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Postfire Response of Red Alder, Black Cottonwood, and Bigleaf Maple
to the Whatcom Creek Fire, Bell ingham, Washington.

Abstract
Thc Junc 1999 pipeline leak and sLrbsequent explosion in \{harcoln Creek resuhed in a fire that scorched -10 ha of conilcr and
riparian tbrcst i. Bellingham. [Jashington. This fire provided an oppotunity lo study the postlire responses ol rcd a]dcr. black
cottonwood, and bigleafmaple in the 3.2ha scorched fiprrian zone. Bigleafmaple erdur,rs:lll bul lhc mosl inrcn\c lirc\. rcsprouling
vigorously alicr firc. Rcd alder and black cottonwood are kno\ln resprouters that may sur!ive low intensil,"' lires. but dala about
their responscs ro firc arc sparsc. Ths postfire statlrs ofe|ery nee in the bum zone \ras evaluated innediatel) after the lire in June
I 999, and duing the 1lr!r ponlirc gro$'in g scason in iV a,v 2000. ltee respo n se. in relation to trx nk d iametef. pefcent cfown \cofch.
andpercenrbal .kscorch.sascalcgor izcdaslJal i \ 'c$ i thanewleafycrown;]) topki l ledandre\prrutedlof3)dead.Fire intensi ty
was higher on thc lcll bank (leil sidc oftlre creek r\ hen facing downstrean), where tfees experienced gfeatef lnolt: ity.luore than
hall thc li54 lrccs in thc burn zone surlived the fire, 57'l. by forming ne$ lerf"! crowns and.l3-q., by resproutir!. Red rlder. blrck
colonlllrod, and bigleafmaple demo n stfated .rb ilities to survile a di\turbance to which |he) arc nol odinaril,"" subjcclcd. All thrcc
species resisted lolv intensit) fife and reformed leaf"vcrownson therightbank. and thc) .ndurcd modcralc lohigh inrc.sit! ilrc by
rcsprouriDg afrer topkill on the left bank. On the left bank, pfobabilities of suni!ing 1007. cro$n scorch w.rc 0.2:l lor rcd aldcr.
0.66 for black cotlon$ ood. and 0.6 E lbf bigleaf maple: prcb.rbilities of s urviving I 00c. bark scorch wcre 0.09 for rcd aldcr. 0.66
lbr black cotton$ood. and 0.60 for bigleaf maple.

lntroduction

On 10 June 1999. ar underground fuel pipeline
in Bell ingham, Washington, ruptured and spil led
-866,000 liters of gasoline. The majodty of this
fuel leaked into Hannah Creek, tiom there to
Whatcom Creek (Figurc 1). cvcntually reaching
salt water at Bellingham Bay -3.5 km u'est of
the spil l. By mid-afiernoon. Whatcom Creek was
essentially an aqueous mixture of gasoline. with
heavy gasoline vapors hanging over the creek. At
5:02 PM, the fuel ignited, sending a roll ing tire
ball along Whatcom Creck. Fortunately, a small
r p i l l u a l  r s . o c i c t e d  u  i t h  a  p i p e l i n e  c r o s . i n g
Whatcom Creek at Pacitic Street disrupted tuel
continuity. sbpping the fire before it could travel
west of the Interstate-5 freeway into downtown
Bellingham (Figure l).

Behavior ofthis firc dillered lron a wildland
fire. Fuel was supplied by gasolinc in thc creek
rather than lbrest litter, and the fire was a brief
explosion rather than being sustrined fbr somc
period of t imc in the forest (Table 1). Spring l999
\\"as quite wetin western Washington. sothat woody
and nonwoody fuels were wet at the time of the
fire. Consequently, the fireline remaincd station-
ary in the creck, and the fire went out when the
gasoline was exhausted. Many times creeks act
as luel breaks. so that wildland fircs bum on one

bank. For this fire, ho\\"ever, Whatcom Creek was
the source of thc flames. and trees on both banks
were in the fire zone (Tablc 1). Rathcr than caus-
ing the fireline to advance steadily through the
tbrest stand. winds from thc nonh dircctcd thc
flames southwald to the left bank. The Whatcom
Creek incident cndcd in about 15 min, whereas
wildland flres olien Iost many times longer. Wild-
land firelines move, so that fire renains briefly
at any one point in the stand. Eventually every
spot gets burned by essentially thc samc firc in-
tensity (low. moderate, or high). At Whatcom
Creek, fire was constant along the creek banks
for the duration ofthe firc. On the lcli bank, trccs
adjacent to the creek experienced high intcnsity
tire, whereas those 20 m away cxpcrienccd lowcr
intensity firc. Thc result of this differential vari-
ability was that most of the dead trees occupied
sites close to the creek.

