
 

 

 

 

��������	
���
�
������ 

 

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

 �
�������
����������
�����!�����"�� 

 

 

#�� ��."$#�%
& !����� 
���'� 

 

 

 

 

 

��()
��
 2552 

 

 



*�++������, MRG5080363 

 

��������	
���
�
������ 

 

 

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

 �
�������
����������
�����!�����"�� 

 

 

 

     

��������	
�   

��
� 

��."$#�%
& !����� �����	�	������� �'��������*��&  

��������������*����� 

��.��.������ �)��������� �����	�	������� �'��������*��&  

���������������� 

 

 
 

*
�-*
)
#��*��
����
�'������������)���/�1� 
��*��
����
����)
*
�-*
)
�����%�� 

 

(������7
�
�����

���!9
���:;<��%�� *��. 
�� *��."�=%���!9
�<����7
�<���*��"!) 



� 

��������������� 

 

��
��%��
��"�<��-�)
*
�-*
)
%���)
$�?
�������$�
��������%�������%���&�)=
���= 

���*��
����
�'������������)���/�1� (*��.) 
��*��
����
����)
*
�-*
)
��
��%�� 

(*��.) :;<��%������-�)' �����*���%���& ��.������ �)��������� �����	�	������� �'�

�������*��& ���������������� ��%���&��,!�/�1���
��%�� (mentor) ��,��<���

�
����,�!9


!��#�	
& 
������	=��������
�<�
�=��@ �����<��
��%��
��*����7%�)�=���<���� Professor Peter 

Adler Clemson University !�����*���B������� ��,��<���

�
���
����/�1��<�

���������


��*�'B�
����� 
��	=��������
����=�
�<
�-�--����������	���� Professor Hiroyuki 

Takaoka Oita University !�����+�,!)D
 ��,	=��������
����=�
�<
�-�--����������	���� 

�����%���&��	 	;#	�� �����	�!�*������� �'�
$��&��*��& ������������	������= ��,��<

���

�
���
����/�1�*�'B�
��������
������
��� Dr. Catherine Walton University of 

Manchester !���������F1 
�� Dr. Jolyon Dodgson �����	�	������� �'��������*��& 

��������������*����� ��,	=��������
������%
�<��1�����F1 ��.�)-� �������
�	 �'�

��1����*��& �������������

�=
 ��,	=��������
����/�1�*�'B�
����� ��.�
����� ���� 

�'��������*��& ��������������*����� ��,��<���

�
���
�������
�<
�-�--��������

��	���� �)'
$

�& !IK
!����- �����	�	������� �'��������*��& ���������������� ��,

�
)������&�)!��'&�
����/�1��L��&$�
N)��*��& :;<��%������-�)'
�*�������	�	������� �'�

�������*��& ��������������*����� 
���)'�����	 ���&����� *(�-�
��%�������)���	 

��������������*����� ��,	=��������
�����7-�����=��
������
���  



� 

���
���� 

��

�������: MRG5080363 

!"#��������: ��������	
��
��
������������
������
����
�������
����������
����� 

 !�����"�� 

!"#��
���	
�: ��."$#�%
& !����� ��������������*����� 

       ��.��. ������ �)��������� ���������������� 

Email: pairot.p@msu.ac.th 

����$�%��������: 2 !S (2 ���V��� 2550 (/� 1 ���V��� 2552) 

 

#��������%��
�������()!��*��&�$�,��/�1���������	
�� 
��������� 
������*��$�
N&

����=��������%������;����*��&��-!Y%%�����
������������
��=���������
������
����


�������
����������
�����!�����"�� ��7-�����=��
������
���
���<��;��<�

���������

���
��=�������
F�;Z
 F�;�
�� 
��F�;�<�
 ����=������
��()
��
 2550 (/�����
��1��
 

2551 ���%��
�

��=��������,��7-����*��
 144 
��=� %��

�	
��
������
���#��*�'B�
�����

��-�;=��-����	<���
���L��&$�
N)��*��& #������!���-����-
--
:
��������������
-
�&

#$����
#��#�#L� $-
������
�������*��
 19 *!SL�*& �!9
*!SL�*&���=��,"�=�������
���$-���=�
 

1 *!SL�*& ��� Simulium kuvangkadilokae ��������&����*��$�
N&����=����������	
����-

!Y%%�����
������������
��=������ $-�=�
��=��������,����������	
��*;��!9

��=�
���"��

�
����+= ����*�)$��
���N���
����+= �)'��;�����
����,�� ��;=*;�%������-
���������� 
����

$�	���
����
�

=
 �����������&-�-�����!Y%%�����
������������
��=�������=����

!���V/"�=!���V���*!SL�*& $-�=�!Y%%����,��-�-��*����+"�<
�= �
��������N�� ������7�

������
*
��� 
��$�	���
��� :�����/�1�
��*����<����-����/�1��
�;�������,
@���#�� 


*����<��7
(/�����*����+���!Y%%�������=���=�������%������;����*��&���
������
��� ���

�!���-����-�=�!Y%%�����
������������
��=����������=��$��
��,!D���-$��
��,�����1�� $-�=�

������
���=����=����
��*����+���*(��� 
��=�������
$��
��,�����1�����)'��;��
���=����


��"^^_����
���*;���=� 
����$�	���
���
<����=� 
��=�������
$��
��,!D�����������	
��

�����=���=����
��*����+���*(��� (t = 3.61 P < 0.001) #��$-�=�
������
��� S. siamense 

$-�����,*)��
$��
��,!D� (73%) ��=��"��7���
������
���*!SL�*&��,
@*����($-�
����(�,

�=�
�<��*;� (>20%) �	=
�������
 
��=�������
$��
��,�����1�����������������,�� $-


������
��� S. aureohirtum �

��=������*=�
��+= (>80%) #���!9

��=��������,$- S. 

aureohirtum �$���*!SL�*&����� 27% :�����/�1�
*����<��7
�=�����!��,�

!�����
��=�

�����%����������1������ ��:�����-��=������=���������	
��
��#���*�<��*�������


������
��� 

�&��%
�: 
��������� 
������
��� ��������	
�� #���*�<��*���� 



� 

Abstract 

 

Project Code: MRG5080363 

Project Title: Species diversity and ecology of the black flies (Diptera: simuliidae) in  

                   northeast Thailand 
Investigator: Dr. Pairot Pramual  Mahasarakham University 

         Assoc. Prof. Chaliow Kuvangkadilok Mahidol University 

E-mail Address: pairot.p@msu.ac.th 

Project Period: 2 years (July 2, 2007 – July 1, 2009) 

 

The objectives of this study are to examine patterns of species distribution and 

species richness and to compare black fly species richness and species assemblages 

in forest and agricultural streams in Thailand. A total of 144 collections were made from 

70 stream sites between June 2007 and May 2008. Of the 19 black fly species found in 

these collections, all were found in forest sites but only 13 species were found in 

agricultural sites. High species richness was associated with larger, faster and cooler 

streams with larger streambed particles and the presence of riparian trees. Logistic 

regression analyses revealed that stream size, velocity and riparian vegetation are 

among the most important factors determining patterns of spatial distribution. The 

results are largely consistent with studies in other zoogeographic regions, suggesting 

the existence of general rules for black fly species distributions. Comparisons of the 

physicochemical conditions between forest and agricultural streams indicated that 

streams in agricultural areas are warmer, with higher conductivity and fewer riparian 

trees. Species richness was significantly higher in forest than in agricultural streams (t = 

3.61 P < 0.001). Streams in forest areas were predominantly occupied by S. siamense 

(73%) but other species were also found at a relatively high frequency (>20%) of the 

sampling sites. In contrast, streams in agricultural areas were predominantly occupied 

by S. aureohirtum (>80%) where it was the sole black fly species at 27% of the sites. 

The results indicate that agricultural land use has a significantly detrimental impact on 

black fly diversity and species assemblages. 
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�����������- CCA axes 

7. 
:
��$*�<��%�������������&�<��;��<�� Canonical correspondence analysis  30 

   (CCA) ���
������
��� 19 *!SL�*&��,$-�
���*����% ����*��$�
N&����=��!Y%%�� 

   ���
�����������-������%�����*!SL�*&�!���-����-��-��$��, 6 

 

 

 

 

 



1. ���&� 

1.1 ���&� 


������
����!9

�����,������*����+�<�
���
$��&
�����1B��%�����,*)�	
���
/,� 

�
�,��%��
������
����!9
$������#�� Onchocerciasis ���� River blindness L/,��!9
#����,����

%��$��N��
�
������ (filarial nematode) 	
�� Onchocerca volvulus #����$����!9

���

���
����$�����-��	
�� �	=
 Simulium damnosum, S. naveavie, S. exiguum �!9
�<
 

(Crosskey, 1990) #�� Onchocerciasis $-�
���!
�^���� ����������� 
�����������< #��

������'&�=�%����
"�=�,����=� 100 �<�
�
�������*�,����,%�����#�� Onchocerciasis 
���


%��
�

��!����' 18 �<�
�
����	��� #�� 500,000 �
*�����*��
�� 270,000 �
��-��%��

�������	��� Onchocerca volvulus (Richards, et al., 2000) 
��%������!9
$������#�� 

Onchocerciasis 
�<����
������(=�����#!�#�L���
*�)� Trypanosoma 
�� Leucocytozoon 

�
*���&!S�L/,������<����#�� Leucocytozoonosis �
*���&!S� �	=
 �!9� "�= �!9
�<
 
��%��
�����


������*����((=�����"���*-��	
��
����#-"���* (aboviruses) L/,��!9
*����)����������

#���=��@�
*���&����	
�� �	=
#�� myxomatosis �
����=�� (Kettle 1990, Mead et al., 

1999) ���������
������
���%��
�
��������<���������*������=�*���&!S�
��!�)*���& �	=
 ���

��<:�:���
���
�
��
����
��������� (Adler et el., 2004) ���
��

������
���%/�������*����+����

������
$��&
�����1B��% �
!�����"��
�<%�"�=�������
���$-#�� Onchocerciasis 
�=

�������
���$-$��N�*�)� Onchocerca �

������
��� 3 *!SL�*& ��� S. nodosum, S. 

nigrogilvum 
�� S. asakoae �
%�������	������=#���	�,��=�
=�%��!9
 Onchocerca sp. ��,��;=

�
!�)*���& (Takaoka et al., 2003; Fukuda et al. 2003) 
��%��
�����$-�=�
������
����=�

���������+��<
���=�����,���

��=��=�����,����,*����+����
�=� �	=
 -����'��������


�

�& %�������	������= -����'	=����7
 �)���

�=�	���
�=���& %������
��*����& 
��

�)���

�=�	����;*����� %�������)�����(& #��������������
�����%�����<�������-��
����

�������
��;=������
(/�����������& 
�=�
�
��,
$<��%�����<���������-��
����=���)

��


����%���������"�<"�<  


����
��%������*����+�
�<�
���
$��&
�����1B��%
������
������������*����+

�
����/�1��<�

��������� ����
������/�1�
���������
��=�
���"���
�����;������	<
������


����!9
*�,���	�����<

-- (model species) �
����/�1� �
�,��%��
������
�����������%�����

�;����*��&��,��<������ 
���!9
���&!����-�������*�,���	�����

��=�
���"�� (Cummins, 

1987) ���(/���������&�����;<�<�
�
)�����N�
��,*�-;�'& ����/�1��<�

����������!9


����/�1�$��
B�
��,������*����+��,%�
��"!*;=�����;<������<��%�
-�-�����!Y%%�����

�����$
��	����$�=�������%������;����*��&
�����!��-������*�,���	���� #����$����=��

��,��

������
�����,����/�1��
�;�������,

*����<��7
(/�����*����+���!Y%%�����
���������

�=��������?
���� ����/�1��
�;������=��@
*����<��7
�=����-�
�������*!SL�*&���= 



2 

(speciation) ���
������
����!9
:�%�����!��-�����<��<���-*��$
������������
��=��������,


���=����
���
�=��*!SL�*& #����$����=����,�
��=�������������=�
 (larva) L/,�"�<
�=
��=�


���"�����N���	��� 

����/�1��L��&$�
N)��*��&#������!���-����-��������������
-
�&���#$����
#��

#�#L��

������
�������@	
����,������%��%��

�#���	<�;!�=��*�'B�
�����$-�=�
������


������=�
��!����-�<������@L�!���*!SL�*&��,*����(
��%����
"�<#����������
������L��&

$�
N)��*��&#������!���-����-��������������
-
�&���#$����
#��#�#L� (Rothfels, 1979) 

������%���������;����*��&���L�!���*!SL�*&���=�
��*=�
��+=%�������*��$�
N&��-
���������

���
��=������ #��
�=��L�!���*!SL�*&������
���=�����
������������
��=������ �	=
 
�=

��L�!���*!SL�*&���
������
�����)=�L�-L<�
 S. tuberosum ��������%���������;����*��&�

�=

��������
��������� (ecoregion) ������������
�� (Adler and McCredie, 1997) ���

���%�����L�!���*!SL�*&������
���	
��L�-L<�
 S. damnosum ������*��$�
N&��-���L���

� 

(savannah) ���� ���!D����
�^��������
�� (Boakye et al., 1998) 
��%��
������/�1�*��

*��$�
N&�������?
����#���	<�����-
�����#�"��&���"�#���
����������7
�����*
�-*
)




��������������*!SL�*&���=������
���#������%��:�������!��-����=�
���������
��=�

������������=�
 Joy and Conn (2001) �������/�1�*��*��$�
N&�������?
�������
������


����
 Society Island $-�=��������*!SL�*&���=���
������
�����,$-�
��;=����
��
=�%��!9
:�

%�����!��-�����<�����*���-*��$
������������
��=�������������=�
��,
���=����
 

�
!�����"���������
����/�1�
������������
������
���%���)���

�=�	��� 

�����
�

�& (Kuvangkadilok et al., 1999) �
�;�������,
@���#��"�<������/�1�
���������

���
������
�����
��=����<������ �	=
 ���������
�� (McCreadie et al., 2005; McCreadie 

and Adler, 2006) ���������< (Grillet and Barrera, 1997; Hamada and McCreadie, 1999; 

Hamada et al., 2002; McCreadie et al., 2004;) �)#�! (Zhang and Malmqvist, 1996; 

Malmqvist et al., 1999; Scheder and Waringer, 2002) ��*������� (Colbo and Moorhouse, 

1979) 
��
�^���� (McCall et al., 1998) ����/�1����=�
��
*����<��7
(/�����*����+���

!Y%%����������$���
��=�
���"���=�������%������;����*��&���
������
��� !Y%%����,$-�=�

������*����+�=�������%������;����*��&��%��"�<��������-%������-��7���,*)� "�<
�= ����-


��=�������=�� (microhabitat) $-�=�
������
����=��	
����
������

��=�������=����,


���=����
 �	=
 -
��*�)�/����� (substrate) ��,
���=����
#��
������
���-��	
����%�	<
:=


��
 (bed rock) �!9
��*�)�/����� -��	
����%�	<$�	�!9
��*�)�/����� �!9
�<
 (Adler and Kim, 

1984) �'���,������%������;����*��&�
����-��,��<���/�
%�$-�=�!Y%%����������$���


��=�
���������*����+�=��������
�������%������;����*��& �	=
 ������<�� ������7����

���
*
��� �����/� ����*;�%������-
���������:��=�������%������;����*��&���
������


��� 



3 

����/�1�
����������	���/����
������
����
!�����"��
���
�;��������	�������


<����� ���,��!���-����-��-�;�������,
@ �	=
 ���������
�� ���������< 
�^���� 
���)#�! 

