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E�A {�D�Â�G�A�����'�,��&��(�3��a��/ ���(0�)
{�|MAC�
��A	� }~�����;~�;����;�����~������;���;������;����

��



��������	�
��������	����
��
���������
������������
	��	����	��� �����������
���� �
	���
������!�����
���
�"��
���	���	�����#�	�������
$���%�� ��	�
���������������
��
�&������$�
������������'�	����
���	
���������#�	����	�������	��$�����%����$����� (���
��	���������������	�������
���
���	����)*������������	������
��	������	��$�����%�	
���	��
 ������+,-.+./01�
	��	����	��	������ �
���������
��	���������2�����))����%� �
	���3�����
���
�������
�� ����	�
���	��
��
����������������4��������	���	�������	���	
5���	������
�
�����'�
����4�����
�����
	��	�
	������#�	�����
���!����$�� �	
5���3�����$��������
���	���	�
$��	��� ����6!��	��
������
	���
	�$�	�������)���� �
����7
		
���)*�����	��������������
���	�))������� ����8�
�9:�����;; ; ;;#�	�����
�
 �<����
	����	������='�� ��
������*=3��	>��
���������?����)������������ ���
����
��������@�������A�

��B�*C9
���������A�

���C9����������
������
���	�
��& &�
��	����������
���
��� ��D�	�����7���!D��� 	���)���	 �)B����������	��������������E
�	��
�
�	�����������������������������	�
��
�
����
	� ����������������&
���		
��
�����	�$���?���	
�����
��
���������
��� ��	�
����	�����*�����������)���
��)B���������������������� ��3���������	�
������
��	���
�����������
���
�"��
���	��
$��
�
�
	�����
���������� $����
����������	�����
���
���	���������	�����	�
���
��	��������������� 
�
	��
�������	���	
5�����	�������	������	 ��
��� �.FG8
�; ;��
��������HFIFJ.-K,L.MNOMMPQ-M+./3���
6��
����� ��$�	�'�	��
�
$

����
	� ��	�
�������	
��
����	���R ��$�	
�

�
�	
��
����@�������
�
6������*�R��$�	
������	
��
���
����������
���
����� ��$�	�����
�� ��������	��
�����
6����� ��8
%
	
��
������S�$������������
�
�8
����
	
��
�������
������� �����#�����
6��
����� ��$�	���6����������
���������
������� ��#�������������
$����������	������	 �)B��
��)*��������	
��
���
��"R����	��
��	������	�������� �
	�� ��'�
#��������4���������6�������
6��
����� ��$�	������
$��������� B�R
��B��C9
�� ��R
�����C9�3��
���
����� ��$�	�����)����
������������6�������
6����
��B�*C9���������	
��
�� �����������R������6!&�������
6����
�����C9�3�������������
���
����� ��$�	
���	����	�������	������
������
	��	��
������������
	������

�6������ �
6���� � ��������
�� � ����	���	 #�	��#������������C9��'���	���	���$�	 �����	
��
����������
	� �))������&���� ��$�	�������	E
�	��
�
������������C9��������	��
���
$�	
������	�
����	���	8���
��8������
�
� ��#���8�3�����
�
���������
���������������� ��$�	�E
�	��
�
�
��
�� ���������	�������	����������)B��
��)*���T���$�	�����
	��	��
�6��������	���	�����
���������������� ��$�	��	���	8���
��
�����
�%��	���$�	 �	���� �
	������
�����
�
����	�����������	��
	
��
�������
��������	���������	�������������
�����
�����	�
����	
5���	����	��8������
�
�;#���8B���������$��$���U���
	��
�	�
��������	���)����
��������������	���)�����)�*
��
���������
��	 
� ����$���	����	������)*��
�(�))���3
��
 ; ;��
������������������
����� $����
�������#�	����$�	������R��)��
��)����������������R��))*�&U���
	������
��U�	�
�
��������������	������)��������
!���������
����� �
	��
��	�������
�4�
�� �
	�������������� ��$�	����������	�����	���	#�	���B�R ��	���� ��
��<�����
����������	#�	�����R��V�	�
�

�����	�(��	8�E
�	��
�
� �
�
	�������������� $����
���
�#����*
�)����	����� ����
�	�
�
��
�������������	
���9�
���
������*�

WXYZ[\Z�'����� ��$�	�R�
������ �A�
�����	����������	���
���	����7��
������	����U������!�	
5���6�����	���������3������ ����
	�������
$�	
���
����
�����	���	
����	
5�������
�����
���
�����������C9����������� ����������������	�%������
��'
	��	���		��� ��	����	
�����	����

WXYZ[]Z3������ ��$�	��	�
��������
�
�	�� ���)���))���
�� #���) &�����<���
����"������
�� �����<��
� �������
	��������6������& ^�
6�������� ��$�	
�
��������	
��
��� �
����	�� �
!8
%
	
��
������������� ��3���6�������
6������$�	����$���		���� �
	���))����"�����#���� &�	�������	 ��	����)B��))"�	
��
��"�R����	��
�))����"�
������	���& &�)���)�)�	
��
���BR�����	��
�))����"��& &

_F̀O1/a0.a1KF bcdefgh;ci;jekl;mfnkecfopfqr;stt;uvwsxy;szst

sv



���������	
����
�����
������������������������������������������	�
�����
���������� � !"##$
��%&'��������������(�)��������������������*�������+�����)�����������������+��(���������������������������������+��(������������#�����������������$�&,������*��� �����(���������������������� �����-���������+��������������+��������*����*������������(�����������%���*���������*�����������������.������
����$����*�������������������������������������������*�����������&�*���������+��(���������+�������������( ���-/ // /$
&"���������+�������������(���$ &���������%0�1����������
��
2����������������������������������$�+��*��&����������������)���������+�(��������������������������������#���������������������%��$ ��������������&�'����$�&������������(�����������������������������������������0���2���������34#������+������������

5*��+�����	6����0�$ &�!�'7�7�8�7����65����������9��.���.�
���������� ����((�������
$ &�2���- :�������;��������6��������(�����
���������

5 ��1����$#�������6��������<(���&�������������+���������.����*���������+������������.�������������+��605�2�����.�������������������(����������+��������������3���$#�������	%�������<(���&�����6�5������.���05���������.�����$ &�#����;��������
�����.����������)������(���������+������#�����+���(����������������
���� ����((���������(��������������-���!�'7�7�8�7�������������(+�������������������������/ / / // /���������������$ &�:�������;��������6�=�����������
���������������������������������������(��+��(����������������������0��$ >��;&�2����)������+�(���������'�������������������'����$���(���+����������������&�����������+��(���������6�5�����������	5 ����+����? ?$ &�2�����������(��������*��+���+��(2�����������
��6 @�������A�(�����#����������������� ��BCDCEDFGHFEIEJ KDIDLEFMJDMNOPQFECD������������((�����*������������������������/ /����������(���������$ &�1�������;��������
������.�
�����������������(+���������������������������������$:�����/ /��;��������6&���������)���������+�(��������������*����������������#�����$6&2��*���������������������������������������(���*(������������������������������+��(����������$#��������A'���/#��#0&�$	&2���������.���������������*�����������������������������������������������+��(����������$ &�;�������������0�!����	����(+��(�������*�������������������*��������������$ � &�������(����������������KGJCEDJMLMODIMLJEJRDIGFHGQEJQHGCMHD���������*��+����$ &�����������*���������KDIDLEFMJDMOPQFEDCD+����������*������������������������� �BCDCEDJMLMODIRGSSENQTMHDDUHECDLD��VHMWEDXECGIGH���������$ &�=�����������
���>��������������������������*����������������+�������������@�����+����(�������������������������������(�������.��������������������'�����2������������.��������������������������������(�����+��(����������$ >�'������>��
>����#��������A &�����������������������������������'���#	�#����
$ &�������������+���+�����������9����������'���%$ &����������������������$#��������AY������)������
���/'���#	&�Z[\[]MCIELMGUDHXGHMDIXEĤJ;��+�������������
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Supplementary data 
 

 

