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

 ������ �	�
� �
�� ����� ���� � �� � ������1400 )37 -25(  

 

 

DOI: 10.30473/eab.2021.56265.1807  
 

:���	
� � �!�  

������ �	
��  �
� ������� ���� ��

 ����������� ��� ������ ����  �� !"

PVC  
�#$%�� 
&#� 
� �#'( �

)*
+) (.
��  
  


����� /*01���2	 3���� �2*� .�#% �	�� 6���2�   

�
��	 &7"�3� ���0 ���%� �*��4
 

1. ������	  
��
 ��������� ����������  � ������ ���� 
������
��� �! ������ "��#� ���� 
�$���� ������%&�"���� � 

2. ��%�����  
��
���� ����� ����� �����%&� � ������ ���� 
������� 
��� �! ������ "��# � ���� 
�$����"���� �  

3. ��)���  
��
���� ����� ����� �����%&� � ������ ���� 
������� 
��� �! ������ "��# � ���� 
�$����"���� �  

4. �����)�� ������%&� � ������ ���� 
������ ����� +�,%# 
��
�  
�$����
��� �! ������ "��# � ����"���� �  

  
:�#���� .���/) 29/8/1399 -  :5��67 .���/25/8/1400(  

  
:&*$;  

 ;	��/ <%%=/ >%?@/ <�� �� A�B���� �, ;C �� ���D ��� E���?  � �B 
F�G� �� H&�� ������	 ���I �� J�)K  L�@MN .��I ���# O%�! �I�P

 Q�GR  ��162 T�U �� E@MN J�)K  V�B<BD �PVC  ��=I� �I "�)I �
)20×20 �)��� �) �I L�@MN .�� E)!�� ( E� ����/  >G� ��7 -5  V�) 

 ;%/ Y��/��M�� �� �N��P
�  1394  .�� 
��� ���&  �)�I V�� �I
�� �=I L�@MN F�� �����I Z�  ,%� ��� �����I � "�)�I�/ �� 
� 

�� T7 Z�  "�)� � �� 
� 1395  [���GR  .�#�
 ��R��24  �I E��

 .����G� ���� L�@MN V�� Z��K� �� E��
 �"�)��7 O�7 �� E��


;�� �"���7 ���\EM	�� �� E��
 V�  ��B��  �"���/�7 �� E��
��  �� E��

EM	��\V� ��B+�  � D�����I �� E��
���\  .����I +]�U��	�  �� E��


�����# ����� ;C�,  �B ��  F�� �����I �� �)�%I ��%�I ���  �����I
 ���� ;	��/ <��)�%I ���� �����I �� .��I���� ;C�,  �B  EI ^�I� 

��\ L�@MN E�_PVC ���?  EI75/447±67/10696  ��HI� �)   .��I
��\ �"���/�7EM	 V� �B  � D�����I  ��� .����� 
�B��  ��BD L�@MN �I

�B E��
 �� �!�I  ZB�	 �� ��U� ��� `�_� �� V���� ;C�,   V�� �I
Z�	��  �� ���� ���BD E@MN ` ��� �� .��� <BD ,�# ���%G%� V�B

 ������# Z��,#����� ;C�,  �B E�_ ��\ E@MN V�� �I PVC  �
 a��I E	 ��I L�@MN <�� �� "����# b�# � `�! ��U� ,%� ���)I E@MN

�!�� �!�I .��I �B��_ ���� V��I 
�$B��7 ��R�� "���� V�B���� ���
� �)�%I ��� EI ����/  H ��U���� ;C�,   .���
 �R�   
  

:<�� �'� 
�*&�:  V�B 
��� �c�%d�#�%I H ��U �K� �����e 
."���7 ;�� �"���/�7 �"�)��7  

  
  

 *�%�&� '%(�� :��*�� �+,�%��           Email: nsakhaee@yahoo.com  

  

A Comparative Study of the Total 

Frequency of Biofouling 

Communities on Concrete, PVC 

and Iron Panels in Kushkonar Port 

(Persian Gulf) 
 

Leyla Daneshvar1, Nasrin Sakhaei1*,  

Babak Doustshenas2, Ahmad Savari3,  

Amir Ashtari Larki4 
1. M. A., Department of Marine Biology, Faculty of Marine 

Science and Oceanography, Khorramshahr University of 

Marine Science and Technology, Khorramshahr, Iran 

2. Associate Professor, Department of Marine Biology, Faculty of 
Marine Science and Oceanography, Khorramshahr University of 

