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Abstract
We quantiiicd lirc severil\ prtterns $'irhin intermittcnl strexm drainages in a recenrly bumcd,lrca of the cenral wencm Cascades.
Ofegon. Aerial pholographs \r ere used to estimate posl ilrc live canopv cover lvithin slrcamside and upland zones on rhc soude.rst
and south$e\I-facing slopcs of 33 \iatersheds. Live canopy colcr did not differ sigrrificanlh bclween streamside and upland
zones in the $aiersheds. Firc sc\crily dala obtained from aerial pholographs were highl,v correlatcd $ith lire severiry data ob
urined in the field in \ix of thc qalcrsheds. confirning that aerial pholognph esiimrte\ of live canopy cover reflecred acrual
condilions on the ground. whilc prclious studies indicate that firc sc\crirv ma) be lo\\'er along percnnial sre.rnN. the fesults of
thi\ \tud)_ suggest that ilrc scvcritv in inknse event\ may be similar bet$een intermittent strea channels and adj.rcent upland
areas. At the hndscapc scalc. dilGrences in fife se|eritl along slreams of different sizes nray jnilucnce rhe mo\aic of post firc
vegetation and contribulc to o!crrll nructural di|eNity in forcns of mouDrainous landscapes. Firc rcgime irfbrmation obtaincd il1
tiis and felated \tudies nray bc used |o guide fore\t managenrcnl acliliries that are modeled aftcr natural disturbance proccsscs
and seek to balance comnrodily production and ecoslsten protection.

Introduction

Contemporary ecologists agree th t natural dis
lurbancc events occurring over various spatial and
temporal scales arc integral components of eco-
slslems (White I979, Pickeu and White 1985.
Sprugel 1991,Whiteet al. 1999). Infbnnation about
the histoic l'rcqucncy. sevedty, and spatial cx-
tcnt of such disturbance elents can be applied to
landscapc management (Agee l993. Huntcr 1993.
Morgan et al. 1994, Swanson et al. 1994. Engstrom
el al. 1999). Based on the assumption that spe-
cies have adapted to a certain range of ecosys-
tem conditions created by natural disturbance
regimes. the concept of managing an ecosystem
rvithin its range of natural vadabil ity is being
erplored as a way to increase the potential for
suslaining native species across a broad range of
habitat types (Morgan et al. 1994. Swanson ct al.
199.1, Engstrom et al. 1999).

ln thc Pacitic Northwest, federal lorest man-
a-qcnent objectives include both ecosystem pro
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tection and timber production. Thc Norlhu'est
Forest Plan employs a system of static reserves.
corridors, and habitat management prescriptions
for matrix lands to protect an array of terrestrial
species thought to depend upon late successional
forest habitat, to protect aquatic ecosystems. and
to provide a sustainable supplv oftimber (USDA
and USDI 1994). Riparian reserves. which con-
sist of zones of uncut forest along streams of all
sizes. are an integral component ofthc Nofthwest
Forest PIan. These rcserves. which are intcnded
to prolcct streamslde areas, concentrate tlmber
management in the upland areas between buf'fers
and result in spatial segregation ofold and young
lbrest stands.

An altemative strategy tbr meeling the broad
objectives of the Northwest Forest Plan involves
us ing  na tura l  d is tu rbrnce reg ime in lonnr t ion  r , . r
guide forest management activities (Cissel et al.
1 999). In Douglas-fir (.P seutlotsuga n e nli e s i i  )
dominatcd tbrests ofthe central wcstgrn Cascades
of Oregon, fire has historically been the domi
nant natural disturbance agcnt and a pdmary dc-
terminant offorest stmcture and composition (Agee
1993. Weisberg 1998. Weisberg 1ir Prcss). Un-
derstanding the range ofnatural variabilitv within



this landscapc, therelore. is coutingeirt upon an
tundcr . tand in !  o l  l l re  re ! ime char . r  e r i : l i c . .

