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1. ��
��
������
�����	�
���	���
�������� FISH

1.1 ��
��
��	�
���	���
�������� FISH

1.1 5 M NaCl

�� NaCl 58 ���� ���������� Milli-Q ��������� �!�"� 200 ������� � �%�&�

�'��()*�+�& ,+�
,!%����� -�,%&*���.� Autoclave

1.1.2 1 M TRIS-HCl

�� TRIS-HCl 31.5 ���� ���������� Milli-Q ��������� �!�"� 200 ������� � <��

�=,�'��( -�'����>�� pH 7.2 A,%( 2M NaOH -�,%&*���.� Autoclave (.��>%��
, TRIS - �>%��
, 
TRIS-HCl �����! �D(����)

1.1.3 10% SDS
�'��( SDS 10 ���� ���������� Milli-Q ��������� �!�"� 100 ������� � �+&�

�%���'��(��'��H 20 ��<D !�I���J%A stock .�� ,+ Autoclave (>%�! �D(������ fume hood 
!Q��'%�� SDS <���=,!��A+�����'>�(!>R+)

1.1.4 0.5 M EDTA

�� EDTA disodium hydrate 18.6 ���� ���������� Milli-Q ��������� �!�"� 100 

������� � ����>�� pH 7.2 A,%( NaOH 
��A!�IA )*�+�&�
,&���%���� =��&������&*���.� 
Autoclave

1.1.5 Formamide
-�����=�+A appendoff 2 ������� � -�'!�I���<D�!(I�
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1.1.6 Mounting fluid (Anti-fading solution)
�'��( p-phenylenediamine (toxic) 100 ��������� �� 0.5 M NaCO3 (pH 9.0) 10 

������� � >�+(] ! �� glycerol 100 !�+�̂!)I� ̂ �.� 90 ������� � >��=,!J,���� -�����=�+A 
appendoff J��A 1.5 ������� � !�I���<D��RA<D�+_H= à�� 4 +b�!)�!)D(�

1.2 ��
��
��	%�&�

�,��.�Â (Teflon-coated slides) A,%(��� ,�����<D��������(� Teepol ��'��H 1 
��%
c� -�,%�,�A,%(����������=,�'+�A <���=,-=, &_���������( gelatin 0.1 !�+�̂!)I� ̂ -�' chromium 
potassium sulfate 0.01 !�+�̂!)I� ̂ <D� ,������������ <D�+_H= à����'��H 70 +b�!)�!)D(� <���=,-=, 
!�I��.�Â�����+<D���A
�A!QR�+Q�,+��
,��

1.3 ��
��
�� Hybridization buffer

! �D(���=�+A microcentrifuge tube J��A 2 ������� � cA(! ��
5 M NaCl 360 µl
1 M Tris-HCl   40 µl
Formamide     a µl (J*��+(a����cQ��)
���� Milli-Q     b µl (J*��+(a���� Formamide)

 10% SDS     2 µl ! ���_A<,�(!QR�+�e+������ � '�+� cA(
=(A���f�A,����J+=�+A &������>%���-=�(=�+A�=,!J,���� =,��!J(��&'<���=,!��Ag+.A,

�������� %��A_<_�+(��<D����h�� Formamide �=,<���%����i_.%,-(�.����&�AA,%(%�jD���!h�
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1.4 ��
��
�� Washing buffer

! �D(���=�+Af�!��D(% J��A 50 ������� � cA(�D��%���'�+� A��D�
5 M NaCl    J*��+(a���� %Formamide-Aa ���`�>h�%� � <D�  2
1 M Tris-HCl    1 ml
���� Milli-Q    J*��+(a���������H NaCl cA(<�����! ���=,>�� 50 ml

 10% SDS    50 µl (! ���_A<,�()

��
�:������� � �; 1 ���! �D(� Hybridization buffer
Table (Appendix) A1 Preparation of hybridization buffer

�
���� Formamide (µl) = a % Formamide �
�����F�� Milli-Q (µl) = b

0 0 1,598
100 5 1,498
200 10 1,398
300 15 1,298
400 20 1,198
500 25 1,098
600 30 998
700 35 898
800 40 798
900 45 698
1000 50 598

<D��� : Amann et al., (1995)
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��
�:������� � �; 2 ���! �D(� Washing buffer
Table (Appendix) A2 Preparation of washing buffer

% Formamide NaCl (M) c µµµµl 5 M NaCl µµµµl 5 M EDTA

0 0.900 9,000 -
5 0.636 6,360 -
10 0.450 4,500 -
15 0.318 3,180 -
20 0.225 2,250 500
25 0.159 1,590 500
30 0.112 1,120 500
35 0.080 800 500
40 0.056 560 500
45 0.040 400 500
50 0.028 280 500

<D��� : Amann et al., (1995)

2. ��P��
�
�Q	�����
��RS���	�&	T�������
�&U�������� FISH

&�����b*�q���>����D�.A,<����� �%&�+�!�+�̂!)I� ̂��A��%�-�><D!�D(<D� ,+���
b*�q� cA(���!��D(�!<D(����!�R+-�J+!)��^-�><D!�D( &����� �%&�+�A,%(!<>��> FISH 
cA(�
,cQ������� �%&�+�Q�,+���� 2 
��A >R+ cQ��<D�&��!Q�' �+��_��-�><D!�D(<D� ,+���
 �%&�+�)*�&'<���=,-�><D!�D(����_��<D� ,+��� �%&�+�!<������<D������i!�R+-�.A, -�'cQ�� 
EUB 338 mix )*�&'<���=,!)��^-�><D!�D(<_�
��A!�R+-� cA(�����<A�+&'!�R+�cQ�� EUB 
338 mix )*� �At���A,%(���!�R+-�<D��=,�D<D� ��&��cQ��<D�&��!Q�' �+��_��-�><D!�D(<D� ,+���
 �%&�+� cA(�����<A�+>����D�.A,<����� �At��� cQ�� EUB 338 mix A,%(���!�R+-� 2

