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Abstract: Resources distribution along temporal-spatial gradients shaped wildlife habitat use patterns. The
shift of patterns when facing environment fluctuation can increase their survival chance. Bharal (Pseudois
nayaur) mainly live in alpine meadow and rocky beach in the Qinghai-Tibet Plateau. At the edge of the
distribution, however, they have the utilization of forest-meadow mosaic habitats (forest, forest edge and
meadow). To understand Bharal’s habitat use patterns’ variation among seasons, we observed their activity
within the forest-meadow mosaic habitats where probably provided different environment conditions and food
resources in Wanglang national nature reserve. Based on one year camera-traps data (June 2018 to August
2019), we analyzed seasonal changes of Bharal’s activities in forest-meadow mosaic habitats by using
crosstab method (Chi-square test), Bonferroni and Post hot testing. We found: 1) Bharal’s activity in mosaic
habitats were varied significantly in different seasons (x* = 503.50, df = 6, P < 0.05), and 2) Bharal’s activities
on meadow were most frequently observed during spring, their activities in the forest edge were most
frequently observed in summer, and their activities within forest were frequently observed in both summer and
autumn (Fig. 2, Table 3); 3) from the view of seasons, Bharal were prone to chose meadow during winter and
spring and prone to chose forest & forest edge in both summer and autumn (Fig. 3, Table 3). We also found
coniferous forest was useful and also available for population in these marginal distribution ranges to avoid
extreme weather condition during summer or winter. Alpine forest edge may expand or retreat with global
warming, which will lead to distribution changes of these animals that depend on alpine habitat.
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Minshan Mountain

7 2F (Pseudois nayaur), &5 H 4},
AR E g E SR B A, Pt R AR R
PHEREBEYIML 45k (IUCN Red List of
Threatened Species) VAL ARG Tl (least
concern, LC) (IUCN2014), mILAES RS
MR BERD (EEE 2017). B FEDMIET
e SR SR E O, RFE T E L AEEE L B
JEIH/R 455 (Liu et al 2008, TUCN 2014),
e E EE TP HiE. DU, B, A
i il TE. cE/\EX. GEFE
Wi T 2500 ~ 5500 m (1 LEREE, fRlF s
SR BT IAESE (Ol 1996), # WLFBEIN X
BB L s B e A En LB E X G
HidE 2007, FRFE 20100, T T EHAK,
MBI ENL S (IRAESE 2005). AFEFE
ELRBARARMEY) GKEFEE 2010, Aryal et al.
2015), H I HW 2y L AR R & RS 4
B FL45 255 (Panthera uncia)~ 3 (P. pardus)-
W (Canis lupus)~ F&M (Lynx Iynx) %5 (Fil4f
BRSSP ARl /RS 1998, XIHEEEE 2003,

Leki et al. 2018, AFUTT*% 2019).
BHEAEREMBERERR. oMm) 7z, &
AR OAHER T R T M A SRS
PR (RIFRAESE 2013, Aryal et al. 2014), Ff
/] 554+ (Shrestha et al. 2008). HfE ZFEME (2
FafSE 20120 SEEFRHIE (ZEHTEREE 2007).
FhEEE AL 1T (Liu et al. 2008) . FhEEShAZR AL
(Zhang et al. 2012) FIFEE4T N (Jiang et al.
2013) 2 AN, BRI B
22l GIFRASE 2005, MEFSE 2010). HE
J& (Aryal etal. 2015, Lekietal. 2018) 25/b%f
FERO X . 5 EILEXIARE, 4
& (2018) FEIBURIL R LI, AW
HILTEWER 3 500 m LA b A& mbpke,  Pagr:
MR 5 21 B B A o . S e A
G S R 58 4 A — B RS T A 2 ARIE AN
85y, AR X AT Re 2 R 2R . 72D
JIBEAN, 2 R B A e ) P e )5 S i 2
e 75 bt , 1% X Sk HL A ER A A X I AR R I 4%
TRk L R0 T )1 Pt s SR 2%, AR b &5 i 5
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R0 43 A X AT BRAEE R I 2200 . (HES, Xf
200 ) bR 1 AR 25 2 A 3 R T E
SR R X3, VW BB O A
2011) FAAEGHREAE CHEMESE 2009), Haxd
XAV L Ry Aid sk (4% 2018, A
A 2018). PFtt, A FRAGHT T X 88 B KA 7t
X 3k (5] 1) 22 57 0T 66 A2 BIR Al FRAT T 4 TH VR S A
BH FEREK.

