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Abstract

Abstract

This study was conducted to address the shortage of ecological information on
the Siberian musk deer (Moschus moschiferus), an Endangered Wildlife Species
Class I in Korea, and to support evidence-based conservation and management
strategies. Focusing on key habitats in Korea, we applied non-invasive
approaches—including fecal DNA-based diet analysis and camera-trap-based
estimation of distribution and relative abundance—to comprehensively evaluate
diet composition, spatial occupancy characteristics, relative abundance (or an
index of population size), potential habitats, and the feasibility of identifying new
habitats. The outcomes provide baseline information that can be used to (i) select
target vegetation for habitat protection and restoration (priority forage plant
groups), (ii) delineate core use areas (priority management zones), and (iii)

improve long-term monitoring design.

1. Overview and Methods

The study consisted of three components:

(D) Diet identification using fecal DNA metabarcoding,

(2) Grid-based camera-trap monitoring combined with occupancy and
N-mixture models, and

(3) New habitat exploration based on species distribution modeling (SDM) and

connectivity analyses.

For the diet study, fecal samples were collected monthly from areas with
confirmed musk deer presence. Plant DNA in feces was analyzed using
next-generation sequencing (NGS; MiSeq). In the laboratory, DNA was extracted
and quantified, followed by PCR amplification targeting a selected marker region
and library preparation. Sequence data were processed through adapter removal,

quality filtering, error correction, merging, and chimera removal to generate

AR
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amplicon sequence variants (ASVs). Taxonomic assignment was performed via
alignment to reference databases. We also calculated alpha and beta diversity
indices and conducted community analyses (e.g., PCoA, UPGMA) to compare diet
composition among samples.

For population dynamics (distribution/occupancy and relative abundance), we
conducted grid-based camera trapping in the Chuncheon region (border area of
Yanggu and Hwacheon). A 250 m X 250 m grid was established and 35 camera
stations were deployed with settings optimized for ungulates. The monitoring
period was standardized into 10-day repeated-survey intervals (19 sampling
occasions). To account for false absences caused by imperfect detection, we
applied an occupancy model estimating occupancy probability (¢ ) and detection
probability (p) simultaneously, and an N-mixture model estimating relative
abundance while incorporating detection probability. Covariates included
topographic variables (elevation, slope, roughness, TRI, TPI, aspect) and
vegetation/productivity variables (canopy height, NDVI, NPP, total productivity),
while camera operating duration (survey effort) was included as a detection-
related covariate. Model selection was conducted using WAIC.

For new habitat exploration, we compiled 98 unique occurrence points by
integrating fecal records and national distribution survey coordinates (after
removing duplicates). Using these data, we conducted potential habitat and
connectivity analyses to prioritize candidate areas. Field verification—through
sign surveys and camera trapping—was then conducted in selected sites, including
areas near Inje County (Gangwon-do) and the northern Gyeonggi region (outer

areas of Pocheon).

2. Key Results

(1) Fecal DNA-based diet (plant) analysis

A total of 39 fecal samples were collected, with most originating from Gangwon

Province (primarily Chuncheon and Hwacheon); sampling in Pocheon (Gyeonggi)

7 AL
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Abstract

was limited. Library QC showed successful amplification (“Pass”) for 25 samples,
which were included in the final analysis, while 14 samples failed amplification
and were excluded. The number of valid reads varied substantially among
samples; particularly low read numbers in some summer samples suggest
differences in sequencing depth potentially driven by sample conditions (e.g.,
aging, environmental exposure, DNA degradation, and inhibitory substances).

At the family level, major taxonomic groups included Pinaceae, Ericaceae, and
Moraceae. At the genus level, dominant taxa included Pinus, Rhododendron,
Morus, and Quercus. Species-level assignments may involve uncertainty due to
limitations of reference databases, marker resolution, and potential mismatches
with local floras; therefore, the study highlights the need for cross-validation
using Korean distribution data and local vegetation surveys.

In community diversity analyses, alpha diversity metrics (e.g., ASVs, Chaol,
Shannon) showed high variability among samples. Some samples exhibited high
estimated richness (Chaol), indicating potentially complex diet composition
including rare taxa. Shannon and Gini-Simpson indices generally remained within
a relatively stable range, suggesting that temporal/sample-driven differences in
richness and composition were more influential than extreme dominance by
single taxa. Beta diversity results indicated that samples from certain months
(e.g., May) formed relatively similar clusters, supporting the possibility of
seasonal shifts in diet composition. Overall, this study provides diet candidate
taxa at the family, genus, and species levels and offers evidence useful for

identifying priority forage plant groups for habitat protection and restoration.

