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ƑƏƐƒĸ��u�];u�;|�-Ѵĺķ�ƑƏƐƓő��b|_�=;�;u�v|�7b;v��vbm]�	���0-u1o7bm]�
|o� �m7;uv|-m7� l-ll-ѴŋrѴ-m|� bm|;u-1|bomvķ� |_o�]_� |_bv� bv� u-rb7Ѵ��
1_-m]bm]�Ő�Ѵ-u;�;|�-Ѵĺķ�ƑƏƐƖĸ��-u|�bm;Ѵ�;|�-Ѵĺķ�ƑƏƐƔőĺ

�m� |_;� m;o|uorb1vķ� r_�ѴѴov|olb7� 0-|v� -u;��b7;vru;-7� -m7� 1ub|bŊ
1-ѴѴ�� blrou|-m|�roѴѴbm-|ouv�-m7�v;;7�7bvr;uv;uvķ�-m7ķ�|o];|_;u��b|_�
=u�]b�ouo�v�0bu7vķ� -11o�m|� =ou�o�;u�ѶƏѷ�o=� v;;7�7bvr;uv-Ѵ� -1|b�b|��
Ő�-Ѵbm7oŊ�om�࢙Ѵ;��;|� -Ѵĺķ� ƑƏƏƏőĺ��u;�bo�v��ouh� v�]];v|v�0-|ŋrѴ-m|�
m;|�ouhv�bm�|_;�m;o|uorb1v�-u;�_b]_Ѵ��1omm;1|;7ķ�m;v|;7�-m7�uo0�v|�
|o� rѴ-m|� ;�|bm1|bomv� Ő�;ѴѴo� ;|� -Ѵĺķ� ƑƏƐƐőĺ� "�1_� m;|�ouh� v|u�1|�u;v�
blrѴ�� 1omvb7;u-0Ѵ;� 0;_-�bo�u-Ѵ� =Ѵ;�b0bѴb|�� |_-|� lb]_|� 1om=;u� u;vbѴŊ
b;m1;� |o�1_-m];v� bm� |_;�;m�buoml;m|ķ� �;|� b|� bv�mo|�hmo�m�_o��;�Ŋ
|u;l;�1Ѵbl-|b1�;�;m|v�l-��-==;1|�|_;�v|u�1|�u;�o=�|_;v;�m;|�ouhvĺ

	�ubm]� |_;��Ѵ��bोo�;�;m|�o=�ƑƏƐƔķ� -mm�-Ѵ� u-bm=-ѴѴ� Ѵ;�;Ѵv� bm� |_;�
�;|�=ou;v|�o=��ov|-�!b1-�;�1;;7;7�|_ov;�o=�|_;�ru;�bo�v�Ɠƕ �;-uvķ�
�_;u;-v�|_;�orrovb|;�|u;m7��-v�o0v;u�;7�bm�|_;�1o-v|-Ѵ�7u��=ou;v|ķ�
�_;u;�-mm�-Ѵ�u-bm=-ѴѴ� Ѵ;�;Ѵv��;u;�Ѵo�;u�|_-m�|_ov;�o=�|_;�ru;�bo�v�
ƒƐ  �;-uvĺ� �ou;o�;uķ� lov|� o=� |_;� |;lrou-Ѵ� 7b==;u;m1;v� bm� u-bm=-ѴѴ�
�;u;�u;Ѵ-|;7�|o�1_-m];v� bm�|_;�u-bm��v;-vom�=ou�0o|_�=ou;v|� |�r;vĺ�
$_�vķ�|_;�m;|�ouhv�-m-Ѵ�v;7�_;u;�7;rb1|�bm|;u-1|bomv�bm�0o|_�|�r;v�
o=�=ou;v|�7�ubm]�;�|u;l;�1Ѵbl-|b1�1om7b|bomv�-vvo1b-|;7��b|_��Ѵ��bोo�
Ő�-1o�� ;|� -Ѵĺķ� ƑƏƐѵĸ� ";m;�bu-|m;� ;|� -Ѵĺķ� ƑƏƐƑőĺ��v� |_;� =u;t�;m1�� o=�
;�|u;l;�1Ѵbl-|b1�;�;m|v�bv�;�r;1|;7�|o�bm1u;-v;��b|_�1Ѵbl-|;�1_-m];�
Ő�-b�;|�-Ѵĺķ�ƑƏƐƓőķ�hmo�Ѵ;7];�o=�_o��m;|�ouhv�-u;�v|u�1|�u;7�7�ubm]�
|_;v;�;�;m|v�0;1ol;v�o=��|lov|�blrou|-m1;ĺ�&vbm]�-�loѴ;1�Ѵ-u�-rŊ
ruo-1_ķ��;�7;v1ub0;�|_;�m;|�ouh�o=�bm|;u-1|bomv�0;|�;;m�m;o|uorŊ
b1-Ѵ�0-|v�-m7�rѴ-m|v�bm�7b==;u;m|�v;-vomv�o=�-m�;�|u;l;���"���;-uĺ�
)_bѴ;� lov|� o=� |_;v;� -u;� ;�r;1|;7� |o� 0;� l�|�-Ѵbv|b1� bm|;u-1|bomvķ�
vol;�l-��u;ru;v;m|�_;u0b�ou�ķ�-m7�|_�v��;�u;=;u�|o�|_;v;�-v�0-|ŋ
rѴ-m|� bm|;u-1|bomv� u-|_;u� |_-m� l�|�-Ѵbvl� Őv;;� 	bv1�vvbomőĺ� �-uѴb;u�
�ouh� bm7b1-|;v�m;|�ouh�v|u�1|�u;� bv�v|uom]Ѵ�� bm=Ѵ�;m1;7�0��ru;1brŊ
b|-|bom�Ő$upf;Ѵv]--u7�ş��Ѵ;v;mķ�ƑƏƐƒőĺ��m�];m;u-Ѵķ�bm1u;-v;7�v;-vomŊ
-Ѵb|��Őv|uom];u�1_-m];v�bm�u-bm=-ѴѴ�0;|�;;m�|_;�u-bm��-m7�7u��v;-vomő�
bm�1olr-ubvom� |o�momŊ�Ѵ��bोo��;-uvķ�-m7�_b]_;u�-mm�-Ѵ� u-bm=-ѴѴ� -u;�
1ouu;Ѵ-|;7� �b|_� lou;� lo7�Ѵ-u� m;|�ouhv� Ő	-Ѵv]--u7� ;|� -Ѵĺķ� ƑƏƐƒĸ�
"1_Ѵ;�mbm]� ;|� -Ѵĺķ� ƑƏƐƓĸ� $upf;Ѵv]--u7� ş� �Ѵ;v;mķ� ƑƏƐƒőķ� -m7� Ѵo�;u�
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u-bm=-ѴѴ��b|_� ]u;-|;u� m;v|;7m;vv� Ő!b1oŊ�u-�� ;|� -Ѵĺķ� ƑƏƐƑőķ� ruo0-0Ѵ��
-v�-�u;v�Ѵ|�o=�1_-m];v�bm�u;vo�u1;�-�-bѴ-0bѴb|�ĺ��v�u;vo�u1;v�bm1u;-v;�
7�ubm]�_b]_;u�u-bm=-ѴѴķ�vr;1b;v�0;1ol;�lou;�vr;1b-Ѵb�;7ķ��_b1_�|;m7�
|o�bm1u;-v;�m;|�ouh�lo7�Ѵ-ub|�ķ�-m7�7;1u;-v;�|_;�bm|;u-1|bom�u;7�mŊ
7-m1�ķ��b|_�-�1omv;t�;m|�u;7�1|bom�bm�m;v|;7m;vv�Ő	-Ѵv]--u7�;|�-Ѵĺķ�
ƑƏƐƒĸ�!b1oŊ�u-��;|�-Ѵĺķ�ƑƏƐƑĸ�$upf;Ѵv]--u7�ş��Ѵ;v;mķ�ƑƏƐƒőĺ���vblbѴ-u�
l;1_-mbvl�o11�uv� bm�lou;� v;-vom-Ѵ� ;m�buoml;m|vķ��_;u;� vr;1b;v�
|;m7� |o� 0;1ol;� vr;1b-Ѵb�;7� bm� 7b==;u;m|� u;vo�u1;v� =oѴѴo�bm]� |_;bu�
-�-bѴ-0bѴb|�� -1uovv� |_;� �;-uķ� Ѵ;-7bm]� |o� _b]_;u� m;|�ouh� lo7�Ѵ-ub|��
Ő"1_Ѵ;�mbm]�;|�-Ѵĺķ�ƑƏƐƓőĺ

