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l'UBLt.Cl'OLlCI~Sl!OitPE~l'l'C()NTR()L: 

'TQWAlU) AN~nlCAL. ~ 

,Scho()l of: Aat'$.c;ul:tu~e 

lite Un!v$X'sityof lIcultetp, ;\usttalia 

Nedlands Veat,u;.'ti 41lStr.l1a 6009 

Palior :Pt.$ente~ to thf#, Thl:~.ty ... Th1r<1 MnualConierenct;! .of ,the 
. ldi. tral ian. , Agt'lcultural EeonOllic$S'oelety, Lincoln College, 
-C;~+i8.t~htn:'chJ' . N«:tw'Z'alan4. 7 .. 9 r~b~ry 1989 t 



~2. ': 

Pe4t$ c.nbedeffbed. .. {,~tuX'.l.lyocQurt!JlgpQPu1atlon$ofpl'Mts, 

,Qr a~l. ,which ·l~l«;t;.dQ\aga:oJlQn. oraol:'efQ~()f e:conOJ:di~ 

,_Qtivi,ty." In the· word$C)fllwit3,j.t\d '~8~V: :(1974)lI they are; •. 

lIaett'~ntal r.newabl~f •• OUfe •. '" .,'l'!le .. ln conc~nt ~ .. tb1. pap.,r rill 
b$. wf.thth()sep;~ts. wb1c'br.i •• th' e~~t:u. of~gr1¢ultltta1pro~tiQU 
l:teca1.l.. (tfthe~.g.th.~\ .~~qs~FQt cQl1.VernteJ\C. IUch pes~will~e: 
re{ened ·to .. ' agtlc\1lt1itat .\le.ts. 

It;. 1.qqitec~tti tor :&QVe1:'D'll>$At, ~() eat@lit.l'b a,~nci~.tQ 

oVJ~.eelJ.'l:l,d/Q'1: iaple.,nt p\iPll¢, ,eat.Qontroi. ,pt.ct1ce$ " Xn V.stern 
Au4tt.lt., tli,. .aencydtt:ece'1.y re.p~*""tbl.to'r ~.t,~.p.ct.()f publlc 

pe.t cQntt:,ol :p,olf.¢1' i$ the Asricut~.!rot~t:ipn ~.td of i.at~tn 

A~tt.a11.(UB).. 'b~t: otli.r.cencle.- ,such aa tb.Dep4f~l'ltQf 

Oonse"ation.n<l :I.at\d ~g •• nt '(CALK)' .lao, .haretesp.ooa1b11f,.ty fqr 
th. . c&:rt.1npubllc!pe •. te.c:rntt9~:pc)lit::';.a, (e,.lic_~~ina. O~:" kan~.r()Q 
'Iho.ot:eta) .~ 

Ae~or4ttJ,gtQ :a()~rt. u1;'81 (1986 ) • t til_ i·APlJ 1.. ~."'Qnslbl. ~or 
the cootf.ij.ruu::ion .nd·.,.1n1.tt:.tl0J1;, ot . the :cQntrol jo pr*,\"ent1otl~cl 

.r.t:!tc.tt.on~f l'lQ)ttO\1$ weecia aIld, v,taln;i:J), tb:.$t.t'.*~'ln 1981/$81 :th&. 

Ai'll.spent $.12 .. 7Jltllt«:tnofpUl>1.1e:f\1nclsou'. :pes':. c;Qnt~()l ... ib V.'t~u:n 

Au.tr.tl. (APl'.1988). '!bra; ."jo~ 'type_of 'Pelt. £ .. 11 within thfJ 
pbltoftbt ea· .• r.IJPon.s.lbi11t7~,~ly ,:, 

~llnS'Pe't' (9~Ve'9,1 
(es.. sltt:le~onw.ed,1fi14 oats, dQ~le&,.~ ~1.ckb.nyJ.NQo&OOr4 

wbuJ.'r.$a..ff'ron. thistl ••• ·tc .• ) 
.XuletEt,ts 
(eg,wee-vi:l.:" lQ.custs', Itasahopper... .'Prop'M .... ps,aJ;gentin~ 

4nt$) 

1f.r Qbr.te . pt,$' 
(.S~t r~bU;.. lttmJaroo. _ dl.:ngoe., fo¥e*.t'ats ,feX'alplgs I 

1iQJ,1laly., c.-I., :anc1.goat'. ~..tarltngs,t p.t:rots t 

coclca1;QOs), 

Not. that.tle ,all throe c:.te~orloa o~ pest: i.nflict,<imIa$~ (m 
.8'tlc;ul~.1 production, .. d1.tlnct~v., clUltactel!'lstic 'Qf ' •. t 1 ••• t, ,sou 
"ert.,bJ"atopea.ts 1$ the: co •• rc;lal. v.l~! of,baJ'Yo.ted. ~niaa:l. ",rot 
Itttt~.Jc .~p.,ts suc;h •• ~tlgaroo.r'Qat.; and even, raltblts: are at 
l_ •• ~l'&rt;:lycont:r()l'l •. clbYl?rc>f •• ~d.onalhunt~r. bec.,usetUeU ld.des 
~/tit; ~arca ••• c~ •• \tffl~1.eiJ,tly hip prIce to indue ... eo-.rc::fl'l 
Ml;'Y ••. ttng, by p.rtleawhetd4 n(tt ,auft.r4UlydPa$.~o.t.f:ro.tll4'~. 

p',t...Thla ·4tt.~tl'V'«t to:ntro1. ,f; ltho~\ i.not . .noptionfQtcon"ol .at' 



: \ 

1 

plant· Qr lMectp •• t,:whtchha,ve· .UQ c~rQlal v.lue. :tnth~tlt QWft 

:riglit" In ~6 .ab.e,nee o'fgovetnaent 'polley. ot4,y tlj.~.. .8"'icul~.l 

:ptodu,~erswbt,) "~fe~ dallaS" ft,*.~h p •• ta.hav •• :Pt'lv.t~eco1l;o.tc 
!nc.nt;i~·to, c*"yc>utcQIl'trol ••• wr.s. ltl:'e.p-.cef.ve ·of tile ~.()~ 
p,eat fnv.Qlvetl~\ thete '1.· ·~.gtul1:.t,,~ that 'the. p~lvat.·lnc;entlv~ •. tc> 
un<!ert.ke control.uur.s "will tp .w~gat. t.$ultlna level of 
control whl<:h ls8ocl.1I,optlUl", 

The ult~t.aiil()f tbl,.,r.seJlrcbproject lat<»<l.teralne faX:' 
VQ:!oWldl.f.fer~nl.ttype..of pe,t. !. 

(.)What lev .. l ofp •• tcontroli..oclally .opthlal?(trOllth .• 
p-Qint ()£ vtCltt of econ.oatc .ffl¢lency) ~""lnp.rt1.c:u:l.t'. dO~$ 
tber~~~tln~opt~.te.~y-.tate. p.,tpop14attot1, lnv'o.tv..~ 
bOW1d.t.t;y,~.tol,u,tton,? (It,. tot41er.dtqat:1on;. of' .~ .atabIl.bed 
pe8t;o~ .. ltetll&tivel:y 'no contr;ol .t all •. ) 

.(b)Wbethe.r'~.~l\tintexv.llttonln.pest cantrQl il :w~,mted 
Q'(i aroun.daofecono~~,~ff1et..,tlCY. and!! s()j,dtan: 

(~) Wh.ttyp·~.qt' 'public pe •. t contl:ol;. 'P01tQies. are .llk~ly :1;0 be . 
.,st .efftc::leQt1(l •• , what. fOJ:ll;shoutd gov.rnment .in.terventlon 

take.?) 

(d) Where .~/.uP.ldFpGll~y isiAdicate4", wha.t are t~ 

<leteQli'QAt).ts .of ·tIl. optiMal .1..ve10£' .uc;h -policl«:l.1 
lntb!.s P...,l\ .~. t~Jlo . .,r. ·tbatt. tll •. fiJ:8t; t~ntat.lv. ane! 

.xplor.to~ st.~. .r;ow.t:cl*d.il+ ••• lna.tb...l •• \1ea..Specif:tc,ally·,ln the 

~t sectl()n oftbt.p."' t.. outline.a,,·oftn. iJapol!'tant 
Ptoll~~te. of4lf'ter.nttyp..... .....,etl~. 1rihtcbate1:elevantto :the· 4bQve 
<ltul$ti<Jna.. Tb-.n. !n th. follwln,tbt'et._eetloll4, we prqpOs. tbt:ee 
.lte~tlv~;ana.l,.t!:e.l ,.pp~.ebe. Which alght; be:u$Q4 tofurth.~· 

4fJvelop, an ..• pptopriAte CPtl¢.pbJ41. 'ft.-ework" 

. ,Pllt Cronbll'$'" 
LUc., .11btoloa1ca1 " .... tu:r.alr •.• oUl:c. .tQ~k$, ·an1at~ • .,1;' 'to 

~8..'t.teu.lt:\ltal p •• t. 'Qee~to ta.tc. .ecoun~ of1nterteapQral 
cOJ1.$lde'ratlQ_ 1;Htca~e anypeJU:cQntrol.a$ut.'..wl11, 'hAve both 
!JJiQat.te ·.ifects 8JJd 10tlg t.x.effClcta :<h.tetothe: $.,ca.llea...tock 
.~t_r:nalttt.M .tJ$. 'W9*'tofd!ark (1976),.11.0"." t.he 'r.ti.oof t118 

cH.lleount :r.~e ·to' ·th.lntrituslcsrot¢nr.taQfth •. pes~'P0p\11.tlon 111 
,aJt~rtant 'Mtemnantof prl_te:~d"Qctally Qptu..lleve.ls of 
.~lQ1~tlo.ll.o£ 4J.ly!;.newablfJre.o~rc •• 



4 ~. 

