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Abstract
The veftical occurrence of the smal1 bird assemblage (songbirds. small woodpeckeN. nighrhawks. and s\l''if!s) in a -,1 ha srand
wilhin the T T M unger Researc h Nalurai Area, a 5 00 yr old Douglas-fir-wcslcm hem lock tbrcn. was quanrificd 1() characterizc
lhis assemblage and determine rvhcthcr bids are verlically srratified \\'ithjn rhe canopy. Wc used a gondola suspended from a
construction crane to count bi.ds in a weekly series of\'crdcally stfadfied fixed area point counts.5-min, 30 m radi;s, in the lower
(0-20 m). mid (21 .10 m) and upper (,11 60+ m) canopy. Dala are from 2 | March 1996 ro 2l March 1999. and included I I I surlev
da]' s (nean ,lu counls/yr. March June ,12, July-Ocrobcr 46. November Fcbruary 33). 't'\\,cnt) 

nr|1c specier ,,f hrLJs $efe derc(l(J
in the plots; the 20 nost coDrmon wcrc used fbr:rnal]'sis. Fii|een of rhese spccies $ere derecled sisnificanrl!. more ofien in onc
rone ot the canopy. Tinber lbliage inscclilores. air insecdvores. timber seed calen. and mosr low urderstory herbilore-insecri
\orcs \yere stratified !r'ilhin the caDopy. Bark insecdvores (erccpl brown creeper) and omnivore-scalengers (excepr gray.iay),
ho$,evcr. were not stratificd wilhin the canopy. The rumber of bird detections shifrcd to the upper canopy during winrcr One
species uas generally restrictcd to the lowercanopy. and file specics wererestricted to the uppercanopy, ryhereas no specics were
found cxclusiveli' in the inid canop). The small bird assemblagc ol this old-gro$,th lbresr stand $as \,erdcallv and scasonallv
pattemcd and the venical foren sructure. particularly within thc upper canopy. reflccG these parrem,

Introduction

Characterization of the vertical pattern of avian
occunence in a plant colmunity is a key aspect
of understanding terrestrial bird assemblages.
Dunlavy (1935) recognized thc term phyto-vcr-
tical distribution to describe the distribution of
birds in any vegetation formation. He cited vari
ous examples of how ornithologists had defined
the vertical zones in different vegetation and which
birds occurred within these zones. Over the in-
tervening 65 yr, omithologists have quantified rhe
vertical patterns of birds (MacArthur and
MacArthur 1961, Anderson et al. 1979. Morrison
et al. 1990). The vertical occurrencc of bird spe-
cles provides clues to the importance of vegeta-
tion structure, and provides a framework for more
in-depth studies of avian biology and ecology.

Within the Pacific Northwest of Nofth America,
tree species composition (particularly broadleaf
versus conifer). gaps, vegetation cover, canopy
height, snags, branch architecture, bark texture.
fbliage type. arrtrngement and density. and stand
age are impofiant attributes fbr habitat selection
by birds in natlual forests (Sharye 1996). Old
growth conifer forests are pafiicularly impoftant,
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because old growth trees haye distinclve crown
fbrm, with well-developed branch structure. dead
branches and tops, and epiphytic communitics
(Clement and Shaw 1999, McCunc et al. 2000)
that conffibute to a complex and vertically orga
nized lbod wcb (Cnrroll 1980). Nesting avian
species that are known to have thet greatest abun
dance in old growth tbrests include hairy wood-
pecker (.Picoides riLlosirs), red breasted sapsucker
(S p h 1- rap ic us rubh e r ), pileLtted woodpecker
( Dryoc opus piledtl"r), Pacitic-slope fl ycatcher
(Enpidonax dffici l is). olive sidcd flycatcher
(C ontt4t uS boreal is). red-breasted nuthatch (s'it/a
c qfl adens i s), winter wrcn (Tm glod! te s t rc g lodlte s),
brown crecper (Certhia anericana), chestnut-
backed chickadec (Poeclle rufescers), varied thrush
(lxoreus naevius), hermit thrush (Cutharus
gaaatrs), red crossbill (k)xia curvirostrd), everliDg
grosbeitk ( Coccothrausl"r re.rpetlnur). and Vaux's
sw ilt l.C ae tura v dux i).

Food resources and sfucture of temperute hard-
wood (broadleal) tbrests differ tiom temperate
con i lc r  I i , res ts .  uh ich  in f luencer  r r  ian  compos i -
tion, use, and veftical occurrence (Jackson I 979,
Sabo and Holmes I983. Sharpe i996). Conifers
produce secd crops favored by nuthatches (Sitr.r),
siskins (Cardlelis). ard crossbills (l,orra). whereas
hardwood forests produce fruits and nuts favored
by waxwings (Bombcilla). tdragers (Pirangd),

and thrushes (Catharzs, Tar
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and thrushes (Catharus, ?urdls) (Sharpe 1996).
Conifer trees tend to have an excurrent crown
architccture with a single main stem (Oliver and
Larsen 1990), and the upper canopy becomes an
aggregation of spire or columnar tops, separated
in space, with age. Hardwood trees, on the other
hand, generally have a more decurent crown ar-
chitecture with multiple stems in the upper crown
(Oliver and Larsen 1990). This results in spread-
ing crowns that are largest near the tops, and the
upper canopy of hardwood fbrests can fbrm a
closed fbrest canopy due to the intersections of
these crowns. Young conifertbrests may also have
a closed upper canopy, but old growth Douglas-
fir (Pseudotsuga mer:lesil) fbrests generally have
an open upper canopy (Parker et al. 2002).

