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Abstract : In order to explain the daily cyclic variation of metabolism and thermoregulation in the Silky Starling
(Sturnus sericeus) , the 24 hours continuous changes of body temperature ( T)), body mass (M, ) and basal
metabolic rate (BMR) in silky starling were measured. T, was determined by a digital thermometer ( Beijing
Normal University Instruments Co. , model TH-212) inserting to cloaca, M, was measured by an electronic
scale (Mettler-Toledo, model PL3001-S) to the nearest 0. 1 g, and BMR was measured by an open oxygen
analyzer ( AEI, model S-3A/1) temperature controlled at 25 +0.5°C , respectively. The results showed that
daily variation of T,

M, and BMR was great significantly. Both of T, and M, were significantly lower and varied

h 9

greatly in night time than those in day time. The lowest T} was 40.4 £0.1°C at 5 o’ clock. The value of M,
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showed a obvious linear variation with time during 20:00 —6:00, and the relationship of M, in female was M,
=83.46 ( +0.12) -0.41 ( £0.02) ¢ (R* =0.992, P <0.01) and in male was M, =76.74 ( £0.15) -
0.39 ( +£0.02) ¢ (R* =0.986, P <0.01), respectively. The lowest BMR was (1.96 +0.06) ml/(g - h) at

4 o’ clock. In summary, silky starling could adjust their daily cyclic variation by decrease T, , M, and BMR at

night. This inner physiological energetic regulation mechanism improved their acclimatization to the diurnal

environment variation.

Key words: Silky Starling ( Sturnus sericeus ) ; Body temperature; Body mass; Basal metabolic rate; Daily

cyclic variation

NP RE S KPR E AT A AR
TIE LA K 5 A 25 PR 858 0 AH EAE AN 2, AR a5
PR AR IR B A5 A Ay A A T S A

Bhr , BEAR I b iz il HE BE 1 57 HY 7K F ( Swanson
1991, Zheng et al. 2008a) , =25l I RE
PR E A A A R — X BB R
HIER APATT R LIS B ( Lovegrove 2003,
Doucette et al. 2008 ), K EHIE ¥
(homeotherm ) , 3 13 P 3 B A 15 7= P 4 5 5 3¢
e AR o 8 e R AR TR R BRI B =
ST BV AT AR B v AR B, 2R
e AR R A TR 9 55 5 Re = A L4y
T 2B 3% S0 3R M H R A 4 55 T VARG
S T 2y 0t PR 1 3 AR RN A= A7 RE T A
P A W) 22 FE I 5 PR B 22 TA) A 3 YOG &R
(McNab 2009) .

B2y AR R g O B e A
thermogenesis ) Al Ff P 7=
(facultative thermogenesis) , &M= #UE 48 sh4)
TERPEIREE DY P4 P AR TR B8 E
m ok AL W ® M ( basal
thermogenesis ) ( AL-Mansour 2004, McKechnie
et al. 2007, MIEh#A%E 2008, FKEHLZE 2008) .
LRI R ( basal metabolic rate, BMR) J2&H i
S AR I A B Y f e G R 2 S
WTE T TR I 2 455 B R 4% THURE AR D RE T At 14 /)
AE{H ( Zheng et al. 2008b, McNab 2009, K5
T4 2010) . BMR AE /A BE i #E77 2E 1Y
PR R S R I FE B TR s P AR
A7 =X, BRAE E 28 )3k o ) AR P AR K
B S8 (Lindsay et al. 2009a, b)