Marine Science and Technology, Khorramshahr, Iran 

3. Professor, Department of Marine Biology, Faculty of Marine 
Science and Oceanography, Khorramshahr University of 

Marine Science and Technology, Khorramshahr, Iran 

4. Assistant Professor, Department of Physical Oceanography, 
Faculty of Marine Science and Oceanography, Khorramshahr 

University of Marine Science and Technology, Khorramshahr, Iran 

 
(Received: Nov. 19, 2020 - Accepted: Nov. 16, 2021) 

 

Abstract 
The aim of this study was to determine the abundance 

of biofouling communities and compare their growth 

in different panels of concrete, PVC and iron in the 

port of Kushkonar (N W Parsian Gulf).A total of 162 

panels were placed in Kushkonar port. The panels 

were placed by the diving team in 3 stations in March 

2016. The first harvest of the panels was done after 6 

months in the summer and second harvest was done 

in winter 2016.  A total of 162 panels were placed in 

Kushkonar port. Different panels (with 3 repetitions) 

at a depth of 5-7 meters were placed horizontally by 

the diving team in 3 stations in March 2016. The first 

harvest of the panels was done after 6 months in the 

summer and second harvest was done in winter 2016. 

Overall24 species have settled, Crustaceans (6), 

Gastropoda (5), Bivalvia (4), Polychaeta (10), 

Polyplacophora (2), Bryozoan (1) and Macroalgae( 

4).The abundance  of biofouling communities in the 

second harvest was much higher than the first 

harvest. In the second harvest, the highest density of 

biomass was related to PVC multilayer panels with 

10696.67±447.75/m
-2

,There were also no specimens 

of Polyplacophora, Polychaeta and Bryozoa in the 

iron panels. Also, another factor in increasing the 

frequency of biofouling communities on PVC 

multilayer panel and concrete panel, was the presence 

of many pores in these panels, which created a shelter 

for larvae to settle and thus increase their adult 

abundance.  

 

Keywords: Artificial structures, Biofouling 

communities, Crustacea, Gastrpoda, Polychaeta. 
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 �]�>� �%;LU �;�� �;<�� � ��� �8	��,� 15(�

�	;� �`��6 )Railkin, 2004(�M3%� . _]� 8��
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�� �; �Z% �S 8	;�
��� � 8(6� ./
9 �; (��6
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)Menon, 2016(.  (b� T��; (6Wahle )1989( 

�,/H �; DZ2�� �+%+9 8��(��6 �+� �\ ./:(� 	�
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.+��6 �� �d�/�(�  
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���� (%� 8��  D��5 ����� ���P� c����K7 ��%�%	�

D6�H ���� ��%�%	� (%� 8��  �WS (%� ?����HS 8��

����� ?,B 8�� ./Z�; ��%	� WS �+,,H  ���Z� � ��
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.,%<� ��;(`� ����+�;	 j��H ��d�� c	��B � ��  8��

1�%� �]�>��,
%; c;(]B � �M���(Q � )Callow 

& Callow, 2002; Melo et al., 2012( �[��S .

DH��	�6 (�kZ7 �; .H.PH�� � �� 8;���� 8�	 (6 �� � ��

��2H .�+6�� �	;� �� (6 ld�6 8��A�N; ��%� ���20  �7

30 �� �	;� ;	 +m	� +,H )Fitridge et al., 2012(. 
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1�; �+� R	;<M ��%�� �Z� � �;	�7(� )Salimi et 

al., 2021( . O�;�9 	��B�� ��	(61�%� �:;<�  	�

 	+,6Visakhapatnum 	�  .� 	� �����+,� e(�

 ��Z�+� 
�0�; G/�&� )Pati et al., 2015(.  q%���

 O�;�9 	��B�� �;� ��2�1�%� �:;<�  �8	�� ���� .6

�� =[7(� 8Lo� �;�� ���>� �3��H; �.�%+��; .+��6
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�%��Q;(o9 ��E ´48 °52 �%��Q;(o9 u(5 � �N(� 
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 DZ� .1Q(M 	;(N j0,� �	�� D>�1  D>� .2f�

�+� .��;LM j%�
� .6 .Id�]� ;+�6; 	� .1�;

.>Pm � ���6 �'�S r,9 �; �2%���S 8��  PVC �6

 ��I6;20×20 �����  (��+�+� �:;(E )De Nys & 

Guenther, 2009( .>Pm 	� c�>Pm 1��&Y .

