
��� ����� �	

�� ������
 ��	� ��� ���������� 
�
�������
�
�	���	�	�	�� ��� ����	�����	�����


��������	 ����������������	 �� �	����	 �		� �� ����� 
���� ��
��

��� �	
���  � ����	 �! ���������� "���
��� 
�	
���� �

��#���� �! ����� $� �	
��� ��
�����

�������� ��	�
 ��� ��� �������� ��� �� ��

��� ��	��� �%&&%' (%)*%+ 
,-./&%.01-+ 021342*2'25,+ �%)*%'

�/-/&6'%*1/ �*7/8+ �%4', �'/0-.21/*/+ �40.4/%+ �(401%!

����	���! �30- 9%9/4 2((/4- % 94/'0&0*%4, 2:/4:0/; 2* .3/ '%45/

(2--0' &%&&%'- ��40&%./-� �,%/*07%/� �4262-107/%� �30*21/42.07%/�

�<)07%/� �099292.%&07%/� 
)07%/� �04%((07%/� %*7 2:07%/� (42& .3/

�%4', �'/0-.21/*/ -/70&/*.%4, -)11/--02* 2( .3/ �%*70/42 �)0%� %-0*

��%*%=0' �/94/--02*� �40.4/%�! �3/ �>>$��>>? �40.4/%*��.%'0%* (2--0'

12''/1.02* 3%- 6//* 4/:0-/7 %*7 -.)70/7! � (/; -05*0(01%*. 4/&%0*- 12'�

'/1./7 7)40*5 .3/ �@@���@@ (0/'7 %1.0:0.0/- 3%:/ %'-2 6//* 0*1')7/7!

�053.//* -9/10/- 2( &%&&%'- 3%:/ 6//* 07/*.0(0/7� 7/-1406/7 %*7 0'')�

-.4%./7 0* .3/ 940*109%' -9/10&/*-! �3/ -,-./&%.01 -.)7, %''2;- 5/*/4%'

12*1')-02*- 2* .3/ 6021342*2'2501 %*7 9%'/2/*:042*&/*.%' -05*0(01%*1/

2( .3/ (%)*%' %--/&6'%5/! �3/ -.)7, 0- 12&9'/./7 6, %* %*%',-0- 2(

AA�/*)- �%)*%' �/-/&6'%*1/ �*7/8BB ������ ;0.3 -2&/ ;/'' =*2;*

(%)*%' %--/&6'%5/- 2( �(401% %142-- .3/ .0&/ -9%* �%./ �'021/*/ C �07�

7'/ �'/0-.21/*/!

���������! �0/*/ 94/-/*.%.2 )*2 -.)702 94/'0&0*%4/ 7/0 54%*70

&%&&0(/40 ��40&%./-� �,%/*07%/� �30*21/42.07%/� �<)07%/� �099292�

.%&07%/� 
)07%/� �04%((07%/� / 2:07%/� 942:/*0/*.0 7%''% -)11/--02*/

-/70&/*.%40% 7/' �'/0-.21/*/ �*(/4024/ 7/' %10*2 7/' �%*70/42 �)0%�

�/94/--02*/ �%*1%'%� �40.4/%�! �% &%55024 9%4./ 7/''2 -.)702 -0 6%-%

-)''% 12''/D02*/ 7/''/ 4%112'./ /((/..)%./ 7)4%*./ '/ 1%&9%5*/ �>>$�

�>>?� 0 1)0 &%./40%'0 -2*2 -.%.0 4/-.%)4%.0� 94/9%4%.0 /7 %*%'0DD%.0 */0

'21%'0 7/' *)2:2 '%624%.2402 5/2�9%'/2*.2'25012 %''/-.0.2 94/--2 0' AA�%�

.02*%' �)-/)& 2( �40.4/%BB 70 �-&%4%! 
2*2 -.%.0 0*1')-0 */''2 -.)702

%*13/ %'1)*0 4/-.0 70 9%4.012'%4/ -05*0(01%.2 4%112'.0 7)4%*./ '/ 1%&9%5*/

�@@���@@ ! �/ �E -9/10/ 70 &%&&0(/40 07/*.0(01%./ -2*2 7/-140../ /7

0'')-.4%./ 9/4 0 4/9/4.0 90)F -05*0(01%.0:0! �B%*%'0-0 .%--2*2&01% /F %((0%*1%.%

7% 12*-07/4%D02*0 405)%47%*.0 '% 602142*2'250% /7 0' 9%'/2%&60/*./! �2

-.)702 /F 12&9'/.%.2 7% )*% %*%'0-0 -)5'0 0*7010 70 -0&0'%40.%F ������ .4%

%--210%D02*0 (%)*0-.013/ �(401%*/ 6/* 12*2-10)./� %..4%:/4-2 )* 0*./4:%'�

'2 ./&924%'/ 7%' �'021/*/ 
)9/4024/ -0*2 %' �'/0-.21/*/ �/702!

