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Abstract
$'(x)d) debris pile\. r nrrurirl col1lponcnt ofri!crs dralning the co.rstal foresls ofthe Pacific Nothwe\t pr'o! ide .r unique resoufce
in ihe ripari.rnr iver cofridof. $Je describe lhc disrribulion of woody debris piles on the Skykomish Ri!ef. Washingt(D, and exam'
ine their use bf birds and small manlmals. We lirund an alcragc of onc debris pile per l5 'n ofriler bank: the inside of thelie piles
ras significantl,v cooler than the arnbient en\ ironlnenl. O!er sir.lccn bjrd spccie\ rvere observed using ihe debds piles $hile othef
bird specie\ in the are.r $ere never observed on rhc dcbris pilcs. Thc olerall species richne,is of \mall mammals xas gfeatef rt
debris piles (9 species) rhan at reterence silcs ir ncarb,"- arcas $ilhout $oody debris (.1 species). On cobble b s. there \\'as.r
greater rbund|nce of slnall lnannnals at dcbris piles than aI reitrence site\. $'e conclude that debrs piles ma) prolide ! luable
resources to both birds and small mam als parricularll, oi] otheNise brrren cobble bafs.

lntroduction

Rivcrs in the coastal forests ofthe Pacilic North-
u'est region of Nonh Amcica transpofi consid
erable woody debris as logs. branches, and
rootwads. During high flows. woody debds ac
cumulates on gravel bars, on channel shores, in
ripadal tbrests. and even in upland forcsts where
the channel has migratcd suddenly (Bilby and
Bisson 1998). Historically. debris has been an
integral component of Pacific Nonhwest stream
ecosystems (Gumell et al. 1995). Archival records
document strcams that were filled with fallen trees
and maior river systems choked by drifiwood danrs
(Harnon et al. 1986, Sedell ct al. 1988). Debris
deposition and accumulation continue to be tun-
damental processes in river ecosystems (Abbe et
al. 1996, BiJby and Bisson 1998, Felhe$ton et
al. 1995). Accumulations of woody debris pro-
vide potcntially valuable resources for birds and
small mammals in the riparian-river corridor.

Riparian areas ae biologically diverse and
suppoft extensive bird trnd small mamnal conr
rnunitics (Kelsey and West 1998, Lock and Naiman
1998, Raedeke 1988, Naiman and Dacamps 1997).
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Although there is a vast literature describing the
dependence of many species of birds and small
mammals on downed wood in upland forests
(Harmon et al. 1986, Maser and Scdcll 1994).
and the importance of coarse woody debris to
stre ns and aquatic organisms (Bilby and Bisson
1998. Bisson etal. 1987. Harmon et al. l986.Maser
and Sedell 199,1), the value of riverine wood as
habitat for terrestrial organisms has bccn cxam-
incd only once (Mason and Koon 1985). In the
riparian-river corridor, voody debris piles may
aggregate scarce food resoulces such as seeds,
insects. rnd f'ungi and also provide shelter liom
predrtors and extreme environmental conditions
(Mason and Koon 1985).

In this study, we describe riparian debris piles
and their use by birds and small mammals along
the Skykomish River. Washington. We examine
the distribution and abundance ofdebris piles and
compare their internal temperature regimes vith
the external cnvironment. We compare the abun-
dance and species richness of birds and small
manrmals between piles of di11'erent sizes. between
old and newly-dcposited piles. and between piles
on exposed cobble bars and piJes in tbrested ar-
eas k) idcntity key features contdbuting to ob
.er \ed  p i r l le rn \ .  For .mr l l  mrmml ls .  i t  i s  p , , : -
siblc ltl document changes in the use of debds
piles over the breeding season and to test the hy-
pothesis that debris piles provide habitat that is
pref'erable to the surrounding environment.
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Methods