Intcnnittcnt stlcam drainages are a predomi
ni:urt structurul element of mountainous landscapes
in thc Pacitlc Northwest. Variation in fire sever
ity at the scale of these small watersheds may
contribute signiticantly to remnant trcc dcnsiti(]s
and orerall habitat heterogeneity (Ronme 1982.
Morrison and Swanson 1990. Turner et al. 199,1.
Kushla and Ripple 1997, Taylor and Skinner 1998.
Kccton 2000). Pattems of fire sevedt)' in these
small u'atersheds. however. are poorly understood.
The central objective of this study was to quan-
tify fire sevedty pattems $,ithin the watersheds
of internittent streams in a recently burned area
in thc central westem Cascades.

Documented hre regime characteristics tbr the
watcrsheds ol perennial sffeams suggest that fire
severit)' is lower in riparian zones than in adja-
cent uplands (Camp et al. 1997, Wimberly and
Spies 200l. Skinner 2002). Riparian-associated
landtbrms and vegetation conditions are thought
1(r nitigate fire severity (Camp et al. 1997,Impara
1997, Kushla and Ripplc 1997, Taylor and Skin-
ner 1998, Keeton 2000.Wimberly and Spies 2001.
Skinner 2002, Lee and Smyth 2003). Higher hu-
midity, lower solar heating, the eft'ects ofcold air
drainage. hydric soils. abundant herbaceous and
dce iJuous  \cge la l ion .  and h igher  mo i \ tu re  con-
tent in both l iving and dead woody t 'uels may all
contribute to apparently lower fire intensity and
severit), in these areas (Romme 1977. Romme aDd
Kni .eh t  1981.  Agee e t  ;1 .  2002 t .  Ber 'ause in te r ' -
mittcnt strcam channels in the study landscape
are generally steeperand less often associated u,ith
humid riparian zones and deciduous trees. ho\4-
cvcr. wc predicted that proximity to the steam
channel does not mitigate fire severity n'ithin these
snall watelsheds.

Study Area

We examincd a portion ol the Wamer Creek Fire
on the Willamette National Forest, l9 km east of
Oakfidge in thc ccntral western Cascade Range
of Oregon. In this region, Iow summer raintall,
castcrly winds. and lightning storms create fa-
vorable wildflre conditions in latc summer and
early fall. The Wamer Creek Fire was ignited b1'
an arsonist on l0 October 1991 after a prolongcd
period ofhot, dry weather and desiccating winds.
Dri\,en bl' a southwest u'ind. the fire ran east along

the south face ofBunchgrass Ridge. a north*est
southcast trcnding ridgc that roughly bisccts thc
fire arer. and north into adjacent drainages. A total
of 3,630 ha bumed befole rain showers slowed
and extinguished the fire on 23 October. The tire
was actively fought by the USDA Forest Serrice
using aerial retiLrdeurt drops and backlires (USDA
Forest Service 1993). Because suppression effbfts
were less intensive on the south side of Bulch
grass Ridgc, howcvcr wc think l lrc cffccls ofsup-
prc rs ion  uc t i r  i t ie .  r 'n  i i re .e rer i t r  p l luern \  in  u f
study area were mininal.

The study area included the watersheds of 33
intermittent streans inc;sed into the steep. south-
southwcst Iacc of Bunchgrass Ridgc (Fi-surc 1).
The average watershed size is 16.2 ha. and eler,a-
tion ranges from 800-1750 m above sea level.
Vegetation of the wcstcrn hemlock (fsir,qa
heten4 ryllu) zone is dominant in the study arca
(Franklin and Dyrness l9lJll). Although rvestern
hemlock and westem redcedar (Tlurja plituttil are
common. shade-tolerant specjes in this zone,
Douglas-fir maintains dominancc in many stands
as a rcsult ofits longevity relative to the frequenc)
offires that continually leset succession (Fianklin
and Hemstrom 191|]1).

