SCienCE ' REPORTS -

Cite as: K. V. Rosenberg et al., Science
10.1126/science.aawl313 (2019).

Decline of the North American avifauna

Kenneth V. Resenberg>?*, Adriaan M. Dokter’, PeterJ. Blancher?®, John R. Sauer*, Adam C. Smith?®, PanIA.
Smith®, Jessica C. Stanten®, Arvind Panjabi’, Laura Hel¥', Michael Parr?, Peter P. Marra®t

*Cornell Laboratory of Ornithology, Cornell:University, lthaca, NY 14850, USA. 2Américan Bird Conservancy, Washington, DC 20008, USA. 3National Wildlifé Research
Centre, Environment and Climate Change Canada, Ottawa, ON KA OH3, Canada. “Patuxent Wildlife Research Center, United States Geological Survey, Laurel, MD 20708~
4017, USA. 5Canadian Wildlife Service, Environment and Climate Change Canada, Ottawa, ON K1A OH3, Canada. SUpper Midwest Environmental Sciences Center, United
States Geological Survey, La Crosse, Wi, USA. "Bird Conservancy of the Rockies; Fort Collins, CO 80521, USA. 3Mlgra’cory Bird Centter, Smithsonian Conservation Biology
Institute, National Zoological Park, PO Box:37012 MRC 5503, Washington, DC 20013-7012, USA. :

*Corresponding author. Email: kw2@comell.edu !
1Present address: Depariment of Biology and McCourt School of Public Policy, Georgetown University, 37th and O Streets NW, Washington, DC 20@57 USA.

Species extinctions have defined the giobal blodlversﬂ:y crisis, but extinction begins with loss in
abundance of individuals that can result in compositional and functional changes of ecosystems. Using
multiple and independent monitoring networks, we report population losses acress much of the North
American avifauna over 48 years, including once common species and from most biomes. Integratlon of
range-wide population trajectories and size estimates indicates a net loss approaching 3 billion ’blrds, or
29% of 1970 abundance. A continent-wide weather radar network also reveals a similarly steep decline in
biomass passage of migrating birds over a recent 10-year period. This loss of bird abundance signals an
urgent need to address threats to avert future avifaunal collapse and associated loss of ecosystem

~ integrity, function and services.
Slowing the loss of biodiversity is one of the defining’ along with their associated uncertainty, to ’ quantify net
environmental challenges of the 21 century (i-5). Habitat! change in numbers of birds across the avifamia over recent
loss, climate change, unregulated harvest, and other forms of decades (I8). We also used a network 143 weather radars
human-caused mortality (6, 7) have contributed to a; (NEXRAD) across the contiguous U.S. to estimate long-term
thousand-fold. increase in global extinctions in the changes in nocturnal migratory passage of a}vian biomass
Anthropocene compared to the presumed prehuman: through the airspace in spring from 2007 to 2017. The contin-
background rate, with profound effects on ecosystem: wuous operation and broad coverage of NEXRAD provide an

. functioning and_services (8). . The overwhelming focus_on. automated and standardised monitoring tool with-unrivaled — &

species extinctions, however, has underestimated the extent temporal and spatial extent (19). Radar measures cumulative
and consequences of biotic change, by ignoring the loss of passage across all nocturnally migrating species, many of
abundance within still-common species and in aggregate. which breed in areas north of the contiguous-§ U.S. that are
across large species assemblages (2, 9). Declines in poorly monitored by avian surveys. Radar thus expands the
abundance can degrade ecosystem integrity, reducing vital area and the proportion of the migratory avﬁauna that is
ecological, evolutionary, economic, and social services that: sampled relative to ground surveys.

organisms provide to their environment (8, 10-15). Given the! Results from long-term surveys, accoun’nng for both in-
current pace of global environmental change, quantifying; creasing and declining species, reveal a net loss_‘m total abun-
change in species abundances is essential to assess ecosystem: dance of 2.9 billion (95% CI = 2.7-31 billion) birds across
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__impacts. Evaluating the magnitude of declines. requires almostall biomes, a reduction of 29%. (95% CI-=27-30%) SIRCE - vt

