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Parentage verification and mating system of Chinese muntjac ( Muntiacus reevesi )

based on fecal DNA

REN Peng, GONG Kun,BAO Yixin“ ,HUANG Xiangxiang ,ZHOU Xiao, HAN Jingiao
Institute of Ecology ,Zhejiang Normal University , Jinhua 321004, China

Abstract ;. Microsatellite technology was utilized in the present study to investigate paternity testing, mating system, genetic
diversity, and population quantity of Chinese muntjac ( Muntiacus reevesi) to increase the knowledge of relationships
between members of the species, reproductive strategies, and evolution potential. Therefore, the present study aims to assist
the facilitation of in-depth research and protection of the species. We collected 634 fecal samples and 2 muscle samples from
Chinese muntjac ( M. reevest) in Gutianshan National Nature Reserve in January 2013 and April 2014. After repeated
experiments, 8 microsatellite loci were selected, which had stable amplification and high polymorphism information, and
442 samples were utilized for polymerase chain reaction (PCR) amplification. Based on the preliminary identification in
terms of the fecal morphology, a verification test was conducted with the mitochondrial cytochrome b gene (Cyt b) , which
was regarded as a supplement to the species identification. Individual identification for Chinese muntjac was conducted by
contrasting the fingerprints synthesized by the eight microsatellite marker genotypes. The SRY gene was amplified at three
times to reduce any false negative influence on the fecal samples, where the target band was identified as male when it
appeared more than two times. The SRY gene and 8 microsatellite loci were utilized for sexual and individual identification,
respectively, and 177 individuals, including 94 females and 83 males, were identified. The results showed that the total

number of microsatellite alleles were 88, and the mean number of alleles was 11, ranging from 8 to 16, and the mean
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observed and expected heterozygosities were 0.9685 (0.960—1.000) and 0.8429 (0.799—0.887), respectively. The
polymorphism information content ranged from 0.766 to 0.872, with an average of 0.821. Based on the above data, the
Chinese muntjac population in Gutianshan National Nature Reserve has a high level of genetic diversity. The identification of
8 microsatellite loci identification rate from Cervus3.0 was 100% , when the confidence level was 95% and 80%. Among 24
parentage groups, 19 father-child relationships and 23 mother-child relationships were obtained among 104 individuals. The
result of the relationship analysis showed that the mating system of Chinese muntjac belongs to a polygyny. However, it does
not belong to any known subtypes, and this polygyny might be called a “check strategy”. During the female reproductive
period , once the female individual is pregnant she will not mate with any other males. However, the relationship is not fixed
and the female might still mate with another male in the next breeding season. Therefore, in the present study, the mating

phenomenon of a female and several males appeared in different breeding periods.

Key Words: Chinese muntjac ( Muntiacus reevest) ; parentage identification; genetic diversity ;. mating system

IINEE ( Muntiacus reevesi) J& 8 H ( Artiodactyla) BER} ( Cervidae ) JEEJ& ( Muntiacus ), Je3% FE Be AT 1Y /N JEE AL
S, T A0 T AP R R S X A R A T L, 2008 AF R BR AR A SR VIR R 0 B
(TUCN) B FE R £L (54 s A 51 AMIRAE (Least concerned , LC) 202 o p T4 20 A= 1% 1) FERL 3 ) R AL 3l
JERIR, 2 TG bR 2R M A ME DL B, BT L RE R 3l 4 ek 2 28544 RIS e i i i o 32, H 2 802
FEPB SRS T B g ol o o4k A i I B AR E AT i g H Rt N BE A A AY AR AR AR A
200 M AL R A 2 T S, ARk Bt AR s B8 05 M BURE (noninvasive sampling ) 4%
AAG L, SRR DL ) TR A2 A s 1 A e EL TR (BRI 5 A RE S, I 2648 DNA 25 & D 2 b
ICTESEATRER S AR SRR ) sl 2R R S AR B T N ORE
TEFRIC ARSI BB A R 2, AL RE ( Ursusmaritimus ) ' SEWHL 182 ( Caiman latirostris) '™
FEMEHES ( Gerygone flavolateralis )™ 45, FH ZE A DNA > BiF 53 465 Bic il #1448 38 %5 2>, A0 WL 28 BR 4 ( Diceros
bicornis) "' BB ( Muntiacus crinifrons) "' XIS T A W2 0 T BOSCHBIFSE /N BE RS BC ) 9B 9L A, Tl s ]
DAtk — 255 M/ INEE R A 15t 4% Z2 FE M R P L 52 Z TR1 Y 0GR b AT R R PR B ) B 5E
TS5

AR SCHETF /N ZEMREA 38 1T TR AR IC - T AR I 45 X /N T SRR R |, 4B/ N B
FIB AL A TR0 /N B A S LR B | DA R SR C 1) X6 A4 b s 15 A1 VR T, S L P A T B T 1 P
FEVRAL TR ARSI R A R PR AP RN A B SR I A R S