��A >R+ Rhodamein )*�&'�=,�D-A -�' Fluorescein )*�&'!�R+-��D!JD(% +D�<��(�<�����(R�(��
���!�"�!)��^J+����D
D%� J+-�><D!�D(<D�<����� �%&�+�+D�>���=�*� A,%(���(,+��D!�R+-� 
DAPI )*�&' �A DNA J+����D
D%� <_�
��A cA(<���=,!��A���!�R+-��Dge�!�R�+�D�����' _,�A,%(
���D UV `�(� ,��,+&_�<��b�̂ �+�&���D�&�����!��D(�!<D(����!�R+-�J+!)��^&�� cQ�� 
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��V�
������������; �. 1 `�Q���!�R+-�J+-�><D!�D(<D�<����� �%&�+�A,%(!<>��>
FISH A-C >R+`�QJ+!�R�+!(R�+ ��-�' ��+�+�J+�_,J�%<D�
 �A!
R�+.%���<+���)��cA��<D�i��(��QR��<D�!AD(%��� cA( A
(,+�A,%( DAPI, B  �%&�+�A,%(cQ�� EUB338 mixed, C
 �%&�+�A,%(cQ�� GV )*�!�"�cQ��<D�&��!Q�' �+!
R�+
-�><D!�D(����_�� Vibrio spp. cA(        -�A-�><D!�D(��_��
Vibrio spp. )*� �A���!�R+-� DAPI -�'  cQ��<�� 2 
��A,  

                                                                    -�A��_��-�><D!�D(+R��])*� �A!tQ�'���!�R+-� 
DAPI -�'cQ�� EUB338 mixed !<������  Bar, 5 µM

EUB338 mixed ������(,+�!�R+-� DAPI �I&'�����i+j���(i*��A��%�J+!)��^-�><D!�D( �+
!)��^&_���<�D(^
��A+R��]�� �%+(��.A, )*� �%+(��h���� �%&�+�-�A��`�Q��'�+�`�>
h�%�<D� 1

A B

C

A

C

B
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3. ��
XY�Z��:���
������[�&

3.1 ��
����
�����
���� Oxyhemocyanin (A�A-��&�� Chen, et al., 1993)
1. �
,��'�+�tDA(�J��A 1 ������� � -�'!JI�tDA(�J��A 24 G >%��(�% 12

�����!� �!&�'!�R+A�_,<D�c>�J�!A��>a�<D� 3 �=,.A,��'��H 10 .�c>��� �!&R+&�A,%(��������� 990
.�c>��� �

2. ���.�%�A>��AaA��R�-��D�>%��(�%>�R�� 335 ��c�!� �
���>���%H>�������H Oxyhemocyanin cA(  εLC=Abs., ε=17.26

3.2  ��
����
�����
������]^�	_���[�& (blood glucose)  (A�A-��&��
Wedemeyer, et al.,1977)

1 �
,��'�+�tDA(�J��A 1 ������� � -�'!JI�tDA(�J��A 24 G >%��(�% 12
�����!� � <D�.�����&_����e+���!�R+A-JI �%

2 !&�'!�R+A�_,<D�c>�J�!A��>a�<D� 3 �=,.A,��'��H 0.2  ������� � i��(��=�+A
Q��� ��-�'<�����%�!>��'=̂<��<D  cA(! ��!�R+A 0.1 ������� � ��=�+AQ��� ��<D��D����'��(
TCA 3 !�+�̂!)I� ̂ 1 ������� � h���=,!J,����<��<D

3 ���.�=�_�!=%D�(<D� 3,590xg +_H= à�� 4 +b�!)�!)D(� ��� 2 ��<D
4 -(���%��� 0.5 ������� �! ����=�+A<A�+J��A 10 ������� � <D��D color

reagent 4.5 ������� � h���=,!J,����
5 ���.�-
�������!AR+A 8 ��<D  ��.%,�=,!(I�
6 %�A>�����AaA��R�-�<D�>%��(�%>�R��630��c�!� �!<D(��������'��( 

Trichloro acetic acid (TCA) 3 !�+�̂!)I� ̂ 0.5 ������� � -<�����'��( �%+(��<D��
,!�"�����'��(
�� �y�� -�,%>���%H�����H��ac>���!�R+AcA(!<D(�������g�� �y����ac>�
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3.3 ��
����
������S&��[�&��F:��& (total heamocyte count)  ��%�jD���J+��&
��� (2538)

���!>�D
Trypan blue 0.15% : �'��( Trypan blue 0.15 ����������'��( NaCl 2.5% 

����� � 100 ������� � >��=,�'��(cA(�
, magnetic stirrer ��� 6-12 
��%c� -�,%��+h���
��'A�q��+!�+�̂ 1 !�I�.%,<D�+_H= à�� -20 +b�!)�!)D(�

%�jD���
�
,��'�+�tDA(�J��A 1 ������� � <D��D=�%!JI�J��A 25 G  !&�'!�R+A���!%Hc>�

J�!A��>a�<D� 3 J+�_,�����H 0.1 ������� �-�,%h���������'��( 0.15% Trypan blue �����H 900
������� ���=�+AQ��� ��J��A 1.5 ������� � &������<�������������H!�IA!�R+AcA(�
,                       
zD��.)c ��! +�̂ (haemacytometer) cA(������&���%�!�IA!�R+Ah�����,+&_�<��b�̂ -�,%>���%H
!�"�������!�IA!�R+A �+�� �

����� �J+zD��.)c ��! +�̂     = �%,� x (�% x �a
= 1 x 1 x 0.1 mm
=  0.1 mm3

&���%�!�IA!�R+A/�a���b�^�^������� � = !)��^!�IA!�R+A<D����.A,
&���%�!�IA!�R+A/������� � =  !)��^!�IA!�R+A<D����.A, x 104
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������� `

��
�: Ù��]�Q����
�&��:

