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-�.�/����'� �./ ���"���5"8-i#�i#/� 60 1��(�>/�ก����/����,* '.�-�.�/����_��ก��-i#�i#/� 
1�
���,� 80 1��(� 6&;�%�8�,���ก��%#�,5%8���-�������ก��	#:ก";�6;%#�,����ก�� -�8� ����ก��	#:ก";� 
���1hก(* 9 #;��";� ����ก�� 9 #;��ก#;� 80 1��(�%���# 5#
ก��	#:ก";�6;-i#�1�
-ก�,�"� 80 #;��-#G&-1.�/
18/ 7���5"8#
����ก��-�;�ก��	#:ก";�6;0%C8����	�
-�4 �&,0�;";�6;����&/ก'�-%#./� 96&;1����?�-%G��8����
����ก��686&;������_�����%#�ก%#�,������<�1 5#
�������ก��686&;������_��ก��	=���"����-	F�6	6&;����5#
68
"8/-�.�/� 9���6&;���,�,0��/ก�'"8��H -ก��,�ก��"��/,8��>/�1��+�*6;0%C8����&/ก'�-%#./�������& ����������	#:ก 
-�8� @�� ���1hก(* 5''�� >��-%#Gก /
��� ����� 	�
&:8�;�� 	�
&:8	A� 5#
1
,/ -	F�";� 7���0��������5#;�,���
/�ก%#�,���& 5"8	�
-&G�'����C �./ 68���	#:ก6;���&-&�,�ก���������ก0�'_�����-&�,�ก�� -1��
/���	lC%�-�.�/�
ก��51�8>,�,>/����5#
5#�4�"�:0�<�,%#�� 

-�.�/����'�� -	F�-�.�/����9"���0��
�������,�,'���H 0��������� �./ -�.�/� D1��E 5#
 D1.�0�1��E  
D1��E �./ ���#�8����>�� '<�1�.��5i
 �'��8� %�./7�ก1.�5#
/�����,��"_����9�1��ก/����_/,:8��9��&��������

�ก %��"���5"8 0.5 m 5.0 -"� �8����-	F�ก�&&8�� (pH) 4.5 m 6.0  
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<��0";@lt�"
���//ก "���5"8/��-</-./����4��+����� /��-</�8/�1��:#,* /��-</�
/�& 6	��_�����%��&
'�>#� 	l""��� 5#
���+���' -	F����-�?����
-#��#.��#5�� 5#
1�&-/�&�����,�ก/�-	F�5��'��->.�/����,,��
>���ก����,@lt� -	F�-�#�"�&"8/ก���%#�,�;/,	� ���0%;ก���680%;�����
-#1�&>����5#
ก��������.&680%;6%##�6&;'
&�ก 
���-ก�&-	F�5/8�����5,ก/�'�
//ก��ก�
-# �#�ก(?
-	F��
-#'��%�./%�/����� 5#
-ก�&'��	�
ก/�	�
-<�-%#Gก 5#

ก��
_���������ก 7����
,��,���ก��-���C-"���">/�5����-��,����8�,,8/,'#�,7�ก1.�5#
/�����,��"_� ���-ก�&-	F�
'��	�
ก/����-��,ก�8� D&��/�����,*E (Peat Soil) '8��ก�
5'����0�1���
�ก��6%#//ก/,:8�;�� ���0%;�����6%#-/.�/,/,:8
"#/&-�#� 5#
����0�1��68/,:80�'<�1-�8�-'�,  

	A�1�����'�:�?*�
����'&�# -��,ก�8� D'���1.�	A�&�&��E 7����
�1��+�*6;���&"8��H >���	
	�ก��%#�,
���& 5#
����':�"8��ก��%#�,�
&�� �������'�"�*�ก '�"�*���� �ก 5#� 5#
��#�����,*%#�ก%#�,���& 0����1.�����
	�
����0��;/�_�����,"�&6;0%C8//ก��ก1.�����1�� -1.�/���6	0�;'/, ���_8��5#
-�.�/-1#�� ��6	_��";/�ก��0�;1.�����
0�ก������� 5#
%�ก�ก��	2&ก����������+����"��
���0%;����686%#5#
-ก�&ก��-�8�-'�, ������-ก�&กu�7�-��  

���1�� 6&;�ก��	#8/,����//ก��ก1.������������ก ���0%;-ก�&���5%;�5#;�0�h&:5#;� 5#
-ก�&'��	�
ก/� 
616��* (pyrite) �����ก/,:80�&�� 7����
_:ก//ก7�6&7* (oxidized) ก#�,-	F�ก�&ก��
_�� ���0%;&��-	F�ก�&%�./&��
-	���,�0����'�& �/ก��ก���/���
�ก��"�&6;5#
-9�	A��ก>��� -ก�&-	F�6x	A�#�ก6%;���5�� 5#
ก#�,-	F�6x	A�#�ก6%;
���,�ก�
&���&,��+�+��&�6&; -�.�/���ก6x#�ก#�#�ก#�6	0�&��1��5%;� 7���/��#�ก_�� 5 -"� ���";/�'ก�&6x�&,ก��>�&
�8/�����>���5��6x %�./	#8/,�����#	�
���0%;�8�	A�1��  

	A�1�����_:ก"�&6;0%C8//ก %�./98��6x	A�6	5#;� �
�";�6;0%C8���-%#.//,:8 5#
51�81��+�*6&;��&-�G� 6&;5ก8 
-'G&>�� (Melaleuca  spp.) -'G&5&� (Eugenia  spp.) 5#
��
 �� %�./1��& (Rhodomyrtus spp.) -1��
-	F�1.�1��
��������5#
>,�,1��+�*6&;��&-�G� 

")���*'�%�+� (MYRTACEAE) 
D-'G&>��E (Melaleuca spp.) 0�-./�6�,��กก�8� 16 ���& -�8� M. leucadendra Linn. -	F�";� ��8/&/ก

�#;�,�����&� '�>�� 0��ก#���#;�,,:��#�	"�' 0�;'ก�& D������->�,�E 6&; #��";��'�>�� 6;0�;���-��.�/�-�./� ���_8��5#

xz� %�./0�;	�
�,��*/,8��/.�� -'G&>��-	F�6;��&��-	���,� ���51�8%#�,0�1��-'.�/���6&;&�  

D-'G&5&�E (Eugenia spp.) 0�-./�6�,��กก�8� 15 ���& ������&�9#���	�
���6&; -�8� E. clavittora 
Roxb. %�;�%�� E. oblate Roxb. �1:8���� 5#
%�;�����������& -'G&5&�-	F�6;-�.�/5>G� 0�;0�ก��ก8/'�;��6&; /,:80�'ก�#
-&�,�ก���1:8���&"8��H ก��1#: 5#

-ก�{,� '���_1�-%G�6&;0�	A���8�5'#�%#�� ���%��&-1���:�?* �;��-#Gก�;/,  

D��
E, D1��&E %�./ D��E (Rhodomyrtus spp.) -	F�6;1�8 &/ก'��1:��_��5&� ��&-	F�&/ก6;'�'�, 9#
���	�
���6&; �ก�
>���/,:8"���,>/�1��-'.�/��� &������ %�ก98��6	0����0&5#;�1�";���
 ";�-'G&>�� ";�-'G&
5&� 5'&��8����-�?����-	F�->"1��-'.�/���  

D1.�'ก�#��
E 1�0�->"1.������8/�>;��':�0�<��"8��H &;�, -�8� ���-�?->�0%C8 <:ก�
&�� 5#
<:-�./ -	F�";�  
0�	�
-�46�,�1.�����	A�1��	�
�? 400,000 6�8 5"8'8���ก-	F�	A�1��-'.�/��� �&,	l�������	A�1�����

�8/�>;��'�:�?* 6&;5ก8 1���"u
5&� 0�->"/��-</"�ก0� '�6%�	�&� 5#
'�6%��ก#ก ���%��&���+���' 7���-%#./1.�����/,:8
	�
�? 50,000 6�8 �&,������ก��6&;-	#��,��.�/-	F� D	A�1��'����+�E 

")�%ก��34����	(�% (Eucalyptus spp.) 
	l������6&;�ก�����->;�6;��4*-&�,�ก��-'G&>�� 5#
-'G&5&����ก"8��	�
-�4%#�,���& -�8� 

5	��#;��>�& (Calistemon lanceolatus) %#��&/ก (C. citrinus domin) @���� (Psidium guajava Linn.) 5#
���'����C �./ 
,:��#�	"�' (Eucalyptus spp.) ��ก//'-"�-#�,  
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,:��#�	"�'������->;���ก//'-"�-#�,�%#�,���& ���"_�	�
'��*%#�ก-1.�/���ก�
&�( -1��
,:��#�	"�'������& 
-"���"-�G� �����ก��'<�1&�����68'�:�?*5#
5%;�5#;� 0��
,
5�ก-	F�1.�����>;/�";-_�,�ก���ก ����0%;ก��";/����
5#
��&�;�� �&,@A�,��&�;��/;���8�-	F�1.����0�;�����ก 5#
��������ก0����"ก#����";��9#���0%;68'���_	#:ก1.�/.��6&;  

'��%���95#;��-%"�9#%#�,	�
ก�����0%;ก��'���'���,:��#�	"�' -�.�/���ก6&;"�&"�4�ก(�>;/:#�8�ก��
��ก����ก��>/�ก�	A�6; 5#
�?
��4�'"�* %����,�#�,-ก("�4�'"�* �"#/& 1��8�>;/ก#8��%�-ก��,�ก��,:��
#�	"�'%#�,	�
ก��68���5��-�8����� �&,>;/&�0�&;��0�;-	F���"_�&�����ก�
&�(������กก�8� 5#
&�ก�8�1.�/.��H /�ก
%#�,���& -1��
-"���"-�G�ก�8� 0%;-�.�/-,.�/�กก�8�5#
����_:กก�8� ���-	F�1.����'����
6&;���ก��'8�-'��ก�����-,.�/
ก�
&�( �&,-i1�
0��8��-�#����-��,��";/�'���-,.�/ก�
&�(5#
ก�
&�(���ก"8��	�
-�4	�#
%#�,1��#;����� ����H 
���	�
-�46�,'���_9#�"��"_�&��6&;-/�<�,0�	�
-�4  

-1.�/���->;�0����_:ก";/� 5#
680%;9:;xl�-ก�&/�"� &������ 0�ก�����,�,��ก�����9:;���,�,���-��,ก,:��#�	"�'�8� 
D-'G&-�4E -1��
_./�8�-	F�1���;/����0ก#;��&ก���กก�� D-'G&>��E ��?'��"�/�ก/,8��%����>/� D-'G&-�4E �./ ������&
'���_0�;'ก�&��������ก0� 7����
6&;-	F� D������,:��#�	"�'E ���0�;-	F�,�&5#
��5ก;���%��& 5#
���-��/�ก��-�#G&
>�&,/ก"�>;/"8��H 6&;-%./� D������->�,�E >/�6�, 

(8&�� (Tea tree) 
-.�/-�G�H ��� 6&;�ก��-9,51�8"�'.�/"8��H -ก��,�ก��1.����&%����>/�//'-"�-#�, 7���-	F�1.�1.��-./���,@lt�

�
-#<��"
���//ก-i�,�-%�./>/���g���-7��*-�##* (New South Wales) >/�	�
-�4//'-"�-#�, 5"8-	F�1.�0�'ก�#
-&�,�ก��-'G&>��0��;��-�� ��.�/���,�4�'"�*�8� Melaleuca alternifotia 7���-	F�1.�0���4*-&�,�ก��-'G&>��5#
,:��
#�	"�' 5"8	#:ก6&;&�0�->"������#�8�#;�,-'G&>�� "8��ก��,:��#�	"�'>/�//'-"�-#�,���	#:ก0����5%;�5#;�  

";��� (Tea tree) -	F�1.�������1.��-./�0�;'ก�&��������ก0� 6&;������'�-%#./�ก#���ก���:� �	�
�,��*0�ก��
0�;���-��.�/�'��/�� 5#
0����ก��51�,*0�;	^/�ก��-�.�/��5#
-�.�/��� -.�/&5#;��
�8�,���0%;��-	F�%��&%�,0�6&;
'
&�ก  

D������>/�";���E �#�ก(?
�#;�,������,:��#�	"�' �����6�,0�;&-1.�/5ก;%��&��&�:ก 5#
�#;�,������->�,�
>/�6�,���0�;_:��&5ก;-�#G&>�&,/ก xก���� �� %�./&5ก;%#/&#/�ก-'�-�.�/��� >��-'%
 7���-	F�,�'��61������
6�,�:;��กก��&� 

&�����&�� (Tea oil)  
-	F�������1.����'ก�&��ก-#G&>/�";��������� (Tea oil plant) 7���-	F�1.����/,:80���4* Theaceae 5#
/,:80�

'ก�#-&�,�ก�������0�;0�-	F�-��.�/�&.� (Tree plant - Camellia sinensis kize) �����6�,�:;��ก&�  
D��������E ��.�/���,�4�'"�*�8� Camellia oleifera Abel. (��/:-%#�,�) 5#
/�ก���&%������.�/�8� Camellia  

sasanqua Thumb. Ex Murray 5#
��.�/1;/��8� Sasanqua vulgris Nees. 5#
 Tea sasanqua  
���������'ก�&��ก0�%�./-#G&�� ���������� 2 ���&��� 0�;����<�6&; 5#
-	F�������������?<�1':� �	�
�,��*

-%./�������
ก/ก (Olive oil) -1��
�ก�&6>���/-#/�ก (Oleic) 	�
�? 72 m 78 -	/�*-7G�"* 5#
ก�&6>��6#
��-#/�ก (linoleic) 	�
�? 2 m 15 -	F�-7G�"* -.�/98��ก����+�������0%;	��4��กก#���5#
'�5#;� �
���?'��"����-��
���ก�,<�15#
��?�8����/�%��-%./�������
ก/ก�ก  

-#G&>/����������8/�>;��0%C8ก�8�������<�0� �/�/,:80����/�ก�4-,G�%�./��<:->�':�����/�ก�4-,G�ก�8���
����<�0� ก������	#:ก0�	�
-�46�,����
";/�-#./ก	#:ก��1.�����':�%�./��<:->� �/ก��ก���-#G&>/�������<�0�
-.�/�������'ก�&������5#;� ���������6&;�
���?<�15#
��?'��"�-%./�����������ก	�
ก�� -1�,�5"86&;	���?�;/,
ก�8�-�8����� 
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ก��&��-���ก��>/�����ก�� BRT 6&;&��-���ก���ก�8� 12 	�5#;� �9#���>,�,//ก�ก�;��>���%#�,'�>� 
5#
%#�,����ก�� 7���#;��5"8-ก�&	�
�,��*5ก8��ก������,5#
����ก��/,8���ก�, 0�&;����ก����ก��5#
��'�"
��ก4�ก(���8�0%8���� 9#���>/�����ก�����	��ก=0�'.�/5#
ก��	�
��"8��H 6&;���0%;����:;5#
���->;�0�0����
����ก��&;�����%#�ก%#�,������<�1 -9,51�86	':8-,����0�<��"8��H /,8��ก�;��>���-�8�ก�� 

>?
���-	F�-�#����-%�
'5#;� 9>/-	2&ก��	�
������ก��	�
���	�����ก�� BRT �������� 12 ? ��&��� >/0%;
ก��	�
��B ��	�
'����'��-�G�"���"_�	�
'��*5#
-	^�%�,���"���6�;��ก	�
ก�� 5#
>/0%;9:;->;��8�ก��	�
��B 
0��������� ��	�
'1���'�>'��'&��&,����ก�� >/���?5#
'��'&����� 

 
--------------------------------------------------------------------------- 
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���ก������	
�� 
 !" 

��������	��ก�	������ ��.�������� ����  
!" #����	ก��$��
ก�� BRT 

#$%&'()$*+,-#./!ก12.234567+41ก12.23891.: ;2(ก12 BRT ;2<=(>-& 12 
7<$>-& 10 - 13 ?5@1;6 *.B. 2551  2(D26E!6'$!F *@1GH1 8<(I7<!J521KL2F,1$- 

------------------------------------------------------------------------------------------ 

ก21M#2-"$ N*ON '91*@ #J$1O2(;F '(;6$?2- 

 
ก23P6$1"7+J5>,+Q )ME6R I<7I$R1 ;2(ก12*<S$1'(;F;7162TRD@3BUกK1$ "M1"ก128<!ก12>2<*"1ก24-7V1*)$

.23#>BE>" ( ;2(ก12 BRT) D@3)$$16Y'(PTR#YR12H76.23456>5ก>H1$)$>-&$-= Y'ก21MY'M*23;5O N*ON '(;6$?2- >-&
E!Rก25O1)IR#ก-"2?+#.Z$.23,1$*+,-#./!ก12.234567+41ก12.23891.: ;2(ก12 BRT ;2<=(>-& 12 )$7<$$-= 

)$4H7(#7@1 1 .:>-&PH1$61  ;2(ก12 BRT E!R)IRก12J$<MJ$5$ ;2(ก127+8<"276><=(J+=$ 108  ;2(ก12 )$7(#(+$
(M.2361O  35.7 @R1$M1> D@345! ;2(ก12'%&$\ 276 59  ;2(ก12 891$7$#(+$ 9.6 @R1$M1> >91)IRE!R'(;F;7162TR
)I6H\ >-&?-*+6*F)$712J127+41ก12 891$7$ 64 #2%&'( D@3#'กJ12 I$<(J%'7+41ก12 891$7$ 7 #2%&'( `a1"#@Y1$5ก12N E!R
J25.P@(1$D@3ก+8ก226>1(7+41ก12)$2'M.:>-&PH1$61!<(.21กb)$ c21"(1$.23891.: 2551d D@3E!R27M27621"(1$
P@ก127+8<">-&#ก-&"7YR'(ก<M;716I@1กI@1">1(4-7V1*)$ cM>;<!"H'd 891$7$ 168 #2%&'( D@38<!>91I$<(J%'M<$>Uกก12
.234567+41ก12.23891.: ;2(ก12 BRT ;2<=(>-& 11 .: *.B. 2550 >-&8<(I7<!'5!2,1$- E7R#.Z$2T.#@H6#*%&'#P"D*2H)$>-&.23456
$-=!R7" 

ก12.234567+41ก12.23891.: ;2(ก12 BRT ;2<=(>-& 12 8<!YU=$V1")?RI<7YR'#2%&'( c;716I@1กI@1">1(4-7V1*ก<M
ก12EY.2+B$1J+&(6-4-7+? (Biodiversity and Solved Mystery of Life)d #*%&'DJ!(P@P@+?>1(7+41ก12D@3ก12276*@<(>1(
;716;+!Y'($<ก7+8<")$ ;2(ก12 BRT  !"6-ก12M22"1"*+#BK 7 #2%&'( ก12M22"1"P@(1$7+8<" 12 #2%&'( ก12.23456
7+41ก12ก@5H6"H'" 4 ก@5H6 ;%' (1) 45! ;2(ก12.a1#6i - #Y1$<$ (2) 45! ;2(ก12I1!Y$'6 - I6TH#ก13>3#@)?R (3) ก@5H6
$<ก7+8<"$+#7B7+>"125H$)I6H (4) ก@5H6 Bioresources Research Network (BRN) $91 !" B.!2."'!I><"  
#>*,21$$>F I<7I$R1 ;2(ก12 ?@'!8$ก12$91#J$'P@(1$ก127+8<"DMM .J#?'2F 891$7$ 84 #2%&'(  

ก12.234567+41ก12.23891.: ;2(ก12 BRT ;2<=(>-& 12 83)4R#7@1 4 7<$ 6-PTR@(>3#M-"$D@3PTRJ<(#ก?ก12#YR12H76
.23456><=(J+=$.2361O 400 ;$ .23ก'M!R7"ก226ก12$ "M1" ก226ก12M2+I12 ;O1812"F $<ก7+41ก12 $<ก7+8<" $+J+?
$<กBUกK181กJm1M<$ก12BUกK1?H1(\ ?@'!8$'(;Fก281กV1;2<nD@3#'ก4$>-&J$)8D@3IH7()")$>2<*"1ก24-7V1*D@3
VT6+.opp1>R'(m+&$Y'(E>" #*%&'2H76)8ก<$>91ก+8ก226>1(7+41ก12 $'ก81ก$<=$PTR#YR12H76.23456"<(6-ก+8ก226ก12BUกK1
;716I@1กI@1">1(4-7V1*D@37<S$,226>R'(m+&$Y'(V1;)?R)$7<$J5!>R1"Y'(ก12.23456N !R7"  

ก12.234567+41ก12.23891.: ;2(ก12 BRT ;2<=(>-& 12 $-=E!R2<M;7162H766%''"H1(!-81ก$<ก7+8<" $<กBUกK1 
$<ก7+41ก12D@3;O1812"F  !"#q*13'"H1("+&(81ก6I17+>"1@<"214V<bJ521KL2F,1$->-&2H76#.Z$#8R1V1*8<!ก12.23456
7+41ก12N )$;2<=($-=!R7" 

M<!$-= E!R#7@1'<$;72D@R7 ก23P6);2HY'ก21M#2-"$#4+p N*ON '(;6$?2- E!Rก25O1#./!ก12.234567+41ก12
.23891.: ;2(ก12 BRT ;2<=(>-& 12 #*%&'#.Z$J+2+6(;@D@3#.Z$Y7<pก91@<()8)IRDกHPTR#YR12H76.23456>5ก>H1$ Y'ก21M#2-"$
#4+p;2<M 

--------------------------------------------------------------------------- 
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6 

���ก�����	
��� 
�&, 

��	��������������� ��.����� ���� �!� � 


� ก����!"#�� ��������$%����&'�����! 
-�.�/�0�1�+�-	2&ก��	�
������ก��	�
���	�����ก�� BRT �������� 12 

������ 10 - 13 "�#�� 1.4. 2551 ���5�6&/�&* 1#�78� ���%��&'���()�*+��� 

---------------------------------------------------------------------------------- 
 
ก���-��,� 91:9 /��1# -'��:���* /���"�� 5#
�8��;<=�-ก�,�"����-���1��ก�8��  
 

ก�������ก�8��6&=�->=��8����	�
������ก��	�
���	�����ก�� BRT �������� 12 ������%��&'���()�*+��� 0������
��� �8���1�=/ก��	��ก?ก��:*%#�,/,8�� ����	��ก?ก��:*���+����"������.�@A� ��.�B� 5#
�B�"ก#��/,8��
%��ก ��-ก�&-%"�ก��:*6@@A�&��"�� 7���-	C����,�ก�4����8��=�%� 5#
->=�ก��%��>=/ก��	�
��9 ����8� D���
%#�ก%#�,������E�1ก��ก��6>	��4��'��������"F  

0���>/����%��&'���()�*+���5#
%����,�#�,���E�?'���()�*+��� ;�<='�ก-	C�-ก�,�"�5#
,��&�/,8��,������6&=
��/ก�'�ก#8��"=/������ก�8��->=��8����	�
������ก��	�
���	�����ก�� BRT �������� 12 ������%��&'���()�*+��� 5#

>/>/���: 4�'"�����,* &�.��'��+�G 0�6= -	C�/,8��,������0%=�/ก�'%����,�#�,-#HกI /,8��1�ก-�� 6&=��/ก�'->=��8�
ก��ก����������:�8��������ก��0������� ก����&-����������ก��0����������
-	C�	�
�,��*/,8���ก5ก8�:����,* ��'�" 
��ก4�ก(� %����,�#�,���E�?'���()�*+���5#
������%��&'���()�*+��� ����0�5�8>/�ก��6&=�������<=���->=�0����
����ก�� 5#
6&=���ก��'���'���&=��-4�(Jก�� ��กก�����;<= ->=��8�	�
��9 ��ก�8��6&=6	�8�,/�&%����=���=� 
�=��/�%�� 5#
�=��>/�B�ก"8��I 

"#/&�
,
-�#�>/�ก��	�
��0� 3 ������ %����8���ก�8�����
6&=�������<= ���1��1/0� 5#
6&=���
����<='�ก&�I ��ก������%��&'���()�*+��� %�ก�8����/ก�'>/-��K5�
-,��,-,�,�%����,�#�,���E�?'���()�*+��� 
5#
�8�5#ก-	#��,�-��,��<=ก��1�ก-��6&=��ก-.�/ 7���%#�,�8��กH-	C�/����,*>/����#�ก�0�%����,�#�,>/�-�� %�ก
�8����/ก�'5�
6	-,��,#<ก4�(,* 5#
6&=-%H�L�����ก=��%�=�>/�ก��������%�./68 /,8��6� >/0%=�8���8�,0%=
���5�
���&=�, ������� -1.�/ก8/0%=-ก�&	�
�,��*�8�ก��"8/6	 0���>/����%��&'���()�*+���5#
%����,�#�,���E�? 
'���()�*+��� ;>/"=/�����8��;<=�-ก�,�"���ก�8�� &=�,���,��&�-	C�/,8��,��� >/>/���:���� 
 

--------------------------------------------------------------------------- 
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���������	
�������������	ก	����
���������� � ������ 200 � �	�!"
! #	�!��� 
��ก� ������$��% 

,-�.*/��+���,�ก��0#
1�����#.����2�/0%3���"� (,�.), E-mail : Morakat@biotec.or.th 
--------------------------------------------------------------------------------------------------- 

 

���������	 2009 ���������������������� 200 
�	�ก����� !�  ��� ��� "!���#$���%���&'���� 200 �	(��
)���'�'�#*+ &��!���������'!,���&��������'�����-
����? 

.HI�J	1K�I	� �.,. 
1 8 5 6  � � �* #'*  & � �* �� � 
( 2 �/ ���  1 )  J &H "� /�  /*
%���'KIก��1��&'	���'* (The 
origin of species) 0#

I+�� �.S� � �� � �3 �'	� �� '* 
(species) J�H�3�1	T�ก#�3
UI�	�
��ก����Vก#H1��.�
ก�� 'K�1�K� I'�.���ก
���/����(1&�.�ก�� 0#

�3I.W ����X��ก��Y3��

ก�
���ก����&1#KIก"�+����"� ��1ก�&1	T����
%#�ก%#�.UI�'��������" Z���UHI�H�/�&��ก#3��1ก�&U���
��กก��&-�-	�3�� #�ก([
2�.�Iก���	��ก\V�'��������"
1�3����� �&.���.��J3�ก��/����[�1�K�I����0"ก"3��
���/��+�ก�� ]
���� 200 	����Y3��� ��(.*J&H�
ก��,�ก(��H�/�I��*����-HV%3W V&�H������
�3�.
I+���.�^()�����X��ก��Y3��ก����&1#KIก"�
+����"�UI�&��*���V%H��&1���ก.���U��� ��ก�-	�3��
2�.�Iก���I�1%_� 0#
�3I.W 0ก
#�กก�
�����H�/�
���#�����I.-3&H��V� ...1'KI�ก��JU	��,�� `��ก
ก#3I�&��'-3�1#ก�#0%3�����"a 

%�ก/����[���ก'������V%b3���'�& �KI �-	�3��
2�.�Iก���	��ก\ 0#
�3I.W I�'������1#_ก#�J	1�K�I.W 
�
/��3�'��������"��ก���&#H��	�
กI�U�����ก1Z##* 
2�.V�1Z##*1"_J	&H�.����'�H��U��&1#_ก���1��.ก
��ก���3�II�*0ก1�##* (organelle) ���%�H���� 1	T�
0%#3�ก��1��&/#�����1/K�IV%H1Z##*&��������"I.-3J&H '������
�3�'�V� �KI .���'��������"����Z��ZHI��ก1�3�V& 
�
&��II�*0ก1�##*"3��W �
�	�
'��+�2�/V�ก��

�������กU���1�3����� �&.II�*0ก1�##*1%#3�����'3��������
%�H����1	T�����'�H��UI�1Z##* 1�3� Y���1Z##* 1.K�I%�H
1Z##* 1	T�"H� 0#
'3��������%�H����1]/�
 1�3� 1I�JZ* 
cI�*��"3��W Z�������%&�
S-ก1ก_�I.-3V�'3�����1��.ก�3� 
integrated system �Iก��ก���%�กI�#�ก#�J	V�II�*
0ก1�##*I�ก ก_�
/��1#ก�#U��&V%b3�������ก J&H0ก3 
�	�"�� ���*��Jc1&�" %�KI'�.����#��IJ�&* 0#

�1#ก�#U��&V%b31%#3����ก_#H��	�
กI�U�����กก�&I
�
��"3��W &������ %�กI�.HI�ก#��J	�
1%_��3���ก 
/'�!ก#!�!0ก1 �%!��������ก���2����3�����'�����-&��
�+���&�? �"&'��(� 	��	��ก	����)�'	�
��'�	*	
��!+#��	�'��$&)�
�$�!,-� .'���	���������/ 
(2�/��� 2) 

 
2�/��� 1. ���*#'* &��*��� 

2�/��� 2. ก#Jก������2�/ ��ก�1#ก�#U��&1#_ก 	�
กI�U���
1	T�'��������" 
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�.,. 1902 Archibald Garrod J&H,�ก(����
Y�&	ก"�UI�Y-H	n�.1&_ก���1ก�&�1	T����0I#0�/���-
1��. (alkaptonuria) ����ก��0'&�IIกUI���� �KI 1K�I
	o''��
'�Y�'ก��I�ก�,�
1	#��.�1	T�'�&�� Z���I��1	T�
I�ก�����1ก�&��ก���Y�&	ก"�UI�ก�
���ก��1��
�I#�Z� 0"3'������'����b �KI '���กV���I�����%#�.
��1	T����0I#0�/���-1��.1�3�1&�.�ก�� ���1	T�J	J&H
�3����Y�&	ก"����I��1ก��.�UHI�ก��/��+�ก�� 1/��
�
ก��S3�.�I&ก��2�.V���I����� 

�.,. 1941 George Beadle and Ed Tatum �H�
/��3� .��0#
1I�JZ*����'�/��+*ก�� 2�.%#����ก
���J&H�&#I������U�	o�����K� I �����'	I�� 
(Neurospora sp.)  �Y3 ��ก��1I_กZ1�.*  ( x-rays) 
1/K�IV%H1ก�&ก��ก#�./��+�* (mutation) Z���/��3���ก1&�
��� ��'���S'��1���
%*��"�����  6 '��%���ก��
1���b1"���"J&H&H�."��1I� 1	#��.�1	T�J3'���S
'��1���
%*��"����� 6 J&H 0"31K�I1"���"����� 6 #�V�
���1/�
1#��.�ก#��/��3� �������'	I��'���S
ก#���1���b1"��J&H"�	ก"� 0'&�V%H1%_��3�ก��ก#�.
/��+�*I���Y#V%H.��'�H��'�����Y�&	ก"�  ���V%HJ3
'���S'�H��1I�JZ*���1ก��.�UHI�ก��ก��'��1���
%*
��"����� 6 J&H 0#
1�K�I�3�.��%����"�����%�H���������

%����1I�JZ* (one gene one enzyme) 0"3V�	o������
I��ก#3��J3J&H1�3����� 1/��
�3�.��%����"��I���

�����ก�
���ก��ก��������J&H%#�.'3��  

"3I�ก#�3UI� Harvey Itano and Linus Pauling 
J&H�H�/����0"ก"3��UI�c���ก#��� (�	�"�����I.-3V�
1_&1#KI&) V���	ก"�ก��c���ก#���UI������1	T����
�#%�"������&Z�ก1��#1Z##* (sickle-cell anemia) Z���1	T�
������/��กV���0Iw��ก� �&./��3�c���ก#���UI�
�����1	T�����#%�"������&Z�ก1��#1Z##*�
��-	�3���#H�.
1��.� 1	T�Y#���ก���Y�&	ก"�UI��	�"�����1ก�&��ก
����ก/�3I����/��+�ก�� �#H�.ก��ก���H�/�UI� 
Garrod  

�.,. 1956 Vernon Ingram J&H/��3��	�"��UI�
����� 1	T�����#%�"������&Z�ก1��#1Z##* (sickle-cell 
anemia) 1ก�&U�����ก���0"ก"3��UI�ก�&I
���Z���
1	T�I��*	�
กI�UI��	�"��1/�.�%����"��0%�3� 0#

���Y�&	ก"�UI�ก�&I
���1ก�&U�����ก���0"ก"3��
V����&UI�1�'���I.-3V�&�1I_�1I (DNA) �3�����3����
Y�&	ก"�UI�����#%�"������&Z�ก1��#1Z##*I���'�1%"�
���ก���Y�&	ก"����1ก��.�UHI�ก��UI�'��/��+�ก�� 
%�KI &�1I_�1I (2�/��� 3) 

 
2�/��� 3. #�ก([
���0"ก"3��UI�c���ก#���V���	ก"� 0#
�����1	T�����#%�"������&Z�ก1��#1Z##* 
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�.,. 1959 1���1UH�'-3.��UI� RNA �&.�ก��
�H�/�I��*1I_�1I �/#�1I1�' (RNA polymerase) 
Z���1�K �I�3�I��*1I_�1I �/#�1I1�' �'3��1ก��.�UHI�
ก��ก��S3�.�I&���/��+�ก�� 1�K�I���ก&�1I_�1I
1	T�03/�/*���1ก_������UHI-#���/��+�ก��UI�
'��������"�����3��ก 0#
�ก�
S-ก1ก_�J�HI.3���&��&
V����1�#�.' Z� ��1	T�����'�H���� �� ����S���J3�
ก��1	#��.�0	#��3�.W &������ �	�"������3��
�ก��
S3�.�I&/��+�ก�����กI��*1I_�1I J3V�3&�1I_�1I
�&."�� Z� ��J3�����กJ&H�ก���H�/��3�0'1Z_�
1�I�*I��*1I_�1I (messenger RNA :mRNA) �KI"��
������%�H������&#IกUHI-#���/��+�ก����ก&�1I_�1I 
1/K�I���J	'��1���
%*�	�"��"3IJ	  

������� ��ก���  Vernon Ingram /��3����
Y�&	ก"�UI������1	T�����#%�"������&Z�ก1��#1Z##* 
1ก�&U�����ก���Y�&	ก"�UI��	�"�� ���1	T�Y#��ก
ก�&I
���Z�������&UI�1�'���"3��ก������ "3I�
��ก���.�,�'"�* J&H/��3 � V�'�.&� 1I_� 1I��� ��

	�
กI�&H�.1�' 4 "�� �KI I
&���� (Adenine,A) JZ��
Z�� (Cytosine,C)  J+�� (Thymine,T) 0#
ก� ���� 
(Guanine,G) Z���1�' 4 "�� V�&�1I_�1I�
�ก��
1��.�#��&��1/K�IV�H1	T��%�' (Code) 1 "�� '��%���I
��� 
1 ���& U[
���V�+����"��ก�&I
��� 20 ���& 0#

.���'3��������%�H����IK��W I�ก &������ 1/K�IV%H����
��I��#�V�ก��ก��%�&'��"3��W �%�' 1 "�� �
"HI�
	�
กI�&H�.1�' 3 "�� 0#
1K�I�����[0#H��
J&H�%�'
������S�� 64 �%�' %�KI 64 ��&I� (Codon) ����1I�  

&������ %�ก	�
�#����-H����%&1UH�&H�.ก�� 
�
/��3�1K�I1Z##*"HI�ก��'�H���	�"�����&V&���&%����
��ก&�1I_�1I '�.UI�&�1I_�1I�
���%�H����1	T�"H�0�� 
(template) 0#
� messenger RNA ���%�H������&#Iก
�%�'&�1I_�1I"H�0�� 1��.ก�3�ก�
���ก��SI&�%�' 
(transcription) ก3I��
S-ก'3�"3IJ	.��J����Z1/K�IY3��
ก�
���ก��0	#�%�' (translation) '��%���'�H��&�1I_�
1I"3IJ	 �&.�	�"���
������J&H&�%�KIJ3&� %�KI�
�- 	 �3 � ���� 0 "ก"3 � �ก� �I.3 � � J ���� �  � 
U�� � I.-3 ก� �
ก�
���ก��%#��ก��0	#�%�' (post translation)  

�.,. 1960 �ก���&#I����1ก��.�UHI�ก�� E. coli 
���"HI�ก��V�H����"�#0#��"' /��3� E. coli �
&��

����"�#0#��"'�V�HJ&H ก_"3I1K�I2�.V�1Z##*�"��
1%���.����V%H.��'��1���
%*1I�JZ*U����'��%���.3I.0#�
�"' 1��.ก�3� inducible enzyme �&.'�1%"����1	T�1�3����
1/��
�ก���H�/�'��.��.��� (repressor) Z���'��.��.������
�
J	.��.���J3V%H�ก�
���ก��'�H���	�"�����.3I.0#�
�"'1ก�&U��� 0"31K�I2�.V�1Z##*�0#��"'I.-3 0#��"'�

1UH�J	���ก��'��.��.��� ���V%H'��.��.���J3'���S%.�&
ก��'�H��1I_�JZ*'��%���.3I.0#��"'J&H ������V%H1ก�& 
inducible enzyme U��� "3I�2�.%#��/��3�'��.��.������
�KI DNA binding proteins V�	o������ 

�.,.1972 1���1UH�'-3.��UI�1�����#.����2�/ �
ก���H�/�1I_�JZ*���V�H"�& %�KI "3I����'3��&�1I_�1Iก3I�
���ก#��1UH�J	V�'��������"  I�ก����.��'���S1/��������&�
1I_�1I���"HI�ก��V�%#I&�&#I�J&HI�ก&H�. 1��.กJ&H�3�
1	T�.��1w|} I�w-UI�1�����#.�ก��"�&"3I&� 1I_�1I 
(recombinant technology) %�KI /��+���,�ก��  
(ggenetic engineering) 1#.��1&�.� /-&I�ก��.%����ก_�KI
��ก���.�,�'"�*'���S����
"�&����'3��UI�&�1I_�1I %�KI
.��V&.��%������ก'��������"IIก� 0#
"�&"3I����'3��UI�
&�1I_�1I����ก#��1UH�J	V�&�1I_�1IUI�'��������"IK��W 
1/K�IV%H'�H��'�����"HI�ก��U���� 1�3� ก��V�H0����1��.
%�KI.�'"*V�ก��Y#�"I��Z-#�� (2�/��� 4) &H�.ก��"�&"3I
.��I��Z-#��UI���1UH�J	V�0����1��. 1/K�IV%H'�H��
I��Z-#���������ก 0#
����'ก�&1	T�I��Z-#�����'��+�~
'��%���Y#�"1	T�.���ก(����1��%���"3IJ	 �Iก��ก���
"��I.3��IK��W ���1%_�J&H��&1��V�	o������ �KI /K���1I_�I 
(Genetically Modified Organisms :GMOs)  

I.3��J�ก_&�%�ก'��1ก"+����"�UI�'��������"�

/��3�1K�I1Z##*�ก��0�3�"�� �
���V%HJ&H1Z##*V%3���
1%KI�ก��1Z##*1&���ก	�
ก�� Z���&�1I_�1Iก_"HI��ก��
0�3�"��1/K�I1/��������1�3�1&�.�ก�� U���"I�ก��1/��
������&�1I_�1I %�KIก��'��1���
%*&�1I_�1I (DNA 
replication) U���V%3���� &�1I_�1I�
�ก��0.ก'�. 2 '�.
IIก��กก��  0"3#
'�.�
���%�H����1	T�"H�0��%�KI
03/�/*V�ก��'�H��&�1I_�1I'�.V%3 ������V%H'�.&�1I_�
1I���J&H��1#ก�#1%KI�1&���ก	�
ก��  I��*����-H���J&H
����'-3ก��"������S�UI���ก1�����I1��ก������K�I 0���� 
-##�' (Kary Mullis) �3�V�1K�I&�1I_�1I'���S���#I�
"��1I�2�.V�1Z##*J&H &������ ��ก���.�,�'"�*ก_�3��
�
�Iก�''��1���
%*&�1I_�1IV�%#I&�&#I�J&H1�3�ก�� 0#
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V����'�&1U�ก_'���S/�X��	\�ก���.�/�Z�I��* %�KI 
Polymerase Chain Reaction : PCR 1/K�IV�H1/��
������&�1I_�1IV�%#I&�&#I�J&H'��1�_� Z�������3��
	�
�.��*"3I��ก�����.�,�'"�*I.3���ก  

�&.%#�กก��UI�	\�ก���.�/�Z�I��* (2�/��� 5) �
ก�
���ก������#H�.�#��ก��ก����&#Iก&�1I_�1I���
1ก�&U���V�1Z##*�ก �KI 1�����กก�����&�1I_�1I���
"HI�ก����&#Iก%�KI1/��������V'3#�V�%#I&�&#I� 
1K�I&�1I_�1I'�.�-30.กIIก��กก��1	T�'�.1&��.�'I�
'�. ก_V'3&�1I_�1I�����'���W ������%�H����1	T�'��"���"H� 

%�KI J/�1I�* (primer) #�V�%#I&�&#I� J/�1I�*�

���ก��&�1I_�1I'�.1&��.� ���V%HJ&H&�1I_�1I'�.V%3U����
I�ก 1 1'H� 0#
SH����	\�ก���.�"3IV��I����'I� �I����'�
"3IJ	1	T�#-ก�Z3 �&.V�H&�1I_�1I"H�0��1&� 0#
&�1I_�1I
'�.V%3���1ก�&U��� Z����H�.���'�&�
���V%HJ&H&�1I_�1I������
�ก 

V�0�3UI�����X��ก�� 	\�ก���.�/�Z�I��*����3��
	�
�.��*�ก �������1/��
V�ก��,�ก(�Z�ก&�ก&�����/* 
(fossil) UI�'��������"���'-b/��+�*J	0#H� 1�3� �H��0I+ 
���� �ก��/��3�%�ก����ก�
&-ก�������S-ก1ก_���ก(�J�H
I.3��&�V�+����"� 1�3� V�S������J3�I�ก�, �
.�����
�1#ก�#&�1I_�1I1%#KII.-3  1��.ก�3� &� 1I_�1I����[ 
(ancient DNA) %�ก0"3�3�&�1I_�1I����[���'ก�&J&H�ก�

�	���[�HI. 1�����/�Z�I��*���SKI1	T�1��K�I�KI'����b���
�
�3�.1/��������&�1I_�1I����[ 1/K�IV�H1	T�ก�b0�JU
	��,������X��ก�� 0#
�Iก1#3�1�K�I�������1ก�&U���V�I&�" 
�������V�	o��������ก���/�����J&H1���%���V�H&�1I_�1I
����[1%#3����V�ก��"��I.���/����(UI���(.* %�KI
"��I.���/����(UI�UH���กU��� 

"3I�V�	� �.,. 1953 1�'* ��"'�� (James 
Watson) ��ก1�����I1��ก�� 0#
w���Z�' ���ก 
(Francis Crick) ��กw�'�ก'*���I��ก^( J&H�����.S��
����'�H��UI�&�1I_�1I�3� �#�ก([
1	T�'�.�-3�����&/��
1	T�1ก#�.��#H�.���J&1��.� Z������1	T�ก���H�/�
UHI1�_�����/K�����������[-	ก��"3I��ก�����.�,�'"�*
I.3���ก �&.V�'�.&�1I_�1I0"3#
'�.�
	�
กI�&H�.

 
2�/��� 4. ก��V�H0����1��.%�KI.�'"*V�ก��Y#�"I��Z-#�� 

 
2�/��� 5. 	\�ก���.�/�Z�I��* (Polymerase Chain Reaction) 
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1�' 4 "�� �KI  A C T G 0#
�ก��,�ก(�/��3�V�&�
1I_�1I���'�-�[*�����& (����:Genome) UI���(.*
	�
กI�&H�.1�'�������.��S�� 3 /��#H��%�3�. Z���
1�'1%#3�����
�ก��1��.�1	T��%�'"3��W �������%�.
'��%���ก��%�&���&UI��	�"��%�KI�%�'1/K�I���%�H����
IK��W ��ก���.�,�'"�*�� � 1��� '�V��H�%��3�ก��
1��.�#��&��1�'UI�&�1I_�1I 3 /��#H��"������#�ก([

1	T�I.3��J� 1/��
���#�����S-ก�H�/�I���
����'-3
���1UH�V�V�ก#JกI��Z��ZHI�UI�����"�กU��� &H�.
1%"���� ����ก��������(.* %�KI `Human Genome 
Projecta ���1ก�&U���  

����ก��������(.*������ก���.�,�'"�*���
0U3�U��ก��I.-3 2 ก#�3%#�กW �KI ก#�3UI�1��ก 1��
1�I�* (Craig Ventor) ������+�ก��%�#��&��1�' &H�.ก��
��������Z�"�&1	T��3I�1#_กW 1/K�I%�#��&��1�'
UI������Z����1#_กW ��ก����������UHI-#�1��.�"3I
ก��2�.%#�� U[
���ก#�3UI� 1�'* ��"'�� (James 
Watson) 1���"H���ก���0Y����.���������Z"3��W 
1/K�IV%H�-H�3�&�1I_�1I����J%�I.-3���1�[V& 0#H����"�&&�1I_�
1I1	T�����1#_กW 1/K�I%�UHI-#�&.#
1I�.&I�ก����� 0"3
ก � 
 ��� � V � �H � . ��� '� & � � . �� #  � #� � "� �  ( I &� "
	�
+���+��&�'%���I1��ก�) 0#
��.�����  0�#�* 
( � � . ก �� �  � " �� ' % � � � I � [ � �� ก � )  J &H 1 �� b
��ก���.�,�'"�*���� 2 �3�� �	�
ก�,Y#���'��1�_�
UI�����ก��/�HIก�� 1K� I ������  2 6  � S� ��.�  
/.,. 2543  

2�.%#����ก����ก���� ����(.*'� �1�_ � 
��ก���.�,�'"�*ก_J&H1���SI&�%�'����UI�'��������"
IK��W �กU��� I��� 	#�	oก1	�� .�'"* %�I� 0#
UH��
"3��W Z���J&H/�'�������3�'�V��3� ��ก1&����1�.1�K�Iก���3�
��(.*�3��
1	T�'��������"�������Z��ZHI��ก���'�& 0"3
1K�I&-U��&����UI���(.*0#H�ก#��/��3�J3J&H�
U��&V%b3J	ก�3�UI�I
���%�KI	#�	oก1	��1#. �&.
��&�3�ก�����	#�	oก1	�� %�KII
��� �ก��/�X��
U��&UI�����V%HV%b3U��� 1�K� I���ก"HI�I.-3 V�
'2�/0�&#HI����3I�UH�����0��%�KI�ก��1	#��.�0	#�
�ก 1�3� 	#�"�� ���I�,�.I.-3V�&��1#����1�[1U"����
U�������#� 1	T�"H� &������U��&UI�����I���
J3J&H�
���'�/��+*ก�����Z��ZHI�UI�'��������"1#.  

��ก���กH��%�H�V�ก��%�#��&��1�'UI�
'��������" '3�Y#V%H�UHI-#������%�,�# &���������
I.3��J�����
'���S��&ก��UHI-#����%&���J&H 1/��

&������-Hก���3�"��I�ก(����1��.�ก�������%�'���V�H'��%���ก��%�&
.��I.-3&H�. 0#
V���(.*�������.��UI�1�'S�� 3 
/��#H��%�3�. %�ก���I�ก(� A C T G ����%&�1��.�
ก���&.���J3���&���� ��ก���.�,�'"�*�
I3��"��I�ก(�V%H
1	T����Z�������%�.J&HI.3��J�  0#
�
�-HJ&HI.3��J��3�
������I3����������%�.���S-ก"HI� ���������+�ก��
I.3��J�����
���V%H�-H�3�.����� 1 1�����ก���1�[V&0#
.��"��
��� 2 I.-3���"��0%�3�V& (2�/��� 6) 

������� V�'�.ก3I���ก���.�,�'"�*�ก�
/�3�1	��
���'�V�J	���&�1I_�1I'3���������1ก��.�UHIก��.�� Z���
1	T�"��ก��%�&ก��'�H���	�"��1�3����� 0#
1��.ก���1�[
&��ก#3���3� coding region 0"3V�	o��������ก���.�,�'"�*
/��3�'3��UI��%�'���1&�1�K�I�3�J3J&H������1ก��.�ก��.�� 
1��.ก�3� non coding region %�KI Junk DNA ���� �'3��
V�ก�������ก��������UI�.��&H�. &�������
/��3�V�
���1�['�.UI�&�1I_�1I�
�����'3��UI� non coding 
region 0#
 coding region I.-3&H�. ��ก���.�,�'"�*"HI�
/.�.��H�%��3��.��I.-3���"��0%�3�V& 0#
V�0"3#

'��������"�.��I.-31�3�J%�3 Z���&H�.UHI-#������%�,�#���
1ก�&U���  �� �V%H V���� '�&J&H� ก����� 1�����#.�&H ��
�I/��1"I�*1UH��	�
.�ก"*V�HV�ก����&ก��UHI-# 
1��.ก�3� ���
	�
��'* (Bioinformatics) 1�3� ���
���&H��������.�ก��������&H���I/��1"I�* 1	T�"H� 
0"32�.%#����กก��,�ก(�J3���ก_/��3���ก��� 1�.
��&ก��[*�3���(.*�3��
�������.��1	T�0'� ก_#&#��
1%#KI1�_&%K�� %H�%K�� ก�
����	o������ก_/��3��I.-31/�.�
'�%K��%H�/��.��1�3�����  

 
2�/��� 6. "��I.3��ก��1��.�UI�"��I�ก(� 0#
ก��I3��
"��I�ก(�V%H1	T�����������%�. 1	��.�1��.�ก��ก��I3��
�%�'UI�1�' 
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I.3��J�ก_&����Y3����ก����S����1ก�&U���1'IW 
�3� ����'�����--���1 '����4�#�#*���'ก,����%���&'�?  
Z���Y#ก��,�ก(�/��3� 46 1	I�*1Z_�"*UI��	�"��V�
.�'"*/�V��� U[
��� 43 1	I�*1Z_�"*UI��	�"��V�
%�I�  61 1	I�* 1Z_�"*UI�0#�%���  0#
 75 
1	I�*1Z_�"*UI�	#�	oก1	���ก��1��.�#��1�'�#H�.
�	�"��UI��� ��� ���� � #�ก([
0"ก"3 ��ก���ก 
�Iก1%�KI��กก��1	��.�1��.��	�"��Z�� � 1	T �
����'�H�� (structure) U��&V%b3���0#H� V��	�"��0"3
#
���&	�
กI�J	&H�.%#�. domains Z���I��1ก�&ก��
'��1	#��.� (reshuffling) ก�� ���V%H�	�"��0"3#
���&
0"ก"3��ก�� 0"31K�I/����[�V�0"3#
 domains 0#H�
/��3�1กKI� 90 1	I�*1Z_�"*UI� domains V��	�"��
UI���1%KI�ก�����/�V�0#�%��� 0#
%�I� 0'&�V%H
1%_��3�'��������"1%#3�����#�ก([
�3�ก�� (conserve) 
%�KI�#H�.ก���ก ��ก����-H"��������V%H1ก�&,�'"�*���
1��.ก�3� �����'�	������'���   (Comparative 
Biology)  

�ก��ก#3��ก��1'I�3�'��������""3��W 1ก�&�
��ก���/����(1&�.�ก�� ��ก��������3I.W �����X��ก�� 
1ก�&ก��0"ก0U��IIกJ	1�K�I.W &������'��������"���1ก�&
V��3��1�#����Vก#H1��.�ก�� �3��
�.���������1%KI�
%�KI�#H�.ก���ก 0"3'��%���'��������"���1ก�&%3��IIกJ	
���1%KI�%�KI�#H�.ก��UI�.��ก_I���
�HI.#� 0"3
.�����.������#�ก([
�3�ก��I.-3 ]
����%�ก����S��
1�K�I�#��&��1�'UI�.�����I.-3V�%�- 0#
����%�H���� ก_
I���
���#��&��1�'UI�.��"������J	1	��.�1��.�ก��
#��&��1�'UI�.��V��� 1/K�I&-�3�#��&��1�'UI�.�����/�
V����%�H����I
J� �&.V�H%�-1	T�"H�0��%�KI1	T�"��
1	��.�1��.���ก����#H�.ก��UI�.�����J&H Z�����+�ก��
��� �KI 'ก�&&�1I_�1IIIก� 0#H����J	1/��������&H�.
1�����/�Z�I��* 0#
���ก��%�#��&��1�'UI�&�1I_�1I 
1K�IJ&HUHI-#0#H����#��&��1�'UI�&�1I_�1I���J&H1	��.�
1��.�ก��#��&��1�'UI�&�1I_�1I���1ก_�J�HV����UHI-#�3�
�%�KIJ3 Z���ก��,�ก(�V��-	0�����1��.ก�3�ก	�*-กD	
��	�
��)��E!����������	ก	� (Phylogenetics) 

��กUHI-#����%&������V%H1%_�S��#��&��U���V�ก��
��&�
�� (organization) UI�'�����������" ��ก'���"3��W 
���1%_� J3�3��
1	T��-	�3��2�.�Iก /^"�ก�� %�KIก��

1	T����"3��W #H��1ก�&U�����กก�
���ก��1"��I#�Z�
2�.V�1Z##*���S-ก�����&H�.&�1I_�1I %�KI����'�H��UI�
.�� %�.����3���ก '�[������.� (morphology) 0#

#�ก([
�� �	��ก\IIก�V�'� �� �� �� �" (phenotype) 
�3��
����'�/��+ *ก ��.���� ������#�ก([
���
/��+ �ก�� (genotype) 0#
V�U[
1& �.�ก ��
���กH��%�H�UI����.�,�'"�*���V%H�����3���(.*�
���0"ก"3��ก��	�
�[ 0.1 1	I�*1Z_�"* Z������
0"ก"3�����/��+�ก���� �# H���Y#"3I#�ก([
UI�
'� ���� �� �" 1�3� SH���JUHJ	%�%I&H�.I�ก��0��
1&�.�ก�� %I'���.�1%KI�ก�� 0"3	��ก\�3���JUH�

"I�'�I�"3I.����V�H��ก(�J&HJ31%KI�ก�� 1�K�I���ก�
#�ก([
���/��+�ก�����0"ก"3��ก�� ]
����0/�.*0Y�
V%3�
I�0"3#�ก([
%�KII�ก��UI������ �	��ก\
IIก�1/�.�I.3��1&�.�J3J&H 0"3I��"HI�&-J	S ��
#�ก([
UI�.����������&H�. %I���"HI�'���.����V�H
��ก(�0��1]/�
����# 1��.กJ&H�3�1	T�ก��1	#� �.�
��กw���J�	�'-3����J�	� 

����'�H��UI�.��%�KI%�H����UI�.�����1	T�1�K�I�
'����b &������ ก��,�ก(�&H��I[-������.� %�KI ���
�1#ก�# (Molecular Biology) �
,�ก(�0"31]/�
%�H����
UI�.��I.3��1&�.���J31/�.�/I 1/��
ก��������"3��W 
���1ก�&U�����ก.���	\�'�/��+*ก��.��IK��W 0#
'���0�&#HI
&H�. I�ก����1Z##*ก��1Z##*ก_.���	\�'�/��+*"3Iก�� ���V%H
"HI��ก��,�ก(������
�� %�KI���1��.ก�3������'�	�&�� 
Z�� ���ก����-H��� �%&'���S	�
�#V%H 1%_��3 �
����X��ก��V����������.��KII
J� ���%#�ก%#�.
UI�'��������"1ก�&U���J&HI.3��J� '��������"���&%��� �
0"ก"3����ก'��������"I�ก���&%����J&HI.3��J� 0#
1/��

I
J��������0"ก"3��ก���ก��ก  

%�ก.HI�J	"���0"3ก3I����&��*���I+���.S������3�'	�
��'* 'K�1�K�I����S��	o������ ��ก���.�,�'"�*J&H�ก��
��.�����3�'	���'*��กI
J�0#
����%�.�3�I.3��J�
�H�� Z���1K�I1&KI��S���.� 	� �.,. 2008 ���'�� 
Sciencetific American J&H1U�.������'��	S��ก��
��.�����3�'	���'*J�H�3� V�'�.UI�#��1��.' (Carl 
Linnaeus) �
/-&S��1�K�I�UI�ก��V�HI��ก���+�� 
(taxonomy) 1	T�ก����&�
��'��������"��ก���I�1%_� 
%�KI classical taxonomy "3I�V�	� �.,. 1942 ก_�ก��
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"���0����& biological species concept 1	T�ก��V�H
ก#Jกก��0�3�0.ก���ก��'K�/��+�*%�KI reproductive 
isolation �KI'��������"���&1&�.�ก���
'K�/��+�*J&H#-ก����
����"0#
J31	T�%��ก��'��������"1&�.�ก��1�3�����  
"3I�1����0����& phylogenetic species concept ���
V�H���'�/��+*&H������X��ก����3�&H�. 0"3V�
�H�.���'�&ก_/��3�J3�0����&V&����
V�HI+���.V���ก
ก�[�J&H "HI��ก������	�
.�ก"*V�H�3�ก��  

�H���� Linnaeus �ก����&%�&%-3'��������"
� &. V �H %#� กI�� ก � �� + ����� � "�� � 0"3 I �[��� ก � 
(Kingdom) J#3#����ก�
����S��'	���'*  (Species) 
����%&���'3��V%b3���0�ก��ก#�ก([
'�[���2�.�Iก
���	��ก\IIก� %�ก'��������"����0"ก"3��ก��ก_
0.กIIก��กก�� ��ก�
����0.ก"3IJ	J3J&Hก_��&1	T�'	�
��'* 0"3%�ก/����[�V%H#
1I�.&�ก.���U����
/��3� 
0H�3��
1	T�'��������"V�'	���'*1&�.�ก�� ก_.��/��3��
���0"ก"3��V�#�ก([
���I�1%_� 1/��
]
����ก��V�H
�-	�3��2�.�Iก���	��ก\V�ก�����0�ก'��������"1/�.�
I.3��1&�.�I���
J31/�.�/I  

"3I�J&H���1'�I0����&���1��.ก�3� biological 
species concept �&.�Iก�3�'	���'*1&�.�ก�� �
�0%#3�
'
'.��UI�#�ก([
/��+�ก��"3��W UI�	�
��ก�
����%&J�H ��1��.ก�3� `.��/-#a (gene pool)  0#

'��������"���&1&�.�ก���
"HI�Y'/��+�*ก��J&H#-ก��������"
ก��'��������"1&�.�ก��1�3����� 0#
J3'���SY'/��+�*
ก��'��������"���&IK��W J&H  ���V%H1ก�&���S�"3I�3� 0#H�
V�'�� ���� ��"������& 1�3� ��"� 1wI�*  %�K I�3 �V�
0����1��.Z���J3J&H'K�/��+�* �&.I�,�.1/,���  �
V�H
0����&���I+���.J&HI.3��J��H��  0����& phylogenetic 
species concept ���1ก�&U��� �&.�������0����&���
I�,�./K�������ก0����&UI�#��1��.' �KI &-��ก
#�ก([
2�.�Iก���0"ก"3��ก�� 1/�.�0"30����&  
phylogenetic species concept '���S�IกS��
����X��ก��J&H 0#
�IกJ&H�3�'	���'*�������/����(�
��กJ%� 0#
1K�I�#�ก([
V%31ก�&U����������
0"ก"3��J	��ก���/����(1&��
�ก��0.ก'�.IIกJ	 
1�3� ��'���S����
1&��J&H 1	T�"H� 0"3ก�
����ก_J3�
0����&V&����
V�HJ&H&�V���กก�[� '3�Y#V%H0����& 
unified approach 1ก�&U���  

Carl Zimmer J&HV�H0����& unified approach 
concept ���ก��,�ก(�0��V�0�#�wI�*1��. Z����
�-	�3��1%KI�ก���ก �&.1U�I.�ก�-H�3�0�������%&
ก��'	���'* ���,�ก(�&H�.ก��V�H marker UI�.�� 2 "�� V�
0�� ����-3ก��ก��,�ก(�0%#3����I.-3I�,�. V����'�&ก_
'���SV�H0����& unified approach concept 0�3�'	�
��'*UI�0��J&H����%& 6 '	���'* (2�/��� 7) 

%�ก/����[���ก��ก0����& �
/��3�0����&
'3��V%b3�กI+���.1ก��.�ก��/K�0#
'�"�* 0"3ก#��J3�3I.
ก#3��S��'��������"I�กก#�3%����V�+����"�Z����������
�ก �����KI ��#�����.* 1�3� 0����1��.%�KI�� ก��V�H
�-	�3��V�ก�����0�กก#�3�	������I"%�KI/�กI��*��
0����1��.����1	T�'������.�ก�ก 1/��
��#�����.*1กKI�
����%&��-	�3��1	T�0�3� (rod) %�KI �#�ก([
ก#W ���
V%H"HI��ก����1���
%*���0"ก"3��������1�� 0�� 
1�3� ���'���SV�ก��V�H����"�#"3��W ก��1ก�&0ก�' 
1	T�"H� "3I�V�	o������ก_1���V�H����1#ก�# (molecular 
biology) V�ก����&���0�ก'	���'*�กU��� 0"3ก_/��3�

 
2�/��� 7. 0����& unified approach concept ���V�HV�
ก��,�ก(�0��V�0�#�wI�*1��. 
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0H0"3V�'	���'*1&�.�ก�� I.3��1�3� E.coli K12 ก�� 
E.coli 157 1K�I&-S���
&��/��+�ก��0#H� /��3�����
0	�Y�� (variation) V�'	���'*�กก�3����0	�Y�����
1 ก� &U�� � �
%�3 � ���ก��Z� 0	�Z� 1'� .I� ก  I� ก��� �
��ก���.�,�'"�*/��3���ก1&����1�K�I�3���#�����.*J3�
�
��ก��'K�/��+�*0��I�,�.1/, ������V%HJ3�ก��
S3�.�I&.��1ก�&U��� 0"3�3� E.coli K12 %�KI E.coli ���
1	T�1�K�I��#�����.*	�
���S��� %�KI normal flora ���J31�.
�I��"��.V&W V�2�.%#��ก#��1ก�&�  E.coli 157  Z���
1	T� E.coli V�'	���'*1&�.�ก��0"3ก#��1	T�"H�1%"�UI�
ก��1ก�&��� 0#
1K�I��� E.coli K12 ก�� E.coli 157 �
%�#��&��1�'ก_/��3�0����1��. E.coli 157 �.��V%3���
J3/�V� E.coli K12 1#. Z���.��V%3���I��1	T�.�����
1	T� killer �KI ���V%H E.coli ก#�.1	T�"��ก3I��� 0'&�
V%H1%_��3�0����1��.%#�.W "�����1	T�'	���'*1&�.�ก�� 
%�กI.-3V�'2�/0�&#HI���0"ก"3��ก��I���
1	#��.�
��ก��#�����.*	�
���S������J3ก3I���J	1	T���#�����.*���ก3I
���J&H &��������ก���1�K�I�3�1	T�'	���'*1&�.�ก������ ���
����0#H�1	T�'	���'*1&�.�ก������%�KIJ3 0"3�������ก_�Y-H
1'�I�3�J3���1	#��.��3�J3V�3'	���'*  E.coli 0"3V%HV'3���
�3� I����3� 1/��1UH�J	0�� 1�K�I���ก1	T�#�ก([
���
1ก�&U�����ก���0	�V��������X��ก��   

UHI�H�/�V�1�K�I����0"ก"3�����/��+�ก��
���'���S1	#��.���#�����.*���J3ก3I���J	'-3��#�����.*���
ก3I���J&H��������3�����'����b0#
�	�
�.��*�ก 
1/��
0H�3�V�0����1��.�
J3�ก��ก��'K�/��+*0��
I�,�.1/, J3 �ก��S3�.�I&'��/��+ �ก��"�
0��"��� (vertical gene transfer) �KI ก��'3�'��
/��+�ก����ก�� 3�%�� ��J	.���� ���� 3�S�&J	 0"3ก#��
/��3��S3�.�I&'��/��+�ก��"�0��U���%�KI
0���I� (horizontal gene transfer)  �KI'���S
0#ก1	#��.�.��ก��J&H 0H�
J3J&HI.-3V�'	���'*%�KI����'
1&�.�ก�� %�KI���1��.ก�3� Dropping and Swapping 
Genes 1�3� V�  S. thermophilus  0#
  L. 
bulgaricus  �� �S -ก����V� H����.1ก�� *"����0#H�  
/��3��ก��0#ก1	#��.�.��ก��I.3����&1�� &H�.1%"����
ก��0.ก'	 �� �' *& H�.ก��, �ก(����'�/��+* 1���
����X��ก��'��%���'��������"ก#�3��#�����.*����'����b
�กก�3�ก�����I��ก���+�� ��ก��������3� E.coli  

K12 '���S1	#��.�J	1	T���#�����.*���ก3I���J&H 0#
�
���0	�Y��1ก�&U���J&H���� %�ก�ก��"�&"�ก��
1	#��.�0	#�I.3��Vก#H��& ก_�
���V%H1ก�&ก��	�I�ก��ก��
0/�3�
��&UI���#�����.*���ก3I���J&H 0"3ก�
����0#H�
�,ก��(+�5��-� ��'���6�ก��"+ก��	��� &���+���&�? 
"!���(���&���+���&������	��� �%!�����'����4�#�#*
���'ก,�? ��&�������%-#(��(7��%��ก�����,8��ก��)���
ก���,����-�'6��'��-�?  

������� %�ก��กS��2�/UI�&�1I_�1I�
/��3�����
0"ก"3��ก�� 0#
'���������V%H1ก�&���0"ก"3������ก_�
'�1%"���ก%#�.ก�[� 1�3� ก��ก#�./��+�* (mutation) 
ก � � 1 ก� & ก � � # & # � U I � � � � �  � Z   ( dropping 
chromosome) ก��1�#K�I�.H�. I/./ (migration) UI�
'��������" ก����ก��UI�#�ก([
UI�/3I0#
031K�I�
ก��Y'/��+�* (recombination) ก��1	#��.�0	#����S��
UI�.�� (genetic drift) ก����&'��"�+����"� 
(natural selection) 0#
ก��	���"�� (adaptation) Z����
���Z��ZHI��ก  

ก	�ก"	�)��EH! (mutation) 1ก�&U����J&HI.3��J�
�H�� �&.	ก"�&�1I_�1I�
"HI�S-ก'�H��V%3V%H1%KI�1&�
�� ก	�
ก�� 1/K� IS3 � .�I&J	.� �#- ก%#��  Z�� � V �
ก�
���ก��'�H��&�1I_�1I���� &�1I_�1I�
���%�H����1	T�
03/�/*1/K�I���ก����&#Iก 0#
V�ก�
���ก����&#Iก
0"3#
�����ก_I������Y�&/#�&1ก�&U���J&H 0H�3�V�
�3��ก�.�
��
��ก��"���'I�&�1I_�1I�������Y�&	ก"� 
1�3� ���&1�'%�.J	 1	#��.�J	 %�KI ����������1/���ก
U��� Z������Y�&	ก"����1ก�&U������I��1ก�&��กก��0#ก
����'3��UI�&�1I_�1IV��
%�3��ก����&#Iก&�1I_�1I  

'3��ก��1	#��.�0	#�UI�&�1I_�1I���1ก�&U���I.-3
"#I&1�#� 1�3� ก��S3�.�I& ก#3���KI &�1I_�1I�
I.-3V�
���1�#�.' Z���SH�1	T�ก��'K�/��+�*0��I�,�.1/, #-ก�
J&H
&�1I_�1I��ก/3I�����%����0#
03I�ก�����%���� ���V%H�ก��
��ก��UI�#�ก([
��ก/3I0#
03 1ก�&U���  0"3 V�
U[
1&�.�ก��ก_�&�1I_�1II�ก'3��%����I.-3V�J�"�I�1&��.
���I.-3V�1Z##*JU3 U[
���V�'1	��*�
J3� J�"�I�1&��.  
&������J�"�I�1&��.&�1I_�1ISKIJ&H�3�1	T��&ก���
/��+�ก�����S3�.�I&��ก03J	'-3#-ก1�3����� 0#
�
S-ก
S3�.�I&J	'-3#-กV��
%�3��ก��	\�'�+� �
1%_��3�J�"
�I�1&��.&� 1I_�1I�'3 ��'� ���b'��%���ก��'K�%�
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���/����(1	T�I.3���ก 1/��
�3�&�1I_�1I���I.-3V�
���1�#�.'�
S-ก��&#IกJ�H1/�.� 2 ��&1�3����� 1K�I1�#�
Y3��J	ก_I���
'-b%�.J	&H�. 0"3U[
���J�"�I�1&
��.&�1I_�1I�%�H����V�ก��Y#�"/#����� ���V%H�ก��
��&#IกJ�"��I�1&��.&�1I_�1I�������ก   

&������ �Iก�'����
1�IJ�"�I�1&��.&�1I_�1I���
.���'-�U���&H�. ���V%HV�	o�������ก�
�ก��V�HJ�"�I�
1&��.&�1I_�1IV�ก��,�ก(�����X��ก�� ก#3��I�ก��.%����
�KI %�กI.�ก�-H�3�I�w1	T����/����(UI�1��%�KIJ3 ก_
"HI��ก��"���'I�J�"��I�1&��.&�1I_�1I.HI�ก#��
J	 �&.#-ก��.%�KI#-ก'��V���3�0�ก�
�J�"��I�  
1&��.���J&H�����ก03 0"3%�ก#-ก��.J	0"3�ก��%b��IK�� 
#-ก���IIก��
1	T�J�"�I�1&��.��ก03UI��n�.%b��
0�� 0"3SH�#-กY-H%b��0"3���� 0#H�J3�3��
�#-ก1	T�
Y-H%b�� Y-H��.ก_�
J&H���J�"��I�1&��.�&H�. ���V%H
'���S"���'I�ก#��J	%�.�.%�KIb�"��n�.03J&H 

�Iก��กก�����J�"�I�1&��.&�1I_�1I�
�ก��
��&#IกJ�H�������ก0#H� ก_.���'3�����1��.ก�3� hyper 
variations �KI �ก��1	#��.�0	#�#��&��1�'���1�_�ก�3�&�
1I_�1I 10 1�3�  ���'� ���b�1#ก�#1%#3����'���S
����X��ก��J&H1�3�1&�.�ก��ก��'��������"����"�� ���V%H
����,�ก(�V�&H������X��ก��J&H �&.��ก���ก#3��
�0#H��3�1�#����&�1I_�1I�ก��0�3�"�� �
��Iก�'1ก�&
���Y�&	ก"�1ก�&U��� 0#
.������������Y�&	ก"�ก_�

��กU��� ������V%H&-J&H�3�'��������"1���0.กIIก���ก
���/����(1&����1�3�J� &H�.ก��&-��ก���0"ก"3��
UI�&�1I_�1I���I.-3V�J�"�I�1&��. 0"3V�	o������ก_
'���S&-��ก&�1I_�1I���I.-3V����1�#�.'J&H1�3�ก��  

�Iก1%�KI��ก���Y�&	ก"�&��ก#3��0#H�.���
���Y�&	ก"����1ก�&��ก'�1%"�IK�� 1�3� �� V���กW 
500 %�KI 1,000 1�' UI���'���� �
����Y�&	ก"����
1�'"��%���� ���V%H������ 4 ���#��&��1�'���0"ก"3��ก��  
(2�/��� 8) ���Y�&	ก"�%�KI���0"ก"3��UI�1�'
1/�.�"��0%�3�1&�.�������V%H1ก�&Y#"3�����ก�.2�/���
0'&�IIก�V�'��������"��� 1��.ก�3� Single Nucleotide 
Polymorphisms : SNPs %�KI '��	 

V����%#�ก%#�.%�KI���0"ก"3��V��
&��
	 � 
 � � ก �  � 
 1 %_ � � � �  0 " ก "3 � � ��� 1 �� . ก �3 � 
microsatellites �KI #��&��1�'���1��.�"��Z���ก�� 1�3� �

"��I�ก(� A C G T 0#H�ก_Z���ก��I.-3����%& 5 ��& 3 ��& 
%�KI 4 ��& Z������������Z���ก�� (2�/��� 9) �
1	T����������
�IกS�����0"ก"3��UI�	�
��ก�V�'�����������"J&H&H�. 
%�KI�3�I���
1ก�&ก�����#I�&�1I_�1I���0"ก"3��ก��J	I�ก  

I�ก'���%����������V%H1ก�&ก��1	#��.�0	#�V�&�1I_�1I 
�KI ก�����#��&��UI�&�1I_�1I'���S1�#K�I����J	J&H����
�� ��UI�'�� ���� ��"  1��.ก�3 �  ก��ก�
�&&UI�.�� 
(jumping gene %�KI jumping codons 0"3SH�1��.กI.3��
1	T����ก�� �KI transposon)  �&.����'*�/ZI�����
���'���SV�ก����&#Iก"��1I�J&H  �1I_�JZ*����
"�&
0#H����#I�"��1I� 0#
�������'3��������#I�U�������
'I&0��ก1UH�J	V�'3��IK��W �������ZUI�&�1I_�1I
J&H  0#
1K�IV'31UH�J	0#H� �
���V%H1ก�&ก��1	#��.�0	#� 
1�3� %�กV'31UH�J	V�����'3��UI�.��������%�H����%����I.-3
0#H� I���
�Y#V%H.��J3������%�KI���V%H1ก�&%�H����V%3

 
2�/��� 8. ���Y�&	ก"�UI�#��&��1�'UI��� 4 �� 

 
2�/��� 9. microsatellites #��&��1�'���1��.�"��Z���ก�� 
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U��� &������%�ก�ก��ก�
�&&UI�.���3I.W I���
1	T�
I��"��.J&H %�ก0"3�������0#H�V�ก#JกUI�'��������"
�
�ก��	�I�ก��J3V%Hก��ก�
�&&UI�.�������� 
1��.ก�3� &�1I_�1I 1��1#���� (DNA methylation) �KI 
ก�����ก#�31��# (methyl (-CH3) )J	1ก�
ก��'��
/��+�ก�� 1/K�I.��.���ก��������UI� ����'*�/ZI�0"3
�3�����'*�/ZI�1I�ก_�	�
�.��*  �&.���*���� 
0_ก���"_Iก (Barbara McClintock) J&H�H�/��3� ก��
ก�
�&&UI�.���������ZUH���/& ���V%HUH���/&�
'�"3��W 1�3� '�3�� '�1%#KI� 1	T�%.3IW 2�.V��oก
1&�.�ก��  

�Iก��ก���V���(.* ก��1ก�&����'*�/ZI��

'���S'I&0��ก1UH�J	V�"��0%�3�������1/�
1��
��
J&H ���V%H�ก��,�ก(�V�����'*�/ZI�����[UI�
��(.* ���1��.ก�3� Harbinger 3_DR �&.
��ก���.�,�'"�*ก��#��/.�.�,�ก(��3���� 1�[���
���1/�
1��
��&��ก#3��I.-3V����1�[V& 1/K�I�3�V�
I���"I������V�HV�ก����ก(� Z3I0Z.�����Y�&	ก"�
V����������Y�&	ก"�UI�.��J&H &H�.ก��V�H ����'*
�/ZI�1	T�"��ก#��V�ก���������'3��.�����"HI�ก��
Z3I0ZJ	.�����1�[���"HI�ก�� 0#
1K�I�ก��V'3
����'3��1UH�J	0#H�����'*�/ZI��
%.�&ก��������
������&.����
J3�ก��'�H��1I�JZ*"3IJ	 1	T�.��
�����& Z������1	T����กH��%�H����ก��0/�.*���I���

1ก�&U���   

1K�I�-H0#H��3�����X��ก�����1ก�&U����ก#JกI.3��J� 
0"3���S����1ก�&U���"���KI ����X��ก�����1ก�&U���1	T�
���/.�.� %�KI���"HI�ก��UI�'��������"V�3
%�KIJ3 ���"I��KI J3V�3 "��I.3��1�3� %�U�����U����#ก
J3V�31/��
�3�%�%��� 0#
"HI�ก��U����ก&&��"��1I�
V%H1ก�&����X��ก��1/K�I'�H��U�U���� 0"3����X��ก���KI 
ก��'�3 &���
1%_�J&H��กก��1ก�&ก��ก��ก#�./��+�* 
%�KI1ก�&1%"�ก��[*"3��W 1	T�ก��'�3�&.ก����&1#KIก
"�+����"� �&.+����"�J&H1#KIก��ก���0	�Y��
����I.-3V�	�
��ก�%�KII.-3V�'	���'*����W I.-30#H� &������
ก����&'��"�+����"�J3V�3'������'�-�[*0�� %�ก
'�� ���� �� "J3� ���0	�Y��I.-3 0#H� V�+����"� 
ก�
���ก����&'��"�+����"�ก_J3'���S1ก�&U���
J&H1�3�ก�� +����"����1#KIก'�������I.-3V�+����"�
1/K�IV%H����'���SV�ก��S3�.�I&/��+�ก��V%H0ก3

.����3�"3IW J	&H�. �KI 1K�I	�
'����'��1�_�V�ก��
Y'/��+�*0#H�ก_"HI�S3�.�I&/��+�ก��J	J&H&H�.  

V�I&�"�����ก���.�,�'"�*�ก�
/-&S�����
0"ก"3�����1ก�&U���V�'3��UI�.�����1�[ coding region 
(#��&��1�'���'���S0	#�%�'1	T��	�"��) Z���1ก�&��ก
ก��1	#��.�0	#�UI�1�' �	�"�����1ก�&ก��1	#��.�0	#�
J	&H�. 0"3V�	o��������ก���.�,�'"�*J3J&H/�3����
'�V�1]/�
���1�[ coding region 1�3����� 0"3�
V%H
���'����bก��'3�����1��.ก�3� non coding region ('3��
���J3'���S0	#�%�'1	T�.��J&H) &H�. ��ก1&����I��3�
1	T� &�1I_�1IU.
 %�KI junk DNA 1�3����� �������1/��
Y#
ก��,�ก(�/��3� V�'�.&�1I_�1I����%&�'3�����1	T� 
coding region 1/�.�0�3 1.5 1	I�*1Z_�"* '3�����1%#KII�ก 
98.5 1	I�*1Z_�"* �����KI'3��UI� non coding region 
]
����ก������I.-3V�'�&'3������ก 0'&��3�"HI�������
%�H����I.3��V&I.3��%����   

'3�����'I�����3�'�V� �KI '��������" 1�3� %�-ก����
��-	�3�����0"ก"3��ก�� 0"3�3� 90 1	I�*1Z_�"*UI�.��V�%�-
����1%KI�ก��UI����ก '3 ��.��V���ก�� 
#��Z�0	�Z�"3��ก��0�3 1- 2 1	I�*1Z_�"*  U[
�����(.*
'I�������0"ก"3��ก��1/�.� 0.1 1	I�*1Z_�"* 0#

"3��ก�����ก�&I
���1/�.� 1-2 "��1�3�����  &���������
1	T�J	J&H%�KIJ3�3� '���Z���1��1%_����0"ก"3����� %�KI 
����X��ก�����1ก�&U��� I��1ก�&�Iก1%�KI��ก���1�[ 
coding region �&.'3��UI� non coding region %�KI���
1��.ก�3� regulatory sequence  I������1ก��.�UHI�ก��
ก��������UI�.�� %�KII��1	T��'3����������ก��
������UI�.��V%H0"ก"3��ก�� Z���ก_�%�H����%#�.0�� 
1�3� J���I��*1I_�1I (micro RNA : '��/��+�ก��
U��&����������ก��1	T�'�.�-3'���W ���'���S���ก�� 
mRNAs 1/K�I.��.���ก��0	#UHI-#���/��+�ก�����V%H
%.�&ก��'�H���	�"��)  ����'���	���0w�1"I�*  
(transcription factors :�1#ก�#������['��"�/�1,(�KI 
'���S���1'H�&�1I_�1I�����%�'���1/�
J&H ���V%H'���S
�����ก��������UI�.��IK��W) ���'����bก�������ก��
'�H�� mRNA ����1'�./#������ก ����3��
"HI��ก��
��ก(�/#�����1I�J�H &H�.ก��1#KIกV�H1]/�
.��V�'3�����
���1	T� ���V%H.��"HI��ก��	�&-1	�& 0#
ก��������V�
'3������3��
���ก'3��UI� non coding &������ non 
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coding ���I��1	T�"����������ก��������UI�.�����
'����b  

�Iก��ก��� non coding region .��1	T�.�����
1ก��.�UHI�ก��ก��'�H��1_&'�'�&�� 0"31��.ก�3� yellow 
pigment 0#
ก����� .� �"� ���� � 
�� � � ��J&H  "H I �� 
����'���	���0w�1"I�* Z������%�H����1	T��	�"������

���ก��'3��UI� non coding region ���1��.ก�3� "��
�����ก��������UI�.�� ��ก�����
J	ก�
"�H�V%H.��
Y#�" mRNA 0#
 mRNA �
S-ก0	#�%�'J	1	T��	�"�� 
�
1%_��3�SH�J3� ����'���	���0w�1"I�*����ก��
�	�"��V����1�[��� .���
J3������ 0#
SH�1ก�&���
Y� &	ก"� U I�"� � ����� ก���� � � ��UI�.� �U�� � 
����'���	���0w�1"I�*ก_�
J3'���S1UH����J&H ���
V%HJ3�ก�
���ก��SI&�%�'UI� mRNA Z������J&H�3�
1	T�ก�������ก��������UI�.���-	0��%���� 

#3�'�&Y-H���J&H�����#��1�# '�U�������.� J&H�
ก��V�Hก���w#-II1�'1�_��	�"��V�ก���&#I�&H�.
1�3�ก�� .ก"��I.3��V�0#�%������&%���� Z����.�� 
yellow pigment  ����%�H���������ก��'�H��1_&'�&��
����V����1�[	�ก0#
�HI� �&.������1�[�HI��
S-ก

�����ก��'�H��1_&'�&H�."�������ก��������UI�.�� 
"��%���� U[
������1�[	�ก�
S-ก�����&H�."�������
ก��������UI�.�� I�ก"��%���� ก���H�/����1	T�	�
�.��*
�ก 1/��
�
1%_��3�%�ก1ก�&ก��1	#��.�0	#���� "��
�����ก��������UI�.��"��V&"��%���� ก_�
1ก�&ก��
1	#��.�0	#�1]/�
������ ���1	T����]#�&UI�'�������
����"V�ก�������� �KI SH�1	T����/����(Z���	�กJ3�'�  �'�
��� %�KI'�1%#KI�W I3I� J3��&'�&�� 1ก�&��ก ����'���	
���0w�1"I�*����ก��"�������ก��������UI�.�� 2 "��
��� %�ก0"3�3�ก������J3���V%H1ก�&ก��0'&�IIกUI�.��
������V%H	�กJ3���&  0"31K�I����'���	���0w�1"I�* ���� 
2 "�� �������1�[�HI� ก_�
ก�
"�H�ก��������UI�.��
���1�[�HI� ���V%H1	T�'�&�� "3I�1K�I�����X��ก��
1/��U���0#�%����#�ก([
/�1,(1/��U��� �KI ���1�[	�ก�
��&'�&��1/��
�3�� Enhancer 1ก�&1/��U����I�ก"��%���� 

&������ 1K�I����'���	���0w�1"I�*1UH����ก�� "�������
ก��������UI�.�� (Enhancers) ���� 3 "��  ก_�
J	
ก�
"�H�ก��������UI�.�����1�[	�กV%H�ก��'�H��1_&'�
&��U���� V�U[
������1�[�HI�J3�ก��1	#��.�0	#�UI� 
"�������ก��������UI�.�� ������V%H�HI��#�ก([
1	T�

 
2�/��� 10. ก�������'� �&..�� yellow pigment V�0#�%������&%���� 
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'�&��1%KI�1&� (2�/��� 10) 0"3"3I�1ก�&0#�%������J3
�1_&'�&��������1�[�HI� 0'&�V%H1%_��3�"�������ก��
������UI�.�� ���1�[�HI�I��1ก�&ก��ก#�./��+�* 
1%#KI "�������ก��������UI�.�� 1/�.�0�3"��1&�.����
���V%HJ3�'�1ก�&U��� 1	T�ก��0'&�V%H1%_�S��ก��������
UI�.��1/�.�0�3"��1&�.�0"3S-ก�����&H�."�������
ก��������UI�.��%#�."�� Z���#�ก([
1�3�����ก�
/�
V�.��������%�H����J&H%#�.I.3��  

I�ก"��I.3��%��������ก��,�ก(�ก���ก �KI 	#�
%#��%�� (Stickleback fish) ����ก��,�ก(�1�K�I�ก��
ก#�./��+�*ก���ก �&.V�I&�"	#����&���1�.I�,�.I.-3
V�����1�_ 0"31K�I����0U_�#
#�./�ก��ก_0/�3ก�
��.
1UH�J	I�,�.I.-3V������K&  ��กก��,�ก(�/��3�	#�%#��
%�����I�,�.I.-3V�����1�_�
�����Iก�#H�.%�� 
(spiny pelvic fin) 1/K�IV�HV�ก��	�I�ก��"�� 0"31K�IJ&H
.H�.J	I.-3I�,�.V�I�ก'���0�&#HI%�����KI0%#3������K&���
�3I�UH��"K��  ก#��/��3�����IกJ&H#&�-	%�.J	 �&.
'����(����3�I��'K�1�K�I����ก0%#3����I.-3I�,�.Z�
�3I�UH��"K�� ���V%H0#����I�,�.I.-3V�&��'���SU����

1ก�
I.-3������Iก 0#
����H�.	#� ����Iก���1�.����
%�.J	1/K�I1	T�ก��	�I�ก��"��1I� Z���Y#ก��,�ก(�
'��	�3� .�����V�HV�ก��������KI.��"��1&�.�ก��  0#
1	T�
.���������	ก"�1%KI�ก�� 0"3'3�����Y�&	ก"� �KI "��
�����ก��������UI�.��	#����I.-3V�0%#3������K&� "��
�����ก��������UI�.��Y�&	ก"� '3�Y#V%H.��J3������
���V%HJ3�ก��'�H������Iก  ���1	T����Y�&	ก"�����
	�
�.��*�3�.V%H	#��ก��I.-3�I&"3IJ	J&H (2�/��� 11) 

�Iก��ก�����ก��#�� ก_�ก��/-&ก��S��1�K�I� non 
coding region 1%KI�ก�� �&.ก#3��S��.������ก��
'�H���	�"�����1ก��.�ก��/^"�ก��0#
������V���
ก��V�#�� /��3�����1%KI�ก�� 0"3'3�������&�3�
�3��
����1ก��.�UHI��KI '3����������.�� %�KI non 
coding region ���V%H�����.�����.��1ก��.�ก��
/^"�ก��0#
������I.-3ก_1/��
�3��	�
�.��*ก����  

V��
.
1�#�%#�.0'�	� %#�.%K��	� ���Y3��� 
��(.*J&H�����X��ก��1ก�&U���I.3���ก ��ก��c� 
I�1��"�' (Homo erectus) �c�  Z�1	�.�  ��0I�1&I�*
��1#�Z�' (H. sapiens  neanderthalensis)  0#
 

 
2�/��� 11. ก��#&�-	����IกUI�	#�%#��%�� (Stickleback fish) 
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�c� Z�1	�.� (H. sapiens) Z���V�H�
.
1�#�V�ก��
����X��ก������ก 0"3�3�V�	o����������X��ก��J&HS-ก
1�3�U���I.3���ก  ���V%H1K�I� �c� Z�1	�.� 0#H�ก_� 
�c� 1�ก-#���' (Homo regularis)  V�	� �.,. 1947   
0#
2�.V��3��1�#�J3ก��	����1��ก_�   �c�  �I�I�1#_�

�"�����'  (Homo  nonelectronicus)  �c� &���"I#���' 
(Homo digitalicus) 0#
 �c� I��#_I�����'  (Homo 
analogicus) (2�/��� 12) '�&�H�.���UIUI���[Y-H1UH��3�
	�
����ก�3�����J&HV%H���'�V�V�ก�����.�.�������� 
UI�UI���[�3
       

 
 

 
2�/��� 12. ����X��ก����(.*%#��	� �.,. 1947 
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What is ecology research? 
Warren Y. Brockelman 

National Center for Genetic Engineering and Biotechnology (BIOTEC), E-mail : wybrock@cscoms.com 

------------------------------------------------------------------------------------------------------------------------------ 
 

At first, I thought this was an easy 
question to answer, but upon reflection it turns 
out to be two difficult questions. The first is 
what is ecology? The second is what is 
research, or what is ecological research?  
 
What is ecology? 

The term ecology is derived from the 
Greek word Oikos, meaning house, or the 
place where you live. This may be translated 
loosely as the environment where you live, or 
the things around you. (Figure 1)  Ecology, a 
discipline that had its origin in the nineteenth 
and early twentieth centuries, therefore came 
to mean the science of study of the relationship 
between the organisms and their environment. 
Of course, other organisms of the same and 
different species are part of the environment, 
so ecology came to include the study of the 
relationships between organisms of the same 
and different species. Hence, ecology became 
focused on the dynamics of populations and 
communities as well as the responses of 
individual organisms.  

“The relationship between organisms 
and their environment” proves to be an 
inadequate definition of the modern science of 
ecology. Many alternative definitions have 
been proposed-in fact, every textbook in 
ecology seems to offer its own definition, 
according to the interests and philosophy of the 
author. The most serious conceptual difficulty 
with the definition is its focus on the organism 
as though it were separable from the 
environment. Consider this: we breath air and 
absorb its oxygen, and we eat food that 
contains carbon and other nutrients that 
become integrated into our body. We then 
produce and breathe out carbon dioxide which 
becomes part of the atmosphere, and then part 
of the ocean, the sediments and the rocks. We 
are only temporary aggregations of elements 
that are borrowed from the environment. 
Viewed over time, we are not separable from 
the environment-we are really part of it. We 
are really part of a system: the organism-
environment system. This is what we call the 
“ecosystem”, of which we are an integral part, 
borrowing materials and energy in the peculiar 

configuration we call life. An early invention of 
planet Earth, but probably of other distant 
planets also.  

Another candidate definition of ecology is 
therefore the “study of the structure and function 
of the ecosystem”. This is not a bad definition of 
ecology, although not everyone prefers it. 
Modern ecology is definitely systems oriented. 
There are three different ways to analyze the 
ecosystem, each using a different “currency”: 
 
The Ecosystem: 
 
Biological organization: measured in the units 
of numbers of individuals, and focusing on the 
organization of populations and communities. 
The most fundamental law may be the 
mathematical principle of compound population 
growth. There are also important principles 
concerning population interactions such as 
competition and predation.  
 
Materials: involving at the highest level the 
study of biogeochemistry. The focus is on the 
cycling of nutrients, and the “currency” is 
grams, or kg, petagrams, etc. of matter. 
Governed by the fundamental law of 
conservation of matter. Important also are the 
laws of chemical oxidation and reduction.  
 
Energy: involving the study of ecosystem 
energetics, including heat and potential energy. 
The focus is on the “flow” of energy through the 
community and surrounding environment. The 

 
Figure 1. The organism is part of the house. 
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currency is the joule (the universal energy 
unit), or the unit of heat energy, the calorie. 
Governed by the laws of thermodynamics. 

These three components of ecosystems 
are not physically separable, but they generate 
their own research questions and special 
problems that are studied by specialists in each 
sub-discipline. Each component is governed by 
its own physical laws and theories. For 
example, the most vital difference between the 
flow of energy and flow of materials is that 
materials constantly recycle, while energy can 
never be recycled or reused. These two 
phenomena obey different physical laws, and 
they should never be confused in the same 
model. (Figure 2) 

There is considerable interaction 
between the sub-disciplines of ecology, and 
ecologists cannot consider themselves 
competent without some mastery of all of 
them. For example, how does top-down 
regulation by predators affect the flow of 
energy through primary producers? The first 
component dealing with populations also 
borders broadly with the fields of population 
genetics and evolution, and also animal 
behavior (behavioral ecology). There are really 
many sub-disciplines of ecology, but these are 
the central ones. Other sub-disciplines include 
such fields as behavioral, chemical, 
evolutionary, geographical, landscape, 
mathematical, molecular, physiological, soil, 
spatial, and statistical ecology. In fact, there is 
a sub-discipline for every major habitat type, 
and group of organisms. 

A large number of related disciplines are 
largely ecological in content, although often 
more applied in aims. They have been 
important in broadening the boundaries of the 

field. Examples are: agriculture, conservation 
biology, ecological anthropology, ecological 
genetics, fisheries biology, epidemiology, 
forestry, landscape planning, limnology, medical 
ecology, oceanography, and wildlife 
management. 

The last two components of ecology are 
sometimes subsumed within “systems ecology” 
(although community ecology has now also 
become rather systems oriented). Another 
definition that has been offered for ecology is 
the study of the dynamics of populations and 
communities, but this definition does not seem 
to cover all types of ecosystem ecology well 
enough. Still another definition is the study of 
the structure and function of the ecosystem, but 
this definition seems to sleight ecologists who 
study populations and communities! 

Another interesting definition of ecology, 
offered by American ecologist Robert Ricklefs, 
is the study of the economy of nature. It is the 
title of one of his textbooks. The ecosystem does 
have a lot in common with our economic 
system, and the analogy is fairly close. We have 
used the metaphor “currency” above from 
economics, as a standard unit of measure or 
value. The currency of the economy of course is 
money, or its various conversions or derivatives. 
We see all too clearly that this currency does not 
have an absolutely stable or fixed value, to the 
chagrin of economists and the misfortune of 
many of us. In scientific terms, we might say 
that it does not obey a firm law of conservation. 
Humans can live on borrowed money, but our 
bodies cannot stay alive on promises to pay for 
food. For these and related reasons economics is 
not considered to be a natural or “hard” science. 
But the real economy operates as a mixture of 
the social economy and hard ecology (people 
have to eat!). Because of the consequences of 
hard ecology for the economy (pollution, over-
harvest of resources, degradation of the 
environment, etc.), economics has developed a 
sub-discipline called environmental economics.  

Ecology does have other things in 
common with economics. Both fields are 
complex and have voluminous amounts of 
descriptive data. In both fields it is difficult to 
predict the future configuration of the system 
especially, in ecology, when working with 
multiple trophic levels. Both economic and 
ecological systems are characterized by 
instability and even catastrophic changes or 
failures, as a normal part of functioning. Over 
the last fifty years or so ecologists have 

 
Figure 2. The house leaks! The ecosystem is open 
with respect to energy and materials. 



 

 22 Proceedings of the 12th BRT Annual Conference  
10-13 October 2008 Surat Thani  

 22 

gradually abandoned the idea that communities 
and ecosystems are usually in a steady state, to 
which they return when perturbed.  
 
Ecology and Natural History 

Natural History (in capital letters) has an 
eminent and honorable place as the activity 
that largely gave birth to the field of ecology. It 
became fashionable back in the eighteenth and 
nineteenth centuries in Europe and America, 
and perhaps earlier in more ancient 
civilizations. Natural History is not really 
science, but it led to science when people 
started asking questions about how things 
worked and how they came about, rather than 
just describing them and contemplating their 
beauty. Early natural historians were wealthy 
persons with leisure to explore their 
surroundings, or hobbyists, and some, 
fortunately, were talented writers or artists 
whose work can still be admired. Others were 
compulsive collectors of artifacts or 
specimens. Hence we have natural history 
museums, journals, bulletins, clubs, etc. These 
organizations became more scientific as the 
sciences developed, and came to play 
important roles. Observation and description 
are essential initial activities in any scientific 
enterprise. 

Carl von Linné, Charles Darwin, and 
Alfred Russell Wallace were the preeminent 
natural historians and collectors whose work 
spawned modern evolutionary thinking. They 
(and many others) helped turn natural history 
into modern evolution, ecology, geology, and 
also animal behavioral biology. We are not 
finished with evolution yet: mid-twentieth 
century biologists such as David Lack, George 
C. Williams and William D. Hamilton refined 
our understanding of natural selection and 
provided original insight in how to apply the 
theory, originally developed for individual 
organisms, to complex characteristics of 
populations and social interactions. The work 
is continuing. It is clear that the Darwinian 
revolution is not complete, and most of the 
best theorists today are also the most skilled 
observers of natural history.  

Ecologists are concerned not only with 
how things function, but how they evolved. 
Only then do we fully understand them. One 
persistent problem in systems ecology is that 
without understanding what is optimized or 
maximized by natural selection, we cannot 
fully understand why the system functions the 

way it does. Ecological systems cannot really be 
understood by treating them as problems in 
engineering, as seemed to be the case in the 
early, heady days of the field. Each organism is 
“designed” to maximize its own fitness, not the 
harmony or efficiency of the whole system. 
“Systems analysis” cannot succeed by itself as 
an isolated sub-discipline; it must apply 
principles governing populations and 
communities of organisms, and of evolutionary 
ecology.  

Natural History is still important to us, and 
is the basis of Such important activities as 
describing and monitoring habitats, phenology 
and life cycles of plants and animals, inventories 
of species, and studies of distribution. These 
activities are basically descriptive, and although 
important to ecology, the science of ecology has 
gone far beyond them. Such descriptive 
activities do not qualify as “research” unless 
they are organized to answer significant 
questions about cause and effect, and how the 
ecosystem functions. More powerful analytical 
tools need to be brought to bear on the data, 
which need to be collected in a highly organized 
manner.  
 
What is ecological research? 

Ecological research differs from Natural 
History in its goal of determining causes and 
effects. For example, the limits of species 
ranges: are they determined directly by climate, 
availability of foods, or competition from related 
species? Are population limits determined by 
food limitation, pollution effects, or by seasonal 
weather changes? Is the number of species in a 
location determined by competition for 
resources, by immigration, or by chance 
extinction? Or is the diversity of species not a 
meaningful ecological property? Is primary 
productivity limited by water shortage, nutrient 
shortage, or by pressure from herbivores and 
diseases? What causes population fluctuations-
weather changes, diseases, food chain effects, or 
predators? These are all questions that have 
occupied the attention and challenged the 
ingenuity of ecologists. Unlike most theoretical 
challenges in physics, there is no one experiment 
or critical observation that will settle the issue 
for all circumstances.  

Establishing causes and effects in ecology 
depends a lot on examining correlations between 
variables. The many complex methods of 
correlation, regression, and ordination analysis 
seek to isolate different variables and establish 
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the ones that are associated with, and 
presumably responsible for, the differences 
that we see in nature. Ordination analysis seeks 
to order distribution or abundance along scales 
of variables to see which variables produce the 
trends or categories that we see.  

Perhaps the most important step in the 
scientific process in research is asking the right 
question-one that is meaningful in the context 
of our present knowledge. This step will 
determine how important the research is on the 
whole, and perhaps also the difficulty of 
publishing the results. Asking a good question 
(no question is either right or wrong) depends 
on mastery of the current literature in the 
discipline. We must know what is already 
known, and also what other scientists consider 
is important. This is tricky, because asking a 
good new question that involves a new 
approach also makes it more difficult to 
persuade other scientists that your ideas are 
important. Highly imaginative research 
scientists often have the most difficulty in 
publishing results. Therefore, for students 
entering the field it is far safer to pose a 
modest question that is already considered to 
be important and meaningful, and save the 
difficult or controversial ones for later, unless 
they are very talented and confident of their 
ability. 
 
The role of modeling 

Ecologists make generous use of models 
to help understand causes and effects. 
Analytical models help to understand more 
precisely the consequences of certain 
assumptions or interactions. Predictive models 
help us determine if our knowledge is 
sufficient to accurately predict the future. 
Simulation models help us in cases where the 
variables or their interactions are too complex 
to solve mathematically.  

Modeling activity has taken over much 
of ecology and models have nearly become 
ends in themselves, but this is a consequence 
of complexity and physical scale of the 
systems that we study. The numbers and kinds 
of models in ecology are very large. Here are 
some of the better known models: 

Population growth 
Population regulation 
Competition between species 
Predator–prey models 
Harvest–yield models 
Leslie matrix demographic models 

Population viability analysis extinction models 
Disease transmission 
Food web 
Energy flow 
Nutrient cycling 
Compartment models 
Foraging and search 
Immigration–extinction  
Relative abundance of species 
Neutral community occupancy 
Niche relation models 
Spatial dispersion 
Dispersal  
Colonization  
Meta-populations 

One easily gets the impression that 
ecology is more about the study of models than 
the study of the real world! However, the best 
ecological models are grounded in the real world 
and are tested with data from the real world.  
 

Experimental ecology 
In spite of all the sophisticated tools of 

correlation, modeling and statistical analysis, 
there are many problems that we wish we  
could solve by doing the ideal critical 
experiment. Without experiments it is hard to 
really prove much beyond doubt. Some 
ecologists consider experimentation on natural 
ecosystems as the only way forward in ecology. 
This view may be too harsh, particularly as 
ecological experimentation is not without its 
own difficulties and flaws.  

Nevertheless, experimentation has an 
increasingly important role in ecology and 
where field experiments are possible, they really 
do provide the most definitive answers. What 
kinds of experiments can be done on ecological 
systems? There are many kinds, but first we 
should examine some possible flaws in the 
approach. The most important problem is that in 
order to carry out an experiment, we need to 
fence in part of the environment, or otherwise 
modify the system. In order to create 
“treatments”, we usually have to alter the 
properties of the system we are studying. For 
example, enclosing a population prevents 
immigration and emigration and alters predation, 
and hence will alter the behavior and conditions 
of the population. The treatments that we create 
also run the risk of not being representative of 
the natural environment or its organisms, and 
hence put limits on interpretation of the results. 
We have a kind of uncertainty principle: by 
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studying organisms we must necessarily 
change their properties. 

Here are some of the kinds of ecological 
experiments that have proven important in 
understanding ecological systems: 
 
• Tagging experiments: to follow individual 

organisms or groups 

• Alteration of density: to study population 
control mechanisms; requires penning or 
fencing populations 

• Exclusion experiments: using fencing to 
study the effects of excluding predators, 
herbivores, etc. on food or prey populations 

• Transplant experiments: studying the 
performance of individual plants in another 
environment; may involve reciprocal 
transplants of local populations 

• Germination experiments on seeds to 
determine viability and conditions for 
germination 

• Altering the environment: to study the 
effects of changing nutrient levels, light 
intensity, water, etc. 

