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74G4F8G HFiA: 74G4 9E88lL 4I4il45l8 4G 4 A4GiBA4l F64l8 BA 
4:Ei6HlGHE8 iAG8AFiGL 4A7 l4A7F64C8 6B@CBFiGiBA. .8 9BHA7 
G;4G FC86i8F Ei6;A8FF iA6E84F87 JiG; iA6E84FiA: CEBCBEGiBA 
B9 ;8E5468BHF F8@i-A4GHE4l 8l8@8AGF; FC86i8F 7B@iA4A68 
786E84F87 JiG; iA6E84FiA: 6EBC 7iI8EFiGL; G;8 CEBCBEGiBA 
B9 45BI8 :EBHA7 A8FGiA: FC86i8F 4A7 FC86i@8AF iA6E84F87 
4F G;8 iAG8AFiGL B9 4:Ei6HlGHE4l CE46Gi68F 786E84F87. CB@-
paring the results obtained with identification to species 
l8I8l 4A7 G;BF8 B5G4iA87 JiG; ;i:;8E G4K4 BE C4E4G4KBAB@i6 
4CCEB46;8F, J8 9BHA7 G;4G G;8 lBFF B9 G4KBAB@i6 E8FBlH-
tion resulted in the non-significance of some results on the 
89986GF B9 8AIiEBA@8AG4l I4Ei45l8F BA 588 4FF8@5l4:8-l8I8l 
attributes. Our study suggests that identification to species 
l8I8l iF B9 :E84G i@CBEG4A68 GB 78G86G G;8 89986GF B9 :lB54l 
6;4A:8 BA 588F 4A7 G;4G 4A 8KC8EG-4FFiFG87 6iGiM8A F6i8A68 
C4E47i:@ 6BHl7 CEBIi78 E8l8I4AG E8FHlGF GB :Hi78 6BAF8EI4-
GiBA @84FHE8F 4G 4 A4GiBA4l F64l8.

Ke75-0d1 A:Ei6HlGHE8 iAG8AFiGL W DB@iA4A68 W 
E6BlB:i64l GE4iGF W L4A7F64C8 6B@CBFiGiBA W  
La( oglo((um FCC. W *G4A74E7iM87 6iGiM8A 74G4

I,20-d3c2i-,

D4G4 BA FC86i8F 7iFGEi5HGiBA CEBIi78 54F8liA8 iA9BE@4GiBA iA 
5iB:8B:E4C;L 4A7 CBCHl4GiBA GE8A7 FGH7i8F (K8EE 8G 4l. 2007; 
C4E7BFB 8G 4l. 2011).  A G;8 6BAG8KG B9 :lB54l 6;4A:8, G;8F8 
74G4 ;4I8 :4iA87 i@CBEG4A68 iA G;8 4FF8FF@8AG B9 G;8 89986GF 
B9 4AG;EBCB:8Ai6 7iFGHE54A68F BA 5iB7iI8EFiGL (BHG6;4EG 8G 
4l. 2010). *H6; FGH7i8F B9G8A E8DHiE8 l4E:8 74G4F8GF G;4G 64A-
ABG 58 :4G;8E87 5L iA7iIi7H4l E8F84E6; G84@F (D8Ii6GBE 8G 4l. 
2010; Di6kiAFBA 8G 4l. 2010). FBE 68AGHEi8F, 4@4G8HE A4GH-
E4liFGF ;4I8 6Bll86G87 74G4 BA FC86i8F B66HEE8A68 (Mill8E-
)HF;iA: 8G 4l. 2012; PB6B6k 8G 4l. 2015).  A E868AG L84EF, 

A 120ac2 E6BlB:L FGH7i8F B9G8A E8DHiE8 l4E:8 74G4F8GF. 
The benefits of citizen science for collecting such datasets 
iA6lH78 G;8 8KG8AFiBA B9 FC4Gi4l 4A7 G8@CBE4l F64l8F, 4A7 
6BFG E87H6GiBA.  A 6l4FFi64l 6iGiM8A F6i8A68, 6iGiM8AF 6Bl-
l86G 74G4 4A7 F8A7 G;8@ 7iE86GlL GB F6i8AGiFGF. T;iF @4L 
ABG 58 CBFFi5l8 9BE G;8 @4AL 5iBlB:i64l :EBHCF 9BE J;i6; 
specimen identification is difficult and requires high-
l8I8l 8KC8EGiF8. H8E8 J8 E8CBEG G;8 E8FHlGF B9 4A 8KC8EG-
4FFiFG87 6iGiM8A F6i8A68 CEB:E4@ J;8E8 G846;8EF 9EB@ 20 
FE8A6; 4:Ei6HlGHE4l ;i:; F6;BBlF 6Bll86G87 588F, J;i6; 
were identified to species level by a panel of expert bee 
G4KBAB@iFGF. &I8E4ll G;8 74G4F8G iA6lH787 70 6Bll86GiBAF 
(L84E × F4@CliA: FiG8 6B@5iA4GiBAF) G;4G E8FHlG87 iA 4574 
FC86i@8AF 58lBA:iA: GB 195 FC86i8F. .8 4A4lLF87 G;iF 
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6iGiM8AF 6Bll86G 74G4 4A7 F8A7 G;8@ 7iE86GlL GB F6i8AGiFGF.  A 
G;8 e-per)-a(( ()ed c ) zen (c ence parad gm, 6iGiM8AF CEB-
vide material to experts that analyse it (e.g., identification of 
FC86i@8AF GB FC86i8F l8I8l) 4A7 G;8F8 8KC8EGF F8A7 G;8 74G4 GB 
F6i8AGiFGF (Fi:. 1). We here report the first results of an ongo-
ing citizen science program where a specific group of par-
Gi6iC4AGF, A4@8lL G846;8EF 9EB@ 4:Ei6HlGHE4l ;i:; F6;BBlF iA 
FE4A68, 6BA7H6G87 FG4A74E7iM87 FHEI8LF B9 588F, J;i6; J8E8 
then identified to species level by expert bee taxonomists. 
This approach combines the benefits of data collection by a 
A4GiBA4l A8GJBEk B9 IBlHAG88EF 4A7 G;BF8 B9 74G4 E8li45iliGL 
GB FC86i8F l8I8l CEBIi787 5L G;8 6BAGEi5HGiBA B9 8KC8EGF. .8 
first study the effects of agriculture intensity and landscape 
6B@CBFiGiBA BA 588 FC86i8F 4FF8@5l4:8F. T;8A J8 6B@C4E8 
G;8 E8FHlGF B5G4iA87 JiG; G;8 FC86i8F l8I8l (i.8. JiG; G;8 ;8lC 
B9 8KC8EGF) GB G;BF8 B5G4iA87 JiG; ;i:;8E G4K4 BE C4E4G4KB-
AB@i6 4CCEB46;8F (i.8. JiG;BHG G;8 ;8lC B9 8KC8EGF 4A7 C4E-
Gi6iC4AGF 58iA: 45l8 GB CEBIi78 74G4 7iE86GlL GB F6i8AGiFGF). .8 
;LCBG;8FiF8 G;4G (1) 588 G4KBAB@i6 Ei6;A8FF Jill 786E84F8, 
4A7 iAI8EF8lL 7B@iA4A68 (G;8 CEBCBEGiBA B9 G;8 @BFG 45HA-
74AG G4KBA) Jill iA6E84F8, JiG; iA6E84FiA: 4:Ei6HlGHE8 iAG8A-
FiGL 4A7 786E84FiA: 4@BHAG B9 F8@i-A4GHE4l 8l8@8AGF; (2) 
iA6E84FiA: 4:Ei6HlGHE8 iAG8AFiGL 4A7 786E84FiA: 4@BHAG B9 
semi-natural elements will influence the functional compo-
FiGiBA B9 588 4FF8@5l4:8F, JiG; C4E4FiGi6, Bli:Bl86Gi6, 4A7 
45BI8 :EBHA7 A8FGiA: FC86i8F 58iA: A8:4GiI8lL 49986G87; (3) 
G;8 lBFF B9 G;8 FC86i8F l8I8l E8FBlHGiBA Jill E8FHlG iA G;8 ABA-
significance of some results on the effects of environmental 
I4Ei45l8F BA 588 4FF8@5l4:8-l8I8l 4GGEi5HG8F.

Me2h-d1

S23d7 1i2e1

FEB@ 2009 BAJ4E7F, IBlHAG88E 5iBlB:L 4A7 86BlB:L G846;-
8EF 9EB@ FE8A6; 4:Ei6HlGHE4l ;i:; F6;BBlF J8E8 4Fk87 GB 
6Bll86G Jil7 588F 9BllBJiA: 4 FG4A74E7iM87 CEBGB6Bl. CBAGEi-
5HGiBAF 64@8 9EB@ @BFG 6BAGiA8AG4l FE8A6; 4E84F JiG; l4A7 
6BI8E 7B@iA4G87 5L 4:Ei6HlGHE4l l4A7-HF8 (Fi:. 2). T;8 20 
6BAGEi5HGiA: F6;BBlF J8E8 lB64G87 iA EHE4l 4E84F 4A7 6B@-
CEiF87 4 94E@ 9BE 87H64GiBA4l CHECBF8F. T;8L 8A6B@C4FF87 
G;8 7iI8EFiGL B9 FiGH4GiBAF 6HEE8AGlL B66HEEiA: iA FE8A6; 
4:Ei6HlGHE8, iA G8E@F B9 CEB7H6GiBA GLC8F (94E@F 78IBG87 
GB 4AAH4l BE C8E8AAi4l 6EBCF, GB liI8FGB6k, BE @iK87 94E@-
iA: FLFG8@F), 4:Ei6HlGHE8 iAG8AFiGL, 4A7 E8l4GiI8 FHE9468 B9 
F8@i-A4GHE4l 8l8@8AGF iA G;8 l4A7F64C8 (F88 PEAIiEBA@8AG4l 
I4Ei45l8FR).

Bee sampling and identification

%8GGiA:, C4A GE4CF 4A7 GE4C A8FGF 4E8 6B@@BA @8G;B7F 
HF87 GB F4@Cl8 588F (.8FGC;4l 8G 4l. 2008).  A G;iF FGH7L, 

citizen science programs have flourished in ecology, with 
many benefits such as an extension of spatial and tempo-
E4l F64l8F (iA6lH7iA: 74G4 6Bll86GiBA BA CEiI4G8 4E84F FH6; 4F 
:4E78AF), Gi@8 4A7 6BFG E87H6GiBA, 4A7 E86BAA86GiBA B9 C8B-
Cl8 JiG; A4GHE8 l847iA: GB 4A iA6E84FiA: CH5li6 4J4E8A8FF 
45BHG 8AIiEBA@8AG4l iFFH8F (BBAA8L 8G 4l. 2009; D8Ii6GBE 8G 
4l. 2010; Di6kiAFBA 8G 4l. 2010; BiEkiA 4A7 GBHlFBA 2015; 
I4A 78E .4l 8G 4l. 2015).

Birds and butterflies dominate as study groups in citi-
M8A F6i8A68 (*6;@8ll8E 8G 4l. 2009; D8Ii6GBE 8G 4l. 2010; 
Di6kiAFBA 8G 4l. 2010; )BL 8G 4l. 2015).  A G;8F8 :EBHCF, 
comprehensive identification tools exist and identification 
GB FC86i8F l8I8l iF E8l4GiI8lL 84FL. FBE @4AL BG;8E 5iBlB:i64l 
groups, identification to species level is virtually impossible 
JiG;BHG 6Bll86GiA: FC86i@8AF 4A7 i78AGi9LiA: G;8@ HFiA: 
5BG; E898E8A68 6Bll86GiBAF 4A7 E8l8I4AG liG8E4GHE8.  A G;BF8 
cases, the alternatives to identification to species level by 
citizen scientists are the identification at higher taxonomic 
(8.:., :8AHF, 94@ilL) BE 4G C4E4G4KBAB@i6 l8I8lF (F8AFH KE8ll 
2004) FB@8Gi@8F 54F87 BA C;BGB:E4C;F (D8:HiA8F 8G 4l. 
2012; C4F4ABI4F 8G 4l. 2014) BE G;8 ;8lC B9 8KC8EGF GB E846; 
G;8 FC86i8F l8I8l (G4E7iA8E 8G 4l. 2012 9BE G;8 CB66iA8lli748).