#������/�1�
������
����
!�����"��*=�
��+=�!9
����/�1��	��*����%*!SL�*& L/,������<�����&

�����;<�<�
�
)�����N�
��,��
�=�������<��;��<�

����������	���/� ����
������/�1���������

	
��
��
����������	���/���-�;=��
%������<�������&�����;<$��
B�
��,
��"!*;=������<��%(/�

�;!
--������%������;����*��& !Y%%����,��:��=�������%������;����*��& !Y%%����,��:��=�

��������	
�� ���(/����!��-������
������
����=�*��$
���<����,
���=����
 
��%��
��

:��������/�1����(���!9
�<��;�$��
B�
��,*����+L/,�%��!9
!��#�	
&�=�����/�1���%���<�
��,
 

�	=
 �L��&$�
N)��*��& $�
N)��*��&�	��!��	��� 
������?
���� �!9
�<
 ���(/����
��"!

!���)��&�	<�$�,����%*�-����!��,�

!���)'��$���
��=�
�����,����%����%��������
)1�&"�< 

(Feld et al., 2002; Adler et al., 2004) %��*����%�������	
�������<���-*!SL�*&���
���

���
����
!�����"����������
�;��������	������
����������< �
!�����"��
������
����!9



�����)=���,������/�1��
)�����N�
��,*�-;�'&�����,*)���)=��
/,� (Papp et al., 2006) L/,�(��

�!9
�<��;�$��
B�
��,*����+*�����-����/�1�
������������
������
���  

����/�1�
������
����
!�����"��
�<������/�1���=���=��
�,������
�=!S �.�.1984 

(Takaoka and Suzuki, 1984) %
(/�!Y%%)-�

�=����/�1�*=�
��+=���%�������;=��$�������
��


�������< �
�������
����������
�����������/�1�
<����� %�������
����/�1����

������
���'� (2544) "�<������*����%��������	
�����
������
����
���

����
����������
���$��� 18 
�=�%�� 5 %��������=�
��
 "�<
�= %������
����	*��� 	���;�� 

�)-���	N�
� ��

�=
 
����� $-
������
���������� 12 	
��#���!9

������
���	
�����=

��,����	�,�
�<� 2 	
����� Simulium chainarongi 
�� S. baimaii 
����� 1 	
�����"�=����	�,���� S. 

sp. e 
��%��
������/�1���� Takaoka and Choochote (2005) $-
������
���*�)��=�� 

(subgenus) ���=���#���
%�������)������ ��� Simulium oblongum #��%����;=�
*�)��=�� 

Asiosimulium  

%���<��;������=��-=�	����<��7
�=�
������
����
�������
����������
��������
=�*
�%


����������1'&��$����,
���=��%��
������
���%���;�������,
@ #��
������
�����,�!9
*!SL�*&

���=
��
���"�=�������
���$-�
�;�������,
��� ����
���=��
����%��*����)*=�
�
/,���%��

����
���=���<�

������������
��=����������������
����������
��%���;�������,
@ 


������
����
�������
����������
��������
=�*
�%�!9
��=����,�
�=�������<��;�$��
B�
��;=

��� #����$���<�

��������� L/,��!9
�<��;�$��
B�
��,*����+*�����-����/�1��<�
��,
@ �	=
 

�L��&$�
N)��*��& $�
N)��*��&�	��!��	��� ����?
����  
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1.2 �
�<7���
��� 

1. �$�,��/�1���������	
�����
������
����
�������
����������
�����!�����

"�� 

2. �$�,��/�1�
������������
��=���������
������
����
�������
����������
��

���!�����"�� 

3. �$�,��/�1�����*��$�
N&����=��������%������;����*��&
��
������������


��=���������
������
����
�������
����������
�����!�����"�� 

 



2. ��$�*����)*��	
� 

 

2.1 ���$�=��
������6�%���>��&� (����%��$������� 6%����	&�6��!��� 

 *����%
��=������������
������
��=�
���"��N���	��� (��$��, 1) �
�������
����������
��

���!�����"��%��
�
 8 %������ "�<
�= %���������*�
N)& %��������� %�������)������ %���������*�

��1 %������	���;�� %������*��
�� %������
����	*��� 
��%���������
�%�%��+ %��
�
 70 
��=� 

(��$��, 2 
���������, 1) ��7-�����=���
F�;Z
����=������
��()
��
 $.�. 2550 - �)���� $.�. 2550 

(62 
��=�) F�;�
������=������
$F�%����
 $.�. 2550 – �)���$�
N& $.�. 2551 (50 
��=�) 
��F�;

�<�
����=������
��
��� $.�. 2551 - $F1���� $.�. 2551 (32 
��=�)  #��
��=������ 29 
�=�

*����(��7-�����=��"�<���� 3 F�; 
�� 49 
��=�*����(��7-"�<�
 2 F�; �����$���F�;������
�,��%��
���


�<� ��������7-�����=��������� 144 �����  ��7-�����=������=�
#���	<!����-��7���-����=�
��,�������

�<�
��
 ��1���()�=��@�������$�	 
���-"�<��,����

���"�� ����=�
����
 Carnoy’s fixative (3 *=�
 

absolute ethanol: 1 *=�
 glacial acetic acid) ��7-������
�<��,����-
�-
������<
���$�	
��� 
����1

��*�)�=��@ *�����-������
�<
��
%�
��
�=������*=�
���$��*��� �$�,���<������
�< Ŷ�������!9
�����7�

���*�����-����/�1�*�'B�
������=�"! ���������<�� �����/����
��=�
��� ������7�������
*
��� 

�)'��;��
��� ����-����*;�%������-
������� �=����
��"^^_�  �����!9
���-�=�����
��� ���1'�$��
���

N�� (streambed particles) ���!���)��������
��� (canopy cover) !��������$�	���
��� (riparian 

vegetation) !�����������1'�$��
���N�� ���!���)��������
��� 
��!��������$�	���
��� %��

%��

���� McCreadie et al. (2006) (�������, 2, 3 
�� 4) %��

�	
�����
������
���#���	<�)+
% 

(keys) ��� Takaoka (1979) Takaoka and Suzuki (1984) Takaoka and Davies (1995) Takaoka 

and Saito (1996) 
�� Takaoka and Choochote (2004) 
��%��
����%�	<���%��

�#���	<�L��&$�
N)

��*��&�

������
���*!SL�*&��,��������<����/����*�'B�
����� #������!���-����-
--
:
��������

������
-
�&���#$����
#��#�#L���-
:
��,����B�
���
������
���
�=��	
�� 
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/�;�*# 1 
��=�
���"����,�!9

��=���������N���	������
������
��� 



7

������*# 1 *(�
��,��7-�����=��
������
����
�������
����������
�����!�����"�� ����=������
��()
��
 $.�. 2550 – ��1��
 2551 

 

 

6�%���*#$�=� �&�6�������/�����
��� 

����
��	��

���
��>&���$% 

($���) 

B����%$�=�

�
������ 
�
��*#$�=��
������ 

1. -<�

����-� �."$�$�?
�  

�.�;*���& %.���*���1 

48P0398548 UTM1597575 188 R/C/H 30 ��.�. 50/9 N.�. 50/17 ��.�. 51 

2. -<�

L�&"!� �."$�$�?
�  

�.�;*���& %.���*���1 

48P0399457 UTM 1589285 290 R/C/H 30 ��.�. 50/9 N.�. 50/17 ��.�. 51 

3. 	=��*���� �."$�$�?
� �.�;*���&  

%.���*���1 

48P039869 UTM 1587127 314 R/C/H 30 ��.�. 50/9 N.�. 50/17 ��.�. 51 

4. -<�
*�<��
�<� (1) �.*�<���<� �.�;$�
  

%.*��
�� 

48Q0388831 UTM 1860873 294 R/C/H 14 �.�. 50/22 N.�. 50/8 ��.�. 51 

5. -<�
*�<��
�<� (2) �.*�<���<� �.�;$�
  

%.*��
�� 

48Q0388831 UTM1860873 294 R/C/H 14 �.�. 50/22 N.�. 50/8 ��.�. 51 

6. -<�
*�
*���& �.���;� �.������  

%.�)������ 

48Q0413070 UTM1852775 260 R/C/H 14 �.�. 50/22 N.�. 50/8 ��.�. 51 

7. �)���

�=�	���!D���
���  

�.��$*(���& %.	���;�� 

47P0756487 UTM1729907 706 R/H 29 �.�. 50/15 $.�. 51 

7 



8

������*# 1 (�=�) 

6�%���*#$�=� �&�6�������/�����
��� 

����
��	��

���
��>&���$% 

($���) 

B����%$�=�

�
������ 
�
��*#$�=��
������ 

8. 
�������$!����
 �.��$*(���&  

%.	���;�� 

47P0758942 UTM1721499 442 R/H 29 �.�. 50/15 $.�. 51 

9. 
�����:�	�����
 �.���
��������  

%.
����	*��� 

47P0812320 UTM158785 415 R 30 �.� 50 

10. ����
��� (1) �.L�-*����  

�.����� %.	���;�� 

47Q0820552 UTM1777791 466 R 1 *.�. 50 

11.  ����
��� (2) �.L�-*����  

�.����� %.	���;�� 

47Q0819444 UTM1777438 491 R 1 *.�. 50 

12. -<�

<�� �.�)=��)����  

�.��1��*�-;�'& %.	���;�� 

47Q0797976 UTM1821257 390 R/C/H 1 �.�. 50/9 �.$. 51/5 ��.�. 51 

13. �����<����� �.�<�����  

�.��
*�� %.	���;�� 

47Q0805191 UTM1828112 327 R/H 1 �.�. 50/5 ��.�. 51 

14. 
������<������ �.�<���<��  

�.!�)���	���� %.���
�%�%��+ 

48Q0491410 UTM1770656 153 R/C 22 �.�. 50/23 �.$. 51 

15. �����<�
����������+= �.#���=�  

�.	�
)��
 %.���
�%�%��+ 

48Q0494455 UTM1778620 148 R 22 �.� 50 

8 



9

������*# 1 (�=�) 

6�%���*#$�=� �&�6�������/�����
��� 

����
��	��

���
��>&���$% 

($���) 

B����%$�=�

�
������ 
�
��*#$�=��
������ 

16. 
����������+= �.#���=� �.	�
)��
  

%.���
�%�%��+ 

48Q0494686 UTM1776509 466 R/C/H 22 �.� 50/23 �.$. 51/3 ��.�. 51 

17. �<���)=�
�
 �.���
�<� �.	�
)��
  

%.���
�%�%��+ 

48Q0491760 UTM1783290 149 R/H 22 �.� 50/3 ��.�. 51 

18. -<�
��
*�,� �.	�
)��
 

 %.���
�%�%��+ 

48Q0489435 UTM1792021 178 R 22 �.�. 50 

19. -<�

���� �.-<�
-�� �. ��
���  

%.�)������ 

48Q0490589 UTM1797081 153 R/H 23 �.�. 50/3 ��.�. 51 

20. ��.13-14 (

������� 2370  

�.
������*�<�� %.�)������ 

48Q0440568 UTM1814452 192 R/H 23 �.�. 50/3 ��.�. 51 

21. 
��������#�
 �.#

*;�  

%.�)������ 

48Q0426709 UTM1423841 214 R 23 �.� 50 

22. -<�
*��#��������� �.*��#��������� �.