A AR RS R SRR i 5 2T
Xz — (Vanneste et al. 2017), FHARHE AL 7
Al e SRR B P AL (B
RS 2019), MR IZAE S R I AAT
434 (Andrews et al. 2000), a1 LLUE2EN
REM L R RAE . VU )Fh AR
B A RO A XA B, AR 22 57 K
B, B M2, B E 2 55R
CRAHESE 2004, 58540 2011, $ASESE 2018),
WIS T 2 R R . SR, Ak
SRR 5] S 75 208 B S B P B4R
T, BINE AR A A BN . DRl AR

104°00'00" E 104°05'00" E

104°10'00" E

A T I T S 10 2 4 A DX ) 2 1R R FH RR
IE, BEMEIG Iy 3 A A7 SIS AR, RN
FEIR NI 0 AAs R T S ) Al

KTk, T 2018 £ 2019 ER FHLLAMHEBL
ML T AR R4 IR ILAG ) E B E X% A
SRR X CLUR AR “E 87 P E E At
AT A A TT, FHorHT 1 T B P AR K-
A AT R AE B S B R I AR, DA
SRANE SERL G A X AR ER A E, A THA
PUZIIFR A SR RRE, AR ORI SR 2
%, ik — DRI T BB A AR R
EER AL BRI

1 BrRXERS %

11 HARRXE

I Y v A R R S I R T v = e
(103°55' ~ 104°10" E, 32°49' ~33°02' N) ([
la), JEBEHTLX . Wi R A6, Pl
s AR XAEGER 2 300 m, S
R 4980 m, ML) 323 km?, 52800 H K %K

33°01'00" N

32°55'30" N

32°50'00" N

o FHHLYEII A5 Camera points
— JHERELL Survey trails
P = High: 4899 m

K Low:2431m

A1 EHERZERRPXRBERESA () MABEXBESFSAEES (RS KLE (b)

Fig.1 Thesurvey trailsin Wanglang National Nature Reserve, Sichuan Province (a)

and thereservelocation in Bharal’sdistribution (shadow area) (b)

1 R WA 30 20 MIREA 30 3. BB W 4. PIIRAA —30l, 5. KERA.

1. Youyizhigou of Dawodang; 2. Youyizhigou of Zhugencha; 3. Tiebanfanggou; 4. Youerzhigou of Zhugencha; 5. The left of Dacaoping.
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HARRY X . 708 PRI R A8 AR
XAHAE. ERAESLT 1965 4F, &R EHKF LUK
REM (Ailuropoda melanoleuca) NFEBLRPFT
FEVRI X 2 — (A SCEE 201D, XATH
FER, BHFEFECEEY 2 MR R
REM AN, XWIE o ATA W) 4 (Budorcas
tibetanus )~ | 4 224% (Rhinopithecus roxellana)
SWEE AN YA F RIS, EAL
TEF A X AR Z (& 1b) (TUCN 2014)
RIEFE R At , £ RIRIARAR AN
%54 108.50 km®, A HIFILH 39.46 km?, 43
il o PR X TR 33.90%F0 12.33%. X4
BURE AR AT L i FE MRS AR Gl 2 300 ~
3600 m), FEMFMOIFRAZIE (bies). I
¥AJE (Larix) « =42 J& (Picea) M & (Sabina)
SERF TR (Y48 B AR S B I R 2 DR
Hyh 1999). AW KM AU S iy
NI H VKR AL (P purpurea) FIIRTL
WA (A faxoniana) NEBARFBDIFR, T E
KZECLERLE B (Artemisia spp.)~ RNAF}
(Gramineae) MIHRIISEE (Cyperus spp.)
TN E, BRI 5% ~ 50%. = L5 5 Ai
FEMFIR 3 100 m DA E, J9eiil & ssdis, Ll
)& (Kobresia spp.) NE, BiifEZ 80%,
HBRARERZNEIE S, 2MHFEFE
(Festuca spp.)~ HIMF-ZAK (Poa pratensis)
(BEIRAZ 2007).
12 WARIGE
121 LAMENAR R R R N B
VAN R oA VWS EAR AN L IN AR /AR S € R
NDUETE T 5 KB AN H HILTE /AT
CLAMENUIR I RRIFESR, RRRFFZA R 6 B 4L
HMFEBL, it 29 & (BRI BT H R R i,
TN GO UE N ik Xk, R AL
FINE R X, MMk T 5 0D, FFZ
KEEZ)0N 35 km, AHALAG 5 XSk i 4k a1 R
2900 ~ 3 700 m. FTA LLAMHAL I B4 s
FELEMGIR B LT 100 m 20— & ZLAMEVLI
WA o LLAMAEAL 32 BEFE B DL ARtk idh AT 1 L
FAALIE 52 76 2510 0.6 ~ 0.8 m AR b5 BH 2547

