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C*rt*in pr:rtions of th* iandscape *re esp*-
cialiy se*sitive t* hr:man ac,fivilies or strategically
locaied t* mitigate the environmentally deirimen-
tal irnpacts of hunran activities. Thrgeied land
rnana1;emeflt Ls &us defined here as the f*cusing
*f presen'ati*r1 consen ati*n, *r *ther pragfi.ces

*n thase sp*eifi* p*rti+ns *f the landscape {or at
particvlar times)'tnhere {aad when} ?hey wili trrave

th* greatest benelits at the leiwest eesncrnic c*sts
( assumin g that can seru"ati on practices actually
reduce ne{ ec*ncrni* ret*m}

Motivation and ne*d for targeted:rr#lags"
r:]ent ars increasingly arute a$ soeiefyrc:prcssures

crn and'ualuing <r{ natur*l re**urce* ei[{ftt:ltene-

*u*ly incren-tt, Ideall"trq, targel*d iand management
allqrw*,c*rlffrvsti*n funds tu imprnvt envircrn*

lnental quality most eil*ctively and'lralance a

c*mple;x and shifting m+*aiq *f ]and tise* that vie
f*r *pace and dilfer in th* *r:cnnmic relurns they
prcvide" Ix lhe car.eof land c*n*lrvrefion pru-
grarfisr tkis furuiilrg i$ ofts.n nesd'ecl trt cumpen-
sate larid**'ners far adopttng enrrirsnrnentaily
friendly pracfire* that,inrulve f*regoing se[ne *r
all of th* er*n*mic rettln:r,q ts) iand.

Th* "targeting" etlncept er,.*lves ar*und
improved 

"ccier: 
fifi c unde rstandin g of hou' ec*-

tr:gicaf hydrrrlogicaf and geomorph,rlogical pr*-
cesse* and etunsmie casts of land m*nasemetlt
are distribuhed and i.*tera*t acrrlpp the l*.*dscap*
and sver limr. TFrese adr,anccs in kncrwledge of
ecological anil earth-syst{'m cdnnectivity have

palatleJed irrrpri:ve,melr.ts in g*ographic infnrma-
tion,sl'sten:s {GI$J, remote sensing" and nther
*:eth*ds *f gathering. campiling; atrd anal,vr"*

i:rgge*spafial. data. Sscause nf the increasingly
c*nrpl*x slite *f .mat.lag*firefit oblectives. effective
implem*ntatian requiren scie,ntificatrly based plan.
ning t*als" gu3delir,ren, nr strategie* tu rnatch prac-
tices and lacati*rrs rvith *ptimai etfect.ivensss,

T* help frcns th r discussirrn, lt* primarily
cnnsider spafi*l raiher than t*nrpcrral ;l$pscts

oI targeting. $or u,'hich {hr readsr is r*ferred to
cther *ources {e.g;., Edrvard st al-n 199?; Ran-

dsij and Mrilla ?t1fr1; *inlres ef a1.,2tl$2)" Here

therr, targ*ting is usually the process of identi{v-
ilrg prierity lc'c*tions far irnplementin$ {*n$er*
vai.ian or habitat irxpr*ver*eaf practices" ldeallp
target*.d mana{ierr}eni incorp*rate* firs q,nrnbin*d

r:rintegrated ef{ecl rrf rnany ind.ivitiually tnrgeted
practices {e.g., Vieth et a}., 2S03, 2004}. Similarllr
targeted la:rd$cape managen:ent oft*n tralances

multiple sbjecti\,.es. usually protecting water qual-

itv. scil h*alth, terrestrial or aquatic habitat. andl
*r public safery wkile simultaneou*$ recognizing
ec*ncn'tic artd *ilrer management is*res that rnay

bre awnership'specific. Planners and decisian'
malcees mey choose arft)ngi a variefy af balanc-

ing *rit*ria, sr:ch ae maxi:nizing enr.riranmental

benefim achi*'ed, minimizing ee*ncitric costs of
echieving enr.irsnmsrtal benelita and nraximiz-
ing *nvironment*l benefits sabjecf to some c{f,st

or land-are*. csRstrainf ar:rcrng others. Th* chcice

ci abjectives i"s important t* irnplementing atar
geted maxagemslt plan treca$se the correiation

T*n *d*nr* nf
targeting within
Inmdsci*pss t$d
*urtsrshsd*
t* improue

{s*s*rvrtinn
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befween the diatributi+n i:f efiti{*nmenfal b*fi-
efih and *c$nsrnic c$$S {rt tan*.p*cet*wiihin a
regicn plays an impartant rnle i:r deciding e$hicll
land parcels g€t tarset*d {Babcock *tal". 1g*6,
1997). Scr purpo$e$ of this dircusrictt targeting
.serks to opfimize the benefi{if,} effects of c*n$*x-
'vatisir pracfices s.n ltatuf,al,f€S$urc€$ with a givex
ecnservati*n budget and thereb5' nlaxisrire th€
retrms crn ec*nomic inveslments in caneervati*rr"

Targeting *s a pr*cs$$ ts ni:t restriqHd ir: arlro

p*xticuiar seal* +f space ar tima The *cal€ at
r.rrhiah we target iand rua$ageffilefit deper.rds *pcn
rhe interpiay among a *umber of' fa*tor*, inch:d-
ing specifie mRnagerient ohjec&v*e, reiev&$t
ec*logical or efl th:"s;.-tem Fmlc€$se$r thepre-
cision at which managem*rxf decjsiqr:s cant"e
implem*nted, the reftriu*ian l:t' euaitrable data,
and pcter:tial s+eiopr:lifical cnnstrai:ets. One cal:r

find exar*ples *f targeted xr{*nageffie&t assss a
wide range *f scales, fr*m vetS large *re*s {e.g."
preservaticn *f terr*strial habitats) and r.*rhqrle

wat*rsheds {e,9.. U.S. En$iranrflentai Frctecli$rl
Agenq- hi-prioriry* watereheds) tEr indir.idually
o-:rg,ned parcels {e"g,, antrier:t mmrag*ment plans
ror farrns] *r srnaller a-rea* {e.g.. ripariart ar*a$ *r
$toi'mweter infi ltratian basinel"

?fue sess tor targ*tf;r*g
There are three ffiarpeili&S raa*on* fr:r pramots

ing iasgeted land.management f* m€etre$oume
*on-EervaticR *: presewation gcals. First, agri-
cu.ltrrre is a 'tarid6cape" enterprise, sf which the
fieids in agricr:Jft:rat pr*du*tia,* are cnl,y a Fa*.
Landscapes are, by definitinno
lf all placer in a land,scapr wetr* ihe sarrre or if
iare ctnrld corr*ider all places {ap*calturat fields,
sf:€ar$$, watersheds] independent of ihsir sru-
rcandings. there wdruld be no need for target-
ing. Bert fhe c+ntext rf agrieuk* a3 fieids {evcn
seerningly hr:mogeniru* *n*si in a epatialiy v*iied
iandscape er€at€s the need f*r a*d the *pp*rft:-
nity tf ase iargeting to impror.e the effectivrr,less
of tand use a:rd e*nservatisrr xtarragemer{t,

Secoad, there is irrefutabie ccier*ti5c cvider:ce
lhat scme lacatis:rs in the laxdscapehare ahigh
poliutant-gen*mfing patential {sensitive *itesJ,
caR fi.rncti*n effectlv*ly te intercept and treat pcl-
lutarrts" andlsr have'ieatures that qomprise *ifi-
ca1 habitat {or w'ildlife- 3y ::rtd*ste*ding h*w

$ucrt ;lr,scesses *r purp*rti*s .llitry $petietlly, effr:rts
to nnitigate tlr*ir detrimentnl efferts *r exhance
th*irbene$cial c*nsequences can be applied more
preiseiy.

Thir4 the economic c*sts of ccrnssyyatisr.l urac*
tices al$s diffur *rsnss iacation$. Accnrdingiy, tar-
ge'ting *.llo''ars **nt-eff*ciive conserraficn eI*ort* to
fbcrs {urrds fnr res*urc€ corueruation in }oqatiorr*
lvhere ro;tsequtrtf,,*si srrch aE p*llarti*n-r*drrctian
p*f*nfi*I. *re high and ecsts are low {iohan*son
and Rendall, :0SS).

It ie not p*ssible to appiy c*nseryaticn :freat
merrt$ fif,r*ss tlre entire landstepe. H.cesyxierns
carx*t all be e*Lirely rec*nsf-uctedo and r,ve nnust
a*cept that hu:nan actirities trnpact ssil, wiltel,
and habitat ressurces, Thereiore, nrethcds are
needed te identifu and protect areas that are
ser*itive (most prone t* e:lvbonmentai danr-
agei. able t* sffqctir.elyrrnitlgate pr:llution andlur
provide qritical habitat, The d*cision to adnpt
R r:*rls*rvstion practice t$ prote*f the enyirsn*
ment ls most q"ffective if ir is a voirmta4r d*ci-
sirn by a lnndrw*er. rather tha;r sne mand,ated
by g*vemrae*t" Ideallp such derinisns would be
based on inc|eapert socifil rnn$,ci.crusness taward
sntrirsfir$entai profectinn thr*ar gl-a edrreatirn and
techxical assista*re that encrrurages landor+n*-s
to ad*pf cnnservatio*. practices. JV{*r*J sr:asian
and eff*rts io raise thi* kind of conscicr,rsness,
hor,r.ever, have art ins{nificant effect in prornot-
ing adopfion of consewatjon practices thai aye
unSrr*fi table urdess the l*nd**rrerrs imrnediate
swirrmnent *r h*alth is af risk- In rsnfrast. eci?-
n*r*ie incentirres tfuough cost-sharihg r{s have
a nipiificani impact trl rsftservaiicn behayl$r
i*atie and En4n, 19*91. tresigni*g market*bes*d
i*centives t-or lafi.d*wners t* adcpt couservatjsn
practice4 therefsr& has p*tentiaX lar inrp.r*ting
participati*n in eavirsnm*t1ta.l protection.

13re ke3. quesfions i:r desigring and impiernent-
ingro*servati*x p*licies that empi*v targeF
ing th*n, are fl) h*w ria we develop metheds
that identify *pecifi.r targeting criteria fo each
tr€soutr{er erpecialllr ir: the c*ntext cf multiple-cri-
teria objective* and il) how do we kanslatl the*e
criteri* int* c*rlserr ati+n plaxning toclslinskg-
mentation ihat car: be derrei*ped at regional or
r.r'atershed scales and apptied at the farm-field
{own*rship} scai* ixt ways *rat are cost-efferLive
aer*s* mulliple agricrrttrrai prodracers?



P-art 1: Yii* sctr*c* nf rargeri*g vaifhir l#n{is{apss ilnd lvareruh*ds to iffqxtlv* {*ri$*rvat}fir} {fiief ivf;tl*$$

Targeted msil*S*mene*n
{f{t(fpt

(3eariy" there are hi*t$riceL pr*ced*nt* fnr
targeting congenrration practices. lndeed, the
friati*nal F*rk $;rutem is * f<r::n *f targ*led env*-
r#ffirtenfal prol*cfion. Als$" agricul.tur*i pxrduc-
ers inhritiv*ly rmdersi*nd targ*fing *nd hav*, f*r
,rtec*dss, r*u*in*ly time* fertiliaer applicatirxw to
rrraxirnizecr*p aptake {}irures et at.,2S0$ and"
r:a*re recentl3i utilized precision agri*rrliural tech.
tr*l*gies t* ice*s fertilizer appiicati*ns al pa*s *f
th* landscape whers cr*p nufrier*utiiieation lq:ll
be rna-\imie*d fiRejes*s and 5t*mlraker, lggg; Kas-

Paf er ai.,2003).

$ince th* X93**, 1j.$. D*partrnerrt +f Agri*ultr:re
{IJSDA] pr*Srauls end activitieshaye enmur-
ag*d. faft*er* ter est*blish e*nsen'afi*n practices
** srvirs:r:nentall3r *ensitive land- l\ihile prir*ar-
i13' b**ed *n lacalize* kna*"ledge up &raregh ttre
L$F** {F{eim.?id} ?003}, rhe 198$ faern hil} and
USDAs Consen'atisn Reserve Prograrn {CRF)
nn*r* clear$ defined area* thatehauld b* iargeted
t* pr$tect \,1'etiands and rsduee *oil erasi+:l $pe"
cifi*ali1', U$FArs u$iversal scll lcrss equation, i:r
conjunction r.rrith site-specific s*il sun'e1, infor-
mati*no rua$,used tc define quantitativ*ly. highly
er*djbie lan* {8*rrbrosh l?*S} and a {ederel inler-
ag€ncy definition *f "w*tland'" r+"a* dev*loped
with hydric soils as a ket indicator {Heimlich,
19f4). Mor* r***atly fhere has beerr an important,
irrryli*it sieift frqrn on-sit* impact* t<: duw*sy*r,
tern influences, for exanrpie. water qr"raliq, impair-
s,lent altributed t* up-*lupe lend m*nag*rrr*nt

C*ncerr:s ccrrtinue t* br*aden he).{tnd s*jj
erssi+n G:lgl:lr' erodibl+ !and) and wet*r stor-
age {r'etlanrisJ trr inct*de u,ater qualitli air quai-
i*i a::ld ttildlir*. T?re i:umber af gcvemmental
prog?ar:rs has expanded and eligibilirl, criteria
ftr cotr*e*atiozr treaffients h*rre brecame m*re
*peci$r., Fcr exarnple, the e*r'ironmeErtal ben-
efits iadex devel*ped for *valuating and ranking
Sand pareels offered f*r CRF enrollrnent includes
a detai3ed evaluation oi p*teniid for wildli{e
kabitat arrd water quali{y improvement, fu addi-
ti** to pr*te€io* *{high!. er*dibie *oitrs ff.S.
Ilep*:hreent *f Agrir,ultar*-Fal*:r $ervice Agexlql
1999] axd tlre *sil renrai rat* of cach parcet. Ttris
index is based *n landscnpe inlormaticg includ-
ixg highly eeodible si:ils, proximih' to warer and
a'e€ands, and l*catirn cf statedesignated critical
areas f.st ra,'ater qu*lif {e.g. Clean Water Act $ec-

ti*n 3#Sd fi*tud rvaters) *r,rcdkl}ifs (e.g." ltabifat
areas for species listed under the t"ndangered $p*-
cies A.ct)" Thes* in<ii*e* aru Srpicafiy uued tq: renir
{$n$srvati.ofi pT *p*sa}s fr*m prxrls of rulunfar:ily
*ubrrritt*d applications t+ prir:ritize inrcntive pay-
ffientl;- frerirpite s${h u$e of fhese irdices, incre*u-
ingly c*mpiex eligibiiiig deierrninatrons $itill
rn*st be implement*d cm fie baeis' cf professionai

iudguient aftd intsryretations of general nsitr and
landucape pmsiti*n r*tlrer tbrar:r on detailed, rohust
scientitic rmderotar-rding *f trar:ds*ape functions,
proc€ssesl and quanfitafive reiationships.