Thc fire damaged major components of the
aquatic ccosystcm. butterrestfially it aff'cctcd only
trges and understory plants, which $,crc scorched
h1 t lamc rn ,J  hcr t .  I  in tc r r i c r , rcJ  c )c  u i tn . r .cs
who wcre at the Sw comer of Valencia Street
trnd Whatcom Creek (Figure 1), and Bellingharr
Fjre Depafiment personnel ibout flame heights
rnd  t imes.  The t ime.  g i ren  he lou  ure  e . t imater :
these events \\"erc not tirned by obseryers. The
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Bcllinaham

Figurc l. Thc bum rone ertended fion Whatcom Falls Park sen to Pacific Stfeet, indicalcd bv a
heavier li ne for !ha! portioi ol Whatcom Cfeek. fhe sNdy area cxlended liom Vrle ncia
Street to Pacific Street.

init iai explosion sent f lames highcr thtrn black
cottonwoods (P.?u lus trichocarpa) 38-15 ntall
bordering the creek at Valcncia Street (Figurcs 2.
3), for perhaps 3 min maximunr. Fire pe$onnel

closer to Whatcom Falls Park estimatcd fi me
heights at -45 m. again 1br short duration. Sub
sequently, atValencia Street, flames were sustained
clearly below the level ofthe tallest trees. Flames
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TABLE L Qualirarile conparison of a lightning-ignited $ildlal1d firc in a fofest stand $ ith thc whatcom Cfeek fire.

Allribute $ hatcon,  Cretk f i re

nrcl

Fife beM!ior

Firc q eathef

Role l.)i \L il1d

Fire l ine

Rolc of creek

Flalne lengrh

I)urarion of fire

enlirc incidcnt

lirc intcnsit,v \ arirbilii""-

acrcs\ tnc nlrrn 70ne

Dcad organic mrtter

Susla incd burning

Usual l r -  hot .  dry

Ad!anccs lhe fireline

Advances through thc stand

Fuel hreak: often prevenrs iire on the

Shoncr

Longcr

Shofief

Lo!v

Gas0line

Explosion

Nlikl. noin

Directed llames lo lcf! bank

S!a!ionarv

Sourcc ol rhe firel allo$ed iire on bolh banks

Longer

Shoael

t-onger

High

Figurc 2. Lipstrealn vie\! ol lhc burned dpafian conmunj!!,
- l  r f  \ \ h u r ( u m ( r c . l  J r l . ' o o o . F i r < ' ( \ .  r )  \ \ ' r '
gr.arLr' (rn rhe left bank (righl lidc of fholo). as
indicared b)  h igh crown scorch lo lumes. hea!J
bafk \corch. lndbumed under\tor). The largc trees
on the banks arc black cott(nrwoods: initial flame
heights clearcd thc tops ofthese trees. Thc smaller
lrees dong thc $'ater on the lelt bank arc dead red
!ldcrs.

Figure 3. Same view of riparian vcgetation in June 2000.
Leafy cro$ns havc reiurned to tfees or the righl
bank (lcit side ofphoto). rnd to so c oi the large
cotton\'oods on the le1l bank. The nro large col
ton*oods in lhc lcft bank foregrcund have produccd
rool  sprouls.  Thccharcol lars v is ib le onlhese largc
t€es .l-|e 11 15 nhigh. Sno$berry isthemonabun
dant species in the undef\tory in the lighl ibre
gr0und.
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pulsed up and down as the fire rolled along the
( rcck .  Tu ta l  f l l rne  r i rne  ua .  -10  l5  rn in .  e r t .ep l
tbr srnall pockets ofgasoline pooled in the creek,
$'hioh continued to burn with flamcs <1 m long
fbr some time allerthe rnain fire was extinguished.
Char collars on the trunks of the cottonwoods in
Figures 2 and 3 ranged tiom I I to 15 m on the
sides facing the creek, and 1-2 m higher on thc
lee sidc, u'hich I intelpret as the sustained hcights
ol thc flames as the gasoline was consumcd. This
hcight $ as below thc tops ofmost red aldcrs (A/rus
rabru) and bigleaf m lples (Acer nacrophlllunt)
in this area, thc tallest ofwhich are -32 m rall. A
plumc of black smoke rose an estimated 10 km
over the bum zone. which the north wind ciuried
to the south. Most of the heat and llames wcre
directcd upward by the banks of the creek (Fig-
urc 2). so that trees a ltw meters or more behind
the creek bank had mcrely l ight scorching in the
lower l-2 m of the trunk. Except for the soil on
the banks adjacent to Whatcom Creek, lirrle soil
was burned by the fire and heat could not have
penetrated far. I noted many weedy seeds gemri-
nated in the burned zone within a few weeks of
the firc, which provides anecdotal evidencc to
conflrn low soil ternperatures.

About l0haofforest was scorched in thc entire
bunl zoDe. The eastem podion of the bum zone
lies in Whatcom Falls Park (Figure I ). the sire of
the fuel spill. \\''here thc creek is incised in a deep
canyon. Thc surrounding forest is dominated by
second-grou,th Dougla-s-t1r (.P s e utlo t str g a n e n1i e s i i),
western redcedar (.Thujd plitatal, and westem
hemlock (Is&ga hetarop14-Lla1. Whatcom Creck
exits this canyon and enters the floodway zone
west ofWoburn Strcet (Figure l). where the creek
was channclized before 1940 for tlood control
through the main portion of Bellingham. Between
Valencia Street and Pacific Street (Figure 1), the
creek was bordered at the time of the fire by a
typical low-elcvation ripadan community domi-
natcd by red alder. black cottonwood, and bigleaf
maple. Based on the dist bution of all trees with
scorched crowns, maximum width ofthebum zone
west of Valencia Street was 35 m and total area
was 3.2 ha.

