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Abstract: In order to investigate the current population status of blue sheep ( Pseudois nayaur alashanicus) in Helan
Mountain National Nature Reserve of Inner Mongolia, field work was conducted in the winter of 2017 and 2018 and spring of
2018 and 2019 by using the line transect method. Distance sampling (v1.0.2; R 4.0.3) was used to analyze the observed

data to estimate the population size, density and structure of blue sheep in study area. Our results showed that a total of
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6299 were observed, of which the highest population size was about 2654 (2230—3161) (The 95% quantity confidence
intervals are in parentheses) in the winter of 2018, and the population density was 3.921/ km®(3.293—4.668/km’).
Compared with the monitoring data of the same season in 2003, it is found that its population has increased rapidly in the
past 15 years, and the population density has increased by approximately 53.17% , with an annual average increase of
3.54% in study area. Meanwhile, different group types of blue sheep were monitored and showed significant differences in
variant seasons ( P<0.001). The mixed group was the main group form of winter (88.03% ) and spring (80.95% ) , and its
number in winter was more than that in spring, and the lowest frequency of occurrence was single individual, which lives
alone both in winter (1.99%) and in spring (2.86% ). There was a significant difference in the population size between
winter (13.439+12.085) and spring (9.011£8.610) (P<0.001), and the population size of blue sheep was mostly 1—10
in survey season. The ratio of adult/juvenile and female/male varied from 1.411 to 2.673 and 0.934 to 1.469 in different
seasons respectively, which indicated a significant seasonal difference in population composition and structure ( P<0.001).
Based on the results obtained in current study, we demonstrate that the population structure of blue sheep varies
significantly among different seasons. In common sense, climate and resources are important drivers of species development,

therefore the further study should focus on the factor of phenology and resources.

Key Words:; Helan Mountains; Blue Sheep; population size; population structure; population dynamics
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Fig.1 Helan Mountain National Nature Reserve
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B2 SFENMEEE
Fig.2 Individual morphology of Blue Sheep
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Table 1 Akaike information criterion for different combinations of models

e 2017 FF4ZE 2018 4EHT 2018 4F&Z 2019 FEHF
Models 2017 Winter 2018 Spring 2018 Winter 2019 Spring
A EZSSHE Half-normal 2448.632 1422.803 1588.092 1248.533
L IER/ i +47 7% Half-normal+ Cosine 2447.163 1417.144 1571.399 1233.634
iﬁzﬁfji ﬁigpiiﬁ §mial 2448.632 1422.803 1577.461 1248.382
iﬁﬁﬁjﬁfﬁiiﬁiml N 2448.632 1422.803 1585.417 1248.533
51434 Uniform Error Error Error Error
15504 +45 5% Uniform+ Cosine 2446.232 1416.426 1574.097 1236.002
B 0 A+ K FE L T3 Uniform+ Hermite polynomial 2535.929 1451.610 1583.522 1251.363
Y5153 4 +7 5 2 iR, Uniform+ Simle polynomial 2470.846 1423.845 1583.471 1243.072
AU % Hazard-rate 2444.352 1415.768 1564.140 1226.812
KUK #+ 49 Hazard-rate+ Cosine 2444.352 1415.768 1564.140 1226.812
RS R+ K 45 2 13X, Hazard-rate+ Hermite polynomial 2444352 1415.768 1564.140 1226.812
XU F+ 177 S 2235, Hazard-rate+ Simle polynomia 2444352 1415.768 1564.140 1226.812

BERRW], UL XS R+ AR 5% KU 38+ oK A 22 T RXUBS: 3 + ) 5 22 X = b 415 BT A B A9 ALC (i
Hlr 5 2017 AEAFRBARAAATHR LB, EIR G XR R B o a5 R 5 B = 2 5IIRR HA S (3
SR 1901 T HAth =25 1B #4220 2200) , PRI AR e 438 AURS R Ry 43 BT I e AR5 SR . R dme I 1Y
O HTEE A 5 2 RS 38+ 4% 5% XU 28+ o R 22 TR XU, 3%+ ] 5 22 T = AL vh B A7 B e, e

Horp—F G M8 RS (R 2) .

