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o3& AR Bk BEIE, oA Azt

(1. MR KR Ay SIREE R 2B WL M 3250355 2. HUMIGIE K4 Ay SRl 2424 B Wi BT 310036)

WE DGR WSS I BRI R 22— I sh P (0 4 B LR . A6 B N4k X 1 3k 38 ( Pycnonotus
sinensis ) /R EE A8 B & K EEE B I W, LIS E 28°C ARFEDEEI (161:8D,LD 411 8L:16D,SD 41) Xf Wi 3k 48 17 4 31
4 FIRC AL 0 HAR . 2% a4 B 8 T AR (BMR) MR ARE R RE X R BEI A AL AR, 4R &
B, SD AR IEREEE I /Mg ) B BMR X R SEAR R 8 3% 8 T LD 411 58 ' BRI 38 19 3K o9 S 5 PRI B A 6 L HiE
MEE X FIfbaE, X eegh TR LRI AL Mk E 2VE B8 BMR KEER WA B — o, IF M KOt g
S Sk B IR 2 T I A A e QI A I S AR, R B BAIE 1 RO BRI , B Sk 88 BMR 502 B (I NS4
HAMEME, PO T ERAE ALY BMR W EEFERZ —,

KR K5 I R A E o SRR R i

Effects of photoperiod on body mass, organ masses and energy metabolism in

Chinese bulbul ( Pycnonotus sinensis )

NI Xiaoying' ,LIN Lin*,ZHOU Feifei' ,WANG Xiaohua',LIU Jinsong' "

1 School of Life and Environmental Sciences, Wenzhou University, Wenzhou 325035, Zhejiang, China
2 School of Life and Environmental Sciences, Hangzhou Normal University, Hangzhou 310036, Zhejiang, China

Abstract: Photoperiod acts as an environmental zeitgeber for seasonal acclimatization of thermoregulation in some birds.
The present study was designed to examine the effects of photoperiod alone on the plasticity of body mass, metabolic organs
and metabolism in Chinese bulbul ( Pycnonotus sinensis). Twenty adult Chinese bulbuls were live-trapped by mist net in
Wenzhou Zhejiang Province (27°29'N, 120°51'E) from March to April 2008. After one week adaptation to laboratory
conditions, they were randomly assigned into either long (LD; 16L.:8D, n=10) or short photoperiod (SD; 8L:16D, n=
10) for 4 weeks at a constant temperature (28°C ). Food was provided in excess of the birds’ needs and water was supplied
ad lib. The birds were weighed (to 0.01g, Sartorius balance model BT25S) immediately after live-trapped, and weighed
again at a week interval over the period of photoperiodic acclimation. Energy intake was measured in metabolic cages. Food
residues and feces were collected on the first day of the experiment and also at a weekly basis, and the caloric contents of
them were determined using a oxygen bomb calorimeter ( C200, Germany IKA ). Metabolic rate (MR) was measured using
a closed circuit respirometer. Chamber temperature was controlled within (28+0.5) °C by water bath. Birds were killed and
dissected on the day after metaholic measurements, and organ masses were weighed (to 0. 1mg, Sartorius balance model
BS110S) immediately.

During acclimation, we found the body mass and energy budget of Chinese bulbuls began to have significant differences
in two light conditions after the first week. Body mass of SD birds became significantly higher than LD individuals, and all
of gross energy intake, excretion energy and digestible energy intake decreased remarkably in SD birds, but energy budget
except digestible energy intake kept stable in LD individuals. After the 4 weeks of acclimation, SD birds showed

significantly higher body mass, basal metabolic rate (BMR) , digestibility, as well as central organ masses (liver and small

HEEWA : R ARFHEEA T I H (30670324, 30870377) ; WiTLA AR 34 W BT H (Y506089 )
Wo#% B #1:2010-03-16; &iT B #1:2011-01-18
* MIRVEH Corresponding author. E-mail ; 1js@ wzu. edu. cn
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intestine) than LD birds. However, the energy intake, excretion energy and digestible energy intake of SD birds were
significantly lower than LD individuals. To summarize, photoperiod had significant effect on body mass, central organ mass
(liver and small intestine) , BMR and energy budget in Chinese bulbul. The present data were consistent with “the
hypothesis of central restriction” , that is some of the metabolic existed in the Chinese bulbul body have positive correlation

with the BMR, central organ is one of the function to change the BMR of Chinese bulbul.