This paper er,amine. three deciduou. sper.ies
lbund in lowland riparian zones. Red alder is a
fire invader (Agee 1993). Invade$ usually are not
members of f ire-prone communities. but thcy
benefit from the disturbance to regenerate on the
postfire site via seeds. The thin bark is sufficienr

to plotect against light surface fire, but flamnta-
bil i ty of the fbliage and leaf Jitter is low (USDA
Forest Service 1998). Stands oftrees dominated
bv red alder survived low intensity bums associ-
atcd u'ith fires in 1939 and 1945 ar Til lamook.
Oregon (Bailcy and Poulton 1968). No other in-
fomration is available on the postfire response of
red alder. Several references describe the ability
ofred alder to sprout epicomrically (Bemtsen 1961.
Fowells 1965, Hanington 1984. USDA Forest
Servicc 1998). Harrington (i98,+) providcd ex-
tensive intbrmation on the itbility of red alder in
western Washington to sprout or coppice after
cutting. Rcd alder is not considered a vigorous
sproutel but cut trees are able to regenerate stem
sprouts fron suppressed buds ncar the root col-
lar or on thc lower l0 15 cm of the stem. This
charactedstic is impofiant lbr the Whatcom Creek
fire. because the combination of flames directed
upward by creek banks and wet litter rcsulted in
lower fire severity near ground level. Trees younger
than 10 yr rLre more likcJy to sprout than older
trces. and tees cutbetweenApril andAugusthave
the lowest probabil ity of survival (Harington
198,1). The Whatcom Creek fire burned in rhc
middle of this time frame.

Black coftonwoodis a fire invader(Agee 1993).
Maturc trees may survive low and moderate in-
tensity tlres, but trees of any age are killed by
high intensity f ires (USDAForest Service 199ti).
ln general. the relatively thin bark of younger ftees.
and the shallow root systems, makes black cot-
tonwood susceptible to fire damage (Fowells 1965).
The thickerbark ofolder. larger trees may afford
some fire protection. Black cottonwood is aknown
sprouter from root crowns and from root suckers
(Fowells 1965, Braatne et al. l996). andtop killed
tees may produceepicomic sprouts (USDAForest
Service 1998). There are no repofts that black
cottonwood produces root sprouts in response to
fire (USDA Forest Service 1998).

Bigleaf maple is a fire endurer (Agee 1993).
The ability to resprout from stem, root crown. or
roots atier top kill by fire is an iniponant adapta-
tion, and species with this abil ity are termcd
endurers. Top-kil led bigleaf maple trees can
resprout from root crowns after fires (USDAForest
Service 1998). Ripadan stands dominated by
biglcafmaple survived low intensity llres in 1939
and 19,15 at Tillamook, Oregon (Bailey and Poulton
1968). One year after slash-burning treatments
in the westem Cascades, Oregon. bigleaf maple
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trequency was unchanged (Dyrness 1973). lfroots
survive fire. bigleafmaple can tolemte all but the
nost inlensc fires, because it resprouts vigorously
from Loot crowns (Fou'ells 1965, Haeusslcr and
Coatcs 1986, USDA Foresr Servicc 19911).

The mo:t dctailed .tu,.h on po.tf ir 'e resprouting
of hardwood trees was conductcd on turkey oak
(Quen:us laevis) inFlorida (Rebefius et al. 1989).
Percenlagc top-kii l  was a strong indicator of
resprouting success for twkey oak. Thc probability
of postfire survival was higher whcn most or all
of the plant was top killed. Thc total loss of api
cal dominance stimulated the plants to concen-
tlatc the energy reserves to fonn thc ncw Crown.
In contrast. pafiially top-killed turkey oaks a!
tempted to rcfonn t!,hat was left of the canopy.
thercby allocating Iittle energy to developing buds
in thc roor cror'"'n. Many of these partially top-
killcd plants died in subsequent years. Valley oak
(Q. lobatd) in Califomia dcnonstrated similar
resprouting abilities atter top-kill by crown fire
or severe ground fire (Gdffin 1980). In the tirst
postfire year, well over half the top-killed oaks
had produced sprouts. Similar postfire responscs
have been dcscribed for other oak species in Cali-
fomia (Plunrb 1980. Haggert)' 199,1). Agee ( 1993)
suggested that birches (Belr1d spp.), madrone
(Arbutus nenz.iesii). and tanoak (.Lithot:ttrpus
densiJlora) are capable ofbasal resprouting when
the crowns are severely injured or kil led

Thc Whatcom Creek fire provided an oppor-
tunity to assess postfirc responses of rcd alder
black cottonwood. and bigleafmaplc, species that
ordinarily are not subjected to wildfires. The ob-
jectives ofthe study were 1) to document postfire
rcsponses of these three species as related to re-
sistance, top kil l  and rcsprouting abil ity. and
mortality. and 2) to provide estinates of sulvival
probabil it ies for each species.

