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Species extinctions have defined the global hiorjivemty cmzs kut-extinction beging with loss in
abundance of individuals that can result in compositional and functichal changas of ecosystems, ;usmg
uit:ple ang’ ztzde;mndent monitaring networks, we repart ;mpzzfat:an losges across much of the North
nerican avifauna over 48 years, including once common species and. from riast biomes. izﬁ:&gmts on of
T8 nge—wicle population tra]ectaz'zm and size estimatas indicates a net loss approaching 3 billion birds, or
259% of 1970 abundance: Acontinent-wide weather radar network also reveals a similarly steep dgclinein
hjomass passage of migraling birds over a recent 1G0-year period. This 1oss of bird abundance signals an
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itegrity, function and sewiaes‘

Fowing the g of biudrverszty i5 one of the z{eﬁmng
vzmnmer;ml chalienges of the 23 genfury (1-5). Habitar
s, climate chagee, nnreglﬂated harvest, and other fovms of
Hurnan-caused. mortahity- (6, 7 have contributed Yo &
hossandfold  increase i_il global extinctions in the
A thwpcceae comipared 110 the. presumad pn.humzm
ackground, rate, with }}}:{zfaunil efferts on uosystera
cnc:n‘izzg snd services. (%} “The overwhe’zmmg foons on
jos extingtions, howavez; Thas underestimated the gment

3 zl gonyequences of biatiuef change; by Jgnuring the loss of
mzdzmce within stfl-pomumon species and in aggmgaze
ergss large specles agsemblages (2, 9} Deslines i
.‘zmzzdam:e ean degrade eccsystem integrily, reducing tm:e}
& ]z}gm&i evalutionary, econmc, and. social services i:haz;
i rgamsms ;m;viﬁe to thei mvmnment (8, }8-25}. Gwen i.he
f alabal $resr ntal_ch £

it reed To address threats to avert future avi‘faurzai collapseé and assoc:ated fogs of ecosystem

alozzg With their assafﬁamd uncertyinty, 10 z;mmtxfy nel
change in’ mbers of 'ﬁmis across thie avifauna over recent
decades {78}, Wﬂ alsomsed a mtwork 143 weai:hes' radlars
W across:the contignons 1.8, to-estimate ienigtern
¢hapges in nocturwg]l migratory passage of aviak hmmass

“through the airspace inspring from 2007 o 201'}2 The contin-

VOUS operation and broad coverage of NEXRAD provide dn

antemai:eﬁ and mﬁmed momtns:izzg Toui wrth anrivalad .
'*bemperal a,ﬁd spatial extent {19). Radar masures ‘cumilative
passage . aevoss all nocturnally migrating species, many of.
which breed fuareas nooh of the cottiguous 118, that avé

p{)oﬁy memw:ed hy. avisn survers, Radar thiog ‘ekbands the
avea and ihe propartion of the-migmtory avifmzza that is

_sa.mpled telative 10 grownd. SUTVEYS.

Hesults from. fong: erm. SULVEYS, az:z:mzzmng for both i
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antifying mwmmwmﬁm;nmmmww _______

2 hange iy speczes abundundes is estential to assess wzsysﬁem

¥mpacts, Evaluating the ipagnitude of declines requivss
ffecme longiterm 1m0 rzitonng of population sizes and
jrands, data-which gre {’arely available for most taxa.
Rirds ateaxcellent indicitors of environmental health arid
osystenh integrity-(36, Z?"}, and our akliility o monitor maﬁy
kccies over vast spatial scales far excoeds that of any other
Aniiiia) group. We evaluaréd. population change for 529 spe-
s, of birds o the contmezzzsz United States and Canada.
76% of breeding species), idrawing from mui’apie standard.
ed bird-monitoring datasets, somne of which provide closeto
fifty years of population data. We intggrated range-wide est-
nates of population size and 48-year popnlation trajectories,
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dugos of 2.0 billion (85% I = 2783 bzﬁzozz} Tirds across
almiost gﬁ”bicmes aredurtion of 29% (95% CL»21-30%) since
1970 (Fig. 1 and Table 13, Analysis of NEXRAD data indicate
a sxmiiaﬁ,y steer decline in ﬁectzsma:l pasmga ef mlgratnry
biomass, & reguetion of 13.8 = 5.3% gince 2007 (Fig/ 24). Re-

