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(L HEntpoll R 2B A BE, Eat 100083)
(2 FRIET B AR SR AR P £, AR 024000) (3 FRlg i ZRAR SR & R e, aRiE 024000)
WE. NS4 s R B AN E A ASE R W E WS . 7R (Sus scrofa) B “=A"7 A RMWHE &=
T, XEPREECE T B A S, RELS 5 A LSBT ARG a8, BAILhEE., T 20224
J220234F48 H 21 HZE 10 H 9 HEEFEILARI7 5 5L BT k7 28 Bkt M i B 82 M AHMLA S R S8, RA SUbETT
M. Kruskal-Wallis Kz 36 . AL 25 34T FI RT3 P87 96 07, 15t (0 I B 45 07 38 Lb 28 o B BRI EAL,
WHE 227 A G L, Hp o B 07 RRCR LTI, 20 78S ) 2% & Rl b I %8
HABIG AT MASREE, BnlE o DD 2 B9 fa 3 1 b X 3R 3 AL B AT I AR DL T 6, AT b4
iR N phsE
KB ANHopos; WASWES; T, REOTE; &S
FESZES: Q958. 1 TEkERIRAD: A XEHS: 1000 - 1050 (2025) 04 -0527 - 10

Effectiveness and economic-ecological analysis of wild boar damage pre-
vention and control measures from the perspective of human-wildlife

conflict

JU Yige', ZHANG Zhengyi’, YANG Yongxin’, Menghedalai >, HE Wei’, ZHANG Shuli*’
(1 School of Economics and Management, Beijing Forestry University, Beijing 100083, China)

(2 Chifeng Wildlife and Plant Protection Association, Chifeng 024000, China)

(3 Chifeng Forest and Grassland Protection and Development Center, Chifeng 024000, China)

Abstract: Human-wildlife conflict is an important issue for wildlife management and environmental protection. With the
removal of wild boar (Sus scrofa) from the list of ‘three species’, it is vital to evaluate the effectiveness of prevention and
control measures against wild boar and to conduct cost-benefit analysis at both economic and ecological levels. From Au-
gust 21st to October 9th in 2022 and 2023, 82 cameras were set up in 28 sample plots in the Hanshan and Heilihe Forest
Farms. Effectiveness evaluation, Kruskal-Wallis test, cost-benefit analysis, and replicability analysis were used to con-
clude that the use of the prevention and control measure was significantly more effective than the blank control measure.
The use of the prevention and control measure alone is better than the stacked use, and the infrared sensor alarm is the lo-
cally optimal measure with better economic and ecological benefits and replicability. We hope to provide economically
and ecologically feasible solutions for areas affected by wild boar, and to better manage human-animal conflicts.

Key words: Human-animal conflict; Wildlife accident; Wild boar; Effectiveness evaluation; Economic-ecological analysis

NSE A b5 R 2R A SR i A TR Z % (Samojlik ef al. , 2018), TEJRHFIX
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FANEEmLLE . BRER . hEXEF . ERE
Tei e (EALEE, 2019), il 4 iEAA HXERE
HEMF . GEMAE, I IE A A T

P ¥E (Sus scrofa) &= ERVEZER YRR, TEEM
(Snow et al. ,2016). Bk (Schley et al. , 2008) F1il.
P SCHT AR, 2018) A5 Hb XA 40 A o JEAR Ok,
T SMEEE  HbR AR X B A 5k
FERE T om A R, vl 1 S A o [ Pk ™
(HREA, 2022), ZEFIETN 53 N RAEYD (5
I 67.81%). & F KX & (8.53%). B A%
(19.32%) FIFET: (4.34%) 55 (E WS, 2023),
FOrP R B WA SR R AR AR o AETSEMR SR . PRk
ST N 611 = B Dl ENR T S 7 & A DR 3
(VT —, 20105 VLARPEAE, 2018), EYRIHEE
WM AN SR ERRE (F2E2E%,
2010), HFAFE 8—10 H HyA H R nh o 42 & 1
el FEE IR £ K (Zea mays). IKFE (Oryza
sativa) . 41%5 (Ipomoea batatas) FAL L (Arachis hy-
pogaea) 55 R B 1EY) (Andrzejewski and Jezierski,
1978). WPAE MY, RGN R, s K EL,
SN2 A: T Bl AR A= Sl A B A PR 4B
N5 B RE g B a5 g, s iR, hE344M4
FATHIX 2848 (M. ATRIX) AR, H
264 (. HIRX) 85T E (T X) 771E
B S0H X Y M AR Y A A T R A
AL

