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����� Bactrocera oleae (Diptera: Tephritidae) 

Comparison of different traps attractiveness for olive fruit fly  

Bactrocera oleae attraction (Diptera: Tephritidae) 
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A 6$)>/ MN��- �# 6$)>/ ���� O>(3
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  �>#(� C��K� 6�)��.   C�� ,>����� 8�(�  �� �- 8           V�LE �L� ,0(N <�� O>� �$W'� X�� �# X��
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\���L
� O
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U�3            U�3 � K
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�23 � U>K%3  ��      ��2�LZ d�$3 6$)>/ �$
- 8

     6$-(� ��(	� ���WQY #�/   #��a3 ��e�/fg ± �i/�� H+-    <WQ' U�3 (� �# 6$)>/ �$
-  (>�� U� 
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  ,�a- k.)A� ����	
3  <��# 8��#�        UL�3 (>�L� ,����9 X�� ����3 �-�   �L�     (Ll' /� (+>�L:> �L� 

  8��-�)P<0.001( ,�a-  #$W' ��# .HE            U�3 �6$
3_�- � O
]3�(E ��(	� [
� ^- U�3 �,'$-(� U�3 /� 

              WQY #�/ ��2�Z � 6$
3_�- � O
]3�(E ��(	� [:� 8(b� U�3 �K
Q9�� ��(	� [:� 8(b� ���

ULLLW3� �# XLLL
3(3 ULLL� �LLL���)LLL��# ��(LLLm 8�LLLa� 8 . 6$LLL-(� ��(LLL	� #�/ ULLL�3 O
LLL�n	�  

   #��a3 ����/g ± �i/Tf     �#�- ��(&0 X�� (l' /�      U�3 (>�� U� <WQ' 6$)>/ H+-   �L�  XL�� � 

����9  ��   ,�a- k.)A� 8���#    8��#)P<0.001 (        (L' ��(&L0 XL�� �# � #$�    #��La3 �L� gg/� ± 

�i/gg   
3 (>�� U� <WQ' K
' ,�a- k.)A� ����	  8��#)P<0.001( <��#.    (Ll' /� �L���	
3 (>�L� 

       ,�a- k.)A� �#�- � (' o\�� ��(&0 X��    ��)���' (+>�:> �� 8��# .     o\�L� ��(&0 X�� 6�K
-

                  S$pL� 4�	3 �# U9 <�(� ��(m ,��>/�� #�$- M
123 O>� �# K
' q�)r- S$p� �# 6$)>/ H+-

  >�� U� <WQ' 6$-(� ��(	� #�/ U�3 K
'    ,L�a- k.)LA� 8���# o\�L� ��(&L0 X�� �# O>(  8��#

  �� ����	
3 (>�� �-� �#$�(+>�J>,�a- k.)A�  �'#��' 6�&' 8��# .U�3 /� �#��)��  �L�  �# ,'$L-(� 8

   ,- U
Z$3 K
>�E � 6�)Q��3 ���7� �# <�� ,��>#� ##(�� ��- 8# �#   XL�� U� �#�m ,'$-(� U�3 �7�3

 6$)>/ H+- o\�� ��(&0$�#.   

 8#� ��9 9���:  :    6$L)>/ �$L
- H+-  �         K
QL9�� UL	aN �6$L-(� �,��L��9 XL��   (L
s S(L)�9 �

,��>#� �,>�
	
�.  
Abstract 

The olive fruit fly, Bactrocera oleae Gmelin (Diptera: Tephritidae) is the most important 

and widespread pest in the olive growing countries in the world. This pest was reported from 

13 provinces of Iran in 2004. The larvae feed upon the pulp, resulting in a significant 

quantitative and qualitative loss in the production of table olives and oil. For identification of 

suitable methods in attraction and trapping of the pest, this experiment was conducted in a 

randomized blocks design with 5 replication and 5 treatments, yellow sticky traps with 

pheromone, McPhail trap with hydrolyzed protein (3%) and malathion (0.2 %), pet traps (1.5 

lit. mineral water bottles) with hydrolyzed protein (3%) and malathion (0.2 %), pet traps with 

Success bait (3%) and yellow sticky traps without any attractive materials.  