Methods

I evaluated the postfire status ofevery tree in the
burn zone between Valencia and Pacific Streets
(Figure 1) in June 1999 and again in May 2000.
The immediate postfirc effects were tallied 23
2.1June 1999, r'hen tree status wasjudged as alive,
dead, or unknown. Trees with unknown status
accounted lbr 25% of all trees surveyed in 1999.
I estimated trunk diametcr of each tree by diam
eter class (<l0 cn, 10-30 cm, 3l-60 cm. 61 90
cm, and >90 cm), crown scorch volume to the
nearest 5'l., and percent bark scorch to the near-

est 5cl.. Crown scorch volume (CSV) is percent
of the three dimensional crown scorched by thc
lirc (Peterson 1985. Agee 1993), and is consid
ered a better cstinrator of fire severity than scorch
height. Percent bark scorch also was estimated
on a three dimensional basis, using all sides of
the trunk and main branches. Data on the postfire
categories were grouped by leti bank and righL
bank responses. because fire intcnsity differed on
opposite sides ofthecreek. When ones faccs dolln-
stream, the left bank of the creek is on the left.
the right bank is on the dght. This terrninology
describes loe-ation morc accuratcly than compass
dircction. because creeks meander through all
compass bearings. Prevailing winds directed the
flamcs and heat toward the left bank ofthe creek.
and away fiom thc right bank. Ieading to higher
fire severity on the left bank. Although some tlees
had begun to resprout byAugust 1999. and intacr
canopies still existed on treesiudged alive in June,
posttirc condition was nol evaluated again until
l6 May 2000. At that time, I complctcly reevalu-
ated every tree in the burn zone. and categorizcd
each as I ) itlive with a new leafy crown; 2) top-
kiJled but resprouted by stem sprouts, root crown
sprouts, or root sprouts: or 3) dead. The heights
oftrees and char collars wcre measured in spdng
2000 with a Leiss BL7 altimetef. Postllre responses
were summarized according to left/right bank,
trunk diameter. CSV and percent bark scorch.
Values for CSV and bark scorch wcrc analyzed
by logistics regression (Wilkinson | 998), for each
species according to letvright bank location. to
detcrmine probabilities of survival at 507c and
1007c scorch.

Besults

Tota Tree Inventory

Betbrc the fire.514 red alders grew in the burn
zone. Aftcr the fire. 667. were dead (Table 2). Of
those alive one year afier the fire, 457c had pro-
duced new leafy crowns. All ofthese alders grew
on the fight bank. For left bank alders, 767a died
and none produced leafy crou,ns in spring 2000.
Atotal of96 alders (l9clr). top-kil led by the fire,
resprouted by May 2000. A11 but 1 0 were epicomric
sprolrts from the main trunk (Table 2).

Most of the 268 black cottonwoods in the bum
zone sun'ived the fire. Only 227e died, aboutevenly
distributed between the left and right banks (Table
2). Over half of the 268 cottonwoods, most of

Whatcom Creek Fire 29



TABLE 2 Total tree in\cnlory in \fa] 1000. in rcsponse to the whatcom Crcek fire. Leafy cro!r'n: tfees $crc .rlive and had
lomed ner lcavcs iiom buds established in sumrncr 1999. Stem rcsprout: rop-killcd lrces with branch sprouts fronr
buds on the slem. Rool resprout: top killed trees rl i!h branching sprouls lioln rooi cror\'ns or roors. Dcad: Do visiblc
l iv i l r ! :  t issues.

A h e
Leal Slcm Root

Red .rldef
Left bank
Right bank

Totrl

t-cii b:nk
Right bank

Total
Big leafmaple

Leli bank
Right bank

T0ial
Al l  spccies combined

Lett bank
Righ! bank

'Ibtal

33.1
180
51,1

93
175
268

.10
32
12

161
t87
85.1

87
l,l l

28
32

l l
l)

l l

I  1 9
,l l.l

0

3 1
0

] l

2 l

2 l

62.

62

70

86

t'7
3

10

6
1.1
20

9l
l l

126

0
'71

11

t 7
r.r0
t 57

0
l 8
I E

t /
135
252

them on the right bank. produced new leafy crowns
in spring 2000 (Figure 3). About l9olc of black
cottonwoods $,ere top-killed by the tlre, but thcy
resprouted liom the stem, root clown, or roots.
All but three of these resproute$ were on the left
bank. About 30% of black cottonwoods on the
left bank died; I 8 7c died on the right bank.

Fewer than 75 bigleafmaplcs grew in the bum
zone. and 826/c survived the fire (Table 2). All
dead biglcaf rnaples were on the left biink, and
none on the left bank survived unharmed. Over
halfof thc.10 bigleaf maples on the lefr bank were
top killcd, but most rcsprouted from root crowns
(Figure 4). By contrast, lll top-killed bigleaf maples
on the dght bank resprouted by stem sprouts. A11
bigleaf maplcs with lealy crowns in spring 2000
grcw on the dght bank (Table 2.).