���������	��

�3/ (2--0'0(/42)- %4/% 2( )0% ��@@ �& -2).3 2(
�%--%;%� *24.3/4* �%*%=0' �/94/--02*� �40.4/%� ;%-
70-12:/4/7 0* �>>$ 7)40*5 % 94/'0&0*%4, 5/2'2501%' -)4�
:/, )*7/4 .3/ %/50- 2( % 12''%624%.0:/ 4/-/%413 94254%&
6/.;//* .3/ �/9%4.&/*. 2( �0*/-� �40.4/%* �0*0-.4,
(24 �*/45, %*7 #%./4 �/-2)41/- %*7 .3/ �/9%4.&/*.
2( �%4.3 
10/*1/-� �*0:/4-0., 2( �'24/*1/! �)4.3/4 -.)�
70/- ;/4/ 1%440/7 2). 0* .3/ %4/% 7)40*5 -/:/4%' (0/'7
-/%-2*- 0* �>>$��>>?� %'-2 0*:2':0*5 4/-/%413 ./%&-
(42& .3/ �%.02*%' �)-/)& 2( �40.4/%� .3/ �%.)4%' �0-�
.24, �)-/)& ��/2'25, %*7 �%'%/2*.2'25, -/1.02*� 2(
.3/ �*0:/4-0., 2( �'24/*1/� %- ;/'' %- 2.3/4 �.%'0%* %*7
�)429/%* 0*-.0.).02*-!

�3/-/ %1.0:0.0/- '/7 .2 .3/ 70-12:/4, 2( % */; 0&�
924.%*. 9%'%/2%*.34292'2501%' -0./ %. )0% ��66%./ /. %'!
�>>E�� .3/ 4/12:/4, 2( %* %6)*7%*. (2--0' :/4./64%./ 12'�
'/1.02* %*7 .3/ 07/*.0(01%.02* 2( % 3)5/ *)&6/4 2( %4�
13%/2'2501%' -0./- ;0.3 /8.4%2470*%40', %6)*7%*. %*7
&%5*0(01/*.', 94/-/4:/7 �27/ � �	'72;%*� %*7 �27/
� ��13/)'/%*� .22' 0*7)-.40/- ��%4.0*0 /. %'! �@@ �!

�* �>>E� �>>> (0/'7 4/-/%413 ;%- 0*./44)9./7 7)/
.2 .3/ 4/*/;/7 �.30290%*��40.4/%* 12*('01.� 6). 0* /%4',

�0:0-.% �.%'0%*% 70 �%'/2*.2'250% / 
.4%.054%(0% :2')&/ ��@ -)99'/&/*. 99! G��EE ")', �@@ 

� ������ �	
� ��
���������� �
����� �� 	�� �� �	�������	�� � ������ ��������� �� ����  ���!�	����� ��!�	� � "�	����� ����#� ����	��� $�		��� ��
%&''(  $�		������ �����)

* +���	������� �� �����,� ����� $�		� � -
��� �� ���	�� .��
	��� /��,���� �������� � �������������0� ���!�	����� �� 1�	��,�� "�� 2� ��	� %� � ('�*�
1��	����� ����3) ��		��������� �
���	4 �	��56���)
��7�)��

& .������� -
��
� �7 �	��	��� ���!�	���3 �7 ����	�� �)8) 9�: (*;%� ����	�� �	��	��)
% +���	����� �7 9�����3� ���!�	���3 �7 ����	�� �)8) 9�: �**'� ����	�� �	��	��
( +���	����� �7 -����� �)8) 9�: *�*� ����	�� �	��	��



�@@@ .3/ 12''%624%.0:/ �.%'2��40.4/%* 4/-/%413 942H/1.
;%- 4/:0:/7 )92* %9942:%' (42& .3/ �*0:/4-0., 2( �-�
&%4% �/-/%413 �2&&0..// ��22= /. %'! �@@��!

�3/ (04-. -./9 2( .30- 4/:0:/7 942H/1. ;%- .3/ /-�
.%6'0-3&/*. 2( % '%624%.24, (24 =//90*5 (2--0' 12''/1�
.02*- %*7 (24 (2--0' 1'/%*0*5 %*7 94/9%4%.02* %. �%.02*%'
�)-/)& 2( �40.4/%! �'' .3/ (2--0' &%./40%' 12''/1./7 7)4�
0*5 .3/ �>>$��>>? -/%-2*- ;%- 0* (%1. ./&924%4, -.24/7
%. .3/ �/9%4.&/*. 2( �0*/- 0* �-&%4%� ;%0.0*5 .3/
14/%.02* 2( 9429/4 -9%1/ 0* .3/ �%.02*%' �)-/)& :/�
*)/-! �%4', 0* �@@�� .3/ */; 5/2�9%'/2*.2'2501%' '%624%�
.24, ;%- 12&9'/./7! �3/ (2--0' &%./40%' ;%- .4%*-(/44/7
.3/4/ %*7 .3/ '2*5 %*7 7/'01%./ 1'/%*0*5I4/-.24%.02*
;24= 6/5%*! �30- %''2;/7 )- .2 ()4.3/4 -.)7, %*7 7/�
-1406/ 0* -2&/ 7/.%0' .3/ (%)*%' %--/&6'%5/ 2( )0%�
;32-/ (%)*%' '0-. ;%- 94/'0&0*%40', 9)6'0-3/7 0* �66%./
/. %'! ��>>E�!

�3/ (2--0'- 1%&/ (42& -/70&/*.- 6/'2*50*5 .2 .3/
�%*70/42 �42)9 �(24&/4', AA)99/4 �%*%=0' �24&%�
.02*BB+ 
%540 /. %'! �>>E+ �66%./ /. %'! �@@ �! �2-. 2(
.3/ 12''/1.0*5 -0./- %4/ 12*1/*.4%./7 0* .3/ %4/% (42&
#%70 �%'%7 �.2 .3/ *24.3�� %142-- .3/ �%*70/42 40:/4
.2 #%70 �%/6/'/ %*7 #%70 �3/4-%'20.% �.2 .3/ -2).3�!
�*./494/.%.02*- 2( .3/ (%)*%' %--/&6'%5/ %*7 .3/ &%5*/�
.2-.4%.054%9301 7%.% %''2;/7 �66%./ /. %'! ��>>E� .2 4/(/4
.3/ �����6/%40*5 -/70&/*.- .2 .3/ .29 2( .3/ "%4%&0''2
9%'/2&%5*/.01 /:/*. �-)6��342* ��4!�*�� %62). 2*/
&0''02* ,/%4- !�! �(24 ()4.3/4 7%.% 2* 1342*2'25, -//
%'-2 �'60%*/''0 J �%92'/2*/ �@@ + 05%DD0 /. %'! �@@ �!