• Harvest experiments: to study rates of 
increase and effects of density reduction 

• Competition experiments: studying the 
effects of different species on performance 

• Diversity alteration: alter the number of 
species to study the effects of changing 
diversity on community performance 

• Laboratory experiments: to determine the 
growth and performance of animals and 
plants under defined conditions, or the 
metabolism and energetics of organisms 

 
Laboratory experimentation is often 

carried out on small organisms that can be 
raised in an artificial environment. The 
experiments on competition and predation in 
the ciliates Paramecium and Didinium carried 
out in glass tubes by G. F. Gause come to 
mind-perhaps the most famous and detailed 
ecological experiments ever carried out. Many 
other population experiments using many 
kinds of plants, yeast, protozoa, mites, 
cladocerans, flies, flour beetles, weevils, and 
even mice have been carried out in the 
laboratory environment. Such experiments 

may test principles of interaction, but 
extrapolation of the results to the natural 
environment requires further assumptions. In 
general, experiments are more easily carried out 
on plants than on animals. Without 
experimentation and manipulation, progress in 
plant ecology would hardly be possible any 
more. We are well beyond the age of pure 
description and classification in plant ecology.  

Experimentation has become so important 
and necessary in ecology that no student should 
consider carrying out doctoral research without 
including experiments. Exceptions might be in 
the study of large organisms in conservation 
areas, especially endangered species such as 
large ungulates, elephants, primates, birds, and 
carnivores. In such studies, however, non-
invasive technologies for monitoring, tracking, 
or genotyping individuals may be employed to 
gain new types of knowledge. Nowadays, a field 
study without any experiments will not easily 
make it into the top research journals in ecology. 
With the pressure now to publish degree 
research, students should if at all possible 
include experimental approaches. 
 
Publication 

Speaking of publishing, I remember a 
riddle we used to debate as children. If a tree 
falls in the forest and no one is there to hear it, 
does it make any noise? The simple-minded 
answer is that it does, even though there is no 
witness. But the correct answer is that there is no 
noise if no one is there to hear it. “Noise” is a 
sensation produced in the inner ear and brain-not 
by trees. No ears, no noise.  

Now let’s pose an analogous question for 
ecology students: If research is carried out but 
not published in a journal, does it really exist? 
Are there really any results? This is a question 
for master’s and doctoral students completing 
their theses. Of course, their theses will contain 
a results section, followed by discussion and 
references. But the objective of doing science 
research is to advance our knowledge by 
conveying the results to the scientific 
community at large. Science is not an isolated or 
individual activity done in a capsule. 
Universities teach students how to do science in 
order to produce scientists that will advance our 
knowledge. 

Too often, however, students have gotten 
a wrong and corrupted idea of why they have to 
produce a thesis-as a training exercise designed 



 25 
 

 !"#$กก&'(')*+,-.*&ก&'(')/0&(123'4ก&' BRT 3'!54#67 12  
10-13 8+9&3, 2551 /!4;-!<=+'&>?'@A&"6 

 25 

to measure performance, and to provide the 
student a diploma to enable them to get secure 
jobs. Much good degree research has in the 
past been abandoned as students feel the 
pressure, often coming from their parents, to 
just leave and get a job. Many of them don’t 
intend to do any more international caliber 
research. But if we didn’t really want to 
produce research scientists, why should we 
require them to produce a research thesis?  

The answer, then, is that unpublished 
results don’t exist as results as such, because 
the scientific process is not complete. If you 
can’t see the results in the literature, no one 
could say that they exist. When we say that 
“there has been no research on this aspect,” we 
mean that no research has been published on 
this aspect. Communication of the results to 
other international scientists is an essential part 
of doing science, and it is an essential part of 
degree research. Research doesn’t exist if it 
does not become available to all other 
scientists. There is no reasonable way that 
results in unpublished theses can take their 
place in the international literature and be 
easily accessed.  

Many science students do a good job in 
research and produce good results. It is tragic,  
 

however, that many of these results never see the 
light of day, and the work and all the resources 
going into it are completely wasted. For this 
reason universities have set as a final 
requirement the publication of papers in the 
international literature.  

The requirement for publication of 
research sets the bar much higher for students 
wanting a degree. In fact, writing a paper, 
including discussion of the results in the  
context of the world-wide literature, is not easy 
for any competent scientist, let alone a Thai 
student who is not fluent in English. For most 
scientists, it is the most difficult part of doing 
research. The process of editorial criticism, and 
sometimes rejection, is painful and causes delays 
in publication of up to several years. Writing up 
results and publication must be a collaborative 
activity among student, mentor, and other 
professional colleagues or collaborators. 

In my opinion the requirement of 
publication puts additional responsibilities on 
universities to train science students better in 
English reading and writing, literature search 
and analysis. The bar for passing into a Ph.D. 
program may also have to be set higher, as it is 
in most Western universities. 
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What millipedes can tell us about evolution,  
biogeography – and legs 

Henrik Enghoff  
Natural History Museum of Denmark, University of Copenhagen, Denmark,  E-mail : henghoff@snm.ku.dk 
 ---------------------------------------------------------------------------------------------------------------------------------- 

 
Introduction 

Millipedes (class Diplopoda) are 
terrestrial arthropods with a large number of 
legs (up to 750). They are sometimes confused 
with centipedes (class Chilopoda) but differ 
from them in a number of characters. Notably, 
millipedes have two pairs of legs on each body 
segment, whereas centipedes have one pair 
only. Also, centipedes have poison fangs and 
are predators, whereas millipedes have no 
fangs and are mainly detritivores. 

Millipedes, centipedes and the two small 
groups Pauropoda and Symphyla constitute the 
Myriapoda. Myriapoda seem to be a 
monophyletic group (with the Pauropoda being 
the millipedes’ closest relatives), but what the 
closest relatives of Myriapoda are, is still open 
to debate. 

There are three main morphotypes of 
millipedes. Most millipedes belong to 
Helminthomorpha, a large group that includes 
the typical long, cylindrical ones, but also the 
often colourful flat-backed mililpedes, 
including the spiny ‘dragon millipedes’ (genus 
Desmoxytes). Pill-millipedes (Sphaerotheriida 
and Glomerida) are short and broad animals 
which can protect themselves by rolling up 
into a perfect sphere. The third morphotype is 
constituted by the tiny pin-cushion millipedes 
(Penicillata) which unlike the other groups 
have a soft cuticle but are protected by a dense 
covering of elaborate setae. 

A general textbook on millipedes was 
provided by Hopkin & Read (1992), and 
Sierwald & Bond (2007) gave an overview of 
the current status of millipede taxonomy, 
including phylogeny. 

There is a number of significant traits of 
millipedes which make them suitable objects 
for various types of research, including: 

1. Their poor mobility in combination 
with their tendency for form very local, 
recognizable forms  

2. Their many legs  
3. The fact that the number of legs is 

highly variable, both between species and 
within species  

4. Their diverse means of chemical 
defense (Eisner et al. 2005) 

5. Their intricate sperm competition 
(e.g. Barnett & Telford 1996) 

6. The brood care in certain groups 
(Enghoff 1984) 

I will focus on traits 1-3. 

Poor mobility, biogeography, speciation 
In spite of their many legs, millipedes 

are not very vagile animals. In addition, they 
tend to form morphologically recognizable, 
local forms (morphospecies) usually  
distinguished – as far as Helminthomorpha are 
concerned – by  details in the often very 
intricate male copulatory organs, the 
gonopods. The differences may also, however, 
concerns details in colouration, surface 
structure, lengths of appendages, etc, etc. 

As a result, most millipede 
morphospecies occupy limited geographical 
areas. Even higher taxa of millipedes, such as 
families, often have quite restricted ranges. For 
this reason, millipedes are suitable objects for 
studies on historical biogeography and 
speciation. 

I will present three examples of this from 
my own research, dealing with different 
taxonomic levels within the order Julida. 

Intraspecific – geographical parthenogenesis 
Nemasoma varicorne C.L. Koch, 1847 

(family Nemasomatidae) is a tiny species 
which lives under dead bark over most of 
Europe. In Central Europe, males and females 
are equally abundant, and reproduction is 
bisexual. In the periphery of the species’ range, 
however, males are absent or exceedingly rare, 
the females’ seminal receptacle is reduced, and 
reproduction takes place by parthenogenesis. 
Nemasoma varicorne is a very neat example of 
geographical parthenogenesis (Enghoff, 1976, 
1985, 1994; Hoy Jensen et al. 2002). 

Species level – speciation on islands 
The Macaronesian islands in the 

northern Atlantic Ocean harbour a rich fauna 
and flora with numerous groups of closely 
related endemic species which are supposed to 
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have arisen through speciation on the islands. 
There are several such endemic species 
swarms among millipedes, the largest being a 
group of 29 species of Cylindroiulus (family 
Julidae) on the islands of Madeira and a group 
of 53 species of Dolichoiulus (Julidae) mainly 
from the Canarian archipelago but with a few 
species on Madeira and the Cape Verde 
Islands. Although closely related, the species 
in each group are quite diverse with respect to 
size, development of eyes, relative length of 
legs etc., and especially in the case of 
Cylindroiulus, the morphological traits are 
correlated with different microhabitats: leaf 
litter, soil surface, endogean, on trees etc. 
Quite often, and most pronounced in 
Cylindroiulus, several species are sympatric in 
the same microhabitat, and in these cases they 
are usually of different sizes. On Madeira, the 
evolution of the Cylindroiulus species swarm 
appears mainly to have taken place within a 
single island, whereas on the Canarian 
archipelago which consists of seven islands, 
dispersal and isolation between islands seems 
also to have played a role (Enghoff 1982, 
1983, 1992a,b, Enghoff & Báez 1993). 

High taxonomic level – the Holarctic order Julida 
The order Julida is essentially confined 

to the Holarctic region, with just a few genera 
extending into the Oriental (Malacca 
peninsula) and Neotropical (Mexico) regions. 
The order includes 16 families, the 
relationships between which were analyzed by 
Enghoff (1981, 1991). Based on phylogenetic 
analysis, Enghoff (1993) presented a historical 
biogeographical analysis. Among the results of 
this analysis can be mentioned that the 
occurrence of the Julida (notably the genus 
Nepalmatoiulus, family Julidae) in the Oriental 
region seems to be secondary, the family 
Julidae having its origin in the western 
Palaearctic subregion. 

How to walk with so many legs? 
Intuitively, locomotion presents a 

challenge to an animal with as many legs as a 
millipede. Millipede locomotion has primarily 
been studied by S.M. Manton who published a 
series of impressive papers on the locomotion 
of millipedes and other arthropods. Her results 
are summarized in her book from 1977: “The 
Arthropoda – habits, functional morphology 
and evolution” which is highly readable 
although her ideas about evolution are no 
longer widely accepted. As a curiosity within 

the field of millipede locomotion it may be 
mentioned that some African species in the 
family Stemmiulidae (order Stemmiulida) are 
able to perform veritable jumps! (Evans & 
Blower 1973). After Manton, the study of 
millipede locomotion has been taken up by few 
authors (e.g., Wilson 2003).  

From six to 750 legs 
“Millipede” means “a thousand legs”, 

but so far, an individual with a thousand legs 
has not been found. The current World record 
is held by Illacme plenipes Cook & Loomis, 
1928 (order Siphonophorida, family 
Siphonorhinidae) which may have up to 750 
legs (Marek & Bond 2006). The lowest known 
number of legs in an adult millipede is 22 (11 
pairs) in certain pincushion milipedes. 

With few exceptions, newly hatched 
millipedes have only three pairs of legs, like 
insects. The adult number of segments and legs 
is reached through a variable number of 
moults, at each of which new pairs of legs are 
added, a process known as anamorphosis. In 
some millipede groups, anamorphosis follows 
a strict course, where each postembryonic 
stadium has a fixed number of segments and 
legs, whereas in others, the number of stadia, 
as well as the number of segments and legs in a 
given stadium, may be variable. Enghoff et al. 
(1993) distinguished three types of 
anamorphosis. In teloanamorphosis, the 
number of stadia, and the number of segments 
and legs in each stadium, is fixed. In 
euanamorphosis, these numbers are variable, 
and there is no fixed end-point for 
postembryonic development. Finally, in 
hemianamorphosis, the numbers of segments 
and legs increase in the first phase of 
postembryonic development, but once a certain 
number of segments and leg-pairs has been 
reached, further moults take place without the 
addition of segments or leg-pairs. Based on a 
phylogenetic analysis, Enghoff et al. (1993) 
concluded that hemianamorphosis is the 
original mode of anamorphosis in millipedes, 
and that the other types are secondary 
developments. 

The future of millipede studies 
Although around 12,000 species of 

millipedes have been described, the actual 
number of existing species is certainly many 
times higher. A recent estimate of 80,000 
existing species (Hoffman et al. 2002) is 
probably not exaggerated.  The recent 



 

 28 Proceedings of the 12th BRT Annual Conference  
10-13 October 2008 Surat Thani  

 28 

discovery of eight new species of large (9-15 
cm long) Thai species in one subgroup of 
species in the genus Thyropygus (order 
Spirostreptida, family Harpagophoridae) by 
Pimvichai et al. (in press) is symptomatic of 
the present state of our knowledge.  

With so much still to do in basic 
millipede taxonomy, the amount of work that 
is needed to obtain a reasonable state of 
knowledge of the biology of millipede species 
is obviously enormous. Coming back to the 
taxonomy, which forms the necessary basis for 
other approaches, it is a pleasure to notice that 
a millipede made it to the “Top ten new 
species” of the year 2007 
(http://www.species.asu.edu/). This species, 
“the shocking pink dragon millipede”, 
Desmoxytes purpurosea Enghoff et al., 2007, 
was chosen because of its striking colour, and 
while it may be argued that this is not 
necessarily of the greatest scientific interest, it 
has certainly served to raise awareness about 
millipedes and the necessity of research on 
these fascinating animals. 

Finally, to come back to the legs: I am 
sure that a real millipede, with a thousand legs, 
is out there, waiting to be discovered! 
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BC��	#Fก%#�ก%#�,'�,G��+�* �&,D�CLก#�?	O�%#�กH��
	�
กA�ก��>�ก(� L#
L�I�BC��	#FกAAก?	O� 3 ก#�I
D%^IY �@A '�,G��+�*���#�I����A��
��&�%�@A���A��?&�,, 
'�,G��+�*AI��?��กA# L#
'�,G��+�*#�I�����B� M���L"I#

'�,G��+�*�
�#�ก(P
?JG�
���L"ก"I��ก��E	  

��ก����P�&��L����&?ก��,�ก������S��ก��BA�
BC��	#FกD�	�
?�>E�, 2 L����& �@A L����&L�ก?�@�A
�I���(,*��ก	�
?�>���"A�?%�@A (��S�+��#�����) 
�����S�+��ก��	#FกBC���?],L]I���	�
?�>���"A�D"C

 
R�G��� 1. ?#T&BC��	K� AAE�M� �FVZ�GกA� 
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L#
#��,��	�
?�>E�, L����&���'A�?�@�A�I�ก��	#Fก
BC��?	O�����S��ก����� ?ก�&B���R�,D�	�
?�>E�, 
(',�)  

��กก��>�ก(����D%C?�@�A�I������E�,D�A&�" 
%�@A	�
�P 4,000 	��L#C� E&C���BC��	K��	#FกL#

?��,��FCก��	#FกBC��&C�,"�?A� �������ก��QI�,�A&
RF�	N^^�"I��Y ��ก��I�'FI��I����Q��	N������ ?%T�E&C
��ก�IA��A,%#�กH�����G�D��C��?��,� ���%��&A�&�+��� 
L#
���Q���	��l�� ���%��&LIlIA�'A� ?	O�"C� 'I��D�R��
A�'��กTG�%#�กH�����L'&�D%C?%T��I�]FC�����A�'��D�
A&�" %�@A	�
�Pก�I� 1,000 	����]I��� �ก�����BC��
�	#Fก �&,�
?%T�E&C��ก��S�+��ก��D�Cก�
"��BC��
?%��,�������C����L#C� M���G�?%T�E&C����E	D�R��
A�'�� L#
G�G�+R�Pm*�C��?��,�L'&�ก�
"��BC��
����P A,FI����C��?��,� ���%��&A�&�+��� (R�G��� 2) 

��กก��>�ก(�?�@�A�BC������GA'��� 
'���Q,@�,��E&C�I�BC�������S��ก��ก��	#Fก?ก�&B������
	�
?�>E�, (',�) ������� �&,D�C%#�กH����� DNA 
?	O�"��,@�,�� M�����กก��>�ก(�?�@�A�#��&��?�' %�@A
#��&������#��AE�	p D�,��"I��Y G��I�BC�����	#FกD����
���#�I?B"R��A�'�� %�@ABC�����	#FกD�G@�����'F� ?�I� 
BC��E�I���	#FกD����?%�@A D�A&�"]FC�����A,FID�',�E&C
���BC��	K��	#Fก L#C�?ก�&ก��]'G��+�*BC���&,
+����"� ?@�A�ก��]'�
%�I��G��+�* 'I�]#D%C?ก�&
���%#�ก%#�,BA�G��+�*BC�� (R�G��� 3) M���'���?%#I����
?	O�?G�,�'I��%����BA�	��กqก��P*���?ก�&B���  

��ก���R��?%�@ABA�	�
?�>E�, E	��Q��
	�
?�>?��,&�� ���"A�D"C L#
#�� �
�ก��	#Fก
BC��E�IL#
BC����&��G��+�*"I��Y ?@�A��?���
%* DNA 
BA�G��+�*BC��?%#I���� G��I�����L"ก"I����กG��+�*
BC�����	#FกD�������#�IR��ก#�� M���	#FกBC����&�� 
?�I�?&�,�ก�����R��A�'�� %�@AR��?%�@A���?	O���#�I 
BC�����	#FกD����R��?%�@A�
�#�ก(P
?#T&D%^I M���
��&A,FID�ก#�IBA����	��ก� %�@AM��'	���'* ���	��ก� 
(subspecies japonica) %�@A ��A	Z�A# ���	��ก� 
(tropical japonica) D�BP
?&�,�ก��BC��E�I���A,FID�ก#�I
���	��ก�กT�
����'�,G��+�*����#�ก(P
?#T&	rA M���
'���QG�E&C����D�R��?%�@AL#
R��A@��Y BA�
	�
?�>E�, ������G��+�*BC�����	#FกD����R��?%�@A
BA�'		. #�� ?�I� M��?%�@A'I���กBC��?%#I�����

?#T&	rA���	#Fก?	O�BC��E�I ?��,ก�I� M��'	���'* ���	��ก� 
BC��D�ก#�I���	��ก�QC�	#FกD�	�
?�>^��	�K� ?ก�%#� 
L#
E"C%��� ?��,ก�I� ?�?GA?�" ���	��ก� (temperate 
japonica) G��+�*BC��?%#I�����?#T&	rA��กG��+�* 

QC�	#FกD����R��?%�@ABA�	�
?�>#�� %�@A
���?%�@ABA�	�
?�>?��,&�� %�@A���R��?%�@ABA�
	�
?�>E�, M���?��,ก�I� ��A	Z�A# ���	��ก� "��A,I��
'�,G��+�*BC��D�ก#�I��� ?�I� BC��G��+�*EกI�CA, L#
BC��
G��+�*LG�L&� ?	O�"C� M���?	O�'�,G��+�*BC����ก	�
?�>
#�� L#
�BC��G��+�*LIlC�� M���G�	#Fก����D�	�
?�>#��
L#
E�, �#�ก(P
?#T&,��?��,� L"ก"I����กBC��^��	�K�
����?#T&ก#	rA M���A,FID�ก#�I?�?GA?�" ���	��ก� 
BC�����G��+�*LC�I��
��F	�I��?#T&?%@A�ก��L"IกT��&A,FI
"I��ก#�Iก��"��F	L��BA� DNA ?�I� G��+�*G�(P��#ก 
60-1 �����&A,FID�ก#�IA��&�ก� L#
G�(P��#ก 60-2 ��&A,FI
D�ก#�I��A	Z�A# ���	��ก� BCAF#BC��"C����D%C�����I�
BC�����	#FกD�	N�����������S��ก�����กBC��	K� "IAE	

 
R�G��� 3. �F	�I��L#
#�ก(P
BA�G��+�*BC��G@��?@A� G��+�*"I��Y 

 
R�G��� 2. ก�
"��BC��?%��,�����P ��&L'&�����C��?��,� ���%��&
A�&�+��� '
�CA�D%C?%T��I����A�'�����S�+��ก��	#FกBC���
������ 1,000 	�  
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�
L,กD%C?%T��I�BC��	#Fก � 2 M��'	���'* �@A A��&�ก�
ก�����	��ก� �&,D�C��+�ก��L,ก �@A ?A�?#T&���EI�
Lก#��,CA&C�,'��#
#�,&I�� (KOH) QC�?	O�BC��
^��	�K�M���A,FID�ก#�I���	��ก��
QFก,IA,'#�,ก#�,?	O�
?T&L	r����#
?A�,& L"IQC�?	O�BC��D�ก#�IA��&�ก��
��
"IA'��#
#�,&I�� M���?@�AQFก,CA&C�,'��#
#�,&I��
?#T&�
,�����F	�I��?%@A�?&� 

�Aก��ก���,��'���QL,กBC��E�I��กR��?%�@A
ก��BC��D���&����กR��ก#��E&C ?�@�A���กBC��D���&��
BA�R��ก#�� ?#T&G��+�*�
�����"IA'��#
#�,&I�� 
L#
,��'���QL,ก�&,D�C?	#@Aก%�@ALก#�E&C �&,?A�
Lก#��,CA&C�,'��#
#�,V��A# (1.5% phenol 
solution) M���QC�?	O�BC��D�ก#�IA��&�ก��
?	#��,�'�
Lก#�ก#�,?	O�'�&�� 'I��BC��^��	�K������&A,FID�ก#�I���	
��ก� '�BA�Lก#��
���� ?@�AQFก,CA&C�,'��#
#�, 
V��A#�
EI?	#��,�'�   

���ก���,�>�'"�*���^��	�K�G,�,�>�ก(��I�
?T&L	r���กG��+�*BC��D�ก#�I���	��ก�ก��ก#�IA��&�ก�
"I��ก��A,I��E�? M���?@�A&F����'�C��R�,D�BA�?T&L	r� 
G � �I � D � ? T & L 	r � ' � , B A � A 
 E  � # ? GT ก "� � 
(amylopectin) ��������"�#ก#F��' (Glucose) "IAก��
?	O�'�,,������ � 2 L�� �@A A
E�#?GTก"��'�,,�� 
(%�@A L - type amylopectin) L#
A
E�#?GTก"��'�,
'��� (S - type amylopectin) M���'�,'����
G�D�BC�����
A,FID�ก#�I���	��ก� L#
'�,,���
G�D�BC��ก#�IA��&�ก� 

BC��?%��,�ก��BC��?�C�L"ก"I��ก��A,I��E�? D�
'�,���?	O���ก?��,� ?��E&C?��,��FC�I�?@�A���L	r��,CA
&C�,'��#
#�,EA�A&�� L	r��
?	#��,�?	O�'�����?��� L"I
�������L#C� ?@�A,CAL	r�&C�,'��#
#�,EA�A&�� 
'���Q?	#��,�'�E&C����'�����?��� %�@A'��GFQ���GF?BC 
M���QC�?	#��,�?	O�'�����?���L'&��I�?	O�L	r�BC��?�C� L"I
QC�?	#��,�?	O�'��GFL'&��I�?	O�L	r�BC��?%��,� &C�,
?%"�������D%C?��'���QL,กBC��?%��,�L#
BC��?�C�E&C 
�&,D�Cก��,CA&C�,'��#
#�,EA�A&�� D�BC��?%��,��
L	r�A
E�#'A,FI�CA,�ก %�@AEI�?#, 'I���ก�

?	O�L	r����&A
E�#?GTก"�� 'I��BC��?�C��L	r�A
E 
�#'A,FI	�
�P 10 - 35 ?	A�*?MT�"* ��� ?%#@A?	O�
L	r�A
E�#?GTก"�� ,����������ก��'�C��L	r�A

E�#' ���A,FID�?#T&BC���
A,FID������M��� 6 �
#�ก(P
 �@A � 14 ?ATกMA� (exon) ����&C�,A����A� 

(intron) M���?	O����?�P���EIE&Cก��%�&ก��'�C���	�"�� 
(non-coding regions) 'I�����?�P���ก��%�&ก��'�C��
�	�"�� ?��,ก�I� coding regions M���QC�,�������ก��
'�C��L	r�D�BC��?%��,�L#
BC��?�C� ?ก�&ก��]�&	ก"��
���
D%C?ก�&ก��ก#�, (mutation) BA�#��&��?�'D� DNA �@A 
�
%�I��?ATกMA� 1 (exon 1) ก��A����A� 1 (intron 1) 

�&,	ก"�D�'��������"G�ก,F�����A" (eukaryotic 
cell) %#����ก�ก��L	#�%�' %�@A?ก�&ก������'���	���� 
(transcription) ?	O�L'?MT�?�A�*A��*?AT�?A (messenger 
RNA :mRNA) ?'�T�L#C� mRNA �
�ก�
���ก��
?	#��,�L	#�A�ก�����%���� �@A �ก��"�&A����A�AAกE	 
?G@�AD%C?ATกMA��"IAก�� L#C�L	#�%�'?	O��	�"�� �&,
	ก"��
?�����ก���?�PA����A� 1 �
�����#��AE�	p G 
?BC��"IA L"IQC����?�P&��ก#I��?ก�&ก��]�&	ก"� ก#��
?	#��,�?	O� T ?BC��"IAL����� G �
?ก�& point mutation 
���D%Cก��"�&"IAA����A�D����?�P&��ก#I��AAกE	EI
%& �
?ก�&	N^%� �@A 'I�� mRNA ���?	O�L'?MT�?�A�*
A��*?AT�?A'�F�P* (mature mRNA) �
����]�&	ก"� 
EI'���Q������E&C  

�Aก��ก���,��'���Q"���'A��	�"���&,D�C��+�
?�#A�?#��"��V��M�' (Gel electrophoresis of protein) 
�&,G��	�"�����?	O�?A�EM*������%�C����D�ก��'��?���
%*
L	r�A
E�#' L#
G��I�G��+�*BC������?	A�*?MT�"*A
E�#' 
'F� �
��	�"��&��ก#I���IA�BC���ก L"ID�G��+�*BC������
?	A�*?MT�A
E�#'"��� �	�"��&��ก#I���
L'&�AAกE&C
�CA, %�กL�I�G��+�*BC ��AAก"��
&��?	A�* ?MT�"* 
A
E�#' '��QL�I�AAกE&C 4 ก#�I �@A (1) ก#�IA

E�#' 0 ?	A�*?MT�"* �@A ก#�IBC��?%��,�  (2) ก#�IA

E�#'"��� �@A ก#�IBC��?�C�����A
E�#'�CA,ก�I� 18 
?	A�* ?MT�"*  BA�	���PL	r���� �%& (3 ) ก#�IA

E�#'	��ก#�� �@A ก#�IBC��?�C�����A
E�#' 18-25 % 
(4) ก#�IA
E�#''F� �@A ก#�IBC������A
E�#'�กก�I� 
25 ?	A�*?MT�"* BA�	���PL	r�����%& ?�I� BC��?�C�
G��+�*?#T��ก ������	�
���ก��D����R��D"C  

BC��	K����?	O����G����(BA�BC��	#Fก�������?	O�BC��
?%��,�%�@ABC��?�C����� BC��	K���ก'�,G��+�*���>�ก(�#C��
?	O�BC��?�C�����%& L#
,��EIG���,����I��BC��	K�'�,
G��+�*D&���?	O�BC��?%��,�  'I��%�������?	O�BCAL"ก"I��
�
%�I��BC��?�C�ก��BC��?%��,� �@A D�����BA�BC�� ���
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?	O����?�PBA�?ATกMA� 2 �
�?�'?G��B��� ������ 23 
?�' �� �D%C�� ?ก�&ก��ก#�, (mutation) D�'I��
&��ก#I�� �@A �ก��'A&L��ก (insertion) D�BC��?%��,� 
G��I� 23 ?�' ?	O� duplicate �@A � 2 M���BA�#��&��
?�'��&��� L"ID�BC��?�C��
�M���?&�,� ?G��
J
����ก��
?ก�&���]�&	ก"�"����� %�,����I��ก��L	#�%�'
EI?	O�	ก"� ?�@�A���ก��%�'%,�&R�,D�#��&��?�'BA�
,�� (internal stop codon) ?ก�&B��� M���GAQ��'I�����ก��
L	#�%�'�
%,�& ���D%C#��&��?�'BA�,��'I��A@��EIQFก
L	#�%�' 'I�]#D%C�	�"��EI'���Q���%�C����E&C '���
?%#I����?	O�BCAL"ก"I���
%�I��BC��?%��,�ก��BC��?�C� 
M���'���Q"���'A�E&C�&,D�C?�����#,� RT-PCR 
%�@Aก����?���
%*#��&��?�'BA� DNA ���?	O�,�� 

��ก]#ก���� ?���
%*�� �D%C����Q�����
L"ก"I���
%�I��BC��?%��,�ก��BC��?�C� �&,D�ก��
�&#A�E&CD�CBC��B��&Aก
#� 105 ก�� กB 15 M����
� 
mRNA ���]�&	ก"��ก ?@�A?��,�?	A�*?MT�"* ก�� 
mRNA 	ก"� D�BP
?&�,�ก��QC�D�CBC��G��+�*?%#@A� 11 
ก��BC � �G��+�* �� ,��� 1 M�� � ?	O�ก#�I BC �� ?�C ���� �
?	A�*?MT�"*A
E�#''F� ?	A�*?MT�"*����
?	O� mRNA 
L��	ก"��
�'�&'I�����'F��กQ�� 99 ?	A�*?MT�"* ����
%�,����I��ก��"�&A����A� 1 AAกE	E&CA,I��
'�F�P*L#C� M����?	A�*?MT�"*'F��ก%�@A�?G�,� 2 'I��
?�I��������G��I�?	O� mRNA ]�&	ก"�  

BCAF#&��ก#I��?	O�"���I�����I����]�&	ก"�BA�
ก���A
E�#'"���ก��A
E�#''F�����?ก�&��กก��
]�&	ก"�BA�,������ก��?	#��,�L	#� ���?	O�BCA'��	E&C
�I����L"ก"I���
%�I��BC��?%��,�ก��BC��?�C� 
'���Q"���'A�E&C �&,�
G��I� 23 �FI?�'���L��ก
?BC�E	D�����BA�BC��?%��,����?�P?ATกMA� 2 
������ 2 M������D%CBC��?%��,��'A����?�PBA�#��&��
?�' 23 �FI?�'"�&ก�� ���D%C��]�&	ก"� 'I�� 23 �FI?�' 
D�BC��?�C�กT�
���&?&�,� 'I��BC��?%��,�กT�
�'A���& 
?G��
J
����?��'���Q"���'A�E&C�I����EBC��
?%��,�ก��BC��?�C�"I��ก�� �&,&F���&�?AT�?A����P 
(ancient DNA) BA�BC������P %�@AD�C&�?AT�?A
?��@�A�%�, (DNA markers) ?��'���Q"���'A�E&C
?#,�I�BC������P���A,FID����?�P����Y ?	O�BC��?%��,�
%�@ABC��?�C� QC�?��'���Q'ก�&&�?AT�?AD�BC�����G�D�
���?�P����E&C 

,��BA�BC��	#Fก�����S��ก�����ก,��BA�BC��
	K� A��?	O�]#'@�?�@�A���กก�
���ก��?	#��,�L	#�
G��+�ก��BA�BC���&,��(,*���]I ��ก�
���ก��
?G � 
	#F ก BC � �  �� ก �� � , �>�'" �* ? �� , กก� 
� � �
?	#�� , � L 	# � G� � +� ก � �  � & , ก � 
� � � ก� � ��� �I � 
}domestication~ E&C�]#ก��>�ก(� }domesticated 
gene~ ���'����^ 4 ,�� �@A ,�����?ก��,�BCA�ก��'�BA�?GA��
���*G (pericarp) %�@A'�BA�BC��ก#CA� M���?@�ALก
?	#@Aก
BC��AAก 'I�����?%#@A�
?��,ก�I� BC��ก#CA� '����	��กqD%C
?%T�?��,ก�I� '�BA�?GA�����*G 'I������
�,������� 
�&,����E	BC�����?�����	�
����
�?GA�����*G'�B�� L"I
D�+����"� BC��	K����& O. rufipogon ���?	O����G����(
BA�BC��	#Fก �
�?GA�����*G'�L&�D���ก'�,G��+�*������
ก��"���'A� L"I"IA��BC��	K����'�,G��+�*?ก�&ก��
ก#�,���D%C�ก��?	#��,�'�BA�BC��ก#CA���ก'�L&�ก#�,
�?	O�'�B�� L#
?@�A��D�'�,กIA�G�BC��#�ก(P

&��ก#I��D�+����"� �����&?#@Aก?#T&����'�B���
B,�,G��+�*"IA ���D%CLG�I%#�,���Q��	N������   

D�	� �.>. 2006 ���,����I�D�����BC���,�����
?ก��,�BCA�ก��ก��'�C��'�BA�?GA�����*GD�����BC�� �&,
%#����ก��?���
%*#��&��?�'BA�D�,��&��ก#I�� G��I�
G��+�*BC������?GA�����*G'�B���
�?�' 14  �FI?�' L#
EI
	��กqD�,������"��L%�I��������M�FI��� 7 ,��&��ก#I��
?��,ก�I� Rc gene M���'I�����?	O� wild type �
�?GA��
���*G'�L&� �
�?�' 14 �FI?�'A,FI"������ D�BP
���,��
&��ก#I��?ก�&ก��ก#�, �&,?�' 14 �FI?�'%�,E	��ก,�� 
%�@A?��,กก��ก#�,L������I� InDel (insertion/deletion) 
���D%CG��+�*BC������,��?ก�&ก��ก#�, �?GA�����*G'�B�� 
'������ก#I������ �%&�C�G�?@�A	�  �.>. 2006 �&,
��ก���,�>�'"�*���A?��ก��L#
^��	�K�  

�Aก��ก���,� ��,��'����^A�ก%��� �,�� �@A ,��
ก��%�&ก���I��BA�?#T&BC����ก��� (shattering gene) 
�&,QFก�C�G�D�	� �.>. 2006 M���"�G�G* D����'�� 
Science 	� 2006 ,��&��ก#I�������S��ก����ก,��D�BC��
	K� L#
ก#�,�?	O�,��D�BC��	#Fก D�BC��	#Fก,��
&��ก#I���
EI���������D%C?#T&BC���I��,�ก L"ก"I��
��กBC��	K����,��&��ก#I��,�������������D%C?#T&���?���LกI 
%�@A?�#����?#T&BC��	K��&�#G�&�
�I��#�G@��&��E&C�I�, 
?�#�?#T&�I�����
�'I�����?	O����BC�� (panicle) ����
'I��กC��&Aก"�&"IAก��?#T&%#�&AAก M���"��������D%C
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?#T&�I�� �ก��>�ก(�G��I�?#T&�I��,�กก���I���I�, 
�
�,�������A,FI�����M��� 1 �&,�������, 2 �����
��,���]#ก��>�ก(�?%@A�ก�� ,�����?	O�,���������
M��MCA� �"��L%�I�A,FID�%#�,�����M M���	N�������
ก���C�G�A,FI'A������M �@A �����M��� 1 L#
 4  
L"I?	O�A
��#TA�ก�� �@A �������I�ก�� �&,��ก����,E&C
>�ก(�L#
'��?ก"?%T��I��
�����?�@�A�
%�I�� pedicel 
ก��'I�����?	O�?#T&  

��กก��>�ก(�����%#�,	� G��I��ก��ก#�, 
(mutation) L�I��&?&�,� �@A ��ก ?�' G E	?�' T �@A 
?	#��,���กก�&A
������&%����E	?	O�ก�&A
���A�ก
���&%���� ���D%C,�����EI������ ,��&��ก#I��EID�I,��
�����ก���I��BA�?#T&����Y L"I?��,ก�I� ,������
'���	���� LVOก?"A�* (transcription factor) M���?	O�,�����
ก��%�&ก��'�C���	�"�����E	�����ก��������BA�,��
A�กB���%���� M���	N������ก��#��?	O����'�D�>�ก(�ก���ก 
�&,	ก"��	�"�����?	O�����'���	���� LVOก?"A�* �
EI
'���QE	���"���&?� (domain) ���?�PD&���?�P
%����BA� DNA E&C L"I?@�A�ก�����ก��?ก�&B���,��
&��ก#I���
'���Q������E&C M���?@�A,��������?#T&
BC��กT�I���I�,  

#I�'�&G�,��'����^��ก,��BA�G��+�*BC��&���?&� 
(wild type) M���?	O�,�����]I��ก������S��ก�� 
(domesticated type) �@A ,��ก��%�&ก��'�C����� 

%A (fragrance gene) �&,���������,���%�I�,
	q���"�ก���C�%�,��BC�� >F�,*G��+���>�ก��L#

?�����#,����R�GL%I���"� (>�.) E&C�C�G�L#
�&
'��+���"�#��&��?�'���'I�?'��ก��'�C��'��%AD�BC��E�C
?��,��CA,L#C� '�^#�ก(P*BA�,��&��ก#I��D�C����I� OS-
2AP L"I?�@�A���กEI�ก��"�G�G*?ก��,�ก��,����� &������ ���
�I� OS-2AP ���EIE&CQFก����AC��A��D����'�����"�G�G*
?ก��,�ก��?�@�A�,��&��ก#I�� ��ก���,�>�'"�*'I��D%^I�

��C�?�,ก��'�^#�ก(P*BA�,��%A �&,D�C����I� Badh 2 
�กก�I�  

��กก��>�ก(�G��I�,��ก��%�&ก��'�C�����
%A�
A,FID������M��� 8 �&,�����ก��'�C��'��
%A���& 2-AP (2-acetyl-1-pyrroline) D�BC��	K� L#

BC��%A
#�กT�
G�,��&��ก#I��&C�, M����]#������
"�G�G*#I�'�&D����'������ก��������"� ���?	O�ก��
��,���ก��G�,��ก��%�&ก��'�C��'��%A 2AP D�BC��
	K����& O. rufipogon ?	O������L�ก  

'�&�C�,���BABA���P%�I�,���"I��Y EI�I��
?	O�
����ก��G�S��A��*����FCL#
>�ก(���,��,ก����&ก��
���G,�ก����R�GD�	�
?�>E�, (����ก�� BRT) >F�,*
G��+���>�ก��L#
?�����#,����R�GL%I���"� (>�.) L#

% ��� � , � #� ,  % �' � ���  ��� D %C ก � � '�� � '�� �
���ก��>�ก(�����,?�@�A�BC����&,"#A& BABA���P����  
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������ : �	
��ก���������������������������
��������ก��������������  

����
�ก!"# ����"� 

ก!"#!$%&'ก!(!)*, E-mail : yaocmn@yahoo.com 
-------------------------------------------------------------- 

 

2%!3"4 (Primates) 3789:$4;<3=*>&?=@กAB;&9"
C9DAE9FG? 7!HกIJAB;& =*3"I!< =D?=" #'!<3K*& =D? 3I7 
L=H"9MN&< "*O;'"E='กE='&:@?3789I$9A$J#*G:'"PI?
:$4;<3=*>&?=@กAB;&9" !I?Q'ก%;ก:$4;<ก$AL#HL=H
OB'?O'; ก'!RFกN'K'กAFกAS'J!!%<PI?:$4;<3=*>&?=@ก
AB;&9"3E=T'9*> CT;&UEB 3!'#!'JVF?LE=T?กS ' 39DA 
;D;$W9'ก'!O;'"3789"' !;"#$>?ก'!กS'39DA=$กN)H
4T'?X #*G:YJ39YGI?"'&$?"9MN&<3!'  

2%!3"4"*=$กN)H%D3RN4T'?Q'ก:$4;<3=*>&?=@ก
AB;&9"C9DAIYG9 OYI "*:"I?UEZTก;T':$4;<3=*>&?=@กAB;&
9"C9DAIYG93"YGI37!*&J3#*&Jก$J9>S'E9$ก4$; 4'#$>?:I?
PB'?"I?27PB'?E9B'#S'UEB3E[9\'%2AB:'""D4D "*"YIUCB
E&DJQ$JPI?2AB 9D>;"YILJ9"*3=[JL#9ก'!"*ก!?3=[J "*
ก!HA@กE$;2E=T#*G#S'UEBLP9E"M92ABL=HQ$J3E9*G&;2AB2ก= 
KFG?"9MN&<3!'Q$AI&@TU9ก=MT"9*>AB;& 2%!3"4 LJT?IIก3789 
2 ก=MT"UEZTX 4'"=$กN)H#'?ก'&\'% 2ABLกT 2%!
3"4C$>94GS' E!YI ]%!KD3"*&9 (Prosimian) 7!HกIJAB;& 
#'!<3K*& =*3"I!< L=H=D?=" I*ก%;กE9FG? 2ABLกT 2%!3"4
C$>9:@? E!YI3!*&ก;T' LI9]#!%I&A< (Anthropoidea) 
7!HกIJAB;& =D? =D?2"T"*E'? (3I7) L=H"9MN&< Pocock 
(1918) 2AB!;"#'!<3K*&2;Bก=MT"3A*&;ก$J2%!3"4C$>9:@? 
3!*&ก;T' a'!<]%=*9 (Haplorhini) :T;9=*3"I!< L=H=D?=" 
V@ก!;"2;B U9ก=MT" 3A*&;ก$9 3!*&ก;T ' :34!7:D!*9 
(Strepsirhini) (\'%#*G 1) 

�	
��ก����������������������� 

� � � � � � � � �� 	 
 � � � �   � �� � 
 � � � �  ��� � �� � ��
�����ก�����	���
��? �����ก� ���������   

39YGI?Q'ก"*ก'!:S'!;Q%JK'กAFกAS'J!!%<LI9
]#!]%IDA2%!3"43789QS'9;9"'กU9#;*7LIc!Dก'"'
"'กก;T' 100 7dL=B; QF?"*e@B3:9I;T'#;*7LIc!Dก'9T'QH
3789LE=T?กS'39DAPI?LI9]#!]%IDA2%!3"4 #;T'U9
!H&H3;='ก;T' 10 7d"'9*> 2AB"*ก'!:S'!;Q%JK'กAFกAS'
J!!%<LI9]#!]%IDA2%!3"4#*G"*I'&M3กT'LกTU9#;*7
3I3C*& #$>?U97!H3#RQ*9 3"*&9"'!< L=H2#& 2ABLกT ����

!���� � (Eosimias) Q'ก7!H3#RQ*9 KFG?"*I'&M7!H"') 
45 =B'97d (Beard et al., 1994, 1996) E!YI:"$& 
I*]IK*94I9ก='? (Middle Eocene) 3789LI9]#!]%
IDA2%!3"4P9'A3=[ก "*9>S'E9$ก4$;3%*&? 100 ก!$" U9
7!H3#R3"*&9"'!<"*ก'!OB9%JK'กAFกAS'J!!%<LI9]#!
]%IDA2%!3"4P9'AUEZT 2 C9DA "*P9'A9>S'E9$ก4$;
7!H"') 6-8 กD]=ก!$" 2ABLกT ��	��ก�  (����� 
(Pondaungia cotteri) L=H ����2����(�� ��ก3����
!�� (Amphipithecus mogaungensis) U9ED9CMA%?AI? 
"*I'&M7!H"') 37 =B'97d E!YICT;?7='&:"$&I*]IK*9
4I9ก='? (Bartonian) L=HK'กAFกAS'J!!%<LI9]#!
]%IDA2%!3"4P9'A3=[ก CYGI;T' 7�8�����  ��	����!�� 
(Bahinia pondaungensis) "*9>S'E9$ก4$;7!H"') 400 
ก!$" (Jaeger et al., 1999) =$กN)HO=B'&O=F?ก$J����!�
��� �PI?7!H3#RQ*9"'ก QF?Q$AUEBI&@T U94!Hก@= 
Eosimiidae 3A*&;ก$9  

:T;9U97!H3#R2#&%JK'กAFกAS'J!!%<LI9]#!
]%IDA2%!3"4P9'AUEZT CYGI � ��������(�� ����!���� 
(Siamopithecus eocaenus) (\'%#*G 2) U9ED9CMA

\'%#*G 1. ก'!Q$ALJT?ก=MT"2%!3"4 ]A&LJT?37892%!3"4C$>9:@? 
(Anthropoids) 2%!3"4C$>94GS' (Prosimians) L=H Strepsirhines 
Haplorhines 
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ก!HJ*G J!D3;)3E"YI?VT'9ED9 IS'3\I3E9YIO=I? Q$?E;$A
ก!HJ*G I'&M7!H"') 33-35 =B'97d E!YI7!H"')7='&
:"$&I*]IK*9 (Chaimanee et al., 1997, 2000) KFG?"*
=$ ก N ) H O =B ' & O =F ? ก$ J  � � 	 � � ก�   ( �  �  � �� 
(Pondaungia cotteri) L=H ����2����(�� ��ก3����
!�� (Amphipithecus mogaungensis) PI?3"*&9"'!<
"'กQF?Q$AUEBI&@TU94!Hก@= Amphipithecidae 3A*&;ก$9 

ก'!OB9%JE=$กm'9LI9]#!]%IDA2%!3"4U9
3I3C*&#*G"*I'&M3กT'LกTE='&C9DAA$?ก=T'; CT;&&Y9&$92AB
;T'LI9]#!]%IDA2%!3"4"*LE=T?กS'39DAU9#;*73I3C*& 
L=H4TI"'2AB3O=YGI9&B'&I%&%27&$?#;*7LIc!Dก'3"YGI
7='&:"$&I*]IK*94I9ก='? #$>?9*> &$?"*E=$กm'9ก'!
OB9%JcI:KD=:$4;<3=*>&?=@กAB;&9"C9DAIYG9#*GCT;&U9ก'!
;D3O!'HE< 3CT9 :$4;<ก*J QS'%;กLI9#!']OL#!< KFG?3789
4B94!Hก@=aD7]7]734"$: L=H:$4;<ก$AL#HE='&C9DA #*G
"*กS'39DAU9#;*73I3C*& L=H2ABI%&%27&$?#;*7LIc!Dก'
U9CT;?3;='9*>3CT9ก$9 

�������ก�����������  

��; (Ape) ��>��?@ A (Human) 

ก'!RFกN';D;$W9'ก'!PI?cI:KD=3I737893!YGI?
#*GI&@TU9O;'":9UQPI?"9MN&<3!'"'ก 39YGI?Q'ก3I7L=H
"9MN&<  Q$ AI&@T U 9ก=MT " 3 A* & ;ก$ 9  OY I  ] a"D9I&A< 
(Hominoidea) KFG?3789ก=MT"2%!3"4#*G"*;D;$W9'ก'!
:@?:MA 4T'?Q'ก2%!3"4C9DAIYG9 OYI 2"T"*E'? L=H"*
:"I?UEZT L4T3789ก=MT"2%!3"4#*G7!H:JO;'":S'3![Q
9BI&#*G:MAU9AB'9O;'"E='กE='& 39YGI?Q'ก"*3%*&? 5 
C9DA 3#T'9$>9 2ABLกT CH9* IM!$?IM4$? กI!D==T' CD"L79K* 
L=H"9MN&< "*9>S'E9$ก#*GL4ก4T'?ก$9 4$>?L4T 4 กD]=ก!$" 
U9CH9* VF? 200 กD]=ก!$" U9กI!D==T' 3I77nQQMJ$9%J
3o%'HU93P47p'!BI9CY>9LVJ#;*7LIc!Dก' L=H3I3C*&
4H;$9IIก3o*&?U4B3#T'9$>9 ]A&CH9*L=HIM!$?IM4$? %J
I'R$&I&@T3o%'HU93I3C*&4H;$9IIก3o*&?U4B CD"L79K*
L=HกI!D==T'%JI'R$&I&@TU9#;*7LIc!Dก' :T;9"9MN&<
%JI'R$&I&@T#Mก%Y>9#*G #*GeT'9"'&$?2"T3O&"*E=$กm'9ก'!
OB9%JK'กAFกAS'J!!%<J!!%JM!MNPI?3I7C9DAUA3=& 
3;B9L4TJ!!%JM!MNIM!$?IM4$? KFG?"*e@B3:9I;T' C�3>���D(�� 
(Sivapithecus) Q'ก7!H3#R7'ก*:V'9 L=HID93A*& 
(Pilbeam, 1982; Pilbeam et al., 1990) E!YI �������

�D(�� (Lufengpithecus) Q'ก7!H3#RQ*99T'QH3789
J!!%JM!MNIM!$?IM4$? 

7���7?�?@�?����?�� 
IM!$?IM4$? 37893I7P9'AUEZT3%*&?C9DA3A*&;#*G

I'R$&I&@T U9#;*73I3C*& ]A&%JI'R$&I&@TJ93ก'H 
:M"'4!' L=HJI!<39*&;3#T'9$>9 "*9>S'E9$ก!'; 50-90 
กD]=ก!$" "* 2 C9DA&TI& 2ABLกT Pongo pygmaeus 
abelii %J#*G:M"'4!'"*P9'AUEZTก;T' L=H Pongo 
pygmaeus pygmaeus %J#*GJI!<39*&;"*P9'A3=[กก;T' 
IM!$?IM4$?7nQQMJ$93E=YII&@T9BI&"'ก L=HI&@TU9:\';HUก=B
:@Z%$9(M< U9CT;?2%=:]4K*9IM!$?IM4$?3O&I'R$&ก!HQ'&
I&@T#$G ; 27U9J!D 3;)LeT9AD9UEZTPI?#;*73I3C*&

 
\'%#*G 2. K'กAFกAS'J!!%<ก!'"=T'?L=Hก!'"J9PI?2%!3"4C$>9:@? 
Siamopithecus eocaenus %J#*G3E"YI?VT'9ED9ก!HJ*G IS'3\I3E9YI
O=I? Q$?E;$Aก!HJ*G 

 
\'%#*G 3. K'กAFกAS'J!!%<cn9PI?3I73C*&?"T;9 (Khoratpithecus 
chiangmuanensis) %J#*G3E"YI?VT'9ED93C*&?"T;9 IS'3\I3C*&?"T;9 
Q$?E;$A%H3&' 
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4H;$9IIก3o*&?U4B 7!H3#R%"T' 3;*&A9'" L=H2#& 27
Q9VF?J!D3;)#'?U4BPI?Q*9 ]A&%JcI:KD=IM!$?IM4$?
3789QS'9;9"'กU9V>S' L4T7nQQMJ$9ก=$J2"T%JIM!$?IM4$?J9
LeT9AD9UEZTPI?#;*73I3C*&4H;$9IIก3o*&?U4B 

��;��� ���3� 
ก!"#!$%&'ก!(!)*2AB:S'!;Q%JcI:KD=3I7O!$>?

L!กU9\@"D\'O3I3C*&4H;$9IIก3o*&?U4B #*G3E"YI?VT'9
ED9 3C*&?"T ;9 IS ' 3\I3C*&?"T ;9 Q$ ?E;$A%H3&' 
(Chaimanee et al., 2003) KFG?AS'39D9ก'!#S'3E"YI?
]A&J!DN$# JB'97@ QS'ก$A U9C$>9VT'9ED9 I'&M7!H"')
7='&:"$&2"]IK*94I9ก='? E!YI!'; 13.5-10 =B'97d 
]A&cI:KD=#*G%J3789CD>9:T;9cn9QS'9;9 18 K*G :'"'!V
QS'L9ก2AB;T'3789cn9PI?:$4;<3%Re@BL=H3%R3"*&#*G3789
C9DA3A*&;ก$9 =$กN)Hcn9"*O;'"O=B'&O=F?ก$JcI:KD= 
��������D(�� #*G%JU9J!D3;)#'?U4BPI?Q*9 L4T"*
=$กN)HE='&7!Hก'!#*G4T'?IIก27 QF?4$>?UEB3789C9DA
UE"T CYGIO=B'& ��������D(��  

��� ���3����!�� E"'&VF? r=D?Q'ก=@Lc?#*G3C*&?
"T;9s Q'กP9'Acn9#S'UEB#!'J;T'3I7A$?ก=T';"*
9>S'E9$ก!'; 50-70 กD]=ก!$" =$กN)H%D3RNPI?cI:KD=
#*G%J OYI 37893I7P9'AUEZT #*G"*=$กN)HL=HP9'Acn9
LJJก'!:FกPI?cn9, O;'"E9' L=HO;'"&T9PI?
3O=YIJcn9 O=B'&O=F?ก$J ��������D(�� Q'กQ*9"'ก 
4T'?ก$9#*GP9'API?cn9E9B'L=Hcn9ก!'"K*GU9:MA#*G"*
P9'AUEZTก;T' L=H&$?4T'?Q'กIM!$?IM4$?7nQQMJ$9#*G"*!I&
&T9J93O=YIJcn99BI&ก;T' cI:KD=3I73C*&?"T;9 (\'%
#*G 3)"*O;'"O=B'&O=F?ก$JIM!$?IM4$?7nQQMJ$9"'ก QF?"*
O;'"3789272AB;T'I'QQH3789J!!%JM!MNPI?IM!$?IM4$?#*G"*
:'&%$9(M<Uก=BCDAก;T' C�3>���D(�� L=H ��������D(��  

ก'!OB9%JcI:KD=3I7P9'AUEZTU97!H3#R
2#&O!$>?9*> 3789ก'!%JE=$กm'9PI?cI:KD=3I7P9'A
UEZT#*G:"J@!)<O!$>?L!กU9J!D3;)3I3C*&4H;$9IIก3o*&?
U4B L"B3!'QH%J;T'IM!$?IM4$?3O&I&@TU9%Y>9#*GLVJ9*>"'กTI9
U9&MO9>S'LP[? L4T&$?2"T3O&%JE=$กm'9UAX PI?cI:
KD=3I7&MOกTI9E9B'9$>9U9%Y>9#*G9*>3=& Q'กก'!RFกN'
%$9(M<%YC#*G%JU9J!D3;)3A*&;ก$93789%$9(M<%YCPI? 
LIc!Dก' "*O;'"3789272AB;T'"*ก'!L=ก37=*G&9%YCL=H
:$4;<!HE;T'?3I3C*&4H;$9IIก3o*&?U4BL=HLIc!Dก' 
U9CT;?3;='A$?ก=T'; 

��;�(��� 
E=$?Q'กก'!OB9%JcI:KD=3I73C*&?"T;9 2AB"*

ก'!OB9%JcI:KD=IM!$?IM4$?:'&%$9(M<UE"T CYGI �(�����
�D(�� ���� > (Khoratpithecus piriyai) E!YI r3I7
]O!'Cs (\'%#*G 4)I'&M 9-7 =B'97d Q'กJTI#!'&#T'CB'? 
IS ' 3\I 3o=D "%!H 3ก* & !4D  Q$ ? E;$ A9O!!'C:* " ' 
(Chaimanee et al., 2004) cI:KD=#*G%J3789CD>9:T;9
ก!'"=T'?L=Hcn9#*G:"J@!)<#*G:MA3#T'#*G3O&%JU97!H3#R
2#& P9'Aก!'"&';7!H"') 10 3K94D3"4! P9'A
3#T'IM!$ ?IM4$ ?7nQQMJ$9 L=H"*9>S 'E9$ก7!H"') 70 
กD]=ก!$"  

3I7]O!'C#*G%JUE"T9*>"*=$กN)H%D3RN OYI 3789
3I7P9'AUEZT "*ก!'"E9'"'ก =$กN)Hก!'"]OB?3789
!@74$;&@ L=H"*=$กN)H !@7!T'? P9'API?cn9 L=HO;'"
&T9PI?3O=YIJcn9 O=B'&O=F?ก$JIM!$?IM4$?7nQQMJ$9 
4T'?ก$94!?#*G cn9E9B'PI?3I7]O!'C"*P9'A3=[กก;T' 
L=H"*cn9ก!'"K*GU9:MAP9'AUEZTก;T'IM!$?IM4$?7nQQMJ$9 
:S'E!$J=$กN)H3o%'H4$;#*G3E"YI9ก$JIM!$?IM4$?7nQQMJ$9 
OYI 2"T%J!I&ก=B'"39Y>I#*GUCBU9ก'!7tA-37tA7'กU4B
ก!'":T;9E9B' L4TJ!D3;)A$?ก=T';V@ก%$W9'UEB"*VM?="
P9'AUEZT KFG?UCBU9ก'!:T?3:*&?ก@T!BI?:YGI:'!ก$9U9ก=MT"
IM!$?IM4$? KFG?=$กN)H%D3RN9*>2"T"*U93I7C9DAIYG9 L=H2"T
3O&%JU9cI:KD=3I7C9DAUA"'กTI9 9IกQ'ก9*>cI:
KD=#*G%JUE"T9*>&$?37894$;C*>JT?UEB#!'JVF?O;'":$"%$9(<
!HE;T'?cI:KD=J!!%JM!MNIM!$?IM4$?Q'ก3C*&?"T;9 L=H
IM!$?IM4$?7nQQMJ$9 ]A&%J;T'cI:KD=3I73C*&?"T;9 L=H
3I7]O!'C"*:'&%$9(M<3A*&;ก$9 O'A;T'3789:'&%$9(M<#*G
:YJ#IA"'Q'ก3I73C*&?"T;9L=H3789Z'4D#*GUก=BCDA#*G:MA

 
\'%#*G 4. K'กAFกAS'J!!%<ก!'"%!BI"cn9PI?3I7]O!'C 
(Khoratpithecus piriyai) %J#*GJTI#!'&#T'CB'? IS'3\I3o=D"%!H
3ก*&!4D Q$?E;$A9O!!'C:*"' 
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PI?IM!$?IM4$?7nQQMJ$9  
:\'%L;A=BI"U9CT;?3;='A$?ก=T';37897p'!BI9

CY>9 3CT93A*&;ก$J7p'PI?7!H3#R2#&U97nQQMJ$9 ]A&"*
#'?9>S']J!')P9'AUEZT#*GP9'JAB;&7p'!BI9CY>9L=H"*
#MT?EZB'I&@TV$AIIก27 L4T7nQQMJ$92"T%JIM!$?IM4$?I'R$&
I&@TU97!H3#R2#&L=B; L"B;T'U9IA*4%Y>9#*G7!H3#R2#&
QH3O&3789LE=T?กS'39DA L=H;D;$W9'ก'!PI?:$4;<C9DA9*> 
I'Q39YGI?Q'ก:\'%7p'#*GV@กL7!37=*G&93789#*GI&@TI'R$&
L=H%Y>9#*G3กN4!ก!!"PI?"9MN&<  

ก'!OB9%JcI:KD=3I7U97!H3#R2#&3789
E=$กm'9&Y9&$9;T'IM!$?IM4$?3O&"*VDG9กS'39DAL=HI'R$&I&@T
U97!H3#R2#& "'4$>?L4T 13.5 =B'97d L=H"*;D;$W9'ก'!
4TI39YGI?Q93789IM!$?IM4$?7nQQMJ$9 39YGI?Q'กJ!D3;)9*>"*
:\'%L;A=BI"L=H:\'%I'ก'R#*G3E"'H:" cI:KD=
3I7]O!'C#*G%J"*I'&M 9-7 =B'97d KFG?CT;?3;='A$?ก=T';
3789CT;?3;='#*G:S'O$ZU9ก'!RFกN';D;$W9'ก'!"9MN&< 
39YGI?Q'ก3789CT;?3;='#*G"*ก'!L&ก:'&%$9(M<!HE;T'?
cI:KD=3I7P9'AUEZT L=H"9MN&< L"B;T'&$?2"T3O&"*
ก'!%JE=$กm'9UAX 3=&#$>?U9#;*7LIc!Dก' L=H
3I3C*& L4Tก'!OB9%JcI:KD=3I73%DG"PF>93!YGI&X U9
7!H3#R2#& I'Q#S'UEB%JE=$กm'9%D:@Q9<;T'#;*73I3C*& 
]A&3o%'HJ!D 3;)3I3C*&4H;$9IIก3o*&?U4B 3789
LE=T?กS'39DA L=H;D;$W9'ก'!PI?"9MN&<2AB3CT9ก$9 

E=$กm'9ก'!OB9%JK'กAFกAS'J!!%<2%!3"4#*G
"'กPF>93!YGI&X U9\@"D\'O9*>L:A?UEB3E[9;T'%Y>9#*GJ!D3;)
9*>"*R$ก&\'%:@?U9ก'!OB9%JcI:KD=2%!3"4C9DA
UE"TX 39YGI?Q'ก"*LIT?:H:"4$;PI?4HกI9&MO4T'?X 
QS '9;9"'ก L=H&$ ? 3789R@9&<ก='?กS' 39DA L=H
;D;$W9'ก'!PI?2%!3"4C$>9:@? 4TI39YGI?"'4$>?L4T&MO 
I*]IK*9Q9VF?2%!3"4C$>9:@?7nQQMJ$9 ก'!#*G!$mJ'=U9
7!H3#R3E=T'9*>:9$J:9M9?'9;DQ$&AB'9K'กAFกAS'J!!%< 
L=HIS'9;&O;'":HA;ก4TIก'!#S'?'9A$?ก=T'; CT;&UEB
3กDAO;'"กB';E9B'I&T'?!;A3![;U9\@"D\'O9*> 

ก����ก��� ��ก�$ 

ก'!RFกN';DQ$&2AB!$Jก'!:9$J:9M9Q'กก!"
#!$%&'ก!(!)* L=H]O!?ก'!%$W9'I?O<O;'"!@BL=H
RFกN'9]&J'&ก'!Q$Aก'!#!$%&'ก!C*;\'%U97!H3#R
2#& KFG?!T;"Q$A4$>?]A&:S'9$ก?'9กI?#M9:9$J:9M9ก'! 

;DQ$& L=HR@9&<%$9(M;DR;ก!!"L=H3#O]9]=&*C*;\'%
LET?C'4D L=HPIPIJOM)"E';D#&'=$& Poitiers 
7!H3#Ru!$G?3R: 

��ก%���&����� 
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diverse new primate fauna from middle Eocene 
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� �! �"�#�ก�#�� 

 !"#$%&'($)&'*)"+" ,-./012*34%40)5/6789-12*+:*) (&&.), E-mail : piya@tistr.or.th 
------------------------------------------------- 

 

6%$8 EFG--H:IJ*5KG#3-$L 8/-กNF840กO%
2IEF8:*) (P"G*5K 1) ($Q*R"NSL%4Q)43-8ก"- BRT 
6%$8 EF207I%5L:QJ-&#-&IG--H:IJ*5KG#O%9-12*+:*) 
2T7% (R"9U '-'%V- I6"G-6I-"T'%5 F%WG-6I (R"9U+-5
2IEF8:*) (R"9UTJ"8 9"6%$%2IEF8ก"X(%. 9"6%$%/I7
&8ก. 9"6%$%-7F8ก0J" /01#W6-8TJ"8 29Y%,J% 

6%$8 EFQ$8ก07"& I5Z[J2N5)%QJ&)ก$% 3 *7"% 3EF 
Z[J#--)")2F8 9\)1 2]0'Iก0'K% 3WH('-G$%V. +-5*F8กW0 
/013WHF%$%,. G'-')1P$*-ก'( 6%$8 EF207I%5L29Y%6%$8 EF
*5K(19-1ก"+3&"I)'K8O6X7&7"I5G--H:IJ*5KG#3-$L8/-ก
NF840กO%2IEF8:*) ŜK860")T%'Q3J%G#4Q)3%:*) 
/0160")T%'QG#2]G"1O%9-12*+:*)2*7"%$L% Q$8%$L% 
%$ก&'($):*)3&-,JF82-78*R"ก"- R"-&(/01+Sก_"&'($) 
2GEKFO6J3%:*):QJ9-14)T%. [8 WQ ก7F%*5K,7"8T",'(1I"
&'($) /01%R"Z09-14)T%.ก0$#:9OTJ*5K9-12*+NF82N" 

ก7F%FEK%,JF8NFNF#3WHG'G'VP$H`.GET '-'%V- 
(BK : Bangkok Herbarium), 6FG--H:IJก-IFW*)"%
/678T",'  $,&.9d" /01G$%VW.GET (BKF : Bangkok 
Forest Herbarium), 6FG--H:IJ &%Gfก_+" ,-.
 I2Qg(G-1%"82(J" '-'ก','h  (QBG : Queen  
Sirikit Botanic Garden) /01G'G'VP$H`.GET
I6"&'*)"0$) 8N0"%3-'%*-. (PSU : Prince of 
Songkla University) *5KF%WX",O6J2NJ":9+Sก_",$&F)7"8
,J%/## /01,$&F)7"8/6J8 ŜK8T7&)O6J:QJNJFI[0 P"G 
/012-EKF8-"& R"3$X,7"8m NFNF#3WH2(J"6%J"*5KFW*)"%
/678T",' 2N,-$ก_"G$%VW. $,&.9d" &%FW*)"% 6%7&)
G$n%",J%%LR" -&I:9!S8 R"%$ก 8o.*5K2FELF2pqrF*5KG$ก/01
F"6"- /01T7&)29Y%Z[J%R"*"8O6J %Fก("ก%5L)$8,JF8
NFNF#3WH%$ก(R"/%กG--H:IJ :I7&7"(129Y% Z+.Q-. 
('-")WG'% ($%*-9-1 83. /01F5ก60")*7"% *5K:I7:QJ
ก07"&%"I -&I*$L8NFNF#3WH%$ก(R"/%กG--H:IJ60")
*7"%*5KT7&),-&( L̂R",$&F)7"8G--H:IJO6J![ก,JF8 (%
 "I"-!%R"NJFI[0I"($Q*R"6%$8 EF/01FFกI"29Y%
-[9207I*5K I#[-H. 
 

 

9-12*+:*)29Y%9-12*+*5K -KR "-&)*"8QJ"%
G$%VWก--IGET I5G--H:IJF)[7I"กก&7" 15,000 T%'Q 29Y%
3&"IP"3P[I'O(*5K2ก'QI"29Y%3%:*) :QJF)[7O%ZE%/Z7%Q'%
:*) ŜK829Y%Q'%/Q%*5K,'Q-1Q$#NF83&"I29Y%+[%).ก0"8
/6783&"I60"ก60")*"8G$%VWก--II"ก*5K WQ/6786%SK8
NF840ก 2G-"1GEL%*5K 2G5)8 1 ,"-"8ก'402I,- NF8
9-12*+:*)  "I"-!G#26g%G--H:IJ:QJI"กI")/01
60"ก60") O%NH1*5K#"89-12*+ F"*' 9-12*+F$8กf_ 
/01 6-$ tF 2I-' ก"  29Y %,J %  I5 9-' I "H/013&"I
60"ก60")NF8G--H:IJ37F%NJ"8%JF)  

ก"- R"-&(G--H:IJO%9-12*+:*)2-'KI,J%,$L8/,7
 I$)90")ก-W8+-5F)WV)" #Wก2#'ก4Q)%$ก R"-&(G--H
:IJT"&,7"8T",'*5 KI"("ก*&59)W4-9 2IEKF2NJ"I" R"-&(
/0J&กg:QJ%R",$&F)7"8ก0$#:9*5K)W4-9QJ&) ŜK8%$ก R"-&(
G--H:IJNF8:*)-W 7%60$8m :QJ,"I:9G#G--H:IJ
60")T%'QF)[7O%6FG--H:IJ*5K)W4-9 %$ก R"-&(,7"8T",' 

 
P"G*5K 1. 6%$8 EFG--H:IJ*5KG#3-$L8/-กNF840กO%2IEF8:*):QJ
-&#-&IG--H:IJ:*):&J60"ก60")T%'Q 
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*5K2กg#,$&F)7"8:&J29Y%(R"%&%I"ก :QJ/ก7 3"-. (A.F.G. 
Kerr) %")/G*).T"&:F-'T :QJ2กg#,$&F)7"8G--H:IJ:&J
ก&7" 30,000 ,$&F)7"8 I"Q"I3F00'% (D.J. Collin) 
%$กV--IT",'&'*)"T"&F$8กf_ 2กg#,$&F)7"8:QJก&7" 
2,000 ,$&F)7"8 -&I*$L8 Gunnar Seidenfaden T"&
2Q%I"-.ก Z[J2T5K)&T"X2-EKF8ก0J&):IJ:*) +.:3 0"-.2^% 
2กg#,$&F)7"8:QJก&7" 30,000 ,$&F)7"8 /01 /Ig32&00. 
(J.F. Maxwell) T"&F2I-'ก$% *5K2กg#,$&F)7"8:QJI"กก&7" 
10,000 ,$&F)7"8 

2%ELF6"P")O%6%$8 EF207I%5L :QJ#Fก207"!S8*5KI"*5K
:9NF8G--H:IJ :QJ/ก7 *5KI"NF8TEKF Z[J3J%G#  !"%*5K
G# T7&82&0"*5KG# -")8"%ก"-,$L8TEKF -&I:9!S8-[9-7"8 
0$ก_H1NF8G--H:IJ  fQ[FFกQFก FFกZ0 ก"-
ก-1(")G$%VW.  ก"-N)")G$%VW.  /01ก"-%R ":9OTJ
9-14)T%.  

 7&%G--H:IJO%G-1%"I 9-1กF#QJ&) G--H
:IJ 8 T%'Q :QJ/ก7 ก$%P$)I6'Q0  '-'%V-&$005 (R"9U '-'%V-  
I6"G-6I-"T'%5 2FELF8+-59-1('I 2FELF8+-52T5)8Q"&  
4Iก-"T'%5  /0123-EF2*G-$,%. 4Q)O%6%$8 EF(1I5
-")012F5)Q TEKF&'*)"+" ,-. TEKFP"_":*) TEKFZ[J,$L8TEKF
G - -H:IJ  TEK F & 8+.  / 0 1TEK F FEK %m  *5K O TJ 2 -5 ) กก$ % 
,$&F)7"82T7% ก��$����#%� (Afgekia mahidoliae B.K. 
Burtt & Chermsir.) (P"G*5K 2.) G--H:IJ8"I*5KI53R"
-1#WT%'Q mahidoliae 2GEKF2]0'IG-12ก5)-,' I2Qg(G-1
+-5%3-'%*-"#-I-"TT%%5 3J%G#4Q) Z+.Q-.('-")WG'H 
($%*-9-1 83. (2('I+'-'&$n%.) 2กg#,$&F)7"8("ก&$84G 
FR"2PF:*-4)3 ($86&$Qก"X(%#W-5 2IEKF&$%*5K 15 ,W0"3I 
G.+.2510 0$ก_H1,J%29Y%:IJ2!"20ELF) T7FQFก 5I7&8 
#"% 1G-$K8O%T7&82QEF%I'!W%")% -  '86"3I Z0/ก7
2QEF%V$%&"3I - Iก-"3I QFก)7F)#"%:QJ2G5)8&$%
2Q5)& I5!'K%กR"2%'Q#-'2&H2N"6'%9[% ($86&$Qก"X(%#W-5  

%Fก("ก%5L)$8G#O%9-12*+0"& /012&5)Q%"I 
I5-")8"%ก"-,$L8TEKFO%9U G.+.2514 4Q)-16&7"89U G.+.
2510-2514 :QJI5ก"-,-&( F# /012,-5)Iก"-,$L8TEKF 
G--H:IJT%'Q%5L29Y%G--H:IJ*5K6")"ก/01Oก0J [XG$%VW.
O%!'K%กR"2%'Q /,7O%9}((W#$% "I"-!N)")G$%VW.:QJ4Q)
ก"-2G"12I0gQ (S8I5Z[J%')I2F"I"90[ก29Y%:IJ20ELF):IJ
9-1Q$# 2%EKF8("กI50$ก_H1 &)8"I /01)$8:QJ-$#
2ก5)-,'O6J29Y%G--H:IJ9-1(R"I6"&'*)"0$)I6'Q0F5กQJ&) 

�#�#�&�'���� (Bauhinia sirindhorniae K.& S.S. 
Larsen) 29Y%GET,-1ก[0!$K& :QJ-$#G-1-"T*"%%"I  
 '-'%V- 29Y%TEKFT%'Q 2GEKF2]0'IG-12ก5)-,' I2Qg(G-12*G
-$,%-"T WQ"�  )"I#-I-"TกWI"-5 3J%G#4Q) Q-.T&0', 
%')IV--I G#*5K#-'2&H9d"P[*Fก%JF) FR"2PF#W7830J" 
($86&$Q6%F83") ()*�+�#�#�&� (Magnolia sirindhorniae 
Noot. & Chalermglin) 29Y%GETO%&8+.(R"9U(R"9" 
��*
����*,#�� (Mitrephora sirikitiae Weerasooriya, 
Chalermglin & R.M.K.Saunders) /01��ก�*,#�� 
(Wrightia sirikitiae D.J. Middleton & Santisuk) I5TEKF
T%'Q&7"  '-'ก','h (sirikitiae) 4Q):QJNFG-1-"T*"%%"I
("ก I2Qg(G-1%"82(J" '-'ก','hG-1#-I-"T'%5%"! 4Q)TEKF*5K
08*J")QJ&) �iae 29Y%ก"-#78#Fก&7"29Y%TEKF2G+6X'8 
������-����!(#� (Sirindhornia mirabilis Petersen &  
P. Suksathan) ������-�� �,���%*'  (Sir indhorn ia  

pu lchel la  H.E.Petersen & S. Indhamusika) 

 

 
P"G*5K 2. ก$%P$)I6'Q0 G--H:IJ2]0'IG-12ก5)-,' I2Qg(G-1+-5
%3-'%*-"#-I-"TT%%5 

 
P"G*5K 3. (R"9U '-'%V- G--H:IJ2]0'IG-12ก5)-,' I2Qg(G-12*G
-$,%-"T WQ"�  )"I#-I-"TกWI"-5 
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29Y%ก0J&):IJ*5KG-1-"T*"%%"I '-'%V- 29Y%TEKF กW0 
 '-'%V-2%5) (Sirindhornia) 3J%G#4Q) Q-.9\)2ก_,- 
 WN !"% 

 7&%G--H:IJTEKF/6789-12*+:*) I53R"08*J")
TEKFG--H:IJQJ&)3R"&7" :*)/0%Q.Q'กJ" (thailandica) 
:*)/0%Q.Q'กWJI (thailandicum) :*)F"%7" (thaiana) 
:*)F"%W7I (thaianum) :*)2F% 5̂Q (thaiensis) :*)
IF%*"%7" (thaimontana) /^I2I%2 7̂ (siamense) 
/^II' '̂Q (siamensis) /^II'กJ" (siamica) /^II'กWJI 
(siamicum) 4Q)6%$8 EF207I%5L:QJ-&#-&IG--H:IJTEKF
/6789-12*+:*):&J 65 T%'Q 2T7% ,*�.�� (Acalypha 

siamensis Oliv. ex Gage) GETO%&8+.)[4p2#5) 
( Euphobiaceae)  I5 TEK F T %' Q &7 "  siamensis I5 ก " -
ก-1(")G$%VW.F)[7O%9d"Q'#/0J8#%2N"6'%9[% O%($86&$Q
9-1(&#35-5N$%V. 0$ก_H1O#I5N%"Q20gก ก&J"82G5)8  
2 - 3 2^%,'2I,- )"& 3 - 5 2^%,'2I,- 90")O#29Y%
6)$กm QJ&)3WH I#$,'G'2+_*5K "I"-!*%/0J8:QJ (S8
%')I%R"I"OTJ9-14)T%.29Y%GET-$L& 29Y%:IJ9-1Q$#-'I*"8 
,"INJ"8!%% ŜK8!EF29Y%ก"-G$n%"GETGEL%2IEF8NSL%I"
2GEKFOTJ9-14)T%.  

��!��%�/ ��
  (Agapetes thailandica  
S. Wathana) G#3-$L8/-ก 4Q) Q-. $%,' &$nt"%1 /01
29Y%Z[JO6J3R"-1#WT%'Q&7" thailandica  6I")!S8G#O%
9-12*+:*) 
/��ก (Capparis siamensis Kurz) 
G--H:IJI56%&QO% กW0T'8T5K I53R"-1#WT%'Q siamensis 
�#���0��.* (Clinacanthus siamensis Bremek.) :QJTEKF
I"("ก0$ก_H1NF8QFก*5KI590")/)ก29Y% 2 /]ก  
TEKFT%'Q siamensis -1#W&7"G#O%9-12*+:*) #-'2&H
P"3,1&$%FFก*5K($86&$Q($%*#W-5 ]12T'82*-" -1)F8 
/01,-"Q ������1#����2 (Dasoclema siamensis 
(Craib) J. Sinclair) 29Y%GET2G5)8T%'Q2Q5)&O% กW0 
29Y%G--H:IJ!'K%2Q5)&NF8:*)  R"-&(G#3-$L8/-ก 4Q) 
6IF3"-.  O%9U  G.+. 2465 *5K#J"%01IW8 ($86&$Q
กR"/G82GT-  


/%$0�ก34 (Gardenia thailandica Tirveng.)  
TEKF2-5)กFEK% 3EF GWQ9d" 6-EF-$ก%" G#3-$L8/-ก 4Q)  
Q-.T&0', %')IV--I *5KFR"2PFก-1*[J ($86&$QP[2กg, #%
P[2N"*5K-1Q$#3&"I [8 30 2I,- 9}((W#$% "I"-!26g%:QJ
#-'2&H(WQTI&'&*5K6"Qก1,1 4Q)O%2QEF%2I_")% - 

Gf_P"3I (1FFกQFก#"%2,gI,J% QFกI5 5260EF8 /01
I5ก0'K%6FI �!�#��*� (Jasminum siamense Craib)  
I53&"I [82G5)8 25 2^%,'2I,- 29Y%G--H:IJ!'K%2Q5)&
NF8:*) ()*�+-��������� (Magnolia thailandica 
Noot. & Chalermglin) 29Y%G--H:IJQFก6FIก0W7I(R"9U
(R"9" (R"9UT%'Q%5LI50$ก_H14#-"H ,7"8("กGETก0W7I(R"9U
(R"9"T%'QFEK%m 3EF I5QFก/##/)ก2G+ QFก2G+Z[J 2G+
2I5)F)[73%01QFก /)ก,J%ก$% (S8I54Fก"  [XG$%VW.
37F%NJ"8 [8 6"กI5ก"-0$ก0F#%R",J%2G+OQ2G+6%SK8
FFก:9("ก9d" (1*R"O6J2ก -:I7 "I"-!Z I:QJ/01(1
 [XG$%VW.O%*5K WQ 

 7&%G--H:IJTEKF !"%*5KO%2IEF8:*) 29Y%ก"--1#W
TEKFT%'Q,"I*5K R"-&(G#3-$L8/-ก 6-EF2กg#,$&F)7"8
,J%/## 4Q)ก"--1#WTEKFNF8($86&$Q FR"2PF ,R"#0 
6I[7#J"% P[2N" QF) 4Q)O%6%$8 EF207I%5L:QJ-&#-&I:&J 28 
T%'Q 2T7% �4.*��*���ก52����'� (Caryota kiriwongensis 
Hodel)  R"-&(G#/01,$L8TEKF4Q) D.R. Hodel T"&
F2I-'ก$% 29Y%9"0.I,J%O6X76")"ก*5KG#3-$L8/-ก*5K
6I[7#J"%35-5&8 ,R"#0ก14-I FR"2PF0"% ก" ($86&$Q
%3-+-5V--I-"T 2 J%Z7"%+[%).ก0"80R",J%9-1I"H  
1 2I,- 3&"I [89-1I"H 30 2I,- 3&"I)"&NF8O#
9-1I"H 8 2I,- ก&J"89-1I"H 6 2I,- 9}((W#$%I5ก"-
N)")G$%VW.4Q)&'V5ก"-2G"12I0gQ 4Q)%')I90[กก$%,"I
 &%Gfก_+" ,-.  !"%*5K*7F82*5K)&  !"%*5K-"Tก"- 
29Y%,J% �/����/��
 (Dasymaschalon sootepense 
Craib) 6IF3"-.29Y%Z[J R"-&(G# 4Q)G#3-$L8/-ก*5KQF) 
 W2*G ($86&$Q2T5)8O6I7 �������.6.����� (Impatiens 

hongsonensis T. Shimizu) 3J%G#/01,$L8TEKF4Q)  
+.T'I' S T"&X5K9Wd% G#3-$L8/-ก*5K($86&$Q/I7�7F8 F% 0$ก_H1
2Q7% 3EF I5QFก 5I7&8 /01I5/,JI 5260EF8#-'2&H3FQFก  

 7&%G--H:IJTEKF#W3302ก5)-,')+ TEKFG--H:IJF"(
I5 7&%NF83R"-1#W กW0 (genus) T%'Q (species) 6-EFT%'Q
)7F) (subsp.) 6-EF-1#WG$%VW. (var.) 4Q),$L8TEKFO6J2ก5)-,'
ก$##W330*5K R"-&(G#G--H:IJT%'Q%$L%29Y%3%/-ก 6-EF
29Y%#W330*5KI5TEKF2 5)8O%&8ก"-Gfก_+" ,-. 6-EFI5
TEK F 2  5 ) 8 O%& 8ก"-FEK %m  2T7 %  ก� * � %) * � � � � 7 � 
(Adiantum thongthamii P. Suksathan) Q-.9\)2ก_,- 
 WN !"% 29Y%Z[J3J%G# /01,$L8TEKFO6J29Y%2ก5)-,'/ก7  
-+.I0.("-WG$%V.  *F8/!I O%t"%1*5K*7"%29Y%Z[J*R"
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8"%&'($)G$n%"2p\-.%O6Jก$#I[0%'V'43-8ก"-60&8 4Q)TEKF 
thongthamii 08*J")QJ&) �ii #78#Fก&7"TEKF*5K,$L8O6J29Y%
2ก5)-,'29Y%Z[JT") ����* (Croton kerrii Airy Shaw) 
/01TEKFG--H:IJT%'QFEK%m *5KI5TEKFT%'Q&7" kerrii ,$L8NSL%
29Y%2ก5)-,'/ก76IF3"-. ŜK8Z[J R"-&(G#3-$L8/-ก ��
#� 
(Bauhinia winitii Craib) ,$L8O6J29Y%2ก5)-,'/ก7 FR"I",).
2FกG-1)"&'%'(&%$%Q- ŜK829Y%Z[J R"-&(G#3-$L8/-ก*5K
($86&$Qก"X(%#W-5 �#��4�*(*��2�43� (Bulbophyllum 

smithinandii Seidenf. & Thorut) ก0J&):IJO% กW0 '84, 
,$L8TEKFO6J29Y%2ก5)-,'/ก7 +.Q-.2,gI  I','%$%*%. ������
&*�� (Costus dhaninivatii K. Larsen) ,$L8TEKFO6J29Y%
2ก5)-,'/ก7ก-I6IEK%G'*)0"PGfn')"ก- (G-1F83.2(J"
V"%5%'&$,)  

%�*� 6-EF��'�(�-ก��82 (Hoya kerrii Craib) 
G--H:IJO%ก0W7I4�)7" ,$L8TEKFO6J29Y%2ก5)-,'/ก76IF3"-. 
Z[J R"-&(G#3-$L8/-ก#-'2&HQF) W2*G ($86&$Q2T5)8O6I7 
O#NF8,J%6$&O(*+ก$H`.I5N")F)[7*$K&:9O%9}((W#$% %')I
&"Q-[908#%O# N)")G$%VW.4Q)OTJ&'V5ก"-9}กTR"08O%
ก-1!"8N%"Q20gก /01 78FFก:9N")*5K9-12*+X5K9Wd% 
 -J"8-"):QJO6Jก$#9-12*+:QJ:I7%JF)  

��9*�:* (Magnolia garrettii (Craib) V.S. 
Kumar) G--H:IJ กW0(R"9" ,$L8TEKFO6J29Y%2ก5)-,'/ก7 
K.B.G. Garrett %$กGfก_+" ,-.T"&F$8กf_ Z[J R"-&(
G#3-$L8/-ก#%QF)Z"N"& ($86&$Q2T5)8O6I7 *5K-1Q$#
3&"I [8 1,320 2I,- ("ก-1Q$#%LR"*120 29Y%G--H:IJ
2IEF8:*)*5KTF#F"ก"+6%"&2)g%  "I"-!90[กO%GEL%*5K
-1Q$#07"8:QJ/,7:I7FFกQFก ()*�+��,�� (Magnolia 

rajaniana (Craib) Figlar)  

,$L8TEKFO6J29Y%2ก5)-,'/ก7G-1-"T&-&8+.2VFG-1F83.2(J"
-$T%5/(7I(-$  ก-I6IEK%G'*)"08ก-H. Z[J*5K23)F)[7O%-1##
ก"-QR"2%'%8"%NF8ก"- R"-&(G--H:IJ  

%Fก("ก%5L)$8I5 7&%G--H:IJTEKF,$L8NSL%O6I7 29Y%TEKF
*5K%$ก R"-&(G--H:IJ6-EF%$กGfก_+" ,-.,$L8NSL% 4Q)OTJ
0$ก_H12Q7%NF8G--H:IJ6-EFกR"6%QNSL%I"O6I7 ŜK8
*$L86IQ29Y%G--H:IJ*5KG#3-$L8/-กO%9-12*+:*)  
O%6%$8 EF207I%5L :QJก07"&:&J  37 T%'Q 2T7% �*'��)* 
(Artabotrys spinosus Craib) G--H:IJ!'K%2Q5)&NF8:*) 
 กW0ก"-2&ก TEKF spinosus #78#Fก!S80$ก_H1NF86%"I 
4Q)G#6%"I/60I)"&,"Iก'K8/010R",J% ������� 6-EF
�.*�%*��! (Bauhiain aurefolia K. & S.S. Larsen)  
,$L8TEKFT%'Q,"I0$ก_H12Q7% 3EF O#29Y% 5*F8 4Q) aure- 
/90&7" *F8  7&% folia /90&7" O#  R"6-$#TEKFP"_":*)
%$K%,$L8NSL%P")60$84Q),$L8O6J,-8ก$#TEKF&'*)"+" ,-.  
G#3-$L8/-ก4Q) Q-.T&0', %')IV--I ("ก%LR",ก#"4( 
($ 8 6 &$ Q% - " V' & "   ��) * � 4� * � * �  ( Cyathostemma 

longipes Craib) TEKF longipes #78#Fก!S83&"I)"&  
%$K%3EF  7&%NF8กJ"%QFก*5KI53&"I)"& 6-8 2^%,'2I,-  

G--H:IJ*$L86IQ*5Kก07"&!S829Y%2G5)8 7&%6%SK8*5K:QJ
-&#-&I:&JO%6%$8 EFG--H:IJ*5KG#3-$L8/-กNF840กO%
2IEF8:*) 6"ก*7"%OQ %O( ,JF8,'Q,"I-")012F5)Q
2G'KI2,'I:QJ("ก6%$8 EF207IQ$8ก07"& /01NF�"กO6J*Wก
*7"%T7&)ก$%F%W-$ก_.G--H:IJ*5KI53WH37"%5L:&JO6JF)[7ก$#3%
:*),0FQ:9 -&I*$L8NF�"กO6J%$ก&'($):*)T7&)ก$%2-78
 R"-&(/01+Sก_"&'($)G--H:IJ:*) ก7F%*5KT"&,7"8T",' 
(1I"&'($) /01%R"G--H:IJNF8:*)2-"ก0$#:9OTJ
9-14)T%.*5K9-12*+NF82N" 
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9D((E#$%*$F&40กกH"0$89-1 #ก$#&'กI,ก"-J.K"L
/30%%MH"N$%2OPMQ2R0'8 *H"S6T%MH"N$%2OPMQ2R0'8*5FSOTN5-"3"
 U8/01 78V0ก-1*#,7Qก"-R$W%"KQ860")9-12*+ 
4L)2XR"19-12*+*5F,TQ8%H"2KT"%MH"N$% 2O7% 9-12*+
:*) *5F SOT 8#9-1N"Jก&7"  15 29Q-. 2Z[%,.  KQ8
V0',\$J].N&0-&NS%9-12*+ (GDP : Gross 
Demestic Product) S%ก"-%H"2KT"%MH"N$% (% 78V0
ก-1*#,7Qก"-R$W%"LT"%2+-`aก'(  $83N /01LT"%
QPF%b KQ89-12*+  

%Qก("ก9Dc6"ก"-K"L/30%%MH"N$%/0T& ("ก
QL5,*5FV7"%N"(%!d89D((E#$%ก"-46NSOT%MH"N$%2RPFQR$W%"
9-12*+*5F2ก'LKdM%S%/*#*Eก9-12*+*$F&40ก)$8ก7QS6T2ก'L
9Dc6"40ก-TQ%("ก\"&12-PQ%ก-1(ก (global green -
house effect) ("กก"-ก$ก2ก[#-$8 5Q'%e-"2-L4L)/กf 
2-PQ%ก-1(ก (green house gas) 4L)2XR"1/กf 
3"-.#Q%:LQQก:ZL. (CO2) ZdF82ก'L("กก"-2V":6NTKQ8
2OPMQ2R0'8,7"8b %$#29g%\"&13Eก3"N \"R/&L0TQN 
-1##%'2&+ -&N!d83&"N NLE0KQ8-1##,7"8b S%40ก
*5FกH"0$8 78V0,7Q3&"NQ)U7-QLKQ8N%E`)O",'*$M8S%
9D((E#$%/01Q%"3, %$#29g%9Dc6" H"3$cKQ8+,&--`%5M
*5F*Eก9-12*+*$F&40ก,TQ8-7&NNPQ-7&NS(ก$%/กT:K 

S%9D((E#$%9-12*+:*)N5ก"-SOT%MH"N$% U8!d8 60 
0T"%0',-/&$% /013"L&7"(12R'FNKdM%2-PFQ)b (%!d8 80 
0T"%0',-/&$% 4L)%MH"N$%L'#N5/%&4%TN-"3" U8KdM%2-PFQ) b 
(%#"83-$M8Q"( U8ก&7" 100 26-5)c 6-$a/#"-.2-0 ZdF8(1
 78V0ก-1*#,7Q2+-`aก'(S%\"R-&NQ)7"8/%7%Q% 
LT&)26,E%5M*H"S6TN5ก"-,-16%$ก!d8ก"- -T"83&"NN$F%38
LT"%R0$88"%KQ89-12*+ 4L))E*j+" ,-.R0$88"%
*L/*%KQ8ก-1*-&8R0$88"%:LTกH"6%L29k"6N")ก"-
SOTR0$88"%*L/*%KQ89-12*+:*):&T*5F 8 29Q-.2Z[%,. 
KQ8ก"-SOTR0$88"%*$M 86NL 6-PQ 6,540 R$%,$%
2*5)#2*7"%MH"N$%L'# \")S%9m R.+. 2554 :#4QL52Z0
29g%R0$88"%*L/*%Q5ก9-12\*6%dF8 ZdF8:LT!UกกH"6%L
29k"6N")S6TN5ก"-SOT&$%01 8.5 0T"%0',-S%9m R.+. 
2555 *$M8%5M N5ก"-3"Lก"-J.9-'N"J3&"N,TQ8ก"-:#4Q

L52Z0S%O7&89m R.+. 2554 &7"(1N53&"N,TQ8ก"- 5 0T"%
0',-/&$% /01(12R'FNKdM%29g% 12 0T"%0',- S%9m R.+. 2560  

%Qก("ก%5MS% 7&%KQ8ก-1*-&8&'*)"+" ,-./01
2*34%40)5:LTN5ก"-($L*H"/V%*5F%H"*"82*34%40)5
2OPMQ2R0'8O5&\"R ZdF8S%O7&8/-ก,$M829k"ก"-V0',:#4Q
L52Z0 U,- B5 (:#4QL52Z0 5 29Q-.2Z[%,. ,7Q %MH"N$%L52Z0 
95 29Q-. 2Z[%,. ) /012-'FNSOT:#4QL52Z0 B5 S%
23-PFQ8($ก-ก02ก`,- /01-!#--*Eก2RPFQก"-2ก`,- 29g%
ก"- %$# %E%2+-`aก'(RQ2R5)8 4L)S6TO"&#T"%V0',2Q8 
("ก%$M%(d8(1R$W%"N"SOT B20 (:#4QL52Z0 20 
29Q-.2Z[%,. ,7Q %MH"N$%L52Z0 80 29Q-.2Z[%,.) S6T:LT4L)
,$M829k"6N"):&TS%9m R.+. 2554 /012R'FN29g% B50 (:#4Q
L52Z0 50 29Q-.2Z[%,. ,7Q %MH"N$%L52Z0 50 29Q-.2Z[%,.) 
\")S%9m R.+. 2557 2NPFQN53&"NN$F%S(/0T& (1N5ก"-
 782 -'NS6TSOT B100 (:#4QL52Z0 100 29Q-.2Z[%,.) \")S%
9m R.+. 2560 S% 7&%KQ8ก"-V0',:#4Q2Q*"%Q0 (1
2905F)%("กก"-V0',2RPFQS6TRQ2R5)8ก$#ก"-SOT8"%/010L
ก"-%H"2KT":929g%ก"-V0',2RPFQ 78QQก *$M8(1K)")ก"-SOT
8"%QQก:9 U7QE, "6ก--NQPF%b  78V0S6TN5ก"-9-$#
29k"6N")S%QE, "6ก--N,7"8b 

4L)2XR"1QE, "6ก--N%MH"N$%/01QE, "6ก--N
)"%)%,. 2O7% ก"-R$W%"V0',\$J].9p4,-205)NกdF8
 H"2-[(-U9 /0123-PFQ8)%,.2RPFQ-Q8-$#ก"-SOT/กf 4ZqQ0.*5FN5
Q$,-" 7&%2Q*"%Q0 U8KdM% 2O7% E20 (2Q*"%Q0 20 
29Q-.2Z[%,. ,7Q %MH"N$%2#%Z'% 80 29Q-.2Z[%,.) (%!d8 E85 

(2Q*"%Q0 85 29Q-. 2Z[%,.  ,7Q %MH "N$%2#%Z'% 15 
29Q-.2Z[%,.) 2RPFQ*L/*%%MH"N$%L52Z0 /01ก"-SOT2Q*"
%Q0S%2Z00.2OPMQ2R0'8 L$8%$M% &$,!EL'#*5FSOT(d8,TQ82R'FN
9-'N"J29g%Q)7"8%TQ) Q82*7"KQ8ก"-V0',2L'N /01N5
ก"-R'("-J"*5F(1SOT/6078&$,!EL'#60"ก60")9-12\*
2R'FNKdM% 2O7% KT"&er"86&"%/012Z00U40   *$M8%5M N5ก"-
,$M829k"6N")&7"(1N5ก"- 78QQก2Q*"%Q0S%-1L$# 2-5 
0T"%0',-/&$% 2NPFQ "N"-!V0',2Q*"%Q0:LT2R5)8RQ,7Q
ก"-SOT\")S%9-12*+/0T& 4L)(1%H":9*L/*%%MH"N$%
L52Z0 2%PFQ8("ก9D((E#$%9-12*+:*)N5ก"-SOT%MH"N$%L52Z0
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N"กก&7"%MH"N$%2#%Z'%9-1N"J 2-3 2*7" -&N*$M8Q"((1
R$W%"ก"- SOT 2 Q*"%Q02RPF QV0' ,ก-1/ :eek " 
Q5กLT&)  

Q)7"8:-ก[,"N ก"-%H"RPOQ"6"-N"SOT 29g%
&$,!EL'#S%ก"-V0',R0$88"% ก7QS6T2ก'Lก"-/K78K$%LT"%
-"3"/01*5F H"3$c 3PQ 9Dc6"LT"%3&"NN$F%38*"8
Q"6"- (food security) KQ89-12*+ 2RPFQ29g%ก"-
/กT9Dc6"ก"-/K78K$%LT"%-"3"("กก"-%H"RPOQ"6"-N"
SOT29g%&$,!EL'#S%ก"-V0',R0$88"% (d8N5ก"-/ &86"
/6078&$,!EL'#QPF%*L/*%RPOQ"6"- /01R#&7"/6078
KQ8&$,!E L'#*5F N5 +$ ก)\"R%7 " %S(  3P Q  O5 &N&0 
(biomass) *5F2ก'L("กก"- $823-"16.LT&)/ 8(d829g%
*-$R)"ก-*5F:N76NL 'M% (renewable resource) ZdF8
/6078KQ8O5&N&0*5FQ)U7S%3&"N %S(S%ก"-%H"N"R$W%"
2RPFQV0',R0$88"%*L/*%S%60")9-12*+*$F&40กS%
KJ1%5M 3PQ O5&N&0("ก "6-7") (algal biomass) ZdF8
29g%RPOO$M%,FH" (S%*5F%5M-&N!d8 "6-7") 5%MH"28'%/กN2K5)&, 
blue - green algae 6-PQ cyanobacteria)  

 "6-7")*$M8ก0E7N eucaryotic algae /01 
procaryotic algae (blue - green algae 6-PQ 
cyanobacteria) 29g% 'F8N5O5&',*5F2(-'c2,'#4,4L)ก"-
 $823-"16.LT&)/ 8 4L)SOT "-Q"6"-Q%'%*-5). 
(photoautotroph) 2O7% :%4,-2(% eQ eQ-$  -&N!d8
j",EQ"6"-QPF%b /01N5ก"- 1 NQ"6"-S%2Z00.S%-U9
K Q 8 / 9k 8 6 -P Q %MH " N$ %   " 6 -7 " ) # " 8 O %' L  2 O7 % 
Botryococcus braunii  "N"-!60$F82N[L%MH"N$% (oil 
droplet) QQก U7\")%Qก2Z00.:LT KJ1%5M2*34%40)5ก"-
V0',O5&N&0/01 "- H"3$c("ก "6-7")2RPFQก"-3T"N5
3&"NกT"&6%T"29g%Q)7"8N"ก 4L)S% 7&%KQ89-12*+
:*)N5\"32QกO%*5F "N"-!V0',S%2O'8R"J'O).:LT/0T& 
2O7% #Ec Ne"-.N 29g%VUTV0', "6-7") :9-U0'%"*5FS6c7
*5F ELS%\UN'\"32Q2O5),1&$%QQก2X5)8S,T #-'`$*2607"%5M
 "N"-!R$W%"*$M8 U,-Q"6"-*5FSOTS%ก"-2R"1205M)8 /01
ก-1#&%ก"-2R"1205M)8 -&N*$M8ก"-2ก[#2ก5F)&O5&N&0
 "6-7") 2RPFQS6T,T%*E%,FH"*5F EL(% "N"-!V0',S%2O'8
ก"-R"J'O).:LT 

("ก+$ก)\"RKQ8 "6-7")S%ก"-V0',/ 1 N
/9k8/%MH"N$% /013&"N29g%:9:LTS%ก"-V0',2O'8R"J'O).
(d8%H":9 U7ก"-K)")/%&*"8ก"-SOT9-14)O%.("ก 
O5&N&0 "6-7") 4L)SOT29g%/6078&$,!EL'#S%ก"-V0',

R0$88"%O5&N&0 (:#4Q2Q*"%Q0("ก/9k8/01:#4QL52Z0
("ก%MH"N$%) ,$&Q)7"88"%&'($)/01R$W%" 2O7% S%9-12*+
Q' -"2Q0 N5ก"-2R"1205M)8 "6-7") Skeletonema /01 
Nanochloropsis  LT&) flue gas ("ก4-88"%V0',:eek" 
/01%H"/9k8*5F:LT("ก Skeletonema N"V0',29g%:#4Q2Q
*"%Q0 80 29Q-.2Z[%,. -&N*$M8%H"%MH"N$%*5F:LT("ก 
Skeletonema /01 Nanochloropsis N"V0',29g%:#4Q
L52Z0 4L)29g%43-8ก"-3&"N-7&NNPQ-16&7"8 #-'`$* 
Seambiotic Ltd. /01 Israel Electric Co., Ltd. 6-PQS%
 6-$aQ2N-'ก" #-'`$* Kent Sea Tech Corporation 
-7&Nก$# Clemson University R$W%"ก-1#&%ก"-V0', 
O5&N&0 "6-7")2RPFQ3&#3ENก"-2ก'L)U4*-ep23O$%S%ก"-
2R"1205M)890" Striped Bass /0T&%H"V0V0', "6-7")*5F
:LTN"V0',29g%%MH"N$%S%-1L$#K)") R#&7"-1##L$8ก07"&N5
+$ก)\"R U8*5F(1%H"N"R$W%"2RPFQก"-V0',O5&N&0
 "6-7")2RPFQV0',%MH"N$%S%2O'8R"J'O). 2%PFQ8("กS6TV0
V0',O5&N&0 "6-7"):LT!d8 50 ก-$N (%MH"6%$ก/6T8)/,"-"8
2N,-/&$% N59-'N"J%MH"N$% 30 29Q-.2Z[%,. (%MH"6%$ก/6T8)  

2NPFQ29-5)#2*5)#ก$#RPOO$M% U8/0T&  "6-7")S6T
9-'N"JO5&N&0 U8ก&7"N"กS%RPM%*5Fก"-V0',*5F2*7"ก$% 
(N"กก&7"9-1N"J  50 2*7" - smaller foot print) /01
2%PFQ8("ก "6-7")N':LT29g%RPOQ"6"-60$ก(d8:N72ก'L9Dc6"
ก"-/K78K$%LT"%-"3" /013&"NN$F%38LT"%Q"6"- 
 "6-7") "N"-!2R"1205M)8:LT/NTS%RPM%*5F*5F:N726N"1 N
,7Qก"-2R"190UกRPO -&N*$M8 "N"-!2R"1205M)8:LT*$M8S%
%MH"(PL %MH"ก-7Q) /01%MH"23[N ,0QL(%%MH"2 5) *$M8)$8
 "N"-!SOT CO2 *5FQ)U7S% flue gas ("ก4-88"%
QE, "6ก--N29g%/60783"-.#Q%S%ก"-2R"1205M)8LT&) 
ก"-2R"1205M)8 "6-7")2RPFQก"-V0',R0$88"%)$8:LT
V0',\$J].KT"8235)8 (co - products) QPF% b 2O7% 9E{)  
:#4QRQ0'2NQ-. -83&$,!ENU037" U8 |0| *5F H"3$c "6-7")
)$8N5+$ก)\"RS%ก"-%H"N"V0',29g%*$M8:#4Q2Q*"%Q0 
(4L)6N$ก("ก/9k8*5F 1 NS%O5&N&0KQ8 "6-7")) /01/
6-PQ:#4QL52Z0 (4L) ก$L("ก%MH"N$%*5F 1 NS%O5&N&0
 "6-7")) ,7"8("กRPO*5F "N"-!V0',:LT2R5)8Q)7"8SL
Q)7"86%dF82*7"%$M% 

LT&)+$ก)\"R/013&"N H"3$cKQ8 "6-7")S%ก"-
SOT29g%/6078R0$88"%*L/*%/6078S6N7 60")9-12*+(d8
S6T3&"N %S( -T"823-PQK7")*H"ก"-&'($)/01R$W%"
ก-1#&%ก"-V0',R0$88"%O5&\"R("ก "6-7") ,$M8/,7 
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,T%%MH" (ก"-&'($)S%6TQ89}'#$,'ก"-) (%!d890")%MH" 
(jE-ก'(R0$88"%O5&\"R("ก "6-7")) S%ก"-9-1OEN 
 EL)QLO5&N&0KQ8 "6-7") (Algae Biomass 
Summit) S%6$&KTQ "6-7")ก$#R0$88"%*"820PQก 
(Algae for Energy) J 2NPQ8Z"%e-"%Z' 4ก  
-$a/30'eQ-.2%5) -16&7"8&$%*5F 14 - 16 RI+('ก")% 
R.+. 2550 :LTN5ก"- -E9!d83&"N(H"29g%*5F,TQ8N5
8"%&'( $)/01R$W%"2RP FQ0L,T%*E%ก"-V0',O5&N&0 
(/9k8/%MH"N$%) ("ก "6-7")S%LT"%,7"8b L$8%5M 

• 3$L20PQก/R$W%" ")R$%jE. "6-7")*5FN5ก"-V0',/
 1 N /9k8/%MH"N$% U8 

• R$W%"-1##ก"-2R"1205M)8-1L$#K)")2RPFQV0',
O5&N&0 (/9k8/%MH"N$%) 

• R$W%"&'j5ก"-0L37"SOT(7")S%ก"-V0', (/6078
KQ8 CO2/23-PFQ8NPQ/43-8 -T"8RPM%a"% |0|) 

• R$W%"ก-1#&%ก"-2ก[#2ก5F)&/01ก"-กH"($L%MH"
QQก("กO5&N&0 

• R$W%"ก-1#&%ก"-V0',/ ก$L /9k8/%MH"N$% ก"-
/)ก/ก"-*H"#-' E*j'~ 

• R$W%"3EJ N#$,'/013EJ0$ก`J1KQ82Q*"%Q0
/01:#4QL52Z0*5F:LT 

• R$W%"-1##ก"-V0', 37"SOT(7")S%ก"-V0', /01ก"-
($Lก"- |0| 

S%KJ12L5)&ก$%29k"6N")ก"-V0',R0$88"%("ก
 "6-7") (*$M8:#4Q2Q*"%Q0/01:#4QL52Z0) O7&8/-ก%5M
(1LH"2%'%ก"-2O7%2L5)&ก$#:#4Q2Q*"%Q0 3PQ SOT29g%
 7&%V Nก $#%MH"N $% S%ก-J5KQ8:#4Q2Q*"%Q0N5
,$&Q)7"8ก-1#&%ก"-V0',/01ก"-SOT9-14)O%.(-'8/0T&
("กV0V0',ก"-2ก`,- 4L)V Nก$#2#%Z'%  7&%:#4Q
L52Z0N5ก"-*L0Q8V0',S%-1L$#6TQ89}'#$,'ก"- 4L)
V0',:#4QL52Z0*5 FN 5 7&%V N-16&7"8:#4QL52Z0("ก
%MH"N$%!$F&260PQ8 :  "6-7") S% $L 7&% 9 ,7Q 1 /01R#&7"
 "N"-!SOTS%-!)%,.:LT 

 

\"R*5F 1. ก-Q#/%&3'LKQ843-8ก"-&'($)S%ก"-%H" "6-7")N"SOT29g%&$,!EL'#S%ก"-V0',R0$88"%O5&\"RS%\"R-&N 
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ก-Q#/%&3'LS%ก"-V0',:#4Q2Q*"%Q0("กO5&N&0 "6-7") KQ8 !"#$%&'($)&'*)"+" ,-./012*34%40)5/6789-12*+
:*) (&&.) N5L$8%5M 

 

 

 

 

ก-Q#/%&3'LS%ก"-V0',:#4QL52Z0("กO5&N&0 "6-7") KQ8 !"#$%&'($)&'*)"+" ,-./012*34%40)5/6789-12*+:*) 
(&&.) N5L$8%5M 
 

 

 

 

("ก3&"N H"3$cKQ89Dc6"ก"-K"L/30%%MH"N$%
KQ840ก*5F 78V0ก-1*#,7Q9-12*+VUT%H"2KT"%MH"N$% 2O7% 

9-12*+:*) /01/%&4%TN3&"N29g%:9:LTS%ก"-R$W%"
R0$88"%O5&\"R("ก "6-7")Q)7"8)$F8)P% S% 7&%KQ8

9-12*+:*)  !"#$%&'($)&'*)"+" ,-./012*34%40)5
/6789-12*+:*) (&&.) %$#29g%6%7&)8"%ก0"8KQ8
9-12*+*5FN53&"NR-TQNN"ก*5F ELS%ก"-LH"2%'%ก"-
3$L20PQก ")R$%jE. "6-7")2RPFQ&'($) R$W%" ก"-V0',
R0$88"%O5&\"R("กO5&N&0KQ8 "6-7") 2%PFQ8("กN5
30$82ก[#-$ก`" ")R$%jE. "6-7")9-1N"J 1,000  ")
R$%jE.  /01N59-1 #ก"-J.S%ก"-3$L20PQก ")R$%jE.
 "6-7")2RPFQ&'($)/01R$W%" /01!7")*QL2*34%40)5
LT"% "6-7")N"กก&7" 25 9m  

ก-Q#/%&3'LKQ8ก"-&'($)S%ก"-%H" "6-7")N"
SOT29g%&$,!EL'#S%ก"-V0',R0$88"%O5&\"RS%\"R-&N 
(\"R*5F 1) ("กก-1#&%ก"-*$M86NL*5F/ L8 (1R#&7"
Q83.3&"N-UT/012*34%40)5*5FN5S%9D((E#$%*5FN53&"N
29g%:9:LT U8 -&N*$M8N58"%&'($) R$W%" 90")%MH" (down 
stream process) -Q8-$#/N5ก-1#&%ก"-V0',(-'84L)SOT

&$,!EL'#("กRPO*5FV0',/9k8/%MH"N$%/0T& 3PQ ก"-V0', 
: # 4 Q 2 Q * " % Q 0 LT & ) ก " - 6 N$ ก S % *5F NP L  (dark 
fermentation) ZdF829g%ก-1#&%ก"-*"8O5&23N5 
(biochemical conversion) ก$#ก"-V0',%MH"N$%("ก
 "6-7") 4L)ก"- ก$LLT&),$&*H"010")Q'%*-5). 
(organic solvent extraction) ZdF829g%ก-1#&%ก"-/)ก
*"823N5 (chemical separation)  

4L)29k"6N")KQ843-8ก"-*5FSOT "6-7")29g%
&$,!EL'#S%ก"-V0',R0$88"%%$M% NE78*5FV0&'23-"16.&8(-
ก"-SOTR0$88"% (life cycle energy anlysis) (1,TQ8*H"
S6T $L 7&%R0$88"%*5F:LT (EOR : energy - output ratio) 
N"กก&7" 1 ก07"&3PQ N537"R0$88"%*5F:LT("ก "6-7")
N"กก&7"R0$88"%-&N*$M86NL*5FSOTS%ก-1#&%ก"-V0', 
(fuel energy output > all energy inputs) 2RPFQ*5F(1
%H":9 U73&"N29g%:9:LTS%ก"-V0',2O'8R"J'O).S%*5F EL 
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Earthworm : their diversity and applications to science 
and technology 

Samuel James 
University of Kansas, USA,  sjames@ku.edu 

---------------------------------------------------------- 
 
Basics of earthworm ecology and 
diversity.http://www.answers.com/topic/oligoch
aeta-1 Text from above web page, written by me. 