Fig. S1. The density of woody plants per ha per canopy width (m) given separately for woody plants measured in 
the field and on Google Earth satellite images in the same 28 sites (106.5 ha), - a random selection from the 123 
sites shown in Fig. 1A. The frequency is similar for woody plants with a diameter of 3 m or more (R=0.993, N=11, 
P<0.00001), but woody plants of 1 and 2 m were overlooked on the satellite images. Note log scale is used on Y-
axis. Regression lines are calculated for trees with diameters of 3-13 m; smaller trees were overlooked on the 
images and trees wider than 13 m were too rare to provide reliable data. These data emerged from a preliminary 
analysis of images which showed that only a fraction of the shrubs Leptadenia pyrotechnica and Calotropis 
procera were detected on satellite images. All other data used in this paper (Figs. 7 - 9, Suppl. data: Table S3 – S7) 
took account of this finding. 
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Fig. S2. Loss of woody vegetation between 31 January 1968 (A; Corona satellite photo) and 11 May 2010 (B; © 
Bing Map Microsoft|Here) in SW Mauritania at 15.776°W and 16.973°N. In 1968, woody cover was relatively 
sparse on the dunes and dense in the valleys, but the difference was not large. In 2010, the dunes (white) were 
bare and the valleys had only a few scattered trees (grey); most trees were still found on the slopes and especially 
in the depressions along the slopes. The woody cover in this region (15.5-16.0°W and 16.5-17.5°N) amounted to 
13% (range 2-42%) in 1968 and 5% (0-13%) in 2013-2016 (averages and ranges based on 93 circular plots; see Fig. 
8A for position).  

A B 



3 
 

 

Fig. S3. Google Earth 
images from plot #263, a 
circle (radius 100 m) at 
17.256°N and 15.956°W 
from (A) 19 May 2003 
and (B) 11 May 2016.  

The few larger trees in 
2003 are marked with a 
yellow circle. The same 
circles are also indicated 
in the 2016-image to 
show that most are still 
present but have not 
grown in width. 

Small Leptadenia 
shrubs (canopy width ≤ 
2m), still present with 
382/ha in 2003, have 
declined to 159/ha in 
2016, but at the same 
time woody plants with a 
canopy surface of 4-8 m2 
have come into 
existence. As a 
consequence, the total 
density of woody plants 
has declined from 
390/ha to 208/ha, but 
the woody cover has 
increased from 5.6 to 
6.3% in the course of 13 
years.  

 
 

A 

B 
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Fig. S4. Google Earth 
images from plot #268, a 
circle (radius 100 m) at 
17.125°N and 15.929°W 
from (A) 24 June 2003 
and (B) 11 May 2016. The 
square structures are 
small houses.  

All large woody plants in 
2003 are marked with a 
yellow circle. The same 
circles are also indicated 
in the 2016-image to 
show that 38 of the 147 
woody plants have 
disappeared (a total loss 
of 417 m2 or 1.3% of the 
woody cover). 

However, the remaining 
trees have grown, from, 
on average, 17.2 m2 to 
29.2 m2 canopy surface 
per tree. As a result, the 
total woody cover has 
increased from 8.1 to 
10.1% in the course of 13 
years. 
 

 
 

A 

B 
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Fig. S5. Change in the woody cover between 2002-2004 and 2014-2016 (both determined for circular plots (see 
Fig. 8A) using Google Earth or Bing satellite images) given as a ratio; note that a log-scale is used on the Y-axis; 
<1 is decline, >1 is increase of woody cover during the intervening period. There is no relation between change 
in woody vegetation and latitude in Senegal (R=+0.02, n=40), but the trend is significantly negative for the 49 
plots in Mauritania due to a decline of woody cover in the southern Sahara Desert but a considerable recovery 
in southern Mauritania near the Senegal River. 
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Fig. S6. Split-half method applied on the 390 circular plots used to construct the three maps in Fig. 8 (15 - 16°W 
and 15.25 - 18°N). The upper and lower row of the three maps are based on 195 odd and 195 even plots after 
ranking according to latitude. Grey dots indicate the position of the plots. The split-half maps differ in detail from 
the maps based on all plots (Fig. 8), but their average woody cover is the same. 
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Fig. S7. Woody cover (%) in (A) 1965-1972 (based on Corona photos) and (B) 2013-2016 (Google Earth and Bing 
images) as a function of the nearest borehole, based on measurements in 97 circular plots (for location see Fig. 
8A) around 11 boreholes in the Ferlo (Amali, Belil Bogal, Bouteyni, Diaglé, Gamine, Mbidi, Niassante, Tatki, 
Tessekré, Widou Thiengoly and one between Niassante, Tatki and Widou Thiengoly of which we do not know 
the name). (C) Change in the woody cover between 1965-1972 and 2013-2016 given as a ratio; note log-scale is 
used on Y-axis; <1 is decline, >1 is increase of woody cover during the intervening period. 
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Fig. S8. The partly treeless surroundings of Tatki (16.220°N and 15.279°W). Note the numerous paths radiating 
from the borehole due to the intense traffic of donkey carts with water containers and the movements of 
livestock herds to and from the watering point. 
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Table S1. Sites visited in the field, with date, coordinates, number of transects and total surface where bird and 
woody plants were counted, bird density (n/ha) and woody cover (%). 

site date north west transects ha birds/ha 
woody 

cover, % remarks 
w05 11-1-2014 15.9226 -15.2841 3 5 1.80 6.90  
w05e 11-1-2014 15.9279 -15.2876 1 2.1 7.14 7.29 exclosure Widou 
w06 12-1-2014 15.9267 -15.2758 3 5.25 9.90 10.24  
w06e 12-1-2014 15.9306 -15.2799 1 3.38 50.30 7.14 exclosure Widou 
w07 12-1-2014 15.9461 -15.2778 3 4.25 10.12 7.48  
w07e 12-1-2014 15.9447 -15.2855 1 5 13.60 5.93 exclosure Widou 
w08 12-1-2014 15.9654 -15.2876 3 4.85 7.78 4.67  
w08e 12-1-2014 15.9622 -15.2904 1 5 11.80 6.42 exclosure Widou 
r60 11-1-2014 16.2969 -15.3596 10 15 1.47 1.75  
r67 13-1-2014 16.2387 -15.4535 10 16.25 2.03 3.47  
m30 20-12-2014 18.0503 -15.8119 3 4.5 0.00 1.69  
m31 20-12-2014 18.0004 -15.6526 3 4.5 12.00 2.66  
m32 20-12-2014 17.9505 -15.5021 3 3.75 0.00 4.59  
m33 20-12-2014 17.9000 -15.3146 3 4.5 0.00 0.25  
m34 20-12-2014 17.8503 -15.2052 3 4.5 0.00 0.16  
m35 19-12-2014 17.8003 -15.1061 3 9.5 1.16 4.40  
m36 19-12-2014 17.7492 -15.0163 3 4.5 0.00 1.61  
m37 19-12-2014 17.6998 -14.9140 3 4.5 0.00 5.20  
m38 19-12-2014 17.6501 -14.8220 3 4.5 2.00 2.12  
m39 19-12-2014 17.6013 -14.7636 3 4.25 0.71 3.60  
m40 19-12-2014 17.4999 -14.7369 3 4.5 3.78 2.27  
m41 19-12-2014 17.4499 -14.7809 3 4.5 0.00 1.19  
m42 19-12-2014 17.3999 -14.8374 3 4.5 0.22 1.02  
m43 19-12-2014 17.3502 -14.8842 3 4.5 45.33 8.46  
m44 19-12-2014 17.3001 -14.9369 3 4.5 0.22 0.49  
m45 19-12-2014 17.2499 -14.9876 4 5.75 1.57 0.90  
m46 19-12-2014 17.2002 -15.0362 3 4.5 2.44 2.48  
m47 19-12-2014 17.1515 -15.0669 3 4.5 20.89 2.12  
m48 18-12-2014 17.0992 -15.1224 3 4.75 0.00 1.65  
m49 18-12-2014 17.0478 -15.1568 3 4.5 13.33 5.70  
m50 18-12-2014 16.9998 -15.1993 3 4.5 0.22 0.15  
m51 18-12-2014 16.9501 -15.2802 3 4.5 2.44 0.13  
m52 18-12-2014 16.9529 -15.3799 3 3.5 1.71 8.28  
m53 18-12-2014 16.9998 -15.4457 3 4.5 1.56 3.30  
m54 18-12-2014 17.0385 -15.5126 3 4.5 0.44 4.47  
m55 18-12-2014 17.0001 -15.5632 3 4.5 3.78 4.36  
m56 18-12-2014 16.9508 -15.6400 3 4.5 6.67 10.54  
m57 17-12-2014 16.8991 -15.6671 3 4.5 2.00 3.58  
m58 17-12-2014 16.8506 -15.7195 3 4.5 10.44 7.72  
m59 17-12-2014 16.7888 -15.7508 3 4.5 5.33 5.09  
m60 17-12-2014 16.7499 -15.7826 3 4.5 4.67 6.15  
m61 17-12-2014 16.7010 -15.8124 3 4.5 2.00 4.48  
m62 17-12-2014 16.6507 -15.8439 2 3 5.67 13.54  
m63 17-12-2014 16.6005 -15.8694 2 3 2.33 11.46  
r68 16-12-2014 16.4496 -15.6370 3 4.5 1.11 0.55  
r69 15-12-2014 16.4008 -15.5364 3 4.5 2.89 2.50  
r70 15-12-2014 16.3496 -15.5171 3 4.5 2.44 4.71  

