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Native Interspecific Reaction May Cause The Paradox of Pest Control:
A New Possibility Implied by Mathematical Model
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Department of Mathematical and Life Sciences, Graduate School of Science,
Hiroshima University, Higashi-hiroshima 739-8526 JAPAN
seno @ math.sci.hiroshima-u.ac.jp

We analyze a general time-discrete mathematical model of host-parasite population dynamics with harvesting,
in which the host can be regarded as a pest. We harvest a portion of the host population at a moment in each -
year. The principal target of the harvesting is the host. Our model involves the density effect on the host
population. We investigate the condition in which the harvesting of the host results in an eventual increase
of its equilibrium population size, analytically proving that the paradoxical increase could occur even when
the harvesting does not directly affect the parasite population at all. Our results imply that for a family of
pest-enemy systems, the paradox of pest control could be caused essentially by the interspecific relationship
and the intraspecific density effect.

1 BC&HIC

BRI BT 5 BAPRROMBII RN, BRNICEBIMEL L THAZAMITVS (6, 8, 9, 12, 15,
17, 18, 20, 21, 25] ), BAR/ZMIELMBLERRICDNS Y, BERBRMRTIAOLRLAZ SN, HRICWATE
BENGLA2MKT 288055, BUBFROBMLITFETIZOLS TRVIIMEBRE (resurgence)
EENBTENDY, BLOMBRMTOIhTER (L X, (2, 3,4,5,7, 18, 25) Z#8#), DeBach [3]
KEBBMNERTIE, BUSRELIZ, BKICKZRBOBIC X 3 FHORABHDORBKME (10, 16) %
BLTWED, EE, HOFRRICISBREREOERISHAMICHSMCED, XOLEVEKELT, L
ELIE, BREBAZLICKZBARBIENFREL &> TET 28807 (paradoxical) MBHEEDHMK
2ETHBE LTHVWLNS (18], IEVERTOBNSREL L TR, A, MAICHT 2 MEEFTE
(pesticide-resistance) MHRTHHE BB E U TR [18] 2 BIR) PRMKOMRICK > THRADHL &
BEMABRAIC L > TX DEHFMITEBWE (trophobiosis) [1, 18], FHBIEMEE (sublethal dose) DMIEIC
&o T, BROMBMBHIERNNC LT 58S (hormesis, homoligosis) [11, 13, 16, 18] H'% B, ZMT
&, ThEORAFERANFE LR L b, EBRNTHEMRGAEDPERDRONRT VARL > THRESRER
ML L 5 ZRENE— BT BERE FIVORFRERIC L > THRMITRL S 3 T LICDOWTiHNR3,

2 BEETTIV
—BNEHEEBIRBEABL AT I/ AOBBEENET VXD LS ICEA 505 .
ht+1 = AR(ht)n(h‘!m)ht; (1)
Pevr = p{l=TI(he,pe)} he.

TTT, h>0lDVT0< R(K) < oo, lim R(A)h=0,h20,p20iDVT 0 < M(h,p) S 1HD
I(h,0) =1 AWI=E B, ke, p i, FNEN, tEBO (FEHMOD) OIDHICHBIFEBEER, HEEE
BTH3, AR(h) MBEEDMEKD - b MR L ELL, MM RHEEMEHROTEYNR (density effect)
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REATE, LY, BB RMR) D ASOICDONTHARDTHD, R0) <ooxbif, EMH/IRTA—% A
RN BREMBLZEKT 5, BKITE, BEOHFEEBHRBLZEKRLTEY, —RICRBIEELTE
ETEOMBTHZ, EENRIA—Z ulid, FEINBERRESOOFEEWBEETHS, FEETS
FRBEUH LA F I/ ADORE LTSN RBEFME TN DUV D, Nicholson-Bailey €5V [19] Ti
R(h) =1, I(h,p) =e~°? (a, TRIEEH) L5A56N, BEAREANEENREIBAZOATHEN,

Matsuoka and Seno [14] i&, % (1) IKTEEBERANOHIBHREEA LIz ROBRXDOEHEE T MICDWV
TERL:

hesr = A{0R(h:) + (1 —6)R((1 — p)he)} (1 — p)I(Be)he;
peyr = p(l—p){1 — II(B¢) }he.

