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ABSTRACT

Iluman socicty has bccn tlccustomcJ tn thinking 01' natural systcms as l:lltilics rCLJuiring protcctiOll or

exploitaLion. I'herc has bccn much hyhcrhnlc in lhe prcscntatioll 01' 001h vicws. Although people havl:

spokcI1 of lhe dcath of IW.turc. it is ulllikely tha1 humalljty ctlulJ cntircly c1iminatc alllltlll.JolllcsticatcJ

spccics. Each time human sncictydocs sOlllcthing.n:llural syslcms aJjust. not always in ways intt.'nJ..:J.

And. lllis. in tumo rcquires human socict)' lo aJjust. "111is lllutualmoJificatiol1 i� :lIlulagous lo C(ll.:\'oJutioll

."Icen in pairs (11' spl:l:ics.

Cocvolutioll hetwccn OI1C spccil:s ano i1llotilcr is ohcll llCCtllllplishcJ lhrough harsh pcnaltics ror ;:¡

componcnt thal docs nol n:spond rapidl)' 10 t.:hangcs in thc olhcr component. A cocvol ulinn of human

sOl..iely and natural syslems will be Iess unpleasant tn humans if rapid information syslems are dcn:lopcd

to alert socicty to nceded ehanges. couplcd with ;:¡ sufliciclltly high ell\;rolllllcntall iterney In makc lhe

ehangcs hefore the selcctivc prcssures nI' natural systl:lllS are t(lO harsh.

Inslead 01' plllarizing vic\\'s (11' hUIl1<ln socicty"s rClali(lllShip wilh natural systems. ({1 tl1e degree possihle.

this relationship should be viewcd as olle syslcm eocvolving \.."ilh allothcr. \Vild systems l11ust always

he valucd and mailllained. hUI the point al which human sociel)' and complcx l.'colngical systcm...

modified by humans co-exist is whcrc sm.ielY must spend more time working on a mul ually hCllcficial

relatiol1ship.

Kc}'ullrds: c(lcvnluti(\¡}. p<lpulatioll growth. cllvirtllllllentallitcracy. envirol1lllcntal ethos.

RESUMEN

1.3 sociedad humana sc ha acostrumbradll a pt:ll'i.ar en los sistemas naturales I..'tllno entidades quc

re4uieren prnlcaii)n )' explolaci()Il. De ahí se deriva mudlO de lo hipérholo en la prcscntaí.-ión de

ambas obSefVaí.-inncs. Aunque la gente habla de la muerte de la naturaleza esto es improhahle ya que

la humanidau deherítl eliminar por complelo l(ldtis las especies silvestres. Cada \'C/. la snl."ieuad se

ajusta un poco al sistema natura!. IlO siempre de manera rredctermin<.lda. Esta mulU:l ll1ouiliea¡;j011

es análoga a la coc\:olución visla en un par de especies.
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La cocvoluci6n entre una espcLic y otra es ,1 mcnudo competitiva por haber dificultades en un

ctlmpnl1cntc yue no responde r¡ípiutl a los camhios en los Lh:lIlás componentes. Una coevolucit'lll de

1 .. sociedad humana y el sistema natural puede ser menos dcsagrudahle para el homhre. si la

inl{lrllmciún del sistema se desarrolla tan ní pido para alertar a la stlt:ieLiaLi de la necesidad dI..' camhio.

al par Lie eontar con una cducacit'l11 ambiental In suficicntemente fuerte para hacer Ins camhios

nl:ccsanns antc la prcsilln selectiva uel ... istcma 11iItural.

En camhio Lie ...dc el punto de vista de las socied;¡ues hum,lIlas las relaciones Lk polarizaciúll con el

sistema natural. en el grado que sea posihle. estas rclacitllles podran ser vistas como un sistema que

Ctlcv(llucioll<l con (11 rtlS. I.os sistcmas silvestres simpre uehcran se valorados y sostenidos. pero hast,:!

el ni\'TI en que la sncieJad humana y la cOlllpkjiJad ccol<lgica en In moditieaei6n del sistema por el

homhre coexista hastu el graJo que la sociL'daJ pueda dcvlll"cr mayor tiempo de trabajo para IIcg¡¡r

a un;J rehH:itlll JI..' mutuo heneficio.

1).. lahra<_ L1a,.c: ('oevolucitÍn. desarnlllo ptlhlacilll1al. CdUC;JL;{lIl <lmhicntal. ética amhiental.

Tlle Wo.-ld Lummunil)' may no hc sufficicnlly moli\';Hcd lo underlake those sleps ncC'essary lo pmtcct

thc �I()hal clnirunrnent until il fully apprccialcs thal a failurc lo do so will cndun/.:cr lhc heallh uf ils

dlildern, ami lhal uf J,:enerations lo comc.

Sclccting an Analogy

The particular analogies chosen to frame the

disnlssion uf global change seem to be a kcy part

in (ommUnicaling lhe scientificview 01' lhese issues

lo lhc' ",iuer puhlie, Wilhoul aeeess lo lhe applieable

scic..'nn' from many fields. lhe general public cannot

fully participatc..' in the uchatc. ()f (ourse. mosl

crologists fc..-l.'! lhal cvcn lhe mosl basic ccological

cOlll'epts are instrumental in enlightening the ue­

hah: un g10hal changc. Ilowc\'cr. this can he true

unly ir these concepts are communicateu in a

relcvanl context. In additinn. ccological conccpts

must he intc�rah:U with kcy t'lHll'cpts from othcr

c..Iisciplincs: c(ollomics. delTIography. political

scicncc. cultural anthropology. puhlil: IXllil:y. etc.

()ne such eculogical conccpt Ihat may help shape

the uehau' on global changc is cne"olution. A hasic

dcfinitioll of t.'oc,.ulutiun is gin.'n hy Ran'n and

.Iohnson (19X6): ,.' rhe simultaneous devclupl1ll'nt

of adaptat i(lIls in tn'{) or more J'X)pulati(lIls, spL'l:ies.

(U- tllhcr eategllrics that ¡nteraet Sll c1l)SL'ly that each

is a stTtlllg sc..'kctivc f{)rce {)n lhe ()thcr." In e(.(lh)�'.

Nocl llro",". l)h.I)., Uircdur,

North Amcrit',m Ollit.'c. Unitcd

Naliuns Em.irnnrncnl IJrugrammc

coevolution has been uscd to descrihe paircd

l:hangcs in huttertlies ami the f10wers they fecd nn

(I:hrlieh anu Raven, IY(4), hosls anu parasiles

(I'imentel el al.. 197H), and preuator ami prey

(Tholllpson, IlJ�6). The coneepl has heen exlended

to describe changes in more lhan specics pairs. e.g.•

lhe recipnu.:al changes in agricultural practil'cs anu

weeds (tihersa ,'( al., llJY4). Further, in eullural

anthropology. the conccpt of coevolution has nCL'n

appropriated to descrihe paircd changes in thL'

human culture and human gcnc...tics (Durham.

IlJlJ I ). ()I hers (e.g., ()UUIll, l YY2) use illo uescrihc'

the rclationship hetwccn human socicly and natural

sVs1cms.

