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sympatric species. This study investigated the spatiotemporal distribution patterns and niche differentiation of
Moschus berezovskii, Elaphodus cephalophus, and Muntiacus reevesi with similar body sizes and dietary
habits in the same area, aiming to improve the understanding about the animal behavior and facilitate
multi-species integrated conservation. [Methods] From October 2022 to September 2023, 160 infrared
cameras were set up in Changqing National Nature Reserve, Shaanxi Province (Fig. 1). We employed kernel
density estimation to analyze the monitoring data and thus reveal the temporal relationship of Mo. berezovskii,
E. cephalophus, and Mu. reevesi. The daily activity rhythm curves were plotted. “CompareCKern” in
“activity” package was used to compare their activity patterns. Then, the degree of the spatial overlap was
calculated by the Pianka index, based on the relative abundance index of species at each site. Single-species
occupancy models were adopted to analyze their spatial utilization characteristics, based on the detection
history of the species at each site and 13 environmental factors potentially affecting their spatial distribution.
All the analyses were conducted in R v.4.3.3. [Results] In 58 400 accumulated camera-days, we obtained
17 432 independent valid photos of wild animals, which included 426 photos of Mo. berezovskii, 1 274 photos
of E. cephalophus, and 4 099 photos of Mu. reevesi. The overlap degree of the daily activity thythms among
species in different seasons was relatively high, with the overlap coefficients (A) between species consistently
exceeding 0.82, while the spatial niche overlap was relatively low, with Pianka index (Oi) all less than 0.30
(Fig. 3). The curves of Mo. berezovskii, E. cephalophus, and Mu. reevesi showed an obvious bimodal pattern,
with the first peak appearing in 5:30 - 7:30, 6:00 - 8:00, and 8:00 - 10:00, respectively, and the second peak
all appearing in 17:30 - 19:30 (Fig. 4). For seasonal daily activity, Mo. berezovskii exhibited a typical bimodal
pattern in spring and autumn, a unimodal pattern in summer, and three activity peaks in winter, while the
activity curves of E. cephalophus and Mu. reevesi had two peaks with different timing and intensity patterns
across the four seasons (Fig. 5). The common environmental factors influencing the spatial utilization of the
three ungulates included elevation, distance to rivers, slope, relative abundance of predators, and vegetation
type. Variations in preferences for vegetation types served as the principal driver of spatial segregation among
the ungulates (Fig. 6). [Conclusion] These three sympatric species maintained stable coexistence through a
high degree of spatial niche differentiation and temporal activity segregation, which effectively mitigated the
competitive pressure despite high diel overlap.
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distribution; Spatiotemporal niche; Changqing National Nature Reserve
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Fig. 1 Location of Changqing National Nature Reserve and distribution of the three small ungulates
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Table 1 Site-specific covariates in occupancy model
3] AR Rk AR
Type Covariate Description Covariate type
A AN
HBRIAT 4K Elevation (ele) FAHUAL S 73K Elevation of the camera site f{% Ak
Topographical Continuous
factors IN K AR EL
Y5 E Slope (slo) FAHUAL S35 EE Slope of the camera site ]}%}E.E
Categorical
22 o ) o b 26 fiE ; SR
R R HSHRE Canopy (co) *HHHL...\ HIFFA M5 B Coverage of tree layer in the J%E,J?}E%
Concealment camera site Continuous
factors HIBURL AL A 35 1 C f shrub layer i FE A
F N | K A=t 5% Coverage of shrub layer in the LR
HEACHY Shrub Cover (sc) camera site Continuous
»E . U =7 x‘ N > 4 1=}
ﬂin?ﬁ AH E%%*ﬁ TEE . AR A IR NS 2 B Relative abundance index of ST B
Ir_lterspemﬁc The relative z_ibundance index of Chinese Takin Continuous
disturbance large competitor (CT)
TR E AR 2 AFEIRIE. 5. SRS A H FARRS 2 Relative AR
The relative abundance of predators abundance index of Yellow-throated Marten, Leopard, C "
. . ontinuous
(predator) and Leopard Cat, among other carnivorous species
TKIE T —ry [ . AT R
KR BEVATALEE & Distance to river (river)  FEVAIAIY 51 FE R Distance to the nearest rivers ﬁ’%}{i
Water Continuous
A~ ¢ N B = e e BANE
AN 3 #% P & Distance to road (road) — FEIE 5 E &5 Distance to the nearest roads & %Ei
Human Continuous
disturbance B S EE B Distance to buildings P2 5 & jiti fe i/ (8 B9 Distance to the nearest AR
(buildings) buildings Continuous
ek &= TR R A AR, Ridh 1, FiEHN0 AR
Vegetation type £ Coniferous forests (conif) Whether the vegetation type is coniferous forests, record Categorical
as ‘1’ for yes and ‘0’ for no
\ Wl IR R 75 g - i i IrRAE
[# Ak Broad-leaved forests (bl) FELBEIALR SR AR Whether the vegetation type is ﬁﬁ}z.i
broad-leaved forests Categorical
EFFEVRAZ M Coniferous and Tl 2RA 2 75 N ET TR 2 AR Whether the vegetation IR
broad-leaved mixed forests (bl_c) type is coniferous and broad-leaved mixed forests Categorical
T ZIE B RUNTTAR Whether the vegetation type is DR
T Bamboo (bam) bamboo forests Categorical

