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|_-|�l-��0;�-vvo1b-|;7��b|_�|_;�Ѵo��v�u�b�-Ѵ�o=�o�u�"�b=|v�=uol�|_;�0u;;7bm]�v;-vom�ƑƏƏƕ�|o�|_;�om;�ƑƏƏѶ�Őlo7b=b;7�=uol�_||rĹņņ���ĺm171ĺ
mo--ĺ]o�ņ|;lrŊ-m7Ŋru;1b�rņ]Ѵo0-�ѴŊl-rvņƑƏƏѶƏ�Ɛĵruo7��1|vŒœƷ;�|u;l;vőĺ�Ő0ő�"-_;Ѵ�ru;1brb|-|bom�-mol-Ѵb;v�Ő=uol�_||rĹņņu;v;-�u1_ĺfbv-oĺ�-v_b�
m]|omĺ;7�ņ7-|-ņv-_;Ѵ�ņő

http://www.ncdc.noaa.gov/temp-and-precip/global-maps/200801?products%5B%5D=extremes
http://www.ncdc.noaa.gov/temp-and-precip/global-maps/200801?products%5B%5D=extremes
http://research.jisao.washington.edu/data/sahel/
http://research.jisao.washington.edu/data/sahel/
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0;||;u�lo7;Ѵv�|_ov;�7;r;m7;m|�0��|_;�l;|ub1v�7;v1ub0bm]�|_;�"-_;Ѵ�
u-bm��v;-vomvĺ��-u-l;|;uv�;v|bl-|;7�=uol�|_bv�lo7;Ѵ�-u;�u;rou|;7�
bm�$-0Ѵ;�"Ƒĺ

�11ou7bm]�|o�|_;�0;v|�lo7;Ѵķ�v�u�b�-Ѵ�ruo0-0bѴb|��u-m];7�=uol�ƏĺѵƑ�
bm�|_;�ľ�;u��7u�Ŀ�v;-vom�|o�ƏĺѶƓ� bm�|_;�ľo|_;uĿ�v;-vomvĺ�
b]�u;�Ƒ-ķ0�
v_o�v�|_;�v�u�b�-Ѵ��-ub-0bѴb|��-11ou7bm]� |o� |_;��o7;Ѵ�Ƒ� Ő"-_;Ѵ� u-bmŊ
=-ѴѴ� bm7;�����"�őķ��b|_�ƐƖѶƓ�-m7�ƐƖƖƏ�;l;u]bm]�-v�|�o�r-u|b1�Ѵ-uѴ��
�ouv;��;-uvĺ�$_;�r;u1;m|-];�o=�-mm�-Ѵ��-ub-|bom�bm�-rr-u;m|�v�u�b�-Ѵ�
;�rѴ-bm;7�0��u-bm��-ub-0bѴb|���-v�Ɣѵѷ�Ő���	�(�FƐķѵ�Ʒ�ѵĺƒķ�p�Ʒ�ĺƏƔőĺ

�m� |_;�v;1om7�v|�7��r;ubo7� ŐƑƏƏƑŋƑƏƐƑőķ� |_;�lo7;Ѵ�;�-Ѵ�-|bom�
ruo1;7�u;�o=� |_;�ruo]u-l���!��Őu;v�Ѵ|v� bm�$-0Ѵ;�Ƒő��-v�=o�m7�-v�
0;||;u�lo7;Ѵ�|_;�om;��b|_�1omv|-m|�v�u�b�-Ѵ�Őþ�Ʒ�ƏĺƕƐƔĸ�SE�Ʒ�ƏĺƏƕƔő�
-m7��-ub-0Ѵ;�1-r|�u;�ruo0-0bѴb|b;v�bm�|_;�|bl;�Ő$-0Ѵ;�"ƒőķ�0�|�|_;�v;1Ŋ
om7�1Ѵ-vvb=b;7�lo7;Ѵ�ŐΔ ���1�ƺ�Ƒő��-v�v|bѴѴ�|_;�om;�1omvb7;ubm]�|_;�
ľ�;u��7u�Ŀ��;uv�v�ľo|_;uĿ�v;-vomv�bm�"-_;Ѵķ��b|_�v�u�b�-Ѵ�;v|bl-|;v�o=�
ƏĺƔƖ�bm��;u��7u��-]-bmv|�ƏĺѶƕ�bmĿo|_;uĿ��;-uv�Ő$-0Ѵ;�"Ɠőĺ�$_;v;��-Ѵ�;v�

�;u;��;u��vblbѴ-u��b|_�u;vr;1|�|o�|_;�om;v�o0|-bm;7�bm�ƐƖѶƓŋƐƖƖƑĺ�
�m�|_bv�1-v;ķ�_o�;�;uķ����	�(�bm7b1-|;7�|_-|�|_;��-ub-0Ѵ;�7b7�mo|�
-77�-m��vb]mb=b1-m|�;�rѴ-m-|bom�|o�|_;�bm|;u-mm�-Ѵ��-ub-|bom�bm�-7�Ѵ|�
v�u�b�-Ѵ�ŐFƐķƒ�Ʒ�ƏĺƓƐѵķ�p�Ʒ�ĺƔѶƔőĺ