AERNARYT, SWEERE, N5 HKMEIL
A, WSR2 2023 4E 6 A 30 H, [ ZE AR A1
JRR AR RN (AEEAR. Bl2e. i
H R Bl 2R BY AR Zh ) 44 55 ), TER 23 b DX B0 ™ H Y
PO s Aok . XTI T RIFNES,
R E YNy 10 BT X A VA R ¢ {0
IR N5 B 5 R A A A B L L OARR BF 5ET
2023 4F 4—7 FHEAT T RTIISCSS A il DI Gk 5
B b [a] R I Al AT MR Bl 58, ELXT T By 4
BT A VA A T A, NS
36 X AR T 55 1L Mg 5 28 BT AR S I DX,
T2023 48 A 21 HZE 10 H 9 H 75525, If:
552022 4R A (0 FH B 45 05 28 AR TRl BE 1l (25 0k R
T %) X, RAHAZETEAL . Kruskal-Wallis £
B AR T S T HE) T M T T R R T &
MIBRNE . HRESE . S0 55 SRR

SR, AR ARG AR B R TR BE AT 4707 2
o B o NS B A S e

1 HRFZE

fifF 5T HiL X

FIMI (A25118°18' ~ 118°55", Jk4i43°59' ~
44°27") L TN S HIA X AR TTIRER, A T
A6, HhuAbh 242 08 L KRBT /R 1L S ik, LA S A
FE R, MBI AG 1) VE R B AL, HOE
J& T AR L DX PR DX B R A 1) FEA 1Y) 2o I b X
AEIEL T, EERWEZTW, 255 m R
IR 0. ] e bR i) A 2 22 0 Y 5 A I AR RUER S8 1) 2k
Wby, AR ARIEX , ALK S X B A
B IX R B AT A o i HL R g o 9 S M,
P B BRIV RN, B 4 S AR ) X R Y A
WA ZE (RRERSE, 2015) (K1 1),

MO AR (K45 118°16' ~ 118°33", Jt 4
41°18' ~ 41°35") i TS H IR X AR T R
TR VG, Hbabael kA, L& Rk
B, JEARAEF e Sty v A A U Y, b A SR
JEAE ik, LB Pk R IL A A S, H
PTG ARG, WK 2 A% o AR IX R W2 T Al K Bl
PERNAME, XFBKIER, EEMMERM, W
IR 2R, M AL AR AR, 2 AR b R TR A8 AR
[ = 3y ol L ol /N B 0 5 2 - R
2015) (Kl 1),

1.1
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Fig. 1 Schematic location of the study areas
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F= 5 B ARG UE R AR 2 0 B AR S it T
MW EE, X EROMKE., EHNR
foe e F & AR R, PR RO T AR R A
S578: N (E D (AT L ST 74 I = SR L0 o P g 218
1.2
1.2.1 Hdaskis

AW 58 AEAH S I8 19 SE Aty b 34 B AR Oy ik
G130 1: 6F1 = 24 (FK/500g : 7 MK H/g)
R ORI R, T RN S A L U K kA AL
A7 R A A5 FURE 7R U IR kg S A, Hrhar
AP BN A% T DL AT AN [ B 75 1 DA X B
B R , JF H By 3 E  oh R AR 9K 3,
ToA A B TR AT, BT TR