(2) Camera-trap-based distribution/occupancy and relative abundance

From January to June 2025, musk deer were detected at 11 out of 35 grid
stations in the Chuncheon region, with one station recording up to 10 detections.
Importantly, simultaneous images of a female with a fawn confirmed local
breeding within the study area.

Comparisons between detected and non-detected stations suggested clearer

-7-
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differences in topography than in vegetation variables. Detected stations tended
to have higher elevation and higher TPI, and lower slope, roughness, and TRI,
indicating a preference for relatively gentle terrain and ridge-associated settings.
This pattern suggests that musk deer may preferentially use ridge systems and
comparatively less rugged areas within the region.

The occupancy model estimated a mean occupancy probability of 0.482, and an
intercept-based expected mean occupancy of 0.628, both higher than the naive
detection ratio (11/35), reflecting correction for imperfect detection through
repeated surveys. Among occupancy covariates, total productivity (TPLSP)
showed a significant negative effect, while NPP showed a significant positive
effect, suggesting that productivity-related metrics may be associated with
spatial variation in occupancy. Detection probability increased with camera
operating duration (survey effort), but the mean detection probability remained
very low (approximately 0.05), confirming that musk deer are inherently difficult
to detect using camera traps.

The N-mixture model estimated a mean relative abundance of 2.64, but no
covariates showed clear statistical significance, and convergence stability issues
were identified. Therefore, abundance (or relative density) outputs should be
interpreted cautiously, and improvements in data quantity and model
specification (e.g., longer monitoring, more repeated surveys, improved detection
probability, alternative modeling approaches) are recommended. Spatial
prediction maps showed higher occupancy probabilities along central ridges and
upper ridge lines, and lower values in valley bottoms and some slopes, suggesting

that core use areas may be structured along connected ridge systems.

(3) Outcomes of new habitat exploration

Candidate areas were prioritized based on potential habitat suitability and
connectivity (including the Inje-Hongcheon axis), followed by field validation in
areas near Inje County and northern Gyeonggi (Pocheon outskirts). However,

within the survey period and effort, no definitive evidence (camera records or

-8-
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Abstract

signs such as feces) confirmed musk deer presence. This does not exclude the
possibility of extremely low densities, seasonal use, or imperfect detection due to
placement and duration. For candidate sites, intensive field surveys and long-term
monitoring are required, including repeated seasonal surveys, microhabitat-
optimized camera placement, and strengthened sign surveys to improve
detectability.

3. Conclusions and Applications

Using non-invasive methods, this study systematically established baseline
information on musk deer diet and improved distribution inference by estimating
occupancy and detection probabilities from repeated camera-trap surveys. The
confirmed breeding event and ridge-centered use pattern in the Chuncheon
region provide direct evidence for delineating core habitats and priority
management zones. Diet candidate taxa and potential seasonal shifts provide a
basis for forage-based habitat protection and restoration (vegetation management).
In contrast, new habitat validation remained inconclusive, highlighting the need
for stronger, iterative field validation and long-term monitoring to recalibrate
model-based predictions. Future work should expand sampling in the Gyeonggi
region, strengthen cross-validation of species-level taxonomic assignments, and
refine survey designs to enhance detection probability, thereby reinforcing the

scientific foundation for musk deer conservation and management in Korea.
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A7 us & 2y

W3 aex wl
& BNH JEA&)

B, B, 0, S g

§ A7 (25W 4F)
= M WY

DNA F&2 A=A} 2|l w2} DNeasy PowerSail Pro Kit(Qiagen, Hilden, Germany)
£ o] &3t9a, &9 DNAE PicoGreen A]9F3} VICTOR NivoTM(PerkinElmer)
Alz="lo 2 Akttt gho] B2 2l lllumina Metagenomic Sequencing Library
protocole] wz} FH]sH o™, gDNA 5 ngS ®H& buffer, dNTP, F/R primer,
Herculase Il fusion DNA polymerase(Agilent)$} $HA| Ab&3te] 2% J (A &+
A ITS BF2D)S PCR FZ3UTH94C 102 %=7|¥HA & 35 cycle, 94C 30%-55C
40Z%-72C 60%, 72C 10% HZAA). 12} PCR 4HE-2& AMPure beadsZ A At
A A A& 10 uL= Nextera XT Indexed Primer 2 2%} PCR(10 cycle)ate] <14 A&
TP T AAASE T HF 2he] B gl PicoGreen. 2 A #3311 TapeStation
D1000 ScreenTapeZ #&-2 H7}5}% 2™, normalization 2 pooling 3 KAPA
qPCRE A #3}e] Mlumina MiSeqIM Z# Zol| A AlAA 3 T}

