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e.cie's extinctions hay8 defin_ed the global blodive,:Sity crisis, but extinction begins with Joss in 
undance of individual$ that can result in compositiorial and functlohaf changes of ecosystems.;Using 
ultipfe and-independe~ monitoring networks.we ieport population ios~es·across much_ofthe ~orth 
• erican avlfauna over 48-y~ars. including once e:0:t;nmon Species and from most: bi_omes. lntegra:tion of 

r nge-wide population tl!cljectortes and size estimates lndiCates a net loss approaching 3 billion birds, or 
% of 1970. abundance·; Acontlnent~Wide·weathe:r tadnr _networ:k ,!llso re\i'eals_·.a simll!rly steep d)!clirie in 

q~_ass._p,assa~e of migr_aUng birds over a re.cent lQ--year -~erioct~ This l9ss of bird abundi.t!ice Signals a11 
ent need fo address ~hreats to avert future avifaunal ~cmapse and associated loss of acosysteim 

tegrity, fonctio_n and s&rvice_s. 
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owfug. the loss of biodiversity is one of the definint along with their associated -uncertainty, tQ 9uantify net l 
vironmental diallengcs cit the ·.21"' century (1-S). HabiUJ,t change in :numbers of birds across the avifauna over teCerit "' 
• climate. change, Ulll"egtllated·ha.rwst, and other.furms df decad~ (i8), we also· used ·a uetwOrk 14'1 wea.the:i-- radars j 
man-caused. -morWity (6, 7) hav_e _ contrtbutt-,d to a ~ acrOSS,tbe COritiguous t,1.S. to estimale lon,g,,,term ~ 

6.n$and~fold increase in global 1;!Xtinctions in tne cll~ges in nocturnal migratory passage oi a:.:ran biomass 1 
thropocene- compared ~ to the presumed prehuman through the airspa,cein spring from 2Ci07to 20lt.'fbe contin- g 
kground_ tJUA with Jn'{)found_ effectr, on eco!>JSterp, ttOUf> o~rhtion tultlbroad coverage of_NFXRAJ,) _pi:m--1de·an j 
ctioning and services (8), The 0:verwhe1ming fo<:us oil automaxed an.d standa.nUsed monitoring tool with uu.rlvaled I 

__ es extin_ctions,.:however, bas un_derestimaied the exterit teniporal arid spatial extent (19). Radar mea".sure's--CU:rnn1atJ:ve f 
d ·c,:>m;cquepces of biotiJ change; by ignoring the losi; <if passage. acro6s all nocturnally migrating species, many oi- Ne 

uni;lance within sqll·co#unon species and in ii.ggregafu which breed in .areas north •of tbe contiguous U$. that a.re 9 

•ross large species a(i$emb1ages ·(2, 9). Declines ill "P{)od_y mOrutoI:ed by avian SUJ'Veys. Radar thtlS'expallds the ~ 
. bundance can degrade e~ystc~ inte¢ty, reduci~ vi$ area a:nd the _proportion -of the mi_gi-atol'Y avtfauna that is co 

• logical,_ evolutionary, CC!Jmmtic, and sa:cial -~ces that sanipled ~ative !Xi ground surveyS, 
rganis:ms provide to their l!Ilvironment (B, 10-15).. Given the Results from lOngc.t.erm. surveys, •M'COUnting for both in-
- -- _ • ntal--.ch ti • •• _----ereag· ·-~species~~ 

hangetn species abundan®$ Ls essential to asses$ ec;osystem da:tjoo of 2.9 billion. (95% CI "' 2,.7..a.1 billion), birds across 
• cts, Evaluating the loagnjtude of declines rei;J_uires almost allbi.omes,areduction of29% (95%··c1 ""2'7~30%) stnce 

ffective long~term ;monJ:.foring of _popula_tion sizes alld 1970 fFig. i and Table-1), .A.nalysi$ otN'EXRAD data ·indicate; 
ds, data.which are rarely avajlable fonnost taxa. _ a s,mnarfy". ~p (iecline in noctlJmal passage ·of migratory 
Birds are-ucellentindf4tors of enV'i-ronmentalhealth atlil biomass, ii reduction ·Qf 13.6 ± 9.1%._sin<:e 2007 f:Fig.-2A). R¢· 

