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TEE SR W EIE IS SIKTAL A1 GPS WA T EME F AR TRY X 3 HUET Az KRB & 2 DO 543 ) 1) A 740 1 Bl AR R
SRBE AT TR PHAR S IR R K REA TG S 1 A SR AR, 3 R BRI B3R 68. 05% , 3% 2 MEME K REAN Y
G 3128 (70. 86% ) FIE 258 B (Jw Bl . 0—255 5 7K 05 W) /T B J5 ], 23. 82+0. 30/ 17. 63+0.22) #J b H & W5 R K AEA (70. 55%
14.71+0.17/13.52+0. 15 ;62.76% ,17.74+0.23/13.61+0. 18) fi, KAEMGA 3 Wi oh i 0, 43 1) s BLAE 6.00—7 .00, 18 .00—
21:00 #1123 ;00—3:00, — A A G SHRAS | HUTE 9:00—12.:00, KAEE H K EITE 318 (68. 32% ) FIIE 5h38 B (19. 59£0. 20/
15.45+0.15) LU IH] (67. 67% ,17.63£0. 19/14.21£0. 15) &5, RAEMG AN 2038 B2 5 X PR 4R Sk 22 [RIAE7E b 3 54 G (r=-0. 822,
P<0.001) , 525 IR 2 (8] AR FEAE B ARG
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Circadian activity pattern of giant pandas during the bamboo growing season
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Abstract; Circadian activity patterns of three giant pandas were monitored using GPS collars equipped with dual-axis
activity sensors during the spring umbrella bamboo growing season in Wolong Nature Reserve. We summarized activity rate
(% of time active) and level (‘horizontal direction/ vertical direction ranging from 0 to 255) across different times of day
and across individuals and compared activity level to both solar radiation and air temperature. The results showed that the
mean activity rate of the pandas was 68.05% . Activity rate (70.86% ) and level of the pregnant panda (23.82+0.30/
17.63+0.22) was higher than the other two (70.55% , 14.71+0.17/ 13.52+0.15 and 62.76% , 17.74+0.23/ 13.61+
0.18). There were three activity peaks at 6;00—7.:00, 18:00—21:00 and 23 :00—3:00, and a marked rest period at
9:00—12:00. Activity rate (68.32% ) and level during the day (19.59+0.20/ 15.45+0.15) was higher than in the
night (67.67% ,17.63+0.19/ 14.21+0.15). The effect of solar radiation was significantly negatively and linearly related
to the daily activity level of the study pandas (r=-0.822, P<0.001), however, the air temperature was not linearly

related to circadian activity level.

EEWA : HEK A RE 34 (40901289 ) 5 [H 5 8 S IL R AF 58 & e 1150 % B3 B (973 3 H ,2009CB421104 ) 5 3% [ [ 1 K 58 AT =
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OGS R DL K AP SR IR RS 4 e AR SEAL I A SR [RAE T, K288 R 00— iR -5 31y
B, BSOS S A BOEARAE WA g o — AT TR BR A U BRI 6 sh 1 A S sh e i AR A
RET A5 S B VIARE TG SN TR RA R T T % s i A AT SR A mT S B 1 sl A A 5 3 AR
B AAEE S VA B AL S M A 250, ST SR 7 A sh Ay 1) b B it o 2 A B S M

YERBIAT R B BRI ST, ST R 22 8 A s W i B8 1% 2 15 L F A B B B 52, ok /N RE A (Aidlurus
Sulgens) ,¥&75 3 ( Pseudois schaeferi) , 5K BE ( Helarctos malayanus) , FLfH ¥ ( Budorcas taxicolor tibetana ) & 571
WFoE T BEE B MW, —F G G £tk | R I B g 48 | 2B ST 32 SR T ) AR 1 70 LT T R X
B TR MR AR S, 132 RS HUE SRR 2R A BR ), A UL E5 18 s 4 ) [l R, 30 B g R4 A,
SXTSNIAT R A AR IR EE S 5y — R JC S v M AR 7 B/ NEL A AT 4 1 7 Bl ik e
T IRER IS B O TE SR, 3 2 A AP AN B AR R 2 455 T e s i shaT o i emf R )

