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ABSTRACT: Published estimates of elevation ranges of Sierra Nevada birds are
based primarily on anecdotal observations and professional opinion rather than
systematic surveys. Continuing climate change is likely to alter the elevation ranges
of Sierra bird species, and is perhaps already doing so, but published data are in-
adequate for describing elevation ranges rigorously. We present elevation ranges of
75 common Sierra Nevada birds based on data from Sequoia and Kings Canyon
national parks in the southern Sierra Nevada and Yosemite National Park in the
central Sierra Nevada. The mean elevation of a species was significantly higher
at Sequoia/Kings Canyon than at Yosemite, by an average of 103 m. When we
excluded species restricted to low-elevation habitats that are better represented at
Sequoia/Kings Canyon than at Yosemite, and species that disperse upslope and we
detected well above their likely breeding ranges, the mean difference between the
two areas in the mean elevation of the remaining 59 species was even greater, 219
m. These descriptions of elevation ranges will facilitate future assessments of range
shifts, and, more immediately, will provide managers of more intensively managed
lands in the Sierra Nevada outside the parks with reference information from the
relatively pristine parks.

Climate-change models suggest that by late in the 21st century, the aver-
age annual temperature in the Sierra Nevada of California could increase
by as much as 3.8°C beyond that at the beginning of the century (Snyder et
al. 2002). More precipitation will fall as rain rather than as snow, and the
spring snowpack may decline by up to 30-70% (Hayhoe et al. 2004, Franco
et al. 2006). Some scenarios suggest that the frequency of wildfire, which
has already increased over the past several decades (Westerling 2006), may
increase in northern California as much as 90% over that from 1961 to
1990 (Franco et al. 2006). Throughout the Sierra, the composition of plant
communities is projected to change substantially, with losses of 60-80% of
the subalpine and alpine ecosystems over the same time period (Hayhoe et
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al. 2004, Franco et al. 2006). These interrelated phenomena—increased
temperature, decreased snowpack, altered fire regimes, and shifting plant
communities—will likely alter the ranges of Sierran bird species and restruc-
ture bird assemblages (Stralberg et al. 2009).

Around the world, the ranges of many species of plants and animals that
are restricted to mountaintops have contracted severely, and the first popula-
tions and even species that have been extirpated because of climate change
are of mountaintop biota (Parmesan 2006). Mountain-dwelling birds have
already responded to climate change in many parts of the world by shifting
their ranges upslope (Pounds et al. 1999, Root et al. 2003, 2005). In the
Sierra Nevada, Tingley et al. (2009) found evidence that the distributions
of many bird species have changed during the past century, with distribu-
tions generally tracking species’ preferred temperature and/or precipitation
conditions over time.

The boundaries of many birds’ ranges are correlated with climatic factors
(Bohning-Gaese and Lemoine 2004), particularly at the upper latitudinal
and elevational boundaries, where cold temperatures may impose physi-
ological constraints (Root 1988, Root and Schneider 1993, Newton 2003).
At lower latitudinal and elevational 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 play a role
there as well (Bohning-Gaese and Lemoine 2004).

Occurrence data can vield important insights into historical change (Tin-
gley and Beissinger 2009), and a clear snapshot of the current occurrence
patterns and elevational distributions of Sierra birds will facilitate understand-
ing how birds respond to current and future climate change in the Sierra
Nevada. Existing characterizations of the elevation ranges of Sierra Nevada
birds (Gaines 1992, Siegel and DeSante 1999, Stock and Espinoza 2009)
are based primarily on anecdotal observations and professional opinion
rather than systematic surveys. Here we describe the elevation ranges of
common Sierra Nevada birds on the basis of recent data from national parks
on the west slope of the southern and central Sierra Nevada. These descrip-
tions will facilitate future assessments of shifts in these elevation ranges and,
more immediately, will provide managers of more intensively managed Sierra
lands outside the parks with better reference information 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 et al. 1999).

METHODS
Study Area

We studied the distribution of birds in Yosemite and Sequoia and Kings
Canyon national parks. Sequoia and Kings Canyon are contiguous and man-
aged as one unit by the National Park Service. Both areas lie on the western
slope of the Sierra Nevada, and both contain large tracts of mid-elevation
and subalpine conifer forest, as well as substantial acreage of chaparral, oak
woodland, meadows, and alpine plant communities. Yosemite’s total area
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is 308,074 ha, extending from the upper foothill zone to the Sierra crest.
Sequoia/Kings Canyon is slightly larger, comprising 350,843 ha, and also
extends from the foothills to the Sierra crest but differs from Yosemite in
that its western boundary is considerably lower, and it includes more area
dominated by foothill plant communities.

