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BREEDING BIRD RESPONSE TO RIPARIAN BUFFER WIDTH IN MANAGED
PACIFIC NORTHWEST DOUGLAS-FIR FORESTS

ScoTT F PEARSON'2 AND DAVID A. MANUWAL?

1College of Forest Resources, P.O. Box 352100, University of Washington, Seattle, Washington 98195 USA

Abstract. We examined the relative importance of riparian vs. upland habitats to breeding birds by comparing
species abundance, richness, and similarity of bird communities in managed Douglas-fir forests in western
Washington State, USA. We also examined whether forested buffer strips along second- and third-order streams
effectively maintain the pre-logging riparian breeding bird community by comparing species abundance, richness,
and turnover among three treatments: (1) unharvested controls; (2) sites that were clear-cut, leaving a narrow
(~14 m) forested buffer on both sides of the stream; and (3) sites that were clear-cut, leaving a wide (~31 m)
forested buffer along both sides of the stream.

Deciduous trees, berry-producing shrubs, and other deciduous shrubs less common in adjacent upland forest
characterized streamside zones. Despite different vegetation features, riparian and upland habitats did not differ
in any measures of bird species richness and composition. No species or species group was more abundant in
the upland. Neotropical migrants, resident species, and species associated with deciduous trees and shrubs in
forested habitats were more abundant in riparian habitats than in adjacent uplands. Total bird abundance and
abundance of four species (American Robin [ Turdus migratorius], Pacific-slope Flycatcher [Empidonax difficilis],
Black-throated Gray Warbler [Dendroica nigrescens], and Winter Wren [Troglodytes troglodytes]) were higher
in riparian habitats. Abundance of these riparian associates was correlated with percent cover of berry-producing
shrubs and the number of deciduous trees in the canopy.

We found that the number of breeding bird species on sites with narrow buffers increased from slightly fewer
than controls before harvest to an average of 10 more species than controls after harvest, a change reflected in
an average 20% increase in species turnover on narrow-buffer sites relative to controls. Total bird abundance
did not differ between treatments and controls. Resident species, those species associated with shrubsin forested
habitats and conifer trees, declined on both buffer treatments. Species associated with upland and riparian forests
(Black-throated Gray Warbler, Golden-crowned Kinglet [Regulus satrapa], and Brown Creeper [Certhia amer-
icana]) decreased in abundance on riparian buffer treatments relative to controls, whereas species associated
with open, shrubby habitats (Dark-eyed Junco [Junco hyemalis], Cedar Waxwing [Bombycilla cedrorum], and
Song Sparrow [Melospiza melodia]) increased in abundance on one or both riparian buffer treatments.

High species turnover on narrow-buffer treatments indicated that buffers <14 m on each side of the stream
did not maintain the pre-logging bird community. There was little difference in species turnover or species
richness between the wide-buffer treatment and the control, indicating that a 30-m buffer on both sides of second-
order and third-order streams maintains most of the pre-logging bird community in the first two years postharvest.
The Black-throated Gray Warbler was the only riparian associate to decline on both the narrow- and wide-buffer
treatments; its abundance was positively correlated with buffer width, and a buffer =45 m wide on each side
of second- and third-order streams was needed to support populations at densities found on unharvested controls.
To maintain the entire breeding bird community associated with forested riparian habitatsin the coastal Northwest,
we recommend a minimum buffer of 45 m along both sides of second- and third-order streams. Habitat features
such as deciduous trees (Alnus rubra and Acer macrophyllum) and berry-producing shrubs (especially Rubus
spectabilis) appear to be important and should be maintained within forested riparian buffer strips.

This study documents short-term effects of riparian treatments on the breeding bird community, which may
take several years to respond to habitat manipulations. Thus, we recommend continued monitoring to assess
long-term effects of buffer width reduction.

Key words:  American Robin; bird species richness; Black-throated Gray Warbler; breeding bird density; Douglas-fir

forest; Pacific-slope Flycatcher; riparian bird community; riparian buffer width; riparian forest management; speciesturnover;
Winter Wren.

INTRODUCTION dynamic portions of the landscape (Swanson et al.
1988). As a consequence, riparian zones typically are
more structurally diverse and more productive than ad-
jacent uplands (Bull 1978), and usually support agreat-

er number of plant (Gregory et al. 1991) and vertebrate

Riparian zones are ecotones between terrestrial and
aguatic environments, and represent some of the most
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(Thomas et al. 1979, Oakley et al. 1985) species. In
arid regions of the western United States, riparian hab-
itats make up <1% of the landscape, yet 82% of all
bird species breeding in northern Colorado occur in
riparian vegetation (Knopf 1985), and 51% of all bird
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species in southwestern states are completely depen-
dent upon this habitat type (Johnson et al. 1977). This
high species richness may result from higher food re-
sources, such as insects and other invertebrates (Jack-
son and Fisher 1986, Gray 1993), and more diverse and
complex vegetation (Bull and Skovlin 1982) that pro-
vides many potential nest sites.

In regions where the contrast between riparian and
upland habitats is less pronounced, there may be little
or no differencein bird species richness and abundance
between the two habitats (Murray and Stauffer 1995).
In the relatively wet and lush forests of the Pacific
Northwest, bird species richness and abundance may
even be higher in upland than in riparian habitats
(McGarigal and McComb 1992). Thus, the relativeim-
portance of riparian zonesto terrestrial wildlife appears
to vary geographically.

Throughout most of North America, buffer strips of
standing trees are left between clearcuts and aquatic
habitats (Knopf et al. 1988). Buffer strips are left to
protect water quality and to minimize adverse effects
of harvest on aquatic species and the terrestrial species
associated with riparian habitats. In addition, buffer
strips may serve as important connections between
fragmented habitats and, consequently, may counteract
some of the problems associated with landscape frag-
mentation (Wilcox and Murphy 1985, Saunders et al.
1991, Schmiegelow et al. 1997). A critical question
associated with riparian zone management is how wide
should riparian buffers be to protect the species that
depend on these habitats? Several studies have dem-
onstrated a positive correlation between species rich-
ness and abundance and width of the buffer (Stauffer
and Best 1980, Darveau et al. 1995, Spackman and
Huges 1995, Kilgo et al. 1998, Hagar 1999). Buffer
width also appears to affect microclimatic conditions
within the riparian zone (Brosofske et al. 1997) that
may, in turn, influence the plant and animal community
found there. Conseguently, manipulating the width of
forested riparian buffers left after clear-cutting the ad-
jacent uplands has important implications for preserv-
ing biological diversity (Spackman and Huges 1995).

Investigators have used a variety of approachesto eval-
uate the effect of buffer width on bird species richness
and abundance. Some have looked at the change in spe-
cies richness as one moves away from the stream in un-
harvested forests (e.g., Spackman and Hughes 1995, Wie-
be and Martin 1998). Others have correlated buffer width
with bird abundance and richness after timber harvest
(Kinley and Newhouse 1997, Hagar 1999, Whitaker and
Montevecchi 1999). Few studies have used an experi-
mental approach to examine the effect of buffer width on
wildlife (but see Darveau et al. 1995). For many studies,
it is difficult to evaluate the effect of buffer width on
speciesthat depend upon riparian zones, because few have
first attempted to identify the species associated with ri-
parian habitats (but see Wiebe and Martin 1998, Whitaker
and Montevecchi 1999). As a consequence, the species
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that decline or disappear in narrow riparian buffers may
not be species that depend upon riparian zones for re-
production or survival.

