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ABSTRACT

Aims. Mountain ungulates are crucial components of forest ecosystems, playing a significant role in sustaining
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long-term monitoring, and their long-term responses to human activities remain limited, especially in areas where large
carnivores are absent. This study aims to investigate the interannual changes of site use and the environmental factors
influencing the occupancy of common ungulates in a region historically lacking large carnivores.

Methods: We conducted long-term monitoring by deploying 25 infrared camera grids in Guanba Village, Pingwu
County, Mianyang City, located in the southern Minshan Mountains of Southwest China (2019-2023). We focused on
analyzing the interannual changes of site use and the factors affecting the occupancy rate for five common ungulate
species: Chinese goral (Naemorhedus griseus), Reeves’s muntjac (Muntiacus reevesi), tufted deer (Elaphodus
cephalophus), wild boar (Sus scrofa), and takin (Budorcas tibetanus).

Results: The findings revealed that four of the five monitored ungulate species (excluding wild boar) exhibited an
increasing trend in both site use rate and relative abundance index. Notably, the occupancy rate of takins increased from
0.12 in 2019 to 0.74 in 2023. Model averaging of single-season occupancy models indicated that the impact of human
activities varied across species: only takins were significantly and positively influenced by distance to roads across
several years (weights of environmental variables, w = 0.92, 1.00, and 0.52 in respective years), consistently showing a
preference for areas further from roads. The key environmental covariates affecting occupancy varied by species types and
year, suggesting that ungulates flexibly adjust their habitat use in response to shifting environmental resource pressures.
Conclusion: This study provides a supplement to the population dynamics of ungulates in areas where large carnivores
are absent and explores the patterns of environmental factors influencing ungulate occupancy rates. The results offer a

scientific basis for the adaptive management of mountain ecosystems in Southwest China.
Key words. ungulates; occupancy model; Southwest Mountains; camera trap; population dynamics
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Table 1 The occupancy, detection probability of ungulate species,  coefficients and weights of environmental variables (*
represents weight > 0.5) from 2019 to 2023
Y A Year
Species 2019 2020 2021 2022 2023
AL B 8% Occupancy 0.80+£025  098+0.06 096+0.09  0.97=0.10  0.97+0.07
Naemorhedus 3| % Detection probability 038+0.06 050+£004  043+0.05 037004  0.48+0.04
riseus
i BRI JEE B Distance to river 0.75+£1.12 3.80+4.74 1.56 £2.83 3.94+434 1.22+1.45
BETEPKPE RS Distance to road 1.59+1.35% 096129  1.16+095  355+394  —1.32+2.06
4k MK (5 G Proportion of evergreen 0.16+092  -1.68+1.95 -1.55£230 1.72+1.86  —0.71+1.30
broad-leaved forest
JEHFEH K (5 EE Proportion of deciduous —2.17+275 431+£7.07 -074+210 - 1.61 +4.51
broad-leaved forest
20192023 FFEFX HHILIMAGUIN L EM  —0.65+£085 - - —4.24+6.61 -
Pooled relative abundance index (RAI) of
livestock from 2019 to 2023
HEE Slope 155+1.24  144=1.65 -394+337 039128  -225=1.66*
I IXE Vector ruggedness measure 3.85+3.62 3.12+3.16 1.07 £ 1.41 1.59 £3.03 —
N JEE di3%3%  Occupancy 0.02+0.09 0.01+0.05 0.16+0.13 0.47+0.16 0.06£0.12
Muntiacus i % Detection probability 090+£020 038009  034+0.10 031+£0.06  0.30+0.07
reevesi
BRI JEE B Distance to river - -1.09+1.47 0.10+1.10 -0.68+0.87 —0.08+1.38
BETEPKPEES Distance to road -1.01+1.33  -321£2.76% —1.11£0.90% —0.92+0.76 —2.39+ 1.68*
WA 5 e Proportion of evergreen 2214220 070+158  0.15+082  0.11=x077  —0.76+1.08
broad-leaved forest
%R AR 5 E Proportion of deciduous —6.06+£9.58 2.00+£2.03 018144 —077+£096 ~5.67+581*
broad-leaved forest
2019-20234E RS & ILLAMENUAIRT Z LA — - - ~090=168 1.79+2.68
Pooled relative abundance index (RAI) of
livestock from 2019 to 2023
W% Slope 020+1.04 293+3.42 126+1.16  —0.18+0.71 0.59+1.06
IZIXE Vector ruggedness measure —3.54+398 —575+£6.84 -1.67+£205 1.15+1.49 —4.53 + 3.53*
EE 3# Occupancy 0.18+0.33  027+0.16  0.09+0.11  0.75+031  0.64+0.20
Elal;lh;’d"]: FRWIZE Detection probability 030+0.06 047+0.08  046+0.11  024+0.06  0.33%0.06
cepnaitophus
pratop BRI JEE B Distance to river —-047+099 4.60+4.75* 0.82+1.45 -0.36+1.19 0.41+0.77
BETEPKPEES Distance to road 023+£1.04 —041+1.00 -1.22+095 —3.52+2.66%* —0.69+0.72
HERRE AR &7 B Proportion of evergreen 2.13+1.34*  381+£3.70% 1.33+£1.32 0.50 +0.75 -0.11+0.70
broad-leaved forest
PR AR 5 . Proportion of deciduous -5.79£6.36* 0.66+0.95  —3.09+4.00 -0.65+1.57 2.63+3.50
broad-leaved forest
20192023 FRFFER B ILIMHYEN ZREEAM  0.11£090 - - - -
Pooled relative abundance index (RAI) of
livestock from 2019 to 2023
Y JE Slope -091+2.09 0.73+0.87 0.42+1.07 0.80 +1.08 -0.56+0.71
IZIXE Vector ruggedness measure 147+1.85 2.15+1.85% —-043+138 0.46+0.86 -1.25+1.65
(57 H3#% Occupancy 081£035 002006 - 0.58+026  0.41+0.12
Sus scrofa M Z Detection probability 0.17+0.05 0.30+0.09 - 0.17+£0.05 0.38£0.07
BRI JAEE B Distance to river —2.66+3.18 -135+£156 — 0.10 +0.97 —0.52+0.57
BEIE M BE % Distance to road —0.43+£0.80 —2.58+£224*% — -1.75+£1.26* —0.32+0.55
HGERE AR 5 H Proportion of evergreen 070141  042%+135 - - 0.05+0.55
broad-leaved forest
P& FE AR 5 L Proportion of deciduous 463+620  —5.07+449% — -0.70 +£1.62  —0.09 + 0.87