"'1' .Hp\111tJ 
JJe~ftt.;· ito. c()nt~Ql1ilJl .ari~.~tt'Ql;-.l. ~.t. cant;iOtb. ful~Y 

,.p,X'op~lAt.4 'b1 J.mU.vS.dud. ,faXQ~'. b.(:aua~pe't. _vo .C2;:(UU': tara. 
bQWld.t£ .... J)tle to J;:A',\,;.mt.l bff.f;~ ¢&.UI.ct 'by ,..t.o'blli~j pl!'lvat' 
.nd ".()c;'.l opt~ :4Lv.r~~,V1th ~~lvi~l f.~J:.: 11k"lye., .• pply.' 
~~Olidt ~hAn· i.oc~.llY"'c)P,tlPll.vel~£ c:C)nt(ol~ TOd!lt4h..,j't' ."t:yttc.l 
'.t\1.Cll,,·Qf "~t.c.;Qntrol1nthe.cqno1U~.ltt.t.tut.· have '.~ •. op.e 'of 
twQ; pC)l¢ aS8~tl0M .l)Qut P".t:.t'btlt~.!Ql." ~.t., wtth tel-.tlvely 
lowP'Ql1~ty:, ttl.· 'lH'$~ 1?·opolatlQll; ha.,be.utr •• te6. 'g •• lt~cont"l.d' 
(l.·, .. s1l,fa'~~~O .,\lI.l,ity).,Tbt....-..p.tfol\ 1. p .. t.ntly' ~n" 

.w.t.j.~l.' ,{()~) o~.:r:lle.t •• ucha. lM~¢t Pfu,ts" Qd !n.~e'b qa •• s it 
'bQbi.1 •. n '¢o~n to ...... that the: ~.t: ' lsp'tfe.ttly: _'b~l.(l..to 
i~.,t:.tbe.tC)¢1e~t'tn41"ty Q!f.ct .~ t'r •• tth.p •• ~ 'pot,mla.t!:.on •• ' 
~~ll"p(olu~rty fxqa 'ttle poin~()f rleW<lf ttl.· j.~iv!a~ll.ndQwne.l:,. 

9$hS"JltUatf, 
Tblt _:tn ~Qnce,J::n in ~t. paper 'Will b. Withth,; abo". .t'WQ,' 1 •• u ••• 

.-ncl·oth.r ~ •• whiJ,tiblchat •. oar. ~:tt_t: det"x.lnant;. i)·fQP:t~l vest 
cC)Jlt~ol poli~l.#. '71l1 beput.,t"'"..t i •• "t tQr th. tiMbo~ns.·Suc:'h. 
i'.u". iJlciu.&.· tn- :~b¢e· of dQag. fuw:tlona(es..e. :r'l .• del11'S5a):f' 
~. natu;.or :contJ;Ql;, co.tft.mct:lQlUf.fJnvtr(mll.ntal.x.t;e~11ti •• 
••• oci_tag; wtth, .ch •• ic.l.conttol .. tb~. opt,l.~kluna •• "ntof tb. 
publto8QQ4ot p,i~ .UlQ.~~lblti.ty, t~ c;o'Qtt'Q1 ."url' . (._ell~.tbml¢ 
,1*sev1974l,. ,~'eortae~ .. tlon ofgeti8tlc cnverai:.q- _Well .. Q'£ 
.p.c.lficwt1411(e.p.cl.'~ 

~obably ·the ".~h1ghl1~.v.lopf!l4.na~ytlcalllQdel. to, d~tf)l!1ll1n .. · 
pol-tete.fo%, the optbul _nago .. nt. ofua~ral.ly·QC:~1gj;1~blo1Q8.tC."1 
,t •• o\ll;e..c~ be :£Quncl j:t1th.li,t.:t.~. on fi.be~l.a.<;QnpJd.ca.~ Ttl, 
~lQ f •• tur..Qf b'loecOnoillcJlOdel.,~.d tllth!S :.J..j.tesr.-b.tr. ,fom·the 

.t"tt!ng, pc:d.nt foxtbe .ulytlc.lf1: .. -.,ork developecllntbia •• et10n •. 
Howe.v.~., ~c .. Wl. of' th.~lff'renc •• dl1$cussed libov-e.. """tweenthe 

barve$tin& of ii,b, ,.debe .contX'olf>f.,ricult'Ql':f.lpea ts.btoecoll<Jllldc 
~l.offuheXY-lUtg .. n.t: nfleato ~aodlfl.f.tb~f()t:.th.lcan.ba 
'fPP~:l.a.totb. ,.t1.aly.l •. Qf p\ibll¢ })eltf;f.)ntr Qlp911cles •. 'In thls 
,j.c~f.on.. ,.t~rdbt.Jtt.th.t .• 1apltst:lc, fl,beX'Y '%llQ\a.a.flent .• d,l 
¥tll 'btl .""~t.f.t ,t.o' J.ncoxpor.ta 44a11a,eftmctloli refl'ctit1g tltofa,ct 
tMtp'lt :popll1 •. tto~f:"\$e. lle,.tlve berutflta.. 11ladcU.tton.,.dles;owth 
fUt'll;~lQllof ., •• 1f '!'c.,ntain." :poplJ.tlon.(:QJaQnly \\$e41n fishery,: 

J 

blQ.co~lc ~l. wlll P, •. JIt(Jd1fie(la.o ,Q ,to ill(!QtpClr .. tet.}'l:o·effe.cts 
.of ,p •• t.,b:tl1ty" p. th .. y .ff,ct.n1nd.ivl~1 land :holder~ Change. 



41S0'lrlll ~ ... d.. 1:Q:~ •. CQllVttlt,!.onal .... uaptlC)~·.a. _bout .co.t of 
.~~Qt:t>x.l.tlQn'b11,).toi .. ktlth •• '1101:. I;PPl:!cabl. tQtne' ~ont:tol'()f 

J l-.nd~b ... ~ .. pats. 

Th.btoeeotlOll.fC';~lon whicbtJll. ..ttf,on i. b ... a 'l.th~ 
widett U$ei1 but :hlghly.lapl1fl\ul SC~'£.X"MOdelof!'t,'hfd:t.I' 
"', .. nt'fthl. ~l 1 •.•• t •• dy.t.teJiqAl whi~b !lleff'u~t U4e. 
~: 1;.cbnl'lUO o:fC:;'-P¢.tlve~.tattc., to,qoapar$net lIc:>el.t b._tits qf 
alt.~t:lv.~t: .. i~le 1.",.1. altha btQloli,cal ·PQ~l.tt.on.ln 

te~tbooA 'On f1ah.~'e., ~.nt. thl."pp~Q.ch,l. WI,ed.t4l11Ultr.t;. 
~. 4et.X'litl'Qf.t;~q~ of ~, .te.q i.t4lt~ fi.ahltock w.l<:b,Yill .ut.l •.• , 
.uat.l~bl •• CQ~c xlnt. ll~:v.t:, :tt li ... :be.n ~olnt.diot\t,. ~ 
AlU"by Ct.u\t (191t$),tn.t the, 'det.ndnatl<>nc.lf ~lt • .'oPt~l fl.b,.tocK 
.b9tU4: ~ tr.ate4 ,a •• prqbl .. tn . .:api,f;al thuq~ lf~·.~, 1I041~lcatlo~ 
t,o :dl.,Sc~.t.r ,.,w.l $.&. ,:re •• Jlt;.(lh:.t".,"g.UfI.)~;t1v.ttonof .. 
g.M~a1, -.lytie"tcolutl,onfor'th,. ·optlaal· ,p'.t, pop\ll.tl,n ua1nS 
cap1;t.l theoryteQh'nl,qu4Uill' .1nconj'tmC.tlQnwtth otla~.dlfl~.ttoXla 

d. •• erlbe4b.lW, bu··pxQved. to'&_ ... tb ... t1:C:.llydlt~leult,l,t ~t 
lnt"ac,tabl •. , As,tb. pu!:po •• ;of tbispr.l:bd1lJJ9 .x.ret •• 1. tlaPlTtQ 
il.luatl;'ate .'OII&:of tb.,x1nc1pl •• : $.nvQlv.<hn~rlQ .• l . .-lYJll'9f tb • 
• i1Ipl.t·_ta~J:d $Qhae.fer -clOl~lllJ .• .tc~o¢o~t.t: .px •• a.b •• t " •• 
t •• c>t:;:t.dto til <or4e1;'to pr.erate thex •• ult s.p.re.en.te4 ~lov., 

.'otlowlng.$eh •• ~.t ,(1957). dl.blo1ol£calp;QfluctlQQ.futmtlop i., 
~ftlf4'a:. by : 

. ..rt·l X. ' .. ,k(l +, ca.) (1) 

(2) 
'wbe;re:: 

.~. ·~pQ~a'e"on·.to<;k ,.-11:1, 

t"i.nvll'q"'nt.lq.ny1~& .capac;lty (1. th. "1JrUIa, .1z.' or' 
wc;l~· 1."ol.of~e PQP\ll. .. tion ,toek) 

r ~ 'dt., il1tl:iusle,' :PI>pul.t:l.ollsrowtb 4otfttQten,t 
Not*~t. f(O), '. l(k).' 0, an4t .... t.l' Ot»O ,for" Q <.t <It. 