Key Words: Pycnonotus sinensis; photoperiod; body mass; organ mass; basal metabolic rate; energy budget

S IE B 7 3 K PE P2 B (obligatory thermogenesis ) F11% 3 P 72 #4 ( facultative thermogenesis ) Wi
0 P A (1 BE R QI3 (basal metabolic rate, BMR ) S 4 i &l 9 4k 1E 5 A BB (14 55/ N7 4
MR ZRNRE SRR MK RSN T R AR R E VB AE E B B s S  HET,BMR
28 B i ) R N B A /K O LU BB S0, e 1 RS [l P e 1) AR T A A R B T AR KO-

B FARE B R S SN N PR A — A B EE N, G TEh W AnAer 3 O AE B T ORR TRl AR
BR Sl — AR A S A R R A R R DS R IUAE RERE BT R,
AT AR IPESF R M S ) BMR B R R RS H A A2 R BMR Y iR A T2
Klaasen 55 A XF BMR 25715 P28 (02 75 02 B4 (14— Fi A S 3 17 , 2 75 S % PR S5 38 1of 1 25 5 , sl A 7
AT RE I E A — PRI AA U B AR W B R A T , AE 2122 A5 R R PR Al I 5 A28tk b, e A
W RIS R BT A AR M R 3R 22— R B0 AR ) 20 A AR A — A I R A
B BOERIIR Z 1 ARG, Sh R B R A S Z T R B = R A AN (AR Ak, L AR B4 T
AR A AR A3 R TR Sl 1 35 AR A B R A Tk i R A A AR AR 04 R ) % A A A SR 10— o e
(038 MERRAE " PRI ] A 5 Ry Sk A ) A % BB A B R R SR R - 2 — 2 B I I G TE

SRR RGN A EE G TR AR AR MR AL AR 2 TR R AR S AR E T T A B G
SEAVE] . /NS SRR RSN o 3 000580 =6 45 5 QR R (AR TR A R A BRI L A a6 811 ol oy HEs g b
FUIREE B 1 B A A I B RE B R SR 1 — IO R T LN S R AN B AR AL N U, B % R
AL, H AT E NS WA A SRR AR A X /NS 5 ARG 3R 8 5 i) B/ NI 5 2I0) B 28 A3l 1 ) BF
BT VRS R G S e /N Sl e R AR R 0 S R A O A T A R R
I8 N0 e I PR AR = A G Eﬁ(Lasiopodomys brandtii ) W 7= #EE 77 ; Wang A N TR DG IR R
FH B ( Microtus oeconomus ) $6& ARERISZIN , & PR HRBEHBOHCEE A RE RIS N . T 17N AL 15 26 A 3 )5 T
MR 2 W T SRR K RE RGBS A SO R IR /N S S RE R 5 i A X
B Ty T AR X — 25 T i/ N I 2 PR T I AL AT 2 R

