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0;� 7;|;ulbm;7� 0�� ;m�buoml;m|-Ѵ� 1om7b|bomvĺ� "blbѴ-uѴ�� bmŊ
=oul-|b�;�-u;�|_;�Ѵbm;-];v�bm��_b1_�-�7b�;uv;�u-m];�o=�vo1b-Ѵ�
=oulv�-u;�u;ru;v;m|;7�Ő;ĺ]ĺ��-Ѵb1|bm-;ķ�*�Ѵo1orbm-;őķ��_b1_�
r;ulb|�1olr-u-|b�;�-m-Ѵ�v;v��b|_bm�-�r_�Ѵo];m;|b1�1om|;�|�
Ő�o1_;u�ş��-�|omķ�2014ĸ�"_;ѴѴ�ş�!;_-mķ�2017őĺ�
ou�|_;�r�uŊ
rov;v�o=�|_bv�u;�b;�ķ��;��bѴѴ�7;=bm;�vo1b-Ѵb|��-v�l�Ѵ|bŊ�=;l-Ѵ;�
]uo�r� Ѵb�bm]��b|_bm�-�m;v|bm]�1om|;�|ķ��b|_�ou��b|_o�|�u;Ŋ
ruo7�1|b�;�7b�bvbom�o=�Ѵ-0ou�Őv;mv��)1bvѴo�ş�
;�;ѴѴķ�2017őĺ�
�o�;|_b1-Ѵ�-rruo�-Ѵ��-v�u;t�bu;7�=ou�|_bv�u;v;-u1_ĺ
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;|�-Ѵĺķ�2017ĸ��-ll;u;u�;|�-Ѵĺķ�2021őĺ��|_;uv�_-�;�v_o�m�|_-|�vo1b-Ѵb|��
�-v��;-hѴ��ou�mo|�-|�-ѴѴ�-vvo1b-|;7��b|_�1Ѵbl-|;�1_-m];�u;vromv;vķ�
bm1Ѵ�7bm]� r_;moѴo]b1-Ѵ� v_b=|v� Ő�-u|ol;�v� ;|� -Ѵĺķ� 2011; Meiners 
;|� -Ѵĺķ� 2020ő� -m7� u;vromv;v� |o� ;�|u;l;� �;-|_;u� ;�;m|v� Ő�u-_-l�
;|� -Ѵĺķ�2021őĺ��ou;� 1ollomѴ�ķ� v|�7b;v� _-�;� ;�-Ѵ�-|;7� vo1b-Ѵb|�� -v�
-� ru;7b1|ou� o=� u;vromv;v� |o� -m|_uoro];mb1� Ѵ-m7v1-r;� 1_-m];ĺ� 
ou�
;�-lrѴ;ķ� voѴb|-u�� 0;;v� l-�� 0;� r-u|b1�Ѵ-uѴ�� v�v1;r|b0Ѵ;� |o� ;==;1|v�
o=� �u0-mbv-|bom� Ő�-m-v�-hŊ��b0b1h-� ş� �lb_ouvhbķ࢓ 2012ĸ� �-uubvom�
;|� -Ѵĺķ� 2018ő� -m7� -]ub1�Ѵ|�u-Ѵ� bm|;mvb=b1-|bom� Ő
ouu;v|� ;|� -Ѵĺķ� ƑƏƐƔ; 
�-ѴѴ�;|�-Ѵĺķ�2019őĺ�)_bѴ;�|_;v;�v|�7b;v�-u;�bm=oul-|b�;�=ou�v�]];v|bm]�
];m;u-Ѵ�r-||;umv�o=�vo1b-Ѵ�u;vbѴb;m1;�|o�;m�buoml;m|-Ѵ�1_-m];ķ�lou;�
�ouh� bm�;v|b]-|bm]� 1Ѵbl-|;� �-ub-0Ѵ;v� vr;1b=b1-ѴѴ�� bv� m;1;vv-u�� |o�
�m7;uv|-m7�vo1b-Ѵ�u;vromv;v�|o�1Ѵbl-|;�1_-m];ĺ���ruolbvbm]�v|-u|bm]Ŋ�
rѴ-1;�|o�];m;u-|;�ru;7b1|bomv�=ou�|_;v;�v|�7b;v�bv�0��;�-lbmbm]�Ѵb=;�
_bv|ou�ķ�0;_-�bo�u-Ѵ�-m7�r_�vboѴo]b1-Ѵ�|u-b|��-ub-|bom�-1uovv�|_;�0;;�
vo1b-Ѵ�vr;1|u�lĺ

