Y VA0 854
Tt A9 A= B2 0R B, Sandblom AUV G i B T T Y Y DI )2 5 8 A K AE MR ( Plastic floors and concrete
ceilings ) " fBidd., BV BE i f T B (0 S 2 R RE 1 TH AE (PR MEICIS 3 Standard metabolic rate, SMR) 341, 1Ml 5
KARH (Maximum metabolic rate, MMR ) I {45 A5 28 £ 2 5 B, 45 2R J2 T B0 S0 25 ] ( Metabolic
scope, MS)7E/\N, MS S8 Fh A BRIRE T BE 5 A0 ZEACB 2 6], MS 28/ NI o 2 5wl T O 8 R
G AR D REAS JE LA SR AL 09 4075 SRR DG (T4 BE A5 8 7 R ) #4201 B 5 Oxygen- and capacity-limited
thermal tolerance, OCLTT) """ 33 fift A= B 2y i A4 BIR ] e 205 X £ 2 BRI MR BE 2B K & & L S5 45 7 A 4 il
RO

I TR BREE AR IR , Wbk Iz s 2R A RE i | DR R b bt i B S AT 0 SE B 50,
RO AEAE S BATHRAE T SAGIE , 5 HAE & R P OC > 028 Ry S [ A B 2 R FH 09 ok O =X
Al P JE 3l ( Fast-start ) & 1 38k R FAG LUAEAF YA D7 20 R BE T #0402 3l 22 G0 FIA 48 22 G 0 R AR
B DU ShHFLL I )8 > F 1 s, (05 0 28 A4 2 sl i X SR B DDA OGS B ik 46 T BE ( Gait
transition speed, U, ) i Bt o 7K UL B2 HE N, AT 4 B R A - AT AR B AR K I TR AR B RS
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BIEX AT R I UK B RE 2 AR Il R R B R N B R Rz s 25 AR T IR R &= 3 T LR
HEBER o2 I Tk 20 AIHN5EE T Ik JE ( Constant acceleration test speed, U, )il F 4 AE & Ao N o B2 15
SEAE MK EEE B2 A S0 e RS I R IGH B | AR DK R — R DR Y 15 BRI UK I B, 7E f A
bR U OO SRS T AR B S AR AR S P R R AR AR, B T vk R
AT IC AL RE , FBOA U ATP 5 1 AL FIVRE D5 170 K V8 R AL PR D Ph LR 1y SRR
VB3 BN 5 AR IR 2 R 105 14 5 i £ 2 0 S 0 I e Dk M B L A S T Tk M B B 22 TR AR R I 5
Mg >-2327 28 SR R R # A Tkt e S 98 5 AR AR A PEAG 2 1o 0B A B TR SR TR R i
R T RE 5 AR AR FR S M 5 TR

ZRIB Utk ( Brachymystax lenok tsinlingensis) & THEIE H BB At J& | 2 H it 5 L5010 i B v 1Y)
PFpEERHE 2 — R TR SRR A B A s 2 R AR DU 2 vk )1 Y A G D R Bk
Wb, g SR A i o 2R & K P LR 10 2 S a0 A 9 R AR B ARER | T2 A T R e Ll &R TR 900—2300
m (4 LR R 20 A A R B, i RO A SR K IR A TR BER |, B % AR ARAR AN A T Bl
BISZIR T 20 4k, HA AR FRRE & 3271 T 200—300 m™*" ) SR, RS KR 2 E Z M Fh AR S
G B B 184 IR R AE W) A RO ST 1o B = DUk M RE T 28 U 20 8 fik A A B AT R OCHR B O H
A BRI (s LA BRI A OB BhRE ) ) SR A A 2 A B (T A R N E I Uk RE ) L R R GE
AR (5 B AR A PR SRE ) ) St T IEA R | i 2 A8 A R ISR AR 17 3l T 30k K A A
SO HE PR P REAR T e AR Y ARBIR AR T L R E A I ke 2 0 A e M Bl R DDk
AE N 8 J ACHHRFAE A SE ], LU R0 R A DR AP A BT 9T 5 S e S 2%

1 M5 F®

1.1 SEsefn

ZRle A2y 10 ( (22.120.98) g, (11.420.14) em, n=27 ) SR H BEPY K FH ¥ K 2K A= A W) 1 2 9 A 98
RIPIX(33°744'N, 107°460'E) K S250 6T 3 LI PAEIR R 40 (500 L) YIFE 21 d DA 268 5y 50 50 % 45
YIFEAAF T L 5250 F/K Ry 7850 B S SO Zoad TP it BB Y R K 7KL (13.520.5) C (5 R AF S5 AL 2
UT) , KR = 90% 1 FA 48, B A <0.01 mg/ L, KA B A7 T KA B DA 2k A58 5 H 8.00
T A M R H 401 L ( Tenebrio molitor) — UK, 1% M2 20 min J&7 , W 2GR HIF B #R 1/5 KR LIRS K RS T .
1.2 SLRHE