�-|v�m�l0;u�o�;u�ƐķƓƓƏ vr;1b;v��ouѴ7�b7;ķ�o=��_b1_�aƑƏѷ�=;;7�
om�m;1|-u�ou� =u�b|� Ő��m��;|�-Ѵĺķ�ƑƏƐƐĸ��-ll-Ѵ�	b�;uvb|��	-|-0-v;ķ�
ƑƏƑƐőĺ��;u;��;�=o1�v�om�bm|;u-1|bomv�0;|�;;m�rѴ-m|b�ouo�v�0-|v�-m7�
rѴ-m|v�bm��ov|-�!b1-�-v�-�lo7;Ѵ�|o��m7;uv|-m7�|_;�v|u�1|�u;�o=�|_;v;�
m;|�ouhv�7�ubm]�-m�;�|u;l;���"��;�;m|� bm�7b==;u;m|�_-0b|-|v�-m7�
v;-vomvĺ�$o�7;|;ulbm;�_o��orrovb|;�;�|u;l;v�bm�u-bm=-ѴѴ�Ő�m�v�-ѴѴ��
�;|� -m7�7u�� 1om7b|bomvő� bm7�1;7�0���Ѵ��bोo� bm=Ѵ�;m1;� bm|;u-1|bomv�
-lom]�rѴ-m|v�-m7�rѴ-m|b�ouo�v�0-|vķ��;�-m-Ѵ�v;7�-m7�1olr-u;7�m;|Ŋ
�ouhv�o=� bm|;u-1|bomv�-1uovv� |_;��;|�-m7�7u��v;-vomv� bm�0o|_��;|�
=ou;v|�-m7�7u��=ou;v|�bm��ov|-�!b1-ĺ��77b|bom-ѴѴ�ķ��;�1om|u-v|;7�|_bv�
�b|_�-�m;|�ouh�o=�bm|;u-1|bomv�7�ubm]�|_;��;|�v;-vom�o=�|_;�7u��=ouŊ
;v|�7�ubm]�-�momŊ�Ѵ��bोo��;-u��_;m�-mm�-Ѵ�ru;1brb|-|bom��-v�1Ѵov;�|o�
|_;�-�;u-];�-1uovv��;-uvĺ�);�_�ro|_;vb�;7�|_-|�m;|�ouhv��bѴѴ�v_o��
_b]_;u�lo7�Ѵ-ub|�� -m7� Ѵo�;u�m;v|;7m;vv� bm� |_;��;|� =ou;v|� |_-m� bm�
|_;�7u��=ou;v|ĺ�"blbѴ-uѴ�ķ��b|_bm�;-1_�=ou;v|�|�r;ķ��;�ru;7b1|;7�|_-|�
�;|� v;-vomv��o�Ѵ7� _-�;� _b]_;u�lo7�Ѵ-ub|�� -m7� Ѵo�;u� m;v|;7m;vv�
|_-m�7u�� v;-vomvĺ��77b|bom-ѴѴ�ķ�0;1-�v;� bm|;u-1|bomv�-u;�hmo�m� |o�
1_-m];� -11ou7bm]� |o� ;1oѴo]b1-Ѵ� ]u-7b;m|v� Ő�obvo|� ;|� -Ѵĺķ� ƑƏƐƑőķ� �;�
-vv;vv;7�|_;�7bvvblbѴ-ub|��o=�|_;�m;|�ouhv�0;|�;;m�v;-vomv�-m7�0;Ŋ
|�;;m�=ou;v|vķ�-11o�m|bm]�=ou�0o|_�|_;�vr;1b;v�-m7�|_;�bm|;u-1|bom�
7bvvblbѴ-ub|�ĺ
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b;Ѵ7�ouh��-v�1om7�1|;7�-|�|�o�=ou;v|�vb|;v�bm��ov|-�!b1-�|_-|�v_o��
1om|u-v|bm]� v;-vom-Ѵb|�� -m7� ru;1brb|-|bomĹ� |_;� �|Ѵ-m|b1� u-bm=ou;v|�
o=� �-� ";Ѵ�-��boѴo]b1-Ѵ� "|-|bom� ŐƐƏŦƑƔனƐƖப�ķ� ѶƓŦƏƏனƔƓப)ő� -m7� |_;�
�-1b=b1� 7u�� =ou;v|� -|� ";1|ou� "-m|-� !ov-� o=� �-;uܬ 7;� �omv;u�-1bॕm�
��-m-1-v|;� Ő���ő� ŐƐƏŦƓѶனƔƒப�ķ� ѶƔŦƒѵனƔƓப)ő� Ő
b]�u;�Ɛőĺ� �-� ";Ѵ�-�
�boѴo]b1-Ѵ�"|-|bom�1o�;uv�ƐķѵƐƐ _-�o=�Ѵo�Ѵ-m7��;|�|uorb1-Ѵ�=ou;v|�0;Ŋ
|�;;m�ƒƔ�-m7�Ɛƒƕ l�om�|_;��-ub00;-m�vѴor;�o=�|_;��ou7bѴѴ;u-��;m|u-Ѵ�
lo�m|-bm�u-m];ĺ� �|�_-v�-�l;-m�-mm�-Ѵ� |;lr;u-|�u;�o=�ƑƔŦ���b|_�-�
l;-m�-mm�-Ѵ�ru;1brb|-|bom�o=�ƒķƖѵƑ ll�Ő"b];Ѵ�;|�-Ѵĺķ�ƑƏƏѵőĺ��-�";Ѵ�-�
�boѴo]b1-Ѵ�"|-|bom�_-v�-�lbѴ7�7u��v;-vom�|_-|�u-m];v�=uol��-m�-u��|o�
�rubѴ�-m7�-��;|�v;-vom�|_-|�]o;v�=uol��-���m|bѴ�	;1;l0;u�Ő"-m=ou7�
;|� -Ѵĺķ� ƐƖƖƓőĺ� ";1|ou� "-m|-� !ov-� Őo=� ���ő� 1o�;uv� !ƒѶķƏƏƏ  _-� o=�
|uorb1-Ѵ�7u��=ou;v|�u-m]bm]�=uol�Ə�|o�ƒƏƏ lķ�-m7�bv�r-u|�o=ܬ�u;-�7;�
�omv;u�-1bॕm���-m-1-v|;�Ő�v;mvbo�;|�-Ѵĺķ�ƑƏƐƔőĺ�";1|ou�"-m|-�!ov-�
Őo=����ő�_-v�-�l;-m�-mm�-Ѵ�|;lr;u-|�u;�o=�ƑƔŦ���b|_�-�l;-m�-mm�-Ѵ�
ru;1brb|-|bom�o=�ƐķƔƕƔ llĺ�$_;�7u��v;-vom�u-m];v�=uol�	;1;l0;u�

|o��rubѴķ��_bѴ;�|_;��;|�v;-vom�;�|;m7v�=uol��-��|o��o�;l0;uķ�7�uŊ
bm]��_b1_�ѶƔѷŋƖƕѷ�o=� |_;� ru;1brb|-|bom� =-ѴѴv� Ő�-v|uo� ;|� -Ѵĺķ� ƑƏƐѶő�
Ő
b]�u;� Ɛőĺ� �mm�-Ѵ� ru;1brb|-|bom� bv� _b]_;u� -|� �-� ";Ѵ�-� �boѴo]b1-Ѵ�
"|-|bom�Őu-m];�ƑķѶƏƖŋѵķƐѵƓ llő�|_-m�-|�����Őu-m];�ѶѶƏŋƒķƏƒƏ llķ�
ѵŊlom|_�7u��v;-vomő�Ő�bѴѴ;vrb;�;|�-Ѵĺķ�ƑƏƏƏőĺ

ƑĺƑՊ |Պ �-|�v-lrѴbm]

);�1-r|�u;7�0-|v��vbm]�=o�u�|o�vb��lbv|Ŋm;|v�ŐѵŋƐƑ lő�or;m;7�-Ѵom]�
|u-bѴv�-m7�m;-u��-|;u1o�uv;v�bm�|_;�v|�7��-u;-�=uol�ѵ�|o�ƐƏ�rĺlĺ��m�
-77b|bomķ�-�1-mor��m;|�-m7�_-ur�|u-r��;u;��v;7�bm�ƑƏƏƖ�0�|�|_;v;�
_-7� Ѵo�� 1-r|�u;� u-|;v� -m7� vo� �;u;� mo|� �v;7� bm� ƑƏƐƔĺ� "-lrѴbm]�
|ooh�rѴ-1;�bm�|_;��;|�v;-vom�7�ubm]��-�ŋ��Ѵ��Ő"-m|-�!ov-�o=����ő�
ŐƑƏƏƖőķ�-m7�bm�|_;��;|�v;-vom�7�ubm]���Ѵ�ŋ��]�v|�Ő";1|ou�"-m|-�!ov-�
o=����ő�-m7�";r|;l0;uŋ�1|o0;u� Ő�-�";Ѵ�-ő� ŐƑƏƐƔőķ� -m7� bm� |_;�7u��
v;-vom� 7�ubm]� �-m�-u�ŋ
;0u�-u�� Ő";1|ou� "-m|-� !ov-� o=� ���ő� -m7�
�-u1_ŋ�rubѴ� Ő�-�";Ѵ�-ő�ŐƑƏƐƔőĺ�"-lrѴbm]�-m7�0-|� b7;m|b=b1-|bom�7�uŊ
bm]�|_;�momŊ�Ѵ��bोo��;-u��-v�1om7�1|;7�-v�7;v1ub0;7�bm��Ѵ-u;�;|�-Ѵĺ�
ŐƑƏƐƖőĺ� "-lrѴbm]� ;==ou|� �vbm]�lbv|Ŋm;|v� �-v� ;t�-Ѵ� |o� a2250  m2  h 
�b|_bm�;-1_�v;-vom�7�ubm]�|_;��Ѵ��bोo��;-uķ�-m7�-rruo�bl-|;Ѵ��|_;�
v-l;�7�ubm]�|_;�momŊ�Ѵ��bोo��;-uĺ�);�1oѴѴ;1|;7��bm]�r�m1_;v�=ou�
-mo|_;u�v|�7��-m7�|_;v;�-Ѵvo�v;u�;7�|o�-�ob7�u;1-r|�u;v�bm�ou7;u�|o�
l-bm|-bm�|_;�bm7;r;m7;m1;�o=�|_;�7-|-�bm�o�u�-m-Ѵ�vbvĺ�);�l;-v�u;7�
|_;�=ou;-ul�Ѵ;m]|_��b|_�1-ѴѴbr;uv� ŐƏĺƐŊll�ru;1bvbomő�-m7� b7;m|b=b;7�
vr;1b;v�=oѴѴo�bm]�!;b7�ŐƐƖƖƕőķ�$bll�-m7��-(-Ѵ�ŐƐƖƖѶőķ�-m7��-(-Ѵ�-m7�
!o7ub]�;�Ŋ�;uu;u-�ŐƑƏƏƑőĺ��-|v��;u;�_;Ѵ7�bm�1Ѵo|_�0-]v�=ou�-�l-�bŊ
l�l�o=�Ƒ _� =ou� |_;�1oѴѴ;1|bom�o=� =-;1-Ѵ�v-lrѴ;vĺ��ѴѴ� v-lrѴ;v��;u;�
=uo�;m�-=|;u�1oѴѴ;1|bom�ŐƴƑƏŦ�őĺ