Earthworms belong to a well-defined 
clade, the Clitellata, which includes leeches, 
branchiobdellids, many aquatic and small 
terrestrial worms with a single cell layered 
clitellum, and the earthworms, most of which 
have a multi-layered clitellum. However, 
earthworms as a group lack a defining 
characteristic unique to earthworms. This is 
because they include the Moniligastridae, a 
South and East Asian earthworm family, which 
has a single-layered clitellum and is 
prosoporous (defined as having male genital 
openings in front of the female genital 
openings). All other earthworms have a multi-
layered clitellum and male genital openings 
behind the female pores (opisthoporous) and 
are called the Crassiclitellata, which refers to 
the multi-layered clitellum. As soft-bodied 
invertebrates, earthworms lack a fossil record, 
other than burrow traces that may or may not 
have been created by earthworms.  

The morphology of earthworms has been 
the primary source of information in support of 
the various classification schemes, but contains 
inherent conflicts. For this reason new types of 
data are needed, and the most important of 
these are DNA sequences. Based on analysis of 
DNA sequence data, Jamieson et al. (2002) 
concluded that the large family 
Megascolecidae (broad sense, including the 
Acanthodrilidae and Octochaetidae of some 
authors) is the sister-group of the 
Ocnerodrilidae, and that these in turn are 
together the sister-group of a clade composed 
of several families: Sparganophilidae, 
Komarekionidae, Almidae, Lutodrilidae, 
Hormogastridae, Lumbricidae, and 
Microchaetidae. The remaining two 
numerically important families 
Glossoscolecidae and Eudrilidae form a third 
major clade of Crassiclitellata, but 
relationships to the other two were not clear. 
Several small families plus the Moniligastridae 
(functionally earthworms but not belonging to 

the Crassclitellata) were not included in the 
analysis. The following families complete the 
family list of the Crassiclitellata: Ailoscolecidae, 
Alluroididae, Biwadrilidae, Diporochaetidae 
(sometimes included in Lumbricidae), and 
Kynotidae, for a total of 17 families containing 
about 4000 species, all in the order Haplotaxida.  

Distribution 
Earthworms are globally distributed, but 

do not occur in deserts or regions where there is 
permafrost or permanent snow and ice. They 
may also be absent from the taiga biome and 
other cold climate vegetation types where soils 
are strongly acid (pH below 4). Recently (last 
20,000 years) glaciated areas may also lack 
earthworms, but in these and other places where 
they do not occur naturally, some species have 
been introduced by human activity. The 
Megascolecidae have the widest natural 
distribution, being present on all continents 
except Europe. The Glossoscolecidae are 
confined to tropical South America, Central 
America and a few Caribbean islands, while the 
Eudrilidae are found only in sub-saharan Africa. 
The Lumbricidae are mainly in Europe with a 
few species native to North America. Australia 
indigenous species are exclusively 
Megascolecidae. A few species have attained 
global temperate zone or tropical distributions 
with human assistance. 

Southeast Asia has indigenous members of 
the Megascolecidae, Almidae and 
Moniligastridae, plus various foreign species 
from those and other families.  Notable for its 
wide distribution in human-influenced habitats is 
the global invasive species Pontoscolex 
corethrurus (Glossoscolecidae) from Brazil.  
There are many Asian species that have attained 
wider than natural distributions as regional 
invasive species, and these are frequently 
encountered in Thailand. Some examples are 
Amynthas alexandri, A. morrisi, Metaphire 
peguana, M. houlleti, and M. posthuma.   

Habitat 
The typical earthworm habitat is soil, but 

there are species living in freshwater mud, 
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saltwater shorelines, and in suspended soils of 
tropical forests. The soil habitat can be divided 
into litter layer, topsoil and deeper soil 
horizons, with different earthworms utilizing 
each. 
 
Feeding ecology and diet 

Earthworms feed on dead and 
decomposing organic material, such as fallen 
leaves, decaying roots, and soil organic matter. 
Epigeic worms are those feeding at or near the 
surface, or within accumulations of organic 
matter on or above the soil surface (e.g. logs, 
epiphyte root mats in trees, etc.) These will 
consume relatively freshly dead plant matter, 
as do anecic worms. Anecic earthworms 
maintain a deep burrow from which they 
emerge to ingest plant matter from the soil 
surface. The best known is the European night 
crawler, Lumbricus terrestris. Endogeic worms 
live and feed within the soil and utilize organic 
matter that has already been somewhat or 
extensively modified from its original 
condition. Body size, coloration and gut 
morphology are consistently different among 
these three categories. Epigeics are typically 
small, darkly colored and have little secondary 
development of gut surface area. Anecics are 
large, colored only in the head, and have gut 
morphology similar to epigeics. Endogeic 
worms may be small or very large, but are 
usually unpigmented and show the greatest 
degree of gut surface area development. 
 
Behavior 

The three ecological categories of 
earthworms have very different behavior 
patterns.  The anecic feeding behavior has been 
described. Their primary escape tactic is to 
rapidly withdraw into the burrow. Epigeic 
species crawl or burrow through organic matter 
deposits and feed on it. They have well-
developed escape behavior that includes rapid 
motions, even the ability to jump and thrash 
about randomly, and to drop tail segments for 
the predator. Endogeics have little escape 
behavior, and may just writhe or coil in the 
hand, and may exude some body cavity fluids. 
In some instances these fluids may be noxious.  
Further details of earthworm behavior are 
poorly known, because they inhabit an opaque 
medium and are shy of light. 

In many parts of Southeast Asia people 
observe seasonal mass movements of 
earthworms, typically after the late monsoonal 

rains. At these times large numbers of 
earthworms emerge from the soil, crawl about 
for a short time, and then many of them die.  It is 
not known what percentage re-enter the soil, or 
if any of them survive to the next rainy season. 
Recently similar phenomena have taken place in 
North America where invasive Asian worms are 
established, although no monsoon rains are 
involved. Like many facts of earthworm life, this 
is part of popular knowledge but has not been 
studied from a scientific perspective. 
 
Reproductive biology 

Most earthworms are simultaneous 
hermaphrodites and exchange sperm during 
copulation. Sperm transfer may be external, in 
which the seminal fluid flows from male genital 
openings to the spermathecae, or there may be 
penis-like organs to insert the seminal fluid 
directly into the spermathecal openings. Sperm 
transfer by spermatophores is also known to 
occur. After sperm copulation, fertilization takes 
place in the egg case.  The case, or cocoon, is 
formed by the clitelum and passes over the 
female pores to receive one or more ova.  It then 
is worked forwards over the spermathecal pores, 
from which sperm are expelled into the case, and 
fertilization results. The cocoon is deposited in 
the soil or other substrate. The developing 
embryo feeds on clitellar and/or prostatic 
secretions, passes through larval stages and 
emerges as a miniature earthworm. Growth and 
maturation may take months or years, depending 
on the species. In temperate zones mating and 
cocoon deposition generally take place in the 
spring, with a secondary period possible in the 
autumn.  In tropical areas the peak of activity 
occurs during rainy seasons.  However, the 
details of mating seasons in tropical earthworms 
are poorly known. 

Some species of earthworms are clonal 
and reproduce by parthenogenesis. In this case a 
diploid ovum is produced that is a genetic copy 
of the parent.  No fertilization is necessary, so a 
single individual can reproduce unaided. This is 
important among the many species that have 
attained wide artificial distributions. In other 
instances, hermaphroditic species have been 
observed self-fertilizing. It is not known how 
common this is, or under what circumstances an 
individual may choose this course. 
 
Conservation status 

Some species are known to be endangered, 
but only one is clearly protected, the Gippsland 
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Giant Worm of Australia.  It has a very narrow 
range.  Driloleirus macelfreshi, a giant worm 
from western Oregon, USA is suspected to be 
extinct. It is quite probable that many species 
are extinct due to habitat destruction, 
particularly in mountainous regions where the 
topography and earthworms’ low dispersal 
rates contribute to high species diversity and 
small species ranges. 
 
Significance to humans 

Several species of earthworms (most 
commonly Eisenia fetida, E. andrei, Eudrilus 
eugeniae, Perionyx excavatus) are used for 
production of vermicompost; some of these are 
used for fish bait as well. The use of 
earthworms as fish bait seems to be almost 
universal, and people use whatever worms they 
can find for this purpose. There are a few 
species commercially harvested and sold for 
bait: Lumbricus terrestris (Canada, northern 
USA), Diplocardia riparia (south central 
USA), and D. missippiensis (Florida, USA). As 
transformers of soil structure and organic 
matter, earthworms are significant to the 
maintenance and improvement of soils and 
plants growing in them, and thereby to humans 
who benefit from plants. 

Vermicomposting is a growing industry 
serving two purposes. First, it utilizes a large 
variety of organic wastes, many of which 
would become pollutants if not properly 
disposed of.  Many cities have solid waste 
disposal expenses and environmental problems 
associated with solid wastes. Therefore 
conversion of these organic wastes to a 
sanitary and biologically stable compost 
provides a cost-effective way to reduce waste 
volume and environmental problems. 

The second purpose of vermicomposting 
is the promotion of plant growth and crop 
production. Unlike conventional composts 
created in thermophilic conditions, 
vermicompost has plant growth promoting 
factors which act independently of the fertilizer 
analysis values of the compost.  Heat-sterilized 
vermicompost has only a small fertilization 
effect, but natural vermicompost increases 
plant production significantly compared to 
sterilized vermicompost, conventional 
compost, and comparable additions of 
chemical fertilizers. The amount of 
vermicompost needed is small. In container-
grown plants, substitution of 15-20% of the 
soil gives the maximum improvement. In field 

crops, a 2 cm layer of vermicompost around 
each plant can give a multi-year effect in fruit 
production.  Vermicompost increases fruiting 
and flowering by 20-30%, so it is applicable to 
high-value horticultural crops for an good return 
on investment. 

The species used for vermicomposting in 
tropical climates are Eudrilus eugeniae 
(Eudrilidae; Africa) and Perionyx excavatus 
(Megascolecidae; India). Both can become 
invasive. There may be some potential for 
discovery of additional composting species in 
organic matter habitats such as suspended soils 
and decomposing wood. This could be one focus 
of earthworm biodiversity research in Thailand. 
 
DNA Barcoding of Earthworms: a Global 
Campaign. 

One of the main obstacles to progress in 
soil biology is identification of the species of 
organisms in the soil. Even for large, 
ecologically significant animals like earthworms 
there are only about ten experts on the planet.  
DNA barcoding, the use of a short section of 
easily-sequenced DNA, has been proposed as a 
means of identification.  However this depends 
absolutely on building a database of the 
sequences matched to correctly identified 
specimens. For most animals, the first half of the 
mitochondrial Cytochrome Oxidase I gene 
(COI) is used as the “barcode”. It appears to 
work well for earthworms, in that 
morphologically identified species consistently 
have barcode region sequences that are less than 
a few percent divergent within species.  In 
contrast, between-species divergence is typically 
>10% for earthworms (Chang et al 2007).  A 
success in species limitation using the barcode 
region is given in Perez-Losada et al (2005).  
Recently obtained barcode sequences from 
European worms show the presence of several 
cryptic species within widespread, common 
taxa. What has previously been dismissed as 
sub-specific or even infra-subspecific variation 
now may be indication of species-level 
morphological divergence. 

Barcoding could be important to progress 
on earthworms of Thailand and East to 
Southeast Asia generally. The dominant genera 
Amynthas and Metaphire are very diverse, but 
also contain many species that are widespread 
and invasive due to human activity.  In the past, 
these species have been redescribed under 
various names, creating nomenclatural 
problems, taxonomic confusion, and a reluctance 



 49 
 

 !"#$กก&'(')*+,-.*&ก&'(')/0&(123'4ก&' BRT 3'!54#67 12  
10-13 8+9&3, 2551 /!4;-!<=+'&>?'@A&"6 

 49 

to accept new species names for forms that 
may actually be distinct new species but bear 
some resemblance to the well-known invasive 
species. If analysis of barcode sequence 
variation can be included with a species 
description, this should boost confidence that 
one actually has a new species, as well as 
preventing the mistake of further synonym 
creation. We do not know if there are cryptic 
species in SE Asian earthworms, but it is a 
possibility to be aware of. 

To obtain more information on DNA 
barcoding, I suggest the following web site:  
http://www.dnabarcoding.ca/ 

There is now a global campaign to 
barcode all earthworms. The general data 
requirements are described here: 
http://www.barcodinglife.org/docs/boldmas.html 

Little more data than one normally 
would collect with a specimen is required. A 
photo, drawing or other image is requested to 
accompany each organism sampled for DNA 
barcoding. For preservation methods, see 
Appendix 1. The preservation of a tissue 
sample in alcohol is essential.  The earthworm 
effort is being coordinated by myself and one 
other person, with participation requested from 
anyone willing to help. 
 
Results of 2007 mini-expedition and other 
recent collecting in Thailand 

Prior to about 6 years ago, very little was 
known about Thai earthworms. About 25 
species were known to occur in Thailand 
( Blakemore 2005; Gates, 19??), but nothing 
had been added to the list in many decades.  
Then a few Thai students began to work on 
earthworm ecological studies, and eventually 
Dr. Somsak Panha of Chulalongkorn 
University took an interest in promoting 
earthworm biodiversity study.  In those few 
years collectively about another 25 species 
have come to light, and probably more will 
come due to the efforts of Dr. Prasuk Kosavititkul, 
one of those afore-mentioned students. 

A year ago, under the direction of Dr. 
Panha, we made some collections in Sichon 
District, Nakhon Si Thammarat Province.  The 
area was rather limited and the time was short, 
but we found about 20 species new to science 
as well some previously known species.  Based 
on this short collecting expedition we estimate 
there could be as many as 100 earthworm 
species in peninsular Thailand alone. This 
would be a fourfold increase in national 

earthworm biodiversity. We did not visit high 
elevation sites and conditions were a bit too dry 
for optimal collecting. Therefore our estimate 
may be conservative.  Extrapolation to the rest 
of Thailand is dangerous, because there are large 
areas of little topographic variation (which 
would generally mean lower regional species 
diversity), and large areas of very great 
topographic variation. Consequently we could 
easily overestimate in some places and 
underestimate in others. However, to say that 
there could be hundreds of species is probably safe. 
Our 2007 mini-expedition results have not been 
developed, but in the material and data collected, 
we have the potential to address some key 
questions such as: 

1. Is there small-scale geographic 
variation within species or is the variation 
among very closely related species? If the latter, 
then even very small areas, just a few limestone 
hills isolated from others by intervening plains, 
may have their own unique species. Our results 
show that only two endemic species were found 
at more than one locality: one was at two places, 
and one was at three places. All the other 17 
were only found in one location. 

2. What is the relationship between site 
species diversity and regional diversity? We 
found relatively few species per site, but 
combining the sites, all within a rather small 
area, there was high diversity because so many 
species were only found in one location.  Is this 
typical of Thailand or is there something unusual 
about the topography and habitats of the Nakhon 
Si Thammarat area?  Would other topographies/ 
geological characteristics result in higher within-
site diversity but broader distributions?  Some 
tropical areas have low within-site diversity, but 
little overlap among sites.  Still other places 
have extraordinarily high within site (e.g. >20 
spp. in agricultural land in Cameroon, Africa;  
L.Norgrove, pers. comm.) diversity, but the 
among-site variation is unknown. 

Discovery, documentation and DNA 
barcoding of Thailand’s unknown earthworm 
diversity could take a single researcher many 
years, and then only the most basic information 
would be available. There are many 
opportunities for study in this field, and many 
fruitful avenues for cooperation among 
specialists on different animal groups, as we try 
to develop an understand of biogeography and 
animal diversity of Thailand. 
 
Procedure for earthworm preservation. 
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Preservation of earthworms is very 
easily done, but can also be done badly.  Many 
soft-bodied invertebrates are preserved by 
different methods, and those methods do not 
work for earthworms.  In particular, the use of 
alcohol less than 95% strength will fail to 
preserve the physical integrity of the specimen. 
For this reason formaldehyde preservatives are 
essential for natural history collections. 
Alcohol is best used to preserve either whole 
worms or tissue samples to be used mainly for 
DNA extraction. It is possible to dehydrate 
specimens in two or more changes of alcohol, 
make a preliminary morphological 
examination and take tissue samples, and then 
fix the specimen in 4-10% formaldehyde but 
this is an unusual procedure reserved for the 
cases where the only specimen of a species 
was inadvertently placed in alcohol.  By this 
“retro-fixing” one can make a long-lasting 
museum specimen.  The procedures and the 
preservatives required are described in 
Appendix 1. Blakemore, R.J. A series of 
searchable texts on earthworm taxonomy 
http://bio.eco.eis.ynu.ac.jp/eng/database/earth
worm/A%20series%20of%20searchable%20te
xts/Thailand/Thailand%20taxa%20updated%2
0from%20Gates.pdf Chang, C-H, S. W. James, 
Y. Hong, H.-P. Shen, & J.-H. Chen. 2007.  
Barcoding of earthworms: a case study of the 
Pheretima complex (Oligochaeta: Clitellata: 
Megascolecidae). Poster presentation at 
International DNA Barcoding conference, 
Taipei, Taiwan September 2007. Perez-
Losada, M., Eiroa, J., Mato, S., Domınguez, J., 
2005. Phylogenetic species delimitation of the 
earthworms Eisenia fetida (Savigny, 1826) and 
Eisenia andrei Bouche , 1972 (Oligochaeta, 
Lumbricidae) based on mitochondrial and 
nuclear DNA sequences. Pedobiologia 49, 
317–324. 

Appendix 1. Collecting and preserving 
earthworm specimens 
A. Neutral buffered paraformaldehyde solution 
(PFA). 

A. Dissolve phosphate buffer powder in 
200 ml water, make up to final volume 250 ml.  
The powder is composed of 27.5 grams dibasic 
sodium phosphate (Na2-phospate) plus 16 
grams monobasic sodium phosphate (Na-
phosphate).  This will be about 1 molar 
solution of phosphate buffer (PB). 

B. In a one liter beaker or flask, heat 500 
ml distilled water, 8.2 grams NaCl, plus three 

chips of NaOH.  Do not exceed 70˚C 
temperature.  When hot, add 40 grams 
paraformaldehyde. If the paraformaldehyde does 
not dissolve after 5-10 minutes AND the NaOH 
is dissolved, check pH; if below 7, add one or 
two more chips NaOH, stir and wait for 
complete dissolving of paraformaldehyde.  
CAUTION: should be under fume hood or in 
very well ventilated place; you may loosely 
cover the beaker. If still not dissolved, check pH 
again, add one chip NaOH, etc…..  Once 
dissolved, add 50 ml of the PB solution, adjust 
volume to one liter, adjust pH to 7.3 approx. 
using a NaOH solution and/or HCl as needed.  
This is now the PFA.  Do not use it when hot.  

Alternative method: using standard liquid 
37% formaldehyde, fresh, with no precipitates, 
use the same amounts of salt, buffer to prepare a 
solution containing 4% formaldehyde, then 
adjust pH to 7.3 as above.  It is now neutral 
buffered formalin (NBF). Use in place of PFA. 
 
B.  95-100% ethanol. 
C.  leak-proof containers, quality paper and 
either pencil or alcohol-proof ink, 1.5 ml 
microcentrifuge tubes. 

1. Collect 8-10 adult or otherwise clearly 
identifiable individuals of each morpho-species.  
When digging, remove large blocks of soil, with 
smallest dimension > 20 cm.  This reduces the 
cutting of worms.  Farmers will tend to chop the 
soil in small pieces and the worms will also be 
in small pieces. In Southeast Asia, some species 
will be very close to the surface under forest leaf 
litter, or in small accumulations of earthworm 
fecal pellets at the soil surface.  Others will have 
to be caught by digging, but seldom is it 
necessary to dig more than 30 cm to obtain 
worms.  It is always a good idea to ask local 
people where they have seen worms, but ask 
about the worms in the fields and forests, not 
just those around the house and animal pens.  In 
karst rock areas worms can live in soils 
accumulated in depressions on the stones.  There 
are also worms living in suspended soils up in 
trees, palm leaf axils or other above-ground 
locations with accumulated organic matter. 

After collecting is finished, kill and 
preserve the worms as soon as possible.  
Damaged specimens will die and decompose 
rapidly, so do not wait more than 30 minutes.   
Kill worms in either 50% alcohol or highly 
carbonated water (soda water).  The first is very 
fast, and the second takes ten minutes but the 
worms will be relaxed.  After killing try to 
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separate the worms into morpho-species based 
on color, size at adulthood, external markings, 
etc.  Three of each species should be fixed in 
excess 95-100% ethanol. The rest can remain 
intact as voucher specimens, in PFA/NBF for 
>24 hours.   

Site collection data should be recorded 
as per usual scientific standard, with latitude-
longitude GPS coordinates if at all possible, 
nearest named location such as town, and 
habitat type. 

If a worm species is only available in 
small numbers, reallocate according to the 
following order of priority: 
* Reduce the number of voucher specimens by 
one or more as needed, but not to zero, except 
as indicated below for extreme cases. 
* Reduce the number of alcohol specimens as 
needed, but for each one eliminated, take a 
tissue sample from one of the vouchers before 
placing in PFA. Cut a mid-line cut bisecting 
the tail end, and take about 1-2 cm of half the 
tail, label it as from the particular worm, and 
place in alcohol in a 1.5 ml centrifuge tube.  
For multiple worm pieces, use right half, left 
half, then a non-tail section missing the 
pygidium and several posterior segments.  
Then the bits can be matched to the source 
worm. In this case of multiple bits, the bits 
must be stored separately by species to avoid 
mixing up the assignment of bits to source worms.  
* If only three or fewer worms per species are 
found, take the tail bits for alcohol, leave no 
intact vouchers.   

2. Vouchers can remain in PFA for 24 
hours or longer, but change the fluid at least 
once.  After two or three days replace PFA 
fluid with 80% ethanol. 

3. Alcohol specimens- replace 95% 
alcohol once or twice until specimens are firm, 
stiff. Store at room temperature away from 
sunlight or at 4 ˚C short term, -20 ˚C long 
term. 

4. Alcohol and waterproof labels should 
go inside with the specimens.  Label coding 
can be short but then be sure to record full data 
in a notebook and DO NOT LOSE the 
notebook. 
 
Appendix 2. Earthworm anatomy 

Earthworms have a tube within a tube 
construction, an outer muscular body wall 
surrounding a digestive tract that begins with 
the mouth in the first segment and ends with 
the anus in the last segment. Body wall 

musculature consists of an outer circular layer 
and an inner longitudinal layer, which extend 
and shorten the body, respectively. Between the 
body wall and the gut is the body cavity, within 
which various other organs are arranged, 
generally segmentally.  Segments are repeated 
units of the body, externally manifested as rings, 
and internally separated by septa.  In 
earthworms each segment except the first bears 
setae, small chitinous bristles used for traction in 
the burrow.   

A typical earthworm gut consists of the 
mouth, a muscular pharynx for taking in food, a 
gizzard for reducing food particles to smaller 
sizes, an esophagus, and an intestine. The 
intestine may be differentiated into digestive and 
absorptive regions, and often has a dorsal 
infolding of the intestinal wall, called the 
typhlosole 

Small excretory organs, the nephridia, are 
arranged segmentally, from two per segment to 
very numerous per segment and small.  Urine is 
excreted through nephropores to the outside, or 
is collected via systems of tubules and excreted 
into the intestine.  In some families nephridia of 
the anterior segments have been modified as 
glands for digestive secretions.  

Earthworms are hermaphrodites. 
Reproductive organs are located in the anterior 
segments. The female reproductive system 
consists of paired ovaries in the 13th segment 
(except in the Moniligastridae, in which the 
ovaries are more anterior), ovarian funnels 
leading from the ovaries to an external female 
genital pore on the 14th segment, and depending 
on the family, there may be sperm receptacles 
called spermathecae.  If present these will 
generally be in some of segments 5-10. 
Spermathecae receive sperm from the mate 
during copulation.  Alternatively, sperm may be 
deposited in packets called spermatophores, 
which will be found clinging to the exterior of 
the worm. The clitellum provides an outer 
casing for the ova and also secretes food used by 
the developing embryo. 

Male organs consist of testes in one or 
both of segments 10 and 11, testicular funnels 
leading to sperm ducts through which sperm 
passes to the male genital openings, seminal 
vesicles in segments adjacent to the testicular 
segments (one or more of 9, 11, 12), and in some 
families prostate glands that secrete fluids 
associated with the male genital pores. In other 
families there are often glands associated with 
setae modified for use in copulation. 
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Abstract 

Ecology is a particularly important field 
for developing countries as those with ecological 
training are best able to answer scientific 
questions related to the impacts of human 
activities on biodiversity and the physical 
environment.  However, countries such as 
Thailand have invested little in training in 
ecology and related fields compared to other 
sciences and engineering. Consequently there are 
few students interested in the field and few 
understand how ecologists can be made useful 
for the economy as a whole.  In this paper I make 
the case for Thai students to consider a career in 
ecology.  I outline the basic practices of working 
ecologists, examine the types of jobs ecologists 
might expect to do when they graduate, the 
training process to becoming an ecologist, how 
Thai students can gain experience and how they 
can learn more about the field. 
Key words: Ecology, careers, research, Thailand 

Introduction 
Why be an ecologist?  

While there are several compelling reasons 
for students to enter the field at this time, one of 
the most important is that knowledge given by 
ecologists can be used by a wide group of 
citizens, including other scientists, teachers, 
citizens, and natural resource managers 
(Ecological Society of America 2008).  
Secondly, ecologists will be helping society 
make sound decisions and adding to our 
understanding of how nature works – an area 
where most Thai citizens know very little.  
What do ecologists do? 

Typically, ecologists are researchers who 
conduct research in the field and in the 
laboratory.  They ask both theoretical and 
practical questions that can be investigated 
using scientific techniques in a range of habitats 
from very remote forest or marine sites to 
heavily populated urban areas.  The other 
principle activity of ecologists is to teach 
students and the general public – at universities 
as well as at local schools, museums, national 
parks, and local communities (Ecological 
Society of America 2008). Solving 
nvironmental problems, from the impacts of 

climate change, causes and impacts of draughts 
and floods, to the managing of biodiversity, is 
probably the largest and most important role for 
ecologists today, particularly in developing 
countries such as Thailand.  Ecologists typically 
approach such problems by investigating 
ecological issues, interacting with affected 
communities, writing environmental impact 
assessments, and designing sustainable land 
use/natural resource use practices (Ecological 
Society of America 2008).  Ecologists also help 
manage natural resources – by monitoring, 
managing, or restoring populations and 
ecosystems.  

Ecologists communicate with colleagues, 
students, and the public – through writing 
articles and research papers, giving lectures and 
presentations, participating in discussions, and 
conducting outreach to local communities. Thus 
it is important to remember that ecologists need 
to not only communicate to other scientists both 
locally in Thailand and internationally, but also 
must be adept at communicating with the public 
and local people.  Communication with the 
public can be more important than 
communicating through scientific journals, 
which reach an important but tiny audience 
compared to the thousands or perhaps tens or 
hundreds of thousands which can be reached 
through broader media outlets like newspapers 
and popular magazines.   
What kinds of jobs are there? 

Ecologists can be employed at national and 
local teaching universities, private consulting 
companies, government agencies (such as the 
National Parks, Wildlife and Plant Conservation 
Department (DNP), Ministry of Natural Resources 
and Environment (MNRE), Department of Marine 
& Coastal Resources (DMCR), etc.), and science-
based non-governmental organizations (NGO’s) 
(such as the Wildlife Conservation Society (WCS) 
Thailand, World Wildlife Fund (WWF) Thailand, 
Birdlife International, Hornbill Research 
Foundation, etc.).  Overall, careers in ecology exist 
for all experience levels and abilities and job 
descriptions are equally diverse.  
What is the job outlook? 

There is a growing need to understand  
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and manage the natural world and our impact 
on it.  This has resulted in a need for 
individuals with sufficient ecological 
backgrounds to: conduct ecological research, 
determine environmental impacts, develop 
management plans to avoid environmental 
problems and restore ecosystems (such as the 
Forest Restoration Research Unit at Chiang 
Mai.University.http://www.forru.org/FORRUE
ng_Website/Pages/enghome.htm), educate the 
general public, and to develop and manage 
sustainable communities.   

Training to be an ecologist 
All ecologists need a broad background 

in the life and natural sciences.  An 
understanding of the physical sciences, 
including geology, chemistry, physics, and 
engineering also is helpful.  Ecologists need to 
communicate ideas to people around them, so 
it is extremely important to get experience 
writing and making oral presentations.  
Ecologists need a working knowledge of 
mathematics, statistics, and computers to 
design useful research projects, to analyze and 
interpret data, and to understand and build 
mathematical models of ecological concepts 
and processes.  Because environmental 
problems require working with people and 
ideas from subjects other than natural sciences, 
it is useful for ecologists to know something 
about the social sciences, such as sociology, 
economics or geography. To be an ecologist, 
students do not need a BSc. degree in 
biological sciences!  However, scientific and 
mathematical training is necessary.  For 
example, students can take supplementary 
classes as needed, such as in basic statistics or 
basic ecology during early stages of a graduate 
degree and still complete a MSc. or Ph.D. 
degree in ecology in a timely manner.   

It is also very useful for undergraduate 
students to get practical experience doing 
ecology.  Getting hands-on experience is a 
great way to learn specific skills, help 
understand the day-to-day work of ecologists, 
and establish contacts for future jobs.  During the 
school year or over summer breaks students can 
work for a professor doing lab, library, or field-
work.  It is also possible to get a summer or part 
time job or internship with a NGO.  International 
NGOs in particular such as WCS or WWF may 
provide a more favorable working environment 
compared to local NGOs because international 
NGOs are likely to be better funded, have more 
scientifically trained staff, and provide an 

international perspective which are particularly 
helpful for broadening the horizons of young 
students.  Another important source of experience 
is to work as a teaching or laboratory assistant for a 
university biology or ecology course.  At the 
graduate level, in addition to the standard course 
work at a university, there are now many 
interesting international training courses available 
to Thai students, these include courses offered by 
the Center for Tropical Forest 
Science.(Smithsonian.Institution;.http://www.ctfs.s
i.edu/group/Grants+&+Training/Training).and.Xis
huangbanna Tropical Botanical Garden, in 
Yunnan,.China.(http://www.afec.ecologicalevoluti
on.org/).  Both of these courses offer full funding 
for qualified students.  There are also other 
international research stations that offer training 
without a formal course, such as The Wetland 
Trust, in Icklesham, East Sussex, England, which 
has trained Thai researchers on bird ringing 
techniques and the Australasian Wader Studies 
Group which has trained several Thai researchers 
in Australia on cannon-netting techniques.  
Funding for such training does exist, but requires 
the interested researcher to take the initiative to 
search for funding from organizations such as the 
Hornbill.Research.Foundation.(http://www.sc.mah
idol.ac.th/research/hornbill.htm).The.World.Pheasa
nt.Association.(http://www.pheasant.org.uk/) and 
the Association for Tropical Biology and 
Conservation Asia-Pacific Chapter 
(http://www.atbio.org/) have formal training 
courses associated with their annual meetings, for 
which complete funding is available for students 
and researchers who qualify.   

Conclusion: How to learn more about careers 
in ecology? 

The best source of information and advice 
about a career in ecology is a professional 
ecologist.  Professors at universities with 
training in ecology or scientists/researchers at 
science-based NGOs like WCS or WWF are 
likely to be the most useful sources of 
information about careers in ecology.  Finally, 
the Biodiversity Research and Training Program 
(http://brt.biotec.or.th/) and the Ecological 
Society of America (http://www.esa.org/) 
are respectively excellent local and 
international sources of information about 
careers in ecology.   
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Abstract 

A total of 113 isolines of Anopheles 
barbirostris, derived from human- and animal-
biting females, showed branch summation in 2 
groups of seta 2-VI pupal skins: 42 isolines 
were An. barbirostris (9-16 branches), and 71 
were An. campestris (20-30 branches). Four 
karyotypic forms [Form A (X1, X2, Y1), B (X1, X2, 
X3, Y2), C (X2, Y3) and D (X2, Y4)] were obtained 
in An. barbirostris, and 3 karyotypic forms [Form 
B (X2, Y2), E (X1, X2, X3, Y5) and F (X2, X3, Y6)] 
were recovered in An. campestris. Based on the 
similarity of X2-chromosomes, the latter species 
was designated as An. campestris-like Form B, 
E and F. Results of post-mating reproductive 
isolation among the crosses of An. barbirostris 
Form A and An. campestris-like Form E strains 
from Chiang Mai, Phetchaburi and 
Kanchanaburi supported the existence of 5 
species within the taxon An. barbirostris, 
designated as An. barbirostris species A1, A2, 
A3, and A4, and An. campestris-like, 
respectively. The large sequence divergence of 
ITS2, COI, and COII supported this evidence. 
Results of non-post mating reproductive 
isolation from the crosses of different karotypic 
forms of An. barbirostris species A1 (Form A, B, 
C and D) and A2 (Form A and B), and An. 
campestris-like (Form B, E and F), suggested 
different karyotypic forms occurring in natural 
populations of An. barbirostris species A1 and 
A2, and An. campestris-like. The low sequence 

divergence of the ITS2 of rDNA, and COI and 
COII of mtDNA among the forms of An. 
barbirostris species A1 and A2, and An. 
campestris-like, supported their intraspecific 
karyotype variation.  
 
Key words: Anopheles barbirostris, An. 

campestris-like, crossing experiments, ITS2, COI 
and COII 
 
�!	<� 

+e8กFD&4:G8%D$I Anopheles barbirostris g5IG+C:
9D Myzorhynchus Series EG8 Subgenus Anopheles 
9D&'-6*0i*+ &'-กGjIF#+(2!%$กG+:!8DFG+ 7  (&k%7(1 
iIF.ก: An. montanus Stanton and Hacker, An. 
barbirostris Van der Wulp, An. campestris Reid, An. 
donaldi Reid, An. hodgkini Reid, An. pollicaris Reid, 
.4- An. barbumbrosus Strickland and Chowdhury 
HI+9D(2!%$กEG8+e8ก4e:2D7K  +e8กFD&4:G8%D$I An. 
barbirostris .4- An. campestris  nCก'!+8!DHI+
D5ก#$g5+34!+",-#:!6&oD/!3-DL!H'"9Dp''2%!)$EG8
6%JKG2!4!6'7+%D$I Plasmodium vivax .4-/+!p$qr
4!6'7+%D$I nocturnally periodic Brugia malayi .4- B. 
timori 9Dj!8&'-6*0.nj6G6%7+)-#5DGGก6s7+89)F (Reid 
1968; Harrison and Scanlon 1975; Atmosoedjono et 
al. 1977; Kirnowardoyo 1985; Fischer et al. 2004). 

62JvG6'w#x D7K+e8กFD&4:G8%D$I An. barbirostris 
.4-/3'JG An. campestris nCก'!+8!D#:!G!g6&oD/!3-*7v
(L!"5y9Dก!'DL!6%JKG2!4!6'7+%D$I P. vivax  2!(C:"D *7v
GL!6 GG'5y&'-6*0 g583#5I('-.กF# .4-D:!g-6&oD+e8
/!3-*7v27j*j!*(L!"5y9Dก!'6/$v2ก!')$I6%JKG2!4!6'7+
%D$I P. vivax 9D&'-%!ก'i*+ 6DJvG8g!กก!'gL!.Dก+e8
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/!3-*5K8(G8%D$ID7K9D !"(D!2HI+9%F45ก{,-*!8
(5,}!D#$*+!EG8+e 8)5# 6)w2#5+ 6/0627+27"#!2
.&'&'#D(C8  gz8*L!93F6ก$I"#!2~$I/4!I2!ก9D
ก!'0zก{!*!8IF!D'-j!I#$*+!.4-/3'JGก!'"#j"e2
H'"2!4!6'7+ (:#Dก!'gL!.Dก+e8*5K8(G8%D$ID7KHI+9%F
~4'#2EG8.ED86(FDED 2-VI EG8"'!j)5#H2:8(!2!'n
.+กiIF6/7+8 95-97% 6*:!D5KD HI++e8  An. barbirostris 
.4-+e8 An. campestris g-27~4'#2EG8.ED86(FDED
G+C:9D%:#8'-3#:!8 6-18 .4- 17-58 .ED8 )!24L!I5j 
#$p7ก!'gL!.Dก+e8*5K8(G8%D$ID7KiIFG+:!8nCก)FG8.4-
.2:D+L!*7v(eI9DE,-D7K276/7+8#$p76I7+#6*:!D5KD "JG ก!'9%F
45ก{,-EG862)!6q("!'$HGi*&�g!ก6�441(2G8EG8
4CกDKL!+e8 ก4:!#"JG +e8 An. barbirostris g-2745ก{,-
EG862)!6q("!'$HGi*&� 4 'C&.jj iIF.ก: 'C&.jj A 
(X2, X3, Y1), B (X1, X2, X3, Y2), C (X2, X3, Y3) .4- 
D (X2, Y4)  (:#D+e8 An.  campestris g-2745ก{,-EG8
62)!6q("!'$HGi*&�6/7+8'C&.jj6I7+#6*:!D5KD "JG (X, 
Y)  �zv82745ก{,-.)ก):!8g!ก62)!6q("!'$HGi*&�*5K8 4 
'C&.jjEG8+e8 An. barbirostris I58"#!2(L!"5yEG8+e8
ก4e:2D7K�zv8iIFก4:!#2!.4F#EF!8)FD .4-9D&�ggej5D+58i2:27
ก!'0zก{!#$g5++e8ก4e:2D7KG+:!84-6G7+I.jj6&oD'-jj*7v27
*$0*!8 HI+6s/!-G+:!8+$v8ก!'0zก{!/5Dpe0!()'16%$8
&'-%!ก'EG8+e 8ก4e:2D7K *5v #&'- 6*0i*+IF #+#$ p7 
(3#$*+!ก!' HI+~4"!I3#58*7vg-iIFg!กก!'0zก{!#$g5+
.jj(3#$ *+!ก!' 9D" '5K 8 D7K  g -*L ! 93F * ' !jnz 8
'!+4-6G7+IEG8"#!234!ก34!+*!8/5Dpeก''29D
'-I5j):!8x EG8+e8ก4e:2D7K*5v#&'-6*0i*+ 6/JvG*7vg-
DL !2!9%F 9Dก!'('F ! 8กey.g*7v 6&o D'-jj .4-27
&'-($*p$ !/9Dก!'9%FgL!.Dก+e8 An. barbirostris .4- 
An. campestris 9D !"(D!2iIFG+:!8nCก)FG8  

#�
=ก�� 
iIFg5j+e8 An.  barbirostris  .4-/3'JG An. 

campestris )5#6)w2#5+6/0627+ )5K8.):6IJGD($83!"2 
/.0. 2549 gDnz86IJGD2ก'!"2 /.0. 2551 HI+9%F
ก'-jJG.4-/3'JG"D6&oD63+JvG4:Gg!ก 20 g583#5I9D
&'-6*0i*+ ( !/*7v  1) iIF.ก:  g583#5I6%7+8932: 
g583#5I4L!&!8 g583#5I)!ก g583#5IกL!./86/%' g583#5I
GeI'p!D7  g583#5IEGD.ก:D g583#5I2eกI!3!' g583#5I

23!(!'"!2 g583#5I%5+ C2$ g583#5IGej4'!%p!D7 g583#5I
ก!ygDje'7 g583#5I/'-D"'0'7G+ep+! g583#5I('-.กF# 
g583#5Ig5D*je'7 g583#5I'!%je'7 g583#5I6/%'je'7 g583#5I
&'-g#j"7'7E5Dp1 g583#5I%e2/' g583#5ID"'0'7p''2'!% 
.4-g583#5I)'58  2!647K+8.jj iso-female lines 
(isolines) *5K832I 113 isolines 6/JvGDL!2!0zก{!*!8
(5,}!D#$*+! #$D$gs5+'C&.jj62)!6q("!'$HGi*&� 
*I4G8~(2/5Dpe1EF!2(!+/5Dpe1664-/3'JGEF!2'C&.jj  
.4-0zก{!6&'7+j6*7+j4L!I5jD$#"47HGi*I1EG8I76GwD6G*7v
+7Di'HjH�2.4-+7Di2H)"GD6I'7+4*7v)L!.3D:8 ITS2, 
COI .4- COII  )!24L!I5j HI+4L!I5jD$#"47HGi*I1*7viIF
*5K832Ig-nCกDL!2!#$6"'!-31g5I6'7+8IF#+H&'.ก'2 
CLUSTALW (Thomson et al. 1994) 6/JvGDL!2!9%F9D
ก!'('F!8.~D C2$)FDi2F (phylogenetic tree) 6/JvG0zก{!
"#!2(52/5Dp1*!8/5Dpeก''2EG8+e89Dก4e:2D7K IF#+#$p7ก!'
#$6"'!-31'-+-3:!8*!8/5Dpeก''2 (genetic distance) 
(Kimura 1980)  .jj  Neighbor-joining (NJ)  (Saitou 
and Nei  1987) .4-*L!ก!'#$6"'!-31�KL! 1,000 "'5K8 IF#+
":!(D5j(DeD*!8(n$)$  Bootstrap  HI+H&'.ก'2*7v
DL!2!9%F9Dก!'#$6"'!-31"'5K8D7K "JG MEGA version 3.1 
(Kumar et al. 2004)  

 

>�ก��#�?�� 

~4g!กก!'D5j~4'#2EG8.ED86(FDED 2-VI EG8
"'!j)5#H2:8 /j+e8 42 isolines 27":!6s47v+~4'#2EG8
.ED86(FDED 2-VI EG8"'!j)5#H2:86*:!ก5j 9-16 .ED8 
�zv8G+C:9D%:#8EG8+e8 An. barbirostris .4- 71 isolines 27
":!~4'#2EG8.ED86(FDED6*:!ก5j 20-30 .ED8 �zv8G+C:
9D%:#8EG8+e8 An. campestris g!กก!'#$D$gs5+'C&.jj62
)!6q("!'$HGi*&�EG8+e8 42  isolines *7v27":!~4'#2EG8
.ED86(FDED 2-VI EG8"'!j)5#H2:86&oD+e8 An. 

barbirostris /j62)!6q("!'$HGi*&� 4 'C&.jj ( !/*7v 
2) iIF.ก: 'C&.jj A (X1, X2, Y1)   gL!D#D 3, 1, 1, 1, 1, 
1, 3, 1, 1  .4- 3 isolines g!กg583#5I6%7+8932: g583#5I
4L!&!8 g583#5I)!ก g583#5IGeI'p!D7 g583#5IGej4'!%p!D7 
g583#5Iก!ygDje'7 g583#5I'!%je'7 g583#5I6/%'je'7 g583#5I
g5D*je'7 .4-g583#5I)'58 )!24L!I5j 'C&.jj B (X1, X2, 
X3, Y2) gL!D#D 1, 3, 2, 3, 2, 6, 1, 2 .4- 3 isolines  
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          !/*7v 1. .~D*7v.(I8ก!'ก'-g!+)5#EG8+e8 An. barbirostris (&k%7(1 A1, A2, A3, A4 (�) .4-+e8 An. campestris-like (�) 
 

 
 !/*7v 2.  62)!6q("!'$HGi*&�EG8+e8 An. barbirostris: (a) 'C&.jj A (X2, Y1), (b) 'C&.jj B (X2, Y2), (c) 'C&.jj C (X2,Y3) .4- (d) 
'C&.jj D (X2, Y4); 62)!6q("!'$HGi*&�EG8+e8 An. campestris-like: (e) 'C&.jj B (X2, Y2), (f) 'C&.jj E (X2, Y5), (g) 'C&.jj E (X3,Y5) 
.4- (h) 'C&.jj F (X2, Y6) 
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g!กg583#5I6%7+8932: g583#5I)!ก g583#5IGej4'!%p!D7 
g583#5Iก!ygDje'7 g583#5I'!%je'7 g583#5I6/%'je'7 
g583#5Ig5D*je'7 g583#5I%e2/' .4-g583#5I)'58 
)!24L!I5j 'C&.jj C (X2, Y3) gL!D#D 2 isolines g!ก
g583#5IGej4'!%p!D7 .4-'C&.jj D (X2, Y4) gL!D#D 1 
isoline g!กg583#5ID"'0'7p''2'!% g!กก!'#$D$gs5+
'C&.jj62)!6q("!'$HGi*&�EG8+e8 71 isolines *7v27":!
~4'#2EG8.ED86(FDED 2-VI 6&oD+e8 An. campestris 
/j'C&.jj62)!6q("!'$HGi*&� 3 'C&.jj ( !/*7v 2) 
iIF.ก:  'C&.jj B (X2, Y2) gL!D#D 2 .4- 1 isolines 
g!กg5 83#5I 6%7 + 8 932: .4-g5 83#5 IกL !./8 6/%' 
)!24L!I5j 'C&.jj E (X1, X2, X3, Y5

 ) gL!D#D 3, 1, 3, 
2, 3, 2, 5, 7, 9, 1 .4- 3 isolines g!กg583#5I
6%7+8932: g583#5IกL!./86/%' g583#5I/'-D"'0'7G+ep+! 
g583#5IGeI'p!D7 g583#5IEGD.ก:D g583#5I2eกI!3!' 
g583#5I23!(!'"!2 g583#5I('-.กF# g583#5Ig5D*je'7 
g583#5I&'-g#j"7'7E5Dp1 .4-g583#5I%e2/' )!24L!I5j 
.4-'C&.jj F (X2, X3, Y6) gL!D#D 3, 5, 1, 4, 2, 10, 
3 .4- 1 isolines g!กg583#5IGeI'p!D7 g583#5IEGD.ก:D 
g583#5I%5+ C2$ g583#5I/'-D"'0'7G+ep+! g583#5I
('-.กF# g583#5Ig5D*je'7 g583#5I&'-g#j"7'7E5Dp1 .4-
g583#5I%e2/' )!24L!I5j (L!3'5j'C&.jj E .4- F D5KD 
6&oD'C&.jj932:*7v+58i2:6"+27ก!''!+8!D2!ก:GD3DF!D7K
9D&'-6*0i*+ 6DJvG8g!ก+e8*5K8 71 isolines *7v27
":!6s47v+~4'#2EG8.ED86(FDED 2-VI EG8"'!j)5#H2:8
6&oD+e8 An. campestris .):2745ก{,-H"'H2H�2 X2 

632JGDH"'H2H�2 X2   EG8+e8 An. barbirostris *eก
'C&.jj .4-.)ก):!8g!กH"'H2H�2 X EG8+e8 An. 
campestris I58D5KD gz8)5K8%JvG+e8*5K8 3 'C&.jjD7K#:!+e8 
An. campestris-like 'C&.jj B, E .4- F )!24L!I5j 

~4g!กก!'('F!8.~D C2$)FDi2F.jj NJ EG8+7D
*5K8(!2)L!.3D:8 "JG ITS2, COI .4- COII IF#+#$p7
#$6"'!-31'-+-3:!8*!8/5Dpeก''2 (genetic distance) 
EG8+e8 An. barbirostris .4- +e8 An. campestris-like  
( !/*7v 3) /j#:!.~D C2$)FDi2FEG8+7D*5K8(!2)L!.3D:8
.(I8~4*7v(GI"4FG8ก5D HI+27"#!2.)ก):!8EG84L!I5j
D$#"47HGi*I1EG8I76GwD6G9D'-I5j*7v(C8.4-/3'JG27
'-+-3:!8*!8/5Dpeก''2(C89D+7D*5K8(!2)L!.3D:8 
(ITS2 :0.116-0.615, COI :0.023-0.048 .4- 
COII:0.030-0.040) �zv8(!2!'n.j:8GGกiIF6&oD 5 ก4e:2 

iIF.ก: +e8 An. barbirostris gL!D#D 4 ก4e:2 (A1, A2, A3 
.4- A4) .4-+e8 An. campestris-like 'C&.jj E gL!D#D 
1 ก4e:2 (CAM) )!24L!I5j HI+9D.):4-ก4e:22745ก{,-
6&oDH2HDiq64)$กIF#+":!(D5j(DeD*!8(n$)$*7v(C82!ก 
(96-100%)  

~4g!กก!'*I4G8~(2/5Dpe1'-3#:!8ก4e:2EG8+e8*7v
27'-+-3:!8*!8/5Dpeก''2(C8  iIF.ก: isoline EG8+e8 An. 
barbirostris 'C&.jj A (!+/5Dpe1g!กg583#5I6%7+8932: 2 
isolines (iACA6, iACA18) g!กg583#5Iก!ygDje'7 
(iAKA5) .4-6/%'je'7  (iAPA13) G+:!84- 1 isoline .4-
+e8 An. campestris-like 'C&.jj E (!+/5Dpe1g!กg583#5I
6%7+8932: (iHCE6) 1 isoline ~4*7viIFg!กก!'0zก{!
/j#:!+e8 An. barbirostris *5K8 4 isolines 27/5Dpeก''2*7v
6EF!ก5Di2:iIF HI+93FG5)'!ก!'6g'$y6)$jH)6&oD)5#G:GD9D
iE:)vL! G5)'!ก!'q�ก)5#GGกg!กiE:)vL!.4-/3'JGi2:27ก!'q�ก
)5#GGกg!กiE:64+ )5#G:GD*7vq�ก)5#GGกg!กiE:27G5)'!ก!'
'GI%7#$))vL! .4-2745ก{,-.EDEG8H/47*7DH"'H2H�2*7v
i2:6EF!"C:ก5Dg!ก6�441):G2DKL!4!+EG8)5#G:GD+e84Cก~(2
'e:D*7v 1 )5#6)w2#5+6/0627+27"#!2~$I&ก)$EG8'58iE: )5#
6)w2#5+6/0~CF27ก!'��GEG8 accessory gland .4-G5,�- 
'#2*5K827 sex distortion 9D+e8)5#6)w2#5+ ( !/*7v 4-6) 
I58D5KD gz8)5K8%JvG+e8 An. barbirostris *5K8 4 ก4e:2#:!+e8 An. 
barbirostris (&k%7(1 A1, A2, A3 .4- A4 )!24L!I5j 
DGกg!กD7K~4*7viIFg!กก!'~(2/5Dpe1'-3#:!8+e8 An. 

barbirostris *5K8 4  (&k%7(1ก5j+e8  An. campestris-like 
'C&.jj E (CAM) +58/j#:!27/5Dpeก''2*7v6EF!ก5Di2:iIF
6%:D6I7+#ก5D 

~4g!กก!'*I4G8~(2/5Dpe1EF!2(!+/5Dpe1.4-/3'JG
EF!2'C&.jj'-3#:!8+e8 An. barbirostris (&k%7(1 A1 ก5j+e8
'C&.jj A, B, C .4- D .4-+e8(&k%7(1 A2 ก5j+e8'C&.jj 
A .4- B *7v27'-+-3:!8*!8/5Dpeก''2)vL! (genetic 
distance < 0.009) ~4*7viIFg!กก!'0zก{!/j#:!+e8 An. 
barbirostris (&k%7(1 A1 27/5Dpeก''2*7v6EF!ก5DiIFก5j+e8
'C&.jj A, B, C, D .4-+e8(&k%7(1 A2 ก!'27/5Dpeก''2*7v
6EF!ก5DiIFก5j+e8'C&.jj A, B HI+93F4Cก~(2'e:D*7v 1 .4- 2 
*7v.Ew8.'8  .(I893F63wD#:!+e8(&k%7(1 A1 .4- A2 27'C&.jj
62)!6q("!'$HGi*&�iIF 4 .4- 2 'C&.jj )!24L!I5j �zv8
(!2!'n/jiIF9D&'-%!ก'p''2%!)$  (L!3'5jก!'ก'-g!+
)5#EG8+e8 An. barbirostris (&k%7(1 A1, A2, A3 .4- A4 
iIF.(I8i#F9D !/*7v 1 
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ITS2    COI    COII 

 !/*7v 3.  .~D C2$)FDi2F.jj NJ EG8+e8 An. barbirostris (&k%7(1 A1, A2, A3, A4 .4-+e8 An. campestris-like 'C&.jj E (CAM) HI+ก!'
#$6"'!-31*!8G,C%7##$*+!EG8+7D9D)L!.3D:8 ITS2, COI .4- COII 
 

 
 

 !/*7v 4. H/47*7DH"'H2H�2*7vi2:6EF!"C:ก5Dg!ก6�441):G2DKL!4!+EG8)5#G:GD+e84Cก~(2'e:D*7v 1 *7v6ก$Ig!กก!'~(2/5Dpe1'-3#:!8+e8 An. 
barbirostris *5K8 4 (&k%7(1 .4-+e8 An. campestris-like 'C&.jj E: (a)  A4 x A1,  (b) A2 x A4, (c) A4 x A2,  
(d) A4 x A3, (e) A4 x An. campestris-like 'C&.jj  E .4- (f)   An.  campestris- like 'C&.jj E x A4 
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 !/*7v 5.     !/E+!+&4!+.EDH/47*7DH"'H2H�2*7v
i2: 6EF!"C:ก5Dg!ก6�441):G2DKL!4!+EG8)5#G:GD+e8
4Cก~(2'e:D*7v 1 *7viIFg!กก!'~(2/5Dpe1'-3#:!8+e8 An. 
barbirostris *5K8 4 (&k%7(1 .4-+e8  An.  campestris-
like 'C&.jj E: (a) A4 x A1,  (b) A2 x A4, (c) A4 x 
A2, (d) A4 x A3,  (e) A4 x An. campestris-like 
'C&.jj  E   .4- (f)  An.  campestris- like 'C&.jj 
E x A4 

 !/*7v 6.  !/'-jj(Jj/5Dpe1EG8+e8)5#6)w2#5+6/0~CF
.4-6/0627+ (a) '58iE:*7v&ก)$EG8+e8 An. barbirostris  
(&k%7(1 A4 6/0627+; (b) accessory glands .4-
G5,�-*7v&ก)$EG8+e8 An. campestris-like 'C&.jj E 
6/0~CF; ก!'6g'$y6)$jH)*7v~$I&ก)$EG8'58iE:+e86/0627+
*7viIFg!ก4Cก~(2'e:D*7v 1: (c) A4 x A1, (d) A2 x A4, 
(e)  A4 x 2,  (f) A4 x A3 , (g) A4 x An. 
campestris-like 'C&.jj E .4- (h) An. campestris-
like 'C&.jj E  x A4; ก!'��GEG8 accessory gland 
.4-G5,�-+e86/0~CF*7viIFg!ก4Cก~(2'e:D*7v 1:  (i) A4 x 
A1, (j) A2  x A4, (k)  A4 x A3, (l) A4 x An. 
campestris-like 'C&.jj E .4- (m) An. campestris-
like 'C&.jj E x  A4 
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ITS2     COI     COII 

 !/*7v 7.   .~D C2$)FDi2F.jj NJ EG8+e8  An.  campestris-like 'C&.jj  B, E and F (CAM) HI+ก!'#$6"'!-31*!8G,C%7##$*+!EG8+7D9D
)L!.3D:8 ITS2, COI .4- COII 
 

~4g!กก!'('F!8.~D C2$'C&)FDi2F.jj NJ EG8
+7D*5K8(!2)L!.3D:8 "JG COI, COII .4- ITS2 IF#+#$p7
#$6"'!-31'-+-3:!8*!8/5Dpeก''2 (genetic distance) 
EG8+e8 An. campestris-like  ( !/*7v 7) /j#:!+e8 An. 
campestris-like 'C&.jj B, E, F *5K8 28 isolines g5I
G+C: 9 Dก',7 6I7 + #ก5 D  .4-.+กGGกg!ก+e 8  An. 
barbirostris (&k%7(1  A1, A2, A3, A4, +e8 An. 
gambiae .4-+e8 An. pullus �zv89%F6&oD)5#G+:!8DGก
ก4e:2G+:!8%5I6gD IF#+":!(D5j(DeD*!8(n$)$*7v(C82!ก 
(95-100%) HI+27":!'-+-3:!8*!8/5Dpeก''2 !+9D
'C&.jj.)ก):!8ก5D6/7+864wกDFG+6*:!D5KD (genetic 
distance = 0.001-0.004) .4-":!'-+-3:!8*!8
/5Dpeก''2'-3#:!8'C&.jjกw27"#!2.)ก):!86/7+8
64wกDFG+6%:D6I7+#ก5D (genetic distance = 0.001-
0.004) 

~4g!กก!'*I4G8~(2/5Dpe1EF!2(!+/5Dpe1664-/
3'JGEF!2'C&.jj'-3#:!8+e8 An. campestris-like 
'C&.jj B, E .4- F *7v27'-+-3:!8*!8/5Dpeก''2)vL! 
g!ก(!+/5Dpe1 12 g583#5I ~4*7viIFg!กก!'*I4G8.(I8
93F63wD#:!+e8*5K8 3 'C&.jj27/5Dpeก''2*7v6EF!ก5DiIF HI+

93F4Cก~(2'e:D*7v 1 .4- 2 *7v.Ew8.'8 .(I893F63wD#:!+e8 
An. campestris-like 27'C&.jj62)!6q("!'$HGi*&�iIF 3 
'C&.jj �zv8(!2!'n/jiIF9D&'-%!ก'p''2%!)$ (L!3'5j
ก!'ก'-g!+)5#EG8+e8 An. campestris-like 'C&.jj B, E 
.4- F iIF.(I8i#F9D !/*7v 1 

 
����>�ก��#�?��+�������	�+	� 

g!กก!'0zก{!*I4G8IF#+#$p7(3#$*+!ก!' iIF.ก: 
ก!'0zก{!6&'7+j6*7+j*!8(5,}!D#$*+! ก!'0zก{!6�441
/5Dpe0!()'1 ก!'0zก{!6&'7+j6*7+j4L!I5jD$#"47HGi*I1
EG8I76GwD6G*7v+7Di'HjH�2.4-+7Di2H)"GD6I'7+4*7v
)L!.3D:8 ITS2, COI .4- COII .4-ก!'~(2EF!2(!+
/5Dpe1.4-/3'JGEF!2'C&.jjEG8+e8กFD&4:G8ก4e:2�5j�FGD
%D$I An. barbirostris /j#:!+e8ก4e:2D7K27�$j4$8(1(&k%7(1
G+:!8DFG+ 5 (&k%7(1 iIF.ก: +e8  An. barbirostris (&k%7(1 
A1, A2, A3 , A4 .4-+e8 An. campestris-like HI+/j#:!
+e8 An. barbirostris (&k%7(1 A1 27ก!'ก'-g!+)5#9D
g583#5I6%7+8932: g583#5I)!ก g583#5IGej4'!%p!D7 
g583#5Iก!ygDje'7 g583#5I'!%je'7 g583#5I6/%'je'7 g583#5I
%e2/' g583#5ID"'0'7p''2'!% .4-g583#5I)'58 (&k%7(1 
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A2 /j27ก!'ก'-g!+)5#9Dg583#5I4L!&!8 g583#5I
GeI'p!D7 g583#5IGej4'!%p!D7 g583#5I'!%je'7 g583#5I
6/%'je'7 .4-g583#5Ig5D*je'7 +e8(&k%7(1 A3 9DE,-D7K
/j#:!27ก!'ก'-g!+)5#9Dg583#5Iก!ygDje'7 .4-(&k%7(1 
A4 27ก!'ก'-g!+)5#9Dg583#5I6%7+8932:6*:!D5KD (L!3'5j
+e8 An. campestris-like  D5KD/j#:!27ก!'ก'-g!+
)5#G+:!8ก#F!8E#!8*eก C2$ !"EG8&'-6*0i*+ iIF.ก: 
g583#5I6%7+8932: g583#5IกL!./86/%' g583#5I
/'-D"'0'7G+ep+! g583#5IGeI'p!D7 g583#5IEGD.ก:D 
g583#5I23!(!'"!2 g583#5I2eกI!3!' g583#5I%5+ C2$ 
g583#5I('-.กF# g583#5Ig5D*je'7 g583#5I&'-g#j"7'7E5Dp1 
.4-g583#5I%e2/' ( !/*7v 1) 

g!กก!'*I4G8~(2/5Dpe1EF!2'C&.jj'-3#:!8+e8 
An. barbirostris (&k%7(1 A1 ก5j+e8'C&.jj A, B, C, D  
+e8(&k%7(1 A2 ก5j+e8'C&.jj A, B .4-+e8 An. 
campestris-like ก5j+e8'C&.jj B, E, F *7v27'-+-3:!8
*!8/5Dpeก''2)vL! (genetic distance < 0.009) ~4*7viIF
g!กก!'0zก{!/j#:!+e8 An. barbirostris (&k%7(1 A1 27
/5Dpeก''2*7v6EF!ก5DiIFก5j+e8'C&.jj A, B, C, D +e8(&k%7(1 
A2 27/5Dpeก''2*7v6EF!ก5DiIFก5j+e8'C&.jj A, B +e8 An. 
campestris-like 27/5Dpeก''2*7v6EF!ก5DiIFก5j+e8'C&.jj 
B, E, F HI+93F4Cก~(2'e:D*7v 1 .4- 2 *7v.Ew8.'8  �zv8
.(I893F63wD#:!+e8 An. barbirostris (&k%7(1 A1, A2 .4-
+e8 An. campestris-like 27'C&.jj62)!6q("!'$HGi*&�
iIF 4, 2 .4- 3 'C&.jj )!24L!I5j �zv8(!2!'n/jiIF9D
& ' - % ! ก ' p ' ' 2 % ! )$  . 4 - ก ! ' 6 /$v 2 EzK D E G 8 
heterochromatin 9DH"'H2H�26/0*7v*L!93F6ก$I"#!2
34!ก34!+EG8'C&.jj62)!6q("!'$HGi*&�D5KD 25ก
6&oD&'!ก�ก!',1*7v/jiIF*5v#i&9D+e8กFD&4:G8.4-
.248j!8%D$I9DG5DI5j Diptera (Baimai 1998) 

~4*7viIFg!กก!'0zก{!#$g5+9D"'5K8D7K  g-6&oD
&'-H+%D1G+:!82!ก9Dก!'DL!i&0zก{!#$g5+):G+GI
*!8IF!D'-j!I#$*+! 6%:D ก!'0zก{!6&'7+j6*7+j
"#!2(!2!'n9Dก!'+G2'5j6%JKG2!4!6'7+%D$I P. vivax 
EG8+e8.):4-(&k%7(1 "#!2%eก%e2.4-D$(5+9Dก!'6EF!ก5I
ก$D64JGI"D.4-(5)#1EG8+e8.):4-(&k%7(19D.):4-�ICก!4 
6&oD)FD �zv8~4*7viIFg!กก!'0zก{!):G+GIg-*L!93F*'!j
#:!.*Fg'$8.4F# +e8(&k%7(19I6&oD/!3-9Dp''2%!)$9Dก!'
DL!6%JKG2!4!6'7+%D$I P. vivax 9D&'-6*0i*+ �zv8g-
6&oD&'-H+%D1HI+)'89Dก!'DL!i&9%F"#j"e2+e8/!3-*7v

6&oD(&k%7(16&�!32!+iIFG+:!8nCก)FG8 .2:D+L! .4-27
&'-($*p$ !/ 
 
ก��ก������ก�� 

EGEGj"e,H"'8ก!'/5�D!G8"1"#!2'CF.4-0zก{!
DH+j!+ก!'g5Iก!'*'5/+!ก'%7# !/9D&'-6*0i*+ �zv8
':#2g5I)5K8HI+(L!D5ก8!DกG8*eD(D5j(DeDก!'#$g5+ .4-
0CD+1/5Dpe#$0#ก''2.4-6*"HDH4+7%7# !/.3:8%!)$ ('35(
H"'8ก!' BRT R_249004 .4- BRT R_250009) 
H"'8ก!'&'$yy!6Gกก!ygD! $6{ก (Grant No. 
PHD/0052/2548, PHD/0082/2549 .4- 
PHD/0031/2550) *7viIF93F*eD(D5j(DeDก!'#$g5+9D"'5K8D7K 
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;%<E6, *FG;%< /<$/# (crab-eating macaque 
or long-tailed macaque) ,21FKG#%-$/5/67*8#"/ 
Macaca fascicularis &'L(LM#"/+NO!()*+,--2K,2ก/*
E)*"ก*4&/$G$"/<ก#M/<P#/<+NO!;Q/L'R-2K6/,PG<()*
+,--'S< ,L-2K,2G$T"-'K#U;กN*4,/3 250 1!%L (Rowe, 
1996) +NO!*G<กZE7",!9[$8E;4;%<#Gก (Macaca 
mulatta) +-"/!'S! (Fooden, 1995) ;%< /<$/#,2ก/*
E)*"ก*4&/$0*GR0;9,.T,%./0+G+12$74#'!GGก+]2$<^7M 
*#,-'S<+P7.T,%./0G%!UL,/;/$'!E;4 ,T"+ก/47"/<_ ^!
N*4+-5G%!UL!2+ 2̀$ ,/+;+ 2̀$ E;4ab;%NNb!68 ;%< /<
$/#6/,/*cN*'R7'#+)FKGG$T"^!c%K!G/5'$ ;/ก ;/$
*TNERR +1"! Nd/L%R1FS!1!%LNe,.T,% Nd/L%R1FS!1!%L-97% 
$.T,% Nd/1/$+;!  *FGNd/-2KcTก-Q/;/$ 6#!6/f/*34 
#'L  *FGE,Mก*4-'K<G/5'$G$T"*"#,ก'R,!9[$8 L'<&4+ Z!(LM
-'K#(N^!+,FG<^ g"7"/<_  

^!N*4+-5(-$;%< /<$/#&'L(LM#"/+NO!()*+,-
-2K6/,/*c)R+ Z!(LMR"G$-2K69L&/ก()*+,--2K,2G$T"
-'S< ,L 13 1!%L (Lekagul and McNeely, 1988) l̀K<กZ
+NO!6%K< !lK<-2KE6L<^ M+ Z!cl<0#/,6/,/*c^!ก/*
N*'R7'#PG<;%< /<$/#^!E ;"<-2KG$T"G/5'$7"/<_ ก'! 
E,M#"/^!Nm&&9R'!;%< /<$/#&4cTก&'L^ M+NO!6'7#8-2K,2
0#/,+62K$<7"Gก/*6Tg)'!f987KQ/ (low risk for extinction) 
UL$ IUCN 2007 E7"G$"/<(*กZ7/,;%< /<$/#กZ(LM*'R
r;ก*4-R&/กก/*ก*4-Q/PG<,!9[$8-2K(N*9ก;SQ/-Q/;/$
c%K!-2KG$T"G/5'$PG<;%< +1"! ก/*+N;2K$!EN;<)FS!-2KNd/(N
+NO!)FS!-2K+ก[7*ก**,E;4G976/ ก**, 6*M/<c!! E;4
6*M/<RM/!+*FG! +NO!7M!  l̀K<-Q/^ ME ;"<-2KG$T"G/5'$PG<
;%<E$กGGก&/กก'! (habitat fragmentation) ;%<0!;4
sT<ก'!(,"6/,/*c+&Gก'!(LM -Q/^ MUGก/6^!ก/*r6,ก'!
^!sT<*4 #"/<+0*FGg/7% (inbreeding depression) 
+ก%LPlS!(LM6T< E;4^!R/<ก*32-Q/^ M;%<cTกR2R^ M7MG<
N*'R7'#,/G/5'$G$T"*"#,ก'R,!9[$8  

^!Nm&&9R'!&4+ Z!(LM#"/PMG,T;PG<;%< /<$/#,2
!MG$,/กE;4PMG,T;6"#!^ g"+NO!PMG,T;+ก"/ +,FK G

N*4,/3 30 Nu-2KE;M# (Fooden, 1971; 1995) l̀K<PMG,T;-2K
-'!6,'$-2K69L(LM72)%,)8+,FKGNu 0.5. 1992 +NO!*/$</!
+ก2K$#ก'R;%<-2K,2ก/*N*'R7'#,/G/5'$G$T"*"#,ก'R,!9[$8 
(semi-tame macaques) (Aggimarangsee, 1992) &/ก
-2K)R#"/^!Nm&&9R'!,2P"/#,/ก,/$7/, !M/ !'<6FG)%,)8
+ก2K$#ก'R;%< /<$/# ;/$sT<,2N*41/ก*;M!&Q/!#! 
(overpopulation) E;4ก"G^ M+ก%LNmg /ก*4-Rก*4-'K<ก'!
*4 #"/<;%<E;4,!9[$8 E;4(,",2ก/*#/<Er! *FG&'Lก/*
^L_ +ก%LPlS! l̀K <^!ก/*EกMNmg /L'<ก;"/#PMG,T; 3 
Nm&&9R'!+NO!6%K<-2K&Q/+NO! L'<!'S! rTM#%&'$&l<(LM#/<Er!+กZR
PMG,T;+ก2K$#ก'R6c/!./)E;4ก/*E)*"ก*4&/$PG<;%< /<
$/#G$"/<+NO!;Q/L'RP'S! L'<!2S 

1 6"<ERR6GRc/, (LM&'L-Q/Er"!)'RE6L<
;'ก[346'7#8^!ก;9",()*+,-1!%L7"/<_ ^!N*4+-5(-$ 
&Q/!#! 13 1!%L *#,-'S<;%<6ก9;,4E00 (,20Q/Gf%R/$
;'ก[34E;4./)N*4กGR) )*MG,ERR6GRc/, 6"<(N$'<
กQ/!'!7Q/R;7"/<_ -'K#N*4+-5(-$&Q/!#! 75 &'< #'L 
$ก+#M!ก*9<+-), /!0* (-2K*4RRก/*Nก0*G<(,"^1"7Q/R; 
E7"+NO!EP#<) &Q/!#!-'S<6%S! 7,410 7Q/R; UL$-2KG$T"PG<
7Q /R;7" / <_  -'K #N *4 +-5(-$(LM , /&/ก  website 
ywww.Thaitambon.comz  &/กERR6GRc/,-2K6"<(N$'<
7Q/R;7"/<_ -'K#N*4+-5(-$ )R#"/(LM6"<(N-2K./0
74#'!GGก+]2$<+ !FG,/ก-2K69L &Q/!#! 2,795 7Q/R; E;4
./074#'!GGก!MG$-2K69L &Q/!#! 479 7Q/R; (./)-2K 1)  

-'S<!2S +!FKG<&/ก./074#'!GGก+]2$<+ !FG,2+P7
)FS!-2K,/ก-2K69L ^!P34-2K./074#'!GGก,2+P7)FS!-2K!MG$
-2K69L E;4&/กERR6GRc/,-2K6"<(N(LM*'RERR6GRc/,
ก;'R0F!,/-'S< ,L 1,412 ]R'R ( *FG0%L+NO! 19.12% 
PG<ERR6GRc/,-'S< ,L) UL$ERR6GRc/,-2K7GR
ก ;' R , / + ,FK G E R" < 7 / , . / 0 7" / < _  ) R #" / . / 0
74#'!GGก+]2$<+ !FG,2ก/*7GRก;'R,/,/ก-2K69L 0FG 642 
]R'R (+-"/ก'R 22.97% PG<ERR6GRc/,-2K6"<(N) 
^!P34-2K./0+ !FG,2ก/*7GRก;'R,/!MG$-2K69L 0FG 226 
]R'R (+-"/ก'R 15.19% PG<ERR6GRc/,-2K6"<(N) 
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-'S < !2S G / & + !FK G < , / & / ก #" / กQ / !' ! ^ ! + P 7 . / 0
74#'!GGก+]2$<+ !FG ,'ก&4+NO!0!^!-MG<-2K -2KG$T"^!
R*%+#3!'S!,/!/!E;4(LM*'R+;FGก^ M+NO!กQ/!'! (&/ก
ก/*6Q/*#&)FS!-2KE;4-Q/ก/*6GRc/,^!+RFSG<7M!) -Q/^ M
*TM PM G ,T ; ^ !)FS !-2K + NO ! G$" / < L2 E ; 4 6 /, / *c 7 GR
ERR6GRc/,ก;'R,/(LM E;4)R#"/^!ERR6GRc/,-2K
7GRก;'R,/!'S! ./074#'!GGก+]2$<+ !FG+NO!)FS!-2K-2K
)R;%<!MG$-2K69L (0%L+NO! % PG<ERR6GRc/,-2K(,"+0$
+ Z!;%<7"GERR6GRc/,-2K7GRก;'R,/+-"/ก'R 57.79%) 
-2K +NO!+1"!!2S +)*/4)FS!-2K-2KG$T"G/5'$PG<;%<^!./0
74#'!GGก+]2$<+ !FG &/ก+L%,-2K+0$+NO!)FS!-2KNd/ (LMcTก
+N;2K$!,/+NO!)FS!-2K+ก[7*ก**, -Q/^ M;%<,2&Q/!#!
;L;< *FG /$(N&/ก)FS!-2K +)*/4^!*/$;4+G2$LPG<
ERR6GRc/,-2K7GRก;'R,/#"/(,"+0$+ Z!;%<^!Nm&&9R'! 
,'ก&4,2ก/*+P2$!Gf%R/$+)%K,+7%,,/#"/^!GL27+,FKG 20-
30 Nuก"G! )R;%<&Q/!#!,/ก  

./0^7M)R+ Z!;%<,/ก-2K69L (0%L+NO! % PG<
ERR6GRc/,-2K +0$+ Z!;%<7"GERR6GRc/,-2K7GR
ก;'R,/+-"/ก'R 74.29%) -'S<!2SG/&+!FKG<,/&/ก#"/
./0^7M+NO!R*%+#3-2K,2)FS!-2K6"#!^ g"7%Lก'R-4+;  *FG
+NO!+ก/4-2K$'<,2Nd/1/$+;!G$T",/ก l̀K<+NO!E ;"<-2KG$T"
G/5'$PG<;%< /<$/# E;4$'<(,",2,!9[$8+PM/(N*9ก;SQ/ &l<

-Q / ^  M $' < 6 / , / * c ) R ;% <  / < $ / # &Q / ! # ! , / ก 
(Malaivijitnond and Hamada, 2008) +,FKG!Q/PMG,T;-2K(LM
&/กERR6GRc/,-2K7GRก;'R,/ ,/#/L;<R!Er!-2K&4
(LM;'ก[34ก/*E)*"ก*4&/$PG<;%<,4E00-2K,2G$T"^!
N*4+-5(-$ 5 1!%L (./)-2K 2) )R#"/ก/*E)*"ก*4&/$
PG<;%<,4E00-2K(LM&/กERR6GRc/,0;M/$ก'R*/$</!-2K,2
,/ก"G! !M/!2S (Lekagul and McNeely, 1988; 
Aggimarangsee, 1992; Fooden, 1964; 1975; 1990; 
1995) $ก+#M!ก/*E)*"ก*4&/$PG<;%<#Gก -2K7"/<(N&/ก
*/$</!-2K,2,/ก"G! !M/!2S (Lekagul and McNeely,1988; 
Fooden, 2000) l̀K<*4R9#"/,2ก/*E)*"ก*4&/$+])/4-/<
./0+ !FGE;4./074#'!GGก+]2$<+ !FG7G!R! ^!P34
-2K*TNERRก/*E)*"ก*4&/$-2K(LM&/กERR6GRc/,)R-'K#
N*4+-5(-$  

-'S<!2S G/&+!FKG<,/&/ก#"/;%<#Gก^!N*4+-5(-$,2
;'ก[34^ก;M+02$<ก'R;%< /<$/# (Malaivijitnond et al., 
2008) !'K!0FG ,2P!/L7'#^ก;M+02$<ก'! 62P!0;M/$ก'! 
+)2$<E7";%< /<$/#&4,2P!/L /<$/#+-"/ก'R 100-120% 
PG<0#/,$/#7'#E;4 '# ^!P34-2K;%<#Gก,20#/,$/# /<
+-"/ก'R 50-70% (Hamada et al., 2005b; 2006; 2008) 
E;462P!-2KR*%+#364U)ก&4,2626M,EL<,/กก#"/R*%+#3
6"#!R!PG<;Q/7'# (bipartite pattern of pelage color) 
&l<-Q/^ M+ก%L0#/,6'R6!#"/;%< /<$/#0FG;%<#Gก l̀K<
;'ก[34L'<ก;"/#cM/(,"^1"rTM+12K$#1/gG/&&4(,"6/,/*c
E$ก(LM +)*/4^!R/<0*'S<-2K(LM(N+L%!6Q/*#&;%<#GกE;4;%<
 / <$/# ^!N*4 +-5(-$*" #,ก' R!' ก # /!*#% -$ / 
(primatologist) 1/#7"/<1/7% -2K(,"09M!+0$ก'R;%<#GกPG<
(-$ กZ$'<+ก%L0#/,6'R6!^!ก/*E$ก;%<-'S<6G<1!%L(LM
+1"!ก'! !Gก&/ก!2S0!(-$&4+0$1%!ก'R0Q/#"/;%<#Gก 
(+PM/^&#"/,/&/ก0Q/#"/ yNu#Gกz) ,/กก#"/;%< /<$/# 

2. 6Q/*#&N*41/ก*;%<^!./06!/, &/กPMG,T;-2K
(LM&/กERR6GRc/,-2K7GRก;'R,/&Q/!#! 1,412 ]R'R 
( *FG7Q/R;) E;4,2*/$</!#"/,2;%<G/5'$G$T"̂ !)FS!-2K&Q/!#! 
705 7Q/R;  &l<(LM+L%!-/<+PM/(N6Q/*#&^!)FS!-2K7"/<_ 
&/ก+LFG!f'!#/0, 0.5. 2002 cl<+LFG!ก'!$/$! 0.5. 
2008 &Q/!#! 340 7Q/R;  +,FKG!Q/PMG,T;-2K(LM&/กก/*
6Q/*#&,/#/L;<R!Er!-2K )R#"/*TNERRก/*E)*"ก*4&/$
PG<;%<,4E00^!N*4+-5(-$^!Nm&&9R'! $'<,2;'ก[34
0;M/$ก'R^!*/$</!ก"G! !M/!2S (Lekagul and McNeely, 

 

 
 

./)-2K 1. &Q/!#!ERR6GRc/,-2K6"<  -2K7GRก;'R,/  -2K*/$</!
#"/,2;%<^!)FS!-2K E;4-2K+PM/6Q/*#&  ER"<GGก+NO! 5 ./0 
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1988; Aggimarangsee, 1992; Fooden, 1964; 1975; 
1990; 1995; 2000) (./)-2K 3)  E;4)R;%< /<$/#^!
)FS!-2K-'S< ,L 91 E "< (Malaivijitnond et al., 2005; 
Malaivijitnond and Hamda, 2008) &/ก!'S!&l<(LM
5lก[/ก/*E)*"ก*4&/$ P!/LE;4U0*<6*M/<N*41/ก* 
6*2*#%-$/E;46'3e/!#%-$/ PG<;%< /<$/# ;'ก[34
-/<6'3e/!#%-$/-2K-Q/ก/*6'<+ก7 +1"! *TNERRPG<P!
-2K '#  ก/*,M#!+NO!#<PG<P!-2KEกM, ;'ก[34^R T 62P! 
P!/L7'# E;40#/,$/# /< +NO!7M! ;'ก[34-/<
6*2*#%-$/-2K&4-Q/ก/*6'<+ก7 +1"! ก/*R#,EL<PG< 
sexual skin ^!;%< /<$/#+)5+,2$ +NO!7M!   

)R#"/*TNERRก/*E)*"ก*4&/$PG<;%< /<$/#^!
N*4+-5(-$^!Nm&&9R'! ,2;'ก[340;M/$ก'R^!*/$</!
PG< Lekagul and McNeely (1985) E;4 Fooden 
(1995) -2K-Q/ก/*6Q/*#&+,FKGN*4,/3 30 Nu-2KE;M#  
(./)-2K 4)  +)2$<E7";%< /<$/#6"#!^ g",2ก/*+N;2K$!
;'ก[34c%K!-2KG$T"G/5'$&/ก+L%,-2K+0$G$T"^!Nd/ ,/+NO!#'L 

6#!6/f/*34 E ;"<-"G<+-2K$#  *FGR*%+#3^ก;M+02$<ก'R
E ;"<19,1!  *FGRM/!+*FG!,!9[$8 G2ก-'S<,20#/,09M!+0$
ก'R,!9[$8+NO!G$"/<L2 6/,/*c+PM/,/*'RG/ /*&/ก,!9[$8
(LM )R+ Z!(LMUL$<"/$ ,2&Q/!#!N*41/ก*+)%K,PlS!&/ก
GL27,/ก &l<cFG(LM#"/;%< /<$/#(-$,2ก/*N*'R7'#+PM/,/
G/5'$G$T"*"#,ก'R,!9[$8(LML2 L'<&4+ Z!(LM&/ก)FS!-2K-2K)R
;%< /<$/#-'S< ,L 91 E "< +NO!#'L,/กcl< 51 E "< 
(./)-2K 5)  *FG 56% PG<)FS!-2K-'S< ,L -2K+NO!+1"!!2S
+!FKG<&/ก#'L^!N*4+-5(-$6"#!^ g"&4G$T"^ก;Mก'R.T+P/ 
 *FG+!%!+P/ -2K,2)FS!-2K+NO!Nd/ l̀K<-Q/^ M;%< /<$/#6/,/*c
^1M+NO!E ;"<G/5'$(LM E;4!Gก&/ก!2S+!FKG<&/ก0!6"#!
^ g" (,/กก#"/ 90%) !'RcFG5/6!/)9-f l̀K<,20#/,+1FKG
-2K#"/&4(,"-Q/*M/$6'7#8 *FG�"/6'7#8-2KG$T"^!#'L +)*/4&4cFG
#"/+NO!R/N &l<-Q/^ M;%<-2KG$T"^!#'L(LM*'Rก/*NกN�G<E;4
(LM*'RG/ /*G$T"7;GL+#;/ E;46"<r;^ M&Q/!#!N*41/ก*
+)%K,PlS!cl< 2-8 +-"/ +,FKG+-2$Rก'R*/$</!ก/*6Q/*#&;%<^!
N*41/ก*+L2$#ก'!+,FKGN*4,/3 20 Nu-2KE;M#  

 

 
./)-2K 2. E6L<ก/*E)*"ก*4&/$PG<;%<6ก9;,4E00-'S< 5 1!%L^!N*4+-5(-$ &/กERR6GRc/,-2K7GRก;'R,/ 
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./)-2K 3. E6L<ก/*E)*"ก*4&/$PG<;%<6ก9;,4E00-'S< 5 1!%L^!N*4+-5(-$ &/กก/*6Q/*#& 
 
 

 
./)-2K 4. +N*2$R+-2$Rก/*E)*"ก*4&/$PG<;%< /<$/#&/ก*/$</!PG< Lekagul & McNeely (1985) &/กERR6GRc/,-2K7GRก;'R,/ 
E;4&/กก/*6Q/*#& 
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(Aggimarangsee, 1992) (./)-2K 6) E;4^!R/<)FS!-2K
cl<ก'R7MG<+r1%gNmg /N*41/ก*;%<;M!&Q/!#! L'<&4
+ Z!(LM&/ก-2K#'L+P/ !"G &'< #'L!0*6#**08, 5/;)*4
ก/: &'< #'L;)R9*2 , #'L+P/Ne#2 &'< #'LG9-'$f/!2, 
G9-$/! %!+P/<T  &'< #'L*/1R9*2  E;4RM/!UกM<U0M< 
&'< #'Lก*4R2K -2K,2;%<&Q/!#!,/กก#"/ 1,000 7'#7"G)FS!-2K 
E;4;%<+ ;"/!2S,'ก&4+PM/,/*Rก#!  UL$+PM/,/*FSG0M!E;4
-Q/;/$PM/#PG<PG<1/#RM/!^!)FS!-2K^ก;M+02$< *#,-'S<
)F1r;-/<ก/*+ก[7* 

&/ก-2K #" / ^!R/<)FS!-2K7MG< +r1%gก'RNmg /
N*41/ก*;%< /<$/#;M!&Q/!#! E;4;%<+ ;"/!2S,'ก&4+PM/
,/*Rก#!1/#RM/!-2KG/5'$G$T"^!)FS!-2K^ก;M+02$< UL$+PM/
,/*FSG0M!E;4-Q/;/$PM/#PG< -Q/^ M1/#RM/!7MG<,2ก/*
N�G<ก'! +1"! ก/*N�G<ก'!;%<+PM/R*%+#3RM/!LM#$7/P"/$
+ ;Zก E;4N�G<ก'!ก/*Nu!Nd/$E;4 'ก+6/U-*-'5!8PG<
;%<LM#$ก*#$+ ;Zก L'<)R-2K5/;)*4ก/: &'< #'L;)R9*2 
E;4+P/#'< &'< #'L+)1*R9*2 (./)-2K 7) 

^!R/<)FS!-2K)R#"/;%<,2UGก/66',r'6ก'R,!9[$86T< 
+1"! ;%< /<$/#-2K5/;)*4ก/: &'< #'L;)R9*2 +NO!7M! 
-2K;%<,'ก&4+PM/,/6',r'6E;4Nu!Nd/$!'ก-"G<+-2K$# l̀K<&4
-Q/^ MUGก/6^!ก/*c"/$-GL+1FSGU*07"/<_ &/ก;%<6T"0! 
 *FG&/ก0!6T";%< (zoonotic transmission) +ก%LPlS!(LM
6T<+1"!+L2$#ก'! L'<&4+ Z!(LM&/ก&/กก/*#%+0*/4 8
G9&&/*4;%< /<$/#-'K#N*4+-5(-$-'S< ,L 8 E "< 0FG 
#!G9-$/!Uก6',)2 &'< #'L, /6/*0/,, #'LcSQ/+-)
R'!L/;&'< #'L+)1*RT*38, # 'Lf**,5/;/ & '< #'L
!0*Ne,, #'L+P/-U,! &'< #'L+)1*R9*2, #'Lf**,%ก/
*/,#*#% /* &'< #'LN*4&#R02*2P'!f8, #'L69#**30T / 
&'< #'L)'<</, +P/!MG$/+P/7'<ก#! &'< #'L6<P;/, #'L
0T /.%,9P &'< #'L$4;/ )R)$/f%^!G9&&/*4;%< /<$/#
-'S< ,L 3 1!%L 0FG Oesophagostomum sp. l̀K<-Q/^ M
+ก%LU*0 Oesophagostomiasis (Nodular Intestinal 
Worm Infection)  Trichuris trichiura ()$/f%E6M,M/) 
E;4  Strongyloides sp  (Malaivijitnond et al., 2006) 

 

 
./)-2K 5. ก/*E)*"ก*4&/$PG<;%< /<$/#&/กก/*6Q/*#&*4 #"/<+LFG!f'!#/0, 0.5. 2002 cl<+LFG!ก'!$/$! 0.5. 2008 #<ก;,-lRE6L<
E ;"<-2KG$T"G/5'$-2K+NO!#'L #<ก;,UN*"<E6L<E ;"<-2KG$T"G/5'$ERRGFK!_ (./)P#/,FG) E;47'#G$"/<PG<6#!6/f/*34E;4#'L-2K)R;%< /<$/#
^!)FS!-2K (LMEก" #!G9-$/!Uก6',)2 &'< #'L, /6/*0/,  #'Lf**,%ก/*/,#*#% /* &'< #'LN*4&#R02*2P'!f8 E;4#'L0T /.%,9P &'< #'L$4;/ (./)
`M/$,FG) 

         E ;"<-2KG$T"G/5'$-2K+NO!#'L 
     
         E ;"<-2KG$T"G/5'$ERRGFK!_  
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-2K6#!6,+LZ&)*45*2!0*%!-*/R*,*/11!!2 &'< #'L
)'<</ )R Chigger mite -2KR*%+#37%K< TPG<;%< l̀K<+NO!
1!%L+L2$#ก'!ก'R-2K)R-2KR*%+#3P/ !2RPG<0!^!)FS!-2K 
(Kataki et al., 2006) -2K#'LN/ก!SQ/N*41/*'<6ก�[L%� 
E;45T!$8#%&'$Nd/1/$+;! &'< #'L*4!G< )R+1FSG
,/+;+*2$ 1!%L Plasmodium inui E;4 P. coatneyi E;4
)R)$/f%1!%L Hepatocytis sp ^!+;FGL;%< /<$/# 
(Seethamchai et al., 2008) ก/*-2K,2;%<G$T"^!)FS!-2K^1"

#"/&4,2E7"PMG+62$+-"/!'S! E7")R#"/N*41/1!R/<ก;9",
6/,/*c6*M/<r;N*4U$1!8-/<+5*[eก%&&/ก;%< /<$/#
(LM +1"! ก/*&'LU7�4&2!;%< -2K5/;)*4ก/: &'< #'L;)R9*2 
 *FG</!R9g)/PM/#;%< -2K#!G9-$/!Uก6',)2 &'< #'L
, /6/*0/, !Gก&/กN*4U$1!8^!-/<+5*[eก%&E;M# 
)R#"/;%< /<$/#R/<E "<กZ,20930"/-/<#%1/ก/* +1"! ;%<
 /<$/#P!62-G< (yellow pelage color) -2K#!G9-$/!
Uก6',)2 &'< #'L, /6/*0/, (Hamada et al., 2005a) 

 

 
./)-2K 6. +N*2$R+-2$R&Q/!#!N*41/ก*;%< /<$/#-2K(LM&/กก/*6Q/*#&^!*4 #"/<+LFG!f'!#/0, 0.5. 2002 cl<+LFG!ก'!$/$!  
0.5. 2008 (7'#+;PLM/! !M/#<+;ZR) E;4&/ก*/$</!^!Nu 0.5. 1992 PG< Aggimarangsee (7'#+;P^!#<+;ZR) 
 

  
 
./)-2K 7. E6L<ก/*NbLR*%+#3RM/!+)FKGN�G<ก'!;%< /<$/#LM#$7/P"/$+ ;Zก E;4N�G<ก'!ก/*Nu!Nd/$E;4 'ก+6/U-*-'5!8PG<;%<LM#$ก*#$
+ ;Zก -2K5/;)*4ก/: &'< #'L;)R9*2 E;4+P/#'< &'< #'L+)1*R9*2 
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 *FG)�7%ก**,^!ก/*^1M+0*FKG<,FG (LMEก"  ก/*^1M
+0*FKG<,FG^!ก/* /G/ /* oyster-cracking behavior 
E;4 nut-cracking behavior (Malaivijitnond et al., 
2007b; Malaivijitnond and Hamada, 2008) PG<;%<
 /<$/#-2K G9-$/!E "<1/7%E ;,6! &'< #'L*4!G< 
ก/*^1M+6M!r, *FG+6M!^$,4)*M/#^!ก/*-Q/0#/,64G/L
am! (tooth-flossing behavior) PG<;%< /<$/#-2K 5/;
)*4ก/: &'< #'L;)R9*2 (Watanabe et al., 2007) 
!Gก&/ก-2K,!9[$8&4(LM*'Rr;ก*4-R&/กก/*-2K,2;%<G$T"
^!)FS!-2KE;M# )R#"/^!R/<E "<;%< /<$/#กZ(LM*'R
r;ก*4-R&/กก/*ก*4-Q/PG<,!9[$8+1"!ก'! +1"! ก/*
+0;FKG!$M/$;%<&/ก-2K !lK<(N-2K !lK< (translocation) L'<-2K
)R-2K#'Lf**,%ก/*/,#*#% /* *FG#'L+P/74+ก2$R 
&'< #'LN*4&#R02*2P'!f8 -2K,2ก/*P!$M/$;%<&/ก)FS!-2K(N
$'<7Q/R; !G<^ g" &'< #'L19,)* l̀K<,2;%< /<$/#G$T"
+L%,^!)FS!-2KG$T"E;M# L'<!'S! ก/*$M/$;%< /<$/#sT<^ ,"
&/ก#'Lf**,%ก/*/,#*#% /*+PM/(N^!)FS!-2K&l<-Q/^ M+ก%L
ก/*7"G6TMก'!PG<;%< +)FKGE$"<E ;"<-2KG$T"G/5'$E;4E ;"<
G/ /*-2K,2G$T"G$"/<&Q/ก'L (Malaivijitnond and 
Hamada, 2008) !Gก&/ก!2S)R#"/0!(-$6"#!^ g"
&Q/E!ก1!%LPG<;%<(,"cTก7MG< L'<&4+ Z!(LM&/กก/*
&Q/E!ก;%< /$/#r%L+NO!;%<,4E001!%LGFK! (./)-2K 8) 
L'<!'S! &l<-Q/^ M+ก%Lก/*N;"G$;%<0!;41!%Lก'!+PM/sT<;%<
-2K,2G$T"^!f**,1/7% (Malaivijitnond et al., 2007 a) 
+1"! ก/*N;"G$;%<#Gก+PM/sT<;%< /<$/#-2K6#!6'7#8+NbL
+P/+P2$# &'< #'L1;R9*2  *FGก/*r6,PM/,6/$)'!f98-2K
G/&ก"G^ M+ก%L;Tกr6, (hybrid) -2K(,"+NO! ,'! +1"! ก/*
+PM/r6,PG<;%<ก'<+)5rTMก'R;%< /<$/#+)5+,2$ -2K6#!

