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Theory model of the multiple-species economic threshold of
farmland rodents in rice fields, South China
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Abstract : This paper deals with the theory model construction of the multiple-species economic threshold of
farmland rodents in rice fields, South China. Three rodent species including Rattus rartoides Hodgson.
Bundicota indica Bechstein and Mus muscitfus. were studied. The sampling sites were selected in
Dongguan City and Boluo City of the Pearl River Delta: where characterizes with alluvial plain and few
hills or low mountains. Two mulriple linear regression models were constructed by analyzing the relations
hetween the yield losses rate of rice (3) and the capture rates of the three main species of rats. The
concept of equivalent density of rodent was proposed. Equivalent density could be used to define the
standard quality damage and to calculate the total damage caused by the three main rodents 1n the
farmland. B. indica was determined as the basic species of rodent. By comparing and computing the
coefficients of two multiple linear regression equatjons. the results showed that the damage ability of one
B. indica () equals 10 that of 4. 084 individuals of Rattus ratordes(r)) and 31. 593 individuals of Mus
musculus(r. . The quantity of total density of mixed population (r) belongs 10 the area [2.4R80.5,8701.
Models were made to simulate the relationship between r and the rate of yield losses of rice (yv), The

simulation results showed that the mean arithmetical error to the rate of yield losses of rice {3} is smaller
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than 7. 79%. To formulate a policy for farmland rodent controlling, it was considered that the best
opportunity for rodent controlling is at the period when the rate of yield losses of rice increases slowly and
the density of mixed population is also lower, so that the cost of controlling should be lower too. Based on
the models (14)~(16). a basic principle to draft the multiple-species economic threshold (MET) should
be that; MET < r.=1.3404. By using the calculating equation for economic permitted injury level (EIL),
the multiple-species economic threshold was calculated (see table 5) under local different conditions such
as rice yield. price of rice and effectiveness rate of killing rodents.

Key words;South China; farmland rodent; multiple-species economic threshold; mathematical model
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2.1 WiELE
FRARIBETRYKF-RARRSREREZEXRANWE TEIERE TR,
B ¥ =— 0.099 + 0.337x, + 1. 4582, + 0. 036, (1)
] ¥, = — 0.425 + 0. 378x, + 1. 45272, + 0. 064.r, (2)
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Table 1 Rodents density and the rate of yield-loss

B8 Early rice M R Late nce
& BUFh R &R E
B X Capture rates of the rats ()4) ]j;ﬁﬁ:t$ﬁ Capture rates of the rats (24} ?};ﬁfg;i:;ﬂ
Quadrat % £ R ﬁﬁtﬁ' (S Rice yield loss HER ﬁﬁﬁ HRR Rice vield loss
Rattus Bundicotu Mus rate (%) Ratius Bundicata Mus rate (%)
raftoides indica psceelus rattoides indreu rraese el s
| 2. 60 (. 65 1. 95 1. BO 5. 28 1.41 11. 27 4. 15
2 3.17 1. 06 2. 82 2. 45 7.41 1. 48 13. 83 5. 50
3 1. 38 0, 00 3. 65 1. 53 2.69 0. 00 3. 39 1. 05
| 3. 36 0. 34 0. 67 1. 50 11. 53 2. 71 11.18 8. 62
3 2,17 1. 45 2. 80 2. 91 3.70 2. 986 7.41 5. 80
B 2. 67 1. 33 5. () 3. 93 3. QU 2. 67 g, 00 5.12
7 3.67 0. 67 1. 33 2. 23 2. 36 1.0t 13. 47 2, 80
8 : : 1. 16 0. 36 . 45 1. 07
Y 1. 87 (0. 33 5, O 1. 95
10 — — 5. 33 0. 67 7. 00 3,08
11 — 2. 46 1. 76 3. B7 3. 30

EHREEERERIHEEERECH REBRAPERNAFLHRXR . FTESEIHERTIE
CRBERERRAT HEABROKEEBERAREGAR VL FEM DO DOAELRERE
&tED%:

M= W yi= v, =
r=r - rh= vy, — v, xr\=r, — r, (3)
KR RNy Mo, BAEREYHAEGC=1.2:5=1.2.3),
LA (2)R] {8, vy = 0,337 + 1.458x% + 0.036.0; (42
vy = 0.378xr; + 1.452x; + 0. 064, (5)
(4), (5B Af R~ - y = AX (i =1.2) (6)
H A = (dyottiovds )
x|
X = |
2

a, A DOOOMRP L G=1.2.3 BN AR,

1 0 0
a4 5% X =10 X =11 X = |0
0 0 ]

