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P olli n at ors are critic al f or f o o d pr o d ucti o n a n d ec os yst e m f u ncti o n. Alt h o u g h n ati ve p olli -

Do
wn

lo
ad

ed
 f

ro
m 

ht
tp

s:
//

w
w

w.
pn

as
.o

rg
 b

y 
M

O
N

T
A

N
A 

S
T

A
T

E 
U

NI
V 

B
O

Z
E

M
A

N;
 

LI
B

R
A

RI
E
S 

on
 

Oc
to

be
r 

8, 
20

25
 f

ro
m 
I
P 

ad
dr

es
s 

15
3.

90
.1

70
.5

6. 

n at ors are t h o u g ht t o b e d ecli ni n g, t h e e vi d e nc e is li mit e d. Tis frst, t a x o n o mic all y di vers e 
ass ess m e nt f or m ai nl a n d N ort h A m eric a n ort h of Me xic o re ve als t h at 2 2. 6 % ( 2 0. 6 t o 
2 9. 6 %) of t h e 1, 5 7 9 s p eci es i n t h e b est -st u di e d vert e br at e a n d i ns ect p olli n at or gr o u ps h a ve 
el e v at e d ris k of e xti ncti o n. All t hre e p olli n ati n g b at s p eci es are at ris k a n d b e es are t h e i ns ect 
gr o u p m ost at ris k ( b est esti m at e, 3 4. 7 % of 4 7 2 s p eci es ass ess e d, r a n g e 3 0. 3 t o 4 3. 0 %). 
S u bst a nti al n u m b ers of b utt er fi es ( 1 9. 5 % of 6 3 2 s p eci es, r a n g e 1 9. 1 t o 2 1. 0 %) a n d m ot hs 
( 1 6. 1 % of 1 4 2 s p eci es, r a n g e 1 5. 5 t o 1 9. 0 %) are als o at ris k, wit h f o wer fi es ( 1 4. 7 % of 
2 9 5 s p eci es, r a n g e 1 1. 5 t o 3 2. 9 %), b e etl es ( 1 2. 5 % of 1 8 s p eci es, r a n g e 1 1. 1 t o 2 2. 2 %), 
a n d h u m mi n g bir ds ( 0 % of 1 7 s p eci es) m ore s ec ure. At -ris k p olli n at ors are c o nc e ntr at e d 
w h ere di versit y is hi g h est, i n t h e s o ut h west er n U nit e d St at es. Tre ats t o p olli n at ors v ar y 
g e o gr a p hic all y: cli m at e c h a n g e i n t h e West a n d N ort h, a gric ult ure i n t h e Gre at Pl ai ns, a n d 
p oll uti o n, a gric ult ure, a n d ur b a n d e vel o p m e nt i n t h e E ast. Wo o dl a n d, s hr u bl a n d/c h a p arr al, 
a n d gr assl a n d h a bit ats s u p p ort t h e gre at est n u m b ers of at -ris k p olli n at ors. Str at e gi es f or 
i m pr o vi n g p olli n at or h a bit at are i ncre asi n gl y a v ail a bl e, a n d t his st u d y i d e nti f es s p eci es, 
h a bit ats, a n d t hre ats m ost i n n e e d of c o ns er v ati o n acti o ns at st at e, pr o vi nci al, t errit ori al, 
n ati o n al, a n d c o nti n e nt al l e vels. 

at -ri s k s p e ci e s   |   cli m at e c h a n g e   |   c o n s e r v ati o n st at u s   |  t h r e at s t o bi o di v e r si t y   |  i n s e ct s 

P olli n ati n g i ns e cts pr o vi d e o ver $ 1 5 billi o n of v al u e a n n u all y t o a gri c ult ure i n N ort h 
A m eri c a ( 1 ), a n d t o g et h er wit h h u m mi n g bir ds a n d n e ct ar -f e e di n g b ats are criti c al t o 
m ai nt ai ni n g n at ur al e c os yst e ms ( 2 ). N o n et h el ess, t h ere is i n cre asi n g e vi d e n c e of g e n er al 
p olli n at or ( d e f n e d as c o ns u m ers of f or al res o ur c es t h at tr a nsf er p oll e n) d e cli n es, a n d 
p olli n ati n g i ns e cts are a m o n g t h e gr o u ps m ost i m p a ct e d b y wi d es pre a d i ns e ct d e cli n es 
( 3 – 5 ). Fa ct ors i m pli c at e d i n p olli n at or d e cli n es i n cl u d e h a bit at l oss, p esti ci d e e x p os ure, 
cli m at e c h a n g e, a n d dis e as e ( 6 – 1 0 ). H o we ver, t h e t a x o n o mi c a n d g e o gr a p hi c p att er ns of 
t h es e t hre ats t o p olli n at ors are n ot well u n d erst o o d. F urt h er, st u di es of si n gl e s p e ci es ( 1 1 , 
1 2 ) or cl a d es ( 8 ,  1 3 – 1 6 ) as well as n ati o n al a n d gl o b al ass ess m e nts of p olli n at or st at us are 
t a x o n o mi c all y restri ct e d wit h li mit e d s p e ci es-s p e ci f c  d at a  ( 2 ,  1 7 ,  1 8 ). 

K n o wi n g w hi c h s p e ci es ar e d e cli ni n g, w h er e t h e y o c c ur, a n d w h y t h e y ar e d e cli ni n g 
is criti c al f or f o c usi n g m a n a g e m e nt i nt er v e nti o ns w h er e t h e y will m ost b e n e ft at-ris k 
s p e ci es. Yet t o d at e, f e w n ati v e i ns e ct p olli n at ors of N ort h A m eri c a ot h er t h a n b u m bl e 
b e es ( B o m b us  s p p., H y m e n o pt er a) a n d b utt er fi es ( L e pi d o pt er a) h a v e b e e n ass ess e d f or 
e xti n cti o n ris k. L a c k of s p e ci es st at us i nf or m ati o n pr e v e nts i n cl usi o n o n f e d er al t hr e at -
e n e d  a n d  e n d a n g er e d  or  s p e ci es -at -ris k  lists  as  w ell  as  St at e  Wil dlif e  A cti o n  Pl a ns  
( S W A Ps), f e d er all y m a n d at e d, st at e-l e v el str at e gi es f or pr ot e cti n g s p e ci es a n d h a bit ats i n 
t h e  U nit e d  St at es  ( 1 9 ,  2 0 ). 

 St a n d ar diz e d,  l o n g-t er m, a n d g e o gr a p hi c all y br o a d m o nit ori n g d at a t o s u p p ort st at us 
ass ess m e nts are a bs e nt f or m ost N ort h A m eri c a n p olli n at ors, es p e ci all y i ns e cts ( 5 ,  2 1 ), 
a n d m a y n e v er b e c o m e wi d el y a v ail a bl e ( 1 6 ). I nst e a d, res e ar c h ers h a v e l e v er a g e d re c e nt 
a d v a n c es i n t h e a v ail a bilit y of di gitiz e d l o c alit y re c or ds, dri v e n b y d at a b asi n g of m us e u m 
c oll e cti o ns a n d citiz e n s ci e n c e i niti ati v es, t o ass ess p olli n at or s p e ci es st at us ( 2 0 ,  2 2 ). 
A p pr o a c h es t o st at us ass ess m e nts g e n er all y f all i nt o t w o cl ass es: a) re p orti n g tre n ds i n 
p o p ul ati o ns or distri b uti o n usi n g l o c alit y a n d m o nit ori n g d at a ( 8 ,  1 0 ,  1 3 ,  2 3 ) or b) usi n g 
e xti n cti o n ris k ass ess m e nt m et h o ds s u c h as t h e I nt er n ati o n al U ni o n f or C o ns er v ati o n of 
Nat ure (I U C N) Re d List of Tre at e n e d S p e ci es ( 2 4 ) or Nat ure Ser v e c o ns er v ati o n st at us 
r a n ks ( 2 5 ) t o c o m bi n e i nf or m ati o n o n r arit y, tre n ds, a n d t hre ats t o assi g n s p e ci es t o ris k 
c at e g ori es ( 2 2 , 2 6 ). T e f or m er m et h o d h as t h e a d v a nt a g e of pr o vi di n g a q u a ntit ati v e 
o ut p ut w h ere as t h e l att er m et h o d res ults i n c at e g ori es s u c h as “ V ul n er a bl e” t h at are 
f a mili ar a n d u n d erst o o d b y p oli c y m a k ers a n d t h e p u bli c. F urt h er, t h e f e xi bl e d at a 

Si g ni f c a n c e 

P olli n at o r s a r e c riti c al t o 

m ai nt ai ni n g t e r r e st ri al e c o s y st e m 

f u n cti o n a n d t h e gl o b al f o o d 

s u p pl y, b ut m a n y a r e i n d e cli n e. 

H o w e v e r, w e h a v e li mit e d 

i nf o r m ati o n i d e ntif yi n g w hi c h 

s p e ci e s a r e at el e v at e d e xti n cti o n 

ri s k, li miti n g e ff o rt s t o p ri o riti z e 

s c a r c e c o n s e r v ati o n r e s o u r c e s. 

W e a s s e s s e d t h e e xti n cti o n ri s k 

of n e a rl y 1, 6 0 0 s p e ci e s of 

v e rt e b r at e a n d i n s e ct p olli n at o r s 

a n d f o u n d t h at m o r e t h a n o n e i n 

fi v e s p e ci e s i s at ri s k of 

e xti n cti o n. T h e m aj o r t h r e at s a r e 

cli m at e c h a n g e, a g ri c ult u r e, 

m o di fi c ati o n s t o h y d r ol o gi c al a n d 

fi r e r e gi m e s, a n d h o u si n g a n d 

u r b a n d e v el o p m e nt. T h e s e 

r e s ult s c a n i nf o r m m a n a g e m e nt 

a cti o n s t o h el p p r e v e nt p olli n at o r 

e xti n cti o n s.  
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re q uire m e nts  f or  e xti n cti o n  ris k  ass ess m e nts  c a n  br o a d e n  t h e  
n u m b er of s p e ci es t h at are ass ess a bl e ( 2 7 ). 