B BT A= 2 e J W D B R ) R e, — B B A 0 1 0 9 5 AT A I T ARG M S Y GPS i R
(Global Positioning System ) #EATHFAE B AT A A5 2458 ) L Lotek 73 ) & & T 10 57 36 T R1/K P16 Bl 5k i
P R o A% B FH — 2 A B 35K 1 5] £ 2 L, 20 P 3 S 1881 R 7K S 1) R L o) 4 o [BR £8 F0 URC, el Ut
52 S e — B 20 A TG sham e S BT T, AW Bf A2 SRS SRR TS SRS AT HE F , FILAT GPS 101 (74
5 : Lotek 2000) i s sh 017y HAMER F A5 829% L 117

YRy T ST AR Sh ) R4 0 AR b | I RB AR B9 DR 98 52 ThE A DG | AR Ry KRB A PR 4 (9 SR AT 5, BB T
SR SR — B KRR B A A 2 EE A R Ay E ek K AR A ) B RS B T A RE T L -1k
SIS TE] B 43 TC A ] A BRI A 5 ShAFAE , 20 Afr X REAR S Zh ol FE SRS I G & BRI T il R R X R 58
AR AL i LAB I 31 R AR B A I 5T B8 D KRB A DR 4 SR 1 SR B ) AR . AR T
KAEMBCR M /D A AP FREE S A X NS T Sl O BBURR T DA G T R AR AR B9 16 2 15 A S5 AT M AR I s e b
FESRTE 20 4 80 AR AR . 8y (Schaller) 7 3CA 5 N HITERN e H AR OR3P DRI Z8 06 e 3 R HI TC 2
T A B A1 REA (14 15 AR A R ER A 5T SRS RIRSE T AR T T B AN R B AT oA AR T3
RHBORE, [F]I o KR B O A B4R AL T 22 SR, A2 I RACAE BRI R By 52 ), ) FH Je 2 v 3 DN 4%
ARARME I 252 10 5% KRBT AT 2 19 8, 17 FLIZHOR HURE S MR I0 s KRB AR AL T3 2l SR R RS ) AN e
FER R BB I BTG S i s 55 R B, 0 AN B P b J A A B 4 S TR 88 8 PR 053 DAL ] 552 i) K 3G 1) 35 2l i
& R T R ARSI TG 15 3 5 5R A F Tk 2B e,

2= EME B AR ORI X B R REA T A% BIMIRTEE 4K 43 A1 B B AR AT ( Fargesia robusta ) DI 54 J& KRB A
AT BT R TR SR S, T TG 3h S, 32 AT s A s TR e ], K RE
T A B B O F AR SCE RN GPS Tl (55 . Lotek 4400_M ) 7ERME A SR A4 XX 3 HEFAM K
REAN A 2R I A A S0 ) P A s 1 R S BE R A T TSR, DR IR MEG L T i R BB 1) B TR Bl o
3BT I REAR 14375 Bl BE 5 K B St IR PR T DG 2R il S BB Y DR A8 By SR PR HE BB LA
1 MRAE
1.1 W5 X

DU 1| Fib e 5 9 A SRAR A IX (102952 — 103°24E ,30°45" — 31°25'N) , 1963 4E 47, [ X 2000km? , &
I E T R DR R REA R AR S R G EMLR A AR X Z—

BN AR PR AP DX b JBAS) 365 Ja e 1] L JDoRE ety 1) v i B, b 35 oA W0 )1 23 e 1oy 11 G g JBiod 988 19 o L1 e 25 3y
e, MR 2R g 1) P AL et 1 o e W DU A AR L L EF AR 6250 m , AR PE K 52km , B ILTE 62km,

1 TN F AR PR3P DXCHIIE 0 B B vy ok T P 08 RASE RN 58 B2 55 908 DX LU BoRE X 455 , ETRF 4K 3500m LR %2
VKM /N, DR, 1 AR )« EXERT” o SCFR T M AR T L1 DKL, R R b Ay« sc B g, i B
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foeafe AR AL R R B2 A BT RIS A MR AXMEESEA 2N, S MR L R T A
B AR IR O B 4000 ZF, BLIR 1700 ZF0 B AHESIY) 450 AFl, JEPE2E 100 ML 5
25283 Fh, A RGBT BT, BEE ST, S P Y n LU AR B