2t AR B S MR . B DTS, AR
) 55 56 HLI] MR 37 F e S 9 Y e A I ) 2 T oK S
J& Z AT o [RIEE ST b PR B S AR A
PEARTE, B 145 FE b B A0 BT, BEBUAAS
[F] A5 Hb [i] B K F 200 m (= FAI XN 7, 2020).
WG 20 S 86 N B 40 91 T 2022 4E 5 2023 45 8 H 24 H
F10H 7H 45d). 20234F9 HOHE 10 H9H
(31 d) 7£ 2 WL yn] bRodg >R FH 92 il A2 i 1k O R S
S N BT 20224552023 4E8 H21 HE9H 20 H
(31 d) 7E 5 LAk 7k 45 ) A8 s e si e . e
2022 4F i SR LR A L RO 45 14 SR
M (328 Heke i) A B 05 %, A HXT
HEAL; 2023 4F (1) 28 AR Hb(H FH B 458 &, Rk
e .

TER WM M EE A, ER NS
FIARIG W VAR IE VA S5 AR B L0 AN AL,
VL H A AL W, s 82 AN AHAILA A (X 25
HE2E 0 2018; T4, 2022), AHALIE E 15T 25 M
11 80 cm [ sk N TAHBLCEE b, AL HOs
AR+ R, B i 3% 2 A 4
3 5KJE SR8 60 s, HBhc SRl & B EIFTH ],
N RAREBEE K. WA H B 08: 00 $EHET 4
AFTHIL M 00 50 O I 75 P 1 v, R 21 K
BH A 52 B W45, i B ) O SR 4 s e s ), g (s 5
TR K A TR B AR R A

38 3 2T AN AEAILULIN J7 325 A S s R A 7 i, 3R
B R AR FAAED AF B o I SR S50 1 P B 1S
FEFE] . AN E . fEEIEA e FE AR
TE) (F2K) ik,

1.2.2 ARG

A 5T L)L BT A 6 B A SOW K (day). i
AREH B R (num) SORVEVIBC 3 (%) fif i
B R G T RE AR T, 2023). B4 G B 4%
AR BE 2 SO IS0 T4 21 B 3 1 R AR M
(A ARAEDIIR I 35 SCR NS S6 T 6 B 4%
AIIE], A2 BB AE S VA T AR R B A il T
BUE YL, [FIRT, 25 28BUB0E R FH 40— e Bp
LA INAT Hek RS R £ A
7 (mean + SD), DL B A E s S iy 58 2 (8] 1) 22
5, FIrE BRI T Excel 1 Stata EF 7 A
1.2.3 Kruskal-Wallis ¥ 4

M T AR ST Ry /NFEASBCE . ULI{EAH B ST
HAFETEZA 4, EE Statal 6 #4247 % i Kruskal-
Wallis £ 35 70 B 25 U B 58 L 3Rk ) 58 S By 42
WETE, 3P B EE A UK
R b 1) B R 500 SR AVE AR R 3 A TR
FAEZES . @i EREEEME @) kT
Kruskal-Wallis £ 56, #EHP < 0. 01 1F y i 25 14 H
FERNE, P <0.01, W 4R R (RfEix
3FPAS TR By 1 7 S A B AR ). o T i — 20 R
KPP RINAEREEST, FHITZHELK B F
BEGE, 2023).
1.2.4  JRA-ZLZE W1

A ST I BE B (0 5 56 B AR A s A S R as i R
Pl A . EL Ak 25 TE ANERPERRAE HL O S 90 4%
SR HE S MBSO, AR R R A R A E RN
FE A R BT 7 At SRR A 25
R (UNFCCC, 2011), %5 AR i 2ok R o2
TR 35 5 AT L #3035 AR Lt (BCR) 24
KU

. B, " C,
BCR:Z”“(I +i)‘/2'=°(1+i)‘ M

He, B. CHORNFIRETREEMBA, ¢ FoRITH
Wi, FRAE S LR

X AN ST 5 AT AR e, T AR
AL, TG RALE o), AR

AB _
AC

(O Bu(1+i)" = B,(1+i)")

(D> C(+i) = >" C(1+i)")
Hr, B, B,MC,. CAorMFERFkTRSH T
STES MRS FURAS o A 3G T 25 AR LR 17

(2)
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B, WHREM G — D RMATE &, SR EAL;
AR AR R IE B, E B R — A
ARTEAR, SRR T

