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Abstract Conservationists, managers, and land
planners are faced with the difficult task of balancing
many issues regarding humans impacts on natural
systems. Many of these potential impacts arise from
local-scale and landscape-scale changes, but such
changes often covary, which makes it difficult to
isolate and compare independent effects arising from
humans. We partition multi-scale impacts on riparian
forest bird distribution in 105 patches along approx-
imately 500 km of the Madison and Missouri Rivers,
Montana, USA. To do so, we coupled environmental
information from local (within-patch), patch, and
landscape scales reflecting potential human impacts
from grazing, invasive plant species, habitat loss and
fragmentation, and human development with the
distribution of 28 terrestrial breeding bird species in
2004 and 2005. Variation partitioning of the influence
of different spatial scales suggested that local-scale
vegetation gradients explained more unique variation
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in bird distribution than did information from patch
and landscape scales. Partitioning potential human
impacts revealed, however, that riparian habitat loss
and fragmentation at the patch and landscape scales
explained more unique variation than did local
disturbances or landscape-scale development (i.e.,
building density in the surrounding landscape). When
distribution was correlated with human disturbance,
local-scale disturbance had more consistent impacts
than other scales, with species showing consistent
negative correlations with grazing but positive cor-
relations with invasives. We conclude that while local
vegetation structure best explains bird distribution,
managers concerned with ongoing human influences
in this system need to focus more on mitigating the
effects of large-scale disturbances than on more local
land use issues.

Keywords Exotic species - Grazing - Habitat
fragmentation - Patch width - Riparian birds -

Species distribution - Urbanization - Variation
partitioning

Introduction

Conservationists, managers, and land planners are
faced with the formidable task of needing to prioritize
and balance many issues concerning the impacts of
humans on natural systems. These impacts can
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manifest themselves in diverse ways, including
increased habitat loss and fragmentation (Fahrig
2003), habitat degradation (Fleishman et al. 2003),
the proliferation of invasive species (With 2002), and
direct effects of development and urbanization (e.g.,
road mortality; Forman and Alexander 1998). While
numerous investigations have documented these
impacts, many of these issues covary across land-
scapes (Ewers and Didham 2006; Fletcher et al.
2007). That is, increased human disturbance can
simultaneously lead to a variety of anthropogenic
effects, such as humans directly or indirectly increas-
ing the spread of invasive species while increasing
habitat loss and urbanization (e.g., Borgmann and
Rodewald 2004). Consequently, we know relatively
little about the independent effects of different kinds
of human impacts on biodiversity. This is unfortu-
nate, because managers and conservationists need
such information to guide difficult decisions regard-
ing where to allocate limited resources for
preservation, restoration, and mitigation.

Riparian forest habitats in the western United States
illustrate this problem especially well. Riparian forests
comprise an extremely small physical area, amounting
to less than 1% of the West (Knopf et al. 1988a), with
as much as 90-95% of cottonwood-willow riparian
habitats having been lost in some areas (Johnson and
Carothers 1982). Although riparian systems are
restricted in area, these areas harbor a wide diversity
of plants and animals, with species often occurring at
exceptionally high densities (Knopf et al. 1988a).
Riparian systems have nonetheless been severely
affected by a variety of anthropogenic factors, includ-
ing river damming and changes in hydrology, human
recreation, grazing, and invasive plants (Rood et al.
1995; Miller et al. 2003; Scott et al. 2003).

Impacts on riparian forests, however, occur at
many spatial scales. At a local scale, degradation of
riparian habitats occurs through changes in land use,
such as grazing or through a proliferation in invasive
species (Miller et al. 2003). At a patch scale, habitat
loss and fragmentation can influence riparian forest
area and width, which are widely known to influence
the diversity of species (e.g., Stauffer and Best 1980;
Scott et al. 2003). At a landscape scale, agriculture,
urbanization, and development associated with
increasing exurban sprawl have been shown to
influence species composition in remaining forests
(Rottenborn 1999; Miller et al. 2003; Smith and
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Wachob 2006). Because these impacts can be corre-
lated across scales (‘cross-scale’ correlations; Battin
and Lawler 2006), there is a growing need to isolate
the unique impacts that may occur at different spatial
scales, which will help to better interpret how humans
influence biodiversity and will help focus potential
conservation and management strategies.

We estimated the relative effect of spatial scale and
anthropogenic disturbances on bird distribution in
riparian forests across a large region along the Madison
and Missouri Rivers, Montana. We had two overarch-
ing objectives: (1) to determine the relative importance
of local (microhabitat within patches), patch, and
landscape scales on bird distribution of 28 species; and
(2) to partition the effects of humans that occur at
different spatial scales, spanning from local land use
effects, including grazing and invasive plant species
cover, to larger-scale patterns of habitat loss, fragmen-
tation, and urbanization/development (development
hereafter). For our first objective, we expected that
local vegetation structure would be more influential in
explaining species distribution than would information
from other spatial scales, because local vegetation is
highly variable in riparian forests (Scott et al. 2003; but
see Saab 1999). We expected that patch-scale effects
would be stronger than landscape-scale effects, based
on the known relationships between patch width and
bird diversity in riparian systems (e.g., Rottenborn
1999; Shirley and Smith 2005). Yet we also expected
that patch and landscape scales would exhibit strong
cross-scale correlations, with each scale explaining
similar components of variation in bird distribution.
For our second objective, we expected that local human
disturbances from grazing and invasive species
encroachment would affect species distribution less
than other large-scale disturbances, because both local
disturbances primarily influence only ground cover in
this system. We also expected that landscape measures
of habitat loss and fragmentation would have negative
effects on most species. Finally, we expected that
development would influence the occurrence of resi-
dents, avian nest predators, and avian brood parasites
positively, but would have negative effects on other
species (Saab 1999; Rodewald and Bakermans 2006).

