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A comparative study on four survey methods used in ungulate population size

estimation in winter in North China
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1 College of Wildlife Resources ,Northeast Forestry University ,Harbin 150040, China
2 The Feline Research Center of State Forestry Administration, Harbin 150040, China

Abstract: Research on reliable ungulate population size estimation has always been a core and confusing problem in north
China. Currently, four methods are widely used in ungulate population size survey in north China, i.e., transect method,
belt transect method, sample plot and non-invasive CMR method. However, these four methods are based on different
assumptions and calculating methods, which may lead to significant differences in results generated by different methods. It
is an urgent need to make a validity evaluation for the effectiveness of the four methods. We used the four methods
mentioned above to assess the population size of moose (Alces alces cameloides) in an area of about 120km’ in Hanma
National Nature Reserve in two time frame, Feb. to Mar. 2012 and Dec. 2012. Theresults showed that population size
estimated by these methods were 168 (109—227) individuals, 237 (165—309) individuals, 37 (23—50) individuals,
55 (43—68 ) individuals, correspondingly. It is obvious that results from the two methods ( transect method and belt
transect method ) traditionally used in north China are significantly higher than those of the two methods (sample plot and
non-invasive CMR method ) newly introduced to China. We further discuss the reliability, limitation and applicability of

different methods to provide scientific reference to selection and application of suitable ungulate population survey methods
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during winter in north China.

Key Words: moose; transect method; belt transect method; sample plot; non-invasive CMR method ; population survey
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Fig.1 Distribution map of transects (a) , belt transects (b), sample plots (c¢), and scat samples (d) in the study area
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CMR VEHURE 9 X3k, BPIE BT R 729 120 km® IR, 64535 1 2 AN KEEDT, 40 AR 1Tz X P fh = 22

http ; //www.ecologica.cn



3080 JAE = 35 %

AR AR FEAR, R AP X AT RS IR LN B9 11 S RAE T3 75 1 2% Fh AR L 9 O BE JEE 85 B, AR 1% 120
km? DI PN TR AR TR, RIVAT A5 3 N SERE RO R R . BT iR 5 AL A N B — R IN5E
B, R BT SRR ESRPAT IR SRR I B O SERE 24 h N BA R BB F R iR A R H R AT HEDT ), i
FURFGETT ZEE T IR ) MU 1) B, AR DA BE 00 o0 AR RO 2 A, B3 20 BA B BE 58 — AR S8 BE AU 5 km
AORELR S/IMEE DT B 1 R UERRAS /MR DT B SE B R ek L TR i — S I 208 (181 2)

2.3.2  FEH A BB IC R AT Sk |

LLEL 2 sl 3G B ), U R RE T i b B 45 i o )
GEIt Ik . Geit A KR T N s B I, 2 SR - \3, J/ y
FEJ5 5708 R 4 A/ IKIR G5 8D 2.3 @), S ~ ;
TR A B 24h Y 0HTEE R I EE R 5 07 ), AT LA e © o ]
HRA R SR (1 2 LS 2 A Z B RE T B soom | @ o
Y, AR /NEE DT RS A S R B, TR | / -
G3 LLR PR O M2 AHFEREHEAETRER

(1) /MEFT WA B (FEE/NTF 30 m 19 2 Fig.2 Plot design in the Sample Plot method

BTN IS R L SRR 3 A AT e syttt
A3 24 BT 9 A 2 08 2 IO 22 T (1)
k2 B MR 0N 7 % AR S PR BCE ., Bl /N DF (DA 2 St A 2 FLEh i as T ek
07 AN ZERE I P ED I ECRE Ny 0 KL, LR N7 2 A 2 FEIEEA L1 FUEh s IE AN 1 RS
FAET/INREIT I, T/ IRE T PSR S 17, S 9 0 AR 7 0 S R KO/ T T B B
Vo NBEJT N EDIE FE R 07

(2) /NBEITPATREAL B, A 2 sty BE ST RIS 35 A RS TE/INBE 7 0 540 47 2 2 LA BE20L 1 s
SAFTER  SET 24h BB/ R 2 At T B HINERE RO 7 ZERUBCE , e HH IR A F I3 Bt
R SC TS — BEALR T B TFNRE D7 | A/ NRETT I RET I ZEHE A T /80 2 BOREAL 07 0 4 BLAT
AMECH 2 BIRELES TFZERE DT DK I RBOH 2 BB AR B REAL, W%/ RE 7 14 LA REALIE 2% A0 5
WIAMREOE<0" , SRT, AT 1 AN EIEE R s B AT/ VD AR AT BT WA 1%/ 7 1 1 3
B 17 5N @ 45— REON 3 IOREALIE ATZREJ7 | SR T BEA S BEB TR/ RE T 10 R 3
BORELL AV RELELIT B 2RI A5 1 LS BS R0 NI (ELR 2 IAT 3 FLEG AR, BRLIE , B2 S
SRV 1 A ARRCRE A 07 | BRI 2% HY SRR B 0 ARk 37 TR 12K RE 7 14 0 B0 5 f
BNy 4 AN IO B 2 157
233 HEERABEECR RIS S ROSE H