Over 850 trees were cvaluated, of which 52olc
were alive in May 2000. Approximately 307. sur
vived to form leafy crowns, of which 93% were
on the right bank (Figure 3). A rotal of 188 top
killedtrees resproutedby May 2000. The left bank.
which bore the brunt of the fire. held -807c of
the rcsproutels. Many of the cottonwoods and
maplcs had resprouted in 1999 within six weeks
ofthc fire, but those ditta are not included in Table
2. Of the 414 dead trees, 82% were red alders.

Fesponses by D ameter Class
The most conrmon diamcterclass ilt the buln zone
was 10-30 cm. which accounred tbr 62clr of the
trees (Tablc 3). The 3l -60 cm diameter class ac-
coun leJ  lb r2? i ' ) l rhe  l fee : .  f runkd iamcterwa.
a less important factor in the response to fire than
le l t / r iph t  b rn l  luca l ion .  houerer .  For  in . rancc .
red alders with leafy crowns were representcd in
three diameter classes, but only on the dght bank.
Conversely, resprouted alders occurred in thrce
diameter classes, almost all on the left bank. Over
halfthe <10 cm alders, and 69% ofthe l0-30 cm
alders, perished in the fire.

Black cottonwoods with leafy crowns werc
distributed across all diruneter classes, 897a of them
on the dghl bank (Table 3). Before the fire. 1,1
black cottonwoods <10 cln diamcter l ived in the
burn zone. Only tive survived, three of which
resprouted. I-eft bank resprouters were about evenly
distdbuted in the three diameter classes from l0
to 90 cm diameter (Table 3). Cotronwoods >60
cm produced prolific sprouts from the roots. many
ofwhich were scveral mete$ from the main trunk.
Most of the big cottonwoods survived the fire
(Figures 2, 3). Only three cottonwoods > 60 cm
diameter died in the fire (Table 3), and two ol
themleaned overthe creek directlyinto the llames.
The third grew on a peninsula where Cemetery
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TABLE.I. Tree responsc to rhc Whatcur Creek fire. b) di-
anreterclass. as oi Ma,"- 2000. Leat,v cro$n:trees
$ere alive and had ibrmcd ncw lerves liom buds
established in \Lrmmer 1999. Resprcul: top killed
lrces $ith branch sprouts from buds on thc \lcn.
root crowns. orroots. Dead: no visihle li\.'ing tis
sues. llo red aldef of bigleaf maple excccdcd 60
cln drameter.

<  l 0 l0-30 I r-60 6r 90

Red alder
Left bank
Right bank

Black cotton\\'ood
Lell bank
Rjghr bank

Bigleaf  maple
Leli bank
Rlght bank

r5

0
2

0

68
9

t 9
I

t 1
l 3

r 8 5
13

t 1
22.

6
0

Leaf crorrn

0 t )
10 22

2

Red alder
Lelt bank I
Rightbank 0

Black cotlonwood
Left bank I
Rightbank 2

Bi ! leaf  maple
Left bank 5
Right bank 0

Rcd aldcr
Left bank 1,1
Risht baDk I I

Black coltonwood
Left bank 2
Right bank 1

Bisleai maple
Lcli bank 0
Righr bank 0

19  t )

0
1 0  -

Resprout

ii

1

| ]  l 0
0 0

5
I

Dead

l

Figure.1. Top-killed blgleaf nraplc on thc lcftbank. rcsproul
ing from the root cror\n. I)ead red aldcrs on thc
lefi bank rre visible behind rhe maple. ln thc back
ground afe leafy cro$,ns of black coftonwoods.
biglcaf mrples. and red llders oD the fight bank.
Grasscs in lhc forcground $cr. killed b] posrfire
herbicide applicarions as,iociated rith rehibilita
l i0n el l0 s.

Creek joined Whatcom Creek (Figure l.). Gaso
linc that had flo*ed into Cemetery Creek also
ignited, so that this cottonwood was surrounded
by flames, in contrast to all other cottonu oods in
the bum zone.

The 1[i bigleaf maples uith leafy crowns u'ere
l0 60 cm diameter, and all were on thc right bank
(Table 3). Resproutilg bigleaf maples were con-
ccntratcd in the 10-30 cm diirmeter class. about
evenly divided betrveen left and right banks. Thc
13 dead bigleaf rnaples $ere l0-60 cm diameter.