PRI 3 ~ 5 m; Bk 5 EAE R 28,
REwmdery, Pt E S ML
T REJERAEVUATAT =L TR 0ED, ek
AR LS EORE N 24 h i, REE AT,
3R 10 s A, FALEIAIRRBEE Y 1 mine 40
SMHMLAL S A4 Reconyx PC800. Ltl Acorn
6210 f1 Loreda L710 =, " Loreda L710
R FMNL YL BRI, & #:4 Loreda
L710). T 2018 4 6 J1 2 2019 4 8 H 1T 1M
i, B H G AT — AN, SRR
A7 R AT E I DL R s B AR AL 7S A

AT T, IR B TR CE 2L AL A
BUIESFRAIAHER 500 m) Frfef B ke g 28R £
BAFERE AR . ARTE AL 2 o B DA K
X SRR FR L, K ARAR- B ) S B AR IR 4 AR
OL T AR, AR R, HEAk i s
TEBNTE DL ARG RPN T-MRtthid 25 - e
W, FHIA R, ARG B S i B LD
A f O T84 b, PUEFIF R, R a X
WEESNE DD = AN, FHRZE AL AT
FLHZE R 2019 FHHEEE 3 ~5 ).
B (6~8 H). B (9~11 A). & (12~ B4F
2 H) WE . SCRE AR E FEFREL (relative
abundance index, RAD) DI A 38 F BN
BARIE (THERESE 2018), BEARKHE I N:
Ina= W7 8 B 8B AL TAER D -
1000, Ipa NAEXTFE FEFEL, 2 X 30 min N
S22 U B [F — PR 0 B e 1k
IS %8 A (independent photo, IP). [H]F,
AT FE LIS A R B NS S A S 3
AR RSB T4 .

F 1 AEBREIFTH SR SRR
Tablel Thehabitat type corresponding tothe

environmental type

A7 2 b 1 2 A S Y AR
Habitat class Habitat type Habitat type
45 Meadow = JE 5ifd] Alpine meadow 545 Meadow

M %% Forest edge
AR Forest s s 2T 4K
Cold temperate coniferous forest

M %% Forest edge

PP Forest interior
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1.2.2 BEESHT  RIEMSLERIM K H ) £ >
FEE RS BN 2L A LB R AT 07k, 5 S0
SAMBAEUNT 10 BIAENUA S A RER 2R
REINETEN XN, WAE S b PRI A2 ol
T o 7 A8 i R B AR A AN [R] 2= 757 AN [|] A= 458
HATGETH. KA R x C FIBER R 7560 2
AT R VAW, KA Bonferroni ¥ (% P
B LR A b (HiZe) 2R (GREE
&5 2018), IFRHRCIERR BEME (P <0.05).
&I, I Post hoc testing 563k — 5 5 1E #x
R - T ) A8 A A 3 v S S A AR AR 2= [ )
FIHZS . —MHI, 747 Post hoc testing £r54%
I, A 1 82 J5 AR Ak 2 (adjusted standardized
residuals, ASR) XJ ¥ 12 b ATHR LS . Anth
B2 (ASR) NFR#ERIAE B ToAs ik 2 1E ,
YHARERT 2 B, A SEBREL S B2 A0
i E R BA G 5= X (Agresti 2002). HT
AL KRB Z B, SRR Z (ASR)
P4 EH KT 3 MR N A7 1R 22 57 1) b Ak
(Kosovich et al. 2014). Bl 4#RfbikZE (ASR)
KT 3 1, IAE RS bRE SRR TR
BRI, RZ, bk (ASR) /N - 31,
TN o B SEBRAE X B i B 55 T B SR AR X
TR L bR AR ZE CASRO I THEL A X (Agresti

