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Abstract
Chalgcs ir lbrest m.rnagement policics ir the Prcific No(hwcn ha!e resulted in a broad ana) ol mrnrgemenr altcrnati!es n)
clcarculling on stale and federal iorcst l.rnds. Tbese manage ent altcrnati!es should be monilorcd lbr theif effecrs on aninal use.
parliculrrlv during cfiticrl periods iir \ur!i!d. \\t compared abundance ofrc\ident birds a ong lhree.rlrernative sjl!iculrural
treanncnl\ lmodified clerLfcut. i\r_o nor). small patch group-seleclion) and unhaNested controls durirg winter. Total hird abLrn
dance xas ligbcsl ir slnall-patch stands and lowen in nodified clearcuts duing lvi ef. Species richncss \'.rs highest in s all
pxtch srands and lowesl in control and clcarcul \tunds. Two species (Srcllcr's iuys [C)11n.ri a \t(lleri) rnd golden cro\\,ncd
k]ng|etsLR.,3 l , lJJd,z?. / ] ) !veremos!abundant incontro lstand\andsmal lpalchstands'Spottedto$, 'bcc ' (Pip i l . )e| ' \ '1h]14) l1thu! ]us)
r crc mor s ilbu ndant in t!r,o story slands l dxrk-eved j uncos (rrr( .r ,_wrr.ri ir) lvere more abundanl in harlesied srands ih an control
lunds. The sDrLll+atch group sclcclion treirtnenl relained strucruril rrd compositional complcrirv of lecerarion and provided
hrbitrt 1br nore individuals than l\Lo stor'! or modified clcarcur treatments. Holve|er. !$o srory and modified clearcur treutnents
wilh components of malurc and old growth fofests (nrags. logs. l.rrge trees) provided habikr lbr selefal bird spccies dufing
$inlci Sil!icultufal trertmenls liral rtain structurrl and conrposjtional vegetarion corrpleril] or develop late-succes\ional chrr-
actcrislics more quickl) ihan slands rcg.nerutirg follo$ing rradilional clearcutting practices nay be used by more bird species
and rhould bc considered when de\eloping ! tand lnaDagemenr guidcl i ics.

lntroduction

The availability of winter habitat may influence
suc( r r : lu l  h reeJ in ; :  lnd  popuh l i , ,n  le r \ i \ lence
olresident bild species (Huff et al. 199l. DellaSala
et al. 1996). Winter may be a more crit ical period
fi)r survival because of l imitations or changes in
seasonal food and cover resoLlrces. ln tact. some
species of birds exhibit morphological adaptations
or behrvioral charrclcristics that seem better
adapted to survival in winter than during the breed
ing season (e.g.. some finch species are insccti-
vores during the breeding season but granivores
during the winter and have beaks better adapted
forhandling seedsl (Salomonson and Balda 1977.
Cody 1985).

Because bircl use of habitat may vary among
seasons (Cody l985, Manuwal and Huff 1987,
Hagar 19931. it is important for land managers to
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understand habitat necds of birds during spring
breeding and winter seasons to insure adequate
habitat is available (Morrison et al. 19135). Cover
and lbod resources in late succcssional tbrests may
provide better winter habitat than early or mid-
seral stagcs, particularly during inclemeot weather
(DellaSala et al. 1996). Species richness and/or
total abundance of diurnal birds was higher dur-
ing winter in old-growth tbrest stands (250- ro
600 year-old) than in young (rl2- k) 75-year old),
mid-seral (65- to 1,10 year-old). or rnature (105-
to 165-vcar-old) stands in fte Pacific Northwest
(Manuwal and Hufl 1987. Huff et al. l99l). ln
mixed-conifer tbrests ofthe Sielra Nevada. birds
used areas with denserupperand mid-canopy cover
rn winter than during summer (MorrisoD et al.
r986).