B88F (HL@8ABCG8E4: ACBi784) 6BAFGiGHG8 BA8 B9 G;8F8 
FC86i8F-Ei6; 4A7 7iI8EF8 :EBHCF (926 FC86i8F E86BE787 iA 
6BAGiA8AG4l FE4A68, KH;l@4AA 8G 4l. 2015) 9BE J;i6; i78AGi-
fication to species level is inherently challenging. Moreover, 
limited and sparse identification tools are available (Brown 
4A7 P4KGBA 2009; P4GiAL 8G 4l. 2009). The identification to 
FC86i8F l8I8l iF G;8E89BE8 78C8A78AG BA G;8 ;8lC B9 4 C4A8l B9 
8KC8EG 588 G4KBAB@iFGF, i.8. C8EFBAF E86B:AiF87 4F 4A 4HG;BE-
ity in their field, typically academics or museum scientists 
5HG FB@8Gi@8F 4lFB ABA-46478@i6F JiG; 4 788C iAG8E8FG iA 
G;8 A4GHE4l ;iFGBEL B9 4 C4EGi6Hl4E G4KBA. B88F ;4I8 586B@8 
G;8 9B6HF B9 @H6; iAG8E8FG BI8E G;8 l4FG 786478 5864HF8 B9 
6BA68EAF 45BHG FC86i8F 786liA8 4A7 G;8 8KC86G87 6BAF8-
DH8A68F BA Jil7 Cl4AG 4A7 6EBC CBlliA4GiBA (*G8994A-D8J8A-
G8E 8G 4l. 2005; Bi8F@8ij8E 8G 4l. 2006; GBAMál8M--4EB 8G 4l. 
2013; &ll8EGBA 8G 4l. 2014; GBHlFBA 8G 4l. 2015; G4Ei54l7i 8G 
4l. 2016). AlG;BH:; lBA:-G8E@ E86BE7iA: 4llBJ87 G;8 4FF8FF-
@8AG B9 FC86i8F GE8A7F iA FB@8 6BHAGEi8F (F88 8.:. Bi8F@8i-
j8E 8G 4l. 2006; &ll8EGBA 8G 4l. 2014; T;B@4F 8G 4l. 2015 9BE 
BEiGiF; FGH7i8F 54F87 BA 588 E86BE7F 6Bll86G87 5L G;8 ,K 
B.A)*TB88F .4FCF & AAGF )86BE7iA: *B6i8GL), 74G4 4E8 
F8I8E8lL l46kiA: E8:4E7iA: 588 FC86i8F 7iFGEi5HGiBA (BEBJA 
4A7 P4KGBA 2009; P4GiAL 8G 4l. 2009; %i8GB 8G 4l. 2014) 4A7 
6B@@HAiGL 6B@CBFiGiBA (.iA9E88 8G 4l. 2011) GB HA78EFG4A7 
G;8 89986GF B9 :lB54l 6;4A:8 BA 588 CBCHl4GiBAF 4A7 G;8E85L 
58 45l8 GB 78Fi:A @84AiA:9Hl 6BAF8EI4GiBA FGE4G8:i8F (C4E-
7BFB 8G 4l. 2011).

&HE BI8E4ll B5j86GiI8 J4F GB G8FG 4A 8KC8EG-4FFiFG87 6iGi-
M8A F6i8A68 C4E47i:@ GB FGH7L G;8 89986GF B9 :lB54l 6;4A:8 
BA 588 FC86i8F 4FF8@5l4:8F iA 4:Ei6HlGHE4l l4A7F64C8F BI8E 
4 l4E:8 4E84.  A G;8 cla(( cal c ) zen (c ence parad gm, 
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( AFGiGHG %4GiBA4l 78 l4 )86;8E6;8 A:EBAB@iDH8), AIi:ABA, 
France, the scientific coordinator of the program. Partici-
C4AGF 6;BF8 G;8 AH@58E B9 F4@CliA: FiG8F (E4A:iA: 9EB@ BA8 
GB F8I8A C8E F6;BBl, @84A ± *.E. 2.25 ± 0.35) 4A7 G;8iE lB64-
GiBA iA G;8 F6;BBl. P4EGi6iC4AGF J8E8 4Fk87 GB @4k8, HA78E 
FHiG45l8 J84G;8E 6BA7iGiBAF (@iAi@H@ B9 15 VC, lBJ JiA7, 
AB E4iA), BA8 24-; 64CGHE8 F8FFiBA 846; @BAG; 9EB@ M4E6; 
GB &6GB58E, iA BE78E GB B5G4iA 4A BI8E4ll 4FF8FF@8AG B9 G;8 
bee assemblage composition over the whole flying season 
(B4A4FM4k 8G 4l. 2014).  A CE46Gi68, FB@8 C4EGi6iC4AGF 6BHl7 
ABG 64EEL BHG G;8 E8DHiE87 AH@58E B9 F8FFiBAF BE BG;8EF 
@478 @BE8 G;4A BA8 F8FFiBA iA 4 @BAG;.  A BE78E GB 78EiI8 
@84AiA:9Hl 4FF8@5l4:8 FH@@4EL FG4GiFGi6F, J8 7iF64E787 
G;8 9BHE 4AAH4l 74G4F8GF @478 HC B9 <5 F4@CliA: @BAG;F. 
T;iF E8FHlG87 iA 70 F4@CliA: FiG8 × L84E 6B@5iA4GiBAF, 6 iA 
2009, 24 iA 2010, 4A7 40 iA 2011 (&AliA8 )8FBHE68 1). FBE 
the sake of simplicity, we further defined a collec) on 4F G;8 
64CGHE8F @478 4G 4 :iI8A F4@CliA: FiG8 7HEiA: 4 :iI8A L84E. 
T;8 AH@58E B9 F4@CliA: 74G8F (G;4G iF 24-; F8FFiBAF) 9BE 4 
6Bll86GiBA E4A:87 9EB@ 5 GB 12. P4EGi6iC4AGF J8E8 4Fk87 GB 
k88C G;8 F4@8 AH@58E 4A7 G;8 F4@8 lB64GiBA 9BE F4@CliA: 
FiG8F 46EBFF L84EF, 5HG iA CE46Gi68 G;8F8 C4E4@8G8EF 6;4A:87 
FB@8J;4G 4F FB@8 lB64GiBAF 5864@8 iA4668FFi5l8, BE 8AG;H-
Fi4FGi6 C4EGi6iC4AGF J4AG87 GB iA6E84F8 G;8iE F4@CliA: 899BEG 
after their first year in the project. We totalled 45 different 
F4@CliA: FiG8F BI8E G;8 20 F6;BBlF, J;i6; J8E8 F4@Cl87 

J8 6;BF8 C4A GE4CCiA: 4F 4 FG4A74E7iM87 F4@CliA: @8G;B7 
5864HF8: (1) G;iF @8G;B7 iF C4EGi6Hl4ElL J8ll FHiG87 GB @iAi-
@iM8 6Bll86GBE 5i4F8F (.8FGC;4l 8G 4l. 2008). T;8F8 5i4F8F 
6BHl7 ;4I8 588A 6BAFi78E45l8 JiG; A8GGiA: iA BHE 64F8 :iI8A 
G;8 ;i:; AH@58E B9 C4EGi6iC4AGF, @BFG B9 J;i6; ;47 AB CEiBE 
8AGB@BlB:i64l 8KC8Ei8A68; (2) C4A GE4CF 64A CEBIi78 E8li45l8 
74G4 GB 4FF8FF G;8 BI8E4ll FC86i8F Ei6;A8FF B9 4 FGH7L FiG8 
8I8A G;BH:; G;8L 4E8 kABJA GB 58 CBBE iA 64CGHEiA: FC86i8F 
B9 :8A8E4 lik8 Bombu( 4A7 Colle)e( ()BHlFGBA 8G 4l. 2007; 
.8FGC;4l 8G 4l. 2008; .ilFBA 8G 4l. 2008, 5HG F88; .BB7 8G 
4l. 2015); (3) C4A GE4CF 4E8 6;84C 4A7 Fi@Cl8 GB HF8 (L8B-
H;A 8G 4l. 2013). TE4CF J8E8 @478 B9 500-@l Cl4FGi6 5BJlF 
that were sprayed inside with a UV-reflecting paint and were 
@BHAG87 BA 4 JBB78A CBl8. &A8 7iF47I4AG4:8 B9 C4A GE4CF 
iF G;4G G;8iE 89986GiI8A8FF iF 49986G87 5L G;8 lB64l 8AIiEBA-
mental context, in particular the local floral resource avail-
45iliGL (.8FGC;4l 8G 4l. 2008; .ilFBA 8G 4l. 2008; B4H@ 4A7 
.4ll8A 2011). TB 6BC8 JiG; G;iF 5i4F, GE4CF J8E8 Cl4687 A84E 
flowers when there were flowers at the site (flowers were 
ABG A868FF4EilL CE8F8AG 4ll L84E lBA:), 4G 4 ;8i:;G Fli:;GlL 
45BI8 G;4G B9 G;8 4I8E4:8 I8:8G4GiBA, 4A7 iA G;8 FHA iA4F-
@H6; 4F J4F CBFFi5l8 FB 4F GB 58 6l84ElL IiFi5l8. A (am-

pl ng ( )e 6BAFiFG87 B9 4 F8G B9 G;E88 C4A GE4CF (4 5lH8, 4 
white, and a yellow) and sampling was initiated by filling 
846; 5BJl JiG; 400 @l B9 J4G8E JiG; 4 7EBC B9 78G8E:8AG. 
 78AGi64l C4A GE4CF J8E8 FHCCli87 GB 4ll F6;BBlF 5L  %)A 

Fig. 1 CBA68CGH4l 9E4@8JBEk (474CG87 9EB@ D8Ii6GBE 8G 4l. 2010) B9 
G;8 8KC8EG-4FFiFG87 6iGiM8A F6i8A68 C4E47i:@ (iA black).  A G;8 6l4FFi64l 
6iGiM8A F6i8A68 C4E47i:@, 6iGiM8AF 6Bll86G 74G4 G;4G 4E8 7iE86GlL F8AG GB 
F6i8AGiFGF. Cl4FFi64l 6iGiM8A F6i8A68 E8DHiE8F I4EiBHF Fkill l8I8lF 5HG G;8 
identification of biological material at a useful level remains doable 
with common tools (e.g., books, identification keys). In the expert-
4FFiFG87 6iGiM8A F6i8A68 C4E47i:@, 6iGiM8AF CEBIi78 G;8 @4G8Ei4l (8.:., 

specimens, photographs) to experts that analyse it (e.g., identification 
B9 FC86i@8AF GB FC86i8F l8I8l) 4A7 G;8F8 8KC8EGF F8A7 G;8 74G4 GB F6i-
entists. The involvement of experts is required when identification 
for the biological group under study is difficult, requires high level 
of knowledge and experience, and specific tools (e.g., reference col-
l86GiBA). Gre. 8l8@8AGF illHFGE4G8 G;8 8KC8EG-4FFiFG87 G4E:8G87 6iGiM8A 
F6i8A68 CEB:E4@ 78F6Ei587 iA G;iF C4C8E
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KH;l@4AA 8G 4l. (2015). HBA8L 588F (Ap ( mell fera) J8E8 
64H:;G, 5HG G;iF FC86i8F J4F ABG 6BAFi78E87 4F iGF 45HA74A68 
iF l4E:8lL 78G8E@iA87 5L 588k88CiA:. T;8E89BE8 J8 HF8 
P588FR FLABAL@BHFlL JiG; PJil7 588FR iA G;8 9BllBJiA:.