(' obligatory

metabolic

LA A 00 1 1 5 PP X PR 10 3 B AR A
K, Uik IR F14E ( Erythrura gouldiae) ( Burton et
al. 2003) NE A A 2 ( Estrilda melpoda ) e
¥ X 5 ( Chloebia gouldiae ) ( Marschall et al.
1991) . ] J& ( Garrulax canorus) ( Liu et al.
2005) F1 H 3k % ( Pycnonotus sinensis ) ( Zheng et
al. 2008b) 45 1 A I iy Bt A 32 0 vy 9 A
155, 5 32 A TR A X T I A ) A
X B 7 1 DX OG5 111 K 5 ( Bombycilla
garrulus ) ( 4% 8, 5% 2005 ) . M £ ( Fringilla
montifringilla ) F1 b 2 48 ( Carpodacus roseus )
(Liu et al. 2004 ) K ¥ J8 3% ( Emberiza
chrysophrys ) F 21 Wy 45 R 5 ( Zosterops
erythropleura) ( Liu et al. 2005) 45 1= A JEARAC i
MR 0 i SRR X A A AT
HoHR MG DL RE I AR PR . 526yl
PR AT A — R AT A AR SR AL AR
T, )40 /N B0 5 1 3 B, BE R SR A AR
(facultative hypothermia ) 5 W DL K A RRAIE 74
1N A AL ( McKechnie et al. 2002) , X547
Ry AR B A P A A S 2R R AR
AW WA SR A 15 3l I AR S e
IR AR . WF9E R B 26 TR ] L S
AR IR B G, i Z MR ( Todus
mexicanus ) ( Merola-Zwartjes et al. 2000) | #Il ¥
1 5 (Amazilia versicolor) ( Bech et al. 1997) JK
W HS ( Perisoreus canadensis) ( Waite 1991) | F 351
B ( Branta leucopsis ) (Butler et al. 2001) MH
S0 (R LA 2010) %5, H AT, S 2808]
IR A A T A A 2 AT R LA Ay o X R 5 1
) — o 2 A7 SR Xk A0 A O 1 R T e
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RELIHAE A PR R, B2 e itss |
ISR EE R AT B BT R 4 — R A i A=
A A &K 9 L [A] )8 59 ( McKechnie et al.
2002) ,

2236 k5 5 ( Sturnus  sericeus ) J& 4 ¥ H
( Passeriformes ) #% & #} ( Sturnidae ) , 7F 3 [E 43
LR 5 TSR0y RN L I O | P e et 5 3 )
FA B 0 P o S P22 R 7, AR VLR |
VSR VT N A v — 1 30 ¥ e 5 A 3 ] g
TP IX ; 7 [ A4 224 W # B ( MacKinnon et
al. 2000) . EZFR T 1000 m LLF YK
Ly Fr iz A0 LI it DX ) R A L 7N e AMR R
i RS 3 S8 T o o dy, JC AR G 5% W B A
TsF v BF 3T P R A A ) A DL H BT T 4 A
MR, 220 NS FEUR A&, Wiz
B (Morus alba) F58 ( Ficus microcarpa ) %58
YIRS SR, © RIS BA B ik
i A AL T MG 8 TE Y AR 1 X ( thermal
neutral zone, TNZ) FIHAL) BMR ( Zhang et al.
2006) .,

N T AN 5 2 R AR
P 0 H R AR, FRATTIE E 22 06AE S S
X TEEMRSFT WE T 226k 5 1 BMR
PR AR 24 h BT HRAEAL 8 A
5 AR T SR bR 09 4B, 0 HOR AR A A
A BT R PR AR o FRATTHEI AR D1 4 e
(R LR A7 SR, 22 50A 5 TR 18] 7T BB 2 BRI L il
REETHAE (BMR) AR A4 554 BRAE b5

LBk

1.1 SRIeH# AER 26 16 H(8 6 |
8 9),T2009 4F 12 HH A RIMHLIX (27°29'N,
120°51'E) , i N 3t X AR S 238 B 0 18<C, 748
fEAE RN 29C 2 40. 7°C, Hoh e A A (7 H )
Fitse e 7 (1 A A403) 8725 5 39°C Al
8°C ., W2z ek S ARiCIF o JE 1R 37 T I R 5
AR RS AR UL AR MR G 5T T TR R A R
TR A A IS T RS BF ( Gracula religiosa )
FNES (Acridotheres cristatellus ) B PR S £,
1R EBIUEK x % x 5050 em x50 e¢m x