The task of idcntifying appropriatc winter and
breeding habitat is complicated by changes in fi)rest
con]position and structure caused by human-in-
duced disturbances. A vadety oI forest manage-
ment techniques (e.g., controlled burning. thin-
ning. even-agcd and uneven aged regeneration
systems) may produce velv diflercnt effects on
vertical and horizontal vegetation laye$. Vegetatiol'l
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struclure lnay have an important intluence on bird
community stmcture (MacArthur and MacAfihur
196l, Roth 1976). so mrnagers should unde$tand
the potential effects of disturbances on structure
and resulting conrmunity compositiol 'r.

Chtrnges in forest malagement pdicies in the
Pacific Nonhw(]st have resulted in consideration
o l  a  h ruu t l  r r r r l  o f  rn ln leemcn l  a l te rna l i \e \  1 , ,
clearcuttin-s on state and federal forest lands (Or-
egon Forcsl Practices Act. Forest Ecosystcm
ManagementAssessment Team l 993). Evcn-aged.
two-aged. and uneven-aged s j lviculturrl trcatments
that rctain some features of old-growth forests
(e.g., snags. logs. large diameter trces) but sti l l
allow some timbcr cxtraction may create stand
structures that maintain habitat for birds. In a
comparison of response ofbreeding birds to three
sitvicultural trcatnrents (small patch group-selec-
tion, t$(Fstory. and modified clearcut) and con-
l ro l  t  unhr r rc . tc , - l  t  : t tnJ . .  .ome b i rd  rpec ie \  $  e re
most abundant in clearcut and two-story stands
(e.g.. white-crowned sparrow [Zonotriclt iu
leuutpbtsl, spotted towhee). while othen \\,ere
lrost abundant in uncut control or small patch
group-selgction stands (e.9.. brown creeper
fCerthia americurnl, rvinter wren f7'roglodtte.t
lroglodlre.rl) (Chanbers 1996). Use of these stands
may shift during the winter, however. If birds fa-
Vor arcas u, ith greater structural and compositional
complexity during the winter. thcy might be ex
pected to be most abundant in control or small
patch group-selection stands, which retain all (con-
trol stands) or most (small-patch group selection
stands) of the trees and shrubs originally present
in the stand (Chambers 1996). Based on this hy-
pothesis, the objective of this study was to deter-
In r  nu  \ \  hc lher  lh ( re  \ \  e re  J  i l l e re  r r .  e .  r rmong res  i
dcnt bird use ofthree silvicultural treatnlcnts and
control stands dudng winter-. We used a subset of
the same study sites used by Chambers (1996) so
rve could compare winter and breeding season
habitat use by birds.

Study Area

We selected l2 stands in Oregon State University's
McDonald-Dunn Forest located on the eastem edge
ofthe Coast Range, < 24 kn north and nortbq'est
of Corvall is. Rcplicates were located near (l)
Lewisburg Saddle: Township I lS, Range 5W'
Willamette Baseline and Mcridian (W M.). Sec-
tions.l, 8, 9. 16, l7; (2) Peavy: Township l0S.
Range 5W. W M.. Sections 25. 35, 36: and (3)

Dunn: Township 10S, Range 5W. W M., Sec
tions 1,1, 22, 23.27. Stands were 80- to 120 years
old and ranged from 5 to 18 ha in size. Elevation
ranged fiom 120 to 400 m. Douglas'fir conprised
2 6;17c basal area prior to harvest; grand 1ir (Ables
grcrdls). bigleaf naple (At er nacrophyllum),
Oregon white ottk (.Quercus garntna), Pacihc
madrone (Arbrlr.rs meniiesii), Pacific dogwood
(Conrus truttuLlii). red alder (A1las rubra\, Or-
egon ash (Frc,r,ras latiJblia). and bitter cheny
(Prtuurs enarginata) comprised the remaining
brsal area.

Winter climate is typically wct and lrild. An
nual precipitation averages 100 cm: 957. occurs
between Octobef and June in the tbrm of rain.
Average annual snowfall is < 2 cn. Temperatures
during January average 4.0 C (Franklin and
Dyrness  l9?3: l  l0 - l  I  l ) .