ƑĺƐՊ |Պ !;vo�u1;��v;�-m7�r_;moѴo]b1-Ѵ�=-1|ouv

"o1b-Ѵ�Ѵb�bm]�1-m�=�m7-l;m|-ѴѴ��-Ѵ|;u�0;;vŝ�v;-vom-Ѵ�-1|b�b|��r-||;umvĺ�
�ov|� voѴb|-u�� 0;;v� -u;� -1|b�;� -v� -7�Ѵ|v� =ou� m-uuo�� �bm7o�v� o=�
|bl;ķ�-�;u-]bm]�-0o�|�ƐՓlom|_�r;u��;-u�0�|�o=|;m�=ou�l�1_�v_ou|;u�
Ő�b1_;m;uķ� 2007őĺ� $_;� v-l;� bv� ];m;u-ѴѴ�� |u�;� =ou� vblrѴ;� vo1b-Ѵ�
]uo�rv� 1olrubv;7� o=� v-l;Ŋ�];m;u-|bom� =;l-Ѵ;v� Ő;ĺ]ĺ� 1oll�m-Ѵ�
-m7�v;lbvo1b-Ѵőĺ�!;v|ub1|;7�-1|b�b|��r;ubo7v�l-��u;m7;u�|_;v;�0;;v�
r-u|b1�Ѵ-uѴ����Ѵm;u-0Ѵ;�|o�|_;�;==;1|v�o=��m=-�o�u-0Ѵ;��;-|_;u�|_-|�
Ѵblb|v� =ou-]bm]� Ő;ĺ]ĺ�;�|;m7;7�u-bm=-ѴѴő�ou� |o�r_;moѴo]b1-Ѵ�lbvl-|1_�
-v�_ov|�rѴ-m|v�-7�-m1;�|_;bu�=Ѵo�;ubm]�|bl;v��m7;u�1Ѵbl-|;�1_-m];�
Ő��7o� ş� �7-ķ� ƑƏƐƒĸ� (bvv;u� ş� �b;m-rrķ� 2019őĺ� ��vo1b-Ѵ� Ѵb�bm]ķ� 0��
1om|u-v|ķ� u;t�bu;v� ];m;u-|bom� o�;uѴ-rķ� -m7� vo� ;�vo1b-Ѵ� 0;;v� -u;�
o0Ѵb]-|;Ѵ�� l�Ѵ|b�oѴ|bm;� �b|_� -m� -7�Ѵ|� -1|b�b|�� r;ubo7� vr-mmbm]�
v;�;u-Ѵ�lom|_v�Ő�b1_;m;uķ�1974őĺ��m�ou7;u�|o�v�rrou|�|_;bu�;�|;m7;7�
1oѴom��Ѵb=;�1�1Ѵ;v�o�;u�|_;�1o�uv;�o=�|_;�=Ѵo�;ubm]�v;-vomķ�;�vo1b-Ѵ�
0;;v� _-�;� 0uo-7ķ� ];m;u-Ѵbv|� roѴѴ;m� 7b;|vķ� �_bѴ;� voѴb|-u�� -m7� o|_;u�
momŊ�;�vo1b-Ѵ� 0;;v� vr-m� -� u-m];� o=� m�|ub|bom-Ѵ� vr;1b-Ѵbv-|bom� =uol�
_ov|� rѴ-m|� ];m;u-Ѵbv|v� |o� _ov|� rѴ-m|� vr;1b-Ѵbv|vĸ� Ő�b1_;m;uķ� 2007őĺ�
�-uuo�� 7b;|� 0u;-7|_� _-v� 0;;m� -vvo1b-|;7� �b|_� v�v1;r|b0bѴb|�� |o�
;m�buoml;m|-Ѵ�1_-m];�Ő�-u|ol;�v�;|�-Ѵĺķ�ƑƏƐƒĸ��o]�v1_�;|�-Ѵĺķ�2020; 
��1hm;u� ş� 	-m=ou|_ķ� 2022őķ� �_;u;-v� ];m;u-Ѵbv|v� l-�� 0;||;u�
�b|_v|-m7�7bvu�r|bomv�|o�ru;=;uu;7�_ov|�rѴ-m|�-�-bѴ-0bѴb|��Ő�bm1hѴ;��
;|� -Ѵĺķ� ƑƏƐƒőĺ� �-ll;u;u� ;|� -Ѵĺ� Ő2021ő� ;�-lbm;7� -� Ѵom]Ŋ�|;ul� 0;;�
o11�uu;m1;�7-|-v;|� bm� |_;�lb7Ŋ��|Ѵ-m|b1�&"�-m7� =o�m7� |_-|� voѴb|-u��
0;;v�7;1Ѵbm;7�bm�Ѵo�Ŋ�ru;1brb|-|bom��;-uvķ��_;u;-v�;�vo1b-Ѵ�0;;v�7b7�
mo|ĺ� 	b;|-u�� =Ѵ;�b0bѴb|�� l-�� 0;� bm1u;-vbm]Ѵ�� blrou|-m|� -v� �-ulbm]�
|;lr;u-|�u;v�;�|;m7�-1|b�b|��r;ubo7vĺ�
ou�;�-lrѴ;ķ�bm��u0-m��ub|-bmķ�
Bombus terrestris� Ő�bmm-;�vķ� ƐƕƔѶő� -u;� bm1u;-vbm]Ѵ�� -1|b�;� 7�ubm]�
|_;��bm|;u�lom|_vķ� v�0vbv|bm]� Ѵ-u];Ѵ�� om� 1�Ѵ|b�-|;7� rѴ-m|v� Ő"|;Ѵ�;u�
;|�-Ѵĺķ�2010őĺ�&m7;u�v;�;u;�ou�;�|;m7;7�7uo�]_|ķ�_o�;�;uķ�vr;1b-Ѵbv|�
Ő|�rb1-ѴѴ�� voѴb|-u�ő� vr;1b;v� |_-|� 1-m� �m7;u]o� =-1�Ѵ|-|b�;� Ѵom]Ŋ�|;ul�
7b-r-�v;� 1o�Ѵ7� _-�;� 1olr;|b|b�;� -7�-m|-];v� o�;u� ];m;u-Ѵbv|ķ�
l�Ѵ|b�oѴ|bm;�vr;1b;v�|_-|�1-mmo|��-b|�o�|��m=-�o�u-0Ѵ;��;-uv�Ő��m]�
;|�-Ѵĺķ�2021ĸ��bm1hѴ;��;|�-Ѵĺķ�ƑƏƐƒőĺ

