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Abstract
Abundance of Pacific coast band-iailed pigeons has dcclincdt this decline is thought to be due, in pari. to habilat aheradon
associated with current forestry- practices. We exarnined distribulion ofPaciiic coasr band-tailed pieeons and availabililr- ofhabi
lat conponents (kno\\'n mineral ,iites and potential ncsting and feeding ttreas) ir the cenlral Coast Range of Orcgon. Also. we
evaluated associations ofrelative pigeon abundancc al323 randoml] selected sample points and 9? known nest sites with adiacent
habi t r tcomponentavai labi l i t_v.Wedctcctcdl8pigeonsdur i rgal-hrpointcountat83Eofsamplepojnlsf romnid,JuneroJuly.
Eighty-four percent ofthe srudy area was classilied as polerlial nesring (66%) and feeding (lE%) areas. Thc maxinum disrance
to the closest kno\{ n mineral sjte was 3? knr, but 917. of |he slud} drea was within 25 km of the nearcsi known mineral sire.
Availability of habilal componenis around kno$n nest sitcs u,as similar lo that at sanple points and reflected availabilily wir.hir
the study drea. Relatile pigeoD abundance \\'as not assocjated \uilh availability ol klown nineral sites. or potential nesting and
lecdjng arcas. Pigcons lrere 62* more abundant along the western one-lhjrd ofthc Coasl Range tlan along the eastefn one-third,
ho!\'c!cr. and |his patlem was corelated with the apparent availability of rcd cldcr and cascara. Possibly the a\ailabiliiy of red
cldcr and cascara imposed a constrairl on band-tailed pigeon distribution and abundance.

lntroduction

The abundance of Pacific coast band tailed pi-
geons (Coltunba fuscidtd monilis), which nest
mostly in coastal areas ofBritish Columbia, Wash-
ington, Oregon, and Calitbrnia, decreased by 2.87o
annually between 1966 and 2000 and by 1.5%
annually bctween 199 | and 2000 as indicated by
the Breeding Bird Survey (analysis provided by
J.R. Sauer, U.S. Geological Survey, Laurel, Mary-
land). This dccline htrs been corroborated by vi-
sual counts conducted during August at mineml
sites in Oregon and audio counts conducted dur-
ing June in Washington (Western Migratory Up-
land Game Bird Technical Committee 199,1). ln-
creasingly restrictive hunting regulations have been
inlplemented since the Iate 1980s. but population
trends apparently have not been rcversed (West-
em Migratory Upland Game BirdTechnical Com-
mirtee 1994). The decline is suspected to be re-
lated, in part. to extensive timber han'est and
intensive [eforestation replacing diverse fbrest
stands with even-age conifer monocultules that
reduce availability of food producing trees and
shrubs (Hansen et al. 1991.Braun 1994. Western

Migratory Upland Game BirdTechnical Commit-
tee 1994).

Effective management of an animal popula
tion requires knowledge ofits size and composi-
tion, alrd how the population relates to habitat and
other l imiting tactors (Verner 1981, Wiens and
Rotenbenl 1981. Hansen et al. 1993). Litt le is
known about the distribution of band-tailed pi-
geons and availability of habitat in the Pacific
Nothwest. Leonard ( 1998) radio-marked 127 adult
band tailed pigeons in the central Oregon Coast
Range and measured breeding season home range
size (i = I 1.121 ha) and described I 37 nest, feed
ing, and mineral sites. He suggested that pigeons
select nest sites based on availability of mineral
sites and potential nesting and feeding areas.

Band-tailed pigeons in Oregon nest primarily
in Douglas fu (Pseudotsuga meni:ie,sli) trees within
closed-canopy (>70%), conifer or rnixed conifer-
broadleaf forests (Leonard 1998). Pigeons t-eed
almost exclusively on berries of red elder (Scn-
buctrs ratemosa). blue elder (5. ceruleu), and
cascaru (Rharnnus purshiana) dnring the breed-
ing season (Jarvis and Passmore 1992). Pigeons
also congregate at and use mineral sites (March
and Sadleir 1972, Jarvis and Passmore I 992, Sand-
ers and Jarvis 2000). In Oregon, mineral sites are
typically mineralized springs, abandoned anesian
salt wells, and saltwater bays and estuaries. but
also may be exposed mineral deposits and
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mineralized wastewater ftom pulp mills (Sand
ers and Jarvis 2000).