Within old-gfowth Douglas-lir forests the lower
canopy encompasses the dim light zone (Parker
1997) and includes impoftant resources such as
the tbrest floor and soil, down logs, understory
vegetation including berry and seed producing
shrubs, lower boles of trees and snags, and all
the associated arthropods that emerge from soil
and forest floor The mid canopy environment is
within the transition l ight zone of Parker (1997),
well above the understory vegetation, and fbli-
age ofshade tolerant species such as westen hem-
lock (.Tsuga heterophtlla) and westem redcedar

(Thuja plicata) is concentrated here (Parker 2002).
Tree and snag boles, dead branches, heart rot of
I i re  t ree i .  and in t ra  cunop l  gaps  are  imponant
structural elements. The upper canopy is in the
bright l ight zone of Parker (1997), and is com-
posed of the tops of the dominant and co-domi-
nant tree cohort (Figure l). Douglas-fir foliage
predominates. Most ofthe coniler seed cones occur
in this zone. There is extensive heart and top- rct,
many dead tops, double tops, snags. and dead
brunches th . r t  p r r r r ide  hrb i ta t  l t r r  Lur i t ;  nes t ing
birds and roosting birds, and food resources for
wood tbraging birds.

Old-growth Douglas-fir forests of the south-
em Warh ing ton  Ca.cadcr  a rc  impor t rn r  $ in rer
habitat forresident birds (Manuwal and Huff 1987,
Huff et al. 1991). Bark insectivores, t imber fbli-
uge inseclivore.. loll understory herbirore-insec-
tivores, and timber seed-eaters are more abun-
dant in old-growth than young and mid seral stages
of Douglas-fir fbrests dudng winter (Hu1T et al.
I 99 1 ). Characteristics of old-growth Doulgas-tir
forcsts that may account for this are more reli
able cone crop due to higher conif 'er species
diversity. higher density ofwestem hemlock, which
is preferred by some foliage insectivores in win-
ter and has a more regular cone crop, higher den-

Figure L Phorograph of thc wind Ri\er Canopy Crane, T. T. Munger Resedrch Natur:rl Area, Wind Ri\er Experimental Forest.
near Carson, washinglon. View is lookjng northeast, and includes old-gfowth forest surrounding the canopy crane and
- 75 )ear old lbrcst in lhc background. Photo by Jerry F. Franklin.
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sity and larger snags, and higher density oflarge
diameter (>100 cm dbh) l ive trees.

Most research in venical aspccts of bird as-
semblages focus on foraging (Sabo and Holmes
1983, Airola and Barrett 1985, Morrison et al.
1990) and this is olten limited to a small subset
of the ar i ln as\ernbhgc. .uch a: cr\ it) ne\ter\
(Lundquist and Manuwal 1990, Weikel and Hayes
1999). One study that took a brcader perspective
considered filur eastern North Amedcan temper-
ate fbrest stands in Tennessee and provided data
that include vertical distdbution (Andenon et al.
lq rq ) .  About  ,+0 ' ;  o f  rhe  ar ran  rc r iv i t l  wus  i r l
the ground level, and the rernainder of the activ-
ity was distributed unitbrmly through the canopy.

Old-growth Douglas-fir forests of the Pacific
Nofth$,est, with tall stature and complex vertical
vegetation structure. provide challenges and op-
ponunities tbr tbose who wish to observe birds
in the mid and upper canopy sfata. Rcscarch on
the vefiical organization of avifiruna in these 50+
m forests is generally l imited to studies by
Lundquist and Manuwal (1990) on four resident
clvity nesting species in 48 stands of young and
old forests, and Shaw and Flick (1999) using a
canopy crane lbr five resident spccies in one old-
growth stand. Lundquist and Manuwal (1990)
organized their observations of yertical foraging
Iocations around individual tree crowns (upper
crown. mid crown. lower crown, beJow crown.
no limbs. logs), while Shaw and Flick (1999) or
ganizcd their observations of vertical occurlence
on whole forest canopy zones (upper. rnid, and
lorler).

Lundquist and Manuwal (1990) found that
brown creepers were most cornmon in the below
crown region, and this remained similar during
spring and \'",inter. Chestnut-backed chickadees
were conrmon throughout the crowns, slightly more
cornmon in the upper crown during winter, but
generally similar between seasons. The hairy
woodpeckerwas most abundant in the below crown
area, with subtle seasonal shifts, and the red-
breasted nuthatch was most abundant in the up
per and mid crown area in spring, with a distinct
downward and inward shifi in winter.

Shaw and Flick (1999) tbund the red crossbil l
was almost excl u s ively l imited to the upper canopy,
and this remained relatively constant throughout
thc year with some occurrence in the mid canopy
in spring. The winter wren was limited to the lower
canopy all seasons. The brown creeper and golden-
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crowned kinglet (Regulus satapa) occvred
throughout the canopy. but were most abundant
in the mid canopy, and this remained so through-
out the year. The chestnut-backed chickadee was
mo' t  abundan l  in  the  uppercanopy dur ing .pr ing
lrnd autunn, and most abundant in the mid-canopy
dudng summer and winter.

