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important elements determining the spatial distribution of predators and prey. It is important to clarify the
spatial-temporal relationship between predator and prey for the maintenance of biodiversity as the two most
critical dimensions of the niche axis. Galliformes are one of the food components of Yellow-throated Marten
(Martes flavigula). Blood Pheasant (I/thaginis cruentus) and Yellow-throated Marten are common sympatric
species in southwest montane forest ecosystem, and they overlap in spatial distribution. However, the spatial
and temporal coexistence mechanism between them are nevertheless unclear. [M ethods] From August 2018 to
October 2020, we set up 61 infrared cameras located in Liziping National Nature Reserve, Sichuan Province

(Fig. 1), and undertook a study on two relatively common species in southwest China Blood Pheasant and

its predator Yellow-throated Marten through infrared camera photographs. The lowest elevation of the site was
1 850 m and the highest was 4 199 m. The latitude and longitude, altitude, habitat types, distance to the
nearest river and other information of each site were recorded. We recovered camera data every three months,
then sorted out the data, identified species, and recorded the time information of photos. Based on the Kernel
density estimation, we analyzed the temporal relationship of Blood Pheasant and Yellow-throated Marten, and
plotted the daily activity rhythm curves. All the analyses were conducted in R, v.4.1.2 (package overlap).
Select the infrared camera data from May to August in 2019 and 2020, and repeat the survey every 15 days to
establish the detection history matrix of Blood Pheasant and Yellow-throated Marten at each survey site. Four
environmental factors were selected as the sample covariates (Table 1). Then, we analyzed the spatial
relationship between them by using the occupancy model (program PRESENCE, v.2.13.17). Wilcoxon rank
sum test was used to compare the occupancy of Blood Pheasant in the presence and absence of
Yellow-throated Marten. [Results] With 13 790 accumulated camera-days, we obtained 2 373 independent
valid photos of wild animals, which included 98 Yellow-throated Marten and 156 Blood Pheasant. Daily
activity rhythm curves were plotted for Blood Pheasant (n = 156) and Yellow-throated Marten (rn = 98). The
curves of Blood Pheasant showed an obvious bimodal pattern with two activity peaks in one day: 9:00 and
18:00, while the activity peak of Yellow-throated Marten was at 15:00 (Fig. 2). In addition, the
Yellow-throated Marten has a small amount of activity records at night. The curves also showed an overlap in
daily activities between the two species (A4 = 0.78) (Fig. 2). The result of simple single-season model
analysis revealed that the spatial distribution of the two species was affected by environmental factors: altitude
and distance to the nearest river were the most important factors to probability of use sites of Blood Pheasant,
and the area occupied by Yellow-throated Marten was mainly affected by slope (Table 3). The two-species
single season model was used to evaluate the spatial distribution of the two species and the results showed that:
(1) Under the mediation of altitude factor, the probability of using site of Blood Pheasant while
Yellow-throated Marten presence was significantly lower than that in the absence of Yellow-throated Marten
(Wilcoxon rank sum test, P < 0.01), (2) With the increase of altitude, the spatial relationship between Blood
Pheasant and Yellow-throated Martens showed a trend from separation (species interaction factor value is less
than 1) to coincidence (species interaction factor value is greater than 1) (Fig. 3). [Conclusion] In Liziping
National Nature Reserve, the spatial predation relationship of Blood Pheasant and Yellow-throated Marten
was different due to the influence of altitude factors, and there were some differentiations in time utilization,
which increased the chance of co-existence between predator and prey. Meanwhile, it also showed overlap in

the temporal and spatial niches. Our results confirm that Galliformes account for only a small part of the total
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intake of Yellow-throated Marten. This paper reveals the characteristics of incomplete differentiation in the

temporal and spatial niches, providing an example and fundamental information for further understanding the

spatial and temporal relationship between predator-prey in montane forest ecosystem.
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Fig. 1 Thegeographical location of the study area and the sites of theinfrared triggered camera
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Tablel Sample covariate of occupancy model
AR Eitipuy Heis
Sample covariate Description Source

{4 Elevation

(elevation)

iR 5 oliw /0]

Distance to the nearest
water resource (distance)

R TR R B T4
Enhanced vegetation index
(EVI)

i Slope
(slope)

BT Arcgis10.8 SREUHIALAL £ I K U5 2R 25
Extract the distance to the nearest water source based on ArcGIS
10.8