• ~ em integrlty-(16, 11); and Qut ability .to monitor Tilal}-y duciion--jn hloma..~ passage occurred a.cross the e~rn: U_;S. 
cies over vast spatial sqi.les far exceeds that ·of. any othei' _(F~ 2, C and D), where. migration is. dominated by large num~ 

nbnal gtoup. we evaluat-e;d population cliange fur 529 spe- ~ of tell1perate-- and hq-real-breerling- songbirds~ vre ob-
• es of birds ln "the conti:riental United Sta:tes and Canada served. no consistent trend in the Ce~ or Pacific_flywa;y 
76% of breeding speciics), (orawintfro:m multiple standarµM regions (Fig. 2, B to D, and t.i.bJe S5). Two COnipJi;t,ely' di:ffeient 

birdMmonitorlng-datast!ts,- som.eofwhich provide close to_ and ·independent morrltoring- tecP.ni,:iues thUSisigllal major 
fty y~a:rn of population data. We integrated r.a.nge..:v.ide estj.; poJ.)ulati.cin loss across th8 eo~ti,nental- avifauna, 

• ates of population.size 311d 48Myear population_ trajectories. ·Species exhibiijng dCClines (07'&, 303/529) ~ o;n lung-
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t rm survey data span di4erse ecological and taxonomiC if we consider the amplifying effect of "missing'' reproductive 

oups. Across breeding biollles, grassland birds showed th~ output from these lost breeders. 
1 rgest magnitude of total P,Opulation loss since 1970-mor~ Extinction of the Passenger Pigeon (Ectopi.stes migrato• 

an 700 million breedingirldividuals across 31 species- and rius), once:likely the most numerous bird on the planet, pro­
t e largest proportional 1osS {53%); 74% of grassland specieS vide~ a poignant reminder that even abundant species can go 

e declining. (Fig. I and Tilble I). All forest biOmes,experi~- extiilct ra]?idly. Sy,$1:ematic monitoring and attelltion paid to 
e ced large avian loss, witb,i:a cumulative -reductiori - mor~ popiilation declines could have alerted society to its pending 

an 1 billion b. . e an b1r s represent the only biom~ exti:hction (20). Today, monitoring dat.a suggest that avian de­
t show an overall net gaiitiin numbers {13%), led by a 56% clines willilikely··~QD.tinue witbou,t targeted co!clervfltion ac-
• crease in waterfowl populations (Fig. 3 and Table. 1). Sui- tion~ triUering. additional- endangered specieS listings at 

·singly, we also found a Jhrge net loss (63%) across 10 in'- treillendous financial and social cost. Moreover, because 
oduced species (Fig. 3, D 8.Ild E, and Table 1). ' birds provide numerous benefits to ecosystems ('1.g., seed dis-

A total of 419 native rnigl'atory species experienced a net pers'al, pollination, pest control) and economies ( 47 million 
l ss of 2.5 billion individuals, where~ 100 native residen); peoI)Ie spend 9.3 billion U.S. dollars per year through bird­

ecies showed a small n~t increase (26 million). Spetje5 related activities in the U.S. (21)), their population reductions 
rwintering in temperate, regions experienced the larges): and:possible extinctions will have.severe direct and indirect 

t r'eduction in abundance (1.4 billion), but proportiorialloSS con.$equences (IO, 22). Population declines can 'be reversed, 
as greatest among species!overwintering in coastal regionk as evidenced by the remarkable recovery of waterfowl popu-

( 2%), southwestern aridl$ds (42%), and South .America latiJns under adaptive harvest management (23) and the as­
( 0%) (Table 1 and fig. S1). Shorebirds, most of which migrat~ socihted allocation of billions of dollars devoted to wetland 
I ng distances to winter al6ng coasts throughout the he~- protection; and restoration, providing a model for pro'active 
s here, are experiencing cpnsistent, steep population lo~ con.Aervation in other widespread native habitats such as 
( 7%). , ; grasslands. 

