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Habitat selection of wild boars’ three behavioral states in spring and winter at the

southern Lesser Khingan Mountains
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1 College of Wildlife and Protected Area, Northeast Forestry University, Harbin 150040, China
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Abstract; Human-animal conflict caused by wild boar ( Sus scrofa) is one of the urgent problems in wildlife management in
China at present, but usually the cost is high and the effect is little. Understanding the habitat selection pattern of important
behavior states such as foraging, resting, and moving of wild boars is extremely important for the development of scientific
management strategies and avoidance of human-animal conflicts. In this study, wild boars (5 females, 8 males) in the
mixed agroforestry area on the southern slope of the Lesser Khingan Mountains were studied. Based on their satellite location
tracking movement data from 2019 to 2022, the Hidden Markov Model (HMM) was applied to identify three behavioral
states of foraging, resting and moving of wild boars. Then the step selection function ( SSF) was used to study the habitat
selection of the three behavioral states. The results showed that the wild boars had different habitat requirements for
foraging, resting, and moving, but they all avoided deciduous needle-leaved forests, and there were obviously sex-based

differences, with females avoiding agricultural fields. Topography is the main factor affecting habitat selection for three
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behavioral states of female wild boar in spring and male and female wild boars in winter, while topography and vegetation
type are the main factors affecting habitat selection for three behavioral states of male wild boars in spring. Female wild
boars, in spring, chose habitats with high elevation and small slope to rest, forage and move, and preferred shady slopes for
resting and foraging, while in winter they chose sunny slopes with high elevation and large slope to rest and forage, and
preferred to move in mixed forests and sunny slopes. Male wild boars in spring chose to rest in mixed forests and shady
slopes with high slope, forage in mixed forests, deciduous broad-leaved forests and areas with low elevation, and move in
deciduous broad-leaved forests, within evergreen broad-leaved forests, areas with low elevation, low slope and close to
rivers. In winter, male wild boars chose the sunny slopes with high slope, high elevation and close to rivers, to rest and
forage in areas close to rivers with small slope, and move in evergreen broad-leaved forests, sunny slopes with small slope
and close to rivers. The results can provide a basis and new ideas for the prediction and early warning of wild boar

destruction in the region, the selection of capture sites and the development of control measures.

Key Words: wild boar; satellite location tracking; habitat selection; step selection function; behavior state recognition
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Fig.1 Map of wild boar’s activity area
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Table 1 Table of wild boar catch
Ligr e i 51 Pl PES AER 8] A A
Wild boar ID Collar ID Sex Age Capture time Data Availability
1 NEUJ003 WM A 2019-01-06 2019-01—2019-05
3 NEUJ004 W RIADES 2019-01-22 2019-01—2019-04
4 NEUJ00S WM DIAZ AL 2019-01-25 2019-01—2019-05
18 NFUJO15 WM AL 2021-12-24 2022-01—2022-04
19 NFUJ054 Wi Ak 2022-01- 15 2022-01—2022-02
5 NEUJ0O1 Tt DIARZN 2019-02-24 2019-02—2019-06
6 NEUWO005 PiiRe WAL 2019-02-25 2019-02—2019-05
7 NEUJ006 Tt DIARZN 2019-02-25 2019-02—2019-06
13 NFUJO13 T AR 2020-04-23 2020-04—2020-08
21 NFUJ052 ii3dn A 2022-02-03 2022-02—2022-08
22 NFUJ059 T AR 2022-02-05 2022-02—2022-05
23 NFUJ053 Lii3dn AL 2022-02-05 2022-02—2022-08
25 NFUJO0S7 pidig /AL 2022-02- 10 2022-02—2022-10
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Table 2 Data used to analyze factors affecting habitat selection of wild boar
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BT AR A R AR s B AR b 37 T o3 A B
SN BRI IE R AR 3 B FAR B G Hb 37 56 53 A B
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Fig.2 Step-length density of wild boar behavioral states
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Table 3 Average step-length and turn angle of different behavior states of wild boars
H Spring &2 Winter
EhE BE 3 i35\ BE 3l
Resting Foraging Moving Resting Foraging Moving
FPESE K +SE/
MERE P42 K +SE/m 19.9+0.4 64.3+1.6 320.2+16.2 21.7+0.3 87.2+1.6 327.6+£8.0
Females-Average step-length+SE
‘A, A AR | |
HEHE PR A (13 ) . 1.82 2.02 1.23 1.90 1.95 1.23
Females-Average turn angle( | radian| )
TS K £SE/
HEREp 230 K 4SE/m 18.0+0.2 132.1+1.9 394.4+7.5 13.0+0.2 122+2.6 371+8.6
Males-Average step-length+SE
Vi 2 S B s
HEAE-P R (1)) . 1.99 1.68 1.05 2.01 1.68 1.11
Males-Average turn angle( |Iradian|)
x4 HENBRNERSRUE
Table 4 Observation position and alternative position of wild boars
TR WEEALE(N) e E (N) TR WMEZEALE (N) FIENLE (N)
States Observation Alternative States Observation Alternative
Wit ZE Female spring MEPE 4 ZE Female winter
fif &, Resting 969 4845 FiF &, Resting 3234 16170
W Foraging 765 3825 A Foraging 2248 11240
#% 3l Moving 555 2775 # 3l Moving 1683 8415
Tt Z= Male spring T 24 2= Male winter
i, Resting 3580 17900 [ih &, Resting 3949 19745
W Foraging 2745 13725 T Foraging 1684 8420
3 Moving 3003 15015 %3} Moving 1447 7235
§D é o 5 2 o X % 2 8 £ 2 8B & o o &
% &£ BT A& 2&X@800F 3 ®n < o
sl.log . ’
ta.cos . 0.8
Ele .
Her () 000 0.6
Eve .
0.4
O e -®
Mix o L 02
Res ® 5
| W&
Bro . 0 ﬂ%
Dec . z
o @l o0 | ™
Tro o . [ J L —0.4
Wet . . .
Riv [ 000 0.6
o o '@
Slo . -0.8
Asp
on |

