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BE T BRI TR R B MR A TR, flERHEB ROL R, W5 F/K P T ME B ik, 2006,
2007 PR A ZIRER T fE Rl EE , T FOARIHILIE 4L 210 33548, LIS TO4R B DNA () 167 (AR iR, B ZB RN T
MY TR ST T HE B8, R 167 (334fE DNA 438 66 ANk, EFIRMGHAASEME, LIt RGNS R
2a F-347(39 —60) H, %5 0.302(0.251 —0.386) H/km’, 5 2002 4E KA L TAE S AR LA WL . SRY HEERLE R
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Population size and sex ratio of wapiti ( Cervus elephus xanthopygus) as revealed

by fecal DNA
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Abstract; The part of Wandashan Mountains, located in Heilongjiang province, was the area that the density of wapiti was
very high. In recent years, the amount of wapiti declined extremely because of many reasons, such as human activity and
illegal hunting. For taking conservation measures scientifically and efficiently, we probed into population size and sex ratio,
and analyzed its living conditions in this region by molecular method. This method is a good way exactly to obtain the
population demography and much information of population genetics, and is widely adopted by great many researchers. We
collected 210 fecal samples of wapiti in Wupao forestry farm of Wandashan Mountains in two winter seasons, in 2006 and
2007, by tracking fresh foot chains. Finally, we successfully isolated 167 total DNA from them. We used 7 microsatellite
loci that published in others papers, with high polymorphic characters, to identify the genotypes of these fecal DNA by
capillary electrophoresis. The identification result showed that these 167 fecal DNA belong to 66 individuals respectively.
Using noninvasive capture-mark-recapture method, the population quantity was estimated. The theory of noninvasive
capture-mark-recapture method is same as common capture-mark-recapture method that is generally used in ecology. The
difference between two methods is that common capture-mark-recapture method needs to capture animal individuals, and the
latter dont need to do that. Instead of capturing animal individuals, researchers only need to collect fecal pellets along
animal § foot chains. The advantage of common capture-mark-recapture method is that wild animals need not to be killed or
injured anymore. Based on noninvasive capture-mark-recapture method and the genotype data from 66 individuals, the

average quantity and density of wild wapiti, promenading in the forestry farm, were estimated at 47 individuals (ranged 39
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—60) and 0.302 individual per square kilometer (ranged 0.251 —0.386). Comparing our result with the consequence
that was obtained by large sample-size method in 2002, the population size and density of wapiti in our studying area rise a
little bit. Generally, SRY gene located in Y chromosome is used to identify animal sex. So, we used this gene to identify
wapiti sex also. Then, combining two results from sex identification and individual identification respectively, we estimate
sex ratio of this population at 1.00:2. 00 (female 22, male 44). Our result showed that there are too many male individuals
in the region. This result is not consistent with the one in 2002. We considered that illegal hunting was the main reason to
result in unbalanced sex ratio. Our results show that the wapiti population distributed in the forestry part of Wandashan
Mountains declined directly these years. We still think that unbalanced sex ratio could produce a small effective population.
In this case, more time would be needed to resume the local wapiti population. And it must be a hard work to get original
population level. The wildlife conservation will become more and more important. Simultaneously, it is necessary to
establish nature reserve in that region. We realize that wapiti population must be resumed and keep increasing if the

conservation measures mentioned above could be taken.

Key Words: wapiti( Cervus elephus xanthopygus) ; fecal DNA; population size; sex ratio

I JEE ( Cervus elephus) HE K I HE SR ER Y, BRITEAENNEERIRILLR (C e
xanthopygus) o 2% 30a 3, BBIRTLAE B\ R SRR IR LR E WX, ) IZ 040 T R/ (5K
Wy AW SEIR IR, (BIEBIAERFANEE & B, BRsE 8 AKX A, HE 434 X ) RE 9 3h R 0k & BLAT R
WXE, 2 AKIES) MRS S HE RN, SR AR D R r s th— B SR TR o XURES B
WEPELALNT R K 1002 TS5 K K 48 ME 32480 T , DAy 5835 LUK X B BEFP P-4 K e f [R] 29y 55a.

