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

� ����� �	
� ���
 
 �� ����� ��
�� �	 �����1400 )66-55(  

 

 

 
 

:���	
� � �!�  

����� �� 	
��� ��

�������
  �������
��

)Ixodida( 
 ���
 ������  
  

���� 	
�� 
�1 "#$%
 ����& ���
2* "	
)��* �+��$, ��3 "

 �����.�/ ���
4  

1 .������	  
����� 
��� ���� 
���� 
���� ������� 
���� �� ! ��"����

#���� 
����  

2. ���	 ��"���� 
�%�� �� ! ���� 
��&���� ������� 
�'&() *+��% � ,��

#���� 
���� 
����  

3 . 
����� 
��� ���� 
�����.��#���� 
���� 
���� ������� 
���� �� ! ��"���� 

4 .��&����
  
����� 
��� ����#���� ���� 
���� ������� 
���� �� ! ��"����  

  

 :
1���� 2���3)22/7/1397 -  :9��:� 2���34/10/1400( 

  
1��23  

 	�� =%��! =>�� �?
��@! ��  �+ #���� =>�� � A����&B � �?,��C&+ �? ��

,D����E F3 #�GC? ������ � � ���  .��.�? ���	 �C��	 ���?�

 �'H�I% J�� �� K�?������� �.%�1��% A�@LM�  N��.1� ,��+ 9��� �+

���� ,�?�.���, Ixodida 9�� �� ���@.�� �+ ,�?  M��.%�&+�1��%

 ��O�% J�� ,��+ .
��186  �� �+ R '.% �	 �������S ������E �� ��	 ��!

���� =%�� 
������.&���� � ����S T�U ,�?Argas persicus 


A. reflexus  �Ornithodoros lahorensis  .���� �������413 

 �+ R '.% �	 ������"�� ������E �� D&� ��	 ��!��  � T�UV��  ����

 =%��Rhipicephalus sanguineus 
R. turanicus 


Hyalomma anatolicum 
H. asiaticum
Haemaphysalis 

sulcata  *CU ��S���@.�� �+ � , �& 	 J���W ��  �(.'% �������

#�D&% ����+ .���� ���� X&Y�3 Z��3 ����,� � ������1 ��	�? �%�� ,

=%�� #�����	 ���Y�� �� T�U �� �? �� � ��� ���� �C? �� ���
 

 
��O�% J�� ,��+ .�� ��[�� D&� D+ � ��@���20  �\�% �]I�% �� ���.���

���C� � ^�Y.�� #�]&%% A��L �+ ,�&� �� _�� M� _�) �� � ���&?�

J�����1 ��% ��@�� �3��% 1395  ��[���� ���'3 Z�C[% �� .18  �.%����


a�"���"&%���.�� �� ���@.�� �+ ,�.%�&+�1��%  �+����� ���% � J&&'3

���� .��.1�� ���> 9�� �+ ,��:��	 �� T� �?PCA   �� ���@.�� �+ �

��� ��D1�SPSS   �Y��)16 �� ���@.�� �+ � =& b3 ���% (���  ��D1�

MVSP 9�� �+ ,�?UPGMA
PCO  � PCA   Tc� � D&H��S

 d�� �)�+�% ����C� � �G.E����D&H��S �� . PCA  A�@L

 Z�C[% �� ,�.%�&+�1��%��\W �+ �@He% �	 �%S 
��91 �L��  =	

M� T������ =& b3 #�%�S .��C� �&U�3 �� T������ E� �1�) Kf.

��'%  .��� #��� ����"� �+ A�@L �.�&+ J&+ �� �� ,���  

  

14�5  ��6:���$� ���� 
 �.��� 
,�.%�1��% ����+T� �C�&.��#��.  

  
  

:�� !" #$%!��& *  ()*" ��+$, -$." Email: M-motlagh@araku.ac.ir 

  
  

Morphobiometric study of order 

Ixodida in Mashhad-e Miqan 

 
Masumeh Akbari1, Mahdi Khodaei Motlagh2*, 

Alireza Shayestehfar3, Seyyed Mehdi Talebi4 

1. M. A., Department of Biology, Faculty of Basic Sciences, 

Arak University, Arak, Iran 

2. Associate Professor, Department of Animal Science, Faculty of 

Agriculture and Natural Resources, Arak University, Arak, Iran 

3. Assistant Professor, Department of Biology, Faculty of Basic 

Sciences, Arak University, Arak, Iran 

4. Associate Professor, Department of Biology, Faculty of 

Basic Sciences, Arak University, Arak, Iran 

 
 