U, pe={1-(1-0)f(p)}p: THB, TTT, NRTIA=Fp(0<p< )X, BE [Wh) MHkR%E
Z—7"y b & Ul MR — R LR RR I (RIERBOBALRE) KL HHIBERTHSD, Xz,
IEEMO (0<60<1) X, HIBEMTONBERAIVTICMTENSGA—RTHSB, HIIIER, 6=0
DRE, FERMLINC, 6 =10@E, FERRALURICITDAS T LIIHIEL TV, 0< 6 < 1 DR
2, HIEHENMPOB5RETITDND, E5iC, flpo)ld, BE (Wh]) BEEEZ—F v M
UT-HIBEc X AIRENRE LT, FEE (K] BEBONIERERBATILDOTHS (WHEETY
> T OBMI [14) $8) . Matsuoka and Seno [14] T, #iC, R(h) = 1/(1 +bh), II(p) = e~ DPJEH
BERINE, BEREBEEZAFIIRACBONTRAIN -EBEHRIE Beverton-Holt B CH b, EMH/IRS
A—2 h HEEWROBE 2 LT, BEENTEDORE, BEEEKELE, EROEDOVMNMICHNLT, &
AN/ S A—RIC &k > THE—E X 2 FHEERY 1 XICHHEDBRT 5 (logistic ZUMM) . FE@EIZ,
Nicholson-Bailey €7/ L [F#RIC, Poisson 8L LTHHEET Y >/ EhTWVS [22]

@

3 HIESMEICLZBMROFERSRE

Matsuoka and Seno [14] IC K ZHHETIV (2) DMHTICE D, BIKIC K> TRICBITZEE [#H] B
L GRBROTHY A X (PRRUICHETSE) HSLRACHNT 5 EMBENICEAEhT: (P18, D
BRI, FEE (K] BEEFICHROBRY L RIEBZVRE (fp) =0) TERDID, ¥/, BEME
BB A A F I/ RCHBWT, Beverton-Holt HOEERHRMEE Ricker B R(h) = e PP ICANYBA RS
KEBEROBRISIBEHRIC X > TRENT, 72721, Beverton-Holt BIOFEEHRMM L ADO_EHIHE
(negative binomial distribution type) D4 EI#ELRB I(p) = [1+{1- (1-0)f(p)}p/k]~* kEE
EE) DHABEDLRICEIBRETFNOREICIZ, BEBHRISTA—% b LRIE/TA—% k OEDKHE
HEDRICE > TRBENSRENET SHVRENH S T L L BUHRHIC X > TRE N/, Matsuoka and
Seno [14] IC X ZECREF/ILBTORRIT, B & 2 BB EMNEEFA (ERHR&FEMER) D15
RICHT ZMEDFRE 5> TEROBNSRESELT SRR RS L T3,

i, Matsuoka and Seno [14] IC & BRI, BMEETIV (2) DK O —KWHEREH TERTHT LN
TE3 [24], R (2 ICHBIZMB R = Rh) &I =1(p) (BEHBNFEELHORKET ZHED
HEXB) IKDOWT, UTRKRETS : RO) =1, hllnoxo R(h) =0, h > 0ICDWT R/(h) <0, TI(0) = 1,
Jim Ti(p) =0, p20ICDVTI'(p) <OADI"(p) 2 0o iz, EE [MH] BEMAOHIBMIFRHIC
X3¥LEE (K] ARANOEBOKBIZVEDLL, f(o)=0LT 5, ThEOREERET 2
I B IR R & THCH LT RORAD T X1 5R (2) DRIETER (h*,p*) IcDWT, N p D
BNz LR R OMINEFIERBT T L EWATES (4]

[o - R(EE) 2 g (QE)N) + (1. - ) - RQE)) 1 log {(RQWIQENG)| <0 3)

p=p*
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Fig. 1: Matsuoka and Seno [14] IC X BZHMEET)IL (2) GHEIIAXHIR) BT 3 BUEMHNRER. (a) HI
WOBAIC X B EEHY 1 BB, =075 60 =05 f(p) =0, A =25, p=02 (ER & =50,
p=03 (X)) DS, HIEKIZ ¢ = 100 ICBO TR, BREDPEITIE, BIMKBMLE, HA XEMHTHE K
NOWEERNL BBT B, (b) t — oo ITBIF BEEIRRED (p, f(p))- &, A = 5.0; b= 0.75; § = 0.5;
a = p = 1o density plot ICHBIT 2 XD MOEIKTREEEAERORMTETEN K D/HE W, 2RI
f(p) = 0 DBA,

L, Qp) =p/lp{l - (p)}] (p DHIMINBEE) THB. —F, KELWTEROMPJ R L IIC
NUT, HEFERICHT 2 EBMENER p* 3 EEBEABHCHTS) HINE p IOV THERKD T
HBHCTL (—HOMBHR) LEFATES, ThbI3, 0h*/0p & 8p*/0p BBENICHARB T LICEHT
HRGICBONIRRTHS, |