�30- 12*.406).02* 4/94/-/*.- .3/ (04-. -.)7, 2* .3/
;32'/ '%45/ &%&&%' %--210%.02* (42& .3/ �%*70/42
�)0%� %-0* �.3/ �>>$��>>? 12''/1.02*� 0*./54%./7 ;0.3
*2./- 2* -2&/ 2( .3/ �@@���@@ (0*70*5-�! �24 -,-./&%�
.01- %62:/ -9/10/- '/:/' ;/ (2''2; �1�/**% J /''
��>>E�! �3/ 2*', &%&&%'0%* 542)9 .3%. 3%- 6//* .3)-
(%4 -.)70/7 0* 54/%./4 7/.%0' 0- .3/ 94262-107/%*- ��/4�
4/..0 /. %'! �@@��! �'-2� % 7/-1409.02* 2( .3/ (2--0' 4/9.0'/-
(42& .3/ �%*70/42 %-0* 0- 50:/* 6, �/'(0*2 /. %'!
��@@ �!

�3/ 94/'0&0*%4, :/4./64%./ (%)*%' '0-. 9)6'0-3/7
6, �66%./ /. %'! ��>>E� 0- )97%./7 %- (2''2;-�

���� AA�	������'0=/BB� �
�	����
���� 1(� �� �������
��*74/;-� �>�G�� 1(!  	����� �	����� ��48'/6/*� �???��
!���
�� 	��"� �0/.4013� �>�G�  �	����
�	��� �����
�)413/''� �E�?�� !#��� 1(! !� $	���� 	)-.%'/.� �EE��
������������ $�	$��� �0/.4013� �>�G� ��%��	������
-9!� ������
��	�� ������������ ��/%=/,� �> ��� �����&
�
��	�� ��'�� ��29;227� �>� �� ���	�����
��	�� %((!
�� �������� ��%* �2/9/* %*7 �%* �2/9/*� �>���� (�	&
�))� 1(! (� '���� �/%=/,� �>G$� �	�$����
�� 1(� �� ���"��
�!�! 
1'%./4� �EG�� *���	���� ������������ �/1=� �>�E�
����� 1(! �� ��������	����� �	50'6,� �E���� ������	�$��
$�$�� �/%=/,� �>G$� (�+���� -9!� �%940*0 0*7/.!�  	���&
����� ��������� �%)4/*.0� �?GE� *������� 1(! *� ��������

�
&0.3� �E�E�� ,�	���� ��������� ��0**%/)-� �?GG�� %*7
*��
�� /8 54! *� ����� ��&/'0*� �?E>�!

����������	
�

�
������	
�

�
��� �%4.3 
10/*1/- �/9.� �*0:/4-0., 2( �'24/*1/� �.%',+

���� �/9%4.&/*. 2( �0*/-� �40.4/%* �0*0-.4, (24 �*/45, %*7 #%./4

�/-2)41/-� �40.4/%+ ���� �%.02*%' �)-/)& 2( �40.4/%+ ����� �%.�

)4%' �0-.24, �)-/)& ��/2'25, %*7 �%'%/2*.2'25, -/1.02*�� �*0:/4-0.,

2( �'24/*1/� �.%',!

�	������	
�! ��� �%*70/42 %-0*� #%70 �%'%7 12''/1.02* %4/%

�*24.3 2( #%70 �%*70/42�� �%.02*%' �)-/)& 2( �40.4/%+ ���� �%*�

70/42 %-0*� �02'0 12''/1.02* %4/% �-2).3 2( #%70 �%*70/42� *24.3 2(

#%70 �%/6/'/�� �%.02*%' �)-/)& 2( �40.4/%+ ��� �%*70/42 %-0*�

#%70 �%/6/'/ 12''/1.02* %4/% �-2).3 2( #%70 �%/6/'/� #%70 �3/4-%�

'20.%�� �%.02*%' �)-/)& 2( �40.4/%+ ��� �%-. �)72'(� �%.02*%' �)�

-/)& 2( �/*,% 12''/1.02*-+ #�� #/-. �)4=%*%� �%.02*%' �)-/)& 2(

�/*,% 12''/1.02*-+ 	�� 	-./2'25, �/9%4.&/*.� �%.02*%' �)-/)& 2(

�/*,% 12''/1.02*-!

��������
��! �� '/*5.3+ #� ;07.3+ #��� ;07.3 %. .3/ %*./�

4024 '26/+ #��� ;07.3 %. .3/ 92-./4024 '26/+ �405� .4052*07+ 21 %9�

211')-%' %*./42�92-./4024 '/*5.3+ 21 .4� 211')-%' .4%*-:/4-%' '/*5.3+

9.1� 942.212*/ '/*5.3+ ��� �42.212*%' �*7/8+ ' 9(� 92-.(2--/../ '/*5.3+

��� �2-.('/80701 �*7/8+ %9 /8.� '/*5.3 �%*./42�92-./4024� 2* .3/ /8./4*%'

-07/+ %9 0*.� '/*5.3 �%*./42�92-./4024� 2* .3/ 0*./4*%' -07/+ 942.� ;07.3 %.