A NASA $41t#) MODIS FI#E 4™ i Hidls MOD13Q1 2 HUH)
2019 EME CRFIE4HF A 16 d, 2 EAHEFEA 250 m = 250 m)
The mean value of MOD13Q1 on 2019 extracted from MODIS
vegetation index product data which provided by NASA (The
temporal resolution is 16 d and the spatial resolution is 250 m x 250
m)

T Arcgis10.8 FEIURIAHLAL R FEAH

Extract the slope of the camera sites based on ArcGIS 10.8

USGS’s Hydro- 1K 45 &
USGS’s Hydro-1K dataset

Hp E R R TR B RS S R o
Resource and Environment Science and
Data Center

LAADS DAAC 3k

LAADS (Level-1 and Atmosphere
Archive & Distribution System) DAAC
(Distributed Active Archive Center)

USGS’s Hydro- 1K ¥
USGS’s Hydro-1K dataset
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Table2 Thedescription of parametersin two-species occupancy model
ZH i
Parameters Description
psiA Yl A XL A FTBEZE Probability that the site is occupied by species A
psiBA Yifh A FPAERE, 0Fh B W AT HI M8 AR Probability that the site is occupied by species A, given species A is present
psiBa Y A ARAELERS, Y B XL A6 A Probability that the site is occupied by species B, given species A is not present
PA Wikt B RAEZERE, P0Fh A BOERIIMEZ Probability of detecting species A, given species B is not present
pB Yl A RAEAERE, P0Fh B (4RMIAEA Probability of detecting species B, given species A is not present
rA WAPIFPEAFAER, PFP A IERIIEZE Probability of detecting species A, given both species are present
tBA PINPIFRERAZAE BFD A BRI BN, Y0 B ROBI 2
Probability of detecting species B, given both species are present, and species A is detected
Ba PINPIFRERAZAE BT A RAZHEIN, PoFh B BRI ZE
Probability of detecting species B, given both species are present, and species A is not detected
014 074 — I Ithaginis cruentus W AAOMIIBRE R G o Sk P B L R 1
— BUREH Martes flavigula T S - I R P XU A o S I A T
2010 / 25 918 psiA, psiBA(elevation), psiBa(elevation),
2 / p- PA, pB, tA, tBA, tBa, RIGFR A2 520 I HELE 3
i 005 / WA X G A TR B R T, 23
KT R, MUHELE BERSE A7 A N L A
0.02 {3 B 25 IR T SR SH ANAFAE RS (psiBA
oL T T T I fH5 0.25 £ 0.23, psiBa i~ 034 +0.31, P<
0:00 6:00 12:00 18:00 24:00

fif[E] Time

B2 SRR BES T
Fig. 2 Daily activity patterns of Ithaginis
cruentus and Martes flavigula
P eh R (X SRR AN S TR E R B, A4 AP R
FEIREG BUANZE A AN RIS BB o
The gray area in Fig. 2 is the overlap of the two species in daily

activity rhythms, A4 is the coefficient of overlapping, and the lines on

the x-axis represent the data density in corresponding periods.
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MR EIR, EARYIFRHAR 25548 5 1520
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KBRS AUK R B T 2 5. S
SR AR T G AR BRI AN R, R

0.01). BFFTIXIRAN, BEMESE S i Y7 (8] £ 0%
R, W ZFA AT 8 COphie i) HAR
K SIF 4 0.38 £ 0.54, /N1, BEHIEHK
T, BEMESR S HER 2 A e R 2 H o
B NEAES (K 3).
3 g

HWEsh TR ], S5 E R R X
W ILAE AR B & 3o 32, R MESE IR 4 £E A
AR i TA) B g B, OO R e 4 5 R 1A
(2019) S5XT 5 MSH H S B 15 A 7t 45 S AH
Bho —Rrr, MAEA WA RIESEE, H
55 MR SR B0 0 HH L 2 [0, S MESE —
RGBSR 2 L HE— R P BRI AME . X
Fe RN TESH & & sh g it s iE sl mr
KRN HE A B IR (Susellbeek et al.
2014), MIRKPNIE (Capreolus capreolus) 18T
B SRR (Lynx ynx) (P3G B0 &, 6k
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®3 BYMEEERKEEER Uac < D
Table3 Summary of model selection results from single season occupancy model (daic < 2)
RIS B ;
R N SRR SR LR B
5557 HEN ; BRILSR R brbE wNE
iy : AAkaike  AIC K& . o
Akaike . . . Model Number of Naive  Probability of
Model . . information ~ AIC weight oo .
information . likelihood  parameters occupancy  detection
- criterion
criterion
MHE Ithaginis cruentus
psi(elevation, distance)p(.) 163.51 0.00 0.29 1.00 4
psi(elevation)p(.) 164.59 1.08 0.17 0.58 3
0.20 0.25
psi(elevation, distance, EVI)p(.) 164.77 1.26 0.16 0.53 5
psi(elevation, distance, slope)p(.) 165.49 1.98 0.11 0.37 5
HWESH Martes flavigula
psi(elevation, slope)p(.) 124.98 0 0.29 1.00 4
psi(distance, EVI, slope)p(.) 125.17 0.19 0.26 0.91 5 0.15 0.05
psi(EVI, slope)p(.) 125.85 0.87 0.19 0.65 4
2F y=000084888x—2.130 1 . RE ISP G IR ICEY ST el i
R?=0.709 57, P <0.000 1 o