\ 

,Blol0.i.ta f"'qUenelyup tb1:. tb1.s$Jlpl.' .. th ... tleal 
.q"1;t~~: c~ot:po •• lbly t,p:tfl."nt:.~b.cQJIP1.~pJ:oc;", •• tltt 

&towtb ,ot ablolQ&tc-.\ .pQp"l.~lon ln .): •• 11.1;1., ,.f);coaprth.~f.Y • 
..... ~·*l11l!ot::~t.l)'._x:.; ,xoe .. 11,tl.Q ... th .... tleal.nato~ •• , for 
,.~~l $towtbpt~.s...t.tw1:to~· ·41ftlc~1t: to 1~or:poX'.t.lnt(), an 
,~'!~;)'tt~alfJt"llQtk .f.1t._th .. t:le .• ll'tr.c~t. va1- ltow.B~...(m. 

C",".1:i~.t .,.ell", .aci;)9wl_d&ecJl.th_ ,f;~a.qpcy :Qfth, :above 
I .~~ 

. C~M.t~q ·Itowt&: .f\1;nc.ttou,...'cs.ac;xlptl<ln o£ p<>pu1.~lQM that 
~lbl~ tt.,.~ .. ~o: J;owtb. 'to ,~. ut.nt~t .p.l:~po~.ttQn 'eM, 

