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Abstract: Aspects of an animal’s activity patterns such as circadian rhythm and activity level are caused by intrinsic
mechanisms and environmental effects, and in turn affect an animal’s energy metabolism abilities, foraging behavior
strategies, and evolutionary adaptation. Using GPS collars with dual-axis accelerometers fitted on wild giant pandas and
livestock (horses) , we collected activity data from 2010 to 2012 in the Hetaoping Research and Conservation Center for the
Giant Panda and the adjacent area of the Wolong National Nature Reserve. Representative individuals, namely three adult
giant pandas and three horses, were selected as samples. Indices of activity levels, active time percentage, activity
fragmentation rate, and active segment duration were compared between the groups in order to reveal intrinsic features of the

glant pandas and livestock in terms of time utilization. The results showed that the wild pandas and livestock had differences
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in activity intensity, percentage of active time, and activity fragmentation rate (all P < 0.0001). There was no significant
statistical difference between them in the duration of activity segments (P = 0.4107). Wild pandas showed activity patterns
with a low activity level, less active time, high activity fragmentation rate, and low duration of activity segments, which
varied greatly between different months (seasons) (P < 0.0001). Livestock exhibited distinctive time-use patterns, i.e.
elevated activity levels, multiple active times, slightly lower activity segment ratios, and somewhat longer duration of action
segments. The discrete time-use patterns and spatial utilization models stemmed from the differences in utilization patterns,
impact strength, and specific distribution in habitats and food resources of the animals. Therefore, rational planning and
control of the extent of free-range areas for livestock is an effective way to harmonize nature conservation management with

community economic development.

Key Words: Giant pandas ( Ailuropoda melanoleuca ) ; Livestock; GPS collar; Activity pattern; Wolong National

Nature Reserve

B A= R RESH (Ailuropoda melanoleuca) &S I A W) ZZ MR- (AR P Fh , B R 8] W20 A5 76 DU )1 H 7R il
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strength) , A S TEL BT R AR IS RRAE , ANANZ T Sh A st AL LRI 208 i EL SR S 3l 4 5 3055 114 355
B, L s A RE AR RE 0 | TR AT R ms AR o B A B 1 0 Sl B AL i A BB BE (A
BRI ) R A 08 Y DL R R T (MU M SRR DG IRBR B AR B AS  ER IR A Tk
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Table 1 Summary of activity data for three wild giant pandas and three domestic, free-ranging horses using GPS-collars

Y ZFR Animal Name N ESS i AR 358 44
HilE %5 Collar ID 30856 1188 30857 259 1094 30859
AEIE Age AL JITREN AL AL A JITREN
P51 Gender W WM It iR 3 I
JFHAITA] Start Time 2011-03-31 2010-03-29 2011-03- 16 2011-06-02 2010-07-26 2011-05-07
ZEHFIE] Stop Time 2012-08-11 2012-04-05 2012-08-07 2012-07-23 2012-07-23 2012-07-20
ST E: Duraion of Sy W7 NGB WSS W63 DG W1206.30
HAEAE Number of Data(n) 83796 100110 76469 100471 100393 104019
&5 Sensor frequency/% 79.50 94.97 97.08 95.31 95.28 98.68
P2 Animal Type KAER KEES PN e E] G e G e
WS 15, Monitoring Site AT kT Tk B 111 24 ] LR

1.2.2 EMREHAS TERR

By A KRB A K B () B TN B BR0E A R S8 (GPS) A JoZk i 18 I AT R 08~ 20D RE Y
TENIE TS Lotek_4400 M K/ 120 mmx86 mmx 126 mm 4 8 1200 g' 24 | % 180520 B AV A 12 4
GPS SENHIIE A2 T Mini AR E (S35 2 A4 B 3 WX % B0k 1 % AR5 T 3 i B
SRAERKEE) , 0 H B 1 5K P 57 36 s AL RS . BIRE 5 min 1058 1 80, 35 H
)R] REE KO (X) AR EL(Y) 7 AEARE (0. 25 1k AN D) ;255 3G shiRsimgl) . Ak, S i i B TAE A B
BEEMEN HR, A2 hid 1 IR GPS BN 5 B, EE&A B w2 (o) dbsh(o) JEkEE (m) 2
HLF L (PDOP) FIFAL(NAV) S8R 22 TR B BRI i ke, 1 eI % 52 10 3% 3l X Sl A= 7
ARBE, B H AT 1—2 IR TE A ST, 55 2 A A TRl (HCU ) 282 48 1 UCE ARG shEidiE .

