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WELd FER ERE KRR K RA Bm
1 ZRAbARL 2= 2L 2 5 B AR PR b4 e, PRI 150040
2 [ GO RN R B AR B R A E S S, FAURIEE 150040

FE N T T B IA SRR, 2020—2021 4R 1) 8 AR 12—1 H  7E T BB 22 I E R A SR X8 R IR A
2 ( Pseudois nayaur ) HEATREEECE AT R R 4.0.1 F 0 Distance 1.0.2 X AELR LI A2 HEAT 2087 , Al 437 X P 25 25 B b bt
B KB TR RS, SRR E A R R 5176(2554—10490) L, Fh#FEE N 2.674(1.320—5.420) H/
km? ; & ZE 5 L REECE N 15752(7294—34017) R, R 5o 8.139(3.769—17.58) H/km® ; 22 000N E 29 4% 45 76 B M B3 7E
0—200 m Z N, & FEAERIL X L F N MELRE(52.17%) ; X F WIRGHE(26.60% ) o - FHRER /D 30 (6.261+
8.023) H 4 %0y (4.064+4.229) H BER/NEARIFIZET 12557 B3 (P=0.010) SR R/NZ AP T 1—5 HZ Kol 47 H,
2P AT MR & 11.27% , WP R 5 HE 56.74% , 4R/ W AR & L 31.99% ; & Z= i A i iR 5 LE 29.619% , i1
A 50.15% , 4R/ S0 AR (5 L 20.24% 5 B 28 FIAZ 3 E AU A3 22 18] 22 574 B 35 (P<0.001)
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Population size and structure of blue sheep in Helan Mountains National Nature

Reserves, Ningxia
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Abstract: In order to understand blue sheep ( Pseudois nayaur) population in the Helan Mountains, Ningxia Hui
Autonomous Region, we carried a blue sheep population survey using line transect method from August and December,
2020 to January 2021. We estimated the sheep population size and density, and analyzed its population structure by the
Distance 1.0.2 in R 4.0.1. The results showed that the population size of blue sheep in summer was 5176 (2554—10490)
and the population density was 2.674 (1.320—5.420) individual/km’; the population size in winter was 15752 (7294—
34017) and the population density was 8.139 (3.769—17.58) individual/km’. Blue sheep were mostly observed within
0—200 m of the vertical distance from the transect line. In summer, the main group form of the sheep was female and
juvenile group (52.17%) ; In winter, it was mixed group (26.60% ). The average group size of blue sheep was (6.261+
8.023) in summer and (4.064+4.229) in winter. The difference of group size was significant between two seasons (P =

0.010) , ranging between 1 to 5, with a maximum of 47. In summer, male, female and juvenile accounted for 11.27%,
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56.74% and 31.99%, respectively; In winter survey, male and female accounted for 29.61%, 50.15%, and juvenile

accounted for 20.24%. There was significant difference in composition between summer and winter ( P<0.001).

Key Words: blue sheep; Helan Mountain; population size; Distance 1.0.2

7 ( Pseudois nayaur) &5 98 = 8 0 Al i) A B s 2 — | ettt A F AR AR 97 3K B (International Union
for Conservation of Nature ) W 3% 5% f& ' ( Least Concern) | 72 & [l 9 51 A B % 11 9 & SR 37 B 4= sh W 44
SEC L ENEESA T . o U RS L H R S TR A XD s I
FRA KRB X I A 20— N EEE A X . A 20 e 80 4R X HEN LK A4 A8 3 ) %
AN, SREUT A8 1k R 5 O S — RV 2 (A AR IR, R85 R 3k 1 B4R
XA S50 B 22 1L b DX 3 AP R AR e S AR A SR A AR R 295 12 178(6592—22499) H Hirp
BOL MRS A F 0 B X SRR Distance 6.0 BRAF 72 B 22 10 FE S QAR P XA Rk T8
AT BRI 11767 (9696—14282) HU7 - HFTHEA FEFAE22F (4Rl 47000—414000 L, R4 25
ek RS