broad-leaved forest
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%=1 (&%) Tablel (continued)

Wy Fh F4y Year
SipEeE 2019 2020 2021 2022 2023
(g 20192023 FRFF 5K & ML AMHANLAN 2 B B f — - - - 0.26+0.48
Sus scrofa Pooled relative abundance index (RAI) of livestock
from 2019 to 2023
P Slope -1.65+£2.00 1.02£096 — -1.62+1.98 —0.29+0.49
UEFUE B Vector ruggedness measure —0.41+1.47 —-437+£661 - -1.69+2.14 —0.15+0.48
D12 5382 Occupancy 0.12£0.14  0.07+022  0.04=0.13  032+£027 0.74+0.46
BZdorcaS R Detection probability 024+0.10  021+0.08 0.19+0.05 0.18+0.07  0.21+0.06
tibetanus
PEIRiEE B Distance to river 0.04+141  057+176  148+326  155+1.81  —-1.76+2.55
PEIE M FE S Distance to road 2.58+1.92% — 6.63+5.65% 125+ 1.46 1.49 +1.38*
HEERAI AR 5 B Proportion of evergreen —0.68+0.94 —1.06+0.86* 0.17+1.49 -034+1.18 —2.72+3.49%
broad-leaved forest
JEHFEH K (5 EE Proportion of deciduous 035+1.80 —6.71+8.09% — —-3.14+1.85% —1.78+3.52
broad-leaved forest
20192023 FRFF 5K & ML AMANLAN 2 8 f — - - - 0.34+1.11
Pooled relative abundance index (RAI) of livestock
from 2019 to 2023
P Slope 0.69+1.07 081+1.10 -0.03+1.18 1.95+2.16 —0.19+1.08
X Vector ruggedness measure 0.79+093  0.08+0.87 —1.62+195 2.08+3.26% 0.50+2.97