Thisstudy hastwo objectives: (1) to determinewhich
species, if any, are associated with riparian habitats in
the coastal and Cascade mountains of western Wash-
ington State; and (2) to assess the effect of forested
buffer width on the breeding bird community after the
uplands have been clear-cut. To accomplish these ob-
jectives, we compared species abundance, richness, and
similarity between riparian and adjacent upland habi-
tats before timber harvest. After timber harvest, we
compared species abundance, richness, and turnover in
the riparian zones of unharvested sites (controls) with
two treatments: sites where the uplands were clear-cut,
leaving a narrow (~14 m) forested riparian buffer on
both sides of the stream; and sites where the uplands
were clear-cut, leaving a wide (~31 m) forested buffer
along each side of the stream.

METHODS
Study area and experimental design

The experiment was conducted on the west side of
the southern Cascade Mountains and the coast range
of Washington between the Cedar River watershed (east
of Seattle) to the north and the Columbia River to the
south. All sites were located in the Western Hemlock
forest zone (Franklin and Dyrness 1973). Forests in
this zone are dominated by conifersincluding Douglas-
fir (Pseudotsuga menzesii), western hemlock (Tsuga
heterophylla), and western redcedar (Thuja plicata).
Deciduous tree species are not common in this zone
except in recently disturbed sites and riparian habitats.
Riparian habitats in this region are dominated by red
alder (Alnus rubra) and big-leaf maple (Acer macro-
phyllum) in early seral stages and by western hemlock
and redcedar in later stages. Ridges and steep valleys
characterize the region, and the climate consists of
warm, dry summers and cool, wet winters. The lands
used in this research are owned by the state of Wash-
ington, the city of Seattle, and private timber compa-
nies (see Acknowledgments). The primary management
objective on these lands is the production of even-aged
conifer plantations dominated by Douglas-fir.

Eighteen sites were selected according to the follow-
ing criteriaz (1) low elevation <620 m; (2) second-
growth forest 45-65 yr old; (3) dominated by Douglas-
fir and western hemlock in the uplands; (4) containing
a second- or third-order stream (Strahler 1957); (5)
predominantly coniferous riparian canopy with decid-
uous tree component; and (6) at least 500 m in stream
length. Site size ranged from ~33 hato 50 ha, and each
site was located along a different stream. Each of the
18 selected sites was assigned to one of three treat-
ments, resulting in six replicate sites of control, narrow-
buffer treatment, and wide-buffer treatment. Both treat-
ments consisted of forested riparian buffers along both



842

sides of the stream and clear-cut uplands. The narrow-
buffer sites were harvested according to Washington
State Forest Practice Board (1992) regulations, which
specify a minimum riparian buffer of 8 m along each
side of the stream. After harvest, the mean buffer width
on the narrow-buffer treatmentsranged from 7.3 to 23.2
m. Wide-buffer treatment consisted of awider and more
variable forested buffer along each side of the stream.
These wide buffers were intended to accommodate |o-
cal features such as seeps and structural components
such as snags and downed wood, resulting in not only
a wider buffer, but also a more variable buffer width
(ranging from 20.6 to 47.9 m). After harvest, the clear-
cut on each side of the stream ranged in size from 14
to 16 ha on both treatments. Preharvest data were col-
lected in the spring of 1993 and postharvest data were
collected in the springs of 1995 and 1996; no sampling
occurred in 1994 when sites were logged. One narrow-
buffer treatment site was not logged, resulting in six
control sites, six wide-buffer sites, and five narrow-
buffer sites for all analyses of treatment effects. We
used all 18 sites for the riparian and upland habitat and
bird community comparisons before harvest.

Bird sampling

Birds were surveyed using 15-m fixed-radius point
counts (Verner 1985). In each site, five riparian stations
were established along each side of the stream and five
upland stations were established on each side of the
stream, resulting in 10 riparian and 10 upland point-
count stations per site. Each riparian station was located
15 m from the usual high water line, 100 m from other
stations, and =50 m from the edge of the site. Each
upland station was located parallel to and 100 m upslope
from the riparian stations. Reference flags were placed
15 m from each side of each station. Censuses started
within 30 min of dawn and were completed within 5 h.
Upon arriving at a survey point, observers remained
stationary and quiet for a minimum of 1 min to allow
birds to settle, and then recorded all birds heard or seen
during a6-min period. To avoid biases among observers,
observers were rotated among the 18 study sites. To
avoid biases associated with always visiting riparian or
upland sites first, we alternated travel routes. Each site
was visited six times between mid-April and late-June.
The surveyswere evenly spaced throughout the breeding
season to account for differences in breeding phenology
among species. No survey was conducted during heavy
precipitation or high winds. Every attempt was made to
avoid counting individual birds more than once. If the
riparian buffer was narrower than the diameter of our
point-count circle on harvested sites, then we recorded
whether the bird was detected in the forested buffer or
in the clear-cut portion of the circle.

Small-radius point counts were used because it was
difficult to travel along streamswith steep slopes (some
>40°) and dense vegetation. Small-radius point counts
eliminated the problem caused by steam noise: differ-
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ences in the ability to detect birds along riparian and
upland habitats. Small-radius point counts also allowed
us to examine differences in bird abundance along nar-
row strips of forested habitat after harvest.

Habitat sampling

Vegetation sampling occurred once prior to timber
harvest and once following timber harvest on all 18
sites. To measure habitat variables at each site, we es-
tablished a total of 12 vegetation plots (16 X 20 m)
along the riparian zone and 10 vegetation plots in the
uplands. The riparian vegetation plots were systemat-
ically centered on six of the 10 riparian point-count
stations and six points halfway between riparian sta-
tions. The upland vegetation plots were systematically
centered on six of the 10 upland point-count stations
and four points halfway between point-count stations.
More riparian plots were established to account for the
more complex riparian vegetation relative to the even-
aged, conifer-dominated uplands. Each vegetation plot
was oriented such that the 20-m side of the plot was
parallel to the stream. All trees >3 m tall and clusters
of vine maple trees (Acer circinatum) were counted
within the entire plot. Counts of trees other than vine
maple were grouped as Douglas-fir/true fir (Abies),
western hemlock/western redcedar, or deciduous trees.
These groupings were based on natural species asso-
ciations and habitat conditions. Western hemlock and
redcedar are associated with cool and wet conditions,
whereas Douglas-fir and true fir are associated with
drier conditions. Deciduous trees are associated with
riparian habitats and recently disturbed areas. All snags
>1.5mtall and 10 cm diameter (measured 1.4 m above
the ground) were counted within the entire plot. Within
each vegetation plot, we delineated four 8 X 10 m
quadrants. Percent cover of shrubs 1-3 m tall and logs
>10 cm diameter were estimated in two quadrants
within each plot (the right half of the plot as you face
upslope from the stream). Canopy cover was measured
at the center and the four corners of the plot using a
spherical densiometer (Lemmon 1957). At each of the
five sampling points, we took one densiometer reading
facing the stream, one facing away from the stream,
one facing upstream, and one facing downstream. Buff-
er width was measured at each riparian point-count
station by measuring the perpendicular ground distance
between the stream edge and the outermost tree.

Data analyses

Bird abundance.—We excluded from all analysesin-
dividuals that flew over the site, migrants that did not
breed in the area (e.g., Ruby-crowned Kinglet [Regulus
calendula] and Golden-crowned Sparrow [Zonotrichia
leucophrys]), and all species not adequately sampled
by point counts (grouse, raptors, corvids, and water-
fowl). Finally, to avoid including nonbreeders in our
analyses, we excluded all speciesthat were not detected
on at least two occasions.
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To compare individual species abundance, we used
an index of abundance for each common species. Com-
mon species were detected >15 times and detected on
at least half of the sites in the preharvest year, or were
detected >15 times and on at least four of the sitesin
one of the two postharvest years. A separate index of
abundance was developed for riparian and upland hab-
itats and was calculated by dividing the total number
of detections per site and year by the number of cen-
suses in a given year (n = 6).

