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ABSTRACT

Aims. Wildlife population monitoring projects provide important insight and basis for species research and
conservation efforts. The snow leopard (Panthera uncia), as the top predator and flagship species of Asian mountainous
ecosystems, is of great scientific and conservation interest. However, due to its remote habitat, elusive behavior and
large home ranges, long-term population monitoring study on snow leopards is rarely reported. Here we report a
long-term population monitoring project of snow leopards in Sanjiangyuan National Nature Reserve (Yunta Village,
Haxiu Township, Yushu Prefecture, Qinghai Province) from Oct. 2013 to Jan. 2019.

Methods: We monitored the population using infrared cameras maintained by the local community. We estimated
population size and density as well as population growth rate using spatially explicit capture-recapture model (SECR).
We calculated population turnover rates and analyzed territory replacement.
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Results: In total, we identified 35 snow leopard individuals. From SECR, population estimation based on 3-month
high-quality data for three consecutive years (2015-2017) suggested stable population dynamic with a growth rate of
1.02. However, individual turnover was obvious with a rate of 0.44, and territory displacement happened around core
utilization area of snow leopards. We proposed that the snow leopard population might locate on a potential dispersal
pathway of snow leopards, or the camera array only covered a fraction of the population.

Conclusion: As the first long-term population monitoring project of snow leopards reported in China, our work
highlights the importance of long-term monitoring, and demonstrates the feasibility of mammal population monitoring
maintained by local communities.
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Fig. 1 Camera locations, core utilization area of snow leopards and blue sheep distribution in Yunta. Data of blue sheep distribution
is from the blue sheep survey conducted in April 2014 (Xiao et al, 2022). Pink circles represent blue sheep groups, while circle size

indicates group size.
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Fig. 2 Examples of individual identification of snow leopards. a, Blurry photos; b, Unknown individuals; Patterns of known
individuals on flanks, head, tail in c, d, h, respectively; Same individual in e, f; Different individuals in e, g; i, Female with cubs; j,

Male and its testis.
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Fig. 3 Individual turnover of the snow leopard population in Yunta. (a) Adult individual cumulative curve of Yunta snow leopard
population. Arrows show the time when the two cubs were first recognized in adulthood. (b) Detection history of snow leopard
individuals in Yunta population. Males were shown in black, females in yellow, cubs in purple, and others in gray. Connected points
indicate continuous detections in multiple seasons. (c) Numbers of detections (points) and interval time between the first and last
encounter of each snow leopard individual (bars). Transits, short-term residents and long-term residents were framed in red, yellow
and green, respectively. Individuals numbered with F, M, U and C are females, males, individuals of unknown sex and cubs,
respectively.
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& i Legend

""" =IEF A Boundary of Yunta Village

[ 5 km #% 5 km grids
Hh 7 55257 Land cover classification

I 44T AR Evergreen coniferous forest
o % 4K Deciduous coniferous forest
[ #E A Shrub

[ TR ZE 5] Alpine meadow

o RSk 44 Inland water body

[ #A Bare rock

El4 mIETHMEELNELIF(2). F25 () EIFOILERIWITBHAAR . ERMEAREHRETIML 48; M2 B

;M3 EHE; M17: #1f: M21: %6).

Fig. 4 Territory replacement recorded in the first year (a), second year (b) and third year (c) in Yunta. Different individuals were
shown in different colors (M1, Red; M2, Black; M3, Yellow; M17, Pink; M21, Purple).

R2 BURSHERVEMNMEB(BERRIEHNETFA
i)

Table 2 Snow leopard detection rates and numbers of
individuals photographed on each camera site (core utilization
sites are marked in bold)

BLELA TIERB  BIAH RIME SR
Camera Working Detections  Detection Individual
site day rate number
4002 462 48 0.1039 7

4013 891 84 0.0943 7

4004 550 31 0.0564 7

4010 916 27 0.0295 7

4003 411 41 0.0998 6

4001 700 61 0.0871 6

TQL 644 31 0.0481 6

4015 444 13 0.0293 5

4009 620 6 0.0097 5

4007 489 17 0.0348 4

4014 492 12 0.0244 4

4016 521 10 0.0192 3

4018 560 21 0.0375 2

4006 501 16 0.0319 2

4005 556 5 0.0090 2

4008 176 4 0.0227 1

MCG 241 3 0.0124 1

4019 223 8 0.0359 0

4012 453 3 0.0066 0

4011 243 0 0 0

BEILFN AT T = B F 3 M EE20134E 10 H %2019
FEH MM I . 1201520174504
(1 57 5 T A 2 (B A i - 4l A 28 (SECR) 11 2R, A
Bk ) 5 5 B R B /NEIX 3 AR [ — 81, =2
BRI E A Rt — P