(Received: Oct. 14, 2018 - Accepted: Dec. 25, 2021) 

 

 

Abstract 
Tick transmit infective agents to humans and animals, 

and carriers of parasitic and viral diseases such as the 

Crimean Congo bleeding fever. The purpose of this 

study was to identify valuable morphobiometric 

characters for differentiation of Ixodida order using 

morphobiometric methods. For this purpose, a total 

of 186 ticks were identified from the Argasidae 

family belonging to the two genera of Argas and 

Ornithodoros, including the species Argas persicus, 

A. reflexus and Ornithodoros Lahorensis. 413 ticks 

are from the Ixodidae family, which belongs to 3 

genera and 5 species including Rhipicephalus 

sanguineus, R. turanicus, Hyalomma anatolicum, H. 

asiaticum, Haemaphysalis sulcata and were identified 

using several valid identification keys. The study of 

species diversity and frequency of cattle, sheep and 

goats in all age groups and both sexes were done in 

ruminant including cattle, sheep and goats. To this 

end, 20 stations were selected in the Mashhad 

Meyghan area and sampling was carried out monthly 

and during one year from April to March 2017. A 

total of 18 morphobiometric parameters were 

determined using calibrated stereomicroscope.  The 

data were analyzed by PCA method and analyzed 

using SPSS software (version 16), and analyzed by 

UPGMA, PCO and PCA methods using MVSP 

software, then shrubs and the corresponding charts 

were drawn. In PCA analysis, a total of 4 components 

of morphobiometric traits were obtained, which 

explained 91% of the total variance. One-way 

ANOVA showed a significant difference between 

between most of the traits. 

 

Keywords: Arak, Morphobiometric study, order 

Ixodida. 
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G� ��9�" -+76 ���76 M�WX�*" -7�"�V��" M�Qb 

-���2 +� �"=+�8 �� 7c& 1V7? �X
 (>[ \�7W8 7��" 2+ 

1Qb G�"�&�!:�8 $��6 �8�Qb +� �� &7c 1V7? /: �� 

d+7�V+ /&�?�
 1��
+ -7���6 /��+� $��6 )Mayer, 

1953.( 76�%6K�+ �����%� (�C� /%: -�
 ��9�" �� 

=���+ -�:7" /: �B� +2 ([�%" 	." �� PT6 X�8�M+$ 

"+�� �� ���: A�!^" "� ��� /6 ��c%" ���<��� 

;�!&��� ��eN -����6 �
 
 1�7�$" -7�<��� =@�
 

1��
+ /6��+�� $
+�, 1�+�.  

  

���
 5 85� �6  

���
�- " $.�"�=�_  ��12 :�7�"�)-  g+�+ 7.�

V+7J9 ��[ �� 
 �$� UC+
���� "32'14O34  �� 


V+7J9 i75���� "37'41 O49  .1�+ /�V7? �+7C

W�9�1 +�K ����7� S��+ 76 ���
�-  ��"@ �:7"

+�=+7 ��� �� 1395 �237 ) 7Q&90 �+�&�, (��6 ./6 

X��; 	
 &����� ;: /_*%" 7c&���" 
 �_"�/! 

6�l�X��B� `�%8 /&�?�
- /WX�*"���" �� +�K �P

3� 

20 +���<�! �� m*� /_*%" �� 7c& /�V7? �$� /: 

;"�� �+$"+�-��
 �+�
�?-�
- �%�� 
 �W%b� 
 

�+�$%Q��?-�
 "�$%��6 ./&��& �+�76- 2+ m*� �+��
 


 ;,+� E�B� ���
�+�- ;^" /<&�+�- �+� M��b 

1V7? 
 /&��& /%:�
- U�9�
@- �$� /6 ;,+� 

A��8
7B�"���
 /: �=�"2 ��8�n 
 ;^" /&��& �+�76-� 

����� +���<�! 
 ��& �7V /&��& �+�76 76 
�- =@ 1>o 

�$� ��6 ��_�&+ ��+� $&$� )Fayazkhoo et al., 

2017( .pa� /&��&�
 1.9 M�WX�*" 6�7�� /6 

�"2@���<� ��<�&+� g+�+ ��_�&+ ��+� $&$� 
 �6 G�: 

