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EXECUTIVE SUMMARY 

Chainat province has high potential for agriculture because more than 60% of the area 

is irrigated. There are three rivers running across the province, indicating its potential for 

aquacultural activities. However, annual fisheries production including aquaculture has been 

relatively low, despite the province’s reputation for a high diversity in fish species. Therefore, 

aquaculture of the local fish species should be promoted subject to consideration of suitable 

species, market demand and the possible impact on wild populations. This study aimed to 1) 

understand the present situation regarding aquaculture and fish marketing in Chainat and 2) 

study aquacultural/fisheries activities based on people’s knowledge of the conservation of fish 

biodiversity.  

The results from the survey showed that: 1) aquacultural activities were carried out all 

year round, 2) people had limited knowledge of aquaculture, 3) the most important obstacle to 

rearing local species was their slow growth and 4) only 2% of the farmers cultured local fish 

species. The species reared in cages were: striped catfish (Pangasianodon hypophthalmus, /��


���), giant gouramy (Osphronemus goramy, /��(�#), Pla Kod Kaang (Macrones wyckioides, 

/���#�
� or /���#(�-�), spot pangasius (Pangasius larnaudii, /���%��) and Pla Sang Ka Wart 

(Pteropangasius pleurotaenia, /��

��)��#). The species cultured in ponds were: striped 

catfish, Thai silver barb (Barbodes gonionotus, /���)��+��!��), snakehead (Channa striatus, 

/��$;��), snakeskin gouramy (Trichogaster pectoralis, /��
��#) and climbing perch (Anabas 

testudinius, /��"��).  

There are only three main retail fish markets in Chainat, which cater for the majority of 

large-size fish brought in from other provinces while local fish were of the small-size species 

available in highly fluctuating quantities. The fish retailers stated that the highest demand was 

for Pla Kod Kaang among the freshwater fish species.  

The study identified three aquacultural/fisheries activities that may impact conservation: 

fish-trapping ponds and Kram (artificial fish shelters where fish are subsequently caught) 

operating in shallow or in deep water. The fish trapping ponds contained massive aggregations 

of fingerlings of riverine and swamp fish, which may impact the conservation of freshwater fish, 

while the other activities seemed to have minor impacts. 
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Pla Daeng (Phalacronotus bleekeri) is among the flag-ship species for restocking. The 

study investigated the genetic alteration of Pla Daeng cultured in the Center for Fisheries 

Research and Development, Chainat province using the newly developed microsatellite 

markers. Genetic deterioration of the hatchery stocks was identified, while a nearby wild 

population was still healthy with regard to genetic diversity and there had been no genetic 

contributions made by the hatchery fish to their wild counterparts. Consequently, the study 

recommended not releasing this species into the wild. 

 This study also attempted to understand the obstacles to rearing local fish and found 

that the major problems are slow growth, the lack of a wholesale market and insufficient 

amounts of both fingerlings and suitable feed. However, the results from a meeting between 

farmers, students and lecturers of the Department of Aquaculture identified five research topics 

according to the necessity of the research, time constraints and available expertise. The 

research topics and a brief summary of the results are:  

 (1) Anatomy of sexual dimorphism in Pla Daeng and histology of the testis: Pla Daeng 

showed apparent sexual dimorphism during the spawning season. Females and males were 

differentiated by the shape of the urogenital papilla, roughness of the serrated spines of the 

pectoral fins and the existence of mucus glands behind the pectoral fins in females. Histology of 

the testis showed spermatogenic cells in all stages. 

(2) A preliminary experiment on the effects of methyl testosterone (MT) on the fertility of 

the spermatozoa of Pla Daeng: A dose of 10 mg/kg MT orally applied to male brooders of Pla 

Daeng at 5 to 7 wk tended to increase the concentration of spermatozoa compared with the 

control. The sperm of the MT-treated groups enhanced the hatching success of the eggs 

compared with the control group, when they were used as concentrated milt (no dilution). 

However, due to the small number of fish samples as well as the variation in egg quality in the 

study, further study is needed. 

(3) An on-farm experiment on the effects of stocking density on the growth and survival 

of Pla Kod Kaang (Macrone wyckioides): The farmers in Chainat province stock Pla Kod Kaang 

in cages at a high density (40 fish/m
2
), which may be responsible for the very low growth rate of 

this species. An experiment was conducted to rear Pla Kod Kaang in cages (3 x 5 m and 2 m in 

depth) with 20 and 40 fish/m
2
 on three farms (where each farm represented a replication) for 

14.5 mth. It was found that fish at the low stocking density had lower survival rates than those 

at the high stocking density (P < 0.05) while the growth rate was not affected.  
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(4) Pathogenic organisms responsible for the diseases outbreak of Nile tilapia cultured in 

cages in Chainat and Angthong provinces: Although Nile tilapia is an introduced species, due to 

its economic importance, the farmers in Chainat province convinced the researchers to include 

this species in the study. A farm in Angthong was included in order to determine if there was 

any variation in pathogens between the areas. The survey was made on two- and one-cage 

culture farms in Chainat and Angthong, respectively, which were facing a disease outbreak 

(during May and June 2009). The results showed that the pathogens responsible for the disease 

outbreaks were Streptococcus agalactiae in Chainat, while Flavobacterium spp were identified at 

the Angthong farm and that they were most sensitive to Amoxycillin and Enrofloxacin, containing 

respectively S. agalactiae and Flavobacterium. 

(5) Effects of probiotics on resistance to a bacterial pathogen (Aeromonas hydrophila) 

and growth of Clown featherback (Chitala ornata) fingerlings: The probiotics developed by the 

Department of Aquaculture (AQHBS02) have enhanced resistance to A. hydrophila by Clown 

featherback fingerlings (2-3 inches long) over the control when orally applied at either 1, 3 or 5 

g/kg feed, while no effects on growth were observed. Enhanced resistance was detected 14 d 

after the application. 

Notably, two of the five topics (numbers 4 and 5) were conducted by the undergraduate 

students of the Department of Aquaculture, Faculty of Fisheries, Kasetsart University. 
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ABSTRACT 

This study aimed to understand the present status of aquaculture and marketing of local 

fish species in Chainat and to study aquacultural/fisheries activities based on the people’s 

knowledge relating to conservation of fish biodiversity. The results showed that aquacultural 

activities were performed all year round with people having only limited knowledge. The most 

important obstacle to rearing local species was their slow growth with only 2% of the farmers 

culturing local fish species (5 species each for cage and pond culture). The fish retailers stated 

that the highest freshwater fish demand was for Pla Kod Kaang (Macrone wyckioides). 

Aquacultural/fisheries activities that may impact conservation were explored and it was found 

that the fish-trapping ponds may impact conservation of freshwater fish species because the 

ponds were aggregation sites for fish fingerlings, while Kram (artificial fish shelters where fish 

are subsequently caught) may have a minor impact. In this study, based on newly developed 

microsatellite primers, genetic deterioration was reported in two hatchery stocks of Pla Daeng 

(Phalacronotus bleekeri) being used to produce fingerlings for restocking. No genetic 

contributions of the hatchery fish were detected in their wild counterparts. In attempts to employ 

technology to ease aquaculture problems occurring in Chainat province, five research topics 

were identified, with three (numbers 4, 5 and 6) being conducted by undergraduate students of 

the Department of Aquaculture. The topics were: (1) the anatomy of sexual dimorphism in Pla 

Daeng and histology of the testis; (2) a preliminary experiment on the effects of methyl 

testosterone (MT) on the fertility of Pla Daeng spermatozoa; (3) an on-farm experiment on the 

effects of stocking density on growth and survival of Pla Kod Kaang (Macrone wyckioides); (4) 

pathogenic organisms responsible for disease outbreaks of Nile tilapia cultured in cages in 

Chainat and Angthong provinces; and (5) the effects of probiotic bacteria on resistance to a 

bacterial pathogen (Aeromonas hydrophila) and growth of Clown featherback (Chitala ornata) 

fingerlings. 
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/�)����
�&����A#-��E��
�0��;�(�;�
�9'�A�- �|� 2 �';� %��F"-�+/�)�#E����&|�0�%+,$
#�	� (�)	)�/G�

/�)��$���
���	���������'�
�0��;�A/ 

3.5 ���,-�/�$()�������
������������������
��
� !�8!�����!�	<� 

	
#���/�)$'� �#��$�*��0������-���)��+���

������� ��F"-!-����/}*"��'/
���F������)��+���



���������������� 	���
���#��%��A/��+,���������+���/��F���)$
�	����� 2 ����� (�)�����%+,��+���F��;�

#��	����� 2 ��������,��
�%���/}*"�%
���+��#��+��
��$
��/�%+, 4 �����$����)��+���

������� �;��/�)$'��
�

��0����#-�� ���,�A#-!-����/}*"� �'/
���(�-� �����/�|�0��;���
��)"�;����
��(�)��	���� 	���
��	|�

���"�#/�)�#E�/}*"�F������	
� ���	���
��A#-/�)$'��;���
�&������	
�(�)�
B��/�)������	�#	
�"�
#

$
���% ���,��
�%�����	����%+,��	
���+,���
�/����������� /}*"�(�)�'/
��� ���!-����%+,A#-��

/�)�������
���	%����	
� 

�	%����	
�%+,�����%�������	
�/�)���#-�� 

3.5.1 ��������!������(���;���)"�;����&(�)��*$��%��!���
��)/��(#� 

3.5.2 ���%#����������-�F����F$-������� Methyl testosterone ���,�����
������

!���$����
���-!��/��(#� 

3.5.3 ���%#�����!���
�������"��(�;��;��
�����#(�)����	��*������!��

/���#�
�%+,��+���F��������0���� 

3.5.4 ���&|�0��$������%+,�/G�
��"�'!��������#���F�/�����%+,��+���F���)$
�F�����%+,

	
�"�
#$
���% (�)�;��%�� 

3.5.5 ��!��(��%+��+��/�A�������;������-��%���;��$��� Aeromonas hydrophila 

(�)����	��*������!��/������ 
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4. 
����56�7� 

4.1 ������������������������
���
����!"����"��#����$��%�����& &���#�'�(���% �����) 
���'����������� *%���� +����,--�&�����/�#����������
���
����  

��0��	
�"�
#$
���% �+�����+���

�����������������-�� ��#�/G� 2% (32 ��� 	��	�����%+,

!|��%)��+������� 1,589 ���) (�;�)�����+���

����������������"���$��# (�����;� 3 $��#!|��A/) �#�

��0����%
��"�#��+���/��%+,A�;F$;/������������/G�"�
� (�$;�/����� /��%
�%�� /��#'�����
�) 

���

�������������%+,��+���/�)���#-��/�� 9 $��# (�)

���������,��A#-(�; �'-��-������ �#���0����%+,��+���

/��F���)$
���+���/��A%� 5 $��# (/��
��� /��(�# /���#�
� /���%�� (�)/��

��)��#) (�)

��0����%+,��+���/��F��;� ��+���/��A%� 5 $��# (/���)��+��!�� /��$;�� /��
��� /��
��# (�)

/��"��) 
�����	��(����0�������9+�����+��� (�)$��#/��%+,��+��� A#-#
�/���@F������%+, 1 (�) 2 

�#���0�������"�|,���		)��+���/��A#-"���$��# 

����� )* 1 (
#�!-���������+���/�����������F���)$
�!����0����	
�"�
#$
���% ("����"�': ��)$
�

!��# 25 ���������) 

$��#/�� 

 

	�������� �)�)����F����

��+��� (�#���) 

�
������/�;��  

(�
�/��)$
�1) 

!��#%+,	
�!��  

(��/�
�) 

����!�� 

 (��%/��) 

/��
��� 2 24 1000-1500 2 30-35 

/��(�# 2 24 2000 0.8 50-60 

/���#�
� 4 24-36 1000-1500 1.5 120 

/���%�� 3 14-18  1500-2000 2 60 

/��

��)��# 5 12 2000 0.1-0.2 60-65 

����� )* 2 (
#�!-���������+���/�����������F��;�#��!����0����	
�"�
#$
���% ("����"�': 
1
 �;�

!��# 1 A�;; 
2 
�����
;��F"*;/�;���/G�$��#�
���) 

$��#/�� 

 

	�������� �)�)����F������+��� 

(�#���) 

�
������/�;��  

(�
�/�;�1) 

!��#%+,	
�!��  

(��/�
�) 

����!��  

(��%/��) 

�)��+��!�� 9 6 3000 0.7 25-35 

$;�� 6 12 3000 1.5-2 80-100 


��� 1 6 2000 1-2 25-35 


��#2 4 6 2000 ��) 50-60 

"��2 3 6 2000 ��) 50 

 ��0������-��+���/���+���'���+,� 53.5 /� (�;��/G���&$�� 69.2 �/����~E��� ��&"*�� 30.8 

�/����~E��� ��-��+���/�������%
��"�#�-��/�)�����$+���,������;A/#-�� �+��+�� 23.1 �/����~E���%+,�|#

��$+���+���/���/G���$+�"�
���+����$+��#+�� �#���-��+���/��/�)�����$+���0���� 34.6 �/����~E��� 

�
�	-�� 32.2 �/����~E��� (�)��,�� 33.2 �/����~E��� F������+���/���
�� 84.6 �/����~E��� F$-(�����F�

��
������ �+��+�� 15.6 �/����~E���%+,F$-(�����	-��  
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��/(�������+����/G������+���/��F���)$
� 65.4 �/����~E��� (21 ���) (�)��+���/��F��;�#�� 

34.6 �/����~E��� (11 ���) (��������+���/��F���)$
� (�)�;�#�� (
#�F����%+, 1 (�) 2 ������#
�) 

�����+���/��F���)$
��
����-��+���/���+��)$
����+,� 3.7 ��)$
��;���� !��#��)$
����+,� 25 ��������� 


;����-��+���/��F��;�#���+	������;����+,� 5 �;��;���� !��#���+,� 1600 ���������  ("�;��
�9'�/��


;��F"*;~���	��&������	
�(�)�
B��/�)������	�#	
�"�
#$
���% (30.8 �/����~E���) 23.1 �/����~E��� !��

��0���� ~���/��	����������$�F�	
�"�
#���
����� (�)��0���� 46.1 �/����~E��� ~���/��	��

���������;��"���(";� 

��0����	)!��/��F�
����/(���%;��
�� �#�
;��F"*; (69.2 �/����~E���) !��F"-�
���-~���%+,��

�
�~���%+,����� �#���0������-��+���/���+� 30.8 �/����~E���	)���������A/!��%+,���#���  

 

 

��� )* 1 (
#���)$
���+���/��!��#���+,�!����0����	
�"�
#$
���% 
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��� )* 2 (
#��;���+���/��!��#���+,�!����0����	
�"�
#$
���% 

��0�����+/}*"�F������+���/��A%�#
��+� 

(1) /��A%� ($��#%+,�+����#+) ��$-� %��F"-�-��F$-������+��������� ���$��#��	�|� 2 /� 

(�$;�/���#�
� /���)���) (	����� 24 ���)  

(2) A�;�+���#�-�
;� (	����� 21 ���) 

(3) !�#(������/�� (	����� 11 ���) 

(4) !�#��"��%+,�"��)
� (	����� 9 ���) 

��;��A��E��� !-����	��(��
�����
�����
�'/A#-F�$
���-��;� $��#/��%+,�����+���

(���;���
��)"�;�������+���F��;� (�)F���)$
� �#�F��;� �����+���/��$;�� (Channa striatus) (�)

/���)��+��!�� (Barbodes gonionotus) ����)����������

�� (6 �#���) (�)��0�����+������-F�

�����+���(���-�%'��,�����;(�-� �#�F"-�&0�
� �/G���"�� (�)��+���/��
�/����,�� 
;��F���)$
����

��+���/��

��)��# (Pangasius macronema) ���,��	������������

�� (1 /�) �����-�����!�����#


�� (%���	����0����) ���	���
��/���%�� (Pangasius larnaudii) �E�/G�/��$��#"�|,�%+,�;�
�F	 

����)(�-����������	)�;��!-����� (14-18 �#���) (�;�
�

����;�/����,��"���$��#(�)!��A#-����

�;��!-��#+ (������
��) 60 ��%) %
��
��$��#�+�
�������+���#-����"����E#A#- 

(�;���,�%�����
����	%��#-���'/
��� �#�

���0���	-�!���
������	����� 7 �-�� 	��

	�����%
��"�# 16 �-�� (���%;���%+,��(";�/�)�%&A%�, 2552) (�)	��(��
�����(�;�-�/��	����� 

12 ��� A#-!-��������
����/���#�
� (Macrones wyckioides) �/G�/��%+,���#�-��������%+,
'# 

�������A#-(�; /���-� (Boesemania microlepis) /���|� (Pangasius conchophilus) ��-��	
�	|�A#-

��#�'��
���0����F�/�)�#E�$��#/��%+,�����+����+� ���;���0����
;��F"*;�-�������+���/���#�
� 

����)�/G�/��%+,�;��!-��%�%�� ����#+��� (������
��) 150-220 ��%) �+/}*"���+�� 2 /�)������

"�����
�9'���� (�)�)�)�����+�������|� 2 /� ��;��A��E������;���0����/�;��/��"��(�;���� 

(1000 �
��;���)$
�!��# 5 x 5 ��������� �|� 2 ���� "��� 20 �
��;������&������) "���#�
������

/�;����	%��F"-�	��*������#+!|��A#- 	|�A#-%�����%#�����+���/���#�
�F��������0���� �#���+���F�

����"��(�;��,�� ~|,�A#-��������A�-F���������
��+�(�-� 

*%����: ��0����F�	
�"�
#$
���% ��+���/�����#/� �$;��#+���
���0����F�%-��%+,��,�� 

��;��A��E��������+���	)�+/}*"����F�$;��/����#����-��#�"��� (�#����'���� – ��&	�����) ~|,�

�/G������#+���
��#�����"��� �#�/��	)�/G����A#-�;�� (�)��	���%+�)����  
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+����,--��������#�������������: !-����	��(��
�����%��F"-%����|�����/}**�

%-����,�#
��+� 

(1) ��0���� 1 ��� (���
��$� �+�)��%�) F$-�/�����)���#���F���)$
�/��%
�%�� 

���;�
������
�0�������/G�(������
� (~|,���	���#	��/�
��A#-) 

(2) ��0���� 1 ��� (���/�)	�� (	-�����) F$- “���"*-�” ~|,��/G��&0���E#�
$��$%+,A#-

	�����
+!-����F$-�/G���"����+���/��#'�(�)/���)��+��F��;�#�� ���;�/��

�	��*������#+ 

(3) ��0���� 1 ��� (���/�+$� $)���) ���;����,������)$
�($;#;��%
�%���;�����

��+���/�� %��F"-/���/G�����-���� 

4.2 ���03�5������)������6+�
���
����!"����"�� '$�(�&�/�� '�	����7��'�����
*%���� 

���;����#~���!��/��%+,
���
*!��	
�"�
#$
���% A#-(�; 3 ���#"�
� ��� 

(1) ���#�$-��������!�,���	-���)�� (!��%'��
� ����-��
���%����) (���%+, 3) 

(2) ���#�
#�������!�,���	-���)�� (!������)�
���%����) 

(3) ���#��0+~'� (!��%'��
�) (���%+, 4) 

 

��� )* 3 (
#����#~���!��/���������!�,���	-���)�� 
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��� )* 4 (
#����#~���!��/�� ���#��0+~'� 

/�����/��%+,�!-�
�;���#/�)����
��) 2,000 ������
� (�) /�)��� 80% �/G�/����������� 

�$;� /��
��� /���%�� /���#�
� /��!��#F"*;�"�;��+� �����%
��"�#��	��("�;���,� (	
�"�
#

���
����� ��0�'��� /�)�%&��;� (�)/�)�%&�
���$�) ~|,��+���/}%�� (
�
'���� �/G���-�-�
;� �;��


;��;�F"-�
�(�;�-�F�	
�"�
#$
���% 
;��/�����������%+,����A#-	��	
�"�
#$
���%�/G�/��!��#��E� �$;� 

/��(#� /��

��)��# /��������;�� (�)/������ �/G��-� �#��+/�����A�;����
� (�)A�;(�;��� 

*%���� /��%+,�+������)��+��� �$;�/��
��� /���%�� /���#�
� �+�!-�
�;���#���#/� (��	

��A#-A�;%'��
� ���,��	��/������+A�;����
�) 
;��/��%+,	
�	��9���$��� �$;� /��(#� /��

��)��# 

/��������;�� (�)/������ �+����)����#���� 
;��F"*;	)�+F�$;��%+,�+���	
�/��	����,��  

4.3 ���03�5����'������!�	������
���
���� &�/��7��(����������5
  

	�����&|�0��������-����;� ��0�����+������)��+���/��A%�A�;����
� (�)������)��+���

�"�;��
��(%�	)A�;�+���;������'�
�0� ��;�������+�����+��(�;�|�!��#���# /���
�A�;�	��*�
�9'�	|�A�;


�����F$-/���"�;��
�����/G��;�(�;�
�9'�A#- 	|�A#-%�����
����	��	�������/�)��%+,��	�+���;����

��'�
�0�(%� ���;�F��!�	
�"�
#$
���% �+��	�������/�)��%+,�!-�!;�����; 3 /�)��% A#-(�; �;��;�/�� 

��,���������� (�)��,�������|� ��	����%
��
��/�)��%�+�	���/G��-��!���'*��	�����/�)�� (�;�)��	����

�+����)��+�##
��+� 

4.3.1 �;��;�/�� $�������
;��	)%�����!'#�;����,��
���E�����A�-F$- �#���&
�$;��%+,

����%;���#��/�#%�������!-� 	���
�����,�������E��;� 	)%�����/�#%������A�;F"-��� (�)�
���E�����#
���;��A�-

F$-����-����� ~|,�������A#-"�
�	�����
��������� ��� /��%+,���-�����;���F��;� ��0����	|���+��

�;�/�)��%�+��;� “�;��;�/��” 	�����
����	!-����!��$����%+,!'#�;��;�/��F�����%+,	
�"�
#$
���%

	����� 15 ��� (	��%
��"�# 19 ���) ���;�$�����+�;����+,����) 1.75 �;� (�)�-���/G��;�%+,!'#��

���(�-�%
��
��� ���+,��;����' 18.67 /� !��#���+,� 925 ��������� �|����+,� 3 ���� �#�$����(�;�)

���	)���,�%������#����F�$;���#�����&	�����A/	��|��#����'����
�9� �#�$��#/��%+,A#-�
��A�;
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(���;���
� 
�����	��(��A#-#
��+� /��$;�� 34.61 �/����~E��� /����)#+, 26.92 �/����~E��� /��"�� 

23.07 �/����~E��� (�)/��$��#��,�� (/���)��+�� /��
�-�� /��
��# /��(!�� /��
���) 15.38 

�/����~E��� ��#�/G����������+,� 0.17 ������
��;���������� �#�/��%+,	
�A#-
;��F"*;�/G����/��!��#

��E�  (���%+, 5) ~|,�
;��"�|,��/G����/��(�;���� �$;�/��
��� /��(!�� /��!��#F"*;%+,���/G�/��%+,

��&
����"����|� (�$;�/��$;�� /��"�� /��A"� /��"�#) �#������/��/�)��%"�
��$;��#+���
� 

(
#��;�����%+,�������;��;�/�� �/G�("�;���'������/��%+,
���
* 

 

 

 ��� )* 5 (
#�/��%+,	
�A#-	���;��;�/�� 

	��!-����%+,A#-(
#��;�����%+,(���+��;�	)�/G�("�;���+����
�!��/��(�;����"���$��# ~|,�

���/��	)(��;��)	���������!|����������%-����F�$;������"��� ���,������#�E	)��#���;F��� (�)"����

�	��*���������;�)�)"�|,� ���/���"�;��+�"��
��������A//�;�����
�;(�;����A#- �E	)�	��*������ 

!����
�9'�A#-�;�A/ ��-�
���#$�� (�$;����/�)�� "��� �������/�����
;��%-����,�) ���"�(��%�� 

�$;���	~������/��A//�;�� "���	
#%���������F"-$���-���+
;���;��F����/�;�����/���"�;��+� ��;��A�

�E��� 	���/G��-��F"-������-(�)�'/��������������
)#��(�;$���-�� 	|�	)
�����!��-�����/��

�"�;��
��A#-��;��A#-�� 

4.3.2 ��,�� (	
�%�) ��� ����,�����/�)��$��#"�|,� %���#�����';�A�-���������
�F�����  

���,��;�F"-/������&
� ~|,�$��/�)��F�	
�"�
#$
���%%
��"�# F$-��,��-��)!�����,��	���"�'��%+,�;� A�;�+

"���%��F"-A�;�
��
���� ��,��+�����"�+��%�%�� �+������#"�';�
�� A�;�/��)"
� "�
���E���-(�-� 


����������
���F$-A#-"�����
�� ���,������,����F�����(�-�	)F$-A�-"�
�/}��|#A�-��F"-��,��)!�����

��)(
�����
#��A/ 	���
��	)%�����F"-��"���/G��)�)���,��;�F"-�+/������&
����!|�� 	���
�����,��+

/��	���������� (

����'	��/�����/��%+,�������"��) 	)%������-��	
�#-�����  

	�����
����	$��/�)��F�����%+,	
�"�
#$
���% 
�����(�;� ��,������/G� 2 /�)��% 

����)#
�����%+,%����������,���;�/�� ��� 
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(1) ��*��
������
 $��/�)��%+,%����������,���������� 	)�����,��%+,�)#
�����

/�)��� 1-2 ���� (���%+, 6) ���,��	���)#
���������	)
)#��F�����-��	
�/�� �#����F$-A�-"�
�A/

/}���F�(�;���� (���%+, 7) ���,��/G�%+,�|#A�;F"-��,�A�-~|,�	)���A/����/G��;����F"-/�����A/������� ���	
�

%���#�����������#�F$-(������� (���%+, 8) 	�����
����	!-����	��$��/�)����-�����,���;�/������

����	����� 42 ��� (	��%
��"�# 53 ���) ���;� $��/�)���+��,�����+,�����) 2.33 (±1.39) ��,�� �+

!��#���+,� 275 (±45) ��������� �#�/���$��/�)��	)���,�%����������,���;�/��F��#�����&	����� 

A/	��|��#�����0���� ���,��	���/G�$;������%+,���/�)����'*��F"-/�)�����	����#
���;��A#- (�;

%
���+�!|�����;�
��)#
�����F�(�;�)/�#-�� "���)#
�����
������A/�EA�;
����������,��/�)��%�+�A#- �#�F�/� 

�.&.2551 $��/�)��F�����%+,F�-�!�,���	-���)�� 	
�"�
#$
���%���,������,��A#-$;���#��������� �|�

�#�����0���� /�����/��%+,	
�A#-	����,�������������+,���
���) 458.36 (±241.66) ������
��;���,�� 

(�;��/G�

#
;��#
��+� /��
�-�� 82.09 �/����~E��� /��
��� 5.74 �/����~E��� /���)��+�� 3.29 

�/����~E��� /��

��)��# 2.87 �/����~E��� (�)��,�� 6.01 �/����~E��� (�$;� /��"�� /����)#+, /��


��# /��"�# /����)%'��"� /��"��$-���"�+�� �/G��-�) ~|,�"�
�����-��	
�(�;�)��
��	)%������;�

�$;��#���+� �#���-��)�)�������+,� 23 �
��;���� "���/�)��� 5.86 ��
���;�/� ��#�/G�������

�������

���+,� 2,685.98 (±1,416.13)  ������
��;���,���;�/�  

 
��� )* 6 (
#���,���������� (������(�;�����	-���)�� ������
����� 	
�"�
#$
���%) 
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��� )* 7 (
#�A�-"�
�%+,F$-/}����,��|#��,��)!�� (�

#'�;�) A�;F"-��)�����
#��A/ 

 

 
��� )* 8 (
#����	
�/��	����,���������� 

(2) ��*��
����6� 	)���%+,�)#
����� 3 ����!|��A/ �#����F�$;���#+���
���,������

���� ($;���#�����&	����� �|��#�����0����) �#��-��	
�/��%'��/�)��� 30 �
� "���/�)���/��) 

5 ��
�� ����-��	
��-��F$-������;���-�� 3 ��� (�)F$-����-��	
� (���%+, 9) (�;�)��
��F$-(�����	�����

��� (�)��-#����������-���+����$����*��� 	��!-�	���
##
���;��/�)����
� ����%+,%+,�"��)
��+A�;

��� %��F"-�+��-/�)�������-����� �#�F�	
�"�
#$
���%�+$��/�)��%+,%����������,�������|���+�� 2 

��� �+!��#���+,� 500 ��������� ������������+,���
���) 960 (±150) ������
� (�;��/G� /��
��� 
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41.66 �/����~E��� /��

