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1. Intréduction

“Phe pileatest wvopdpetker {Dryocopus pileatusy is consit-

ared  gpecies of conseryation comceamn and an indicatar of
matore and old forest babiter conditiens Ja ihe Pacific
Northwest, This large, primary eavity-nesting bird plays an.

important sofitgicnd role dn elder conifer forest ecosysioms,

the Hositive association of pleated weodneckers s higd

w;}?aokm in norihesstern Oregon {"B;z_%f’z_ and Holhausen,
15093, ' .

Hahitat firpileated woodpeokers has been described as late
stccpssional or waturs. consfarons or deciduous forests with
canopy ciniure (Mellen et al,, 1997; Bolland Holhaukas,
299 s Beaken and Wikgess, 1993 Mcﬁ%ell&nd apd MeClellang,

¥

1994; Aubry and Rafey, 200253, Scmmi authors have éascﬁizasi

~feedmz prz*narxéy an mw{;zs af ciewmanu standing dead waod.

AT ; BRI 2 Yy Er e
snags sad Jive 22553 wzﬁz ::i@cay z?za( are avem.a;iy uzed by 2
wide variery of. other birds and marymals (Mol end Jackens,
1995; Aubry and Ralew, 2002a), Pileated wondpeckers ane
territorial end defend the enfife feiritory or home rasge

particalarly st the outef periphery, ali year by calling and
drismming on resonant woud. Availability of suitable habiat i
probably 2 hmiting factor for popolations of pilemed

s Coreesponding author. Tel; +1 521 882 £547; Bt 1 541 363 S804,
Bumpi pddress; epli@ iy ledus 451 Balit

B378-1 1208 — see front matier, Published by Elsdvier B.Y
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FERITES o1 Gers SO0 em dbh {dtmnezee: n bmas{hmght} Br

foraé*zzg {Melies of ah, 1993 Rerken snd Wigpers, 1693
Saviggnao ot 4%, 2000}, Nest and roosi reeg have Besn déseribsd
a6 fabge diameter (350 em dbh) desd o live tress with decay in
‘the {L‘oasz Range &F western Oregon (fellen st gl 19983
norijeastem Cregon (Bull, 1987, south cenmal Reitish
nbia (Havestad and Keisker, 1989% Pucific Cuast in
Wask mgton {Aubry end Raley, 2007, soudessten Vansouver
Islanid in British Cek,mb'a {Hariwig ot 21, 20041, and Alberta
(Bogiar, 2000),

Management guidefings devéloped ara resuitof the National
Fotegt Munagement Act of 1976 {USDA, 1978) recommend
wiention of specified densifies of srage across the landesape
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and maintenance of 121-ha paiches of older forest for nesting
pairs of pileated woodpeckers in dry’ coniferous forests:in the

Pacific Northwest Region on National Forést land. These

recommendations were based on' limited research primarily
condicted in the eastern United States in -deciduous forests;

home ranges of 53-160 ha have been reported in oak»h;ckmy'

forests in Missousi {Renken and Wiggers, 1989). Subsequent
research suggested that. larger home ranges (257+1056 ha:

Mellen et al,, 1992; 407 ha: Bull and Holthausen, 1993) are’

more typical of pileated woodpeckers. in conifer forests of the

Pacific Northwest. Asa resulf management recommerdations-

and habitat suitability models have been developed for pileated
woodpeckers based on research conducted from: 1973 through
1990 in forcsted stands in the dry interior of northeastem
Oregon (Bull et al., 1992b; Bull and Holthausen, 1993).

The effects of natucal disturbance events such as insect
activity, disease, wmd, and -fire have not been descnbed for

mast species including the pileated woodpecker, These-

disturbances are the primary mechanisms. that insure a
continiur of snags, downed dead wood, and live trees with
decay «over time which pileated woodpeckers depend on for
nesting, roosting, and foraging. For example, in the Blue
‘Mountains of northeastern Oregon large-diameter ponderosa
pines (Pinus ponderosa) killed by mountain pine beetle
(Dendrocionus ponilerosae} in-the: 1970s were later nsed ag

‘mest trees by pileated woodpeckers (Bull, 1987; Bull and_
Holthausen, . 1993}, A decads-long epidemic of the western

spruce budworm (Choristonenra occidentalis) in the 19805
followed by Douglas-fir bestle (Dendrictonus psendoisugae)
outbreaks in the 1990s caused severe, wide-spread tree
mogtality in stands with grand fir (Abies grandis) and
Douglas-fir (Pseudo!suga ‘menziesii) (Gast et al, 19971;
Wickman, 1992), As a result, the forests de_scn_bed in the
earlier stdies on pileated woodpeckers have changed
considerably from large continuocus areas of mature and oid
forests with dénse canopy cover (>70%; Bull and Holthausen,

1993) to relatively open canopics {<30% closure) and an
indreasing number of snags and logs.

