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Fig. 1 The changes in metabolic rate, ventilation frequency, and oxygen consumption
per ventilation of the crucian carp pre- and post-shearing gills
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Tab. 1 Effects of shearing gills on metabolic rate of the crucian carp
oY 5 K
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R FRET R A R R LRI/ (mg - kg '+ h') 113.745.4%  115.8+4.2° 112.742.5 0.135 0. 874
W G R LR/ (mg e kg ' «h D) 97.944.6" 101.7%+5.2" 102.645.6 0. 239 0. 789
FE BRI RTRE o/ % 13+4 1245 946 0.229 0.798
RUERIE/(mg « kg ' «h D) — 165.3+13.5 151.6410.0 0.156 0. 699
R 0 A 15 ]/ h — 2.140. 4 3.0+0. 6 1.291 0.275
P & Bif A] /h — 3.540.8 2.540.7 0. 387 0. 544
Ak PR L PF AR/ K+ min~ ') 11.740.8 14.041. 0% 12.041.0% 1.762 0.196
PR 5 R PF AR 2R/ (K min™ 1) 14.841.0°  29.442.3"  59.347.9% 22.709 <<0. 001
- W A0 S 3 e ot/ %% 32413° 115+22° 409466 23.572 <0. 001
IR I8 451 22 0 fF/ (UK + min™ ') — 88.00=+5.09 100.38+4.03 2.098 0.170
Ak PR B R R IR FE AR/ (g = ) 8.5+0. 9 7.140.5* 8.040. 6* 0. 957 0. 400
WA G BRI FE AR/ (pg » T 5.540. 2% 3.040. 3" 1.540. 2% 75. 597 <<0. 001
BRI A R THEE /% 304+7¢ 565" 8144¢ 19. 839 <<0. 001

Hiaboo: AR FRERMRF —THMEZESF B (p<<0.05) ;x.y: A FRREREFFTEHEZE R BE(p<<0.05),

B ST R OO IR RE S O R 25 5 . B BEUS B U NT IAE AR B B Y B S B 2 iR, HAL B 22 R
F(p<<0.05)(F 1), 3 450 ff Fg YR P W FE 4 At Bl ) B 4 35 52 R B 3, P RR Y L B FE AL I) 22 5 B 25 (p <<
0.05) (K 1o,

Xif BECZEL 1) 2 A PR /0N o B T B TE R 25 SO B L SN B RO B AR A AL ) 25 RN L
A0 885 07 Y AT S LR AE AR TE B A AR (3R 2)

3 iTig

ST, B 68 5 AL B A AR R AR ST BT 2 NS AR TSR R 27. 3%, 87 4 MRS g AT R

H 385 Y0 AN R A RAE NG . S5 F I 5 SRS 6 £ 1 5 2 R B B L AR AT FE BN R SR B B 68 ) 6
B S A BT SRR R R A AR, B DS PR ERAE SR L 1 0 i AR £ 2 i B Y O vk R Y 2 T AT
. 48R S AR X B GEAE T TT BEAE AR ARG A 7= 1) T S AR 0, BY B 9 R SRR 1R RE S 58 0 R AR
KA PR — 5% .



30 FERFREAFFHEARFHK htp://www. cqnuj. cn % 33 %
F2 HEEIEHE/NESHNTK
Tab. 2 The changes in the branchial lamellae variables of the crucian carp pre- and post-shearing gills
B 5 A4
F P
0 2 4
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DI 8 5SR-S B0 4 I 0 2 8 TR ARUAC M 9 /1 ) A 5 ) S T AR A R DA AR A e A I S 46 T RE

KA AMENEAR A {HL BT S5 SR A N R RE LRV 2 T AR TG Y 2 AR A B 0 S AR 5 AU AT RS M
THRAY T IBE . SRR T O T RS R T S A AR R R L £L B N SRR R A Y Ay A

RIS S

ARSI SR A Y S R 3 22 S R I SR B ) A A Y I IR 4 i A 2 W] A ] il
Aok B ey P A AR LA A R B MO SRR SR o T A R IR R SR AR L T RE S R

R A 5

O 5 AR A L O ST A MR B (p<<0. 05) [H T R B 4 ) TE 3 22 S L i B TT RE S S I () SiE
KPS BO YRR BES A5G o X BRZR B0 26 A7 A0 B/ 2 3 - 49 T AR 22 e AN W35 TR I A AUF 5 o ] i B

A T 0 85 A Sy LI A O 2 850 14 S B AR

S 3K

(1] BRAADE  BRAR 2 VIR EE. f0 S wp W AR I A 52l R[] ). K 7=
2 Z4iK,2004,17(1) : 82-89.

Chen S B,Chen W X,Fan Z T. Advances in studies on the
metabolism in fish[ ]J]. Chinese Journal of Fisheries, 2004,
17(1) :82-89.

[2] Brett ] R, Groves T D D. Physiological energetic in “fish
physiology” [ M]. New York: Academic Press, 1979: 279-
352.

[3] Priede I G. Metabolic scope in fishes| M//Priede 1 G. Fish
energetics: new perspectives. London: Croom Helm Ltd.
1985:33-64.

[4] Brown J H,Gillooly J F.Allen A P,et al. Toward a meta-
bolic theory of ecology[]J]. Ecology, 2004, 85 (7). 1771-
1789.

[5] Clark T D,Farrell A P. Effect of body mass on physiologi-
cal and anatomical parameters of mature salmon: evidence
against a universal heart rate scaling exponent[ J]. Journal
of Experimental Biology,2011,214(6) :887-893.

[6] Careau V. Thomas D. Humphries M M, et al. Energy me-
tabolism and animal personality[]]. Oikos, 2008, 117 (5);
641-653.