.I"hc kcy parts of lhc (.()cvolution tlcfiniti()n are that

lhe inlcractingentitil's must serVe as seh.:cti\'c fOn.:l'S

{ln CélCh ()ther and that challgcscnhanl'c..' the sUf\'iv,11

()f cach partncr: ()thcJV,'isc. lhcSl' change would mll

he adaptivc. The idea I wish to explore hen' is that

human societies and the glohal l'nvirOllment

intcract amI shape cach other. that thcsc mu(ual

rhangcs can enhance the survival of hoth. ant.l that

uIH.lerstanding thc mcchanisms undcrlying

coevolulion may enhancc the ucbate on glohal

cnvironmcntal issucs.
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This use 01' the term l'Ot'Hllutinn lo ucs(:rihc thc

relationship hctween human s()(,:icty am.! nalural

';ysh:ms has sorne similarities lo the (;¡tia hypothesis

(l.ovcl(1(:k. 19SX). Ijving Ihinb'S. inclm.ling hUlllans,

not onl)' auapt to physical conuitions hui also

modify lhem in ways sometimes IK'ncficial to lif(,�,

Iltl\\'Cvcr. t11CI'C are significólnt uiffcrcnccs hetwe(,'.n

thl' proposcd cocvolulion analogy amI (iaia 's

hypothcsis (Van Valen. ItJK2). <laia mainlains thal

lhe earlh is a supenJrganism in whkh nllnlivingand

living (,'omponcnts sl'lf-rcgulat(,. to Illaintain a

conslanl statc (Kl'rr. 19XX). In thl' supcrorganislll

analogy. thl' h'y eonu'pt is the physiol()�cal Ol1l'

()fht)mcIlstasis. I;tlfl'xamplc. a steady stale in ghJhal

dimale woulu be mainlaincu throllgh feeuback

mechanisms in lhe same way mammals regulate

"mly IL'rnpcralure. Ilo\Vever. as Odurn (llJY2) and

others (Kerr. IlJXX) have poinled oul. feedhack in

ccosystl'ms is uiffefcl1t from physiolo�' lK'cause it

has no fixed goals.

By sclecting an analog)' [rmn farther up in the

hiL'ran'hy 01' hiological llrganizalion (e.g.. ce lis.

organs. inuiviuuals. populalions. l'ommunilics.

L'cosystems. lanuscapcs. hiospherc. cte.). lhe

language of tlw physiologist is exchangl'u fOf that

nf the l'(ologisL Instcau 01' the term Iwmcnstasis,

the lerm lIIutual dHlIlgC is useu. AmI. instead of

i1ny changc 01' statc hcing bao for the cmergellt

whnle. coc"n1ution allows for the possibility 01'

mutuall)' bcneficial changes. ('oevolutioll occurs

Ihrough lhe mcchanism 01' sl'leclion, In lhe case 01'

cOl'volution hetween human socicly anu natural

systcms. lhe scleclion woulu he among alternatl'

cullural practil'cs (SlrUClurcs anu functinns nI'

familil.'s. sl'hnnls. communities nI' rL'li!!Íous hclicL

go\'ernmenls at many le"cls. Cl:onomics. and

industries) ano allernate landscapl's. This shift in

ana!o!?j' accommodatcs cllrrenllhought in the arca

nI' suslainahlc dc"elopment hecause Illlltually

heneficial changl.' is possihlc if se!cclivc prcssures

elidt responses in hoth partners. Anolhcr

ucscriplinn of the intcraction hetween human

sodety anU natural sysll.'ms invokes Ihe cha�IS

theory (Kauffman. !lJI))). In Ihis vic\V. thl'

mlThanism nI' scil'clion is augmcnteu hy that nI'

se If-t )rga n i za t ion.

Do tlll: hasic rcquircmcnts for cocvolution cxist

in the relalionship hct\vcen human socicty anu

natural systerns. Le., UO they shapc each othcr'!

Certainly. humans have shO\\'n a remarkahle ahility

to aJapt to environmenls frum onl' polC' lo the

olheL Iluman adaptalions to thcsl' wiucly varying

21'1

cnvironmenls ha\'c hcen largcly hchavinral ralhl'r

lhan physi(lhlgical. 'I'his Sllft 01' hchavitlfal changl'

lallswilhin sorne dcfinitions (Jf an auaplalion (l' .g..

Ravcn anu .Iohnson. IlJH6) hUI oUtsiUl' olhf..'rs

(Rieklers. IlJlJ(). C)othing. shelter. rire. ami

agriculture have allowcu pcoplc lo Ch;lI1gl', thdr

physical l'l1Vifollrncnts to sUil thcmsclvcs. This

physirai reslrllcluring 01' the cnvironn1l.;nl that is ..

cenlral part 01' human response to au\'crsl'

environmental conuitions has progressl'd allll

inlcnsifinl. makingchangcs increasin�y pervasin'.

long-Iasling. anu rernovl.'U from thl.' inll'nul'f.1

mouificalion. Iluman SllCicly has altl'reu natural

systcms in significa ni ways. No\\'. in lurn. is human

sociely likl'ly In hl' shapcu hy en\'ironmenlal

changes that it has hrought ahoul"! ()J tlll' rnany

selcctivc forces at play;,sornc may he mllfC cfketiVl'

than othe rs in shaping t1ll�if part ne l' in COl'\ulllt ion.

Humau Sucic!)' as a Sclccti\'c FllI'Cl'

Ways in whkh human socil'ty has prcscnled a slrong

sdcctivc force lo Ihe glohal cnvironmenl have hc('u

lislcu hy man)' authofs (e.g., Ehrlich anu Iloluren.

IlJ71: Myers. IlJ79: \Vilson. 19XX: I'hrlich ami

"hrlieh. IlJ'lI: Natiollal Researeh Coulleil IN R<'I.

I 992a: I �Hlwn el al.. I 91}2). ¡\ fe\V aut hl)rs challe nge

lhe callsc-cfrcct link in sorne 01' theSl' changes in

lhe environment anu human actions or dispUll'

lhcir importancc (e.g.. Ray. 191)2: Bailey. 19�n).

('ertainly. gross changes on a IOl'al It'n'l arl' casil'f

lo expericncl' uircctly anu to asscss scientifically

than are changcs al lhe g10hal leve!. ¡:ven Ray

()lJ92) uoes nol uispute the irnporlanl'l' nf Itlc.lI

environml'nlal prohlellls such as pollulioll,

Ilowcver. sorne ohservcd glohal trellds an..:

llCcurringat mies lInpreCl'uentcu in hish)rical reCtlrtl,

are corrclatcd lo simultanl'olls adivilies nf human

socictics. am.I cause auverse l..rrects in smal! scak.

nmtrollt'd experirnenls, \Vilhoul replicall' planl.'ls

lo manipulalc. scicnce vo'ill never ,!!el doser to a

uCIl.'rrnination of causation al Ihe glohallt'n'llhan

Ihis. It is the projeclion nf ohscrvl'll changl's lo

larh'Cf scaks. Inngcr perim.ls. intl'rartions \\'ilh lllhef

mitigating 01' potcnliating factors. i1nd IUlurl' so­

cial (.�onsc4LJcnces lhat is a mLJch grcater sollrcl.' 01

ullccrtainty. Even wilh room for rcsponsihle

scicntific uehate ahout cólusalion, magniludc, anu

impnrtancc. therc are a Ilumhcr 01' areas in which

human S<lCicty demonstrates a strong se!L-clin' flllTl'

on the l'TwironrncnL
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lIahitat Fn'gll1�ntation and Los..;

Iluman socicty has hCl'n altcring lhe physical

slructurc nI natural systcms lIramatically for

Ihous:lmls uf ycars. Sincc lhe hcginning uf lile

agricultural rcvolutjol1. agri<:ultural syslcms ncatcu

hy human society have displaced natural (:coiogical

syslcms tl\'cr much 01' the arahle arca 01' th(.' plam'l.