"o1b-Ѵb|�� 1-m� -Ѵvo� ];m;u-|;� ;l;u];m|� v|u-|;]b;v� =ou� u;vo�u1;�
-1t�bvb|bom� |_-|�l-�� 0;� -7�-m|-];o�v� -v� =Ѵou-Ѵ� u;vo�u1;v� 0;1ol;�
v1-u1;uķ� lou;� r-|1_bѴ�� 7bv|ub0�|;7� -m7ņou� �mru;7b1|-0Ѵ�� -�-bѴ-0Ѵ;�
�m7;u� 1Ѵbl-|;� 1_-m];ĺ� $_;� _b]_Ѵ�� ;�vo1b-Ѵ� 0;;v� rovv;vv� 1olrѴ;��
1oll�mb1-|bom�0;_-�bo�uv�Ő�b-�oѴ=-1|ou�ķ�-�7b|ou��-m7�7-m1;�1olŊ
l�mb1-|bomő�|_-|�;m-0Ѵ;�|_;l�|o�-7-r|b�;Ѵ��1oou7bm-|;�=ou-]bm]�;=Ŋ
=ou|v�-1uovv�Ѵ-u];�1oѴom���ouh=ou1;v�Ő�b1_;m;uķ�1974ĸ�";;Ѵ;�ķ�ƐƖƖƔ; 
von Frisch, ƐƖѵƕőĺ����-11�u-|;Ѵ��1oll�mb1-|bm]�ru;v;m1;ķ� Ѵo1-|bom�
-m7ņou�t�-Ѵb|��o=�=oo7�u;vo�u1;vķ�|_;v;�0;_-�bo�uv�;m-0Ѵ;�1oѴomb;v�
|o�lou;� ;==;1|b�;Ѵ�� ;�rѴob|� vr-|b-ѴѴ�� -m7� |;lrou-ѴѴ�� �mru;7b1|-0Ѵ;�
=oo7� Ѵ-m7v1-r;v� Ő	oum_-�v� ş� �_b||h-ķ� 2004ĸ� �um1bu� ;|� -Ѵĺķ� 2019; 
�-b-Ŋ�"bѴ�-�;|�-Ѵĺķ�2020őĺ�$_;�_b]_Ѵ��;�vo1b-Ѵ�_om;��-m7�v|bm]Ѵ;vv�0;;v�
-Ѵvo�v|ou;�=oo7�bm�|_;�m;v|�=ou�-7�Ѵ|�1omv�lr|bomķ�0�==;ubm]�-]-bmv|�
=Ѵou-Ѵ�7;-u|_�r;ubo7v� Ő�uু|;uķ�2020ĸ��;bmub1_ķ�1979ĸ� ";;Ѵ;�ķ�ƐƖѶƔőĺ�

oo7� v|ou-];� ;m-0Ѵ;v� -� r;u;mmb-Ѵ� Ѵb=;v|�Ѵ;� =ou� |_;� _b]_Ѵ�� ;�vo1b-Ѵ�
0;;v�Ő;ĺ]ĺ�_om;��0;;v�-m7�v|bm]Ѵ;vv�0;;vőķ�-m7�;�;m�=ou�-mm�-Ѵ�1oѴŊ
omb;v� Ő;ĺ]ĺ� 0�l0Ѵ;0;;vőķ� vl-ѴѴ� =oo7� v|ou;v� 1-m� ruo�b7;� bmv�u-m1;�
-]-bmv|�v_ou|�r;ubo7v�o=�roou� =ou-]bm]�1om7b|bomv� Ő�;bmub1_ķ�1979őĺ�
�-m�� vo1b-Ѵ� 0;;v� 1-m� -Ѵvo� v_-u;� 1oѴѴ;1|;7� =oo7� �b-� |uor_-ѴѴ-�bvķ�
;�;m�bm�vblrѴ;uķ�=-1�Ѵ|-|b�;�vo1b;|b;v�Ő�;uѴbm]�;|�-Ѵĺķ�ƐƖѶƒĸ���h�h�ş�
�uo�b;uķ�1990ĸ�"-h-]-lb�ş��-uo1-ķ�1971őĺ


bm-ѴѴ�ķ� vo1b-Ѵb|�� _-v� 0;;m� -vvo1b-|;7� �b|_� bm1u;-v;7� lo0bѴb|��
-|�|_;�Ѵ-m7v1-r;�v1-Ѵ;ķ��_b1_�1-m�1om=;u�u;vbѴb;m1;�|o�_-0b|-|� Ѵovvņ
=u-]l;m|-|bom� �m7;u� 1Ѵbl-|;� 1_-m];ĺ� �b]_Ѵ�� ;�vo1b-Ѵ� 0;;v� _-�;�
Ѵ-u];u� =ou-]bm]� u-m];v� |_-m� rublb|b�;Ѵ�� ;�vo1b-Ѵ� -m7� voѴb|-u�� 0;;v�
Ő�;m7-ѴѴ� ;|� -Ѵĺķ� 2022őķ� ;m_-m1bm]� |_;bu� -0bѴb|�� |o� ;v1-r;� u;vo�u1;Ŋ�
7;rѴ;|;7�Ѵ-m7v1-r;v�Ő"|;==-mŊ�	;�;m|;u�ş���_mķ�ƑƏƏƒőĺ��oѴomb;v�o=�
|_;��=ub1-m�_om;��0;;�ŐApis mellifera scutellata��;r;Ѵ;|b;uķ�ƐѶƒѵő�-m7�
|_;�]b-m|�_om;��0;;�ŐApis dorsata�
-0ub1b�v�ƐƕƖƒő��bѴѴ�v;-vom-ѴѴ��-0Ŋ
v1om7�=uol�|_;bu�;v|-0Ѵbv_;7�m;v|�vb|;vķ�lb]u-|bm]�|o�-u;-v�o=�]u;-|;u�
=oo7�-0�m7-m1;�Ő	�;u�ş�";;Ѵ;�ķ�1994ĸ��1�-ѴѴ��ş�"1_m;b7;uķ�1992őĺ�
�bh;�bv;� =ou�rublb|b�;Ѵ��;�vo1b-Ѵ� 0�l0Ѵ;0;;vķ� Ѵom]Ŋ�7bv|-m1;� =ou-]Ŋ
bm]�l-��_;Ѵr�1oѴomb;v�o�;u1ol;�v;-vom-Ѵ�u;vo�u1;�7;1Ѵbm;v�Ő�or;�ş�
�_-ķ�2018őĺ��m�1om|u-v|ķ�omѴ��-�lbmoub|��o=�voѴb|-u��0;;v�-u;�1-r-0Ѵ;�
o=�Ѵom]Ŋ�7bv|-m1;�=ou-]bm]�Ő,�u0�1_;mķ��_;;vl-mķ�;|�-Ѵĺķ�2010őķ��_b1_�
_-v� 0;;m� v_o�m� |o� 7;1u;-v;� o==vrubm]� ruo7�1|bom� Ő,�u0�1_;mķ�
�-m7;u|ķ� ;|� -Ѵĺķ�2010őĺ� "blbѴ-uѴ�ķ� voѴb|-u�� 0;;v� _-�;� v_ou|;u� 7bvr;uŊ
v-Ѵ� u-m];v� |_-m� ;�vo1b-Ѵ� -m7� =-1�Ѵ|-|b�;Ѵ�� vo1b-Ѵ� 0;;vķ� bm1u;-vbm]�
|_;bu� v�v1;r|b0bѴb|�� |o� ;==;1|v� o=� _-0b|-|� 7;]u-7-|bom� Ő�ॕr;�Ŋ�&ub0;�
;|�-Ѵĺķ�2019őĺ