��)��# 20.83 �/����~E��� /���)��+�� 10.42 �/����~E��� /���)��+��%�� 

6.25 �/����~E��� (�)��,�� 20.83 �/����~E��� (/��(#� /������ /��
��# /��(/� /���)��� /��

$;��  /���������� /��"��#���"��� /���#�
� �/G��-�; ���/��(
#�F��������) ��#�/G�

������

����������+,� 4,800 ������
��;���,���;�/� 

 

 

��� )* 9 (
#����	
�/��	����,�������|�  

7���	&������/���(����������5
: ��,��(�;�)$��#�+����)%��;������'�
�0��;���
� ��,��

��������~|,��+������
;��F"*;�/G�/��
�-�� �+����)%��;������'�
�0��-��"���A�;�+��� ���,��	��������

��,�� A�;A#-%���
�����(�;/�����	���#9���$��� F�%������#+���
�/��%+,	
�A#-�E�+�'��;��;������'�
�0�

�-�� ����)
;������/G�/��
�-��~|,��
��+$'�$'����; ����
F����������/��"�������,�F$-�/G��;�(�;

�
�9'�	|�(%�A�;�+��� 
;����,�������|� A�;�;��+���'�����;�����$'�$'�!��/���$;��#+���
� (�;��,�������|�

�+� ��	�/G�("�;�%+,	)
������������;�(�;�
�9'�/��"����A#- �$;� /������ /���)��� /��

"��#���"��� �/G��-� 	|��;�	)�/G���#+�;������'�
�0� #
��
����-�
���#$��	|�����+�%������������;�

(�;�
�9'�/���"�;��+��;��%+,�
�	)"�#A/ 
 

4.4 ���03�5�����$���$���&��!��9�����������������% 

�'%
��
��� � ��� �
*�
�0�� �$��A$���� ����%�� ��"�/��#+ 

/��(#� [Phalacronotus bleekeri (Günther, 1864)] �/G�/��%+,�/G�%+,����!����-������ �#�

(�;�����	-���)�� F�	
�"�
#$
���%�/G�("�;�
���
*!��/��(#� /}		'�
�/��(#��+/������#����� 

���/�)��	|��+����������)�
�9'�/��(#����,�/�;����F�(�;���� F�/}		'�
� &������	
�(�)�
B��/�)��

����	�#$
���% �+�;�(�;�
�9'�/��(#����; 2 �';� �;�(�;�
�9'��"�;��+�F$-F�����������/�����,�/�;��/��)

/�)��� 10,000 �
� ���	
#����;�(�;�
�9'��
�A�;A#-���"�
����%���
�9'&�
�����F$- %��F"-�;��/G�";��
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�;� �;�(�;�
�9'���	�+4���
�9'����(�� ���,�������%+,A#-A//�;����("�;����� ��	%��F"-/�)$���F�

9���$����
�,���%���� 	|�&|�0�����"���"���%���
�9'����!���;�(�;/���"�;��+� ���,����(�����

	
#����;�(�;�
�9'�%+,�"��)
��;�A/  

���&|�0�F$-����,��"���A����(~%�%�A�%�#+��E���%+,�
B��!|��
��"�
�/��(#��#�����) A���

�(~%�%�A�%�#+��E��� �/G�����,��"����
�9'����%+,�����F$-/�)��$��F�#-�����/�)�� (�)���

���)��+���

��������
����F�/}		'�
� ���,��	��A����(~%�%�A�%�#+��E����+�/G�	�������� (�)��)	��

���;%
,�%
��	+��� ����|��+����"���"���!���
����
�� !-�A#-�/�+���+�/�)���"�|,����A����(~%�%�

A�%�#+��E��� ��� �+�����)��+�# (resolution) F�������	
������(���;��%+,��	�+��+����E��-�� �$;� 

����(���;���)"�;��/�)$���������)�}� (�)/�)$����F�9���$��� ���	���+��
��+���(
#�

���(��!;��;�� (codominant) ~|,�	)%��F"-A#-!-����%���
�9'����%+,�)��+�#��;�����,��"����
�9'����%+,

�+���(
#����(��!;�
������ (dominant) ���	���+�A����(~%�%�A�%�%+,�+	������
�����;����("�;�


��	)
�����/�)����;��)�)";��%���
�9'����A#-��;��(�;���� ���&|�0�A����(~%�%�A�%�#+��E���

A#-�
�����������;��
��F����&|�0��
�9'&�
���/�)$��� ���	��(��
�E�� ������	
���;�(�;�
�9'� 

���,��%+���
�����,��"����
�9'����$��#��,� ���,��	���+����"���"���
��%��F"-A#-!-����%+,�)��+�# �+�

%
���+!-�A#-�/�+��%��#-���%����%+,F$-#+��E����
���;��F�/������-��	������#"�����+�/��F����&|�0� 

	|�A�;�-���;�/��%+,������/G��
���;��F����������)"� 

���&|�0���
���+�A#-�
B��A����������,�&|�0�����"���"���A����(~%�%�A�%� !��/��(#�

!|���/G���
��(�� �#�����)��;����,��/G�A�������%+,
�����%��/@������A#-��-����
�"�����; (multiplex 

PCRs) %��F"-/�)"�
#����(�)
�����+ 	���
��F$-A�������%+,�
B��!|��&|�0������/�+,��(/��!��

����"���"���%���
�9'����!��/��(#�F�������)�}��%+���
�/��F�9���$��� 

%�������E��
���;�� /��(#�F�9���$���	����� 39 �
� /��	��������)�}�~|,��/G��;�-(�;�
�9'�

���'/�)��� 10 /� (�}��/G��
�F�/� 2542) 	����� 39 �
� (�)/��	��������)�}����'/�)��� 2 /� 

(�}��/G��
�F�/� 2550) 	����� 40 �
� ~|,�����
B��A�������
��"�
�A����(~%�%�A�%�#+��E���F�/��

(#����,�F$-F����&|�0�����"���"���"���%���
�9'���� �#��
B��A�������!|����%
��"�# 7 ��; 

(�����%+, 3) ���,��	��A�������"�|,���;�+ linkage �)"�;����; ~|,��/G��'�
��
��%+,A�;�"��)
��
����&|�0�

����"���"���%���
�9'���� 	|������F$-A�������%+,A�; link �
�	����� 6 ��; &|�0�����"���"���

%���
�9'����!��/��(#� 

����� )* 3 $�,�A������� ���#
���
~��� ���#
���
!��A������� ������%+,A#-	��� 	������
���� (�) ���

�%���A~��~��+ �;�	����������� !��A����(~�%�A�%� 7 ���("�;�%+,�
B��	��/��(#� 

$�,�A��

����� 

���#
���
~��� ���#
���
!��A������� ������%+,

A#-	��� 

	�����

�
���� 

����%���A~

��~��+ (���

������) 

PBL10 (GT)25 F 5´GGCTCAGTTATAAACCCGACA3´ 181-223 17 0.902 
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  R 5´AGGATGACCCTCATCACTCTG3´  

PBL06 

 

(GA)9N(GA)9 

 

F 5´CCATCTAGTAGGGGTCCGGTA3´ 

R 5´TAGCTTGTGCGGTTTTCTGA3´ 

133-171 

 

14 

 

0.906 

PBL17 

 

(GAA)8 

 

F 5´TGTAAGCAAAGCTGTGAGCAA3´ 

R 5´GGCGGGCAACAAAGTTTAAT3´ 

220-235 

 

5 

 

0.588 

PBL21 

 

(GT)9 

 

F 5´TCTGAAGCCGCCTTTTAGTT3´ 

R 5´GAAGGATCCACTGCCTGGTA3´ 

204-250 

 

24 

 

0.927 

PBL24 

 

(GA)15 

 

F 5´TGTGTGTTCTGACATGGGAAA3´ 

R 5´CCCAATGGAAAAATAGGAACAA3´ 

242-276 

 

15 

 

0.893 

PBL26 

 

(GA)63 

 

F 5´CCAGTCCAGGTATAACAAGCAG3´ 

R 5´AGGAACATGTTTGGGTCTCG3´ 

235-279 

 

18 

 

0.848 

PBL33 

 

(CT)24 

 

F 5´CTCAGAGGCCTCACAGCATT3´ 

R 5´AATCGCGTTTCTTTGCATTC3´ 

156-194 16 0.889 

�����&|�0��#�
�'/ ���;��;�(�;/��F�������)�}�%
��
���';� �+����"���"���%��

�
�9'����A�;�;���
� (�����%+, 4) (�;����"���"���!���
�����,����;�/��F�9���$��� �;� effective 

population size (Ne) [~|,�"����|�	������;�(�;�
�9'�%+,�+
;���;��F�����/�)���%���
�9'����!��

/�)$�����;��(%-	��� (�)�/G��;�%+,(/��
�(�����
��
��
�������
�����#$�# (�F = 1/2Ne) 	|�


)%-���|������
,����!��/�)$���] �+�;��%;��
� 213 F�/�)$���9���$��� (�)�+�;��,�����F�

/�)$����;�(�;�
�9'� (Ne = 39 (�) 9 F�/�)$����;�(�;�
�9'�/� 2542 (�) 2550 ������#
�) ���%+,

����"���"���!��/�)$���������)�}��#�,����#
��+� %��F"-���#�����
����;�/��%+,/�;����F�

9���$�����	�+��%��F"-����"���"���!��/��F�9���$����#��(�-� ��;��A��E������,����!-����!��

/��9���$������%+���
�/�)$����;�(�;�
�9'�%
��
��$'# (�)�
�/�)$���9���$������ ���,��������;�

/��������)�}��+
;��F��
�9'����!��/��9���$���"���A�; ��+��F# �����&|�0����;� /�)$������

���)�}�A�;�+
;��F"-�
�9'����(�;/�)$���9���$������ (
#��;�/��(#�%+,/�;����(�;�����	-���)�� ��

	)A�;A#-�
��
�9'��
�/��9���$��� ~|,���	���,��	���+�
�����#�,������A/ 

��	�����&|�0�	|�A#-!-��
��(�)�;� ���,��	��/��9���$����+����"���"���
�����;(�-� 	|�

A�;	���/G��-��/�;��/��������)�}���F�(�;�����+� F�%������
�!-�����/�;��/��	���;�(�;
��$'#�+�

��A/ "���+	���������� ��	�+��F"-/��9���$���
�*�
+�����"���"���%���
�9'���� ~|,�

"��������|�/��	)
�*�
+�����
�����F����/�
��
�F�
���%+,
�,�(�#�-���/�+,��(/��A/ 

�����&|�0��#��)��+�# (
#�A�-F�������� (�-���
����,�
;��+�����F����
����$����)  

����� )* 4 ����"���"���%���
�9'���� (�)�;� FIS !���;�(�;�
�9'�/��(#� 2 �';� (�)/��(#�

/�)$���9���$���; "����"�': n = 	������
���;��; A = �;����+,�	������
�����;����("�;�; 

Ae = �;����+,�	������
�����;����("�;��;��#-�������+,�
����; Ho = �;����+,�����%���A~��~�

�+	�����

����; He = �;����+,�����%���A~��~��+	�����������; rxy = �;����+,�

����

��
�9�%���
�9'�����)"�;��/��(�;�)�
�F�(�;�)/�)$��� 
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 /�)$��� n A Ae Ho He rxy 

9���$��� 39 

13.00 ± 

4.65a 7.29 ± 2.67 a 0.84 ± 0.14a 0.84 ± 0.12a -0.0257 

�;�(�;�';� 2542   39 8.00 ± 2.00b 4.83 ± 1.61 b 0.75 ± 0.11a 0.79 ± 0.07a -0.0154 

�;�(�;�';� 2550 40 7.17 ± 1.84b 3.80 ± 1.39 b 0.70 ± 0.23a 0.70 ± 0.15a -0.0277 

 Overall 118 9.39 ± 3.16 5.31 ± 1.79 0.76 ± 0.07 0.78 ± 0.07  

 

4.5 ���03�5��,-$�#����������
���
����!"����"�� '�	'��&��'��;� 

4.5.1 ���������������'���&���(��&����5'�(��-��� �������%>(+��'�� 

    ����� �
�
��9'� ����%�� ��"�/��#+ �'%
��
��� � ��� 

���
��  

 /��(#��/G�/�����������$��#"�|,�%+,�/G�%+,����!��$��A%� ������/��(#�
;��F"*;A#-	��

9���$��� %
���+�����)�
�A�;
������
B���%������+�����+���/��(#� F"-
������+��������+����%+,	)

��+����/G���$+�A#- �������/��(#��
��+/}*"����#�
-�%��������� �
��
��(�;������)�
�9'� ���

��'��� (�)�����+��� %
���+�����)!�#!-�����������-��$���|� %+,	)�/G�����4�����A//�)�'���A#- F����&|��

��
���+�	|��';�&|�0���������(�)��*$��%��!��/��(#� �#���-�/����&��- ~|,����;��+/}*"�F����,��

����
������!�������$������; 

���	/+�(���� 

 ���&|�0���
���+��+�
��'/�)
���	�����)���,�%������������$���/�+���%+��!��/��(#�%
��
��

��& (�)&|�0� ��*$��%��!���)��
���
�9'�!��/��(#���&��- 

�/+��%�'�(��0)��� 

 7���!���"���8��"��
�, 

 ���/��(#��;�(�;�
�9'� ~|,��+���'/�)��� 2 /� 	�������&�) 2 �
� 

��������(���;���)"�;��

��&!���
�0�)������ (�)�
�0�)��,��%+,(
#�����(���;���)"�;����& �
�%|�(�)(
#����#�

��������� 

 ���,-�/��#)��#����
�
�%@8 

 ����
��)/��(#� ��($;F������� Bouin’s 	���
����|�F� 50% Isopropyl alcohol (�-����A/�}�

F�������� �
##-������,�� microtome "�
�	�� mount ��
A�#�(�-��-��#-��
+ Haematoxylin-eosin 

���,����	#-����-��	'�%
&���;�A/  
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����56�7� 

 7���!���"���8��"��
�, 

(1) ����(���;��!����,���& (genital papilla) F�/��(#���&��+��+��,���&%+,��� 
;��/��(#�

��&��-�+��,���&�
�0�)��/A!; (���%+, 10) 

 

                
 

��� )* 10 (
#���,���& (&�$+�) !��/��(#���&��+� (���~-��) (�)��&��- (���!��) 

(2) �-����+�(!E�!����+���~|,��+�
�0�)"�
�#-��F�!���-����+� (serrated spine) ���;�/��

(#���&��-�+!��#!��"���#
���;��F"*;��;�/��(#���&��+� (���%+, 11) 

 

   
 

��� )* 11 "���%+,����+���
����;%��#-��F�!����+��� (&�$+�) !��/��(#���&��+� (���~-��) 

(�)��&��- (���!��) 

(3) �;�������%+,���;%��#-��%-��!����+��� ��A#-F�/����&��+��%;��
�� (���%+, 12) 
��"�
�

$;���/�#%+,�������������	���;�� 
�������A#-F����("�;�!��#-��%-��!�� opercular flap �#�


��'��4��	�����("�;�!��$;���/�# �����#
���;���;�	)����
#��A/��-���
�����%+,A"��;�������	�� 
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opercular cavity F�!�)%+,"��F	 (�)���,�%������+#���,�F"-�;��!
����������� ���;�F�/��%+,�+$+��� 

"���F�/��%+,����
�A�;
��%	)A�;
������+#�����#
���;�������A#- (�;���,�/�;��F"-/�����
��% 	)


������+#�����#
���;�������A#-	�������� ������%+, 13   

 

       
 

��� )* 12 (
#����("�;�!���;�������%+,�����;%��#-��%-��!����+��� (&�$+�) ~|,���

A#-F�/��(#���&��+��%;��
�� (����;��) 
;����&��- (�����) A�;�+�;��

#
���;�� 

 

       

  ��� )* 13 ��������	���;�������   

 ���/%8
����8������;:�'����: ���<�" 

 �
�A!;!��/��(#��+!��#F"*;��E�$;��%-�� ~|,��
���;��%+,A#-F��#������>��� ���;��+A!;
'�

	�������� (�)
�������A!;F��)�)(���!������
B��%+,�+!��#��E�/)/����;%
,�A/  ��/�;��!���
�

A!;/�)���#-���
�A!;	����� 2 !-���+/���#-��"�-�(�����	���
� 
;��/���#-��%-���$�,���
�����
� 

(�)�/G�%+,�;�

�������; 2 /�)������ �
�A!;%��#-����	)�$�,���
���#�
���#�/G��������/�)��� 3 F� 

4 !����������
�A!; �
�A!;	)����|#F"-���;F�$;��%-���#��+ mesovarium 	
��|#���;%��#-��%-��!���
�A!; 

(���%+, 14 A) �#��+"��#����# posterior intestinal vein %�#�
��;�� (���%+, 14 B, C) (�) 
;��

/���%��#-��%-��!���
�A!;	)�+A�/�)�����;%
�� 2 #-�� (���%+,14 D) 
;��%��#-���;��!���
�A!;A�;�+
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(��%+,�$�,������
��
�!���
�A!;%
�� 2 !-�� (�;	)
�������%;�%���#����"��
;��/���%�#�
��;�����

�)"�;���
�A!;���,�A/�/�#����
���%��� 

 %+,$;��/���!���
�A!; �
�A!;%
��
��	)�$�,���;��
� (�)�+%;����A!; (oviduct) ���A!;%+,
'�(�-����A/

�
� urogenital papilla (���%+, 15) 

 

 

 

   

    

   
��� )* 14 (
#�����
�A!; (�)��
��)��,�� %+,��F�$;��%-��!��/��(#�  A. (
#� mesovarium (&�$+�)

; B. (�) C. (
#� posterior intestinal vein (&�$+�) (�) D. (
#����("�;�!��A� (�)���A
- 

(I = intestine, K = kidney) 

   

A B 

C D 

I 

K 
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��� )* 15 (
#����%;����A!;  (OV = oviduct) !��/��(#� 

 ���/%8
����8������;:�'����: 
�%@8 

 �
��)!��/��(#� �+!��#��E� /�)���#-����	��������F�(�;�)!-��!���
��) ~|,�(�;�)��	)

�+�����$������;���F�F������!-�!-�%+,�;���
� (���%+, 16) �#�

����	������!';�F
%+,(���;���
�  
��"�
�

�)��%;�
���
�9'���&��-%+,%��"�-�%+,���
;������$�������������;�����/�)���#-��%;������������$��� 

(collecting duct) %+,%�#�
����;F�(�������
�!���
��)F�(�;�)!-�� ������ 16B  ~|,�%��"�-�%+,

�����������$���	��(�;�)��!���
��) A/�/�#����
�%+,%;����������$��� vas deferens ~|,��/G�%;��#+,�� ���,�

��������$������
�;�������;��$;��/�#%+,/�����#��& �#��+%;����/}

��)�#��%��%�#�
��;���!-�A/�
���,�

��&#-���
� (���%+, 16) 

 

              
 

��� )* 16 (
#�����
��)!��/��(#� (A.) (
#����("�;�!�� collecting duct (CD); (B.) (
#�

���("�;�!�� vas deferens (V) (�)��
��)F��)��
���
�9'�%+,��+,��!-�� 

 ���/%8����#)��#����
�
�%@8$��!�� 

 �
��)/��(#�/�)���#-���~���
���
�9'�%'��)�) �
��(�;�)�)(����� spermatogonia ~|,��/G�

�~���!��#�;��!-��F"*;����"E�������+�
!��#��E�$
#�	� spermatocyte �/G��~��%+,���,�(�;��
�	|��+

!��#��E�����;� spermatogonia ������+�
	|���#
+�!-� 
;�� spermatids �/G��)�)%+,�+���(�;��~���(�� 

OV 

B A 

V CD 
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meiosis �
�E	
���(�-� (�;�
�A�;�
B���/G� spermatozoa �~���	)�+!��#��E�(�)����"E�!���~���A�;$
# 

�� spermatozoa ~|,��+�
�0�)�����#
+�!-� 	�����A�;����
� (���%+,17)  

   
 

��� )* 17  (
#���������,��
��)!��/��(#� %+,����
�!��� 1000 �%;� SG = spermatogonia, SC 

= spermatocyte, ST= spermatid, SZ=spermatozoa 

 ���/%8�
�
���
���9�	�
�$��!�� 

 �$����
���-!��/��(#� �+
;��"
�%+,�+��/�;���+ ��;��A��E������,�����;����-��	'�%
&�� ��	�"E�

��/�;���;����
� !|���
��'���� �
-��;�&��������!��
;��"
������$����+!��#/�)��� 1.5-2.0 x 
10-3

��������� (�)���;��+"�������� �����$���%+,A�;�;������-��
+ 	)���;�/G���';�� (���%+, 18) 

 

            
      

��� )* 18 (
#����!���
������$���%+,�;������-��
+ Giemsa (��� A) �����$���%+,A�;A#-�-��
+ (��� B)  

 

�����%�
� 

 /��(#�%+,�	��*�
�9'�(�-� (�)���;F��#��
��
�9'��+�
�0�)������(���;���
�$
#�	� %
���+�	��

!-����!��&������	
�(�)�
B��/�)������	�#$
���% ���;�����#��
��
�9'� 	)(����&A#-������ ��

A B 

ST 

SC 

SG

SZ 
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�
�0�)%+,���&0 �����&��+��+�;������� ~|,���	

��
�9��
����
���
�9'�!��/��(#� ���,���������%+,"�
,�

�����	���;��A/�
��
����� ���;������
������)���F�����A#-#+��� (�)F$-�����F�/�������+�� 

0.01 �����&���~������� �;� ���� 20 �����&���~������� ���;�
�����%��F"-�����/�������"�+��A#-%
��

���!������ (�)���,����
���)��������#
���;��A/��)�'-������$��� ���;�
�������)�'-������$���F"-����,��%+,

A#-#+ (
#��;������#
���;��A�;A#-
;����;��'�
��
��!������ ~|,���#�;������#
���;���;�	)%��"�-�%+,��+��

%��F"-���#����!;��!�������'�F��
�0�) polymer �%;��
�� 
;�����F$-/�)��$��	�������%+,
�-����	��

�;�� %+,�+�'�
��
��%+,
�����%��F"-����F�/�����������#�/G�������"�+��A#-�
��
�������A#-F�/�� 

Hagfish ~|,�"�
,������	����������������,�/����
��
� �#������	)�����!������(���/�+,�����~

!�� gill lamella !��/�� "�����	%��"�-�%+,�/G� scent organ ���,�
�,�
���
���&����
�!-�� "��� F$-F�

!������
�-���
����,�/�/���A!;%+,�;��������A!;A/(�-� ~|,��-��%�����&|�0��
��;�A/  

 	���
�0�)%����*$��%��(
#��;� /��(#�%+,�����&|�0��+/������$����
���-�;��!-���-�� ~|,�

��	�/G�9���$���!��/��$��#�+� "�����	(
#�����A�;
������!��/��$'#�+� 

 ���&|�0���
���+��/G���+�����&|�0��������-� %+,%��F"-����"E�/�)�#E����&|�0�%+,	)%���;�A/A#- 

��%��$;� �%��%!���;������� "�������
������!���
��) �/G��-� 

 

4.5.2 ��� �����#�����@
F
���F�@H�����
 testosterone ���*�������#$�%����


��������+��'�� 

����� �
�
��9'� ����%�� ��"�/��#+ �'%
��
��� � ��� 

���
�� 

/��(#� (Phalacronotus bleekeri) �/G�/������	�#%+,��F�(�;�����������%
,�/�)�%& /��$��#

�+��/G�%+,������;��
��!����-������$��A%� 	|�%��F"-�+���	
�/��$��#�+���� /�)����
�
���)(�#�-��

%+,�
�,���%�����#�%
,�A/ �+��F"-/�����/��(#�F�9���$����#�-���� ���/�)��A#-%�������	
�	�


��������)�
�9'�/��$��#�+�A#-�#�&������	
��
B��/�)������	�#$
���% (�)������/��%+,����A#- A/

/�;����("�;�����9���$��� ���,������'�
�0� ��;��A��E����
�������
����E	F�������)�
�9'��
�A�;#+�
� 

 F�/}		'�
�&������	
��
B��/�)������	�#$
���% ���)�
�9'�/��(#�A#-�#�����+#��������
�

�%+�� (�)���,��	���+�����$����-�� /���
���-	)����;� (�)����
��)���#�
���������� ��;��A��E��� ���;�

�
�������
����}� �;��!-���,�� (�)A�;(�;��� 	��������	�
���;�������$���!���;�/��(#� ���;��+

�����$���F�/������-����� ���	���
���
�

�����;� �$����
���-�+"������/G����&0 ��-��	
�	|�%#�����;�

����
������!�������$��� �#����F"-�;�/�������"���
� methyl testosterone (MT) F������!-�!-�

�;��� 	���
��%#�����������$���A/�
��
�A!;%+,�+#A#-	��/���
���+� ���	���
���
�%#��������!-�!-�

!�������$���%+,�"��)
�F�����
��%+�� ���%#����+�%���)"�;���
�%+, 2 �
����� – �'���� 2552 
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���	/+�(���� 

 1.���,�F"-%����|���!��������� Methyl testosterone �;�/�)
�%9����!�������$��� 

 2.���,�F"-%����|���!���)#
������!-�!-�!�������$����;�����
����E	!������
��%+�� 

�/+��%�'�(��0)��� 

 ���&%���'�	���#$�<��
6�� 

 /��%#����/G��;�(�;�
�9'�/��(#� ���'/�)��� 2 /� ���/����&��-	����� 60 �
� (�;�����/G� 

3 ��';� (�;�)��';�F"-A#-�
���"���
�������� Methyl testosterone F��
��� 0, 5 "��� 10 �������
�/

��"�� 1 ������
� �#�F"-/��A#-�
����������� 7 

/#�"� ��+���/��%#���(�;�)$'# F��;������+�

!��# 2 x 2 ��������� F"-��"�������/��
# �#�F"-���	���,� �
��) 2 ��
�� �$-�(�)��E� �)�������/G�

(��A"��;�����# 

 ���&%����	%����������������������"�� 

 ���E��I
��6��$��
�,9�	: �
#�����/����&��-	��%'���';����%#���	�������';����%#����) 

2 �
� ������+#���������)�'-�	�����  1 ��
�� �;��"�-��;��%������;��
#���,���E��
��)�/G��)�)����

���  6 $
,����  ��� 	���
��%�����$
,�����"�
��
� (�)$
,�����"�
��
��) ���,����A/"��;� GSI  

 ���E��I
��6��$��
�,
���: �
#�����/��(#���&��+�	�����  5 �
� %+,��#�;��+����
B���
�A!;

F��)�)
'#%-����%������+#���������)�'-�F"-���#�����A!; ~|,����/���/��(#���&��+�	)
������+#

A!;A#-���"�
�	������+#�!E�(��/�)��� 12 $
,���� 

 ���,�(�;/����-��	)���A!; ���(�;/����~
��������F"-("-� (�-��+#A!;��F�	��(�-� 	���
��(�;�

A!;/���#�F$-A����A/�/� 
;���) 150 A�������� (	�����A!;/�)��� 100 - 200 ���) �
��) 3 
;�� 

(���%+, 19) 

                

��� )* 19 ���(�;/��(#� (A) (�)����+#A!; (B) 

A B 
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 ���A!;(�;�)
;�� �
��
������$���%+,���+��A�-F�(�;�)�����!-�!-� F�/������ 150 A�������� (�-� 

�!�;�A!;F"-�!-��
������$������ 30 ����%+ ��)�'-�F"-���#���/@�
�9��#��������� (�)�!�;�F"-�!-��
���� 30 

����%+ 	���
�����A!;%+,/@�
�9�(�-�A/�%F
;��)������)�}� (���%+, 20) 

                     

��� )* 20  ���(
#��'/����%+,F$-F�������)�}� /�)���#-��%;� PVC !��#�
-��;�&�������� 2 

���� 
�� 7 �~������� F$-�-������!|�/�#
;��/���%��#-���;�� 
;��/���%��#-����

�	�)��
��"�
�
�#��#���,�(!���
����%;� PVC 

���������������"�� 

 ���+�������$���%+,F$-�
��%+�� �#��;�%-��/������'������$�����$
,�����"�
� 	���
���
#(�)�+#�����$���

��F� petri disc �	��	�������$��� 3 �)#
���� �����$����!-�!-� (A�;�
����������) �����$����	��	��F����������F�



#
;�� 1:10 (�����$���:���������) (�)�����$����	��	��F����������F�

#
;�� 1:100 �#��+��9+������+���#�

�)��+�##
��+�  

 ������������� 0.85%F��
��� 5 ���������/�
��) 1 ��
� �
#�
��)�/G�$�����E� (�)!�+�F��'�~�/ 

(�-�#�#
;��%+,�/G�
���)���A//}��%+,������E� 2000 ���/��%+ ��� 5 ��%+ ���,�(���
������$������	��

�~���$��#��,�� 	���
��#�#
;��F
%��� (�-����������������
���A/F"-A#-/�������%;��#�� 	)%��F"-A#-�����$���

�!-�!-�%+,�
#(���~���
���
�9'�F��)�)��,�����A/(�-� ��������$����!-�!-�%+,A#- A/�	��	��#-�����������F�

�
���
;�� 1:9 	)A#-�����$���%+,�+�����!-�!-� 1:10 �����$���%+,�+�����!-�!-� 1:10 ��%������	��	��#-��

����������+���
��F��
���
;�� 1:10 	)A#-�����$���%+,�+�����!-�!-� 1 :100 (���%+, 21) 
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��� )* 21  ���(
#�!
�����������+�������$���/��(#� A. �
#�
��)�/G�$�����E�� F��'����
���

!�+����� B. F$-A/�/G���#�#�����$���F
;F�"��# �����E�#���� C. ���A//}�����,�(���~��� 

spermatozoa ���	���~��������$���F��)�)��,�� D. #�#
;��F
%��� (�-����������������
�

��A/F"-A#-/�������%;��#��  

 �����=������� 

 �
��
�������}�!�����/��%+,�}�F�(�;�)��)������)�}�%+,�)�)����"�
����/@�
�9����  24 

$
,���� �#�(���/G����/��%+,�+�
�0�)����� (�)���/��/��� ��#�/G��/����~E����%+���
�	�����A!;

%
��"�# 


���� ���� 

 /��(#���&��-%+,A#-�
� ������� Methyl testosterone %
��  2 �)#
� (5 (�) 10 �������
��;�

��"��  1 ������
�) 	)�+�;� GSI [Gonadosomatic index = (����"�
��
��)/����"�
��
�) x 100] �,����;�

/��%+,A�;A#-�
�������� ��������%+,  5 (�;���,���	����	���
�0�)!��
+!���
��)���;� F���';����

%#���%+,A#-�
��������F��)#
� 5 �������
��;���"��  1 ������
� 	)�+
+!';�!�������;���';����%#���

��,�� ~|,�
�#��-���
�	�����!�� spermatozoa !����';����%#���%+,A#-�
��������F��)#
� 5 �������
�

�;���"��  1 ������
� ~|,�	)�+	�����!�� spermatozoa �;�/������  1 �����&���~����������%+,
'# 


;��F���';����%#���%+,A#-�
��������F��)#
� 10 �������
��;���"��  1 ������
� 	)�+����"��(�;�

!�� spermatozoa %+,�,��%+,
'# ��������%+,  5 (�)�+!-�

�������;/�)���"�|,���+,���
���/�;��!���
��) 

A B 

C C 
D 
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~|,�F���';�����'����%#���%+,A�;A#-�
��������	)�+	�����(!��!���
��)�����;���';����%#���%+,

A#-�
�������� 

����� )* 5 (
#��;� GSI (�)�����!-�!-�!�������$���!��/��%#��� ���"�
�A#-�
� Methyl 

testosterone 7 

/#�"� ("�;�������!-�!-�!�������$��� = 10
6
 �~����;� 1 �����&��

�~�������) 

Treatment GSI Sperm conc. 