*ver th* Fant decade, i.**aX planr,ring qlffor,t$

haroe bec*ms imporia*t drti.;ing iorces behind
iargchd trarrdseape manftgementi **p*cially rrittrr
respsft t$ $retershed ffi*nft$q3ftent {or r+'ater quan-

r$' anit aqu*tic hatrrita{ pr*tecfi*rl {e.g., lntrtalter

and Walt*r, 8999; F{r}u$e.2**G;hundreds cf pln:ls
are rurt a.idei.]r'puhlicired), tercal cf{iciatrp nre
generall1'eager for sound scientifictases to pri-
*rjtiae lyater caxaliry imtrrruvement irreijects" Sne
high-proffle exa*ry}e is the N*u'1c,rk Cit) {NyC}
Agricr*tural !\tatersh*d Fr*fsction Frr:fecf {a"k.a"u
Watershed .A,gricul *e Frnglam*o$AF;l{alter
anr* lllai*er, 1$$9), r*.hich is direc,ted by a trSater-

shed Agriculftrre tsuncil {WACi large$ made up
sf locai pmdareru and land$lffii"ers rtrh* parhrer
witir regional ressarc,h unir.ersities t* der.el*p the
underpirming sciertre f*r targeted mnnagernent
grractic*s.

$ome *tafe* Jre:re dereloped fornral iegislation"
t* pro$:fit€ the** {pes sf Srassroflt$ effurls, ftr{h
as Washir:gt*rr $tater$ 199$ l4r"at*rshed Planning
Act, whirh $tates ". ".thr i*cal developrnent of
:a'atexhed pla:i* for m*rragi*g $rat€r rssources...
is vital t* both state and lcrc*] interEsts." Indeed.
thl* tipe cf iocaliaaticn sf nnanagemeni aXlnrvs

scieyrtists t* del'el*p targeted management strate-
gie,: ihat matrh iocal nr regional sonditicns and
c*ntrclling pr*cesses in *-ays that can be rrrore
di{*giil1 u:"rg.r bicader. u,e:raiJ"v natior$lly inan-
dated eff*rt*" Lqlltcith'indtded in ih*NYC
watershed pr*gram r.vas a req*irement to "tesf
deu:or,*1rate" and evaluate ihs scientific. ,,rriteria
deveS*Fed f*r wh*le fasEn piaaning {Ne',,r.'YorL
$tat* Water Res*$rces nn*Aarte, t9g2:j,* most cf
fhe cnrr,par:ent* of which{ were'""arisus targeted
be*i mar:agerrenl praciices {BMFs} at farm asrd

fieid scal*s f*r cuntrolling nurrpoint**o*rce po}l*-
tion in hrYC wat*r-$:ptrly reservoirs {e.g., Wa}ter
et a1." 2008, 2$Sl).
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Althaugfu ther* h*sbeeri no **rrnal anah:*is,
fiRtr csmlrroilr iarp}l*it tkeme ertlrl$$ *irccess{ui

w?ts.r$h€d prsjects is a cinue inte.racti*r: h*twe**
land*wners, piannrrs, ar.rd,I*r m*e*rcJ'rer* iego
Meals, 3iltti Wan.S *t *1., 2{i02; Dietz et al,, tS(}4;

Sishop et al., ?005; Lovegreen et al., ?fiSd). Thus*
rypcs +f iocafu drivsa eflsrt,* ai*# facjlitate
accommoriating the ciifferences in priorities, csn-
cerns. anct abjecfives aftsng indiuidual lanclown-
ers. l*cai plauners, anrt brrr*$sr *tate and nnfi*nal

S$verrrfltrnfsu
li appears that *r;l{rent trs{rds ix targc.ted land

rr*ana5sm{f,rt sre a natura"i p*ri ef tke pr+gressi*n

cf *::pir*nmefi fsl c{ln$erveii<tn }:rist*r,u H*pufu}}i',
the shift <:ver the p*st d*cade $r s* tr*rarard locally
iniiiated cqrn*ervati*n and prct*ction *ff*rx r*ili
cr:nt*n*r t* recle$ne lhe r*i* *rt t*pclirrvn p*licie*.
Fr:r *xr+mple, the C*suiiervilltisl* Ke{i*rve *nlrance
rnent {lrl:g',r*m tffiSP}, ft f*dera}**tate parlriers}rip
pr<:gram ini*iated in l$*6, ha* he.lped;ugi*rraliz*
csst-sffec*ve targeting o* high-priority, *nvirqix*
me*lally seft*itive lanci ba**d *lr q*a**itafiveiy
d*iiruld enyir*:nrcental g*nl {U.$- Separtmrnt *$
Agriculfure;Sarr* fu rvics Agency, 2#{)3]. nltir*ugir
ii muid be imprcrved t* brtter *ftSmgu Sress-
ro*ts acfivlties. ;\$ discussed s*rii*r, increased
j.*cal c*ntr*l ais* pote*ii.n)$ faciiita*es l:lusel tis*
*lttwrcn plan:rtrs +r reu**rchers axd larlld*wrrsrs,
ens*ri:rg better npplicatkx rr{ ssisntifrc roncept$
t$ tar$ctin# effurto.

Alth*ugh. targetifiS ailerws pla*ner* t* r*alfue
thr* r:r:ntinuum rf *biecfi't'e* and. natuea} pn:rc*s**s

distributori across ihe globe, we tucu,s lmre rxi
water qr:alitl'**d terrestri$d hsbirat pr*te*iun f*r
wiidiifu, twt'r promin+nl *birr*iv*u th*t iiXustrr*e
tlr* breadfk t:f scis.ff:e, tecfi*cti+"q3i a*,rj fut*lq
challenges an<i rrppr:rtunities *f targeted la*r*
iYransgs'rnent.

Wmter Qirality psstsffiifi$ end
snna$teffis*tg

Th€ $tat* $f ths ${ie$tifid supssrt f#r
ter#etifts

A* importani, recent shift i* iargeti:rg *f c*n
eervali*a pracfices it aa improved rlrrd.erstand-
ing r:f how indiv-id*al par*s of the landacaS:e

are i:rterronfiecle*. fra*y water quali]y pr*?c*-
ti*n eff*r*; insolved iittl*mclre than a repmka.g-

ing rit s*il mnsersatisn p*acfic*l* {Waiter et aL,

l^979; ?falter et a1.. ?0CIS). Althnugh our ei{trrt* tc:

g*in kn*wledge c* mi:tical prficfl$se$ *ncl their
scai*s vritrl mrrely rnn$nxe to chaJlenge xs, *ci-
tntific advanr:es durlng the Fa$it 3fl years have
provid*d anrple ju*fi.ficc.tirrn f*r targeteri. watel
q*ali.ty prr:teclion practic** bey*nd those cur-
rentty empkryed as $MI's. {n particular, lihere
]rav* be*n substantial arJ'v,ances in understand.
ing how htdrological Frrlce$$es are distributed
aqrerc* Lhs trandscape {e49,, }3en*l*tt n*d Hibbsrt,
1967; Dr"rnne and Black, 197fra,b; S'Louglrlin,
'l*81; fuJr:o're et al," 1.S91; ?,yon ff al., 30fl{!a.r} a*d
hrlw *t**s Fr$!ifi$$s$ {re infiuenced by soil varl-
ahiiifr {e.S., Th*rnps*n et al.. 1$$7; Ces$Ier et:nl",
1$f*;l{estsmi et ai-,3tX}4} anr* corretrate with *:r*p
pr*ductivig {.*.9" K**par st i*,, I(}0i*j Kruvchsnkc}
and Sull*ck,2SflG)-

Targ*ting $f conscx?ati${t pracficrx is incr*a**
ingl,v basud r:n $r**e adlrarrm$ in distril,nt*d
hyclrnl*gy **d *aund sric;:rfiflc understandin.gs
of relevar* ecr:l*gicnl arrd*::r tran*p{}rrt pr#ce$$€$"

Itcc*nt *ci*ntific, paimd*waier*treci evmiuatlsmr

il,*ftiq *t *1., ?*()1), eith*ugh *nnrewlrai nru-lr;p**

ci$c, s*ggeut that * tffssted appr*nnh c*n ef*ec*
iive$ impruvc uat*r qunli{-" arxi. aqunficheaith,
rupecialtry prncficns thai ptotert ripuxi,.an area*

{r.g., Meals, l{}{11; Wa*g sl dtr", l.0{12; Bietr ei al.,
?{i04; Eiuhop et al., 2iX}5}. $lsidies t* evnlnat* rig*
rrtrxsly tlre effectiv*ness sf tsrsuts* vsrsus *ther
ncntargeteS ctln*er?ati#n i:nplementatir:rt*,hav*l
n$t hseft cqrndr:c?ed, h*w*v*lt; ru:r d* we hrve e
gor:d tl{}.derstanding *f ttrte syste*r.rv'ide lmpacts
of speci.fic impje,**ntuiiuns ffndlor rnaintena$cf
of particular prac$ces and coi"rrbinai.ions of prac-
fite*. ln trieu *{ good Seld eyah:*tifift.s, vr*hav*
relied {per*up* t**:*:ll*clt} on fir+del r.*sults tr:
dcrnar*traie fhrn effectiv*xcsx cf t*:rg*ted rn{tnag$-
rne.nf (e.g., Wait*r et a1", 1*S1; Vej.th st al", ?[1#4;

Mankin e* a1., ?#SSi. M*rc reliable svaiuatl$fiti
will reguire ixlu:vativelY deaigned- tring*term,
andlrr pairrd*rvatersh*d xhrd'i*n impl*mr:r&r{
*t fhe appr*priale scals. J+u:rthsrnr*re, Xinkage*
belrirecfi c*nservation pnactims an.d water qu.a.l-

ih' resp*n e ix large ra"atershed.s nru.*t bridge tlre
rc*les *f impleffrefitafirln {fi*ldi anrt rnee$u{sfi1erd

{wate*he *} *r riuk being *xp*ri mm:ltally .flawed
(see fiarcirrer et a1",2ffS1 )"

?hi* bridging r:f *c*ie i* chalien6in6 hur i:h$'

rirk *{ ign*ring th{s *railengr* i* cleady i}lus-
trat€d. f*r exa*rple, by tke recngrriliern that s*il
c*nrervati*n prartice* harr* an:t alwayn regr:lt*d
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in anticipated reducficms in strearn sedisrent
loads {e.g-, Tiimbls, 1999*b; Trimble and Crosso.n"
2000a,b). Thjs is because af the r,r.idely employed
simplistic assumption that the amoffitt of sedi-
ment gmerated by a land parcel and f}e amount
reactring a water body clepenrt ordy upon a fixed
prcportion or tl"re distance of the parcel from
fhe a.aterbody {e.S. Kharura and Famswortll
2005i. 5o, although the scientific rationale for
rnany {ofteft targeted} sc*l csnservation prurciices
is sound and those practices dc arrestexcessive
soil loss, the intended benefits jor rivets have
lrot heen recognized. Thai is becausE i,,'e did not
fullt understand gr consider the iniegrafion of
practicss/ p::oce$ses/ and expected errviror:mel-
ta.l benefits and ihus failed to select appropri-
aie *xperimental designs and monitoring scales,
Experiments and arcnitoring to dernonstrate
wato' quality benef*ts frcrn targeted practices
need be designed to consider the la::dscape posi-
iicrn of land parcels and ronsider how processes
are disfributed aiong flcw paths; in $ris example,
upland erosiorr, redeposited, and charurel-bed
erssion {Nagle and Rjtdrie 1999, ?$04; Nagle
et a1., 201i6). Interestingly, Kha-sna et al. {20Q3}
showed that retiring particular l*rrd parcels r.vi{h-
out considering the management decisions of
surrounding parcels ccnsiderably underestimates
the resulfing sediment laads to rlkeams, ai much
higller cost$ thar, targeted practices that corxider
land parcels in their hydrologic context. This soil
srosion, sfream sedimentexampie also demon
sfrates the risk of relr..ing foo much cn modeis to
make predictions, thai i*, our overll' simplistic
assumptions of hora'parcetr- or plot-scale erssion
k ijnked to sediment delivery to sbeaills rrere
built into the models, r.ldich gar.'e poor esfimates
*f horq' targeted soil-con$ervation practices w.ould
improve $treanl water qu"alify (e.g., Trimble,
1999b ; Trimbie and Crossorr, ?000b).

In sumrnarl,i the scientific raticnale for many-
targeted practices is good. lndeed., the past decade
has seen a notable shift toward targeted manag{i-
ment skategies r:sing process-based scientific
ulrderstanding of these practices. Subseguent
sfudies, aithough roo few zuggest thal the imple-
mentation of those practices is having positive
ir:lpacts on envircnmEntal qualiiy {e-5;., Meais.
?S01;lrya11g ei a1., 2002; Dielz et a1., 2004; Bishop
et al., 2005; Lovegre*n ei al., 20S6). Eui rare must
contirue to improve our understanding of hou,

prscesses are integrated *ver whole svstems at
different scales, iufuch will uifimately allar*'us ta
better evaluate talgeted tl.lanagernent successes
and failures in v,"ays that iliuminaie knowiedge
gaps and meaningfulll' direct future progress.
It is important ts remember, hcwever, thai the
scientific ba-ses for targeting con-servaiiori prac-
iices need to interface u*imatei,v with planriers
and land managers irL wa1's that combine locaV
regional knorr'ledge and ot{ectives to develop her-\
ter and msre economical enrrironmentai protec-
iion practices. ln essence, an improved scientific
basis {or targeting of practices is aliowing p}an-
n€r$ to move increasingly away {:"om "<me size
{sca}e) flts all" management epprcadres. 1,Ve com-
ment further on the issue of .scaling iargeting in
the conciriding secticn of this paper.