-17 -
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Initial denaturation(94°C, 10=)

35 cycle (94°C 30X, 55°C 40%, 72°C 60=%)

Final extension (72°C 10&)

First amplificationdll = lllumina adapter overhang sequencesE =& St universal

primer pair Al

I 2. Forward / Reverse Primer

PCR Forward Primer(5')
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-[YGACTCTCGGCAACGGATA

PCR Reverse Primer(5')
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-[RGTTTCTTTTCCTCCGCTTAI]

A4 dlolE &= cutadapt(v3.2)Z adapter/primer A4 2 €] =(Forward/Reverse)
250 bp trimming& 43¢+ F DADA2(vI.18.0)2 L/ u A o] =2AA -3 L 7]
w2} A A(removeBimeraDenovo, consensus)E %3l ASV(Amplicon Sequence
Variant) & AA3tATHCIH 2/ 2 o] A E A9 A= 1 vl 7t s SR
7] 93l QIME(v1.9.001 A # 4 read 4= 7]+ subsampling 7|%t A F3}5 43}
3t BE538ha 534S BLAST+H(v2.9.0; query coverage>85%, identity>85%)=
NCBI_NT reference DBl A &3sto] 4~8) 3} &3}t}FAd (Shannon, Gini-Simpson,
PD whole tree, Observed ASVs)¥} | e}t eF/d (Bray-Curtis, Weighted/Unweighted
UniFrac)& Ar&sldth. =3 mafft(v7.475) 718 4 &3} FastTreeMP(v2.1.10) 7l

-18 -
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5 Musgle Alignmeni
E Fh:gbg.mlh'-: Tres
7. Tewonoeic Classficasion
=(Analysis Workflow)

AIFEF AT FH

}
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i

1. Temmng
7. Peppiodegging

. 7HE EfS oE

b. Dl wecumreing
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A7 us & 2y

AL AU I A F 199 AR S SRS T. 7H e}
FUAY AR HA FUE AL BF NAZE 7| 53100 A2 4
Az ZARHE 2D HEH0C R [ ER 10Y 7 F A8 H &

g ASE 25 T=E i{ﬂé}"iﬁ‘r. A N-mixture 7|9 SRE EAole 5Y 7

232 A

L

Nopgh

Occupancy Pattern

o -5 o [ o o FlliF] o

'l“ -0 17';":127519 A Dh o

fo  -Flaltl1loliliofdo

| o 4o 1] “1..]chuw1]n
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o 1/ofala|F@Alal o [T 0

&0 - o 8l o [ o [1IEs o

1<’.:- | ﬂd 1(1 11 o |a (% [a)]

L o i) o vl

oo -l o BN o [ o | O

7%l 7. Abundace vs Occupancy &8At= H|l(Therese donovan et al., 2023)

AMFE ol 22 AZTS AAE EAsiHets #SHA g+ EA LR/
(false absence)7} ‘ﬂ‘ﬂdé‘}ﬂﬂ ol B SEHE VN FEEEHY F9 AR
dHA ATk ol E A= HHA L/FE FEHOE NG EEAAE Y
d Ao A AT 4 A+= Occupancy model (spOccupancy, R)-& # &3} H-H
GE(¢)H dAGEQPS A FASAT &, BHEEHA Gtk AL S F
A= dAsHA 2oL ‘:&%E/\} A5E B3l T AAo] A= AFHAUS FE
= AARIESE SRt AFEEe AA| FH@)E AClE idA AGSE(¢)=
Zb= W 250 BEXE HoHY ¢ &= M FHFH logit linkE dAsAT A=
A5y 2AA GH@9 FAGED o& 2R EHE HESo] EXE wEn

p 9A &x FWHEE logit linkg A2
A9 W Add FREEs NAs ABE FH5H7] A= N-mixture

model(spAbundance, R)S &85} t}. N-mixture =22 #=Zkvto 2 A A 7))

N
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30,

Occupancy model

Occupancy model2 O{ &0 E& 0| AXMZE ZEASI=X|(HRIFIE FHs=
SHZZo|Ct o] 2ol sial=2 REEX] AUCHT sHM i=A ot 2t= O|EX| 2