ƑĺƑՊ |Պ �_�vboѴo]b1-Ѵ�-m7�0;_-�bo�u-Ѵ�1Ѵbl-|;�
responses

�-m�� vo1b-Ѵ� 0;;v� rovv;vv� �mbt�;� 0;_-�bo�u-Ѵ� l;1_-mbvlv� =ou�
u;]�Ѵ-|bm]� |_;bu� lb1uo1Ѵbl-|;vķ� 0�==;ubm]� -]-bmv|� |_;ul-Ѵ� v|u;vv�
�m7;u� 1Ѵbl-|;� 1_-m];ĺ� �vr;1b-ѴѴ�� bm� |;lr;u-|;� u;]bomvķ� |_;�
;�vo1b-Ѵ�1ou0b1�Ѵ-|;�0;;v�;lrѴo��-�v�b|;�o=�bm|;]u-|;7�0;_-�bo�uv�
|o� 7;=|Ѵ�� 1om|uoѴ� |_;bu� m;v|� |;lr;u-|�u;vķ� bm1Ѵ�7bm]� 7bu;1|�
bm1�0-|bomķ�l;|-0oѴb1� _;-|� ruo7�1|bomķ� =-mmbm]ķ� m;v|� ;�-1�-|bom�
-m7�;�-rou-|b�;�1ooѴbm]�Ő�;bmub1_ķ�ƐƖƖƒĸ��om;v�ş��Ѵ7uo�7ķ�ƑƏƏѵ; 
";;Ѵ;�ķ� ƐƖѶƔőĺ� $_;v;� 0;_-�bo�uv� ;m-0Ѵ;� 1oѴomb;v� |o� l-bm|-bm�
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-m� or|bl-Ѵ� |_;ul-Ѵ� v;|� robm|� 7;vrb|;� �b7;� �-ub-|bom� bm� -l0b;m|�
|;lr;u-|�u;vĺ� �oou7bm-|;7� |_;ulou;]�Ѵ-|ou�� 0;_-�bo�uv� 1-m�
ruolo|;� u;1o�;u�� =uol� -m7� u;vbѴb;m1;� |o� ;�|u;l;� _;-|� ;�;m|vĺ�

oѴѴo�bm]� bm|;mvb�;��-|;u� 1oѴѴ;1|bom� |o�1ooѴ� |_;�m;v|��m7;u�_b]_�
-l0b;m|� |;lr;u-|�u;vķ� _om;�0;;��ouh;uv� 1-m� |;lrou-ubѴ�� v|ou;�
�-|;u� bm� |_;bu� 1ol0v� -m7� |_;bu� 1uorv� =ou� =�|�u;� 7bv|ub0�|bomķ�
ro|;m|b-ѴѴ�� 0�==;ubm]� -]-bmv|� =�|�u;� ;l;u];m1b;v� Ő�v|�-Ѵ7�
;|� -Ѵĺķ� ƑƏƐѵőĺ� )_bѴ;� |_;v;� 0;_-�bo�uv� -u;� 0;v|� hmo�m� bm� |_;�
1ou0b1�Ѵ-|;�0;;vķ�|_;ulou;]�Ѵ-|ou��0;_-�bo�uv�l-��;�bv|�bm�o|_;u�
1Ѵ-7;vĺ��b1_;m;u� o0v;u�;7� =-mmbm]� -|� |_;� m;v|� ;m|u-m1;� 0�� |_;�
rublb|b�;Ѵ�� ;�vo1b-Ѵ� _-Ѵb1|b7� Augochlorella aurata� Ő"lb|_ķ� ƐѶƔƒĸ�
ƐƖƕƓőĺ� �m� �bm|;u� _b0;um-1�Ѵ-ķ� r-vvb�;� 1Ѵ�v|;ubm]� o=� -7�Ѵ|v� 1o�Ѵ7�
lbmblbv;� _;-|� Ѵovv� 0�� u;7�1bm]� |_;� ]uo�rŝv� 1oѴѴ;1|b�;� |_;ul-Ѵ�
bm;u|b-ĺ�
ou�|_;�=-1�Ѵ|-|b�;Ѵ��vo1b-Ѵ�1-ur;m|;u�0;;ķ�Xylocopa sonorina 
"lb|_ķ� ƐѶƕƓķ� 0;;v� |_-|� o�;u�bm|;u;7� bm� ]uo�rv�l-bm|-bm;7�0o7��
|;lr;u-|�u;v�m;-uѴ��ƐĺƔŦ���-ul;u�|_-m�voѴb|-u��bm7b�b7�-Ѵv�-|�|_;�
1oѴ7;v|�|bl;�o=�7-��Ő�v|�-Ѵ7ķ�
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bm=Ѵ�;m1;v�ruo�bvbombm]�orrou|�mb|b;v