sl.log: 2K BXTHL s ta. cos : 5525 M O AY 124 s Ele . M5 3 ; Her: B A AYBE 5 5 Eve ; 31 28 [ ARG RE 2 ; Sro : 31 — 908 I AU HE 2 ; Mix; 3
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Fig.4 Correlation analysis
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x5 HEEFESERIBIERER
Table 5 Result of SSF models of female wild boars

T ARES AR i Exp Lower.95 Upper.95 o EE
States Variable Coef (coef) Exp ( coef) Exp ( coef) d Pr(>1z1) Significance
HE
(IS R 0.01 1.01 1.01 1.02 4.39 1.13x107° ok
Resting e -0.22 0.80 0.71 0.91 -3.51 4.52x107* o
e -73 3.38x1072  4.98x1072  2.29x107'? -3.11 1.87x1073 *
LK -0.66 0.52 0.47 0.57 -12.84 <2x10716 5 s
A -0.73 0.48 0.44 0.54 -13.60 <2x107'6 —_
e R 8.24x107? 1.01 1.00 1.01 3.73 1.95x107* ok
Foraging Wi -0.03 0.97 0.95 0.99 -2.30 0.02 #
| -0.64 0.53 0.37 0.76 -3.50 4.71x107* o
HK 0.38 1.46 1.24 1.72 4.60 4.27x1076 ok
A -1.01 0.36 0.32 0.41 -16.15 <2x10710 o
%3 %73 7.70x1073 1.01 1.00 1.01 3.76 1.65x107* R
Moving A< 4.04x107* 1.00 1.00 1.00 2.54 0.01 #
ey -0.06 0.94 0.91 0.97 -4.44 8.84x107° ok
P IS 2.01 7.50 5.87 9.57 16.17 <2x10710 s s o
X%
fih &, TR 6.20x1073 1.01 1.00 1.01 6.39 1.68x1071° ok
Resting WA 5.10x107* 1.00 1.00 1.00 2.54 0.01 #
A 3.01x107 1.00 1.00 1.00 2.91 3.57x107? e
353 0.03 1.03 1.02 1.04 5.16 2.54x1077 ok k
Wi 0.45 1.57 1.43 1.73 9.14 <2x10716 %k
Lk -0.44 0.65 0.61 0.68 -16.37 <2x10716 -
5 £ -0.71 0.49 0.47 0.52 -24.37 <2x10716 o o
BE TR 2.46x107? 1.00 1.00 1.00 2.60 0.01 * %
Foraging J& B 2.20x107 1.00 1.00 1.00 2.54 0.01 #
A 2.87x107 1.00 1.00 1.00 2.36 0.02 *
e 0.03 1.03 1.02 1.04 5.26 1.44x1077 ok
I ) 0.23 1.26 1.04 1.53 2.38 0.02 *
K 0.35 1.43 1.32 1.54 9.15 <2x107'0 * %k %
A -0.69 0.50 0.47 0.54 -20.28 <2x107'6 —_
%3 ESN -6.43x107* 1.00 1.00 1.00 -2.26 0.02 %
Moving JE A, 2.58x107 1.00 1.00 1.00 4.69 2.72%107° ok
W] 0.72 2.04 1.67 2.50 6.99 2.76x107"2 o
EK 1.17 3.23 2.91 3.60 21.58 <2x10716 ok

Coef ; [T 255 ; Exp (coef) : A XF £ #2558 B 5 Lower. 95Exp ( coef ) | Upper.95Exp (coef ) : F % & £ 50 B 19 95% W) B A5 X 18] ; Z. Z {8 ; Pr. P {H,
P<0.001K =% P<0.01 & =% P<0.05 N+ ({UEB/RABEERWER)