We used paired t tests to compare overall abundance,
abundance of individual species, and abundance of spe-
cies groups between the riparian and upland habitats
in each of the 18 sites in the preharvest year (1993).
We examined the relationship between abundance of
riparian associated species and habitat variables in the
pre-harvest year using an interactive stepwise linear
regression. We examined the effect of buffer width on
species abundance using a multivariate repeated-mea-
sures ANOVA. A significant treatment X year inter-
action indicated that birds responded differently to the
treatments over time. When the treatment X year in-
teraction was significant (Wilks' lambda), univariate
ANOVA and Tukey pairwise comparisons were used
to examine differences among treatments. Because
there was strong annual variation in abundance and low
statistical power for the species not demonstrating a
treatment X year interaction (see Results), we also used
a univariate F test to examine treatment effects for
these species. For the two species not detected in the
preharvest year (Table 1), we used only the two post-
harvest years in the repeated-measures ANOVA and
looked for treatment rather than treatment X year ef-
fects. Equation 13.13 (Zar 1984) was used to estimate
the power of the repeated-measures ANOVA in de-
tecting an interaction effect. We used a linear regres-
sion to compare the mean abundance of riparian-as-
sociated species for the two years postharvest with
buffer width on logged sites after harvest. When abun-
dance of any given species declined on harvested sites
and there was a positive relationship between buffer
width and bird abundance, we used the mean number
of detections on controls for the two postharvest years
to derive an estimate of the buffer width necessary to
maintain abundance levels similar to that of unhar-
vested controls. We accomplished this by marking the
mean = 1 se values for the unharvested controls (in
the postharvest years) on the abundance axis (y-axis)
in Fig. 2 and extending a horizontal line from these
values to the regression line. From each of the inter-
sections between these horizontal lines and the regres-
sion line, we dropped a vertical line down to the buffer
width (x-) axis to determine our recommended mini-
mum, maximum, and mean buffer width values.

We compared abundance between riparian and up-
land habitats before harvest and the riparian treatment
effect postharvest for the following species groupings:
(1) species associated with the canopy of coniferous
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forests; (2) species associated with deciduous trees; (3)
species associated with shrubs and small trees in open
habitats; (4) species associated with shrubs and small
trees in forested habitats; (5) cavity nesters; and (6)
species grouped according to migratory status (neo-
tropical migrants, short-distance migrants, and resi-
dents). For species group membership, see Table 1. Not
all species were put into a habitat group (1-5), and
habitat groupings were based on the primary use of
these habitats for breeding and/or foraging (Carey et
al. 1991, Gilbert and Allwine 1991, Manuwal 1991,
McGarigal and McComb 1995, Manuwal and Pearson
1997). Cavity nesters included species that only used
cavities for nesting. Winter Wren was not included in
cavity nesters because we found it frequently nesting
in root wads and other substrates. We examined the
potential influence of our treatments on species
grouped by habitat use becauseriparian habitats usually
have higher diversity and density of deciduous shrubs
(McGarigal and McComb 1992, Wiebe and Martin
1998) and trees (McGarigal and McComb 1992). We
examined the potential influence of our treatments on
species grouped by migratory pattern because residents
and neotropical migrants may be sensitive to fragmen-
tation, and because a number of neotropical migrants
may prefer deciduous habitats (Welsh and Lougheed
1996). We compared treatment effects and associations
with riparian and upland habitats for these species
groups, using the same methods as described for in-
dividual species.

Bird species richness and turnover.—It is often dif-
ficult to count all species within any given area. Con-
sequently, counts of species detected often underesti-
mate the numbers of species present and create prob-
lems when comparing species richness between com-
munities (Nichols et al. 1998a). In this study, it is
unlikely that we detected all species because it was
necessary to use small-radius point counts. To account
for detection problems, we followed the methods of
Nichols et al. (1998a, b) to estimate species richness
and turnover for all comparisons. These methods use
data on the presence or absence of each species at dif-
ferent sampling locations to estimate the number of
species not detected at any location. All computations
were conducted with program COMDY N, which uses
the methods of Nichols et al. (1998a, b) and which was
developed by Hines et al. (1999). This program pro-
duces a series of community-based estimates that can
be used to compare communities at different times or
in different areas. The equations used by COMDYN
do not require catching and marking individual animals
and are appropriate for point-count data (Nichols et al.
1998b). Estimates produced by COMDY N include spe-
cies richness by location, relative richness, species co-
occurrence, the number of species at one location or
time that do not occur at another location or time, and
the probability of species detection (Nichols et al.
1998b). The model used by COMDYN assumes that
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TABLE 1.
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Detection rate (mean, with 1 st in parentheses) of common species and species grouped according to migratory

pattern and habitat associations in riparian habitats by treatment and year.

Postharvest
Preharvest 1993 1995
Control Wide Narrow Control
Species Migrationt Habitatf n==6 n==6 n=>5 n==6
Individual species
Chestnut-backed Chickadee R C, CAV 3.13 (0.53) 2.57 (0.28) 4.16 (0.76) 0.70 (0.18)
Winter Wren R SC 3.07 (0.53) 3.33 (0.47) 2.58 (0.25) 3.7 (0.36)
Pacific-slope Flycatcher NTM D 2.13 (0.24) 2.03 (0.20) 1.58 (0.27) 3.23 (0.17)
Golden-crowned Kinglet R C 1.07 (0.35) 0.67 (0.25) 1.29 (0.32) 0.77 (0.37)
Wilson's Warbler NTM SC 0.67 (0.32) 0.67 (0.34) 0.44 (0.33) 1.10 (0.35)
Swainson’s Thrush NTM 0.20 (0.09) 0.20 (0.10) 0.28 (0.20) 0.53 (0.12)
Brown Creeper R C 0.13 (0.07) 0.13 (0.04) 0.12 (0.08) 0.23 (0.10)
Black-throated Gray Warbler ~ NTM D 0.20 (0.10) 0.33 (0.15) 0.18 (0.05) 0.27 (0.07)
American Robin SDM D 0.30 (0.13) 0.23 (0.17) 0.0 0.13 (0.09)
Rufous Hummingbird NTM 0.0 (0.0) 0.17 (0.13) 0.04 (0.04) 0.07 (0.07)
Cedar Waxwing SDM SO 0.0 0.0 0.0 0.0
Dark-eyed Junco SDM 0.0 0.0 0.0 0.0
Hairy Woodpecker R CAV 0.0 (0.0) 0.03 (0.03) 0.05 (0.05) 0.23 (0.10)
Western Tanager NTM 0.03 (0.03) 0.13 (0.08) 0.0 0.03 (0.03)
Warbling Vireo NTM SO 0.07 (0.07) 0.0 0.0 0.17 (0.17)
Song Sparrow SDM SO 0.0 0.03 (0.03) 0.0 0.0
Mean abundance/site 11.03 (0.85)  10.53 (1.19)  10.72 (1.03) 11.27 (0.62)
Species groups
Neotropical migrants 3.33 (0.59) 3.53 (0.68) 2.52 (0.56) 5.4 (0.57)
Short-distance migrants 0.30 (0.13) 0.27 (0.20) 0.0 0.13 (0.10)
Residents 7.40 (0.58) 6.73 (0.43) 8.20 (0.60) 5.73 (0.30)
Species associated with habitats
Conifer trees 4.33 (0.75) 3.37 (0.48) 5.57 (0.79) 1.70 (0.40)
Deciduous trees 2.63 (0.37) 2.60 (0.41) 1.76 (0.28) 3.63 (0.26)
Shurbs in open habitats 0.07 (0.07) 0.03 (0.03) 0.0 0.17 (0.17)
Shrubs in forested habitats 3.73 (0.52) 4.0 (0.78) 3.02 (0.24) 4.80 (0.60)
Cavities 3.13 (0.53) 2.60 (0.28) 4.21 (0.79) 1.03 (0.25)

Notes: Treatmentsinclude sites that were not harvested (control), harvested with awider riparian buffer (wide), or harvested
with anarrower riparian buffer (narrow). We report F and P values from amultivariate repeated-measures ANOVA examining
year X treatment interaction (Y X T) and from univariate F tests examining treatment effects by year. Statistical tests were

only performed for common species (see Methods).