A11em lage-le4el a220i 32e1

FBE 846; 6Bll86GiBA, J8 64l6Hl4G87 GJB F8GF B9 4GGEi5HG8F. 
The first set required the identification of bee specimens to 
FC86i8F l8I8l, i.8. JiG; G;8 ;8lC B9 8KC8EG 588 G4KBAB@iFGF 
(8KC8EG-4FFiFG87 6iGiM8A F6i8A68 C4E47i:@). T;8 4GGEi5HG8F B9 
the second set did not require the identification to species 
l8I8l 4A7 6BHl7 58 B5G4iA87 5L G846;8EF 4lBA8, CEBIi787 G;4G 
they received the course on bee identification to genus level 
(6l4FFi64l 6iGiM8A F6i8A68 C4E47i:@).

BI8E 1, 2, BE G;8 3 L84EF (2009, 2010, 4A7 2011). T;8F8 45 
F4@CliA: FiG8F J8E8 lB64G87 iA 25 7i998E8AG mun c pal ) e( 
(lB64l 47@iAiFGE4GiI8 HAiGF).

AG G;8 BAF8G B9 G;8 CEB:E4@, 4ll G;8 C4EGi6iC4AGF 9BllBJ87 
4 5-74L 6BHEF8 BA 588 5iBlB:L 4A7 FLFG8@4Gi6F CEBIi787 5L 
F6i8AGiFGF 4A7 588 8KC8EGF, 4A7 J;i6; iA6lH787 GE4iAiA: BA 
G86;AiDH8F GB CE8C4E8 FC86i@8AF E86BI8E87 9EB@ C4A GE4CF 
and identification to genus level. Afterwards, all bees caught 
during the program were pinned, labelled and pre-identified 
GB :8AHF 5L G;8 G846;8EF, 68AGE4liM87 4A7 7BH5l8-6;86k87 4G 
 %)A AIi:ABA, 4A7 G;8A F8AG GB 4 C4A8l B9 8KC8EG 588 G4K-
onomists to be identified to species level. Specimens were 
78CBFiG87 iA G;8 6Bll86GiBA B9  %)A AIi:ABA 4A7, 9BE G;8 
@BFG 6B@@BA FC86i8F, iA 4 E898E8A68 6Bll86GiBA iA 846; C4E-
Gi6iC4GiA: F6;BBl. T4KBAB@L 9BllBJ87 G;8 AB@8A6l4GHE8 B9 

Fig. 2 LB64GiBA B9 G;8 20 4:Ei6HlGHE4l ;i:; F6;BBlF iAIBlI87 iA G;8 FGH7L iA 6BAGiA8AG4l FE4A68. T;8 AH@58E B9 6Bll86GiBAF (F4@CliA: FiG8 × L84E 
6B@5iA4GiBAF) iF :iI8A 9BE 846; F6;BBl (A = 70 6Bll86GiBAF iA GBG4l)
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477iGiBA4l FH57iIiFiBA E87H68F G;8 G4KBAB@i6 E8FBlH-
GiBA G;4G iF lBFG J;8A HFiA: :8A8E4 iAFG847 B9 FC86i8F 
(I4A )ijA 8G 4l. 2015). T;8 iAG8E-G8:Hl4E 7iFG4A68 ( TD, 
G;8 7iFG4A68 58GJ88A G;8 GJB iAF8EGiBA CBiAGF B9 G;8 
JiA:F) iF B9G8A HF87 4F 4 CEBKL 9BE 5B7L FiM8 iA 588F 
(C4A8 1987).  TD I4lH8F 9BE BHE 74G4F8G J8E8 B5G4iA87 
9EB@ FBEG8l 8G 4l. (2014). E46; :8AHF J4F FH57iIi787 
iAGB G;E88 FiM8 6l4FF8F:  TD <2.6, 2.6S4.6, 4A7 >4.6 @@. 
We defined the parataxonomic richness as the number of 
C4E4G4KBAB@i6 HAiGF 64H:;G BI8E 1 L84E 4G G;8 F4@CliA: 
FiG8;

 S P4E4G4KBAB@i6 Ei6;A8FF, JiG; F8I8A FH57iIiFiBAF 
466BE7iA: GB 5B7L FiM8: T;iF iF G;8 F4@8 4CCEB46; 4F 
45BI8 5HG iAFG847 B9 G;E88, F8I8A FH57iIiFiBAF J8E8 6BA-
Fi78E87 9BllBJiA: I4A )ijA 8G 4l. (2015):  TD <1, 1S1.5, 
1.5S2, 2S2.5, 2.5S3, 3S3.5, 4A7 >3.5 @@;

 S G8AHF 7B@iA4A68: T;iF iF G;8 CEBCBEGiBA B9 FC86i@8AF 
9BE G;8 @BFG 45HA74AG :8AHF;

 S P4E4G4KBAB@i6 7B@iA4A68, JiG; G;E88 FH57iIiFiBAF 
466BE7iA: GB 5B7L FiM8: T;iF iF G;8 CEBCBEGiBA B9 G;8 
@BFG 45HA74AG C4E4G4KBAB@i6 HAiG J;8A 6BAFi78EiA: 
G;E88  TD FH57iIiFiBAF;

 S P4E4G4KBAB@i6 7B@iA4A68, JiG; F8I8A FH57iIiFiBAF 
466BE7iA: GB 5B7L FiM8: T;iF iF G;8 CEBCBEGiBA B9 G;8 
@BFG 45HA74AG C4E4G4KBAB@i6 HAiG J;8A 6BAFi78EiA: 
F8I8A  TD FH57iIiFiBAF.

E,4i0-,me,2al 4a0ia le1

.8 E8l4G87 BHE 86BlB:i64l 74G4F8G GB 8AIiEBA@8AG4l 74G4 
9E88lL 4I4il45l8 4G G;8 A4GiBA4l F64l8. .8 HF87 iA9BE@4-
GiBA 78EiI87 9EB@ G;8 Hi:; %4GHE8 -4lH8 (H%-) iA7i64GBE 
E8:4E7iA: 4:Ei6HlGHE8 iAG8AFiGL 4A7 G;8 CBEiA8 L4A7 CBI8E 
(CLC) 74G454F8 E8:4E7iA: G;8 l4A7F64C8 6B@CBFiGiBA.

Agr cul)ure  n)en( ). a) )he mun c pal ). level

.8 4FFi:A87 846; B9 G;8 25 @HAi6iC4liGi8F GB 9BHE I4Ei45l8F 
E8:4E7iA: 4:Ei6HlGHE8 iAG8AFiGL: PCEBC 7iI8EFiGLR (4 CEBKL 
9BE G;8 6EBC EBG4GiBA FLFG8@), PEKG8AFiI8 94E@iA: CE46Gi68FR 
(4A 8FGi@4GiBA B9 C8FGi6i78, @iA8E4l 98EGiliM8EF, 4A7 iEEi:4GiBA 
HF8), PL4A7F64C8 8l8@8AGFR (4A 8FGi@4GiBA B9 G;8 E8l4GiI8 
4E84 B9 F8@i-A4GHE4l 8l8@8AGF), 4A7 4A BI8E4ll iA78K B9 4:Ei-
culture intensity. The three first variables were scored from 
0 (lBJ 6EBC 7iI8EFiGL, ;i:; iACHG l8I8l, 4A7 lBJ 4I4il45iliGL 
B9 F8@i-A4GHE4l 8l8@8AGF, E8FC86GiI8lL) GB 10. T;8 BI8E4ll 
iAG8AFiGL iA78K J4F B5G4iA87 iA FH@@iA: G;8 G;E88 F6BE8F 
(JiG; lBJ iA78K I4lH8F 6BEE8FCBA7iA: GB ;i:; 4:Ei6HlGHE8 
iAG8AFiGL). T;8F8 9BHE I4Ei45l8F J8E8 78EiI87 9EB@ G;8 
FE8A6; H%- 74G4F8G. EHEBC84A ,AiBA 6BHAGEi8F ;4I8 588A 
E8DHiE87 GB i78AGi9L H%- 94E@l4A7F, i.8. 4E84F G;4G iA6lH78 
F8@i-A4GHE4l 8l8@8AGF, lBJ-iAG8AFiGL 94E@iA: 4A7 7iI8EF8, 

F r() (e) of a))r bu)e( (e-per)-a(( ()ed c ) zen (c ence 

parad gm)

 S *C86i8F Ei6;A8FF: T;iF iF G;8 AH@58E B9 FC86i8F 64H:;G 
BI8E 1 L84E 4G G;8 F4@CliA: FiG8;

 S *C86i8F 7B@iA4A68: T;iF iF G;8 CEBCBEGiBA B9 G;8 @BFG 
45HA74AG FC86i8F (4lFB kABJA 4F B8E:8ESP4Ek8E iA78K);

 S E6BlB:i64l GE4iGF: E46; FC86i8F J4F 78F6Ei587 466BE7-
iA: GB G;E88 86BlB:i64l GE4iGF G;4G ;4I8 588A F;BJA GB 
58 i@CBEG4AG GB 78G8E@iA8 G;8 E8FCBAF8 B9 588F GB 8AIi-
EBA@8AG4l 7iFGHE54A68F (8.:., MBE8GGi 8G 4l. 2009; .il-
li4@F 8G 4l. 2010; .iA9E88 8G 4l. 2011; Sheffield et al. 
2013; )478E 8G 4l. 2014; KE8@8A 4A7 MOGBAi:l8 2015): 
reproduc) ve ()ra)eg., )roph c (pec al za) on, 4A7 ne()-

 ng behav our.  A9BE@4GiBA J4F 6B@Cil87 9EB@ G;8 liG-
8E4GHE8 (.8FGEi6; 1989; A@i8G 8G 4l. 1999, 2001, 2004, 
2007, 2010; Mi6;8A8E 2007). &664FiBA4llL, 86BlB:i64l 
GE4iGF 64A 58 iA98EE87 9EB@ G;8 :8AHF (8.:., 4ll Nomada 
FC86i8F 4E8 C4E4FiGi6), 5HG G;8 FC86i8F l8I8l iF HFH4llL 
A868FF4EL GB 78G8E@iA8 86BlB:i64l GE4iGF. FBE 8K4@Cl8F, 
I8EL Fi@il4E (6ELCGi6) FC86i8F 64A ;4I8 BCCBFiG8 58;4I-
iBHE (9BE 8K4@Cl8 I8EL Fi@il4E Bombu( FC86i8F 4E8 8iG;8E 
C4E4FiGi6 BE ABA-C4E4FiGi6) BE 4 FiA:l8 :8AHF @4L 6B@-
CEiF8 5BG; Bli:Bl86Gi6 4A7 CBlLl86Gi6 FC86i8F (8.:., G;8 
:8AHF Andrena).

FBE G;8 E8CEB7H6GiI8 FGE4G8:L, J8 F8C4E4G87 ABA-
C4E4FiGi6 9EB@ C4E4FiGi6 FC86i8F 4A7 G;8 FH5F8DH8AG 
6l4FF8F J8E8 @478 BAlL 9BE ABA-C4E4FiGi6 FC86i8F. FBE 
GEBC;i6 FC86i4liF4GiBA E8:4E7iA: CBll8A HF8, J8 7iFGiA-
:HiF;87 58GJ88A Bli:Bl86Gi6 FC86i8F 6Bll86GiA: CBll8A 
BA Cl4AG FC86i8F 9EB@ 4 FiA:l8 94@ilL 4A7 CBlLl86Gi6 
FC86i8F 6Bll86GiA: CBll8A BA F8I8E4l Cl4AG 94@ili8F. FBE 
A8FGiA: 58;4IiBHE, FC86i8F A8FGiA: 58lBJ :EBHA7 J8E8 
F8C4E4G87 9EB@ G;BF8 A8FGiA: 45BI8 :EBHA7 iA 64IiGi8F 
(8.:., Cl4AG FG8@F, JBB7 ;Bl8F, FA4il F;8llF). T;8A, J8 
64l6Hl4G87 G;8 CEBCBEGiBA B9 FC86i8F 4A7 G;8 CEBCBEGiBA 
B9 FC86i@8AF 9BE @B74liGi8F G;4G ;4I8 588A F;BJA GB 58 
A8:4GiI8lL 49986G87 5L 8AIiEBA@8AG4l 7iFGHE54A68F, G;4G 
iF PC4E4FiGi6R, PBli:Bl86Gi6R, 4A7 P45BI8 :EBHA7 A8FGiA:R 
@B74liGi8F (Bi8F@8ij8E 8G 4l. 2006; .illi4@F 8G 4l. 2010; 
)478E 8G 4l. 2014).