To u n d erst a n d b ett er t h e st at us of N ort h A m eri c a n p olli n at ors 
a n d i d e ntif y s p e ci es a n d gr o u ps m ost i n n e e d of c o ns er v ati o n 
a cti o n, we ass ess e d t h e e xti n cti o n ris k of 1, 5 7 9 n ati ve vert e br at e 
a n d  i ns e ct  p olli n at ors  i n  m ai nl a n d  N ort h  A m eri c a  n ort h  of  
Me xi c o. We us e d t h e Nat ure Ser ve r a n ki n g m et h o d ol o g y, w hi c h 
h as  b e e n  wi d el y  a d o pt e d  b y  U S  a n d  C a n a di a n  g o ver n m e nts  
( 2 8 – 3 0 ), t o m a xi mize p oli c y rel e v a n c e. To pr o vi d e c o nt e xt t o h el p 
f o c us l o c al a n d re gi o n al c o ns er v ati o n a cti o ns, we e x a mi n e d st at e, 
pr o vi n ci al, a n d t errit ori al distri b uti o ns, t hre ats, a n d h a bit at ass o -
ci ati o ns of e a c h s p e ci es at ris k of e xti n cti o n. Tis st u d y is t h e 
l ar g est, m ost t a x o n o mi c all y di vers e ass ess m e nt of m ai nl a n d U S 
a n d C a n a di a n p olli n at ors t o d at e, i n cl u di n g t w o vert e br at e cl ass es 
a n d f o ur i ns e ct or d ers. 

R e s ul t s 

T e t a x o n o mi c gr o u ps s u f ci e ntl y well k n o w n t o all o w c o m pre -
h e nsi ve ass ess m e nt c o m pris e d 0. 6 % ( b e etl es) — 1 0 0 % ( b utt er fi es) 
of t h e esti m at e d t ot al s p e ci es i n e a c h m aj or gr o u pi n g ( Ta bl e 1 ). 
E v al u ati o n of t h es e s p e ci es res ult e d i n a b est esti m at e t h at 2 2. 6 % 
(r a n g e, 2 0. 6 t o 2 9. 6 %) of ass ess e d p olli n at ors are at a n el e v at e d 
ris k of e xti n cti o n (i. e., t h os e cl assi f e d as V ul n er a bl e, I m p eril e d, 
Criti c all y I m p eril e d, or Hist ori c al; h ere aft er, “at ris k; ” Ta bl e 1 a n d 
SI A p pe n di x , Ta bl e S 1). Be es h a d m ore t hre at e n e d s p e ci es t h a n 
ot h er gr o u ps, wit h 3 4. 7 % at el e v at e d e xti n cti o n ris k (r a n g e, 3 0. 3 
t o 4 3. 0 %). L e af c utt er (Meg ac hile ; 4 5. 7 % at ris k, r a n g e 4 1. 7 t o 
5 0. 4 %) a n d di g g er ( A nt h o p h ori n a e; 4 2. 9 % at ris k, r a n g e 3 8. 6 t o 
4 8. 6 %)  b e es  were  t h e  m ost  t hre at e n e d  b e e  gr o u ps  ass ess e d  
( Ta bl e 1 ). Of t h e 6 3 2 ass ess e d b utt er fi es, 1 9. 5 % (r a n g e 1 9. 1 t o 
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T a bl e  1.  E x ti n c ti o n ri s k of U S a n d C a n a di a n p olli n a t o r s b y t a x o n o mi c g r o u p a n d gl o b al c o n s e r v a ti o n s s t a t u s r a n k: 
G H = P o s si bl y E x ti n c t; G 1 = C ri ti c all y I m p e ril e d; G 2 = I m p e ril e d; G 3 = V ul n e r a bl e; G 4 = A p p a r e n tl y S e c u r e; G 5 = S e c u r e; 
G U = D a t a D e ffi ci e n t  

N u m b e r 
a s s e s s e d 

( E sti m at e d % of At -ri s k At -ri s k At -ri s k 
G r o u p  t ot al i n g r o u p) G U  G 5  G 4  G 3  G 2  G 1  G H  l o w e r e st. b e st e st.  u p p e r e st.  

V e r t e b r a t e s  2 0 ( 6 6. 7 -9 4. 1 %)  0  1 6  1  3  0  0  0  1 5. 0 %  1 5. 0 %  1 5. 0 %

  H u m mi n g bi r d s  1 7  0  1 6  1  0  0  0  0  0. 0 %  0. 0 %  0. 0 %

  B at s  3  0  0  0  3  0  0  0  1 0 0 %  1 0 0 %  1 0 0 %  

B u t t e r ffi e s  6 3 2 ( 1 0 0 %)  1 2  3 3 6  1 6 3  8 1  2 9  1 1  0  1 9. 1 %  1 9. 5 %  2 1. 0 %

  M et al m a r k s  2 1  3  7  5  5  1  0  0  2 8. 6 %  3 3. 3 %  4 2. 9 %

  G o s s a m e r wi n g s  1 4 1  2  5 2  4 8  2 4  1 0  5  0  2 7. 7 %  2 8. 1 %  2 9. 1 %

  S ki p p e r s  2 1 9  4  1 0 2  5 9  3 8  1 3  3  0  2 4. 7 %  2 5. 1 %  2 6. 5 %

  B r u s hf o ot s  1 6 4  3  1 1 5  3 0  1 1  3  2  0  9. 8 %  9. 9 %  1 1. 6 %

  S w all o wt ail s  2 4  0  1 9  3  0  1  1  0  8. 3 %  8. 3 %  8. 3 %

  W hit e s  6 3  0  4 1  1 8  3  1  0  0  6. 3 %  6. 3 %  6. 3 %  

M a c r o -m o t h s  1 4 2 ( 1 0. 3 -1 9. 9 %)  5  8 3  3 2  1 6  4  2  0  1 5. 5 %  1 6. 1 %  1 9. 0 %

  Ti g e r a n d U n d e r wi n g  5 1  1  3 0  9  8  3  0  0  2 1. 6 %  2 2. 0 %  2 3. 5 %

  S p hi n x  8 8  4  5 0  2 3  8  1  2  0  1 2. 5 %  1 3. 1 %  1 7. 0 %

  N ot o d o nti d  2  0  2  0  0  0  0  0  0. 0 %  0. 0 %  0. 0 %

  B o r e r  1  0  1  0  0  0  0  0  0. 0 %  0. 0 %  0. 0 %  

B e e s  4 7 2 ( 1 3. 1 %)  6 0  1 3 2  1 3 7  7 7  4 0  1 0  1 6  3 0. 3 %  3 4. 7 %  4 3. 0 %

  B u m bl e  5 1  2  2 0  1 0  1 2  4  3  0  3 7. 3 %  3 8. 8 %  4 1. 2 %

  C a r p e nt e r  9  0  7  2  0  0  0  0  0. 0 %  0. 0 %  0. 0 %

  L e af c utt e r  1 2 7  1 1  3 3  3 0  1 9  1 6  2  1 6  4 1. 7 %  4 5. 7 %  5 0. 4 %

  Di g g e r  7 0  7  1 1  2 5  1 6  1 1  0  0  3 8. 6 %  4 2. 9 %  4 8. 6 %

  W o ol -c a r d e r  3 3  0  1 3  7  9  3  1  0  3 9. 4 %  3 9. 4 %  3 9. 4 %

  M a s o n  1 3 9  3 6  2 8  5 2  1 3  6  4  0  1 6. 5 %  2 2. 3 %  4 2. 4 %

  S q u a s h  1 1  2  4  3  2  0  0  0  1 8. 2 %  2 2. 2 %  3 6. 4 %

  S w e at  3 2  2  1 6  8  6  0  0  0  1 8. 8 %  2 0. 0 %  2 5. 0 %  

B e e tl e s  1 8 ( 0. 6 t o 0. 7 %)  2  7  7  2  0  0  0  1 1. 1 %  1 2. 5 %  2 2. 2 %

  C h e c k e r e d  1 0  2  2  5  1  0  0  0  1 0. 0 %  1 2. 5 %  3 0. 0 %

  H ai r y Fl o w e r S c a r a b  8  0  5  2  1  0  0  0  1 2. 5 %  1 2. 5 %  1 2. 5 %  

Fl o w e r Fli e s  2 9 5 ( 4 0. 4 %)  6 3  1 0 7  9 1  2 9  4  0  1  1 1. 5 %  1 4. 7 %  3 2. 9 %

  E ri st ali n a e  2 9 5  6 3  1 0 7  9 1  2 9  4  0  1  1 1. 5 %  1 4. 7 %  3 2. 9 %  

T o t al  1 5 7 9  1 4 2  6 8 1 4 3 1  2 0 8 7 7  2 3  1 7  2 0. 6 %  2 2. 6 %  2 9. 6 %  

S p e ci e s r ef e r r e d t o a s G H t o G 3 a r e c o n si d e r e d at ri s k. T h e b e st e sti m at e ( e st.) of t h e p e r c e nt of s p e ci e s t h at a r e at ri s k w a s t h e s u m of G H, G 1, G 2, a n d G 3 s p e ci e s di vi d e d b y t h e t ot al 
n u m b e r of s p e ci e s l e s s t h e n u m b e r of G U s p e ci e s. T h e u p p e r e sti m at e of t h e p e r c e nt at ri s k a s s u m e d t h at all G U s p e ci e s w e r e at ri s k w h e r e a s t h e l o w e r e sti m at e a s s u m e s t h at n o n e of 
t h e G U s p e ci e s w e r e at ri s k. 
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6. 

