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Effects of temperature acclimation and acute thermal change on cutaneous

respiration in juvenile southern catfish ( Silurus meridionalis )
XIAN Xuemei, CAO Zhendong* , FU Shijian

Laboratory of Evolutionary Physiology and Behaviour, Chongqing Key Laboratory of Animal Biology, Chongqing Normal University, Chongqing
401331, China

Abstract: Temperature is one of the most important abiotic factors in the habitats of ectothermic animals and has been
called the ‘ecological master factor’ for organisms. As ectotherms in bodies of water, fish are often subjected to large
diurnal or seasonal changes in temperature, and, thus, they must adapt physiologically to the environmental temperature
variation that occur over the course of their life histories. To examine the responses of cutaneous respiration in juvenile
southern catfish ( Silurus meridionalis Chen) (body mass: (29.15+0.51) ¢; body length: (15.63+0.08) cm) to chronic
temperature acclimation and acute temperature change ( increase and decrease temperature) and to test whether the
contribution of cutaneous respiration to whole organism routine metabolism varies with chronic and acute thermal changes,
the oxygen (0O,) uptake across the skin (MO, ) and gills (MO,,, ) of anaesthetized individuals acclimated under three
different temperature (10, 20 and 30°C for 2 weeks) were measured under 10, 20 and 30°C by self-designed fish MO,
respirometer ( patent number; 200920127987.7). The total O, uptake rate (MO,,,,) was calculated accordingly as the sum
of MO, and MO,,,. The cutaneous O, uptake, i.e. MO, were (12.83+0.70), (18.20£0.97) and (22.65+2.07)

B&TA :FER A AR ERETH (31172096) ; FKTTRHLBIHTHE /) # B 51H CSTC(2010CA1010)
s B #1:2012-01-09; 1&iTH#A:2012-10-23
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mgO,-h™“kg ™", respectively, at 10, 20 and 30°C temperature acclimation groups, which made up 16.4% —19.0% those
of total O, uptake. The MO, increased more slowly than the MO
0.05) thus let to a smaller MO,_, : MO

2o With the increase of acclimation temperature (P<

, ratio at higher temperatures. There were significant differences in the MO

2tota 2total

among all three temperature acclimation groups while only the MO, of 10°C temperature acclimation group was
significantly different from the other two temperature acclimation groups (P<0.05). The MO, of acute temperature rise
groups were significantly higher than those of temperature acclimation groups with the same temperature before the acute
temperature change ( P<0.05), but they were not significantly different from those of temperature acclimation groups with
the same temperature after acute temperature change (P>0.05). On the contrary, the MO, of acute temperature fall
groups was significantly lower than those of acclimation temperature groups with the same temperature before acute
temperature change ( P<0.05), they were also not significantly different from those of acclimation temperature groups with
the same temperature after acute temperature change (P>0.05). The average Q,, value of MO, was significantly lower
than that of MO, ,(P<0.05). The respiratory sensitivity of juvenile southern catfish to acute thermal change as suggested
by the average (), value of MO, was higher than that of chronic temperature acclimation which suggested a metabolic
compensation during chronic temperature acclimation. However, there were no significant differences in the average values
of Q,, for MO, between acute temperature change groups and temperature acclimation groups (P>0.05). The level of
MO, : MO, ratio in southern catfish was relatively high compared to many others fish species. It suggested that southern
catfish adopted either metabolic compensation or acute stress responses to chronic temperature acclimation or acute
temperature change. The cutaneous O, uptake was neither a chemical reaction process nor a biological response, but

appeared to be a process related to physical perfusion.

Key Words: cutaneous respiration; acclimation temperature ; acute temperature change; Silurus meridionalis
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HEE UK =288 (RN I S50 i A SC 0 2 [ S IR AR /K AE (1.2 m x 0.55 m X 0.55 m,
250 L, % H145.200520010485.9) , T (20+1) C &4 FUIFE 2 Fi. 3% 11 6] LA &6 (3 6% ( Hypophthalmichehys
molitrix ) PR ERL 1 R/3d 18R FME 40 2 h S5 IG BRAR I RIZEAE DIk [l /K 5T Ry eSS 1 Rk IF L
oI ] KA 78 A2 R R IA EUK O > 7 mg/L, H K i 2 KR SUOK AR Y 10% 5 6 JE 1R
14 L:10 D,
1.2 SRS
1.2.1 SERHE

