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ELEVATION RANGES OF BIRDS AT MOUNT RAINIER NATIONAL
PARK, NORTH CASCADES NATIONAL PARK COMPLEX, AND
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ABSTRACT—We used avian point-count data collected from 4030 survey stations at Mount
Rainier National Park, North Cascades National Park Complex, and Olympic National Park
between 2001 and 2004 to describe observed elevation ranges of 74 bird species in the parks.
Detailed elevation range information based on systematic sampling is essential for monitoring the
effects of climate change on taxa whose ranges are likely to shift. Existing characterizations of the
elevation ranges of Pacific Northwest birds are based primarily on anecdotal observations and
professional opinion rather than systematic surveys. Here we analyze a systematically collected
data set to describe the elevation ranges of common bird species in 3 large wilderness parks in
Washington. These descriptions will facilitate future assessments of shifts in elevation ranges.
More immediately, they will provide managers of more intensively managed lands outside the
parks with reference information about elevational distributions of bird species from more-pristine
park ecosystems.

Key words: bird distributions, elevation, Mount Rainier National Park, North Cascades
National Park Complex, Olympic National Park

Ranges of many high-elevation species world-
wide have contracted severely, and mountain-
top populations and species have been the first
taxa to be extirpated because of anthropogenic
climate change (Parmesan 2006). Mountain-
dwelling birds elsewhere in the western United
States have already responded to climate
change by shifting their ranges to track pre-
ferred temperature or precipitation conditions
(Tingley and others 2009), and many montane
species throughout the world have shifted their
ranges upslope (Pounds and others 1999; Root
and others 2003, 2005).

Recent projections suggest that, relative to
conditions between 1970 and 1999, average
annual temperature in the Pacific Northwest
may increase by 3.26F (1.86C) by the 2040s and
by 5.36F (36C) by the 2080s (Littell and others
2009). Temperature changes alone may alter
elevation ranges of some bird species, as the

boundaries of many bird ranges are correlated
with climatic factors (Bohning-Gaese and Le-
moine 2004), particularly at the upper latitudi-
nal and elevational boundaries where cold
temperatures may impose physiological con-
straints (Root 1988; Root and Schneider 1993;
Newton 2003). At lower latitudinal and eleva-
tional limits, biotic factors such as competition
and predation may be more important than
abiotic factors, but physiological constraints
associated with heat stress or water limitation
may also limit distribution (Bohning-Gaese and
Lemoine 2004).

Other climate-induced changes may have
even more effect on the elevational distribution
of birds in the region. Spring snowpack is
projected to decrease, with a reduction of 40%
by the 2040s and 59% by the 2080s, compared
with the 1916 to 2006 historical average (Littell
and others 2009). Changing temperature and
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precipitation patterns in the region are expected
to lead to an increase in the annual area burned
by wildfire, increased frequency of Mountain
Pine Beetle (Dendroctonus ponderosae) outbreaks
(and outbreaks occurring at higher elevations)
that cause substantial tree mortality, and sub-
stantial increases in the area of severely water-
limited forests (Littell and others 2009). All of
these climatic and biotic factors have the
potential to alter distributions, particularly
elevational distributions, of Pacific Northwest
birds in the coming decades, and may even
result in local extirpations of particularly sensi-
tive species.

Occurrence data can yield important insights
into historical changes in bird distributions
(Tingley and Beissinger 2009), and provide

important benchmarks for evaluating future
changes (Siegel and others 2011). Benchmark
descriptions of the elevation ranges of birds are
badly needed throughout the world (Sekercio-
glu and others 2008). A systematic description
of the current occurrence patterns and eleva-
tional distributions of birds in Pacific Northwest
national parks will facilitate understanding how
birds respond to current and future climate
change in the parks and in the larger Pacific
Northwest region. Existing characterizations of
the elevation ranges of Pacific Northwest birds
(for example, Campbell 1990-2001) are based
primarily on anecdotal observations and pro-
fessional opinion rather than systematic sur-
veys. Here we analyze a systematically collected
data set to describe the elevation ranges of