After analyzing data variances, a comparison was made on the averages using Duncan's 

methods in probability level of 5%. The study revealed a significant difference in attraction of 

adult B. oleae by pheromone traps (98.20 ± 16.48) than other treatments but there was not any 
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significant difference within others (P<0.001, df=(4, 20), F=31.08). After the pheromone 

traps, there were the McPhail traps, pet traps with Success bait, pet trap with protein and 

yellow sticky traps respectively. Also pheromone traps had a significant difference in 

attraction of male (66.80 ±9.66) (P<0.001, df=(4, 20), F=43.61) and female adults (31.20 

±6.29) (P<0.001 ,df=(4, 20), F=19.23) than other treatments too. In this matter there was not 

any significant difference within others. It was noticed that pheromone traps had a significant 

difference in attracted the highest number of adult flies in every seasons during a year. In 

winter (late December) only pheromone traps were suitable to attract the adults.  

Key words: olive fruit fly, attractiveness, pheromones, success bait, non-chemical control, 

monitoring. 
 

�����  

 6$)>/ �$
- H+-Bactrocera oleaea (Gmelin)I7- /� ,:>      MN�L�- �# 6$L)>/ ��L�� O>(3

   <�� �
'# 8��9 6$)>/ . t�� �#  ��     6� �# ,\()�9 ��-��m� U9 ,>   ,	' �(�� ��    �L3 <�� O>� #$�fii 

 #�%>� ���QA �Z�#-   ��9(Cristofard et al., 2005) .)�9(   UL�3 /� �#��)L�� �L� <�� O>� S  �L� � 

 ����9 X��  ��    4�%'� �
'# �# q�)r- 8 -  #$� .           �$L7u 6�L-/ O
L�n	� � ,�#$L\� v>(� q&9

 #��# 8��
Q� <
	�� [p� (� �# o\�� ��(&0 O
\��(Cristofard et al., 2005).<�� O>�   /�S�� 

����  /� #��� S�� S�L� �# � ��� 6�(>� #��� ��   �L>#(� C��KL� 6�)L��  )Jafari and Rezaei, 

2004 .(     <L�� O>� 8����_  /�     �$L
- <L�$�   6$L)>/   UL>Dw3    XL�$- � �#(L9    �$L
- CKL>�    �L�   

<LL��#(� /� [LLWm ULL%
)' �# � ��LL�  OLLs�� <LL
�
*,\�pLL2)��  P$s(-�LL' KLL
' ��LL-  �LL��9  

(White and Elson-Harris, 1992).   

8�(� X��  �o\�� ��(&0   ����9 X��   ��8       L� QL�� � >��
� �>�Ds  U  ��L* L-    UL* �L'��

          (>�� �� X
*(3 �# ��� � >�7�3 U� ��� 9 X������  ��     UL�3 x�$L'� �#    �L�    �#��)L��  L-  �'$L� 

(Katsoyannos, 1992) .U�3 �� 8���WQY #�/ (L� X�� U� �#�m     �#�L- � (L' H�L� �#  ��)QL� � 

    6$-(� �� X
*(3 �# ���    U� K
'   ��*- ��'� .    UQ
9 /� <�� O:	- O
�n	�  ��   8$)2- 8  yL	'

H�� �# X�� ��(� 4$
'$-�U�3 O>� �#  ��#$� �#��)��  (Economopoulos et al., 1986) . y- U�3

[
�                  #��� ��(L� A��$� 6� q* �# U* �#$� v>�- U	aN ��(� 'Kr- �� J
)�.E �> �� U&
�
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  #��# ��(m �(&0 .     y	' �> ��K
\���
� O
]3�(E [-�� U	aN  ��  <�� 4$
'$-� � .U�3  ��   [
� y- �

 U�3 /�  ��         � ��)Q� ()7� ��>#� k���� ��(� �'�E ��z  � (��(�   �7' L-        �L�* XL�� �(&L0 �L'�$3 

(Danne et al., 2005) .I7- 6$)>/ �$
- H+- S()�9 � ,��>#� 8�(�  UL�3 ��K�� O>(3  �L�  ,'$L-(� 8

        KL
' 6� ,L���� <QL>/ ,L��(� � <L�� <
a	� ��(

w3 O

a3 �# U9 8�$N U� ��� C��K�

 <�� ��
Q� <
	�� K{�0(Bueno, 1986) . ̂ L	'  U� <WQ' ,�
]3�(E ��W
9(3  �L�8 $L
'$-� -   �#

   �#�# 6�&L' 8(L)7� ,>���L9 6$)>/ �$
- H+- X��   �L'�(Prokopy and Economopoulos, 1975). 