The Sierra Nevada extends over 600 km from north to south and so has
a substantial north—-south gradient in the elevational boundaries of various
forest types. On the basis of data from Yosemite in the central Sierra and
Sequoia/Kings Canyon in the southern Sierra, we were able to character-
ize birds’ elevation ranges in two distant areas spanning a large swath of
this gradient.

Sample Design

As part of the National Park Service’s Inventory and Monitoring Program,
we counted birds at points away from trails in Yosemite in 1999 and 2000
and in Sequoia/Kings Canyon in 2003 and 2004. We established count
points in a geographic information system (GIS) by randomly selecting
starting points for transects of point counts. We constrained the starting
points to within 2 km of a trail or road, a buffer that encompassed 71%
and 83% of the park’s total area at Sequoia/Kings Canyon and Yosemite,
respectively. Observers hiked to starting points, where they counted birds,
then randomly selected a cardinal or semi-cardinal direction of travel. The
observer made up to 11 additional point counts (as many as he or she could
complete within 3.5 hours of local sunrise), spaced 250 m apart, along the
direction of travel, unless the route was blocked by an obstacle such as a cliff
or uncrossable stream. When the observer encountered such an obstacle,
he returned to the previous count point, then changed his direction of travel
clockwise to the next cardinal or semi-cardinal direction that would permit
continued travel.

Data Recording

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 virtually all birds occurring regularly in the Sierra Nevada
by sight and sound.

At Sequoia/Kings Canyon, our surveys took place from 14 May to 20
July, at Yosemite from 18 May to 28 July. Within each park, we surveyed
lower-elevation transects first, moving to higher-elevation transects as the
season progressed and most snow melted. Point counts lasted 5 min, during
which observers recorded all birds detected by sight or sound at any distance.
Distances to each bird were estimated and recorded but were not used in
the analysis we report here.

Observers used hand-held Global Positioning System units and topo-
graphic maps to determine the coordinates of each count point. Later, using
GIS, we extracted elevations of count points from digital elevation models
of the parks (resolution 10 m). Coordinates described the points’ locations
rather than the birds’ actual locations, likely introducing a small amount of
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random error into our results, as individual birds could have been upslope
or downslope from the point.

Data Analysis

We used data from 2599 point counts along 273 transects at Yosemite
(Figure 1) and 1732 point counts along 224 transects at Sequoia/Kings
Canyon (Figure 2). Elevation of count points ranged from 1146 to 3673 m
(mean 2382 m) at Yosemite and from 314 to 3880 m (mean 2527 m) at
Sequoia/Kings Canyon. Transects were well distributed across the area and
elevation gradient within each park (Figures 1 and 2).

We categorized each species detected at least 20 times at either Yosemite
or Sequoia/Kings Canyon, as either detected or not detected at each count
point, then calculated summary statistics to describe the range of elevations at
which the species was detected in each park: the mean elevation of detection
and its standard deviation, as well as the upper and lower quantiles encom-
passing 95% of detections. Our threshold of 20 detections was somewhat
arbitrary, but inspection of the data indicated that species with at least 20
detections had distributions that consistently spanned the range of elevations
where our field experience in the parks suggests they occur. We estimated
quantiles by interpolation with method 7 (the default method) of the quantile
function in R (see Hyndman and Fan 1996 for details). We used two-tailed
paired t tests to compare the mean elevation of count points where a species
was detected in the two parks, with mean elevations of detection of each
species representing matched pairs.

We graphed the distribution of stations with and without detections of each
species by means of bean plots, which we generated with the “beanplot” pack-
age (Kampstra 2008) in R version 2.9.2 (R Development Core Team 2009).
Bean plots facilitate comparison of distributions of data points by displaying the
data simultaneously with density traces of the data. Here we used asymmetrical
bean plots to show elevational distributions of points with detections of each
species alongside the distributions of points without detections at each park.
Individual data points (i.e., count points) in the bean plots were represented by
short line segments displayed as a one-dimensional scatterplot, or strip chart.
Elevations represented by multiple points were displayed as longer lines repre-
senting the summed lengths of the line segments for the various count points.
The sizes and shapes of density traces in bean plots reflect the distributions
of data along the elevation gradients and a bandwidth (smoothing) parameter
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 distribution of values
to generate a shape that illustrates relative differences (within a species) in
density of detections (or non-detections) at various elevations. The shape of
the density trace reflects not the ratio between detections and non-detections
at a given elevation but the proportion of detections or non-detections at that
elevation with respect to the entire elevational distribution of points of detection
or non-detection—the reason why the traces for detection and non-detection
are not exactly complementary. See Venables and Ripley (2002:126-129) for
additional detail on density traces and their implementation in R.