2 1. 0 %) were at ris k —sli g htl y m ore t h a n h alf t h e r at e f or b e es 
( Ta bl e 1 ). Ot h er i ns e ct gr o u ps h a d l o wer pr o p orti o ns of at-ris k 
s p e ci es: m a cr o-m ot hs, e. g., m ot h f a mili es wit h l ar g er size d s p e ci es, 
1 6. 1 % (r a n g e, 1 5. 5 t o 1 9. 0 %); f o wer fi es ( S yr p hi d a e: Erist ali n a e), 
1 4. 7 % (r a n g e, 1 1. 5 t o 3 2. 9 %); a n d b e etl es ( g e n er a Tric h o des a n d 
Tric hi oti n us ), 1 2. 5 % (r a n g e, 1 1. 1 t o 2 2. 2 %) ( Ta bl e 1 ). A m o n g 
ass ess e d vert e br at es, all p olli n ati n g b ats were at ris k w h ere as n o 
h u m mi n g bir ds were s o cl assi f e d (t hre e s p e ci es h a ve u n d er g o n e 
l o n g-t er m p o p ul ati o n d e cli n e ( 3 1 ) b ut n ot r a pi dl y e n o u g h t o q u al-
if y f or at-ris k st at us). 

Te n b e e, 1 1 b utt er f y, a n d t w o m ot h s p e ci es were cl assi f e d as 
criti c all y i m p eril e d. N o p olli n at or ass ess e d i n t his st u d y is c o n f -
d e ntl y k n o w n t o b e gl o b all y e xti n ct. 

All b ut 1 9 of t he 1, 5 7 9 s pecies assesse d re g ularl y occ ur i n t he mai n -
la n d U S, a n d t h us, t he perce nt of s pecies at ris k t here mirr ors t he 
o verall res ults: 2 2. 5 % of all p olli nat ors are at ris k (ra n ge, 2 0. 6 t o 
2 9. 2 %). Te ra n ges of 7 5 9 assesse d p olli nat ors i ncl u de Ca na da, w here 
t he perce nt at ris k is m uc h l o wer at 1 0. 2 % (ra n ge 9. 6 t o 1 5. 2 %). F ull 
gr o u p res ults b y nati o n are pr o vi de d i n SI A p pe n di x , Ta ble S 1. 

C o m p are d t o ot h er gr o u ps of pl a nts a n d a ni m als i n t h e m ai n -
l a n d U nit e d St at es a n d C a n a d a, t h ere were pr o p orti o n at el y m ore 
at -ris k p olli n at or s p e ci es t h a n i n bir ds, m a m m als, a n d s q u a m at e 
re ptil es, b ut pr o p orti o n at el y f e wer at-ris k s p e ci es t h a n i n f o weri n g 
pl a nts a n d all fres h w at er a ni m al gr o u ps, e xc e pt d a ms el fi es a n d 
dr a g o n fi es ( Fi g. 1 ). Be es o ver all h a d a b o ut t h e s a m e p er c e nt a g e 
of at -ris k s p e ci es as fres h w at er fs h. H o we ver, e ve n t h e m ost t hre at-
e n e d b e e gr o u ps, t h e di g g er a n d l e af c utt er b e es, wit h n e arl y h alf 
of t h e s p e ci es at ris k, were pr o p orti o n at el y l ess i m p eril e d t h a n 
fres h w at er a n d t errestri al m oll us ks. T e p olli n at or gr o u p wit h t h e 
l o west p er c e nt t hre at e n e d s p e ci es ( ot h er t h a n h u m mi n g bir ds), t h e 

b e etl es, h a d a gre at er p er c e nt a g e of at -ris k s p e ci es t h a n as f o u n d 
i n bir ds, al b eit wit h gre at er u n c ert ai nt y d u e t o a gre at er p erc e nt a g e 
of D at a -De f ci e nt  s p e ci es.        

S pe cies ri c h ness of t he p olli n at or gr o u ps assesse d w as hi g hest i n 
C alif or ni a ( 6 7 8 s pe cies), Ariz o n a ( 6 7 7), Te x as ( 5 9 3), Ne w Me xi c o 
( 5 7 9),  a n d  C ol or a d o  ( 5 6 0;  Fi g.  2  ,  SI A p pe n di x ,  Ta ble S 2).  Tis 
p atter n w as dri ve n b y t he l ar ge di versit y of b utter fies a n d bees i n 
t hese st ates ( Fi g. 2 ). M ot hs h a d t he hi g hest s pe cies ri c h ness i n Te x as 
( 8 4 s pecies). Fl o wer fies di fer fr o m ot her p olli n at or gr o u ps assesse d 
i n t h at t he y were m ost di verse i n s o ut her n C a n a d a. I n C a n a d a, t he 
m ost  s pe cies -ri c h  pr o vi n ce  fr o m  o ur  s a m ple  of  p olli n at ors  w as  
Britis h C ol u m bi a ( 4 8 7 s pe cies;  Fi g. 2 ). Si mil ar t o o ver all p olli n at or 
s pe cies ri c h ness, at-ris k s pe cies ri c h ness w as hi g hest i n C alif or ni a, 
Ariz o n a, a n d Ne va d a ( Fi g. 2 ). S pecies ric h ness w as cl osel y c orrel ate d 
wit h t he perce nt a ge of at -ris k s pe cies at t he st ate, pr o vi n ci al, a n d 
territ ori al le vel (SI A p pe n di x , Fi g. S 1 a n d Ta ble S 2 ). F urt her, s pe cies 
wit h s m aller r a n ge e xte nts, a f act or ass oci ate d wit h hi g her e xti ncti o n 
ris k, were m ore pre vale nt i n s u b n ati o ns wit h gre ater s pecies ric h ness 
(SI A p pe n di x ,  Fi g. S 2);  t his  rel ati o ns hi p  li kel y  at  le ast  p arti all y  
e x pl ai ns t he p ositi ve c orrel ati o n bet wee n s pe cies ri c h ness a n d per -
ce nt a ge of at -ris k  s pe cies.        

Tre ats  fr o m  cli m ate  c h a n ge,  a gri c ult ure,  m o di f c ati o ns  t o  
h y dr ol o gic al a n d fre re gi mes, a n d h o usi n g a n d ur b a n de vel o p me nt 
a fe cte d t he gre atest n u m ber of at -ris k p olli n at ors ( Fi g. 3A   ).  Te 
pri m ar y t hre at varie d b y p olli n at or gr o u p, wit h a gric ult ure, cli m ate 
c h a n ge, a n d de vel o p me nt as t he t o p t hre ats t o bees a n d cli m ate 
c h a n ge, m o di fc ati o ns t o h y dr ol o gic al a n d fre re gi mes, a n d i n vasi ve 
s pe cies as t he t o p t hre ats t o b utter fies a n d m ot hs ( Fi g. 3 B a n d C ). 
Di fere nt re gi o ns varie d m ar ke dl y i n t he pri m ar y t hre at i de nti fe d 
as a ficti n g p olli n at ors: cli m ate c h a n ge w as t he t o p st ate, pr o vi nci al, 

At Ri s k 

Fl o w er Fli e s ( Eri st ali n a e) 

7 5. 2 % Fr e s h w at er S n ail s 

7 0. 4 % T err e stri al S n ail s 

6 7. 0 % Fr e s h w at er M u s s el s 

5 3. 9 % Cr a yfi s h e s 

5 0. 0 % F air y, Cl a m, & T a d p ol e S hri m p s 

4 6. 7 % T urtl e s 

4 3. 2 % C a d di sfli e s, M a yfli e s, & St o n efli e s 

4 2. 2 % A m p hi bi a n s 

3 9. 2 % Ti g er B e etl e s 

3 6. 0 % Fr e s h w at er & A n a dr o m o u s Fi s h e s 

3 4. 7 % B e e s 

3 0. 8 % Fl o w eri n g Pl a nt s 

2 2. 6 % All A s s e s s e d P olli n at or s 

1 9. 5 % B utt erfli e s 

1 9. 5 % C o nif er s & R el ati v e s 

1 8. 5 % F er n s a n d R el ati v e s 

1 7. 9 % S q u a m at e R e ptil e s 

1 7. 5 % M a m m al s 

1 6. 1 % M a cr o M ot h s 

1 5. 0 % V ert e br at e s ( B at s & H u m mi n g bir d s) 

1 4. 7 % 

B e etl e s 1 2. 5 % 

D a m s elfli e s & Dr a g o nfli e s 1 2. 2 % 

Bir d s 8. 2 % 

0 % 2 0 % 4 0 % 6 0 % 8 0 % 1 0 0 % 

P er c e nt of S p e ci e s 

P o s si bl y E xti n ct Criti c all y I m p eril e d I m p eril e d V ul n er a bl e D at a D efi ci e nt A p p ar e ntl y S e c ur e S e c ur e 

Fi g.  1.  T h r e a t st a t u s of U S a n d C a n a di a n p olli n at o r s c o m p a r e d t o ot h e r  g r o u p s of a ni m a l s a n d pl a nt s t h at h a v e b e e n c o m p r e h e n s i v el y a s s e s s e d f ro m  t h o s e wit h 
t h e hi g h e st t o l o w e st p e r c e nt of s p e ci e s at ri s k. G r o u p s u n d e rli n e d i n r e d a r e p olli n at o r s a s s e s s e d i n t hi s st u d y a n d i n cl u d e o nl y s p e ci e s c o n si d e r e d p ot e nti al 
p olli n at o r s. V e rti c al bl u e li n e s i n di c at e t h e b e st e sti m at e s of t h e p e r c e nt of s p e ci e s i n a g r o u p t h at a r e at ri s k of e xti n cti o n, a s s u mi n g t h at d at a -d e ffi ci e nt s p e ci e s 
a r e i m p e ril e d at t h e s a m e r at e a s d at a -s u ff ci e nt s p e ci e s.  
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6. 