ƑĺƒՊ |Պ	���;�|u-1|bomķ���!�-m7�v;t�;m1bm]


ou�|_bv�v|�7�ķ��;�=o1�v;7�om�m;1|-uŊ�-m7�=u�b|Ŋ;-|bm]�vr;1b;vķ��_b1_�
ruo7�1;7�=-;1-Ѵ�v-lrѴ;v�1omvbv|bm]�o=�;b|_;u�v;;7v�ou�7b];v|;7�=u�b|�
r�Ѵrĺ�
ou�	���;�|u-1|bomķ���!�ŐroѴ�l;u-v;�1_-bm�u;-1|bomő�-m7�v;Ŋ
t�;m1bm]�o=�|_;�v-lrѴ;v��;�=oѴѴo�;7�v|-m7-u7�ruo|o1oѴv�=ou�rѴ-m|v�
-m7�-ѴѴ��ouh��-v�1om7�1|;7�0��|_;��-m-7b-m��;m|u;�=ou�	���0-uŊ
1o7bm]� Ő��	�ő� =oѴѴo�bm]� |_;v;� ruo1;7�u;v� Ő��-mo�-� ;|� -Ѵĺķ� ƑƏƐƐőĺ�
�m� 0ub;=ķ� 7ub;7� rѴ-m|� l-|;ub-Ѵ� =uol� =-;1;v� Ő=u�b|� r�Ѵr� ou� v;;7ő� �-v�
rѴ-1;7�bm�-�v|;ubѴ;�v|ubrŊ|�0;��b|_�ru;Ŋ-Ѵbt�o|;7�v|;ubѴ;�v|-bmѴ;vv�v|;;Ѵ�
0;-7v�-m7�|_;�|bvv�;��-v�]uo�m7��vbm]�-�$bvv�;���v;u�Ő b-];mőĺ�$_;�
]uo�m7�l-|;ub-Ѵ��-v�bm1�0-|;7��b|_�Ƒu��$���0�==;u�-|�ѵƔŦ��=ou�Ɛ _�
-m7�	���;�|u-1|bom��-v�r;u=oul;7��vbm]�-� v;lbŊ-�|ol-|;7�]Ѵ-vv�
=b0u;� =bѴ|u-|bom�l;|_o7� Ő
-�;h-v�;|�-Ѵĺķ�ƑƏƐƑĸ� ��-mo�-�;|�-Ѵĺķ�ƑƏƏѶőĺ�

oѴѴo�bm]�;v|-0Ѵbv_;7�l;|_o7vķ��;�-lrѴb=b;7�-�ƔƔƑŊ0r�=u-]l;m|�o=�
|_;�Ɣன�;m7�o=�|_;�Ѵ-u];�v�0�mb|�o=�!��bv���ŐrbcLő�-m7�|_;�aƒƔƏŊ0r�
v;1om7�m�1Ѵ;-u�;m1o7;7� bm|;um-Ѵ� |u-mv1ub0;7� vr-1;u� Ő�$"Ƒő� =Ѵ-mh;7�
0��|_;�r-u|b-Ѵ�Ɣĺѵ"�-m7�Ƒѵ"�ub0ovol-Ѵ�];m;vĺ�"-m];u�v;t�;m1bm]��-v�
r;u=oul;7��vbm]� -����� ƒƕƒƏ�Ѵ� 1-rbѴѴ-u�� v;t�;m1;u� Ő
-�;h-v� ;|� -Ѵĺķ�
ƑƏƐƑĸ� ��-mo�-� ;|� -Ѵĺķ� ƑƏƏƔĸ� ��-mo�-�ş��u-bm];uķ� ƑƏƏѵĸ����lbm-�ş�
��-mo�-ķ�ƑƏƐƐ-ķ�ƑƏƐƐ0őĺ��Ѵ|_o�]_�rѴ-m|�	���0-u1o7bm]��b;Ѵ7v�Ѵo�;u�
vr;1b;v� u;voѴ�|bom� 1olr-u;7� |o� =�m]b� -m7� -mbl-Ѵv� Ő�oѴѴbm]v�ou|_�

Gilbert Fuentes



ՊՍՊ |ՊƐѶƖƔOLIVEIRA et al.


 ��&!� �ƐՊ�-r�o=��;m|u-Ѵ��l;ub1-��b|_��ov|-�!b1-�-m7�|_;�=b;Ѵ7�vb|;v�o=�|_;�ru;v;m|�v|�7��_b]_Ѵb]_|;7�|o];|_;u��b|_�|_;bu�lom|_Ѵ��
u-bm=-ѴѴvĺ�Ő-ő�	u��=ou;v|Ōܬu;-�7;��omv;u�-1bॕm���-m-1-v|;ĸ�Ő0ő�u-bm=ou;v|Ō�-�";Ѵ�-��boѴo]b1-Ѵ�"|-|bomĺ��-uv�u;ru;v;m|�|_;�v|-m7-u7�7;�b-|bom�
=ou�|_;�ru;1brb|-|bom�7�ubm]�;-1_�lom|_
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;|� -Ѵĺķ� ƑƏƐƐőķ� ];m;u-ѴѴ�� b|� ruo�b7;v� uo0�v|� u;v�Ѵ|v� =ou� b7;m|b=b1-|bom�
o=��-v1�Ѵ-u�rѴ-m|v�-|�|_;�];m�v�Ѵ;�;Ѵ�Ő�u-�hl-mm�;|�-Ѵĺķ�ƑƏƐƕĸ��u;vv�
;|�-Ѵĺķ�ƑƏƏƖĸ��-ul;m|b;u�;|�-Ѵĺķ�ƑƏƐƒőĺ�
ou�|_;�v-lrѴ;v�=uol�|_;�momŊ
�Ѵ��bोo��;-uķ�rѴ-m|�vr;1bl;mv�1oѴѴ;1|;7�om�|_;�vb|;v��;u;�b7;m|b=b;7�
�vbm]� rbcL and matK� -m7� |_;�v�rrѴ;l;m|-u��mom1o7bm]�rѴ-v|b7� u;Ŋ
]bom�trnHŊpsbA�Őv;;��Ѵ-u;�;|�-Ѵĺķ�ƑƏƐƖ�=ou�=�ѴѴ�l;|_o7vőĺ