T'hE state of targetins technology

Tools for targeting biageo, processes. Tec}noi*gicai
ad-,'ance$ in moniioring and managing increas-
ingly conrplex, spatially clistributed inlo:'rnalion
and in preci*ei,v locating landscape posiiions l.rave
enabled revoh.rtionarv adr.'*nces in targeted land
management capabilities. While we do no? r,rianr
io dixninish the contributions these technologi
cai advances harre ynade to lretfer targeted water
q3ahq'protection ancl enhancrrflenf, ure think ii is
arguabiy more imporlant to recopr-ize lhai nrany
targ{$ing approadres to protect w-afer qualiq. are
based on decades-oid daia ie.g., soil surveys),
mefhods ie.g., soil phosphorus tests), and moclels
{e.9., cur','e narnber runo{f model U,5. Depart-
$lent of Agrirulturc-Soil Ci:nservation $enrice,
1972j,which have been req,cled tiuough user-
iriendlfi GI$ in w'ays Srat were nejther antirj-
pated nor intencied by their orig;inators. These
"old" tools and technolagies generall3r worked
u.eil lbr iheir jntei'rded purposes, but r,s,"e cannot
expect them to be uni{ormly applicable for effec-
tive targeti:rg of water qualitl management across
a1l reg;ion-r or large rjver basins. Scientificaliy, v,'e

shosld be able to state stlr assumptions about the
utility of each data resource used lor targeling
and we must End€rstand the Ikeiihood of those
assumpfions being invaiid and implications of
ernpiof ing them erroneousl.ri In shori, if targefing
is to beccme pari of poliry one day', then at some
point targeting criteria may need to be defended
in court.
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Tn ill*s|rc*e this issue, cm* pervasive nxam*
ple is that anl#ng m$dei*rs an*l enrrjronnrentfi.l

Fr$l€cti$n prartifior*rs ther* *ray'be *:l impiir:it
*ssnmpfi*n that sl*ctronic genspati*l daia alt
have *irnilarlevels +f precisian ar scientific reii-
ability. While soms dafa, like the n*west digii*3
elevation datn {e.g., ti*AR}, a$r v*q: detfiiled errd
their err$rs well dofirmented, others, especinliy
s*ils data, are g*nerally digitiaed forrns of hand-
dra:an maps. Sf cour$*j sqril s*ientists mappmg
Nsrtl': Arnericak agricr:ltural saila. largely d*ring
the ilid*?0th c€nfrrl', unrS*rstoad that s*ils are

expressed as a landscape **stirurrrrn" but map*
ping capabiliiie* at the tirne required ihem to
delineate generai grrups of sciil characierisfics i:Jr

pnlygr:r:-s *er a map. ?Thile {ris traditinnaJly dis-
cret€ farrnat {ar rrepr*s*nting sail prcperties has
been hi*tcricaliy e*rrvenieni for soil cpnsen'ation
targeting {e.9,, identi$ing hightv *redible land}
*r r+etland i*enfi$cafi.r:n {*s irrdieat*d by bydric
soiisi, these same data are incorporated into
in*reasingll' o+phisficat*d anal,vses and :nechani$-
tic models without questian* atrcuf fkeir *ccffar:yj
precision, *r varinbili{r w}rich can b* significa*t
{rcrrr r*gim: to region.'*eepih f}*s, s$me Frs*
cess-ba**d hydrologic mr:dels p*r{*rm *'ell u*ing
lhese *ciis data {s.F{ Frankenberger el aL-, 199S;

b,lehta et a1., ?0fl* Gerard*h4archant et atr, ?SS6;

Schneiderrnan et a1., 2S06; Easton et al., 2$06),

suggesting thrat the a:rrent level o{ precisian of
soii sr:rvey data is adequate f*r targefi*g appiica-
tioru; in at least some re6ions-

$imilar\i ihere is a* hlriguing mis**ncepti+n
fhat currer*iv llsed water q*aliq" models, *uch
as the soil and rvatsr assessmeni tool (9WATI

ie.g., Arn*ld et ai", 19S3], apicultr.l.ral:'ionp*irnt-
soutte p*llution srsdeX {AGNFSI ft'olrxg *t al=
1989), and the generaiized watershed lcrading

frxrction. {GW5-F} {Haiih and Shn*maker, 1957},

pradde highiy targeted maflagemenf insightr,
presumabiy |r€{amse they ir.:e geospatially lefgr-
enced data *nd the resuiting model euput ean be
presenied as a digital map, Unf*rfunately, the*e
raodels typieal$ rely *n ihe USDA Ssil Conserva-
ticn Service {rr*w" the }$-atr.rral Re*cur.ces Csn$s+
vafia:r Se:r'ice {MBCSI] cufi'e Rrlmkref eqaatic*
ie.g" U,S. Separ*nent of Ag:iarliue-fuil C*nser-
vaticn Service, 1972) t+ predict runoff. A3thouglr
iebles are avaiSable ihaf link run*Spoten€al {i.e.,
rrrrre mr.srbersi t* specifir land uses, the* is liitle
reliabie sci€ntific baeis fer ihese indices *f run*f{

potenfief especialiy for smsll sforn:r* {l{alter a*d
$h*w; ?{)SS). Inde,ed, fhem*dsl's r:r*atox, Vit:t*r
M*ck*s, jt*tified his m*dol ln.rgely '-*n gxounds
that ir prcdnce.s raic{.fall*{*n$ff c*rvcs of a type
faund *n n*tural'watsrsheds" gialli*n*, lf$fi)"
3$ w..hile the curvs ffirmhsr nreth+d may prcvide
a reasonabie ntinrate *.f water$hed,*cal* runcrff,
and" ind,eed, iras been * rsefuleggin*ering d*.sign
to*l f*r m*ng decedes, i:t must cases it cannst
predict rxno€ from a specific l*catisn r'l.ithirr a
i+nterehed. A* currentiy r:s*d, then, water qualiry'
rncdeis rxtay h* rea*onably effecJive at iargeting
pri*rity watershed*, but are urriike$ ts tarset spe-
cific l*cations wirhin a watershed for impiement-
ing SMPs cr sther wa*sr quatittr prsts{tisn sftate-
gim {e.9" Saren and M*cre" tSSSi. On a pr:sitine
*nte. fh*re ha.v* been substfintial aff*ris to r€c*n*
ceptualiee the traditional curve num'uer equa-
ti*nin wa5rs that ar* sci*nti{ically de$er:sible f*r
pariicular sih.rations {e.9," Sieenhuis et al." tr995;

Gburek et al," ?$02; Lyrm et a1.. 2$*4; $cn iderman
et al., 2005].

There are sl*o severe-l *ther terrain analyses
{hat irsw potentia} applicabilig. for impr+ving
the ph-l'*ical basis of water qnaiity m*detr* with
resFectts Fpscific r*m*# pr*ress*s at hilisl*ge
scales $vl**re *t a1-,1991; Sreru 199*; Sh*rek *t
al." 2S0* Tsmer ei al.. 20fl3: A$rr*lir et a1., ?*0S;
lv*n et al., ?0fi6b). A,lth*ugh m*r* scphistirafed
pracess-based msd*ls ma_1. ev*ntraally pr+vide
a m*re scientifically r*bust hSrdrologic basis i*r
waier g*alify modals, Iar th* mos-t Fari they are
rurrentiy too cumbersome tar practical use. ln
the foreseeable fu*rre it app€ars thai institutiqs$i
msmenfufi rvill perpe*.rate the use of current
rvater qualitv mcdel* and" h*pefuilyi practiti*ne$
wiil adopt approadres {ar i:nproving the scien-
tific ba.sis *nd decisian-srxpport capacities oi th*se
madels.

W* do nut ha\"e sFa€'to <iiscr** simitrar, p+ten-
fially prabiernetic reinr.entions sf traditional d,ata

and approaehes {t*r exar:lple,:*itr ph*sphorus
tests origir:a$, developed, ts assess cr*pla:rr3 pra-
dgctivi$. ar€ nuw camrnar*1t ssed to assess phc.*-
phori.rs l*ading to str*arns]. As with improve-
irrent in digital *i"eva{i*n data {e.g,, LIDAEI. it
ia likely that ihe accr:raEr arrd p*cisi*n si sther
g*cspatiai d.ate -*i11 c*atimre t* impr*v* as rre*!.
enl"irsr+mental mcnitorixg irclinr:logie* mah.:re.
ln the short ter:n, it ie imp*riant t* recogaize
expiicitly th* gap b€tween scientific advances and
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fltrrcnl tefhlt*log;i*s and t$ctl$ f(lr water guali$'

"*!rgeting"" While the greater user-fgiendl!*e*s o{

fhese to+ls hns irn;rr*v*d their acc*ssibilif,y, it alao

risk*'facilitating their rnisuse" ?hr:s. sff*ctiv* us*
of *ircse tocls cculd be improved hy develaping
guidalin*s tlr*t expli*i*iy addrcs* the# tccl:n*lo$-
cal llmitations. That prcrbably requiie* th* profen-

sionai jrrdgm€nl of sp€cislists ifi c*mbi"nsfi+rlwith
local kn*wtedge.

[*o$sxir i*$tr$mffils ts $$pf $*tar$*ting- Idenii#
cation of iand parceis that should be targefed for
impr*rred mariagem*nt to achieve environme*tai
ben*fits at least cost can be acldeved, at least ixt

prin*ipi+ b1'integ;atiag an econ*mic nr*dei wiih
a water gualitymcdel together with detei'led GI$
i:#*rmati*n nn the *haracteristi*s of land parcels.

$r:eh int*gr*ted msdels tlpically assusra that fhe

e*onomic co*ts of a$*pfurg conservaticn pracfi**s
by * lnnd*lr.rrer srs kntlr.rn and observabie *: a

pcticy planrrer. TheS' generail,T,. igxe** the pos"

sibiiiSl cf arymmetric informati*:t b*cause ihe
iltre rsst af adapting a censen ati*n practice is
private ir.iformation kn*rr,'n +nly i* fJre la:rdcnrrter,

Thry: also iypiml}]'ignor* the p**sibniity of :scraJ

lraeavd: Atrandownerm.ay ad*pt a c€ri$er$a-

:i*n practi**, but nat maJce a fuli c*mrnitmEnt to
i:nplementing it. Nevertireless, ecoRomic medels
that inrorp+rate spafiai heter+geneih' in casts and
phy*ical pr*qesses ardthe irsrplicit i:rterdepen-
denc.ie* *f asssciatsd sed:menfiabai*ment bcn*{it$
can imprave Folicy ptarurers' abilities to target
c*ns*rvati*{r practires to rednce oflsite p*ihlia:rt
ioadings {3i}rannaet a1., 2*S3}.

Targeting, as re{erced to here, is d*fired n*rma-
tiveiy and fr*m the perspeciive af ap*licymak*r:
It identii:es land parcela on rrhich conser.ratisn
practices ah+r*d be *d*pted t* schier'* €rivi-
r+nmental grra?s *rasl c*si-effectiveiy" B**ause
**nssvatinn ef{art-* by iandnvrn*rs rcpffi$enf
voiu*tary decisj*:rs ln respcrns* t* m;arkei-based

i::ceatives, grolic3rrrakers need tr desig* a "gre*n
pa3'ureat" pr11cj', such as subsidies for adopti**
*f a ctncezuati*n practi*e on clapland s: a renial

Faltnent fcr retiring a 1a*d parcel fram crop
pr*duction" to pravide incenrives Jor landoltryr-

ers t{: adoFt ccstly ccnreivation prattices on the
t*rgeted land pareeis. lntegrated spatiall.y explicit
ec*nomic m*:del-q can be r:sed tcr design these per-
a€r€ gr€€r1 pag::"rurt*, In the presenc* of spatial
h*tercrgeneifl. irr cssts and enrrir+*r:ienial benefits,

suchpayntenh l*ay need lo be parc*l'sp*cific in
*rdcr to achi*ve csnservali*n g*al*. For example.
trr adrieve sedimenf"abatemsrtt gaals ihr*ugl:
Iand retiremerit m*st cosi-e#ectiveiy, ec*nclxnir

m<rdels siruw tkaf fhe per-acre *ntal;:ayrnents
to iandsanrers *h*uld vary wifh thc l*cafi*n of
th* parcel ralative tc r,./ater hodie$, the qualiiy af
th* soil ihe si*pe of ih* land parcel and the sail
*r*dibility index. T<i implern*ffii fhese sitll,sF*-
cist runt*l payffiefit$, policymakers or planners
need to}eww lhe relati*nships and parameicr$
*mbedde,d fur the integrated rncdel. This is infor*
mafion- a*d ski*-irttensir'"e. I:r practice, {o*ser$a-
tinn programs tend insiead tff adopt seco:rd-best

approaclies ta target land use chang*, F*r exasr-

pie, soii lental payrnents uffersd fsr enrollmsnt
in tlre CRF are s*ifgpeci$c, but do n*t vary r*"ith

the environrnental benefits pr*vided by ilrat pa:-
cel. As another example, ihe lll"inois CRSP targets
rnvi"ron:s:entaily s*nsitive lmrd by limiting eiigi-
b{ig" ior encs.:lment in i}re pr*gram to land par*
eels within a narrou,"l]r defined arsa in the llli,n*is
River Sasin Eut i-i d+es ntt *peci{,' axr.v mecha-
ni'sm to select 13?,00$ acres {ram the 7 miliicrr
acres *f heter.ag*ne*us larrd parcels in ti:is ar*a"

whirh may ultimately raisc pr*gram **-tfs ffaag
ei al., 2*CI4). $isritrar is*ues are preralen? r+'ith lhis

Fuogram acrsss the llnited $l*tes.

Challenges and future directions
1{hat is $e€ded to advance the targeting of

wat*r qualif,ir managem*nt and policies? Sore-

most, nalional targeting policies are rleeded lhat
prarrrofe linkages lrerween krcai, gra$sros$ €ffora$

and r*gional *cisr*i*c researchers in way* that
bri dge science-applicatio:'r gaps. lniereshngiu
tiris need is ech*ed in *n* cJ the eatliest discus*

sjonq *n tarseting conservaticn pra*tic*s by Maas
e{ al. i1985}, whs *mphasized that setiing targei-
irrg criteria *hmld iake place within the cpntext oi
watershed-specific plaming. ln +ther wcrrd,s, ss-
enti$ckn*wledge mustbe a*apied l+cal$ to sei

targeiing *iteria that are useful for sit*"specific
d*cisi+n*sraking; thua hu*:ax judgmer* is an
imporia:ri part *f this pr*cess. For exampl*, set-

bsdd Sisia*ces trom r+'at€r llodies *iust cornbisre

sci*ntiiicaliv defer:*ible criteria {e.9., T*aner et al..

30$3,14la1ter et ai.. 2005) rsith iocal knawledge
thai is n*t necessa:ity appiicable across broad
regions. Indeed, this rjg* *f palicrv speaks directly
t* the pr*blems ass+ciated s'ith tensionc befween



itdenagi*g i*ric*lturai 1-*r.rtjirap*$ *)f il/&4f{}.rmsrltal guslity

lriea-ir+l -E**^^-L^^ ^-J **-... a- -r".. -!.:ud !!/f, {Lk.r aFpr ufl u |s.) at l(t I tH !1. icc'ln$loHle5, .rrg_
$*rnablyl $cisnfist$ firs alr,?itrs *f tlrum p#ts:ftiial
prrlbisrl"r$ *Jtd {aft }relp }*calpiannsr$ m*anins*
fultr;'ir*erpr*f riata ar:d ffisd.*i reffiii.;t$ that rna1.
have "hirid*n- lirritalions, whicir might en!;.,be
reveals{t thr*ugh fuedbafk frrim landsrwner* $r
Seid revisws" $ci*nti*t* are als* ur:iq*,rely quali-
fied io recogrrize controlh':ng pr$cesses and. Lhus,
apprnpriatc *rraly"ti**l appr<raches, F*r exampie,
in s*r:r* ref,ions i*t*r*i{ying }ry.drr:l*#ca11y acfiv*
&r€*$ **{ r.un*# g*ne**tiiln is,pecificallir. varinble,
s$ur{e areas} is imp*rtant tr targeting water quai-
ifi'" management prnrtiees. YftEle are $slieral scien
tifrral}y defensihle meihods {*r idenfifiiing the*e
areas based on topsgrapiry (e.g., C'l-uughlin,
19S$;1/e*e$sy et a1". 1999; b.{ehta et al-, 10114;

Agnew et al., 3*fl6), although these rnxsthe i.rrter-
prsted i:l the rant*xt *f the plm-uri*g *bjectives
anct the e*errraqf *{ nvaileble t*p*graphic d*te
{Ku* *t *1., 1999; T+mer et a1,. 3$S$; Torner and
James. ?SS'*). b*th *f whir* ca.n !r&ry* nahstan*iafiy
from r*gion tc region.