YN FREE T, BEBOR /NI [ R H (29. 15 + 0.51) g K (15.63 = 0.08) em | | B AR A 5256 1 90 2,
REMLZ R 3 ATREDIfE AL (10,20 .30 C,n=30) , YIFb iR 1Y 15 2 S BEE T 52 B V09 H 9K IR (8—28
C) BRI KR 20 CYIMLLAN , AP YL I A 1 C AR AT R YLK IR (20 °C) BT R I%)
45 AW HARREE  BERTE HAREE T 2050904k 2 Jal o 9k 0T 1] S5 56 e 1) 1] RSP J 1555 905 1 ) A
], SCERIAS £ 3 d LIRS AL k=S

T YIRS B4 B A2 F) S 36 f BRI A0 B 3 4, 36 9 NI (n=10) o P 3 4R R YL
(10,20 30 °C ) BYSLI 43 BAE 4 1 YIRS X6 BT B2 Bk A #E SRR A3 5 5 1711 53 Ah 6 /4~ Si 56 28 00 FH A oF
172 AR IR AL B 43 5 55 SN PASAS IR T 2 WAL B 1) F A B EATARE AR AN . DA_E 45 TR A P S35
R E AR TR EZES (P >0.05,%1),

R1 FARSBAFSEELENEESE(FIELARMER , n=10)

Table 1 The body parameters of juvenile southern catfish in different treatment groups( Mean+SE, n=10)

TEE Y 2H ArETHRA ATERERA
Acclimation temperature group Acute temperature rise group Acute temperature fall group
10 C 20 C 30 C 10 C 20 C 30 C 10 C 20 C 30 C
Mii/g
30.8x1.8 28.4+1.9 28.1+0.7 30.1£1.7 28.4+1.8 31.8+1.9 29.5+1.5 27.7+0.7 27.5+0.9
Body mass
#E/em

15.7+0.4 15.5+0.2 16.0+0.2 15.4+0.3 15.7+0.3 15.6+0.3 15.8+0.2 15.5+0.2 15.6+0.1
Body length

1.2.2 SIFEFUR(MO,,, ) B IRFEER(MO,,,,) HIIE

A5 R S5 2 [ i A 285 P P 2 A8 T s i B
JRAFESECR , M e B K 1 Fs, AR AL A
ML A4 R A IR F3IR (d = 50 mm) PRI % a b 4%, —
AT LASRTE I Ty 2R B T — I PR A P A e —
GGy e L 1 rh oAy — L] ) % AR B B, AR A 51
LGRS N i O S i R M KA VA P S N A
= 556 mL, V, = 318 mL) ( k3K Bk BIF 5 B 0 Lo 1 45
/I, I H BT TCA SO 1k 55 IR AR 5 Sk e R
B I AE ) 5 24 A6 00 R 5 200 B SR, MBS T 78 o Clﬁ'fffif”*"i"&mﬂ“?%E ,
BRI, AP R Srk a pphag Tt Cloved TR 0w, determination devie

B LR 5 .200920127987. 7 ;

PRI, SN T 1K A PIDRERE N e o gsika . mERERGC. SR D,
KR AT R BRSO AR . C SR ERINTE (e ki r AKI G kAL KR L B
B3k, i % A AL (HQ20, Hach Company, loveland,
Colorado, USA, MZEH{ :0.01 mg/mL 0,),

BIETE M

http ; //www. ecologica. cn



8 1 SEEMG A5 GG IRLRE 5 St X R T il 4l £ B JUR R A s 1 5 i 2447

LA P S — 2 7 S P PR P AR AR 0 0% B | AR P R IR b AR > 1207 7 B Bk
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(LT A RIS | TR RS, T 5 — MU RIS ;Lo e A, 0P I A B 2R B TR (25 I,
BOEILE £ 1 °C) Bl RS /K A RR IR e BEARGIL BEAS RIS R] (10—20 mg/L) o M TFAR S, il i 484X
B 1 U/ min Zp R0 RIS TR AOTA SRR, R T RN WTIEAG , RIS TP R KT SR M R s AT
AR 3 v B UK PR 2 60% SR M BE 5 1R IC 3¢ I IT R P IR AR S SRSCHS . 25 RS0 S I R 25 PR
S €0 5 VIS IRE EURAE R 2 1, LATIBR AN BB U S 200 S e TR R U ( 25 BR BT 10 min (958
LM I RFS B T R, SRS FEAR T B 30 2 31 5 R B JIRAE 4, X R
AS, x 60 x V,,

M OZgiH = W (1)
AS, x 60 XV,
MOZskin = ’ W = ( 2 )

K AS, AS, 70008 a b FREHER(FIBRZS ) 5V, FHNBR I L ARG 19 a PEUCEIAFR, v, HFBRE
K ARRUS b P AT (L) s W R SEERfa iR (ke) ;5 .