  



10 
 

site date north west transects ha birds/ha 
woody 

cover, % remarks 
r71 15-12-2014 16.3001 -15.4801 3 4.5 1.56 2.86  
r72 15-12-2014 16.2503 -15.4604 3 4.5 8.67 3.54  
r73 15-12-2014 16.2048 -15.4248 3 4.5 15.11 3.55  
r74 14-12-2014 16.1525 -15.4117 4 5.55 4.32 1.79  
r75 14-12-2014 16.1008 -15.3931 3 4.5 1.56 2.89  
r76 14-12-2014 16.0504 -15.3642 3 4.5 2.00 2.63  
r77 14-12-2014 15.9999 -15.3231 3 4.5 2.22 8.04  
r79 13-12-2014 15.9000 -15.2914 3 4.5 15.11 10.72  
r80 12-12-2014 15.8505 -15.2897 1 1.5 14.00 21.98  
r81 12-12-2014 15.8001 -15.2815 3 4.5 0.00 2.13  
r82 12-12-2014 15.7500 -15.2835 3 4.5 1.78 4.13  
r83 12-12-2014 15.6998 -15.3085 3 4.5 1.33 1.71  
r84 12-12-2014 15.6499 -15.3414 1 1.5 5.33 4.28  
r85 12-12-2014 15.6002 -15.3540 4 6 6.17 0.92  
r86 12-12-2014 15.5506 -15.4194 1 1.5 15.33 12.61  
r87 12-12-2014 15.5005 -15.4221 1 0.65 20.00 7.59  
r88 11-12-2014 15.4504 -15.4276 2 3 2.33 13.42  
r89 11-12-2014 15.4007 -15.4542 1 1.5 14.00 4.62  
w05 13-12-2014 15.9226 -15.2841 3 4.5 2.89 8.52  
w05e 13-12-2014 15.9279 -15.2876 1 2.1 54.29 7.27 exclosure Widou 
w06 13-12-2014 15.9267 -15.2758 3 4.5 2.44 5.30  
w06e 13-12-2014 15.9306 -15.2799 1 3.38 16.57 4.85 exclosure Widou 
w07 13-12-2014 15.9461 -15.2778 3 4.5 2.44 2.60  
w07e 13-12-2014 15.9447 -15.2855 1 9 10.78 3.24 exclosure Widou 
w08 14-12-2014 15.9654 -15.2876 3 4.85 2.47 2.32  
w08e 14-12-2014 15.9622 -15.2904 1 9 21.44 4.81 exclosure Widou 
t01 25-2-2015 16.4997 -15.4033 3 4.5 0.67 1.54  
t02 25-2-2015 16.4502 -15.4035 3 4.5 1.11 2.92  
t03 26-2-2015 16.4053 -15.3226 3 4.5 1.56 2.68  
t04 26-2-2015 16.3623 -15.3137 3 4.5 0.67 1.53  
t05 26-2-2015 16.3150 -15.3098 3 4.5 0.00 6.16  
t06 26-2-2015 16.2650 -15.3147 3 4.5 0.67 3.47  
t07 26-2-2015 16.2456 -15.2902 3 4.5 0.67 1.68  
t08 26-2-2015 16.2375 -15.2899 3 4.5 0.22 1.00  
t09 26-2-2015 16.2313 -15.2733 3 4.5 1.56 2.47  
t10 26-2-2015 16.2286 -15.2664 3 4.5 0.00 0.72  
t11 26-2-2015 16.2310 -15.2342 3 4.5 0.44 1.62  
t12 26-2-2015 16.2299 -15.1730 3 4.5 0.44 2.18  
t13 27-2-2015 16.2313 -15.1227 3 4.5 0.67 1.88  
t1423 27-2-2015 16.2189 -15.0909 10 25 0.36 3.73 Fété-Olé 
t24 27-2-2015 16.1995 -15.0637 3 4.5 0.00 1.47  
t25 27-2-2015 16.1798 -15.0173 3 4.5 0.22 1.52  
t26 27-2-2015 16.1606 -14.9794 3 4.5 0.22 1.91  
t27 27-2-2015 16.1490 -14.9480 3 4.5 0.22 2.40  
t28 28-2-2015 16.1459 -14.9438 3 4.5 0.67 1.66  
t29 28-2-2015 16.1496 -14.9311 3 4.5 1.33 2.17  
t30 28-2-2015 16.1552 -14.9318 3 4.5 0.44 2.52  
t31 28-2-2015 16.1842 -14.9209 3 4.5 0.22 3.04  
t32 28-2-2015 16.2271 -14.9094 3 4.5 0.67 3.51  
t33 28-2-2015 16.2500 -14.8952 3 4.5 0.44 4.10  
t34 28-2-2015 16.2999 -14.8605 3 4.5 0.44 2.12  
t35 28-2-2015 16.3502 -14.8189 3 4.5 0.44 2.08  
t36 28-2-2015 16.4010 -14.8054 3 4.5 0.00 1.91  
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site date north west transects ha birds/ha 
woody 

cover, % remarks 
t37 28-2-2015 16.4501 -14.8058 3 4.5 0.89 3.44  
t38 1-3-2015 16.5001 -14.8298 3 4.5 3.56 7.56  
t39 2-3-2015 16.5000 -15.1302 3 4.5 0.22 3.58  
t40 3-3-2015 16.3530 -15.8834 3 4.5 0.00 1.16  
t41 3-3-2015 16.2508 -15.8782 3 4.5 1.78 9.65  
t42 3-3-2015 16.1497 -15.9502 3 4.5 0.22 1.91  
t43 3-3-2015 16.0498 -16.0086 3 4.5 0.67 0.87  
t44 3-3-2015 15.9502 -15.9754 3 4.5 2.22 3.63  
r68 29-10-2015 16.4491 -15.6385 3 4.5 16.89 1.33  
r69 29-10-2015 16.4001 -15.5665 3 4.5 2.67 0.19  
r70 29-10-2015 16.3498 -15.5170 3 4.5 0.89 0.80  
r71 29-10-2015 16.2999 -15.4799 3 4.5 3.78 2.75  
r72 29-10-2015 16.2504 -15.4604 3 4.5 7.33 3.20  
r73 29-10-2015 16.2053 -15.4243 3 4.5 11.56 2.00  
r74 29-10-2015 16.1528 -15.4127 3 4.5 3.33 0.97  
r75 29-10-2015 16.1007 -15.3931 3 4.5 1.33 1.77  
r76 30-10-2015 16.0503 -15.3644 3 4.5 11.11 4.81  
r77 30-10-2015 15.9999 -15.3231 3 4.5 5.11 3.04  
r79 30-10-2015 15.9004 -15.2894 3 4.5 12.67 9.59  
r80 30-10-2015 15.8612 -15.2903 3 4.5 1.33 4.71  
r81 30-10-2015 15.8001 -15.2815 3 4.5 4.89 3.36  
r82 30-10-2015 15.7500 -15.2837 3 4.5 2.67 1.47  
r83 30-10-2015 15.7008 -15.3089 1 1.5 0.00 0.53  
r84 31-10-2015 15.6499 -15.3414 1 6 18.83 0.43  
r85 31-10-2015 15.6001 -15.3549 3 4.5 15.56 3.43  
r86 31-10-2015 15.5499 -15.4198 3 4.5 5.56 2.07  
r87 31-10-2015 15.5005 -15.4221 1 0.3 0.00 54.35  
r88 31-10-2015 15.4502 -15.4274 3 4.5 2.22 1.82  
r89 31-10-2015 15.4341 -15.4361 3 4.5 4.89 8.55  
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Table S1. Woody cover (%) per latitude between 15 and 16°W, given separately for 11 latitudinal zones and for 
woody plants with a canopy diameter larger than 10, 7 and 4 m, as determined by measuring individual trees in 
390 random circles (radius 100 m; n = number of circles) on Corona satellite images (1965-1968) or Google Earth 
or Bing satellite images (2013-2016). Results of one-way analyses of variance: R2 (explained variance), P < 0.001 
***, P < 0.01 **, P < 0.05 *. Averages also shown in Fig. 9. 
 