1. Ù��]�^�
:	
U�:a��a������
�_���:�&������
`�:��U:`��	�`��V����_��T�&���;�����


XY�Z�&U�������� FISH

1.1 ��
�: Ù��]�^�
:	
U�:a��a������
�_�����������T��`�:��U:`������_�

�T�&���;�����
XY�Z�&U�������� FISH

��
�:������� ` �; 1 ��A��%�J+��_��-�><D!�D(�� ��-�' ��+�+�J+�_,J�%�� �<D�<�����
%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� EUB338 mix(1)

(1)   �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population Stain/probe mean of percentages

Eastern coast Songkhla lake Western coast Average

α-Proteobacteria group ALF1B 1.30±1.145 1.25±1.275 1.39±0.543 1.31±0.905

β-Proteobacteria group BET42a 29.88±5.841 27.96±4.091,2 28.74±6.231 28.86±4.811

γ-Proteobacteria group GAM42a 26.36±5.561,2 29.77±10.811 22.40±0.911 26.18±6.881

LGC group LGC354mix 20.28±6.392,3 18.53±3.812,3 26.11±2.101 21.64±5.172

HGC group HGC69a 2.41±0.885 2.11±0.275 2.11±0.893 2.22±0.665

CFB group CFB560 6.86±1.234,5 6.98±1.674,5 6.47±1.652,3 6.77±1.354

Other bacteria groups 12.91±4.953,4 13.37±10.213,4 12.76±8.673 13.01±7.143



138

��
�:������� ` �; 2 ��A��%�-�><D!�D(����_�� γ-proteobacteria &�� ��-�' ��+�+�J+�_,J�%
�� �<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� GAM42a(1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

��
�:������� ` �; 3 ��A��%�-�><D!�D(����_�� LGC &�� ��-�' ��+�+�J+�_,J�%�� �<D�<�����
%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� LGC mix(1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Vibrio spp. G V 0.39±0.683 1.09±1.883 1.08±1.883 0.86±1.423

Pseudomonas spp. Pseumonas 16.79±6.132 10.46±0.702 8.92±2.652 15.39±5.812

Other bacteria groups 82.81±6.011 88.45±4.681 80.00±1.921 83.75±0.421

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Bacillus spp. LGC354B 43.88±4.871 41.97±3.081 47.47±4.141 44.44±4.291

Lactobacillus spp. LAB158 15.94±5.152,3 17.48±7.032,3 24.3±1.312 19.26±5.872

Streptococcus spp. LGC354C 6.61±6.013 4.22±3.834 6.35±0.554 5.73±3.753

Enterococcus spp. Enc131 7.24±0.283 9.74±3.613,4 13.79±1.293 10.26±3.453

Other bacteria groups 26.34±15.002 26.59±8.892 8.03±2.144 20.31±12.732
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1.2 ��
�: Ù��]�^�
:	
U�:a��a������
�_����%	U	T���U�`�:��U:`������_��T�

&���;�����
XY�Z�&U�������� FISH

��
�:������� ` �; 4 ��A��%�J+��_��-�><D!�D(�����.�,��%� ,�J+�_,J�%�� �<D�<�����
%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� EUB338 mix(1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population Stain/probe mean of percentages

Eastern coast Songkhla lake Western coast Average

α-Proteobacteria group ALF1B 3.00±0.484 2.92±0.763 3.19±0.514 3.04±0.534

β-Proteobacteria group BET42a 7.55±1.564 7.16±0.573 7.14±1.942,3,4 7.28±1.294

γ-Proteobacteria group GAM42a 28.77±2.572 28.39±2.701 20.53±4.112 25.90±4.892

LGC group LGC354mix 34.77±1.341 34.5±3.561 39.93±2.691 36.40±3.521

HGC group HGC69a 4.40±3.054 2.19±0.513 2.52±0.364 3.04±1.874

CFB group CFB560 5.53±0.814 5.01±0.283 4.80±0.663,4 5.11±0.634

Other bacteria groups 17.98±1.973 19.74±5.042 18.57±12.612,3 18.76±6.903
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��
�:������� ` �; 5 ��A��%�-�><D!�D(����_�� γ-proteobacteria &�����.�,��%� ,�J+�_,J�%
�� �<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� GAM42a(1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

��
�:������� ` �; 6 ��A��%�-�><D!�D(����_�� LGC group &�����.�,��%� ,�J+�_,J�%�� �<D�
<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� LGC mix (1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Vibrio spp. G V 47.41±15.761 49.15±8.561 47.08±11.041 47.88±10.521

Pseudomonas spp. Pseumonas 2.56±2.712 4.32±3.782 5.81±5.062 4.23±3.712

Other bacteria groups 50.03±17.031 46.53±4.961 47.11±15.921 47.89±12.031

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Bacillus spp. LGC354B 42.15±2.341 40.53±8.981 43.32±1.901 42.00±4.891

Lactobacillus spp. LAB158 22.44±2.682 19.52±2.652 25.87±2.532 22.61±3.572

Streptococcus spp. LGC354C 6.64±1.344 5.88±0.942 7.88±0.474 6.80±1.224

Enterococcus spp. Enc131 14.00±2.043 13.31±0.332 16.12±0.843 14.48±1.693

Other bacteria groups 14.76±1.253 20.75±11.462 6.80±2.024 14.10±8.423
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1.3 ��
�: Ù��]�^�
:	
U�:a��a������
�_����%	U	T������`�:��U:`��	�`��V

����_��T�&���;�����
XY�Z�&U�������� FISH

��
�:������� ` �; 7  ��A��%�J+��_��-�><D!�D(�����.�,��%����(J+�_,J�%�� �<D�<�����
%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ��EUB338 mix(1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population Stain/probe mean of percentages

Eastern coast Songkhla lake Western coast Average

α-Proteobacteria group ALF1B 3.17±1.003 3.43±0.652,3 3.15±0.673,4 3.25±0.704,5

β-Proteobacteria group BET42a 4.46±0.412,3 4.76±0.672,3 4.68±0.643,4 4.63±0.523,4