 �,�S1/0 ����� ����6 .>Pm �(��5/2 ����� 	� � (��

 .>PmPVC� 1 �����.�Q(M (b� 	� (��  '%; 	� .+�

 y�5�
0� .Id�]�162 gd�N .>Pm 	;(f��; .+� 8(�M

���� 	� (��6 	� �m;�U ��7 =��7 ��3  ��`��%;

.>Pm .+%�(M=��7 	;(Z7 .� �6 �+� ����S 8��  ��7

 z
5 	� �m;�U7 -5  ���/%�� W�,E ?
H .6 � 8(��

	;(N (��6 	���;� DZ�)+�2 ��; ./:(� 	;(f��; .(

+,P�; 	� c�>Pm ���94 c	�m 1�;�(6 '�d�; .1Q(M

����;�(� 	� c�>Pm 1395  '���� .1Q(%L� 
�0�;

8� 	� c�>Pm 1�;�(6  ���95  �m;�U ��7 =��7

c	�m DZ� .1Q(M1 d�]� D>� .2f�.6 .I j%�
�

.1�; �+� .��;LM  O�;�9 ��;�;(Q .�%�f� 8;(6

1�%� ;<� �:���(� ;+�6; 	� ��;� ���6 ����S =��7 �� 

Shapiro-wilk  ��	(6 1�9 �S �; r� .+� ��	(6

�,I� sX�B; ��9� ��;� ���� 8	;� r��%	;� <�d��S �; ��

?% .Q(E ANOVA �  T_test���P��; 	� .+%�(M

���(� c	�m  ���6��;� ����S �; ��	(6 �	�� 8��

r�.���(6 �; �H�7 Spss 19  ��	 8;(6 .+� ���P��;

.���(6 �; ��	;��
� Excel 2010 ��P��;.+� �  
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)����  

y�5�
0� �;� ��2� q%��� 24  c�>Pm 8�	 (6 .��M

���
� 1�2� G/�&�.6 .H +�; 	�E �/H j��; .��M 

1&�������1 �j� �Z� �; .��M��%��2 � 	��\ �; .��M

��.PH8; ��3 ��� �; .��M �;	�7(�4 ��� �; .��M 

.PH+,\ 8;��5 �?% �<B �; .��M�XZ�6  �.�  ^��

 '�,p
� � .�B�,��� �&7	��\ ?[/9�(H�� �; .��M7 

�%���,�  ��+9 	� ���S ����; .H +�1  �; �B(6 �

 DZ� 	� ���S (%��A73 .1�; �+��2� D6�N  

 	� �]�>� 8��	��H�Q�	�� �� 8�� ��`��%; � 8

��;+�; G/�&�  ��� '�`����  .H �;� ��2� q%��� +� (�M

.9	� g�: (6����� 8 �(� � 
(M �	�� 	� �;(M

.6  g�7(705/0±41/27  �9/0±01/23 '�`���� �

��;.6 �(� � 
(M �	�� 	� WS .�%+  g�7(716/0±44/8  

 �10/0±13/8�  	� 1
�N g�:(6 8	�� '�`����

                                                                      
1. Crustacea 

2. Gastropods 

3. Bivalves 

4. Polychaeta s 

5. Polyplacophora 

6. Bryozoa 

7. Macroalgae 

) 	;<�ppt.6 
(M � �(� �	�� 	� (  g�7(7

99/1±29/41  �13/0±92/35  �3��H; '�`���� �

�/�� g�:(6 ��/>� 
(M �	�� 	� (��d (6 
(M  

12/0± 25/5  �(� �	�� 	� �19/0±3/7 ��;+�;  8(�M

 +� DZ�)4.(  

?[/9 j��� +m 	�  	� �XZ� �<B � ��

�	�� � c�>Pm  G/�&� 8����;  �	��) -  1�;�(6

 ����6�71395 
�� �	�� �- ������ 1�;�(61395 (

 DZ� 	�5  +m	� '�,p
� .1�; �+� ��;� ��2�

��(M �; ?% (� ��;�;(Q1�%� 8��  �:;<�

�%���,�  DZ� 	� 
�� 1�;�(6 � ��; 1�;�(6 	� �+�

6 2�1�; �+� ��;� ��.  