FE oflZst=0 UCH HAZAUAM = EX[ATH 7L =5HAH LIEFHEE Occupancy model
2 EIX|ZENX| & FH5t0f O X[Fol| Zo| ANMZE A1 JAJNSE HES 74[*._3_“1}
HREZE2 0{] ol HIE ZAIH[O|E{E 0]3510] MR E(psiet EIXES SAl
FYEICE OB 2M Ehes| 2HEo| oF == 20| “gie 2 2lo|st=7 OH—IE'—} 00[X|
oF =X & = A= EES AMSHZEC} EESF Occupancy model2 MAISIA(EQJFEA, A
MR ) U ZAIERA(EM S)at 22 sHdEHTE 90| EXE = UL AT, T4
=& S EX|7} of2{R30 iS¢ F35tH &3=nt

Occupancy modelof M= Al AEH(z )=

—
HEZ Ho=ls HZF0| 222 F9

HrEEW)2 E7 SHED logit linkEH
= ~ =

[
— S
2 AZECH 2 A7 ALSE 7 StHE dReEEel 2= otgfet 2ot

logit (¢4;) = X,'3
BEX|Ql ZAKIE(y; )= M AEl(z)2 BIXIEE(, )2 Fol=|] HEF0| 2XxE
[HECE A2 E AO|EG)UHIM ZAF Sl5(k=1,2, ., NE TEEICt OIRVIXZ §
X &E(p, )2 BA| SEiZFD} logit link&F2 ¢ ='E_IE+

Y | z; ~ Bernoulli(z; < p; ;)

logit(pj_’k,) = V}Ta
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1.7 U W

= o-d™

N-mixture model
N-mixture model2 ZtEHZIoto 2= XSS JiA| 4= mieto| 0{2{& o2 E{2I0AM

ZAol 7|YolCt EX|etES De{st X JHA o EEe0lol JEs A F=H
& £ A0, BI|ZHEE, MAX[HE7} 2XEe| e[AtZYMo| ol FESHAH ARSEICE
N-mixture D22 AH JHM(V)7F B2 ERE0)E ME= ZLOISEELE HO |5“—_—P.
OIEVIX 2 Hd E220)s 85 3D log link&+2 MYHEICH

Nj ~ Poisson()\j)
log(\;) = X8

2|3 SFE 25 HolE(y, )= d=s=ES BXIEEQ, )2 712 o, A JHA=A
A2, N) SoIM 2HEE JHA| =y, )2 ol EICh DRRIVIX| 2 BX(&E(p, )2 BA
Stigloz dHEIC

Y | N; ~Binomial (V,,p, 1)

logit (pj,k) = VjTa

MULTI SENSOR

/ Coafvsira LFag
Hmnmﬂ"" — Sl Sareline
w “ Site |wisit] |visit2 visit f|
i i 1 1 1]
R DR CL PRy L""‘" i
L' ' I —r— p—— {ditribution)
I -
4 4 Pl L
Site jvisit WISIEE [wrisit F| A s ) “ i
. chatacteon i 2 & 3
. nom-cetection .4 1 o 1 SPECIES

Il'. = x
e m

T2 8. AR BEX-EHC FXE 2|5 Multi-Sensor S8 ZLER! JHE =
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B FAL wo] Aok MCMCZ 33ttt spOccupancy+= A 213 10,0003]
AZH L 335t %7] 3,0008]= burn-inS. 2 A LJstAtt I TAE 9l 23]
HkE (thinning=2)2] 7]1&% A A5G & 37) Ad-e Ad3 ) spAbundance=

om x7] 20,0003 A¥sta 2008 wWHE(thinning=200)2]

7159 2E3 o F I AdS Attt FH4 H7Fe Gelman-Rubin
7]8F R-hat < 1.1 7o = A3ttt $HEY Hluw= WAICE o] &3t

Fom WAICE ELPDS} PDE A4HWAIC=2[ELPD—PDD3&}la. WAICT} H&+=

= AWstr] s AP E A FHEFS 2SR A F

& 1% (Elevation), 74 AHSlope), 7] & 7](Roughness), TRI, TPI, &
A (Northness), & A (Eastness) & A& W2, 7)=3 =o](Canopy height),
NDVI, <= 12} A 4FF(NPP), FA34H3(TPLSP) 5 A MFE T4 9 Y. X%