γ-Proteobacteria group GAM42a 27.92±1.331 26.65±3.301 21.96±1.582 25.51±3.342

LGC group LGC354mix 26.56±2.831 28.84±2.791 35.53±2.051 30.34±4.661

HGC group HGC69a 0.97±0.843 1.64±0.273 0.56±0.524 1.06±0.705

CFB group CFB560 7.75±1.152 7.11±1.332 7.84±1.113 7.57±1.103

Other bacteria groups 29.18±0.941 27.58±1.361 26.23±3.742 27.66±2.411,2
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��
�:������� ` �; 8 ��A��%�-�><D!�D(����_�� γ-proteobacteria &�����.�,��%����(J+�_,J�%
�� �<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ��GAM42a(1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

��
�:������� ` �; 9 ��A��%�-�><D!�D(����_�� LGC group &�����.�,��%����(J+�_,J�%�� �
<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ��LGC mix (1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Vibrio spp. G V 65.38±5.961 65.04±12.841 60.38±2.771 63.60±7.011

Pseudomonas spp. Pseumonas 9.17±3.123 10.16±2.432 10.28±10.442 9.87±5.613

Other bacteria groups 25.45±8.012 40.28±39.902 29.34±8.572 31.69±12.842

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Bacillus spp. LGC354B 62.70±9.201 59.83±12.401 66.20±5.051 62.91±8.581

Lactobacillus spp. LAB158 7.51±1.132 7.05±0.612 7.06±0.942 7.21±0.832

Streptococcus spp. LGC354C 12.28±2.952 11.17±4.052 9.09±2.372 10.83±3.102

Enterococcus spp. Enc131 2.35±2.672 2.27±2.202 4.30±0.572 2.98±2.022

Other bacteria groups 15.15±10.182 19.74±14.902 13.35±7.982 16.08±10.272
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2. Ù��]�^�
:	
U�:a��a������
�_���:�&������
`�:��U:`���;��&�a[F�%�
�	��
T�_��T�&���;���

��
XY�Z�&U�������� FISH

2.1 ��
�: Ù��]�^�
:	
U�:a��a������
�_�����������T��`�:��U:`���;��&�a[F�

%�
�	��
T�_��T�&���;�����
XY�Z�&U�������� FISH

��
�:������� ` �; 10  ��A��%�J+��_��-�><D!�D(���� ��-�' ��-�' ��+�+�J+�_,J�% �A!
R�+
.%���<+���<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� EUB338 mix(1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population Stain/probe mean of percentages

Eastern coast Songkhla lake Western coast Average

α-Proteobacteria group ALF1B 0.46±0.802 1.44±1.813 5.12±2.302 2.34±2.613

β-Proteobacteria group BET42a 1.06±1.832 0.68±0.623 3.78±3.322 1.84±2.423

γ-Proteobacteria group GAM42a 80.03±12.361 79.24±6.061 61.02±9.301 73.52±12.531

LGC group LGC354mix 7.43±2.212 9.94±1.542 7.74±2.592 8.37±2.212

HGC group HGC69a 1.27±2.212 3.52±1.133 3.23±2.512 2.67±2.063

CFB group CFB560 3.91±3.442 0.70±1.213 7.90±2.392 4.17±3.812,3

Other bacteria groups 5.57±4.302 4.49±3.783 11.20±2.732 7.09±4.462,3
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��
�:������� ` �; 11  ��A��%�-�><D!�D(����_�� γ-proteobacteria &���� ��-�' ��-�' ��+�+�
J+�_,J�% �A!
R�+.%���<+���<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� 
GAM42a(1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

��
�:������� ` �; 12  ��A��%�-�><D!�D(����_�� LGC &���� ��-�' ��-�' ��+�+�J+�_,J�%
 �A!
R�+.%���<+���<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� LGC mix (1)

 (1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%!�J
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Vibrio spp. G V 86.79±2.231 86.14±5.691 85.85±5.331 86.26±4.071

Pseudomonas spp. Pseumonas 2.43±2.313 5.09±1.642 4.57±2.932 4.04±2.373

Other bacteria groups 10.75±0.082 8.77±5.842 9.58±6.572 9.70±4.482

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Bacillus spp. LGC354B 51.22±5.441 39.92±8.721 52.34±11.961 49.83±9.891

Lactobacillus spp. LAB158 16.70±9.522 12.75±11.842 23.23±6.102 17.56±4.422

Streptococcus spp. LGC354C 15.91±6.172 16.37±5.572 13.18±0.252,3 15.16±4.422

Enterococcus spp. Enc131 3.66±6.352 9.19±1.452 1.29±2.243 4.72±4.923

Other bacteria groups 12.50±14.472 21.77±3.002 9.96±6.473 14.74±9.702
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2.2 ��
�: Ù��]�^�
:	
U�:a��a������
�_����%	U	T���U�`�:��U:`���;��&�a[F�%�


�	��
T�_��T�&���;�����
XY�Z�&U�������� FISH

��
�:������� ` �; 13 ��A��%�J+��_��-�><D!�D(�������.�,��%� ,�J+�_,J�% �A!
R�+.%���
<+���<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ��EUB338 mix(1)

(1)  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%
+��q�!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population Stain/probe mean of percentages

Eastern coast Songkhla lake Western coast Average

α-Proteobacteria group ALF1B 2.55±0.973 1.95±0.313 2.17±0.383,4 2.22±0.604

β-Proteobacteria group BET42a 3.13±0.513 3.32±0.783 3.18±0.803,4 3.21±0.624

γ-Proteobacteria group GAM42a 49.06±4.281 48.28±2.241 56.68±3.171 51.34±4.951

LGC group LGC354mix 23.71±4.062 24.31±3.602 22.66±5.342 23.56±3.882

HGC group HGC69a 1.08±1.023 0.11±0.203 1.28±0.364 0.82±0.774

CFB group CFB560 2.39±0.743 2.43±0.683 2.40±0.283,4 2.41±0.524

Other bacteria groups 18.90±3.482 19.44±4.712 12.38±8.382,3 15.35±8.123
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��
�:������� ` �; 14 ��A��%�-�><D!�D(����_�� γ-proteobacteria &�������.�,��%� ,�J+�_,
J�% �A!
R�+.%���<+���<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� GAM42a1