ƒĺƑՊ|Պ�ollom�"�b=|

ƒĺƑĺƐՊ|Պ�-uhŋu;1-r|�u;�-m-Ѵ�vbv

�� v-lrѴ;� o=� ƑƕƓ� 0u;;7bm]� �ollom� "�b=|v� ruo�b7;7� ƓƑƒ� 1-r|�u;�
;�;m|v� Ő1o�m|bm]� omѴ�� om;� u;|u-r� r;u� bm7b�b7�-Ѵ� -m7� �;-uő� Ő$-0Ѵ;�
"Ɛőĺ�$_;���
� |;v|�o=� |_;�];m;u-Ѵ���"�lo7;Ѵ�þŐtőpŐtő� Őχ2� Ʒ�ƓƒĺƓƓƓĸ�
df�Ʒ�ƒƒĸ�p�Ʒ�ĺƐƏѵő�v�]];v|;7�|_-|�|_;���"�lo7;Ѵŝv�0-vb1�-vv�lr|bomv�
�;u;�l;|ĸࣁ��;v|bl-|;7�0��χ2/df��-v�ƐĺƒƐѵ�-m7�|_bv��-Ѵ�;��-v��v;7�
|o�1ouu;1|� =ou�o�;u7bvr;uvbom� Ő�oo1_�ş�)_b|;ķ�ƑƏƏѵőĺ�"r;1b=b1� |;v|�

N Model np AICc ΔAICc
Model 
Weights Deviance R2

1 {þ Ő"-_;Ѵ�ľ�;u��7u�Ŀ��vĺ�
ľo|_;uĿ��;-uvő�p(tőŕ

10 323.4 0.000 0.482 82.344 .557

2 {þ Ő"-_;Ѵ�u-bm=-ѴѴ�bm7;�ő�p(tőŕ 10 324.6 1.237 0.260 83.582 ĺƓƒƓ

3 {þ�Ő1ő�pŐtőŕ 9 326.7 3.322 0.092 87.939

Ɠ {þ�Ő���ő�pŐtőŕ 10 ƒƑƕĺƓ 3.983 0.066 86.327 .160

5 {þ�Ő���ő�pŐtőŕ 10 328.1 ƓĺƕѵƐ ƏĺƏƓƔ 87.105 .083

6 {þ�ŐѴ-��bो-��;-uvő�pŐtőŕ 10 328.8 ƔĺƓƏѵ 0.032 87.751 .019

7 {þ�Őtő�pŐtőŕ 15 330.8 7.376 0.012 77.890

8 {þ�Őtő�pŐ1őŕ 8 330.9 7.505 0.011 ƖƓĺƒѵƔ

9 {þ�Ő1ő�pŐ1őŕ 2 339.2 ƐƔĺѶƒƓ 0.000 115.560

�00u;�b-|bomvĹ����1ķ��h-bh;�bm=oul-|bom�1ub|;ubom�-rruo�ĺ�=ou�vl-ѴѴ�v-lrѴ;vĸ�1ķ�1omv|-m|ĸ����ķ�
�ou|_��|Ѵ-m|b1��v1bѴѴ-|bom��m7;�ĸ�mrķ�m�l0;u�o=�r-u-l;|;uvĸ����ķ��1;-mb1��bोo��m7;�ĸ�pķ�u;1-r|�u;�
ruo0-0bѴb|�ĸ�R2ķ�ruorou|bom�o=�;�rѴ-bm;7�|;lrou-Ѵ��-ub-|bom�bm�v�u�b�-Ѵ�-11o�m|;7�0��1o�-ub-|;vĸ�tķ�
=�ѴѴ�|bl;�7;r;m7;m1;�Ő7b==;u;m|��-Ѵ�;v�=ou�;-1_��;-uőĸ�Δ���1ķ�|_;�7b==;u;m1;��b|_�|_;�vl-ѴѴ;v|����1ĸ�
þķ�v�u�b�-Ѵ�ruo0-0bѴb|�ĺ

$���� �ƐՊ�-ѴѴb7�"�b=|�Apus pallidusķ�
r;ubo7�ƐƖѶƓŋƐƖƖƑĹ�u;v�Ѵ|v�o=�|_;�
1olr-ubvom�o=�|_;�];m;u-Ѵ�-m7�u;Ѵ-|;7�
Őm;v|;7ő�1-r|�u;ŋu;1-r|�u;�lo7;Ѵv�Őbm�
0oѴ7�u;v�Ѵ|v��b|_�7;Ѵ|-����1�ƺ�Ƒő


 ��&!� �ƑՊ Ő-ő��-ѴѴb7�"�b=|Ĺ��-ub-|bom�o=�-mm�-Ѵ�v�u�b�-Ѵ�-11ou7bm]�|o�|_;�lo7;Ѵ�Ŕþ�Ő"-_;Ѵ�u-bm=-ѴѴ�bm7;�ő�pŐtőŕ�=ou�|_;��;-uv�ƐƖѶƓŋƐƖƖƐĸ�u;7�
-uuo�v�robm|�-|��;u��7u���;-uvĺ�Ő0ő��ollom�"�b=|Ĺ��-ub-|bom�o=�-mm�-Ѵ�v�u�b�-Ѵ�-11ou7bm]�|o�|_;�lo7;Ѵ�Ŕþ�Ő���ő�pŐtőŕĸ�0Ѵ�;�-uuo�v�robm|�ľ�-�
�bो-Ŀ�Ő�;u���;|ő��;-uvĺ��o|;�|_;�Ѵo�;u�v�u�b�-Ѵ�=ou�|_;�1o_ou|v�bm�ƑƏƏƔķ�ƑƏƏƕķ�-m7�ƑƏƐƏ
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=ou� |u-mvb;m|� Ő&Ŋ�-u;� |;v|� ƒĺ"!ő� -m7� =ou� |u-r� 7;r;m7;m1;� Ő&Ŋ�-u;�
$�"$Ƒĺ�$őķ� �;u;� mo|� vb]mb=b1-m|� Őv|-|bv|b1� =ou� |u-mvb;m|� Ʒ� ƐĺƏѶƐķ�
p�Ʒ�ĺƑѶƏĸ�vb]m;7�v|-|bv|b1�=ou�|u-r�7;r;m7;m1;�Ʒ�ƐĺƏƔƐķ�p�Ʒ�ĺƑƖƒőĺ