FIGURE 1. Locations of 134 transects of point counts surveyed at Mount Rainier National Park in 2003 or 2004.
Each transect comprised 4 to 12 point counts spaced 250 m apart.
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common bird species in 3 large wilderness
parks in Washington. These descriptions will
facilitate future assessments of shifts in eleva-
tion ranges and, more immediately, will pro-
vide managers of more intensively managed
lands outside the parks with reference informa-
tion about elevational distribution of bird
species from more-pristine park ecosystems.
Serving as ‘‘reference sites’’ for assessing the
effects of regional land-use and land-cover
changes is a major role of the national park
system (Silsbee and Peterson 1991; Simons and
others 1999).

METHODS

Study Area

We studied the distribution of birds in Mount
Rainier National Park, North Cascades National
Park Complex (includes North Cascades Na-
tional Park, Lake Chelan National Recreation
Area, and Ross Lake National Recreation Area,
which are contiguous and managed jointly by
the National Park Service), and Olympic Na-
tional Park. The 3 parks contain large tracts of
mid- and high-elevation forest and subalpine
woodland, as well as alpine and riparian
habitats. Olympic National Park differs from
the other 2 parks in that its lower boundary, at
sea level, encompasses extensive lowland forest.
Bird assemblages at the 3 parks are generally
quite similar, except that North Cascades
National Park Complex includes substantial
acreage east of the Cascade Range crest, where
several bird species that are characteristic of the
eastern Cascades but rare or absent on the
western slopes are fairly common (Siegel and
others 2009a). The 3 parks span large elevation
gradients, with Mount Rainier ranging from 490
to 4392 m above sea level, North Cascades
ranging from 106 to 2807 m, and Olympic
ranging from sea level to 2432 m.

Sample Design

As part of the National Park Service’s
Inventory and Monitoring Program, we counted
birds at mostly off-trail point-count stations in
North Cascades National Park Complex in 2001
and 2002, Olympic National Park in 2002 and
2003, and Mount Rainier National Park in 2003
and 2004. Sample design varied slightly among
the 3 parks; detailed sampling procedures for

each park are provided in Siegel and others
(2009a, 2009b) and Wilkerson and others (2009).
In brief, we established point-count stations in a
geographic information system (GIS) by ran-
domly selecting starting points for transects of
point counts. We constrained the starting points
to within 1 km of a trail or road. We inspected
maps to discard transect starting points with
slope .35% or that were in locations that could
not be safely accessed due to cliffs, uncrossable
rivers, or other physiographic barriers. Observ-
ers hiked to starting points, where they con-
ducted a point count, then randomly selected a
cardinal or semi-cardinal direction of travel. The
observer conducted up to 11 additional point
counts (as many as he or she could complete
within 3.5 h of local sunrise), spaced 250 m
apart along the direction of travel, unless the
route was blocked by a physiographic barrier.
When observers encountered such an obstacle,
they returned to the previous point count
location and then changed the direction of
travel clockwise to the next cardinal or semi-
cardinal direction that would permit continued
travel. Occasionally, when physiographic barri-
ers made off-trail travel toward a starting point
impossible, transects were placed along the
most proximal section of trail. Additionally, at
each of the parks we supplemented the off-trail
sample with varying numbers of transect
starting points constrained to lie directly on
trails; observers then randomly chose a direc-
tion on the trail and conducted up to 11
additional point counts spaced 250 m apart
directly on the trail.

Data Collection

Prior to the start of the field season each year,
all observers participated in a rigorous 2-week
training program in bird identification and
point-count methods and were required to pass
a certification exam that tested their ability to
identify by sight and sound all bird species
expected to occur in the parks. All surveys took
place between 22 May and 31 July. Within each
park, we surveyed lower-elevation transects
first, moving to higher-elevation transects as
the season progressed and most snow melted,
making higher areas accessible by foot. Point
counts lasted 5 min, during which observers
recorded all birds detected by sight or sound at
any distance. Distances to each bird were
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estimated and recorded but were not used in
the analysis we report here.