Study Area

Thc North Fork of the Skykomish River drains
the westem slopc of the Cascade Mountains in
the State of Washington. USA (Figure l). The
I .6 km study area is located on the southem bank
of this fourth order river, l4.4 km northeast of
the town oflndex. Channcl slope is L8% with a
side slope gradient ranging from 40-807r. typi-
cal fi)r the Pacific Northwcst coastal ecoregion
(Naiman et al. 1992). The Pacilic Nofihwest coastrl
ecoregion is characterizcd by high l1ows during
the rainy season, from Octobcr to January. These
llow rates can be as much as l00 tines thc mini-
mum 11ow during thc dry season. liomAugust Lo
Septenber The rneandering channel of'ten changes
course liom year to year as a result of these dra

matic fluctuations in flou'andis markcd by shitting
cobble bars both on shorc and within the chan-
ne]. Woody debris piles are present on nost cobble
bars. in the riparian tbrest, and at the edges ofthc
upland forcst.

Where the river has cut into the bank it tlows
ncxt to an established forest. There are two typer
ofestablished tbrest at the study sire: ( l) predomi-
nantly 60 year-old. second-growth Douglas tir'
(Pseudotsuga nrenziesii) and western hemlock
(Tsuga heterophylla) and (2) riparian forcst corn-
posed predominantjy of 40-ycar old red alder
(Alnus rtrbru) and cottonwood (Populus tricho
carpa) with westem rc d, ced,ar (Thuiu pliutLi). si]lver
fn (Abies annbilis). westem hcmlock, and big-
leaf maple (Acr:r maor4rlt_r //rin ). Whcrc the river
is depositing material. therc are neu'ly formcd
cobble bars which support a young riparian for-

Figufe l. SNdl 3rc:r- the Nolh Fork Skikomish Ri\cr. \\lbhirgton State. l)cbris piles are indicxted b,v dols. Debfis piles
includcd in Ihe or ig in.r l  I6-pi le sanrplc arc ndic.r ted by squares.  IheI- ldcbr ispi lesrddedforrhcl inals lndlmal l lmal
sampling arc rcprcsented br triangles. fhc schclnalic include\ agap bcN!ccn lwo srmpling areas. rcpr.senting an
unmarned 3 k Dordon ol river.
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est, composed mainly of I to 12 yr old red alder,
wil low (S.' l1l} sp.) and cottonq ood.

In Novenber and Decembcr. 1990, a series of
three 11oods (approximate 40 yr lecurrence inter-
val) created new cobble bars and debris piles in
the study area. We could distinguish nevly de
posited debris b)' the presence of grcen needles
attached to the $t)od.

[,4apping and Samp ng

All debris piles were rnapped and sampled be-
tween January and November. l99l.Forthepur-
pose ofthis study. a dcbris pile is defined by two
criteria. It must be composed of more than one
piece of river-dcposited wood and it mttst have
dimcnsions grealer than I x 3 m in arca. All de-
bris piles u,ithin 50 m of the active channel were
mapped over a total distance of 1609 m (Figure

l). Length. width, maximum height, age. distance
to water. substrate (soil or cobble) and distance
to the edge of the fbrest were recorded tbr each
debris pile. Age was categonzed as new (depos-
ited in 1990) or old (deposited befirrc 1990). Pilc
sizc was approximated by the horizontal sufiacc
arca of the dcbris piJe.

In thc spdng, a stratilled sample of 16 piles
was selected according to pile agc (old or ncw).
location (fbrest = soil substrate or cobble bar =

cobble substratc) and size. The stratification re-
sulted in 2 each of the 8 possible pile types, i.e.
small. old, fbrestcd piles or lalge, ne$'piles on
cobble bars. In the t'all. an tdditional 13 piles were
similarl)- selected to increase the sample size lbr
the linal small mammal trapping.

Ternperature Monltoring

Maxinum-minimum thenloneters were used k)
compare the themral microclimate of the l6 original
piles with ambient conditions. Thcrmometers,
placed simultancouslf insidc and outside, were
rotated bctween pilcs so that mcasurements were
recorded at each debris pile for two 2'1-hr sam
pling periods in late August, early Scptember and
for two 2:l-hr periods in carly Novenber.

Temperaturc data werc analyzed using paired
t-tests to compare internal and external mil"ximum
and minimum daily temperatures (Zar 1984).
Ecological systems are pafiicularly Yariable sys
tems: therefore, in thesc and subsequent sta-

tistical tests, P-r,alues of < 0.1 were consid-
ered significant.