         U�3 U9 #�# 6�&' 6�'$> �# U)�(� ��$Z ��a\�b- O
�n	�  ��   ,'$-(� 8-      ,>���9 (l' /� ��'�$3

U�3 ��  �L�     �L��9 <L��m� [L
� ^L- 8(Haniotakis and Skyrianos, 1981). Neuenschwander and 

Michelakis, 1979      ' ��K
\���L
� O
]3�(LE ��(L	� [L
� ^L- U�3 U9 �'#$	' 6�
� K
' L	    �L'�$3

         ' �D\ �>�	' ,��>#� �� 6$)>/ �$
- H+- U
\�� <
a	� L	        [pL� S�� �# <L�� ,��L>#� �# 6�$L3

��# 6�&' ,W���- ,>���9 .  

,��(� MWN �� d�$3 ��-� [	5 U� 8Mazomenos et al. (2002)  �#     S�L� V�LE ,LN 6�L'$>

    6�K
- U9 �>#(� |r&- M
1234���U�3 8/��'�  ��S�� ,N  ��   <L�� �#$L� ���L�)- q�)r- 8 .

   H+- ��7� ,N O
�n	�  ��       6�)Q��3 �� UQ>�1- �# 8()&
� 8)  ̂ &A � 4(� (4���  �'#$� �#�)��  . �#

   H+- #��a3 K
' K
>�E �� 84���U�3 d�$3 �#�)��  ��U�3 � [
� ^- 8 ��  L�� ,'$L-(� 8  U)L��# }>�K

<�� .U�3  ��    �# ,'$-(� 84��� H+- 8/��'�  ��   ,\�L0 �# �L'� �#$� (3 M�$- K
>�E � ��7� �# (' 8

   U�3 6�)Q��3 �# U9  ��   - [
� ^- 8~ �#$� (3(� �'� . H+- UQ>�1-  ��     �#�- � (' 84���     dL�$3 �#�L)�� 

 ,�a- ����3 K
>�E � ��7� �# U9 #�# 6�&' [
� ^- U�3 <�� ��&' ����&- 8��#  �# UL9 ,\�0 �# 

 H+- 6�)Q��3  ��    8()&
� �#�- 84��� �#�)��  �'� .U�3  ��     H+- /� 8()	9 #��a3 ,'$-(� 8  ��   �#�L- 8

 �'#(9 ��:� ��(Mazomenos et al., 2002) . dL�$3 ��-� [	5 U� ,��(� V>�)' Haniotakis et al. 

(1981)     /� �#��)�� �� 6�'$> �#  U�3   ��   U�3 � #�/ �  ��     6$L-(� ���L0 #�/ �   O
L�n	� �  UL�3    �L� �

      4$
'$-� ���Q� ���0 ��'�- �(b�    U9 �'#�# 6�&' UL�3  �L�  �.L	5 '$L-(� ��#    UL�3 (L��(�  �L� �

$
'$-�- H+-  ��8  � �#(* ��J� (' �'U�3 O>� �  ��(>�� /� }
� (��(� V�E 6�-/ O
	� �#  UL�3   �L� 

�#�-  ��     �#(* ��J� �� �'� . ��7� �# U�3   �L� #�/ �         o\�L� ��(&L0 ��# 6$L-(� ()&L
�     UL� <WQL' �

U�3  ���  ��W
9(3 8��0  $
'$-� -  �#$	' X�� ��' .    U�3 �# ��J� K
>�E �#  ��    (3_�� ��
Q� '$-(� �
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 (�� <��   �a- ����3 UY  <Q
' ��# .  U�3 6�)Q��3 �#   �L��    ��LW
9(3 8��L0   $L
'$-� -     �$LN UL�

�a-    U�3 U� <WQ' ���#  ��    U)��# �()&
� ��J� '$-(� � �'� .  O
�n	�U�3  ��  �6$-(�    �$N U� ��#

�a-    U�3 /� }
� ���#  ��    ��J� 6$-(� 6��� #�/ � U)��# �'� .        #��La3 (N�LA U� ()&
� ����3 O>�

 ()&
�H+- �� 8 ('4��� �#�)�� 6$-(� U�3 �#  ��# <�� �#$�(Haniotakis et al., 1981).  

d�$3 U9 ,1
123 ,N Burrack et al. (2008)  <�(� ��$Z �:>(-� 8�
'(�
\�9 �#  ,>���L9

U�3  ��        �>#(� UQ>�1- 6$)>/ �$
- H+- ,��>#� �# q�)r- 8 .   U�3 M
123 O>� �#   �L�     [L
� ^L- 8

U�3 (>�� U� <WQ' ��U�3 U�	� /�  ���'#�# 6�&' 8()7� ,>���9 ���WQY #�/ 8.  

           ����9 X�� � U�3 x�$'� ,>���9 ,��(� M
123 O>� 4�%'� /� k��   �L�      XL�� �# qL�)r- 8

    (� <23 6$)>/ �$
- H+-                  8�(L� C�� O>(L)7� 6�$L)� �L3 <L�� �#$L� 6�(>� ,>�$� � P� d>�

<
a	� �# ,)0 �(&0 ,��>#� ��##(� |r&- O
>�E 8 .  

  

."�!; � �   

  8�(�               S��� MWN ��	
3 V�E /� �6$)>/ �$
- H+- X�� �# U�3 x�$'� ,>���9 UQ>�1-�   �# � 

�� �#��)�� ,�#�p3 �.-�9 �(N X\�s �# ��(:3 V�E .  

8(b� ��� /�  I%0 U� ;.� ,Q:�E H�!/�#$� 8()
\  . ��7Y 8(b� (� 8_�� <	Qm �#

H+- #��� <7� ���$� �� � ����9 X�� S$�2- �� 8(b� (� 8�7)'� 4$� ^> � �>#(� U
Wa3 

#$� ��� (E ���&9 �#�- .U�3 ��,�E ��2�Z /� [:&)- K
' `'� #�/ ���WQY 8  #�a�� U� ,��
3�

 z ×  z,)'��  � <9(� <A�� ()- ��A XQY �� �7'� 8�� �# U9 �'#$� H
�+'� H�Q>(�

#$� ��� ��
�$E .U�3 O>� ,��:a'� �$- S$N �� !�z �3 !B!#$� ()-$'�'  .  

 K
Q9�� U	aN(Success bait) H�>�Q>(�� ��# <9(� <A�� )Dow AgroSciences ( /�

H+- ����9 X�� ��W
9(3 ��- �#�- /� � �#$� �$
- 8~ #��$�
��� �(�(Spinosad)  U* /�

8()9�� �� ��(r)�� 8K9�A 8-  ##(�� �� �#��)�� ��(&0 O)&9 8�(�.   
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 E ��&F U�3 ,>���9 ,��(� �# U)�� ��:� 8����	
3 ��6$)>/ �$
- H+- X�� �# q�)r- 8  

Table 1. The Treatments used in study of efficacy of different traps in olive fruit fly attraction 

Killing agent Attractant Trap Treatment 

Adhesive material Pheromone Yellow panell A 

Malation Protein Hydrolysate Mc Phail  B 

Adhesive material - Yellow panell C 
- Success bait Pet D 

Malation Protein Hydrolysate Pet E 

  

 

  

  

  
 E ��*F  O
+'�
-)±��
a- ��bA  (U�3 d�$3 6$)>/ �$
- H+- o\�� ��(&0 X�� 6�K
- q�)r- 8��  

Table 2. (Mean ± SE) Number of attracted adult olive fruit flies by different traps in each treatment 