Observers used hand-held Global Positioning
System units and topographic maps to deter-
mine the coordinates of each point-count sta-
tion. Later, using GIS, we extracted elevations
of point-count locations from digital elevation
models of the parks (resolution 10 m). Coordi-
nates described the locations of stations rather
than the locations of actual birds, likely intro-
ducing a small amount of random error into our
results as individual birds could have been
upslope or downslope from the station.

Data Analysis

We used data from 969 point counts (includ-
ing 518 off-trail and 451 on-trail count stations)

along 134 transects at Mount Rainier National
Park (Fig. 1); 1551 point counts (including 858
off-trail and 693 on-trail count stations) along
229 transects at North Cascades National Park
Complex (Fig. 2); and 1510 point counts (in-
cluding 944 off-trail and 566 on-trail count
stations) along 209 transects at Olympic Na-
tional Park (Fig. 3). Point count stations were
distributed widely across the area and elevation
range at each park (Figs. 1, 2, 3), excluding only
areas . 1 km from trails or roads, and the
highest elevation zones which are sparsely
vegetated and frequently covered in snow and
ice during the breeding season. Point count
stations ranged from 544 to 2248 m (x̄ 5 1250 m)
at Mount Rainier, from 107 to 2111 m (x̄ 5

948 m) at North Cascades, and from 2 to 2037 m
(x̄ 5 675 m) at Olympic.

FIGURE 2. Locations of 229 transects of point counts surveyed at North Cascades National Park Complex in
2001 or 2002. Each transect comprised 4 to 12 point counts spaced 250 m apart.
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We compiled a list of all bird species that we
detected at 8 or more point-count stations in any
of the 3 parks, a total of 74 species. For every
point-count station, we characterized each of
these species as detected or not detected. We
then calculated summary statistics to describe
the range of elevations at which a particular
species was detected in each park. Although
information on range boundaries can be infor-
mative for assessing distributional responses to
climate change (for example, Hill and others
2002), other researchers have argued that mean
elevation of occurrence may be a better indica-
tor, as it is less prone to bias resulting from
different sampling effort between sampling
events (Archaux 2004; Shoo and others 2006);
we therefore calculated the mean elevation of
detection and its standard deviation, as well as

the upper and lower quantiles encompassing
95% of detections. We estimated quantiles by
interpolation with method 7 (the default meth-
od) of the quantile function in R (see Hyndman
and Fan 1996 for details).

Additionally, because climate change may
alter patterns of species abundance across
elevational gradients in nuanced or unpredict-
able ways (Shoo and others 2005), we graphi-
cally described the full complexity of the
elevational distribution of our detection data.
Following methods in Siegel and others (2011),
we graphed the distribution of stations with and
without detections by means of bean plots,
which we generated with the ‘‘beanplot’’
package (Kampstra 2008) in R version 2.9.2 (R
Development Core Team 2009). We produced
these graphs only for species detected at least 20

FIGURE 3. Locations of 209 transects of point counts surveyed at Olympic National Park in 2002 or 2003. Each
transect comprised 4 to 12 point counts spaced 250 m apart.
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FIGURE 4. Elevational distributions of count stations where birds detected at least 20 times in 1 or more
parks were detected and not detected during bird surveys at Mount Rainier, North Cascades, and Olympic
National Parks. White tick marks left of the vertical center line represent single point count stations where
the indicated species was detected; longer tick marks represent multiple stations at the same elevation.
Shaded regions delineate density traces of the data. For each park, sites of detection are shown to the left of
vertical center lines and are described by dark gray density traces; density traces of non-detection sites are
shown to the right of vertical center lines and are represented by lighter gray density traces. The mean
elevations of count points where species were detected (left of center) and not detected (right of center) are
represented by black horizontal lines. The dashed line shows the mean elevation of all stations surveyed
across the 3 parks.
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times in 1 or more parks, as density traces of
less-frequently detected species often indicated
dramatic variation in abundance with elevation
that was likely just an artifact of small sample
size. Bean plots facilitate comparison of distri-
butions of data points by displaying the data
simultaneously with density traces of the data.
We used asymmetrical bean plots to show
elevational distributions of points with detec-
tions for individual species alongside the
distributions of points without detections at