To address these objectives, we extend previous
approaches that partition variation in general linear
models (Whittaker 1984) to models with hierarchical
structures that can accommodate multi-level depen-
dencies. Our approach allows investigators to make
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Fig. 1 Locations of
riparian forest patches

(n = 105) across three
geographic strata along the
Madison and Missouri
Rivers, Montana. Bird
communities were surveyed
in each site from 25 May—
10 July during either 2004
or 2005. Towns and cities
located along the river
system are noted
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appropriate inferences on species-environment rela-
tionships (e.g., appropriate estimates and measures of
precision) while still identifying confounding and the
potential for cross-scale correlations. Further, our
approach partitions multi-scale effects on individual
species, which allows not only understanding the
relative effect of different scales in explaining species
distribution, but also the consistency in directionality
of those effects across species.

Methods
Study area and site selection

The study area encompassed deciduous riparian
patches along approximately 600 km of the Madison
and Upper Missouri Rivers, Montana, May-July, 2004
and 2005 (Fig. 1). Riparian patches were dominated by
narrowleaf cottonwood (Populus angustifolia), plains
cottonwood (P. deltoides), and a variety of willow
species (e.g., Salix amygdaloides, S. exigua). Other
tree and shrub species included black cottonwood
(P. trichocarpa), water birch (Betula occidentalis),
mountain alder (Alnus incana), box elder (Acer
negundo), red osier dogwood (Cornus stolonifera),
rose (Rosa spp.), and snowberry (Symphocarpus albus).
Common invasive species included leafy spurge
(Euphorbia esula), hound’s tongue (Cynoglossum
officinale), Canada thistle (Cirsium arvense), and
Russian olive (Elaeagnus angustifolia).

To select patches for sampling, we stratified the
river into three geographical sections: the Madison
River, the Missouri River between Three Forks and
Great Falls, and between Great Falls and Fred
Robinson Bridge (Fig. 1). The location of stratifica-
tion points along the Missouri River was based on the
extreme environmental changes that occur along the
river at Great Falls, where five dams occur. Within
each geographical section, we randomly selected 35
deciduous riparian patches for surveying, based on
digital orthophoto quarter quadrangle images
(DOQQ) taken in the mid-1990’s. The only con-
straints on the site-selection process were that sites
were at least 50-m wide, sites were separated by
>500 m, and landowners granted us permission to
survey birds on their property. We used a 50-m width
criterion to facilitate site identification on DOQQ
maps and >500 m distance based on semivariogram
analyses from pilot data of common species collected
in 2003, which suggested that locations in continuous
riparian habitat >500 m apart were independent
(Fletcher, unpublished). For each patch selected, we
identified the maximum number of potential sam-
pling locations available within the patch, with the
constraint that samples were 150 m apart, by over-
laying a 150 x 150 m grid, parallel to the main axis
of the riparian patch, where the center of each grid
cell was considered a potential sampling unit. Within
each patch, we sampled all potential locations (1-8
points/patch) to ensure adequate sampling across the
entire patch. Overall, 105 patches were sampled, with
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223 sampling locations (points; see section ’Point
count surveys’).

Point count surveys

We surveyed birds using a standard point-count
protocol (Hutto et al. 1986). For each point count, we
surveyed birds within 50 m of the survey point twice
between 25 May—10 July. Each patch was surveyed
during only one of the two years of the study, with 75
patches surveyed in 2004 and 30 patches surveyed in
2005. We chose to sample new patches in 2005 rather
than repeating surveys at patches sampled in 2004 to
increase the total amount of variation sampled across
the region and the number of patches sampled, which
also eliminates the issues of non-independence from
repeated measures through time. However, this design
does mask the potential that year effects could have
occurred in our investigation. Some sites that were
surveyed in 2004 were re-visited in 2005 for an
experiment on behavioral aspects of habitat selection
(Fletcher 2007). Based on control plots used in Fletcher
(2007), 9 sites visited in 2004 were revisited in 2005.
Twenty-three of the 28 species modeled here occurred
in at least 3 of these sites in one year, with only 1 of the
23 species (Warbling Vireo; see Table 2 for scientific
names) exhibiting any evidence for a year effect
(x> = 4.27, P =0.04). Consequently, results for
Warbling Vireo should be interpreted cautiously.

Two observers surveyed each point, with each
observer surveying the point once; these repeated
surveys within each breeding season were collapsed
into one summary measure of detection/non-detection
for each point (see below). Surveys were conducted
between sunrise and 5 h after sunrise and were not
conducted during high wind velocities (>20 km/h) or
during precipitation. During surveys, observers
recorded all birds seen or heard, including how
individuals were detected (song, visual, or call), sex
of individuals, and distances of birds from the center
point. To ensure accurate delineation of birds within
or outside plots, distances to birds were estimated
using a laser rangefinder.

Vegetation sampling
At each point-count station, we measured vegetation

after one of the two bird surveys. Vegetation was
measured at 4 sampling locations within the point-
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count area: one surrounding the survey point and
three at locations 25 m from the survey point, at 0°,
120°, and 240°. At each sampling location we
measured vegetation composition and structure
within a 5-m and a 11.3-m radius plot. Within the
5-m plot, we estimated shrub cover (by species),
ground cover, and exotic species cover (by species),
based on overlapping ocular percentages. Ground
cover categories included woody, grass, forb, and
litter. We used fecal counts of cattle within each 5-m
plot as an index of recent grazing intensity (sensu
Beever et al. 2003). Within the 11.3-m plot, we
counted the total number of trees (by species) and
snags by size, based on three dbh categories: small
(8-23 cm), medium (23-38 cm), and large (>38 cm).
We measured tree height (using a clinometer), and
shrub height (shrubs > 1 m) at each location. We
estimated canopy cover by averaging 4 densiometer
readings at each sampling location (one in each
cardinal direction). From these measurements, we
estimated a variety of metrics related to vegetation
structure and diversity (Table 1).

Patch metrics

Using aerial photographs taken in 2005 (1-m resolu-
tion), we calculated four metrics to quantify patch
structure: patch size, patch width, a shape index
(shape = circumference/circumference of a circle of
the same area; Laurance and Yensen 1991), and the
average distance to edge from each point within a
patch. Patch size and width were incorporated based
on the known strong relationships of patch width and
avian species diversity in riparian systems (but see
Rodewald and Bakermans 2006), which are thought
to vary primarily from anthropogenic habitat loss and
fragmentation. Both distance to edge and the shape
index provide measures related to the potential for
edge effects (Laurance and Yensen 1991; Fletcher
et al. 2007).