Food plays a majorrole in band tailedpigeon
ecology. inlluencing distribution (Ncff 1947).
in i t i i r t ion  and duru t ion  o f  the  ncs t ing  .eason
(Gutidrrez et al. 1975, Jarvis and Passmore 1992),
and use of mineral sites (Sanders and Jawis 2000).
In the Coast Range. elder and cascara shrubs are
naturall) '  prevalent in disturbed, opcn-canopy
fbrests ofgarly te intermediate successional stages
and some riparian areas (Franklin and Dymess
1988, Kozlolf 1976. Klinka et al. 1989, Leonard
1998, Pabst and Spies 1998). Berries ofred elder
and cascara provide a dependable and nutrient
rich tbod suppiy during the nesting sexson (Sanders
1999). Red elder berries are consumed from late
June to mid-August and cascara berries from late
August to early September. consistent with the
fmiting phenology of these shmbs (Jarvis and
Passmorc 1992). Berrics of blue elder become
available in early September and are consumed
in Septen.rber and October.

In western Washington. Oregon, and north-
em California. forests have been haryested ex
tensively for > 100 yr (Tappeiner et al. 199?). These
are among the most productive coniferous for-
ests in the world and forestry practices are in-
tense (FrtLnklin and Dyrness 1988, Harris 198.1).
Since the mid 1940s, silvicultural systems have
typically includcd clear-cutting, broadcast burn-
ing of logging slash, hand planting of selected
species, pre-commercieLl and commercial thinning,
application of herbicides to supprcss competing
species, and har,'esting at 40 100 yr inten'als,
although 40 60 yr intervals are more common
(Hansen e t  a l .  1991.  Sp ies  e ta l .  l99 l ,Tappe iner
et al. 1997). Intensive reforestation pmctices sup
press the growth ofred elder. blue elder, and cas-
cara, primarily through application of herbicides
and ovcrstory shading (Hansen et al. 1991). Such
lbrestry practices also produce a greatly altered
tbrest elvironment, resulting in a mosaic of patches
of forest stands across the landscapc (Hansen et
al. l99l ). The spatial pattem of vegetatlon exefis
strong intluence on the abundance, distribution,
and dynamics ofpopulations inhabiting those land
scapes (Hanis 1984, Wicns 1989). Thc cxtent to
which fbrestry practioes impact band-tailed pi-
geon demographics is unknown. but the poten-
tial is substantial.

We eramined the distribution of band-tailed
pigcons and availabil ity of habitat components
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(known mineral sites and potential nesting end
feeding areas) to test the hypotheses that avail-
ability of habitat componenls explains relative
abundance of ncsting band-tailed pigeons and
known nest site locations in the centnl CoastRange
of Oregon.

Methods

Study Area

We conducted the study in the cantral Coast Range
province (Franklin and Dymess 1988) of Oregon.
The study area extendcd approximately from Lin-
coln City south to Reedsport along thc Pacific
Coast and east to the westem edge of the Willamette
Valley (50 x 139 km) (Figure I ). Climate is mari-
time (Loy et ai. 1976) and elevation varies from
sea level to 1.2,19 m.

The Coast Range province is don.inated by
dense. potentially longJived (>500 yr), conifer-
ous lbrests. Two natural forest communitics or
distinctive vegetation zones e present: coastal
sitka spruce (Plcea sitcre,?,si.r) along the western
one-third of the province, and westem hemlock
(Tsugo heterophyllu) along the eastem two-thirds
(Franklin and Dymess 1988). Most natural for-
ested areas ha\€ lur overstory dominated by westem
hemlock. wcstern redcedar (Thuj a plicat a), Don
glas fir, sitka spruce . and, red aldcr (Alnu.s rubru).
In areas managed 1br timber production. which
is  most  o [  lhe  s tudy  r rea .  thc  , lominant  L ree  i .
Douglas-fir.