Q) KBNTHRESRENRNALETIRME 3) &0, L, MBI IRO+IEREERTT
51, PERICBT 2EEMEEREEE b HHIEE p Ic DOV THREMICES C L HABRICO) S | £RD
p>0ICHLT,

d
2 (QWI(E)} <o. O

X, Matsuoka and Seno [14] I X ZMBEEFNORE, ThHbB, M(p) = e—°r DRE, TO+IRMH
(4) BRIz NBDT, BIBDAA I T R EDIS A—RICEEFEET, SRNCHRESRENERNS,

HEENC, 6 = 1 DPBICHWT, ADESHROFLEBMEMK O(p) = (1 +p/k)~* G REE
B IKEBR (2) iEDWVT, k> 1 DRAICIIIRNICHRBMERENERL, k<1 OBAICIZRLTHEE
BREQGBENZVIENBRCHATE S, &oT, BESRER, FEMROFEEEEADKEFRHEIC
BMAEEL TV, B, & O — BN HEEHEMEMH () = 1+ Cp*)P (C, o, BIREE IicD
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Fig. 22 R (2 iDOWT, 6 =1, Ii{p) = 1 +
Cp®)~P (C, o, BIRIEER) DREICHBITZH
WEREOERICHT 2HRNER (24, B
p*-dependence {IT DWW Tid, HMBREDERIL,
EELRBB R RMD/I5 A—&IKET B,

WT, B3ISRT LS SRNEBENS, CORRTIE, KA, BOFESBRICBOTLHERELE
NP REL BEEVBAICRBNSREZENTVLY, BOREEBEICEOTHRERBIHYIckE
K EBZPAICRIBRBREIIRNICE NS, Xz, BEHRME R ORERHMD/ S A—2HINHEES
REDEBEELGTIHRELHET DA B,

—%, &% 3) &b, B R L OIMNRDO+RERB-TREIE, PWRICHITZEEMERER b H
HIWKER p IC DOV THRABDICZBZ T LHBRICONS  EEDp> 0K LT,

% (RQE)REI()} > 0. ®)

Tihbb, TORMFR, RQ)IKBNTHESRENRL TR ZWEDDOTIRHETH S, TOT5%RE
MR D LD bicid, EEEME R OBEADBIREN BT (R OMEHES /M E) T
DRETHB, Db, B [(Bh] BERITFCHOVERDREFOCLHFIETHY, Mic, EEDY
FEHBNEEEUBRTIRESRENENZEENKEN LHRBENS, :

ZFTT, ¥5iC, BEMRMY RICHTIHEOYHRICE > THMSRENERT ZAMREEICOVTR
N3, K, R Q)BT p, =0 DFAIHYT S, HIBREZEA U E—EREHEAEE TV

nert = M{OR(ne) + (1~ O)R((1 - p)ne)} (1 = p)me. (6)

RBEVTE, BESRENRN ARG RBZT LNTES 23] BEETIU (6) DIEEHETHHRE n* (> 0)
iKBNT, &4 |

OR(n) + (1 - ) {R((1 - pmin} <0 @)
D= xnz%51E, KIS p ORUNZ ERIZ n® OMNEET S, REBERELERELNERIZENZH
BIiZ, HIKE p ORUNT LR n* OWDEEZ T, TORRLD, H—ERERCBNT, HINICKS
BESRENBENB DI, n = (1 - p)n* IEBNT d{R(n)n}/dn < 0 TRFNEEEANT L (BE
- ) Hbbh B, MUTMEEBEE (closed population) DBE, }gx}) R(h)h = 0 TRIFNEXSTNDT, K
BRI L 2MESRESRENB DHICIE, MHMEIM (reproductive curve) 3H BN return map 25X 5
¥ Rin)n MERERFOT LHBEICKED, TOTLE, RISV EEARS (BREDHR) 2632
BE&BICH T BHIKIC BV THBESRESENR TV LRTHRT 5, —7, R (7) &0, EEDn >0
I LT d{R(n)n}/dn > 072 5E, HIRICXZHBEREZIRLTRNENWTLEERICDA S, &oT,
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AYTAMUEARSZE T HEERICHT BRI TR, FESRERIRNIQVWTIENT®REND, ¥
fe, THIKREL G (K1) ICHLTERE () RO IBERVC LD, EEBOENHICRVERRIC
NI HHIEAFEMSRERT | FET LT <, HNMNICBVOERBICHT MR TIFENSREIT L
TLETRMENS, DLEDKRKD, SBEREMED Beverton-Holt B R(n) = 1/(1 + bn) DIFE (AVF
ARERD K3, RUTHEESREIRENZWVT L, Ricker B R(n) = e~An R logistic BRAY

