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- r-u-vb|; -m7 7bv;-v; �;1|ou blrѴb1-|;7 bm _om;� 0;; m;v| =-bѴ�u; 
Ő�o�Ѵvom ;| -Ѵĺķ ƑƏƐƔĸ ���l-mŊ�o�o- ;| -Ѵĺķ ƐƖƖѵőĺ $_; -7�-m|-];vķ 
b= -m�ķ ��� 7;ub�;v =uol b|v u;l-bmbm] ��uor;-m -m1;v|u� -u; Ѵ;vv 
1Ѵ;-u -Ѵ|_o�]_ �;Ѵvom ;| -Ѵĺ ŐƑƏƐƕő b7;m|b=b;7 ��uor;-m ];m;v �m7;u-
Ѵ�bm] o�-u� vb�; bm=;uu;7 |o 0; v;Ѵ;1|;7 =ou -m7 �-ur�u ;| -Ѵĺ ŐƑƏƑƏő 
v_o�;7 |_-| 0o|_ �=ub1-m -m7 ��uor;-m -m1;v|u� �m7;uѴb;v ��� 
nest defense.

�m |_bv v|�7�ķ �; 1_-u-1|;ub�; |_; -7lb�|�u; -m7 ];m;|b1 7b�;uvb|� 
o= ��� bm |_; �;o|uorb1v -m7 |_; vo�|_�;v|;um &mb|;7 "|-|;v �vbm] 
- 7-|-v;| o= ѵƏ _b]_ 7;r|_ Ő~25×ő ��� �_oѴ; ];mol; v;t�;m1;v 
Ő)�"ő 1oѴѴ;1|;7 =uol =o�u u;]bomv vr-mmbm] ~ѵƏƏƏ hlĺ �-1_ v-l-
pling site reflects a distinct time since initial contact between resident 
��uor;-m -m7 -7�-m1bm] �=ub1-mb�;7 =oulvĹ |_; bv|_l�v o= �-m-l࢙ĸ 
��-m-1-v|; ��ķ �ov|- !b1-ĸ �_b-r-vķ �;�b1oĸ -m7 "-m 	b;]o �o�m|�ķ 
��ķ &ĺ"ĺ�ĺ ); Ѵ;�;u-]; |�o ;�bv|bm] v;t�;m1bm] ruof;1|v Ő�-ur�u 
;| -Ѵĺķ ƑƏƐƓĸ )-ѴѴ0;u] ;| -Ѵĺķ ƑƏƐƓő -m7 |_; u;1;m|Ѵ� r�0Ѵbv_;7 _om;� 
0;; u;=;u;m1; ];mol; �b|_ 1_uolovol;ŊѴ;m]|_ v1-==oѴ7v Ő)-ѴѴ0;u] 
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;| -Ѵĺķ ƑƏƐƖő =ou o�u -m-Ѵ�v;vĺ $_bv bv |_; =buv| ];molb1 v|�7� |o -vv;vv 
-m1;v|u� bm ��� v-lrѴ;v =uol �;m|u-Ѵ �l;ub1- -m7 �;�b1o -v �;ѴѴ 
-v |_; =buv| |o -vv-� |_; 1om|ub0�|bom o= |_; � Ѵbm;-]; bm |_; u;]bomv 
v-lrѴ;7ĺ $_; 1om|ub0�|bom o= |_bv Ѵbm;-]; |o |_; �-Ѵb=oumb- _om;� 0;; 
ror�Ѵ-|bom �-v mo| ;�-Ѵ�-|;7 bm ru;�bo�v ];molb1 v|�7b;v Ő�-Ѵ=;; 
;| -Ѵĺķ ƑƏƑƏĸ �ub7Ѵ-m7 ;| -Ѵĺķ ƑƏƐƕő -m7 bv o= bm|;u;v| 0;1-�v; lb|o-
chondria from this lineage are known to be present at considerable 
=u;t�;m1� bm vo�|_;um �-Ѵb=oumb-ŝv =;u-Ѵ _om;� 0;;v Ő�omo ş �o_mķ 
ƑƏƐƔő -m7 o11-vbom-ѴѴ� ;Ѵv;�_;u; bm |_; &mb|;7 "|-|;v Ő�-]m�v ş 
"�-Ѵ-mvhbķ ƑƏƐƏőĺ &Ѵ|bl-|;Ѵ�ķ o�u v|�7� -blv |o 0uo-7;m o�u �m7;u-
v|-m7bm] o= |_; -7lb�|�u; 7�m-lb1v o= - l-vvb�; _�0ub7 |-h;o�;u o= 
an invasive social insect of great agricultural importance.

ƑՊ |Պ��$�!���"���	���$��	"

ƑĺƐՊ |Պ "-lrѴ;�1oѴѴ;1|bom

); 1oѴѴ;1|;7 ѵƏ );v|;um _om;� 0;;v Őn = ƐƔņ1o�m|u�ő =uol vb|;v bm 
;-1_ o= =o�u 1o�m|ub;vĹ |_; bv|_l�v o= �-m-l࢙ĸ ��-m-1-v|; �-|bom-Ѵ 
�-uhķ �ov|- !b1-ĸ �_b-r-vķ �;�b1oĸ "-m 	b;]o �o�m|�ķ �-Ѵb=oumb-ķ 
&ĺ"ĺ�ĺ Ő$-0Ѵ; Ɛőĺ �ѴѴ v-lrѴ;v �;u; 1oѴѴ;1|;7 bm ��m; ƑƏƐƔŋ��]�v| 
ƑƏƐѵ 0� _-m7Ŋm;||bm]ĺ �om;� 0;;v bm �-m-l࢙ �;u; 1oѴѴ;1|;7 �b|_ 
-m bmv;1| m;| �_bѴ; |_;� =ou-];7 ;b|_;u om m-|�u-Ѵ �;];|-|bom bm u�u-Ѵ 
-u;-vķ ou om v|u;;| �;m7ou v�u�r 7bvr;mv;uv bm �u0-m -u;-vĺ �om;� 
0;;v �;u; 1oѴѴ;1|;7 -1uovv |_; bv|_l�v o= �-m-l࢙ =uol =b�; vb|;vķ 
;-1_ v;r-u-|;7 0� >Ɣ  hlĹ �-m-l࢙ �b|�ķ �-l0o-ķ �-uuo �oѴou-7o 
�vѴ-m7 Ő���őķ "-m|- !b|- �uub0-ķ -m7 �ॕѴomĺ �m7b�b7�-Ѵv =uol �ov|- !b1- 
�;u; 1oѴѴ;1|;7 =uol |_; "-m|- !ov- v;1|ou o= ��-m-1-v|; �-|bom-Ѵ 
Park in northwestern Costa Rica. These bees were collected from 
- Ѵo1-Ѵb�;7 u;]bom -m7 Ѵbh;Ѵ� oub]bm-|; =uol - vl-ѴѴ m�l0;u o= =;u-Ѵ 

1oѴomb;vĺ �om;� 0;;v =uol �;�b1o �;u; 1oѴѴ;1|;7 =uol -m -rb-u� bm 
|_; vo�|_;um v|-|; o= �_b-r-vķ �b|_ ;-1_ 0;; 1oѴѴ;1|;7 =uol - 7b=-
=;u;m| _b�;ĺ �om;� 0;;v =uol "-m 	b;]o �o�m|�ķ �-Ѵb=oumb-ķ &ĺ"ĺ�ĺ 
�;u; �ouh;uv 1oѴѴ;1|;7 �_bѴ; =ou-]bm] om =Ѵo�;uvĺ "-m 	b;]o 0;;v 
�;u; 1oѴѴ;1|;7 -1uovv ƐƔ vb|;v ;-1_ v;r-u-|;7 0� >5 km so that each 
Ѵbh;Ѵ� u;ru;v;m|v - �ouh;u =uol - 7b==;u;m| 1oѴom�ĺ $_; =�u|_;v| 1oѴ-
Ѵ;1|bom vb|;v �;u; v;r-u-|;7 0� ѵƔ hlĺ �oѴѴ;1|bom vb|;v u-m];7 =uol 
�u0-m |o u�u-Ѵ v;||bm]vĺ 	�; |o |_; ru;v;m1; o= _o00�bv| -m7 -]ub1�Ѵ-
|�u-Ѵ 0;;h;;rbm] �; 7o mo| u�Ѵ; o�| |_; rovvb0bѴb|� |_-| |_; 1-r|�u;7 
_om;� 0;;v �;u; =uol l-m-];7 u-|_;u |_-m =;u-Ѵ _b�;vĺ �o�;�;uķ 
lov| _om;� 0;; =ou-];uv bm "-m 	b;]o -u; =uol =;u-Ѵ _b�;v Ő�omo ş 
�o_mķ ƑƏƐƔķ -m7 v;; u;v�Ѵ|vőĺ

ƑĺƑՊ |Պ !;=;u;m1;�_om;��0;;�];mol;v

!;=;u;m1; _om;� 0;; ];mol;v �;u; o0|-bm;7 0� 7o�mѴo-7bm] ѶƖ 
�_oѴ; ];mol;v v;t�;m1;7 0� |�o ru;�bo�vѴ� r�0Ѵbv_;7 v;t�;m1-
bm] ruof;1|v -m7 l-7; -�-bѴ-0Ѵ; om ����Ĺ )-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓő 
Ő�uof;1| �	Ĺ �!���ƑƒѵƓƑѵő -m7 �-ur�u ;| -Ѵĺ ŐƑƏƐƓő Ő-11;vvbom moĺ 
"!�ƏƑƖƑƐƖőĺ $_; u;=;u;m1; ];mol;v v;t�;m1;7 0� )-ѴѴ0;u] ;| -Ѵĺķ 
ƑƏƐƓ �;u; ];m;u-|;7 0� �_oѴ; ];mol; v;t�;m1bm] om - "��b	 
ƔƔƏƏ�Ѵ rѴ-|=oul |o ruo7�1; ƕƔŊ0r u;-7v �b|_ -m -�;u-]; 1o�;u-]; 
of 4.4× ± 1.5× r;u bm7b�b7�-Ѵ Ő)-ѴѴ0;u] ;| -Ѵĺķ ƑƏƐƓőĺ $_; u;=;u;m1; 
];mol;v v;t�;m1;7 0� �-ur�u ;| -Ѵĺ ŐƑƏƐƓő �;u; v;t�;m1;7 �vbm] 
�ѴѴ�lbm- �bŊ";t |o ruo7�1; ƔƏŊ0r u;-7v �b|_ -m -�;u-]; 1o�;u-]; 
of 38×ĺ �;|�;;m 0o|_ v;t�;m1bm] ruof;1|vķ �; o0|-bm;7 ƑƐ �=ub1-m 
Ő�ő ];mol;v o= |_; v�0vr;1b;v A.  m.  scutellataĸ ƑƖ  ];mol;v =uol 
|_; );v|;um Ő�ő 1Ѵ-7;ķ 1olrubvbm] |�o v�0vr;1b;vĹ Apis mellifera 
mellifera Őn = ƐƓő -m7 Apis mellifera iberiensis Őn = ƐƔőĸ ƑƖ ];mol;v 
o= |_; �-v|;um ��uor;-m 1Ѵ-7; Ő�ő u;ru;v;m|;7 0� |_; v�0vr;1b;vĹ 

TA B L E  1Պ"�ll-u� o= -ѴѴ ƐƔƖ ];mol;v bm1Ѵ�7;7 bm |_bv -m1;v|u� -m-Ѵ�vbvķ bm1Ѵ�7bm] Ő�ő ƖƖ u;=;u;m1; _om;� 0;; ];mol;v 7o�mѴo-7;7 =uol 
���� =uol )-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓő -m7 �-ur�u ;| -Ѵĺ ŐƑƏƐƓőĺ Ő�ő ѵƏ -7lb�;7 _om;� 0;; ];mol;v 1oѴѴ;1|;7 =uol =o�u 7bv|bm1| v-lrѴbm] vb|;v

(A)

Clade Subspecies (n) Source country Sequencing project

� A. m. scutellata 21 "o�|_ �=ub1- )-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓőķ �-ur�u ;| -Ѵĺ ŐƑƏƐƓő

M A. m. mellifera 15 �m]Ѵ-m7ķ �oѴ-m7

A. m. iberiensis 14 �u;Ѵ-m7ķ "r-bm

C A. m. carnica ƐƖ �|-Ѵ�ķ �;ul-m�ķ �uo-|b-ķ "Ѵo�;mb-

A. m. ligustica 10 �u;;1; )-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓő

� A. m. syriaca 10 "�ub-

A. m. anatoliaca 10 �;0-mom

(B)

Location (n) Coordinates

"-m 	b;]oķ ��ķ &ĺ"ĺ�ĺ 15 ƒƑĺƕƐƔƕŦ�ķ ƐƐƕĺƐѵƐƐŦ)

�_b-r-vķ �;�b1o 15 ƐѵĺƕƔѵƖŦ�ķ ƖƒĺƐƑƖƑŦ)

"-m|- !ov- �-|bom-Ѵ �-uhķ �ov|- !b1- 15 ƐƏĺѶƒƕƖŦ�ķ ѶƔĺƕƏƔƐŦ)

�-m-l࢙ �b|�ķ �-m-l࢙ 15 ƖĺƐƔƑƐŦ�ķ ƕƖĺѶƓѵƔŦ)

Gilbert Fuentes

Gilbert Fuentes

Gilbert Fuentes

Gilbert Fuentes

Gilbert Fuentes

Gilbert Fuentes
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Apis mellifera carnica Őn = ƐƖő -m7 Apis mellifera ligustica Őn = ƐƏő -m7 
ƑƏ ];mol;v =uol |_; �b77Ѵ; �-v|;um Ő�ő 1Ѵ-7;ķ bm1Ѵ�7bm] |_; v�0-
species: Apis mellifera anatoliaca Őn  =  ƐƏő -m7 Apis mellifera syriaca 
Őn = ƐƏő Őv;; $-0Ѵ;v Ɛķ "Ɛőĺ �m |o|-Ѵķ �; �v;7 - r-m;Ѵ o= ѶƖ u;=;u;m1; 
_om;� 0;; ];mol;v u;ru;v;m|bm] |_; =o�u l-fou _om;� 0;; 1Ѵ-7;v 
-m7 vr-mmbm] ƕ v�0vr;1b;vĺ

ƑĺƒՊ |Պ	���;�|u-1|bom�ş�v;t�;m1bm]

); ;�|u-1|;7 	�� =uol 1u�v_;7 _;-7v o= |_; ѵƏ v-lrѴ;7 _om;� 
0;;v �vbm] |_; v|-m7-u7 ruo|o1oѴ o= |_;  b-];m 	��;-v� �Ѵoo7 ş 
$bvv�; ;�|u-1|bom hb|ĺ 	�� r�ub|� -m7 -rruorub-|; 1om1;m|u-|bom =ou 
v;t�;m1bm] �;u; �-Ѵb7-|;7 �b|_ -  �0b| =Ѵ�ouol;|;u rubou |o v�0-
lbvvbom =ou Ѵb0u-u� ru;r-u-|bomĺ $_; 	�� �-v v�0lb||;7 =ou 	�� 
���� Ѵb0u-u� 1omv|u�1|bom -m7 �_oѴ;Ŋ];mol; v;t�;m1bm] -| |_; 
�mv|b|�|; =ou �;molb1 �;7b1bm; Ő���őķ &� "-m 	b;]oĺ �ѴѴ ѵƏ bm7b�b7�-
-Ѵv �;u; l�Ѵ|brѴ;�;7 -m7 v;t�;m1;7 -1uovv |_u;; Ѵ-m;v o= -m �ѴѴ�lbm- 
�b";tƓƏƏƏ rѴ-|=oul |o ruo7�1; ƐƏƏŊ0r r-bu;7 ;m7 u;-7vĺ ��;u-]; 
];molb1 1o�;u-]; r;u bm7b�b7�-Ѵ �-v ƑƖ Ƽ ƐĺƑ×.