All P olli n at or s 

B e e s M ot h s 

B utt erfli e s Fl o w er Fli e s 

B e etl e s V e rt e br at e s 

Fi g.  2.  S p e ci e s ri c h n e s s ( bl u e c ol o r m a p s) a n d ri c h n e s s of at -ri s k s p e ci e s ( y ell o w -r e d c ol o r m a p s) of m aj o r p olli n at o r g r o u p s. N ot e t h at s c al e s v a r y a c r o s s t a x a. 
M a p s c r e at e d i n A r c GI S.  

or territ ori al le vel t hre at t o at -ris k p olli n at ors i n t he wester n a n d 
n ort her n  re gi o ns,  a gri c ult ure  a n d  cli m ate  c h a n ge  i n  t he  R o c k y  
M o u nt ai ns a n d Gre at Pl ai ns; a n d a mi x of p oll uti o n, h o usi n g a n d 
ur b a n de vel o p me nt, a n d a gri c ult ure were t he t o p t hre ats i n t he 
e aster n U nite d St ates. ( Fi g. 3 D   ).  At-ris k s pe cies were m ost li kel y t o 
i n h a bit w o o dl a n d ( 2 5 t o 6 0 % c a n o p y c o ver), gr assl a n d, a n d s hr u b-
l a n d/ c h a p arr al h a bit ats, a n d le ast li kel y t o be f o u n d i n f orests ( > 
6 0 % c a n o p y c o ver) a n d al pi ne/t u n dr a h a bit ats ( See M ateri als a n d 
M et h o ds f or h a bit at de f niti o ns; SI A p pe n di x , Fi g. S 3). 

Di s c u s si o n 

C o n s e r v a ti o n  S t a t u s  of  P olli n a t o r s  i n  t h e  U ni t e d  S t a t e s  a n d  

C a n a d a.  Wit h t he m ost t a x o n o mi c all y di verse a n d l ar gest n u m ber 
of s pe cies assesse d t o d ate, t his st u d y hel ps cl arif y t he e xti n cti o n ris k 
c o nte xt f or p olli n at ors i n t he m ai nl a n d U nite d St ates a n d C a n a d a. 
We f o u n d t h at m ore t h a n o ne i n f ve p olli n at ors h as a n ele v ate d 
ris k of e xti n cti o n wit h b ats, bees, b utter fies, a n d m ot hs t he m ost 
at ris k. Tese f n di n gs e x p a n d t he t a x o n o mi c bre a dt h of pre vi o us 
assess me nts t h at f o c use d pri m aril y o n b u m ble bees, b utter fies, a n d 
m ot hs, w here rese arc hers h a ve d o c u me nte d de cli nes at st ate ( 3 2, 
3 3), re gi o n al ( 8, 1 6, 3 4), a n d c o nti ne nt al s c ales ( 1 3, 2 3). 

At -ris k p olli n at ors assesse d i n o ur st u d y were c o n ce ntr ate d i n 
t he s o ut her n a n d s o ut h wester n U nite d St ates. I n c o ntr ast, we f o u n d 

rel ati vel y l o w le vels of i m peril me nt of n o n-B o m b us bees i n t he 
e aster n U nite d St ates, c orres p o n di n g wit h pre vi o us st u dies t h at 
h a ve s u g geste d t h at n o n -B o m b us bees are less t hre ate ne d i n t his 
re gi o n ( 3 4 , 3 5 ). Tese f n di n gs are s o me w h at s ur prisi n g i n t h at t he 
m ost de gr a de d h a bit ats i n t he m ai nl a n d U nite d St ates a n d C a n a d a 
are i n t he U p per Mi d west a n d al o n g t he Atl a nti c C o ast, w here as 
s o me of t he m ost i nt a ct h a bit at o c c urs i n t he S o n or a n a n d M oj a ve 
Deserts ( 3 6 ), are as w here we f o u n d p olli n at ors were m ost at -ris k. 
T w o f a ct ors are li kel y at pl a y. First, r a n ge e xte nt, b ot h a n i m p ort a nt 
f a ct or i n st at us assess me nts as well as a c orrel ate of i m peril me nt 
( 2 7 ), te n ds t o be s m aller f or t he hi g hl y di verse p olli n at or f a u n as i n 
t he s u b n ati o ns wit h t he gre atest pr o p orti o n of at-ris k  s pe cies  ( 3 7 ) 
(SI A p pe n di x , Fi g. S 2). Se c o n d, t he m ost fre q ue ntl y cite d t hre at t o 
at -ris k p olli n at ors i n t he S o ut h wester n st ates is cli m ate c h a n ge. 
Hi g her te m per at ures a n d e xte n de d dr o u g hts c a n i m p a ct e ve n u n al -
tere d ec os yste ms ( 3 8 ). I nsects, i n cl u di n g p olli n at ors, are p artic ul arl y 
s us ce pti ble t o t hese c h a n ges d ue t o t heir s m all b o d y size a n d e ct o-
t her mi c  p h ysi ol o g y  ( 5 ,  3 9 ). 

Tis st u d y als o pl a c es p olli n at ors o n t h e s p e ctr u m of i m p eril -
m e nt i n t h e wi d er bi o di versit y crisis. O utsi d e of p olli n ati n g b ats, 
wit h j ust t hre e s p e ci es ( all V ul n er a bl e) t h at re pres e nt t h e n ort h er n 
e d g e of a m ore di vers e tr o pi c al f a u n a, t h e gr o u p wit h t h e hi g h est 
p orti o n of at -ris k s p e ci es w as b e es. Des pit e t h eir hi g h l e vel of 
i m p eril m e nt, b e es h a d a l o wer p er c e nt a g e of at-ris k s p e ci es t h a n 

4 of 8  htt p s:// d oi. o r g/ 1 0. 1 0 7 3/ p n a s. 2 4 1 8 7 4 2 1 2 2  p n a s. o r g  

http://www.pnas.org/lookup/doi/10.1073/pnas.2418742122#supplementary-materials
http://www.pnas.org/lookup/doi/10.1073/pnas.2418742122#supplementary-materials
https://pnas.org
https://doi.org/10.1073/pnas.2418742122


Do
wn

lo
ad

ed
 f

ro
m 

ht
tp

s:
//

w
w

w.
pn

as
.o

rg
 b

y 
M

O
N

T
A

N
A 

S
T

A
T

E 
U

NI
V 

B
O

Z
E

M
A

N;
 

LI
B

R
A

RI
E
S 

on
 

Oc
to

be
r 

8, 
20

25
 f

ro
m 
I
P 

ad
dr

es
s 

15
3.

90
.1

70
.5

6. 

0 

2 0 

4 0 

6 0 

8 0 

1 0 0 

Cli
m a
t e
 
C h

a n
g e

A g
ri
c u
lt
ur

e

H y
dr

o/
Fir

e 
M o

dif
i c

ati
o n

s

D e
v e
l o

p
m e

nt

I n
v a

si
v e

s

P o
ll
uti

o n

R e
cr

e a
ti
o n

E x
tr

a c
ti
o n

E n
er

g y
/
Mi
ni
n g

Di
s e

a s
e s
 

Tr
a n

s p
ort

ati
o n
 

N
u

m
b
er

 
of
 

S
p
ec

i
es

 

0 

1 0 

2 0 

3 0 

4 0 

5 0 

A gri c ult ur e  Cli m at e 
C h a n g e 

D e v el o p m e nt 

N
u

m
b
er

 
of
 

S
p
ec

i
es

 

0 

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

Cli m at e 
C h a n g e 

H y dr o/ Fir e 
M o difi c ati o n s 

I n v a si v e s 

N
u

m
b
er

 
of
 

S
p
ec

i
es

 

A  

B  

D  

C  

All P olli n at or s 

B e e s B utt erfli e s & M ot h s 

Fi g.  3.  T h r e at s t o p olli n at o r s. ( A ) T h r e at s a ffi e cti n g at-ri s k p olli n at o r s a s i d e nti ff e d b y e x p e rt s ( s p e ci e s c a n b e a fi e ct e d b y > 1 t h r e at). ( B ) T o p t h r e e t h r e at s t o b e e s. 
(C ) T o p t h r e e t h r e at s t o b utt e r fii e s a n d m ot h s. ( D ) T h r e at a fi e cti n g t h e g r e at e st n u m b e r of s p e ci e s i n e a c h st at e, p r o vi n c e, o r t e r rit o r y. M ulti pl e c ol o r s i n a st at e, 
p r o vi n c e, o r t e r rit o r y i n di c at e ti e s. M a p c r e at e d i n A r c GI S.  

m ost fres h w at er i n vert e br at es a n d vert e br at es, es p e ci all y m oll us ks, 
w hi c h h a ve s u f ere d n u m er o us e xti n cti o ns o ver t h e p ast c e nt ur y 
(4 0 ) ( Fi g. 1 ). H o we ver, b utt er fi es, a n d t h e m ot h a n d b e e t a x a we 
ass ess e d h a d a hi g h er p er c e nt a g e of at -ris k s p e ci es t h a n i n bir ds, 
m a m m als, a n d re ptil es, gr o u ps t h at re c ei ve m u c h hi g h er l e vels of 

E n d a n g ere d S p e ci es Act f u n di n g ( 4 1 ). Tis is es p e ci all y c o n c er ni n g 
b e c a us e, i n a d diti o n t o t h e hi g h n u m b ers of c urre ntl y at -ris k s p e-
ci es, re c e nt re p orts h a ve d o c u m e nt e d d e cli n es i n pre vi o usl y c o m -
m o n  i ns e ct  s p e ci es  i n  t h es e  gr o u ps  (  8  ,   4 2  ,   4 3  ).  L ar g e -s c al e 
ass ess m e nts of t h e c o ns er v ati o n st at us of gr o u ps, as we h a ve d o n e 
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6. 

h er e f or p olli n at ors, are a k e y pri oritiz ati o n a cti o n f or i ns e ct c o n -
s er v ati o n  a n d  re c o ver y  ( 4 4 ).  

T h r e a t s  t o  P olli n a t o r s  a n d  T h ei r  H a bi t a t s.  Tre ats t o ass ess e d 
p olli n at ors are di vers e, c o m p o u n di n g, a n d i n cl u d e m a n y of t h e 
s a m e press ures l o n g k n o w n t o t hre at e n U S bi o di versit y ( 7, 4 2, 4 5). 
L oss a n d d e gr a d ati o n of h a bit at c a us e d b y c o n versi o n of n ati ve 
h a bit ats t o a gri c ult ure, i n v asi ve pl a nt s p e ci es, a n d m o di f c ati o ns of 
fre re gi m es c o m bi n e t o t hre at e n m a n y c e ntr al m ai nl a n d U S a n d 
C a n a di a n p olli n at ors. L a n d us e c h a n g es c a us e d b y ur b a niz ati o n 
si mil arl y c a us e h a bit at l oss f or m a n y p olli n at ors. P oll uti o n, m ostl y 
i n t h e f or m of p esti ci d es a p pli e d t o cr o ps, is i n cre asi n gl y re c o g nize d 
as a m aj or t hre at t o p olli n at ors i n a gri c ult ur al re gi o ns ( 9, 1 0). 