Potential effects of extensive treg tirortality and landscape
chdnge on tlie density of nestirig pileated woodpecker pairsand
regrodiletive success are unknown. The amount of canopy
claburé could influence aspecies valnefability to avian predation.
In Alberta, the density of cavity trees and foraging substrates was
inversely related to temitory size (Bomar, 2001). Previcus
i‘eséarch has demonstrated that increases in standing dead and
dowried wood are likely to positively impact prey: avmlablhty
(B Bet al., 1992a; Torgersen and Bull, 1995) apd the number-of
potential nest and roost irees. To detersaine what habitat features
influence reproducuon we present data comparing the density of
nesting pairs and traditional home ranges of p;leated wacdpeck-
ersiintwo study areas overa 30- yearperiod, andin five additional
study areas aver 15 years afier extensive insect- caused tree
mo:tahty and timber harvest in the 1990s.

2. Methods

2.1§ Study areas

The density of pileated woodpecker nesting pairs was-
dettrmined on the Starkey Experimental Forest and Range
(he eafter referred to as Starkey) during 197383 (period l).
(Bul}, 1987}, Subsequeritly in 1989-90 (psriod 2) and 2003-05
(pe iod 3), the density of pileated woodpecker nesting pairs was
ree' camined in two study argds (Bear and Syrip) within and
comprising 27% of Starkey and detecmined in five additional
study areas (Spring,. McIntyre, Pelican, Balm, Ukiah); all seven
st'uqiy areas are -within the Blue Mbuntains of northeastern
Oregon (Tabie. 1). Bear and Symp are located 35 Km southwest
and|35 ke wesbsouthwesmf La Grande, tespectively, Spring is
16 km west of La Grande. Mclntrye and Pelican are 26 km west

-anq‘ﬂﬁ km northwest of La Grande, respecuvely Balmis38 km
‘southeast of- Umon and Ukiah i5 17 km west of the town of

Stuctyral stage

Harvest activity

‘Canopy. closure

Density of snags

51 cin dbh

Density of snags

=51 em dbh.
Log densily

.giand fir (Burr, 196()

Matore (Bull; 1980)

Urnhatvested (Bull, 19305

0-10%, [1-59%, >60%

367 plats along transécts
(Bult e AL, 1986)
367 plots slong transects

{Buil 5t al,, 1986)
% log-cover (Bull et al.,. 1986)

{Johason and Hall, 19 § )

Young, mature, old growi

(Bull-and Hoithawsen, 993y

Unkarvested, partial ca&, regeneration it
(Wellner, 1978: Bull andi. Holthausen, 1993)

0-10%; 1'1~39%, 260
(Buil and Holthabsen, 1993

360 plots (Ball.et al., 1990b; Buli

and Holthaisen, 1993) ]
Cc'm_plé!'r: count. (Bl el al., 19906}

240 plots (Torgersen angl Ball, 1993)

Tible 1 _

Study ateas and habitat chardcterisics measured i gileated woodpecker stuifies during thrge time peiiods in northeastern Cragon

Variable " Time petiod

_ 1 (1973- 1983) 2 (1989-1990, 3 {2003-2005)

Siudy areas Siarkey” ——Bear 5 : ; F e re=PeRCaT:
Ukiah, Balm . | ' “Ukiah, Balm '

Forest type Ponderosa pine, Douglas-fit, Porderosa pine, Dcugi fir, grand fir- Pandeipsa pine, Douglas-fi, grand fir

{Johnson and Hall, 1590)

Young, fmature; old growth

(Bull and Holthiusen, 1993)

Unirirvesied, pariiad cuts, regeneration cuts,
fuel réductions (Bull.and Holthausen;
1993; Bulf =t al., 2005)

0-10%, [1-59%; 260%.

{Bull.and Holthausen, 1953)

367 plats

367 plots

367 plois

" Bear and Syrup make up 27% of Staikey,
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Ukiah: The seven study areas are in Union, Umaiilla, and Baker
couritjes o the Wallowa-Whitman and Umatilla National
Forests. All stuy areas aré 1454—1387 ha in size and between:
1080 and 1800 m ifi elevation, Study areas. contain a mosaic of
rixed-coniferous stands composed of ponderosa pine, Douglas-
fir, westérn Jarch (Larix occidentalis), grand fir, and lodgepole;
pine {Pius. contorta) interspersed with scattered grasslands.

2.2. Vegetation characteristics

Methods used to characterize the vegetation for the 'ihree.f
time periods varied (Table 1), and the data are not entirgly.