ƑĺƓՊ |Պ ";t�;m1;�=bѴ|;ubm]�ş�-Ѵb]ml;m|

!-� u;-7v ];m;u-|;7 =uol v;t�;m1bm]ķ -m7 |_ov; 7o�mѴo-7;7 
=uol ����ķ �;u; |ubll;7 -m7 =bѴ|;u;7 =ou t�-Ѵb|� -m7 Ѵ;m]|_ �vbm] 
- �o�ooѴ-|bom Ő�o=Ѵ;u ;| -Ѵĺķ ƑƏƐƐő r;uѴ v1ubr| Ő|ublŊ=-v|tĺrѴő Őv;||bm]vĹ 
ŋ=-v|tŊ|�r; v-m];u ŊŊt�-Ѵb|�Ŋ|_u;v_oѴ7 ƑƔ ŊŊlbmŊѴ;m]|_ ƓƏőĺ 
bѴ|;u;7 
u;-7v �;u; -Ѵb]m;7 |o |_; lov| u;1;m|Ѵ� -vv;l0Ѵ;7 _om;� 0;; u;=-
;u;m1; ];mol; �l;Ѵō���ƒĺƐ �b|_ 1_uolovol;ŊѴ;m]|_ v1-==oѴ7v 
Ő)-ѴѴ0;u] ;| -Ѵĺķ ƑƏƐƖő �vbm] |_; �)� �ƏĺƕĺƐƑ 0�- l;l -Ѵ]oub|_l 
�m7;u 7;=-�Ѵ| v;||bm]v Ő�b ş 	�u0bmķ ƑƏƏƖőĺ !;-7v �;u; |_;m vou|;7ķ 
l;u];7ķ -m7 =bѴ|;u;7 -]-bm =ou l-rrbm] t�-Ѵb|� Őt�-Ѵb|� v1ou; <20 
�;u; 7bv1-u7;7ő �vbm] "-l|ooѴv Ő�bķ ƑƏƐƐőĺ !;-7 7�rѴb1-|;v �;u; u;-
lo�;7 �vbm] ��$� �b1-u7 $ooѴvŝ !;lo�; 	�rѴb1-|;v =�m1|bom Ő�b1-u7 
$ooѴvőĺ

ƑĺƔՊ |Պ(-ub-m|�1-ѴѴbm]�-m7�];mo|�r;�
likelihood estimation

); �v;7 |_; ruo]u-l ���"	 �ƏĺƖƒƏ Ő�oum;Ѵb�vv;m ;| -Ѵĺķ ƑƏƐƓő |o 
1-ѴѴ �-ub-m| vb|;v -m7 ;v|bl-|; ];mo|�r; Ѵbh;Ѵb_oo7v ŐŊŊ7o�Ѵ= Ƒő -1uovv 
-ѴѴ ƐƔƖ _om;� 0;; ];mol;vĺ $_; l-fou -m7 lbmou -ѴѴ;Ѵ;v �;u; bm-
=;uu;7 ŐŊŊ7o�-fou�bmou Ɛő -v =oѴѴo�vĺ � |_u;v_oѴ7 Ѵbh;Ѵb_oo7 u-|bo =ou 
"�� 1-ѴѴbm] �-v v;| ŐŊŊ"��ōr�-Ѵ Ɛ;Ŋѵő -m7 -ѴѴ;Ѵ; =u;t�;m1b;v �;u; 
1-Ѵ1�Ѵ-|;7 �vbm] bm=;uu;7 l-fou -m7 lbmou -ѴѴ;Ѵ;v ŐŊŊ7o�-= Ɛőĺ �m -77b-
|bomķ �; 7bv1-u7;7 u;-7v �b|_ - l-rrbm] t�-Ѵb|� 0;Ѵo� ƒƏ -m7 - 0-v; 
t�-Ѵb|� 0;Ѵo� ƑƏĺ ); u;lo�;7 |ubŊ-ѴѴ;Ѵb1 vb|;v -m7 omѴ� bm1Ѵ�7;7 vb|;v 
bm �_b1_ �; _-7 -| Ѵ;-v| ѵƒѷ o= bm7b�b7�-Ѵv u;rou|bm] bm=oul-|bom 
with a depth of coverage of at least 3×ĺ ); 1_ov; - ];mo|�r; Ѵbh;Ѵb-
_oo7 -rruo-1_ o�;u - 1-ѴѴ;7 ];mo|�r; -rruo-1_ v�1_ -v |_-| �v;7 

0� o|_;u -m1;v|u� vo=|�-u; ruo]-lv Ѵbh; �	��*$&!� Ő�Ѵ;�-m7;u 
;| -Ѵĺķ ƑƏƏƖő -v ];mo|�r; Ѵbh;Ѵb_oo7v _-�; 0;;m v_o�m |o 0; uo0�v| 
|o Ѵo�Ŋ1o�;u-]; v;t�;m1bm] 7-|- Ő�oum;Ѵb�vv;m ;| -Ѵĺķ ƑƏƐƓĸ "ho||; 
;| -Ѵĺķ ƑƏƐƒőĺ $_bv "�� v;| �-v |_;m |_bmm;7 =ou Ѵbmh-]; 7bv;t�bѴb0-
ub�lķ h;;rbm] Ɛ bm ;�;u� ƐƏƏ|_ "�� =ou -m -�;u-]; vr-1bm] o= ѵѶƖŊ0r 
7bv|-m1; 0;|�;;m "��vĺ

ƑĺѵՊ |Պ�7lb�|�u;�-m7�rubm1br-Ѵ�1olrom;m|v�-m-Ѵ�vbv�
(PCA)


ou -7lb�|�u; -m-Ѵ�vbvķ �; �v;7 |_; ruo]u-l ��"-7lb� Ő"ho||; 
;| -Ѵĺķ ƑƏƐƒőķ �_b1_ �v;v - ];mo|�r;ŊѴbh;Ѵb_oo7 -rruo-1_ |_-| =-1-
|ouv bm �m1;u|-bm|� -vvo1b-|;7 �b|_ m;�|Ŋ];m;u-|bom v;t�;m1bm] 
and has been shown to have good performance even with low-
1o�;u-]; 7-|-ĺ ); u-m ��"-7lb� �vbm] |_; ������ ];mo|�r; 
Ѵbh;Ѵb_oo7 =bѴ;v 1u;-|;7 0� ���"	 �b|_ K values ranging from 2 
|o ѵ ŐK = m�l0;u o= -vv�l;7 ];m;|b1 1Ѵ�v|;uvőĺ ); bm1Ѵ�7;7 omѴ� 
"��v |_-| �;u; ru;v;m| bm -| Ѵ;-v| ƖƓѷ o= -ѴѴ bm7b�b7�-Ѵv -m7 _-7 
- lbmbl�l lbmou -ѴѴ;Ѵ; =u;t�;m1� o= Ɣѷĺ �;u;ķ �; =o1�v om |_; 
results from K = 4 genetic clusters because we are interested in 
-vv;vvbm] |_; 1om|ub0�|bomv o= |_; =o�u -m1;v|u-Ѵ Ѵbm;-];v Ő�ķ �ķ 
�ķ -m7 �ő _bv|oub1-ѴѴ� blrou|;7 bm|o |_; �l;ub1-vĺ �o�;�;uķ �; 
-Ѵvo u;rou| -7lb�|�u; u;v�Ѵ|v =uol K = Ƒŋѵ bm 
b]�u; "Ɛĺ ); �v;7 
! Ő! �ou; $;-lķ ƑƏƐƓő |o ]u-r_ -7lb�|�u; ;v|bl-|;vĺ ); �v;7 
���m]v7 Ő�oum;Ѵb�vv;m ;| -Ѵĺķ ƑƏƐƓő |o 1om7�1| - rubm1br-Ѵ 1ol-
rom;m|v -m-Ѵ�vbv o= -ѴѴ "��vķ -m7 ]u-r_;7 |_; u;v�Ѵ|bm] ��� �b|_ 
! Ő! �ou; $;-lķ ƑƏƐƓőĺ

ƑĺƕՊ |Պ�b|o1_om7ub-Ѵ�v;t�;m1;�-vv;l0Ѵ��-m7�
phylogenetic analysis


bѴ|;u;7 u;-7v o= -ѴѴ ѵƏ �;� )ouѴ7 _om;� 0;;v �;u; -Ѵb]m;7 |o - 
mitochondrial reference genome from an individual of subspe-
cies A.  m.  ligustica v;t�;m1;7 0� �uo�b;u -m7 �uo�b;u ŐƐƖƖƒő �vbm] 
|_; �)� �ƏĺƕĺƐƑ 0�- l;l -Ѵ]oub|_l �m7;u 7;=-�Ѵ| v;||bm]v Ő�b ş 
	�u0bmķ ƑƏƏƖőĺ ); |_;m 1-ѴѴ;7 �-ub-m|v �vbm] v-l|ooѴv �ƐĺƐƏ� Őlrb-
Ѵ;�r =�m1|bomő -m7 �v;7 01=|ooѴv �ƐĺƐƏĺƑ Ő�bķ ƑƏƐƐĸ �b ş 	�u0bmķ 
ƑƏƏƖĸ �b ;| -Ѵĺķ ƑƏƏƖő |o ;�|u-1| |_; 1omv;mv�v v;t�;m1; -m7 1om�;u| 
|o 
�"$  �b|_ |_; �1=�|bѴvĺrѴ v1ubr|ĺ ); 7o�mѴo-7;7 ƐƑ ru;�bo�vѴ� 
-vv;l0Ѵ;7 =�ѴѴ lb|o1_om7ub-Ѵ v;t�;m1;v =uol A. mellifera subspecies 
u;ru;v;m|bm] -ѴѴ =o�u l-fou Ѵbm;-];v =uol ���� |o 1olr-u; �b|_ o�u 
v-lrѴ;v ŐѴbv|;7 bm $-0Ѵ; Ƒőĺ


�"$  =bѴ;v o= lb|o1_om7ub-Ѵ v;t�;m1;v =uol -ѴѴ ƕƒ _om;� 0;;v 
ŐƐƒ u;=;u;m1; _om;� 0;;v -m7 ѵƏ ��� v-lrѴ;vő �;u; -Ѵb]m;7 �vbm] 
��

$ Ő�-|o_ ;| -Ѵĺķ ƑƏƐƖőķ om |_; *"�	� �b- �bru;v ƑĺƏ "1b;m1; 
�-|;�-�ĺ ); �v;7 ����* Ő��l-u ;| -Ѵĺķ ƑƏƐѶő -m7 1olrѴ;|; 7;Ѵ;-
|bom o= ]-rv -m7 lbvvbm] 7-|- |o 1u;-|; - m;b]_0ouŊfobmbm] r_�Ѵo];m� 
�m7;u - �bl�u- ƑŊr-u-l;|;u lo7;Ѵ |o 1olr�|; ;�oѴ�|bom-u� 7bv-
|-m1;vĺ ); |_;m u-m ƑƏƏƏ 0oo|v|u-r u;rѴb1-|;v |o ;v|bl-|; 1om=b-
7;m1; bm |_; u;v�Ѵ|bm] r_�Ѵo];m�ĺ
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ƑĺѶՊ |Պ�;-v�u;v�o=�];m;|b1�7b�;uvb|�

$o -vv;vv -ѴѴ;Ѵb1 7b�;uvb|�ķ �; 1-Ѵ1�Ѵ-|;7 ;v|bl-|;v o= 0o|_ r-bu�bv; 
|_;|- Ő�̂πőķ 0-v;7 om |_; m�l0;u o= l;-m r-bu�bv; 7b==;u;m1;v 0;-
|�;;m v;t�;m1;vķ -m7 )-||;uvomŝv |_;|- Ő�̂wőķ 0-v;7 om |_; l;-v-
ure of segregating sites for each sampled and reference population 
�vbm] ���"	 �ĺƖƑѶ Ő�oum;Ѵb�vv;m ;| -Ѵĺķ ƑƏƐƓőĺ ��u u;=;u;m1; 
ror�Ѵ-|bomv �;u; 1u;-|;7 0� bm1Ѵ�7bm] _om;� 0;;v =uol 0o|_ |_; 
)-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓő -m7 �-ur�u ;| -Ѵĺ ŐƑƏƐƓő v;t�;m1bm] ruof;1|vĺ 
�o�;�;uķ |_; �b77Ѵ; �-v|;um Ő�Ѵ-7; �ő ror�Ѵ-|bom 1om|-bm;7 omѴ� 
_om;� 0;;v =uol )-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓő 0;1-�v; �-ur�u ;| -Ѵĺ ŐƑƏƐƓő 
7b7 mo| v;t�;m1; 0;;v =uol |_bv Ѵbm;-];ĺ ); -77b|bom-ѴѴ� 1-Ѵ1�Ѵ-|;7 
];m;|b1 7b�;uvb|� l;-v�u;v =ou ;-1_ u;=;u;m1; ror�Ѵ-|bomķ v;r--
u-|;7 0� v;t�;m1bm] ruof;1|ķ |o ;mv�u; |_-| |_; 7b==;u;m| v;t�;m1-
bm] l;|_o7v 7b7 mo| �m7�Ѵ� bm=Ѵ�;m1; o�u u;v�Ѵ|v Ő$-0Ѵ; "ƒőĺ &vbm] 
omѴ� vb|;v bm �_b1_ -| Ѵ;-v| ƔƏѷ o= bm7b�b7�-Ѵv bm - ror�Ѵ-|bom ruo-
�b7;7 7-|-ķ �; ;v|bl-|;7 |_; =oѴ7;7 vb|; =u;t�;m1� vr;1|u�l Ő"
"ő 
-1uovv |_; ;m|bu; ];mol; �vbm] |_; u;=;u;m1; _om;� 0;; ];mol; 
-v |_; -m1;v|u-Ѵ v|-|;ĺ ); |_;m 1-Ѵ1�Ѵ-|;7 -m7 -�;u-];7 |_;|-v 
r;u vb|;ķ bm1Ѵ�7bm] bm�-ub-m| vb|;vķ �vbm] ���"	ŝv u;-Ѵ"
" ruo]u-lĺ 
$o ;mv�u; |_-| o�u 7b�;uvb|� ;v|bl-|;v �;u; mo| o�;uѴ� -==;1|;7 
0� |_; 7b==;u;m1; bm 1o�;u-]; 0;|�;;m o�u u;=;u;m1; -m7 m;�Ѵ�Ŋ
v;t�;m1;7 ];mol;vķ �; 1-Ѵ1�Ѵ-|;7 -m -77b|bom-Ѵ l;-v�u; o= r-bu-
�bv; m�1Ѵ;o|b7; 7b�;uvb|� Ő�̂πő �vbm] omѴ� _b]_;u 1om=b7;m1; "��v 
with >Ɣѷ lbmou -ѴѴ;Ѵ; =u;t�;m1� Ő��
ő bm |_; |o|-Ѵ v-lrѴ;ķ =oѴѴo�-
bm] - rbr;Ѵbm; 7;v1ub0;7 bm �-Ѵ=;; ;| -Ѵĺ ŐƑƏƑƏőĺ &vbm] ���"	ķ �; 
=buv| b7;m|b=b;7 - v;| o= "��v �b|_ >Ɣѷ lbmou -ѴѴ;Ѵ; =u;t�;m1� bm |_; 
|o|-Ѵ v-lrѴ; -m7 bm=;uu;7 |_; l-fou -m7 lbmou -ѴѴ;Ѵ;v -| |_ov; "��v 
�vbm] o0v;u�;7 0-v; 1o�m|v ŐŊ7o�-fou�bmou Ƒ Ŋ7o�o�m|v Ɛ Ŋ7o�-= 
Ѷ ŋlbm��
 ƏĺƏƔőĺ ); ;�1Ѵ�7;7 "��v �_;u; lou; |_-m _-Ѵ= o= bm7b-
viduals in the total sample did not have coverage. Using this list of 
"��v Őn = ƔķѵѵѵķƔѶѵő -v - u;=;u;m1;ķ �; 1-Ѵ1�Ѵ-|;7 -ѴѴ;Ѵ; =u;t�;m-
1b;v =ou ;-1_ ror�Ѵ-|bom 0-v;7 om o0v;u�;7 0-v; 1o�m|v bm ���"	 
ŐŊ7o�-fou�bmou ƒ Ŋ7o�o�m|v Ɛ Ŋ7o�-= Ѷőĺ 
uol |_;v; ror�Ѵ-|bom 
-ѴѴ;Ѵ; =u;t�;m1b;vķ �; 1-Ѵ1�Ѵ-|;7 |_; -�;u-]; r-bu�bv; 7b�;uvb|� 
r;u "��ķ 1ouu;1|bm] =ou vl-ѴѴ v-lrѴ; vb�;vĺ $o -11o�m| =ou bm�-ub-m| 
vb|;v bm o�u ;v|bl-|; o= m�1Ѵ;o|b7; 7b�;uvb|� Őπőķ �; �;b]_|;7 o�u 
measure of π r;uŊ"�� 0� |_; ];mol; "�� 7;mvb|� Ő|o|-Ѵ m�l0;u o= 
"��vņ|o|-Ѵ rovb|bomv bm |_; ];mol;őĺ 
ou ;-1_ l;-v�u; o= ];mol;Ŋ
�b7; m�1Ѵ;o|b7; 7b�;uvb|�ķ �; ;v|bl-|;7 v|-m7-u7 ;uuouv �vbm] - 
0Ѵo1hŊf-1hhmb=; ruo1;7�u;ķ |u;-|bm] ;-1_ 1_uolovol; -v - 0Ѵo1h 
-m7 u;1olr�|bm] m�1Ѵ;o|b7; 7b�;uvb|� �b|_ v;t�;m|b-Ѵ ;�1Ѵ�vbom o= 
each chromosome.

ƒՊ |Պ !�"&�$"

ƒĺƐՊ |Պ�Ѵo0-Ѵ�];molb1�-m1;v|u��bm��=ub1-mb�;7�_om;��
bee samples

�| K = Ɠ 1Ѵ�v|;ubm]ķ |_; ƖƖ u;=;u;m1; _om;� 0;;v =uol )-ѴѴ0;u] ;| -Ѵĺ 
ŐƑƏƐƓő -m7 �-ur�u ;| -Ѵĺ ŐƑƏƐƓő u;voѴ�; bm|o =o�u ]uo�rv u;ru;v;m|bm] 
|_; =o�u u;1o]mb�;7 _om;� 0;; Ѵbm;-];v Ő�ķ �ķ � ş �őķ Ѵ-u];Ѵ� -]u;;-
bm] �b|_ ru;�bo�v ];molb1 -m-Ѵ�v;v Ő�_;m ;| -Ѵĺķ ƑƏƐѵĸ �ub7Ѵ-m7ķ 
$v�|v�bķ ;| -Ѵĺķ ƑƏƐƕĸ �-m ;| -Ѵĺķ ƑƏƐƑĸ �;Ѵvom ;| -Ѵĺķ ƑƏƐƕĸ )-ѴѴ0;u] 
;| -Ѵĺķ ƑƏƐƓĸ )_b|=b;Ѵ7 ;| -Ѵĺķ ƑƏƏѵőĺ �;m;u-ѴѴ�ķ |_;u; bv Ѵblb|;7 ;�b-
7;m1; o= -7lb�|�u; 0;|�;;m |_;v; ]uo�rv Ő
b]�u; Ɛőĺ �o�;�;uķ 
_om;� 0;;v o= |_; v�0vr;1b;v A. m. syriaca Ő�Ѵ-7; �ő -u; -m ;�1;r-
|bomķ �b|_ ~ƑƏѷ o= b|v -m1;v|u� -||ub0�|;7 |o |_; �=ub1-m 1Ѵ-7;ķ 1om-
vbv|;m| �b|_ u;v�Ѵ|v =o�m7 0� )-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓőĺ $�o bm7b�b7�-Ѵv 
=uol |_; );v|;um 1Ѵ-7; Ő�ő Őom; =uol v�0vr;1b;v A. m. mellifera and 
one from subspecies A.  m.  iberiensiső v_o�;7 vb]mb=b1-m| -m1;v|u� 
=uol o|_;u 1Ѵ-7;v Ő�Ѵ-7;v � -m7 �ķ u;vr;1|b�;Ѵ�őķ - =bm7bm] -Ѵvo 1om-
vbv|;m| �b|_ )-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓő Ő
b]�u; Ɛőĺ ); -Ѵvo o0v;u�;7 - 
vl-ѴѴ ruorou|bom Ő~Ɛѷő o= �b77Ѵ; �-v|;um Ő�ő -m1;v|u� -1uovv -ѴѴ |_; 
v-lrѴ;7 _om;� 0;;v =uol |_; �=ub1-m Ѵbm;-]; A.  m.  scutellataĺ 
ou 
u;v�Ѵ|v �vbm] 7b==;u;m| 1Ѵ�v|;ubm] �-Ѵ�;v ŐK = Ƒŋѵőķ v;; 
b]�u; "Ɛĺ