�)
��+ %.���*���1 

48P0448953 UTM1602533 215 R/C 29 �.� 50/9 N.�. 50 

23. �����<�
����������+= �.�)
��+  

%.���*���1 

48P0449990 UTM1601446 202 R/C 29 �.� 50/9 N.�. 50 

9 
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������*# 1 (�=�) 

6�%���*#$�=� �&�6�������/�����
��� 

����
��	��

���
��>&���$% 

($���) 

B����%$�=�

�
������ 
�
��*#$�=��
������ 

24. 
����������+= 1 �.�)
��+ %.���*���1 48P0445509 UTM1596826 180 R/C 29 �.�. 50/9 N.�. 50 

25. 
����������+= 2 �.�)
��+ %.���*��1 48P0445459 UTM1596879 180 R/C 29 �.�. 50/9 N.�. 50 

26. 
�����*�
�<�� 1 �.�
����
 %.��� 47Q0793969 UTM1886905 596 R/C/H 13 �.�. 50/9 �.$. 51/5 ��.�. 51 

27. 
�����*�
�<�� 2 �.�
����
 %.��� 47Q0794008 UTM1886941 586 R/C/H 13 �.�. 50/9 �.$. 51/5 ��.�. 51 

28. 
�����*�
�<�� 3 �.�
����
 %.��� 47Q0794019 UTM1886921 589 R/C/H 13 �.�. 50/9 �.$. 51/5 ��.�. 51 

29. -<�
�=���� �.!�
:) �.�
����
 %.��� 47Q0793335 UTM1886502 676 R/C/H 13 �.�. 50/9 �.$. 51/5 ��.�. 51 

30. -<�
*�
�<�� �.!�
:) �.�
����
  

%.��� 

47Q0794255 UTM1886956 636 R/C/H 13 �.�. 50/9 �.$. 51/5 ��.�. 51 

31. �����<�
������<����� �.�;����  

%.��� 

47Q0787692 UTM1889117 325 R 13 �.�. 50 

32. ��. 29 (

������� 203  

��� – �;���� �.�;���� %.��� 

47Q0768018 UTM1932528 712 R 14 �.�. 50 

33. -<�
�<����� (1) �.*�
�� �.�;����  

%.��� 

47Q0757796 UTM1931213 749 R/C/H 14 �.�. 50/10 �.$. 51/6 ��.�. 51 

34. -<�
�<����� (2) �.*�
�� �.�;����  

%.��� 

47Q0757654 UTM1931073 736 R/C/H 14 �.�. 50/10 �.$. 51/6 ��.�. 51 

10 



11

������*# 1 (�=�) 

6�%���*#$�=� �&�6�������/�����
��� 

����
��	��

���
��>&���$% 

($���) 

B����%$�=�

�
������ 
�
��*#$�=��
������ 

35. �)���

�=�	����;���� (1) �.�;���� %.��� 47Q0749334 UTM1936784 1302 R 14 �.�. 50 

36. �)���

�=�	����;���� (2) �.�;���� %.��� 47Q0748707 UTM1936972 1277 R 14 �.�. 50 

37. 
�������
*��	��
 �)���

�=�	����;����  

�.�;���� %.��� 

48Q0748050 UTM1936360 1153 R/C/H 14 �.�. 50/10 �.$. 51/6 ��.�. 51 

38. 
������<����� �)���

�=�	����;����  

�.�;���� %.��� 

48Q0748050 UTM1936360 1153 R/C/H 14 �.�. 50/10 �.$. 51/6 ��.�. 51 

39. ��. 6-7 (

�;���� – ���*�$)� �.�;����  

%.��� 

47Q076897 UTM1927874 545 R 14 �.�. 50 

40. -<�
��-� �.���*�$)� %.��� 47Q0775315 UTM1923148 296 R/C 14 �.�. 50/10 �.$. 51 

41. ����<������ �.*���7% %.���*�
N)&  48Q0375069 UTM1854919 253 R/C 23 �.�. 50/22 N.�. 50 

42. 
�����
�=������� (1) �.*���7%  

%.���*�
N)& 

48Q0375865 UTM1856181 216 R/C/H 23 �.�. 50/22 N.�. 50/8 ��.�. 51 

43. 
�����
�=������� (2) �.*���7%  

%.���*�
N)& 

48Q0375833 UTM1856197 221 R 23 �.�. 50 

11 
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������*# 1 (�=�) 

6�%���*#$�=� �&�6�������/�����
��� 

����
��	��

���
��>&���$% 

($���) 

B����%$�=�

�
������ 
�
��*#$�=��
������ 

44. -<�
*�<���<� �.*�<���<� �.�;$�
  

%.*��
�� 

48Q0387212 UTM1863650 293 R/C/H 23 �.�. 50/22 N.�. 50/8 ��.�. 51 

45. ��. 48 (

 �;$�
 – 
��; �.�;$�
  

%.*��
�� 

48Q0387467 UTM1863591 293 R/C/H 23 �.�. 50/22 N.�. 50/8 ��.�. 51 

46. -<�
*�<��
�<� (1) �.*�<��<� �.�;$�
  

%.*��
�� 

48Q0388831 UTM1860873 305 R/C/H 23 �.�. 50/22 N.�. 50/8 ��.�. 51 

47. 
����������� �.-=�
�<� �.�;$�
  

%.*��
�� 

48Q0389076 UTM1859237 299 R/C/H 23 �.�. 50/22 N.�. 50/8 ��.�. 51 

48. �<������ �.%�
��&�$7+ �.��=����  

%.*��
�� 

48Q0401537 UTM1863160 301 R 23 �.�. 50 

49. �<��
����* (1) �.%�
��&�$7+ �.��=����  

%.*��
�� 

48Q0413382 UTM1870385 305 R/C/H 23 �.�. 50/24 N.�. 50/10 ��.�. 51 

50. �<��
����* (2) �.%�
��&�$7+ �.��=����  

%.*��
�� 

48Q0413377 UTM1870547 358 R/C 23 �.�. 50/24 N.�. 50 

12 
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������*# 1 (�=�) 

6�%���*#$�=� �&�6�������/�����
��� 

����
��	��

���
��>&���$% 

($���) 

B����%$�=�

�
������ 
�
��*#$�=��
������ 

51. -<�
��
-)=
 (1) �.��=���� %.*��
�� 48Q0412704 UTM1869074 359 R/C/H 23 �.�. 50/24 N.�. 50/10 ��.�. 51 

52. �<������ (

*���7% – �)��
��'&  

�.*���7% %.���*�
N)& 

48Q0372028 UTM1844216 180 R/C 23 �.�. 50/22 N.�. 50 

53. -<�

������ �.
��; %.���*�
N)& 48Q6389620 UTM1843929 168 R/C 27 �.�. 50/22 N.�. 50 

54. 
�����:�
����� �.
��; %.���*�
N)& 48Q0395745 UTM1862909 273 R/C/H 27 �.�. 50/22 N.�. 50/8 ��.�. 51 

55. 
�����
�=�#$N�� �.������ %.�)������ 48Q0419842 UTM1852772 197 R/C/H 27 �.�. 50/22 N.�. 50/8 ��.�. 51 

56. �����<�
�����
�=�#$N�� �.������  

%.�)������ 

48Q0418958 UTM1850373 295 R/C 27 �.�. 50/22 N.�. 50 

57. Z��
����<
 (1) �.���;� �.������  

%.�)������ 

48Q0411351 UTM1853430 291 R/C/H 27 �.�. 50/22 N.�. 50/8 ��.�. 51 

58. Z��
����<
 (2) �.���;� �.������  

%.�)������ 

48Q0411382 UTM1853415 288 R/C 27 �.�. 50/22 N.�. 50 

59. ��. 66 (

������� 2278  

����� – ������ �.������ %.�)������ 

48Q0408172 UTM1859740 290 R/C 27 �.�. 50/24 N.�. 50 

60. �<�����
� �.������ %.�)������ 48Q0408568 UTM1860720 258 R/C/H 27 �.�. 50/24 N.�. 50/10 ��.�. 51 

13 
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������*# 1 (�=�) 

6�%���*#$�=� �&�6�������/�����
��� 

����
��	��

���
��>&���$% 

($���) 

B����%$�=�

�
������ 
�
��*#$�=��
������ 

61. ��. 61 (

������� 2287  

����� – ������ �.������ %.�)������ 

48Q0409811 UTM1863778 215 R/C 27 �.�. 50/24 N.�. 50 

62. 
��������*;� �.#���=� �.�����  

%.���*�
N)& 

48Q0413516 UTM1828247 217 R 27 �.�. 50 

63. -<�
��
-)=
 (2) �.%�
��&�$7+  

�.��=���� %.*��
�� 

48Q0412919 UTM1868204 212 C 24 N.�. 50 

64. -<�
��
-)=
 (3) �.%�
��&�$7+  

�.��=���� %.*��
�� 

48Q0412613 UTM1869123 360 C 24 N.�. 50 

65. 
������<����� �.�;���� %.��� 47Q0787752 UTM1888771 346 C/H 9 �.$. 51/5 ��.�. 51 

66. -<�
(����;� �.*�
�� �.�;���� %.��� 47Q0766942 UTM1929787 661 C/H 10 �.$. 51//6 ��.�. 51 

67. �<��%���%�,
 -<�
���
�<� �.	�
)��
  

%.���
�%�%��+ 

48Q0494944 UTM1787720 156 C/H 23 �.$. 51/3 ��.�. 51 

68. �<��
�<�
$� -<�
���
�<� �.	�
)��
  

%.���
�%�%��+ 

48Q0491048 UTM1789568 160 C/H 23 �.$. 51/3 ��.�. 51 

14 
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������*# 1 (�=�) 

 

����$��7: R = F�;Z
 C = F�;�
�� H = F�;�<�
 

 

 

 

 

 

 

 

6�%���*#$�=� �&�6�������/�����
��� 

����
��	��

���
��>&���$% 

($���) 

B����%$�=�

�
������ 
�
��*#$�=��
������ 

69. �<�����!�
�� �.-<�
"�= �.��$*(���&  

%.	���;�� 

47P0758942 UTM1721499 442 C/H 24 �.$. 51/15 $.�. 51 

70. 
�������$$
� �.-<�
"�= �.��$*(���& 

%.	���;�� 

47Q0758742 UTM1722105 278 C/H 24 �.$. 51/15 $.�. 51 

15 
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/�;�*# 2 
:
��,
*�����
�
=����
��=���,��7-�����=��
������
���%��
�
 70 
�=� �
 

�������
����������
�����!�����"�� �������������*(�
��,��7-�����=��
*���
 

�������, 1 LO, %���������; CP, %������	���;��; NR, %������
����	*���; SN, %������*��
��; 

KS, %���������*�
N)&; MH, %�������)������; AC, %���������
�%�%��+; SK, %���������*���1 

 

 

 

 

 

 

 

 

 



17 

������*# 2 ���%��

�!����������*�)$��
���N�� (streambed particles) �$�,��	<�
�����������&��� 

 *(��� �����N������� McCreadie et al. (2006) 

 

���$/�(���

�7;">�%&�

)�� 

(���$%�����������%�� 

(mm) 

Ranking 

Mud/Silt 

Sand 

Small stone 

Rubble 

Boulder 

Bedrock 

<1 

1-2 

2-32 

32-256 

>256 

- 

1 

2 

3 

4 

5 

6 

 

������*# 3 ���%��%��

�!��������$�	���
��� (riparian vegetation) �$�,��	<�
�����������&���*(���  

  �����N������� McCreadie et al. (2006) 

 

���$/�(��;"!����>&� %
�,��(��;"! Ranking 

Open 

Brush 

 

Forest 

�)=��+<� 

"�<$)=��
����7�  

��%���<
"�<��+=
�="�=��� 

!D�"�< �<
"�<�
����+= 

1 

2 

 

3 

 

������*# 4 ���%��%��

�!�����������!���)��������
��� (canopy cover) -
:��
��� �$�,���� 

   ��������&���*(��� 

 
���$/� ���
�������%7� Ranking 

Open 

Partial 

Complete 


<����=��<���� 10 

�<���� 10 – �<���� 90 

�����=��<���� 90 

1 

2 

3 
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2.2 ����+�,�

�D������� 

 �/�1�*�'B�
������������=�
 ���
�< 
�������7�������
������
��� #���/�1�

���������������=��
������
�����,�����1'�*�'B�
�����
���=��%����,����������
 

�!���-����-���1'�*�'B�
�������������=����-����N�-��
���)+
% (keys) �
���%��

�

	
��
������
����
!�����"�� (Kuvangkadilok and Takaoka, 2000; Phasuk et al., 2005) 


��!����������L�� (Takaoka and Devies, 1995) ���,�
��*=�
���
�� genitalia %��

�����=�������7�����$�:;< �����<�*#�� 85% lactic acid %��
��

	=�
 glycerine ���%*�-

�����<��<��%)�����
& �����$!����-
��(=���;! ���1'�*�'B�
�����������
�<
�����

�=�
���%*�-�����<��<��%)�����
& �����$!����- 
��(=����$ 

 

2.3 ����+�,�$F%%�;
�)7��
��� 

 ������#$����
#��#�#L�%���=��
������ (Salivary gland) ����=�
�������*)��<�� 

(penultimate instars larva) ��������*)��<�� (final instars larva) �����N������� Rothfels 

and Dunbar (1953) #������<��*��<�� Fuelgen stain 
�����!���-����-
--
:
�����������

���
-
�&#$����
#��#�#L���-
:
��,����B�
���
�=��*!SL�*&  

 

2.4 �����$������(����% 

 ��������&����*��$�
N&����=�����!���V���*!SL�*&�

��=������ #��%������<��;����

!���V (1) "�=!���V (0) ���*!SL�*&�

�=��
��=������ �
�����������&!Y%%����,��:��=����

���%������;����*��&���
������
��� �	<��$���<��;������=��%�������7-�
F�;Z
��=�
��
 ����
��

�$�,��������,��:�����-��,����%������
!�:�
%��F�;��� (Hamada and McCreadie, 1999; 

McCreadie et al., 2004)  ��������&�<��;�#���	< principal components analysis (PCA) �$�,�

��%��
�
���
!� #�� PCA %�%����)=����
!��!9
 principal components (PCs) ���
!���,��

������%���-�,���-
%��������%��
--!��� (normal distribution) %�
!���<��;�#���	< 

log10 transformation �=�
��,%�
����<�*;=�����������& PCA �
�����������& PCA 
�=�� PC ��,��

�=� eigenvalue �����=� 1 %���"�<�!9
���
!� �	<�����������& Spearman rank correlation 

�$�,�������*��$�
N&����=�� PCs ��-���
!����!Y%%�����
������������
��=������  

 ��������&����*��$�
N&����=�����!���V���*!SL�*&��-!Y%%�����
������������
��=�

����� #���	< Forward logistic regression analysis ��������&�=�
��*����+���*(���#���	< 

maximum likelihood (Hosmer and Lemeshow, 1989) �����������& Logistic regression %�

�	<��$��*!SL�*&��,��������%������;����*��&�����=� 20% ���
��=��������,��7-������� 

�
�,��%������	<*!SL�*&��,��������%������;����*��&
�- %������<������$�
�����������&���

*(������� (McCreadie et al., 2005)  
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 ��������&����*��$�
N&����=����������	
�� (species richness) ��-!Y%%�����


������������
��=������#���	< Linear regression �
�����������&
��%��	<��)=������=����,��7-

���� 3 F�; �
�,��%������/�1�$-�=��
�����������&!Y%%�����
�����������,��:���������	
��

����	<�<��;���,"�<%��!Y%%������;����*��& 
���<��;�%������
!�:�
���F�;��� (McCreadie 

et al., 2005)  

 ��������&����*��$�
N&����=��!Y%%�����
������������
��=��������-#���*�<��*���� 

���
������
��� #���!���-����-����=��
��=��������,��;=�
!D�*�-;�'& ��-
��=��������,��;=�


$��
��,�����1�� ��������&����
���=�����#���*�<��*�������
������
���#���	< Analysis of 