1  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%+��q�
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

��
�:������� ` �; 15 ��A��%�-�><D!�D(����_�� LGC &�������.�,��%� ,�J+�_,J�% �A!
R�+.%
���  <+���<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� LGC mix 1

1  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%+��q�
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Vibrio spp. G V 82.79±11.111 89.09±4.351 73.39±8.481 81.76±10.011

Pseudomonas spp. Pseumonas 5.81±1.512 6.50±2.002 5.76±1.972 6.02±1.642

Other bacteria groups 11.40±11.742 4.41±3.872 20.84±8.782 12.21±10.412

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Bacillus spp. LGC354B 63.37±19.811 54.38±11.061 51.17±7.031 56.31±13.081

Lactobacillus spp. LAB158 11.79±3.932 13.66±6.722,3 18.04±7.832,3 14.50±6.182,3

Streptococcus spp. LGC354C 1.92±2.042 0.29±0.503 1.13±1.083 1.11±1.374

Enterococcus spp. Enc131 4.23±4.092 0.44±0.763 5.71±1.592,3 3.46±1.593,4

Other bacteria groups 18.69±17.892 31.24±16.451,2 23.95±14.512 24.62±15.172
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2.3 ��
�: Ù��]�^�
:	
U�:a��a������
�_����%	U	T������`�:��U:`���;��&�a[F�

%�
�	��
T�_��T�&���;�����
XY�Z�&U�������� FISH

��
�:������� ` �; 16 ��A��%�J+��_��-�><D!�D(�������.�,��%����(J+�_,J�% �A!
R�+.%���
<+���<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� EUB338 mix1

 1  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%
+��q�!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population Stain/probe mean of percentages

Eastern coast Songkhla lake Western coast Average

α-Proteobacteria group ALF1B 2.46±1.034 2.64±0.174 3.04±1.983 2.71±1.154,5

β-Proteobacteria group BET42a 5.80±1.424 5.79±1.114 3.96±2.183 5.18±1.694,5

γ-Proteobacteria group GAM42a 46.2±5.321 45.07±5.441 47.86±6.941 46.38±5.291

LGC group LGC354mix 12.36±2.953 14.35±2.713 13.71±2.802,3 13.47±2.603

HGC group HGC69a 1.39±1.794 1.07±0.564 1.40±0.743 1.28±1.025

CFB group CFB560 8.88±1.863,4 8.48±1.173,4 6.55±1.473 7.97±1.704

Other bacteria groups 22.92±1.762 22.60±7.762 23.47±7.942 23.00±5.632
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��
�:������� ` �; 17 ��A��%�-�><D!�D(����_�� γ-proteobacteria &�������.�,��%����(J+�_,
J�% �A!
R�+.%���<+���<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ��GAM42a1

1  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%+��q�
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

��
�:������� ` �; 18 ��A��%�-�><D!�D(����_�� LGC group &�������.�,��%����(J+�_,J�%
 �A!
R�+.%���<+���<D�<�����%�!>��'=̂A,%(!<>��> FISH cA(���!��D(�!<D(����cQ�� LGC mix 1

1  �%!�J<D����!��+!�"�>��!t�D�(±>��!�D�(!���� �y�� &��J,+�a� 3 )��� >��!t�D�(���A�`̂<D��D �%+��q�
!=�R+���������� .���D>%��- � ��<��i� �<D��'A��>%��!
R�+���� 95% (P>0.05)

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Vibrio spp. G V 78.40±11.221 82.04±10.041 47.77±12.511 78.40±10.281

Pseudomonas spp. Pseumonas 7.94±2.132 7.52±2.182 7.17±2.862 7.54±2.122

Other bacteria groups 13.66±11.302 10.43±7.862 18.06±15.382 14.05±10.842

Population probe mean of percentages

Eastern coast Songkhla lake Western coast Average

Bacillus spp. LGC354B 55.24±15.321 54.98±4.141 54.50±5.011 54.91±9.711

Lactobacillus spp. LAB158 12.29±6.932 4.25±4.082 7.21±6.883 7.92±6.363

Streptococcus spp. LGC354C 3.13±4.142 2.72±2.652 3.42±2.063 3.09±2.683

Enterococcus spp. Enc131 4.06±4.112 3.31±4.522 1.11±1.923 2.83±3.473

Other bacteria groups 25.28±12.872 34.73±13.701 33.76±11.692 31.26±11.952
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�;�����
XY�Z�&U�������� 

FISH

Mean of major group composition percentages in hepatopancreasePopulation/
treatment γ-Proteobac β-Proteobac α-Proteobac LGC HGC CFB Unident

T1 21.04±3.02 33.20±3.39 1.55±0.77 23.20±3.99 1.33±0.88 5.84±1.78 13.84±6.68
T2 20.23±3.02 35.08±4.06 1.49±0.68 24.55±2.59 1.04±0.60 5.21±2.04 12.40±4.25
T3 22.46±2.50 34.24±3.40 1.32±0.35 23.02±3.37 1.08±0.31 4.71±1.42 13.17±3.48
T4 18.53±2.07 30.71±3.36 1.16±0.40 31.87±2.77 1.89±0.39 4.45±1.23 11.39±3.24
T5 22.83±3.38 32.40±4.02 1.83±0.80 23.16±3.57 2.42±0.76 5.20±1.70 12.16±3.28
T6 18.51±2.16 30.22±3.40 2.28±0.48 30.85±2.12 1.84±0.37 4.13±1.37 12.18±3.08

Mean of γ-Proteobacacteria group composition percentages in hepatopancreasePopulation/
treatment Vibrio spp. Pseudomonas spp. Unidentify group
T1 1.09±1.21 9.16±2.22 89.75±1.76
T2 0.99±1.38 8.26±3.43 90.7±3.80
T3 1.37±2.16 5.96±3.07 92.68±4.60
T4 1.31±1.73 6.13±4.13 92.56±4.18
T5 1.14±1.82 5.15±1.35 93.71±2.16
T6 0.49±1.03 6.36±0.79 93.15±1.13

