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ABSTRACT

Assessing trends in abundance of bird species whose breeding
range is poorly sampled by Breeding Bird Surveys poses significant
challenges. The Golden-crowned Sparrow (Zonotrichia atricapilla) is
one such species. Range-wide data from the Christmas Bird Count
(CBC) can be used to assess trends in this species’ winter abundance
and, by inference, range-wide breeding population trends. We used
CBC data from throughout the winter range of the Golden-crowned
Sparrow over the 40 years from 1984-2023 to assess abundance
trends. Our analysis suggests that the overall population is stable, but
that numbers are increasing significantly at the northern edge of the
winter range, and declining significantly at the southern edge,
suggesting a poleward shift in relative abundance in recent decades.
Increases in winter temperatures throughout this species’ winter range
may be a key driver of this northward shift either through changes in
over-winter survival, breeding season productivity, or both.

The Golden-crowned Sparrow’s (Zonotrichia atricapilla) breeding range
lies almost entirely within remote, largely roadless areas of Alaska, British
Columbia, and Yukon Territory. As a result, Sauer et al. (2020) were unable to
use Breeding Bird Survey (BBS) data to estimate trends in its breeding
population. This sparrow’s winter range includes southern British Columbia,
Washington, Oregon, California, portions of western Idaho and Nevada, and
northernmost Baja California. This region, except for Baja California, includes
numerous Christmas Bird Count (CBC) circles within which data have been
collected for several decades.

Previous attempts to use CBC data to assess Golden-crowned Sparrow
population trends have been almost exclusively regional, and nearly all used
older (pre-2000) data. Unitt (2004) found no significant trend from San Diego
County CBCs through 2000, and Pandolfino and Handel (2018) found no
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significant trend in California’s Central Valley from 1979 through 2014. Data
from throughout California showed non-significant increases from the early
1960s through the early 1990s (Sauer et al. 1996, Norment et al. 1998).
Marshall et al. (2003) reported that CBC data from the 1970s through the
1990s showed minor change in Oregon winter populations. CBC data from
Washington from this same period suggested an increasing population (Sauer
et al. 1996, Wahl et al. 2005), and increasing numbers from British Columbia
CBCs from the 1970s into the 1990s also suggested increases in wintering
birds in that province (Campbell et al. 2001, Ryder 2015). We used CBC data
from throughout the regular winter range of the Golden-crowned Sparrow for
the 40-year period from 1984 to 2023 to assess any regional or range-wide
population trends.

METHODS

We accessed CBC data (National Audubon Society 2020) for the Golden-
crowned Sparrow from the winter of 1983—-84 (Count Year 84) through winter
of 2022-23 (Count Year 123). We only used data from CBC circles that:

e reported an average of >5 Golden-crowned Sparrows per year over at
least one of the four decades (the first, second, third, or fourth 10-year
period) covered by our dataset; and

e were surveyed during most (>10) of the years of both the first half (Count
Years 84-103) and the second half (Count Years 104-123) of the 40-year
period.

The first criterion ensured that we used CBC circles where the species
occurred regularly during at least some the 40-year period of analysis. The
second criterion ensured that every CBC circle we used was active over the
entire period of analysis.

We found 133 CBC circles that met the selection criteria (Appendix A)
from southern British Columbia through Washington, Oregon, east-central
Nevada, and California. All data were normalized by using the number of
Golden-crowned Sparrows reported per party-hour to account for differences
in effort levels among the counts. We used linear regression analysis (Data
Analysis package from Excel) to assess trends in abundance regionally and
throughout the winter range. We used birds-per-party-hour as the response
variable and year as the effect variable. Trends with a probability (p) value of
<0.05 were considered statistically significant.

The regions we used for comparison (British Columbia, Washington,
Oregon, northern and southern California, and west-central Nevada) were
chosen arbitrarily, using political borders for the northern regions, and
dividing California at 36° north latitude. This is approximately the latitude of
the northern borders of Kern and San Luis Obispo counties, used by the
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publication North American Birds (https://www.aba.org/north-american-
birds/) as the border between northern and southern California.