Q)
E Oy FHHL v ER Y BSHEFE kg str] sl ek Zs 71 HEA
o

Occupancy & Abundance covariates
Variable Mean Range Source Resolution
Elevation 512.7 321-678 SRTM 30mx30m
Slope 24.01 9.5-42.8 SRTM 30mx=30m
Roughness 36.5 14.8-73.7 SRTM 30mx30m
TRI 111 49-211 SRTM 30mx=30m
TPI 0.9 -6.9-6.6 SRTM 30m=30m
Northness -0.06 -0.99-0.99 SRTM 30mx30m
Eastness -0.1 -0.98-0.99 SRTM 30mx=30m
Canopy height 21 6-26 GLAD 30mx=30m
NDVI 0.91 0.86-0.92 CLMS 300m=300m
NPP 5.97 5.79-6.05 CLMS 300m=300m
TPLSP 294 229-335 CLMS 300m=300m
Detection covariates
Survey time 140 9-192 - -

- 24 -
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N.O MEHS T X o N.O MEHS THX A
1 25-1-1 =x 21 25-5-8 st
2 25-2-1 =x 22 25-5-9 stH
3 25-2-2 =x 23 25-5-10 st
4 25-2-3 =X 24 25-6-1 =H
5 25-3-1 stH 25 25-7-1 =tH
6 25-4-1 stH 26 25-7-2 =tH
7 25-4-2 stH 27 25-7-3 =tH
8 25-4-3 stH 28 25-7-4 =
9 25-4-4 stH 29 25-7-5 st
10 25-4-5 stH 30 25-7-6 =t
11 25-4-6 stH 31 25-7-7 =2tH
12 25-4-7 stH 32 25-7-8 std
13 25-4-8 stH 33 25-7-9 =t
14 25-4-9 st 34 25-7-10 stH
15 25-5-1 st 35 25-7-11 =X
16 25-5-2 stH 36 25-7-12 =X
17 25-5-3 stH 37 25-7-13 =
18 25-5-4 stH 38 25-7-14 =x
19 25-5-5 stH 39 25-9-1 =™

20 25-5-7 stH

ANAD A dAAA 33 golB g QC 2, AA 397) A& F 257 AR
ANA FZo] EFAPass)=H UL 147] AFE FZF AF(Fai)z B4 A AL =3
. &, HF Yol B2 QCE 573 257) AEE FA4A0E ST AH
A o] % Fd THH, denoising, B B 7|}t AAE AA SR HF W7
2} A dmon-chimeric)®] TR ASHEE & 2}o]E Bt E3] 59(25-5 A&
4 SES FE Ado] grd bid, 7925-7) dF ARdAME HF
7+ dlo] ¥ Zlol(coverage) x}o]7} EA)3-S &

o

37 ==, DNA &3l, oA &4 (inhibitor)

-8 -
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o gipEat & nE

2! 12, QCZ& T}

-29 -

N.O MIEHS QCZ =t N.O MEHS QCZ 1t
1 25-1-1 Fail 21 25-5-8 Pass
2 25-2-1 Fail 22 25-5-9 Pass
3 25-2-2 Pass 23 25-5-10 Pass
4 25-2-3 Fail 24 25-6-1 Fail
5 25-3-1 Fail 25 25-7-1 Pass
6 25-4~1 Fail 26 25-7-2 Pass
7 25-4-2 Fail 27 25-7-3 Pass
8 25-4-3 Fail 28 25-7-4 Pass
9 25-4-4 Fail 29 25-7-5 Pass
10 25-4-5 Fail 30 25-7-6 Pass
" 25-4-6 Fail 31 25-7-7 Pass
12 25-4-7 Fail 32 25-7-8 Pass
13 25-4-8 Fail 33 25-7-9 Pass
14 25-4-9 Fail 34 25-7-10 Pass
15 25-5-1 Pass 35 25-7-11 Pass
16 25-5-2 Pass 36 25-7-12 Pass
17 25-5-3 Pass 37 25-7-13 Pass
18 25-5-4 Pass 38 25-7-14 Pass
19 25-5-5 Pass 39 25-9-1 Pass
20 25-5-7 Pass

g
i
055,05 5,005 5.5 5 4055995 105 5,05 5955005 105 7D 0.7 ¥ 705 7 6 7 5.7 5 T 1
Haw ditta {C Remain l ALY Remain
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I 5. QC H[o|E| &4