Avlfauna

Each ofthe original 1 6 debris piles were observed
for 40, 15-rnin obseNation periods between 21
June and rt July, resulting in a total of 160 hrs of
obsen"ation. Obserr,'ation periods fbr each pile were
evenly distributed fiom dawn until dusk. Birds
u'ere visually identified to spccies and their ac
l i \ i l i c .  uere  rceorded.  I  p  to  l \ \o  i l c l i \ i l i e \  \ \e re
rccorded fbr cach bird observed on a debris pile.
Bird use of debris piles was defined as landing
on the pile oroD an associated snag. An individual
bird's location was noted as being on a perch, on
the main surlace of the debris pile. inside the de-
bris pile, or on an associated snag. AII birds seen
or heard during the surveys but which were not
using the debris piles were also idcntified and
recorded.

Small l\4arnmals

Spring and Fall Trapping: T\\,o pitfall traps and
two Sherman live traps were placed at each of
the ori-einal 16 debris piles. Thc traps were set
over six nights between 22 30 April and, again,
over six nights betwcen 29 August and 11 Sep-
tember. Sherman live ffaps were baited with oats
and ground becf. Most animals were captured alive.

Final Trapping: Two pitt'all ffaps. t\\'o Sherman
live traps and two snap tmps $ere placed at each
of 29 debris piles. for a total ol 174 traps. Traps
*,cre lelt open from 5-lJ November. They were
chccked and rcbaited oncc a day.

Fr r r  the  f inu l  t rapp ing . , 'ne  re fe rcnce s i tc  ua .
rJLle.l for erch Jcbris pile. Thc re[crenee sitc u as
an area at least 10 m fiom thc pile and physically
sinilar to thc area of the pile but $'ithout woody
debri s. S imilarity was based on perccnt forest covcr.
substrate. distance to the watel, and overstory spe
cies composition. One pitfllll trap, one Sherman
live trap, and one snap trap were placed at each
retercncc \i le. f i,r J lolal ol lJ7 lraps.

We cut tail hairs, used eartags where possible,
or renoved a patch of dark outer hair to identify
previously captured individuals. Manmals were
identitied to species in the lield if captured alive
or by thc Burke Museum staff. University of
Washington. if capturcd dead. Tail length was uscd
to differentiate between deer mice (Peromtscus
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nlaniculatust ( 96 ntrn) and tbrest qeer mlce
(Perony.st:trs keeni;> 96 mm) (Hogan et al. 1993).
Juveniles and Perorilscirs fbr whom accurate idcn-
ti l lcation $'as not possible were classified as
Percmlstus sp. (Gunn and Greenbaum 1986).
Otherconmon and scientific names are tiom Jones
et al. ( 1992).

Data are presented as total numberof individuals
per species and as catch per unir e1Toft (CPUE),
the estimated capture rate for.one trap per 100
trap nights. CPLIE was calculated iblJowing Nelson
and Clark ( 1973):

CPUE= A x  100/ (TU-rS/2)

Where:A = number ofanimals captured, I = length
oftrapping interval. S = number oftraps snapped,
TU = P x I x N. P = numberof lrapping intervals,
and N = nunber of traps. Estimates ofCpUE nay
be conservative comparcd to those of other au-
thors because we classitied only those traps closed
due to the caplure of an anintal as snapped.

We compared CPUE, and species richness
between piles of differcnt ages. sizes, and loca-
tions using Wilcoxon rilnk sum tests. We also used
lmcarregression [o test whether dist,Lnce ofa debris
pile from the forest was a significant predictor of
small mammal CPUE or richness. CpUE com-
padsons between debris piles and reterence sites
used pcrmutalion tests for thc mean of two paired
samples (Cood 199.1).