[7] Evans D H,Piermarini P M,Choe K P. The multifunctional
fish gill: dominant site of gas exchange, osmoregulation,
acid-base regulation, and excretion of nitrogenous waste
[J]. Physiological Reviews,2005,85(1):97-177.

[8] Sollid J, Nilsson G E. Plasticity of respiratory structures-

Adaptive remodeling of fish gills induced by ambient oxy-

gen and temperaturel ] |. Respiratory Physiology and Neu-
robiology.2006,154(s1/s2) :241-251.

[9] Hughes G M. Scaling of respiratory areas in relation to ox-
ygen consumption of vertebrates[]]. Experientia, 1984, 40
(6):519-524.

[10] West G B,Brown ] H,Enquist B J. The fourth dimension
of life: fractal geometry and allometric scaling of organ-
isms[ J]. Science,1999,284(5420) :1677-1679.

[11] Oikawa S, Itazawa Y. Gill and body surface areas of the
carp in relation to body mass,with special reference to the
metabolism-size relationship[J]. Journal of Experimental
Biology.1985,117(7) : 1-14.

[12] Glazier D S. Effects of metabolic level on the body-size
scaling of metabolic rate in birds and mammals[]]. Pro-
ceedings of the Royal Society B, 2008.275(1641):1405-
1410.

[13] Sollid J, De Angelis P, Gundersen K, et al. Hypoxia in-
duces adaptive and reversible gross morphological changes
in crucian carp gills[J]. Journal of Experimental Biology,
2003,206(20) :3667-3673.

[14] Sollid J,Kjernsli A,De Angelis P M, et al. Cell prolifera-
tion and gill morphology in anoxic crucian carp (Carassius
carassius) [ ]]. American Journal of Physiology-regulato-
rysIntegrative and Comparative Physiology,2005,289(4) .
1196-1201.

[15] Millidine K J. Metcalfe N B, Armstrong ] D. The use of

ventilation frequency as an accurate indicator of metabolic



Vol. 33 No. 4 Journal of Chongqing Normal University (Natural Science) http://www. cqnuj. cn 31

rate in juvenile Atlantic salmon (Salmo salar)[]J]. Cana- temperature and intraspecies standard metabolic rate
dian Journal of Fisheries and Aquatic Sciences, 2008, 65 difference and juvenile Crucian caratus excess oxygen con-
(65):2081-2087. sumption after exhaustive exercise[ J]. Chinese Journal of
[16] Frisk M,Skov P V,Steffensen J F. Thermal optimum for Ecology.2013,32(12) :3255-3260.
pikeperch (Sander lucioperca) and the use of ventilation [19] Luo Y P, Xie X J. Effects of temperature on the specific
frequency as a predictor of metabolic rate[ J]. Aquacul- dynamic action of the southern catfish, Silurus meridio-
ture,2012,324(1) :151-157. nalis[J]. Comparative Biochemistry Physiology A, 2008,
[17] FuSJ,Zeng L Q.Li X M, Pang X, et al. Effect of meal 149(2) :150-156.
size on excess post-exercise oxygen consumption in fishes [20] Shoubridge E A, Hochachka P W. Ethanol: novel end
with different locomotive and digestive performancel[]]. product of vertebrate anaerobic metabolism[]]. Science,
Journal of Comparative Physiology B,2009,179(4) :509- 1980,209(4453) :308-309.
517. C21] BE/NZE SR, 5 k. YLK X £ 288 A P AR 25 2 52 i) 1) B 5%
(18] i el 5 o AR AR o S st 3 52 b P A o AR 22 52 15 Y %) BEJRLT]. KA A W) ~# 41, 1998,22(2) : 181-188.
fahimEg aid AR R )] EE¥4E,2013,32 Xie X J,Deng L, Zhang B. Advances and studies on eco-
(12):3255-3260. physiological effects of starvation on fish[J]. Acta Hydro-
Tang G W,Cao Z D,Fu S J. Relationships between water biologica Sinica.1998,22(2):181-188.

Animal Sciences

Effects of Shearing Gills on the Resting Metabolic Rate of the Crucian Carp

LI Yongli, DUAN Ting, LI Ge, XIE Hang, LUO Yiping

(Key Laboratory of Freshwater Fish Reproduction and Development (Ministry of Education) ,
Southwest University, Chongqing 400715, China)
Abstract: To explore the effects of gill exchange area on resting metabolic rate of fish, the crucian carp (Carassius auratus) (47. 6+
1. 0) g were treated by shearing gill arch. The fish were sheared 0 (control group), 2 and 4 branchial arches. The metabolic rate,
ventilation frequency, and several parameters of branchial lamellae were determined before and after shearing, respectively. Resting
metabolic rates did not differ among treatments before gill shearing. After gill shearing. the metabolic rate reduced rapidly. then
rose up, and finally reduced gradually to the pre-treated level. No significant difference in ventilation frequency was observed among
groups prior to gill shearing. After gill shearing, ventilation frequency increased significantly with the shearing level. The ventilation
frequency of the control group did not changed during the processing time. However, the ventilation frequency of the gill sheared
fish increased significantly after shearing. The branchial lamellae density and average area were not significantly different among the
three groups prior to gill shearing, and did not changed post shearing. Our results suggest that even the respiratory area of gill of
the crucian carp was reduced by gill shearing, can keep the normal resting metabolic rate through physical adjustment after shearing
the gills, its metabolic demand can be maintained by up-regulating ventilation frequency, rather than relying on the plasticity of the
gill morphological structure. It also suggests that gill shearing can be used as a workable method to change the gill respiratory area
of fish in future fish physiological study.

Key words: Carassius auratus ; shearing gills; resting metabolic rate

(FTERH F %)