B BT AL RS A0 B, S HE S U R[] B
BRI L= AE B, WS BE B R A
T B = B A e, Bk RE AR IO ALY AR
G ETY AR

A B AR EL A AL 5 B R R 5 R ARDRH B
HART RN B — Rtk , AR R
aEA, IR R E B AT, M E T2
S, H 2 DU S T HA I 5T 9 S Bk O &
PIA — s S B s, BRI 7 — B i Uk
PR 3k ) B e

7 R AE T 5 M ARAEY) (oK) 7= HEal R 1
BRI GS B A B B E AR A i R (4 ]
PSR RE . TS BRI R 2 KA
g rsgm, HA—E stk Wik, RuETE
X485 TS B T I R IR ST SR W, HH s LA
JEV I3 TR AN 110 2 56 0 W7 B S Bl SR e A ofe . e,
LTSN TR AR B R, e Rk
Bl 1.276/500 g PF5, oAb Sy By 5 1) S B
5 B Sh W ECE AMAARYE 2023 4F 1 A 5 H A 1Y)
CHE BRI B AR B A sh i B0E #MEE HLINR)
Ho e i A EY . GBI, B
P ARRE Y HOZIRAEY) . AT M
M, AN 60%; AR SREETE AR AL
BRGEMAESWS Die RICEA, A& R
SV L KIRM TR . EHOE RS R R A
B AR WA ARV R S
fRorim, ST EAE IR, AR SCS e A
(2003) (IAFSE, BT LESEEPREMESRGEAS
MRS M E R, RADS RN PR A LT
WML (F D).
1.2.5 WAl

— b A B A O R R U A
Wy B — A1, P IR ) R B E S
A ZIME, AT O BT b (IR
2023), TP EAESMESBKR, AR HE
KREMEANT, B, 0 M m, TR
M SRR A S AR, 2
ZEARAEY = L. AR T R B M S
FINMIG I TR T R MK, PEEBAL, Hok ke

®1 FERBESRGELEMERESRSMNER/(ST/Hm’)

Table | Chinese ecosystem services value unit area of

farmland/(yuan/hm?)
H: 2555 Ecosystem services 4% [l Farmland
SRV Gas regulation 442 .4
SAEPAAY Climate regulation 787.5
JK VR FF Water conservation 530.9
+HIE S5 - Soil formation and conservation 1291.9
JEYIAE PR Treatment of waste 1451.2
W ZFEHEAR YT Biodiversity conservation 628.2
BEYH: 7" Food production 884.9
JFFF#E Raw material 88.5
125 304k Entertainment and culture 8.8

AR R RO B 5 T 30% S5 BB RN S
i, HHEAT IR A R g o0 B, A A AL
AR o M AR TR B 25 58, U al DLSR SiE A 4F 5
SERBENS W) .

2 &%

2.1 BT RA R

22 A B R T R R B 5 SR A Bl A A
W ACRE M A B R AE M IR R R T L
LA S [FAFFERE A T [ 9 B 4 T
2, MIAE Dy AR fa F B A 800 . AR
b P A R SR AE 0 R AR b L ) R I A
FEER (R2). EZS AR IR . 8 F 9K A
BB B O B A SO (0 +0) d.
(22.00 + 15. 86) d 1 (20.39 + 10.42) d; & A
B (2,03 £ 1.29) H . (0.60 + 0. 52) HAl
(1.00 + 0.59) H 5 RAEYIIK 50510 (16.58 +
11.91)% . (0.27 £ 0.50)% F1 (3.41 = 7.43)% (%
3)o A ERIRT A HAR S5, B A %0
T, B ABE T L | RIEYIRRTT R,
2.2 R[EBE4E 5 500 25 v o dr

25 U BT 26 Rk SR RN By s e AR B i A
RO PR B AR A O 3 3 AT T ) Bk
SERZEME AT R 47. 41, 18.26F133. 17, SGiitHadh:
JaHP<0.01, BPREdags “3MBiesJr Za0A AL
PEARIRD BRI, 34 RAE DA R EAEAE
W2 (£ 3).