PR B — T B 22 L s SR A A A AR TR 22 L S R R TR I A D IS W R
T AR SRR 1 R AR AT R R AL TR S AR S A A E B AL G Ay, AR TR R X AR R TR
KT AT IR R PR e SUB e /AP g . HeAh  XEE S AR A e R X H TR &
F ST A R T 5 ( Panthera uncia) R ( Canis lupus) KRV FE M ( Felis lynx ) 25 W 7@ 3 & 2 O 4R
1o ARSCRIREL R, Je5 T 2020—2021 AR BEAY B ZE A= OR3P XN B 5 F A T 8 il 4, R R 4.0.1
H1) Distance 1.0.2 A TEE ST, Al U FPBERC ABNEE S B, I AP A R TR 7

1 R HER

WFFE A T3 B 22 1L R A SRR X (38°19—39°22" N, 105°41'—106°49" E) (Kl 1), JB A 2= 1L
ARYEOT AP XA 193535.68 hm® P B 2% LA TG A S R R ] HLA B IR R
EHRAE , AF S-S -0.8°C (2900 m Ab) | 4ESF 2K o
HTE 200—400 mm, FEE DT 79 H, AR HRE
FACE T, BFIL K 2 250 km, A PG 58 20—40 km , 111175
# 2000—3000 m, W H A7 B PR 3556 m' 'R
PR & ARG E A2 s A A
i % AR B 5% = BEAE 4K 1100—2500 m 2247 A9 Ll
bR S R L T M AT O RS L
X P sh it 54 B 218 F, Hp EZ T 9f 4304 8
P, TRARA s 32 Fp 01

2 WRAE

2.1 BEESHUEEE (Distance sampling)
LG B BRI GE T, BEALIE IR X (R BFE X
PN GE T X G 110 8 % A A X Sl B AUk G R
TR NI A G X et AL B B R ik
BT KRB, RS F G R N T SR H1 TRERSUERRARRIK
N s e, N Fig.1 Ningxia Helan Mountain National Nature Reserve
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RIS TR A sh b, RRZRRAE b B GE TR G R 2 51 A 1), IR R R B 114 I Ak & BIARE 2R
8, A FHARE A GE X 52 5 B0 S AR G R 2 A 8 8 e N7 R PR 2 R B Y | mT DA B 22 e i3k et s , AT Aty
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B2 RN G R B BRI B K ACIRDL S FAE SR A B NE R R
22 M&MAE

T EA I E R Y AR XN R T B 5 T 2 34, I V) 38 2R V8 5 ) i B 2k, AR AR IR X
PRI ST RS AR L ) R E LGRS R E AR PU 2, DISR R A X S T
XA XA I PR A TN PR AT sh B I B H g 3 s R AR AR b IX Ak
K, B2 i R ) R RS BT DR 2R A TS S L 2 S IR, R IR D I 2 T e S
AR 2 km DLE AT DUBE T 2 AR BAR SRR A IC S, A Sh Y A S BN Y | 32 Shs ) 4R
FE R A B MRS e i E] A AR H 8.00—12:00 1 15:00—17:00, PR 41 i A A . 0
FEERMEL FI ] 20 AT, SR 2 km/h R, ff FH 8 x32 Kowa AUfH 2422 45 4 B WL %%, (i 1 BUSHNELL
YARDAGEPRO 1000 #Y300 FE (SO0 &7 21 S50 B BE =, il ] 65 =N % S50 5 E HE A XT T
WEE A, SRR T UE Iy 1 e, SR LS G120 iC s, T F B AL B A T e S AR
R RG R
2.3 Ao

T2 B AR R RO /AT R 4.0.1 588, K5 BF AN A T 3845 B 4598 , 38 3 Distance 1.0.2 #E175048 53
BT, K5 P O B8 43 4T, A9 BN 21 25 2 AR 2 B R 95% 1 B X ) 1202 R BESR BE AT
=R/ /(T
p =0 ECs)

2L

Ko, D AEERE B (L /km?) sn g B ARRRECRE /(0) B EEE B A B RIMER S REGE () HER/N s W
FREFAN S L AR B,

SRR PR AL g () , BN ELEE B A o AL Sl BRAOAE 3, 25 0 B S A0 B BT A S R B0 RE B AG I 2], B
(0)= 1 ARHEHEI R %L, vT LMK £(0) , AU .
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Og(x) dx