1 #EFFEE

1.1 HEAMRRAE

AT ) SR iy T L I S0 F AR AP X A T VA B M T A B O3 PR B PG L, 55 VP02 ARt
48 Z97E 118°03'49.7"—118°11'12.2"E,29°10'19.4"—29°17'41.4"N Z |f] , M Lk 81.07 km?®, FIEFHIRIGIR
1258 m , J& H Aty 2 XUty , A W i 2= A28 4k, AEIRE/K I 1963.7 mm, AFEIRE 15.3°C, T2 250
d o g3 A A R TP P i S i AR /NSRRI RS e, B — e AR E . O T ERORBR B MR LR B X
PN/ INBEBT B 730 T 2014 4E 4 A (F) 7 H (H) 10 H (BK) F12015 48 1 A (L) #4714 IWEEREE,
SRAFFELR I B E S AFE O SIS, TERD X (5 %) (B IX (2 %) LR IX (4 %) LI E 11 ki, FF
M YERE A 10 m, K EETE 3—6 km ARG A B Z A [E]FE KT 1500 m, G T BLUCRFEDRAS /)N B A 2l A
AR FEVRA XN, AR R BRI/ INEE R S 4 5 IX 53, 45 2 VR VA IS/ N R RN SR SRR ACHE Hh (R 2058 | oy
TSR B WA TE & B AL, /N A R HE 0 20 25 55 RN K AR G5 i ) A2 SRR B, XTI L 4 i A4~ 4
HYZEAE AN 58 2 T0vE I, W5 558 AR AL . SRAEIH I — R MK TR T2, W 2R A B ToK SR
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KB AT AR R AR]85 B AR ] S0 & - 20°C R A7 . 4 YORFEILARTS 634 1 25 FE
A%, I Y KA 5 1 LI AEAS (—MfE— ) .
1.2 L4 DNA [HHHUHT PCR 3§74
1.2.1 DNA HJ$2H

FABFIHLP 4128053 31 ] OMEGA-Stool DNA Kit 32071 &5 A B S 05 4 k1" SR B DNA REARAE T
-20°C , HFJE Y PCR 5550, ZEARIESSMHIE 80120 S0 (WL mh I, IR A i 38 b JEIR (Cyt b) 8B4 T
BHIE VAR S RE AN T 1205 AR A A AR IO A T b A e FLA W B PRl v S A0 A, EZETT 7L B0
Wyep Tz N
1.2.2 D AES PR E R PCR &4

ARBFFEIT S 4 PCR R FR S ] Wang 5727 IFSE , 2 2 W LR R 52 8 PP RE H 28
AR M RS (2 1) HEFT/NEE R TR DNA 43143, 43 5135 1] TAMRAGFAM FICHEX #E47 2% 6
PRt (FH B A TA L) o X SRY M5 e FE R BEA T4 R B, SRl (1 B XoF S B 52 M0, %o B3I AE AR 119 SRY
FEPRIFEAT 3 Y88, BAHTE 2 YR UL b I J it | SRY B R 141k 2R 52 4 1neded 4512 O RIF ST

x1 8RB ESIMFET

Table 1 Eight microsatellite primer sequences

N , N B KGR E/C I
R SIS wsgsen oo, SR S
Loucs Primer sequence(5'-3") Repeat types Allele size e Fluorophores

temperature
F: AAGGGGGACGTTGGTTTGAC
' AC — !
MOl R GATGCCTGTGTGGACAGAGTTTGA & 187213 % >OFAM
F: GTTACAGCTCCGTTTTACCACTCA ~
Mreg25 : (AG) 256—301 50 5'6FAM

R: AAAGCCTGCAAAAATAGAACAAAG

F: GGTAACCTGCAAGTCCTGTTC
) AG _ ,
MregZ83 B GTAGTTGGAGAACGCCAAGAC (AG)1s 164—199 >4 SR

F: CAAGCAATAAGTGGCCTCTGAAG

Mregd2 R GGAGCAACTTGCTGCCTITGE (AG) 254299 4 STHEX
M52 o ACPAChOTe (AG) 196227 st SHEX
M6 AT ACAACOANGACC (AG)(CD)is 315354 58 SHEX
Mieglog  FFAGCAAGAACTTGCTGETAAAAATG (AG) 186—204 50 5'TAMRA

R: TCTTGTCTTCTATCTGGAGTCTGC

F: AATTGGGAGACTGGGACTGAGA
3 : AC 33— '
" R TCAATGAATGAAGCTGCTTGTAA (AC) 233256 52 S'TAMRA

1.3 B srar

TR ALY 1S4, FH ABL 3700 DNA J3 41 ASGHAT 40 B ( BIgAE ) o A3 RSG5 AT T] GeneMarker
1.91 BRAFEE 3@ 3T iy 8 AN TR b o ik R R 4 45 B A 48 BRI Seb /N JEEIEA AR EUI > 0 R Cervus
3.0 HAALENFERB(A) WM LA BE (Ho) SEYMIEEZARE 1 (He) SEARHERHER (E-1P;E-2P;E-PP) £
A7 B & i (PIC) Al Hardy-Weinberg ARG, AT RALKE 2 2 L T SEIOREAR (19 AL AR FIREAR B A, 1A
UL LT YR R A I A e ACAR T I A (e R AR BOREARES 24 1.0, 8] Kingroup v2!'* % 354~k
0] ()R 2 2B (r) B SERUEE AN FE 32 ] POPGENE 32" BRI A IE 28 R AU Fis {4,
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2 HR