(BAEF R/ — B (R, A 0 3 1) o= 3
BRI R A E P B sh& Rk, —J7m, Fh
FEIE NS ANIT e85 — 9 T, AN 5 R 40
BRI R — kA . BT AT W i ) A
K, AT DA M ] P AN B A ) A A B,
WA AMEANTE I 37 I B AEAMA b AT LU 2
A2RIER B A, AHERRA I I 255 L SR
TIEAR AL E G R, W B AERS (8] 7359 2182016
E4H . 201654 H F1201844 ) K i BEE M.
Bribz 4b, B EAES 3R DAMRAME N . A
A S T IR B SRR R BE T
#(Sharma et al, 2014), iTHF S EEATREE R, B4E
KUt, 23T YRR KRR e R AR D,
HATREA B2 IE NI IS Ol AT 5T B AT LA
S 0 ) R A T AN AT A At A 5 4R S
AP FAE o H o3 AN TEVE L B R R A,
TE 384 Hp R WO BT BAE TS, FTRE A2 i oM 82 2 1)
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MR B IR 1R R 2 —(Harmsen et al, 2020).

MBI TR, sk B R R R R AR S 2 4
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Survey efforts and data size in each month during the monitoring period

Appendix 2 Statistics of pattern completeness of preliminarily identified individuals
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Appendix 3 Snow leopard cubs detected during the monitoring period and their mother, date of first detection, inferred birth time of

the cubs
https://www.biodiversity-science.net/fileup/PDF/2022157-3.pdf

M4 THESIIMEHNMEEER

Appendix 4 Individual turnover rates of snow leopard population in Yunta
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Appendix 5 Camera working days and snow leopard encounters each year in Yunta
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Appendix 1 Survey efforts and data size in each month during the monitoring period. a. Sample size (snow leopard encounter frequency shown by

polyline, encounter rates shown by bars), b. Survey efforts (camera working days shown by bars, numbers of working cameras shown by polyline)
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Appendix 2 Statistics of pattern completeness of preliminarily identified individuals. “1” indicates that the pattern of this part of the individual is
photographed, and “— indicates not. Individuals with tail pattern are retained and numbered

IR i 4 FEMITTAEEC axliiiipeaas Rfesr  Skfes REMEG S

Initial individual name  Left side pattern  Right side pattern ~ Tail pattern  Head pattern  Final individual 1D

K1 1 1 1 - M9
K2 1 1 1 1 M2
K3 1 1 1 - M4
K4 1 1 1 1 M3
K5 - 1 1 1 us
K6 1 1 1 1 M1
K7 1 - - - -
K8 1 1 1 1 F13
K9 - 1 - 1 -
K10 1 - 1 - uU19
K11 1 - - 1 -
K12 - - 1 - u30
K13 1 - - - -
K14 1 - - - -
K15 - 1 - - -
K16 - 1 - - -
K17 - 1 1 - U35
K18 - - 1 - u34
K19 - - 1 - uU33
K20 - - 1 - u32
K21 - 1 1 - u11
K22 1 - 1 - u10
K23 1 - 1 - uU16
K24 - 1 1 - U5
K25 1 1 1 1 F12
K26 1 1 1 - u23
K27 - - - 1 -
K28 1 - - - -
K29 1 1 1 1 F20
K30 - 1 - - -
K31 - 1 - - -
K32 1 - 1 - U26
K33 1 1 1 1 M17
K34 1 - - - -
K35 1 1 1 1 F7
K36 1 - - 1 -
K37 1 - 1 - C18
K38 1 1 1 1 M6
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WG A A 44 FEMITHAESL FANTHAES RHTELr  SRETEA AN S
Initial individual name  Left side pattern  Right side pattern  Tail pattern  Head pattern  Final individual 1D
K39 - 1 1 1 u22

K40 1 - 1 - u28

K41 - 1 - - -

K42 - 1 1 - F14

K43 1 1 1 - c15

K44 1 1 1 - M25

K45 - - 1 - U3l

K46 1 1 1 1 M21

K47 - 1 - - -

K48 - 1 1 - C29

K49 - - 1 - Cc27

K50 - - 1 - C24

St 28 30 35 16 -
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Appendix 3 Snow leopard cubs detected during the monitoring period and their mother, date of first detection, inferred birth time of the cubs

A RETE #E A T KA ) L A I ]

Male with cubs Number of cubs Date of first detection Inferred birth time of cubs
RE 2 2015/3/11 2014/6

gy 1 2013/11/5 2012/6

=11 2 2015/11/9 2014/6

= 2 2017/4/15 2016/6

= 1 2018/1/13 2017/6
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Appendix 4 Individual turnover rates of snow leopard population in Yunta

2014 2015 2016 2017 2018 FIME

Average
RS 17 16 8 19 15 -
Number of detected individuals
IREEATS AR SR A% 11 6 5 11 - -
Number of individuals remained in the next year
ERR 0.35 0.63 0.38 0.42 - 0.44

Individual turnover rate
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Appendix 5 Camera working days and snow leopard encounters each year in Yunta

B B4 B
First year Second year Third year
FAHLLAER B (R) 4,387 2,533 2,615
Camera working days (d)
TAEARNLEY & 14 18 17
Number of working cameras
EEAEARIETNN 205 90 138
Number of detections
EPAEASIT7 0.047 0.036 0.053

Detection rate