F13k 58 ( Pycnonotus sinensis) N 5 | J&46IE H ( Passeriformes ) # %} ( Pycnonotidae ) . TH 734 F KR K Fiti
FAEPACER g i o FEFRIE FEBEA AT T AR B UL D PRI AR 2RIl ACIABEPE R R, e ST
VIR, PR RERER AR EE , S 0 by y B kg, B R B Sk Y BB AR AL AR
VLA 1Sk B 2 — R e i DL AR TE H 5252 — 0 Sk i (PR 2 B 21 AR (R AR ), R L R LA
PEEY N AN DB £ T RSk A E T B R, 2 B RN 4 U 24 5
PRAT AP MR, AR TR TR IR E KB Sk 08 A 5 M AR B AR A BMR RIAR 58
AR PR S AR = PAE AR I 88 1 1 PR AT DO B AR | Co M U R T3 ) R JULPA)
#5 BMR 1Y R/NR TEARSE , DO R M R AR ARG e e B, X S e B 2 L A R m A 1, 2 1k
% BMR (14 2P 3R Y B SOERIIIXT 1 Sk 0 PR T 25 B R A S A A5 D TR A I 1) A DG 5 i
RIARGE o AW LA SR B AT G BRI Sk G B R 2 UK B i A R DG S S0 A8 AL PR v b 3 7
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1 MMFHEE
1.1 SE5sh)
20 HEALSF 2008 4 3 H 3l H WL A RN #1X (27°29' N, 120°51'E) , 1% X S A iR 0% | B A [%
I AR YRR B AT GA 1700mm, AFFI93RE 18°C , A 7 A (3—9 A) il B2 it 37°C . P35
TN 7 A 39°CH] 1 AR 8C , P RARIREEM 7 ARy 28°CH 1 AR 3°CH ) Frig I 85 (60cmx60cmx
30cm) 37 TR K 2E S S50 By, 0T H ARG IR (00 R 28°C IBREE 25 H B U S Aok 38 i 1 s
SEIR KO HRAL (16 L:8D) AU EIALL (8L:16D) P4, 7 A shiE e N T A= b b4, F kS REAL 7
R LWL 4 J8, R4 10 2, SCE T 2008 453 A 10 HE 4 H 7 HZEBH T,
1.2 {RERIE
A SEIG T 05, BB 7d T8 1 R SIIREE IR I R A H K7 ( BT25S, Sartorius ) FR R, i 2]
0.01g,
1.3 fRiH e
ARG LA/ NS P AR T PR R [ J - g7 b ] BB /NI R FE AR [ kI/h ] R . REE SR B AT 2R
AR FE S I S0 22 0 AR s s P i 2 TR, TR 4R I AE £0. 5°C LAY, PRI (R B 3.6 1, A KOH Al
FE RS 28 R ) CO, FIZK 43 o SRRy 28°C . AR ( MR) By % & K AE 10:00—20:00 #17, h¥)
SLEAIASE 4 b AR ZE NIER 1 h, BERE S min 058 1K, BRI AN L0, B2 IR IR M5 MR, L0
FE 1 h FESE R,
1.4 BEm U B
RE I AR GBI . I B4 SR B PRk s s W IR, DL 7d R 1 AR, FREE RIAR B
FEM AR/ AIAESE 1 JE5E 1 RANEEE RS 7 RIEAT, BRI B ] 24 7E 13.00—15.00 #E47, IEM &
PIRIZEAE | 7E 60°C MRS h T EAE FHARE , Jf A AR T (€200, F81E] KA ) M e # i, Bl i
A FE A0,
EAHBE (gross energy intake, GEI) (kJ/d)= #EATH i (g/d) xEYIHE (KI/d)
HEMFE (gross excretion energy, GEE) (kJ/d)= ZE(F+H (g/d) xZHEHME (kJ/d)
[ AL AE ( digestible energy intake, DEI) (kJ/d)= #EARE(k)/d) -HEHBE (kJ/d)
[Flfk. % ( digestibility) (% )= [FfkfE(k)/d)/HEARE(k)/d) x100%
1.5 #E MR e
FESE 4 JRDIE BMR 5, B8 H ARSESE50 S | TR il O Bl I BB AR A 0 0 A 2538 4/
AT IR i 2 5 RN 5 4 27, SR Je 9], A= B K e v N 2590, D8 4R T, >R L F K ( BS110S,
Sartorius ) FRECE & i 6 EE RS HA 5] 0. Img, SARKGEASANE ALUET 60 C UMt B 1HE  FREIC R T,
1.6 Hdasgit
FIH SPSS it A IEA T ARSI b, 21 (AR LR I RUR ¢ K6 20 A s A IR 248 B i B ACRE
ke HEMEAE AR M R AL AR IAR B 5 2253 BT ( ANCOVA ) 5 20 PN 4% 78 4 22 53 LA R I B K R 22 (one-
way ANOVA) 5341, SCHEE I LISF- B R fE 1R ( Mean=SE ) 718, P<0. 05 RITAH 25 53 2%
2 #R
2.1 AS[EDG R IR Sk 8 A R R4 G2 A5 Ml
2.1.1 kH
SRS FFAATT, SD ZH Sk AR R (31.6+0.7) g, LD 41°4(30.3+0.9) g, “HWH B EXER(1=1.113, df=
18, P=0.280) . FfiEYIALE A HEK: , SD 4 3k 98 i (A B V5 A B S A8 4k, T LD 2 M A T R, (HZ N 22 5738
ARE(P>0.05) (K1), W7 XIFER,SD AMAES LD 4 A4 B30 25 5%, 56 28 KA SD 4141 LD
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AR A (32.320.8) g F1(28.9+0.8) g, SD A AR L LD 4HAY S 11.8% (1=2.934, df=18, P=
0.009) ,(H5JILRTHI L, SN TEH B 225 (P>0.05) (K 1),
2.1.2 fRghx

