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Effect of dissolved oxygen level on metabolic mode in juvenile crucian carp
ZHANG Wei, CAO Zhendong, FU Shijian "

Laboratory of Evolutionary Physiology and Behaviour, Chongqing Key Laboratory of Animal Biology, Chongqing Normal University, Chongqing
400047, China

Abstract: Under natural conditions, animals often need to carry out digestion and locomotion simultaneously. The
physiological design of their cardio-respiratory systems must accommodate these simultaneous demands either by according
emphasis to one of them or by somehow sharing them. The outcomes of the competition between digestion and locomotion i.
e. , metabolic modes, are ecologically important in fish species. In this study, we selected crucian carp ( Carassius
carassius ) , one of the most hypoxia tolerant fish as experimental model and aimed to investigate the effect of water dissolved
oxygen level on digestion, locomotion and their interaction in juvenile crucian carp. To achieve this goal, we measured the
critical swimming speed (U_, ), pre-exercise oxygen consumption rate ( MO ), active oxygen consumption rate
(MO, ;.
water temperature of (25.0+0.5) C. The MO, ...
181.1 vs 418.2 and 106.4 vs 238.3 mg/kg. h, respectively, at 8, 2 and 1 mg/L. The U,
5.83 vs6.15,5.17 vs 4.74 and 3.78 vs 3.08 BL/s, respectively, at 8, 2 and 1 mg/L. Digestion had no effect on U,
i in both 2 and 1 mg/L. The MO of fasting and fed fish were 689.9 vs
957.5, 587.5 vs 687.1 and 434.7 vs 469.9 mg/kg. h while the MS of fasting and fed fish were 463.2 vs 469.2, 406. 4 vs

268. 8 and 328.3 vs 231.6 mg/kg. h, respectively, at 8, 2 and 1 mg/L. At 8 mg/L, the postprandial increase in resting

crit 2pre-exercise

) and metabolic scope (MS) of both fasting and fed fish at 8, 2 and 1 mg/L water dissolved oxygen level, under
of fasting and fed fish ( satiate meal size) were 212. 1 vs 488.3,
of fasting and fed fish were
at

8 mg/L, but it caused a significantly lower U

2active
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MO, was maintained at all levels of swimming speed till the highest swimming speed and fed fish showed a similar U_, and
MS but a significantly higher MO

suggest that the juvenile crucian carp can handle both digestion and aerobic locomotion simultaneously in normoxia due to

saaive » Which indicated that crucian carp exhibit the additive metabolic mode in normoxia. It
the higher respiratory capacity and relatively lower metabolic capacity of digestive and locomotive tissues. Since the
respiratory capacity (as indicated by MO,, ;. of fed fish) decrease more acutely than swimming capacity (as indicated by
U,, and MO, . of fasting fish) with the decrease of dissolved oxygen level, the elevated MO, due to digestion can be
maintained under only lower swimming speed throughout the U_, test at both low dissolved oxygen level, but the fed fish end
up having a profoundly lower U_, and MS and a similar MO, compared with fasting fish, which indicate that crucian carp
exhibit the digestion-priority metabolic mode in hypoxia due to the intensified oxygen demand competition between digestion
and locomotion. The present study showed that the impairment of postprandial aerobic swimming performance increased with
decreasing water dissolved oxygen level due to the unparalleled changes in the central cardio-respiratory, peripheral
digestive and locomotory capacities of crucian carp. The different metabolic strategies of juvenile crucian carp at different

water dissolved oxygen levels may relate to changes in oxygen demand and supply.

Key Words: dissolved oxygen level; metabolic mode; digestion; locomotion; oxygen consumption rate; crucian carp

( Carassius carassius)