Second (e) of a))r bu)e( (cla(( cal c ) zen (c ence 

parad gm)

 S G8AHF Ei6;A8FF: T;iF iF G;8 AH@58E B9 :8A8E4 64H:;G 
BI8E 1 L84E 4G G;8 F4@CliA: FiG8;

 S P4E4G4KBAB@i6 Ei6;A8FF, JiG; G;E88 FH57iIiFiBAF 
466BE7iA: GB 5B7L FiM8: .8 HF87 G;iF 4GGEi5HG8 GB G8FG 
J;8G;8E G;8 P6l4FFi64l 6iGiM8A F6i8A68R 4CCEB46; 6BHl7 
58 i@CEBI87 5L 9HEG;8E FH57iIi7iA: :8A8E4 HFiA: 5B7L 
FiM8. DBiA: G;iF, J8 B5G4iA87 C4E4G4KBAB@i6 HAiGF, i.8. 
54F87 BA 8KG8EA4l @BEC;BlB:L (F8AFH KE8ll 2004). T;iF 
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inspected against fitted values to ensure residual normality 
and homoscedasticity requirements were fulfilled. Models 
were fitted using the maximum log-likelihood criteria, and 
the significance of environmental variables was assessed a 

po()er or  HFiA: lik8li;BB7 E4GiB 78l8GiBA G8FGF. .;8A A86-
8FF4EL, HA8DH4l F4@CliA: 899BEG (AH@58E B9 F4@CliA: 74G8F 
iA 4A 4AAH4l FHEI8L) J4F 466BHAG87 9BE 5L FC86i9LiA: F4@-
CliA: 899BEG 4F 4A B99F8G G8E@. T;iF J4F E8DHiE87 9BE 4A4lLF8F 
B9 FC86i8F, :8AHF 4A7 C4E4G4KBAB@i6 Ei6;A8FF, 5HG 788@87 
HAA868FF4EL 9BE 7B@iA4A68 4GGEi5HG8F 4A7 86BlB:i64l GE4iG 
CEBCBEGiBAF. AA4lLF8F J8E8 6BA7H6G87 HFiA: ) FB9GJ4E8 
I8EFiBA 3.1.1 () CBE8 T84@ 2014), HFiA: G;8 C46k4:8 l@84 
(B4G8F 8G 4l. 2014).

Re13l21

O4e0all 2a6-,-mic a,d f3,c2i-,al c-m.-1i2i-, -f 2he 

 ee da2a1e2

P4EGi6iC4AGF 6Bll86G87 4 GBG4l B9 4574 FC86i@8AF E8CE8F8AG-
iA: 195 FC86i8F (&AliA8 )8FBHE68F 1, 2). T;8 94@ilL H4li6-
Gi748 l4E:8lL 7B@iA4G87 G;8 64CGHE8F (73.3 % B9 FC86i@8AF 
4A7 31.3 % B9 FC86i8F), 9BllBJ87 5L AA7E8Ai748 (16.2 % 
B9 FC86i@8AF 4A7 23.6 % B9 FC86i8F) 4A7 ACi748 (6.8 % B9 
FC86i@8AF 4A7 22.6 % B9 FC86i8F). CBll8Gi748, M8:46;ili748 
4A7 M8liGGi748 4ll E8CE8F8AG87 <2 % B9 G;8 FC86i@8AF 4A7 
6.1, 15.4, 4A7 1.0 % B9 G;8 FC86i8F, E8FC86GiI8lL. T;8 :8AHF 
La( oglo((um J4F G;8 @BFG 45HA74AG, E8CE8F8AGiA: 55.4 % 
B9 G;8 FC86i@8AF. T;8 :8AHF Andrena E8CE8F8AG87 15.6 % B9 
G;8 FC86i@8AF, 5HG iG J4F G;8 @BFG FC86i8F Ei6; JiG; 43 FC8-
6i8F (IF. 36 FC86i8F B9 La( oglo((um). La( oglo((um mala-

churum J4F 4 FHC8E45HA74AG FC86i8F, E8CE8F8AGiA: 20.0 % 
B9 4ll FC86i@8AF.  G J4F 78G86G87 iA 88.6 % B9 6Bll86GiBAF 
4A7 7B@iA4G87 iA 45.7 %. T;8 F86BA7 @BFG 45HA74AG FC8-
6i8F, L. mor o, E8CE8F8AG87 5.7 % B9 FC86i@8AF, J4F 78G86G87 
iA 67.1 % B9 6Bll86GiBAF 4A7 7B@iA4G87 iA 11.4 %. T;8F8 GJB 
FC86i8F J8E8 9BllBJ87 5L 9BHE FC86i8F B9 H4li6Gi748 (La( o-

glo((um glabr u(culum, L. pau- llum, Hal c)u( (cab o(ae, 

H. )umulorum), 846; @4kiA: 58GJ88A 4 4A7 5 % B9 G;8 FC86-
i@8AF. T;8 9BllBJiA: FC86i8F, i.8. G;8 @BFG 45HA74AG ABA-
;4li6Gi7 FC86i8F, J4F Andrena flavipes G;4G @478-HC 3.1 % B9 
FC86i@8AF 4A7 J4F CE8F8AG iA 52.9 % B9 6Bll86GiBAF.

)8:4E7iA: G;8 86BlB:i64l GE4iGF, 30 C4E4FiGi6 4A7 165 ABA-
C4E4FiGi6 FC86i8F J8E8 64H:;G. T;8F8 ABA-C4E4FiGi6 FC86i8F 
iA6lH787 47 45BI8 :EBHA7 I8EFHF 116 58lBJ :EBHA7 A8FGiA: 
FC86i8F (iA9BE@4GiBA J4F @iFFiA: 9BE GJB FC86i8F), 4A7 36 
Bli:Bl86Gi6 I8EFHF 120 CBlLl86Gi6 FC86i8F (JiG; 7i8G iA9BE@4-
GiBA l46kiA: 9BE AiA8 FC86i8F). All F8I8A @BFG 45HA74AG FC8-
6i8F (FC86i8F G;4G 466BHAG87 9BE @BE8 G;4A 3 % B9 G;8 GBG4l 
45HA74A68) J8E8 ABA-C4E4FiGi6, 58lBJ :EBHA7 A8FGiA:, CBlL-
l86Gi6, 4A7 FB6i4l 588F (JiG; G;8 8K68CGiBA B9 H. (cab o(ae 
4A7 A. flavipes G;4G 4E8 FBliG4EL).

F@4ll-F64l8 @BF4i6F B9 l4A7-HF8 GLC8F. T;8 78G4ilF B9 ;BJ GB 
i@Cl8@8AG G;iF iA7i64GBE J8E8 4G G;8 7iF6E8GiBA B9 846; FG4G8 
(CEC 2006).  A FE4A68, iA7i64GBEF 4::E8:4GiA: FG4GiFGi6F B9 
4:Ei6HlGHE4l ;Bl7iA:F J8E8 64l6Hl4G87 4G G;8 @HAi6iC4liGL 
l8I8l (PBiAG8E84H 8G 4l. 2010; DBK4 8G 4l. 2012; D8:HiA8F 8G 
4l. 2014). T;8 A4GiBA4l @84A 9BE G;8 BI8E4ll iAG8AFiGL iA78K 
J4F 12.20 (*.E. ±1.8 × 10−4) 4A7 iGF I4lH8F E4A:87 9EB@ 1 
GB 30 J;8A 6BAFi78EiA: 4ll 36,027 FE8A6; @HAi6iC4liGi8F.  A 
BHE 74G4F8G, G;8 4I8E4:8 I4lH8 J4F A84ElL G;8 F4@8 4F G;8 
A4GiBA4l 4I8E4:8 (@84A ± *.E. 12.42 ± 0.77) 4A7 G;8 I4lH8F 
E4A:87 9EB@ 4.92 GB 25.12.

Propor) on of (em -na)ural elemen)( a) )he land(cape (cale

TB 8K4@iA8 G;8 89986G B9 l4A7F64C8 6B@CBFiGiBA, J8 B5G4iA87 
l4A7 6BI8E 74G4 9EB@ G;8 CLC 2006 74G454F8 (BBFF4E7 8G 
4l. 2006). CLC iF 4 :8B-E898E8A687 74G454F8 iA6lH7iA: G;8 
@4iA ;45iG4GF 9BE G;8 EHEBC84A ,AiBA 6BHAGEi8F iA 6BA-
tiguous polygons classified according to 44 different land-
cover categories in the finest classification. We quantified 
G;8 l4A7F64C8 6B@CBFiGiBA iA 100 4A7 500 @ E47iHF JiA-
7BJF 68AGE87 BA F4@CliA: FiG8F 5L HFiA: G;8 :8B:E4C;i64l 
iA9BE@4GiBA FLFG8@ C46k4:8 AE6G * 10.1 (E*)  2012). 
We chose these window sizes as relevant scales for flight 
4A7 9BE4:iA: 7iFG4A68F iA 588F (G4G;@4AA 4A7 TF6;4EAGk8 
2002). FBE 846; F4@CliA: FiG8, J8 64l6Hl4G87 G;8 CEBCBEGiBA 
B9 F8@i-A4GHE4l ;8E5468BHF 8l8@8AGF.  A BHE 64F8, G;iF I4Ei-
45l8 iA6lH787 G;8 CLC 6l4FF8F PP4FGHE8FR, PCB@Cl8K 6HlGi-
I4GiBA C4GG8EAFR, PL4A7 CEiA6iC4llL B66HCi87 5L 4:Ei6HlGHE8, 
with significant areas of natural vegetation”, “Moors and 
;84G;l4A7R, 4A7 PTE4AFiGiBA4l JBB7l4A7-F;EH5R. T;8 CEB-
CBEGiBA B9 ;8E5468BHF F8@i-A4GHE4l 8l8@8AGF E4A:87 9EB@ 0 
GB 100 % (@84A ± *.E. 37.7 ± 5.3) iA 100 @ E47iHF JiA7BJF 
4A7 9EB@ 0 GB 99.05 % (@84A ± *.E. 39.9 ± 3.3) iA 500 @ 
E47iHF JiA7BJF. .8 4lFB 6BAFi78E87 4 I4Ei45l8 iA6lH7iA: 
5BG; ;8E5468BHF 4A7 JBB7L 8l8@8AGF (9BE8FGF), 5HG @B7-
els returned non-significant results (not shown) and so they 
J8E8 ABG 6BAFi78E87 9HEG;8E.