AR I E 6°C [ 12°C 1 18°C 3 A AEAAM AR BB (o 18°C AR T 5L 10 i 2 b 3 5 A4y
B TR B, 6—12°C Sy 5200 0 1) BEFHE FORLE , M4 2RI B 2 T 6°C Iy S 30 8 [ b3t 7™ B J0l 3 7 >4 4% 2 i B
T 6°C i i) FUFERAINE ) o 3B R4S AT K LI A BN 4 3 41, A 9 B (n=9) , iR E 3
ASFHIRN Y AL G FR 2 IR KR S SR 5 B & 2HKIR N (13.5£0.5) C TFEA L 1°C/d 14 58 38 T 1 3% [ T, 28 158 5 1Y)
3ANYIMLIREE (6,12 18°C) , IR 5L g0 M 76 4 A AR N PR T 94k 21 d. REEDIMR AR, B T /KR A S, H
AR UGS S5 L B MK T4 5 B 7 o [l O — 3,

P EE R G LB AR 24 h, LTRSS SR, P I A s (E] (RDB& R 15 min, 25,
W S 55 £ 1 A ISR A AR A2 35 17 24 h,24 b 52 2 U s LI vk M 8 S T v i IS R AR AR P R DU
R E] TR B8 30 min, e, AT YIALIEE (6,12 18°C ) A S I (IAE 1. IAE 1) K HAg HAF X 5256
P Sl SN DK BE LA 758 e AR AR AR IR, IR A ] KR A B R e +0.1°C
1.3 PR s shi e

PR RSt A HAR N 1 m A EIE KA IELA T 15 min A B30 AT R85 8 e . /KA PRk 15 em,
KI5 S AR B — 2, SIS R TR KR 8 TN BT W = LI =S Y SRR KA E T
773 m ANA — 5 W R REXT , A2 HL (500 Mii/s, BASLER A504K, Germany) & T/KHE1E 75 2 m b,
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i B B TERE B S M R 20 10 em ARG A EAR 0.5 em (95 LA S g0 oA ) G PR S 3l 3R R
TET 5 HE 0[] I TP v S R AAR B SE B0 t gEAT A0 B, R ER I 2 s 38 i B AR MLA I A PRI LA 5 ik K 1T
(R IR R R AR i 2, R FH MR AL BEAK /F (nEO iMAGING Hl ACDsee 12) X 145 i) S E 47 A B R FH
A4 TpsUtil Fl TpsDig( http ; //life.bio.sunysh.edu/morph/ ) K PG K 74k DL 8 5256 5 U 62 8% | A 41 AL AR 1)
ARSI T H S %8 (Reaction rate, R) SV AT (Latency time, T, ) PR 6% ( 5255 £ %
B ATV T R B A ) LB S S o R R B A e AR S £ Y
T3 LG, 0 T A BV B ANMAIE R 1 TE RV MAIC A 05T, 72 T8 IR I K Az 3] f AR AT
PR SE AT SN T8 g g e g1

1.4 UK PERE B vt wi i AR

1.4.1 HHECE% (Routine metabolic rate, RMR)

SR A SRR AN ( 5250256 B I WL Penghan 5510 ) 5206 0 9 U M g B S i I AR P AE R4 5 00
SEL M K B R S A A K R IE Y 1 h DA HE S MUK R EE (12 em/s, 20 0 BERD— A
K, ZJE, Bk, @ HBEEIL(HQ30, Hach Company, Loveland, CO, USA) Xk & P /K 74 il %5 S 7K
F-HEATINAE , B 1 min E 1K, ZELLNE 20 min, 75 5256 £ 09 H H X % ( Routine metabolic rate, RMR)
(mg 0, kg™ h™") ¥ | RMR PASES (I IFE R MO, Fom , iHRA R T .