The l2 stands included three replicates offour
treatments: control (uncut), small-patch group-
selection (l/3 volume removed in 0.2 ha circu-
Iarpatches), two-story (3/.1 volume removedwith
remaining green trees [20 to 30/hal scattered uni
fondy througheut the stand), and modified clearcut
(1.2 green trees,4ra retained). Harvesting began
in tall and was completed by early spring.
Lewisburg Saddle replicate was cutin 1989. Peavy
replicate in 1990. and Dunn replicate in 1991.
Statistical analyses were based on sample sizes
of three stands per trgatment.

Methods

B rd Data Collect on

We sampled birds frorn December 1994 through
March 1995, using the modified variable circu-
lar p)ot (VCP) method (Reynolds et al. 1980).
Three VCPs were established in each stand with
each VCP ccnter at least 100 m from the stand
edge and otherVCP cente$. We visited each VCP
thres times between 0900 and 1600. We alternated
order of visitation among stands to account lbr
daily variation in activity of birds. We did not
conduct counts in rain or winds > l5 km./h.

Counts began two minutes afier arrival at the
VCP station to allow fbr resumption ol normal
bird activity. Each count lasted 15 minutes, dur-
ing which time birds obscrved in the stand were
identilied to species and their approximate loca-
tion mapped. We recorded distances to the nearcst
meter for birds g 10 m fron VCP station, to the
ncarest 5 m for birds >10 m but < 50 m, and to
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the nearest l0 m tbl birds > 50 n but < 100 rn.
The same observcr conducted all sampling.

Statistical Analyses

We compared lverage detection distance (nr) tbr
each species ofadequate santple size (in 2 8 stands.
> 3 trcatments, a 2 20 observations). We used
analysis ofvariance (SAS Instirute lnc. 1989) k)
determine if there rvere differcnces in detection
dlstances among treatnents. Distances were rans-
firr-med using a log transfbnnation flog,o(distluce) ]
to meet assumptions of normtl distribution and
equal variancc (Sabin and Srafford 1990.1. If de
tection distance did nol difter among treatments.
u'e used all observations < 75 n in analyses. If
we did detect differences in detection distances
among tea|ments. we calculated 95% confidence
interval s fbr leatme nt means. If the 95 7. conidcnce
inten'al placed indilicluals at detection distances >
75 m. we eliminated these specics tiom analvses.

All individuals 3 75 m liorn rhe VCP center
were rncluded in analyses exccpt repeal obselva-
tions of the same individual and records of birds
observcd flying over stands. Abundances for in-
dividual bird species were translbrmed using a
log translbrmation log ,,,(bird abundance + l)]
to meet assunptions of normal distribution and
equal variance (Sabin and Staflbrd 1990). Toral
abundance of all bird specics and spccies rich-
ncss were not tLansformed for analyses.

The experimental design r.vas a randomized
block design. We used analysis of variance (SAS
Institute Inc. 1989) to delcrmine if there werc
diff'erences in averagc detection distanccs, total
abundance of birds (avcrage number of observa
tions/stand). species richness. and individual spe-
cres abundances (average number of observations/
stand for species that were detected in > 8 stands.
> 3 treatments, and with > 20 total observations)
among trelrtnents. If treatnrent effects were sig-
nificant (P < 0.10). rve made multiple mcans com-
parisons using Scheff'e's test with a = 0.l0 (SAS
Institute Inc. 1989).