S2a2i12ical a,al71e1

T;8 4FF8FF@8AG B9 4FF8@5l4:8-l8I8l E8FCBAF8F GB 8AIiEBA-
@8AG4l I4Ei45l8F J4F C8E9BE@87 JiG;iA 4 :8A8E4liM87 liA84E 
@iK87 @B78l (GLMM) 9E4@8JBEk iA BE78E GB 6BC8 JiG; 
G;8 ABA-iA78C8A78A68 B9 FHEI8LF 64EEi87 BHG 5L G;8 F4@8 
6BAGEi5HGiA: F6;BBl 4G 7i998E8AG F4@CliA: FiG8F 4A7 E8C84G87 
BI8E F8I8E4l L84EF. .8 G;8E89BE8 C4E4@8G8EiM87 GLMMF 
JiG; 4FF8@5l4:8-l8I8l 4GGEi5HG8F 4F E8FCBAF8 I4Ei45l8F, 8AIi-
ronmental variables as fixed effect candidate covariates and 
F6;BBl, @HAi6iC4liGL 4A7 F4@CliA: FiG8 i78AGiGi8F 4F 4 FHiG8 
B9 ;i8E4E6;i64llL A8FG87 E4A7B@ :EBHCiA: I4Ei45l8F. %BE-
@4liGL E8DHiE8@8AGF B9 6BAGiAHBHF 74G4 J8E8 G8FG87 HFiA: 
G;8 *;4CiEBS.ilk FG4GiFGi6F. MB78l E8Fi7H4lF J8E8 9HEG;8E 
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C8FGi6i78 HF8 786E84F87. *i@il4ElL, G;8 CEBCBEGiBA B9 G;8 
@BFG 45HA74AG C4E4G4KBAB@i6 HAiG, J;8A 6BAFi78EiA: 
G;E88 FH57iIiFiBAF 466BE7iA: GB 5B7L FiM8, 786E84F87 JiG; 
786E84FiA: 4:Ei6HlGHE8 iAG8AFiGL 4A7 JiG; iA6E84FiA: 6EBC 
7iI8EFiGL (T45l8 2).

Di1c311i-,

.8 CE8F8AG G;8 E8FHlGF B9 4 @BAiGBEiA: CEB:E4@ 6BA7H6G87 
4G G;8 A4GiBA4l F64l8 4A7 J;i6; iAIBlI87 4 G4E:8G87 :EBHC B9 
6iGiM8AF (G846;8EF 9EB@ 4:Ei6HlGHE4l ;i:; F6;BBlF), E8F84E6;-
8EF, 4A7 8KC8EG 588 G4KBAB@iFGF (Fi:. 1). &HE 74G4F8G CEB-
Ii787 :8A8E4l C4GG8EAF E8:4E7iA: 9HA6GiBA4l 4A7 G4KBAB@i6 
6B@CBFiGiBA B9 588 4FF8@5l4:8F, 4F J8ll 4F E8FCBAF8F B9 
588F GB 4:Ei6HlGHE8 iAG8AFiGL 4A7 l4A7F64C8 6B@CBFiGiBA. 
CB@C4EiA: G;8 E8FHlGF B5G4iA87 G;EBH:; 8KC8EG-4FFiFG87 
4A7 6l4FFi64l 6iGiM8A F6i8A68 C4E47i:@F, i.8. G;8 E8FHlGF 
with identification to species level and those obtained with 
;i:;8E G4K4 BE C4E4G4KBAB@i6 4CCEB46;8F, J8 9BHA7 G;4G G;8 
loss of taxonomic resolution resulted in the non-significance 
B9 FB@8 E8FHlGF BA G;8 89986GF B9 8AIiEBA@8AG4l I4Ei45l8F BA 
588 4FF8@5l4:8-l8I8l 4GGEi5HG8F.

Ta6-,-mic a,d f3,c2i-,al c-m.-1i2i-, -f a11em lage1

&I8E 3 L84EF B9 F4@CliA: iA 20 4:Ei6HlGHE4l ;i:; F6;BBlF 4A7 
4574 iA7iIi7H4lF 64H:;G, G;iF CEB:E4@ CEBIi787 iA9BE@4GiBA 
BA G;8 7iFGEi5HGiBA B9 195 FC86i8F, E8CE8F8AGiA: 21.1 % B9 
G;8 926 FC86i8F E86BE787 iA 6BAGiA8AG4l FE4A68 (KH;l@4AA 
8G 4l. 2015). T;8 74G4F8G 7i7 ABG iA6lH78 G;E84G8A87 FC86i8F 
4G G;8 EHEBC84A l8I8l (%i8GB 8G 4l. 2014), 5HG FB@8 FC8-
6i8F J8E8 HA6B@@BA 4G G;8 A4GiBA4l F64l8 FH6; 4F Andrena 

apicata, A. hattorfiana, 4A7 A. ven)r co(a (D4Ii7 G8ABH7, 
per(. comm.). AlG;BH:; G;8 45 F4@CliA: FiG8F 8A6B@C4FF87 
4 :E84G 7iI8EFiGL B9 6li@4G8, 4:Ei6HlGHE4l, l4A7F64C8 4A7 lB64l 
F64l8 6BAG8KGF, J8 9BHA7 FB@8 E86HEE8AG 984GHE8F 46EBFF 
FiG8F 4A7 L84EF. T;8 7B@iA4A68 B9 H4li6Gi748, La( oglo((um 
FC. iA C4EGi6Hl4E, 4CC84E87 4F 4 :8A8E4l GE8A7. T;iF 984GHE8 
;4F 588A B5F8EI87 iA I4EiBHF Cl468F 46EBFF G;8 JBEl7 28.:., 
M4EiAi 8G 4l. (2012) iA  G4lL; MBE4A7iA 4A7 KE8@8A (2013) 
iA ,*A; FBEG8l 8G 4l. (2014) iA FE4A68; )478E 8G 4l. (2014) 
iA %8J-184l4A7; *4HA78EF 4A7 LH6k (2014) iA AHFGE4li4; 
PiF4AGL 4A7 M4A78lik (2015) iA  FE48l; L8 FfBA 8G 4l. (2016) 
iA AE:8AGiA43. T;8F8 FC86i8F 4E8 8FC86i4llL J8ll 64H:;G 5L 
C4A GE4CF 5HG G;8iE ;i:; 45HA74A68 iF 4lFB B5F8EI87 J;8A 
588F 4E8 F4@Cl87 5L A8GGiA: (8.:., )BlliA 8G 4l. 2015). T;8 
7B@iA4A68 B9 La( oglo((um FC86i8F iA 588 4FF8@5l4:8F 
@4L 58 7H8 GB G;8iE 8HFB6i4liGL (iA FB@8 FC86i8F) 4A7 G;8iE 
CBlLl86GL. B8LBA7 G;8F8 E8FHlGF 4G G;8 94@ilL 4A7 :8AHF l8I-
8lF, BHE E8FHlGF CEBIi78 iAFi:;GF BA G;8 FG4GHF B9 FC86i8F 4G G;8 
A4GiBA4l F64l8.  A C4EGi6Hl4E, La( oglo((um malachurum J4F 
IiEGH4llL B@AiCE8F8AG. *H6; iA9BE@4GiBA BA G;8 i78AGiGL B9 

)8:4E7iA: Ei6;A8FF 4GGEi5HG8F G;4G 6BHl7 58 B5G4iA87 5L 
G;8 G846;8EF JiG;BHG G;8 ;8lC B9 8KC8EG 588 G4KBAB@iFGF 
(6l4FFi64l 6iGiM8A F6i8A68 C4E47i:@), G;8 74G4F8G 6B@CEiF87 
25 :8A8E4, 31 C4E4G4KBAB@i6 HAiGF J;8A 6BAFi78EiA: G;E88 
FH57iIiFiBAF 466BE7iA: GB 5B7L FiM8, 4A7 49 C4E4G4KBAB@i6 
HAiGF J;8A 6BAFi78EiA: F8I8A FH57iIiFiBAF.

Ta6-,-mic a,d f3,c2i-,al c-m.-1i2i-, a2 2he 

a11em lage le4el

T;8 AH@58E B9 FC86i8F iA 4 6Bll86GiBA E4A:87 9EB@ 7 GB 34 
(@84A ± *.E. 17.2 ± 0.6). T;8 AH@58E B9 FC86i@8AF E4A:87 
9EB@ 20 GB 293 (@84A ± *.E. 65.3 ± 6.0). T;8 CEBCBEGiBA B9 
C4E4FiGi6, Bli:Bl86Gi6, 4A7 45BI8 :EBHA7 A8FGiA: FC86i8F E8C-
E8F8AG87 BA 4I8E4:8 5.9 (±0.8), 11.1 (±1.0), 4A7 9.3 % (±1.1) 
B9 G;8 GBG4l FC86i8F Ei6;A8FF, 4A7 2.9 (±0.5), 7.3 (±1.1), 4A7 
3.0 % (±3.9) B9 G;8 GBG4l 45HA74A68, E8FC86GiI8lL.

T;8 7B@iA4AG FC86i8F @478-HC 58GJ88A 11.5 4A7 71.1 % 
B9 G;8 GBG4l 45HA74A68 (@84A ± *.E. 30.8 ± 1.5), 4A7 iG J4F 
4lJ4LF 4 ABA-C4E4FiGi6 4A7 58lBJ :EBHA7 A8FGiA: FC86i8F.  A 
@BFG 64F8F, iG J4F FB6i4l (54 6Bll86GiBAF) 4A7 CBlLl86Gi6 (65 
6Bll86GiBAF). &li:Bl86Gi6 FC86i8F J8E8 7B@iA4AG iA FB@8 E4E8 
64F8F (Da(.poda h r) pe( 4A7 Te)ralon a malvae 5BG; iA GJB 
6Bll86GiBAF). L. malachurum 7B@iA4G87 iA 32 6Bll86GiBAF, 
4A7 L. mor o, H. (cab o(ae 4A7 H. )umulorum 7B@iA4G87 iA 
8, 5 4A7 5 6Bll86GiBAF, E8FC86GiI8lL.

T;8 7B@iA4AG :8AHF @478-HC 58GJ88A 28.2 4A7 95.4 % 
B9 G;8 GBG4l 45HA74A68 (@84A ± *.E. 54.3 ± 1.9). T;8 :8AHF 
La( glo((um 7B@iA4G87 iA 53 6Bll86GiBAF.

C-m.a0i1-,  e25ee, 2he e6.e02-a11i12ed a,d 2he 

cla11ical ci2i8e, 1cie,ce .a0adigm1 5he, 0ela2i,g 

 ee a11em lage-le4el a220i 32e1 a,d e,4i0-,me,2al 

4a0ia le1

*C86i8F Ei6;A8FF iA6E84F87 JiG; G;8 iA6E84FiA: CEBCBE-
GiBA B9 ;8E5468BHF F8@i-A4GHE4l 8l8@8AGF iA 100 @ E47iHF 
JiA7BJF (T45l8 1; Fi:. 34). *C86i8F 7B@iA4A68 786E84F87 
JiG; iA6E84FiA: 6EBC 7iI8EFiGL (Fi:. 35). T;8 CEBCBEGiBA B9 
45BI8 :EBHA7 A8FGiA: FC86i8F 4A7 FC86i@8AF iA6E84F87 JiG; 
decreasing agriculture intensity (significant only for the pro-
CBEGiBA B9 FC86i@8AF), JiG; iA6E84FiA: 6EBC 7iI8EFiGL, 4A7 
J;8A G;8 iAG8AFiGL B9 98EGiliM8E 4A7 C8FGi6i78 HF8 786E84F87 
(Fi:. 3c). There was no significant relationship between 
4GGEi5HG8F E8:4E7iA: 8iG;8E C4E4FiGi6 FG4GHF BE GEBC;i6 FC86i4l-
iM4GiBA JiG; 8AIiEBA@8AG4l I4Ei45l8F (T45l8 1).