  diameter > 10 m  diameter > 7 m  diameter > 4 m 
latitude, °N n '65/68 '13/16 R2 P   '65/68 '13/16 R2 P   '65/68 '13/16 R2 P 
15.25 - 15.50 52 0.53 0.44 0.00   1.89 1.07 0.07   3.77 2.17 0.15 ** 
15.50 - 15.75 54 1.43 1.33 0.00   3.84 2.71 0.02   6.29 4.12 0.05  
15.75 – 16.00 78 0.55 0.53 0.01   2.85 1.31 0.14 ***  5.75 2.36 0.30 *** 
16.00 - 16.25 92 0.50 0.27 0.02   2.14 0.47 0.39 ***  4.87 0.90 0.50 *** 
16.25 - 16.50 92 2.17 0.40 0.18 ***  6.04 0.71 0.28 ***  9.07 1.16 0.51 *** 
16.50 - 16.75 54 0.68 0.24 0.08 *  3.59 0.86 0.36 ***  7.31 2.47 0.45 *** 
16.75 - 17.00 78 3.28 0.13 0.09 **  7.24 0.52 0.20 ***  10.50 1.16 0.31 *** 
17.00 - 17.25 100 2.52 0.02 0.21 ***  7.14 0.34 0.23 ***  11.44 1.20 0.44 *** 
17.25 - 17.50 64 2.00 0.01 0.26 ***  8.48 0.08 0.52 ***  13.53 0.49 0.70 *** 
17.50 - 17.75 64 0.80 0.01 0.14 **  3.45 0.18 0.22 ***  6.55 0.64 0.28 ** 
17.75 - 18.00 46 0.56 0.03 0.15 **  2.14 0.15 0.28 ***  4.40 0.63 0.37 *** 

 
 

 
 
Table S3. Woody cover (% in sites) per latitude (15.5=15.25-15.75°N, etc. but the 16.5-band has been subdivided 
for Senegal (16.4=16.25-16.5°N) and Mauritania (16.7=16.50-16.75°N). Woody species with a high bird density are 
indicated (●). Data were collected during field work done between January 2014 and October 2015. Results of 
one-way analyses of variance to test the latitudinal variation: P<0.001 ***, P<0.01 **, P<0.05 *. Averages also 
shown in Fig. 10A. Woody species with a high bird density are indicated (●). 
  
latitude 15.5 16.0 16.4 16.7 17.0 17.5 18.0 P 
sites (N) 15 47 25 4 15 9 6  
Acacia nilotica ● 0.000 0.006 0.000 0.000 0.000 0.000 0.000  
Acacia senegal  ● 4.337 0.062 0.020 3.843 0.251 0.134 0.000  
Acacia seyal ● 0.000 0.010 0.001 0.099 0.000 0.000 0.000 *** 
Acacia tortilis ●  1.122 0.426 0.718 3.016 1.115 0.112 0.610 * 
Adansonia digitata  0.000 0.004 0.009 0.000 0.000 0.000 0.000  
Balanites aegyptiaca ● 2.238 1.564 0.288 0.916 0.533 0.871 0.013 * 
Bauhinia rufescens 0.000 0.000 0.004 0.000 0.000 0.000 0.000  
Boscia senegalensis 0.000 0.694 0.901 0.000 0.005 0.000 0.000 *** 
Calotropis procera  0.000 0.348 0.312 0.004 0.000 0.100 0.155  
Combretum glutinosum 0.011 0.094 0.000 0.000 0.000 0.000 0.000  
Euphorbia balsamifera 0.062 0.008 0.003 0.000 0.000 0.000 0.000  
Faidherbia albida ● 0.005 0.018 0.000 0.000 0.000 0.000 0.000  
Guiera senegalensis  0.000 0.018 0.000 0.000 0.000 0.000 0.000  
Leptadenia hastata  0.008 0.001 0.001 0.000 0.000 0.000 0.000  
Leptadenia pyrotechnica  0.000 0.019 0.228 1.011 2.126 1.668 1.477 *** 
Prosopis juliflora 0.000 0.000 0.168 0.000 0.000 0.000 0.033  
Salvadora persica ● 0.000 0.006 0.012 0.000 0.000 0.000 0.000  
Sclerocarya birrea  0.248 0.584 0.000 0.000 0.000 0.000 0.000 * 
Tamarix senegalensis 0.000 0.000 0.252 0.000 0.000 0.000 0.000  
Ziziphus mauritiana 0.000 0.003 0.010 0.000 0.000 0.000 0.000  
all woody species 8.031 3.893 2.959 8.907 4.031 2.885 2.290  
preferred species ● 7.702 2.090 1.035 7.874 1.900 1.113 0.610 ** 
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Table S4. Bird density (n/ha) per latitude (15.5=15.25-15.75°N, etc. but the 16.5-band has been subdivided in 16.4 = 
16.25-16.5°N and 16.7 = 16.50-16.75°N) in December 2014. Results of one-way analyses of variance: P<0.001 ***, 
P<0.01 **, P<0.05 *. Averages also shown for birds feeding in trees in Fig. 10B and for birds feeding on the ground in Fig. 
10C. Common and Iberian Chiffchaffs Phylloscopus collybita and P. ibericus were lumped. 
 

food/habitat/status; latitude, °N    15.5 16.2 16.4 16.7 17.0 17.5 18.0 P 
 
 
 