,', ~\ lMdttadMt.4 b1x~~lilll"'b.l()l« .~.tnu.. c~l~lca1 , .... II,Uly 



I) 

~~~.tOOFQ .. tb~tt~n.tl\Ql~~th. ,.bqv ... ,. "flt:o_x~ •• t1aat • 
•• tll~ .cost of n,@clnst\\., '.IiIt JOP~l~tt~Q; ~,v.~low I ·lflvols" 
'7b1.~'t. •• t t,;.,x.llbly:to b. 1l1PO;~nt t't:· Va~t.btat. Pfst*, tltan 
fOg plltlt: ":-~~t, •• t.~ 

'J.f: ~. ;fbov.; c .. ft.~ .~. '0. 'd.l •. r.pt,dit~j;~ tb,1: $,q~,f.~ ~'gJ9ti~M 
p.X'.tlC)~ _tl()n.llht.~qu4t •. l)' ~~t_ •• n~:~ow~ '.Qt...lf~ 
c;ant.l1l!¢i P9P\ll.t~Qn..~u~,'t f..· .. nU.l$tl~1" ~.tl.t.<;tQx:y .a!a 
;_.cn:tptlQ~ ofat'<>~Qt A ·,oP\Jlt.tlQQ .W>j.~e tqUO,-MUot t.~1'Ul*llt, , 
"'dUe ~ ~~.ti.qtI of p ••. t4' frQR.~~~~lU&, popul,.tlq~ Wh.t:~lf(O) >0., 
'to c,,~. Pt,t pOpulation $1:0'tltlt ..,.t'~.1.vd by I.ll tndlvlc1t,J.t.l 
·f~r*. it wa .. -\MIl. tblit ,J:C)f;al t.ctu.lt~ ,~,~ tll .• ' p •• t»opJ,J.l .. ~lQ~' 
~ •• t4ant QQ, .. ~;\rtlcQl.rllX'opt1:ty· c~X'l.e ·~'· .. 'P.tt.; 111.; .ndo,.no~ 

c~1lt;:~.8~".~ by th. .tim<\ard;, ·$Cb4t'f'x ld.Ql",lc;.t ,to.dtM':tlQll 
£~tlQn'lll .• ~t~QP; (2) ,@o"4h l'~.d41t;lQn 'tb.,tb,to,.~c;oap~t\t1.: 

g~dto 1 eqtlllq.t .. (k-X)/4, wh.~. ~t, ., ,.*1; .'btl.iq co.ff.lQ~~n:t .. 
!fQt~tbatfor.""lt btr.att.:rr ~ .. f.rt~d1;O ...·,c;QJ!Il)l.t.JI,-".t.,Ql1~t;1', 
tIb_~ X -0 this:.~C),,~ ¢~onent ., ·-c •. k/4, '(Wbl~b i. thtllUlQ 

.lat'd~pb,l.' 11e14 fOl:" · •• If,,~ont.i._4popl:l.,\.tf;on) .lh,..~t»(o'.l)q'ua 
'c~nt alao .~QOtoni~.l~y.! r6~ •• to ~.l'Q a. X t.~, tQ k. 

%:Q' •• 'tIp'lltQwth", '(l)o£ ._~11.. pO.t' pop1.tlatlonc Oll ~ 

tn41Vl~1 P~Ofe'(~ .gl)jl.c~ tC)'.XO'~Mwt~.r.tlo~l".""cl tot;,_ 
.1:.'~M«b1:: 

To, ... lJl~nth.'p •• tpop~l.tiOll, at.o., .tul" .,ta.ttlevtt. t, ·,th., 
.~'l:bane.tof".t., ,tt.~,t _qulr(X) .. If :th1.. cQp.dltl~n 1" 
~ •• d..tl.n 11;, t*po •• l'bl.,to __ thl.' IJtowtbf~etl~n t~, .t'nii.~. 

'~ \opt~l l.~l<>fp •• t: control lor . an;, i.wJlV1~if~r' .• ,h.J:'.d't.r 
l;'.f,.~'J;.d to;' •• at.; ·pJ:'tvat. \Qpt~"* To4t~!vf,l: tb., '_q\i1"l.l.n.~ "ac>c;1.:1 
Qpts-.~, 1.vel·Qf p •• tc;cmtrol. thtJ,peIJtMb111ty c.oef1;·ic:l.lltW....t 
.qu..l ~~ .. :((ltq., ~r.h1"'UldD.l .. .., .. , tb..xt.ttt.1:1ty., lilb.tber the 
.~. ~~r~tlQJlAl (o~l' • ro.ltatic repte.Clnt .. tlQn. ~t lWtt ••• n 
.,ltie_lqu..-t.1QU.t _n4f'urt'h.t: .1:nv •• t1..,atl.,on Qftht.. 1 •• \.1_ .is 
pl...,.4' •. 

Ano@..~~ •• Qlv.4 ,1 •• u. 11th, ~~., ofth.~.t.tlqn$blp 
~~.~ tbep •• t c;ontrol 'V.~:l.:bl.(.'" ,iUl-ct, Jl. th.;~.~o~ Pfl"ts• 
,ba.ne.t.d;~Fottb.pu~ •• of . tl:d.. .:t<_t¢~ •• ·~ttW111.!b:. .. ... 4;· 1:1w.t 
~Aco't~ip •• tccmtt:91cl. ·'toportlo~l~o f • tit. P:topottt(;noftot .• lr 
p*.~. (,I:.: .~.tant<· ~pul~ttoQ.plu.t ·tfJett;t1.t-) It.ncult_d .1>$' foll.ow. 

, <~ , -t 



'!C' .. 100: , 0 .~... 

.~. '100' .. c .., ij/(H+X). 
-.bar.; 

:0-..' 'c;oDt2:01 f;Q"t:peX' ~ti .. c;.1)t'kll1. 
) 

Asaln th'i t •• l1tf of tbt •••• Wlpti~ni.wlll PO tb_a~j.<;t ·o~f~th,.t 
~AV •• ti&4cton~ For, .t}w .... l\1;!t.utflc;..t;battbl. i ... uapt:loQ· 
,.~t.t ••. <:qlltf~tlC)tlS: whtcb .. t. l.n~t.l+ltu<.ecQ~d·¥ltb .• pr'o;' 

, .~.ct.t1o. '" 
1i_11y ,th. 1.i1(l19~ :"""sec;.u.t4 pytbe; p •• t.W..t.'ll.IItaPJ.t;d:t:() be' 

,p:rQP~xf:lq_l~Q tbllevelof tllep.at popl.ll.tloQ, Whit.. this, .1" ·a· 

convent.llt qa....,tiQl\ l1\t.ruqf .. l1tl.(:.l.~ll(;,tty·1 
It\Ontiflc .. tlQu ~£ allot •• eNtral f~tloNlfo~·whl~h r;anen¢ollpu • 
.. e.~, ~I. ftmctlQn& :fQl: ...... t ~..of Ms.tcle'tly'ougbttb.' '~iln 
cobl ect.lv.e:of furtb.~ ,t'e •• ~qh. 

Glv.nth..bov.i "$~t,lo$,. th.prC)bl •• c~ \a,fI"'Ptt •• ,,,, •• : 

tb09~fJ: ttl, .t.~.t#.~.P~~t :poP\ll.tlon.t" .~ ..to ~lat..t!: 

_'1.'. :' 
:U .• ' "'l',-li .. 4- X''!> 100 .~' ~, '.8/(1t: ... ·x)' 

:.Ubj.~tt.Q H .. ,t(X) • 

p .·t,t~ ,.1:"h •• 4; (f,f ~lf'J'9II .. ba~.tlq; th.~e.t; 

e ., In_tof d,qa,_ .~.~.< '~r ~.pe.tt 
,$~ pr.llJll~l:.'1.ll~ ~.a·,pr ••• nt.t11n :rl~ •• ito·' ·tQ· :,lv. 

'... llU1~aht.: :l:ntQtbepot.llt:t.t prQbl.. ud '1'1:.1'.,0£ .:hI, 
4PP:Q.dt.. .Flp.tfl 1 *bip11 .i.llu.tr.t~ .. tb.d.tff.r.tlc. in 'th. tot.lcp~t 
·fQnctl:<fl\ of t.Oi\b:otlltll .• P"$t wh~clt lano; ~bll .. ("'$QQ1.t cO$t:") 

with tllat, fot, 0'"' which i.;perf.ot1t· ... bll. ("ptJ,vf,te, <;().t")..N'Q:t.; 

tlutt. In;con~ •• ,t to •.•• lf."'t;ont.lut4~Ql:Nt.tj,Qu'". th'~$tl1&lc(P4u: of 
:t~th.~ ;X'.dllctJo.n.l.nt;be. .~.dy.t.l\~P'.J: :popql.at!ol1, .• t.rtl 'to "tIl. 
'.;ply,.,. tQ"1.t.d1~.tlon ·1- .ppro~b.gl' 

rt,I'A"' •. 2 ,.na ,., .and.: 3' ,amlS j;llq~r.ted\ •.• hapeof8Wlt.i.~bl. 
be.fit m.t: co.tfUOt:.tlo_ ,fQ:t"tb..~la.1ao.d ·pr~v ... t,. qq., 

:«<.~cti'\! .• 11 Itrlpt.. t.nd3, applyto·r.t.-. ..~. hypotneetcal 
utt.b~.q ",1: :ob.J:.c:;t.rJ.'fut.b1_ plgh. intrlnatQ growth't.ee (200'per 
CMt')J •. ttlAtiVtly bll\ll.v"lQt ·",e. ($4 ,.rQne,,~\,.,cent()f 

,Ql~~l.tlon Xtvel)" .n4.,eto tt~l.tt.t\ln~. t;QlI,ha.n •• tlttg 

tb4p..t;4irotwtdtttaA61n,tb •. rl.1ns.,lnat cQ*tto an ;tndlvl~l 
'1" owmtrQtl:qt.l,.~.cU¢.tlQnt J.tl*lJoth .• ~1.111.n~p.rtv.t .• ly 
f>llt'l-UltQ·do ,.Q.~..... "tlat!Qnshlp. ,)U'.'.sall) 1.~"~t1:.t.a.; In 
"1p-=..4, .~ S £(tt lIfubI.x:oQ_"i, ,f.notb_= ~ypoth.tte.l Vttt.bra.t:. ~p •• t, 

( I 



cbl~.ct;.tl ... <l ~~ .• 10'w~lntX'lmd,~· &towth '%:au,(3.0 p.t :qent). lowel: 
~&.; 1.v.l'($tl .. SOp.t:one·pet"'~.ntofr ~~'. !PQP.,,1..t1f>n), but 
'PO,.itt .... t.~ tra: h.tv. • .,tll1$(elOp.~~l kJ.11.($4)· .• 

tnthJ# '~JUI •.• 1Jl~«flol;.~1~~lQn1 i:nv~lY1pl ()~ly p.:rtlal cqD~tQl 