duction i bisemass passage oceurred aeross the-sastern VS

{Fig: 2, O and D, where migration is dominated by‘iam i o
bers of temperates and’ hareahhzeeémg songhirds; ‘we ¢b-
served no consistorit trend in the Centrsl or Yarific fyway
regions {Fig. 2, Bto [, and table $5). Tws mmp?etely different
and independent monitoring techniques thugisignal major
.popuiatmz toss across the cottinental avifauna,

Bpecies exbibiding declmes &%, 30'%;529) bémzi on Youg-
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‘t¢rm survey data span dwerse ecologxcal and. taxonomlo
groups Across breeding: hlomes, grassland b1rds showed the

than 700 million breeding individuals across 31species— and

ape:declining. (Fig: T'and Table 1); All-forest biomes:expe
eficed large avian loss, with¥a, cumulative reducion of
han 1 billion birds. Wetland birds xepresent the only biome
1o sliow an. overall net gam in numbers (13%), led by a: 5'6%
incréase in waterfowl- populanons {Fig. 3-and Table.1). Sur—
‘prisingly, we also found a. large net loss (63%) across 10 m-

aduced speoles (Flg 3D endE and Table 1). . i

1hss of 2.5 billion mdlwdua]s, whereas 100 native: remdent

) rwmtenng in temperate‘ Tegions: experlenoed the Iargest
et feduction in abundarice: (1 ahillion), but proportional loss
¥as greatest among spee;es‘overwmtermg in. eoastal regmn‘s
{429%), sotithwestern aridlands (4-2%), and South America

(§0%) (Table 1 and fig. SB). Shoreblrds, most of which migrate:

bng distances to winter along coasts: throughout the henn—
spheré, are experiencing consmtent steep population. loss
(B7%).

| More: than 90% of the. totel cumulative loss can be: at-
thibuted 1012 bird families (Flg BR), mclurhng SparTows, waz-
Hlers, hlackblrds dnd ﬁnches of 67 ‘bird: famﬂles surveyed
8 showed a net loss in tota't abundance, whereas:29 showed
gains (Fig.. 3B), mdrcatmg recent changes in amfauna.l coni—
josition. (table 52). Whil not optrmmed for speoles-level
‘gnalysis, our mode] indicates 19 wrdespread and abundant
landbiids- (mcludmg 2 mtroduced species) each experrenced
opu]atlon reductions-of >50. mllhon birds. (data SI) Abun—
-dant species. also oontrlbute‘stronglyto the mlgratorypassage
detected by radar (19), and: taddr-derived trends pro\ede a
mlly 1ndependent estxmate of w;despread dechnes of mrgra

1od1ver51ty erisis in Nortthmenca—the cumulative loss. of

argest magnitude of total populanon loss since ‘1970~more"_

hie 1argest proportional. loss {53%); T4% of - grasslaud speciés

more:

A totdl of 419. native mlgratory species experienced a net:

jeeres showed a small net increase (26 nu]hon) Speores_

Our study documents a-.-"long-developmg but. overlooked-

if we consrder the amplifying effect: of “rmissing” reproductwe
output from these lost breeders

Extinction of the Passenger Pigeon (Ecropastes migrato~

nus) once likely the most numerous bird on the planet, pros
vxdes a polgnant reminder that even abundant speeles can go
extmct rap1dly ‘Systematic momtonng a.nd attentlon paid to