Landscape metrics

We calculated measures related to the potential loss
(habitat amount) and fragmentation (configuration of
forest for a given amount of habitat remaining) of
riparian forest surrounding patches and the potential
impact of human development within 1 km of each
patch. Consequently, our sampling design can be
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Table 1 Explanatory

variables considered Variable/scale

Description

in the analysis of bird
distributions in riparian
forests, Montana,
2004-2005

Local (within 5 m or 11.3 m)
Grass ground cover
Forb ground cover
Litter ground cover
Shrub cover®
Shrub diversity
Canopy cover®
Canopy height”
Deciduous trees*
Conifer trees
Tree diversity
Snags®
Grazing index
Exotic cover
Variable/scale
Exotic diversity

Patch
Width*

Shape

Landscape (within 1 km)
Forest area®
Forest patch density

Distance to nearest
patch
? Nonlinear effects
considered in model
development

Area of nearest patch
Development®

Percent cover of grasses

Percent cover of forbs

Percent cover of litter

Percent cover of total shrubs

Simpson’s diversity index for shrub cover
Average canopy cover, based on a densiometer
Maximum canopy height (m)

Total number of deciduous trees

Total number of conifer trees

Simpson’s diversity index for trees

Total number of snags

Fecal counts of cattle

Percent cover of invasive exotics
Description

Simpson’s index of diversity for invasive exotics

Maximum width (m) of each riparian patch

Patch irregularity index (perimeter/perimeter of a circle of equal

area)

Total area (%) of riparian forest surrounding patch
Number of patches/forest area surrounding patch

Minimum distance (m) to the nearest riparian forest patch

Area (ha) of the nearest riparian forest patch
Total area (%) of houses/buildings surrounding patch

considered a ‘patch-landscape’ design (McGarigal
and Cushman 2002). Estimating metrics within 1 km
for riparian systems is warranted based on strong
correlations from other investigations on birds using
riparian forests in the western U.S. (Saab 1999). To
quantify riparian forest structure surrounding patches,
we estimated the total area of riparian forest to reflect
habitat loss (Fletcher and Koford 2002), the distance
to the nearest riparian patch and its size to reflect
potential connectivity (cf. Moilanen and Nieminen
2002), and patch density (No. of riparian patches/area
of riparian forest) and edge density (Iength of riparian
edge/area of riparian forest) to reflect configuration of
remaining riparian forest habitat (Fletcher and Koford
2002). For indices of development, we calculated the
density of roads and the area of buildings (e.g.,
homes, businesses, etc.).

Model building and variation partitioning

We developed occurrence models for all species
detected in >10% of the points sampled (28 species),
except for yellow warbler (Dendroica petechia),
which occurred at every point sampled. We initially
screened data using a modified removal model for
species occurrence to estimate probabilities of detect-
ing each species (Farnsworth et al. 2002). Because
average detection probabilities for songbirds
(p = 0.974) and all birds combined (p = 0.938)
were consistently high, and because the movement
of some individuals (Fletcher, unpublished data)
suggests that populations are not closed within the
breeding season (a necessary assumption of most
current methods; MacKenzie et al. 2002), we did not
adjust for detection probability in occurrence models.
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We chose to model occurrence rather than abundance
for two reasons. First, detection probability for
estimating species occurrence is inevitably greater
than estimating species abundance/density, such that
modeling abundance would require estimating detec-
tion probabilities. Second, we were interested in
understanding the importance of within-site variation
for the entire breeding bird community, and for all
but the most common species, density estimates are
probably not accurately estimated for individual
points within patches.

We used a variation partitioning approach to
compare the relative independent (conditional) and
total (marginal) variation explained at local, patch,
and landscape scales (Whittaker 1984), focusing
specifically on potential anthropogenic disturbances
from grazing, invasive species, habitat loss and
fragmentation at patch and landscape scales, and
human development (Fig. 2). Variation partitioning
uses multiple model comparisons for decomposing
variance into the unique and joint (or confounded)
variation explained from different variables or spatio-
temporal scales (Cushman and McGarigal 2002). In
statistical terms, this approach identifies potential
multicollinearity among variables and/or scales,
sometimes referred to as cross-scale correlations
(Battin and Lawler 2006; Lawler and Edwards

VaV,
Landscape '

Develop-
ment

Fig. 2 Conceptual Venn diagram that identifies the investi-
gated hierarchical associations of potential local, patch, and
landscape effects on bird distribution in riparian forest habitats
in Montana, 2004-2005. Bold ellipses highlight the specific
human impacts emphasized in analyses aimed to identify the
unique and joint effects of each factor

Forest
structure
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2006). For the purposes of our study, we focused
on the total (marginal) variation explained, derived
from univariate models for each factor of interest, and
the unique (conditional) variation explained, esti-
mated from determining the change in variation
explained when the factor of interest was removed
from the full (or global) model (Whittaker 1984,
Cushman and McGarigal 2002).

Prior to partitioning, we first identified a hierar-
chical model structure using generalized linear mixed
models:

10git<yij) =o+ Xij + Yj + Zj + Y

where yj; is the detection/non-detection of a species at
point i in patch j (compiled across the two visits), X;
is a vector of local measures for each point i within
patch j influencing species occurrence, Yj is a vector
of measures describing patch j, Z; is a vector of
measures describing the surrounding landscape struc-
ture for patch j and y; is a random site effect
(y; ~ N(O, an,.z)), which provides hierarchical struc-
ture to the modeling process by considering points
within patches as correlated sampling units (cf.
Thogmartin and Knutson 2007). Models were fit by
directly maximizing an approximation of the mar-
ginal likelihood (i.e., the likelihood integrated over
random effects) using the package ‘glmm.admb’ in R
(Otter Research Ltd., Sidney, BC, Canada). This
approach uses Laplace approximation, which, unlike
some other methods (e.g., penalized quasi-likeli-
hood), allows for direct comparisons of likelihoods,
and thus information criteria (e.g., Akaike’s Infor-
mation Criterion, AIC) and estimates of R2, across
different models (Skaug and Fournier 2006). Note
that our interest was in population-level effects, not
cluster effects, such that conventional AIC measures
for model comparison were appropriate (Vaida and
Blanchard 2005).