Results

We obserr,ed a total of 59:l birds representing 30
species. Most abundant species were golden-
crowned kinglet (25clc oftotal observations), $'inter
wren ( l3%). dark-eyed junco (13%), song spar-
row (Meluspiad mek ial (.7c/c), Hutton's vireo
(Ureo luxtoni) (.6%). Sreller's jay (4%). and sporred
towhee (:l%) (Tablc 1 ).
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' IABI- [  
] .  Bi rd\r  obser led dur ing $jnrer  counrs (Decem

ber 199.1-  NI f fch 1995) reprcsent ing 59.1obser
var ions.  NIcDonatd Dunn Reserfch Forest .
Benton Count]. Sil\iculturat rrcironenrs arc un-
hruvesred contrr i  (CN).  smal l  pdch (Sp).  r \ \o_
st(nv (  lS) .  l lnd modj [ed ctearcur (CC).  Spccies
ure llstcd in descen.ling (rder ol.rbundancc.
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Six species lvere observed frequently enough
for slatistical analyses. We did not detect a dif-
ference (P > 0.1) in detection distances among
ffeatneDts for five ofthcsc spccics: -qolden-crowned
kinglet (average distance and standard error lin
brackcLs and indicated by '. i f sample size was
too snall to calculate standard crrorl: contrd [CN]
42 m [2]; small patch group-selection lSPl 4,1 m
Il l: two-story JTSI 60 rn [.]: clearcut [CC] no
obser-\ 'ations). winter $'ren (CN = 3l m l7l. SP =
28 t41, TS = 22 I5l. CC = 2,1 [3]), dark-eyedjunco
(CN = no obse ations, SP = 38 [,1], TS = 33 l8l.
CC = 20 [6]), Steller'sjay (CN = 59 rn I l]. SP =
36 [3 ] ,  TS =  55  1151,  CC =  80  L . l ) ,  o r  spo t ted
towhee (CN = no observations. SP = ,13 | l5 l. TS
= 30 I2l .  CC = 2s t3l) .

Song sparrow dctcction distance differed among
treatments (P = 0.05). Song sparrorvs were re
corded at closer distanccs in clearcuts and two-
story stands. Average detectiou distance was 16
nr (2) in clearcuts. 26 m (l) in t\\"o-story stands.
49 [r (6) in small patch stands. and 60 m (.) in
control stands. Differences in detection distances
among treatmcnts wcre Jikely the result of actual
differences in bird use of the stands. Song spar-
rorvs usually foragcd or moved among dense
shrubs. Shrub patches were more evenly distrib-
utcd and denser in clearcuts and two-story stands
than in small patch and control stands (Cham-
bers 1996). Probably because shrubs were loo
sparse (e.9.. control stands) and/or patchily dis-

tributed (c.g., small patch stands). we observcd
only two song sparrows in control stands. and
ob.er ra t ions  in  snra l l  pu tch  . l JnL l \  $ere  l . .o ( i
ated u'ith shrubs in openings. Ho*eve1 all song
spiurow observations occurrcd within 75 m ofthe
VCP center in all treatments. so we assumed that
u,e were able to adequately detect song spanows
in all trcatments.

Abundance ofbilds differed among treatments
(P = 0.03) and u as highest in small patch stands
and k)wcst in modifled clearcut staDds (Tablc 2).
Species richness u'as highest in small patch stands
and lowest in control and clearcut stands (P =
0.02) (Table 2).

Abundancc oftburbird species diflered among
treatments (P < 0.()4): Steller'sjay. golden crcwned
kinglet, spotted towhce, and dark-eyed junco. We
did not detect differences among tr€atments tor u inter
u'rens and song spanows (P > 0.12) (Table 2).

Obscrvations ol golden-crowned kinglets wcre
most frequent in control and small patch stands
compared with two-story aDd clearcut stands (P
= 0.0001). Steller's jays were morc abundant in
control and small-patch stands and low in abun-
dance or absent fiom two-story andclearcut stands
lP=004r  Oh.er r r t i , ,n \ , ' t  d  L -<)ed junco\  $crc
higherin harvested treatments than in control stands
(P = 0.0009). Spotted towhees were more abun-
dant in t$'o-story and clearcul stands. lou'er in
abundance in small patch stands. and absent in
control stands (P = 0.002).