ƑĺƓՊ |Պ �7;m|b=b1-|bom�o=�rѴ-m|�	���v;t�;m1;v�=uol�
bat faecal samples

);� bmb|b-ѴѴ�� =bѴ|;u;7� -ѴѴ� v;t�;m1;v� =ou� t�-Ѵb|�� -m7� ;�1Ѵ�7;7� Ѵo�Ŋ
t�-Ѵb|��v;t�;m1;v��_;u;�|_;���!�	�v1ou;��-v��ƒƏ�-v�bm7;�;7�om�
|_;��-u1o7;�o=��b=;�	-|-��-m-];l;m|�"�v|;l�Ő���	ő�Ő!-|m-vbm]_-l�
ş��;0;u|ķ�ƑƏƏƕőĺ��|�Ѵ;-v|�om;�];m;|b1�l-uh;u��-v�u;1o�;u;7�=ou�;-1_�
=-;1-Ѵ�v-lrѴ;ķ�-m7�|_�v�mo�v-lrѴ;v��;u;�;�1Ѵ�7;7�-|�|_bv�v|-];ĺ�);�
1olr-u;7�|_;�o0|-bm;7�rbcL�-m7��$"Ƒ v;t�;m1;v��b|_�|_;�u;=;u;m1;�
Ѵb0u-ub;v�o=��;m�-mh�-m7����	��vbm]�|_;�blast�-Ѵ]oub|_l��b|_�7;Ŋ
=-�Ѵ|�v;-u1_�r-u-l;|;uv� Ő�Ѵ|v1_�Ѵ�;|�-Ѵĺķ�ƐƖƖƏő� bm��;m�-mh�-m7�|_;�
combined blast� -m7��b77;m��-uho���o7;Ѵ�l;|_o7v� blrѴ;l;m|;7�
0��|_;����	�v;u�;u�Ő!-|m-vbm]_-l�ş��;0;u|ķ�ƑƏƏƕőĺ�
ou�;-1_�u;=;uŊ
;m1;�7-|-0-v;� Ő���	ķ��;m�-mhőķ��;�-vvb]m;7�t�;u��v;t�;m1;v�|o�
|-�-�0-v;7�om� |_;�_b]_;v|�r;u1;m|-];� vblbѴ-ub|�ķ� -m7� 1omvb7;u;7� -�
|_u;v_oѴ7�o=�ƾƖƕѷ�|o�0;�-� u;Ѵb-0Ѵ;�-vvb]ml;m|� Ő�-l0�;|�-Ѵĺķ�ƑƏƐѵőĺ�
)_;m�|_;u;��-v�-m�-]u;;l;m|�0;|�;;m�vr;1b;vŊѴ;�;Ѵ�l-|1_;v�=ou�
0o|_�l-uh;uv� ŐrbcL� -m7� �$"Ƒő� bm� 0o|_�7-|-0-v;vķ��b|_� -|� Ѵ;-v|� om;�
l-|1_�!Ɩƕѷķ��;�-vvb]m;7�-�vr;1b;v�m-l;ĺ��m�1-v;v��_;u;�|_;�t�;u��
l-|1_;7��b|_� ;t�-Ѵ� vblbѴ-ub|�� |o�l�Ѵ|brѴ;� |-�-� bm� |_;� v-l;�];m�vķ�
�;�-vvb]m;7�|_;�|-�om�|o�|_;� Ѵ;�;Ѵ�o=�];m�v�omѴ�ķ�-m7�vblbѴ-uѴ���;�
�v;7�|_;�v-l;�-rruo-1_�|o�-vvb]m�t�;u��v;t�;m1;v�|o�|_;�Ѵ;�;Ѵ�o=�
|_;�=-lbѴ�ĺ�)_;u;�rbcL�-m7��$"Ƒ v;t�;m1;v�l-|1_;7�7b==;u;m|�vr;Ŋ
1b;v� =uol�7b==;u;m|� ];m;u-ķ� 0o|_� -|�!Ɩƕѷķ��;� 1om1Ѵ�7;7� |_-|� |�o�
|-�-��;u;�ru;v;m|�bm�|_;�v-lrѴ;�-m7�-vvb]m;7�|_;l�|o�0o|_�];m;u-ĺ�
 �;u��v;t�;m1;v�|_-|�7b7�mo|�v_o��vb]mb=b1-m|�vblbѴ-ub|��|o�-�u;=;uŊ
;m1;��;u;�;�1Ѵ�7;7�=uol�|_;�-m-Ѵ�vbvķ��b|_�omѴ��om;�=-;1-Ѵ�v-lrѴ;�
u;lo�;7�7�;�|o�|_bv�ruo1;7�u;ĺ

$o� 1ouuo0ou-|;� vr;1b;v� -vvb]ml;m|vķ� =ou� ;-1_� 1-m7b7-|;� ];m�v�
l-|1_ķ��;�u;1omv|u�1|;7�-�];m;�r_�Ѵo];m��bm��_b1_��;�bm1Ѵ�7;7�o�u�
t�;u�� v;t�;m1;v� |o];|_;u� �b|_� -ѴѴ� -�-bѴ-0Ѵ;� u;=;u;m1;� v;t�;m1;v�
=uol�vr;1b;v�o=�|_;�v-l;�];m�v�ru;v;m|�bm����	�|_-|�-u;�-Ѵvo�hmo�m�
|o�o11�u�bm��ov|-�!b1-ĺ�";t�;m1;v�=uol�rbcL�-m7��$"Ƒ�o=�;-1_�rѴ-m|�
];m�v��;u;�-Ѵb]m;7��b|_�clustalw�Ő�-uhbm�;|�-Ѵĺķ�ƑƏƏƕő�bm�bioedit verŊ
vbom�ƕĺƑĺƔ�Ő�-ѴѴķ�ƐƖƖƖőĺ�
ou�;-1_�-Ѵb]ml;m|��;�u-m�-�lo7;Ѵ�v;Ѵ;1|bom�
|;v|�|o�1_;1h��_b1_��o�Ѵ7�0;�|_;�0;v|�l;|_o7�|o�0�bѴ7�|_;�r_�Ѵo];Ŋ
m;|b1�|u;;�0-v;7�om�|_;�Ѵo�;v|��-�;vb-m�bm=oul-|bom�1ub|;ubom�Ő���ő�
�-Ѵ�;ĺ�);�u-m�lo7;Ѵ�v;Ѵ;1|bom�-m7�0�bѴ|�|_;�r_�Ѵo];m;|b1�|u;;v��vbm]�
mega�ѵĺƏѵ�Ő$-l�u-�;|�-Ѵĺķ�ƑƏƐƒőĺ�$_;v;�r_�Ѵo];mb;v�Őmo|�v_o�mő�u;Ŋ
1o�;u;7�r-u-r_�Ѵ;|b1�]uo�rbm]v�=ou�vol;�vr;1b;vķ�r;u_-rv�|_uo�]_�
-�Ѵ-1h�o=�u;=;u;m1;�l-|;ub-Ѵķ�-m7�|_;u;=ou;�v�1_�vr;1b;v�-vvb]ml;m|v�
�;u;�1omvb7;u;7��mu;Ѵb-0Ѵ;ĺ�$o�-77u;vv�|_bv�blr-1|�o=�|-�omolb1�u;vŊ
oѴ�|bomķ��;�u;7�1;7�-ѴѴ�7-|-�lov|Ѵ��|o�];m�vŊѴ;�;Ѵ�7;vb]m-|bomv�-m7�
u;r;-|;7�o�u�-m-Ѵ�v;v�=ou�0o|_�vr;1b;v�-m7�];m;u-�7-|-�|o�1_;1h�=ou�
1omvbv|;m1��o=�u;v�Ѵ|v�Őv;;�"�rrou|bm]��m=oul-|bomőĺ

$_;�b7;m|b=b1-|bom�o=�rѴ-m|�	���v;t�;m1;v�=uol�0-|�=-;1-Ѵ�v-lŊ
rѴ;v�7�ubm]�|_;�momŊ�Ѵ��bोo��;-u�u;Ѵb;7�om��;m�-mh�-m7����	ķ��b|_�
|_;� ;�1;r|bom� o=� |_;� trn�Ŋpsb�� u;]bom� �_b1_� �-v� mo|� v;-u1_-0Ѵ;�
�b|_bm����	� Őv;;��Ѵ-u;�;|�-Ѵĺķ�ƑƏƐƖ� =ou�lou;�7;|-bѴvőĸ� =ou�o�u�r�uŊ
rov;v��;��v;7�|_;�-vvb]ml;m|v�-v�]b�;m�bm��Ѵ-u;�;|�-Ѵĺ�ŐƑƏƐƖőĺ

ƑĺƔՊ |Պ�;|�ouh�l-|ub1;v

);�1olrbѴ;7�|_;�bm=;uu;7�bm|;u-1|bomv�bm|o��;b]_|;7�l-|ub1;v��_;u;�
;-1_�1;ѴѴ��-Ѵ�;�u;ru;v;m|;7�|_;�m�l0;u�o=�o0v;u�;7�bm|;u-1|bomv�0;Ŋ
|�;;m�;-1_�0-|ŋrѴ-m|�|-�om�r-buĺ�);�1omvb7;u;7�om;�u;-Ѵb�;7�bm|;uŊ
-1|bom��_;m�|_;�	���o=�-�rѴ-m|�|-�om��-v�7;|;1|;7�bm�|_;�=-;1;v�o=�
om;�bm7b�b7�-Ѵ�0-|ĺ�);�1omv|u�1|;7�l-|ub1;v�=ou�Őbő�;-1_�=ou;v|�vb|;�
bm��_b1_��;�rooѴ;7�7-|-�=uol�0o|_�v;-vomv�7�ubm]�|_;��Ѵ��bोo��;-u�
Őľ�-�";Ѵ�-Ŀ�-m7� ľ"-m|-�!ov-Ŀőķ�-m7� Őbbő� =ou�;-1_� =ou;v|� vb|;� bm��_b1_�
�;�v;r-u-|;7�|_;�7-|-�1oѴѴ;1|;7�=ou�7u��-m7��;|�v;-vomv�7�ubm]�|_;�
momŊ�Ѵ��bोo�-m7��Ѵ��bोo��;-uv�Őľ�;|Ŀ��vĺ�ľ7u�Ŀ�=ou�;-1_�vb|;őĺ��v�vr;Ŋ
1b;v� �v�-ѴѴ�� 7bv|ub0�|;� |_;bu� bm|;u-1|bomv� �m;�;mѴ�� -lom]� r-u|m;uv�
Ő�m]v�;|�-Ѵĺķ�ƑƏƏƖőķ��;b]_|;7�-m-Ѵ�vbv�lb]_|��m1o�;u�ru;=;u;m1;vķ�-m7�
;�;m�lo7�Ѵ;vķ� |_-|�-u;� bm�bvb0Ѵ;� |o�0bm-u��-m-Ѵ�vbvĺ�$_�vķ��;�-77bŊ
|bom-ѴѴ�� -rrѴb;7��;b]_|;7�l;|ub1v� |o� 1_-u-1|;ub�;� m;|�ouh� |oroѴoŊ
]b;vĺ��ѴѴ�v|-|bv|b1-Ѵ�-m-Ѵ�vbv�-m7�m;|�ouh�7u-�bm]v��;u;�r;u=oul;7�
�vbm]�r��;uvbom�ƒĺƒĺƑ�Ő!�	;�;Ѵorl;m|��ou;�$;-lķ�ƑƏƐƕőĺ