D EF ¥ . 20214E 1 T-4-6 7 B985 (3R R BUK
A HECUERASE, ALl B S A A A B 4 1 o S A Y
SER AT LA H2019-2023 4F 18] B 5% 4 I 22 45
FA5E (0.17-0.38), I FFR20204E4M(0.02), HARF
P34 T8 = 7K T (0.41-0.81) 0 20204F F120224F ) R
TH % R B ) B R ) 7 S RS R N2 3 (w = 1,00 0.89),
) B B R (B = —2.58 + 2.24 —1.75 + 1.26), thE]
PRUBGIE PR BRI, o5 IR RAIG, VR R AR Y B AE
20204E 52 M B2 (w = 0.83), MW A M 52 (B =
—5.07 + 4.49); 20194FF120234F %3 53 K & K 52
YIAREGRD.

G)PUNFE . P 42019-20214F 1) o 4 26
5E4(0.04-0.12), 20224EF AT i1 (0.32), Tfi1E2023
O IR 074, BB R W E N AL AR E
(0.18-0.24) Fr Mg F g m VY 1| ¥4 4 5 I3 2 () PR 855
R Z R B, FEIE M EE B /E20194FE . 20214F . 20234F
ISR B2 (w = 0.92. 1.00. 0.52), HINIE
[ B2 (B = 2.58 = 192 6.63 = 5.65. 1.49 £ 1.38), h
R R PR ERaE, PO iR (R ).

M2019-2023 F FI£LAMEML IR I &5 KR FE, K
WA FI SRR DA RN T, N B B

SRUEUD, A W50 3 DB B 2o 32 BB R
HERSY. KIMALF ULk, O HAh X 35
(R St S0 T ARG L, 9 Y )1 25 5 T 5K
TEARAY X DY) )3 S0 [ R SRR X (4T
AMENLE IR IR, ORI X Y 5 SR DADD 1 A B
B TIEBERER RN E, BRIMFED HAE
Xt % FERAR, KA W a3 (Panthera pardus)-
WR(Canis lupus)Z& T LEAELE R (L b X AR IE (Wi =
B4, 2021; SR, 2021; HEEE, 2025). B
™, BPAE BRSNS B A2 AR AN TR
Bl .
M2019-2023 4F [ 2 ZE 47 (7 e 5 200 &4 R R
KR AERE . N B DU EAREE
DU TR 2 R 2R e sl B, i R AR
BEAR S [T, SR RIERR, S5 /MEPAE X 2 5
BT LA — 3. AR SR T 55 T
P AR, I o 3% AT DU B LR K /N (Linden
et al., 2017)o MEAMESCHERARIL, 76+ E & 1R
/N B R 8V L 19 95% B 45 X 1A] N 0.4-1.4 km®
(McCullough et al., 2000), #ilZ&EDNATHE 1
VAL X N BE SIS AR Z10.4-1.8 km® *; HPAEBEEA

© ZBH (2016) F:T-FEMH 50 T AL /N AR ) K SO0 IE. il
2RI, WL, H e
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B B I FIR R AR S TR >, WS 3R 4
B 5K % 9 R AR X ) F 301 el 5 £k v ) o AR B
F4,50.07-0.5 km® (Yin et al., 2024), &5 R/
FEF @ /NI RES, B PEARIE, BT RAEI, SSHUA
HAEEEFS . /NBEL B el R VS 203 B/ T ) ) A
A2 k)R] REVERE K . BRI B TR, AT
FARBE HEEIE I 2 T 5 I SRS R AR,
R 2 R FH 2R 5 20 AN B G 2 B — 2 B
s Won TR M. B REIRA P RETE
201920234 [ & [y 7 PRI o 1 B 6 Sk i AR
B, WILT2JLAE T~ BASE(E LS, 2007,
Janoska et al., 2018), PUJII¥ 41 FIgAME 2 Fe st
KOFRIEEE, 2015), DRI A7 380 I RE S i 0 A
DU 2 Bl BT SGIIX F DX 385 R FH %6 . 70 1 2 1
(), DY )1 2 A St R FH 2SRRGB R A S
R 2030, ERTEAELBCON— 8, T3
S SEREIE B, TR R R LR IR FIA
X2 R, 8RR A T 2 oA R i Y
JUFS LR FIEP R PP, LR A . R, 3%
HETTH 4. DNAKL IS (Engeman et al., 2013).