We also examined changes in urban land cover within these CBC circles
using data from the North American Land Change Monitoring System (CEC
2020, CEC 2023) and the National Land Cover Database (Dewitz and U.S.G.S.
2021). For the U.S., we compared the percent change in urbanized land cover
within U.S. count circles between the years 2001 and 2020, and for British
Columbia we compared data from 2010 to 2020. This latter time frame was
used due a lack on comparable land cover data for Canada prior to 2010.

RESULTS

Abundance over the full winter range of the Golden-crowned Sparrow
showed no significant trend (r* = 0.003, p = 0.11) for 1983-2022 (Figure 1).
Regional analysis, however, showed a significant increase in abundance
(3.7%/yr, r* = 0.80, p < 0.0001) in the northern parts of the winter range
(British Columbia and Washington; Figure 2a) and a significant decline (-2.6%/
yr, r? = 0.55, p < 0.0001,) in the southern California portion of the range;
Figure 2b). These trends were consistent throughout each region (Figure 3).
Of the 25 southern California CBC circles, 23 (92%) showed decreasing
abundance, whereas nearly all circles in the northern parts of the range (34 of
35; 97%) showed increasing abundance. Of the 73 CBC circles in the central
portion of the winter range in Oregon, northern California, and Nevada,
approximately half showed increasing abundance (36 of 73; 49%) and half
showed decreasing abundance (37 of 73; 51%).

The amount of urban land cover in southern California circles increased
by 3% (an average increase of approximately 45ha/circle), while the amount
of urban land in Washington and British Columbia increased by 5 and 6%,
respectively (50 and 60ha/circle).

Average winter temperatures have increased throughout the winter

range of this sparrow in recent decades (Table 1).

Table 1. Increases in average winter temperatures within the winter range of
the Golden-crowned Sparrow since 2001 in the U. S. and since 2010 in British

Columbia.
Rate of Increase
Region (Mean C°/decade) Source
British Columbia 0.22 BCME 2016
Washington 0.17 NOAA 2023
Oregon 0.22 NOAA 2023
California 0.28 NOAA 2023
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Figure 1. Golden-crowned Sparrow abundance from all CBC circles used,
with linear regression trend line and statistics. Cl = Confidence Interval.
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Figure 2. Golden-crowned Sparrow abundance from CBC circles with
linear regression trend line and statistics from A) all British Columbia and
Washington, and B) all southern California (south of 36°).
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Figure 3. Locations of CBC circle used and abundance trends from linear
regression analysis of each circle.

DISCUSSION

A rich and rapidly growing body of research has demonstrated that birds
are shifting their breeding and/or winter ranges poleward (e.g., Hitch and
Leberg 2007, La Sorte and Jetz 2010, OEHHA 2018, Meehan et al. 2019), with
winter range shifts happening even faster than breeding range shif
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(Lehikoinen et al. 2021). In most cases, a warming climate is the main driver
of these shifts. Winter temperatures have steadily increased throughout the
winter range of the Golden-crowned Sparrow, which may be a key factor
driving the northward shift in winter abundance for this sparrow. However,
other factors may be involved independently or in concert with climate
change in wintering areas.

During this same period, breeding season temperatures have also
increased in the Golden-crowned Sparrow’s breeding range, with
temperatures in the northern portions increasing most rapidly (Lindsey and
Dahlman 2023). We previously showed that this species uses a chain
migration strategy, in which the most northerly breeders winter furthest
north, and vice versa (Pandolfino and Douglas 2021). Although increasing
temperatures have generally been found to negatively affect breeding success
in birds due to phenological mismatches between food sources and breeding
dates (Visser et al. 2012, Mayor et al. 2017, Youngflesh et al. 2023), at least
one northern species (Black Grouse, Tetrao tetrix) has been documented to
have benefited from these warmer conditions (Wegge and Rolstad 2017).