Methods

Aerial photographs werc used to quantify pattems
of fire severity within the focal watersheds. Be-
cause a fire of a particular intensity (e.g., eoerg,v
releascd pcr unitoffirc linc lcngth) can havc diilcr-
ent eft-ects on different plant species (Agee 1993).
Wc quantified lire severity in tems of the eflect
of the fire on Douglas fir, which is the dominant
canopy species in the study area. Aerial photo-
graphs of the Wamer Creek Fire area taker 1n
1990. one year befin e the fire, inclicatc that the
watersheds had nearly complete forest co\,er be
forc Lhe bum. Fire severiLy was therelbre delined
as the percentage of canopl' ffee cover that sur-
vived the fire.

The 33 sample strcams and thcir watcrshcd
boundaries were drarvn on acetate that overlaid
I :12,000 color acrial photographs takcn in l99li.
This photo date indicates u'e sampled both im-
mediate tree mo ality and nortalit.v of trees that
occumed >7 yr atter the lire. Each watershed was
dividcd into four zones defined by landscape po-
sition (sh'eamside or upland) and aspect (south
east or southwest-ti icing slope). The division
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bet$een the streamside and uplard zones was
drawn halfway between the strcam channel and
the idgclinc so that the zones would be large
enough to visuallv estimate live canopy covt:r on
the 1 :12.000 aerial photographs. This resulted in
individual zones covering slopc distances of-50-
100 m. Using a Stratex prism nirror stereoscope
with,lx binoculars, percent post-tire l ive canopy
cover in each of the four \\,atelshed zones was
visually estimated within l0cqual intervals ranging
from 0-1007c (e.g., 0-10%, I l-207o, etc.). The
nid-point of each interval was used in statistical
analyses (e.g.. 0- l07c = 5a/c . l1 20c/c = l5%. etc.).
The direct and interactive etTects of landscape
position (streamside v. upslope) and aspcct (south-
east v. southwcst-tacing slope) on Iive c,ulopv co\er
$,ere tested using t\\"o way analysis of variancc
(ANOVA) on the arcsine squarc-root transtbrnred
data (Zar 1999, SAS Institute 1995). The level ol
signil icance was sel at P = 0.05.

To test the accuracy of the aerial photograph
interpretation, fire severity data obtained from aerial
photographs wcrc conrpared with lire severity data
obtained in the tleld. Six of the study wate$heds
(totaling -103 ha. or 197c of thc arca sanpled)
werc randomly selected fbr ground-truthing. Per
cent live canopy cover was calculatcd in the field
using a Moosehom densitometer (Garrison 19,191.
Each watcrshcd was divided into a l0 x l0 m

grid, and a canopy reading was taken at every
grid interscction. At each point, the canopy was
open if l ivc canopy ti l led less than half ol the
squares visible in the Moosehon grid, and closed
if live canopv filled half or more of the squares.
Field drta were collapsed into the four watcrshed
zones used in thc acrial photograph analysis, and
the percentage ofclosed canopy points within each
zone was calculated to obtain an estimaLc of live
canopy cover within each zonc. Wc tested fbr a
coraelation between livc canopy cover calculated
from tield data and live canopy cover estimated
from aerial photographs fbr eiich watershed zone
using Pearson product-moment corelation (Zar
1999, SAS Institute 1995). Thc level of signifi-
cance was set at P = 0.05.

Results

Aerial photograph data revealed no significant
differencc in Jive canopy cover between sffeam-
side and upland zones on either the soulheast or
southwest-facing slopcs of the sarnpled watersheds
(Figure 2). Wc observed a significant corelation
bctween live canopy cover calculated from field
data and live canopy cover estimated from acrial
photographs in each of the tbur watershed zones
(Pearson product moment corelation: r = 0.95-
0 . 9 8 . N = 6 , P < 0 . 0 0 5 ) .