942.212*/+ &/.� ;07.3 %. &/.%12*/+ ��� /8./4*%' '/*5.3+ ��� 0*./4*%'

'/*5.3+ ���� 94280&%' .4%*-:/4-/ 70%&/./4+ ����� 94280&%' %*./42�

92-./4024 70%&/./4+ ���� .4%*-:/4-/ 70%&/./4 %. .3/ 70%930-0-+ �����

%*./42�92-./4024 70%&/./4 %. .3/ 70%930-0-+ ���� 70-.%' .4%*-:/4-/ 70%�

&/./4+ ����� 70-.%' %*./42�92-./4024 70%&/./4! �'' &/%-)4/&/*.- %4/

50:/* 0* &0''0&/./4-!


������	� �����������

	47/4 �������� �0**%/)-� �?$E

)6247/4 �%.%4430*00 �
0&9-2*� �> $�

�%&0', �2&0*07%/ �4%,� �E�$
�/*)- ���� �0**%/)-� �?$E

���� AA������	�����BB

	*/ &2-.', 12&9'/./ 14%*0)& �������� 2*/ '/(.

K�� %*7 2*/ '/(. �� ������� %*7 ����G>� 4/-9/1.0:/',��
%*7 2*/ 9%4.0%' 4053. 309�62*/ �����?� L ��� @$�� %*7

% '/(. 9)601 -,&93,-0- ���� GG�� 3%:/ 6//* 4/12:/4/7
(42& .3/ -2 1%''/7 ���� -0./ 0* .3/ #%70 �%'%7 %4/%

����
�! �4/'0&0*%4, &24932'2501%' %*7 -0D/ 7/-1409�

.02* 2( .3/ �� �� 14%*0)& %*7 %--/--&/*. 2( 0.- M�	��&
����'0=/M -.%.)- 3%:/ 6//* 6%-/7 2* .3/ %*%',-0- 2( .3/

24050*%' )*4/-.24/7 ��66%./ /. %'! �>>E+ �22= /. %' �>>>�
%*7 2( .3/ 9%4.0%'', 4/-.24/7 -9/10&/* ��%1130%4/''0 /.

%'! �@@�� �@@ �! %-/7 2* .3/ 1)44/*.', %:%0'%6'/ /:0�
7/*1/� % 4/:0-02*� 4/(0*/&/*.� %*7 0*./54%.02* 2( 2)4

94/:02)- %*%',.01%' ;24= 0- 0* 94254/--!

�%&0', �/41290.3/107%/ �4%,� �E��

�/*)- �
�	����
���� �/2((42, 
%0*.��0''%04/� �E �


����������	 1(! 
� �	���� ��*74/;-� �>�G�

-� ��	�./��+&0���		�� 1� ���" �� ���G�



� '%45/ 1/41290.3/107 14%*0)& (4%5&/*. ���� G��
;%- 12''/1./7 0* �2:/&6/4 �@@ 0* .3/ %4/% 2( #%70
�%'%7� %. % -0./ 07/*.0(0/7 %- �@@�! �. 94/-/4:/- .3/ (42*�
.%' %*7 .3/ %*./4024 4/502* 2( .3/ 9%40/.%'- %*7� 0* %
94/'0&0*%4, 12&9%40-2*� &%.13/- .3/ %*%.2&, 2( �
�	&
����
���� �������� .3/ '%45/-. �%./ �'021/*/� �%4', �'/0-�
.21/*/ %*7 '2;/4&2-. �077'/ �'/0-.21/*/ �(401%* 1/4�
1290.3/107! �30- -9/10/- 0- (2)*7 %. % *)&6/4 2( �)4�
%-0%* '21%'0.0/- 0*1')70*5� .3/ �%4', �'/0-.21/*/ -0./ 2(
A�6/070,%� �-4%/' �/'&%=/4 �@@��+ �04D%9)4� �*70%
��/'-2* �>>��� �)/:% �01.240%� 
9%0* ��06/4. /. %'!
�>>$� %*7 �0442 �247� �.%', ��22= /. %'! 0* 94/--�!

	47/4 ���
��	�� 2;7013� �E��

)6247/4 �0--09/7% 
0&9-2*� �> $
�%&0', �,%/*07%/ ��4%,� �EG>�
�/*)- 1(!  	����� �%)9� �E�E

1(! ������� ������� ��48'/6/*� �???�

�2 -=/'/.%' 4/&%0*- ;/4/ (2)*7 %-1406/7 .2 %
'%45/ 3,%/*07 *24 2.3/4 1%4*0:24/-� 6). .34// 12942'0./-
2( % '%45/ 3,/*% 3%:/ 6//* 07/*.0(0/7 0* .3/ (2--0' 12''/1�
.02* (42& )0%! �3/ 70&/*-02*- �0* &0''0&/.4/-� 2( .3/-/
(2--0' /814/&/*.- %4/� ����� ��05! ��� $G!@ 8 �?!� 8
��!G+ ����>@� ��!� 8 �G!@ 8 �$!$+ ����>��  ?!� 8  �!@
8 �G!@! �3/ -0D/ %*7 &24932'25, 2( .3/-/ 12942'0./-
&%.13/- .32-/ 2( .3/ '%45/ �(401%* 3,%/*07  	����� �	�&
����! � -/12*7 AA0*704/1.BB /:07/*1/ 2( .3/ 211)44/*1/ 2(
.30- '%45/ 94/7%.24 0- (2)*7 2* % ������
��	�� 14%*0)&
�����@�! �3/ '%../4 3%- 5*%; &%4=- 2* .3/ *%-%'- %*7
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7)40*5 .3/ �@@���@@ (0/'7 ;24=!