ELEVATION RANGES OF BIRDS ON THE SIERRA NEVADA'S WEST SLOPE

0 5 10 20 Kilometers

!
s
LY

Figure 1. Locations of 273 point-count transects (black circles) surveyed at Yosemite
National Park in 1999 and 2000. Each transect comprised 7-12 point counts spaced
250 m apart. Background shading indicates elevation, with lowest elevations in the
park indicated with dark gray and highest elevations indicated with white. Inset map
shows the location of Yosemite National Park within California.
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Figure 2. Locations of 224 point-count transects (black circles) surveyed at Sequoia
and Kings Canyon national parks in 2003-2004. Each transect comprised 7-12
point counts spaced 250 m apart. Background shading indicates elevation, with lowest
elevations in the park indicated with dark gray and highest elevations indicated with
white. Inset map shows the location of Sequoia and Kings Canyon national parks
within California.
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RESULTS

Seventy-five species met our threshold of at least 20 point counts with
detections in either Yosemite or Sequoia/Kings Canyon. Table 1 presents the
summary statistics describing the observed elevation ranges of each. Figure
3 contains the bean plots indicating actual detections and density traces of
distributions of each species at each park.

The mean elevation of detection of the 74 species detected at both Yosem-
ite and Sequoia/Kings Canyon (the California Quail was not detected during
surveys at Yosemite) was significantly higher at Sequoia/Kings Canyon than
at Yosemite (two-tailed paired t test; t = 2.38, df = 73, P = 0.02), by an
average of 103 m (standard error 43 m). This difference cannot be explained
simply by the mountain peaks at Sequoia/Kings Canyon being higher than
at Yosemite, as only a few species were detected at Sequoia/Kings Canyon
at elevations higher than the highest survey stations at Yosemite, and those
only in low numbers. However, two groups of species, described below,
may present special cases that could confound the comparison of elevation
ranges in the two parks.

Low-Elevation Species

Because Sequoia/Kings Canyon has much more extensive (and lower-
elevation) foothill habitat than does Yosemite, several species (California
Quail, Acorn Woodpecker, Ash-throated Flycatcher, Western Scrub-Jay, Oak
Titmouse, Bewick’s Wren, Wrentit, and California Towhee; see Table 1 for
scientific names) had mean elevations of detection at Sequoia/Kings Canyon
that were lower than the lowest count point at Yosemite (Figure 3).

Upslope Migrants

In the Sierra Nevada, many species of birds disperse upslope in mid-to-late
summer after nesting (Gaines 1992). We made no attempt to verify that
the individual birds detected during point counts were local breeders. Most
of our detections were of singing birds that, on the basis of the seasonal
timing of our surveys, were likely still on breeding territories. However,
individuals of some species can remain fairly conspicuous as they move
upslope from their breeding territories and could have been counted by
surveyors. Elevation profiles of eight species that are known (e.g., Gaines
1992) to move well upslope of the breeding range in the late summer after
the breeding season—the Band-tailed Pigeon, Anna’s Hummingbird, House
Wren, Orange-crowned Warbler, Nashville Warbler, Lazuli Bunting, Lesser
Goldfinch, and Evening Grosbeak—show substantial numbers of detections
hundreds of meters higher than previous descriptions of breeding ranges
based on expert opinion and known nest records (e.g., Gaines 1992). These
high-elevation detections likely represent post-breeding individuals that had
already moved upslope beyond their usual breeding ranges. Another species,
the Rufous Hummingbird, does not breed anywhere in the Sierra Nevada
(Healy and Calder 2006) but is conspicuous during its southbound migration
through the Sierra in mid and late summer. For each of these species our
results should be interpreted broadly as describing ranges during early and
mid-summer rather than strictly breeding ranges.
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ELEVATION RANGES OF BIRDS ON THE SIERRA NEVADA'S WEST SLOPE

Data for three additional species—Hammond’s Flycatcher and Hermit
Warbler at Sequoia/Kings Canyon and the Purple Finch at both parks—
vielded upper quantiles that appear surprisingly higher than previous (albeit
unsystematically determined) range descriptions (e.g., Gaines 1992) in one
or both parks, even though the species are not generally thought of as up-
slope migrants (Figure 3). Misidentification of the species is a possibility for
Hammond'’s Flycatcher, which can easily be confused with the higher-ranging
Dusky Flycatcher, but our results suggest the other two species, which we
detected repeatedly well above their previously described elevation ranges,
could have recently colonized these higher elevations.

