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A study on the effect of water and soil qualities on the phytoplankton communities of intensive 

Pacific white shrimp (Litopenaeus vannamei) culture ponds of low salinity water  (5-7 psu) in Ratchaburi 
province and normal saline water (30-35 psu) in Prachuabkirikhun province was carried out. Six earthen 
ponds approximately 5 rais (8,000 m2) of low salinity culture area were selected to estimate the effect of total 
suspended solid (TSS) on L. vannamei culture. For normal saline water, six earthen ponds of approximately 5 
rais (8,000 m2) were divided into two groups. First group consisted of three ponds which had unstable 
phytoplankton bloom from previous crop. Second group consisted of three ponds which had more stable 
phytoplankton community from previous crop. The water color shades, plankton abundance, water and soil 
qualities were recorded throughout the culture period. It was found that in low-salinity ponds phytoplankton 
density was related with water quality such as pH, dissolved oxygen (DO), nitrogen and phosphorus of the 
pond water while the water quality was related with the soil quality. Moreover, increased of TSS during the 
culture period and phytoplankton die-offs resulting in the lack of oxygen in the pond bottom soils and affected 
shrimp production. 

 
Phytoplankton density from normal salinity ponds were significantly related with pH and DO, 

whilst there were significant negative correlation with hardness and total phosphorus of the pond water 
(P<0.05). On the other hand, total nitrogen, total phosphorus and organic matters in the pond bottom were 
positively correlated with nitrite-nitrogen, nitrate-nitrogen and total phosphorus of the water. Statistical 
analysis compared between stable color ponds and unstable color ponds showed that the density of 
phytoplankton, phosphorus of the water column and soil pH were significantly different between the groups. 
The solubility of phosphorus was affected by soil pH that allowed total phosphorus of the bottom soil to 
dissolve into water column. When the total phosphorus was higher than 0.5 mg/l caused significant decrease 
of phytoplankton and water color. The average production, body weight and growth rate from stable color 
ponds was significantly different than the unstable water color ponds. However, survival rate and feed 
conversion ratio from both groups were not significant different. 
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Effects of Nutrients, Soil and Water Qualities on Plankton Communities in Intensive 
Pacific White Shrimp (Litopenaeus vannamei) Ponds. 
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� !"#$%#&"�'()*+(,-.(/+-(0- )12341!0- 56788009+7#!"14:6"&;804<=73>?7436�@ 2543 "�'(
3+(E- FGH7)1)12356I(.JK6E-L-00- "1M?&74NNO>P(- 41!EM0- L>/0- Q/&.:+RI-E *+#-7I2:-0-  
(:18, 2543) 0- "O-!"1M?&709+7<-I4�F2UV0 (Litopenaeus vannamei) J ;809+7<-I4I((-%E.(� ! 
"#$%#&" 2HE3+(.(�@ 2545 0 E� !E7%/+8(9K-3.J+(,-O684E6O>(W9X#MH�18/":;?8 (Specific Pathogen 
Free, SPF) L-036-7� !"#$"<+-E-#/187"1M?&74#(0- "1M?&709+7091-/,- (Penaeus monodon) #MH 
� !5N�[KJ-09+7Q3:+- EM<(-/#MH43036-70>(E-0 "0\3 0 3+87.:+ !&!"I1-.(0- "1M?&7(-(<G?( 
41!56I(.JK6� !5N�[KJ-<-/#9( 09+7<-I4I((-%E"�'(09+7#MHEM0- O>P(-5-&O>(W9XE-8&6-7
368"(;H87"�'("I1-(-(#,-.J+8>3 -0- "L 2K"32NQ3/M .J+)1)1235*7.( !&!"I1-5>?( #,-.J+"0\3 0 
L,-(I(E-0J>(E-"1M?&709+7<-I4I((-%E (:1841!O "12$, 2547)  
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RINR9ER9^_-O(?,-.J+8&*6.( !/>N#MH"JE-!5E318/ !&!"I1-0- "1M?&7 "O;H8.J+09+7"L 2K"32NQ3%/+/M
41!4<=74 7 Q/&"`O-!RI-EO&-&-E#MHL!RINR9E.J+� 2E-^4O170X38(O8"JE-! J ;8#MH"0\3 0 
)*+"1M?&709+7" M&0I6- a5M(?,-b c+-5M(?,-(2H7318/ !&!"I1-0- "1M?&7 J ;8:(2/41!� 2E-^4O170X38(EM0- 
"�1MH&(4�17(+8& 09+7L!02(8-J- /M0I6- 41!EM0- "L 2K"32NQ3�032  436N68#MHEM5M(?,-1+E J ;8"02/0- 
"�1MH&(4�17:(2/41!� 2E-^<874O170X38(N68&R >?7 L!#,-.J+09+7EM8>3 -0- "L 2K"32NQ31/17 
"0\3 0 )*+"1M?&709+7ONI6-0- "�1MH&(4�17<874O170X38(.(4361!N6843036-70>(880%�4E+I6-N68#MH
"1M?&7L!8&*6.(O;?(#MH0- "1M?&7"/M&I0>(0=3-E41!N68./#MHEM0- "�1MH&(4�17<875M(?,- .(0- "1M?&7 96(
368%�0=&>7ON�[KJ-.(1>0\^!"/M&I0>(8M0 #>?7d #MHEM.J+8-J-  0- L>/0-  41!0- RINR9ER9^_-O
(?,-"JE;8(0>( (80L-0(M?"0\3 0 56I(.JK6L!�168&1*009+717"1M?&7.(8>3 -RI-EJ(-4(6(5*7 Q/&EM
RI-EJ(-4(6( !JI6-7 100,000 -250,000 3>I368% 6 "E;H8"02/0- "�1MH&(<875M(?,- J ;8"02/5M(?,-1+E.(
 !JI6-70- "1M?&7 FGH75-"J3956I(.JK6"02/J1>7L-0g(30J(>0J ;8"02/L-00- "�1MH&(c6-&(?,- 
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)10 !#NL-00- "�1MH&(4�17<874O170X38(#MH"02/<G?(.(4361!N68L!EMRI-E 9(4 741!%/+ >N
)10 !#N%E6"#6-0>( N68#MH"02/5M(?,-1+EL!#,-.J+09+702(8-J- 1/17 41!09+7#MH868(48N-756I(L!"0-!
3-E<8NN68 56I(N68#MH%E6ON0- "�1MH&(4�17<875M(?,-L!EM0- "�1MH&(4�17"1=0(+8& 41!%E6567)1
3680- "1M?&741!)1)123 #MH)6-(E-EMRI-EO&-&-E#MHL!$G0\-"O;H8J-4(I#-7�h870>(0- "�1MH&(4�17
5M(?,-J ;8� 2E-^4O170X38(.(N68"1M?&709+7091-/,- 56I(.JK6L! -&7-(:(2/41!� 2E-^<874O170X
38(#MHEM)13685M<87(?,-#MHE87"J=(318/0- "1M?&7 EM0- "0=N3>I8&6-7#MH%E6368"(;H87 EM:6I7"I1-#MHJ6-70>(
E-0.(4361!R >?7 41!56I(E-0"�'(0- $G0\-.((?,-#MHEMRI-E"R=E3H,- 436&>7%E6EM7-(I2L>&#MHN67:M?%/+I6-
"O -!"J39./.(N68"1M?&709+7(>?( d 5M(?,-LG7(2H7 EM0- "�1MH&(4�17(+8& J ;8EM5M(?,-"�1MH&(4�17
318/"I1-EM5-"J39E-L-08!%  41!&>7%E6EM0- $G0\-cG7�[LL>&#MHEM)13680- "L 2K"32NQ3<874O170X
38(4361!0196E#MHON"�'(0196E"/6(.(N68 56I(.(0- "1M?&709+7<-I4I((-%EEM"OM&70- $G0\-:(2/41!
� 2E-^<874O170X38(.(N68#MH"1M?&7/+I&(?,-RI-E"R=E3H,-"#6-(>?(    