):��
$- ���%��� 7>�W" p%9 
 /&�?�
 T�8�q 

��+� $�. +76- ��0&+ M�WX�*" 6�V��"�7�"�- 2+ 7
 

W�9�1 
 7
 /&�? ���%��� �$� /%:��
 �+$W8- 

/6 M��b V��Z8� A�T�&+ $&$� 
 �6 ���Q��+ 2+ 



   :=+��B�
 
 -7>:+��76� 6�V��"�7�"�- p� /��+� ��+���<�=�   ) Ixodida " $.�" �� (�=�_  57 

7��+�"��r�B�
7B )Stereo Microscop Fiber 

Optical Illuminator( 2+ PT6 �
- \)�T" =@ 

pB5 .8�/ $� 
 �6 G�: �7& �+�V+ Image tools �

�
7�"+�����  �� /:�
$9 1 �$"@$&+ �2+$&+?�7-  .$&$�

+76- W8��K �
7�"+���  /�V7? G�: �$W�" M]�_" 2+

$� )Dantas-Torres et al., 2013; Abdel-

shafy, 2005; Veríssimo et al., 2002;. 

Abdel-Shafy et al., 2013; Abdel-Shafy et . 

al., 2011; Abdel-shafy, 2007; Hosseini-. 

Chegeni et al., 2011; Rajaei et al., 2019;. 

Keirans, 2001 .( ��;B� 1 &�� �
7�"+��� N+�& 
� 

 /WX�*" ���"��&�P ��+� �$�$&+ .�� +�K /WX�*" �+$W8 

18 1Qb l�X�V��"�G  �t�:���" ��76� �+7C 1V7? 


 p�  2+�+I?$:- �M�Qb X�&@�� ��"@- �6 G�: 

�7& �+�V+ SPSS  
 $� ��0&+�<X+ M�[�>8�+ "�&�!:�8� 

6�K /&��&�
- ���%���  �6 �$�u
� PCA  ��0&+

$��7? .%R�
�K �6 ���Q��+ 2+ �7& �+�V+ MVSP 2+ 

u
� UPGMA�PCA  �PCO �CA joint plot 

+76- X�&@��  ���Q��+ M�Qb$� 
 /R�,�� /:  �+���&

u
� 2+ ;b�N�
- d�V &�� 	�� 
 �� �B; -�
 2� 

3  
4   .1�+ �$� ��+� =��&2+ =�"2@ ANOVA 

/6 ��76 ��c%"� %W"��+�6J8 =����M+7  M�Qb

��1T �,�%�� 6�K /&�?�
 
 �+7V+ ���" /WX�*" �� 

m*� �%W" �+�- )05/0P( ���Q��+ $�. /6 ��c%" 

��76� %W"��+� =��6 �� =��>& M�Qb ��1T �,�%�� 

M�Qb �:� 6�K /&�?�
 
 W�9�1�
-  2+ /WX�*" ���"

 =�"2@ANOVA  ���Q��+$�  

  

�
9�:  

��&�w  /6 x�67"�2+$&+ 7�?- �
7�"+���  ���
$9 2  /by,

 .1�+ �$�/: /6 z�7 ��: ��[ M�Qb 2+�)����  1>!& 


�� 7a� i75 /6 ��[�7 +�+� M�Qb- ��&�w �+��%W"- 

.$&��6 ��+��
- ;b�N 2+ M�WX�*" 6�V��"�7�"�- /6 

u
��
-  \)�T"X�&@�� $&$� : /�� �B; -�
 2 �8 4 

 .1�+ �$� /by,�� X�&@�� �08�/ /6 /QX{"�
- )b+� 

 2+ ���Q��+ �6�7& �+�V+ SPSS ��+� �
- ;b�N 2+ /WX�*" 

;: M�Qb 6�V��"�7�"�- �� W�9�1�
- ���" /WX�*" 

/��+�Ixodida   2+ ;B��"8 " $.�" �� /&�?��=�_ 

��.H  +$9 /QX{"$�  `��0" �� /:91/0 �+
 ;:�p&�  +�

9�8�/ "�$%: )05/0P.( /: +�K ��&�w  ���
$9 -�
 3 


 4  .1�+ �$� /by,��&�w �67"x  =�"2@ /6

ANOVA �� �
$9 5 �$"@ .1�+  

  
#	$� 1. b�Z, 
 �
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1Qb ���V /6�                                                                                      1Qb /6 8]�K    y5	| ��Z�,+- 
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i75                              =$6 Body width BW 