$_; m�1Ѵ;-u ];mol;v o= _om;� 0;;v =uol �;m|u-Ѵ �l;ub1- -m7 
�;�b1o �;u; _;-�bѴ� �=ub1-mb�;7ĺ �om;� 0;;v =uol |_; bv|_l�v o= 
�-m-l࢙ -�;u-];7 ѶƖѷ Ő"� ƏĺƐƕѷő �=ub1-m Ő�ő -m1;v|u� �b|_ |_; u;-
l-bmbm] ƐƐѷ Ő"� ƏĺƐƑѷő o= |_;bu ];mol;v 7;ub�;7 =uol |_; );v|;um 
��uor;-m Ő�ő Ѵbm;-];ĺ �om;� 0;;v =uol ��-m-1-v|;ķ �ov|- !b1-ķ -�-
;u-];7 ѶƔѷ Ő"� ƏĺƏƕѷő �=ub1-m Ő�őķ ƐƐѷ Ő"� ƏĺƓƑѷő );v|;um Ő�ő -m7 
Ɠѷ Ő"� ƏĺƏƒѷő �-v|;um ��uor;-m Ő�őĺ �m �_b-r-vķ �;�b1oķ _om;� 0;;v 
-�;u-];7 ƕƕѷ Ő"� ƏĺѵƐѷő �=ub1-m Ő�őķ ƐƔѷ Ő"� Əĺƒѵѷő );v|;um Ő�ő 
-m7 Ѷѷ Ő"� ƏĺƒƓѷő �-v|;um ��uor;-m Ő�ő Ő
b]�u; Ɛķ $-0Ѵ; Ƒőĺ

�m 1om|u-v| |o |_; _om;� 0;;v o= �;m|u-Ѵ �l;ub1- -m7 �;�b1oķ 
];mol;v o= -ѴѴ ƐƔ _om;�0;;v v-lrѴ;7 =uol "-m 	b;]o Ő�-Ѵb=oumb-ķ 
&ĺ"ĺ�ĺő ;�_b0b|;7 - 7b�;uv; -7lb�|�u; o= -ѴѴ =o�u l-fou 1Ѵ-7;v Ő�ķ �ķ �ķ 
-m7 �őĺ �m1;v|u� o= "-m 	b;]o 0;;v -�;u-];7 ƒƕѷ Ő"� ƐĺƑѷő �=ub1-m 
Ő�őķ ƐƖѷ Ő"� ƏĺƓƐѷő );v|;um ��uor;-m Ő�őķ ƒƔѷ Ő"� ƐĺƐѷő �-v|;um 
��uor;-m Ő�ő -m7 Ɩѷ Ő"� ƏĺƑƑѷő �b77Ѵ; �-v|;um Ő�ő Ő
b]�u; Ɛőĺ 
�=ub1-m Ő�ő -m1;v|u� o= "-m 	b;]o 0;;v �-v =-u Ѵo�;u |_-m |_-| =o�m7 
bm 0;;v =uol -m� o= |_; o|_;u v-lrѴ;7 vb|;v -m7 1om|ub0�|bomv =uol 
|_; �-v|;um ��uor;-m Ő�ő Ѵbm;-]; �;u; _b]_;u |_-m -ѴѴ o|_;u ror�-
Ѵ-|bomv v-lrѴ;7ĺ �ѴѴ "-m 	b;]o 0;;v rovv;vv;7 v�0v|-m|b-Ѵ �b77Ѵ; 
�-v|;um Ő�ő -m1;v|u� �_bѴ; -ѴѴ o|_;u vb|;v v-lrѴ;7 _-7 m;]Ѵb]b0Ѵ; ou 
mo -m1;v|u� =uol |_bv 1Ѵ-7; Ő
b]�u; Ɛķ $-0Ѵ; Ƒőĺ

TA B L E  2Պ�;-m r;u1;m|-]; Ő"�ő o= ];molb1 1om|ub0�|bomv =uol |_; =o�u l-fou _om;� 0;; Ѵbm;-];v bm ;-1_ v-lrѴ;7 ror�Ѵ-|bom Őn = 15 bee 
];mol;v r;u v-lrѴ;ő

Clade ancestry San Diego, CA Mexico Costa Rica Panamá

�=ub1-m Ő�ő ƒƕĺƔѷ ± ƐĺƐƑѷ ƕѵĺƕѷ ± ƏĺѵƐѷ ѶƔĺƓѷ ± ƏĺƏƕѷ ѶƖĺѵѷ ± ƏĺƐƕѷ

);v|;um ��uor;-m Ő�ő ƐƖĺƐѷ ± ƏĺƓƐѷ ƐƓĺƖѷ ± Əĺƒѵѷ ƐƏĺƔѷ ± ƏĺƓƑѷ ƐƏĺƒѷ ± ƏĺƐƑѷ

�-v|;um ��uor;-m Ő�ő ƒƓĺѶѷ ± ƐĺƐƓѷ ѶĺƏƕѷ ± ƏĺƒƓѷ ƓĺƏƔѷ ± ƏĺƏƒѷ ƏĺƏƖѷ ± ƏĺƏƐѷ

�b77Ѵ; �-v|;um Ő�ő ѶĺƔƐѷ ± ƏĺƑƓѷ ƏĺƓƔѷ ± Əĺƒƒѷ ƏĺƏƏѷ ± ƐĺƖ;ƴƑƐѷ ƏĺƏƏѷ ± ѵĺƕƑ;ƴƑƐѷ
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ƒĺƑՊ |Պ �ubm1br-Ѵ�1olrom;m|�-m-Ѵ�vbv�Ő���ő

$_; rubm1br-Ѵ 1olrom;m|v -m-Ѵ�vbv o= |_; ƖƖ u;=;u;m1; _om;� 0;;v 
u;ru;v;m|bm] |_; =o�u l-fou _om;� 0;; 1Ѵ-7;v Ő�ķ �ķ �ķ �ő -m7 |_; 
ѵƏ _om;� 0;;v �; v-lrѴ;7 =uol �-m-l࢙ |o "-m 	b;]o v;r-u-|;7 
ror�Ѵ-|bomv 0� 1Ѵ-7; -m7 v-lrѴbm] vb|; Ő
b]�u; Ƒőĺ $_; -m1;v|u-Ѵ 
_om;� 0;; Ѵbm;-];v �;u; �b7;Ѵ� v;r-u-|;7 =uol ;-1_ o|_;u om |_; 
=buv| |�o rubm1br-Ѵ 1olrom;m| -�;vĺ �;;v =uol |_; =o�u v-lrѴ;7 vb|;v 
Ő�-m-l࢙ĸ �ov|- !b1-ĸ �;�b1oĸ "-m 	b;]oķ ��ķ &ĺ"ĺ�ĺő v;r-u-|;7 bm|o 
7bv|bm1| 1Ѵ�v|;uv �b|_ |_; ;�1;r|bom o= r-u|b-Ѵ o�;uѴ-r -lom] |_; 
0;;v =uol �-m-l࢙ -m7 �ov|- !b1-ĺ �;;v =uol �;�b1oķ �ov|- !b1-ķ 
-m7 �-m-l࢙ 1Ѵ�v|;u;7 m;-u �=ub1-m Ő� 1Ѵ-7;ő _om;� 0;;vĺ "-m 	b;]o 
0;;v =oul;7 - lou; 7bv|-m| 1Ѵ�v|;u u;Ѵ-|b�; |o 0;;v =uol �;�b1oķ 
�ov|- !b1-ķ -m7 �-m-l࢙ķ =-ѴѴbm] lou; ;t�b7bv|-m|Ѵ� 0;|�;;m |_; �ķ 
�ķ �ķ -m7 � ]uo�rvķ 1omvbv|;m| �b|_ |_;bu -m1;v|u� 7u-�bm] v�0v|-m-
|b-ѴѴ� =uol -ѴѴ =o�u ]uo�rvĺ

ƒĺƒՊ |Պ�b|o1_om7ub-Ѵ�-m1;v|u��bm��=ub1-mb�;7�_om;��
bee samples

�-1_ lb|o1_om7ub-Ѵ v;t�;m1; =uol �;� )ouѴ7 _om;� 0;;v 
]uo�r;7 v|uom]Ѵ� �b|_ u;=;u;m1; lb|o1_om7ub- =uol om; o= |_; 
=o�u -m1;v|u-Ѵ Ѵbm;-];v Ő�ķ �ķ �ķ �ő bm - lb7robm| uoo|;7 r_�Ѵo];m� 
Ő
b]�u; ƒķ $-0Ѵ; ƒőĺ �o|-0Ѵ�ķ lb|o1_om7ub-Ѵ v;t�;m1;v =uol v�0vr;-
cies A.  m.  anatoliaca Ő�Ѵ-7; �ő ]uo�r;7 Ѵoov;Ѵ� �b|_ v�0vr;1b;v 
A. m. ligustica and A. m. carnica Ő0o|_ �őĺ A. m. anatoliaca has previ-
o�vѴ� 0;;m v_o�m |o rovv;vv � |�r; lb|o1_om7ub- -Ѵ|_o�]_ b| u;-
l-bmv 1_-u-1|;ub�;7 -v -m � 1Ѵ-7; _om;� 0;; 7�; |o vblbѴ-ub|b;v o= 
lour_oѴo]b1-Ѵ -m7 m�1Ѵ;-u l-uh;uv Ő�-Ѵl;u ;| -Ѵĺķ ƑƏƏƏĸ "lb|_ ;| -Ѵĺķ 
ƐƖƖƕĸ )-ѴѴ0;u] ;| -Ѵĺķ ƑƏƐƓőĺ � lb|o1_om7ub-Ѵ r_�Ѵo];m� uoo|;7 �b|_ 
A. ceranaķ A. floreaķ -m7 A. dorsata bv ru;v;m|;7 bm 
b]�u; "Ƒĺ

ƒĺƓՊ |Պ�;m;|b1�7b�;uvb|�

�ѴѴ =o�u v-lrѴ;7 ��� ror�Ѵ-|bomv _-�; vblbѴ-u Ѵ;�;Ѵv o= ];m;|b1 7b-
�;uvb|� =ou -ѴѴ |_u;; ;v|bl-|ouv �_b1_ �v; 0o|_ ];mol;Ŋ�b7; vb|;v 
-m7 - vl-ѴѴ;u m�l0;u o= _b]_Ŋt�-Ѵb|� "��v Ő$-0Ѵ; Ɣőĺ �;m;|b1 7b-
�;uvb|� ;v|bl-|;v bm |_; -7lb�;7 ��� ror�Ѵ-|bomv -u; 1omvbv|;m|Ѵ� 
_b]_;u |_-m |_ov; ;v|bl-|;7 =ou |_; ��uor;-m -m7 �b77Ѵ; �-v|;um 
ror�Ѵ-|bomv Ő1Ѵ-7;v �ķ �ķ -m7 �ő Ő$-0Ѵ; Ɣőĺ $_; -7lb�;7 ror�Ѵ--
|bomv _-�; vblbѴ-u ];m;|b1 7b�;uvb|� -v �=ub1-m _om;� 0;;v Ő�Ѵ-7; �ő 
=ou ;v|bl-|ouv 1-Ѵ1�Ѵ-|;7 =uol ];mol;Ŋ�b7; vb|;vĺ �m 1om|u-v|ķ |_; 
r-bu�bv; ;v|bl-|bom o= ];m;|b1 7b�;uvb|� =ou -7lb�;7 ror�Ѵ-|bomv ;�-
1;;7v |_; ];m;|b1 7b�;uvb|� o= �=ub1-m _om;� 0;;v �_;m �vbm] omѴ� 
_b]_Ŋt�-Ѵb|� "��v bm |_; -m-Ѵ�vbvĺ �lom] -m1;v|u-Ѵ Ѵbm;-];vķ =ou -ѴѴ 
l;-v�u;v |_; �=ub1-m Ѵbm;-]; bv |_; lov| 7b�;uv;ķ =oѴѴo�;7 0� |_; 
�b77Ѵ; �-v|;um Ő�ő Ѵbm;-];ķ |_; );v|;um ��uor;-m Ő�ő Ѵbm;-]; -m7 
Ѵ-v|Ѵ�ķ |_; �-v|;um ��uor;-m Ѵbm;-]; Ő�őĺ

ƓՊ |Պ	�"�&""���

�=ub1-mb�;7 _om;� 0;; Ő���ő ror�Ѵ-|bomv ;�_b0b| 7bv|bm1| ];molb1 
-7lb�|�u; ruo=bѴ;v -1uovv |_;bu �;m|u-Ѵ -m7 �ou|_ �l;ub1-m u-m]; 
�b|_ �=ub1-m -m1;v|u� 7;1u;-vbm] �b|_ bm1u;-vbm] Ѵ-|b|�7; Ő
b]�u;v 
Ɛ -m7 Ƒĸ $-0Ѵ; Ƒőĺ 	;vrb|; 1omvb7;u-0Ѵ; 7b==;u;m1;v bm -m1;v|u-Ѵ 
1olrovb|bom 0;|�;;m ror�Ѵ-|bomvķ ;-1_ v-lrѴ;7 u;]bom ;�_b0b|v 
Ѵb||Ѵ; �-ub-|bom -lom]v| bm7b�b7�-Ѵ _om;� 0;;vĺ $_bv bv |u�; �_;|_;u 
_om;� 0;;v �;u; v-lrѴ;7 o�;u l-m� |;mv o= hbѴol;|;uv Ő�v|_l�v 
o= �-m-l-ķ "-m 	b;]oķ �-Ѵb=oumb-ő ou =uol ];o]u-r_b1-ѴѴ� u;v|ub1|;7 
v-lrѴbm] robm|v Ő�_b-r-vķ �;�b1o -m7 ��-m-1-v|;ķ �ov|- !b1-őĺ �| 
|_; v1-Ѵ;v v-lrѴ;7ķ ��� ror�Ѵ-|bomv -rr;-u |o 0; �;ѴѴŊlb�;7 _�-
0ub7 v�-ulvĺ �om;� 0;;v =uol �-m-l-ķ �ov|- !b1-ķ -m7 �;�b1o -ѴѴ 
rovv;vv v�0v|-m|b-Ѵ -lo�m|v o= �=ub1-m -m1;v|u� ŐƕѵѷŋѶƖѷőķ vblbѴ-u 

F I G U R E  1Պ��"-7lb� 0-urѴo| o= -m1;v|u�ĺ �-1_ �;u|b1-Ѵ 0-u bv om; _om;� 0;; ];mol; -m7 1oѴouv u;ru;v;m| |_; ;v|bl-|;7 ruorou|bom 
o= -m1;v|u� 7;ub�;7 =uol ;-1_ ];m;|b1 1Ѵ�v|;u ŐK = Ɠőĺ $_; ƖƖ u;=;u;m1; ];mol;v 0;Ѵom]bm] |o |_; =o�u l-fou ;�oѴ�|bom-u� Ѵbm;-];v o= Apis 
mellifera Ő�ķ �ķ �ķ �ő -u; ]uo�r;7 -m7 Ѵ-0;Ѵ;7 0;]bmmbm] �b|_ |_; �=ub1-m 1Ѵ-7;ĺ $_; ѵƏ -7lb�;7 ��� ];mol;v -u; -uu-m];7 mou|_ |o vo�|_ 
0� ];o]u-r_b1 oub]bmķ 0;]bmmbm] �b|_ "-m 	b;]oķ �� -m7 =oѴѴo�;7 0� |_; _om;� 0;;v =uol �;�b1oķ �ov|- !b1-ķ -m7 �-m-l࢙
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|o |_-| u;rou|;7 bm �u-�bѴ Ő�;Ѵvom ;| -Ѵĺķ ƑƏƐƕĸ )-ѴѴ0;u] ;| -Ѵĺķ ƑƏƐƓőĺ 
$_bv ;�|;mvb�; �=ub1-mb�-|bom bv r;u_-rv u;=Ѵ;1|b�; o= |_; Ѵom]-
v|-m7bm] ru;v;m1; o= ��� bm |_;v; u;]bomv -m7 |_-| Ѵb||Ѵ; bv 7om; 
|o ru;�;m| �=ub1-mb�-|bom o= l-m-];7 _b�;v =ou 0o|_ -]ub1�Ѵ|�u-Ѵ 
-m7 _o00�bv| �v;ĺ �;;h;;r;uv bm �;m|u-Ѵ �l;ub1- -m7 �;�b1o _-�; 
-7-r|;7 |o �ouhbm] �b|_ |_; ��� -m7 ];m; =Ѵo� 0;|�;;m =;u-Ѵ -m7 
l-m-];7 _b�;v bv Ѵ-u];Ѵ� �mbm_b0b|;7 Ő���l-mŊ�o�o- ş �-];ķ ƐƖƖƖĸ 
!-|mb;hv ş (bvv1_;uķ ƐƖƖѵőĺ

$_; v�0v|-m|b-Ѵ -lo�m| o= �-v|;um ��uor;-m Ő�ő -m1;v|u� r;u-
vbv|bm] bm |_; _om;� 0;;v v-lrѴ;7 =uol �;�b1o v�]];v|v |_-| bmv�=-
=b1b;m| |bl; l-� _-�; r-vv;7 vbm1; |_; -uub�-Ѵ o= ��� =ou _om;� 0;;v 
|o u;-1_ |_; _b]_ Ѵ;�;Ѵv o= �=ub1-m -m1;v|u� v;;m bm Ѵo�;u Ѵ-|b|�7;vĺ 
�o�;�;uķ ��� =buv| -uub�;7 bm vo�|_;um �;�b1o bm |_; Ѵ-|; ƐƖѶƏvķ 
-m7 v|�7b;v _-�; v_o�m |_-| Ѵ;�;Ѵv o= �=ub1-m -m1;v|u� 1-m u;-1_ 
_b]_ķ -rr-u;m|Ѵ� v|-0Ѵ;ķ Ѵ;�;Ѵv bm Ѵ;vv |_-m - 7;1-7; Ő�bm|o ;| -Ѵĺķ 
ƑƏƏƔőĺ �Ѵ|;um-|b�;Ѵ�ķ |_; v�0v|-m|b-Ѵ ��uor;-m _om;� 0;; Ő���ő 
ror�Ѵ-|bom |_-| ;�bv|;7 |_uo�]_o�| �;�b1o rubou |o ��� -uub�-Ѵ 
lb]_| _-�; v;u�;7 -v - ];m;|b1 0�==;uķ -ѴѴo�bm] =ou |_; r;uvbv|;m1; 
o= � -m1;v|u� 7;vrb|; -lrѴ; |bl; vbm1; 1om|-1| �b|_ ��� Ő�Ѵ-uh; 
;| -Ѵĺķ ƑƏƏƑőĺ �;;h;;rbm] �b|_ �ŊѴbm;-]; _om;� 0;;v �-v �b7;vru;-7 
-1uovv �;�b1o rubou |o |_; -uub�-Ѵ o= ���ķ �b|_ -m ;v|bl-|;7 ƐĺƔ lbѴ-
Ѵbom l-m-];7 1oѴomb;v ru;v;m| |_uo�]_o�| |_; 1o�m|u� -m7 �;�b1o 
u;l-bmv om; o= |_; Ѵ-u];v| ;�rou|;uv o= _om;� om |_; ]Ѵo0-Ѵ l-u-
h;| Ő��o7- ;| -Ѵĺķ ƑƏƏƐĸ )bmv|omķ ƐƖƕƖőĺ �m 1om|u-v|ķ �ov|- !b1- -m7 
�-m-l࢙ 0o|_ _-7 lo7;v| l-m-];7 0;;h;;rbm] -1|b�b|� rubou |o ��� 
-uub�-Ѵķ -m7 =;u-Ѵ ��� 1oѴomb;v �;u; t�b|; u-u;ķ r-u|b1�Ѵ-uѴ� bm |_; 
u-bm� Ѵo�Ѵ-m7v Ő�o0oķ ƐƖƖƔĸ !o�0bh ş �ou;_-lķ ƐƖƖƏőĺ �77b|bom-ѴѴ�ķ 
l-m� 0;;h;;r;uv bm �;m|u-Ѵ �l;ub1- -0-m7om;7 |_; |u-7; -=|;u 

��� -uub�-Ѵ Ő�-m (;;m ;| -Ѵĺķ ƐƖƖѶőĺ $_�vķ ��� Ѵbh;Ѵ� ;m1o�m|;u;7 - 
l�1_ vl-ѴѴ;u ror�Ѵ-|bom o= ��� bm �;m|u-Ѵ �l;ub1- |_-m bm �;�b1oķ 
-ѴѴo�bm] =ou - u-rb7 -m7 ;�|;mvb�; �=ub1-mb�-|bom o= |_; _om;� 0;; 
gene pool.