$_;�lo7;Ѵ�;�-Ѵ�-|bom�ruo1;7�u;�o=�|_;�ruo]u-l���!��Őu;v�Ѵ|v�
bm�$-0Ѵ;�ƒő��-v�v;Ѵ;1|;7�-v�0;||;u�lo7;Ѵv�ŐƺƑ� ���1ő�|_;�|�o�7;r;mŊ
7;m|� om� ��"�� bm7;�;vķ� -m7� |bl;� ;==;1|v� om� 1-r|�u;� ruo0-0bѴb|b;vķ�
v_o�bm]�-�v|uom]�v�rrou|�=ou�|_;�_�ro|_;vbv�|_-|��bm|;u�1Ѵbl-|;�-=Ŋ
=;1|v��ollom�"�b=|�v�u�b�-Ѵĺ�$_;�0;v|�lo7;Ѵķ�v_o�bm]�|_;�Ѵo�;v|�

 ���1ķ��-v� |_;�lo7;Ѵ� |_-|� 1ouu;Ѵ-|;7� |_;� v�b=|� v�u�b�-Ѵ��b|_� |_;�
�-��bो-��;-uv�Őlo7;Ѵ�Ɛ�bm�$-0Ѵ;�ƒő�u;v�Ѵ|bm]�bm�-�v�u�b�-Ѵ�;v|bl-|;�o=�
ƏĺƔƖ�ŐSE�ƏĺƏѵő�bm�ľ0-7Ŀ�Őbĺ;ĺķ��-��bो-ő��;-uv��;uv�v�ƏĺƖƏ�ŐSE�ƏĺƏѵő�bm�-ѴѴ�
o|_;u��;-uvĺ�!;v�Ѵ|�o=� |_;�v;1om7�0;v|�lo7;Ѵ�1-Ѵ1�Ѵ-|;7�-11ou7bm]�
|o������-Ѵ�;v�Ő$-0Ѵ;�"Ɣő�bv�_b]_Ѵb]_|;7�bm�
b]�u;�Ƒ-ķ0�v_o�bm]�ƑƏƏѶ�
-m7�ƑƏƐƐ�-v�|�o�r-u|b1�Ѵ-uѴ��0-7��;-uvķ��b|_�_b]_;u�lou|-Ѵb|�ĺ�$_;�
r;u1;m|-];�o=�-mm�-Ѵ��-ub-|bom�bm�-rr-u;m|�v�u�b�-Ѵ�;�rѴ-bm;7�0��|_;�
1Ѵbl-|;�1o�-ub-0Ѵ;��-v�ƕƑѷ�Ő���	�(�FƐķѵ�Ʒ�ƐƒĺƏķ�p�Ʒ�ĺƏƐƔőĺ

N Model np QAICc ΔQAICc
Model 
weights QDeviance R2

1 {þ�Ő1ő�p(tőŕ 6 102.7 0.000 0.356 30.015

2 {þ (Sahel 
ľ�;u��7u�Ŀ�
vs�ľo|_;uĿ�
�;-uvő�p(tőŕ

7 104.5 1.857 0.141 29.448 .172

3 {þ�Ő���ő�pŐtőŕ 7 ƐƏƓĺѶ ƑĺƐƒƓ 0.122 29.726 .088

Ɠ {þ�ŐѴ-��bो-ő�
pŐtőŕ

7 ƐƏƓĺѶ 2.176 0.120 29.767 .075

5 {þ�Ő"-_;Ѵ�
u-bm=-ѴѴ�
bm7;�ő�pŐtőŕ

7 105.0 2.328 0.111 29.920 .029

6 {þ�Ő���ő�
pŐtőŕ

7 105.1 ƑĺƓƑƑ 0.106 30.013 .000

7 {þ�Őtő�pŐtőŕ 9 106.9 ƓĺƑƏƏ ƏĺƏƓƓ 26.728

8 {þ�Ő1ő�pŐ1őŕ 2 116.8 ƐƓĺƐƓƏ 0.000 53.192

9 {þ�Őtő�pŐ1őŕ 6 118.8 16.127 0.000 ƓѵĺƐƓƑ

�00u;�b-|bomvĹ����1ķ��h-bh;�bm=oul-|bom�1ub|;ubom�-rruo�ĺ�=ou�vl-ѴѴ�v-lrѴ;vĸ�1ķ�1omv|-m|ĸ����ķ�
�ou|_��|Ѵ-m|b1��v1bѴѴ-|bom��m7;�ĸ�mrķ�m�l0;u�o=�r-u-l;|;uvĸ����ķ��1;-mb1��bोo��m7;�ĸ�pķ�u;1-r|�u;�
ruo0-0bѴb|�ĸ�R2ķ�ruorou|bom�o=�;�rѴ-bm;7�|;lrou-Ѵ��-ub-|bom�bm�v�u�b�-Ѵ�-11o�m|;7�0��1o�-ub-|;vĸ�tķ�
=�ѴѴ�|bl;�7;r;m7;m1;�Ő7b==;u;m|��-Ѵ�;v�=ou�;-1_��;-uőĸ�Δ���1ķ�|_;�7b==;u;m1;��b|_�|_;�vl-ѴѴ;v|����1ĸ�
þķ�v�u�b�-Ѵ�ruo0-0bѴb|�ĺ

$���� �ƑՊ�-ѴѴb7�"�b=|�Apus pallidus, 
r;ubo7�ƑƏƏƑŋƑƏƐƑĹ�u;v�Ѵ|v�o=�|_;�
1olr-ubvom�o=�|_;�];m;u-Ѵ�-m7�u;Ѵ-|;7�
Őm;v|;7ő�1-r|�u;ŋu;1-r|�u;�lo7;Ѵv�Őbm�
0oѴ7��b|_��m7;u�7;Ѵ|-� ���1�ƺ�Ƒő