-“"-'popu]atxou declines could have alerted somety_ to its pending

eXt:lIlCtIOD. (20) oday, monitoring data suggest that avian-de-

tremendous ﬁnanmal and social cost. Moreover, hecause

3b1rds provlde AUMErous beneﬁts to ecosystems: (e 2., sced dis-

persal polhnatlon, pest control) and economies (47 million

'people spend 9.3 billion U.S. dollars per year through bird-

related activities. mthe Us. 2n), their populatlon Teductions
and: possﬂjle extinctions will have sévére direct and indirect

-eonsequences (10 22) Populatlon declines ¢an be reveised,

‘2% evrdenced by the: remarkable recovery of waterfowl popu-
latlons under adaptwe harvest: management (23) and the as-

-socrated allocation of billions of do]lars devoted 1o wetland

protectlon and restorataon, provuhng a miodel for proactive
conservation in other WIdBSprea.d native habltats ‘such. as
gra.sslands

Steep declines in, North Amierican birds: parallel ‘patterns

of ayian declmes emergmg globa]]y 14,15, 22 24):In partlc—.
_-ula.r, deplenon -of pative: grassland bird populatxons 4 North,

Ax:nerlca1 driven by habitat 1oss and more toxic pesticide use

in both hreedlug and wintering areas: (25), mirrors loss. of:

fa.rm]and blrds throughout Europe and. elsewhere (75)..Even

dechnes AMong. introduced- spemes Toatch: sum]ar declines

within these same species’ native ranges: (26). Agncultural in-
tenmﬁcatlon and urbanization have been similaily linked to

-declings in insect diversity and biomass-(27); with cascading

impacts.on birds and other consumers (24; 28, 29)..Given that

“birds are ohe-of the'best monitored aniimal groups; Birds may -

also tepresent the tip of the- 1eeberg, mdrcatmg ‘similar:or

greater losses in-other taxonomic groups (28,.30).

I’ervasweness of avian loss acrossbitimes: and bird. farm-

' early_&bﬂhommrdsmssiheamfaunaekopnhhonjosm_hes_suggests Inultiple and interacting: threats. Isolating spa-

e -without: targeted conservatlon ag-
_ggenng additional- endangered species hst;mgs &t

510208 Jsquiadeg to /Bio-BELSouRIDS dous s/ dily WD) pepeoilimeg

mot-Testricted to rare and threatened species; but in¢hides
B any mdespread and common spec1es that ‘may be chspro—

fem functron Furthermore, 1osses aruong hahlta.t generallsts
id even mtroduced specres 1nd1eate that. declmmg specres
4re not replaced by speeles that fare well in human-altered
& ndscapes Inoreases among waterfowl and a few other

Fig, 3). Importantly, our’ poptﬂatlon loss estrmates are con-

ions, The total loss and impact on communities- and
beosystems could be even hlgher outside the breedmg season

j sufﬁorent 1o offset 1arge losses among abundant speeles-

bervative since we. estimated loss only in. hreedmg popula—--=

tl&temporal hnunng factors for individual ;Species  and
populatlons will regitire additional study, however, siniée mi-
gratory species with complex life histories are in contact with
many threats throughout theéir anniial cycles. A focts .on
breedmg season biclogy hampers our: ability to understand
how sea.sonal interactions drive population change (31), alt-
hough reeent contment—mde analyses:affirm the importance
of évents durmg the non-hreeding' season (19, 89y, Targeted.

research to identify. lumtmg factors must be copled with ef:

_fectwe poheles an societal change that emphasme reducmg
= reedmg and non-breeding habitats and rinimiz
e -anthropogenic’ mortality year—ronnd Endan-