6'7#8+NbL+P/+P2$# &'< #'L1;R9*2 (Malaivijitnond and 
Hamada, 2008)  

UL$6*9N&4+ Z!(LM#"/ก/*,2;%< /<$/#G/5'$G$T"^!
)FS!-2K UL$+])/4)FS!-2K-2K^ก;M+02$<ก'RRM/!+*FG!,!9[$8!'S! 
&4,2-'S<ก;9",0!-2K,2-'5!07%7"G;%< /<$/#^!-/<R#กE;4
^!-/<;R E;46"#!^ g"&4+ Z!(LM#"/;%< /<$/#-2KG$T"^!
6./#4N*41/ก*;M!&Q/!#!,'ก&4ก"G^ M+ก%LNmg /ก'R
,!9[$8 l̀K<(,"^1"E7";%<&4ก"G^ M+ก%LU-[E;40#/,*Q/0/g
7"G,!9[$8+)2$<sd/$+L2$# E7")R#"/,!9[$8กZก"G^ M+ก%LU-[
7"G;%< /<$/#LM#$+1"!+L2$#ก'! (LMEก" ก/*-2K,!9[$8
+0;FKG!$M/$;%<&/ก-2K !lK<(N$'<G2ก-2K !lK< ก/*N;"G$;%<0!
;41!%L+PM/sT< ก/*+ก%L;Tกr6, ก/*r6,)'!f98ก'!^!+0*FG
g/7%PG<;%< /<$/#+)*/4(,",2-2K(N +!FKG<&/ก,!9[$8*9ก
;SQ/-Q/;/$E ;"<G/ /*E;4E ;"<-2KG$T"G/5'$ &!ก*4-'K<
Nm&&9R'!&4+ Z!(LM#"/$'<(,",2,/7*ก/*^!ก/*0#R09,E;4
&'Lก/*N*41/ก*;%< /<$/#G$"/<+NO!*4RR *#,(Ncl<
,/7*ก/*^!ก/*G!9*'ก[8;%< /<$/#R/<sT<-2K,20930"/-/<
+5*[eก%&E;4-/<#%1/ก/* l̀K<ก/*#/<,/7*ก/*L'<ก;"/#
^ M+ก%LN*4U$1!8E;4N*46%-f%./)6T<69L &Q/+NO!7MG<
G/5'$0#/,*"#,,FG&/ก ;/$sd/$LM#$ก'! (LMEก" !'ก
G!9*'ก[8  !"#$*/1ก/* !'ก#%-$/5/67*8 6'7#E)-$8 
NGO E;41/#RM/!^!)FS!-2K *#,(Ncl<ก/*^ MPMG,T;-2K
cTก7MG<ก'R1/#RM/!^!)FS!-2K-2K7MG<G$T"*"#,ก'R;%<+ ;"/!'S! 

l̀K<#%f2ก/*+RFSG<7M!-2K6/,/*cLQ/+!%!ก/*(LM+;$ (LMEก" ก/*
 $9L^ MG/ /*;%<  ก/* $9L+0;FKG!$M/$;%< ก/*-Q/ ,'!;%<
G$"/<cTก#%f2 l̀K<7"/<&/กก/*-Q/ ,'!69!'P *FG6'7#8GFK!+)*/4
;%<+NO!6'7#86'<0, ก/* $9L!Q/+G/;%< /<$/#,/+NO!6'7#8
+;2S$< E;4ก/* $9LN;"G$;%< /<$/#+PM/sT<;%<^!f**,1/7%
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./)-2K 8. E6L<&Q/!#!ERR6GRc/,-2K7GRก;'R,/E;4&Q/E!ก1!%LPG<;%< /<$/#(,"cTก7MG< `lK<ก/*&Q/E!ก1!%LPG<;%<-2KcTก7MG<
ก*4-Q/+,FKG!'ก#%&'$+PM/(N6Q/*#&^!)FS!-2K!'S!_ 
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(,"#"/;%<^!f**,1/7%!'S!&4+NO!;%<1!%L+L2$#ก'! *FG;%<
0!;41!%Lก'!กZ7/, 
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�(�#� 
<-=>?&(= (hymenopteran parasitoids) >DE=

<02F'&G>DE=D.*H(%=/,!0!.IJ%K"#?"L0+3-.MNO% H4(
<-=>?&(=P*#!FQRS'&G+3-.M QRSP*N3T=!>DE=-3#USU= <2*
J%KHV,-/ (host) 1.OU+3-.M>DE=U!1!. '&G,L4U!PJ%K>DE='&G
U (MS U ! +3 (  43 F -3 # U (S ! F < - = > ?& ( = % =$ 4 
Diachasmimorpha longicaudata #!FQRSJ=-3#USU=
RUF<02F#3=W2Q0K -3#USU=RUF D. longicaudata 
N3T=!"#?"MSก3?-3#USU=<02F#3=W2Q0K >0OGU<02F#3=
W2Q0K>RK!43ก<4K -3#USU= D.  longicaudata PYF>RK!
'Z!2!(<02F#3=W2Q0K<2*U!+3(U(MSJ=".!?43ก<4KRUF
<02F#3=W2Q0K >0OGUN3T=!>-[0'&G<2K# D.  longicaudata 

-3#>-[0#3(ก[P*UUก0! ( !N'&G 1) 

ก��	��	"��$�)����*� 
ก!.'&G<-=>?&(=,!0!.I"#?"L0+3-.MQ4K PYF

P34>DE=<02F'&G0&D.*H(%=/ ,!0!.I"#?"L0+3-.MNO%Q4K4&
<2*=3?>DE=ก!."#?"L0H4(%&##$\& (Biological control) 
D2U4P!ก,!.>"0& >DE=W24&,Z!1.3?>ก]-.ก.WMKW2$- 
WMK?.$H "<2*,$GF<#42KU0 D^PPL?3=<=#'!Fก!."#?"L0
+3-.MNO%H4(%&##$\&  กZ!23FQ4K.3?"#!0,=JP N?#S!
=UกP!กP*>DE=#$\&'&GD2U4 3(<2K# (3F>DE=#$\&D.*1(344K#( 

�(��(����������������� 
ก!.J%K<-=>?&(=>NOGUก!."#?"L0+3-.MNO%J1K

Q4KW24&0&D.*,$'\$ !N "#.0&"#!0.MK"#!0>RK!JPJ=
N_-$ก..0<2*%&##$'(!RUF<-=>?&(= H4(>`N!*<-=
>?&(=>N+>0&(>'S!=3a='&G,!0!.IHP0-&+3-.MNO%Q4KH4(ก!.
#!FQRS QRSP*N3T=!>DE=-3#USU=>RK!'Z!2!(+3-.M 'Z!J1K
2Mก12!=RUF<-=>?&(=U(MS.U4-SUQDQ4K U&ก'3aF ก!.'&GP*
W2$-2Mก12!=.LS=-SUb QD <-=>?&(=>N+>0&(>UFP*-KUF
<=SJP#S!P*,!0!.I1!+3-.M'&G>10!*,0Q4K4& (J='&G=&a
10!(IYF>10!*,04K!=>DE=U!1!.'&GUL40,0?M.)/ <2*
>DE='&GU(MSU!+3('&G0&"L) !N) PYF0&"Z!I!0#S!<-=>?&(=
>N+ >0& (P*"K =1!+3 - .M '&G > 10!*,0Q4K U(S ! F Q .? 

R?#=ก!.'&G'Z!J1KD.*,?"#!0,Z!>.[P0&U*Q.?K!F? >NOGUJ1K
?'?!'RUF<-=>?&(=>N+>0&(?..2L>Dd!10!( N?#S!0&
R?#=ก!.'&G,Z!"3e 43F=&a 

1. ก!."K=1!<12SFU!+3(+3-.M (habitat finding 1.OU 
habitat selection) 

2. ก!."K=1!-3#+3-.M1.OU>Dd!10!( (host finding)  
3. ก!.(U0.3?>Dd!10!( (host acceptance) 
4. "#!0>10!*,0RUF>Dd!10!( (host suitability)  
5. ก!."#?"L0+3-.M1.OU>Dd!10!( (host regulation)  

 

Parasitoid Host 

 
 !N'&G 1. #F%&#$-RUF<-=>?&(= Diachasmimorpha longicaudata 

'&G,30N3=\/ก3?#F%&#$-RUF<02F#3=W2Q0K 
 

 
 

 !N'&G 2. <,4FDh$ก$.$(!RUFก2$G=U3=>ก$4P!กก!.'Z!2!(RUF 
<02F+3-.M 'Z!J1K<-=>?&(="K=1!<12SFU!+3(RUF+3-.MNO%Q4K 

('&G0!http://www.scielo.br/img/revistas/aseb/v29n2/2a01F1.jpg) 
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R?#=ก!.43Fก2S!#P*D.*,?"#!0,Z!>.[PQ4K4& 
N?#S!-KUF0&ก!.,OGU,!. (communication) .*1#S!F<-=
>?&(=ก3?+3-.MQ4KU(S!FIMก-KUF >10!*,0 <2*<0S=(Z! qYGF
J=ก!.,OGU,!.ก3==3a= <-=>?&(=,!0!.I.3?,3ee!) 
(signals) -S!Fb P!ก>Dd!10!(J=.MD<??-S!Fb >%S= 
ก2$G= >,&(F  !N ,& r2r U!+3(U#3(#*.3?,3ee!)RUF
<-=>?&(= (parasitoidss receptors) >%S= 1=#4 
(antenna) <2*D2!(U#3(#*#!FQRS (ovipositor tip) 
>DE=-K= N?#S!P*0&D.*,!',30W3, =UกP!ก=&a-!RUF
<02F,!0!.I.3?.MKH4(ก!.>1[=>DE= !N<2*,& 'Z!J1K
<-=>?&(=,!0!.I"K=1!+3-.M>Dd!10!(<2*<(ก<(*
+3-.M'&G-KUFก!.'Z!2!(1.OUJ%K>DE='&GU(MSU!+3(Q4KIMก-KUF 

ก��������������� !� "�# (habitat finding ��'� 

habitat selection)  

<-=>?&(=,!0!.I"K=1!<12SFU!+3(RUF+3-.MQ4K
IMก-KUF 4K#(ก!.-U?,=UF-SU,3ee!ก.*-LK='&G,Z!"3e 
>%S= ก2$G='&G.*>1(<2*,SF0!4YF4M4<-=>?&(= 'Z!J1K<-=
>?&(=,!0!.IQD1!<12SFU!+3(RUF+3-.MQ4KIMก-KUF 
ก2$G=>12S!=&aU!P<?SFUUก>DE=  

1) ก2$G=P!กNO%H4(-.F  
2) ก2$G='&G>ก$4P!กก!.'&G<02F+3-.MNO%'Z!2!(NO%

'Z!J1K>ก$4ก2$G=>`N!* ( !N'&G 2) U!P>DE=ก2$G=?M4>=S! 
1.OU ก2$G=103ก4UF'&G>.$G0'Z!J1KNO%>=S!>DtuU( ก2$G=>12S!=&a
2K#=>DE=ก2$G=>`N!*'&G<-=>?&(=,!0!.I.3?.MK1.OUPZ!Q4K 
<-=>?&(=PYF-!0QDQ4KIMก'!F 

?'?!'RUFก2$G=PYF,Z!"3e,Z!1.3?J%K,OGU,!.'Z!J1K
<-=>?&(="K=1!'&GU(MSRUF<02F+3-.MNO%Q4K J=?!F".3aF
U!P0UF?'?!'RUFก2$G=J=.MD<?? 43F=&a  

1) attractant chemical: "OU,!.1.OUก2$G='&GJ%K
,OGU,!.?Uก'$+'!F1.OU<12SFU!+3(RUF+3-.M >DE=,!.'&G
=S ! ,= J P >N . ! *0& RK U 0M 2 4K ! ='$ + ' ! F  (direction 
information) ,!0!.I4YF4M4<02F'&G"K=1!ก2$G==3a= 

2)  arrestant chemicals: "OU,!.1.OUก2$G='&G'Z!
J1K<-=>?&(='&G0!IYF<12SF>Dd!10!( 1.OU<12SF'&GD2SU(
<-=>?&(=QDJ=I$G=RUF+3-.M <2K#<-=>?&(=P*#=>#&(=
U(MS?.$>#)=3a=-2U4QD 43F-3#U(S!FRUF<02F+3-.MNO%J=
H.F>ก[?RUFN#ก\3eNO% >%S= RK!# RK!#HN4 <2*I3G#
-S!Fb >DE=-K= N?#S!>0OGU\3eNO%>12S!=&aIMก'Z!2!(P*0&
ก2$G=>`N!* <-=>?&(='&GPZ!ก2$G==&aQ4KP*0!"K=1!>RK!

'Z!2!(<02F+3-.MNO%<2*/1.OU(3F#=>#&(=U(MS-2U4QDPYF
>DE=,!.'&G=S!,=JPJ=<FSก!.D.*(Lก-/J%K >%S= ก!.D2SU(
<-=>?&(=QD"#?"L0+3-.M "#.0&#$\&ก!.P34ก!.U(S!FQ.J1K
<-=>?&(=U(MSJ='KUF'&G=3a=-2U4QD >NOGUก!."#?"L0'&G
,0?M.)/ 

ก�������" *� "�#��'�+,-��.�! (host finding)  

>0OGU<-=>?&(=U(MSJ=<12SFU!+3(RUF+3-.M<2K# <-=
>?&(=ก[P*'Z!ก!."K=1!<02F+3-.MNO% >NOGUก!.HP0-&1.OU
'Z!2!(+3-.M N?#S!0&,3ee!)'&G'Z!J1K<-=>?&(=,!0!.I
,OGU,!.<2*N?<02F+3-.MNO%Q4K "OU  

1) >,&(F1.OUก!.,3G=,*'KU=U3=>ก$4P!กก!.
>"2OGU=Q1#RUF>1(OGU1.OU<02F+3-.MNO% >%S= ก!.>"2OGU=
1!U!1!.RUF-3#1=U=J=W2Q0K >DE=-K= 

2) ก2$G='&G.*>1(UUก0!P!กDh$ก$.$(!RUF<02F
+3-.MNO%ก3?U!1!.'&G+3-.MNO%J%KQD >0OGU<-=>?&(=.3?
,3ee!)'&GIMก-KUFP*>D2&G (=#$\&ก!."K=1!<??,LS0 
(random search) 0!>DE=ก!."K='&GPZ!>N!* <2*J=
#FPZ!ก34 P=N?>1(OGU <-=>?&(=P*<,4FN_-$ก..0ก!.
<(ก<(*>1(OGU1.OU<02F+3-.MNO% (host identification) 
H4(<-=>?&(=P*PZ!>1(OGUQ4K (host recognition) 
N_-$ก..0>12S!=&a2K#=>DE=N_-$ก..0'&G>ก$4P!กก!.>.&(=.MK
RUF<-=>?&(= '&G,L4<-=>?&(=P*-34,$=JPHP0-&1.OU
#!FQRS'&G <02F+3-.MNO%  ก!.-34,$=JP#!FQRS=&a >DE=
N_-$ก..0'&G0&0!<-SกZ!>=$4J=<-=>?&(=>N+>0&( 

Lawrence (1981) +Yก]!N_-$ก..0<2*ก!.
#!FQRSRUF D. longicadata Q4K,Z!>.[P H4(N?#S!>,&(FP!ก
ก!.>"2OGU=Q1#RUF>1(OGU'&GกZ!23Fก$=U!1!.QDก.*-LK=ก!.
Q4K($=RUF<-=>?&(= 'Z!J1K-U?,=UFQ4KIMก>Dd!10!( 
Lawrence Q4K'Z!ก!.'42UF-SUQDH4(ก!.'42UF,.K!F
>,&(F<'=ก!.>"2OGU=Q1#RUF>1(OGU P!กก!.J%K>R[0>ก!'&G
W=3Fก2SUF>2&a(F-3#USU= N?#S!<-=>?&(= D. longicadata 

-U?,=UF-SU>,&(F43Fก2S!#>%S=ก3= ก!.'42UF'&G<,4FIYF
?'?!'RUF,3ee!)>,&(F<2*ก2$G= 0&W2-SUก!.>4$=1!
<02F#3=W2Q0KRUF<-=>?&(= D. longicadata <2* D. 

tryoni (Duan and Messing, 2000) N?#S!ก!.
,3G=,*>'OU=P!กก!.>"2OGU=Q1#RUF-3#1=U=<02F#3=
W2Q0KP*QDก.*-LK= 1.OU,SF,3ee!)J1K<-=>?&(=.3?.MK 
<2*>RK!HP0-&1.OU#!FQRS2FJ=-3#1=U=<02F#3=W2Q0KQ4K
4& >0OGU'42UFJ%K>`N!*U!1!.>กS!'&G-3#1=U=<02F#3=
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W2Q0K'Z!2!(N?#S!ก2$G=RUFU!1!.,!0!.I4YF4M4<-=
>?&(=Q4K4&ก#S! IYF<0KP*Q0S0&+3-.MJ=U!1!.>กS!=3a= <2*
>0OGUJ1KU!1!.>กS!.S#0ก3?-3#1=U=<02F#3=W2Q0K P*
Q4KW2J=ก!.4YF4M4<-=>?&(=J1K>RK!HP0-&-3#1=U=
<02F#3=W2Q0KQ4K4&ก#S!IYF4&'&G,L4 ( !N'&G 3) U(S!FQ.ก[
-!0ก!.'42UF=&a>DE=ก!.'42UFJ=1KUFDh$?3-$ก!. <-S
,Z!1.3?J=\..0%!-$=3a= '3aF,3ee!)<2*ก!.-U?,=UF
=S ! P *0& " # !0 ,23 ? q3 ? qK U=ก#S !ก ! .' 42UF J =
1KUFDh$?3-$ก!.=&a 

ก��!�.� 0+,-��.�! (host acceptance)  

<-=>?&(=P*-34,$=JP(U0.3?>Dd!10!(123FN?
+3-.M1.OU>1(OGU <2*PZ!<=ก%=$4'&GIMก-KUF<2K# <-=
>?&(=P*-KUF-34,$=JP>2OUก>1(OGU'&G4&'&G ,L4 43F=3a= 
"L) !NRUF>1(OGUPYF0&W2-SUก!.-34,$=JPRUF<-=
>?&(= H4(N$P!.)!J=<FS-S!Fb 43F=&a 

1) U!(L (age) >1(OGUP*-KUF0&"#!0PZ!>N!* >%S= 
<-=>?&(=.*(*QRS P*>2OUก2FQRSRUF>1(OGU <-=>?&(=
.*(*-3#USU='&G 1-2 P*Q0S>2OUก2F>1(OGU'&GU!(L0!กก#S!
.*(* 1-2 1.OU>1(OGUJ=.*(*QRS 

2) R=!4 (size) R=!4RUF>1(OGU0&"#!0,Z!"3e 
1!ก>1(OGU0&U!(L'&G>10!*,0<-S0&R=!4>2[ก>ก$=QD <-=
>?&(=ก[P*#!FQRS'&GQ0SQ4K.3?ก!.W,0 (unfertilized egg) 

2F'&G>1(OGU=3a= qYGFQRS'&GQ0SQ4K.3?ก!.W,0=&aP*N3T=!>DE=
<-=>?&(=>N+WMK <-SIK!>1(OGU0&R=!4'&G,0?M.)/4&<-=
>?&(=P*>2OUก#!FQRS'&GQ4K.3?ก!.W,0<2K# (fertilized egg) 
qYGFQRSก[P*N3T=!>DE=<-=>?&(=>N+>0&(-SUQD 

3) "L) !N (quality) "L) !NRUF>1(OGU <-=
>?&(=P*Q0S>2OUก>1(O GU'& G4 KU("L) !N >%S= >1(O GU'&G
USU=<U1.OU>DE=H." <-S<-=>?&(=P*>2OUก>1(OGU'& G0&
"L) !N4& <2*,0?M.)/ '3 aF=& a >NO GU"#!0U(M S.U4RUF
2Mก12!=.LS=-SUb QD ก!.>2OUก>1(OGU'&G0&"L) !N4&=3a=
U!PN$P!.)!P!ก .MD.S!F (shape), ,& (color), >,&(F 
(sound), NOa=W$# (texture)  >=OGUFP!ก"L) !NRUF
>1(OGU'&G4&0&W2-SUก!.N3T=!RUF<-=>?&(='Z!J1KQ4K<-=
>?&(=.L S=-SUQDU(M S.U4Q4K4& <2*0&PZ!=#=0!ก qY GF0&
"#!0,Z!"3e-SUก!.>N!*>2&a(FR(!(N3=\L/<-=>?&(=>NOGU
ก!."#?"L0กZ!P34+3-.MNO% 

ก!.-34,$=JP#!FQRSRUF<-=>?&(==3a= <-=>?&(=
P*>2OUก#!FQRS'& GQ0SQ4K.3?ก!.W,0ก3?,>D|./0J=>1(O GU
R=!4>2[ก qYGFQRSP*N3T=!>DE=>N+WMK <2*>2OUก#!FQRS'&G
Q4K.3?ก!.W,0ก3?>,D|. /02FJ=>1(O GUR=!4J1eSก#S! 
-SU0!QRSP*N3T=!>DE=>N+>0&( (3F0&<-=>?&(=12!(
%=$4,!0!.I-.#P,U?>1(OGU'&GIMกHP0-&<2K# <2*Q0S'Z!
ก!.#!FQRS (HP0-&) qaZ! =3?>DE=D.*H(%=/'&G<-=>?&(=P*

 

Immobile larva 

(control) 

Alive larva 

Immobile larva 

+ Substrate 

Alive larva 

+ Substrate 

 
 !N'&G 3. ก!.'42UF<,4F#S!<-=>?&(=-U?,=UF,3ee!)4K!=>,&(F<2*ก2$G= (Duan and Messing, 2000) 
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HP0-&>1(OGUQ4K0!กRYa= 2Mก12!=U(MS.U4<2*,O?'U4
Q4K0!กRYa= "#!0,!0!.IJ=ก!.<(ก<(*>1(OGU >NOGUP*Q4K
Q0S-KUFHP0-&qaZ!U!P>ก$4P!ก<-=>?&(=-3#กSU=D2SU(,!.
'Z!>".OGUF10!(Q#K'Z!J1K<-=>?&(='&G0!'&G123FPZ!<=ก
<(ก<(*Q4K 

�*�.+�.�12.3��+,-��.�! (host suitability)  

?SU(".3aF'&G<-=>?&(=(U0.3?<2*>2OUก'&GP*#!FQRS
2FJ=>1(OGU <-SU!PN?D^e1!'&G#S!>1(OGUQ0S>10!*,0  
H4(>1(OGUU!P<,4FDh$ก$.$(!-SU-K!= 'Z!J1K<-=>?&(=
#!FQRSQ0S,Z!>.[P 1.OUIK!#!FQRSQ4K<-SQRSU!PQ0SN3T=! 
<2*1!กQRSN3T=!Q4K -3#USU=ก[U!P0&D^e1! Q0S,!0!.I
N3T=!>DE=-3#>-[0#3(Q4K Dh$ก$.$(!-SU-K!=P!ก>1(OGUU!P
<?SFQ4K 43F=&a 

1) Physiological defense: N?#S!>1(OGU0&
Dh$ก$.$(!-SU-K!= IYF<0K#S!<-=>?&(=P*N?>1(OGU <2*
,!0!.IHP0-&2FQDQ4K <-SU!P>ก$4D^e1!>=OGUFP!ก 
hemocytes (>2OU4RUF<02F) ,!0!.IP3?,$G F
<D2กD2U0 ("OU<-=>?&(=) 4K#(R?#=ก!.'&G>.&(ก#S! 
}Encapsulation~ '&G,L4<-=>?&(='&GIMกP3?Q#K4K#(
R?#=ก!.43Fก2S!#P*IMก'Z!2!(QD 

2) Behavioral defense: <-=>?&(=?!F%=$4U!P
IMก-SU-K!=<2*IMกกZ!P34H4(N_-$ก..0RUF>1(OGU 43F
-3#U(S!FRUF<-=>?&(='&GU!+3(>ก!*ก$==Uก>1(OGU 
(Ectoparasitoids) >1(OGUP*<,4FN_-$ก..0ก!.
>"2OGU=Q1#<??,234<-=>?&(='&G>ก!*J1K12L4UUกQD 
?!F".3aF>1(OGUU!P�S!-3#-!(1.OU<ก2KF-ก0!-!(>0OGUIMก
HP0-& >DE=ก!.12&ก>2&G(Fก!.IMกHP0-&  N_-$ก..0ก!.
12&ก>2&G(FRUF>1(OGU U!P0&ก!.qSU=-3#>UF (hinding) 
?!F".3aF>1(OGUก[N(!(!0#!FQRSJ1K0!กRYa=4K#( 

3) Resistance: Dh$ก$.$(!-SU-K!=H4(-.F 
123FP!ก'&G<-=>?&(=HP0-&>1(OGU P*0&Dh$ก$.$(!-SU-K!=
H4(ก!.(3?(3aFก!.>-$?H-RUF-3#USU=<-=>?&(= R)*'&G
ก!.N3T=!RUF>1(OGUP*4Z!>=$=QDQ4KP=,!0!.I>U!%=*
<-=>?&(=Q4K 

ก���*0�4.� "�#��'�+,-��.�! (host  regulation) 

ก!."#?"L0<2*'Z!2!(>1(OGU>DE=R?#=ก!.'&G
,O?>=OGUFP!ก"#!0>10!*,0RUF>1(OGU (suitability) ก!. 

"#?"L0>1(OGUU!P>ก$4>=OGUFP!ก,!>1-L 43F=&a 
1) Hormonal interactions: >DE=W2RUFDh$ก$.$(!

ก!.>N$G01.OU24RUFVU./H0=RUF'3aF>1(OGU <2*<-=>?&(=
,SFW2J1K<-=>?&(=>-$?H-<2*'Z!2!(>1(OGUQ4K 

2) Nutrition and metabolism: 0&123ก�!=<2*RKU
,3==$]�!=#S! <-=>?&(=U!PQD.?ก#=R?#=ก!.=Z!
U!1!.QDJ%KRUF>1(OGU 

3) Behavioral manipulation: 0&-3#U(S!F>1(OGU'&GIMก
HP0-&P*1(L4=$GF'Z!J1K<-=>?&(=>RK!กZ!P34>1(OGUP=104 

4) Chemical infected by parasitoid: >=OGUFP!ก
,!.N$] (venom) P!ก<-=>?&(=P*D2SU(QD.*F3?(3?(3aF <2*
0&W2-SU.*??D.*,!'>1(OGU ?!F".3aFU!P'Z!J1K>1(OGUIYF-!(Q4K 

5) Virus: ก!.'&G>1(OGU,.K!F M0$-K!='!=-SU-K!=
<-=>?&(= R)*>4&(#N?#S!<-=>?&(==Z! virus ?!F%=$4
'&G0!N.KU0ก3?QRSRUF<-=>?&(=,!0!.I,.K!F,!.0!
DกDdUF<-=>?&(=P!กDh$ก$.$(!-SU-K!=RUF>1(OGU '&G,L4
<-=>?&(=ก[>U!%=*>1(OGU <2*"#?"L0>1(OGUQ4K 

ก!.'&G<-=>?&(=>RK!HP0-& #!FQRS<2*"#?"L0<02F
+3-.MQ4K,Z!>.[P=3a= >DE=>Dd!10!(123กRUFก!."#?"L0H4(
%&##$\& (biological control) <-Sก!.P*J1K<-=>?&(=
Dh$?3-$F!=J1KQ4KD.*H(%=/,MF,L4 (3F-KUF+Yก]!1.OU1!
"Z!-U?RUF"Z!I!0UOG=b >%S= 'Z!U(S!FQ.? IYFP*0&ก!.W2$-
2Mก12!='&G0&,34,S#=RUF>N+>0&(0!กก#S!>N+WMK >N.!*ก!.
>N$G0"#!0,Z!>.[PJ=ก!."#?"L0<02F+3-.M<??%&##$\&=3a= 
RYa=U(MSก3?D.$0!)<-=>?&(=>N+>0&( D.*กU?ก3??'?!'
RUFR?#=ก!."K=1!<2*#!FQRS'&G0&D.*,$'\$ !N 

ก����ก���+��ก�  
H".Fก!.#$P3(=&aQ4K.3?'L=,=3?,=L=P!กH".Fก!.

N3T=!UF"/"#!0.MK<2*+Yก]!=H(?!(ก!.P34ก!.'.3N(!ก.
%&# !NJ=D.*>'+Q'( qYGF.S#0P34-3aFH4(,Z!=3กF!=
กUF'L=,=3?,=L=ก!.#$P3( <2*+M=(/N3=\L#$+#ก..0<2*
>'"H=H2(&%&# !N<1SF%!-$ .13,H".Fก!. BRT R251010 
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Abstract 

The ecology of black flies in northern 
and southern Thailand was investigated. 
Larvae and pupae were collected from 65 
stream sites in 10 northern provinces during 
the rainy, cool and hot season. An additional 
18 sites in 9 southern provinces were studied. 
A total of 27 black fly species were identified 
from northern Thailand. Twenty-six species 
were found in the cool season, when the 
species richness and abundance were highest. 
A total of 18 species were found in 9 provinces 
in southern Thailand. Simulium tani was the 
most widely distributed species, occurring at 
66.7% of the sites in the South. Distributions 
of larval black flies in northern and southern 
Thailand were not random. Ecological analyses 
of stream sites revealed that air and water 
temperature, altitude, conductivity and salinity, 
dissolved oxygen, humidity, and stream size 
are important factors associated with the 
distributions of black flies in both regions. The 
polytene chromosomes of three described 
morphospecies in the Simulium ceylonicum 
group were examined from 52 sites in 
Thailand. Ten cytoforms were revealed on the 
basis of unique suites of fixed and floating 
inversions. All cytoforms appear to be good 
species, supported by chromosomal and 
morphological evidence. Three reproductively 
isolated cytoforms, for which sufficient 
specimens were available, were formally 
described as new species. The existence of 
chromosomally distinct entities in established 
morphospecies of the S. ceylonicum group 
supports a common trend of hidden 
biodiversity in Southeast Asian black flies. The 
preliminary study of symbionts showed that 
five groups of symbionts were found in larval 
black flies from northern Thailand: nematodes, 
microsporidia, chytrid fungi, trichomycete 
fungi and ichthyosporean protozoa. 
 

Key words: Simuliidae, Black flies, Thailand 

-	��� 
H02I.$JK4L! (black flies) OPQKH02IKJL! (aquatic 

insect) ก2TU01KVWI'&WX34Y(ZU[KY3K43\ Diptera #I+/ 
Simuliidae O]+O0&(0&\'\!',L!"3^[K'!Iก!.H]'(/
H2*O+._`ก$X OKaWYIX!กOPQKH02I]!1*[Kก!.KL!b."0!
,ZU"KH2*,3-#/O2&J(I-U!Ic dVWIกUY[1eOก$4Pf^1!'!I4e!K
,!g!.),ThH2*ก!.,Z^O,&('!I4e!KO+._`ก$X b.",L!"3^
'&W,T4'&WOก$4ก3\"K "aY Onchocerciasis 1.aY River 
blindness dVWIOก$4X!ก-3#YUYKhYI](!g$-3#ก20 (filarial 
nematode) %K$4 Onchocerca volvulus Leuckart b."K&J
.*\!40!ก[KOh-.eYKHj\HYk.$ก! YO0.$ก!ก2!IH2*[-e 
](!g$-3#ก20%K$4K&JกUY[1eOก$4](!g$, !]'&W,L!"3^ "aY 
-!\Y4 KYกX!กK&J(3I,!0!.jKL!O%aJYl#.3, %K$4 
vesicular stomatitis virus lP,ZU,3-#/O2&J(I 'L![1e,3-#/O2&J(I
0&m2m2$-KJL!K0H2*KJL!1K3ก-3#242I dVWIกUY[1eOก$4ก!.
,Z^O,&('!IO+._`ก$X[K12!(P.*O'+ 

[KP.*O'+l'( H0el0U0&.!(I!Kก!.Oก$4b." 
Onchocerciasis H-U0&.!(I!Kก!.]\.$JK4L!%K$4'&W
O.&(ก#U! "TUKO12aYI dVWI0&K$,3(%Y\ก34"K b4(]\\.$O#)
+ZK(/"#\"T0lkPn!H2*KJL!-ก,$.$ Z0$ H2*0&.!(I!Kก!.]\
"TUK4L! \.$O#)YU!Iก!12#I Oh-YT'(!KH1UI%!-$4Y( 
Y$K'KK'/ X3I1#34O%&(I[10U KYกX!กK&J(3I0&.!(I!K]\
K3ก'UYIO'&W(#jZก.$JK4L!ก34'&W\.$O#)%UYIO(oK YT'(!K
H1UI%!-$H0U#Iก/ X3I1#34กL!H]IO]%. - K".,#.."/ H2*
\.$O#)2!K,K YT'(!KH1UI%!-$ Z,Y(4!# X3I1#34
YT-.4$-j/ b4("K'&WjZกH02I.$JK4L!ก34X*Oก$4Y!ก!.OPQKlhe
'&WO.&(ก#U! lhe.$JK4L! dVWI0&Y!ก!.P#4+&._* OPQKlhe "2aWKl,e 
m$#1K3IY3กO,\ H2*0&Y!ก!.1Y\1a4 

H02I.$JK4L!0&#IX.%&#$-'&W,0\Z.)/  (complete 
metamorphosis) P.*กY\4e#( 4 .*(* l4eHกU .*(*lhU 
-3#YUYK -3#43กH4e H2*-3#O-o0#3( b4(.*(*lhU -3#YUYK 
H2*43กH4e X*Y!+3(Y(ZU[K.*\\K$O#+H12UIKJL!l12 -3#
YUYKX*(V4Oก!*ก3\H12UI'&WY(ZUY!+3(b4([%eb".I,.e!I'&WY(ZU
,U#K'e!(hYI2L!-3# O.&(ก#U! posterior circlet 0&.*\\ก!.
ก$KY!1!.H\\ก.YI (filter-feeding) b4([%eb".I,.e!I'&W
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O.&(ก#U! cephalic fan 1.aY labral fan dVWIY(ZU\K,U#K13#
hYI-3#YUYK -3#YUYKhYIH02I.$JK4L!,!0!.jP.3\-3#l4e
4&ก3\H12UIKJL!l12XVI]\OPQKXL!K#K0!ก H2*0&ก!.
ก.*X!("UYKhe!I1K!HKUK0!กก#U!H02IKJL!ก2TU0YaWKc 
,U#K-3#O-o0#3(X*Y!+3(Y(ZU\K\ก  

[Kก!.XL!HKก%K$4hYIH02I.$JK4L! ,U#K[1^U[%e
123กYKTก.0#$g!KhYI23ก_)*,3)`!K#$'(! !(KYก
hYI-3#YUYK -3#43กH4e H2*-3#O-o0#3( H-Uก!.XL!HKก
%K$4b4(ก!.+Vก_!.ZP.U!I23ก_)*,3)`!K#$'(!
 !(KYกO]&(IY(U!IO4&(#X*XL!HKกl4e"UYKhe!I(!ก 
H2*03ก0&Pf^1! OKaWYIX!กOก$4ก!.HP.m3KhYI.ZP.U!I
23ก_)* !(KYก.*1#U!IP.*%!ก.hYI%K$41KVWI'&WOกo\
X!ก, !#*H#42eY0hYIH12UIO]!*]3KgT/-U!Iก3K 1.aY
Y!XX*OPQKd$\2$ I,Pq%& ,/ hYIก2TU 0,Pqd&,/d3\deYK 
(species complex) dVWI0&.ZP.U!I"2e!("2VIก3K0!กXKl0U
,!0!.jXL!HKกl4eb4(Y!+3(23ก_)*,3)`!K#$'(!
 !(KYกO]&(IY(U!IO4&(#  

Y(U!Il.กo-!0(3I0&12!(HK#'!I'&W,!0!.j%U#(
[Kก!.+Vก_!ก!.XL!HKกH02I.$JK4L!O12U!K&J dVWIY!XX*
OPQKก!.+Vก_!'!I4e!KOd22/]3KgT+!,-./ b4(ก!.+Vก_!
"#!0H-ก-U!IhYIH\\HmKก!.O.&(I-3#hYIH\K4/\K
b]2&'&Kb".b0bd0 (polytene chromosomes) H2*
ก!.+Vก_!2L!43\O\, ก!.+Vก_!K$O#+#$'(!Oก&W(#ก3\
H12UIY!+3((UY(H2*ก!.ก.*X!( .#0'3JIก!.+Vก_![K
O%$I,!(,30]3Kg/'!I#$#3uK!ก!. O%UK ก.)&ก!.+Vก_!b]
2&'&Kb".b0bd0hYI-3#YUYK.$JK4L!ก2TU0 S. ceylonicum 
dVWIP.*กY\4e#( 3 %K$4 l4eHกU S. asakoae, S. 

inthanonense, H2* S. sheilae '&W0&.ZP.U!I23ก_)*
,3)`!K#$'(! !(KYกhYI-3#YUYK"2e!("2VIก3K0!ก 
O0aWY'L!ก!.+Vก_!H\\HmKก!.O.&(I-3#hYIb]2&'&Kb".
b0bd0 ,!0!.jXL!HKกH02I.$JK4L!ก2TU0K&JYYกOPQK 10 
cytoforms b4([%e"#!0H-ก-U!IhYIY$KO#Y./%3K"I'&W 
(fixed inversion) H2*Y$KO#Y./%3Kl0U"I'&W (floating 
inversion) H2*O0aWY'L!ก!.+Vก_!,3)`!K#$'(!hYI
43กH4e ]\#U!H-U2* cytoform 0&.ZPH\\ก!.O.&(I-3#hYI
O,eKO1IaYก (gill filaments) H-ก-U!Iก3KO%UKก3K  

PfXXT\3K0&.!(I!Kก!."eK]\%K$4hYIH02I.$JK
4L![KP.*O'+l'('3JI104P.*0!) 72 %K$4 X34XL!HKก
Y(ZU[K 6 ,กT2(UY( l4eHกU ,กT2(UY( Asiosimulium 

Takaoka and Choochote (2 %K$4) Davisellum 

Takaoka and Adler (2 %K$4) Gomphostilbia 
Enderlein (17 %K$4) Montisimulium Rubtsov (4 %K$4) 
Nevermannia Enderlein (6 %K$4) H2* Simulium 
Latreille (41 %K$4) H02I.$JK4L!H-U2*%K$403ก0&ก!.
ก.*X!([K, !]H#42eY0'&WH-ก-U!Iก3K \!I%K$40&ก!.
ก.*X!([K'Tก, !]H#42eY0 H-U\!I%K$40&ก!.ก.*X!(
XL!ก34[K, !]H#42eY0[4, !]H#42eY01KVWIO'U!K3JK 
O%UK %K$4 S. nakhonense 0&ก!.ก.*X!([KH12UIKJL!l12
12!(H1UI H-U%K$4 S. chaliowae ]\Ox]!*'&WX3I1#34
H].U H2*%K$4 S. weji ]\Ox]!*'&WX3I1#342L!P!I ,$WI
O12U!K&JH,4I[1eO1oKjVIPfXX3(-U!Ic '&W0&m2-UY"#!0
O10!*,0[Kก!.4L!.I%&#$-hYI.$JK4L! 
 

@�ก����$*�  
I!K#$X3(K&Jl4e'L!ก!.+Vก_!K$O#+#$'(!H2*Oกo\

-3#Y(U!I.$JK4L!X!กH12UIKJL!l12g..0%!-$ XL!K#K 65 
H1U I  [K\.$ O#) 10  X3 I1#34 hYI !"O1KaY  b4(
'L!ก!.+Vก_! !",K!0OPQK.*(*O#2! 1 Pq XL!K#K 3 y4Z 
l4eHกU y4ZzK y4Z1K!# H2*y4Z.eYK H2*Oกo\-3#Y(U!I.$JK
4L!X!กH12UIKJL!l12g..0%!-$ XL!K#K 18 H1UI [K\.$O#) 
9 X3I1#34 hYI !"[-e [Kก!.+Vก_! !",K!0l4e'L!ก!.
#34"U!-3#HP."T) !]hYIKJL!'&WOPQKH12UIO]!*]3KgT/hYI
.$JK4L!H2*X4\3K'Vก23ก_)*'3W#lPhYIH12UIO]!*]3KgT/ 
43IK&J "#!0ก#e!IhYIH12UIKJL! (width) "#!02Vก (depth) 
"#!0O.o#KJL! (velocity) Y3-.!O.o#hYIKJL! (discharge) "U!
ก!.KL!lkk}! (conductivity) "U!ก!.KL!lkk}!XL!O]!* 
(specific conductance) "U!"#!0O"o0 (salinity) "U!"#!0
OPQKก.4OPQK4U!I (pH) "U!P.$0!)YYกd$OXK2*2!(KJL! 
(total dissolved oxygen) "#!0%aJKhYIY!ก!+ 
(humidity) YT)1 Z0$KJL! (water temperature) YT)1 Z0$
Y!ก!+ (air temperature) "#!0,ZIO1KaY.*43\KJL!'*O2 
(altitude) XL!HKก%K$4hYIPn!\.$O#)%!(zf�IhYIH12UIKJL!
l12 (riparian vegetation) XL!HKก%K$4hYI'&WY(ZUY!+3(
(UY(hYIH12UIKJL! O%UK b"2K (mud) '.!( (sand)  
ก.#4 กeYK1$KhK!4-U!Ic H2*2!K1$K OPY./OdoK-/ก!.
Pก"2T0hYIO.aYK(Y4 (canopy cover) H2*"#!0hTUKhYI
KJL! (turbidity) OPQK-eK  

X!กก!..*\T%K$4hYIH02I.$JK4L![K !"O1KaY ]\
'3JI104 27 %K$4 %K$4'&W]\0!ก (common species) 0&
XL!K#K 17 %K$4 H2*[Ky4Z1K!#X*0&"#!012!ก12!(
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hYI%K$4,ZIก#U!y4ZYaWK ,L!1.3\ !"[-e]\H02I.$JK4L!
'3JI104 18 %K$4 %K$4'&W]\0!ก (common species) 0&
XL!K#K 7 %K$4 H02I.$JK4L!'&W]\[K'3JI,YI Z0$ !"0&
XL!K#K 12 %K$4 dVWI]\#U! S. tani 0&OPY./OdoK-/ก!.
H].Uก.*X!(,ZI'3JI[K,YI Z0$ !"hYIP.*O'+l'( m2
X!กก!.#$O".!*1/heY0Z2ก!( !]H2*%&# !] O]aWY+Vก_!
"#!0,30]3Kg/H2*PfXX3('&W0&m2-UYก!.H].Uก.*X!(hYI
H02I.$JK4L! ]\#U!\!IPfXX3(0&m2-UYก!.ก.*X!(hYI
H02I.$JK4L![KH-U2* Z0$ !" l4eHกU hK!4hYIH12UIKJL! 
("#!0ก#e!IH2*"#!02Vก) "U!ก!.KL!lkk}! "U!"#!0
O"o0hYIKJL! YT)1 Z0$KJL! YT)1 Z0$Y!ก!+ Y3-.!ก!.Pก
"2T0O.aYK(Y4 23ก_)*H12UI'&WY(ZUY!+3((UY( H2*"#!0
,ZIO1KaY.*43\KJL!'*O2 KYกX!กK&J(3I]\#U!H02I.$JK4L!
,U#K[1^U0&H12UIO]!*]3KgT/[KH12UIKJL!l12'&W0&YT)1 Z0$
KJL!-WL! "#!0O.o#KJL!"UYKhe!I,ZI H2*OPQKH12UIKJL!'&W0&
"T) !]"UYKhe!I4& 43IK3JK XVIjaYl4e#U!H02I.$JK4L!OPQK
H02IKJL!Y&กก2TU01KVWI'&W,!0!.j[%eOPQK43%K&%&J#34"T) !]
KJL!l4eO%UKก3K 

OKaWYIX!ก-3#YUYKH02I.$JK4L!,!0!.jXL!HKก
%K$4l4e4&ก#U!H02IKJL!YaWKc O].!*0&ก!.P.3\-3#l4e4&[K
.*\\K$O#+H12UIKJL!l12 H2*]\0&ก!.ก.*X!(ก#e!I[K
OกaY\'TกH12UIKJL!l12g..0%!-$ .#0'3JI(3I]\d$0
l\YYK-/12!(%K$4'&W0&"#!0,30]3Kg/ก3\-3#YUYK.$JK4L! 
O%UK 1KYK](!g$-3#ก20 (mermithid nematodes) l0
b".,PY.$O4&( (micropsoridia) bP.b-d3# (protozoa) 
H2*O%aJY.! (fungi) 43IK3JK -3#YUYKH02I.$JK4L!XVI"#.jZก
O2aYกO]aWYKL!0!+Vก_!Oก&W(#ก3\"#!0,30]3Kg/hYI
,$WI0&%&#$-[K.*\\K$O#+#$'(!hYIH12UIKJL!l12 l4e0&
.!(I!Kก!.+Vก_!Y(U!IH].U12!(Oก&W(#ก3\d$0l\YYK-/
[K12!(P.*O'+'3W#b2ก H-U(3Il0U0&.!(I!Kก!.+Vก_!
d$0l\YYK-/ [KP.*O'+l'(0!กUYK b4(Ox]!*
ก!.+Vก_!O%aJY.!ก2TU0 Trichomycetes fungi '&W]\[K
'!IO4$KY!1!.hYI-3#YUYK.$JK4L! dVWIX!ก.!(I!K
ก!.+Vก_!]\#U!d$0l\YYK-/[K-3#YUYKH02I.$JK4L! 
l4eHกU 1KYK](!g$-3#ก20 (nematode) l0b".,PY
.$O4&(H2*O%aJY.!%K$4 Coelomycidium simulii  X*OPQK
P.,$-'&W]\[K-3#YUYKH02I.$JK4L!  H2*P.,$-O12U!K&JX*
h34h#!Iก!.OX.$^O-$\b-hYI-UY0KJL!2!( .#0'3JIก!.
OX.$^O-$\b-hYI-3#YUYK dVWIY!XX*'L![1e-3#YUYKK3JK-!(
lP[K'&W,T4  

K Y ก X ! ก K&J l 4e 'L ! ก ! . +V ก _ ! O %aJ Y . ! [ K %3J K 
Trichomycetes '&W]\[K.*\\'!IO4$KY!1!.hYI-3#YUYK
H02I.$JK4L!%K$4 S. asakoae H2* S. quinquestriatum  
b4(O%aJY.!'&W]\K&J,!0!.jH\UIYYกOPQK 2 #I+/ l4eHกU #I+/ 
Harpellaceae H2* Legeriomycetaceae O%aJY.!#I+/ 
Harpellaceae ]\O]&(I%K$4O4&(#[K'!IO4$KY!1!.
-YKก2!IhYI-3#YUYK l4eHกU %K$4 Harpella melusinae 
H2*]\O%aJY.!#I+/ Legeriomycetaceae  4 %K$4 [K'!I
O 4$ K Y ! 1 ! . - Y K P 2 ! ( h Y I -3 # YU Y K  l 4e H กU 
Genistellospora homothallica, Pennella sp., 
Simuliomyces microsporus, H2* Smittium sp. .#0'3JI
]\bP.b-d3# 1 %K$4 l4eHกU Paramoebidium sp. b4(
]\[K%3JK Ishthyospores hYI'!IO4$KY!1!.-YKP2!(
hYI-3#YUYKO%UKก3K  

KYกX!กK&J(3I0&ก!.+Vก_!"#!0,30]3Kg/.*1#U!IO%aJY
.![Kก2TU0 Trichomycetes '&W]\[K'!IO4$KY!1!.hYI.$JK
4L!H2*-3#YUYKH02I.$JK4L! b4(]\#U!"#!0,30]3Kg/
43Iก2U!#,!0!.jOP2&W(KHP2Il4e (dynamic) dVWIY!XX*OPQK
H\\ !#*Y$IY!+3( (commensalism) O0aWY, !]Y!1!.
1.aY,$WIH#42eY00&"#!0,0\Z.)/ 1.aYOPQKH\\ !#*OกaJYกZ2 
(mutualism) O0aWYl0U0&"#!0YT40,0\Z.)/hYIY!1!. 1.aY
OPQKH\\P.,$-'&W]\[K.*(*-3#O-o0#3( 43IK3JK [Kก!.'L!
#$X3(".3JI-UYlPmZe#$X3(X*'L!ก!.+Vก_!ก!.XL!HKก%K$4hYI
d$0l\YYK-/hYI-3#YUYKH02I.$JK4L! .#0'3JIK$O#+#$'(!'&W
Oก&W(#ก3\PfXX3('!Iก!( !]hYIH12UIKJL!'&W0&m2-UYก!.
ก.*X!(H2*"#!01K!HKUKhYId$0l\YYK-/ dVWI1!ก0&ก!.
"eK]\d$0l\YYK-/[KP.*O'+l'(X*OPQKO.aWYI'&WKU!,K[X
H2*0&"#!0,L!"3^Y(U!I($WI O].!*X*'L![1eO]$W0YI"/"#!0.Ze
H2*"#!0Ohe![XOก&W(#ก3\"#!0,30]3Kg/.*1#U!I,$WI0&%&#$-'&W
Y(ZU[K.*\\K$O#+H12UIKJL!l12l4e0!ก($WIhVJK  
 

ก����ก���A��ก��  
I!K#$X3(K&Jl4e.3\ก!.,K3\,KTKX!กb".Iก!.P.$^^!OYก
ก!^XK! $O_ก ("Pก.) H2*'TK#$X3(YI"/"#!0.Ze[10U[Kก!.
,.e!IK3ก#$X3(.*43\P.$^^!OYก hYI,L!K3กI!KกYI'TK
,K3\,KTKก!.#$X3( (,ก#.) H2*b".Iก!.]3uK!YI"/"#!0.Ze
H2*+Vก_!Kb(\!(ก!.X34ก!.'.3](!ก.%&# !][K
P.*O'+l'( (BRT) H2*hYhY\"T) 4.. Charles E. 
Beard H2* 4.. Sam-Kyu Kim 01!#$'(!23(O"0,3K 
P.*O'+,1.3`YO0.$ก!  
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��กก��������	
����ก�������ก�� : ก����������������� ���
!��"# Luciola aquatilis 

��$%�� &�������$ 
,������ก�-���.� �/
0ก("� %����.�#�.0ก("�1�'"�*, E-mail : agrant@ku.ac.th 

--------------------------------------------------------------------------------------------------- 
 
Abstract 

Luciola aquatilis sp. nov. Thancharoen 
(Coleoptera: Lampyridae) is a new species of 
aquatic firefly from Thailand. It is a common firefly 
species associated with freshwater area and 
possesses a wide distribution across Thailand. At 
present, this species is subjected to many 
negative impacts associated with human activity 
and urbanization, resulting in decreasing numbers 
and populations disappearing from many habitats. 
The successfully developed rearing technique of 
this species was not only useful for maintaining a 
complete life cycle for many generations, but also 
offers an opportunity for observing the duration 
and development of each instar, feeding habits, 
mating behavior and other biological data useful 
for consideration of developing conservation 
management practices of this species. There are 
several adaptive characteristics of L. aquatilis 
observed from laboratory culturing. Thus, the 
successful conservation of the fireflies is possibly 
done in the field. 

Key words : firefly, Lampyridae, Luciola aquatilis, 
aquatic, conservation 
 
�&�!� 

%���%VW. (firefly %�XW lightning bug) 0	Y�Z#�
���[�ก&V������[\"�ก��ก��&��������"']��^%_]^�
0�#�ก#���X� (nocturnal insect) %���%VW.`aก���Z�กW.a]
^�W��&�� Coleoptera ��1* Lampyridae �#�ก(/
0&]�
���Z"ก"]����ก&V�����&WX��b �XW �W��.�
[�01(���
'���`c#�"Z'�d&V %���%VW.��&0	Y�Z#��������
%#�ก%#�.������,�['a� 0�X�W���ก�������0[�
"]W
[X�����W�1�.�ก���^%V%���%VW.���[�^�Z"]#
,a�,��eW�

�#ก����&Z"ก"]��ก�� %���%VW.���d&V���ก���V�[�Z#

���Z�ก���&Z#V���กก�]� 1,900 ���& �����#ก Z#
.���
W�ก�������ก����Wก���V�[� ก��'�����%���%VW.^�
	�
0�1d�.[�%���%VW.���'���`���Z�ก���&d&V 14 
���& ��ก 6 'ก�# Z#
.���%���%VW.W�ก�������ก���.��d]
'���`���Z�ก���&d&V �&.��&�]��]��
�%���%VW.
�กก�]� 30 ���& ^�	�
0�1d�. (&�. W��]� #��������, 
����ก��1�ก(�%���%VW."�[�
���&���� W��*ก��'��
[\ก(1�'"�*)  
 
&	�4����ก��5 �������� ��%��#6�4� 

%���%VW.�����X&���& Luciola aquatilis sp. nov. 
Thancharoen (,�[��� 1) 0	Y�%���%VW.���&^%]eW��#ก 
(Thancharoen et al., 2007) `��ZV%���%VW.���&����
0	Y�
���&^%] Z"]Z�V����Z#V�0	Y�%���%VW.���[�d&V����d	^���ก
,��eW�	�
0�1d�.Z#
0	Y������V�0�.eW���ก����.
%�� �%V W.^�	�
0�1d�.0	Y�W.]��&� ^��X� W  Luciola 
brahmina Bourgeois ('%�. �X���� Z#
 W��]� #�����
��� 2539, 2543) 0�X�W���ก���.�]�.�กj��jVW�^�ก��
���Z�ก���&eW�%���%VW.'ก�# Luciola Z#
���
.�ก#����ก^�ก��"���'W����&%���%VW. ������^%V0ก�&
���c�&[#�&^�ก�����Z�ก���&���e��� %���%VW.���&^%]
����������Z"ก"]����ก%���%VW.���&^%]WX��b �XW  

 
,�[��� 1. %���%VW.�����X&���& Luciola aquatilis 0[1caV 
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,�[��� 2. ��������"eW�%���%VW. Luciola aquatilis 

�eVWa#���&V��������.�Z#
[\"�ก�� "#W&��
'���`���ก��0[�
0#��.�d&V'��0�o�^�%VW�	-���"�ก�� 
�X�WeW�%���%VW.���&���`aก"���e���"�[\"�ก��ก��W.a]
W�1�.^��
.
"��%�W����W�1�.W.a]^����� ���ก���
#�"�� aqua j���%�.`�� p����q Z#
 aquatilis %�.`�� 
pW�1�.W.a]^�����q %���%VW.���&���'���`[�d&V����d	^�
���0�/Z%#]��������� 0�]� �]W �#W� �VW��� �VW��]W�
0ก("�ก�� Z#
[X������ก�V����������e��"#W&	� 0	Y�"V� 
��-��ก�����"eW�%���%VW.���&��� (,�[��� 2) 	�
กW�&V�.
�
.
"]��b 4 �
.
 �XW de] (egg) "��W]W� (larva) 6 
�
.
 &�กZ&V (pupa) Z#
"��0"o��. (adult) ^�V0�#�
	�
�/ 114 - 148 ��� ^�%VW�	-���"�ก�� �&.�
.

"��%�W����W�1�.^�����^�V�
.
0�#�������'�&Z#
�
ก��
%W.�����X&r�0&�.�0	Y�W�%�� 
 
7��&��ก�������ก������� �� 

ก��0	#��.�Z	#�eW�',�[Z�&#VWW.]��
��&0�o�^��#ก	s������']�c#ก�
��"]W'��������"%#�.
���& ������%���%VW. %���%VW.ก��#��`aก��ก����ก
ก��ก��eW���(.*�������"��Z#
���WVW ��W��
']�c#^%V%���%VW.'a_[��+�*d&V ก�����#�.[X�����W�1�.eW�

%���%VW. (habitat destruction) �&.ก��	#aก'���ก]W'�V��
"]��b 0�]� W���� �V��0�XW� Z#
`�� 0	Y�"V� #V��
0	Y�ก��0	#��.�Z	#�[X�����W�1�.eW�%���%VW.W.]��
t��[#�� %�XW���^%V[X�����W�1�.eW�%���%VW.�e��&0#oก
#� (habitat fragmentation) ���']�c#^%V���
%#�ก%#�.eW�[��+�ก��%���%VW.#&#�  

�Wก��ก���%���%VW..��d&V���c#ก�
�����WVW
��ก#[�("]��b ���0ก�&��กก��ก����(.* d&VZก] 1) 
#[�(���W�ก�1 ���0ก�&��ก���� ก��0c�d%V %�XW
������ก�]WdW0'�. 2) #[�(���0'�.� 0�]� 0'�.�&�����
0ก�&��ก0'�.�0��X�W�.�"* 0	Y�"V� 3) #[�(������� ���
0ก�&��ก����0�]�0'�. "#W&��ก��	�0	uvW�eW�'��0��
"]��b 0�]� '��0�����ก��0ก("� #[�(��������

']�c#ก�
��W.]�����Z��"]W%���%VW.������������"
'�[��+*ก������ 0�]� %���%VW.�����X& L. aquatilis Z#

%���%VW.����ก�]W. Pteroptyx spp.  

W.]��d�กo"�c#ก�
��eW�#[�(��� �  3 
�a	Z�����ก#]���.��d]���.���ก������.�����&0�� 0	Y�
0[�.�ก��ก#]��WV����กc#ก��'��0ก"[\"�ก��Z#

������%���%VW.���#&#�0�]����� 4) #[�(���Z'� 0	Y�
	s���.����ก��1�ก(�����.Z#V��] �'] �c#ก�
��"]W
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[\"�ก��ก��c'[��+�*eW�%���%VW. (Thancharoen et 
al., 2007) 0�X�W���ก%���%VW.0	Y�Z#�ก#���X����^�VZ'�
ก
[���0	Y�'�__�/'X�W'��0[X�W%��a]c'[��+�* &������ 
Z'�ก
[���eW�%���%VW.�������'����_"]Wก��&����
0c]�[��+�*eW�%���%VW.0	Y�W.]���ก %�ก[X�����W�1�.eW�
%���%VW.W.a]^����0�/����Z'�dw��ก�� 0�]� ���0�/
�W�b W�����V��0�XW� Z#
��`�� 0	Y�"V� Z'�
ก
[���eW�%���%VW.กo0	Y�0[�.�Z'�dw&��0#oกb 0X�W
0��.�ก�����'�]��eW�',�[Z�&#VW 0[��
t
�������
d]�]�Z	#ก^�0#.�]�0%"�^&%���%VW.����]W.b %�.d	
��ก���0�/����Z'�dwwx���ก��  

&������ ก��1�ก(�0[X�W%����W����ก(*%���%VW.
W.]��������� ����������0	Y�W.]��.��� ������� 0[X�W���
����aV[X��y�����������.�Z#
��0�1���.�eW�%���%VW.
�	�
.�ก"* 0[X�W0	Y�Z�����^�ก��W����ก(* ����aV���
d&V��กก��1�ก(�%���%VW.^�%VW�	-���"�ก�� j���0	Y�ก��
'��0ก"%���%VW.��ก�
.
W.]��^ก#V��& '���`�Wกd&V�]� 
p%���%VW."VW�ก��W
d�Z#
d]"VW�ก��W
d�q j����]��

0	Y�	�
�.��*%�ก�ก��	�
.�ก"*����aV[X��y��&V��
������.�Z#
��0�1���.� 0[X�W1�ก(�%�Z�����^�ก��
W����ก(*%���%VW.W.]��.���.X�"]Wd	 
 
ก����������������� ���
!��"# L. aquatilis 

��กก��0[�
0#��.�%���%VW.�����X& L. aquatilis ^�
%VW�	-���"�ก�� 0[X�W1�ก(���������" ������.� Z#

[\"�ก��ก��c'[��+�* [��]�%���%VW.�����X&���&����
#�ก(/
"#W&��[\"�ก��"]��b ���Z'&�`��ก��
1�ก.,�[^�ก��	���"� � d&V&� ^ �',�[Z�&#VW 
(adaptive characteristics) 0�]� 

1. %���%VW. L. aquatilis 0	Y�%���%VW.��������
����"'��� (,�[��� 2) 	�
�/ 3 - 5 0&XW� j���0	Y�
�
.
0�#����'����ก0X�W0��.�ก����������"eW�%���%VW.
���&WX��b 0�]� ก#�]eW�%���%VW.�ก ������������"
.�����d&V`�� 1 	� 

2. %���%VW.0[10�.'���`���de]d&V^�	���/
�ก`�� 470 - 720 wW� ��กก��c'[��+�*0[�.������
0&�.� ����]�0	Y�%���%VW.����W�"��ก��'X�[��+�*'a��ก  

3. "��%�W��
.
��� 1 eW�%���%VW.���&��� �
[\"�ก��ก��ก��W�%��0	Y�ก#�] (gregarious feeding 

habit) (,�[��� 3) �ก[�"��%�W� 4 - 6 "�� ก��%W.
�]�ก�� j���0	Y�[\"�ก������]�.^%V%���%VW.��.Z�ก0ก�&���
����W]W�ZW Z#
d]'���`#]�%W.d&V��Wก�'d&Vก��
W�%�� d]W&"�. [\"�ก���������]�.#&W�"��ก��"�.
eW�"��%�W��
.
Z�ก  

4. "��%�W��
.
��� 1 ����'���`^�ก��
W�1�.W.a]^�����������/,�["��� (DO = 1.05 mg/l, pH = 7.7)  

5. "��%�W�%���%VW.�
.
��� 4~6 ����'���`
^�&��������"�WกZ%#]�����d&V "��%�W���.����
�0	#XWก
Zeo�%�V"�����Zeo�Z�� 	�
กW�ก����
���]W#���
'�a�/*0%XW��
���]W#���[�^�%���%VW.�ก %�ก
',�[Z�&#VWd]0%�
' 0�]� ����0�]�0'�. %�XW 
	���/����Z%V�#�^�\&a%��� 0	Y�"V� "��%�W�
%���%VW.�
'���`�#��e�����กZ%#]�����0&�0[X�W%����
W.a]W�1�.^%]���0%�
'd&V Z#
"��%�W��
'���`^�V

 
,�[��� 3. [\"�ก��ก��ก��W�%��0	Y�ก#�] (gregarious feeding 
habit) eW�"��%�W�%���%VW.�
.
��� 1 
 

 
,�[��� 4.  "��%�W�%���%VW.[���"���&.0ก�
W.a]"���กeW�[X����� 
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����"W.a]���ก^���� 0�/��������X��d&V.�����
	�
�/ 1 0&XW� 

6. �
.
"��%�W�eW�%���%VW. L. aquatilis �ก��
&��������"Z��0	Y� pcaV#]�q �&.�
#]�%W.�����X&r�0&�.�
0	Y�W�%�� ��กก��'��0ก"^�%VW�	-���"�ก�� [��]�"��
%�W�%���%VW.'���`ก��%W.�����X&d&V%#�.���& 
������%W.0�W��� (Pomacea canaliculata) j���0	Y�
%W.�������Zeo�Z�� กV���V�� Z#
#]�.�ก [\"�ก��
d] 0 #X Wกก� � W�%� ��� � ^ %V "� �% �W�ก� �% W. d &V
%#�ก%#�.���&�]�.^%V"��%�W�%���%VW.�W�%��"#W&
\&aก�# Z#
0[�.�[W^�ก��0���_0"���" 

7. �a	�]��Z#
'�'��eW�"��%�W�%���%VW.�'�
����"�#0eV�#V�.��ก[X�����j�������ก#ก#X�ก��
'���Z�&#VW^�+����"� (camouflage) "��%�W�
%���%VW.�
#W.W.a]���c������0ก�
W.a]"���กeW�[X����� 
���^%V'���`[���"����กcaV#]�d&V (,�[��� 4) 

8. ��กก��1�ก(�'�/y�����.�eW�%���%VW.�
.

"��%�W� [��]����0�/']���V�.eW�Zc]�Zeo�	�&#��"��
&V��%#��Z#
&V���VW��#�ก(/
0	Y�%��Z%#.X��
WWก� (fringe-like projections) (,�[��� 5) j���
����'�V��&��ก#]��W��0	Y�W��.�
���"��%�W�%���%VW.^�V
^�ก��	xW�ก��"�� (defensive organ) 

9. 0X�W"��%�W�%���%VW.�
.
'�&�V�.�"0"o��� 
"��%�W��
�#��e�����ก���� 0[X�W'�����[X�����0"��.0eV�
'a]�
.
&�กZ&V ��กก��'��0ก"[\"�ก��ก��0eV�&�กZ&V
eW�%���%VW.^�%VW�	-���"�ก�� [��]� "��%�W�']��
^%_]�
0#XWก0eV�&�กZ&V^"V %�XW"�&ก����'&�Zeo� 0[X�W0	Y�
ก��	ก	xW��
.
&�กZ&Vd]^%V�]�."]Wก��`aก��ก��%�XW
0eV����#�. �Wก��ก���.��0	Y�ก��	�
%.�&[#�����^�
ก��'�V���[��&�� (pupal cell) 0[X�W0	Y����W.a]W�1�.eW�
&�กZ&VW�ก&V�. 

10. 0X�W&�กZ&V[����0	Y�"��0"o��.,�.^��[��
&��Z#V� "��0"o��.�
.����W�1�.W.a],�.^��[��&��
	�
�/ 3 ��� 0[X�W[�����
��'X�[��+�*^%V'�a�/* 
Z#V�����]W.WWก��ก�[��&��0[X�W%��a]c'[��+�* "��0"o
��.%�� �%VW.�
'���`c'[��+�* d&V�����^��X����� 
[\"�ก��ก��W�1�.^��[��&��eW�"��0"o��.�]�.#&
W�"��0'��.�"]Wก��"�.eW��
.
0"o��.��กcaV#] � 
W���"�0%"�"]��b ก]W�����
'���`c'[��+�*d&V  

11. ��กก��1�ก(�c#ก�
��eW�Z'�dwwx�"]W
[\"� ก��ก��c'[��+�* e W �%�� �%V W.��� &��� ^ �
%VW�	-���"�ก�� [��]�%���%VW. L. aquatilis '���`
	�
'����'��0�o�^�ก��c'[��+�*,�.^"V',��
����
Z'�d&V ���W��ก#]��d&V�]�%���%VW.���&���'���`	���"��
d&V^����0�/����Z'�dw^�0�#�ก#���X� %�XW light 
adaptive species  

W.]��d�กo"�ก��c'[��+�*^����0�/����Z'�
'�]���
���^%V%���%VW.0[1caV^�V0�#�^�ก��0ก��.�[���'�
���e���0X�W0	��.�0��.�ก��ก��c'[��+�*^����X&%�XW
^����0�/�������0eVZ'�"���ก�]� &������ %���%VW.���
W��	�
'�ก��,��
0'��.�"]W���#V0%#�^�ก��%��a] 
0ก��.�[���'� Z#
c'[��+�* ^�',�[����Z'���ก��^�
+����"�  j�� � 0	Y�'�0%"�%��� � ^�ก��#&������
	�
��ก�%���%VW.%�XWก��'a_%�.d	eW�%���%VW.^�
%#�.[X����� 
 
��� 

��กก��1�ก(�^�%VW�	-���"�ก�����^%V��ก����.
'���`'�c�'����"eW�Z#�d&VW.]��^ก#V��&Z#
0eV�^�
`��	s���.����������0	Y�Z#
	s���.���d]�������0	Y�
^�ก��&��������"eW�Z#����ก��#��1�ก(� "#W&��0eV�^�
`��#�ก(/
Z#
[\"�ก��eW�Z#�����b �]��d�V0[X�W
W
d�Z#
���d	0[X�WW
d� ��������0e�.�e�����กก��
`]�.�W&	�
'�ก��/*��กก��'��0ก"'���"]��b^�
%VW�	-���"�ก���	�
กW�ก��c#ก������.0[X�W0	Y�
[X��y��^�ก��[����Z�����ก��W����ก(*%���%VW.  

,�[��� 5.  %��Z%# (fringe-like projections) ��ก&V���V�.
eW�Zc]�Zeo�	�&#��"��eW�"��%�W�%���%VW.�
.
��� 5, f = fringe-
like projections 
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L. aquatilis ^�	�
0�1d�. ��กก����0���
%*#�ก(/

Z#
[\"�ก��eW�%���%VW.���&��� ^�%VW�	-���"�ก�� 
W��ก#]��d&V�]�%���%VW.���&����#�ก(/
Z#
[\"�ก�����
d&V0	��.�%#�.	�
ก�� "���Z"]�
.
de] "��%�W� &�กZ&V 
Z#
"��0"o��. ������^%V%���%VW.'���`	���"��Z#
W.a]
�W&d&V&�^�',�[Z�&#VW+����"� &������ ก��
W����ก(*%���%VW.���&���^�+����"����d]�]�#����ก��ก 
Z#
����0	Y�d	d&V'a� 
 
ก����ก��4���ก�9 

��������0	Y�ก�����	�
'�ก��/*��กก�����
���.���[�+*�
&��	��__�0Wก (,������������.� �/

���.�1�'"�* %����.�#�.%�&#) �W�"]���0[X�W
1�ก(�Z�����^�ก��W����ก(*%���%VW.^�	�
0�1d�. 
caV����.eWeW���/�/����.*���	��ก(����.���[�+* 
1�'"�����.*� �' ��+� � ^�dV �W�1�'"�����.* 
'����/* ก�����  1�'"�����.*[�d# [a#'��'&��  ��ก�/
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Abstract 

Puff-throated bulbuls are omnivorous 
but highly frugivorous.  They are highly 
social, live in groups of 2-7 individuals, and 
defend the territories year round.  During 
recent research we found them to be 
cooperative breeders.  Cooperative breeding 
(CB) in birds is known from about 3.2% of 
all species and these species tend to share 
several characteristics: low breeding rates, 
high adult survival, limited dispersal, and 
deferred maturity.  Life history hypothesis 
suggests high survival rate is a common 
feature of CB.  We measured several 
parameters including nest success, post-
fledging survival, dispersal, territory 
turnover rate, and adult survival.  The results 
showed they have a low nest success of 7.7–
8.6 %, but high post-fledging survival and 
high annual adult survival.  Approximately 
half of sexually mature male offspring delay 
dispersal, forego breeding independently, 
and help their parents to raise nestlings and 
fledglings in their second year calendar.  
Natal dispersal is strongly female biased.  
Females disperse more frequently and further 
than males.  There was no complete turnover 
of territory owners in one season but 10-
20 % male replacement and 10-13 % female 
replacement.  Long-term monitoring of this 
known population is particularly important 
to see how the ecological and social 
constraints have evolved.  Molecular tests 
are required to determine individuals’ 
relatedness and will provide a better 
understanding of the evolution of CB.  
Furthermore while CB is not randomly 
distributed, it would be interesting to know if 
there are any other species in the same 
lineage which exhibit this breeding system. 

Key words: Alophoixus pallidus, cooperative 
breeding, life history, natal dispersal, survival.  

Introduction 
Most avian studies on life history and 

breeding biology have been conducted in 
temperate regions (Martin 1996, Brouwer et al. 
2006).  Compared to temperate species the life 
histories of tropical species are typically 
characterized by smaller clutch size, higher nest 
predation, extended parental care and higher 
adult survival (e.g. Martin 1996, Arnold & 
Owens 1998, Brouwer et al. 2006).  

Cooperative breeding in birds is more 
common in the tropical regions and Australia.  
This social system is relatively rare; merely 
3.2% of all species (Arnold & Owens 1998) are 
cooperative breeders.  Cooperative breeding in 
birds is defined as when more than two birds 
care for offspring in the same nest or when 
individuals care for young that are not their own 
(Cockburn 1998, Arnold & Owens 1999).  
Cooperatively breeding birds tend to share low 
reproductive rates, high adult survival, limited 
juvenile dispersal, and deferred maturity 
(Russell et al. 2004, Doerr & Doerr 2006).  

Research in 2005 in the Mo Singto Plot, 
Khao Yai National Park found that Puff-throated 
Bulbuls (Alophoixus pallidus) are cooperative 
breeders (Pierce et. al 2007).  The Puff-throated 
Bulbul is considered omnivorous but found to be 
highly frugivorous (Sankamethawee and 
Khamcha, unpubl. data).  They live in social 
groups of 2-7 individuals and defend territories 
year-round.  One ‘group’ comprises 1-2 
breeding pairs either with or without helpers (or 
other non-breeding adults).  The presence of 
cooperatively and non-cooperatively groups in 
the same population provide a unique 
opportunity to study the life history of this 
unusual breeding system.  The effects of 
helper(s) on reproductive success of breeders 
have not been proven in this species yet, while 
other life parameters are needed for a better 
understanding of little known tropical forest 
birds.  The aims of this study were to assess 
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several demographic parameters including 
reproductive rate, juvenile survival, natal 
dispersal, adult survival, and turnover rate of 
territory owners to explain how cooperative 
breeding is involved.   

As habitat suitability rapidly changes 
due to anthropogenic disturbances in tropical 
forest systems, we need to investigate the 
ecological functions of multiple species to 
garner information about their requirements 
when habitat is undisturbed.  Relatively intact 
forests in protected areas serve as critically 
important areas for these baseline studies.  
Studying the life history of cooperative 
breeding birds in intact forests adds valuable 
information to the ongoing study of avian 
cooperative breeding behaviour world-wide, 
especially for South-east Asia where little 
information exists. 

 
Methods 

Study area and study population 
The study was conducted in the 30 ha 

Mo-Singto (MST) long-term biodiversity 
research plot (Brockelman 1998), Khao Yai 
National Park, Northeastern Thailand.  The 
plot is situated in mature, seasonally-wet 
evergreen forest with undulating ridges and 
valleys from an elevation of 723–817 m asl. 
(Brockelman 1998).  The average annual 
rainfall is 2,554 mm, most of which falls 
between May and October.   

Puff-throated bulbuls in the MST plot 
have been ringed and monitored since 2003.  
All captured birds were ringed with a unique 
colour ring combination of two colours and 
one Royal Forest Department (RFD) 
aluminium ring with an individual number.  At 
least 23,515 net-hours were used to catch 
adults, and unbanded fledglings, especially 
those from inaccessible high nests (>7 m).  
During the juvenile period when we were able 
to age them, at least 4,685 net-hours (for the 
year 2006), and 16,134 net-hours (for the year 
2007) were employed to catch free flying 
juveniles.  We followed and identified banded 
individuals using binoculars starting at the 
beginning of the 2006 breeding season to 
record their foraging locations and encounters 
with other groups.  We mapped encounter 
locations as territory boundaries (e.g. 
Woolfenden and Fitzpatrick 1984, Carmen 
2004).  We recorded the number of individuals 
and unique colour band signatures detected at 
each encounter event to determine group size.  

We considered individual birds as part of a 
group after detections with the group members 
were consistent for more than two months. 

Nest finding and Monitoring 
Puff-throated bulbuls generally nest in the 

understory (0.5-6 m high), but 2% of nests are 
built between 7-25 m above ground (Pierce et al. 
2007).  Nests of all breeding groups were 
intensively searched for during the breeding 
season (February-July).  Adults of every nest 
were checked for colour rings and used to define 
their territories.  All adjacent territories of each 
focal group were also mapped to determine the 
number of neighbouring groups and individuals.  
All active nests were checked regularly (every 3 
days in the nestling stage) until they failed or 
fledged.  Nestlings were ringed and weighed 
when 8-9 days old (2-3 days before fledging); 
unlike some other species they did not tend to 
explode from the nest when disturbed close to 
the fledging day.  Puff-throated bulbuls 
occupying territories within and adjacent to the 
30 ha permanent plot were monitored 
continuously from 2006-2008.  Each territory 
was monitored at least weekly throughout the 
breeding season (February-July), and monthly in 
the non-breeding season (August-January).  The 
entire 30 ha study area was intensively 
monitored once every week..  We analyzed 
nesting success using the Mayfield method 
(Mayfield 1975).  The MARK program was 
used to analyze survival of fledglings and adults 
(White & Burnham 1999, Cooch & White 
2008).  We analyzed the natal dispersal 
probability based on 100 % survivorship of 
juvenile birds after becoming nutritionally 
independent from parental care.  

 
Results 

We found 62, 98, 152, and 74 nests in 
2005, 2006, 2007, and 2008, respectively.  The 
Puff-throated bulbuls experienced a low nesting 
success rate of 7.7 -8.6 % (Mayfield estimates) 
during the four breeding seasons (2005-2008).  
They usually lay 2-3 eggs, and a breeding pair 
can re-nest up to a total of seven attempts in one 
breeding season.  A total of 41 of 324 nests 
(12.6 %) successfully fledged young.  Cumulative 
survival probability during the post- fledgling 
(dependent period of 2 months) was 0.61 ± 0.09.  
Seventeen of 23 fledglings (74%) in 2006, 24 of 
37 in 2007 fledglings (65%), and 22 of 27 (82 %) 
of fledglings in 2008 survived to independence.  
The critical time with highest mortality is during 
the first week post-fledging (Figure 1). 
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If juveniles survived to independence from 
nutritional parental care, their survivorship by 
the end of the first year of life is almost 100% 
(probability of surviving 0.99 ± 0.01).  There 
was no dispersal of juveniles in the Mo Singto 
plot population.  Dispersal occurred at the 
beginning and during the first breeding season 
post-fledging.  Most female offspring (94.4 %) 
disperse with only one individual being 
recorded staying and helping at a nest in its 
second year.  Half of all male offspring 
remained in their natal territories while 83% of 
dispersing males moved to neighbouring 
territories.  Dispersal patterns were strongly 
influenced by year with the birds that fledged 
in 2007 being more philopatric (likely to stay 
in their natal territory) than the birds that 
fledged in 2006 (Figure 2).  When the effects 
of sex and year were combined, females 
fledged in 2006 showed the highest dispersal 
probability (0.52 ± 0.05), and males fledged in 
2007 showed the lowest dispersal probability 
(0.07 ± 0.03 SE), while females in 2007 and 
males in 2006 were similar (Figure 2).  The 
actual dispersal pattern also supported the year 
dependent models in which 66.7 % of males 
from year 2007 remained in their natal 
territories; while 25 % of the males in 2006 

showed natal philopatry.  The majority of helpers 
are male offspring while only approximately 17% 
of female offspring were also observed to help at 
a nest before dispersing later in the same breeding 
season.  None of the philopatric offspring bred in 
their natal territory despite being potentially 
sexually mature (as proved by some dispersing 
females being found to breed in the first breeding 
season post-fledging).   

Average annual survival rate of adult birds 
during 2003-2008 was 0.85 ± 0.02. There was 
no complete turnover of territory owners in one 
season, but 10-20 % male replacement and 10-
13 % female replacement.  At least 57 % of 
females and 53% of males maintained breeding 
status over 3 years.   

 
Discussion 

Puff-throated Bulbuls experience low 
nesting success, high juvenile survival, limited 
juvenile dispersal, and high adult survival, all of 
which are typical for tropical passerines 
(Stutchbury & Morton 2001).  Our estimates of 
post-fledging survival is similar to other tropical 
forest species with post-fledging survival rates 
between 60-67 % (e.g. Cohen & Lindell 2004, 
Green & Cockburn 2001, Brouwer et al. 2006), 
which are considerably higher than the survival 
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Figure 1.  Survival probability (mean ± SE) during the dependent period (8 weeks post-fledging) of 

juvenile Puff-throated Bulbuls at Khao Yai National Park during three breeding seasons (2006-2008). 
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Figure 2.  Monthly probability of staying (mean ± SE) in the natal territory of offspring of Puff-throated 
Bulbuls during the second year estimated from cumulative survival probability.  The estimates based on the 
assumption of 100% juvenile survival, and the probability of staying during the non-breeding season is 
constant over time, while dispersal occurs during the breeding season which depends on year, sex, and time.   
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rate of 13-43 % in temperate birds (e.g. Anders 
et al. 1997, Vega Rivera et al. 2000, Yackel 
Adams et al. 2006, Greño et al. 2008).  This 
increased survivorship of juveniles is probably 
due to prolonged parental care in tropical birds 
(Martin 1996).  Puff-throated Bulbuls extend 
food provisioning up to eight weeks post-
fledging, which is demonstrably longer than 
other passerines e.g. 13-21 days (e.g. Vega 
Rivera et al. 2000, Cohen & Lindell 2004).  
Furthermore, juveniles remaining with their 
parents for a long period indicating some 
advantages of staying ‘home’ as a safe place 
until dispersing to breed.  The critical period 
for juvenile survivorship is during the first 
week after leaving the nest.  Our findings are 
supported by other studies in both temperate 
systems (e.g. Sullivan 1989, Davies & Restani 
2006, Berkeley et al. 2007), and tropical 
systems where high mortality rates are 
attributed to limited flying abilities (e.g. Green 
& Cockburn 2001, Cohen & Lindell 2004).  
Also, in that first week after fledging, juveniles 
are entirely dependent on parental care as they 
learn to forage.  The primary cause of high 
mortality in the crucial post-fledging period is 
generally attributed to predation (Sullivan 
1989, Keedwell 2003, Berkeley et al. 2007).   

Natal dispersal in Puff-throated Bulbul is 
female biased both in frequency and distance.  
Female-biased dispersal is common in many 
birds (e.g. Greenwood 1980, Plissner & 
Gowaty 1996, Robinson & Oring 1997).  This 
pattern is more obvious in social species 
(Yáber & Rabenold 2002).  Such a dispersal 
pattern in this species strongly supports male-
biased helping in cooperative breeding 
(Pasinelli & Walters 2002).  In cooperative 
breeding birds, philopatry is the preferred 
option for young males (Pasinelli & Walters 
2002, Cockburn et al. 2008), who tend to 
queue for breeding vacancy both in natal and 
neighbouring territories (Cockburn et al. 
2003).  The philopatry hypothesis suggests that 
philopatric male helpers can gain both direct and 
inclusive fitness (e.g. Cockburn et al. 2008).  
Any sex-biased dispersal behaviour results from 
differences in the relative costs and benefits of 
dispersal, and are explained in terms of 
territoriality and resource defence (Wolff & 
Plissner 1998, Yaber & Rabenold 2002).  For 
females, to disperse is a strategy to avoid 
inbreeding with close relatives (Greenwood 
1980). 

Overall Puff-throated Bulbuls experience 
high annual survival which is demonstrably 
higher than other tropical passerines; for 
example 50 - 69% in Neotropical species (Blake 
& Loiselle 2008).  Generally survival of tropical 
and southern hemisphere birds is higher than in 
temperate birds (Russell et al. 2004).  

Our findings provide a baseline of 
breeding ecology and life history of a 
cooperatively breeding bird and broaden our 
understanding of avian breeding system in the 
tropics.  Understanding constraints among life 
history traits of birds in this little studied region 
will increase our knowledge of evolution of 
cooperative breeding species worldwide.  This is 
also particularly important for population 
management and conservation in the tropical 
forests where anthropogenic effects are having 
substantial impacts.   
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>Q3 ก6!L88T-1R30 (@3@OL-1RM+V*-0=.::8?04,;('5`กP2ZL 
567ก6!L88T-1R30 (@3@OLP*9QN*-1R2*L'@9,-(ก%&2V'@M6BUW0U:7 

�&
'&
��( : 8T9QN*6L0=, 3!-@0*52L=?04,MB0*(*,  
S(=2'(T*>: :1.::8:0? 

� 	&
 
3!-@0*52L=?04,MB0*(*MUY*+L'*2*<R=B3=M-Q3กMB0

*>: :1.::8:0? 81M*QN3-1RU:780A 436 40:0=ก,^6M84: 
81>'08260ก260@B3=9Q?567+(4'&+O= (Wittaya, 2000) 
^T@M`9078Tf<R=MUY*586=31ก?*,T2*<R=-1R81>'08+X0>(Z
3@L0=80กP*:7;;*,M'  54L@(=g8L81ก0: <ก%0TV0*>'08
260ก260@B3=8TP*3!-@0*[ 52L=*1N 

8TMUY*586=P*3(*T(; Hymenoptera '= & 
Formicidae  81;-;0-+X0>(ZP*ก0:TX0:=g'Vf<R=>'08
+8T!6408.::8?04,P*:7;;*,M'  M*QR3=S0ก8T81;-;0-
5672*V0-1RP*260@j TV0* ^T@8T+L'*P2ZL81;-;0-MUY*
]OV6L02:Q3ก,*f0ก+(4'&  ;0=?*,T81ก0:9<R=9030 (@3@OL
:L'8ก(;9Q?567+(4'&3QR* 8T+080:\P?VMUY*T(?*1P*ก0:
U:7M8,*>'08260ก260@ 2:Q34:'S+3;ก0:MU61R@*5U6=
B3=+"095'T6V38 (Alonso et al., 2000) 567*X080P?VP*
ก0:>';>!8U:7?0ก:B3=586= (4:O9Q? (Khoo and 
Chung, 1989; Kritsaneepaiboon and Saiboon, 2000)  
:'8-(N=?L'@U:(;U:!=^>:=+:V0=-0=ก0@"09B3=T,* f<R=81
]64L3ก0:MS:,ZM4,;^4B3=9Q? (Maryati, 1996) 
*3กS0ก*1N8T@(=81U:7^@?*&4L39Q? ^T@81+L'*?L'@P*ก0:
ก:7S0@M86_T9(*.!&567?L'@]+8Mก+: f<R=81>'08+X0>(Z
-0=TV0**,M' ',-@0567','()*0ก0: (Bronstein, 1998) 

ก0: <ก%0>'08260ก260@B3=8TP*;:,M'A
"O8,"0>4L0=j B3=^6ก9;'L0>'08260ก260@P*TV0*
B3=?*,T SX0*'* 567>'08?!ก?!8 81>'0854ก4L0=ก(* 
^T@SX0*'*?*,TB3=8TS76T6=408:7T(;>'08+O=S0ก
:7T(;*NX0-7M6-1RM9,R8B<N* (Brüehl et al., 1999 ; Fisher, 
1998 ; Samson et al.,1997 ; Ward, 2000) 567SX0*'*
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?*,TB3=8TS7M9,R8B<N*408:7T(;M+V*:!V=-1R6T6= (Begon, 
1996) BA7-1Rก0: <ก%0>'08260ก260@B3=8T-1R
30 (@3@OLP*;:,M'A526L=-1R3@OL30 (@567U:7M"-B3=UW0
-1R54ก4L0=ก(* 9;'L03=>&U:7ก3;B3=+ก!6567?*,TS781
>'0854ก4L0=ก(*TV'@ (Brüehl et al., 1998 ;  !"#ก%& 
567>A7, 2550; 9:*:,*-:&567'1@'()*&, 2547)  

T(=*(N* P*ก0: <ก%0>:(N=*1N81'(4\!U:7+=>&M9QR3
 <ก%0?*,TB3=\,R*30 (@-1R81]64L3>'08260ก260@B3=
8T-1R3@OL4089QN*T,* M9QR3MUY*BV38O69QN*y0*P*ก0:*X080
S(Tก0:TV0*ก0:3*!:(ก%&  463TS*MUY*BV38O6-1R P?V
MU:1@;M-1@;3=>&U:7ก3;B3=8TP*;:,M'APก6VM>1@=-1R81
ก0: <ก%080กL3*56V' 
 
��*ก��+ !�,��%$ก
��-ก.
 
���������ก�� 

3!-@0*52L=?04,MB0*(* S(=2'(T*>: :1.::8:0? 
4(N=3@OL:72'L0=674,SOT-1R 8 o 41zN-8o 58zN 56763=S,SOT
-1R 99o30zE-99o99zE >:3;>6!89QN*-1RU:780A 436 
40:0=ก,^6M84: -X0ก0:M6Q3ก9QN*-1R <ก%0 3 S!T >Q3 
M+V*-0=.::8?04,;('5`กP2ZL 2*L'@9,-(ก%&2V'@M6B
UW0U:7 567M+V*-0=2V'@P2ZL*NX04ก+!*(*-0 ("09-1R 1) 

� !���"#$$%&�'()*+,-ก./01  
M+V*-0=]L0*UW0T,;?QN* 3@OLP*:7T(;>'08+O= 280 

- 420 M84: S0ก:7T(;*NX0-7M6 5673@OL:72'L0=674,SOT-1R 
8 o 46zN 56763=S,SOT-1R 99 o 47zE ^T@9QN*-1R <ก%0
4(N=3@OL;:,M'A"OMB0-1R81>'0860T?(*+O= 81>'082*05*L*
B3=?(N*T,**V3@-X0P2V9QN*-1RT( =ก6L0' 819::Ag8V-1R
54ก4L0=S0ก;:,M'A3QR*j B3=9QN*-1R+L'*P2ZLP*MB4

3!-@0*52L=?04,MB0*(* 3=>&U:7ก3;B3=?*,T9::Ag8V-1R
9;P*;:,M'A*1N U:7ก3;TV'@ g8V@Q*4V* M?L* M+8_T?!* 
Syzygium gratum (Wight) S.N.Mitra var, gratum กL3 
Lithocarpus sp. 9Z0g8V Nageia sp. 87M8QR3@ Gnetum 
sp. SX0U0UW0 Magnolia elegans (Blume) H. Keng 
47M>1@*-3= Hopea odolata Roxb. @0=8(*28O 
Dipterocarpus kerrii King 567>V3 Livistona speciosa 
Kurz MUY*4V* g8V9!L8567g8V9QN*6L0= M?L* ก!260;B0' 
Rhododendron moulmeinense Hook.f. -,N=-'T 
Vaccinium bracteatum Thunb. 2'0@ Calamus spp, 
567g]LM61N3@ Dinochloa scandens (Blume) Kuntze 
MUY*4V* ก6V0g8VB3=g8V@Q*4V*567ก6V'@g8V?*,T4L0=j M?L* 
Coelogyne spp., Eria spp., +,=^4กV08UO5T= 
Bulbophyllum patens King 567ก61;B0' Bromheadia 
alticola Ridl. MUY*4V* M}~:&*?*,T4L0=j M?L* ;('5`ก 
Dipteris conjugate Reinw. 567^?* Dicranopteris 
linearis (Burm.f.) Underw.var.linearis MUY*4V* 

/�1+F�(�*ก�G/!+F�HIJK�J$L 
4(N=3@OL:72'L0=674,SOT-1R 8 o 51zN 56763=S,SOT-1R 

99 o 37zE 3@OLP*:7T(;>'08+O= 130 - 350 M84: S0ก
:7T(;*NX0-7M6 81M*QN3-1RU:780A 4,000 - 5,000 g:L 9QN*-1R
+L ' * P 2 ZL P * 5 U 6 =  < ก % 0 M 4_ 8 g U TV ' @ 4V * U : 7 
Elateriospermum tapos Blum ?<R=B<N*3@OLMUY*ก6!L8 
3=>&U:7ก3;B3=?*,T9::Ag8V-1R9;P*;:, M'A*1N 
U:7ก3;TV'@ g8V@Q*4V* M?L* 878L'= Magnifera sp. 567
87g}UW0 '= & Euphobiaceae MUY*4V* g8V9!L8567g8V9QN*
6L0= M?L* U60g26M]Q3ก Eurycoma sp. '= &*V3@2*L0 
Annonaceae 40MUYT40gกL Ardisia sp. 2'0@ Calamus 

 

 
"09-1R 1. 5]*-1R567-1R4(N=B3=9QN*-1R <ก%0 1= M+V*-0=.::8?04,;('5`กP2ZL, 2= M+V*-0=2V'@P2ZL+!*(*-0, 3= 2*L'@9,-(ก%&2V'@M6BUW0U:7  
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spp. MB_8 Lasianthus sp. 8796(; Diospyros sp. MUY*
4V* M}~:&*?*,T4L0=j M?L* Tectaria sp, 567 
Nepholepis sp. MUY*4V* 

� !���"/!+F./01��P�'ก Q�*��� 

9QN*-1R <ก%04(N=3@OL-1R9,ก(T674,SOT-1R 8 o 46zN 567
63=S,SOT-1R 99 o 48zE 4(N=3@OLP*:7T(;>'08+O=U:780A 
140 - 160 M84: S0ก*NX0-7M6 +"09^T@-(R'gUMUY*M*,*
MB05672!;MB0 819::Ag8V-1R54ก4L0=ก(*260@?*,T 
3=>&U:7ก3;?*,T9::Ag8V-1RMUY*g8V@Q*4V* M?L* g-: 
Ficus sp. M4L0:V0= Caryota sp. 8796(; Diospyros 
sp. Syzygium sp. 878L'=UW0 Mangifera sp. 567
87g}UW0 '= & Euphobiaceae MUY*4V* g8V9!L8567g8V
9QN*6L0= M?L* MB_8 Greenea sp. 567 Lasianthus sp. 
40MUYT40gกL Ardisia sp. 567B,= Amomum sp. MUY*
4V* M}~:&*?*,T4L0=j M?L* M}~:&*@L0*6,M"0 Lygodium 
sp. 567 Tanitis sp. MUY*4V* 

ก�$�กS)'*+TF1�" 
-X0ก0:'0=5U6=+X0:'S5;;\0':B*0T 30x30 

M84: SX0*'* 3 5U6=P*54L679QN*-1R T(=*(N* S7815U6=
+X0:'S-(N=+,N* 9 5U6= ^T@54L675U6=3@OL2L0=ก(*
U:780A 500 M84: ("09-1R 2) 
 
-X0ก0:Mก_;4('3@L0=8T 5 ',.1 >Q3 
1. ก0:P?VM2@QR3*NX02'0* (Honey Bait Traps : HB) 

MUY*',.1P?VS(;8T-1Rก,**NX02'0*MUY*3020: ^T@P?V
+X06154L675]L*'0=2L0=S0กy0*5*':,;;,N*+1+V8-1R3@OL
"0@P*5*'M+V*+X0:'S U:780A 2.5 M84: :7@72L0=
:72'L0=5]L*+X061U:780A 5 M84: '0=5]L*+X061;*
9QN*T,*-(N= 3 5*'M+V*+X0:'S 56V''0=+6(;TV0*fV0@ - B'0 
("09-1R 2) *X0+X061B*0T 7.0X5.5 Mf*4,M84: '0=;*
9QN*T,*567261กM61R@=S0ก5+=5TTP*5U6= M-*NX02'0*f<R=
81>'08MBV8BV*B3=*NX04064L3*NX0 (2:1) 4(N=-,N=g'VU:780A 
30 *0-1 ;(*-<ก?*,TB3=8T-1R9;3@OL;*5]L*+X061567

 
"09-1R 2. 5U6=@L3@B*0T 30x30 8. 5674X052*L=ก0:Mก_;4('3@L0= '=ก68+1M-0P*ก:3; >Q3 :,;;,N*+1+V8  

5+T=5*'ก0:'0= PT (Pitfall Traps) 567HB )(Honey Bait Trap) 
 



 91 
 

;(*-<กก0:U:7?!8',?0ก0:U:7SX0Uŵ >:=ก0: BRT >:(N=-1R 12  
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;:,M'A*3ก5]L*+X061 9:V38-( N=Mก_;5]L*+X061 567 
T,*;:,M'AP4V5]L*+X061 M9Q R3*X0gU4:'S*(;SX0*'* 
B3=8T54L67?*,TP*2V3=U�,;(4,ก0: T(=*(N* 5*'M+V*
+X0:'S 1 M+V* Mก_;4('3@L0=5]L*+X061 6 5]L* 567 
T,*;:,M'AP4V5]L*+X061 6 4 ('3@L0= 2:Q3 1 5U6=  
Mก_;4('3@L0=5]L*+X061 18 5]L* 567T,*;:,M'AP4V5]L*
+X061 18 4('3@L0= 

2. ก0:P?Vก(;T(ก26!8 (Pitfall Traps : PT) 
MUY*',.1P?VS(;8T-1Rก,*f0ก+(4'& ^T@P* 1 M+V*

+X0:'S gTV'0=26!854L6726!82L0=S0ก5*':,;;,N*+1+V8
U:780A 250 Mf*4,M84: 567:7@72L0=:72'L0=26!8
U:780A 500 Mf*4,M84: 54L6726!8'0=+6(;TV0*fV0@
567B'0567+6(;ก(;TV0*B3=ก0:P?V HB ("09-1R 2) B!T
26!86<กU:780A 12 Mf*4,M84: 81M+V*]L0 O*@&ก60=
U:780A 10 Mf*4,M84: 56V''0=5กV'960+4,กB*0T
> ' 0 8 @ 0 '  1 0  M f * 4, M 8 4 :  5 6 7 U 0 ก 5 กV ' 81
M+V*]L0 O*@&ก60= 8 Mf*4,M84: 6=P*26!8 M-+L'*]+8
*NX0@06V0=S0*567*NX0 (1:3) *X0M %M*QN3U60-O*L080'0=
g'V;*กV0*g8V-1R;:,M'AU0ก5กV' P?V5]L*ก:7T0%}~'
MS3:&;3:&TB*0T 15X15 Mf*4,M84: 5676'TB*0T
>'08@0' 30 Mf*4,M84: 81M+V*]L0 O*@&ก60= 0.5 
8,66,M84: SX0*'* 2 M+V* MS07:O-(N= 4 8!8 B3=ก:7T0%
56V'@<T4,Tก(;T,*P*5*'4(N=`0กก(*56V'U~T;:,M'AU0ก
5กV' 4(N=-,N=g'VU:780A 1 '(* Mก_;4('3@L0=8TP+LP*\!=
f,U M9QR3*X0gU>(T5@ก5674:'S*(;SX0*'*B3=8T54L67
?*,TP*2V3=U�,;(4,ก0: T(=*(N* 5*'M+V*+X0:'S 1 M+V* 
Mก_;4('3@L0=8T 6 \!= 2:Q3 1 5U6= Mก_;4('3@L0=8T
-(N=+,N* 18 \!= 

3. ก0:S(;TV'@8Q3 (Hand Collection : HC) 
MUY*',.1-1RP?VS(;8T-1R30 (@4084V*g8V 6X04V* g8V

9!L8 567g8V]!  ^T@P?VU0ก>1;S(;8TP+LP*B'TMก_;
4('3@L0= ^T@]OVMก_;4('3@L0= 1 >* P?VM'60 30 *0-1 4L3 
1 5*'M+V*+X0:'S T(=*(N* 1 5U6= 4V3=Mก_;4('3@L0=8T 
1 ?(R'^8= 30 *0-1  

4. ก0:P?V475ก:=:L3*f0กP;g8V (Leaf Litter Sifting : LL) 
MUY*',.1P?VS(;8T-1R30 (@4089QN*T,* ^T@Mก_;f0ก

P;g8V2:Q3ก,R=g8VP+LP*475ก:=:L3*B*0T 0.8x0.8 
Mf*4,M84: -1R81\0T:3=:(;TV0*6L0= P?VU0ก>1;S(;8TP+L

P*B'TMก_;4('3@L0= ^T@]OVMก_;4('3@L0= 1 >* P?VM'60 30 
*0-1 4L3 1 5*'M+V*+X0:'S T(=*(N* 1 5U6= Mก_;4('3@L0=
8T 1 ?(R'^8= 30 *0-1 

5. ',.1ก0:P?V5;; Winkler Bag (WB) 
MUY*',.1P?VS(;8T-1R30 (@4089QN*T,* ^T@-X0ก0:+!L8

'0=>'3-MT:4 (quadrat) B*0T 1X1 M84: 54L675*'
M+V*+X0:'S+!L8Mก_;f0กP;g8V567f0ก]!9(=S0ก],'T,* 3 S!T 
P +L P * \! = f, U 5 6V ' U~ T U 0 ก \! = P 2V + *, -  *X 0 g U P *
2V3=U�,;(4,ก0:M9QR3P+Lf0กP;g8V6=P*3!Uก:A&5B'* WB 
TV'@',.1 T(=*1N *X0f0กP;g8VP+LP*\!=40BL0@ 2 \!= B*0T 
27X36 Mf*4,M84: 81:O40BL0@B*0T 4X4 8,66,M84: 56V'
P+LP*\!= WB f<R="0@P*\!=8147B3Mก1R@'+X02:(;\!=40BL0@ 
2 \!= 567816'TM26_ก-1RB*0*ก(* 2 3(* B*0T 16X27 
Mf*4,M84: 81:7@72L0=:72'L0=ก(* 41 Mf*4,M84: 
26(=S0ก*(N**X0B'T ethyl alcohol 80 MU3:&Mf_*4& P+L
;:,M'ATV0*6L0=B3=\!= WB 56V']Oก@0='=P2V5*L* +L'*
TV0*;*B3=\!= WB ]OกM?Q3กP2V5*L* *X0gU5B'*g'V
U:780A 2 '(* 56V'M306=P+LB'T4('3@L0= T(=*(N* 1 
5U6= Mก_;4('3@L0=8T 9 B'T S0กf0กP;g8V567f0ก 
]!9(= 9 S!T 

*X04('3@L0=8T-1RgTVS0กก0:Mก_;4('3@L0= 5@ก
33กMUY* 2 +L'* >Q3 +L'*5:กMก_;g'VP* ethyl alcohol 80 
MU3:&Mf_*4& +L'*-1R+3=S(T:OU:L0=P2VgTV804:y0* M9QR3
*X0gU <ก%06(ก%A7-0=3*!ก:8',.0*^T@SX05*ก408 
Bolton (1994, 1995, 2003) 567 Hölldobler and 
Wilson, 1990 567MU:1@;M-1@;4('3@L0=8TP*>6(=
4('3@L0=B3=9,9,."(A�&.::8?04,',-@0 50 9::%0 
+@08;:8:0?ก!80:1 820',-@06(@+=B60*>:,*-:& 
 
ก�$+(�U$�L/GI!T%VH  

-X0ก0:', M>:072&BV 38O 6  ^T@P?V  multivariate 
analysis TV'@',.1ก0: Detrended Correspondence 
analysis (DCA) M9QR3TO]6B3=9QN*-1Rก0: <ก%0 -1R81]64L3
SX0*'*?*,T8TP*ก0:S(T5;L=ก6!L8 TV'@^U:5ก:8
>389,'M43:& PCORD M'3:&?(R* 3.20 567BV38O6-1R*X080
',M>:072&*(N* P?VM`907>'08\1RB3=8T-1R9;g8L*V3@ก'L0 4 
>:(N= S0กก0:Mก_;4('3@L0=-(N=28T 7 >:(N= P*-!ก9QN*-1R
ก0: <ก%0 f<R=81SX0*'* 119 ?*,T  
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��ก
��-ก.
 