effective long-term monitoring of population sizes and: 1970 (Fig. 1 and Table 1). Analysis of NEXRAD!data indicate
trends, data which are rarely available for most taxa. a similarly steep decline in nocturnal passage of migratory
Birds are excellent indicators of environmental health and  biomass, a reduction of 13.6 + 9.1% since 2007 '(Fig. 2A). Re-
ecosystem integrity (16, 17), and our ability to monitor many' duction in biomass passage occurred across the eastern U.S.
species over vast spatial scales far exceeds that of any other: (Fig. 2, C and D), where migration is dominated by large num-
animal group. We evaluated population change for 529 spe- bers of temperate- and boreal-breeding songbirds; we ob-
cies of birds in the continental United States and Canada. served no consistent trend in the Central or Pacific flyway
(76% of breeding species), drawing from multiple standard- regions (Fig. 2, Bto D, and table S5). Two completely different
ized bird-monitoring datasets, some of which provide closeto and independent monitoring techniques thusfﬁ signal major
fifty years of population data. We integrated range-wide esti- _population loss across the continental avifauna.
mates of population size and 48-year population trajectories, Species exhibiting declines (57%, 303/529) based on long-
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term survey data span diverse ecological and taxonomic
groups. Across breeding biomes, grassland birds showed the
largest magnitnde of total population loss since 1970—more
than 700 million breeding individuals across 31 species— and:
the largest proportional loss (53%); 74% of grassland species'
are declining. (F1g 1 and Table I). All forest biomes experi-
enced large avian loss, with a cumulative reduction of more

‘than 1 billion birds. Wetland birds represent the only biome!

to show an overall net gain in numbers (13%), led by a 56%:
increase in waterfowl populations (Fig. 3 and Table 1). Sur-
prisingly, we also found a large net loss (63%) across 10 in-
iroduced species (Fig. 3, D and E, and Table 1). '

A total of 419 native migratory species experienced a net
loss of 2.5 billion individuals, whereas 100 native resident
species showed a small net increase (26 million). Speciés:
overwintering in temperate regions experienced the largest
net reduction in abundance (1.4 billion), but proportional loss
was greatest among species overwintering in coastal regions:
(42%), southwestern aridlands (42%), and South America
(40%) (Table 1 and fig. S1). Shorebirds, most of which migrate
long distances to winter along coasts throughout the hemi-
sphere, are experiencing consistent, steep population loss
(87%). ;

More than 90% of the total cumulative loss can be at~
tributed to 12 bird families (Fig. 3A), including sparrows, war-
blers, blackbirds, and finches. Of 67 bird families surveyed,
38 showed a net loss in total abundance, whereas 29 showed
gains (Fig. 3B), indicating recent changes in avifaunal com-
position (table S2). While not optimized for species-level
analysis, our model indicates 19 widespread and abundant
landbirds (including 2 introduced species) each experienced

if we consider the amplifying effect of “mlssmg” reproductive
output from these lost breeders.

Extinction of the Passenger Pigeon (Ectopzstes migrato-
rius), once likely the most numerous bird on the planet, pro-
vides a poignant reminder that even abundant ¢ specles can go
extinct rapidly. Systematic monitoring and attention paid to
population declines could have alerted society to its pending
extinction (20). Today, monitoring data suggest/that avian de-
clines will likely continue without targeted conservation ac-
tion, triggering additional endangered species listings at
tremendous financial and social cost. Moreover, because
birds provide numerous benefits to ecosystems %(e.g., seed dis-
persal, pollination, pest control) and economies (47 million

people spend 9.3 billion U.S. dollars per year through bird-
‘related activities in the U.S. (21)), their population reductions

and possible extinctions will have severe direct and indirect
consequences (10, 22). Population declines can be reversed,
as evidenced by the remarkable recovery of waterfowl popu-
lations under adaptive harvest management (23) and the as-
sociated allocation of billions of dollars devoted to wetland
protection and restoration, providing a model for proactive
conservation in other widespread native habltats such as
grasslands.

Steep declines in North American birds parallel patterns
of avian declines emerging globally (14, 15, 22, 24). In partic-
ular, depletion of native grassland bird populations in North
America, driven by habitat loss and more toxié pesticide use
in both breeding and wintering areas (25), mirrors loss of
farmland birds throughout Europe and elsewhere (15). Even
declines among introduced species match smnla.r declines

within these same species’ native ranges (26). Agn%

population reductions of >50 million birds (data S1). Abun-
dant species also contribute strongly to the migratory passage
detected by radar (19), and radar-derived trends provide a
fully independent estimate of widespread declines of migra-~
tory birds. ,
Our study documents a long-developing but overlooked
biodiversity crisis in North America—the cumulative loss of
nearly 3 billion birds across the avifauna. Population loss is
not restricted to rare and threatened species, but includes

~ many widespread and common species that may be dispro-

tensification and urbanization have been sumlaﬂy linked to
declines in insect diversity and biomass (27), with cascading
impacts on birds and other consumers (24, 28, 29) Given that
birds are one of the best monitored animal groups, birds may
also represent the tip of the iceberg, indicating similar or
greater losses in other taxonomic groups (28, 30).
Pervasiveness of avian loss across biomes and bird fami-

lies suggests multiple and interacting threats. Isolating spa-

tio-temporal limiting factors for individual species and
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populations will require additional study, however, since mi-