-coinparable as the earlier studies revealed additional variables.

that were impottant components.of the habitat. During periods:
1.and 2, aerial photographs (Avery, 1978) and field exams were'
used to delineate stand boundaries Based on. differerces in:

vegetation type, tree size class, and arhount of canopy ‘cover.
Following stand delineation, field examination$. were con-
ducted on each stand to colléct information on plant series,

structural stage, canopy cover, harvest history, and snag and log”

density (for details see Bull, 1987; Bull and Holthausen, 1993),

In period 3, we used the vegetation data déveloped by the-
2007).
Stand boundaries and atributes were identified on 1:24,000-
aerial photographs using National Forest Service photo

Wﬂlow&mﬁnnan Nationa} Forést (Hemstrom ct"al.-_,_

intterpretation andfor field stand cxamination standards.
In 1989-90-and 2003-03, hacvest history was classified as

unharvested, partial re.movals regenerationcuts, and fuel redinc-
tion treatments, Unharvésted standsincluded those thathad néver |
had anylogging activity orthathad been high-graded 20-50 years

previously with only the valuable Iargc—dlameter seral tree

species harvested (also called economic se]ecnve harvest;
Wellner, 1978). Partial cuts includéd salvage cuts; sanitation

cuts, commercial thinning, and selection cuts. Regeneration cuts
included elearcuts, sheltesvood removal cuts, overstory removal

cuts, seed tree cuts with reserved fries, and shelterwood seed cats.

Fuel reduction wreatiments occurred primarily in Bear between

2001 and._2003 and removed ladder fuels, some green and dead -
trees 10-51 cm dbh, and downed material with the objective of

‘retaining 1‘8_;4- mziha basal area in live trees.
In perod 1, smags and percent of log cover were
characterized in plots on Starkey (Bull et.al,,

1986). In perod:
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I's May using call surveys alorig fransects and by searching all
stangls within each study area that had trees large enough to
contpin a nest cavity (251 cmdbh). Potential nests were
obsdrved to verify that they contained an incubating adult inf
Ma;_i or nestlings in June. Nest tress were tapged and UTM
coor, dinates Were yecorded, Northern goshawks (Accipiter
genglis) and Cooper’s-hawks (4. cooperii) detectéd during call
‘survkys or fiest searches were recorded in the 200303 surveys,
Reproductive siiccess in periods I and 2 was determined by
hing nest trees to band or radio-tag young about a week prior
to the young fledging. To determine reproductive success in
periad 3, fiberseope equipment Was- used at 2-3-week intervals
whet nest cavities were within 15 mm of the ground, or nests were
ohsekved For at least 1 h when cavities were > 15 m above the
groupd (Richardson et al, 1999; Niélsen-Pincus, 2005).
Reprbducuve SHUCCEess was deten‘mned on Starkey in periods 1
and 3 andin the séven stidy areasin periods2and 3. Reproductive
succ 5 conld not be détermingd azall nests due to imited access.
period 1, “nesting areas™ were identified as the area where
ne_sItrL-aes of a specific pair of pilzatéds (usually color-banded
bm}#  were located between 1973 and 1983, although 41} nests
werenot found inall years (Bull, 1987). In'period 2, home ranges
of pll aied woodpeckers were delineated from locations of Tadio-
“ d birds. Birds were not radio-tagged in period 3; thus home

T r——
d on the -average size and configuration of Home ranges
cafedlated for radic-tagged pairs in 1986-90 (Bull and
Holil
to en|
locations of each pair 2nd minimize overlap betweeri adjacent
paits]in. 2003-05. The amount of habitat in each forest type,
structural stage, logging activity, canopy closure class, and nofi-
foresf was detérmined in each 407-ha area for each pair.
"I‘raémonal home ranges” were defined as the area used by

multg:le generations of paitsin a particular area. Nesting areas or -

traditjonal home ranges were identified on Starkey-in periods 1
and . J‘and in sevén study avéas in periods 2:and 3.
|

2.4, Anolypsis

 were defined as an ellipse 407 ha in size for each pair,

ausen, 1993). The elliptical home ranges were positioned’
compass the nests; nest starts, drumming trees, ahd calling

2, SNAES ING 10%0 Wett CRAT aCteni Zed i prots or usmgcompiete

counts in all seven study areas (Table L) In pedod 3, the
number of snags and logs weie determined in 50-50, 0.4- -ha

circular plots in each study area. We used a systematic
placement of plots within a 500-m grid and UTM coordinates. -

Tree species, decay. class, and size class (15-24, 2537, 38-50,
and >51 coi dbh) were recorded for-all snags and logs.

2.3. Denstiy. of nesting pairs, reproductive success, and.
home ranges

Similar methods were used. in all ime periods to determing

fh¢ dengity of ne:s_tii}'g_ pi_[e,ate_d_ woodpecker pairs and to Jocate
nests (Bull etal,,. 1990a). Each study area was systematically
searched for nesting pileated woodpeckers between 1 April and

a2

ck)s.u1 e, loggmﬂ actwlty in the 1ast 15 and 30 years snag
/den51 1y, and log density) explained the density of nesting pairs
n tha study areas in period 3. T-tests were used to test the effect
of ha Bitat on réproductive success with two different samples of

pl!ewrpd wandpéckers. We ran the first test using only those
pairs rfor which suecess or fatlare was known for 2-3 yedrs

{f = 1{1) ‘We ran a second test using afl pairs for which success
or failure was know for 1 or more years (7= 26].