B IR A AR B OR, SRR B Y
3 IR PR 858 AR B E A B () R I HE B A5 5 R0 38 3
P, AR B2 N 235 30T PR AN AT S b B 5 1Y) i
NAFAEZE S o 1£2019-20234F 1], FRAEBER IR (1)
F 5 IR 2019 4F (1 BF 18 % 0 B8 4% 1] 2023 4F {33
JE, ELBETE B R 25 SR W0 0F R R N T 9 R R
M), BB B T R, 7 IR A e A
TXAE 1) A5 A0 s B H Hp AR BE A 1 o 3% PR A1) 1R 25 A
NRNTF I SRS, BN ARES T
—ERDE . BN E SRR WM SR AR
(2019, 20204 )86 #% & B 18 B #E 25(20224), HFE
TH B B S R O B A, R T B I X3 4
o

TENIIE BN A B AR v, BE A 2 B 0SS A
AR T, AH LR T ) B 5 e FE 9 4 B
BENEIK . PEIEPREE B0 Hp AR . /N, BRI
B el JE I o IR AR T AR A L I A m) o, R
B I T % o R I TR T DY 1 A o T
HEF(IE A R0)£E2019, 2021 F120234E ) B 3% . 1
ZIX R B BB R 1 T, T8 A A A
BEILFER A IS — 7, K R AR

BN TR H bl R AR R, A B K (A
(BT AR FESE SR LRI A%, 2022), B wnpy )i
A= 3f 1 % B HE e, (RRORIAT ST RE, oA B
A T g 23 120 1 B TE B R A NSRS . T
THT, PR 32 (0 AR AR R A0 T 08 T s R )
YIRS, X PSR M RR R M s T 2R 1)
P, I Ar<E i b e BRI s, B
R, TR B E R R R MR T A4
(Wirth et al., 2008). FH T A 72 o #E 3 % 5 25 A i
o FEAH R R m (R R > 0.6), 45 R 0]
RE A 52 21 7 AN [5G B SO0 A R B v P AV S b A
WP IR . B — B IR IR X S AE AR, T EAN TR
ZHE M PR E R, KA ERRETEE R,

W25 RN RS RS KE,
AT AT) A HE I B A A B A S b R R 36 ) A A R A
FHIZIRER . NGB AT REFR Hil4 B 2R G sl 5k
FEl: 22T o S A  oR DU )14 4 7 3805 JL0.04 K
TRPEHE 220,74, 2546 BZR1T o7 SRS B v 0T 3 2 11
Frollalikt, R HAH R KR F B AT 5
NGB TR DX % 05 PR 1) 5 78 76 3 9L S s
6 5o B 7E 20192021 4F 1 2 i R F 22 RF 2L BRI,
202020214 [A] Jaj 5 K 44 2 3 (0.70), 45620204F
[ R S L o N = W MR i R 42 8
BIRFAE, HEMZBY B 3 mT Be 52 oS b A 5 R IR A=
(R £ 1 B 5 20224 A F 28 0k 5 H B 5 e [R]
T« PRIE IR B (Ffms2m), H.2019-20224
()% A% B S A B R i, IX — A8 ] R S
T B AR BT E BRSO, R T XA
FTH X IR S AT R iE N, AT I PR T AR A
RERAEFEFEER KT B2 & B AHE 78 = Xt F
G S AR AT A AR B (1 A, LA R s A
5 I SN FOAH AR — D A S

A RPN, RSN AESR
PHER] T — 8 BB, T AR RIZHL X & S 1k
SRV — @ EFPER . (HIL Bl FEU b & A3
v, H NGRS SRt gV )RS A
BRI R, A R, AT R
Dy NP L, T E R K
RE 7R, S NA— & BT, Ik, R
WX, A, BRI, RICGKXERAT 2
(FV2E A0S, ST A B T LK &5 B 2k
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(EERESE, 2023); MESR ST IY 1 R S0 [ X 4%
H RO X AE 19994 RN i 2 b A 3L, )11 %
Aoy BPHEIIE WA i i, ED AR AR iE
TARK M (VL AE, 2002); ROUR 87 4% . 1Y
NI A= S5 A 1003 AR AT 3K, P Jim 806 T B
W DUNIF 25 Sy il N B R R, 75 2200
SRAPEEIEIN, HEIREZRLMBE R, RGN RE
R AT 3224, AT A X Oy BUE 1
EERI TR NE P RIE RS IR AR
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