Results

Pi le D str  but ion

A total of 106 piles wcre mapped along the 1609
m of study area, resulting in a densitv of one de-
bris pile per 15 m ofriverbank (Figure l). Debris
piles covered areas ranging frorn 3 mr to 530 m2
($= 26 2 mr.6,2= 17.5) and were clustered at the
upstream cnd ofcobble bars and n'ithin the asso-
clated riparian tbrest. The largest piles were on
cobble bars (p=0.05) and tended ro be washed
up against a patch ofriparian forcst. In some cases,
vegetatron growlng within and directly upstream
of the oldest piles uas > 30 yrs old.

Internal P e Temperature

The average maximun daily tentperature was
3.2 'C coo le r  ins idc  the  p i les  than ou ts lde
O<0.001 ). Although rhe average daily rurnrmum
temperaturc insidc the piles was 0.3.C wanncr
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than outside. this trend was not statistically si-q-
nificdnt.

Avifauna Use Patterns

A total of 125 obsenations of birds using debris
piles (16 species) were recorded during rhe study
period (Table lA). American robin was the nost
abundant, accounting fbr 437e of the observations.
Swainson's thrush (l l%). dark-eyedjunco (9%).
rough-winged swallon' (6%1, hairy woodpeckcr
(5%), empidonax flycatcher (57.), and Sreller's
jay (.1%) accounted for the majofity of the orher
observations. Eight individuals (67r.; were un-
identif ied.

TABLE lA: Bircl spccies obscrved on a debri! pite.

Comfrnn N,rme Scrcnuf i (  NJme
Feeding

Gui ld

S$ainson's Thrush
Stel ler 's  Jay
Dark-e,vcd Junco

Spa|row

Rriugh winged
Swrl lou

Epjdonax fltcatcher

Cedar \\rax\ring

Varied Thrush

Calliopc
Hummingbird

Ruibus
Hu|lnringhird

Alnerican Robin
Black-throared

Gra) Warblef
Hair"- \V0odpccker
Beited Kingfishcr

()dnot ttkt stelleri

Z,totti.hi0 !ercqhDs

Piransa ludoti(iana
BotLh\(iUa ceh"Ltnl

'h 
oglodIx,t tt ghl\'Ies

Turd s nirmtuius

D!ndrcicu niltrcst en\

OGF
OGF
OGF
OGF

IAS/1ASc

IAS/ lASc
IAS/1,{Sc
IAS/tASc

IGG
lCiG

OFHC

or-uc

OLCF

1 1 , C G
ItsCJ

Eleven species were seen or heard in the study
area but never observed on the piles (Table tB).
Thesc include Golden crowned Kinglet. yellow
Warbler. Yellow-r'umped Warbler, Mountain
Chickadee, Vaux's Swift, Western Wood pewee,
Spotted Sandpiper Lincoln's Spanow. Baltl Eaglc.
Red-tailed Hawk. and Cornmon Merganser.

The majority ofbird activit ies (54%) at debris
piles required only the physical structure of the
debris pile. lbr example perching or hawking. ln
nearlv one fifth ofthe activities, birds were oosenecr



' IABLE 
18.  Birc lsp.c ies hearddur ing surve," 's  but  ne\erob

servcd on .r debis Pile

TABI-E 2. Si)all mannnrls captLued a( debris pilcs in the

spring and lall su|\els bJ ab$lule numbef rLnLl

crlch pcr unit efl0rl (CPUE).

Sprtry Fall

Numbef CPUFI Nunbcr CPLTE
Conlnlon Name Serertifi.: \.une

Feedlng

Cui ld

ILCG
LCG
LCG
ILCC

IASc
IAS

tscl
ocl1-
cGs

CGH
PFD

Spccies
colden-cfo! \ncd Kinglet

Ye !1o$-funpcd Wifblcr

Chick.rdee

Weslern Wood Pe$ee

Spor|.d Sanclpiper
Lincoln s Sp r t  \

Bald Flagle

Red-tr iLed I Ia\rk

CommoIr Nfergrlnscr

D?t nica p4ed1it1

DetdntLa tn ndtu

( n tupus \oftlidulus

McLo\t)i.d litltol ii

Mctrus nergdn\(r

Pe ntn| scu \ nluni c u Idu \

S.,rx spp.

ivlitn| s |o gitt1Ltd s

N.unnichut  g ibbsi i

6 L,l
13  7 .3
I  1 . 1

8  2 .1
2 0.5

12  1 .6
]-t li.:
3 L{.)

