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II{TRODUCTION

Tle.onstiuction df inpervious surfsces du.ing
urbsization alt€6 runofseneralion m*laisDs by
reducing tie etfective perneabilitj of!tre soil. Tie
asso.jated inc€ase in rapid runoff by dverland flos
leads to indeased nood noM {e.9., Jme6,1965; Eol-
lis, r9?5), whjsl .lier slrean ndrlholoey rhrough
in.ressdd cnamel Mdth o. depth (d.9., Hanmer,
r9?2; leopol4 rgfit Graf, 1975; Gregory and Pa.k,
19?6; Booih, 1990, 1991). Althdql such etfe.t5 of
urbarizatim on chdn.l mo.plolo6/ aE well [noM,
siBnificdt chsns€s in lhe dLclarse.esifr. also a64t
other pmesses thai innuace s!&ah ecolos (loDlh
ar.l Reinelt, 1993). Io. exanple, inc.e$ed dis.harge

asociaied wfi ubantatioD i.creases the fiequenly
and depUr ollt.esnbed scour (3ooih, 1990), and
altoralion of riparian zonos.an innuonc. dlream
siadi.g a.d ind,anrel habilat slruc1!re. Signi6cant
chee€s in strean prcesses can particullrlt iEpact
aqutic launa naladspt€d to post.urbanizatjon habi-
tat clsldenstic or disfudace regiDes.

The indunce ol dahs, overdsnins, 3.d lBbitai los
ar. droucnt to nave .onributld to iklo|i. de.inatjon
of an.dDhds satnon Dns in 6e Pacific Northwest
(Nehk.n €, di., 1991). It l a s proven difi:.ult, hoe.v.a
!o isolaro the relative impacE or $ese iaciois becau*
df bolh geoFaphic variability and inruticieni ddta.
Mu$ attlntion foc$es on the Cdlurlia River ans
b€Buse oftlle cdtroversy Nei .}ang.s rn dan nan
aglment (e.C., S.hwiebert, 1977), butruns in oastal
a*as and lhe Puget tiwlan&, *hi!h la.I dans, aE
also delinins (Palnisdno d dl., 1993). In these areas
habitat loss and de8radaiion, ove.fishins, rnd onpe
tition fron hatchery gtocks are and.C the ardors
influenci.s population declines. Wliie {!:h trthrtion
}a6 fddsd on ile tnDact offotst nanagenen! G.g,
Meenan, 1991), tl'e.ole ofurba.izatidn in hdbital
loss and hydDlocic .hmse has reeived .elatircly lit
tle aliention. In not:ble exceptions, SootI (1990)
nodeled the efr.cis or lrban'zaiion on n@d fiequency
and pr.dictdd ihat lrbeizalion 6uld .oirert r0 r.ear
dhc}a4€s to 2.5 year discha.ges in lhd tugei So$d
r.gion, and Luc.ne$i and Fuersrerberg(1992) relaled
urbdization.d.iven hrdrohsic and habilat changes
in tle Puger I,o*lands !o advese efie.h on fish popE
ldtions. Herd we eEmine eviden.e fof changes in
flood fiequency in urbanizing drainase basins of ihe
Pugei Lo{lmds and 6nd bolh .hang.s i. disharge
recuEere inbnlk .omparable to lhose predicled by
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STUDY AREAS AT.ID MITHODS

Sludy s.eas tere sele.t€d by exahinins U S C6-
los i ca l  Su rvey  iUSGS)  csus rng  s ta t i on  reco rds  to
ideh t , r y  ?use t  I ow lsnd  s t reans  w i t i  l r Jd ro log i .
reords extddins fion pndr !o Etil alter substanlial
pulses ofubanizetion. Six basins wit! sufffcient
hydrolosic reerds Nere lo.ahd in the e*rem Puget
Soud area (FiSlre D. rou. stEaDs lie wiuin Msins
tlat becane urbani'ed (Fle!t, Jnanit4 Mercer, $d
Ssmp ceeLO tud two EtrsaDs lie sithin b.sins fhat
did nor (coal dd May.reks) and fie.efore sede s