The Coast Range province comprises mostly
privately owned Jands and public lands adminis-
tered by the USDA Forest Service and the USDI
Bureau of Land Management. The majority of
thc study area (567.) was privately owned. Land
use was primarily intensive timber production on
both public- and private-owned lands. An exten
sive network of primitire roads permeates the study
area and are used primarily fbr timber harvest.
Landscape patterns have been largely shaped by
human induced disturbances (timber harvest and
reforestation) (Hansen et al. 1991).

Point Counts

Wc uscd point counts b index the abundance of
bandtailed pigeons at 323 sample points (Figure
2) between i6 June and 16 August annually dur-
ing 1996 1998. We considered counts ofcall ing
pigeons at sample points to estimale rclative
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abundance ofbreeding males (Keppie et al. 1970.
Bull 1981). Point counts werc conducted begin-
ning 10 min betbre official local sunrise and lasted
I hr during mornings u'ith <l I km per hr wind
and litt le or no precipitation. We did not know-
ingly count the same pigeon more than once. We
recorded the azimuth to each call to distinguish
individual pigeons. Calls were considered to be
of diflerent birds when the audibility or azimuth
were evidently unique. although a pigcon that ob-
viously called trom rnultiple locations was recorded
as one.

Wc Lnined ob\er\ ers for I u k prior to .ur
veying to increase accuracy of detections and
minimize observer variability (Kepler and Scott
l98l). We distributed each observer's effbrt equiLlly
among sample points to avoid systematic obseNer
bias. Sample points *ere distributed among equal-
sized subareas (north. central. and south) of the
study arca. Subareas were surveyed on a l-wk
rotational schedule; sun'eys were restdcted to one
subarea during a u'eek.

We paired sample points 800 m apart fbr lo-
gistic reasons. and located them using a systen-
atic. randonr procedure. The distance bet*een
sample points \\'as determined so that it maxi
mized sample size. transportation efficiency, and
obseruer safety. while maintaining sample inde
pendence. The maximum audible range of the
band-tailed pigeon coo-call for the study area was
determined to be <,+00 m in most all forest envi-
ronments (Sisson 1968. Keppie et at. 1970). We
loirteLl prired sumple points b1 lenerrl inF a run-
dom location within the study area with the con
straint that the site was on fbrested land. The lo-
cation was temporarily marked on a USGS 7.5
Minute Quadrangle map (scale l:2,1.000) and a
second location. the first sample point, was marked
at the closest point on an accessible road. A third
location. the second samplc point. was marked
800 m lrom the tlrst sample point on an acces-
sible road. A clear plastic overlay with concen-
tric rings at I00 m intenals was used to find sample
point locations on the nearest accessible road; either
the closest point fron the initial random point or
1J00 m fiom the flrst sample point. In cases where
multiple locations were possible for the second
sample point, either on thc samc or a difTerent
road. we systematically selected the point farther
along the road of init ial acccss and that provided
the sho est driving distance between the two
sample points.

Geograph c  In fo rmat ion

We usedARC/INFO version 7.2 (Environmental
Systems Research Institute, Redlands. Califomia.)
to gcncrate fbur themes, one raster based grid
(potential nesting and feeding areas) and three
vector based coverages (mineral site. sample point.
ard nest site). and to estimate spatial measures.
The potential nesting and feeding areas thcme was
produced from 1988 and 1995 Theniatic Mapper
lmagcry processed by the Coastal Landscape
Analysis and Modeling Study at thc Forcstry Sci-
ences Labontory at Oregon State University to
include 12land cover types (open, water, semi
closed, broadleat', and four trce sizes each for
conifer and nrixed conif'er-broadleaf lbrest types)
and was digitally ret'erenced in 25-m pixels. The
map had98c/c accuracy within one land covcrtype
and 80o/a accuracy overall.

The potential nesting and leeding areas theme
included an area 5.000 m beyond the study area
boundaries. We reclassified land cover data to
represent potential nesting and feeding areas.
Potential nesting arca included conifer and rnixed
conifer-broadleaf forest with >707c canopy cover
(Leonard 1998). Potential leeding area included
cover types wrth !107c canopy covcr (Leonard
1998). The two habitat components were mutu-
ally exclusive, and excluded only broadleaf for-
estwith >70clc canopy coverand open watercover
types. Data werc filtered using a majodty proce-
dure to increase the minimum mapping unit to
32 pixels (2 ha) so that there were no patches <2
ha. This procedure reduced polygon numbers and
processing time in later analyses. Overall map
accuracy was 977d based on visits to l54 randonrly
selected sites. We produced the mineral site theme
from location coordinates ofmineral sites known
to be used by band-tailed pigeons in western Or-
egon during 1996 1998 (Sanders andJanis 2000).
We produced the sample point theme from coor-
dinates of sample points. The nest site theme was
produced from coordinates ofnest sites collected
during a previous study (1994-1996) (Leonard
1998) that occurred within a po ionofourstudy
arca.