↓ ↑�vo1b-Ѵ�m;v|bm] �-Ѵb1|b7-;Ĺ�-Ѵb1|bmbĹ�"1_ুu1_�;|�-Ѵĺ�ŐƑƏƐѵő
�rb7-;Ĺ�;u-|bmbmbĹ�	;��;|�-Ѵĺ�Ő2018ő

↓ ↑�1oѴom��vb�; �-Ѵb1|b7-;Ĺ�-Ѵb1|bmbĹ��-1h;u�Ő1990ő


-�o�u-0bѴb|��o=�=ou-]bm]�1om7b|bomv�
bm=Ѵ�;m1;v�|_;�7;]u;;�o=�t�;;mŊ��ouh;u�
vb�;�7blour_bvlķ��_b1_�7;|;ulbm;v�|_;�
;==;1|b�;m;vv�o=��ouh;u�u;ruo7�1|b�;�
roѴb1bm]�0��t�;;mv

↓ ↑��ouh;u�
u;ruo7�1|bom

�-Ѵb1|b7-;Ĺ�-Ѵb1|bmbĹ�!b1_-u7v�-m7�
�-1h;u�ŐƐƖƖѵő

	uo�]_|�bm1u;-v;v�|_;�1ov|�o=�m;v|�
;�1-�-|bom�|_uo�]_�7u�ķ�_-u7�vobѴv

↑�vo1b-Ѵ�m;v|bm] �-Ѵb1|b7-;Ĺ�-Ѵb1|bmbĹ��o_-u|�-m7�
+o�vv;=�ŐƐƖƕѵő
�m7u;mb7-;Ĺ�;u7b|bmbĹ�	-m=ou|_�Ő1991ő�-m7�
	-m=ou|_�;|�-Ѵĺ�ŐƐƖƖѵő

!;vo�u1;�-m7�1oll�mb|��
;==;1|v�Őbĺ;ĺ�7o�mv|u;-l�
;==;1|v�o=�↑�|;lrv�-m7�↑ 
�-ub-0bѴb|�ő

"_b=|v�bm�-0�m7-m1;v�-m7�7bv|ub0�|bomv�
o=�r-u-vb|;vķ�ru;7-|ouvķ�-m7�1omvr;1b=b1�
1olr;|b|ouv�bm=Ѵ�;m1;�|_;�1ov|vņ0;m;=b|v�
o=�_-�bm]�-�m;v|�]�-u7

↓ ↑�vo1b-Ѵ�m;v|bm] �-Ѵb1|b7-;Ĺ�-Ѵb1|bmbĹ��0u-lv�-m7�
�b1h�ou|�Ő1981ő
�rb7-;Ĺ�;u-|bmbmbĹ�!;_-m�;|�-Ѵĺ�Ő2011ő
�rb7-;Ĺ*�Ѵo1orbmbĹ��o];m7ooum�-m7�
(;Ѵ|_�bv�ŐƐƖƖƒő

"_b=|v�bm�-�-bѴ-0bѴb|��-m7�7�u-0bѴb|��o=�
m;v|v�-m7�m;v|�v�0v|u-|;�bm=Ѵ�;m1;�
ru;vv�u;�=ou�vo1b-Ѵ�m;v|bm]

↓ ↑�vo1b-Ѵ�m;v|bm] �rb7-;Ĺ�ѴѴo7-rbmbĹ�"bѴ0;u0-�;u�-m7�
"1_�-u��ŐƐƖƖƔő�-m7�7-�"bѴ�-�;|�-Ѵĺ�ŐƑƏƐѵő
�rb7-;Ĺ*�Ѵo1orbmbĹ��v|�-Ѵ7�;|�-Ѵĺ�Ő2021ő�-m7�
(b1hu�1h�-m7�!b1_-u7v�Ő2021ő
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b;Ѵ7�;|�-Ѵĺķ�2010ĸ��-1h;u�ş��m;u;uķ�ƐƖѶѵĸ�!b1_-u7v�ş��-1h;uķ�ƐƖƖƔőĺ�
�Ѵ|;um-|b�;Ѵ�ķ� bm� ;m�buoml;m|v� 1_-u-1|;ubv;7� 0�� _o|� v�ll;uv� |_-|�
u;]�Ѵ-uѴ��;�1;;7�0;;vŝ�or|bl-Ѵ�=ou-]bm]�|;lr;u-|�u;v�Ő;ĺ]ĺ�vo�|_;um�
��v|u-Ѵb-őķ� �-ulbm]� 1o�Ѵ7� 1omv|u-bm� v;1om7� 0uoo7� ruo�bvbombm]� 0��
Ѵblb|bm]�-1|b�b|���bm7o�v�Ő�-0oou�;|�-Ѵĺķ�2022őĺ