More than 90% of the 'total cumuiative loss can be ai- ~ep declines in. North Ame:rican birds parallel patterns 
'buted to 12 bird families (fig. 3A), including sparrows, wa!- of avian declines emerging globally (J4., 15, 22, 24). In partic-c 
ers, blackbirds, and finch'es. Of 67 bird families surveyed, ular, depletion of native grassland bird populations in North 
showed a net loss in total abundance, whereas 29 showed Am~rica, driven by habitat loss and :niore to}dc pesticide use 
·ns (Fig. 3B), indicating i!ecent changes in avifaunal coni- in both breeding and wintering areas (25), mirrors loss of 

osition (table S2). While\ not optimized for species-level fanp]_and birds throughout.Europe and elsewhere (15). Even 
alysis, our model indicates 19 widespread and abundant decJine:;i a:mong -introduced species match si.m'ilar declines 

I ndbirds (including 2 intr()duced species) each experienceji within these same species' native ranges (26). Agricultural in­
opulation reductions of >y'O million birds (data Sl). Abun- te~ification and urbanizaticin have been similarly linked to 
nt species also contribute!stronglytothe migratory passage declines in insect diversity and biomass (27), with cascading 

etected by radar (19), and. radar-deriVed trends provide a impacts on birds and other consumers (24,28, 29). Given that 
y independent estimate-'Of widespread declines of migra- birds are One of the best monitored animal groups, birds may 

ry birds. ; j alsq represent the tip of the iceberg, indicating similar or 
Our study documents ~ long-developing but over1ooke¥t: greater losses in other taxonomic groups (28, 30). 
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iodiversity crisis in NorthJAmerica-the cumulative loss ¥ Pervasiveness of avian loss across· biomes and bird fami-
- ear :$..billion birds aero .11vifanna nlation.lo.ss.is_.~Jies~ges:ts_.llillltjpJg___and_filt_~r_~M.!h...~.J!cgi. Isolati!!&§.P11'~-~~~-

ot restricted to rare and _;threatened species, but includes tio-temporal limiting factors or m Vlcliiarspeci~­
any widespread and com;m.011 spe,cies that may be dispr9"° poP,ulations will require additional study, however, since mi­

ortionately influential coi4ponents _of food webs and eco~- gratory sp.ecies with complex life histories are iri contact.with 
m function. Furthermore] losses among habitat generalists mai1y threats throughout their annual cycles. A focus on 
d even introduced: species indiCf!,te that declining species br~ding Season biology hampers our ability to understand 
e not replaced by specie~ that fare well in human-altered how seasonal interactions drive population change (31), ·alt­
ndscapes. Increases ambng waterfowl and a few other holl:gh recient continent-wide analyses affirm the importance 
oups (e.g., raptors recovering after tb.e banning of DDT) ate of events :during the non-breeding season '(19, 32). Targeted 
sufficient to offset large? losses among abundant species research to identify limiting factors must be coUpled with ef­
ig. 3). Importantly, our ~opulation loss estimates are co~- fective policies arid societal change that emphasize reducing 

ervative since we estimated loss only in breeding p6pul?,- threats to breeding and non-breeding habitats and minimiz-
·ons. The total loss and impact on communitie·s 8.lld ini{ avoidable anthropogenic mortality year-rQund. Endan­
cosystems could be even liigher outside the breeding seascin geied sp·&i~ legislation and international treaties, such: as 

---furrst:;;'.,~,T.!eas;;;,,;:,11991S~eppttecrnmlb~e,, 320[1r9,-------,ww;;;;:~wJ,s[ciiiemngce~miie~gr.o~,]g~cl'-agt r,umbef's TIOTjmiil7irfime'offii'ITTelease)-r-



e 1916 Migratory Bird Treaty between Canada and the 
ited States, have preventbd extinctions and promoted re!. 

c ery of once-depleted bir~ species. Hist~ry shows that con~ 
S rvation action and legislation works. Our results signal an 

ent need to address theJongoing threats of habitat lo~ 
a • cultural intensification,; coastal disturbance, and direc-j: 

thropogenic mortality, ali exacerbated by climate change~ 
t avert continued biodivers,rtY" loss and potential collapse of 

e continental avifauna. 1 • 
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able 1. Net change in abundance across the North America'n avifauna, 1970-2017. Species are grouped into na-
ive and introduced species, management groups (landbirds, shorebir'ds, waterbirds, waterfowl), major breeding bi-

omes, and nonbreeding blames (see data S1 fn (18) for aSsignm€nts and definitions of groups and biomes). Net 
hange in abundance is eXpressed in millions of breeding individuals, With upper and lower 95% credible intervals (Cl) 
hewn. Percentage of speCies in each group with negativ;e trenctitrajectori€cs are also noted. Values in bold indicate de-
fines and loss; those in it.31ics indicate-gains. • 