3. Resilts

3.1 Wegetation characteristics

All stands within the seven study areas'contained >90% five
trees priorto and during the 158800 study. Stand characteristics
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Tabie 2 . .
Perceit of seven study areas classified by structural stage, fogging activity, and canogy closure in 1989 and 2003 in northeastern Oregon
Varizble Study area _
Bear Syrup Balm, ) Mclntyre Ukiah Pelican Spring
1989 2003 1989 2003 1989 2003 1§89 2003 1989 2003 98¢ 2003 1989 2003
Structiral stage (%) z; |
Young 3 28 1 53 2 i 24 47 11 13 4 21 11 20
Mature 66 ¥ 39 20 23 60 ) 3z 77 59 72 49 76 45.
Ol growth 17 19 27 0 12 13 1 & 7 21 11 3 3 i
Grassland 14 25. 13 27 3 9 13 5 7 13 27 | 24
Logging activity (%) _ _ _
None/high-grade 78 49 16 37 3 72 L 62 6 93 20 61 5 3
Partial 2 7 <1 1 66 7 5 138 83 0 63 6 72 3
Reégeneration 6. 4} 2 25 ] 12 2 6 . 10 U 4 L) 12 G
Fuel reductions 19 o 0 0 0 9 ]
Canopy-closiré _
0-1096 5 28 < 34 2 13 32 46 27 & 7 19 11 18
11-59% 36 AT 34 38 32 43 25 34 54 &3 57 47 (5] 53
Z60% 45 o 53 ! 13 a4 33 6 14 W o 7 13 5

Harvest activity in 2003 was the perceninge of each study area that had been harvested since 1990,

represerting forest cond;tmns in periods' 2 -and 3 are listed in
Table 2. The spruce budworm and subsequent Douglas-fir bark
beetle-outbreaks resulted in-extensive mortality of grand fir and
Doug!as—ﬁr and a loss of canopy closure in the late 1980s and
19905 in ail the study areas except Balm and Ukaah (Tables 2 and
3). Generally, the density of shags and logs increased after 1990
in the study areas with extensive mortality and without hafvesting
{Bear and Spring) (Table 3). Areas with extensive regeneration
harvests (Syrup and Mclntrye) resulted in-a loss of both logs and
large-diameter snags (Buil et al,, 2005); mean density of logs
across all seven study areas in 1989 was 219 ha™* {Table 3).

3:2. Density of nesiinig pairs

Density of nesting pairs in period 3 (Table 4) was explained
by three hab:tat vanables in a Step-Wise linear regression
(72 = 0.93) with a significant positive. rélationship- with the
amount of area in the late structural stage (t=4.28, P=0.02)
and a significant negativé relationship with the amount of area
dominated by ponderosa pine (= —~6.61, £ < 0.01) and the
amount af area. w:th regcneratmn harvests _since _1970)

thoigh somme of the older stands consisted primarily 6f snags
and were no longer classified as old growth, they continued to
function as-old growth habitat for woodpeckers because of the
nesting, roosting, and foragmg habitat provided.

'@Nmmmsin 197383 ir
o Treidifiongthome iongas |
in zcna-us !
<7 Bedrand Syrup study | areas;
,@smrgey Soundsiny |

fromea=fy The scven - study areas (ail
except S}'rup), hE dens:ty of nesting pairs of pileated
woodpeckers remained the same or-incressed or decreased
by only-1 pair between periods 2 and 3, if additional pairs using.
the areas {although the:nests were outside the area boundaries)
are considéred (Table 4). The density of nesting pairsin Bear:
remained the same in periods 1 and 2. For these six study areas,
‘there was less harvest activity in the period from 1990 ta 2003.
than there had been in the decades preceding 1990, However,
canopy closure declined in 5 of the 7 areas owing i tree
mortality {Tables 2 and 3). There were few regénération
harvests and the total amount of matore and old forests
decreased by less than 25% in the six study areas with
consisient’ pileated woodpecker densities (Table 2), Even

LR SR &
miir 2k,

Fig. 1. Locaiion of pileated woodpecker m:sung ayeas in 1973-1983 and
traditjonal hotue ranges wsed in 20032005 an the Starkey Ex perimental Forest:
and Raige in northeastern Oregon. Traditonal bome ranges were based on the
lucauon of active nesty in 19731983, 19801090, and 2003-2005, althobgiv all
nests? vrere not-located in all years. Bear and Syrup Study areas.are shown in.
lnarctied areas,
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Tuble5

The average percentage of the forestied poriton of 407- ha homde cinges for
pileated woodpecker pairs by. forest type, structueal stage, logging activity, and
canopy closire class

Habitat characteristic Successfil Unsuccessfir]
' reproduction reproduction

Number of pairs k] 3 I
Forest type: .