~x. ·~·.tb· .t'i~1.111.n4,p~1"'.tf$l1~Pt;JJqt,,,, H01:.Qvt~t th_~ •• \\lt'i.\1Sg •• t 
t:t"ta M&b_a: 1.:v·.lQ~ .;on~(Ql"oUld:bo o'ptl-..1 t(JJ;' ,.4 1.p<lQ~.~ 

.~£.:tll1' ftQli .~Jr.tlQn·l>1 •• bf;1.p •• t ~:Wquld b. tht;;c ... : t'Ql: 

, ••• lf~co»t .• l_dp~1.,t1Qn<l!Ci.'l'l.y thts ~.,.ult; llNOlv •• '. f.ll .. ~,'of 
,~~.ltto~t~ th.'fa~; tl\qJlQ.tl~Q UJ;.p'(u_nt,.tlvo:ofoth.t' .i.:au 
'1",- ·tbt'41*~!ct;..anil·lf .tb.~.~. lm' Vt.t~f\1& •• ~ ·<>nth., otbeJ!!haJ\4 • 
• 1;. ·dl41l£.,~'f~ •• ( ~·.xl .• tt 1.tl.. PQ,.lbl&: ~ttb. r.te Qf' 
t.11r;.tluDt.ludt~~llt;;, 91 tht; cqll •. QtS:v •• ~t.nt :of' pe.tcon~l:ol 
pJ;'.c;tl •• ~by.ll. lQtl ~J:..Not. alao tl\aU t'b. 'Ql~t;loQabO'" ... 
:Qo.t . ,~Iccot.mtof .n:/cClnsf.rvatio"",,,.l,. pl.¢.4.on~tQg. .1:'11. 
J:' .. lnt_fl~..Q1ll1.hQV uot ·.001.1·~ n •. tptlvat.; "Mfits .. 
tl\il 'uff:l¢..tQt4tlltlfyopt.lgl 'l..:val_.qfJu~.tcqpttolllUot. '1;bat: 

~t .. l1 ·O,f·thc.. t~tlou.;:."QQt:<nlte .Iq. to"l i:.t;h.~ than 
.,lgl ·func;~1Q'M .J:./~p!¢t.tJ'! 

~onl:y ...... d.6f.f~.t.~f4"~.n, .. .uc.· _ "rat.-;J.s, JIt the; 
t."I'l..of~:c~'4: (Jd.~'.J'. ' ..... <ttO e ..... Q~11$O" .50~&. 
,.~ o~",~.X'~~.t1.tQf ·tn.·cl~~op\O;atlcm; 1891) tl'tOill' .c~a~l.Qn:ot 

·~t,"""_flt:. fO,l; r.t.;lll. It", ... , ~. Mt;b~"'.flt •. for 'JUe, in Fipt;-
1. ltcilAh' •• ,n:that, .q''':.i'.d.t~.tloJ;t;o~~a~ l;"QQtb ,ff,v:atel,. 
~;.oci.l110Pt:~lt bothtbt! prlv •. ttt ~.oo1.1b.M~ttaQf.f:01 
COQtX'ol .• t.l1 of .tc.~.ll ,.bo1:t~tt:h.CQ.t •. , J~! dQln*; .• o~R.Q(;"f' .1\Q 

~114 1l •• tQPJlt'tol 'POllet.. Alr_(!.,lt •. d fOJ:ln tMS, htpotblt1c_l 
C ... Q f~t t"t:,I: .M..lc: •• l~. iJ). • .ell .c.. rth.; -er1'V4t.. ~ fQdll 
~ptl_f;()i~lM,. 

'~~.8 'tllJ,t#txat..tb*ca,a, 'pf ·cu.~.,·, I Wbt~h.41f'fe~fto. 

.1.;. only 'i,~ ·teQJ8()f _vi.,. -.loo:r:lnt.:'lJt11cJtOwt$. r4t.e(30 pet:' 

e.~t.f9r 411l$Q.'.!OQ ,.rc,ent. for .1c.)'l!'C~.rl~r.tpr.. 7: .nd.8 

·tft ... l.~tth.ll\t;cl~1cl1!'owthJ.'.t.oftb.p .•• e 'population .1- .~y 
p.ra.t,l': :b«C;&~'t ·al;b~Jth •• c)4i.lll opt,..l voliey ',1.. b()~ty 
.ol~tlQn 1~ •• ell !¢P4.,thll C)pt1M,fQ~41n&Q.' .1. .r.df.(!.tlon yh.t' •• '; 
it; i. M cQntJ!Q'l {Qt_!Cl. :K9r,oV.X', :In.CQntr .. t: ~o 'J'.t:.,1~vlllnot 
i"O,t~ for l~Yl.w.l 14D4o~'l':.to .tt.upt to f.r..41¢Ate<U",oe. 
'QQ;ti\el'tptt>t'-''ty' i111,e>1.tlolh,v,nd:m\1$b,.,t.41c.tlon of. · •• If· 
c;t)Qtu.4po~.tlcm _u14 b. st.H;f..l1yoptl-.1 .. 

A .~.td.Y'oncon:tJ:Ol' ,~o,t. llQntiobvlouapollcY in.ttulMptwhlch 
~t " lntl'c)4~.4,1~ . q .tt.llpttQ, 1~.,.111.n4ho'la.t. I.t<> 
,'(~c.t. '4l11$"'. bAt lt ,tsnot ql •• t Wl"ltb,l;' ~t W.,uld ,b'.UQ~ •• s£ul 
ori~!'lt ~14 'h·tb ••• t (:o.t· ,.ff.~tlV. '.tbodof .chl.V1nStbl. 



,&~_t~lt ,It,,.ro f ... lbl.~~, .ff.ctlvoly Q~llV.t:t4{n8~,' ~ntf.) t.t.,by 
tQll!&.l-.\4 1\01,_:,:.$) .. $'1 'ptJ:!Qft,e"Pflt .. q.nt 'of :th. '41118o-c;ittYlnl 

e'iMcity·. of tbll~ttr~p.~t.Yt th.n .~.<lic.t.tQJ) ano"'14, tOS1.Jl~?i' m.; CQJIIIIII9~ 

'~Gtlc., ~f' •• 1:QQnt'tql ~"l\Qt."Qt: Mcl.(iill 'Ce);t, ... tn p.-ttl 
·~lQWJ-1 404.ot flDlh& lMd hola-t. ldtttt '~~ p..t .... r.:_t.t;t.4 .Q'Q 

~l~''to~rtyi* :. v¢l.nton"tl'tll apptOlcll,vhlch :-1 t~"olve lqur 
.onttQtilll; (;J>.t. ~ ~tb'X'41t.:m..tl'V.: i_tQ' ~.~tt... :X"QQ~C""".I Clf 
tl\t: .t,.~11,~ ~1:t.c;tll~ ~Je '.b,ll.tty ,4,"'t.Qtly, .. ~, ·et.ctlon.~ 
ulllt.eoaP(;"of: ·v'J:IIllJtfJ:90f-- ,f~~.I.tpl.f.b:l1c t~"nI..t~ 'pr~tt9_1 

e.~i •• 'Qft'bl. ;~ll~t op.tlQn .. 
'1l\tt.l.y. i.lt npt:e' •• ,.1n: t.~·tQ tb. I;.~.!of ~~CfJ;Qq 

wbl~ 1., ,U .• t,l~.Md,f~mI ~1lJ().. :by' ,th.'Q~~cl.l ·val,.. ,~t 
b~.$e.4 bQI.t~.b Mtttd 'Pt."'lQUjly..ln,thl.~.... ,wll. an 
.1J)t .. ~1,,,:.qlutlon (1." ..,-t;tf..l $:ontrQt) 'UbPtb ,loc'.llya,M 'PJ:lv.taly 
q,~;faal!! tb. 1.tt"r::optlQQ; il\Vb.l"t.. ,a ht~.~l.V"l of.~C)n"C)l ·th.ntb
f()~~~ X'Q:.441:tlQoto, tll"PQllcy ;t~t~~t. ,41.c~ •• tl';.bov •• Q~.1:' 
O{)tlAbIJ,,:a:e..bQ.av •. ll.alJlotQ pollcy .. ken::f,t.o*MlJ,te. ~~ '.th';.o~lal 

·~,rlv.t. <>ptlM :(ot' l!:4JlI.rQ~' ~ .• 1 .. 11.~ ,.,t.001Mt_. cm..'.tQ 
:p~,abQ\1.1'\t1,,()X'· :lD tb •• 'bqVlloMJ:f, l''Yy4tdc)t'l411~.tQO. 

klll.cl~ W1ler.tb.pt1v.t. optlNl 1,;v>.lofeQn",ol I'll 1 •.•• ·th.l\·th • 
• oc1.1·0I)t.1.-.. ~~tn.l'Opt.lAn '''0,,"14 kto (o,.to": 0pln·.(;c ••• 
e-.ploit.tt<m qf .t,h- P4'~ pop~l.ttQJ\,by.fo~ '.xqplfltpvlD& b\qlt.rs 
tb.,tlp,t c;t£ t~"'PQ.l1;lo~<let:to l\@t: ·~p;e.t~ 

lnc;o:m:.lualoQJ, it ~.",to;b." .~ ••. ".<ttbat apl' ·1Uld:.llaf .~ 
~c:;o;nclQ.iO:5)I· ·1I:Z: •• J;.hat .~¢t\l..tlM, .ad.t 'WQr.1:.1.1 •• 41~ tf 
f'qrtb.tt.,Qt4ht:. __ l., :tb4t .o .. oltb. 1 •• ~tl,QM ,ft •• vb.len 'tbey 
'\lltbMte1Y 4erl~, at. 'tU~fQ~ t.» £.«;t .. 

An .1t.~tl'V •• ~,ro.ch 1..tq,'ri,._ co.tl:t$..onpe,q .. ·(tw' 

fbx.fo~c;()n.tl:'Qt of.p,.,t ••• 1tdlattQ ~lt,()~11.tlt. ~,~ttelQl\ .....t'tI,. f__flQt#t ftn: .ec...to a! .~k.1;. rMQ1.l<JJ\..J:., !-o.t_rd-p.nct.lU; 
_ .~b; f4U:Mt' ..... t cQJlj.c;t:\U't a\10'lt.tb. ~ct.1Q,na Qf' ot;b.'r.'fU'Mr. 
lnQX'd.r' ~ .. ~. 11'; <kcl.lonht .. ·.lf., ··1'b«dl •• J.al1"i'it1tf» .~ o111~poly 
t. ~t, 'c~tltlon t •• t:Qv.t ,"J:~.t; pl:'1c ... !and, _bare_but ov.~ 
,toeb Qf ,..tf. 

A;f_tMt~I".''PX'QpQtt::lqn of th.,tot.l , •• t. in bl. 
~t~d)C)od..hQ_ .uebcontxQl h .• c;:.,n .x.rt4tp.~ ollth. ..,blltt, 
of .. ~ p •• t.. .l'l4tbe _l.ze of hi. fax. tel-.tlva t;c> the, .1=_ Qfthtt 
l)tlp~r'booa,F()X" ..... l.lf.l:Mt,.th. ~&t'..of C9.0l\. proj?erty ~111 

"1.~,." ,rQ~. 1.t,e, £, ~J:tl\.q.'t.. ofCOIIIRKlnprQtl*tty 11$, :b, 
