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Relationship between population density of plateau pika and environmental factors

QI Yinglian', MA Youlong’, ZHANG Huiwu’, CHEN Zhi'
(1. College of Life Sciences, Qinghai Normal University, Xining 810008, Qinghai, China;
2. Qinghai Communication Vocational and Technical College, Xining 810003, Qinghai, China)
Abstract: Plateau pika (Ochotona curzoniae) is a small mammal found on the Qinghai-Tibet Plateau. Some plateau pikas
can improve alpine grassland biodiversity, improve soil structure, and help maintain ecosystem stability. However, when
population density is too high, grassland degradation may occur. Exploring the factors influencing plateau pika population
density can provide a theoretical basis for the scientific prevention and control of plateau pikas. Hence, elucidating the
determinants influencing the population density of plateau pikas is beneficial for preventing and managing infestations of
plateau rodents. In this study, the effects of 16 habitat factors on the population density of plateau pikas were investigated,
including meteorology, soil, topography, vegetation, and human activities. The main modeling factors selected from the 16
habitat factors by principal component analysis and Pearson correlation analysis were annual average temperature, vegetation
height, altitude, and soil hardness. The Generalized Additive Model (GAM) was used to establish the population density
prediction model for the plateau pika. The results show that the model has a high degree of fit (R2 =0.946). The GAM can
assess the potential disaster risk of plateau pikas in the Qinghai-Tibet Plateau with a significant negative correlation between

soil density and pika population density. Altitude, vegetation height, and average annual temperature had a nonlinear
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relationship with the population density of plateau pikas. Moreover, the population density of plateau pika reaches the

maximum when the altitude is 3 800~ 4 000 m, vegetation height is 6~ 8 cm, and the average annual temperature is

-2~0C.

Keywords: Qinghai-Tibet Plateau; vegetation factor; population density; principal component analysis; generalized additive

model; soil factor; meteorological factor
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Figure 1 Distribution map of pika survey sites
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Table 1 Basic characteristics of habitat factors (n = 28)

HAEBER ¥ R/MA PN <N FHME ik

Habitat factor Minimum Maximum Mean Variance
T 4315 Soil hardness/N 26.52 54.28 41.09 + 1.56 8.25
13 H1 5% Soil electrical conductivity/(dsm ") 0.01 0.19 0.08+0.01 0.06
+ 38R ¥ Soil temperature/°C 10.30 25.38 17.17£0.97 5.15
13947 7K B Soil moisture content/(m’'m ) 0.04 0.41 0.21 +£0.02 0.12
+48%5 5 Soil bulk density/(kg-cm ) 0.47 1.61 1.04 +0.06 0.30
75k Elevation/m 3031.00 4 699.00 3842.54 +102.94 544.70
I FE Slope/° 0 14.20 6.03 £ 0.80 4.26
T = Vegetation height/cm 1.51 15.43 6.28 £0.81 4.29
T #2E Vegetation coverage/% 0.20 0.99 0.69 + 0.05 0.26
H 1= Above ground biomass/(g'm ) 5.58 135.65 47.39%7.09 37.51
143 Annual average temperature/C —4.44 3.67 —-0.59 +0.50 2.62
4% /K F#: Annual precipitation/mm 238.92 737.69 457.65 +23.94 126.70
EWFIFHESE Annual relative humidity/% 49.26 64.64 5532+ 0.94 497
IS KBA%E ST Annual solar radiation/(MJ-m ) 6 459.61 7475.52 6 948.91 + 60.20 318.57
435 X# Annual average wind speed/(m's ') 1.23 3.76 230+0.14 0.72
A HE 25 Road distance/km 0.03 1.56 0.36+0.10 0.52
6 %0 11 %% £ Effective burrow density/(burrow-m ) 0.06 0.36 021 +0.02 0.09
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Table 2 Characteristic values and cumulative contribution
rates of habitat factors in plateau pika habitats

. p EALK TR
o ms wEE e n A BPULICE
Item Composition Eigenvalue creentage o umuiative
variance/% rate/%
PCl1 4.07 25.42 2542
PC2 3.14 19.59 45.01
PC3 1.97 12.34 57.35
PC4 1.76 11.03 68.37
PC5 1.46 9.14 77.51
PC6 0.94 5.86 83.37
VI PC7 0.71 4.44 87.81
ok PC8 0.49 3.04 90.85
Initial
eigenvalueand  pcg 0.42 2.62 93.47
contribution
rate PC10 0.31 1.94 95.40
PCI11 0.25 1.54 96.95
PC12 0.17 1.09 98.03
PCI13 0.13 0.83 98.87
PCl14 0.11 0.66 99.52
PC15 0.05 0.30 99.82
PCl16 0.03 0.18 100.00
PC1 407 2542 25.42
PEURHIE(E KX
Tk % PC2 3.14 19.59 45.01
. Extract PC3 197 12.34 5735
eigenvalue and
contribution PC4 1.76 11.03 68.37
rate
PC5 1.46 9.14 77.51