Treatment Total trapped flies Males Females 

Yellow panel+ Pheromone 98.20 ± 16.48 
a
 66.80 ± 9.66 

a
 31.20 ± 6.29 

a
 

Mc Phail+Protein Hydrolysate 8.20 ± 0.96 
b
 4.00 ± 0.63 

b
 4.20 ± 0.86 

b
 

Yellow panel 3.80 ± 0.80 
b
 2.00 ± 0.31 

b
 1.80 ± 0.58 

b
 

Pet+ Success 7.00 ± 1.00 
b
 3.80 ± 0.58 

b
 2.40 ± 0.92 

b
 

Pet+ Protein Hydrolysate+Malation 4.00 ± 1.14 
b
 1.20 ± 0.20 

b
 3.00 ± 0.63 

b
 

O
+'�
-  ��� U9 ,>�7'� ��� UQ>�1- (+>�:> �� 6$)� (� 6$)� (� �# U��&- k�(0 ����#-   ����� �b� �#

!�'���' I� �� ���# �a- ����3 �Z�# .  
Means within a column were compared and those of them that followed by the same letter are 

not significantly different (Duncan, P>0.05). 
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 E ��3F  O
+'�
-)±��
a- ��bA ( U� 6$)>/ �$
- H+- #��a3  

U�3 q�)r- x�$'� U� �#�)�� 4�# q�)r- S$p� �# ��  

Table 3. (Mean ± SE) Number of attracted adult olive fruit flies  

in different seasons in each treatment. 

Treatment Spring Summer Autumn Winter 

Yellow panel+ Pheromone 12.40 ± 1.20
a
 18.20 ± 2.92 

a
 59.00 ± 12.61 

a
 8.60 ± 1.50 

a
 

McPhail+Protein Hydrolysate 0.20 ± 0.20 
b
 4.60 ± 0.81 

b
 3.40 ± 0.87 

b
 0.00 ± 0.00 

b
 

Yellow panel 0.00 ± 0.00 
b
 0.20 ± 0.20 

b
 3.60 ± 0.92 

b
 0.00 ± 0.00 

b
 

Pet+ Success 0.60 ± 0.40 
b
 3.20 ± 0.96 

b
 3.20 ± 0.20 

b
 0.00 ± 0.00 

b
 

Pet+ProteinHydrolysate+Malation 0.80 ± 0.58 
b
 1.40 ± 0.45 

b
 1.80 ± 0.20 

b
 0.00 ± 0.00 

b
 

O
+'�
-  ��� U9 ,>�7'� ��� UQ>�1- (+>�:> �� 6$)� (� 6$)� (� �# U��&- k�(0 ����#-   ����� �b� �#

!�'���' I� �� ���# �a- ����3 �Z�# .  
Means within a column were compared and those of them that followed by the same letter are 

not significantly different (Duncan, P>0.05) 

  

  

 �# }���E O>��# #�� �
�� �� UY�>�# U
��0 �# 6���A t��  6��$\ (7� U-$0 U1��� ��

 S�� �# ,�#$\�fT��<�(� 4�%'�  . (l' #�$- t�� �#�� Im� � 8��� (l' /� U9 <A�# 

 6�Q:>),�s�� #�/ (U�3 �3 �'�� P�r)'� 8$2' U� ��'#$� I� /� ,�
a- [Z�$� �# � �� 8

� ,'$-(� U�Z�� U�iU�3 � I� /� ()-  �� U�Z�� U� (+># 8���'(
� ��(m (+>�:> /� ()-  .U�3 �� 8

 �6�)A�# ,'�(
� �b� � O
-/ �b� /� 8()- �# x��3�� �# �6�)A�# ,�$�� <	� �# ,'$-(�

U�3 �� U>�� }r� �# <A�# ��3 ,�(s P$�� <	� �# [:� 8(b� � [
� ^- ����9 X�� 8

U�3 � 6� ��# �� ,�$�� }r� �# K
>�E �# � ,\�	� }r� �# 6�)Q��3 � ��7� �# `'� #�/ 8

�'�� Xp' <A�# .  
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 G4-&F H+- 8/��'� 4��� 6�K
- ��U�3 d�$3 o\�� 6$)>/ �$
- 8 ��   

����9 X�� � ��q�)r- 8 ��- S$N �# ��S�� 8  
Fig. 1. The trapping of olive fruit fly adults by different traps  

and attractive materials during the year 
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 �/��'� 4��� 6�K
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3_�- � ��K
\���
� O
]3�(E ��(	� [J� �(b� U�3 d�$3 