T w  FER B TR v AR T FLE Y

TR PREYL g (x) , 005 1E 25434 ( Half-normal ) | 3447434 ( Uniform ) 1 XU R ( Hazard-rate ) 3 F 45 1145
1, FIHZERTF A5 475% ( Cosine) (i AK4EZ 15 ( Hermite polynomial ) F1fij 5 22 i 5L ( Simle polynomial ) ,
VR R 3 AP vt o A, ARSI R O A SR R LA R B At {F S M U] (the second order Akaike index
criterion, AIC) i€ . R RECAT ) 5% A A A T ( Right-truncation ) , B 254 2 S5 ik () WM ELAS 44 22 53 #T
IR

R 5 BAARSRAE . 15 SN2k Distance £, BEBCE IS ORI B8 SCIF Q4GB 5 FE L O 5 TSR B IX 4 BFY
XA (hm?) R ARREZR A (km) AN AR R DR IE AR LR IR 2 (m) A E EAE R/ NG B
Wi 1 B oA 1 km, 15 2 BRI AR A 505 T ds REC Y “ key” SR 38 22 48 0 pREL B A W E K
“adjustment” R YA RE R bR B AY OHDLE L BE K 2R T A5 5 VR DU Pt/ NV DA B AL 5 Y summary RREICHR IR
AR PEAIME B

PR AL T8 ) 38 DL AR ARTFSE AL T/ NAIE LU SR EA T 3R F MR , B sh b B 7 AR , L H
AHZ ) AT BRIBEAT R i T D — A SR R n] 2 B R 2 S B R AR AR o IR SR (2
D — HOBAE R | — FBAT PR RN — RO A G IR ZE 1), HEPERE (40 o AR A2, 9 R A D 1) | e
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PERE (AP0 b A B ZE A, T R LA ) R (S P 0 M A e M P2 L, P R R L b ) | A (A
F SR MEPE R DA SR A, PR R L) g (A ELACA — HOBUAFHEE ) | i (A ELAUA — HOnAF e
PE) SR SRR TE (A A/ SRR, W5 2 e L) ) I iR sl 4y (A HLACA — HOE R sl gh 4) 3t 7
Fft B R BS54 SR A SPSS 20.0 AT ST, AN ) KN X ] A SR B E AR 2
RS A AN R 2 U 2 e 25 e A R R R AN [ SRR/ N ZE T M 22 S AN [R) BRI
B2 22 R K NS REA Y Kruskal-Wallis H #5586, SERER /NSRS J B E bR 1E 2 (22SD) >

3 R

ARG T E BTN A R T 2 IRE R A, 2R i8]y 2020 45 8 H & ZE i A i}
)R 2020 4F 12 7 2 1 1, 36001 19 M4k, IR E 2 I8 A 2631 281.108 km , FEZR RS 13.477 km, i 2.991
km , P EEARFEL K 7.398 km, HZBMEFNEF 02 #E 576 H B ULE A 4.098 H/km , - HEIFREL P45 3 B
R 72.961 m; &ML 04 B 382 B LR K 2.718 H/km , F R EIE AR LR V-2 3 BLHE 2 °453.843 m,
31 AR

PRI bR BSCRN IR B I ) 28 e, DXURS: 38 JRURS: 238 4+ 2% 5% XU 38 + i oK R 22 IR XURS: 6+ 1] 2 2 =X, 14128
L LI 3 R B SRR ASOR I e LA (3R 1), ] summary pRECHE BCH 3 DU BERS A5 10 TR 4015 B
b RURS 3+ 5% AR R+ oK A 22 I RS 38 + ] 2 2 30150 3 P4 4 10 20 B 285 SR AR [R] T JXUS: 2 1) 43 AT
SRR H AN G 3 BRI A IXURSE 8+ 43 5% XU, 258 + i oK e 22 0 R XU 538 + 87 & 22 i =X = b 4 6 1 53 A
SR N EMAR P — TS A R E R (3R 2) o Hrp 3459 43410 sR B 25045 I # JUf 1T T A
B EAREE  WTS I E B E R EEBCR N 5 176(2554—10490) H R EEREEE N 2.674(1.320—5.420) H/
km® ; & Z 5 2L REBUE A 15752(7294—34017) H FlES A 8.139(3.769—17.58) H/km* (£ 2) .