ƑĺѵՊ |Պ	;v1ubr|ouv�o=�m;|�ouh�v|u�1|�u;

$o�7;|;ulbm;�m;|�ouh�v|u�1|�u;�=uol�;-1_�_-0b|-|�7�ubm]�-��_oѴ;�
�Ѵ� �bोo� �;-uķ� -m7� =ou� ;-1_� _-0b|-|� 7�ubm]� ;-1_� v;-vom� 7�ubm]� |_;�
�Ѵ� �bोo� -m7� momŊ�Ѵ� �bोo� �;-uķ� �;� -vv;vv;7� m;|�ouh� v|u�1|�u;� 0��
l;-v�ubm]�=b�;�h;��l;|ub1vĺ�
buv|ķ��;�t�-m|b=b;7�m;v|;7m;vvķ��_b1_�
l;-v�u;v�|_;�;�|;m|�|o��_b1_�|_;�bm|;u-1|bomv�o=�om;�vr;1b;v�-u;�-�
v�0v;|�o=�|_;�bm|;u-1|bomv�o=�-mo|_;u�vr;1b;v��_;m�|_;�l-|ub��o=�bmŊ
|;u-1|bom�bv�ou]-mb�;7�0��7;1u;-vbm]�m�l0;u�o=�Ѵbmhv�Ő	oul-mm�;|�-Ѵĺķ�
ƑƏƏƖőĺ�);�1-Ѵ1�Ѵ-|;7�m;v|;7m;vv��vbm]�|_;�)��	
�bm7;�ķ��_b1_�bv�
-�l;-v�u;�o=�m;v|;7m;vv�|_-|��v;v�o�;uѴ-r�-m7�7;1u;-vbm]�=bѴѴ�bm�|_;�
�;b]_|;7�l-|ub�ķ� -m7�_-v�0;;m� v_o�m� |o�o�|r;u=oul�o|_;u�l;|_Ŋ
o7v�=ou�;v|bl-|bm]�m;v|;7m;vv�bm�0bm-u��m;|�ouhv�Ő�Ѵl;b7-Ŋ�;|o�ş�
&Ѵub1_ķ� ƑƏƐƐőĺ� ";1om7ķ� �;� t�-m|b=b;7� lo7�Ѵ-ub|�ķ� 1_-u-1|;ub�;7� -v�
lou;�bm|;u-1|bomv��b|_bm�-�lo7�Ѵ;�|_-m�0;|�;;m�lo7�Ѵ;v�Ő	oul-mm�
ş�"|u-�vvķ�ƑƏƐƓőķ��vbm]�|_;�	�!$����0 � -Ѵ]oub|_l�|_-|�bv�0-v;7�om�
0br-u|b|;�lo7�Ѵ-ub|��or|blb�-|bom�-m7�-�l�Ѵ|bv|;r�]u;;7��-]]Ѵol;u-Ŋ
|b�;�-Ѵ]oub|_l�Ő�;1h;||ķ�ƑƏƐѵőĺ�	�!$����0 � l-�blb�;v�|_;�7;mvb|��
o=�;7];��;b]_|v��b|_bm�lo7�Ѵ;v�-m7�bv�7;vb]m;7�=ou��;b]_|;7�0br-uŊ
|b|;�m;|�ouhv� Ő�;1h;||ķ�ƑƏƐѵőĺ��;vb7;v� |_-|ķ� b|� u;|�umv� |_;�voѴ�|bom�
�_b1_�=bm7v�|_;�]u;-|;v|�lo7�Ѵ-ub|��v1ou;�-=|;u�1-Ѵ1�Ѵ-|bm]�lo7�Ѵ-uŊ
b|���b|_�7b==;u;m|�u-m7ol�bmb|b-Ѵb�-|bomv�Ő�;1h;||ķ�ƑƏƐѵőĺ��m�-�_b]_Ѵ��
lo7�Ѵ-u�m;|�ouhķ�m;v|;7m;vv�0;|�;;m�vr;1b;v�o=�7b==;u;m|�lo7�Ѵ;v�
bv�-Ѵ�-�v�u;7�1;7ķ�0�|�m;v|;7m;vv�l-��v|bѴѴ�ru;�-bѴ��b|_bm�lo7�Ѵ;v�
Ő�;ѴѴo�;|�-Ѵĺķ�ƑƏƐƖőĺ�$_�vķ�|_bu7ķ��;�v;r-u-|;Ѵ��1-Ѵ1�Ѵ-|;7�|_;�m;v|;7Ŋ
m;vv�0;|�;;m�vr;1b;v�|_-|�0;Ѵom]�|o�|_;�v-l;�lo7�Ѵ;�Ő)��	
"�ő�
Ő
;Ѵb�� ;|� -Ѵĺķ� ƑƏƑƐőĺ� 
o�u|_ķ� �;� 1-Ѵ1�Ѵ-|;7� m;|�ouh� 1omm;1|-m1;ķ�
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�_b1_�bv�|_;�ruorou|bom�o=�ro|;m|b-Ѵ�Ѵbmhv�0;|�;;m�vr;1b;v�|_-|��;u;�
o0v;u�;7ĺ�
b=|_ķ��;�1-Ѵ1�Ѵ-|;7�|_;�m�l0;u�o=�1olr-u|l;m|vķ��_b1_�
-u;�7;=bm;7�-v�bvoѴ-|;7�v�0v;|v�o=�mo7;v�bm|;u-1|bm]��b|_�;-1_�o|_;u�
|_-|�7o�mo|�_-�;�-m��1omm;1|bomv��b|_�-mo|_;u�1olr-u|l;m|�bm�|_;�
m;|�ouh�Ő	oul-mm�;|�-Ѵĺķ�ƑƏƏƖőĺ��ѴѴ�l;|ub1v�1_ov;m�_-�;�lo7;u-|;�
Őm�l0;u� o=� 1olr-u|l;m|vķ� 1omm;1|-m1;ķ�lo7�Ѵ-ub|�ő� ou� mo� 0b-v;v�
Ő)��	
ő�|o�v-lrѴbm]�1olrѴ;|;m;vv�-m7�m;|�ouh�vb�;�Ő
uুm7�;|�-Ѵĺķ�
ƑƏƐƔőĺ��m�ou7;u�|o�7;|;ulbm;�|_;�v-lrѴbm]�1olrѴ;|;m;vv�o=�o�u�m;|Ŋ
�ouhv�-m7�|_;�ruorou|bom�o=�|_;�|o|-Ѵ�rѴ-m|�vr;1b;v�ub1_m;vv�ru;v;m|�
bm�0-|�7b;|v�|_-|�_-�;�0;;m�v-lrѴ;7ķ��;��v;7�|_;��_-o�Ɛ�bm7;��=ou�|_;�
m;|�ouhv�Ő�_-oķ�ƐƖѶƕĸ��_b�ķ�ƑƏƐƓőķ�-m7�bm7b�b7�-ѴŊ0-v;7�u-u;=-1|bom�
1�u�;v�=ou�|_;�;v|bl-|bom�o=�;-1_�0-|�vr;1b;v�7b;|� Ő";;�"�rrou|bm]�
�m=oul-|bomőĺ��ѴѴ�l;|ub1v��;u;�1-Ѵ1�Ѵ-|;7��vbm]�|_;�0br-u|b|;�r-1h-];�
=ou�r�Ő	oul-mm�;|�-Ѵĺķ�ƑƏƏѶőĺ