Prior to model development, we screened explan-
atory variables within each spatial scale for strong
correlations and removed variables with correlations
1 > 0.6. At the local scale, total shrub cover and
woody ground cover were highly correlated
(r = 0.6), so we dropped woody ground cover from
further analyses (Table 1). At the patch scale, area
and width were highly correlated (r = 0.7) as was
area and distance from edge (r = 0.69) and width and
distance from edge (r = 0.82). We dropped area and
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distance from edge from further analyses, thereby
retaining patch width (Table 1), which has been
commonly used as a patch measure in other inves-
tigations on riparian birds. At the landscape scale,
patch density and edge density were highly correlated
(r =0.87) as was road density and the area of
buildings/houses (r = 0.88); for further analyses we
dropped edge and road density (Table 1). Each
explanatory variable was transformed using a stan-
dard normal transformation (mean of zero, variance
of 1), to allow coefficients among explanatory
variables to be directly compared for interpreting
relative effects of each variable and to improve
convergence of models. We initially ran a series of
models to determine the most parsimonious model to
use for further analyses to describe effects of local
vegetation, exotics, patch structure, and landscape
measures of forest structure, based on Akaike’s
Information Criterion, adjusted for sample size
(AIC,) (cf. Lawler and Edwards 2006). For local
vegetation, models were developed and compared for
each species based on knowledge of nest location,
nest height, and foraging tactics of each species
(supplementary material). For models at patch and
landscape scales, we assumed that patch and land-
scape factors could influence each species and thus
considered all explanatory variables (supplementary
material).

Given these models, we used variation partitioning
to address two issues. First, we addressed the relative
influence of spatial scale by partitioning the variation
explained at local, patch, and landscape scales
(Fig. 2). Second, we focused on the relative influence
of specific human impacts at different scales. At the
local scale, we focus on two components: grazing and
invasive exotic cover. We then compared these to
patch structure and two components at the landscape
scale, surrounding forest structure and development
(Fig. 2).

Variation explained (Rz) for occurrence (logistic)
models was derived from a deviance-based measure
of the likelihood function, which has a strong
theoretical foundation in Kullback-Leibler informa-
tion (Cameron and Windmeijer 1997; Agresti 2002).
A limitation of this measure of variation explained
for logistic models (and other R? measures for non-
Gaussian models) is that the likelihood function is not
on an easily interpreted scale, relative to R* for
ordinary least squares regression. Nonetheless, this

measure is useful for comparative purposes of
different models and variables (Agresti 2002). Direc-
tionality and significance of effects were inferred
based on 95% CI of conditional (partial coefficients
from full models) and marginal (coefficients from
univariate models) parameter coefficients.

Results

The 28 bird species were detected on an average of
39% of the point counts (SD = 0.24). The average
variation explained was 27.5% (SD = 13.0%;
range = 7.2-58.0%) for the full models that included
local, patch, and landscape factors, with the Song
Sparrow having the most variation explained, and the
Spotted Towhee the least.

Scale and bird distribution

As expected, across all species the total variation
explained by local-scale measures (19.1%) was
greater than for patch or landscape measures (5.1%
and 6.3%, respectively). Similar patterns arose when
considering only the unique variation explained by
each scale, the only difference being that patch
measures explained on average half as much unique
variation as did landscape measures (Fig. 3). Overall,
the predominant cross-scale correlation occurred
between patch and local scale measures (Fig. 3).
Counter to our predictions, the cross-scale correlation
of patch and landscape measures were low (Fig. 3).

Human disturbance

When partitioning potential human disturbances
correlated with bird distribution, patch width/shape
explained more total variation than other metrics, yet
landscape measures of forest structure (loss, frag-
mentation, connectivity) explained more unique
variation (Table 2, Fig. 4). Unlike the general scale
effects described above, local measures of distur-
bance consistently explained the least variation in
distribution (Fig. 4). When comparing the total
(marginal) to wunique (conditional) variation
explained, patch width/shape metrics tended to have
larger cross-scale correlations than did other metrics.
Interestingly, conditional and marginal coefficients
from models suggest when species did respond to
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Landscape
5.7
(4.5)

Fig. 3 Venn diagram identifying the mean variation explained
(%; SD across species in parentheses) at local, patch, and
landscape scales on bird distribution of 28 species in riparian
forest habitats in Montana, 2004-2005. Note that ellipses do
not scale with the variation explained

potential human disturbances, the most consistent
effects (in terms of direction of correlations) were
from local disturbances and development, where
grazing and development tended to have consistent
negative correlations with distribution, while inva-
sives had consistent positive correlations. Note,
however, that all observed development effects were
highly non-linear (Table 2), with probabilities of
occurrence generally highest at moderate levels of
development, but the net effects (based on probabil-
ities of occurrence at minimum and maximum levels
of observed development) were consistently negative.

Discussion
Scale and bird distribution

Landscape ecologists and conservation biologists are
increasingly interested in identifying the influence of
spatial scale on the distribution and abundance of
organisms. Yet in many circumstances effects that
occur at different scales tend to be correlated, such
that it is difficult to interpret the unique and
confounded effects of spatial scale on observed
patterns. For example, in our study area, patch width
was positively correlated with the amount of riparian
forest surrounding the patch (r = 0.38, P < 0.0001).
Thus, investigators who consider patch-level mea-
sures only could be deceived because any potential
observed patch width effects could be explained, at
least in part, by surrounding landscape effects.

@ Springer

Overall, our analysis revealed that more unique
variation in bird distribution could be explained from
local measures, particularly local vegetation struc-
ture, than from patch or landscape measures. This
was not surprising. Local vegetation structure is
known to have strong effects on riparian bird
diversity and distribution along many river and
floodplain systems (Scott et al. 2003; Miller et al.
2004). For example, Scott et al. (2003) recently
found that bird communities along part of this same
river system were highly correlated with the com-
plexity of local vegetation—where complexity
increased, so did diversity and the total number of
birds using riparian areas. Our results further support
those found by Scott et al. (2003), by partitioning
local vegetation effects from effects at other scales
across a larger region of Montana.