N Model np QAICc ΔQAICc
QAICc 
Weights QDeviance R2

1 {þ�ŐѴ-��bो-��;-uvő�
p(tőŕ

13 591.1 0.000 0.580 126.629 .723

2 {þ�Ő���ő�p(tőŕ 13 592.9 1.766 0.240 128.396 .554

3 {þ�Ő"-_;Ѵ�ľ�;u��
7u�Ŀ��;uv�v�
ľo|_;uĿ��;-uvő�
pŐtőŕ

13 595.0 3.831 0.085 ƐƒƏĺƓѵƏ .357

Ɠ {þ�Ő1ő�pŐtőŕ 12 596.6 ƔĺƓƏѶ 0.039 ƐƒƓĺƐƖѶ

5 {þ�Ő"-_;Ѵ�u-bm=-ѴѴ�
bm7;�ő�pŐtőŕ

13 597.0 5.817 0.032 ƐƒƑĺƓƓѵ .167

6 {þ�Ő���ő�pŐtőŕ 13 598.6 ƕĺƓƖѶ ƏĺƏƐƓ ƐƒƓĺƐƑƕ .007

7 {þ�Őtő�pŐtőŕ 18 599.2 8.095 0.010 123.723

8 {þ�Őtő�pŐ1őŕ 8 606.5 15.382 0.000 ƐƔƑĺѵѶƓ

9 {þ�Ő1ő�pŐ1őŕ 2 622.9 31.725 0.000 ƐѶƐĺƓƑƑ

�00u;�b-|bomvĹ����1ķ��h-bh;�bm=oul-|bom�1ub|;ubom�-rruo�ĺ�=ou�vl-ѴѴ�v-lrѴ;vĸ�1ķ�1omv|-m|ĸ����ķ�
�ou|_��|Ѵ-m|b1��v1bѴѴ-|bom��m7;�ĸ�mrķ�m�l0;u�o=�r-u-l;|;uvĸ����ķ��1;-mb1��bोo��m7;�ĸ�pķ�u;1-r|�u;�
ruo0-0bѴb|�ĸ�R2ķ�ruorou|bom�o=�;�rѴ-bm;7�|;lrou-Ѵ��-ub-|bom�bm�v�u�b�-Ѵ�-11o�m|;7�0��1o�-ub-|;vĸ�tķ�
=�ѴѴ�|bl;�7;r;m7;m1;�Ő7b==;u;m|��-Ѵ�;v�=ou�;-1_��;-uőĸ�Δ���1ķ�|_;�7b==;u;m1;��b|_�|_;�vl-ѴѴ;v|����1ĸ�
þķ�v�u�b�-Ѵ�ruo0-0bѴb|�ĺ

$���� �ƒՊ�ollom�"�b=|�Apus 
apus,�r;ubo7�ƑƏƏƐŋƑƏƐƑĹ�u;v�Ѵ|v�o=�|_;�
1olr-ubvom�o=�|_;�];m;u-Ѵ�-m7�u;Ѵ-|;7�
Őm;v|;7ő�1-r|�u;ŋu;1-r|�u;�lo7;Ѵv�Őbm�
0oѴ7�u;v�Ѵ|v��b|_�Δ ���1�ƺ�Ƒő
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ƒĺƑĺƑՊ|Պ�om0u;;7bm]�lo�;l;m|v�|u-1h;7�0��
geolocation

);��;u;� -0Ѵ;� |o� |u-1h� |_;� mom0u;;7bm]�lo�;l;m|v� o=� =o�u� -7�Ѵ|�
0u;;7bm]��ollom�"�b=|v�=uol�o�u�v|�7��1oѴom��bm��o7;m-�Őƒ�bm7bŊ
�b7�-Ѵv�ƑƏƐƏŋƑƏƐƐĸ�Ɛ�bm7b�b7�-Ѵ�ƑƏƐƑŋƑƏƐƒĸ�
b]�u;�ƒőĺ�$_;�|u-1hbm]�
7-|-�u;�;-Ѵ�|_-|�|_;�v�b=|v�7;r-u|;7�=uol�|_;�0u;;7bm]�vb|;�ƕŋƐƓ���Ѵ��
Ől;7b-m�7-|;Ĺ�ƐƓ���Ѵ�ő�-m7� u;|�um;7� |_;�m;�|��;-u� |o� |_;�0u;;7bm]�
vb|;v�ƐƑ��rubѴ� |o�Ɣ���m;�Ől;7b-m�7-|;Ĺ�Ƒƕ��rubѴőĺ�$_;�v�b=|v�-uub�;7�
-|�|_;�=buv|��bm|;ubm]�vb|;v�bm�|_;�"-_;Ѵ��om;�vo�|_�o=�|_;�"-_-u-�0��
ƓŋѶ���]�v|�Ől;7b-m�7-|;Ĺ�Ɣ���]�v|őĺ�$_;�bm7b�b7�-Ѵv�lo�;7�0;|�;;m�
v;�;u-Ѵ�Ѵo1-|bomv��_;u;�|_;���;u;�v|-|bom-u��=ou�;�|;m7;7�r;ubo7v�
Őƻƒ�7-�vő�o=�|bl;�7�ubm]�|_;�mom0u;;7bm]�r;ubo7ķ�-m7�ruoѴom];7�|bl;v�
�;u;�vr;m|�bm�-u;-v�bm�|_;�"-_;Ѵ��om;ķ�1;m|u-Ѵ��=ub1-�7�ubm]�|_;�bmb|b-Ѵ�
r-u|�o=�|_;��bm|;uķ�-m7�|_;u;-=|;u�bm�1;m|u-Ѵ�-m7�vo�|_;-v|;um��=ub1-�
bm��b7�bm|;u�Ő
b]�u;�ƒőĺ��m�vrubm]ķ�v;�;u-Ѵ�o=�|_;�v�b=|v��;u;�v|-|bomŊ
-u��=ou�-�v_ou|�r;ubo7�o=�|bl;�bm�);v|��=ub1-�0;=ou;�|_;��1uovv;7�|_;�
"-_-u-�mou|_�|o�|_;�0u;;7bm]�-u;-�Ő
b]�u;�ƒőĺ