1�%� ��;�;(Q '%(�2�6 �:;<�  c�>Pm 8�	 ��

  ��;�;(Q '�`���� �6 ��; ��`��%; 	� ��; �	�� 	� ����6

56/95±47/2889   	� �(QO6(�(��  .+%�(M .[��>�

 sX�B; .Q(E ?% r��%	;� <�d��S �; Dm�: q%���

�,I���`��%; '�6 8	;� .�;+� ��2� ;	  ��; �	�� 8��

 .H �;� ��2� .Q(E ?% r��%	;� <�d��S �; Dm�: q%���

 sX�B; 
�� � ��; �	�� ��;�;(Q '�`���� '�6�,I� 	;� 

) �	;� ��9�05/0P≤ DZ� {7.(   
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 '	(�1. .��M  8���%���,�  .6 1�2� ��>� � .Id�]� '%; 	� �+�G/�&� c�>Pm ?�ZP7  

��(M  r,9 � .��M  

(M �	��  1�;�(6 '�d�;).��
� ��  �;

 ����6�7 	� c�>Pm1395(  

�(� �	��  1�;�(6 '����).��
� �� 

 ������ 	� c�>Pm �;1395(  

  PVC '�S  ���6 PVC '�S  ���6 

1&������� 

Piludius spinipes  * * * * * * 
Pachylcheles natalensis  * * * * * * 
Thalamita admete * * * * - * 
Alpheus edwardsii * * * * * * 
Alpheus lobidens * * * * * * 
Alpheus sp. * * * * - * 

�Z���%�� 

 

Cerithium scabridum  * * * * * * 
Croniakon kanensis  * * * * * * 
Epitonium sp.  * * * * * * 
Strombus persicus  * * *  * - * 

��.PH8; �� 

 

Anomia achaeus  -  - -  * - * 
Pinctada radiata  * *  * *  - * 

Acar plicata - - * * - * 

Unknown  * * *  -  

+,\.PH8;�� Chiton lamyi  - - - * - * 

�;	�7(� Syllis sp.  - - - * - - 
Onuphis sp. - - - - - * 

�<B �XZ� Unknown  * - * - - * 

�&7 
Unknown  - - * * * - 

Unknown - - - * * - 

<[� ?[/9 Cladophora sp. * * * * * * 

���N ?[/98; Padina sp. * * * * * * 
Dictyuota sp. * * * * * * 

<�(N ?[/9 Polysiphonia sp. * * * * * * 

  

  
"#� 3.  �; �B(6 (%��A71�%� �:;<� ���%���,� 8 �+�  

Alpheus edwardsii  Alpheus lobidens  

Strombus persicus Cerathium rueppelli  
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	�  ��;�;(Q '�`���� '%(�2�6 �,�S c�>Pm

1�%� �:;<� ��  �;<�� .6 ��; ��`��%; 	� ��; �	��  	�

54/209±92/2979  ��; ��`��%; 	�  <�� 
�� �	�� 	� �

 �;<�� .622/420±1825 ��;+�; Dm�: q%��� .+� 8(�M

 '�`���� '�6 �;� ��2� .Q(E ?% r��%	;� <�d��S �;

��`��%; 	� c;��9�� ��;�;(Q '�,p
� � ��; �	�� 8��

 sX�B; 
���,I� 	;� �	;� ��9� )05/0P≤(  DZ�)8.(  

 DZ� q%���8  ��;�;(Q '�`���� '%(�2�6 .H �;� ��2�

1�%� �:;<�  c�>Pm 8�	 (6  ��PVC  	� 
�� �	�� 	�

 �;<�� .6 ��; ��`��%;75/447±67/10696  �+��2�

�6 .Q(E ?% r��%	;� <�d��S �; Dm�: q%��� .+%�(M '

��`��%; ��;�;(Q '�`���� � ��; �	�� '�6 G/�&� 8��

�,I� sX�B; (`%+Z% �6  
�� ) �;� ��2� 8	;�05/0P≤(.  