K
Q*�� �$3�- U�3 d�$3 �/��'� 4��� 6�K
- 

���WQY #�/ U�3 d�$3 �/��'� 4��� 6�K
- 

y- U�3 d�$3 �/��'� 4��� 6�K
- ��K
\���
� O
]3�(E ��(	� [
� 

'$-(� U�3 d�$3 �/��'� 4��� 6�K
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U�3 ��:� 6�K
- ,��(� �$l�- U� ��U'$	' �S�� q�)r- S$p� �#   <&7W>#�� ��- /� 8��#(�

 ��(&0 � 4�%'� ,+)�� ��$Z U� ��- 8# 6�>�E �34��� /� HE � C��	� U�3 (� �# �#�)�� 

4(� �# <
Q�� O

a3 ���>#(� ��# ��>� 8 .U'$	' (� /� HE (�H+- �8��# �� 84��� /� �#�)�� 

8��#(� U'$	' �# �3 �'�� ���A U�3 ��##(+' UW��2- 8�a� 8 .U�3 �� 6$-(� 8��0 `'� #�/ 8

�'�� �#/ XQY �����# /�
' ��$Z �# � ��� K
	3 �.-�9 ,��(� ��� (� �# 6$-(� 6��� � .

�'�- ,m�� �>$a3 6��� M
123 ���# [9 8�(� U)�� ��:� 6$-(�.  

  8�(�E �#�# C/�#(          UL-�'(� /� ����#$	' I�� � ��EXCEL  �#��)L��  �L� .  UL>K%3 UL
�*   ��L�

 ��K�� 4(' /� �#��)�� �� ���-�SPSS 13O
+'�
- UQ>�1- �  ��Y 6$-/� ;���(� �� U�-�#   OLJ'�# ��

 �b� �#!<�(� 4�%'� �Z�# .  

  

,��HI%;   �  

 H+- X��  ��        $-(� ��(	� ���WQY #�/ ��2�Z d�$3 6$)>/ �$
- 8    (L� �# UL�3 (� �# 6

  O
+'�
- �� U)�� )��/�j± z/B� (               �L-� �#�# 6�&L' 8��# ,L�a- k.)LA� �L���	
3 (>�� U� <WQ'

U�3 (>�� ,����9 X�� ����3 ��,�a- 8��-� (l' /� (+>�:> ��   #$LW' ��#) P<0.001 ,df=(4, 20), 

F=31.08( .            6$
3_�- � O
]3�(E ��(	� [
� ^- U�3 �,'$-(� U�3 /� HE)Bj/z± z/�(   8(b� U�3 �

    K
Q9�� ��(	� [:�)zz/�±zz/�(         6$
3_�- � O
]3�(E ��(	� [:� 8(b� U�3 �)��/z±zz/� ( �

    ���WQY #�/ ��2�Z)!�/�±�z/� (               �# 6$L)>/ HL+- o\�L� ��(&L0 XL�� (l' /� X
3(3 U�

q>#� ����)��# ��(m 8�a� 8 .  

   � �� 6$-(� ��(	� #�/ U�34�� H+- 8/��'� ����a3 U� �#�- 8 #��/g ± �i/Tf  UL� <WQ' #�5 

U�3 (>�� ������9 X�� �  ��   #$L� 8��# ,L�a- k.)LA� 8���#  )P<0.001 ,df= (4, 20), F=19.23 .(

   � �# U�3 O
	�  H+- 8/��'� 4��   �L�      KL
' (L' 8)gg/�±�i/gg (       8���# �L���	
3 (>�L� UL� <WQL'

,�a- k.)A�  8��# #$L�) P<0.001 ,df= (4, 20), F=43.61(. �L� �	
3 (>   L� (Ll' /� �L��4��   8/��L'�

H+-  ��     ,�a- k.)A� �#�- � (' 8       ̂ - U�3 �-� ���)���' (+>�:> �� 8��#    H+- X�� �# [
�  �� 8

  �#�-)�g/i±�i/e(    (' � )gT/i±ii/e(     <�(� ��(m 4�# q>#� �#  .   H+- X�� (l' /�  ��  �#�- 8

     ��L��9 X�� X
9(3 6��� ���WQY #�/ U�3 ��	
3 �# ,����9 X�� O>()	9)��/i±�i/f ( #$L� .
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                 � ��K
\���L
� O
]3�(LE ��(L	� [:L� 8(Lb� UL�3 ��L	
3 d�$3 (' ��(&0 X�� O>()	9 �-�

 6$
3_�-)�i/i±�i/f (<�(� ��$Z .  