TABLE 2. Abundance (obscrviliollVnand) ol birds < 75 m lioln VCP centefs in 3 \ihicultural treatnrcnls (slnall patch grouf-
selection. l\|o slorv. odificd clcarcut) and unhanested contrcl st nds avefaged over 3 counts conducted bet$,een
Decembef 199.1 and N{arch 1995. NlcDrnald Dunn Research Fofest, Oregon. \,leans and standard enors (SE) for
t({.rl bifd abundance. specics nchnc\s. and indi\idual bird species afe fepofied as uniransfbrncd. Dau lLrr bird spe-
cies q,efe transformed using log r(abundancc + l)1or anal)ses. Tdal bnd abundance and lpccics richness were
unrr.rnsfarnred for anrl)ses. /'is the probabilit! olTypc I ciror associated $ rth the rejection ofthe.ull hlpolhesis thrt
lhcre is no ditlereDce rLnong me.Ln,i using ANOV\ (degrees ofiiccdon = 2. 3). Means that dilTefed significanll) (P <
0.1) using Scheiie neuns separution tesr\ rre designated lvith diilercnt lcllcrs.
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Discussion

Many species of birds alter their use of habitat
bet$een seasons because of changes in habitat
stmctuml features that affect availability ofcover
and roost sites (Morrison et al. 1986, HufI et al.
1991 ). Quantity and quality of t ixrd resources also
may vary seasonally. and birds may alter forag-
ing locations or pattems to obtain lbod (Martilr
et al. 1951. Comer 1980. Huno l981. Lewke 1982,
Morrison et al. 19115).

Following ha vcst. abunclancc of breeding birds
u'as higher in control (uncut) ard small patch
group-selection stands than in two-story and
clcarcut stands (Chambers 1996). Bird cornmu-
nities in control and snall patch staDds were domi-
nated by migratory bird species whereas resident
bird species were more abundant in two story and
clearcutstands (Chambcrs 1996). Duling the winter
season. resident birds were more abundant in stands
rvith higher canopy cover and least abundant in
clearcut stands. although dift'erences among control
and t$,o story treatments were not statistically
ditlerent f iom srnall-patch and clearcut stands.

Two species associated with forcsts (golden-
crowned kinglet and Steller's iay) were low in
abundancc or abscnl lrom clcarcut stands. Steller's
jays rl' ere more abundant in control and small patch
stands. lowel in two-story stands and almost ab
scnt in clcarcut stands; these patterns were the
same as those observed during the breeding sea
son (Chambcrs 1996) so it seemed that Steller's
jays did not alter use of habitat seasonally.

Golden-crowned kinglets were most abundant
in control and small-patch stands. This pattern
was similar to the pattem observed during thc
breeding season (Chambers l996). Morison et
al. ( 1986) also tbund no di11'erence betu,een habitat
use ofgolden-crowned kinglets dudng winter and
summer in a mixed-conifer forest in Sicrra Ne-
vada. Calitbrnia. Marcot (1985) and Huff et al.
( I 991 ). however. did find a seasonal shift in habitat
use by golden crowned kinglets in Douglas-fir
lbrests in the Pacilic Northwest. Marcot (l985)
tbund golden-cro*ned kingJets were more abun-
dant in sawtimber stands during breeding season,
but during the rest of Lhc ycar thcir density was
highest in shrub-sapling stages. Hufl et al. ( l99l)
found kinglets morc abundant in mid- than late-
seral stands dudng the winter. The two-story and
ciearcut stands u'e studied were recently hanested
(within the prcvious fivc years) and were struc-
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lurall), sinrplerthan control and small patch stands
(Charnbers 1996). Conditions in these stands may
not have provided adequatc covcr or fix)d fbr king-
lets.