$_;ul-Ѵ�;==;1|v�om�1oѴom��7;lo]u-r_��1-m�-Ѵvo�blr-1|��b|_bmŊ�
]uo�r� vo1b-Ѵ� 7�m-lb1v� 0�� v_-rbm]� |_;� 7bv|ub0�|bom�o=� =;l-Ѵ;� 0o7��
vb�;vĺ��o7��vb�;�bm�vo1b-Ѵ�0;;v�bv�v|uom]Ѵ��-vvo1b-|;7��b|_�u;ruo7�1Ŋ
|b�;�7olbm-m1;�Ő�uo|_;uv�ş��b1_;m;uķ�1974; Richards, 2011ĸ�"lb|_�
;|�-Ѵĺķ�2008őĺ�"r;1b=b1-ѴѴ�ķ�Ѵ-u];u�=;l-Ѵ;v�-u;�0;||;u�-0Ѵ;�|o�r_�vb1-ѴѴ��
1o;u1;� o==vrubm]� ou� o|_;u� m;v|l-|;v� bm|o� �ouh;u� 0;_-�bo�uv� Ѵbh;�
=ou-]bm]ĸ�-m7�|_;v;�7olbm-m1;�0;_-�bo�uv�v;;l�|o�0;�blrou|-m|�bm�
bm_b0b|bm]��ouh;u�o�-ub-m�7;�;Ѵorl;m|�Ő�uo|_;uv�ş��b1_;m;uķ�1974; 
�b1_;m;u� ş� �uo|_;uvķ�1974őĺ� �m�buoml;m|-Ѵ� blr-1|v� om� 0o7�� vb�;�
|_�v�u;ru;v;m|�-m�-�;m�;�|_uo�]_��_b1_�1Ѵbl-|;�1_-m];�lb]_|� blŊ
rov;� v_b=|v� bm� vo1b-Ѵ� ou]-mbv-|bomĺ� !b1_-u7v� -m7��-1h;u� =o�m7� |_-|�
=-�o�u-0Ѵ;�1om7b|bomv� Ő�-ulķ�7u���;-uvő� Ѵ;7� |o�rublb|b�;Ѵ��;�vo1b-Ѵ�
Halictus ligatus� "-�ķ�ƐѶƒƕ�t�;;mv�ruo7�1bm]� Ѵ-u];uŊ�0o7b;7��ouh;uv�
|_-m� |_;�� 7b7� bm� �m=-�o�u-0Ѵ;� 1om7b|bomv� Ő1ooѴķ� u-bm�� �;-uvőķ� Ѵbh;Ѵ��
7�;�|o�;m_-m1;7�=ou-]bm]�orrou|�mb|b;v�ŐƐƖƖѵőĺ�)_;m�|_;�0o7��vb�;�
7b==;u;m|b-Ѵ�0;|�;;m�t�;;mv�-m7��ouh;uv�bv�Ѵo�ķ�t�;;mv�l-��0;�Ѵ;vv�
v�11;vv=�Ѵ� -|� roѴb1bm]��ouh;u� u;ruo7�1|bomĺ� �m7;;7ķ� �m7;u� =-�o�uŊ
-0Ѵ;� 1om7b|bomvķ� �ouh;uv� �;u;� u;Ѵ-|b�;Ѵ�� Ѵ-u];� -m7� lou;� Ѵbh;Ѵ�� |o�
u;ruo7�1;ĺ��om�;uv;Ѵ�ķ��m7;u��m=-�o�u-0Ѵ;�1om7b|bomvķ�t�;;mv�-m7�
�ouh;uv��;u;�lou;�7bvvblbѴ-u� bm�vb�;�-m7��ouh;u�u;ruo7�1|bom��-v�
u-u;ķ�Ѵ;-7bm]�|o�lou;�v|uom]Ѵ��;�vo1b-Ѵ�1oѴom��ou]-mbv-|bom�Ő!b1_-u7v�
ş� �-1h;uķ� ƐƖƖѵőĺ� "blbѴ-uѴ�ķ� =ou� |_;� =-1�Ѵ|-|b�;Ѵ�� vo1b-Ѵķ� v�0|uorb1-Ѵ�
vl-ѴѴ� 1-ur;m|;u�0;;ķ�Ceratina australensis� �;uhbmvķ� ƐƖƐƑķ��m=-�o�uŊ
-0Ѵ;� �;-uv� Ő_o|ķ� 7u�� �;-uvő� ruo7�1;7� vl-ѴѴ;uŊ�0o7b;7� 0uoo7� Ő	;��
;|�-Ѵĺķ�2018őĺ��;1-�v;�C. australensis�=;l-Ѵ;v�|_-|�=o�m7�vo1b-Ѵ�m;v|v�
|;m7�|o�0;�Ѵ-u];uŊ�0o7b;7ķ�1Ѵbl-|;Ŋ�l;7b-|;7�0o7��vb�;��-ub-|bom�l-��
blr-1|��;-uŊ�|oŊ��;-u��-ub-|bom�bm�|_;�=u;t�;m1��o=�vo1b-Ѵ�m;v|bm]�Ő	;��
;|�-Ѵĺķ�2018őĺ


bm-ѴѴ�ķ� |;lr;u-|�u;� 1o�Ѵ7� v_-r;� 1oѴom�� 7;lo]u-r_�� |_uo�]_�
v_b=|v� bm� o==vrubm]� v;�� u-|bovĺ� 
;l-Ѵ;Ŋ�0b-v;7� =buv|� 0uoo7v� 1u;-|;�
orrou|�mb|b;v� =ou� vb0Ŋ�u;-ubm]� -m7� ;�vo1b-Ѵ� 1oѴom�� ou]-mbv-|bom�
Ő�oolvl-ķ�1991ĸ�$ub�;uv�ş��-u;ķ�ƐƖƕѵőĺ�)-ul;u�|;lr;u-|�u;v�_-�;�
0;;m�-vvo1b-|;7��b|_� bm1u;-vbm]�l-Ѵ;�0b-v� bm�o==vrubm]�o=�_-Ѵb1|bm;�
0;;v�Ő�-llķ�1974ĸ�+-m;]-ķ�ƐƖƖƒőķ�u;v�Ѵ|bm]�bm�ror�Ѵ-|bomŊ�Ѵ;�;Ѵ�7;Ŋ
1u;-v;v�bm�|_;�=u;t�;m1��o=�;�vo1b-Ѵ�m;v|bm]�Ő+-m;]-ķ�ƐƖƖƒőķ�|_o�]_�
|_;�l;1_-mbvl��m7;uѴ�bm]�|_;v;�r-||;umv�bv��m1Ѵ;-uĺ�
�|�u;��ouh�bmŊ
�;v|b]-|bm]� bm|;u-1|bomv�0;|�;;m�|;lr;u-|�u;ķ�o==vrubm]�v;�� u-|bov�
-m7�vo1b-Ѵ�ou]-mbv-|bom��bѴѴ�_;Ѵr�1Ѵ-ub=��blr-1|v�o=�1Ѵbl-|;��-ulbm]�
om�1oѴom��7;lo]u-r_�ķ�r-u|b1�Ѵ-uѴ��=ou�0;;v�|_-|�;�ru;vv�bm|u-vr;Ŋ
1b=b1��-ub-|bom�bm�0o|_�v;��-ѴѴo1-|bom�-m7�vo1b-Ѵ�ou]-mbv-|bom�Ő�uombm�
ş�"1_�-u�ķ�1997ĸ�"lb|_�;|�-Ѵĺķ�2019őĺ