‘portionately influential components of food webs and €cosys-

tem function. Furthermore, losses among habitat generalists
and even introduced species indicate that declining species
are not replaced by species that fare well in human-altered
landscapes. Increases among waterfowl and a few other
groups (e.g., raptors recovering after the banning of DDT) are

insufficient to offset large losses among abundant species

(Fig. 3). Importantly, our population loss estimates are con-
servative since we estimated loss only in breeding popula-
tions. The total loss and impact on communities and
ecosystems could be even higher outside the breeding season
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gratory species with complex life histories are in contact with
many threats throughout their annual cycles. A focus on
breeding season biology hampers our ability to understand
how seasonal interactions drive population change (3D, alt-
hough recent continent-wide analyses affirm the importance
of events during the non-breeding season (19,?32). Targeted
research to identify limiting factors must be coupled with ef-
fective policies and societal change that emphasize reducing
threats to breeding and non-breeding habltats* and minimiz-

ing avoidable :anthropogenic mortality year~1’0und Endan-

gered species legislation and international treaties, such as
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Table 1. Net change in abundance across the North American avifauna, 1970-2017. Species are grouped into na-
tive and introduced species, management groups (landbirds, shorebirds, waterbirds, waterfowl), major breedmg bi-
omes, and nonbreeding biomes (see data S1 in (18) for assignments and definitions of groups and blomes) Net
change in abundance is expressed in millions of breeding individuals, with upper and lower 95% credible intervals (CI)
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indicate gains.

shown. Percentage of species in each group with negative trend trajectories are also noted. Values in bold indicate de-
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. Number  gag g onee Change (Millions) & | pereent Change & 95% Cs I;;?c?;: i
pecies Group of Species ° _ : | Decline
Change LC9s UC95 Change LC95 Uc9s:
Species Summary ' '
AIIN. Am. Species 529 29119  -3,0975 27329 | 288% -302% -273% | 57.3%
All Native Species 519 -2,521.8  -2,698.5 23476 | -265% -280% -249% | 57.4%
Introduced Species 10 -391.6 4423 -336.6 -62.9% -66.5% -56.4% 50.0% o
Native Migratory Species 419 25417 2,723.7 23745 | -283% -29.8% -26.7% | 58.2% §
Native Resident Species 100 26.3 73 46.9 53%  14%  96% | 54.0% 2
Landbirds 357 25165  -2,6922 23460 | 271% -28.6% -255% | 58.8% =
Shorebirds 44 -17.1 218 -12.6 -37.4% -45.0% -28.8% | 68.2% s
Waterbirds 77 225 3738 63 21.5% -33.1% -62% | 51.9% ’;i
Waterfowl 41 34.8 245 483 56.0% 379% 794% | 43.9% 5
Aerial Insectivores 26 -156.8 -183.8 -127.0 -31.8% -364% 26.1% | 73.1% 8
Breeding Biome ‘ : E;')T
Grassland 31 -717.5 7639 6733 | -333% -55.1% -51.5% | 742% |
Boreal forest 34 -500.7 -627.1 3810 | -331% -389% -269% | 50.0% §
Forest Generalist 40 -482.2 -552.5 4134 -18.1% -20.4% -15.8%f 40.0% §
Habitat Generalist 38 -4173 -462.1 3713 | 231% -254% -207% | 60.5% g
— PastemForest 6316671858 =477 <1TA% =192% <15:6% | 635% g
Western forest 67 -139.7 -163.8 -116.1 | -29.5% -32.8% 26.0% | 64.2% 2
Arctic Tundra 51 -79.9 -131.2 0.7 234% -37.5% 02% | 56.5% ;
Aridlands 62 -35.6 497 -17.0 -17.0% -23.0% -8.1% | 56.5% ©
Coasts 38 6.1 -189 85 -15.0% -394% 21.9% | 50.0%
Wetlands 95 20.6 83 35.3 13.0% _ 51%  23.0% | 47.4%
Nonbreeding Biome
Temperate North America 192 -1,4130 -1,5215  -1,2023 | -274% -293% 253% | s52% |
South America 41 5374 -651.1 -432.6 -40.1% -452% -346% | 75.6%
Southwestern Aridlands 50 2381 2612 215.6 -41.9% -445% -392% | 74.0%
Mexico-Central America 76 1553 -187@8 -122.0 -155% -183% -12.6% | 52.6%
Widespread Neotropical 22 -126.0 1712 -86.1 -26.8% -334% -19.3% 45.5%
Widespread 60 -31.6 -63.1 1.6 3.7%  -74%  02% | 433%
Marine 26 -163 29.7 12 -30.8% -49.1% -25% | 61.5%
Coastal 44 -11.0 -14.9 -6.7 -42.0% -51.8% -267% | 682%
Caribbean 8 -6.0 1.4 -15.7. 121% _ 2.8%  317% | 25.0%