I:\l�n hltJay. lhe loss of roresls in ccrtain (:ountrics.

such as Bra¡jl. is more like..'ly lo he..' UUC lo clearing

lor agricultura1 purposcs than fru!TI harvl',sting nI'

I i mhc r (NRC, IIN2a). Rales nI' dcfOTcslatioll in lhe

1I10s1 Jivcrsc sysll"ms. \Vel tropical forcsts. are

l'stimat<..'d al llA lo 2.7'}1 annually amJ are nol

n:adily rcversihle (Bnmm ('1 al.. 1')92).

Anolhe..'r l'xamplc nI' prccipitatc losscs in <In entin..'

categtll)' 01' habilat is wetland loss. More than half

uf lhe "'l,tlam.ls lhat cxistnl in the cotcrminous

lJni1l'd States has oeen lost sinn' colonial times

(i'\IH '. 19(20), Thcsl' ,\'ctlamls tlnn' providcd a

I1ll'anS lor ennlaining flllodwaters, deaning '..... ater.

and providing one of the must prodllctive ni

habitats for fish and wildlifc.

Lo..... uf Spt'dt's

\Vith loss of hahita! comes luss nI' specil's. (lnly a

rough l'stimatc can he maue uf how many species

l:xist 011 the plalW1. Frwin (llJKH) sU!!,gcsts at Icast

.\0 million insc(:( SPCCil'S ami possihly 50 million in

thl' cannpy 01' tropical forl'sts. Simherioll (llJXh)

estimales that. il deft)rl'statilm C()ntinues al prescnt

cales unlil t he Yl'af 2()()() :lmJ lhen hahs compll'tdy.

:In eVl'nlualloss uf ahullt 15(Y" nUhe plal1t species

in Amazonia is likcly, If the [orest CllVer Wl're

rurthl'r reuucl'(1 10 those arcas nov•. sel asil!:: as

parks ami hiol01!ical reserves. 6()(% of plant species

"'olllll e\l'ntually disappear as wdl as almost hl){.1,

uf hin..! spL'CiL'S ami similar proportiol1s uf Illhcr

Iypcs tll animal spccies. 'rhe National BiulogicaI

Invl'lltory in thL' Uniled Stalcs is no\\' unllcrway to

illlprtl'l.' kno\\leuge 01' the slK'cies thal inhahit lhis

ctluntry anu also improve lhe acclIracy uf lhc

(."stimates DI' whl.'rc lhey are anu hu\\' many now

L'xiSI (NRC. 11)93), Carrieu out o\'cr a l1111hi-year

periodo lile invcntory will facilitale mOfe rohllst

e.'.;timatcs nI' rall's 01' spedcs extim:tinn.

1 here is no prl.'l:l'uent wilhin thl' pl'rinu nf human

historv tu USl' in jlldg.ing the potelllial l'Ill'cls nI'

the. clcvateu ratl's 01' hiotic impovl.'rishmclll

currently estimateu, Ilo\\c\'cr. sorne cxpcrirm:nlal

cvitlellce shows that losses in spccil's ridmcss can

affc<.:t kcy ecosystcm scr\'iccs. cspecially lhe :lhility

to capturc slInlight anú turn it intn hiomass. tile

abilily lo store carhon. anú the ahilily to rl'(o\'cr

rrom unfavorahle conuilions. Naecm ," al. (1 'N"')

manipulatcu trophil'ally l'ompll'x tl'rrestrial

ffies(J(OSms and foullu that more spl'l:ics-rich

asscrnhlage..'s prodlllTú more hinmass and stored

more carhon úioxidc than SpCCil'S-pOOI

assemhlages. Further. the rl'latioJ1ship hl,twl'cn

richness ami prnuuctivity appl'arl'ú linear, yet tilerl'

was no similar rclationship helwcell SP"Tics richne..'s.s

ami other imporlanl C('osystem seT\.'i('cs SlKh ¡IS

Ilutricnt f(.'tenli(Jll. dccomposilion. or \\';lll"

rctcnlion. In auuilion. a summary nf w{}rk

prcsentl'd al thl' S( 'OPE (IIohal Hioúin'fsity

¡\sscssrnl'nt Synthesis ('onfcrence in Fe..'hru.,ry IIN'"

reporls thl.' wnrk uf David Tilman anu Jnhn

I )l)\\ ning (11l prairie 1!rasslanus _. mllrl' spcl'il..s r¡ch

plots Werl' hcttcr ahle to rcco\'er frorn urougill

(Ilaskins. 1')94).

Al lhis poinl. the uatahasc is loo sparsl.' to iucntil�'

any crucial thrl'.sholu in SPCcil'S richncss or any

general paltcrn netwecn �pccics ItISS amll'Cllsyste..'m

fUllctioning, I'crhaps l'aeh specics l()nlrihutl'�

inlTl'rncntally lo thl' funclioning 01' the system or

perhaps sorne spccics arc rcullnuanl. i.e ..

duplications '..... hose loss w(Julu nol he critica!.

llowl'vcr. withoul knowin!! which uf lhesl'

rl'lationships apply or ho\'.. ' many SPCl'il's arlO bL'ing

lost. a thresholu in spccics loss cOllld he passed

wit ht )lItlhe scientific cmnmunity eve n hcing a\Va I'e

nI' lhe cvent. This possihility conccrns a Ilumhcr of

pl'oplc in spccics-rich Amazonia ¡lselC as wdl as

clsewhere in lhe world. Ncverlhelcss. il \\ould he..'

misleading (t) charactcrizc this sitllatitJT1 as a mattc..'r

of dl'l'p general conccrn. Jt is difficult for lhe

aVl'rage persoll lo sec ho\\' loss nI' spl'(ics in ;¡

uistant part of the world will alTee! his/hl'r 11\\'11

fulllre..' in any uircct or important \Vay. Much uf

human society thinks 01' lhe many inc.1iviut.;al

ClJOlrihutors lo hioJiycrsily as p,.'sls. wecus. disl.'ase

carriers. or things that hite. snatch. Of are in othl"

ways annnying. Most (lf human stlciety l'ilher lIocs

nol apprecialc the fllnctional roles of variolls

spl'l'ies as parl 01' a complex opcrating syslem ami

must he pcrsuaucu that many slx:eics arl' nlTessary

Lo work cffkientlv.
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�cw lIuhitats