Patch width and area have been prominent factors
influencing riparian management and conservation.
Recently, Rodewald and Bakermans (2006) ques-
tioned whether this paradigm was the most useful
paradigm for riparian forest conservation, arguing
that perhaps management would be more fruitful if
focused at the landscape scale. On the one hand, our
results further support this claim because landscape
factors tended to explain more total and unique
variation in the distribution of a wide suite of species
than did patch metrics (Fig. 3). Yet on the other hand,
because local measures consistently explained more
variation than did landscape measures, our results
could be interpreted as evidence for local measures
being most important in conservation (note that
Rodewald and Bakermans 2006 did not consider
local measures in their investigation). We argue,
however, that when weighing management and
conservation of riparian and other systems, the
variation explained at any given scale should not be
the only means for developing strategies. Instead,
conservationists, managers, and planners may need to
focus more on identifying pressing human distur-
bances and their potential impacts on biodiversity
(see below).

Our approach to partitioning the effect of different
scales centered on variation partitioning, an approach
that has been used successfully in estimating effects
of different scales (Cushman and McGarigal 2002;
Heikkinen et al. 2004) and in partialling out spatial
structure from datasets (Borcard et al. 1992). Yet
other approaches are possible (Graham 2003).
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Fig. 4 Partitioning of human impacts at different spatial scales
on the distribution of birds in riparian forests, Montana, 2004—
2005. (a) The frequency of positive and negative effects across
28 species, based on marginal effects from univariate models
and conditional effects from the global model (local + pat-
ch + landscape). Positive and negative effects were inferred if
the 95% CI of coefficients did not overlap with zero, where a
positive effect represents a species being more likely to occur
with increasing disturbance (e.g., increased development,
decreased patch width, increased patch density). (b) The
unique and total (unique + joint) variation explained (%) for
each human impact. Boundary of boxes indicates the 25th and
75th percentile, solid lines within boxes mark the medians and
dotted lines the means, and whiskers indicate the 90th and 10th
percentiles

Variation partitioning is useful for statistically
decomposing variance and interpreting how different
variables may explain similar components of varia-
tion in the data (joint or confounded variation); thus,
in statistical terms, variation partitioning can explic-
itly identify multicollinearity within and among
scales. Notably, joint variation explained across
scales was relatively weak in our system, a result
that is considerably different than other recent
investigations using this approach (Heikkinen et al.
2004; Battin and Lawler 2006; Lawler and Edwards
2006). This result is encouraging, but it likely stems
from the statistical hierarchical model structure we
imposed throughout the modeling process, which has
not been considered previously. In all models we
included site as a random effect, which causes within
site information to be considered correlated samples.
In doing so, our model structure limits the potential
for pseudo-replication, but it also captures some of
the ‘confounded’ variation in the random component.

@ Springer

Variation captured in this random component could
also be partitioned when warranted. In any case, we
believe that such minimization of pseudo-replication
improves inference and far outweighs any potential
limitations for modeling species distributions and
interpreting species-environment relationships.

Overall, our models tended to explain only rela-
tively small portions of variation in bird occurrence
both within and across spatial scales. Measures of
variation explained for logistic models are known to
often be low relative to least squares regression
(Zheng and Agresti 2000), but other factors not
included in the modeling process, such as biotic
interactions, could help to explain remaining varia-
tion within and among scales. For example, in a
recent habitat selection experiment in this region,
79% of the variation in Least Flycatcher density was
explained by flycatchers using conspecific and heter-
ospecific cues (Fletcher 2007), whereas in this study,
environmental covariates only explained 32% of the
variation in occurrence. While incorporating biotic
interactions into species distribution models may be
difficult and not warranted in some situations (Guisan
and Thuiller 2005), incorporating such information
does hold promise and should be considered when
possible, particularly when developing models at fine
resolutions.

Human disturbance

Identifying how humans directly and indirectly
influence plants and animals is a crucial aspect of
conservation biology and landscape ecology. We
provide a unique comparative example among
numerous species that illustrates the contrasting
effects of multiple human disturbances occurring on
different spatial scales, in terms of both the variation
explained and the consistency of the directionality of
effects. Our example emphasizes that while some
scales (patch and landscape measures of habitat loss
and fragmentation) may explain more variation in
bird distribution, such variation explained may be a
bit idiosyncratic, with species responding in different
ways to patch and landscape disturbances. In contrast,
those factors that explained less total variation in bird
distribution—grazing, invasives, and development—
had more consistent effects on birds.

At a local scale, disturbances from grazing had
consistent negative impacts on bird distribution,
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whereas, surprisingly, invasives had positive effects.
Numerous investigations have shown negative effects
from grazing on riparian birds (Mosconi and Hutto
1982; Knopf et al. 1988b; Tewksbury et al. 2002;
Scott et al. 2003). Yet because grazing is often
correlated with changes in local vegetation structure
(Knopf et al. 1988b; Stanley and Knopf 2002), it
becomes difficult to interpret whether such effects are
from grazing per se or from changes in vegetation
structure. For example, grazing intensity was nega-
tively correlated with shrub density in our study area
(r=-0.17, P =0.01), but in a ‘ceiling’ sort of
relationship, which makes intuitive sense. Grazing
likely puts an upper limit on shrub density, with other
factors explaining why some areas have sparse
vegetation density in the absence of grazing (e.g.,
succession; see Scott et al. 2003). Our results further
expose grazing effects by identifying that grazing can
explain unique amounts of variation in bird distribu-
tion. Invasive species cover can also be correlated
with grazing and other local vegetation measures
(Miller et al. 2003), but we found that the unique
contribution of invasives tended to be a positive
effect. Fleishman et al. (2003) found no strong
correlations between measures of bird diversity/
abundance and invasive plants in riparian areas in
the Mohave Desert. In addition, Rottenborn (1999)
found that bird species richness and density increased
with declining native vegetation in riparian areas in
California. While these investigations suggest a
positive effect of invasives on bird occurrence and
community structure, we emphasize that numerous
other investigations have documented negative
effects of invasives on reproductive performance of
birds (Schmidt and Whelan 1999; Borgmann and
Rodewald 2004; Lloyd and Martin 2005; Ortega
et al. 20006).