Fesponses by Crown Scorch Volume

Scorched crowns on these deciduous ffees were
thc most obvious postfire images along Whatcom
Creek west of Valencia Streel. Thc l imits of the
burn zone were defined in June 1999 to include

all trccs with crown scorch, so that only 23 trees
in the bum zone had Ocl. CSV. About l7% of the
trees with 2507c CSV survived to form leaty
i rouns  in  spr ing  2000 rTah le  - l r .  More  impres-
sively. 2670 of trces with )50% CSV resprouted,
83% of them on the left bank. Sti l l , all but three
of the dead trees had >50% CSV (Table 4). Red
alder. black cottonwood. and bigleaf maple can
survive 1007a CSV either to form leafy crowns
the nexl growing season or to resprout. Of the
600 trees with 1007r, CSV, 3,1% survived to spring
2000. Of the sunivors, 8l7o were lesprouters. Morc
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black cotton$'oods and bigleaf maples * ith 100%,
CSV survived than dicd (Table,l).

R o < n ^ n a a a  h w  R e  r t  a n a r n h

Bark scorch was an iorportant effect of the
Whatcom Creek fire. Onlv 8 trees withleafycrowns
in spring 2000 had 250% bark scorch. whereas
341 dead trces had 2507c bark scorch (Table 5).
M, ':t , ' l  the Lrees thlt fonncd leall irou ns in .prins
2000 had 0% bark scorch. Left bank resprouters
responded u,ell to >50% bark scorch ttbout1l%
ofall left bank resprouters had >50q. bark scorch.

TABLE 1. Tree respon\e Io thc Whatcon Creek fire. b)
cro\in scofch volu c. as of Mr! 1000. Leal
cro!!n: trees $ere alivc and had lbrmed ne\i
lcales iroln buds establishcd in lumner 1999.
Rclproul: rop kiiled tfee\ \l'iih branch sprcuts
lio buds on the slem. rcot cro$ns. or rools.
I )cadi  no v is ib le l iv iDg t issues.

No led alders on the left bank produced leafy
crcwns, regardless of percent bark scorch. although
77 alders on the righl bank, 22 with 5 45% bark
scorch, produced leafy crou'ns (Table 5).
Resprouting and dead alders were found in every
catcgory of bark scorch, t'rom 07. to 1007. on
both banks of the creek. with the majority on the
lefi bank. Most of the rcsprouters were in thc 50-
957o class, whercas most ofthe dead alders were
in the 1007r class. Dead alders on the right bank
were cvenly distributed through the three bark
scorch classes spanning 5- 1007o.

TABLE 5. Tfee responsc to thc Whatcom Creekfirc. b! per
cenl bark scorch classes. as of MaI 2000. Leal
crolvn: lrees \iere alive and had lbrmed nell
lcales liom buds eslablishcd in summer I99c).
Resprout: top-killed trccs $ith branch sprous
fiom buds on lhc slcm. root cfo\vns, or roots.
Deadi  no ! is ib le l iv ing t issues.

Percenr bark scorch
0 5-45 50 95 100

Crcwn scofch volumc
0 5-,15 50 95 100

Red rldef
t -c1!  bank
Righr bank

Black coftonwood
Lefi b.rnk
Right bank

Uiglcal  maple
Leii banl
Right bank

Red aldel
Leli bank
Right b nk

Leli hank
Right bank

Bjglcal naple
Left bank
Right bank

Rcd alder
l-cii bank
Right  bank

Black cotton$ood
Leii bank
Ri-eht bank

Bigleaf Draple
Lel t  bank
Righr bank

L€afr crown

0 0
2 8  1 9

,l  1l)
6 8  5 l

Rcd alder
Lefi bank
Right  bank

Black cotturvood
Lelt bank
Right b:nk

Bigleafnaple
Left bank
Right ba*

Red aldef
Lefi bank
Right bank

l-cli bank
Right  banl

Bigler fmaple
Lefi bank
Righi  bank

Red alder
Lefi bank
Righr ba*

Black cotlonsood
Lefi bank
Rightb.rnk

Bigleaf nraple
Lefi bank
Right  bank

L€afy cro\yn

0 0
2 2 2

0
9

I
9

0
-t

r 1

2
l 2

0
5

:1
39

l

26

211
8,1

2 l
)9

1 3

0
53

,t
102

U

2.\
6

0
0

0
1

2
9

t 3

0
0

0
0

{ l

6

r.)
J

Rc\prout

,7

38

0
u
Resprout

6

5

0

5

Dead

5
29

t )

t)
0

u

( l

t)

0
0

3 3  l 8
3 2

l l  1 6
2 l

5  1 8
2 0

58  189
28  21

l , l  l l
6 1

0  1 3
0 0
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Black cottonwoods with l itt le bark scorch
produced more lealy crowns in spring 2000 than
red alder or bigleaf maple (Table 5). Most leaty
crown cottonu,oods u ere on the right bank. Left
banl( cottonwoods that sun'ived)507c bark scorch
resproutcd strongly. MortalitJr and resprouting of
black cortonwoods related to lett/right bank lo-
cation and bark scorch. For erample, most of the
dead cottonwoods on the lefi bank sustained >507.
bark scorch. whereas most of the dead cotbn-
woods on the right bank sustained <50% bark
scorch. Many of the heavily scorched cottonwoods
on the left bank resprouted.