Iluman socielies have creatco new hahitats yuitc

dilferent fmm Ihose in surroul1llingareas ano onen

diffcrent from anything that has existeu hefnre. For

example, masscs oi" heat.hnluing concrete ami

asphaU, a úearlh of planls, anú lhe lack of oren

watcrs in tities have hcen founo to result in 10-20

F c..Iiffercnccs in tcrnpcraturc hetwccn dlies am.l

surrounding rural arcas in summer (t'.g., i\khari el

a/.. 1(92). Sorne stuuies have linkcd local c1imale

changc rrorn urhan hcal islanus lo local extinClil)1l

01 animals (Baur anú Baur, 1'1'13), Urhan heal

isla nos have also heco blarnetl for skewing

tempcraturc rneasurerncnts. thus leading to

unwarrantcd conciusions alxmt glohal temperature

trenus. Becausc urhan cnvironrncnts prescnt so

many formidahle ohslaclcs to the survival of most

species (e.g., little water, wide tcmpcralure swings,

¡illle planl Iife, coneenlraleú pollUlion, ele.). lhe

spL'cies thal survive \ViII he those opporlunistic anu

(ommunal spccics simullancously toleranl 01' aH

Ihl'SC anthropogcnic al1cralions. ()hviously. lhe

m�)rl' imtiviuual strcsscs lo he ucalt with. the fewer

speeies will he toleranl lo alL Erwin (1 '1'11) has

suggesteu that little more than \\'eeus, flies,

cockroaches, anu starlings may he leh in lhese

eXlremely modifieu hahitals.

�Iudif)"in}!. 1li()}!.e()dll�l1Iil'1I1 C)"des

\Vhile th(' incvitahility, magnitude, and

conscyuenccs 01" glohal warming are dchatl'd, there

is much consensus over anlhropogenie ¡nereases in

almospheric carhon tlioxidc antl methane Icvels ami

lhe prcsence 01' novel chemicals in Ihe atmosphere.

Hoth natural anu anlhropogenic activilies

conlrihute to lhe mo"cmcnt of carhon dioxidc,

1lI('lhane, and nilrou... oxioes hack and forlh from

lucl and air amJ soil ano waler and plant anu ani­

mal. ()hvilHlsly, a great change in \me rale can affcct

lhe olhers, with poorly anticipaled scc�lI1uary

dfccls.

Ilyúmlogic l)'r1es have hcen moúifieú eXlensivcly

hy human inlcrvenlion. not only in rivers (Le.,

dams, levces. stnrage hasins, canals, cte.) hut hy

d('forestatinn, \\ellaml ueslruction, ami crcation 01'

impervious surfaces such as rnads, parking lots, and

roofs on houses. These strucl ures anu activities

rcsull in pulses of water in rivers following rainfall

that are yuite dissimilar from broauer natural
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pulses holh in ampliluúe anú úuration, Even wilh

human inlervention. f100ús oeeUL Smilh (1994)

nolcs that forccasling and water managcment

prohlems ucmand an intcrdisciplinary approach.

Ilowevcr, he also notes in the same arlicle thal nlle

of lhe causes 01" lhe f)ooúing 01" lhe Mississippi

River in 1993 was g10hal anomalie� in almosphcric

circulalion. This ohservalion is imporlanl in a

numher 01' ways. hui, for lhe purposcs 01' lhis

uiscussion, there are two: (1) glohal changcs can

affcet human society's relationship wilh an

ecosystem, sueh as the Mis."Iissippi River, in a major

way. and (2) however rohusllhe modclsúevclopeú.

there will always he sorne uncertainlics that eould

produce miscry for those laking the risk of pUlling

úwellings. elc, on'lhe f1""úplain ilsclL

Environment as a Sclcctive Fon:e

In whal ways has Ihe cnvirnnrncnt prcscnted a

strongselcelivc force lo human sociely? In lhc mO!'i1

hasic sensc, life on the ptanet has cvolveu lo

function al cerlain �'TaVily, pressurc, atlllo!'ipheric

gas compositions, cte. (fross alld immedial<..'

challges in these factors certainly have adverse

effccts on organisms, as shown from

expcrimcntation in spaec. On the 1000:al levc!. thl'

cnvironmenl slill prcscnls slrong !'icieclivc forces

ami pressurcs in the form 01' famine. dis('asc, nf

hahital tkslruclion from natural eaU!'ies sueh as

flood. rire, tornado. earlhlluake, ilml volcanic

adivity. Iluman socicty uses all the technology il

can muster to mitigate lhese factors.

Limits tu Population Gnm1h'!

The human populalion eonlillues lo grow at an

unpreccdcnted raleo Most growth is in de"cloping.

countries south 01' or !lear Ihe equalor, anu the rate

uf populalion increa!'ie in devcl0pl'd countrÍl:s is.

hy prescnl úay slanúarús. relalivcly slighL Illlwever,

Myers (1994) nlllcs lhal lhere is nllW a mueh

hroader eonscnsus in scicnce Ihat p'-)pulatioll is a

prohlem,

Thc relevant lerm from hasic ecolt!gy in thl'

discussioll nI" local populatioll growth is l'.IITyin�

l'apadty: "The size al which a population stahilizcs

in a particular place is dcfineu as the carrying
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capacity 01' tha1 place ror 1ha1 spccics" (Raven ¡¡nd

Johnson, !lJS6). (�anyingcapacity dcpcnds b0111 011

lhe nurnhcr 01' uscrs anu lhe intcnsity of pcr capita

use (OJum, 1992), While there is no eviden"e that

lhe hasic conccpt unes 1101 appty g10hally to humans,

its relevance locally is ohvious amI unplcasant.

Dcnsity-dcpcndcnt limils on growth. slIch as lhe

availahility 01' fonu and potable water anu discasc

transmission. providc strong sclcctivc prcssurcs, hut

thcsc limits have been cxtcl1sivcly modificd by

human cnginccring. Thcrc are also ucnsity­

indcpclllknl limits Lo carrying (apacíty. slIcll as

carthquakcs. tidal waves. amI volcanic efuptioos.

Whilc climalc changc has historically hccn a

dcnsity-indcpcndcl1tlimit, pcr capila conlrihulions

lo glohal \varming may changc it lo a ucnsily­

dependent limil. ('onlrarians have challcnged the

applicahility 01' the carrying capacity conccpl for

glohal human populations h)' pointing out its

changcable lli.ltun:: locally through trade anu oth<.'r

technology (Bailey, 19(3). IIowever, carrying

capacity is Ilcver a static line in the samJ; it changes

as limils change. The grecn revoluLion. hasic

s<lllitation, anu mouern medicinc all changt.:d

carrying capacily by ll10difyillg uensity-dcpcndcllt

limits. (ilohal warming, salinizalion, soilloss, and

po!llllion ma)' ruodify both kinds of limits.