                ULa\�b- K
' q�)r- S$p� �# 6$)>/ H+- o\�� ��(&0 8/��'� 4��� 6�K
- ,��(� O>� �#

�>#(� .       ���	L� S��L� MLWN�             (� ��(L	� ���WQLY #�/ UL�3 ��L7� [pL� �#      O
+'�L
- �L� 6$L-  

�i/f±ei/f�                 ��(L	� [:L� 8(Lb� U�3 H�� � o\�� ��(&0 X�� O>()&
� 8���# �(&0 #�5 

       O
+'�
- �� 6$
3_�- � ��K
\���
� O
]3�(E��/i±�i/i#�5        [pL� �# ,����9 X�� O>()	9 � 

�&' ����&- 6� d�$3 8/��'� 4��� U'$� �
� U9 #$� ���WQY #�/ U�3 d�$3 ��7� .  

  )Q��3 [p� �#           O
+'�L
- �$Lb� 6$-(� ��(	� ���WQY #�/ U�3 6���/�±�i/f�    �(&L0 #�L5

              6$
3_�- � ��K
\���
� O
]3�(E ��(	� [
� ^- U�3 H�� � o\�� ��(&0 X�� O>()&
� 8���# 

   O
+'�
- ���f/i±gi/e #�5              ���WQLY #�/ U�3 d�$3 6�)Q��3 [p� �# ,����9 X�� O>()	9 � 

   O
+'�
- ���i/i±�i/i  #$� #�5  .�#    K
>�E [p�           ��:L� �L� 6$-(� ��(	� ���WQY #�/ U�3gf/f� 

 ±ii/��                ��L��9 XL�� 6��� ���WQY #�/ U�3 H�� � o\�� ��(&0 X�� O>()&
� 8���# #�5  

 O
+'�
- ����/i±gi/T   <��# ��(m #�5  .          8(Lb� U�3 d�$3 K
>�E [p� �# ,����9 X�� O>()	9

  [:�    6$
3_�- � ��K
\���
� O
]3�(E ��(	�   ���WQY   #$�)�i/i±�i/f .(      ��L- 8# � 6�)Q-/ �#

  �7�3          (>�L� � �L>#(� 6$L)>/ HL+- o\�L� ��(&L0 X�� U� �#�m 6$-(� ��(	� ���WQY #�/ U�3

H+- X�� �# ����	
3 ���'#$� M�$-�' o\�� 8 .  

,��(� MWN �� d�$3 ��-� [	5 U� 8Mazomenos et al. (2002) � 6�K
-  UL�3 8/��L'� 4��  �L� 

 S�� ,N  ��  )- q�)r- 8     H+- ��7� ,N � �#$� ���� ��- �# 8()&
� 8 6�)Q��3 �� UQ>�1)  � 4(L�

^&A (�        H+- #��a3 K
' K
>�E �# � �'#$� �#�)�� 4��  ��  84���   U�3 d�$3 �#�)��   ��      � [L
� ^L- 8

U�3 ��<�� U)��# }>�K�� ,'$-(� 8 .d�$3 ��-� [	5 U� ,��(� V>�)' Haniotakis et al. (1981) 

    �# 6�&' K
' 6�'$> �#   U9 #U�3  ��  �.	5 '$-(� � �#  U�3 (��(� ��$
'$-� �-  H+- ��8   ��JL� (L' 

�#(* ��'U�3 O>� �  ��(>�� /� }
� (��(� V�E 6�-/ O
	� �# U�3  �� �#�- ���#(* ��J� ��  �'�.  