All bigleafmaples with leafy crorvns had 0?:
bark scorch. whereas all dead naples had 100c/r
bark scorch (Table 5) and 1007. CSV (Table,l).
No left bank maples had 07o bark scorch. and no
right bank maples had 1007c bark scorch. Bigleaf
maples resprouted across all four bark scorch
classcs. Leftbank maples with 100% bark scorch
accounted tbr 447,,. of alJ resprouted maples.

Discussion

Letf/right bank location, trcc diamctcr, crown
scorch volume. and percent bark scorch wcrc
important determinants of postfire moftality and
sun'ivonhip. Trees on the left biuk suftered greatest
moftality. prima ly those <60 cn dbh (Table 3),
highest CSV (Table 4). and highest percent bark
scorch (Table 5). Yet, 37% of the trees on the lefi
bank survived the fire, mosdy by resprouting (Table
2; Figure 41. Trccs on the right bank fared better.
where 697c survivcd thc fire. Most of the dght
bank trees produced nev"' lealy crowns in spring
2000 (Table 2: Figures 3.,1). indicating low se-
verit)' fire. Figurcs 2 and 3 show the postfire re
sponses immediately afier the fire and onc ycar
later. Leafy clowns are prominent in both pho-
tos. The snaller trees are dead. but the two
cottonwoods in the foreground on the dght bank
produced root sprouts in 2000. Snowbeny (S-rrn-
phoricarpos aLbusl in the understory resproutcd
strongly in 2000 (Figure 3).

The probabilities of survival difl'ered anong
the three species. and retlected the different fire
intensitics on the two banks of Whatcom Cleek
(Table 6). Figure 5 shows probabil it ies of survival
for crown scorched alder and cottonwood on the
lelt bank, as representati!es ofthc modcls gener-
ated by logislics regression. Red alder had the
lowest probability of sun'ival on either bank. and
clearly sutl 'ered the grcatest losscs in Lhis fire

(Tables 2-5). Except fbr right bank trees with 5Oclc
CSV, the probability that red alder will survive
with at least 50% CSV or 507r bark scorch was
)0.52 (Table 6: Figure 5). The lowest survival
probability was on the left bank lbr Lrees with
1007c bark scorch. Black cottonwood sunival
probabil it ies generally were much higher than red
alder even with high percentages ofCSV and bark
scorch (Table 6; Figure 5). AIJ values were 20.50.
ercepl fbr right bank trees with either 50% or
1007r bark scorch. There were tew cottonwoods
in these bark scorch categories, however, so that

TABLE 6. Probabiliry of survival for cach spccics at 509i
and 100?; CSV andbark scorch. according to lcli
banvrighr bank locadc'n. Thcrc $crc no dcldbig
lealnaples on the righr bank.

C S V
50 100

Bark scorch
50 100

lted alder
Left brnk 0.51
Right brnk 0.97

Biack cotl0n$00d
l-cli bank 0.92
Right  bank 0.95

Bigleaf n ple
I-eti bank 0.62
Right  hank 1.00

0.7rJ 0.66
0.15 0.01

0.)1
0.33

0.66
0.52

0.50 0.09
0..12 0.:9

r.00 0.60
1.00  1 .00

0.68
1 .00

I
i'
; 0.8

e 0.6

E o.r

I

; 0.8

?oo
. : 0 . 4

- 100-150 0 50 1m 150 200
csv

csv
Figure 5. Vlodels ol survi val probabilities ol cro\i n scorched

aldcr andcofion$ood on thc lcfl bank ofwhatcom
(lreek.

Cottonwood (left bank)

Wh tcoln Creek Fire -l -l



the values 0.25 and 0.01 mav be unreliable. For
example. only 9 cotton$'oods on the right bank
had )50% bark scorch. of which tuo surr''ived
(Table 5). Forcetton$'ood, high percent bark scorch
centributed more sfongly than high CSV to lower
sur\ival probabil it ies. Bigleaf maple is a known
fire endurer, and thcsc data cont'irm that classifi-
cation. The probabil ity that bigleaf maple wil l
sunivc was >0.60 on the left bank (Table 6). Thc
model predicts slightly highcr probabil ity of sur
vival at 100% CSV than 50% CSV because of
thc 39 maples with l007r. CSV. 26livcd and only
l3 died (Table,1). Bccause no maples died on the
right bank. survival probabil it ies of 1.00 may be
unrcliable: conversely. they mav accuratcly pre-
dict maple survival in lo\\ to moderate ittensity
lircs.