SD ZH 1 LD 20114 13k 95 B0 A T BMR FI#E /& BMR 2Py 248 IFAR TG, 1 308 15 25 5 (o fR F AL
R LF |, =8.372,P=0.01; BRIRMER . F | ) = 11.696,P=0.003) ,SD 41 A 507 14T Q3 A ae fA 1 Qg
R LD 5050w 23.8% M133.4% (K 2)

36
—o— KXt
—o— &t
__ 100 36
Y ol * * T': J.glh! * .
2 33 - * - 3 kl/h =
= en * =
8 = 5+ H27 &
2 E g
‘g o 2
30 - S S0 <18 ©
® 2 £
° 5
s =
% 25 —409 ¥
= =
27 & &
Il | Il | Il
1 7 14 21 28 Kk e
Kb B ] Treatment/d AbF Treatment

B2 SR B LA R
Fig. 2 Effects of photoperiod on metabolic rate in Chinese bulbul
BRI H AR R, * P<0.05

1 XEENELBEEHINE
Fig. 1 Effects of photoperiod on body mass in Chinese bulbul
Bl F I bREDR, * P<0.05

2.2 AT Sk 0 2% B s

MARE AL IE 2 30. 58g B, B Won LD 415 SD 4 Sk B AL Rl A ik O VB L L B B A b3 e EE RN
T, KA T EI R E 25 (P>0.05) , 1B LD 4 ififf 82 SD 201 116. 1% , AR B E 225 (F | ;)=
4.992,P=0.039) ;ifii SD 4[4k K/ Ny () fif 5 e+ S #0050 (3% T LD 41.(P<0.05) (% 1),

x1 ARUMLHBELBHEEEEMNAETHE"

Table 1 Adjustment means of organ mass of Chinese bulbul in photoperiod acclimation *

Wi H Ttem K8 Long Day JH I Short Day

FEARL Sample size 10 10

KT Body masses/g

SZEOHT Initial 30.3+ 0.9 31.6+ 0.7 t=1.113, df=18, P=0.280
SIS S Final 28.9+0.8 32.3+0.8 1=2.934, df=18, P=0.009
M2 2 fif T/ mg 879.0+12.7 871.2+12.7 F = 0.160, P=0.694
ML EF i/ mg 201.2+2.6 199.7+2.6 F 17y= 0.128, P=0.725
D ESE T/ mg 410.6+16.7 418.9+16.7 Fy 47y= 0.104, P=0.751
DNETE/mg 107.9+4.9 109.4+4.9 F(i17y= 0.040, P=0.843
Jili 2 £ 2 H/ mg 379.9+15.3 327.2+15.3 Fy47y= 4.992, P=0.039
fili ZH 2T 5/ mg 61.4+3.0 59.8+2.8 F = 0.146, P=0.707
JHF I £ ./ mg 1035.0+61.7 1254.2+61.7 F = 5.285, P=0.034
JFHET 5/ mg 364.3+26.8 479.7+26.8 F = 7.795, P=0.013
f k£ 7/ mg 321.0+12.0 327.5£12.0 Fapn= 0.121, P=0.732
i HET ./ mg 86.2+3.0 90.8+3.0 Fan= 1.029, P=0.325
B i/ mg 524.5+43.7 396.7+43.7 Fi7y= 3.584, P=0.075
BHTHE/mg 175.9+16.0 124.9+16.0 F = 4.235, P=0.055