RGEEEE T X R E AR EMITEE S A2 TR, AR B2 M. maFHER
BENERESERER, PR BR M REXER, X ESCH B L N AL, it % /R ( Canis
latrans) "™ JRIB ( Canis lupus) ' . AEWN S ( Loxodonta cyclotis) ") BRI JE( Meles meles) " Z= 4 fBIFST , I AL
Ui, Zhan 2% 36 F K BER (Ailurupoda melanoleuca) ik Fy62) 2 FE %y ( Panthera uncia) [IBFFY . 2 FHE
VAT B A W W 2k (Accumulation curve ) 1 3E i £ 14 A% 75 E 4 £ (CMR, Capture-Mark-
Recapture) . T 235 SEhR FlH 84>, 271 CMR IS &A™ . dE3 it CMR [Ff&48 CMR AL, 2251
FE TR B AR Y MEA B TS RS 1k DNA,

PE R AR RS — N EZSH RS R R K B AR B, BEE R
HRSE 7T LE W2 LRI R AR ST, B R B 2 0 R FLE0 Y Y Qe afk g Bl R B R #1T PCR 971, %578
AMAEHER] . 4 Amelogenin FE[H ' \ZFY HEPH ' SRY R B I, AB I BIE A 4T K P XE SE Rk AKX
I AP REECE M LU HEFT 2007, 38 PR, DB & TR U AR AP SR AR 2R
1 HREFH*

1.1 5 REEF DNA 25

2006.,2007 £EPIIR A& ZE 1A 8] , P FE T 3K IR FR A IB F ARl R T bRz (46°27'—46°38'N, 127°04'—127°
16'E) JEUREIX , Xt 155. 6km® {34 KARIEAT R A . TS Hh_b B &F L il ik T30 T RE S0, R LR BUBORIZE A
B O48N,GPS BN, S — R b BE B ERIURE . FLISCEE 210 3 (2006 4F 120 53,2007 £ 90 f53) , F i

-20°C R HRIRFF

Z¢(F DNA $25U# F§ QIAamp DNA Stool Mini Kit( Qiagen, Germany ) i3l &, #%& BEA/EF W iEfT, @Eid
1. 0% B AR WEEEE B TR AL DNA $RH0R 5 LD S B R4 DNA (2, - 20°C A7
1.2 AMERG)

BRI R E SRR R, R3S 28 M 7 AN B2 A5 (T507 ,CSSM19.,T530,T501,C143
T123.T156) "', 3447 b REAMAR B A AP BE BB A0 Mo BT B T 2 (67 A B0 5 1 4 57 38 E 4T DB AR T (FAM,
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HEX . TAMARA) . PCR 4" R B AR I 25 LSk ™

4P RIS Bellemain 46°) (4 Ky bnofi - 3608 DNA B Y 3 WUR (U B | SRR Y, Ay R4h
BOLR BRI 2 MR SRR A E ARG AR, BEEY 3 WG, & REBAE 1 A0 5 R
SEAFTER (BN IR Y S E RS B S AR R (B2 — MEAE R A B AR L A ) , IR0 1 kY1
ZJERIERE AR S AL B S IR UORAE , i € WSS AL B 9 2 WA B A R T3
TR S AR R B 1 A e i 71

FI F% A4 Excel Mircosatellite Tool kit, F-4REUHE rfAHIC i iy B BRI AL . W AS [R)RE ok B T [/ — MR
JEE - (1) Br A 7 _E SRR R R 5 (2) R — M R — MR REE2Z R . 8 Cervus 3.0
HE 7T MLERECE P(ID)E, BT TR %R RBUR MM Z BB A AR R B A2
1.3 FEEgE

TS S ERMIEGE TR AR MRS BEE , B [R5 8 8] — AR5 , o 2 —
WHEAARE , R EIC R BEER AR ER . B 0 Capwire SERL. TLILARI I J& 1 F 45 76 B
B ERREE, A RERRH SRR IR , HOTEW R S BN E AR B E. Fitl, AR Z SR IE R
SRR R AE P U , B R BURE B I TR 888, 7T DA R AR IR AR . FEETAIRAERT 8 AR B AE R —
JEIEE T AH 22 AN T R b R (5—20m) RO 1y 2S48 , SR 36 Tk S 30 - IMA TR VR M , DR G R 20 o B s
X R