MO,=(DO,- DO,, )V /(tx m*™)
K, D0, H DO, 53 5 IE I ]k K k+ 1 I 2RI 28 PN (3 480K 1 (mg/L) 5 V(L) g 2 R R 5 S 5
RPN 2208 ;¢ (h) ARFRLS k15 k+ 1 B )] B8 m (kg) RS20 AR, SRy 17 T BRI T 2 S X AR 3 )
TERFEIR K St R FERRIEIL R 1 ke, 0.75 AR EMIEFEE Y,
142 U, MU,

RMR 0 ¢ WU, 5 i 2k 8 H B K 0 R L 0,167 em/s™ A4 IR JBE R 82386 i ( ek 5 3 483, B PR
K h 2 5 AR P ) | B2 S R B ks Bl S IR A R St U B R k- AT B
TEFK G AR AL B N BB — 17 R I U UGHE BE 10 U, , #5250 0 ) s I (AR B 10l U, o J19m R
AT SNbR o Ay S 56 60 TC g BT D Dk O 457 B8 E W DR A i AR 20 s DA 202550 0 Ol sk G it AR SR 3,
YRR 5 T R AT TR UK A8 5 i DA S B AR AR A e (B R 20 s) SR 5 PR AR
1.4.3  JiB)e AR

U, U ESS RS (280t 15 ) RAEK S K IR 12 em/s (S NHARTR]) |, 57 B A 4R
ORIV A KA I S8R AT DU E 5 1 min TUZE 13K, JEZEISE 30 min, 75 H S50 A Q3R ) 38 5 1k
S TR AE A AR AR AIE . 4 S 6 f AR 2 5 2 vh i B R AU R 2 MMR, FF MMR 5 RMR (19 = {Hid K
MS' S e AR S e AR DK A A K AR SR AN TR U 80%

1.5 Bl

K SPSS 19.0 X EHmEATHE oM. 1 Je X SR K #E4T IE A5 44 ( Shapiro-Wilks K46 ) #1775 22 57 V4G
55 A B R IE SR 25550 SR UK 28 5 2253 B ( Two-way ANOVA) 1 Tukey’s HSD 22 8 LK B 22
S0 AR R L IR AT 2255 1 R Scheirer-Ray-Hare 234 ') K6 22 5 8 5 v, Bd ¥ LLSE- 1y
HPRifERFEIR, BB MK P<0.05,

2 HREH

2.0 R R A0 Xof S £ PR R Bl S Y S e

U R o A 0 T S £ P S R R Y TC R 2SR (P>0.05, 3% 1, ] 1) o I B2 S 5 £ (%) 2 I I e
T ey A .25 (P<0.05, 3R 1,181 1) | T, BEIRETF g WIS KT, oAb, I 32 0 o 0 000 o 552 6 s PRl 30k 348 L 191
TCHZMA A e AR TR AL PR 38 H AT 1 R S B s kA T
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R1 BREMESNE RIS B RIE R 30 &R ik R R i85 RS E R R 0T
Table 1 Effects of temperature and repeat measurement on fast-start, swimming performance and post-exhaustion metabolic characteristics in

Brachymystax lenok tsinlingensis

Ar TRLEE O] A 2 SO ZHAEH
Variables Temperature effect Repeat measurement effect Interaction effect
= R H, 5,=2.21, H, 5,=0.421, H, 5,=0.105,
Fast-start P=0.121 P=0.520 P=0.900
I e Fy =262, F\ 4;,=0.046, F, ;,=0.186,
fateney P<0.001 P=0.831 P=0.831
Wevk v fk U (em/s) Fp5=6.754, F) 5,=0475, F,5,=0.438,
Swimming performance et P=0.003 P=0.494 P=0.648
U/ (en/s) Fp5=17.397, F| 5,<0.001, F,.5,=0.099,
o P=0.002 P=0.988 P=0.906
FRBHFRAE -l Fy 0y =12.22,
RMR/(mg O, kg ™' | : — _
Metabolic characteristics (mg 0, kg™ h™) P<0.001
MMR/ (mg 0, ke h!) Fy54=4.787, F) 5=0.012, F,5,=0.543,
v P=0.013 P=0.912 P=0.585
WS/ (mg 0, ke h1) Fy54=1.255, F| 5,=0.013, F,.5,=0.566,
: P=0.294 P=0.910 P=0.572

R: JZ)JW % Reaction rate; Teney * S H Latency time s Ui = AR Gail transition speed; U, : 2IfIIENFIKHE constant acceleration
test speed; RMR: H % XiH* Routine metabolic rate; MMR; iz KX #E Maximum metabolic rate; MS: X7 Fl Metabolic scope

O BHJE B 'BEWE

= 100 800 .
= g
g 807 S 600 |
5 oy
£ 60 5
3 = 400
& 40} =
* £ 200 |
B 20 g
= =S
18 6
5.8 Temperature/°C

B 1 EENE SN E X S BRI R B R RS0
Fig.1 Effects of temperature and repeat measurement on fast-start of Brachymystax lenok tsinlingensis

a—c D ARFBEANIR] ZR 7R 1 U 58 AN IR BE 4 1) 22 57 i 2 (P<0.05) 5x, y ok [] AR SRR /R 50 8 I s AN [ BE 4L IR 22 55 i 3 ( P<0.05)