—

YrFh e W EAER T
Species interaction factor
(=]

1 1 1
3000 3500 4000

#§3K Elevation (m)

B3 ETRAMERITM H b2 20 38 Mk 5E- 4
FEAL UK _E KR B B T R R
Fig. 3 Theeffect of covariates predicted by the

1 1
2 000 2 500

optimal model on the speciesinteraction factor (SIF)

of Martes flavigula - Ithaginis cruentus

B R REFEHELS WA ERE ERE, BaA
WRA EAEH T SIF {8, BEOEHZNEMERFMEER, KEX
BA 95%EAE X .

The R? in Fig. 3 represent the level of regression line fits the observed
value (goodness of fit), the black dots are SIF values and the black
line is the result of linear regression, gray area indicates 95%

confidence intervals.

M EREEENE ERES, MnEnASAL
Fa s, Il & XU (Rovero et al. 2016).

B AR R S5 R B, SR AL

X5 Li % (20100 X e AR Bk £ T L 45 R
AL AT FCEREE, I O B K YR T AR
5 (Wang et al. 2021, ZSHRFE 2021), K~
IKESNEALM VTR —, R HEE
MRS SR 2 —,  HKUR BT B AR T A HES)
YRFEE, AR EIE (HMT bk
2001, BEBASRAE 2014). SO HER AT BH
SERW CGFEE 2015), AT B E T
K 2 100 ~ 4 600 m [P FE A AR EF AR AN R
EM (Lietal. 20100, fEILEW T, #Eik
AL X SN oy A AT % BRI (Matsuura et
al. 2013), W HTHFHRIE Y i 2 PR 5 2L,
SR B BHIE A AT R AR B R A 2
FEAG, B 2] SRR R (ERSE
2020) o Bt 51 H I B RS o 4 AR B R R 2
JEMRE, XA S A A I ) R
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3 AT RV P R A S (R BN A Y ORI R
(Messier 1985, Kruuk 1966).
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AL P 25 18] 43 A K 2 52 B AR AR B e . B
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6 14 FRAE MAES A BRI I 2 KRR - 863+

BT ES (AR TERTRT D, EWE
KA EAT NMEREK . X 0] 582 BEAER
3500 m DAL, Rl A A H A A 1 S
A, BEMRSBEAE VAN, At E ml oA
FHFIK 4 600 m FIMAEE 75 5 Z 2. HEik
3500 m AR, eSS B SE A As ] ok R T
S8 (MR EAER 7/ T 1D, XA e R
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(Tablado et al. 2014), X5 ERHEE (2019)
I g AL, BIARIEE A FE T S Rk
( Lepus mandshuricus )} 36 ¥5 8 ( Sciurus
vulgaris) {EZF AR R LT ES, ERFENE
ToE.

AHFFERIN, JETHF E AR CRY X P 11 I
L5 B RS I 6 7 8] 5% 2R 2 AR R (1 R IR 1
HIEUAS [, R AR B E — 2 L,
AN IR T R A R S Al 2
HAFMNL S (B F RN S ASA F X GRIH
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spp.) VARSI - AESE . bAh, & R AESEN
TEMREEZ — OBE3 2015, MAEZ LR
TARMBIEARNT, AR AR /R 2000 & Pl i
a, HEZHEZBRFE. KR (Canidae).
MiFL (Felidae) 885 KAt CAOLE 2015).
IXELFLR T B3 B X R B TR ML AE
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TEFR R, DAUHIEE &K H RS I 2555

A Kt A BELAE R SN AR A BE IR IUE £ 1
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