http ; //www. ecologica. cn



6 3] Rl /NEE A S AT Sk R (AR 4 R AR B S R 1707

I H ltem KR Long Day S5 EIE Short Day

/N i T/ mg 1060.5+131.2 1555.5+131.2 F(i17)= 5.973, P=0.026
/NG T/ mg 238.1+30.7 355.8+30.7 F = 6.148, P=0.024
HWEE S/ mg 145.3+54.0 85.4+54.0 F(ia7y= 0.516, P=0.482
EWTE/mg 13.0+1.4 12.7+1.4 F = 0.021, P=0.887
AL IE 4 2/ mg 1730.3+182.3 2037.6+182.3 Fiay= 1.192, P=0.290
THALTEHA T E/ mg 427.0+43.3 493.5+43.3 F 47y= 0.988, P=0.334

R H A JR RS B R AR S A SR _E S S 05 28 S0 AR A T A IE 2 30. 58 g MM B ; BRI + AR 1

2.3 OR[RDGR IR Sk 4 fi 0 S A e
2.3.1 #HAfE

FESCIREE 14—28 K HL,SD 4 A BE 51 35 (KT LD 41 31. 8% .28.9% H130.5% (FEARE. 5 14 K.
F.7,=7.873,P=0.012;%5 21 K.F ;,=9.886,P=0.006;55 28 X.F, ,,=10.815,P=0.004), H4 N5
B RIRE R (FEARE:F |, 5=3.819,P=0.009) , K55 28 KEXARREHS 1 KA 30.3% ;1M LD 414%
ABBHNZERARE (P>0.05) (E13),
2.3.2 fEitfE

SD 415 LD 41 W5 28 (] 9 HE M B HAESS 21 REIH SD A HEMRE R W3¢ LD M 39. 1% (F () 1y =
4.601,P=0.047), H. SD 2 PNHEHERE BEE YL E] ) SE 4 2 99800 (F 45, = 2.594,P=0.049) , 5 28 K
HEMRERR 1 K> 33% ,{H LD HLH NHEMRETC I 3 25 55 (P>0.05) (1 4) .

270 —
—o— K * * 200 —o— Kk
—o— % —o— i)t
<) <) -
S 225 g 1 .
= —
%,g = % 120 (g / \
25 180 2e _<
gg J:':‘TE 80 & ,\
54 S —a
2 5 ab @ *—
S 2 be abe 4
S 135 be £ c
I 40
1 1 1 1 1 | | | | |
1 7 14 21 28 1 7 14 21 28
Ab#H Treatment/d Kb Treatment/d
B3 KR EXBRA LG ZE B4 SRR 3 SK O HE Bk 0 B0
Fig. 3 Effects of photoperiod on gross energy intake in Fig. 4  Effects of photoperiod on gross energy excrete in

Chinese bulbul Chinese bulbul

Bl P EAR R« P<0.05 KADEIRALIE 2 5 3 AR 74 Bl P B AR ER s+ P<0.05 KADIEIRALI 22 5% 5 RIFl 74
(a, b, o) RKEDLIRAH M 25 (a, b, ) IURAEDEIRAN IR