�������	

�3/ )0% /'/93%*.- ;/4/ 7/-1406/7 0* % 94/:02)-

;24= ��/44/..0 /. %'! �@@��! �/; (0/'7 -)4:/,- 0* �@@��
�@@ 707 *2. 12*.4%701. .3/ 12*1')-02* .3%. 2*', 2*/
/'/93%*. -9/10/-� *%&/', %* %7:%*1/7 (24& 2( !���
��
	��"�� 0- 4/94/-/*./7 0* .3/ �%*70/42 %-0*! �3/ -9/10�
&/*- 12''/1./7 %. -/:/4%' -0./- 0* .3/ %4/%- 2( �02'0 �%1�
42*,& ���� %*7 #%70 �%'%7 �%142*,& ��� 721)�

&/*. .3/ 211)44/*1/ %. )0% 2( % :/4, '%45/ (24&� 13%4�

%1./40D/7 6, /8.4/&/', 3,9-272*. &2'%4- %*7 .30*�

3053', (2'7/7 /*%&/' ��05! ��! �3/ &2'%4 (/%.)4/- 1'2�

-/', 12&9%4/ .2 .32-/ 7/-1406/7 6, /7/* ��>E?� (24 .3/

-)6-9/10/- !� 	��"� ���	������� �12&9%4%6'/ .2 !� 	��"�

-.%5/ � 2( �%5'02 �>?�� (42& �2260 �24% %*7 �'/4/.�

�/*,%! �/:/4.3/'/--� -9/10&/*- -32;0*5 &24/ 7/40:/7

(/%.)4/-� -0&0'%4 .2 .3%. 2( !� 	� 	��"� �-.%5/  2( �%5'02

�>?�� (42& /7- ��� %*7 �� %. 	'7):%0� %'-2 211)4 ;0.3�

0* .3/ -%&9'/! �%.3/4 .3%* 4/94/-/*.0*5 .;2 70((/4/*.

.%8%� ;/ 6/'0/:/ .3/ )0% -%&9'/ .2 4/94/-/*.- %* !�

	��"� 929)'%.02* ;32-/ /:2').02*%4, -.%5/ 0- 0*./4&/70�

%./ 6/.;//* !� 	� ���	������� %*7 !�	� 	��"�� ��/44/..0 /. %'!

�@@��! �30- 0*./494/.%.02* 0- 12*-0-./*. ;0.3 .3/ '%./

�%4', �'/0-.21/*/ %5/ 0*(/44/7 (42& .3/ &%5*/.2-.4%.0�

54%9301 %*%',-0- 2( .3/ )0% -)11/--02*! !���
�� 	��"� 0-

:/4, 12&&2* 0* .3/ �'02��'/0-.21/*/ 2( �%-. �(401%!

�3/ -9/10/- 0- 6/-. =*2;* (42& 7/92-0.- 0* �.30290%�

�/*,% %*7 �%*D%*0% ��%5'02 �>?�+ /7/* �>E?+ �%'6

J �/64%./ �>> + �277 �>>?�� 6). 3%- 6//* %'-2 4/924./7

(42& �H062).0 ��3%:%0''2* /. %'! �>>@�� �3%7� %*7

�5%*7% ��%5'02 �>?��! �3/ �40.4/%* (0*70*5 .2 7%./

4/94/-/*.- .3/ *24.3/4*&2-. 211)44/*1/ 2( !� 	��"�!

�3/ &2'%4- 2( .3/ )0% !� 	��"� -32; -9/10(01 %7%9.%.02*

.2 54%D0*5� ;3013 -)55/-.- .30- /'/93%*. 94/(/44/7 29/*

/*:042*&/*.-!
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	*/ &2-.', 12&9'/./ 14%*0)& ;0.3 4053. ����� %*7 '/(. � ���

������$@�� � 0*12&9'/./ '2;/4 &2'%4- �����E�� �����E@� ����

�� �� � %.'%- (4%5&/*. ������E�� � 1/4:01%' :/4./64% �����>>�� � 3)�

&/4)- 70-.%' /*7 (4%5&/*.- ����G�� �����G�� � .060% 70-.%' /*7 �����

 >�� � .%')- (4%5&/*. ���� ?�� � 1%'1%*/)& ���� $E�� � 70-.%' �.� 

������?@�!

���������	

�. .3/ &2&/*.� 2*', 2*/ -9/10/- 2( 430*21/42- 0-

4/1247/7 0* .3/ )0% -0./-� .3/ ;30./ 430*2  �	����
�	&
��� ������ ;3013 0- /*.04/', 54%D/4 ��2-./4 �>G?+
�42:/- �>?��! �. 0- 4/94/-/*./7 6, % &2-.', 12&9'/./
14%*0)& ������$@� ��05! �� %*7 (/; 9224', 94/-/4:/7
.//.3 %*7 92-.14%*0%' /'/&/*.-!  �	����
�	��� ����� 0-
.3/ 2*', -9/10/- 2( ;30./ 430*2 94/-/*. 0* �(401% %(./4 �
�%! �. /:2':/7 (42& .3/ �%4', �'021/*/ %*1/-.24  �
�	����%! �3/ -9/10/-  � ����� 0- 4/94/-/*./7 6, .;2
-)11/--0:/ -)6-9/10/-�  � ����� $�	�����)	������
(42& � .2 � �%� %*7  � ����� ����� (42& � �% )*.0'
94/-/*.! �30- '0*/%5/ 0- 13%4%1./40-/7 6, % 94254/--0:/
7/14/%-/ 0* -0D/ ��)/40* �>E$�!