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.-11. He: , •• k$, to 1IQ1Jd... thO, v.l~ ·4' b',; :1n1tl.x.t9ckof p •• ta 
1ibl~h .qu,l.t'Ue. J.)e.t In!· .... nt v.ltM,pf~, d.l; •. ~t,lMMflt.fJ:a 
han,.t!nl plu, .1mU;te¢t ben_flts, of.produQ:lna QI."QP.,.d.~ th. «;QSt,a. 

'Ottb •• ffQ~t.~~nd#cJ tn. M~ ... tJ.ll', .. 
"', 

;it .. ) .. ~ I AI~'t fllhllt'" Pi/{"&t) • XS.-<l1t '¥t>]dt;, (4) 

.l~ ji 1.tb'Mt,}lX.'4'nt. valU«Q!tb, ~.Ql; ~1. tM :.tQ1;k:of' ·p.at. 
OQ tM,f.nij b uhuv~lt. '1 ;1' :~tQd\l~tl~n .QfC;l'~P'l .(tJI.>1; 1:Q" 
c;onf1#led; .ltb(#~mtntl.1 opet.t<>t .)l. 'the .• ffot't:.~.dontb. 

lla~ •• t;;l'b.Py 4n4P •. at. ,dQt' ~ .«nd $~. tb.~nt.~ •• t :r:4t_. 
'J:h.'¢Q~r.·$Ul<)n4.f..U& ~Q,f..lonpJ"t>bl •• fQ~n.l&hbQu.l':tn&, f~r •. cQ\4c;l 

Ia·· dtn4t.4. by t.f#-pl.~tn. lowet: <: •••. lett9t'_,;'V1tn¢.plt.l letteta ttl 
'qtJ4tion ·(4) i., tlt.nfJ~&hbQ\$t.ji.tQ¢ko£ l'4$t$:' WQqlcl 'b., X.~oJ: exqpltt .. 
TQt.l. ,./.t .• lntb.,n.l&hbQtlthQ04WQuld.bt, X + .)t~. 

Tb. ,.tC>f;~o,fp .•• t.;¢g<;:lwi8.~~,r 1;!JIe" Tbet.t ... ~-l~b, p:.~t. 
J:.p);~.an(l' .&t:9W .1thin. l:t.l,te,4;. c.ro-lni, 'c.p'.ct~~.('.~on 
pqp.ql ... tlOJ\<Jtl1*lt;y" Th.:;.t- 'A.t 'tihlcb tlnt,- ' •. i_f.te> fR •• 2:'4tQl •• ,· 

411) •• 1y l19p· ... l.t'4, ;u ••• dep.'ll~ QIlJIQb111ty. An(l,tht :.t. at1tlblc;h 
tn..Y U'.~3te.d· i" contt:oll.d.r>,f cour ••• by tb., f4tJMt:.., 

lItl.te i 1$ t:ll. eha,t;ls« QV_t 'ttMln :t~.tOQ): of' ,p.,tU:. Qn~., tana;g 
1.,b:tQl()Sic:: .. l,towth;.1.~, u~t.l,-rAti.on qntqth.t.n..; 1'1. 'th. 
1nt.r1Ql.;gJ;Q-.enrat.' fo;.,f.m.wlth unll.1t.d f:;.t,;,ylp,~.pa~tt1; l( 

an.d K.r~ C;.;~lng c4pacJ,;ti,.1I of P.-t, ·foX'th.;f~.n¢ ~!ahbQtll"1D& 

f.~;1 r •• p.¢ttvel)';lUld 'Y 1 a., t;h., 'velocity .t 'whlchtb« 'P •• ~:.~ar.t.~. 

mlD~'I$tA 
Kl'J.'.tI,Qnb ... ,bten.t~dlt4~xt..{V'lv.111n the ,.the-.tic-.1. 

,.coIQ~ 11t.r"M'~Sutv.y. In¢lu4a u,v!n (1976) .ttcl HdiuJ;ttt. (19.18.)~, 

rotp •• t .pop\\l.tlQmI, ,.1at:atlon '111111 t~., tb.,£ora: 

:tIt. '2Y.~ 

~.l~tx:t~~'~.lpD~ 
tb, l"i~tbaml .1a. of .q~t19n.(5)1.then'tqQnt1ty 'ofpe$ts 

.1~l1It.4 ·In. t1 •. ~. ·Qtoltthanc.t 1I1st.tf,on I,d4 ·tq th •• tp¢1(Qf p.at_l 
~t,~pl.t.'tt!f 1ftlltlply1n,tbfJl\et .q .... ntLty1;J1 .lU\ 1.p~t.d.p~1.~e 

ji~i,; 'th.,total co.~,.la t.qtthe p.at. .'tbl$l. tot.t ua~t'!\«;q.t •• 



, '/, 

It 

1'$ubtl:.~ttll$:tQ~.l~.n: .. <;.Q.t.fl;Q. tOtatx-,,,,,lJUe.o! Mrv •• t;1?l~. tqtal 
,t,~~. of ,c;~o,,;,X'od.v.f>tl()ll.tl\~. t.ot.t ~~U.t., Qf.lt()~t, tlv __ .. 4ynaq14 

, .. ",YJ;. of p~Q(ttattt..:t .. 

~t'. .' 1.,. dyn .. l~pto~lt;. at tt_t~i ~·t. th.~u,t.4p~1c;. or 
J1Mtlln.l WI:.~~CQ.t: of »'It ..... i. tho. c\U:rent ... " .. luaU.-tlton'-.na04 .~ 

1. th"c.uu.,p.t'!'lv.l~.co.t.t.!!' ••. ltb~J: ~.'41"coUl\t~4; bQth'4X" 

<ltnMl~te41n cJtJlla:t •• t ·tt. t" 

hc;.~.f.tth.opt~tth.,co.t.t ... q~t'ith._r$t~l r'.t\\~ 
off\ltu~.; .c~:u.\t, '.cved' bl~.'J:V'Jt~n, tho peatll 'to.y.~,tc proflt. 
c.ptt~,lL.,d.t; tb. ll\ttt •• t x.·tt ''l~1. dl.- ... ~ pX.$on~ 'v.tu.,O,,( tbt 
f .. nt.ff(~t)lf'" j(~t)" tb~ ••• ~dJ.J.=il1g th.'lWd.lton:t.~ ,1~ •• Qh,t~ 
v-nQ4 1# .q\l1val,nt to~~.l';l~ th.~.tP;.I'll~'V.l\) •. Qf till. ta:t;a 
lne~tiQn(4); $w"j.ct. t~ th-. chans-.:ln thep •• t.popul.t1,onln 
.qu4tl~n .(~).~ 

X£' ~Q1;tqnl. Y .na $, ,.~. 'f;O~"V: •• nd:ei1,., cony ••• it~, Itq11tal1t.n 
t. c:onq.w .n<l;th.,c>p~l., c:h4t:.ctetl •• d by' flt:'.t."q~4tt;cQ~:ttloN 

to): Mnf!U~t.. p •• e. ~ lMrstMl U#.J:'·~o.t., plu...~ 'lnl.t.l':l CQrultt1QJl 
on .. p4l.ts.nC!.t.~lnal CQnd.ttlQIt Qn,lMti1.l ·\W'r"CQ.~'·. 

k/abt ' .. 0; • lb. ''Ii ,.a./allt , ~~t; 

.a~/ax:t: .... It "6lt -- "~y~1/a3t +p'.f'la~t; 

., ~t['81a.Xt: + 2vU~t/dxt)/it ~ llklltO:$. ~.(8h.~ 

(Be) 

<I 

•• l:.i4X'l4lt:~ :1,.: the couj_ctt.ltjt vatt.atlQn: tb.(lol'l,j.ctu~. byth. 
£~r';.bo\lt hl.n.fPbouJ:.' '\t.~I.ttOt1· ;In. p •• t. In teA,Q.t;:!on to, hi. own 
'c~~.\.. ho."...·tn.pe.~ ,.I;t; '9~4 J:nco_AJconj.er;tute"»o\lt; 
c~,*...ln ·~.t..,nQ.t: "l"klt ptlct.l ot:-.t'k.t .. h_:te-.. at.brpt);t.,nt. .. 

CoJ;'41tf,on($a) .q ..... t...th •• l:llu.t".v.nu..fto. b.rv.'tl~tq 
t._t.nalcQ,~,,~~·:.ftc>tt, ~lu,~:,.u.ri.1l\4l..UA,'1'~(:Q't of p •• t."l.f 

C,T' ' ;,: t l 



,l;'Mt. 1!('~. qp,.~.CC •• 'f;. "tn'l:~ "",,1<\: 'b- l\QaQQj.a.l¢()Q,t'J:Ol()fth~ pCU$ta 

·~(\tb. .'t,~~l U#~t.:-coat. :tfou.14 'bo~a,~Q.. ·'.I:beh._n:t'$ ting ~.ctpi,on 

W()\Jl~~w.a.,9utr.~t:ptQftt. :W~t.h u<> l:ftgat4 ·fottb.tutur.~ 1.£ tb.~e,. 
w:,;,e.p.t::tt«ll.1' It.i.t.,ul. 4CC08$.t;ho .;'$t~u.l,usctr",cQ.t ~ould,bii M.n
%'l:rQ, but: 1 ••• tbam,i tb. f""llc:o$t'of 'tne, pe$ts b«\lCIU_' thf>: .t'\1tu,~.,wQ~l~, 

b .• , ~U .• cQ\lnt.4 tQa' h.eavlly .. 
:otl$¢9\ln,ti.na, Qf th. f'~t~io..4'll.nrl1nl. l~pontb, d.e$r •• ~:C),f "cC.Al$ 

t,Q"t.b. P •• t •. ts. M3ctiQ,dbY,(;Qn41t;toll, ($b)whtQb ~¢ 'bet •• wt_»ao4 
:t.n.t~ 0i£Ol'1t:' to"lfh"t, l~lt. ~~t:. of eondttJ.on (8.). 

Q .~ [PygY/8Xe .'*' p~lJe/altt] I 

[6 .. lt/~t .. ag/a~t ., ··2v.( {~t!~t::llK" 11k] 
tn~ UA;'&lnal 'X't;lvenue of'cl,"QP$a.nd: th'.fg~~l eost ofet'fQrt "With 

't~.~'¢t to p •• t. ut$ e~pttall$egh1 an, .pP1:Q.,;t,.t_(.u.!l~qUpt,:+.t. 

boc;.,\\$e .' ,~l""'~El' lqth. $tQQ'k: q,f 'P •• tIJ. .tf.c;t$".llfutu~.'toc'kfl'~ 
,U4n¢(htne..-rgtnalU$.eli'l'C9"t.fJ<{\mls th_ pf~,en.t ".1_.0£ .11, .th,.e 
.f(ttct,.. e.p;l.ta1, &.tJt$.~owth aM j.l'''18~.tion c;.n:~e; :pt.ts:, 