ƓՊ |Պ	�"�&""���

ƓĺƐՊ|Պ"�u�b�-Ѵ�ruo0-0bѴb|b;v�=ou�-7�Ѵ|�v�b=|v

"�b=|�-u;�Ѵom]ŊѴb�;7�0bu7vķ�-m7�bm7;;7ķ�|_;�v�u�b�-Ѵ�o=��ro7b=oul;v�
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;uuo� ş� �o-moķ� ƐƖƖѶĸ� �-vo;uoķ� $-lb;||bķ� �o-moķ� ş�
�-ruboķ�ƑƏƐѵőĺ��m�|_bv�v|�7�ķ��;�=o�m7�-�l;-m�-mm�-Ѵ�v�u�b�-Ѵ�vblbŊ
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-�_b]_�r_bѴor-|u��-m7�=b7;Ѵb|��|o�|_;bu�0u;;7bm]�1oѴom�ķ�-m7�;�;m�|o�
|_;�vbm]Ѵ;�m;v|�Ő�o-mo�;|�-Ѵĺķ�ƐƖƖƒĸ��-1hķ�ƐƖƔѵĸ�);b|m-�;uķ�ƐƖѶƏőĺ�
�;m1;ķ�|_;�7b==;u;m1;�bm�;v|bl-|;v�u;Ѵ-|;7�|o�bm7b�b7�-Ѵv�lo�bm]�|o�
o|_;u�vb|;v�v_o�Ѵ7�0;�lbmbl-Ѵĺ

$_;�_b]_;u�l;-m��-Ѵ�;�u;rou|;7�0���-bѴѴb;�-m7��u;;m�ŐƐƖѶƕő�=ou�
�ollom�"�b=|�bv�ruo0-0Ѵ��7�;�|o�|_;�=-1|�|_-|�|_bv�v|�7��bv�om;�o=�
|_;�=;��|-hbm]�bm|o�-11o�m|�u;1o�;ub;v�o�;u�|_;�;m|bu;�vr;1b;v�u-m];�
-m7�mo|�omѴ��=uol�Ѵb�;�u;1-r|�u;v�-|�-�vbm]Ѵ;�1oѴom�ĺ��m�;==;1|ķ�-�vblŊ
bѴ-u� u;1o�;u�� -m-Ѵ�vbv� 0��	o0vom� ŐƐƖƖƏő� o0|-bm;7� -� Ѵo�;u� v�u�b�-Ѵ�
�-Ѵ�;�ŐƏĺƕѵőĸ�|_;�v-l;��-Ѵ�;v�o0|-bm;7�0���;0u;|om�;|�-Ѵĺ�ŐƐƖƖƑő�-m7�
$_olvom�;|�-Ѵĺ�ŐƐƖƖѵő��b|_�Ѵb�;�u;1-r|�u;v�-m7�|_;�v�u�b�-Ѵ�;v|bl-|;v�
=ou��-ѴѴb7�"�b=|�-u;�v|ub1|Ѵ��1olr-u-0Ѵ;�ou�;�;m|�-ѴѴ��-�0b|�Ѵo�;u�Ő0�|�
mo|�v|-|bv|b1-ѴѴ��vb]mb=b1-m|ő�Ő$-0Ѵ;�Ɠőĺ
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$_;��mb=oulb|��o=�v�u�b�-Ѵ��-Ѵ�;v�=o�m7�0o|_��b|_bm�7b==;u;m|�Ѵ-|Ŋ
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ƓĺƑՊ|Պ)bm|;ubm]�-u;-v�-m7�lo�;l;m|�o=�
common and pallid swifts
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|_-|�|_;�0bu7v�r;u=oul;7�|_;bu�lb]u-|bom�;-uѴb;u� bm�-�|�lm�-v�1olŊ
r-u;7� |o�lou;� mou|_;um� ror�Ѵ-|bomv� Őܲh;vvom� ;|� -Ѵĺķ� ƑƏƐƑķ� ƑƏƐѵĸ�
�;7;mv|uक़l�;|�-Ѵĺķ�ƑƏƐѵő�-m7�|_-|�|_;bu�=bm-Ѵ��bm|;u�7;v|bm-|bom��;u;�
Ѵo1-|;7�=�u|_;u�|o�|_;�vo�|_;-v|� bm��=ub1-� Ő
b]�u;�ƒőĺ�$_;� Ѵo1-|bomv�
o=�|_;�mom0u;;7bm]�-u;-v��;u;�=�u|_;u�|o�|_;�;-v|�-v�1olr-u;7�|o�
1ollomv�v�b=|v�|u-1h;7�=uol�0u;;7bm]�vb|;v�bm��;ul-m��Ő);ѴѴ0uo1hķ�
�-�1_ķ� !o�l-mķ� ş� )b||;ķ� ƑƏƐƕőĺ� $_;� �ollom� "�b=|vķ� lou;o�;uķ�
;�rѴou;7�v;�;u-Ѵ�];o]u-r_b1�-u;-v�7�ubm]�v|-|bom-u��r;ubo7v�bm�v�0Ŋ
"-_-u-m��=ub1-�om�|_;bu��-��|o�|_;�=bm-Ѵ��bm|;u�7;v|bm-|bomvķ��b|_�|_;�
=buv|�v|orv�Ѵ-v|bm]�Ɛŋƒ��;;hv�o11�uubm]�bm�|_;�"-_;Ѵ��om;ĺ��o�;�;uķ�
7�ubm]� lb7�bm|;u� bm� �o�;l0;u� |o� 
;0u�-u�� |_;� �ollom� "�b=|v�
=uol� o�u� v|�7�� 1oѴom�� -Ѵvo� ;�ru;vv;7� vol;�_-|� lou;� mol-7b1�
;�rѴou-|ou��lo�;l;m|vķ��b|_�v|-|bom-u��r_-v;v�lb�;7��b|_�lo�;Ŋ
l;m|� r_-v;vķ� -v� 1olr-u;7� |o� �ollom� "�b=|v� |u-1h;7� bm� "�;7;m�
Őܲh;vvom�;|�-Ѵĺķ�ƑƏƐƑőĺ�$_;��-ѴѴb7�"�b=|v�7;r-u|�om�-�|�lm�lb]u-|bom�

$���� �ƓՊ�rr-u;m|�v�u�b�-Ѵ�;v|bl-|;v�=ou��ollom�-m7��-ѴѴb7�"�b=|v�Őo0|-bm;7��b|_�u;1o�;ub;v�ou�u;|ub;�-Ѵvő�bm�7b==;u;m|�1o�m|ub;v

�o�m|u� Years Φ (±SEő N Model Authors

�ollom�"�b=|Ō�ѴѴ�u;1o�;ub;v

ŐƐő��u;-|��ub|-bm ƐƖƔƓŋƐƖѵѵ 0.79 162 � �;uubmv�ŐƐƖƕƐő

ŐƑő��u;-|��ub|-bm 1956–1975 ƏĺѶƐ�Ƽ�Əĺƒ-Ք ƑķƔѶƕ Φ| �-bѴѴb;�-m7�
�u;;m�ŐƐƖѶƕő

Őƒő��u;-|��ub|-bm 1966–1978 Əĺƕѵ�Ƽ�Əĺƒ 111 � 	o0vom�ŐƐƖƖƏő

�ollom�"�b=|Ō�o1-Ѵ�Ѵb�;�u;1-r|�u;

�ŐƐő��u;-|��ub|-bm 1958–1968 ƏĺѶƓ 60 � �;uubmv�ŐƐƖƕƐő

ŐƑő��u;-|��ub|-bm ƐƖƔƓŋƐƖƖƒ Əĺƕѵ�Ƽ�ƏĺƏƑ-Ք Ō Φ| $_olvom�;|�-Ѵĺ�ŐƐƖƖѵő

Őƒő�
u-m1;�Ő]oo7ő 1982–1989 Əĺƕѵ�Ƽ�ƏĺƏƓ 88 Φe �;0u;|om�;|�-Ѵĺ�ŐƐƖƖƑő

Őroouő ƏĺѵƑ�Ƽ�ƏĺƏѶ 39 Φe

ŐƓő�
u-m1;�Ő]oo7 1982–1993 ƏĺƕѶ�Ƽ�ƏĺƏƒ Ō Φe (b-ѴѴ;=om|�;|�-Ѵĺ�ŐƐƖƖѶő

Őroou�Ɛő ƏĺѵƔ�Ƽ�ƏĺƏƔ Ō Φe (b-ѴѴ;=om|�;|�-Ѵĺ�ŐƐƖƖѶő

Őroou�Ƒő ƏĺƔƑ�Ƽ�ƏĺƏѵ Ō Φe (b-ѴѴ;=om|�;|�-Ѵĺ�ŐƐƖƖѶő

ŐƔő��|-Ѵ��Ő]oo7ő 2001–2012 ƏĺƖƏ�Ƽ�ƏĺƏѵ ƑƕƓ Φe $_bv�v|�7�

Őroouő ƏĺƔƖ�Ƽ�ƏĺƏѵ Φe

0.78-Ք Φ|

�-ѴѴb7�"�b=|Ō�o1-Ѵ�Ѵb�;�u;1-r|�u;v

Őѵő��b0u-Ѵ|-u�Ő&�ő ƏĺƕƓ Ō � 
bmѴ-�vom�ŐƐƖƕƖő

Őƕő��ou|�]-Ѵ�Ő]oo7ő 1990–1996 0.86 135 Φe �ov|-�-m7��Ѵb-v�ŐƐƖƖѶő

Őroouő 0.75 Φe �ov|-�-m7��Ѵb-v�ŐƐƖƖѶő

ŐѶő��|-Ѵ� 1987–1992 Əĺƕѵ�Ƽ�ƏĺƏѵ 78 Φc �o-mo�;|�-Ѵĺ�ŐƐƖƖƒő

ŐƖő��|-Ѵ��Ő]oo7ő ƐƖѶƓŋƐƖƖƑ ƏĺѶƓ�Ƽ�ƏĺƏѵ 106 Φe $_bv�v|�7�

Őroouő ƏĺѵƑ�Ƽ�ƏĺƏƔ Φe �ov|-�-m7��Ѵb-v�ŐƐƖƖѶő

0.72-Ք Φ|

ŐƐƏő��|-Ѵ� 2002–2012 ƏĺƕƐ�Ƽ�Əĺƕ 82 Φc $_bv�v|�7�

Note: Nķ�m�l0;u�o=�7b==;u;m|�bm7b�b7�-Ѵ�ubm];7ĺ�"�u�b�-Ѵ�;v|bl-|;v�0����"�lo7;Ѵv�Φtķ�|bl;Ŋ7;r;m7;m|�lo7;Ѵĸ�Φ1ķ���"�1omv|-m|�lo7;Ѵĸ�Φ;ķ�lo7;Ѵ�
7;r;m7bm]�om�;==;1|�ŐľroouĿ�ou�ľ]oo7Ŀ�1Ѵbl-|;�-m7ņou�1oѴom��1om7b|bomv�-11ou7bm]�|o�|_;���|_ouvő�-m7�0���-Ѵ7-m;�ŐƐƖƔƔő�l;|_o7�Ő�ő�-vv�lbm]�
1omv|-m|�v�u�b�-Ѵ�-m7�1-r|�u;�ruo0-0bѴb|b;vĺ
-��;u-];�o=�7b==;u;m|�-mm�-Ѵ�v�u�b�-Ѵ�;v|bl-|;v�0-v;7�om�Φt model. 
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l�1_�Ѵ-|;u�|_-m�|_;��ollomv�"�b=|v�-m7��bѴѴ�|_;u;=ou;�-uub�;�|o�|_;�
�bm|;ubm]�-u;-v�bm��;v|;um��=ub1-�l�1_�Ѵ-|;uĺ�$_;��-ѴѴb7�"�b=|v��bѴѴķ�
=�u|_;ulou;ķ�r;u=oul�l�1_�v_ou|;u�bm|;u|uorb1-Ѵ�lo�;l;m|v�7�ubm]�
�bm|;u�|_-m�|_;��ollom�"�b=|vĺ�$_;v;�lo�;l;m|v�0���-ѴѴb7�"�b=|v�
=uol�o�u�v|�7��1oѴom��-u;�ru;v;m|;7�bm�7;|-bѴ�bm��ou;�bh�;|�-Ѵĺ�ŐƑƏƐƖőķ�
v_o�bm]�v|orv�bm�|_;�"-_;Ѵ��om;ķ�0�|�-Ѵvo�v_b=|v�bm�-u;-��v;�=oѴѴo�Ŋ