Indices of habitat amount and configuration at
patch and landscape scales explained more variation
in bird occurrence than other indices of human
disturbance, yet these effects were more variable on
species distribution than were other human distur-
bances. This variation among species can be largely
explained by whether or not a species used habitats
that surrounded riparian forest patches. Species that
had higher probabilities of occurrence in narrower
patches and in more heterogeneous landscapes tended
to be resident species that are habitat generalists (e.g.,
American Robin, Mourning Dove, Brown-headed

Cowbird) and use surrounding habitats, such as
pastureland. Those species showing lower occur-
rences in narrower patches or in landscapes
comprising less, or more fragmented, forest were
more riparian forest-dependent species in this region
(e.g., Least Flycatcher, Red-naped Sapsucker). These
patterns are similar to those described elsewhere in
the western U.S. (e.g., Saab 1999) and underscore
that understanding habitat associations of species and
the availability of such habitats in a landscape are
crucial for interpreting patterns of distribution.

Increased development had consistent negative
effects on the occurrence of birds in our study area,
but these effects were highly nonlinear. Smith and
Wachob (2006) recently reached a similar conclusion
for riparian birds breeding outside of Jackson,
Wyoming. While we expected that development
would have variable effects, with some species
(e.g., residents, nest predators, and nest parasites),
being more likely to occur in developed landscapes
(Tewksbury et al. 2002; Rodewald and Bakermans
2006), we did not find strong support for this
hypothesis. Most significant associations with devel-
opment were non-linear, showing elevated
occurrence with moderate development. For example,
the Black-billed Magpie, the primary avian nest
predator surveyed, exhibited the highest probability
of occurrence at moderate levels of development,
with the lowest predicted occurrence at the highest
levels of development. Consequently, for some
species thought to prefer urban landscapes (e.g.,
Black-billed Magpie; Saab 1999), such relationships
may depend on the degree of development and
urbanization.

Conclusions

Riparian systems in the western United States are
critical habitats that are becoming more disturbed
from increased agriculture, housing development, and
subsequent fragmentation. Such increased anthropo-
genic pressures operating at multiple scales pose
challenges for managers because these pressures can
often covary. Our approach isolates potential effects
of scale and disturbance and identifies the direction-
ality of effects, while addressing statistical issues that
arise when isolating effects on species distribution.
Results suggest that while local vegetation structure
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best explains bird distribution, managers concerned
with ongoing human impacts need to focus more on
mitigating the effects of large-scale disturbances than
on local land use issues.

Identifying how humans directly and indirectly
influence the distribution and abundance of organ-
isms will continue to be important for managers and
conservationists that are forced to allocate limited
resources to management. Managers also need to
balance whether information on species distribution
alone is enough for making prudent conservation
decisions. For instance, there is some evidence that
landscape context and housing development can have
important impact on reproductive performance of
riparian birds (Tewksbury et al. 2006). Nonetheless,
understanding habitat relationships of species and
how those relationships are potentially influenced by
humans at different scales will provide an important
first step to developing sound land use, management,
and conservation strategies of riparian areas.

Acknowledgments We thank A. Peterson and J. Csoka for
their field assistance, and the numerous landowners that
allowed access to their properties. PPL-Montana, the Bureau
of Land Management, and the U.S. Department of Agriculture
provided support for this project. E. Gustafson, C. Miller, J.
Young, and three anonymous reviewers provided helpful and
constructive reviews of previous drafts of this manuscript.

References

Agresti A (2002) Categorical data analysis, 2nd edn. Wiley,
Hoboken, New Jersey

Battin J, Lawler JJ (2006) Cross-scale correlations and the
design and analysis of avian habitat selection studies.
Condor 108:59-70. doi:10.1650/0010-5422(2006)108
[0059:CCATDA]2.0.CO;2

Beever EA, Tausch RJ, Brussard PF (2003) Characterizing
grazing disturbance in semiarid ecosystems across broad
scales, using diverse indices. Ecol Appl 13:119-136. doi:
10.1890/1051-0761(2003)013[0119:CGDISE]2.0.CO;2

Borcard D, Legendre P, Drapeau P (1992) Partialling out the
spatial component of ecological variation. Ecology
73:1045-1055. doi:10.2307/1940179

Borgmann KL, Rodewald AD (2004) Nest predation in an
urbanizing landscape: the role of exotic shrubs. Ecol Appl
14:1757-1765. doi:10.1890/03-5129

Cameron AC, Windmeijer FAG (1997) An R-squared measure
of goodness of fit for some common nonlinear regression
models. J Econ 77:329-342. doi:10.1016/S0304-4076(96)
01818-0

Cushman SA, McGarigal K (2002) Hierarchical, multi-scale
decomposition of species-environment relationships.

@ Springer

Landscape Ecol 17:637-646. doi:10.1023/A:102157160
3605

Ewers RM, Didham RK (2006) Confounding factors in the
detection of species responses to habitat fragmentation.
Biol Rev Camb Philos Soc 81:117-142. doi:
10.1017/S1464793105006949

Fahrig L (2003) Effects of habitat fragmentation on biodiver-
sity. Annu Rev Ecol Evol Syst 34:487-515. doi:
10.1146/annurev.ecolsys.34.011802.132419

Farnsworth GL, Pollock KH, Nichols JD, Simons TR, Hines JE,
Sauer JR (2002) A removal model for estimating detection
probabilities from point-count surveys. Auk 119:414-425.
doi:10.1642/0004-8038(2002)119[0414:ARMFED]2.0.CO;2

Fleishman E, McDonal N, Mac Nally R, Murphy DD, Walters
J, Floyd T (2003) Effects of floristics, physiognomy and
non-native vegetation on riparian bird communities in a
Mojave Desert watershed. J Anim Ecol 72:484-490. doi:
10.1046/j.1365-2656.2003.00718.x