Ponderosa pine 15% 15%

Douglas-fir 40%. 339

Grand fir 45% 30%.

Other forest iypes 0% %
Structural stage o _

Young 38% 27%.

‘Matuge 45% 62%

"01d growth 16%- 1%
Lagg'i_n_g activity _

No harvest 85%" 62

‘Harvested : 15% 3g"
Cinopy closure

0-10% 25% 23%

11-59% 2% %

0% % RiF:y

Eight pairs always fedged young and ﬂzree pairs ‘never fedged yoong on
Sl'cu'key from 2003-05.
Differed significantly between sucoessful and unsuccessful pairs,

study areas plus all of Starkey, 72% of 53 nesting pairs fledged
young. Hibitat: canditions within projected home ranges on
Starkey (including Béas and Syrup) appeared to influence nest

sticcess inperiod 3. Eight pairson Starkey successtully ﬁcdgeclf'

young i 2 or 3 consecutive years and were not known to fail
during the course. of period 3. Three pairs failed to reproduce in
2 or 3 consecutive years:and were not-known to succéssfully
fledge young, The amount of unharvested area was significantly
greater (¢ = —2.28, P »0.05) and the amount of area that was
haryested was significantly fess (any type of harvest activity;

1=3.86, P <0.01) in home ranges occupied by pairs: that
successfully raised young compared to pairs that failed to raise

young (Fable 5). One'of the most prevalent harvest activities on

Starkey in 200103 included fuel reductions which resulted in a
decrease in snags, logs, and foraging matersal -for pileated.
woodpeckers (Bult et al. 2905) Forest {ype, structural stage,
and canopy clusure class did not differ significantly between.

W

(m}:ludmg the Bear and Syrup study areas) during period 3,18
negﬂts were:located within the same. nesting aréa as in petiod 1
(B 1, 1987) (Fig. 1). Although Syrup now only supported one
of the five pairs it previously supported, that pair nested in a
home range prewously used: in- periods 1 and 2. 1t is highly
nll' ¢ly the same individval birds were present 15 and 30 years.
latér.

E[n period 3 in the other five study areas, pileated woodpeckeg
pmrs gested in 9 of the 12 home range areas that were. used in

_pemod 2. Three home ranges used in pﬁnod 2 did not have.
‘nes,tmg pairs in penod 3; however, an additional thre¢ pairs

nested on the edge of three study areasin pen0d3 InUkiah, the

sarhe three home ranges were used by pileated woodpeckers in
perjods 2 and 3, plus an additional pair nested i the sontheast
corfer of the study area, The pair that nested in MelIntyre in
tod 3, nested about 500 m from the nest tree used in 1990, In
iod 3 in Pélican, two pairs nested. within 500 and 800 m of

.theJ nést sizes used in 1990, snd an additional pair nested i in the
.norfheast comer of the study. area. T penod 3 in Baim, three.

pau's nestedin the same kome ranges tsed in 1990, and a fourth
palr nested within the home rasge of a radio-tagged b:rd that

nested outside the study area-in 1990. No nesting pairs were

Iecpted in Spring-in pedod 3 (Table 4).
period 3; nesting pairs 0o fonger occupied traditional
h_o e ranges. that had heen impacted by extensive: t:cgeneratmn
harfrests since 1991. Pour traditiondl home ranges in Syrup and
in McIntyre were unoccupied in period 3. In Mcintyre, 21%
of th¢ home range used by one radio-tagged pair in 1990 had
bee harvested with regeneration cuts Which removed many of
elroust trees nsed by the pair in 1990; the. second pair no
lonécr nested i an arca with 17%. in. regeneration cuts
occilnmg between perdods 2 and 3. One pair remained in a
home: range with extensive. tree mortality but little harvesting:

4. ‘Biscussion

The recommendations for maintaining pileated woodpecker
habltats in the interior Pacific Northwest written in 1993
suggested that home range habitat should be primarily (75%).ii
graild fir forest types of mature and older trees with at least. 50%
Of the area In -forests wuh dense canopies (>50% canopy
closi'i.lre) and limited harvest acnvmes {Bull and HoIthauqen
1998). These recommends h

mm{ﬁ@ﬁ‘é@ﬁﬁ"ummﬂmmm*ﬁm

After incorporating pairs in other study areas and pairs- for
which we had Oy 1 year of: data on nest success in period3 (an
additional 12 pairs that had been successfizl and three pairs-that
had been unsuccessﬁll) the amount of area in forésts. with
>»60% canopy closure differed significantly (¢ = 2.43, P = 0.02)
betiveen successful (mean =26ha, SB = 7.1) and unsuceess-
ful pairs (mean =& ha, S.B = 44).