Ma n y of t h es e t hre ats c a us e l oss es of b ot h di vers e f or al res o ur c es 
a n d h ost pl a nts vit al f or p olli n at or h e alt h a n d re pr o d u cti o n ( 3 , 
5 – 7 ,  4 2 ,  4 6 ).  At -ris k  s p e ci es  were  m ost  li k el y  t o  b e  f o u n d  i n  
w o o dl a n d,  gr assl a n d,  a n d  s hr u bl a n d/ c h a p arr al  h a bit ats.  T es e  
h a bit at t y p es are oft e n h et er o g e n e o us a n d h o m e t o hi g h er pl a nt 
a n d p olli n at or di versit y b ut are als o e c os yst e ms t h at h a ve e x p eri -
e n c e d a hi g h d e gre e of m o di f c ati o n a n d l oss ( 5 ,  4 7 ). 

 A  l ate  T we ntiet h-ce nt ur y assess me nt of t hre ats t o bi o di versit y i n 
t he U nite d St ates prescie ntl y pre dicte d t h at cli m ate c h a n ge w o ul d 
bec o me a m aj or t hre at ( 4 5 ). T at is n o w t he c ase wit h p olli n at ors, 
f or w hic h cli m ate c h a n ge a fects m ore at-ris k s pecies t h a n a n y ot her 
t hre at. B u m ble bee a n d b utter f y decli nes, i n p artic ul ar, h a ve bee n 
li n ke d t o cli m ate c h a n ge, es peci all y i n t he s o ut h wester n U nite d 
St ates a n d C a n a d a ( 8 ,  2 3 ,  4 8 ). Cli m ate c h a n ge c a n a fect i nsect 
p olli n at ors i n m a n y w a ys, i ncl u di n g p h ysi ol o gic al stress, de vel o p -
me nt al c osts, s hifts i n w here s uit a ble cli m ate re gi mes occ ur, p he n o -
l o gical a dj ust me nts ( w hic h ma y n ot be s y nce d wit h s hifts i n re q uire d 
pl a nt res o urces), a n d re pr o d ucti ve decli nes, a n d t he de vel o p me nt 
of m a n a ge me nt res p o nses t o t hese stresses is i n its i nf a nc y ( 3 9 ). 

C a v e a t s.  Alt h o u g h  we  i n cl u d e d  a  di versit y  of  vert e br at e  a n d  
i ns e ct  t a x a  a n d  c o m pre h e nsi vel y  ass ess e d  all  s p e ci es  of  e a c h  
gr o u p i n cl u d e d, m a n y gr o u ps of i ns e ct p olli n at ors re m ai n t o o 
p o orl y k n o w n t o e v al u at e ( Ta bl e  1). D at a are t o o s c ar c e t o ass ess 
t h o us a n ds of p olli n ati n g mi cr o m ot hs, fi es, b e etl es, a n d w as ps, f or 
e x a m pl e, as well as m ost b e e s p e ci es, t h at o c c ur i n N ort h A m eri c a 
( 2 1, 4 9). Tis is f urt h er e x a c er b at e d b y t h e l a c k of t ar g et e d a n d 
o p p ort u nisti c c oll e cti n g a n d t a x o n o mi c e x p ertis e, es p e ci all y i n 
are as wit h hi g h s p e ci es ri c h n ess, s u c h as t h e d es ert s o ut h west. 
O ur res ults s h o w t h at p olli n at or gr o u ps v ar y m ar k e dl y i n t h eir 
d e gre e of i m p eril m e nt, a n d we c urre ntl y h a ve n o w a y t o pre di ct 
t h e st at us of u nst u di e d gr o u ps. 

E xti n cti o n ris k ass ess m e nts s u c h as t h e m et h o d e m pl o ye d h ere, 
wit h t h eir f o c us o n r arit y, c a n b e s o m e w h at i ns e nsiti ve t o d e cli n es 
i n a b u n d a nt s p e ci es. If d e cli n es i n p olli n at ors are c o n c e ntr at e d i n 
c o m m o n s p e ci es ( 4 3 ), t h e n t h e p olli n at or crisis m a y b e l ar g er t h a n 
s u g g est e d h ere. Ne vert h el ess, st a n d ar dize d e xti n cti o n ris k ass ess-
m e nts all o w c o m p aris o n a cr oss dis p ar at e t a x o n o mi c gr o u ps all 
s u bj e ct t o t h e s a m e p ot e nti al bi as. C o n vers el y, t o t h e d e gre e t h at 
m ore c o m m o n s p e ci es are m ore li k el y t o b e re pres e nt e d i n c oll e c -
ti o ns, t h e d at a we h a ve b e e n a bl e t o a c c ess c o ul d u n d erre pres e nt 
t h e d a n g ers t o r arer s p e ci es. 

U ntil  l o n g -ter m, ge o gr a p hi c all y br o a d m o nit ori n g pr o gr a ms a n d 
d at a s h ari n g are i n pl a c e f or N ort h A m eri c a n p olli n at ors ( 2 1 ), 
i nf or m ati o n a v ail a bl e f or e xti n cti o n ris k ass ess m e nts will c o nti n u e 
t o be l ar gel y li mite d t o re c or ds fr o m m use u m s pe ci me n a n d citize n 
s ci e n c e o bs er v ati o n d at a b as es, res e arc h re p orts f or s el e ct e d s p e ci es, 
a n d f el d bi ol o gist u n d erst a n di n g of h a bit ats, n at ur al hist or y, a n d 
t hre ats. We f o c us e d o n gr o u ps wit h re a dil y i d e nti f a bl e s p e ci es t o 
li mit t h e n u m b er of d at a-d e f ci e nt s p e ci es a n d b o u n d e d o ur esti -
m ates of t he perce nt at ris k a c c or di n gl y. We n ote t h at d o c u me nti n g 

e xti n cti o n i n i nse cts a n d ot her i n verte br ates i n h a biti n g c o nti ne nt al 
l a n d m ass es is di f c ult a n d li mit e d res e arc h f o c us m a y res ult i n 
u n d eresti m at es of i ns e ct e xti n cti o n ( 5 0 ). 

F ut ure t a x o n o mi c u p d at es c o ul d als o i n f u e n c e t h e res ults. F or 
e x a m pl e, t h e s u b g e n us Meg ac hil oi des a c c o u nts f or 4 3 % of t h e 
l e af c utt er b e e s p e ci es i n o ur st u d y are a, b ut it is als o t h e l e ast 
k n o w n. T e m aj orit y of t h e 5 0 s p e ci es i n t h e s u b g e n us h a ve n ot 
b e e n t a x o n o mi c all y re vi e we d si n c e t h e 1 9 3 0 s, a n d s o m e are o nl y 
k n o w n fr o m o n e s e x. M ost of t h e P ossi bl y E xti n ct ( G H) s p e ci es 
i n t h e st u d y b el o n g t o t his s u b g e n us as d o si x of 1 1 d at a-d e f ci e nt 
( G U) s p e ci es i n t his t a x o n. I n a d diti o n, wit h t a x o n o mi c u p d at es, 
p h yl o g e n eti cs m a y als o b e us e d t o h el p pre di ct r arit y. I n vest m e nt 
i n t a x o n o mi c re visi o n of pr o bl e m ati c gr o u ps, s ur ve y a n d m o ni-
t ori n g, citize n s ci e n c e, a n d n at ur al hist or y st u di es will b e k e y t o 
u n d erst a n di n g b ett er t h e t a x o n o mi c bre a dt h of d e cli n es a n d pri -
oritizi n g i n vest m e nts f or re c o ver y. 

C o n s e r v a ti o n A c ti o n.  T e i m p eril m e nt st at us of b e es a n d ot h er 
p olli n at ors ar g u es f or gre at er att e nti o n t o t h es e s p e ci es i n S W A Ps 
a n d ot h er c o ns er v ati o n m e c h a nis ms s u c h as c o ns er v ati o n l a n d 
a c q uisiti o ns, f orest pl a ns, p er mitti n g f or e xtr a cti ve a cti viti es, a n d 
p esti ci d e re g ul ati o ns ( 3, 1 9, 2 0). I n m a n y st at es, s p e ci es list e d i n 
S W A Ps g ai n gre at er att e nti o n fr o m l a n d m a n a g e m e nt a g e n ci es 
a n d are eli gi bl e f or c o ns er v ati o n f u n di n g. I n a d diti o n, s e ver al U S 
st at es n o w h a ve st a n d-al o n e p olli n at or pl a ns t h at c h art h a bit at 
c o ns er v ati o n,  res e ar c h,  a n d  o utre a c h  e f orts  t o  pres er ve  n ati ve  
p olli n at ors. 

Miti g ati o n of a gric ult ure t hre ats, s uc h as decre asi n g pestici de use 
a n d i n cre ase d use of wil d f o wer stri ps t o pr o vi de br o a der se as o n al 
a vail a bilit y of f or al res o urces a n d nesti n g h a bit at c a n be a n e fecti ve 
me a ns of p olli n at or c o nser vati o n ( 5 1 ). O f -fel d h a bit at e n h a nce -
me nts c a n als o miti g ate t he i m p act of pestici de use a n d h a bit at l oss, 
s u c h as i ncre ase d i m ple me nt ati o n of best pr actices f or i nte gr ate d 
ve get ati o n m a n a ge me nt o n ri g hts -of -w a y wit hi n a n d ne ar cr o p pi n g 
s yste ms, f or al res o urce a u g me nt ati o n o n a dj ace nt s ol ar or wi n d 
i nst all ati o ns, a n d r o a dsi des ( 5 2 ,  5 3 ). F urt her, m a n a gi n g t hese m ore 
l o c al t hre ats, s uc h as t h ose rel ate d t o h a bit at re q uire me nts a n d c o n-
ne cti vit y, c a n miti g ate t he i m p acts of cli m ate c h a n ge ( 3 9 ), a m aj or 
t hre at acr oss m uc h of t he st u d y are a i ncl u di n g t he st ates wit h b ot h 
t he gre atest s pecies ric h ness a n d ric h ness of at-ris k s pecies. 