Our objectives were to characterize the ve i
cal occunence of the small bird assemblage in a
tall stature old-growth Douglas fir forest stand.
Previous work (Shaw and Flick 1999) using 2 yr
ofdata (included in this study) indicated that five
resident species are stratified in thc canopy. and
this stratitication may shift with the seasons. This
study focuses on 20 species, includes 3 yr ofdata,
and attempts a more assemblage-wide analysis.
We hypothesized that diumal small birds will be
stratified within thc canopy. and that each spe-
cies would be unevenly distributed within the
canopy. ln addition, we also asked whether these
patterns shified with seasons and whether the
pattems wc observed in this old growth forest
were similar to those rcported for other tem
perate forests.

Study Site
In 1995, a construction crane was installed in a
60+ m tall old-growth Douglas-fir-western hem-
lock forest in the southem Cascades, Washing-
ton, for use as a forest canopy obseNatory. The
Wind River Canopy Crane (Figure 1) provides
access to the entirc veftical spectrum of the for
est canopy. The crane jib (75 m) is I 1.5 m above
the tallest tree (63.5 m) and researchers can be
Iowered into the canopy in a gondola. The canopy
crane was used to sui v-ey avian occufience through-
out the vertical profrle of an old-growth tbrest
stand. A major limitation in this approach is that
only one fbrest stand is sampled. Thcrefore, any
implications fbr forests in general will require
further investigation.

The study site is a -,1 ha fbrest stand located
at the Wind River Canopy Crane Research Fa-
cility (http://depts.washingron.edu/wrccf) in the
T. T. Munger Research Natural Area (478 ha),
Wind River Experimental Forest, near Carson,
Washington at 371 m elevation. Mean annual
precipitation is 2,17 cm, however, June, July and
August reccive only 5olo of this total. Mean tem-
peratures are 8.7'C annually, 17.0'C in July, and
0.0'C January. Snowfall averages 233 cm. The
site is in the transient snow zone. wherc snowpack
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The forest is a 500-yr old Douglas fir-westem
hemlock stand (Franklin 1972. Franklin and
Dyrness 1988) with a significant component of
westem redcedar. Pacifrc yew ('faxtrs brevifulia),
grand fir (Abies grandis), and Pacific silver fir
(Abies amabili.t l.Total density of trees >5 cm di-
ameter at breast height is ,129 trees/ha, and basal
area is 82.9 m]ha. Douglas-1ir dominates the stand
in height and basal area (35.0 mr/ha), howerer,
western hemlock doninates in density (22,1.0/ha
>5cm dbh), and amount of foliagc. The under
story isdomin ted by yrnem ple (Acer circindtun),
sa\al (Gaultheritt sha llon) , Oregon grapc (Be rbe ris
rrrurrsa), Alaska huckleberry (.Vaccinium alasko
r:irse), red hucklebeny (.Vacciniun panifoliun), and
a variety ofherbs. fems. and bryophytes. Gram i noids
are rare. Coarsc woody debris and snags are a
significant component of the site.

The vertical structure ofthe tbrest is reflected
in the l ight environment, which has been classi-
fied into three distinct zones: a lower dim zone to
12 meters, a mid canopy transition zone to 40
meters. and an uppe[ canopy bright zone above
,10 meters (Parker 1997). Leafarea has been esti
mated at 8.6 mr/m:, with about 207. of this in
understory species (Thomas and Winncr 2000).
Maximum vefiical structure occurs between 15
and 30 m, just above the dim zone (Parker I 997,
Song l998). The vertical structure also reflects
the vertical organ ization of tree spcc ies (Song I 99 8,
Ishii et al. 2000). Douglas fir. a shade intolerant
species, dominates in the bright zone, which is
composed ofisolated crowns and groups ofcrowns
with less foliage densitv in lowcr levels (Figure
l ) .  Thc  t r rn . i t ion  zone rc f le , . l s  rhe  jnc re i r : ing
abundance of westem hemlock foliage. a shade
tolerant species. with a f'ew hemlocks reaching
50+ m. The shade tolerant westem rcdcedar is
most abundant in the transition and dim zone. with
some tree tops reaching 50 m. Pacific silver'fir, a
shade tolerant species. predominates in thc dirn
zone. especially in canopy gaps. Grand fir is Iess
abundant, bul has a higher perccntage of tees
reaching the bright zone.

The canopy supports over 2 metric tons,4ra of
ep iph l t i c  h ryuph l re :  and l i r 'hens  lha l  a re  \c f l i -
ca1ly organized. Thebryophytes dominate the dim
light zone to about 15 m, the lower transition zoDe
is dominated by cyanolichens to about 30 m, and

the upper fansition zone and bright zone is domi-
nated by alectoriod aLnd non-cyanolichens (McCune
et al. 1997). The upper 2 m of the forest, particu-
larly the dcad tops oftrees, have a unique commu
nity ol lichens. which ntay be related to bird roos!
ing, nutrient contributions, and transporl of lichen
propagules (Mccune et al.2000). The epiphytes
reflect the chalging microclimate conditions of
the verlical profile ofthe fbrest. The upper canopy
rcceives more light, (JV exposurc, grgater amounts
and speeds of wind, wider exfcmes of tempcra-
ture and humidity, and generally more exposed
conditions than the protected understory ofthe dinr
zone (Geiger 1965, Parkcr 1995).

The size and location of the Reseafch Natural
Area (RNA) and the landscape characteristics of
the surrounding region, particularly an adjacent
agricultural field, may a11bct the avian assemblages.
No buffer exists against the agriculrural edge 500
m south ofthe canopy crane. For this fbrest edge,
etects ofhigher temperalure, wind, and light, ard
lowcr humidity all attenuate individually (Chen
ct al. t992, 1993). Maximum distance ofthe edge
ellect was about 200 m. leaving about 300 m of
interior forest to the south of the crane site. Five
hrrndred meter: r!, lhe noflh of Ihe crune :itc i\ u
75-yr old. logged and nalurally regenerated Dou
glas-fir fbrest that was commercially thinned in
1993-1995, lcaving a 50 rr butler of young tbr-
est on thc edge of the RNA. To the east is a wet-
land about 350 m away. To the west is unbroken
old-growth fbrest for about 1.5 km.