If increases in breeding season temperatures have allowed the most
northerly-breeding Golden-crowned Sparrows to reproduce more successfully
than southern breeders, this could explain our observation of increasing
winter abundance in the north. Indeed, as arctic, and northern subarctic areas
warm, tundra is being replaced by shrublands (Winker and Gibson 2018), and
these changes were predicted to produce an increase in Golden-crowned
Sparrow breeding abundance there (Thompson et al. 2016, Mizel and
Swanson 2022). Without data on breeding success, however, this hypothesis
cannot be directly evaluated. Also, this would not explain our finding of
decreasing abundance in the southernmost parts of the winter range unless
the warmer conditions at the southern edge of the breeding range also have
reduced reproductive success.

Another key factor to consider is the loss of winter habitat to
urbanization, or other sorts of conversion to unsuitable habitat. If Golden-
crowned Sparrow winter habitat were being lost at a greater rate in southern
California than in British Columbia and Washington, this could help explain
the declines observed there. Reliable land cover data for these areas are only
available for the most recent few decades. When we compared increases in
urban land use for the CBC circles in southern California to those in
Washington (2020 vs 2001) and British Columbia (2020 vs. 2010), we found no
support for the hypothesis that increased urbanization explains the difference
between the observed population trends in the southern and northern
regions.
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Saunders et al. (2022) compared the relative importance of climate and
habitat change as drivers of winter range shifts for 89 bird species that winter
in the eastern U.S. They found that habitat specialists (e.g., grassland birds)
were more affected by habitat change than climate, while habitat generalists
were more affected by climate. Golden-crowned Sparrows are largely habitat
generalists in winter, using a wide variety of shrubby habitats, including urban
areas (Norment et al 1998). They also use a variety of habitats, including
grasslands, during migration (Iverson 2022, Iverson et al. 2023).

We previously found that all the identifiable Golden-crowned Sparrow
songs recorded in British Columbia and Washington in winter were of the
song dialect associated with the most northerly breeding population
(northern Alaska; 10 of 10 individuals; Pandolfino and Douglas 2021). Our
recordings were all from the most recent 14 years, and all but two were from
the last seven years. Because we found no song dialects of more southerly
breeders in the northern winter range, it is unlikely that the increase in
Golden-crowned Sparrow numbers in that area is due to southern breeders
shifting their range to the north. Instead, this finding is consistent with the
increase being due to higher rates of over-winter survival among these birds,
and/or higher rates of fecundity of this population, perhaps due to birds
returning to the breeding grounds in better condition or to more shrub
habitat becoming available in these high latitude regions (Thompson et al.
2016, Mizel and Swanson 2022). It is also possible that the warmer
temperatures have allowed higher reproductive success and a longer suitable
breeding period. Also, birds in better condition at the end of winter may be
better able to cope with stresses of migration. However, our previous findings
that the northernmost breeders winter in the northernmost part of the range
may only apply to singing males. If female Golden-crowned Sparrows winter
in different parts of the range than males, northward shifts among females
would not have been detected by our song-based method.

Thus, the most likely hypothesis to explain our observations of increasing
abundance in the north of the winter range and decreasing abundance in the
south is that warmer winter temperatures in the northern (historically cooler)
part of the Golden-crowned Sparrow’s winter range have allowed higher rates
of survival and/or reproductive success in that population, with warming
temperatures in the southern range having the opposite effect. The
remarkable insulating qualities of feathers allow birds to survive extremes of
cold better than extremes of heat (Gill 1995). Given adequate food supplies,
birds can cope with very low temperatures. Given that the northern parts of
the Golden-crowned Sparrow’s winter range have warmed, it may be that
birds now need less food to tolerate winter temperatures there, which could
improve over-winter survival and post-winter fitness. In southern California,
where winter temperatures are typically much warmer, a warming climate
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may be taxing these sparrows’ limits of tolerance. Since the primary means of
countering over-heating in birds is by evaporative cooling (Gill 1995), the
relatively xeric southern California areas may put birds at risk of dehydration
when trying to maintain ideal body temperature.