HOIE TR - SR RIS ) S R MV B B A T R RN E R AR ST RS A B e e i RN 1
TEAT 2 W BP0 Ol 2 A e BB/ DN (I3 g BB R B 4T A IR S 8 A 05, 7 2% 2 P SR 0 A 2 T A 1 L
JER B B A oA B A B B AT A RAS RO LE 58, B AT D ARAS S 775 K 2 Ve 4A ey IR BE /N A A 5 i 46 K
D Z TR SSAR PN PSR X, EME P A R A A TRl B BB AR B AT S 0 TR IR 1 B0 ik i e 4, 130UHE
L ZER AR T 2 IR A, B2 T EAT AR MRS 4T bk, MEPEEP IR BB sl RS T e &
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Table 6 Result of SSF models of male wild boars

TR AR R Lower.95 Upper.95 ok
lja?jjk éihle Coef Fixp (coef) Exp( coef) EXI]))IZ coef) 4 Pr(>1z1) Siiiiice
HE
Fib &, ER N -6.40x107* 1.00 1.00 1.00 -2.36 0.02 *
Resting RN U N 1.32x1073 1.00 1.00 1.00 4.75 2.00%x107° ok
e g 0.01 1.01 1.00 1.03 2.47 0.01 *
I 1) -0.51 0.60 0.50 0.71 -5.79 7.24x107° ok ok
P -0.89 0.41 0.39 0.43 -35.79 <2x107'0 R
A -0.82 0.44 0.42 0.47 -27.86 <2x10710 ok
Ny 273 -2.93x1073 1.00 1.00 1.00 -3.47 5.17x107* o
Foraging TRACHK -5.00x107* 1.00 1.00 1.00 -2.69 7.09%1073 s s
HIEFEAR 7.45%1074 1.00 1.00 1.00 3.81 1.41x107* ok
kR -0.01 0.99 0.97 1.00 -2.41 0.02 *
PRI 0.21 1.23 1.16 1.31 6.92 4.64x107"2 ok
B -0.38 0.69 0.64 0.72 -12.84 <2x107'0 R
%) ik -2.71x1073 1.00 1.00 1.00 -3.86 1.13x107* o
Moving B Lt A A —-2.40x107* 1.00 1.00 1.00 -2.20 0.03 *
JE R 2.37x107* 1.00 1.00 1.00 2.68 7.37x1073 %
AR 8.99x107* 1.00 1.00 1.00 5.19 2.12x1077 ke
¥ e AR -0.02 0.98 0.97 0.99 -5.06 4.27x1077 ok
TR -2.83x107* 1.00 1.00 1.00 -2.22 0.03 *
ez -0.03 0.97 0.96 0.98 -5.78 7.36x107° o
Pk 2.04 7.69 6.91 8.57 37.19 <2x10716 ok
Ll 0.77 2.15 2.01 2.30 21.70 <2x107' HEH
X%
[EIYSN W 0.01 1.01 1.00 1.01 4.95 7.62x1077 * ok E
Resting HEB N 9.56x10™* 1.00 1.00 1.00 2.96 3.04x1073 *
AR 1.56x107 1.00 1.00 1.00 5.11 3.27x1077 s o
HORMAR 0.02 1.02 1.00 1.03 2.64 0.01 ok
T3 -5.70x107* 1.00 1.00 1.00 -2.29 0.02 *
ez 0.03 1.03 1.02 1.04 5.02 5.21x1077 s s o
i 1] 0.46 1.59 1.33 1.89 5.07 4.08x1077 ok
PN -0.41 0.66 0.64 0.69 -22.05 <2x10716 o
A -1.05 0.35 0.33 0.37 -37.72 <2x10710 ok o
e T EE AR 1.61x107? 1.00 1.00 1.00 5.14 2.74x1077 L
Foraging W -1.16x1073 1.00 1.00 1.00 -4.49 x107° B
e -0.01 0.99 0.97 1.00 -2.18 0.03 e
B 0.66 1.93 1.77 2.10 15.13 <2x10716 -
W -0.57 0.56 0.52 0.61 -14.66 <2x107'0 s s o
%) 2 A A -5.30%x107* 1.00 1.00 1.00 -2.31 0.02 #
Moving TRACHR 6.42x107* 1.00 1.00 1.00 2.32 0.02 *
Jai B 4.23x107* 1.00 1.00 1.00 2.33 0.02 *
AR 1.17x1073 1.00 1.00 1.00 3.99 6.66x107° )
AT -8.20x107* 1.00 1.00 1.00 -3.46 5.41x107*1 ok
e g -0.02 0.98 0.97 1.00 -2.09 0.04 ¢
i 1) 0.27 1.31 1.00 1.70 2.01 0.05 i
HK 2.54 12.74 10.76 15.10 29.42 <2x107'° ok
A 0.49 1.63 1.47 1.81 9.20 <2x107'0 o

wx % P<0.001, * % P<0.01, * P<0.05, ({LHR~A 5EEFNERE)
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