We obsened European starl ing (.Stumus vul-
galls) and common nighthawk (.Chordeiles ni-
ror) in thc open fields. The European starling nests
in the old growth trees along thc field edge, and
in the buildings at the sourh end ofthe field. They
teed in the fields, often in small flocks. They be
gan attempting to nest on the crane in the second
year (1997) after it was erected. Wc controlled
the occurrence of these birds by shooting about
9-12 jndividuals each year. The common night-
hawks nest in adjacent fields and feed over old
growth. The birds consistently foraged oyer the
old-growth, but did not erclusively use this habi-
lat fbr fbmging.

Methods

Field I\,4ethods

We took a simplistic approach to the vertical oc-
currence ofbirds by dividing the canopy into three
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equal zones. These zones rcasonably reflect ver
tical forest structure differences that create the
dim, transition, and bright light zone of Parker
(1997). We then samplcd these vertical zones
ucck l l  fo r '3  5  r .  b1  u . ing  f i red  areu  po in t  \ 'oun l .
(Hutto et al. 1986, Manuwal and Carey 1991) from
the gondola ofthe canopy crane to determine rela-
tive differences in composition and abundancc of
birds. Fixed-area point counts arc generally used
to compare the relative abundance ofbirds among
sitcs such as young, mature. and old-growth for-
ests (Manuu,al 1991). tn this case, we used the
technique to describe the relative abundance of
birds within three canopy strata of a tall forest
stand.

A total of 121 surveys were conducted weekly
from 2l March 1996 unti l 21 March 1999, aver-
aging,l0lyr. The canopy was divided in threc vt:r-
t ical zones: lowcr canopy (0-20 m). mid canopy
(21-,10 m), and the upper canopy (41 mtoundcf
thejib ofthe crane. which varies from 69 m to 75
m u i th  . loper .  Th i r t l  meter  rad ius  po in l  , .oun l
plots were conducted fiom the gondola al l0 m.
30 m, and 50 m, at approximately the mid-points
of each canopy levcl. A11 birds seen or heard in
the plot were noted during a 5 min period fbl-
lou,ing a 3 min quiet down. The vertioal series of
plots was replicated in the fbur cardinal direc-
tions. Therefbre, tbur point count plots were lo
cated in each canopy zone. Each vedical plot se-
des was located 85 m horizontally from the tower
of the crane, making the center of each plot se-
ries 120 m from the nearest plot series.

Wi th  on l l  l  3 -min  qu ie t  dou n  be tueen ren i -
cal plots. in a sequence oftop to bottom, it is pos
sible we counted the same bird more than once.
Becausc the purpose of this study was to deter-
mine the relative occunence of species by zone,
thc repeat counts do not matter. We only wanted
to know whethcr a zone was used by a panicular
species of bird.

The totals tiom each canopy level werc sunrmed
tbr each day, therefore the data represent 20 min
ofsurvey from each canopy 1cvel. Sun'eys began
within 30 min of dawn. except from mid Novem-
ber through February when the suryeys began
during mid morning. Total time to complete the
entire J2 survey plots took - 2.5 hr. Surveys were
not conducted during snowtall. raintall. high winds.
or if lightning or thunder werc detected. In addi-
1ion, no other personnel were allowed on thc site
before or during avian surveys. Thc 30 m radius
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plot size was designed to insure that all birds in
the plots were detected, because identifications
can be especially diff icult during the non-breed-
ing  season (Bes t  198 l ) .

Caveats of Using a Crane to Samp e the
Avian Community

Although the canopy crane provides access to
observc the avian community, some aspects of
the ctrnopy crane may negatively affect the birds.
General use of the site by people may influence
the avian assemblage and its use of thc canopy
rCunzu i l le re t . r l .  lgq4 .  lqq8)  Mrnor  no ises  l re
associated with operation ofthe crane, including
an electrical transfomer at the base 85 m from
the point count plots, cooling fans on motors at
the rear of the counterbalance jib I l0 m tiom the
point count plots, and a cooling fan on the trolly
motor directly above the position of the gondola
on the j ib.

Each moming, prior to using the crane, a test
l i l t is required by law. Thc gondola is lowered to
the ground and inspected, at which time a tesl
weight is attached to the gondola and the gon-
dola is lifted back up to the highest possible point
(67 m) ro test a limit switch. The gondolais moved
out to the end of the jib at 85 m, the jib is swung
in a complete 360' revolution over the stand, then
the gondola is lowered to the ground. This in-
spection and test lift takes about ,+5 min. There-
fore. if dawn is at 0500 and the survey begins at
05I 5, then the test l i ft begins at 0430. Swinging
the jib over the stand dcfinitely affects birds in
the upper canopy, but our attempts to quantify
this eftect have remained unsuccessful. In gen-
eral, smaller birds seem to be less affected than
larger birds.