KAEMEFEL 1Y GPS SpEl il 72 , G dd N A4 R A2 e B8R rh B K BE R IR it s h b B2
R K R A 0 R T 5 2 ph & RS S 4 5T, 1 ELIZI00 E A5 215 I ZMOll R ATENE [ SR U830 IX 45 2R Y A
HEFNHELE . KRB GPS iR A 2235 T 2010 4EF1 2011 4E (9 3 A TR ZE 4 A FAJH T, iUHRE & WIAE 2010 4F
2011 4F 5—7 A Z [ ( F /b & EAVERT JF—FaitE) . AR TARRAES W TR 2) B Sck
TR
1.2.3 5 s R TEAS 8 A S X

GYBTA SR REAN 1 SIS SR A 58 (14 Sk, AT 22 NI S B 36 2l B (] B 4328 WA T4 T 36 20 19 AR
T, AN A O BRGRBE SRS ) Yo BF A KRR AT s W A pg s i 270250 iy T Sl R 4 ) A b (35 36
i) ZH AW (Period Gene) FY4E 2| [A] I 55 HARAD |58 £ 5 W R T b P15 25 DI AH DG 22% 3F
GPS FE 1 i S A AR 1 5 (38 1) R ()4 B 4RF a0, 7E 5 L AT 347 o0 % 22 PE ( Continuity ) 5 R 24k
(Durative ) #E:& ( 75 BV 6 3 i 1] 5 B3 536 3 BERS K ) |, 78 20 A K BB A 5 U K & B AE REFEME (Energy
consumption ) F1JE I ( Periodicity ) ( BN sl BEF17G s ] H 4328 ) B SEal T dF— 80T W 3306 sl s 19
S,

(D) WG G ShsR I 48 GPS HIE N TG S AL IR A5 1 5% 14 15 Bk 78 /K - i3 B 1) 4 o (581 7 1) U 8
(iC SR 0—255) , I LALKH & shi e 5 — B 20 A3 sha g 220 ARYEAIFFT , 20 P b A5 28 0 R ik 7 o
LT RS B v TR i Rt AR SCR R R AR S B8 GPS SR v (13 T i SR (B S 1% ol
JERIFR R .
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Fig.2 Working flow-chart of wild giant pandas fitted with GPS collars

(2) SR E Jp A 2t X IR IR AR AT 2R RS GPS 8] i S {E X B, 7 0 A
WEEHAT R (AR B 828 1IR3 ) | A E (T 0 3 255) G shiTh (WS Mok SEsh%) ) R, £
I I R R A T QNS N N B I A W =D 7 R = MO R R R G R N NS E]
ﬁ}tt[37,39,40,4z.43] .

(3) RSN B JCi R T i S S AN T B FUA — M7, AT ot A i
BRAFLE T S B AT A AL 2 (B 28 B AT, IR AE GPS S0 v 887 2 O {EURIEC A (I Y S ik o3 A, LA
ST A ECATE ST A BORRRE . 35 30 ) B 248 S0 I ) 936 S0 AT 0 B9 R B ( Ny ) 2515 B 0]
(T, ) BOHA(SE 1) 8 B O v R S (Tl S e 10 8 500 B SR T 0,
IEH LA B (Si5) 2R 805 A5 KT 0, i A Il 449 i Be 5 5 W20 O {8, WP Tt i Be 5,
— I BB, LA,

N(FAT) N(FAT)