We calculated the availability of potential
nesting and feeding area, and mineral sites for
the entire study area. at the sample points uscd to
inder pigeon rbundance. rnd at known ne.t rite:
liom the geographic information themes. To es-
timate habitat component availability at point
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lociltions, we calculated the percentage ofpoten-
tial nesting area in 0.5-km mdius (79 ha.) plots
and potential feeding arca in 5-km radius (7,854
ha) plols centered on the same sample points and
known nest sites using an automatgd Inacro lan
guage prugranr. Wc selccted plot . iue. rr priuri
given home range size and average travel distance
of5 kmbetween nesting andfeeding sites (Leonard
1998). The procedure consisted of ( 1) convefiing
the potential nesting and fccding areas theme from
l  g r id  to  r  po l ;gon corerage.  r2 r  gencra t inS:  a
circular plot around sample points or nests, (3)
overlaying plots on the potential nesting and feed-
ing areas coverage (having the effect of a cookie
cutter; dissecting habitut polygons along plot edges.
where habitat polygons outside buffers are elimi-
nated). and (,1) calculating total area of potential
nesting and feeding areas. Area estimates were
converted to percentage of the circular plot. We
ran the procedure for each plot size. Also. we
determined the straight line distancc to the near-
est mineral site for each sample point and nest.

To verily that areas classified as potential feed
ing areas had a high probability ofcontaining food
iterns, we visited 126 randomly selected tbrest
areas with 370% canopy cover between 8 July
and 5 August 1997 to determine the presence or
absence ofred elder. blue eldet and cascara. These
shrubs rarely occur in closed-canopy forests, and
produce ttw or no berrjes in such environments
(Klinka et al. 1989, Randall et al. 1990).

Statist ca Ana yses

We used a multiple regression model to assess
the rclationship between relative pigeon abundance
and availability of habitat components at sample
points. The response variable, pigeon abundance.
tended to be skewed to the right and morc uni-
fbnn than predicted by normal and Poisson dis-
tributions. Fitted regression and Poisson regres-
sion models had either 8clr of the residuals 23
un i ts  in  rnagn i lude or  e \ t ra  Po i \ \on  \a r ia l ion .
However. cocfficients and their standard errors
are robust to non normal distributions while de-
rirncc chi .quare te:\l\ l 'or ertra Poi'son raria-
tion are unreliable given means <5 (Ramsey and
Schat-er 1997). Consequently. we also fit a Pois-
son log-linear multiple regrcssion model. The stan-
dard and Poisson log linear regression models
produced similar parameter estimates and asso-
c ia ted  P ra lues :  lhc rc fo re .  ue  pre \en l  \ l r t i \ t i cs
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ftom the standard regression model. Similarly, a
multiple linear regression model was used to as-
sess relative pigeon abundance among 3 equal
sized subareas (west, cenfal, and east) ofthe study
arca. We included an indicator variable in all re-
gression rnodels to account for seasonal differ-
ences in pigeon detections tbr point counts con-
ducted during l6 June-24 July and 25 July-l6
August (Sande$ 1999). We used P = 0.05 and
interaction and quadratic terms were included in
models initially, then were removed when P-values
exceeded 0.05.

We used two-sample t-tests (two-tailcd) and
P = 0.05 to compare differences in availability of
habitat components between 70 successtul and
27 unsuccessful band tailed pigeon nests observed
by Leonard (1998). Nests were considered suc-
cessful ifat leastone young tledged liom the nest.