A n  , c  c  \ / a r r  a : l  O . . t  . . d ^ . d

The 20 most abundant species detected in verti-
cal plots were used for analysis of venical paf
tcms. A Chi-square Goodness ofFit test (Zar 1999)
was applied to test if their distribution among thc
three canopy lcvels was significandy different from
random. The null hypothesis was that birds are
equally distdbuted within the three canopy zones.
The term stratifled is used to describc thc distri-
bution of birds that are not equally distributed
within the canopy. Finally, a propoltional barchat
for the 20 most abundant species illustrated the
vefiical occurence and the proporlion of the to-
lal detections in each of the canopy zones.
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Common nighthawk

Rulbus hurnmingbird*
Red-breasted sapsucker
Hairy woo'jpecker
Northem flicker*
Pacilic slope fl Ycatcher
Gray jay

Steller'sJay
Violelgreen swallow*
Chestnut-backed chickadee
Red-breasted nuthatch
Brown creeper

Golden-crowned kinglet
Ruby'crowned knglet+
Swainson's thrush*
Hermit ihrush

Varied thrush
European starlng
Hcrmit warbler

Chipping spanow*
Dark eyedjunco
Black-headed grosbeak*
Red crossbill
Pine siskin
E\ening grosbeak*
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Scientilic nane

Analys s: Seasona ity of Vert cal Patterns

We defined seasons ofthe year based on weather
and occuffence of birds for this site, and desig-
nated three seasons: carly (March - Junc, total
surveys = 42), late (July - October, total surveys
= 46), and winter (November - February, total
sun'eys = 33). The six resident species with counts
of at least lbur in each of the three seasons were
examined by usc of proponional bar chafis that
helped evaluatc how thcir disfibution through-
out the canopy changed with the seasons. These
seasonal changes wcre further invcstigatcd with
Analysis ofDevi;urce, using a Poisson Error Stuc-
ture and a Log link (Mathsoft 1998), which was
used in an earlier analysis of fi\'e resident spe-
cies (Shaw and Flick 1999). This panicular rc-
gression method was chosen because ofthe count
data structure. Histograms of the counts for each

species revealed that counts were distributed with
a high proportion of zcros and a long right tail.
characteristic of Poisson Data. The main efttcts
oI rea;on and level indicate iI bird occurrence i\
evenly distributed over the year and over the canopy
levels. The interaction telm indicates whetherthe
vcrtical distribution of the species changes with
lhe .er\ons. Alrhough no addir ionJl slJli. l i \. $ ere
used, proportional charts were used to display the
change in canopy nse ofthe total number ofbirds
detected in each zone.

Results

\ / a r i i r r l  f l n n  r r r o n n o  n f  a n a n i a c

Twenty-nine species ofbirds were detected in the
fixed area obsen'ation plots (Table l). The most
species, greatcst number of guilds, and greatest

TABLE L Spccie s l is l  o l  b i rds dctcclcd in 3 0 n radi  us i ixcd arca obscrrat ion plors du ng12Isurveysf ionMarch2i .  1996to
Nlarch 21 1999 rt d1e Wind River Canopy Crine Resstrch Facilily. Code is the lbuf letter \pecies codes used in
ligurcs. Guilds codes are based on Manu$xl (1991) xnd gereral literature: AI 'Air insectivore, BI - Bark insectilore.
LUHI Low understory herbilore insectivore. N Neclailore. OFGF - Open field ground feeder. OS - Omnivore
scarcngcr. TFI Timber toliagc inscctivorc. TFIO Timbcr lbliagc insccti\ore omnivore, TS - Tnnber seed-eater.
Migralion: \Nl = neoiropical migrant. RM = rcgional migrant. R = residcn!. hor included in analysis because of
insulicient detecrions in fixed radius plots.

Sp(( ies Nllgrarion

Connnon nighthawk

Rufous hummingbifdi'
Red breasted sapsuckel
Hairy woodpecker

Pacilic-dope fl rcatcher
Grayjay
Stcllcr's ja,v
Violc! grccn swallo\\'*
Chcslnul backcd chickadcc
Rcd brcastcd nuthatch

Golden-crowned kingier
Rub) crowned kinglet+
SwaiDson's thrush+
Hernit thru\h

Vrried thNsh
European staflmg
Hernit wrubler

Chipping sparrow+
Dark-e,vedJunco
Black-headed grosbeak''
Red crosrbi l l
P ine s isk in
Ercning grorbeak+

Sph\rapiuts rubbcr

Etnritrond tlf.itt\
l'. \orcrs canaden\i\

TKh)t in( ta thalu l \ inu

C!tt11i0 An.ti.nna
Iioglodves ,oglotl\ k s

Tuhlus nigratorius

Dcndroie octidcnntlis
Pirdnsa l lot it iqn

I' h e ud it: ux n t tuno c e ft al us

CorcalD auttes I esle rtinur

CONI

RUHU
RBSA
HAWO
l\"OFI -
PSFI-
GRJA
STJA
VCSW
CBCH
RBNT]
BRCR
WIWR
GCKI
RCKI
SWTH
HETH
AMRO
VATH
EUST
HE\IA
WETA
CHSP
DEJU
BHGR
RECR
PIS  I
EVCR

AI

N
BI
B I
B I
AI
OS
OS
AI
TFI
BI
B I
LUHI
t  F l
TFI
LI]HI
LIJHI
LUHI
LUH I
OFGF
TFI
TFI
OFGF
LUHI
TFIO
TS
TS
TS

NM
NM
Nt\'t
RN{
R
RM
NT'T
R
R
NM
R
R
R
R
R
R M
NM
NM
RT{
R\{
RM
),iM
NN{
N]\,I
RM
NM
R
RN,I
N\,I
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number of total bird detections were docu-
mented in the upper canopy (Figure 2).
A ltw species in each zone accounted
for most of the observations (Figure 3).
For example, the chestnut-backed chicka-
dee accounted for 417. of the birds n
the mid caDopy and 3lJ% of the birds
detected in the uppcr canopy.In the lower
cilnopy. lhe fire most lbundant 'pecies
wcre more evenly distributed (Figure 3).