Y —ﬂij
[ﬁij(l—l’w)(l‘]’ﬂ)]m
Ry RRFIBRE LR 1 1T58 § HIRRE 5 ARl
B 7 (ASRD,  ny RonEE 1 AT j HISERRAR
o i RonH AT § PRI, PLARoRER
AT SEBRAE AN S B AREI L], Py RN
j B AR AR AN AT LA

DAk o Fofr 2 1) 2 S A 56 0 7 VBRI FE B B R
R R R . S BT R I EdE St
£ Excel M1 R 3.5.3 47, ZirkuiesE SPSS
25.0 F1R 3.5.3 thghdT, EIERAIGIEH ArcGIS
10.2 F1 Excel &K

2 SR

24011, 29 AL B ZANLT/EH N
7695 d, T¥J265.34 d/G, 3L 6 324 5k
SIS . Hoh, 22 SAENIRIERIA R, I
3397 SRS R, o5 ST AR B
53.72%, AHXFE EIRECN 441.46. HIFRAMAL
AREAEUNT 10 KAV S S, BE 14 &
LAMENUEIE (4 GALT M. 4 AT AR,
6 GhL AR, MSrA R A Bt 3 368 ik

(£ 2). MY XA A A s, FIH

» e,

2002) H: R =

R2 CAFPAFEFERT 10 KANERNAER

Table2 Thecamerainformation of Bharal with morethan 10 independent photos

AAHLGR & A B TR X 3K 374 P A RO
Camera ID Habitat type Area Altitude (m) No. independent photos

04 A Meadow TR %2 45— 38 Youyizhigou of Zhugencha 3417 406

06 4 Meadow IR %2 45— 38 Youyizhigou of Zhugencha 3625 38

21 Hifi] Meadow KEBE/E The left of Dacaoping 3563 86

28 Hifi] Meadow KB AT —327 Youyizhigou of Dawodang 3511 209

09 M Forest edge PTHRZ AR5 Tiebanfang of Zhugencha 3271 191

11 M Forest edge PTHRZ AR5 Tiebanfang of Zhugencha 3509 667

16 MZ% Forest edge PTAR %2 45 — 38 Youerzhigou of Zhugencha 3356 145

17 MZ% Forest edge TR %45 =38 Youerzhigou of Zhugencha 3403 560

10 N Forest interior IR Z A5 Tiebanfang of Zhugencha 3358 469

12 W Forest interior YIHR %45 =31 Youerzhigou of Zhugencha 3048 151

13 N Forest interior PR %547 — 34 Youerzhigou of Zhugencha 3108 223

15 N Forest interior PR %547 — 34 Youerzhigou of Zhugencha 3339 199

23 M Forest interior K¥EPE/E The left of Dacaoping 3397 11

26 A Forest interior K& KA —3V4 Youyizhigou of Dawodang 3367 13




6 Y] WREESE: H R AR5 S A B sl 1 2 AT © 697 ¢

ArcGIS 10.2 R KR & T 77543, AL Tk
S AR 5 ) ()P FE 5 163.26 m, £t/
PEES 39.60 m, ALFHRP IRIAEATLRE S ()P X BE
BN 357.14m, f/bEEE 203.84 m.
21 BFEFEFEIFN

Fo HEAF B AN [F) AR AN [R) 221 9 IR S A
BB, X A S T S A
SEAER M A ESIAIRC 739 R 152, &
64, FK 158, % 365), TEMRZIIAHNTIEBhAIK
N 1563 (F 177, H 649, K192, % 545),
TERRAR DI AR SN 1 066 (& 13,
B 489, Fk 286, & 278). FHKIGEW, A
FIAESE T, A = I X 3 5 P A7 AR AR 2 3 11
FEAEZER (F =503.50, df=6, P<0.05).
AR b, A2 HIENRGE X 78
FH L, AEEFRIGK, AFBRZ, BFR
NG
22 HEBS5EXEEEFINEM
221 FE—HBNAEFEEHINETERER X
[ — A= 358 N & 21 IR A SR B A AT T A
25500 (Bonferroni ). 25 FAEE MK, %
ZANMS S E R EE, HEES (44.4%)
WG B i, B ZERAK (5.3%): fEME
B, Br&EZE (51.8%) 5HZF (54.0%). HE
X2 (45.9%) ZMIAAEREZRI, H

fZET AR EE R, BN, BREZS
(40.7%) 58 (45.0%) 2 | Z AR BES,
HARTEF AR EES (B 2).