bm]� |_;� Ѵo1-Ѵ� u-bm� r-||;umv� |o�-u7� vo�|_� bm� �bm|;uĺ� �o|_� vr;1b;v�
vr;m7�lov|�o=� |_;bu�mom0u;;7bm]�r;ubo7�om� |_;��bm]� Ѵ-v|bm]��r� |o�
ƐƏ� lom|_v� =ou� |_;� �ollom� "�b=|� Ő�;7;mv|uक़l� ;|� -Ѵĺķ� ƑƏƐѵő� -m7�
Ɣ�lom|_v�=ou�|_;��-ѴѴb7�"�b=|�Ő�;7;mv|uक़l�;|�-Ѵĺķ�ƑƏƐƖőķ�u;vr;1|b�;Ѵ�ĺ

$_;� omѴ�� ru;�bo�v��ouh� |_-|� v�]];v|v��_;u;� |_;� mou|_� �|-Ѵb-m�
�ollom�"�b=|v�vr;m7�|_;bu��bm|;u�rov;�om�-m�bm7bu;1|�;v|bl-|bomķ�
1ouu;Ѵ-|bm]�|_;�m�l0;u�o=�v�b=|�r-buv�1;mv�v;7��b|_�|_;�robm|�1o�m|�
l;|_o7� bm��ol0-u7���b|_��=ub1-m�1Ѵbl-|;� bm7;�;vĺ�$_;�-�|_ouv�o=�
|_bv�v|�7��bm=;uu;7�|_-|��ollom�"�b=|v�]o�|o��_-m-ķ�bm�);v|��=ub1-�
Ő�l0uovbmbķ��uboѴbķ��-vvblbmoķ�ş��-mbķ�ƑƏƐƐőĺ�$_bvķ�_o�;�;uķ�v;;lv�
|o�1om|u-v|��_-|�bv�hmo�m�om�|_;��bm|;ubm]�o=��ollom�"�b=|�Ő	;Ѵ�
�o�oķ� �ѴѴbo|ķ� ş� "-u]-|-Ѵķ� ƐƖƖƖőķ� -m7� 7b==;uv� 1omvb7;u-0Ѵ�� =uol� o�u�
7-|-� ru;v;m|;7� _;u;� 1oѴѴ;1|;7� �b|_� ];oѴo1-|ouvĺ�);� v�]];v|� |_-|�
|_;�bm7bu;1|�l;|_o7�;lrѴo�;7�0���l0uovbmb�;|�-Ѵĺ�ŐƑƏƐƐő�1-mmo|�0;�
v-=;Ѵ���|bѴb�;7�|o�;v|bl-|;��bm|;ubm]�-u;-v�o=�v�b=|vķ�0�|��;�v_o�Ѵ7�
bm� |_;� =�|�u;�ru;=;u-0Ѵ�� u;Ѵ��om� |u-1hbm]�7-|-�v�1_�-v� |_ov;�0-v;7�
om�];oѴo1-|bom�ru;v;m|;7�_;u;�|o�bm=;u�mom0u;;7bm]�-u;-v�=ou�v�b=|v�
-m7�o|_;u�lb]u-|ou��vr;1b;vĺ
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Supplementary material 
 

Table S1 - Number of individual Pallid and Common Swifts breeding adults released (newly ringed 

or controlled) each year.  

________________________________________________________________________________ 

Apus pallidus 

YEAR  1984  1985  1986  1987  1988  1989  1990 1991 1992 
Realesed 23 11 8 6 23 29 27 35  32 
 

YEAR  2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Realesed  6 3 2 6 8 19 0 6 9 18 27 
 

Apus apus 

YEAR  2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Realesed 25 9 28 34 21 36 41 3 38 60 49 79 
________________________________________________________________________________ 
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Table S2 - Pallid Swift Apus pallidus, period 1984-1992. Annual parameter values after the model 

Ф {(Sahel “very dry” vs “other” years) p(t)}. Ф = survival probability; p = recapture probability; 

SE = Standars error; LCL = lower confidence limit;  UCL = upper confidence limit. 