th 2.3.2 T LTS HREACRE Ty A T BORE , 25 & R B 7 TR, T LA h R Iy O s (A
5 SR B B | 5 A PR B0 e B | T B0 R J2 4 R 7 B T B 245 AV R 2 0 34 T
B, T 75 4320 2 R O S P B B (35 DX 6T 4B 2 RO SRR I, B0 453805 A 5 X Bk
St e

(1) T P — A B R

K, d, WA AT N — A BRI s n, 95 4 4‘#7?%@?%*»”?@%&%; s, NS L ADRETTH
(2) 2 j J2FEDT A B 2R B

j=1

http ; //www.ecologica.cn



9 XIHE & AT &2 B2 sh ) 4 FECE R A TR Lt 3081

Klr, D, WA j IERETTEE sm Dy 5 RO

(3) 5 JZA BRI AT LY EAS X ]

D, =D; to;/ /m 1

X, D, A B A3 % BE Y A5 D] (CBE R P= 80%, AMBESf = n —1, o, AFRfEZE, ¢ 24 Student’s 53
FiZRHIE)

(4) WA R B A S Ak XA

N, =(D; £tc//m~1) 5,

K, N, NSRS RO S, O R TR

(5) THE A A XA B2 R T 5 Al DX

k
Z Din;
_ J=1

n

A, X O SRS IS s n, HER j RBIREAKL o NIRARDT BB B I REL

k
2
ZU,-N]-
_ =

N

/(1—%> &
ML= n

Ai = Z%lu’;

Kb, o WM EARIEE, N SRR, SRS EBEXE X = X 4,
(6) AR :

X

2
g

t,o
P=(1-

— )x100%
Jn—-1D

Ko n A FE DT BACE s D R A B
2.4 AE#OitE CMR LG B 2R A RS

3 53T AR T B 2 A 5 R A 9 O 3 A AR AR AR AR EE AT (CMR) R i £k
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SYIFEAH B 2 AR AR M AR 5 P S S0 AL, i 1 3R A 7 A AR BAIR , SR AR B M AL S 5 IR AT
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YR IEAT AR SCA M T BRI 90 R R 7045 19 77 SR R Ak AN RIS R A 2648 A3 T A AH ) X8 2 0 1 5
PR SR AR BB AR 7] — A () A A 3R S i A v . R PRk B ) 24 h R B3 T 55 R A S (EAE A
# I —IR Pk PE( Polyethylene ) TAEHIECH 25 R 2 £ A4S G AE , RS 2 5000 % - 80 °C VKAR R Uk
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DNA FEE T B 04 10T B S A A AT B %) 7= X)) 0, (A5 DA e i 2 A 5 P 4R L DNA Bk
CiNicN

(2) 9 T3 B2 AT ) i B

H A7 27 2R S AP RE AR AR CMR BFFE o B 2 M i DR st b o B, 3 PRI A o7 1Y 3
B it G DR R A7 3 Bt /0 HE B B T3k 1 Tl st 1 B B L PR JRE A 3 B i 22 i S 850 6 AR ) A T 3 T % S
B IR 22 B ORI AP R RO B m Al . R 55 3 A P1( Probability of Tdentity ) B A 5 I %6 FH A0 £ T3 2
JENEL, ARSCREF T 12 X85 8¢ H 58 R 8L 2 RE 0 95 10 2 PR 2 47 445 (RT1, RT24, RT30, BM203,
NVHRTO1,MCM58 , MAF46, CSSM003 , CSSM039,RT9, CP21,FCB193, MCM130) " F T/MA % 58 O BIF9T.

(3) PCR §"1%

BEARATUER A UREE R TR | A0k G /3 UGS | AR SEBG i FH A0 2 Taberlet 257" 32 H (9 2 91 PCR %
( Multi-tube PCR) , JEA AR ZSEH-AT 3 YOI S7 89 PCR, 0 B0 2 A RS 5L % T 3 YRR 4l 8k,
FHHHPL 1 IRZE R DNA R, FREAT 4 YK PCR, 3L 7 IR PCR 1 ic SE B 2 R DA E AR LA,

i/l QIAamp DNA Stool Mini Kit ( Qiagen, Germany) 55 &% RAE 1Y 68 1) T¥ B2 AL T E1T DNA 1Y
PRI, I 1.0% 1A B REHHEE A Fo VAL 56 DNA $REBUR S ) . (1R H AR Y5/ vl i 9 i AR KOD FX
NEO Jiff SARVEZLRVEAT 12 M7 5 1) PCR P48, JRAF AR 5 ol S A 32 R 8L R GIMLET ™ 3148 12 A3
JERYIEE P(ID) .