Similarities (ANOSIM) (Clarke and Warwick, 1994) �<��#!�
��� PAST 1.81 (Hammer et 

al., 2007) �$�,����%��!Y%%����,��:�����-�����,*)��=�����
���=�����#���*�<��*���� 

(community structure) ���
������
��� �	< discriminant function analysis (DFA) #��

��������&%��!Y%%����,���=� standardized coefficient �����,*)� ���%*�-����
���=�����

��������	
������=��
��=��������,��;=�
!D���-
��=��������,��;=�
$��
��,�����1��#���	< 

student’s t-test ��������&����*��$�
N&����=��!Y%%�����
������������
��=��������-

#���*�<��*�������
������
���#���	< Canonical correspondence analysis (CCA) �<���	<

#!�
��� PCORD 5.14 (McCune and Mefford, 2006) 

 
 



3. �%����+�,� 

 

3.1 �����%��!���(��6�%���>��&�G�/�����
����$�*��$��"�(�����$��H�� 

 ���*����%
������
����
�������
����������
�����!�����"�� %��
�
 143 
��=� 

�
 8 %������ "�<
�= ���*���1 *��
�� �)������ 	���;�� 
����	*��� ���
�%�%��+ ��� 
��

���*�
N)& $-
������
��� 19 *!SL�*& (��$��, 3) L/,�����!9
 26% ���
������
�����,�������
�


!�����"�� (73 *!SL�*&) !����-�<�� 
������
����
*�)� Simulium Latreille %��
�
 4 *�)�

�=�� !����-�<�� *�)��=�� Asiosimulium Takaoka and Choochote 1 *!SL�*& "�<
�=  

Simulium (A.) oblongum Takaoka and Choochote *�)��=�� Gomphostilbia Enderlein 8 

*!SL�*& "�<
�= S. (G.) angulistylum Takaoka and Davies, S. (G.) asakoae Takaoka and 

Davies, S. (G.) decuplum Takaoka and Davies, S. (G.) gombakense Takaoka and 

Davies, S. (G.) sheilae Takaoka and Davies, S. (G.) trangense Jitklang, Kuvangkadilok, 

Baimai and Adler, S. (G.) siamense Takaoka and Suzuki “A”, 
�� S. kuvangkadilokae 

Pramual and Tangkawanit #��
������
���*!SL�*& S. kuvangkadilokae (��$��, 4 
�� 5) �!9



������
���	
�����=���#����,$-�
����/�1������
�� *�)��=�� Simulium Latreille 8 *!SL�*&

!����-�<�� S. (S.) chainarongi Kuvangkadilok and Takaoka, S. (S.) fenestratum 

Edwards, S. (S.) nakhonense Takaoka and Suzuki, S. (S.) quinquestriatum Shiraki, S. 

(S.) rufibasis Brunetti, S. (S.) tani Takaoka and Davies, S. (S) weji Takaoka, S. (S.) 

yuphae Takaoka and Choochote, *�)��=�� Nevermannia Enderlien 2 *!SL�*& "�=
�= S. (N.) 

aureohirtum Brunetti, 
�� S. (N.) feuerborni Edwards ����(�,������$-
������
���
�=��

	
��
*���
�������, 5 
������
�����,$-�����,*)���� S. siamense (65.7%) �������"�<
�= S. 

aureohirtum (63.6%) S. nakhonense (18.9%) S. asakoae (17.5%) S. angulistylum 

(12.6%) 
�� S. fenestratum (11.9%) 
������
���*!SL�*&��,
@������(�,�,����=� 10% %��
�
*!S

L�*&�=�
��=���������=�����=�� 1 (/� 8 *!SL�*& 
�����=�����,� 2.5±0.1 (S.E.)  

*!SL�*&�=�
��=������ 
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/�;�*# 3 
������
�����,*����%$-�
�������
����������
�����!�����"�� 
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/�;�*# 3 (�=�) 
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/�;�*# 3 (�=�) 
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/�;�*# 4 ���1'�*�'B�
��������
������
��� Simulium (Gomphostilbia) kuvangkadilokae  

L/,�!9

������
���	
�����=���#����,�<
$-�
����/�1� A, anatenna; B, 3
rd
 segment 

��� maxillary palp; C, hind leg; D, coxite 
�� style; E, F 
�� G, ventral plate; H, 

median sclerite; I, paramere; J, gill filamens (scale bar, A = 0.06 mm; B = 0.02 

mm; C = 0.1 mm; D – I = 0.02; J = 0.2) 
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/�;�*# 5 *�'B�
�����������
�<
������=�
���
������
��� Simulium (Gomphostilbia)  

kuvangkadilokae A, mandible; B, hypostoma; C, posgenal cleft; D, protuberance; 

E, abdominal setae (scale bar: A 
�� D = 0.01 mm, B = 0.02; C = 0.05; E = 

0.025) 
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������*# 5 ����(�,���
������
�����,$-�
�������
����������
�����!�����"��  

 ��7-�����=������=������
��()
��
 2550 – ��1��
 2551 

 

% Occurrence (N) 

Species 
Forest (64) Agriculture (79) 

Total 

(143) 

Simulium angulistylum Takaoka & Davies 

S. asakoae Takaoka & Davies 

S. aureohirtum Brunetti 

S. chainarongi Kuvangkadilok & Takaoka 

S. decuplum Takaoka & Davies 

S. fenestratum Edwards 

S. feuerborni Edwards 

S. gombakense Takaoka & Davies 

S. kuvangkadilokae Pramual and 

Tangkawanit  

S. nakhonense Takaoka & Suzuki 

S. oblongum Takaoka & Choochote 

S. quinquestriatum Shiraki 

S. rufibasis Brunetti 

S. sheilae Takaoka & Davies 

S. trangense Jitklang, Kuvangkadilok, Baimai 

& Adler  

S. siamense Takaoka & Suzuki “A”  

S. tani Takaoka & Davies “G” 

S. weji Takaoka 

S. yuphae Takaoka & Choochote  

 

21.9 

21.9 

40.6 

4.7 

4.7 

12.5 

4.7 

3.1 

9.4 

 

29.7 

9.4 

7.8 

3.1 

12.5 

14.1 

 

73.4 

4.7 

4.7 

6.3 

 

5.1 

13.9 

82.3 

2.5 

0 

11.4 

0 

1.3 

6.3 

 

10.1 

3.8 

0 

0 

3.8 

3.8 

 

59.5 

0 

6.3 

0 

 

12.6 

17.5 

63.6 

3.5 

2.1 

11.9 

2.1 

2.1 

7.7 

 

18.9 

6.3 

3.5 

1.4 

7.7 

8.4 

 

65.7 

2.1 

5.6 

2.8 

 

 

����$��7: ���1���,��;=�
����,������ “_” ����(/� cytoform ���*!SL�*& 
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3.2 ��$�������(��6�%���>��&�G�/�����
����$�*��$��"�(�����$��H�� 
 

 �����������& PCA ������
!����
������������
��=���������� 143 
��=� *����(

%����)=����
!� (Principal components, PCs) "�< 5 PCs ��,���=� eigenvalues �����=� 1 L/,�

*����(�N�-������
!�:�
�
���
!� 78.1% �������
!�:�
������� (�������, 6) PC-1 L/,�

�N�-������
!�:�
 24.3%  %������
!�:�
������� ������*��$�
N&��=����
��*����+��-

�
�����
��=�
��� �����/� ������7� �����!9
���-�=�� �=����
��"^^_� �
�������*�)$��


���N�� ���!���)��������
��� 
��$�	���
��� #��
��=��������,���=� PC-1 *;�%����
����+= 

�/� 
���"����7� �����!9
���-�=���,�� �=����
��"^^_��,�� ����*�)$��
���N���
����+= ���!�

��)��������
������ 
��$�	���
����
����+=
���
�

=
 �=� PC-2 L/,��N�-������
!�:�
 

20.2% %������
!�:�
������� 
��=��������,���=� PC-2 *;�%�������*;�%������-
���������� 

�=������!9
���-�=��*;� �)'��;�����
����,�� ��*�)$��
���N�����
����+= ���!���)�������


������ 
����$�	���
����
����+=
���
�

=
 PC-3 �N�-������
!�:�
 14.2% �������


!�:�
������� 
��=��������,���=� PC-3 *;�%����
����+= 
���"����7� �/� ��;=*;�%��

����-
���������� �=����
��"^^_�*;� �)'��;���,�� ��*�)$��
���N���
����7� ���!���)����

����
���
<�� 
��"�=��$�	���
��� PC-4 �N�-������
!�:�
 10.2% %������
!�:�
������� 


��=��������,���=� PC-4 *;��!9

��=��������,���=������!9
���-�=��*;� �)'��;���,�� ��*�)$��
���

N���
����7� 
��"�=��$�	���
��� PC-5 �N�-������
!�:�
 9.2% %������
!�:�
������� 


��=��������,���=� PC-5 *;� �!9

��=�
�����,�/���=� �
����*�)$��
���N����7� ���!���)�����


��� 
����$�	���
������ 

 �����������&����*��$�
N&����=�����������������*!SL�*&��-�=� PCs $-�=�����

�����������*!SL�*&������*��$�
N&��=����
��*����+��- PC-1 
�� PC-2 ���*���� 

species richness = 2.48 + 0.44PC-1 + 0.43PC-2 (F = 20.96, df = 2, P < 0.001; 2
adjR = 

21.9%) ���
��

��=��������,�����������������*!SL�*&
������
���*;�%����
����+= 
���"��

��7� �)'��;���,�� ��*�)$��
���N���
����+= ������
���!���)���� 
���!9

��=�
���"����,��$�	

���
����
����+=
���
�

=
 

 �����������& CCA �$�,����%*�-����*��$�
N&����=��#���*�<��*�������
������
���

��-!Y%%�����
������������
��=������ $-�=�����*;�%������-
������� ������<�����
��=�


��� ��������"�� �=����
��"^^_� �)'��;�����
��� ���!���)��������
��� 
��$�	���
��� �!9


!Y%%��*����+��,��:��=�#���*�<��*�������
������
��� (��$��, 6) #������*��$�
N&����=��

!Y%%�����
������������
��=��������-������%�����*!SL�*&���=� 73.8% L/,������������&�$�,�

��*�-���*(����������*��$�
N&#�� Monte Carlo permutation test $-�=�������*��$�
N&

��=����
��*����+���*(��� (P = 0.001) Axis I ��� CCA plot ������*��$�
N&��-!Y%%�����


��������� "�<
�= ����*;�%������-
����������
��=������ 
�� �)'�;�����
��� *!SL�*&��,�����

���%��*��$�
N&��-!Y%%�������=�� "�<
�= S. feuerborni 
�� S. yuphae (��$��, 5 
�� 6) %��
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:
��$��� CCA plot �<�
-
��� �!9

��=��������,���=����
��"^^_�*;� *!SL�*&��,$-�

��=�

����������=�� "�<
�= S. weji S. asakoae 
�� S. fenestratum �<�
�=��L<����� CCA plot �!9



��=��������,���
����+= ��������"��*;� ��*�)$��
���N���
����+= 
������
�����,$-����



��=���������1'�
��"�<
�= S. nakhonense S. kuvangkadilokae S. quinquestriatum  

S. chainarongi 
�� S. angulistylum �<�
-
L<����� CCA plot �!9

��=��������,���)'��;��

���
���*;� "�=��$�	���
��� L/,��!9
���1'�������N���
$��
��,�����1�� 
������
�����,$-����



��=���������1'�
�� "�<
�= S. aureohirtum 
�� S. gombakense 

 

 

/�;�*# 6 
:
��$%�������������& Canonical correspondence analysis (CCA) ���
��=� 

�������,��7-�����=��%��
�
143 
��=� *�<�����^%�� axis I 
�� axis II �;!*������,��

�!I�����(/�
��=�������
$��
��,�����1�� *������,��!I�����(/�
��=�������
$��
��,

!D� �;���
*������*��$�
N&����=��!Y%%�����
�����������- CCA axes 
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������*# 6 :������������&�<��;��<�� Principal Components Analysis (PCA) 
��  

Spearman rank correlation ����=�� Principal components (PCs) ��-!Y%%�����


������������
��=���������
������
����
�������
����������
�����!�����

"����,��7-�����=���
�)�F�; 
���
F�;Z
 

 

 

*P < 0.01; **P < 0.001 

 

Stream sites Principal components 
Variable 

Min. Max. Mean (±S.E.) PC-1 PC-2 PC-3 PC-4 PC-5 

All (143) 

Width (m) 

Depth (m) 

Velocity (m/s) 

Discharge (m3/s) 

Altitude (m) 

pH 

Conductivity (�S/cm) 

Temperature (ºC) 

Stream-bed particle 

Riparian vegetation 

Canopy cover 

% Variance  in PCA 

     Proportion 

     Cumulative 

Rainy Season (61) 

Width (m) 

Depth (m) 

Velocity (m/s) 

Discharge (m3/s) 

Altitude (m) 

pH 

Conductivity (�S/cm) 

Temperature (ºC) 

Stream-bed particle 

Riparian vegetation 

Canopy cover 

% Variance  in PCA 

     Proportion 

     Cumulative 

 

0.13 

0.008 

0.21 

0.0003 

132.00 

5.03 

3.00 

16.90 

mud 

open 

open 

 

 

 

 

0.22 

0.01 

0.28 

0.001 

132.0 

5.03 

3.00 

20.00 

Mud 

Open 

Open 

 

25.00 

0.33 

1.60 

3.06 

1302.00 

8.89 

487.00 

37.90 

bedrock 

forest 

complete 

   

 

 

 

25.00 

0.33 

1.60 

3.060 

1302.0 

7.74 

487.00 

36.00 

Bedrock 

Forest 

complete 

 

1.33 ± 0.24 

0.07 ± 0.005 

0.67 ± 0.02 

0.10 ± 0.03 

379.66 ± 21.01 

6.67 ± 0.06 

75.58 ± 9.80 

25.78 ± 0.28 

 

 

 

 

 

 

 

1.90 ± 0.53 

0.10 ± 0.01 

0.79 ± 0.04 

0.18 ± 0.06 

391.64 ± 35.43 

6.26 ± 0.08 

66.42 ± 14.56 

26.20 ± 0.37 

 

0.745** 

0.590** 

0.688** 

0.836** 

-0.200 

-0.333** 

-0.370** 

-0.016 

0.324** 

0.425** 

0.247* 

 

24.3 

24.3 

 