2.2 I AR A I X S B iR UK M R 11 s )

TRBEX S0 Y U, R U, 5200 35 (P<0.05, 3% 1,8 2) , B e X ey U, M U, JC B35 m
(P>0.05,% 1,K2),
2.3 RS s shaT H R ACIEPR RMR A5

V5L BE T SZ I 1 RMR 5200 3% ( P<0.05, %% 1) , RMR B9k IR B 09 F+ =5 i FH s, 6°C 129C  18°C UL T
) RMR 43914 (118.6+10.1) , (151.4+9.11) (182.0+7.86)mg O, kg™ h™',
2.4 P AR A 0 X S £ T 9 I AR P 5

AN BE T Y S £ ) 0 I (R AR S AR LR 3, TCi W1 vz sl s i AR 2 00 1 ik iz 3l e
MR 30T 1L, 206 AR e i i L Tk B, B DRl T R I8 A5 Wk &R 332 sh i KT, 3 X S 56 A 1
MMR S0 B 3 (P<0.05, % 1, & 4) XFs2gbfa iy MS TR E M (P>0.05, 3 1, & 4) | 55 0 5 X 5256 10 1)
MMR F1 MS 170 0 Z 5 0 (P>0.05, 2% 1,8 4) .
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Fig.2 Effects of temperature and repeat measurement on swimming performance of Brachymystax lenok tsinlingensis
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Fig.3 Metabolic recovery after exhaustive swimming in Brachymystax lenok tsinlingensis at different acclimation temperature
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Fig. 4  Effects of temperature and repeat measurement on metabolic characteristics after exhaustive swimming in Brachymystax

lenok tsinlingensis

MMR ; F AL Maximum metabolic rate; MS: fRIITEHE Metabolic scope; a—b AR TR Zs 1 U & A ) R 28 41 [A] 22 57 .3 ( P<0.05)

R2 FIRESEETEEESHMAERE

Table 2 The thermal sensitivity of different physiological parameters in Brachymystax lenok tsinlingensis

QIO{-a
Ui/ U,/ RMR/ MMR/ MS/
(em/s) (em/s) (mg O, kg™ h™")  (mg O, kg™ h™") (mg 0, kg™ h™")
T E 6°C 1.38 1.45 1.50 1.64 1.75
The first measurement 12°C 0.83 1.02 1.36 0.99 0.74
18°C
W E 6C 1.68 1.48 — 1.27 1.12
The second measurement  12°C 0.80 1.10 — 0.99 0.72
18°C

Quo: R Qo= (Xpp/Xp) '™ | 5Urp Xy A1 X 43 BIRIREE T1 AN T2 B AY A BB 4

3 e

3.1 iR A I ) L A PR GH R S 2R

0 ISR S ST 4 L0855 W b (R R AR A BIOIR A DA R A A X SR A A A OB
P TR B2 R LA RE S AL 25 AL PR S i i i) % — e Y R, e 28 1 DR I sl ok RE ) R 1 B o R B 1 T
AR T, B, Yan 252057 K30 SR FH LR B 17 ( Crenopharyngodon idellus ) #1471 ( Carassius carassius)
AT ( Spinibarbus sinensis ) | fifi £ ( Parabramis pekinensis ) . # £f ( Cyprinus carpio) . H W 1 ( Onychostoma
sima ) 55 JURP SRR 0 28 (19 st 106 iR BE 07 (306 3% 5 KR 2 6 R IR 29 ) 76 25°C T 5 15°C T AR B 48 T,
IR, 130 S5 A 2 B30 AT R A XIS SRR 1 T2 A A X SR AESRAE Ry O — i PR R A — S 2fs 2
R B AT R A T RR A9 B B ( Freezing behavior ) iR 45 174 ( Withdrawal behavior) 0L 5 n R
f851( Solea solea) . tt H £f1.( Hippoglossus ) 55— SRl Mk 55 7 £ 2 A1 EAT L 47 P 28 FH Y A 288 ) 7 8 268 A 35 ) 3 sk
FEAE R I A SR T R S ms AR AR A Al 2 (0 JXUBS: 7y 20 45 P PR 5 8y 2 1) SR AR T ekt
JA SN E I H R R GE— . DMERFFE SR R R0 J7 ik th TR 5 T Fbsede, O B ag
5 T A b A 0 A 9 3 S I B ) 24 S, AR DGR g Iz R ST R L A e DAASE AL £ 2
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