Overall, individual species were detected at higher mean elevations at
Sequoia/Kings Canyon than at Yosemite with remarkable consistency (Fig-
ure 4). However the low-elevation species and the upslope migrants listed
above did not adhere well to this pattern (Figure 4). The low-elevation spe-
cies and the upslope migrants excluded, the mean difference between the
two parks in the mean elevation of detection of the remaining 59 species
was even greater (two-tailed paired t test; t = 6.55, df = 58, P = 0.0001),
averaging 222 m (standard error 34 m) higher at Sequoia/Kings Canyon.

DISCUSSION

We report here the first quantitative data on elevation distributions of
Sierra Nevada birds, on the basis of a rigorous sampling design involving
extensive point counts in two protected areas that span a large latitudinal
swath of the region. We show important differences in the elevational distri-
butions of species between parks, and by extension, between the southern
Sierra and the central Sierra. In part, these differences reflect differing
elevation ranges of the parks; Sequoia/Kings Canyon boundaries extend
farther downslope into foothill habitats than Yosemite boundaries, and the
high mountain peaks at Sequoia/Kings Canyon are higher than the peaks
at Yosemite. But even without these factors, most species occur at higher
elevations at Sequoia/Kings Canyon than at Yosemite, presumably because
of the tendency for similar plant communities to occur at higher elevations
with decreasing latitude.

Our results may be useful for assessing bird assemblages in less pristine
and more heavily managed habitats throughout the west slope of the central
and southern Sierra. Bird survey results from such lands can be compared
with assemblages from the appropriate elevation zones at Yosemite and
Sequoia/Kings Canyon to identify species that may be missing, perhaps
due to unfavorable management regimes.

Perhaps more importantly, these data will serve as an important baseline
for documenting future changes in bird distributions and assemblages in the
Sierra Nevada due to climate change. Many bird species’ distributions in
the Sierra have already changed in historical times, apparently in response
to climate change (Tingley et al. 2009), and larger changes are expected in
the coming decades (Stralberg et al. 2009). Breadth of elevation range is a
major predictor of birds’ risk of extinction in the context of climate change
(Sekercioglu et al. 2008), and better data are needed on both elevation
ranges and elevation-range shifts of birds worldwide (Sekercioglu et al. 2008).
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Figure 3. Elevational distributions of count points where birds listed in Table 1 were
detected and not detected during bird surveys at Sequoia/Kings Canyon and Yosemite
national parks. White tick marks left of the vertical center line represent single points
where the species was detected; longer tick marks represent multiple points at the
same elevation. Shaded regions delineate density traces of the data. For each park,
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sites of detection are shown to the left of vertical center lines and are described by dark
gray density traces; density traces of sites of non-detection are shown to the right of
vertical center lines in lighter gray. Black horizontal lines show mean elevations of count
points where the species was detected (left of center) and not detected (right of center).
The dashed line shows the mean elevation of all stations surveyed across both parks.
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Figure 3 (Continued).
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Figure 3 (Continued).
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Figure 3 (Continued).
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Figure 3 (Continued).

For the species we considered, our results can thus help assess the risk of
climate-driven local extirpations within the Sierra Nevada's national parks, as
well as their broader regional and rangewide risks. The utility of these results
from the southern and central Sierra Nevada could be further extended with
similar data from the northern end of the Sierra Nevada.
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Figure 4. Mean elevation of detection of 74 bird species (all species in Table 2 except
for the California Quail, which we did not detect at Yosemite) at Yosemite National
Park plotted against the species’ mean elevation of detection at Sequoia and Kings
Canyon national parks. Triangles, species restricted to lower-elevation habitats in the
parks; squares, species that disperse upslope after breeding and for which we may
have detected substantial numbers of individuals higher than their breeding range;
diamonds, three species for which our results diverge from previous descriptions of
the species’ elevational range (Hammond’s Flycatcher, Hermit Warbler, Purple Finch);
circles, the remaining 56 species.
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