60 cm, 7E HZROL IR AME T A B EUE AR
KB 1R G TEE R, IR S 40 2 S 33
H(12.0£0.4)C(JEMH 11.6 ~12.3%C) ,

1.2 KR EEMNE KE(T,) R
U A R RS T A 7 e 485 R i
A E (TH212 K68 B 0. 1°C) , iR JE
THEA RS N 1.5 em b, R E
TRBeE Jaid sk AR . R (M) BT E
KM RR - FCR] 240 ES ( ) A BR A Rl AR ™
(LT K F ( PL3001-S, RS #f £ 0.1 g) . 14K
AR ARG 1 hids 1k, 0% 24 Wk, 52
5 30180 B0 35 L 8 R A 4 R, S R E R
(12.0 +0.4)°C (JEHI 11.6 ~12.3°C) ., HT M
MEMRIR 22 SR W 3, WO 22 6 SRR 5

—,
1.3 REREME SR I/
PR E AFE A R R R [ml/ (g-h) ], FER

{430 5 2 BB McNab (2006 ) 3 (6 5 25, % FH 98
F AEL 2 W) A 7= (1 FF R S B (S-3A/
1), 28 300 ml/h, N TSR FEA 4
NP 28 I, TR B N 25°C, PRI EE AR
3.6 L, £K 6.00 ~14.00 i 14 .00 ~22.00 Hf
122,00 ~ ¥ H 06:00 B 43 =A™} B] B % 22
TE L S A AR R ( metabolic rate, MR) , 3
YISCESHTRY 4 h FSE I ) AR AR
FNIEN 1 h, BERE 1 h SR OB 7R R
/NS PN 3 B — B 2 1 L e 1 e (IR T O
MR, MR i8R Hill (1972) #8005,
AL e R AR i v 20 8 A R AL A X € = MR/
(T, =T, , it E 2 S e R X C
HfETF [ml/(g-h-°C) ], MR 2L [ ml/
(g-h) ], T, AKIE(C), T, 2HEHEE(C)
( Ashoff 1981) .

1.4 Zito#r i SPSS 11.5 Siil#fd-f1
HATA G T3, FI ] Origin 6. 0 3KAF45 K],
H A S A B 1) 2 S5 ok FH B 2 MRty 2200
(repeated measure ANOVA) ; &R A H AR5
BT AL 0] 25 5ok FHEC AT REAS ¢ 6 35 53 BT
(‘paired-samples ¢ test) ; K T hEGARIEPRIE PR Z
A EE 11 52 M 1T 35000 M 44 R+ R 22, SR A
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PR I P 7 22 73BT (ANCOVA) AR
A KN R R RE 25 57 0 SO R e LA
SEHME + ARifETR (Mean £ SE) /8, P <0.05 K
ZRBE,

2 4 R

2.1 iFEESEEMEENHRARTH. «
DO SRR B R AR fb B R 2 R
(F s 408 =33.232,P <0.01) , P 7E (1R (9.
00 ~ 1800 A ) PR /&1 1 18 2 i AR, -3
(42.3 £0. 1)C, T 72 W Bp (A R A A1, R (4.2
+0.1)°C, P % 2 5,00 BHAIR R Z AL, A
(40.4£0.1)C(n=16) (K1),
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Fig.1 Daily variations in body temperature
of Sturnus sericeus
BRI« PRfEDR; U R 5.00 AR LLEL, = P

<0.05,
The values are Mean + SE; * P <0.05 compared with

measurement alt 5 a. m.