Results

The mean number ofband-tailed pigeons (2.52 t
0.13) detected during 106 pointcounts during 16
June 24 JuJy was 1.5 times higher than during
25 July l6 August (1.69 + 0.11) (n = 21?). The
probability of detecting at least one band-tailed
pigeon during a I hr point count at sample points
was 0.83 for the first survey period and 0.65 for
the second survey period. Pigeon abundance var-
ied ftom west-to-east. however, decreasing by 62%
tiom the weslto east one-third of the study area
during both survey periods combined. The prob-
ability of detecting at least one pigeon dudng a I
hr point count at sample points within each one-
third of the study area from west{o-east was 0.88,
0.82, and 0.79 during the first survey period and
0.75. 0.76, and 0.50 during the second survey
pedod.

We located 20 mineral sites currently used
by band{ailed pigeons that were either within the
study area or were the closest mineral source to
part oI the stud) area r Figure 2). The marimum
distance to the closest known minerul site fiom
aoy part of the study area was 37 km, but 91% of
the study area was within 25 km of the neaLrest
known mineral site. Potential nesting and feed-
ing areas comprised 66 and 18% of the study area.

Availability of habitat components (known
mineral sites and potential nesting and feedings
areas) around sample points retlected availabil-
ity within the study area (Figure 3). Mean poten-
tial nesting area within 0.5 km of sample points
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was 751 1.17., mean potential feeding areawithin
5 km of sample points was l2 I 0.5%. and mean
distance to nearest known mineral site was 15.3
10.5 km. Most (80%) of the samplc points mnged
fiom ;19 to 99% (393 to 1.728 ha) potential nest-
ing area within 0.5 km and from 5 to 22% (38 to
78 ha) potential f'eeding area within 5 km. and
were 5 27 km of the nearcst known mineral site.

Relative abundance ofband-tailed pigeons at
sample points was weakly rclated to the avail-
abil ity ofhabitat components (P < 0.01, t '  = 0.07).
Pigeon abundance decleased with increasing f-eed-
ing area at sample points (lrr = -0.04 t 0.01 , 95%
CI = -0.07 to -0.01, P < 0.01), but did not change
significantly with increasing potential nest area
and distancc to nearest known mineral slte.

Mean availability of habitat components at
krown nest sites did not differ significantly by
ne:'t frtc: therefore. ue pooled data for sucre.s-
ful and unsuccessful nests. The availabil i ly of

habitat components around known nest sitcs (Fig-
ure 4) re.embled ar..ri labil i t l  ol hrhitrt compo-
nents around sample points (Figure 3), exccptthat
known nest sites tended to be closer to known
nineral sites. Average nesting area within 0.5 km
ofnest sites was 81 t 2.06/c. average feeding area
within 5 km of sample points was l6 t l. l6lc. and
mean distance to nearest known mineral site was
q . 6  : 0 . 5  k m .  M o s t  ( 8 0 ' i ) o l t h e k r o u n n e : t r i t e :
had from 5 1 to 1 00% (40 to 80 ha) potential nesting
area within 0.5 km, from 3 to 36cl. (236 to 2.827
ha) potential feeding area within 5 km, and were
within 5 1 6 km of the nearcst known mineral site.

Forested areas with <707r canopy cover, clas-
sified as potential feeding area, had high prob-
rbility (0.110) of containing food items (beries
of red elder, blue elder, or cascara) (Figure 5).
Occurrence of each species, howevel depended
on geognphic location. Red elder was most abun-
dant along the western one-third of the Coast
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Range, bluc clder was most abundant along the
eastem one-third, and cascara was most abundant
along thc westem and eastern one-third of the study
area (Figure 5).

Discussion

Band-tailed pigeons were ubiquitous within the
study area. and \'"'ere dctected at 83qr of sample
points between mid June and late July. This re
sult may be attributed kl the prevalence and in-
terspersion ofhabitat conponents across the cenftal
Coast Range of Oregon (Figures 3 and 4) and
high mobility of pigcons. Leonard ( 1998) reponed
band-tailed pigeons in the same area had a mean
breeding home range of I I ,I 21 ha (range = 314
180,000). and travelcd a mean distance of 5.0 km
(range = 0.3 51.6) to feeding sitcs and 8.4 km
(fange = 3.5-1,1.0) to mineral sites fiom ncst ]o-
cations. Pigeons visit mineral sites about once per
wcek (Jawis and Passmore 1992). and are appar-
ently capable of nraking t ' l ights >27 km whilc
nesting.