Mean of LGC group composition percentages in hepatopancreasePopulation/
treatment

Bacillus spp. Streptococcus spp. Lactobacillus spp. Enterococcus spp. Unidentify group
T1 51.37±9.45 6.34±2.56 20.27±5.16 4.57±1.67 17.44±10.11
T2 55.14±7.70 7.22±2.34 16.98±3.59 4.78±3.87 15.98±3.01
T3 52.75±8.81 6.09±1.77 16.54±4.81 5.35±2.30 19.28±7.21
T4 34.88±6.57 2.77±0.92 47.19±8.70 3.49±1.09 11.67±2.69
T5 43.94±6.92 3.78±0.81 21.11±5.79 5.14±2.98 26.03±7.18
T6 29.32±3.93 3.68±0.94 50.72±6.01 3.75±1.24 12.54±4.19

��
�:������� ` �; 19 -�Ac>���,�
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Mean of major group composition percentages in hepatopancreasePopulation/
treatment γ-Proteobac β-Proteobac α-Proteobac LGC HGC CFB Unident

T1 22.07±2.73 31.20±4.23 1.92±0.40 22.54±4.19 1.75±0.40 4.64±1.08 15.88±5.93
T2 23.72±3.17 30.09±4.82 1.48±0.37 20.71±3.06 1.57±0.35 5.99±4.82 16.41±5.93
T3 30.31±4.74 26.27±4.67 1.64±0.41 20.85±2.80 1.47±0.64 3.55±1.02 16.07±6.63
T4 17.99±3.45 28.88±6.39 2.11±0.89 32.64±5.95 1.28±0.38 4.81±1.20 12.28±4.91
T5 24.20±3.71 31.33±5.65 1.44±0.30 23.09±5.08 1.22±0.32 6.48±1.88 12.23±5.97
T6 19.04±2.95 37.11±4.83 0.89±0.54 33.17±3.98 1.35±0.62 3.58±1.51 10.85±4.10

Mean of γ-Proteobacacteria group composition percentages in hepatopancreasePopulation/
treatment

Vibrio spp. Pseudomonas spp. Unidentify group
T1 1.01±1.37 6.59±2.35 92.39±2.31
T2 18.96±12.05 9.76±3.10 71.27±13.83
T3 36.92±14.79 5.36±1.35 57.71±15.12
T4 12.11±8.04 10.14±4.31 77.75±10.84
T5 12.40±4.78 5.30±1.98 82.10±5.34
T6 1.83±2.17 6.32±2.50 91.85±2.76

Mean of LGC group composition percentages in hepatopancreasePopulation/
treatment

Bacillus spp. Streptococcus spp. Lactobacillus spp. Enterococcus spp. Unidentify group
T1 46.15±6.46 6.04±2.69 21.40±8.84 3.95±0.90 22.46±7.21

T2 53.16±8.05 5.65±1.49 16.06±6.79 7.20±3.21 17.93±9.24

T3 52.18±7.27 4.93±1.19 12.43±3.00 5.04±1.37 25.42±8.21
T4 24.28±5.37 2.62±1.70 50.74±6.94 3.14±1.30 19.21±5.20

T5 50.18±7.81 5.04±2.78 16.89±7.58 5.93±3.19 21.95±8.01

T6 28.15±7.11 3.36±2.43 43.60±7.80 4.97±4.43 16.92±8.66
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Mean of major group composition percentages in hepatopancreasePopulation/
treatment

γ-Proteobac β-Proteobac α-Proteobac LGC HGC CFB Unident

T1 24.98±4.61 33.34±2.99 1.08±0.36 22.85±4.23 1.11±0.36 4.10±1.71 12.54±5.68

T2 44.32±4.56 21.90±5.90 0.98±0.39 13.44±2.97 1.00±0.47 9.84±2.57 8.51±3.44

T3 52.27±5.62 9.65±3.83 1.50±0.62 8.93±2.20 0.69±0.55 9.65±3.83 11.81±3.81

T4 24.30±4.83 27.58±5.19 0.54±0.0 30.69±4.55 1.29±0.60 5.53±2.88 10.07±4.15

T5 49.33±5.24 12.81±2.11 1.04±0.44 9.64±3.31 0.90±0.52 13.79±2.31 12.49±6.22

T6 22.17±3.39 30.22±4.18 0.96±0.28 30.79±4.45 1.04±0.38 4.94±2.27 9.86±3.46

Mean of γ-Proteobacacteria group composition percentages in hepatopancreasePopulation/
treatment Vibrio spp. Pseudomonas spp. Unidentify group
T1 255±3.19 9.16±2.41 88.30±4.87
T2 50.53±8.66 7.16±1.43 42.30±8.49
T3 60.69±9.10 6.12±2.34 33.18±9.99
T4 10.95±4.87 6.59±1.49 82.46±5.13
T5 50.32±2.53 10.56±2.34 39.13±3.88
T6 11.61±3.96 12.71±3.18 75.68±5.64

Mean of LGC group composition percentages in hepatopancreasePopulation/
treatment

Bacillus spp. Streptococcus spp. Lactobacillus spp. Enterococcus spp. Unidentify group
T1 45.89±9.46 5.64±2.41 27.15±6.16 4.10±1.55 11.22±8.68
T2 49.42±8.88 7.70±3.35 20.73±6.60 7.73±2.02 14.41±9.41
T3 45.29±7.39 8.08±5.40 21.92±6.46 5.21±2.79 19.49±8.01
T4 17.71±5.08 4.45±1.13 32.80±3.74 7.99±2.49 37.05±8.09
T5 46.25±8.51 4.56±3.62 25.81±7.28 4.29±4.50 19.09±12.75
T6 14.91±2.38 4.66±1.91 25.83±4.96 11.46±4.76 23.15±8.60
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Mean of major group composition percentages in hepatopancreasePopulation/
treatment γ-Proteobac β-Proteobac α-Proteobac LGC HGC CFB Unident

