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Abstract; The Northeast Sika deer is one of the major large herbivores in the Northeast Tiger and Leopard National Park. It
is the main prey of the Amur tigers and leopards. It also plays a key role in maintaining the coniferous and broad-leaved
mixed forest community. It is very important to explore its genetic diversity and the spatial genetic pattern for conservation of
the Sika deer and the ecosystem of the national park. In this study, genetic samples were obtained by non-invasive methods

in Hunchun Reserve in the National Park, and microsatellite markers were used to study the spatial genetic pattern of the
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sika deer population and its influencing factors. The results showed that the average expected heterozygosity of the sika deer
population was 0.721, which was rich in genetic diversity compared with other populations. Limited dispersal capacity often
results in populations with significant spatial autocorrelation patterns over genetic distance. The sika deer population had the
significantly spatial autocorrelation in the genetic distance of 0—1 km distance grade, based on which it could be speculated
that the sika deer dispersal distance or home range was about 1 km. STRUCTURE analysis showed that there was no
significant genetic differentiation in the population. Various spatial variables can significantly influence the genetic
differentiation of species. In this study, 5 variables, altitude, slope, slope, surface relief ratio, and human disturbance,
were selected to study their effects on the genetic structure of the population, which are mostly considered to be associated
with dispersal barriers in large and medium-sized mammals. This study built 336 resistance models based on those variables
and performed the partial Mantel test. Among them, 246 resistance models based on the hypothesis of altitude, slope,
surface surface relief ratio, and human disturbance were not significantly related to genetic distance, nor were the 15 habitat
suitability models integrating all variables. Of the 75 resistance models constructed under the slope hypothesis, only 1 model
showed significant positive correlation with genetic distance, which was also the model with the highest correlation with
genetic distance among all models after controlling for spatial autocorrelation effects. According to the model, the most
suitable slope for sika deer dispersal is 10°, sika deer may tend to use gentle slope for dispersal. The results were important

for the conservation of sika deer populations in the National Park.
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Fig.1 Map of the sika deer fecal samples
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Table 1 Hypothesis of the influence of different variables on genetic pattern of sika deer population

A5 Variables 523 Hypothesis

WS B AT AR B IR S , LI T LB R AR 5 X A AL FE A S M %A A — A il K

1R Elevation 5T S TR (L, 3 B AR 17 56

BB Slope SR CERRBEYE 25 R H R ARG I T HE , A6 R 1) R T30 B 0 B TR AT 8

P 17] Slope aspect Y AR R VR SRR SR A,

Jb2% 24 % Sutface Relief Ratio, SRR i;;%ﬁﬁ’ﬁ%%*%l&",Eiﬁﬁﬁﬁ%%mﬁ*ﬂi, B 2 4 B RT , A AR R B %) R T RE
AZETFHt Human Disturbance MEAE REATT ) T B AT EAYHLIX

(2) B BE : Mz Sl 1% R 6 1 FE A P2 A0, A A6 JEE vl BE S ) TR A3, AS IR 5 308 gy 0 7 At
U BE XA AL RE Y™ B BELASVE T

B [(E*&upl) Xl()xrr] 5
180°

R:Rmax+1_R ,XQW

max
180°

YeRESy N 9 2 BEALEIEE 70, R, AERKBHIIME, 43513 210,100,500 ,1000, 6, KA AL RED HCdm il 3
3R 5°.10° 15°.20° .30°, 6, 43l R 20 .5°.10°, SEFLLE 3 NS5, a7 75 A3 EERH AR
(3) B B AN TR RE S A B AN TR) , AT AT B 52 M A A JEE 10 A5 B e R N HGE T8 e R,
AT HE B BRI BRI [1) XA A JEE B HECBELAS >
1 —cos(0 -6
e

R =

ont J xR, +1

ewl o3k 9 4,8 A AP, —H AP (-1°) YA BHRE S 45°, FEAME R R,,,./2, HAl
% PR R BGHATIREL, R,,,, 70903 2.,10,100,500,1000, 6, , 73535 K 0°,45° ,90° 135° 180°,225° 270° |
315°, x &0 0.5.2.10, FETF LI E 3SR, @7y AL 120 4,

(4) M FEAR R b3 B A W50 R A JEE 32 o st A i S T R, T A2 R R o o5, A B 4 HIERT ) i
HIHFEIK , SRR XFshdd BB g i DL s A A