��[ ��:�)���� Capitulium length CL 

i75 ��:�)����                      Capitulium width CW 

��[ �$5�C ��:�)���� Basis capitulium length BCL 

i75 �$5�C ��:�)����     Basis capitulium width BCW 

��[                                     7a� Scutum length SL 

i75            7a�    Scutum width SW 

��[  7a� i75 / 7a�  Scutum length/Scutum width SL / SW 
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��[ �"��� Parma length PL 

i75 �"���  Parma width PW 
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                  ;B� 1 .��&�P M�Qb 6�V��"�7�"�- ���" ���Q��+ �� X�&@�� ��"@-  

 (Dantas-Torres et al., 2013; Abdel-shafy, 2005; Veríssimo et al., 2002; Abdel-Shafy et al., 2013; 

Abdel-Shafy et al., 2011; Abdel-shafy, 2007; Hosseini-Chegeni et al., 2011)   
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&'� 4. �+���& ;b�N 2+ X�&@�� M�Qb 6�V��"�7�"�- �6 ���Q��+ 2+ �7& �+�V+  MVSP  

  

#	$� 2. ��&�w 6�V��" M�WX�*" 2+ ;b�N�7�"�-  /��+�Ixodida " $.�" ���=�_ 

/&�? ��& GW DGA DAP APL APW APL.APW PL PW PL.PW 

A. persicus f 

Mean 0.77 2.30 2.83 0.00 0.00 0.00 0.00 0.00 0.00 
N 20 20 20 20 20 20 20 20 20 
Std. Dev. 0.08 0.34 0.41 0.00 0.00 0.00 0.00 0.00 0.00 

A. persicus m 

Mean 0.32 1.77 2.38 0.00 0.00 0.00 0.00 0.00 0.00 
N 16 16 16 16 16 16 16 16 16 
Std. Dev. 0.06 0.25 0.34 0.00 0.00 0.00 0.00 0.00 0.00 

H. anatolicom f 

Mean 0.23 1.60 1.19 0.00 0.00 0.00 0.00 0.00 0.00 
N 8 8 8 8 8 8 8 8 8 
Std. Dev. 0.01 0.25 0.19 0.00 0.00 0.00 0.00 0.00 0.00 

H. anatolicom m 

Mean 0.25 1.43 0.84 0.81 0.33 0.56 0.20 0.19 0.18 
N 9 9 9 9 9 9 9 9 9 
Std. Dev 0.03 0.09 0.18 0.18 0.05 0.10 0.03 0.03 0.05 

H.asiaticm f 

Mean 0.25 1.64 1.23 0.00 0.00 0.00 0.00 0.00 0.00 
N 12 12 12 12 12 12 12 12 12 
Std. Dev 0.02 0.27 0.24 0.00 0.00 0.00 0.00 0.00 0.00 

H. asiaticum m 

Mean 0.22 1.39 0.91 0.82 0.28 0.54 0.17 0.13 0.14 
N 12 12 12 12 12 12 12 12 12 
Std. Dev 0.03 0.14 0.22 0.16 0.05 0.08 0.03 0.02 0.01 

R.sanguineus f 

Mean 3.30 2.20 0.34 0.41 0.21 0.61 1.09 0.94 1.01 

N 20 20 20 20 20 20 20 20 20 20 

Std. Dev 0.98 0.67 0.05 0.07 0.04 0.05 0.28 0.17 0.21 

R.sanguineus m 

Mean 2.81 1.83 0.37 0.49 0.23 0.58 2.40 1.44 1.92 
N 20 20 20 20 20 20 20 20 20 
Std. Dev 0.30 0.20 0.07 0.06 0.03 0.05 0.26 0.23 0.23 

R.turanicus f 
Mean 2.98 1.94 0.35 0.48 0.26 0.73 1.08 1.01 1.04 
N 10 10 10 10 10 10 10 10 10 
Std. Dev 0.44 0.35 0.07 0.04 0.04 0.05 0.21 0.19 0.19 

R. turanicus m 
Mean 2.58 1.69 0.26 0.37 0.22 0.56 2.18 1.45 2.01 
N 20 20 20 20 20 20 20 20 20 
Std. Dev 0.21 0.20 0.04 0.06 0.03 0.05 0.31 0.19 4.56 

Total Mean 4.19 2.68 1.12 0.49 0.23 0.58 1.55 1.16 2.73 
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N 147 147 147 147 147 147 147 147 147 