®1 FARAAEEMFHERELAN

Table 1 Akaike information criterion for different combinations of models

Z7 Season X 7% Summer 4-Z% Winter
EIEZSSME Half-normal 984.9605 971.0105
N TE M +4%5% Half-normal+ Cosine 975.8868 941.5977
A IE SO+ K2 Half-normal+ Hermite polynomial 984.9605 971.0105
e TE S5 + 17 5 2 T30, Half-normal+ Simle polynomial 984.9605 971.0105
5514345 Uniform Error Error
Y5153 45 +47 5% Uniform+ Cosine 977.1282 937.7718
A1+ K FE 22 T2 Uniform+ Hermite polynomial 1047.2432 1003.8059
Y5151 93 A +171 5 2235138 Uniform+ Simle polynomial 997.7251 962.0689
U % Hazard-rate 974.0671 927.9220
B R +4%7% Hazard-rate+ Cosine 974.0671 927.9220
U R+ B A2 1528 Hazard-rate+ Hermite polynomial 974.0671 927.9220
B R +171 ) 213X Hazard-rate+ Simle polynomia 974.0671 927.9220

&2 R H Distance it TEBZ A FHERENYE
Table 2 Estimates the density and population of Blue Sheep in Helan Mountain, ningxia by DISTANCE in R software

Z=5 Season HZ Summer £-Z% Winter

e AR TR (5 PR AL+ AL IT) Optimal model ( key+adjustment ) Hazard-rate+Cosine Hazard-rate+Cosine
2 Density ( H./km?) 2.674 8.139

95% % FE B {F X [A] 95% confidence interval for density 1.320—5.420 3.769—17.577
#it Aboundance 5176 15 752

95% %t B AF X [A] 95% confidence interval for aboundance 2554—10490 7294—34017
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FEFARATIY (I PREIEA T 5% 19 A7 R BT ( right-truncation ) , T5 Bk B 5 45030 A9 ORI (1, A RECRE 22 LA
400 m Ze A7, M LB B AR ok 5 r) WL P (11 2) e U, 5 A 0—100 m 34 DX Ta] e Bl A g L 59
AR AR ESR, TE F mTBOUL I 81 1) R 32 - SR BE AR B | 2R S F oW B AR AR B iy | & 2 E oLl
2 B0 R AR X P B R BT
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Fig.2 The histogram of distance and detection function of Blue Sheep

3.2 AR

MR SRR R L AR 25 A R 0 i B 548 S 7« B I o R S VK e v ) S BRI (52.17% ) , FEUk TR
BHE(14.13%) 3 & 2= 4 v i U i B 2 TR B (26.60% ) , HEUCH MEGIRE (20.21% ) & M T H 2,
IRA B MERE SR LT T 38—, MELIRE T FEEH 2 (60.42%) , 53 HM MR it A7 Bir s i (3% 3) o L4,
PRI AT 2 BT WGBS AR () W J AR, 4 b R I T — IRk 2R I 2R

x3 EFEMEFUNHARLBEFHYE

Table 3 The number of different types of Blue Sheep observed in summer and winter

= HZ &7 AT HE X7
Season Summer Winter Season Summer Winter
TRAHE Mixed group 13 25 M Single male 2 7
HEPERE Male group 1 6 T Single female 6 13
HEHERE Female group 8 7 WAL/ 4B Juvenile group 1 0
WEHERE Male and female group 6 11 M A A4/ 4l Single juvenile 1 2
WELRE Female and juvenile group 48 19 K Unknown 6 4

HZPA T BRI (6.261+8.023) H Fe KBE R 47 H /i 1 H L IRABERERIRE RN
BROR & Z= A AR PR/ R (4.06424.229) HdRORRER 25 H L d/Nh 1 2 IRGHEREEIRER /D
K, ZFEMIETEZE, BT HEMERION LTI, e RIBE RN A BT R (£ 4) o Kruskal-Wallis H £ 55
T BEMAEBNR I NER B FH X2 =6.592,df=1,P=0.010) , IR SRR/ NEARI ZT 2 RBA B F
(X*=0.961,df=1,P=0.327) , MELIBEIBEI NEAS R 210 1 22 53 B3 (X2 = 4.356,df=1,P=0.037) , ¥ AR
WA R BB/ N 1—5 .6—10 11—15 F1 >15 DU X [ 4, 1] DL 5] 2020—2021 4F 5 1Y 5 2= f4
P AL RN EZAEPTE 1—5 Z [ (72.04%) , RS A F R/ INAR R X (8] 21 76 R[] 2747 21 1) 22
SARBENX=3.574,df=3,P=0.311) (%£5),