sites (N)    8 17 5 4 15 9 6  
area surveyed (ha)    23.2 88.0 22.5 15.0 68.2 40.3 31.3  
number of bird species    29 28 18 19 24 11 8  
insectivorous, arboreal migrants (n/ha) ins arb mig 0.83 0.78 0.58 1.25 0.73 0.05 0.14  
insectivorous, arboreal residents (n/ha) ins arb res 2.08 0.27 0.31 0.72 0.34 0.15 0.04  
insectivorous, ground-feeding migrants (n/ha) ins grd mig 0.30 0.36 0.71 0.25 0.28 0.15 0.04  
insectivorous, ground-feeding residents (n/ha) ins grd res 2.46 1.24 0.13 0.33 0.42 0.30 0.05  
granivorous, ground-feeding residents (n/ha) gran grds res 2.61 2.68 0.27 1.33 3.29 5.39 1.93  
all bird species (n/ha)    8.37 5.38 3.33 4.06 5.06 6.03 2.19  
Mourning Collared-dove Streptopelia decipiens gran grd res 0.00 0.00 0.00 0.17 0.00 0.00 0.00  
Vinaceous Dove Streptopelia vinacea gran grd res 0.17 0.06 0.00 0.00 0.00 0.00 0.00  
Laughing Dove Spilopelia senegalensis gran grd res 0.04 0.22 0.00 0.00 0.06 0.00 0.00  
Namaqua Dove Oena capensis gran grd res 0.25 1.06 0.00 0.00 0.00 0.05 0.00  
Black-headed Lapwing Vanellus tectus ins grd res 0.00 0.31 0.09 0.00 0.00 0.00 0.00  
Cream-coloured Courser Cursorius cursor ins grd mig 0.00 0.00 0.00 0.00 0.07 0.00 0.00  
Blue-naped Mousebird Urocolius macrourus fruit arb res 0.08 0.06 1.33 0.17 0.00 0.00 0.00  
Red-billed Hornbill Tockus erythrorhynchus ins grd res 0.00 0.23 0.00 0.00 0.00 0.00 0.00 *** 
Common Hoopoe Upupa epops ins grd mig 0.00 0.02 0.18 0.00 0.01 0.02 0.00  
Green Woodhoopoe Phoeniculus purpureus ins arb res 0.00 0.00 0.00 0.17 0.00 0.00 0.00 *** 
Vieillot's Barbet Lybius vieilloti ins arb res 0.00 0.02 0.00 0.17 0.01 0.00 0.00  
Black-crowned Tchagra Tchagra senegalus ins grd res 0.00 0.04 0.00 0.06 0.00 0.00 0.00  
Great Grey Shrike Lanius excubator ins grd res 0.50 0.02 0.04 0.00 0.11 0.07 0.05 * 
Woodchat Shrike Lanius senator ins grd mig 0.24 0.09 0.09 0.06 0.03 0.00 0.00  
Sennar Penduline-tit Anthoscopus punctifrons ins arb res 0.67 0.00 0.00 0.08 0.00 0.00 0.00 * 
Yellow Penduline-tit Anthoscopus parvulus ins arb res 0.08 0.00 0.00 0.00 0.00 0.00 0.00  
Greater Hoopoe-lark Alaemon alaudipes ins grd res 0.00 0.00 0.00 0.00 0.03 0.00 0.00  
Chestnut-backed Sparrow-lark Eremopterix leucotis gran  grd res 0.00 0.00 0.00 0.14 0.00 0.00 0.00 *** 
Black-crowned Sparrow-lark Eremopterix nigriceps gran grd res 0.00 0.00 0.00 0.00 0.69 0.35 0.00  
Northern Crombec Sylvietta brachyura ins arb res 0.08 0.00 0.00 0.00 0.03 0.00 0.00  
Yellow-bellied Eremomela Eremomela icteropygialis ins arb res 0.58 0.00 0.00 0.00 0.03 0.00 0.00  
Cricket Warbler Spiloptila clamans ins arb res 0.35 0.13 0.00 0.00 0.22 0.15 0.04  
Tawny-flanked Prinia Prinia subflava ins arb res 0.00 0.00 0.00 0.08 0.00 0.00 0.00  
Eurasian Reed-warbler Acrocephalus scirpaceus ins arb mig 0.00 0.00 0.00 0.00 0.03 0.00 0.00  
Western Bonelli's Warbler Phylloscopus bonelli ins arb mig 0.17 0.33 0.09 0.33 0.24 0.00 0.05  
Common/Iberian Chiffchaff Phylloscopus collybita/ibericus ins arb mig 0.00 0.00 0.00 0.31 0.00 0.00 0.00 *** 
Western Orphean Warbler Sylvia hortensis ins arb mig 0.08 0.04 0.22 0.53 0.28 0.00 0.02  
Subalpine Warbler Sylvia cantillans ins arb mig 0.47 0.37 0.13 0.00 0.18 0.05 0.07  
Common Whitethroat Sylvia communis ins arb mig 0.10 0.05 0.13 0.08 0.00 0.00 0.00  
Fulvous Babbler Argya fulva ins grd res 0.00 0.00 0.00 0.28 0.24 0.00 0.02  
Chestnut-bellied Starling Lamprotornis pulcher ins grd res 1.96 0.62 0.00 0.00 0.00 0.00 0.07  
Greater Blue-eared Starling Lamprotornis chalybaeus gran grd res 0.08 0.02 0.00 0.00 0.00 0.22 0.00  
Rufous-tailed Scrub-robin Cercotrichas galactotes ins arb res 0.00 0.00 0.00 0.08 0.00 0.00 0.00  
Black Scrub-robin Cercotrichas podobe ins arb res 0.23 0.12 0.31 0.14 0.04 0.00 0.00  
Northern Anteater-chat Myrmecochicla aethiops ins grd res 0.00 0.00 0.00 0.00 0.06 0.00 0.00  
Northern Wheatear Oenanthe oenanthe ins grd mig 0.00 0.14 0.09 0.19 0.13 0.00 0.00  
Desert Wheatear Oenanthe deserti ins grd res 0.00 0.00 0.00 0.00 0.01 0.00 0.00  
Black-eared Wheatear Oenanthe hispanica ins grd mig 0.00 0.00 0.04 0.00 0.00 0.05 0.04  
White-billed Buffalo-weaver Bubalornis albirostris gran grd res 0.38 0.02 0.09 0.00 0.00 0.00 0.00  
Speckle-fronted Weaver Sporopipes frontalis gran grd res 1.04 0.66 0.13 0.00 0.00 0.00 0.00  
Little Weaver Ploceus luteolus ins arb res 0.08 0.28 0.04 0.00 0.04 0.00 0.00  
Village Weaver Ploceus cucullatus gran grd res 0.02 0.00 0.00 0.00 0.00 0.00 0.00  
Red-cheeked Cordonbleu Uraeginthus bengalus gran grd res 0.00 0.06 0.04 0.00 0.00 0.00 0.00  
Bronze Mannikin Spermestes cucullata gran grd res 0.04 0.00 0.00 0.00 0.00 0.00 0.00  
African Silverbill Euodice cantans gran grd res 0.06 0.00 0.00 0.06 0.25 0.10 0.07  
Northern Grey-headed Sparrow Passer griseus gran grd res 0.44 0.00 0.00 0.33 0.00 0.00 0.00  
Sudan Golden Sparrow Passer luteus gran grd res 0.00 0.57 0.00 0.50 2.06 4.67 1.85  
Sahel Bush-sparrow Gymnoris dentata gran grd res 0.00 0.02 0.00 0.00 0.00 0.00 0.00  
Tawny Pipit Anthus campestris ins grd mig 0.04 0.11 0.04 0.00 0.03 0.00 0.00  
Western Yellow Wagtail Motacilla flava ins grd mig 0.02 0.00 0.27 0.00 0.00 0.00 0.00 *** 
Tawny Pipit Anthus campestris ins grd mig 0.04 0.11 0.04 0.00 0.03 0.00 0.00  
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Table S5. Woody cover (%) of 19 woody species as a function of the distance to the nearest borehole (N=48), as 
determined in a simple regression and a multiple regression analysis with latitude as additional variable. The table 
gives the unstandardized coefficients (a=constant, bkm=distance to borehole in km; blat=latidude), the 
standardised coefficient of the distance to the borehole (βkm) and its significance level (Pkm<0.01 **, P<0.05 *). All 
relationships are positive (higher cover at larger distance), except those printed in italic. Woody species with a 
high bird density are indicated (●). 
 
regression analyses simple  multiple 

 a bkm βkm Pkm  A bkm blat βkm Pkm 
Acacia senegal ● 0.027 0.001 0.078   1.62 0.002 -0.099 0.137  
Acacia tortilis ● 0.141 0.050 0.242   17.40 0.060 -1.096 0.294 * 
Adenium obesum  0.000 0.000 0.064   0.02 0.000 0.001 0.049  
Balanites aegyptiaca ● 1.126 0.042 0.087   115.61 0.111 -7.133 0.230  
Bauhinia rufescens 0.000 0.000 0.372 **  0.2 0.000 0.001 0.359 * 
Boscia senegalensis 0.713 0.005 0.034   -24.83 -0.100 1.592 -0.068  
Calotropis procera  0.386 0.004 0.023   -16.26 -0.006 1.037 -0.037  
Combretum glutinosum 0.039 0.001 0.023   5.17 0.004 -0.320 0.106  
Combretum micranthum -0.001 0.000 0.298 *  0.00 0.000 -0.000 0.299 * 
Dalbergia melanoxylon  -0.000 .0000 0.125   -0.01 0.000 0.000 0.112  
Euphorbia balsamifera -0.001 0.000 0.298 *  0.00 0.000 -0.000 0.299 * 
Feretia apodanthera  0.000 0.000 0.030   0.05 0.000 -0.003 0.076  
Guiera senegalensis  -0.036 0.007 0.299   0.01 0.007 -0.003 0.300 * 
Leptadenia pyrotechnica  -0.026 0.008 0.399 **  -2.39 0.006 0.147 0.323 * 
Maerua crassifolia 0.000 0.000 0.088   -0.09 0.000 0.006 0.046  
Salvadora persica ● 0.002 0.001 0.098   -0.69 0.000 0.043 0.029  
Sclerocarya birrea  0.515 0.001 0.007   58.63 0.037 0.710 0.169  
Tamarindus indica  -0.001 0.000 0.262   -0.07 0.000 0.004 0.223  
Ziziphus mauritiana 0.007 0.000 0.028     -0.01 0.000 0.001 0.027   
all woody species 0.123 2.919 0.177   155.39 0.215 -9.499 0.310 * 
preferred species ● 0.992 0.085 0.149   104.06 0.147 -6.422 0.259  