R=(SRR") xR, +1

57 SRR FH H BB 22 /T, B 5E N 2k Geomorphometry and Gradient Metrics 2.0 . E (https://github. com/
jeffreyevans/GradientMetrics ) , Jf-# ] ArcCatalog NZ% = T. B4R 1, KI5 $THF ArcMap , i 1% T H H1) Surface
Relief Ratio T HXFAF5E XK DEM BEATEL /02 . 70 Hr i 1 B8 09 Cirele” | P42 B E 0 2,10,25 .50, 73
Preaool s Cell” o #EXF 4 ASANE2EAR R SRR A% 1812 20l 4T #4328 SRR fHAL 530 10 40 B4R 0.1,
R, %N 210,100,500 1000, x 23514 0.5 2,10, #:57 SRR B A 60 4,

(5) JAST AN THUBE I ARL 6 4>, AR RS JEBE AT 0L, 1 96 7E ArcMap "] BufferWizard T. 5,
XFTE B R BRI 7 BB Thm (1.5km 3km ZE 00 X5 SRR Union T8 88 3 A Zenb IXIEZ 5 9%, 18w 1k
R, ] Field calculator” ¥ WAE A 10, [6] B [RIRE A4 5 B BT IX 0% 8 P 18 B R 15
FFAE A Union T EAGIAKZ G I, BJa @i Circuitscape for Arcgis™ T.H. R Fe i s s =8,
WO RINRE B A EL 5 i R SURIIE B8 A M A (9 BEL g (R S 1, A% O BEL DB R 2353113k 210,100,250
500.,1000,

(6) HENTZS [H] E SR BEAL 1 4> X DEM AR AT 54328 B A B A 1, DA IS 22 4307 e HE R
23 (] [ AH DX 38 4% S 1) 20

http ; //www.ecologica.cn



7186 xR 43 4

(7) FIFAA: 5638 B AL A ST 15 ABH A BEAL, 3 el MaxEnt 3.4.17% il {4 B iE BME IR 2, BEELUAY AR
SN R P M RERR RS 4N R R SRR S SR EER 2 AR TR, X
AR R R UR S AL T a0 b AR 5 RS AR S () AT B AR AR AR DG S I AR B | Skt T A AR e PR AHORE DG
PEIMT , 2B A R B R HE R T 0.75 B8 . it 379 N A6 RE M 30 5 K008 I R T4 A8 R ZE (B R i Ak b
DL A S 3 3 JUARLLAMBPLEE . APPSR RRANE . 0y SRR 2 3 fl E 06 R 5% 4 Fhis B Lk
Hriz 5 B TR A L 91 X A5 3 S0 B A — g 520, I LAAS A 5 8 5 AN [R] B e A L A1 R A T ASE 40 g
A EE SR 10 YR, i e H 2 AUC B2 (25%,0.861) B — A3 id B E R Z

Bt A iz AL Ny 15 ASBEOIEAL . B T B2 BUEE R H = 0—1 (H8 KR A SR 1E B i s o
VIARE AT O R T 8 2

A BEE FUHEAE IS 10 4 AR ALE N 0.1, R, 43904 2.10,100,500 ,1000,x 4354 0.5.2.10,

FH R AR 2 7 SE RS , 3 Circuitscape for AreGIS T H A= iU A8 8 AR AR A O B A0 RS 11
B B R 8 A

i R £ ecodist'™ 470 B F5 R K56, 7R HERR 25 [ A AHSE (TBD) BURE IR S , 43 it A5 85 5 (GD) Aol
FHJJ (LR) BAHIGHE . ATRIRN GD-LR | 1BD b GD istfL RS LR 50042 5 BH ), IBD &[] | AH G,
AT — S5t WA AR R JEA TR BB, 24 GD—LR | IBD MOZ5 R 82 11 GD—IBD | LR W25 A &0, A NE X
B REAS R AR ] A s B A S