T e t hre at of a gri c ult ure als o i n cl u d es li vest o c k gr azi n g t h at 
o c c urs  i n  i m p ort a nt  p olli n at or  h a bit at,  i n cl u di n g  gr assl a n ds,  
d es erts,  s hr u bl a n ds,  s a v a n n a hs,  w o o dl a n ds,  o p e n  f orests,  a n d  
al pi n e t u n dr a, are as t h at e n c o m p ass a b o ut o n e -t hir d of t h e U S 
l a n d are a, p arti c ul arl y i n t h e west ( 5 4 ). Utilizi n g b est pr a cti c es 
t h at c o m bi n e gr azi n g wit h t h e m a n a g e m e nt of gr assl a n ds f or pl a nt 
bi o di versit y as well as pl a nti n g f or al ass e m bl a g es t h at pr o vi d e 
p olli n at or res o ur c es t hr o u g h o ut t h e gr o wi n g s e as o n c a n gre atl y 
e n h a n c e  p olli n at or  h a bit at  ( 5 5 ,  5 6 ). 

As h o m e t o u ni q u e b ore al a n d ar cti c b utt er fi es s u c h as t h e 
n ort h er n ri n gl et, C oe n o ny m p h a t ulli a  ( 2 3 ), as well as h ots p ots of 
b u m bl e b e e a n d f o wer f y di versit y, C a n a di a n pr o vi n ci al a n d t er -
rit ori al g o ver n m e nts h a ve a n i m p ort a nt r ol e t o pl a y i n c o ns er vi n g 
t h es e gr o u ps. I nf or m ati o n i n ass ess m e nts c a n ai d t h es e e n d e a v ors 
t o a d dress g e o gr a p hi c all y rel e v a nt t hre ats t o at-ris k p olli n at ors a n d 
b e us e d b y t h e C o m mitt e e o n t h e St at us of E n d a n g ere d Wil dlif e 
i n C a n a d a t o i d e ntif y c a n di d at es f or ass ess m e nt, t h e frst st e p i n 
g etti n g s p e ci es list e d u n d er C a n a d a’s S p e ci es At Ris k Act ( 5 7 ). 

E f orts t o e n ha nce p olli nat or ha bitat f oll o wi n g ge neralize d g ui de -
li nes c a n s uccessf ull y i ncrease t he n u m bers a n d di versit y of p olli na-
t ors at a site ( 5 8 ). Ma n y of t he p olli nat ors attracte d t o t hese ha bitats 
are li kel y t o be c o m m o n, ge neralist p olli nat ors, at least i nitiall y. 
C o nser vati o n of rare s pecies, w hic h ca n be cr ucial f or mai ntai ni n g 
p olli nat or  ser vices  o ver  br oa d  te m p oral  a n d  s patial  scales  (  5 9  ),  
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6. 

r e q uires e f orts t o re d uce s peci fc press ures i n ge o gra p hies w here 
at-ris k s pecies occ ur. Wit h at-ris k p olli nat ors occ urri n g i n e ver y state, 
pr o vi nce, a n d territ or y, res o urce ma na gers e ver y w here ca n c o ntri b ute 
t o t heir c o nser vati o n a n d, d ue t o o verla p pi n g t hreats, t hese acti o ns 
will bri n g wi der be ne fts t o bi o di versit y. 

M a t e ri al s a n d M e t h o d s 

P olli n a t o r D e ffi ni ti o n.  W e o p er ati o n ally d e f n e d a p olli n at or as a f o w er visit or 
t h at 1) c o ns u m es f o w er r es o urc es as a n a d ult a n d 2) mi g ht c o nt act s ex u al r e pr o-
d uctiv e p arts of t h e f o w er. 

G e o g r a p hi c S c o p e.  W e ass ess e d n ativ e p olli n at ors t h at r e g ul arly occ ur i n m ai n -
l a n d N ort h A m eric a n ort h of M exic o. S p eci es fr o m H a w aii a n d U S ov ers e as t erri-
t ori es w er e excl u d e d u nl ess t h ey als o occ ur i n Ca n a d a or els e w h er e i n t h e U nit e d 
St at es. W e excl u d e d i ntr o d uc e d or n at ur aliz e d p olli n at or s p eci es fr o m t h e st u dy. 

S el e c ti o n of T a x a.  W e s el ect e d t ax o n o mic gr o u ps c o nt ai ni n g p olli n at ors t h at 
ar e k n o w n w ell e n o u g h t o assi g n a st at us t o at l e ast 7 5 % of p olli n ati n g m e m b ers. 
T h e gr o u ps m atc hi n g t his crit eri o n w er e 

H u m mi n g bir ds ( A p o dif or m es: Tr oc hili d a e) 
B ats ( C hir o pt er a) 
B utt er fi es (L e pi d o pt er a): f a mili es Lyc a e ni d a e ( g oss a m er wi n gs), Ny m p h ali d a e 

( br us hf o ots), Pa pili o ni d a e (s w all o wt ails), Pi eri d a e ( w hit es), Ri o di ni d a e ( m et al-
m ar ks), a n d H es p erii d a e (s ki p p ers) 

M acr o -M ot hs  (L e pi d o pt er a):  f a mili es  S p hi n gi d a e  (s p hi nx), N ot o d o nti d a e  
( N ot o d o nti d); s u bf a mily Arctii n a e (ti g er); a n d g e n er a Cat oc al a ( u n d er wi n g), 
Pa p ai p e m a  ( b or er) 

B e es ( Hy m e n o pt er a: A nt h o p hil a): g e n er a B o m b us  ( b u m bl e); Xyl oc o p a  (c ar-
p e nt er); A nt h o p h or a ,H a br o p o d a  ( di g g er); M e g ac hil e  (l e afc utt er); Os mi a  ( m as o n); 
A g a p ost e m o n , A u g oc hl or a , Di e u n o mi a , N o mi a  (s w e at,  i n  p art);  P e p o n a pis , 
X e n o gl oss a  (s q u as h) 

B e etl es ( C ol e o pt er a): g e n er a Tric h o d es (c h ec k er e d), Tric h oti n us ( h airy f o w er 
sc ar a b) 

Fl o w er fi es ( Di pt er a: Syr p hi d a e): s u bf a mily Erist ali n a e, all g e n er a exc e pt 
C h eil osi a,  C o p estyl u m,  Hi at o myi a,  N a usi g ast er,  Ort h o n evr a,  Pal p a d a ,  a n d  
S p h e gi n a,  w hic h w er e t o o p o orly k n o w n t o ass ess c o m pr e h e nsiv ely. 

S p eci es i n t h es e gr o u ps t h at di d n ot m e et o ur d e f niti o n of p olli n at ors w er e 
excl u d e d fr o m t h e a n alysis. 

R estricti n g t h e st u dy t o o nly t ax o n o mic gr o u ps t h at w e c o ul d ass ess c o m pr e -
h e nsiv ely, a n d ass essi n g all t h e s p eci es i n t h os e gr o u ps, av oi d e d a bi as t o w ar d 
c h o osi n g w ell-k n o w n or c o m m o n p olli n ati n g s p eci es t h at w o ul d u n d er esti m at e 
exti ncti o n ris k. F or ex a m pl e, w e di d n ot i ncl u d e t h e w ell -k n o w n mi ni n g b e e 
A n dr e n a mil w a u k e e nsis  or its c o n g e n ers b ec a us e t o o f e w of t h e ~ 5 5 0 N ort h 
A m eric a n A n dr e n a  ar e s uf fci e ntly w ell k n o w n f or ass ess m e nt, si mil arly f or P er dit a, 
t h e m ost s p eci os e g e n us i n N ort h A m eric a. 

W e r estrict e d t h e st u dy t o t ax a r ec o g niz e d as f ull s p eci es. W e n ot e t h at, es p e -
ci ally f or b utt er fi es, s o m e d escri b e d s u bs p eci es a n d p o p ul ati o ns ar e i m p eril e d 
a n d t h e t ar g et of ext e nsiv e c o ns erv ati o n eff orts. 

A s s e s s m e n t M e t h o d.  W e us e d t h e N at ur e S erv e m et h o d ol o gy t o ass ess exti nc -
ti o n ris k ( 2 5). I n m ai nl a n d U nit e d St at es a n d Ca n a d a, N at ur e S erv e c o ns erv ati o n 
st at us r a n ks ar e av ail a bl e c o m pr e h e nsiv ely f or m a ny m or e t ax o n o mic gr o u ps 
t h a n ot h er m et h o ds s uc h as t h e I U C N R e d List ( 2 2, 4 0, 4 5). N at ur e S erv e a n d R e d 
List c at e g ori es h av e b e e n s h o w n t o b e br o a dly c o n gr u e nt ( 6 0). T h e N at ur e S erv e 
m et h o d c o m bi n es i nf or m ati o n o n r arity (i. e., r a n g e ext e nt, a b u n d a nc e) a n d 
t hr e ats t o d et er mi n e a sc or e t h at is t h e n m o di f e d b as e d o n p o p ul ati o n tr e n ds t o 
c alc ul at e a gl o b al c o ns erv ati o n st at us r a n k ( G r a n k): G H = P ossi bly Exti nct ( k n o w n 
fr o m hist oric al occ urr e nc es o nly b ut m ay p ersist); G 1 = Critic ally I m p eril e d; 
G 2 = I m p eril e d; G 3 = V ul n er a bl e; G 4 = A p p ar e ntly S ec ur e; G 5 = S ec ur e; 
G U = D at a D e fci e nt (i ns uf fci e nt i nf or m ati o n t o ass ess). S p eci es wit h a c alc ul at e d 
r a n k of G H t o G 3 r a n g e ar e r ef err e d t o as at ris k a n d t h os e i n t h e G 4 t o G 5 r a n g e 
ar e h er e t er m e d “ m or e s ec ur e.” 