0.615** 

0.164 

0.549** 

0.607** 

0.120 

0.278 

-0.064 

-0.441** 

0.595** 

0.728** 

0.536** 

 

24.5 

24.5 

 

-0.041 

-0.267* 

0.084 

-0.110 

0.513** 

0.577** 

0.181 

-0.510** 

0.497** 

0.657** 

0.676** 

 

20.2 

44.5 

 

-0.622** 

-0.269 

-0.049 

-0.622** 

0.615** 

0.413* 

0.360* 

-0.600** 

0.222 

0.180 

0.420* 

 

20.7 

45.2 

 

0.163 

0.367** 

0.383** 

0.366** 

0.463** 

-0.165 

0.404** 

-0.499** 

-0.492** 

-0.374** 

-0.133 

 

14.2 

58.7 

 

0.109 

0.284 

0.510** 

0.210 

0.568** 

-0.542** 

0.263 

-0.455** 

-0.303 

-0.379* 

-0.254 

 

14.5 

59.7 

 

0.201 

0.075 

-0.095 

0.131 

-0.227* 

0.555** 

0.618** 

-0.246* 

-0.083 

0.020 

-0.003 

 

10.2 

68.9 

 

-0.139 

0.679** 

-0.095 

-0.109 

-0.248 

0.209 

0.460** 

0.081 

-0.531** 

0.305 

0.309 

 

11.3 

71.0 

 

-0.098 

0.482** 

-0.162 

0.134 

-0.062 

-0.099 

0.015 

0.078 

-0.481** 

0.286* 

0.493** 

 

9.2 

78.1 

 

0.177 

-0.365* 

0.220 

0.128 

-0.245 

0.464** 

0.523** 

0.083 

0.025 

-0.056 

-0.375* 

 

9.3 

80.3 
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/�;�*# 7 
:
��$*�<��%�������������&�<��;��<�� Canonical correspondence analysis  

(CCA) ���
������
��� 19 *!SL�*&��,$-�
���*����% ����*��$�
N&����=��!Y%%�����


�����������-������%�����*!SL�*&�!���-����-��-��$��, 6 

 

�����������&
--
:
������%�����;����*��&���
������
���#���	< PCA 
�� 

Forward logistic regression analysis �$�,��������,��!Y+����,����%������
!�!��
��,�!9
:�

%������
!�:�
���F�;��� %/���������&�<��;���$���
�����=����,��7-�
F�;Z
 L/,���%��
�



��=��������,��7-"�<�����,*)� (61 
��=�) �����������& PCA $-�=� PCs %��
�
 5 PCs ��,���=� 

eigenvalues �����=� 1 #������ 5 PCs 
��*����(�N�-������
!�:�
 80.3% �������
!�

:�
������� (�������, 6)  PC-1 �N�-������
!�:�
 24.5% �������
!�:�
������� 
��=�

�������,���=� PC-1 *;� ���
�����N����<�� 
���"����7� ��������"��*;� ���!���)��������


������ ��$�	���
����
����+= �)'��;���,�� 
�� ��*�)$��
���N���
����+= PC-2 �N�-������


!�:�
 20.7% �������
!�:�
������� 
��=��������,���=� PC-2 *;� ��;=*;�%������-
�������



31 

��� ����	
���
�� �������� ��������������-���� ���������������!�"
� ��������������#��

$����� PC-3 �%�&�$�������'(� 14.5% ����������'(�*(+���� �������,($*/
�/��� PC-3 

"
� �/��������������-�����
�� �$
�"
�0�����(&�+��*������ �+��������� �������%����2�����/6#7

����+�� PC-4 �%�&�$�������'(� 11.3% �������,($*/
�/��� PC-4 "
������������,($*/
�/����

�8�����+����� �("��6#+����%���������� ������������!�"
� PC-5 �%�&�$�������'(� 9.3% 

����������'(�*(+���� �������,($*/
�/��� PC-5 "
� �/������������!� ��������������-����

"
� ���(&�+���#+� ������(&�����������#��$���:�$ 

 �����������;����"(�6(�%;��������������</�������<���"�>?/";�(& PCs @�$ 

Forward regression analysis 6&���������+���� 4 "�>?/";*/
�/������0�$��:������"����A6&

��:������� 20% ����������,($ ��:��� S. siamense S. aureohirtum S. angulistylum ��� S. 

nakhonense �/����"(�6(�%;�$����/�($"���(E*��"A����(& PCs (P < 0.001, �����*/
 7) @�$���

����A
��:��������*����$0��"�����/���������� 75.4% - 95.1% PC-1 �/����"(�6(�%;�(&

������0�$���������+���� 3 "�>?/"; ��:��� S. aureohirtum S. angulistylum ���  

S. nakhonense  

 S. aureohirtum �/����"(�6(�%;�7���&�(& PC-1 �(��(+�08�6&���L��������,($*/
�/

�������� �+����������� ����/��������������#��$�� ��� �("��6#+����%���/�������� ������+�

��� S. nakhonense ��� S. angulistylum �/����"(�6(�%;�7��&���(& PC-1 �(��(+�������+����

*(+�"��"�>?/";08�6&���L��������,($*/
�/����L�E� �(������������ �("��6#+����%������

L�E� ����/��������������#��$�� ������0�$*��	
��,�"��;���������+���� S. siamense 

�/����"(�6(�%;�7��&���(& PC-3 �(��(+�08�6&���L��������,($*/
�/��������������-����"
� 

���������������"�+���
�� ������������!��
�� ����"
�0�����(&�+��*��������� ����������%��

*/
�/6#7����+������L�E� 
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�������� 7 '������������;����"(�6(�%;��������������</�������<���������+����L��������,($�(& Principal components (PCs) */
��:0�������������; 

�:�$ Principal components analysis (PCA) @�$L7: Forward logistic regression analysis L������������;�:��
�L7:�N6��"�>?/";*/
�/������0�$

������� 20% ����������,($*/
���&�(��$���L�O�
Q� (61 ����)  

 

Regression coefficient* 
Species 

K PC-1 PC-2 PC-3 PC-4 PC-5 Impound 
P Correct (%) 

S. aureohirtum 

S. siamense “A” 

S. angulistylum 

S. nakhonense 

-0.002 

0.778 

-1.569 

-4.312 

 

-2.250 

- 

1.078 

6.307 

0.999 

- 

- 

-5.183 

- 

-1.089 

- 

-3.705 

- 

- 

- 

-2.109 

- 

- 

- 

- 

- 

- 

- 

- 

<0.001 

<0.001 

  0.001 

<0.001 

75.4 

78.7 

82.0 

95.1 
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0��0������������,($���������+����*/
"����0*(+���� 143 ����� �&������*/
�$
�L�

6#+�*/
�T� 69 ����� ���L�6#+�*/
��U������ 74 ����� �����������;���������������V00($*��

����,��*$�����������,($���������+����*(+�"������@�$ Analysis of Variance (ANOVA) 

6&����V00($*������,��*$�"���L�E��/������������$����/�($"���(E*��"A��� (�����*/
 8) @�$

�������,($L�6#+�*/
�T�0��/����L�E����� ���������� ����/������� streambed particles 

L�E����� �������,($*/
�$
�L�6#+�*/
�����U���/������������!��������	
������+��"
����� �/���

�����������#��$�� ���6#7����+���:�$���� ��������7������������+����L�6#+�*/
�T� 

(2.91±1.48) �/�������L��������,($L�6#+�*/
�����U�� (2.13±0.99) �$����/�($"���(E*��"A��� 

(t = 3.61, P < 0.001) �����������;��������������@���"�:��"(������������+����L�6#+�*/


�T����6#+�*/
�����U��@�$ Analysis of Similarities (ANOSIM) 6&����/������������$����/

�($"���(E*��"A��� (R = 0.343 P < 0.001) �����������;�6#
����V00($*/
�/'���������������

��������������,($���������+����*/
�$
�L�6#+�*/
�����U���(&6#+�*/
�T��:�$ Discriminant 

function analysis (DFA) @�$L7:"�>?/";�����V00($*/
L7:L�����&���$� 6&����������,($"���

L�E�"����A�&���$��������	* (6#+�*/
�T���#������U��) ��:A
��:�� @�$�:�$�����0�����

�������,($*/
"����A0(�0�������:A
��:���/��� 74.1% �������,($*/
��0��6#+�*/
�T�"���A

0�������:A
��:�� 76.6% ����������,($0��6#+�*/
�����U��"����A�&���$���:A
��:�� 

72.2% (�����*/
 9) ��� standardized canonical coefficient �"��L�:�������������+���� S. 

aureohirtum S. nakhonense ��� S. trangense ����"�>?/";*/
�/����"���(E*/
"��L����0�����

�������,($�������6#+�*/
�T���������U�� 

 �����������; DFA @�$L7:�V00($*������,��*$�����������,($L����0����� 6&��� 

�������,($"���L�E� (91.8%) "����A0�������:A
��:���������	*����������,($ @�$�����

��,($*/
����6#+�*/
�T�"����A0�������:A
��:�� 88.9% ����������,($*/
����6#+�*/
�����U��

"����A0�������:A
��:�� 94.1% ��� standardized canonical coefficient &��7/+�������������

%�� �(��������� �������<���6#7����+�� ���������������!������V00($*/
"���(E*/
"��*/


�&���$��������,($L�6#+�*/
�T��(&�������,($L�6#+�*/
�����U�� 
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�������� 8 ����V00($*������,��*$�����������,($L�6#+�*/
�T����6#+�*/
�����U�� ���'������������;������������������V00($*������,��*$��������� 

 ��,($@�$ Analysis of variance (ANOVA) ��� Kruskal-Wallis tests 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

a
F �������*�"�&*��"A������ ANOVA 

 
b
��� Median �������	*�("��6#+����%�� ��������������#��$�� ��� ����	*���6#7����+�� 

 
c
H �������*�"�&*��"A���"����(& Kruskal-Wallis test 

Forest Agriculture Variable 

Mean (± S.E.) Range Mean (± S.E.) Range 
Test statistic P 

Width (m) 

Depth (m) 

Velocity (m/s) 

Discharge (m
3
/s) 

Altitude (m) 

pH 

Conductivity (qS/cm) 

Temperature (°C) 

Streambed particle size 

Coverage 

Riparian vegetation 

2.02 (0.51) 

0.06 (0.01) 

0.72 (0.04) 

0.17 (0.06) 

407.82 (39.33) 

6.76 (0.10) 

47.52 (9.02) 

24.90 (0.41) 

6
c 

2
c
 

3
c
 

0.14 – 25.00 

0.01 – 0.23 

0.21 – 1.60 

0.0007 – 3.06 

132.00 – 1302.00 

5.50 – 8.89 

6.00 – 339.00 

16.90 – 37.90 

1-6 

1-3 

1-3 

0.77 (0.09) 

0.07 (0.01) 

0.62 (0.27) 

0.04 (0.01) 

356.85 (20.69) 

6.60 (0.08) 

98.32 (15.76) 

26.51 (0.37) 

3
c
 

1
c
 

1
c
 

0.13 – 6.00 

0.01 – 0.33 

0.23 – 1.40 

0.0003 – 0.28 

149.00 – 749.00 

5.03 – 8.49 

3.00 – 487.00 

19.10 – 36.00 

1-6 

1-3 

1-3 

7.20
a
 

1.32
a
 

4.69
 a
 

5.63
 a
 

1.46
 a
 

1.47
 a
 

6.92
 a
 

8.60
 a
 

32.02
b
 

25.91
 b
 

65.18
 b
 

0.008 

0.253 

0.032 

0.019 

0.229 

0.228 

0.009 

0.004 

<0.001 

<0.001 

<0.001 
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�������� 9 '������������;�:��
��:�$ Discriminant function analysis (DFA) �6#
����0"�& 

�V00($*/
�/'������������������@���"�:��"(�������(�U��*������,��*$����

�������,($���������+����L�6#+�*/
�T� ���6#+�*/
�����U�� 
 

Summary statistic 
 

Discriminant variables 
 

% Correct (N) 
 Stream conditions Species 

Forest (64) 
Agriculture (79) 
Total (143) 

88.9 
94.1 
91.8 

76.6 
72.2 
74.1 

Standardized 
coefficient

* 

Width 
Discharge 
Riparian 
vegetation 
Conductivity 
Depth 

1.260 
-1.105 
1.038 
-0.478 
0.427 

S. aureohirtum 
S. nakhonense 
S. trangense 
S. asakoae 
S. angulistylum 
 

-0.674 
0.517 
0.430 
0.270 
0.247 

 

*��� standardized coefficient �"���N6�� 5 ����(&���*/
�/���"(�&
��;"
�*/
"���*���(+� 



4. 	
����
 ����������������� 

 

4.1 ������������ ��������
� ���������!�
���
"�������# $	�������&��'�+�
��

���,�		��/�
����0	$	�������6�
 

���,8�U�L�	
��	������}���@��6&����V00($*/
"���(E*/
"��*/
�/'�����������</���

����<���������+����L��������,($ ��:��� �������������+����� ���������������"�+�� ���

����/ water impoundment (Grillet and Barrera, 1997; McCreadie and Adler, 1998; 

Hamada and McCreadie, 1999; Hamada et al., 2002; Scheder and Waringer, 2002; 

McCreadie et al., 2004) '����,8�U��/+"����:���(&���,8�U�L�	
��	���#
�} �������</���

����<L��������,($���������+����*/
6&���0�$�$�����:������ 4 "�>?/"; ��:��� S. siamense 

S. aureohirtum S. angulistylum ��� S. nakhonense �/����"(�6(�%;�$����/�($"���(E�(&����

���������+����� ���������������"�+�� ���6#7����+�� (riparian vegetation) ����"����:��

���'����,8�U�L������	
��	���"��L�:��������������</�������<���������+����L������

��,($�����V00($��/$��(�"����(&������+����*(
�@�� 

 ��������7������������+����L��������,($�/����"(�6(�%;�$����/�($"���(E*��"A���

�(&������+�����*/
�/����L�E� ���������������"�+��"
� �("��6#+����%������L�E� ����	
���
�� 

�$
�"
�0�����(&�+��*������ ����/6#7����+�� '����,8�U��/+"����:���(&���,8�U�L�	
��	��

�#
�} �7�� ���,8�U�L��������L�: 6&�����������7������������+�����/����"(�6(�%;�(&�����

��,($*/
�/����L�E� ����	
���+���
�� ����"�+��������� ��� �("��6#+����%������L�E� (Grillet and 