 
/>7(>?(0- $G0\-R >?7(M?LG7EMI>3c9� !57RX"O;H8J-5-"J39 41! �[LL>&#MHEM)13680- "�1MH&(4�17

87RX� !08N<874O170X38(_-&.(N68"1M?&709+7<-I4I((-%E  FGH7%/+406 R9^_-O(?,- R9^_-O/2( 
� 2E-^<87W-398-J-   IE#>?70- "�1MH&(4�17<8787RX� !08N<874O170X38(.( 8NI>( 41!
J1>7L-0#MHEM0- "�1MH&(c6-&(?,-.(U- XE"/M&I0>( Q/&O;?(#MH#MH#,-0- $G0\- 4N67"�'( 2 O;?(#MH %/+406 
U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 41!U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E
�032 U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-56I(.JK6L!ON.(O;?(#MH_-R01-7 J ;8O;?(#MH
J6-7%01L-0#!"1 EM�[KJ-3!08(4<I(18&"O2HE<G?(E-0J1>7L-0)6-(0- "1M?&7� !E-^ 60 I>(  
4O170X38(56I(.JK6L!3-& 41!#,-.J+� 2E-^48EQE"(M&"O2HE<G?( 3+87RINR9E� 2E-^8-J-  41!
0- "�1MH&(c6-&(?,-"O;H81/� 2E-^3!08(4<I(18& 5,-J >NU- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-
RI-E"R=E�032 ONN 2"I^:-&g[j7"�'(56I(.JK6 EM�[KJ-0- "�1MH&(4�17<875M(?,-318/ !&!"I1-
0- "1M?&7 )1L-00- $G0\-R >?7(M?L!#,-.J+# -N%/+I6-EM�[LL>&8!% N+-7#MHEM)13680- "�1MH&(4�17
87RX� !08N<874O170X38(_-&.(N68 "O;H8#MHL!(,-%�� !&903X.:+"�'(4(I#-7.J+406"0\3 0  
)*+"1M?&709+7"O;H8L>/0- R9^_-O(?,-.J+"JE-!5E0>N R9^_-O/2(318/ !&!"I1-0- "1M?&7 318/L(
4(I#-70- "�1MH&(c6-&(?,-"O;H8RINR9ER9^_-O(?,- 41!5M<87(?,-_-&.(N68"1M?&7 FGH7L!#,-.J+0- "1M?&7
09+7<-I4I((-%EEM� !52#W2_-O/M<G?( 5-E- c1/8>3 -410"(;?8 "O2HE)1)12341!#,-.J+3+(#9(0- 
)1231/17 #,-.J+"0\3 0 )*+"1M?&709+7<-I4I((-%E5-E- c� !08N"�'(8-:MO368%�%/+8&6-7E>H(R7
41!&>H7&;(318/%� 
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"%�)	���*�
� 
 