w3 Spring EX Summer O Fk Autumn O%& Winter

ab @
a b b b
d c
c c
Eifa) Meadow K%k Forest edge #EAK Forest interior
3527 Habitat type

B2 AFER—ERTHFWEENFL
Fig. 2 Seasonal activity in the same habitat of Bharal

D
(=]

N
(=]

f season (%)

101 O
[3%)
(=]

HEWHESL (%)

Proport;

0

ARAFERRRTF M ZREE (P<0.05),

Different letters mean significantly between different seasons at P < 0.05.

Post hoc testing 25 R0, S5HIEEAM L,
FEERARN, HE BRMUIRZE 10.6) F4%ZE
9.1 WA IES R i, fEEZE (-17.4)
B, MEKBZERARE (2.0); ARG,
HZE (6.6) WIAHXE BN &, KZE (- 9.1)
B, EREFMEAELNHEZER 2.1, &
- 0.5); TEMRNI, S AKIHZR 1A RTE )5 B
w1 (2 8.4, £ 8.0), MTEAFEMEEA (X - 7.6,
H-11.7) (K 3). %458 5 Bonferroni 21145
SAHR, i — SR T = RIS S 2 R

R 3 AHFERRBMNFET HIESIRHE
Table3 Bharal’sactivity characteristics of habitat type and season

A 5524 Habitat type %72 Spring  HZF Summer #XZE Autumn 4ZE Winter &1} Total
SEBRAT A R 4L Actual independent photos 152 64 158 365 739
Hifh) AR AN A 2508 A 1 Expected independent photos 75.0 263.7 139.5 260.7 739
Meadow i 4LL Proportion of total (%) 45 1.9 47 10.2 21.9
A% JE AR5k % Adjusted standardized residuals 10.6 - 174 2.0 9.1
SERRSL A R B Actual independent photos 177 649 192 545 1563
ek HHER T A 20 20 Expected independent photos 158.7 557.8 295.2 551.3 1563
Forestedge |58t/ 4 . Proportion of total (%) 5.3 19.3 5.7 16.2 46.4
TR JE bR Tk 2 Adjusted standardized residuals 2.1 6.6 -9.1 -05
SFRAI A 2 A 5L Actual independent photos 13 489 286 278 1066
! HIEE kST A5 2008 $L Expected independent photos 108.2 380.4 201.3 376.0 1066
Forest interior 5 441 [ 47 Lt Proportion of total (%) 0.4 14.5 8.5 8.3 31.7
WHHE S5 FR 5% 25 Adjusted standardized residuals -11.7 8.4 8.0 -7.6
- SEBRASL A 2 R Actual independent photos 342 1202 636 1188 3368
;(;tal AN 2408 H 4 Expected independent photos 342 1202 636 1188 3368
&S THHIE 4t Proportion of total (%) 10.2 35.7 18.9 35.3 100.0
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222 [FZEWEFEEIINERRESR AN
ZFK5 (Bonferroni ) £ (K 3), H¥
TEANF A B S B E &N AR 2 R,
TR A LIRS R B2, BnS, &
ZAEF AR S SRR e i (20.6%), PRI BRI
(0.4%); HZEAEMR N IIE B i = (45.9%),
B RAG (8.7%); FKEETERR A 7% B 4 26
T (26.8%), FEMZIRAL (12.3%); KZ={EH ]
HITE SR e (49.4%), MR EAR (26.1%).

B # {5 Meadow

O #k&% Forest edge

@ £FAK Forest interior
c

(=)
(=]

S
S

N8
S

AR L (%)

Proportion of habitat type (%)

(=)

# Spring X Summer #k Autumn 4 Winter
Z=75 Season

B3 AFER—FWTREREDHER
Fig. 3 Habitat’sactivity differencein the
same season of Bharal
AEFRERRFE R 25 % (P<0.05),

Different letters mean significantly between different seasons at P < 0.05.