We did not detect a treatunent rcsponse for winter
wrens! a forest-associate that is sensitive to tbr-
est lragmentation (Rosenberg and Raphael 191J6.
Lehmkuhl and Ruggiero 1991. McGarigal 1993).
However. winter wrens were more abundant in
control and small-patch stands than in two-story
and clearcut stands during the breeding scason
(Chambers 1996). This may indicate a seasonal
shift in habitat use. lt also may indicate that dis-
persing juveniles use poorer quality habitat in
winter (e.9., clearcuts and two-story stands) be-
cause better sites are alrcady occupied by adults
(Van Horne 1983). In Califomia, Barows ( 1986)
found wintel wlens occurred almost cxclusively
in old-growth lbrests during the breeding season.
but were nore randomly distributed arnong stands
of dillerent seral stages in winter. Wintcr wrens
may be more selective ofhabitat 1br brceding sites
than lbr wintcr use.

Spotted towhee abundance was signiticantly
highcr in heavily disturbed areas (modified clearcut
andtwo-story stands) than lightly disturbed (small-
patch group-selection) or control stands dudng
the breeding scason (Chambers 1996). The pat-
tern of habitat use in winter was similar. We ob-
served spottedtowhees most hequently in clearcuts
lnd  tuo  s to r )  \ t rnds .  I  he)  ucrc  u lso  pre .en t  in
small-prtch stands but we did not obseNe them
in control stands. Spotted towhees did not appear
to alter their use of habitat dudng the year.

During the winter, dark eyedjuncos were morc
abundant in clearcut, two-story, and srnall patch
stands than in control slands. However. Cham-
bers (1996) tbund dark-eyed juncos abundant in
all stand types (including control stands) during
thc breeding season. They seemed more selec
tive of winter habitat, using arcas with more dis-
turbance.

No diflerence in song sparrow abundance was
Jc tec teJ  urn , ,ng  t re r tments  dur ine  the  u  in te r  .ea
son. Chambers (l996) did not have an adequate
sample sizc during the breeding season to test for'
treatment difl-erences.

Cody (1985) suggested that in the winter. birds
may occupy niches vacated by migratory or sun]-
mervisitors. We did dctect seasonal shifis fbr some
species. Dudng the winter, some species becarne



more selcctivc (c.g., dark-eyedjunco), some narn-
t i r i n e d  t h e  \ a m e  d ( g r c e  o f : e l e c t r r e n e . .  r e  g .
golden crorvned kinglel, spottcd towhee). others
becanre less selective (e.g.. winter wren). Spe
cies such as the wintcr wrcn mav occupy niches
vacated by migratory species. Change in habitat
use also might be attributed to occupation b.v dis
persing j u vcn i les Juveniles may use poorer qual-
ity habitat (e.9.. clearcuts) because befter habitat
is already occupied by adults. W'e did not find a
chrnge in seasonal use of habitat for most of the
species in our study.

Manuwal and Huif ( 1987). Morrison et al.
( l9E6). and Huli et al. ( l99l ) have suggestcd that
structural Ieatures of late-successional lblests and
f,-rre:t. u tth tlen.c uppcr- und trt it l-st, 'r) irn,'pie.
offer better habitat to resident birds during win
ter. Although we did not llnd greater usc ol nra-
ture ti)rest (control stands), total bird abundance
was higher in small-patch stands. These stands
retained significantly higher canopy covcr in the
overstory (sawtinber cover. > 20 m) than two
story ormodificd clcarcut stands (Charnbers 1996).
Our clata indicate a need tbr a variety of seral stages
on a landscape to providc habitat for all winter
resident bird species. but ltands thut are more slrru
lar to mature forest may providc habitat forhigher
numbers of indir,iduals.

Total $'inter bird abundance was approxinatcly
1.5 times higher in contr-ol. small patch. and t$'o
stoly stands than in clearcut slands. In othcr Pa-
citic Northwest stuclies. birds were more abun
dant in late-successional stands than in youngcr
lirrest seral stages (Manuwal and Hufl 1987. Huff
et al. 1991). RcLaining late-successional tbrest
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suggest maintaining a variety of seral stages or
stluctufal conditions to provide habitat tbr spe
cies associated with early seral stages.

Although stand conditions in two story and
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some elements (snags, logs. large fees) of old-
growth tbrests and added to stand level structural
complcxity. For winter bilds that use late succes-
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