0 mg 2.06±0.30 184.0±50.90 

5 mg 1.46±0.23 227.0±19.79 

10 mg 1.44±0.05 157.5±9.19 

 ������@��@
���
�������� '�(�����J,�   

 /����&��-%+,A#-�
� Methyl testosterone 5 ��./��"�� 1 ��. �+(����-�	)F"-�����$���%+,�!-�!-�

%+,
'# ���,���	��������)��';����%#���%+,�)#
������!-�!-�
��
'# ���;������$���%+,A#-	����';�����'� 

~|,�A�;A#-�
���������+�
����}�!�����/���;��!-���,����;�$'#%+,A#-�
�������� (58.9 �/����~E���) 
;��

�����$���%+,A#-	����';�%#���F"-�������%+,  5 (�) 10 �������
��;���"��  1 ������
� �+(����-�F"-�
���

�}�F��)#
�
����;�(�)�+�;�F��-��+���
��#��+�;��%;��
� 75.49±6.09 (�) 74.39±10.29 �/����~E��� 

������#
�  (�) �����$���%+,A#-	����';�%#���%+,F"-�������	)�+(����-�F"-�
�������}�%+,�#���������

�!-�!-�!�������$���%+,�#��������#
� F�!�)%+,�����$���%+,A#-	����';�����'����%#���%+,A�;A#-�
�������� 

����	��	����!�������$����
�
;���%+,A�;

��
�9��
��
��
�������}�!�����/�� (�����%+, 6 ���%+, 22) 

����� )* 6 �����!-�!-�!�������$���%+,�	��	�� 3 �)#
� ("�;�������!-�!-�!�������$��� = 10
6
 �~���

�;� 1 �����&���~�������) !��/��(#�%+,A#-�
� Methyl testosterone 3 �)#
� (0, 5 "��� 

10 ��./��.) (�)�
�������}����,��
������$����+��
�A!;!��/��(#���&��+� 

MT dose Dilution  Sperm conc. Hatching% 

0 mg/kg High 184±50.9 58.90±0.50 

 medium 18.9±11.1 56.09±0.22 

 low 1.3±0.8 67.95±6.98 

5 mg/kg High 227.0±19.8 75.49±6.09 

 medium 27.65±1.2 58.75±10.95 

 low 2.37±0.0 45.12±10.71 

10 mg/kg High 157.5±9.2 74.39±10.29 
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 medium 12.5±0.4 63.23±5.03 

 low 1.6±1.8 45.15±14.89 

  

  

��� )* 22 �
�������}�	������
�A!;�
������$���/��(#�%+,A#-�
� Methyltestosterone F��
��� 0, 5 

"��� 10 �������
�/��"�� 1 ������
� (�)�����$����	��	�� 3 �)#
� H, M (�) L = �!-�!-�
�� 

���� �,�� ������#
� 

 ���
�������}�(
#�F"-�"E��|���!���'����!��A!;%+,�+���;��
����}�!�����/���#���� �#�

A!;%+,A#-	��(�;/��(�;�)�
� �+
+(�)����"��#!��A!;(���;���
�������%+, 23  �#�A!;%+,A#-	��(�;/��

�
�%+,  2 %+,F"-�
�������}�%+,#+%+,
'# �+
+!��A!;�/G�
+��������!-� (�)�+����"��#�-�� 
;��A!;%+,F"-�
������

�
���#�,��	)�/G�A!;%+,�+
+%+,~+#��;�(�)�+����"��#��� (�)�/G�%+,�;�

�����;�F�A!;F��+
+%+,~+#��;��
�	)�+

A!;%+,A�;
'� %+,�+
+!��!';�/����;#-�� ~|,�	)
�����

����A#-��;��$
#�	�F�A!;%+,A#-	��(�;/���
�%+,  3 %+,�+

A!;%+,A�;
'�/���F�/��������  ~|,�A!;%+,�+
+~+# ���,����A/�
��
������$���(�)��)�'-�F"-���#���/@�
�9� 	)

�/�+,���/G�
+!��!';����F�  30 ��%+ ~|,�����;��/G����(
#�F"-�"E��|�
�������A�;��-��!��A!;/��%+,

���#!|����;����#��E���� ~|,�F�/��%
,�A/ 	)%������
�	�����/@�
�9�F�����/�)��� 6-8 $
,���� 

  

1 2 

        0 mg/l                   5 mg/l                 10 mg/l 
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  ��� )* 23 
+!��A!;/��	��(�;/��	�����  4 �
� ~|,�(�;/���
�%+,  2 F"-���
�������}�%+,#+%+,
'#  


��� 

 ���%#����+�(
#��|������/G�A/A#-%+,	)��;�����
������!���$����
���-!��/��(#�#-�����F"-

������� Methyl testosterone (5 mg/kg feed) ��;��A��E�������+���%#������,�������+,���
��
���%+,

�"��)
� (�-���%#�����
���+��
�F"-!-����%+,A�;
�����%#
��%��
����A#- ���,��	��	�����/��%#����+

�-������A/ (�;%��F"-A#-(��%��%+,	)%#������,������;�A/A#- ���	���
���
�F"-!-�

����%+,�/G�/�)��$��

�
����%#����;�A/ �$;� ���!�+��
��)��	%��F"-�$����
���-�
+�"�� ���,��	���$����+"����� ���F$-��9+���

�
#(�-����A//}��#-�� centrifuge (%�; !-�

����'��+,���
�
+!��A!;%+,
������ ��� 

 

 

 

 

 

4.5.3 ��� ������)���+�������F
����������
�'
&
�&����
F
J����

��7���� 

�
��$
� A%�%';���� 
'���� �
�+��	��� /�)�
�9�&
�#�? &+�0)���� �'%
��
��� � ��� 

���
�� 

/���#�
� (Macrones wyckioides) �/G�/�����������%+,�/G�%+,����!����-������ ���/�)��


��������)��'���/���#�
�A#-
����E	�
��(�; �.&. 2532 (
'%9�$
� �%9�9���(�)�'���
��� 
'�%��
��� 

2533) (�)���,��+���%#������,��
B�������+���/���#�
��
�(�;�
���� 	�������%#������;� ���

��+���/���#�
�F���)$
�!��# 25 ��������� �|� 2 ���� ��|���)$
�F��;����E�����(�;��� 	
�"�
#(��; 

/�;��/��F��
��� 16 �
�/��������� (8 �
�/�����&������) F"-��"����E#
��"�
�/��#'� ��+������ 10 

3 4 
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�#��� A#-/��!��#�
��) 1-1.2 ������
� ��������� 400 ������
�/��)$
� (��&�'�� �
����
���&� (�)

��) 2537) �-���+���#-����)$
�!��#�#+���
�F��;�#�� /�;��/�� 30 �
�/��������� ��+���#-�������/��

�#�/G�"�
� ��+������ 6 �#��� A#-/��!��#�
��) 0.4 – 0.5 ������
� ������ 300 – 400 ������
� 
;��

�����+���F��;�#��A#-��A�;#+�%;������+���F���)$
� (�-�
�����#	)#+��;� (�;/����$-���;���� (������

�#� ��&�'�� �
����
���&�, 2542) 

F�	
�"�
#$
���% �+��0����"������%+,%#�����+���/���#�
� ���;��+����	��*�������,����� 

%��F"-�-��F$-������+�������|�/�)��� 2 /� 	|�	)A#-!��#���# ~|,��+��F"-�-�%'�
�� 	�������E�!-����

�������-����;� ��0����/�;��/��F�����"��(�;��;��!-��
�� ���,��%+���
��
���/�;��%+,���/�)��

(�)���A�- (��0����/�;��/�)��� 40 �
�/���������) #
��
��	|�%�����%#��� �/�+���%+�����/�;��

/��F��
���/�;��%+,�,����;��
���/�;��!����0������|,�"�|,� �
����/�;��F��
���/��� �#�%�����

%#���F��������0���� ~|,������%#���%+,A#- ��0����	)
��������A/F$-A#-%
�%+ ���	���
��(�-� 

�)"�;�����%#����
���	
��
�
�����F"-���(�)���F������+���(�;��0���� ~|,��/G�/�)��$���
�

��0�����/G���;����,�  


��"�
�����

��
�9�!���
���/�;���
��
�������	��*������ 	)(���;���
�A/���$��#/�� 

�#�/��%+,�+��

�������	)�	��*������#+F��
�������"��(�;�
�� (�)����	��*������	)�#��%+,�
���

����"��(�;��,�� (Papoutsoglou et al., 1998; Gardeur et al., 2001) ���%#���F�/��$��#�#+���
� 

�E
�����F"-��!���
���/�;��(���;���
� ���,�%#���F�
��������+���(���;���
� �$;��-���+���F�

��)$
�F�(�;���� ���,����,��
���/�;�� ����	��*��������	A�;�# ���,��	���'��������A�;�#������)�����+

����;���%#+ (Yilmaz and Arabaci, 2010) (�;���,�%#�����+���F��;� ������,��
���/�;��F"-
��!|��	)%��

F"-����	��*�������#��  

 

 

���	/+�(���� 

 ���,�&|�0���!������#�
������/�;�����,����,��
�������	��*������!��/���#�
�%+,��+���F�

��)$
�F��������0���� 

�/+��%�'�(��0)��� 

$�����
� 

���/���#�
����' 1 �#��� (!��# 2-3 ~�.) %+,~���	�����
B������� 	
�"�
#��0�'��� 	����� 

6000 �
� (������) 2000 �
�) �������'���F�(�;�)��������/�)��� 1 �#��� (9 ��0��� – 13 
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��0���� 2552) 	�A#-!��#������� 8-10 ~�. (����"�
� 5.3 – 10.4 ��
�) ~|,��/G�!��#%+,
�������

/�;��F���)$
���+���A#- 

�*����+���
�  

%�����%#���F������ 3 ����� (���%+, 24) �+���$�,���������%+, 7 �#��
#�����	�������%+,

�����+���/���#�
����;�;��(�-� (�)F"-�����;�����F������E�!-���� 

����� )* 7 $�,������ %+,���; ������� (�)����"�
����,��-����+,�!��/���#�
����,����,����%#��� 

$�,������ %+,���; ����������,��-� (~�.) ����"�
����,��-� (��
�)* 

�����%+, 1 

�'�/�)��� �';�%��  

��!%+, 70 "��; 4 �����%;�$
� ������

����� 	
�"�
#$
���% 

8.00 ± 1.14 5.49 

�����%+, 2 

�'�/�)��� $-��%��  

��!%+, 4 "��; 1 �����"����-�� 

�������
#
��"� 	
�"�
#$
���%  

8.52 ± 1.28 7.87 

�����%+, 3 

�'�
'��%�� ��"�	�� 

��!%+, 12 "��; 4 �����%;�$
� ������

����� 	
�"�
#$
���%  

9.73 ± 0.89 10.02 

* ����"�
����+,� = ����"�
����/	������
� 

�#;�������
� 

���(�����%#���(�� Randomized Complete Block Design �#�F"-(�;�)������/G�~��� 

(block) F�(�;�)������+/}		
�
�,�(�#�-��%+,��	�;���
�A#-(�; !��#���/�����,����,�%#��� �'�
��
������ 

(�)���	
#��� /�;��/��%#���F���)$
�!��# ��-�� 3 ���� ��� 5 ���� �|� 2 ���� !��#�� 1 ~�. 

(�)���,���+���A#-��� 6 �#��� �/�+,���/G���)$
�!��#�#+���
� (�;F$-���!��#�� 3 ~�. 	�
���
'#���

%#��� /�;�����/��F��
��� 300 (�) 600 �
�/��)$
� F"-��"�� ��E#
��"�
�/��#'� /������/��+� 

30% F"-��"���
��) 3 ��
�� (�$-� �%+,�� (�)��E�) F��)�) 2 �#���(��!�����%#��� "�
�	���
��F"-�
�

�) 2 ��
�� (�$-� (�)��E�) �#�F"-���	���,� 
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��� )* 24 �����%+,%�����%#��� 1. ������'�/�)��� �';�%�� 2. ������'�/�)��� $-��%��     

3. ������'�
'��%�� ��"�	�� 

���
�J��	
��� 

%�����$
,�����"�
�(�)�
#�������/��%#����#����) 1 ��
�� �#�
';�/������)$
��) 30%

����-�F�����#���~|,�
�������&A�;�"��)
� "���/������
��+�����!����� �E	)��-�A�;$
,��
# ��;��A�

�E������,���+���A#- 7 �#��� ��0����A#-!�F"-�#�����+,!�����$
,��
#�� �/G� 2 �#����;���
�� ���,��#

�������+�#!��/�� ��E�!-�����'��������F���)$
�(�)�����)$
�F��
�%+,$
,��
# 
����	�����!����� 

���,���/��%+,�+�����!����� ����
���;��/�������	���(�)/�
�� � �����$����)��+���

������� ��)

/�)�� �"���%���
���0��&�
��� �
�	�����/��%+,�"������,�
���
'#���%#���(�)�������
�����# 

����#
7��8���	
��� 

%#
�������)	��!��!-���� ���;�!-����%'�$'# �+�����)	��(��/��� ������)"�����

(/�/��������9+ Analysis of Variance �#�F$-�/�(��� SAS (SAS, 2003)  

 


���� ���� 

3 

1 

2 
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   �����%#���(
#�F������%+, 8 ���,����,�%#���/��%#����+���' 2 �#��� ���,���+���A/A#- 1 

�#��� /��%#����+����"�
����+,�(���;���
���;���+�
�
���
*%��
���� �#�$'#%+,��+���#-������"��(�;� 

300 �
�/��)$
��+����"�
����+,�
����;�$'#%+,��+���#-������"��(�;� 600 �
�/��)$
� (�;/��%
�� 2 $'#�+

�������A�;(���;���
�  

F��#���%+, 2 !�����%#��� (/��%#������' 4 �#���) /��$'#%+,/�;��#-���
��� 300 �
�/

��)$
� �+������������;� $'#�
���/�;�� 600 �
�/��)$
� (�;F�#-������"�
� $'#�
���/�;�� 600 �
�/

��)$
���
��+����"�
�
����;� 

F��#���%+, 3 !�����%#��� (/��%#������' 5 �#���) /��%
��
��$'#���%#��� �+!��#A�;

(���;���
�%
��#-���������(�)����"�
� 

F��#���%+, 4 !�����%#��� (/��%#������' 6 �#���) /��$'#�
���/�;�� 300 �
�/��)$
� �+

����"�
��
�
����;�$'# 600 �
�/��)$
� ��;���+�
�
���
*%��
���� �#�%+,�������!��/��%
��
��$'#A�;

(���;���
� 

F��#���%+, 5 !�����%#��� (/��%#������' 7 �#���) /��%
��
��$'#���%#��� �+!��#A�;

(���;���
�%
��#-���������(�)����"�
� 

F��#���%+, 6 !�����%#��� (/��%#������' 8 �#���) /��$'#�
���/�;�� 300 �
�/��)$
� �+

�������
����;�$'# 600 �
�/��)$
� ��;���+�
�
���
*%��
���� (�;/����';� 600 �
�/��)$
���
��+

����"�
��
����+,�
����;�/��$'#�
���/�;�� 300 �
�/��)$
�  

F��#���%+, 8 (�) 10 !�����%#��� (/��%#������' 10 (�) 12 �#���) /��%
��
��$'#���

%#��� ��
��+!��#A�;(���;���
�%
��#-���������(�)����"�
� �+!-�

�����;�F��#���%+, 10 �
�� A#-

!-���������%#�����+�� 2 ������%;��
�� ���,��	�������%+, 3 (�'�
'��%�� ��"�	��) �+/�������;��

��#

���� (�)�+������/G���� 	|�A�;A#-$
,��
#/��F�������+� 

���%#���
���
'#F��
�%+, 8 ���'���� 2553 ~|,�/���+���' 14.5 �#��� /��F�$'#%+,/�;�� 600 

�
�/��)$
� �+������� (�)����"�
�
����;�$'#%+,/�;��F��
��� 300 �
�/��)$
� ��;��A��E��� ���,��	��



�����;�/��F������%+, 3 �+����	��*������F�$;�� 2 �#���
'#%-��
�������#/��� 	|�%#������!-����

	�������%+, 3 ���	�����������)"� 	|��+��F"-�;����+,�%
������"�
�(�)�������A�;(���;��%��
����

�)"�;��$'#%#��� (�����%+, 8) 

���,�
���
'#���%#��� /��%#����+�
�����#�;��!-���,�� �#�$'#�
���/�;�� 300 �
�/��)$
��+

�
�����#�,����;� 600 �
�/��)$
� ��;���+�
�
���
*%��
���� (�
�����#�%;��
� 43.00 ± 10.61% (�) 

47.50 ± 2.12% ������#
�) (�����%+, 8) 
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����� )* 8 ������� (~�.) ����"�
� (��
�) (�)�
�����# !��/���#�
�%+,%#�����+���F���)$
�!��# 

25 ��������� �|� 2 ���� #-���
���/�;�� 2 �
��� ��� 300 �
�/��)$
� (�) 600 �
�/��)$
� 

�
�0�) ������� (~�.) ����"�
� (��
�) �
�����# (%) 

�
���/�;�� 300 �
�/

��)$
� 

600 �
�/

��)$
� 

300 �
�/

��)$
� 

600 �
�/

��)$
� 

300 �
�/

��)$
� 

600 �
�/

��)$
� 

���/       

3 �#��� (��.�. 52) 13.96a 

(2.77) 

14.08a 

(2.77) 

33.73a 

(21.77) 

31.26b 

(14.90) 

- - 

4 �#��� (�.�.52) 16.98a 

(2.57) 

17.52b 

(2.11) 

67.10a 

(25.27) 

63.23b 

(25.51) 

- - 

5 �#��� (
.�.52) 20.34a 

(3.64) 

20.84a 

(2.75) 

90.45a 

(50.07) 

95.42a 

(42.13) 

- - 

6 �#��� (�.�.52) 24.50a 

(4.19) 

23.71a 

(2.69) 

179.96a 

(77.35) 

155.95b 

(57.91) 

- - 

7 �#��� (�.�.52) 26.39a 

(4.20) 

26.42a 

(3.07) 

214.06a 

(110.85) 

194.72a 

(75.67) 

- - 

8 �#��� (�.�.52) 26.86a 

(4.08) 

26.79b 

(3.67) 

207.30a 

(104.13) 

255.87b 

(105.50) 

- - 

10 �#��� (�.�.53) 31.75a 

(4.31) 

32.50a 

(3.57) 

354.98a 

(161.00) 

379.70a 

(132.28) 

- - 

12 �#���* (�+.�.53) 37.87a* 

(3.79) 

33.07 b* 

(6.31) 

554.00a* 

(172.86) 

488.46 a* 

(173.01) 

- - 

14.5 �#��� (8 ��.�. 

53) 

38.10a 

(3.31) 

39.83 b 

(3.92) 

573.14a 

(187.69) 

705.16b 

(227.91) 

43.00a 

(10.61) 

47.50b 

(2.12) 

14.5 �#���** 

 

37.40a 

(3.18) 

36.15a 

(3.01) 

535.32a 

(190.32) 

496.45a 

(113.68) 

- - 

�������/    * �	
���
��+

��: 12 
��
� ��
���� 2 Q���
��+
����$����U������+ 3 ��
����$V���-�<�"��+���� 

** <�"����	
������U������+ 3 

�
�������	��*������!��/��%+,/�;��F��
��� 300 (�) 600 �
�/��)$
� A�;(���;���
�%��
���� 

(�;�+(����-�(���;���
�F�(�;�)����� �#��+�;� ADG F�$'#�
���/�;�� 300 �
�/��)$
� ���;�)"�;�� 

0.93 - 1.30 ��
�/�
� (���+,� 1.12 ± 0.16 ��
�/�
�) (�)$'#�
���/�;�� 600 �
�/��)$
� �+�;� ADG 

�)"�;�� 1.00 - 1.74 ��
�/�
� (���+,� 1.42 ± 0.37 ��
�/�
�) ���/��%#������,�
���
'#���%#���

(
#�A�-F����%+, 25 
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 ��� )* 25 /��%#������,�
���
'#���%#��� 

���'�(+���� )*�#�(��&�������)��� 

 	�����&|�0�
��"�'!��������#���F�/���#�
� ~|,���+���F���)$
�F�����%+,	
�"�
#$
���% 

F�$;���#��� �+���� /� 2553 ���;����%+,�/G�
��"�'%+,%��F"-���#�������
�/���#%+,��+���F���)$
���� 

�$���(��%+��+� �#�
�����(�;�����/G� 2 �)�)��� 

1. 6�7��+
�#�������$��������$���#�� 

 �����!��/���/G����%+,�� ������	)�+���%-����� ��+�"�(�)��+�%-����;��(�)������# 

���,�%��������	����	�
�/�
��������#-����-��	'�%��&�� �#�F$-��������,�	��������#
���;�� A�;��

/�
��������(�;��;��F# ���,��;�#���
��)���F�(�-����;��
��+
+~+# A�;�+��"��F����A
- ���,�%������!+,�

�$��������� �
�(�)�-�� #-����"����+����$��� Trypticase Soy Agar (TSA) (�-� 
�����(���$���

(��%+��+�%+,�+�����+!��#F"*;
+�"������+� (���%+, 26) ���,����A/#�#-����-��	'�%��&�����;��/G�

(��%+��+�%+,�+��/�;���/G�(%;�

�� 
���������,��%+,F�����A#-��;����#��E� (��%+��+�$��#�+����,����A/�-��
+

(��� ���;���#
+(#�(
#��;��/G�(��%+��+�(����� (���%+, 27) 

    
��� )* 26 �����+!��(��%+��+� %+,(��	���
�(�)�-��!��/���#�
�%+,/��� (�)��+�����

��"����+����$��� Trypticase Soy Agar (TSA)  
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��� )* 27 (��%+��+�%+,(��	���
�(�)�-��!��/���#�
�%+,/��� ���,��-��
+(��� ���;���#
+

(#�(
#��;��/G�(��%+��+�(�����  

 ���,����A/%#
���'�
��
��%��$+����+���;�(��%+��+�$��#�+���� �$��� Aeromonas hydrophila 

(�)���,�%�����%#
������A�!���$����;���/@�$+��)%+,�+���;F����"�
� ~|,����/�)����'*��F"-F$- 

���;��$����+����A��;��� Enrofloxacin ���%+,
'# ���������� Trimethoprim/sulfamethoxazole 

!�)%+,�� Oxytetracycline (�) Ammoxycillin �$���	)�+����
�����F�����-����%
��
��$��#�+�A#-
�� 

2. 6�7��+
�#����$�������� 400-1000 ���� 

  �����!��/��%+,�/G�������;� /��%+,�/G����	)(
#�������;���$�,��$-���������� �
��+
+����� 

���,���������	#��
�0�)������#/���������(�-����;� /��%+,/���	)�+(���������
� ��+�"�� ��+�

%-����;����;��$
#�	� ����
��+(��"�'��|� �+���,��"�E� �#�����)
;��"�� (���%+, 28) ���,�%�����

���	#�/�
�������� F������� �"���� (��(�)��+�%+,��;�� ���;�/������
��+/���F
 (Monogene) 

���)���;�������"�����/G�	�������� (���%+, 29)   ���,�%������!+,��$��������� �
�(�)�-�� #-����"��

��+����$��� Trypticase Soy Agar (TSA) (�) Shieh medium (�-� 
�����(���$���(��%+��+� %+,�+��/�;��

�/G�(%;���� (Long rod) (���%+, 30) 
���������,��%+,F�����A#-(�������
�A/�� (��%+��+�$��#�+����,�

���A/�-��
+(��� ���;���#
+(#�(
#��;��/G�(��%+��+�(�����  

 ���,����A/%#
���'�
��
��%��$+����+���;�(��%+��+�$��#�+���� �$��� Flavobacterium (�)���,�

%�����%#
������A�!���$����;���/@�$+��)%+,�+���;F����"�
� ~|,����/�)����'*��F"-F$- ���;��$����+

����A��;��� Enrofloxacin ���%+,
'# ���������� Ammoxycillin,Trimethoprim/sulfamethoxazole 

(�) Oxytetracycline ������#
� 

 ������#��� ���#��;��
';� A�;	�����)�	�)	��;�	)�/G�/��%+,/�;��F��
���F# 
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��� )* 28 ���(
#�(���������
� (A) ��+�"�� (B) !��/���#�
�%+,/��� 

 

       

��� )* 29 ���(
#�/���F
 (Monogene) %+,���)���;�������"����!��/���#�
� 

    

��� )* 30 ���(
#��$��� Flavobacterium %+,(��	�� �
�(�)�-��!��/���#�
�%+,/���  

�����%�
� 

���%#�����
���+� �+	'#�#;�����/G����%#���%+,%��F�
��������+���!����0����	���� �����

%#���(
#��;����	
#���F��������0�����+��%9����;�����	��*������!��/���#�
� ��;��A��E���

���#�F����������)"�A#-(����%9���!������� (~���) ���	����!��
�,�%#���(�-� �����%#���F�(�;

�)$;������F"-��(���;���
� �#����$
,��
#F�$;��(��� /��%+,�
���/�;���,�� �+����	��*������
����;�

$'#%+,/�;��"��(�;� (�;F����$
,��
#��
��
'#%-�� (
#��;�/��F�$'#���%#����
���/�;�� 600 �
�/

A B 
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��)$
� �+����"�
����+,�
����;� �����
�(/�!�������$
,��
# ��	�/G���	�����
';� ���,��	��/��F�$'#

�
���/�;���#+���
� �+!��#(���;���
���� (SD F��#���%+, 14.5 = ±187.69 (�) ±227.91 ��
� F�$'#

%+,/�;��F��
��� 300 (�) 600 �
�/��)$
� ������#
�) 	|�%��F"-
�'/A#-��+���;����/�;��F��
���/�;��%+,

"��(�;���;�A�;A#-%��F"-/���#�
��+����	��*�������#�����,��%+���
�$'#%+,/�;��F��
���%+,�,����;� ��

!���
���/�;���;�����	��*������ (���;���
�A/���$��#/�� �#����;�F�/�� Senegalese sole 

(Solea senegalensis) �+����	��*�������#�� ���,��
���/�;�����,�!|�� (Sánchez et al., 2010) 
��"�'%+,

�
���/�;��
��%��F"-����	��*������!��/���#�� ��	�/G���	�����%+,$'#%+,�+����"��(�;�
���+

�'���������,���� F����+%+,�'��������A�;(���;���
� (�)/��A#-�
���"����+���� ����	��*��������	

(���;���
����,��	�� ��%��

��� �$;������-���-�� ��� (Papoutsoglou et al., 1998; Bolasina et 

al., 2006)  

F�%����
��
� /��%+,�+�
�0�)��

������� (schooling) 	)�	��*������A#-#+��;�F��
���/�;��%+,


����;� �$;�/�� sea bass (Dicentrachus labrax) (Papoutsoglou et al., 1998; Gardeur et al., 2001) 

(�) Arctic charr (Salvelinus alpinus)(Jørgensen et al., 1993) 
;��/�� Dover sole (Solea solea) 

~|,���+���%+,�
���/�;���)"�;�� 0.5 (�) 12 ������
�/��������� 	)�	��*������#+%+,
'#%+,�
���/�;�� 7.4 

������
�/��������� (Schram et al., 2006) /�� Gilthead seabream (Sparus aurata) �	��*������#+

%+,
'#%+,����"��(�;�
��
'# (44 �
�/��.�. �%+���
��
���/�;�� 36 (�) 40 �
�/��.�.) �#��+�
�����#

A�;(���;���
� (Yilmaz and Arabaci, 2010) 
��"�
�/���#�
��
�� (�-	)A�;�����������&|�0�

��+,���
���

���������� (�;��0����

�����;�/��$��#�+� 	)�����"���/G���� (�)	)�#��������"��

�-���+���F�����"��(�;��,�� (/�)��� $-��%�� �����#�;�
;���
�) ���&|�0��+�(
#�F"-�"E�$
#�	��;�F�

/�����$��# ���/�;��F��
����,������A/ �E	)%��F"-�	��*������A#-A�;#+ %
���+� Salas-Leiton et al. 