Barrera, 1997; Hamada et al., 2002) ���,8�U�L�$�@��6&�����������7������������+����

�/����"(�6(�%;�(&�������,($*/
�/���������������"�+��"
� ����/�("��6#+����%������L�E� 

 �����������$���"�>?/";@�$*(
���"(�6(�%;@�$����(&�����������$��������

��,($$��$ (microhabitat) (Ward, 1992) ���%��*/
�/����L�E� �+��������� ����/�("��6#+����%��

����L�E��/@���"*��L�:�����������,($$��$*/
�������$	�$L�������+����� ��#
��0���/����

���'(�����(������������L����%������L�E� */
�/����"�+����� ����/�("��6#+����%������

L�E� �7�� ����/@���������L�E�L����%�� 0�*��L�:�����������'(�������������������"�+��

&�����@����� ?8
������������,($$��$*/
��������(�"����(&������+���������"�>?/"; �(��(+������

��,($�(�U���/+08�"����A����(&������+������:�������$"�>?/";�����������,($*/
�/�(������

�����*/
 �7�� ���%���������� ���������������"�+���
�� �����:� 

 �������<���6#7����+�� (riparian vegetation) 6&����/����"(�6(�%;�(&������0�$*��

	
��,�"��;�����������7������������+���� ���,8�U�L������+�����"(��;����/����
�"(���(�

����L�E� (macroinvertebrates) */
��,($L�������+��6&���6#7����+���/'����������0�$���

��������7��� (Sponseller et al., 2001; Subramanian et al, 2005; Dudgeon, 2006; 

Kasangaki et al., 2008) &*&�*���6#7����+�����������0�$*��	
��,�"��;�����������7���
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���������+�����/��$���@�$ Lautenschläger and Kiel (2005) 6&����"(�6(�%;����������

���0�$���"�>?/";�(&6#7����+��L�������+����&��7���L�$�@�� 6#7����+��7��$�!���(��"����*/


"�����$(�'���+�� *��L�:����	
������+�����"
������� ?8
�0��/'����������+������#
��0���(��������

������+�������"����A*��������	
��*/
"
���: (Crosskey, 1990) �(��(+����%��*/
�/6#7����+��08��/

�����������$���������#
��0���/����	
��*/
���"
���� ���0���/+������L&���6#7*/
������L�

������+��$(����������$8����� (substrate) "����(&�(���������(���:���������+���� �(��(+�L����

%��*/
�/6#7����+���$
�08��/�����������$����������,($����������%��*/
����/6#7����+�� *��L�:

0�����"�>?/";*/
��,($L��������,($�/������� �V00($�#
�}*/
6&����/����"(�6(�%;�(&��������

7������������+���� ��:��� �������+��Q� ����	
������+�� (Colbo and Moorhouse,1979) ���

��$�����0��������+�� (Scheder and Waringer, 2002) 

 

4.2  ������:$	�����'�����������;	��<
�=�����

�=�������$	����;�	��,
  

 ���>�����?���,���$	�������&��'� 

 ���*����$�������,($���%���7���0����0����������U$;�����V00($*/
"���(E*/
"��*/
�/

'����*&�������������$*��7/�	�6*(
�@�� "����(&��&&����,������+����� (lotic 

ecosystem) ���L7:*/
����6#
������U������"�������(�*/
�/'����*&������	�6���������+�� ?8
�

"��'������#
����$(���������7������@���"�:��"(������"�
��/7/���*/
��,($L���&&����,

�(������ (Allan and Flecker 1993; Allan, 2004) '����,8�U���(+��/+�"��L�:����A8�'����*&

������*����U������������	�6���������+�� ��������7������@���"�:��"(����������

��+����L�����*,�*$ '������������; CCA �"��L�:�������������������V00($*������,��*$�

����������,($���������+����L�6#+�*/
�T����6#+�*/
�����U�� �������,($*/
�$
�L�6#+�*/


��U�������/����	
������+��"
����� ������������!�����+��"
����� ����N�/
$���������������!�

����+��L�6#+�*/
�����U����������������,($L�6#+�*/
�T�������� 2 �*�� ���0���/+�������,($

6#+�*/
�����U��$(��/6#7����+���:�$���� '����,8�U��/+"����:���(&���,8�U��#
�} �7�� 

Kasangaki et al. (2008) ,8�U�6&������%��L�6#+�*/
�����U��L�����*,�
����� �/���������

���!�����������%��L�6#+�*/
�T����$�*�� ������#�0���V00($�:�����/ �V00($�:����$	�6���

�������,($$(��/������������$����/�($"���(E �������,($*/
�$
L�6#+�*/
��U�������/6#7����+��

�:�$�����������,($L�6#+�*/
�T� ���A���T��6#
�L7:����*/
���"����(&�����U�� @�$�N6���$���$�
�

6#7����+���/'����*&�$�����������������7������@���"�:��7��7����������+���� ���A8�

"�
��/7/����#
�}*/
��,($L�������+���(+� ���*����$6#7����+��*��L�:����	
������+���6�
��8+���#
��0��

6#7����+��7��$�!���(��"���� �(��(+�"�>?/";*/
���"����A*��������	
��*/
"
��8+�0�"
E6(�%�;0��

�������,($�(+� ?8
�0��/'�L�:��������7���L��������,($�(+����� (Hamada et al., 2002; 

Allan, 2004)  
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 ���*��*�$6#7����+�����0��0�"��'��������	
�����������+�� $(��/'����*&������

6(�*��$�����:���� ?8
�0�*��L�:�������7��:��"�����������}��"
�������+�� '����*&�����(&

����6�
�����������"�0�*��L�:"�����$L�������+���0��E���&@���:�$���������� ����6�
��8+����

"�����$L�������+��*��L�:�����������$���������+�������� ���,8�U�L�$�@��6&���"�����$

�/'����*&�7���&����(��������������+���� (Zhang et al., 1998)  

 ���*����$6#7����+��L�6#+�*/
��U�����������V00($*/
"���(E*/
"��'���������������$

���������+���� ���,8�U�L����$	
��	�����@���"��L�:����A8�����"���(E���6#7����+�����

�����������$���"(��;����/����
�"(���(�L�������+�� �7�� Subramanian et al. (2005) 6&���

��������7������"(��;����/����
�"(���(�L�6#+�*/
*/
����/6#7����+���/�:�$����L�6#+�*/
*/
�/6#7����+�� 

L� Western Ghats ����*,�����/$ Dudgeon (2006) 6&������%��L�6#+�*/
*/
A
��&���0��

���U$; �7�� L�6#+�*/
�����U�� L�����"�����"/ (Sulawesi) ����*,���@��/�?/$ �/��������

7������"(��;����/����
�"(���(��:�$����L�6#+�*/
*/
���A
��&��� Lorion ��� Kennedy (2008) 

6&������%��*/
�/6#7����+���/�����������$���"(��;����/����
�"(���(���:���� (benthic 

mecroinvertebrates) �������6#+�*/
*/
����/6#7����+�� L����%���������*,��"������ (Costa 

Rica) 

 ������#�0������������������������7��� ���%��L�6#+�*/
�T����6#+�*/
��U������

�����������;@�$ ANOSIM 6&����/��������������@���"�:��"(��� ��#
��0��6#+�*/
�����U��

�(&6#+�*/
�T�����/����(+�*��	
��,�"��;*/
"��'��������6$6��������������,($ �(��(+�����

����������@���"�:��"(������������+����L� 2 6#+�*/
08����0��/"�������(�0�������������

*������,��*$�����������,($ (McCreadie and Adler, 2006) ������+����*/
6&��:���L������

��,($L�6#+�*/
�T� ��:��� S. nakhonense S. asakoae S. trangense ��� S. angulistylum 

���*/
"�>?/";*/
6&���L�6#+�*/
��U������ ��:��� S. aureohirtum 0�������������; DFA 6&��� 

S. aureohirtum ����"�>?/";*/
�/����"���(E*/
"��L�����&���$�������,($�������6#+�*/
�����U��

�(&6#+�*/
�T� �����������; CCA 6&���������+���� S. aureohirtum �$
�L��������,($*/
�/���������

���!� �������	
������+��"
� ���0���/+$(������������,($��2� ����/��������������#��$��

���6#7����+�� ?8
��������"�&(������������,($L�6#+�*/
�����U�� ������+���� S. aureohirtum 

����"�>?/";*/
�/6�"($����������	
�� ���������������!�"
�*/
"�� @�$����	
������������,($*/
6&

������+����7����/+�$
�������� 16.9 ºC – 37.9 ºC ���������������!��$
�������� 3 qScm
-1
 – 487 

qScm
-1
 ��#
��0��������+����"�>?/";�/+"����A*����"	�6����:��*/
��������(���:�$������ 

�(��(+�������/
$��������"	�6����:��0�����*����U������ "��'�*��L�:"�>?/";�#
�}"
E6(�%�;

��0���������,($ ���*/
 S. aureohirtum $(����$
���: 0��0������������,($*/
"����0L�6#+�*/


��U������ 6&��� 27% ����������,($6& S. aureohirtum �6/$�"�>?/";��/$��*���(+� '�

���,8�U��/+��:�$��8��(&���,8�U�L�����*,&��?��*/
6&��� S. perflavum ����������+����*/
*�
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���������/
$���������������,($*/
����0����0����������U$; (Hamada and Adler, 1999; 

Hamada et al., 2002) 

@�$"������,8�U�����,��*$������������7������������+����L�	��

���(�����N/$����#��������*,�*$ ��:'�"����:���(&���,8�U�L�	
��	���#
�}���@�� @�$

�V00($*/
�/'����*/
"������������</�������<���������+���������"�>?/";L��������,($ ��:��� 
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Abstract Habitat degradation through agricultural

land use is the major factor threatening lotic ecosys-

tems. Although black flies are major components of

these ecosystems, the impact of agricultural land use on

species diversity and species assemblages has been

largely ignored in tropical streams of the Oriental

region. The objectives of this study are to examine

patterns of species distribution and species richness

and to compare black fly species richness and species

assemblages in forest and agricultural streams in

Thailand. A total of 143 collections were made from

70 stream sites between June 2007 and May 2008.

Whereas 19 black fly species found in these collections

were all found in forest sites, only 13 species were

found in agricultural sites. High species richness was

associated with larger, faster, and cooler streams with

larger streambed particles and the presence of riparian

trees. Logistic regression analyses revealed that stream

size, velocity, and riparian vegetation are among the

most important factors determining patterns of spatial

distribution. The results are largely consistent with

studies in other zoogeographic regions, suggesting

the existence of general rules for black fly species

distributions. Comparisons of the physicochemical

conditions between forest and agricultural streams

indicated that streams in agricultural areas are warmer,

with higher conductivity and fewer riparian trees.

Species richness was significantly higher in forest than

in agricultural streams (t = 3.61, P\ 0.001). Streams

in forest areas were predominantly occupied by

S. siamense (73%) but other species were also found

at a relatively high frequency ([20%) of the sampling

sites. In contrast, streams in agricultural areas were

predominantly occupied by S. aureohirtum ([80%)

among the sole blackfly species at 27%of the sites. The

results indicate that agricultural land use has a signif-

icantly detrimental impact on black fly diversity and

species assemblages.

Keywords Black fly � Species richness � Species
assemblage � Simuliidae � Riparian forest

Introduction

Habitat degradation due to human activity is the

major factor threatening biodiversity. For lotic eco-

systems, disturbance from agriculture is one of the

most important global issues concerning biodiversity

(Matson et al., 1997). Human disturbance for
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agricultural purposes could have several negative

impacts on lotic ecosystems (Allan & Flecker, 1993;

Dudgeon, 2000; Allan, 2004). Despite rapid habitat

destruction as a result of agriculture and urbanization,

knowledge of both the basic ecology and the impact

of habitat degradation on lotic ecosystems is still rare

in the Oriental region (Dudgeon, 2000).

Black flies are important components of the stream

ecosystem. They are usually present as a dominant

component of the stream macroinvertebrates (Cum-

mins, 1987). Knowledge of the parameters affecting

the spatial distributions of preimaginal black flies is

largely from temperate regions (McCreadie & Adler,

1998, 2006; McCreadie et al., 2005) and the tropical

region of South America (Grillet & Barrera, 1997;

Hamada & McCreadie, 1999; Hamada et al., 2002;

McCreadie et al., 2004). There has been some

ecological characterization of tropical streams in the

Oriental region, mostly associated with the descrip-

tion of new black fly species (e.g. Takaoka &

Choochote, 2005), but this is limited. The study of

the ecology of black flies in tropical streams of the

Oriental region has been largely untouched to date

due to inadequate taxonomic information. However, a

rapid growth in taxonomic knowledge of black fly,

both morphological (e.g. Takaoka & Choochote,

2004) and cytological in Thailand (Phasuk et al.,

2005; Kuvangkadilok et al., 2008; Tangkawanit et al.,

2009), now allows us to gain an insight into black fly

ecology in this region.

Several factors influence preimaginal black fly

species distributions (Crosskey, 1990; Adler et al.,

2004). Physicochemical factors such as stream size,

velocity, pH, conductivity, water temperature, alti-

tude, riparian forest, and presence of impoundments

(Hamada & McCreadie, 1999; Hamada et al., 2002;

Scheder & Waringer, 2002; McCreadie et al., 2004;

Illéšová et al., 2008) are associated with black fly

distribution. Among these factors, stream size, veloc-

ity, and presence of water impoundments play

particularly an important role. In addition to individ-

ual species’ distributions, species richness and

species assemblage are also affected by physico-

chemical factors of the stream (McCreadie et al.,

2005; McCreadie & Adler, 2006). Recent studies

indicate that black fly communities are also impacted

by human disturbance (e.g. Zhang et al., 1998; Feld

et al., 2002; Illéšová et al., 2008). Streams change as

a result of urbanization and agricultural land use can

have profound effects on community structure and

the diversity of black flies (Adler et al., 2004). Thus,

changes in black fly community structure could be

used as an indicator of habitat degradation (Adler

et al., 2004; Lautenschläger & Kiel, 2005).