Std. Dev 1.75 1.03 8.04 0.10 0.08 0.11 1.16 0.81 1.69 

 ��+,+#	$� 2. ��&�w 6�V��" M�WX�*" 2+ ;b�N�7�"�-  /��+�Ixodida " $.�" ���=�_ 

/&�? ��&  GW DGA DAP APL APW APL.APW PL PW PL.PW 

A. persicus f 
Mean 0.77 2.30 2.83 0.00 0.00 0.00 0.00 0.00 0.00 
N 20 20 20 20 20 20 20 20 20 
Std. Dev. 0.08 0.34 0.41 0.00 0.00 0.00 0.00 0.00 0.00 

A. persicus m 
Mean 0.32 1.77 2.38 0.00 0.00 0.00 0.00 0.00 0.00 
N 16 16 16 16 16 16 16 16 16 
Std. Dev. 0.06 0.25 0.34 0.00 0.00 0.00 0.00 0.00 0.00 

H. anatolicom f 
Mean 0.23 1.60 1.19 0.00 0.00 0.00 0.00 0.00 0.00 
N 8 8 8 8 8 8 8 8 8 
Std. Dev. 0.01 0.25 0.19 0.00 0.00 0.00 0.00 0.00 0.00 

H. anatolicom m 
Mean 0.25 1.43 0.84 0.81 0.33 0.56 0.20 0.19 0.18 
N 9 9 9 9 9 9 9 9 9 
Std. Dev 0.03 0.09 0.18 0.18 0.05 0.10 0.03 0.03 0.05 

H.asiaticm f 
Mean 0.25 1.64 1.23 0.00 0.00 0.00 0.00 0.00 0.00 
N 12 12 12 12 12 12 12 12 12 
Std. Dev 0.02 0.27 0.24 0.00 0.00 0.00 0.00 0.00 0.00 

H. asiaticum m 
Mean 0.22 1.39 0.91 0.82 0.28 0.54 0.17 0.13 0.14 
N 12 12 12 12 12 12 12 12 12 
Std. Dev 0.03 0.14 0.22 0.16 0.05 0.08 0.03 0.02 0.01 

R.sanguineus f 
Mean 0.18 1.40 1.02 0.00 0.00 0.00 0.00 0.00 0.00 
N 20 20 20 20 20 20 20 20 20 
Std. Dev 0.04 0.43 0.49 0.00 0.00 0.00 0.00 0.00 0.00 

R.sanguineus m 
Mean 0.22 1.00 0.87 0.69 0.24 0.47 0.00 0.00 0.00 
N 20 20 20 20 20 20 20 20 20 
Std. Dev 0.21 0.21 0.14 0.12 0.04 0.07 0.00 0.00 0.00 

R.turanicus f 
Mean 0.16 1.23 0.80 0.00 0.00 0.00 0.00 0.00 0.00 
N 10 10 10 10 10 10 10 10 10 
Std. Dev 0.04 0.29 0.25 0.00 0.00 0.00 0.00 0.00 0.00 

R. turanicus m 
Mean 0.17 1.01 0.77 0.63 0.22 0.42 0.00 0.00 0.00 
N 20 20 20 20 20 20 20 20 20 
Std. Dev 0.02 0.15 0.20 0.10 0.05 0.07 0.00 0.00 0.00 

Total 
Mean 0.29 1.47 1.35 0.29 0.10 0.20 0.02 0.02 0.02 
N 147 147 147 147 147 147 147 147 147 
Std. Dev 0.21 0.49 0.80 0.36 0.13 0.24 0.06 0.05 0.05 

Abbreviationse: BL= Body length, BW= Body  width , CL= Capitulium length, CW= Capitulium width,  BCL= Basis Capitulium length, BCW= 
Basis Capitulium width, SL= Scutum length, SW= Scutum width, SL/SW= Scutum length / Scutum width, GW= Genital core width, DGA= 
Distanse  between genital core  of   anuse, DAP= Distanse between anuse of posterior  apex, APL= Adenal plate length, APW= Adenal plate width, 
APL/APW= Adenal plate length/ Adenal plate width, PL= Parma length, PW= Parma width, PL/ PW =Parma length / Parma width 

  

#	$� 3. �+$_" �+
�p&� 7
 �G 2+ /QX�"�
- X�&@ 2+ ;b�N�� PCA +76- ��+��
- 6�V��"�7�"�- �e5+-  /��+�Ixodida  ���Q��+ �6
�7& 2+  �+�V+SPSS 

Total Variance Explained 

Component 
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 8.351 46.393 46.393 8.351 46.393 46.393 5.818 32.322 32.322 
2 3.867 21.482 67.875 3.867 21.482 67.875 5.680 31.557 63.879 
3 2.809 15.607 83.482 2.809 15.607 83.482 3.208 17.823 81.702 
4 1.259 6.995 90.476 1.259 6.995 90.476 1.579 8.774 90.476 

Extraction Method: Principal Component Analysis. 