U+�%/H�ก/H�FIT"%W 

ก0: <ก%0>'08260ก260@B3=8TP*9QN*-1R
3!-@0*52L=?04,MB0*(* S(=2'(T*>: :1.::8:0? ^T@
ก0:Mก_;4('3@L0=TV'@',.14L0=j 5 ',.1 P* 3 9QN*-1R <ก%0 
9;8T-(N=+,N* 10 '= &@L3@ 50 +ก!6 245 ?*,T '= &@L3@
B3=8T-1R9; gTV5กL Myrmicinae 109 ?*,T 
Formicinae 55 ?*,T Ponerinae 46 ?*,T 
Dolichoderinae 15 ?*,T Pseudomyrmecinae 6 ?*,T 
Cerapachyinae 4 ?*,T Aenictinae 4 ?*,T Dorylinae 
3 ?*,T Ectatomminae 2 ?*,T 567 Amblyoponinae 
1 ?*,T (40:0=-1R 1) 3=>&U:7ก3;B3=8T:7T(;+ก!69;
8T-(N=28T 50 +ก!6 9;8TP*+ก!6 Pheidole 80ก-1R+!T 
31 ?*,T (12.65 MU3:&Mf_*4&) :3=6=80 >Q3 
Camponotus 20 ?*,T (8.16 MU3:&Mf_*4&) 408TV'@ 
Tetramorium, Polyrhachis, Pachycondyla 567 
Crematogaster 16 ?*,T (6.53 MU3:&Mf_*4&) 15 ?*,T 
(6.12 MU3:&Mf_*4&) 15 ?*,T (6.12 MU3:&Mf_*4&) 567 14 
?*,T (5.71 MU3:&Mf_*4&) ?*,T4086X0T(; (40:0=-1R 2) 
 
���������ก�� 

M8QR3MU:1@;M-1@;]6B3=9QN*-1R <ก%0P* 3 9QN*-1R 
(M+V*-0=.::8?04,;('5`กP2ZL 2*L'@9,-(ก%&2V'@M6B
UW0U:7 567M+V*-0=2V'@P2ZL*NX04ก+!*(*-0) ',.1ก0:
Mก_;4('3@L0= 5 ',.1 (HB, PT, HC, LL 567 WB) ก(;
?*,TB3=8T f<R=81>L0 eigenvalue B3= Axis 1 567 
Axis 2 M-L0ก(; 0.533 567 0.336 4086X0T(; 9;'L0
9QN*-1R <ก%0+080:\S(Tก6!L8gTV  2 ก6!L8 >Q3 9QN*-1R
M+V*-0=.::8?04,;('5`กP2ZL 5679QN*-1R2*L'@9,-(ก%&
2V'@M6BUW0U:7  +X02:(;9QN*-1R2V'@P2ZL*NX04ก+!*(*-0 
g8L+080:\5;L=ก6!L8gTV3@L0=MT_TB0T ("09-1R 3)  
 
��#
��+��ก
��-ก.
 
T"UGJ$LกT)IT"%W,HLU+�%/H�ก/H�F 

ก0: <ก%0>'08260ก260@B3=8TP*3!-@0*
52L=?04,MB0*(* :72'L0=MTQ3*8ก:0>8 9. . 2549 � 
8ก:0>8 9. . 2550 9;8T-(N=28T 10 '= &@L3@ 50 
+ก!6 245 ?*,T ก0: <ก%0>:(N=*1N81>'08260ก?*,TB3=
8T54ก4L0=ก(*M8QR3MU:1@;M-1@;ก(;ก0: <ก%03QR*j P*

;:,M'AUW0T,;?QN*B3="0>P4V M?L* P*MB4:(ก%09(*.!&+(4'&
UW0^4*=0?V0= S(=2'(T+=B60 ก0: <ก%0B3= Watanasit 
et al. (2000) TV'@',.1P?Vก(;T(ก (PT) 9;8T5>L 59 ?*,T 
+L'*Uw4L380 Watanasit et al. (2005b) Mก_;8T;*M:Q3*
@3T 9;?*,T8T 118 ?*,T S7M2_*gTV'L0P*ก0: <ก%081
>'0854ก4L0=B3=',.1ก0:Mก_;4('3@L0= 567\,R*30 (@B3=
8T ก0: <ก%0>:(N=*1N-X0ก0:Mก_;4('3@L0=8T-1R30 (@3@OL408
;:,M'A9QN*6L0= 56781',.1ก0:Mก_;4('3@L0=260ก260@',.1 
S<=g8L5U6ก-1R-X0P2V?*,TB3=8T54ก4L0=ก(*gU f<R =
ก0: <ก%0B3= Noon-anant et al. (2005) gTV <ก%0>'08
260ก260@B3=8TP*MB4:(ก%09(*.!&+(4'&UW0�060-;060 
S(=2'(T*:0.,'0+ ^T@P?V',.1ก0:Mก_;4('3@L0= 4 ',.1 gTV5กL 
HC HB LL 567 SS (soil sampling) 9;SX0*'*?*,T8T
-1RPก6VM>1@=ก(*ก(;ก0: <ก%0P*>:(N=*1N >Q3 255 ?*,T  

6(ก%A7B3=9::A9Q?-1RMUY*3=>&U:7ก3;B3=UW0 
MUY*31กU�SS(@-1R-X 0P2V>'08260ก?*,T54ก4L0=ก(* 
4('3@L0=M?L* P*ก0: <ก%0>:(N=*1N9;'L09Q?+L'*P2ZLMUY*
9'ก SX0U0UW0 Magnolia elegans  M+8_T?!* Syzygium 
gratum 47M>1@*-3= Hopea odorata >V3 Livistona 
speciosa @0=8(*28O Dipterocarpus kerrii 5674V*U:7 
Elateriospermum tapos f<R=54ก4L0=ก(;ก0: <ก%0B3=+!
:7?(@ (2547) Watanasit et al. (2000) 567 Watanasit et 
al. (2005b) -1RMB4:(ก%09(*.!&+(4'&UW0^4*=0?V0= f<R=MUY*
9::Ag8V?*,T40M+Q3 Chisocheton macrophyllus 5T=*NX0 
Pometia pinnata 56787MTQR326'= Ficus oligodon S<=-X0
P2V>'08260ก260@B3=?*,T8T54ก4L0=ก(*gTV  

ก6L0'^T@+:!U3=>&U:7ก3;567>'08260ก260@
B3=8TB<N*3@OLก(;260@U�SS(@-1RMก1R@'BV3= M?L* ',.1ก0:Mก_;
4('3@L0= \,R*30 (@ 5676(ก%A7B3=9::Ag8V  

*3กS0ก*(N*ก0: <ก%0>:(N=*1N@(=9;'L0'= &@L3@ 
Myrmicinae 81SX0*'*?*,T8T80ก-1R+!T M*QR3=S0ก8TP*
'= &@L3@*1N9;SX0*'*?*,T80ก-1R+!TP*^6ก >Q3 U:780A 
6,700 ?*,T g8L'L0S7MUY*UW0.::8?04,2:Q39QN*-1R-1R\Oก
:;ก'*ก_S79;8TP*'= &@L3@*1N80ก (Shattuck, 1999) 
f<R=+3T>6V3=ก(;ก0: <ก%0B3= Brüehl et al. (1999), 
Watanasit et al. (2000,2003,2005a, 2007), Yamane 
(1997),  Noon-anant et al. (2005) 567 !"#ก%& 567
>A7 (2550) f<R=?1NP2VM2_*'L08T'= &@L3@ Myrmicinae 81
SX0*'*?*,T8T80ก-1R+!TM?L*ก(* 
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40:0=-1R 1. +(T+L'*B3=+ก!6567?*,TB3=8TP*:7T(;'= &@L3@ B3=9QN*-1R <ก%0 M+V*-0=2V'@P2ZL+!*(*-0 M+V*-0=.::8?04,;('5`กP2ZL 
5672*L'@9,-(ก%&2V'@M6BUW0U:7 A 3!-@0*52L=?04,MB0*(* :72'L0=MTQ3*8ก:0>8 9. . 2549 - 8ก:0>8 9. . 2550 

+!*(*-0 ;('5`ก UW0U:7 
SX0*'* SX0*'* SX0*'* 

'= &@L3@ 

+ก!6 ?*,T +ก!6 ?*,T +ก!6 ?*,T 

SX0*'*+ก!6:'8 (%) SX0*'*?*,T:'8 (%) 

Formicinae 9 34 9 37 9 36 9 (18%) 55 (22.45%) 
Myrmicinae 18 80 13 68 18 78 20 (40%) 109 (44.49%) 
Ponerinae 10 30 9 29 9 26 11 (22%) 46 (18.78%) 
Dolichoderinae 4 12 4 12 3 9 4 (8%) 15 (6.12%) 
Cerapachyinae 1 3 1 1 1 3 1 (2%) 4 (1.63%) 
Pseudomyrmecinae 1 4 1 5 1 3 1 (2%) 6 (2.45%) 
Aenictinae 1 3 1 3 1 3 1 (2%) 4 (1.63%) 
Amblyoponinae 0 0 1 1 0 0 1 (2%) 1 (0.41%) 
Ectatomminae 1 1 1 1 1 2 1 (2%) 2 (0.82%) 
Dorylinae 1 2 1 2 1 3 1 (2%) 3 (1.21%) 
:'8 46 169 41 159 44 163 50 (100%) 245 (100%) 
 
40:0=-1R 2. +ก!6567?*,TB3=8T-1R9;P*3!-@0*52L=?04,MB0*(* S0ก',.1ก0:Mก_;4('3@L0=:'8 5 ',.1 B3=9QN*-1R <ก%0-(N= 3 526L= :72'L0=
MTQ3*8ก:0>8 9. . 2549 - 8ก:0>8 9. . 2550 

+ก!6 SX0*'*?*,T % +ก!6 SX0*'*?*,T % 
1) Acropyga 4 1.63 26) Strumigenys 5 2.04 
2) Anoplolepis  1 0.41 27) Tetheamyrma 1 0.41 
3) Camponotus  20 8.16 28) Tetramorium 16 6.53 
4) Echinopla   3 1.22 29) Vollenhovia 2 0.82 
5) Euprenolepis 2 0.82 30) Anochetus  4 1.63 
6) Oecophylla  1 0.41 31) Diacamma  3 1.22 
7) Paratrechina  6 2.45 32) Emeryopone  1 0.41 
8)  Polyrhachis  15 6.12 33) Hypoponera  5 2.04 
9) Pseudolasius  3 1.22 34) Leptogenys  8 3.27 
10) Acanthomyrmex  1 0.41 35) Harpegnathos 1 0.41 
11) Aphaenogaster  2 0.82 36) Odontomachus 3 1.22 
12) Cataulacus  1 0.41 37) Odontoponera  3 1.22 
13) Crematogaster  14 5.71 38) Pachycondyla 15 6.12 
14) Lophomyrmex  4 1.63 39) Platythyrea  1 0.41 
15) Meranoplus 2 0.82 40) Ponera  2 0.82 
16) Monomorium 9 3.67 41) Dolichoderus 2 0.82 
17) Myrmecina 3 1.22 42) Philidris  1 0.41 
18) Oligomyrmex 3 1.22 43) Tapinoma  4 1.63 
19) Pheidole 31 12.65 44) Technomyrmex   8 3.26 
20) Pheidologeton 4 1.63 45) Cerapachys 4 1.63 
21) Pristomyrmex 4 1.63 46) Tetraponera  6 2.45 
22) Pyramica 2 0.82 47) Aenictus 4 1.63 
23) Recurvidris 1 0.41 48) Mystrium  1 0.41 
24) Rhoptromyrmex 1 0.41 49) Gnamptogenys  2 0.82 
25) Solenopsis 3 1.22 50) Dorylus 3 1.22 
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P*:7T(;+ก!69;'L0+ก!6 Pheidole 81+(T+L'*B3=
?*,T8T80ก-1R+!T >Q3 31 ?*,T (12.65 MU3:&Mf_*4&) 
(40:0=-1R 2) M*QR3=S0ก8TP*+ก!6 Pheidole 81>'08
260ก260@P*TV0*B3=?*,T 567SX0*'*4('P*54L67:(= 
^T@+080:\9;gTV;:,M'A9QN*UW0 P*T,* 567B3*g8V]! 
(Brown, 2000; Eguchi, 2001) ]6ก0: <ก%0>:(N=*1N
+3T>6V3=ก(;ก0: <ก%0B3= Brüehl et al. (1999), 
Wiwatwitaya and Rojanvongse (1999)  567 Noon-
anant et al.(2005) f<R=?1NP2VM2_*'L08TP*+ก!6 Pheidole 
81+(T+L'*B3=?*,T8T80ก-1R+!TM?L*ก(* M8QR39,S0:A0
MU:1@;M-1@;ก(;+ก!6B3=8T-1R9;-(R'^6ก 9;'L08TP*
+ก!6 Pheidole 81+(T+L'*B3=?*,T >Q3 910 ?*,T 
:3=6=80S0ก+ก!6 Camponotus (935 ?*,T) -1R81
+(T+L'*B3=?*,T8T80ก-1R+!TP*^6ก (Brown, 2000) 
M*QR3=S0กก0: <ก%0>:(N=*1Ng8LgTV <ก%08T;*M:Q3*@3T 
54L <ก%08T;*9QN*6L0= f<R=8TP*+ก!6 Camponotus S7

9;80ก;*M:Q3*@3T (Brüehl et al., 1999; Yamane, 
1997) -X 0 P2V9;+(T+L '*B3=?*,T8TP*+ก!6 
Camponotus *V3@ก'L0+ก!6 Pheidole 

���������ก�� 
9QN*-1R <ก%0-(N= 3 ;:,M'A gTV5กL M+V*-0=2V'@P2ZL

*NX04ก+!*(*-0  M+V*-0=.::8?04,;('5`กP2ZL 5672*L'@
9,-(ก%&2V'@M6BUW0U:7 81?*,TB3=8T 169 ?*,T 159 
?*,T 567 163 ?*,T 4086X0T(; g8L81>'0854ก4L0=ก(*P*
TV0*>'08260ก260@  M8QR3*X08T 119 ?*,T S0กSX0*'*
8T-(N=28T 245 ?*,T -1R9;Mก,* 4/7 >:(N= B3=ก0:Mก_;
4('3@L0= 80-X0ก0:',M>:072&BV38O65;; DCA +080:\
S(T5;L=ก6!L833กMUY* 2 ก6!L8P2ZLj >Q3 ก6!L88T-1R9;P*
9QN*-1RB3=M+V*-0=.::8?04,;('5`กP2ZL 4L0=S0กก6!L88T
-1R9;P*9QN*-1R2*L'@9,-(ก%&2V'@M6BU:7UW0 ("09-1R 3) f<R=
5+T=P2VM2_*'L09QN*-1R <ก%081]64L3?*,TB3=8T -(N=*1N 
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A
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"09-1R 3  DCA ordination B3=8T 119 ?*,T S0ก9QN*-1R <ก%0 3 52L= >Q3 M+V*-0=.::8?04,;('5`กP2ZL ('=ก68P*ก:3;P2ZL) 2V'@
P2ZL*NX04ก+!*(*-0 ('=ก68-1R3@OL4:=ก60=:72'L0=ก:3;M6_ก567ก:3P2ZL) 5672*L'@9,-(ก%&2V'@M6BUW0U:7 ('=ก68P*ก:3;M6_ก)  
:72'L0=MTQ3*8ก:0>8 2549-8ก:0>8 2550 
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M*QR3=S0ก?*,TB3=9::Ag8V ก6L0'>Q3 -1R;('5`ก81g8V
MTL*260@?*,T M?L*  SX0U0UW0 Magnolia elegans 
M+8_T?!* Syzygium gratum 47M>1@*-3= Hopea 
odorata >V3 Livistona speciosa @0=8(*28O 
Dipterocarpus kerrii 54L-1R2*L'@9,-(ก%&2V'@M6BUW0U:7
814V*U:7 Elateriospermum tapos MUY*g8VMTL* 5674V*
U:7MUY*9'ก]6(TP;P*?L'=:7@7+(N*B3=-!กUw กL3*-1RS7
54กP;P28L 30SMUY*gUgTV-1Rก6!L88T;:,M'AUW0U:7 
U:(;4('MBV0ก(;?*,TB3=9Q?gTV  4('3@L0=M?L* S0ก
ก0: <ก%0B3=9:*:,*-:&567'1@7'()*& (2547) 9;'L0
8T?*,T Euprenolepis procera, Paratrechina 
opaca , Leptogenys myops  +X0:'S9;P*UW0T,;56V= 
UW0M;ZS9::A 5678T?*,T Polyrhachis furcata, 
Polyrhachis (Myrma) hopla, Monomorium 
sechellenise, Pheidologeton pygmaeus, 
Pheidolegeton silenus 9;P*UW0T,;56V= f<R=8TM26L0*1N
9;gTVP*UW0U:7B3=ก0: <ก%0>:(N=*1N M?L*ก(*  f<R =
6(ก%A7-1RMTL*B3=UW0T,;56V=567UW0M;ZS9::A >Q3 
4V3=]6(TP;P*?L'=#TO56V= T(=*(N* MUY*gUgTV-1R6(ก%A7
B3=9::Ag8V81]64L3?*,TB3=8T +L=]6P2V81?*,TB3=
8T-1R>6V0@>6<=ก(*gTV 

 
ก����ก���*�,ก
� 

ก0: <ก%0>:(N=*1NgTV:(;-!*+*(;+*!*S0ก^>:=ก0:
9()*03=>&>'08:OV567 <ก%0*^@;0@ก0:S(Tก0:
-:(9@0ก:?1'"09P*U:7M- g-@ f<R=:L'8S(T4(N=^T@
+X0*(ก=0*ก3=-!*+*(;+*!*ก0:',S(@ 567 O*@&9(*.!
', 'ก::8567M->^*^6@1?1'"0952L=?04, :2(+^>:=ก0: 
BRT R_348007 B3;>!A >!A3*(*4& MS:,Z+!B 2('2*V0
3!-@0*52L=?04,MB0*(* 567MSV02*V0-1R-!ก-L0*-1RP2V
>'08:L'88Q3P*TV0*-1R9(ก56733กMก_;4('3@L0= B3;PS
*0@ MS:,Z ( กT,/  5fL g 'L  *( ก < ก%0;(A�,4 < ก%0 
+0B09#% 0+4:& "0>',?0?1'',-@0 >A7',-@0 0+4:& 
820',-@06(@+=B60*>:,*-:& -1R?L'@P*ก0:',M>:072&20
?*,T9Q?P*5U6= <ก%0 
 
��ก'
��/
���� 
9:*:,*-:&  >!V8-3= 567',@7'()*&  PS4:=. 2547. >'08

260ก260@B3=8T;:,M'AMB4:(ก%09(*.!&+(4'&UW0MB03L0=

#0g* TV0*-, 47'(*4ก.  ก:83!-@052L=?04,+(4'&UW0567
9(*.!&9Q?. 157 2*V0. 

 !"#ก%& '()*+,-.,/, 3.,:0? 2*O+1TX0 567.(Z6(ก%A& 47^กT1. 2550. 
>'08260ก260@B3=8T;*:L8g8VP*9QN*-1R3*!:(ก%&B3=
820',-@06(@+=B60*>:,*-:&. '.+=B60*>:,*-:& '--. 
29(2): 307-320. 

+!:7?(@ -3=MS,8. 2547. �?*,T567>'08?!ก?!8B3=8T ;:,M'AUW0
T,;?QN*:7T(;4RX0B3=MB4:(ก%09(*.!&+(4'&UW0^4*=0?V0= 
S(=2'(T+=B60�, ',-@0*,9*.&',-@0 0+4:820;(A�,4 
820',-@06(@+=B60*>:,*-:&. 
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Abstract 

Research projects that related to climate 
change at Khao Nan national park, Nakhon Si 
Thammmarat province were composed of two 
main projects: Parah phenology and diversity 
of macromoth species. Leaf and flower 
phenology was studied in individuals of Parah, 
Elateriospermum tapos, a canopy species, at 
Khao Nan National Park. Bud burst occurred 
from 13th February to 24th March with a bud 
burst duration of 40 days. The number of bud 
bursts was 2.25 ± 2.97 branches /day. The 
maximum bud burst/day occurred on 1st March 
2007 with a total of 17 branches. Flower burst 
occurred from 15th February to 30th March with 
a flower burst duration of 44 days. The number 
of flower bursts was 2.05 ± 2.81 branches/day. 
The maximum flower burst/day occurred on 8th 
March 2007 with a total of 12 branches. And 
on 2008 year bud burst and flower burst 
occurred at the same time. Bud burst and 
flower bursts occurred from 2nd January to 31st 
March with a bud burst duration of 90 days. 
The mean ±SD of the number of bud bursts 
and flower bursts was 1 branch/day. The 
maximum bud burst and flower burst/day 
occurred on 4st March 2008 with a total of 12 
branches. In 2007, bud burst and flowering 
occurred during the dry season which had no 
rainfall, a low percent relative humidity, and 
greater differences between max and min 
temperature. However, in 2008, there were no 
strong associations between Parah phenology 
and climatic factors due to some rains ocurring 
in January and February 2008. 

A survey of the macro-moth diversity 
was done at Khao Nan National Park from 
January to December 2007. Forty two species 
within nine families of macro moths were 
found including Eupterotidae, Cossidae, 
Cyclidiidae, Geometridae, Lasiocampidae, 
Noctuidae, Saturniidae, Sphingidae, 
Saturniidae and Uraniidae. A protected 
species, Actias maenas was observed during 
the trapping period. The diversity of macro 
moths at the headquarters was higher than at 
Hui Lek ranger station. The highest macro-

moth number was caught in August when 
rainfall and relative humidity were low. 

Key word: Parah,  Macromoth, Climate Change, 
Khao Nan National Park 
 
Introduction 

Parah (Elateriospermum tapos, 
Euphorbiaceae) is the only plant species in a 
monotypic genus. It is native to Thailand, 
Malaysia, and Sumatra Island. They have been 
found at Jengka national forest in Malaysia 
(Osada et al., 2003), and Belalong forest in 
Brunei (Cranbrook and Edwards, 1994). Leaf 
phenology has been studied in individuals of this 
canopy species at various ontogenetic stages, in 
a Malaysian rain forest (Osada et al., 2002). The 
timing of leaf emergence was not synchronized 
among sapling individuals, and was not 
correlated with any meteorological factors of the 
preceding month. The leaf production rate was 
greater under higher light, but the leaf fall rate 
was not related to the light regime of the 
saplings. Thus, leaf production was enhanced by 
the light availability for each individual. Non-
synchronous leaf production appears to be 
important for sapling growth, allowing saplings 
to occupy better-lit space quickly. This work 
aims at studying the phenology of the Parah tree 
(Elateriospermum tapos) and how climate might 
affect bud burst and flower bloom period. 

Macro-moths offer good opportunities for 
studies on population and community ecology 
(Pollard 1991). Many species are strictly 
seasonal, preferring only a particular set of 
habitats. In spite of this, macro-moths have been 
generally neglected by community ecologists 
and there are very few studies available on their 
community structures, population dynamics and 
the ecoclimatic factors which affect them. Being 
good indicators of climatic conditions as well as 
seasonal and ecological changes, they can serve 
in formulating strategies for conservation. 
However, they have largely been ignored by 
conservation biologists and policy-makers as 
well. It is hence encouraging that macro-moths 
are now being included in biodiversity studies 
and biodiversity conservation prioritization 
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programmes (Gadgil, 1996). The present study 
was started with a view to examine the 
dynamics of macro-moth population across 
seasons and habitats. This study intended to 
reveal the seasonal patterns in macro-moth 
populations. 
 
Methods 
Parah Study 

We installed a Davis weather station 
model wireless Vantage Pro II plus at the 
Parah park ranger station (latitude 8.86543 °N 
and longitude 99.62230 °E) (Figure 1) since 
21

st November 2006. This weather station 
collected data on the amount of rainfall, 
max/min temperature, relative humidity, solar 
radiation, UV, wind speed and wind direction. 
For the phenology study, we selected 30 Parah 
trees at the Parah park ranger station. We 
marked these 30 Parah trees by placing an 
individual tag on each tree (Figure 1). We 
measured the following for each tree’s the 
diameter at base (DAB), the diameter at breast 
height (i.e. 130 cm) (DBH), and tree height. 
We classified the canopy shape into three 
categories: top of canopy, middle, and on the 
canopy base. We visited Parah trees once every 
two weeks and recorded the time that first buds 
and the first flowerbuds appeared at the top, 
the middle and the base of the branches. 

Macromoth study 
This study was conducted at Khao Nan 

National Park in Peninsular Thailand. The 
geographical characteristic of Khao Nan is a 
high mountainous range running in a North-
South direction which is a part of Nakhon Si 
Thammarat mountain range. The forest at Khao 
Nan is tropical mountain forest which is an 
important watershed source of Nakhon Si 
Thammarat. The area of Khao Nan is 406 km2. 
The highest peak is Khao Yai which is 1,438 m 
above sea level and it is a part of Nakhon Si 
Thammarat mountain range. We collected 
climatic data at Hui Lek Ranger Station, Khao 
Nan from January - December 2007 which was 
50 m away from the trapping site. A Davies 
weather station model Pro II Plus was used to 
collect mean, maximum and minimum air 
temperature, percent relative humidity and the 
amount of rainfall. 

Trapping was carried out in a clearing at 
Khao Nan National Park. We set an 18 watt 
the black light trap against a white cloth sheet 
from 6.00 pm to 6.00 am daily from January 
2007 to December 2007 at Khao Nan 
Headquarters (HQ) (UTM X: 0979723, Y: 
0568732, elevation 120 m  

 

 

 
 

 
above sea level) and Hui Lek park ranger 
station (UTM X: 0979723, Y: 0568732, 
elevation 80 m above sea level), Khao Nan 
National park (Figure 1). All macro-moths of 
wing size more than 4 cm when spread were 
observed, collected and counted twice during 

the trapping periods at 10.00 pm and 6.00 am 
and sent to the Forest Entomology and 
Microbiology group in Bangkok for 
identification. The moths were set and identified 
by using the Identification Guide for Regulated 
Insects and Moths of Thailand (e.g. Holloway, 

 
(a) 

 
 

(b) 

 

Figure 1. Khao Nan National Park (a) location on the map and (b) the study site 
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1987; Pinratana and Lumpe, 1990; 
Hutacharern et al., 2001). These data were 
uploaded to the Network Biodiversity 
Database System (NBIDS-BRT) website under 
the Khao Nan Cloud Forest Initiative project 

(Baimai and Thatalayka, 2007). Abundance 
(Choldumrongkul et al., 2007), and species 
composition Venn Diagrams were analyzed. 
The relative abundance (individuals/spot 
sample) was calculated as: R0 = total number 
of individuals/ (total surveying days x 2). 
 
Results and Discussion 
Parah study 

Parah trees had a mean ±SD DAB of 
72.21 ± 29.18 cm, DBH of 43.92 ± 14.68 cm, 
and tree height of 31.03 ± 9.41 m. During 
2007, bud burst occurred from 13th February to 
24

th March with a bud burst duration of 40 
days. The mean ±SD number of bud bursts at 
this Parah forest was 2.25 ± 2.97 branches/day. 
The maximum bud burst/day occurred on 1

st 
March 2007 with a total of 17 branches. 
Flower burst occurred from 15th February to 
30

th March with a flower burst duration of 44 
days. The mean ±SD number of flower bursts 
at Parah forest was 2.05 ± 2.81 branches/day. 
The maximum flower burst/day occurred on 8

th 
March 2007 with a total of 12 branches. This 
indicates that bud burst occurred 1 week prior 
to flower burst. There was a two days time lag 
between bud burst and flower burst in Parah 
trees at Parah park ranger station, Khao Nan 
National Park. During 2008, bud burst and 
flower burst occurred at the same time. Bud 
burst and flower burst occurred from 2nd 
January to 31st March with bud burst duration 
of 90 days. The mean ±SD number of bud 
bursts and flower bursts at the Parah forest was 
1 branch/day. The maximum bud burst and 
flower burst/day occurred on 4st March 2008 
with a total of 12 branches. The phenology of 
Parah during 2008 took longer than during 
2007. This might be the effect from climate 
differences. 

The means ±SD of climatic factors at the 
Parah forest during bud burst and flower burst 
occurred from January 2007 to March 2007 
were 23.51 ± 3.47 �°C with the relative 
humidity of 89.23 ± 13.05 %, and the monthly 
rainfall of 271.33 mm, and from January 2008 
to March 2008 were 23.48 ± 9.34 �°C with the 
relative humidity of 90.43 ± 9.34 %, and the 
monthly rainfall of 295.05 mm. From previous 

study we know that when bud burst occurred, 
there was almost no rainfall during that time.  

This may suggest that Parah trees require a 
drought period as an indicative cue for bud 
burst. Drought stress signals for leaf fall, bud 
burst, and flower burst have been shown in 
many crop species (Rao et al., 1999). Our study 
found that during bud burst and flower burst in 
2007 year there was a clear drought period, the 
amount of monthly rainfall being 2.75 mm in 
February. However, in 2008, there were no 
strong associations between Parah phenology 
and climatic factors due to some rain occurring 
in January and February 2008. The amount of 
monthly rainfall was 74.86 mm in February 
2008 (Table 1). 

Our study observed only mature Parah 
trees and found that tall trees showed a clear 
synchronous bud burst and flower burst pattern 
in March-April. Osada et al. (2002) also found 
similar pattern in leaf fall with tall Parah trees 
showing a clear synchronous leaf-fall pattern 
with an annual cycle. Our results support Osada 
et al. (2002)’s findings that mature trees 
produced flowers simultaneously with new 
leaves, after shedding their leaves. This suggests 
that the need to synchronize flowering might be 
the primary determinant of leaf production 
phenology in mature individuals. 
 

Macromoth study 

Forty two species within nine families of 
macro moths were found including Eupterotidae, 
Cossidae, Cyclidiidae, Geometridae, 
Lasiocampidae, Noctuidae, Saturniidae, 
Sphingidae and Saturniidae (Table 1). The 
protected species, Actias maenas was observed 
during the trapping period. The highest number of 
macro-moths was caught in June at Headquarters 
but the highest number of macro-moths was 
caught in October and December at Hui Lek 
Ranger Station (Figure 3a,b). There were some 
geographic variations in the number of moth 
species found at these two locations. The 
number of macro-moths seem to not have some 
association with the amount of rainfall (Figure 
3c). The diversity of macro moths at the 
headquarters was higher than at Hui Lek ranger 
station (Figure 4). This could be due to the fact 
that the vegetation at  Headquarters is less dense 
than at  Hui Lek ranger station. Macro-moths 
could see the light from the light trap easier. In 
other words, light traps at Headquarters could 
trap more macro-moths from further distance. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 2. Bud burst date in relation to climatic factor. (a) Accumulative number of bud bursts (bold line) 
and flower bursts (thin line), (b) Daily rainfall, (c) Maximum temperature (red line), Mean temperature 
(solid line), Max/Min temperature (grey area), and (d) Mean relative humidity (solid line), Max/Min 
relative humidity (grey area) 
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(a) 

 

(b) 

 

(c) 

 

Figure 3. Number of macro-moths species and months in 2007 (a) at the headquarters, (b) at Hui Lek forest 
ranger station and (c) the total amount of monthly rainfall at Hui Lek Ranger Station (mm). 
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Table 1. List of macro moth species at Khao Nan National Park, Nakhon Si Thammarat province, during the 
trapping period (January – December 2007). 

Relative Abundance  

(individuals/ spot sample)  

 

Species Family 

Headquarters Hui Lek 

1 Eupterote muluana  Eupterotidae 0 0.00143 

2 Melanothrix leucotrigona Eupterotidae 0.00139 0 

3 Xyleutes strix Cossidae 0.00139 0 

4 Cyclidia orciferaria Cyclidiidae 0.00139 0 

5 Alex palparia Geometridae 0.00139 0.00143 

6 Biston bengaliaria Geometridae 0 0.00143 

7 Thinopteryx crocopterata Geometridae 0 0.00143 

8 Lebeda cognata Lasiocampidae 0.00139 0 

9 Trabala viridana Lasiocampidae 0.00139 0 

10 Eudocima aurantia Noctuidae 0.00139 0 

11 Eudocima discrepans Noctuidae 0.00139 0 

12 Eurebus caprimulgus Noctuidae 0.01108 0.01 

13 Eurebus ephesperis Noctuidae 0.00277 0.00143 

14 Hypopyra pudens Noctuidae 0 0.00143 

15 Meganoton nyctiphanes Noctuidae 0.00139 0 

16 Lygnoides ciliata Noctuidae 0 0.00143 

17 Lygniodes endoleucus Noctuidae 0.00139 0.00143 

18 Lygniodes hypoleuca Noctuidae 0.00139 0.00714 

19 Phyllodes cyndhovii Noctuidae 0.00693 0 

20 Actias maenas* Saturniidae 0 0.00429 

21 Antheraea frithi Saturniidae 0.00139 0 

22 Antheraea helferi Saturniidae 0.00139 0 

23 Antheraea assamensis Saturniidae 0.00277 0 

24 Archaeoattacus edwardsii Saturniidae 0 0.00143 

25 Attacus atlas  Saturniidae 0.00416 0 

26 Loepa miranda Saturniidae 0 0.00143 

27 Loepa sikkima  Saturniidae 0 0.00143 

28 Tagora pallida Saturniidae 0.00139 0 

29 Acosmeryx shervillii Sphingidae 0.00139 0.00143 

30 Ambulyx moorei Sphingidae 0.00139 0 

31 Ambulyx pryeri Sphingidae 0.00277 0 

32 Ambulyx tattina Sphingidae 0.00139 0 

33 Amnulyx substriggilis Sphingidae 0.00554 0 

34 Amplypterus panopus Sphingidae 0.00554 0 

35 Cechenena helops Sphingidae 0.00139 0 

36 Daphnusa ocellaris Sphingidae 0.00139 0 

37 Daphnis hypothous Sphingidae 0.00139 0 

38 Elibia dolichus Sphingidae 0.00416 0 

39 Marumba cristata Sphingidae 0.00277 0 

40 Poliana leucomelas Sphingidae 0.00139 0 

41 Theretra boisduvalii Sphingidae 0.00693 0 

42 Lyssa zampa Uraniidae 0.00831 0.01 

* Protected insect under the Wild Animals Reservation and Protection Act 1992 (WARPA 1992)  
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Abstract 

The biodiversity study of the Olethreutinae 
(Lepidoptera: Tortricidae) was based on a survey 
of species in Khao Nan National Park, Nakhon Si 
Thammarat.  Collections were made in various 
sites of evergreen forest.  More than 369 
speciemens of Olethreutinae were collected with 
blacklight and mercury vapor on 60 nights during 
November 2007-October 2008.  The survey 
resulted in collection of 155 morphotypes divided 
into 8 tribes namely Microcorsini, Endotheniini, 
Gatesclarkeanini, Bactrini, Olethreutini, 
Enarmoniini, Eucosmini, and Grapholitini.  Of 
these, 37 species in 27 genera are identified and 
3 species are new records for the park and 
Thailand.  The survey also included 44 
morphotypes that can be identified to 22 genera, 
but not to species level and 74 morphotypes are 
unidentified.  Of these, 8 genera are recorded for 
the first time and 4 species in 3 genera are new 
record for Thailand.  Sex ratio between male and 
female is 2:1.  Species accumulation curve 
increase gradually in each month. 

Key words: Lepidoptera, Tortricidae, Olethreutinae, 
Khao Nan National Park 
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ก!0;Xก.!"#!789!ก89!*IF4Y'-5Z[F86F6
7\#6]^#4;<*HF* Olethreutinae ]6FG)*!628H4%!/$
-I!6:6 _:48#:`6"0;0'a0070!% 7'_G`-กb^/:#F*H!4]6
89!*c 3Z[6)'dIF4ef! $̀^%Z[6 ]6-I/FG)*!6g h`*i \̀)1!
ก!0-กb^/:#F*H!4]6_1!6#6 60 "Z6 ]60,8#H!4- Z̀F6

3j;_$ก!*6 3.;. 2550 kX4- Z̀F6/G9!"7 3.;. 2551 
h`*]%\FGeก0+<89F`il black light 29, mercury vapor 
_!กก!0;Xก.!i \̀-กb^/:#F*H!4Y'-5Z[F86F67\#6]^#4;<*HF* 
Olethreutinae _1 !6#6 369  /: #F*H !4  155 0ne2^^
5:+o!6 2^H4-ep6 8 -YH! "ZF Microcorsini, Endotheniini, 
Gatesclarkeanini, Bactrini, Olethreutini, Enarmoniini, 
Eucosmini, 29, Grapholitini 5!7!0k_1!26ก0, :̀^%6$`
i \̀ 37 %6$` ]6 27 5กG9 _1!26กi \̀-3'*40, :̀^5กG9
_1!6#6 22 5กG9 ]6 44 0ne2^^5:+o!6 29,F'ก 74 
0ne2^^5:+o!6 *:4i7H5!7!0k_1!26กi \̀ 7'5กG9)'d3^]6
e0,-);i)*-ep6"0:[420ก (new genus record) _1!6#6 8 
5กG9 29,%6$`)'d3^]6e0,-);i)*-ep6"0:[420ก (new 
record) _1!6#6 4 %6$` ]6 3 5กG9 F:/0!5H#6-3;
0,8#H!4-3;Yn\/HF-3;-7'*-)H!ก:^ 2:1 5H#626#h6\7IF4
ก!0-3$d7IX[6IF4_1!6#6%6$`]62/H9,- Z̀F6*:47'26#h6\7)'d
-3$d7IX[6F*H!4/HF-6ZdF4 

�>��>��*5: Y'-5Z[F, Y'-5Z[F86F67\#6]^#4;<*HF*
Olethreutinae, FG)*!628H4%!/$-I!6:6 

�%�>� 
FG)*!628H4%!/$-I!6:6 7'3Z[6)'de0,7!+ 436 

/!0!4ก$h9-7/0 "0F^"9G7-I/3Z[6)'dF1!- F5$%9 F1!- F)H!
;!9! 29,ก$d4F1!- F6^3$/1! _:48#:`6"0;0'a0070!% 7'
9:ก.+,)!4a0+'#$)*!-ep6-)ZFก-I!5n429,-ep65H#686Xd4
IF4-)ZFก-I!6"0;0'a0070!% )!4 \̀!6)$;-86ZFIF4
FG)*!628H4%!/$-I!6:6 7'9:ก.+,-ep6-I!5n4 h`*7')'d0!^
/!78G^-I! 5H#6)'d5n4)'d5G` "ZF *F`-I!6:6 (1,438 -7/0 
-86ZF0, :̀^6[1!),-9e!6ก9!4) 0,^^6$-#;5H#6]8qH-ep6
5:4"73Z%ef! $̀^%Z[6 3Z[6)'d)'d7'"#!75n4-ก$6ก#H! 1,000 -7/0 
-ep65:4"73Z%ef! $̀^-I! _G`)'d6H!56]_ i \̀2กH 91!a!0)'d-ep6
/\6ก1!-6$`IF46[1!/ก/H!4c -%H6 6[1!/ก5G6:6)! 6[1!/กก0G4
6!4 6[1!/ก"9F4e!# 6[1!/ก"9F4Y` 6[1!/ก)H!89'ก 6[1!/ก
#:4-87ZF4 6[1!/ก"9F4-Y'*6 29,6[1!/ก86!6%HF4lr! -ep6/\6  
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ก!051!0#_"#!789!ก%6$`IF4Y'-5Z[F86F67\#6
]^#4;<*HF* Olethreutinae -ep65H#686Xd4IF4ก!0#$_:*
]6%G`h"04ก!0ef!-7u v -I!6:6 /!70!*4!6ก!0#$_:*
-ก'd*#ก:^Y'-5Z[F86F67\#6]^]6e0,-);i)*6:[6 *:4i7H
-"*7'ก!051!0#_]63Z[6)'dIF4_:48#:`6"0;0'a0070!%7!
กHF6 -)ZFก-I!6"0;0'a0070!%7'5 !3a007%!/$)'d
57^n0+< 29,-ep6)'d/:[4IF4FG)*!628H4%!/$89!*c 28H4 
0#7kX4FG)*!628H4%!/$-I!6:6 _!ก9:ก.+, n7$e0,-); 
 n7$F!ก!; 5:4"73Z% 29,ew__:*2#`9\F7FZd6c )1!]8\
3Z[6)'dIF4FG)*!6g -I!6:6 7'"#!7-87!,57/HF
ก!0;Xก.!"#!789!ก89!*IF4Y'-5Z[F86F67\#6]^ xXd4
i7H5!7!0k"!`",-6kX4_1!6#6%6$`)'d_,3^i \̀ 0#7):[4
%6$`)'d-ep6%6$`]87HIF4h9ก (new species) 80ZF
"\63^-ep6"0:[420ก]6e0,-);i)* (new record)  

Y9_!กก!0#$_:*]6"0:[46'[*:47'5H#651!":q]6ก!0
-ep6o!6I\F7n9IF4FG)*!6g -I!6:629,IF4e0,-);
i)* 0#7kX4*:4-ep6e0,h*%6<]6ก!0-%ZdF7h*4I\F7n9
%6$`IF4Y'-5Z[F86F67\#6]^ก:^e0,-);/H!4c ]6
 n7$ !"-F-%'*/,#:6FFก-y'*4]/\i \̀F'ก ก!0;Xก.!6'[7'
#:/kGe0,54"<-3ZdF51!0#_%6$`IF4Y'-5Z[F86F67\#6]^]6
5 !35:4"73Z%2^^/H!4c _:`)1!^:q%'0!*%ZdF -I'*6
^00*!*9:ก.+,IF4Y'-5Z[F86F67\#6]^)Gก%6$`)'d3^ 
0#7):[4/'3$73<Y'-5Z[F86F67\#6]^%6$`]87HIF4h9ก29,
%6$`)'d"\63^-ep6"0:[420ก]6e0,-);i)*  

Y'-5Z[F86F67\#6]^ -ep6Y'-5Z[Fก9GH7]8qHF'กก9GH7
86Xd4]63#กY'-5Z[Fก9!4"Z6I6!`-9bก 230Hก0,_!*F*nH
):d#ieh`*-y3!,7'"#!789!ก89!*IF4%6$`7!ก)'d5G`
]6-I/0\F6%Z[6^63Z[6)'d)'d-ep6-)ZFก-I!5n4 (Robinson et 
al., 1994) Y'-5Z[F86F67\#6]^)'d)0!^%ZdF26H6F629\#7'
e0,7!+ 9,000 %6$` (Brown, 2005) Y'-5Z[F]6#4;<6'[7'
ก ! 0 _: ` 2 ^H 4 - ep 6  3  # 4 ;< *H F *  "Z F  Tortricinae, 
Chlidanotinae 29, Olethreutinae (Horak, 1999, 
2006) Y'-5Z[F]6#4;<*HF* Olethreutinae -ep6ก9GH7Y'-5Z[F
I6!`-9bก)'d7'"#!75#*4!729,7'"#!789!ก89!*IF4
%6$`5n4 h`*7'_1!6#6%6$`7!กkX4 4,286 %6$` ]6 355 
5กG9 (Brown, 2005) 29,*:47'F'ก89!*%6$`)'d*:40Fก!0
_1!26ก29,/:[4%ZdF-ep6%6$`]87HIF4h9ก  

ก!0;Xก.!Y' -5Z[F86F67\#6]^]6#4;<*HF* 
Olethreutinae ]6e0,-);i)*6:[6*:47'F*nH]6#4_1!ก:` 
5H#6]8qH_,-ep6ก!0;Xก.!#$_:*_!ก6:ก#$_:*/H!4%!/$ 

Diakonoff (1971) h`*i \̀;Xก.!/:#F*H!4Y'-5Z[F86F67\#6
]^)'d-กb^_!กe0,-);i)*29,/:[4%ZdF%6$`]87H29\# 5 %6$` 
29,F'ก 11 %6$` -ep6%6$`)'d"\63^-ep6"0:[ 420ก]6
e0,-);i)* h`*/:#F*H!4):[487`0,^G#H!-กb^7!_!ก
_:48#:`ก0,^'d /HF7!7'ก!0;Xก.!Y'-5Z[Fก9!4"Z6I6!`-9bก
F*H!4_0$4_:4 h`*7'"+,#$_:*_!ก78!#$)*!9:*hFx!ก\! 
e0,-);q'deGf6 0H#7ก:^ก07#$%!ก!0-ก./0i \̀)1!ก!0#$_:*
29,-กb^/:#F*H!4Y'-5Z[Fก9!4"Z6]6ก9GH7/H!4c 

h`*-y3!,Y'-5Z [Fก9!4"Z6I6!`-9bก]6e0,-);
i)* ]6es 3.;. 2524, 2526, 2528 29, 2530 7'_G`
-กb^/:#F*H!4]63Z[6)' d 16 _:48#:` xXd4ก0,_!*F*nH/!7
 n7$ !"/H!4c IF4e0,-); h`*]6 !"]/\7'_G`-กb^
/:#F*H!4-3'*4 4 _:48#:` i`\2กH _:48#:`%G730 0,6F4 
3:44! 29, n-กb/ xXd45!7!0k-กb^/:#F*H!4Y'-5Z[Fก9!4"Z6
0#7):[42794FZd6c i \̀7!กkX4e0,7!+ 40,000 /:#F*H!4 
29,)1!ก!0/ '3 $73<4!6# $_ :*]6-0Z dF4%6$`IF4Y '-5Z [F
ก9!4"Z6I6!`-9bก]6ก9GH7/H!4c 89!*%6$` ]6#!05!0 
Microlepidoptera of Thailand vol. 1, 2 29, 3 
0#7):[4Y'-5Z[F86F67\#6]^]6#4;<*HF* Olethreutinae 
)'d7'ก!0"\63^%6$`]87HIF4h9ก7!กkX4 38 %6$` 29, 
120 %6$` )'d-ep60!*4!6ก!03^"0:[420ก]6e0,-);i)* 
(Kawabe, 1987, 1989, 1995; Bae, 1995; Moriuti and 
Komai, 1995; Komai, 1995) 29,_!ก6:[67!กbi7H7'
0!*4!6ก!0;Xก.!80ZF4!6#$_:*IF4Y'-5Z[F]6ก9GH76'[F'ก-9*  

_6ก0,):d4]6es 2548 7'ก!00!*4!6ก!0"\63^Y'-5Z[F
86F67\#6]^#4;<*HF* Olethreutinae %6$`]87H 2 %6$` )'d
FG)*!628H4%!/$)F4Y! n7$ h`* Pinkaew et al. (2005) 
"ZF Eucoenogenes bicuculla 29, Eucoenogenes 
vaneeae 0#7):[4 Eucoenogenes munda )'d0!*4!6ก!0
3^-ep6"0:[420ก]6e0,-);i)* 29,]6es 3.;. 2550 กb7'
0!*4!6%6$`IF4Y'-5Z[F86F67\#6]^)'d"\63^]6e0,-);
i)*-ep6"0:[420ก_1!6#6 8 %6$` (Pinkaew, 2007) 29,
9H!5G`]6es 3.;. 2551 Y'-5Z[F86F67\#6]^-I!6:6กb-ep6
Y'-5Z[F%6$`]87HIF4h9ก)'d"\63^_!กFG)*!628H4%!/$-I!6:6
F'ก \̀#* (Pinkaew, 2008) 

_!กY94!6ก!0#$_:* Pinkaew (2006) 3^#H!7'
Y'-5Z[F86F67\#6]^]6FG)*!628H4%!/$)F4Y! n7$7!กkX4 
249 %6$` 5!7!0k0,^G%6$`)'d26H6F6i \̀-3'*4 109 %6$` 
]6_1!6#66'[7' 54 %6$` 3^-ep6"0:[420ก]6e0,-);i)* 
29,7'89!*%6$`)'d-/0'*7/'3$73<-ep65กG9 (genus) 29,
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%6$`]87H (new species) IF4h9ก _!กI\F7n9 :̀4ก9H!#
_,-8b6kX4"#!789!ก89!*IF4Y'-5Z[F86F67\#6]^ 27\
_,-ep6ก!0;Xก.!]63Z[6)'d_1!ก:`-3'*4FG)*!628H4%!/$
)F4Y! n7$28H4- '̀*#-)H!6:[6 xXd4]63Z[6)'def!F6G0:ก.<)!4
 !"/,#:6/ก 6Fก_!ก6'[ก!0#$_:*"#!789!ก89!*IF4
Y'-5Z[Fก9GH76'[]6e0,-);i)**:47'5H#651!":q]6ก!0-/$7
-/b7I\F7n9%6$`IF4Y'-5Z[F86F67\#6]^]6 n7$ !"-F-%'*
/,#:6FFก-y'*4]/\ xXd4*:4I!`2"966:ก#$_:*29,I\F7n9
F*nH7!ก h`*I+,6'[ก1!9:47'ก!0e0,5!64!6-0ZdF4I\F7n9
ก!0230Hก0,_!*IF4Y'-5Z[Fก9GH76'[]62/H9,-I/ n7$;!5/0< 

I\F7n9ก!0;Xก.!Y'-5Z[F86F67\#6]^]6 !"]/\
IF4e0,-);i)**:47'i7H7!ก6:ก h`*-y3!,)'dFG)*!6
28H4%!/ $-I!6 :629,F G)*!628H4%!/ $]6^0 $-#+
]ก9\-"'*4)'d7')0:3*!ก0a007%!/$29,)0:3*!ก0ef!i7\
)'d7'"#!757^n0+< 2/Hi7H-"*7'0!*4!6ก!0;Xก.!IF4
Y'-5Z[F]6ก9GH76'[7!กHF6 xXd4`\#*ew__:*/H!4c ):[45 !3
3Z[6)'d 5 !3 n7$F!ก!; 29,5:4"73Z% g9g _,-ep6
ew__:*-กZ[F86G6/HF"#!789!ก89!*IF4Y'-5Z[F86F6
7\#6]^#4; <* HF*  Olethreutinae ก!0 1̀! -6 $64!6
h"04ก!0# $_ :*6' [-e p65H#686X d4IF4ก!0# $_ :*"#!7
89!ก89!*)!4%'# !3-3ZdFก!03:}6!)'d*:d4*Z6 xXd4
-ep6ก!0Y57Y5!60,8#H!4ก!0#$_:*"#!789!ก89!*
)!4%'# !3 ก!0;Xก.! 29,ก!0_ :`ก!0-3Z dFก!0
F6G0:ก.< _!ก*F`-I!_0`),-9 (ก0+';Xก.!)$#-I!
6"0;0'a0070!%) ]6%G`h"04ก!0ef!-7u v -I!6:6 
(Cloud Forest Initiative) ก0+';Xก.!FG)*!6
28H4%!/$-I!6:6 _:48#:`6"0;0'a0070!% 

$0ก-?�&�4�).ก�-%,�
� 
ก����������������� ��! 

1. ;Xก.!I\F7n 9-ก'd *#ก:^5 !33Z[ 6)'d -กb^
/:#F*H!4 h`*ก!0/0#_-Fก5!029,Y94!6#$_:*)'d
-ก'd*#I\F4 -9ZFก3Z[6)'d51!80:^-กb^/:#F*H!4Y'-5Z[F86F6
7\#6]^ h`*]8\7'_G`-กb^/:#F*H!4ก0,_!*0F^FG)*!6
28H4%!/$-I!6:6 h`*-9ZFก3Z[6)'d-กb^/:#F*H!4)'d7'"#!7
2 / ก /H ! 4 ) ! 4 \̀ ! 6  n 7$ e 0 , - ) ;  " # ! 7 5n 4 _ ! ก
0, :̀^6[1!),-9 29,9:ก.+,IF45:4"73Z% 29,)1!ก!0
-กb^/:#F*H!4]8\7'_1!6#67!ก3F)'d_,)1!ก!0#$-"0!,8<
%6$` 61!/:#F*H!4ie-e0'*^-)'*^)'d3$3$a :+�<FZd6c 29,
)1!ก!0/'3$73<Y94!6#$_:*]60, :̀^6!6!%!/$ 

2. /:[4_G`-กb^/:#F*H!4Y'-5Z[F86F67\#6]^ 1 _G`
/HF 1 "Z6 h`*]%\254il_!ก89F` Blacklight I6!` 20 
#://< -ep6/:# X̀4 ǹ`]8\Y'-5Z[F86F67\#6]^^$67!-9H6il^6
_FY\!5'I!#I6!` 2.0x2.0 -7/0 )'dIX4F*nH0,8#H!4/\6i7\ 
h`*7'2^/-/F0'd0k*6/<I6!` 12 h#9/< -ep6/:#]8\ก1!9:4
il 5H#6]63Z[6)'d)'d7'illr!_,]%\89F` mercury vapor 
ก!0/:[4254il_,-9ZFก)1!]6"Z6- Z̀F67Z` h`*-e�`il]6
%H#4-#9!0,8#H!4 18.00-06.00 6. )1!ก!0-กb^/:#F*H!4)Gก
- Z̀F6_1!6#6 12 - Z̀F6 0#7ก!0-กb^/:#F*H!4):[45$[6
e0,7!+ 60 "Z6 h`*2^H4ก!0-กb^/:#F*H!4 :̀46'[ 
_G`)'d 1 86H#*3$):ก.<FG)*!6g "9F4ก:6 _1!6#6 10 "Z6 
_G`)'d 2 86H#*3$):ก.<FG)*!6g "9F4*F`6[1! _1!6#6 10 "Z6  
_G`)'d 3 86H#*3$):ก.<FG)*!6g 8\#*2ก\# _1!6#6 10 "Z6  
_G`)'d 4 86H#*3$):ก.<FG)*!6g "9F4)H!)6 _1!6#6 10 "Z6  
_G`)'d 5 86H#*3$):ก.<FG)*!6g 8$6)HF _1!6#6 10 "Z6 
_G`)'d 6 86H#*3$):ก.<FG)*!6g "9F401!236 _1!6#6 10 "Z6 

3. ก!0-กb^/:#F*H!4_,)1!ก!0-กb^/:#F*H!4):[4
Y'-5Z[F86F67\#6]^29,2794FZd6c )'d^$6-I\!7!)'d254il 
2/H_,-6\6Y'-5Z[F86F67\#6]^-ep689:ก 29,_,)1!ก!0_:`
0ne0H!4IF4Y'-5Z[F):6)')'dก9:^kX4)'d3:ก -3ZdFerF4ก:6"#!7
-5'*8!*)'d_,-ก$`IX[6i \̀4H!*ก:^/:#F*H!4)'d7'I6!`-9bก29,
^F^^!4 

4. ^:6)Xก0!*9,-F'*`I\F7n9)!4ก!* !329,
%'# !3 -%H6 FG+8 n7$ 97 �6 5 !3 n7$e0,-); 29,
5:4"73Z% g9g IF42/H9,_G`-กb^/:#F*H!4 30\F7):[4^:6)Xก
3$ก:`)!4 n7$;!5/0< \̀#*-"0ZdF4 GPS -3ZdFe0,h*%6<]6
ก!0/$`/!729,ก!0_:`ก!03Z[6)'d 
"�#$ก��������������%&'�()�*+,�ก�� 

1. /:#F*H!4Y'-5Z[F)'d)1!ก!0_:`0ne0H!4]6 !"56!7
_,61!7!-I\!/n\F^]68\F4e($^:/$ก!0)'dFG+8 n7$ 40 F4;!
-x9-x'*5 -ep6-#9! 5 #:6 -3ZdF]8\/:#F*H!428\456$)กHF6)'d
_,61!-กb^]6ก9HF4-กb^2794/HFie 

2. )1!ก!0#$-"0!,8<29,_1!26ก%6$`_!ก9:ก.+,
 !*6Fก 0#7):[4ก!0)1!5i9 <̀IF4F#:*#,5Z^3:6aG<):[4-3;
Yn\29,-3;-7'*IF4Y'-5Z[F86F67\#6]^2/H9,%6$` )1!5i9 <̀
esก-3ZdF;Xก.!-5\6esก-3ZdF-e0'*^-)'*^ก:^/:#F*H!4)'d-"*
)1!7!29\# 

3. )1!ก!0kH!*0neY'-5Z[F86F67\#6]^)Gก%6$`)'d
3^ 0#7):[4#!`0neF#:*#,5Z^3:6aG<-3;Yn\29,-3;-7'*IF4
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2/H9,%6$`-3ZdF%H#*]6ก!0_1!26ก 29,5!7!0k5H4]8\
Yn\-%'d*#%!q%H#*]6ก!0/0#_5F^ 

4. ก!0 -กb ^ 0: ก.!/: # F*H ! 4Y' - 5Z[ F86F6 
7\#6]^-^Z[F4/\6_,)1!ก!0-กb^0:ก.!i#\)'d8\F4-กb^2794 
IF4 !"#$%!ก'(#$)*! "+,-ก./0ก1 !234256 
78!#$)*!9:*-ก./0;!5/0< 

5. ก!0#$-"0!,8<I\F7n9 
5.1 #$-"0!,8<29,_1!26ก%6$`Y'-5Z[F86F67\#6]^ 
5.2 #$-"0!,8<8! sex ratio 
5.3 #$-"0!,8<8! species accumulation curve 

 
��ก�-�@กA� 
"�����-%./0-1��/�ก2���3$� 45'%�'�!&"��* 

Y9_!กก!0-กb^/:#F*H!4Y'-5Z[F86F67\#6]^
]6%H#4 12 - Z̀F6)'dYH!67!0,8#H!4- Z̀F6 3j;_$ก!*6 
3.;. 2550-/G9!"7 3.;. 2551 0#7-#9! 60 "Z6 i \̀7'
ก!0-กb^/:#F*H!4]689!*3Z[6)'d i \̀2กH 86H#*"9F401!
236 86H#*"9F4ก:6 86H#*8$6)HF 86H#*"9F4*F`6[1! 
29,86H#*8\#*2ก\# 5H#63Z[6)'d)'di7Hi \̀-I\!)1!ก!0-กb^
/:#F*H!4 "ZF 86H#*"9F4)H!)6 29,*F`5:6-*b6 Y'-5Z[F
86F67\#6]^)'d-กb^i \̀):[487`7'_1!6#6 369 /:#F*H!4 
5!7!0k_1!26ก%6$`i \̀ 155 0ne2^^5:+o!6 2^H4-ep6 8 
-YH! "ZF Microcorsini, Endotheniini, Gatesclarkeanini, 
Bactrini, Olethreutini, Enarmoniini, Eucosmini, 29, 
Grapholitini 2/HY'-5Z[F86F67\#6]^)'d5!7!0k_1!26กkX4
0, :̀^%6$`7'-3'*4 37 %6$` ]6 27 5กG9 6 -YH! h`*2*ก
/!7-YH!i \̀ :̀46'[ 
1. Gatesclarkeanini _1!6#6 1 %6$` 1 5กG9 i \̀2กH  

Gatesclarkeana idia Diakonoff, 1973  

2. Bactrini _1!6#6 3 %6$` 2 5กG9 i \̀2กH   
Bactra cerata (Meyrick, 1909)   
Bactra venosana (Zeller, 1847) 
Bubonoxena ephippias (Meyrick, 1907) 

3. Olethreutini _1!6#6 20 %6$` 14 5กG9 i \̀2กH 
Antaeola antaea (Meyrick, 1912) 
Apsidophora purpurorbis Diakonoff, 1973 
Argyroptocha phalaenopa Diakonoff, 1968 
Dudua aprobola (Meyrick, 1886)  
Dudua brachytoma Diakonoff, 1973 

Dudua tetanota (Meyrick, 1909) 
Gnathmocerodes tonsoria (Meyrick, 1909) 
Gonomomera halixanta (Meyrick, 1910) 
Lobesia aeolopa Meyrick, 1907 
Lobesia lithogonia Diakonoff, 1954 
Megalota fallax (Meyrick, 1909) 
Megalota vera Diakonoff, 1966 
Olethreutes nomas Diakonoff, 1983  
Ophiorrhabda philocompsa (Meyrick, 1921) 
Phaecasiophora Kurokoi Kawabe, 1989 
Sorolopha bathysema Diakonoff, 1973 
Sorolopha cyclotoma Lower, 1901 
Sorolopha semiculta (Meyrick, 1909)  
Statherotis discana (Felder & Rogenhofer, 1875)  
Temnolopha matura Diakonoff, 1973 

4. Enarmoniini _1!6#6 4 %6$` 3 5กG9 i \̀2กH    
Ancylis aromatias Meyrick, 1912 
Cimeliomorpha nabocovi Kuznetsov, 1997  
Cimeliomorpha egregiana (Felder & 
Rogenhofer, 1875) 
Loboschiza koenigiana (Fabricius, 1775) 

5. Eucosmini _1!6#6 5 %6$` 5 5กG9 i \̀2กH   
Acroclita thysanota Meyrick, 1912 
Demeijerella catharota (Meyrick, 1928)  
Epinotia canthonias (Meyrick, 1920) 
Fibuloides ancyrota (Meyrick, 1907)  
Rhopobota antecellana Kuznetsov, 1988   

6. Grapholitini _1!6#6 4 %6$` 2 5กG9 i \̀2กH   
Cryptophlebia amblyopa Clarke, 1976 
Cryptophlebia repletana (Walker, 1863)  
Cryptophlebia rhynchias (Meyrick, 1905) 
Microsarotis palamedes (Meyrick, 1916) 

6Fก_!ก6'[*:47'Y'-5Z[F86F67\#6]^)'d5!7!0k
_1!26กi \̀-3'*40, :̀^5กG97'_1!6#6 44 0ne2^^5:+o!6 
]6 22 5กG9 h`*2^H42*ก/!7-YH! :̀46'[ 
1. Microcorsini _1!6#6 3 %6$` ]65กG9   

Cryptasapasma Walsingham, 1900 
2. Endotheniiini _1!6#6 1 %6$` ]65กG9   

Endothenia Stephens, 1852 
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3. Olethreutini _1!6#6 20 %6$` h`*2^H4F*nH]65กG9  
Archilobesia Diakonoff, 1966 _1!6#6 1 %6$` 
Hoplitendemis Diakonoff, 1973 _1!6#6 1 %6$`  
Lobesia Guenee, 1845 _1!6#6 1 %6$`  
Metrioglypha Diakonoff, 1966 _1!6#6 2 %6$`  
Phaecasiophora Grote, 1873 _1!6#6 1 %6$`  
Rhodacra Diakonoff, 1973 _1!6#6 1 %6$` 
Sorolopha Lower, 1901 _1!6#6 2 %6$`  
Statherotis Meyrick, 1909 _1!6#6 1 %6$`  
Sycacantha Diakonoff, 1959 _1!6#6 10 %6$` 

4. Enarmoniini _1!6#6 8 %6$` h`*2^H4F*nH]65กG9  
Ancylis Hubner, 1816 _1!6#6 2 %6$`  
Anthozela Meyrick, 1913 _1!6#6 2 %6$`  
Eucosmogastra Diakonoff, 1975 _1!6#6 2 %6$  ̀ 
Loboschiza Diakonoff, 1968 _1!6#6 1 %6$` 
Pseudancylis Horak, 2006 _1!6#6 1 %6$` 

5. Eucosmini _1!6#6 3 %6$` h`*2^H4F*nH]65กG9   
Ancylophyes Diakonoff, 1988 _1!6#6 1 %6$`  
Rhopobota Lederer, 1859 _1!6#6 2 %6$` 

6. Grapholitini _1!6#6 9 %6$` h`*2^H4F*nH]65กG9   
Andrioplecta Obraztsov, 1968 _1!6#6 1 %6$`  
Grapholita Treischke, 1829 _1!6#6 6 %6$`  
Matsumuraeses Issiki, 1957 _1!6#6 1 %6$`   
Microsarotis Diakonoff, 1982 _1!6#6 1 %6$`  

29,F'ก 74 0ne2^^5:+o!6 *:4i7H5!7!0k_1!26กi \̀
):[4]60, :̀^5กG929,%6$` h`*_:`F*nH]6-YH!Olethreutini 
_1!6#6 21 %6$` -YH! Enarmoniini _1!6#6 10 %6$` -YH! 
Eucosmini _1!6#6 26 %6$` 29,-YH! Grapholitini 
_1!6#6 17 %6$` ]6ก!0#$_:*"0:[46'[7'ก!0"\63^5กG929,
%6$`IF4Y'-5Z[F86F67\#6]^#4;<*HF* Olethreutinae )'d
"\63^-ep6"0:[420ก]6e0,-);i)*)'d0Fก!0/'3$73<
-Y*230H :̀46'[ 

5กG9)'d3^]6e0,-);i)*-ep6"0:[420ก (new 
genus record) _1!6#6 8 5กG9]6 3 -YH! h`*2^H42*ก
/!7-YH! :̀46'[ 
1. Olethreutini  

Metrioglypha Diakonoff, 1966 
Gonomomera Diakonoff, 1973 

2. Enarmoniini  

Anthozela Meyrick, 1913 
Cimeliomorpha Diakonoff, 1966 
Eucosmogastra Diakonoff, 1975 
Pseudancylis Horak, 2006 

3. Eucosmini  
Ancylophyes Diakonoff, 1988 
Demeijerella Diakonoff, 1954 

%6$`)'d3^]6e0,-);i)*-ep6"0:[420ก (new record) 
_1!6#6 4 %6$`]6 3 5กG9 h`*2^H42*ก/!7-YH! :̀46'[ 
1. Olethreutini  

Gonomomera halixanta (Meyrick, 1910) 
2. Eanarmoniini  

Cimeliomorpha egregiana (Felder & Rogenhofer, 1875) 
Cimeliomorpha nabocovi Kuznetsov, 1997 

3. Eucosmini  
Rhopobota antecellana Kuznetsov, 1988 

'+,�� N"��OP (sex ratio) 
_!ก_1!6#6/:#F*H!4Y'-5Z[F86F67\#6]^)'d-กb^i \̀

):[487` 369 /:#F*H!4 ]6ก!0;Xก.!"0:[46'[3^Y'-5Z[F86F6
7\#6]^-3;Yn\_1!6#6 252 /:# 29,-3;-7'*_1!6#6 117 
/:# "$`-ep6F:/0!5H#60,8#H!4-3;Yn\/HF-3;-7'*-)H!ก:^
2.15 : 1 _,-8b6#H!5:`5H#6]6ก!03^Y'-5Z[F86F67\#6]^
-3;Yn\6:[67!กก#H!-3;-7'*e0,7!+ 2 -)H! ]6ก!0;Xก.!
"0:[46'[Y'-5Z[F86F67\#6]^)'d3^-y3!,-3;Yn\-)H!6:[67'7!ก
kX4 94 0ne2^^5:+o!6 3^):[45F4-3; 27 0ne2^^
5:+o!6 29,)'d3^-y3!,-3;-7'*7'_1!6#6 34 0ne2^^
5:+o!6 

ก��PSกT� species accumulation curve 
Y9_!กก!0#$-"0!,8<8!26#h6\7ก!0-3$d7IX[6IF4 

_1!6#6%6 $`]87 Hc IF4Y '-5Z [F86F67\#6]^/9F`
0,*,-#9! 1 es3^#H!]6%H#4-`ZF63j;_$ก!*6 3.;. 
2550 kX4-`ZF6-7.!*6 3.;. 2551 ( !3)'d 1) _1!6#6
%6$`]87Hc 7'ก!0-3$d7IX [6F*H!4/HF-6ZdF427\#H!26#h6\7
IF4-5\6ก0!l_,i7H% :67!ก 2/H"HF*c -3$ d7IX [6 5H#6
]6%H#4-`ZF6-7.!*6 3.;. 2551kX4-`ZF6ก0กt!"7 
3.;. 2551 -5\6ก0!l_,%:67!ก25`4kX4_1!6#6%6$`
]87 Hc  )' d-3$ d7IX [6F* H! 4% :` -_6 2/ H89 :4 _ !ก -` ZF6
ก0กt!"7 3.;. 2551 ie_6kX4- Z̀F6/G9!"7 3.;. 2551 
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-5\6ก0!l_,-3$d7IX[66\F*7!ก 2/H*:4"4-3$d7IX[6F*H!4
/HF-6ZdF4-%H6- '̀*#ก:6  

]6%H#4/:[42/H- Z̀F63j;_$ก!*6 - กG7 !3:6a< 
-ep6%H#4)'d7'�6/ก%Gก 2/H%H#40,8#H!4- Z̀F6-7.!*6 v 
3j. !"7 -ep6%H#429\42/H7'�6/ก947!F*H!486:ก
]6%H#46:[6 e0,กF^ก:^-ep6%H#4ก!0-e9'd*6j ǹก!9)1!
]8\Y'-5Z[F5H#6]8qH7'ก!03:}6!FFก7!-ep6Y'-5Z[F/:#-/b7
#:*_X4)1!]8\%6$`IF4Y'-5Z[F86F67\#6]^]87Hc -3$d7IX[6
F*H!4- H̀6%:` 89:4_!ก6:[65 !3F!ก!;กb7'):[40\F659:^
ก:^�6F*H!4/HF-6ZdF4 %6$`IF4Y'-5Z[F86F67\#6]^]87Hc 

_X4-3$d7IX[6F*H!4%\!c 29,)1!]8\-8b6i \̀%:`#H!3Z[6)'dIF4
FG)*!628H4%!/$-I!6:67'"#!789!ก89!*IF4%6$`
"HF6I\!45n4 29,7'hFก!5"\63^%6$`3:6aG<]87H-3$d7IX[6 
( !3)'d 2) 

_!กก0!l_,-8b6#H!_1!6#6/:#29,_1!6#6%6$`IF4
Y'-5Z[F86F67\#6]^)'d-กb^i \̀]6FG)*!628H4%!/$-I!6:6
]6%H#4- Z̀F63j. !"7-3$d7IX[6F*H!4- H̀6%:` h`*7'
_1!6#67!กkX4 90 /:#F*H!4 59 %6$` 5H#6- Z̀F6)'d6\F*
)'d5G` "ZF - Z̀F65$48!"77'_1!6#6Y'-5Z[F86F67\#6]^-3'*4 
6 /:#F*H!4 5 %6$` xXd47'"#!75F`"9\F4ก:^-5\6ก0!l
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25`4 species accumulation curve ]6- Z̀F6
3j. !"7)'d7'-5\6ก0!l)'d%:67!ก-%H6ก:6 5H#6]6- Z̀F6
5$48!"7_,-8b6#H!-5\6ก0!l7'"#!7%:66\F*7!ก _!ก
-5\6ก0!l6'[_,-8b626#h6\7IF4ก!0-3$d7IX[629,9`94
IF4_1!6#6/:#29,%6$`IF4Y'-5Z[F86F67\#6]^]62/H9,
- Z̀F6 xXd4_,/\F461!ie8!"#!75:73:6a<ก:^5 !3ew__:*
2#`9\F7/HFie 2/H-6ZdF4_!ก*:4I!`I\F7n9IF45 !3
F!ก!;]63Z[6)'d_X4i7Hi \̀61!-56F"#!75:73:6a< :̀4ก9H!# 

 

�-$0&�4�)+�-?���ก�-%,�
� 
Y'-5Z[F86F67\#6]^_1!6#6 155 0ne2^^

5:+o!6 _!ก 369 /:#F*H!4 2^H4FFก-ep6 8 -YH! "ZF 
Microcorsini, Endotheniini, Gatesclarkeanini, 
Bactrini, Olethreutini, Enarmoniini, Eucosmini 29, 
Grapholitini 2/HY'-5Z[F86F67\#6]^)'d5!7!0k_1!26กkX4
0, :̀^%6$`7'-3'*4 37 %6$` ]6 27 5กG9 6 -YH! h`*F*nH]6
-YH! Gatesclarkeanini _1!6#6 1 %6$` 1 5กG9  Bactrini 
_1!6#6 3 %6$` 2 5กG9 Olethreutini _1!6#6 20 %6$` 14 
5กG9  Enarmoniini _1!6#6 4 %6$` 3 5กG9 Eucosmini 
_1!6#6 5 %6$` 5 5กG9 Grapholitini _1!6#6 4 %6$` 2 
5กG9 6Fก_!ก6'[Y'-5Z[F86F67\#6]^)'d5!7!0k_1!26กi \̀
-3'*40, :̀^5กG9kX4 44 0ne2^^5:+o!6 ]6 22 5กG9 h`*
_:`F*nH]6-YH! Microcorsini _1!6#6 3 %6$` ]6 1 5กG9 
Endotheniiini _1!6#6 1 %6$` ]6 1 5กG9  Olethreutini 
_1!6#6 20 %6$` ]6 9 5กG9  Enarmoniini _1!6#6 8 
%6$` ]6 5 5กG9  Eucosmini _1!6#6 3 %6$` ]6 2 5กG9  
Grapholitini _1!6#6 9 %6$` ]6 4 5กG9 29,F'ก 74 
0ne2^^5:+o!6 *:4i7H5!7!0k_1!26กi \̀):[4]60, :̀^5กG9
29,%6$` h`*_:`F*nH]6-YH! Olethreutini _1!6#6 21 %6$` 
-YH! Enarmoniini _1!6#6 10 %6$` -YH! Eucosmini 
_1!6#6 26 %6$`29,-YH! Grapholitini _1!6#6 17 %6$` 
Y'-5Z[F86F67\#6]^):[4 37 %6$`)'d5!7!0k_1!26กkX40, :̀^
%6$`i \̀6:[6 ^!4%6$`-"*7'0!*4!6ก!0"\63^7!29\#]6
3Z[6)'dIF4FG)*!628H4%!/$)F4Y! n7$ (Pinkaew, 2006) 
29,]6F'ก89!*c 3Z[6)'dIF4e0,-);i)* (Bae, 1995; 
Kawabe, 1987, 1989, 1995) 0#7):[4]6h"04ก!0es)'d 1 
IF4ก!0;X ก.!%6$`Y' -5Z[ F86F67\#6]^#4;<*H F* 
Olethreutinae ]6FG)*!628H4%!/$-I!6:6 6Fก_!ก6'[ก!0
"\63^5กG9)'d3^]6e0,-);i)*-ep6"0:[420ก (new 
genus record) _1!6#6 8 5กG9 ]6 3 -YH!h`*F*nH]6-YH! 
Olethreutini _1!6#6 2 5กG9 Enarmoniini _1!6#6 4 5กG9 

29, Eucosmini _1!6#6 2 5กG9 29,7'%6$`IF4Y'-5Z[F86F6
7\#6]^)'d3^]6e0,-);i)*-ep6"0:[420ก (new record) 
_1!6#6 4 %6$` ]6 3 5กG9 0#7):[4Y9_!กก!0#$-"0!,8<
/H!4c *:425`4]8\-8b6kX4"#!789!ก89!*)'d*:4"47'F*nH]6
3Z[6)'dIF4FG)*!628H4%!/$-I!6:6 29,*:47'26#h6\7)'d_,
"\63^Y'-5Z[F86F67\#6]^%6$`]87H0#7):[45$d47'%'#$/FZd6c 
F*nH/9F`-#9! xXd45 !3IF45:4"73Z%7'5H#651!":qF*H!4
7!ก/HF"#!789!ก89!*IF4Y'-5Z[F]6ก9GH76'[ 
 
ก)(()ก--�0-4ก�� 

Y94!6#$_:*6'[i \̀0:^ก!056:^56G6_!ก^0$.:) e/). 
_1!ก:` (78!%6) 29,h"04ก!03:}6!F4"<"#!70n\29,;Xก.!
6h*^!*ก!0_:`ก!0)0:3*!ก0%'# !3]6e0,-);i)* xXd4
0H#7_:`/:[4h`*51!6:ก4!6กF4)G656:^56G6ก!0#$_:*29,;n6*<
3:6aG#$;#ก00729,-)"h6h9*'%'# !328H4%!/$ 08:5
h"04ก!0 BRT R_150017 29,IFIF^"G+"#!7
F6G-"0!,8< \̀!6/H!4c _!ก)!4FG)*!628H4%!/$-I!6:6 29,
"#!7%H#*-89ZF_!ก3'dc -_\!86\!)'dFG)*!628H4%!/$-I!6:6
)Gก)H!6 
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Abstract 

This project is the continuing second phase of  
the main project, ASpecies Diversity of Ficus 
L.(Moraceae) in Khao Nan National Park, Nakhon 
Si Thammarat ProvinceK. The present project 
emphasizes the ecological role of figs. The three 
main objectives are to determine: 1) the flowering 
and fruiting times of seven fig species (98 stems), 
including tree species in the terrestrial group, e.g., 
Ficus obpyramidata King, Ficus fistulosa Reinw. ex 
Blume and Ficus schwarzii Koord and four species 
in the strangling fig group, e.g., Ficus benjamina 
L., Ficus microcarpa Blume, Ficus caulocarpa 
(Miq.) Miq. and Ficus sundaica Blume; 2) the 
number and species of frugivores; and 3) the 
nutritional values of fig fruit. The project will start 
with the accumulation of all relevant information 
from various available sources, then planning 
for collecting field data, surveying and actual 
data collecting; including taking some photographs 
of figs and their attendant frugivores. Laboratory 
analysis of fig nutritional values will be done. 
Also the relationship of fig phenology with some 
environmental factors will be investigated. From 
the results 20 species of animals were found 
eating fig fruit; almost all were birds with only 
one mammal, the Grey-bellied Squirrel. Three fig 
fruit species were eaten by humans. Fruits 
contained protein, carbohydrate, fat, mineral, 
fiber and calories. Regarding the flowering and 
fruiting times of some Ficus species, they tended 

to appear at all months. The study results will be 
of great benefit as baseline data for further 
research and for the local utilization of figs; they 
can also be used for protected area management 
and the effective conservation of biological 
resources. 
 

Keyword:  Ficus, Khao Nan National Park, Nakhon 
Si Thammarat Province 
 

 	!:� 
'&&,TUV2กWXUYZ[\]  - T/& (Ficus) U^".%U

Zก̂]0._V !ก+`.(a^7^.(3_ !UbWc0#4XY2+3.#U%7V%b%b4XV. 
[+!dYZ5ebT[Vd%ก*%'`bfb+!_ !2W2%b ̂0(g3#h`&%, U^
 %0Wg&YU%, 2500 gjก6 b"&(23ก%X kb*%'42[!k5V
Z5ebก%&Zกe`fXUYZ[\] _ !7%. ̂0(g3#h`&%, 4XYU^X(!
กl%X+!ก(bfXUYZ[\]  mn]!Zgobก%&`6!` กan!ก%&k7Vg&Yh07b#
d%กUYZ[\] b+pb U^U%3+p!436"&+p!h`&%,ก%X (Cordit, 1947) 
26.b"bT/0กeU^".%U2+U'+b)#ก+`'&&,TUVkb2กWXb̂pU%7V%
b%b4XV.Z76bก+b h[0Zs'%Y[V%b".%UZ7\] 4XY1%2b% [+!
3+. 06%! 3Vbh')(t (Ficus religiosa L.) mn]!U^".%U
Zก̂]0._V !ก+`'W/)1%2b%U%3+p!436ZU\] "&+p!ZdV%7%02(/)+3
aY/&!`l%Z'euZ'^0&db3&+2&vV bW3&2+UU%2+Uh')(u%,/^]
k3V3Vbh')(t *%0kbgw%2%XYkกXV4U6bpl%Zb&+u7&% 3l%`X
'W/)"0% 4_.!ZU\ ! W&WZ.X%Z2b%b("U _ !&+x'(5%& 
g&YZ/1 (bZ[̂0 Zgob3Vb gyddW`+bU^ก%&bl%'\72กWXb̂pU%k7V
g&Yh07b#kb&vg4``36%!z Z76b Zgob %5%& 0%2UWbT'& 
4XYgXvกg&Y[+` Zgob3Vb  

b กd%กb̂pUYZ[\] -T/& 0+!Zgob'\7/^]U^".%U2l%"+u
36 ก%&[l%&!7^.(3_ !2+3.#gw%Zgob 06%!U%ก dbavกd+[k5V
Zgob Keystone food sources "\  Zgob7b([/^]U^
".%U2l %"+ukb[V %bZgob45X6! %5%&_ !2+3.#gw % 
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Zb\] !d%กT/&Zgob'\7/^]2%U%&a  กfXT[V3X [/+p!gj 
5&\ 4UVkb76.!|[v/^]_%[4"Xb 45V!4XV! กe0+!2%U%&a
  ก[ ก  กfXZgob %5%&_ !2+3.#gw%T[V 06%!
36 Zb\] ! dn! %dกX6%.T[V.6%'&&,TUV2กWXUYZ[\]  } T/& 
Zgob !"#g&Yก `2l%"+u/^]" 0"pl%dWb".%U2U[WXkb
&Y``b(Z.1gw%TUV  

 
��ก���� !"�#$%&  - ()* 

d%กก%&1nกc%_ ! Berg (2003,2004) Berg & 
Corner (2005) Corner (1960,1961,1965) King 
(1887,1888) 2&WgT[V.6%UYZ[\]  } T/&U^X+กc,YZgobTUV
3Vb (tree) 5&\ TUV'W6U (shrub) /^]Zd&(u`b'\pb[(b
Z76bZ[̂0.ก+`'&&,'\7/+].Tg 5&\ ZgobTUVZX\p 0 
(climber) /^]U+กU^&%ก'(Z1c  ก3%U_V Z'\] Zก%YT363%U
3VbTUV \]b 5&\ `%!"&+p![l%&!7^'4``TUVกn]! (! %1+0 
(hemi-epiphytic) "\  3 bZgob3VbกXV%dYZd&(u"XV%0
'\7 (! %1+0 (epiphyte) 4XYZU\] Zd&(uZ3(`h3_npbdYU^
&%ก'(Z1cZd&(uZ3(`h34XY_0%0Z7\] U3([ก+bZ'\] h `&+[
'+b3VbTUV/^]Z"0Zก%Y 26.b_ !Z&\ b0 [กedYZd&(u4XY
`[`+!Z&\ b0 [_ !3VbTUVb+pb dbก&Y/+]!3VbTUV/^]Z"0
Zก%Yb+pb3%0X!kbZ.X%36 U%  

U^`%!7b([ZgobTUV'W6U (! %1+0 (epiphytic shrub) 
`b3VbTUV \]b mn]!26.bk5u6U^Xl%3VbZgX%3&!4``TUV3Vb 
5&\ 3Vb43กก(]!4``TUV'W6U 5&\ Zก([d%ก&%ก'(Z1c/^]
Zd&(u_npbU% ZgX\ ก3VbZ&̂0` 2̂Z/% bpl%3%X 6 b 5&\ 
bpl%3%XZ_VU U^76 ! %ก%1 (lenticel) ก&Yd%0/+].ZgX\ ก 
3%Uก(]!U+กU^& 04fXZgob.!& `  +bZก([d%ก& 0_ !5v
k`/^]5XW[&6.!Tg k`Zgobk`Z[̂]0. Z&̂0!Z.^0b (alternate) 
5&\ 4``3&!_V%U (opposite) 5&\ 2X+`&Yb%`Z[̂0. 
(distichous)  

4f6bk`Z5b̂0.5b%"XV%04f6b5b+!5&\ `%!"XV%0
4f6bก&Y[%c gก3(4f6bk`U^2UU%3&4``2 ![V%b
Z/6%ก+b (bilateral symmetry) x%bk`45XU (acute) 
2 `Z&̂0. (attenuate) &vgX(]U (cuneate) /v6Ub (obtuse) 
Z.V% (emarginated) 5&\ Zs^0! (oblique) _ `k`Z&̂0` 
(entire) 50+กm̂]�yb (dentate) d+ก�ybZX\] 0 (serrate) 
Zgob50+ก (lobe) 5&\ Zgob"X\]b (undulate) gX%0k`
45XU (acute) Z&̂0.45XU (acuminate) 0%."XV%05%! 
(caudate) Ub (obtuse) 5&\ 3+[ (truncate) f(.k`
ZกX̂p0! (glabrous) U^_b"%0 (hispidulous) 5&\ U^_b

2+pbbW6U (pubescent) gก"XWU Z2Vbk`4``&6%!45 
(reticulate) U+กU^Z2Vbk` 2 Z2Vb   ก3&!_V%Uก+bX+กc,Y
Zgob"v6d%กx%bk` U+กU^36 UT_ (waxy gland) Zก([`bZ2Vb
k` Z2Vbk`06 0 5&\ m กZ2Vbk` `%!7b([U^_V 36 &Y5.6%!
4f6bk`ก+`กV%bk`76 [ ก (inflorescences) U^X+กc,Y
"XV%0fXZ&̂0ก.6% cyconium 5&\  fig Zก([d%กก%&'+�b%
3+._ !x%b& !76 [ ก (receptacle) Zd&(u4f6h `5WVU
กXW6U[ ก06 0/+p!5U[T.V*%0kb4XYU^76 !Zg�[[V%b`b
Z&̂0ก.6% 76 !Zg�[ (ostiole 5&\  orifice) /^]76 !Zg�[gก
"XWU[V.0กX̂`g&Y[+`g%ก76 !Zg�[ (apical bract) _b%[
ZXeกdl%b.bU%ก h"b76 [ กU^กX̂`g&Y[+`x%b76 [ ก 
(basal bract) 2-3 k` U^5&\ TU6U^กV%b76 [ ก (stalk) 
`%!7b([/^]h"b76 [ กU^X+กc,YZgobกV%b0%.5&\ 2+pb/^]
Z&̂0.2 `"XV%0กV%b76 [ ก436Zgob26.bZ[̂0.ก+`76 [ ก 
Z&^0ก " 76 [ ก 5&\ กV%bZ/^0U_ !76 [ ก (pseudo 
stalk 5&\  stipe)  

`%!7b([U^k`ZกXe[g&Y[+`Zก([/^][V%b_V%!_ !76 
[ กZ&̂0ก.6% กX̂`g&Y[+`_V%! (lateral bract) &vg&6%!76 
[ กZgob&vgกXU (globose) &vgกXU4g�b (depress 
globose) &vgT_6 (ovate) &vg_ `_b%b (oblong) 5&\ 
"XV%0Xvก4'&# (pyriform) f(.Z&^0`ZกX̂p0!5&\ U^_bbW6U 
5&\ _b"%0gก"XWU Zgob2+b5&\ 'v 5&\ Zgob& 04fX
_ !กX^`g&Y[+`_V%! (lateral bract) ZU\]  6 bU^2^Z_^0. 
4XV.ZgX̂]0bZgob2̂Z5X\ ! bpl%3%X 7U'v 2VU 4[! U6.! [l% 
5&\ 0+!"!Zgob2^Z_^0.ZU\] 2Wก   กZ[̂]0.z 5&\ Zgob"v6/^]
!6%Uk` 5&\   กZgobกXW6U3%Uก(]!5&\ Xl%3Vb `%!7b([
76 [ กZก([`b76 0%./^]  กd%กก(]!k5u65&\ Xl%3Vb/ [
X!`b'\pb[(bX+กc,Y"XV%0T5X (stoloniferous)  

76 [ กU^ 2 กXW6U "\  76 [ กTU640กZ'1 
(monoecious) *%0kbg&Yก `Tg[V.0 [ กZ'1fvV 
(male flower) U+กZก([& `76 !Zg�[5&\ ก&Yd%0/+].76 
[ ก U^5&\ TU6U^กV%b[ ก06 0 Zก2&Z'1fvV (stamens) 1 
- 3  +b  +`Z&,v (anther) 2 'v 43ก3%U0%. กV%b7v +`
Z&,v (filament) 3+p!3&! .!กX̂`&.U (perianth) Û 2 - 6 
กX^` 5&\ TU6U^ZX0 40ก (2&Y5&\ Z7\] U3([ก+b U^2^_%. 
2^7U'van!2^4[! [ กZ'1ZU^0 (female flower) U^
5&\ TU6U^กV%b[ ก06 0 &+!T_6 (ovary) U^ 1 76 ! 2^_%.
an!2̂4[!   .WX (ovule) 1  +b 3+p!3&! &vgT_6 กXU 5&\ 
Z`^p0. f(.ZกX̂p0!an!_&W_&Y (rough) 5&\ `%!7b([U^_b
gก"XWU กV%bZก2&Z'1ZU^0 (style) Z&^0.0%.3([
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[V%b_V%!5&\ 26.b0 [_ !&+!T_6 gก3(ZกX̂p0! U^Z'^0!
`%!7b([/^]U^_bgก"XWU 0 [Zก2&Z'1ZU^0 (stigma) 
1 5&\  2 4sก .!กX^`&.U U^ 2 - 6 กX^` 5&\ TU6U^
ZX0 [ กgU (gall flower) U^X+กc,Y"XV%0[ กZ'1ZU^0 
26.bk5u6U^กV%b[ ก06 00%. &+!T_6U+กกXU f(.ZกX̂p0! 
*%0kbZgob/^] %1+0_ !3+. 6 b4UX! กV%bZก2&U+ก2+pb
ก.6%[ ก3+.ZU^0 0 [Zก2&&vgg%ก43& 5&\ &vgก&Y` ! 
4XY76 [ ก40กZ'1 (dioecious) 40กZgob76 [ กZ'1
fvV /^]*%0kbU^[ กZ'1fvVก+`[ กgU 4XY76 [ กZ'1ZU^0 
*%0kb'`Z'^0![ กZ'1ZU^0Z'^0! 06%!Z[̂0. 0กZ.Vb 
2กWX06 0 Synoecia kb76 [ กZ'1ZU^0 U^[ กTU6U^Z'1 
(neuter flower) Zgob[ ก/^]U^Zs'%Y.!กX̂`&.U 4XY
กV%b[ ก06 0Z/6%b+pb fXU^_b%[ZXeก'+�b%U%d%ก[ ก
_b%[ZXeก/^]Zก([*%0kbx%b& !76 [ ก mn]!Z&̂0กx%b& !
76 [ ก/^][ ก'+�b%dbกX%0ZgobfX.6% 76 fX fXZgob
4``fXZUXe[Z[̂]0.4_e! (drupe) 5&\ fX45V!ZUXe[X6 b 
(achene) ZUXe[U^_b%[ZXeก 0%.g&YU%, 1 U(XX(ZU3& 

&vgT3 (reniform) 5&\ Zก\ `กXU (rotund) ZgX\ ก4_e! 
f(.26.bk5u6_&W_&Y Z U`&(h  (embryo) X+กc,Yh"V!!  
k`ZX̂p0!U^_b%[TU6Z/6%ก+b  

 
%�ก���;ก�� 

+,-".�-ก/01$� !"�#$%&  - ()*20 3)4-05.6!/-71
#�-0�0 

kbZ_3'\ pb/^ ]_ ! W/0%b45 6!7%3 (Z_%b +b  
U^'&&,TUV2กWXUYZ[\]  - T/& &.U/+p!2( pb 50 7b([ kb  
6 2กWX06 0 h[0/Wก7b([/^]'`36%!U^dl%b.bg&Y7%ก&
U%ก db`%!7b([กX%0Zgob. +7'\7 Z76b UYZ[\ ] 5 (b 
Ficus montan 4XYZก\ `/Wก7b([2%U%&a_npbก&Yd%0
T[V/+].Tg 0กZ.Vb UYZ[\] bpl% Ficus ischnopoda 4XY 
h'Y Ficus obpyramidata /^ ]U ^".%Udl%Z'%Y3 6 
a(]b %1+0 "\  '`Zs'%Y3%U&(Ubpl%Z/6%b+pb &%0XYZ ̂0[
3%U3%&%!/^] 1  

3%&%!/^] 1. '&&,TUV2กWXUYZ[\]  - T/&/^]'`kb W/0%b456!7%3(Z_%b+b 
�!"� 

#ก'��(�� 
�����	� �����"	����#$�� 

������$' 

UYZ[\] _^pbก 
 
 
 
 
 

Ficus chartacea (Wall. ex Kurz) 
Wall ex King 
 
 
 
 

TUV'W6U_b%[ZXeก /^]'`ZgobTUV'\pbX6%!kbgw%[(`7\pb 
436dY_npbkb`&(Z.,/^]Û76 !42!26 !an! 4XYU+ก'`
_npbkbgw%&W6b2 ! 3%U2.b0%!'%&% 2.bfXTUV 
5&\ 3%U_V%!/%!   กfX[ก fX2WกZgob %5%&
_ !bก5X%07b([ 26.bfX4ก6bl%U%ก(bZgobf+กT[V
Z76bZ[̂0.ก+` 7(p! (F. fistulosa) 

T/&k`_b 
 

Ficus fulva Reinw. ex Blume 
 

'`_npbkbgw%[(`7\pb gw%&W6b2 ! gก3(U+ก_npbkb/^]hX6!
4dV!U%กก.6%kb/^]&ก"&npU 

UYZ[\] bpl% 
 
 

Ficus ischnopoda Miq. 
 
 

TUV'W6U/^]"6 b_V%!dl%Z'%Yก+`a(]b %1+0' 2U".& /^]
Z_%b+b'`Zs'%Y`&(Z.,Xl%5V.0 Xl%"X !/^]bpl%
T5X 4XY'\pbZgob5(b /^]"6 b_V%!hX6! TU6ÛZ&\ b
0 [TUV \]bgก"XWUU%กb+ก 

Ficus 
 
 
 
 
 
 

- 
 
 
 

Ficus lamponga Miq. 
 
 
 

ZgobUYZ[\] /^]'`_npbkbgw%&W6b2 ! d+[ZgobกXW6U'\7
Z (̀กbl% ^ก7b([5bn]! gก3(f(.k`ZกX^p0! 436kb`%!
'\pb/^] %d'`f(.k`Û_bgก"XWU /^] Z_%b+b'`
Zs'%YX+กc,Y/^]Ûf(.k`ZกX^p0!Z/6%b+pb 

Pharmacosycia 
 

ZX^0!fnp! 
 

Ficus albipila (Miq.) King 
 

fXÛ_b%[ZXeก4XY3l%45b6!ก%&  กfX"XV%0'.ก
T/& 436d+[&.UT.VkbกXW6UUYZ[\]   Z'&%YX+กc,Y3Vb
ZgX%3&! h"b3VbÛ'v' b Z5U\ bTUV3Vb/+].z Tg  
4XYTU6Û&%ก0V 0Z5U\ bT/& ZgobTUV/^]U+กÛfnp!U%/l%
&+!`b3Vb 6̀ 0z 5X%0"bZ&^0ก.6% 0.bfnp! /^]Z_%b+b
'`_npbก&Yd%0 0v63%Ugw%[(`7\pb4XYkbZ_37WU7b 
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3%&%!/^] 1 (36 ) 
�!"� 

#ก'��(�� 
�����	� �����"	����#$�� 

������$' 

Pharmacosycia 
 

UYZ[\] ก.%! 
 
 
 
 

Ficus callosa Willd. 
 
 
 
 

'`_npbkbgw%[(`7\pb gw%&W6b2 ! 3Vb2v!k5u6 4XY
`6 0"&+ p!/^ ]'`_n pbZgob'\7Z`(กbl%3%Ugw%T2 bpl%
0%!U+กTU6_W6b_VbZ5U\ bUYZ[\] /+].z Tg 4XY`%!
3VbU^bpl%0%!X+กc,YZgobbpl%k2 fXU^กX( ]bZ5Ueb
Z_^0.7.bk5V"X\]bT2V 

 h'_bWb 
 
 
 

Ficus nervosa B. Heyne ex Roth 
subsp. nervosa 
 
 

TUV3Vb_b%[k5u6 Xl%3VbZgX%3&! 3%Uก(]!4XYk`
U+กÛgU (gall) ZgobUYZ[\] /^]ÛX+กc,YZ5U\ bTUV
3Vb \]bz U%ก/^]2W[ "\  Z2Vbk`"v6/^]x%b2+pb4XYTU6
Z[6b7+[ 

 UYZ[\] / ! 
 
 

Ficus vasculosa Miq. 
 
 

gก3(ZgobTUVkbgw%[(`7\pb4362%U%&a_npbT[V[̂kbgw%
&W6b2 ! ZgobTUV3Vb_b%[ZXeก ZU\] fXZ&(]U2WกdYÛ2^
Z5X\ !/ ! 

Sycidium 
 
 
 

- 
 
 
 

Ficus heteropleura Blume 
 
 
 

fXÛ_b%[ZXeก   ก3%Um กk` 4XYÛ&%ก'(Z1c
Z5U\ bT/& dn!TU64gXก/^]avกZ&^0ก.6%T/& 436/^]TU6
Z %Tg&.UT.Vkb'.กT/& Zb\] !d%ก3Vb/^]'`kb
Z_%b+b 0+!TU6'`.6%U+bÛก%&dY[l%&!7^'4``T/&
'+b 436U+b_npbZgobTUV3Vb3%U&(Ubpl% 4XYaV%3Vbh3
U%กz dY/l%3+."XV%0TUVZX\p 0 "\  '%[3VbTgก+`
TUVk5u6 4XY&%ก'(Z1cกeTU6h `&+[U%กb+กZ5U\ b
 06%!T/&'+b 

UYZ[\] 5(b 
 
 
 

Ficus montana Burm.f. 
 
 
 

TUV'W6Uกn]!ZX\p 0/^]_npbZgobTUV&Y[+`'\pbgw%kbgw%[(`
7\pb 436กX+`'`_npb 06%!5b%4b6bdbกX%0Zgob
.+7'\7kb2.b0%!'%&% 5& \ 2.bfXTUV/^ ] 0v6
& `z f\bgw% fX2WกU^2^2 VU4กU4[!7%.`V%b
bl%Tgk7VZgobZ50\] 3กgX% 

UYZ[\] _b 
 

Ficus parietalis Blume 
 

'`_npbkbgw%[(`7\pb 5&\ gw%&W6b2 ! ZgobTUV'W6U/^]
U+ก/ [ZX\p 0T[V 

- 
 

Ficus pisifera Wall. ex Voigt 
 

'`_npbkbgw%[(`7\pb fX  กZgobก&YdWก3%U3Vb 
5&\ 3%Um กk`  

- 
 

Ficus subulata Blume 
 

'`_npbkbgw%[(`7\pb 5&\ '\pb/^]ก2(ก&&U 6̀ 0"&+p!/^]
_npb'+bZ5U\ bTUVZa% 5&\ '\7 (! %1+0 

 

ก&6%! 
 
 
 

Ficus tinctoria G. Forst. subsp. 
gibbosa (Blume) Corner 
 
 

U ^X +กc , Y ` % ! g & Y ก % & /^ ]" X V% 0 2 ก WX 0 6 0 
Urostigma "\  Û&%ก&+['+b"XV%0T/&4XYก&6%! 
"bT/0dn!Z& ^0ก. 6% ก& 6%!  /^ ]Z_%b +b'`Zgob
dl%b.bU%ก 

Sycomorus 
 

Z[\] 5X.! 
 
 
 
 

Ficus auriculata Lour. 
 
 
 
 
 

'`_npbkbgw%[(`7\pb /^]Z_%b+b'`/+p!3Vb/^]fXÛf(.
ZกX^p0! 4XYÛ_b2+pbbW6Ugก"XWU d%กก%&2 `a%U
7%. V̀%b '`.6%7%. V̀%bbl%fX_ !3VbZ'1ZÛ0U%
ก(b fX2WกÛ2^4[!*%0kbÛZUXe[ZXeกz dl%b.b
U%ก 4XYÛ.WVbk2z &25.%b 26.bfX4ก6bl%U%4ก!
ก(bT[VZ76bก+b 

 7(p! 
 

Ficus fistulosa Reinw. ex Blume 
 

'`_npbkbgw%[(`7\pb gw%&W6b2 ! 5&\ gXvก3%U V̀%b 
ZgobUYZ[\] /^]7%.k3Vb(0Uก(bU%ก/^]2W[7b([5bn]! 
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3%&%!/^] 1 (36 ) 
�!"� 

#ก'��(�� 
�����	� �����"	����#$�� 

������$' 

7(p! 
 

Ficus fistulosa Reinw. ex Blume 
 

fX 6 bb(0Uก(bZgobf+ก2[ 4กXVUbpl%'&(ก 4ก!"+]. 
5&\ _bUd̂b 

UYZ[\] gXV ! 
 
 
 
 
 
 
 
 

Ficus hispida L.f. 
 
 
 
 
 
 
 
 

'`_npbkbgw%[(`7\ pb '\ pb/^ ]ก2(ก&&U gw%&W 6b2 ! 
5&\ kbgw%/^]Û76 !.6%!Z&\ b0 [Zg�[hX6!กe %ddY
'`UYZ[\] gXV !T[V 43626.bk5u6U+ก'`kb'\pb/^]
gw%T2 5&\ '\pb/^]ก2(ก&&U Zgob7b([/^]U^ก%&  ก
fX"6 b_V%!4gXกก.6%7b([ \ ]bz "\  `%!3Vb
  กfX3%Um กk` `%!3Vb  กfXZgobก&YdWก
3%U3Vb 4XY`%!3Vb  กfXZgob76 0%. 5&\ 
`%!3Vb  ก/+p!3%Um กk` Zgobก&YdWก3%U3Vb 
5&\ Zgob76 0%. 

Sycomorus 
 

7V%Xvกh' 
 

Ficus lepicarpa Blume 
 

'`_npbkbgw%[(`7\pb 7 `_npb3%U&(Ubpl%kb`&(Z.,/^]
ÛZ&\ b0 [TUV \]bgก"XWU  

Sycomorus 
 

h'Y 
 
 

Ficus obpyramidata King 
 
 

'`_npbkbgw%[(`7\pb Zgob ^ก5bn]!7b([/^]_npbZs'%Y
3%U&(Ubpl% /^]Z_%b+b'`U%ก4a."X !/6%/b fXÛ
_b%[k5u6 4XYÛ2+b3%U".%U0%.fX 

 UYZ[\]  W/WU'& 
 
 

Ficus racemosa L. 
 
 

'`_npbkbgw%[(`7\pb 26.bk5u6'`3%U&(Ubpl% 436kb
`%!'\pb/^]aV%Û".%U7\pbU%ก' กedY'`_npbTกX
d%กXl%bpl%T[VZก(bก.6% 100 ZU3& 

 - 
 
 
 
 

Ficus ridleyana C.C. Berg & 
Chantarasuwan 
 
 
 

'`_npbkbgw%[(`7\pb '\pb/^]ก2(ก&&U gw%&W6b2 ! Zgob
'\7/^]_npb 0v6k3V7+pbZ&\ b0 [_ !TUV \]b kbZ_3/^]
Z_%b+bgw%'`TU6U%กb+ก 4363%U2.b0%!'%&%
4XY2.bfXTUV '`_npb5b%4b6b dbZgob.+7'\7 fX
  ก3%UT5X/^]/ [Tg3%U'\pb[(bmn]! %d0%.T[V
TกXU%กan! 5 ZU3& 

 Z[\] Z'%Y 
 
 
 

Ficus schwarzii Koord. 
 