In this study, we investigate species diversity and

the ecological conditions of the habitat of black flies

in tropical streams in Northeastern Thailand. We also

compare physicochemical parameters of the streams

in forest and agricultural areas and address three

questions: (i) Does the spatial distribution of black

flies in tropical streams of the Oriental region

resemble that of other regions? (ii) Do physicochem-

ical conditions of streams in forest and agricultural

areas differ? and (iii) Do the black fly fauna in forest

and agricultural streams differ?

Materials and methods

Study area and black fly sampling

and identification

The study area is located in the Northeastern

Thailand (Fig. 1). Most of the land in this region

is used for agriculture. The major land uses are the

cultivation of rice, sugar cane, cassava, and rubber

trees. There are patches of forest, mostly in

protected areas. Samples were collected throughout

Northeast Thailand, which covers more than

168,000 km2. Sampling sites were selected in both

forest and agricultural areas based on accessibility.

A total of 143 black fly collections were made from

70 stream sites in three seasons, wet (61 sites

sampling June–October), cold (50 sites sampling

November–February) and dry (32 sites sampling

March–May). Thirty-one of these sites were sam-

pled in all the above three seasons, and collections

were made at the remaining 49 sites in one or two

seasons due to lack of water. Larvae and pupae were

collected by hand from the substrates (such as

leaves or trailing grass), using fine forceps. Previous

studies have demonstrated that the samples collected

by this sampling procedure are representative of

local species occurrence (McCreadie & Colbo,

1991; McCreadie et al., 2004). Larval samples were

fixed in Carnoy’ solution (3:1, 95% ethanol/acetic

acid). Fixative was changed twice within 1 h and

again after 24 h.

174 Hydrobiologia (2009) 625:173–184

123



Stream variables, found useful as predictors of

species distribution in previous studies (McCreadie &

Adler, 1998; Hamada & McCreadie, 1999; McCrea-

die et al., 2004, 2006), were measured. These

variables are stream width, depth, velocity, stream

discharge, pH, conductivity, altitude, dominant

streambed particle size, canopy cover, and riparian

vegetation. Methods of variable measurement and

classification of streambed particle and riparian

vegetation were adopted according to those of

McCreadie et al. (2006).

Preimaginal black flies were identified using both

morphology and cytology. For morphological identi-

fication, the keys and descriptions of black flies in

Thailand were used (e.g., Takaoka & Suzuki, 1984;

Takaoka & Choochote, 2004). Species that are

morphologically similar or previously reported to be

composed of several cytoforms were identified cyto-

logically. Salivary gland polytene chromosomes were

prepared according to the method of Rothfels &

Dunbar (1953). Voucher specimens have been depos-

ited in the Department of Biology, Faculty of

Science, Mahasarakham University, Maha Sarakham,

Thailand.

Data analysis

Presence/absence of a species was expressed on a

binary scale (0 = species absent, 1 = species present)

as in previous studies (e.g. Hamada & McCreadie,

1999;McCreadie et al., 2004). To avoid the problem of

seasonal variation, only data from the rainy season (61

sites) were used for spatial distribution analysis.

Because stream variables are often inter-correlated,

principal components analysis (PCA) was used to

reduce the number of variables into groups of inde-

pendent components. Stream variables not normally

distributed were subjected to log10 transformation

prior to entering into PCA. The PCs with eigenvalues

greater than 1.0 were retained as variables. To interpret

PCs, Spearman rank correlations were used to detect

relationships between principal component and the

stream variable (McCreadie et al., 2006) using a

significance level of P B 0.01. Forward logistic

regression analysis was used to examine the relation-

ship between spatial distributions and the PCs. The

presence/absence of a water impoundment was also

entered into the regression analysis. Significance of the

predictor was assessed using maximum likelihood

Fig. 1 Map showing the

approximate locations of

the seventy sampling sites

and (inset) map of Thailand

showing the study area

(shaded). AC Amnat

Chareon, CP Chaiyaphum,

KS Kalasin, LO Loei, MH
Mukdahan, NR Nakhon

Ratchasima, SK Si Sa Ket,

SN Sakon Nakhon
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estimation (Hosmer & Lemeshow, 1989). The use of

species that are present at a frequency lower than 20%

results in lack of power of the test statistic due to a large

number of zero values (McCreadie et al., 2005), and

hence, only species that occurred at more than 20% of

the sampling sites were used for regression analysis.

Linear regression was used to test the relationship

between species richness (i.e., number of species in

each sampling site) and the physicochemical param-

eters of the sampling sites (i.e., PC score). Previous

studies suggest that for species richness analysis,

both spatial and temporal data need to be taken into

account (McCreadie et al., 2005); thus all collections

(143 sites) were subjected to PCA, and the PC scores

were used for regression analysis.

Species assemblages were examined using the

combined data from pooling the samples from the

three seasons. Differences in species assemblages and

environmental conditions between forest and agricul-

tural streams were tested using analysis of similarities

(ANOSIM) (Clarke & Warwick, 1994). ANOSIM

analysis was implemented using PAST version 1.81

(Hammer et al., 2007). Discriminant function analysis

(DFA) was used to determine the factor that most

significantly contributed to differentiation of streams

in forest and agricultural areas. Standardized coeffi-

cients from the first discriminant function were used to

indicate the most important variable (or species) that

contributed to separation of the streams. Student’s

t-test was used to determine the differentiation of

species richness between forest and agricultural

streams. Canonical correspondence analysis (CCA)

was used to examine the relationship between envi-

ronmental variables and species assemblages. CCA

was analyzed using the combined data set (143 sites).

The CCA was carried out using the program PCORD

(version 5.14) (McCune & Mefford, 2006).

Results

Black fly species richness and species

assemblages

A total of 19 black fly species were found in 143

collections (Table 1), representing about 26% of the

Table 1 Frequency of black fly species in Northeastern Thailand during June 2007–April 2008

Species % Occurrence (N)

Forest (64) Agriculture (79) Total (143)

Simulium angulistylum Takaoka & Davies 21.9 5.1 12.6

S. asakoae Takaoka & Davies 21.9 13.9 17.5

S. aureohirtum Brunetti 40.6 82.3 63.6

S. chainarongi Kuvangkadilok & Takaoka 4.7 2.5 3.5

S. decuplum Takaoka & Davies 4.7 0 2.1

S. fenestratum Edwards 12.5 11.4 11.9

S. feuerborni Edwards 4.7 0 2.1

S. gombakense Takaoka & Davies 3.1 1.3 2.1

S. nakhonense Takaoka & Suzuki 29.7 10.1 18.9

S. oblongum Takaoka & Choochote 9.4 3.8 6.3

S. quinquestriatum Shiraki 7.8 0 3.5

S. rufibasis Brunetti 3.1 0 1.4

S. sheilae Takaoka & Davies 12.5 3.8 7.7

S. nr. sheilae Phasuk, Chanpaisaeng, Adler &Courtney 14.1 3.8 8.4

S. siamense Takaoka & Suzuki ‘‘A’’ 73.4 59.5 65.7

S. tani Takaoka & Davies ‘‘G’’ 4.7 0 2.1

S. weji Takaoka 4.7 6.3 5.6

S. yuphae Takaoka & Choochote 6.3 0 2.8

Simulium sp. 9.4 6.3 7.7

Letter in quotation marks denote cytoforms
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total black fly species found in Thailand (73

species—Kuvangkadilok, unpublished data). The

most frequently collected species were S. siamense

(65.7%) and S. aureohirtum (63.6%). Relatively

common species were S. nakhonense (18.9%), S.

asakoae (17.5%), S. angulistylum (12.6%), and S.

fenestratum (11.9%). Other species were collected at

a frequency lower than 10% (Table 1). Numbers of

black fly species per sampling site for all the samples

(143 sites) varied from 1 to 8, with a mean of

2.5 ± 0.1 (SE).

PCA of all collections (143 sites) revealed five PCs

which had eigenvalues[1.0 accounted for 78.1% of

the total intersite variance of the physicochemical

conditions (Table 2). PC-1 and which explained

24.3% of the total variance. Spearman’s rank corre-

lations revealed that sites with higher PC-1 were

larger, deeper, and faster, with lower pH and

Table 2 Results of PCA and Spearman’s rank correlation coefficient between stream variables and principal components (PCs) for

all collections combined and for rainy season collections alone

Variable Stream sites Principal components

Min Max Mean (±SE) PC-1 PC-2 PC-3 PC-4 PC-5

All (143)

Width (m) 0.13 25.00 1.33 ± 0.24 0.745** -0.041 0.163 0.201 -0.098

Depth (m) 0.008 0.33 0.07 ± 0.005 0.590** -0.267* 0.367** 0.075 0.482**

Velocity (m/s) 0.21 1.60 0.67 ± 0.02 0.688** 0.084 0.383** -0.095 -0.162

Discharge (m3/s) 0.0003 3.06 0.10 ± 0.03 0.836** -0.110 0.366** 0.131 0.134

Altitude (m) 132.00 1302.00 379.66 ± 21.01 -0.200 0.513** 0.463** -0.227* -0.062

pH 5.03 8.89 6.67 ± 0.06 -0.333** 0.577** -0.165 0.555** -0.099

Conductivity (lS/cm) 3.00 487.00 75.58 ± 9.80 -0.370** 0.181 0.404** 0.618** 0.015

Temperature (�C) 16.90 37.90 25.78 ± 0.28 -0.016 -0.510** -0.499** -0.246* 0.078

Stream-bed particle Mud Bedrock 0.324** 0.497** -0.492** -0.083 -0.481**

Riparian vegetation Open Forest 0.425** 0.657** -0.374** 0.020 0.286*

Canopy cover Open Complete 0.247* 0.676** -0.133 -0.003 0.493**

% Variance explained in PCA

Proportion 24.3 20.2 14.2 10.2 9.2

Cumulative 24.3 44.5 58.7 68.9 78.1

Rainy season (61)

Width (m) 0.22 25.00 1.90 ± 0.53 0.615** -0.622** 0.109 -0.139 0.177

Depth (m) 0.01 0.33 0.10 ± 0.01 0.164 -0.269 0.284 0.679** -0.365

Velocity (m/s) 0.28 1.60 0.79 ± 0.04 0.549** -0.049 0.510** -0.095 0.220

Discharge (m3/s) 0.001 3.060 0.18 ± 0.06 0.607** -0.622** 0.210 -0.109 0.128

Altitude (m) 132.0 1302.0 391.64 ± 35.43 0.120 0.615** 0.568** -0.248 -0.245

pH 5.03 7.74 6.26 ± 0.08 0.278 0.413* -0.542** 0.209 0.464**

Conductivity (lS/cm) 3.00 487.00 66.42 ± 14.56 -0.064 0.360* 0.263 0.460** 0.523**

Temperature (�C) 20.00 36.00 26.20 ± 0.37 -0.441** -0.600** -0.455** 0.081 0.083

Stream-bed particle Mud Bedrock 0.595** 0.222 -0.303 -0.531** 0.025

Riparian vegetation Open Forest 0.728** 0.180 -0.379* 0.305 -0.056

Canopy cover Open complete 0.536** 0.420* -0.254 0.309 -0.375*

% Variance explained in PCA

Proportion 24.5 20.7 14.5 11.3 9.3

Cumulative 24.5 45.2 59.7 71.0 80.3

* P\ 0.01, ** P\ 0.001
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conductivity, larger streambed particles, and more

cover and riparian trees. PC-2 explains 20.2% of the

total variance. Sites with higher PC-2 score were at

higher altitude, had a higher pH, and were cooler, with

larger streambed particles and more cover and riparian

trees. PC-3 accounted for 14.2% of the total variance.

Sites with higher PC-3 scores were larger, faster, and

deeper, with higher altitude, higher conductivity, and

cooler with smaller streambed particles, and less cover

and riparian trees. PC-4 explains 10.2% of the intersite

variance. Sites with higher PC-4 were higher in pH

and cooler, with smaller streambed particles and less

riparian trees. PC-5 accounted for 9.2% of the total

variance. Sites with higher PC-5 scores were deeper

and had smaller streambed particles, with more cover

and riparian trees. Regression analysis between spe-

cies richness and PCs revealed that species richness

was significantly associated with PC-1 and PC-2. The

regression equation is species richness = 2.48 ? 0.44

PC-1 ? 0.43 PC-2 (F = 20.96, df = 2, 140; P\
0.001; R2

adj ¼ 21:9%).

CCA indicated that altitude, stream width, dis-

charge, conductivity, water temperature, canopy

cover, and riparian vegetation were the most important

predictors of the black fly species assemblage (Fig. 2).

Relationship between species and environmental

conditions was high ([0.738) for the first three

canonical axes, indicating that the variables used in

this study were strongly related to black fly species

assemblage. This is supported by a Monte Carlo

permutation test, which indicated a significant rela-

tionship between environmental conditions and

species (P = 0.001). Altitude and water temperature

were the most important factor on the CCA axis I

(Fig. 2). Species associated with high altitude sites

(bottom right, Fig. 3) were, for example, S. feuerborni

and S. yuphae. The upper right side of the biplot is

composed of sites with high water conductivity. Black

fly species found predominantly at these sites are S.

weji, S. asakoae, and S. fenestratum. The bottom left

panel of the biplot is characterized by sites with large

size, high discharge, and large streambed particles

(e.g. boulders). These sites were predominated by

species such as S. nakhonense, Simulium sp., S.

quinquestriatum, S. chainarongi, and S. angulistylum.

The upper left panel of the biplot is composed of sites

with warm water and open stream sides (i.e., without

riparian vegetation), which is characteristic of

Fig. 2 Ordination diagram

of the first two axes of

canonical correspondence

analysis (CCA) of 143

sampling collections

(closed triangles represent
forest sites; open triangles
represent agricultural sites).

Arrows denote
environmental variables

with strength of the

environmental condition

indicated by arrow length

and closeness to the CCA

axis
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agricultural streams. Black fly species predominating

at these sites are S. aureohirtum and S. gombakense.

Pattern of spatial distribution

PCA of 61 sites collected in the rainy season revealed

five principal components with eigenvalues [1.0.

These principal components together accounted for

80.3% of the total variance in the sampled conditions

among streams (Table 2). Principal component 1

(PC-1) accounted for 24.5% of the variation among

streams. Sites with higher PC-1 scores are larger and

faster, with greater discharge, and more cover and

riparian trees, and cooler and larger streambed

particles. PC-2 accounted for 20.7% of intersite

variability. Sites with higher PC-2 were at higher

altitudes, cooler, smaller, and had higher pH and

conductivity and more cover. PC-3 explained 14.5%

of the site variability. Sampling sites with higher PC-

3 values were lower in pH, at higher altitude and

flowing faster with less riparian vegetation. PC-4

accounted for 11.3% of the between-stream variation.