 
 
Table S6. Bird density as a function of the distance to the nearest borehole (N=24, combining bird counts from 
January and December 2014), as determined in a simple regression and a multiple regression analysis with 
latitude as additional variable. The table gives the unstandardized coefficients (a=constant, bkm=distance to 
borehole in km; blat=latidude), the standardised coefficient of the distance to the borehole (βkm) and its 
significance level (Pkm<0.01 **, P<0.05 *). All relationships are positive (higher cover at larger distance), except 
those printed in italic. 
 
regression analyses  simple   multiple 

  a bkm βkm Pkm  a bkm blat βkm Pkm 
Subalpine Warbler Sylvia cantillans 0.095 0.034 0.237   11.634 0.044 -0.724 0.306  
Bonelli's Warbler Phylloscopus bonelli -0.133 0.054 0.383     11.87 0.064 -0.753 0.456 * 
insectivorous, arboreal migrants -0.049 0.108 0.423 *  15.849 0.122 -0.998 0.476 * 
            
Insectivorous, arboreal residents 0.696 -0.025 -0.108   16.657 -0.012 -0.996 -0.050  
            
Common Hoopoe Upupa epops 0.155 -0.016 -0.269   -6.639 -0.021 0.427 -0.368 ** 
Woodchat Shrike Lanius senator 0.416 -0.039 -0.545 **   3.155 -0.036 -0.172 -0.512 ** 
insectivorous, ground-feeding migrants 0.670 -0.036 -0.310   -15.340 -0.049 1.005 -0.429 * 
            
insectivorous, ground-feeding residents 0.474 0.052 0.131   15.050 0.065 -0.915 0.162  
            
granivorous, ground-feeding residents -0.125 0.309 0.250   44.366 0.348 -2.793 0.281  
            
all bird species  1.358 0.494 0.056   56.600 0.541 -3.468 0.158  

  



15 
 

Table S7. Woody cover (%) in a 1-ha site near Souilène (1989) compared to 10 4.5-ha sites in the surrounding 
(2014-2015). Woody species with a high bird density are indicated (●). Results of one-way analyses of variance: P < 
0.001 ***, P < 0.01 **, P < 0.05 *. Averages also shown in Fig. 11A.  
 
year 1989 2014/5 P 
sites (N) 1 10   
Acacia senegal ● 0.500 0.019 *** 
Acacia tortilis ● 23.500 0.626 *** 
Balanites aegyptiaca ● 12.500 0.557 *** 
Boscia senegalensis 1.600 1.117  
Calotropis procera  0.000 0.111  
Combretum glutinosum 0.500 0.000 *** 
Leptadenia pyrotechnica  0.000 0.059  
Salvadora persica ● 0.000 0.031  
Ziziphus mauritiana 0.500 0.024 *** 
all woody species 39.100 2.577 *** 
preferred species ● 36.500 1.233 *** 
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Table S8. Bird density (n/ha) in a 1-ha site near Souilène during the dry season in 1993/94 (October-January; 4 
counts per month; data from Tréca et al. (1996) and in the surrounding of this site in October-January 2014/15. 
Results of one-way analyses of variance: P < 0.001 ***, P < 0.01 **, P < 0.05 *. Averages are shown for arboreal 
birds in Fig. 11B and for birds feeding on the ground in Fig. 11C. Olivaceous and Isabelline Warblers Iduna pallida 
and I. opaca were lumped, as were Common and Iberian Chiffchaffs Phylloscopus collybita and P. ibericus. 
 
food/habitat/status; year  food hab status 1993/4 2014/5 P 
sites (N)     1 10  
Area surveyed (ha)     20.0 67.3  
Number of bird species     34 36  
insectivorous, arboreal migrants (n/ha) 

 
 
 

 
 

 ins arb mig 4.38 0.38 *** 
Insectivorous, arboreal residents (n/ha) 

 
 
 

 
 

 ins arb res 2.32 .40 ** 
insectivorous, ground-feeding migrants (n/ha) 

 
 
 

 
 

 ins grd mig 1.50 .54 * 
insectivorous, ground-feeding residents (n/ha) 

 
 
 

 
 

 ins grd res 2.19 .91  
granivorous, ground-feeding residents (n/ha) 

 
 
 

 
 

 gran grd res 20.89 .64 *** 
all bird species (n/ha)  

 
 

    31.38 3.37 *** 
Double-spurred Francolin Pternistis bicalcaratus gran grd res 0.00 0.02  
African Collared-dove Streptopelia roseogrisea gran grd res 3.75 0.00 ** 
Mourning Collared-dove Streptopelia decipiens gran grd res 0.63 0.00 ** 
Vinaceous Dove Streptopelia vinacea gran grd res 0.25 0.05  
Laughing Dove Spilopelia senegalensis gran grd res 10.88 0.00 ** 
Namaqua Dove Oena capensis gran grd res 0.69 0.10 * 
Spotted Thick-knee Burhinus capensis ins grd res 0.00 0.01  
Black-headed Lapwing Vanellus tectus ins grd res 0.00 0.20  
Common Buttonquail Turnix sylvaticus gran grd res 0.55 0.00  
Blue-naped Mousebird Urocolius macrourus fruit arb res 0.38 0.74  
African Grey Hornbill Lophoceros nasutus ins grd res 0.00 0.02  
Red-billed Hornbill Tockus erythrorhynchus ins grd res 0.81 0.00 ** 
Common Hoopoe Upupa epops ins grd mig 0.19 0.00 ** 
Abyssinian Roller Coracias abyssinicus ins grd res 0.00 0.05  
Vieillot's Barbet Lybius vieilloti ins arb res 0.13 0.00 ** 
Sahelian Woodpecker Dendropicos elachus ins arb res 0.19 0.00  
Rose-ringed Parakeet Psittacula krameri fruit arb res 0.06 0.00  
Black-crowned Tchagra Tchagra senegalus ins grd res 0.00 0.01  
Great Grey Shrike Lanius excubitor ins grd res 0.00 0.02  
Woodchat Shrike Lanius senator ins grd mig 0.06 0.16  
Black-crowned Sparrow-lark Eremopterix nigriceps gran grd res 0.00 0.05  
Horsfield’s Bushlark Mirafra javanica ins grd res 0.40 0.12  
Senegal Eremomela Eremomela pusilla Ins arb res 0.00 0.02  
Bleating Camaroptera Camaroptera brachyura Ins arb res 0.75 0.03 *** 
Tawny-flanked Prinia Prinia subflava Ins arb res 0.19 0.02 * 
Olivaceous/Isabelline Warbler Iduna pallida/opaca Ins arb mig 0.44 0.02 * 
Common Bulbul Pycnonotus barbatus Ins arb res 0.00 0.04  
Western Bonelli's Warbler Phylloscopus bonelli ins arb mig 2.13 0.04 *** 
Western Orphean Warbler Sylvia hortensis ins arb mig 0.63 0.15  
Sardinian Warbler Sylvia melanocephala ins arb mig 0.00 0.01  
Subalpine Warbler Sylvia cantillans ins arb mig 0.81 0.06 *** 
Common Whitethroat Sylvia communis ins arb mig 0.00 0.09  
Chestnut-bellied Starling Lamprotornis pulcher ins grd res 0.94 0.47  
Greater Blue-eared Starling Lamprotornis chalybaeus gran grd res 0.06 0.00 ** 
Rufous-tailed Scrub-robin Cercotrichas galactotes ins arb res 0.00 0.02  
Black Scrub-robin Cercotrichas podobe ins arb res 1.06 0.26  
Spotted Flycatcher Muscicapa striata ins arb mig 0.06 0.00  
European Pied Flycatcher Ficedula hypoleuca ins arb mig 0.31 0.00  
Common Redstart Phoenicurus phoenicurus ins grd mig 0.88 0.00 ** 
Northern Wheatear Oenanthe oenanthe ins grd mig 0.06 0.13  
Black-eared Wheatear Oenanthe hispanica ins grd mig 0.15 0.02  
Pygmy Sunbird Hedydipna platurus nectar arb res 0.06 0.00  
Beautiful Sunbird Cinnyris pulchella nectar arb res 0.06 0.00  
White-billed Buffalo-weaver Bubalornis albirostris gran grd res 0.00 0.07  
Chestnut-crowned Sparrow-weaver Plocepasser superciliosus gran grd res 0.00 0.05  
Speckle-fronted Weaver Sporopipes frontalis gran grd res 2.88 0.07 *** 
Little Weaver Ploceus luteolus ins arb res 0.00 0.02  
Red-cheeked Cordon-bleu Uraeginthus bengalus gran grd res 0.69 0.05 *** 
House Sparrow Passer domesticus gran grd res 0.06 0.00  
Northern Grey-headed Sparrow Passer griseus gran grd res 0.44 0.00 ** 
Sudan Golden Sparrow Passer luteus gran grd res 0.00 0.17  
Tree Pipit Anthus trivialis ins grd mig 0.25 0.00  
Tawny Pipit Anthus campestris ins grd mig 0.00 0.09  
Western Yellow Wagtail Motacilla flava ins grd mig 0.00 0.15  
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Table S9. Bird density (n/ha) in a 25-ha site in the NW Ferlo, between Richard-Toll and Souilène during the dry 
season in 1960-1962; 10 counts; data from Morel et al. (1968) and in the surrounding on 25 sites in January and 
December 2014 and February and October 2015. Results of one-way analyses of variance: P < 0.001 ***, P < 0.01 
**. Averages are shown for arboreal birds in Fig. 12B and for birds feeding on the ground in Fig. 12C. Common 
and Iberian Chiffchaffs Phylloscopus collybita and P. ibericus were lumped. 