2.1 MRPGIRERE E
2,11 PR E AR

643 1 /INEEFHREA TR AT 442 30T DL Z kB e $2 B DNA (FEE KRB =3 ) HieEY #3545 PCR /=4, &
1.0% By A B J Pl ARSI , 5404 SR an &1 1 Tz i Ak X B m 0, SRR 2648 DNA FIJJLPY DNA HL K 5kt
TLRE AN FE T DNA (ORISR AET L JF 4L PCR SCIR AT R . Ak — A E 52 2R 45 AU REAR hy /)N B Rt AL
FHH 100 17240 DNA A PCR ¥ BEZR AR Z0AE b JE (Cyt b) 4 PCR WA I T, 45 SRR W BR 3 4
A IS, 97 % BIAEAS 4 5550 128 9 /NBE Coyt b LR e B B v AR BLRE | 343K 21 999% LAt

XF 442 7 26(H DNA FEAHEATRL TR A s (9 1S R =W e TR I, & 7o IR e 8 < 5 REAS e &R B
390 M FEAHEAT Sry PR P SER 4 3G | [RET LA 1 BILIRAEAS (S 0 ) VR SR XhIR R 2.9 114 SO0 6 e F ik
K, H bR A BeR/IN A 220bp > A4 RN 1, FRSERE 177 /BN, Horb b 84 R0 Wi 93 L,

M 1 2 3 4 5 6 7 8 91011 1213 14 15 16 17 18 19 20 21 22 23 24

2000bp

500bp
250bp

100bp

Bl 1 /NEESryEEPCRER
Fig.1 The PCR amplification results of Sry gene in Muntiacus reevesi
122 . A[AIZEMAEA DNA ;23 i /N IILEY DNA ;24 MEFE/NEILA DN A

2.1.2 DR B SR T
SIHT 8 A TR ASAE 177 AR L E B S8R 2) BRI S M3 A (A) M 11.00, 2
A5 B 5 (PIC) 7E0.766—0.872 [A], 44 Z 38505 B & 1 0.8214, J& T FE 2 A7 51 (PIC>0.5) 5 WL 2%

®2 SAMMMIEMATE 177 MNERHEEREESHNN

Table 2. Genetic parameter analysis of 8 loci in the 177 samples of Muntiacus reevesi

3715 Locus A N Ho He PIC E-1P E-2P E-PP Fis HWE F(Null)
Mreg260 12 169 1.000 0.887 0.873 0.620 0.766 0.915 -0.1343 0.0626
Mreg22 16 163 0.957 0.879 0.867 0.618 0.764 0.921 -0.1256 NS 0.0472
Mreg252 10 176 0.966 0.875 0.859 0.588 0.742 0.898 -0.1345 NS 0.0525
Mre61 11 175 0.943 0.844 0.823 0.523 0.689 0.862  -0.1747 * 0.0586
Mreg283 11 162 0.969 0.837 0.816 0.512 0.680 0.857 -0.2195 * 0.0845
Mreg25 11 173 0.977 0.824 0.807 0.503 0.674 0.861 -0.2684 NS 0.1017
Mre39 8 170 0.976 0.797 0.770 0.434 0.613 0.801 -0.2436 NS 0.1196
Mreg196 9 174 0.960 0.799 0.767 0.425 0.603 0.786  -0.2083 NS 0.0962
FRUHEBRASAR Cumulative exclusion frequecy 0.9977488  0.9999295  0.9999999

A AV A5 S A FE B allele number of lociy N: B ASEX sample sizes; Ho: {3 & M 2% & B observed heterozygosiry ; He: v 5 3] 22 2% & &
heterozygosiry ; PIC : v 15, 2 255 J& & 5 polymorphic informafion content; E- 1P 55 1 35 A M HEBRME R exclusion probability of the first parent; E-2P . 55
2 ASEA B HEBRAE R exclusion probability of the second parent ; E-PP ; X% B HEBRHE®R exclusion probability of parent pair; Fis : 138 R 5 F-Gi itk
s inbreeding coefficient with F-statistics; HWE ; A 3 R AP AR - iy Hardy-Weinberg equilibrium ; F( Null) « TORL A i R A R frequency with null ;NS
AN BERE no significant deviation; * B E R 2 the locus which showed deviation from Hardy-Weinberg equilibrium ( P<0.05)
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4B (Ho) 78 0.960—1.000 2 [A] ,*F-2I{H A 0.9685 , HAEE A4 5 i ( He ) 7E 0.799—0.887 Z 7], SF-Y{H M 0.8429 , Ho
>He,, Fis Y120 Sl F-YI{E - 0. 1886 ; FE PR 28 & B /K V4 i, Joa A6 6r FE B (F (Null) ) B2, -3 2k
~0.0779, 8 M7 A i 2 FRUE HEBR HE % K T 99.99% ., Hardy-Weinberg V- 4 £ I 2% 5 W 7R i T8 7 5
Mreg260 ,Mre61 Fll Mreg283 Y44 &5 V-1 , Fow 5 A7 s BIF7 4 .
2.1.3 TR S EAGHERR T