Fifteen of the 20 most common spe-
cies were significantly more abundant in
one level of the canopy (Table 2). The
distributions of air insectivores, timber
tbliage insectivores, and timber seed eaters
were stratified within thc canopy, as were
most of the low understory-herbivore-in-
sectivores. The bark insectivores, except
the brown creepel and omnivole scav
engers. except gray jay (Perlsorers
tanadensis), were not stratitied within
the canopy. However. the absence of a
detected canopy prclerence fbr the red-
breasted salsuckcr. hriry u oodpecker.
Steller's jay (Ctanocitta stelleri), and

Nurnber of birds

TABLE 2. Chi_square Goodnesl
twenty most abundal

CBCH

EUST

Species

Unevenly distributed (P <0.05)

Common nighthawk

Pacifi c-slope flYcalcher

Gray jay

Chestnulbacked chickadee

Brown creeper

Golden-crowned krnglet

American robin

Varied thrush

Europ€an starling

Hermit warbler

Dark-eyed junco

Red crossbill
Pine siskin

Evenly disributed (P > 0.05)

Red-breasted saPsucker

Hairy woodpecker

Red-breasted nuthatch

Steller'sjay
Hermit thfi.rsh

FrEUre J Pcrc(nl  o l  hrrd \ne.  re.  de RBSA

rected in three (anop\ le,e l . .  nunr
Species codes are listed in
lJblc L wEra

hermit thrush, may be a function ofa small sample
size (Table 2).

The forest stand was vertically used (Figure
,1). with some species detected exclusively in the
lower canopy, some only in the upper canopy, and
some throughout the canopy. Species detected
exclusively in the upper canopy were common
nighthawk, Vaux's swift, European starling, and
pine siskin ( Ca rdaelis pi,? r,t, whereas species most
prevalent in the upper canopy were the hairy
woodpecker. gral ja}. red t ro..bil l . hernit war-
bler (.Dendrcica occided.rli-r), and chestnut backed
chickadee (Table 2, Figure .1). The Paciflc-slope
flycatcher was mostprevalent in the mid and lower
canopy, the red-brcasted nuthatch was most preva
lent in the mid and upper canopy, whereas the
red-brcasted sapsucker. brown crceper, and golden-
crowned kinglet were mostly detected in the mid

canopy (Table 2, Figur
and varied thrush were
canopy, while the herm
only in the lower and m
Steller's jay, dark-eYed j

and American robin (72
prevalent in the lower

-f,$ *e *€.,
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Figure 4. Proportional detecl
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Figure L Disrribulion of nutnbcr of species (A), number of
lbraging guilds (B). number of birds (C). in the
low, mid. and upper canopy.

328 Shaw, Freeman, and Flick



TABLE 2. Chi-square Goodness-of Fit testto determine wheiherbirds werc eventy disribrredin the lhree canop) levets.lbrthe
i$enry mosr abundanr birds in rhe rcsearch tbresr.

Specics Upper Tolal
cBct{

coNl

in

UDevenl), distributed (P <0.05)
Conxnon nighrha\\,k

Pacific slope flycarcher
C'ayjay
Chestnut-backed chickadee
Brown creeper

CioldeD-crowned kinglcl
American robin
Varied thrush
European surling
Hsrnit warbler
Dark-eled.iunco
Red crossbili
Pine siskin

E\'enly distribured (P > 0.05)
Red-brcaned sapsucker
Hairy woodpecker
Rcd breasted nurharch
Stellcr's.iay
Hermit rhrush

0
0

50
3

83
11
85

l 5
L)
t

U

I
I

9
5
l

t)

t1
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'71

t
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3
u
0
1
I

1 0

3
t 5

I

3

5
t'

l 3
26
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49
0

12
9
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1 5

I
1

l 3
5
0

5
6

t11

111
161

r 6 3
28
l 5

1,1
1 4

1 1 3
l 5

6
l i
l7
n
6

0.01
0.00
0.r-)L)
0.00
0.00
0.0.1
0.00
0.00
0.01
0.00
0.00
0.03
0.01
0.00
0.00

o.22
0.08
0.41
0.21
o.)2

canopy (Table 2, Figure 4). The winrer wren
and varied thrush were detected in the lower
canopy, while the hermit thrush was detected
only in the lower and mid canopy. Finally, the
Steller's jay. dark-eyed jwco (Junco hremalis),
and American robin (Turdus m ig ratorius) were
prevalent in the lower and upper canopy, but

100vo

not in the mid canopy (Table 2, Figure 4). The
sum of the three timber foliage insectivores
(chestnurbacked chickadee, golden-crowned
kinglet, hermit warbler) is highest for the mid
canopy and upper canopy (low - 127, mid -
265, upper 259), as well as the sum of the
four bark insectivores (brown creeper, red-

ltion of a small sample

rrtically used (Figure
)ted exclusively in the
the uppercanopy, and
)py. Species detected
anopy wefe cornmon
iuropean starling, and
r, whereas species most
nopy were the hairy
crossbill, hemit war-
'), and chestnut-backed
4). The Pacific-slope
ot in the mid and lower
hatch was most preva-
canopy, whereas the

m creeper, and golden
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Figure :1 Proportional detcclions (pcrcent of tolal) for of low. mid and upper canopy by twenrv mosr abundaDr bird species.
Species codes arc lisred in Table L
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breas ted  nu tha tch .  ha i ry  woodpecker ,  red-
breasted sapsucker) (low 58. mid 93, upper
-  70) .