�m v|ubhbm] 1om|u-v| |o |_; _om;� 0;;v =uol �;�b1o -m7 �;m|u-Ѵ 
�l;ub1-ķ �=ub1-m -m1;v|u� bm _om;� 0;;v 1oѴѴ;1|;7 bm "-m 	b;]o 
�o�m|�ķ �-Ѵb=oumb- Ő&ĺ"ĺ�ĺő bv u;Ѵ-|b�;Ѵ� Ѵo� Őx = ƒƕĺƔѷ ± ƐĺƐƑѷő -m7 
"-m 	b;]o 0;;v =;-|�u; v�0v|-m|b-Ѵ ];molb1 1om|ub0�|bomv =uol -ѴѴ 
=o�u l-fou _om;� 0;; Ѵbm;-];v Ő
b]�u;v Ɛ -m7 Ƒőĺ �-v|;um ��uor;-m 
Ő�ő -m1;v|u� Őx = ƒƓĺѶѷ ± ƐĺƐƓѷő bm "-m 	b;]o _om;� 0;;v bv v�0-
v|-m|b-ѴѴ� _b]_;u |_-m |_; o|_;u |_u;; v-lrѴ;7 vb|;v �_bѴ; |_; 1om-
|ub0�|bom o= |_; );v|;um ��uor;-m Ő�ő Ѵbm;-]; Őx = ƐƖĺƐѷ ± ƏĺƓƐѷő 
bv -Ѵvo vol;�_-| ;Ѵ;�-|;7 Ő
b]�u; Ɛķ $-0Ѵ; Ƒőĺ �om;� 0;;v =uol "-m 
	b;]o -Ѵvo _-�; Ѵo�;u �=ub1-m ];molb1 1om|;m| bm 1olr-ubvom |o 
|_ov; =uol $;�-v -m7 �ub�om- Ő~ƕƔѷ �ő Ő�o�;h ;| -Ѵĺķ ƑƏƐѶĸ )_b|=b;Ѵ7 
;| -Ѵĺķ ƑƏƏѵőĺ

�o|-0Ѵ�ķ -ѴѴ _om;� 0;;v =uol |_; "-m 	b;]o v-lrѴ; rovv;vv;7 
1omvb7;u-0Ѵ; �b77Ѵ; �-v|;um Ő�ő -m1;v|u� Őx = ѶĺƔѷ ± ƏĺƑƓѷőĺ �om;� 
0;;v =uol �b77Ѵ; �-v|;um Ѵbm;-];v �;u; blrou|;7 |o |_; &mb|;7 
"|-|;v 7�ubm] |_; Ѵ-v| |�o 7;1-7;v o= |_; ƐƖ|_ 1;m|�u� -=|;u �_b1_ 
|bl; |_;v; Ѵblb|;7 blrou|-|bomv v|orr;7 Ő�-]m�v ş "�-Ѵ-mvhbķ ƑƏƐƏ 
-m7 u;=;u;m1;v |_;u;bmĸ �-ur;m|;u ş �-ur�uķ ƑƏƑƐőĺ �;�;u|_;Ѵ;vvķ 
v�u�;�v o= =;u-Ѵ _om;� 0;;v bm |_; &mb|;7 "|-|;v _-�; u;rou|;7 |_; 
1om|bm�;7 ru;v;m1; o= �Ŋ1Ѵ-7; lb|o1_om7ub- Ő�omo ş �o_mķ ƑƏƐƔĸ 
�-]m�v ş "�-Ѵ-mvhbķ ƑƏƐƏőķ -m7 )_b|=b;Ѵ7 ;| -Ѵĺ ŐƑƏƏѵő =o�m7 ;�b-
7;m1; o= vol; � m�1Ѵ;-u ];molb1 1om|;m| bm ��� bm $;�-vĺ ��u =bm7-
bm]v 1om1;umbm] u;Ѵ-|b�;Ѵ� Ѵo� Ѵ;�;Ѵv o= �=ub1-m -m1;v|u� bm "-m 	b;]o 
Ѵ-u];Ѵ� -]u;; �b|_ o|_;u u;1;m| ];molb1 v|�7b;v o= =;u-Ѵ _om;� 0;;v 

F I G U R E  2Պ�ubm1br-Ѵ �olrom;m| �m-Ѵ�vbv Ő���ő o= |_; ƖƖ u;=;u;m1; _om;� 0;;v -m7 ѵƏ -7lb�;7 _om;� 0;; ];mol;v
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bm vo�|_;um �-Ѵb=oumb- Ő�-Ѵ=;; ;| -Ѵĺķ ƑƏƑƏĸ �ub7Ѵ-m7ķ !-lbu;�ķ ;| -Ѵĺķ 
ƑƏƐƕőĺ �o�;�;uķ |_bv bv |_; =buv| -vv;vvl;m| o= �b77Ѵ; �-v|;um Ő�ő 
-m1;v|u� bm vo�|_;um �-Ѵb=oumb- _om;� 0;;vĺ

)_� bv �=ub1-m ];molb1 1om|;m| bm vo�|_;um �-Ѵb=oumb- 0;;v l�1_ 
Ѵo�;u |_-m ;Ѵv;�_;u;ĵ ); ;�rѴou; |_u;; _�ro|_;v;v |_-| lb]_| 
-11o�m| =ou |_bvĺ 
buv|ķ lo7;Ѵv 0�bѴ| =uol 1Ѵbl-|; 7-|- =b||;7 |o |_; 
vo�|_;um ��� u-m]; Ѵblb| ru;7b1| |_-| 1oѴ7;u �bm|;u �;-|_;u rѴ-�v 
- 1omvb7;u-0Ѵ; uoѴ; bm _-Ѵ|bm] ��� ;�r-mvbomĺ Ő�-uubvom ;| -Ѵĺķ ƑƏƏѵĸ 
"o�|_�b1h ;| -Ѵĺķ ƐƖƖƏĸ $-�Ѵou ş "rb�-hķ ƐƖѶƓőĺ �;-u;u |_; mou|_;um 
Ő�-Ѵb=oumb-ķ &"�ő -m7 vo�|_;um Ő��;mov �bu;vķ �u];m|bm-ő u-m]; Ѵblb|v 
o= ���ķ �=ub1-m -m1;v|u� bv mo|-0Ѵ� u;7�1;7 bm =-�ou o= ��uor;-m 
-m1;v|u� Ő�-Ѵ=;; ;| -Ѵĺķ ƑƏƑƏőĺ );v|;um "-m 	b;]o �o�m|� _-v - lbѴ7 
�;7b|;uu-m;-m 1Ѵbl-|; =;-|�ubm] 7u� v�ll;uv �b|_ - l;-m _b]_ 
|;lr;u-|�u; o= ƑƔŦ� Ő��]�v|ő -m7 lbѴ7 �bm|;uv �b|_ - l;-m lbmb-
l�l o= ѶŦ� Ő�-m�-u�ő Ő����ŋ�-|bom-Ѵ );-|_;u ";u�b1; 
ou;1-v| 
�==b1;őĺ "o�|_ $;�-vķ �_;u; �=ub1-m ];molb1 1om|;m| bv l�1_ _b]_;u 
|_-m bm "-m 	b;]oķ _-v - _o| -m7 _�lb7 1Ѵbl-|;ķ om -�;u-]; u;-1_-
bm] ƒƔŦ� bm |_; _o||;v| v�ll;u lom|_ 0�| rovv;vv;v vblbѴ-uѴ� 1ooѴ 
�bm|;uv |o |_ov; bm "-m 	b;]oķ u;-1_bm] -m -�;u-]; lbmbl�l o= ƕŦ� 
bm �-m�-u�ő Ő!-m];Ѵ ;| -Ѵĺķ ƑƏƐѵĸ ����ŋ�-|bom-Ѵ );-|_;u ";u�b1; 

ou;1-v| �==b1;őĺ $_�vķ �_bѴ; 1Ѵbl-|; bv Ѵbh;Ѵ� blrou|-m| bm Ѵblb|bm] 
|_; r;m;|u-m1; o= �=ub1-m ];molb1 l-|;ub-Ѵķ vblrѴ; l;-v�u;v o= �bm-
|;u 1oѴ7 |;lr;u-|�u;v -u; �mѴbh;Ѵ� |o 0; |_; omѴ� 7;|;ulbmbm] =-1|ouĺ

";1om7ķ ];m; =Ѵo� =uol l-m-];7 ��uor;-m _om;� 0;; ror�Ѵ--
|bomv 1o�Ѵ7 u;v|u-bm |_; bm|uo]u;vvbom o= ];m;v o= �=ub1-m oub]bm bm 
"-m 	b;]o �o�m|�ĺ �m |_; &mb|;7 "|-|;vķ ��� -u; ];m;u-ѴѴ� 1omvb7-
ered unfit for apiculture and commercial agriculture due to unde-
vbu-0Ѵ; 1_-u-1|;ubv|b1v v�1_ -v - _b]_;u ruor;mvb|� |o v|bm] -m7 |o 

-0-m7om |_;bu m;v|v Őu;�b;�;7 bm "1_m;b7;u ;| -Ѵĺķ ƑƏƏƓőĺ $_; 7;-
vbu;7 Ѵbm;-];v o= ��uor;-m 1Ѵ-7;v -u; -1|b�;Ѵ� l-bm|-bm;7 �b- 1om-
vbv|;m| u;t�;;mbm] o= 1oѴomb;v �b|_ l-|;7 t�;;mv o= ��uor;-m 
oub]bm Ő"1_b== ş "_;rr-u7ķ ƐƖƖƔķ ƐƖƖѵőĺ �o�;�;uķ v�1_ 0;;h;;rbm] 
ru-1|b1;v _-�; =-bѴ;7 |o mo|b1;-0Ѵ� bm_b0b| |_; bm|uo]u;vvbom o= _b]_ 
Ѵ;�;Ѵv o= �=ub1-m ];m;v bm|o =;u-Ѵ $;�-v -m7 �ub�om- 0;; ror�Ѵ-|bomv 
Ő�o�;h ;| -Ѵĺķ ƑƏƐѶĸ �bm|o ;| -Ѵĺķ ƑƏƏƔĸ )_b|=b;Ѵ7 ;| -Ѵĺķ ƑƏƏѵőĺ �m; 
ro|;m|b-Ѵ lb|b]-|bm] =-1|ou ru;�;m|bm] ;�1;vvb�; �=ub1-mb�-|bom o= 
"-m 	b;]o _om;� 0;;v l-� 0; |_; Ѵ-u]; -]ub1�Ѵ|�u-Ѵ ru;v;m1; bm |_; 
1o�m|� �b|_ ~ƑƒƏķƏƏƏ -1u;v o= rѴ-m|;7 1uorvķ l-m� o= �_b1_ Ő;ĺ]ĺķ 
-�o1-7ov -m7 1b|u�vő �v; _om;� 0;;v =ou roѴѴbm-|bom v;u�b1;v Ő"-m 
	b;]o �o�m|� �uor "|-|bv|b1v �mm�-Ѵ !;rou|ķ ƑƏƐƖőĺ �;m; =Ѵo� =uol 
_b]_Ŋ7;mvb|� ��uor;-m l-m-];7 _b�;v 1o�Ѵ7 1o�m|;u �=ub1-mb�-|bomĺ 
�o�;�;uķ ];m;|b1 v�-lrbm] 0� l-m-];7 _om;� 0;;v �o�Ѵ7 u;t�bu; 
|_-| - v�0v|-m|b-Ѵ =u-1|bom o= |_; _om;� 0;;v bm "-m 	b;]o �o�m|� 
1ol; =uol l-m-];7ķ ];m;|b1-ѴѴ� ��uor;-m _b�;vĺ ��u =bm7bm] |_-| 
-ѴѴ ƐƔ =ou-]bm] �ouh;uv ;�-lbm;7 _;u; _-7 v�0v|-m|b-Ѵ �=ub1-m -m7 
�b77Ѵ; �-v|;um -m1;v|u�ŌѴbm;-];v mo| �v;7 bm l-m-];7 1oѴomb;vŌ
-u]�;v -]-bmv| |_bvĺ $_bv =bm7bm] bv 1omvbv|;m| �b|_ |_; _�ro|_;vbvķ 
v�rrou|;7 0� ru;�bo�v Ő�omo ş �o_mķ ƑƏƐƔő -m7 1�uu;m| lb|o1_om-
7ub-Ѵ 7-|-ķ |_-| lov| 0;;v =ou-]bm] bm "-m 	b;]o �o�m|�ķ �_;|_;u bm 
�u0-m ou mom-]ub1�Ѵ|�u-Ѵ u�u-Ѵ v;||bm]vķ 7;ub�; =uol =;u-Ѵķ �=ub1-mb�;7 
colonies.


bm-ѴѴ�ķ bmv�==b1b;m| |bl; l-� _-�; ;Ѵ-rv;7 vbm1; |_; bm|uo7�1|bom 
o= |_; ��� |o "-m 	b;]o �o�m|� =ou �=ub1-m -m1;v|u� |o u;-1_ Ѵ;�;Ѵv 
1olr-u-0Ѵ; |o |_ov; v;;m ;Ѵv;�_;u; bm |_; vo�|_�;v|;um &ĺ"ĺ Ő�bm|o 
;| -Ѵĺķ ƑƏƏƔĸ )_b|=b;Ѵ7 ;| -Ѵĺķ ƑƏƏѵőĺ ��� -uub�;7 bm "-m 	b;]o �o�m|� 
bm ƐƖƖƓ -m7 o�u 0;;v �;u; v-lrѴ;7 lou; |_-m |�o 7;1-7;v Ѵ-|;uķ 
v�]];v|bm] ;b|_;u |_-| �=ub1-mb�-|bom bv |-hbm] l�1_ Ѵom];u |_-m bm 
$;�-vķ ou 7b==;u;m1;v bm 1om7b|bomv bm "-m 	b;]o u;Ѵ-|b�; |o $;�-v Ѵ;-7 
|o u;7�1;7 r;m;|u-|bom o= |_; �=ub1-m ];mol;ĺ

�o|-0Ѵ�ķ -ѴѴ =o�u v-lrѴ;7 u;]bomv u;rou| - vb]mb=b1-m| -lo�m| o= 
);v|;um ��uor;-m Ő�ő -m1;v|u�ĺ "|�7b;v |_-| _-�; |u-1h;7 |_; ruo-
1;vv o= �=ub1-mb�-|bom ;Ѵv;�_;u; _-�; v_o�m |_-| �=ub1-m ];m;|b1 
l-|;ub-Ѵ Ѵ-u];Ѵ� ou 1olrѴ;|;Ѵ� u;rѴ-1;v ];molb1 1om|;m| =uol |_; 
�-v|;um ��uor;-m Ő�ő Ѵbm;-];ķ �_bѴ; |_; 1om|ub0�|bom =uol |_; � 
Ѵbm;-]; |o ];mol;v o= ��� u;l-bmv v�0v|-m|b-Ѵ -m7 bv m;�;u 1ol-
rѴ;|;Ѵ� ;Ѵblbm-|;7 Ő�Ѵ-uh; ;| -Ѵĺķ ƑƏƏƑĸ �ub7Ѵ-m7ķ !-lbu;�ķ ;| -Ѵĺķ ƑƏƐƕĸ 
�;Ѵvom ;| -Ѵĺķ ƑƏƐƕĸ �bm|o ;| -Ѵĺķ ƑƏƏƔĸ )_b|=b;Ѵ7 ;| -Ѵĺķ ƑƏƏѵőĺ �ѴѴ o= 
o�u v-lrѴ;7 _om;� 0;; ];mol;v =uol "-m 	b;]o |o �-m-l࢙ rovv;vv 
lo7;u-|; Ѵ;�;Ѵv o= � -m1;v|u� �_bѴ; � -m1;v|u� 1om|;m| 7;1Ѵbm;v 
ru;1brb|o�vѴ� =uol mou|_ |o vo�|_ -m7 bv m;-uѴ� |o|-ѴѴ� -0v;m| bm v-l-
rѴ;v =uol �ov|- !b1- -m7 �-m-l࢙ĺ $_bv r-||;um v�]];v|v |_-| |_; �Ŋ
Ѵbm;-]; 1om|;m| |_-| r;uvbv|v bm _b]_Ѵ� �=ub1-mb�;7 ror�Ѵ-|bomv l-� 
0; v;Ѵ;1|;7 =ou �_bѴ; �ŊѴbm;-]; 1om|;m| bv v;Ѵ;1|;7 -]-bmv| ;�1;r| 
�_;u; �ŊѴbm;-]; 1om|ub0�|bom 7;1Ѵbm;v -| _b]_;u Ѵ-|b|�7;v Ő�;Ѵvom 
;| -Ѵĺķ ƑƏƐƕĸ )_b|=b;Ѵ7 ;| -Ѵĺķ ƑƏƏѵőĺ �u;�bo�v v|�7b;v _-�; b7;m|b=b;7 