A 8 A DA I 23815 B & i (PIC) K/,
4z P SRR P R 5 A A T4, ARV ik T
BT RAEHERR R T, I 2 T Y TP AR

—_
(=
d

I
o

R

The combined probability of exclusion

— CE-1P
PEAAE] 6 AN, A8 PIC 2 H o SRR J2 ok i 1K 5 04 | b
L, 2R MR R E- 1P/ 0.9845 4, i R T - CE-1P'
» N N . -%- CE-2P’
0.9900 , T W HE A 8 1ol LI i 250 TT L X A 5 R i 02 ~CEpp
FRERT A E o
1 2 3 4 5 6 7 8
B4 RRE ol
T i tellit i
3T Cervus3.0 #KF 1) Parent pair ( Sex knowm ) 3Jj © namber o” icTosieTie ot
REEAT SR ALE e A5 S UL IS 1 AR % 2, FhEE A - B2 TR S RREBREES %R

_ % 24 X"J' _ % 24 X"J' ﬁC— % 18 X"J' Fﬁﬁ & @J E"] 104 Fig. 2 Relationship “between the combined probability of
LT A = A ZE 2 O A W Br 1Ly exculotion-and. the number of microsatellite loci

- Mﬁ}%‘f 26 &5 ’%ﬁ 3 ﬁ&‘ﬁ)ﬂgﬂzﬂj B CE-1P,GE-2P  GE-PP. PIC i 5 1 51 1) BEHEBR 5% ; CE-
M7 T AR AR 42 X550 WO 2R BRI (r) (HAE g omierton pic i 8175 He1 0 2B
0.5044—0.6332 Z [i], -2 {E N 0.5273,48 X Bf-F7E

0.5044—0.6083 Z[i] ,"FI{H 4 0.5359 (% 3) . T &3 1,2 M 3 BN Z%, il T 262 0 R 450 7R B

(E3).

il
Pedigreel

A4

Fil2 Fi3
Pedigree2 Pedigree3

B3 Rik1.2F30FREXREHTEE
Fig.3 Genetic pedigree chart of 1, 2 and 3

2.1.5 UEPECHIE
WY 3 MR, PTA/NEIISEC O 2 . 1 D MEPERT 3 AN & 4 3 B B R B 2 IR(K & 1,
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3), 1 ANHEMERT 3 N EE R AEACEC IR I 3 (KR 1,2,4) 1 DMEMER 2 At & A i A2 B 0 4 s 81
9 W (%K% 1,2,3,5,7,8,9,15) , 1 NHEER 2 AR AR B BB S IR(K A 1,2,6,16,18) , HAREH
11 M, AKEEER 3 T RS THE 1 AN MEME R A MR SS I DA R 1 A R 2 A M S I e A S AR 2 ]
PR 2% AL, G5 R 3R ik S 5 AR Z ] ) 2 2% R 8 (r) {HAE 0.2759—0.3844 Z 1] SEI{E R 0.3064 (R 4) , 1
AT A 22 A R AR SE B B IRGR, v LN B () B B AT — T 22

£33 DEHETFXREMRERY

Table 3 The coefficient of parentage and genetic relationship in Muntiacus reevesi

P ST S N - VS AL S A S SRS S S Y S A A o
Pedigree  Mother  Father  Offspring RERM FEFH Pedigree  Mother ~ Father  Offspring REABL REAN
(m,0)  r(f.0) r(fy0) W rCF.0)
1 B71 Al(R) 0.5637 6 D34 Al10 Al2( ?) 0.6083 0.5137
B71 C82 B51( &) 0.6332 0.5137 A10 A3503) 0.5637
D52 C82( ) 0.6083 7 A33 A2 AI5( Q) 0.5637 0.5137
B71 A48 C73( %) 0.5137 0.5637 Al5 D36( &) 0.5637
Col C4 B71( %) 0.5637 0.6083 A33 A74( ) 0.6083
C45 A48( &) 0.5637 8 D4 B14 B24(-&) 0.5137 0.5436
D49 C45 A49( &) 0.5044 0.5137 D3 D4( %) 0.5637
c45  C71( Q) 0.5044 D3 EI7(9)  0.6083
A49 A58( ) 0.5436 9 D77 D83 B57( ?) 0.5436 0.5436
A78 A49 C87( %) 0.5436 0.5436 D77 B60( &) 0.5436
D49 D35( ?) 0.5044 10 A93 A95( ) 0.5637
D35 A42 C48( 2) 0.5436 0.5637 B32 A95 B29( &) 0.6083 0.5436
2 A8 C75( &) 0.5637 11 B33 C59 A92( %) 0.5637 0.5436
C51 A8 C83( &) 0.5974 0.5044 12 B5 B48 B12( %) 0.6083 0.5637
A31 A8 A13( ) 0.6083 0.6083 13 D45 E30 C57( %) 0.5137 0.5044
C83 A86( &) 0.5436 14 C71 D54 D75( &) 0.5044 0.5137
C51 A23 A54( 5) 0.5303 0.5137 15 Al8 B1(?) 0.5044
A31 Al6 D42( 2. 0.5137 0.5436 Al8 A22( %) 0.5137
Al6 D26( ?) 0.6083 16 A39 D88( Q) 0.5637
3 B8O A20(8)  0.5436 A39 A27(8) 0.5436
B56 A20 B41( %) 0.5137 0.5436 D88 B37( %) 0.5137
B8O E39( ?) 0.5436 17 D16 D33( ?) 0.5637
B56 A84( %) 0.5637 18 B15 B13( &) 0.6083
B56 B67( Q) 05137 BIS  BIS(3) 0.5637
E39 El6 E26( &) 0.5044 0.5137 19 A73 D21( ?) 0.6083
D9 E37 E16( &) 0.5044 0.5044 D21 D20( ?) 0.5137
4 A79  B4( ) 0.5436 20 Al7 C49(9)  0.5436
A79 B8( ?) 0.5637 21 B46 E8( Q) 0.5436
A79 B5( %) 0.5637 22 A7 B54( %) 0.5436
C17 B4 C21( %) 0.6083 0.5637 23 C8 C9(?) 0.5137
5 A56 A44 A61( 5) 0.6083 0.5637 24 C18 C23( &) 0.5637
A56 C50( &) 0.5637 25 A29 C96( ?) 0.5436
C50 A38( ) 0.5637 26 D10 D79( ?) 0.5974