A Fotsntial" th*ugh untested dine*n*i*n to lhis
p*liry* is thattargeted nra-nagernentiney be inher-
ently m*re *ucee*slul lirh*n *cleritistx, plmners"
and iandmm*rs wr:rk el*sely Ni:gefher tu: establisll
iinkages of iflr$t. F*r example. C*mell rese*rchers
and tite New Yrrk State Depaltuirsrt of Enrrir+n-
mental Frai**tion wcrrked f,:r mors than 1* 1'*arn
with all agricultural pr*du**r t* targ*t Sfidps
*ffectiv*ly i:r a srnall *atemFred in Bela*,are
{ermty and derncnstr-ated zubst&ntjal {abuut dS

F*rr€nt) rEducfipns in phosphorus and sedirnentr
loading v+ith targeted lnnd rra:r*gemenf Si*lt*p
ei a1., ?S$5)- $cientis* arrd pla*ners at the Srad-
fnrd C*urr{', Pennsylva:ria {omela#t:n tr}i*trict
dgmc*strated similar p*iI*fanl redr.fftiqns in a
small watsrshed effqr rnr:rr thffi 1S years o{ eielse
conperation n"ith pr*ducers tc devel+p appr*pri-
af*. targeted practices {L*vegreen et a}.. }SSS}.

Sf *qru"rse, ext*:xive ni*nitsring ailc,vred
researchers to evaluate the success oi those
pri:ject*, bert s*ch mardioring is rare- Lirrki*g
researctrerS, pla*nere, and ia:rd*carners enc*ux*
ag* the implementaticn oiimonitoring ry.stems
that can p*:vid* scientifi.eally r.xlid a*sesff-rl*nfs
*f the impac* *f *umbiaati*n: cf targeted prar.
tices q>yr l*cal- and rryids-scale envircnmesrtal
ixip*cts. *nly irr this a'ay cenexperience with
iargeted slanagernent provide irnp*rtaxt feed-
ba* {c}r i*rpral.ing futiire targ*ted marragefi€nt-

irteaiiy, *:r,r*.it *ff*rt$ lq"i.ttr implwnent di*trlb'r^eted
rn**if+ring nctr,qfick$, in add:ifi*nr tct ffi*.s$$re$ at
r.ratesshed r:utiefel, tr: rfiararlerize .lr#w hydtnl*gir:
and hi*ge*chernical proc*s**ei nr*r dirrtrjbruted
and ir.**ract acn:rqs the landscnpn and i* strear:rs.
Th*se pro*ess*s int€ract t* create "birlge*chlsrrj*
cal bst*p+ts," parts *{ the iandscape where p+*i*
l*-tant *r nr*risn* ntability *r rstefition ffrfl'r be
cspecialiy *n:t* {.1\4cClain ei a1." lS#S}. $uhstanfial
backgr*r:nr* resear*h. *trpp+rts the mnclusi+n tftat
hi*ge*ch*mica1 pr*r**.*e* *rer dintrib*tad or pxiru*
hrated acr*sg tlre lanr{mape {e"g, h{cClai:i et ai_,

lSil3; Weis&,et al., 3$4$i and itis likel,v tharnosrE
c*lre*t targeting *k*t*gie* cotlid h* m*re effsc-
tiv* if thel' tcqk these into acs*u*t. flne notable
sxa tpl* is recerrt uork sh+tving thal reciaimring
iricised urba* sftea*s rer:on re{ts the strearu {hafi-
*el aytd riparier, arca in w"a"ys 'thnt in*rease d*nitri-
.ilcafipn {e.9", Gro{frnanet al., !SOt; Grsffman trnrJ
{raw.fprd ?*(}3}. imprweri rrndqesianrling *f- h*rv.
*eas*nal hydr*lcrgic q.slss inte aet with ffiliffiobial
c{as'ystei}:t$ rcveals rru'}ry wetXands and buffers act
es nutrjent {esp*cially ph*sphcrus} snnrces Jnr
seme paris *f they*ar *nd sinks dtiring nthms
{e.9., Dillaha e,t *1,. }.98S; Carlyle and }trH ?BilI}.

Sne imp*rtant sciemtifis challengr is detenrdn.
ing lhe mechatics and tra*spr:rt roles *f shallurv,
rapid, near*surfam.*owsn **ctr as those associ-
ated wi& lah*ral, prelerential tl*wuaths {e.g",
Mc**lureXl 2S*S). $ubnurface p:,referenti.a_1 {tr:w"
paths {Beven and German, 198?; Ftrury et al., 1gg4;
Kunp l99S; Sidle et at., ?S$1) rnay he imp*rra*t
within hitlslsfes {e.g., Wileon er a1., i990; No6t -
cld et a1," 2il*1i and et rvatershed scaSes {e;g.
Satcher et al", 199fi; Angier'et al., E0SFi. There is
gaod eridence'that sv*n cnmperunds kndition-
aliy p*rceived as strongiy edsonbed ir] $*ii. su{h
as phasph*r-*$r {:art,n}st'* rapidly and cieep},v irltct
the rnrl pro{ile and ihen r*ave latera}l.v {hruugFr
natural prefe.re.ntiai Sawpaihs {e.S, G.atcher et ai.,
1$$S] *rr *rliiiciel drainage syit€rns {e.g., Ceerhring
e1a1.,2fr*1'1" *ften, loeai landokmers arc the nntry
ssurees o{ infu*ratio* abuut h*lr" and "xrhere arti-
Iicial d ainages are distribated through * land-
rcape, reini*rckrg the need fqrr sqt€nfists t* wark
lviih l*cal landar+rrers to tarset land: rnenagement
praeticec-

Fixailp cr*afive researcft linking landscapes
te *trearn$ thrtr.rgh "traf,€r i€i*urolog{e$,' &.i:l
enha:rce water qualilv targeting, Threse include
genefic fingerFrinting ie.g., Dc:'r.ibek et *J., 2000;



fali 3:Tl"r sclen{* crf t*ttf;tin$ withi* fandsc*pes aild w*tsr$hqds t$rkrfFrts* {stlservafifin €if:ecfi\tfnesii

far*trsl ef a1., 20SI;.F3xrte[ et a1., ?SS?, which *a1'
rrqrrtre Scnetic lilra?ie$ sft a wat*r*hed.ep*"

cificbasis; se* tlfiggin* et al., ?fiS3i. lrai:ilYal i$*"

foir€$ {s.g." Christ*phersen et al,, }990; G*nereux

and llo*pe1 199&; Kendali, lfSS; klcGiynn a:rd

h4clj*rrneIl, ?ffi3; $+r:lsby et *1., 20SS; tlhlenbr*ok
and l{<:tg.2SS3}, rare*ear,th elemenis {*.9", l*ui et

a1., 2004; Kimoto et a1.,20S6), and anthropogenic

$ource$ of *i"rlors{lum*carbons, sulfu r-hexafl**'"

ride {e.g.- tsusenberg and F'lummeri 2S*S; Sruwna

an* fi*lclerr,2{lS5}, and r*dionuclides {e,9, X{all*

brink ef al., 1$9?; Rus*e3t et ai,, 2001; Cr:llins and

Waliing, ?i)*ft ?.€ag'le er a1., ?t)*6]" lnn$r.ative bio-

naffi!.teclirrcr1og:ical tracers (e.gi"" lvlahier'ei *1,,

1?S8) can be used fc id*ntiS" pallrrtext $ource$

s*d es*imets theimpacts cf la*d use Ctange url

fu.t*re trsrds in watsr qualif.l'. T?rr*righ irurovative

c*mbixaficns of these rnethods, resear*tters may

be able t* *trallenge the "n*npnir:rf canrcept, that

is, the idea ih*i we are incapahie o{ ideniify:ng
seen*ngly diffuse ss€tces spr*a* acv**s irre land-
scape, "F(*np*int-so::rce pollufion" may be m+re

a label {or *ur ignr:r**c* than a *tatein*ni *f rea}-

iryr. {J}timatetl; al} p*liutants have their sources irr

tirn* and sp&ce.

?*1r*r!rial hnhitat pr*rsrsi*tisn fur
wildlife

Yh* stat* sf thr* F{i6nti*t supp*rt for
ta''geting

Tlre previous section dealt ra,4th targeting to
enhance ruater quali[ protection. The focus gen-

*ral}1" was cn th* disrirrishmeni $f rveisr qualiQ
b1. pr:lhriir:n, sedimentatinry and fteiik*" Stream

s-lxsteras *nd *hs lactars aflecting thenr, *:e cleatly
m:ritis*ala:, and r,r"hat happt*n$ uFstr,eam {a::i

have impects at c*ns'iderable distatrces from the

s$urres {"n-itnms hyp*xia in ti-re Gxtrf of Mex.li:*},
Ms*t water qualltv targehng; h+ra'ever, has be*:
applied atloca] scales, often withic) indi-r:idlla-l

laxd-|roldings sr small watersheds. ThLq is largely
because gcve$Iarental incentive programs for
s*il carrsetliati*n and water qualt{v ir*prove,::neni

have been dlrec*ed taward i::dividtrai landor,trr-
ers. This is enclher reas*n rn'hy the arigager:rent cf
larr*ora'ners in taggeling cor:*ervation e#orts is s+

ixrFarlarrt.
For:arild.lif*, the partieipatierr al l*cal stake-

hntrders is no less imporiant. Becat:se the *biec"

tive* p$wildiife c*rrs*rmti+n deal ruiih species

that harre large ranges or mi$ratc over vast dis-

tfrftcesr erwitlt ec*iag"icai .syslem$ whose drcnatn.

ict are det*r,nr*ncd hy reg;i*nal as tvelt as }acal

f*ct*rs, targeain# eff*rts rntist bs, ffitlre eryllcitly
r*ultiscalar" Sut even t}'r*ugh the scaie of applictt-

ticn *f t*rgeKrlg **y di#er frx di#erent r:bjec-

tives, the importancc cf ltahitat in wildlj$e coft$ar-

tatior"r **rrieg *tr*ss altr scai*s.

fff c*urse, {he realieatisn that *p,ecies and eco*

l*gical qlstenn* need. habitai xu muvi'trs arrd func-
tior: was th* fslun*ati*fr nf naftrral histoa;v long
lre{ffiq **rtssr".atinn arrd $a*Jral re$ou}ce man*

ag*mentemersedasrec*gr*irabi*disciplines,
rt"i.th their o'nr.:r px*fe**i*nal s*ci.eties, journalo
and degee progranls. Nor+', loss of halritat and

fragme.n***titxl cf urhat remains ar* wide$ corr-

aidered tCI be,primary ttrreaLE te fh* persistence

*f p*pr*ati+ns and species {Farman and Gndrorl,

1986; *ramstad ei a1." 19$S;14t1cGve *t a1-, 199S).

I-t r,rer*d s€eul *a$1i th*r" tc ta:get "'habitat'" as

th* *:b'i*ctiv* {cr prcitecting s*ch pnpulati*ns and

*pecies, fudeed, ihe *,rention *{natur,t reserve$

and prntecfed ar*an is msi*413y framed in terms of

*ne habitat rr ancfirer, tuit* aFart frsm debates

aheurt l*{lat 'llrah'itat* is or is not te-g", Morrison
andHall" ?flS2i" however, the recent exnergence

of landsr*pe ecai*gl irr ta:rd*m r,,rith the incr*as-

ingly sophi*ticated r:se ai spatially refereneed
CII$, has shcrwn that tlds perspective t'y itself is
ir':adequate and ine*mplete.

Similar tcl the eariier discr.rssion regarding tand

parcels:r*itft resp*ct to soil erosion, frasments ci
"habita{" are *ot i*depender:t areas fI*ating in
*n inhoqpitabie badcgr*und ma,trix, bnt parts o{ a

landscapem{,fiaic nf var*ed eiem*nts" with differ-
ing degr*es of carmec*edness. Mpreover, land.
scaFle$ &F+ nst {ixed anl $fadc in time, hut rather
dy*a"mi+ *hifti::g and clunging as n result *f
naf,ura] distinba*ce$ *nd iand use change ie.g",
Tumer e{ aI-, 1995;I}ale and Haeuber, ?00i.; lhe*-
bald, ?{ffi5}. And hecause fhe responses sf dif{er-
eni orgaaisms ?* the la:ldscape di#er ai different
$cales, as *c different ecoiogical pxocesses, a "one.

size iscal*] fits *11" appr*ach to protecaing areas

f*r ccnservaticn is unlikely to be as c*mprehen-
sive or effective as on€ might wish. CollectivelJ',

these irr*ighermean that targethg iand m*nage-

ment for lhe protectian sJ apecies or ecological

Byste:rts rtusi be far raore nuanced and nerich

::nere challengng than sfu::ply sethng aside areas
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$f "'habit*f arld presumireg tha jtrh is ri*n*" 'I?re

situatisn is even more chailenging ror situa-
tisn* where *nlitat.re*tsrafiun e:r r*-{ri}sfisn ri$

attsmpt*d/ *ith*ugh for mur*r ih* same re*$flrt$
{hat face ha'bitaf pr+tecficn sff*rts.

