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Spatial and temporal non-stationarity in long-term population

dynamics of over-wintering birds of North America
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1The Ohio State University
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Abstract

Understanding population change across long time scales and at fine spatiotemporal resolutions is important for confronting a

broad suite of conservation challenges. However, this task is hampered by a lack of quality long-term census data for multiple

species collected across large geographic regions. Here, we used century-long (1919-2018) data from the Audubon Christmas

Bird Count (CBC) survey to assess population changes in over 300 avian species in North America and evaluate their temporal

non-stationarity. To estimate population sizes across the entire century, we employed a Bayesian hierarchical model that

accounts for species detection probabilities, variable sampling effort, and missing data. We evaluated population trends using

generalized additive models (GAMs) and assessed temporal non-stationarity in the rate of population change by extracting

the first derivatives from the fitted GAM functions. We then summarized the population dynamics across species, space, and

time using a non-parametric clustering algorithm that categorized individual population trends into four distinct trend clusters.

We found that species varied widely in their population trajectories, with over 90% of species showing a considerable degree

of spatial and/or temporal non-stationarity, and many showing strong shifts in the direction and magnitude of population

trends throughout the past century. Species were roughly equally distributed across the four clusters of population trajectories,

though grassland, forest, and desert specialists more commonly showed declining trends. Interestingly, for many species, region-

wide population trends often differed from those observed at individual sites, suggesting that conservation decisions need to be

tailored to fine spatial scales. Together, our results highlight the importance of considering spatial and temporal non-stationarity

when assessing long-term population changes. More generally, we demonstrate the promise of novel statistical techniques for

improving the utility and extending the temporal scope of existing citizen science datasets.
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= 19
= 46
= 120
= 67

(c) Grassland Specialists
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= 124
= 224

(d) Forest Specialists
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= 94

(e) Marsh Specialists
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=  294
=  227
=  156
=  315
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Common Grackle

E
st

im
at

ed
 C

ou
nt

1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

All circles
1930 on
1967 on



0
20

00
40

00
60

00
80

00
10

00
0

Dark−eyed Junco
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European Starling
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Great−tailed Grackle
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Mourning Dove
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Red−winged Blackbird
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Ring−billed Gull
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Rock Pigeon
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Ruddy Duck
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Tree Swallow
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White−crowned Sparrow
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White−throated Sparrow
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Yellow−rumped Warbler
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Boat−tailed Grackle
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Cackling Goose
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Carolina Chickadee
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Cedar Waxwing
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Downy Woodpecker
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Eastern Meadowlark
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Golden−crowned Sparrow
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Greater White−fronted Goose
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Killdeer
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Least Sandpiper
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Northern Flicker
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Northern Mockingbird
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Pine Siskin

E
st

im
at

ed
 C

ou
nt

1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

All circles
1930 on
1967 on



0e
+

00
2e

+
04

4e
+

04
6e

+
04

8e
+

04
1e

+
05

Red−breasted Merganser
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Ring−necked Duck
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Ruby−crowned Kinglet
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Rusty Blackbird
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Sandhill Crane
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Savannah Sparrow
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Tufted Titmouse
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Tundra Swan
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Turkey Vulture
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White−breasted Nuthatch
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American Kestrel
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American White Pelican
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Black−billed Magpie
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Black Vulture
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Blue−winged Teal
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Bohemian Waxwing
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California Quail
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Carolina Wren
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Chipping Sparrow
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Eurasian Collared−Dove
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Evening Grosbeak
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Field Sparrow
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Golden−crowned Kinglet
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Great Blue Heron
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Lapland Longspur
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Lesser Goldfinch
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Long−billed Dowitcher
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Marbled Godwit
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Pied−billed Grebe

E
st

im
at

ed
 C

ou
nt

1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

All circles
1930 on
1967 on



0
20

0
40

0
60

0
80

0
10

00

Purple Finch

E
st

im
at

ed
 C

ou
nt

1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

All circles
1930 on
1967 on



0
10

0
20

0
30

0
40

0
50

0
60

0

Red−bellied Woodpecker
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Red−tailed Hawk
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Swamp Sparrow
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Tricolored Blackbird
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White−winged Scoter
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Anna's Hummingbird
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Bald Eagle
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Band−tailed Pigeon

E
st

im
at

ed
 C

ou
nt

1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

All circles
1930 on
1967 on



0
10

0
20

0
30

0
40

0
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Black−crowned Night−Heron
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Black−necked Stilt
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Blue−gray Gnatcatcher
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Chestnut−backed Chickadee
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Eastern Phoebe
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Fox Sparrow
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Hairy Woodpecker
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Harris's Sparrow
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Hermit Thrush
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Loggerhead Shrike
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Long−billed Curlew
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Mute Swan
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Palm Warbler
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Pine Warbler
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Red−breasted Nuthatch
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Red−throated Loon
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Vesper Sparrow
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Western Bluebird
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White−faced Ibis
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Yellow−headed Blackbird
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Bewick's Wren
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Black−bellied Whistling−Duck
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Brewer's Sparrow
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Bronzed Cowbird
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Brown−headed Nuthatch
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Common Yellowthroat
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Gambel's Quail
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Gray−crowned Rosy−Finch
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Gray Catbird
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Great Horned Owl
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E
st

im
at

ed
 C

ou
nt

1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

All circles
1930 on
1967 on



0
10

0
20

0
30

0
40

0
50

0

House Wren

E
st

im
at

ed
 C

ou
nt

1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

All circles
1930 on
1967 on



0
20

0
40

0
60

0
80

0
10

00
12

00

Lincoln's Sparrow
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Little Blue Heron
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Mottled Duck
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Mountain Chickadee
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Orange−crowned Warbler
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Pileated Woodpecker
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Pygmy Nuthatch
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Tricolored Heron
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Yellow−bellied Sapsucker
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Yellow−billed Magpie
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Barrow's Goldeneye
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Black−throated Sparrow
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Cassin's Finch
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Chestnut−collared Longspur
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Eurasian Tree Sparrow
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White−winged Crossbill
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Allen's Hummingbird
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Black−and−white Warbler
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Black−crested Titmouse
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Bridled Titmouse
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Brown−capped Rosy−Finch
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Cassin's Kingbird
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Chihuahuan Raven
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Clark's Nutcracker
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Curve−billed Thrasher

E
st

im
at

ed
 C

ou
nt

1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

All circles
1930 on
1967 on



0
10

0
20

0
30

0
40

0

Golden−fronted Woodpecker
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Harlequin Duck
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Ladder−backed Woodpecker
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Northwestern Crow
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Rock Wren
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Rufous−crowned Sparrow
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Seaside Sparrow
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White−eyed Vireo
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Yellow−crowned Night−Heron
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Black−tailed Gnatcatcher
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Black Rosy−Finch
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Grasshopper Sparrow
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Greater Prairie−Chicken
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Greater Sage−Grouse
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Green−tailed Towhee
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Lawrence's Goldfinch
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Le Conte's Sparrow
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Long−eared Owl

E
st

im
at

ed
 C

ou
nt

1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

All circles
1930 on
1967 on



20
00

40
00

60
00

80
00

10
00

0
12

00
0

14
00

0

McCown's Longspur
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Northern Rough−winged Swallow
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Painted Bunting
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Plain Chachalaca
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Prairie Warbler
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Red−breasted Sapsucker
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Smooth−billed Ani
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Stilt Sandpiper
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Vermilion Flycatcher
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Violet−green Swallow
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