 8�	 (6 �/H ��;�;(Q 8; .�%�f� ��	(6c�>Pm 

 	� ��;�;(Q '�`���� '%(�2�6  .H �;� ��2� G/�&�

��; �	�� 	� 1�;�(6 '�d�;  8�	 (6 � ��; ��`��%; 	�

.>Pm  ��; .��6 '�S ��;�;(Q '�`���� '%(�2�6

1�%� �:;<� 8�	 (6 1�;�(6 '���� 	� �� .>Pm

PVC  r}� �.>Pm  � ���6 �	�6�� ��; ��`��%; 	�

��6 )DZ� 8�� 10  �11(.  
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"#� 10.  DH ��;�;(Q c;(��o7 .�%�f�1�%� �:;<� ��  g�:(6
������ ��`��%; 	�c��P�� c�>Pm � G/�&� 8��-   

 ��;  �	�� ����6�7 1�;�(6)1395(  

  

 
"#� 11.  DH ��;�;(Q c;(��o71�%� �:;<� ��  g�:(6
������ ��`��%; 	�� c��P�� 8�� G/�&�  c�>Pm -   

 
�� �	��) ������ 1�;�(61395(  

  

�?*�� � @����*A  

jd�\ �; �Z% �	;�
� .I��7 .,��� 	� ~	<6 8��

���� � c;<��07 D���7 1�9 �%�%	� 8��

�(�6 �����M	; +�	 �O6�,� �; 8	;�(6���� 8�	 (6 �� ��

1�; ���6 .1bQ�>� ���� � .%n (� =�>� 	� �+2�

.6 �6S O�;�9 =��7 15(�1�%� ;<� j��� �	�� �:

�� 	;(N �(�M )Chapman & Clynick, 2006; 

Jang et al., 2006.( (M; ������,6 1�I
9 	��B�� .\

.5�
0� =��7 r,9 +,��
� �]�>� D�;�5 �; 8;

 ��;+�; ��dS �;�� ���/>� �3��H; ���� �8	�� �(��6

�� �(�,H �(�U � �6��	 c;	� '�6 .]6;	 �d� ���

 c;��9�� 1�2�1�%� �:;<�  	���6 (��6 r,9 �

 1�; (%L���	�Z�; � ��%+6)Jayaraj et al., 2007; 

Montile et al., 2005(.  

 .Id�]� '%; �E 	�24  .+%�(M �+��2� .��M

.��M '%(�2�6��  ;	 .6 i�6(�Alpheus edwardsii� 

Alpheus lobidens �Piludius�Cerithium 

scabridum �Padina sp. �Dictyuota sp.  � 

Cladophora sp. ��+9) +���61  �'�S .>Pm 	� .(

�Z� �	�� �� (� 	� ;	 1�2� ��;�;(Q '%(�2�6 ��%��

�Z� .+,��;� ��; �	�� 	� ��%��41  
�� �	�� � +m	�

81 +m	�  @�A�B; ��B .6 ;	 1�2� DH ��;�;(Q
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�� �	�� 	� )47 +m	���6 (  DZ�)5.6 .(  �/H	�E

�Z� �; 8	���6 ?[/9 8�	 (6 ��%�� ;(\ <[� 8��

���Z� .+,,H(��6 8�	 (6 (�2�6 ��%�� ���%� 8��

?[/9 �; � ���
� 1H(: c;��9�� (%�� � ��

 �; ���P��; �6 ���Z��(Z���� .%Lo7 ?����� .+,%�
�

 .0��� '%; .6 ��B c�f�f>7 	� <�� (`%� '�ff>�

�+��	�Z� .H +�;���M ��%�� .H �%��(��6 8�	 (6 	;�B

�� 8(�2�6 +�	 �+,��� <[� ?[/9 8;	;�+,,H 

)Wilhelmsen & Reise, 1994(.  (b� .6 ;Ld

�� WS 	� ��%�� �Z� ��;�;(Q D�;�5 �; �Z% +�	 8��

,6 �/:�� ��%� y��[�� j��� .6 i�6(� 	�,Z��H	+

?[/9�6.+��6 <[� 8�� c;��9�� D6�f�� .]6;	 .6 .9�7

;(\�+,,H�/�Q��6 j%�	 � ��,��(� +,��
� �%�� � ��

?[/9 ?% 8<6S 8�� ������H; 	� a�]� (6 ��

 �Z[/9 �/�Q ��6 j%�	 .+�;	L`6 ���%�6 ;	 �d;�7 ./:(�

?[/9 D��� y�7+
5 �6S <[� 8���� <[� ?[/9 �

�Z� ��,��(� +%+� 8;(\ r}� .+��6	��� D��5 ���

�� (��6 _]� (6 �/�Q��6 +�	 �+,,H '�
� .6 � +��6

?[/9 '�6 ��f��� .]6;	 <�� D�d� � <[� 8��

�Z�  �+�I� zE�,� 	� .�	;� ��9� '�S .>Pm 	� ��%��

;(\ ��;�;(Q �8(���(M ��+,,H +,��
� ~	<6 8;