3.4. Traditional home ranges
Pileated woadpeckers nesting on Starkey used the. same

general areas for 30 years and as many as 2-4 generations. Of
the 19 nesting pairs located within tie boundaries of Starkey

conpiucted m -green iorests before Wldesprcad dlsturbances
{insgct outbreaks) occurred across landscapes in portheastern

'Oreg(m While roost studies represent a temporal sriapshot and
'ccwér a short duration, this swdy is unusual in that 1t _

encompasses a 15~ and 3C-year span and -oovers 24
gené'ratmns of this Iong —Tived species; estimafes suggest a life

spag of at least 9 years: (Bull and Jackson, 1995). Each of the

theep time periods of research in this study represents a

_reiapweiynarmw window of forest succession -and may not

n_j:ﬂe:c_t forest condition changes brought about by large-scale
distirbance-and succession. I revisiting these study areas in
somg cases after 30 yeats,.we found that the high tree mortality
and loss of canopy closure (Tables 2 and 3) in stands of grand fir
and {Douglas-fir did not appear to be detrimental - to. pileated
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woodpeckers provided that large dead or live trées and logs
were abundant (Table 3) dnd that standg were not SthECt to
extensive harvest {i.¢,, concerted regeneration or fuel reduction

harvesis), In Bear, the ]‘ugh density of logs (271 ha™ )and spags.
(>60 ha‘l) in period. 3, the lack of regenération harvests, and.

the older stands likely provided adequate habitat to support 2
high density of pileated woodpeckers. Whereas, - extensive

regenerstion Haivesting resulted in lower densities of plleated-

woodpeckers in the Syirop study drea,
Decline_of pileated woodpcckers could have a negatwa
cascadmg effect on those speciés using piicated woodpeck=

er’s cayifies and result -in a subsequent decline in forest

blgdlverslgg More than 20 spécies have bet_.‘,_!_l_gbjmﬁ_\)smg__

pileated woodpecker ‘cavities within' these siudy areas.

Pileated woodpeckers are considéred a keystone species in.
western Oregon because 24 othér wildlife species use their
nest or foraging cavities. including five species of waterfowl,:
five owls, fwo bats, four Squirrels or woodrats, ringtails:

{(Bassariscus astutus), Ame_rican marténs (Martes ameri-

cana), fishers (M. pennaniti), and four ‘other cavity-nesting’
bird species (Aubry and Raley, 200Za). In' Alberta, more than
18 other species used pileated woodpecker’s cavities, some of
which required a cavity of this size for nesting, including’

goldeneyes (Bucephala spp.) and buffieheads (B. albeola)
(Bonar, 2000).
The habitat variables that best explained the density of

nesting pairs” in period 3 differed somewhat from those’
variables identified in period 2 (Bull and Holthausen, 1993).:
Both time periods. identified a positive rélationship with the
amount of area in late structural stage, and a negative

relationship with the amount of area with regeneration harvests
OF 4, posmve relatlonsmp with the amount of area with no
harvesting, Period 3 differed from pediod 2 in idenfifying a
negative. relar.tonsh.p between pileated nesting density dnd the
amourt of area in. ponderosa pine siands and no significant

relationship with density of snags 251 cm dbh or canopy
closure. This change since period 2 resulted from the fack of a -
nesting pair in the Spring area in period 3 which is dominated -
by stands of ponderosa pine. Although pileated woodpeckers
favor ponderosa pine trees for nesting in northeastern Oregon, -

nests in penderosa plne trees most commonly odeur ip- stands af
mixed conifer.(Buil etal 1086). Stands of pureponderass

m northeastern Oregon typmai]y Tack the: abundanccof snags
and downed wood necessary for foraging habitat. The lack of a -

relationship between. pileated density and.cancpy closure may

be because there were few stands that centained 2:60% canopy
C}GSLIG in five of tie study aress ik pC[ID(l 3. The IECK of .

relationship betweeii farge-diameter snags and pileated density

suggeststhat hest treés may not be limiting in these study areas. :

One antici _Ez_ited affect of forest disturbance on pﬂcated :
woodpeckers was an increase.in avian predation owing to alack:
-of ‘protective cover with a subsequent decrease in pileated -
dens:ty Accipiters wereTesponsibie formorethan a third of the -

pledauon detected n pileated woodpeckers in period 2 (Ball,

2001). By period 3, the stands that were used for nesting by -

goshawks. in the 19705 and 1980s no longer contained forests

with live, large-diameter irees and dense canopy-closure which

with

has {been descritied as suitable nesting habitat for goshawks
(Squires and Reynolds, 1997). Although the mature.and old-
growth stands with exteasive mortality provided nest and roost
trees and foraging substrate for piléated woodpeckers {Bull

et al., 2005; Nielsen-Pincus, 2005), few accipiters (0-2) were

detarted during surveys in the study areas with extensive tee

morfality, and déusity of pileated pairs was not substantially

lessithan in previous periods.