B 47 W FPAEAY . ECM (even capture probability model ) #1 TIRM ( two innate rates model ) , ECM #5 %l fit) 3t
AMRBRFIHE o A MR HEE FR A — B, XM RSl 38 B A — B, R MM 2R A
RE—BH, BFREECE N MBI 1/N, TIRM BER B A B B2 R o A a) e S R A 22 1R K, 7
RERLH G B4 HR A A 3K A 20 B AR R E (B) I Z i $2 (A) PR, #xJ5 I 10000 ) bootstrap i
SR 7= A B ERR T 95% /K b IR EECE N BRI
1.4 M5 % E L

i F SRY12 ( F .5’ -cttcattgtgtggtctegtg-3 '/ R : 5/ -cgggtatttgteteggtgta-3’ ) \BMC1009 (F.5’- gcaccagcagagaggacatt-
3'/R:5'-accggetattgtccatettg-3') "2 Xt B Wik iT B AT L ERE R, SRYI2 P Y Jufafk SRY XK H
B, BMC1009 5 Ay B BRD™ 35 5 e 68 (A TR AL, B7 1R SR 50 28 O 45352 #1551 . PCR 34 {A R : Ex Taq HS
0.5U(Takara) ,dNTP Buffer 55 BSA (0. 02g/mL) % 2L, 5% (10mmol/L) £ 0. 5uL, DNA 3uL, B 5 K £
20uL, P HE5MH:.95°C FiAEPE 10min ;95°C 281 30s,61°C 1B k 45s,72°C ZEfH 1min, 40 PG ; B Jg 72°C LEf#
10min , 4°CRFF, HL 4L 373G 79 BEA T3 B A v TR A

iR A HER M, B R TR 3 R, B0 2 RO BN (180bp Y SRY12 FiI 300bp
BMC1009) , H 5 1ZAF it At ; 22/ L 2 YK 1 2% (300bp () BMC1009 ) , 8 1A% i e s Ho B 1B BL AR
PCR H[7E .

HEVHMAES VA NES TN, &% SBE WY RMBTTER . Ty im0 % e sk, 68
SRY 3|4 ( F: 5’-tgaacgctitcatigtgiggtc-3'/R ; 5'-gecagtagtetetgtgeeteet-3) ) St fir A A S B g 43, 348 S
95°C HIAEHE 10min;95°C A5 M 30s,54. 5°C 38 K Imin,72°C Eff 1min, 35 MEFR; 52 J5 72°C HEff 10min, 4°C {5
Fro BAFER FIFED Y 3 R, 270 2 R B SRY 77 (160bp ) , WL E A i o 53 YR IA 477 FURE i 5E
JMEVE . UG ELBTE PCR R R 45 SR FIMRE S 1 o

BB HE B % A TR MACR B A5 T B R B L . a5 SPSS(11..0) W y M B e it L 5 38
{B 1:1 22574, i Mann-Whitney test 4 %0 A8 [R]4F B[R] ¥E LU 22570 . P < 0.05 ik hERBE .
2 #ER55Mm
2.1 F[F4H DNA $#E

DNA $2EU P R I, IR L IEE DNA K, TIEFBY W=, F i mae m R 2, X & # A 5 -k DNA
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R, 85, FIF 167 45 (2006 4EH) 90 431 2007 4Ef 77 #3) 368 DNA #6477 4047
2.2 MEIRSI

167 FER 7 AN S P38 B Th R4 51 5 . TS07 .CSSM19 Fi1 T530 98. 8% ; C143 Fi T156 98.2% ; T123
97.6% ;1501 97.0% , ¥ BRI HRARR . HP (L 10 ML RBB| LFEFER, 54 Y W HHEEB RE
5 R AIZER R AT T AMAIR S B Cervus 04T BIR ,7 AN S BB X 40 SRAR T, B H 30U

RERTIBOL, FIRTAE R AT R Pt A 0.19% 1 o ARSI 4 R 12006 4F 90 4KE 52 39 /> 4 2 R 780 (A

&) ,2007 4 77 A5 36 ANMUFIE R AL, BIAE 167 e i 48 66 HAMA,
2.3 FhEEE

HeBR“RE MG 66 HAMKRSERE R B 148 ME . Hr 45 JIAMERCRES] 1R, KA YR 4
FIVREN 2 KB 7 IRANGE  SE X MRS HE 2] 2. 24 1k, HoH 2006 4 F- #5442 3] 2. 13 ¥k,2007 4 1. 81
Ko 1B17 Capwire #{H ECM B3, Geit i S BEFP BE S 2006 4528 46 (95% B 53l :39—54) H,2007 4
o 48 (39—60) H; TIRM #He4E5 5 :2006 4F 67 (47—87) H,2007 4F 73 (43—90) H, X HIA g MA BT Ak
A, L ECM Bib 45 51l et , PR ILBURE X P (155. 6km® ) BRI 22 1 47 (39—60) H, %% 0. 302
(0.251—0.386) 2/ km®,,
2.4 FEAMELL