These thrcc species are known resprcuten,liom
sho)ts and root crowns (Berntsen 1961 , Fowells
I 965. Hanington I 98,1, Haeussler ;urd Coates I 9 86,
USDA Forest Service 1998). and all are known
to havc survived low intensity f ires in thc past
(Bailey and Poulton 1968, Dyrness 1973, USDA
Forcst Service J998). Bigleaf maple is the only
species of the three tbr which resprouting from
root crowns has been documented in response 1o
low intensity f ire (Bailey and Poulton 196E.
Haeussler and Coates 1986. USDA Forest Ser-
vice 1998). Generally. rcd alder, black cottonwood.
and bigleaf maple have been considcred unable
to resist or endurc high intensity f ires. such as
cxperienced by the left bank of Whatcom Creek
(Dymess I973. Agec 1993, USDA Forest Ser
vicc 1991i). It is clear lrom the postfire response
to the Whatcom Creek incident. especially on the
lett bank, that these species endurc at least mod-
erate intcnsity f ire, and they probably can endurc
high intensity fire. A11 spccics were represented
on thc lcft bank by trees that resproutcd
epicorrnicallv from stems and root crowns, and
from the roots of largc black cotton$'oods in [e
sponse to tire. The lefVright bank rcsponses pro-
vide insight into lire intensity/severity relation-
ships. Fire intensity and fire severity clearly were
hjgher on the left bank (Tables 2-5). The prob
abilities of surviving such a fire wcre correspond-
ingl), lower fbr all three species than thc conr-
p.lrrl i \ el\ le.\ inren:c right hrnk l lre en\ ironment
(Table 6).

Resprouting is an cxcellent adaptation to fire
(Agee 1993), although rcsprouting ability evoh'ed

primadly as an adaptation to herbivory (Lopez-
Soria and Castell 1992). A tew bitter cheries
(Prunus enarginald). ving maples (Ater
circirtatutn). and Scoulcr wil lows (Sa[-r
scouletiarut) also survived thc Whatcom Creek
lire by resprouting, cspcciirlly on the left bank.
Moreover. snowberry. oceansplay ( Hokrliscus
discolor.), sword lern (P ol y-stichurn mun it u m). red
cldcrberry (SamDncn s rucennsa \ ar. arbo re \cet:( ),
thimbleberry (Rrbris pan,lflorirs), Pacific black
bcrry (R. r/'sl71ar). and Hinalayan blackbemy (R.
dlscrlar) resprouted prolifically to provide rbun-
dant understory covel in the first postfire year
(Figure 3). Although riparian ecosystems ale sel-
dom subjected 1() wildfire. prolilic resprouting bv
many of the resident species has reestablished much
of the community along Whatcom Creek.

Top-kill and resprouting are inpoflanL rcsponses
to fire. Rcsprouting success of turkey oaks in
Florida depended heavily on complete top-kill
(Rebertus et al. 1989). Valley oaks jn California
successfully resproutcd when 1007r ofthe crown
was killed. The Whatcom Creek data suggest thar
red alder, black cottonwood. and bigleaf maplc
responded similarly. Of the resprouted ffees in
the bum zone, 88% had 100% CSV (Table ,1).
This positive responscby hardwoods to l00% CSV
differs from the negative response by conit'ers.
for which l00c/e CSV is a sure indicator of mor
tality (Wagner 1961, Methvcn 1971. Peterson
1983a, Peterson 1983b, Pctcrson and Albaugh
1986. Ryan and Reinhardt 19118).

Fire rcsistance is an excellenl adaptation in a
fire prone environment in the Pacillc Nofihwesl
(Agee 1993). Previously, bigleafmaple was char
acterized as an endurer; red alder and black cot-
tonwood werc characterized as invaders. AlthoLrgh
dpadan zones are not fire pronc, red alder. black
cottonwood. and bigleaf maple appear to be re-
sisters to low to moderatc intensity fires, depending
on tlee size ;ind actual firc intensity. On the left
bank. where fire intensity was high. only the larger
diameter black cottonwoods werc able to rcsist
the flames and heat to rclbrm new leafy crowns
in the first postllrc year (Figures 2. 3: Table 3).
Fire intensity on the right bank was undoubtedly
lower conrpared to the left bank. Representatives
of all three species, clearly in the burn zone. rc-
sisted Lhc fire and relbrmed leafy canopies on the
right bank in the first postlire year (Figures 3, 4).
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These three species should be considcred
enduers to moderitte to high inlensity fire, at least,
and perhaps resisters to some extent. The charac-
tedstics ofthe Whatcom Creck fire differed from
u i lL l l lnd  f i res  rTrh le  I  r .  De.p i te  thc  un ique nr
ture of this fire cvent. these species responded
positively to fire as an environmental factor The
rcsponses repofted herc can reasonably bc cxtrapo-
Iated to fircs in lowland riparian zones. Although
these communilies seldom bum. low to moder-
ate inlensity flres will not produce high mortality
among the dominant trees (Tablcs 2-6). Manage-
ment fires in riparian communities are not indi-
cated. but iffiles burn they should not be viewed
as an unmitigated disaster. Postfire rehabilitation
should be planned assuming that a high perccnt-
age ofprefirc trees (and much of the underston)
wil l survive the fire. cven with l00c/. CSV and
bark scorch (Table 6).

A close examination of Figure 3 reveals re-
centlv planted conifer seedlings. Douglas-fir.
westem rcdcedar, aurd westem hemlock have been
planted extensivcly in this pofiion ofthc burn zone.
Thcsc species never werc present in the riparian
conxnunily along this portion ofVy'hatcom Creek.
Postfire rehabilitation eflbrts in spring 2000, ap-
proved by the City ofBellingham and othertrusrees
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