ƒĺƑՊ |Պ �u;1brb|-|bom�;==;1|v

"o1b-Ѵ� Ѵb�bm]� l-�� ;t�-ѴѴ�� 0;� v_-r;7� 0�� ru;1brb|-|bom� -m7� �-|;u�
-�-bѴ-0bѴb|�ĺ��-m��o=�|_;v;�;==;1|v�-u;�bm|ubmvb1-ѴѴ��0o�m7�|o�|_;ul-Ѵ�
;==;1|vķ� �ouhbm]� bm� 1om1;u|� �b|_� |;lr;u-|�u;� �-ub-|bom� |o� v_-r;�

=Ѵou-Ѵ� u;vo�u1;�-�-bѴ-0bѴb|��-m7� =ou-]bm]��bm7o�vĺ��mm�-Ѵ��-ub-|bom�
bm� ru;1brb|-|bom� 1-m� 7b1|-|;� -1|b�b|�� r;ubo7vķ� ;b|_;u� 0�� bm_b0b|bm]�
=ou-]bm]� bm� |bl;v� o=� ;�|;m7;7� u-bm=-ѴѴ� ou� 0�� 1u;-|bm]� =Ѵou-Ѵ� 7;-u|_�
r;ubo7v� bm� |bl;v� o=� 7uo�]_|ĺ� �m7;;7ķ� =ou� |_;� =-1�Ѵ|-|b�;Ѵ�� ;�vo1b-Ѵ�
Augochlorella aurataķ� 7uo�]_|� 1om7b|bomv� u;7�1;7� 0uoo7� vb�;v� 0��
|�o� |o� |_u;;� o==vrubm]� Ő�-1h;uķ� 1990őĺ� �om�;uv;Ѵ�ķ� "1_ুu1_� ;|� -Ѵĺ�
v�]];v|� |_-|� -m� bm1u;-v;� bm� vrubm]� u-bm=-ѴѴ� �m7;u� 1Ѵbl-|;� 1_-m];�
1o�Ѵ7�u;7�1;�|_;�=u;t�;m1��o=�vo1b-Ѵ�m;v|bm]�bm�Halictus rubicundus, 
0�� 7;Ѵ-�bm]� ruo�bvbombm]� -m7� u;7�1bm]� |_;� |;lrou-Ѵ� �bm7o�� |o�
ruo7�1;�-� v;1om7�0uoo7� ŐƑƏƐѵőĺ� "blbѴ-uѴ�ķ� =ou�Halictus ligatusķ� _b]_�
u-bm=-ѴѴ�1u;-|;7�1om7b|bomv��m=-�o�u-0Ѵ;�=ou��ouh;u�ruo7�1|bomķ��b|_�
1omv;t�;m1;v� =ou� vo1b-Ѵ� ou]-mbv-|bom� Ő!b1_-u7v� ş� �-1h;uķ� ƐƖƖƔőĺ�

bm-ѴѴ�ķ�ru;1brb|-|bom�1-m�rov;�7bu;1|�v�u�b�-Ѵ� ubvhv� |_-|�l-��-==;1|�
|_;�=u;t�;m1��o=�vo1b-Ѵ�m;v|bm]ĺ��;-���u-bm=-ѴѴ�-m7�=Ѵoo7bm]�|_u;-|;m�
0uoo7� v�u�b�-Ѵķ� �_b1_� 1-m� u;7�1;� �ouh;u� u;1u�b|l;m|ķ� 7;1u;-vbm]�
1oѴom��vb�;�-m7�u;v|ub1|bm]�orrou|�mb|b;v�=ou�vo1b-Ѵ�m;v|bm]ĺ