�Z� .6 ��%�� �%�%	� ?[/9 ��;�;(Q .6 .��6;� c+�

1�; )Das et al., 2014 �( z�f>7 '%; q%��� �6 .H

����6 .>Pm 	� .�	;� ��;�&
� 1&� ������

��; �	�� ��(� 	� ;	 ��;�;(Q '%(�2�6 )45 +m	� � (


�� �	�� )42 +m	�@�A�B; ��B .6 ;	 ( +��;�  DZ�)

6 .( �f�f>7 	�(`%� Kerckhof )2010(  R	;<M

1&� .H +���
� ��������; ��� 	�  gA� �; r�

���6 .>Pm 45 +m	� 
�9; 	� � �,�d�Q ��; c�5�

 
�� ���20 +m	� @�A�B; ��B .6 ;	 c�5�
�9; 

.>Pm <�� (Y�: z�f>7 	� .+�� PVC  1&� <��

 
�� �	�� 	� � ��;�;(Q '%(�2�6 ��; �	�� 	� ������

1&��Z� �;(
� .6 ������ (Q '%(�2�6 ��%�� ;	 ��;�;

�� D��� �;	���9 �&7 
�� �	�� 	� .�[d; .+�+�

.6 .+� �+��2� c�>Pm 8�	 (6 <�� G/�&� �/H 	�E

.6 �� (b�  <�� �]�>� D�;�5 �D,� r,9 (6 ��X5 +�	

h5�6 ?[/9 � �;	���9 ^;��; 1�2� 	� (�JK7 8��

�� c�>Pm 8�	 (6 �%�%	�.��(M  .6 <�� (`%� '�ff>�

��(H �	��; .�Z� '%; .H +�; +�	 C(�1�%� �:;<� ��

�����M	; ^�� .6 y���
5  �(��6 _]� ��]�>� 8��

 �]�>� �%;LU �;�� �;<�� � ��� �8	��,� 15(�

�	;� �`��6 )Railkin, 2004.( ��+9 q%��� 1 

��2�.��
� ��� .H �;� �; 8;+,\.PH8; �� � S���%(6  	�

c�>Pm  .1�;+� ��9� �,�S ��9� 
+5 D%n� �; �Z%

�� .��M �; �B(6 81�%� ;<� �B(6 �H;(7 �
H�% � �:

j,H;� �; ���� ��,�S .>Pm 8�	 (6  �� .��M 8��

 .1�; '�S </Q �%��
�� �; r� �n�Q � '�S </Q

=�>� 	� 8(�M	;(N �6 �;(
� �2,H;� �%�%	� 8��

+��H; D�Z27 � �M�	�B�� ��2� ;	 '�S .H +,��

 8;(6 ��fd�6 � �+� 	;+%���� =%;(� ��0%; h5�6

 R(��M h5�6 .H 1�; �
� <�� �%�%	� c;��9��

.���S � (�
H�/�Q��6 (7 .6 � �� O�;�9 1�2� �S ��[��

.6 ;	 	� �M���(Q D�d� .6 <�� r� � '�S .�	;� ��[��

.���S +��	 � ���% 8����;�S � �%	� WS D�Z27 8

.%n Zd���(H�� 8 1�2� 1�9 8	;+%�� (��6 ��d�

�
� ��0%; ;	 1�2� +��	 +�;�7 �� g�7(7 '%; .6 � +,H

.���S �� (7+%�
� )Marszalek et al., 1979(  �

 (�
H 1�2� ��0%; h5�6 <�� D�d� '�
�

1�%� �:;<� ��  	�,Z��H .f],� 	� �,�S c�>Pm (6

�+� .1�;  

��2� q%��� 1�2� DH ��;�;(Q '�`���� �;�


�9; c�5�1�%� ;<� '�d�; 	� ���6 c�>Pm 8�	(6 �:

1&� .6 i�6(� �1�;�(6 '���� � � ������

�Z� �� ��%�� 
(M DAQ 	� 1�;�(6 '�d�; 	� .H+��6

1&� ������45 +m	� �Z� � ��%��45 +m	�  �;

