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ABSTRACT

Many species’ distributions are shifting in response to climate change. Many distributional shifts are predictably poleward or higher in elevation,
but heterogeneity in the rate and direction of shifts both within and between species appears to be common. We found high heterogeneity in
the trajectory of winter range shifts for 65 species of birds across eastern North America and in the different traits and trait interactions associ-
ated with these shifts across the spatial scales we examined. We used data from the Christmas Bird Count to quantify the trajectory of winter
latitudinal center of abundance range shifts over 4 decades (1980-2019) for 65 species of songbirds and woodpeckers in North America, both
across eastern North America (ENA) as a whole and for the Atlantic (ATL) and Mississippi (MISS) flyways separately. We then used linear models
and Akaike’s Information Criterion with small-sample size correction (AIC ) model selection to test whether species traits could explain variation
in range shifts or flyway discrepancies. Across ENA, most species showed northward latitudinal range shifts, but some showed no latitudinal
shift while others shifted southwards. Amongst ATL and MISS, we documented both within- and between-species differences in the rate and
direction of latitudinal shifts, complicating the results from across ENA. No single trait emerged as a dominant driver of range shift differences at
the ENA and flyway scales. Migration strategy interacted with insectivory to explain variation at the largest spatial scale (ENA), whereas frugivory
and mean winter latitude explained much of the variation in ATL and MISS, respectively. Exploring heterogeneity in range shifts within and be-
tween species, and in the associations between range shifts and life history traits, will help us better understand the mechanisms that mediate
differing responses to environmental change and predict which species will be better able to adapt to those changes.
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LAY SUMMARY

e Species are shifting their distributions due to recent climate change, but variation in these shifts, and the influence of species traits, are not
well understood.

¢ \\Ve quantified the rate and direction of recent winter range shifts for 65 species of eastern North American birds and compared within- and
between-species variation.

e Additionally, we explored if species traits (migratory strategy, winter diet, and winter geography) can explain variation in range shifts across
different spatial scales.

* Most species moved northward during this 40-year time period, but there was wide variation both between species and within species be-
tween the eastern flyways.

¢ \We found that across eastern North America, short-distance migrants tended to shift at higher rates than residents and moderate-distance
migrants, but the level of insectivory was also important.

¢ At the flyway level, frugivory and migration strategy were important variables explaining shifts along the Atlantic flyway, whereas winter geog-
raphy and migratory strategy were more important in the Mississippi flyway.

Los desplazamientos en el rango invernal y sus asociaciones con las caracteristicas de las
especies son heterogéneos en las aves del este de América del Norte

RESUMEN

Muchas distribuciones de especies estdn cambiando en respuesta al cambio climético. Muchos desplazamientos de distribucion ocurren
predeciblemente hacia el polo o hacia mayores altitudes, pero la heterogeneidad en la velocidad y direccién de los desplazamientos tanto
dentro de una misma especie como entre especies parece ser comun. Encontramos una alta heterogeneidad en la trayectoria de los
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FIGURE 6. Results of the top models explaining variation in distributional shifts. For ENA, migration strategy (A) plus the interaction between migration
and insectivory (B) were included in the top model. For ATL (C), % fruit?> was the top model and the variable with the highest importance. For MISS

(D), the second-best model by a close margin included latitude?, whereas
interaction between latitude and insectivory.

lower rates than those with more generalist diets. Mid-latitude
species, contrary to our expectations, shifted northward at
higher rates than either low- or high-latitude species. These
trait-based relationships were also scale-dependent, varying
between ENA and the two flyways, as well as between fly-
ways.

the top model was similar to (B). For _within (E), the top model included the

Heterogeneity in Range Shifts Across Spatial
Scales and Between Flyways

Across ENA, two-thirds of the species we studied shifted their
distributions northwards during the study period, while 25%
did not shift their LCA significantly, and 9% shifted south-
wards. These findings are consistent with studies confirming
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