Sites with higher PC-4 values were deeper with

smaller streambed particles and higher conductivity.

PC-5 accounted for 9.3% of the intersite variation.

Sampling sites with higher PC-5 values had higher

conductivity and pH, and were shallower with less

cover.

Forward logistic regression analyses were conducted

for the four species (S. siamense, S. aureohirtum,

S. angulistylum, and S. nakhonense) which could be

found at[20% of the sampling sites. All regression

models of species distribution were significant

(P\ 0.001, Table 3) with correct classification varying

from 75.4% to 95.1%. PC-1, which largely explained

stream size, velocity, and streambed particles, was

significantly associated with the distributions of three

species (S. aureohirtum, S. angulistylum, and S. nak-

honense). Simulium aureohirtum was negatively

associatedwithPC-1; thus, this species ismore common

in smaller, slower streams, with open and small

streambed particles.The distributions ofS. angulistylum

and S. nakhonense were positively associated with PC-

1; thus, these species are more common in larger, fast

flowing streamswith large streambedparticles andmore

cover. The distribution of S. siamense was negatively

Fig. 3 Ordination diagram

of the first two axes of

canonical correspondence

analysis (CCA) of the 19

black fly species
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associated with PC-3; thus, this species is common at

sites with high pH, slow current, low conductivity, at

low altitude, with riparian forest.

Ecological conditions and species assemblages

in forest and agriculture streams

ANOVA revealed that, with the exception of altitude,

depth, and pH, all other variables measured differed

significantly between forest and agricultural streams

(Table 4). Streams in forests are larger, faster, and

with larger streambed particles. Conductivity and

water temperature were higher in agricultural

streams, which have less cover and riparian trees.

Species richness also differed between forest and

agricultural stream sites; 19 species were found at

forest sites, whereas only 13 were found at agricul-

tural sites. The mean number of species between

sampling sites in the forest (2.91 ± 1.48) and agri-

cultural streams (2.13 ± 0.99) was significantly

different (t = 3.61, P\ 0.001).

ANOSIM indicated a significant difference

(R = 0.343, P\ 0.001) in species composition

among forest and agricultural streams. DFA based

Table 3 Regression analyses for the distribution of preimaginal black fly species in streams from Northeastern Thailand for 61 sites

of rainy season collections (June–October 2007)

Species Regression coefficienta P Correct (%)

K PC-1 PC-2 PC-3 PC-4 PC-5 Impound

S. aureohirtum -0.002 -2.250 0.999 – – – – \0.001 75.4

S. siamense ‘‘A’’ 0.778 – – -1.089 – – – \0.001 78.7

S. angulistylum -1.569 1.078 – – – – – 0.001 82.0

S. nakhonense -4.312 6.307 -5.183 -3.705 -2.109 – – \0.001 95.1

Only species that were present at[20% of the sampling sites were analyzed
a For logistic regression pi is the probability that a species is present at the i-th site, and pi = eL/(1 ? eL) where L = B0 ?

BXli? … ?BjXji, where Xli … Xji are predictor variables and B1 … Bj are the regression coefficients for linear regression of the

predictors. K = the intercept

Table 4 Physicochemical conditions for forest and agricultural streams and the results of ANOVA and Kruskal–Wallis tests for

differentiation between the two types area

Variable Forest Agriculture Test statistic P

Mean (±SE) Range Mean (±SE) Range

Width (m) 2.02 (0.51) 0.14–25.00 0.77 (0.09) 0.13–6.00 7.20a 0.008

Depth (m) 0.06 (0.01) 0.01–0.23 0.07 (0.01) 0.01–0.33 1.32a 0.253

Velocity (m/s) 0.72 (0.04) 0.21–1.60 0.62 (0.27) 0.23–1.40 4.69a 0.032

Discharge (m3/s) 0.17 (0.06) 0.0007–3.06 0.04 (0.01) 0.0003–0.28 5.63a 0.019

Altitude (m) 407.82 (39.33) 132.00–1302.00 356.85 (20.69) 149.00–749.00 1.46a 0.229

pH 6.76 (0.10) 5.50–8.89 6.60 (0.08) 5.03–8.49 1.47a 0.228

Conductivity (lS/cm) 47.52 (9.02) 6.00–339.00 98.32 (15.76) 3.00–487.00 6.92a 0.009

Temperature (�C) 24.90 (0.41) 16.90–37.90 26.51 (0.37) 19.10–36.00 8.60a 0.004

Streambed particle size 6b 1–6 3b 1–6 32.02c \0.001

Coverage 2b 1–3 1b 1–3 25.91c \0.001

Riparian vegetation 3b 1–3 1b 1–3 65.18c \0.001

a F values for ANOVA analysis
b Median values for the streambed particle size [range from 1 (sand) to 6 (bedrock)]; for coverage values range from 1 (\10%

covered) to 3 (completely covered); and values for riparian vegetation range from 1 (grass land) to 3 (trees) along stream (McCreadie

et al. 2006)
c H values for Kruskal–Wallis test
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on species indicated that most streams could be

correctly assigned to region of origin (i.e., forest or

agricultural area). The overall percentage correctly

assigned was 74.1%, with 76.6% and 72.2% for forest

and agricultural regions, respectively (Table 5). The

standardized canonical discriminant function coeffi-

cient indicated that S. aureohirtum, S. nakhonense,

and S. nr. sheilae are among the most important

species contributing to regional separation (Table 5).

DFA based on stream site conditions also showed that

most streams (91.8%) could be correctly assigned to

region of origin with 88.9% and 94.1% of stream sites

correctly assigned as forest and agricultural streams,

respectively (Table 5). Based on the absolute value

of standardized canonical discriminant function

coefficients, the most important stream conditions

contributing to the differentiation of streams are

stream width, discharge, riparian vegetation, and

conductivity (Table 5).

Discussion

Species richness and spatial distribution

of preimaginal black flies in Oriental streams

Previous studies found that the most important factors

influencing preimaginal black fly species distribution

are stream size, velocity, and presence of impound-

ment (Grillet & Barrera, 1997; McCreadie & Adler,

1998; Hamada & McCreadie, 1999; Hamada et al.,

2002; Scheder & Waringer, 2002; McCreadie et al.,

2004). Our results showed that the distribution of

preimaginal black fly species in tropical streams of

the Oriental region were consistent with the patterns

found in other regions. We found that the distribu-

tions of four common black fly species are related to

stream size, velocity, and riparian vegetation (i.e.,

PC-1). The consistency of our results with other

studies from other regions suggests general rules for

black fly distribution.

Previous studies have indicated that both temporal

and spatial variations need to be taken into account in

considering patterns of species richness (McCreadie

et al., 2005). Consequently, we used the whole data

set (i.e., all the seasons and both the forest and

agricultural regions) to analyze patterns of species

richness. Regression analysis revealed that species

richness was associated with large, fast flowing

streams, large streambed particles, and cool water at

high altitude with cover, and riparian forest along the

stream. This is largely consistent with the pattern of

species richness found in previous studies: Hamada

et al. (2002) found that species richness was associ-

ated with larger streams, cooler water temperature,

faster flowing, and larger streambed particles; Grillet

& Barrera (1997) found higher diversity in larger

streams; and Scheder & Waringer (2002) found that

species richness of black flies in European streams

increased with current velocity and size of streambed

particle.

Species diversity is usually related to microhabitat

diversity (Ward, 1992). Large streams with fast flow

and larger streambed particles could provide more

Table 5 Results of discriminant function analysis (DFA) of the correspondence between black fly species and area type (forest or

agriculture) of stream origin for preimaginal black fly species in Northeastern Thailand, June 2007–April 2008

Summary statistic Discriminant variables

Stream conditions Species

% Correct (N)

Forest (64) 88.9 76.6

Agriculture (79) 94.1 72.2

Total (143) 91.8 74.1

Standardized coefficienta Width 1.260 S. aureohirtum -0.674

Discharge -1.105 S. nakhonense 0.517

Riparian vegetation 1.038 S. nr. sheilae 0.430

Conductivity -0.478 S. asakoae 0.270

Depth 0.427 S. angulistylum 0.247

a Only the first five variables that have the highest absolute values of the standardized coefficient are presented
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microhabitats within a single stream as there is likely

to be some variation throughout the steam in current

velocity. Consequently, more species might be able

to inhabit this type of stream than small streams with

slow flowing water and small streambed particles in

which water velocity is more homogenous. The

presence of riparian trees, which is directly related

to stream cover, could also play an important role in

species diversity. Several studies found a relationship

between riparian trees and benthic macroinvertebrate

diversity (e.g. Sponseller et al., 2001; Subramanian

et al., 2005; Dudgeon, 2006; Kasangaki et al., 2008).

For black flies, the role of riparian trees on species

diversity is sparsely documented. Lautenschläger &

Kiel (2005) found an association between riparian

vegetation and the distributions of some black fly

species in Europe. The presence of riparian trees

prevents light penetration, which moderates temper-

ature. Streams with cooler water could support more

species because black flies are usually intolerant of

high water temperature (Crosskey, 1990) (see below).

Roots and fallen leaves provided by riparian trees are

also important substrate for the attachment of

preimaginal black flies; therefore, more diverse types

of habitats are available. Other factors known to be

associated with black fly species richness are rainfall

rate, water temperature (Colbo & Moorhouse, 1979),

and distance from water source (Scheder & Waringer,

2002).

Effects of agriculture on physicochemical

conditions and black fly species assemblage

Habitat degradation as a result of anthropogenic

disturbance is a major impact threatening biodiversity

worldwide. For the lotic ecosystem, land use for

agriculture is one of the most important factors

affecting water quality and consequently, species

richness and assemblage (Allan & Flecker, 1993;

Allan, 2004). Our results revealed the impact of

agriculture on physicochemical conditions and black

fly species assemblages in tropical streams. The first

two CCA axes indicated the differentiation of

agricultural and forest sites (Fig. 2). The general

conditions of agricultural sites are warmer, with

higher conductivity and more open streams (i.e.

without riparian trees). Mean water conductivity in

agricultural streams was two-fold higher than those

of forest streams (Table 4). These results were

consistent with other studies. For example, Kasangaki

et al. (2008) found that in Uganda, streams in

agricultural areas had much higher conductivity than

streams in forest area.

Another factor that is distinctly different between

forest and agricultural sites is the lack of riparian

forest in agricultural areas (CCA plot; Fig. 2). The

removal of riparian forest for agricultural purposes

could have profound effects on stream ecology (Allan

& Flecker, 1993). Riparian forest provides shading;

removing it from stream sides will therefore increase

water temperature, which might eliminate intolerant

species from a stream (Allan, 2004), and reduce local

species richness (Hamada et al., 2002; Allan, 2004).

Increased light penetration and nutrient concentration

due to bank erosion as a consequence of riparian

removal could also increase algal production. This

could impact black fly diversity, as a negative

relationship between algal cover and black fly

diversity on the substratum and black fly species

richness has been reported (Zhang et al., 1998).

We found that species diversity was significantly

lower in agricultural than in forest streams. Our

results, thus, reveal the impact of habitat degradation

through agricultural land use on black fly diversity. A

major contribution to habitat degradation is the

removal of riparian trees, as this is one of the major

factors differentiating stream sites in forest and

agricultural areas. Several studies have indicated the

important role of riparian forest on macroinvertebrate

diversity in the tropics. Subramanian et al. (2005)

found that the diversity of stream insects in the

Western Ghats, India, was lower in open streams than

in the streams with riparian trees. Dudgeon (2006)

found that streams in areas of human impact (e.g.,

agricultural land) have fewer species of macroinver-

tebrates than those in pristine forest streams in

Sulawesi, Indonesia. Lorion & Kennedy (2008) found

that streams with riparian vegetation support a greater

diversity of benthic macroinvertebrates in tropical

streams of Costa Rica.

We found a significant difference in species

composition between sites in forest and agricultural

areas based on ANOSIM. Given that there is no

apparent geographical barrier for adult dispersal

between forest and agricultural streams, differences

in stream conditions likely account for differing

species composition (McCreadie & Adler, 2006).

Species that preferentially occur in forest stream sites
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are S. nakhonense, S. asakoae, S. nr. sheilae, and S.

angulistylum. These species are found in streams with

low temperature, large size, and fast flow with cover

and riparian trees, the characteristics of forest sites.

Stream sites in agricultural areas are less diverse: S.

aureohirtum was a dominant species at agricultural

sites being found at [80% of the sampling sites

(Table 1) and in fact only two species were present at

[20% of the sampling sites in agricultural areas. In

contrast, streams in forest areas, although predomi-

nated by S. siamense (73%), also had other species

present at relatively high frequencies (Table 1).

Based on the standardized coefficient of the DFA,

S. aureohirtum was the most important species

differentiating forest and agricultural stream sites.

The first two plotted axes of CCA indicate that S.

aureohirtum prefers high conductivity and warm,

open streams, which are characteristic of agricultural

areas. This species has the greatest range of temper-

ature and conductivity compared to all other species

found in this study. Its habitat temperature range was

between 16.9 and 37.9�C and conductivity between 3

and 487 lScm-1. Thus, this species can be consid-

ered as a tolerant species. Other species that are

sensitive to physicochemical change would be elim-

inated from stream sites impacted by agriculture

whereas S. aureohirtum would persist. We found S.

aureohirtum to be the sole black fly species at 27% of

agricultural stream sites. Similar results have also

been reported in other regions. For example, S.

perflavum is a dominant species found in anthropo-

genically impacted streams in Brazil (Hamada &

Adler, 1999; Hamada et al., 2002).

In conclusion, we found that the spatial distribu-

tions of black flies in the Oriental region resemble

those in the Nearctic, Neotropical, and Palearctic

regions. This indicates there is a general rule for

black fly species distributions in which the most

important factors are stream size and velocity.

Comparison of streams in forest and agricultural

areas differed in both species assemblage and rich-

ness, reflecting differentiation of the physicochemical

conditions of the two regions. Our results indicate

that anthropogenic impacts could change the com-

munity structure and diversity of black flies. Finally,

because different species vary in their tolerance level,

black flies can be useful indicators of stream degra-

dation (Adler et al., 2004; Lautenschläger & Kiel,

2005).
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