A,B,C,D,E SRR I SR AR G ;r(m,o) : BEF[H] L5 2 the relationship coefficient between mother and offspring;r(f,0) : A F-a] 34 2 BN the

relationship coefficient between father and offspring
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x4 BERZEMEZRY

Table 4 The relationship coefficient among the offsprings

Rilk Rl RRRM it . FARH
Pedigree Offspring Relationship Pedigree Offspring Relationship
coefficient coefficient

1 A1(9)B5I(3) 0.3315 B41( Q)A84( Q) 0.2883

B51( &)C73( 2?) 0.2883 A84( 2 )B67( ?) 0.3146

A1(®?)C73( %) 0.3290 B41( 9 )B67( %) 0.3146

D35( ?)A49( ) 0.3315 4 B4( 8 )B8( %) 0.3315

A48( 5 )A49( 6) 0.2849 B8( ?)B5( %) 0.2759

A49( &)CT1( 9) 0.2849 B4( 8)B5( %) 0.3315

A48( 8)CT1( %) 0.3315 5 A61( 8)C50( &) 0.2883

AS8( &)C87( %) 0.2883 6 A12( 2 )A35(8) 0.2849

2 C83( 8 )A54(8) 0.2883 7 A15( 2 )A74( &) 0.3315

A13( 9 )D42( %) 0.3315 8 D4( R)EL7( &) 0.2759

C75(8)C83( &) 0.2849 9 B57( 2)B60( &) 0.2883

C83( &)AI3( ) 0.2849 15 BL(2)A22( ) 0.2849

C75( 8)A13( %) 0.3315 16 D88( ?)A27( 69 0.2849

D42( ?)D26( ?) 0.3844 18 BI3(:4)B18( &) 0.3315

3 A20( 8)E39( ?) 0.2849
3 g

3.1 CREAUEE R L 2R ST

WFERIT, F B R AR T A T A I SR R AR 3 A 1 e 0 M T 1 T A s B S B R i 2
FEVE , Bl TR S AR 22 HERR MR B B 5 o AR ST It F 1Y) 8 Ao TL AR A7 s 3L 345 88 445 4ir
FERIA A, PR R B (A) R 11.00;, 28 FE & 1 PIC & i 5L AR R B s IR 6 4, 24 P1C>0.5 B,
T R A B 2 AL Y AR ST 8 A TR AR LI 2 B S B FITE 0.767—0.873 Z 1], F-1
4 0.823, ¥ i 2 AN, SILERER S A L, WEE RE ( Elaphurus davidianus ) S A S O
2.11,PIC £ 0.053—0.519 Z [l , *P#5 0.303 B (Muntiacus crinifrons) > ISP Y5 3 ALK 8.88, PIC 7E
0.523—0.803 8], 44 }0.661 . BB ( Cervus elaphus ) " (RS-3940 3L K 9.00, PIC 7E 0.53—0.78 Z |H]
SEXIE R 0.69 | R RE ( Odocoileus virginianus ) " fSF- Y17 3L A 8.38, PIC 1E 0.356—0.898 Z [1] , -1 {H
M 0.684 MFAERE (Cervus nippon) ' Y F-3455 7 JE K E R 5.93, PIC £E 0.217—0.825 Z [i] SE¥{E N 0.606, it
1R ZFEPE AR R N R Y A2 Ak | A A5 ol P S 35 [ R R 0 ] — e R A TR 22 ] 19 353 4% 722 5 | = i Ak
T A SRS T 8 A B TL A AR vy FE LU/ N R AR ARE PR = 8 s AL AR KT, SRR 2 A
MRS R — A R & B A AL A8 S ) — Nl S A L K U 35 T s (78 Sl ok
TE e Bl sl Wb BE RE ( Elaphurus  davidianus ) SUH He Sh0.056—0. 598, F- 34 K 0. 3745 BB BE ( Muntiacus
crinifrons ) 1 7 0.680—0. 836, F-21 4 0.78; I JEE ( Cervus elaphus )™ K 0.61—0.81, F-¥) K 0.74; 11 B FE
(Odocoileus virginianus) "' 3 0.289—0.919 , SF-14 4 0.723 ; #AEE ' ( Cervus nippon) 4 0.257—0.863 , 14 K
0.685, MMIATFEH Y 8 A TLE L L, P BRI BE (He) £ 0.799—0.887 Z[H], 3474 0.8429, 5 H B ER}
SWIAALE B BERC R . I TTR, AER 5 R EERL S AR L, /N EE Y S5 AL BE DRV BORT PIC (B34, R WA WF
FEITIERY 8 AT B AL A BE T, R gl B o B L N BERE & A 8 st 200k, /NEERY
AL Z RS T HABER Sy, X 2 HAM i I, AR A RE ) R 17 P 5 ) S PR BT T