1:.1 .. tl",.ly 'lI01;e (!O$tty. 'The. .pp~op.tt.1:": 41f C.QW-l,t r.t. 1. tIt. i~t.t'tst' 

~.t.1 '1.$$; ~be t.t.Qfc;aplta1S4,tfilftthtt. _(~t{).18~owtb;'4t. and th~ 

-';:$tn.1Jlll1.&J:llt1ont.t,. 
'tb~_tgi'Q&l.f.&;:.tlQn·r.t.tJ\ tbtl denM~~tql:' of.qu«tlQn ('b t ) 

tath.k-l 'tQ4et.~i.nlU8 .th'4e.gl'4!l..Qf ¢~n P(QP~fty,. If 'th\' 

V'.lqeftt.",.t. .z:erQ,tb..; p.,..ta.' .X'I!"1?l::tv.t..l>to,p.~~ 1th.fut;u~. 1_ 
:not oVf!ltly tll.counte~" bQe.us.tb'lIu~tn.l u.er .. c:ost 1, ••• ' 1.J;'g~; .$ 

p(U~.jbl •• n4th~ ~'U~a,.rt'optt.lly ,"4Uag~d". 
X£tht V,lOQttytsPQslt;lvo. bow.veto" th~ ... ; ,.are •• vet.l. 

posstbtlltl...A f.%latX- Who, •• ,Ul.tt)s Id...n.1shbout."~11. ltotx.,pol\4, tp 

,. :oh"nge: lnbla:atoc;'k l!toUld,s_t the C(>11j.QtYt,,1 "~u:'t.tl:ontQ. ~erQ. A 

CO\lt1l()t-N •• h. ~qull:tbr!uaWQtU(l. 'tesul,~.wh.tc:h 'cl.pcm4$ UPQnthtae..t~lns 
.t;"P.Qttl .ot tl't.,ts,x.. ,X£' tlte f.n..,1$ ve:r:y: laJ:'S«'h th~pjst~ .te _.,.in 
-prl;vat' :ptQP.tt1~ »ut 1,£ the fiA~' 1$ .... 11. tbE,l dea~4e 01 co_on 
,P;'~,~ttt ··~.an.b.&t •• t, lnth. Ij,1I1t. 1>p$n aeces.\f~tba fat;lt. sh:~, 

.PPt(Ulc~l1l&, \~.t~ dJ:'.f.,v..tb.d:·ts.Q,Q\int tli\t.to ,Infinity .nct th. Qrgitull 

U$8x·"!Coat tQ~.,r(h 

It. famt: ~ho .Sf'\f~.·ld,.: n.lghbQu,1:a.w,tl1 ':J:'.4uce th,tx .$t:;o.C::(c as. h~ 
£~t ..... , nf..'\J()gl4: •• t th.cc>Ilj.t!tQtur.lvatiation .Msatlv ... 'Ule. degt~Ul 
Qf.;~.n p~Qpe:t.t)" is "~ccu;bate4a$th. f.~.~tlZl •• to-pW&n pe$t 

cot.~~ol onttt .bt.· netl;nQ()t.ll!". 
It. t.~.rwhQ. ..... \U.t8. bi,n.ig,hbotlx. inQxef.se. th •. ~tstQQk. as l:\l) 

.d4 •• '~\Ilq; ,.u;the <;.l;tnj_¢tut.l;. v.r.1.n1;1onpQ.tti,v~, 'tho 4,gree o~ 
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¢~llpr().pert1wtll ba_el~Qt';U:ed. Indeed, ·an e9.ul1ibt'J~ •. qq.l"\7.1,nt, 

t<J, tb. prt".te pl:operty _qu1lilbri_ t!Q'q14 be -.c:hieved if't 'fo;r e~ .. plCl f 
th. ·fa~. ,t# .orte",fifth()f thl)ne!ghbo'(Jtho(Jd~ -.",elgbboutin:g farq ,arf(t 

t(n.u:".!:J.~th~andth. eonj_cblt:&l 'v.rl«tloni..89,tto 4. .Futtbet'.tf tnt 
flv. fa~.:rEi1.dent!calwith the ... 1_velo! .stoc;ka1l4 lfeJJt.ch 
fare,r ,fo1;Jl"tbe .... econjeew.rlll vari-.tion,tbeni- 4~a.t14 the 

~tualvarl.t;tonls lti '- 4... Tb~: only cotlJ~ct1lral vatlat1c)licC>J;1st.tent 

with the actual vaJ:;'l.tioJl i,4 and., conversely,. ()the~ eo-::;~",,~·t,'a1 

va:riGtions.such ·...;l:earo ar~; l.11cQnsl$tent~ 
The fact that.(!onsf.stentcQnjectur.e.el:iainatttbfiJ C9.-on 

-p.t'opel:tY pro1l1em~ght lap).)" that taxa. ,subsidies ~a ;q~()tas .are 

\Ull.'U!C;~'$.xy", All tllat11li,shtbe tequtr.ed: Is tocop;vince each iaPiel;' 
:thatt.veryotber fatm.rb~h.vell$ ash$dQes.. If htl unfi~tc(mtJ"olsthe 

pe.t!ll/ so willtbf!Y,I' UnfQ~tuna.tely,tbfjconalaten,tconje.ct~e~ 

eqp.l11brit'#pose$a . prisop1U:s «dilelllU.. :Eyen 1:fhecQntrol. ~th~ pe$t., 

hi' neishbour. ~is.ht not ~ hlsfa~ 'Wotlld. be:relnf~.ated. Apubl:1c 

policy to,.ol vethe, cODUl()nproperty probie.thtousn 'a·cons:bU;ent 

~onjeQtureeq\1l11br~\la"Quldrequf.rea gre.tde«lo£ J:IOral s1.la.$ion. 

Fro~~$t it ~e~.:r.a$onableto aodel the .Colll3l0n 'ptopeX'ty 

prabl ••• :t -.: 'CQurnot,..lf$.hequl'librlu. .tth Zl'rO conjectu~al 

vul.tions,as l,atyplc.l in the, Mtur.l-resouJ:ces l1tera~$i' It 1-
st1111JJpott.nt, hOQver .to,aof1e:l .l!i-"C'.tlo'l\ .n~ cblll'eti;tlC>i\ lUIoJl$ .. 

tewf.t:mers toaete.traine th.dfl,~"ree ofeODllon p.t'Qper.ty .,'lb.e ,()pt~l 
tax or.ub-ldyl.tbe hypotheticatllUt,rsipalu.et'''¢Q.t.of pt:'ivate.:ly 
cQntrolledpe.ts; ,.lnu.. thlil ttctual .-rginaluser-c(ultto,thefarmer, ". 
'J:httflSual ,as$\mptiQntlu,t,t the Da:1:'ginal\1Setj!Ocost to the f~~er.oq~ls 

%ot'Q'lJl ttu~only for 'open' a¢~e.s. 

Ko.t.gr:l.cultural.pests lIove &,01;0'. £,,111 boundar1.e$ dt.trlng f,;o.e; 
part of the$l: Ilfecycle;, thU$ they posses. the .eha,ractflristlc$ofa 

Mgatlvecortilaon ''Prop~l=tY reSOUfC6", An indl:vid,ualfana iimregm:ds the 

level ofinf'estat;:1onorsuchpeasts .asexQgenQusbecaWJe, 1nfe~t;~~ltJn on 
a.nindlV1dU41tarzac1epen4son the, level of ·i.nfestation 1nthe' whole 

~eg!oll •. 'Ttleobjectlvb function,. of such fanaf1tJIJJaay be to.1Uld.m.lse 

ptoil.ts, given :tbe 10v8,1 :or ltl.featatlon .. There 1s l.it1:1eincenti;ve to 
try to: i~l.uence tbepop,ula,tionin the reglon.lIoweve't', ebej oint 
.q.ti,Ql:). of ,.11 :fa~ f'lna. affectstbe p,op\1lation ot,tbe pet.'t .In a.e 

re.Sion.Thu.$: the: po.siblll tye~.ts for .• ·oae typaof gtoup,actlonover 
a l*r,. g'(lgl;&phl~al :;~SlQntoint.f'~allse the ,.tf.)ck:",exte~tl~· 
~.e4 Dy •• ch :tltlt britt$ pelghboQt..i .. 
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\lbeta$aina£xollc regi.on.l~®r41ttattQn "t:..Qb.~tl.l. an 
,ap~~opJ:'tate t~/.llb.i~ypql!ey :.&1" be. ~l,..ntedtQ J.nte~11Bethe 

.~t..~lf.ty ..In,tIll •.• e~t.1C)11.tha.i.=~of.U(:h8.1t).. 1. tUft1MtecJ 'for 
, tl1e" ,<;_e of w:tId ,o"ta: in 1i1he.t__InsttUJdof.'Nkf.t1$tlt. U$ual ••• u.ptlon 
of padectaobl1itya,. in tbe.casa Qf insect pest. (~.~ and Dbton 
19.84). ~Uff.rent rates Qf .$pr.a,ct .~e".~_d. .A :tepr.sent:a~lye fatll 
*'fJpro-.eh. lsw;eatollolv4 two fiJ'lit.ho~f.~on !nt.xtdpot.l GeQl.ion 
p;C:t"t1.-.: one for *' IiIQciill, 8 ()lutionill whl¢n exte~eff.eu.:t. 
1'ully Inttllrnalfsed..th$ otherfQr .pt1vat.:.olUtl<m: luwblch .xt.~l 
effec1:..reot1l)' partl.1l:YlntetlUl.l1.fJd~ A4,natde prQ~ .. l'Ul~l 
1.; ~ed for @~tvl11i the.ol"tlo..... ..'l"be. nUliberof ,vlabl., ••• d.s in th$; 