F I G U R E  3Պ�b7robm|Ŋuoo|;7 m;b]_0ou fobmbm] r_�Ѵo];m� 1omv|u�1|;7 =uol |_; lb|o1_om7ub-Ѵ ];mol;v o= ѵƏ -7lb�;7 _om;� 0;;v 
1oѴѴ;1|;7 =uol "-m 	b;]oķ �;�b1oķ �ov|- !b1-ķ -m7 �-m-l࢙ Őn = ƐƔķ r;u ror�Ѵ-|bomő -m7 ƐƑ u;=;u;m1; lb|o1_om7ub-Ѵ v;t�;m1;v o0|-bm;7 =uol 
����Ĺ A. m. mellifera Őn = Ɛőķ A. m. syriaca Őn = Ƒőķ A. m. carnica Őn = Ɛőķ A. m. scutellata Őn = ƒőķ A. m. ligustica Őn = Ɠőķ -m7 A. m. anatoliaca Őn = Ɛőĺ 
���� lb|o1_om7ub-Ѵ v;t�;m1;v -u; 7;mo|;7 0� -m -v|;ubvh ŐŖőĺ (-Ѵ�;v om ;-1_ mo7; u;ru;v;m| |_; r;u1;m| 0oo|v|u-r v�rrou| Őn = 2000 
0oo|v|u-rvő

TA B L E  3Պ)_oѴ; lb|o1_om7ub-Ѵ v;t�;m1;v u;ru;v;m|bm] �ņ�ņ
�ņ� _om;� 0;; 1Ѵ-7;v 7o�mѴo-7;7 =uol ���� -m7 �v;7 bm l|	�� 
_-rѴo|�r; -m-Ѵ�vbv

GenBank accession number Subspecies Clade

��ѵƏƐƕѶƓĺƐ A. m. scutellata �

��ƔƔƑƕƏƑĺƐ A. m. scutellata �

��ƔƔƑƕƏƐĺƐ A. m. scutellata �

�+ƖƑѵѶѶƓĺƐ A. m. mellifera M

��ƑƔƏѶƕѶĺƐ A. m. carnica C

�*ƖƏѶƑƏƖĺƐ A. m. ligustica C

��ƒƓƐƓƏѶĺƐ A. m. ligustica C

��ƒƓƐƓƏƕĺƐ A. m. ligustica C

�ƏѵƐƕѶĺƐ A. m. ligustica C

�$ƐѶѶѵѶѵĺƐ A. m. anatoliaca �

��ƐѵƒѵƓƒĺƐ A. m. syriaca �

�+ƖƑѵѶѶƑĺƐ A. m. syriaca �

info:refseq/KJ601784.1
info:refseq/MG552702.1
info:refseq/MG552701.1
info:refseq/KY926884.1
info:refseq/MN250878.1
info:refseq/KX908209.1
info:refseq/MH341408.1
info:refseq/MH341407.1
info:refseq/L06178.1
info:refseq/MT188686.1
info:refseq/KP163643.1
info:refseq/KY926882.1
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vol; u;]bomv o= );v|;um ��uor;-m Ő�ő -m1;v|u� |_-| -rr;-u |o 0; 
�m7;u rovb|b�; v;Ѵ;1|bomķ bm r-u|b1�Ѵ-u - u;]bom om 1_uolovol; Ɛƒķ 
�_b1_ bv -vvo1b-|;7 �b|_ -  $� =ou �ouh;u o�-u� vb�; Ő�-Ѵ=;; ;| -Ѵĺķ 
ƑƏƑƏĸ �;Ѵvom ;| -Ѵĺķ ƑƏƐƕőĺ �m -77b|bomķ ];m;v o= 0o|_ � -m7 � -m-
1;v|u� -rr;-u |o �m7;uѴb; m;v| 7;=;mv; 0;_-�bou bm ��� Ő�-ur�u 
;| -Ѵĺķ ƑƏƑƏőĺ 
�u|_;u �ouh bv m;;7;7 |o 7;|;ulbm; �_;|_;u |_;v; 
u;]bomv o= � -m1;v|u� -u; �m7;u v;Ѵ;1|bom bm o�u v-lrѴ;7 ror�Ѵ--
|bomvĺ �Ѵ|;um-|b�;Ѵ�ķ vl-ѴѴ -lo�m|v o= � -m1;v|u� l-� 0; _b|1__bhbm] 
�b|_bm ru;7olbm-m|Ѵ� �=ub1-m ];mol;vĺ

�b|o1_om7ub-Ѵ -m-Ѵ�vbv o= o�u =o�u v-lrѴ;7 ror�Ѵ-|bomv bv Ѵ-u];Ѵ� 
1omvbv|;m| �b|_ =bm7bm]v =uol m�1Ѵ;-u ];mol;v Ő
b]�u; ƒĸ $-0Ѵ; Ɠőĺ �ѴѴ 
0;;v v-lrѴ;7 =uol �-m-l࢙ -m7 �ov|- !b1-ķ �_;u; m�1Ѵ;-u ];mol;v 
�;u; ru;7olbm-m|Ѵ� �=ub1-mķ 1-uub;7 lb|o1_om7ub- o= �=ub1-m oub]bmĺ 
�m �;�b1oķ |_; l-foub|� o= _om;� 0;;v 1-uub;7 |_; � lb|o|�r; �_bѴ; 
- =;� 1-uub;7 lb|o1_om7ub- o= |_; � Ѵbm;-];ĺ "-m 	b;]o _om;� 0;;v 
_-u0ou -ѴѴ =o�u lb|o1_om7ub-Ѵ Ѵbm;-];vĺ )_bѴ; �ŊѴbm;-]; lb|o1_om-
7ub- �;u; -0v;m| bm o�u 1�uu;m| v-lrѴ; o= ƐƔ 0;;vķ �omo -m7 �o_m 
ŐƑƏƐƔő -vv-�;7 - Ѵ-u];u v-lrѴ; -m7 =o�m7 lb|o|�r;v u;ru;v;m|bm] 
-ѴѴ =o�u 1Ѵ-7;vķ �b|_ |_; �=ub1-m lb|o|�r; |_; lov| =u;t�;m| ŐѵƔѷő 
and mitochondria from the other three lineages present in similar 
ruorou|bomvĺ 
-bѴ�u; |o �m1o�;u -m� lb|o1_om7ub- =uol |_; � Ѵbm;-]; 
bm |_; ru;v;m| v|�7� Ѵbh;Ѵ� u;v�Ѵ|;7 =uol |_; Ѵblb|;7 m�l0;u o= _om;� 
bees sampled.

�7lb�;7 ror�Ѵ-|bomv =uol |_; =o�u v-lrѴ;7 vb|;v u;rou| vblb-
Ѵ-u _b]_ Ѵ;�;Ѵv o= ];m;|b1 7b�;uvb|� -m7 |_;v; Ѵ;�;Ѵv -u; _b]_;u |_-m 
];m;|b1 7b�;uvb|� l;-v�u;v =uol �-v|;um ��uor;-m Ő�őķ );v|;um 
��uor;-m Ő�őķ -m7 �b77Ѵ; �-v|;um Ő�ő u;=;u;m1; ror�Ѵ-|bomvĺ 
�77b|bom-ѴѴ�ķ 7;r;m7bm] om |_; ;v|bl-|ouķ |_; ];m;|b1 7b�;uvb|� o= 
-7lb�;7 ror�Ѵ-|bomv ;�1;;7v ou ;t�-Ѵv |_-| o= |_; �=ub1-m 1Ѵ-7;ķ 
|_; _om;� 0;; Ѵbm;-]; ru;�bo�vѴ� =o�m7 |o _-�; |_; _b]_;v| ];m;|b1 
7b�;uvb|� Ő�-Ѵ=;; ;| -Ѵĺķ ƑƏƑƏĸ �vru;]�;bu- $_;l�7o ;| -Ѵĺķ ƑƏƑƏĸ 

�-ur�u ;| -Ѵĺķ ƑƏƐƑĸ )-ѴѴ0;u] ;| -Ѵĺķ ƑƏƐƓőĺ $_; _b]_ Ѵ;�;Ѵ o= ];m;|b1 
7b�;uvb|� o= -7lb�;7 ror�Ѵ-|bomv Ѵbh;Ѵ� u;v�Ѵ|v =uol 0o|_ v�0v|-m|b-Ѵ 
1om|ub0�|bomv =uol |_; ];m;|b1-ѴѴ� 7b�;uv; �=ub1-m Ѵbm;-]; bm -77b-
|bom |o -7lb�|�u; 0ubm]bm] |o];|_;u �-ub-|bom =o�m7 -lom] -m1;v-
|u-Ѵ Ѵbm;-];v Ő�-ur�u ;| -Ѵĺķ ƑƏƐƑőĺ 
ou "-m 	b;]o 0;;vķ |_; ;==;1| 
o= -7lb�|�u; =uol l�Ѵ|brѴ; -m1;v|u-Ѵ Ѵbm;-];v -rr;-uv |o u-bv; |_;bu 
];m;|b1 7b�;uvb|� |o Ѵ;�;Ѵv mo| 7b==;u;m| |_-m |_ov; =o�m7 bm � Ѵbm;-]; 
u;=;u;m1; 0;;v ou bm ��� ror�Ѵ-|bomv �b|_ l�1_ _b]_;u ruorou|bomv 
o= � -m1;v|u�ĺ

)-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓő ;lrѴo�;7 - "��Ŋ0-v;7 l;-v�u; |o 1-Ѵ1�-
Ѵ-|; )-||;uvomŝv ;v|bl-|ou -m7 |_;m 7b�b7;7 |_; l;-v�u; 0� |o|-Ѵ 
vb|;v bm |_; ];mol; bm ou7;u |o o0|-bm - r;uŊ0r ;v|bl-|;ĺ ��u r-bu-
�bv; ;v|bl-|ou �-v 1-Ѵ1�Ѵ-|;7 bm - vblbѴ-u =-v_bom -m7 ]-�; vblbѴ-uķ 
|_o�]_ vѴb]_|Ѵ� Ѵo�;uķ �-Ѵ�;vĺ $�o o= o�u ];m;|b1 7b�;uvb|� ;v|bl-|;v 
Ő];mol;Ŋ�b7; r-bu�bv; -m7 )-||;uvomŝv ;v|bl-|ouvő �;u; 1-Ѵ1�Ѵ-|;7 
=uol |_; l-foub|� o= vb|;v bm |_; ];mol;ķ bm1Ѵ�7bm] 0o|_ _b]_Ŋt�-Ѵb|� 
"��v -m7 o|_;u �-ub-0Ѵ; -m7 bm�-ub-0Ѵ; vb|;vĺ $_ov; l;|_o7v u;-
v�Ѵ|;7 bm _b]_;u ;v|bl-|;v o= ];m;|b1 7b�;uvb|�ĺ �o�;�;uķ |_; u-mh 
ou7;u o= o�u 7b�;uvb|� ;v|bl-|;v -lom] u;=;u;m1; ror�Ѵ-|bomvķ �b|_ 
|_; � Ѵbm;-]; _-�bm] 1omvb7;u-0Ѵ� _b]_;u 7b�;uvb|� |_-m |_; � Ѵbm-
;-];ķ =oѴѴo�;7 0� � -m7 |_;m � bv 1omvbv|;m| �b|_ ru;�bo�v v|�7b;v 
Ő�vru;]�;bu- $_;l�7o ;| -Ѵĺķ ƑƏƑƏĸ �-ur�u ;| -Ѵĺķ ƑƏƐƑĸ )-ѴѴ0;u] 
;| -Ѵĺķ ƑƏƐƓőĺ

); =bm7 |_-| |_; _om;� 0;;v o= |_; v�0vr;1b;v A. m. syriaca are 
v�0v|-m|b-ѴѴ� Ő~Ƒƒѷő -7lb�;7 �b|_ |_; �=ub1-m Ѵbm;-];ķ 1omvbv|;m| 
�b|_ |_; -m-Ѵ�vbv o= )-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓőĺ �ub7Ѵ-m7ķ $v�|v�bķ ;| -Ѵĺ 
ŐƑƏƐƕő -v1ub0;7 - vblbѴ-u -lo�m| o= -7lb�|�u; bm|o |_; A. m. syriaca 
0;;v =uol - ror�Ѵ-|bom o= 0;;v =uol |_; �u-0b-m �;mbmv�Ѵ- Ő|;ul;7 
�Ѵ-7; +őĺ ); _-�; mo| bm1Ѵ�7;7 0;;v =uol |_; + Ѵbm;-]; bm o�u -m-Ѵ-
�vbv 0;1-�v; |_;� -u; mo| hmo�m |o _-�; 0;;m bm|uo7�1;7 |o |_; 
�l;ub1-m 1om|bm;m|v Ő�-ur;m|;u ş �-ur�uķ ƑƏƑƐĸ !�||m;uķ ƐƖѶѶőĺ 

TA B L E  4Պ��l0;u o= _om;� 0;;v v-lrѴ;7 =uol ;-1_ -7lb�;7 ror�Ѵ-|bom Ő"-m 	b;]o Ő��őķ �;�b1oķ �ov|- !b1-ķ �-m-l࢙ő =o�m7 |o 1-uu� 
lb|o1_om7ub- =uol ;-1_ o= |_; =o�u 1Ѵ-7;v Ő�ķ �ķ �ķ �ő

San Diego, CA Mexico Costa Rica Panamá

�=ub1-m Ő�ő Ɩ 11 15 15

);v|;um ��uor;-m Ő�ő 2 0 0 0

�-v|;um ��uor;-m Ő�ő 0 4 0 0

�b77Ѵ; �-v|;um Ő�ő 4 0 0 0

TA B L E  5Պ�;m;|b1 7b�;uvb|� l;-v�u;v Ől;-m ± "�ő =ou -7lb�;7 -m7 u;=;u;m1; ror�Ѵ-|bomv

Population
Pairwise estimator 
(�̂π)

Pairwise estimator (�̂π) using called SNPs only (minor 
allele frequency >0.05)

Watterson's 
estimator (�̂w)

�=ub1-m Ő�ő 0.0100 ± 0.0018 ƏĺƏƏƓƕ ± ƖĺƑƏƔ;ƴƏƔ 0.0152 ± 0.0012

);v|;um ��uor;-m Ő�ő ƏĺƏƏƓƕ ± ƏĺƏƏƏƕ 0.0028 ± ƒĺƔƏƒ;ƴƏƔ ƏĺƏƏƓƖ ± ƏĺƏƏƏѵ

�-v|;um ��uor;-m Ő�ő ƏĺƏƏƒѵ ± 0.0003 0.0023 ± ƑĺƒƓƒ;ƴƏƔ 0.0042 ± 0.0004

�b77Ѵ; �-v|;um Ő�ő ƏĺƏƏƔƖ ± 0.0005 ƏĺƏƏƒƕ ± ƔĺƔѵƖ;ƴƏƔ ƏĺƏƏѵƑ ± 0.0004

"-m 	b;]oķ ��ķ &ĺ"ĺ�ĺ ƏĺƏƏƖѵ ± 0.0018 ƏĺƏƏѵƐ ± ѶĺѶѵƒ;ƴƏƔ 0.0108 ± 0.0020

�_b-r-vķ �;�b1o ƏĺƏƐƏƖ ± 0.0023 ƏĺƏƏѵƒ ± 0.0001 0.0124 ± 0.0023

��-m-1-v|;ķ �ov|- !b1- 0.0105 ± 0.0024 ƏĺƏƏѵƐ ± 0.0001 0.0110 ± 0.0021

�v|_l�v o= �-m-l࢙ ƏĺƏƐƏѵ ± 0.0024 ƏĺƏƏѵƏ ± 0.0001 0.0114 ± 0.0020

Gilbert Fuentes
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�| bv rovvb0Ѵ; |_-| |_; -7lb�|�u; bm A. m. syriaca reported here and 
bm )-ѴѴ0;u] ;| -Ѵĺ ŐƑƏƐƓő u;ru;v;m|v bm|;ulb�bm] �b|_ 0;;v =uol |_; 
�u-0b-m �;mbmv�Ѵ- u-|_;u |_-m �=ub1-ĺ

�=ub1-mb�;7 _om;� 0;;v bm |_; �;� )ouѴ7 u;ru;v;m| om; o= |_; 
largest and best-documented biological invasions resulting from 
_�l-mŊl;7b-|;7 _�0ub7b�-|bomĺ 
;u-Ѵ ��uor;-m _om;� 0;; ror�-
Ѵ-|bomv _-�; 0;;m u;rѴ-1;7 0� �=ub1-mb�;7 _om;� 0;;v |_uo�]_o�| 
lov| o= |_; �;� )ouѴ7 v�]];v|bm] |_;bu ];m;|b1 l-h;�r ruo�b7;v 
v|uom] ;1oѴo]b1-Ѵ -7�-m|-];v ;�1;r| -| _b]_;u Ѵ-|b|�7;vĺ �m "-m 	b;]o 
�o�m|�ķ =;u-Ѵ ��� -u; v�r;u -0�m7-m|ķ u;vromvb0Ѵ; =ou ƕƔѷ o= -ѴѴ =Ѵo-
u-Ѵ �bvb|v |o m-|b�; rѴ-m|v -m7 u;-1_bm] ]u;-|;u 7olbm-m1; Ő>ƖƏѷ o= 
-ѴѴ roѴѴbm-|ou �bvb|vő om |_; lov| -0�m7-m|Ѵ� 0Ѵoolbm] vr;1b;v Ő��m] 
;| -Ѵĺķ ƑƏƐѶķ ƑƏƐƖőĺ $_bv o11�uv bm vrb|; o= 1-uu�bm] 7;|ubl;m|-Ѵ �bu-Ѵ 
7bv;-v;v -| |b|;uv vblbѴ-u |o |_ov; =o�m7 bm l-m-];7 0;;vķ v�]];v|-
bm] |_;� 1-m u;vbv| m;]-|b�; �bu-Ѵ -==;1|v =ou �_b1_ l-m-];7 _b�;v 
u;1;b�; lb|b]-|bm] |u;-|l;m|v Ő�;==u; ;| -Ѵĺķ ƑƏƑƐőĺ 
�|�u; �ouh |o 
7;|;ulbm; Ѵo1-Ѵ ];molb1 -m1;v|u� 1o�Ѵ7 bm�;v|b]-|; v;Ѵ;1|bom om ];-
molb1 u;]bomv |_-| 1omvbv|;m|Ѵ� 1ol; =uol �=ub1-m �;uv�v ��uor;-m 
Ѵbm;-];vĺ "�1_ u;]bomvķ -m7 |_; ];m;v |_;� 1om|-bmķ -u; 1ub|b1-Ѵ |o 
understanding the genetic changes that underlie the ecological suc-
1;vv o= �=ub1-mb�;7 _om;� 0;;vĺ "�1_ -m-Ѵ�v;v 1o�Ѵ7 -Ѵvo v_;7 Ѵb]_| 
on the locations and origins of genomic regions useful for breeding 
l-m-];7 _om;� 0;;v |o 0; lou; u;vbv|-m| |o =-1|ouv 1�uu;m|Ѵ� _-ul-
bm] |_; _om;� 0;; bm7�v|u�ĺ

ACKNOWLEDG MENTS
); |_-mh 	uĺ 	-mb;Ѵ "࢙m1_;� -m7 	uĺ 	-mb;Ѵ �-m�;m =ou 1oѴѴ;1|bm] 
_om;� 0;;v bm �_b-r-vķ �;�b1oķ -m7 ��-m-1-v|; �ov|- !b1-ķ u;vr;1-
|b�;Ѵ�ĺ �;] 	�;ѴѴķ 	-�b7 !o�0bhķ -m7 )bѴѴb-l )1bvѴo ruo�b7;7 v�r-
rou| -m7 ]�b7-m1; |o 	ĺ, 7�ubm] v-lrѴbm] bm �-m-l࢙ĺ �-l;v �b;_ 
-m7 	-�b7 �oѴ�-� ruo�b7;7 _;Ѵr=�Ѵ v�rrou| -m7 =;;70-1h 7�ubm] -ѴѴ 
facets of this research.