TEAK A FE P I TR DNA HEA T3R0S 5 P S i L P 1) R R 3R ARG T A Y 8 Ak
BRALR ARG T HE , HICHEF O RUTRAR, BT A SRt i, f45 3 Mg 25 Hardy-Weinberg P77,
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2/DHIREREY WG 5 AR PR I TC KA 7 1 PR R AR AN 2 5 T 381 25 0 I HERf M 7F Cervus BB
A N 8 AT LA s AR FE AL, S A5 BGAE] 6 B, AN 93 AN /N EE ke B HREAR RN 84 AN I
R A YRR B 1) 99% , R H 15 S B HERA PR, B 8 LR AT TR E b, 7E S BRAh A
b R R T B RS B 0 SR 4 R BGE SRS E L RS, AR A -, B B, X RTEE
[ ) P45 3R 2 R BOR 0.5316, HE BB 0.50, F AR 1 36 2 R ATk 0.3064, 2 #RIB (A 025 i —
HBAIE T SRR E ER T . AR R G S Hardy-Weinberg A7, 455 & B, 3 3 A2
B S U 25 Hardy-Weinberg “F 7 B4 . Hardy-Weinberg PR 0956 B2 45 1% T — MM EOR B9 BEAL
HC AR AR UL FEJCANR 8 A AT A GE R TC AR 7 s 72 A BB S Al 2 E . Ardren Z5U0LHE HY
TEWR G FPFIEE P UASFT & Hardy-Weinberg V-7 (RS | 32 50 5 PR A5 30T 2% B0 | Pl R STV 235 P G 85055 7 32
RSB AA AR Fis JEPPH PR 4770 3% SO I — N E B, Y Fis NIE(ERY, ZORBHAN T
FEMEAE , AN T, W AR N ASAEAEE A A9 v oty B LN R Y Fis Rp-0. 1886, AN BE 22 ] A
FEAEIEAE S HES: th 038 S0 R REAR B9 Hardy-Weinberg P47 . /NEEHA 8K iy % 2h 16 Bl 76 FH 1L 3 Rl
DA TRE AT A ] 8 L o R () P2 A% RN L R S8 0, /N AW AN S AR AE 454 [ JCRRS r  PRUST ARG, 22
FA 5, AR 254 A ICRC A 5L R S 3O 29 Hardy-Weinberg “BA T RE ., {H/INEE G H TS
A5 LR DX B N AT REAEAE — 2 13 ACRITEE M (R A A5 /N BEFIRE ANAT & PRAERREE 1) 25 1, S B0 25
Hardy-Weinberg P47 , [R]B5 47 DX PN /INBE (R A 2, A7 7E B Ak, A () 5L M fefi 15 /N BE S R R AL 2SS TE , 3 2
SR DA 15 2 Hardy-Weinberg -7 ) JRL A
3.2 /NERYUSECHI B