Figure 2. Niean livc canopy colcr (+ I srandard eror) estinated fionl aerial fhorographs in strcamsidc rnd
adjacent upland Toncs on sourhcasl irnd soulhwesl iacing slopes u ithin the $arersheds of 33 i.lcrmit
tent streams in the Warner Creek Fire studv arca. Jul! 2000.
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Discuss ion

F-ire Severity wlth n Watersheds

The watersheds included in this study are located
in steep. south-1acing. dissected terain where
vegetation composition and environmental con-
ditions are similar along thc strcam and on the
rdjacent uplands. Solar radiation is high in the
stud,v area and. by late sunmer, soil and fueJ
moisture are extremely low. The potential for ilr-
termittent stream drainages such as these to miti-
gatc tirc scvcrity may be reduced by a lack of
n r ic roc i i tn r te  cnd io l r r r  n ro is lu re  chr r i l c l (  r i \ l i (  )
associated u'ith riparian vegetation and landfoms
common along Jarger, lower-gradient streams. The
extent to which fire severity is reduced along stream
drainages in general. thcrcforc, mav depend on
the size of the stream and the degree of differen-
tiation between dparian and upland fuel condi-
tions. At the landscape scale. diflerences in fire
severity along strcams of different sizes are likely
to influence the mosaic ofpost fire vegetation and
contribute to overall structural diversity in for-
ests of nountainous landscapes.

The conelation between flre severity data es-
timated from aerial photographs and fire severity
data obtained in the lield was signihcant, con
llrming that acrial photograph estimates of live
canopy cover reflected actual conditions on the
ground. Although there may have been sorne de-
la,ved motality between the fire year (1991) and
the ycar thc acrial photographs were taken (1998),
u'e assumed no signitlcant change in l ive canopy
cover bctwccn 1998 and 2000. when field sam-
pling was conducted.

Potent a l\,4anagement lmp cations

An alternative strategy 1br meeting the broad ob-
jectives of the Nothwest Forcst Plan involves using
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this range may increase the potential for sustain-
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diversity. The results of this study demonstrate
that some fire-related distuftance occurs in the
riparian zones of steep, intermittent streams on
south-south\\, est facing slopes in thc western
Ca.cade.. Tt ma) rherel-orc be i lpplopril le lo.un-
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riparian zones of managed landscapes in this re-
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inputs, are appropriately distributed in time and
space at the landscapc scale. Modeling silvicul
tural practices atier natural disturbance processes
may contribute to landscape diversity and increasc
the likelihood of balancing conmodity produc-
tion and biodiversity conseruation.

Acknowledgements

Funding and support were providcd by the USDA
Forest Service-Pacific Nonhwest Research Sta-
tion andWillamette National Forest; Oregon State
University; the University of Vermont: the Con
seryation and Rescarch Foundation: and the H. J.
Andrews Experimental Forest Long-Term Eco-
logical Rcsearch program. sponsored by the Na
tional Science Foundation and the USDA Forest
Service. Shay McKusick, Luther Skeels. and Mark
Merwin assisted with fieldwork. Art McKee, Jim
Mayo. Winsor Lowe, and Jeffrey Hughcs shared
their expertise generously.

Cissel .  J .  H. .  F J.  S$anson, and P J. \ l t isberg.  1999. Land
scapemanagcmcn!usinghisloricaliireregimes: Blue
River.  Oregon. Ecological  Appl icat ions 9:1217- 1231.

Engstrom. R. T., S. Gilbefi, lU. L. Hunter. D. Nlerriucdcr.
G. J. \o\\'acki. and P Spcncer. 1999. Practical appli
cations of disturbancc ccology to nalural resoufce
managcrncnl. Pagcs lll 330 1, R. C. Szaro. N. C.
Johnson. W. T. Serlon. andA. J. Malk (editoN). Eco'
logical Ste\rard\hip: A Common Reference for Eco
sysrem Manage ent. Elscvicr. Oxford.