 

Label Estimate SE LCL UCL 
Ф (very dry years) 0.621 0.055 0.509 0.721 
Ф (other years) 0.837 0.061 0.681 0.925 
p (1985) 0.345 0.135 0.140 0.630 
p (1986) 0.082 0.080 0.011 0.419 
p (1987) 0.253 0.133 0.078 0.574 
p (1988) 0.662 0.155 0.336 0.884 
p (1989) 0.653 0.113 0.415 0.833 
p (1990) 0.703 0.095 0.492 0.853 
p (1991) 0.881 0.103 0.518 0.981 
p (1992) 0.729 0.155 0.366 0.926 
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Table S3 - Pallid Swift Apus pallidus, period 2002-2012, annual parameter values after the model 

Ф(c) p(t). Ф = survival probability; p = recapture probability; SE = Standard error; LCL = lower 

confidence limit; UCL = upper confidence limit. 

 

Index Label Estimate SE LCL UCL 
1 Ф 0.715 0.075 0.550 0.838 
2 p2003 0.000 0.000 0.000 0.000 
3 p2004 0.000 0.000 0.000 0.001 
4 p2005 0.000 0.000 0.000 0.001 
5 p2006 0.000 0.000 0.000 0.000 
6 p2007 0.656 0.235 0.198 0.936 
7 p2008 0.000 0.000 0.000 0.015 
8 p2009 0.086 0.088 0.010 0.462 
9 p2010 0.252 0.150 0.066 0.616 

10 p2011 0.304 0.156 0.093 0.650 
11 p2012 0.360 0.146 0.140 0.661 
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Table  S4 - Pallid Swift Apus pallidus, period 2002-2012. Annual parameter values after the model 

{Ф(“very dry” vs “other” years) p(t)}. Ф = survival probability; p = recapture probability; SE 

= Standard error; LCL = lower confidence limit;  UCL = upper confidence limit. 

 

Label Estimate SE LCL UCL 
Ф (very dry years) 0.589 0.157 0.287 0.836 
Ф (other years) 0.868 0.221 0.129 0.997 
p (2003)   0.000 0.000 0.000 0.194 
p (2004) 0.000 0.000 0.000 0.034 
p (2005) 0.000 0.000 0.000 0.104 
p (2006) 0.000 0.000 0.000 0.569 
p (2007) 0.918 0.480 0.000 1.000 
p (2008) 0.000 0.000 0.000 0.001 
p(2009) 0.100 0.104 0.011 0.515 
p (2010) 0.233 0.142 0.060 0.591 
p (2011) 0.243 0.150 0.061 0.614 
p (2012) 0.391 0.172 0.134 0.726 
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Table S5. Common Swift Apus apus, annual parameter values estimate according the model 

{Ф(ONI) p(t)}. Ф = survival probability; p = recapture probability; SE = Standard error; LCL 

= lower confidence limit; UCL = upper confidence limit. 

 

Index Label Estimate SE LCL UCL 
1 Ф2001 0.795 0.05 0.68 0.87 
2 Ф2002 0.900 0.06 0.72 0.97 
3 Ф 2003 0.855 0.06 0.70 0.94 
4 Ф 2004 0.875 0.06 0.71 0.95 
5 Ф 2005 0.682 0.04 0.61 0.75 
6 Ф 2006 0.884 0.06 0.71 0.96 
7 Ф 2007 0.521 0.09 0.35 0.69 
8 Ф 2008 0.682 0.04 0.61 0.75 
9 Ф 2009 0.938 0.05 0.73 0.99 

10 Ф 2010 0.563 0.07 0.42 0.7 
11 Ф 2011 0.682 0.04 0.61 0.75 
12 p2002 0.047 0.05 0.00 0.34 
13 p2003 0.378 0.12 0.19 0.61 
14 p2004 0.320 0.1 0.16 0.53 
15 p2005 0.115 0.05 0.04 0.27 
16 p2006 0.247 0.08 0.12 0.44 
17 p2007 0.358 0.09 0.21 0.54 
18 p2008 0.049 0.04 0.01 0.21 
19 p2009 0.362 0.12 0.17 0.62 
20 p2010 0.288 0.08 0.16 0.46 
21 p2011 0.281 0.08 0.16 0.45 
22 p2012 0.717 0.12 0.43 0.89 
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Table S6: Analyses of Deviation (ANODEV) 
 
Pallid Swift, Carmagnola (Turin), 1984-1992 
 
Global Model: {Ф(t) p(t)}                                                                                                                                      
Constant Model: {Ф(c) p(t)}                                                                                                                                      
Covariate Model: {Ф(Sahel “very dry” vs “other” years) p(t)}                                                                                                                                            
 
Source              df       Dev    Mean Dev     F      P      
============================================================= 
Uncorrected Total   15     87.939  
Grand Mean           9     77.890 
Corrected Total      6     10.049 
Total Covariate      1      5.595      5.595   6.2802  0.0541 
Error                5      4.454      0.891 
============================================================= 
 
 
 
Pallid Swift, Carmagnola (Turin), 2002-2012  
 
Global Model: {Ф(t) p(t)}                                                                                                                                      
Constant Model: {Ф(c) p(t)}                                                                                                                                                
Covariate Model: {Ф(Sahel “very dry” vs “other” years) p(t)}                                                                                                                              
 
Source              df      QDev   Mean QDev     F      P      
============================================================= 
Uncorrected Total    9     30.015  
Grand Mean           6     26.728 
Corrected Total      3      3.287 
Total Covariate      1      0.566      0.566   0.4164  0.5849 
Error                2      2.720      1.360 
============================================================= 
 
 
Common Swift, Castellaro (Modena), 2001-2012 
 
Global Model: {Ф(t) p(t)}                                                                                                                                      
Constant Model: {Ф(c) p(t)}                                                                                                                                      
Covariate Model: {Ф(la Nina years) p(t)}                                                                                                                                         
 
Source              df      QDev   Mean QDev     F      P      
============================================================= 
Uncorrected Total   18    134.198  
Grand Mean          12    123.723 
Corrected Total      6     10.475 
Total Covariate      1      7.569      7.569  13.0210  0.0154 
Error                5      2.906      0.581 
============================================================= 