BEREE S ARNUESh Y R £ B AR BE B0, [ B 2 DL BE T AR M R B A ARIEMLIRIZ 3h
T B T A A S RE A QI SRR /N B o 3 5 R A B TS ) 4 P P R T 22 /0 BT LK 1 2K 50 M Ak
AU AE SR A 2R B, AR Tz sl B R S T Ak AR K Y 2R R AU R AR o B R A
(MS) , HEZ R B T b f A KB4 HLAR A BEIh BB B9 58 B nT fE 23 2 B E I AE 1 (AR A L2 %
A AR TR R ) Fnd AR RE 0 ORI sl 52 3646 s PRI 0 A0 IR ) 25 0 TE R BR A . 7K 2R
Bz Hinp 228 sk, PRI AR TR A= s 4, 2 A4 BRI RE I HEAT P BE T ) 32 Do B b R G I
W, A LA R T RGeS R AL SR RE T BRI 7 SR A #0 JSF5 2 (W] A b A7 B 1 T FL i
TKIE Bh, R T A A RIS PR HA B R O Y W R I AR R AT S HLAATE T Ak RE B R
e ISR AT S B AR AR Y A AR S AR R A 38 S R e R e
Feia AR AR SR R O A AR AR = A B OGRS SR R AT
TSz shae a2 T LI FL2E O Segxt 4, i T A AR QAR5 S A AR BT — i TE
20% —50% ) ,ARMEXS 12 B BE J) 7= AR e, BEE AR 200 B 58 A £ 28 (I AR = A AR R BT — T
150% —600% ) FCAT I Wi T e , 48 J5 32 B 6 1 A8 Ak AR 25240 OB i e 3 06 Y Bl fs %
TERE AR LR Fh I 202 SRR S AN IR TR XA QTR S A S i A fa 2 R 7 0 M SR AT R
A X B A e, SR S T R AR S B IR 2 DS B UTA G, nxd T4
( Carassius auratus) MR ( Cyprinus carpio) AR HI L ( Spinibarbus sinensis ) BIWFFE & L, ZEARIE T H TA A
LA A T RE AR RE J7ARXS B, S4B A AR =X BE A TR B2 1 b T AN [ £ AR A8 AR 2R A i 22
A3 IS A AR S B A Sh A Je R i) A S R QI 2 5 AFE T 895 ( Dicentrarchus labrax ) 1
P J7 il ( Silurus meridionalis) b AT, WF5E R BUWIRR SR AEARET (1 mg/L) BB S e i = >0, B e
W, o0 Tz 3 RE T B AERR XS T #8447 BB U TEm i 25 F T, 2R 2 R 1B sh L e =k RAlE— & 1Y
IBHNRETT o SR, X AR AR 1 Ry B M A 28 A AR A e 1 48 B AR R 0 (B 1) T AR AR AL ) i
A A 1o LA A S B A0 2K 3 G e AT F 98 . 8046 ( Carassius carassius) R AP 2S 386 IV GE J 5, Hod 1k
RE AR EAG |00 8 2R G0 285 ¥ L S5 AN BE 1 T 9P | A IR 22 B8 ) SR i) f e 2 — | AT IR I
JIXFAE PRI RE R BRI R IZAN K o BF5E K 0 EER 0 S A LA S A T RS 2 3] 1 mg/L Z 1Y
B U IR TR B A AU (P, ) 1) I 3 AR A B AE 52 R, R A R 9 ok B4y 1y
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SEESXF G AE 25°C SR L A3 IIHE 8 (MUFIIA UK ) 2 Al 1 mg/L IEEUKET I 5E 25 i AR5 102 i
HEzEhHE 7T, Bl FLF 0K BE ( Critical swimming speed, U, ) MHFEF R (MO,) , ARWF5E H AR &% 55 FHoK
S o ) £ (AP SRR 52 B 7 etk A f 2 2 — ) B AR 32 s AR i A A2 A (BRI ) A5, I b A
HHEmaRNER,

1 ¥REAZE

1.1 SEgfapk IR 5904

SEEG AN A0 (R H (7. 7240.25) g, MK (6.96+0. 06) cm,n =48 ) I T4 i B | W [81)5 F-(25.0+0. 5) C #¢
H YA T 52560 S JE IR KAE (1.2 mx0. 55 mx0. 55 m, SEFRK A2 250 L) o ikt el g wiE . 9ifkk
AR 2 d IR ERK SR E AR KR R 2 78 A 28 S, KPR IE 7 mg/L DL |, K
P AR EE S HIAE 0.025 mg/L AN, YRR, DARS b ARl Ak A T 300, 45 R 7E 10.00 HE47 10 2 $E R 1
U AFTEME 1 1 S5 T W A5 T I R T M S 6 £ (e L 3l B 7K A 2 280 e B ok 10 5% W) S 6 00 TF 3 1) A IR 285
H #7K S 2 IR AR 10% DERREIIA LeN=12:12 h, FESCU0THT 48 h XLl £ 45 - 5
1.2 AN[ARESEUKE T I S0 vk B il