�3/ 14%*0)& �����$@ ��05! �� 94/-/4:/- % 12&�
9'/./ */)4214%*0)&� 9%4. 2( .3/ &)DD'/ �/-9/10%'', .3/
4053. -07/�� %*7 &2-. 2( .3/ 9%'%./ ;0.3 4053. ����� %*7
'/(. � ���! �112470*5 .2 .3/ .22.3 ;/%4 1'%--/- 942�
92-/7 6, �0''&%*�
&0.3 /. %'! ��>EG�� �����$@ 4/94/�
-/*. % H):/*0'/ 0*70:07)%' 4/(/4%6'/ .2 .3/ ;/%4 1'%-- AANBB�
1244/-92*70*5 .2 %* 0*70:07)%' %5/ 2( E��� ,/%4-! �3/
14%*0)& 0- 72'013214%*0%'� ;0.3 .3/ 211090.%' 14/-. 942�
H/1.0*5 92-./4024;%47! �3/ 13//= .//.3 %4/ 3,9-272*.
;0.3 &)13 1/&/*. 2* .3/ 142;*� %*7 942.2'293 %*7
&/.%'293 %4/ 1)4:/7 92-./4024;%47! �2&9%40-2* 2(
.3/ )0% -9/10&/* ;0.3  ! ����� (2--0' 14%*0%' 4/&%0*-
(42& �%-. �)4=%*% ��� ��E�� �� ��>� �� ���@� %*7
;0.3 2*/ 4/1/*. -9/10&/* �	����E �� -32;- .3%. .3/
�40.4/%* -9/10&/* &/.401- (%'' ;0.30* .3/ *24&%' 4%*5/
2( :%40%60'0., 2(  �	����
�	��� ������ .32)53� 0* 5/�
*/4%'� .3/ :%')/- %4/ */%4 .3/ )99/4 /*7 2( .3/ 4%*5/
��%6'/ ��!

-� ��	�./��+&0���		�� 1� ���" �� ���G 

�05! � � !���
�� 	��"� �%7:%*1/7 (24&�! ��� ����� �� 4053. ��0*
'%./4%' ��� 211')-%' -)4(%1/ %. 62..2&� %*7 211')-%' ��
%*./4024 .2 .3/ '/(.� :0/;-+ �� ��� �� 4053. �� 0* 211')-%'
:0/; �%*./4024 .2 .3/ 4053.�! %4 -1%'/ 4/94/-/*.- �@ 1&!

DAN-150 ER-328C ER-329 ER-2320 OM-2184

Maximum length *740,0 800,0 -635,0 -500,0 825,0

Minimum length from nasal boss to nuchal crest *610,0 733,0 633,0 756,0

Length from nasal boss to external auditory meatus *530,0 652,0 540,0 459,0

Basilar length *570,0 752,0 -635,0 713,0

Length from palatonarial border to occipital condyles 365,0 431,0 400,0 -308,0 427,0

Width at nasal boss 193,0 182,0 161,0 82,0 194,0

Maximum width of cranium at orbits 328,0 302,0 -240,0 166,0 180,0

Minimum width of cranial vault at temporal fossa 127,0 120,0 115,0 103,0 112,0

Width of dorsal edge nuchal crest 320,0 275,0 -208,0 216,0

Maximum width of the occiput 263,0 283,0 216,0

Width of occipital condyles 165,0 151,0 -158,0 154,0

Depth foramen magnum to nuchal crest 169,0 156,0 -98,0 162,0

Maximum width cranium at zygoma 390,0 373,0 -320,0 -286,0 335,0

Width of the palate at M1 98,0 65,0 106,0 69,0 100,0

Width of the palate at M3 118,0 82,0 113,0

* until P3

�%6! � � �/%-)4/&/*.- 2( .3/ )0%
 �	����
�	��� �����
�����$@� 12&9%4/7 .2
�2260 �24% %*7 /8.%*. -9/�
10&/*- �7%.% (42& �%440-
�>E�%�!
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	*/ � �����@��� � �� �������@�� � 4053. &%*706)'%4 (4%5�

&/*. ;0.3 � ������ @�� � �� ������$�� ������� � �� �����$ �

�����E$�� � 1/4:01%' :/4./64% ���� $$�� � ')&6%4 :/4./64% ������>��

� 3)&/4)- 70-.%' /*7 ������� �� � .060% 70-.%' /*7 ����>G�� � 4053.

&%5*)& ����� �� � 90-0(24& ���� $$�� � .%')- �����??�� � &/70%'

93%'%*8 ��������!