WA ARE 3N MR ESREEFGTHERKE "RALRYR. B.
31(1) = 0.337.2((2) = 1.458.3/(3) = 0.036
ya{1) = 0.378,v1(2) = 1.452.¥;(3) = 0. 064
HFPESEEEGET HERERMNAEERA B XBE o FRERM MATLAKY H» RAUEE
HERBSIHELET o M, OHFEXRBHE, 7N ER(DERG) AT K H .
ER, (1) = y/(2)/y (1) = 1.326
ER (3y = 3/ (2)/x3/'(3) = 40. 500
ER,(1) = 3}(2)/y1(1) = 3. 841 (7}
ER,(3) = y:(2)/3,/(3) = 22. 687
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ER(1) = (ER, (1) + ER,(1))/2 = 4.084
ER(3) = (ER(3) + ER,(3)}/2 = 31.593 (8)

SRR L BB RSN KB RALRESFNELE T4 084 M RERGBA{. RN
31.593 MIEBE BB,

HTEFETREEA FAENHE AR@MHE I HEBHT KRG HE FEL - IRFMELR

a3
r = a\r + a,r, + dyr; = Za,r, (9)
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Table 2 Ordination of equivalent density of rodent and the rate of yield-loss

Y R ®E ¥ Standard

equivalent density ()

K> & B K £ Rice

yield-loss rate (¥)

PR Y B ® [ Standard

vquivalent density (r)

K™ R #H K F Rice

vield-loss rate (y)

0.823 0.885 1.180 1.182 1.345 1.606 1.624" 1.921 2.003 Z2.0869

1. 05 1. 07 1. 50 1. 53 1. 8O 2.25 1.95" 2. 49 2. 80 2. 91

2.187 2.480  2.868  3.047 3. 681 3.716  4.092 5. 870 -

3. 08 3. 30 3. 93 4. 15 a2 5. 50 2. B0 8. 62 —-

2.3 HEHAMNWEE

EURFBY EATESM >S5y XRBYE, XTE BEUNAERENGHRE . ERER
BPERENE YR EERGEEYEE. PR EEEARELL 180.2.868 4, [ #£1X — X W] Bt K3 353 (=]
PAEXAEEE R RN ANETE., BUR-HRFESYUANCRAAEFATANMARNRKA . B
PR Y r€[0.823,2.480)0F .y B Logistic B2 R + H: ¥ ~€ [ 2. 480,5.870 |/ .y EHE R |
. Rk BERTREABRBEG 5 yHX R,

{ k M r € [0.823,2.480)
J,I'__.-.

;:::pm 0 X4 € [2.480,5.870] (o)

ATHABRBAOFEAZK . HEER > WREMHLH S OFFE. & THE RAHERERES
BEZX. BT XRTHILFEFLEHAZ A B, RABRERTEM HEREGS - P LEELMA. W
BRBEEHTHRRAEESRAMWERER AR YR WAL R 2 b » BE T HETBDE
ol . 9% i th X (@ (0. 823,2. 480 — 4 r A MBI HE H B KN 0. 3915, I F| R AL 46 6 7 ik i 1796 (H
(RF# 3,

X3 AUNBREMERNEGT « F, K 0.3915)
Table 3 Effective data and linear interpolation {marked with »* ) with step length 0. 3915

R Effective data o 0. 8230 1.2145" 1. 6060 1. 8975 2. 3890

¥ ¥R Effective data y 1. 050 1. 576" 2. 250 2. 800 3. 179"

REEREIEE. AR - FE . IIREBUREBHMNE £=3.6768,0=2.3774,r=1.7697, HIT8.

_ 3. 6768
Y= 1 ¥ exp(2.774 — 1. 7697x)

(11)
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Y € [2.480.5. 8701 A HRILBE O M. 713
vy = 1.5535r — 0.5527 (12)

2.4 MBKNHUESITHETH

FMABEOD. QO EERIBHTUE EHERLER 4.

hE 4 A ERERTOEBNE, ELTRAIREPREH - TREMGREHMBRS HEEFHEX
MAEERMEENMNESEAREN/NF 7.79% . X B r&€[0.823.2. 480 |7 SEIHHEARIRE N 0. 0557;
EBMH r€[2.480.5. 870 ] . EHBER{R %K 0.0630, PHBEFHERBEN0. 0590, REHZ L L
YRR AL S IR E AP .