(2010) �������;� /�� Senegalese sole  ~|,���+���F�����"��(�;�
��(�-	)�+�)#
� blood cortisol (~|,�

(
#��|��)#
��������+�#) (�)���(
#����!���+���+,��!-���
�����	��*������ (IGF-I, IGFIa ��� 
IGFII) �,���� (�;A�;��)%��
�����	��*������  

/��%+,/�;��F��
���
�� (600 �
�/��)$
�) �+�
�����#
����;�$'#%+,�
���/�;���,����;� �����

%#����+�(
#��;��
���/�;��%+,
��!|��A�;A#-%��F"-�'��������#-����	��/G��'/
����;����#����$+��� ~|,�

�'��������	�����%#����+����;F��)#
�%+,�"��)
��;����#����$+���!��/�����#���%#��� 

���	���
�� �+�����/G�A/A#-�;� ������;�����';���;��"��(�;� ��	�+��F"-/���#���F$-��
������ 

�$;� /�� sea bass %+,��+����/G����	)�#�
������
)�
#"���� 9-14% ~|,��
���#���F$-���~��	��� 9-

23% (Herskin and Steffensen, 1998) Montero et al. (1999) �������;� gilthead seabream %+,��+���

��;��"��(�;�	)���,�����
�����F�����
����~��	�!����E#����# F��)�)%+,�
��-��F$-��
������� 

�#��
�������	��*������A�;�#�� 
�,��"�;��+���	�/G�
��"�'F"-/��$'#%+,/�;��"��(�;���;��+�
�����#
��

��;���;���+�
�
���
* �#�����	��*������A�;�#�� ��;��A��E��������&|�0���
���+�(���;��	��������

!��   ~|,����;������'���/���#�
�F���)$
� (!��#/�����,�
���
'#���%#����%;��
� 31-44 ��
�) �#�
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/�;��F��
��� 100, 200 (�) 400 �
�/��.�. /���+����	��*�������#������
�������"��(�;�%+,

���,�!|�� F�!�)%+,�
�����#�+(����-��#�� (�-	)A�;(
#�����(���;��%��
���� (��9�� �%�#��&����'� 

(�)�
4��&� �����
B��, 2549)  

����	��*������!��/���#�
�F����%#����+� �;��!-���,�����,��%+���
�������!�� ��&�'�� 

�
����
���&� (2542) ~|,���;���;������+���/���#�
�F���)$
����!��# 5 x 5 x 2 ��.�. /�;�����

/���#�
�!��# 4 ���� F��
��� 400 �
�/��)$
� (8 �
�/��.�.) F"-��"����E#/��#'��
��) 2 ��
�� 

�)�)���������+��� 10 �#��� A#-������/�� 400 ������
�/��)$
� /��!��#���+,� 1.0-1.2 ������
�/�
� 

����(���;��!������	��*��������	���,����	��"���
��"�' A#-(�; �
���/�;��%+,�;���
� (���%#���

�+�/�;��F��
��� 10 (�) 20 �
�/��.�.) �'��������~|,�F�������!����&�'���/G������+���F��;����E����� 

~|,��;�	)�+�'��������#+��;�F�(�;����%+,%�����%#�����
���+� ��;��A��E���������A�;A#-��;���|��
�����# 

��|,��#�%
,�A/ ��0����F�	
�"�
#$
���% 	)/�;��/��F��
�������"��(�;�%+,
����;��+� (1000 �
�/

��)$
�) (/�)��� $-��%��, �����#�;�
;���
�) �#�F$-������+�������|� 2 /� 	|�	)A#-/��!��#/�)��� 

1-2 ������
� 

F����&|�0���
���+� A�;A#-$
,�����"�
���������� ���,��	����0����/�)
���	)��+���/���;�A/	�

��� 2 /� 	|�"�+���+,�����	
�/��!|����$
,� �#����;���������/���$;��+� 	)�+��%��F"-/�����+�#

�����;������+�����;��"��(�;��
+��+� (Braun et al., 2010)  


��"�
�������#���(�)/�
���
�� A�;�'�(�� (�)���#��;��
';� A�;	�����)�	�)	� �#�%
,�A/ �$���


��"�'�"�;��+� �$;� Aeromonas hydrophila �/G��$���%+,��A#-%
,�A/F����� 	)�;�/}*"��E�;����,�/�����#

�;��(�"���������#���(���������
 �#�����)F�$;��%+,�'�
��
������A�;�"��)
� (Decostere et al., 

1999; Chopra et al. 2000; Zhang et al. 2000) �#�����)��;����,�$;��%+,�'���������+����/�+,��(/��

��;����+����
� �$;� �+����"��� ~|,�	)�"E�A#-	��
+�����/�+,���/G�
+!';��/G�
+������� "���$;��%+,����&

�/�+,��(/���+����"��������|����#�;��
� 2-3 �
� "���$;������;��)"�;���#� �#�����)$;��/����#�

���-��#�"��� ~|,�$;��#
���;������/G�$;��������%+,�
����;�/��	)���#����
�� �
��/G������,����	��

������#���)�������+�# ~|,��/G�
��"�'��-����F"-���#���F�%+,
'# (�)�/G�%+,�;�

�����;� ���,�/��(
#�

�����/���(�-�����
�0�#-����(�)
�����+�#�%
,�A/�
�	)A�;A#-�� ���,��	�����,�/��/���(�-� 
;��

F"*;	)A�;�����"��(�)���,�%���������,�� � (�)"�
�!|�����,�� � %
���+�!|���
�
'!���!��/�����(�)

�'��������F�(�;����F�!�)�
�� ���F"-��~|,����	��	)A�;A#-��(�-��
�%��F"-�
+��;�F$-	;��
��"�
���(�)


�����+%+,�+����(������+�#-�� #
��
����0����	|������)"�
��|������+���F��)�)�+�F"-��� (�)���


�-���������/����
������;��$;�����
��������'-��
�F"-�
�/��%+,��+���F"-�+����(!E�(�����;�
�� �#�

����
���������� ~+ 3-5 ��
��;���"�� 1 ������
� F"-/�������#�;��
� 5-7 �
� �;���
����(!�������

(�� 2-3 ������
��;���)$
� �����;�
��
�����
���(��%+��+� �/�A�#���� F���"��F"-/��������;�
�� 

� �#�����)���,����,��+������#/������#!|���
�
���(�#�-��%+,	)%��F"-/�����#�������+�# (�)�-��

"�
,�#�(�
�,�(�#�-��F�����%+,�����+���F"-#+���;�
�� ���	���+�"��/�����,�(
#��������#/�������#
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"����#/��������F"-��"��F"-�-������/�����"�# ���,��	��"��F"-��"��F�/������������A/	)

�/G�
;��%+,��;�F"-/��/������!|�� (�)�������
���;��/��%+,/���A/F"-"�;�����%+,��+,��!-�����	����	�
� 

���,��������%+,
���������'��$������A#-��;���+/�)
�%9���� "���F��������-���	�����F$-��%+,�+F����"�
� 

~|,����/�)����'*��F"-F$- �$;� Oxytetracyclin, Enrofloxacine "��� ��F���';�~
��� F��
��� 3-5 ��
�

�;���"�� 1 ������
� ��#�;��
��/G����� 5-7 �
� (�)�����)"�
��
���;����F$-��F�$;��%+,�"��)
� 

�#�����)$;��(�� �  !��������#��� 	)%��F"-/�)
�%9����F�����
�0��/G�A/��;���+/�)
�%9����

(�)�+/�)
�%9���
��
'# 

��/+
���� ����'�(�@���
�'
( 

1. �����%#���(
#��;� ����#�
������/�;��/���#�
��� A�;�+�����,��
������

�	��*������ F�%������
�!-����
�%��F"-�
�����#�,������;�$'#%+,/�;��F��
�������

"��(�;�
�� #
��
����0������	���,��
������/�;��A#-�+� ��;��A��E�������+���&|�0�

�;�A/�;�	)
�����/�;��A#-"��(�;�%+,
'#�%;�F# 

2. /��%#����+!��#%+,(���;���
���� ��	(�-A!A#-#-������
#!��#/���/G��)�)� ~|,����

	)�+���&|�0��;�A/�;�	)A#-���$;�A�  

3. /���#�
�%+,��+���F���)$
����#����-�� �#��$���
��"�'�/G�(��%+��+�(����� (�)��/�
��

�-�� 	|����#�(�F"-/���+
'!���#+���;�
�� (�)���%#���F$-�%������+���,������'-��
��;�

��� �$;� ���F"-��"���
��� "��� ���F$- �/�A������
� ~|,�	���/G��-���+���%#����;�A/ 

�������@����� 

��9�� �%�#��&����'� (�)�
4��&� �����
B��, 2549. �����'���/���#(�-� (Hemibagrus wyckioides Chaux & 

Fang, 1949) F���)$
�%+,�)#
�����"��(�;��;���
�F��;����E������!�,���'���
���. ���
����$������
�%+, 

77/2549. 
���
������	
�(�)�
B��/�)������	�# ���/�)��. 

��&�'�� �
����
���&�. 2542. ������)��+���/���#�
�. ���
���������,� 5 (33). #������#	�� 

http://www.nicaonline.com/articles1/site/view_article.asp?idarticle=109 �
�%+, 27 �
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4.5.4  ���56�7������ )*�+K
�����/�������&����F
+��
�� (Oreochromis niloticus) 

F
���
 )*����������
�  '�(�&�� �� 


'!���
�#�� 
'����(�-���+ 
��
�0� 	
�%�������� ��0�� %�������) �
4�'B� /��(�-� ���

�$� �������%� 	+��� ������ (��
��/��**���+) 

# ����&� 

 ���&|�0��$���%+,�/G�
��"�'!������;����F�/����� (Oreochromis niloticus)  F�����%+,	
�"�
#

�;��%��(�)$
���% �#����&|�0�/�
��������(�)%�����(���$���(��%+��+�#-����9+  Cross  streak  

���,�(��$��#!���$���(��%+��+�%+,�;���� (�)%��������	
��/�)
�%9����!����F�����
��
���$���

(��%+��+��#����%#
�� Sensitivity  test ���,�"��;� Minimal  Inhibitory  Concentration (MIC) �#�

���F$- E-test  (Biomerievx, Sweden) ~|,��/G���
�����F"�;F����"��;�����A�!���$����;���

/@�$+��) ����|�������	
��$��#(�)/�������E#����#F�/�����  	�����&|�0����;��
�0�)!��

/���/G����%+,��
;��F"*;�"����	)�+
+~+#�����  ��+���(�)��+�"����;��  ������#  �
�#;��  �
�(�)

�-�����  �'�����#+��  ����
��+�
�0�)!�����#+~;��  	���������	�
��#����(���$���(��%+��+����$���

%+,�+����(���;���
� 2 ��';�F"*; � �#� ���,����(��%+��+�%+,(��A#-�+������	
�������#
+(���  ���;�

��';�(���/G�(��%+��+���#
+(������ �+��/�;���/G�%�����!��#��E� (coccus)  (�)%�����%#
��

�'�
��
��%��$+����+(�-����;� �/G��$��� Streptococcus agalactiae ~|,��+����A��;��� Amoxycillin 

���%+,
'# ��';�%+, 2 �/G��$����$��� Flavobacterium �/G�(��%+��+�(����� �+�
�0�)�/G�%;�����
�����

����,��%+,�� ~|,�
�����(��A#-%
������� ���"�
�(�)�
�!��/����� ~|,��+����A��;���$��# Enrofloxacin 

���%+,
'#   ��������	
����E#����#���;�/���/G����%+,��+���F���)$
�F�%
�� 2 ����%+, F����&|�0���
��

�+����;�/��%+,/���	)�+/��������E#����#�#����;����� �|�A�;�+���,��/�+���%+���
�/��/���  F�!�)%+,



#
;��!����E#����#!��$��#  Monocyte  (�)  Lymphocyte  �+

#
;�����,�!|�����,��%+���
�/��/���  

���
�� 

           /����� (Oreochromis niloticus)  �/G�/��%+,�+�
�������	��*��������E���� /�
��
��!-��
�


���(�#�-��A#-#+(�)�+�����-��%�����
��  
�������+���A#-F�����"��(�;�
��	|��/G�%+,����F����

���)��+�����;����-��!���  (�'���%� (�)�
�9�&
�#�?, 2543) /}		'�
������+���/�����F���)$
�
�����


�-�����A#-F"-(�;��0����	|�%��F"-��0�����+����
�F	F������+���/�����F���)$
����!|��  	�����

%+,�+���������+������!|�� %��F"-���#/}*"��'���������
�,���%��	|��/G��"�'F"-���#/}*"�����)��#!��

���"���$��#�����  �#�����)���%+,���#	���$���(��%+��+�~|,��/G�
��"�'%��F"-/�����#������%+,

�'�(��  ���,��	�������#�$���(��%+��+��
��
�����(��;��)	��A/�
�/���
���,� �A#-��;����#��E�  (�)

�;�F"-���#������	��������  �#����%+,���#	�������#�$���(��%+��+�
;��F"*;%+,���$;�  ���%+,���#	��

�$���  Aeromonas hydrophila   %+,�/G�(��%+��+�(�����  ��/�;��

�����  A�;
�-��
/��� �#��$���	)�!-�

%�����%+,���"�
�  �"����(�)
������!-�%��(��A#-  	���
��(��;�!-�
�;��)(
����#  ���(
#������%+,

�'�(����+����
�  /��	)/���(�)�����E���� �����
��A�;/���@�����F"-�"E�������$
#�	�  #-��
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���)����#�/G���0  ��
��)���F�	)�+����#�
,�  ���A
-
;��/���������#  ���,��'$;��%-��(�)��-�������

�/G�	'# �  ������'�(��(����+����
�%+,�+�����%-����� ���E#�
��  ���/�  /��	)���  1-2  �
�"�
�

�+�����  ���	���+���		)���;�/��(
#������%+,�/G�(��������
�����
�  �/G��-� (Sarder et al. 2001; 

$�*�����, 2550)     ���	���+��
������%+,���#	���$���(��%+��+�   Streptococcus agalactiae  %+,�/G�

(��%+��+�(�������+��/�;�����!��#��E� (Cocci) ��	���;�/G��~����#+,�� � "����;��/G�
����� �
��(�; 

2 �~���!|��A/  (��%+��+���';��+�
;��F"*;%��F"-�~�����E#����#(#�(��  (�)���,�"'-�
����
��
�  �/G�


��"�'
���
*%+,%��F"-/��������F�/}		'�
�  ���,��	���!-�A/%�������
��)���F�  ���(
#������/��

	)�;������$-�  �
�0�)����;���/�+,��A/  ���/�  �+(��������$��������������+�"�
�  ���F�$;��

%-���+
+�"����  �
��+
+~+#  ���#�����������#(�)�
��
�  �'�����#+  A� (�)�-������� ($�*�����, 

2550)   (�)F�/}		'�
��
������%+,���#	���$��� Flavobacterium spp.  %+,�;�F"-���#������
�����
 

(Columnaris disease) %+,���#	��(��%+��+� Flavobacterium columnarae  �
�0�)�����  /���
��+

(������
�  "���'#  �+�)���
+�"����������(��  ��	�+���E#"�'#�/G�(���  ���#��"����(��A�

A"�-(�)�����-����� �������"�������������/G�"�;�� � 
+���������;��$
#�	� (
���
���	
�
'!���



�������, �//.)  

���&|�0���
���+�	|��+�
��'/�)
������,� "�
��"�'%+,%��F"-���#������%+,(%-	���!�����%+,���#

F�/�����F�/}		'�
� F�����%+,	
�"�
#�;��%��(�)$
���% ~|,��/G�����%+, � �+�����+���/�������;��(�;�

����%+,"�|,�!��/�)�%&A%� ���%
���
�%�����%#
������A�!����/@�$+��)%+,�+F$-F����"�
��� ���,�	)

���A/�/G�!-���� 
��"�
���0����F�������(��F$-��(�)
�����+F����/����
��
�0������;���+

/�)
�%9�����;�A/F������ 

���	���
���
�&|�0�����/�+,��(/��$��#(�)/�����!����E#����# ~|,�A#-�+

�
���%��&�
���������&|�0�"�����

��
�9� (�)�����F$-�/G�#
$�+ ���,��;��|�
���������#/��� 

�#�����)������#/���%+,�+
��"�'��	�����(��%+��+� (Jiri et al., 2007)             

���	/+�(���� 

1. ���,�&|�0�(�)(��$��#!��(��%+��+�%+,�;����F�/�����%+,��+���F���)$
�F�����%+,	
�"�
#

�;��%��  (�)$
���% 

2. ���,�&|�0�/�)
�%9����!����%+,��'*��F"-F$-F�������)��+���

��������;�����
��
���$���%+,(��

A#-	��/����� 

3. ���,�&|�0����9�
���!��$��#(�)/�����!����E#����#F�/�����%+,���#��� 
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�/+��%�'�(��0)��� 

 �*����+
�J����
�"�� 

 %�������E��
���;��/�����%
�%��F������ 3 (";� F��!�����%+,�����A$��  ������A$��  	
�"�
#

�;��%�� ��E�%+,���
#%������&�
���%+,���("�;� 14
�
 44' 58.33" N; 100

�
 26' 55.19" E ��E�/���+����"�
�

/�)��� 800 ��
�	�����  8  �
� 

           	
�"�
#$
���% %
��
��������
�����;%+, ������%+,��(%- ������
����'�+ �#������%+,  1 �+���
#%��

����&�
���%+,���("�;� 15
�
 02.67' N; 100

�
 10.69' E �����%+, 2 %+,���("�;� 15

�
 02.89' N; 100

�
 10.54' E 

(�;�)�������E�/��!��#/�)��� 800 ��
� 	�����������) 4 �
� 

 ��������#�#�E��
��+
����
��:�
����
�#�6�7��$���#� 

 ���&|�0�F�
;���+�A#-%�������E��
���;��!��/�����%+,/��� ~|,���+���F���)$
�F�����%+,	
�"�
#

�;��%��(�)	
�"�
#$
���% �#�%�����&|�0�#
��+� 

 1.1 ������	����	�
����/�
�������� 

 %���������E��
���;��F�����%+,�/��"��� ���,���/��%+,/���F"-���/���
���;��!|���� 	���
��F$-

���A���
#
;�� �"���� ��+� ���E#"���������%+,�+��#(����%�� Wet mount �#������A
�#� (�-�"�#

����F"-%;�� /�##-�� Cover slip (�-� ���A/
;��#-����-��	'�%��&������
�!��� 4x, 10x (�) 40x 

������#
� "�
�	���
��%������
�%|��� 

 1.2 ������	����	�
����(��%+��+� 

 1.2.1 "�
�	��%��������	����	�
�F�!-� 1.1 �
�E	(�-� ���/���
���;����%�����(��

�$���(��%+��+� �#�F$-�%����/��#�$��� (Aseptic techniques) �#�F$-
���+$'�(���������$E#%������


)��#�������
�/�� "�
�	���
�� F$-���A��%+,�;������;��$����;�$;��%-��!��/�� ��;���)�
#�)�
� 



������
��)���F� (�-�F$- Loop %+,�;������;��$���(�-� �!+,��
���;��%+, �
� �-��(�)A� (�-����A/�!+,� 

(Streak) �� Plate ��"����+����$��� $��# TSA (�) Shieh’s medium agar 

 1.2.2 ��� Plate ��"����+����$��� A/�;�F���-�;��$��� %+,�'�"���� 30-37 
�
C �/G����� 24-

48 $
,���� "�
�	���
��%�����

����(�)�
�%|��
�0�)!��(��%+��+�%+,���#!|�� 

 1.3 ���	��(��$��#!���$���(��%+��+� 

 ���(��%+��+�%+,A#-F�!-� 1.2 �� 	��(��$��#���-��
+(���(�-����	#��
�0�)�����#
+(�)

���	
���
�0�)%��

*4����%��A/��-���
� %�����%#
��$��#�$���!��(��%+��+� %+,A#-�#�%#
��

�'�
��
��%��$+����+ �#�F$-$'#%#
��
����E	��/ EPI 20E (�) EPI 20 Strep �#����	
����%+,A#-�
�

4��!-���� Biomerix 

1.4 ���%#
������A�!����/@�$+��)�#����"��;� Minimal Inhibitory Concentration 

(MIC) 
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 ���%#���F�
;���+��+�
��'/�)
������,�%#
������
�����!����F����"�
�%+,���/�)�� 

��'*��F"-F$- F�������)��+���

������� ~|,�A#-(�; A#-(�; Enrofloxacin (EN), Trimethoprin / 

Sulfamethoxazole (S), Amoxicillin (AM) (�) Oxytetracycline ���,�%+,	)���!-����%+,A#-A/F"-��0����

���(��F����F$-��(�)
�����+���,�/����
����F������ 

         ���%#���%���#�(���$���(��%+��+�	��/��%+,/���#-����9+  cross  streak  ����"����+���

�$���  2  $��#  ���  Shieh  Medium (SM)  (�) Trypricase  Soy  Agar  (TSA)  ��������+�#+,�����

�!+,�����"����+����$��� TSA  ���A/�;�%+,�'�"���� 3 
�
C  %���A�-!-�����  ����$���%+,A#-�����+��
���)���

(��%+��+��#�F$-�����(��  0.85%  F"-����!';�!���$���/�)���  10
9
  CFU/ml  ���
���)��(��%+��+� 

%+,A#-�����+,�����"����+����$���  Muller  Hinton  Agar (MHA)  (�-�%���A�-F"-("-�%+,�'�"����"-��  ���

(�;���  E-test  (���0
% Biomerievx,  Sweden)  !����%+,��'*��F"-F$-F�

�������  3  $��# A#-(�; 

Enrofloxacin  (EN) , Trimethoprin / Sulfamethoxazole  (S) (�)  Amoxicillin (AM)  ��� plate ��"��

��+����$���%+,�+(�;���A/�;�%+,�'�"����  37 
�
C  �/G�����  18-24  $
,����  (�-�%������;���;� MIC  %+,A#-

�%+���
��;�  MIC ����4��!�����0
%  �-��;�  MIC ��,��-��(
#��;����+/�)
�%9����F�����
��
���$���

(��%+��+�A#-#+ (�����%+, 9) 

�#;���������� Clear  zone  ����  Oxytetracycline (OT) 

  (���$����"����#
�!-� 1.2.1 	���
��%�����%#
���#�F$-(�;�%#
�� Susceptibility  discs  

$��# Oxytetracycline (OT 30) �����!-�!-� 30 ¢g  ~|,��/G�(�;����  ��������������"����+����$���%+,

�+�$���!|��(�-� �/G����� 18-24 $
,���� 	���
��������
# Clear zone  ���A/�%+���
������ Antibiotic  

standard  diameter  clear  zone  �-�   Clear  zone  ��,���-��(
#��;��$����+����A��;������ (�����

%+, 10) 

����� )* 9 �;� Summary of E-test Performance, Interpretive Criteria and Quality Control Ranges 

 

 

Antibiotic 

MIC ¢g/mL 

Code Performance 

 

N %EA Interpretive criteria 

MIC ¢g/mL 

S � I R � 

Amoxicillin 

0.016 – 2.56 

AC S. pneumoniae 200 98 S. pneumonia  

Nonmeningiltis 

2 4 8 

Enrofloxacin 

0.002 – 32 

EF Aerobes 36 100 CLSI M31 – A2;2002    

Trimethoprim*/ 

sulfamethoxazole 

(1/19) 

0.002 – 32* 

TS Aerobes 

H. influenza 

S. pneumoniae 

543 

393 

314 

99 

95 

97 

Aerobes 

Haemophilus spp. 