Slill, inslances in which carrying capadty is locally

t:xct:eued arl� an lInpleasanl and loo common

llccurrcnce; one response is 10 f1ee. tvtyers

(1991a,b), '''olklalen el al, (1992), "nd Westing

(11)92) have described the problem 01

l'nvironmental rcrub'ees. Mycrs cstimatcs that therc

were at least 10 million envirnnrnental refugl'cs

compared \vith 17 mi!lioTl other rerugces eaused

hy p()lil ical, religi()lJs, and ethnic conflic1. I t is W{ lfth

nOling thal lhe United Nalions and individual

countries have !leen Ilotahly unsuccessful in

slahilizing any nf these situalinns. although. in

Somalia. starvation was temporarily allevialcd at

cnormnus cconomic and military costs. l'his Inss

(JI" stahility in human society ami lhe hrutality so

comlllonly associall.'d with il has, in Africa, caused

deterioration 01' already SGlrCl� habitat rol' gorillas

and olher species that resulted from mass

1ll0V(:lllents uf penplc into arc:tS ill eqllipp<..'d to

acnllnmodale thcm. In area:-- (Jf Afriea that ;Irl'

Clllllp¡¡ratively stabll' politically. poachers have

caused "l'rious rClIuctions in populations uf largl'

animal .... tlreaJy in scrious decline. Myers (ll)l):ia)

ltll� nI ji ms (ha 1 t he gravest en ects uf di ma le changt:

may \\'ell he those O!1 human migration as millions

nI' pcrsol1s are displaced by shoreline erosiono

coastal nooding, and agricultural disruption.

The Unitcd Sta tes amI many other developed

countries have another type nI' environmcnlal

refugec -- those alTluent individuals choosing to

live in areas eomparatively unaltcrcd hy human

society. Thesc af1111ent environlllental rcfugees may

he uoing considerable cumulative damage to the

intcgrity 01' natural systems by picking relatively

wild areas ami altcriog them hy building roads,

powcr lines, sewcr lincs, ami "'alcr lines.

\Vhen the carrying capacity questioll is askcu in a

g10hal rather Ihan a local context, it is transforlllcd

inlo a ncw qucstion ahoullimits to human in,!..,TL'nuity

givcn a fixcJ ultimate energy source: solar input.

Many people hclicve that technological prngrcss

can amclinrate limits for an cxtcndcu time. and.

¡mIcell, thcre are foreseeahle technologü.:al fixcs

lhat c()uld ct>tlccivahly cxpand the carryingcapacity

nI' the earth. 1,'01' cxample, the next agricultural

revolution might be racililated hy genctic

engineering of more efficicnt 1'000 crops. Ilo\\'c"l'f,

the ra\\' material for gcnetic engincering is

bindivcrsity. Scielltists can mo"e genes. but they

canont makc lhem. Ir current ratcs 01' spccÍl's loss

are unabated. most nI' the raw malerial for

genetically improved foods, ful'is, ami pharma­

ceuticais are Inst with them. Thus, disparate parts

01' the global change piclurc intcract in

unpredictable \vays.

The ultimatc existencc 01' limits secms hard lo

dispute givcn the fixity nI' solar inputs, hut the

timing 1'01' reaching those limits can bc predicll'u

only with ul1cerlainty.

El'usystem Sen'il-es

Natural syslcms provide many sl'rviccs lo human

socicty eilher lree nI' charge ur with minimulll

managemcnt eJlOf!. Ihese have hcen touched lIpon

throughout this discussion but descrvc more explicit

attention. Examples 01' such ecosyslcm services

(e .g.. \Veslman, 1979; Wilson, 19RK) are:

l. Ihe capture of solar encrgy amI cOl1version into

hiomass which is lIscd rol' rood. building materials.

ami ludo

2. the dccomposilion nI' \\-'asles such as sl.!\vagc.

3. lhe rCt-�'nl'rati()n uf l1utrients in forms cssl'lltial

to plant growth (e.g., nitrogcn fixalion).
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4. lhe s(orag:c, pllrificatinn, anu uislrihutinn 01'

watcr (l'.g., flnou conlrol. drinkillg '\'alcr

pllrificali()n, transpnrtali(JIl, ctc).

5. lhe gcncraLinn ami mainlcllallcc nI' soils.

h. lhe control nf pcsls hy insccti\'orolls hirds, hals,

in"l'Tts, etc.

7. Ihe prO\'ISlun uf a gl'l1l'tic lihran' ror

dc\'cloprncnl nt I1l'\\' fomjs ami drugs thrnugh holh

.\kndl'iial1 gCI1l'lics ami hio(,'nginccring.

K. lhe maintenancc nI' hrcathahlc air.

9. Ihe control 01' hoth mil'roc.:limatl' anu

maen lclimate,

In. the pnwision of hllffcring cap:u:ity lo aúapl

lo changes ami rceo\'cr frum natural stresscs sueh

as nond, firl', peslilence.

11. Ihe pollination 01' plants, includingagricullural

erops. h!' insí..'d�, hals, ctc,

12. aesthclir cnril:hment from vista�, rClTcalion,

inspiratitlll.

Thcsc el:usystcm scrvi<.-cs an.' l'ssenlial lo the

human l.{uality uf lifc. Ir natural s)'slems are no

iongl'f ahlc lo prnvidc thesc scr\'k'cs, they will have

lo he replaccd lhrough human cnginel'ring.

ClIrrcntly, sodcty is unprep:Irt".'u to do so. In

Biosphl'rl' 2. Lhe eost 01' providing. lhesc l'l:Osystcm

serviCl'S Ihrough human cngineering was a

staggering $lJ million pcr pcrson per Yl'ar (t\visc.

I yy.¡).

rhcsc ccosystem scrvices have hl'Cn characteri/l'U

as envirolll11cnLal intcresL - they are the payoff

rol' Illaintaining cnvinmlllclltal t:apital (i.l� .. lhe

slruclllres llr natural systcms). The econulllic

analngy l'llnlinllCs - if one..' uips jnlo capital hy

dcstroying \,,'ild habilals, a loss of inlcrest can he

anticipated. PrCSCJlI knowkogc of the ccosyslcms

dc..-livcring lhesc scrvkcs js not sufficiently rohusl

(() enahlc a rcasonahl)' reliahlc prediction ()r what

IIH..' consl'qllclKes will hc in dc..-livcry 01' se..'rvices ir

Ill'}f" 15(JL Y:;();, or 5W;f! of Ihc carlil's l)fl�scnt

hahitats nr spl'cies are losl. Nl'ithcr dOl'S sol'ieLy

know thc f.kgree lo which Illanagl"d s)'slcms supply

CC<lsys1('m sc..'f\'in.'s Clllllparahle il) nalural systems.

In addition, al Ihe saml' time that cnvironrnclllal

capital is hl'ing n'placed wilh "ery difkrl"nt

slructures. human populatioll is gro\'I/ing. Thl"

conseqllencc is that Lhe amollnl 01 ccosyslcl11

sl'rvices pel" capila is plummeLing.

22.;

-rhe term sustainahlc use is nmunon Ihcsc days.

anO Ihe l'onditiolls ror attaining (his stall' han' hl'l'n

dcfinco in hroau slralcgic Icrms (llunlley l'l al.,

I Y') 1: Luhehenco el al.. I 'iY 1; Risser el al.. I YY 1).