A FEE ST DA TR B AR PR XZRAE A Wik 40 B2 25 00], PHILTR AR 25T A48 T8 303 2\ 36 5t P e
6] 2 AT, ARAE T3 1) 2 8RS L0, 2R v T ph 8RS L) A B L TR R 1840—3200m, IR 24 2y 25km”?
(E 1), XA KA PR B EiAT ( Bashania faberi) A1 4E E 1LAT ( Yushania brevipaniculata) , & KME
AR AP X R REA T2 A0 A5 XSz — 10 AR XK IR & SRR R 2, 2R S R 40 2 A () 1 1 5%
AR s WA TEEAROBR B | 32 B0 AT A 2 W R S 7 i o i A R TR S AR I L B AR AR S R B
TERAREE X, AR TR 4—6 H R BIRAT F 2R B, i THRAT F R A K AT, BEFRTE, AR
REM A 2 S s I

4km
J

1 BEMNEBARPREMIFFRARE RS 3 AAREMRIE GPS TERH S

Fig. 1 Hetaoping study area for wild giant panda GPS collar research in Wolong Nature Reserve, and the locations of 3 collared pandas

1.2 GPS &}z 4%

R 12 J5G5E Lotek _4400 M GPS L[5 ( Lotek Engineering Inc. , Newmarket,Ont. , Canada) W55 4 K A&
WG SN, WiE K/ A 120 mmx86 mmx126 mm, HHE 1. 2kg, XNRGE FEH 3 A0 418 . GPS TilEl , — 4~
FHEGEAERS (HCU) 5 GPS 0 Bl R SR BUE I , — 1~ 28 10 A H I A7 45 1 00 B 2 2% 17 B s 0% ( VHF
modem ) FI#A E A% (UHF modem ) B4 4 il i A , 10 KRR S5 DRI, RELH T Mini Piyg2e H, ik
VEG W55 8 R [ s iis " T e 2 e A I T A T AR ] 35 ( Schedule ) |, A #5 m] AR 41 52 B
T BT E . AR5 Lotek 4400_M GPS TR 511 2h #2108 1 IR GPS £#fi, 5 Smin FRHX 1 RAKFIE 3
e E I SN ECE | F R BE AN T B R B B AR B 0—255 (0 KR A TR 3,255 Rl sl smgl) . R
BAME O, 0 B RIS 1T AR S A B AR RES B LBV

2010 43 AR ZE 4 A9, fERME AR XAZBREERIF T XS8R B T 9 5 2R A 4K 3 U BF AR AE
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W(ZR 1) o BRIE AR b o [ OR3P R BRI AT 5 v 1 L BB R T 5T, BRI 24 0 S B ( ketamine ) o JFRTEJS , %
P CBOTAr IS 18] 3R A GPS TR, 222 I IR A2 [, [a] i 207 ol SO A 553 2, fy DR R BB 0 1 IR I MLECRY - 30
Pl 22206 i U ), GPS TR T 4fis 47 . 7ERE K AEAH 100—200m ALWLEE , & 10min 247 KAEM A JRHEI 4
HAT HFEZE AR W S5 A AT BT,

R1 TEKGPSTEABENELRRFER

Table 1 Information of collared pandas

BT Tt Pl G 5 {55 Wi AFi 51 2% A 1

Name Collar ID Frequency Age Sex Capture date
3% Mei Mei 1188 151. 144 AR Adult WEPE Female 2010-03-29
164E Hua Hua 0259 151.000 B Adult Wt Female 2010-04-05
W3l Pan Pan 1187 151. 060 AR Adult — 2010-04-11

R AL B A LR S 8 A AR R S 5 Dy A, 30t P A MR R SBT3 H IR 2 Wi SE SR 52 IS BiE , AR WIS I IH] , 56 SE L 42 322, i AN RERA 7 I )
A FF TS DNA Aok 45

1.3 2SR5 R B S 5 el

7 LR RE S AF 5 v 0 Ak R E 5 B b P 48 2% 30 SR K BER A L s AT R4 3 (HOBO ' Miero
Station) ,5 ] 6—15 H G4l Smin ZRBUK IR 25 SR EEEHE , 5 GPS TRl i sk 3% ghsi FE [R) 25 | ILAME
4 F 15—20 HS B4 15min RBUK PHER S 25 IR EEB0E
1.4 BdmisE S a8

L I R 0, 9% 3 AR H IR R 48 GPS 2 16 SIS , T ] GPS Plus BRPEH B ik . A
WFFEIAE (2010 45 4 A 15 H—5 A 15 H) #4453 HIRKREM /K5 3 5306 sh 8 4331 25560 4>,

T KOE G S B IE oA O B, 36 BTG sl B 10 S A O, Bir AASIF 5 o, 5 O3 85 B 5 1 HE 9 4 i
PAZK P36 Sl B {0 s bR . ASHIF o8 o, 5 — B B A T % R K16 BhAIE 0 48 S0 H BAR