ST WG AN AT A RS SRE T RZ I, o BIE RN AR T (1.2.8 meg/L) TSR
AR FFLE UK AR BV UK B R (U, ) WD o AR (83 0K T3 ot 28 SO R RV A TR 7 (K
7 i SRR NSRS ) AERETE 0. Img/ L,

58 R AR SLG 2 [ AT A8 A0 2Rk AR g O U, ST RE . EARZE R DL IR 1, 38 i 1 A TR
IR IK R LRI S K T AR B 38 A BRI SR VTR A e P S G B e Uy (5K AF L) A R
b E K R I A SR C R, TEREAT U, IERT B 3 A S2ih f0(8 /4 1EH A R AR
2 d AR, 55 3 41(8 /4l ) AR AR RME B (249 2% —4% 1K) |, BEJ5 K 3 4 A0 i InlAS ] i S8 K
(1.2.8 mg/L) (A2 AT 2 A AOK (6 em/s, 0.5 BL/s) 3@ 2 h (MR IE T4 SL 00485 FER R
BB | A 52 56 B B AR A 0 B ) L BEJS TG U, WIE . 30 SR B % AP 4 0% (ramp-
U) , BIBRTEE N 15—18 em/s  BERHTHRIE B (A V) S 3—6 cm/s () 8 30 B2 R ) 508 DARIIESS 52 5
ZHAEARRL G s 18] 7 FsF 5 BSGI0) 2 SA vfe ) |, AR T RFERHE] ( A T) 24 20 miin, LS00 738, 73 1 A B A o g 52
Bt AR 4k, HAs B AR IR G SR SR i b ik 20 s DL D) 7B e | B Sz 6 fa i oA AR SE A 1A
KEMCES¥ESEOOC S, T80 R A A B K AR I ALY 10% , o753 7K AR IE

BREM U, KRB ARSEFHE

U,=V+(t/T) AV (1)
A, U, A (em/s) |,V AESE R EIE] (20 min) W70k BT B BB R B (4035 i — R4 58 )
(em/s) , AV 24 EERA R B RS | T R AR A S BEBR B N B8 ARSI ] (T = 20 min) ¢ J2AERCK
TR T R AE 52 B E PN 1 SEBRA SEI] 18] (£<20 min) o 8 TR KXT U, 1952, & RS mag i) U,
(em/s) BIBR DIAR R AR AR BIAHXT U, (BL/s) o
1.3 OR[REEUKSE T IR FE AR 0 T

FEDE B3R U BRI e KRR AR (MO,) ME AR R 48 An 28k AR R 5 L iy A —
MR R GE (TR LYK 500 mL/min) 3% R G0 3F A AT HEFT KR EORE | O m) T B AR . 2
Wk A B H 2N 2 5, AR (HQ20, Hach Company, Loveland, CO, USA) XJ ik A g4 i &0k
B 2 min FEAT— WM E , 4 PRUETEKA R A 480 5 A T i P A R Y, B 10 min AT HFAIK AR 35
HEATHK , SE R P A B LA AR AR BT E T K 0. Img/ L IR AE (25+0.2)C . BERSLE
IS SFEA R (MO, , mgO,rkg*h™) RIHLL T AR

MO, =Slopex60xVol/m (2)
#HH, Slope (mg-L ™ min™") A 5E B E] (min) 5% E(E (mg/L) Z A1 4 B LA 5 R B RPR I 465, Vol
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1 & EPFR ARG E
Fig.1 The structure of fish swimming-MO, determining device
A KIEAKHE B UK C MR D IHE L B B E 15 F G ZAL UG H SSHA T ISR K K L IR s M Sk N VR 4
A5 O AR LU 5 P AK AL PR R PR 5 Q23 U RV

FFBR LI AR RUS B R G0 BB, m NIRRT (k) , 7EM Slope 43-HT AT, A HEHE %L > 0. 95 HfH
AW, VR B AR R,
1.4 SEEBEL BRGS0

FEAHRSECA : (1) IBIHIFEER (MO, i) » FIATESAT U, WEFTAFE AR (b s 4 TR
R HE ERACIHHEFE , B L FE AR 04845 S v VR A R B FEEUR IR IR ) 5 (2) W BRFE R (MO, ) ,
S 0 FEWE TG R ) B KAE SR 5 (4) AT L (MS) 3230t MO, 5 MO, .\ ZIIIIZEAA,