CONFLIC T OF INTERE S T
�u-m|v |o �ĺ!ĺ�ĺķ !ĺ"ĺ�ķ 	ĺ,ĺķ -m7 $ĺ�ĺ v�rrou|;7 |_; u;v;-u1_ĺ 	ĺ, 
-m7 �ĺ!ĺ� 7;vb]m;7 |_; ruof;1|ĺ 	ĺ,ĺ r;u=oul;7 v-lrѴbm]ķ 	�� 
ru;r-u-|bom -m7 7-|- -m-Ѵ�vbvĺ �ĺ�ĺķ $ĺ �ĺ -m7 �ĺ� -m7 �ĺ!ĺ�ĺ -b7;7 bm 
7-|- -m-Ѵ�vbvĺ 	ĺ,ĺ -m7 �ĺ!ĺ�ĺ �;u; rubm1br-Ѵ -�|_ouv o= |_; r-r;u 
and all other authors reviewed and approved the final version of the 
manuscript.

AUTHOR CONTRIBUTIONS
Daniela Zarate: �om1;r|�-Ѵb�-|bom Ő;t�-Ѵőĸ 	-|- 1�u-|bom ŐѴ;-7őĸ 

oul-Ѵ -m-Ѵ�vbv ŐѴ;-7őĸ 
�m7bm] -1t�bvb|bom ŐѴ;-7őĸ �;|_o7oѴo]� 
ŐѴ;-7őĸ �uof;1| -7lbmbv|u-|bom ŐѴ;-7őĸ (bv�-Ѵb�-|bom ŐѴ;-7őĸ )ub|bm] ŋ 
oub]bm-Ѵ 7u-=| ŐѴ;-7őĸ )ub|bm] ŋ u;�b;� ş ;7b|bm] ŐѴ;-7őĺ Thiago G. Lima: 
	-|- 1�u-|bom Őv�rrou|bm]őĸ 
�m7bm] -1t�bvb|bom Őv�rrou|bm]őĸ 
�;|_o7oѴo]� Őv�rrou|bm]őĸ )ub|bm] ŋ  u;�b;� ş ;7b|bm] Őv�rrou|-
bm]őĺ Jude D. Poole: 	-|- 1�u-|bom Őv�rrou|bm]őĸ 
oul-Ѵ -m-Ѵ�vbv 
Őv�rrou|bm]őĸ "o=|�-u; Őv�rrou|bm]őĺ Erin Calfee: 
oul-Ѵ -m-Ѵ�vbv 
Őv�rrou|bm]őĸ "o=|�-u; Őv�rrou|bm]őĸ (bv�-Ѵb�-|bom Őv�rrou|bm]őĸ 
)ub|bm] ŋ u;�b;� ş ;7b|bm] Őv�rrou|bm]őĺ Ronald S. Burton: 
�m7bm] 
-1t�bvb|bom Őv�rrou|bm]őĸ �;|_o7oѴo]� Őv�rrou|bm]őĸ )ub|bm] 

ŋ u;�b;� ş ;7b|bm] Őv�rrou|bm]őĺ Joshua R. Kohn: �om1;r|�-Ѵb�-|bom 
Ő;t�-Ѵőĸ �;|_o7oѴo]� Ő;t�-Ѵőĸ "�r;u�bvbom Ő;t�-Ѵőĸ )ub|bm] ŋ oub]bm-Ѵ 
7u-=| Ő;t�-Ѵőĸ )ub|bm] ŋ u;�b;� ş ;7b|bm] Ő;t�-Ѵőĺ

	�$���(��������$+�"$�$����$
�ѴѴ 	�� v;t�;m1; =bѴ;v -u; 7;rovb|;7 -m7 r�0Ѵb1Ѵ� -�-bѴ-0Ѵ; om |_; 
	u�-7 7-|-0-v; Ő_||rvĹņņ7obĺou]ņƐƏĺƔƏѵƐņ7u�-7ĺ��70u​�Ɛ==őĺ

ORCID
Daniela Zárate   _||rvĹņņou1b7ĺou]ņƏƏƏƏŊƏƏƏƒŊƓƒѶƖŊƔƑƐƓ 
Thiago G. Lima   https://orcid.org/0000-0003-3234-5225 

R E FE R E N C E S
�Ѵ0�u-hbķ �ĺķ �;u|u-m7ķ �ĺķ �;]o�|ķ �ĺķ �o�Ѵbmķ "ĺķ �Ѵ0�u-hbķ �ĺķ "_;rr-u7ķ 

)ĺ "ĺķ ş �-um;u�ķ �ĺ ŐƑƏƐƒőĺ � =b=|_ l-fou ];m;|b1 ]uo�r -lom] _om-
;�0;;v u;�;-Ѵ;7 bm "�ub-ĺ BMC Geneticsķ 14ķ ƐƐƕĺ

�Ѵ;�-m7;uķ 	ĺ �ĺķ �o�;l0u;ķ �ĺķ ş �-m];ķ �ĺ ŐƑƏƏƖőĺ 
-v| lo7;ѴŊ0-v;7 
;v|bl-|bom o= -m1;v|u� bm �mu;Ѵ-|;7 bm7b�b7�-Ѵvĺ Genome Researchķ 
19ķ ƐѵƔƔŋƐѵѵƓĺ

�-u|omķ �ĺ �ĺ ŐƑƏƏƐőĺ $_; uoѴ; o= _�0ub7b�-|bom bm ;�oѴ�|bomĺ Molecular 
Ecologyķ 10ķ ƔƔƐŋƔѵѶĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƓѵņfĺƐƒѵƔŊƑƖƓ�ĺƑƏƏƐĺ​
ƏƐƑƐѵĺ�

�o�;hķ �ĺķ !-m];Ѵķ �ĺķ �uou-ķ �ĺķ $bmķ �ĺ �ĺ +ĺķ �uo||;-�ķ �ĺķ �or;uķ �ĺ �ĺķ 

;�;ѴѴķ �ĺķ ş �bh_;�;�ķ �ĺ "ĺ ŐƑƏƐѶőĺ �-u-ѴѴ;Ѵ ];molb1 ;�oѴ�|bom o= 
r-u-vb|; |oѴ;u-m1; bm �bѴ7 _om;� 0;; ror�Ѵ-|bomvĺ bioRxiv preprint. 
_||rvĹņņ7obĺou]ņƐƏĺƐƐƏƐņƓƖѶƓƒѵ

�u;;7ķ �ĺ 	ĺķ ���l࢙mŊ�o�o-ķ �ĺķ ş ��m|ķ �ĺ �ĺ ŐƑƏƏƓőĺ 	;=;mvb�; 0;_-�-
bou o= _om;� 0;;vĹ �u]-mb�-|bomķ ];m;|b1vķ -m7 1olr-ubvomv �b|_ 
other bees. Annual Review of Entomologyķ 49ķ ƑƕƐŋƑƕѶĺ _||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƓѵņ-mm�u​;�ĺ;m|oĺƓƖĺƏѵƐѶƏƑĺƐƑƒƐƔƔ

��u|omķ !ĺ "ĺķ ş �-uu;|oķ 
ĺ "ĺ ŐƑƏƐƔőĺ � 7bvruorou|bom-|; uoѴ; =ou l|	�� 
bm 	o0�_-mvh�Ŋ��ѴѴ;u bm1olr-|b0bѴb|b;vĵ Molecular Ecologyķ 21ķ 
ƓƖƓƑŋƓƖƔƕĺ _||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņl;1ĺƐƑƏƏѵ

�-Ѵ=;;ķ �ĺķ �]u-ķ �ĺ �ĺķ �-Ѵ-1boķ �ĺ �ĺķ !-lbu;�ķ "ĺ !ĺķ ş �oorķ �ĺ ŐƑƏƑƏőĺ 
";Ѵ;1|bom -m7 _�0ub7b�-|bom v_-r;7 |_; �=ub1-mb�;7 _om;� 0;; bm�--
vbom o= |_; �l;ub1-vĺ PloS Geneticsķ 16ŐƐƏőķ ;ƐƏƏƖƏƒѶĺ _||rvĹņņ7obĺ
ou]ņƐƏĺƐƒƕƐņfo�um​-Ѵĺr];mĺƐƏƏƖƏƒѶ

�-ur;m|;uķ �ĺķ ş �-ur�uķ �ĺ ŐƑƏƑƐőĺ �;m;|b1 r-v|ķ ru;v;m|ķ -m7 =�|�u; o= |_; 
_om;� 0;; ŐApis melliferaő bm |_; &mb|;7 "|-|;v o= �l;ub1-ĺ Apidologieķ 
52ķ ѵƒŋƕƖĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƏƕņvƐƒƔƖ​ƑŊƏƑƏŊƏƏѶƒѵ​ŊƓ

�_;mķ �ĺķ �b�ķ ,ĺķ �-mķ  ĺķ �_;mķ *ĺķ )-m]ķ �ĺķ ��oķ �ĺķ �b�ķ "ĺķ ��ķ �ĺķ $b-mķ 
"ĺķ �bķ !ĺķ ş "_bķ )ĺ ŐƑƏƐѵőĺ �;molb1 -m-Ѵ�v;v u;�;-Ѵ 7;lo]u-r_b1 
_bv|ou� -m7 |;lr;u-|; -7-r|-|bom o= |_; m;�Ѵ� 7bv1o�;u;7 _om;� 
bee subspecies Apis mellifera sinisxinyuan n. ssp. Molecular Biology 
and Evolutionķ 33ŐƔőķ ƐƒƒƕŋƐƒƓѶĺ

�Ѵ-uh;ķ �ĺ �ĺķ !bm7;u;uķ $ĺ �ĺķ 
u-m1hķ �ĺķ  �;�-7-Ŋ��࢙mķ �ĺ �ĺķ ş �Ѵ7uo�7ķ 
�ĺ �ĺ ŐƑƏƏƑőĺ $_; �=ub1-mb�-|bom o= _om;� 0;;v ŐApis mellifera �ĺő o= 
|_; +�1-|-mĹ � v|�7� o= - l-vvb�; _�0ub7b�-|bom ;�;m| -1uovv |bl;ĺ 
Evolutionķ 56ķ ƐƓѵƑŋƐƓƕƓĺ

�ub7Ѵ-m7ķ �ĺ �ĺķ !-lbu;�ķ "ĺ !ĺķ 	;-mķ �ĺ 	ĺķ "1bѴb]oķ �ĺķ ş $v�|v�bķ �ĺ 	ĺ 
ŐƑƏƐƕőĺ �;mol; v;t�;m1bm] o= l�v;�l vr;1bl;mv u;�;-Ѵv u-rb7 
1_-m];v bm |_; ];m;|b1 1olrovb|bom o= _om;� 0;;v bm �-Ѵb=oumb-ĺ 
Genome Biology and Evolutionķ 10ŐƑőķ ƓƔѶŋƓƕƑĺ _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƖƒņ]0;ņ;��ƏƏƕ

�ub7Ѵ-m7ķ �ĺ �ĺķ $v�|v�bķ �ĺ 	ĺķ ş !-lbu;�ķ "ĺ !ĺ ŐƑƏƐƕőĺ $_; 1olrѴ;� 7;-
lo]u-r_b1 _bv|ou� -m7 ;�oѴ�|bom-u� oub]bm o= |_; �;v|;um _om;� 
0;;ķ Apis mellifera. Genome Biology and Evolutionķ 9ŐƑőķ ƓƔƕŋƓƕƑĺ 
_||rvĹņņ7obĺou]ņƐƏĺƐƏƖƒņ]0;ņ;��ƏƏƖ

�uo�b;uķ !ĺ �ĺķ ş �uo�b;uķ +ĺ �ĺ ŐƐƖƖƒőĺ $_; lb|o1_om7ub-Ѵ ];mol; o= 
|_; _om;�0;; Apis melliferaĹ �olrѴ;|; v;t�;m1; -m7 ];mol; ou-
]-mb�-|bomĺ Geneticsķ 13ķ ƖƕŋƐƐƕĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƖƒņ];m;|​
b1vņƐƒƒĺƐĺƖƕ

https://doi.org/10.5061/dryad.xwdbrv1ff
https://orcid.org/0000-0003-4389-5214
https://orcid.org/0000-0003-4389-5214
https://orcid.org/0000-0003-3234-5225
https://orcid.org/0000-0003-3234-5225
https://doi.org/10.1046/j.1365-294x.2001.01216.x
https://doi.org/10.1046/j.1365-294x.2001.01216.x
https://doi.org/10.1101/498436
https://doi.org/10.1146/annurev.ento.49.061802.123155
https://doi.org/10.1146/annurev.ento.49.061802.123155
https://doi.org/10.1111/mec.12006
https://doi.org/10.1371/journal.pgen.1009038
https://doi.org/10.1371/journal.pgen.1009038
https://doi.org/10.1007/s13592-020-00836-4
https://doi.org/10.1093/gbe/evy007
https://doi.org/10.1093/gbe/evy007
https://doi.org/10.1093/gbe/evx009
https://doi.org/10.1093/genetics/133.1.97
https://doi.org/10.1093/genetics/133.1.97


ƐƑ�o=�ƐƒՊ |Պ�ՊՍ ZÁRATE et al.

	o0�_-mvh�ķ $ĺ ŐƐƖƒƔőĺ "|�7b;v om _�0ub7 v|;ubѴb|�ĺ ��ĺ �o1-Ѵb�-|bom o= 
v|;ubѴb|� =-1|ouv bm Drosophila psuedoobscura _�0ub7vĺ Geneticsķ 21ķ 
ƐƐƒŋƐƒƔĺ

�vru;]�;bu- $_;l�7oķ �ĺķ !;�Ŋ�]Ѵ;vb-ķ �ĺķ !o0Ѵ;v $-v1ॕmķ �ĺķ �u��m �;mv;mķ 
�ĺķ 7- 
omv;1-ķ !ĺ !ĺķ ş �-lrovķ �ĺ 
ĺ ŐƑƏƑƏőĺ 	;1Ѵbmbm] ];m;|b1 7b-
�;uvb|� o= ��uor;-m _om;�0;;v -Ѵom] |_; |�;m|b;|_ 1;m|�u�ĺ Science 
Reportsķ 10ķ ƐƏƔƑƏĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņvƓƐƔƖ​ѶŊƏƑƏŊѵƕƒƕƏ​ŊƑ


;�;ѴѴķ �ĺ �ĺķ ş �;u|u-lķ "ĺ �ĺ ŐƑƏƏƑőĺ ��b7;m1; =ou ];m;|b1 �-ub-|bom bm 
�ouh;u |-vh r;u=oul-m1; 0� �=ub1-m -m7 ��uor;-m _om;� 0;;vĺ 
Behavioral Ecology and Sociobiologyķ 52ķ ƒƐѶŋƒƑƔĺ _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƏƕņvƏƏƑѵ​ƔŊƏƏƑŊƏƔƏƐŊƒ

�;==u;ķ �ĺ �ĺķ $u-�bvķ 	ĺ �ĺķ �o_mķ �ĺ !ĺķ ş �b;_ķ �ĺ �ĺ ŐƑƏƑƐőĺ �u;Ѵblbm-u� 
-m-Ѵ�vbv v_o�v |_-| =;u-Ѵ -m7 l-m-];7 _om;� 0;;v bm vo�|_;um 
California have similar levels of viral pathogens. Journal of Apicultural 
Researchķ Ɛŋƒĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏѶƏņƏƏƑƐѶ​ѶƒƖĺƑƏƑƐĺƑƏƏƐƑƏƖ

�o�Ѵvomķ 	ĺķ �b1_oѴѴvķ �ĺķ �o|झ-vķ �ĺķ ş !o|_;u-�ķ �ĺ �ĺ ŐƑƏƐƔőĺ �;; 7;1Ѵbm;v 
7ub�;m 0� 1ol0bm;7 v|u;vv =uol r-u-vb|;vķ r;v|b1b7;vķ -m7 Ѵ-1h o= 
flowers. Scienceķ 347ŐѵƑƑƖőķ ƐƓƒƔŋƐƓƓƔĺ

�u-0;mv|;bmķ �ĺ �ĺķ ş $-�Ѵouķ "ĺ �ĺ ŐƑƏƐѶőĺ �u;-hbm] 0-uub;uvĹ �-�v;vķ 
1omv;t�;m1;vķ -m7 ;�r;ubl;m|-Ѵ �|bѴb|� o= _�l-mŊl;7b-|;7 _�-
0ub7b�-|bomĺ Trends in Ecology & Evolutionķ 33ķ ƐƖѶŋƑƐƑĺ _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƐѵņfĺ|u;;ĺƑƏƐƕĺƐƑĺƏƏѶ

��o7-ķ �ĺķ �_�mķ ,ĺķ ş 
�Ѵb-m]ķ �ĺ ŐƑƏƏƐőĺ �m-Ѵ�vbv om |_; v|u�1|�u; o= 
_om;� ruo7�1|bom -m7 |u-7; bm |_; �ouѴ7ĺ �m Proc. 37th Int. Apic. 
Congr., Durban, South Africa.