Tnsect outbreaks are natural dlsm:bances -that occur at
integvals over time in dry conifercus forests of the western
Umtpd States. Disturbance evénts are the primary mechanism.
that insures a continuum of snags or live trees with-decay-over
time;which these woodpeckers depend on for ncshng, roosting,
and foragmg In northeastern Oregon, a.mountain pine beetle
epidémic in the 1970s Killed’ ‘Jarge-diameter ponderosa pines
.that. vere used by pileated woodpeckers for foraging in the

197¢s and for nesting in the 1970s and 19805 (Bull, 1987 The

grangd fir and Douglas-fir trees: used for nesting in 2003-05

(Nielsen-Pincus, 2005) Hkely weie killed by the spruce

i

budworm or-Douglas-fir bark beetle cutbreaks during the.
1980s and early 1990s. Additionally, many of these resulting
predénunanﬂy dead stands with large snags and logs were then
used extensively for foraging by pileated woodpeckers (Bull
et 2l . 2005). Short (1982) reported that some woodpeckers,
notalﬁly the “three-toed” woodpeckers (Picoides tricactylus),
miay conicenuate their sumbers owing 10 an abundance of prey
whes insect popufatxons reach epidemic proportions as océiirs

afterl Istand-replacement fire.

Although the spruce budworm and Douglas-fir ‘bark beetle
outbrizaks that .ocourred in the study areas by early 1990s
decreased forest canopy closure, -abundance of live grand fir
foresjt types, and the density of large, live trees during the.
ensuihg years, we did not observe: any decreases in pileated
woodpecker densities gxcept ‘in areas where extensive
regeneration harvesting. occurred, Différent kinds of distur-
banc' s have variable effects on cavity-nesting birds, and each.
specips differs in diet and habitat preferences, In British

‘Columbia, thinning in dry Dovglas-fir and ponderosa pine

fores‘és resulted in 4 decline in $nag densities, cavity-nesting

‘hird c{ensmes and species richness of cavity nesters (Machmcr, .

20023 In s{and rep!acerncnt fires.in pondemsa pine- stands in

T & rEed~cont oy ior
halry;.wood peckers (P vdloms) and moimtam bluebirds (Sialia
curn!cowes) highest in a standard "salvage -for Lewis’

woodpeckers (Melaherpes lewis), and highest in a modified
salvajre. for northern flicker (Coiaprex auraiisy and western
bluen;rd (Siatia méxicana) (Saab and Dudley, 1998). Snag and
fog Igss has been documented in prescribed bums in south-
westez'n poriderosa pine forests {reviewed in Finch et al., 1997,

Réndhli:Parker and Miiler; 2002). Stands with fuel rr:ductxon-
treatipents at Starkey had significantly fewer logs, fewer logs
ts, and less pileated woodpecker foraging in the bumed
treatmeits compared to the controfs. and mechanical fugl
reductioris (Bull et al. 2005}, nest {rees were also-consumed by
prescﬁbed fire in several units. The Tong-term effects. of fuel
rcducpons on pileated woodpeckers are unknown, although.

with less log cover and fewer tress and.snags. 0.cEplace JOgS meromammmmmmmm
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when they deteriorate, it is likely that foraging strata will notbe
replaced for decades or longer.

Tn northeastesn Oregon, pileated woodpeckess foraged on.
carpenter ants ‘(Camponotus Spp.; 68%), thatching ants
‘(Formica spp.) and other ants (29%), beetles (Colaoptera
0:49), and other mvertahrates (2%) (Bull et al., 19922). The
agsociation of carpenter ants with stumps and logs as temporary
nest sites and living trees as. permanent nest sites in Ontario
(Sanders, 1970) somewhat parallels the observations of
pileateds foraging in . [ogs (38%), snags (38%), live tress
{18%), and stumps (6%} in portheastern. QOregon (Bull ‘and
Holthausen, 1993). In centrast, pileated woodpeckers fed
-almost exclusively on standing structures and selected tal,
hirge-diameter saags in -early to mederate decay im coastal
forests in Washington; logs in coastal forests:are apparently too
cool -and el to support abundant numbers of cazpenter ants;
theit primary prey (Raley and Aubry, 2006). In general,
foraging sites on Vancouver Island, British - Columbig,
contained more coarse woody debrs, a greater basal -area of

snags and defective frees and more western redcedar (Thuja

pbcata} than sites without foraging. activity (Hartwig et al;,

2006). Tn New Brunswick, foraging sites contained lazger aad
more decayed tiges thai were. available at rapdom {Flemming
ot al,, 1999). |

4.1 Reproductive success:

Information on nest success is catical in determining How
effective thé habitat i§ in meating the peeds of a species. If
recinitment is low and monaﬁty is I-ugh, sink populations are
created (Van Horne, 1983). At Starkey, the pileated woodpeck-
ers occupying home ranges with the least amount of harvested
forest were the most successful at ﬁedgmg young consistently,

A lack of harvesting insured that an-abundant number of snags.

and logs occurred in the unharvested grand fir'stands as atesult.

of spruce’ budworm outbreaks. In contrast, pdirs occupying.

home ranges with: extensive regeneration cuts o fuel reductions
consistently failed 1o fledge. young at Stakey.