2 ER5H5H

2.1 WyFh o AR R A

i FH 12stRNA X 110 fr ZEMERES VAT 38, Hod 101 (0 RE S iy, i ad 36T R L X Ak i R T
HL.(BLAST) 5387, B T 7 43R5 AL ( Capreolus capreolus ) ZEEAN , HoAtl 94 (AL ¥ AL REZS ARy, A H
107, PID ... =3.663x107* ;383 Cervus FRAFHEAT AL FE RT3 1 87 Gk it v, 45t 86 MA, 7E
FIR Y 9 AN TR S T L S AR A st AL 4 B F- 47, RT1,RM 188 . BM6506 . 25 114 i 25 1 1 - £y, FL
FIRBAAAE LRSS LRI T3 = A7 s E AL EE P B 815 Z AR MO 52 b2 [l AT, B RT1 F RM188 B
A8 Ve ) A 7 R DRV BB R st A% 2 A ISR e B A T TR HE B B AR 8 AR B X =AM i
2.2 ML 2N

ATFSE T FH (4 9 WHisL TUER By S for S PR BICR AR 4—11 2], 24 oh 68 MR (£ 2) . FHEA
A 7.56 DEEAFEN i RT1 & RE B 22 A 11 AN EE R, BM6506 7 5 25 o7 B R fe /b A 4 25
LR, 3X 9 AMMEAE EE M TR A 5 7 ¥ 2 505 B A B (PIC) 4 0.683, [ BM6506 ( PIC=0.410) Z b, HA 7 o5,
() 22 545 B S B HAE 0.631—0.798 Z A, i1 T PIC>0.5 A L2 A1, 0.25<PIC<0.5 N ELZ AN, Hit,
BM6506 A v EE AP a5, LRI A i B 2 AR A, W A% G BE AL T 0.346—0.886 Z (1], -0 I 2% A
JEH 0.689; HIERIM A FENL T 0.472—0.842 Z ] SEI A5 B M0.721 , AR ARG B b v T 0L 24 5 5
2.3 PR LE R

STRUCTURE 75 RISE A ITHME, LK) WEHIAE K = 1(& 2) , P izt X Mg 6 BE fe A7 nT B8 14 40 1
B K=1,29 K>1 i, R 9448k 43 BUAS R RE 04 H A R S50RT 24, BB AR B 9 () B A b AT 8. %) S 0 e
ANFEAE 525 1) B BR800

FAARSI T (PCoA) FRHI (B 3) , A FE i a5 AR B B SR AE 3, 456 STRUCTURE Fl1 PCoA 4521,
SR 32 b DX A W) 8 st A 420 R EAL TR TRT- 1

http ; //www.ecologica.cn



17 4] Bl A ARAC PRSI 508 Dal M AL JEE 14 25 ()it A A Joy G R iy P 2 7187

R2 FEKRIBERENEINMRIDEMISH

Table 2 The analysis of 9 microsatellites locus in wild sika deer population
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Table 3 Best resistance models when partialling out the effect of IBD

BH B 2R i SRR - (B P
Resistance models Parameter values Partial Mantel r
54K Elevation R, = 5005 E,, = 500; Eg,_200 0.013 0.414
1] Slope aspect Ry = 250, =45 ;50 =10 0.067 0.104
W Slope Ry =230, =10°; 65 =2 0.088 0.036
HhF IR # SRR R, = 2;x = 10; radii = 50 0.024 0.243
AZETH Human disturbance R, =2 -0.030 0.199
A BETE BRI Habitat suitability model R, =10;x=5 -0.026 0.319
* RN AL I B B EAH G R
R4 FEMREFEGEBRETRIENEESEEILER
Table 4 Comparison of genetic diversity based on microsatellite of wild sika deer in different regions
SRAF: Hb WA SRAEHA] FEACRE ks CFHMRREE 5EscHk
Sample locations Subspecies name Sample date Sample size Loci number Mean H References
TR A A 2018—2020 87 9 0.721 AHFSE
BIRTLEE I 5 ARV ARG F 2017—2018 21 7 0.804 Jehg 132
AT ARG ol 2016 17 12 0.730 pUEF A0
TS EE BRI ESY RGP 2011—2012 15 12 0.721 T AP
DI 5 R 3 Pu 1 37 A 1962—2001 24 16 0.477 SAp 3]
DI R 3 DU I Fh — 76 9 0.562 He %034
MW A2 AL A 2001—2002 11 16 0.585 S (33]
WV 22 55 HETE AP 1962—2002 18 16 0.589 A3
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75 Mt T L B A 5 o vl RS R R AR R 1A 2R ) — N LI ER . FREIE PN A B A 2R U A AR REE
PR SEAT TR B2, 2 A FE AR AL PR B R 52 Pl AR R i X, i A A 27 S — 0 ) 95 ¥ i1 31X ( Primorskey
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