Both the northern and southern parts of the Golden-crowned Sparrow’s
range where we noted significant changes in abundance are at the edges of
the species’ winter range. It may be that Golden-crowned Sparrows there are
near their extremes of both cold (in the north) and heat (in the south)
tolerance. Thus, even the relatively small temperature changes shown in
Table 1 may be adequate to explain the substantial changes in winter
abundance. Other, secondary, effects of warmer temperatures (e.g., changes
in local flora, prevalence of body parasites, timing of seed crop availability)
also may have contributed to changes in over-winter condition of Golden-
crowned Sparrows and thus survival. Data on vital rates (e.g., productivity,
breeding season survival, over-winter survival and fitness), such as those
obtained from Monitoring Avian Productivity and Survival (www.birdpop.org/
pages/maps.php) station efforts, could help to illuminate the drivers of these
changes in regional winter abundance.
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Appendix A. All Christmas Bird Count Circles used.

State/
Province

Christmas Bird Count Circles

British
Columbia

California
(north)

California
(south)

Nevada

Oregon

Washington

108

Campbell River, Chilliwack, Comox, Deep Bay, Duncan, Ladner,
Parksville-Qualicum Beach, Pender Islands, Pitt Meadows, Port Alberni,
Sooke, Sunshine Coast, Vancouver, Victoria, White Rock-Surrey-
Langley

Angwin, Afio Nuevo, Arcata, Auburn, Benicia, Calaveras, Caswell-
Westley, Centerville Beach to King Salmon, Chico, Clear Lake, Contra
Costa County, Crystal Springs, Del Norte County, Etna, Fall River Mills,
Folsom, Hayward-Fremont, Honey Lake, LaGrange-Waterford, Lake
Almanor, Los Bafios, Lost Lake-Fresno, Manchester, Marin County
(southern), Monterey Peninsula, Moss Landing, Mount Hamilton,
Mount Shasta, Oakland, Oroville, Palo Alto, Panoche Valley, Peace
Valley, Putah Creek, Red Bluff, Redding, Sacramento, San Francisco,
San Jose, Santa Cruz County, Santa Rosa, Springville, Stockton, Tule
Lake, Ukiah, Wallace-Bellota, Western Sonoma County, Willow Creek,
Woodfords, Yosemite N.P.

Bakersfield, Butterbredt Spring, Carrizo Plain, Claremont, Grass
Mountain, Idyllwild, Kern River Valley, La Purisima, Los Angeles,
Malibu, Morro Bay, Orange County (coastal), Orange County
(northeastern), Palos Verdes Peninsula, Pasadena-San Gabriel Valley,
Rancho Santa Fe, Redlands (Mill Creek), San Bernardino Valley, San
Diego, San Fernando Valley, Santa Barbara, Santa Maria-Guadalupe,
South Fork Valley, Tehachapi, Thousand Oaks

Carson City, Truckee Meadows

Bend, Columbia Estuary, Coos Bay, Corvallis, Dallas, Eugene, Florence,
Forest Grove, Grants Pass, Hood River, Klamath Falls, Medford,
Portland, Roseburg-Sutherlin, Salem, Sauvie Island, Sequim-
Dungeness, Silverton, Tillamook Bay, Upper Nestucca, Utopia, Yaquina
Bay

Bellingham, Cowlitz-Columbia, East Lake Washington, Edmonds, Grays
Harbor, Kent-Auburn, Kitsap County, Leadbetter Point, Oak Harbor,
Olympia, Padilla Bay, Port Townsend, San Juan Islands Archipelago,
Seattle, Skagit Bay, Tacoma, Toppenish N.W.R., Wenatchee, Yakima
Valley
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