food/habitat/status; year   food hab. status 1960/2 2014/5 P 
sites (N); 10 times counted     1 25  
area surveyed (ha)     250 123  
number of bird species (N)         54 24  
insectivorous, arboreal migrants (n/ha) ins arb mig 0.59 0.40  
Insectivorous, arboreal residents (n/ha) ins arb res 0.85 0.21  
insectivorous, ground-feeding migrants (n/ha) ins grd mig 0.69 0.04  
insectivorous, ground-feeding residents (n/ha) ins grd res 0.22 0.02 *** 
granivorous, ground-feeding residents (n/ha) gran grd res 1.45 0.88 *** 
all bird species (n/ha)        3.82 1.64  
Helmeted Guineafowl  Numida meleagris gran grd res 0.03 0.00  
Double-spurred Francolin Pternistis bicalcaratus gran grd res 0.01 0.00  
African Collared-dove Streptopelia roseogrisea gran grd res 0.15 0.00  
Vinaceous Dove Streptopelia vinacea gran grd res 0.01 0.00  
Laughing Dove Spilopelia senegalensis gran grd res 0.06 0.01  
Namaqua Dove Oena capensis gran grd res 0.21 0.75  
Chestnut-bellied Sandgrouse Pterocles exustus gran grd res 0.11 0.00  
Spotted Thick-knee Burhinus capensis ins grd res 0.03 0.00  
Black-headed Lapwing Vanellus tectus ins grd res 0.05 0.00  
Cream-coloured Courser Cursorius cursor ins grd mig 0.02 0.00  
Blue-naped Mousebird Urocolius macrourus fruit arb res 0.06 0.06  
Red-billed Hornbill Tockus erythrorhynchus ins grd res 0.06 0.00  
Common Hoopoe Upupa epops ins grd mig 0.10 0.00  
Green Woodhoopoe Phoeniculus purpureus ins grd res 0.01 0.00  
Abyssinian Roller Coracias abyssinicus ins grd res 0.03 0.00  
Vieillot's Barbet Lybius vieilloti ins arb res 0.02 0.02  
Senegal Parrot Poicephalus senegalus fruit arb res 0.01 0.00  
Rose-ringed Parakeet Psittacula krameri fruit arb res 0.01 0.00  
Black-crowned Tchagra Tchagra senegalus ins grd res 0.00 0.01  
Great Grey Shrike Lanius excubator ins grd res 0.00 0.01  
Woodchat Shrike Lanius senator ins grd mig 0.04 0.02  
Yellow Penduline-tit Anthoscopus parvulus ins arb res 0.04 0.00  
Chestnut-backed Sparrow-lark Eremopterix leucotis gran grd res 0.17 0.00  
Horsfield’s Bushlark Mirafra javanica ins grd res 0.02 0.00  
Northern Crombec Sylvietta brachyura ins arb res 0.30 0.02 ** 
Yellow-bellied Eremomela Eremomela icteropygialis ins arb res 0.12 0.02  
Senegal Eremomela Eremomela pusilla ins arb res 0.00 0.01  
Cricket Warbler Spiloptila clamans ins arb res 0.00 0.03  
Bleating Camaroptera Camaroptera brachyura ins arb res 0.12 0.00  
Desert Cisticola Cisticola aridulus ins grd  res 0.02 0.00  
Tawny-flanked Prinia Prinia subflava ins arb res 0.00 0.05  
Melodious Warbler Hippolais polyglotta ins arb mig  0.01 0.00  
Common Bulbul Pycnonotus barbatus ins arb res  0.06 0.00  
Western Bonelli's Warbler Phylloscopus bonelli ins arb mig 0.15 0.16  
Common/Iberian Chiffchaff Phylloscopus collybita/ibericus ins arb mig 0.00 0.02  
Western Orphean Warbler Sylvia hortensis ins arb mig 0.13 0.04  
Subalpine Warbler Sylvia cantillans ins arb mig 0.08 0.12  
Common Whitethroat Sylvia communis ins arb mig 0.21 0.06  
Chestnut-bellied Starling Lamprotornis pulcher ins grd res 0.01 0.00  
Greater Blue-eared Starling Lamprotornis chalybaeus gran  grd res 0.27 0.00  
Rufous-tailed Scrub-robin Cercotrichas galactotes ins arb res 0.04 0.00  
Black Scrub-robin Cercotrichas podobe ins arb res 0.02 0.06  
Spotted Flycatcher Muscicapa striata ins arb mig 0.01 0.00  
Common Redstart Phoenicurus phoenicurus ins grd mig 0.10 0.00  
Northern Wheatear Oenanthe oenanthe ins grd mig 0.25 0.01 *** 
Black-eared Wheatear Oenanthe hispanica ins grd mig 0.02 0.00  
Pygmy Sunbird Hedydipna platurus nectar arb res 0.04 0.02  
Scarlet-chested Sunbird Chalcomitra senegalensis nectar arb res 0.00 0.01  
Beautiful Sunbird Cinnyris pulchella nectar arb res 0.15 0.00  
White-billed Buffalo-weaver Bubalornis albirostris gran grd res 0.22 0.01 *** 
Speckle-fronted Weaver Sporopipes frontalis gran grd res 0.02 0.01  
Red-headed Quelea Quelea erythrops  gran grd res 0.08 0.00  
Little Weaver Ploceus luteolus ins arb res 0.00 0.00  
Village Weaver Ploceus cucullatus gran grd res 0.00 0.08  
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Green-winged Pytilia Pytilia melba gran grd res 0.04 0.00  
Red-cheeked Cordon-bleu Uraeginthus bengalus gran grd res 0.00 0.02  
Cut-throat Finch Amadina fasciata gran grd res 0.02 0.00  
African Silverbill Euodice cantans gran grd res 0.03 0.00  
Northern Grey-headed Sparrow Passer griseus gran grd res 0.01 0.00  
Sudan Golden Sparrow Passer luteus gran grd res 0.01 0.00  
Yellow-spotted Bush-sparrow Gymnoris pyrgyta ins arb res 0.03 0.00  
Tree Pipit Anthus trivialis ins grd mig 0.05 0.00  
Tawny Pipit Anthus campestris ins grd mig 0.11 0.00  
Western Yellow Wagtail Motacilla flava ins grd mig 0.00 0.01  

 

 

 

Table S10. Woody cover (%) in grazed and ungrazed area in Widou Thiengoly in January and December 2014. 
Woody species with a high bird density are indicated (●). Results of one-way analyses of variance: P<0.001 ***, 
P<0.01 **, P<0.05 *. Averages also shown in Fig. 14A. To increase sample size for the grazed area, 9 sites within 
some km of Widou were added to 8 sites at 100 and 400 m from the exclosures. 
 