ZHE IR TR, 2 AN TR 5 3Kk )
KB B Z R B A A AR TE R B 2R
(P<0.000 1), T73KkE 55 B 45 % HZ 18] 1Y 25 AN
BFE (P =0.1855) (% 4).
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Table 2 Results of repellent, infrared sensor alarm and ultrasonic repellent experiments in Heilihe and Hanshan forest farms
BrE AT o -
- ; . B A K PR 7EPRES
Validity period of the prevention Number of wild boars entries Rate of crop loss/%
and control/d
S Ji % Experimental methods S 1l S 1l S 1l
14 et 14 Bt b 14 et 14 Bt b 14 et 14 YUt b
14 plots in 14 plots in 14 plots in 14 plots in 14 plots in 14 plots in
Heilihe Hanshan Heilihe Hanshan Heilihe Hanshan
1:33K3#E5 1:3 repellent 14 5 1 1 0.90 0.13
1:33K3¢5] 1:3 repellent 14 4 1 1 1.42 0.33
1:6 BK3EE7] 1: 6 repellent 26 5 1 1 0 0.24
1:24 3R38E5) 1:24 repellent 45 31 0 0 0 0
1:24 BK3EEF] 1:24 repellent 45 31 0 0 0 0
21 AMER N AR 4 Infrared sensor alarm 31 16 0 1 0 0.04
LT AR 24 7% Infrared sensor alarm 31 14 1 2 1.45 0.05
21 HNEN R AY Infrared sensor alarm 31 8 0 1 0 0.08
LT SR + YR 7 . ; 0 1 0 0,45
Infrared sensor alarm + Ultrasonic repellent '
LM RTHEARRS + R YR . 5 0 ) 0 0,30
Infrared sensor alarm + Ultrasonic repellent '
STV B 2% + TR 2 . 5 . , . 0.3
Infrared sensor alarm + Ultrasonic repellent '
PP IKEERS Ultrasonic repellent 31 18 0 1 0 0.05
B 75 AR e R Ultrasonic repellent 12 19 1 1 0 0.05
R P BRBERS Ultrasonic repellent 30 16 0 1 0 0.45

xR 3 AEMEARR Kruskal-Wallis #3825 R

Table 3 Kruskal-Wallis test results for different prevention and control measures

IS POPILYE S Lisiisl By 2 7

2z
73 Measures Blank-check measure Repellent  Containment device s
54576 %130 Validity period of the prevention and control/d 0£0 22.00+15.86  20.39+10.42 47, 41 %% 0.000 1
TF54 i A% Number of wild boars entries 2.03+1.29 0.60+0.52 1.00+0.59 18. 26%** 0. 000 1
A5k % Rate of crop loss/% 16.58 £ 11.91 0.27+0.50 3.41+£7.43 33. 17%** 0.000 1
X RRPIEZAE, o RRTE 1% K L2
X’ is rank-mean differences, *** indicate significance at the 1% levels respectively
x4 TAREARNSELE
Table 4 Multiple comparisons of different measures
e : Bis #2728 o EPRE AR C R :
i X t.l: % Validity period of the P Number of wild Piit Rate of crop Pt
Measures Comparative measures g P value . P value P value
prevention and control boars entries loss
23 P %Ry % 3k 7
X At 27. 80*** <0.0001 21. 10%** 0. 000 2 27. 80%** <0.0001
Blank-check measure Repellent
25 P %t IRy Fdekk
= FLA U5 B].ﬁ;“iﬁ . 28. 11%** <0.0001 13, 17%%* 0.003 8 28. 11%%* <0.0001
Blank-check measure ~ Containment device
DR RER i oz ok
kit ) Q]E‘XE . 0.31 0.4807 7.93 0.108 7 0.31 0.1855
Repellent Containment device