Foc example, Ilunllcy ('/ al. (1 'i'i 1) indude, under

sustainahility, equit)' and cocxistc..'IKe with other

spel'ics ano components 01 mankind's heritage in

a hiologically and cul(urall�' divl'rse world. The

l'e..l.)log.Jcal reSl:an'h agenda to support (his has IlCl'n

summarizco in l.uhchenC() el al. (I <J(1) and Rissl'r

('/ al. (199)) amI pri(lritizcs rcscal"eh hl ul1dersland

changl's in l'iimate ami its ellecls 011 l'cological

pnlCl'sses, patlernsalltl inLcracli()l1swilh hillll)gical

ui\'ersity, amI hreaking pnints at which l'colngical

syslems are no longl'r sustainahle. An cxampk of

the various dCg[l'es nf suslainahll" use is pnwiul'u

hy Stickncy (1994), who disl:usses the ,.arying

dcgrcl's of dl'penOentT UpOIl hatchl'ric.'" ror

replcnishing natural stocks of fishl'S. Ile 11l)!l'S that

Ihis can vary hom near lotal dq"ll'IH.il'l1ct..' lo

c1imination nf haldlt'ry pro!--'Tam�.

(H courSl', l"4uating sustainahil� use lo a scl nf

stC:l(jy-stale,l'colngical conuitiolls is naj\'l". Ilnlling

(1<)11(,). Odum (I<)IIY). amI many nlh<.rs han­

pllinLl'd out the dynamic nalurl' nI' t'cosystcllls anu

tlll' low prohahility oí ilJllg.tl'rm, SIl':I(.I!' sLatl'

nmdilions. (\JIlstanl adjllstml'nts must he made hy

human slH.:iely 10 accolllmodate l'pisodic sln:ssl's

on natural "ystems, For cxampll', d lIri ng l'xtreml'ly

low flnw l"lJluJition .... wilhdr.lwal 01 water canno!

...imply hl' "'l't il! lhe ...arnl' leH.'ls a:-. tlurin,!!. normal

and high tlow pl'riod:-.. Sustainahil' lhl' almnst

ccrtainly Illeans paying r1o ... e atll'ntioll to thl'

cOlluition ano ht'alLh of Ihe syslcm hcing lIsed ami

not ove.:r.stf'(,'ssing il c\'cn ir this me.:ans cl'asing nf

l"l'ducing use 1'01" suh"tanlial pcriods 01 lime.

Sustainahlt. use.: will also mt'an aujuslin,!.!. the.: I = l'

\ A x I l'qualion jl'n"irollll1l'ntal impaet =

population X alllul'lKl' X le.:chnlllugy) ",,"1 Ihat the

multiplicati"c impact 01 thesl' thrl'l' atlrihull'S ni

human socicly rcmain al a it'H'llhal will nol harm

11ll' integrily 01" ccological sYSll'lJls.

Coenllulion in Ihe Ahsenl'e or Sl .... ng

Selectí-.e FOITl'S

('OCVOllllioll in nalural systl'lJlS hl'tWl'Cll 11m' SIlL.'cir..'s

ami anolher is oltcn tlll' rc.'slllt 1)1 har",h Jlt'l1alties

l'xacLc..'d in those individual,.,. nr (.:OI11P"I1('l1ls ll10tt
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do not responJ :u..lequalcly or with suffit:icnt

rapidity to alteration in lhe othcr cumponenls. In

lhe ahsence 01' strong selectivc forees likc famine

ami t1iscasc, what fon.�es are likely to chaob'C human

hchavior'! The cOl'volution uf human socicty ami

natural systems v,ril! he Icss strcssful if rapid

information s)'slems are dcvelopcd to alcrt sociely

to necdcd ehangcs that are eoupled with a

sufficiently high environmcnlal literacy to acccpt

thl" nceessily to makc the changcs hcfore the price

01' not uoiog so has gotlen too high.

People arc most affccted hy failurcs in ecosystem

scrvices that .Ire in tense. local. anu immcúiate.

1 1 o\\'c\'cr. as an envirunmental prohlem increascs

in intl'nsity, spalial extcnl. am.l temporal cXlenl. it

is more uifficult lo exp,,'rience uireelly llr pcrSl)nally.

In additüm. causc-and-clTect rclationships bel"(uTlc

less ohvious, morl' uncertain. ando therefore, less

likcly lo motivate actiol1. Thesc are typical featurl's

01' glohal el1vironmental issucs. Skinner (ltJX3)

suggeslS that pcoplc are unlikely to change their

hehavior on lhe hasis of information or auvice

:tlone. Behavioral change is even more unlikcly if

the information is ahout a distant, future. or n'mote

event: change is more likely ir information from

the particular sourcc has lead to heneficial

conscqucnccs in the past. As such, operant iearning

is unlikcly to change hehavior relevanl to glohal

issues (e.g.. Ornslcin ami Ehrlich. j9H9). and it may

he.: quite uiffieult (() ehangc bchaviors without Sl)mC

strnng, lInplcasant. l'lHlCUrrent pressurcs. 'Ibols to

changc hehavior using. only \\-'eak selectivc forces

incluuc ccollomic incentives. environrncntal

edueation. anu systems of cthieal or rcligious belicf.

Emdrollmental El.'OIllHUil.'S

Economic ¡"orces are a provcn syslem for providing

rapid feedhack Ilecessary to change eol!eclivc

human hchavior in ahsence of strong, sclectivc

pressures on human hiology directly. Ilowcver, in

orucr to promote the cocvolution of human society

with the natural worlu, the true environrnenlal costs

nf human aclivities have to he cxpressly inc!lIdeu

in all economic analyscs. This has not lx'en the case

to uate, Instead, ellvironmcntal costs have nccll

relegateu lo lhe category of externalities: flltlJrl'S

are discounled, natural rcsourccs (i.e" ccological

capital) arc not tlepreciateu, ami lhe cconomic

costs of waste prodllets are not assesscu. Recent

work has grcatly improvcu thc ahilit�t to indude

kgitimate cnvironmcntal consilierations In

cl:onomil: analyscs (c,g.• Costallza. 19t'9).

Even so. l'conomic sclective prcssurcs cannot

function ir Ihey are circumvcnted by governmental

policies ur olher "social traps" (Costanza. IlJK7).

(lne of the must drama tic illuslrations of a failure

in human cultural adaptation (o a hiogcuchemical

cyck� is thl' l"tllllinucu insistcnce un noouplain

nmslrllcti()Jl in soeieties where alternative opl j()JlS

are (Ipcn. Without enormous governmcnt suhsidies,

(X'ople would not he so eagcr to lin' on noodplains.