Th* stat* $f targetlnstcch*t*tcgy

Tocls for targ*ting habitat, Ilecause .'hahitaf 
is so

irnp*r.ta:tt t* thc c*nser.!"*tisn *nd rnanagement
*f species p*p*l*tirms, th* au$ef,s:ner$ of habitai
reqr.drer:rents for orgarrisms, particuiar$ wild-
iif+ has bnc*rae a majnr arena +f research advity,
Habitat assessments hal"e er,.q:lved through several
ptmue*,4, qualitative phase *f des*:ribing {quati-
tatir."eiy) habitat ass*dafions of species; a {F&{1:
rita$:re phase af *imply c*rrelating measures *f
intlivid.satr habitat featnres with the abucdance or
densi$ *f a spccies. * p:e*cc*pation vriti:l jnrreas-

ingly sophisticatsd {*nri im carderahle} multived-
*fe wralyneq and tlis Hse *f cornprui*rc t{} rlrodel
habi*at relati*nships in a pr*dielive frarneftu*rk
($tar.rffer 2001). More recentlli new statisrical
*ppreaclres, such as dassi$cationi a*d r*greesisrl
trees {CART}, artificial ere*ra} tretrqr*rks. and sp*-
tial a*t*c*r:elatian a:ial_ys*s have br*rghi rre-i,rr

psr4reJ ta *:ra!yzi:rg habitat paftems, and Akaike.s
inio*nation critsri{}n pr*cedrrre* have pr*r-ided
lr a].s tp asse$$ fig+rffi$ly habitai modei perfar-
mqrrcs {$mtt et at,, }S0t $umhngl arrd Arrdersil},
3998i. Ihose tocis, *r:up.ed with the us* s{:remate
sensing arld GtrS. have greatly *r:hariced *ur *hi}:
ity to und*rstan"d h*w wildlife specie* reqpand t*
a:rd occupyhabitat-

Af fhe sarn* time, r:ew app.roaches ai?d ferh*
nciagies help land managers rarget areas in which
ts establish satur-€ re$*n'es" R.alher tlran fargei-
ing plaeo f*r pratectiun bas*ct on r'rasu*, ",prett1
pia{*s," noiirns a.f cnnservation rrahre, and opp*r-
tuniry, indepexri*ntiy *f *ne anothet, Ausfraliairi
scientisis, in pardcrrler" advanced computer aiga*
riihnzs fsr reserve selerti*n based *n q:,rantitative
fealures t:f *reas nnd tl'reir ctrnhibi*icns tc bi*di.
r"ersifr prctecti*n, e*ntingent *n r,\rhat js akea.dy
prctected {"comp1*:nentariff'; Margules md
Fre*s*y, 2*SB; M*rgul*s, ?8*5)- These appr*aclre*
*nd the asssrieted $*ffi4r€re {i.g,, SITES erd
iu{ARXAN; Groves, ?GS3i are hei*g u*ed by can-
serrati*n pla:r*ers ts target and priaritize areas
i.-*r *cnservatir:n aefi*n based on multipie criteri*.
At the broad tpatiel *cales *f ec*regia*s {regi*ns

charxcterieed by similarp.ltterns fif $*lar radln-
rii:nand moish;*e and, c*nsequenti3: hy similar
rtu**nant pl*ni* and *nimals; Baile.r: 1*gS), The
Natur* C*n*mvancy ffiC) has been c*nduci.
ing eccr*gianal *ssesamerttr tu id*nfi.ty {tnr-
Set) a ruIlseX nf areax fhat c$11*ctiv,ely rsprq$srlt
*he werall bi*lqgical diversif,v r:f the ecoregina
*s * wh*le" Thi* rtarsetins proc**s, incarporates
inf*mnati+n or:,the disfi"ibtttion cf characteri$,fic
and irnperiled specia*, mr{or p}at* c*mmunities.
e{ssy$teffi typ,es, and patf*nx uf tr*nd wrrnerr}dp
and nranagenre*t The areas identifled tlrr*ugh
ihis,ialgetins Frsce*$ are therr the f$ci fsr mere
intensiye c*{rservatior eff*rts {e,g., land purdmse
frr protection- esn*rffetisn easernenf& cosFera*
live ap*er*ents ahont lar:d use) at an*rc l*cai
scales {see Grove$, 2S*3. f*r a sumrnary of this
app.r<iach.1.

FinailSi landscape ecalcg'y ln dereloping bel'r:nd
the phase of docurnenrtmg ianilscape paftern
ttsi*g GJS and deriving r.e, ior-r$ rrearuses *f these
patterns u*i*g s*ftvr"are. fi1{h a$ FRAGSTAT5
ftIecarigel erai"" 2fl0?t te incnrporate inJorma-
tisn about }:rsw organi*ms lespnnd tc and move
thr*ugir c*mptex landscape mosaics. The dinper-
sal pattems n{ indir.iduals in a populati$n c&n
be srodeied and reiated te fhs,*ontinuifies fe.g.,
c+rridor*] or discontiR:r.rities ie.g., roads, housi*g
d.*velcpurents) in a land*cape to -predi{f the prcb-
ahility that seemingly isrlaied lrabitars ifi" a trffixd-
seape nray be funciionailv linlrcd togcthel {Wiens
et ai-, 2$02; Wiens,2001). Formalieed apprgaches
of nefrrcrk analysis, djffusior6 Wrd pere*latlon
are be,ixg applied to create r,teutral nrod*i* against
whicfr thepatterns and d ,namics of acAraX,land-
scape linkages rnay be compareci {e.g., Reiners
xnd Briese" 2$S4;|cngnran and Pungetti;2004;
With and King; 19ffi. These appraaches are *l?
aimed at iniegrating landscape strueture with
Iandocape func*ion. How they canbe empScyed
to facilitate ta"rgeted lanri manag*rnent, howeveto
remair:t ta be se,tn.

Srsno$de lnrtr$men$ for e{o{ysl€m targ**ieg. kr
*re case of hahitatpresematiiln" mast ms$ei.s it:r
s*lecti*g site* fsr reserv€s to Frot€d sp€cies have
teaded tr: f*r.us cn targeting the besf iscations
f*r bialogical r€se?ves to maxi:rrize ti"r* number
o{ species t}r*t can be profected under a given
bridget f,er$ttaint st under a restrictisn sn the
number sF area rf si.tes fhat cEn he caftserved.
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M*re r*cerrtlSt *rrr:dCs have lrue* der,*Jopd tlrat
inc*rp+rafe spa{ial crite*a in ressrve selsf,tion t+
id*nrify ih* clusisrillg of site* needed tc srhance
fhe l*ng.1sys1 per*iste*ce +f *:peci*n a**i ffid$c*
fragmentati+n of trrres*w*d site$" *e f*w stxdies
{trat have inciu*ie* cxr*t cnnsid*ratirxre ix t*tgct
itrg habitat rsssrvs sites have sh(rw$:that brrd-

$tst"c*n$traifted aite sslectiein c*rt rest*lt in nns're

r:cxt-*ff,ectivr r:*nservati$n, especially where ther*
is consids.rabi* *patial heteroge-neity in la:rd cost$

{?<xlasky rt *1.,2{}{)1}, Tlre aim, after *Iln is nnf junt
i$ br cffe{tivs in targsfirqi areas *r a{tistl$ for
co:rservaii*rro h$t t$ be rfi$$t *ftsf,lite in npply-
ing the rs$ourcs$ av*iiable tq: achie .* the c$nse:.
v*ti*n gmh;. 13y fi ppb{ng r*ttxn**n-inve$trusnt
*pproach*ti tr*rrr:tnrcd fro*r cc+r:clrnics f* cnr:.

"*ervaii*n ta g*finip the bioi*gical rstu{nn ce* b*
bal*nced against *h* *srxramic c**ts, *t l+a^*t in
tlre*ry {Wit**n #r *1., A{i#*}.

T?te iargrtirrg o,f ait*s *ar prolw*ting *pr.
{i*su}lirrrortslyinvq:lve*vah^lr judgrue*tsab#st
whe*lmr pre.+aming ail spccie* i* *qualiy i.rnp*r-
ta{rt #r if **rne specieri ar* m{rr* r"atuabl* th*n
#thsr$- $.ftsn, {*serve sitesi cann*t *ll be, pratect*<l
immediate.ly and rxcluded sttes afi) thrsatencd
by devel*pme*rt. The prablexr *rf targ*turg them
invslves chaosing eiles fhraugh time l{} ixclud* in
* *st'sr*rk <*bi*I*gical rcs*rvrs ft:r $pecies con
**rva*i*sl. Yhi* rcqurirus incl*dixg b*th rxpectect
bi+diver*ity hexsfits *f sites and dcvelapmrnt
ri*k. {.*stelloand P*lasky {2(}t14} and WiJ*<m st
al. {2f(}6} p+ini*d *ut'lhat the tirning nf iargcfing
eff*rts is cr:iti{:&I. N*t oniy d* ccrnse*'atin* bud-
geis available up {rant yield *igni*cantiy gr*at*r
bir:divcrsitl, pr*tecfi*n irhafi tlre *am,e inv*stmenfs
deiay*d ullfil iat*r, but ttr* ssqil*ffie i:r w:hich
itr€a$ a e la sficd fur pr*terticix can have a ma!*r
effect *n ti::c c*st-ef{r{:iivs.n*$# rlf an $verall *{rn
ssrv$iian llrtl$m.ffi.

ffiansgqffi**t
Ccmplex, muififaceisd c$naepi$ lik* farge*ed

la*d*cap* management ar* r:ften rlra,re e#ectiv*ty
illustr*tsd thr*:ugir sp*cific example*. F*llrrn'ing
ar'll geveral *xar*:pl*.s fhat dem*n*hste:*tsw i**a.s,
sl{cre$$e$, and differs.*1 appr*ache.r *r inc*rp*-
rati&g tarsstsd ma*ageinent *nta eflvirsnm€rttal
pr*terli*n.

fiad*fining c+xr$*rv$t*rn buf{ers in a lsnd-
s{ap*f*ntext

tT*terq*allrypruft$i#L {*:nservstion buf{ers"
such as #lter *trips and riparian fare*t bu.fferx,
cart rcvlialixe a h**t of pkysical r:r:nd*ticns and
er*:Irrgicatr prscss$s-'s. Suffers qnxr be *xpecially
impcrt*nt in ext*n,iiv*ly m*ppe<tr lnndricftFes
where pennan*ntly v*getaiud erftas *rll s{:af,{s,

The ef{ectivene*s fif c*nservation buf{rr* de.pend*
upi:n th* sp**ia} aftd tump*ral juxfirp*sitj:an an{{
interactjmrs tretw*en buffer zones ancl adjacent
agri*rlt*rn} ar*as. Fcr m:rtm} *f ntnpotni.s$uffe
p*iluti+rr, bu.f{er* *ur*tbelncat*r* where they will
irti*rcept apri*ultural run*ff; trnp a portiun *f it*
pollu**at l*:nd; xnd *t*hiliee" s*qffe$f*r, and'tran**
{*r,ni tk*se p*ll*fartt$. General guide}ine* for feti-
era$y fun4s.1 ctm*ervati*:r prngrarn* target the
isxrsr mar$i.n* +f so*rce area*, such as n"rltirrated
fields and riparia:r r*nr.s al*ng trrke sl:r$rus, wet*
i*nd$, nnd strcerr$. tri*ffcr* p}*c*d aL Sid.d rnar*
gins artl cleiser't* thr rur:off suurrce. Ilupenr$ing
np*n site c*ndiG*rr*, ripariar:r ar:e.R$ cnfi interurpt
and lr,eat h*th *tlrfae* and gt:undrrtaler n:n*fS,

€his c*nffprraficln tr{bu.{f.cr *trip* wcrr*n
thr*ugh n.n ag*i*rtrixrill laudscape wfr$ recorr:r-

mended in the rnic{-1990s as an aftemafive to
bl*ck canfigurntisrus ft:r CRF *nnrllrnsnt Sut
the.nr are Sner *c,el* *patirl patter;l$ in *gxicl;t{ura}
land*capes that largcly dcternrine the water qual.
i$ impact cf hrrff*r insi*ilattun*, $ourccs, trans*
p*rl patlrwny*, anri b'uffuring ruitebiliti** rrary
nrxoc* l*ndscapes, r**lecting hoth inlr*reni sit*
pr*perfi*s and ma:e":agerncnt influerrces. Ftrr exam*
ple, s*urc*-area cs*trihuii$rr* vary with s#il and
*l*pe pxrpert*s,r rf fisld*" *s well ** witk tiilnge
arrd *lher ls*d tcsatslrent$ {e.g., Wischmeier a*ci
$milh 1978). #v*danri flaw.ls far frorn unifom.
fl*wi*g infr: t*p*graphic *ro'*ies, bei*g div'*rtrd
int* dr,ain*ge tiles and *itdrea and even st*ersd
by th* unevenxess created by tillage ftirrcwl; and
ridge-* t$r*n" 19*S;'flusskey *t *tr., ?il{i3; Scuchere
*t al-, 1?98; T*mer et a1.. ?0ti3}. Huff*re#ergive-
rre{tp ais$ varir* with sI*pe, s*il typ*" gr*undwxter
d*pth, and subs*rfacr g*crmorpho{*g3"" In gefiersl/
buffer capabilitle* may b* greaier in tlrr upper
rrlactrffi +f wnt*r*heds tkari alnng;th* r*ain st*rrul
*f streams {Burk*rt er aL., 2$i}4}" *u#er ini**rc-
ti#fi$ wilh,s$uffiesi and pathway* atr$r: {rc{ur, a*
p*lluiant-tr*pping'efficier.r ry lxgely varies wifi
the am$unl and timi*g *f intercept{Kl n"rnaff (D<rs-
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$key et al.. 2flS?). Consrypently, app*rtunities t*
eI{ecf wa**rshed wattr qualiq. *rs gxe&ter at $ome
is;cnii.<r** in a waterrhed than ofh*rs. krgefing
bu#erx trr J.*cati*ns urlterc impact* are triksly tr:
b* Sreatesl and av*iding lhose rlrherc irnpacts are
iikeiy to i:e small prltrn.ises t* imprerve suhsta:r-
fialiy the sonsrrvation e$ficiency of. L u#er$ *t the
v{sts.fi}h#d or lands*rp* scale.

Ivfetlr$ds havc been r{er,'r1*peil for asse*uing
I*ncLscape pattem,s aftd *de*fifying {riti{a} bu,f.
fer locafisns. ftaaking fi:urce areas lry analysis
<* inlxrrent site cnndilil:rts and managcffis*, f${
c;xample, by using U$Ln- or CR*AM$trased
mcdels. ha* l*r.ng beerr * facus +f nr*ter quai*
i$ imprr*v*meni pr$isct$. I{.*cent appr*ache*
irave besn dcv*iapwl f\at idrntity *v$d*rrsl ffsw
pathwa_y$ *rld brrffur suiiubilifv p*tterns. Teffiain
analy.si$ using digital skvati,sfi rrs()d*is snn irien
tify prabablb p*tt*r*s *f rr*nof* pathways alrd, at
tlls $fi:f;ar&-Teach **ale. ffilatire basefiow csnfri.
i:uti*ns fr' $tilc{rffi$ {T*mer et al., ?il$3; l*urkarf et
aI., 2il{)4). Topographic anai-ysis also helps prr-
clict rvhere variabri*sa*rce ar.ea$, which gen*rate
rlvsrliutd fl*w nc.al.est the strearn, will ccc.ur {e.g",
L1/** *i atr" ?*134). 'Upsl*p* c**tributing area ancl
lcca? "tl+pe *f riparian axs&$ ,fii:e *he rnost ffitical
ft:prfirephi{ par*m*tern ir:r making these d*tsrr
rnisrafionn. $cii survey;s L.en b€.u$*d ta ide.xti$
th* best-*uited l+ca{i.ar* {or buf{*r fi}t*ring cf su*
fac* ru.naff usir:g a rn*rlel thaf accryunls forbtlth
ptrienf.ial $orirre size and buffur cap*crt3. {**ss-
ke.y *t al", ?0ti6i. $cil s{"{lv*ys can als$ b*u$sd fa
id*'*ilify l*cafisns wher* shallow gr*undwater
ocfirr$i whiclr may be trea&d by bnff*rs {D+ss-
kv.y ei al., ?#$6; tiuid er a1'2#*I; Rc*enhlatt *i aL,
?*{}3 ). Regio:ral g**m*qphi{: patierrr$ ha:vs bcen
rni*rprei*d t$ as$s{is th* poteatiai f*r riparia:r buf"
fers ts furrp*ct nm+ff and basellow.water quality
il*wr;r.ncc ei al., 19Sfi. Land*cape-*r*1e geo:ncr*
piric pa{fern* may als+ be interpret*d fcrr p*ten"
fial nitr:aie attsxuatiafi in rip*rian gro*ndwaier
{Vid+n anrl }Jitl" ?fl(}6). At &n *tzrl finsr scaic" a

precisian apprrmch t* buf.fer site d*sign has besn
pr*prs*d fhal co:$bir*s * spatiai esse*sn:*n* of
$*ulce-area loads, run$# paihways. ar:d br;ffering
capaciti*.r to r€{sslffisnd appropriate and va.rying
br#f.er w:idths a*rq:nn iarrdscapes {{}usskey et ai..
2(ffi5). These methods all aim t* identi{y i+ratipns
in a land*r:*rps where buffer i::rpact <rn water ql:al.
ity is likely to be greater th*n in (}t3?s!$.