T Migratory pattern: NTM, neotropical migrant; SDM, short-distance migrant; R, resident.
F Habitat association: C, conifer trees; D, deciduous trees; SO, shrubs and small trees in open habitats; SC, shrubs and

small trees in forest habitats; CAV, cavity nester.

detection probability is heterogeneous among species
(Nichols et al. 1998b). With the exception of three ri-
parian habitats on control sites, the heterogeneity mod-
el adequately fit all other sites (n = 21, all P’'s > 0.05).
Despite a lack of fit in three cases, the estimators de-
rived should perform much better than ad hoc esti-
mators (Nicholset al. 1998b). We used Eq. 3in Nichols
et al. (1998a) to estimate the rate of change in species
richness (the relative species richness in the riparian
and upland comparison) between years because there
were no differences in detection probabilities (all P's
> 0.05) between years or habitats. For all estimators,
we report the jackknife estimator that is derived using
a bootstrap approach. Bootstrap variance estimates
were calculated using 200 iterations and arandom seed.
Initial fit of the data to the heterogeneity model was
calculated using a goodness-of-fit (GOF) test. For this
analysis, we excluded all species that were detected
fewer than three times, that did not breed in the area,
and that were not adequately sampled by point counts.

Habitat analyses.—For all habitat analyses, we used

total counts of trees and snags, mean percent cover of
shrubs, logs, and canopy cover, and mean buffer width
in the riparian and/or upland habitat for each site. We
used discriminant analysis to discriminate between
habitat features associated with the riparian habitats
and those associated with the adjacent upland on all
18 sites before timber harvest. We used a paired t test
to compare individual habitat variables between ripar-
ian and upland transects on all 18 sites before harvest.
We used a two-sample t test to compare upland habitat
variables between the two treatments postharvest. We
used a multivariate ANOVA to compare habitat vari-
ables between treatments and controls postharvest. We
used a two-sample t test to compare buffer width be-
tween the two treatments postharvest.

For all analyses, data not meeting the assumptions
of normality (Kolmogorov-Smirnov one-sample test)
or homogeneity of group variances (Bartlett's F test,
residual scatter plots) were log- or arcsine-transformed
(Zar 1984). When analyzing vegetation data, we used
an alpha level of 0.05 because of large samples sizes
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TaBLE 1. Extended.
Postharvest 1995 Postharvest 1996
Wide Narrow Univariate Control Wide Narrow Univariate Y XT
n==6 n=>5 F (P) n==6 n==6 n=>5 F (P) F (P)

0.40 (0.15) 0.88 (0.45) 0.64 (0.16) 0.86 (0.17) 0.40 (0.25) 2.7 (0.05)

3.97 (0.53) 3.52 (0.45) 1.75 (0.29) 1.28 (0.20) 1.00 (0.26)

2.87 (0.30) 2.76 (0.33) 1.56 (0.39) 0.97 (0.17) 0.83 (0.15)

0.10 (0.07) 0.04 (0.04) 3.13 (0.08) 0.39 (0.11) 0.0 0.07 (0.07) 7.79 (0.01)

1.37 (0.17) 0.28 (0.19)  4.62 (0.03) 0.33 (0.18) 0.72 (0.19)  0.27 (0.17)

0.83 (0.30) 0.44 (0.19 0.17 (0.14) 0.28 (0.15) 0.07 (0.07)

0.17 (0.08) 0.04 (0.04) 0.25 (0.13) 0.0 0.0 3.49 (0.06)

0.07 (0.07) 0.0 5.72 (0.02) 0.06 (0.04) 0.03 (0.03) 0.0 3.40 (0.02)

0.60 (0.23) 0.40 (0.06) 0.31 (0.13) 0.47 (0.16) 0.67 (0.19) 3.6 (0.02)

0.18 (0.06) 0.16 (0.04) 0.11 (0.14) 0.25 (0.09) 0.30 (0.22)

0.10 (0.07) 0.44 (0.26) 2.73 (0.10) 0.0 0.31 (0.11) 0.13 (0.13) 2.76 (0.10) 5.91 (0.01)

0.47 (0.10) 0.76 (0.37) 3.85 (0.05) 0.19 (0.11) 0.31 (0.08) 0.77 (0.34)

0.30 (0.05) 0.52 (0.17) 0.25 (0.13) 0.28 (0.11) 0.07 (0.07)

0.33 (0.11) 0.08 (0.05)  4.74 (0.03) 0.03 (0.03) 0.19 (0.11)  0.03 (0.03)

0.83 (0.29) 0.76 (0.37) 0.08 (0.08) 0.42 (0.18) 0.10 (0.07) 2.4 (0.07)

0.27 (0.20) 0.56 (0.34) 0 0.44 (0.19) 1.17 (0.49) 4.38 (0.03) 2.15 (0.10)
12.93 (0.62) 11.64 (1.92) 6.14 (0.57) 6.81 (0.71)  6.03 (0.94)

6.47 (0.45) 4.48 (1.01) 2.33 (0.60) 2.86 (0.41) 1.60 (0.55)

1.47 (0.33) 2.16 (0.82) 4.88 (0.03) 0.53 (0.20) 1.53 (0.37) 0.14 (0.06) 16.63 (0.00) 7.88 (0.00)

5.00 (0.61) 5.00 (0.93) 3.28 (0.43) 2.42 (0.30) 1.53 (0.37) 5.33(0.02) 2.8 (0.05)

0.67 (0.23) 0.96 (0.48) 1.28 (0.19) 0.86 (0.17) 0.47 (0.23) 4.25 (0.04) 2.48 (0.06)

3.53 (0.53) 3.16 (0.32) 1.92 (0.47) 1.47 (0.30) 1.50 (0.19)

1.23 (0.42) 1.76 (0.93) 0.11 (0.08) 1.17 (0.36) 1.57 (0.54) 4.56 (0.03) 2.05 (0.10)

5.33 (0.42) 3.80 (0.74) 2.08 (0.20) 2.00 (0.20) 1.27 (0.33) 3.24 (0.07)

0.77 (0.14) 1.40 (0.52) 0.89 (0.24) 1.14 (0.26) 0.47 (0.25) 2.36 (0.08)

and associated high power. When analyzing bird abun-
dance, we used an alphalevel of 0.10 because of small
sample sizes and associated low power.

ResuLTs
Riparian and upland habitat before harvest

We used the habitat variables in Table 2 to discrim-
inate between upland and riparian habitats in the pre-
harvest year. Discriminant analysis successfully sepa-
rated riparian habitats, predicting group membership
correctly in 94% of the cases; one of the 18 riparian
transects was misclassified as an upland transect and
one of the 18 upland transects was misclassified as a
riparian transect. Riparian habitats had more deciduous
trees <50 cm in diameter, whereas upland habitats had
more Douglas-fir trees >50 cm in diameter, higher per-
cent cover of evergreen shrubs, and higher canopy clo-
sure (Table 3). Paired t tests between riparian and up-
land habitats indicated that riparian habitats had more
deciduous trees and shrubs and more berry-producing
shrubs than did upland habitats (Table 2). Upland hab-
itats had higher canopy closure, more snags, and more
Douglas-fir/true fir trees than did riparian habitats (Ta-
ble 2). Habitat variables measured along the riparian
transects in the preharvest year were similar among
treatments (F = 0.96; df = 26, 4; P = 0.596).