Fletcher RJ Jr (2007) Species interactions and population
density mediate the use of social cues for habitat selec-
tion. J Anim Ecol 76:598-606. doi:10.1111/j.1365-2656.
2007.01230.x

Fletcher RJ Jr, Koford RR (2002) Habitat and landscape
associations of breeding birds in native and restored
grasslands. J Wildl Manage 66:1011-1022. doi:10.2307/
3802933

Fletcher RJ Jr, Ries L, Battin J, Chalfoun AD (2007) The role
of habitat area and edge in fragmented landscapes:
definitively distinct or inevitably intertwined? Can J Zool
85:1017-1030. doi:10.1139/207-100

Forman RTT, Alexander LE (1998) Roads and their major
ecological effects. Annu Rev Ecol Syst 29:207-231. doi:
10.1146/annurev.ecolsys.29.1.207

Graham MH (2003) Confronting multicollinearity in ecological
multiple regression. Ecology 84:2809-2815. doi:
10.1890/02-3114

Heikkinen RK, Luoto M, Virkkala R, Rainio K (2004) Effects
of habitat cover, landscape structure and spatial variables
on the abundance of birds in an agricultural-forest mosaic.
J Appl Ecol 41:824-835. doi:10.1111/1.0021-8901.2004.
00938.x

Hutto RL, Pletschet SM, Hendricks P (1986) A fixed-radius
point count method for nonbreeding and breeding season
use. Auk 103:593-602

Johnson RR, Carothers SW (1982) Riparian habitats and rec-
reation: interrelationships and impacts in the Southwest
and rocky mountain region. In: U.S.D.A. Forest Service,
Rocky Mountain Forest Range Experiment Station, Fort
Collins, CO

Knopf FL, Johnson RR, Rich T, Samson FB, Szaro RC (1988a)
Conservation of riparian ecosystems in the United States.
Wilson Bull 100:272-284

Knopf FL, Sedgwick JA, Cannon RW (1988b) Guild structure
of a riparian avifauna relative to seasonal cattle grazing. J
Wildl Manage 52:280-290. doi:10.2307/3801235

Laurance WF, Yensen E (1991) Predicting the impacts of edge
effects in fragmented habitats. Biol Conserv 55:77-92.
doi:10.1016/0006-3207(91)90006-U

Lawler JJ, Edwards TC Jr (2006) A variance-decomposition
approach to investigating multiscale habitat associations.


http://dx.doi.org/10.1650/0010-5422(2006)108[0059:CCATDA]2.0.CO;2
http://dx.doi.org/10.1650/0010-5422(2006)108[0059:CCATDA]2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2003)013[0119:CGDISE]2.0.CO;2
http://dx.doi.org/10.2307/1940179
http://dx.doi.org/10.1890/03-5129
http://dx.doi.org/10.1016/S0304-4076(96)01818-0
http://dx.doi.org/10.1016/S0304-4076(96)01818-0
http://dx.doi.org/10.1023/A:1021571603605
http://dx.doi.org/10.1023/A:1021571603605
http://dx.doi.org/10.1017/S1464793105006949
http://dx.doi.org/10.1146/annurev.ecolsys.34.011802.132419
http://dx.doi.org/10.1642/0004-8038(2002)119[0414:ARMFED]2.0.CO;2
http://dx.doi.org/10.1046/j.1365-2656.2003.00718.x
http://dx.doi.org/10.1111/j.1365-2656.2007.01230.x
http://dx.doi.org/10.1111/j.1365-2656.2007.01230.x
http://dx.doi.org/10.2307/3802933
http://dx.doi.org/10.2307/3802933
http://dx.doi.org/10.1139/Z07-100
http://dx.doi.org/10.1146/annurev.ecolsys.29.1.207
http://dx.doi.org/10.1890/02-3114
http://dx.doi.org/10.1111/j.0021-8901.2004.00938.x
http://dx.doi.org/10.1111/j.0021-8901.2004.00938.x
http://dx.doi.org/10.2307/3801235
http://dx.doi.org/10.1016/0006-3207(91)90006-U

Landscape Ecol (2008) 23:727-739

739

Condor 108:47-58. doi:10.1650/0010-5422(2006)108[0047:
AVATIM]2.0.CO;2

Lloyd JD, Martin TE (2005) Reproductive success of Chestnut-
collared Longspurs in native and exotic grassland. Condor
107:363-374. doi:10.1650/7701

MacKenzie DI, Nichols JD, Lachman GB, Droege S, Royle JA,
Langtimm CA (2002) Estimating site occupancy rates
when detection probabilities are less than one. Ecology
83:2248-2255

McGarigal K, Cushman SA (2002) Comparative evaluation of
experimental approaches to the study of habitat frag-
mentation effects. Ecol Appl 12:335-345. doi:
10.1890/1051-0761(2002)012[0335: CEOEAT]2.0.CO;2

Miller JR, Dixon MD, Turner MG (2004) Response of avian
communities in large-river floodplains to environmental
variation at multiple scales. Ecol Appl 14:1394-1410. doi:
10.1890/02-5376

Miller JR, Wiens JA, Hobbs NT, Theobald DM (2003) Effects of
human settlement on bird communities in lowland riparian
areas of Colorado (USA). Ecol Appl 13:1041-1059. doi:
10.1890/1051-0761(2003)13[1041:EOHSOB]2.0.CO;2

Moilanen A, Nieminen M (2002) Simple connectivity mea-
sures in spatial ecology. Ecology 83:1131-1145

Mosconi SL, Hutto RL (1982) The effect of grazing on the land
birds of a western Montana riparian habitat. In: Nelson L,
Peek JM (eds) Proceedings of the wildlife-livestock rela-
tionships symposium, Forest, Wildlife, and Range
Experiment Station. Univ. Idaho, Moscow, ID, pp 221-233

Ortega YK, McKelvey KS, Six DL (2006) Invasion of an
exotic forb impacts reproductive success and site fidelity
of a migratory songbird. Oecologia 149:340-351. doi:
10.1007/s00442-006-0438-8