 
 

'`_npbkbgw%&W6b2 ! '\pb/^]Zg�[hX6! '\pb/^]ก2(ก&&U 
5&\ gw%[(`7\pb Zgob7b([/^]  กfX3%UXl%3Vb   ก
fX[ก fX4ก6ก(bT[V h[0bl%U%3VUk5V2Wกก(bd(pU
bpl%'&(ก 5&\ Zgobf+ก4กXVU  

 Z[\] [(b 
 

Ficus scortechinii King 
 

'`_npbkbgw%[(`7\pb   กfX`&(Z.,h"b3Vb 4XY
fXZgobก&YdWก +[ก+b4b6b& `z h"b 

 Z[\] gXV !5(b 
 

Ficus semicordata Buch. -Ham. ex 
Sm. 

'`_npbkbgw%&W6b2 ! '\pb/^]Zg�[hX6! '\pb/^]ก2(ก&&U 
Zgob5bn]!kbกXW6UTUVZ (̀กbl% mn]!TU6'`kb gw%/n` fX
  ก3%UT5X5&\ 2%0/^]/ [  กd%กXl%3Vb 

 fvก 
 
 

Ficus variegata Blume 
 
 

'`_npbkbgw%&W6b2 ! '\pb/^]Zg�[hX6! '\pb/^]ก2(ก&&U 
5&\ gw%[(`7\pb ZgobTUV3Vb_b%[k5u6   กfXZgob
ก&YdWก3%UXl%3Vb 

Synoecia - Ficus hederacea Roxb. ZgobTUVZa%/^]_npb'+b3%U3VbTUVk5u6kbgw%[(`7\pb  
 UYZ[\] Z/% 

 
Ficus laevis Blume 
 

Za%4ก6/^]  กfX4XV. k`dYZgob&vg5+.kd mn]!kb`%!
'\pb/^]'`.6%f(.k`Û_b2+pbbW6Ugก"XWU `%!'\pb/^]f(.
k`ZกX^p0! fXกeZ76bก+bÛ/+p!/^]f(.ZกX^p0!4XYÛ_b2+pb
bW6Ugก"XWU /^]Z_%b+b'`.6%26.bk5u6f(.k`ZกX^p0! 
436fXÛ/+p!f(.ZกX^p0!4XYÛ_b2+pbbW6Ugก"XWU 
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������$' 

Synoecia 
 

Z[\] Za%k`k5u6 
 
 
 
 
 
 

Ficus punctata Thunb. 
 
 
 
 
 
 

ZgobTUV/^]'`Z5ebT[V/+].Tg gก3(dYZ5ebZก%Y3%U
3VbTUVk5u6 5&\ T363%UกV b5(b k`Û&vg&6%!Z`̂p0. 
"XV%0&vg_V%.5X%U3+[ Zgob7b([/^]_b%[k`ก+`
_b%[fXTU62U[WXก+b "\  k`Û_b%[/^]"6 b_V%!
ZXeก 436fXÛ_b%[k5u6U%ก gก3(h3ก.6% 4 
Zmb3(ZU3& 4XY_npbT[Vkb'\pb/^]2v!an! 1,300 ZU3& 
Z5b\ &Y[+`bpl%/YZX /^]`&(Z.,2+bZ0eb 

 Z[\] Za%k`5 ก 
 
 
 
 

Ficus sagittata J. Konig ex Vahl 
 
 
 

Zgob7b([/^]k`Û".%U43ก36%!ก+bU%ก&Y5.6%!k`
_ !Za% 6 bก+`k`_ !Za%/^]'&V UdY  กfX "\  
Za% 6 bdYÛX+กc,Yk`Zgob&vg5 ก x%bZ.V% 4XY
 %dÛ_bgก"XWU 436Za%4ก6/^]'&V UdY  กfX k`
dYÛX+กc,YZgob&vg&^ 5&\ T_64กU&^ f(.k`ZกX^p0! 

 Z[\] Za%_bk5u6 
 
 
 
 

Ficus trichocarpa Blume 
 
 
 
 
 

Zgob7b([/^]ÛX+กc,Y`%!g&Yก%&kกXVZ"^0!ก+`Z[\] 
Za%k`5 ก "\  &vg&6%!k`_ !Za% 6 bÛX+กc,Y
"XV%0ก+b 436dYÛ_bgก"XWU5b%4b6bก.6% 4XY
ZU\]  Za%4ก6'&V U  กfX &vg&6 %!k` %dTU6
ZgX^]0bTgd%กZ[(UU%กb+ก 5&\  %dZgX^]0bZgob&vg
T_6ก.V%! 4XYÛ_bgก"XWU5b%4b6bZ76bZ[(U 

 Z[\] Za%k`_b 
 
 

Ficus villosa Blume 
 
 

Zgob ^ก5bn]!7b([/^]k`Û2 !X+กc,Y "\  Za% 6 b
k`ÛX+กc,YZgob&vg5+.kd 26.bZa%4ก6/^]'&V UdY
  กfXk`ÛX+กc,YZgob&vg5 ก4กU_ `_b%b 

Urostigma 
 
 

ก&6%! 
 
 

Ficus altissima Blume 
 
 

'`_npbkbgw%[(`7\pb T/&7b([b^p'`dl%b.bU%ก 
Zgob'\7/^]'`T[V/+].Tg '`/+p!kbZ_3 W/0%b� 4XY
Z_37WU7b 

 T/& 
 
 
 
 

Ficus annulata Blume 
 
 
 
 
 

'`_npbkbgw%[(`7\pb X+กc,YZ[6b/^]36%!d%ก7b([ \]b 
"\  k`/^]&6.!ZU\] 45V!U+กZgob2^[l% 5&\ 2^bpl%3%X
4กU[l% fXÛกV%b0%. 2^Z_^0. T/&7b([b^p'`
dl%b.bU%ก d+[Zgob'\7/^]'`T[V/+].Tg d%กก%&
2+!Zก3'`.6%U+กTU6"6 0dYÛ2+3.#gw%ก(bfX_ !T/&
7b([b^pU%กb+ก 

 T/&0V 0 
 

Ficus benjamina L. 
 

'`_npbT[V/+p!kb/^]&%`dban!3%Ugw%Z_% fXZgob
 %5%&_ !2+3.#gw%5X%07b([ 

 T/&2b(U 
 
 

Ficus bracteata (Wall. ex Miq.) 
Miq. 
 

'`_npb kbgw %[(`7\p b  k`"XV %0ก+` XW !_b (F. 
drupacea) 436fX  กZgob"v63%Um กk`  +[4b6b
3%UgX%0ก(]! g%ก76 !Zg�[ Ẁ�U 

 T/&2%&*^ 
 
 

Ficus callophylla Blume 
 
 

Zgob ^ก5bn] !7b([/^]b(0UgXvก ZgobTUVg&Y[+` 
X+ ก c , Y k ` [v f( . Z f( b " XV % 0 ก+ ` k ` 2 % & *^ 
(Calophyllum inophyllum L.) "\  ÛX+กc,Y4_e! 

 - 
 
 
 

Ficus caulocarpa (Miq.) Miq. 
 
 
 

'`_npbkbgw%[(`7\pb 3VbÛ_b%[k5u6 4XYfX+[k` 
'`U%ก/%!*%"k3V h[0Zs'%Y/^] Z_%b+b'`
dl%b.bU%ก fX_b%[ZXeก 436Zgob/^]b(0U_ !2+3.#
gw%h[0Zs'%Ybก 
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#ก'��(�� 
�����	� �����"	����#$�� 

������$' 

Urostigma 
 

Tก& 
 
 

Ficus concinna (Miq.) Miq. 
 
 

gก3('`_npb3%U/^]&%`kbZ_37WU7b 436/^]Z_%b+b
'`Zs'%Y`&(Z., /^]/l%ก%& W/0%b� mn]!ZgobTUV/^]
bl%U%gXvก d%กก%&2l%&.dkbgw%TU6'`T/&7b([b^p 

 T/&k5u6 
 
 
 
 
 
 

Ficus crassiramea (Miq.) Miq. 
subsp. crassiramea 
 
 
 
 
 

'`_npbkbgw%[(`7\pb ZgobT/&_b%[k5u6 6̀ 0"&+p!
/^]fX+[k`ก6 b  กfX 436`%!"&+p!  กfX4XV."6 0
fX+[k`kbd+!5.Y/^]fXZ&(]U2Wก' [̂ "\  /+p!k`4XY
fX&6.!'&V Uz ก+b /^]Z_%b+b'`/+].Tg 436'`U%ก
3%UT5X6Z_% _npb3%U'\pb/^]2v!T[Van! 800 ZU3& 
d%ก&Y[+`bpl%/YZX fX2WกZgob %5%&_ !2+3.#gw%
5X%07b([ 

 T/&"+b 
 
 
 
 

Ficus cucurbitina King 
 
 
 

'`_npbkbgw%[(`7\pb ZgobT/&/^]'`T[VTU6!6%0b+ก aV%
[vZs'%Yk` %dÛ".%U2+`2bก+`k`_ !XW!_b  
F. drupacea) 436fX43ก36%!ก+bU%ก "\  f(.fX
_ !T/&Û_b0%.4_e!gก"XWU Z.X%d+`dY3l%U\ 
4XY/l%k5V"+b2l%5&+`"b/^]4'V 

 XW!_b 
 
 

Ficus drupacea Thunb. 
 
 

'`_npbkbgw%[(`7\pb f(.k` 6 b ก(]! 6 b4XYfX
 6 bÛ_bgก"XWU5b%4b6b 436_b/^]gก"XWUZgob
_b/^]bW6U 26.bfX2Wกf(.ZกX^p0! 

 Z[\] T/& 
 
 

Ficus glaberrima Blume 
 
 

'`_npbkbgw%[(`7\pb gw%[(`Z_% ZgobT/&Z'^0!7b([
Z[̂0. /^]'`_npbT[Vkb'\pb/^]2v!an! 1,100 ZU3& d%ก
&Y[+`bpl%/YZX `&(Z.,gw%ZU�`b2+bZ0eb 436Z/6%/^]
2+!Zก3 '`ÛU%กkb`&(Z.,gw%[(`7\pb 

 T/&XvกกXU 
 
 
 
 

Ficus globosa Blume 
 
 
 
 

'`_npbkbgw%[(`7\pb ZgobTUVZa% 436avกZ&^0ก.6%T/& 
g&Yก%&5bn]!b6%dYZgobZ'&%YÛ&%ก0V 0 4XY
g&Yก `ก+`k`ÛX+กc,Y "XV%0ก+`k`_ !T/&
7b([ \]bz gก3(fX2WกÛ2^Z_^0. 6 b 436กe'`.6%
`%!3VbfX2WกÛ2^7U'v /^]Z_%b+b '`T[V/+].Tg 

 T/&0V 0k`/v6 
 
 
 

Ficus microcarpa L.f. 
 
 
 

2%U%&a_npbT[Vkb5X%0z '\pb/^] /+p!/^]&%` /^]bpl%_+! 
g%ก4U6bpl%/^]Zgobbpl%ก&6 0 _npbTgan!gw%Z_%Xl%Zb%
T'& X+กc,Y4XY_b%[_ !k`"6 b_V%!f+b4g&
U%ก /^]Z_%b+b k`ÛX+กc,YZgob&vg&^ fX2WกÛ2+3.#
gw%5X%07b([ก(b 

 - 
 
 
 

Ficus pisocarpa Blume 
 
 
 

'`_npbkbgw%[(`7\pb X+กc,Y/^]43ก36%!d%ก7b([
 \]b 06%!Z[6b7+[ "\  fXZgob&vgT_6 5&\ aV%U !/%!
[V%b_V%! %dZ5ebZgob&vg"XV%02%UZ5X^]0U 4XY
Zgob5bn]!kbTU6ก^]7b([/^]g%ก76 !Zg�[g�[TU62b(/ 

 T/&k`_b 
 
 
 

Ficus pubilimba Merr. 
 
 
 

ZgobT/&_b%[k5u6/^]_npbT[V/+].Tg /+p!k` ก(]! 6 b 5v
k` 4XYfX 6 b Û_b2+pbbW6U (pubescens) gก
"XWU `%!3Vbk`Û_bgก"XWUZs'%Yf(.k`[V%bX6%! 
26.b[V%b`bdY5XW[&6.!4XYZกX^p0!ZU\] k`Z&(]U4ก6 
4XYZgobT/&Z'^0!TU6ก^]7b([/^]'`Û_b2+pb_npb3%U
k`g&Y[+`x%bfX 
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Urostigma 
 

- Ficus subglobosa C.C. Berg ZgobT/&/^]'`T[V/+].Tg 

 - 
 

Ficus sumatrana (Miq.) Miq. 
 

T/&7b([b^pÛX+กc,YZ[6b "\  k`0%.TU6Zก(b 10 
Zmb3(ZU3& fX_b%[TU6Zก(b 1 Zmb3(ZU3& 

 - 
 

Ficus sundaica Blume 
 

'`_npbkbgw%[(`7\pb gX%0k`45XU fXÛX+กc,Y
Zgob&vgT_6กX+`  

 f+กZX\ [ 
 

Ficus virens Aiton 
 

'`_npbkbgw%[(`7\pb ZgobTUVfX+[k` mn]!ZU\] 43ก
0 [ 6 b2%U%&aก(bT[V 5vk`Û&2Zg&^p0. 

 
/;<��ก��=ก-*  ก$ ก   ก>� � ! "�#$%&  - ()* 

_V UvXก%&1nกc%[V%b7^'X+กc,#_ !'&&,TUV
2กWXUYZ[\]  - T/& kb'\pb/^] W/0%b456!7%3(Z_%b+b 
UW6!ZbVbTg/^]ก%&1nกc%ก%&  ก[ ก  กfXZgob5X+ก 
h[0ก%&Zกe`_V UvX76.!Z.X%ก%&  ก[ ก  กfXdY/l%
'&V Uz ก+`ก%&Zกe`_V UvXgydd+04.[XV U "\   W,5*vU(
4XY".%U7\pb %ก%1 , 3VbUYZ[\]  - T/&/^]ZX\ ก h[0
ZX\ กT.V2l%5&+`ก%&1nกc%U% 7 7b([ ZgobT/&/^]2+3.#gw%
ก(bfXZgob %5%& 4 7b([ T[V4ก6 T/&0V 0k`/v6 Ficus 
microcarpa T/&0V 0k`45XU F. benjamina F. 
caulocarpa 4XY F. sundaica ZX\ กUYZ[\] /^]UbWc0#ก(b
fXZgob %5%&U% 3 7b([ T[V4ก6 7(p! Ficus fistulosa 
h'Y F. obpyramidata 4XYZ[\] Z'%Y F. schwazii 
dl%b.b7b([XYTU6bV 0ก.6% 10 3Vb &.U4XV.TU6bV 0ก.6% 
100 3Vb ก&Yd%0/+]./+p! W/0%b456!7%3(Z_%b+b 4XV./l%
ก%&Zกe`_V UvXก%&ZgX̂]0b4gX!kb& `gj_ !UYZ[\] -T/& 
kb26.b_ !ก%&  ก[ ก   กfX 36 Zb\] !ก+b3X [
&Y0YZ.X% 1 gj  

h[02+!Zก3[v3VbUYZ[\]  - T/&/^]ZX\ ก.6%U^ก%&
  กfX5&\ TU6 4XY5%กU^fX ZgobfX 6 b fX4ก65&\ 
2Wก mn]!kbก%&'(d%&,% %0W_ !fX3V !2+!Zก3/+p!d%ก
*%0b ก4XYf6%fXZ'\] [v[ ก/^] 0v6*%0kb d%กก%&Z��%
2+!Zก3ZgobZ.X% 5 Z[\ b '`UYZ[\]  - T/& 7b([/^]ZX\ ก
26.bk5u6  กfX36 Zb\] !ก+b/+p! 5 Z[\ b 0กZ.Vb Ficus 
caulocarpa Z'^0!7b([Z[̂0./^]  กfXZs'%Y76.!Z[\ b
)+b.%"U4XYUก&%"U (*%'/^] 1)  

Ficus benjamina L.  
d%กก%&Z��%2+!Zก33+p!436Z[\ b'|1d(ก%0b '.1 

2550 an! Z[\ bU^b%"U '.1. 2551 '`U^ก%&  กfX
3X [/+p! 5 Z[\ b 436U^4b.hbVU.6% 0(]!06%!Z_V%2v6|[v4XV! 
0(]!U^dl%b.b3Vb/^]  กfXU%ก_npb 4XY0+!'`.6%T/&7b([b̂p
k7VZ.X%kbก%&'+�b% d%กfX 6 bTgZgobfX2Wก Z'^0!
g&YU%, 1 Z[\ b 4XYZU\] fXZ&(]U2WกdYk7VZ.X%4"6TU6Zก(b
2 !2+g[%5#กedY2Wก! U4XYavก2+3.#ก(b5U[ 5&\ TU6กe&6.!
5X6b 436d%กก%&Z��%2+!Zก3กX+`'`.6%T/&7b([b̂pk7VZ.X%
kbก%&'+�b%d%ก3W6UfXdbกX%0ZgobfX 6 b `%!3Vbk7V
Z.X%U%กan!2 !Z[\ b 

Ficus caulocarpa (Miq.) Miq. 
d%กก%&Z��%2+!Zก33+p!436Z[\ b'|1d(ก%0b '.1 

2550 an! Z[\ bU^b%"U '.1 2551 '`U^ก%&  กfXZ'^0!
4"6 3 3Vb 4XYZ[\ bXY5bn]!3VbZ/6%b+pb "\  Z[\ b
'|1d(ก%0b )+b.%"U 4XY Uก&%"U Z/6%b+pb 4XY0+!'`.6%
T/&7b([b̂pU^ก%&fX+[k`ก6 b  กfX 4XYk7VZ.X%kbก%&
'+�b%d%กfX4ก6dbก&Y/+]!2Wก! UZ'^0!TU6an!5bn]!Z[\ b 

Ficus fistulosa Rienw. ex Burm 
d%กก%&Z��%2+!Zก33+p!436Z[\ b'|1d(ก%0b '.1 

2550 an! Z[\ bU^b%"U '.1. 2551 '`U^ก%&  กfX
/WกZ[\ b 436'`.6%0(]!06%!Z_V%|[v4XV!dl%b.b3Vb/^]  ก
fX0(]!X[dl%b.bX!  

Ficus microcarpa L.f. 
d%กก%&Z��%2+!Zก33+p!436Z[\ b'|1d(ก%0b '.1. 

2550 an! Z[\ bU^b%"U '.1. 2551 '`U^ก%&  กfX/Wก
Z[\ b h[076.!Z[\ b)+b.%"U4XYUก&%"U U^dl%b.b3Vb/^]
  กfXU%ก/^]2W[ 
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Ficus obpyramidata King 
d%กก%&Z��%2+!Zก33+p!436Z[\ b'|1d(ก%0b  

'.1. 2550 an! Z[\ bU^b%"U '.1. 2551 '`U^ก%&  ก
fX/WกZ[\ b 436'`.6%0(]!06%!Z_V%|[v4XV!dl%b.b3Vb/^]
  กfX0(]!U^dl%b.bZ'(]U_npb 4XY0+!'`.6%fX_ !UYZ[\] 
7b([b̂p kb436XY76 dYU^ %0WTU6Z/6%ก+b  %0W_ !fX436XY
fXkb5bn]!76 dn!T&6Z&̂0!ก+bd%ก 6 bTgan!4ก6 h[0/^]
UYZ[\] 7b([b̂p k7V Z.X%kbก%&'+�b%d%ก3W6UfXdb
กX%0ZgobfX4ก6 g&YU%, 2 } 3 Z[\ b  

Ficus schwarzii Koord. 
d%กก%&Z��%2+!Zก33+p!436Z[\ b'|1d(ก%0b  

'.1. 2550 an! Z[\ bU^b%"U '.1. 2551 '`U^ก%&  ก
fX/WกZ[\ b 43676.!Z[\ bUก&%"UU^ก%&  กfXU%ก3Vb
/^]2W[ 4XY0+!'`.6%fX_ !UYZ[\] 7b([b̂p kb436XY76 dYU^
 %0WTU6Z/6%ก+b  %0W_ !fX436XYfXkb5bn]!76 dn!T&6Z&̂0!
ก+bd%ก 6 bTgan!4ก6 h[0/^]UYZ[\] 7b([b̂pk7VZ.X%kbก%&
'+�b%d%ก3W6UfXdbกX%0ZgobfX4ก6 g&YU%, 2 } 3 
Z[\ b 4XY0+!'`.6%`%!3VbZU\] fXZ&(]U2Wก กeU^ก%&  ก
3W6UfX 6 b_npbU%/[4/bZX0  

Ficus sundaica Blume 
d%กก%&Z��%2+!Zก33+p!436Z[\ b'|1d(ก%0b  

'.1. 2550 an! Z[\ bU^b%"U '.1. 2551 '`U^ก%&  ก
fX36 Zb\] !ก+b3X [/WกZ[\ b 4XY'`.6%T/&7b([b̂p`%!
3VbdYfX+[ZgX̂]0b.bZ.^0bก+b  กfXTg3%Uก(]!36%!z 
dbU^/+p!fX 6 bfX4ก64XYfX2Wกkb3VbZ[̂0.ก+b  
 
+,-".�-ก/01$� !?�7,=);&ก10>�"�#$%&  - ()* 

kb& ` 5 Z[\ b/^]f6%bU% T[VZ��%2+!Zก37b([
2+3.#ก(bfX_ !UYZ[\]  3 7b([ "\  Ficus fistulosa F. 
schwarzii F. obpyramidata 4XYT/&5bn]!7b([ "\  F. 
benjamina h[0Z&(]UZ��%2+!Zก37b([2+3.# &Y`W4XY
dl%4bก7b([2+3.#3%UfX!%b_ !d%&Wd(b3# 4XY",Y 
(2550), Corbet and Hill (1991), Duengkae(1988) 
Lekagul and McNeely (1977) Lekagul and Round 
(1991), Robson (2000), Round (2000) fXg&%ก�.6% 
2+3.#gw%/^]ก(bfXUYZ[\] U^Z'^0! ก&Y& กgX%05%![l% 
Z'^0!7b([Z[̂0. 436UYZ[\] /+p!2%U7b([b̂pZgob/^]b(0U_ !
"bmn]!U+กbl%Tgก(bZgobf+ก 26.b2+3.#/^]ก(bfXT/&'` 19 
7b([ &%0XYZ ̂0[[+!3%&%!/^] 2 

 
การออกผลของมะเดื่อ-ไทรชวงเดือน พ.ย. 50 - เม.ย. 51

0.00

20.00
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พ.ย.-50 ธ.ค.-50 ม.ค.-51 ก.พ.-51 มี.ค.-51 เม.ย.-51
เดือน

% การออกผล

F. benjamina

F. caulocarpa

F. fistulosa

F. microcarpa

F. obpyramidata

F. schwarzii

F. sundaica

 
*%'/^] 1. 42[!Zg &#Zmeb3#ก%&  กfX_ !UYZ[\]  - T/& 7 7b([ /^]ZX\ กU%1nกc%[V%bก%&  กfX 
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3%&%!/^] 2. &%07\] 2+3.#/^]ก(bfXUYZ[\]  - T/&  

�����	� ����#���< �����"	����#$�� 
ก&Y& กgX%05%![l% Grey-bellied Squrirrel Callosciurus caniceps 
bกก%�%ก/V !2^2VU Orange-bellied Flowerpecker Dicaeum trigonostigma 
bกZ_%ZgXV%)&&U[% Thick-billed Green Pigeon Treron curvirostra 
bกZ_^0.กV%b3 !gjก2^��% Blue-winged Leafbird Chloropsis cochinchinensis 
bกZ_^0."&%U Asian Fairy Bluebird Irena puella 
bกZ[(b[!5+.2^2VU Orange-headed Thrush Zoothera citrina 
bก3^/ ! Coppersmith Barbet Megalaima haemacephala 
bกg& [5+.h_b Red-whiskered Bulbul Pycnonotus jocosus 
bกg& [" X%0 Stripe-throated Bulbul Pycnonotus finlaysoni 
bกg& [/ ! Black-headed Bulbul Pycnonotus atriceps 
bกg& [ZXeก/V !Z/% Spectacled Bulbul Pycnonotus erythropthalmos 
bกg& [2b̂pl%3%X3%4[! Red-eyed Bulbul Pycnonotus brunneus 
bกg& [5! b3%_%. Buff-vented Bulbul Iole propinqua 
bกg& [5bV%b.X Yellow-vented Bulbul Pycnonotus goiavier 
bกg& [Z5X\ !5+.dWก Black-crested Bulbul Pycnonotus melanicterus 
bกg& [h 6!4กVUZ/% Grey-cheeked Bulbul Aiophoixus bres 
bกg& [h 6!/V !2^bpl%3%X Ochraceous Bulbul Alophoixus ochraceus 
bกh'&Y[ก5bV%f%ก[l% Blue-eared Barbet Megalaima incognita 
bก2^7U'v2.b Scarlet-backed Flowerpecker Dicaeum cruentatum 

 

 
ZU\] Z��%2+!Zก37b([2+3.#/^]ก(bfX_ !T/&0V 0k`

45XU (F. benjamina) '`2+3.#/^]Z_V%ก(bfXT/&0V 0 
221 3+. h[0'`.6%kb"&n]!.+b3 bZ7V%dYU^2+3.#Z_V%U%ก(b
U%ก/^]2W[ 4XY76.!Z.X%/^]Z_V%U%ก(bU%ก/^]2W[ "\  76.! 
8.00 } 10.00 b. (*%'/^] 2)   

 
+3�+6-)-!IJ/0-ก-*20>�"�#$%&  - ()*  

ก%&.(Z"&%Y5#"W,"6%/%!h*7b%ก%&kbfXUYZ[\]  
} T/& Z'\]  0%ก/&%`.6%436XY7b([U^"W,"6%/%!
h*7b%ก%&U%กbV 0Z/6%T& 4XY7b([/^]Zgob %5%&_ !
UbWc0#b+pb U^1+ก0*%'Z'^0!' /^]dYbl%TggXvกZgob'\7
 %5%&T[V5&\ TU6 mn]!T[V/l%ก%&.(Z"&%Y5#fX_ !UYZ[\]  - 
T/& 6 7b([ "\  F. benjamina  F. microcarpa F. 
obpyramidata F. schwarzii F. sundaica 4XY F. 
fistulosa h[0Zกe`3+. 06%!fX_ !UYZ[\]  - T/&26!Tg
.( Z " & % Y 5# /^] " , Y  W 3 2 % 5 ก & & U Z ก c 3 & 
U5%.(/0%X+0Zกc3&1%23&# /l%ก%&.(Z"&%Y5# 6 &%0ก%& 
"\  "%&#h`T�Z[&3 2%&Z0\] k0 T_U+b hg&3^b 'X+!!%b 
4XY'X+!!%bd%กT_U+b mn]!'`.6%กXW6UT/& T[V4ก6 Ficus 

benjamina F. microcarpa 4XY F. sundaica Uĝ&(U%,
"%&#h`T�Z[&3 4XYk5V'X+!!%b2v!ก.6%กXW6UUYZ[\]  
&%0XYZ ̂0[[+!3%&%!/^] 3 

 
#�'=����")���� 

'&&,TUV2กWXUYZ[\]  } T/&/^]'`kb W/0%b
456!7%3(Z_%b+b '`/+p!2(pb 50 7b([ 40กZgob 6 2กWX
06 0 "\  2กWX06 0 Urostigma U^X+กc,YZ[6b "\  Zgob
TUV3Vb U^&%ก'(Z1c gก3([l%&!7^'4``T/&'+b Xl%3Vb
Zก([d%กก%&'+�b%_ !&%ก&+['+b [ ก40กZ'1&6.U3Vb 
'` 19 7b([ 2กWX06 0 Pharmacosycea U^X+กc,YZ[6b 
"\  ZgobTUV'W6U 5&\ TUV3Vb h"b3VbU+กZgob'v' b TU6U^
&%ก'(Z1c [ ก40กZ'1&6.U3Vb '` 4 7b([ 2กWX06 0 
Sycomorus U^X+กc,YZ[6b "\  ZgobTUV3Vb5&\ TUV'W6U U^
bpl%0%!2̂_%. 5&\ 2̂Z5X\ ! TU6U^&%ก'(Z1c [ ก40กZ'1
&6.U3Vb 5&\ 40กZ'140ก3Vb '` 11 7b([ 2กWX06 0 
Sycidium U^X+กc,YZ[6b "\  ZgobTUV3Vb_b%[ZXeก  
TUV'W6U 5&\ TUVZa% _npb3%U'\pb[(b5&\ Zgob'\7 (! %1+0 
bpl%0%!2̂_%._W6b (`%!"&+p!k2) ก(]!กX.!5&\ 3+b4f6bk` 
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TU62UU%3& _ `k`U+กZgob50+ก [ กZ'1fvV U+กU^&+!
T_63([ 0v6[V.0 '` 6 7b([ 2กWX06 0 Synoecia U^
X+กc,YZ[6b "\  ZgobTUVZa%U^&%ก2l%5&+`Zก%YT36 &%ก
  ก3%U_V 4XYgXV ! k`Zgob2 !X+กc,Y "\  Za%/^]
0+!Zgob3Vb 6 bก+`Za%/^]Zgob3Vb4ก6U^&vg&6%!k`43ก36%!
ก+b7+[Zdb '` 6 7b([ 4XY'`UYZ[\]  - T/& 2กWX
06 0 Ficus 4 7b([ h[0kb/^]b̂p'`.6%Zgob7b([/^]0+!TU6
Z"0U^&%0!%b4XY3+. 06%! V%! (!/^]Zกe`U%d%กd+!5.+[

b"&1&^)&&U&%7U%ก6 b mn]!a\ .6%Zgobก%&&%0!%b
ก%&'`k5U6_ !'\pb/^] an! 25 7b([ T[V4ก6 ZX̂0!fnp! Ficus 
albipila (Miq.) King ก&6%! F.  altissima Blume T/&2%&*^ 
F.  callophylla Blume UYZ[\] ก.%! F.  callosa Willd. 
T/&k5u6 F.  crassiramea (Miq.) Miq. subsp. 
crassiramea XW!_b F.  drupacea Thunb. T/&_b  
F.  fulva Reinw. ex Blume Z[\] T/& F.  glaberrima 
Blume  F.  hederacea Roxb. UYZ[\] Z/% F.  laevis 

3%&%!/^] 3. "W,"6%/%!h*7b%ก%&kbfXUYZ[\]  - T/& 

�!"� >=�$�! % ����!% #�������&� % ����> �@���$ % ���

�! Kcal/100g 
���

�!)�ก����!

Kcal/100g 
F. schwarzii 2.03 0.53 6.39 14.90 72.49 4.77 
F. obpyramidata 3.37 0.43 3.85 9.20 54.06 3.78 
F. fistulosa 2.03 0.24 5.75 11.45 56.08 2.16 
F. benjamina 8.73 1.51 13.08 17.27 117.59 13.59 
F. microcarpa 1.99 0.72 7.47 18.57 88.72 6.48 
F. sundaica 1.61 0.55 10.30 26.51 117.43 4.95 

 
 

จํานวนสัตวที่กินผล F. benjamina ในรอบวัน
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ชวงเวลา

จํานวน(ตัว)

สีชมพูสวน

โพระดกหนาผากดํา

ปรอดโองทองสีน้ําตาล

ปรอดโองแกมเทา

ปรอดเหลืองหวัจุก

ปรอดหนานวล

ปรอดหงอนตาขาว

ปรอดสีน้ําตาลตาแดง

ปรอดทอง

ปรอดคอลาย

ตีทอง

เดินดงหวัสีสม

เขียวคราม

เขียวกานตองปกสีฟา

เขาเปลาธรรมดา

กาฝากทองสีสม

กระรอกปลายหางดํา

 
*%'/^] 2. 4fb*vU(42[!dl%b.bbก436XY7b([/^]ก(bfX F. benjamina 
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Blume UYZ[\] 5(b F. montana Burm.f. h'_bWb  
F. nervosa B. Heyne ex Roth subsp. nervosa 
h'Y F. obpyramidata King T/&k`_b  
F. pubilimba Merr. UYZ[\]  W/WU'& F.  racemosa  
L.  F. ridleyana C.C. Berg & Chantarasuwan Z[\] 
Za%k`5 ก F. sagittata J. Konig ex Vahl Z[\] 
gXV !5(b F. semicordata Buch. - Ham. ex Sm.  
F.  subglobosa Berg F. sumatrana (Miq.) Miq.  
F. sundaica Blume Z[\ ] Za%_bk5u6  
F. trichocarpa Blume fvก F. variegata Blume Z[\] 
Za%k`_b F. villosa Blume 4XYf+กZX\ [  
F. virens Aiton mn]!0+!Zgob/^]b6%2!2+0 0v6.6% /+p! 25 
7b([b̂pZgob'\7/^]'`Z5eb/+].Tg TU6U^7b([k[/^]d+[Zgob
' \7 5 % 0 % ก  4 3 6ก X +` T U 6U ^3 +.  0 6% ! /^ ]Z ก e` d % ก
b"&1&̂)&&U&%7ZX0 

[V%b7^'X+กc,#ก%&  กfX_ !UYZ[\]  - T/& 
/+p! 7 7b([ U^4b.hbVU.6%  กfXT[V3X [/+p!gj kbกXW6U
UYZ[\] 26.bk5u6436XY3VbdY  กfX 6 b4XV."6 0z 
'+�b%db2Wก4XY&6.!5X6b d%กb+pbdY  กfX7W[k5U6 
436U^`%!3Vb/^]U^/+p!fX 6 b 4ก6 4XY2Wกkb3VbZ[^0.ก+b 
4XYZU\] [vkb*%'&.U0+!'`.6%UYZ[\] U^Zg &#Zmeb3#ก%&
  กfXU%กก.6%กXW 6UT/& 26.bกXW 6UT/& 3Vb5bn ]!z 
  กfXT[VZgob"&+p!z Tg 436U^`%!3Vb/^]U^/+p!fX 6 b 
fX4ก6 4XYfX2Wก 0v6`b3VbZ[̂0.ก+b 4XY26.bk5u6ZU\] 
  กfXZ2&ed4XV.กedY'+กZgob&Y0YZ.X%5bn]! dn!dY
  กfXk5U6 ^ก"&+ p! 3Vb/^ ]k7 VZ.X%TU6U%กb+กกe %d
'`.6%gj5bn]!z 2%U%&a  กfXT[V2 !an!2%U"&+p! 436
กe'`3Vb/^]U^X+กc,Y4``b̂pbV 0U%ก 26.bk5u6  กfX
4"6gjXY5bn]!"&+p! 

[V%b".%U5X%ก5X%0_ !2+3.# '`2+3.#gw%/^]
ก(bfXUYZ[\ ]  - T/& 21 7b([ 4XY/^ ]ก (bfX_ !  
F. benjamina U^ 19 7b([ 26.bk5u6Zgobbก/^]U^_b%[
ZXeก h[0U^กXW6Ubกg& [/^]ก(bfXT/&7b([b̂pU%ก/^]2W[ 
4XYU^2+3.#ZX̂p0!Xvก[V.0bUZ'^0!7b([Z[^0./^]ก(bT/&
7b([b̂p "\  ก&Y& กgX%05%![l% 4XY'`.6%TU6U^bก7
b([k[ZX0/^ ]ก (bfX_ !UYZ[\ ]  d n!U^".%UZgobT[V/^]
_b%[_ !fXUYZ[\] h[026.bk5u6U^_b%[/^]k5u6 Zก(b
ก.6%/^]bกdYกX\bก(bT[V/+p!fX 436_b%[_ !fXกX+`TU6
U^gyu5%2l%5&+`2+3.#ZX̂p0!Xvก[V.0bU 4XYZU\] [v[V%b
"W,"6%/%!h*7b%ก%& '`.6%U^g&YU%,/^]TU643ก36%!

ก+bU%กb+ก 436kbกXW6UT/& U^"%&#h`T�Z[&3 4XYk5V
'X+!!%bU%กก.6%กXW6UUYZ[\]  Z7\] .6%ก%&/^]2+3.#ZX\ ก
ก(bb6%Zก̂]0._V !ก+`g&(U%,"W,"6%/%! %5%&/^]T[V&+` 
h[0Zs'%YกXW6Ubก/^]3V !k7V'X+!kbก%&[l%&!7^'2v! dn!
ZX\ กก(bกXW6UT/&U%กก.6%UYZ[\]  
 
ก"$$"ก���=��ก��  

fX!%b.(d +0b̂ pT[V& +`/Wb2b+`2bWbd%ก`&(c+/ 
g3/. dl%ก+[ (U5%7b) 4XYh"&!ก%&'+�b% !"#
".%U&v V4XY1nกc%bh0`%0ก%&d +[ก%&/&+'0%ก&
7^.*%'kbg&YZ/1T/0 mn]!&6.Ud+[3+p!h[02l%b+ก!%b
ก !/Wb2b+`2bWbก%&.(d+04XY1vb0#'+b)W.(1.ก&&U4XY
Z/"hbhX0^7^.*%'456!7%3(&5+2h"&!ก%& R148012 
 
��ก#���F�
�"
 

d%&Wd(b3# b*^3Y*+�, ก%b3# ZX_YกWX, . +7&Y 2!.b2U`+3(. 
2550. +M6"% $M0ก ." N3O?6! #���ก3� 0ก#"% !()4. 
[6%b2W/)%ก%&'(U'# dl%ก+[, ก&W!Z/'�. 464 b. 

Berg, C.C. 2003a. Flora Malesiana Precursor for the 
Treatment of Moraceae 2: Ficus Subgenus 
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155 } 200. 

Berg, C.C. 2003b. Flora Malesiana Precursor for the 
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�������ก����	
���ก���
��������
����������������	�
� 
- ����ก�������  !"���"����#�$%���������&���'(�)%��$ 

&���� ������)1*, Larry G. HARRIS2, �9��� �"ก'���":�)1, �;:� ก�<
�� �1 ��� ���: ���ก�=!�)1 
1 ,���������-�.�'"�*����
/# �0
���-�.�'"�* ��1�#�ก�0*%����-�#�-, 1*E-mail : suchana.c@chula.ac.th 

2 Department of Zoology, University of New Hampshire, U.S.A 
--------------------------------------------------------------------------------------- 

���"���
 
���ก��.�ก(����%#�ก%#�-RS���ก/	#TS-

U����/�0S��-��V%W���"�%�&R�S - %XW/ก�
�
/#U"Y 
���%��&���.��+�����V#
'���()�*+��� /ZT�S����U�Y
/	[�RYSX#U�ก����&���\��RYSX#���S�/#]ก��S��ก'*
&Y�����%#�ก%#�-������,�ZRS����Z-�ก�
&��ก#W��U�ZT����� ^#ก��.�ก(�U�ZT���������%& 5 /ก�
 
_&YVกW /ก�
V"� /ก�
�&'�W /ก�
��� /ก�
����Sก 
V#
/ก�
���U� Z���ก/	#TS- S-W���YS- 19 ���& ��ก 
15 'ก�# 9 ��.* ����
&�����#�ก"���V"W 1 a 15 /"� 
�&-'W��U%bWZ�S�.�-S-XW��cS�����%�TS_d&�S-&*  
��� � ���  Z � � � ก / 	 #T S - � � .*  Phyllidiidae V # 
 
Chromodorididae /	[�ก#�W/&W� V#
���ก/	#TS- 
Jorunna funebris /	[����&���Z���ก�� ���������ก
/	#TS- Platydoris dierythros, Chromodoris sinensis, 
Glossodoris cincta, Dendrodoris denisoni V#
 
Bornella stellifer /	[����&���Z������V�กU��W������_�- 

�>�&>��"= : ��ก/	#TS-, S��-��V%W���"� a %�&R�S
%XW/ก�
�
/#U"Y, ���%��&���.��+�����V#
'���()�*+��� 

���>� 
S��-��V%W���"�%�&R�S - %XW/ก�
�
/#U"Y 

/	[�S��-��V%W���"�����
/# h���S-XW�
%�W��ก��
&��/���ก��	�
ก�.��&"���/	[�S��-��V%W���"�"�
ก)%�- �&-�ก��'�����V#
/ก]�RYSX#/�T�S�"Y� 
�����V�กU�	� Z... 2533 ZT�����U�/R"S��-��V%W����
��S��#�����ZT�����	i� ��-jkl��
/# ��m��/ก�
"W��n 
U�/R"���%��&���.��+�����V#
'���()�*+��� 
	�
กS�&Y�-���%#�ก%#�-���ก�-,�ZV#

���,�Z�����_�Yh���������'��+�o �,X/R������_�Yh���	i� �
	i���-/#��������'�X�0* ���/�0��-jkl��%�&���- 
�V��%bY��
/# V#
�V��	
ก�������/�0ก#�W/ก�

"W��n ��ก',�Z���'�X�0*RS�ZT�����V#
ก�����/	[�

ZT��������S-XW�
%�W��ก��	�
ก�./	[�/R"S��-��V%W���"� 
���U%Yก�������RYSX#&Y�����%#�ก%#�-���
���,�ZRS����Z-�ก�/	[�'������'����b ������� /ZT�S���_	U�Y
U�ก�����V^�ก����&ก�����Z-�ก�+����"�����
	�
'��+�,�ZV#
-���-T�"WS_	 

��ก/	#TS- (nudibranch) /	[�'�"�*�����&S-XWU�ก#�W
/&�-�ก��%S- V"W_W�/	#TSกVR]�%WS%�Y�W��ก�-���SWS���W 
�� & S -XW U � h� � � # � '  O p i s t h o b r a n c h i a  #� � &� � 
Nudibranchia ��ก/	#TS-'W��U%bW�'�'��'�-�� V#
�
R��&/#]ก"���V"W 2 a 3 �##� /"� ��m��R��&U%bW
	�
�0 30 /h�"�/"� (Coleman 2001)  ก����� 
��ก/	#TS-_W�/	#TSกVR]�%WS%�Y�W��ก�-���U%Y����
/'��-�"WSก��mXกก���&-^XY#W� +����"����'�Y��'���*U%Y
��ก/	#TS-������&�ก��'
''��Z�(%�TS'�Y��'��
��"�-,X�R����_�YU��W��ก�-/ZT�Sก��	tS�ก��"�� h���'W��
U%bW_&Y���กS�%�� /�W� cS����� _d&�S-&* /Z��-� 
%��%S '�%�W�- 	
ก���� V#
&Sก_Y�
/# /	[�"Y� 
(Thompson 1976; Coleman 2001; Darumas et al 2007)  

��ก/	#TS-'���mZ�_&Y����U�/R"�YS�V#
/R"
%��� S�.�-S-XW"�V��	
ก���� ZT�����- ZT����#� 	i�
��-/#� %�TSVYก�
����ก#���
/# (Marshall and Willan 
1999; Coleman 2001) ��ก/	#TS-������'����bU�
%W���hWS�%��RS��
����/�.����
/# V#
�'W���W�-
�����ก��VZ�Wก�
��-RS����&Z��+�*"W��m������/RY��U�
�
����/�.&Y�- (Harris and Tyrrell 2001) 	k������
Z��W�'����"�-,X����Z�U���ก/	#TS-������&�z�+�o���
���,�Z V#
����/	[�Z�("WS/h##*
/�]�%#�-���& 
/�W� '����"�-,X�ก#�W renieramycins ���'ก�&_&Y��ก��ก
/	#TS- Jorunna  funebris h���ก��cS���� �'����� /��� 
Xestospongia sp. /	[�S�%�� /	[�"Y� (���Z� S��'�� 
V#
�0
 2548; Suwanborirux et al 2003; Darumas 
et al 2007) 
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��ก��)�����%$ก��#?ก'� 
���ก��'�����V#
/ก]�"��S-W����ก/	#TS-&Y�-

ก��&������#�ก �&-U�YS�	ก�0*�W�-%�-U�U"Y����V�� 
SCUBA ���/�0/ก�
���� 5 RS�S��-��V%W���"� 
%�&R�S - %XW/ก�
�
/#U"Y _&YVกW /ก�
V"� /ก�
 
�&'�W /ก�
��� /ก�
����Sก V#
 /ก�
���U� �&-ก��
'�W'�����U����/�0V��	
ก����V#
���/�0ZT�����ST��n 
�SกV��	
ก���� Z�YS���������ก,�ZmW�-U"Y����&Y�-
ก#YS�&���"S#/ZT�S����X	,�Z�U�Y	�
กS�ก�����V�ก
���& h���U�Y'�V#
�X	V��ก��/��-�"��RS�'����	��ก~S-XW
��#��"��/	[�'����b /�T�S���กก��/ก]���ก(�"��S-W��
��ก/	#TS-�&-ก������&S�U�VS#กSdS#*�����'W�^#
U%Y/ก�&ก��/	#��-�V	#�%�TSก��#�/#TS�RS�'���#��"�� 
���-�ก"WSก�����V�ก  

�Sก��ก���_&Y���ก�������กRYSX#���/ก��-�RYS�/ZT�S
���_	U�YU�ก�����\��RYSX#S�/#]ก��S��ก'* /�W� �����ก
#�ก(0
RS�m���S�.�- /	[�"Y� ก�������ก/	#TS-/	[�
'�"�*���Z�U�+����"��WS�RY��-�ก ���U�Y��+�ก��
	�
/���&-ก��V�W�ก#�W���-�ก�W�-U�ก��Z���ก
/	#TS-V"W#
���&"�������"��S-W�����Z� &����� 1 = 
Z�-�ก (1a3 "��S-W��) 2 = Z�	��ก#�� (4a8 
"��S-W��) V#
 3 = Z��W�- (�กก�W� 8 "��S-W��) ������� 
"��S-W����ก/	#TS-V"W#
���&�
mXก/ก]���ก(�_�Y/ZT�SU�Y
/	[�"��S-W��U�ก��SY��S��RS�ZT�����"WS_	 

@�ก��#?ก'� 
��กก��'�������ก/	#TS-U���กZT����� Z���ก

/	#TS-S-W���YS- 19 ���& ��ก 15 'ก�# 9 ��.* _&YVกW 
��ก/	#TS- Thecacera sp., Jorunna funebris, 
Platydoris dierythros, Chromodoris sinensis, 
Glossodoris atromarginata, Glossodoris cincta, 
Mexichromis multituberculata, Risbecia tryoni, 
Dendrodoris denisoni, Fryeria marindica, Fryeria 
picta, Phyllidia coelestis, Phyllidia elegans, 
Phyllidiella nigra, Phyllidiella pustulosa, Bornella 
stellifer, Armina cf. japonica, Flabellina rubrolineata 
V#
 Phyllodesmium magnum ("������� 1) �&-���.* 
Phyllidiidae V#
 Chromodorididae /	[�ก#�W/&W� h���
Z���� �%& 6  ���&  V#
  5  ���&  "�#� �&��  � 
��ก/	#TS- Jorunna funebris /	[����&���Z���ก�� 

V#
���ก/	#TS- 5 ���& _&YVกW ��ก/	#TS- Platydoris 
dierythros, Chromodoris sinensis, Glossodoris 

cincta, Dendrodoris denisoni V#
 Bornella stellifer 
/	[����&���Z������V�กU��W������_�- �&-��ก/	#TS-
����%&Z�����
&�����#�ก"���V"W 1 m�� 15 /"� 

�Sก��ก���-��Z��W�/	S�*/h]�"*ก��Z����&RS�
��ก/	#TS-���Z�-�กV#
Z��W�-_WV"ก"W��ก�� �TS S-XW��� 
42.1 /	S�*/h]�"* R0
������&RS���ก/	#TS-���Z� 
	��ก#��S-XW��� 15.8 /	S�*/h]�"* (,�Z��� 1) h���m���S�.�-
RS���ก/	#TS-/%#W���� _&YVกW '��������"ST�����U�Y/	[�V%#W�
S�%�� /�W� cS����� _d&�S-&* /	[�"Y� �&- 73.7 
/	S�*/h]�"* RS����&��ก/	#TS-���Z��
S�.�-S-XWก��
cS����� (,�Z��� 2) 

&��������!���) 
��กก��.�ก(�RS� 0���*Z# '��+����Z���* 

(2544) ���-���ก��Z���ก/	#TS-U��W������_�- ����
jkl�SW��_�-V#
�
/#S��&���	�
�0 60 ���& �&-/	[�
��-���ก��Z���ก/	#TS-U�ZT��������/�0/ก�
'�- 
���%��&'���()�*+��� /Z�-� 4 ���& _&YVกW Jorunna 
funebris, Risbecia pulchella, Phyllidia coelestis V#
 
Phyllidia varicosa h���V"ก"W����กก��.�ก(������������Z�
��ก/	#TS-m�� 19 ���& S-W��_�ก]"� %�ก�����
RYSX#��ก/	#TS-��ก��-��� �XWTS�WS�/���-� V#

/Sก'��ST��n ��&�W���ก/	#TS-U��W������_�-S���'X�
m�� 100 ���& (Coleman 2001; Behrens 2005)  ������� 
Coleman (2001) ��-����W���ก/	#TS-'W��U%bW���Z�
U����/�0"W��n /	[����&���'���mZ�-�ก  

/�W�/&�-�ก�����-�ก�W�-RS����&��ก/	#TS-���
Z����/�0S��-��V%W���"�%�&R�S - %XW/ก�
�
/#U"Y 
���Z��W� ��ก/	#TS-'W��U%bW�R��&/#]กV#
Z�-�ก 
V#
� /	S�* /h]�"*���-�กU�ก��Z�'X �m� �  42.1 
/	S�*/h]�"* m��VY�W�/	S�*/h]�"*&��ก#W���
_WV"ก"W��
��ก��ก/	#TS-���&���Z��W�-U�ZT�����/&�-�ก��ก]"�  
�Sก��ก���ก�����Z���ก/	#TS-'W��U%bWS�.�-V#
ก��
cS�����/	[�S�%�� S��/�T�S����กZT�����.�ก(��"
กS�
VR��#S-'X� (S�b��� 	�
/�Z, 2551) h���#�ก(0

&��ก#W��/	[�	k���-���'����b������U%Y���/�0����cS�����
%#�ก%#�-V#
��ก�� ���/	[�����V%#W�S�%��V#

m���S�.�-���&�U%Yก����ก/	#TS-���&����n  'S&�#YS�ก�� 
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"������� 1.   ���&RS���ก/	#TS-���Z�U����/�0S��-��V%W���"�%�&R�S - %XW/ก�
�
/#U"Y 

��A
��#) ��A
�����#�&��) ��A
&��"= 
���� 

Polyceridae Thecacera sp. Pacific thecacera 
��ก/	#TS-	�ก��X 

_���Sh�� 

Dorididae Jorunna funebris  
(Kelaart, 1858) 

Funeral jorunna 
��ก/	#TS-��#���� 

cS����� 

 Platydoris dierythros  
Fahey & Valdés, 2003 

Rayed platydoris 
��ก/	#TS-VZ����&��'�����"�# 

cS����� 

Chromodorididae Chromodoris sinensis 
Rudman, 1985 

Chinese chromodoris 
��ก/	#TS-����&����� 

cS����� 

 Glossodoris atromarginata 

(Cuvier, 1804) 
Black-margined glossodoris 
��ก/	#TS-�S�%-�� 

cS����� 

 Glossodoris cincta  
(Bergh, 1888) 

Girdled glossodoris 
��ก/	#TS-#���V&� 

cS����� 

 Mexichromis multituberculata 
(Baba, 1953) 

Multi-pustuled mexichromis 
��ก/	#TS-V]กh����&W�� 

cS����� 

 Risbecia tryoni  
(Garrett, 1873) 

Tryon�s risbecia 
��ก/	#TS-_��S� 

cS����� 

Dendrodorididae Dendrodoris denisoni  
(Angas, 1864) 

Denison�s dendrodoris 
��ก/	#TS-	�iU' 

cS����� 

Phyllidiidae Fryeria marindica  
(Yonow & Hayward, 1991) 

Marin�s fryeria 
��ก/	#TS-	�i���� 

cS����� 

 Fryeria picta  
(Pruvot-Fol, 1957) 

Black-rayed fryeria 
��ก/	#TS-	�i��&'�&�� 

cS����� 

 Phyllidia coelestis  
Bergh, 1905 

Celestial phyllidia 
��ก/	#TS-	�i/%#TS� 

cS����� 

 Phyllidia elegans  
Bergh, 1869 

Elegant phyllidia 
��ก/	#TS-	�iR��/%#TS� 

cS����� 

 Phyllidiella nigra  
(van Hasselt, 1824) 

Black phyllidiella 
��ก/	#TS-	�i&�� 

cS����� 

 Phyllidiella pustulosa  
(Cuvier, 1804) 

Pustulose phyllidiella 
��ก/	#TS-	�i&��R�� 

cS����� 

Bornellidae Bornella stellifer  
(Adams & Reeve, 1848) 

Starry bornella 
��ก/	#TS-�S�/�##W� 

_d&�S-&* 

Arminidae Armina cf. japonica Japanese armina 
��ก/	#TS-S��/&�-b��	�i� 

	�กก��
/#V#
	
ก����SWS� 

Flabellinidae Flabellina rubrolineata 

(O�Donoghue, 1929) 
Red-lined flabellina 
��ก/	#TS-c��/�##��W� 

_d&�S-&* 

Glaucidae Phyllodesmium magnum  
Rudman, 1991 

Great phyllodesmium 
��ก/	#TS-V]��� 

ก��	
ก����SWS�V#
'
' 
hXVh�/�##���ก/%-T�S 
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,�Z��� 1.  /	S�*/h]�"*RS����&��ก/	#TS-���Z� �&-���V�ก"�
���-�ก�W�- 
 
'S&�#YS�ก��ก�����Z���ก/	#TS-��.* Phyllidiidae 
/	[�ก#�W/&W� h�����ก/	#TS-ก#�W���/	[���ก/	#TS-���ก��
cS�����/	[�S�%��/�W�ก�� (Behrens 2005) '��%���^#
ก��.�ก(����Z��W�ก�������ก/	#TS- Jorunna funebris 
U���.* Dorididae /	[����&���Z���ก������ ��ก/	#TS-
���&����m���S�.�-S-XW��cS�����'�����/��� Xestospongia 
sp. h���U�Y/	[�V%#W�S�%�� V#
Z��W���ก/	#TS-���&���
'���m^#�"'��ก#�W renieramycins ���_&Y�����กก��
ก��cS����� Xestospongia sp. (Darumas 2007; 
Darumas et al 2007) 

S-W��_�ก]"� m��VY�W�ก��.�ก(�&Y��������-�
V#
��/�.���-�RS���ก/	#TS-����U�	�
/�.V#

"W��	�
/�.-����YS- V"W���'�U�U���ก/	#TS-_&Y
/Z��'X�R��� ������ก��ก���-�.�'"�*���U%Y���'�U�U�
'����"�-,X������ก/	#TS-'�Y��R��� V#
U�ก#�W��ก&������
���'�U�U����'�-��RS�'�'��V#
���-�ก#����ก
U�ก���Y�%� '���/%#W����'���m����'XWก���Y�Z���ก
/	#TS-���&U%Wn ���'���m����U�Y	�
กS�/	[�"��
�W����m���Sก�'U�ก��.�ก(���ก/	#TS-"WS_	U�S���" 
h���_W/Z�-�/�Z�
&Y��������-�����W�'�U�/�W����� V"W-��
��m�������%�Y����'����bRS���ก/	#TS-����"WS�
��
��/�.%�TSm���S�.�-&Y�- 
 
ก����ก������ก�# 

^#�������-��� _&Y������'���'�����กX#��+� 
����# 	�
/�.j����/.' ���(������# S� VS�&* Z� 
	�
/�._�- V#
����ก��Z����S��*����XYV#
.�ก(�
��-��-ก����&ก�����Z-�ก����,�ZU�	�
/�._�- 
h����W���&"����&-'����ก���กS����'���'���ก������- 
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,�Z��� 2.  /	S�*/h]�"*RS����&��ก/	#TS-���Z� �&-���V�ก"�
m���S�.�- (V%#W�S�%��) 
 
V#
.X�-*Z��+���.�ก��V#
/�����#-�V%W���"� �%�'
����ก�� BRT R_149015 V#
 BRT R_351144  
RSRS���0 ��'�"��ก����กก#�W����-������-�	
ก���� 
,���������-�.�'"�*����
/# �0
���-�.�'"�* 
��1�#�ก�0*%����-�#�- ��� '���'���ก��'�����
,��'�� 
 

ก&��
 ��
�� 

0���*Z#  '��+����Z���* .   2544.  ก��.�ก(����&V#
ก��
VZ�Wก�
��-RS���ก/	#TS-U�V��	
ก����RS�	�
/�.
_�-.  ���-���Z�+*��0��"���-�#� -  %����-�#� - 
/ก("�.�'"�*.  250 %�Y�. 

���Z�  S��'��, Z�.*Z�-  Z%�#��", V#
 #�&&�  /"�
����-
���'��.  
2548.  ก���� /���
%*���&V#
	���0RS�'��ก#�W 
��' /""��_d�&�_S�h��� ��#��VS#��#S-&* ��ก 
��ก/	#TS- Jorunna funebris &Y�- HPLC.  ����ก��
	��bb���Z�+*   �0
 /,'��.�'"�*   ��1�#�ก�0*
%����-�#�-.  36 %�Y�. 

S�b���  	�
/�Z.  2551.  ก�S��������-��/�.���-�����
/#���
%�&R�S-%XW/ก�
�
/#U"Y.  U� ��'��+�o U�_Y V#
 ���'�� 
"�0�/#R� (���0�+�ก��), �����กก��	�
������ก��
	�
���	� ����ก�� BRT �������� 11, 15-18 "�#�� 2540, 
���V��,�#�- ���%��&S�&�+���.  %�Y� 118-120. 

Coleman N.  2001.  1001 Nudibranchs: Catalogue of Indo-
Pacific Sea Slugs.  Agency Limited.  144 pp. 

Behrens DW.  2005.  Nudibranch Behavior.  New World 
Publications Inc., USA.  176 pp. 

Darumas U.  2007.  Ecological roles of renieramycins on the 
blue sponge Xestospongia sp.  Ph.D. Dissertation, 
Department of Marine Science, Faculty of Science, 
Chulalongkorn University, Bangkok.  148 pp. 
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�������ก����	
�ก��������������
����������������	�
�  
- �����ก� � ����! "���������#�$%�������� &���'(�)%��$ 

���* ���ก�+"�)1,  ��*&��� �
�"�.�,  �/��� ��ก'����*�) ��  &���� ������) 
 !"#$%!#$&'!(!)*+,&!-&./0 "1.#$&'!(!)*+, 234!0-ก+1,67!#$&'!08',  1E-mail : vvoranop@chula.ac.th 

--------------------------------------------------------------------------------------------------------------------------- 
 

�������
 
&@!ก!+(AกB!"#!670!ก70!'CD-ก80EF-7!GH

I+$/#1D3&'!HJ7K-%!*$7!LCHD6 - 76MK/ก!.&./0G*N 
28-7#8LH"+(+OP++6+!%J0.)3+!BQ+,P!HO /RSTDH@!6!G%N
/EUHCN D6M 0 /ISV D-*NHGHก!+28L&@ !W!HCND6M 0&!-
D$/0Xก&+DH$ก),LN!H"#!670!ก70!'&!-%O# !RCD-
&+8R'!ก+GHRSVH&OT  2!กก!+(AกB!GHRSVH&OT&8V-76L 5 
/ก!. ZLNJกK /ก!.J*H /ก!.68L)3K6 /ก!.+!I /ก!. 
#8-HDก J0./ก!.#8-GH +#6&8V-)$VH 9 23L)@!+#2 RI
ก80EF-7!&8V-)$VH 15 )ก30 2!ก 7 #-(, ]L'6Oก80EF-7! 
Subergorgia /EU H)ก3 0 /LK H   I +$ / #1&OT RI"#!6
70!ก70!'CD-ก80EF-7!6!ก&OT)3L "SD /ก!.+!I ÂT-RI
&3ก)ก30  +D-0-6! "SD /ก!.J*H J0./ก!.68L)3K6 
*!60@!L8I &8V-HOV ก80EF-7!6O08กB1.ก!+ก+.2!'/EUH
ก03K6  ]L'&8V-76LRI&OT+.L8I"#!60Aก*8V-J*K 5 /6*+ 
/EUH*NHZE HDก2!กHOV'8-RI#K! ก80EF-7! Anthogorgia, 
Pseudopterogorgia J0. Verrucella /EUHก80EF-7! 3 
)ก30 &OT/EUH+!'-!Hก!+RI"+8V-J+กGHHK!HHV@!Z&' J0. 
ก8 0 EF - 7 !  Solenocaulon,  Euplexaura J 0 . 
Astrogorgia /EUHก80EF-7!DOก 3 )ก30 &OT/EUH+!'-!H
ก!+RI"+8V-J+กGHDK!#Z&' 

�0�&0���+ : ก80EF-7!, D3&'!HJ7K-%!*$7!LCHD6 ` 76MK
/ก!.&./0G*N, 28-7#8LH"+(+OP++6+!%J0.)3+!BQ+,P!HO  

���0� 
D3&'!HJ7K-%!*$7!LCHD6 - 76MK/ก!.&./0G*N 

/EUHD3&'!HJ7K-%!*$&!-&./0 ÂT -D'MK+.7#K!-ก!+
L@!/H$Hก!+E+.ก!(28L*8V-/EUHD3&'!HJ7K-%!*$*!6
กQ76!' ]L'6Oก!+)@!+#2J0./กXICND6M0/ISVD-*NH 
"+8V-J+กGHEa R.(. 2533 RSVH&OTGH/C*D3&'!HJ7K-HOV
"+DI"036&8V-RSVH&OTEb! %!'cFd-&./0 +#6eA-/ก!.*K!-f 
GH/C*28-7#8LH"+(+OP++6+!%J0.)3+!BQ+,P!HO 
E+.กDILN#'"#!670!ก70!'&!-ก!' !RJ0.

%O# !R&OT"-Z#N ÂT-"#!6I+$)3&P$g 6O M/C!&OT"-Z#N ÂT-Eb! 6OEb!
%!'/0H&OT6O"#!6)6IM+1, I+$/#1%!'cFd-6O7!L&+!' 6O
JH#7hN!&./0 J0.6OJH#E.ก!+8-GHI+$/#1ก03K6/ก!.
*K!-f 2!ก) !R"#!6)6IM+1,CD-RSVH&OTJ0.LN#'ก!+/EUH
RSVH&OT&OTD'MK+.7#K!-ก!+E+.ก!(/EUH/C*D3&'!HJ7K-%!*$ 
&@!G7Nก!++#I+#6CND6M0LN!H"#!670!ก70!'&!-
%O# !RCD-&+8R'!ก+/EUH)$T-&OT)@!"8h  &8V-HOV /RSTDH@!ZEG%N
GHก!+#!-JiHก!+28Lก!+&+8R'!ก+P++6%!*$&OT6O
E+.)$&P$ !RJ0.'8T-'SH*KDZE 

ก80EF-7!/EUH)8*#,&./0&OTZ6K6Oก+.LMก)8H708- 28LD'MK
GHZj086 Cnidaria /%KH/LO'#ก8IE.ก!+8-J0.J6-ก+.R+3H 

ÂT - /EUHก03K6&OT6O /CX6R$B (nematocyst)  Z#N G%N GHก!+
EnD-ก8H*8#  ก80EF-7!2@!JHกD'MKGH 8̂I"0!) Octocorallia 
/%KH/LO'#ก8IE.ก!+8-)OHV@!/-$H (blue coral) E.ก!+8-DKDH 
(soft coral) J0.E!กก!&./0 (sea pen)  08กB1./LKH
CD-ก80EF-7! "SD 6O7H#L (tentacle) "0N!'CHHก 
(pinnate tentacle) G%NGHก!+28ID!7!+ 2@!H#H 8 /)NH 
7+SD&#O"M1CD-JEL  ÂT-J*ก*K!-2!กE.ก!+8-&OT6O7H#L
2@!H#H 6 /)NH 7+SD&#O"M1CD-7ก  7H#L/70K!HOVD'MK
I+$/#1+DIE!กCD-]R0$I (polyp) 7+SD*8#ก80EF-7! 

&8V-HOV ก80EF-7!6O08กB1.ก!+D'MK+K#6ก8H/EUH]"]0HO 
]L' 1 ]"]0HO 2.E+.กDILN#']R0$ICH!L/0Xก/EUH
2@!H#H6!ก  ก80EF-7!RIก+.2!'&8T#ZE&3ก67!)63&+ 
*8V-J*K/C*+NDHeA-/C*7H!# 7+SDJ6Nก+.&8T-/C*C8V#]0ก &8V-
GHI+$ /#1HV@ !CAVHJ0.HV@ !0- ]L'/pR!.I+$ /#1&OT6O
ก+.J)HV@!"KDHCN!-J+-  ก80EF-7!6O"#!6)@!"8h*KD+.II
H$/#(GH&./070!'E+.ก!+ /%KH /EUHJ70K-&OTD'MKD!(8'
CD-)$T-6O%O#$*CH!L/0Xก70!'%H$L /EUH*8#%K#'ก+D-
*.กDH%O# !RGH&./0 /EUH*NH HDก2!กHOVก80EF-7!I!-
%H$L'8-)!6!+eH@!6!)ก8L)!+/"6OE+./ & diterpenes, 
steroids 7+SD esters ÂT-6Oq&P$g&!-%O# !R J0.)!6!+e
H@!ZEG%NE+.]'%H,GH&!-/ )8%ก++6ZLN (Rodriguez 
1995; Rodriguez et al 1998; Tanaka et al 2002) 
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�ก��)�� ��%$ก��#1ก'� 
&@!ก!+)@!+#2J0./กXI*8#D'K!-ก80EF-7!LN#'ก!+

L@!HV@!0Aก ]L'G%ND3Eก+1,%K#'7!'G2G*NHV@!JII SCUBA 
GHI+$/#1/ก!.&8V- 5 CD-D3&'!HJ7K-%!*$7!LCHD6 - 
76MK/ก!.&./0G*N +#6&8V-)$VH 9 23L)@!+#2 ZLNJกK /ก!.
J*H 4 23L (cFd-*.#8HDDก 2 23L cFd-*.#8H*ก 2 23L) 
/ก!.68L)3K6 2 23L (cFd-*.#8HDDก 1 23L cFd-*.#8H*ก 1 
23L) /ก!.+!IcFd-*.#8H*ก 1 23L  /ก!.#8-HDกcFd-
*.#8H*ก 1 23L J0./ก!.#8-GHcFd-*.#8H*ก 1 23L  

&8V-HOV GHRSVH&OT&@!ก!+)@!+#22./HNHI+$/#1&OT0Aก
e8L2!กJH#E.ก!+8- ]L'/pR!.I+$/#1&OT6Oก+.J)HV@!
J+- J0./7+SD6O*.กDHJC#H0D')M- &@!ก!+E+./6$H
"#!67H!JHKHJ0."#!6%3ก%36CD-ก80EF-7!&OTRI 
+#6eA-&@!ก!+/กXI*8#D'K!-ก80EF-7!6!G%NGHก!+2@!JHก
)ก30GH7ND-Ex$I8*$ก!+ J0.G%N/EUH*8#D'K!-/RSTDก!+
DN!-D$-*KDZE  ก!+/กXI*8#D'K!-G%N#$PO*8L/กXI/pR!.
%$VH)K#Hก80EF-7!&OT /EUH*8#J&HCD-]"]0HO J0.H@!
*8#D'K!-H8VH6!LD-GHJD0กDyD0, (70 /ED+,/ X̂H*,) ก!+
2@!JHก)ก30CD-ก80EF-7!G%N+ME+K!-CD-]"]0HO J0.
08กB1.CD- sclerites *!6#$POCD- Bayer et al (1983) 
J0. Fabricius and Alderslade (2001) ÂT-ก!+/*+O'6
*8#D'K!-G%N#$POCD- Satapoomin (1989) J0. Fabricius 
and Alderslade (2001) 

2�ก��#1ก'� 
RIก80EF-7!&8V-)$VH 15 )ก30 2!ก 7 #-(, ZLNJกK 

#-(, Anthothelidae: Solenocaulon #-(, 
Subergorgiidae: Subergorgia #-(, Melithaeidae: 
Melithaea #-(, Acanthogorgiidae: Anthogorgia #-(, 
Plexauridae: Euplexaura, Echinomuricea, 
Echinogorgia, Menella J0. Astrogorgia #-(, 
Gorgoniidae: Rumphella J0. Pseudopterogorgia; 
J0.#-(, Ellisellidae: Ctenocella, Junceella, 
Dichotella J0. Verrucella ]L'RIก+.2!')M-)3L&OT
I+$/#1/ก!.+!I&8V- 15 )ก30 +D-0-6! "SD /ก!.J*H 
13 )ก30 J0./ก!.68L)3K6 11 )ก30  C1.&OTI+$/#1/ก!.
#8-HDกJ0.#8-GH RI&8V-)$VH 7 J0. 6 )ก30 *!60@!L8I 
(*!+!-&OT 1) ก80EF-7!&OTRI/EUH)ก30/LKH ZLNJกK 
Subergorgia ÂT - R I ก + . 2 ! ' %3 ก %3 6 G H &3 ก RSV H &OT 
+D-0-6! ZLNJกK  ก80EF-7! Ctenocella, Junceella, 

Dichotella +#6eA- Astrogorgia ÂT-RIก+.2!'&8V- 5 
/ก!./%KHก8H  ก80EF-7!&OTRI6O"#!67H!JHKH)M-)3L&OT 
/ก!.J*H ZLNJกK Subergorgia &OT 8.8 ]"]0HO/100 *!+!-
/6*+ +D-0-6! ZLNJกK Ctenocella J0. Menella &OT 5.4 
J0. 5.2 ]"]0HO/100 *!+!-/6*+ *!60@!L8I ( !R&OT 1)  
C1.&OTI+$/#1/ก!.68L)3K66O"#!67H!JHKH&OT)M-ก#K! ]L'
RIก80EF-7! Ctenocella 6O"#!67H!JHKH)M-)3L&OT 26.9 
]"]0HO/100 *!+!-/6*+ +D-0-6! ZLNJกK Subergorgia, 
Menella J0. Dichotella &OT  17.4, 15.6 J0. 15.1 
]"]0HO/100 *!+!-/6*+ *!60@!L8I ( !R&OT 2) 

&8V-HOV /ED+,/ X̂H*,ก!+RIก80EF-7!J*K0.)ก30H8VH 
E+.6!1"+AT-7HAT- (50.5 /ED+,/ X̂H*,) CD-)ก30&OTRI/EUH
ก80EF-7!&OTRI'!ก6!ก C1.&OT6!กก#K! 1 GH 4 (27.0 
/ED+,/ X̂H*,) RI%3ก%36 ( !R&OT 3)  GH&!-*+-ก8HCN!6 
)ก30CD-ก80EF -7!&OT /ก!.68L)3K6RI%3ก%36eA -  63.6 
/ED+,/ X̂H*, C1.&OT)K#H&OT/70SDDOก 36.4 /ED+,/ X̂H*, RI
'!ก6!ก ( !R&OT 3)  ก!+(AกB!"+8V-HOVZ6K)!6!+eE+./6$H
"#!67H!JHKHJ0."#!6%3ก%36CD-ก80EF-7!I+$/#1 
/ก!.+!I /ก!.#8-GH J0./ก!.#8-HDกZLN /HSTD-2!ก 
&8(H#$)8'Z6K/DSVDD@!H#'GHก!+DDก)@!+#2&3ก"+8V- 

HDก2!กHOV ก80EF-7!&8V-76LRI&OT+.L8I"#!60Aก
*8V-J*K 5 /6*+ /EUH*NHZE *8V-J*K)8HJH#E.ก!+8- (reef 
edge) JH#E.ก!+8-0!L%8H (reef slope) 2HeA-RSVH&./0&OT
/EUH*.กDH&+!'กAT-]"0HLN!H0K!-&OT6OกD-7$H7+SDกNDH
E.ก!+8-*!'G7Nก80EF-7!ZLN'AL/ก!. ]L')K#HG7hK'AL*$L
ก8I7$HE.ก!+8- J0.6Oก!+ก+.2!'/EUHก03K6 (clump)  ]L'
ก8 0 EF - 7 !  Anthogorgia,  Pseudopterogorgia J 0 . 
Verrucella /EUHก80EF-7! 3 )ก30&OTRI/EUH"+8V-J+กGH
HK!HHV@!Z&'  C1.&OT Solenocaulon, Euplexaura J0. 
Astrogorgia /EUHก80EF-7!DOก 3 )ก30&OTRI/EUH"+8V-J+กGH
DK!#Z&' 

&���� ��"���) 

eA-J6N#K!ก!+(AกB!"+8V-HOV2.E+.)IEFh7!/กOT'#ก8I
&8(H#$)8'CD-HV@! ÂT-6O"#!6C3KH)M- ]L'&8(H#$)8'&OTLO&OT)3L
D'MK&OTE+.6!1 3 /6*+ GHก!+(AกB!I+$/#1/ก!.J*H 
C1.&OT&8(H#$)8')K#HG7hK*T@!ก#K! 2 /6*+  D'K!-Z+กX*!6 
i0ก!+(AกB!&OT/2!.2-/pR!.RSVH&OT&@!G7NZLNCND6M0CD-
&+8R'!ก+ก80EF-7!&OT%8L/2H6!กCAVH 2!กก!+(AกB!
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*!+!-&OT 1. ก80EF-7!&8V-76L&OTRIGHRSVH&OT(AกB! 
�ก�  ��� ���&��� ��� ����
ก ����� ��� 

�34
�����#�&��) 
"0����"��&0���" 4 2 1 1 1 9 

The Scleraxonia Group       
 Family Anthothelidae Broch, 1916       
 1. Solenocaulon Gray, 1862 *   x   1 
 Family Subergorgiidae Gray, 1859       
 2. Subergorgia Gray, 1857 x x x x x 5 
 Family Melithaeidae Gray, 1870       
 3. Melithaea Milne Edwards & Haime, 1857 x x x   3 
Suborder Holaxonia       
 Family Acanthogorgiidae Gray, 1859       
 4. Anthogorgia Verrill, 1868 ** x  x   2 
 Family Plexauridae Gray, 1859       
 5. Euplexaura Verrill, 1869 * x x x   3 
 6. Echinomuricea Verrill, 1869 x x x x  4 
 7. Echinogorgia K^lliker, 1865   x x  2 
 8. Menella  Gray, 1870 x x x   3 
 9. Astrogorgia Verrill,1868 * x x x x x 5 
 Family Gorgoniidae Lamouroux, 1812       
 10. Rumphella Bayer,1955 x  x   2 
 11. Pseudopterogorgia Kükenthal, 1919 ** x x x   3 
Suborder Calcaxonia       
 Family Ellisellidae, Gray, 1859       
 12. Ctenocella Valenciennes, 1855 x x x x x 5 
 13. Junceella Valenciennes, 1855 x x x x x 5 
 14. Dichotella Gray, 1870 x x x x x 5 
 15. Verrucella Milne Edwards & Haime, 1857 ** x x x  x 4 
 ��� (&ก��) 13 11 15 7 6  
* +!'-!Hก!+RI/EUH"+8V-J+กGHDK!#Z&'  ** +!'-!Hก!+RI/EUH"+8V-J+กGHHK!HHV@!Z&' 
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 !R&OT 1.  "#!67H!JHKH]L'/p0OT' (+ S.E.) CD-ก80EF-7!&OTRII+$/#1/ก!.J*H 
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 !R&OT 2.  "#!67H!JHKH]L'/p0OT' (+ S.E.) CD-ก80EF-7!&OTRII+$/#1/ก!.68L)3K6 
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 !R&OT 3.  /ED+,/^H*,ก!+RICD-)ก30ก80EF-7!I+$/#1/ก!.J*HJ0./ก!.68L)3K6 

 
ก80EF-7!&OT6O +!'-!HGHRSVH&OTDK !#Z&' ]L')3%!'  
#+%H.H8H&, (2543) J0./&R)3L! 0D'2$V# J0."1. 
(2549) ÂT-RIก80EF-7!&8V-)$VH 11 )ก30 GHI+$/#1DK!#
Z&' J0. 13 )ก30 GHI+$/#1DK!#)8*7OI 28-7#8L%0I3+O 
*!60@!L8I  GH2@!H#HHOV/EUHก80EF-7!&OT6O+!'-!Hก!+
RIGHRSVH&OTGก0N/"O'- ÂT-ZLNJกK I+$/#1/ก!.ก+. 28-7#8L
H"+(+OP++6+!% /RO'- 4 )ก30 ZLNJกK Ctenocella, 
Ell isel la ,  Hicksonel la  J0. Junceel la ()3%!'  
#+%H.H8H&, 2543)  2A-H8I#K!"#!670!ก70!'CD-

ก80EF-7!GHRSVH&OT7!LCHD6 - 76MK/ก!.&./0G*N &8V- 5 /ก!. 
6O"KDHCN!-)M- J0.6O"#!6/EUHZEZLN)M-&OT2.RI"#!6
70!ก70!'CD-ก80EF-7!/R$T66!กCAVH 7!ก6Oก!+)@!+#2&OT
0./DO'LJ0."+DI"036RSVH&OT6!กก#K!HOV   

Goh et al (1997) +!'-!H#K!08กB1.CD-RSVH&OT/EUH
*8#ก@!7HLก!+ก+.2!'CD-ก80EF-7!J*K0.%H$L +#6eA- 
Fabricius and Alderslade (2001) ZLNก0K!#eA-EF228'&OT
/กOT'#CND-GHก!+/2+$h/*$I]*J0.ก!+ก+.2!' ZLNJกK R!'3 
"0STH06 ก+.J)HV@! J)- )!+D!7!+ *.กDH "#!6/"X6 
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J0.D317 M6$  HDก2!กHOVก!+&OTก80EF-7!/EUHR#กก+D-
ก$H (suspension feeder) ÂT-ก+D-ก$H%$VH)K#H/0Xกf 
/%KH JR0-ก,*DHRS% JR0-ก,*DH)8*#,CH!L/0Xก 7+SD
JI"&O/+O'&OT/EUHJR0-ก,*DH (bacterioplankton) GH
6#0HV@ !/EUHD!7!+ ]L'ก!+G%N7H#L ÂT -DH3 !"
JC#H0D'CH!LG7hK2.eMกL8ก28ILN#'7H#L/RSTD&@!ก!+
&L)DICH!L 7!กRI#K!6OCH!L/76!.)62A-eMกก0SH
ก$H/EUHD!7!+ (Fabricius and Alderslade 2001; 
Rossi et al 2004) ÂT-]R0$ICD-ก80EF-7!)!6!+e'SL
7H#LDDก6!ก+D-D!7!+ZLN&8V-/#0!ก0!-#8HJ0.
ก0!-"SH (Rupert and Barnes 1994)  2A-ก0K!#ZLN#K! 
ก!+&OTก80EF-7!GHI+$/#17!LCHD6 - 76MK/ก!.&./0G*N6O
"#!670!ก70!'&OT)M -  /EUHi06!2!กก!+"#!6
/76!.)6CD-&8V-RSVH&OT +#6eA-"#!6D3L6)6IM+1,CD-
)!+D!7!+H8TH/D- 
 
ก����ก���� ก�# 

i0-!H#$28'HOV ZLN+8I&3H)H8I)H3H2!ก6M0H$P$ 
]&&!0 E+./&(c+8T-/() I+$B8&]&&!0 DO JDHL, RO 
E+./&(Z&' J0.]"+-ก!+R8�H!D-","#!6+MNJ0.(AกB!
H]'I!'ก!+28Lก!+&+8R'!ก+%O# !RGHE+./&(Z&' 

ÂT-+K#628L*8V-]L')@!H8ก-!HกD-&3H)H8I)H3Hก!+#$28' 
J0.(MH',R8HP3#$(#ก++6J0./&"]H]0'OJ7K-%!*$ +78)
]"+-ก!+ BRT R_149016  CDCDI"31 L+.D3L6(8กL$g 
L+36!( J0."1. 67!#$&'!08'#08'08กB1, +#6eA-H$)$*
J0.H8ก(AกB!&3ก"H2!ก234!0-ก+1,67!#$&'!08'J0.
67!#$&'!08'#08'08กB1, &OTZLN)H8I)H3Hก!+)@!+#2GH
 !")H!6 
 
�
ก&��
!��
�� 
/&R)3L!  0D'2$V#, )3%H!  %#H$%', J0. #+1R  #$'ก!h2H,.  

2549.  )$T-6O%O#$*GHJH#E.ก!+8-I+$/#176MK/ก!.J)6)!+ 
D@!/ D)8*7OI 28-7#8L%0I3+O ` 2: "#!670!ก70!'CD-
ก80EF-7!.  /Dก)!+ก!+E+.%36#$%!ก!+ &+8R'!ก+Z&' : 
)++R)$T-0N#HR8H/กOT'#.  GHก!+E+.%36#$%!ก!+"+8V-&OT 3 
]"+-ก!+DH3+8กB,R8HP3++6RS%D8H/HSTD-6!2!กR+.+!%L@!+$ 

)6/LX2R+./&R+8*H+!%)3L!� )'!6I+6+!%ก36!+O, 20`
22 *30!"6 2549, (MH',DH3+8กB,R8HP3ก++6RS%� "0D-ZiK 
28-7#8LH"++!%)O6!, 117`123. 

)3%!' #+%H.H8H&,.  2543.  ก!+(AกB!ก!+ก+.2!'CD-E.ก!+8-
DKDHJ0.ก80EF-7!GHHK!HHV@!Z&'.  #$&'!H$RHP,I81�$*
#$&'!08'.  67!#$&'!08'/กB*+(!)*+,.  210 7HN!. 
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Abstract 

Species occurrence and distribution of 
higher marine fungi at Hat Khanom-Mu Ko 
Thale Tai National Park, Nakhon Si 
Thammarat Province, was investigated. Four 
collections from Sites 1-4 yielded 124 higher 
marine fungi representing 71% ascomycetes, 
3% basidiomycetes, 26% anamorphic fungi, 
with two new records for the country (Lindra 
thallasiae, Swampomyces aegyptiacus). The 
most frequently encountered taxa for all sites 
were Corollospora maritima and Lindra 
thallasiae. Moreover endophytic fungi were 
isolated from seagrass (Enhalus acoroides) and 
seaweed (Sargassum spp.) from Koh Taen and 
Koh Tarai. Sixty-four endophytic isolates from 
four collections were obtained. Fermentation 
broths from selected marine fungal isolates 
were preliminarily tested for their 

antimicrobial activity. Approximately 19% 
showed antimicrobial activity against at least 
one pathogen. The results from this study have 
increased the state of knowledge on marine 
fungi in Thailand. Moreover, the results indicate 
that endophytic fungi can be isolated from 
seagrasses and seaweeds. Additionally, these 
marine fungi are a good source of natural 
antimicrobial compounds. 
 
Key word: Marine fungi, Hat Khanom-Mu Ko 
Thale Tai National Park, Nakhon Si Thammarat 
Province 

Introduction 
Thailand is a biodiversity-rich country in 

the tropical zone. However, currently only 34% 
of the marine fungi described in the world have 
been documented for Thailand (Jones, et al., 

Figure 1. Map showing collecting sites at Hat Khanom-Mu Ko Thale Tai National Park. 
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2006). Higher filamentous marine fungi are 
those which have ability to germinate and form 
a mycelium under natural marine conditions 
(Kohlmeyer and Kohlmeyer, 1979). They 
comprise three fungal groups: the Ascomycota 
(the dominant group), and the less abundant 
Basidiomycota and anamorphic fungi 
(coelomycetes and hyphomycetes) (Hyde et 
al., 2000). 

There is an urgent need to continue 
investigation of the diversity and ecology of 
higher marine fungi, in order to better 
understand the mangrove ecosystem. 
Moreover, much remains to be done to 
examine other marine substrata. Therefore, our 
study was conducted to determine whether 
seagrass (Enhalus acoriodes) and brown algae 
(Sargassum spp.) harbour endophytic fungi. 
Additionally, the primary antimicrobial 
activities of selected endophytes and saprobic 
marine fungi that were obtained have been 
tested, in order to provide data on the potential 
uses of these marine fungi in pharmaceutical 
applications. 
 
Methods 

Collecting sites  
Five collecting sites were selected for 

this study: Site 1−Mangroves at headquarter 
nature trail; Site 2−Mangroves at Khanom 
canal; Site 3−Ao Tok, Koh Taen; Site 4−Ao 
Ok, Koh Taen and Site 5−Koh Tarai (Figure 1). 
 
Isolation and growth of fungi: 
a) General fungal isolation: 

Species required for this study were 
isolated using a single spore technique (Jones 
and Hyde, 1988; Choi et al. 1999). Fungi were 
maintained on seawater cornmeal agar. 

b) Endophytic fungal isolation  
Healthy looking seagrasses and 

seaweeds were randomly collected. Samples 
were washed and surface sterilized by 
detergent and sterilized distilled water. All 
subsamples were plated out onto selected agar 
media with added antibiotics to suppress 
bacterial growth and incubated at 25 0C. 
Individual fungal hyphal tips were removed 
and transferred to fresh seawater PDA plates 
(Figure 2). Endophytes were identified based 
on their morphology and DNA sequence 
analysis. Data generated was logged into the 
BIOTEC, MIMSmy database. All samples 
collected were deposited in BIOTEC Bangkok 

 
Figure 3. Marine fungal specimens kept and isolated 
in axenic cultures 

 

Figure 2. Leaves of Enhalus  acoroides and 
Sargassum spp. used for surface sterilization. Fungal 
hypha emerging from seagrass tissue.  

 

 
Figure 4. The total numbers of higher marine fungi 
found at Khanom representing ascomycetes, 
basidiomycetes and  anamorphic fungi. 
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Herbarium (BBH) and cultures in BIOTEC 
Culture Collection (BCC) (Figure 3).  

Primary screening for antimicrobial activity  
Each of the isolated fungi was grown in 

liquid culture. The broth culture was filtered to 
separate the filtrate and mycelia. The filtrate 
was used for preliminary testing of 
antimicrobial activity using the agar-well 
diffusion method (Lorian, 1996) against 
potentially pathogenic bacteria and yeasts. The 
inhibition zones were measured and recorded. 

 
Results and discussion 
 Saprophytic fungal isolation 

A total of 124 higher marine fungi 
representing 71% ascomycetes, 3% 
basidiomycetes and 26% anamorphic fungi 
were determined from this study (Figure 4). 
Species diversity, percentage of occurrence 
and abundance were greatest at Site 3 (Ao Tok, 
Koh Taen) followed by Site 2 (Khanom canal) 
(Figure 5).  

Our result showed the dominance of 
ascomycetes over the other fungal groups. 
Such observations have been documented by 
many workers (Kohlmeyer and Kohlmeyer, 
1979; Hyde and Jones, 1988; Jones and Alias, 
1997). Ascomycetes appear to have evolved to 
take full advantage of aquatic habitats with 
their small fruiting bodies, appendaged 
ascospores and their ability to withstand 

 
Figure 5. Higher marine fungi found at Khanom at four collecting sites.  

 
Figure 6. Spore morphology of marine fungi at 
Khanom. 

Figure 7. The numbers of endophytes isolated from 
Koh Taen and Koh Tarai. 
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fluctuating saline conditions (Jones and Alias, 
1997; Figure 6).  

In this study, the most common species 
found were Calathella mangrovei, 
Dactylospora haliotrepha, Halocyphina 
villosa, Halorosellinia oceanica, Eutypella sp., 
Lophiostoma mangrovei and Verruculina 
enalia, while only two species, Corollospora 
maritima and Lindra thallasiae, were the most 
frequently encountered taxa. Moreover, this 
study revealed two new records for Thailand: 
Lindra thallasiae and Swampomyces 
aegyptiacus. A total of 321 axenic cultures 
have been deposited at BCC. 

Marine and mangrove fungi are an 
important link in decomposition and energy 
flow within the mangrove ecosystem (Hyde 
and Lee, 1995; Hutchings and Saenger, 1987). 
They transform organic matter to higher 
trophic levels in the food chain (Hyde and Lee, 
1995). Therefore, the great species diversity of 
marine fungi at Khanom may be an indicator 
of healthy mangroves. 

Endophytic fungal isolation 
Sixty-four fungal isolates from four 

collections were obtained. The overall 
colonization rate and isolation rate of seagrass 
and seaweed endophytes did not differ greatly. 
The number of endophytes isolated from Koh 
Tarai was greater than from Koh Taen (Figure 7). 

Several factors may influence the level 
of infection including environmental 
conditions, plant host age and tissue, rainfall, 
salinity, tide, water temperature, and potential 
inoculum sources (Caroll, 1995). The 
identification of endophytic fungi has proved 
to be difficult, largely because of the lack of 
fruiting bodies in cultures or the non-
sporulation of many of the isolates. Therefore, 
identification based on rDNA sequences was 
made. The molecular results showed the 
dominance of the Sordariomycetes (37%), 
Eurotiomycetes (27%) and Dothideomycetes 
(18%) (Figure 8). Further phylogenetic 
analysis is in progress. 

Primary antimicrobial activity screening  

Fermentation broths of fungal isolates 
obtained from this study were preliminarily 
tested for antimicrobial activity by agar well 
diffusion. Approximately 19% had 
antimicrobial activity against at least one 
microorganism as shown by clear inhibition 

zones (Figure 9). Therefore, the results indicate 
that marine fungi isolated from this study could 
be a good source of antimicrobial substances. 

Conclusion  

Our study of marine fungal diversity is 
important for a better understanding the 
mangrove ecosystem, which may present potent 
novel microorganisms for screening of bioactive 
compounds. Human disturbance such as 
pollution and mangrove clearing activities may 
have interfered with or lowered fungal diversity. 
Therefore, our findings can be implemented in 
encouraging the understanding of the values and 
functions of mangrove ecosystem resources 
through the conservation of bioresources for 
Thailand. 

 
Figure 8. Different classes of endophytic fungi 
isolated from Enhalus acoroides and Sargassum spp. 