' 
Net Abundance Change (M"illions) & 

Proportion 

Species Group 
Nwnber 95%CI 

Percent Change & 95% Cls Species in 

of Species Decline 

Chang, ri.C95 UC95 Change LC95 UC95 

Snecies Summ,,,..., 

All N. Am. Species 529 -2,911.9 -3;097.5 -2,732.9 -28,8% -30.2% -27.3% 57.3% 

All Native Species 519 -2,521.0 -2)698.5 -2,347.6 -26.5% -28.0% -24.9% 57.4% 

Introduced Species lO -391.6 -442.3 -336.6 -62.9% -66.5% -56.4% 50.0% 0 
0 

Native Migratory 'Species 419 -2,547.7 -2)723.7 -2,374.5 -28.3% -29.8% -26.7% 58.2% • 0 
0 

Native Resident Species 100 26.3 7.3 46.9 5.3% 1.4% 9.6% 54.0% • ~ • 
Land birds 357 -2,516.5 -2;692.2 -2,346.0 -27.1% 

~ 

-28.6% -25.5% 58.8% " 0 

Shorebirds 44 -17.1 -2!.8 -12.6 -37.4% -45.0% -28.8% 68.2% 3 
0 

Waterbirds 77 -22.5 -37.8 -6.3 -21.5% -33.1% -6.2% 51.9% 
ii 
t 

Waterfowl 41 34.8 24.5 48.3 56.0% 37.9% 79.4% 43.9% ~-
0 

-i83.8 
0 

Aerial Insectivores 26 -156.8 -127.0 -31,8% -36.4% -26.1% 73.1% • 
' " Q. . Breeding'Biome • 0 

0 

Grassland -763.9 
0 

31 -717.5 -673.3 -53.3% -55.1% -51.5% 74.2% 3 • ~ 
Boreal forest 34 -500.7 -627.l -381.0 -33.1% -38.9% -26.9% 50.0% 0 

'l. 
Forest Generalist 40 -482.2 -~52.5 -413.4 -18.1% -20.4% -15.8% 40.0% 0 

0 

Habitat Generalist 38 -417.3 -462.1 -371.3 -23.1% -25.4% -20.7% 60.5% m • 
Eastern Forest 63 -166.7 -185.8 -147.7 -17.4% -19.2% -15.6% 63.5% 

];l 
3 
0 

Western forest ' 67 -139,7 -lJ63.8 -116.1 -29.5% -32.8% -26.0% 64.2% • I N 

Arctic Tundra 51 -79.9 -1'31.2 -0.7 -23.4% -37.5% -0.2% 56.5% 
p 
N 

Aridlands 62 -35.6 
"? 

-49.7 -17.0 -17.0% -23.0% -8.1% 56.5% ~ 

Coasts 38 -6.1 -18.9 8.5 -15.0% -39.4% 21.9% 50.0% 

Wetlands 95 20.6 8.3 35.3 13.0% 5.1% 23.0% 47.4% 

-· - --~-. - - -
Temperate North Americ~ 192 -1,413.0 -1,521.5 ' -1,292.3 -27.4% ~29.3% -25.3% 55.2% 

South America 41 -537.4 -651.:I -432.6 --40.1% -452% -34.6% 75.6% 

Southwestern Aridlands ' 50 -238.1 -261'.2 : -215.6 -41.9% --44.5% -39.2% 74.0% 

Mexico-Central America ' 76 -155.3 -187'.8 ' -122.0 -15.5% -18.3% -12.6% 52.6% 

Widespread Neotropical 22 -126.0 -171) -86.1 -26.8% -33.4% -19:3% 45.5% 

Widespread 60 -31.6 -63.1 1.6 -3.7% -7.4% 0.2% 43.3% 

Marine . 26 -16.3 -29.7 -l.2 -30,8% -49.1% -2.5% 61.5% 

Coastal 44 -11.0 -14.9 , -6.7 -42.0% -51.8% -26.7% 68.2% 

Caribbean 8 -6.0 1.4 -15.7 12.1% -2.8% 31.7% 25.0% 

-·- 9 

' 