H4 T HEN A A P R AF I R0 53 A e EVE g/ iR, AR A b B S S S 11,27 %,
WEPE S 2 A B 56.74% , 4l A/ AR 5 HE 31.99% ; & i b IEVE S 2F 7 FL 29.61% , EPE A 215 FE 50.15%
i/ A 5 HE 20.24% , TCie e B 20 242 MEMERR o A AR R 1 L ), A 2R L A TS I, %)
PRFE SR T TR, RO S R, M4 A 4 oy Z 18] 22 S5 B 3% (X° = 47.574,df =2, P<
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Table 4 The average group size of Blue Sheep in different types of groups in summer and winter

EEi] 2 s ESST] " 27
Season Summer Winter Season Summer Winter
JRA T Mixed group 10.692+12.141 6.640+4.898 HEHERE Male and female group 6.833+7.387 4.636+2.501
HEERE Male group 2.0000 4.500+3.987 || WEZHEE Male and juvenile group  5.000+4.916 3.105+1.883
HEPERE Female group 5.375+4.534 2.571£1.512

x5 EFNEEAREHXNDIEFHEYE

Table 5 The number of Blue Sheep group with different group sizes in summer and winter

1 HF e P % %%

Season Summer Winter Season Summer Winter
1—5 62 72 11—15 7 4

6—10 17 16 >15 6 2

R6 EETRAMBSWNEIRERLZE

Table 6 Observation data and ratio of different composition of Blue Sheep

7 " s 0 27 X7
Season Summer Winter Season Summer Winter
MM Male 56 98 WEHE L Sex ratio 5.036:1 1.694:1
B Female 282 166 WEL L Ratio of female to juvenile 1.774:1 2.478:1
YA/ WA Juvenile 159 67

4 itig

4.1 AFEFEECGE

SR S sk B2l FH Distance ZEiT 45 AR LU, AW GE RO S5, B0 A L B0 R TR
BLABNAFREE R AT . A f B ARRULREE > w2 AR AR R, (3 X AN FEE A,
5 NS E R SRR XA, JF FLEA R AR ARG T 20 A AT H SRR, 2 A R R A
FE B AERSET R . BT A FN BTN, A F P RN R AE R ERGERN S Afe A, 1MiE
BRHTICT - FEW,, B R A B AR L AR A 7 RIS b, SPRA R A RN Y e 2 T4
7 AR IS RS X — S A, X R R RE L B R ST R, BARA B L IS SRR T
D AR IR B T A O 2R LT iR A T L b, A2 T 2 A R R BT IS, e IR S 1 e 3
Hm T XA FRBOE G, — i, A FEBYWIEZ AT T BRI R X800 & koK 5 —Jr
1], &2 IE A SR M A 2 & T e Y0 i & B E AR B 2 T 3 2 e v T B A S 4H A R o 4 3]
HEHRFNN D LR 2% B Y 35T, RA 7 LR IR IE D A A4 & MBI K, 72T IRA i
T A SRR S T I8 b AN, A SR A S ) 4 22 R T REAZ HL B TR 0 Ll I )
REL B 2 AR 24 ) 2 1% B30 WO ER AR TSP b B PRI, S 7R 23 W B G A (g i 7 20 2 RO MR BEES , AN B G Jo ik i 4%
S EA AR L RE B8 Z AT A XA TI0I B i 24 A R MG RS DV RAR, B2 IR
B RS F T AR R A T R, B T R R O L A, R T A
PRI P SR AR SR R S, O BT RE AT .