 
Figure 9. Fungal broth screened for antimicrobial 
activity. Some isolates displayed inhibition zones. 
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10. 8ก5#"5H 6!&3#).23ก8n(;%K3N H"!8)I72)-5/F.2 
11. 8ก5#"5H 6!&3#).211ก8n(;%8@2B1 H"!8)I72)"5H 
12. 8ก5#"5H 6!&3#).211ก8n(;%8@2B1 H"!8)I72)-5/F.2 
13. 8ก5#).%21ก 6!&3#).23ก8n(;%K3N H"!8)I72)"5H 
14. 8ก5#).%21ก 6!&3#).23ก8n(;%K3N H"!8)I72)-5/F.2 
15. 8ก5#).%21ก 6!&3#).211ก8n(;%K3N H"!8)I72)"5H 
16. 8ก5#).%21ก 6!&3#).211ก8n(;%K3N H"!8)I72)-5/F.2 
17. 8ก5#).%K2 6!&3#).23ก H"!8)I72)"5H 
18. 8ก5#).%K2 6!&3#).23ก H"!8)I72)-5/F.2 
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19. 8ก5#).%K2 6!&3#).211ก H"!8)I72)"5H 
20. 8ก5#).%K2 6!&3#).211ก H"!8)I72)-5/F.2 

 
�!"!��#�ก����ก � 

6>5ก5"-%$BC26(S8ก̂HJN1ED-4-5K28J31,6;52
7@A%F53!@5/J21E - @EDA8ก5#6#8-K3N 3 *".C% *B1 *".C%6(S  
1 ).26(S 28 Eก"5*E $.&. 2550 7-# ).26(S 24-28 
ก,EG5$.2:' $.&. 2550 *".C%6(S 2 ).26(S 23-28 
$tMG5*E $.&. 2550  7-#*".C%6(S 3 ).26(S 28 
ก"กk5*E -1 9!%@5*E $.&. 2550  1;A5%?"ก̂35Eก5"
8ก̂HJN1ED-?EA95E5"R6>5?/N35E7d2ก5"8ก̂H3.)1;A5% 
82BS1% 5กK2FA)%t/D-EE"9,EE(*-BS2-E",27"% L%?EA
95E5"R11ก8"B1?/NK2FA)%8)-5/.%ก-A5) 

 
ก����ก �$��%&#�ก&#�"'()*+�,-.+/01 2#� 
(Species diversity) 

4-5K272)4#ก5".%K26(S2(C @E5;*)5ERL%4-56(S
KFN 8)-53-1/F()! 31;DA K272)4#ก5". %  (Resident 
species) @"B1E(H5%FA)%F()!36(S3N1%15&.;K272)4#ก5".% 
(Temporal species) @"B1E(ก! ก""E6(S3N1%8ก(S;)JN1%1;DA
K272)4#ก5".% (Transient species) 7-#@E5;")ERL%
4-56(S?EA?/NKFN4"#=;F2' 5ก72)4#ก5".% 73A15 $HK2
72)4#ก5".%K2JI#6(S6>5ก5"9>5")  (Casualist) ก5"
9>5") *)5E@-5ก@-5;J1%F2!/$.2:,'4-56(SKFNK2
ก5"&LกM5*".C%2(CE( 2 )!:( *B1  

- ก5"6>59>5") 9>5E#=24"#F5ก"4-5/N);
95;35 (Fish visual census) =/;ก5"/>52C>5K272)
4#ก5".%7-#9>5") 2.H >52)2F2!/4-56(S$HK272)
4#ก5".%K2FA)%8)-56(S9>5")  

- ก5"")H")EJN1ED-7-#3.)1;A5% 5กก5"
91HR5EF5)4"#E%$BC2HN526(S8JN56>5ก5"4"#E%K272)
4#ก5".% 
 
ก����ก �$��%*0ก*0%:#!�;2:��2�!*�$%2#�<+:=>
#!?,;ก�# 

9>5") 4"#F5*E4-56(S$HK272)4#ก5".% =/;E(
2.ก/>52C>57HH Scuba 6(SE(*)5E95E5"RK2ก5" >572ก
F2!/4-5K3N2C>5 6>5ก5"8ก̂HJN1ED-=/;ก5"6>59>5E#=2
4"#F5ก"4-5/N);95;35 (Fish visual census) 35E

)!:(ก5"J1% English et al., 1994 =/;K2$BC26(S72)
4#ก5".%J1%73A-#8ก5# #6>5ก5")5%72)9>5")  (Line 
Transect) *)5E;5) 30 8E3"  >52)2 5 89N2 )A5;2C>5
 >572กF2!/4-5  >572ก"#;#8 "!_$.2:,'7-#2.H >52)2
?435E*)5E;5)J1%72)9>5")  =/;2.H4-56(S)A5;dA52
8JN5E5K2"#;# 5 8E3"  5ก/N52 Ǹ5;7-#/N52J)5J1%
72)9>5")  ")E84]2$BC26(S72)9>5") -# 300 35"5%8E3" 
3A1 1 72)9>5")   /H.26LกJN1ED-4-5=/;H.26Lก84]2*A5
"#/.H*)5E1,/E9EHD"I'J1%4-5 

 
ก�����$��!&1'@(%;# 
1. )!8*"5#@' Community parameters L̀S%K2ก5"&LกM5E( 
4 $5"5E!831"' /.%2(C  

1.1 Total abundance *B1 *)5EF,กF,EJ1%4-56,ก
F2!/6(S$H6.C%@E/ 8n-(S;J1%73A-# ,/&LกM5K273A-#*".C% 

1.2 Species richness *B1  >52)2F2!/4-56(S$H
K273A-# ,/&LกM5 

1.3 Species diversity KFN Shannon- Wiener 
diversity index (H′) *>52)2 5ก*A58n-(S;J1%4-573A-#
F2!/6(S$HK273A-# ,/&LกM5 =/;KFN9D3" H′= -∑ pi ln pi  

8EBS1  pi = *)5EF,กF,EJ1%4-5F2!/6(S I / *)5EF,ก
F,EJ1%4-56.C%@E/6(S$HK2 ,/&LกM52.C2 

1.4 Evenness index (E) *>52)2 5ก9D3" E = 
H′ / Hmax 8EBS1 Hmax = ln S (Krebs, 1989) 

2. )!8*"5#@'*)5E74"4")2J1%4"#F5*E4-5K2$BC26(S
3A5%q =/;)!:( Kruskal-Wallis One Way Analysis of 
Variance on Ranks 82BS1% 5กJN1ED-6(S?/N 5กก5"&LกM5
E(-.กMI#ก5"ก"# 5;?EA4ก3! RL%7EN #?/N6>5ก5"74-%*A5
J1%JN1ED-7-N)ก̂35E 

3. )!8*"5#@'=*"%9"N5%4"#F5*E4-5 =/;ก5"6>5 Cluster 
anlysis /N);=4"7ก"E)!8*"5#@'65%9R!3! Systat 8.0  
 
'�ก�� %ก&� 
ก����ก �$��%*0ก*0% A��+�+*+�, :#!$��%&#�ก&#�"
'()2#�<+�ก�!=>�)B  

 5กก5"9>5") 4-5K272)4#ก5".%K28ก5#3A5%q 
J1%@EDA8ก5#6#8-K3N ?/N7กA 8ก5#).%21ก 8ก5#).%K2 8ก5#
"5H 8ก5#E./9,AE 7-#8ก5#732 K2"#@)A5% 8/B12
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ก,EG5$.2:' - ก"กk5*E $.&. 2550 $H4-5K272)
4#ก5".%6.C%9!C2 269,821 3.)  5ก4-5 97 F2!/ 58 9ก,- 
30 )%&'  

4-5)%&'8/A26(S$H ?/N7กA 4-59-!/@!2 )%&' 
Pomacentridae (22 F2!/) 4-52กJ,261% )%&' 
Labridae (14 F2!/) 4-51E?JA )%&' Apogonidae (6 
F2!/) 4-59(ก,2 )%&' Carangidae (6 F2!/) 7-#4-5
8ก�5 )%&' Serranidae (6 F2!/)  (35"5%6(S 1) F2!/4-5
6(S$HF,กF,E6(S9,/K26,ก8ก5# ?/N7กA 4-59-!/@!28-̂ก@5%
J-!H/>5 (Neopomacentrus filamentosus)  4-59-!/
@!28-̂ก6N5;8@-B1% (Neopomacentrus cyanomos) 
7-#4-5HDA-Dก/1ก (Parioglossus philippinus) L̀S%84]2
4-5J25/8-̂ก6(SE.ก$H)A5;")EaD%1;DA"1Hq =J/
4#ก5".% 95E5"R$H?/NE5ก6.C%K2/N52 >52)23.)6(S$H
7-#*)5ER(S6(S$H 9A)24-52กJ,261%(Halichoeres 
nigrescens) 84]24-56(S$H?/NHA1;7-#$H?/NK26,ก
$BC26(S95E5"R7HA%4"#F5*E4-511ก84]24"#F5*EJ1%
8ก5#3A5%q *B1 

�ก�!�.)<+ $H4-56.C%@E/ 45,237 3.) $HF2!/
4-56.C%@E/ 36 F2!/ E(*)5EF,กF,E8n-(S; 3,769 3.)/
1,500 35"5%8E3" 4-5)%&'8/A2 ?/N7กA 4-59-!/@!2  

)%&' Pomacentridae (12 F2!/) 7-#4-52กJ,261% )%&' 
Labridae (6F2!/) 4-5F2!/8/A26(S$H ?/N7กA 4-59-!/@!2
8-̂ก@5%J-!H/>5 (N. filamentosus) 7-#4-59-!/@!28-̂ก
6N5;8@-B1% (N. cyanomos) 6(SE(*)5E8/A26.C%K2/N52
 >52)23.)7-#*)5ER(S6(S$H  

 5กก5"&LกM5K273A-#$BC26(SJ1%8ก5# $H)A5K2
H"!8)I72)-5/F.2 E( >52)2F2!/7-#*)5EF,กF,EJ1%
4-5E5กก)A5K2H"!8)I72)"5H 1;A5%E(2.;9>5*._ (P < 
0.05) 4-5F2!/8/A26(S$HK2H"!8)I72)-5/F.2 ?/N7กA 
4-59-!/@!28-̂ก@5%J-!H/>5 (N. filamentosus) 7-#4-5
9-!/@!28-̂ก6N5;8@-B1% (N. cyanomos) 9A)24-5F2!/
8/A26(S$HK2H"!8)I72)"5H ?/N7กA 4-59-!/@!2@5%J5) 
(Pomacentrus chrysurus) 7-#4-59-!/@!2 
(Pomacentrus tripunctatus) 

 5กก5"8ก̂HJN1ED-6.C% 3 *".C% $H)A5E(*)5EF,กF,E
J1%4-5E5ก6(S9,/K28/B12$tMG5*E L̀S%$H*)5EF,กF,E
J1%4-5E5กก)A5K28/B12ก,EG5$.2:' K26,กH"! 8)I 
H"!8)I6(S$H*)5EF,กF,EJ1%4-5E5ก6(S9,/ *B1 H"!8)I
72)-5/F.2/N521.H-EJ1%8ก5# =/;$H*)5EF,กF,EJ1%
4-5 3,822 3.)/1,500 35"5%8E3" K28/B12ก"กk5*E 
(G5$6(S 1) 9A)2H"!8)I/N52".H-E?EA95E5"R8ก̂HJN1ED-?/N 
82BS1% 5ก*-BS2-E7"% 

 

35"5%6(S 1. 4-5)%&'8/A2 10 )%&' 6(S$HK272)4#ก5".%J1%1,6;527@A%F53!@5/J21E - @EDA8ก5#6#8-K3N 

�$���#�!( �� ) �$�������� % 

1 Pomacentridae 22 22.68 

2 Labridae 14 14.43 

3 Apogonidae 6 6.18 

4 Carangidae 6 6.18 

5 Serranidae 6 6.18 

6 Lutjanidae 4 4.12 

7 Nemipteridae 4 4.12 

8 Siganidae 4 4.12 

9 Caesionidae 3 3.09 

10 Chaetodontidae 3 3.09 

11 Other 25 25.77 

 ��� 97 100 
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�ก�!�.)+(ก $H4-56.C%@E/ 66,519 3.)  5ก

F2!/4-56(S$H6.C%@E/ 49 F2!/ *)5EF,กF,E8n-(S;J1%
4-586A5ก.H 5,543 3.)/1,500 35"5%8E3" 4-5)%&'8/A2
6(S $ H K 2 $BC 2 6(S 2(C  ? /N 7 กA  4 - 5 9 -! / @! 2  ) % &' 
Pomacentridae (17 F2!/) 4-52กJ,261% )%&' 
Labridae (5 F2!/) 7-#4-59-!/6#8- )%&' Siganidae 
(4 F2!/) 4-5F2!/8/A26(S$H6.C%K2/N52*)5EF,กF,E7-#
*)5ER(S6(S$H ?/N7กA 4-59-!/@!28-̂ก@5%J-!H/>5 (N. 
filamentosus) 4-5HDA-Dก/1ก (P. philippinus) 7-#4-5
9-!/@!28-̂ก6N5;8@-B1% (N. cyanomos) 35E->5/.H  

 5กก5"&LกM5K273A-#$BC26(SJ1%72)4#ก5".% 
$H)A5?EAE(*)5E73ก3A5%J1%*)5EF,กF,EJ1%4-56(S$H
"#@)A5%$BC26(S72)"5H7-#72)-5/F.2 (P > 0.05) 73A
8EBS19.%8ก3 5ก >52)23.)4-5 (G5$6(S 2) $H)A5E(*)5E
73ก3A5%ก.21;A5%F./8 2 4-5F2!/8/A26(S$HK2H"!8)I
72)-5/F.2 ?/N7กA 4-59-!/@!28-̂ก@5%J-!H/>5 (N. 
filamentosus) 4-5HDA-Dก/1ก (P. philippinus) 7-#4-5
9-!/@!28-̂ก6N5;8@-B1% (N. cyanomos) 35E->5/.H 
9A ) 2 K 2 H "! 8 ) I7 2 ) " 5 H  ? /N 7 กA  4 - 5 9 -! / @! 2  
(P. tripunctatus) 4-52กJ,261% (H. nigrescens) 7-#
4-59-!/@!2@5%J5) (P. chrysurus) 35E->5/.H 

 5กก5"8ก̂HJN1ED-6.C% 3 *".C% $H)A5K28/B12
$tMG5*EE(*)5EF,กF,EJ1%4-5E5ก6(S9,/ =/;
E5กก)A5K28/B12ก,EG5$.2:'K26,กH"!8)I H"!8)I6(S$H
*)5EF,กF,EJ1%4-5E5ก6(S9,/ *B1 H"!8)I72)-5/F.2
/N521.H-EJ1%8ก5# $H)A5E(*)5EF,กF,EJ1%4-5 
3,376 3.)/1,500 35"5%8E3" (G5$6(S 2) 9A)2K28/B12
ก"กk5*E?EA95E5"R8ก̂HJN1ED-K2/N52".H-E 7-#
H"!8)I72)"5H?/N82BS1% 5ก*-BS2-E7"% 7-#84]2FA)%6(S
2C>5-%K28)-5ก-5%).2 

�ก�!���  $H4-56.C%@E/ 59,896 3.)  5ก4-5 
57 F2!/ E(*)5EF,กF,E8n-(S;J1%4-5 4,991 3.)/1,500 
35"5%8E3" 4-5)%&'8/A26(S$HK2$BC26(S2(C ?/N7กA 4-59-!/
@!2 )%&' Pomacentridae (16 F2!/) 4-52กJ,261% 
)%&' Labridae (8 F2!/) 7-#4-58ก�5)%&' Serranidae (4 
F2!/) 4-5F2!/8/A26(S$H6.C%K2/N52 >52)23.)7-#
*)5ER(SK2ก5"$H ?/N7กA 4-59-!/@!28-̂ก@5%J-!H/>5 
(N. filamentosus) 4-59-!/@!2@5%$"!C) (N. cyanomos) 
7-#4-5HDA-Dก/1ก (P. philippinus) 35E->5/.H 

ก5"&LกM5K273A-#$BC26(SJ1%8ก5# $H)A5E(*)5E
73ก3A5%ก.21;A5%E(2.;9>5*._"#@)A5%4-56(S$HK2H"!8)"
72)"5Hก.H4-56(S$HK2H"!8)I72)-5/F.2 (P < 0.05) 
=/;$H)A5E(*)5EF,กF,EJ1%4-56(S$HK2H"!8)I72)-5/
F.2E5กก)A51;A5%F./8 2 L̀S% 5กก5"&LกM56,ก*".C% 4-5
F2!/8/A26(S$HK2H"!8)I72)-5/F.2 ?/N7กA 4-59-!/@!2
8-̂ก@5%J-!H/>5 (N. filamentosus) 4-5HDA-Dก/1ก  
(P. philippinus) 7-#4-59-!/@!28-̂ก6N5;8@-B1%  
(N. cyanomos) 35E->5/.H 9A)2K2H"!8)I72)"5H ?/N7กA 
4-59-!/@!2@5%J5) (P. chrysurus) 4-52กJ,261%  
(H. nigrescens) 7-#4-59-!/@!2 (P. tripunctatus) 
35E->5/.H 

 5กก5"&LกM5 3 *".C% $H)A5K28/B12$tMG5*E
84]2*".C%6(S$H*)5EF,กF,E8n-(S;J1%4-5E5ก6(S9,/ =/;K2
H"!8)I72)-5/F.2/N52".H-E15 $H >52)23.)4-5K2
8/B12ก"กk5*EE5กก)A58-̂ก2N1; H"!8)I6(S$H*)5EF,ก
F,EJ1%4-5E5ก6(S9,/ *B1 H"!8)I72)-5/F.2/N521.H-E
J1%8ก5# $H)A5E(*)5EF,กF,EJ1%4-5 3,062 3.)/1,500 
35"5%8E3" (G5$6(S 3) 

�ก�!%.,H0>% $H4-56.C%@E/ 31,583 3.)  5ก4-5 
69 F2!/ E(*)5EF,กF,E8n-(S;J1%4-5 2,631 3.)/1,500 
35"5%8E3" 4-5)%&'8/A26(S$H ?/N7กA 4-59-!/@!2 )%&' 
Pomacentridae (16 F2!/) 4-52กJ,261% )%&' 
Labridae (11 F2!/) 4-51E?JA )%&' Apogonidae  
(4 F2!/) 7-#4-58ก�5 )%&' Serranidae (4 F2!/) 4-5
F2!/8/A26(S$H6.C%K2/N52 >52)23.)7-#*)5ER(SK2ก5"$H 
?/N7กA 4-59-!/@!28-̂ก@5%J-!H/>5 (N. filamentosus) 
4-59-!/@!28-̂ก6N5;8@-B1% (N. cyanomos) 7-#4-5HDA
-Dก/1ก (P. philippinus) 35E->5/.H 

ก5"&LกM5K273A-#$BC26(SJ1%8ก5#$H)A5E(*)5E
73ก3A5%ก .21;A5%E (2 .;9>5* ._"#@)A5%4-56( S$HK2
H"!8)I72)"5Hก.H4-56( S$HK2H"!8)I72)-5/F.2  
(P < 0.05) =/;$H)A5E(*)5EF,กF,EJ1%4-56(S$HK2
H"!8)I72)-5/F.2E5กก)A51;A5%F./8 2 4-5F2!/ 
8/A26( S$HK2H"!8)I72)-5/F.2 ?/N7กA 4-59-!/@!2 
8-^ก@5%J-!H/>5 (N. filamentosus) 4-59-!/@!28-^ก
6N5;8@-B1% (N. cyanomos) 7-#4-5HD A- Dก/1ก  
(P. philippinus) 35E->5/.H 9A)2K2H"!8)I72)"5H 
?/N7กA 4-59-!/@!2@5%J5) (P. chrysurus) 4-5
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2กJ,261% (H. nigrescens) 4-59-!/@!2H.C%@5%E2 
(Abudefduf bengalensis) 7-#4-59-!/@!2 (P. 
tripunctatus) 35E->5/.H 

 5กก5"&LกM56.C% 3 *".C% $H)A5K28/B12
$tMG5*EE(*)5EF,กF,EJ1%4-59D%6(S9,/K26,ก$BC2 L̀S%
$H*)5EF,กF,EJ1%4-59D%9,/K2H"!8)I-5/F.2/N521.H
-E $H)A5E(*)5EF,กF,E 1,805 3.)/1,500 35"5%8E3" 
(G5$6(S 4) 

�ก�!:=+ $H4-56.C%@E/ 65,887 3.)  5กF2!/
4-5 73 F2!/ E(*)5EF,กF,EJ1%4-58n-(S; 5,490 3.)/
1500 35"5%8E3" 4-5)%&'8/A26(S$H ?/N7กA 4-59-!/
@!2 )%&' Pomacentridae (14 F2!/) 4-52กJ,261% 
)%&' Labridae (11 F2!/) 7-#4-51E?JA)%&' 
Apogonidae (5 F2!/) 4-5F2!/8/A26(S$H6.C%K2/N52
 >52)23.)7-#*)5ER(SK2ก5"$H ?/N7กA 4-59-!/@!28-̂ก
@5%J-!H/>5 (N. filamentosus) 4-5HDA-Dก/1ก��-!44�29' 
(P. philippinus) 7-#4-59-!/@!28-̂ก6N5;8@-B1% (N. 
cyanomos) 35E->5/.H 

ก5"&LกM5K273A-#$BC26(SJ1%8ก5# $H)A5E(
*)5E73ก3A5%ก.21;A5%E(2.;9>5*._"#@)A5%4-56(S$HK2
H"!8)I72)"5Hก.H4-56(S$HK2H"!8)I72)-5/F.2 (P < 
0.05) =/;$H)A5E(*)5EF,กF,EJ1%4-56(S$HK2H"!8)I
72)-5/F.2E5กก)A51;A5%F./8 2 4-5F2!/8/A26(S$HK2
H"!8)I72)-5/F.2 ?/N7กA 4-59-!/@!28-̂ก@5%J-!H/>5 
(N. filamentosus) 4-5HDA-Dก/1ก (P. philippinus) 7-#
4-59-!/@!28-̂ก6N5;8@-B1% (N. cyanomos) 35E->5/.H 
9A)2K2H"! 8)I72)"5H ?/N 7กA  4-59-!/@!2 (P. 
tripunctatus) 4-59-!/@!2@5%J5) (P. chrysurus) 7-#
4-52กJ,261% (H. nigrescens) 35E->5/.H 

 5กก5"&LกM56.C% 3 *".C% $H)A5K28/B12
ก"กk5*E E(*)5EF,กF,EJ1%4-5E5ก6(S9,/K2H"!8)I
72)-5/F.2 =/;$H)A572)-5/F.2/N521.H-EE(*)5E
F,กF,EJ1%4-59D%6(S9,/8n-(S; 2,840 3.)/ 1,500 35"5%
8E3" (G5$6(S 5) 9A)2K2H"!8)I72)"5H?EA95E5"R8ก̂H
JN1ED-?/NK28/B122(C 82BS1% 5ก84]2FA)%6(S2C>5-%K28)-5
ก-5%).2 

 
$��%&#�ก&#�"'()2#�<+:+�2!ก��.) �'=(0�"�+
:&>)*�=�&�,'+(% - &%;>�ก�!�!�#<=@ 

/.F2(*)5E@-5ก@-5;J1%4-5K272)4#ก5".%K2
ก5"9>5") *".C%2(C79/%/.%35"5%6(S 2  #8@^2?/N)A5H"!8)I
72)-5/F.2J1%6,ก8ก5#E( >52)2F2!/J1%4-5E5กก)A5
H"!8)I72)"5H =/;H"!8)I72)-5/F.2J1%8ก5#"5H 
8ก5#E./9,AE 7-#8ก5#732E(4-5E5กก)A5 30 F2!/ 73A8EBS1
$! 5"I5RL%/.F2(*)5E@-5ก@-5; 7-#/.F2(*)5E
9ES>589E1J1%6,ก8ก5# $H)A5K2H"!8)I72)"5H #E(
*)5E@-5ก@-5; 7-#*)5E9ES>589E1E5กก)A5K2H"!8)I
72)-5/F.2  ;ก 8)N2 8ก5#). %21ก 6(S E( /. F2( *)5E
@-5ก@-5;7-#/.F2(*)5E9ES>589E1J1%H"!8)I72)"5H 
(1.465 7-# 0.5896) 2N1;ก)A5H"!8)I72)-5/F.2 
(1.579 7-# 0.510) 8ก5#E./9,AE84]28ก5#6(S/.F2(*)5E
@-5ก@-5; 7-#/.F2(*)5E9ES>589E19D%E5กK26.C%K2
H"!8)I72)-5/F.2 (1.656.7-# 0.473) 7-#H"!8)I
72)"5H (2.244 7-# 0.749) 8EBS1$! 5"I5 5ก*A5*)5E
1,/EJ1%F2!/ (d) $H)A58ก5#732E(*A5*)5E1,/EJ1%
F2!/6(S9D%E5ก6.C%H"!8)I72)-5/F.2 (3.252) 7-#H"!8)I
72)"5H (3.026) 

 
ก����ก �L$�)H�@�)'()2�!*�$%2#�  

84"(;H86(;H4"#F5*E4-56(S$HK2H"!8)I3A5%q 
J1%8ก5#K28J31,6;527@A%F53!@5/J21E - @EDA8ก5#
6#8-K3NK2FA)%8)-53A5%q 8EBS1&LกM5 5ก7d2GDE!)!8*"5#@'
=*"%9"N5%4"#F5*E4-5 95E5"R7HA%ก-,AEJ1%4"#F5*E
4-511ก?/N84]291%ก-,AE1;A5%F./8 2 *B1 4"#F5*E4-5
6(S15&.;1;DAK2H"!8)I72)"5H 7-#ก-,AE4-56(S15&.;1;DAK2
H"!8)I72)-5/F.2 9A)24b  .;1BS2 ?/N7กA /N52".H-E/N52
1.H-E *".C%6(S8ก̂H3.)1;A5% 7-#6(S3.C%J1%8ก5#3A5%q ;.%?EA
95E5"R ./ก-,AE?/N1;A5%F./8 2 21ก 5ก2(C;.%$H)A54-56(S
$HK2ก5"&LกM5*".C%6(S 3 E(ก-,AE4"#F5*E4-56(SKก-N8*(;%
ก.2 =/;84]2ก-,AE4"#F5*E4-5K2H"!8)I72)-5/F.2 
82BS1% 5กK28/B12ก"กk5*E6(S6>5ก5"8ก̂HJN1ED-K2*".C%6(S 3 
84]2FA)%6(S2C>5abc%1A5)?6;-%K28)-5ก-5%).2  L%?EA95E5"R
8ก̂HJN1ED-4-5K2H"!8)I72)"5HJ1%4#ก5".%?/N 6>5K@N
ก5"8ก̂HJN1ED-*".C%6(S 3 J5/JN1ED-K29A)22(C 9A)2K2*".C%6(S 1 
7-#*".C%6(S 2 E(*)5E73ก3A5%ก.2J1%4"#F5*E4-5K273A
-#9R52(E5กก)A5 L%6>5K@N8ก!/"#;#@A5%J1%ก-,AE4"#F5*E
4-5 5ก ก5"&LกM5K273A-#*".C% 
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35"5%6(S 2.  >52)2F2!/ *A5*)5E1,/EJ1%F2!/ (d) /.F2(*)5E9ES>589E1 (J') 7-#/.F2(*)5E@-5ก@-5; (H') J1%4-56(S$HK21,6;52
7@A%F53!@5/J21E - @EDA8ก5#6#8-K3N 

Sample �$�������� d J' H' 
WNS 22 2.281 0.5109 1.579 
WNF 12 1.707 0.5896 1.465 
WKS 27 2.597 0.4402 1.451 
WKF 17 2.285 0.7281 2.063 
RPS 37 3.908 0.474 1.712 
RPF 11 1.61 0.7189 1.724 
MSS 33 3.687 0.4737 1.656 
MSF 20 2.722 0.7492 2.244 
TNS 32 3.252 0.3417 1.184 
TNF 22 3.026 0.8083 2.499 

 
 

8 $BS 1 K @N 8 ก! / * ) 5 E F. / 8  2 K 2 ก 5 " &L ก M 5
*)5E9.E$.2:'J1%=*"%9"N5%4"#F5*E4-5K272)
4#ก5".%J1%1,6;527@A%F53!@5/J21E - @EDA8ก5#6#8-
K3N   L %2> 5JN1ED-6(S ?/N  =/;ก5"3./4b  .;1BS26(S ?EAE(
*)5E9.E$.2:'3A1=*"%9"N5%4"#F5*E4-511ก?4 *B1 
*".C%6(S8ก̂H3.)1;A5% /N52".H-E7-#/N521.H-E 7-N)2>5E5 
6>5ก5")!8*"5#@'84"(;H86(;H1(ก*".C% =/;6>5 Cluster 
analysis $H)A5=/;")E7-N)4-56(S$HK272)4#ก5".%
J1%1,6;527@A%F53!@5/J21E -  @EDA8ก5#6#8-K3N
95E5"R7HA%11ก84]2ก-,AE4"#F5*E@-.ก 2 ก-,AE *B1 
4"#F5*E4-56(S$HK2H"!8)I72)"5H 7-#4"#F5*E
4-56(S$HK2H"!8)I72)-5/F.2J1%6,ก8ก5# (G5$6(S 6) 
 

#.ก �!'()2#����(��."(";><+:+�2!ก��.)'()(0�"�+
:&>)*�=�&�,'+(% - &%;>�ก�!�!�#<=@ 

4-56(S$H 5กก5"&LกM5*".C%2(C95E5"R7HA%84]2
ก-,AEq 35E-.กMI#3A5%q /.%2(C 

ก��:�>)ก#0>%2#�=�%#.ก �!ก��ก�+(�&�� 7HA%
11ก84]2ก-,AEK@_A 4 ก-,AE (G5$6(S 7) /.%2(C  

1. 4 - 5 6(S ก! 2 7 $ - % ก' 3 1 2 8 4] 2 1 5 @ 5 " 
(Planktivorous fishes) 4-5K2ก-,AE2(CE(9./9A)24"#E5I 
14 841"'8`̂23'  5กF2!/4-56(S9>5") $H6.C%@E/ 4-5
)%&'8/A2K2ก-,AE2(C 8FA2 4-5ก-N); (Caesionidae) 4-5HDA
-D ก/1ก (Microdesmidae) 7-#4-59-! /@!2 
(Pomacentridae) 84]23N2 

2 4-56(Sก!2$BF84]215@5" (Herbivorous fishes) 
4-5K2ก-,AE2(CE(9./9A)24"#E5I 22 841"'8`̂23'  5กF2!/
4-56(S9>5") $H6.C%@E/ 4-5)%&'8/A2K2ก-,AE2(C 8FA2 4-5J(C
3.%8H^/ (Acanthuridae) 4-52)- .26"'6#8- (Chanidae) 
4-59-!/@!2H5%F2!/ (Pomacentridae) 4-52ก7กN) 
(Scaridae) 7-#4-59-!/6#8- (Siganidae) 84]23N2 

3. 4-56(Sก!29.3)'?EAE(ก"#/Dก9.2@-.%J25/8-̂ก84]2
15@5" (Carnivorous fishes) 4-5ก-,AE2(CE(9./9A)2
4"#E5I 47 841"'8`̂23'  5กF2!/4-56(S9>5") $H
6.C%@E/ 4-5)%&'8/A2K2ก-,AE2(C 8FA2 4-51E?JA 
(Apogonidae) 4-5d(89BC1 (Chaetodontidae) 4-5
ก"#8H2 (Dasyatidae) 4-54bก84�5@25E6,8"(;2 
(Diodontidae) 4-5/1ก@E5ก (Gerridae) 4-5-Dก/1ก 
(Gobeisocidae) 4-59"N1;2ก8J5 (Haemulidae) 4-5
ก"#"1ก (Holocentridae) 4-52กJ,261% (Labridae) 
4-5@ED9( (Lethrinidae) 4-58n(S;) (Monodactylidae) 
4-57$# (Mullidae) 4-56"5;J5) (Nemipteridae) 
4-5ก"#/(S6#8- (Pempheridae) 7-#4-595ก  
(Sphyraenidae) 84]23N2 

4. 4-56(Sก!24-584]215@5" (Piscivorous fishes) 
4-5ก-,AE2(CE(9./9A)24"#E5I 17 841"'8`̂23'  5กF2!/
4-56(S9>5") $H6.C%@E/ 4-5)%&'8/A2K2ก-,AE2(C 8FA2 4-5
9(ก,2 (Carangidae) 4-5ก#".%8EB1ก (Grammistidae) 4-5
ก"#$% (Lutjanidae) 4-5FA126#8- (Rachycentridae) 
7-#4-58ก�5 (Serranidae) 84]23N2 

.
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ก��:�>)ก#0>%2#�=�%:&#>)���(";>(��."<+:+�

2!ก��.) :�>)((ก�2M+ 4 ก-,AE (G5$6(S 8) /.%2(C 
1. 4-56(S)A 5;@5ก!21;DA K2E)-2C>5 8@2B172)

4#ก5".% (Pelagic species) $H84]29./9A)2  
13 841"'8`̂23' J1%F2!/4-56(S9>5") $H6.C%@E/ 4-5
)%&'8/A2K2ก-,AE2(C 8FA2 4-5ก-N); (Caesionidae) 4-5
9(ก,2 (Carangidae) 7-#4-52)- .26"'6#8- 
(Chanidae) 84]23N2 

2. 4-56(S)A5;@5ก!21;DAK2H"!8)I72)4#ก5".% 
(Reef associated species) $H84]29./9A)2 65 
841"'8`̂23' J1%F2!/4-56(S9>5") $H6.C%@E/ 4-5)%&'
8/A2K2ก-,AE2(C 8FA2  4-5d(89BC1 (Chaetodontidae) 4-5
2กJ,261% (Labridae) 4-5ก"#$% (Lutjanidae) 4-5
9-!/@!2 (Pomacentridae) 4-52ก7กN) (Scaridae) 
4-58ก�5 (Serraniade) 7-#4-59-!/6#8- (Siganidae) 
84]23N2 

3. 4-56(S)A5;@-H À121;DA35E`1ก@-BH4#ก5".% 
(Cryptic species) $H84]29./9A)2 11 841"'8`̂23' J1%
F2!/4-56(S9>5") $H6.C%@E/ 4-5)%&'8/A2K2)%&'2(C 8FA2 

4 - 5 1 E ? JA  (Apogonidae) 4 - 5 ก " # " 1 ก 
(Holocentridae) 7-#4-5ก"#/(S6#8- (Pempheridae) 
84]23N2 

4. 4-56(S)A5;@5ก!21;DA35E$BC26"5;21ก72)
4#ก5".% (Benthic species) $H84]29./9A)2 11 
841"'8`̂23' J1%F2!/4-56(S9>5") $H6.C%@E/ 4-5)%&'
8/A2K2ก-,AE2(C 8FA2  4-5ก"#8H2 (Dasyatidae) 4-5
/ 1 ก @ E 5 ก  (Gerridae) 4 - 5 9 "N 1 ; 2 ก 8 J 5 
(Haemulidae) 4-5@ED9( (Lethrinidae) 4-57$# 
(Mullidae) 7-#4-56"5;J5) (Nemipteridae) 84]23N2 

 
2. 4-56(S)A5;@5ก!21;DAK2H"!8)I72)4#ก5".% 

(Reef associated species) $H84]29./9A)2 65 
841"'8`̂23' J1%F2!/4-56(S9>5") $H6.C%@E/ 4-5)%&'
8/A2K2ก-,AE2(C 8FA2  4-5d(89BC1 (Chaetodontidae) 4-5
2กJ,261% (Labridae) 4-5ก"#$% (Lutjanidae) 4-5
9-!/@!2 (Pomacentridae) 4-52ก7กN) (Scaridae) 
4-58ก�5 (Serraniade) 7-#4-59-!/6#8- (Siganidae) 
84]23N2 

3. 4-56(S)A5;@-H À121;DA35E`1ก@-BH4#ก5".% 
(Cryptic species) $H84]29./9A)2 11 841"'8`̂23' J1%
F2!/4-56(S9>5") $H6.C%@E/ 4-5)%&'8/A2K2)%&'2(C 8FA2 
4 - 5 1 E ? JA  (Apogonidae) 4 - 5 ก " # " 1 ก 
(Holocentridae) 7-#4-5ก"#/(S6#8- (Pempheridae) 
84]23N2  

4. 4-56(S)A5;@5ก!21;DA35E$BC26"5;21ก72)
4#ก5".% (Benthic species) $H84]29./9A)2 11 
841"'8`̂23' J1%F2!/4-56(S9>5") $H6.C%@E/ 4-5)%&'
8/A2K2ก-,AE2(C 8FA2  4-5ก"#8H2 (Dasyatidae) 4-5
/ 1 ก @ E 5 ก  (Gerridae) 4 - 5 9 "N 1 ; 2 ก 8 J 5 
(Haemulidae) 4-5@ED9( (Lethrinidae) 4-57$# 
(Mullidae) 7-#4-56"5;J5) (Nemipteridae) 84]23N2 

ก��:�>)ก#0>%2#�=�%#.ก �!ก��<*@2�!L"*+1
<+:+�2!ก��.)<+*>�)�!"!��#�=>�)B  

95E5"R7HA%11ก84]2 4 ก-,AE (G5$6(S 9 /.%2(C  
1. 4-56(S15&.;1;DAK272)4#ก5".%1;A5%R5)" 

(Resident species) $H84]29./9A)2 60 841"'8`^23' 
J1%F2!/4-56( S9>5") $H6. C%@E/ 4-5)%&'8/A2K2
ก-,AE2(C 8FA2 

 

 
 
G5$6(S 6. 4"#F5*E4-5J1%8ก5#3A5%q K28J31,6;527@A%F53!@5/J21E - @EDA8ก5#6#8-K3N     
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4 - 5 J(C 3. % 8 H^ /  (Acanthuridae) 4 - 5 1 E ? JA 
(Apogonidae) 4-5ก-N); (Caesionidae) 4-5d(89BC1 
(Chaetodontidae) 4-5ก#".%8EB1ก (Grammistidae) 
4 - 5 ก " # " 1 ก  (Holocentridae) 4 - 5 2 ก J, 2 6 1 %  
(Labridae) 4-59-!/@!2 (Pomacentridae) 7-#4-5
2ก7กN) (Scaridae) 84]23N2 

2. 4-56(S84]215&.;1;DAK272)4#ก5".%8$(;%H5%
FA)%J1%F()!3 (Temporal species) $H84]29./9A)2 25 
841"'8`̂23' J1%F2!/4-56(S9>5") $H6.C%@E/ 4-5)%&'
8/A2K2ก-,AE2(C 8FA2 4-59(ก,2 (Carangidae) 4-5@ED9( 
(Lethrinidae) 4-5ก#$% (Lutjanidae) 4-58ก�5 
(Serranidae) 4-59-!/6#8- (Siganidae) 7-#4-595ก 
(Sphyraenidae) 84]23N2 

3. 4-56( S8JN5E5KFN4"#=;F2'K272)4#ก5".%
8$(;%H5%FA)%8)-5 (Transient species) $H84]2
9./9A)2 14 841"'8`^23' J1%F2!/4-56(S9>5") $H
6. C% @ E /  4 - 5 ) % & '8 / A2 K 2 ก -, AE 2( C 8 F A2  4 - 5
2)- .26" '6#8- (Chanidae) 4-5ก"#8H2 
(Dasyatidae) 4-5/1ก@E5ก (Gerridae) 4-59"N1; 

4. 4-56(SdA 528JN 5E5K272)4#ก5". %=/;
H.%81!_ (Casuals species) $H84]29./9A)2 1 
841"'8`̂23' J1%F2!/4-56(S9>5") $H6.C%@E/ 4-56(S$H
K2ก-,AE2(C ?/N7กA 4-5FA126#8- (Rachycentridae) 
 

�;2:��'()2�!*�$%2#�<+*>�)��#�=>�)B 
 5กก5"&LกM54-5K272)4#ก5".% 8J31,6;527@A%F53!
@5/J21E - @EDA 8ก5#6#8-K3N 3 *".C% K28/B12
ก,EG5$.2:' 8/B12$tMG5*E 7-#8/B12ก"กk*E $H)A5
E(*)5E84-(S;274-%J1%4-56(S&LกM5K273A-#*".C% *B1 
$H4-5E5ก6(S9,/K28/B12$tMG5*E L̀S%4"#F5*E4-5
9>5*._6(S6>5K@N8ก!/*)5E73ก3A5%84]24"#F5*E4-5K2
H"!8)I72)-5/F.2 ก-,AE6(S9>5*._ *B1 4-5ก-,AE6(Sก!2
7$-%ก'31284]215@5" L̀S%84]24-56(S$H?/NE5ก6(S9,/
J1%6,ก8ก5#K2ก5"&LกM56,ก*".C% ?/N7กA 4-59-!/@!2
8-̂ก@5%J-!H/>5 (N. filamentosus) 6(S8$!SE 5ก 30,040 
3.) K28/B12ก,EG5$.2:' 84]2 48,350 3.) K28/B12
$tMG5*E 4-5HDA-Dก/1ก��-!44�29' (P. philippinus) 
11,050 3.) K28/B12ก,EG5$.2:' 84]2 28,650 3.) K2
8/B12$tMG5*E 7-#4-59-!/@!28-̂ก6N5;8@-B1% (N. 
cyanomos) 10,440 3.) K28/B12ก,EG5$.2:' 84]2 
19,995 3.) K28/B12$tMG5*E (35"5%6(S 3)  =/;K2
8/B12$tMG5*E$H)A54-58กB1H6.C%@E/6(S$H84]24-5
).;",A26(S;.%E(J25/8-̂ก L̀S%8$!SEE5กJLC2 5กก5"9>5") K2
8/B12ก,EG5$.2:'  6(S$H4-5).;",A2?/N2N1; 6.C%2(C 4-5
).;",A26(S$HE5กK28/B12ก,EG5$.2:'  ?/N7กA  4-5
2กJ,261% 7-#4-52ก7กN) L̀S%K24-5ก-,AE2(C95E5"R 
$H4-5"#;#).;",A2?/N6,ก*".C%6(SE(ก5"9>5")  73A9./9A)2
"#@)A5%4-5).;",A2ก.H).;8 "!_$.2:,'*A12JN5%Kก-N8*(;%
ก.28กB1H3-1/6.C%4j 

carnivore
47%

herbivore
22%

planktivore
14%

piscivore
17%

         

สัดสวนปลาตามลักษณะท่ีอาศยั

benthicspecies
11%

pelagic species
13%

cryptic species
11%

reef species
65%

 
  G5$6(S 7. 9./9A)2J1%4-5ก-,AE6(Sก!215@5"7HH3A5%q   G5$6(S 8. 9./9A)2J1%4-535E7@-A%6(S1;DA15&.; 

สัดสวนปลาตามลักษณะการเขาใชประโยชนในแนวปะการัง

temporal 
species

25%

casuals 
species

1%
transient 
species

14%

permanent 
species

60%

G5$6(S 9. 9./9A)2J1%4-535E-.กMI#ก5"8JN5KFN4"#=;F2'K2
72)4#ก5".% 
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=���'�ก�� %ก&� 
$��%*0ก*0%:#!*+�,-.+/012#� 

 5กก5"&LกM56>5K@N6"5H)A54-5K272)4#ก5".%
6(S$HK2H"!8)I1,6;527@A%F53!@5/J21E - @EDA8ก5#
6#8-K3N E(*)5E@-5ก@-5;7-#*)5EF,กF,E*A12JN5%9D%
8EBS184"(;H86(;Hก.H$BC26(S1BS2q K21A5)?6;  5กก5"6>5
9>5E#=24"#F5ก"4-5/N);95;35 $H4-56.C%9!C2 97 
F2!/ K2 30 )%&' 8EBS184"(;H86(;Hก.Hก5"&LกM5J1% 
Satapoomin (2002) 6(S&LกM584"(;H86(;H$.2:,'4-5K2
72)4#ก5".%abc%1A5)?6;ก.H6#8-1.2/5E.2 L̀S%$H4-5
K272)4#ก5".%/N52abc%6#8-1A5)?6;6.C%9!C2 181 F2!/
 5กก5"ก5"&LกM5 K2 14 9R52(&LกM5 6.C%H"!8)I1A5)
?6;abc%3#).23ก7-#1A5)?6;abc%3#).211ก ก5"&LกM5
J1% )!E- 8@E# .26"7-#*I# (2548) 6(S6>5ก5"9>5") 
*)5E@-5ก@-5;J1%F2!/$.2:,'4-5K21A5)9.3@(H =/;
ก5"6>59>5E#=24"#F5ก"4-5/N);95;35 $H4-5
6.C%@E/ 51 F2!/  4-5)%&'8/A26(S$H 5กก5"&LกM5*".C%
2(C ?/N7กA 4-59-!/@!2 )%&' Pomacentridae 7-#4-5
2กJ,261% )%&' Labridae L̀S%4-56.C%91%)%&'2(C84]24-5
)%&'8/A26(S95E5"R$H?/N6.S)?4K272)4#ก5".%J1%
4"#86&?6; (9,G5$ E%*-4"#9!6:! 7-#*I#, 2521, 
Manthachitra,1991, Satapoomin and Chansang, 
2002, )!E- 8@E# .26" 7-#*I#, 2548) ก5"&LกM5
* ".C % 2(C $ H )A 5 4 - 5 9 -! / @! 2 8 -̂ ก @ 5 % J -! H /> 5 
(Neopomacentrus filamentosus) 4-59-!/@!28-̂ก
6N5;8@-B1% (Neopomacentrus cyanomos)  7-#4-5

HDA-Dก/1ก (Parioglossus philippinus) 84]24-5F2!/8/A2
6(S95E5"R$H?/NE5กK26,ก8ก5# 7-#84]2F2!/6(S$HE5ก
K26,ก*".C%6(S6>5ก5"&LกM5 =/;8n$5#K2H"!8)I-5/F.26(SE(
4#ก5".%=J/ (Porites sp.) 84]24#ก5".%F2!/8/A2 L̀S%4-5
F2!/2(CE.ก$H)A5;@5ก!21;DA84]2aD%H"!8)I"1H=J/4#ก5".% 
7-#E.กE(ก5"")EaD%J25/K@_A (Allen, 1991)  L%6>5K@NE(
4"!E5I6(S$H84]2 >52)2E5ก  

8ก5#6(S$H)A5E( >52)2F2!/4-5E5ก6(S9,/K2
ก5"&LกM5*".C%2(C ?/N7กA 8ก5#732 8ก5#E./9,AE 8ก5#"5H 
8ก5#).%21ก 7-#8ก5#).%K2 35E->5/.H 8@3,6(S6>5K@N$H)A5
8ก5#).%K2E( >52)2F2!/4-52N1;ก)A58ก5#1BS2q K2
ก5"&LกM5*".C%2(C 82BS1% 5ก8ก5#).%K23.C%1;DAK2H"!8)IKก-N
F5;abc%J1%1>58G1J21E L̀S%E(45ก*-1%?@--%7-#?/N".H
1!6:!$- 5ก2C>5 B/ ")E6.C%E(4"!E5I3#ก129D%6>5K@NE(
*)5EJ,A2J1%2C>56(S84]21,49""*9>5*._J1%ก5"&LกM5/N);
ก5"6>59>5E#=24"#F5ก"4-5/N);95;35 72)4#ก5".%
J1%8ก5#).%K2;.%E(*)5E9EHD"I'K2/N52$BC26(Sก5"4ก*-,E
J1%4#ก5".%E(F()!33S>5ก)A5K28ก5#1BS2q L̀S%1.3"5ก5"4ก
*-,EJ1%4#ก5".%E(F()!3E(*)5E9.E$.2:'=/;3"%ก.H*)5E
@-5ก@-5;J1%4-5K272)4#ก5".% =/;8n$5#1;A5%;!S%
4 - 56(S ก! 24 # ก 5 ". % 8 4] 2 1 5@ 5 "  8 FA 2  4- 5 d( 8 9BC 1 
(Manthachitra and Sudara, 1991, Chabanet et al., 
1997, Connell and Kingsford, 1998, Khalaf and 
Kochzius, 2002) 

@5ก$! 5"I5 5ก*)5E@-5ก@-5;J1%7@-A%
15&.;  #$H)A58ก5#7327-#8ก5#E./9,AE6(SE(*)5E

35"5%6(S 3. F2!/4-56(S$HE5ก6(S9,/ 10 1.2/.H7"ก 5กก5"&LกM56.C% 3 *".C% 
 �$������� 

���� ก.>. >.�. ก.�. ��� 
Neopomacentrus filamentosus  30,040 48,350 35,900 114,290 
Parioglossus philippinus   11,050 28,650 7,330 47,030 
Neopomacentrus cyanomos  10,440 19,995 14,750 45,185 
Chromis cinerascens  2,135 5920 8,200 16,255 
Neopomacentrus anabatoides  980 5,210 4,150 10,340 
Halichoeres nigrescens  1,680 2,667 1,100 5,447 
Neoglyphidodon nigroris  1,433 1,346 1,006 3,785 
Neopomacentrus bankieri  1,626 1,466 639 3,731 
Pomacentrus tripunctatus  1,712 2,007 0 3,719 
Pomacentrus chrysurus  1,156 1,536 0 2,692 
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@-5ก@-5;J1%F2!/4-56(S$HE5กก)A5 7-#E(*)5E
3A182BS1%J1%$BC26(S72)4#ก5".%ก.H7@-A%@_N56#8- 6>5K@N
E(*)5E@-5ก@-5;7-#*)5E .̀H Ǹ12J1%7@-A%15&.;
E5กJLC2 L̀S% Nateekarnjanalarp (1990) and Sudara et 
al. (1992) ?/N"5;%52)A5K2$BC26(S3A182BS1%"#@)A5%72)
4#ก5".%ก.H7@-A%@_N56#8-E(*)5EF,กF,E7-#*)5E
@-5ก@-5;J1%4-59D%ก)A5K2$BC26(S6(SE(@_N56#8-8$(;%
1;A5%8/(;) 4-5H5%F2!/ #E(H5%FA)%K2)% "F()!36(SE(
ก5"1$;$8*-BS12;N5; 5ก7@-A%15&.;7@-A%@2LS%?49DA
7@-A%15&.;7@-A%1BS2q 6>5K@NH5%*".C% L%95E5"R$H4-5
6(S15&.;7@-A%@_N56#8-84]27@-A%12,H5-3.)1A12 8FA2 
4-59-!/6#8- (Siganidae) 4-5ก#$% (Lutjanidae) 
4-5@ED9( (Lethrinidae) 7-#4-58ก�5 (Serranidae) 84]2
3N2 (Nateekarnjanalarp, 1990, Sudara et al., 1992) 

L̀S% #8JN5E515&.;K272)4#ก5".%/N); 

2�!*�$%2#�<+������=>�)B '():+�
2!ก��.) 

 5กก5"&LกM5*".C%2(C$H)A54-56(S$HK2H"!8)I
72)-5/F.2 7-#72)"5HE(*)5E73ก3A5%ก.21;A5%E(
2.;9>5*._ =/;$H)A5$BC26(SH"!8)I72)-5/F.2J1%6,ก
8ก5#6(S&LกM5 #E( >52)23.)4-57-# >52)2F2!/J1%
4-56(S$HE5กก)A5K2$BC26(SH"!8)I72)"5H1;A5%F./8 2 

L̀S%95E5"R1:!H5;?/N 5กก5"6(SH"!8)I2(CE(4b  .;@-5;
4"#ก5"6(S8@E5#9Eก.Hก5"1;DA15&.;J1%4-5ก-,AE3A5%q 
E5กก)A5 6.C%K2/N52J1%ก"#792C>5 *)5E-Lก 7-#*)5E

.̀H Ǹ12J1%7@-A%15&.; (Connell and Kingsford, 
1998, Holbrook et al., 2002) L̀S%*-N5;*-L%ก.H
ก5"&LกM5J1% Satapoomin (2002) 6(S&LกM54-5K2
72)4#ก5".%K2@EDA 8ก5#15/.%"5)(  6(S$H)A54-5K2
H"!8)I72)-5/F.2E(*)5EF,กF,Eก)A54-5K2H"!8)I
72)"5H L̀S%4-5ก-,AE8/A2 ?/N7กA 4-56(Sก!27$-%ก'312
84]215@5" 8FA2 4-59-!/@!2 )%&' Pomacentridae 
84]23N2 ก5")A 5;")EaD%J1%4-5J25/8-̂ก 84]2
$t3!ก""E6(S8ก!/JLC28$BS1ก5"@-H8-(S;%dDN-A5 L̀S%E(1;DA84]2
 >52)2E5กK2H"!8)I2(C8FA2ก.2 21ก 5ก2(C;.%E(ก-,AE4-5
6(S)A5;@5ก!2K2E)-2C>5 8FA2 4-5ก-N); (Caesionidae) 
84]23N2 L̀S%H5%*".C% #)A5;dA528JN5E5K272)9>5") 84]2
aD%J25/K@_A6>5K@N95E5"R$H*)5EF,กF,EJ1%4-5K2
$BC26(S2(CE5กก)A5K2H"!8)I72)"5H L̀S%1;DAK2H"!8)I6(S3BC2

7-# #$H4-5ก-,AE6(Sก!2$BF84]215@5"E5กก)A5K2H"!8)I
72)-5/F.2 82BS1% 5ก*)5E8@E5#9EJ1%9G5$$BC26(S L̀S%
84]2$BC26(S3BC27//9A1%RL%$BC26>5K@N95@"A5;F2!/3A5%q 6(S
84]215@5"J1%4-5ก-,AE2(C95E5"R8 "!_?/N/( 4-5ก!2$BF
ก-,AE9>5*._6(S$H1;DA K2H"!8)I2(C  ?/N7กA  4-59-!/@!2 
(Pomacentridae) 4-59-!/6#8- (Siganidae) 7-#4-5
2ก7กN) (Scaridae) 9A)2E5ก1;DAK2FA)%84]24-5).;",A2 
(Juvenile) =/;4-5K2ก-,AE2(C #8JN5E515&.;1;DAK2$BC26(S
H"!8)I72)"5HJ1%72)4#ก5".%8$(;%F.S)*"5) (Russ, 
1984) 4-5F2!/6(S$H?/NE5ก6(S9,/K2H"!8)I72)"5H 
?/N7กA 4-59-!/@!2@5%J5) (Pomacentrus chrysurus) 
7-#4-59-!/@!2 (Pomacentrus tripunctatus) L̀S%E(
$t3!ก""Eก5"4�1%ก.215I58J3 (Ceccarelli, 2007) 7-#
E.ก$H15&.;1;DAK215I58J384]23.)8/(S;)q @"B115 84]2
ก-,AE8-̂กq 8EBS1E(4-5ก-,AE2(C8/A2E5ก1;DAK2$BC26(S  L%6>5K@N
K2H"!8)I72)"5H #E(*)5EF,กF,E7-#*)5E@-5ก@-5;
J1%F2!/J1%4-52N1;ก)A5H"!8)I72)-5/F.2 

 5ก4b  .;/N523A5%q 6(S73ก3A5%ก.2E5กJ1%$BC26(S
6.C%91%7HH 9A%d-K@N4-56(S15&.;1;DAK273A-#$BC26(SE(*)5E
73ก3A5%ก.2E5ก d-ก5"&LกM5K2*".C%2(C L%ก-A5)?/N)A5K273A
-#H"!8)IJ1%72)4#ก5".%  #E(H6H569>5*._K2ก5"84]2
7@-A%15&.;J1%4-5ก-,AE6(SE(*)5E73ก3A5%ก.21;A5%F./8 2 

#.ก �!'()2#����(��."(";><+:+�2!ก��.)'()(0�"�+
:&>)*�=�&�,'+(% - &%;>�ก�!�!�#<=@  

ก5" ./7HA%ก-,AE6(S9>5*._6(S6>5K@N6"5H1%*'4"#ก1H
J1%=*"%9"N5%4"#F5*E4-5 *B1 ก5" ./ก-,AE4-56(S7HA%
35E-.กMI#$t3!ก""Eก5"ก!215@5" K2ก5"&LกM5*".C%2(C
=/;")E$H)A54-5ก-,AE6(Sก!29.3)'?EAE(ก"#/Dก9.2@-.%
J25/8-̂กE(1;DARL% 47 841"'8`̂23' *-N5;*-L%ก.H72)
4#ก5".%6(S$HK26(S1BS2q 6.S)?46(S$H4-5ก-,AE2(C84]2ก-,AE6(SE(
 >52)29E5F!กE5ก6(S9,/ 73A8EBS17;ก$! 5"I573A-#8ก5# 
$H)A58ก5#).%K27-#8ก5#).%21กE(4-5ก-,AE6(Sก!2$BF84]2
15@5"K29./9A)26(S9D%E5ก8กB1H86(;H86A54-5ก-,AE6(Sก!2
9.3)'?EAE(ก"#/Dก9.2@-.%84]215@5" 79/%K@N8@^2RL%
"D47HH6(S73ก3A5%11ก?4 5ก72)4#ก5".%6(SE(*)5E
9EHD"I'6.S)?4 82BS1% 5ก3>57@2A%6(S3.C%J1%8ก5#).%K27-#
8ก5#).%21ก84]2H"!8)I6(S1;DAKก-NF5;abc%1>58G1J21E L̀S%
E(->5*-1%?@--%@-5;95;7-#6>5K@N72)4#ก5".%H"!8)I
2(C?/N".H1!6:!$- 5ก4b  .;F5;abc% 8FA2 :53,15@5" 7-#2C>5
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 B/ 84]23N2 E5กก)A5K28ก5#6(S1;DA@A5%?ก-11ก?4 6>5K@N
K2H"! 8)I72)"5HJ1%8ก5#6.C %91%7@A%E(*)5E
8@E5#9E3A1ก5"JLC24ก*-,E$BC26(SJ1%95@"A5;6(S84]2
7@-A%15@5"6(S9>5*._J1%4-5ก!2$BF 9A)24-56(SE(*)5E
F,กF,EE5ก6(S9,/J1%6,ก8ก5# *B1 ก-,AE4-56(Sก!27$-%ก'
31284]215@5"6(S7EN #E(9./9A)29E5F!กK2ก-,AE2N1;
ก)A5 73A82BS1% 5ก4-5ก-,AE2(CE.กE(ก5"1;DA")Eก.284]2aD%
J25/K@_A L %$H1;DAE5กK2H"! 8)I72)-5/F.2 
(Satapoomin, 2002)  

ก-,AE4-56(S >572ก35E-.กMI#J1%7@-A%15&.;
KFNก5" >572กก-,AE4-5 5กก5"9.%8ก3J1%dDN&LกM5 =/;
E(*)5EKก-N8*(;%ก.H)!:(ก5" ./ก-,AEJ1% Satapoomin 
(1993)  5กก5"&LกM5$H)A572)4#ก5".%6(S84]29R52(
ก5"&LกM5*".C%2(CE(=*"%9"N5%4"#F5*E4-58@EB12ก.H
72)4#ก5".%6(S95E5"R$H?/N6.S)?4K28J3"N12 6(SE(4-5
6(S15&.;1;DA"A)Eก.H72)4#ก5".% (Reef associated 
species) 84]2ก-,AE6(SE(*)5E@-5ก@-5;E5ก6(S9,/K2
72)4#ก5".% 79/%K@N8@^2RL%H6H56J1%72)4#ก5".%
K2/N52ก5"84]27@-A%15&.;6(SE(*)5E@-5ก@-5;J1%
7-# .̀H Ǹ126.C%K2/N52ก5"84]27@-A%@-H À127-#
7@-A%15@5" 4-5ก-,AE6(S1;DA"A)Eก.H72)4#ก5".%6(S9>5*._ 
?/N7กA 4-59-!/@!2 4-52กJ,261% 4-52ก7กN) (2-!2( 
61%7RE 7-#)!GDM!3 E.Io# !3", 2535) L̀S%84]24-56(S
E( >52)29E5F!กK2)%&'7-# >52)23.)E5ก6(S9,/K272)
4#ก5".%6(S&LกM5K2*".C%2(C ก5"&LกM5ก-,AE4-56(S7HA%35E
-.กMI#J1%ก5"8JN5KFN4"#=;F2'K272)4#ก5".% ?/N
/./74-% 5กก5" ./ >572กJ1% Bell and Pollard 
(1989) 6(S?/N6>5ก5"&LกM54-5K27@-A%@_N56#8- L̀S%
@5ก$! 5"I5ก5"KFN4"#=;F2'35E"#;#8)-5 #$H)A5
K2"#HH2!8)&72)4#ก5".% 4-56(SKFN4"#=;F2'K272)
4#ก5".%35E"#;#8)-5 #E(*)5E*-N5;*-L%ก.2ก.H4-56(S
$HK27@-A%@_N56#8- 4-5ก-,AEK@_A6(S$H84]24-56(S
15&.;1;DA1;A5%R5)"K272)4#ก5".%  

ก5" >572กก-,AEJ1%4-56(S$H6>5K@N6"5HRL%
=*"%9"N5%J1%4"#F5*E4-5?/N1;A5%-Lก L̀C%E5กJLC2 
82BS1% 5ก4-573A-#ก-,AEE(H6H56K2"#HH2!8)&6(S
73ก3A5%ก.2 7-#E(*)5E73ก3A5%ก.2?435E4b  .;3A5%q 
K2"#HH2!8)& /.%2.C2  L%6>5K@N95E5"R8FBS1E=;%?4RL%
4b  .;6(S6>5K@N=*"%9"N5%J1%4"#F5*E4-573ก3A5%ก.2
?4/N); 

�;2:��2�!*�$%2#����%�$��%:=ก=>�)ก.+<+:=>#!
*>�)��#� 

K2ก5"&LกM573A-#*".C%$H)A5K2*".C%6(S 1 7-#*".C%6(S 
2  #E(*)5E73ก3A5%J1% >52)23.)7-# >52)2F2!/4-5
6(S$HK273A-#9R52(&LกM5E5กก)A5ก5"8ก̂HJN1ED-*".C%6(S 3 
82BS1% 5กK2FA)%8)-5/.%ก-A5)84]2FA)%6(S*-BS2-E*A12JN5%
9%H 6>5K@N95E5"R6>5ก5"8ก̂HJN1ED-J1%4-5?/N1;A5%
9#/)ก 6.C%/N52".H-E7-#/N521.H-E L̀S%$H)A5?EAE(*)5E
73ก3A5%J1%4"#F5*E4-5K2/N523A5%q 73A;.%*%$H)A5E(
*)5E73ก3A5%J1%4-5K2H"!8)I72)"5H 7-#4-5K2
H"!8)I72)-5/F.2J1%6,กq 8ก5# 

*)5EF,กF,E7-# >52)2F2!/4-5$H?/NE5ก6(S9,/
 5กก5"&LกM5*".C%6(S 2 K28/B12$tMG5*E 4-56(S$H
K2FA)%2(C84]2-Dก4-5J25/8-̂ก7-#4-5).;",A2 L̀S%E( >52)2
E5ก =/;8n$5#4-59-!/@!2@5%J-!H/>5 4-59-!/@!28-̂ก
6N5;8@-B1% 7-#4-52กJ,261% #$H >52)24-5).;",A2
E5กก)A5K2FA)%8)-51BS2q L̀S%4-5).;",A26(S$HK2FA)%2(CE(
9./9A)24"#E5I 70 841"'8`̂23' J1%4-56(S$H 4-5F2!/
1BS2q 8FA2 4-52ก7กN) 84]23N2 ;.%95E5"R$H4-5).;",A2
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Abstract 

The stingless bee species, Trigona 
collina Smith, 1857 is distributed throughout 
Thailand. From 640 colonies that were 
collected, nesting sites were only found at 
altitudes ranging from 18 to 830 meters above 
sea level. Most nests located in mixed 
deciduous forests were found at an altitude 
lower than 400 meters above sea level. Nesting 
sites can be divided into 4 main groups:  
1) cavities in tree trunks (15.63%), 2) cavities 
in termite mounds (42.60%), 3) underground 
cavities (33.75%), and 4) cavities in buildings 
(7.96%). A total of 47 colonies were studied 
and the results of a standardized Morisita index 
of dispersion within the study area showed that 
their nest dispersion was strongly clumped 
(p<0.05). The pattern of nest dispersion in this 
species probably ensures that there is an 
adequate number of mates in their mating 
range. The nest structure of T. collina is 
comprised of 5 main components: 1) the 
external entrance tube, 2) batumen barrier, 3) 
honey pots, 4) pollen pots and 5) brood cells. 
The batumen is a multilayered cover of the 
brood chambers. We suggest that the variation 
in the number of batumen layers in nests of  
T. collina is associated with temperature 
regulation of the nests. Their nest dispersion 
was investigated in a mixed deciduous forest at 
the Phitsanulok Wildlife Conservation 
Development and Extension Station.  
 
key words: distribution, nest dispersion, 
nesting sites, nest structures, stingless bees, 
Trigona collina 
 
Introduction 

Stingless bees are distributed throughout 
most tropical and some subtropical regions of 
the world (Michener and Grimaldi, 1988; 
Velthuis, 1997). They are classified into 50 
genera, with about 400 described species 
(Velthuis, 1997; Michener, 2000). In Thailand, 
32 species are currently described (Schwarz, 

1939; Sakagami et al., 1985; Michener and 
Boongird, 2004; Klakasikorn et al., 2005). Most 
stingless bee species nest in natural cavities 
within trees. A few species nest underground 
while a small number of African species 
construct nests in the open (Velthuis, 1997). All 
stingless bee species build elaborate nests, with 
structures that often have species-specific 
characteristics (Michener, 1974). Here we report 
on the nest structures, nest dispersion, nesting 
sites and distribution within Thailand of Trigona 
collina Smith, 1857. Currently there is little 
information on the biology of this species, 
despite the fact that they are among the most 
common flower-visiting insects in the canopy 
and the under-story of forests in Thailand, and 
are most likely critical pollinators (Thapyai, 
1996; Tasen, 2001). 
 
Methods 

We conducted surveys between May 2004 
and May 2006 in all regions of Thailand. The 
methods of line transect and random samplings 
were used to locate colonies (Krebs, 1999). All 
samples were identified using the key of 
Sakagami et al. (1990). The position and altitude 
of all discovered nests was determined by means 
of a Global Positioning System (GPS) receiver 
(Garmin), the precise location of each nest was 
mapped using the ArcView GIS 3.2 program. 
Plants visited by stingless bees were collected in 
the field by experienced forestry staff and then 
confirmed by comparing plant samples with the 
collection at the herbarium of the Department of 
Biology, Naresuan University, Phitsanulok, 
Thailand.  

Ten underground colonies found in 
Phitsanulok (9 colonies) and Chiang Rai  
(1 colony) were excavated and dissected to 
observe the internal structures of the nests. 

We used Morisita’s index of dispersion 
and a standardized Morisita’s index (Krebs, 
1999) to determine patterns of nest dispersion in 
a mixed deciduous forest at the Phitsanulok 



 155 
 

 !"#$กก&'(')*+,-.*&ก&'(')/0&(123'4ก&' BRT 3'!54#67 12  
10-13 8+9&3, 2551 /!4;-!<=+'&>?'@A&"6 

 155 

Wildlife Conservation Development and 
Extension Station, Thailand.   

The data obtained were analyzed by 
using Morisita’s index of dispersion (Id). The 
studied parameters were sample size (n), sum 

of the quadrat counts (∑ x ), and sum of the 

quadrat counts squared (∑ 2x ). 

 
The following formula was used:  
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However, results obtained from 
Morisita’s index of dispersion are difficult to 
interpret. Therefore, the standardized 
Morisita’s index was calculated as follows:  
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where: 2
975.0χ  = value of chi-squared from 

the table with (n-1) degrees 
of freedom that has 97.5% 
of the area to right 

2
025.0χ  = value of chi-squared from 

the table with (n-1) degrees 
of freedom that has 2.5% of 
the area to right 

ix  = given a set of counts of 

organisms in a set of 
quadrats  

n   = no. quadrats 
 

Then we calculated a standardized 
Morisita’s index by 1 of the following 4 
formulas:   
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The standardized Morisita’s index of 
dispersion (Ip) ranges from -1.0 to +1.0 with 
95% confidence limits at +0.5 and -0.5, where  
Ip = 0 for random dispersion, Ip > 0 for clumped 
dispersion and Ip < 0 for uniform dispersion. 
 
Results 
Distribution 

We collected 640 colonies from 29 
provinces of Thailand; 13 provinces in the 
Northern region, 7 provinces in the North-
Eastern region, 5 provinces in the Central plain 
region and 5 provinces in the Southern region 
(Figure 1). Although the nests were located at 
altitudes ranging from 18 to 830 meters above 
sea level, over 90% of nests were found in 
mixed deciduous forests at altitudes lower than 
400 meters (Appendix 1).  
 
Nest Dispersion 

We found forty-seven colonies of  
T. collina.  The results of the standardized 
Morisita index of dispersion (Ip) of T. collina 
was a strongly clumped distribution (Ip = 0.636) 
at a 95% confidence level (Figure 2). 
 
Nesting Sites  

Nesting sites of T. collina were variable. 
They can be divided into 4 groups: 1) cavities in 
tree trunks, 2) cavities in termite mounds, 3) 
underground cavities and 4) cavities in 
buildings. We found that termite mounds are the 
most common sites accounting for 42.60% of all 
discovered nests. Subterranean cavities 
accounted for 33.75% of nests, and 15.63% were 
found in cavities of trunks of 14 tree species: 
Caesalpinia sappan, Eugenia cumini, Ficus 
annulata, F. locor, F. religiosa, Herea 
brasiliensis, Hopea odorata, Irvingia malayana, 
Knema globulalia, Parkia speciosa, Shorea 
curtisii, Strychnos nuxvomica, Syzygium cumini 
and Tamarindus indica. Only 51 nests were 
found in cavities of buildings (7.96%) 
(Appendix 1).  
 
Nest Structures 

Like most stingless bees, the nests of  
T. collina are enclosed by layers of batumen 
(Figure 3B); a layer comprising mud, resin and 
wax may be added (Michener, 1974; Roubik 
1989; Roubik, 2006). Between the layers of 
batumen there is often black cerumen  
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(Figure 3B) which is made of a mixture of 
wax, resins and gums collected from plants 
(Jones and Oldroyd, 2007). The external 
entrance tube of T. collina (Figure 3A) is 
cylinder-shaped, brittle, thin walled (1-1.5 
mm) with a smooth surface. Entrance tubes are 
located 1–90 cm (12.86 ±18.23) above the 
ground, and slant slightly upward. The color is 
yellow to brownish from resin and wax (Figure 
3A). The terminus of the tube is hard and 
sticky, made from propolis and has a diameter 

of 1-1.5 cm (1.2 ±0.22). The interior of the nest 
is decorated with black cerumen and resin (0.5 
mm thick). The inside of the nest has 4 
components: 1) brood cells, 2) storage pots on 
honey and pollen pots, 3) batumen, and 4) a nest 
entrance which is covered by batumen 
(Figure 4). 

Brood cells are elliptical, and surrounded 
by sheaths of batumen which are made up of 
multiple layers of cerumen (a mixture of wax 
and resin). The comb of the brood cells is soft, 

  

 

       Figure 1. Provinces surveyed for the presence of T. collina nests. 
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Figure 2.  The locations of T. collina colonies in a mixed deciduous forest in Thailand were mapped using 
the ArcView GIS 3.2 program. 
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Figure 3. Nest structure of T. collina comprises 5 parts: A) the external entrance tube,  
B) batumen barrier (outer) and cerumen (inner), C) honey pots, D) pollen pots and E) brood 
cells. 

 
 

Figure 4. Stylized representation of T. collina’s nest structure. 
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thin, and yellow to dark in colour. New cells 
are brownish to dark but turn yellow as they 
age. Storage pots can be divided into 2 parts; 
honey pots (Figure 3C) and pollen pots (Figure 
3D) for storing nectar and pollen. They are 
eggshaped, soft and yellow to dark and are 
normally found clumped in more than one 
compact cluster. They are often arranged 
around a central set of horizontal brood 
chambers. Pollen pots are the largest cells and 
are covered by batumen. The average distance 
between the external entrance tube and the nest 
in termite mounds was 2.2 ±0.5 meters. 

 
Discussion and Conclusiond 

In this study, we found most T. collina 
nests in cavities within the mounds of 
Macrotermes spp. (42.60%). A further 100 
nests were found in the tree trunks of 14 
species of plants. Three species in the genus 
Ficus (i.e. F. annulata, F. locor and  
F. religiosa) were the most common nest sites. 
Up to 10 nests were observed in any one tree 
probably because the trunks of mature Ficus 
contain many suitable hollows.  

This study dealt with the dispersion of  
T. collina in a mixed deciduous forest. The 
nests of T. collina had a strongly clumped 
distribution (p < 0.05). Nests of T. collina 
showed a clearly clumped dispersion. This 
pattern of nest dispersion causes aggregation of 
nests in a certain area. Nest aggregation in 
honey bees causes risks to those species such 
as acquiring pests and disease due to 
overlapping foraging ranges (Rinderer, et al., 
2002). In the stingless bee, T. collina, 
microsatellite analysis revealed that colonies 
within aggregations were not related (Cameron 
et al., 2004). This suggested that they try to 
minimize the chance of inbreeding and 
maximize the probability of increasing genetic 
variance in the progeny produced (Palmer and 
Oldroyd, 2000). The benefits gained from 
aggregation of unrelated colonies are possibly 
higher than any risk the colonies may face 
when they are related.  

No exposed nests were found. The use of 
cavities for nesting may help colonies regulate 
nest temperatures, and provide protection from 
predators. Nest temperatures above 46 oC are 
lethal for T. (Tetragonanula) carbonaria 
(Amano, 2005). From the study of nest 
structure of T. collina, we found that T. collina 
have a multi-layered batumen which covers the 
brood cells. The function of batumen is to 

stabilize the temperature within the brood cells. 
Our observations on ten nests of T. collina 
showed that the batumen contains 1-4 layers. 
We postulate that colonies modify the thickness 
of the batumen layer as a thermoregulatory 
mechanism. Such behaviour has been 
demonstrated in T. ventris flavibis in north 
Vietnam (Chinh et al., 2005) where the number 
of involucrum layers increases in winter, and is 
reduced in summer. In winter, the thicker layer 
may act as an insulator for the brood cells and 
the temperature inside the nest may be 
controlled at an optimal threshold for broods. 
Similarly, in the neotropical stingless bee, 
Scaptotrigona postica, the layers of the 
involucrum provide effective insulation during 
cool nights, the temperature difference between 
the outer and inner layers of the involucrum  
(a distance of 1 cm) can be as much as 5 oC 
(Engels et al., 1995). However, a reduced 
number of involucrum layers during high 
temperatures in summer may provide ventilation 
of air between the inside and outside of the nest. 
We suggest that the variation in the number of 
batumen layers in the nest of T. collina is 
involved in temperature regulation, like with the 
involucrum of other species. Furthermore, the 
batumen sheaths may be important in preventing 
direct access to the brood by parasites and 
predators such as ants, termites and other flies. 
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Appendix 1.  Distribution of nest sites of T. collina 

Nest sites Regions Provinces / Locations Number 
of nests 

Altitude 
(msl.) Collectors 

Cavities in tree trunks  Northern Chiang Mai 
   - Pang Da Royal Station 

 - Eugenia cumini 
   - Doi Suthep-Doi Pui  

 - Ficus religiosa 

 
 
1 
 
4 

 
 

702 
 

482 

 
 

Sakampan, K. 
 

Jongjitvimol, T. 
  Kamphaeng Phet 

   - Phran Kratai District 
      - Ficus annulata 
   - Kamphaeng Phet Historical Park 
      - Ficus annulata 

 
 
3 

 
3 

 
 

89 
 

123 

 
 

Boontawon, K. 
 

Jongjitvimol, T. 
  Mae Hong Son 

   - Pai  
 - Ficus religiosa 

   - Muang District  
        - Ficus annulata 

 
 
3 
 
1 

 
 

550 
 

389 

 
 

Jongjitvimol, T. 
 

Jongjitvimol, T. 
  Phayao 

   - Doi Busarakham 
      - Ficus annulata 

 
 
4 

 
 

558 

 
 

Jongjitvimol, T. 
  Phrae  

   - Long District 
      - Strychnos nux-vomica 
      - Caesalpinia sappan 
      - Ficus religiosa 

 
 
8 
5 
4 

 
 

242 
216 
232 

 
 

Jongjitvimol, T. 
Jongjitvimol, T. 
Boontawon, K. 

  Sukhothai 
   - Si Samlong District 
      - Ficus annulata 

 
 
3 

 
 
84 

 
 

Jongjitvimol, T. 
  Tak 

   - Lan Sang National Park 
      - Ficus annulata 

 
 
2 

 
 

307 

 
 

Boontawon, K. 
 North-Eastern Khon Kaen 

   - Ubonrat Dam 
      - Ficus annulata 

 
 
1 

 
 

197 

 
 

Jongjitvimol, T. 
  Loei 

   - Erawan District 
      - Tamarindus indica 

 
 
1 

 
 
175 

 
 

Jongjitvimol, T. 
  Maha Sarakham 

   - Chiang Yun District 
      - Ficus religiosa 

 
 
6 

 
 

168 

 
 

Boontawon, K. 
  Nong Khai 

   - Phrathat Bang Phuan  
      - Tamarindus indica 

 
 
2 

 
 
177 

 
 

Boontawon, K. 
  Sakhon Nakhorn 

   - Muang District  
      - Irvingia malayana 

 
 
1 

 
 
173 

 
 

Jongjitvimol, T. 
 Central Plain Chanthaburi 

   - Makham District 
      - Herea brasiliensis 

 
 
1 

 
 

50 

 
 

Ubol, A 
 Southern Nakhon Si Thammarat 

   - Thung Song 
      - Syzygium cumini 
      - Knema globulalia 
      - Parkia speciosa 

 
 
2 
2 
2 

 
 

80 
85 
87 

 
 

Ubol, A 
Ubol, A 
Ubol, A 

  Songkhla 
   - Khao Nam Khang National Park 
      - Shorea curtisii 
   - Sadao District 
      - Ficus lacor 
      - Ficus annulata 
      - Hopea odorata 

 
 
3 
 
8 
27 
2 

 
 

273 
 

39-65 
50 
45 

 
 
Wattanatheeraprasong, J. 
 
Wattanatheeraprasong, J. 
 
Wattanatheeraprasong, J. 

  Trang  
   - Haui Yot District 
      - Ficus annulata 

 
 
1 

 
 
60 

 
 

Ubol, A 
   100 39-702  
Cavities in termite 
mounds 

Northern Chiang Mai 
   - Pang Da Royal Station 
   - Sri Lan Na National Park 

 
5 
71 

 
700-830 
265-552 

 
Lhadang, P. 
Neakum, C. 

  Chiang Rai 
   - Wiang Pa Pao District 

 
23 

 
350-550 

 
Jongjitvimol, T. 

  Mae Hong Son 
   - Pai District 

 
23 

 
400-650 

 
Jongjitvimol, T. 

  Nan 
   - Chiang Klang District 

 
5 

 
352- 420 

 
Kaewthong, S. 
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Appendix 1.  (cont.) 

Nest sites Regions Provinces / Locations Number 
of nests 

Altitude 
(msl.) 

Collectors 

  Phetchabun  
   - Nam Nao National Park 

 
8 

 
837 

 
Boontawon, K. 

  Phitsanulok 
   - Nature Education Center 
   - Nakhon Thai District 
   - Phuhinlongkla National Park 

 
25 
8 
3 

 
106-180 

227 
350 

 
Jongjitvimol, T. 
Jongjitvimol, T. 
Boontawon, K.  

  Phrae 
   - Phrathat Chom Chaeng 

 
1 

 
213 

 
Jongjitvimol, T. 

 North-Eastern Klalasin 
   - Lam Pao Dam  

 
26 

 
153 

 
Jongjitvimol, T. 

  Maha Sarakham 
   - Chiang Yun District 

 
1 

 
167 

 
Boontawon, K. 

  Nong Khai 
   - Phrathat Bang Phuan 

 
13 

 
177 

 
Jongjitvimol, T. 

  Sakon Nakhon 
   - Muang District 
   - Phu Phan District 

 
51 
6 

 
177 
270 

 
Jongjitvimol, T. 
Jongjitvimol, T. 

 Central Plain Lop Buri 
   - Sup Lungka Wildlife Conservation 

 
4 

 
187 

 
Ruangridee, A. 

   273 153-830  
Cavities in 
underground or under 
tree base  

Northern Chiang Mai 
   - Pang Da Royal Station 
   - Sri Lan Na National Park 
    - Doi Suthep-Pui 

 
1 
64 
5 

 
710 

265-552 
350 

 
Lhadang, P. 

Kongquamsue, S.  
Boontawon, K. 

  Kamphaeng Phet 
   - Kamphaeng Phet Historical Park 

 
52 

 
120 

 
Jongjitvimol, T. 

  Lampang 
   - Mae Mo District 
   - Mae Tha District 

 
2 
6 

 
358 
346 

 
Jongjitvimol, T. 
Boontawon, K. 

  Mae Hong Son 
   - Mae Sariang District 

 
1 

 
350 

 
Tansila, H. 

  Nakhon Sawan 
   - Mae Wong District 

 
1 

 
250 

 
Jongjitvimol, T 

  Nan 
   - Chiang Klang District 

 
2 

 
352 

 
Jongjitvimol, T 

  Phitsanulok 
   - Nature Education Center 

 
12 

 
180 

 
Chutiyarat, S. 

  Phrae 
   - Phrathat Chom Chaeng 

 
5 

 
217 

 
Jongjitvimol, T 

  Tak 
   - Bhumipol Dam 

 
6 

 
250 

 
Jongjitvimol, T 

 North-Eastern Khon Kaen 
   - Khon Kaen University 
   - Ubonrat Dam 

 
10 
20 

 
216 

197-206 

 
Jongjitvimol, T 
Jongjitvimol, T 

  Klalasin 
   - Lam Pao Dam  

 
10 

 
153 

 
Boontawon, K. 

  Maha Sarakham 
   - Chiang Yun District 

 
1 

 
167 

 
Jongjitvimol, T 

  Sakaeo  
   - Pang Sida National Park 

 
15 

 
220 

 
Buayai, A. 

 Central Plain Kanchanaburi 
   - Sai Yok Noi Falls 

 
1 

 
124 

 
Jongjitvimol, T. 

  Lop Buri 
   - Sup Lungka Wila Life Conservation 

 
1 

 
187 

 
Sripromma, M 

 Southern Phatthalung 
   - Bang Kaeo District 

 
1 

 
18 

 
Wattanatheeraprasong, J. 

   216 18-710  
Cavities in the 
buildings 

Northern Kamphaeng Phet 
   - Kamphaeng Phet History Park 

 
32 

 
120 

 
Jongjitvimol, T. 

  Phayao 
   - Doi Busarakham 

 
5 

 
476 

 
Boontawon, K. 

 North-Eastern Khon Kaen 
   - Khon Kaen University 

 
5 

 
196-216 

 
Boontawon, K. 

  Nong Khai 
   - Phrathat Bang Phuan 

 
2 

 
210 

 
Jongjitvimol, T. 

 Southern Krabi 
   - Khon Phanom District 

 
2 

 
44-50 

 
Meesiri, W. 

  Songkhla 
   - Sadao District 

 
1 

 
45 

 
Meesiri, W. 

  Trang 
   - Huai Yot District 

 
4 

 
35-82 

 
Meesiri, W. 

   51 35-476  
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พ้ืนที่ชุมนํ้ามหาวิทยาลัยมหิดล วิทยาเขตศาลายา 
และศักยภาพในการพัฒนาบทปฏิบัติการนิเวศวิทยาระดับปริญญาตรี 

จุฑามาศ สุคนธปฏิภาค 

ภาควิชาชีววิทยา คณะวิทยาศาสตร มหาวิทยาลัยมหิดล, E-mail : tae_chu@yahoo.com 
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Abstract 
Massive degradation of wetlands in the 

Lower Central Plain of Thailand causes wetland 
fragmentation and accelerates wetland to become 
wastelands. Though values of remained wetlands 
perceived by most urban people are low, some 
wetlands still maintain ecological functions and 
values to local communities. Like the wetlands of 
Salaya Campus, Mahidol University, Nakhon 
Pathom Province, ecological studies indicated 
diversity of plants and animals. However, campus-
based integrated management based on 
ecological knowledge is still required. To explore 
practical approaches for conserving the wetlands 
on campus, ecological education integrating place-
based education and experiential learning was 
initiated. Wetland exercises were developed in 
Ecology course for undergraduate biology 
students in 2007. Three wetland exercises 
comprising 60% of total exercises of the course 
were designed. The first exercise was a four-week 
of 6-hr field experiment about competition that 
resulted in niche separation between cattail 
(Typha angustifolia L.) and exotic paragrass 
(Brachiaria mutica (Forssk.) Stapf). The second 6-
hr exercise was a rapid biological survey that 
integrated perspectives on human landscape. 
While, the last 6-hr exercise was an empowerment 
process encouraging students to convert 
observations in real environment to hypothesis 
testing. Field notes’ evaluation and attitude 
assessment indicated students’ knowledge on 
wetland ecology and values. In additional to 

recreation value, roles of the campus’ wetlands in 
education and research are suggested as other 
main reasons to conserve these wetlands. 
 
Key word: Wetlands, Salaya Campus Mahidol 
University, developing undergraduate ecological 
exercises 

บทนํา 

ปญหาการลดลงท้ังปริมาณและคุณภาพของพื้นท่ี
ชุมน้ําในเขตที่ราบลุมภาคกลางตอนลางของประเทศไทย 
สวนหนึ่งมีสาเหตุมาจากการขาดความรูดานนิเวศวิทยา
ของพ้ืนท่ีชุมน้ํา ขาดการบูรณาการความรูดังกลาวเขากับ
การจัดการพ้ืนท่ี และการพัฒนาเมืองอยางรวดเร็วท่ี
สงผลตอทัศนคติตอพ้ืนท่ีชุมน้ําท่ีเปล่ียนไปของคนเมือง 
ปจจุบันพ้ืนท่ีชุมน้ํา ท่ีราบลุมภาคกลางตอนลางเปน
ศูนยกลางของการพัฒนาในดานตางๆ เปนท่ีต้ังของ
หนวยงานตางๆ รวมทั้งมหาวิทยาลัยมหิดล วิทยาเขต
ศาลายา ซึ่งรูปแบบการพัฒนาและจัดการพ้ืนท่ีภายใน
มหาวิทยาลัยสามารถสะทอนใหเห็นถึงรูปแบบการ
เปล่ียนแปลงของพื้นท่ีชุมน้ําในภาพกวางไดเปนอยางดี 
เมื่อพิจารณาถึงบริบทของพื้นท่ีวิทยาเขตศาลายาจะ
พบวามีลักษณะท่ีซอนทับกันอยู 2 ประการ คือ 1) 
สถานภาพของมหาวิทยาลัยท่ีมีพันธกิจดานการเรียนการ
สอนและการวิจัยเปนหลัก 2) พ้ืนท่ี 4 เปอรเซ็นต ของ
มหาวิทยาลัยเปนพ้ืนท่ีชุมน้ําซึ่งเปนสวนหน่ึงของพ้ืนท่ี
ชุมน้ําท่ีมีความสําคัญระดับชาติ (สํานักงานนโยบายและ
แผนส่ิงแวดลอม, 2542) 

การศึกษานี ้จ ึงมุ งเนนที่จะทําการศึกษาใน 2 
สวน คือ 1) การศึกษานิเวศวิทยาของพื้นที่ชุมน้ําที่ยัง
หลง เหล ืออ ยู ภายในมหาว ิทยาล ัย  เ พื ่อประ เม ิน
สถานภาพและหาแนวทางในการจัดการพื้นที่ชุมน้ําท่ี
เหมาะสมตอไป 2) การศึกษาบทบาทของพื้นที่ชุมน้ํา
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ภายในมหาวิทยาลัยตอการจัดการเรียนการสอนวิชา
น ิเ วศว ิทยา สําหร ับน ักศ ึกษาช ีวว ิทยา ในระด ับ
ปริญญาตรี เพื่อหาแนวทางในการอนุรักษพื้นที่ชุ ม
น้ําดังกลาวใหสอดคลองกับบริบทของมหาวิทยาลัย 
(Sukhontapatipak, 2008) 
 
วิธีการศึกษา 

1. การศึกษานิเวศวิทยาของพ้ืนท่ีชุมน้ํ าภายใน

มหาวิทยาลัย 

ทําการสํารวจชุมชนพืชและสัตวไมมีกระดูกสัน

หลังขนาดใหญในน้ําของพ้ืนท่ีชุมน้ําทางตอนเหนือ 

(0.06 ตารางกิโลเมตร) และตอนใต (0.02 ตาราง

กิโลเมตร) ภายในมหาวิทยาลัยมหิดล วิทยาเขต

ศาลายา อําเภอพุทธมณฑล จังหวัดนครปฐม ใน

ระหวางเดือนตุลาคม พ.ศ. 2549 ถึงเดือนกันยายน 

พ.ศ. 2550 ดวยเสนทางสํารวจรวม 7 เสน ระยะทาง 

100 – 200 เมตร ซึ่งกระจายครอบคลุมอาณาบริเวณ

ท้ังหมดของพ้ืนท่ี (ภาพท่ี 1) หาคาเปอรเซ็นตการปก

คลุมของพืชแตละชนิดดวยวิธี point intercept 

(Elzinga et al., 2001) วัดระดับน้ํา และสุมตัวอยาง

สัตวไมมีกระดูกสันหลังในน้ําดวยสวิง ขนาด 8 นิ้ว x11 

นิ้ว ทุกระยะ 50 เมตร ตามเสนทางสํารวจ แลวนํามา

จําแนกถึงระดับวงศในหองปฏิบัติการ 

2. การ ศึกษาบทบาทของพื้ น ท่ี ชุ มน้ํ า ภ าย ใน

มหา วิทยา ลัยตอการจั ดการ เรี ยนการสอนวิชา

นิเวศวิทยาสําหรับนักศึกษาชีววิทยาระดับปริญญาตรี 

โดยการออกแบบบทปฏิบัติการนิเวศวิทยาท่ีใช

พ้ืนท่ีชุมน้ํ าภายในมหาวิทยาลัยเปนแหลงเรียนรู

เ พ่ิม เติมจากบทปฏิ บั ติการ เ ดิม ท่ี ใชอ ยู  ซึ่ ง ในป

การศึกษา 2549 มีเนื้อหาของบทปฏิบัติการท่ีใชพ้ืนท่ี 

ชุมน้ําเปนแหลงเรียนรู 30 เปอรเซ็นต ของบทปฏิบัติการ

ท้ังหมด บทปฏิบัติการดังกลาวมุงเนนผลสัมฤทธิ์ดาน

ความรูทางนิเวศวิทยาเปนหลัก ขณะท่ีในปการศึกษา 

2550 เนื้อหาของบทปฏิบัติการที่ใชพ้ืนท่ีชุมน้ําเปนแหลง

เรียนรูเทากับ 60 เปอรเซ็นต โดยมุงเนนผลสัมฤทธิ์ท้ัง

ความรูทางนิเวศวิทยาและการเสริมสรางศักยภาพของ

ผูเรียน จากนั้นใชแบบสอบถาม five - point Likert Scale 

เพ่ือประเมินทัศนคติตอพ้ืนท่ีชุมน้ําและระบบนิเวศภายใน

มหาวิทยาลัยของนักศึกษาชีววิทยาชั้นปท่ี 3 ท่ีเรียนวิชา

นิเวศวิทยาในปการศึกษา 2549 จํานวน 50 คน และป

การศึกษา 2550 จํานวน 64 คน ทําการประเมินท้ังกอน

และหลังเรียนวิชานิเวศวิทยาในแตละป (Schindler, 1999) 

แลวหาการเปล่ียนแปลงทัศนคติของนักศึกษาดวยสถิติ 

Mann-Whitney U test (p = 0.05) นอกจากนี้ยังมีการ

ประเมินความรูทางนิเวศวิทยา และทัศนคติท่ีนักศึกษา

แสดงโดยตรงจากสมุดจดบันทึกภาคสนามของนักศึกษา

แตละคน 

ผลการศึกษา 

1. การศึกษานิ เวศวิทยาของ พ้ืน ท่ีชุ มน้ํ าภายใน

มหาวิทยาลัย 

ผลการศึกษานิ เวศวิทยาของพ้ืนท่ีชุมน้ํ า ใน

มหาวิทยาลัยพบวา วิทยาเขตศาลายามีพ้ืนท่ีชุมน้ํา 2 

ประเภท คือ ทุงหญาชื้นแฉะ (Wet meadow) ต้ังอยูทาง

ตอนเหนือของมหาวิทยาลัย และทุงน้ําจืด (Freshwater 

marsh) ต้ังอยูทางตอนใตของมหาวิทยาลัย พ้ืนท่ีชุมน้ํา

ท้ัง 2 แหง มีลักษณะทางอุทกวิทยาที่แตกตางกัน (ภาพ

ที่ 2) ทุงหญาชื้นแฉะมีน้ําทวมเฉล่ีย 6 เซนติเมตร ในฤดู

น้ําหลาก (เดือนกรกฎาคม – ธันวาคม) และน้ําแหงในฤดู

แลง (เดือนมกราคม – มิถุนายน)  

ตารางท่ี 1. ความหลากหลายของสัตวไมมีกระดูกสันหลังในน้ําขนาดใหญที่พบในพื้นที่ชุมนํ้าวิทยาเขตศาลายา 

 ทุงหญาชื้นแฉะ ทุงนํ้าจืด พื้นที่ชุมนํ้าทั้งสองแหง 

จํานวนตัว 2,847 5,114 7,961 
จํานวนลําดับ 19 16 19 
จํานวนวงศ 51 44 55 
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ภาพที่ 1. แผนที่ภาพถายดาวเทียม IKONOS (1 m resolution, collection date: 15/02/2004) แสดงพื้นที่มหาวิทยาลัยมหิดล วิทยา
เขตศาลายา และพื้นที่ชุมนํ้าทางตอนเหนือ (a) และพื้นที่ชุมนํ้าทางตอนใต (b) 

 

 

 
ภาพที่ 2. ลักษณะทางอุทกวิทยาของทุงหญาชื้นแฉะ (wet meadow) และทุงนํ้าจืด (freshwater marsh) มหาวิทยาลัยมหิดล วิทยาเขตศาลายา 
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ขณะที่ทุงน้ําจืดมีน้ําทวมขังตลอดป เฉลี่ย 16 

เซนต ิเมตร  ในฤด ูน้ํ าหลาก  และระด ับน้ํ าลดลง

เล็กนอย เฉลี่ย 13 เซนติเมตร ในฤดูแลง จํานวน

ชนิดพืชที่พบในพื้นที่ชุมน้ําเทากับ 52 ชนิด เทากัน

ในพ้ืนท่ีชุมน้ําทั้ง 2 แหง แตองคประกอบของชนิดพืช

มีความเหมือนกันเพียง 46 เปอรเซ็นต  

 

ชุมชนพืช 

ชุมชนพืชในพื้นที่ชุ มน้ําทั้ง 2 แหง มีการ

แบงแยกเปนเขตตางๆ (ภาพที่ 3) โดยที่ทุงหญาชื้น

แฉะพบชุมชนพืชเดนทั้งหมด 7 เขต เรียงลําดับจาก

ระดับน้ําตื ้นไปลึก (ภาพที่ 4) ไดแก เขตไมยืนตน 

เขตขลู (Pluchea indica (L.) Less.) เขตหญาคา 

(Imperata cylindrica (L.) P.Beauv.) เขตกก 

ผสมหญา  

เขตหญาขน (Brachiaria mutica (Forssk.) Stapf)  

เขตธูปฤาษี (Typha angustifolia L.) และเขตแขม

(Phragmites vallatoria (Pluk. ex L.) Veldkamp) 

โดย เขตกกผสมหญ า เป น เขตที ่ค รอบคล ุม พื ้น ท่ี 

มากที่สุดในทุงหญาชื้นแฉะ (ภาพที่ 3) เมื ่อวิเคราะห

การกระจายของพืชที ่ระด ับความลึกต างๆ  พบวา  

พืชในทุ งหญาชื ้นแฉะมีการกระจายแบบเกาะกลุ ม 

โดยเฉพาะในชวงความลึก 1 - 5 เซนติเมตร (ภาพท่ี 

5)  เป นที ่น าส ัง เกตว าล ักษณะทางอ ุทกว ิทยาของ 

ทุงหญาชื ้นแฉะอาจมีผลตอการควบคุมการกระจาย 

ของธูปฤาษีซึ ่งพบเปนบริเวณเล็กๆ อยางไรก็ตาม 

ทุ งหญาชื ้นแฉะนี ้กล ับม ีแนวโน มได ร ับผลกระทบ 

จากการกระจายของพืชตางถิ่น โดยเฉพาะหญาขน 

ซึ ่งพบ เป นบร ิเ วณกว า งทางด านตะว ันออกของ 

ทุงมากกวา (ภาพที่ 3) 

 
 

 
 
 

ภาพที่ 3. การแบงแยกเขตของชุมชนพืชในพื้นที่ชุมนํ้าวิทยาเขตศาลายา 
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ในกรณีของทุงน้ําจืดพบชุมชนพืชเดนเพียง 4 
เขต เร ียงลําดับจากระดับน้ําตื ้นไปลึก (ภาพที ่ 6) 
ไดแก เขตไมยืนตน เขตหญาคา เขตแขม และเขต
ธูปฤาษี นอกจากนี ้ร ูปแบบการกระจายของพืชท่ี
ระดับความลึกตางๆ ในทุงน้ําจืดยังมีลักษณะไมเกาะ
กลุมกัน พืชบางชนิด เชน หญาขนและหญาคา มีการ
กระจายมากในชวงความลึก 11 - 15 เซนติเมตร 
ขณะที ่ธ ูปฤาษีและแขมมีการกระจายมากในชวง

ความลึก 16 - 20 เซนติเมตร (ภาพที่ 7) โดยลักษณะ
น้ําทวมขังตลอดปนาจะมีผลตอการกระจายของธูปฤาษี
ซึ่งครอบคลุมพื้นที่มากที่สุดในทุงน้ําจืดนี้ (ภาพที่ 3) 
เนื ่องจากธ ูปฤาษีเป นพืชที ่ย อยสลายยาก การพบ
ธูปฤาษีมากอาจสงผลกระทบตอวัฏจักรของคารบอน
และมลภาวะของน้ําในทุงน้ําจืดได (Gernes and 
Helgen, 2002) 

 

 
ภาพที่ 4. การแบงแยกเขตของชุมชนพืชในทุงหญาชื้นแฉะ 
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Cyperus digitatus Leucaena leucocephala Acacia auriculaeformis Passiflora foetida
Phyllanthus reticulatus Pluchea indica Phragmites vallatoria Aniseia martinicensis
Lablab purpureus Cayratia trifolia Typha angustifolia Brachiaria mutica
Imperata cylindrica Panicum repens Eleocharis dulcis

 
ภาพที่ 5. การกระจายของพืชในทุงหญาชื้นแฉะที่ระดับความลึกตางๆ 
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ชุมชนสัตวไมมีกระดูกสันหลังขนาดใหญในน้ํา 

พ้ืนท่ีชุมน้ําท้ังสองแหงของวิทยาเขตศาลายา
พบจํานวนวงศของสัตวไมมีกระดูกสันหลังในน้ําขนาด
ใหญท่ีมีความหลากหลายมาก ดังแสดงในตารางที่ 1 

หอยน้ําจืดฝาเดียวในวงศ Planorbidae และ
หนอนแดง (Chironomidae) เปนสัตวกลุมท่ีพบมากท้ัง
ในทุ งหญ าชื้ นแฉะและทุ งน้ํ าจื ด  (ภาพท่ี  8)  ซึ่ ง
สอดคลองกับการศึกษาในพื้นท่ีชุมน้ําอ่ืนๆ ท่ีเปนแหลง
น้ํานิ่ง (Weller, 1994) เมื่อจําแนกตามกลุมการหากิน 

(feeding guild) พบวาในเกือบทุกเขตพืชของทุงหญาชื้น
แฉะ มีการกระจายของสัตวท่ีกัดกินตนพืช (shredder - 
herbivores) และสัตวท่ีเก็บกินเศษตะกอน (collector - 
gatherers) ในพ้ืนทองน้ําเปนปริมาณมาก สวนในทุงน้ํา
จืดพบสัตวท่ีขูดกินสาหราย (scrapers) และสัตวท่ีเก็บกิน
เศษตะกอนเปนปริมาณมาก  เมื่อจําแนกตามกลุม
พฤติกรรมการดํารงชีวิต (habit guild) พบวาพ้ืนท่ีชุมน้ํา
ท้ังสองแหงมีการกระจายของสัตวท่ีคลานตามพ้ืนทองน้ํา
และตนพืช  ( sprawlers) และสัตว ท่ีขุด ดินอยู อา ศัย 

 

 

ภาพที่ 6. การแบงแยกเขตของชุมชนพืชในทุงนํ้าจืด 
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Phyllanthus reticulatus Pluchea indica Phragmites vallatoria Cayratia trifolia
Typha angustifolia Ipomoea aquatica Brachiaria mutica Imperata cylindrica
Panicum repens Lemna perpusilla Merremia gamella Diplazium sp.
Acrostichum aureum  

ภาพที่ 7. การกระจายของพืชในทุงนํ้าจืดท่ีระดับความลึกตางๆ 
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(burrowers) เปนจํานวนมากในทุกเขตพืช ในกรณี
ผลกระทบจากสัตวตางถ่ิน พบวาสัดสวนของหอยเชอรี่ 
(Pomacea sp.) ในพ้ืนท่ีชุมน้ําท้ังสองแหงมีนอยมาก  
จนอาจกล าวได ว า พ้ืน ท่ีชุ มน้ํ า ดั งกล าวไม ได รับ
ผลกระทบจากหอยเชอรี่ อยางไรก็ตามเมื่อนําขอมูล
วงศของสัตวไมมีกระดูกสันหลังในน้ําขนาดใหญมาหา
คาดัชนีสภาวะสารอาหารมากเกิน หรือ SWAMP 
(Chessman, et al., 2002 อางใน DWAF, 2004) 
พบวาพ้ืนท่ีชุมน้ําท้ังสองแหงมีคาอยูในระดับท่ีบงชี้ถึง
สภาวะสารอาหารมากเกินในระดับต่ํา 

2. การ ศึ กษาบทบาทของพื้ น ท่ี ชุ มน้ํ า ภ าย ใน
มหา วิทยา ลัยต อการจั ดการ เ รียนการสอนวิ ชา
นิเวศวิทยาสําหรับนักศึกษาชีววิทยาระดับปริญญาตรี 

ท ัศ น ค ต ิข อ ง น ัก ศ ึก ษ า ก อ น เ ร ีย น ว ิช า
นิเวศวิทยาทั้งในปการศึกษา 2549 และ 2550 ไม
แตกตางกันอยางมีนัยสําคัญ (z = -0.069, p > 0.05, 
n1 = 50, n2 = 64) คือ ประมาณ 40 เปอรเซ็นต ของ
น ักศ ึกษาม ีท ัศนคต ิที ่เ ป น ลบต อ ว ัชพ ืชภาย ใน
มหาวิทยาลัย 30 เปอรเซ็นต ของนักศึกษาไมแนใจ
วาควรกําจัดวัชพืชท้ังหมดในวิทยาเขตหรือไม ขณะท่ี 
60 เปอรเซ็นต ยังไมแนใจหรือเห็นดวยกับการกําจัด
ว ัชพ ืช ทั ้ง ที ่ขึ ้นอ ยู ร ิมคลอง /สระ นํ้าและบนผ ิวน้ํ า 
นอกจากนี้ประมาณ 90 เปอรเซ็นต นักศึกษายังไม
แนใจหรือเขาใจวาพื้นที่ชุมน้ําเปนแหลงกอโรค เชน 
ไขเลือดออก และโรคฉี่หนู 

ผลสัมฤทธ์ิจากบทปฏิบัติการนิเวศวิทยาในป
การศึกษา 2549 ท่ีใชพ้ืนท่ีชุมน้ําเปนแหลงเรียนรู 30 
เปอรเซ็นต ของบทปฏิบัติการท้ังหมด 

จากการประเมินการเรียนรูของนักศึกษาผานสมุด
บันทึกภาคสนาม พบวาบทปฏิบัติการดังกลาวชวยให
นักศึกษามีความเขาใจหลักการทางนิเวศวิทยามากขึ้น 
นอกเหนือจากการอานจากตําราเพียงอยางเดียว 
นักศึกษาไดรับประสบการณตรง และเรียนรูระบบนิเวศ
และความหลากหลายทางชีวภาพท่ีอยูใกลตัวมากขึ้น แต
ทั ศ น คติ ต อ พ้ื น ท่ี ชุ ม น้ํ า แ ล ะ ร ะ บบนิ เ ว ศภ า ย ใ น
มหาวิทยาลัยของนักศึกษาหลังเรียนวิชานิเวศวิทยายังไม
เปล่ียนแปลงอยางมีนัยสําคัญ (z = -0.970, p > 0.05, n1 
= 50, n2 = 36) (ภาพที่ 9a) ซึ่งอาจมีผลมาจากการที่
นั ก ศึ กษามี โ อก าส สัมผั ส กั บ พ้ื น ท่ี ชุ ม น้ํ า ภ าย ใน
มหาวิทยาลัยนอยเกินไป ขณะเดียวกันกระบวนการสราง
การเรียนรูเกี่ยวกับพ้ืนท่ีชุมน้ําโดยเนนผลสัมฤทธิ์ดาน
ความรูทางนิเวศวิทยาเพียงอยางเดียว อาจไมเพียงพอ
ตอการทําใหนักศึกษาเห็นคุณคาของระบบนเิวศดังกลาว  

ผลสัมฤทธิ์จากบทปฏิบัติการนิเวศวิทยาในป
การศึกษา 2549 ท่ีใชพ้ืนท่ีชุมน้ําเปนแหลงเรียนรู 60 
เปอรเซ็นต ของบทปฏิบัติการท้ังหมด 

ในปการศึกษา 2550 หลังจากนักศึกษาไดเรียน
บทปฏิบัติการนิเวศวิทยาท่ีมีการปรับปรุงใหนักศึกษาได
มีเวลาสัมผัสกับพ้ืนท่ีชุมน้ําภายในมหาวิทยาลัยมากขึ้น 
และกระบวนการเรียนรูไดเปดโอกาสใหนักศึกษาแสดง
ศักยภาพของตนมากข้ึน จากการเลือกทําโครงการศึกษา
ทางนิเวศวิทยาเล็กๆ ท่ีนักศึกษาแตละคนสนใจใน
ตอนทายของภาคเรียน ซึ่งอาจารยและผูชวยสอนทํา
หนาท่ีเปนเพียงท่ีปรึกษาและใหคําแนะนําเทานั้น ท้ังนี้มี
โครงการจํานวน 20 โครงการ หรือประมาณ 1 ใน 3 ของ
โครงการทั้งหมด ท่ีทําการศึกษาเกี่ยวของกับพ้ืนท่ีชุมน้ํา
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ภาพที่ 8. ความชุกชุมของสัตวไมมีกระดูกสันหลังในน้ําขนาดใหญที่พบในพื้นที่ชุมนํ้าวิทยาเขตศาลายา 
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ภายในมหาวิทยาลัย ผลการประเมินทัศนคติของ
นักศึกษาตอนปลายภาคเรียนปรากฏวา นอกจาก
นักศึกษาจะไดเรียนรูหลักการทางนิเวศวิทยาท่ัวไป 
และระบบนิเวศ และความหลากหลายทางชีวภาพของ
ทองถ่ินของตนแลว ทัศนคติของนักศึกษาตอพ้ืนท่ีชุม
น้ํ าและระบบนิ เวศภายในมหาวิทยา ลัยก็มีการ
เปล่ียนแปลงไปในทางที่ดีขึ้นอยางมีนัยสําคัญ (z = -
2.990, p < 0.05, n1 = 64, n2 = 48) (ภาพท่ี 9b) ท้ังนี้ 
ทัศนคติ ท่ี ดีขึ้นมีสวนชวยใหนักศึกษาตระหนักถึง
ความสําคัญของพ้ืนท่ีชุมน้ําภายในมหาวิทยาลัยมาก
ขึ้น อยางไรก็ตามกระบวนการเรียนรู ท่ีสงเสริมให
นักศึกษาไดลองปฏิบัติเพ่ือการอนุรักษพ้ืนท่ีชุมน้ํา
ดังกลาวยังคงตองมีการพัฒนาตอไป (ตารางที่ 2) สรุป
กระบวนการเรียนรูท่ีเกิดขึ้นเมื่อเปรียบเทียบระหวางป
การศึกษา 2549 และ 2550 

สรุปผลการศึกษา 
จากการศึกษาชุมชนของพืชและสัตวไมมีกระดูก

สันหลังในน้ําขนาดใหญของพ้ืนท่ีชุมน้ําวิทยาเขตศาลายา
แสดงใหเห็นวาโดยท่ัวไปพ้ืนท่ีชุมน้ําแหงน้ีมีความ
หลากหลายและสถานภาพอยูในเกณฑดี แตตองมีการบูร
ณาการความรูทางนิเวศวิทยาเพ่ือใชในการจัดการพ้ืนท่ี
อยางเหมาะสม ไดแก การกําจัดพืชตางถ่ิน การควบคุม
การกระจายของธูปฤาษี และการควบคุมระดับน้ําในพ้ืนท่ี
ชุมน้ําใหมีการเปล่ียนแปลงอยางเหมาะสม คือ ไมทวมขัง
นาน และไมแหงจนเกินไป  (Keddy, 2004; Apfelbaum, 
2006) นอกจากนี้การจัดการพ้ืนท่ีเพ่ือใหเอื้อตอการ
เรียนรูธรรมชาติ วิทยาก็เปนการจัดการแบบหนึ่ง ท่ี
สอดคลองกับพันธกิจของมหาวิทยาลัยไดเชนกัน ดังจะ
เห็นไดจากตัวอยางของการใช พ้ืน ท่ีชุมน้ํ าภายใน
มหาวิทยาลัยเปนแหลงเรียนรูทางนิเวศวิทยาในระดับ

ภาพที่ 9. ทัศนคติตอพ้ืนที่ชุมนํ้าและระบบนิเวศภายในมหาวิทยาลัยของนักศึกษาชีววิทยาที่เรียนวิชานิเวศวิทยาใน 
ปการศึกษา 2549 และ 2550 

   ตารางท่ี 2. กระบวนการเรียนรูจากบทปฏิบัติการนิเวศวิทยาที่ใชพื้นที่ชุมนํ้าภายในมหาวิทยาลัยเปนแหลงเรียนรู 

 กระบวนการเรียนรู 
บทปฏิบัติการพื้นที่ชุมนํ้า 

 30 เปอรเซ็นต  
บทปฏิบัติการพื้นที่ชุมนํ้า  

60 เปอรเซ็นต  

 ความรูและทักษะทางนิเวศวิทยา   
 ความสนใจพื้นที่ชุมนํ้า   
 การเปลี่ยนแปลงทัศนคติ   
 แนวคิดในการศึกษานิเวศวิทยาของพื้นที่ชุมนํ้า   
 การปฏิบัติเพื่ออนุรักษพื้นที่ชุมนํ้า ไมมีขอมูล ไมมีขอมูล 
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ปริญญาตรี ซึ่งหากมีการจัดการเรียนการสอนที่มุงเนน
ท้ังการสรางความรูและทัศนคติ ท่ีดีตอพ้ืนท่ีชุมน้ํา
ภายในมหาวิทยาลัยไปพรอมๆ กัน (Sobel, 2005; 
Beard and Wilson, 2006; Ballantyne and Packer, 
1996; Hungerford and Volk, 1990) นอกจาก
มหาวิทยาลัยจะไดประโยชนจากพ้ืนท่ีชุมน้ําท่ีมีอยูแลว 
ยังเปนการสงเสริมใหเกิดความตระหนักและอนุรักษ
พ้ืนท่ีชุมน้ํา ตลอดจนความหลากหลายทางชีวภาพใน
ระบบนิเวศเหลานี้ใหคงอยู (Sukhontapatipak, 2008) 
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Abstract 

Shorebirds are declining all over the 
world due to habitat loss and degradation in 
their breeding and wintering grounds. The 
Inner Gulf of Thailand, which currently has 
little legal protection, is the single most 
important shorebird habitat in the country and 
has been considered to be an important 
wintering and stop-over site in the East Asian – 
Australasian Flyway. However, little basic 
ecological information is known about 
shorebirds in the area. A landscape-level study 
was conducted by counting migratory 
shorebirds at 20 sites along the Inner Gulf of 
Thailand, October 2006 – April 2007. SPOT-5 
satellite images were classified by using an 
object-based classification method to produce 
habitat maps of 2 km radius of each site.  
These habitat characteristics were modeled to 
predict species richness, abundance and 
diversity of shorebirds. The species of highest 
abundance were Sand Plovers Charadrius 
leschenaultii and C.mongolus (8,834 ± 2,768.8 
birds), Black-tailed Godwit Limosa limosa 
(5,231 ± 2,410.8 birds) and Red-necked Stint 
Calidris ruficollis (1,217 ± 400.7 birds). The 
site with the highest total abundance was the 
Samut Sakorn Mangrove Research Station 
(5,780 ± 2,152 birds); this site also had the 
highest species richness (total = 27 species). 
Laem Pak Bia had the highest diversity 
(Fisher’s alpha diversity = 4.02) and equally 
high species richness (total = 27 species). 
Diversity of shorebirds was correlated with 
low levels of fragmentation and irregular patch 
shapes in the landscape. The presence of 
mudflats and salt-pans best explained species 
diversity. Salt pans probably provide secure 
roost sites during hide tides and may provide 
habitat relatively near to mudflats at low tide. 
Additionally, it can be a minor feeding habitat 
for smaller shorebirds. Proper management of 
salt-pans through cooperation with local 
communities may facilitate effective 
conservation in the Inner Gulf and potentially 
at a regional scale. 