RN EEME, RN 1% K7 ERE

The values in the table are rank-mean differences, *** indicate significance at the 1% levels respectively
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2.3 ARG £S5 BTBEHROMAHE
% 5 jl\@n? T % Iﬁ‘T 7:7 7% E/‘J ﬁi zti Eﬁ QE] =R ,ﬁg @/E',\% Table 5 Cost breakdown of different prevention and control measures
X X ] Bl 0 ) 22 i 2E Rb M/ (58/500g)  HU/OT
%“ IJ 5 EE7K Lﬂ *Jr E/J$1JI ’ U &%Iﬁﬁm%ﬁ JﬁZIK ° # A Input Unit price/  Unit price/yu-
/E\:EF' , %%ﬁu%{ﬁj’ﬂ IOfE/SOO g, iﬂﬁ’fﬁ]ﬂqim\ﬂﬂ (yuan/500g) an
1.8 JC/500 g, ZI A1ER N 2 47 £ F1 B 75 I 9Kk 2 M5 Flavouring agent 10 —
A3 50k 55 0/ 20 T/ FKAAAL Corn feed 1.8 —
iR FAT R4 R 6 R . et ﬁiﬁxé@fm - o
IS . N . L0 Skt 1 t — .
G AR 1 SRR B . M 22 857.26 00 4T T b
R 5 S (1 A 2 1:24 3K3EE57) 1:24 repellent — 68. 4
il:‘m\ ML - ﬂfj - - A A L1 HNEN R4S Infrared sensor alarm — 55
fiefl, 7710 119. 78T, R P BRBERS Ultrasonic repellent — 20
RTEI T ARITT LT B R2S A e ST BT 58 A R
e 22 5 JANG | Infrared sensor alarm + Ultrasonic — 75
Gif, RIEMATIHTRMAMNEIHS], 4 el

VIR VR SIS AR N IVE S8 o R el =
XIRTT GBI A A A LG, LABKZEHE. TEFTA M H Ay 2R (B R s AR He 3 TE 8, 1
figdertr, FCA Ry S OB L0 E AT MLy 58, 20 ARV S Rl L
(14 I AN 25 AR LU R, HLADAMBR E WA A Saas i,

Ro BUFAERTRIOMAAME (BA: TT)

Table 6 Benefits breakdown of different prevention and control measures (Unit: yuan)

7 7 pL
%45 Benefit EARZETEA LR Corfi)gfli]t?io%r ikage AL B
Economic benefits of maize 1 Ecological benefit Total benefit
caused by wildlife
75 X IR 77 %€ Blank-check measure 8 758. 54 2132.04 3280.39 14 170. 97
1:33KEE5] 1:3 repellent 12 285.30 17.28 3456. 84 15759.42
1:6 9Kk 1:6 repellent 8 790. 00 0.00 2 649. 66 11 439. 66
1:24 DK R 1:24 repellent 11 605. 50 0. 00 3 566. 85 15172. 35
LLHMNERE A Infrared sensor alarm 17 572. 80 104.33 5180.13 22 857.26
ST AR AR 2% + 7 I I3
,I%‘m‘ﬂj:.?&%ﬁﬂ@m/ﬁ‘iﬁﬁ%% 7 739. 60 135.90 2244.28 10 119. 78
Infrared sensor alarm + Ultrasonic repellent
A I BKkER Ultrasonic repellent 12 768. 60 18.19 3 863. 41 16 650. 20
x7T BUWPERTROGEREM AL
Table 7 Incremental benefit-cost ratio of different prevention and control measures
’ LLAMBN B A+
75 X IR ; . FA V0 . . \ S v T e
s I sy OB ummn e SR 124 BRBEA A IR
i g%’lmﬁil‘th ﬁm . éﬂi%% . . .
. Ultrasonic 1:3 1:6 1:24 Infrared sensor
Incremental benefit-cost ratio Blank-check Infrared sensor .
repellent repellent repellent repellent alarm + Ultrasonic
measure alarm
repellent
25 {4 %) B 5 %€ Blank-check measure — — _ _ _ _ —
75 9K e Ultrasonic repellent 123.96 — — — — — —
LT HNEN R 4% Infrared sensor alarm 157.93 177. 34 — — — — —
1:33KEEF] 1:3 repellent 28. 47 -24. 88 -8872.30 — — — —
1:69R3kE5 1:6 repellent -47.42 -138.58 -4391.38  -2399.87 — — —
1:24 3K 35 1:24 repellent 14. 64 -30.53 -573.50 -46.59  345.62 — —
ST HN R U 0K S
ELAMLEC R 1 + 87 WA AR 33.06 -118.73 -636. 87 -293.73  -75.86 -765. 54 —