S. pneumonia 

2 

0.5 

0.5 

- 

1-2 

1-2 

4 

4 

4 
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����� )* 10 (
#��;� Antibiotic standard diameter clear zone * "����"�': S ��� Sensitivity 

(Sensitive) ��� �$�������+����A��;���%+,%�����%#
��#+ I ��� Intermediate ��� �$�������+

����A��;���%+,%�����%#
��/������ I ��� Intermediate ����$�������+����A��;���%+,%��

���%#
��/������ 

Antibiotic name Abbreviation � R (mm) � I (mm) � S (mm) 

Amoxycilin AML 10 13 14 - 20 21 

Polymyxcin B PB 300 8 9 - 11 12 

Oxolinic acid OA 2 13 14 - 18 19 

Ampicilin AMP 10 11 12 - 13 14 

Oxytetracyclin OT 10 14 15 - 18 19 

1.5 ���&|�0�/�����(�)$��#��E#����#!��/�����%+,/��� 

 #�#����#/�����%+,/���#-����)����+#��%+,��
��
��/����
����(!E��
� (heparin) (�-� �#��	�)

������ Caudal vein F"-A#-����#/����;���-�� 0.5 ��������� 	���
���������#%+,A#-/������ 15 

A�������� ��"�#����A
�#�(�-� /�##-�� Cover slip ���+,�����#F"-A#-�������� � �
��%���A�-F"-("-�%+,

�'�"����"-�� (�-����A/�-��#-��$'# DipQuick #
��+���� �-��F� 95% Methanol 10 ����%+ 	���
���-��A/

�-��#-�� Eosin 10 ����%+ ���#-�� Methylin blue 30 ����%+  

	���
�����
A�#�F"-("-� (�-����A/���	�
�/�����(�)$��#��E#����# #-����-��	'�%��&��

����
�!��� 400 �%;� F"-�������%+, 3 ���#�%+,(���;���
�!�����
��
��' ~|,�A#-(�; ��E#����#%
��"�# (Total 

blood cell), ��E#����#(#� (Red blood cell; RBC), Monocytes (�) ���E#����# (Platelet) �#��+"�;��

�
��/G��~��� 


����56�7� 

 ������	����	�
��
�0�)�����!��/��%+,/��� A#-��#
��+� 

 U��������������
"���
�     

�
�%+, 1 ���"E��)�
�%+,�"����(�)����� �"����/���+�)���	
� ��+�"����;�� �'�����#+���  

�
�%+,  2 �"��������� �'�����#+��� �
��!+����� 

�
�%+,  3 ��/���F
�������"���� ��+�"�������#��� �+����F�%-�� �'�����#+��� �
��+����������� 

�
�%+,  4 �'�����#+���  �+����%+,�
�  �+�����������,����%+,�
�   

�
�%+,  5 ���"E��)�
�%+,�"����  �'�����#+���   

�
�%+,  6 �+����%+,�
� "����;�� ������#%+,����
� 

�
�%+,  7 �"����~+# �'�����#+(�)�
������� ������#��)	������
� %+,���������"���+(�� "��

�/£��� �+���#;������������
� 
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�
�%+,  8 �
�A�;��� "���/£��� �"����/��� ������#%+,����
� 

9����!��
���
���$��
$[�6�7         

������!+,��$���/���/G����F�����%+,	
�"�
#�;��%�����$��� Flavobacterium columnarae 

�
�0�)�����+ ��� !��"�
� �~����/G�%;����� ����,��%+,(�� Gliding movement ��#
+(#� �����

�-��(����/G� Grams’-ve 

�����%#
��  Sensitivity  test  !���$���$��#�;���%+,A#-	������!+,��$���	���
���;��F�	
�"�
#

�;��%��(
#�F������%+, 11 �#����;�	�������(
#������%#
��  Sensitivity test  %��F"-%����;� 

�$��� Flavobacterium columnare  %+,��F�	
�"�
#�;��%�� �+����A��;���$��# Enrofloxacin %+,
'# 

���,��	�� �+�;� MIC  �-��%+,
'# ����� ���  �� Trimethoprim/sulfamethoxazole (�g/ml)  !�)%+, �� 

Oxytetracycline (�)  Amoxycillin A�;
������
��
��(��%+��+�A#- ����$����-��%����%
�� 2 $��#�+� 

����� )* 11 �����%#
��  Sensitivity  test  !���$���$��#�;���%+,A#-	������!+,��$���	���
���;��F�

	
�"�
#�;��%�� 

$��#�� ����A��;��� 

Oxytetracycline (cm) 1.2/R 

Enrofloxacin (�g/ml) 0.004/S 

Trimethoprim/sulfamethoxazole (�g/ml) 0.064/S 

Amoxycillin (�g/ml) 1.0/R 

 ���	���+�	�����&|�0����9�
���!��/��%+,/��� �#�

����	��$��#(�)	�����!����E#

����#!��/��%+,/������;� /��%+,/���
;��F"*; 	)�+ ���E#����# Platelets (�) Lymphocytes �,�� 

(�����%+, 12)  

����� )* 12 �����&|�0�/�����(�)�
���
;����E#����#!��/��%+,�/G����F�	
�"�
#�;��%��   

�
�%+, Total RBC Monocyte Lymphocyte Platelets 

1 667.0 69.0 26.0 4.0 1.0 

2 107.0 98.0 1.0 1.0 0.0 

3 156.0 95.0 3.0 2.0 0.0 

4 779.0 84.0 14.0 2.0 0.0 

5 870.0 88.0 10.0 2.0 0.0 

6 597.0 97.0 2.0 0.0 1.0 

7 665.0 96.0 2.0 2.0 0.0 

8 605.0 92.0 5.0 3.0 0.0 

�;����+,� 555.8 89.9 7.9 2.0 0.3 

SD 277.3 9.7 8.6 1.2 0.5 
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   �������������   

 ������	/��	�������%+, 1 (!�)��E��
���;���
�����;� ����F�(�;����%+,F$-��+����+
+!';�(�)A"�

��;�!|��
�� /��%+,��+���F���)$
�!����0�����+������;���������,��$����%+,�������(�)�+/��������!|����

F"-�"E��/G��)�)�) A#-��#
��+� 

�
�%+,  1 %-����� ������#%+,��+�"�� "���+�
�0�)#;��(�)��;�� �+����F�$;��%-�� �+�
���#"'-�%+,

��
��)���F� ���A
-�+����(�)�+�
�0�)�
��
� �-����� 

�
�%+,  2 ��+�"����;�� �����+�������# %-����� ��/���F
%+,�"���� A!�
���E�%-�� �
�(�)�-��

��� ���A
-�
��
� �'�����#+��� 

�
�%+, 3 /���+�
�0�)#+~;�� �"����~+# ����#	�� %-����� �+����F�$;��%-�� �'�����#+��� 100% %+,

�-���+	'#"��� �-��A�;��+�� ��/���F
(�)�"E��)�
�%+,�"���� ��
��)���F�%
��"�#�+
+

�"���� �+����������� 

�
�%+, 4 %-����� �"�����+����#�� �+�)A��;��#%+,�"���� (�-�������# �����+�"��������# ���E#

"�'# %-�����(�)������# 

9����!��
���
���$��
$[�6�7         

��	�����&|�0��$���(��%+��+�%+,(��A#-F�	
�"�
#$
���%�����%+, 1 (�����%+, 13) ���;�

(��%+��+�#
���;��
�����!|��A#-����"����+����$���%+,F$- (�)
�����(��A#-%
��"�# 5 Isolates �#�

���;��+ �����+�+
+!��!';� !��#��E� �-����#
+�;�� �~�����/�;������;��
��/G��
-�
�� ���,����A/%#
��

�'�
��
��%�����+(�-�%��F"-%����;��/G�(��%+��+�  Streptococcus agalactiae  

����� )* 13 (
#��
�0�)�����+ (�)�
�0�)�~���!��(��%+��+�%+,��F�/��%+,�/G����%+,��F�	
�"�
#

$
���% �����%+, 1 

���%#
�� Sensitivity test A#-��#
������%+, 14 %��F"-%����;��$���%+,��F�	
�"�
#$
���% 

�����%+, 1 �+����A��;���  Amoxycilin ���%+,
'# (�;� MIC �-��%+,
'#) �#��$���F�%'� Isolates �+���

���
����;���  Amoxycilin �#��+�;��������
���%+,#+��� !�)%+,��$��#��,� � A�;�;�	)�/G� 

Enrofloxacin, Trimethoprim/sulfamethoxazole (�g/ml)  (�) Oxytetracycline �
�� �$���(��%+��+�
;��

F"*;	)�+����
�����F�����-��%�����"�;��+�A#-  �+��+����� Isolate �%;��
��%+,����
����"�;��+�A#-#+ 

$��#�$������ �
�0�)�����+(��%+��+� �
�0�)�$���(��%+��+� Grams'stain 

Isolated F11 �����+!��!';��/G�	'#!��#��E� ��#
+�;���~�������;��
��/G��
-�
�� Grams' +ve 

Isolated F12 �����+!��!';��/G�	'#!��#��E� ��#
+�;���~�������;��
��/G��
-�
�� Grams'+ve 

Isolated F13 �����+!��!';��/G�	'#!��#��E� ��#
+�;���~�������;��
��/G��
-�
�� Grams'+ve 

Isolated F14 �����+F
!����+��!��#��E� ��#
+(#��~����/G�%;��

�� � Grams'-ve 

Isolated F15 �����+!��!';��/G�	'#!��#��E� ��#
+�;���~�������;��
��/G��
-�
�� Grams'+ve 



54 

 

 ��������	����# (
#��;� /��%+,�/G����F�	
�"�
#$
���% �����%+,  1 	����� 3 �
� (/��

�
���;���+�"�|,��
�A�;
������	�)����#A#-) �+�
���
;��!�����E#����#�,����� �#�F�����
���;��	)A�;

�����E#����#F�/��%+,�/G������� (�����%+, 15) 
;����E#����#(#� monocyte (�) lymphocyte �+

�;����+,� 93.3±2.5, 3.7±2.1 (�) 2.3±3.2 ������#
� 

����� )* 14 (
#������%#
��   Sensitivity test !���$���$��#�;���%+,A#-	������!+,��$���%+,��F�

	
�"�
#$
���% �����%+, 1 

 Minimal Inhibitory Concentration (�g/ml)  

$��#�$������ Oxytetracycline  

(cm) 

Enrofloxacin 

(¢g/ml) 

Trimethoprim/sulfamethoxazole 

(¢g/ml) 

Amoxycillin 

(¢g/ml) 

Isolated F11 2.0/S 1.5/S 4/R 0.032/S 

Isolated F12 1.8/I 2/S 6/R 0.094/S 

Isolated F13 1.2/R 2/S 2/I 0.094/S 

Isolated F14 3.2/S 0.25/S 0.094/S 0.125/S 

Isolated F15 1.4/R 6/I R 0.032/S 

����� )* 15 �����&|�0�/�����(�)�
���
;����E#����#!��/��%+,�/G����F�	
�"�
#$
���%�����%+, 1  

 

�
�%+ Total RBC Monocyte Lymphocyte Platelets 

1 585.0 93.0 6.0 1.0 0.0 

2 974.0 91.0 3.0 6.0 0.0 

3 1166.0 96.0 2.0 0.0 2.0 

�;����+,� 908.3 93.3 3.7 2.3 0.7 

SD 296.0 2.5 2.1 3.2 1.2 

      

 ��������	/���
���;��	�������%+, 2 ���;� 

�
�%+,  1  �����/���+�
�0�)!';��
�  ������#%+,�����+�"�  ���A
-A�;�+��"��  �
��+�
�0�)��

����#  �'�����#+���(�)~+# 

�
�%+,  2  /���+A!�
�%+,$;��%-�����)  �
��+
+~+#���  (�)�+�
�0�)������# 

�
�%+,  3  ��+��+�
�0�)#;��(�)������#  "����;��  !-��F�����
��+�����������#  �
�~+#  �'�

����#+��  ���A
-�
��
�   

�
�%+,  4  �'�����#+�+
+�"����  ���A
-A�;�+��"��  �
�������# 

�
�%+,  5  �-����  �
�������# 
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9����!��
���
���$��
$[�6�7         

�����(���$���(��%+��+����;� (��%+��+�%+,(��A#-%
��
��� 5 Isolates 	)�+�����+�+
+!��!';� !��#

��E� �-����#
+�;�� �~�����/�;������;��
��/G��
-�
�� (�����%+, 16) �$;��#+���
�%+,��F������%+, 1 (�)

���,����A/%#
���'�
��
��%��$+����+(�-�%��F"-%����;��/G�(��%+��+�  Streptococcus agalactiae   

����� )* 16 �
�0�)�����+ (�)�
�0�)�~���!��(��%+��+�%+,��F�/��%+,�/G����%+,��F�	
�"�
#

$
���% �����%+, 2 

$��#�$������ �
�0�)�����+(��%+��+� �
�0�)�$���(��%+��+� Grams'stain 

Isolated F26 �����+��E�F
!����+��!��#��E� ��#
+(#��~����/G�%;��

�� � Grams'-ve 

Isolated F27 �����+��E�F
!����+��!��#��E� ��#
+�;���~�������;��
��/G��
-�
�� Grams' +ve 

Isolated F28 �����+��E�F
!����+��!��#��E� ��#
+(#��~�������;��
��/G��
-�
�� Grams' +ve 

Isolated F29 �����+��E�F
!����+��!��#��E� ��#
+(#��~����/G�%;��

�� � Grams'-ve 

Isolated F210 �����+��E�F
!����+��!��#��E� ��#
+�;���~�������;��
��/G��
-�
�� Grams' +ve 

��!�����%#
�� Sensitivity test %+,F������%+, 17 %��F"-%����;��$���%+,��F�	
�"�
#$
���% 

�����%+, 2 �+����A��;���  �;���/@�$+��)%'�$��# �#� Amoxycillin 	)�/G���/@�$+��)%+,�+����A����

%+,
'# ������� ��� Trimethoprim/sulfamethoxazole, Enrofloxacin (�) Oxytetracycline ������#
� 

����� )* 17 (
#������%#
�� Sensitivity test !���$���$��#�;�� �%+,A#-	������!+,��$���%+,��F�

	
�"�
#$
���% �����%+, 2 

��������	����# ���;�/��%+,�/G����F�	
�"�
#$
���% �����%+,  2 �+	�����!�� Lymphocytes 

(�)���E#����#�,����;����������4�� (1.4±1.7 (�) 0.2±0.4 ������#
�) (�)�+�;��#�F�/��%+,/������

�
��
��(%�A�;�����E#����#"���A�;����� (�����%+, 18) 
;���;� RBC (�) monocyte �+�;� 1.4±1.7 

(�) 0.2±0.4 ������#
� 

 

Minimal Inhibitory Concentration (�g/ml) 

$��#�$������ Oxytetracycline Enrofloxacin Trimethoprim/ 

sulfamethoxazole 

Amoxycillin 

Isolated F26 2.5/S 0.032/S 0.094/S 0.10/S 

Isolated F27 2.3/S 1.0/S 0.25/S 0.032/S 

Isolated F28 2.5/S 0.75/S 0.19/S 0.032/S 

Isolated F29 2.8/S 0.75/S 0.25/S 0.25/S 

Isolated F210 2.2/S 0.75/S 0.38/S 0.047/S 



56 

 

����� )* 18 �����&|�0�/�����(�)�
���
;����E#����#!��/��%+,�/G����F�	
�"�
#$
���%�����%+, 2   

�
�%+ Total RBC Monocyte Lymphocyte Platelet 

1 589.0 96.0 4.0 0.0 0.0 

2 762.0 97.0 2.0 1.0 0.0 

3 1238.0 95.0 4.0 0.0 1.0 

4 734.0 95.0 3.0 2.0 0.0 

5 562.0 91.0 5.0 4.0 0.0 

�;����+,� 777.0 94.8 3.6 1.4 0.2 

SD 272.1 2.3 1.1 1.7 0.4 

��/+'�(�����%�
���� ���� 

 	�����&|�0�
��"�'!��������#���F�/�����~|,���+���F���)$
�F�����%+,	
�"�
#$
���%(�)

�;��%�� F�$;���#�����0�����|��#������'���� 2552 ~|,��/G�$;��%+,�+������#���(�)%��F"-���#����

�
+�"���
���0����%+,��+���/�������;��"�
� ���;����%+,�/G�
��"�'%+,%��F"-/�����%+,��+���F���)$
����

��� �$���(��%+��+� �#�(��%+��+�%+,�/G�
��"�'!�����F� 2 	
�"�
#�/G�$��#%+,(���;���
� 

 F�	
�"�
#$
���%���$���(��%+��+� Streptococcus agalactiae  �/G�(��%+��+�%+,�;�F"-���#���F�

/����;��"�
� (��%+��+�$��#�+��/G�(�������~�������;��
��/G��
-�
���#�/��%+,�/G����$��#�+�	)�+

�
�0�) ��+�"�(�)��+�"��������# %-����� �+����F�$-��%-���
�����
�~+#�-����� �'�����#+�� (�)

����
��+�����!�����#+~;�� ��� �
��"����(�)�
��
��
� ���/� �;�������$�,��$-�%+,������� "�������
�	)

�;�����
�;��%+,��������$;��
� �#�%
,�A/(�-��$���$��#�+� 	)�+����)��#F�$;��"�-��-���
��(�;�#���

��0����;����,��A/�|����>���!��%'�/�(�)	)"�'#�)��#F�$;���!-�
�;�#��� �$��� Streptococcus 

agalactiae %+,���+����,����A/%#
��(�-����;��+����A�-�;���%'��
�F����"�
���%+,���/�)����'*��F"-

F$- �#�����)��;����,��� Amoxycillin ~|,�	�����&|�0�!�� Al-Sweih et al. (2003) ���;���F���';� 

Penicillin, Ampicillin (�) Cephalothin 	
#�/G���';���%+,�+����
�����F�����
��
���$��� S. agalactiae  

(�;��;��A��E�������';�#
���;���EA�;A#-���;F���';���/@�$+��)%+,���/�)����'*��F"-F$-(�;��;��F# 

 ��;��A��E���	�����
�������0������
����;� ���F$-��#
���;��A�;
������
�0�/��%+,

/���A#-"���~����
�%��F"-���#��������;��"�
�������+�#-�� %+,�/G��$;��+� �;�	)�/G�
��"�'��	�����,�

/�����#���(��%+��+��"�;��+�(�-�"���/������(�-� /��
;��F"*;	)A�;�����"�� #
��
���|�(�-�;�

��0����	)�
���%+,�+F����"�
�F���"��F"-/������EA�;
������
�0�/��F"-"��A#- #
��
����0����

���	)��-����/����
���� �$;�����
���������� ���$��#�$;� ������� ~+ �����;�
����(!���'������

���F���)$
�/�� �#�����)��;����,�F�$;��%+,
���)����&A�;�"��)
� �$;�����&�-����#�;��
� ��

����#�;��
� "����+����A"�"�����;���;����,�� 	)
������#�����
+,��F�������#���A#- 
;�����F$-��

/@�$+��)F"-A#-���
�� ����
���F"-/��F�!�)%+,/���
������"�����; ��� $;��%+,/�����,�/��� (��/��
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	����� 1-3% !��/��%+,��+���/���) 	)%��F"-���F$-��/@�$+��)%+,���;F����"�
���A#-��#+F�����
�0�

��,�!|�� 

 
;��F������F�	
�"�
#�;��%�� ���$���
��"�'��� (��%+��+�$��#�����(��%+��+��  

(Flavobacterium columnare) ~|,��/G�(��%+��+�(����� 
�������F������!��/��%+,�/G���� �#�

/��%+,�/G����	)�+�
�0�)�
�#;�� ��+�"�(�)��+�"����;��(�)������# �'�����#+��� ~|,��#�%
,�A/(�-�

���;��+����)��#F�/��!��#��E�(�)�;����F�/��%+,�/G��
�0�)������ (External infection) 

�%;��
�� ��;��A��E���F�/}		'�
�F�������"��� � �������E%��F"-%����;��$���$��#�+��E
�����

�;�F"-���#������F��)���;����� (Systemic infection) F�/��"��� � $��# �$;��
� (Decostere et 

al., 1998; Jirí and Bohumil, 2007; Soto et al., 2008)  

 ���,����A/%#
������A�!����/@�$+��)���;� �$���(��%+��+�$��#�+� �+����A��;��� 

Enrofloxacin ���%+,
'# ������� ��� Trimethoprim/sulfamethoxazole !�)%+,�� Oxytetracycline (�) 

Amoxycillin A�;
������
��
��(��%+��+�$��#�+�A#- ~|,� Decostere et al. (1998) A#-���������%#
��

����A�!�����;��$��� Flavobacterium columnare ���;� ��F���';�%+,�+�;� MIC F��)#
��,��(�)�+����

A��;��$���$��#�+���� Chloramphenicol, Erythromycin, Furazolidone, Kanamycin, Lincomycin, 

Nalidixic acid, Oxytetracycline (�) Streptomycin !�)%+,��%+,�+�;� MIC ���;F�$;��
��(�)A�;
�����

�
��
���$���$��#�+�A#- ��� Colistin, Sulfamethoxazole (�) Neomycin �$;�����
����&|�0�!�� Kubilay 

et al. (2008) %+,A#-���������%#
������A�!����/@�$+��) �#����F$- ATB-Vet strips ���;���%+,�+

����
�����F�����
��
���$��� Flavobacterium columnare A#-��;���+/�)
�%9����A#-(�; 

Chloramphenicol, Oxytetracycline, Furazolidone, Nitrofurantoin, Erythromycin, Streptomycin, 

Penicillin, Amoxicillin (�) Cephalothin 
;����%+,��
���������'� �$���$��#�+�A#- A#-(�;  Colistin (�) 

Oxacillin �/G��-�  

  ���	���+�	�����&|�0����9�
���!��/��%+,/��� �#�

����	��	�����(�)/�������E#

����# ���;�/��%+,�/G��������#/��%+,�/G����A�;�;�	)�+
��"�'��	���$���(��%+��+�$��#F# /��%+,/���	)

�+/�������E#����#�-���� (�)�+�
���
;����E#����#$��# Monocyte ���,�!|�� (�)�+���E#����#�-�������,�

�%+���
�/��/��� �#�����)���E#����#�
��F�/��%+,/���	)���-�����	��|�A�;�+��� ~|,��#�%
,�A/(�-�

���E#����#	)�+"�-�%+,
���
*��+,���
����(!E��
�!������# ~|,����%+,�+/������#�-����A/��	
;���%��

���;�
'!���/��A#- ���	���+�����#��!�����E#����#�+���	F$-�/G�#
$�+���,��;�$+��|�
'!���!��/�� 

�#�����)/��%+,/���(�)�+
��"�'��	���$���(��%+��+�A#-�+�#-�� ~|,�	�����&|�0�!�� Martins et al. 

(2009) A#-%��������&|�0���A����%�����!���)�������'-��
�!��/��������"�
�%+,�+�����#�$��� 

Enterococcus sp. ���;����"�
�	��/��A#-�
��$���#
���;��(�-��/G����� 24 $
,���� /�������E#����#

!��%
��"�# (Total white blood cells) (�) Lymphocytes 	)�+(����-�
��!|�� (�)(���;���
��
���';�

����'� ��;���+�
�
���
*��,�%��
���� ~|,�F"-��F�%����
��
��
�/�����!�� Monocytes %+,���;�/��%+,

A#-�
��$���(��%+��+�	)�+/�����!���~�����E#����#$��#�+��#����;���+�
�
���
*���,��%+���
�/��F���';�
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����'� (�;	)�+(����-�
��!|��F�%-�� � !�����%#���  ���	���+� Zaki et al. (2008) �
����;�/��

���%+,�+�����#�$����� Saprolegnia parasitica 	)
;����;��;� �����������F�����#!��/���#���� �#�

���;����"�
�	��%+,/��A#-�
��$���(�-��/G����� 7 �
� /�������E#����#(#�, /����� Hemoglobin, 

creatinine, sodium, potassium, insulin and glucose 	)�#����;���+�
�
���
*���,��%+���
�/��/���  

!-����	�����&|�0���
���+�(�)���������!-���-�
�����$+�F"-�"E���;��$
#�	��;� ����/�+,��(/��!��

����/�)���!������#	)�+����

��
�9��#�����
�������#��� (�)��	�/G�
;��
���
*F����������A/

�/G�#
$�+%+,�;��|������������#��� ~|,�
�����������A/&|�0����,�"�%��F����/����
��
�0����F�/��

����;�A/F������ 

�������@����� 

$�*����� ��#���.  2550.  ���
���
*%+,
;�����)%��;�������)��+���

�������F�/�)�%&A%�, �.  

319-326. �� /�)������,�����/�)$'���$����%��

��(�%��(�)�����+���

�����
��%+, 33.  �����$�	'�$+���%��

, ��)

��(�%�&�
���, 	'¥��������"���%���
�.  

�'���%� ���
B�$
��&�04� (�) �
�9�&
�#�? A$��'��.  2543.  �����+���/�����.  ���
�����(�)���.  

���/�)�� ��)%�����0��(�)
"����.  


���
���	
�
'!���

�������	�#. �//. ���/�����. 
���
���	
�(�)�
B��/�)������	�#, ���/�)��, ��)%�����0��(�)
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4.5.5 
������������'#� )��)��+�P#������&��������-���#��'�(���

�@�
 �
����� Aeromonas hydrophila ���+������ 

��0��   %�������) 	+��� ������ �
4�'B�  /��(�-� ����$�   �������%� 
�

�
�0� 	
�%�������� 
'!���
�#��   
'����(�-���+ (��
��/��**���+)  

���
�� 

  /������ (Chitala ornata) �/G�/������	�#%+,�+�'��;�%���&�04��	 /�)$�$�$��������

���,��	�������/�������+�
$���#+
����������/�'���"��A#-"���$��# �$;� %�#�
�/������ 

���$���/������ �$��/������%�#��)�%+�� �/G��-� %��F"-����	��"�;��/������F�%-�����#�;��!-��

�+����(��/�)���������
��) 70-80 ��% 
;�������/��!�#����������
��) 220 ��% �+�%
��/������

!��#��E��+�
�0�)
������/G�%+,�-�����!�����#/��
�����%
�����F�(�)������/�)�%& /��

����%+,�����	��"�;��
;��F"*;�/G�/��	��("�;�����9���$���~|,��+/������#��%'�/� (���/�)��, 

2536) #
��
����0�����#�����)��';�%+,��&
�F�����%+,����������,�
�F	"
�����+���/�������/G�

	��������(�)
�-�����A#-	�����!����������;���/G��,���/G�

� ��;��A��E���/}*"�
���
*F����

��+���%+,��F�/}		'�
���� F�$;��(��!�����/�;����+���(�)/��!��#���# �
���/}*"�%+,���#	���$���

(��%+��+� Aeromonas hydrophila  ~|,�%��F"-/���)�)#
���;������/G�	�������� ���F$- (��%+��+� 

�/�A������ (probiotic) �;�	)�/G�%�������"�|,�%+,F$-F����/����
��
�0����(��%+��+�#
���;��A#-��;���+

/�)
�%9����   

 “�/�A������” "����|� “	'���%�+��%+,�+$+���~|,����,�������F�/�����%+,�"��)
� 	)%��F"-���#

/�)��$���;�
'!�����-������” (Reid  et al. 2003)  ��A�	��������%+,��+,��!-���
��/�A������
� A#-

(
#�F"-�"E��;� �/�A������
� �"�;��+�	)$;��F"-
'!���!����-������#+!|�� �#�(��%+��+��"�;��+�	)


�����
�-��
���
��
������	��*������!��(��%+��+��;��%0"���$��# ~|,�A#-(�; bacteriocins, 

lysozymes, protease, (�) hydrogen peroxide �/G��-� ~|,�	)�+�����;�
���(�#�-��!���$����;����

�;�� � ���	���+� probiotic (��%+��+�
��������#��)������(�;�$��
����"��%+,	���/G�  �|#����

("�;�%+,���;��&
� ����
����
�����%�+��%+,�)������;~|,����#	��(��%+��+��!-�A/�#����  (�)����|����

%��F"-���#�������'�/@�

��
�9��
�
�,�(�#�-��(�)����
B�������-��%��F�������
���%+,�/G�

/�)��$�� �;��;�����!��
�,��+$+����+�#-��  

 ���&|�0�F���
���+�	|��+�
��'/�)
������,� &|�0������F"-(��%+��+� �/�A������ 
���
�9'� 

AQHBS02 ~|,��/G�(��%+��+�%+,(��A#-	��("�;��������9���$��� (�)A#-�;��������	
��/�)
�%9����

F�����
��
���$��� Aeromonas hydrophila  ��(�-�F��)#
�"-��/@��
����� (/�)�
�9�&
�#�? &�+0)���� ���

��#�;�
;���
�) (�;/������!��#�������/�)��� 3-4  ���� ~|,��/G�!��#%+,�
����;��+/}*"�%+,���#	��
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�$��� A. hydrophila �
��� (�)&|�0���F�#-�������-��%���;��$��� A. hydrophila (�)���

�	��*������!��/������ "�
�A#-�
�(��%+��+� �/�A������ ��#�;��
��/G��)�)���� 1 �#���  

 

���	/+�(���� 

 ���%#����+��+�
��'/�)
��� 2 /�)��� ��� 

1. ���,�&|�0��|�/�)
�%9����!��(��%+��+��/�A������ AQSBS02 �;�����	��*������(�)

�
��������#���!��/������ (Chitala ornata) 

2. ���,�&|�0���!������
���!���/�A�������;�����-���$��� Aeromonas hydophila 

�/+��%�'�(��0)��� 

$���������
� 

  ���/������!��# 2-3 ���� (����"�
�/�)��� 1.8 ��
�) ����+���F� ��-/��!��# 80 ���� 	����� 

24 ��-� �) 20 �
� � �����$����)��+���

������� ���,�/�
�
���!��/��F"-�'-�����
�
������%#��� 

�#�%�������+���A�-�)�)���� 7 �
� �)"�;���+�F"-��"��/��#'��/��+� 30%F��
��� 3% �;�����"�
��
� 

�
��)
������ (8.00 �.(�) 16.00 �.) 