���l-mŊ�o�o-ķ �ĺķ ş �-];ķ !ĺ �ĺ �uĺ ŐƐƖƖƖőĺ ";Ѵ;1|b�; 0u;;7bm] o= 
_om;� 0;;v Ő��l;mor|;u-Ĺ �rb7-;ő bm �=ub1-mb�;7 -u;-vĺ Journal 
of Economic Entomologyķ 92Őƒőķ ƔƑƐŋƔƑƔĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƖƒņ
f;;ņƖƑĺƒĺƔƑƐ

���l-mŊ�o�o-ķ �ĺķ "-m1_;�ķ �ĺķ �-];ķ !ĺ �ĺ �uĺķ ş �-u1b-ķ $ĺ ŐƐƖƖѵőĺ 
"�v1;r|b0bѴb|� o= ��uor;-m -m7 �=ub1-mb�;7 _om;�0;;v ŐApis mellif-
era �ő -m7 |_;bu _�0ub7v |o Varroa jacobsoni ��7ĺ Apidologieķ 27ķ Ɩƒŋ
ƐƏƒĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƔƐņ-rb7o​ĹƐƖƖѵƏƑƏƓ

�-mķ 
ĺķ )-ѴѴ0;u]ķ �ĺķ ş );0v|;uķ �ĺ $ĺ ŐƑƏƐƑőĺ 
uol �_;u; 7b7 |_; 
);v|;um _om;�0;; ŐApis melliferaő oub]bm-|;ĵ Ecology & Evolutionķ 
2ŐѶőķ ƐƖƓƖŋƐƖƔƕĺ

�-ur�uķ �ĺķ �-7ubķ "ĺ �ĺķ �uvbķ !ĺ �ĺķ )_b|=b;Ѵ7ķ �ĺ )ĺķ ş ,-�;7ķ �ĺ ŐƑƏƑƏőĺ 
	;=;mv; u;vromv; bm �u-�bѴb-m _om;� 0;;v ŐApis mellifera scute-
llata  ×  vrrĺő bv �m7;urbmm;7 0� 1olrѴ;� r-||;umv o= -7lb�|�u;ĺ 
Genome Biology and Evolutionķ 12ŐѶőķ ƐƒѵƕŋƐƒƕƕĺ

�-ur�uķ �ĺ �ĺķ �;m|ķ �ĺ 
ĺķ �oѴo7|vo�-ķ 	ĺķ �;0omķ �ĺ �ĺ 	ĺķ �Ѵt-umbķ �ĺ 
"ĺķ ��-�vvķ �ĺ �ĺķ ş ,-�;7ķ �ĺ ŐƑƏƐƓőĺ �or�Ѵ-|bom ];molb1v o= |_; 
_om;� 0;; u;�;-Ѵv v|uom] vb]m-|�u;v o= rovb|b�; v;Ѵ;1|bom om �ouh;u 
traits. Proceedings of the National Academy of Sciences of the United 
States of Americaķ 111Őƕőķ ƑѵƐƓŋƑѵƐƖĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƕƒņ
rm-vĺƐƒƐƔƔ​ƏѵƐƐƐ

�-ur�uķ �ĺķ �bm-;bķ "ĺķ �;m|ķ �ĺ 
ĺķ ş ,-�;7ķ �ĺ ŐƑƏƐƑőĺ �-m-];l;m| bm-
1u;-v;v ];m;|b1 7b�;uvb|� o= _om;� 0;;v �b- -7lb�|�u;ĺ Molecular 
Ecologyķ 21ķ ƓƓƐƓŋƓƓƑƐĺ _||rvĹņņ7obĺou]ņƐƏĺƐƐƐƐņfĺƐƒѵƔŊƑƖƓ*ĺ​
ƑƏƐƑĺƏƔѵƐƓĺ�

�-uubvomķ �ĺ 
ĺķ 
;�;ѴѴķ �ĺ �ĺķ �m7;uvomķ �ĺ �ĺķ ş �or;uķ �ĺ �ĺ ŐƑƏƏѵőĺ 
�m�buoml;m|-Ѵ r_�vboѴo]� o= |_; bm�-vbom o= |_; �l;ub1-v 0� 
�=ub1-mb�;7 _om;�0;;vĺ Society for Integrative and Comparative 
Biologyķ 46ķ ƐƐƐƏŋƐƐƑƑĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƖƒņb10ņb1ѴƏƓѵ

�;7ub1hķ �ĺ )ĺ ŐƑƏƐƒőĺ �7-r|b�; bm|uo]u;vvbom bm -mbl-ѴvĹ ��-lrѴ;v -m7 
comparison to new mutation and standing variation as sources of 
adaptive variation. Molecular Ecologyķ 22ķ ƓѵƏѵŋƓѵƐѶĺ _||rvĹņņ7obĺ
org/10.1111/mec.12415

��;u|-Ŋ"࢙m1_;�ķ �ĺķ �bmķ *ĺķ �v-mķ �b-m0-ķ ,ĺķ �;|;uķ �ĺ �ĺķ (bm1h;m0ov1_ķ 
�ĺķ �b-m]ķ +ĺ &ĺķ +bķ *ĺķ �;ķ �ĺķ "ol;Ѵķ �ĺķ �bķ �ĺķ )-m]ķ �ĺ �ĺķ ��ķ 
*ĺķ ��-v-m]ķ ��ov-m]ķ �ĺķ ��oķ ,ĺ *ĺ �ĺķ �bķ �ĺķ �-oķ �ĺķ +bmķ +ĺ �ĺķ Ļ 
�b;Ѵv;mķ !ĺ ŐƑƏƐƓőĺ �Ѵ|b|�7; -7-r|-|bom bm $b0;|-mv 1-�v;7 0� bm|uo-
]u;vvbom o= 	;mbvo�-mŊѴbh; 	��ĺ Natureķ 512ķ ƐƖƓŋƐƖƕĺ _||rvĹņņ7obĺ
org/10.1038/natur​e13408

��m]ķ �ĺŊ�ĺŊ�ĺķ �bm]v|omķ �ĺ �ĺķ �Ѵ0u;1_|ķ �ĺķ �oѴ�-�ķ 	ĺķ ş �o_mķ �ĺ !ĺ 
ŐƑƏƐѶőĺ $_; �ouѴ7�b7; blrou|-m1; o= _om;� 0;;v -v roѴѴbm-|ouv bm 

natural habitats. Proceedings of the Royal Society Bķ 285ķ ƑƏƐƕƑƐƓƏĺ 
_||rvĹņņ7obĺou]ņƐƏĺƐƏƖѶņuvr0ņƑƏƐƕĺƑƐƓƏ

��m]ķ �ĺŊ�ĺŊ�ĺķ �bm]v|omķ �ĺ �ĺķ �;;ķ �ĺķ �oѴ�-�ķ 	ĺķ ş �o_mķ �ĺ !ĺ ŐƑƏƐƖőĺ 
�omŊm-|b�; _om;� 0;;v 7bvruorou|bom-|;Ѵ� 7olbm-|; |_; lov| 
-0�m7-m| =Ѵou-Ѵ u;vo�u1;v bm - 0bo7b�;uvb|� _o|vro|ĺ Proceedings 
of the Royal Society Bķ 286ķ ƑƏƐѶƑƖƏƐĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƖѶņ
uvr0ņƑƏƐѶĺƑƖƏƐ

�-|o_ķ �ĺķ !o�;�b1hbķ �ĺķ ş +-l-7-ķ �ĺ 	ĺ ŐƑƏƐƖőĺ ��

$ omѴbm; v;u�b1;Ĺ 
��Ѵ|brѴ; v;t�;m1; -Ѵb]ml;m|ķ bm|;u-1|b�; v;t�;m1; 1_ob1; -m7 �b-
v�-Ѵb�-|bomĺ Briefings in Bioinformaticsķ 20ŐƓőķ ƐƐѵƏŋƐƐѵѵĺ _||rvĹņņ
7obĺou]ņƐƏĺƐƏƖƒņ0b0ņ00�ƐƏѶ

�blķ �ĺ $ĺķ ş �]�uoķ �ĺ ŐƐƖƖƖőĺ &r7-|; om |_; v|-|�v o= �=ub1-mb�;7 _om;� 
0;;v bm |_; );v|;um v|-|;vĺ Western Journal of Medicineķ 170ķ 
ƑƑƏŋƑƑƑĺ

�o=Ѵ;uķ !ĺķ �uo�1oŊ|;u);m];Ѵķ �ĺķ 	; �-boķ �ĺķ �-m7;�ķ !ĺ (ĺķ �oѴ|;ķ (ĺķ 

�|v1_bhķ �ĺķ �ovboѴķ �ĺķ ş "1_Ѵक़||;u;uķ �ĺ ŐƑƏƐƐőĺ �o�ooѴ-|bomĹ � |ooѴ-
0o� =ou ror�Ѵ-|bom ];m;|b1 -m-Ѵ�vbv o= m;�| ];m;u-|bom v;t�;m1bm] 
data from pooled individuals. PLoS Oneķ 6ŐƐőķ ;ƐƔƖƑƔĺ _||rvĹņņ7obĺ
ou]ņƐƏĺƐƒƕƐņfo�um​-Ѵĺrom;ĺƏƏƐƔƖƑƔ

�omoķ +ĺķ ş �o_mķ �ĺ !ĺ ŐƑƏƐƔőĺ !-m]; -m7 =u;t�;m1� o= �=ub1-mb�;7 _om;� 
0;;v bm �-Ѵb=oumb- Ő&"�őĺ PLoS Oneķ 10ŐƖőķ ;ƏƐƒƕƓƏƕĺ _||rvĹņņ7obĺ
ou]ņƐƏĺƐƒƕƐņfo�um​-Ѵĺrom;ĺƏƐƒƕƓƏƕ

�oum;Ѵb�vv;mķ $ĺ "ĺķ �Ѵ0u;1_|v;mķ �ĺķ ş �b;Ѵv;mķ !ĺ ŐƑƏƐƓőĺ ���"	Ĺ 
�m-Ѵ�vbv o= m;�| ];m;u-|bom v;t�;m1bm] 7-|-ĺ BMC Bioinformaticsķ 
15ķ ƒƔѵĺ _||rvĹņņ7obĺou]ņƐƏĺƐƐѶѵņvƐƑѶƔ​ƖŊƏƐƓŊƏƒƔѵŊƓ

��l-uķ "ĺķ "|;1_;uķ �ĺķ �bķ �ĺķ �m�-�ķ �ĺķ ş $-l�u-ķ �ĺ ŐƑƏƐѶőĺ ���� *Ĺ 
�oѴ;1�Ѵ-u ;�oѴ�|bom-u� ];m;|b1v -m-Ѵ�vbv -1uovv 1olr�|bm] rѴ-|-
forms. Molecular Biology & Evolutionķ 35ķ ƐƔƓƕŋƐƔƓƖĺ _||rvĹņņ7obĺ
ou]ņƐƏĺƐƏƖƒņloѴ0;​�ņlv�ƏƖѵ

�bķ �ĺ ŐƑƏƐƐőĺ � v|-|bv|b1-Ѵ =u-l;�ouh =ou "�� 1-ѴѴbm]ķ l�|-|bom 7bv1o�;u�ķ 
association mapping and population genetical parameter estima-
|bom =uol v;t�;m1bm] 7-|-ĺ Bioinformaticsķ 27ŐƑƐőķ ƑƖѶƕŋƑƖƖƒĺ

�bķ �ĺķ ş 	�u0bmķ !ĺ ŐƑƏƏƖőĺ 
-v| -m7 -11�u-|; Ѵom]Ŋu;-7 -Ѵb]ml;m| �b|_ 
��uuo�vŊ)_;;Ѵ;u |u-mv=oulĺ Bioinformaticsķ 26ŐƔőķ ƔѶƖŋƔƖƔĺ 
_||rvĹņņ7obĺou]ņƐƏĺƐƏƖƒņ0bobm​=oul-​|b1vņ0|rѵƖѶ

�bķ �ĺķ �-m7v-h;uķ �ĺķ )�vo1h;uķ �ĺķ 
;mm;ѴѴķ $ĺķ !�-mķ �ĺķ �ol;uķ �ĺķ �-u|_ķ 
�ĺķ �0;1-vbvķ �ĺķ 	�u0bmķ !ĺĸ ƐƏƏƏ �;mol; �uof;1| 	-|- �uo1;vvbm] 
"�0]uo�r ŐƑƏƏƖőĺ $_; v;t�;m1; -Ѵb]ml;m|ņl-r Ő"��ő =oul-| -m7 
"��|ooѴvĺ Bioinformaticsķ 25ķ ƑƏƕѶŋƑƏƕƖĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƖƒņ
bioin​forma​tics/btp352

�bmķ )ĺķ �1�uool;ķ �ĺķ !;_l-mķ �ĺķ ş �o_mvomķ �ĺ !ĺ ŐƑƏƐƕőĺ �=ub1-mb�;7 
0;;v ;�|;m7 |_;bu 7bv|ub0�|bom bm �-Ѵb=oumb-ĺ PLoS Oneķ 13ŐƐőķ 
;ƏƐƖƏѵƏƓĺ _||rvĹņņ7obĺou]ņƐƏĺƐƒƕƐņfo�um​-Ѵĺrom;ĺƏƐƖƏѵƏƓ

�o0oķ �ĺ �ĺ ŐƐƖƖƔőĺ �our_ol;|ub1ķ bvo��lb1ķ -m7 lb|o1_om7ub-Ѵ �-ub-0bѴ-
b|� o= �=ub1-mb�;7 _om;�0;;v bm �ov|- !b1-ĺ Heredityķ 75ķ ƐƒƒŋƐƓƐĺ 
_||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņ_7�ĺƐƖƖƔĺƐƐѵ

�-]m�vķ !ĺķ ş "�-Ѵ-mvhbķ �ĺ �ĺ ŐƑƏƐƏőĺ �;m;|b1 ;�b7;m1; =ou _om;� 0;;v 
ŐApis mellifera �ĺő o= lb77Ѵ; ;-v|;um Ѵbm;-]; bm |_; &mb|;7 "|-|;vĺ 
Sociobiologyķ 55ŐƐőķ ƑѶƔŋƑƖѵĺ

�1�-ѴѴ�ķ �ĺ �ĺķ ş "1_m;b7;uķ "ĺ "ĺ ŐƐƖƖƑ-őĺ 
-1|ouv bm=Ѵ�;m1bm] v;-vom-Ѵ 
-0v1om7bm] bm 1oѴomb;v o= |_; �=ub1-m _om;� 0;;ķ Apis mellifera 
scutellata. Insectes Sociauxķ 39ķ ƓƏƒŋƓƑƒĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƏƕņ
�
ƏƐƑ​ƓƏѵƑƓ

�1�-ѴѴ�ķ �ĺ �ĺķ ş "1_m;b7;uķ "ĺ "ĺ ŐƐƖƖƑ0őĺ ";-vom-Ѵ 1�1Ѵ;v o= ]uo�|_ķ 7;-
�;Ѵorl;m| -m7 lo�;l;m| o= |_; �=ub1-m _om;� 0;;ķ Apis mellifera 
scutellataķ bm �=ub1-ĺ Insectes Sociauxķ 39ķ ƐѵƕŋƐƕƖĺ

�1�-ѴѴ�ķ �ĺ �ĺķ ş "1_m;b7;uķ "ĺ "ĺ ŐƐƖƖѵőĺ "r-|b-Ѵ 7bv|ub0�|bom -m7 
m;v|bm] 0boѴo]� o= 1oѴomb;v o= |_; �=ub1-m _om;� 0;; Apis mel-
lifera scutellata Ő��l;mor|;u-Ĺ �rb7-;ő bm �o|v�-m-ķ �=ub1-ĺ 
Environmental Entomologyķ 25ķ ѵƓƒŋѵƔƑĺ _||rvĹņņ7obĺou]ņƐƏĺ​
ƐƏƖƒņ;;ņƑƔĺƒĺѵƓƒ

�-|bom-Ѵ );-|_;u ";u�b1; 
ou;1-v| �==b1; ŐƑƏƑƏőĺ National Oceanic 
and Atmospheric Administration (NOAA)ĺ �-|bom-Ѵ );-|_;u ";u�b1; 

ou;1-v| �==b1;ĺ )Ƒĺ�;-|_​;uĺ]o�

�;Ѵvomķ !ĺ �ĺķ )-ѴѴ0;u]ķ �ĺķ "blo;vķ ,ĺ �ĺ �ĺķ �-�vomķ 	ĺ �ĺķ ş );0v|;uķ �ĺ 
$ĺ ŐƑƏƐƕőĺ �;mol;�b7; -m-Ѵ�vbv o= -7lb�|�u; -m7 -7-r|-|bom bm |_; 

https://doi.org/10.1038/s41598-020-67370-2
https://doi.org/10.1007/s00265-002-0501-3
https://doi.org/10.1007/s00265-002-0501-3
https://doi.org/10.1080/00218839.2021.2001209
https://doi.org/10.1016/j.tree.2017.12.008
https://doi.org/10.1016/j.tree.2017.12.008
https://doi.org/10.1093/jee/92.3.521
https://doi.org/10.1093/jee/92.3.521
https://doi.org/10.1051/apido:19960204
https://doi.org/10.1073/pnas.1315506111
https://doi.org/10.1073/pnas.1315506111
https://doi.org/10.1111/j.1365-294X.2012.05614.x
https://doi.org/10.1111/j.1365-294X.2012.05614.x
https://doi.org/10.1093/icb/icl046
https://doi.org/10.1111/mec.12415
https://doi.org/10.1111/mec.12415
https://doi.org/10.1038/nature13408
https://doi.org/10.1038/nature13408
https://doi.org/10.1098/rspb/2017.2140
https://doi.org/10.1098/rspb/2018.2901
https://doi.org/10.1098/rspb/2018.2901
https://doi.org/10.1093/bib/bbx108
https://doi.org/10.1093/bib/bbx108
https://doi.org/10.1371/journal.pone.0015925
https://doi.org/10.1371/journal.pone.0015925
https://doi.org/10.1371/journal.pone.0137407
https://doi.org/10.1371/journal.pone.0137407
https://doi.org/10.1186/s12859-014-0356-4
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/bioinformatics/btp698
https://doi.org/10.1093/bioinformatics/btp352
https://doi.org/10.1093/bioinformatics/btp352
https://doi.org/10.1371/journal.pone.0190604
https://doi.org/10.1038/hdy.1995.116
https://doi.org/10.1007/BF01240624
https://doi.org/10.1007/BF01240624
https://doi.org/10.1093/ee/25.3.643
https://doi.org/10.1093/ee/25.3.643
http://W2.weather.gov


ՊՍՊ |ՊƐƒ�o=�ƐƒZÁRATE et al.