WA HT X RS AR 84T Spearman FHICHE
AT AR BE AH 9% 2 20 (correlation coefficients)
INF 0.6 AR (B 2), i@ FRiE B S
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indicates the significance of differences, with the significance level set at P = 0.05.
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Fig. 5 Daily activity rhythms and temporal overlap of the three sympatric ungulates in different seasons
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Table 2 Optimal occupancy model of three sympatric ungulates in different seasons

e A2 S A Y 5 AR S HE
- Wl o AR (S SN ARSIz RS RN
i -~ Akaike infc i Akaike infc i BUE
Season Species Model al. e 1'n ormation A fil t?ln ormation H
criterion, AIC criterion, AAIC AIC weight

HK18 Moschus berezovskii ﬁsll)frlrsz;;’vzr(; slo+ predator + resp 348.50 0.00 0.11

B ERE Elaphodus . .

+ . . . .
Spring cephalophus psi(ele + river), p(.) 994.80 0.00 0.07
/NP Muntiacus reevesi PSICIe * Hiver + slo+ predator + resp 1216.92 0.00 0.20
+bt), p(.)
B Mo. berezovskii psi(ele + river + slo), p(.) 196.39 0.00 0.04
ES
slun%lmer B E. cephalophus psi(ele + river + predator + br.co), p(.) 1478.79 0.00 0.13
/INEE Mu. reevesi psi(ele + predator + slo + bt), p(.) 1362.33 0.00 0.13
: . psi(ele + river + slo + predator +
WG Mo. berezovskii bamboo + resp), p(.) 33091 0.00 0.07
LS JE— psi(ele + river + slo + predator + resp

Autumn  GIERE E. cephalophus " bt), p() 701.27 0.00 0.32
/INEE Mu. reevesi psi(ele + predator + slo + bt), p(.) 1071.42 0.00 0.42
B Mo. berezovskii psi(ele + river + slo), p(.) 504.52 0.00 0.12
E=s EIEE E. cephalophus psi(ele + river + road), p(.) 796.11 0.00 0.12

Winter . .
JNEE Mus. reevesi psi(ele + river + slo + predator + resp 1112.03 0.00 037

+bt0, p(.)

ANl A B RS 0 o B R R . WRBE 2 B A
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PR M R B b — 58 iR, AR HIIE
EF RSN T IR /NBRIERR . EAIRKERLE
VIR IR i, AR IR BT FRVRAS AR
R e (B 6V,
3 g
3.1 FERREIN RN E AR

Y E IS TR R E B R AE
TS AL RN M AR S R 3R S [ s ) 225 2R
RN TS0 BG-GB T T s )
A AT R KBS DL AN R W R 2 1A O &R
(Linkie et al. 2011). AW ER, WEE. BiE
REAN/N B A H I B TR R OOERY, 5Bk
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Fig. 6 Effects of occupancy covariates on three sympatric ungulates in different seasons
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