XA S5 B AR IR I (] R 2003 4 11—12 A, 5ARM R A R AR AT, 5 F 5 E R 5.144 H/
km?  FHELZ R 17 AREIG T 2.995 H/km? | SPIAERE RN 3.429% , 7% BI3E 45 (B0 ICSE B R 2010 4F
3—12 H, AT AFEHE N 6.48 H/km® HHLZ R, 10 EEIEK T 1.659 H/km?, SEHAER K FE N 2.56%
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SRR LR AE FARXS T XIIRAE S S IR & T B P AR KRR 3.71% , X Ud W 3 25 B 4K R A
TR, AR BRIAEE G R AR A, ASRE M R (A I LT, Fie a3 B 3 R T B, e A S R gk vl
RO AT R AR —2F PR3 X & BT BRI I Rr S K PRI T RAF I s R 3R ES
(LA O T B KA IR R 2 A P R 2 R B R PR AT 52 A R 22 L 2 R R (0 559 5

F T BORE 2 TR LR R A v WS B | 9 DB s () AR 0 B R R A AT A B T A, PR B
FEABR GE T A G R 51 A A ), T SE B b 7 L L 2 A R AR AR ST R A rp R B R £
H3A T EHFEE LU TR LU P ASYAEE . PRIRR 2 A B R X 2 22 1 25 2 28 B A R0 B v o | A 9 1) e
LR BE D TXIPR A 1 496.2 km , X i A ARG 10 5 2 A0 A 45 SR IR 25 xR AR 2 T R fw ok, RRZRIM
A I AR ASAR R Y, 25 (8] AN 58 4 AR ] BRHCAS B0 R X R A= S5 A 2 8 e rh v 3 S 238 1Y) 5% T[]
K, EATEEMFEN, AP RIEA LIRSS RAARNIX — F2 B2 00 K 2 5 M b 55 Rn e k2 K
SR DR 5 DR 2 I T T A 3 BT ME DA RIEE I 52 ) PR 2R 5 2 R PR R BE B AL A b I O N S A A BT
AHICHY , SEI AN T (R BEATL R 2, HRE I o B = A e F o B R I A R
4.2 FHEPRELE

PRI A v 300 AR AR A R sl A, RS LLIR G 2 1 =A%, b e 2R
FEES TR A A2 WA 22 | BT AMES R v R 2 2 S5 0 R SR RIS AR | T 4 2 1 fE 4y SO S oA T
TRETT ) AZMIRATE YRR MR T S X T R S AR R T oA O A A B
HEVERBER S B G 20  A T T 2, BRIEVERESD , 4 28 RS B 82 B K/ NSS4 T e, I R A 34
KLY 5 LG WG A 06, TRA TR E BER AR TE T, I 2] LA R KU IR A B, iTRE S 2 B
AL EA R ) — R b e YR AR A A o UM b, TG ZE B R R AR A . B 0 W s A R A i, I i A
O P AR R R £ DR/ IS L 0T AT M T, SHE PR A AP B T, X P BB S 2R B | M A A R M 4 B 2
R TAZERMIER 5 EF AR IO B 2 X MR E . PRI S TARTH
BN, X5 Z AT FEARERL 244 B GIe i A T SRR/ NI B A 1—5 XA X ], i
A2 /N AR E R 22 1 A 2 B SR B AR

PR A 4 J | A PRSI 7 U A7 2 8L L 5 2 R AR SE AR 72 0 I BAE PR A R B 24
FEN Ry, ARSI A R L E S gk B, B ZR AR/ R AR ) B
FL A Z 4 A/ AR A B 2 — 5 A, — 7 T 5050 0 B A A BB 7 A AR, s — T T A O R A A
a5, A Z AT E IR, JCIS R E AT W R WA TE R AR T 1 o EL R B 2 AR S I, SRR ]
RER AR TR WA I B i — IR A T RO P A GRS o A58 1 AN S 25 2 0 e o — PR 22
TV | EASRI ST LI I A A A R BT 2 BT BB AE R R R B A b L Rt T 5, 0
Fb 2 R SE BOMEST LUK, B 2 A ML L5 2 A ST AR 7 300 B ORI 2] 4 0 P A A R0 35 ol T 5 T e
PERTRE MG 53 2R A AN 0 THT I AG M 1R — AR 3 gl AR I A 5 6 T, R T R A 8 oA v XU 1 9
TE TR T LA A AT SR st A A A A TE 2B AR 2 v SRR S, BT ) 1L TR A B b
PEAS PRI DA 00T 450 7 Bl A7t 1 B A AR E A A LIS 06 114 /) 8 VO 00 Skt >fe 1t TR 258 R A R
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