Franklin. J. F.. and C. T. Dymess. 1988. NatufalVegelation
of Oregon and \lhshington. Oregon Stalc Unircrsil,"-
Press.  CoNal l is .  Oregon.



Franl l in.  J .  F.  and M. A.  Hemstronl .  l98l  .  Aspects of  suc
cession in the coniferous forests ofthc Pacillc Noth
\rest .  Pages 212-219./n D. C.  $cs! .  H.  H.  Shugart .
and D. B. tsotkin (cditor!). Forest S uccession. Springef-
Vcrlag. Nc\v York.

C.rrr i \on.  C.  , { .  19.19.  Uses and modi i ical ions for  lhe
' ooschom cro$rclosure estinatof. Journalof I-or
estr)  17:733-7j5.

Hunter. M. L. 1993. Na(ural lire regines as spatial models
lor managing boreal forests. Biological Consenation
6 5 : i  1 5  1 2 0 .

Inpafr. P C. 1997. Spatial and lcmpolal patterns of lire in
the lbrests ofthc Cenlrul Oregon Co.rst Range. Ph.D.
Disserrarion, Ofegon Srate Lniversii\'. Corrallis. Or
egon.

Kceton.\Y. S.2000. Occuffence and reproductivc rolcofrem
nant (l1d-gro\\'th trecs in mature Douglas-fif forests.
soulhcm \\ashington Cascade Rrnge. Ph.D. Disscr
lation. U versity of \\"shingron. Seattlc. Washing

Kushta J.  D. .  and W. J.  Ripple.  1997. The ro le of tenain in a
lirc mosiric oi a temperate conifefous lbrest. Forcs!
Ecolog) rnd l\'lanagemen! 95i97 l0l.

Lee. P. and C. Smlth. 1003. Riparian forest managemcnll
paradigms for ecological anagcmcnt practices in
Alberla. Unpublishedrepoft produced b] theAlberta
Re\earch Council ( Vegreville, A lbena) and thc Albcrta
Conser!ation A ssociatiorr (Edmonron. Albeaa) ibr rhe
Northern Walcrshcd Projcct Stakeholder Committee.
Norlhcm Watcrshed Proiect Final Report No. L

Nlorgar, P, G. H. Aplet. J. B. Haufler. H. C. Humlries. M.
\'1. Moore, and W D. Wilsor. 199,1. Historicrl range
u '  ! J  t r b . l i r ) : J  u . e f u  I n n l  f ^ r e \ r l u J u n g . . u . ) n e r .
change. Jounral of Sustainable Forcslry 2:87-1 I L

N4onison. P H.. and F. J. Swan\(nr. 1990. Fire hislory and
paltern in a Cascade Range landscapc. USDA Forest
Ser\ice General Tcchnical Reporl PN\\'-GTR-25,1.
Pacllrc North !vcs1 Research Statron. Pofiland. Oregon.

Pickctt. S. T. A.. and P S White. 1985. The Ecolog_v of Natu
ralDisturbance and Patch Dynamics. Academic Press.
Nclv York.

Romme. W H. 1977. Vegetation in rclation 1|) elelation. to-
pography. and ire histor] in a $'_voming montane
w.r tershed. M.S. Thesis.  L ln i \ers i !y  of  Wyoming.
Laranie, \v.voming.

Romne, W H. 1982. Firc and lardscape diversity in sLrbal'
pinc lbrelts oi Yello$stone National Park. Ecologi
cal  Monogfafhs 52:199 12 L.

l iomme. W. H..  and D. H K ght .  1981. Fi re f requenc,v and
subalpine fbrest succession along a topocraphic gra-
dienl in $']'oming Ecolog) 62:319-32r,.

SAS ln\lilute. 1995. JUMP Srarirdcs and Craphics Guide.
SAS Institute. Carl. )\lorth Carolina.