Riparian and upland bird community before harvest

Community comparisons.—There was no difference
in bird species richness between riparian and upland
habitats before harvest; 22 species were detected in
riparian habitats and 26 were detected in upland hab-
itats (Table 4). Species composition of the two habitats
was very similar (Table 4). The probability of detecting
a species was similar in both habitat types and was
quite high (>85% for both habitat types; Table 4). No
species was unique to the riparian habitat, but five spe-
cies were unique to the upland habitat (Cedar Waxwing
[Bombycilla cedrorum], Dark-eyed Junco [Junco hye-
malis], Hermit X Townsend’s Warbler [Dendroica
townsendi X D. occidentalis], Band-tailed Pigeon [Co-
lumba fasciata], and Hermit Thrush [Catharus gutta-
tus)).

Species group comparisons.—Neotropical migrants
and residents were more abundant in riparian than in
upland habitats (Table 5), and short-distance migrants
were equally abundant in riparian and upland habitats
(Table 5). Species associated with deciduous trees and
shrubs in forested habitats were more abundant in ri-
parian habitats than in the adjacent upland habitats (Ta-
ble 5), and the abundance of species associated with
conifer trees and shrubs in open habitats did not differ
between riparian and upland habitats (Table 5). No spe-
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Habitat variables (mean, with 1 se in parentheses) measured before timber harvest and after timber harvest along

Preharvest Postharvest riparian
Riparian Upland Control Wide
Habitat variable n=18 n=18 t P n==6 n==6
Canopy cover (%) 96.75 (0.46) 98.09 (0.32) —2.48 0.02 94.76 (1.01) 65.86 (6.38)
Deciduous < 50 cm dbh (count)  71.56 (9.25) 30.50 (5.47) 3.26 0.00 56.29 (16.73)  69.33 (8.95)
Deciduous > 50 cm dbh (count) 1.39 (0.43) 0.50 (0.20) 1.93 0.06 4,71 (1.41) 3.83 (1.83)
Hemlock/cedar < 50 cm dbh (count) 75.67 (11.93) 99.72 (11.81) —1.63 0.11 71.29 (17.45) 70.83 (15.44)
Hemlock/cedar > 50 cm dbh (count)  3.33 (0.96) 5.06 (1.86) —0.49 0.63 13.86 (5.53) 2.67 (0.76)
Douglas-fir < 50 cm dbh (count) 18.11 (3.86) 50.28 (13.01) —2.96 0.01 9.86 (1.30) 22.00 (14.66)
Douglas-fir > 50 cm dbh (count) 4.22 (0.92) 10.67 (1.91) -2.93 0.01 9.29 (2.50) 4.83 (2.09)
Vine maple (count) 42.22 (6.87) 98.44 (28.66) —0.43 0.67 32.57 (12.15) 33.50 (11.11)
Evergreen shrubs (%) 1.69 (1.07) 416 (1.60) -175  0.09 0.31 (0.22) 0.64 (0.31)
Berry-producing shrubs (%) 37.90 (6.14) 10.83 (2.80) 4.08 0.00 31.52 (5.56) 27.58 (5.67)
Deciduous shrubs (%) 5.49 (1.45) 1.47 (0.54) 2.98 0.01 5.19 (2.14) 7.46 (4.33)
Snags (count) 2411 (3.29) 39.61 (4.70) —2.67 0.01 24.14 (5.27)  22.50 (2.71)
Logs (%) 26.56 (3.97) 27.30 (2.98) —0.48 0.63 16.58 (5.26) 24.22 (2.13)
Buffer width (m) 30.52 (4.03)

Notes: Treatments include sites in unharvested controls (control), sites harvested with a wide riparian buffer (wide), and
sites harvested with a narrow riparian buffer (narrow). We report t and P values from paired t tests comparing riparian and
upland habitat variables before harvest, and two-sample t tests comparing upland habitat variables between the Wide and

Narrow riparian buffer treatments postharvest.

T Value for the two-sample t test comparing buffer width between the two logging treatments postharvest.

cies group was more abundant in upland habitats (Table
5).
Abundance comparisons.—We detected 62 breeding
bird species, representing 4646 observations, within
the 15 m radius point-count stations during three years
of observation. Before harvest, 86% of all detections
in riparian and upland habitats were of five species:
Chestnut-backed Chickadee (Poecile rufescens), Win-
ter Wren (Troglodytes troglodytes), Pacific-slope Fly-
catcher (Empidonax difficilis), Golden-crowned King-
let (Regulus satrapa), and Wilson's Warbler (Wilsonia
pusilla). Total abundance was higher in riparian hab-
itats (Table 5).

As with grouped species comparisons, no individual
species was more abundant in the upland habitats in
the preharvest year. However, the following species
were rarely detected in the preharvest year and, when
detected, they were found exclusively in the uplands:
Cedar Waxwing, Dark-eyed Junco, and Hermit X
Townsend’s Warbler. Four species were more abundant
in riparian than in upland habitats (Table 5): American
Robin (Turdus migratorius), Black-throated Gray War-
bler (Dendroica nigrescens), Pacific-slope Flycatcher,
and Winter Wren. All four of these species demon-
strated significant correlations with riparian habitat fea-
tures; three were positively correlated with berry-pro-
ducing shrubs and two were positively correlated with
deciduous trees (Table 6).

Riparian and upland habitat features after harvest

Habitat variables measured along the riparian tran-
sect differed among treatments after harvest (Table 2;
F = 3.92; df = 26, 6; P = 0.05). On treated sites,
logging reduced the amount of canopy cover, the num-
ber of large hemlock/redcedar trees, and the percent

cover of berry-producing shrubs, and increased the per-
cent cover of logs (Table 2). Mean buffer width differed
between the narrow- and wide-buffer treatments (Table
2). The clear-cut uplands of the two treatments were
similar (Table 2).

Effect of riparian buffer width on breeding bird
community

Community comparisons.—The number of species
on narrow-buffer sites increased from slightly fewer
than controls before harvest to an average of 10 more
species than controls after harvest (Fig. 1a). This
change is reflected in an average increase of 20% in
species turnover on narrow-buffer sites after harvest
(Fig. 1b). Species richness and turnover were similar
in the wide-buffer treatment and the control (Fig. 1b).