SR U R AR 7 T S 6 Y 7 L AR A R AR AR B VR B S0 0 B T a PRI Tl S 4 £ ) L AR AR
B(MO,,) o HEAX N,

o, =25 X 60 x Vy (3)
14

o,V BRI AARBUS Y a FERCEATR (L) Hftt S8 5 A (1) —8, &30, T SE5 i MO, |

MO, ZH54MmE MO, ZE LR EWZET (P = 0.29), U R E5 2 FE i Bk K i % 1K FE 44 %R

(MOy0) TP :MO,,,, = MOZgill+ MO, 0

1.3 b

SEERCHRE DL EXCELL(2003 ) #4734 MG 11, R SPSS(17.0) B4 1 25 WL | I 52 350 RHFE 4 3 A8 4 1Y)
S AT SR 27 2243 BT, Wil I 4 25 9 P T B 2 X Bl A 7 B PR R Dy 25 00 s SV IR AL R A T-H8 56, 46
T LRI E AR MERR (Mean + SE) R, BE/KFHN P < 0.05,

2 4
2.1 FTE G RFEE R (MO,,,,)

PRI EE S5 T, e 7 6 0y £ 1) 2 R AFE 20 (MO0 MO0 MO, 50 ) 53900 (12.830.70) |
(18.20+0.97) .(22.65+2.07) mgO, h™'-kg™", SCEFA i A7 78 B B (%) B2 IR IP AR B O B G (&1 2) i Fh L)
FERAESER (MO, ) FiEIRFEE R (MO, ) B 16.4% —19.0%

2.2 Yk IR EE X R i &) £ 1) R BRAE R (MO, ) ASE IR

B 25 AR A T =, B B 4 ) R TR RE R B i (181 2) i 20 530 CAL R E 2= (P =
0.07) , YIfLIR LA MO, 1 Q,, F¥HESCH 1.33 (K 3) . MbEHFIRE T, LM MO, KiFE L,
3 A YL B AR FE R Z I 2 B (F2,P <0.05),0,, FHMELA N 1.48 (K 3) . i XWHE )y
ZEP AT I IR RTINS FR A X6 S 0 £ ) R SR AR AE S (P =0. 001) , H P Rl IR B A = MO, B BT
WA AT MO, (E2) . MO, & MO, W LHEIEE LR TRk,

2.3 SRR X R T R4 MO, B

SPEAR TR X R O k4l £ e IR FE EURA AT AR R ([ 4) . 2ETH(FR) IR L fa i MO, BT
(&) iR AT IR B = (i) (K 4,P < 0.05) ,MO,,,, TERPETE(FE) IR 2w (%) T 7+ (B ) IR AT 911k
A (K 4,P <0.05) fH)E MO, ,, 1 Q, HEZEIRT MO, (K 3,P=0.03), 7 ARIF5EIL LI 10—

http ; //www. ecologica. cn



2448 A E = 33 %

20 CARETHRAL(IE 4) 81, o A S RALI MO, SHIBLREEMYILLL MO,,, T B EHER1H4,P >
0.05 1, APEASIRL MO, 1 0, PRI S UIMLIREEH 2% R B (K13,P=0.18) ATl kk 1030 CatETt
AL 4) 5h, kT (1) AL AL MO, BORIREIRE A9 I m (%) [ 4,P < 0.05],M0,,,,, Qo 1HEY
F2.16, W B TR (K 3,P=0.03) , 7ESZEdFEd &I ,30—10 °C 2RI 4 505 fa 5 2 I
RIS , 55 J LT3k iE 3