4.2, Traditional home ranges .

Pairs mate for life, defend territories year-round, and a
surviving mate stays within_a térritory (Bull_and Jackson

. ; he locations of pairs and nests were remarkably consistent
between periods 2 and 3 in -all areas withow extensive
reéeneratibn harvests. On Starkey, nests weré in some of the

ne stands in periods 1, 2 and 3 (Fig. 1). These observations.

su gest that nestinig aieas are fairly stationary dver dme if the

habitat has not been altéred, and it is likely that the area may be.
ccdupled subsequently by offspring or other dispersing birds.
Thfs inforiation provides managers with the ability to spatially
pn ritize areas with high probabilities of occupancy by pileated

peckers over timé; Traditional home ranges or nesting
aréxs may be delinéated partially by landscape features. The
close proximity of some nest'irees over the years may be a
ﬁ.m tion of large-diameter ponderosa pines typically being on
nd ¢s in these study aréas, and the smags are continually
crepted in the same starids of larger trees.
Fidelity of color-banded adult- pxlcated woedpeckers. {26
adults) from 1973 161983 was high with no adult moving from
oné territory to annther, nests in siccessive years from 1973
83 wwere 0-1.16 km apart. Bull, 1987) which is Within the 2.2~
ka diameter of 2 circular 407-ha temmitory (Bull -and
Hol tlmusen, 1993), Other year-round residest spectes. of
woedpcckers were alse reported 10 have 2 high fidelity to
thcsi breeding site or home range (white-headed woodpecker
(Pz¢ozdes albolarmms)- Garrett et al., 1996; black-backed
woﬁ:dpccker (£ arcncus)u Dixen-and Saab 2000 threé-toed

dpecker- Leonard, 2001). Reuse of the same breeding site
or orne range, in contrast to more pomadic behavior, may be a
beléavmral adaptation for survival, -although this ‘concept
warx&nts further study:
5. Cunclusions

P
ﬁileated woodpcckers continied 10 occupy landscapes with

exténsive trée mortality from insect outbreaks 15 years after the
initial outbreak. Nesting density was positively associated with:
the | jamount’ of area in late structuial stages and megatively
assd}c;aled with the amount oF area in.repeneration harvests and

in qbnderosa pine forest types, Pileated woodpecker densities

dectned In. areas w1th extensive harvesting, but increased or.
rempined the same in areas with tree mortality but without
extensive harvestirig.

“@verall nest success was su‘mlar among the three fime

nerinds, aithoueh the highest successnceus FIEN e L L YV

o9 T P aET WHGUpCCKers UG 1oL jeave thelr. home range
even when they lost a mate; the single birds expanded thé home.
range houndaries and -increased thé amount-of overlap with
neighboting pairs in search of a mate at Starkey in 1989-90
(Bull anid Holthauseri, 1993}, Pairs were unlikely to leave: their.
home range éven when the habitat*within the home range was
altered in these study areas, as suitable unoccupied habitat wes
not avdilable, Ifhabltat becomes unsuitabie, resident birds may
dontinye to oceupy y thé Rome range uniil they die, but it appears
these habitats are not reoccupied Jater as ocowrred in Symip.
Individuals commeonly acquire a termtory by replacing a pair
member that has died; floaters {nonbreeding birds). are
sometimes tolerated within a termtory and may be young birds.
that dispersed in the fall {Bull and Jackson, 1995).

amgunt of unharvested stands. dnd closad canopy stands in
home ranges were positively correlated with nest success;
unharvested stands had a high density of snags and logs.on
Starkey (Bull et al., 2085). The amount of area in harvested

'<:tg_‘_1 wag npa-afn;gl_y marelated orith nast SUCTess,

Iz}sect outbreaks are a natural disterbance event that is an
integral part of meintaining nest, roost, and foraging habitat for
pilelited woodpeckers in northeasteétn Oregon. This. species is
'ablej-to adapt to using a variety of tree species and habitat
conditionis, although large trees still appear to be essential.
Cloged canopy forests were not esseatial for use by pileated
woogipeckers, aithough nest success was higher in home ranges
that piad gréater amounts of forested habitat with 260% canopy
¢loslire. Harvesung, pamcularly regeneration cufs, were
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to:this species, With the Nanonal Fire Plap (USDA
and USHI, 2001) and Healthy. Forest Restoration Act (HFRA,
2003) and management emphasm on fuels management snd
forest restoration, large areas have or will be subject to fael

reduction activities. Prudent resource ‘mianagement for wildlife-

dependent on coarse woody debris (snags and downed wood),
like pileated woodpeckers, will consider the long-term effects
of these activities {Pﬂhod et al,, 2[}06)
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