Seasona ty of Vertical Patierns

All six resident species were most abundant at
one canopy level during each season, but the par-
ticular canopy level shifted fbr fbur of the spe-
cies (Tablc 3, Figure 5). The brown creeper shifted
downward in thc winter. The red crossbill, chest
nut backed chickadee, and gray jay shitted upward

Chestn ut-backed
Chickadee

TABI,E 3. P valucs tbr diffcrcnccs among canopy lcvcls.
seasons and the interact ion for  the s ix mos!
common vear round fesidents.
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r 0.,16 0.0,1
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ces amoDg canopy levcls,
)raclion lbr the six most

ry CaDopy/Season
I Season Interaction

[ouppe,
ZMid
I Lowe.

luly Octobef). and winter

during the winter. The winter wren wils only de-
lccted out.ide the lower clnopl /one once in a
western redcedar tree at -24 m (4 m above the
zone division).

Three species had residual deviancc larger than
their rcsidual degrees of freedom in the analysis
ofdeviance. indicating over dispersion. This could
be caused by an aggregated spatial distribution.
These three species. chestnut-backed chickadee,
golden-crowned kinglet, and red crossbill were
otien observed in flocks. especially outsidc the
breeding season. The independence l5sumption
is violatcd, and therefore the P values should be
used only as general guidelines.

The total number ofbirds detected in each zone
also shified with the seasons (Figurc 6). During
the early season the mid and upper canopy were
about equal $,ith somcwhat fcwer birds detected
in the lower canopy. During the late season de-
tections were generally equal through the three
canopy zones. However, there was a sharp shift
upward during the wintcr, and a general lack of
detections in the mid canopy.

Total Number of Birds

OUpper
aMid

lAyo

Figure 6. Propoftional distribution ofdetection totals ofbirds
within the ilnee canopy levels by thfee seasons;
early (Nlarch-June). late (Jult-October). and win-
ter (No\ember-February).

Discussion

The diumal small bird assemblage of the Wind
River old growth was characteristic ofthis forest
type in the southen Washington Cascade Range
(Manuwal 1991. Huff and Raley 1991, Huff et

al. 1991, Lundquist and Mariani 1991). except
for the European starling, which was attncted to
thc crane fiom thc nearby (500 nr) nursery lields.
The small bird assemblage at Wind River was
dominated by residents and regional migrants, with
tive (25%) common neotropical migrants prcsent
dur ing  Mr1  lh rough Augu. l .  a  p ropon ion  . im i -
Iar to that noted by MacArthur (1959) for west-
ern Oregon tbrests in general. In northeastern
tbrests (Sabo and Holmes 1983) and Sienan for-
ests (Airola and Banett 198-5) of Nonh America
the resident species tend to exploit tbod resources
that reflect winter feeding, such as arthropods on
tree boles, twigs, and coniler tbliage (and atWind
Rivcr, conittr seed), whcreas the neotropical mi-
grants tend to occupy more seasonal niches such
as aerial (at Wind Rivcr: Vaux's swift, common
nighthawk. Pacific-slope flycatcher), tenestrial (at
Wind River: hemit thmsh), and foliage (at Wind
River: hermit warbler) insectivory.

The majority ofbirds (15 of20 species) ana-
lyzed in this srudy were stratified within the canopy
(Table 2, Figure4). This stratification rellects their
uneven distribution within the canopy. yet most
species occurred throughout the canopy (Figure
3. 4). Canopy zone specialists u ere most com
mon for the upler (anop). Th( onll speeies gen-
erally rest.icted tothe lower crLnopy was the winter
wren. The varied thrush was not detected above
the lower canopy but we havc observed birds in
the mid and upper canopy outside plot obserya-
lion period.. None ol the a\ian specic: \\:r\ rL'-
stricted to the mid canopy. although many spe-
cies were most abundant there and this is a key
zone for lolr:rgc i n.ccl i\ ore. and burk i n.e. l ir ores.
Five species were generally restrictcd to the up-
per canopy in this stand, including common dght-
hawk,Vaux's swift, European starling, pine siskin.
and red crossbill. The Vaux's sn ift nests and roosts
in the old-grouth. feed. in the upper canopl in
momings, but was ofien observed over Uelds and
other forests, and very high above ground during
later t imcs of day. The pine siskin and red cross-
bil l  are wide ranging birds. using the old-growth
lbrest for feeding and perhaps nesting.