BMAODOHNMSEXBESHRBREER:

dv _ 3y
I 1. 7697v( 1 — 7 5?69] (13)

WIEA A%, Logistic MIER7E v =4£/2=1L 8335 B H - B . EBLS L dy/dr BER KA. B
B. Y vy WK AAERKERRX,
RIS

r= 1.3434 — 0.5650 In[ 22188 =)

Bl Y v= Bt A[RH r=a.=1. 3404,
X4 BEFERERE

Table 4 Result of simulation and error

KRk F KRk ®
Rice yield-loss rate (¥4 =D Rice vield-loss rate (40) e
B 7] . Error x AAHE o Error
‘ Hig{a - BitH _
Sample ‘ , XN Sample , _ AL
_ Simulation value (v) Simulation value ()
value (§) value () '
0. 823F 1. 05 1. 0470+ 0. 0587 0. 0030 2, 187 3. 08 3. 13021 & 0. 0587 0, 0799
). 885 1. 07 1.1311£0.0587 —0.0611 2. 480 3.30 3. 3000+ 0. D9G3 0
1. 180 1. 50 1.5744+ 0. 0587 —0.0744 2. 868 3-93 3. 9027+ 0.0903 0, 0273
1. 182 1.53 1. 5776 £ 0. 0587 — 0. 0476 3. 047 4. 15 4. 1808+ (. 0903 — 0. 0308
1. 315 1. 80 1. 84100, 0587 — 0. 0410 3. 861 5.12 5. 1657 0. 0803 — 1, U15K7
1. 606 2.25 2. 5800+ 0. 0587 - (3, 0080 3.716 5. 50 2. 220140, 4903 (), 2799
1. 521 2. 49 2. 7039 0. D587 —0.2139 1. 082 5. 8t 0. 8040+ 0. 0803 — 0, 0042
2,003 2. 81 Z. 80:41 1 0. 05&Y — 0. 00141 3. 870 8. &2 5. 9663+ 0. 0903 — (0042
2. 069 2. 91 2. 8794 + 0. U587 — 1. 0306

BB Logistic 128 . Y <o, B » B F— NN EBAB KR Y roSo<{2. 430 B . v W IHE 2
fGr=22.480.y W2 R B Logistic JER, .M B ML REL FARE.

A ABARENAE . RTHUEBFOESHEEE UATEARSRELEENKE AERGOKT
BRIUEZNBEREER. KAREFNRAD BEK., YKBEFERAESFARENKMER REEAEEH.
BEERMRERAWEAR BAEMLER.

it R B R — AR L EP R E I R BB IR IR (METY BN T e B

MET < z, = 1. 3404 (15)
2.5 BEPHREFRNHE
HEITHKBHUAER RITHREKTEIL BETFH LK.

“ {‘,-'.Fl
EIL = 5"

He.C BRI FART RN e AIKBREFZENHN~R.P ABENH.ENBHERR (KR

X 100 (16)
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(S bR R X AR IE A AR X WA K AR 2 DR O K B % 8020 .85 0 M1 9074 ).
XEREAREMEEEROEPM 1. 40 T/kg HHBHERA R 37.5 T/’ BHRBEEHN 2.5. 2
y=EILEARUOHRAMBMAO WA HESARBEEREAR AR~ &HT ANOESRHET
br. ItHERRERS,
xS NEHEHEEMNTE
Table § Computation of the multiple-species economic threshold

FFia MR E "
Control effect (%4) 80 85

KiEr &
Qoo (00 7000 5000 OO0 7000 52000 6000 7000
Rice vield vs(kg/hm?} > 6

BHEAITHEKY EIL
Economic permitted injury 1.6741 1.3950 1.1957 1.5756 1.3130 1.1254 1.4881 1.2400 1.0629

level (ETLD

VAR GIER MET
Multiple-speecies economic 1.2421 1.0653 ©€.9309 11,1807 1.0112 0©.8809 1.1254 0.9617 0.8350
threshold € 34

3 it
(LDAARERAEYRREFRGFEEBEX A IETRAEER . RERANPEROBERES KB
PRBEEy XFMAEERESATT _KLHE, BERERNMERMND B3I EEFRAHEREED
DREEHFE - ELYREE BT 2 5y WaISHE . E S HAOORO6) @ H R RFH
RAEE TAREAF THEAGRER HETHNERATHESR Y RBERNGGE. EXFNAERET.

FRR 25 0 BB B R R ;‘M‘;w*.mzﬁmmﬁmzmmzﬂzﬂ

(O FSPHRE. FPHRANNE MET B /NT 1. 3404, 80 . MET<1. 3404, 52 &= F & B
HEMER (15, RFEH N A RONERFREEREB.

(DYFKITI =AM ERRAKRNBTLAR BERAHEER.ERFARNER . EEPR
MEBA ERAaBEHEERMERHAHEDHETE RHGAEEMNEE REFHXAREMRN
i, R RIEYRE LA AREAE YR CEEMRHNN G ESRHBENER. T . AES
FHHBRENEEMEN, RFELET FAEAHGTHRHERTSHIAEFEEZ A M.
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