Soecies group comparisons—Residents, short-dis-
tance migrants, cavity nesters, and species associated
with conifer trees and shrubs in open habitats dem-
onstrated ayear X treatment interaction (Table 1). Uni-
variate F tests indicated that residents and species as-
sociated with conifer trees were less abundant on the
narrow-buffer than the wide-buffer treatment and con-
trol in 1996; short-distance migrants were more abun-
dant on both treatments relative to the control in 1995
and 1996; species associated with shrubs in open hab-
itats were more abundant on both treatments in 1996
(See Table 1 for univariate F and P values). We also
examined the treatment effect for species groups not
demonstrating ayear X treatment interaction. We used
univariate F tests for each year because of the low
power associated with the interaction test (power
<0.30) for these species groups; species associated
with shrubs in forested habitats were less abundant in
the narrow-buffer than in the wide-buffer treatment and
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TaABLE 2. Extended.
Postharvest riparian Postharvest upland
Narrow Wide Narrow
n=>5 F P n==6 n=>5 t P
35.70 (4.94) 55.60 0.00 6.29 (5.27) 0.33 (0.25) 1.13 0.33
37.00 (6.98) 1.09 0.36 16.17 (8.69) 12.40 (3.36) 0.41 0.70
4.0 (0.78) 0.30 0.74 0.17 (0.17) 0.0
96.0 (18.19) 0.51 0.61 12.83 (8.92) 2.40 (0.98) 1.16 0.30
1.80 (0.66) 5.69 0.01 0.17 (0.17) 0.0
7.00 (2.88) 0.95 0.41 13.83 (4.81) 3.20 (2.33) 1.99 0.09
4.80 (1.43) 0.79 0.47 0.50 (0.50) 0.0 0.34 0.74
33.20 (8.13) 0.19 0.83 6.50 (4.28) 29.20 (17.05) -1.29 0.26
0.57 (0.22) 0.73 0.50 0.32 (0.14) 0.18 (0.07) 0.93 0.38
9.10 (5.21) 7.87 0.01 3.40 (1.68) 1.96 (1.05) 0.73 0.49
2.73 (1.07) 0.25 0.78 0.16 (0.09) 0.12 (0.06) 0.34 0.74
15.60 (2.77) 0.91 0.43 4.67 (1.33) 5.80 (1.66) -0.53 0.61
33.46 (1.51) 6.10 0.01 19.22 (2.11) 23.45 (3.28) -1.09 0.31
13.70 (2.65) 3.49t 0.01

control in 1996 (Table 1). There was no difference in
the abundance of any species group between treatments
and controls in the preharvest year.

Abundance comparisons.—Total bird abundance did
not demonstrate a year X treatment interaction (Table
1). Five species demonstrated ayear X treatment effect
(Table 1). Of these five species, only two showed a
treatment effect in a given year: Black-throated Gray
Warbler was less abundant on both treatments relative
to controls in 1995 and was rarely detected in 1996;
Song Sparrow (Melospiza melodia) was more abundant
on the narrow-buffer treatment in 1996 (See Table 1
for univariate F and P values). Cedar Waxwing and
Dark-eyed Junco were not detected in the preharvest
year and, consequently, we did not expect a treatment
X year interaction. However, the Cedar Waxwing did
not show a treatment effect, but demonstrated an in-
teraction effect; it was more abundant on the narrow-
buffer treatment in 1995 and was more abundant on
the wide-buffer treatment in 1996. The Dark-eyed Jun-
co showed a treatment effect (F = 4.0; df = 2, 14; P
= 0.04) and was more abundant on the narrow-buffer
treatment in 1995. We al so examined the potential treat-
ment effect in each year for species not demonstrating
ayear X treatment interaction because of the low power
associated with the interaction test (power <0.30) for
these species. In this univariate test, four species

TaBLE 3. Standardized correlations of four habitat variables
with the discriminant axis for riparian and upland habitats.

Correlation with

Habitat variable canonical axis

Canopy cover 0.63
Deciduous < 50 cm dbh —0.48
Evergreen shrubs 0.73
Douglas-fir > 50 cm dbh 0.69

Note: Positive values and variables are associated with up-
land habitats, and negative values and variables are associated
with riparian habitats.

showed a treatment effect in one or both years post-
harvest: Golden-crowned Kinglet was more abundant
on controls than on treatments in both years posthar-
vest; Wilson's Warbler (Wilsonia pusilla) was less
abundant on the narrower treatment in 1995; Brown
Creeper (Certhia americana) was more abundant on
the control than on treatments in 1996; and Western
Tanager (Piranga ludoviciana) was more abundant on
the wide-buffer treatment in 1995. There was no dif-
ference in the abundance of any species between treat-
ments and controls in the preharvest year.

Although buffer width was different between the two
buffer treatments after harvest, there was overlap be-
tween the widest mean buffer width on the narrower
treatment (range 7.3-23.2 m) and the narrowest mean
buffer width on the wider treatment (range 20.6-47.9
m). Consequently, we compared mean species abun-
dance in the two years postharvest with mean buffer
width on logged sites after harvest. For this analysis,
we used only the four species associated with riparian
habitats. American Robin abundance increased on buff-
ers after harvest, and there was a weak relationship
with buffer width (F = 4.57; df = 1, 9; r2 = 0.37, P
= 0.06), indicating that this increase was greatest on
the widest buffers. There was no relationship between
Pacific-slope Flycatcher (F = 1.61; df = 1, 9; P =
0.24) and Winter Wren (F = 0.82; df = 1, 9; P = 0.39)
abundance and buffer width. Black-throated Gray War-
bler abundance was positively correlated with riparian
buffer width (F = 12.37;, df = 1, 9; r2 = 0.58, P =
0.007); the number of Black-throated Gray Warbler de-
tections decreased on eight of the 11 logged sites, didn’t
change on two, and increased on one (Fig. 2). This
species was detected on six of the seven control sites
postharvest. We determined recommended buffer
widths for the Black-throated Gray Warbler by pro-
jecting the mean abundance value for controls after
harvest onto the regression linein Fig. 2 (see Methods).
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TaBLE 4. Estimates of bird species richness, proportion of shared species, number of species

unique to a habitat, and average species detection probability on riparian (n = 18) and
adjacent upland (n = 18) habitats in coastal Washington State.
Parameter Estimate 1 se 95% ci

Riparian species richness 21.66 3.29 21.66-29.83
Upland species richness 25.89 1.90 22.00-27.89
Members of upland habitats present in the riparian habitats 19.94 2.02 16.94-23.89
Member of riparian habitats present in upland habitats 21.83 311 16.94-28.89
Proportion of upland habitat species present on riparian 0.95 0.06 0.81-1.0

habitats
Proportion of riparian species present on upland habitats 0.99 0.07 0.75-1.0
Relative richness of riparian and upland habitats 1.20 0.12 0.80-1.24
No. species unique to upland habitats 5.32 2.20 0.00-7.5
No. species unique to riparian habitats 0.0 0.0 0.0
Detection probability in riparian habitat 0.97 0.08 0.70-0.97
Detection probability in upland habitat 0.85 0.07 0.79-1.0

Under this method, estimated buffer widths ranged
from 45 to 65 m with a mean of 55 m.

Discussion
Riparian and upland bird community before harvest

Riparian zones were characterized by deciduous
trees and shrubs and berry-producing shrubs. In con-
trast, upland sites had higher canopy closure and more
Douglas-fir trees and snags. Discriminant analysis suc-
cessfully separated riparian and upland habitats 94%
of the time, indicating that riparian zones had more of
some habitat features than did the adjacent uplands.
Despite these differences in vegetation characteristics
between riparian and upland habitats, we found no dif-
ferences in bird species richness and species compo-
sition between riparian and upland habitats. The high

tributary density in the uplands and the relatively wet,
maritime climate of the coastal Pacific Northwest re-
duces moisture differences between upland and riparian
habitats. Consequently, many of the habitat features
found in riparian habitats are also found in the uplands,
but to a lesser extent. Thus, unless species need ex-
tensive riparian habitat, they should also be found in
the uplands.

The uplands contained more Douglas-fir trees, which
are indicative of drier conditions. Consequently, we
would expect some bird species to be adapted to this
relatively dry, upland habitat condition. This may ex-
plain why McGarigal and McComb (1992) found spe-
cies richness to be higher and the abundance of five
species to be greater in the uplands than in riparian
habitats of the Oregon Coast range. Although we found

TABLE 5. Detection rate (mean = 1 sg) in riparian and upland habitats, before harvest, of
common species and species grouped according to migratory pattern and habitat use.