.6 ;	 _]� �;� @�A�B; ��B 	� 1�;�(6 '���� 	� �

 �(� DAQ42 +m	�  �43 +m	�  ;	 (��6 _]� �; .6

��;� @�A�B; ��B .+�;  

��	(6 	�  O�;�91�%� ;<� �d�
� D:;�� 	� �:

 =��7 D%�(6 �(��;����%	 Krohling et  al. )2006( 
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 �9	�B _]� (6 ;	 ����6 c�>Pm .H +� �&2�

.��M '%(�2�6 � ���
� .�[I7 �5�,A� 8��(��6 8��

�%���,� 1&� �; ;	 �+� 
(� � ������ R	;<M ��,7

 '�,p
� .+��;�(2011) Mori Bazofti   ��	(6 	�

1�%� �:;<�8�� WS 1�[d�U <�� �,�
B 
��; 	+,6 8��

1&�
(� � ������ q%��� �6 .H +�; ��;� R	;<M ;	 ��,7

.�	;� ��;�&
� z�f>7 '%; �; Dm�:  

��2� q%��� �/H ��;�;(Q '�`���� '%(�2�6 .H �;�

 1�2�1�%� �:;<� �� .%n +,\ .>Pm 8�	 (6 PVC 

 DZ�)��6 1�;�(6 
�� �	�� 	�5.6 .(�� (b�  	� +�	

 ������� � 8<�%�� �(� y��[�� 8����� �,I% 
�� 1�;�(6

 8� 1�;�(6)95 .%n +,\ .>Pm (PVC  r}� �

 1�2� 8;(6 8(7 g��,� (��6 ����6 .>Pm

1�%� �:;<� �� .1�;  '�,p
�Blair et al. (2014) 

��(H R	;<M  �2%���S 8��(��6 .
� .H +�;

1�%� �:;<� �M3%� .+�	;+� 1�2� 1�9 ����Z% C(� -

�+���� �;�� �7;� �Z%<�Q � �%��
�� 8��(��6 8 (6 �

�M3%��� (�JK7 WS �0: 	� WS �%��
�� 8�� .6 .�	;LM

�� (b� ��;� 	;(N �; .H 1�; D�d� '�
� .6 +�	

5 .6 �6S ���� 	� G/�&� 8�� r,9�; �7�>Pm �;�,

 O�;�9 1�2� 1�9 �2%���S 8��(��61�%� ;<� ��:

.0��� .6 ����Z% 8 .1�; �+���� 1��.6 (� �/H 	�E

 15(� .6 �6S =�>� 	� �+2� 1bQ�>� ���� � .%n

 O�;�9 =��71�%� ;<�	;(N j��� �	�� �:�� �(�M 

)Chapman & Clynick, 2006; Jang et al., 

2006.( jd�\ �; �Z% �	;�
� 8�� .,��� 	� ~	<6

I��7���� � c;<��07 . D���7 1�9 �%�%	� 8���(�6 -

�����M	; +�	 �O6�,� �; 8	;�(6���� 8�	 (6 �����6 �� -

1�; )Blair et al., 2014.( .6  .6 i�6(� q%��� �/H	�E

��(M ��;�;(Q +m	� O�;�9 gd�U 8��1�%� �:;<�  <��

��2�(6 � ������ 1&� ����6�7 �	�� 	� .H �;� S���%

.6 g�7(7 57  � +m	�40 +m	� .6 ;	 (��6 _]� �; ��B

��;� @�A�B;8(`%� zf>� .+�; )Masi et al., 2015 (

.��M c�>Pm 8�	 (6 ;	 8	���9 gd�U 8��PVC  	�

�<B D%�(6 �N(� W�,9 D:;�� � .Id�]� ;	 �XZ�

��(M O�;�9 gd�U 8��1�%� ;<� ;	 ������ �	�� �:

?[/9 ���%�� �Z�8��  ������ 1&� � <[�.6 g�7(7 

34 +m	�� 32  � +m	�30 +m	� .+���
� R	;<M  

���� 	;�
��� _]� � D/B 8;	;� � �5�,A� 8��

��`��%� �(Z�� �(Q?��,6 �B(6 8;(6 �%�� 1�9 ��

�� ��;(Q ���S ��	� .%Lo7 � 1�2� 1d��� �	�S 

)Chabanet et al., 1997.(  j%;<Q; c	�m '%; 	�

�� 	�Z�S ����� 1�2� _]� �0%	+7  �6 .H ��(M
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