S ) F S — b JE AL RS 2 SR (evolutionarily stable strategy , ESS) 1™ | Sh#7E B4t 4T Ay v R HUHR— Fif 465 i
il B S A A 2 (B AR B AR RO S AR AR, 520 sl 4 B IE o B 1) R 2 A S R R T R 2 B Al
L A s TR AN ZS 8] A A i 00 RERL sh A WS e R R 22 e — e 2 M — M2 R R R =R
R G AE TIR— fi Z2 ] (resource-defensespolygyny ) , 5 s 2 MEPE A 22 0] 220 B ZU A 35 P ST 45 A Y
SRR, o5 A AT AR, W | Ak A P A ) IOk, T AR A5 A PSS L AL 2 5 PR Bl S R
PR LA — 1 Z2 Wi ] (female or harem defense ) , 43¢ sSURMEPE T4 i A 2 O, MM 5 SEREA 1 ; M O 35
ol RAR b — i 2 ME ] ( male dominanee. or lek polypyny) , 5 s & 5 PRS2 A 5 FZ5E b 75 B IR TC G P>
[F1) 368 3 ST A S R ORI R e 4. /NBE R BE IR B (Muntiacus muntjak ) 55 B2 J& s ) 1) AR R 1%
BEE | AR T G A T R 0 AR S AN S T TR /N B A A 2 ] B SR AR RO
U, /NEE A C 3 T 2 M IF A HATRT AN AT, Odden"™ FI1 Wegge* Xif % B 1§ i i A9 BF 52 IA
S, IR B WS P S ARUAS i — | AN B AT R0 — I 22 e o (8 AT ] — I 7Y T — ol PR A < A
4 25 W (inspection or voaming strategy ) ™ I — 22 MEH , BIVAE P8 2o 7 4G A 2 A 20 A C S Y &k
T HENE , DA 24 e K A2 28T /INER RN R AN E Ak @ T3k 5 i ELAT R AR 1 7 el AR L, 7
A BT INERE EA R A TG Y, A AN A S [, MEPE AR 45 A AU R R DAHEIRT, 2N R 1
WS TR IR BEARTRL, /INEETE 15 W AT B B AR e 7ok, e A A I M AR A AR 10 A T o 2B 1 B
AR e ANMATE B R A B A R A i KA O AR T 45 B DA B 2 B M R A A
Py, A MEVE (0 BRI P BEPE SR — B2 2 (R PR b Se e T (EX RS I 56 R OF A [ 2, 78 F —A4>
BRI WEPE AR AT DL Ah— AR SE B, PRI AR H HE 300 A8 — A I e AR 22 A T e S T A 3 4 7 1 B
FEMEPEAS TR Y SRR A 2 (R] /)N JBE P P U T o) B2, o 4598 2R i ) 3 1) A BB R 22 T O ) e AT A
B, 3G TR A T RN R A AR AE BT AL A FE AR, X T PR R 1, AN S I DG 3R, (i 0E T A
Z AR 22 3, A5 AR A A R, 2l B L /N AV AL Z PR PR i B 22 SR A
3.3 DRI

R T Wb A LR XA, R Sa BT 1 UK, TR R H BRI/ N B R BERCR S A I, X A
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H T e/ NEE AR RSC: ) A8 AR , TR IR i g DR DX /N BE AP S PR32 o 1) M 00, 0 455 0 0 (ARl 26 T ]
B Belicf (SR BoE TR ) SF AL AR DX/ NBE RO BRI AR A e, AN o R R B AR
AR PRAPOUS SRR 7 AR 5 224 s R 7 A Sh A ) PR 4P 0 Bl /N BE RIS (/N BE e it — 20 7
Ko TRV LI /NJFE BRI HAIE 7 88, X 2 M 7 X PR/ B A A R SR ) DR 3R e e v 1 LA TR, X /N BE
HEAT N T EH T AR XA S X, AT LA SN LU/ INBE S 1 SR 587, WIS BT TR, /N R
S PR3P A S L DR DL TIOR8 i i A2

B3k 1 Cervus 3.0 ESHTHMEBFEELER
Appendix 1 The identified results of mother and offspring from the Cervus 3.0