Preharvest
1993
Riparian Upland
Species and species groups n=18 n=18 t P
Individual species
Chestnut-backed Chickadee 3.21 (1.32) 3.20 (1.23) 0.03 0.97
Winter Wren 3.05 (1.03) 1.26 (0.62) 6.32 0.00
Pacific-slope Flycatcher 1.94 (0.55) 1.21 (0.66) 3.60 0.00
Golden-crowned Kinglet 1.03 (0.73) 1.37 (0.98) -1.20 0.24
Wilson's Warbler 0.57 (0.74) 0.43 (0.61) 0.63 0.54
Swainson’s Thrush 0.21 (0.29) 0.23 (0.35) -0.21 0.84
Brown Creeper 0.16 (0.18) 0.24 (0.22) —1.28 0.21
Black-throated Gray Warbler 0.25 (0.26) 0.09 (0.11) 2.38 0.02
American Robin 0.18 (0.31) 0.02 (0.07) 2.06 0.05
Mean abundance/site 10.79 (0.53) 8.48 (0.63) 281 0.01
Species groups

Neotropical migrants 3.12 (0.34) 2.25 (0.27) 2.02 0.05
Short-distance migrants 0.19 (0.08) 0.14 (0.04) 0.52 0.61
Residents 7.48 (0.32) 6.09 (0.48) 241 0.02
Conifer trees 4.39 (0.40) 4.94 (0.51) -0.85 0.40
Dciduous trees 2.37 (0.21) 1.33 (0.16) 3.97 0.00
Shrubs in open habitats 0.03 (0.02) 0.04 (0.03) -0.31 0.76
Shrubs in forested habitats 3.62 (0.31) 1.68 (0.22) 5.05 0.00

Note: Values of t and P are given for the comparison of riparian vs. upland habitats before

harvest.
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TaBLE 6. Relationship between riparian-associated species abundance and habitat variables (Table 2) in the preharvest year

(1993 in coastal Washington State).

Berry- Deciduous Deciduous  Douglasfir
producing < 50 > 50 < 50
Species shrubs cm dbh cm dbh cm dbh r2 Fyas P
American Robin 0.49 0.24 10.76 0.002
Black-throated Gray Warbler 0.62 0.38 20.9 <0.001
Pacific-slope Flycatcher 0.46 -0.36 0.31 7.30 0.002
Winter Wren 0.38 0.37 0.40 10.93 <0.001

Note: Values are standardized correlation coefficients for each habitat variable included in the model and overall r?, F, and

P values.

no difference in species richness between riparian and
upland habitats, five species appear to be unique to
upland habitats (Table 4). In addition, several species
(Brown Creeper [Certhia americana], Golden-crowned
Kinglet [Regulus satrapa], Hermit X Townsend's War-
bler [Dendroica townsendi X D. occidentalis], and
Dark-eyed Junco [Junco hyemalis]) appear to be more
abundant in the uplands and may show significant
trends with larger sample sizes.

Total abundance and the abundance of several spe-
cies and species groups were higher in riparian habitats
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Fic. 1. (&) Bird species richness in the preharvest year
(Pre) and the first (Post 1) and second (Post 2) years after
harvest in three types of riparian habitat: not harvested (con-
trol), harvested with a wide riparian buffer (wide), or har-
vested with a narrow riparian buffer (narrow). (b) Species
turnover between the preharvest year and the first year after
harvest (1993-1995) and between the preharvest year and the
second year after harvest (1993-1996) in the control and
buffer treatments. Values are depicted as means + 1 sk.

than in adjacent uplands. Riparian zones are typically
more structurally diverse and more productive than the
adjacent uplands (Bull 1978), and therefore may be able
to support higher densities of birds. Higher total abun-
dancein riparian habitats can be explained by the abun-
dance patterns of the four riparian-associated species
(American Robin [Turdus migratorius], Pacific-slope
Flycatcher [Empidonax difficilis], Black-throated Gray
Warbler [Dendroica nigrescens|, and Winter Wren
[Troglodytes troglodytes]). The abundance of these
species is correlated with habitat features more com-
mon to riparian zones, such as deciduous trees and
berry-producing shrubs. The Winter Wren is more
abundant along streamsin Oregon (McGarigal and Mc-
Comb 1992) and British Columbia (Kinley and New-
house 1997), and is probably using riparian habitats
because they have a greater cover of deciduous shrubs
(Barrows 1986). The Black-throated Gray Warbler is
associated with deciduous tree cover in Oregon (Mor-
rison 1982), and is probably selecting riparian habitats
because of their greater cover of red alder and big-leaf
maple. The Pacific-slope Flycatcher frequently builds
its nest behind adventitious branches on red alder trees
(S. E Pearson and M. Leu, unpublished data), which
are more common in riparian habitats. The American
Robin is associated with riparian habitats in British
Columbia (Wiebe and Martin 1998), and it may find
preferable habitat for foraging and nesting in the de-
ciduous tree- and shrub-dominated riparian habitats.
Berry-producing shrubs may be an important habitat
feature for the American Robin, which is highly fru-
givorous (Mamborg and Willson 1988, Parrish 1997).

Effect of buffer width on the breeding bird
community

Species turnover was higher on the narrow-buffer
treatment than on the wide-buffer treatment and con-
trols. Resident species and species associated with co-
nifer trees and shrubs in forested habitats also declined
on the narrow-buffer treatment. Interior forest species
(Brown Creeper; McGarigal and McComb 1995), co-
nifer forest species (Golden-crowned Kinglet; Mannan
and Meslow 1984), and riparian forest species (Black-
throated Gray Warbler; this study) declined on both
buffer treatments. Short-distance migrants and species
associated with shrubs and open habitats (Dark-eyed
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Junco, Song Sparrow [Melospiza melodia], and Cedar
Waxwing [Bombycilla cedrorum]; Morrison and Mes-
low 1983) increased on treated sites, particularly on
the narrow-buffer treatment.

These postharvest changes in the riparian bird com-
munity may be the result of several factors. First, the
elongated shape of riparian zones creates a high ratio
of edge: area. Thus, forest interior species and species
sensitive to fragmentation are likely to decline in these
habitats (e.g., Black-throated Gray Warbler and Brown
Creeper; Rosenberg and Raphael 1986, McGarigal and
McComb 1995). Conversely, species associated with
edge and more open habitats are likely to increase in
abundance (e.g., Dark-eyed Junco and Song Sparrow).
Second, harvesting the upland habitats decreases the
amount of conifer forest in the riparian buffer dispro-
portionately. This occurs because deciduous trees are
largely confined to anarrow strip along the stream edge
and conifers dominate the uplands. The low proportion
of conifer trees remaining in the narrow-buffer strips
may explain why we found conifer associatesto decline
on the narrowest riparian buffers. Third, timber harvest
within the riparian zone changes the amount of light
penetration and the microclimatic regime (Brosofske
et al. 1997) and, conseguently, the vegetation and crit-

ical food resources such as insects. Finally, the nature
of the adjacent upland vegetation may also influence
the riparian community (Szaro and Jakle 1985). In our
study, the vegetation characteristics of the clear-cut up-
lands of both buffer treatments were similar and thus
should influence both buffer treatments similarly. How-
ever, as the uplands succeed into young conifer stands,
the vegetation and climatic changes caused by logging
will become less pronounced.