HEAHZEMRIES /DT BME. 228k,
i A& DR B SRR R A IR AR 4 A
Geks AISIREPSNC: TSI

23 TTXMMEBE RS

GAM BB 7 Bt 45 R EoR, 2 4 DR 5 2947
FEIT AIC B 5 /)N, S A4 2 AR - A0 R k. Al
B N R GAM BERY, Rk A h:

lg(Bdensity) = Bo+ s(Ele)+ s(Vh) + s(Sd) + s(Tem) + €.

2
e Bdensity 37 5 IR R A RGW 1V B By N
H 5 s(x) 9 Ak B A A B T R O T RR R
Ele 7R #Eik: Vh R = B s Sd Ron LR

Tem KR FEH
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VTR A v R AR R S v R R R T R
w2 e RARR L R, m R R R RO % R 5y
WA T #E3R 3 800~4 000 m. i #% 5 F 6~8 cm. 4F
B E-2~0 C Bk B 5ok (K 2). 4 MR 7
AR R PR R A o R G v TR R A 8 1
JE B S AR B T R R

N 0 AR IR R R ()R L OB T R TR &4
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Table 3 Rotation factor loading matrix of plateau pika habitat

H T %43 Composition
Habitat factor PC1 PC2 PC3 PC4 PC5
43875 % Soil bulk density 0.83 0.07 -0.07 -0.11 —0.34
1154 7K & Soil moisture content -0.19 -0.80 0.10 0.21 0.23
115 FF Soil temperature 0.16 0.29 0.64 0.43 0.02
3 H 5% Soil electrical conductivity —0.67 —0.61 —-0.17 —-0.02 0.08
31 FF Soil hardness 0.05 0.01 0.09 —0.10 —0.85
FE#% T Vegetation coverage -0.05 -0.09 0.06 0.73 0.09
Hb_E A8 Above ground biomass —0.28 0.17 0.84 0.14 0.06
FE 1 75 Vegetation height -0.85 0.32 0.67 0.11 -0.11
B FE Slope -0.06 -0.05 0.20 -0.01 0.67
34K Elevation 0.92 0.06 -0.03 -0.22 0.20
iR JE Surface temperature 0.13 -0.20 0.77 -0.32 0.19
FHXHIT¥ Relative humidity -0.12 0.83 0.30 0.11 0.12
KBA%ESS The sun’s radiation 0.47 -0.07 -0.18 -0.06 -0.09
P XGE Average wind speed 0.14 —0.19 0.01 —-0.79 -0.33
£E175 Annual average temperature -0.20 -0.16 0.05 0.87 -0.27
AR B Road distance —0.04 0.65 0.12 -0.01 0.59

F4 GAMEMEEFEEZREFHTRERY
BEHEREEM
Table 4 Significance of smooth terms of the modeling
factors in GAM

- I HIE df "
! B
Model fliitf =% F P Significance

Estimated References

8.540 1.06x 10~ Kok
5.078 0.002 380 ok

Vh 4.683 5.556
Tem 3.244 3.881

Sd 1.000 1.000  18.053 0.000 125 oAk

Ele 5.662 6.198 12991 1.56 %10 HoHE

ElefR iR SAFR R IR VhR RS RE: TemERAE
.

Where Ele is the altitude, Sd is the soil hardness, Vh is the vegetation
height, and Tem indicates the average annual temperature. *, P < 0.05; **,
P<0.01; *** P<0.001.

+ 5 v B AR SR B R AR G R BB SO A B,
H#S 2R ArcGIS Fil MaxEnt &5 45 8 M\ K R 2543
BT 5 R o0t s S R AR 2 A s T, i w20
44 MaxEnt 155 8 F 57 75 I 980 It 3k s B A 19 23 A

THI AR, 45 SR 2 B B 000 755 1A DA 0 358 72 DB R % 20 A 10 32
TR R T e A e O A AR T2
KE. ARFREERE Wu ™ a5 4 BRI, R
DRI T i S BT 90 1y M R R S IR, 30 kS T R B 4
(BB RE TR RN 2R,

GAM #7145 L 3 W - e A 1 5 720 J5 B 2
T 101 %5 BE 22 ) B R e O B U R B S 7 k0
50 /N B0 M IX A0 A 85 % . — 7 T, b 390 R Ak
AR T LR S s . Bt At g
() BF 9 36 B e J5 R G 3 W TE b R R BT H X 3
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Figure 2 Modeling the effect of habitat factors on the density of available burrows in plateau pika
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