Received 20 October 2003
Accepted for pubLication I I I-ebruttry 2001

Sknner. C. N. 2002. Fire histor) jn rjp.nian reserves of the
Khmath Niountains. As\ociation fof Fife Ecolog,,''.
Miscellancous Publicarion \o. I : I 6.1- I 69.

Sprugel ,  D.  C.  1991. Disturbance.  equi l ibr ium. and cn! i rcn
ilerlal lrriabiliry: \i_hat is natLnal' lcge(ariLn in lr
changing environm.nl l Biological Consenation 58: I
t E .

Swanson. F.  J. .  J .  A.  Joncs.  D.  O. Wal l in. . rnd J.  H.  Ci \sc l .
199,1. Nrtur l variability: implicalions lbr ccosysreln
management. Pages 80 t)4/n \{. E. Jensen rnd P S.
Bourgeron (edilors). Easl!ide fofest Eco\y\tem Health
Asseslmcnr. \bl. lI: Ecoslsten luanagementi Prin
ciples and Applications. USDA Forcn Scrvice cen-
eral  Technical  RcportPNWCTR-3l8.Paci f icNor ih
rcst Research Strtion, Portland. Orcgon.

Taylof  A.  H. .  and C. N.  Skinncr.  1998. Fi re h is iory xnd land
scapc dlnamics in a late-succes\ional rc\cr!.. Kllr
mathNlountains. Califomia. USA. Forest Elology and
l \ ' lanagement I  I  1 i285 101.

Turner. N{. C.. w. w. H.Igrove. R. H. G dner. d w. II.
Rommc. 199.1. Eftects offife on landscaps hctcrcgu
neity in Yellowstone Nalional Park. \oning. Jouf-
nal of Vegciaiion Science 5:731-7,12.

USDA Forest SeNice. 1993. Wamcr Firc Reco!ery Project:
Final Environmenul Impact Statemenr. Oakridgc
Ranger Dislfict. Willamefte National Forest Eugene.
Ofegon.

USDA fbrest Scrlicc and USDI Bureru of Land N4anagc
l11cn1. 199,1. Record of decision for anrcndncnls tL)
Forest Service and tsureau of Land Nlanagement plan-
ning documcnts \\'ilhin fie ri,rge of the nofthern spolcd
o$1. USDAForest Sefvice Reglonal Ollce. Potl.rnd.
Oregon.

Weisbcrg. P J. 1998. Fire history. fire regimes. and develop,
nent of fofest struclurc in thc Central lestem Or,
egon Cascadcs. Ph.D. Dis\etrtion. Ofegon Slalc Uni
\crs i ly .  Cor!a l l is .  Oregon.

ltisbery, P J. 1n p/crr. Importance of non sland replacing
fire for developmcnt of foren structufe in the Pacillc
Norlhwesr. Forest Science.

White, P S. 1919. Pattem. ptoccss. und natur.ll di\turbancc
in vcgetation. The Botanical Revier',15:219 299.

White, P S., J. Harrod. W H. Rommc. and J. Bet.Lncourt.
1999. Disturbance andremporal dynanics. Pagc! 281
3121, R.  C.  Szaro.  N.  C.  Johnson. W. T.  Sc\ Io l l .  uDd
A. J. Malk (editort. Ecoiogical Slcwardslip:A Com-
mon Reference for Ecos,"-ncln M.rnagelnent. Else\.'ier.
Oxfbrd. UK.

wilnberll, NL C.. and T. A. Spics. 2001. lntluences of envi
ronmcnt and disturbance on foresi paftem! in coastul
Oregon watersheds. Ecology 82: l.l.l3,1,15 9.

Z^t .  L H. 1999. Biosla l is( ical  Anal ls is .  Prenr ice Hal l .
Englc$ood Clifis. Ne$ Jerse!.

Fire Severity in Intermittent Stream Drainages l9l