���
�����6$�<�6
�#� AQSBS02 !�8�����	
���� 

����/�A������ AQSBS02 ~|,��
B��!|���#� #�./�)�
�9�&
�#�? &�+0)���� �����$����)��+���

���

���� ��)/�)�� �"���%���
���0��&�
��� ���
��
���"��/��#'�!��#��E� (Hi grade) �#�	
#����

�!-�!-�!��(��%+��+��/�A�����������';�!��/������F"-A#-�
���"���
�(��%+��+� �/�A������  3 

�)#
� ��� 1, 3 (�) 5 ��
��;���"�� 1 ������
� �#����(��%+��+�F�/�����%+,�-������
��
�
���)���

�����(�� 0.85% /������ 100 ��������� (�)��'����-��
���"�� (1 ������
�) F"-%
,� 	���
�����A/�|,���

F"-("-� 
;����"��$'#����'� ���+���#��
���"���
���������� 100 ��������� �#�A�;�
�(��%+��+� 

�/�A������  

 F"-��"��/�������
��) 2 ��
�� %+,�)#
� 3% !������"�
��
� �#�%������/�+,������%'��
�F�

�)"�;��$;�����%#������ 28 �
�  /�
�/�������"��F"-
�#��-���
�����"�
��
�(�)�����#���  

���	
��/�������"��%+,���(�)�����#���#-�����/�;�%'��$-� �#��
#�������(�)$
,�����"�
�/��

#-������,��$
,�(��#�	����%'�

/#�"� 

���
�����
���
!�7��
��� 

     ����$��� A. hydophila ���!+,��� TSA plate F"-A#-�����+�#+,�� (�-����A/�;�%+,�'�"���� 37
�
C 

!-����� 	���
���!+,�������+��#+,�� 1-2 �����+��F���"����+����$��� TSB �
�E	(�-����A/�!�;���+���F"-A#- 

24 $
,���� "�
�	���
��F$-��������� 0.85% /�
������!-�!-�!���$��� A. hydophila F"-���;%+, 10
9
 CFU/ml 
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(�-����A/F
;��F���-%#��� %+,F
;/��%#���A�-(�-� �#�F"-A#-�����!-�!-�!�� A. hydophila 
'#%-���/G� 

10
 6
 CFU/ml �#����������/����������F���-��+���/������A#-#
��+� 

 

   N1V1   =   N2V2 

   10
9
 V1 =   10

6  
 ×  30,000 ml 

    N1        =   30 ml /��-/�� 1 ��-  

������
�7����	������"

���
 A. hydophila 

���,���+���/��#-����"���
��/�A������ ��� 1 �#���(�-� ���/��%#�����';����%#����) 

15 �
� F
;�����F
;F���-��+���/�� ���
���)���!���$��� A. hydophila ��F
;F���- "�
�	���
���
�%|��
���

������!��/��F�(�;�)��';�F�%'� � �
� 	���� 14 �
� ���,����A/������"��;��
���������
)
� 

(�)���,����;�/��%#����+�������#/���"���F��-���F"-���/��A/(���$���F���"�� TSA ���,��/G����

����
���!�������#�$����;�A/ 

����#
7��8������*#�# 

  ������)"������%#��� (�������(�)����"�
� ���#	��
�������	��*�������;��
�-Average 

daily gain: ADG F�(�;�)

/#�"� �
���������
)
����"�
�($;F��$��� A. hydophila) �#����

������)"�����(/�/���(��%���#+�� (one-way analysis of variance) �/�+���%+������(���;��

!���;����+,�#-����9+��� Ducans’new multiple range test (DMRT) ���������)"�%���#����F$-�/�(��� 

SPSS for Windows version 11.5  

 
���� ���� 

  9����
��#�6$�<�6
�#� AQSBS02 �"
���
��#)
�#�6��
�$������ 

 ����������+,�!��/������F�(�;�)

/#�"�	��|�
���
'#���%#���%+, 28 �
� !��/����';�

����'�(�)��';����%#���%+,A#-�
�(��%+��+� �/�A������ A�;�+����(���;���
�%��
���� (P > 0.05) 

(���%+, 34) �#����;�(����-�!���������!��/��F�(�;�)��';��+������,�!|����E��-�� F�(�;�)



/#�"�%+,%�����%#��� (�)���,�
���
'#���%#����������!��/��F�(�;�)��';��+�;���������/G� 

13±0.7, 13.4±0.6, 11.6±5.7 (�) 11.5±5.7 F�$'#%+,A#-�
�(��%+��+� �/�A������ F��)#
� 0, 1, 3 (�) 

5 ��
�/��"�� 1 ������
�������#
�  

 F�%������#+���
� ����"�
�!��/��%#���A�;(���;���
�%��
�������#���%#��� (P > 0.05) 

(���%+, 35) ���,�
���
'#���%#���/��%#����+����"�
����,�!|�� 	������"�
����,��-� 7.3±0.9 - 8.4±0.9 

��
� ���,��/G� 14.8±1.3, 15.2±1.1, 13.4±6.8 (�) 14.2±7.2 ��
� F�$'#%+,A#-�
�(��%+��+� �/�A������ 

F��)#
� 0, 1, 3 (�) 5 ��
�/��"�� 1 ������
� ������#
�     
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��� )* 34 �������!��/������ %+,A#-�
���"���
�(��%+��+��/�A������ AQHBS02 F�

�)#
� 0 (control), 1 (T1), 3 (T2) (�) 5 (T3) ��
�/��"�� 1 ������
� �
�0�

��0��
���0%+,�"�����
�(�)����
���(%;�����F�(�;�)$;������(
#��;�A�;�+����

(���;���
�%��
���� (P > 0.05)  

                   

��� )* 35 ����"�
�!��/������ %+,A#-�
���"���
�(��%+��+��/�A������ AQHBS02 F�

�)#
� 0 (control), 1 (T1), 3 (T2) (�) 5 (T3) ��
�/��"�� 1 ������
� �
�0�

��0��
���0%+,�"�����
�(�)����
���(%;�����F�(�;�)$;������(
#��;�A�;�+����

(���;���
�%��
���� (P > 0.05) 
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 ��;��A��E������,���	�����|��;� �
���������,�����"�
��;��
� (ADG) ���;� F�

/#�"�%+, 2 !��

���%#��� /��F���';�%+,A#-�
�(��%+��+��/�A������ AQHBS02 �+(����-�!��������,�����"�
��;��
�


��!|������)#
�(��%+��+� �/�A������%+,���,�!|�� �#��+�;��/G�  0.24±0.12, 0.32±0.20 (�) 0.40±0.03 

��
�/�
� F���';�%+,A#-�
�(��%+��+� �/�A������  F��)#
� 1, 3 (�) 5 ��
�/��"�� 1 ������
�������#
� 

F�!�)%+, ��';�����'��+�;� ADG �/G� 0.19±0.10 ��
�/�
� �%;��
�� ��;��A��E���A�;�+����(���;��%��


�����)"�;����';�%#��� (P > 0.05) F�

/#�"�%+, 3 (�) 4 �;� ADG !��/��F�(�;�)��';��+(����-�

�#�� (�)A�;(���;���
�%��
����F�%'�

/#�"� (P > 0.05) ���,�
���
'#���%#��� /��F�(�;�)��';�	)�+

�;� ADG �/G� 0.24±0.07, 0.19±0.12, 0.26±0.02 (�) 0.26±0.11 F���';�%+,A#-�
�(��%+��+� �/�A������  

F��)#
� 0, 1, 3 (�) 5 ��
�/��"�� 1 ������
�������#
� (�����%+, 19) 

 9��
�!�7��
��� 6$�<�6
�#� �"

�����
� 

 ���,�
���
'#���%#��� /��%#���%'���';��+�
����������;��!-���,�� (�)A�;(���;���
�%��


���� �#���';�%+,A#-�
�(��%+��+� �/�A������ F��)#
� 0, 1, 3 (�) 5 ��
��;���"�� 1 ������
� �+�
���

������ 21.0±4.2, 20.0±10.0, 21.0±6.6 (�) 22.0±9.3% ������#
� 

����� )* 19 ����"�
�%+,���,�!|���;��
� (Average Daily Gain, ADG) (��
�) !��/��%#���~|,�A#-�
�

(��%+��+� �/�A������ F��)#
� 0, 1, 3 (�) 5 ��
��;���"�� 1 ������
� �/G����� 28 �
� 

(�;����+,�F�(�;�)

/#�"�A�;(���;���
�%��
���� P > 0.05)  

$'#���%#��� 

/#�"�%+, 1 

/#�"�%+, 2 

/#�"�%+, 3 

/#�"�%+, 4 

0 ��
�/������
� 0.18±0.04 0.19±0.10 0.23±0.11 0.24±0.07 

1 ��
�/������
� 0.15±0.09 0.24±0.12 0.38±0.09 0.19±0.12 

3 ��
�/������
� 0.20±10.06 0.32±0.20 0.29±0.17 0.26±0.02 

5 ��
�/������
� 0.23±0.04 0.40±0.03 0.31±0.12 0.26±0.11 

 

   9��
�!�7��
���6$�<�6
�#� AQHBS02 �"
7����	������"
 A. hydrophila  

 F��)�) 5 �
�(��!�����($;/��%#���F�
���)����$��� A. hydrophila �
�A�;��/����� F�

�
�%+, 6 ��';�%+,A#-�
�(��%+��+� �/�A������ F��
��� 1 ��
�/��"�� 1 ������
� ���,��+/����� �#��+�;�

�
���������
)
��/G� 20.0±3.14% ~|,�(���;���
���;���+�
�
���
*�
�/����';���,� � %+,�+�
������

���F��
��+��/G� 0.0% (P < 0.05)  F��
�%+, 7 !�����($;�$��� /��F���';�����'����,����	�������� 

�#��+�
���������
)
��/G� 33.3±5.8% !�)%+,��';�%+,A#-�
�(��%+��+��/�A������F��
��� 1 ��
�/

��"�� 1 ������
� �+�
������������,�!|���/G� 23.3±5.8% ~|,�%
��
����';��+��+�
���������
)
�

(���;��%��
�����
���';�%#���%+,�
�A#-�
�(��%+��+��/�A������F���"��F��
��� 3 (�) 5 ��
�/��"�� 
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1 ������
� ~|,��
�A�;�+/����� (P < 0.05)  F��
�%+, 8 !�����%#�����/�����F�%'���';� �#���';�

����'��+�
������������,�
��!|���/G� 40.0±10.0% ~|,�
����;�/��%+,A#-�
�(��%+��+�F���"��%'���';�

��;���+�
�
���
*%��
���� (P < 0.05) �#��+�;��
���������
)
�F�$;���+��/G� 23.3±5.8, 23.3±10.0 

(�) 20.0±10% F���';�%+,A#-�
�(��%+��+� �/�A������F��)#
� 1, 3 (�) 5 ��
��;���"�� 1 ������
� 

������#
�   "�
�	���
�%+, 9 !�����A#-�
��$��� A. hydrophila �/G��-�A/ �
���������!��/��%+,A#-�
�

(��%+��+� �/�A������ %'�� ��';��+�;��;��!-����%+, (�)(���;��%��
�����
���';�����'� 	�
���
'#���

%#��� �#����;�/��F�(�;�)��';�	)�+�
���������
)
�%+,
���
'#���%#���F��
�%+, 14 �/G� 

56.7±5.8, 23.3±5.8, 23.3±10 (�) 36.7±11.5% ������#
� (P < 0.05) (���%+, 36)  

                   

��� )* 36 �
���������
)
�!��/��F�(�;�)��';�%+,A#-�
���"���
�(��%+��+��/�A������ 

AQHBS02 F��)#
� 0 (control), 1 (T1), 3 (T2) (�) 5 (T3) ��
�/��"�� 1 ������
� 

�
�0���0��
���0%+,�"�����
�(�)����
���(%;�����F�(�;�)$;������(
#��;�A�;�+

����(���;���
�%��
���� (P > 0.05) 

��/+'�(�����%�
���� ���� 

 F�/}		'�
����F$-(��%+��+��/�A������ ����
��/G�%+,
�F	!��%
���
���	
�(�)��-������
���-�(�)

�����
���%�������0����;����� ���,��	��/}		'�
�/�)�#E���"��/��#�
� (Food safety) ����
�A#-�
�

���������/G���;�����F�"��;��-������%
��F�(�)�;��/�)�%& ���,��	��%+,�;�����������

���%
��F�
;��

!��

�����(�)

������� A#-�+���F$-��(�)
�����+���,����/����
��
�0������;����-��!��� ~|,����

��)%��#
���;��A#-�;�F"-���#����)%�%+,�'�(��%
��%�����(�)%���-�� %
���;���-������ 
���(�#�-�� 

����|�%
&����!����-������ A�;�;�	)�/G�/}*"�������-��!����(�)
�����+F������� ���A/�|����

%�����	'�$+�%+,�+/�)��$��F�
���(�#�-�� ~����
�%��F"-��0�����-�����,��-�%'�F����������;��

������ #
��
���
���	
�"��� � ��';�	|��������-���-�(�)������"�(��%+��+�%+,�+/�)��$��(�)A�;�;�

�%0���
�F���"�����,�F"-

�����+������ �#�F$-"�
��/�A�������+���� 
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 ��!�����&|�0�F���
���+�A#-(
#�F"-�"E��;� (��%+��+��/�A������ AQHBS02 �+�
��������,�

�����-��%��F"-/������%#���
������-��%���;��$��� Aeromonas hydrophila A#-��;��$
#�	�(�)

�/G�%+,�;���F	 �|�(�-�;�	)A�;
�����%��F"-�
�������	��*!��/�����,�!|���E��� ~|,������%#����+�


�#��-���
����&|�0�F�/����§� (Epinephelus coioides) %+,���;����F"-/����§�A#-�
��/�A������  A�;

%��F"-���,�����	��*������ (�-�;����(����"���/G������ 	)#+!|�� (FCR �,����) (�)/����§�%+,A#-�
��/�

A������
� �+�;�%�������'-��
� �$;� Pagocytic activity (�) Phagocytic index 
����;���';�%+,A�;A#-�
��/�

A������
� ~|,�(
#��|������-��%�����%+,#+��;� (Sun et al., 2010) ��;��A��E��� F�/�����$��# �$;�

/����������%��%� ���A#-�
�(��%+��+� �/�A������ %��F"-����	��*������#+!|�� /�)
�%9�������F$-

�/��+�#+!|�� (�)�;��
���(��������,���� (Merifield et al., 2010) �$;��#+���
�%+,��F�/��%�� (Dhanaraj 

et al., 2010) 

 ���	���+����,���	�����|�����/��#�
� ���;����"�
�	�����F"-��"���
�(��%+��+��/�

A������ AQHBS02 �
��(�; 1 	��|� 5 ��
�/��"�� 1 ������
� �/G������|� 28 �
� �EA�;%��F"-/��%#���

���#������#/���A#-(�;��;��F# (�)�
����+�
�������	��*������%+,�/G�A/���/����$;��#+���
���';�

����'� F����%#����+��+�
���������!��/��%#����,����� ��;��A��E������%+,�
���������!��

/��%'���';����%#���A�;(���;���
� (
#��;����A#-�
�(��%+��+��/�A������ A�;�+���-���;�/��

%#��� 

 ���%+,(��%+��+��/�A������ AQHBS02 
������
��������-��%���;��$������ A. hydrophila 

A#- ��	�/G�����	�� (��%+��+��/�A������ AQHBS02 �+� �+�'�
��
����;��F#��;��"�|,�����'�
��
��

!���/�A������%+,#+ ���%+, Gatesoupe (1999) A#-�9����A�- �$;� (��%+��+� AQHBS02 �+� ��	�+

����
�����F�����|#���)���A
-A#- "���
��������;F����A
-A#-$
,��)�)����"�|,� (�)%��F"-�	-��-��

(!E�(�� 
������-��%����� "���(��%+��+� �/�A�������+� ��	�+����
�����F������)�'-������'-��
�

%��F"-/��%+,A#-�
�(��%+��+��/�A������ �+������
���(�)�;��-���$������#
���;��A#- �/G���;��#+ 

���	���+� ��A�%+,
���
*�+�/�)���"�|,���� (��%+��+� AQHBS02 ��		)
�����
�-��
��������
��
��

����	��*"���(�;�(�;��
� A. hydrophila F����#����$+���F�%���#����"��!��/��A#-�/G���;��#+ ~|,�

���	)�-���+���%#�����
�	�����,�F"-%�����A����%�����!���$���(��%+��+��/�A������ AQHBS02 �+� 

F����&|�0��;�A/ 

�������@����� 

���/�)��. 2536. �����+���/������	�#. ������
�����(�)��� ���
;��
������/�)��. ���/�)��. "�-� 43. 

Dhanaraj, M., Haniffa, M. A., Singh, S.V. A., Arockiaraj, A.J., Ramakrishanan, C.M., Seetharaman, S., 

Arthimanju, R. 2010. Effect of probiotics on growth performance of Koi carp (Cyprinus carpio). 

J. Applied Aqua. 22, 202-209. 

Gatesoupe, F.J. 1991. Bacillus sp. Spore: A new tool against early bacterial infection in turbot larvae, 

Scopthalmus maximus. pp. 409-411. In P. Lavens, P. Sorgeloos, E. Jasper and F. Ollevier 

(eds.) LARVI, 91, Fish and Crustacean Larviculture Symposium. 



66 

 
Gatesoupe, F.J.  1999. The use of probiotics in aquaculture.  Aquaculture180, 147-165. 

Merifield, D.L., Bradley, G., Baker, R.T.M., Davies, S.J. 2010. Probiotic applications for rainbow trout 

(Oncorhynchus mykiss Walbaum) II. Effects on growth performance, feed utilization, intestinal 

microbiota and related health criteria post antibiotic treatment. Aquacult. Nutrit. 16, 496-503.  

Sun,Y.-Z., Yang, H.-L., Ma, R.-L., Lin, W.-Y. 2010. Probiotic applications of two dominant gut Bacillus 

strains with antagonistic activity improved the growth performance and immune responses of 

grouper Epinephelus coioides. Fish & Shellfish Immunol. 29, 803-809.  

Reid, G., Sanders, M.E., Gaskins, H.R., Gibson, G.R., Mercenier, A., Rastall, M.B., Rowland, I., Cherbut, 

C., Klaenhammer, T.R. 2003.  New scientific paradigms for probiotics and prebiotics. J. Clin. 

Gastroenterol  37, 105-108.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



67 

 

���

�� 
 

���

�� )* 1  

(��
�������-��+���/��: F���)$
� 

�
�%+,......................................       ��;�%+,..................................                 

������� “
�������������

����������������!��	
�"�
#$
���%” 

 

$�,�..................................................................%+,���; ............................................................................. 

���+��+���$��#�#+���;���)$
� 

1. ��+���/��............................ ~������/��	��............................ !��#���/��........~�. �����
��)...........��%  

    	�����..........�
�/��)$
� 	�����.........��)$
� !��#��)$
�.........��.�.  �)�)������+���......�#���   

    ����"�
�!��������/��%+,A#-.............��./��)$
� !��F"-�
�............................................................... 

    ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

  O /��!��#..........!+# ����................................................��%/��.   

  O /��!��#..........!+# ����................................................��%/��. 

   ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ �
� A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����................................................................ 

2. ��+���/��............................ ~������/��	��............................ !��#���/��........~�. �����
��)...........��%  

    	�����..........�
�/��)$
� 	�����.........��)$
� !��#��)$
�.........��.�.  �)�)������+���......�#���   

    ����"�
�!��������/��%+,A#-.............��./��)$
� !��F"-�
�............................................................... 

    ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

  O /��!��#..........!+# ����................................................��%/��.   

  O /��!��#..........!+# ����................................................��%/��. 

      ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ �
� A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����................................................................ 

3. ��+���/��............................ ~������/��	��............................ !��#���/��........~�. �����
��)...........��%  

    	�����..........�
�/��)$
� 	�����.........��)$
� !��#��)$
�.........��.�.  �)�)������+���......�#���   

    ����"�
�!��������/��%+,A#-.............��./��)$
� !��F"-�
�............................................................... 



68 

 
     ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

  O /��!��#..........!+# ����................................................��%/��.   

  O /��!��#..........!+# ����................................................��%/��. 

      ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ �
� A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����................................................................ 

4. ��+���/��............................ ~������/��	��............................ !��#���/��........~�. �����
��)...........��%  

    	�����..........�
�/��)$
� 	�����.........��)$
� !��#��)$
�.........��.�.  �)�)������+���......�#���   

    ����"�
�!��������/��%+,A#-.............��./��)$
� !��F"-�
�............................................................... 

    ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

  O /��!��#..........!+# ����................................................��%/��.   

  O /��!��#..........!+# ����................................................��%/��. 

      ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ �
� A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����................................................................ 

��%)��)������ 

��)$
�%+,…… !��#��)$
�..................��.�. ��+���/��	�����...............$��# 

1. /��............................ ~������/��	��........................ !��#���/��........~�. �����
��).........��%  

   	�����..........�
�/��)$
� �)�)������+���......�#���  ����"�
�!��������/��%+,A#-.............��./��)$
� 

   !��F"-�
�.............................................................................. 

   ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

  O /��!��#..........!+# ����................................................��%/��.   

  O /��!��#..........!+# ����................................................��%/��. 

2. /��............................ ~������/��	��........................ !��#���/��........~�. �����
��).........��%  

   	�����..........�
�/��)$
� �)�)������+���......�#���  ����"�
�!��������/��%+,A#-.............��./��)$
� 

   !��F"-�
�.............................................................................. 

   ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

  O /��!��#..........!+# ����................................................��%/��.   

  O /��!��#..........!+# ����................................................��%/��. 

 

 



69 

 
3. /��............................ ~������/��	��........................ !��#���/��........~�. �����
��).........��%  

   	�����..........�
�/��)$
� �)�)������+���......�#���  ����"�
�!��������/��%+,A#-.............��./��)$
� 

   !��F"-�
�.............................................................................. 

   ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

  O /��!��#..........!+# ����................................................��%/��.   

  O /��!��#..........!+# ����................................................��%/��. 

4. /��............................ ~������/��	��........................ !��#���/��........~�. �����
��).........��%  

   	�����..........�
�/��)$
� �)�)������+���......�#���  ����"�
�!��������/��%+,A#-.............��./��)$
� 

   !��F"-�
�.............................................................................. 

   ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

  O /��!��#..........!+# ����................................................��%/��.   

  O /��!��#..........!+# ����................................................��%/��. 

5. /��............................ ~������/��	��........................ !��#���/��........~�. �����
��).........��%  

   	�����..........�
�/��)$
� �)�)������+���......�#���  ����"�
�!��������/��%+,A#-.............��./��)$
� 

   !��F"-�
�.............................................................................. 

   ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

  O /��!��#..........!+# ����................................................��%/��.   

  O /��!��#..........!+# ����................................................��%/��. 

!-����%
,�A/ 

1.  ��&   O $��  O "*�� 

2.  ���'.............../� 

3.  �)#
����&|�0� O /�)��&|�0�   O �
9��&|�0� 

   O /�$. , /�
.   O /.��+ 

   O 
����;� /.��+ 

4.  
��$��F���
������..................�� 

5.  (����.�.��+���/��   O F$-(�����F���
������................��   O (����� 	-����+���.................�� 

6.  �"�'��F������+���/�� O !���;�����A#-#+  O ��+���������,���-�� 

    O "�;����.�.!���
4
�
�
�'� O ��+����;���-�%'��,��  

    O ��,���)�'.......................... 

7.  /�)
��������+���/��................../� 

8.  /}*"��'/
��� (�)(��%��(�-/}*"�F������+���/��%+,�� 

 O �
�9'�/��............................................................................................................................  

............................................................................................................................................................  

 O ��"�� ............................................................................................................................... 

............................................................................................................................................................ 

 O ��� $;���#���%+,�/G� ............................................................................................................ 

............................................................................................................................………………………  

 O ����%;�� $;���#��� ........................................................................................................... 

………………………………………………………………………………………………………………. 



70 

 
O �����
+� ����)..................................................................................................................... 

……………………………………………………………………………………………………………….. 

 O ���	��"�;�������� ����)................................................................................................ 

……………………………………………………………………………………………………………….. 

 O &
���/�� ����).................................................................................................................... 

………………………………………………………………………………………………………………. 

�����+���/��F���)$
� 

1.�
�0�)!����)$
� 

 O ��+���F���)$
�F�(�;����.................. 

 O ��+���F���)$
��������9���$��� 

 O ��+���F���)$
�F��;�!������� 

2./�)��%!����)$
�  O ����
�-���"�E�  O ����
�-��(������� 

3.����
�%9�?%+,#��!����)$
� O !������� 

    O *��� 

    O �$;� �;��$;��#����).............................................��% 

    O ��,���)�'........................................................................... 

4.�

#'��!;��%+,%;��F$- !��#.....................................~�. 

5.���'���F$-���!�����......................................./� 

6.%;��%������
)��#��!;����)$
��)"�;�������+���"���A�; 

 O %������
)��#....................................��
��/�#��� 

 O A�;%������
)��# 

7.��9+���%������
)��#��!;����)$
� 

 O……………………………………………………………………………………………. 

O……………………………………………………………………………………………. 

O……………………………………………………………………………………………. 

�
�9'�/�� ���F"-��"�� (�)���#�(��
�0����/�� 

1.  %;�����)/��A#-"���A�;  O A#- ���.................................................................. 

    O A�;A#- ����).......................................................... 

2.  ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����.......................................................... 

3.  �����;����
��F����F"-��"��.......................��
��/�
� ���� O �$-�  O �����
� O ��E� 

 



71 

 
4.  /��%+,��+������#-����������#���"���A�; 

 O A�;�+/��� (!-��A/!-� 8)  O �+/������ �#�/���+(������
�  

O �+/������ �#�/������� O �+/������ �#�/��%-�����   

O �+/������ ���E#�
��  O ��,���)�'......................................................................................... 

5.  %;������
#�
�0���;��A� 

 O F$-
�����+ $�,�......................................................../�����...........................��./��)$
� 

 O F$-�����................................................................./�����............................��./��)$
� 

 O ��,���)�'................................................................/�����...........................��./��)$
� 

���(/���/
���-�/�����,�����;� 

1.  ���(/���//��%+,����)"�;����+��� 

 O (/���/%�� O /���-�  O %��/����������  O ��,���)�'.......................... 

 O A�;(/���/ O ���A/�}�#��  O �
�F"-/����,���� O %���.................................... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



72 

 

���

�� )* 2  

'##��#	��
$@��)���+��: F
#&���
 

�
�%+,......................................       ��;�%+,..................................                 

������� “
�������������

����������������!��	
�"�
#$
���%” 

 
$�,�..................................................................%+,���;............................................................................... 

���+��+���$��#�#+���;��;� 

1. ��+���/��............................ ~������/��	��............................ !��#���/��........~�. �����
��)...........��%  

    	�����..........�
�/�;� 	�����.........�;� !��#�;�.........��� �)�)������+���......�#���   

    ����"�
�!��������/��%+,A#-.............��./�;� !��F"-�
�.................................................................... 

      ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

   O /��!��#..........!+# ����................................................��%/��.  

   O /��!��#..........!+# ����................................................��%/��. 

      ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ �
� A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����................................................................ 

2. ��+���/��............................ ~������/��	��............................ !��#���/��........~�. �����
��)...........��%  

    	�����..........�
�/�;� 	�����.........�;� !��#�;�.........��� �)�)������+���......�#���   

    ����"�
�!��������/��%+,A#-.............��./�;� !��F"-�
�.............................................................................. 

      ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

   O /��!��#..........!+# ����................................................��%/��.  

   O /��!��#..........!+# ����................................................��%/��. 

     ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ �
� A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����................................................................ 

3. ��+���/��............................ ~������/��	��............................ !��#���/��........~�. �����
��)...........��%  

    	�����..........�
�/�;� 	�����.........�;� !��#�;�.........��� �)�)������+���......�#���   

    ����"�
�!��������/��%+,A#-.............��./�;� !��F"-�
�.............................................................................. 

      ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 



73 

 
   O /��!��#..........!+# ����................................................��%/��.  

   O /��!��#..........!+# ����................................................��%/��. 

     ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ �
� A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����................................................................ 

4. ��+���/��............................ ~������/��	��............................ !��#���/��........~�. �����
��)...........��%  

    	�����..........�
�/�;� 	�����.........�;� !��#�;�.........��� �)�)������+���......�#���   

    ����"�
�!��������/��%+,A#-.............��./�;� !��F"-�
�.............................................................................. 

      ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

   O /��!��#..........!+# ����................................................��%/��.  

   O /��!��#..........!+# ����................................................��%/��. 

     ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ �
� A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����................................................................ 

���+��+������ 

�;�%+,…. !��#�;�..................��� ��+���/��...............$��# 

           1. /��............................ ~������/��	��........................ !��#���/��........~�. �����
��).........��%  

               	�����..........�
�/�;� �)�)������+���......�#���  ����"�
�!��������/��%+,A#-.............��./�;� 

               !��F"-�
�.............................................................................. 

               ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

   O /��!��#..........!+# ����................................................��%/��.  

   O /��!��#..........!+# ����................................................��%/��. 

            2. /��............................ ~������/��	��........................ !��#���/��........~�. �����
��).........��%  

               	�����..........�
�/�;� �)�)������+���......�#���  ����"�
�!��������/��%+,A#-.............��./�;� 

               !��F"-�
�.............................................................................. 

               ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

   O /��!��#..........!+# ����................................................��%/��.  

   O /��!��#..........!+# ����................................................��%/��. 

             3. /��............................ ~������/��	��........................ !��#���/��........~�. �����
��).........��%  

               	�����..........�
�/�;� �)�)������+���......�#���  ����"�
�!��������/��%+,A#-.............��./�;� 

               !��F"-�
�.............................................................................. 



74 

 
               ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

   O /��!��#..........!+# ����................................................��%/��.  

   O /��!��#..........!+# ����................................................��%/��. 