A buffer i* an ag*culh"ual landscape fcr narr*

F#int-$l:$r{* pclluti*x {srifr'*l that is based o*r
:rtcent sfi{nce is likuly t* lo*k $+mewhnt iiiff*re*i
than l*re bu*er strip mr:del *f ths 1$9{* {Figure ti.
Suff*rs shCIuld be m*sf mnsistently lacattd al*ng
tlrer upper r*aches $f the wat*rslred {8:.irkart ** al,,
t{}$4). Widerbus*rs sho*ld be insralled rvhcre
*urfac* runnff isad* will he greai*si +:r variable-
s#uIce-ar€a hirdrolog;r is m<ist active {e.g., Walter
st aL,2SS$; Qu! ?S03)" Ripanan buf{ers need n*i
be csn.tinu*us t:r *f c*nsiant widtl:, b*t enn*
centrafed in areas where sur{ace runoff is mcst
renclily intercepted and filtered, where saiurati<rn
*v*rland fl*w is tikely t* bre grnerated from rrari-
able.s$ilrffi *reas, and wher* bu#er vegerati*n
.rftfry 'ffiy$ ther greaft*t opp$rfijniry t*influ*nce
shali*w p<xrndwater.'fher* .rrray be r:pp<lrtrmi.
ti,s* ta c*mbin* i$posraphic xrraly'ses and s*i]
*tr.rvey :ln**rrnafi*n itr a rnmptre.n:entay.v.fashi*n tc
furtirer e$lrance targ*ting +{ r;on*elrration bu$Ers
iTirm*r et a1., ?{}*6).

fh* gain* in c*yns$rva*iffit etiiciency expect*rl kry

tsrqtsf:ng wsfer quality buff*:rs wiJl Lre m*deratecl
s*rnewh*t by issues that include stratigraphi* anrd
pad*genic contr+l+ *rn sr:.briurfuce fk:w pattems
{Kung, .199ft L*:wran*e ei al., '1997; Simpkin* tt al.,
?002; A.gier ei al., 20S5) and effects oi hydrol*gic
.mudificafi*n*, particularly artifinial drai**ge {ltu
and Sabcr:ctrq 1999; 6o*hring ei al., 2SSl; {}*s*-
key et al^, ?0S3), CIn* solution ts address artificiai
clr*ixag* is tr: inccrr.pr::ratr c{yfistftrcted wetlands
i*fo ripa,riar: bsffers fhat int*rc*pt and treat sub^
**rface drafu*ge .watsr bef*re ii rearhes sfream$i

{$chulfz st nl., 1"995). A}teraiions of t*pogrrrphic
end hydrclogi( patt€ff$ in intensiveiv cultivated
landscapen wili probably crrmplicate ths l:se sf
*x!*ting axs*ssment rlr*thc;dn" For targefing iech*
r{ques ts oveff*rf,{* th*se pr+blem*, d*tai}ed anrt
r***nt landscnpe <iata m*y be req*ir*ri fi:r ficl*.
*cale plaruring,

ftahit*t C*ns*rvalion buff*r* r:an crcatc hrxbi-
tat that'boleters wildii{e p*pu}aii*ns in *grir:*i-
*ural la*dscapes. There i*; *ften to* li*l* *uitabls
ha'bitat" especiali:y :,rrh*re jntffrsive agri*rltr"ral
acfivrties *nd in:*asfru$uffi *{cupyffi*s? *f tir*
landscape. l{err:rnants <tf nzrtive habitat may be
tsr$ s{flall fir su*p*rf visb}e wikllife popu}a*ians.
Isolati*n of habitat ftagmffi{$ restricts *r prever:ts
daiiy movem*ntg befween sfiurcs* ${.f$#d, w*fer"
and csver; arrn*al migri*i*rns t* .repn:duction

areasi and msv€m€ntfu{}n1 remrrartts trr newly
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figt*re i. A lcnc*pt**l diagrarn *o*paring {*} * g*dfiio*al {fiF s}o* enrfilk$fft F$tem in a w*t*rsh*d with {g} a* arura
sflafid*imilartsa*lo*'h*t**tarid*inaentgaratior+ffuuff*rstripr{ar*haffirin sati*ral*es*ard}{$rr}*ii,r*glj.ririu
diagram illus$stes a re{*mmended s|ift in approa*h t$ lafd r*tlr*mant from fls*s t* t&rE*ted strips i* arder to i*fsas*
lhe {€n5€rs*tien *f$#is*ness of {fi S cnd:rniats* *r*graffis,

planted habitat areas. Suffers earr h*ipbclster
viabJ* wiidlifep+prrlafions b;z ingls*rin* ih* toral
ar** oi suitable habitat, reducing the isolatio* of
habitat .remrrant$, *nd praviding a managem*nt
focus {or improving }iabitat qua3ig.

Greater wildlifeimpacts ca:r bs obtained f*onr
csnservatisn brrff*rs hy appropriaiely lncating
th*m wifhin agricrrlt*ral landscapes, Csnirtr:rs
are a parficuiarl]" imFr:rtant con{igure tion in frag-
merited landtcapes f<:r inrreasing the viabili$. cf
*rnall, isslated patches; providing access to fo*d,
lrratel, cover and oiher crifical needs ihat ma1,
exist irr dllfersnt parls *i ti:e landscape; and creal-
i*g at''*..mres {clr diryers*l and repopuiating new
h*bitai arr:as {U.S. I}*partmen:! of Ag:rirultur*-
Natural Re*trr::c.es C*nsanra*on $ervicA I gggj.

Riparian ereas *fier dispr*portionate$. higher
overall habitaf vali;re than nplaad ar*as {Nairn*n
et aI., 1993), in part because of their rntrinsi-
call,v greater habiiat q:laliry" and their continulty
thrnugh lands*ape€. Usi:rg conservati*n buffers
ttr *lose existing gaps befween i'rabitatpatelies and
er€ate c*ntkluo$E riparra* casid*rs can snha:rce
cons*i?aiien *ffiriency fcr terresirial la.ildii*e. GIS,
eaupled i*iitl:'land sse axd land cover maps. is a
particuiariy helpir:3 to*i fsr debrmining cdiical
iccations {e.g., Benfrup and Keijerma& ?004}

Riparian ar€as arc also majnr habitat ek-
r'ctrtts fcr fish as-+emblages in strea:ns and civ,

ers {Schloss*r, 199L}. Adjac*nt vegetatiorr a{fects
charr:rel fcm and str*.cfural diversirt b-r, contrib-
*ting large *rganic debris t* ihannels and by its
infi.uence cn bank erssia* and sediE*errt <iepcsi-
tisn pattsrns {Trimble,2CIS4}. $*bstantiat i*puts of
crganic matter and. nutrienis,fr*n: riparien eones
tuel the aquatic l*0d cha*n {Vannot* er *1., L9g$}.

Opparfuniti*s fo:: c*rrservatia* br;#ecs tt: berr
efit aquatic r€$ollree$ are generally greater irr th*
upp*r r**claes cf stream systems, where iyrt*r-
aciisns befwe*n ripariax mrd aq*a*ie sysfrms
are grente*t {?rfafianal Research C<ir:ncil ?S02i.
Sha*ing sffects o:l vr"ahl teinp*rahrre and acc**
r*:lations a{large w**dy debris ar* gr*ater iri
smaller stf€a:rs {Harrnon et at., 1gB5; FJewlett a;rd
Ssrfn+n. 198?.; Karr and Sclilosaer, lgi$j. $malier
s$ea$t$ also derive a greater praportion of their
fish fnod res*trces fram sitrrarian areas iNewb*ld
et a1., 198il) *nd. coxrprise a muchEreater ccllec-
iir'* length of sfrearrrs irr watersheds.

Th* conservation *fficienc3' +f buffers carl be
e*ranced {r:rther by ur-t*grati*g placemeni. rrite*
ria te b€nefit n:ultipie resnurr€s. Ripariax ar*as
arld coffidar-q.that connecf lherr: io remnant
upiand patches are parficalarly v*iuable ftrr creat*
i:-:g teresaial habirai. Riparian areas in the upper
reaches o{ watershedr are particr:la:iy inf}uential
*n aqualic habitai and noagaint-s*-urce pnllutian.
Finer scale taqeiing, using top*g:aphic and soiis
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infarm.aticrn" shc*ld srrhaffs th€ e,ffertiv$ness rlt
rxlr$€,rv&fiil$ buffsrs for impn:vi::g waf*r qr:"ality.

f'tydrclogically s*nsitive ar*as
()r* *f tlre many ftvw pe*pecfiiv*s t$ {ome

*ul uf the New Yerk {ity watershed pr*tecticn
pr$grar* ftVb-lter and Walter, 1999) 1$ th* cu*cept
*i hydr*l*gicalllr se$$itive area$-thote arees

espe*ially pr*xe tcr gen*ratmg rnn*ff {New Ycrk
City Departrnent of Environmental Fn:tection,
1?91; Wxli*r et a1.. ?S{:0, 2*flfu Agnew *t ai"" ?00$},

The kydroiogically-sensitil'e-areas ma;ragement
ssn{:spt is *ir*plv to avuid p*tentiallyp*lluiing
acfivities {e.9., nrirnrrre spre*ding} *n ar€Rs most

Frorts ttr ge*:*raibrg r,*n*lf i:r ts target w'ate* r{nal-

itv protection sfrafegies +n tfi*se sreas i*ral are
b*ih hydr*lo#cally sensitive and patenti*l nutri-
erlf: os p*Rutar*=laading ar*as, $nare hydrolag+-
eiaily s*nsitilre ff.r€asr such as pnv*d bar*yards,
are *br-"ic**. Thr*ugh+ut rnast pf the x*rtheast*
erxr Uxited $tates. hnwer"er, ru:roff is generaied
{rom areas that b*cornol sa*"rrated. The$* *rens ean

b* veqv dynamlq *xpand'ing d*rirrg wet p*rierds
a*d ehrinking cr disappear*ig entir*i1' during
dw peri*ds; thes* dynamic areas are referred to
as variabietil]urre afeas ie"g,, Herr.iett and llib-
be*, 19$f; Su:rne and $lach tS7*a.b) {Figure
2a). Research efforts as part ol the New York Ci$
watemhed prsgratr der*snstrated tirat distrib-
uted rnodtls c*u-l.d accpratei_V l*cate variable-
Fsrrrce areao {5rank*nbelger et a1., 19991 futehta et

al.. ?il&4; Gerard-Merchani *t a1." 2S*S) arrd ihai by
adapting ass*riated iarg*ied FfofFs, ph*sph*rus
lnadixg ta sfre*ms c*uld be reduced {l,{alt*r et al-,

3001; Bishop et al.. 20$5; Hively et al., 2006), llow-
eve+ li*king rhe basic hydrclogic scieffie drsr*b-
ing rvhere and whsn ih,es* areas wil} app*ar with
pr:iicy mrd rranagement stnlctLtres has pr+ven
the most i'exing challenge {Gburek et ai., 200?i, in
part berause hydr*lcgieallv se*sitive areas are boih
upatiallr and temparaltry di*trib*ted. lTigure 2bl.

Iniiial atr*mpis t* d*vel*p h3'draiogicall,v-**n-
sitive-area guideiines were incorp*rated intc ihe
lrienr Y*rk phasph+rus ind*x {Geafui:rg *t a}".

?S*?; Cz.,rn"sreket at., 3SG3) b,v uslng a c*rnt!
nation ot soils injormaiion ie.g., flaoding ke-
queary] *nd set*hack distanres fu*m iderrtifi-
able n::*tr ftr:wpafhs {e.g-, epheaneral str*ams}.
Even tir*se initial achievemeflfs were a markeri
change fuom the original runo*-risk criteria

figure l. fxampl*s of hsw xafiahle l*ure* {runc{f g*rarat-
ing] *reas {&i are diagib*t*d a{ror5tlrr larldsraFs {*om
T*rner, ?8*4] *nd{*} vary*v*rthe{ssrse *f*gear {frsm
figaeta st al.. ?$*Si, 1* *, da*gray aNd *edium=gray
arear rryres*1**grrer*y ard ercari***Ifu ruxa# ge**r-
ati*g areal, rerp*rtilsrl$ ln fi. da*er gray Efeas repre**nt
*re** gererati*g r$no#at leastfue days ina rn**Sland
tht e*tlined ar*as dsli$aate feldr"

&

ffi
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prfipossd fsr pkmph*us ixdire*, which mr-
relat*d #eep slopes axd jor+- infiltatimr capaci*
iia$ $tith i:igh run*# pob*:tial iLI.S. Deparsreni
of *rgfi*.tltr:re.-Nat*ral Rescurses Csr$trvatiffii
$enriee, 1994). J$ei*rm,of these factors correlatns
well n'ith field observations of runof{-g€$erat-

irrg ar*as in the ndrrihffi$tsffi U::*ted $iaks i*"g.,
#*rme and Siacfo. 19?Sa,b; Frarrk*rrberger et al,
199ft t4ralter *t aL 2S03;Mehta ei al., 2t{ld; East*x
sf a1,, 2SS6). Int€restinSly, 84 percent o{ lhr cur-
rcrt phosph*nrs indices have adapted hydroiogi-
cal4'-sensitive*a.rsartyps rriteria f*r ide'niifying
*seas +f high nxioffrisk {Gbur:*k ei al., 2S06}. $ne
ch*I}*nge in c{*{ining a* hydr*l*gicaliy sutsitive
area is *pcci$'ing a riak leve}, *llh*ugh resear.ch-

*r* have demcnstrated tlrat l*vels c*a be qu*nti-
fi*d foy distributed nr*deling (e.g., Walter e.t a1.,

2*0C, ?G01)" field measurern*nt$ {e,g., Ly+n et al",
2*06a,c), a*d rerxlcrte sen*lng {e-g., Verhoest ef
a1., 399$). Sweral effs:rts are urrderway to iden
ti{' and quantify }rSrdrologically sensifive areas
using GI$ {e.g.,Agnew et a1., ?0S6}, inC.*ding
internet-based tuois, such as Googie Harth (Lyan
et xL, ?$fi$b!. Additinnaliy, iocal agencies {e.g.,
Tompkins C<rr*fX, ltistn Y*rk Separtmentof
Snvirsnmerrtal Flanr:ing) have be6u* rnq;resii:rg
Gl$ dafa for th*ir:c+unties, in pa*t as a means {ur
dalin*ating riparian bx#ers {Walter er al.. 2{iSIi.
These toals provigie pl*nnsrs rarithin*$rmati{n:
aboui ho'n' hvdrotogicatlv -se.nsiti ve*area risk is
riiskibuted acrss$ th* iand*cap* and thrcag$r*ut
{he -ve*r. Ccn*istency of d*f* i* terrns of sftrrce
*nd qr:ality ra'ill rffinain a challenge t+ de.uising
lafgsiiirf; *+nis based *n hydralagicallv-sefl$itive*
area asse$$nrent$ that canbe *x*istrntiy applied
fxrm a pCIlr{-y standpoint. Such ucols will require a
ceriain levsl of pr*J,*ssronal iudgmeni in impi*-
ffiffiting tarfietsd rnanagem*rlt in hydrnlogicaliy
tensitive area$.