 
#	$�4. /QX{"�
- X�&@ 2+ ;b�N�� PCA 6�V��" /WX�*" ���" M�Qb�7�"�-  /��+�Ixodida " $.�" ���=�_ )05/0P(  

Rotated Component Matrix
a
 

 
Component 

1 2 3 4 
Parma length 0.931    
Parma length / Parma width 0.926    
Adenal plate width 0.898    
Adenal plate length / Adenal plate width 0.887    
Adenal plate length 0.881    
Scutum length 0.816 -0.514   
Scutum width 0.663 -0.578   
width Genital core  0.963   
Distanse between anuse of posterior apex  0.929   
Body length  0.923   
Distanse between genital core of anuse  0.874   
Body width  0.872   
Parma width  -0.830   
Capitulium length   0.928  
Capitulium width   0.858  
Basis Capitulium length   0.816  
Basis Capitulium width   -0.704  
Scutum length Scutum width    0.917 
Extraction Method: Principal Component Analysis. 
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Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 5 iterations. 

 #	$�5. X�&@�� ANOVA   =��& �%W" �$%
�  M
�Q8 =��6 �+�M�Qb �:� 1T�� ���%� �� ;,+� 
 6�K W�9�1�
 )05/0P( 
  SS Df MS F P-Value 

B L 

Between Groups 381.68 4 95.42 168.03 0.00 

Within Groups 80.64 142 0.56   
Total 462.32 146    

BW 

Between Groups 137.84 4 34.46 102.91 0.00 

Within Groups 47.55 142 0.33   

Total 185.40 146    

CL 

Between Groups 0.29 4 0.07 2.89 0.02 

Within Groups 3.59 142 0.02   

Total 3.89 146    

BCL 
Between Groups 0.06 4 0.01 1.95 0.10 
Within Groups 1.17 142 0.00   

Total 1.24 146    

BCW 
Between Groups 0.54 4 0.13 14.22 0.00 
Within Groups 1.36 142 0.01   

Total 1.91 146    

SL 
Between Groups 87.55 4 21.89 39.82 0.00 
Within Groups 78.04 142 0.55   

Total 165.59 146    

SW 

Between Groups 47.11 4 11.77 63.15 0.00 

Within Groups 26.48 142 0.18   
Total 73.59 146    

SL/SW 

Between Groups 1290.72 4 322.68 1.13 0.34 

Within Groups 40443.99 142 284.81   
Total 41734.72 146    

GW 

Between Groups 0.02 4 0.00 0.66 0.62 

Within Groups 0.97 142 0.00   

Total 0.99 146    

DGA 

Between Groups 20.93 4 5.23 47.50 0.00 

Within Groups 15.64 142 0.11   

Total 36.57 146    

DAP 
Between Groups 78.73 4 19.68 173.77 0.00 
Within Groups 16.08 142 0.11   

Total 94.81 146    

APL 
Between Groups 3.86 4 0.97 9.85 0.00 
Within Groups 13.93 142 0.01   

Total 17.79 146    

APW 

Between Groups 0.40 4 0.10 9.54 0.00 

Within Groups 1.49 142 0.01   
Total 1.89 146    

APL/APW 

Between Groups 2.01 4 0.50 10.25 0.00 

Within Groups 6.97 142 0.05   
Total 8.98 146    

PL 

Between Groups 0.463 4 0.051 35.027 0.00 

Within Groups 0.201 142 0.001   
Total 0.664 146    

PW 

Between Groups 0.309 4 0.034 26.979 0.00 

Within Groups 0.174 142 0.001   

Total 0.483 146    

PL/PW 

Between Groups 0.22 4 0.05 25.43 0.00 

Within Groups 0.30 142 0.001   

Total 0.52 146    

Sum of Squares ~M�W67" /5��0" :Mean Square ~M�W67" K�<&��" :df ~M+�
I0" `��0" :F: F-ratio, sig: significance level 
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