Boodr (1990), srd euden.e lor associat€d delines i. relationship involv6 dividing the relalive rank ot
ea.h annual ns:intrh discharse in rhe period at
record by one nore tnan lhe tdial years ol re.old (e s.,
Dunne and Leopold, ]973). We hypoih*ized th* a
onelation eiisred be!*een in.reased urban aEa and
dh.harge reorence intervals. Conversely, fiood Fe.
quen.y lor basins rha! ex!eten.ed litde increase in
urban area should eilher renain unch$sed, of rcled
sJstenatic bjases in storD s
cha.ges in weather patterns for ine periods $da

lor the plrpose of lhis sludt urba.ized ffeas wse
.onsidered as $e$ so idont'fi€d on USGS ropocraD!
ic naps, {hi.h ptuvided a surm
.ent tapewious area. M0re dired delemination! ol
iha proportion df inpedous areas witljn urbdizcd
rones (e,s., field.alibrriion ol mpping ftun serial
plotocraphs) required resDuBes berond lhe scDpe ol
lhh projecl. The urbanized rres wilhin eaci bastn
sas neasur.d from depictions on USGS ?.5 iopo.
glaphi. naps .t intervals ofevery 5 !o 13 Jears
dependins upon tie lrequency of nap lpdaiins,
Urban areds include dense residenijalGl.riy spaed
single fanily hones and trou5ing cdhplex4), urban
(mnnercial buildine .onpleies and cit) blo.kr, and
indusirial (airports and factojes) land use. Dhpe*d
dwcllirgs uere nor.onsidered urbdized because of
&ei. relaiively sndl percentagc
Henc. o!r depi.iions of"rblnized areas r.oYjilr :
conservative poriraral oflhe chnge in inpervi.ls

'$ends in salndn poptrlsiions were ako exlnined
for ea.l basin usins lCashingioi Sllle Dcpartnenl or
Iisheries and Wildlile salnon spawnins sround
database. lach enirt in tle survey da!. basecon:ics
olihe totll nuhb.! oflish obsewed during I i:it r, a
shaan reach; *e conbined dala fo! .hinook, &ho,
and solteye srlnon into an index df lotal salmon
abudan.e. Be.3use 1ne iunber olvisits per rear
vaned widely bod, anons streahs and ihrugh s!
essive years, {e used lhe tunually averaged nunbd
of fish observed per lird vGi!,s a metric ror ovenil
nsl abundrn.e. Al5o, onl! years shen fish sdre
obs.rved aare inclrded in our analr:k, which was
limited b fie urree of lhe sia sludy basins lor *hich
suficient dala exisled 10 exanine t.endsin salflon
abundance. Two ofihese basins (Fleit and S*!np
ceelt eiperiened sigrifi .anl lrb$izalion wlile ihe
third (Mry Creek) did iot.

RISULTS

The siudy basins exhibiled a widd ranse in ihe
e{en! oflle chsnces in urbaiized area between !i'

'

)
thelqdsouqdesi{.

Wa .ompared trends in dhciarge recurence inle!
vals 6roDgh penods of urna! €ro*rh to deternine
whether dLchlrse regines.halged as s.esuli or
urbaniza$on. We Eed USGS annMl pe* discharge
dria to conpare pre'and post.urbdnizalion hydFlog'
ic re.ords for each basin by separaling daia into sub'
records fdr lie penods before and aft€r eisnificalt
inc.ease6 in llo density ofnrban development Tle
'ear of sepsrafion beiween these subre.ords wss
deternined based on the lenqth ollhe hvdrohsl.
4cord and ile sequelce oldevelopDent pdrlrared
on t posrup}ic nap3, as discuss.d belo*. DischarE€
'ecu'enc. intervaG (Rl) neaslre lhe probabiljtv
tnat a given dis.hrse wiu oc
Generatio. of a dis.larse r
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