F o645 B (Post hoc testing) KB, S5#i#
EAHEL, B, GFAERM R AZE 10.6)
MG SR, AN C- 11.7) K3
HEAR, EMRZE QD KiEsh EEEER; B
7=, HELEMRA (8.4) FIMkZ (6.6) MIAHXE
FRE R, EREAE (- 17.4) MTE3IEEAK;
KZE, EETERN (8.0) FIAH XTI Bh 8 58 &,
fERf (2) WMIEBIRETTRE Z R, fEKRE
C-9.1) WITESH AR &7, & FAAR M (9.1
A G B R T B my, FEARZE (- 0.5) &3
TREZER, A (-7.6) FIESHEK (&
3). %45 R 5 Bonferroni 1AM 45 RARR, #E—
R 1A AR RIS ZE R

3 e
VRVE I B R RE U E T BT AR S I R
FE, W esE T AR A7 R A4 7 (Herfindal

et al. 2009, Zweifel-Schielly et al. 2009). ZEii
RN 23 S Jo 1 s AV S T L L P B A B ) — i
R T Z= PR G 5L R F 3505 (Rettie et al.
2000, Zweifel-Schielly et al. 2009), 4%} e
TR (PRI AL MR R, KEE
KB BRE eA12 %3 B mig ik X, mE
7 ) B 32 RG2S 5 e T K 2 9 AR 3 39 4K
(Wilson 1981). FEY)2 & HEAhH) 7 [ F) H 2
W& T R 23 1, WS (Connochaetes
taurinus) SAE RN TR FR T T Z KR
AT EE R (Morrison et al. 2014), LA PY)I]
PR AEB RN ZRT % 2 AR AT 4 X kb
7o fE & (Guan et al. 2013) . Xf HAL B E 54 (5
&, Cervus elaphus) WIRFFL R, BT BYFE
B, WA A XSS Yo 2 4 2 [ ) FH S e () T
A BTk (Amor et al. 2019). Tk
AAAER LI, WKL EY R =48 7 E
R, AR YITE T WA o 1) 25 (AR FH SR BE T2
BOSAE R TTER LT, IR, AR T,
SRR FL A A0 (P AR B A A8 T Y, AN R AR
BRI A AE 3 2= 84, OB AR AR
TER R E MR A, B R R AR A X
AR HEEH T REE R BOREFHART 5L
A FER G, SRR T R S
FIFH RIS KR e AR, BREwst, i
EAI PSS . JGHR DL A H AR IR R
e RV EAHMELER R (RR%
2010, AW 2013). 2 2RI HIEF AR EE AT e
e BT H AR BRI 254, TR T2 S 5k
TR it e FEE AR i R e DRI, 2 FEII R 2%
RN SR T B 2 Ik LS A AE
Al HE

o SEAE T 8 S A v I L R X DA R B 2
L7 5 L DX A S 3 sy
Fhby . 1L A R H AT S TR R A R R (KRAE S
2005, Aryal et al. 2014, FEE=EZE 2017), J&
TAHEFEZO MR MBS, FRAM T 5
XIS, BATRIZ X IR A 206 bk
HRE®RENRIA. BRI GRids, T E
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B BT 1R 7KL R SR G A PR DR R 5T [
FH ARG XIIE 20 L0535 FH5
i (XA 1982, HHREE 1999), {HIZHHIAH
SRR A AR D LB CORIP X LL AR 5 28
KK, AR LRI T 1AM S 2 TR
Ao UL 2R DAAR A2 v L U A VAR A e B
b (% 2011), S5ERIAHEL, B
XL XS AR SR A AR, R B 5 1 B ) R0 =
PAAME DR, FRATTHEN A 256 w1 L B DA%
i LL PS5 PR AR R A 20 4 ) T2 1 ) B o R 2%
R BHAGA 2E 4k A 2R 53 A (1) Sk
Ptk bL, WS AR BRI
532 AL 0 A KR A ), HERE
ATRERIE T LA R LA . o, ARESAAIX
RS IEAY, TRARISE (32°N) BYR T3
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