�=ub1-mb�;7 _om;�0;;ĺ Molecular Ecologyķ 26ķ ƒѵƏƒŋƒѵƐƕĺ _||rvĹņņ
doi.org/10.1111/mec.14122

�-Ѵl;uķ �ĺ !ĺķ "lb|_ķ 	ĺ !ĺķ ş �-=|-mo]Ѵ�ķ �ĺ ŐƑƏƏƏőĺ $�uhbv_ _om;�0;;vĹ 
�;m;|b1 �-ub-|bom -m7 ;�b7;m1; =ou - =o�u|_ Ѵbm;-]; o= Apis mellifera 
�|	��ĺ Journal of Heredityķ 91ķ ƓƑŋѵѵĺ

�b1-u7 $ooѴvĺ �uo-7 �mv|b|�|;ĺ _||rĹņņ0uo-7​bmv|b​|�|;ĺ]b|_�0ĺboņrb1-u​7ņ
�bm|oķ �ĺ �ĺķ !�0bmhķ )ĺ �ĺķ �-||omķ �ĺ �ĺķ �o�Ѵv;mķ !ĺ �ĺķ ş �o_mv|omķ 

�ĺ "ĺ ŐƑƏƏƔőĺ �=ub1-mb�-|bom bm |_; &mb|;7 "|-|;vĹ !;rѴ-1;l;m| o= 
=;u-Ѵ ��uor;-m _om;�0;;v ŐApis mellifera �ĺő 0� -m �=ub1-m _�0ub7 
swarm. Geneticsķ 170ķ ƐѵƔƒŋƐѵѵƔĺ _||rvĹņņ7obĺou]ņƐƏĺƐƔƒƓņ];m;|​
ics.104.035030

! �ou; $;-lĺ ŐƑƏƐƓőĺ R: A language and environment for statistical com-
putingĺ ! 
o�m7-|bom =ou "|-|bv|b1-Ѵ �olr�|bm]ĺ _||rĹņņ���ĺ!Ŋruof;​
ct.org/

!-m];Ѵķ �ĺķ �bu;vbķ �ĺķ �bm|oķ �ĺ �ĺķ �-�lķ �ĺ �ĺķ !�0bmhķ )ĺ �ĺķ �o�Ѵv;mķ 
!ĺ �ĺķ ş "r;m1;u �o_mv|omķ �ĺ ŐƑƏƐѵőĺ �=ub1-mb�-|bom o= - =;u-Ѵ _om;� 
0;; ŐApis melliferaő ror�Ѵ-|bom bm "o�|_ $;�-vĹ 	o;v - 7;1-7; l-h; 
a difference? Ecology and Evolutionķ 6ķ ƑƐƔѶŋƑƐѵƖĺ

!-|mb;hvķ 
ĺķ ş (bvv1_;uķ �ĺ �ĺ ŐƐƖƖѵőĺ �b�bm] �b|_ |_; �=ub1-mb�;7 0;;Ĺ 
"bm-Ѵo-m 0;;h;;r;uv -7-r| roѴѴbm-|bom |o �=ub1-mb�;7 0;;vĺ 
California Agricultureķ 50ŐƓőķ ƑƓŋƑѶĺ _||rvĹņņ7obĺou]ņƐƏĺƒƕƒƒņ
ca.v050n​04p24

!b;v;0;u]ķ �ĺ �ĺķ !-�lom7ķ �ĺķ !ov;m|_-Ѵķ 	ĺ �ĺķ �-bķ ,ĺķ �b�bm]v|om;ķ �ĺķ 
�-h-�-|oķ $ĺķ 	�ur_�ķ �ĺ �ĺķ "1_�-u�0-1_ķ �ĺ �ĺķ 	omo�-mķ �ĺ �ĺķ ş 
�;�;uķ �ĺ ŐƑƏƏƒőĺ �-fou ;1oѴo]b1-Ѵ |u-mvb|bomv bm �bѴ7 v�m=Ѵo�;uv 
=-1bѴb|-|;7 0� _�0ub7b�-|bomĺ Scienceķ 301ķ ƐƑƐƐŋƐƑƐѵĺ _||rvĹņņ7obĺ
ou]ņƐƏĺƐƐƑѵņv1b;m​1;ĺƐƏѶѵƖƓƖ

!o�0bhķ 	ĺ )ĺķ ş �ou;_-lķ �ĺ �ĺ ŐƐƖƖƏőĺ �;-umbm] |o Ѵb�; �b|_ �=ub1-mb�;7 
_om;�0;;vĺ Intercienciaķ 15Őƒőķ ƐƓѵŋƐƔƒĺ

!�||m;uķ 
ĺ ŐƐƖѶѶőĺ Biogeography and taxonomy of honeybeesĺ "rubm];uĺ
"-m 	b;]o �o�m|� �uor "|-|bv|b1v �mm�-Ѵ !;rou|ĺ ŐƑƏƐƖőĺ California 

Department of Food and Agricultureĺ "-m 	b;]o �o�m|� �uorĺ
"1_b==ķ �ĺ �ĺķ ş "_;rr-u7ķ )ĺ "ĺ ŐƐƖƖƒőĺ �b|o1_om7ub-Ѵ 	�� ;�b7;m1; 

=ou |_; ƐƖ|_ 1;m|�u� bm|uo7�1|bom o= �=ub1-m _om;� 0;;v bm|o |_; 
&mb|;7 "|-|;vĺ Experientiaķ 49ķ ƒƔƏŋƒƔƑĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƏƕņ
�
ƏƐƖ​ƔƔƐƔѵ

"1_b==ķ �ĺ �ĺķ ş "_;rr-u7ķ )ĺ "ĺ ŐƐƖƖƔőĺ �;m;|b1 -m-Ѵ�vbv o= 1oll;u-
1b-Ѵ _om;� 0;;v Ő��l;mor|;u-Ĺ �rb7-;ő =uol |_; vo�|_;um &mb|;7 
"|-|;vĺ Journal of Economic Entomologyķ 88ķ ƐƑƐѵŋƐƑƑƏĺ

"1_b==ķ �ĺ �ĺķ ş "_;rr-u7ķ )ĺ "ĺ ŐƐƖƖѵőĺ �;m;|b1 7b==;u;m|b-|bom bm |_; 
t�;;m 0u;;7bm] ror�Ѵ-|bom o= |_; �;v|;um &mb|;7 "|-|;vĺ Apidologieķ 
27ķ ƕƕŋѶѵĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƔƐņ-rb7o​ĹƐƖƖѵƏƑƏƑ

"1_m;b7;uķ "ĺ "ĺķ 	;�u-m7bŊ�o==l-mķ �ĺķ ş "lb|_ķ 	ĺ !ĺ ŐƑƏƏƓőĺ $_; 
�=ub1-m _om;� 0;;Ĺ 
-1|ouv 1om|ub0�|bm] |o - v�11;vv=�Ѵ 0boѴo]b1-Ѵ 
invasion. The Annual Review of Entomologyķ 49ķ ƒƔƐŋƒƕѵĺ

";;_-�v;mķ �ĺ ŐƑƏƏƓőĺ ��0ub7b�-|bom -m7 -7-r|b�; u-7b-|bomĺ Trends 
in Ecology and Evolutionķ 19ķ ƐƖѶŋƑƏƕĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņfĺ
tree.2004.01.003

"ho||;ķ �ĺķ �oum;Ѵb�vv;mķ $ĺ "ĺķ ş �Ѵ0u;1_|v;mķ �ĺ ŐƑƏƐƒőĺ �v|bl-|bm] bm-
7b�b7�-Ѵ -7lb�|�u; ruorou|bomv =uol m;�| ];m;u-|bom v;t�;m1-
ing data. Geneticsķ 195ķ ѵƖƒŋƕƏƑĺ _||rvĹņņ7obĺou]ņƐƏĺƐƔƒƓņ];m;|​
ics.113.154138

"lb|_ķ 	ĺ !ĺķ "Ѵ-�l-h;uķ �ĺķ �-Ѵl;uķ �ĺķ ş �-=|-mo]Ѵ�ķ �ĺ ŐƐƖƖƕőĺ $�uhbv_ 
_om;� 0;;v 0;Ѵom] |o |_; �-v| �;7b|;uu-m;-m lb|o1_om7ub-Ѵ Ѵbm-
eage. Apidologieķ 28ķ ƑѵƖŋƑƕƓĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƔƐņ-rb7o​
ĹƐƖƖƕƏƔƏƒ

"o�|_�b1hķ �ĺ �ĺķ !o�0bhķ 	ĺ )ĺķ ş )bѴѴb-lvķ �ĺ �ĺ ŐƐƖƖƏőĺ �olr-u-|b�; 
;m;u]� 0-Ѵ-m1; bm ]uo�rv o= �=ub1-mb�;7 -m7 ��uor;-m _om;� 0;;vĹ 
�1oѴo]b1-Ѵ blrѴb1-|bomvĺ Comparative Biochemistry and Physiologyķ 
97ķ Ɛŋƕĺ _||rvĹņņ7obĺou]ņƐƏĺƐƏƐѵņƏƒƏƏŊƖѵƑƖŐƖƏőƖƏƕƐƒ​Ŋƒ

"�-u;�Ŋ�om�-Ѵ;�ķ �ĺķ �;�;uķ �ĺķ ş �uomhķ  ĺ �ĺ �ĺ ŐƑƏƐѶőĺ �7-r|b�; bm-
|uo]u;vvbomĹ � rѴ-m| r;uvr;1|b�;ĺ Biology Lettersķ 14ķ ƑƏƐƕƏѵѶѶĺ 
_||rvĹņņ7obĺou]ņƐƏĺƐƏƖѶņuv0ѴĺƑƏƐƕĺƏѵѶѶ

$-�Ѵouķ �ĺ !ĺķ ş "rb�-hķ �ĺ ŐƐƖѶƓőĺ �Ѵbl-|b1 Ѵblb|v o= |uorb1-Ѵ �=ub1-m _om;� 
0;;v bm |_; �l;ub1-vĺ Journal of the Kansas Entomological Societyķ 
53ķ ƐƔƕŋƐѵƔĺ

�-m (;;mķ �ĺķ �-Ѵ7;uom 
-ѴѴ-vķ !ĺ �ĺķ ��0;uo ��ubѴѴoķ �ĺķ ş �u1; �u1;ķ �ĺ �ĺ 
ŐƐƖƖѶőĺ Varroa jacobsoni bm �ov|- !b1-Ĺ 	;|;1|bomķ vru;-7 -m7 |u;-|-
ment with formic acid. Bee Worldķ 79ŐƐőķ ƔŋƐƏĺ

(om�oѴ7|ķ �ĺķ 
-mķ ,ĺķ (;11_�oķ 	ĺ �ĺķ ş )-�m;ķ !ĺ �ĺ ŐƑƏƐƕőĺ EPAS1 vari-
-m|v bm _b]_ -Ѵ|b|�7; $b0;|-m �oѴ�;v �;u; v;Ѵ;1|b�;Ѵ� bm|uo]u;vv;7 
into highland dogs. PeerJķ 5ķ ;ƒƔƑƑĺ _||rvĹņņ7obĺou]ņƐƏĺƕƕƐƕņ
peerj.3522

)-ѴѴ0;u]ķ �ĺķ ��mbhbvķ �ĺķ �;||;uvvomķ �ĺ (ĺķ �ov0;1_ķ �ĺŊ�ĺķ �_bѴ7;uvķ �ĺ 
�ĺķ ��-mvķ �ĺ 	ĺķ �bh_;�;�ķ �ĺ "ĺķ !o0;u|vomķ �ĺ �ĺķ !o0bmvomķ �ĺ �ĺķ 
ş );0v|;uķ �ĺ $ĺ ŐƑƏƐƖőĺ � _�0ub7 7; mo�o ];mol; -vv;l0Ѵ� o= |_; 
_om;�0;;ķ Apis melliferaķ �b|_ 1_uolovol;ŊѴ;m]|_ v1-==oѴ7vĺ BMC 
Genomicsķ 20ķ ƑƕƔĺ

)-ѴѴ0;u]ķ �ĺķ �-mķ 
ĺķ );ѴѴ_-];mķ �ĺķ 	-_Ѵ;ķ �ĺķ �-�-|-ķ �ĺķ �-77-7ķ �ĺķ 
"blॗ;vķ ,ĺ �ĺ �ĺķ �ѴѴvorrķ �ĺ �ĺķ �-m7;lbuķ �ĺķ 	; Ѵ- !ি-ķ �ĺķ �buhķ �ĺ 
)ĺķ ş );0v|;uķ �ĺ $ĺ ŐƑƏƐƓőĺ � �ouѴ7�b7; v�u�;� o= ];mol; v;-
t�;m1; �-ub-|bom ruo�b7;v bmvb]_| bm|o |_; ;�oѴ�|bom-u� _bv|ou� o= 
|_; _om;�0;; Apis mellifera. Nature Geneticsķ 46ŐƐƏőķ ƐƏѶƐŋƐƏѶѶĺ 
_||rvĹņņ7obĺou]ņƐƏĺƐƏƒѶņm]ĺƒƏƕƕ

)_b|=b;Ѵ7ķ �ĺ )ĺķ �;_�u-ķ "ĺ �ĺķ �;uѴo1_;uķ "ĺ �ĺķ �Ѵ-uhķ �ĺ �ĺķ "r;m1;u 
�o_mv|omķ �ĺķ ş $v�|v�bķ �ĺ 	ĺ ŐƑƏƏѵőĺ $_ub1; o�| o= �=ub1-Ĺ �m1b;m| 
-m7 u;1;m| ;�r-mvbomv o= |_; _om;� 0;;ķ Apis mellifera. Scienceķ 314ķ 
ѵƓƑŋѵƓƔĺ

)_b|m;�ķ �ĺ 	ĺķ �uol-mķ �ĺ )ĺķ �-m;ķ �ĺ �ĺķ �o�b1ķ "ĺ �ĺķ !-m7;ѴѴķ !ĺ �ĺķ 
ş !b;v;0;u]ķ �ĺ �ĺ ŐƑƏƐƔőĺ  �-m|b|-|b�; |u-b| Ѵo1�v l-rrbm] b7;m|b-
fies candidate alleles involved in adaptive introgression and range 
;�r-mvbom bm - �bѴ7 v�m=Ѵo�;uĺ Molecular Ecologyķ 24ķ ƑƐƖƓŋƑƑƐƐĺ 
https://doi.org/10.1111/mec.13044

)bmv|omķ �ĺ �ĺ ŐƐƖƕƖőĺ $_; ro|;m|b-Ѵ blr-1| o= |_; �=ub1-mb�;7 _om;� 0;; 
om -rb1�Ѵ|�u; bm �;�b1o -m7 �;m|u-Ѵ �l;ub1-ĺ American Bee Journalķ 
119ķ ƔѶƓŋƔѶѵĺ

SUPPORTING INFORMATION
�77b|bom-Ѵ v�rrou|bm] bm=oul-|bom l-� 0; =o�m7 bm |_; omѴbm; 
version of the article at the publisher’s website.

How to cite this article: ,࢙u-|;ķ 	ĺķ �bl-ķ $ĺ �ĺķ �ooѴ;ķ �ĺ 	ĺķ 
�-Ѵ=;;ķ �ĺķ ��u|omķ !ĺ "ĺķ ş �o_mķ �ĺ !ĺ ŐƑƏƑƑőĺ �7lb�|�u; bm 
�=ub1-mb�;7 _om;� 0;;v ŐApis melliferaő =uol �-m-l࢙ |o "-m 
	b;]oķ �-Ѵb=oumb- Ő&ĺ"ĺ�ĺőĺ Ecology and Evolutionķ ƐƑķ ;ѶƔѶƏĺ 
https://doi.org/10.1002/ece3.8580

https://doi.org/10.1111/mec.14122
https://doi.org/10.1111/mec.14122
http://broadinstitute.github.io/picard/
https://doi.org/10.1534/genetics.104.035030
https://doi.org/10.1534/genetics.104.035030
http://www.R-project.org/
http://www.R-project.org/
https://doi.org/10.3733/ca.v050n04p24
https://doi.org/10.3733/ca.v050n04p24
https://doi.org/10.1126/science.1086949
https://doi.org/10.1126/science.1086949
https://doi.org/10.1007/BF01955156
https://doi.org/10.1007/BF01955156
https://doi.org/10.1051/apido:19960202
https://doi.org/10.1016/j.tree.2004.01.003
https://doi.org/10.1016/j.tree.2004.01.003
https://doi.org/10.1534/genetics.113.154138
https://doi.org/10.1534/genetics.113.154138
https://doi.org/10.1051/apido:19970503
https://doi.org/10.1051/apido:19970503
https://doi.org/10.1016/0300-9629(90)90713-3
https://doi.org/10.1098/rsbl.2017.0688
https://doi.org/10.7717/peerj.3522
https://doi.org/10.7717/peerj.3522
https://doi.org/10.1038/ng.3077
https://doi.org/10.1111/mec.13044
https://doi.org/10.1002/ece3.8580