?arg*ting {ritsrle hased s$ $si{4est
phosphorus

Ftigh lirre**cck deasities and ass**iated lan<i.
appti*d:::affiirs poss serisu"s ll:reat* ta w*ter
quali[r *cross the United States and Canada
{Sh*1ptey et a!., 1g98;Canada-A}beria fuviron-
x*ntaliy Sustainabie Agriculrure AE;reemerit
i{ater Quaiity Committee, lgg8). Uv*stock
lnanr:re i* {rpically ap*lied ta cropland based crn
tTop,rtltrs*€fi recp:lr*rnente" lt*w*ver. because

the nitrcgen-ts-ph$sph{}ru.s ratio in manr.*e is
substantially lower thari tkat nf crops, accumula-
tion of phncph*rus on maflursd cr*pland ir csrn.
:na* {$ha*pley e,t al., 1.998}. Surface runoff from
crcpland high in soii pirnsphon:s can be a pri-
nlar/* $oxr?ct o$ ph*sph*ffs *:rrirhment r:f surJac*
water* and subsequent eutrophication nsks.

In &lberta flanada, plarmers are devel*pi4g
targeted manure management that iimifs appii-
c**i*n b*sed cm nite-specific soii*testph**ph*nrs
leveis {jedrych et ai,, ?ilil6}. Targrirng w"as at ihe
soil poi3rg*n ucatrrbec*use this scal* rapres*nf*
tlre mos{ detailed leve} *f avaiiabls sclils in*tlrma*
iir:n. Allovrable *oil*test phosph*r*s lev*ls {mcdi-
fisd K*l+y'rna rmethod) were quarr*i$ed usirrg *re
Watex E:i:si*n Jlrerlicti*n Frojf.{t {!V'EPP} :rrodc}
t* predict su:tara rr'trn+f{ assr.nfti:rg wrt*r guaiiiy
objectises of S"$ *i})igram per Siter and l.t} mil"
Iigram periii*r *nd ryrployixg enrpirical rqlatitln*
ships bctwten t*fai ph*i;ph*ms {snc€ntratiori.$
in run*f{'and s*il-te*r phasphrrrx.* in fhe top l$
c*rtimeters {6 inches} nf s}il {Littie *t r*.,2*(}6}.
?his rn*th*r* alinws higher: soii-test ph*sph*rus
val*es and l*ghnr asccqiat*d t$ifiI pho,$ph#nl# ill
run*ff for fields with iurryer r*noff potenfial, and
visa vers* f*y fields wilfr highe,r mnoff p*tenrial.
The spatial di.*tributicrn of soiS*test phosphcms
was markedly differeni befwean the strict and
rn*r*rsiaxe* *.at*r quaiig' critnri+ S.5 miliigram
per lit*r ax,rd 11.S milligra:n prer lifer, respectively
(]edrych et al., ?0S$] {Figvre 3}. Fmhaps most
notabll', *oil.test phasph*rus limits of le*s *ran
{:0 miHigrarrrs per kilogram {6S p**te per.milJi*x}
'w*re requi"red formorethan${}percenf of tfre
*gricutriural 3afid bas* in the provirrce to nreei th*
$"Smillipam pel liter r+-*terquakry cibiective m:rt
dmpped [* iess t]mn 5S p*rc*r* {rrr *he 1.S milli-
gram perlif* *bjective {Figurc 3i.

The main advaatage o{ this s*i}-rest phosp}r+-
;nrs taxgiefin$ appxrarh is th*f it usrs thr rq'la-
five *:ns# poie*ti.af in fhis cese determin*d by
WSI4P, ir*tead *f acfual rreno# values tn calcu-
lat* s*ift*st pirc*pharus 3imit*; this dir*inates
the n*ed {+r cxpursive WlFf.mode} calibrati*n.
U:rfortunateiy,'hecaase flrnoff estimates ma,v br:

inac,curat*, allowable soiltest phcn'phr:rus limits
are *imila:ly inaccurat*" This ayprcac"h fber#*r*,
pr*vide* *nly a reiative ra*ki:rg of iargeted prior-
ily areas
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f lg*re 3, Scittest FhssphofiIt timitrfur agriruttsral land

fuasn i$ *lbffrta r*gflir€d tq rfi*stt$tal F&ttpfusrm$eter
qufriity obie{tives of S.5 and '!.0 milligram per liter.

?nrgeting plec*s fur hi*diversity
{*il$€fvation

Rec*gnieing ttrai the needs farmarrag:ng or
protecdng piaces for biodiversitr eo:rservation

f*r outstripr ihe :es*urces avai]ffble ta achieve that
mfrnasem€nt or protectiun, sevcral cnnsevvntion

*rgardzatians have useS rrqriolls apprnechet tn
priorttiee {i.e., target} areas fsr c+ncertsd action
at sEales frann local ts gt*k'at. Rather ihe* r*view-
ing targeting appr*ectrT*s at the iacai ar r*gi*nai
scales discussed in the pret:"io*s exampies, we

brie,{iy c+nsider r*me *fftrrts fot*sed ai a glabal

scale. Gr*rres fi*03J prcvided an ex{ellent re:ri*w
o{ targ*ti*g land managemertf*r e*nserva-
tiaa {a.La., e+*ser\rati*r1 pianrdngi at locai and

regional scalen.

Ai a gli:bal seaie, Ccnserration lnternational
has idenii$ed * rrurriber o{ "hotspots" *f biodi-
ver*ity ftat, :f a€equateiy protected, w*uld ton-
trib*te ta preserving a firbstantial partion c{ the

earth's speeies {Mvern *t al., 2S00; Mitterar€ier et

at., 199SJ. TSrese areas are targeted'larguly tn tlre
basis *f plantspecier richrresa {arad seccndariiy
vsri€brale J aIrd vuJnerability, ld*t surprisinglp
nearly all *f the hstspots are in tropicai and str.b-

tropical regi*ns {Figure 4).

Thn W*rld l$ih{IifrFund iWWF} hau usud *pe*
cies tccuxrencs*, the presence of r$istincit rccr$]i*-

t*rn* an*i +c*t<.:gicat proc{s$*$, and thr. binlugicnl
distinctirr*nes* of area* t$ ters*t it {m}rs widoly
distribured set cf ftrers, the "Gk:hal 2S0 Ecurer

triolx$,* for tonservatisffi arti*r; {Fignre 4} {Oiscn
and fline,rstuln" 19$S).

To addresir conservation prioriiies globaliy,
TNCha$ ansysflmore c,or,lprehen.

sive. data-ririven approal* i* targeting ecoregi,on*
r*"ifhin major habitet Qpes of ihe earth (e.g., tem-
perats conlfer forests, deserts, and xeric shrub-
Iands], p*rtiiiened am*ng bi*geogxaphic re*trrns

{e.g., Nearctic, Australaota . The appr*ach *mpha.
sires those ecoregions in wldch ro*servatisn
*ctisr-.rs may,rnake the SFeatest cantribution io ths
benci:merk gn*i *f e$ectlse cortse,rvafien ornften*
a$en:ent cf 3.S p*rcent *f a fuabitar fype withh a
realm. Like ihe I{WF Global ?00, this appmach
is aimed at mmrring adarquate csn*errrnticn t:f
repre5entafive biodiversifr eraer,rrurrlere on rarth
- ihe "'c*ldnpois" a$ well ap the hotspoLe {Kareiva
cnd futarwier, l0fiS). Still. ether organiaatlsns have
*sed di#brffit criteria ti]'target a eas fsr csnserve*
fi*n at a gl*hai scale {S{grxe *). Collectiveil'. same
areas are targeted bv every.one, but nthers emergp
anl3- when r*yresenfafian is emphaeised rn the
iargefing procesc {e.9., Sroqks et al", 20S6}.

Ail of these gtohai talgeting appr:r-nach*s emphn-
size in one wav or another the spatial disfribution
*f biological diversify and {hreats tn ihat diyer-
sity at very br*ad *patial scale$. T?r{C has taken an

imporiant step teward h:radening the targeti*g
sriteria by asing c*unt4'*1evetr data *n pulitical

F+r€rfiaffe, ecsnomic ri-sks, tocial weltr-being, and

civil saciety develapment fo define "enabli*g cc*.
difisrs""' Not a1i place* iil which eonservatisn is a

high pricrity ern bial*gieal gr.cund* are esnducive
ta ixrcsting in concervatisn ar c*nducting wrrk
a,rr fhe g:ou*d f*r saci*politicaX q eesncrrie rea-

asr$, Moreovel c*nservali*rr in most Faxts o{ the
lr,'crid *ann*l be achieved through sfriet pr*tec.
tion *f parks and reserves {although this certainly
hetps). Ccrn*en'ati.an must also be done in places
where petiple live and work * penpie and their
t"elltbeirrg rnustbe pafi of the coalserrafion equa-
ticn and thus pa:t of t*rgeting land nranagern:enf

{}ulitler and Flobb+ 2*02; Milenniann Ecosysieua
Assecsment l*05). $ne way to inelude social,
political, *nd ec*nssdc factors ln cpnseryation
tmgeting is by using r*tr:m-orinvestment tools
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fuur* *la*r court**3 *f lir* S*cr* {anxrnasry,

Figura $. Ar*o targr$d fer hi*diwrni$ p*te$ioe hy fn*r mnr*rtati*x *tganiratia*s uti*6 *iff*relrt g{ofoal tergetis$
fittsria.

;andmi:dols fuom e*on*mis t* pri*ritie* nrens {or
eonsenrati*n *r the esti*ns thaf might bs takqn t{,
arhier"e Erms*r:ya-tinn $lsst eronomicaliy in thuse
ar*e*. 14tr11* iL*is *scrk is $till ilr arr *xp:srats,4r
phase {e.g- Wiison et al., 2SS6; Polasl*'et al.,
a{)*:), it abeady has sh*larft ttrat h"ad.iiicnal {even
**phitticated) raay* *f targeting plams tr*sed *n
li'reir apparent birdiversify r.alue alsne rrra-r nat
lead. t* the m*st efSective r:se *f limied f*nds.
Ccnrbined with new srethods # evaiuaiing the
success of rcnservaticn acfions {e.g., Fenaro and
Fa*a:ra3.sk, ?*SS], it may be p*s*ibi* ta iarg€t cilri-
*erralion tc a*hiev* the greatest'Ai.obang $*r lh*
brrd{."" Such pxoxhaati*:rs rrrust iilciude sr:ri*eecr-
n*mic and p*liti*al faciors as ure€ as the bie€iver-
ai$'r'alue *f l*rgeted plaees.

fA l{

{hal{earges afrd future dirsctio*rs
14* men-tioned prer.4*asly the substan-tial

Ft{s*F'ess ihaihas been made t*-vrrar* dev*loping
eigoraus *nd ctmprehensir.'e con*arvatio:i plarr-
nrng {iarg*tingj at r:rr.ltipde scaies. Yet the grcater
'+.nd*rstanding r:f habitats and habitat relatiun-

shtpa *f orga:ri$st$ s{f,s$$ th*se *caies }ras a}s*
r*v*ate* ser.flra! b*ther**m* realllles thai raise
douhts abouth**'rnudrwr reaft. d*' under$fand
ecologi*al,sysis*:-rs. These realiti*s, in t*r:r, aff*ct
+ur abilify ts larsetmanag*lnent a*tl*ns irr r,uays

lhaiwill eclu"tit pr*dr*m d*sircd oxtcnmes. We
:ni*t* here tvt"o *f ,fhet* reelities.