Wl 22 e SR EEZRBE (1 =
10.331,P <0.001 ) , M 097 ¥ (K 5 2y (81. 3
+0.5)g(n =8), MR FEIKRTE R (74.8 =
0.4)g(n=8)(El2), MWL MIKEH
JE A AL LA BE M 225 (F oy 1) =0.404,P
<0.05), 7675 /2 (8:00 W) 1K = 5 3 e /ME
(77.3£1.9) g, # & (19:00 W) ik 2 F K
(83.9%2.2) g(n =8); MEMEZ A S 1LY =
(7:00 )R N (72.4 £2.2) g, TEBT B (19

00 ) (RTEIEINZE (76.4 £2.2) g(n =8) , {HIf
PefARE H FAS LG B 2R (P> 0.05)
(ré—] 2) o
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Fig.2 Daily variations in mean body mass of

Sturnus sericeus
BRI + bRIEDR ;S UUR 8:00 IARLLEL, = P
<0.05,
The values are Mean + SE; * P <0.05 compared with

measurement at 8 a. m.
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YA SR T AR R TR M, = 83. 46
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Fig.3 Linear variations on mean body
masse of Sturnus sericeus in the
time of 20:00 -7:00
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(+£0.12) =0.41( = 0.02):(R*=0.992,P <
0.01) ; HEPEZZ AT S A F B AR A 4R 1 7
M, =76.74( = 0.15) =0.39( = 0.02)¢(R* =
0.986,P <0.01) ,=CH iy ¢ fLRMIH]
2.2 ZXEEEMAKEER(BMR) AES
(C)WB BTN LUy 224800 J5 MErE22 Ot
PR BMR 22 A8 8 3 M6 220047 5 BMR &
IF—, 2256455 BMR 76 B Wi H 5 A8
U (F 350, =22.218,P <0.001), % J= 4 i
BMR [#25/ME, N (1.96 £0.06)ml/(g-h),
14 Bk ) 5 KA, M (3.45 £0.22) ml/(g-h)
(n=16), W EACHHRE B FEAR T 43.19%
(E4), BT SR EAATE U] RN ER
T LA T AY BMR £ 2 0FE S,
BEFES (F 5, =22.122,P <0.001 ), B [H]
IR EREAR T 44. 62%

2R AL T C RIFEAFAE B B 1
WAL AR R € 43504 0. 07 ml/(g-h
“C)M0.10 ml/(g-h-C) (¢t =6.213, P <
0.001)

40~
*
%; 35k */{6' %
= 30} . t
g =
£ asf }\
=
=
()
= 200 ~§-
w l’?—i—;— i\ié
=
a7 e
=~ 15F
1 1 L 1 L L
4 8 12 16 20 24

I 18] Time (h)

B4 £iREFEHRIGENEEEEL (v =16)
Fig.4 Daily variations on mean metabolic
rates of Sturnus sericeus
BERA T = fruEiR; SR 4.00 WA ILE, = P

<0.05,
The values are Mean = SE; * P <0.05 compared with

measurement at 4 a. m.

3 i w®

3.1 RN BERBRASHTH AR R
FNRAL B EAE IR 45 8 IR IR A 55 548
WPRA AL T 0 LA B % AL, Prinzinger 55
(1991) 257 1 001 AP ARFRLRES T 2504
Tk, TR 5 28 1 RO B A AR A A
AR A AR A ey AR ) A B,
BIPEERYZE R, HAh, Sy AR TR 7T L) 8
IR 5 BB IR 2248, A R T 5 2R 1) AP AA
B DUTE 4 i B A A3 5% ( Burton et al.
2003) . SR AE R 5 IR BRI, W 251 E
SRR TR, SIS R e AR
RYUE AR L) AL e ), — S/ N 5 2
WAEARIR 2% A5 T 3 i B AR IR, 46 /N 5 PR BT iR
JER 22 5 AR — R A RE B AR A 5 b
BB ), McKechnie %5 (2002) ¥ 224X Fi
() AT Y 8RR T T 3 35 Bl K SO e A4
I ( facultative hypothermia ) , 1% 4t #1 43 Fy & K
(hibernation) . HAKHR ( daily torpor) A & 1A
I (rest-phase hypothermia) , 25 H KHR 2 1]
(9 X AE T B AR 2 Ay 4 B8 S S AR Y i 544
Uk, TR BIR 5 i LA AAR R 22 ] ) P2 AN T A
SR INEE 7l Pl 1 Y N R (VR O |
IR SRR, A B IA S S i IR AR AR IR, 72
A ony s o3I o, BR T R TS
(Indomalaya) DASPHA A KA 34 il — 2L 5
W He kAR IR G, DRl B A5 B
52 BRI AA TR ) P R B8O B I a3, il
KA HE ( Australasia ) F1F#AT AL ( Afrotropics )
S 11 AR 12 B A 5 ( Nearctic ) T
P B (Neotropics ) 43l 18 Fh AN 29 Fhz £ |
AR, NATTE M K BRAE — Se e K 5 2 rh
(PRETE 200 g LA b ) A H 3 2S00 IR A U 30
5, AR 5L RS (Aegotheles cristatus ) ( Brigham
et al. 2000 ) FIZ% (@15 1§ ( Podargus strigoides )
(Kortner et al. 2000) , {5 FATXF & 28 A9 AR IR
MEA T —D2F 0, A5, 26k
5 ) ORI ELA B S Y B T AR, FE AR TR AR
BT B, BRI (40.4 £0.1)C, XF I