200 3 -
_ —— JE ik A S 0O ek
D —Oo— H&iK « @ Rk A
FE 150 ¢ 8 1
<8 B g 2t I
20 £ ) B a*
= = a T
- 2 100 [ (S =2
=5 = 1k
% > fonl
¥E S0 =
® b a a %; /
. — S 7/ 7/
10 20 30 YA AR
BI4KEE Acclimation temperature/°C Acclimation groups Acute temperature change groups
B2 BIIR B 7 4t Bk S R R S B B H3 JIEEAMBETRARANERKREAE 0, FHER
CFHME bR UERR , n=10) BERHE Q, THE
Fig.2 The effect of acclimation temperature on cutaneous oxgen Fig. 3 The Q,, value for cutaneous oxygen uptake and total
uptake and total metabolic rate of juvenile southern catfish ( Mean metabolic rate in juvenile southern catfish
£ SE, n=10) A BRIV PATE AR TR EIR R R 2 5 B3 (P < 0.05) 5+ RR
AT B B B 2 19 22 53 5.3 (P <0.05) IRl b B 2 1] 2% 57 53 (P < 0..05)
3 g

3.1 5 At BRI A s

BEEFF £ 2 14 B R B AT RGE BB B B 3 ARGV LA B SRS B 2R TR | BRI A £ 2 1 R AR
i BRI VPR 2RI AR R A B R ARIAY , R AR A LU AN T
PR 22 57 (Fe 2) 15107 Hoep A 3 A5 W TEIAHY (¥ B3 83 ( Pholis gunnellus) 5 22.8% ) /0 i 218 1

R2 BAMHENHKTRILOSEMETEEFIHETELXNLE

Table 2 The relative importance of cutaneous respiration in juvenile southern catfish compared to other teleosts from more ordinary habitats

e TRLEE {UNEES B KA LA SCHRSR 5
Species Temperature/C Body mass/kg MO,y :MO,,, ratio/% References
B 77l Silurus meridionalis 10 0.031 19.0 AT Present study
RN B 8 Anguilla Anguilla 13 — 35.0 [27]
T Tinca tinca 13 — 23.0 [27]
441 Salmo gairdnerii 13 0.286 13.0 [27]
44 Perca fluviatilis 13 0.242 9.8 [15]
FBEA . Esox lucius 13 0.563 9.2 [15]
BRLL S M Salvelinus fontinalis 13 0.250 6.4 [15]
WS Salmo trutia fario 13 0.212 6.7 [15]
ALK MY Ietalurus melas 13 0.209 19.8 [15]
B3 Carassius carassius 13 0.192 9.6 [15]
WM Pleuronectes platessa 10 0.23-0.5 27.0 [16]
5 44 Gadus morhua 13 0.202 5.5 [9]
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250 ¢
10-20°C 250 1 20-10°C
200 | 0 ffk L
o ik A 200
150 } { 150 |
B A
100 1 ¢ 100 | B
50 r 50 F C
0 n L ) 0 1 . 1 J
10 20 10—20 20 10 20— 10
250 r 20T 30200
20-30°C A

200
0 | s )

FE4 % Oxygen consumption rate/ (MO, mg Oyh™-kg™)

L 150 ‘}
) .. B
100 | 100 c
50 b ab a 50 r a b .
0 1 1 :Aa ) 0 SZZE 1 i 1 )
20 30 20—30 30 20 30—20
r 250 -
250 10—30°C 30—10°C
200 | 200 |
A A
A
150 % 150 + %
L 100
100 B B
50 50 F
a b
b @ a b C b
0 L 7. /7B 1 Lm Tz
10 30 10—30 30 10 30—10

Vi EE Temperature/°C

E4 BEYUMAETR(-FREEZMLT M) MEAeEGEERERERBERIENZMCTME « bR, n=10)
Fig.4 The effect of temperature acclimation and acute temperature change on cutaneous oxygen uptake and total metabolic rate of juvenile
southern catfish( Mean = SE, n=10)
A PR TR AR R B R 22 5 B (P < 0..05)

VKA1 ( Chaenocephalus aceratus ) B B2 BRIFEIR A BIF o5 B4 EL 25 40. 09% 5 T 5 WA A 35 5914k 121 ( Periophthalmus
cantonensis ) i LB W 35 48. 0% ™ s ML 2 R, L8 B0A= T35 > P 0B 10, 28 14 Lo AR X 350> AR5 )
STt A — R I > R 2k AR L ) B R IR R R SRR R AR SR I L IR 16. 4% —
19.0% , 5 Nonnotte STttt (Ictalurus melas R. ) WIBIF5T 45 SR T AEAH B 0 2 A9 A S F 58 ZEpb Ak T rp
FIKP(£2) o B RIFIAR AT BEXT T ARFh AR SRR IR A 0 20 5 2 — PP R ME  m g
PR A R e 1 AR LA R B A L 1 S Ak T A R K ST 20 2 £ 25 7K ST 110 8 1 R SR S5 AR X A v Y
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