             4. /��............................ ~������/��	��........................ !��#���/��........~�. �����
��).........��%  

               	�����..........�
�/�;� �)�)������+���......�#���  ����"�
�!��������/��%+,A#-.............��./�;� 

               !��F"-�
�.............................................................................. 

               ����	��"�;��  O /��!��#..........!+# ����................................................��%/��. 

   O /��!��#..........!+# ����................................................��%/��.  

   O /��!��#..........!+# ����................................................��%/��. 

            ��"��%+,F$-��+���/�� 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

 O ��"����E#.................................$;�����'......................../�����.....................��./�
� 

   ������)
���).........................��% !��#��)
���).................................��. 

O ��$ �
� A#-(�;........................................ /�����.......................................................... 

 O ��,�� �)�'........................................ /�����................................................................ 

!-����%
,�A/ 

1.  ��&   O $��  O "*�� 

2.  ���'.............../� 

3.  �)#
����&|�0� O /�)��&|�0�   O �
9��&|�0� 

   O /�$. , /�
.   O /.��+ 

   O 
����;� /.��+ 

4.  
��$��F���
������..................�� 

5.  (�������+���/��                O F$-(�����F���
������................��   O (�����	-����+���.................�� 

6.  �"�'��F������+���/�� O !���;�����A#-#+  O ��+���������,���-�� 

    O "�;�����!���
4
�
�
�'� O ��+����;���-�%'��,��  

    O ��,���)�'.......................... 

7.  /�)
��������+���/��................../� 

8.  /}*"��'/
��� (�)(��%��(�-/}*"�F������+���/��%+,�� 

 O �
�9'�/��........................................................................................................................................ 

 O ��"��........................................................................................................................................... 

 O ��� $;���#���%+,�/G�...................................................................................................................... 

 O ����%;�� $;���#���.......................................................................................................................... 

O �����
+� ����).................................................................................................................................... 

 O ���	��"�;�������� ����)............................................................................................................... 

 O &
���/�� ����)................................................................................................................................ 

 

 

 



75 

 
�����+���/��F��;�#��    

1.  ����
�%9�?%+,#��!���;�/�� O !������� 

    O *��� 

    O �$;� 

    O ��,���)�'........................................................................... 

2.  F$-����  O ������#�� O ����	��(�;����  O ��,���)�'......................... 

3.  �)#
�����F��;�#���|�	�������;�..................................���� 

4.  F$-
�����+/�
�/�'�
����;�"���A�; 

 O F$-
�����+$�,�................................................./�����%+,F$-.............................��./A�; 

O A�;F$- 

5.  ������/�
�
����;�"���A�;  O ������  O A�;��� 

6.  ����;�/��"�
����	
�.......................................�#��� 

7.  ����/�+,���;������F��;�#��.................................��
��/

/#�"� 

8.  %;��#�(��;�#��   O ���
��;�F"-
�����,�/����
�����%;�� 

   O /����
�#-����!;���
�&
���/��(�)/����
�/��������+����%;�� 

   O ��,�� �)�'...................................................................................... 

�
�9'�/�� ���F"-��"�� (�)���#�(��
�0����/�� 

1.  %;�����)/��A#-"���A�;  O A#- ���.................................................................. 

O A�;A#- ����).......................................................... 

2.  �����;����
��F����F"-��"��...................................��
��/�
� ����     O �$-� 

             O �����
� 

             O ��E� 

3.  /��%+,��+������#-����������#���"���A�; 

 O A�;�+/��� (!-��A/!-� 8)  O �+/������ �#�/���+(������
�  

O �+/������ �#�/�������  O �+/������ �#�/��%-�����   

O �+/������ ���E#�
�� 

 O ��,���)�'..............................................................................................................  

4.  %;������
#�
�0���;��A� 

 O F$-
�����+ $�,�......................................................../�����...........................��./�;� 

 O F$-�����................................................................./�����............................��./�;� 

 O ��,���)�'................................................................/�����...........................��./�;� 

5.  �;��/�;������%���%;������
#�����
+�"���A�; 

 O ����
# �#�.......................................................................................O A�;����
# 

6.  ("�;�/�;������%���	�������+���/�� 

 O ����%+,��%+,�;��   O 
����A�- 
����
�                    O ��!-��  

 O ("�;�����9���$���                     O ����$�/�)%�� 

7.  ���(/���//��%+,����)"�;����+��� 

 O (/���/%�� O /���-�  O %��/����������  O ��,���)�'.......................... 

 O A�;(/���/ O ���A/�}�#��  O �
�F"-/����,���� O %���.................................... 



76 

 

���

�� )* 3  

'##��#	����*�� 

��
�%+,...............               �
�%+,......./......./....... 
 

$�,�-
�'�...............................................................................................................................................  

%+,���; �-����!%+,.............. "��;................. �-��..........................�����................................ �����

�................................. ������%�&
�%�.....................................................................................................  

1. ��&   O $��  O "*�� 

2. ���'......................./�           3. /�)
������F����%����,���;�/��...................../� 

4.��$+�"�
�  O �-�!��   O %�������0�� (
�� ��!-��) 

   O �
�	-��   O ��+���/��  

   O �
���$���   O ��,���)�'...................................... 

5.��$+����  O �-�!��  O %�������0�� (
�� ��!-��) 

   O �
�	-��   O ��+���/��  

   O �
���$���   O ��,���)�'...................................... 

6.!��#��,��......................................���  

7.�#���%+,%������;�/�� 

 O ������     O �'����
�9�     O �+����          O ��0���  

 O ��0����     O ���'����  O ���>���         O 
��"��� 

 O �
�����     O �'����  O ��&	�����     O 9
����� 

8.�#���%+,%������#����	
�/�� 

 O ������     O �'����
�9�     O �+����             O ��0���  

 O ��0����     O ���'����  O ���>���            O 
��"��� 

 O �
�����     O �'����  O ��&	�����     O 9
����� 

9.$;���)�)�����
��(�;���,��;�	��|��#�������,�	
�/��...............................�
� 

10.�

#'�;�    O A�;�+  O �+ ���.......................................................................... 

11.��"���;�   O A�;�+  O �+ ���.......................................................................... 

12.$��#/��%+,A#-     

1. /��…………..  	�����............������
� ����.............��%/�� 

2. /��…………..  	�����............������
� ����.............��%/�� 

3. /��…………..  	�����............������
� ����.............��%/�� 

4. /��…………..  	�����............������
� ����.............��%/�� 

5. /��…………..  	�����............������
� ����.............��%/�� 

6. /��…………..  	�����............������
� ����.............��%/�� 

7. /��…………..  	�����............������
� ����.............��%/�� 

8. /��…………..  	�����............������
� ����.............��%/�� 

9. /��…………..  	�����............������
� ����.............��%/�� 

10. /��…………..  	�����............������
� ����.............��%/�� 

11. /��…………..  	�����............������
� ����.............��%/�� 



77 

 
12. /��…………..  	�����............������
� ����.............��%/�� 

13. /��…………..  	�����............������
� ����.............��%/�� 

14. /��…………..  	�����............������
� ����.............��%/�� 

15. /��…………..  	�����............������
� ����.............��%/�� 

16. /��…………..  	�����............������
� ����.............��%/�� 

17. /��…………..  	�����............������
� ����.............��%/�� 

18. /��…………..  	�����............������
� ����.............��%/�� 

19. /��…………..  	�����............������
� ����.............��%/�� 

20. /��…………..  	�����............������
� ����.............��%/�� 

21. /��…………..  	�����............������
� ����.............��%/�� 

22. /��…………..  	�����............������
� ����.............��%/�� 

23. /��…………..  	�����............������
� ����.............��%/�� 

24. /��…………..  	�����............������
� ����.............��%/�� 

25. /��…………..  	�����............������
� ����.............��%/�� 

26. /��…………..  	�����............������
� ����.............��%/�� 

27. /��…………..  	�����............������
� ����.............��%/�� 

28. /��…………..  	�����............������
� ����.............��%/�� 

29. /��…………..  	�����............������
� ����.............��%/�� 

30. /��…………..  	�����............������
� ����.............��%/�� 

31. /��…………..  	�����............������
� ����.............��%/�� 

32. /��…………..  	�����............������
� ����.............��%/�� 

13.���!��������   O !��
#  O %��/���-� 

O %��/�������  O %��/����� 

O A�;!��������  O A�;!�� (�)���A/��+����;� 

  O ��,�� �)�'................................................................................................... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



78 

 

���

�� )* 4  

'##��#	��#&��&�+�� 

��
�%+,...............           �
�%+,......./......./....... 
 

$�,�-
�'�...............................................................................................................................................  

%+,���; �-����!%+,.............. "��;................. �-��..........................�����................................ �����

�................................. ������%�&
�%�............................................................................................  

1. ��&   O $��  O "*�� 

2. ���'......................./�           3. /�)
������F����%���;��;�/��...................../� 

4.��$+�"�
�  O �-�!��/��   O %�������0�� (
�� ��!-��) 

   O �
�	-��   O ��+���/��  

   O �
���$���   O ��,���)�'...................................... 

5.��$+����  O �-�!��/��   O %�������0�� (
�� ��!-��) 

   O �
�	-��   O ��+���/��  

   O �
���$���   O ��,���)�'...................................... 

6.!��#�;�......................................���  

7.�#���%+,%������;�/�� 

 O ������     O �'����
�9�    O �+����              O ��0���  

 O ��0����     O ���'����     O ���>���              O 
��"��� 

 O �
�����     O �'����     O ��&	�����    O 9
����� 

8.�#���%+,%������#����	
�/�� 

 O ������     O �'����
�9�    O �+����              O ��0���  

 O ��0����     O ���'����     O ���>���              O 
��"��� 

 O �
�����     O �'����     O ��&	�����    O 9
����� 

9.$;���)�)�����
��(�;���,��;�	��|��#�������,�	
�/��...............................�
� 

10.�

#'�;�    O A�;�+  O �+ ���.......................................................................... 

11.��"���;�   O A�;�+  O �+ ���.......................................................................... 

12.$��#/��%+,A#-     

1. /��…………..  	�����............������
� ����.............��%/�� 

2. /��…………..  	�����............������
� ����.............��%/�� 

3. /��…………..  	�����............������
� ����.............��%/�� 

4. /��…………..  	�����............������
� ����.............��%/�� 

5. /��…………..  	�����............������
� ����.............��%/�� 

6. /��…………..  	�����............������
� ����.............��%/�� 

7. /��…………..  	�����............������
� ����.............��%/�� 

8. /��…………..  	�����............������
� ����.............��%/�� 

9. /��…………..  	�����............������
� ����.............��%/�� 

10. /��…………..  	�����............������
� ����.............��%/�� 

11. /��…………..  	�����............������
� ����.............��%/�� 



79 

 
12. /��…………..  	�����............������
� ����.............��%/�� 

13. /��…………..  	�����............������
� ����.............��%/�� 

14. /��…………..  	�����............������
� ����.............��%/�� 

15. /��…………..  	�����............������
� ����.............��%/�� 

16. /��…………..  	�����............������
� ����.............��%/�� 

17. /��…………..  	�����............������
� ����.............��%/�� 

18. /��…………..  	�����............������
� ����.............��%/�� 

19. /��…………..  	�����............������
� ����.............��%/�� 

20. /��…………..  	�����............������
� ����.............��%/�� 

21. /��…………..  	�����............������
� ����.............��%/�� 

22. /��…………..  	�����............������
� ����.............��%/�� 

23. /��…………..  	�����............������
� ����.............��%/�� 

24. /��…………..  	�����............������
� ����.............��%/�� 

25. /��…………..  	�����............������
� ����.............��%/�� 

26. /��…………..  	�����............������
� ����.............��%/�� 

27. /��…………..  	�����............������
� ����.............��%/�� 

28. /��…………..  	�����............������
� ����.............��%/�� 

29. /��…………..  	�����............������
� ����.............��%/�� 

30. /��…………..  	�����............������
� ����.............��%/�� 

31. /��…………..  	�����............������
� ����.............��%/�� 

32. /��…………..  	�����............������
� ����.............��%/�� 

13.���!��������   O !��
#  O %��/���-� 

O %��/�������  O %��/����� 

O A�;!��������  O A�;!�� (�)���A/��+����;� 

  O ��,�� �)�'................................................................................................... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



80 

 

���

�� )* 5  

'##��#	��
$@�@� 

��
�%+,...............           �
�%+,...../......./....... 

�������&|�0�
�������������

����������������!��	
�"�
#$
���% 
 

$�,�-
�'�...............................................................................................................................................  

%+,���; ��!%+,............. "��;.............. ���........................... �����............................ ������...................... ������%�&
�%�

�-��........................................................ ������%�&
�%�������........................................ 

!-����%
,�A/ 

1. ��&   O $��  O "*�� 

2. ���'.............../� 

3. $��#/��%+,!��................................................................................................................................ 

4. ��$+�"�
�  O �-�!��/��   O %�������0��(
�� ���
� ��!-��) 

   O �
�	-��   O ��+���/��  

   O �
���$���   O ��,���)�'...................................... 

5. ��$+����  O �-�!��/��   O %�������0��(
�� ���
� ��!-��) 

   O �
�	-��   O ��+���/��  

   O �
���$���   O ��,���)�'...................................... 

6. /�)
������F����%����$+��-�/��................../� 

7. %;��%������-�/��(��F# 

 O �-�
;� (���!-� A,B)    O !��/�+�����
� 

 O ��,�� �)�'................................................................................................................ 

A. "��%;���-�
;� %;��
;�F"-("�;�F#�-�� 

  O �-�
;��;��/�)�%&  A#-(�;/�)�%&............................................................................. 

  O �-�
;��;��	
�"�
# A#-(�;............................................................................................ 

 O �-�
;����F�	
�"�
# 	�����.....................��� 

B. %;���-�
;�/���
�0�)F# 

  O 
#�+$+���   O 
#($;(!E�
�**���& 

  O (/���/   O ��,���)�'............................................................... 

8. %;���
�~���/��	��("�;�F# 

 O 	����-��+���/���#����  O 	����';�
"������-��+���/�� 

 O 	���������
�~��� $�,�............................................................................................. 

9. ����~���	����-��+���...................................��%/��. 	�����.......................................�
�/��. 

10. %;��	��"�;��/��/�)��% 

 O 
#�+$+���   O 
#A�;�+$+��� 

 O ��,���)�'................................................................................................................. 

11. !��#/��%+,	��"�;�� 

 11.1 !��#/��...............%+,	��"�;�� 

        O �
�!��#F"*; 1 �
� "�
�.........��
� ����..............��%/��. $;������....................��% 



81 

 
        O �
�!��#���� 1 �
� "�
�.........��
� ����..............��%/��. $;������...................��% 

       O �
�!��#��E� 1 �
� "�
�.........��
� ����..............��%/��. $;������......................��% 

 11.2 !��#/��...............%+,	��"�;�� 

        O �
�!��#F"*; 1 �
� "�
�.........��
� ����..............��%/��. $;������....................��% 

        O �
�!��#���� 1 �
� "�
�.........��
� ����..............��%/��. $;������...................��% 

       O �
�!��#��E� 1 �
� "�
�.........��
� ����..............��%/��. $;������......................��% 

 11.3 !��#/��...............%+,	��"�;�� 

        O �
�!��#F"*; 1 �
� "�
�.........��
� ����..............��%/��. $;������....................��% 

        O �
�!��#���� 1 �
� "�
�.........��
� ����..............��%/��. $;������...................��% 

       O �
�!��#��E� 1 �
� "�
�.........��
� ����..............��%/��. $;������......................��% 

 11.4 !��#/��...............%+,	��"�;�� 

        O �
�!��#F"*; 1 �
� "�
�.........��
� ����..............��%/��. $;������....................��% 

        O �
�!��#���� 1 �
� "�
�.........��
� ����..............��%/��. $;������...................��% 

       O �
�!��#��E� 1 �
� "�
�.........��
� ����..............��%/��. $;������......................��% 

 11.5 !��#/��...............%+,	��"�;�� 

        O �
�!��#F"*; 1 �
� "�
�.........��
� ����..............��%/��. $;������....................��% 

        O �
�!��#���� 1 �
� "�
�.........��
� ����..............��%/��. $;������...................��% 

       O �
�!��#��E� 1 �
� "�
�.........��
� ����..............��%/��. $;������......................��% 

 11.6 !��#/��...............%+,	��"�;�� 

        O �
�!��#F"*; 1 �
� "�
�.........��
� ����..............��%/��. $;������....................��% 

        O �
�!��#���� 1 �
� "�
�.........��
� ����..............��%/��. $;������...................��% 

        O �
�!��#��E� 1 �
� "�
�.........��
� ����..............��%/��. $;������.....................��% 

12."��/��%+,	��"�;����� %;��	)(/���/"���A�; 

 O (/���/�#�%��......................................................................................................... 

 O A�;(/���/ 

13.��-����������/��!��#F# 

 O !��#F"*;  O !��#����  O !��#��E� 

14.��-����������/��(��F# 

 O 
#�+$+���   O 
#����
�A�;(/���/ 

 O ���(/���/�#�%�#  O ��,���)�'............................................................... 

15.%;���+�'/����$;��F"-/���+$+���F��
�	��"�;��"���A�; 

 O �+ �)�'..................................................................................................................... 

 O A�;�+ 

16."��/��%+,	��"�;�����-!��A�;"�# %;��#�����������;��A� 

 O ($;(!E�!���
���';��+� 

 O (/���/%��............................................................................................................... 

 O ��,���)�'................................................................................................................. 

 

 



82 

 

���

�� )* 4 

���+�� )*��)*���@����#�������#���&�
 

 

/��
��� 

 

/��

��)��# 

 

/���)��� (�����)/��

�������� (����;��) 

 

/��(#� 

 



83 

 

/������ (�����) 

/���-� (����;��) 

 

/��
��# (���	��
http://www.fisheries.go.th/sf-

chiangrai/fish_thai/fishRiverK

OK.htm) 

 

/��(/� 

 

/��"��#���"��� 

(���	�� 

http://www.google.co.th/i

mglanding) 

 



84 

 

/���#�
� 

 

/���|� 

 

/���)��+��!�� (���	��
http://www.fisheries.go.th/sf-

chiangrai/fish_thai/fishRiverK

OK.htm) 

 

/���)��+��%�� (���	��
http://www.fisheries.go.th/sf-

chiangrai/fish_thai/fishRiverK

OK.htm) 

/��"��$-���"�+��   

(���	��
http://www.fisheries.go.th/sf-

chiangrai/fish_thai/fishRiverK

OK.htm) 

 



85 

 

���

�� )* 5 

# ����������#����
�'��& 

 
5.1 Loss of genetic variation of Phalacronotus bleekeri (Günther, 1864) in the hatchery stocks 

as revealed by the newly developed multiplex PCRs microsatellites  
 

 Anyalak Wachirachaikarna, Warangkana Prakoona, Thuy T.T. Nguyenb,c, Worawit 
Prompakdeed, Uthairat Na-Nakorne * 

 
a Interdisciplinary Program in Genetic Engineering, Graduate School, Kasetsart 

University, Bangkok, Thailand 
b School of Life and Environmental Sciences, Geelong Campus at Waurn Ponds, 

Geelong, VIC 3217, Australia  
c Victorian AgriBioSciences Centre, Department of Primary Industries, Bundoora, 

VIC 3083, Australia 
d Chainat Fisheries Research and Development Institute, Chainat Province, Thailand 

Department of Aquaculture, Faculty of Fisheries, Kasetsart University, Bangkok, 
Thailand 

e Center for Advanced Studies in Agriculture and Food, National Research University 
Program, Kasetsart University, Bangkok, Thailand 10900 

 
*Coresponding author 
E mail: ffisurn@ku.ac.th; Tel. & Fax: 66 2 5610990 

 
1.INTRODUCTION 
The global aquatic environmental deterioration and overexploitation of aquatic resources has 
led to the decline of fish stocks (e.g. Atlantic salmon, Salmo salar, Grandjean et al., 2009). As 
a consequence, stock augmentation has been practiced worldwide with variations of success 
[see Connor et al., 2004; e.g., for examples, successful cases of steelhead in the Carp River, 
Michigan (Daugherty et al., 2003). There are concerns on adverse impacts on genetic 
diversity of wild populations if the hatchery reared fish were released and interbred with the 
wild counterparts [e.g. dilution of wild genetic variation; loss of genetic integrity of the wild 
populations (e.g. Madeira et al., 2005); decline of adaptability of the recipient populations due 
to break down of coadaptive gene complexes (e.g. Clifford et al., 1998; Cooke and Philipp, 
2005; Araki et al., 2007). 
 Southeast Asia, one of the world hotspots of freshwater fishes is now facing threats on 
species extinction and decline of abundance of many native species. To cope with this 
problem, restocking has been widely practiced for conservation and enhancing fishery 
production.   Recently, concerns on adverse impacts of this practice have been raised. 
However, there has been only limited studies on this issue, for examples, Kamonrat (1996) 
based on microsatellite markers, found that the released of hatchery reared silver barb, 
Puntius gonionotus has resulted in decline of genetic variation between populations but not 
the genetic variation within populations.  

In this study the change of genetic variation of the captive stocks of Phalacronotus 
bleekeri (Günther, 1864) (synonym: Kryptopterus bleekeri) over 5 generations was evaluated. 
P. bleekeri or Pla Daeng in Thai, inhabiting rivers, streams, lakes and impoundment in 
Cambodia, Laos, Thailand and Vietnam (Froese and Pauly, 2010), is of high value and the 
production is solely from artisanal fisheries. Due to the decline of abundance of many native 
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fishes in the Chaophraya River in Thailand, the restocking programs have been established 
and P. bleekeri is among the target species. At present two generations of broodstock were 
maintained in the Chainat Fisheries Research and Development Institute, Chainat Province, 
and were used for producing fingerlings for restocking. Therefore, it is of great interest to 
evaluate genetic alteration of the captive broodstocks over generations of captive breeding 
relative to the wild populations.  The information obtained from this study is essential for 
recommendations on necessity of the stock enhancement program. Simultaneously 
recommendation on broodstock management will be provided. More importantly, in this 
study microsatellite primers specific to P. bleekeri were developed to enable multiplex PCR 
which would save the expenses and time for the analyses. 

2.MATERIALS AND METHODS 
2.1 Sample collection 

Samples of caudal fin clip (approximately 20 g) of Phalacronotus bleekeri were 
collected from 39 and 40 samples each of the third generation broodstock (spawned in 1999: 
1999-broodstock) and the fifth generation broodstock (spawned in 2006: 2006-broodstock) of 
Chainat Fisheries Research and Development Institute, respectively. These stocks were 
originated from wild fish collected from Chaophraya River below Chaophraya Dam at the 
location adjacent to the Chainat Fisheries Research and Development Institute and were 
maintained without re-introduction of the wild fish. The samples of 39 wild Phalacronotus 
bleekeri were collected from Chaophraya River at the location where the founders of the 
captive stocks have been collected. The fin clips were preserved in 90% Ethanol until DNA 
extraction was performed. 
2.2 DNA extraction  

DNA extraction was performed according to the method described by Taggart et al. 
(1992) with slight modification. The DNA samples were used for development of 
microsatellite primers and subsequent scoring of microsatellite loci.  
2.3 Development of microsatellite primers and Multiplex PCR 

The protocols employed here were as described in Na-Nakorn et al. (2010). In brief, 
genomic DNA derived from Phalacronotus bleekeri were digested with RsaI then ligated to 
21 bp and 25 bp MluI adapters. Next it was purified using QIAquick PCR purification kit 
(Qiagen) and amplified. The PCR conditions and primer sequence were as reported in 
Edwards et al., (1996). For enrichment of microsatellites, 100 ng of ligated, denatured DNA 
was hybridised to repeated oligonucleotides {(GACA)9, (GATA)9, (AAAT)9, (GATG)9, 
(CAA)14, (CA)20, (GT)5, (AAT)14, (CT)15, (AAG)14} bound to the filter membranes. 
Following hybridisation the filters were washed, the bound DNA was eluted and amplified 
following Edwards et al. (1996). The enriched DNA products were cloned using the pGEM®-
T easy vector system I kit (Promega). Then the plasmids were transformed into E. coli 
JM109. The white colonies were selected in the presence of X-gal and IPTG in LB agar with 
ampicillin. Then DNA sequencing was performed using BIG DYE 3.1 terminator mix on an 
ABI 377 Sequencer (Applied Biosystems). 

The PRIMER v.3 program (Rozen and Skaletsky, 2000), based upon the 
guideline for multiplex primer design (Multiplex PCR Handbook 09/2002, Qiagen), was used 
to design primers. Then a 5´end of forward primers were labeled with NED, PET, FAM, VIC 
fluorescent dyes (Applied Biosystems) based upon allelic size range. Next, each primer pair 
was individually applied to amplify each of five DNA samples to corroborate correct 
amplification, allele size range and microsatellite identification before using all primers 
together in a multiplex PCR. All PCR reactions contained 10 ng of DNA, 0.5 units of 
DreamTaq DNA polymerase (Fermentas), 1.5 mM of MgCl2, 0.2 mM of each dNTP and 0.5 
�M of each primer in the manufacturer's buffer. The reaction profile was 95 °C for 3 min, 35 
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cycles of 94 °C for 45 s, 57 °C for 45 s, and 72 °C for 60 s, followed by 10 min at 72 °C. PCR 
reactions were performed using PX2 Thermal cycler (ThermoScientific). Then the amplicons 
were analyzed in 1% agarose gel electrophoresis and visualized by SYBR® Gold (Invitrogen) 
staining. Those microsatellite markers that did not amplify individually were discarded from 
the multiplex reaction. Two robust multiplex PCRs were developed based on allelic size range 
and fluorescent dye labeling. The individual DNA samples were amplified in the multiplex 
PCR using QIAGEN® Multiplex PCR kit (QIAGEN), PCR conditions and reactions followed 
by QIAGEN® Multiplex PCR handbook February 2008 
(http://www1.qiagen.com/literature/protocols/QIAGENMultiplexPCR.aspx). The PCR products were detected by 
3130 Genetic Analyzer (Applied Biosystems) machine and demonstrated allelic size using 
Genemapper® software v.4.0 (Applied Biosystems). 
2.3 Data analyses 

The Genepop version 4.0 (Rousset, 2008) was employed to test whether genotypic 
distributions of each population conform to Hardy-Weinberg equilibrium (HWE). Exact P 
values were estimated using the Markov chain method (dememorization: 1000; batches: 100; 
iterations per batch: 1000) (Guo and Thompson, 1992). Then inbreeding coefficient was 
calculated using FSTAT 1.2 (Goudet, 1995). Next, parameters describing genetic variation 
within a population, allele frequencies, average number of alleles per locus, and observed and 
expected heterozygosities, were calculated using Popgene version 1.32 (Yeh et al., 2000). The 
differences of genetic variation among populations were tested using the t -test (Archie, 
1985). For all multiple tests, P values were corrected using a sequential Bonferroni correction 
(Hochberg, 1988; Rice, 1989). The average pairwise genetic relatedness (rxy; Ritland 
estimator) among individuals within populations was calculated using KINGROUP version 
2_090501 (Konovalov et al., 2004). Effective population size (Ne) was estimated using Ne 
Estimator version 1.3 (Peel, 2004). 
 To test the occurrence of significant reduction of effective population size (a recent 
bottleneck), the program Bottleneck version 1.2.02 (Cornuet and Luikart, 1997) was used. 
The independent segregation of genotypes (linkage disequilibrium) was tested using the exact 
test (Markov chain: dememorization: 1000; batches: 100; iterations per batch: 1000) (Guo and 
Thompson, 1992) facilitated by Genepop version 4.0 (Rousset, 2008).  
 Then F statistics (FST, FIT and FIS) were calculated using FSTAT version 2.9.3.2 
(Goudet, 2001) and tested against zero by a bootstrapping method to determine the existence 
of population differentiation. Differences in distributions of allele frequencies between 
populations were tested using Fisher’s exact test in Genepop version 4.0 (Rousset, 2008). 
Cavalli-Sforza and Edwards’ (1967) genetic distances between population pairs were 
calculated using the program PHYLIP version 3.63 (Felsenstein, 1993). 
 To elucidate the contributions of the hatchery populations to the genepool of the wild 
population, the multilocus genotypes of individuals in the wild population were assigned to 
the two hatchery populations and the wild population itself using GeneClass2 (assignment 
threshold: 0.05; Criteria for computation: Bayesian method of Rannala and Mountain, 1997; 
resampling algorithm: Paetkau et al., 2004; minimum number of simulated individuals: 1,000) 
(Piry et al., 2004).  
3. RESULTS 
3.1 Microsatellites of Phalacronotus bleekeri  
            Among 30 sequenced positive clones, 10 clones contained microsatellites among 
which 10 sequences allowed for successful primer design of which two robust multiplex PCR 
panels were successful. They comprised hexaplex (PBL06, PBL10, PBL16, PBL21, PBL28, 
PBL33) and tetraplex panels (PBL14, PBL17, PBL24, PBL26). However, when those primers 
were tested across large number of samples (> 50 samples) only seven primers produced 
unambiguous and reproducible microsatellite profiles. The useful primers comprised five 
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microsatellites with perfect dinucleotide motifs (PBL10, 21, 24, 26 and 33); one each with 
imperfect dinucleotide (PBL06) and perfect trinucleotide motifs (PBL17). Overall these 
microsatellites possessed high polymorphisms (number of alleles per locus = 14 – 24; 
expected heterozygosity- He = 0.848 – 0.927), except for PBL17 of which number of alleles 
per locus = 5 and He = 0.588). 
 Sixteen alleles observed in the wild population were missing in the hatchery 
populations. On the other hand, 10 alleles found in any hatchery populations were not 
observed in the wild population, among which PBL178-235 (p = 0.438, 0.231) and PBL24-
242 (p = 0.213, 0.115) were observed at high allele frequencies. 
 All loci conformed to Hardy-Weinberg equilibrium in wild population (n = 39), 
whereas homozygote excess was observed in one of the broodstock populations at four loci 
(PBL10, 17, 24 and 33), in both of the populations at PBL26. Distortion of genetic 
equilibrium was observed at two pairs of loci (MBL06 - MBL21 and MBL21 x MBL33) in 
wild population; three pairs of loci in the 1999-broodstock (MBL06 - MBL21, MBL10 - 
MBL21 and MBL24 - MBL33); at eight pairs in 2006-broodstock (MBL06 - MBL17, MBL06 - 
MBL21, MBL10 - MBL17, MBL10 - MBL21, MBL10 - MBL26, MBL17 - MBL21, MBL17 - 
MBL26 and MBL21 - MBL26).  Notably, the linkage between MBL06 - MBL21 was 
significant in all three populations. Therefore we decided to remove one of them from the 
analysis. We found that removing either MBL06 or MBL21 from the analysis gave similar 
results.  As such, MBL21 was removed from further analyses. 