grazed vs. ungrazed grazed ungrazed P 
sites (N) 17 8   
Acacia nilotica ● 0.007 0.000  
Acacia senegal ● 0.051 0.765 ** 
Acacia seyal ● 0.018 0.006  
Acacia tortilis ● 0.825 0.154  
Adansonia digitata  0.012 0.008  
Balanites aegyptiaca ● 2.944 2.543  
Boscia senegalensis 0.745 1.259  
Calotropis procera  0.171 0.000  
Combretum aculeatum  0.000 0.005  
Commiphora africana  0.002 0.026 * 
Combretum glutinosum 0.118 0.028  
Feretia apodanthera  0.001 0.050 * 
Grewia tenax 0.000 0.031 * 
Sclerocarya birrea  1.265 0.978  
Ziziphus mauritiana 0.010 0.000   
all woody species 6.191 5.869  
preferred species ● 3.846 3.469  
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Table S11. Bird density (n/ha) in the Widou Thiengoly exclosures (“ungrazed”) and surroundings (“grazed”) during 
the dry season, given separately for January 2014 and December 2014, and for both periods combined. Results of 
one-way analyses of variance: P < 0.001 ***, P < 0.01 **, P < 0.05 *. The density in the grazed and the ungrazed 
area did not differ between January and December 2014 for most species, so the data were pooled for both 
periods. Averages for the two months combined are also shown for birds feeding in trees in Fig. 14B and for birds 
feeding on the ground in 14C.  
 

food/habitat/status; grazed vs. ungrazed food hab. status grazed  ungrazed  grazed-ungrazed  
    Jan14 Dec14 P Jan14 Dec14 P grazed ungrazed P 
sites (N)    5 12  4 4  17 8  
area surveyed (ha)    45.6 42.4  23.5 23.5  44.0 23.5  
number of bird species    26 28  26 30  39 38  
insectivorous, arboreal migrants (n/ha) ins arb mig 0.77 0.78  0.35 0.29  0.78 0.32  
Insectivorous, arboreal residents (n/ha) ins arb res 0.82 0.27 ** 0.74 0.35  0.43 0.55  
insectivorous, ground-feeding migrants (n/ha) ins grd mig 0.22 0.36  0.71 0.79  0.31 0.75 ** 
insectivorous, ground-feeding residents (n/ha) ins grd res 0.99 1.24  1.87 4.80  1.16 3.34 * 
granivorous, ground-feeding residents (n/ha) gran grd res 3.53 2.68  17.03 19.55  2.93 18.29 ** 
all bird species (n/ha)     6.33 5.38  20.71 25.77  5.66 23.24 *** 
Double-spurred Francolin Pternistis bicalcaratus gran grd res 0.00 0.00  0.05 0.06  0.00 0.05 * 
African collared-dove Streptopelia roseogrisea gran grd res 0.19 0.00  0.45 0.00  0.06 0.23  
Mourning Collared-dove Streptopelia decipiens gran grd res 0.00 0.00  0.44 0.00  0.00 0.22  
Vinaceous Dove Streptopelia vinacea gran grd res 0.00 0.06  0.00 0.00  0.04 0.00  
Laughing Dove Spilopelia senegalensis gran grd res 0.05 0.22  2.55 3.05  0.17 2.80 *** 
Namaqua Dove Oena capensis gran grd res 0.45 1.06  1.70 6.84  0.88 4.27  
Savile's Bustard  Lophotis savilei ins grd res 0.00 0.00  0.20 0.17  0.00 0.18 *** 
Eurasian Thick-knee Burhinus oedicnemus ins grd mig 0.00 0.00  0.05 0.00  0.00 0.03  
Spotted Thick-knee Burhinus capensis ins grd res 0.02 0.00  0.00 0.27  0.01 0.13  
Black-headed Lapwing Vanellus tectus ins grd res 0.00 0.31  0.40 1.17  0.22 0.78  
Blue-naped Mousebird Urocolius macrourus fruit arb res 0.00 0.06  0.00 0.00  0.04 0.00  
Red-billed Hornbill Tockus erythrorhynchus ins grd res 0.04 0.23  0.85 0.29  0.18 0.57  
Common Hoopoe Upupa epops ins grd mig 0.00 0.02  0.00 0.11  0.01 0.06  
Vieillot's Barbet Lybius vieilloti ins arb res 0.00 0.02  0.00 0.06  0.01 0.03  
Black-crowned Tchagra Tchagra senegalus ins grd res 0.09 0.04  0.17 0.06  0.05 0.11  
Great Grey Shrike Lanius excubator ins grd res 0.04 0.02  0.00 0.17  0.02 0.08  
Woodchat Shrike Lanius senator ins grd mig 0.09 0.09  0.54 0.11  0.09 0.32 * 
Sennar Penduline-tit Anthoscopus punctifrons ins arb res 0.19 0.00  0.00 0.00  0.06 0.00  
Black-crowned Sparrow-lark Eremopterix nigriceps gran grd res 0.00 0.00  0.00 0.33  0.00 0.17 * 
Horsfield’s Bushlark Mirafra javanica ins grd res 0.00 0.02  0.15 0.00  0.01 0.08  
Yellow-bellied Eremomela Eremomela icteropygialis ins arb mig 0.12 0.00 * 0.00 0.00  0.03 0.00  
Cricket Warbler Spiloptila clamans ins arb res 0.00 0.13  0.10 0.00  0.09 0.05  
Bleating Camaroptera Camaroptera brachyura ins arb res 0.06 0.00  0.00 0.11  0.02 0.06  
Tawny-flanked Prinia Prinia subflava ins arb res 0.01 0.00  0.00 0.00  0.00 0.00  
Common Bulbul Pycnonotus barbatus ins arb res 0.00 0.00  0.15 0.00  0.00 0.08  
Western Bonelli's Warbler Phylloscopus bonelli ins arb mig 0.22 0.33  0.07 0.03  0.30 0.05  
Western Orphean Warbler Sylvia hortensis ins arb mig 0.10 0.04  0.07 0.06  0.05 0.06  
Sardinian Warbler Sylvia melanocephala ins arb mig 0.01 0.00  0.00 0.00  0.00 0.00  
Subalpine Warbler Sylvia cantillans ins arb mig 0.44 0.37  0.00 0.17  0.39 0.09  
Common Whitethroat Sylvia communis ins arb mig 0.00 0.05  0.20 0.03  0.03 0.11  
Long-tailed Glossy-starling Lamprotornis caudatus gran grd res 0.00 0.00  0.00 0.22  0.00 0.11  
Chestnut-bellied Starling Lamprotornis pulcher ins grd res 0.78 0.62  0.10 2.68 ** 0.67 1.39  
Greater Blue-eared Starling Lamprotornis chalybaeus gran grd res 0.00 0.02  0.00 0.06  0.01 0.03  
Rufous-tailed Scrub-robin Cercotrichas galactotes ins arb res 0.09 0.00  0.10 0.00  0.03 0.05  
Black Scrub-robin Cercotrichas podobe ins arb res 0.35 0.12  0.39 0.19  0.19 0.29  
Northern Wheatear Oenanthe oenanthe ins grd mig 0.09 0.14  0.12 0.37  0.12 0.25  
Black-eared Wheatear Oenanthe hispanica ins grd mig 0.00 0.00  0.00 0.12  0.00 0.06  
White-billed Buffalo-weaver Bubalornis albirostris gran grd res 0.00 0.02  0.00 0.06  0.01 0.06  
Speckle-fronted Weaver Sporopipes frontalis gran grd res 0.97 0.66  0.00 1.88  0.75 0.94  
Little Weaver Ploceus luteolus gran grd res 0.00 0.28  0.00 0.00  0.20 0.00  
Green-winged Pytilia Pytilia melba gran grd res 0.00 0.00  0.10 0.00  0.00 0.05  
Red-cheeked Cordon-bleu Uraeginthus bengalus gran grd res 0.05 0.06  0.00 0.00  0.05 0.00  
African Silverbill Euodice cantans gran grd res 0.49 0.00  0.45 0.22  0.14 0.34  
Northern Grey-headed Sparrow Passer griseus gran grd res 0.12 0.00 * 3.75 1.20  0.04 2.47 * 
Sudan Golden Sparrow Passer luteus gran grd res 1.22 0.57  7.55 5.63  0.76 6.59 * 
Sahel Bush-sparrow Gymnoris dentata gran grd res 0.00 0.02  0.00 0.00  0.01 0.00  
Tawny Pipit Anthus campestris ins grd mig 0.04 0.11  0.00 0.07  0.09 0.04  
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