Rodewald AD, Bakermans MH (2006) What is the appropriate
paradigm for riparian forest conservation? Biol Conserv
128:193-200. doi:10.1016/j.biocon.2005.09.041

Rood SB, Mahoney JM, Reid DE, Zilm L (1995) Instream
flows and the decline of riparian cottonwoods along the
St-Mary River, Alberta. Can J Bot 73:1250-1260. doi:
10.1139/b95-136

Rottenborn SC (1999) Predicting the impacts of urbanization
on riparian bird communities. Biol Conserv 88:289-299.
doi:10.1016/S0006-3207(98)00128-1

Saab V (1999) Importance of spatial scale to habitat use by
breeding birds in riparian forests: A hierarchical analysis.
Ecol Appl 9:135-151. doi:10.1890/1051-0761(1999)009
[0135:10SSTH]2.0.CO;2

Schmidt KA, Whelan CJ (1999) Effects of exotic Lonicera and
Rhamnus on songbird nest predation. Conserv Biol 13:1502—
1506. doi:10.1046/j.1523-1739.1999.99050.x

Scott ML, Skagen SK, Merigliano MF (2003) Relating geo-
morphic change and grazing to avian communities in
riparian forests. Conserv Biol 17:284-296. doi:10.1046/j.
1523-1739.2003.00466.x

Shirley SM, Smith JNM (2005) Bird community structure
across riparian buffer strips of varying width in a coastal
temperate forest. Biol Conserv 125:475-489. doi:
10.1016/j.biocon.2005.04.011

Skaug HJ, Fournier DA (2006) Automatic approximation of the
marginal likelihood in non-Gaussian hierarchical models.
Comput Stat Data Anal 51:699-709. doi:10.1016/j.csda.
2006.03.005

Smith CM, Wachob DG (2006) Trends associated with resi-
dential development in riparian breeding bird habitat
along the Snake River in Jackson Hole, WY, USA:
Implications for conservation planning. Biol Conserv
128:431-446. doi:10.1016/j.biocon.2005.10.008

Stanley TR, Knopf FL (2002) Avian responses to late-season
grazing in a shrub-willow floodplain. Conserv Biol
16:225-231. doi:10.1046/j.1523-1739.2002.00269.x

Stauffer DF, Best LB (1980) Habitat selection by birds of
riparian communities: evaluating effects of habitat alter-
ations. J Wildl Manage 44:1-15. doi:10.2307/3808345

Tewksbury JJ, Black AE, Nur N, Saab VA, Logan BD, Dobkin
DS (2002) Effects of anthropogenic fragmentation and
livestock grazing on western riparian bird communities.
Stud Avian Biol 25:158-202

Tewksbury JJ, Garner L, Garner S, Lloyd JD, Saab V, Martin
TE (2006) Tests of landscape influence: nest predation
and brood parasitism in fragmented ecosystems. Ecology
87:759-768. doi:10.1890/04-1790

Thogmartin WE, Knutson MG (2007) Scaling local species-
habitat relations to the larger landscape with a hierarchical
spatial count model. Landscape Ecol 22:61-75. doi:
10.1007/s10980-006-9005-2

Vaida F, Blanchard S (2005) Conditional Akaike information
for mixed-effects models. Biometrika 92:351-370. doi:
10.1093/biomet/92.2.351

Whittaker J (1984) Model interpretation from the additive
elements of the likelihood function. Appl Stat 33:52-64.
doi:10.2307/2347663

With KA (2002) The landscape ecology of invasive spread. Con-
serv Biol 16:1192-1203. doi:10.1046/j.1523-1739.2002.
01064.x

Zheng B, Agresti A (2000) Summarizing the predictive power
of a generalized linear model. Stat Med 19:1771-1781

@ Springer


http://dx.doi.org/10.1650/0010-5422(2006)108[0047:AVATIM]2.0.CO;2
http://dx.doi.org/10.1650/0010-5422(2006)108[0047:AVATIM]2.0.CO;2
http://dx.doi.org/10.1650/7701
http://dx.doi.org/10.1890/1051-0761(2002)012[0335:CEOEAT]2.0.CO;2
http://dx.doi.org/10.1890/02-5376
http://dx.doi.org/10.1890/1051-0761(2003)13[1041:EOHSOB]2.0.CO;2
http://dx.doi.org/10.1007/s00442-006-0438-8
http://dx.doi.org/10.1016/j.biocon.2005.09.041
http://dx.doi.org/10.1139/b95-136
http://dx.doi.org/10.1016/S0006-3207(98)00128-1
http://dx.doi.org/10.1890/1051-0761(1999)009[0135:IOSSTH]2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(1999)009[0135:IOSSTH]2.0.CO;2
http://dx.doi.org/10.1046/j.1523-1739.1999.99050.x
http://dx.doi.org/10.1046/j.1523-1739.2003.00466.x
http://dx.doi.org/10.1046/j.1523-1739.2003.00466.x
http://dx.doi.org/10.1016/j.biocon.2005.04.011
http://dx.doi.org/10.1016/j.csda.2006.03.005
http://dx.doi.org/10.1016/j.csda.2006.03.005
http://dx.doi.org/10.1016/j.biocon.2005.10.008
http://dx.doi.org/10.1046/j.1523-1739.2002.00269.x
http://dx.doi.org/10.2307/3808345
http://dx.doi.org/10.1890/04-1790
http://dx.doi.org/10.1007/s10980-006-9005-2
http://dx.doi.org/10.1093/biomet/92.2.351
http://dx.doi.org/10.2307/2347663
http://dx.doi.org/10.1046/j.1523-1739.2002.01064.x
http://dx.doi.org/10.1046/j.1523-1739.2002.01064.x

	Partitioning the multi-scale effects of human activity �on the occurrence of riparian forest birds
	Abstract
	Introduction
	Methods
	Study area and site selection
	Point count surveys
	Vegetation sampling
	Patch metrics
	Landscape metrics
	Model building and variation partitioning

	Results
	Scale and bird distribution
	Human disturbance

	Discussion
	Scale and bird distribution
	Human disturbance

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