12 : l . , t
6  i . l
I  0.1
3 0.c)

| 0.6
I 0.0
2  1 . 3

r 0.6

5  1 .2Ke)- ro guild abbrcviaiiors: CGH = c.rrri\ore. ground ha$ker;

a L ; \  - , : , r 1 . \ r r r .  C r " u . l ' l  . . J \ r r  e e : l A \ -  n e . r r \ r - r ' - i l

, r , , r c r l  I \ S .  -  r . e .  i \ u r ( .  : r  . .  ( e n . '  l B C  -  I n ' c c  ,  r i

bark glernei lC;G = irscctilofe. ground glernerr ll-CG =

in scct ivore. lower-canopf gleanef: ISC = in\ectlvore. shofe

line gleancri OGF = on ! nilore. groundforrger: OFHG = on

ni! orc. il oml ho\ cr glexner: OI -C F = omnr\ ore blver ca'rop)

ibrager PFD = pisc i \ ,orc.  $rrer  foot  p lunger:  PWP =

piscilorc. $atef-plungcr (nrcdilied lion De Grarfet al 1985)

simply to pcrch on thc highest branches. Birds
were also obserrecl eating. ti)raging, singing, call-
ing, and chasing. Fifteen percent of tlle activities
in i ludeJ  en tc r in l  in ' i Je  dehr i .  p i les

SmaLl  Mammal  Use Pat te rns

Sp ng and Fall Trapping

The total number of n.rammals caught (p=0.02)

and speciesrichness (p<0.01), at each pile, increased
significantly from spring to tirll (Table 2.1.

Final trapping

Nine stnall mantmal specics were captured in the
debris piles compaled to lbur at thc refercncc sites
rTrble t.J. Orer rl l  . i te.. .pe. ics ri. hne." t"r i ls . ig-

nilicantly highcr at the dcbds piles thaD at the
reference sites (p=0.02). At sitcs on the cobble
bars. there was a signilicantly higher CPUE 1br
total small mammals at debris piles than at reter-
ence sites (p=0.02) (nrble ,+).

Comparing patterns between different t)pes
of piles. the oDl)' signiticant tinding was between
new and old debris piles. Therc were significantly

T0tul

]ABLE L Small manrnals caplLrrcd at debris pilcs and rel

erencc sites b) lbsollrte numbcr and catch pcr

unil eff(nt (CPUIl). CPUI calculrted ibr all pile\

Iogether.

3 l 15 .0 10. I

Sne.ie\

Debis Pile Rclerence SiLc

Nwnber CPUI-- Nunbcr C'PLIE

1{J

tl

I

6
2.
I

i
I

I

-12

nore man'rlrrals citught at new debfis piles than
at old debris piles (p=0 06). This trend appears
to be driven by Pemrnscri.i fteeiri which was sig-
nitlcantly more abundant at ne$' than at old de
bris pilcs (p=0.07 when abundance at new versus
old debris pifes is cornpared ibt P keeni alo:re).
New debris piles also had a signil icantly higher
species richness than did old dcbris piles (l=0.08).

b l

Perom\vus  ldn iu l t tus

itl ict.t s ItnItt:t1udu\

Neuto t r i thus  q ibhs i i

2 .2  5
1 .3  . l

t) .1

o.2

0 .1

2 . )

0.1
0 . 10 .3

t).1

0.7
0 .2
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IABLE,1.  t r lean cr tch pcr unir  e i lor t  (CpLE) ol !nr ,  l  mam
muls bi gcnera ibr debris piles andrererence slles
on dle cobble bar and in thc ibrest.

Cobblc B.r| Forcs(
Debris ltclerence Debns Reiirence
Pi lcs Sire\  Pi les Sire\

tungal colonies may grow and flourish o\er t ime.
The availabil ity of insects can be enhanced by
the presence of debris piles. For example, insect
populatlons recover fiom disturbances more
qurckly in the presence of woody dcbris (Ander_
son l992). And, the piles create wind eddies thar
may aid in depositing airborne fun-qal sporocarps.
and light seeds (Mason ard Koon 1985).

