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Abstract; Wolves ( Canis lupus), dholes ( Cuon alpinus), and red foxes ( Vulpes vulpes) constitute key members of
terrestrial predator guilds. Investigating the spatial and temporal ecological characteristics of interspecific interactions among
these species holds significant biological and conservation value. Utilizing 2021—2024 infrared camera data from the
Qinghai-Tibet Plateau’s northeastern margin, including the Xinjiang Altun Mountain National Nature Reserve, Xinjiang Lop
Nur Wild Camel National Nature Reserve, and the Gansu Annanba National Nature Reserve, we employed enhanced
MaxEnt modeling with kernel density estimation to quantify interspecific niche differentiation among and within wolves,
dholes, and red foxes. The results showed that; (1) The enhanced MaxEnt model demonstrated excellent predictive
performance (AUC; wolf=0.966, dhole=0.941, red fox=0.960) . Key habitat factors for wolves were the NDVI (26.1%) ,
elevation (14.8% ), and distance to railway (14%); for dholes, they were slope (62.1% ), NDVI (23.2%), and
distance to railway (3.1%) ; and for red foxes, they were the NDVI (29.3%) , elevation (16.5%) , and distance to railway
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(12.5%). (2) The spatial niche overlap among wolves, dholes, and red foxes was relatively high, with habitat spatial
overlap indices: wolf-dhole = 0.53, wolf-red fox =0.78, dhole-red fox = 0.63, respectively. Additionally, the infrared
camera data recorded that the average elevation for wolves was (3053+775)m, for dholes (3231+£737)m, and for red foxes
(3297+787) m. This indicates that red foxes have the broadest spatial range, followed by wolves, with dholes having the
narrowest range.(3) Wolves, dholes, and red foxes are active throughout the year. Wolves and dholes are primarily diurnal ,
while red foxes are primarily nocturnal. The daily activity rhythms of wolves and red foxes are unimodal, while dholes
exhibit a bimodal pattern. Intraspecifically, wolves and red foxes have high overlap across different seasons, whereas dholes
have a low overlap coefficient across seasons. (4) There was significant temporal niche differentiation (P<0.05) among the
three carnivores, with wolves being active later than dholes, and red foxes clearly avoiding the activity periods of both
wolves and dholes. This study reveals that temporal niche differentiation among wolves, dholes, and red foxes in the
northeastern edge of the Qinghai-Tibet Plateau is a key foundation for the coexistence of sympatric species, establishing a
scientific framework for conserving sympatric canids and mesocarnivores. Since this study only analyzed the ecological
relationships among wolves, dholes, and red foxes from spatial and temporal perspectives, without considering factors such
as nutritional differences and the uniformity of infrared camera deployment, future research could further utilize more
comprehensive or novel survey and monitoring technologies to comprehensively elucidate the coexistence mechanisms of

these three species in the region from nutritional, temporal, and spatial perspectives.
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Fig.1 Distribution map of camera trap locations and suitable habitats
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Pk (FR9K) Optimized (Red fox) 3.5 LQHP 0.0425 0.1961
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Fig.2 Response curve of main environmental factors in the Maxent model
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Fig.3 Comparison of activity patterns of wolves, dhole and red fox
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Table 2 Comparison of differently seasonal activity patterns of three carnivorous species

2 Species %% Dhole I8 Wolf HIK Red fox

% Dhole 0.39(0.24—0.54) , P<0.05 0.75(0.64—0.91) , P<0.05 0.47(0.31—0.57) , P<0.05
MR Wolf 0.65(0.53—0.75) , P<0.05 0.80(0.73—0.84) , P<0.05 0.55(0.45—0.57) , P<0.05
IR Red fox 0.37(0.23—0.45) , P<0.05 0.49(0.42—0.52) , P<0.05 0.85(0.81—0.89) , P<0.05
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A R 1B R

A6 S AT R IR DA BTG B 38 B AT 5K R R BLE AL (RS TR] A Skt
HE R 21 1) B B R (A =0.80) , REARA R =45 [8] H 1% s 5 A AL, 1% 3 T PR R E . $4 1
Hsh LA Ry 3 J8 BATE, SCRe 1 BN RE 8 A B /R B A= 3 ) {247 X ( Debrigarh Wildlife Sanctuary ) $4
PUH AT RS BRI AR & S5 e 5% 06 o EL A T 2 s W 0, L v A Py R B R AR (181 3) L X
FIRESE A T Lk [E] R B bR A BT IR e . TERRIN, 3A 2 (A S AR (A =0.39) , ¥ 22093 3l im0 1 R AE T
AT 2t RAE L s B R ) (76 3h s . R ARAY H 3% s f DALBRCA T o 210 i) o 2 4R AIK
(58 A=0.52,5%5F A=0.45) ,FhIN RS (A=0.85) HIH B AR R TFAR RIS A0 16 30 im0, nT g2 AR A
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8 JAE = 45 %

TUARXE /N TARAISE 7558 4 b A T 47 S5 R IR [0 AR NS A (0336 Sl o . AR IR 3 R IAEAE 5 B G 31y
EAER A 2257
Lk LT AR SCRIA AR R T R AR E S AR B4 AR IR R Sl 0 6 R 2 A SRR BRI =3 723 1]
4 SR VAl = 5" Sl /I T o VA o U2 7 S £ NG N L e T R 503+ v 1 97 IV
MRS AR R B IEE TR LI MU B S P 25 25 53 B, R Rl it — 20 fdi P B 4 T 5o A9 980 A M 00 5
ARSI ) 25 [ SEARR LA £55 6 B ) = A sl P A 2 DX S AP pIL ]
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