ƑĺƕՊ |Պ��ѴѴ�lo7;Ѵ�-m-Ѵ�vbv

��ѴѴ�lo7;Ѵv�-u;��v;=�Ѵ�|_;ou;|b1-Ѵ�0;m1_l-uhv�|o�|;v|��_;|_;u�|_;�
o0v;u�;7�m;|�ouh�v|u�1|�u;�1-m�0;�;�rѴ-bm;7�0��lou;�vblrѴ;�=;-Ŋ
|�u;vķ� v�1_� -v� m;|�ouh� vb�;� -m7� v-lrѴbm]� ;==ou|ķ��b|_o�|� bm�ohbm]�
o|_;u� 1-�v-Ѵ� l;1_-mbvlv� Ő��bl-u࢛;vķ� ƑƏƑƏőĺ� �;u;ķ� �;� _-�;� �v;7�
|_;� -rruo-1_� ruorov;7� 0��(࢙�t�;�� ;|� -Ѵĺ� ŐƑƏƏƕő� -m7� or;u-|bom-ѴŊ
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 ��&!� �ƑՊ
ou1;�7bu;1|;7�]u-r_v�o=�bm|;u-1|bom�m;|�ouhv�0;|�;;m�rѴ-m|b�ouo�v�0-|v�Őu;7�1bu1Ѵ;vő�-m7�|_;�rѴ-m|�|-�-�Ő]u;;m�vt�-u;vő�
ru;v;m|�bm�|_;bu�7b;|�bm�|_;�7u��=ou;v|�o=�";1|ou�"-m|-�!ov-�Őo=ܬ�u;-�7;��omv;u�-1bॕm���-m-1-v|;ő�Ő�ov|-�!b1-ő�-m7�bm�|_;�u-bm=ou;v|�o=��-�
";Ѵ�-��boѴo]b1-Ѵ�"|-|bom�Ő�ov|-�!b1-őķ�7�ubm]�-m�;�|u;l;��Ѵ��bmॗ��;-u�ŐƑƏƐƔőĺ��;|�ouhv�=ou�|_;��_oѴ;Ŋ�;-u�-m7�v;r-u-|;7�bm|o�|_;��;|�-m7�7u��
v;-vomvĺ��Ѵ-m|�|-�-��;u;�b7;m|b=b;7�|o�Ѵo�;v|�|-�omolb1�Ѵ;�;Ѵ�rovvb0Ѵ;ĺ�Ɛķ�Annona reticulataĸ�Ƒķ�Bernardia nicaraguensisĸ�ƒķ�Bauhinia ungulata; 
Ɠķ�Bauhiniaĸ�Ɣķ��uol;Ѵb-1;-;ĸ�ѵķ�Columnea purpurataĸ�ƕķ�Caseariaĸ�Ѷķ�Cecropiaĸ�Ɩķ�Epipremmumĸ�ƐƏķ�Erythroxylumĸ�ƐƐķ�Ficus citrifoliaĸ�ƐƑķ�Ficus 
dewolfiiĸ�Ɛƒķ�Ficusĸ�ƐƓķ�Helicteresĸ�ƐƔķ���]Ѵ-m7-1;-;ĸ�Ɛѵķ�Karwinskiaĸ�Ɛƕķ�Muntingia calaburaĸ�ƐѶķ�Manilkara chicleĸ�ƐƖķ�Maclura tinctoriaĸ�ƑƏķ�
�ou-1;-;ĸ�ƑƐķ�Ochroma pyramidaleĸ�ƑƑķ�Piper amalagoĸ�Ƒƒķ�Piper auritumĸ�ƑƓķ�Piper glabrescensĸ�ƑƔķ�Piper marginatumĸ�Ƒѵķ�Piper multiplinervium; 
Ƒƕķ�Piper peltatumĸ�ƑѶķ�Piper reticulatumĸ�ƑƖķ�Piper sancti-felicisĸ�ƒƏķ�Philodendronĸ�ƒƐķ�Pinusĸ�ƒƑķ�Piperĸ�ƒƒķ�Pouroumaĸ�ƒƓķ�Senna papillosa; 
ƒƔķ�"-ro|-1;-;ĸ�ƒѵķ�"-�b=u-]-1;-;ĸ�ƒƕķ�Solanumĸ�ƒѶķ�Vismia macrophyllaĸ�ƒƖķ�Vismiaĸ�ƓƏķ�,bm]b0;u-Ѵ;vĸ�ƓƐķ�Artibeus jamaicensisĸ�ƓƑķ�Artibeus 
lituratusĸ�Ɠƒķ�Dermanura toltecaĸ�ƓƓķ�Carollia castaneaĸ�ƓƔķ�Carollia perspicillataĸ�Ɠѵķ�Centurio senexĸ�Ɠƕķ�Carollia sowelliĸ�ƓѶķ�Carollia subrufaĸ�ƓƖķ�
Chiroderma villosumĸ�ƔƏķ�Dermanura phaeotisĸ�ƔƐķ�Dermanura watsoniĸ�ƔƑķ�Ectophylla albaĸ�Ɣƒķ�Glossophaga�vrĺĸ�ƔƓķ�Lonphophylla robustaĸ�ƔƔķ�
Micronycteris microtisĸ�Ɣѵķ�Phyllostomus discolorĸ�Ɣƕķ�Platyrrhinus helleriĸ�ƔѶķ�Uroderma convexumĸ�ƔƖķ�Vampyriscus nymphaeaĸ�ѵƏķ�Vampyressa 
thyone
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TA B L E  1Պ�-|ŋrѴ-m|�m;|�ouh�l;|ub1v�o=�m;|�ouhv�bm�|_;��;|�-m7�7u��v;-vom�o=�|_;�7u��=ou;v|�o=�";1|ou�"-m|-�!ov-�Őo=ܬ�u;-�7;�
�omv;u�-1bॕm���-m-1-v|;ő�-m7�u-bm=ou;v|�o=��-�";Ѵ�-��boѴo]b1-Ѵ�"|-|bom�bm��ov|-�!b1-�7�ubm]�-m�;�|u;l;��Ѵ��bोo��;-u�ŐƑƏƐƔő�-m7�-�7u��=ou;v|�
�;|�v;-vom�o=�-�momŊ�Ѵ��bोo��;-u�ŐƑƏƏƖő

Network metric

	u��=ou;v| Rainforest

)_oѴ;Ŋ�;-u 	u� Wet
Wet non-El 
Niño (2009) )_oѴ;Ŋ�;-u 	u� Wet

�Ѵ-m|�ub1_m;vv 22 16 12 20 29 16 20

�-|�ub1_m;vv 12 11 9 10 13 ƕ 13

��l0;u�o=�1olr-u|l;m|v 2 3 1 1 2 2 2

)��	
 ƏĺƐƓ�ŐƴƑĺƐő ƏĺƏƕ�ŐƴƑĺƓő ƏĺƐƕ�ŐƴƏĺƕő ƏĺƐƔ�ŐƴƑĺƒő ƏĺƐƓ�ŐƴƑĺƐő ƏĺƏƕ�ŐƴƐĺƓő ƏĺƐƔ�ŐƴƐĺƐő

�o7�Ѵ-ub|� ƏĺƔƒ�ŐƔĺƖő ƏĺƔѵ�ŐƑĺѶő ƏĺƔƑ�ŐƑĺƐő ƏĺƔƐ�ŐѵĺƓő ƏĺƓѵ�Őƒĺƕő ƏĺƔƔ�ŐƏĺƕő ƏĺƓѶ�ŐƑĺƒő

)��	
"� Əĺƒƒ�ŐƴƐĺƖő ƏĺƑƒ�ŐƴƐĺƓő ƏĺƓѶ�ŐƏĺƒő ƏĺƒƑ�ŐƴƏĺƐő Əĺƒƕ�ŐƏĺƒő ƏĺƑѶ�ŐƏĺƑő Əĺƒƕ�ŐƑĺƏő

�omm;1|-m1; 0.19 0.18 0.21 0.21 0.15 0.20 0.16

Note: 
ou�|_;�|oroѴo]b1-Ѵ�l;|ub1vķ�zŊv1ou;v�1olr-u;7�|o�|_;�m�ѴѴ�lo7;Ѵ�-u;�]b�;m�bm�r-u;m|_;v;vĺ


 ��&!� �ƒՊ�-bm�7b==;u;m1;v�bm�|_;�v|u�1|�u;�o=�0-|ŋrѴ-m|�m;|�ouhv�7;v1ub0;7�bm�o�u�v|�7�ĺ��olr-ubvomv�-u;�0;|�;;m�m;|�ouhv�bm�
7b==;u;m|�=ou;v|�|�r;vķ�7u��=ou;v|�-m7�u-bm=ou;v|ķ�-m7�0;|�;;m�v;-vomv��b|_bm�;-1_�=ou;v|�|�r;ķ�7�ubm]�-m�;�|u;l;��Ѵ��bmॗ��;-u�ŐƑƏƐƔőĺ�$_;�
�Ѵ��bोo�_-7�orrovb|;�;==;1|v�=ou�;-1_�=ou;v|�|�r;ķ�m-l;Ѵ��bm1u;-v;7�7uo�]_|�bm�|_;�7u��=ou;v|�-m7�bm1u;-v;7�u-bm=-ѴѴ�bm�|_;�u-bm=ou;v|ķ��_b1_�
lov|Ѵ��o11�uu;7�7�ubm]�|_;��;|�v;-vom�bm�0o|_�1-v;vĺ��77b|bom-ѴѴ�ķ��;�1olr-u;7�|_;�l�|�-Ѵbv|b1�m;|�ouh�bm�|_;�7u��=ou;v|�7�ubm]�|_;��;|�
v;-vom�o=�ƑƏƐƔ�|o�|_;�1ouu;vrom7bm]�m;|�ouh�bm�-�momŊ�Ѵ��bोo��;-u�ŐƑƏƏƖő
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r-bu�bv;�1olr-ubvomv�v_o�;7�-�_b]_�Ѵ;�;Ѵ�o=�bm|;u-1|bom�7bvvblbѴ-ub|��
Őβ)� !Əĺƕőķ��b|_�lov|�o=�|_bv�7bvvblbѴ-ub|��-ubvbm]�=uol�|_;�u;�bubm]�o=�
bm|;u-1|bomv�0;|�;;m�vr;1b;v�v_-u;7�0��0o|_�m;|�ouhv�-m7�-�vl-ѴѴ;u�
rou|bom�0;bm]�7�;�|o�vr;1b;v�|�umo�;u�Ő
b]�u;�Ɠőĺ��ou;o�;uķ�|_;�1olŊ
r-ubvom�0;|�;;m�|_;��Ѵ��bोo�-m7�momŊ�Ѵ��bोo��;-u�7�ubm]�|_;��;|�
v;-vom� bm� |_;�7u�� =ou;v|� u;�;-Ѵ;7�-�_b]_;u�7bvvblbѴ-ub|��o=� vr;1b;vķ�
7�;�|o�|_;�7bvvblbѴ-ub|��o=�bm|;u-1|bomv�-lom]�v_-u;7�vr;1b;vķ�|_-m�
-m��o|_;u�1olr-ubvom�0;|�;;m�v;-vomv��b|_bm�|_;�v-l;�=ou;v|�|�r;ĺ