T1 22.20±6.02 29.21±5.17 1.00±0.21 21.92±4.94 1.94±0.61 11.39±2.13 12.33±4.48
T2 56.18±8.68 10.83±2.28 1.22±0.37 12.67±4.58 1.41±0.53 5.99±1.78 11.70±4.42
T3 7.10±9.09 2.54±1.46 1.07±0.64 5.59±2.20 0.27±0.35 5.65±5.13 4.78±2.21
T4 34.05±10.37 19.41±7.00 2.00±1.56 3.41±6.05 1.04±0.97 7.46±3.49 12.61±6.66
T5 75.08±8.29 1.41±0.54 0.09±0.18 6.19±2.87 1.01±0.56 4.06±0.54 12.15±4.22
T6 32.44±5.18 14.95±3.14 1.28±0.48 24.07±4.81 0.61±0.55 10.17±4.3 16.48±8.52

Mean of γ-Proteobacacteria group composition percentages in hepatopancreasePopulation/
treatment

Vibrio spp. Pseudomonas spp. Unidentify group
T1 18.39±9.44 6.52±2.48 75.08±10.61
T2 92.35±2.42 1.47±1.49 6.18±1.86
T3 94.18±4.15 0.84±1.45 4.98±3.41
T4 46.07±5.06 4.20±2.05 49.72±5.44
T5 91.51±.3.67 3.03±2.12 5.46±2.78
T6 38.33±7.71 5.80±2.05 55.87±6.92

Mean of LGC group composition percentages in hepatopancreasePopulation/
treatment

Bacillus spp. Streptococcus spp. Lactobacillus spp. Enterococcus spp. Unidentify group
T1 47.37±12.52 5.47±1.25 17.86±5.47 4.11±1.27 29.15±10.54

T2 45.99±6.41 7.47±5.51 17.25±6.93 1.64±4.37 27.65±6.29

T3 39.78±6.92 5.28±9.79 24.08±10.35 4.77±9.06 26.09±11.96
T4 40.23±6.96 5.57±5.67 24.95±7.10 6.64±2.27 22.60±9.03

T5 35.86±10.74 7.02±11.44 19.45±8.74 4.90±8.74 32.77±14.29

T6 34.40±14.45 7.18±6.01 28.70±9.66 4.44±1.84 25.27±6.68
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Mean of major  group  composition percentages in hepatopancreasePopulation/
treatment γ-Proteobac β-Proteobac α-Proteobac LGC HGC CFB Unident

T1 20.19±7.38 2.39±1.14 6.17±3.47 32.04±4.35 2.26±1.26 9..32±3.41 27.63±6.27
T2 24.23±5.44 3.14±0.93 5.58±2.46 35.25±6.72 1.72±1.02 8.74±2.25 21.34±5.92
T3 21.46±6.32 3.76±1.56 7.49±3.29 36.11±9.21 1.09±1.14 10.23±4.43 19.86±10.13
T4 14.78±4.92 1.92±0.78 3.44±2.13 60.33±4.61 2.42±1.52 4.82±3.83 12.29±3.21
T5 25.11±5.27 3.78±1.35 4.61±1.92 32.35±5.52 1.21±0.97 7.21±3.02 25.73±7.74
T6 17.63±6.75 1.23±1.44 3.84±2.42 56.66±5.30 3.22±2.13 3.62±4.78 12.9±4.36

Mean of LGC  group  composition percentages in intestinePopulation/
treatment Bacillus spp. Streptococcus spp. Lactobacillus spp. Enterococcus spp. Unidentify group
T1 53.29±5.23 8.21±2.12 15.34±4.71 7.33±2.57 15.83±5.26
T2 50.61±6.15 9.65±1.49 17.62±4.25 9.17±2.23 12.95±3.13
T3 56.53±4.42 8.43±.98 13.54±3.79 8.61±2.54 12.89±2.45
T4 35.44±6.27 4.15±1.53 37.36±6.79 5.94±2.72 17.11±5.73
T5 59.72±5.76 8.64±2.11 16.39±4.12 7.72±3.25 7.53±4.21
T6 32.28±5.81 3.52±1.04 40.21±5.53 3.16±2.59 20.83±7.93

Mean of γ-Proteobacacteria  group  composition percentages in intestinePopulation/
treatment Vibrio spp. Pseudomonas spp. Unidentify group
T1 43.23±7.32 6.32±1.58 50.45±4.28
T2 40.551±6.53 7.17±1.76 52.32±3.79
T3 45.63±5.71 5.21±0.92 49.16±4.46
T4 32.21±3.21 6.49±1.55 61.30±4.32
T5 43.47±6.62 8.23±2.01 48.30±3.51
T6 34.59±4.11 7.49±1.23 57.92±3.12
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Mean of major  group  composition percentages in intestinePopulation/
treatment γ-Proteobac β-Proteobac α-Proteobac LGC HGC CFB Unidentify

group

T1 23.29±5.12 2.43±1.23 2.92±1.23 31.78±5.42 2.54±0.92 8.22±3.62 28.82±5.53
T2 27.14±4.42 1.79±0.72 4.78±1.56 34.25±6.31 3.12±1.23 7.95±2.95 20.97±3.62
T3 29.52±5.56 2.16±1.13 6.13±2.43 30.11±9.95 2.96±0.78 9.23±5.71 19.89±4.45
T4 13.54±5.32 1.47±0.59 4.14±1.39 63.2±7.24 2.14±1.11 3.26±2.28 12.20±4.51
T5 26.38±5.73 2.29±0.82 5.28±1.87 33.63±8.62 2.62±0.76 8.61±5.26 21.19±5.70
T6 15.17±4.18 1.53±0.97 3.91±1.68 61.77±5.91 3.29±1.35 3.79±2.41 10.54±3.26

Mean of γ-Proteobacacteria  group  composition percentages in intestinePopulation/
treatment