'.oil .• d the Cj~ti:ty ,of .. po .• t .... 1tgent •• rgont. 'ber"bl¢l~.J:.; 

speclftcu! At tb..ta1;e .n4, tbeflecisd.on v~~l.'ble$ Itttbe ~l. 
Tb. .Q<:f.al an4prlViltesolu.t1oJli;'for .r('spt~sent.tlv.' faxilovor. 

t1tie bOJ:hQllof t~n ,ellr..t~ ob~p.ed llyapplytn,thfl6ynual.c 
ptoSr.-1na.o@1 ,the -~~iled speclflclition, ()f 'th. dynaJIic: 

ptQ~"ln,li04el 1sdl,;cU$sed, by 'e~ey . (1989) . ., To, 4.n;$.v.eth.ptiv.ee 
opttul JiQlu.tlO1\. 1~ .1$es •• Q.l;:1_1 'tQ·know the .1=. of ,tn. .~f;tt~1~#1 

(Xt~ :In.~ltlon :to 'tht lev$l ,of Infe.tation(~t) Qntho fm.. 
:Howeve~. -the .1ze:Qf ·th$.exttu:11$11tY' '~'P.n'" o~ the col1.~tlW:l).ct:.ton 
o~·.11 tant fll:U'II.llete.the private solution 'lsd.etlvedby ualna, th. 
:!i't1!l' ••• ~"cta~to~ ,.b()ut :t:be :.i~e,o£·:th. future ·.It.te~lf..tl •• ,..The 
flx. 1., ..... d tocomd,cte%"tbo exte~ll1:y' t9· ret.in_t,tta. pt •• el1t~ 
level £or-11 the fuwrey ... r. ~ j;ten<lfyt;&r "horl2:'>11 probt_ i..olved 
b1;.pplying.th'~ic;prq$t .. lnJ . .mel&tven ~OM~n~ Xt~ In ~tl,t.e 
~~tplltlQc1. tbe: level of .• ~t:.rnalityr;n.nge$ as.p.ctf1,d: in oquatlon 
(84) dut· .to j,oltltactionof all fu-", 4 JlllWl",yea1:' llo~lr,onpr9bl_l., 

,olvea, ;a.s.udon; the .n.wl."'lof.xt.~lttttQ h91d fo~.llfut\lt* 

18"1:'8.. the lev.1Qf ex.ternality ,18: ,.galnupdat.4:",. thlt.rproc... ~ • 
. . c:ont;im,lec.i. toth.fl: .ndof 'the.pl.nnill!, 'l)orbont: 

1'lt.$p):.~4of wl.ld,o,.ts.QCC;t,¢,..:throu$bxedf..-tribution of the 
newly prq4ucecJ; ••• d,J. 'rhe. Uf,lt inflow .,fw11doat •• e\ltds into a f.rilt • 
••• ~d .t:Q llea., proPQrtton oftheaifler.nc. between . the ~w11 
pt04~.d,.ed$ in .t:beregton and th. newly produc:.44.eu; in the fant., 
l'hl. ptopOl:tlon 1$ .cQXl*ia.red h.l:'...s::.present~spr •• d x.te ..When 

tb. .pr •• d rAe. U.e;o. :tl)e prlv.te .• olut.1Qn.c:on"spo~ to the 
.~1 .. 1 $olutlpll. ,th'.Ol,..~toM fo~dlff.t:.nt.pr •• cl :';;i.e ••. ~ 'bIG 

.tJll1:1411.v.l.of1nf'.tatl0lUJ(Qt.x~ernallt.y). are pX' •• entcd in 
:rl~. lO.'l'bepreaarlt;: v_1.,..; :decr' .... swf.tban!llct(t .. a in' the.pte.a 
:rat.f()rbotb 1.~la Qft'lXternalt~.. Ifthe.pre .. d l::at.l- 20 per 
c.nt. .~. ,.i~. o£ ,_lntrQ. r.glonal cQOtd.1~tlQnis apptol(t.,tely 

$9Jb.afQrboth level. of e3u':n1allty.. nul' ltvelof .saln,"1 be. 
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e~_lQ.et.d· to be.tO() low: ~Q WInf.4t the, ~o.tof tspt .... nt111S.· 
t&2t/.tlb$1~~li~,fotlnt6tna11&lna the. _l(t~~llty * Uqw.V'.t.. th
si.z.·()£ the 'eQt:.llt~al pin t~o. : .. tu/.U}:)~ldYPQtlc:.1 .1tter ..... wltb: 1IQ; 

llt~t .... ll'ti$p~ •• dt.ttlh 



· ~tcu1~. hotsttlon :&>ard(1988)ln:QV,l1 a-pg.tjl ~:rl<: ... ltqte 
~tQtf!Qt:tf)t). iQat'd.. rat:tb. 

Cllatlt.t. W.(l':16)tlltb,"!ii9.l B1oos;mlJs'; tb, Opt;'Nt.'tknll,.'nt 
:$lf·b~QQlta.'~pt'$f'"..tobn Vf;ley& SopatJ." YQtk~ 

ttueth.·n~ 'anc!llegflv J U...(~t74): :Opt1.a.al GgX'!c;ultur«l.pe,t 'unagtu.pt 

YlthlJ)Cr8~.t~ pest: ;rtud .• ~anc. ,,_tit;"D~i9VPVJld 

'criqVlt$ltlllS:9Ml!liCI .6S():S43-'$2* 
Lzt~.~:. 'if .. F.@4 :DtxC)u.,B.L., (1984)~lcUltur.lp •• ~: .. c-.on 

p~.¢)p.tt1!contX'ol o,f corn, ~two:QI, Atun:igl:D., J'~ ,.9f 
AIt:iC!.llMillco_ic,6G(4):456 ... 46S .. 

1"v1n~,S"... (1976)fopu1.tlo1i ~ic. JIOdel.-lp;, het«n:c:'Ig,neoq, 
en:nrQ~nt$:, Anntl,l .,8,yisnt, ,'9f 1901~1X., ~. ,Sll~ ...... ti:C' 
1;281; .. lln~ 

lte!lux:et1 •• , R~ (1~7$) t>at.t,t'ncfl.md at.:bl11~ ~f .1ps.l.$JMl(;~ea .~d 
'Pre~tQt.,.pt.y.:tsteiU"n. .p.ti&ll11heta~o$~~o~ 

~tlv'1~o~nt. JtJ.thQAtic.~8'~fci'nc'tf)9rl1 .. 51 .. 
P~nd~y"$;,, '\:~19a9)~,4nQ.lcaQf' W114 ,Oat,COI\,ttol:an; App11catlon of .. 

:StQch~t;ic: nynul<;, Pto8;.-tl1l ,K~l.Collttf.but_4'.II4U~: 

pt~ •. @te4,. at th.'lbttty"';'1'btr4. .~(;onf.X'.~~ of' the 
Au.atr.a.l.t4n, AS~lc"'ltur.1Edon_teJl:so¢1.t,y. LlncoinColl,g., 

Canted~~ty .,If .. ..,. z.«l.X);c,i,F"~~1989. 
R.ob.X'ts,. t~J., C:t"'f:\.l,~ .. JqHog$tr9ll.4~W. Alld lill.cb., p,~ (19,86): 

SQ •• ''Ehougbt$ ontb.e S~c;lal ~onbJlicsof :o.clared Ve.ti$ i.n 

We.tem .1t,U$t1'al1... Paperpreaenbl4 to tbeEcon~csof' W4UJ~, 

.tl()tk$bop,C~'rta., ~ ... l»ece,mb.:t 1986 .• 
Scbefefx·"H.Jt. (19S7). SO.- consl4eratioM' of popUla.t~()ll dynqlc. '1I.1\d 

eeollQJlltc$.in J;'ela,tiQn tQ.the aan"ge.nt Qf .. rine if'£she:t!es. 

~2Umal p1;tb$!.. .Ei,b,rle, Researeb .,' B,?,rsi of" JiArJlSUl 
14:669-681~ 

Taylor. l~tQbett (1980) 'nlenatur,. of b.n.f.it.an~' (:ost •. ofQ.Se ofpe.t 
c;ont~pl ,.etho(b,. AUligf!~ Jw.q.'4l ofAlXis;u1tuU 
62(S)~lOQ7'!"lOlto: 

T$,.()ell.'Cle.' A .. (198Sa)~c~:mo.lcl1¢'$h()ld Kodel. anclWeec:l C:::ont~o,l. 

t(e, •• tcb, ttepoxt OJ; Q¢c.,lonal. ,.pa~No.119 .. n.p.r~nt.()f 

~o~lc" Unlvet*19 of Ne.wea,tlfit .. 
1:f.d.l1.Cle., A.(198Sb)V • ..,c!: Cont1;C)lln ~ $ocl.1CollteXt. aesearcb 

Report.()X 0¢(;aslo'P41Pap.rNo..124 .. Depar~t1t of Economlc •• , 
l1nlv.X'alty flf New-e •• tIe. 
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11.4011. ,ql,. A.. (1917) Siapl.: :Eeo'QO.lcl(Q~l. ofl'e.~CQI\~:J!'ol ..... 1(ode1..: 

with }Jo~slbl_Ap'Pl1catlol1tQ th .. CQntrpl of Fer.l :PIg. and 
()th,rVS.ltlAnlql.", lte •• arena*t>or;t oX' O¢~ .. lo .... lPap.1:; 

l~q",33..V.p.X'~t. ot :~OnomtC;.l Un1v.rld~ty .of NeV'C •• tl.~ 

'tl.~l.l.. Cle. A~ (19.l~)~ga:t90s:th. .eono-1e. _nag..-nt;o£. 
QQlilQn-p'toperty te$o",ree. involvIng lntlu::dep.n4.nt 

Pt~.ttQll.icwwudSf6nJtt.Dil.Jldf91J~4(2)'!S9"'7$. 
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