FIF Hawth’s Analysis Tools for ArcGis T A JTE 3 HKRESaY A /Nt H 5 6] B LB shiE
5 & Kolmogorov-Smirnov 4655 B8 1Y 1IE A1, HHEEHE 73 A1 R AE , SR TP 37 FE AR Mann-Whitney U 46 56
Fbds 3 HRREAN 1% SR , >R H Paired-Samples T #5535 A% 3 HIKREAAS [W]I a] RUBE b 1) H 2R B ShitE s, R
JH Independent-Samples T #5465 H 3K R 1 K5 5 6] 1Y 1 2 58 B2 5 >R FH Pearson AH G/ M 7K1 5 22 ELIS 29k
JEMISEFR A G0 1 K PR R S 5 2 AT RE T2 S A3 AR F 5 308 1] g /N B S 3589 K 6 23 R0 3538 %8, R
Pearson FHC/HT K REAN S0 38 B 5 25 AR 9 O R | SR R AH G 43 B R RE AR 191 R 1% 2l 5 B 5 K BH 4 23
2SR Z IO R | BARGEiHr Hr ¥ HE SPSS 16. 0 F {417,

2 #R
2.1 KAEFEAIE S TG 3R SR 3 B

BB PRI 3 HRRE 1) B 1T 241 sh R I 7E 60% LA I, 32 7 Wi (A 36 55 13 sl R die i,
70.86% ,HEAEIE BN RIRZ, R 70.55% , 55X W AR L, 55— HORUAR B B 193 2 R 0m Ik, 62.76%

Mann-Whitney U 45 56045 42 3¢ W 56 36 (9 15 2y i B B 5 T LA g R BB ( 3638 vs 4B, Z=-18.913,P<
0.001; 33 vs B3, Z=-15.032,P<0.001) , FeAEFN M W 2 8] 191 Bl158 B2 230 (4R 4 vs Iy, Z=-2.407,P=
0.016) , LGSR IR F] T GPS W J8 T Rk 10 5% 1Y I Y I 255 , 1 A8 42 A W d5e K3 sl B AR 7E 170
LT (%£2),

3 HOKAERG 4 H 15 HEIS H 15 HREB SRR 22 A K HRE LB shii g, &€ thaedE (1= 4.232,
df=29,P<0.01) WM (1=2. 12,df=29,P<0. 05 ) H ik ; /N RUBE |-, SE 2R sl iE 5, tholBad HoAth vy 1
REM AESARE(RI),

3 HORAEM 1 R ATE 31K (68.32% ) FITE Shom B (19. 59+0. 20/ 15.45+0. 15) L] (67.67% , 17.63 +
0.19/14.21+0.15) (t=7.081,df=24950,P<0.001/ t=5.9,df=24690,P<0.001) & .
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Table 2 The activity levels of 3 pandas during the umbrella bamboo ( Fargesia robusta) growing season

s y P +BRIED: Mean+SE KA Maximum

Name JKEIE B Horizontal — FEE G Bl Vertical 7K -3 3l Horizontal M ETE ) Vertical
3 Mei Mei 8548 23.82+0.30 17.6320.22 255 255
445 Hua Hua 8510 14.710. 17 13.52+0. 15 131 137
3} Pan Pan 8502 17.74+0.23 13.61+0. 18 169 159

®3 WEMNFHEARERRBEREL3 AXEBNBIHNES

Table 3 Distances moved by three pandas during the umbrella bamboo growing season at different temporal scales

4T SRR /m H A I E/m /N R B RS /m
Name Total distance moved from 4. 15 to 5. 15 Distance moved/ day Distance moved/hour
%3 Mei Mei 1046 329+45 27+5
4848 Hua Hua 1019 14023 20+2
{33 Pan Pan 949 197+34 2242

2.2 RAESNMIG Shoim 5 KRS 2 R Z A e R

KAEH 7K1 1% 3 5 3 LT 9 B 2 (RIAEAE A B 2 ) IEAH DG (70 0. 892—0. 937, P<0. 001 ) 47K F-{ 5y
JCSRHR O W IE BTG S iC SRIEEA A 0, T HLIE ELICSEA N 0 1 99% DL AiC s M8, S K AE A 17, A 247K
G BB EEIE SN 0 B KRB AL TR BRI /R A R B 34