<274 2248 Chinese Journal of Zoology 48 &

McKechnie 45 (2002) 9 7E X, Fe 1IN by 22 64
B 3P TRIACTRL T B35 9 B 5 2 5 L IR AARIR

(ST PR R S SIS S G ke X F A V]SS
Z—  REFUML SRR A TR A
i {1 (A 7 NI B VA 1 [ B R
(Apodidae) A3 2 Fl i BRI IR B 4L, 106 L
R 3HE (Aeronautes saxatilis ) P RIAYR A 17°C | kb
H R (38. 6°C ) FEAIE T 21. 6°C ( Bartholomew
et al. 1957) ;¥ 5B} (Trochilidae ) A 29 Fi i #1
AT B RE AR TR, b T R R
( Selasphorus platycercus ) B[R K 6.5°C | L
R (38. 7°C) FEAIE T 32. 2°C ( Calder et al.
1973) ,ix 46 5, S AR AN R RE B B S e 1
TR B 5 2 RE s A R/, AR S B vh 85
RO BN R E R 224 5 (A PR TR AN R R
v S A BT, ELAE AR IR LA B 25 R R
X F W A IR AN 22 0 S AR B AR A Y
BHIERER, LI RIS 5 s 5
BHETRET 30% AR TR T 43.19%
JAFEAE (2010) & 3 H Sk 9 7 5 4 il 2 8O 1B
FE M 2RISR RIS W] b () B A
2 ) LA IR S 25 T B, DA Dy Sk 0 e ol i />
PR AR B AR EAAL T2 ) DT 325 38 981 19 (R Ut
Hi,

B R S 2R AR e T AR A 5 —
HEPIER AR 0 1 E) B A & b
BUR AR IR RE 0 SOm D BE BT AR S /N 2
FHUH A RO R Z — (Macleod et al. 2005)
0 R A 0 5 A ) 7 F Y I A A T SR U IR
B AR X 3R, T e B B Z i A H 3R (torpor)
B4 (Calder et al. 1973), B84 ( Tyto alba)
I B LA 5 2 F B R R i A AN AL, S AR )
H FRAERAA R 52 ( Thouzeau et al. 1999) . FAl]
AT R I, 22 AR ST B IR E A5 -
IRMAHR AR IR 2 T B I B A 2 e B2
DA 7 AR AR TR R S MR PR 3R
3.2 HESEMARSHENBEARETNL AR
S5 0 HE S W) RE AU AR Y T, S
BRI AR i 5 DU S A AR i s
#E (Gillooly et al. 2001) , RE2E—4~EEAEL