���������	

�'.32)53 -1%*.,� .3/ -.)7, 2( .3/ /<)07 &%./40%'

0* .3/ 12''/1.02* %''2; )- .2 /81')7/ .3/ 211)44/*1/ 2(
.3/ 5/*)- �����	��� �.3/ 5/*)- ;%- 4/924./7 /442�
*/2)-', 0* .3/ �>>E (%)*%' '0-.� %*7 .2 %..406)./ %'' .3/
/<)07 4/&%0*- .2 .3/ 5/*)- !#��� ��05!  �! �3/, 9426�
%6', 1244/-92*7 .2 % -9/10/- -0&0'%4 .2 .3/ '%45/ D/64%
0*3%60.%*. 2( .3/ -/&07/-/4.01 %4/%-� !#��� $	����! �3/
)0% 7/*.%' 4/&%0*- 0*1')7/ '%45/ &2'%4- ;0.3 &27/4%./
942.212*%' 0*701/- 0* .3/ )99/4 -/40/-� %*7 -32; -./*2�
*0*/ &24932'25, 0* .3/ '2;/4 2*/! 	*', �$ -9/10&/*-
3%:/ 6//* %-1406/7 .2 .30- (24& 2( /<)07� 0*1')70*5 .;2
&%80''%4, %*7 (0:/ &%*706)'%4 13//= .//.3� %'.32)53
2*/� .3/ '2;/4 �� �����$�� 0- *2. &/%-)4%6'/ ��%6'/
��! �* .3/ )99/4 -/40/-� %- 0* .3/ �2260 �24% -9/10&/*-
%-1406/7 .2 !#��� 1(! !� $	���� ��0-/*&%** �>E��� .3/ � 

����@� -32;- % 7/:/'29/7 1%6%''0*/ (2'7� %*7 .3/ 942�
.212*%' 0*701/- ���� 0- -324./4 0* .30- -9/10&/* .3%* 0*
.3/ �� ������@! ��$!@ %*7  G!�� 4/-9/1.0:/',�� -)55/-.�
0*5 %* 0*14/%-/ 0* .3/ �� (42& .3/ 94/&2'%4- .2 .3/
&2'%4-! �3/ '2;/4 13//= .//.3 -32; 7//9 '0*5)%' 5422:/
0* .3/ 94/&2'%4- %*7 :/4, 7//9 '%60%' 5422:/ 0* .3/ 2*',
2*/ &2'%4 2( .3/ 12''/1.02* ��� ������ �05! �! �3/04
&/%-)4/&/*.- (%'' 0* .3/ :%40%60'0., 2( .32-/ 2( !! 1(! !�
$	���� (42& �2260 �24%!

�3/-/ -9/10&/*- 3%:/ %'-2 6//* 12&9%4/7 .2
!#��� ������ (42& �2260 �24% ��0-/*&%** �>E�� %*7
A�6/070,%� �-4%/' ��0-/*&%** �>EG�! �* 5/*/4%'� .3/ .//.3
%*%.2&, 2( !� ������ -32;- -2&/ -0&0'%40.0/- .2 .3/ )0%
-9/10&/*-� /-9/10%'', 0* .3/ )99/4 13//= .//.3 -/40/-� 6).

0* .3/ '2;/4 -/40/- 0. 3%- -&%''/4 '%602�'0*5)%' 70%&/./4-
%*7 -&%''/4 :%')/- 0* .3/ 92-.('/80701 0*701/- ����! �30-
70((/4/*1/ 0* .3/ �� 0- 942&0*/*. 2* .3/ '2;/4 � %*7
��� ;3/4/ .3/ &%80&)& :%')/- (24 A�6/070,% %4/  E!@
%*7 � !G� 4/-9/1.0:/',� %*7 (24 .3/ -9/10&/*- (42& )0%
%4/ G�!E %*7 G$! � 4/-9/1.0:/', ��%6'/ ��! �3/-/ &24932�
&/.401%' 7%.% -)55/-. .3%. .3/ )0% -9/10&/*- %4/ *2.
4/(/4%6'/ .2 !#��� ������� %*7 .3/04 %*%.2&, %*7 &/%�
-)4/&/*.- %4/ 1'2-/ .2 !#��� $	����!
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-� ��	�./��+&0���		�� 1� ���" �� ���GG

 L ap ext L ap int W prot W met L ap ext L ap int W prot W met L ap ext  L ap int W prot W met L ap ext  L ap int W prot W met L ap ext  L ap int W tr

DAN-150 Rt 48,8 38,9 47,3 47,1 49,6 40,2 48,6 46,8 54,8 47,8 56,7 54,4 63,9 47,7 50,0 46,1 56,1 55,9 46,4

DAN-150 Lt 50,5 38,0 45,3 48,8 57,8 48,3 58,9 53,4 64,0 48,4 55,4 40,6 51,3 50,3 46,4

ER-1190 49,4 46,4 51,5 48,8

ER-328 54,5 41,1 63,6 56,5 50,0 39,8 70,0 64,5 64,0 56,0 77,2 64,8 64,4 61,3 59,8

ER-1189 46,1 43,4 59,2 55,3 77,4 69,4 54,7

ER-329 71,0 48,2 57,1 33,8

ER-1191 58,4 54,8 67,6 54,9

ER-659 68,2 65,6 61,2

OM-2184 46,0 46,4 51,9 47,0 55,2 51,2 51,2 44,6 50,5 52,5 58,0 55,1 73,2 60,2 51,6 45,7

OM-2216 38,0 30,4 34,7 31,0 44,6 39,0 39,0 35,8 46,1 37,9 42,6 36,2 46,4 43,8 51,0 40,5 58,3 46,3 42,3

P3/ M1/ M2/ M3/P4/

�%6! � � �/%-)4/&/*.- 2( .3/  �	����
�	��� ����� .//.3 ������$@�� 12&9%4/7 �2260 �24% %*7 /8.%*. -9/10&/*- �7%.% (42& �%440-� �>E�%�!