ƓՊ |Պ	�"�&""���

��u�v|�7��7;lomv|u-|;v�|_-|�	���0-u1o7bm]�bv�-�ro�;u=�Ѵ�|ooѴ�|o�
7;|;1|� bm|;u-1|bomvķ�-m7� b|�;m-0Ѵ;7��v�|o�u;1omv|u�1|�|_;�m;|�ouhv�
o=� bm|;u-1|bomv�0;|�;;m�ƑƏ�rѴ-m|b�ouo�v�0-|�vr;1b;v�-m7�|_;�l-m��
rѴ-m|� |-�-� |_;�� �bvb|ĺ� �om|u-u�� |o� o�u� bmb|b-Ѵ� ru;7b1|bomķ� m;|�ouhv�
=uol��;||;u�_-0b|-|v�ou�v;-vomv��;u;�Ѵ;vv�lo7�Ѵ-u�-m7�v_o�;7�lou;�
m;v|;7m;vv�|_-m�m;|�ouhv�=uol�7ub;u�_-0b|-|v�ou�v;-vomvĺ��ou;o�;uķ�
lov|�1_-m];v�bm�bm|;u-1|bom�7bvvblbѴ-ub|��o11�uu;7�7�;�|o�bm|;u-1|bom�
u;�bubm]ķ�ro|;m|b-ѴѴ��7ub�;m�0��1_-m];v�bm�u;vo�u1;�-�-bѴ-0bѴb|�ĺ

ƓĺƐՊ |Պ�;m;u-Ѵ�=;-|�u;v�o=�|_;�0-|ŋrѴ-m|�m;|�ouhv

�v�;�r;1|;7ķ�lov|�m;|�ouhv��;u;�_b]_Ѵ��1omm;1|;7ķ��b|_�-��mbt�;�
Ѵ-u];� 1olr-u|l;m|� bm1Ѵ�7bm]� lov|� ou� -ѴѴ� vr;1b;vĺ� $_;� ;l;u];m1;�
o=� |_bv� 1om=b]�u-|bom� bv� -vvo1b-|;7��b|_� |_;� ru;v;m1;� o=� -|� Ѵ;-v|� -�
=;��_b]_Ѵ�� 1omm;1|;7� vr;1b;v� Ő�om�࢙Ѵ;�� ;|� -Ѵĺķ� ƑƏƐƏőķ� -Ѵvo� |;ul;7�
v�r;u];m;u-Ѵbv|v�Ő�ou7-mo�;|�-Ѵĺķ�ƑƏƏƒőķ��_b1_�u;Ѵ��om�u;vo�u1;v�|_-|�

-u;� 1ollom� |o� |_;� ;m|bu;� m;|�ouh� Ő��bl-u࢛;vķ� ƑƏƑƏőĺ� 
ou� -ѴѴ� o�u�
m;|�ouhvķ�|_;�0-|�vr;1b;v�|_-|�0;v|�l-|1_;v�|_bv�1om1;r|�bv�Carollia 
perspicillata� Őmo7;� ƓƔķ� 
b]�u;� Ƒő� �_b1_� 1omv�l;� =u�b|v� =uol� lou;�
|_-m�ƐƏ�rѴ-m|�vr;1b;v�bm�v;�;u-Ѵ�7b==;u;m|�];m;u-ĺ��om�;uv;Ѵ�ķ�rѴ-m|v�
�_ov;�=u�b|v�-u;�1omv�l;7�0��-�Ѵ-u];�ruorou|bom�o=�0-|�vr;1b;vķ�v�1_�
-v�Piper multiplinervium� bm� |_;� u-bm=ou;v|� Őmo7;� Ƒѵķ� 
b]�u;� Ƒőķ�l-��
-Ѵvo� 0;� 1omvb7;u;7� v�r;u];m;u-Ѵbv|vĺ� $_;v;� _b]_Ѵ�� 1omm;1|;7� vr;Ŋ
1b;v�_-�;�-�7bvruorou|bom-|;�blr-1|�om�m;|�ouh�v|u�1|�u;�Ő�om�࢙Ѵ;��
;|�-Ѵĺķ�ƑƏƐƏőķ�ru;�;m|bm]�=u-]l;m|-|bom�Ő�Ѵ;v;m�;|�-Ѵĺķ�ƑƏƏƕőķ�-m7�-ѴŊ
Ѵo�bm]� |_;� ruor-]-|bom� o=� |uor_b1� 1-v1-7;v� -m7� ;1oŊ;�oѴ�|bom-u��
=;;70-1h�-1uovv�vr;1b;v�Ő��bl-u࢛;vķ�ƑƏƑƏőĺ

�m�];m;u-Ѵķ�o�u�m;|�ouhv�7b7�mo|�1om=oul��;ѴѴ�|o�-m��|oroѴo]b1-Ѵ�
r-||;um�Ő�;�bmvo_m�;|�-Ѵĺķ�ƑƏƏѵő�-m7��;u;�lou;�lo7�Ѵ-u�|_-m�m;v|;7�
Ő�Ѵ;v;m�;|�-Ѵĺķ�ƑƏƏƕőĺ���u�m;|�ouhv�7o�mo|�=b|�|o�-��mb=b;7�-u1_;|�r;ķ�
v�1_� -v� |_;� 7;v1ubr|bom� o=� l�|�-Ѵbv|b1� m;|�ouhv� -v� _b]_Ѵ�� m;v|;7�
Ő�-v1olr|;�;|�-Ѵĺķ�ƑƏƏƒő�0�|�l-��v_o��-��b7;u�u-m];�o=�v|u�1|�u-Ѵ�
�-ub-|bom�-m7�Ѵ-u];u�bm|;um-Ѵ�1olrѴ;�b|�ĺ

�o7�Ѵ-ub|���v�-ѴѴ��u;v�Ѵ|v�=uol�0boѴo]b1-Ѵ�1omv|u-bm|v�|_-|�ruoŊ
lo|;�ru;=;u;m1;v�-lom]�vr;1b;v�Ő	om-||b�;|�-Ѵĺķ�ƑƏƐƐőĺ��;1-�v;�|_;�
v|�7b;7�m;|�ouhv�-u;�=oul;7�0�� bm|;u-1|bomv�|_-|�7o�mo|�u;t�bu;�-�
v|uom]�r_�vboѴo]b1-Ѵ�ou�lour_oѴo]b1-Ѵ�bm|;]u-|bom�0;|�;;m�r-u|m;uv�
Ő
om|-bm;�;|�-Ѵĺķ�ƑƏƐƐőķ��;�;�r;1|;7�|_;�0boѴo]b1-Ѵ�1omv|u-bm|v�|o�0;�
�;-h�-m7�bm|;u-1|bomv�|o�0;�lou;�];m;u-Ѵb�;7�-m7�m;v|;7ĺ��o�;�;uķ�
|_;�_b]_�lo7�Ѵ-ub|��-m7�Ѵo��m;v|;7m;vv�lb]_|�0;�7�;�|o�|_;�_b]_�7bŊ
�;uvb|��o=�rѴ-m|v�bm�|_;�v|�7b;7�1oll�mb|b;vĺ��m�1omv�l;uŋu;vo�u1;�
m;|�ouhvķ��_;m�u;vo�u1;v�-u;�|oo�7b�;uv;�-m7�_;|;uo];m;o�vķ�1omŊ
v�l;uv�l-��=-1;�-7-r|b�;�|u-7;Ŋo==v�|o�;�rѴob|�|_;l�Ő�u-vmo��;|�-Ѵĺķ�
ƑƏƐƑĸ��bm_;buo�;|�-Ѵĺķ�ƑƏƐƖőĺ��m�o�u�1-v;ķ�|u-b|�lbvl-|1_bm]�0;|�;;m�
=u�b|v� Ő�-u�bm]� bm�vb�;ķ�v_-r;�ou�1_;lb1-Ѵvő�-m7�0-|v�_-lr;uv�vol;�


 ��&!� �ƓՊ$_;�7bvvblbѴ-ub|b;v�o=�vr;1b;v�Őβ"ő�-m7�o=�bm|;u-1|bomv�Őβ)�ő�0;|�;;m�0-|ŋrѴ-m|�m;|�ouhv�7;v1ub0;7�bm�o�u�v|�7�ĺ��;u;ķ�|_;�
7bvvblbѴ-ub|��o=�bm|;u-1|bomv�0;|�;;m�m;|�ouhv�bv�7b�b7;7�bm|o�|�o�-77b|b�;�1olrom;m|vĹ�|_;�7bvvblbѴ-ub|��7�;�|o�vr;1b;v�|�umo�;u�Őβ"$ő�-m7�
|_;�7bvvblbѴ-ub|��7�;�|o�|_;�u;�bubm]�o=�bm|;u-1|bomv�-lom]�v_-u;7�vr;1b;v�Őβ�"őĺ��olr-ubvomv�-u;�0;|�;;m�m;|�ouhv�bm�7b==;u;m|�=ou;v|�|�r;vķ�
7u��=ou;v|�-m7�u-bm=ou;v|ķ�-m7�0;|�;;m�v;-vomv��b|_bm�;-1_�=ou;v|�|�r;ķ�7�ubm]�-m�;�|u;l;��Ѵ��bmॗ��;-u�ŐƑƏƐƔőĺ�$_;��Ѵ��bोo�_-7�orrovb|;�
;==;1|v�=ou�;-1_�=ou;v|�|�r;ķ�m-l;Ѵ��bm1u;-v;7�7uo�]_|�bm�|_;�7u��=ou;v|�-m7�bm1u;-v;7�u-bm=-ѴѴ�bm�|_;�u-bm=ou;v|ķ��_b1_�lov|Ѵ��o11�uu;7�7�ubm]�
|_;��;|�v;-vom�bm�0o|_�1-v;vĺ��77b|bom-ѴѴ�ķ��;�1olr-u;�|_;�l�|�-Ѵbv|b1�m;|�ouh�bm�|_;�7u��=ou;v|�7�ubm]�|_;��;|�v;-vom�o=�ƑƏƐƔ�|o�|_;�
1ouu;vrom7bm]�m;|�ouh�bm�-�momŊ�Ѵ��bोo��;-u�ŐƑƏƏƖő



