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Abstract; Rodent pests often cause large damage to economy and ecology. However, as a mem-
ber of many ecosystems, rodents are beneficial to other species. Some birds live in the rodents
abandoned holes, and thus, the quantity of abandoned holes reflects the dynamics of these bird
populations. In rodent pest control, rodents should not be exterminated thoroughly, because it
would damage the species that benefit from rodents. In this paper, mathematical models were
used to study the dynamic patterns of the quantities of the abandoned and available holes and
their ratios, with the effects of rodent pest control measures and intensities on the changes of the
rodent available and abandoned holes quantities analyzed. The quantity of available holes repre-
sented the population density of rodent pests, while the quantity of abandoned holes ( sometimes
both the available and the abandoned holes) represented the life conditions of the species that
benefit from rodent pests. It was shown that under any control measures, the quantity of available
holes was decreased, while that of abandoned holes was increased or decreased, depending on
the control intensity and the population parameters of rodent species. The ratio of the abandoned
holes to the available holes was unchanged under comprehensive control, decreased under contra-
ception control, and increased under other control measures.

Key words: rodent pest control; available hole; abandoned hole; mathematical model.

MTRBOR A ABFERN BERSEIRH K B RERFERNRL. RESYMZEEER
W IR Ty X FE BATTIES, B E R BHER, R E R YA E XA &

«E K ERA 2% E S W H (11226258, 11241005, 31172247, FAF (Davidson et al., 2012) . AXEREIR
41030105 ) FIIE S22 B AL BRI B ( YQ-2011046) ¥ 8, F BRLIA X A BRI AT B A A R e

* % FIR/EZ E-mail.;
Wk B #H . 2013-04-09

livhanwu-china@ 163. com

% HH, 2013-06-28 REA MBS, AT B ESEWE 220



3038

ERE BULY

W7 R BN L)y, F S /N sh
Yy AT AT 3h ¥ | B R A5 B 7E BRI H ( Davidson
et al. , 2012) , EHT, X5 HIBFFEAE LD, (U5
BTEMER k.

W (1962) AR, 524 HURFI A B 75 19 B
REER 2 AR - RO, EZhE
Mzt AREMEF RN ERT RIF PN ERE
HFHEE ( Montifringilla) . FEJ& ( Oenanthe) 18 78
(Podoces humilis) . i & R ( Eremophila alpestris) | #
£1 B85 ( Phoenicurus ochruros) , )74k 3k 86 5 24540 &L
B B8R (Marmota) | B J& ( Ochotona ) &
B ( Cricetulus ) | 22 Fh 8% B, ( Citellus ) 45 & B K
(Microtus brandei) ., BT E % (1965) KB, VP RE R
HBIE X 5 R #E R (Citellus dauricus ) F 5 JF 58
(Marmota bobak ) 1) Bz 3R X G B 1R o, 48 5 203
F5 ( Pseudopodoces humilis) Fl— 355 46 78 5 A Bl %
( Ochotona curzoniae) FIR 7 S (FK B8 2%, 1982 ;
Smith et al. , 1990; Lai & Smith, 2003 ), MIEE 4
( Montifringilla davidiana) F1¥>EEA N HE R 7E
& B R B A ( Ochotona daurica) B P ( Smith et al. |
1990)

B HR b B, ( Meriones persicus ) | . W10 B (M.
libycus) . Kb B ( Rhombomys opimus ) | B Wi 1H 4 B
( Calomyscus mystax ) . JK & B ( Cricetulus migratori-
us) . [ 7 #h B ( Crocidura spp. ) F) B & 7 Bl &
( Ochotona rufescens ) W 7 ; 76 B /R 32 1L, # AR B
( Spermophilus undulatus ) . & JN ¥> Bl ( Meriones un-
guiculatus) = BE R A B HERBRAEESER IR
B 52 i W AP ( Ochotona pallasi pricei) 3R 7T
(Smith et al. , 1990)

P ff W7 15 ( Phrynocephalus vlangalii, Eremias
multiocellata)) LA & 5 BUSR ATIR 7CHE A Rl I B0 3%
T (Smith & Foggin, 1999) , 4343 T L 8 B JF X Y
LR BIBR L BRI ( Eremias argus) | 3 2245 4% ( Elaphe
dione) JEHHEER (Bufo raddei) 55 22 58 £5 R 75 BT
A (Bh 3 H),2008) . =R (Rana kukunoris) 2%
IR B BN A5 (Qi et al. , 2011), Ik
FHAE(1962) MER B = (L= R A0 B et DL BRI AR
FERA T