Similarly. irrigation water in some 01' the western

slates would not he so chcap ir go\'ernment diu not

suhsidizl' hoth the huilding of uams lo colll'<.'t thl'

water and Ihe construction 01' pipelim:s and canals

lo transpon it to placeswherc it woulu not normall�'

un.ur. (iovl'rnment has also cncollrageu

dcrorestation anO mining 01' gO'r'crnmen. I:.mus,

which mighl not have occurred in thl' way it did

had thcse lanus hcen in priva te owncrship. Thl' ('.\K

('anal dug along the Kissimmce Rin'r prohahly

would Ill)t have hecn huilt had privatl' funus hel'n

neeessary in its constructiol1.

On the nther hand, therc is somc evidencc that

currcnl cconomic systcms recognizc the valuc 1I1

sorne ecosystem serviees. ('ost consideratioJls haVl'

prol1lull'd the use 01' lOl)ls I"rom natural sysll'IllS

rather Ihan relying on enlircly' lechnological

solulinlls lo modify cnvironmcntal selectivl'

pressures. More intcnsivcly managcd ecosyslem

sl'rvices providc an alternative. and oftcn chl'apcr.

method 01' providing [ur human nceds. Examples

indude the replal:emcnl 01' chemical Il'chnologics

hy artificial wctlanus lo treat many kimls ol'wastes,

such as Sl'wagc. aciu mine drainage, urhan runnff.

cte. (1Iamrncr. 19H9). Strategic planting nI' tn"l'S

may save 20() hillion kilowatt h(1UrS <lnnually in lhe

Unitl'u Slales through modifying microciimall'

(Akhari el al., 19(2) .. 111ere is also soml' mon'ment

lowanl the resloratiol1 o[ damagl'u eeosystems lo

proviue [ur ecosystem scrviecs lost anu missed hy

human soci<:ty. The restoration of the Kissimmel'

River in Florida is pcrhaps the hcst known example

(NIH'. ) (Inb). This Reslorali,," DCI11"lslrali,,"

Project. hegun in the late IlJKOs. looked at

tcchniques anu the feasihility of restoring some of

th<.' c<"osystem services lost wh<.'n the Kissimmcc

\Vas l'hannclizcd. such as rt'storing hydropcriou,

water quality. and hahitat for [ish and hirds in the

Kissimmee and the E\"ergladl's. The NIH' rl'JlOrI

(14lJ2h) that summarizes this ami a numhcr ()f ()ther
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illuslralions of rcsloralion of aljuatic ecosyslcms

proviues holh guiuance anu inspiration for such

offorls. I had lhc privilcl.'c lo scrvc on lhc NRC

commitlee lhal prcparcu Ihis rcpurl anu wasslruck

hy lhc cnlhusiasm and juslifiahlc pridc nI' alllhosc

involveu with the resloration projects that thc

commiUec visited. This trend to\\'ard returning lo

managcd. natural systems as lhe lcchoologi<..'al fix

01' choiC(� can be seco as a form of hcnign

cm:volulion between the cnvironmcnl anu human

society. Bolh are mouificd to increasc chances 01'

survival.

En,"inmlllt:nt¡11 Litt:ruc).

Incrcasing cnvironml'nlallileracy may also affcct

human hehavior in the ahscm:e 01' strong se!cclive

,"orces. Sorne ljuestions inherent in the uebates on

�Iohal changc are scicnlific: Is there a glohal

lcmpcralure increasc"! Is this increase oulside lhe

IHlrmal opcrating. range"! Ilowwill this affeel hinlic

inlcr:u:tions'! Othcr qucslions are yuintessentially

polilical: Ilow sure should Sl,ICiCly he bcfon: il

cxpcnlis searcc rcsourecs lo miligate a prohlcm'!

Should s(lcictywork (Ir pay to pnllect olhcr pc(}ples.

othcr spccics. fUlurc limes'! \Vho bcnefits'! Who

pays'! Soml' 01' lhcse questions are discussed in

morc dctail helow. Ilowever, c1carly. in orlicr to

he ahle to participatc in lhe puhlic debatl� ahout

thl' propcr eourse nI" aclion. the b'Cncral puhlic

nel'ds aecess to relcv<tnt sl"icnlific dala as \\'ell as

polilieal poinls 01' vi c\\'. Thc shareholuers in the

�1'stem espedally neco lo umlerstand Ihe scicnlific

pnll:ess and how it difh:rs rrom other human

cnoc:tvors. YCl.lhe environmentallilcracyof cven

Ihe eollege stuuent populalion SCl'ms woefully

inadcljualc (Wallacc d al., 1��3).

Scicnec does nnt prove Ihings. hui instcad rails lo

disprove lhem at s(;mc prcdell'rmined low level 01'

ul1ccrtainty. This is in contrast to legal cunee pis of

rl'asonahk' douhl. The qualily of scicntific sludies

isvariahle. ami sorne are poor; howcver. whcn many

studies I"rum differcnl rescan:hers providc

indcpenucnt lines uf cvidenec lcading lo Ihe saml'

conclusion. Ihis conslitules strong evidcncc. \Vhcn

Ihe wcight 01' scienlific evidence supports a

hyrxllhesis. cvcry allernative U(leS not ueservc cllual

time or media attcntion. 'Ibis l.'lllltrasls wilh Ihe

equal timl' provisioH for polilical parties OH

television. \Vhen scicnliric informatinn must be

applieu to an cnvirnnrnental prohlcm Ihat oecurs
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al a larger temporal or spalial scalc than humans

can praelically investigale. mouels to extrapolate

across scales must he constructcu. Thcsc models

will always invol\'c unccrtainty. For cvery chosen

course 01' aclion. lhere are traue-offs: if managers

arc intolerant of modcling unccrtainty and

post pone miligalion. il implies a tolcrancc 01' risk

Ihal may he exaggerated. 'Tl1e 'appropriatc levcls

01" toleranCl� for holh unccrtainly anu risk are

properly parlof lhc puhlic dchalc. In addilion. lhc

uncerlainties nI' the scicntific extrapolations are

oncn prcscnlcd explicitly. while the uncerlainlics

of cconomic eXlrapolations are hiudcn.

En"ironment.al Ethos

Clearly. moral or elhieal cornponents must he

incluocd in lhe dehate on glohal change. hUI I

susPCCl the numhcr uf issues in Ihis catcgory will

decreasc as dear scienlific data ocmonstrale

human dependcnce on natural systcms ano thl'

simple sclf.inlercsl at play in preserving Ihem.

Flhical queslions fal! ¡nto several catcgories: Do

wilu systcm" have intrinsicvalue"! I )l)eS s(lcicty o\\'e

anything to future generalions"! Ilow much shouilJ

individual lrecdorns or propcrlics righls he

sacrificcu 1'01' prcscrvation 01' lhe cOl11mon gooa'!

Ilow much gl'ographic ano temporal cLJuily Sh(IUld

Ihere he in lhe distribution of cnvironrncnlal cosls

and hcnefits'! VanDcVeer and Picrce (ILJLJ4)

provioe a dis('ussion of sorne 01' thesc issucs.

Ccrlainly. it is difficult to deny hUlllans. who are

living on less Ihan $1 per day. the opporlunity lo

c1car Iropical rain forests for agricultural purposc�

or lo deny housing for lhc hornclcss in orucr to

prevent Ihc )oss 01 a single wctland.