T(A) 8 100%"‘§f?j;z;;'x 100% 1)
A S(FAT) I Shit 1] B, N(FAT) i sl ] BEEC, T(A) 2 S A9 6 S E] (min ) L2 (0) R B
B (min) o LA 24 h HEANIIE]  GPS #PE4F 5 min ic 5t — NG S8, I8 4 22 0975 3h i Begiok 288 4,
FDRL LA T IR R A Be 0y 20.00% , Fe /MY JE 0.07%

(4)Tsh BEH AR LR i Ba 80k AT B i ) Bl — 06 8 i BERHK (min) |, 338 1
AT B N S min, K 108 1440 min( LL 24 /NEE R SERIRH D) L S T LLRCHTA: A REAN 5 MO &5 115
B B i 2e 5 FAT TR B KA T 20 G, RS T4 G e Bt I A )2 (9% ), A s (4
X2) o W3 BRI AL 9 K, & B ERUEE A 1:5 min 2:10—30 min ,3:35—60 min 4 :65—120 min,
5:125—180 min .6 185—240 min7:245—300 min 8 ;305—360 min F1 9: =365 min, Jf- 1158 4% Z A4 s} i) 2
(BL 1 KAHEAIT)

J(FAT) =

Ti( FAT)
> TG)

1

Di(FAT) = x100% (2)
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K, Di(FAT) 45 i R BEHS A I E] 25 B2 (% ) , Ni( FAT) S5 i 90 R Bt i3t shinf 18] v Bekle, T(i) 5 i
2 Fr B 3% St E] (min ) L,i=1-9,
1.2.4  BAEAHE RS0

X BTSN 1 HCU S A2 F #p9ia 50 3h W Bl i GPS 28l i A7 B9 3% s 8, FI T GPS_plus 3.9 4k
BEAER N [RIIEE A R BOE 22 SO, HE7E Microsoft Excel 2013 H 4TI ]85 1F ([ GPS 551 Bl 77 i B A 1) sk (1]
#& A M AR BRI ] (GMT) Y Rt (] (LMT) |, 5 B 28 GPS 5% B B n] GE A7 6 B [B) A I b Ak s X)) 48
WA (AT RE R T IRBE AR A MR, A5 B S7 1) H DI sl i 0] & 2B 45, H /N sk oK T Ol 3 25 Bl 7 I 300 19 A
PRSI &S ) |, LUSGE Sl ) B gt e . R T BF A R AR RUBUHCE 3 I GPS 351 Pl i 4F B Fn H A 22
S0 B ANIREE B e ( I R KRR A SR AR R R, S O R 1 25 R e ) < AN 5, e Y 43
d, F K 3E 731 d) |, Bt AR T AW 3 RS A KBRS 6 ot JRy i 22 52, FRATTE 4 2011 4F 1 2012 4F
22T (8 W RSV R A MR AR, EL AR 000 Bk i) 3 7 — 4 LA L, e S i (il A 350 8 Xt sh 47 Sk 1 S g )
(1), BRSPS SEERIC SR R H SPSS 20.0 A1 Origin 2016 #1748 H M 524 E . R One-
Sample Kolmogorov—Smirnov Test J5 45 55 41> 5l 4 1) 17 2l 85 , 28 B T A7 0080 0 380408 1 285 53 A R 22 551
WOt 5 225081 ( ANOVA ) I 5 HL#K (Fisher LSD %) A7 AR B Fh ] ( KA 5 ) 19 W B TGI8
EEHE VA B AR 12 (Mean+SD) 3R, ik E MEKF 508 2 0.05,

2 HR55%H

2.1 WP RREAN S U F G SR

T 3 HEPA KRN 3 FUBMCA & 1 AR N2 L5 )i sh AR i S ge it 45 RER WU & 1915 5
S MR M T AR KRR (df, = 1,df, = 2133, F=522.077,P<0.0001 ) , i # /2 28.93+20.13 J5& N
14.99+17.86 (& iE 817K 0 {8 ) 5% 34.28+8.73 11 25.18+9.67( A& iEE/KF 0 1) .