Scope and limitations

There are several limitations to our study that should
be considered before applying these results to man-
agement prescriptions, and that highlight the need for
additional research. We describe short-term effects of
our buffer treatments on the bird community. However,
the breeding bird community may take several years
to respond to habitat manipulations (Wiens et al. 1986,
Darveau et al. 1995, Hagan et al. 1996). There is ev-
idence that birds will *“pack’ into the forested riparian
buffer in the year after clearcutting and then decline
in the following years (Darveau et al. 1995). This pat-
tern of *‘ packing’’ appears to be caused by strong phil-
opatry of territorial males. We found no evidence that
birds were **packing’’ into the forested buffers in the
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first year after harvest, or of a decline after harvest;
total bird abundance was similar among treatments and
controls in all three years. However, it may take more
than two years for bird abundance to respond to treat-
ment effects. Change in bird abundance and species
composition over time may be the result not only of
bird community relaxation but also of vegetation
changes (e.g., regeneration and tree blowdown). Thus,
we recommend censusing these sites again 5 yr and 10
yr postharvest to document longer term effects of har-
vest on the bird and plant community.

Small-radius point counts resulted in small sample
sizes for many species and, consequently, several of
our statistical tests had low power. In addition, the rel-
atively small amount of area sampled by our point
counts (~10% of the area represented by a 15 m wide
X 500 m long buffer) increased the potential for sam-
pling error. Thus, some of the species groups and in-
dividual species that did not demonstrate a treatment
effect in our study may actually be sensitive to riparian
buffer width. For example, both the Pacific-slope Fly-
catcher and Winter Wren were nearly twice as abundant
on controls than on the narrow-buffer treatment in the
second year after harvest, yet we did not detect a treat-
ment effect. Hagar (1999) found these two riparian as-
sociates to be absent from riparian buffers <18 mwide,
and that their abundance on buffers narrower than 80
m was lower than the average for unlogged sites. Ha-
gar's results, coupled with our low statistical power,
suggest that these species may actually be sensitive to
riparian buffer width. Thus, in order to increase sample
sizes and statistical power, we recommend that re-
searchers use strip transects or territorial mapping, even
in extremely steep and rugged terrain.

Point counts or spot mapping do not adequately cen-
sus species that occur at low densities, that do not
defend territories using song or other audible displays,
or that range widely during the breeding season (e.g.,
Pileated Woodpecker [Dryocopus pileatus], raptors,
grouse, waterfowl, and shorebirds). Determining the
importance of riparian zones to these species may re-
quire more intensive autecological studies.

Riparian buffers may serve many critical biological
functions not examined by this study. They may serve
as corridors connecting forest patches and, consequent-
ly, they may facilitate genetic and ecological exchange
between patches (Noss 1983, Gregory et al. 1991,
Machtans et al. 1996, Schmiegelow et al. 1997). For
example, Machtans et al. (1996) examined the potential
role of riparian buffer strips as corridors and found
them to be important to natal bird dispersal.

It is unclear what potential fitness costs might be
associated with confining birds to narrow, linear ri-
parian strips of potential habitat. Many territorial pas-
serines have territories that are 3-30 ha in size and
often irregular in shape. Thus, confining birds to nar-
row, linear riparian strips after timber harvest is likely
to changeterritory shape and position for some species.
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Change in territory shape could reduce the territory
holder’s fitness by depleting potential food resources,
increasing intra- and interspecific competition, and re-
ducing pairing and nesting success (Lambert and Han-
non 2000). Lambert and Hannon (2000) studied Ov-
enbirds (Seiurus aurocapillus) in riparian buffers 20,
100, and 200 m wide in Alberta, Canada. Ovenbirds
were absent from 20-m buffers and they shifted their
territory position lakeward after logging occurred in
100-m buffers; however, territory size and pairing suc-
cess were not changed in the 100-m buffer when com-
pared with controls. The effects of changing the ter-
ritory size and shape of riparian-associated species
need to be examined before we can evaluate the po-
tential fitness costs of confining bird territories to nar-
row strips of riparian habitat after clearcutting the ad-
jacent uplands.

Management implications

Differences in habitat characteristics and bird com-
munities between riparian and upland habitats suggest
the need for maintaining riparian reserves along
streams. High species turnover on the narrow-buffer
treatment indicates that riparian buffers <14 m on each
side of second- and third-order streams do not maintain
the pre-logging bird community. There was little dif-
ference in species turnover or species richness between
the wide-buffer treatment and the control, indicating
that a 30-m buffer on both sides of second- and third-
order streams maintains most of the pre-logging bird
community in the first two years after harvest.

Abundance of all four riparian associates was cor-
related with percent cover of berry-producing shrubs
or numbers of deciduous trees. Within the riparian
zone, red alder and big-leaf maple were the predomi-
nant deciduous tree species, whereas salmonberry (Ru-
bus spectabilis) and huckleberry (Vaccinium sp.) were
the predominant berry-producing shrubs. Thus, we rec-
ommend maintaining these important riparian habitat
features within forested riparian buffers. The deciduous
tree component may be vulnerable to blowdown in the
narrow-buffer treatment after logging (personal obser-
vation), suggesting the need to maintain wider buffers
in areas prone to high winds.

The wide-buffer treatment did not maintain the
Black-throated Gray Warbler, Brown Creeper, and
Golden-crowned Kinglet as well as did controls, in-
dicating that a 30-m buffer may not be wide enough
to maintain the entire pre-logging bird community. Our
regression of buffer width vs. species abundance in-
dicates that the Black-throated Gray Warbler was not
found in riparian buffers narrower than 30 m per side
and reached abundance levels comparable to those
found on controls in buffer strips 45-65 m in width.
However, because our widest buffer was ~48 m, we
do not feel comfortable projecting the potential pop-
ulation impacts of buffers wider than those used in our
study. Thus, we recommend 45 m as a very conser-
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vative minimum forested buffer required to maintain
the entire pre-logging bird community along second-
and third-order streams in the Pacific Northwest in the
short term.

Rosenberg and Raphael (1986) found the abundance
of the Black-throated Gray Warbler to be positively
correlated with stand area. Our results suggest that this
species may be sensitive to forest fragmentation or that
it requires larger buffers because it uses attributes of
both the riparian and upland community. Most of the
deciduous trees on our sites (with which the Black-
throated Gray Warbler is closely associated) occur
within a narrow streamside strip and are likely to be
completely contained in a buffer <30 m, yet this war-
bler was only found in buffers >30 m wide. A reex-
amination of our vegetation dataindicatesthat the num-
ber of red alder trees within 8 m of the stream was
greater than the number 8-16 m from the stream (P =
0.002); the number of Douglas-fir trees within 8 m of
the stream was less than the number 8-16 m from the
stream (P = 0.002).

Our recommended 45-m riparian buffer appears to
agree with the buffer width recommended by Hagar
(1999) for streams in western Oregon. Hagar (1999)
identified eight forest-associated species (including
Brown Creeper and Golden-crowned Kinglet) that ap-
peared to be more abundant or detected only in unlogged
riparian buffers. She recommended riparian buffers
>40 m wide on each side of the stream to provide the
greatest benefit for forest-associated bird species. How-
ever, she found the abundance of four species to be
less in buffers narrower than 70 m than in unlogged
controls. Darveau et al. (1995), working in the boreal
forest of Quebec, found that forested riparian buffers
20 and 40 m wide did not maintain abundances of
forest-dwelling species, but buffers 60 m wide sup-
ported a bird community similar to that of unharvested
controls. Kinley and Newhouse (1997), examining
breeding bird characteristics among riparian buffers 70,
37, and 14 m wide in southeastern British Columbia,
found that the density of riparian-associated species
increased with increasing buffer width, but that species
diversity and equitability did not differ among treat-
ments. These studies suggest that the minimum buffer
width necessary for maintaining the pre-logging bird
community differs regionally, and may be influenced
by local species composition and ecological conditions.
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