2.3.3 [nlfkRe

TESE 21 128 KT, SD 413k 48 [l Ak AE 40 1] 2 1K LD 41 16. 4% H120.9% (45 21 K. F, ,,,=9.792,P=
0.006; 55 28 K. F , 1;y=5.002,P=0.039), SD 415 LD Al FIMLARETESS A 41N 25 57 3 B 2 0 2l (SD
Y. F , 5=3.511,P=0.014;LD 41.F , ,5,= 4. 114,P=0.006) , " SD 411 LD 211 [FILAE S BITESS 28 KL
BHE 1 RD27.5%518.5% (1 5)
2.3.4 [Afe%

SD £ R LD P4 )[Rl AL A TE 50 7—21 KRB 225+ 3%, SD AR RTEH 7 K 14 K 21 K35
HRH LD 4 11.5% \15.4% J 10% (557 K. F, ;= 5.363,P=0.033;55 14 K. F, ,;,=9.830,P=0.006; %
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21 K:F, ;,=5.705,P=0.0.029), 1fi SD 401 LD 41 43k % 1945 H 41N AL R J6 B 3% 22 5 (P>0.05)
(E6).

10 o e R
—e— i —o— 5k
@ * *
& 120 S *
‘E = 50
2c 2
g 5 90 %
5 a
) 60 EAOr
2
1 1 1 1 I
1 7 14 21 28 . . | A |
&b@ Treatment/d 1 7 14 21 28
Kb PR Treatment/d
B 5 SR aLSEL R m
Fig. 5 Effects of photoperiod on digestible energy intake in 6 FEHXELBELENIM
Chinese bulbul Fig. 6 Effects of photoperiod on digestibility in Chinese bulbul
Bl A bR R« KEDCIA R 2257 A FH:(A, B) Bl - BE bR R, * P<0.05

i (a, b, ) BTG I FRDE IRAT N 22 5 N 22 e

3 it
3.1 eSS B IARE AVE R ARG

PREJE R BEA M BE R AR AP Z R . C A WHFIEN S AR E 2 V8 2 AR T~ B 2 0, i
JE OGHR B K 2 A RS AR T A R | A 1 A T A U R 1 2 X PR A — i
WML, VP2 B SRR TR S R U T SRS | FLIR TR AR 1 B 7K, AR 4 Z 4 I RBE A 154 8
ABEFEH, AR TR AR RO R R TR E 225 HAEDEI T SR 2325 1 OEIR T Bk i ik
B 11.8% , ARFMTAFHTRYEZ SURIELFEIN, ShPd A7 R A RE R LI B S RIS, A
WFFEH 16h JRIE K 8h IR SR 28 250, 5 AARARAF R 2B A MIAR L, B IAE AR VE T Bk A ]
RER I AL T A S A AL A S0 3 A AF T A A e AL £, BV o/ S5 08 107 X D' o ) 50 1) 4 Z2 8 BRI
AT I3 — A 7 11 Sk B8 R A /N 12 25 i A T 2 M8 17 O 9 b AR SRR ST, T LA % L 1 Sk A 1
BT, RISk B R T BRI, (H A ZR A (A DI N B T R {8, Zheng % AU LB 5T K
FEL B F AR 1 29% 16 FARIREE A B 7E I D't B 4 22 e v BRI 1Y) /N D B I HLAA
FEAEAE 5 TR T i O IR Y 5 TR R R A v B S PR O i A e o X — Ty AU 1 2
A TR R 15 B, A B I A B 0 45 IR S AR 1 — R R o R O

TEAMWFFE R, AR PISC I AL Kk S 2 1] HE A HAE 2 21 KRB W35 22 5% {5 SD 1R BE SRR
T LD 4Lk 5550 FEd b B b, SD 2 F Sk 38 RS A BE | R RER AR KT LD 41 B R] AL AR 2
# T LD A3k 88, BARRDE ARG T 445 RE RS PR (LR35 T 1, T ROL IR Bk M RO A EEABE
LSRG REREATC A8 A, X LE4T KRR WD R AR foxt 1 Sk 8 RO REE ™ A 130, 2R LA SRAE /N L 1A
BPIIRIETE  ILA HE  RI AR 2 R A R B TR IR AR TG IR AR AR Sk e A
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