A % R A AR B 45 B, & BE 2006 4F 39 HAMA AP, MEMEMEHG 1.00:2.55(11 9, 28 8) (x° =
7.410, P =0.006) ,fRES IS H 1:1;2007 4E 36 HAMA& S MEMEMELL 1.00:1.40(159, 218 ) (> =1.000, P =
0.317) , WA MBS HISIE 1:1, BFELRERA BE (Mann-Whitney test, P =0.159) , EFI4E 66 RAMAr -
BIMEREPEEE R 1.00:2.00(22 244 8 ) (x* =7.333, P =0.007) fRESHEIME 1:1, FREEPREMMAR Z, 5T
ABIREEREERBE LR,
3 g

MG EEREYR TS EERENER, FEE TIER GRS AERY b &
W PO N B RS A R R B, SR ERECER 54 , 8 % SR P T A 10 0 J7 ol 4t B AR IR
RIS T T AL RS AL R LR 1 0. 023, 55 Valiere 21 T geff 5t b 8 IRE A YR HIHY
ZE5L0.02 3 0BT P B E AL RF14 0,034, K TF Valiere P BI5E a9 0. 19, W] 5 A S0 4l & 14
BEERPEAEE X,

AT IR A 2 R RS R R AT BB 5 BP AN Hh AR B i B R R R AU VS 3 DNA R A B
1 BSA [yfdiFA 3%, Hedmark 2% % 21 426(F DNA /34 h R T3 3 IS ZITA ERMZE R, H 5HH
RE SR R B AR, A MR R S Bk 3 MEREA X, ALBHAE 6 MISKEESRTH
4 NI B T B SEALEE B B, TR M Bl R B S B R A AR I B

SR AR X BT BV (1989 2002 4F ) {ff & 48 1 v A 2E 45 5 B , 1989—2002 4E K 13a A 1) RESY B 4E -
W R 13.48% 2, AR TFRERES R DR, IEMKE N D RESEE 0.302(0.251—0.386) H/km’, 5
2002 AEKAEFT PR LR 0. 262 H/km™ B3P , %58 (1) M D E R R BN EESE 2 IER; (2) REMT
SRR AT BB SR 1 BURE K AS B, 33 W A I DR S B B G T HE R T A BESE bk & . R Ik, AN 2002—
2006 4 6] BURE X P 14 5 RE SR A D TG o

HURE IX N B AR B EREME | 1. 00:2. 0022 9:44 & ), FBE R MEME MK £ , 5 7K BT R8T £ 3 BFSE I
FhRER MR 2 M2 AT . T g — M 25 e R ol , — SRl 38 o 0 % 22 MM . Okarma ™! 3%
7R, BRI AR S RE A SO IE (44% ) FIMERE (44% ) , KBRS T R BE Ak L3 22 . (523K
AKX 5 BE R B AR L 5 RS RP B RAR D AR X BB B 0 RE R B T4, 2R R IR KR DR
ORI, FIREECE T BURE B SRS B N IURE IX A BT AR B 26 M, BRI iR 52 2% T R
BRI — R E MBAELED #R, ERB AKX D REIET K& KRR RGE. GEUTS

hitp : //www. ecologica. cn



22 1 HFR % . FE T DNA W5 EMEEREfEL 6253

(33.1% ) T (34.0% ) AT (22.9% )3 R E. TEMA P, MR T K, LR
AR B B MR L H R BOA AR MA . 3 S A28 AR R B E SR LR R, X AT RE S S
MPVERER S . BHE, U frsh 2 B A LR i i R

KEREFSME AT B , 588 AKX B BE AP IR 3552 T W, IR] I 1k LU 2R 405 38 B A 25 P R R /DT
RAR, SRR PR IR SRR BB AR E A GR AP AR . BRI, LR SE8 LUK X 55 RE AR 37 0 B2, s, B AR AR
X, R ARAS DR FBE K
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