Infrared sensor alarm + Ultrasonic repellent
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(A ER RIS, Z0AMNE N A 2% 588 5 I K
5 2 T FH A b 0 1 ey e i e B o 1 1
HRL RS WU F o —636. 87, AH FU B A5 )% DK sBE 25 Bk
it FH Y 18 25 45 AR B R - 118, 73, Btk iF
— 25Uk B 1) & A PR B A 5 3k as AR 3
] B 485 5 7 S WA A5k A A, SR R i SR AL
SAE B IG H B A RON L S ACRE b 0 B8
FARNE IR AT Wi S
2.4 AHESHEST BT

0 B K B A B T 30% JE v E R A T

LIRS A L, 25K, 200NN 24
AR L LAt T 58 B R RS AR L B IE R,
FH G2 P B 58 B8 7 I Rk 2, O R AL A
B F A3 5 R 194,95 F1219. 265 HAlAT-fa] J5 2 4H
R S RAR I E e IR b E T N S il
B, Q1 3 KRR LR 2T A1 ER N g ) 3
RS A R -10 887. 71, X HE— B HAE TS
LT AR S g o H R SR e, BT
I (2 8),

R MNP RTT RIEEN AL

Table 8 Incremental benefit-cost ratios of measures in the replicability analysis

. LLAMERR s +
BEHIE o AR " " e
D O g MBI S 1 omA 124 SRR R B
AL RS A L GES . EErE 1 . . .
. Ultrasonic 1:3 1:6 1:24 Infrared sensor
Incremental benefit-cost ratio Blank-check Infrared sensor .
repellent repellent repellent repellent alarm + Ultrasonic
measure alarm
repellent
25 1% I8 )7 %€ Blank-check measure — — — — — — —
B BR3BERS Ultrasonic repellent 152. 40 — — — — — —
2T HMER N AR 4 Infrared sensor alarm 194. 95 219.26 — — — — —
1:39K3kE 7] 1:3 repellent 36.06 -28.94 -10887.71 — — — —
1:69K:#E5] 1:6 repellent -58.36 -170. 47 -5416.81  -2985.29 — — —
1:24 3Kk 1:24 repellent 17.78 -37.86 -709. 43 -63.19  423.83 — —
y E\z 73 71— vk 1 o
ELAMENLE R + 7 B AIO f -66. 08 -145.52 -783.90 -362.90 -91.62 -935. 09 —

Infrared sensor alarm + Ultrasonic repellent

3 itk

ARWFFEITE TR PR I CHEZEAS . B
AL ERR AR R A Sh Y2 5k ) L AR B
A AR Ak R T TR S A 15 sl P B o T Ae A A
&, AESE S A A A A 00 AR AR S A A
FORBERE B AR EP A o AT R ORI I 58 19 it
W, B SREF R B £ 5 R AP 2 () A, Bk
HENG S, B Lk B A A R — R Bl e — T A
YR AP —Z R — R R IR R,
AHIFFE F2 BAR G 2 P e AR BOLME BT #5205 S 1
ARE R A FRHESRCR

HARRUL, XF T 7 e B 42 07 S i 1)l L
AR5 BB S5 18 2 TCIe R MU R B 4207 58, 4T
RAIS e N S e [ Pl e PUDNC E o T UL
GEAE TS S A AR R X — 5, AR E R
22 SR FEAR BOE LRy 5 05 58 sl A0 By 5 07 5
MIRCR (FRE4AE, 2022).