each park. Individual data points (point-count
stations) in the bean plots were represented by
short line segments displayed as a one-dimen-
sional scatterplot, or strip chart. Elevations
represented by multiple points were displayed
as longer lines representing the summed
lengths of the line segments for the various
count stations. The sizes and shapes of density
traces for detection count stations (or non-
detection count stations) in the bean plots reflect
the distributions of data along the elevation

FIGURE 4. (Continued).
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gradients and a bandwidth (smoothing) param-
eter whose value we determined by the
Shaether–Jones method (Shaether and Jones
1991). The width of the density trace (along
the x axis) is selected by an algorithm that
incorporates the sample size and the distribu-
tion of values to generate a shape that illustrates
relative differences within a species in density
of detections or non-detections at various
elevations. Venables and Ripley (2002:126–129)

provide additional detail on density traces and
their implementation in R.

RESULTS

We detected 74 species at 8 or more point-
count stations in at least 1 park, and provide
species names and summary statistics describ-
ing their observed elevation distribution at each
park in Table 1. Forty-five of these species were
detected at least 20 times at 1 or more parks; for

FIGURE 4. (Continued).
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these species, Figure 4 provides bean plots
indicating actual detections and density traces
of distributions of each species at each park.
Note that the lower and upper tails of the
density traces extend slightly beyond the actual
range of data and consequently extend below
the park’s lower boundaries, except for the
Olympic National Park density traces which we
truncated at sea level. For most species, average
detection elevation was highest at Mount

Rainier, intermediate at North Cascades, and
lowest at Olympic (Fig. 4), but this may largely
reflect differences in the lower elevation bound-
ary of the 3 parks, rather than bird preferences.
Species that did not exhibit this pattern tended
to be those that are associated with high-
elevation habitats and were detected primarily
at higher point count stations, such as Ruby-
crowned Kinglet, Hermit Thrush, and American
Pipit (Fig. 4).

FIGURE 4. (Continued).
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DISCUSSION

We report here the first quantitative data on
elevation distributions of Pacific Northwest
birds, based on a systematic sampling design
involving extensive point counts in 3 protected
areas that collectively span an elevation gradi-
ent from sea level to the alpine zone. These data
will serve as a benchmark for evaluating future
climate-induced changes in bird distributions

and assemblages in the Pacific Northwest, and
may also provide useful comparative informa-
tion for assessing how land management
regimes have affected avian distributions and
species assemblages on more heavily managed
lands at comparable elevations throughout the
region.

Breadth of elevation range has been shown to
be a major predictor of the risk of local or global

FIGURE 4. (Continued).
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extinction of bird species in the context of
climate change (Sekercioglu and others 2008),
so these data may provide useful information
for assessing vulnerability to climate change.
The narrowest observed elevational ranges
were generally evident in a handful of species
that are restricted to relatively low (for example,
Belted Kingfisher, Willow Flycatcher, Red-eyed
Vireo, Veery, Brown-headed Cowbird) or rela-

tively high (for example, Clark’s Nutcracker,
Horned Lark, Mountain Bluebird, American
Pipit) habitats in the parks. Of these 2 groups,
the high-elevation species are probably of much
greater concern; lower-elevation species may
have opportunities to shift their ranges upslope
as conditions change, whereas high-elevation
species may have little possibility for upslope
range extensions (Pounds and others 1999; Hill

FIGURE 4. (Continued).
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and others 2002). Additionally, because moun-
tains narrow with increasing elevation, high-
elevation zones generally have a smaller abso-
lute land area than lower-elevation zones,
such that high-elevation bird species tend to
have relatively smaller areas of occurrence
(Sekercioglu and others 2008). Continued mon-
itoring of the elevation distributions of birds in
the parks, particularly alpine-associated birds,
is therefore warranted.
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