CBAFi78EiA: G;8 4GGEi5HG8F B5G4iA87 JiG;BHG G;8 ;8lC 
B9 8KC8EG 588 G4KBAB@iFGF (6l4FFi64l 6iGiM8A F6i8A68 C4E4-
digm), there was no significant relationship between genus 
4A7 C4E4G4KBAB@i6 Ei6;A8FF 4A7 8AIiEBA@8AG4l I4Ei45l8F 
(T45l8 2; Fi:. 4). T;8 :8AHF 7B@iA4A68 786E84F87 JiG; 
786E84FiA: 4:Ei6HlGHE8 iAG8AFiGL, JiG; iA6E84FiA: 6EBC 
7iI8EFiGL (Fi:. 37) 4A7 J;8A G;8 iAG8AFiGL B9 98EGiliM8E 4A7 
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AFF8@5l4:8-l8I8l 
4GGEi5HG8

EAIiEBA@8AG4l I4Ei45l8 Coefficient estimate ± *.E. F P

*C86i8F Ei6;A8FF H%- BI8E4ll iA78K −0.051 ± 0.146 0.120 0.729

CEBC 7iI8EFiGL 0.089 ± 0.466 0.035 0.852

EKG8AFiI8 94E@iA: CE46Gi68F −0.425 ± 0.425 0.977 0.323

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.034 ± 0.256 0.017 0.895

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ 0.033 ± 0.016 3.934 0.047*

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.034 ± 0.028 1.396 0.237

*C86i8F 7B@iA4A68 H%- BI8E4ll iA78K −0.026 ± 0.013 3.430 0.064

CEBC 7iI8EFiGL −0.097 ± 0.045 4.443 0.035*

EKG8AFiI8 94E@iA: CE46Gi68F −0.068±0.044 2.302 0.129

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL − 0.032 ± 0.024 1.686 0.194

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ 0.003 ± 0.002 1.860 0.173

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.001 ± 0.003 0.068 0.794

PEBCBEGiBA B9 C4E4FiGi6 
FC86i@8AF

H%- BI8E4ll iA78K 0.036 ± 0.039 0.881 0.348

CEBC 7iI8EFiGL 0.221 ± 0.124 3.107 0.078

EKG8AFiI8 94E@iA: CE46Gi68F 0.026 ± 0.119 0.048 0.826

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL 0.0428 ± 0.069 0.386 0.535

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ −0.010 ± 0.005 2.796 0.094

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ −0.013 ± 0.013 0.932 0.334

PEBCBEGiBA B9 C4E4FiGi6 
FC86i8F

H%- BI8E4ll iA78K 0.005 ± 0.027 0.037 0.848

CEBC 7iI8EFiGL 0.102 ± 0.088 1.382 0.240

EKG8AFiI8 94E@iA: CE46Gi68F −0.042 ± 0.084 0.245 0.620

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.001 ± 0.048 0.001 0.976

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ −0.004 ± 0.004 1.381 0.240

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ −0.006 ± 0.007 0.713 0.398

PEBCBEGiBA B9 Bli:Bl86Gi6 
FC86i@8AF

H%- BI8E4ll iA78K −0.051 ± 0.002 1.496 0.221

CEBC 7iI8EFiGL −0.090 ± 0.114 0.584 0.445

EKG8AFiI8 94E@iA: CE46Gi68F −0.058±0.112 0.255 0.614

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.098 ± 0.069 1.843 0.175

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ −0.007 ± 0.005 1.975 0.160

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ −0.001 ± 0.007 0.008 0.927

PEBCBEGiBA B9 Bli:Bl86Gi6 
FC86i8F

H%- BI8E4ll iA78K −0.033 ± 0.017 2.827 0.093

CEBC 7iI8EFiGL −0.096 ± 0.053 2.675 0.102

EKG8AFiI8 94E@iA: CE46Gi68F −0.087 ± 0.058 2.186 0.139

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.036 ± 0.036 1.028 0.310

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ 0.0003 ± 0.002 0.015 0.901

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.002 ± 0.004 0.319 0.572

PEBCBEGiBA B9 45BI8 
:EBHA7 A8FGiA: 
FC86i@8AF

H%- BI8E4ll iA78K 0.082 ± 0.038 4.712 0.030*

CEBC 7iI8EFiGL 0.293 ± 0.113 6.401 0.011*

EKG8AFiI8 94E@iA: CE46Gi68F 0.319 ± 0.098 10.154 0.001**

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL 0.046 ± 0.073 0.413 0.521

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ −0.003 ± 0.004 0.426 0.514

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.0005 ± 0.007 0.004 0.947

Ta le 1 Results of the generalized linear mixed models for the assemblage-level attributes based on the identification of bee specimens to species 
l8I8l (i.8. G;4G E8DHiE87 G;8 ;8lC B9 8KC8EG 588 G4KBAB@iFGF)

1 3



9J  nsect ConserI

Our study suggests that identification to species level is 
B9 :E84G i@CBEG4A68 9BE G;8 78G86GiBA B9 G;8 89986G B9 8AIi-
EBA@8AG4l I4Ei45l8F BA 588 Ei6;A8FF. FHEG;8E@BE8, 4F @4AL 
ecological traits are species-specific rather than genus- or 
family-specific, comprehensive functional approaches can-
not be reached without species-level identification (Wil-
li4@F 8G 4l. 2010).

Rela2i-,1hi.1 5i2h ag0ic3l230e i,2e,1i27 a,d la,d1ca.e 

c-m.-1i2i-,

.;8A 86BlB:i64l 74G4 6Bll86GiBA B66HEF 4G 4 lB64l F64l8, 
iA9BE@4GiBA BA l4A7F64C8 BE 4:Ei6HlGHE4l CE46Gi68F @4L 
58 B5G4iA87 Fi@HlG4A8BHFlL, 9BE 8K4@Cl8 5L FiG8 @4CCiA: 
9EB@ 48Ei4l C;BGB:E4C;F 4FFB6i4G87 GB :EBHA7-6;86kiA: 4A7 
94E@8E FHEI8LF, E8FC86GiI8lL. FBE FGH7i8F 4G G;8 E8:iBA4l BE 
A4GiBA4l F64l8F, G;iF @4L ABG 58 CBFFi5l8 4A7 BA8 @HFG F88k 
9BE 8AIiEBA@8AG4l 74G4 4lE847L 4I4il45l8 (F88 4lFB D8:HiA8F 
8G 4l. 2012, 2014).

 A FE4A68, iA9BE@4GiBA BA 4:Ei6HlGHE8 iAG8AFiGL 78EiI87 
9EB@ H%- iF :iI8A 4G G;8 @HAi6iC4liGL l8I8l (i.8. 15 k@2 BA 
4I8E4:8), J;i6; @4L ABG 58 G;8 @BFG E8l8I4AG F64l8 J;8A 
6BAFi78EiA: 588 4FF8@5l4:8F. *i@il4ElL, CLC 74G4 4E8 FH5-
ject to several drawbacks, notably poor spatial definition 
(G;8 @iAi@H@ 4E84 9BE 4A 8l8@8AG GB 58 E8CE8F8AG87 iF 25 
;86G4E8F), 4AAH4l 6EBCF CBBl87 GB:8G;8E JiG;BHG iA9BE@4GiBA 
on cultivated species (e.g., no information on mass-flower-
iA: 6EBCF, G;4G 64A Cl4L 4 @4jBE EBl8 BA 588 4FF8@5l4:8F, 
Di8kmGG8E 8G 4l. 2010; L8 FfBA 8G 4l. 2013).

D8FCiG8 G;8F8 @4jBE 7E4J546kF, 4A4lLF8F B9 BHE 8@CiEi64l 
dataset gave significant results that confirmed at a national 
F64l8 G;BF8 B9 CE8IiBHF FGH7i8F. T;8 786E84F8 iA FC86i8F Ei6;-
A8FF 4FFB6i4G87 JiG; 786E84FiA: 4@BHAG B9 F8@i-A4GHE4l 8l8-
@8AGF ;4F 588A @8AGiBA87 iA F8I8E4l FGH7i8F (F88 .iA9E88 
8G 4l. 2011 9BE 4 E8Ii8J). T;8 C4EGi6Hl4E F8AFiGiIiGL B9 45BI8 
:EBHA7 A8FGiA: FC86i8F GB 8AIiEBA@8AG4l 7iFGHE54A68F ;4F 
4lFB 588A E8CBEG87 CE8IiBHFlL (F88 .illi4@F 8G 4l. 2010 9BE 

6B@@BA I8EFHF HA6B@@BA FC86i8F 6BHl7 58 GEiIi4l E8:4E7-
ing well-known groups such as butterflies but remain useful 
:iI8A G;8 l46k B9 kABJl87:8 BA G;8 7iFGEi5HGiBA 4A7 FG4GHF 
B9 588F iA FE4A68.

FEB@ 4 9HA6GiBA4l CBiAG B9 Ii8J, ABA-C4E4FiGi6, CBlLl86-
Gi6, 4A7 58lBJ :EBHA7 A8FGiA: FC86i8F 7B@iA4G87. HBJ8I8E 
C4E4FiGi6, Bli:Bl86Gi6 4A7 45BI8 :EBHA7 A8FGiA: FC86i8F 846; 
E8CE8F8AG87 4 FH5FG4AGi4l CEBCBEGiBA B9 FC86i8F 4A7 FC86i-
@8AF FH::8FGiA: G;4G 94E@l4A7 BA 4:Ei6HlGHE4l F6;BBlF @4L 
harbour populations of species with more specific ecologi-
64l E8DHiE8@8AGF G;4G 4E8 4lFB @BE8 F8AFiGiI8 GB 8AIiEBA@8A-
G4l 7iFGHE54A68F ()478E 8G 4l. 2014).

C-m.a0i1-,  e25ee, e6.e02-a11i12ed a,d cla11ical 

ci2i8e, 1cie,ce .a0adigm1

When comparing the results obtained with identification 
GB FC86i8F l8I8l GB G;8 E8FHlGF B5G4iA87 JiG; ;i:;8E G4K4 
(:8AHF) BE C4E4G4KBAB@i6 (:8AHF 4FFB6i4G87 JiG; 5B7L 
FiM8 FH57iIiFiBAF) 4CCEB46;8F, J8 9BHA7 G;4G G;8 89986G B9 
crop diversity on dominance remained significant when 
E8Cl46iA: G;8 FC86i8F l8I8l 5L 4lG8EA4GiI8F G;4G 7i7 ABG 
E8DHiE8 G;8 ;8lC B9 G;8 8KC8EG 588 G4KBAB@iFGF. &A G;8 
BG;8E ;4A7, G;8 89986G B9 l4A7F64C8 6B@CBFiGiBA BA 588 
Ei6;A8FF J4F ABG 78G86G87 J;8A lBFiA: G;8 FC86i8F l8I8l 
E8FBlHGiBA.

PE8IiBHF 6iGiM8A F6i8A68 CEB:E4@F BA 588F ;4I8 CEBIi787 
iAG8E8FGiA: E8FHlGF BA G;8 5EB47 89986GF B9 l4A7-HF8 6;4A:8F 
(D8:HiA8F 8G 4l. 2012), BA G;8 EBl8 B9 ;87:8EBJF 9BE 588F 
(KE8@8A 8G 4l. 2011), 4A7 BA G;8 A8FGiA: 86BlB:L 4A7 G;8 
FG4GHF B9 5H@5l8588 FC86i8F iA G;8 ,K (LL8 8G 4l. 2012). 
T;8F8 CEB:E4@F J8E8 54F87 BA C;BGB:E4C;i6 6Bll86GiBAF 
(D8:HiA8F 8G 4l. 2012) and on field observations by trained 
6iGiM8AF (KE8@8A 8G 4l. 2011) BE @8@58EF B9 G;8 CH5li6 (LL8 
8G 4l. 2012) 4A7 CEBIi787 iA9BE@4GiBA 4G ;i:;8E G4KBAB@i6 
l8I8lF (:8AHF, 94@ilL) BE 4G @BEC;BFC86i8F BE FC86i8F :EBHC 
l8I8lF.