FAORFIEAS i, A S WA/ iy LS e B
PR & Aif £ 19 2 70 ( Pravosudov et al. 1997)
AW, 22 R S 1) e AR i R I ) 2
S AL VAR e —E R RE b T 22505
SR [H) BE it A I A R A5, [R] ) BMR AR T
4. 62% X E— 2 SR T RN FA7 L2 eh
5 S RE T A 22 e R AN . S RN AR
SRR, 7 Z AR 2 | RE
AR VR 1 2 L Y 3 W T B, TS 2 Rg AR
I — s e A R T S — N EOR R AR AL
i, DT SE 4 FH ARG 2 B 3k G o R o st 2
T BRI A A
(Ksiazek et al. 2004) WM R R0 i
PR~ AR, | R A R £ s ) 4 23 52 e B 2
e FRE A 25, 5 2T B 1 AN AT Ft 47k
R IO i H AR Y PR B AR, A
Mg HY 8% ( Zonotrichia albicollis ) ( Kontogiannis
1967) IR IN4E ( Parus palustris) ( Hurly 1992)
N BE %€ ( Taeniopygia guttata) ( Cuthill et al.
1997 ) % R ZH0S SR 1 I 7 18] 2 ) 5% I 1Y
AN SRR SR B )4 AR B B ok 1 i A
1, 1M %€ & ( Accipiter nisus ) ( Newton et al.
1983) JKMES (Strix aluco) (Hirons 1984 ) Fl 48
WA ( Sturnus vulgaris) (Witter et al. 1995) %5
3 S 30 H A AR AR I X A [ s T G
PUEWPAT A AT T, AR b 2250 S 7E
FI e IBCRD AR BRI il B A S Y 25 AR, T
VEMETE N7 e e A SR A o 4 o ) e A A (M
P77, 3 g M\ 724 @), TAEE B (1900 A)
KB B RAE (METE:83.9 g5 MENE:76.4 g) . TE
R FAR UL, BE T K R UL (energy
demand ) FI“ WUk 54 B & AU B D% ( trade-off
between starvation and predation ) 1] L4843 43H7
525K )75 46 ( Houston et al. 1993) . “fEH:
oK AR UL A Ry, IR 3 I G i fif A i R] LLAE
—EFREE R R LA 5 T UL S
R B IA R, 125 28 H [R] 44 F R 3 i mT LA
SEGF bR 4l B R, BN R il A AR
SRAE—E PRI BR TR ILER, 7850 — D7 T
HE I T A fa s A B AR 1 L
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o Z20CAR Sy 1 JR) A 3G s AR AR T A (]
PRHE D AR /N (B 2 R 3) IR B 2201
55 AT D) ) U2 B A KT AR T A F H
V1) 5% £ 55 S AR B 7 25 AR A T ) 2Z () )~ A

AN F A R AR AR — 26 525 BMR Y
PE AR AR R L 5 R A A Y AR A
(McNab 2009) . BMR 2 & 2 A5 3% 45 22 () 8 %2
febn, OB B oy B Wy R T 5268
K e & 7 oK ( Wiersma et al. 2007 ),
Reinertsen et al ( 1986) W 25 & ¥t #8 3k 1L 48
( Parus montanus) \ K IL4E ( P. major) Fll B R
1514 (Acanthis flammea ) TEAR G 2514 T 8 1 1%
(] R AR AT A R e T s D g e S o L B
5 ( Urocolius macrourus ), X £ & ¥ 5
( Selasphorus sasin ) . 4 40 & ff; 4 ( Manacus
vitellinus ) XL T0ARAT 5 ( Pipra mentalis ) 7E K
ZAE R AR A T 17.4% L 67.4% |
33. 1% #1 20. 8% ( Bartholomew et al. 1983),
By 4 B Hofh 5 2% 45 1A 97 ( Lanius
collaris ) (Soobramoney et al. 2003) . [} & 17t
( Delichon urbicum) ( Prinzinger et al. 1988) Fl L
KALE & ( Chalcomitra amethystina) ( Lindsay et
al. 2009a) WA A& B, X Ho T A Y SE 56 25 2R
226 S ) BMR & E AT A (BRI T
44.62% ) , [a)If 3 B AR 10 AR R B 52
ALY BMR AT LA/ e 3 i (I A AT
AL S AT DAY/ P B AT IR 3795 4
AE I Y A A7 RS

SN 22 R s R B RS B[R]
AR IR P S AR BPR A iR AR Y
RE A A5 /K1, DTS W A R AL

Z % x M
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