The vcftical occurrence of birds is reflected
jn the vertical structure of this old growih ibrest
stand. The moss dominatcd, dim light zone ofthe
lower canopy, with berry producing shrubs, is
charrcterized b1 lou undcr.torl herbirtrre in.ee-
tivores slrch as the winter wren. American robin,
varied thrush. and dark-eyed junco (Figure 4).
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However, the chestnut-backed chickadcc, Pacifi c-
slope tlycatcher, golden-crowned kinglet and
brown creeper were anong the most commonly
observed birds there (Figure 3), perhaps due to
the abundance of conif'cr and vine maple foliage,
decply crevassed lower Douglas-fir boles, and
flying insects. The mid canopy has the highest
density of conifer foliage, and is characterized
by foliage insectivores and bark insectivores (Fig-
ure4). The Pacific slope flycatcher$as also abun-
dant in this zone. This flycatcher was not con-
nonly obsewed foraging in a classic siilly-acrial
t'lycatcher move. but mostly obseryed as a hyper-
active. within crown forager. constantly moving
among branches, epiphytes. tind foliage. The up
per canopy structu[e was open, wrth muoh space
betu een tree cro$'ns, dominatcd by Douglas fir,
and characterized by dead wood and lichens. We
detectcd the most hairy woodpeckers in this zone
(Figure 4), althongh Lundquist and Manuwal
(1990) detected hairy woodpeckers most com-
monly in the below crown zone. The grcalesl
number ofbirds, and greatest diversity ofspecies
and guilds (Figure 2) were detected in the upper
canopy, whilc aerial insectivores. t imber seed
eate$, foliage insectivores, and bark insectivores
characterizcd the avian assemblage (Figure 3,4).
The complex and varied uppcr canopy ofthis old
growth tbrest is an important forcst stmta for bio-
logical diversity which has been litt le studied.

Of the six bird species examincd for seasonal
shitts in veitical occunence in this study, the winter
wren and golden-crowned kinglct did not shift
zones with the seasons, whereas the chcstnut-
backed chickadee, red crossbill. and gray jay all
shifted the bulk of their activiry to the upper caropy,
and the brown creeper was detccted exclusively
in the mid canopy. This comparcs to Luldquist
and Manuwal (1990) u'ho studied tbraging loca-
tions and found chestnut-backed chickadees rc-
mained high in the canopy. red-breasted nuthatch
shit'tcd inward and downward. and hairy wood-
pecker and brown crecper did not shift vertical
position offoraging during winter Shaw and Flick
(1999) used all four seasons to compare vertical
occurrencc and lbund chestnut backed chickadees
were most abundant in the upper canopy during
spring and autumn, and most abundant in the mid-
canopy during summer and winter.

In the Wind River forest. the total number of
birds detected, as a percant of the total detections,
shifted to the upper canopy in winter (Figure 6).

332 Shaw, Freeman, and Flick

The upper canopy may have more resources such
as cavities, sun warmcd tbliage and tree boles.
arthropods. and conifer seed, while the microcli-
nate may be less severe during the day than the
snow covered, humid understory. Howcvcr. sc-
verc weather is known to depress the vertical for
aging patterns of birds in winter (Grubb (1975,
1971), and wc surveyed birds only on days with
no rain, snou or high winds. Therefbre, we only
have a snapshot of vefiical occurence on the more
favorable winter days.

At Wind River. .1 of the species (207r) were
detected most otten in the lowcr canopy, 5 spe-
cies (25%) in the mid canopy, 9 species (457o) in
the uppercanopy. while I species (5olc) was equal
in the l0u rnLl mi,J crnop5. i lnd I .pecic. uils
equal in the low and upper canopy (Table 2). Sabo
and Holmes (1983) provide data on mean height
of fbraging activity for woodpeckers and insec-
tivorous birds in a nofihem hardwood forest (mean
tree height 22 m) and a subalpine conifer tbrest
(mean trcc heightT m). We divided the forest stud
ied by Sabo and Holmes (1983) into thirds and
deternrined the number ofbirds whose mean for-
aging height corresponded to low. mid. and up-
per canopy environments. Within the northem
hardwood fbrest,8 species (36%) had mcan for-
aging heights in the lower ciuropy, l4 species (64%)
in the mid canopy and 0in the uppercanopy. Within
the subalpine conif'cr tbrest, 4 species (20%) had
mean foraging heights in the lo$,er canopy, 7 spe-
cies (357r) in the mid canopy, and 9 species (:l5c/o)
inthe upper canopy.In the hardwood loresls studied
by  Anderson er  a l .  ( lq7g) .40" ,  o l  the  J \ ian  oe-
currence was near the forest floor. and the retnain-
ing activitl, was evenly distributed thrcugh the
canopy.

Although these three studies are a small sample
size for comparisons, the vertical distribution of
small birds in conifer forests appears tobe skewed
to the mid-upper canopy, bird distribution in hard-
wood forests tends to bc skewed to the midlower
canopy. A variety of tactors is obviously involved,
but the characteristic structural and rcsourcc dif-
f'erenccs between hardwood and conifer forests
may play a leading rolc. Thc foresl floor and soils
in hardwood forests is generally more basic, and
supports largcr afthropods and eafihwoms. while
the acidic soils and forest tloor of coniltr forests
suppofts mitcs and smaller althropods. The larger
fmits and nuts of hardwood forests fall to the 1br-
est tloor. where they. and their asstrciated athropods,
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may be fed on by low understory herbivore in-
sectivores. This nay increase the number of for-
est floor feeding birds in hardwoods as compared
to coniter stands. The upper canopy of conifer
forests is more open, and may be more suitable
for a wider lange of foraging guilds that move
among and between the tree-tops and along the
large main stems, than the upper canopy ofhard-
wood forests. Temperate zone hardwood forests,
on the otherhand, with a closed forest upper canopy
and small branches, have f'ewer foraging guilds
in the upper canopy. decreasing the number of
upper canopy birds relative to conifer fbrests.

In this tall stature old-growth tbrest, the verti
cal development of canopy structurc provides a
diversity of habitat elemcnts and microclimatc
conditions, which are key to vertical canopy use
by birds. This general relationship of bird spe-
cies diversity and fbrest height diversity is well
known in forest-avian research (Dunlavy 1935,
MacArthur and MacArthur 1961, Willson 1974).
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