1——n— for 0 < n < ng;
R(n) = e

0 for n > ne,

(n. XIEEH) OB/E (RIS TNVED iKid, HHCRVERE 0/ OHIMICE Y NSRS |2
TFTLAbIB (23 Fhe, NFEHE R(n) =n"" TR, RED, AVFAMIELS v < 1 TIREE
BEREZRLUTRAZVD, 7> 1 DBPSITIZRNS 22 eabh b, Bkdi: b MR EERHEED
EOEWMERIRT EEHRIA) BECHBSREVER LTV LI TRENS, DO
R&Y, EEDIRBMOFELSHIEMOBAL X Z2BNSREDEREELAT AT LIZHATH S,

Ml A FI /X (6) ICHT AR, ST LEHEEBIRLIIMELTHREINILD
Ty, LY, HESED, HiEOX—7y M (BR) LNOBEXEELET 588IC, FESE
BizZ—"v b+ (8F) RARESRICESEORES NIV LEIShIBELHR S, FOL SRS
&, FEEBIRMERIATIVX 2) BT 2ETREREHES R 38 | ROFEHBENERL
LTEXSNBBAICHIST 5. CORE, BEEERLAFII R, BENCIE—BRAERIAF3
JZ(6) lcEEh3,

H—MEEB A1) 37 R (6) TIIERSRENRL TEELEVIEE (Beverton-Holt B R(n) = 1/(1+
bn) DIKE) TLH, FEE-BIRBEURIAFI/Z (2) TREEL S 3BEAPHBT L&D, HIKON
AL MBS RER, HRICX 225y MEGBHIC BT 2BEDRAOKEL 2—5y MEGKR LD
KBOBUMBFANOEROBEEROKRTHI L BX BT LI TES, LT, ROEEEAAR, CTOB
BERERZ, 22—y MAKBONBREORICL>TERTILOTHD, NiRRENKBICHEOES
ZRIETHBIZEL, ¥, 25y MEOEENERITLT 2XBL W L TH S,

4 BK
- EHARROBEICLOBAFHETIFEC LI 2 BUORBERENFORHLS RT3 EERICHNE

THIRMBRIC X >TERL S 3T L EHMLABEEFUBITICE > TRUE, EROMBTIE, $HELE
BEHRDEMRMEREREL T L LMBSRENEC DS 3T LERLTED, BRI TE-RESREC
LTOEEENERICK > TERLZEDEDELBVDTIREVD L WS #EEPR L,

ETHIT, —RIYIC, BH (FEE) ST BHIEREICE D, K (FEH) EROBETHRET S LA
RS NIDT, BHBROMEL ERE LT KEEOB 2T SR TREIC, Fhk IFmER
BB AROEEI R L RATKBEEZ T LREIhIAEEATEINS, LHL, SKTH
NRIBEETNVRICE > T, BRISHT ZHIMRENEBICKRICHEN 2L L LEROWBERE
RNh5%, LHb5A, ER¥NHEERAORERE LTO, #ONBRERECL2XKRBEORDE, BHOW
BEREDERZRTERTIISHAH, £9LE [FE) L3VAKNT L EBEBETIVRITICK SRRY
ARLTWBENWZS,

HEWRIC L 2 HHOMBESREDTRER B TS =DICI3, HLUBRBRED 2 A IV IHBETHET
LAVRME N, FiC, ERONMMUA, WAOTK (FEH) 1CE5ENBLNOLERRMICHT 3
WERRELSRMSRERT (R LAL, MHIKRICE 5N BOBERE TORRREL RIS RE ST
R LIV edrmE i, Thid, Kk REOWMMMNEAER (harmonious control) %3RS
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B5k% (integrated control) , MAMIHFREM (integrated pest management, IPM) DEEHIIBT, BikR
BEORENAY V2—IVABBLRBRTHETLERTEDTHS ([6,9, 17, 18, 20, 25| KL BHBH),

BFEEIINTIBE, HHVR, RHREFIINTIHBEOHIBMIERE LTEE/FREEED LR, *
NS FEE/FREFEOB ORI ERI T LV EBNRERIE, HYIAWEELREE, F4E/
RS EREBOHBEDLEDEICHUTHEDUDE LN RENEZDT, BRADHIVEERBRRICBL
TRAXNATREENTFCHEZLEILNS, T4 — NV FHEIVIERRTORRT—2EZRET T L
K& THLOBESAMHELMNCASZDE LT,
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