%2 RIZKEF DISTANCE A HMARERZ LEFEMBEZTENHS

Table 2 Population density and quantity of Helan mountain sheep in Inner Mongolia estimated by DISTANCE module in R software

2019 4EHZE
2019 Spring

febn 2017 fF4Z 2018 AR % 2018 4F4Z
Index 2017 Winter 2018 Spring 2018 Winter
e AU ASE IR (RN b 5+ ) 22 I3
LB CF s ) MR RRARE RERE
Optimal model ( key+adjustment )
B Density/ ( H/km?) 3.293 1.796 3.921

) EAS XA
95% KL ELAR X 1] 2.595—4.178 1.277—2.527 3.293—4.668

95% confidence interval for density
e Aboundance/ 4> 2229 1216 2654
959% Kk A5 X 1)

95% confidence interval for aboundance

1757—2829 864—1711 2230—3161

IR+ A3 5%
2.160
1.843—2.531
1462

1248—1714
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Table 3 Sampling number, length, and parameters of Blue Sheep observed in Helan Mountain, Inner Mongolia
ZH 2017 4FE&Z 2018 4EHFEZ 2018 4E4F 2019 4EHFEZ
Index 2017 Winter 2018 Spring 2018 Winter 2019 Spring
FELREL No.of routes/ 5% 33 33 23 23
FELAKE Total length/km 166.17 158.42 118.40 116.70
LI FEEL No.of groups observed/ 204 117 148 109
S AEL Total No.observed/ H 1702 1884 1528 1180
i L% Encounter rates/ ( }/km) 10.243 12.57 12.91 10.11

Wit 2,3 115 ,2017 AEAAEMER R A 2 204 B 1702 2l 0 S AR RuE hy 2229 (1757—
2829) H FhEER M 3.293(2.595—4.178) H/km* 8 LK K 10.243 H/km ;2018 4FFFHMEL RN 752 117 #f
1884 H M5 i m LA RERGE A 1 216(864—1711) H FREES N 1.796(1.277—2.527) H/km?* | il WK Ky
12.574 H/km ;2018 FEAZRMEE R 148 HF 1528 H, e Aris il A £ AR SR 2 654(2230—3161) H Fiff
WIE N 3.921(3.293—4.668) H/km” ,# IR H 12.905 H/km ;2019 FHZWEEE A 109 BE 1180 H | 43 Hrfs H
FERVEEECE N 1462(1248—1714) H FPEREE 8 2.160(1.843—2.531) H/km* 8 W% A 10.111 H/km,

MR R 100—200 m BHE2E 10 & R B, FeHRELR HU A HEIT A 0 T6 Shya Rl , A5 2 A0 BOa 45k i 3t
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Fig.3 The histogram of distance and detection function of Blue Sheep
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3.2 CHFEFIEELE

fE 4 WEEEIHAMIT b, 2R a3 587 B, bl DI BER R A SR HEIL 561 #F, AFMEFHF
1) B AR R 7 N IR A HE (81.05% ) , T =F HH A UBSORE X S5 2D, 4 DU 8 e v Y5 A L 38 5 %
LA ZESHEFRGHWEGE R, AFRAMNEREVE R THEE(RS),

x4 FRELUNBMAELBEFEHLE/

Table 4 The number of different types of Blue Sheep observed in different seasons

£ S Sil 2017 &% 2018 4EHEF 2018 4E& 2019 4EHEFE
Different types 2017 Winter 2018 Spring 2018 Winter 2019 Spring
RATE Mixed group/Hif 168 84 141 86
HEHERE Male group/ B 3 4

WEERE Female group/#f 2 1

HERERE Male and female group/Bf 5 8 1
4N Male and juvenile group/#f 18 12 7 8
M Single male/# 7 6

P Single female/fF

2017 AT A LA RN N (8.088+7.736) H 2018 4EFH T A LA RE K/ M (15.885+22.240)
2018 AL ZEEREEH RN A (10.287+4.755) H,2019 4EHZERE R AN R (10.778+7.601) H, KA
ZET IR A HE /N TR 3G, 15 BITR A BER B R /NEE AR TR 215 1 22 il e 3 (X° = 45.781,df=3,P<0.001) ,
U T HEEMRESHV R R TAE R 5 TRAFEEV B THEENIHEHC, BRIz, ¥ AR
BT TE R /NG 1 Kruskal-Wallis H #5564 B, BT A R IR R /INFEAS [R) 274 1Y) 22 5 M9 1 I 3 (X = 39.300,
df=3,P<0.001) (£ 5, 4),

K5 TRFTARLBEREFHTHHRN/NA

Table 5 The average group size of Blue Sheep in different types of groups in different seasons