�u;1brb|-|bom� 1-m� -Ѵvo� -Ѵ|;u� =;-|�u;v� o=� |_;� r_�vb1-Ѵ� ;m�buomŊ
l;m|� |_-|� 7;|;ulbm;� |_;� 1ov|v� -m7� 0;m;=b|v� o=� vo1b-Ѵ� m;v|bm]�
Ő�1�out�o7-Ѵ;ķ�1989őĺ�
ou�]uo�m7�m;v|bm]�0;;vķ�m;v|�;�1-�-|bom�l-��
0;�r-u|b1�Ѵ-uѴ��1ov|Ѵ���_;m�vobѴv�-u;�_-u7ķ�;vr;1b-ѴѴ��7�ubm]�7uo�]_|ĺ�
	-m=ou|_�v�]];v|v�|_-|�|_;�_b]_�;m;u];|b1�1ov|v�o=�;�1-�-|bm]�7u�ķ�
_-u7Ŋ�r-1h;7�vobѴv�=-�o�uv�1oll�m-Ѵ�m;v|bm]�=ou�|_;�7;v;u|Ŋ�-7-r|;7�
bees Perdita portalis�$bl0;uѴ-h;ķ�ƐƖƔƓ�ŐƐƖƖƐő�-m7�Macrotera texana 
�u;vvomķ�ƐѶƕѶ�ŐƐƖƖѵőĺ�	u�bm]�o=�vobѴv�bv�-�ru;7b1|;7�1omv;t�;m1;�o=�
1Ѵbl-|;�1_-m];� bm�l-m��u;]bomvķ��_b1_�l-��u-bv;�|_;�1ov|v�o=�m;v|�
;�1-�-|bom� =ou� ]uo�m7� m;v|bm]� 0;;vķ� |_;u;0�� bm1u;-vbm]� |_;� 0;m;Ŋ
=b|v�o=�1oor;u-|b�;�m;v|�;�1-�-|bomĺ��m7;;7ķ��o_-u|�-m7�+o�vv;=�o0Ŋ
v;u�;7�-m�bm1u;-v;�bm�|_;�bm1b7;m1;�o=�vo1b-Ѵ�m;v|bm]�7�ubm]�7uo�]_|�
1om7b|bomv�=ou�|_;�|�rb1-ѴѴ��voѴb|-u��v�;-|�0;;�Lasioglossum lusorium 
�u;vvomķ�ƐѶƕƑ�ŐƐƖƕѵőĺ� �m�-77b|bom�|o�;m;u];|b1�1ov|vķ�;�1-�-|bom�o=�
7u�� vobѴv� 1o�Ѵ7�;m|-bѴ� bm1u;-v;7�1�|b1�Ѵ-u��;-uķ�ro|;m|b-ѴѴ�� bm1u;-vŊ
bm]�ubvh�o=�7;vb11-|bomĺ��o�;�;uķ�|_;�r_�vboѴo]b1-Ѵ�-m7�0;_-�bo�u-Ѵ�
1omv;t�;m1;v�o=�7u��vobѴ�;�1-�-|bom�u;l-bm�|o�0;�|;v|;7�;lrbub1-ѴѴ�ĺ

ƒĺƒՊ |Պ �u;7-|bomķ�r-u-vb|bvl�-m7�1olr;|b|bom


ou� l-m�� 0;;� Ѵbm;-];vķ� vo1b-Ѵb|�� l-�� _-�;� -ubv;m� -v� -� v|u-|;]��
=ou� lb|b]-|bm]� |_;� ;==;1|v� o=� bm|;uŊ�� -m7� bm|u-vr;1b=b1� bm|;u-1|bomvķ�
;vr;1b-ѴѴ��r-u-vb|bvlķ�ru;7-|bom�-m7�bm|u-vr;1b=b1�1olr;|b|bom�Ő�bm�ş�
Michener, 1972ĸ�)1bvѴo�ş�
;�;ѴѴķ�2017őĺ��Ѵbl-|;�1_-m];��bѴѴ�blr-1|�
|_;�7bv|ub0�|bomv� -m7�-0�m7-m1;v�o=�7b�;uv;� 1oll�mb|b;v�o=�0;;vŝ�
1olr;|b|ouv� -m7� m-|�u-Ѵ� ;m;lb;vķ� �b|_� �-ub-0Ѵ;� 1omv;t�;m1;v� =ou�
0;;�vo1b-Ѵ�0;_-�bo�uĺ��m�ror�Ѵ-|bomv��m7;u�v|uom]�v;Ѵ;1|b�;�ru;vv�u;�
=uol� r-u-vb|bvl� ou� ru;7-|bomķ� vo1b-Ѵb|�� 1-m� ;m-0Ѵ;� 0;;v� |o� =ou-];�
�b|_o�|�Ѵ;-�bm]�|_;bu�m;v|v��m-||;m7;7ĺ��1|b�;�7;=;mvb�;�0;_-�bo�u�
0�� ]�-u7� 0;;vķ� ou� ;�;m� vblrѴ�� |_;� ru;v;m1;� o=� -� 0;;� bm� |_;� m;v|ķ�
1-m� v�11;vv=�ѴѴ�� 7;|;u� m-|�u-Ѵ� ;m;lb;v� Ő��h�h� ;|� -Ѵĺķ�1998ĸ��bh࢙|�
;|� -Ѵĺķ� ƑƏƐѵĸ�,-llb|� ;|� -Ѵĺķ�2008őĺ��0u-lv�-m7��b1h�ou|�o0v;u�;7�
1Ѵ;r|or-u-vb|b1�0;;v�ŐNomadaķ��rb7-;ő�;m|;ubm]�voѴb|-u��m;v|v�o=�|_;�
v�;-|� 0;;�Agapostemon virescens� 
-0ub1b�vķ� ƐƕƕƔ� Ő�-Ѵb1|b7-;őķ� 0�|�
m;�;u� 1oll�m-Ѵ� m;v|vķ� �_b1_� �;u;� 1om|bm�o�vѴ�� ]�-u7;7� ŐƐƖѶƐőĺ�
"blbѴ-uѴ�ķ� voѴb|-u�� Ceratina australensis� m;v|v� �;u;� lou;� v;�;u;Ѵ��
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r-u-vb|bv;7�0��1_-Ѵ1b7��-vrv�ŐEurytoma�vrĺő�|_-m�vo1b-Ѵ�m;v|v�o=�|_;�
v-l;� vr;1b;v� Ő!;_-m� ;|� -Ѵĺķ�2011őĺ� �lrou|-m|Ѵ�ķ� vo1b-Ѵ� m;v|bm]� 1-m�
-Ѵvo�ruo�b7;�bmv�u-m1;�-]-bmv|�m;v|�=-bѴ�u;�bm�|_;�;�;m|�o=�=o�m7u;vv�
lou|-Ѵb|�� Ő�-7-]h-uķ� 1990; Queller, 1994őĺ� �m� om;� v|�7�� o=� |_;�
=-1�Ѵ|-|b�;Ѵ�� ;�vo1b-Ѵ� v�;-|� 0;;�Megalopta genalis� �;-7;Ŋ�)-Ѵ7oķ�
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