Raw data |Raw data . . .
MZ s Raw Ll e Ogallty denoised| denoise merged non.
data Tt | T Filter For Rev Pair | chimeric
25-2-2 | 132,042 | 132,042 35,075 34,711 34599 | 34,663 | 34,297 | 33597
25-5-1 | 181,499 | 181,499 84,900 83,852 | 83,022 | 83,089 | 78,197 | 72,905
25-5-2 | 179,478 | 179,478 94,575 93,896 | 93,075 | 93,632 | 89,809 | 85,440
25-5-3 | 95,760 95,760 44 535 44,101 43,857 43,970 42,648 41,523
25-5-4 | 97,098 97,098 47,785 47268 | 47,118 | 47,151 45899 | 44,014
25-5-5 | 86,623 86,623 48,367 47942 | 47,368 | 47,451 43,732 | 42,686
25-5-7 | 101,332 | 101,332 54,723 54,245 | 53,897 | 53,954 | 51,985 | 50,676
25-5-8 | 68,647 68,647 28,431 28,160 | 27,859 | 27,764 | 26,533 | 25,729
25-5-9 | 153,205 | 153,205 48,698 48162 | 47874 | 47,905 | 45988 | 44,682
25-5-10 | 143,268 | 143,268 41,529 41,079 40,774 40,822 39,151 38,348
25-7-1 | 360,151 | 360,151 1,017 982 967 969 787 787
25-7-2 | 179,744 | 179,744 2,351 2,323 2,318 2,279 2,206 2,206
25-7-3 | 497,699 | 497,699 1,815 1,784 1,760 1,771 607 607
25-7-4 | 163,638 | 163,638 672 645 605 629 454 454
25-7-5 | 690,129 | 690,129 345 326 303 309 157 187
25-7-6 | 441,829 | 441,829 502 461 424 448 380 380
25-7-7 | 130,104 | 130,104 1,136 1,120 1,098 1,113 916 916
25-7-8 | 189,418 | 189,418 1,211 1,196 1,165 1,185 750 719
25-7-9 | 440,648 | 440,648 446 420 390 409 232 232
25-7-10 | 565,302 | 565,302 1,599 1,545 1,499 1,509 1,244 1,244
25-7-11 | 101,688 | 101,688 1,204 1,186 1,124 1,146 1,031 1,029
25-7-12 | 89,617 89,617 302 292 285 288 284 281
25-7-13 | 432,860 | 432,860 427 415 401 407 385 385
25-7-14 | 98,904 98,904 1,961 1,893 1,866 1,888 1,810 1,707
25-9-1 | 284,310 | 284,310 477 450 422 436 385 385
st 24 (Taxonomy analysis)2 #HFamily)- <(Genus)- F(Species) <=9l

3o

=

< H3oh

-30 -

ar plot 2@ Heatmap 2345 53 8 Hold TR JHS &Rl
A3 FQ BHFTOZ Pinaceae(AUF3}), Ericaceae(R &)

|
), Moraceae(®8 ' +-3}), Strophariaceae(ZHH A #) 5o FHH o= &2 HlF

-
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2! 14. Hearmap plot(Famliy)

Z(Genus) &A= Pinus(AY545), Rhododendron(Z &2 4:), Morus(® 1} 5-
4), Quercus(FUH-25), Ambrosia(H| A &%) =02 2 EFTo ==FHIUh

-3 -
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BE| ZRSS Mel L AARIHT(2S)

Relative abundance (%)

12! 16. Hearmap plot(Genus)

Z(Species) &2 EXo\X+= Pinus mugo, Rhododendron augustini, Morus
alba, Quercus mongolica, Ambrosia trifida 5°| 49 =2 Yelygt. o &

TF A= = DB 74, &4 79 £, AH A LA b

-32 -

Others
g__Deuterostichococcus
__Acer
g__Erythrobasidium
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T ok Diversity analysis)oll A= &3tk (Alpha diversity)# W E}oh&F
/d(Beta diversity)= EF AFEstA A5 W 8T AR I ZolE A Hrtst
Aot LarhekA 2 #(ASVs, Chaol, Shannon, Faith's PD, Simpson, Gini-Simpson)
2 =3l A5 25(ASVe)S 4 FR 5 (Chaol)= A B 7 so] =4 1}
Eukal U3 Al Eo]AE Chaolo] 120 o] 40 2 o} 57 BEF

o] 2%H H
19 =4 7FsAol AAEJTE Shannon#} Gini-SimpsonS AWFA o 2

3k Ho
2.5~3.2 H 0.6~0.75 H o] =2 BE3l AEHEH FTF zol= EAsiH et &
o] #SAEAR EFTY A% 4 oF)2 njuE A HIFE BYT.
£3] 25-2-2 Al & Shannon ¥ Gini-Simpson©o] Yo} #Xthefdo] dilidoe=
Sk 5 A ST HE YA Ax7F FEHSHA SUFete S Bl H, ol%
ANBENAE HE Zo] AAE= Hyo] #2E Tt Rarefaction curve F-A1 o] A
= HEE A5 AE 4 S7H mek OgYgAd A7) S7Heiar 93 5
A F7HE0] T3l ARk o2 A Zol7l YA HIte SEIASS AAF
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i 6.