A RO FRAAESE T RS A0 HoAt A= 4 B
WAER . fEm R BRI 708 5 S 2005 o Ak
BOES SR B ARG S R ER BN ERS
A e K (3K B %, 19825 Zeng & Lu, 2009)

WEAGITRY], RRL i)y, SN E M RN
22 ( TN ANy A5 B K 42,1995 ; Lai & Smith, 2003 ;%
FLREHESE 2008 ; Arthur et al. , 2008) , FIF RGBT
B 6 SR SRR 3 B B R A 2 ~ 3 % ( David-
son et al. , 2012)

AT B EDE BT BF R T BUR A3l
AR, Hop R B 2> 0 SOR MR SR . A AR
A BB, @FELT, REENMEEES
BRAREOL B, BT LA, A 0R BB AT AR Bk B
BISEBREER . RIS R T RS T BOE# Ts 5F
HIEE, BABRAER R EHRFRLAESHHEERN
YRR Z A BRI KR HRFRE A LUy H
A YR EZ WA S, ERR N R, #
AR R R MRS, 7 VA B T R TSR B M RE
SHENGURBE EFREE ERAEE A
ROARER SNSRI, R E W IR B F UG
VIR RER G RN . T BRI B S FF 20 B B AR RS
TVKRERTT AFERT KB T 0 RIFES
SEEL,

1 BRRKET
e B RS T H0FE RA R, AR s S

W A2 Logistic SR, B0 ) BLH K r 4 T 125K b
WETET % &, FHANERT K 7 AR %

A, B (1) o (1) FAR AR
FOSERRIE S, i TR R 200 , 2P BE AL
SR I r (1 -30) WD, SR R o T i A e
/N HUTT B AL TR A, BT B o T
R URRRE L L, % r(1-%)FRKN B 5D

22, 3X B B F D 435 9 SE PR AR RFSE TR,
Bp

B—D:r(l—%)

B=bp-52%
K

L, (l-g)rx
D—d+——K

HEb 28 e MR O<ses , XEKEAY £<0 5 &>1
AFEELm. e=1 RABEHRHARNKREMAT
FhEERER AR e =0 BB ERIARE HEH
FHBERISCPRIET 3R, 0<e<] REERAE KT



X REF R FWRE T AR5 EF R34

3039

YERI TR RERY SE PR AR R AE R FEFRRIE TS &, 6
TR 7 9 B T 24 R RO S PR i AR R B R e
8. ARRSET-Z AL R E SR, KR vy &
2 — R RUE SR B T YR SN E L, A S
BRHAMEYMA, EFROER R o 2R X
FERT LU S2 A0 T B9 A B80T AR 5 9 A9 3 A R R
(1), Horb o’y 5350 x y BZEARHEE

x’:rx(l—%)

y’=[d+%’£]x—w (1)

BRI B S 0, :2=y=0,E, ;x=K,y=(b-
er)K/po BB (1) PHE—-NHENMEN x=
%HKj;(mw,Eﬁmﬂfﬁﬁxﬁﬂhﬁta+w
i x—K, MR EIEAL(1) h 8 AR A
y FTE TR AR (1) A5 0, R  E,
SRR

£ R T AR R R AR K,
BES AR K 2 1E 1, B I B A ROR SR
H (bsr)/ue 7SR5 B GRS, 3 B R
17, K R AR B 763 S B P, o
BRLIFI A 7 0 A TR L T AT AR A, AT BB
AWTLE K B, B ROR R SRR A D

2 RREHT

TEHES R AR T, AU S p(0<sp<1)
AL IR SR X RE  TERLAY (1) FYERY BT U ST
KA T HIZHERE(2) o

x’=rx(l—%) -px

y’=[d+%]x+px—ﬂy (2)

BAEN(2) BB FAE 0,:2=y=0,2 r>p i}, iE
BIEVER E,:x=(r-p)K/r,y=(r-p) (b-er+ep)
K/, RSEEI(D) R T, AISIT 458 1
BI(2) o, r<p B, 0, & MWL E ; 2 r>p BE, 0,
ARGE L E, & RWARE

Y p<r B, IE P RUAFTE, BEE p BI3E 0, AR
TRLAEW D s 25 2er-b<0, MIBEE p B3N, EFR
W 2er—-b>0, WIBERE p BIIGIN, K 371 SR 18 0
RGP, B1Hb=0.75,d=0.1,K=100,u =
0.4,6=0.2( 54, HEF 26r-b=-0.4626<0) 5 0. 8
(SRR, LT 26r-b=0.3964>0) ,

160

RIS ()
B S

N
(=4

0.2 0.4 0.6 0.8 1.0

1 RABIANEZRAHESREAZp HXH
Fig. 1  Relationship between the amount of abandoned
holes and the removal rate p in lethal control
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