3.2 Hardy-Weinberg equilibrium of populations across loci 
Genotype distribution of the wild population conformed to Hardy-Weinberg 

equilibrium at all loci while the departure from HWE towards homozygote excess was 
observed in the 1999-broodstock at MBL24 and MBL26. Heterozygote excess was significant 
in the 2006-broodstock at three loci (MBL10, MBL17 and MBL33) and homozygote excess at 
MBL26. Overall, the exact tests showed that only the wild population conformed to HWE and 
the captive stocks showed homozygote excess (sequential Bonferroni correction). 

3.3 Genetic variation and genetic relatedness within populations 
 Genetic variation based on six loci was showed in table 2. Allele diversity (mean 
number of alleles per locus - A and average effective number of alleles per locus - Ae) of the 
wild population is almost 1.5 times higher than both yearclasses of broodstock and the 
difference is supported by the Archie’s t-test. We did not calculate allelic richness because the 
sample sizes were almost equal (39 – 40 individuals/population). Heterozygosities were not 
different among the brooders and the wild population although the trend was towards 
reduction of heterozygosities in the broodstock relative to the wild population.  

3.4 Genotype disequilibrium 
 Based on six microsatellite loci (without MBL21), non random association was 
observed at one loci pair each in the wild population (MBL10 x MBL33) and the 1999-
broodstock (MBL06 x MBL24). While in the 2006-broodstock, four loci pairs (MBL06 x 
MBL17, MBL10 x MBL17, MBL10 x MBL26, MBL17 x MBL26) showed significant genotype 
disequilibrium. 

3.5 Genetic diversity between populations and genetic distance 
 FST was 0.086 and the confident interval (95%) was 0.130 – 0.052, hence indicated 
significant genetic differentiation among populations. Every population pair was significantly 
different as revealed by differences in distributions of allele frequencies between populations 
and the pairwise FST.  Both pairwise FST and genetic distance showed the highest significant 
differentiation between wild and the 2007 broodstock (D = 0.103; FST = 0.152), followed by 
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wild and 1999 broodstock (D = 0.083; FST = 0.083) and the most similar populations were 
between the two broodstock yearclasses (D = 0.026; FST = 0.052). 

3.6 Effective population size (Ne) 
Ne estimated from linkage disequilibrium showed that the wild population had 

relatively high Ne (Ne = 213.7; C.I.95% = 106.2 – 3101.7) whereas those of the two captive 
stocks were very low (Ne = 39.4; C.I. 95% = 28.4 – 59.6 for the 1999-broodstock; and Ne = 9.5; 
C.I. 95% = 8.0 – 11.3 for the 2007 broodstock). The method based on heterozygote excess 
showed Ne = infinity in every population. 
3.7 Contributions of the hatchery populations as revealed by the Bayesian assignment 
 The Bayesian assignment assigned all of the wild individuals to its own population at 
a score of 100. None were assigned to the hatchery populations. Thus this implied no 
contributions of the hatchery populations to the wild populations. 

4. DISCUSSION 
4.1 Microsatellite 

We developed the first primer sets for P. bleekeri, which could be run in the multiplex 
PCRs. Six loci contained dinucleotide motifs thus they showed high polymorphisms 
(O’Connell and Wright, 1997) comparing to the microsatellites of other teteosts (e.g. number 
of alleles per locus = 4.50 ± 2.72 of Epinephelus lanceolatus (Zeng et al., 2008); 3.42 ± 0.90 
of E. septemfasciatus (Zhao et al., 2009); 10.08 ± 4.54 of E. fuscoguttatus (Lo and Yue, 
2007); 10.20 ± 3.79 of Plectropomus maculatus (Zhu et al., 2005); 22.28 ± 10.39 of E. 
guttatus (Ramírez et al., 2006); 10.00 ± 12.73 of Cromileptes altivelis (Na-Nakorn et al. 
2010). Their high polymorphisms allow for high efficacy in parentage analyses (O’Connell 
and Wright, 1997; Liu and Cordes, 2004) while they performed very well in the population 
genetic study (e.g. every locus conformed to HWE in wild population despite of relatively 
low sample size, n = 39, this study). In addition, due to their capability of multiplex PCRs, 
thus they would allow for saving of time and cost relative to single PCR (e.g., Neff et al., 
2000; Navarro et al., 2008), with improved precision (Navarro et al., 2008).  

4.2 genetic variation of the broodstocks 
It was obvious that both broodstock yearclasses of which levels of genetic variation 

within populations was not different, lost allele diversity relative to the wild stock, while 
decline of heterozygosities are not significant. This clearly demonstrated the effect of genetic 
drift caused by founder effect (using small number of individuals as founders) which is 
characterized by loss of alleles with minimal effect to heterozygosities (Allendorf and 
Phelphs, 2001). Although the initial number of founders were relatively large (approximately 
200 fish, Sonthipan Phasukdee, pers.comm.) but only small portion had contributed to the 
subsequent generations due to the limited success of hatchery operations (e.g. broodstock 
maturation, induced breeding, nursing of fry, etc.). Notably, decline of Ne was not only a 
matter of broodstock number, but also mating scheme (Falconer and Mackay, 1996; see also 
Fiumera et al., 2004), increase variance of family size (Falconer and Mackay, 1996) which 
partly due to limited success of induced breeding which is common in early domesticated 
fish, e.g. Cromileptes altivelis (Na-Nakorn et al., 2010).  

The 2007 broodstock, despite of in-significant statistical comparison, showed the 
declining trend of genetic variation (allele diversity reduced by 10.37% and expected 
heterozygosity reduced by 11.39%) relative to the 1999 broodstock. This is in accordance 
with the previous studies in many fish species base on either low polymorphic and highly 
polymorphic markers, for examples, 12% lower mean number of alleles per locus (isozymes) 
and 17% lower heterozygosity of domesticated stocks of Atlantic salmon (Salmo salar) than 
in wild stocks (Skaala et al., 2005);  
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Moreover, the information from genetic disequilibrium apparently showed that Ne of the 

2007 broodstock was 75.89% reduced comparing with the 1999 broodstock.  

4.3 Genetic impacts of the restocking 
 The prior release of P. bleekeri fingerlings into the Chaophraya River did not 
contribute to the genepool of the wild population as revealed by the Bayesian assignment. 
Failure of the stock enhancement program of P. bleekeri may mainly owe to too small 
numbers of released fingerlings (�10,000 fingerlings/year, Worawit Prompakdi, pers. comm.). 
In general, the released fingerlings had low survival rates [e.g. 1.5 and 13.8% in white sea 
bass, Atractoscion nobilis, Hervas et al. (2010)]. Therefore, the successful restocking 
programs needed large numbers of released fingerlings, e.g. the most successful stock 
enhancement reported for scallops and shrimp involved releasing of hundreds of millions to 
billions of juveniles each year (Uki, 2006; Wang et al., 2006a). In addition, measures should 
be established to enhance survival and hence genetic contributions of the released fish, e.g. 
proper fisheries measures to avoid harvest of immature fish (reviews by Bartley and Bell, 
2008), restoration of habitat which was reported as very effective to recreate new populations 
of Atlantic salmon (Grandjean et al., 2009). 

4.4 Is restocking necessary and whether the present hatchery stocks are appropriate for the 
restocking program? 

 Although the relationship between effective population size (Ne) and a census size (Nc) 
varied between species (Frankham, 2001; see also Osborne et al., 2010), Ne reflects the 
sustainability of a population because it inversely determines genetic drift which mainly 
responsible for decline of allele diversity, and also the increment of inbreeding rate (�F = 
1/2Ne) (Falconer and Mackay, 1996; Allendorf and Luikart, 2007). Ne of 213.7 individuals of 
the wild population was in the range recommended by Franklin (1980).  This author 
suggested the minimum short term Ne of 50 individuals to sustain the population, whereas the 
long-term Ne was recommended at 500 individuals. This recommendation was based on the 
idea that inbreeding occurring at less than 1% (�F < 1%) could be balanced by natural 
selection.  

Although He which relates to Ne was not low in the hatchery populations (He = 0.70-
0.79), the LD based Ne were low (39.4 and 9.5 in the 1999 and 2007 broodstocks, 
repectively).  The low Ne coupled with low allele diversity suggested these hatchery stocks 
are not the populations of choice for the restocking program because they may have low 
adaptability in natural habitats (Allendorf and Phelps, 2001; Allendorf and Luikart, 2007). 
Moreover, evidence from a salmonid indicated rapid decline of reproductive success of 
hatchery fish relative to the wild counterpart (Araki et al., 2007), thus this supported the 
failure scenario for these hatchery populations in the wild. An additional reason for not 
releasing these hatchery populations into the wild is that if they ever survive and hybridize 
with the wild population they will deteriorate genetic variation of the wild population due to 
their low genetic variation revealed in the present study. 
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�%+,%#�����+���F���)$
�!��# 25 �����

���� �|� 2 ���� #-���
���/�;�� 2 �
��� ��� 300 �
�/��)$
� (�) 600 �
�/��)$
� 

�
�0�) ������� (~�.) ����"�
� (��
�) �
�����# (%) 

�
���/�;�� 300 �
�/

��)$
� 

600 �
�/

��)$
� 

300 �
�/

��)$
� 

600 �
�/

��)$
� 

300 �
�/

��)$
� 

600 �
�/

��)$
� 

���/       

3 �#��� (��.�. 52) 13.96a 

(2.77) 

14.08a 

(2.77) 

33.73a 

(21.77) 

31.26b 

(14.90) 

- - 

4 �#��� (�.�. 52) 16.98a 

(2.57) 

17.52b 

(2.11) 

67.10a 

(25.27) 

63.23b 

(25.51) 

- - 

5 �#��� (
.�. 52) 20.34a 

(3.64) 

20.84a 

(2.75) 

90.45a 

(50.07) 

95.42a 

(42.13) 

- - 

6 �#��� (�.�. 52) 24.50a 23.71a 179.96a 155.95b - - 
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(4.19) (2.69) (77.35) (57.91) 

7 �#��� (�.�. 52) 26.39a 

(4.20) 

26.42a 

(3.07) 

214.06a 

(110.85) 

194.72a 

(75.67) 

- - 

8 �#��� (�.�. 52) 26.86a 

(4.08) 

26.79b 

(3.67) 

207.30a 

(104.13) 

255.87b 

(105.50) 

- - 

10 �#��� (�.�. 53) 31.75a 

(4.31) 

32.50a 

(3.57) 

354.98a 

(161.00) 

379.70a 

(132.28) 

- - 

12 �#���* (�+.�. 

53) 

37.87a* 

(3.79) 

33.07 b* 

(6.31) 

554.00a* 

(172.86) 

488.46 a* 

(173.01) 

- - 

14.5 �#��� (8 ��.�. 

53) 

38.10a 

(3.31) 

39.83 b 

(3.92) 

573.14a 

(187.69) 

705.16b 

(227.91) 

43.00a 

(10.61) 

47.50b 

(2.12) 

14.5 �#���** 

 

37.40a 

(3.18) 

36.15a 

(3.01) 

535.32a 

(190.32) 

496.45a 

(113.68) 

- - 

* !-�������,����' 12 �#��� �+��+�� 2 ~������,��	��/��F������%+, 3 �+�����/���	|�A�;$
,��
# 

** A�;���!-����	�������%+, 3 

 

���'�(+���� )*�#�(��&�������)��� 

 	�����&|�0�
��"�'!��������#���F�/���#�
� ~|,���+���F���)$
�F�����%+,	
�"�
#$
���% 

F�$;���#���/� 2552 ���;����%+,�/G�
��"�'%+,%��F"-���#�������
�/���#%+,��+���F���)$
���� �$���

(��%+��+� �#�
�����(�;�����/G� 2 �)�)��� 

1. 6�7��+
�#�������$��������$���#�� 

 �����!��/���/G����%+,�� ������	)�+���%-����� ��+�"�(�)��+�%-����;��(�)������# 

A�;��/�
�������� (�;���	�� �$��� Aeromonas hydrophila (�)���,�%�����%#
������A�!���$���

�;���/@�$+��)%+,�+���;F����"�
� ~|,����/�)����'*��F"-F$- ���;��$����+����A��;��� Enrofloxacin 

���%+,
'# ���������� Trimethoprim/sulfamethoxazole !�)%+,�� Oxytetracycline (�) Ammoxycillin 

�$���	)�+����
�����F�����-����%
��
��$��#�+�A#-
�� 

2. 6�7��+
�#����$�������� 400-1000 ���� 

  �����!��/��%+,�/G�������;� /��%+,�/G����	)(
#�������;���$�,��$-���������� �
��+
+����� 

/��%+,/���	)�+(���������
� ��+�"�� ��+�%-����;����;��$
#�	� ����
��+(��"�'��|� �+���,��"�E� 

�#�����)
;��"�� /������
��+/���F
 (Monogene) ���)���;�������"�����/G�	�������� ��

(��%+��+�(����� ����$��� Flavobacterium �������
�(�)�-�� (�)���,�%�����%#
������A�!���$���

�;���/@�$+��)%+,�+���;F����"�
� ~|,����/�)����'*��F"-F$- ���;��$����+����A��;��� Enrofloxacin 

���%+,
'# ���������� Ammoxycillin,Trimethoprim/sulfamethoxazole (�) Oxytetracycline 

������#
� 
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 ������#��� ���#��;��
';� A�;	�����)�	�)	��;�	)�/G�/��%+,/�;��F��
���F# 

�����%�
� 

���%#�����
���+� �+	'#�#;�����/G����%#���%+,%��F�
��������+���!����0����	���� �����

%#���(
#��;����	
#���F��������0�����+��%9����;�����	��*������!��/���#�
� ��;��A��E���

���#�F����������)"�A#-(����%9���!������� (~���) ���	����!��
�,�%#���(�-� �����%#���F�(�;

�)$;������F"-��(���;���
� �#����$
,��
#F�$;��(��� /��%+,�
���/�;���,�� �+����	��*������
����;�

$'#%+,/�;��"��(�;� (�;F����$
,��
#��
��
'#%-�� (
#��;�/��F�$'#���%#����
���/�;�� 600 �
�/

��)$
� �+����"�
����+,�
����;� �����
�(/�!�������$
,��
# ��	�/G���	�����
';� ���,��	��/��F�$'#

�
���/�;���#+���
� �+!��#(���;���
���� (SD F��#���%+, 14.5 = ±187.69 (�) ±227.91 ��
� F�$'#

%+,/�;��F��
��� 300 (�) 600 �
�/��)$
� ������#
�) 	|�%��F"-
�'/A#-��+���;����/�;��F��
���/�;��%+,

"��(�;���;�A�;A#-%��F"-/���#�
��+����	��*�������#�����,��%+���
�$'#%+,/�;��F��
���%+,�,����;� ��

!���
���/�;���;�����	��*������ (���;���
�A/���$��#/�� �#����;�F�/�� Senegalese sole 

(Solea senegalensis) �+����	��*�������#�� ���,��
���/�;�����,�!|�� (Sánchez et al., 2010) 
��"�'%+,

�
���/�;��
��%��F"-����	��*������!��/���#�� ��	�/G���	�����%+,$'#%+,�+����"��(�;�
���+

�'���������,���� F����+%+,�'��������A�;(���;���
� (�)/��A#-�
���"����+���� ����	��*��������	

(���;���
����,��	�� ��%��

��� �$;������-���-�� ��� (Papoutsoglou et al., 1998; Bolasina et 

al., 2006)  

F�%����
��
� /��%+,�+�
�0�)��

������� (schooling) 	)�	��*������A#-#+��;�F��
���/�;��%+,


����;� �$;�/�� sea bass (Dicentrachus labrax) (Papoutsoglou et al., 1998; Gardeur et al., 2001) 

(�) Arctic charr (Salvelinus alpinus)(Jørgensen et al., 1993) 
;��/�� Dover sole (Solea solea) 

~|,���+���%+,�
���/�;���)"�;�� 0.5 (�) 12 ������
�/��������� 	)�	��*������#+%+,
'#%+,�
���/�;�� 7.4 

������
�/��������� (Schram et al., 2006) /�� Gilthead seabream (Sparus aurata) �	��*������#+

%+,
'#%+,����"��(�;�
��
'# (44 �
�/��.�. �%+���
��
���/�;�� 36 (�) 40 �
�/��.�.) �#��+�
�����#

A�;(���;���
� (Yilmaz and Arabaci, 2010) 
��"�
�/���#�
��
�� (�-	)A�;�����������&|�0�

��+,���
���

���������� (�;��0����

�����;�/��$��#�+� 	)�����"���/G���� (�)	)�#��������"��

�-���+���F�����"��(�;��,�� (/�)��� $-��%�� �����#�;�
;���
�) ���&|�0��+�(
#�F"-�"E�$
#�	��;�F�

/�����$��# ���/�;��F��
����,������A/ �E	)%��F"-�	��*������A#-A�;#+ %
���+� Salas-Leiton et al. 

(2010) �������;� /�� Senegalese sole  ~|,���+���F�����"��(�;�
��(�-	)�+�)#
� blood cortisol (~|,�

(
#��|��)#
��������+�#) (�)���(
#����!���+���+,��!-���
�����	��*������ (IGF-I, IGFIa ��� 
IGFII) �,���� (�;A�;��)%��
�����	��*������  

/��%+,/�;��F��
���
�� (600 �
�/��)$
�) �+�
�����#
����;�$'#%+,�
���/�;���,����;� �����

%#����+�(
#��;��
���/�;��%+,
��!|��A�;A#-%��F"-�'��������#-����	��/G��'/
����;����#����$+��� ~|,�

�'��������	�����%#����+����;F��)#
�%+, �"��)
��;����#����$+���!��/�����#���%#��� 
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���	���
�� �+�����/G�A/A#-�;� ������;�����';���;��"��(�;� ��	�+��F"-/���#���F$-��
������ 

�$;� /�� sea bass %+,��+����/G����	)�#�
������
)�
#"���� 9-14% ~|,��
���#���F$-���~��	��� 9-

23% (Herskin and Steffensen, 1998) Montero et al. (1999) �������;� gilthead seabream %+,��+���

��;��"��(�;�	)���,�����
�����F�����
����~��	�!����E#����# F��)�)%+,�
��-��F$-��
������� 

�#��
�������	��*������A�;�#�� 
�,��"�;��+���	�/G�
��"�'F"-/��$'#%+,/�;��"��(�;���;��+�
�����#
��

��;���;���+�
�
���
* �#�����	��*������A�;�#�� ��;��A��E��������&|�0���
���+�(���;��	��������

!��   ~|,����;������'���/���#�
�F���)$
� (!��#/�����,�
���
'#���%#����%;��
� 31-44 ��
�) �#�

/�;��F��
��� 100, 200 (�) 400 �
�/��.�. /���+����	��*�������#������
�������"��(�;�%+,

���,�!|�� F�!�)%+,�
�����#�+(����-��#�� (�-	)A�;(
#�����(���;��%��
���� (��9�� �%�#��&����'� 

(�)�
4��&� �����
B��, 2549)  

����	��*������!��/���#�
�F����%#����+� �;��!-���,�����,��%+���
�������!�� ��&�'�� 

�
����
���&� (2542) ~|,���;���;������+���/���#�
�F���)$
����!��# 5 x 5 x 2 ��.�. /�;�����

/���#�
�!��# 4 ���� F��
��� 400 �
�/��)$
� (8 �
�/��.�.) F"-��"����E#/��#'��
��) 2 ��
�� 

�)�)���������+��� 10 �#��� A#-������/�� 400 ������
�/��)$
� /��!��#���+,� 1.0-1.2 ������
�/�
� 

����(���;��!������	��*��������	���,����	��"���
��"�' A#-(�; �
���/�;��%+,�;���
� (���%#���

�+�/�;��F��
��� 10 (�) 20 �
�/��.�.) �'��������~|,�F�������!����&�'���/G������+���F��;����E����� 

~|,��;�	)�+�'��������#+��;�F�(�;����%+,%�����%#�����
���+� ��;��A��E���������A�;A#-��;���|��
�����# 

��|,��#�%
,�A/ ��0����F�	
�"�
#$
���% 	)/�;��/��F��
�������"��(�;�%+,
����;��+� (1000 �
�/

��)$
�) (/�)��� $-��%��, �����#�;�
;���
�) �#�F$-������+�������|� 2 /� 	|�	)A#-/��!��#/�)��� 

1-2 ������
� 

F����&|�0���
���+� A�;A#-$
,�����"�
���������� ���,��	����0����/�)
���	)��+���/���;�A/	�

��� 2 /� 	|�"�+���+,�����	
�/��!|����$
,� �#����;���������/���$;��+� 	)�+��%��F"-/�����+�#

�����;������+�����;��"��(�;��
+��+� (Braun et al., 2010)  


��"�
�������#���(�)/�
���
�� A�;�'�(�� (�)���#��;��
';� A�;	�����)�	�)	� �#�%
,�A/ �$���


��"�'�"�;��+� �$;� Aeromonas hydrophila �/G��$���%+,��A#-%
,�A/F����� 	)�;�/}*"��E�;����,�/�����#

�;��(�"���������#���(���������
 �#�����)F�$;��%+,�'�
��
������A�;�"��)
� (Decostere et al., 

1999; Chopra et al. 2000; Zhang et al. 2000) �#�����)��;����,�$;��%+,�'���������+����/�+,��(/��

��;����+����
� �$;� �+����"��� ~|,�	)�"E�A#-	��
+�����/�+,���/G�
+!';��/G�
+������� "���$;��%+,����&

�/�+,��(/���+����"��������|����#�;��
� 2-3 �
� "���$;������;��)"�;���#� �#�����)$;��/����#�

���-��#�"��� ~|,�$;��#
���;������/G�$;��������%+,�
����;�/��	)���#����
�� �
��/G������,����	��

������#���)�������+�# ~|,��/G�
��"�'��-����F"-���#���F�%+,
'# (�)�/G�%+,�;�

�����;� ���,�/��(
#�

�����/���(�-�����
�0�#-����(�)
�����+�#�%
,�A/�
�	)A�;A#-�� ���,��	�����,�/��/���(�-� 
;��

F"*;	)A�;�����"��(�)���,�%���������,�� � (�)"�
�!|�����,�� � %
���+�!|���
�
'!���!��/�����(�)
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�'��������F�(�;����F�!�)�
�� ���F"-��~|,����	��	)A�;A#-��(�-��
�%��F"-�
+��;�F$-	;��
��"�
���(�)


�����+%+,�+����(������+�#-�� #
��
����0����	|������)"�
��|������+���F��)�)�+�F"-��� (�)���


�-���������/����
������;��$;�����
��������'-��
�F"-�
�/��%+,��+���F"-�+����(!E�(�����;�
�� �#�

����
���������� ~+ 3-5 ��
��;���"�� 1 ������
� F"-/�������#�;��
� 5-7 �
� �;���
����(!�������

(�� 2-3 ������
��;���)$
� �����;�
��
�����
���(��%+��+� �/�A�#���� F���"��F"-/��������;�
�� 

� �#�����)���,����,��+������#/������#!|���
�
���(�#�-��%+,	)%��F"-/�����#�������+�# (�)�-��

"�
,�#�(�
�,�(�#�-��F�����%+,�����+���F"-#+���;�
�� ���	���+�"��/�����,�(
#��������#/�������#

"����#/��������F"-��"��F"-�-������/�����"�# ���,��	��"��F"-��"��F�/������������A/	)

�/G�
;��%+,��;�F"-/��/������!|�� (�)�������
���;��/��%+,/���A/F"-"�;�����%+,��+,��!-�����	����	�
� 

���,��������%+,
���������'��$������A#-��;���+/�)
�%9���� "���F��������-���	�����F$-��%+,�+F����"�
� 

~|,����/�)����'*��F"-F$- �$;� Oxytetracyclin, Enrofloxacine "��� ��F���';�~
��� F��
��� 3-5 ��
�

�;���"�� 1 ������
� ��#�;��
��/G����� 5-7 �
� (�)�����)"�
��
���;����F$-��F�$;��%+,�"��)
� 

�#�����)$;��(�� �  !��������#��� 	)%��F"-/�)
�%9����F�����
�0��/G�A/��;���+/�)
�%9����

(�)�+/�)
�%9���
��
'# 

��/+
���� ����'�(�@���
�'
( 

1. �����%#���(
#��;� ����#�
������/�;��/���#�
��� A�;�+�����,��
������

�	��*������ F�%������
�!-����
�%��F"-�
�����#�,������;�$'#%+,/�;��F��
�������

"��(�;�
�� #
��
����0������	���,��
������/�;��A#-�+� ��;��A��E�������+���&|�0�

�;�A/�;�	)
�����/�;��A#-"��(�;�%+,
'#�%;�F# 

2. /��%#����+!��#%+,(���;���
���� ��	(�-A!A#-#-������
#!��#/���/G��)�)� ~|,����

	)�+���&|�0��;�A/�;�	)A#-���$;�A�  

3. /���#�
�%+,��+���F���)$
����#����-�� �#��$���
��"�'�/G�(��%+��+�(����� (�)��/�
��

�-�� 	|����#�(�F"-/���+
'!���#+���;�
�� (�)���%#���F$-�%������+���,������'-��
��;�

��� �$;� ���F"-��"���
��� "��� ���F$- �/�A������
� ~|,�	���/G��-���+���%#����;�A/ 

���������+�(��5 

 !�!���'�%'�
�
�
�'������	
�	��
���
�������%'�
�
�
�'������	
� (������0��) ���F�- 

������� “
�������������

����������������!��	
�"�
#$
���%” (

**���!%+, RDG5120040) �#��+ 

&.�'%
��
��� � ��� �/G�"
�"�-�������� (�)!���'���0������-�;��������� ���#	��'�����!��

�����$����)��+���

������� ��)/�)�� �"���%���
���0��&�
��� %+,F"-����$;���"����/G���;��#+ 

�������@����� 
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��9�� �%�#��&����'� (�)�
4��&� �����
B��, 2549. �����'���/���#(�-� (hemibagrus 

wyckioides Chaux & Fang, 1949) F���)$
�%+,�)#
�����"��(�;��;���
�F��;����E������!�,��

�'���
���. ���
����$������
�%+, 77/2549. 
���
������	
�(�)�
B��/�)������	�# ���/�)��. 

��&�'�� �
����
���&�. 2542. ������)��+���/���#�
�. ���
���������,� 5 (33). #������#	�� 

http://www.nicaonline.com/articles1/site/view_article.asp?idarticle=109 �
�%+, 27 �
����� 

2553. 

��&�'�� �
����
���&� 
��|� ��%�
��� ���'%9 %
�0�* ��%�� ��E*�������.  2537. ������)�
�9'�

/���#(�-�. ���������
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