FH Excel XF T SO B4R % HL3 T B STATISTICA4. 5 B SEATAHDE G343 W, Vi S K T R Ak f
Uvit MO, seniine MO, T MS BIFENRR XU 2R T7 220007 o AN RN DRGH BE R T AL AN S X HE AR 1 3
MR =R R Ty 22500 . TR LI Eiis 38 LIV £ R DR (Mean + SE) B XFERR, BE KR P < 0.05,
2 #R
2.1 HEUKPRIE AT IE S RTER (MO, ) BIFEIR

UK (P<0.001) FF AL (P<0.001) X MO, ..o B BIERIEIMETLICEAEH(P=0.113(K 2) . B
FEIRFUKCETRER 2 1 mg0,/L, 28 AL MO, e 230 T B 15% F1 50% , T £ £ 453531 F B 14.9% il
51% o #REUKFAIRE AN MO, o BT BE R T2 EL (P<0.001)
2.2 EEUKCERTE ARG FUE K 3 (U, ) 152

5 AUKF (P<0.001) FITHAE(P=0.013) %F U, A BEREE, HAFELEAER(P=0.001) (K 3), b
EWEKETRER2 M1 mg/L, S AR U, 7050 T B 11% F135% , Mi4s £ 24050 5 5 % 23% #150% . TEif
R EKCEAL R E R BN U, A B2 TEEAN U, MEEKE TR U, 76 1
2 mg/L &M BEHN U, BEFERTEEA(P<0.05),
2.3 BEUKE RIS BRAE R (MO, ) FIREI

HEIKT-(P<0.001) FIiH AL (P<0.001) Xt MO,, ... A BE W2, HAFEZBEAER (P=0.001) (Kl 4),
Rl A TR 2 A1 1 mg/L, B MO, 73500 TR 15% F137% i 41530 T B 28% F151% .,
T HE L MO, ., FHA ST B U R RA FK R 2 me/L 41, 3B MO, = T 25 457 5
M 39% F 17% 5 1 mg/L HIEAH BFHEER,

2.4 IREUKERTEAETE Sh ARG F (MS) i3

W 4K (P<0.001) A AL (P=0.021) XF MS 4 3% B, BAFAE S HARFH (P=0.014) (B 5,% 1),
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XFa M1 mg/L B EMRTHE 2 4, Xt FEEHMIE,8 mg/L HEEHSTHE 2 4(P<0.05),
T2 MS XTEA T B U, 76 8 mg/L 24, 3R MS AF=A:= 5200 (H7E 2 mg/L 4 M 1 mg/L 5%
PR B diEsh MS B3 R (P<0.05) .

o 7
: 3 Z2 s A
= 600 oy . 6 S%Egﬁ - a
¥ & 500 SEH3gil A B s b 3 —
Biwl R
g5 00 B a a BT 3
R 5 200 b T = K5 )
8§ &
2 100 TL 1
ON 0 s s s 0
< 1 2 8 1 2 8
WUACT o TREUKE
Dissolved oxygen level/(mg/L) Dissolved oxygen level/(mg/L)
H2 REA TR A Y & EHEREAE (MO, .....) O B3 BEUKEMH AL B4 8 I EEROR (U BRI CE
- pre-exercise
PIE R R n=8)

me (AR EDR  n=8)

Fig. 2 The effect of dissolved oxygen level and digestion on pre- Fig. 3

The effect of dissolved oxygen level and digestion on

exercise oxygen consumption rate in juvenile crucian carp critical swimming speed in juvenile crucian carp

a.b: FARTREA R FRIR 2 A RE FOKTF H ] 25 5 W 2
A B: PARFREARRIFRR B E AR FK TP H A 22 5 2
w3 7R Al — I UK T SR B 2 A A A =2 V) 2 e 2

] A 600

= '000 [ oz _ o sl o

T, 800 A 205001 o fEfrd R
%2 700 * B B 1
&2 600 | b KXY S 0T b 5

E r C T ,“‘ v S | T * B
¥ 500 L ¢ [ = & 300 B T
29 400 | 13254 zE T
S 300 K] Tg 200¢
Gl i 1325 <

R &

= 0 ‘ ‘ oo I 0 ‘ ‘

1 2 8 1 2 8

W4 K Dissolved oxygen level/(mg/L)

B4 FEKFFEAITELGEFERERE (MO, ) HIFIE (T
PH hRUER ,n=8)
Fig. 4 The effect of dissolved oxygen level and digestion on

active oxygen consumption rate in juvenile crucian carp

V&4 K F Dissolved oxygen level/(mg/L)