2.4.3  MR¥E RO REECE AT

(D)%
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oK A TR — AR B SE  1) AT 7 s b A JE R RIER AR ] 52 ) AT — A5 B B — SR e 220>

(2) IEFAiTE CMR 43HF

FEET AN R T AR N R 5 A5 B[R] — AR R 28R AR CMR M Ge it B, JE v A A o] —
YACAERRIC, T L il A 10 S5 AT 0 R X i A R B E AT AR 22 R AT LR SR T A I A R ) R A
CAPWIRE"" B & i il —Fh , CAPWIRE 1 PR BURE XoF G2 4 3l 12 MR A [R] 40 1 AR 7R . ECM ( Even Capture
Model ) #5741 TIRM ( Two Innate Rates Model) , A<3CHH A R {4 71 A9 CAPWIRE £ rfv 9 9 Fvbs B R 473
3 10000 XY bootstrap #6563 7= A= I AR R 959% /K F [ FPRERCE N B9 BA5IX ], I %8
R HE it ( Likelihood Ratio Test) T BEAG 560 R A 21 AAF 5l Aiag 40 X TR P A0 (438 FE | AR 91 T 15 21
PEA SRR I 250 P AR WS O, W BAAE S8R 0 M A7 B e B i s . P U, B 3 5 AR 78
I A RIEAG RV R 45 2R

3 #R

3.1 FREE AL

FE LR R DX AR S R I AR, 58 IR 45Kl 3.8 #1 4.2 km 119 10 ZRFRZR AT , FELR ]
Bk 3 km (& 1a) , GEit 10 SRFEL (O BE RS 25 A SRR LR Lo B B0 R R il 400 B B SRR IR A B RE % 1
AN TR FELR W B0 RE 25 B, I A5 BRI 35 BRI, nT A E X% D = 1.433 H/km? B B0 R X
6% D = (1.432+0.506) H/km’, BEZE: MMMFSE K BLA T AUN A = 117.6 km®, ) 2 X358 4 5 JE 11 S 550
N=(168+59) H . JH&HKE P=75.35%.,
3.2 PR RS R

58 BB HLAT IR 10 25,4 3.8—4.2 km, B0 T8 BE 5 72 50 m (AR HEATSETE (& 1b) o i A
2.1 HPRRER PR [ IEA T, AR A AR AT PO BT B A2 B AN S | R 45 1015 B 25 5 1 a2 45 AN TRV R 2R 38 1R A
W BARI RN OBCR . FERIE SIS Shint ] =2 A, S RERF A TE AR A S AT SRR SRS E N D =
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2.022 H/km?  BERERIBRE AR IX AR D = (2.02£0.62) H/km’, BFFE KU E AR A= 117.6km? , W] 1% X35
NS RE R SBUR  N=(237+72) H . HAKE P=69.13%,
3.3 KM AL,
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FEJ5 A5 H R EF AR IE RE 5 B o0 0.22(0.07—0.37) H/km?, £FRMEE N 0.6 H/km? RS2 8403 e Hon
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N 36 RE B FR R S 37(23—50) H,
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68 Uy FEAERE i P AL U Y 38 T 67 3 B AERE AL A DNA, 12 %F 22 M T A 519 (4507 3% R B /N b
CP21,2 A HEH B KOl RT24, 14 NN IUECS P(ID)(E R 1.57x 107", B f2& 4= [F) A A9 A1 540 531)
RAIREN T 0.7 X107 AL AMARKEE AR, ARGE AR E (9 S50, AR D 4 O 38 11 67 13 3 EAE &
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55 H,97.5% M55 T 0 BAF K )8 43—68, FI IR E A AL 1AL E% HLml it As 20 1 P {H 25 0 25 0, Ud B 7
A DX N A [ A AT AR R A B 3, BRI S AR X 120 k(4 XU A 120 i A5 55 HBEREMA,
97.5%HFI A H R B EAF X ]l 43—68 H
3.5 4 PR TTIES AR HUEL 350

ARG T AT A B2z N Y 4 R A
J5 %, o BT S H SRR X 2 120 km® X 385 P9 114 B¢
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