AFF8@5l4:8-l8I8l 
4GGEi5HG8

EAIiEBA@8AG4l I4Ei45l8 Coefficient estimate ± *.E. F P

PEBCBEGiBA B9 45BI8 
:EBHA7 A8FGiA: FC86i8F

H%- BI8E4ll iA78K 0.053 ± 0.028 3.647 0.056

CEBC 7iI8EFiGL 0.204 ± 0.082 5.603 0.018*

EKG8AFiI8 94E@iA: CE46Gi68F 0.209 ± 0.064 9.660 0.002**

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL 0.016 ± 0.053 0.093 0.760

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ 0.0002 ± 0.003 0.004 0.949

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.002 ± 0.005 0.132 0.716

A = 70 6Bll86GiBAF 4A7 df = 1 in all cases. Significant P-I4lH8F 4E8 iA7i64G87 iA 5Bl7 (*P ≤ 0.05; **P ≤ 0.01). MB78lF 6BAG4iA87 4A 4FF8@5l4:8-l8I8l 
attribute as the response variable, an environmental variable as fixed effects, and school, municipality and sampling site identities as a suite of 
hierarchically nested random effects. In each case, the first four environmental variables were derived from the High Nature Value (HNV) data 
4A7 64l6Hl4G87 4G G;8 @HAi6iC4liGL l8I8l. T;8 CEBCBEGiBA B9 ;8E5468BHF F8@i-A4GHE4l 8l8@8AGF J4F 78EiI87 9EB@ CBEiA8 L4A7 CBI8E 74G4 (2006) 
4A7 64l6Hl4G87 4G GJB FC4Gi4l F64l8F (100 4A7 500 @ E47iHF 68AGE87 BA F4@CliA: FiG8F)

Ta le 1 (6BAGiAH87) 
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T;iF 4FC86G ;4F 588A liGGl8 iAI8FGi:4G87 iA 588F (5HG F88 *;89-
field et al. 2013; M4EiAi 8G 4l. 2014). T;HF BHE E8FHlGF G;4G 
7B@iA4A68 4G G;8 FC86i8F, :8AHF 4A7 C4E4G4KBAB@i6 l8I8lF 
786E84F87 JiG; 6EBC 7iI8EFiGL CEBIi78F A8J iAFi:;GF BA 
the influence of agricultural practices on bee assemblages. 
 A7887, iG CEBIi78F FHCCBEG GB G;8 A8J CAP CBli6L G;4G 
FGE8FF8F G;8 i@CBEG4A68 B9 6EBC 7iI8EFiGL iA BE78E 9BE 94E@-
8EF GB 58 8li:i5l8 9BE E, FH5Fi7L (EHEBC84A ,AiBA 2013).

C-,1e04a2i-, im.lica2i-,1

G8GGiA: 5iB7iI8EFiGL 74G4 4G l4E:8 FC4Gi4l 4A7 G8@CBE4l 
scales is the first stage of any conservation plan (Cardoso 

4 E8Ii8J). &HE E8FHlG @4L 58 7H8 GB G;8 7iE86G IHlA8E45iliGL 
B9 G;8F8 FC86i8F GB C8FGi6i78 HF8 (-4H:;4A 8G 4l. 2014) BE GB 
the hidden effects associated with agriculture intensification 
FH6; 4F G;8 lBFF B9 @i6EB-;45iG4GF FHiG45l8 9BE A8FG 8FG45liF;-
@8AG (KE8@8A 4A7 MOGBAi:l8 2015).

T;8 CE8F8A68 B9 4 98J I8EL 45HA74AG 4A7 @4AL E4E8 FC8-
6i8F iA 5iBGi6 4FF8@5l4:8F iF 4A HAiI8EF4l l4J iA 86BlB:L 
(M6Gill 8G 4l. 2007) 4A7, iA7887, iG ;4F 588A B9G8A ABGi687 
iA 588F (8.:., .illi4@F 8G 4l. 2001). HBJ8I8E, iA I4EiBHF 
:EBHCF, G;8 78:E88 B9 7B@iA4A68 B9 G;8 @BFG 45HA74AG G4K4, 
4F J8ll 4F G;8iE i78AGiGL, E8FCBA7 GB 8AIiEBA@8AG4l 6;4A:8F, 
FB@8Gi@8F @BE8 E4Ci7lL G;4A 7B8F FC86i8F Ei6;A8FF (C4EHFB 
8G 4l. 2007; Hill85E4A7 8G 4l. 2008; TBlkkiA8A 8G 4l. 2013). 

Fig. 3 )8l4GiBAF;iC 58GJ88A (a) 588 FC86i8F Ei6;A8FF 4A7 G;8 CEBCBE-
GiBA B9 ;8E5468BHF F8@i-A4GHE4l 8l8@8AGF iA 100 @ E47iHF JiA7BJF; 
  G;8 CEBCBEGiBA B9 G;8 @BFG 45HA74AG FC86i8F (FC86i8F 7B@iA4A68) 
4A7 G;8 iA78K B9 6EBC 7iI8EFiGL 4G G;8 @HAi6iC4liGL l8I8l; c G;8 CEBCBE-
GiBA B9 45BI8 :EBHA7 A8FGiA: 588 FC86i8F 4A7 G;8 iA78K B9 8KG8AFiI8 
94E@iA: CE46Gi68F; d G;8 CEBCBEGiBA B9 G;8 @BFG 45HA74AG :8AHF (:8AHF 
7B@iA4A68) 4A7 G;8 iA78K B9 6EBC 7iI8EFiGL 4G G;8 @HAi6iC4liGL l8I8l. 

 A6E84FiA: I4lH8F B9 G;8 iA78K B9 8KG8AFiI8 94E@iA: CE46Gi68F iA7i64G8F 
786E84FiA: C8FGi6i78, iEEi:4GiBA, 4A7 @iA8E4l 98EGiliM8E HF8. Sol d l ne( 
show significant trends returned by the model predictions. Gre. area( 
indicate 95 % confidence intervals. Small ver) cal bar( 4lBA: G;8 --4KiF 
B9 846; :E4C; F;BJ G;8 BEi:iA4l I4lH8F 4lBA: G;iF 4KiF. E46; bar E8CE8-
F8AGF 4 6Bll86GiBA (F4@CliA: FiG8 × L84E 6B@5iA4GiBA, A = 70 6Bll86GiBAF 
iA GBG4l)
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CEB:E4@F ;4I8 588A CEBI8A GB 58 I8EL HF89Hl GBBlF 9BE FH6; 
CHECBF8F (D8Ii6GBE 8G 4l. 2010; Di6kiAFBA 8G 4l. 2010). 
)8:4E7iA: 588F, J8 F;BJ87 G;4G 6iGiM8A F6i8A68 CEB:E4@F 
6B@5iAiA: G;8 6Bll86GiBA B9 5iBlB:i64l @4G8Ei4l 5L 4 G4E:8G87 
network of citizens and the identification to species level 

8G 4l. 2011; GBHlFBA 8G 4l. 2015). T;8 A4GiBA4l F64l8 B9G8A 
;4F G;8 47I4AG4:8 B9 E8CE8F8AGiA: 5BG; 4 l4E:8 F64l8 9EB@ 
4A 86BlB:i64l CBiAG B9 Ii8J 4A7 4 CBli6L-E8l8I4AG F64l8 
9BE G;8 9HGHE8 i@Cl8@8AG4GiBA B9 6BAF8EI4GiBA @84FHE8F 
(.BB76B6k 8G 4l. 2014; BH7:8 8G 4l. 2015). CiGiM8A F6i8A68 

Ta le 2 Results of the generalized linear mixed models for the assemblage-level attributes based on the identification of bee specimens at genus 
l8I8l BE 4G C4E4G4KBAB@i6 l8I8lF (i.8. G;4G 7i7 ABG E8DHiE8 G;8 ;8lC B9 8KC8EG 588 G4KBAB@iFGF)

AFF8@5l4:8-l8I8l 4GGEi5HG8 EAIiEBA@8AG4l I4Ei45l8 Coefficient estimate ± *.E. F P

G8AHF Ei6;A8FF H%- BI8E4ll iA78K −0.029 ± 0.055 0.257 0.612

CEBC 7iI8EFiGL 0.043 ± 0.179 0.058 0.810

EKG8AFiI8 94E@iA: CE46Gi68F −0.010 ± 0.162 0.003 0.953

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.109 ± 0.094 1.103 0.294

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ −0.001 ± 0.007 0.034 0.853

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ −0.001 ± 0.012 0.003 0.958

P4E4G4KBAB@i6 Ei6;A8FF,  
3 FiM8 6l4FF8F

H%- BI8E4ll iA78K −0.039 ± 0.063 0.368 0.544

CEBC 7iI8EFiGL 0.031 ± 0.205 0.023 0.878

EKG8AFiI8 94E@iA: CE46Gi68F −0.074 ± 0.187 0.153 0.696

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.107 ± 0.110 0.880 0.348

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ 0.003 ± 0.007 0.149 0.700

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.003 ± 0.012 0.054 0.816

P4E4G4KBAB@i6 Ei6;A8FF,  
7 FiM8 6l4FF8F

H%- BI8E4ll iA78K −0.056 ± 0.079 0.487 0.485

CEBC 7iI8EFiGL 0.017 ± 0.255 0.005 0.946

EKG8AFiI8 94E@iA: CE46Gi68F −0.183 ± 0.229 0.613 0.434

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.113 ± 0.140 0.644 0.422

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ 0.008 ± 0.009 0.675 0.411

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.013 ± 0.015 0.670 0.413

G8AHF 7B@iA4A68 H%- BI8E4ll iA78K −0.035 ± 0.016 4.903 0.027*

CEBC 7iI8EFiGL −0.166 ± 0.050 9.862 0.002**

EKG8AFiI8 94E@iA: CE46Gi68F −0.104 ± 0.051 4.014 0.045*

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.034 ± 0.028 1.411 0.235

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ 0.004 ± 0.003 3.067 0.080

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.002 ± 0.004 0.213 0.644

P4E4G4KBAB@i6  
7B@iA4A68, 3 FiM8 
6l4FF8F

H%- BI8E4ll iA78K −0.039 ± 0.017 4.870 0.027*

CEBC 7iI8EFiGL −0.181 ± 0.056 9.804 0.002**

EKG8AFiI8 94E@iA: CE46Gi68F −0.091 ± 0.057 2.499 0.114

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.043 ± 0.031 1.946 0.163

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ 0.005 ± 0.003 2.618 0.106

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.003 ± 0.005 0.331 0.565

P4E4G4KBAB@i6  
7B@iA4A68, 7 FiM8 
6l4FF8F

H%- BI8E4ll iA78K −0.015 ± 0.011 1.913 0.167

CEBC 7iI8EFiGL −0.049 ± 0.037 1.750 0.186

EKG8AFiI8 94E@iA: CE46Gi68F −0.031 ± 0.036 0.763 0.382

*8@i-A4GHE4l 8l8@8AG 4I4il45iliGL −0.025 ± 0.020 1.566 0.211

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 100 @ 0.003 ± 0.002 2.695 0.101

PEBCBEGiBA B9 F8@i-A4GHE4l 8l8@8AGF 500 @ 0.001 ± 0.003 0.126 0.723

A = 70 6Bll86GiBAF 4A7 df = 1 in all cases. Significant P-I4lH8F 4E8 iA7i64G87 iA 5Bl7 (*P ≤ 0.05; **P ≤ 0.01). MB78lF 6BAG4iA87 4A 4FF8@5l4:8-l8I8l 
attribute as the response variable, an environmental variable as fixed effects, and school, municipality and sampling site identities as a suite of 
hierarchically nested random effects. In each case, the first four environmental variables were derived from the High Nature Value data and 
64l6Hl4G87 4G G;8 @HAi6iC4liGL l8I8l. T;8 CEBCBEGiBA B9 ;8E5468BHF F8@i-A4GHE4l 8l8@8AGF J4F 78EiI87 9EB@ CBEiA8 L4A7 CBI8E 74G4 (2006) 4A7 
64l6Hl4G87 4G GJB FC4Gi4l F64l8F (100 4A7 500 @ E47iHF 68AGE87 BA F4@CliA: FiG8F)
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G;4Ak M4GG;i8H AH58EG, *G4A C;458EG, L4HE4 FBEG8l, B8ABjG G8FliA, 4A7 
Arnaud Le Nevé for fruitful discussions, Marie-Josée Buffière, Anne 
L4HE8 GHiE4B, %i6Bl4F MBEiFBA, 4A7 CfliA8 Pl8iA7BHK 9BE G;8iE 4FFiF-
G4A68 iA G;8 l45BE4GBEL, 4A7 P;iliCC8 PBiAG8E84H (*Bl4:EB, ;GGC://JJJ.
FBl4:EB.BE:) 9BE CEBIi7iA: G;8 74G4 9BE G;8 Hi:; %4GHE8 -4lH8 iA7i64-
GBE. .8 4E8 :E4G89Hl GB GJB 4ABAL@BHF E898E88F 9BE G;8iE 6BAFGEH6GiI8 
6B@@8AGF. T;iF E8F84E6; J4F 9HA787 iA C4EG 5L G;8 EHEBC84A *B6i4l 
FHA7 B9 G;8 EHEBC84A ,AiBA 47@iAiFG8E87 5L G;8 B8E:8Ei8 %4GiBA4l8, 
5L G;8 FE8A6; MiAiFGEi8F iA 6;4E:8 B9 E6BlB:L 4A7 A:Ei6HlGHE8 (BiB-
divea program) and by the not-for-profit organisation Pollinis (;GGC://
JJJ.CBlliAiF.BE:).