M\ H 36 sl B B ] 0 A R A (D 3) B AR KRB R 7 1916 sh /K S4B AE 10.00 DAL, R (6:00—
18.00) /5 T [1] (0:00—6:00 F1 18.00—24.00) , HA7 B 5 (45 2 = W 1], HLAS [W) s i) 22 i) & 300 0 B I8 1) 48
T2 SCORBEM . df, =23, df, =273127 ,F =527.725,P<0.0001 ; iU K & . df, = 23, df, =304859 , F = 1258.127 ,
P<0.0001) , MANIE]H 453 #0122 B2 1 S K B9 sha oA (18 3) |, RERANAS [F] 43 Z [ 22 AL B, B2 R 2= kg
N(df,=11,df,=273139,F=778.772,P<0.0001) , HFZ(4—6 A ) ML Z(11 HEWRAE3 H)iEshaERTHE
R MR B N 4 H Bl 6 A s B , — BRFE T % R R T 0 AN A 225 Z () B BAA R
FME#£ 5 (P<0.0001)

2.2 HPAR RAEAN 5 R A A I S ] R

TSR B AT S ) 7 o3 3R b 3 TP A KRB 205 B 1Y 1.5 1 A% BB e 1T A K AEAH ()3 Sl sk |) B
rEN (53.91£12.64) % JHH K & & (81.34+5.93) %, H W& Z [0 LA W & P22 5 (df, = 1,df, =2133,F =
4195.413,P<0.0001) , MIE BT H 5307, AR KRBT FIRCCA B ARR I 3 A BH S /16 3l iRy W A 2 N4 sl IR
AT s BB (6:.00—9:00) . # B (16:00—19:00) FI T4 (23:00—1:00) , i SHE S HBLE 500 Fi
22.00 FAEFRIBL (18] 4) o IAIRLA 43 936 sl et 1] B 20 R AS AR A B AR R AR 1 th 2o AR BCR BA W
W (P<0.0001) UK ENE T2, KEFMEKES A FZ M 25 5% (P<0.0001) FFE5HE
BEZ T B RS iHE L(P=0.3900) (Kl 4)

2.3 HPAR KAEAN S A & I st ] BeR

BETTEF A RREAN S UM R B R A N H T Sl (] 1) R B OF- 38 R F AR K BEAN (1.62+0.86) % UK &
(1.40£0.45) % , BF A= K REA W I K T U AR & (G St ) BL 6 (F=73.956,P<0.0001) (&1 5) . ANFA
Wi 2 [A) P A KRB 5—11 A#R TR E & A 1—4 AR 12 AR (E 5) . ARZEPE Z 2 BA
Bt 2 M 22 5% (P<0.0001) | 2R RK =Y AR KB & T U &, & BRI & (F15) .
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Fig.3 Mean hourly and monthly activity count of wild pandas and livestock
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Fig.4 Mean hourly and monthly percentage of time active for wild pandas and livestock

2.4 BPARARAN S U & IS B A Bt

W 6 L R, S B () 5) 5iE S ek
S BN AT OHLAE , IEACIF FPRImAT I, 2
WK S U A 2 TG B 22 5 (F=0.667, =%
P=0.4107), 53 5 Jy BF /B R AR -4 (77.63+37.67)  E & e
min, K 223 min, B (440 min; MR F P F3 UL o
(79.59+28.49 ) min, it KIJ{H 271 min, HAH 425 min, § o

MR H 536 s K GE 25 ROk | B A4 K REA 5— P

9 AWK TR R &, 1—4 AR 10—12 AREE NE A1 Month

(K 6) ., F5PiE o ANl BEAT HUEL, B AR KRR S B5 REAGEFERERS R RENEDE RS
WEREZAHENZESR(F=7.0609,P=0.0079) ,%4  Fig.5 Mean monthly ratio of fragments of time active for wild
RG240 I I 2l B 43 i J& % 2% (70.23+31.97)  pandas and livestock
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