There is evidcnn' thal cornrnunilies of religious

hcliefs have scrved as Ihe cultural transmittor of

importanl local ecological inforlllalion ami have

protecled ano distrihuteo cClllogÍl'al scrviccs.

Slevcns (ILJl)4) providcs cxamplcs uf lhis conccpt.

In Bali, rice temples had for centllries schedllleu

irrigation water rolatiolls ano planling cyclcs ror

cumpcting. farmcrs. Thcse schcdules \!''Crc

ahandonco during Ihe carly introouelion uf green

re\,u)utiun tcchniqul's. Ilowc\'er. in Ihe prcsl'ncc

of inlcrvcning pnlhk-ms with pcsls anu insufricicnt

water supplies. lhe original schedlllcs havc hecn

fnund to hl� optimal. even wilh nc\\' high yicluing

varicties of riel'. In Bcnin. \Vcsl Africa. seasonal

rcligious reslriclions on fishing lechnitlucs
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prl�scrvcd lhe health 01' aquatic systcms. Enlisting

hoth the inlimate knowledgc 01' the local ecosyslem

ilnd lhe innucncc (JI' local rcligiolls inslitutiolls has

provcn to hl� an csscntial tool.

\Vllat Ncxt?

\\,h('rl' docs thl' coc\'olution analogy for the

relationship hctwccn human sociely and natural

systems Ieau society"! In une possihle pallern 01'

ctll'volulion, human society <:onlinucs lo lueSl'nt

strong st.'!('clivc torces to natural s)'slems and

nalural systcms may cvenlually rcspnml with

..;lrong s<.'!L-clivc forces. This may Icad lo a sharing

llllhl-' planct nnlvwith dOllll'sticall'u spccies and a

fe\\' {llhl'r l':xtrcT1lCly hl!L-rant and persistent srecies

(i.l'., pests) thal havc dcficd human managl'm('nt

dfurts. Ikcausc Ihcrl' \...'ill he 1ill1l: rcuumlallcv in

spccics I"unction Ich. any ne\\' pest nr diseas(' cou1d

t.:;tllSC Sl'\'l're IllKtuat itms in 1(}(lU cn)p yiclds (lr pest

control. This palterll is analogous to the reco!!lli/cll

pal tem \ ll" c. le\,( )Iut i<lIl in hllSt alld parasitc rcferrcd

lo as the arms r:lcc (Thompson. IlJKú) - the host

dcvl'1ops some defcnse agaillst infeclioll and lhl'

parasite counters it ami hecornes more virulent. ele.

(klum (JlJlJ2) has also suggcstcu the parasite.jlOsl

1110<..1<:1 for lhe inl('féu.:tion hCI\\'een man and the

hiosph<:re. Ilowc\'er. he points out that lhl' mosL

sUl'l'essful parasites reduce their virulcllC<.' anu

l'stahlish some rewarding flTdhack that heJl(:fits

Iheir host to sllrvi\'c over the long termo ()the1\visl'.

the l1l'mise 01' 1Il(' host means tl1l' demis(' of tl)('

parasit<... as \\l'11. In addiliun, as re�ourn.'s hl'COllll'

slr;lincd (amI humans already appft)priatcd ncarly

_hlf.;' 01 ltU' prodllcts nI photsynlhesis a dccalk ago:

Vitou,d.; ,'1 (//.• IlJKh), mutualism. in whidl hoth

parlll('rs hl'nefit. henmlCS a more dleclin' stratcgy

for ,un:iva!. �Iutualism woulJ J'l'quire tcmperin�

the strcngth of thl' selccti\'e pn'ssllres and

r"l"sponuin� rapiuly to challge�. Iluman socicl\'

nHlld telllpl..'r lhl'ir \úulcnn' and respond t¡lIickly

In t:hallgl'''' in natural ,ystcms hy cSlahlishing.

ll-cdhal"k luop",. I'h<: Clnrl'nt attl'lltioll to a

hllHllollltnnllg. sy,tl"m lo!" ccu,ystcl11 heallh in OIU'

;¡pprll,ll'll 111 dl'\'l"loril1� Ihis fcnlhack loop

,( ¡'�I.ll1/:! c" al.. 11.11'2).

1
t_

\\'hik human l"Ultllfl' wiJl l"ontinuc lo rl"sponu to

strung scil'l."liH' forn�s sudl as faminc ami diseasc,

lill' I'alt('rn nf l"tlcvolulioll cannol he sha¡1l"d Iw

\\l'akcr sekcti\'c forn's ir lIl('V are ohscured Iw

imperfcct cultural dcvices. Many uf Ihe chang(�s

cllrrently prnpnscd in the environmental cCl)f)()mics

ami grecn <:nginecring addrcss Ihese shortulIllings.

.Iohn ('aims. .Ir. amI R. M. Ilarrison summed up

somc of thl' dmnges thal will foster l11ulUalisl11

hClwel'n natural SYS[l'ms and human S(Kict�r in thl'ir

rcviscd furt.'word to lhe Chapman and Ilall

1'.nvinHll11enlal �lanagt"mcnt Series. hlr whidllhl'y

are <:l)-series editors (statement reprouuced with

pcrmission uf ('harman anu Ilall):

¡'-ocus is IWU' .\'lri/tiIlK .fi"mn JIU' !oxicolo¡.:ical et.\p('cls

o{ U'tlslt' di..\po.Hl/ lo Ihf' IlUXer ISS1H' f'.\pou.\ing ti

Iran.'iIIIOIl lo lIelt' ,.,'sourct' IOt' polln('s IlJal: nm­

.\"«'IVI' IImuraJ n'SOIlI"(,('S lllld "Ilel-,..,.'" for 10nK-¡erm

SlIsltullllhll' us,': mmmrizf' {'CO/OK'Cll/ llamll}.:I' dra1ll}.:

Ilre eXlracllon oI rllw male1i{lls: nunmúz{' lV(.lS/{'.\

l/urinJ.: ¡mn./uctiolJ amI r('cye/.' fl.\ mllc/t lL\' po,\'.\ihle

o/ 1111' wasl,'s produced: [acililall' ¡Il/' rl"

I1lcor/JOratiolJ (�I"th{' prot/ucl illlo lIalllrul.\�\.sll'm.\ al

11t(. ('mI oI ils /iJí' cycle: use w{I.\'/t'S Ji'om 011('

productioll process llS iIJpUlS (i.I'., rila' HUllf'ria/s J in

S()!lIf' f)//1erproJllctifm procf!ss (f!.g., municipal slud}.:t'

lo agrlcullura/ pmductionJ. 71/l''''' is " ('ollcomilalll

sllIJi ./i'mn /1lert'1v prevenling ohsf'rl'ah/{, de/e/{'rimls

l!Jkus ./iom pOlf'ntialZv loxic malerla/s lo ('n/umnng

e('os\,s/('m healtll and COf¡di¡wn.

Whilc wild systems must always he valued ami

maintaincd. it is where human society ami compkx

e<:(lltlgical systel11s mtldified by hurnans Ct)-cxislll1al

\Ve nlTu to spcml more time working un;¡ mutually

beneficial rl'lationship.
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