SRR 2017 4E4Z 2018 4K % 2018 4E4Z 2019 4EFEFH
Different types 2017 Winter 2018 Spring 2018 Winter 2019 Spring
TR Mixed group/ 2 9.400 20.917 10.610 11.512
HEPERE Male group/ 2 2.000 2.750

WEPERE Female group/ H 3.500 2.000

WERERE Male and female group/ H 3.000 4.625 3.000
4N Male and juvenile group/ H. 2.778 3.75 4.571 3.125

W VRIS 1) A SR B /N A3 1 DT A 2K I8 2 1) 2 A R BRI /N i A2 . 1—5 2 6—10 H |
11—15 HAI>15 H($ 6, 4) ,2017 FLF 2 2R K /NEHTE 1—10 H,2018 4F& T A LR RE R/ INEE
e 6—15 H KRR AN 25 AR 4 4L I AR B R/ INEEA T 4007, 45 SR B R AR TRI A G AE R R R 0 25 57
W i % (X2 = 129.860, df = 12, P<0.001) .

X6 TRFNARAEHXNNMIEFHYEE N

Table 6 The number of Blue Sheep group with different group sizes in different seasons

R 2017 4E&F 2018 4EHFZ 2018 447 2019 457
Different group size 2017 Winter 2018 Spring 2018 Winter 2019 Spring
1— K 85 37 18 22
6—10 H 76 26 62 36
1nm—is = 33 18 51 36
>15 2 17 38 17 15
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Fig.5 Different seasons of different cluster size of Blue Sheep
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Fig.4 The average group size of different types of Blue Sheep
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Table 7 Observation data and sex ratio of different genders of Blue Sheep in Helan Mountain, Inner Mongolia

P51 2017 47 2018 4E45ZE 2018 A4 2019 EHZE
Sex 2017 Winter 2018 Spring 2018 Winter 2019 Spring
et Male/ H 439 595 379 366
WEPE Female/ 2 645 760 522 342
1A/ WA Juvenile/ 2 574 507 625 417
B4 Adult- Juvenile 1.889:1 2.673:1 1.441:1 1.698 :1
WEHELE Sex ratio 1.469 :1 1.277:1 1.377:1 0.934:1
W4 Ratio of female to juvenile 1.124:1 1.499 :1 0.835:1 0.820:1
4 itig

4.1 HEEBE A FE R GE

B A SRR IX A SN A 2 B AR SR A S8 P R AT AT R ARG, DRI, 2 AR AR
BAR S FEP T I A RABET- R, BT AR SR R AR R N AR A, T A A R
TNV AEHFENMEE 2 TR S, SENS PSS AT, nTRE IR A . A 35 10 20 A Yo LA 45 MLl A 21 1L Tod i B
A EAESE AEARFEMZET T KRG, S BB S R A, A E A & e T AT TEYE
T, 56T N R KO0 B Aok Y & ARG, A 2 X b S b EL A B S5 A0 e 38 1 e P A
FER A ML X, A mT DR 2 Bl (2 i E R, UM 8 BEFRHY — 3B /0 JE X, — R B ik IR IR AE
WAL FE YR IR G, A T B R A v A X R, 2 AR X 3 2 M AR R A L
A 75 2% 79 DX OO S X 8 M, 0 2 e T T R TR A b DX RROE R | TR I, ) A 5 R Wl s o SR AR A ke
KFHEFEE, I TR Z 122550 T AR A X HE R R 2GR E 8 2 s a) | R ik i) — 20k, A
B S5 135 25 () Fh REESC R TR A 2 32 RS RE M) | TR E , A 7850 X EE R R Y R e A T NS

¥ 2018 AEA TR () 2L FBERCR S XIAR A2 21 T 2003 45X 58 22 L1 2 1Y V8 2 45 SRR A7 0 L, 15 4F N 52
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TR E A 2 R RE RO 2003 45 4 2o Fh e o )
2.532 H/km* K 51 3.921 H/km?, #K T 53.17% , 4E 1 WITHEAF WISEEF
K 3.54% , R T NS BL I AR X A E 10
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TN T 78 24 M A PR PEBOR T i X 0 A S I 45 4
BT —EWIRE SR R T 1G58 . AR
D (EEETRCHO) 45 55 2 0 [l 3 o 4 2 B0l 20, T
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BLE RN, A A7 A A 35 R A sk, o g i 45 300 Pkt
WK
4.2 WSEEBCL A F RS 40-96%

SR B30 o R R B ], AR A AP B T R LY
— AT X A B B B AR AR 2 — A 28
TPt KL ARBCFERE LA
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