O.e, Acce11 T;iF 4EGi6l8 iF 7iFGEi5HG87 HA78E G;8 G8E@F B9 G;8 CE84GiI8 
CB@@BAF AGGEi5HGiBA 4.0  AG8EA4GiBA4l Li68AF8 (;GGC://6E84GiI86B@-
@BAF.BE:/li68AF8F/5L/4.0/), J;i6; C8E@iGF HAE8FGEi6G87 HF8, 7iFGEi5H-
GiBA, 4A7 E8CEB7H6GiBA iA 4AL @87iH@, CEBIi787 LBH :iI8 4CCEBCEi4G8 
6E87iG GB G;8 BEi:iA4l 4HG;BE(F) 4A7 G;8 FBHE68, CEBIi78 4 liAk GB G;8 CE8-
4GiI8 CB@@BAF li68AF8, 4A7 iA7i64G8 i9 6;4A:8F J8E8 @478.

Refe0e,ce1

A@i8G F, Moll8E A, %8H@8L8E ) (1999) ACi748 2: Colle)e(, Dufourea, 

H.laeu(, Nom a, Nom o de(, Rhoph )o de(, Roph )e(, Sphecode(, 

S.()ropha. C 219
A@i8G F, H8EE@4AA M, Moll8E A, %8H@8L8E ) (2001) ACi748 3: Hal-

 c)u(, La( oglo((um. C 208
A@i8G F, H8EE@4AA M, Moll8E A, %8H@8L8E ) (2004) ACi748 4: 

An)h d um, Chelo()oma, Coel o-.(, D o-.(, Her ade(, L )hurgu(, 

Megach le, O(m a, S)el (. C8AGE8 *HiFF8 78 C4EGB:E4C;i8 78 l4 
F4HA8. C 273

A@i8G F, H8EE@4AA M, Moll8E A, %8H@8L8E ) (2007) ACi748 5: 
Ammoba)e(, Ammoba)o de(, An)hophora, B a()e(, Cera) na, 

Da(.poda, Epeolo de(, Epeolu(, Eucera, Macrop (, Melec)a, 

Mel ))a, Nomada, Pa( )e(, Te)ralon a, Th.reu(, X.locopa. C 356
A@i8G F, H8EE@4AA M, Moll8E A, %8H@8L8E ) (2010) ACi748 6: 

Andrena, Mel ))urga, Panurg nu(, Panurgu(. C 316
B4A4FM4k J, B4A4FM4k-Ci5i6k4 ., *M898E P (2014) GHi78liA8F BA F4@-

CliA: iAG8AFiGL B9 588F (HL@8ABCG8E4: ACBi784: ACi9BE@8F). J 
 AF86G CBAF8EI 18:651S656

B4G8F D, M486;l8E M, BBlk8E B, .4lk8E * (2014) l@84: LiA84E @iK87-
89986GF @B78lF HFiA: Ei:8A 4A7 *4. ) C46k4:8 I8EFiBA 1.1S7. 
;GGC://C)A%.)-CEBj86G.BE:/C46k4:8=l@84&:G

B4H@ KA, .4ll8A KE (2011) PBG8AGi4l 5i4F iA C4A GE4CCiA: 4F 4 9HA6-
tion of floral abundance. J Kans Entomol Soc 84:155–159

Bi8F@8ij8E JC, )B58EGF *PM, )88@8E M, &;l8@oll8E ), E7J4E7F 
M, P88G8EF T, *6;4998EF AP, PBGGF *G, Kl8Hk8EF ), T;B@4F CD, 
*8GG8l8 J, KHAiA .E (2006) P4E4ll8l 786liA8F iA CBlliA4GBEF 4A7 
iAF86G-CBlliA4G87 Cl4AGF iA BEiG4iA 4A7 G;8 %8G;8El4A7F. *6i8A68 
313:351S354

BiEkiA L, GBHlFBA D (2015) ,FiA: 6iGiM8A F6i8A68 GB @BAiGBE CBlliA4-
GiBA F8EIi68F. E6Bl EAGB@Bl 40(*HCCl 1):3S11

BBAA8L ), CBBC8E CB, Di6kiAFBA J, K8lliA: *, P;illiCF T, )BF8A-
58E: K-, *;iEk J (2009) CiGiM8A F6i8A68: 4 78I8lBCiA: GBBl 9BE 
expanding science knowledge and scientific literacy. Bioscience 
59:977S984

BBFF4E7 M, H8L@4AA 0, L8A6B M, *G88A@4AF C (2006) C&) %E 
L4A7 6BI8E. ;GGC://JJJ.884.8HEBC4.8H/CH5li64GiBAF/C&)0-l4A7-
6BI8E. A668FF87 10 &6G 2014

BEBJA MJF, P4KGBA )J (2009) T;8 6BAF8EI4GiBA B9 588F: 4 :lB54l C8E-
FC86GiI8. ACi7BlB:i8 40:410S416

BH7:8 GE, G4EG;J4iG8 D, CEBJ8 A, BB4G@4A %D, D8l4Cl4A8 K*, 
BEBJA MA, T;L:8F8A HH, Pi8GE4I4ll8 * (2015) EIi78A68 9BE CBl-
linator cost and farming benefits of neonicotinoid seed coatings 
BA BilF887 E4C8. *6i )8C 5:12574

(B9G8A 6EH6i4l 9BE @BFG 6BAF8EI4GiBA iFFH8F) 5L 8KC8EG 588 
G4KBAB@iFGF 6BHl7 CEBIi78 E8l8I4AG E8FHlGF GB :Hi78 6BAF8E-
I4GiBA @84FHE8F 4G 4 A4GiBA4l F64l8. MBE8BI8E, G;EBH:; G;8 
iAIBlI8@8AG B9 4:Ei6HlGHE4l ;i:; F6;BBlF, BHE FGH7L 9B6HF87 
BA 4:Ei6HlGHE4l l4A7F64C8F J;8E8 588 6BAF8EI4GiBA ;4F 588A 
CEBI8A GB 58 8FF8AGi4l 5864HF8 B9 G;8 l4E:8 4E84F G;8L B66HCL 
and the benefits of bee pollination on entomophilous crops 
(D8:HiA8F 8G 4l. 2012).

Ack,-5ledgme,21 Our first thanks go to all the biology and ecol-
B:L G846;8EF 4A7 G86;Ai6i4AF J;B GBBk 4A 46GiI8 4A7 8AG;HFi4FGi6 C4EG 
iA G;iF FGH7L: JfEl@8 B4A:4E7i, Cf6il8 B8ll4-&lf@f, J84A-G45Ei8l 
BBEE8lL, AAAi6k BBHEEBHillBH, /4Ii8E BHAk8E, C;ELFG8ll8 C4@5EBHF8, 
Al8K4A7E8 C;4@58EG, M4Ei8-Pi8EE8 C;8I4ll8G, J84A-Mi6;8l C;B-
l8G, J84A-LBHiF Ci5l4F, )Bl4A7 CB@@8EdBA, FlBE4 CBHGHEi8E, *BC;i8 
CBL46, -iA68AG DH9E4iFF8, P4GEi68 DH;4@8l, M4Ei8-C;EiFGiA8 FiA:i8E, 
Christophe Fraisse, Patrick Golfier, Véronique Graff-Chambolle, 
T;B@4F GHillBHK, *f54FGi8A HB:H8G, L4HE8AG HBH87EL, M4Ei8  F446, 
)8A4H7 Jf:4G, FE4A6k L8CEiA68, C;EiFGBC;8 L8I8FDH8, DB@iAiDH8 
M4lf6BG, MiE8ill8 MBAAi8E, DB@iAiDH8 P4EiF, C;EiFGBC;8 P;iliCC8, 
JHli8A Pl4iFF8, L4HE8A68 )BF4iA, LiF8 *4iAG-AEEB@4A, %4G;4li8 *fEeF, 
J4A *i8FF, C;EiFG8l *i@BA, EEi6 -4A 78 PiGG8, K4EiA8 -BB:78A. .8 
4lFB G;4Ak J84A-Pi8EE8 Df5EBFF8, LBHiF-M4Ei8 -BiFiA, 4A7 J84A-LH6 
TBHll86 J;B ;8lC87 iA 8FG45liF;iA: 4A7 6BBE7iA4GiA: G;8 A8GJBEk. .8 
thank the specialists who identified bee specimens: Holger Dathe, 
EEi6 DH9EgA8, D4Ii7 G8ABH7, GfE4E7 L8 GB99, Gill8F M4;f, D8AiF 
Mi6;8M, Al4iA P4HlL, *G8C;4A )iF6;, EEJiA *6;8H6;l, 4A7 )B58EG FBA-
9Ei4N. FHEG;8E G;4AkF 4E8 7H8 GB EEi6 DH9EgA8, D4Ii7 G8ABH7, D8AiF 
Mi6;8M 4A7 %i6Bl4F -8E886k8A 9BE ;8lC JiG; G;8 G846;iA: B9 588 5iBl-
B:L 4A7 G4KBAB@L GB G;8 G846;8EF 4A7 G86;Ai6i4AF. .8 4lFB J4E@lL 

Fig. 4 %H@58E B9 HAiGF 9BE FC86i8F Ei6;A8FF 4A7 9BE 4lG8EA4GiI8 (C4E4)
G4KBAB@i6 4GGEi5HG8F (black bar(), 4A7 P-I4lH8 9BE G;8 :8A8E4liM87 liA-
84E @iK87 @B78l iA6lH7iA: G;8 4FF8@5l4:8-l8I8l 4GGEi5HG8 4A7 G;8 CEB-
CBEGiBA B9 ;8E5468BHF F8@i-A4GHE4l 8l8@8AGF iA 100 @ E47iHF JiA7BJF 
4F 8AIiEBA@8AG4l I4Ei45l8 (F88 T45l8F 1, 2 9BE 78G4ilF). T;8 ,h )e bar 
denotes a significant result (P ≤ 0.05) J;ilFG G;8 gre. bar( 78ABG8 ABA-
significant results. ‘Parataxonomic richness (7)’ and ‘Parataxonomic 
Ei6;A8FF (3)O 4E8 Ei6;A8FF @84FHE8F 54F87 BA 8iG;8E 7 BE 3 FH57iIiFiBAF 
B9 G;8 iAG8E-G8:Hl4E 7iFG4A68 (J;i6; iF HF87 4F 4 FHEEB:4G8 9BE 5B7L FiM8)
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GBHlFBA D, %i6;BllF E, BBGi4F C, )BG;8E4L EL (2015) CB@5iA87 FGE8FF 
from parasites, pesticides and lack of flowers drives bee declines. 
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