X TR R — P T Rk RS IR, A
T IA Ay Bl feft P Al S50 1 7 45 07 28 I R AR
TEMMEH . XFTRES — e 45 RAATE 25 5,
FEANA 27 5 A Ry B — B P R i S8R AT B i iy ik
TR Rl HEE MG A TR, 8L
AR &SR, BURBCE T ER . ek
W2 e VA R T AE 2 A R i (Massei et al.
2011; MK JIT, 2020; Zhang et al. , 2024).
At A 2 35 4 v Y b e B LR IR s 5] L
PRI 4 32 B 4 B0F ORI AN B (Cai et al.
2008). Pk, ARG RWA —E NS, B
SR ART 2T A 2R s i A - R P I K R g 114 2 £
RORAR T LA B s S i ], ALV
e, ZLAMERN i e R I KR A 0 AT fE
SR AT, BUEES R E REEZ W
TR T 7 AR RN, X ST AT RS i X B
BERRE SRR, IR BT BB AT R 2E i i — IR
Bl Hk, ARBFRME T80 LABBOER 5,
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B A T AR L B — (i F B, 3 AT BB 5 W]
ENTIEESE S

X BT Bk, AW A RN N LS
TN B A N R TR LT % o A — R BLE AE
IR B, 2L AR T i A 7 T R 2o 1 B 4 O
B AR R IEAES, B I A ) H S LUK
EERPAA o 7 RS HE OO B A O IR (M AR A
2009). i 75 ¥ SR 3KGEE BT AR S A IS AR T
F [ — 86 4 7 iy A B AP 7S KGR B AR s, g
AR L R FELEh Y Y R R[] 2 A Y S B
I %8 H %4 (Damiba and Ables, 1993; 5K 4% K 4,
2015; ARBCRIXIP Jr, 2018; # FH XK T,
2020); AR Y 2 R ] — 2648 9% 1 10 R b L
il — e i TR, T4 A R R
(O’ Connell-Rodwell et al. , 2000), ASHFFEHEIN T #
FOR BV BRI R, A RBORAN T KT i
() SCHR B D (1 AR BB B 4500 5 SCHik G AR
4 19. 1%) BBREEG (=55, 2022).

AW FRASAFAE— L 0] DLk 1y . A5
A it N B 5 TR 5 > T A AR B A AR R 7 A
i, —Jrm, ZEs| (hae AR B AR )
Yiikdrk) SR EEZy . s BEY . BT
Pl B A MR TR, Y AR BE
B 0O i, ST Y HLEE A U R
ZHedT, AW ST 3R UK JE P o A ] S A PR
(5258 )7 vk o (B BIF 9% 3R WY SR BT M B 4 % 54 e
b ek A B R X AR AE W B B (Geisser and Reyer,
2004), JRZEATTEE— U], AEEOEMER TS
PR NS A B B, B AR
JE B BB A By 45 5 v e ik T B (Bobek et al.
2017). A RBECHP X R DE R, BER 1T
DATRGH | RS AR BT 8 A AF %5 2 (Snow ez al.
2019), SR, ZIECPREE, BEA TBomimIE: .
PSRBTSO B IR R SETT AR . IR B
AU FAIE H A5 s 400 3 A 2 PESE R (Mas-
sei, 2011). MAEFIAEAT LI | 3HRITTHE, Arfy
P K 4 PE M X 8 5 (Quurds-Fernandez et al.
2017; Da Rosa et al. , 2018), & B ¥4 b5 5 1) & FH £
A (Ballari et al. , 2015), I, KAWL
FURE R G A, SRR S0 07 1, REA
[F) T L5 L5 00 B W 5 1 OR300 5 il 4 O
MALE A, X B B AT A, JFATBY DL

ARV R

Zg BT, ARBFIEM G 2022 4F 5 2023 4E R 06
i 28 BRI 5 28 1L AR 1 S R F R, SR A
RO . Kruskal-Wallis 8 56 . B A 2% 25 70 B
FURTHES o5 s, BR981 3.0 11 6F11 = 24
ORREFR, £T AP ER N B R AR R D Kk R 2 21 4
Ry e 4 5 L P U0 R SR S P 6 e LA B 4%
FRBRNE . 2590 KU MAES RS &
I I SR 1 E U SR A S ORI 3
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A A BCRIE RN TRl il 2T AR
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