KRBT BRI Bl 5 2 A B 2 A DG AN B 3, R A K PR AR 5 5 2 RO e P S il A i, 43
e 5 K REA TG Sl B 0 OC R |, W AH OG4BT 45 A R KRB AR 1 203 B 5 K PR S =2 ) A7 AE 0 2 M SRR G (r=
-0.822, P<0.001) , 525K Z [ AH A B2
2.3 KAEM RGBT A

K AEAH AT Bl 55 17 20 20k o) J M A — B0, AE KRB AV 2 B B R e B HL 3% Bl 3R A I A 1, FE AR
ST B W SR B R/ SMAR 3 HUORREAN R B H A — B R B0E sh 1 A 3 AN TR sl s R 3 A4
TEANRA . 13l m 53 5 A BT 43 (6:00—7:00, ) , 3% Bl 5 (18:00—21:00 ) Fl /B Hij 5 (23 :00—
3:00) (E2), 3 HRBEMEE 1 U gm0 H B B 52 4 A [R] , B H BRAE LR 6..00—7 .00 3 57 2 WA 8l i 4 3
ASHATE], b gy EAE 18 :00—19 .00, 3538 HBRAE 19.00—20:00, F48 H FLAE 20:00—21:00; 55 3 WK 3l
W | 36 3 LAE 23 .00—24 .00, Bt BEAE 0:00—1:00, A2 ITE 2.00—3 .00, 5 g m WAAxT N ,3 H
REAH AR 1 URTE SIAIRA 24 Hh BRAE BRI 4.00—5 00 ; 55 o B 58 498 SRS S BAE 9.00—12.00 , A i
£ 9.:00—10:00 , By FN3E SEAHLRAE J5 1h; BEAMNER [AI UL A — IR sh R4y , 52 2 T iy Y L 7E 21.00—22.00,
A INAE 0.00—1 .00 (& 2) o 3 HKREAN H 3 3l = W S AR A O B BT AN 52 A ), Ane A2 i 7 o) 3% sl 1%
A 55 W W 1 375 B e e L BLZE (W] — B B R 0.00—1:00, {HLEVA |3 HORREM R 3 MG sl S 3 AN g)
A AR 3 BT B J5 3 T 22 B I 29 (6 :00—7:00 ) FH 8 B BB (18 :00—19 :00) J2& K REHi 17 2l d5e i 25 1y Ik
fi  SEHE 3R R 83.19% (& 2)
3 itig

KHILOR , th TR 24h BREZSIII B ARATE 36 ARMEACEIHC I (8] 9 3% S W, AL B AT W AR 248K
WIS T oK KB SR B SR T R R A I ) A e 11 FE LAAE K REARG AT R % 2h i
e R JCZe g R B ] R AT LRI 3l UK B A PR BSUHE , AN BB A o 3% 282 1l Wi 0 ¢ ) %) 7% 2l i
JEO RIS B R GPS TR £ R E S e SR T 3 KRB A 7R 2 U MR S I A S TG B0
ST S5 R - 32 2P MM R REAN 95 25 0 15 ol B O e, 15 Bl R AR Rr S A B (R B H G 3 P gt B J K T4
g, X% 5 KRB 32 22 e T Ah SR s A% BN A ¢, B R R AR P32 20 s i LU RIS I 174 &
1730200 WP A MfEMEC BB AN 78 38 e 52 22 5 , o o A5 B 22 A sk ) FOKS 7 38 U 0 ROk, LA A2 A UR 3008 9%
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SR AT, R A KR AR TR 10000 - o
EFRH AT AT O RO AT g | e — [
2% NKTHRIEH, 3 :

ABRE S e M Ze g, B 0 10 ¢
A BRI R X S IR R R OO NS
TR A B R, e RS IR 2001 = lor 2
BOGERL 454 A s 0 A BT S B T 1L 3 N

B 0 2 4 6 8 10 12 14 16 18 20 22 240'01
K FH 8 S A — R T L5 25 KRR TG s 51 A, Time/h
FEFR 5% R BT CPBRBHAR S8 5. 64 W/m®) B2 Bt R B T
R S B (8. 13W/m?) I BOR R AEMI BTG B g 2 The circadian activity pattern of 3 pandas during the
U6 s LR A5 (349. 72 W/m?) B FRTJG AR BEMi it £ umbrella bamboo growing season
BRERT B (B 2) o o5 —J5 T, FER E), FE B A A
IR R S50 T CORBAER ST ) , KAESATS R B BT 2 5 R B2 2 iy LA, I K BB v se 225 N IR )
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