W h e n r a n g es of p ossi bl e v al u es ar e us e d f or r arity, tr e n d, or t hr e at f act ors 
d u e t o u nc ert ai nty a n d/ or ex p ert k n o wl e d g e, t h e N at ur e S erv e m et h o d c a n r es ult 
i n a r a n g e r a n k. I n all a n alys es, w e us e d “r o u n d e d r a n ks,” a si m pli fc ati o n t h at 

r e f ects t h e m or e c o ns erv ativ e p art of t h e r a n k ( e. g., G 1 G 2 r o u n ds t o a m or e 
pr ec a uti o n ary G 1). Of t h e s p eci es ass ess e d, 2 1. 3 % h a d r a n g e r a n ks t h at w er e 
r o u n d e d. T h e m ost i m p ort a nt i m p act o n t h e a n alysis w as r o u n di n g s p eci es r a n k e d 
G 3 G 4 t o G 3, cl assifyi n g t h e s p eci es as at ris k, w h er e as r o u n di n g t o G 4 w o ul d 
cl assify t h e s p eci es as m or e s ec ur e. Ei g hty-fv e s p eci es ( 5. 4 %) w er e c at e g oriz e d 
G 3 G 4 a n d r o u n d e d t o G 3. S p eci es c at e g oriz e d as G 3 G 4 w er e s pr e a d acr oss t h e 
m aj or t ax o n o mic gr o u ps ex a mi n e d ( 1 v ert e br at e, 2 3 b utt er fi es, 5 m acr o -m ot hs, 
3 7  b e es, a n d 1 9 f o w er fi es). 

Ass ess m e nts w er e c o m pl et e d b et w e e n 2 0 1 3 a n d 2 0 2 5 ( 9 2 % w er e c o m pl et e d 
2 0 1 9– 2 0 2 5, wit h n o t e m p or al tr e n d i n p erc e nt at ris k by ass ess m e nt y e ar; 
Pe ars o n’s C orr el ati o n ρ  = − 0. 0 1, P  = 0. 9 7). S e e SI  A p p e n dix  f or d et ails o n t h e 
ass ess m e nt m et h o d ol o gy. 

P e r c e n t  A t  Ri s k.  W e f oll o w e d t h e a p pr o ac h of C ox et  al. ( 6 1) t o c alc ul at e a 
b est esti m at e of t h e p erc e nt of s p eci es at ris k as t h e s u m of G H, G 1, G 2, a n d G 3 
s p eci es divi d e d by t h e t ot al n u m b er of s p eci es l ess t h e n u m b er of G U s p eci es. 
T h e u p p er esti m at e of t h e p erc e nt at ris k ass u m e d t h at all G U s p eci es w er e at 
ris k w h er e as t h e l o w er esti m at e ass u m es t h at n o n e of t h e G U s p eci es ar e at ris k. 
W e c alc ul at e d t h e p erc e nt a g e of at -ris k p olli n at ors f or e ac h t ax o n o mic gr o u p, 
s u b n ati o n (i. e., st at e, pr ovi nc e, or t errit ory), a n d n ati o n. All a n alys es w er e d o n e 
i n Exc el u nl ess ot h er wis e n ot e d. 

C al c ul a ti n g E s ti m a t e d P e r c e n t S p e ci e s A s s e s s e d of T o t al.  F or e ac h m aj or 
p olli n at or gr o u p i ncl u d e d i n t his ass ess m e nt: p olli n ati n g v ert e br at es, b utt er fi es, 
p olli n ati n g m acr o -m ot hs, b e es, p olli n ati n g b e etl es, a n d p olli n ati n g f o w er fi es, 
w e esti m at e d t h e t ot al n u m b er of s p eci es, or a r a n g e of s p eci es f or v ert e br at es, 
m ot hs, a n d b e etl es, usi n g lit er at ur e a n d ex p ert k n o wl e d g e a n d t h e n c alc ul at e d 
t h e p erc e nt ass ess e d p er gr o u p. Esti m ati o n m et h o ds a n d s o urc es ar e i ncl u d e d 
i n S u p p orti n g I nf or m ati o n. 

C o m p a ri n g P olli n a t o r  S t a t u s e s t o O t h e r T a x a.  T o c o m p ar e t h e st at us of p olli n a-
t ors wit h ot h er gr o u ps of pl a nts a n d a ni m als, w e d o w nl o a d e d st at us d at a f or all v ali d 
s p eci es k n o w n t o b e n ativ e a n d r e g ul arly occ urri n g i n t h e m ai nl a n d U nit e d St at es 
a n d Ca n a d a fr o m N at ur e S erv e’s c e ntral “ Bi otics” d at a b as e o n 7 J uly 2 0 2 4, gr o u p e d 
s p eci es by t ax o n o mic gr o u p a n d gl o b al ra nk, a n d c alc ul at e d p erc e nt at risk as w e 
di d f or t h e p olli n at ors. T h e gr o u ps c h os e n h a d b e e n c o m pr e h e nsiv ely ass ess e d (i. e., 
ev ery s p eci es h as b e e n ass ess e d), alt h o u g h 8 0 0 s p eci es ( of 2 3, 4 4 8 t ot al) t h at w er e 
r ec e ntly r ec o g niz e d d u e t o t ax o n o mic r earra n g e m e nts h a d n ot y et b e e n ass ess e d. 

S p e ci e s  Ri c h n e s s  i n  S u b n a ti o n s.  W e d oc u m e nt e d s u b n ati o n al distri b uti o n 
acr oss t h e st u dy ar e a of e ac h s p eci es usi n g t h e s a m e s o urc es as f or t h e st at us 
ass ess m e nts a n d t h e n t alli e d t h e t ot al p olli n at or s p eci es ric h n ess a n d at -ris k 
p olli n at or s p eci es ric h n ess f or e ac h s u b n ati o n. T o b ett er u n d erst a n d t h e r el a -
ti o ns hi p b et w e e n s p eci es ric h n ess a n d at-ris k s p eci es ric h n ess, w e c alc ul at e d a 
t w o-t ail e d Pe ars o n c orr el ati o n c o ef fci e nt f or s p eci es ric h n ess a n d t h e p erc e nt of 
at -ris k p olli n at ors i n e ac h s u b n ati o n. 

B ec a us e r a n g e ext e nt is a k n o w n pr e dict or of c o ns erv ati o n st at us ( 2 7) a n d 
is a f act or i n t h e N at ur e S erv e m et h o d ol o gy us e d, w e i nv esti g at e d t h e ext e nt 
t o w hic h g e o gr a p hic v ari ati o n i n r a n g e ext e nt ex pl ai n e d t h e v ari ati o n f o u n d i n 
t h e p erc e nt of at-ris k p olli n at ors d oc u m e nt e d i n e ac h s u b n ati o n. Li k e t h e ext e nt 
of occ urr e nc e i n t h e R e d List crit eri a, r a n g e ext e nt is c alc ul at e d as a mi ni m u m 
c o nv ex p oly g o n ar o u n d all k n o w n l oc aliti es of t h e s p eci es t o m e as ur e t h e s pr e a d 
of ris k t o a s p eci es a n d is t h er ef or e u n aff ect e d by i ncl u d e d ar e as of u n occ u pi e d 
h a bit at ( 2 5). T o c alc ul at e t h e av er a g e r a n g e ext e nt of t h e s p eci es i n e ac h st at e, 
pr ovi nc e or t errit ory, w e us e d t h e mi d p oi nt of t h e r a n g e i n s q u ar e kil o m et ers of 
t h e r a n g e ext e nt r ati n g assi g n e d t o e ac h s p eci es d uri n g t h e ass ess m e nt pr oc ess. 
F or ex a m pl e, if a s p eci es w as c at e g oriz e d wit h a n “ F” f or r a n g e ext e nt ( 2 0, 0 0 0 
t o 2 0 0, 0 0 0 k m2 ), w e assi g n e d it a r a n g e ext e nt of 1 1 0, 0 0 0 k m2  [s e e ( 2 5) f or 
m or e d et ails]. W e t h e n c alc ul at e d a t w o -t ail e d Pe ars o n c orr el ati o n c o ef fci e nt t o 
i nv esti g at e t h e r el ati o ns hi p b et w e e n s p eci es ric h n ess a n d m e a n r a n g e ext e nt f or 
t h e p olli n at ors i n e ac h s u b n ati o n. 

T h r e a t  A s s e s s m e n t . W e ass ess e d m aj or t hr e ats i m p acti n g e ac h gr o u p as w ell as 
o p er ati n g i n e ac h s u b n ati o n by t allyi n g t h e n u m b er of G 1 t o G 3 s p eci es p er gr o u p 
t h at w er e t a g g e d i n e ac h t hr e at c at e g ory a n d i n e ac h s u b n ati o n, r es p ectiv ely. 

H a bi t a t A s s o ci a ti o n s.  W e dr e w o n i n p ut fr o m sci e ntists, lit er at ur e, a n d h a bit at 
d at a c o m pil e d by C h ess hir e et  al. ( 4 9) t o i d e ntify t h e m aj or h a bit at ass oci ati o ns 
f or e ac h G 1 t o G 3 s p eci es. T h e h a bit at ass oci ati o n c at e g ori es w er e 1)  f or ests 
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( h ar d w o o d a n d c o nif er o us, wit h ov er 6 0 % c a n o py c ov er); 2) w o o dl a n ds ( h ar d w o o d 
a n d c o nif er o us, wit h 2 5 t o 6 0 % c a n o py c ov er); 3) s hr u bl a n d/c h a p p ar al ( d o mi n at e d 
by s hr u bs < 5 m t all); 4) d es erts, b arr e ns, a n d f ats (i ncl u di n g d u n es a n d ot h er 
o p e n ar e as); 5) gr assl a n ds (i ncl u d es s av a n n as wit h < 2 5 % c a n o py c ov er); 6) w et -
l a n ds a n d ri p ari a n ar e as (i ncl u di n g m ars h es a n d f e ns), a n d 7) al pi n e a n d t u n dr a 
h a bit ats. A nt hr o p o g e nic h a bit ats w er e n ot i ncl u d e d i n t h e a n alysis. 