The Use of Debris P les by Avifauna

The physical structure of debds piles u,as usecl
by a variety of avian species. Over 1 6 species of
birds were obsen'ed landing on the debris piles
(Table 1A). Many other species of birds were
obsen'ed orheard il the study area but wcre never
seen using the debris piles (Table lB). Overall,
577. offie species detected within the study area
were observed on the debris piles.

Whether  o r  nor  ln  ind  i r  idua  j  I  ron t  r  p i l r r i ( . r l
lar specres was observed on a debris pile could
otten be explaincd by functional fceding guil<1
(Table 1). Of the species hcard in the area but not
seen on a debris pile. 33% belonged to f'eedin-e
guilds never observed using debris piles (insec
tivorous shoreline gleaner. carnivorous gr-ound
scavenger. carnrvorous ground hawker, piscivo
rous u'ater foot-plungcr). Another 33ic were in_
\ec l i \  o rou :  (  Jnop)  -p  l c lners .  On 11  one in \c \ l i \o -
rous canopy glcner. ablack-ttuoated gray warbler,
was observed on a debris pile.

Birds used the debris piles firr a variety ofcom_
mon activit ies. The majority of bird use required
only the physical structure of the debris. Thesc
activit ics included perching. hawking. and hop
ping. Other observed activit ies were territorial;
birds sang. calied. and chased each other tiom
perch to perch. Foraging was obser-ved il sone
cases bul the food itsclf could not be idcntifiecl.
A ferv birds were also observed entering insicle
the debris piles. The use of the internal space is
interesting because. previous to this study. bird
nsc of similal internal eovironnents has not been
well-d()cumented.

The Use of Debris P es by Small lvlammals
Over allthree suncys, capturc rares at debris piles
$'ere higher than thosc reported by McComb ct
al. (l993) for riparian fbrests in the Oregon coasral
forests. Data fiom the sprinr and fall suneys
display an increase in both species richness and
abundance over thc summer months. This changc

t .( l

2 . 1

[ . i

-1.9

u.( l

0.0

3 .9

) . 7

0.t)

9 .5

t . 5

0.0

I 1 . 0

Size was not a signil icant indicator of clebris
pile habitat valuc. The smallest debris piles. <10
mr, were used by small nrammals as frequently
as the largesl piles. >100 nrr. Smrll nlamnals
\verc captured at debris piles as far as 107 m fron
the tbrest edgc but distance fiom the forest was
not a significant prcdictor of small manmal pat-
tcrnS.

Discussion

Piles of riverinc woody debris. deposited in the
npanan zonc, ate a common, natural leature of
PaciUc Northwest ecosystems. Debris piles can
be enormous. with a fbotprint of over 500 m2.
and. once established, may withstand Jarge flood
events and becomc long-term fcaturcs ()tthe ri\-
eri le landscape. As indicated bv Iocation and age
()1 curent vegetatiot], rnany debris piles in this
study rre older than 30 yrs. These debris piles
have intcrnal tcmper.atures thrt arc cooler than
the ambienl cnyironment and provide a physical
stuuctue that eDables resting and hawking bv many
species of birds. Small ntamnals were captured
at debris pilcs ir both rhe spring and fall, con-
finning that these piles are used by small nram-
mals ovel the breecling season. Captule rates were
higher at debris piles than at similar reterence sites
on the cobble bal.s sugsesting that they migl.]1 be
important habilat conlponenls worthy of further
in\'estigation.

Despite their banen appearance. cobble bars
are plcnti l ir l  sources of iDsects (Rector l99l ) and
birds or small nranmals mav use dcbds piles to
take advantage ofthcse food resources. The physi-
(a l  . ln rc l l t re  o l  u , 'od) , - l chr i .  n r i !h t  e r  e r r  inere , rsc
the availabil ity of lbod resources, such as fungi.
insects. and seeds, on the cobble bars. Debris is
olten ripe with fungal spores when init ially de
posited (Shearerand Von Bodman 1983) and thcse
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