It EA(Alpha diversity) XX 7t

o gipEat & nE

MEHS | ASVs Chaot Shannon Faith’s_PD Simpson | Gini-Simpson
25-2-2 14 32.33333333 | 0.802492781 | 1.727459258 | 0.818816179 | 0.181183821
25-5-1 22 28 2.400891873 | 1.180034419 0.4037892 0.5962108
25-5-2 44 110.4285714 | 3.55526007 | 2.498588191 | 0.220820317 | 0.779179683
25-5-3 46 89.5 3.830226519 | 2.212313385 | 0.181954643 | 0.818045357
25-5-4 49 132.25 3.277860834 2.909435 0.333928354 | 0.666071646
25-5-5 33 68 2.837604769 | 0.739933521 | 0.354375431 | 0.645624569
25-5-7 28 41.125 2452766011 | 1.304129816 | 0.430565134 | 0.569434866
25-5-8 38 92 2.625092556 | 2.110881194 | 0.435514625 | 0.564485375
25-5-9 34 142.3333333 | 2.609771624 | 1.443208393 | 0.407278186 | 0.592721814

25-5-10 37 68.625 3.099136277 | 3.420546929 | 0.317457098 | 0.682542902
25-7-1 14 15.5 2.747286022 | 7.943438855 | 0.213030955 | 0.786969045
25-7-2 19 19.42857143 | 2.47967266 | 4.415370855 | 0.385532882 | 0.614467118
25-7-3 12 12.33333333 | 2.380094296 | 9.660554646 | 0.278834841 | 0.721165159
25-7-4 17 17 3.815267393 | 6.321292632 | 0.081666599 | 0.918333401
25-7-5 14 14 2.902155065 | 11.30688769 | 0.226256643 | 0.773743357
25-7-6 10 13 1.98792837 | 9.425063954 | (0.34236683 0.65763317
25-7-7 15 17 2947475118 | 8.757397282 | 0.168647815 | 0.831352185
25-7-8 29 38 4.093456631 | 11.24113215 | 0.081342042 | 0.918657958
25-7-9 11 11 2.698543788 | 7.592554416 | 0.223660189 | 0.776339811

25-7-10 22 26.2 2.719888093 | 17.35722217 | 0.325895574 | 0.674104426

25-7-11 26 28.14285714 | 3.959332967 | 13.43225853 | 0.090510771 | 0.909489229

25-7-12 9 9 2.34887877 | 4.484467355 | 0.235344233 | 0.764655767

25-7-13 11 115 2.638081037 | 8.025338615 | 0.208324881 | 0.791675119

25-7-14 16 18 2.63272405 | 4.166517237 | 0.26382409 0.73617591
25-9-1 15 15 2524116163 | 9.982660579 | 0.32021583 0.67978417
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o gipEat & nE

(Occupancy)¥ FH =22 (Abundance)S #8353t 202593 195H 6271A

250 m X 250 m AAZ FAHHE F 357 ZAF A AA FAMAA T S &3

A3, 171 AF A AT 20| FRJAHAT. 53] 3 A AA= A 103]

7HA AFE A 01“]9} AM717F A 2=l =AY oA 2ol AA=E
A

o] £ 4| 1L

N

J8 23, AR SEAX(11H) & HY W AT BHA=20]

SAAFADH =T AH0)Y AAELS vlwstr] fsf 84 sHFY £%
S A Ay, AAAFEG A FHFolA Zol7F FHEHA UERY Y 2dAA
L H|E3HAR| Aol s 1 x=(Elevation)?} TPI7} &a1, 74 AKSlope), 712 7]1(Roughness),
TRIE @& 4TS B3t AANEE TF 3 GEgA &3] Auioz &
Ql Apol= =LA Ekar A HS(NDVI, NPP, TPLSP, 7l =3 o]
S AR ANA i A YEs oy kol 7t A §HE o] Itk d H 4= Boxplot
2 SAE ®E JAR). S, ARG W AFEFE AUHoRE 157 11 A F |

B A AR TR, A8 AAASTPD7} 2 AN F@se
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I 7ARER SWXE vs HISEAE 2tgEE Boxplot
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o gipEat & nE