;'ger\ed specres lemslanon and internatiorial’ treatles ‘such-as
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e 1916 Migratory Bird Treaty betweén Canada and. thé
United States; Liave prevented extinctions and. promoted- re—
covery of once-depleted blrd35pe01es History shows that.con-
s¢rvation: action and Jegislation works. Qur iesults sxgnal an

ent need to address the/ongoing threats of habitat loss;”
'f'_cu]tural mtenmﬁcatmn,gcoastal disturbance; and divect
-apthropogenie mortahty, a.H exacerbated by climate change
t 'avert continued bmdwersxty loss and potential- co]lapse of
e continental. avifauna.
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i
Table 1, Netchange in abundance across the North Amer:can avifauna, 1970-2017. Species are grouped.into na-
five and introduced species, management groups (landbirds, shorebirds, waterbirds, waterfowl}, major- breeding bi-
brmes, and nonbreeding biomes (see data S1in (18) for assignments and definitions of groups and biomes). Net
thange in abundance is, expressed in miflions of breéding individuals. with upper and iower 95% credible.intervals (Gf)
S$hown. Percentage of species ineach group with negatlve trend trajectones are also noted. Values in bold indicate de-
tlines.and loss: those.in lta|ICS indicate gains. .
o ' Number Ne} Abundance Change (M:Illons) & | Percent Change & 95% Cls Iég;i‘:;g?:
Species Group  ofSpecies o2 __ R 1| Degline
': Change ECQ{S_ iCos | Change LC95  UC95 .
Species Susimary _ . . . . -
AIIN. Am, Species 529 2,911.9 -3509‘7‘_.1-5- -2,?73_2_,’9_' 388% -302% -273% | S7.3%
All Native Species 19 220 2685 ¢ 23476 | 265% -280% 249% | 57.4%
Tnwoduced Species 10 3916 4423 | 3366 | -629% -665% -564% | 500% o
‘Native Migratory -species‘- 419 -2,547.7 ﬂ.z;;m-.? -2,3‘74.5. | 283% -258% -26.7% i 58:2% §
Native Resident Spectes 160 26.3 73 46.9 53%  14%  9.6% | 54.0% 8
Landbirds 357 25165 26922 23460 | 27.1% 28.6% -25:5% | 58.8% §
Shorgbirds 44 174 218 | 126 | 374% 45.0% -288% | 68.2% | 3
Waterbirds 77 22:5 378 63 | -215% -331% -62% | S19% | %
“Waterfow] 41 34.8 245 483 $6.0% 37.9%  794% | 43.9% &
Acrial Insectivores 26 -156:8 1838 © 1270 | -31.8%  364% -261% | 73.1% 8
Breeding Biome _ ' _ . %
Grassland: : 31 7175 1639 G733 | -$33% 55.0%  515% | 742% 3
Boreal forest 34 5007 6270 . 38100 | -33.1% 389% 269% | 50.0% %
Forest Generalist 40 482.2 5525 0 4134 | -18:1% -204% -158% | 40:0% g
Habitat Generafist 38 173 4621 3713 | 231% 254%  200% | 605% | &
Eastern Forest 63 667 -I858 <1477 | -174% -192% -15.6% | 63.5% g
Weét_@:.-fOrest i 67 387 1638 .| <1161 | -295% -328% _wzs.o% 64.2% é
Arctic Tundra. 51 -79.9 (1312 0 07 234% -375% -02% | 56:5% ~
‘Aridlands ; 62 =356 497 ¢ 170 -17.0% -23.0% -8.1% .56.5% - ©
Coasts 38 6.1 89, 85 [ -150% -394% 21.9% | 50.0%
_ Weilands 95 206 g3 | 353 13.0% __51% __230% | 474%

SN W—— e — —
Temperate North America 192 L4130 15215 0 -1,2923 | -274% -293% -253% | 552%
South-America : 41 5374 6511 4326 A% 452% 346% | 756%
Southwestern Aridlands. | 50 -2381 2612 2156 41.9% -445% 392% | 74.0%
Mexico-Central America - 76 1553 <1878 | :1220 -155% -18.3% -12.6% 52:6%
Widespread Neotropical | 22 1268 -1712 | -861 268% -334% -193% | 45.5%
Widespread .60 316 -63d 16 3% -T4%  02% 433%

Marine 26 63 297 12 -30.8%  -49.1% -2.5% 61.5%
Coastal 44 -11.0 149 6.7 420% -51.8% -267% | 682%
Caribbean 8 60 14 157" 121%  -28% 319% | 250%
"
|