Vibrio spp. Pseudomonas spp. Unidentify group
T1 41.23±9.53 8.26±1.23 50.51±4.23
T2 43.56±6.22 9.53±1.76 46.91±3.25
T3 47.11±7.61 7.64±2.02 45.25±3.74
T4 30.23±8.82 8.81±1.54 60.96±4.55
T5 45.26±6.59 7.34±1.7 47.40±3.12
T6 31.19±5.40 9.92±1.63 58.89±4.43

Mean of LGC  group  composition percentages in intestinePopulation/
treatment

Bacillus spp. Streptococcus spp. Lactobacillus spp. Enterococcus spp. Unidentify group
T1 55.46±6.23 7.81±1.01 18.21±3.70 9.54±2.17 8.98±3.23
T2 53.38±5.41 8.53±1.23 15.53±4.21 9.11±1.96 13.45±2.41
T3 54.17±4.67 8.12±1.42 16.47±3.5 8.72±2.53 12.52±3.12
T4 31.23±4.01 3.55±.78 42.03±6.21 4.16±0.79 19.03±3.46
T5 59.48±5.96 7.23±1.72 14.76±4.13 9.32±2.10 9.21±1.17
T6 33.77±3.21 3.92±0.54 44.12±5.45 2.23±1.03 15.96±2.26



155

Mean of major group composition percentages in intestinePopulation/
treatment γ-Proteobac β-Proteobac α-Proteobac LGC HGC CFB Unident

T1 24.64±6.95 5.15±0.76 8.26±2.25 34.18±5.61 1.86±1.42 8.53±2.53 17.38±3.24
T2 45.37±4.21 1.96±0.54 4.88±1.62 24.63±4.24 1.81±1.10 4.18±3.22 17.17±3.56
T3 54.21±3.79 3.21±0.83 3.19±2.03 19.51±3.62 2.32±0.73 3.44±2.17 14.12±2.53
T4 19.52±2.20 6.29±1.04 3.32±1.05 47.23±5.76 2.91±1.46 5.54±1.76 15.19±2.12
T5 51.74±3.86 2.14±0.78 4.12±2.02 23.75±4.47 1.24±0.83 3.58±2.94 13.43±2.47
T6 17.26±2.14 5.53±1.13 4.78±1.04 45.16±4.13 2.62±1.26 7.33±2.21 17.32±3.05

Mean of γ-Proteobacacteria group composition percentages in intestinePopulation/
treatment

Vibrio spp. Pseudomonas spp. Unidentify group
T1 47.23±6.23 8.53±1.35 44.24±.42
T2 65.44±5.24 5.21±0.76 29.35±3.14
T3 72.59±4.78 3.78±0.42 23.63±2.26
T4 40.12±5.54 9.59±1.55 50.29±4.73
T5 68.38±4.21 4.62±0.47 27.00±3.21
T6 43.66±4.47 8.23±1.26 48.11±4.52

Mean of LGC group composition percentages in intestinePopulation/
treatment

Bacillus spp. Streptococcus spp. Lactobacillus spp. Enterococcus spp. Unidentify group
T1 49.18±4.23 6.67±4.76 15.57±3.62 4.23±1.64 24.35±3.15
T2 50.14±4.76 4.57±1.86 18.23±4.21 3.57±0.93 23.49±4.21
T3 58.23±5.12 2.12±1.10 16.14±3.14 3.11±1.23 20.4±3.07
T4 40.66±4.01 8.23±3.52 28.29±5.36 8.21±2.01 14.61±2.14
T5 53.23±4.78 3.16±1.03 15.83±3.48 4.32±0.76 23.46±3.28
T6 37.58±3.25 7.15±3.77 30.32±4.43 8.84±1.75 16.11±2.49
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Mean of major group composition percentages in intestinePopulation/
treatment γ-Proteobac β-Proteobac α-Proteobac LGC HGC CFB Unident

T1 22.35±4.13 4.26±1.93 7.32±1.45 31.78±3.22 2.20±0.93 6.14±1.23 25.95±4.62
T2 51.58±7.21 1.43±0.72 2.94±1.04 20.31±5.41 0.78±0.62 3.72±1.56 19.24±3.23
T3 62.74±5.43 0.92±1.05 1.14±0.96 14.85±3.54 1.26±0.76 4.19±1.02 14.9±1.62
T4 27.52±3.62 5.38±1.78 4.74±0.72 39.73±3.16 1.87±1.13 5.54±1.37 15.22±3.56
T5 63.49±7.18 0.86±1.23 2.41±0.83 12.58±2.63 1.49±0.64 2.23±0.63 16.94±2.35
T6 28.29±3.25 4.62±1.61 5.17±1.16 38.97±5.44 2.41±1.03 6.22±2.11 14.32±2.52

Mean of γ-Proteobacacteria group composition percentages in intestinePopulation/
treatment

Vibrio spp. Pseudomonas spp. Unidentify group
T1 51.76±8.21 5.37±1.23 42.87±4.21
T2 92.31±5.32 1.63±0.62 6.06±0.73
T3 90.42±5.71 2.24±0.72 7.34±0.56
T4 43.41±10.46 7.83±2.56 48.76±3.23
T5 89.91±3.23 4.13±1.04 5.96±0.23
T6 45.36±8.5 6.85±2.10 47.79±5.11

Mean of LGC group composition percentages in intestinePopulation/
treatment

Bacillus spp. Streptococcus spp. Lactobacillus spp. Enterococcus spp. Unidentify group
T1 52.43±4.17 8.78±1.25 17.21±2.23 5.52±1.42 16.06±5.14
T2 57.51±5.23 2.21±0.54 13.46±3.66 2.71±0.76 24.11±5.67
T3 60.26±5.75 0.94±1.12 15.14±2.58 3.11±1.01 20.55±6.15
T4 45.57±4.11 6.32±2.79 20.87±8.23 7.21±1.56 17.95±7.25
T5 56.64±5.26 1.42±2.13 11.42±3.12 2.36±0.79 28.16±6.48
T6 47.72±4.97 5.74±1.25 22.25±7.64 7.03±2.23 14.71±5.32
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