ՊՍՊ |ՊƐƖƏƐOLIVEIRA et al.

bm|;u-1|bomv� Ő	;_Ѵbm]�;|�-Ѵĺķ�ƑƏƐѵőķ�-m7� |_�v� |_;�m;|�ouh�lb]_|� bmŊ
1Ѵ�7;�rѴ-m|v��_ov;�=u�b|v�-u;�vo�7b==;u;m|�Ő=ou�bmv|-m1;ķ�bm�vb�;ķ�v_-r;�
ou�1_;lb1-Ѵvő�|_-|�;-1_�0-|�vr;1b;v�1-mmo|�0;�;==b1b;m|�bm�=bm7bm]�-m7�
;-|bm]�-ѴѴ�o=�|_;lķ�Ѵ;-7bm]�|o�|_;�;l;u];m1;�o=�lo7�Ѵ;v�Ő�;ѴѴo�;|�-Ѵĺķ�
ƑƏƐƖőĺ���u�u;v�Ѵ|v�-u;�vblbѴ-u�|o�ru;�bo�v�7;|;1|bomv�o=�lo7�Ѵ-ub|��bm�
0-|ŋrѴ-m|�Ѵo1-Ѵ�m;|�ouhv�bm�"o�|_��l;ub1-�Ő�;ѴѴo�;|�-Ѵĺķ�ƑƏƐƐőķ�0�|�
|_;�_b]_;u�lo7�Ѵ-ub|���;�=o�m7�lb]_|�0;�7�;�|o�-m�bm1u;-v;7�7;|;1|Ŋ
-0bѴb|��o=�bm|;u-1|bomv�ruo�b7;7�0��	���0-u1o7bm]�Ő�Ѵ-u;�;|�-Ѵĺķ�ƑƏƐƓĸ�
)bu|-�;|�-Ѵĺķ�ƑƏƐƓőĺ�$_;�7;|;1|bom�o=�lbvvbm]�Ѵbmhv�-m7�u-u;�bm|;u-1Ŋ
|bomvķ��_b1_��-v�;m-0Ѵ;7�0��|_;��v;�o=�	��ķ�1-m�-ѴѴo��=ou�]u;-|;u�
7b==;u;m|b-|bom�0;|�;;m�0-|�vr;1b;vĽ�7b;|vĺ

ƓĺƑՊ |Պ �olr-ubvomv�0;|�;;m�m;|�ouhv

�;1-�v;� u;vo�u1;�-�-bѴ-0bѴb|���v�-ѴѴ�� bm1u;-v;v��b|_�_b]_;u� u-bm=-ѴѴ�
bm�|uorb1-Ѵ�=ou;v|v�Ő!-|_1h;�ş��-1;�ķ�ƐƖѶƔĸ��-m�"1_-bh�;|�-Ѵĺķ�ƐƖƖƒőķ�
�;�;�r;1|;7�bm1u;-v;7�vr;1b-Ѵb�-|bom�-m7�-�_b]_;u�vr;1b;v�ub1_m;vvķ�
7;1u;-vbm]� 1omm;1|-m1;� -m7� ruolo|bm]� lo7�Ѵ-ub|�� o�;u� m;v|;7Ŋ
m;vv�bm�|_;�m;|�ouhv�=uol��;||;u�1om7b|bomv�Ő	-Ѵv]--u7�;|�-Ѵĺķ�ƑƏƐƒĸ�
!b1oŊ�u-��;|�-Ѵĺķ�ƑƏƐƑĸ�$upf;Ѵv]--u7�ş��Ѵ;v;mķ�ƑƏƐƒőĺ��m7;;7ķ�bm�lov|�
1-v;vķ� m;|�ouhv��;u;� ub1_;u� -m7� Ѵ;vv� 1omm;1|;7� bm��;||;u� |_-m� bm�
7ub;u� _-0b|-|vķ� �b|_� |_;�l-bm� ;�1;r|bomķ� |_;� 1olr-ubvom� 0;|�;;m�
v;-vomv�bm�|_;�7u��=ou;v|�Ő
b]�u;�ƒőķ�ruo0-0Ѵ��0;bm]�-==;1|;7�0��|_;�
ru;1brb|-|bom�v_ou|-];�1-�v;7�0��|_;��Ѵ��bोo�;�;m|�7�ubm]�|_;��;|�
v;-vomĺ��o�;�;uķ�bm�1om|u-7b1|bom�|o�o�u�ru;7b1|bomvķ��;�=o�m7�|_-|�
m;|�ouhv�o=� bm|;u-1|bomv� 0;|�;;m�0-|v� -m7�rѴ-m|v� bm��;||;u� _-0bŊ
|-|vķ�0o|_�bm�7u��=ou;v|�-m7�u-bm=ou;v|ķ�-m7�0;|�;;m�v;-vomvķ�-u;�Ѵ;vv�
lo7�Ѵ-u�-m7�lou;�m;v|;7�|_-m�bm�7ub;u�_-0b|-|v�Ő
b]�u;�ƒĸ�$-0Ѵ;�Ɛőĺ�
$_bv� lb]_|� 0;� 7�;� |o� Ѵo�;u� u;vo�u1;� -�-bѴ-0bѴb|�� bm� 7ub;u� _-0b|-|v�
Ѵ;-7bm]�|o�_b]_;u�1olr;|b|bom�-m7�u;vo�u1;�r-u|b|bombm]�-lom]�vr;Ŋ
1b;v�Ő�_;vvomķ�ƑƏƏƏőķ�v�1_�-v�=o�m7�bm�o|_;u�v;-vom-Ѵ�-u;-v�Ő"o��-�
;|�-Ѵĺķ�ƑƏƐѶőĺ��m�];m;u-Ѵķ��_;m�=u�b|v�-u;�-0�m7-m|ķ�0-|v�_-�;�-�0uo-7�
7b;|ķ�0�|��_;m�=u�b|v�0;1ol;�v1-u1;ķ�0-|�vr;1b;v�u;7�1;�|_;bu�1omŊ
v�lr|bom� |o� -� =;�� rѴ-m|vĺ� �77b|bom-ѴѴ�ķ� -v� |_;� r_�ѴѴov|olb7� 0-|v�
ru;v;m|�7b�;uv;� =;;7bm]�_-0b|v� Ő	�lom|�;|�-Ѵĺķ�ƑƏƐƑőķ� b|� bv�rovvb0Ѵ;�
|_-|�o|_;u� u;vo�u1;vķ� v�1_�-v�m;1|-u�-m7� bmv;1|vķ�lb]_|�_;Ѵr� |_;l�
|o�v�u�b�;��b|_�-�m-uuo�;u�=u�b|�7b;|�7�ubm]�=u�b|�v_ou|-];v�Ő+ouh�ş�
�bѴѴbm]vķ�ƑƏƏƖőĺ

��u�=bm7bm]v�|_-|�ub1_;u�-m7�Ѵ;vv�1omm;1|;7�0-|ŋrѴ-m|�m;|�ouhv�
�;u;� -Ѵvo� lou;� m;v|;7� -m7� Ѵ;vv� lo7�Ѵ-u� bv� �m�v�-Ѵ� =ou� |_;� ;1oŊ
Ѵo]b1-Ѵ� Ѵb|;u-|�u;ķ� -v� |_;�orrov;7� u;Ѵ-|bomv_br� bv�lov|� o=|;m� =o�m7�
Ő�bm_;buo� ;|� -Ѵĺķ� ƑƏƐƖĸ� $_࣐0-�Ѵ|� ş� 
om|-bm;ķ� ƑƏƐƏĸ� $upf;Ѵv]--u7� ş�
�Ѵ;v;mķ�ƑƏƐƒőĺ�$_;�vblrѴ;v|�;�rѴ-m-|bom�=ou�o�u�o0v;u�-|bom�bv�|_-|�
�_;m�1olr-ubm]�m;|�ouhvķ�lou;�vr;1b;v�7o�mo|�=oul�m;��lo7�Ѵ;v�
0�|� bmv|;-7��;u;�lov|Ѵ��-77;7� bm|o�-Ѵu;-7��_b]_Ѵ��1omm;1|;7�m;|Ŋ
�ouhvĺ�$_bv�hbm7�o=�ru;=;u;m|b-Ѵ�-||-1_l;m|�ruo0-0Ѵ��o11�uv�-Ѵvo�bm�
-mbl-ѴŋrѴ-m|�l�|�-Ѵbvlv�Ő�ou7-mo�;|�-Ѵĺķ�ƑƏƏƒĸ��Ѵ;v;m�;|�-Ѵĺķ�ƑƏƏѶő�
-m7�ruolo|;v�|_;�;l;u];m1;�o=�m;v|;7m;vv�Ő�;ѴѴo�;|�-Ѵĺķ�ƑƏƐƖőĺ�$_;�
;�b7;m1;�=ou�ru;=;u;m|b-Ѵ�-||-1_l;m|�bv�o0v;u�;7�bm�|_;�1olr-ubvom�
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