�05!  � !#��� 1(! !� $	����! �� ���� � 4053. &%5*)& 0* 94280&%'
:0/;+ ��� ������ 4053. �� 0* 211')-%' ��� 6)11%' ��� %*7
'0*5)%' ��� :0/;-! %4 -1%'/ 0* 1/*.0&/.4/-!
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�%6! � � �/%-)4/&/*.- 2( .3/ )99/4 %*7 '2;/4 13//= .//.3 2(
!#��� 1(! !� $	���� (42& )0%

UA-301 DAN-230

P4/ M1/

oc ap 30,0 27,1

oc tr 30,8 31,4

ptc 10,5 12,5

PI 35,0 46,1

upper teeth

UA-185 UA-254 DAN-140 UA-13

P/2 P/2 P/4 M/2

oc ap 34,9 33,9 31,2 28,3

oc tr 20,0 16,8 19,6 18,5

l pf 14,8 17,3 14,9 10,5

FI 42,4 49,6 62,8 65,4

lower teeth

�05! $ � ������������ $�	$���� ������� 4053. &%80''%4, (4%5&/*.
;0.3 �� �7//9', ;24*� �� %*7 ��� 0* 211')-%' :0/;! 
1%'/
6%4 0* 1/*.0&/.4/-!

35,0

37,0

39,0

41,0

43,0

45,0

47,0

30,0 35,0 40,0 45,0 50,0 55,0 60,0

M1/ length

M
1
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r 
w

id
th

Turkana basin

Buia basin

Ubeidiya

H. amphibius 

40,0

45,0

50,0

55,0

60,0

65,0

40,0 45,0 50,0 55,0 60,0 65,0 70,0

M2/ length
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2

/ 
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r 
w
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th

40,0

45,0

50,0

55,0

60,0

65,0

70,0

40,0 45,0 50,0 55,0 60,0 65,0 70,0 75,0

M3/ length

M
3

/ 
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o

r 
w

id
th

20,0

25,0

30,0

35,0

40,0

45,0

30,0 40,0 50,0 60,0 70,0

M/1 length

M
/1

 a
n
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ri

o
r 

w
id

th

30,0

35,0

40,0

45,0

50,0

55,0

40,0 45,0 50,0 55,0 60,0 65,0 70,0

M/2 length

M
/2

 a
n
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ri

o
r 

w
id

th

30,0

35,0

40,0

45,0

50,0

55,0

60,0 65,0 70,0 75,0 80,0 85,0 90,0 95,0

M/3 length

M
/3

 a
n
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ri
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r 

w
id

th
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#/ %'-2 )-/ 
0&9-2*B- ��> ?� �>G@� (%)*%' 4/-/&6'%*1/
0*7/8 6/1%)-/ 0. 3%- % '2*5 .4%70.02* 2( )-/ 0* 9%'/2*.2'�
25, %*7 0. 1244/1.- (24 70((/4/*1/- 0* 70:/4-0., 2( (%)*%-
6/0*5 12&9%4/7 ��',** �>EG+ /4*24 J �%:'%=0- �>E?+
/4*24 /. %'! �@@��! 
0&9-2*B- (%)*%' 4/-/&6'%*1/ 0*7/8
0- 1%'1)'%./7 %-� � � ��  #" ;3/4/ # 0- .3/ -&%''/4 2( !
24 �! �3/ '%../4 %7H)-.- (24 70((/4/*1/- 0* -%&9'/ -0D/-
6/.;//* 9%04�;0-/ (%)*%- 6/0*5 12*-07/4/7 �%- .3/ 1%-/
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1 2 3 4 5 6 7 8 9 10 11

Paranthropus X X X

Homo X X X X X X X X X X

Theropithecus X X X X X X

Parapapio X X

Papio X X

Cercocebus X

Macaca X

Cercopitecoides X X

Colobus X X X X

Atillax X

Crossarchus X

Herpestes X X

Ichneumia X

X X

Pseudocivetta X X

Lutra X X X

Vormela X

Pannonictis X

X

Dinofelis X

Megantereon X X

Panthera X X X X

X

Felis X

Lynx X

Pachycrocuta X

Crocuta X X X X X X X X

Hyaena X X X

Canis X X

Lycaon X X X X X

Vulpes X X

X X

Loxodonta X

Elephas X X X X X

Mammuthus X X

Stegodon X

X

Hipparion X X X X

Equus X X X X X X X X X

Mungos

Homotherium

Acinonyx

Ursus

Palaeoloxodon

1 2 3 4 5 6 7 8 9 10 11

Ceratotherium X X X X X X X

Diceros X X X

Stephanorhinus X X

X X X X X X X X X

Metridiochoerus X X X X X X X X

Sus X X

Hexaprotodon X X

X X X X X X X X X

X X X

Giraffa X X X X X X

Camelus X X X

Beatragus X X

Alcelaphus X X

Kolpochoerus

Sivatherium

Hippopotamus

Sigmoceros X

Connochaetes X X X X X

Damaliscus X X

Megalotragus X X X X X X

Parmalarius X X X X X X

Hippotragus X X X X X

Brabovus X

Oryx X X X

Kobus X X X X X X X X

Menelikia X

Redunca X X X

Gazella X X X X X X X X X

Antidorcas X X X X

X X X X X X X X

Taurotragus X X

X X X

Pelorovis X X X X X X X X X

Bos X

X X X X X

Rabaticeras X

Bouria X

Nitidarcus X

Numidocapra X

Praemegaceros X

Megaloceros X

Dama X

Cervus X

Tragelaphus

Syncerus

Aephiceros
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