R e PESE gy DR ARIRELE LD g
Offspring D Loci typed 0 ypeq PaTlect Pair loci Pair LOD b i Delta -
Mother 1D compared mismatching score confidence
Al 8 B71 6 6 1 0.86 0.86 *
Al2 7 D34 7 6 0 5.08 1.22 *
Al3 8 A31 8 8 0 6.94 6.59 *
Al5 8 A33 8 8 0 5.85 5.85 *
A20 8 B80 8 8 1 3.48 3.01 *
A22 8 A18 8 8 2 0.18 0.18 +
A23 8 C51 8 8 1 0.47 0.47 +
A49 8 D49 8 8 1 2.34 0.19 +
A61 8 AS6 6 6 0 4.78 4.78 *
A74 8 A33 8 8 1 3.66 2.96 *
A84 7 B56 7 6 1 1.79 1.79 *
A92 8 B33 8 8 0 11.83 11.83 *
A95 7 A93 8 7 1 4.76 4.67 *
B1 8 Al8 8 8 2 0.59 0.59 +
B12 7 B5 7 6 0 3.63 2.84 *
B24 7 D4 6 5 1 1.42 1.42 *
B29 8 B32 8 8 1 10.41 10.41 *
B37 8 D88 6 6 1 1.34 0.19 +
B41 8 B56 7 7 2 0.71 0.12 +
B51 7 B71 6 5 0 3.96 2.25 *
B54 7 A7 7 6 1 1.14 1.14 *
B57 8 D77 8 8 1 2.85 2.85 *
B60 8 D77 8 8 1 2.36 2.36 *
B67 7 B56 7 6 1 2.09 2.09 *
B71 6 Cc61 8 6 0 2.73 0.07 +
Cc9 7 C8 8 7 1 3.67 3.67 *
C21 8 C17 8 8 1 5.11 5.11 *
C23 8 C18 7 7 1 3.02 3.02 ®
C48 8 D35 7 7 1 0.42 0.42 +
€49 8 A17 8 8 2 1.56 1.56 ®
C50 7 A56 6 6 1 0.57 0.57 +
C57 8 D45 8 8 1 2.87 2.87 ®
C73 8 B71 6 6 0 2.06 2.06 *
C83 8 C51 8 8 1 0.80 0.80 ®
C87 8 AT78 8 8 1 1.08 1.08 *
C96 7 A29 7 7 1 1.24 1.24 ®
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I fugen EUAR ey PRRMLE ARG LOD i A f B
Offspring ID Loci typed Candidate Loci typed Pair loci Pair loci Pair LOD Pair Delta Pair
Mother ID compared mismatching score confidence
D4 6 D3 8 6 0 10.44 1.33 *
D21 7 A73 7 6 0 4.95 3.23 *
D20 8 D21 7 7 1 1.72 1.13 *
D35 7 D49 8 7 1 1.94 1.52 *
D36 8 Al5 8 8 1 2.57 1.61 #
D42 8 A31 8 8 1 1.28 1.09 *
D75 8 C71 8 8 1 0.90 0.90 *
D79 8 D10 8 8 1 2.18 2.18 o
E16 6 D9 8 6 1 1.96 1.90 *
E17 7 D3 8 7 0 13.78 4.67 *
£26 8 £39 7 7 1 2.28 2.28 *
E39 7 B8O 8 7 1 0.92 0.92 *
A fESHRE A fH(95%7KFF )= 0.62;+:0.62>A {E>4r#E A fH(80%7KF )= 0.00
M2 Cervus 3.0 RFFITHMXFEELR
Appendix 2 The identified results of father and offspring from the Cervus 3.0
Bt 7 0 ﬁﬁtﬁcﬂi (o7 22 Egﬂ@ﬁ KILEEE@"‘JT LQD {8 A E%‘E
Offspring ID Loci typed Candidate Loci typed Pair loci o 1o} Pair LOD Pair Delta Pair
Mother ID compared mismatching score confidence

A12 7 A10 8 7 1 0.07 0.07 +
A13 8 A8 8 8 1 3.74 2.81 *
Al5 8 A2 8 8 1 2.79 0.22 +
A27 8 A39 7 7 1 1.36 0.57 *
A35 8 A10 8 8 1 3.63 3.63 *
A38 8 €50 7 7 0 478 421 *
A48 8 C45 8 8 0 5.54 4.92 *
A49 8 €45 8 8 1 2.57 1.28 *
A54 8 A23 8 8 1 3.37 2.61 *
A58 8 A49 8 8 1 1.30 1.30 *
A61 8 A44 7 7 0 5.07 4.38 *
A86 8 €83 8 8 1 0.67 0.67 *
A92 8 €59 7 7 1 0.18 0.18 +

B4 8 A79 8 8 1 1.66 1.66 *

B5 7 A79 8 7 1 1.01 1.01 *

B8 8 A79 8 8 0 9.05 7.39 *
B12 7 B48 8 7 1 2.08 1.30 *
B13 8 B15 6 6 0 10.64 9.64 *
B18 8 B15 6 6 1 3.80 2.79 *
B24 7 B14 8 7 2 0.98 0.98 *
B29 8 A95 7 7 2 0.09 0.09 +
B41 8 A20 8 8 2 0.47 0.47 +
B51 7 €82 7 6 0 2.68 2.68 *
B57 8 D83 8 8 2 0.17 0.17 +
B71 6 C4 8 6 0 4.03 0.07 +
c21 8 B4 8 8 1 3.39 3.39 *
C48 8 A42 7 7 0 9.06 9.06 *
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e ok Ny Ny -
oo o7 4@1&%* o7 ke ITCE‘EN,.:\ KITEEE{\/A:M LQD fE A Efu.lﬁ
. . Candidate . Pair loci Pair loci Pair LOD . Pair
Offspring ID Loci typed Loci typed . . Pair Delta .
Mother ID compared mismatching score confidence

C57 8 E30 8 8 1 3.53 3.53 *
C71 8 C45 8 8 1 2.04 0.57 *
C73 8 A48 8 8 1 2.06 1.76 *
C75 7 A8 8 7 1 2.19 2.14 ®
C82 8 D52 7 7 0 5.54 5.54 #
C83 8 A8 8 8 1 2.51 0.28 +
C87 8 A49 8 8 1 2.14 2.14 *
D26 6 Al6 8 6 1 1.12 1.12 *
D33 8 D16 8 8 1 5.72 5.72 *
D42 8 Al6 8 8 1 0.57 0.57 ®
D75 8 D54 8 8 1 3.26 3.26 ®
D338 6 A39 7 6 1 2.73 2.73 ®
E8 8 B46 8 8 1 4.84 4.84 *
El6 6 E37 8 6 1 3.41 1:40 ®
E26 8 E16 6 6 1 2.01 2.01 *

s A ESHRIE A T (95%KF-TF )= 0.51;+:0.51>A {E>FRiE A 18 (80%7KF T )= 0.00
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