First, thc Etefi]en?$ of e{sl*gic*l qirstems rarely
sct irr isolatis:rn and managea:ent *ctiviti*s rare}1,
have onlv a single consequenr€. TherE are internc-
iians and ixrterdependmrcies t* r*on*ider. S*$i*"
times tftesr ere coxtplernsntar5,.. i*r exaurple.
when babitat pratection Jor,cne end*ngered
:pecies results ixr habitat pr*tecti*n {ar a zuite *f
*ssociafrd species, cr rvhes rneasur€$ t* enhance
seas+rral s8*arrrfl*tr. {cr fish r:rigrad*n a1**
result in a fiushing ot sediment rrom basins anci
imprnved water qrrali1.- an€ a-iqtie i*tegri4r i:l
*th*r sltuatians, h.n$r-ever. land m*;ragerr:erii iar-
g€t€d by $n* *et of ffiterle ma1' ?rar.e uninhnded
coil"$eqtr*nees ar negative iarpacts on *t}rer com-

Farreltlc *f an ecciagicai system. For *xar:rple. us*
of prescribed truuring t* nr*iyrtaic an *prn rrrreierr

si*ry in r+'ordiands mev f*v$r helr.kr thai pre.1.
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*n gr#u*rd*dersllifi$ rflsrnrll*ls, bat negatively
aff*ctnat cr*y ilusnffal p*pulations" bntals+
bird specie* that req*ire ari intermedi.fft* sirrub
layer for erceting. Fraveffii:ag htrman intru*ian
int* a.faresrsd w*lw*hed tlrat $efvs$ as a nn#dci-
pa* water *uppiy naay pmtect wahr qualiig but if
may ais* pre*uds hl;msn rerreatlon irrths watnr*

shed, le*dir:S *q: red*teri *uppcrt fcr r*"at*r*hed

c*:*s*va*i.crrr efforls" Csn*ef,1rati*r: *s ift{r*a*-
ingly ab*r.lt *ades#s affi*fts comp*ting interest*
sr tiirssf-$. Returrrcn-ivrvestmer{t cr cost-benerit

a.*aiys*s may provid* pathways t* q**ntifying ar
even r:ptirniz*r6 ihese tr*d*$#s, buf thts requir*s
kn*w)"*dge *f what ?* inckide in *he an*ly*i+ h+w
t* w*igkr th* cumpeting interas*s, *nd what rtl*t*
rics to usf; a,s xxr*affirf€s +f "retunr" and "invest-
n,lentt" trn fhe w*rld *f c.on**rvati$xl, these rnetrjcs
are *ffen nilns{rcficmi+ but the sienct +f incorprr*
rafing nri**?*nomic h,tct$rs;inkr whal are e**e&*

il**lly *rcxrcmric rxr*deis i$ n$t yet'wsll developed"

Thr ssc$nd realilyhar t* d+ wi*:h'tl.*esh*
*ids"*"tipping p*int*" in **nie"rnpora4r pnrla*cc

{Gi*dtaru}|, ?*{}2i. T*rgetetl land rnanagemsnt is
*fter* c*ndrrcted as i'i ti:* tnrgeted $y$tffn$ and

the o*tcomss af targeted actlsns were stablr, or ar

ir*sf 'v"arying withivl wsll*definsrl and prescribed
lirxrits. {i:.rt *col*gical swteffis are dynarxric in lime
and spa*. N*t *nly nhat, fhey are ir**misien{y
dlmanric. Naturai sr human.induceci changes in
$y$f€rrl pr#perties lhat app**r t* be gradual and
r:on|inr**us may s*metimes lead. to sudcien and
irrerlex*ible shi*ts t* srme other *5'utem or *el at
prevailing crfflditio{t+ as *nvi$i*ned in s$,call*d
"si*?*-and*transiti*n" modrk {e,g.. Sesmlmever €t

al., 3CI{)3)" Xxanrples af such chang*s in nrid l*:xi$,
as fi*m gFasslan*{e t+ shn:biands or vice versa,

are legi*n {*.g", Sestelms,yr:a 2S0S), bu{ they occr*r

in vi"rt*ally sy*ry tyi;* of f*:restrial and aquafic

habit*t {*.g"" Sr*ffrnan €*r al., ?fi06J. $,ut'*derL, i::t*
rrersibie rha*ge* re*rdting rr*m gi*bal climate

drange are +f :increasi*g ctr:rc*r* {*.g" L+vej*y
and I"lannnh, 2(}il5). Ttre ch*llenge t* targpied )and

r$an*$te#rant is clea* N*t *nly rnusl we re€*$.

rr:ze the *ppr+pri*t* ta4g#ts f*l rlurman*geinent
actiexr* tcr harz* ths intgild*d s{.{scl*, brrt:,r"s ffie
rr*naging wilh refurencs tr: a mr:ving target and

{r* s*e'.tch fhe rn*taph**} *ne fhal ::ray cha*gt
shape, idcnti*y, and ccrntex'i suddeni;r a:nd wilh-
*u* wcming, A belter predictive :;ei*nce fii er$-

tcgicat tkresh*:lds wtr*ld enhanct targer*d l*rrd
'ffiar]ag*rn#r1,

$*mrutary n** **u*t***sns
ln c*nrlusisfl. w* e*phasir.e four p*:ints. Firsf

*Jth*ugh c$nssruation practic** hav* always had
**m* degr** *f "ta{gstkr#" targ*ing appr*ache*
h*ve bec*nre iruxe*singly re$fied v{it1h *ur
impraved u*derstanding of h,#$/ individu*l par*
*{ ihe iandscape are irrt*rccrur*ct*d., {*ncut-
rently, tedrn*logical advances in GIS, renrote

sensing; and *ti*r m*lhods cf,g*ll:*ring, c**r$i}'
{nB and nnnlyringgwrspati:i} data h*v* fuciii*atsd
the linkage befwren *ci*:rce and ihe applicafic,n *{
targeted la;r:rd arrd water ntfrnag€msrt for con$cr*

vafit:n" Sxi fhsre is a *a*ch" Attkough the *cien-.^.
iific b*se* for iargeted prcteeti+n ar* gcx*raliy
goad and ge$ing better, the ease with which filS
*nd oiher tei*nc,1*gies can be used can facilitat*
th* inr*ppr+priate use o{ older data and r*ade3s-

The*e mayh*ve hcwrsf{sctive in frleeiingfhe
<rhjer:ftve* +f their day, br"rt tke.v d* nat inutrpr*ratt
rf,c*{nt s*en*i$t advances tkat hav* <."r.{ated, fsr
exa*ple, **at* with a high dqpee c{ sp*tial resa*

h:ti*n al mrrltipls sffil€s *r,anaiytical pr*c*rl*res
tl'rat c*n ir:corpurat* the xnrli:near *r thre*hukl
dSnT amics o{ **al:gica} systflTn$. As *ve r-mcr*-
p*weri'r* tecirn*l*gir:al and analytical *ti*ls
'bect:*re av*ilablq, it is ix^:p*rtant t* krl*p in miruJ
fhat such t*sls ar* anly a* gn*d an thc in**ruler*
tion they have to work with Assumptir"rns ab*ut
*he ntiiity *f data rnustbe ci*arly stasd' fir*xt
t*ol* caruwt pr*dtrc* peat targeting with ina6
srluat* ds:fa, or witlr hidden assurnpti*tt-s *bout
ur"ersold dafa,

$e*xrd, deter:riining h*vr' and, what t* tax'#st,

wit* wkat degre* *J pr*c$sicrr. slmn:ld'br driqe*
by one'* *bjec,lives, Ths targ*tin appr*ack fhirt
**e takes to sval$ate tlr* ccnxeqgen*o* *f agri-
criltrlral. practifles e$ sirsffxl wat*r ryl*ligr ix th*
h4idwest-*"ill lik*lq differ {r{}:1r fhat appite* tci a

*imilar silr:attsn in trhe Intsrmauntai* W*st, *r
in fiuats*rala *rSangladcsh. T1'$ t+*is used t*
tarsrt en arre* lbr th* application +f *ai} erff"sion

mitisnti*n will likely dif*err k*m th*se u.*ed i*r

targflt'vd"Adiifr lraJritn? cq:n*qxvaii+n ix ths *ar*tr
*rsa. Ther* is n* gre*t in*ight here. 8ut *'l'l':at this
does highlight i* the criiical imp*riance *f cicariS.-

stating th* gr;als arid ahjectives uf a cr:nservali*n
pr#,0c1, in *p*ratir:nal lc"rffis, st the fir:i$et rf ;rfirl,

iargefing er1art And the cbjective* must aiig,n
$dth *tc tharactertstirs a{ tl"rs biaphysicai $y$tenl
end the rnnnag*rnent s?rategies t* hu *grpli*d i:r:

{ha.t syirfuffr {Sigirrs $}.
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YhirS" issu** of sffile are *f overriding irnp+r-
tanc.e" Th€ challenges to water qualitr' con$€'rva-

rion are not the same af the scale of a loca! fur.rn,

in which {tr* prirrr*ryt csrus,m:na;lbe w!{h mrfacs
*rrd strhsurfac.* n"rna# fcam Ht*nur* *pr*ading
*n fields i*tn a sr*all {ifre&rn" a* nt dirs scale *lf a
lxrge regio'aai watarshed ie.g" ihe ilpper Missis-
sippi Riverl. w*er* * hast of pcint and *crrpoint
is:3ffe$ acito influ*nr€ water quahqr $sientific
wcrk +vm the past twr decadeshas sh+w:r th*
sls:.ly ways in which bcth ec*lagicalpa$em*
axd pr*c**s*s a:rd *urperceFti*ns *f thesepat
terne and prsse$ses ase influences by tlte scaie *f
reterence {e-g-, }Viens, ig89; Feterson and parker,

t9F8], alth*ugh this r.rrark has n*t yet Frsdu*ed
a lv*rkable ur*y +f predictirrg these effecrs. I{E:at
i* clear. ho*'el'er, is that targ*dng effarts mrst be
ocaJe-sensi€ve. This .r**m:s that targ*ting rir::_rt
far** at scales lr,hete the s*ales of the systen'5
management pr*ctices. and ubj*cfives c*ineid*
{Fiprr 5}. Indeed, a gual *f targeti:rg sh+*trd be t*
mnv* thes$ cernpon€rli$ int* greater scal* ccncsr*
dance {i.e.. greater,*v*r3ap in the r,/enr.r diagraur *f
Sigsr* S].

Finaily, aur ernphasis in this chepter i-,as been
an thesciems thai ::nderlie$ effarfs t* targst
c*nssvstie'n e#srt$ t* enh*nce the e{fuciivenes*
(and cost-effectiveness) of management, miti-
Satisrt *nd restcrati*n *ut $*ience alon* does
t:ot hal.e al1 the answeFs. $cisfice can i:ifsrm stre
ab*ut v'rhere ec*servatisn *fforis might da ihe
ffios* gcsd, when they wsuld bestbe applied, and
h*r+- to fialrge wh*ther ornol fheSr are worki*g
as dedred. *ut whe*her or not the taryeilrng rec-
arnm*nded by science Ean *r shai:Jd he impl*.
mented invoirr*e ather *cm.sideratic6S. Land a*d
l+rRt€r managearent arE conducted i:: an ec*n*mie,
asci*i, and periitieal rsntsxt, arrd this c*nt€xt
is Nrhat deterr:aines l+*rether the seience-bas*d
course of action is in iact feasible or desirable-
The mitigaii*n sr restsration *f riparian aleas as
buffers agai:rst zuricff from agrijturai land, fur
exar*ple, nnay be to* expensir.* f*r lfi* tenefits
t* l,e <ierived, *r tbe land.s identified ihraugh a
habitat targeting prceedu* {ar rvijdlif* pt*!*c-
ficn ma3: be snavailabl*" "{nd":lre hev* a}r*ady
mentirrned the b*thersor::e isff:e *f kadeoffs - a
e*nsen'aiior: af,fi{Et that is }righ3? de*ired by some
segrrrff*s *f s*cieqr. a:arv be vigerousl3' *pp*sed
b3'other s*grn*nts. I3 co*promises €re possibl€,
*n* mu*t lhen cansider:.q:heiher t&e disniaished

wry
S*ci**ec*n*rn ic*p*l iti{a I fa**rs

Figur* 5,tk* int*rs*etim af obixrtiws rci*h mana$emsnt
a$ionc **d th* hi*physie** sy$*$ *ndsr {snfjd$?tls*},
?arg*tt*g *a ai$i k *liSn obi*ciiws wifh manassr|€nt
a$io*s {$, r*ax*g*rn*xtwiththe syrterns {gj, er obj*c-
tir*s t*irll the hiop*:ysic*l ry:tem iil. ldEal*f, **r$6tin$
*ito*l* ain*ta alig* *ll thr*e romponents simufta*eous$
{S}. **caws+biarSiv*s, lrl*!ra$e&*$t, s*d t*e biaphyri-
{al $fftsm may b* qBr*s*d nr *psfntr *t *iSer**t $6iss}
txrg*ti*g *rculd **rs ai:n :* allg* rll three r*mpan*r*ts
witftin a rcrfirn*n xal* af refurenre {lg.

*T'

wI
f

!h
t.*ffiw

\
\

ry*{{
t

-lF

@@@ w@ w
1
a\t

@
fig*r* 6.lf**raie sf r{i*n# a*d s+rio-es*omir-$6iitiratr
Srt*rs in tar€*ting plares foi <*rnerr*iia#- A ret *f per-
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B xisnce-lasef targuting to identify a rubset that will
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elsm*nts oftftis$rhsrt rsme$Eti*ft e$srts may befes-
ciftle srafi*Ftable,
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Man*ging A{trituirutaJ i".*n*fflilf-.i fi}f f fir/ir{}nr}lqrxtaf *ualirf

ben*Sts maks {,he llclicfi$ w'rlrth thes#urt.'fht*e
r*alities shorrld n<rt be taken a* w*akening the

imp*:rtarrc* <:f gcienc* in targeting, h*:Eq*tn*r. En

#ur v'iew, scieirce pr*vide.s *l* fo*ndati*n' th*
fir*t-pass ii$$e$$ffi€nt cf whatsh$tt:d be dcne;

bassd on a rilpror* a::r*i1'sis *{ data {rcm muftiple
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tiv€s hes *ot b*en v*ry s*cc*ssful" which $uggests that therr are other irnpnrtant f.xdtors thfit
deter*:ine thE witlingne*s or unwiltingness of key l*nd rnanag*rs to *dopf ccn*ervati*n prac-

tice*. Setter undsrstandinE of the br*adersuite of motivatlolralfucqors wsuld guide i*'rprmva-

fil*rlts !fi incerrtivE ttfate$i€$. *ff€{tiv8 stfa{cgies rnurt enccurage land $tanager$ ts chu*se
pradti{es that accrue ccnservatio* benefits mainly ro society {or to the watershed} over those

that provicie benefits mainly {o the inciivif,uatiarm or ranch.

Palicy and pf*gffims need t* be structurEd in ruay: th&t enc+uraE€ tergeted applicati+n of
csniervation pra{tices et the apprsprhte scale.Today, tarEetins ofte* amsune, tq ra*dsrn
appiication *f conservatisn within large*sceie prabtem areas, such as watersheds with tctnl
maximum daiiy toad tT!v18L1 concern:, wherear finer-scale targeting nray be neces$ary to
achieve meanlngfui (onservBtisri impacts. Irnp*ffant sfrateqi* remain underufiXized. sueh a:

flexibility 1* tait*rirrg enrol*rnent eriteria, lik* th* e*vironmentai benefits index, to rneet ioca{

needs, and nrarketir*g ecnservatisn practi{es tr: r*ar:agerl in targeled areas while rnaiartain-

ing *q*ai-aecess requireme*t5, Gr€afer *se of existing targetlng stret€gles co"tld be achieved

if tNiere were p*lieies that rewarde* taryeting €ff*rts fifl:$ng natura{ resource pr*fessionais.

Finally, great€r locai c*ntr*f *f targeting deeisic*l rnay further impr*ve canservatrinn surcesr.

Local knowledge af renritive ar'eas *nd managefnefit behaulsrg can provide rritisal lnfsrnra-
tian atiner:caier cf recslutlar* lhan generalized hi*physical and behavisral mndeil



Esrt 3:{he.$cie'fir.{. *f targetilrg withln la*dscase*.*n* raqr*rlhed* ts impruw c*n*ervatlox rffecfivenes

Top-down decision-making based on generalized msdels and enrollment criteria may be
t**tsars€ts id*rrtify key'tccationsa*d t-l**tiv*t*tho$e la*dnlanagers who can produrethe
gr€atsst fsrr$€nralion jmFact