We tirund no biologically meanin-qful relation
ship between relativc band tailed pigeon abun-
dance and availabil ity of habitat components
(known mineral sites and potential Desting and
feeding areas) within the central Coast Rangc of
Oregon. Pigeon abundance decreased significantly
with incrcasing potential forage area, howcveq
this relationship was weak and did not apperr
biologically n.reaningful. Explanatory variables in
the fitted modcl explained only 7% of the varia
tion in relative pigeon abundance at sample poinls,
and thc estimated change in pigeon abundance
was inverse to *hat we hypothesized. Also. po-
tential nesting and t-eeding arcas were mutually
exclusive categories and together accounted for
8,1% ofthe study trrca. lfband tailed pigeon abun-
dance increased with decreasing forage area. this
implies thatband tailed pigeon abundance should
have increased with increasing nest area. and there
was no evidence to suppoft that relationship.

Our results of no relationship between relu-
tive pigeon abundance and habitat component
availability at sample points are seemingly cot]
clusive. The distributions of habitat cemponents
around known nest sites were similar to the dis-
tribution of habitatcomponents itround randomly
selected sanple points. Nest sites werc closer to
kno$'n mineral sites than sample points, but this

resulted from differences in study areas. Leonard's
(1998) study area occuned in a portion of our
study arca wherc the maximunr distanccto a krlown
mineral site was <25 k[r. as compaLred to 37 km
fbr our study alea. Thus, known nest sites did not
differ from random locations based on the spa-
tial scales and parameters we examined.

Forest areas with (70% canopy cover had high
probabilitl, (0.80) of containing red elder, blue
elder. or cascara berries, however, occurence ol
each specics depended on longitudinal position
within the Coast Range (Figure 5). Kozloff ( 1976)
noted the two kinds of elder did not often mix;
red elder grows best near the coast in wet habi-
tats, whereas blue elder inhabits dryer areas and
is a more common specics along the eastern edge
of the Coast Range. Although open-canopied forest
areas represent potential feeding areas for band-
tailed pigcons. longitudinal position within the
study area and plant species phenology influence
actual food availability.

West-to-east variation in band tailed pigeon
abundance was conelated with the apparent avail-
abilit.v of red elder and cascara within potential
feeding sites, but also coincided with a number
ol confounding natural and induced landscape
pattens. The study area naturally viLried fiom u'est
to east in climate and vegetation (Franklin and
Dymess 1988. Loy et al. 1976). Gabrielson and
Jewel l  (  lg4Ur  rep ! , r leJ  b i lnd- la i ied  p igeons  in
Oregon rcach greatest abundanca aiong thc coast.
Food for nesting pigeons is most available along
the coastal side ofthe Coast Range and least avail-
able along the inland side, espccially when we
conducted our study.

The extent to which the distribution and berry
production ofclder and cascara has changed over
time and tlle effect on band-tailed pigeon popu-
lations is unknown. Elder and cascara shrubs arc
prevalent in early to intermediate forest succes-
sional stages. are prolitic producels of berries.
and appear to be abundant. However, Iittle is known
aboutthe autecology ofthese species. Factors that
can affect the availability of these food resources
inc luL le :  I  r  herb ic ide  lpp l i ca t ion  [o l lou  ing  in tcn-
sive har-vest (Hansen et al. 1991):2) harvest for
medicinal use (Starker and Wilcox 1931); and 3)
clcaring fol agricultural practices (Starker and
Wilcox 1931). Although the ovelall distribution
of elder and cascara has not l ikely changed, the

Band-tailcdPigeons l9l



\olume of bery production most I ikely has changed
in relation to shrub number. size. form, and over-
story shading.

Band-tailed pigeons art widcly distributed a:ross
thc cenlral Coast Range of Oregon, with abundance
decreasing from west to east; however, the cucs by,
and scales at which these birds select breeding habitat
is unknown. Decreasing abundance of breeding
Paciflc Coastband tailedpigeons over two to three
decades does not appear related to availability of
potentiaLl nesting and feeding a.rcas and known min
eral sites, but may be related to actual lbod avail-
ability. Further study is needed to undentlLnd the
relationship between lbod availability and pigeon
abundance in ll,estem Oregon.
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