5 REKFFEAITEL EIEHKETER(MS) KRN (7Y
fHARIER, n=8)
Fig. 5 The effect of dissolved oxygen level and digestion on

metabolic scope in juvenile crucian carp

2.5 WEUKCE R AT AS [R] K GHBE R Bk A R 2 A 5 il

%K (P<0.001) (H Ak (P<0. 001) Filliz ik s B ( P<0. 001 ) XF MO, ¥JF W E % E K57k
(P<0.001) FFIKHEE (P =0.007 ) Z A/ 77 LSS BAE T, AEE AL A ks B2 22 18] (P = 0. 635 ) & = A K 1]
(P=0.155) ZHAEMANBE . NEEEKEAMZE MO, LR EE M LI e & L7 (B 6) . 1HikS
HAWFKGEE T MO, B9 LTt (H R A A K I T BRIE AL S:300 MO, Y
3 iTig
3.1 UKL £ 5 AL Y S

RSB ZS A MO, e AN H O RERHHAEAVHEAR, MR A MO, e THE AR E AR
FabR, R B2 MO, i B LCIE AT S BB £ 55 B AR IO/ TEMRURTIE EUKF T, & I U fE
H230% KT AR IR BE S5 4 B 7 il 1) 408 % [17] k£ ( Silurus asotus ) 592 % LT s S e R i A
( Cyprinus carpio) (181% ) %ﬂ*‘%ﬁfﬂﬂ?ﬂ@[ﬂ( Spinibarbus sinensis) (177% ) ﬁéﬁm o ULEHENZ, AL R EE 1A
5, 31X AT RE R A KBS W R R 22—, A SR 8K X B B At % 52 i 8 DL H2 38, AR A9 % BB 2 5 S8 K
MARFN R 1 mg/ L, 840 o 15 (AR (BRI MO, ) T B8 51% ARIFIREE 25101 me 5 fifidee & AR
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1000 1 B 2mg/L

0 6 12 18 24 30 36 42
Wevki# B Swimming speed/(cm/s)

FEAAAEMO,/ (mg-kgh)

* o -0
—e—Efral

0 6 12 18 24 30 36 42
Wik B Swimming speed/(cm/s)
E6 BEATEMBENAENRKEE TEEEHIZIECFYHE IR, n=8)
Fig. 6 The effect of dissolved oxygen level and digestion on swimming speed-MO, curve in juvenile crucian carp

¢ FETN ) — UK BT 4 AR ZS W2 2 (] 22 5 i 3

TR 319 T £ Gadus morhua ) 10°C R FE NIRRT FREZE 30% B BEERB TR 24% ™, L5650
BT, T SRR £ 0 B A QI ) 532 Wi -5 R 1) #8228 IO B B ol UK
3.2 BEUKEXHZ SER T 5

B FEM AR FOKE T U, o9 5. 83BL/s, fm TARRUR/NAY I B S N #E 3if4 ( Pelteobagrus vachelli)
(4.63 BL/s) FIEIE H A5 £f1 ( Ctenopharyngodon idellus) (4. 51 BL/s) AR T A S0 T R S8 e iRl
gl i AR/ N a7 s 7 BRI ) R £ ( Parabramis pekinensis) ' £ 25 C R U, 4>
W4 6.92.8.09 8. 12 8. 47BL/s, Hiifs T 1Y B KAE AR BTG BRAE ECR W AR TR 28R 2 4y 1, i
i s ShRE AR, BEEEEACE WA R 2 1 me/L, 4000 U, A1 MO, .. 735 FFET 35% il
37% X T 10 50% 1 EUK T FREIEE RAMBL(29% 8 U, TR 43% 19 MO, T o M 7 UK
R R SR G U MO, BT 48% F1159% 7 il fa -k 53% F1 66% ', vh A& 43§l 68 Ky 50% Fi1
75% "), &tk 39% F1 67 % P T LB A AR SR 32 AE A s 4 8.3, AT 48 Bl RE s UK T I 7R
AU E AR T H e a2 AT I —FMIR AT 32 e IR R Al — 4 i) U, RARRL (Hf5# MO,
Xof Vs KT (8 728 A Rt 3 v T A DR R AR AR T AR RIS SRR ) LTI AT BEAS[R], 4 Mandic 4§
PRSI AR BTG R AT, 4 0 B 22 9 ek 3 i I IR D 7 A IR 1) T A8 A A2 Sy i sl ARG S R
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