121

120

19

npp_utm

18

17

16

NDVI NPP
fu g f : ]
TPLSP
I 8. AlEH-Fo| EFX|M1} HIESHX M| &t Szt

Variable Occurence(0/1) 1st Qu. Mean 3rd Qu.
Elevation 0 444 5 4811 530.6
1 554.8 591.5 619.8

Slope 0 21.83 25.65 30.96

P 1 1451 19.90 0514
Roughness 0 33.17 38.95 48.66
g 1 0557 3052 33.89
TRI 0 10.319 11.846 13.896

1 7.742 9.549 11.247

TP 0 -2.092 -0.226 1.528

1 1.892 3.732 5.258

Northness 0 -0.6553 -0.0325 0.5366
1 -0.8835 -0.2929 0.1554

Eastness 0 -0.7907 -0.1250 0.5866
1 -0.3291 0.0719 0.6390

Canopy 0 21.0 21.8 23.0
height 1 20.25 20.50 22.00

0 0.9084 0.9138 0.92

e 1 0.9032 0.9043 0.92

0 11.87 11.95 12.03

NP 1 11.86 11.94 12.01

0 283.3 298.2 315.3

TELsl 1 281.7 283.5 295.7
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5 95 A4 FFoA MCMC o] &3l
==k & Hdele WAIC 71202 Fst9ch va 2
23 2al(Veg)d] WAICZF 199.304% 71 Yol =8 )
spOccupancy % spAbundance 4ol %83}tk t9F spAbundance =42
WA o 7 MCMC 80| Fi3] SH 2 02 o] FoA| 2] = A7 &l = o

3} 4ol Fo7h Basio,

F 9. spOccupancy=2%2! WAICZ}t H|1l

spOccupancy spAbundance
elpd pD WAIC elpd pD WAIC
VIF -93.283 6.479 199.526 - - -
Topo -93.583 8.060 203.287 — = =
Veg -95.708 3.943 199.304 — = ~

22 (spOccupancy) 4 A}, 357) A A AA AAFeFo Ha 3

[e]
=
g-E(mean occupancy)=> 0.482=% FA =3, AHA(ntercept=0.512) 7|4t} 3+

7o) R HEHELS 06280190 ol B FAN1Y35=0.28)00 Wla) EA B}
GO, MB2A YA BYT 5 U= MPA LFE RYW) EOE

A4 E A4 UG FoIAE= TPLSPE &9 & 7HI5% A8 F7ro0] 08 T3t

=7 A &E Wed gdddEs AT A RZ A= FheE AE73E
(et g2 8go] Z7lsl= vt FeE Yo AA FF 29X
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o gipEat & nE

= 10. 3R2E ZH2F parameter
Occurrence
Covariates Mean SD 2.5% 50% 97.5%
Intercept 0.505 1.626 -2.654 0.512 3.702
Canopy height -0.261 0.203 -0.710 -0.243 0.089
TPLSP -0.042 0.021 -0.086 -0.041 -0.001
NDVI 0.308 1.641 —-2.905 0.295 3.547
NPP 2.851 1.174 0.632 2.825 5.238
Detection
Intercept -2.90 0.50 -3.90 -2.89 -1.97
cam effort 2.01 0.80 0.63 1.94 3.77
cam effort"2 -0.11 0.66 -1.64 -0.03 0.94
ZR T wd(spAbundance)dl A= AT P FHEV} 26472 FAHEHII L

5
L EHE FUFEN EAHOR fo@ Wt

1}
AN HAFEDH FAsHA cam effort7t S7HEFS 3
pis

gAgE2> 0022 OS5 @A HI7HEHAG A= HReh #
spAbundance®] 3 A7} E1H ¥, SHE(E IR 3L
o M B4 7t As =2H EE wy A Bgo] AT
= 1. SR 22! ZHZF paramater
Abundance
Covariates Mean SD 2.5% 50% 97.5%
Intercept 1 8.49 -15.53 0.97 18.14
slope 0.02 0.13 -0.23 0.01 0.30
Roughness -0.06 0.07 -0.22 -0.06 0.08
TRI 0.07 0.31 -0.59 0.08 0.66
Eastness 0.15 0.44 -0.72 0.16 1.01
Northness -0.34 0.53 -1.41 -0.34 0.68
Canopy height 0.005 0.1 -0.19 0.002 0.21
NDVI -14.60 8.97 -32.66 -14.39 2.61
NPP 2.21 1.87 -1.40 217 6.10
Detection
Intercept -3.96 0.84 -5.71 -3.91 -2.43
cam effort 2.04 0.87 0.43 2.01 3.83
cam effort"2 0.02 0.70 -1.55 0.09 1.17
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