      U� U�$3 �� � ,��(� O>� ,N   [:� f           �# ��L� 4�L%'� ,��(� k.A(� U9 �>#(� |r&- 

 � O>()&
� 6�(>� �# �6�'$>H+- ��: ��   UbL��$� (L-� O>� U9 <�� U)�(� ��$Z K
>�E �# o\�� 8

 6$)>/ #$��  ��    �$L
- �# OLs�� 6�KL
- }>�K�� /� [Wm � ,&>�� ��� 8�7)'� �# <��# ,>  �L� 8
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 <�� 6$)>/ .            /�s� ��- #�#(A /� o\�� ��(&0 �$7u x�(� �_$	a- 6�(>� �#-       ,�#$L\� �L-� #$�

       [��m 6�)Q��3 [p� [>��� �# /(2- <�� ����&- .U�3   �L�           (L� ��.L5 6�(L>� �# 6$L-(� 8��L0 8

   K
>�E � ��7� S$p�)6�'$> ��'�	� ([p� (>�� �# ��   HL+- XL�� �# KL
'   �L�   8���# <L�� (L' 8

  �'#$� ,>���9 O>()&
� .U�3  �� H+- X�� (� ��.5 6�(>� �# ,'$-(� 8 ��H+- �(' 8  �L�  �#�L- 8

H+- #��a3 �-� �'#(9 X�� K
' �� �� �#�- 8���4�#�)�� H+- U� <WQ'  ��#$� ��'� (' 8 .  

        ��-� <�# U� V>�)' U� U�$3 ��-           UL�3 /� �#��)L�� UL9 <��# 6�5�� 6�$3   �L�    �# ,'$L-(� 8

   H+- O
\�� �$7u q&9  ��      ,��(� �# O
�n	� � <�� o\�� 8  ��      6�)L�� �# <L�� ,�&9 8   �L� 8

     U�>K� O>()7� �#$\� (
s-  ���� .    #�- ��(&0 #��a3 O>()&
� X��        }>�KL�� /� UL�3 O>� d�$3 �

                 ��$Z U� � �#$	' 8(
�$�� �b� �0�� �# U�3 /� ,W���- #��a3 #$�� �(� U� <�� <
a	�

   ,7�$3 [��m-          �L�# }��L9 �� <L
a	� �L'�$3 .    UL�3 /� �#��)L��   �L�       �$pLA UL� ,'$L-(� 8

6$-(�  ��      ��- ,'_$N ,�#/�� 8���# 8)   ��L- }� ��#��0 ( L-     UL�>K� �L'�$3   �L�     UL� �$L�(- 8

   ��# }��9 K
' �� U�3 �>$a3 .U�3 ��>$)2- ��  UL)�� ^> <�D� /� HE �_$	a- [:� 8(b� 8

         6� �>$a3 U� /�
' � ��� �
�s ��
Q�-    U�3 �-� ����  ��           �# UL�3 6#$L	' KL
	3 U� �7�3 ,'$-(� 8

     ��(&0 8_�� ��
Q� I9�(34��� �#�)��  �K\� -           #$� 4�%'� �>�� K
>�E � 6�)Q��3 S$p� �# U9 <�� .

                        O
L\�� q&L9 8�(L� �#$L\� (L
s MN�L�- �# ��Ws � #(� /� ��# ,�2- �# ,'$-(� U�3 6#�# ��(m

  ,�#$\�-                 ���WQY U�3 6#$	' K
	3 � 6$-(� �>$a3 /� �� U�
b'(m 6�������9 ��- }� �3 �'�$3

#/�� /�
' �∗ . 

                                                           
∗  ����H���H .H�JH :   C�(� #�$� �	2- ()*#�    �$%&L'�#   M��L� �(L)*#  �(&L0   L����  �/���&L*    ��J&L'�# �

�/���&*   a
WN v���- �  ��+&'�#  #�/�  -.��      �0��   ��1
123 � 4$�5  F6�(>� �6�(73 � ()*#   �,\�	9 I>(9   ()*#  8#�� 

6�$)�� �  ()*#,5�%� #$	2- � ��+&'�#-.�� #�/�    �0��  ���1
123 � 4$�5�/���&* ��J&'�#  La
WN v��L�- �  �

 �(&0 ��(� ���� �/���&* �  F6�(>� �6�(73 ()*#  2)� P$1a>   �$E  �   �# �;��- <
�(3 ��+&'�#    �8/���&L9 ��:&L'

�(&0 ��(� 8/���&9 ,����6�(>� �6�(73 �. 
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