D a t a, M a t e ri al s, a n d S of t w a r e A v ail a bili t y.  All st u dy d at a ar e i ncl u d e d i n t h e 
articl e a n d/ or s u p p orti n g i nf or m ati o n. 

A C K N O W L E D G M E N T S . W e t h a nk M att Sc hl essi n g er, S h eila C olla, I g nasi Bart o m e us, 
a n d o n e a n o ny m o us r evi e w er f or t h eir h el pf ul c o m m e nts o n t h e m a n uscri pt. W e 
als o t h a nk N at ur e S erv e N et w ork bi ol o gists a n d t h e m a ny ex p erts w h o c o ntri b ut e d 
t o s p eci es st at us ra nks. T. C., B. E.Y., M. O., a n d N. S. w er e s u p p ort e d by N at ur e S erv e 
Ca n a d a, t h e Park F o u n d ati o n, t h e R e gi n a B a u er Fra nk e n b er g F o u n d ati o n, t h e 

1. N. G all ai, J. -M. S all es, J. S ett el e, B. E. Vaissi èr e, Ec o n o mic v al u ati o n of t h e v ul n er a bility of w orl d 
a gric ult ur e c o nfr o nt e d wit h p olli n at or d ecli n e. Ec ol. Ec o n. 6 8 , 8 1 0– 8 2 1 ( 2 0 0 9). 

2. N ati o n al R es e arc h C o u ncil, Divisi o n o n E art h, Lif e St u di es, B o ar d o n Lif e Sci e nc es, C o m mitt e e o n t h e 
St at us of P olli n at ors i n N ort h A m eric a, St at us of p olli n at ors i n N ort h A m eric a ( N ati o n al Ac a d e mi es 
Pr ess, 2 0 0 7). 

3. M. L. F orist er, E. M. Pelt o n, S. H. Bl ac k, D ecli n es i n i ns ect a b u n d a nc e a n d div ersity: W e k n o w e n o u g h 
t o act n o w. C o ns erv at Sci. a n d Pr ac 1 , e 8 0 ( 2 0 1 9). 

4. L. V. Dic ks et al. , A gl o b al-sc al e ex p ert ass ess m e nt of driv ers a n d ris ks ass oci at e d wit h p olli n at or 
d ecli n e. N at. Ec ol. Ev ol. 5 , 1 4 5 3– 1 4 6 1 ( 2 0 2 1). 

5. D. L. W a g n er, I ns ect d ecli n es i n t h e a nt hr o p oc e n e. A n n u. R ev. E nt o m ol. 6 5 , 4 5 7– 4 8 0 ( 2 0 2 0). 
6. S. A. Ca m er o n, B. M. S a d d, Gl o b al tr e n ds i n b u m bl e b e e h e alt h. A n n u. R ev. E nt o m ol. 6 5 , 2 0 9– 2 3 2 

( 2 0 2 0). 
7. G. L e B u h n, J. Var g as L u n a, P olli n at or d ecli n e: W h at d o w e k n o w a b o ut t h e driv ers of s olit ary b e e 

d ecli n es? C urr O pi n. I ns ect Sci. 4 6 , 1 0 6– 1 1 1 ( 2 0 2 1). 
8. M. L. F orist er et al. , Ass essi n g ris k f or b utt er fi es i n t h e c o nt ext of cli m at e c h a n g e, d e m o gr a p hic 

u nc ert ai nty, a n d h et er o g e n e o us d at a s o urc es. Ec ol. M o n o gr a p hs 9 3 , e 1 5 8 4 ( 2 0 2 3). 
9. L. M. G uz m a n et al. , I m p act of p estici d e us e o n wil d b e e distri b uti o ns acr oss t h e U nit e d St at es. 

N at S ust ai n 7 , 1 3 2 4– 1 3 3 4 ( 2 0 2 4), 1 0. 1 0 3 8/s 4 1 8 9 3-0 2 4 -0 1 4 1 3 -8 . 
1 0. B. Va n D ey nz e, S. M. S wi nt o n, D. A. H e n n essy, N. M. H a d d a d, L. Ri es, I ns ectici d es, m or e t h a n 

h er bici d es, l a n d us e, a n d cli m at e, ar e ass oci at e d wit h d ecli n es i n b utt er fy s p eci es ric h n ess a n d 
a b u n d a nc e i n t h e A m eric a n Mi d w est. PL o S O N E 1 9 , e 0 3 0 4 3 1 9 ( 2 0 2 4). 

1 1. A. A. A gr a w al, A dv a nc es i n u n d erst a n di n g t h e l o n g -t er m p o p ul ati o n d ecli n e of m o n arc h b utt er fi es. 
Pr oc. N atl. Ac a d. Sci. U. S. A. 1 1 6 , 8 0 9 3– 8 0 9 5 ( 2 0 1 9). 

1 2. V. J. M ac P h ail, L. L. Ric h ar ds o n, S. R. C oll a, I nc or p or ati n g citiz e n sci e nc e, m us e u m s p eci m e ns, 
a n d f el d w or k i nt o t h e ass ess m e nt of exti ncti o n ris k of t h e A m eric a n B u m bl e b e e ( B o m b us 
p e nsylv a nic us  D e G e er 1 7 7 3) i n Ca n a d a. J. I ns ect. C o ns erv. 2 3 , 5 9 7– 6 1 1 ( 2 0 1 9). 

1 3. S. A. Ca m er o n et al. , Patt er ns of wi d es pr e a d d ecli n e i n N ort h A m eric a n b u m bl e b e es. Pr oc. N atl. 
Ac a d. Sci. U. S. A. 1 0 8 , 6 6 2– 6 6 7 ( 2 0 1 1). 

1 4. A. Ni et o et al. , E ur o p e a n R e d List of B e es  ( P u blic ati o n Of fc e of t h e E ur o p e a n U ni o n, L ux e m b o ur g, 
2 0 1 4). 

1 5. A. B. S w e n g el, S. R. S w e n g el, Gr ass -s ki p p er ( H es p erii n a e) tr e n ds i n mi d w est er n U S A gr assl a n ds 
d uri n g 1 9 8 8– 2 0 1 3. J. I ns ect C o ns erv. 1 9 , 2 7 9– 2 9 2 ( 2 0 1 5). 

1 6. B. E. Yo u n g et al. , Ar e p olli n ati n g h a w k m ot hs d ecli ni n g i n t h e N ort h e ast er n U nit e d St at es? A n 
a n alysis of c oll ecti o n r ec or ds. PL o S O N E 1 2 , e 0 1 8 5 6 8 3 ( 2 0 1 7). 

1 7. S. G. P otts et al. , S af e g u ar di n g p olli n at ors a n d t h eir v al u es t o h u m a n w ell-b ei n g. N at ur e 5 4 0 , 
2 2 0– 2 2 9 ( 2 0 1 6). 

1 8. S. G. P otts, T h e Ass ess m e nt R e p ort o n P olli n at ors, P olli n ati o n a n d F o o d Pr o d ucti o n: S u m m ary f or 
P olicy m a k ers  ( S ecr et ari at of t h e I nt er g ov er n m e nt al Sci e nc e-P olicy Pl atf or m o n Bi o div ersity a n d 
Ec osyst e m S ervic es, 2 0 1 6). 

1 9. J. R. M a w dsl ey, M. H u m p ert, R evis e d st at e wil dlif e acti o n pl a ns off er n e w o p p ort u niti es f or 
p olli n at or c o ns erv ati o n i n t h e U S A. N at. Ar e as J. 3 6 , 4 5 3– 4 5 7 ( 2 0 1 6). 

2 0. P. d e M ay n a di er et al. , I ns ect p olli n at ors: T h e ti m e is n o w f or i d e ntifyi n g s p eci es of gr e at est 
c o ns erv ati o n n e e d. Wil dlif e S oc. B ull. 4 8 , e 1 5 3 7 ( 2 0 2 4), 1 0. 1 0 0 2/ ws b. 1 5 3 7. 

2 1. J. S. R o uss e a u et al. , A dv a nci n g b e e c o ns erv ati o n i n t h e U S: G a ps a n d o p p ort u niti es i n d at a 
c oll ecti o n a n d r e p orti n g. Fr o nt. Ec ol. Ev ol. 1 2 , 1 3 4 6 7 9 5 ( 2 0 2 4). 

2 2. J. Kly m k o, M. D. Sc hl esi n g er, J. H. S k evi n gt o n, B. E. Yo u n g, L o w exti ncti o n ris k i n t h e f o w er fy f a u n a 
of n ort h e ast er n N ort h A m eric a. J I ns ect C o ns erv. 2 7 , 6 5 7– 6 6 8 ( 2 0 2 3). 

2 3. V. S hir ey, N. N e u p a n e, R. G ur al nic k, L. Ri es, Risi n g mi ni m u m t e m p er at ur es c o ntri b ut e t o 5 0 y e ars 
of occ u p a ncy d ecli n e a m o n g c ol d -a d a pt e d Arctic a n d b or e al b utt er fi es i n N ort h A m eric a. Gl o b al 
C h a n g e Bi ol. 3 0 , e 1 7 2 0 5 ( 2 0 2 4). 

2 4. S. S. C. I U C N, I U C N R e d List Cat e g ori es a n d Crit eri a: v ersi o n 3. 1, S ec o n d E diti o n. ( Pr e p ar e d by t h e 
I U C N S p eci es S urviv al C o m missi o n, 2 0 1 2). 

2 5. D. Fa b er -L a n g e n d o e n et al. , N at ur e S erv e C o ns erv ati o n St at us Ass ess m e nts: M et h o d ol o gy f or 
Assi g ni n g R a n ks ( N at ur e S erv e, Arli n gt o n, V A, 2 0 1 2). 
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