Keywords: migratory shorebirds, the Inner Gulf 
of Thailand, landscape characteristics, object-
based classification method, salt-pans. 
 
Introduction 

Shorebird populations around the world 
are declining (International Wader Study Group, 
2003). Among a total of 511 populations of 
shorebirds in all known flyways, there are only 
207 populations with sufficient data to estimate 
population trends. Almost half of these 
populations (48%) are declining, in contrast with 
only 16% that are increasing. The reasons for 
these declines are diverse and poorly understood 
and are a matter of international conservation 
concern (International Wader Study Group 
2003, Stroud et al. 2006).  

On their wintering grounds, feeding 
habitat is crucial for shorebirds; however, they 
will be used only if they are associated with 
suitable roost sites (Rogers et al. 2006).  In 
addition, Taft and Haig (2005) suggested that 
wetland landscape contexts might be of greater 
ecological significance than food abundance. 
They found that productive sites adjacent to 
shorebird habitats and closer to neighboring 
wetlands attracted the most birds.  

The Inner Gulf of Thailand can be defined 
as the country’s single most important wetland 
because it supports many species and a large 
number of shorebirds (Round, 2006), and is an 
important wintering and stop-over site on the 
East Asian – Australasian Flyway. However, 
little is known of the basic ecology of shorebirds 
in the Inner Gulf and furthermore the site has 
little legal protection. Sixty-five species of 
shorebirds have been found in the intertidal flat 
and mangrove habitats of the Inner Gulf, as well 
as in the inland paddy fields and marshes of 
alluvial basins; many of these species occur in 
internationally important concentrations.  

Using shorebirds in the Inner Gulf of 
Thailand as an example, I aimed to 1) quantify 
important habitats and landscape characteristics 
associated with wintering and stopping-over 
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shorebird communities in the Inner Gulf of 
Thailand, and 2) define critical landscape 
features for conservation. This research is the 
first landscape scale study to draw a broad 
picture of shorebird habitat characteristics 
along the Inner gulf of Thailand.  
 
Methods 
 Study site 

The Inner Gulf of Thailand is located 
around latitude 13°53‘E, longitude 100°40‘E, 
0-2 meters from mean sea level and includes 
approximately 100 km of shoreline enclosing 
shallow bays (45-80 m depth), starting from 
the east coast at Klong Tam Ru, Chonburi 
Province to the west coast at Laem Pak Bia, 
Phetchaburi Province (Figure 1). The Inner 
Gulf encompasses 5 major rivers including the 
Pang Pakong in the East through the Chao 
Phraya where Bangkok is situated, heading 
west to the Thachine River, Mae Klong River 
and shorter Phetchaburi River. In addition to 
urban areas, the Inner Gulf is comprised  
of major habitats which include 235 km2  
of mudflats, 129 km2 of mangroves, 106 km2  
of salt-pans, 400 km2  of  low  intensity prawn- 
capture ponds including some abandoned areas 
(reviewed in Round, 2006). 

Shorebird surveys 
I collected data during the non-breeding 

seasons from October 2006 – mid April 2007 
which covered the southward migration season, 
mid-winter and northward migration season. I 
identified and counted shorebirds at each site 
using a 20-80x magnification spotting scope or 
10x42 binoculars. I conducted surveys on 
randomly chosen days during daylight hours 
(0700–1830) and revisited each site four times in 
total by conducting two surveys at low tide and 
two surveys at high tide. In each survey, I 
carried out shorebird counts for 2 hours at each 
site per visit and then moved to another site.  
 

Habitat and landscape measurements 
I subsetted satellite images from large 

scenes of SPOT-5 images into 20 small scenes 
of 5x5 km at each established site along the 
Inner Gulf of Thailand by using ERDAS 
Imagine 9.1. I quantified surrounding habitats in 
each subset scene to create categorical maps of 
shorebird habitats using object-based classification 
using Definiens Developer V.7 software.  I 
calculated habitat composition and landscape 
metrics in a 2 km radius around the center of 
each site by using a combination of GIS 
techniques in ArcGIS 9 and Patch Analyst ext.  

 

Figure 1.  Map of the Inner Gulf of Thailand. 
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in ArcView GIS 3.2. A two-km radius was 
chosen because it would capture variation 
among sites in the amount of adjacent habitat 
and to be comparable with previous studies 
about shorebird movements that also used this 
distance (Sanzenbacher and Haig, 2002; Taft 
and Haig, 2005). At the local scale, I classified 
the composition of major types of land-use/land 
cover present along the Inner Gulf typically used 
by shorebirds. These habitats included mudflat, 
mangroves, aquaculture ponds, natural ponds in 
mangroves, salt-pans, sandy beaches, water 
treatment ponds, urban and other development, 
rivers/streams/canals, reed swamps, paddy fields, 
and non-mangrove vegetation such as orchards 
and scrubs. I quantified the surrounding 
landscape configurations at each site into 16 
different landscape metrics (Table 1) available on 
Patch Analyst ext. in ArcView GIS 3.2.  At the 
landscape scale, I calculated habitat diversity and 
evenness for each site; then characteristics 
among 20 sites were compared.  
 
1.4  Statistical analysis 

I assessed species richness, abundance 
and diversity for each survey site. Species 
richness was defined as the number of 
shorebird species observed at a site. 
Abundance was defined as the absolute 

number of individuals at a site. Diversity was 
calculated by using  Fisher’s alpha diversity 
index. Spatial analyses were conducted using 16 
metrics and 2 landscape level (Table 1) indices 
available in Patch Analyst ext. in ArcView GIS 
3.2. Landscape characteristics for the analyses 
were divided into 2 features: 1) habitat 
composition and 2) surrounding landscape 
configuration. I analyzed habitat composition 
and surrounding landscape relative to species 
richness, abundance and diversity of shorebirds 
by using stepwise multiple regressions 
(described in The R Book, chapter 10: 
regression, Crawley, 2007) to construct models 
for explaining potential relationships. With the 
exception of the spatial statistics, all statistical 
analyses were performed using program R 
(http://www.r-project.org).  
 

Results 
There were 35 species of shorebirds 

found. Including two species of global 
conservation concern; Nordmann’s Greenshank 
(listed as Endangered, IUCN 2008) and Spoon-
billed Sandpiper which is now listed as 
Critically Endangered (IUCN 2008). Global 
populations of these two species are both less 
than 1,000 individuals. The 35 species were 
classified into three major groups; 1) common 
birds found in small to very high numbers, but 
found at almost every site, 2) rare birds found in 
very small to moderate numbers at a few sites, 
and 3) groups found in intermediate numbers at 
a moderate number of sites (Figure 2).   

The species with the highest abundance 
were Sand Plovers (Lesser + Greater Sand 
Plover, they were pooled together because they 
are difficult to distinguish in non-breeding 
plumage while usually packed together in the 
same flock) with a mean of 8,834 ± 2,768.8 
individuals. The second highest was Black- 
tailed Godwit with 5,231 ± 2,410.8 individuals 
and the third was Red-necked Stint with 1,217 ± 
400.7 individuals.  

Samut Sakorn Mangrove Research Station 
(SSMRS) had the highest species richness (total 
= 27 species) and abundance (mean ± sd, 5,780 
± 2,152 birds). However, Fisher’s alpha index 
indicated that Laem Pak Bia was the site of 
highest diversity (Fisher’s alpha = 4.02 while 
SSMRS = 3.02), it contained equal number of 
species as SSMRS but lower abundance at only 
827 ± 141.1 individuals (Figure 4a,b,c). 

 

Table 1. Landscape metrics from Patch Analyst 
using for analysis of habitat composition and 
landscape configuration  

Level  Metrics 
Local site level  class area 

total landscape area 
number of patches 
mean patch size 
median patch size 
patch size coefficient of 
variance 
patch size standard deviation 
total edge 
edge density 
mean patch edge 
contrasted weighted edge 
mean shape index 
area weighted mean shape 
index. 
mean perimeter-area ratio 
mean patch fractal dimension 
area weighted mean patch 
fractal dimension 

Landscape 
level 

habitat diversity 
habitat evenness 
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A multiple regression model of the relationship 
between shorebird diversity and landscape 
metrics showed that diversity was a function of 
Ttotal Edge and Mean Shape Index (p = 0.045, 
R2 = 0.31).  
 

 
A multiple regression model of the relationship 
between shorebird diversity and habitat 
composition indicated that shorebird diversity 
was a function of the interaction between the 
area of mudflat and the area of salt-pans (p = 
0.00069, R2 = 0.48).   

 
Simple regression of the two primary 
explanatory variables yielded different results. 
The area of mudflat alone was significantly 
related to species diversity (p = 0.0248, R2 = 

0.25), but area of salt-pans was not (p = 0.43, R2 
= 0.04).  
 

Discussion 
Sand Plover (Lesser Sand Plover and 

Greater Sand Plover) and Black-tailed Godwit 
were found in very high numbers in almost 
every site. Numbers of individuals of these two 
species were dramatically different from the 
other 33 species for which none were found in 
concentrations >5,000 individuals, while these 
two species exceeded 20,000. Black-tailed 
Godwit were found in high numbers in the Inner 
Gulf of Thailand, emphasizing the importance of 
the Gulf for shorebirds as this species was up-
listed to “Near Threatened” by IUCN in 2006 
because of an estimated 30% decrease in the 
global population in the last 15 years (IUCN, 
2006). Samut Sakorn Mangrove Research 
Station (SSMRS) was the site of highest species 
richness and abundance perhaps because the site 
is situated near a river mouth (Tha Chine) and 
receives some legal protection from the 
Department of Marine and Coastal Resources. 
Laem Pak Bia had the highest diversity and the 

 

 
Figure 2 Abundance versus occurrence of shorebirds in 20 sites (see table for abbreviations). 

Model 1: Shorebird diversity = 2.836 - 
6.916e-06(Total Edge) + 0.524 (Mean Shape 
Index) 

Model 2: Shorebird diversity = 1.920 + 
1.959e-13(Area Mudflat)*(Area Salt-pans) 
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highest species richness (along with SSMRS) 
perhaps because this site contains habitats not 
found in other sites including water treatment 
ponds and sandy habitats on the sea shore as 
well as being surrounded by large areas of salt-
pans. This site also receives some protection as 
part of a Royal Project area.  

This preliminary analysis indicates that 
higher diversity sites were correlated with lower 
levels of fragmentation and irregular patch 
shapes in the surrounding landscape. There was 
also a significant interaction between area of 
mudflat and area of salt-pans. This model with 
the mudflat-saltpans interaction explained 
approximately 48% of the diversity among the 
20 sites. Simple regression models indicated that 
area of mudflat alone was a significant predictor 
of diversity (p = 0.0248, R2 = 0.25) whereas 
areas of salt-pan alone were not a significant 
predictor of species diversity.  

Many studies have shown that mudflats 
are a crucial habitat for shorebirds all over the 
world as in this study. However, there is also 
research to suggest that salt farms may provide 
important habitat, particularly for roosting, in 
the absence of other natural habitats. The 
traditional salt farming system in Thailand has 
some similar characteristics to salt ponds, salt 
works or salinas in other countries around the 
world which consists of shallow interconnected 
pans varying in size and water depth, separated 
by dikes. Sea water is pumped into storage 
ponds and circulated through a series of 
evaporation pans. The difference between Thai 
traditional salt-pans and other methods is their 
low intensiveness and small scale that are mostly 
operated by local people. The farming system 
comprises of 4 major parts: 1) main water 
storage ponds with deep standing water and 
steep-sided banks; 2) low salinity evaporation 
ponds with very shallow water (5-20 cm) and 
typically containing dense growths of algae, 
sometimes this kind of pond becomes dry or has 
very shallow water so that the rough and muddy 
bottoms are exposed like many small bumpy 
islands scattered around the pond; 3) high 
salinity evaporation ponds which contain higher 
concentrations of salty water; and 4) bittern 
storage ponds and crystallizers in which water 
has very high salinities and contains solid 
crystallized salt. The bottoms of the third and the 
fourth ponds are compacted and graded by 
locally-made tiny rolling tractors to make a flat 
bed which is necessary in the evaporating 
process and harvesting of salt. The low salinity 
evaporation ponds are the ones most used by 
birds because of their suitable depth; shorebirds 
normally do not feed in water much deeper than 
10-15 cm and they prefer a water depth of 
approximately 4 cm except for those that can 
swim such as Phalaropes (Isola et al., 2000). 

Table 2.  Species and abbreviations of shorebirds in 
this study 

Code Common Name Scientific Name 
ADw Asian Dowitcher Limnodromus 

semipalmatus 
BrGw Bar-tailed Godwit Limosa laponica 

BlGw Black-tailed Godwit Limosa limosa 

BbSp Broad-billed 
Sandpiper 

Limicola falcinellus 

CmGs Common Greenshank Tringa nebularia 

CmRs Common Redshank Tringa totanus 

CmSp Common Sandpiper Actitis hypoleucos 

CmSn Common Snipe Gallinago gallinago 

ClSp Curlew Sandpiper Calidris ferruginea 

EuCl Eurasian Curlew Numenius arquata 

FECl Far Eastern Curlew Numenius 
madagascariensis 

GKn Great Knot Calidris tenuirostris 

GPl Grey Plover Pluvialis squatarola 

GtTl Grey-tailed Tattler Heteroscelus 
brevipes 

KPl Kentish Plover Charadrius 
alexandrinus 

LRPl Little Ringed Plover Charadrius dubius 

LtSt Long-toed Stint Calidris subminuta 

MSp Marsh Sandpiper Tringa stagnatilis 

PGPl Pacific Golden 
Plover 

Pluvialis fulva 

PAvc Pied Avocet Recurvirostra 
avosetta 

RKn Red Knot Calidris canutus 

RnPlr Red-necked 
Phalarlope 

Phalaropus lobatus 

RnSt Red-necked Stint Calidris ruficollis 

RdTs Ruddy Turnstone Arenaria interpres 

Ruf Ruff Philomachus pugnax 

SPl Sand Plover Charadrius mongolus 
+ C. leschenaultii 

Sdl Sanderling Calidris alba 

SPtc Small Pratincole Glareola lactea 

SbSp Spoon-billed 
Sandpiper 

Eurynorhynchus 
pygmeus 

SpRs Spotted Redshank Tringa erythropus 

TmSt Temminck's Stint Calidris temminckii 

TrSp Terek Sandpiper Xenus cinereus 

WB Whimbrel Numenius phaeopus 

WdSp Wood Sandpiper Tringa glareola 
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Figure 3. Location of survey sites. See table 3 for and their abbreviations 

 

a 

b 

c 
Figure 4. Histogram of species richness (a), abundance (b) and diversity (c) in the 20 surveyed sites. 
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This pond type appears to be a favored habitat 
for Spoon-billed Sandpipers, a critically 
endangered species (IUCN, 2008) which 
winters in the Inner Gulf of Thailand. At least 12 
individuals per year were found in traditional salt 
pans in the Inner Gulf during the last wintering 
season in 2008 (Nimnuan and Daengpayon, 
2008).  Natural habitats like shallow ponds in 
mangroves or salt marshes where shorebirds 
roost at high tide are typically no longer available 
in the Inner Gulf. However, salt pans are often 
used for roost sites nearby suitable mudflats and 
are occasionally used as a minor feeding habitat 
particularly by smaller shorebirds like Stints and 
small sandpipers. Thus, salt-pans apparently 
function as acceptable roost sites for migratory 
shorebirds in the Inner Gulf of Thailand whereby 
they provide secure high-tide roosts in part due to 
their close proximity to mudflats. However, 
mudflats with higher density prey available to 
shorebirds may be occasionally used less than 
lower density prey sites if acceptable roost sites 
are not sufficiently close (Rogers et al. 2006; 
Dias et al. 2006).  While mudflat access is 
limited by tidal cycles, salt pans are usually 
available continuously.  

Consequently, salt-pans appear to 
support a broad array of species and abundance 
of shorebirds wintering and stopping-over in 
the Inner Gulf of Thailand. Reduction in the 
quality or loss of this structure might impact a 
high proportion of migratory shorebirds in the 
Inner Gulf because most other habitats, 
particularly man-made such as aquaculture 
ponds are not suitable for shorebirds and there 
is a lack of natural habitats. Proper managing 
of traditional salt-pans by collaborating with 
local communities might enhance migratory 
shorebird conservation in this area. However, 
more analyses need to be performed to better 
understand the relationship between migratory 
shorebird communities and landscape 
characteristics in the Inner Gulf of Thailand.  
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Abstract 

Small mammalian carnivores are diverse 
in species and ecological traits. Trends in their 
population dynamics are little known due to 
their elusiveness and possibly low abundance. 
Many species belonging to these groups are 
now threatened or data deficient. Thung Yai 
Naresuan Wildlife Sanctuary, western 
Thailand supports up to 23 species of small 
carnivores (≤ 15 kg) within a mosaic of 
habitats. We hypothesized that patterns of 
species richness and relative abundance of 
small mammalian carnivores differ in relation 
to forest types. We examined the patterns of 
species richness and species relative 
abundance between 2 major forest types, semi-
evergreen (SEF) and mixed deciduous/savanna 
forest (MDF/Savanna) using camera trap and 
direct observations from spot-lighting surveys. 
Small carnivores accounted for 17% of all 
photographs consisting of 11 species from  
5 families with an average of less than  
1 photograph taken per day.  

The small carnivore communities 
differed between the two forests in terms of 
abundance (Sorensen index = 0.39) although 
the two habitats shared 8 out of 11 species 
detected by camera traps. Species richness was 
estimated to be between 12 to 22 species in 
both forests combined. Species found in 
MDF/Savanna had higher relative abundance 
but no difference was observed between 
different ecological traits. Camera traps failed 
to record 8 species thought to occur in the 
study area. Many of these unseen species are 
thought to be rare and/or declining in 
abundance, particularly 3 felid species that are 
threatened due to habitat loss, four viverrids, 
two of which are restricted to arboreal habitats, 
while another two species are mainly terrestrial 
but rarely observed, and one herpestid, which 
is more disturbance tolerant and thus intact 
forest within the study site may not be 
preferable. This study suggests possible 
limitations of camera trapping and 
recommends that other methods should be 

applied in conjunction, for example, spot-
lighting surveys, to account for nocturnal small 
carnivore species with more arboreal habits. 
 
Key words: small carnivore, Thailand, species 
richness, relative abundance, camera trapping 
 
Introduction 

Understanding how variation in habitat 
structure and composition influences species 
richness and abundance is essential for 
ecologists and wildlife managers (August 1983; 
Kerr & Packer 1997; Nakagawa et al. 2006; 
Williams & Marsh 1998; Williams et al. 2002b). 
Small carnivores (≤ 15 kg) are particularly 
important for maintaining forest ecosystem 
function, for example, regulating small mammal 
populations (Rabinowitz & Walker 1991), 
dispersing plants’ seeds (e.g., Ho 2008; Koike et 
al. 2008) as their removal can have significant 
negative consequences for such systems (Caro 
2002; Gao & Sun 2005; Rabinowitz & Walker 
1991). In tropical Asia, several small carnivore 
species are under threat due to habitat loss and 
conversion, as well as hunting pressures (IUCN 
2008), while several others are poorly known 
primarily due to their rarity and elusive behavior 
(Nowell & Jackson 1996; Schreiber et al. 1989).  

A total of 28 species of carnivore from  
6 families occur in western Thung Yai Naresuan 
Wildlife Sanctuary (TYN hereafter) with 23 
species (≤ 15 kg) from 5 families being 
considered small carnivores (Conforti 1996; 
Lekagul & McNeely 1977; Nakhasathien & 
Stewart-Cox 1990; Steinmetz & Mather 1996).  

The diverse community of small 
carnivores in TYN is probably due to the 
diversity of forest types and the diverse prey 
community as observed in the adjacent Huai 
Kha Khaeng (HKK) Wildlife Sanctuary 
(Rabinowitz & Walker 1991). In HKK and 
TYN, mixed deciduous forest (MDF) supported 
the highest species richness of small carnivores 
followed by seasonal dry evergreen (SEF) and 
dry dipterocarp forests, respectively (Conforti 
1996). Because SEF is far more complex in its 
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structure than MDF (van de Bult 2003), this 
forest type may support several arboreal 
species, such as, Palm Civets (Rabinowitz 
1991), which may not have been detected by 
camera trapping during Conforti’s survey, 
probably artificially lowering the species 
richness in SEF below that of MDF.  

In Conforti’s (1996) survey, the most 
common family of small carnivores found in 
TYN and HKK was Viverridae which was 
three times as abundant as individuals of the 
family Felidae followed by Canidae, 
Mustelidae and Herpestidae. Viverrids were 
dominated by the commonest species, Large 
Indian Civet and Common Palm Civet, which 
are species of high resilience to human 
disturbance (Duckworth 1997; Prayong & 
Srikosamatara 2006; Rabinowitz 1991; 
Rabinowitz & Walker 1991; Simcharoen et al. 
1999). Viverrids occurred in all available 
habitats with the exception of a few arboreal 
species, such as Masked Palm Civet –  
a species that appears to be restricted to 
evergreen forests (but see Conforti 1996; 
Rabinowitz & Walker 1991).  

In the same area of HKK, Rabinowitz 
and Walker (1991) reported that Leopard Cat, 
Asiatic Jackal and Large Indian Civet were the 
predominant small carnivore species, 
respectively. Due to their broad diets, the 
generalist Viverrids such as Large Indian 
Civet, Common Palm Civet, Masked Palm 
Civet (which eat both plant materials and 
animals) (Grassman 1998; Lekagul & 
McNeely 1977; Rabinowitz & Walker 1991; 
Zhou et al. 2008) are able to persist in a variety 
of habitats with relatively higher abundances. 
In contrast, other families particularly Felidae 
and Canidae are mostly meat-oriented species 
with relatively larger body sizes (Lekagul & 
McNeely 1977; Rabinowitz & Walker 1991); 
they have to track scarcer resources (small 
mammalian prey) whose availability varies 
spatially by habitat and temporally according 
to availability of food resources (e.g., Beck et 
al. 2004; Venkataraman et al. 2005; e.g., 
Walker & Rabinowitz 1992). Therefore, 
populations of felids and canids may be held at 
lower densities than those of viverrids.  

This study investigates the relationship 
between small carnivore communities and 
forest types to provide better understanding of 
the underlining factors that determine the 
community structure, distribution and relative 

abundance of these diverse carnivore 
communities. 
 
Methods 
Study Area 

TYN is 3,622 km2 in area, (15° 00'-15° 23' 
N, 98° 30'-99° 05' E) adjacent to Myanmar. 
Together with the adjacent HKK it constitutes 
Thailand’s first Natural World Heritage Site, and 
forms the core of the largest contiguous 
protected, forest complex in mainland SE Asia, 
known as the Western Forest Complex. The 
sanctuary is characterized by rugged 
mountainous terrain with elevations up to 1,800 
m. The main forest types in TYN are mixed 
deciduous (MDF) (46%), seasonal dry evergreen 
(SEF) (also referred to as semi-evergreen forest; 
30%), and hill evergreen (15%). Secondary 
forest covers 4% of the sanctuary, and the 
remaining 5% consists of savanna, grassland and 
dry dipterocarp forest (Anon. 1997; Kutintara & 
Bhumpakphan 1989; Nakhasathien & Stewart-
Cox 1990). There are three distinct seasons:  
a cool dry season between November and 
February, a hot dry season from March through 
May, and a rainy season between May and 
October. Ten-year mean annual rainfall in the 
western TYN, was 2,337 mm between 1986 and 
1996 (van de Bult 2003). Less than 100 mm of 
rain per month falls for five months of the year 
(based on data from 1997 and 2005), and rainfall 
is concentrated between July and September. 
Mean annual temperature is 28° C (The Thai 
Meteorological Department 2005).  
 
Camera trapping 

From November 2007 to August 2008 
camera-trap units were placed in semi-evergreen 
(SEF) and mixed deciduous/savanna forest 
(MDF/Savanna), at a density of 1 camera-trap 
station/1 km2 in a grid system. Camera units 
were placed at locations based on  those areas 
where animals usually travel and leave signs of 
recent activity -- by small streams, existing 
animal trails, along riparian vegetation running 
through grassland -- and coordinates were taken 
using GPS. These non-random camera 
placements and spacing between cameras are 
designed to increase the probability of 
photographing the focal species. Cameras were 
mounted on trees or poles with the infrared 
beam set at a height of ca. 30 cm. Each unit was 
programmed to delay sequential photographs by 
1 minute and operate 24 hours per day until the 
film was fully exposed. Cameras were left in the 
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field for ca. 30 days before subsequent visits 
were made for film and battery retrieval and 
replacement. All units were left in each study 
site for ca. 4 months and then moved to new 
locations resulting in two temporal/spatial 
replicates within each forest type. Average 
elevation of camera placements was 854 ±87 
m in both forest types. 
 
Data analysis 
Estimation of species richness 

Program CAPTURE (Rexstad & 
Burnham 1991) was used to estimate species 
richness of small carnivores in relation to 
forest type using detection/non-detection data 
by treating camera trap stations as sampling 
units (Williams et al. 2002a). We followed the 
recommendations of Boulinier et al. (1998) by 
choosing model Mh which assumes variation in 
species detection probability regardless of 
model selection criteria in the estimation of 
species richness of small carnivores. 
 

Criteria for independence of animal 
photographs 

Each photograph of a small carnivore 
included date and time printed on film was 
examined and identified to species. 
Photographs which we could not assign to 
species were omitted accounting for 3%. 
Determination of independence of photographs 
was based on the following criteria; (1) 
consecutive photographs of different 
individuals of the same or different species, (2) 
consecutive photographs of individuals of the 
same species taken more than 0.5 hours apart, 
and (3) nonconsecutive photos of individuals 
of the same species (O’Brien et al. 2003).  
 

Relative abundance 
Two widely used relative-abundance 

indices (RAI) derived from indexing the 
numbers of independent photographs of a 
species are used to compare differences in 
relative abundance among species traits 
between forest types. The average numbers of 
days required to acquire the first photograph of 
a species (RAI1) is a measure of survey effort 
and is expected to decrease as an animal’s 
density increases (Carbone et al. 2001). The 
number of photographs acquired per day 
(RAI2) is expected to increase when an 
animal’s density increases (O’Brien et al. 
2003). RAI2, also called “capture rate”, was 

indexed as the number of photographs of  
a given species recorded per 100 trap days.  

Small carnivore species were assigned 
according to their ecological/functional traits, 
terrestrial and semi – to arboreal. Hypotheses 
and predictions were tested as follows: (1) 
among species of the same functional trait 
between forest types, (2) within the same species 
between forest types, and (3) among species of 
the same functional trait within the same forest 
type. Log transformations of the data did not 
help normality assumptions (Shapiro–Wilk test; 
W = 0.7518, P < 0.0001), therefore, we used 
non-parametric tests (Wilcoxon, and Kruskal – 
Wallis). However, for species with sufficient 
detections (see Results), log-transformations 
were used to normalize data to test with 
parametric statistics. The significance level was 
set at α = 0.05. All tests were performed using 
JMP 5.0.1 (SAS Institute 2007) unless otherwise 
stated.  
 
Results 

A total of 55 camera-trap stations were 
used in the analyses; 26 in SEF and 29 in 
MDF/Savanna. The total number of photographs 
taken during the survey period was 1,191; 730 
photographs in MDF/Savanna and 461 
photographs in SEF. Among these, 205 
photographs (17%) were of small carnivores 
consisting of 11 species with 153 photographs 
considered independent (75%). Of the 
independent photographs, 113 (74%) were taken 
in MDF/Savanna whereas only 40 photographs 
were taken in SEF. The total camera trapping 
effort was 4,569 trap days: 2,362 trap days in 
SEF and 2,207 trap days in MDF/Savanna 
forest. Of 55 active camera-trap stations, 22 
stations (40%) had no small carnivore 
photographs: 12 stations (ca. 20%) in SEF and 
10 stations (ca. 20%) in MDF/Savanna. The 
overall rate of detection for small carnivores was 
3.91 photographs/100 trap days (TD) (Table 1).  
 
Similarity between forest types  

Both forest types shared 8 out of 11 
species observed (Table 2). The coefficient of 
similarity derived from the Sorensen 
Quantitative Index (Magurran 1988) revealed 
that the groups of small carnivore species 
observed in SEF and MDF/Savanna were 
distinct in composition (Sorenson index = 0.39). 
This was partly explained by differences in 
species abundance (i.e. absolute numbers of
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Table 1. Relative abundance of small carnivores in two forest types, Thung Yai, November 2007–August 2008. 
RAI 1 = the average number of days required to photograph a species. RAI 2 = photograph capture rates 
(number of independent photographs/100 trap nights). Significant differences (α = 0.05) in species relative 
abundance between forest types indicated where tests were performed. n: numbers of independent photographs. 
SE: standard error. 

RAI 1 (SE) RAI 2 (SE) Species 
SEF MDF/Savanna SEF MDF/Savanna Overall 

Dhole 
Cuon alpinus 52* 32 (7) 

n = 1 
0.03 (0.03) 

n = 2 
0.10 (0.08) 0.07 (0.04) 

Yellow-throated Marten 
Martes flavigula no detection 66 (16) no detection 

n = 5 
0.16 (0.11) 0.09 (0.06) 

Hog Badger 
Arctonyx collaris  no detection 165* no detection 

n = 1 
0.05 (0.05) 0.03 (0.03) 

Large-toothed Ferret-badger 
Melogale personata no detection 14* no detection 

n = 9 
0.33 (0.33) 0.17 (0.17) 

Large Indian Civet 
Viverra zibetha 22 (7) 21 (5) 

n = 21 
1.78 (0.80) 

n = 45 
2.30 (0.70) 

n.s. 
2.06 (0.53) 

Banded linsang 
Prionodon linsang 14* 145* 

n = 1 
0.03 (0.03) 

n = 1 
0.07 (0.07) 0.05 (0.04) 

Common Palm Civet 
Paradoxurus 
hermaphroditus 38 (27) 84* 

 
n = 11 
0.47 (0.31) 

n = 1 
0.03 (0.03) 

 
n.s. 
0.24 (0.15) 

Masked Palm Civet 
Paguma larvata 40 (32) 62 (10) 

n = 3 
0.12 (0.09) 

n = 15 
0.66 (0.30) 

n.s. 
0.41 (0.16) 

Crab-eating Mongoose 
Herpestes urva 11* 38 (13) 

n = 1 
0.03 (0.03) 

n = 22 
0.83 (0.48) 

n.s. 
0.45 (0.26) 

Leopard Cat 
Prionailurus bengalensis 59* 57 (10) 

n = 1 
0.04 (0.04) 

n = 10 
0.50 (0.19) 

p = 0.018 
0.28 (0.11) 

Golden Cat 
Catopuma temminckii 116* 23* 

n = 1 
0.03 (0.03) 

n = 2 
0.10 (0.10) 0.07 (0.06) 

Overall 
n = 40 
2.54 (1.37) 

n = 113 
5.14 (2.44) 

p = 0.037 
3.91 (1.60) 

* Asterisk indicates species detected by only 1 camera trap station and no standard error estimated. 
 

Proportion of small carnivore detected by camera-trap stations during 
November 2007 and August 2008 between MDF and SEF of TYN
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Figure 1. Distribution of small carnivores in relation to the forest types, MDF/Savanna and SEF, in Thung Yai 
Naresuan Wildlife Sanctuary between November 2007 and August 2008.  
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species photographs) between forest types  
(χ2 = 4.3630, d.f. = 1, P = 0.037).  
 
Species Richness 

The overall species richness of the small 
carnivore community was estimated as 13 ± 2 
SE (95% CI: 12 – 22 species). A slightly 
higher species richness was estimated for 
MDF/Savanna (14 ± 4: 12 – 30 species). 
However, the estimate was less informative for 
SEF (36 ±14: 20 – 77 species) possibly due to 
many camera stations having no detections (10 
out of 25 stations) of small carnivores resulting 
in very low detection probabilities and, 
consequently, low precision of species richness 
estimates.  
 
Species Distribution 

Overall, Large Indian Civet had the 
widest distribution, being recorded at 45% of 
camera locations pooled across forest types. 
This species was followed by Leopard Cat, 
Masked Palm Civet and Crab-eating 
Mongoose, recorded at 16%, 15% and 11% of 
locations, respectively. This same ranking was 
also observed in MDF/Savanna (Figure 1). In 
SEF, Large Indian Civet also had the widest 
distribution (42% of locations), but, unlike 
MDF/Savanna, was followed by Common 
Palm Civet (15% of locations).  

Hog Badger, Large-toothed Ferret-
badger, Banded Linsang, Common Palm Civet 
and Golden Cat were observed only at single 
locations in MDF/Savanna. Yellow-throated 
Marten, Hog Badger and Large-toothed Ferret-
badger were only recorded in MDF/Savanna.  
 
Species Relative Abundance 

Small carnivores observed in 
MDF/Savanna had higher relative abundance 
than those in SEF (χ² = 5.5119, d.f. = 1, P = 
0.019). Only 5 species were recorded in 
sufficient numbers in both forest types to 
compare their relative abundance. There was 
no statistical difference in relative abundance 
between forest type for Large Indian Civet  
(χ² = 0.3807, d.f. = 1, P = 0.537), Common 
Palm Civet (χ² = 2.4177, d.f. = 1, P = 0.120), 
Masked Palm Civet (χ² = 2.1229, d.f. = 1, P = 
0.145), and Crab-eating Mongoose (χ² = 
2.7253, d.f. = 1, P = 0.099). An exception was 
Leopard Cat which had a significantly higher 
relative abundance in MDF/Savanna (χ² = 
5.6082, d.f. = 1, P = 0.018) (Table 1, Figure 2). 

Relative abundance of small carnivore 
groups with different ecological traits was not 
significantly different between forest types (χ² = 
0.0335, d.f. = 1, P = 0.855) (Terrestrial: Dhole, 
Hog Badger, Large Indian Civet, Crab-eating 
Mongoose, Leopard Cat and Golden Cat versus 
Semi – to Arboreal: Yellow-throated Marten, 
Large-toothed Ferret-badger, Banded Linsang, 
Common Palm Civet and Masked Palm Civet). 
There were no difference in relative abundance 
between the two ecological groups within each 
forest type (MDF/Savanna; χ² = 0.5358, d.f. = 1, 
P = 0.464 and SEF; χ² = 0.0801, d.f. = 1, P = 
0.777). However, terrestrial species in 
MDF/Savanna had a significantly higher relative 
abundance than in SEF (χ² = 4.4104, d.f. = 1,  
P < 0.05), whereas semi – to arboreal species did 
not differ between forest types (χ² = 1.5902, d.f. 
= 1, P = 0.207).  

We further compared, for five species with 
sufficient detections, overall relative abundance 
(habitats combined) between terrestrial and semi 
– to arboreal species. Data met assumptions of 
normality (Shapiro – Wilk; W = 0.8896, P = 
0.1598) and homogeneity of variance (Levene 
Test; F1, 8 = 1.0358, P = 0.3386) after 
logarithmic transformation. We did not detect a 
difference in relative abundance between 
terrestrial species (Large Indian Civet, Crab-
eating Mongoose and Leopard Cat) and semi – 
to arboreal species (Common Palm Civet and 
Masked Palm Civet) (t = -0.572, P = 0. 583).  
 
Discussion 
Patterns of species relative abundance and 
species richness 

This study showed that Large Indian Civet 
was the commonest small carnivore species 
among 11 species observed in TYN. This result 
was also documented by previous studies in the 
same area (Conforti 1996) and elsewhere (Anon. 
2005; Lynam et al. 2001; Sukmasuang 2001; 
Zaw et al. 2008). However, the relative 
abundance of this species is well below that of 
Conforti (1996) and Sukmasuang (2001) whose 
studies took place in adjacent HKK in similar 
habitat types (22.4 and 9.38/ 100 TD, 
respectively). Large Indian Civet did not show 
preferences for particular habitat types in TYN 
which was consistent with that observed 
elsewhere where species utilized a wide range of 
habitats and elevations (Conforti 1996; 
Duckworth 1997; Lynam et al. 2001; 
Sukmasuang 2001) 

. 
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Table 2. The presence and absence of small carnivores in 2 forest types of Thung Yai recorded during November 
2007 and August 2008. The confirmation of the presence of species in the study area came from 4 different 
detection methods: photo (camera trap photographs), sign (tracks and signs found during excursion in the area, 
night observ. (direct observation made during night survey), and day observ. (direct observation made during 
daytime fieldwork). 

Detection methods  
Species 

SEF MDF/Savanna 

Golden Jackal1 photo - 
Dhole photo; sign photo; sign 
Yellow-throated Marten sign; day observ. photo; sign; day observ. 
Hog Badger sign photo; sign 
Large-toothed Ferret-badger - photo 
Large Indian Civet photo; sign; night observ.; day observ. photo; sign; night observ.; day observ. 
Large-spotted Civet2 - day observ. 
Small Indian Civet - sign; night observ. 
Banded Linsang photo; night observ. photo 
Common Palm Civet photo; sign; night observ. photo; sign; night observ. 
Masked Palm Civet photo; sign; night observ. photo; sign; night observ. 
Binturong sign - 
Small-toothed Palm Civet night observ. night observ. 
Small Asian Mongoose - - 
Crab-eating Mongoose photo photo; day observ. 
Jungle Cat - - 
Leopard Cat photo; sign photo; sign 
Fishing Cat - - 
Golden Cat photo photo 
Marbled Cat - - 

1 Golden Jackal was photo-trapped once during preliminary survey in SEF. However, the animal was never detected 
by camera trap again afterward.  
2 Large Spotted Civet was seen during daytime in adjacent forested area approximately 40 kilometers from Thung 
Yai Naresuan Wildlife Sanctuary.  
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Figure 2. Relative abundances of small carnivores in two forest types, SEF and MDF/Savanna, in Thung Yai 
Naresuan Wildlife Sanctuary during camera trapping surveys from November 2007 to August 2008.  
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Estimates of species richness indicated 
no difference between MDF/Savanna and SEF. 
However, considering species richness alone 
may be misleading unless accounting for 
species detection probability which varies 
among species due to their behavior. For 
instance, Small-toothed Palm Civet was not 
detected at both sites by camera traps, 
however, the species was often encountered in 
trees in both forests during spotlighting 
surveys. It indicated that the species resided 
within both habitats but their strong arboreal 
behavior (Duckworth & Nettelbeck 2007; 
Rabinowitz 1991) caused biased estimates of 
their relative abundance derived from camera 
traps (Duckworth & Nettelbeck 2007). This is 
an important point of concern that a relative 
abundance index derived from camera traps 
does not necessary reflect the ‘true’ abundance 
(both relative and absolute) of animals unless 
detection probability is accounted for. 
Provided the relationship between relative 
abundance and absolute animal abundance is 
unknown, care must be taken when 
interpreting the results particularly for arboreal 
to semi – arboreal species such as this civet. 
This explanation could be applied for other 
semi-arboreal small carnivores, e.g., 
Binturong, Masked Palm Civet and Common 
Palm Civet, as well. Relative abundances of 
these species were likely underestimated in 
TYN, as also suggested in other studies (Anon. 
2005; Conforti 1996; Lynam et al. 2006; Zaw 
et al. 2008).   

Among semi-arboreal viverrids Masked 
Palm Civet was photo-trapped at higher rates 
than Common Palm Civet, particularly in 
MDF/Savanna. This result coincided with  
a study in northern Myanmar that showed the 
former species to be more abundant (Rao et al. 
2005) (but see Anon. 2005; Conforti 1996; 
Sukmasuang 2001; Zaw et al. 2008). Although 
higher relative abundance of Masked Palm 
Civet in MDF/Savanna was not significant, the 
number of photographs obtained from this 
habitat (n = 15) suggested that the species 
traveled on the ground more often in this 
forest, probably due to discontinuity of the 
canopy which compels them to travel 
terrestrially relatively often, making them more 
prone to being photo-trapped. In contrast, 
evergreen forest has more complex forest 
structure and largely continuous canopy (van 
de Bult 2003), so Masked palm civets would 

be able to travel more in trees without 
descending.  

Recent findings have shown that Masked 
Palm Civet track resources based on resource 
availability rather than preference. In China, 
when fruit availability dropped, civets consumed 
small mammals in higher proportion and when 
fruits became more abundant civets shifted their 
diets to include fruits in a much higher 
proportion (Zhou et al. 2008). This shift in diet 
of Masked Palm Civets observed in southern 
China may help explain the patterns observed in 
TYN in this study. During the survey period, 
fruiting trees were relatively scarce in both 
habitats but abundance of small mammals was 
higher in MDF/Savanna sites (23 ± SE 7 
animals, and 52 ±10 animals) and the SEF site 1 
(32 ± SE 8 animals (unpublished data). 
Abundance estimates for SEF site 2 could not be 
performed due to zero recaptures, and we 
believe that this site had the lowest rodent 
abundance. Thus, the relative higher abundance 
of rodent prey in MDF/Savanna during this 
study, combined with low fruit availability 
overall, may explain the pattern of higher 
relative abundance of Masked Palm Civet in this 
forest type.     

Banded Linsangs were documented in 
both SEF and MDF/Savanna. Single 
photographs from each location were taken, 
always at night. Both photographs were of  
a single animal. The species went undetected 
during Conforti’s (1996) study in the same area 
and elsewhere where the species is thought to 
occur (e.g., Ngoprasert 2004; e.g., Sukmasuang 
2001). This species may not be as uncommon in 
TYN as previously thought since they have been 
occasionally observed by local fishermen and 
rangers especially along streams (TYN rangers 
pers. comm.) although confusion in species 
identification may exist (Zaw et al. 2008).The 
species is thought to occur in association with 
evergreen forest (Steinmetz & Simcharoen 2006: 
Boontua 2004, Kanchanasaka et al. 1998 and 
Kekule 2004, cited in Steinmetz and Simcharoen 
2006, Steinmetz et al. unpublished data) and 
perhaps with the presence of streams (Steinmetz 
et al. unpublished data). Surveys in adjacent 
Myanmar also revealed the occurrence of 
Banded Linsang in evergreen forest (Zaw et al. 
2008). The low relative abundance of this 
species in this study (0.03 – 0.07/ 100 trap days) 
was likely due to its arboreal behavior (Van 
Rompaey 1993). 
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Yellow-throated Marten was not 
photographed in SEF, however, we observed 
the species there (during the day). This 
suggests a caveat for camera-trapping surveys 
for partially to mostly arboreal species, 
whereby such species are likely to be 
underrepresented in relative abundance indices 
from photographs (e.g., Zaw et al. 2008). 
Yellow-throated Marten is primarily diurnal 
(Grassman et al. 2005a; Lekagul & McNeely 
1977) even though increased nocturnal 
activities were observed during a waxing moon 
(Grassman et al. 2005a; and this study, but see 
also Lekagul and McNeely, 1977). Yellow-
throated Marten appear to utilize habitats 
proportionally to availability (Grassman et al. 
2005a).  

Leopard Cat and Golden Cat were 
photographed only once in SEF differing from 
what was observed in MDF/Savanna. These 
two cats are largely terrestrial  (Lekagul & 
McNeely 1977) and use habitat in proportion 
to availability (Grassman et al. 2005b, 2005c). 
The observed higher relative abundance of 
Leopard Cat in MDF/Savanna may be 
explained by the higher abundance of small 
mammals in this forest type, since small 
rodents are the main food of this cat (Grassman 
et al. 2005b, 2005c; Mukherjee et al. 2004; 
Walker & Rabinowitz 1992).      

Detections of Dhole were too few to 
draw any conclusion about animal habitat use 
or  relative abundance. Dhole was among the 
rarest species in this study along with Hog 
Badger which had only a single detection from 
MDF/Savanna. The rarity of Dhole from this 
study was consistent with other studies in 
Thailand (Anon. 2005; Lynam et al. 2006; 
Sukmasuang 2001) with the exception of 
studies in Northern Myanmar (Rao et al. 2005) 
and in TY/HKK by Conforti (1996) both of 
which observed very high relative abundance 
of Dhole (3.39 and 2.1/ 100 TD, respectively). 
However, it is worth noting that, although we 
categorized Dhole as a small carnivore in this 
study due to its body weight (≤ 15 kg), this 
species preys upon larger animals, particularly 
ungulates (e.g., Karanth & Sunquist 1995; 
Venkataraman et al. 1995). Hence, the 
abundance of small mammals is probably of 
little importance in determining the presence of 
Dhole, especially given the availability and 
diversity of large ungulates such as Sambar 
Deer and Barking Deer (Karanth & Sunquist 
1995; Venkataraman et al. 1995). These 

ungulates were relatively abundant in both forest 
types in TYN (391 non-independent 
photographs of 2 species combined from both 
forest types).  
 
Species that have yet to be detected by camera 
trap 

There are 8 additional small carnivore 
species which are thought to occur in the study 
area but which we did not detect in this camera 
trap survey (Table 2). An individual Golden 
Jackal was photo-trapped during the preliminary 
survey in SEF, however, the species was never 
detected again afterward. Among these unseen-
by-camera-trap species, two were observed 
during night surveys, namely, Small-toothed 
Palm Civet and Small Indian Civet. All Small-
toothed Palm Civet observations occurred during 
night walks in both forest types (MDF/Savanna: 
7 observation/ 17 searching hours; SEF:  
7 observations/ 20 searching hours; Chutipong et 
al. unpublished data). The animals were usually 
observed in trees, reflecting their strictly 
arboreal habits and emphasizing that this species 
is unlikely to be detected by camera-trapping. 
The species was the most commonly 
encountered nocturnal palm civet during night 
surveys in evergreen forest of Lao PDR 
(Duckworth 1997). Tracks and signs of 
Binturong were also observed occasionally in 
TYN, confirming the presence of this species 
within the study sites. Thus, the lack of records 
of some of these species by camera trapping 
surveys does not necessary imply that the animal 
is rare in the study site; rather, it is simply 
mainly arboreal (Walston & Duckworth 2003).  

The lack of photographs of Small Asian 
Mongoose in SEF is not unexpected. Since the 
species rarely occurs in this habitat (e.g. Austin 
& Tewes 1999, Duckworth 1997). However, the 
species was also undetected in MDF/Savanna,  
a habitat which appears to be more suitable 
based on what is known of its habitat 
preferences (Lekagul & McNeely 1977). Thus, it 
might indeed be scarce in general in TYN, as 
also observed in Hukaung Vallay, Northern 
Burma (Zaw et al. 2008). 

However, other explanations are required 
to explain the distribution of the Small Indian 
Civet. This species was observed only once on a 
road during spot-lighting surveys, but their 
tracks were always found along the road that 
passes through the study area. It seems that 
Small Indian Civet forages mostly near roads, 
forest edges, and degraded habitats (Duckworth 
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1997) where structure is open, but does not 
enter deep into thick evergreen or mixed 
deciduous – grassland vegetation  where most 
of the camera traps were stationed. Camera 
trapping in Myanmar with the greatest 
concentration of trapping effort in evergreen 
forest also resulted in small numbers of 
photographs of this species (Zaw et al. 2008).  

The lack of records for some terrestrial 
small carnivores, mainly felids, is of particular 
interest and may have biological implications 
about the scarcity of the species. The set up of 
camera traps in this study were designed to 
maximize the detection of small carnivores 
traveling on the ground (i.e. camera units were 
installed 30 to 40 cm above ground nearby 
small streams and active animal trails). 
However, since there were no records of  
3 felids, namely Jungle Cat, Fishing Cat and 
Marbled Cat additional explanations are 
required; so far, we have no explanation.  

One possible explanation for the absence 
of the unseen-by-camera-trap species could be 
interspecific competition. For instance, Large 
Indian Civet was among the most abundant 
species in the study area at both forest types, 
whereas Large-spotted Civet, of similar body 
size was not photographed at either site. The 
absence of the latter may be due to the high 
relative abundance of the former species. 
Within the range of the two species, camera 
trap surveys revealed higher relative 
abundance of Large Indian Civet than Large-
spotted Civet (Austin 1999) with the absence 
of the latter in many sites (e.g., Conforti 1996;  
but see Lynam et al. 2005; Sukmasuang 2001; 
Zaw et al. 2008). At only 1 site in the region, 
in Lao PDR, has Large-spotted Civet been 
camera-trapped at higher relative abundance 
than Large Indian Civet (2.5 versus 0.5 
photograph/100 TD) (Austin 1999). 
Furthermore, Large-spotted Civet has been 
considered a lowland species because 
photographs from a camera trap survey in this 
region were from traps below 300 meters in 
elevation (Lynam et al. 2005). All camera trap 
stations in this study were set in higher 
elevation (ca. 900 m), and with high relative 
abundance of Large Indian Civet. This might 
explain why the species was not detected in 
this study.  

Interspecific competition may lead to  
spatial avoidance and limited distributions 
among predators (Linnell & Strand 2000). 
Given the presence of larger carnivores 

(namely, Tiger Panthera tigris, Leopard  
P. pardus, Clouded Leopard Neofelis nebulosa 
and Dhole) within the study sites the pattern of 
occurrence of small carnivores observed by this 
study may reflect the avoidance in space use 
among members of this guild due to intra-guild 
predation pressure. Rabinowitz and Walker 
(1991) reported finding Large Indian Civet 
remains (i.e. hairs) in scats of large cats in HKK. 
Grassman (1999) also reported intra-guild 
predation by Leopards on Hog Badgers. 
Common Palm Civets were preyed on by large 
cats where they were sympatric in Nepal (Joshi 
et al. 1995). Thus the absence of terrestrial 
species such as Small Indian Civet may be partly 
explained by interspecific competition; this 
hypothesis remains to be tested.  

Although, the efficiency of remote-
triggered cameras are particularly useful for the 
study of rare and elusive terrestrial mammalian 
carnivores (e.g., Carbone et al. 2001), this study 
suggests a caveat regarding camera-trapping to 
estimate relative abundances and to monitor  
arboreal or semi-arboreal species, as suggested 
elsewhere (Srbek-Araujo & Chiarello 2005). 
However, it also revealed that, for arboreal 
species, employing other survey methods, e.g., 
active spotlighting (Walston & Duckworth 
2003) is more effective in detecting species 
presence. 
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กําหนดการ 
การประชุมวิชาการประจําปโครงการ BRT คร้ังท่ี 12 

ความหลากหลายทางชีวภาพกับการไขปริศนาสิ่งมีชีวิต : Biodiversity and Solved Mystery of Life 
วันที่ 10-13 ตุลาคม พ.ศ. 2551 ณ หองประกายเพชร โรงแรมไดมอนดพลาซา จังหวัดสุราษฎรธานี 

จัดโดย โครงการพัฒนาองคความรูและศึกษานโยบายการจัดการทรัพยากรชีวภาพในประเทศไทย (โครงการ BRT)  
และมหาวิทยาลยัราชภัฏสุราษฎรธานี 

 
วันพฤหัสบดีท่ี 9 ตุลาคม 2551 

13.00-17.00 ลงทะเบียนและติดโปสเตอร 
 
วันศุกรท่ี  10 ตุลาคม 2551 
08.00-09.00 ลงทะเบียน 
09.00-09.30 พิธีเปดประชุม โดย ฯพณฯ อําพล เสนาณรงค องคมนตรี 

กลาวรายงาน โดย ศ.ดร.วิสุทธิ์ ใบไม ผูอํานวยการโครงการ BRT 
กลาวเปดการประชุม โดย ฯพณฯ อําพล เสนาณรงค องคมนตรี 
กลาวตอนรับ โดย อธิการบดีมหาวิทยาลัยราชภัฏสุราษฎรธานี 

09.30-10.00 การแสดงศิลปวฒันธรรมพื้นบาน 
10.00-10.30 อาหารวาง 
10.30-11.20 บรรยายพิเศษ “เตรียมเขาสูปแหงวิวัฒนาการของสิ่งมีชีวิต – ครบรอบ 200 ป ชารลส ดารวิน” 

โดย ศ.ดร.มรกต ตันติเจริญ ผูชวยผูอํานวยการสํานักงานพัฒนาวิทยาศาสตรและเทคโนโลยีแหงชาติ 
11.20-12.10 บรรยายพิเศษ  "What millipede can teach us about evolution, biogeography - and legs?"  

โดย  Prof. Henrik Enghoff, Natural History Museum of Denmark, University of Copenhagen, 
Denmark 

12.10-13.30 อาหารกลางวัน 
13.30-14.10 บรรยายพิเศษ “ยุคหลังจีโนมขาว : ไขปริศนาวิวัฒนาการจากขาวปาสูขาวเหนียวและขาวเจา” 

โดย รศ.ดร.ปรีชา ประเทพา มหาวิทยาลัยมหาสารคาม 
14.10-14.50 บรรยายพิเศษ “แกะรอยบรรพบุรุษมนุษย” โดย ดร.เยาวลักษณ ชัยมณี  กรมทรัพยากรธรณี 
14.50-15.05 เปดตัวหนังสือ “พรรณไมท่ีพบคร้ังแรกของโลกในประเทศไทย” โดย ดร.ปยะ เฉลิมกล่ิน 

สถาบันวิจัยวิทยาศาสตรและเทคโนโลยีแหงประเทศไทย 
15.05-15.40 อาหารวาง 
15.40-16.10 บรรยายพิเศษ  “การทบทวนงานวิจัยคางคาวและการคนพบคางคาวรายงานใหมของไทย 8 

ชนิด” โดย ดร.สาระ บํารุงศรี  มหาวิทยาลัยสงขลานครินทร 
16.10-16.40 บรรยายพิเศษ “ปแหงการอนุรักษกบ : วิกฤตการสูญพันธุและบัญชีแดง” โดย ผศ.ดร.วิเชฏฐ  

คนซื่อ จุฬาลงกรณมหาวิทยาลัย 
16.40-18.00 ชมโปสเตอรและนิทรรศการ 
18.00-21.00 งานเลี้ยงรับรอง “Be a Friend of Frogs” โดย ผศ.ดร.วิเชฏฐ คนซื่อ และคณะ จุฬาลงกรณ

มหาวิทยาลัย 
 



 

 194 Proceedings of the 12th BRT Annual Conference  
10-13 October 2008 Surat Thani  

194 

วันเสารท่ี 11 ตุลาคม 2551 
09.00-09.50 บรรยายพิเศษ  “Earthworm : their diversity and applications to science and technology”  

โดย Dr. Samuel James, University of Kansas, USA 
09.50-10.30 เสนอผลงานวิจัยเรื่อง “วิวัฒนาการแบบอสมมาตรของหอยทากบกสวยงามสกุล

Amphidromus” และเปดตัวหนังสือ “หอยทากบกท่ีอุทยานแหงชาติเขานัน”  โดย ศ.ดร.สมศักด์ิ 
ปญหา และ ดร.จิรศักด์ิ สุจริต จุฬาลงกรณมหาวิทยาลัย 

10.30-11.00 อาหารวาง 
11.00-11.30 เสนอผลงานวิจัย “พันธุศาสตรเชิงประชากรของยุงกนปลองกลุมซับซอนชนิด Anopheles  

barbirostris ในประเทศไทย” โดย ศ.ดร. เวช ชูโชติ มหาวิทยาลัยเชียงใหม 
11.30-12.00 เสนอผลงานวิจัย “ความขัดแยงและภาวะพึ่งพาระหวางมนุษยกับลิงแสม” โดย รศ.ดร.สุจินดา 

มาลัยวิจิตรนนท จุฬาลงกรณมหาวิทยาลัย 
12.00-13.30 อาหารกลางวัน 
 
โปรแกรมพิเศษ 
1. การประชุมวิชาการโครงการ BRN (Bioresource Research Network) 
9.30–9.40 กลาวเปดการประชุมวิชาการโครงการ BRN โดย ศ.ดร.ยอดหทัย  เทพธรานนท หัวหนาโครงการ BRN  
9.40–10.10 เสนอผลงานวิจัยเรื่อง การศึกษาคุณสมบัติสารกรองเชื้อของแบคทีเรียท่ีแยกไดจากอากาศที่มี

ฤทธ์ิตานสแตปฟลโลคอคคัสท่ีดื้อยาเมธิซิลลิน โดย ดร.มณฑล เลิศคณาวนิชกุล มหาวิทยาลัย
วลัยลักษณ 

10.10–10.40 เสนอผลงานวิจัยเรื่อง “องคประกอบทางเคมีและฤทธ์ิทางชีวภาพจากรากมะพอก” 
โดย ดร.อภิรักษ  พันธุมชัย มหาวิทยาลัยมหาสารคาม 

10.40–11.00 อาหารวาง 
11.00–11.30 เสนอผลงานวิจัยเรื่อง การแยกสารออกฤทธิ์ทางชีวภาพจาก Hedychium ellipticum และ 

Hedychium gardnerianum  โดย ดร.นุชนิภา นันทะวงศ มหาวิทยาลัยเชียงใหม 
11.30 – 12.00 เสนอผลงานวิจัยเรื่อง องคประกอบทางเคมีและฤทธ์ิทางชีวภาพจากรากมะแตกตน โดย 

อ.นิคม วงศา มหาวิทยาลัยราชภัฏอุดรธานี 
12.00–13.30 อาหารกลางวัน 
13.30–14.00 เสนอผลงานวิจัยเรื่อง องคประกอบทางเคมีและฤทธ์ิทางชีวภาพจากใบกัดลิ้น  โดย  

อ.ณัฐวุฒิ สุไชยชิต มหาวิทยาลัยเทคโนโลยีราชมงคลอีสาน นครราชสีมา 
14.00–14.30 เสนอผลงานวิจัยเรื่อง การศึกษาองคประกอบทางเคมีของกิ่งมะคังแดง (Dioecrescis 

erythroclada (Kurz) Tirveng) และฤทธิ์ทางชีวภาพ โดย อ.แพทอง ศรีแกนจันทร 
มหาวิทยาลัยเกษตรศาสตร วิทยาเขตสกลนคร 

14.30–15.00 ประสบการณงานวิจัยและเร่ืองเลาจากหัวหนา node ภาคใต โดย รศ.ดร เสาวลักษณ 
 พงษไพจิตร มหาวิทยาลัยสงขลานครินทร 

15.00–15.30 อภิปราย 
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2. ชุดโครงการปาเมฆ-เขานัน  อุทยานแหงชาติเขานัน จังหวัดนครศรีธรรมราช 
13.30-14.00 เสนอผลงานวิจัย “ความหลากหลายทางชีวภาพและนิเวศวิทยาของพรรณไมในปาเมฆและ

อุทยานแหงชาติเขานันกับผลกระทบจากภาวะโลกรอน” โดย ศ.ดร.ทวีศักด์ิ บุญเกิด จุฬาลงกรณ
มหาวิทยาลัย 

14.00-14.30 เสนอผลงานวิจัย “ความหลากหลายทางชีวภาพและนิเวศวิทยาของมดในอุทยานแหงชาติ
เขานัน” โดย รศ.ดร.ศุภฤกษ วัฒนสิทธิ์  มหาวิทยาลัยสงขลานครินทร 

14.30-15.00 เสนอผลงานวิจัย “ความหลากหลายทางชีวภาพและชีพลักษณของพืชวงศมะเดื่อ-ไทรกับความ
หลากชนิดของสัตวท่ีกินผลมะเดื่อ-ไทรบางชนิด ในอุทยานแหงชาติเขานัน” นายภาณุมาศ 
จันทรสุวรรณ องคการพิพิธภัณฑวิทยาศาสตรแหงชาติ 

15.00-15.30 อาหารวาง 
15.30-16.10  เสนอผลงานวิจัย “ความหลากหลายทางชีวภาพและนิเวศวิทยาของผีเสื้อกลางวันและผีเสื้อ

กลางคืนในอุทยานแหงชาติเขานัน” โดย  ดร.นันทศักด์ิ ปนแกว มหาวิทยาลัยเกษตรศาสตร และ
นายวียะวัฒน ใจตรง องคการพิพิธภัณฑวิทยาศาสตรแหงชาติ 

16.10-16.50 เสนอผลงานวิจัยท่ีดําเนินการโดยเจาหนาท่ีอุทยานแหงชาติเขานันและการตรวจวัด
ภูมิอากาศที่เชื่อมโลกกับภาวะโลกรอน โดย ผศ.ดร.มัลลิกา เจริญสุธาสินี และ ผศ.ดร.กฤษณะเดช 
เจริญสุธาสินี มหาวิทยาลัยวลัยลักษณ 

 
3. ชุดโครงการหาดขนอม - หมูเกาะทะเลใต จังหวัดนครศรีธรรมราช : การใชสิ่งมีชีวิตในทะเลเปนดัชนีชี้วัด
สิ่งแวดลอมและการใชประโยชนอยางยั่งยืน 
13.30-14.00 เสวนา “กลุมฟองนํ้า เพรียงหัวหอม และเอคไคโนเดิรม” โดย ดร.สุเมตต ปุจฉาการ มหาวิทยาลัย

บูรพา และนางสาวอารมณ มุจรินทร องคการพิพิธภัณฑวิทยาศาสตรแหงชาติ 
14.00-14.30 เสวนา “กลุมทากเปลือยและกัลปงหา” โดย ผศ.ดร.สุชนา ชวนิชย และ ผศ.ดร.วรณพ วิยกาญจน 

จุฬาลงกรณมหาวิทยาลัย 
14.30-15.00   เสวนา “กลุมหญาทะเล  สาหรายทะเล ราทะเล และขอมูลคุณภาพนํ้า” โดย ผศ.ดร.อัญชนา 

ประเทพ มหาวิทยาลัยสงขลานครินทร,  ดร.จริยา สากยโรจน ศูนยพันธุวิศวกรรมและเทคโนโลยี 
ชีวภาพแหงชาติ และ ดร.สุปยนิตย ไมแพ มหาวิทยาลัยสงขลานครินทร 

15.00-15.30 อาหารวาง 
15.30-16.00 เสวนา  “แนวปะการังและปลา” โดย นางสาวศรีสกุล ภิรมยวรากร และ นายจิระพงศ จีวรงคกุล  

องคการกองทุนสัตวปาโลกสากล (WWF) 
16.00-17.00 ระดมความคิดเห็น และจัดทํา Agenda อนาคตของอําเภอขนอม จังหวัดนครศรีธรรมราช 
 
4. กลุมนักวิจัยนิเวศวิทยารุนใหม   
13.30-14.00 บรรยายพิเศษ “What is ecology research?” โดย Prof. Warren Y. Brockelman ศูนยพันธุ

วิศวกรรมและเทคโนโลยีชีวภาพแหงชาติ 
14.00-14.20 เสนอผลงานวิจัย “ความหลากหลายทางชีวภาพ การสรางรัง และการแบงปนทรัพยากรอาหาร

ของชันโรง” โดย นายธัชคณิน จงจิตวิมล นิสิตปริญญาเอก มหาวิทยาลัยนเรศวร 
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14.20-14.40 เสนอผลงานวิจัย “พื้นท่ีชุมนํ้ามหาวิทยาลัยมหิดล วิทยาเขตศาลายา และศักยภาพในการ
พัฒนาบทปฏิบัติการนิเวศวิทยาระดับปริญญาตรี"  โดย นางสาวจุฑามาศ สุคนธปฏิภาค นิสิต
ปริญญาเอก มหาวิทยาลัยมหิดล 

14.40-15.00 เสนอผลงานวิจัย “ลักษณะทางภูมิศาสตรท่ีมีความสําคัญตอนกชายเลนที่อพยพมาใชพื้นท่ีอาว
ไทยตอนใน” โดย นายศิริยะ ศรีพนมยม มหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี 

15.00-15.30 อาหารวาง 
15.30-15.50 เสนอผลงานวิจัย “การตอบสนองของสาหรายทะเลตอการลดลงของสัตวกินพืชและการ

เพิ่มข้ึนของปริมาณสารอาหาร, การเติบโต, การสรางเซลลสืบพันธุ และการสรางสารเคมีเพื่อ
ปองกันตัว" โดย นางสาวจารุวรรณ มะยะกูล นิสิตปริญญาเอก มหาวิทยาลัยสงขลานครินทร 

15.50-16.10 เสนอผลงานวิจัย “สัตวผูลาขนาดเล็กท่ีทุงใหญนเรศวร” โดย นายวัลลภ ชุติพงศ  มหาวิทยาลัย
เทคโนโลยีพระจอมเกลาธนบุรี 

16.10-16.30 Special Talk “Careers in ecology--opportunities for the present & the future" โดย  
ดร.จอรจ เอ เกล มหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี 

 
วันอาทิตยท่ี 12 ตุลาคม 2551 
09.00-09.30 บรรยายพิเศษ “สาหรายกับพลังงานทางเลือก” โดย ดร.อาภารัตน มหาขันธ สถาบันวิจัย

วิทยาศาสตรและเทคโนโลยีแหงประเทศไทย 
09.30-10.00 เสนอผลงานวิจัย “ความหลากหลายทางชีวภาพและนิเวศวิทยาของร้ินดําในเขตภาคเหนือและ

ภาคใตของไทย” โดย ดร.เสนห จิตตกลาง มหาวิทยาลัยมหิดล 
10.00-10.30 อาหารวาง 
10.30-11.00 เสนอผลงานวิจัย “พฤติกรรมการคนหาศัตรู และวางไขของแตนเบียน เพื่อการควบคุมและ

กําจัด” โดย รศ.ดร.สังวรณ กิจทวี มหาวิทยาลัยมหิดล 
11.00-11.30 เสนอผลงานวิจัย “จากการเพาะเลี้ยงสูการอนุรักษ : ความสามารถในการปรับตัวของหิ่งหอย

นํ้าจืดชนิด Luciola aquatilis” โดย ดร.อัญชนา ทานเจริญ มหาวิทยาลัยเกษตรศาสตร 
11.30-12.00 เสนอผลงานวิจัย “ระบบสืบพันธุแบบ cooperative breeding ของนกปรอดโองเมืองเหนือท่ี

อุทยานแหงชาติเขาใหญ” โดย นางสาววังวร สังฆเมธาวี มหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี 
12.00-12.20 แจกรางวัลโปสเตอรดีเดน 
12.20-12.30 สรุปและปดการประชุม โดย ศ.ดร.วิสุทธิ์ ใบไม ผูอํานวยการโครงการ BRT 
12.30-14.00 อาหารกลางวันและอาหารวาง 
 
วันจันทร ท่ี 13 ตุลาคม 2551 ทัศนศึกษาความหลากหลายทางชีวภาพ 

ดูโลมาท่ีหาดขนอม - หมูเกาะทะเลใต 
 

------------------------------------------------------------------------- 
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รายชื่อผูเขารวมประชุมวิชาการประจําปโครงการ BRT คร้ังท่ี 12 โรงแรมไดมอนด พลาซา จังหวัดสุราษฎรธานี 
 

ช่ือ–สกุล สังกัด โทรศัพท โทรสาร E-mail 

Miss.Alice Huyhes มอ. -  -  AH3881@Bristol.ac.uk 
Mr.Andrew Pierce มจธ. 0-2470-7571 0-2452-3455 andyp67@gmail.com 
Mr.Bjarke Ferchland มช. - 0-5321-2625 dedde@dsr.kvl.dk 
Mr.Gareth Jones ศช. - - - 
Mr.George Gale มจธ. - - - 
Mr.Henric Enghoff จุฬาฯ - - - 
Mr.James Steward มหิดล - 0-2673-0049 j17steward@hotmail.com 
Mr.Samuel James จุฬาฯ - - - 
Mr.Warren Brockelman มหิดล 0-2564-7000  0-2564-6607 wybrock@cscoms.com 
นางสาวกนกศรี ทัศนาทัย ศช. 0-2564-6700  0-2564-6707 tasanatai@boitec.or.th 
นางสาวกนกอร ศรีมวง มฟล. - - kanok_orn2002@yahoo.com 
นางสาวกมลทิพย กสิภาร มรภ.นครราชสีมา - - kamoltip_2@hotmail.com 
นางสาวกมลลักษณ วงษโก กทธ. - - uree40@yahoo.com 
นายกรกช พบประเสริฐ มจธ. 0-2470-7571 0-2452-3455 korakoch_pop@hotmail.com 
นางสาวกรรณิการ สกุลณี มรภ.กาญจนบุรี  - - Top-Pooy@hotmail.com 
นางสาวกร่ิงผกา วังกุลางกูร มอ. 0-7428-8064 0-7421-2917 kringpaka@hotmail.com 
นายกฤตธัช โชติชนะเดชา กรมพัฒนาการแพทยฯ 0-2591-1095 0-2591-1095 kritta@dtam.moph.go.th 
นายกฤษณะเดช เจริญสุธาสินี มวล. 0-7567-2038 - krisanadej@gmail.com 
นางกองกานดา ชยามฤต กอส. 0-2561-4292  0-2561-4292 kchayama@mozart.inet.co.th 
นางสาวกัญญวิมว กีรติกร ศช. 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นางสาวกาญจนา โมธินา มธ.ศูนยรังสิต 0-2564-4444  0-2564-4500 pure12121@gmail.com 
นางสาวกาญจนา วงคกุณา มช. 0-5394-3346 0-5389-2259 kanjanawongkuna@hotmail.com 
นางกาญจนา เชียงทอง มรภ.กาญจนบุรี 0-3463-3019 0-3463-3019 chiangthong@hotmail.com 
นายเกรียงศักด์ิ ปรีชา ร.ร.ทองเนียนคณาภิบาล 0-7575-4046 0-7575-4046 k2_1234@hotmail.com 
นางสาวเกษศิรินทร รัทจร มอ.  - - kedsirin_p@hotmail.com 
นางสาวขวัญขาว สิงหเสนี มช. 0-5341-4109 0-5321-2625 k_sinhaseni@hotmail.com 
นางวัญนรี กลาปราบโจบ มรภ.กาญจนบุรี 0-3463-3239 0-3463-3239 KAWANNAREE2992@hotmail.com 
นายขวัญประเสริฐ พันธุชัย มรภ.นครราชสีมา 0-4425-4000  0-4427-2939 t_kw@hotmail.com 
นายคณิต สุวรรณบริรักษ จุฬาฯ 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นายคมศร เลาหประเสริฐ กทธ. - - - 
นายคํารณ เลียดประถม มก. - 0-3827-2143 kumron57@gmail.com 
นายจรงคศักด์ิ พุมนวน สจล. 0-2737-3000 0-2326-4308 kpjarong@kmitl.ac.th 
นางสาวจรส พินจงสกุลดิษฐ มวล. 0-7567-2085 0-7567-2004 pjaros@wu.ac.th 
นางสาวจริยา สากยโรจน ศช. 0-2564-6666  0-2564-6707 jariyask@biotec.or.th 
นายจักรกฤช ดอกกะเบา สจล. - - ya_389@hotmail.com 
นางสาวจักรภัทร ดุลยพัชร มอ. - - chakkraphat@hotmail.com 
นางสาวจันทรจิรา แสงเกตุ มรภ.กาญจนบุรี - - - 
นางสาวจารุวรรณ มะยะกูล มอ. - 0-7421-2917 jmayakun@hotmail.com 
นางสาวจารุวรรณ จันทรเพ็ญ มรภ.กาญจนบุรี  - - - 
นางสาวจิตวดี ขุนวงษา มจธ. 0-2470-7571 0-2452-3455 or_boxbox@hotmail.com 
นางสาวจินรภา โพธิกสิกร มหิดล 0-2201-5537 0-2644-5411 pyjpt@mahidol.ac.th 
นางจิรนันท เตชะประสาน ศช. 0-2564-6700 0-2564-6707 jiranan@biotec.or.th 
นางสาวจิรพันธ ศรีทองกุล วว. 0-2577-9004 0-2577-9009 j_i_s_r_i@hotmail.com 
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ช่ือ–สกุล สังกัด โทรศัพท โทรสาร E-mail 

นายจิรศักด์ิ สุจริต จุฬาฯ 0-2218-5273 0-2218-5273 - 
นายจิระพงศ จีวรงคกุล WWF ประเทศไทย 0-7643-4090 - jirapong_j@hotmail.com 
นางสาวจิราพร โพธิ์งาม มรภ.กาญจนบุรี 0-3463-3019 0-3463-3019 jiphongam@yahoo.com 
 นางสาวจิรารัช ศรีจันทรงาม จุฬาฯ 0-2218-5251 0-2218-5386 Jirarach@yahoo.com 
 นางสาวจุญจะรา ทุยไธสง AIT 0-2524-5639 0-2524-5625 st102850@ait.ac.th 
นางสาวจุฑามาศ สุคนธปฏิภาค มหิดล 0-2201-5279 0-2354-7161 tae_chu@yahoo.com 
นางใจทิพย ศรีษาคํา ร.ร.พิมพรัฐประชาสรรค 0-4460-5044 0-4460-5044 jojung_ohmsave@hotmail.com 
นายฉัตรชัย งามเรียบสกุล มวล. 0-7567-2037 0-7567-2037 nokchatchai@hotmail.com 
นายเฉลิมพล บุญสม มอ. 0-7428-8507 0-7421-2917 C_bunsom@hotmail.com 
นายเฉลิมพล สุวรรณภักดี สจล.วิทยาเขตชุมพร  - PP_SCKU56@yahoo.com 
นางสาวชนิดา สงวนทรัพย จุฬาฯ 0-2218-5502 0-2218-5502 tangmo_72@hotmail.com 
นางสาวชนิตา บุญมาก มก. 0-2758-0634  - chanita.boonmak@gmail.com 
นางสาวชมชิด อิ่มวิทยา AIT 0-2524-5577 0-2524-5597 st103467@ait.ac.th 
นางสาวชมพูนุท จรรยาเพศ กวก. 0-2579-5583 0-2942-7699 chanyapate@yahoo.com 
นางสาวชลิดา ชะมอย  ศช. 0-2564-6700 0-2564-6707 sai_oke@hotmail.com 
นายชวพิชญ ไวทยการ มช. 0-5327-8837 0-5389-2259 schwarzir@hotmail.com 
นายชวลิต วิทยานนท WWF ประเทศไทย 0-2524-6128 0-2524-6134 chavalitv@wwfgreatermekong.org 
นายชัชวาล ใจซ่ือกุล จุฬาฯ 0-2218-5256 0-2218-5256 chatchawan.c@chula.ac.th 
นายชายฉัตร บุญญานุสิทธิ์ มรภ.นครราชสีมา 0-4444-1270 0-4427-2939 chaichat2001@yahoo.com 
นางชุติมา วัฒนะชุมพล มรภ.นครราชสีมา - - - 
นายเชิดศักด์ิ เกื้อรัตข มช.  - kuaraksa@hotmail.com 
นางสาวฐิติมา นิยมศิลปชัย มก.  - - titima_022@yahoo.com 
นางสาวณฐินี สุวรรณสิงห มธ.ศูนยรังสิต 0-2564-4444  0-2564-4500 snatinee@tu.ac.th 
นายณภัทร กิตติพนังกุล มวล. 0-7567-2605 0-7567-2004 npk9301@gmail.com 
นายณรงค รักเคี่ยน อช.เขานัน - - - 
นางณัชชา วิสุทธิเทพกุล กอส. 0-2561-0777  0-2579-9576 v_ping2501@hotmail.com 
นางสาวณัฏฐวดี ภคูํา มก.  - - natthaini@hotmail.com 
นายณัฐวุฒิ รุงจินดามัย ศช. 0-2564-6700 0-2564-6707 nattawut.run@biotec.or.th 
นายณัฐวุฒิ สุไชยชิต มทร.อีสานนครราชสีมา 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นางสาวดวงนภา ปานจรูญรัตน มรภ.กาญจนบุรี  - - - 
นางสาวดาภะวัลย คําชา มจธ. - 0-2452-3455 daphawan@hotmail.com 
นางสาวดาราพร รินทะรักษ กวก. 0-2579-4535 0-2942-7699 porn_rada@yahoo.com 
นายดํารงค โลหะลกัษณาเดช กวก. 0-7527-4151 0-7527-4159 dumronglo@yahoo.co.th 
นางเดือนนภา คงเพชร ร.ร. ชุมชนบานบางโหนด 0-7552-8041 0-7552-8041 banbangnod@gmail.com 
นายตอศักด์ิ สีลานันท จุฬาฯ 0-2218-5508 0-2218-5502 tosak.s@chula.ac.th 
นางเต็มดวง รัตนทัศนีย มหิดล 0-2800-2840 0-2441-0250 - 
นางสาวเตือนจิต ศรีทองชวย มอ.  - - t.sritongchuay@gmail.com 
นายถวิล ชนะบุญ มมส. 0-4375-4322  - tawin.c@msu.ac.th 
นางทรรศนียา ศักด์ิดี มทษ. 0-2649-5000  0-2260-0127 dhasa@swu.ac.th 
นายทวีศักด์ิ บุญเกิด จุฬาฯ 0-2218-5505 0-2218-5502 bthawees@gmail.com 
นายทศวรรณ เทวกุล วังสวนผักกาด - - thoswan@gmail.com 
นางสาวทิพยทิวา สัมพันธมิตร มทษ.วิทยาเขตพัทลุง 0-7469-3992 0-7469-3992 tiptiwa_7@hotmail.com 
นางทิพวรรณ รัตนกิจ สวทช. 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นายโทมัสโซ ซาวีนี มจธ. 0-2470-7555 0-2452-3455 tommaso.sav@kmutt.ac.th 
นายธวัชชัย สุมประดิษฐ มน. 0-5526-1000  0-5526-1197 tawatchais@nu.ac.th 
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นายธัชคณิน จงจิตวิมล มน. 0-5526-1000  0-5526-1000  jongjitvimol_t@hotmail.com 
นางสาวธิดา แสนยะมูล กทธ.  - - - 
นายธีรพงษ วางอภัย สจล.  - - teerapong_wang@hotmail.com 
นายธีระ แซเลี้ยว อช.เขานัน - - - 
นางสาวธีระพันธ โชคอุดมชัย มรภ.กาญจนบุรี 0-3463-3239 0-3463-3239 - 
นายนพแกว เจริญทิพากร มอ.วิทยาเขตสุราษฎรธานี - - nopphakaew@yahoo.com 
นายนพดล กิตนะ จุฬาฯ 0-2218-5370 0-2218-5256 ukitaua@hotmail.com 
นายนพดล คงกฤตยาพันธ มก. 0-2942-7499 0-2942-7499 nkongkittayapun@yahoo.com 
นางสาวนพรัตน วานิชสุขสมบัติ ศช. 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นางสาวนพวรรณ ถาวรประเสริฐ มรภ.กาญจนบุรี 0-3463-3018 0-3463-3018 tnoppawan@hotmail.com 
นายนภนต กลอมเกลา มวล. -  - deaw4232@hotmail.com 
นายนราธิป จันทรสวัสด์ิ จุฬาฯ 0-2218-5266 0-2218-5267 naratip_chan@yahoo.co.th 
นายนรินทร พรินทรากุล มช.  - - Kame_cobtor@hotmail.com 
นางสาวนริศรา คลายหิรัญ มธ.ศูนยรังสิต 0-2564-4444  0-2564-4500 siknog055@hotmail.com 
นางนันทวรรณ เหลาฤทธิ ์ สส. 0-2298-5628 0-2298-5629 nontawan_lourith@hotmail.com 
นางสาวนันทวรรณ สุบันตี กอส. 0-2561-0777  0-256-4824 nsupantee@yahoo.com 
นายนันทวัฒน ทวีรัตน อช.เขานัน - - - 
นายนันทศักด์ิ ปนแกว มก. 0-3435-1886 0-3435-1886 pnantasak@yahoo.com 
นางสาวนันทิดา สุธรรมวงศ มทษ.วิทยาเขตพัทลุง  - - nantida63@yohoo.com 
นายนิคม วงศา มรภ.อุดรธานี 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นายนิติ สุขุมาลย มจธ. - 0-2452-3455 niti_230@hotmail.com 
นายนิพนธ ศรีนฤมล ร.ร.เตรียมอุดมศึกษา 0-2252-7001 0-2252-7002 Niphon_tu@hotmail.com 
Ms.นิรมล รังสยาธร มน. 0-5446-6666  0-5446-6664 niramolr@hotmail.com 
นายนุกูล แสงพันธุ วกท.สุพรรณบุรี 0-3559-5055 0-3559-5055 nukul_sae@yahoo.com 
นางสาวนุชนิภา นันทะวงศ มช. 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นางสาวแนงนอย แสงเสนห มรภ.นครศรีธรรมราช 0-7537-7730 0-7537-7730 - 
นางสาวบงกช วิชาชูเชิด มอ. 0-7428-8067 0-7444-6682 wbongkot@yahoo.com 
นางสาวบงกช สาริมาน ศช. - - - 
นางบุญรอด ชลารักษ มรภ.กาญจนบุรี - - - 
นายบุญสง กองสุข มข. - - tang_sci@yahoo.com 
นางสาวบุปผา ผองศรี มอ. - - zigzagargiope@yahoo.com 
นายปฏิพล ดลรุง มก. - - g4962064@ku.ac.th 
นางปณรัตน ผาดี มรภ.มหาสารคาม 0-4372-5439 0-4372-5439 panaratana@hotmail.com 
นายประคอง พลขุนทด มรภ.นครราชสีมา  - - - 
นายประนอม จันทรโณทัย มข. 0-4334-2908  0-4336-4169 pranom@kku.ac.th 
นายประสิทธิ์ วังภคพัฒนวงศ มช. 0-5394-3346 0-5389-2259 prasit.w@chiangmai.ac.th 
นายประสุข โฆษวิฑิตกุล มน. 0-5526-1000 0-5526-1000 Prasukk@hotmail.com 
นายประเสริฐ วงศวัฒนารัตน มธ.ศูนยรังสิต 0-2564-4440 0-2564-4500 wongwath@alpha.tu.ac.th 
นายประเสริฐ ศรีกิติกุลชัย ศช. 0-2564-6700 0-2564-6707 prasert@biotec.or.th 
นายปราสาททอง พรหมเกิด กวก. 0-2579-5583 0-2942-7699 agrizoo@loxinfo.co.th 
นางปริญญนุช กลิ่นรัตน จุฬาฯ 0-2218-5502 0-2218-5502 Parinyanoot.K@chula.ac.th 
นางสาวปรินุช ชุมแกว มอ.วิทยาเขตสุราษฎรธานี  - - parinuchc@hotmail.com 
นายปรีชา ประเทพา มมส. - 0-4375-4238 preecha.p@msu.ac.th 
นายปรียะวุฒิ วัชรานนท มข. 0-4320-2070 0-4336-4169 prevat@kku.ac.th 
นายปญญา มาดี ร.ร.ซับบอนวิทยาคม -  - punya_wanwong@hotmail.com 
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นางสาวปาริฉัตร ลักษณะวิมล มก. 0-2552-6605 - laksanawimolp@yahoo.com 
นายปยะ พละคช ร.ร.ขนอมพิทยา 0-7552-9501 - gunine@hotmail.com 
นายปยะ เฉลิมกลิน่ วว. 0-2577-9005 0-2577-9009 piya@tistr.ot.th 
นางปยะพร พิทักษตันสกุล มรภ.กาญจนบุรี 0-3463-3019 0-3463-3019 nok0823@hotmail.com 
นายปยะลาภ ตันติประภาส มอ. 0-7528-8507 0-7421-2917 tpiyalap@hotmail.com 
นายเปรมณัช ขุนปกษี มธ.ศูนยรังสิต 0-2564-4444  0-2564-4500 bas-supi@hotmail.com 
นางสาวผองพรรณ ประสารกก มศว. 0-2649-5000  0-226-00127 Prasankok@yahoo.com 
นายพงชัย หาญยทุธนากร จุฬาฯ 0-2218-5261 0-2218-5261 hpongcha@chula.ac.th 
นายพงษพันธุ ลีฬหเกรียงไกร มช. 0-5394-1950  0-5389-2259 bank_2525@hotmail.com 
นายพงษศักด์ิ พลเสนา กอส. 0-3859-9113 0-3859-9113 p_phonsena@yahoo.com 
นายพชรพล บรรจงเมือง สวนผีเส้ือและโลกแมลงภูเก็ต 0-7621-0861 0-7652-3609 entomologist@phuketbutterfly.com 
นางพนิดา เหลาทองสาร มมส. 0-4375-4407 0-4375-4407 panida_walai@yahoo.com 
นางสาวพนิตนาถ ทันใจ มวล. - 0-7567-2604 ptunjai@yahoo.com 
นางสาวพรรณี พานทอง สผ. 0-2265-6639 0-2265-6638 Ple_jinpuy@hotmail.com 
นางสาวพรรณี สอาดฤทธิ์ มอ. 0-7428-8068 0-7444-6682 phannee.s@psu.ac.th 
นางสาวพรวิวรรณ โพธาสินธุ มช. 0-5331-1531 - nok_p_p@hotmail.com 
นายพฤกษ จิรสัตยาภรณ มหิดล - - pop_env020@hotmail.com 
นางสาวพวงทอง บุญทรง กวก. 0-2579-4535 0-2940-5396 puang_tong@yahoo.com 
นางสาวพัชร ดนัยสวัสด์ิ จุฬาฯ - - frog_ku@hotmail.com 
นางสาวพัชรินทร เกงกาจ วว. 0-2577-9019 0-2577-9009 patcharin@tistr.or.th 
นายพัฒนพร รินทจักร อช.เขานัน - - - 
นายพัฒนา สมนิยาม มรภ.อุตรดิตถ 0-5581-7700 0-5581-7700  palmpatt@hotmail.com 
นายพิฆเนศ รองพล สจล. 0-2906-4243 - ijim2000@hotmail.com 
นายพิธีการ กุมเรศ มรภ.กาญจนบุรี - - - 
นายพินิจ พิกุลนอก มรภ.นครราชสีมา - - opium_9@hotmail.com 
นายพิสิษฐ พูลประเสริฐ จุฬาฯ 0-2218-5266 0-2218-5267 g4761008@hotmail.com 
นายพิสุทธิ์ พวงนาค มรภ.จันทรเกษม 0-2541-7877 0-2541-7877 genscience@hotmail.com 
นายพีรเดช ทองอําไพ สกว. 0-2298-8215   0-2298-0476 peeradet@trf.or.th 
นายพีระศักด์ิ แสงอรุณ มทร.รัตนโกสินทร 

วิทยาเขตวังไกลกงัวล 
0-7567-2038 0-7567-2038 ppsangarun@gmail.com 

นางสาวเพชรา ฉิมสูงเนิน มรภ.นครราชสีมา - - - 
นางสาวแพทอง ศรีแกนทอง มก.วิทยาเขตสกลนคร 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นายภัทรดร ภิญโญพิชญ จุฬาฯ 0-2218-7534 0-2218-5386 - 
นายภานุมาศ จันทรสุวรรณ อพวช. 0-2577-9999 0-2577-9991 Bhanushine@Yahoo.com 
นางภาวินีย ธนาอนวัช มรภ.กาญจนบุรี 0-3463-3239 0-3463-3239 sakeera@hotmail.com 
นายมงคล เพ็ญสายใจ สจล. 0-2737-3000  0-2326-4414 mphensaijai@yahoo.com 
นายมณฑล เลิศคณาวนิชกุล มวล. 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นายมนูญ ปลิวสูงเนิน มจธ. 0-2470-7571 0-2452-3455 gi.wared@gmail.com 
นางมรกต ตันติเจริญ ศช. 02-564-6665 - Morakat@biotec.or.th 
นางสาวมัณฑิภา คําผิว มข. - - matilda353_3@hotmail.com 
นางมัลลิกา เจริญสุธาสินี มวล. 0-7567-2038 - jmullica@gmail.com 
นายมานพ แกวชัด อช.เขานัน - - - 
นายมารุต เฟองอาวรณ จุฬาฯ 0-2218-5266 0-2218-5267 fmarut@hotmail.com 
นายยอดหทัย เทพธรานนท ศช. 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นางสาวยุพดี เมธามนตรี กนท. 0-2281-6579 0-2281-6599 yupadee_3@hotmail.com 
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นางยุพิน พันธสมบัติ ร.ร.บานโคกสูงคูขาด 0-4419-1440 - jojung_ohmsave@hotmail.com 
นางสาวยุรวัลย พงศช ู มรภ.จันทรเกษม 0-2541-7877 0-2541-7877 genscience@hotmail.com 
นางสาวยุวรัตน ปรมีศนาภรณ มรภ.สวนดุสิต 0-2244--5000  0-2423-9445 muayyai@hotmail.com 
นางสาวยุวลักษณ ขอประเสริฐ กวก. 0-2579-4535  0-2940-5396 yuvaluk@yahoo.com 
นางเยาวลักษณ ชัยมณี กทธ. 0-2621-9637 0-2-621-9642 yaocmn@yahoo.com 
นางสาวรสริน พลวัฒน จุฬาฯ 0-2218-5505 0-2218-5502 rossarin.p@chula.ac.th 
นายรามจิตติ อินทรประเสริฐ ศช. -  - - 
นายรามัล กอและ มรภ.ยะลา -  - siang_plang@hotmail.com 
นายราเมศ ชูสิงห วกท.สุพรรณบุรี 0-3559-5055 0-3559-5055 rametc@hotmail.com 
นางรุจิวรรณ พานิชชัยกุล มศว. 0-2649-5000  0-2260-0127 ruchiwan@swu.ac.th 
นายเรืองฤทธิ์ พรหมดํา สวพ. 0-7639-1128  0-7639-1127 r_promdam@yahoo.com 
นายเรืองวิทย บรรจงรัตน จุฬาฯ 0-2218-5502 0-2218-5502 mbm_r@yahoo.com 
นางลลิดา ฉายาวฒัน มรภ.กาญจนบุรี 0-3463-3019 0-3463-3019 - 
นางสาวลักขณา กัณหะยูวะ มจธ. 0-2470-7553 0-2452-3455 lakkhana_k@hotmail.com 
นายวงคพันธ พรหมวงค มก. 0-3435-1886 0-3435-1886 - 
นางสาววณี ชูพงศ มทร.ศรีวิชัย - - wanee_CHoo@hotmail.com 
นายวรชาติ โตแกว มข. - 0-4336-4169 pl_kku@yahoo.com 
นายวรณพ วิยกาญจน จุฬาฯ 0-2218-5393 0-2255-0780 vvoranop@chula.ac.th 
นางสาววรรณภา งอกนาวัง มรภ.กาญจนบุรี - - Nunam_d@hotmail.com 
นางสาววราภรณ มหาทรัพย มข. 0-4320-2879 0-4320-2879 wara_bank@hotmail.com 
นายวราวุธ สุธีธร กทธ. - - suteethrn@hotmail.com 
นางสาววังวร สังฆเมธาวี มจธ. 0-2470-7571 0-2452-3455 swangworn@yahoo.com 
นางสาววัชรินทร รุกขไชยศิริกุล มอ. 0-2564-6700 0-2564-6632 nopparat@biotec.or.th 
นางวัชรี บํารุงศรี กอส. 0-7431-1020  0-7444-0811 katereelee@hotmail.com 
นางวัชรี ประชุม อช.เขานัน - - - 
นางสาววัชรีพร ตฤณชาติวณิชย มหิดล 0-2201-5380 0-2354-7161 scwtc@mahidol.ac.th 
นายวัฒนา ศักด์ิชูวงษ กอส. 0-2561-0777  0-294-05911 watsak@dnp.go.th 
นายวันชาติ สุมโนจิตราภรณ มศว. 0-2-649-5000 0-2260-0127 wanchado2@gmail.com 
นางวันเชิญ โพธาเจริญ ศช. 02-564-6700 0-2564-6700 wanchern@biotec.or.th 
นางสาววัลภา มาเทศ มรภ.กาญจนบุรี - - - 
นายวัลลภ ชุติพงศ มจธ. 0-2470-7571 0-2452-3455 wchutipong@gmail.com 
นางสาววาสนา จงไกรจักร มวล. - 0-7567-2604 wassana45@gmail.com 
นายวิชาญ อมรากุล มน. 0-5526-1000 0-5526-1000 V_amarakul@yahoocom 
นางสาววิชุดา เกตุใหม มทษ.วิทยาเขตพัทลุง 0-7469-3992 0-7469-3992 w_katemai@hotmail.com 
นายวิเชฏฐ คนซ่ือ จุฬาฯ 0-2218-5274 0-2218-5256 wichase.k@chula.ac.th 
นายวิทยา ภีระ มวล. 0-7567-2038 - wittayapheera@gmail.com 
นายวินัย ไชยพิทักษชลธาร ศช. 0-2564-6700 0-2564-6707 winai.cha@biotec.or.th 
นายวินัย ทองภูบาล ร.ร.ทาชางราษฎรบํารุง - - - 
นายวิมลชัย คํานุย มรภ.หมูบานจอมบึง - - Vimolchai@Gmail.com 
นายวิโรจน พรมประสิทธิ์ มก. 0-2942-8200  0-2942-8668 roj_wiro@yahoo.com 
นายวิโรจน นาคแท สํานกับริหารพื้นท่ีอนุรกัษ

ท่ี 5 (นคาราชสีมา) 
-   wirotnaktae24@hotmail.com 

นางสาววิลาวัลย ชยัธรรม มอ.  0-7428-8066 0-7428-8053 vchaitum@yahoo.com 
นางสาววิไลลักษณ นาคศรี กทธ. - - - 
นางวีนา ชูโชติ สจล. 0-2737-3000  0-2326-4414 kcweena@kmitl.ac.th 
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นายวียะวัฒน ใจตรง อพวช. 0-2577-9999 0-2577-9991 polyrhachia@yahoo.com 
นายวีระ ศรีอินทรสุทธิ์ ศช. 0-2564-6700  0-2564-6707 veera@biotec.or.th 
นายวุฒิพงศ เตชะดํารงสิน สกว. 0-2278-8281 0-2278-8279 woody@trf.or.th 
นายเวช ชูโชติ มช. 0-5394-5342 - wchoocho@mail.cmu.ac.th 
นางสาวศรินญา ภูผาจิตต สผ. 0-6265-6639 0-2265-6638 sarinya_puy_@hotmail.com 
นางสาวศรีสกุล ภิรมยวรากร มอ. 0-2235-3062 0-2235-3062 srisakul_p@hotmail.com 
นางสาวศศิธร จินดามรกฎ ศช. 0-2564-6700 0-2564-6707 sasitorn@biotec.or.th 
นางศศธิร พังสุบรรณ มรภ.ยะลา - - stmppbriy@yahoo.com 
นางสาวศศิธร ลิ้มแสงอุทัย มรภ.กาญจนบุรี - - - 
นายศิริยะ ศรีพนมยม มจธ. - 0-2470-8309 ziriyaz@yahoo,com 
นายศิษฏพงศ รัตนกิจ สวทช. 0-2564-6700  0-2564-6704 sittapong.rat@biotec.or.th 
นายศุภฤกษ วัฒนสิทธิ์ มอ. 0-7428-8530 0-7421-2917 suparoek.w@psu.ac.th 
นางสาวศุภลักษณ ภูมิคง มทษ. 0-7452-2510 0-7452-2510 Supalak_pc@yahoo.com 
นางศุภารัตน สุทธิมุสิก มทษ.วิทยาเขตพัทลุง 0-7469-3992 0-7469-3992 premyuda46@hotmail.com 
นางสถาพร ภัทรวังฟา ร.ร.บานทามวง 0-7552-9030 - - 
นายสนอง จอมเกาะ มมส. 0-4375-4245 0-4375-4245 sanong.c@msu.ac.th 
นางสไบทิพย ศรีเมือง อช.เขานัน - - - 
นายสมคิด ทักษินาวิสุทธิ์  - - - - 
นางสาวสมจิต อ่ําอินทร มก. 0-2927-0611 0-2564-6707 jaengamin@hotmail.com 
นายสมชาย น่ิมนวล มจธ. - 0-2452-3455 win_259@yahoo.com 
นายสมพงศ รักสุวรรณ อช.เขานัน - - - 
นายสมศักด์ิ ปญหา จุฬาฯ 0-2218-5273 0-2218-5273 somsakp@sc.chula.ac.th 
นายสยาม อรุณศรีมรกต มหิดล 0-2939-7050 0-2393-7589 a_sayammu@yahoo.com 
นายสราวุธ สังขแกว มก. 0-2579-0176 0-2942-8107 sarawoodsungkaew@yahoo.com 
นางสาวสวพร ไกยสมบูรณ มอ. - - sorwaporn.k@psu.ac.th 
นายสวาง สีตะวัน สถานีพัฒนาและสงเสริมการ

อนุรักษสัตวปาพิษณุโลก 
- - SAWANGSEE47@yahoo.com 

นางสาวสังวร กิจทวี มหิดล 0-2201-5276 - grskt@mahidol.ac.th 
นายสันติชัย โจมฤทธิ์ อช.เขานัน - - - 
นายสาระ บํารุงศรี มอ. - - - 
นางสาวสาลินี สิทธิสาร มรภ.กาญจนบุรี - - Boomdew@hotmail.com 
นางสาวสาวิตรี ศรีเพ็ชร อช.เขานัน - - - 
นางสาวสาวิตรี ศรีสุข สส. 0-2298-5628 0-2298-5629 savtree@deqp.go.th 
นางสาวสิตา ปรีดานนท ศช. 0-2564-6700  0-2564-6707 sita.pre@biotec.or.th 
นายสิทธิพงษ วงศวิลาศ จุฬาฯ 0-2218-5272 0-2218-5272 wongvilas@hotmail.com 
นายสิทธิพร สุวรรณมิตร มช. 0-5394-5345 - s_suwannamit@yahoo.com 
นางสิริรัตน แสนยงค มน. 0-5526-1000  0-5526-1000 sysinrat@hotmail.com 
นายสืบพงศ ธรรมชาติ มวล. 0-7567-2508 0-7567-2507 tsuebpon@wu.ac.th 
นายสืบพงศ สงวนศิลป มอ. 0-7428-8064 0-7421-2917 kss_karn@yahoo.com 
นางสาวสุคนธทิพย บุญวงค มข. - 0-4336-4169 nokpram@yahoo.com 
นางสาวสุจินดา มาลัยวิจิตรนนท จุฬาฯ  - -  
นางสุชดา ยงยืน มรภ.พระนครศรีฯ 0-3532-2076  0-3524-5888 ysucha@aru.ac.th 
นางสาวสุชนา ชวนิชย จุฬาฯ 0-2218-5401 0-2255-0780 suchana.c@chula.ac.th 
นางสุชาดา มงคลสัมฤทธิ์ ศช. 0-2564-6700 0-2564-6707 suchada@biotec.or.th 
นางสุดารัตน เพียรเสมอ มรภ.กาญจนบุรี 0-3463-3019 0-3463-3019 - 



 203บันทึกการประชุมวิชาการประจําปโครงการ BRT ครั้งท่ี 12  
10-13 ตุลาคม 2551 จังหวัดสุราษฎรธานี 

203 

ช่ือ–สกุล สังกัด โทรศัพท โทรสาร E-mail 

นายอํามร อินทรสังข สจล. 0-2737-3000 0-2326-4314 kiammorn@kmitl.ac.th 
นายอิสระ อินตะนัย มอ.วิทยาเขตปตตานี -  - iitsara@bunga.psu.ac.th 
นายอุดมศักด์ิ ดรุมาศ มวล. 0-7567-2043 0-7567-2004 dkhundodo@yahoo.com 
นายอุทัย คูหาพงศ มรภ.นครศรีธรรมราช 0-7537-7443 0-7537-7443 rkuthai@gmail.com 
นางสาวอุทุมพร ดีศรี กทธ. - - - 
นางสาวอุษาวดี เดชศรี มวล. - 0-7567-2604 saigooni@yahoo.com 
นายเอกลักษณ รัตนโชติ มอ. 0-7428-8507 0-7421-2917 r_ekkaluk@hotmail.com 
นางสาวเอสรา มงคลชัยชนะ จุฬาฯ 0-2218-5266 0-2218-5267  mukkalin86@hotmail.com 

 
 
กทธ. กรมทรัพยากรธรณี มศว. มหาวิทยาลัยศรีนครินทรวิโรฒ 
กนท. กองนโยบายเทคโนโลยีเพื่อการเกษตรและเกษตรกรรมยั่งยืน มหิดล มหาวิทยาลัยมหิดล 
กวก. กรมวิชาการเกษตร มอ. มหาวิทยาลัยสงขลานครินทร 
กอส. กรมอุทยานแหงชาติสัตวปาและพันธุพืช ร.ร. โรงเรียน 
จุฬาฯ จุฬาลงกรณมหาวิทยาลัย วกท. วิทยาลัยเกษตรและเทคโนโลย ี
มก. มหาวิทยาลัยเกษตรศาสตร วว. สถาบันวิจัยวิทยาศาสตรและเทคโนโลยีแหงประเทศไทย 
มข. มหาวิทยาลัยขอนแกน ศช. ศูนยพันธุวิศวกรรมและเทคโนโลยีชวีภาพแหงชาต ิ
มจธ. มหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี สกว. สํานักงานกองทุนสนับสนุนการวิจัย 
มช. มหาวิทยาลัยเชียงใหม สจล. สถาบันเทคโนโลยีพระจอมเกลาเจาคุณทหารลาดกระบัง 
มทร. มหาวิทยาลัยเทคโนโลยีราชมงคล สผ. สํานักงานนโยบานและแผนทรัพยากรธรรมชาติและส่ิงแวดลอม 
มทษ. มหาวิทยาลัยทักษิณ สวทช. สํานักงานพัฒนาวิทยาศาสตรและเทคโนโลยีแหงชาต ิ
มธ.  มหาวิทยาลัยธรรมศาสตร สวพ. สถาบันวิจัยและพัฒนาทรัพยากรทางทะเลชายฝงทะเลและปาชายเลน 
มน. มหาวิทยาลัยนเรศวร สส. กรมสงเสริมคุณภาพส่ิงแวดลอม 
มบ. มหาวิทยาลัยบูรพา อช. อุทยานแหงชาต ิ
มฟล. มหาวิทยาลัยแมฟาหลวง อพวช. องคการพิพิธภัณฑวิทยาศาสตรแหงชาติ 
มมส. มหาวิทยาลัยมหาสารคาม อสส. องคการสวนสัตว 
มรภ. มหาวิทยาลัยราชภัฏ AIT สถาบันเทคโนโลยีแหงเอเชีย 
มวล. มหาวิทยาลัยวลัยลักษณ WWF  องคกรดานการอนุรักษระดับสากล 
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