1. "O;H8$G0\-:(2/41!� 2E-^<874O170X38(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E
"R=E3H,- 41!RI-E"R=E�032 
 

2. "O;H8$G0\-:(2/ 41!� 2E-^<874O170X38(#MH"�1MH&(4�17.( 8NI>(.(U- XE"1M?&709+7
<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 41!RI-E"R=E�032 
 

3. "O;H8$G0\-:(2/ 41!� 2E-^<874O170X38(#MH"�1MH&(4�17%�J1>7L-0"�1MH&(c6-&(?,-.(
U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 41!(?,-RI-E"R=E�032 

 
4. "O;H8$G0\-RI-E5>EO>(WX !JI6-7:(2/ 41!� 2E-^<874O170X38(368R9^_-O(?,-41!

R9^_-O/2(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 41!RI-E"R=E�032 
 

5.  "O;H8$G0\-(?,-J(>0 8>3 -0- "L 2K"32NQ3 8>3 -410"(;?8 8>3 - 8/3-& 41!)1)123<87 
09+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E3H,- 41!RI-E"R=E�032  
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�����"+���*�� 
 
1.  ��������� (plankton) 
  

4O170X38( EM -0$>O#XE-L-0_-\-0 M0FGH7.(_-\-8>70k\JE-&cG7 aDriftingb 4�1I6-  
)*+168718& (O $21�m, 2544) J ;8JE-&cG70196E<8752H7EM:MI23#MH168718&8&*6.(EI1(?,-59/4361EJ ;8
0 !45(?,-L!O>/O-%� (1>//-, 2542) 4O170X38(N-70196E5-E- c"R1;H8(#MH%/+Q/&<( J ;8 &-7RX 
436%E65-E- c3+-(R1;H(41!1E%/+ 4O170X38(56I(.JK6EM<(-/"1=0%E65-E- cE87"J=(%/+/+I&3-
"�16- 3+87.:+01+87L91#  $(X.(0- L,-4(00196E41!:(2/ (1>//- 41!Q5_^-, 2546) 

 
4O170X38(4N67880%/+J1-&� !"_# <G?(8&*60>N<(-/ � !"_#<875- 8-J- #MH02( 41!

8&*68-$>& (80L-0(M?4O170X38(&>7#,-J(+-#MH.(n-(!)*+)123.(0,-1>7)123"N;?873+(.(N68"1M?&75>3IX(?,- 
41!"�'(8-J- <875>3IX(?,-I>&868( 4O170X38(5-E- c4N67880"�'(5870196E %/+406 

 
1)  ����������56 (Phytoplankton)  
 
     4O170X38(O;: JE-&cG7 4O170X38(#MH5-E- c5 +-78-J- %/+"87 (autotroph) 4O170X

38(O;:EM 7I>3c9_-&.("F11XFGH75-E- c/*/F>NO1>77-(L-04578-#23&X "�1MH&("�'(O1>77-(#MH.:+.(
0- 3 ILL>NR- XN8(%/880%F/X.(0 !NI(0- 5>7"R -!JX/+I&457 (photosysthesis)  6IE0>N
5- 8(2(# M&X 41+I5 +-7"�'(5- 82(# M&X#MHEMQE"1091F>NF+8( 41!EMO1>77-(#MH5*70I6- %/+406 %<E>( 
Q� 3M( R- XQN%p"/ 3 J ;8 I23-E2( />75E0-   

 
 

6CO2 + 6H2O                        C6H12O6 + 6O2  
 
4O170X38(O;:56I(.JK6� !08N/+I&4NR#M" M& 41!5-J 6-&"F11X"/M&I 4O170X38(O;:

0196E#MH5,-R>K.(4J167(?,-L;/ %/+406 Division Cyanophyta J ;85-J 6-&5M"<M&I40E(?,-"72( 41! 
Division Chlorophyta J ;80196E<875-J 6-&5M"<M&I 0196E4O170X38(O;:#MHEMRI-E5,-R>K.(O;?(#MH
:-&g[j7 41!#!"1 %/+406 %/8!38E.( Division Bacillariophyta 41!0196E<87%/Q(4U10"L1"13 
.( Division Pyrrophyta (O $21�m, 2544) 4O170X38(O;:L!EMRI-E5>EO>(WX0>N� 2E-^R18Q UV11X 

457 

R18Q UV11X "8 
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FGH7"�'( 7RI>3c9#MH4O170X38(.:+.(0- 5>7"R -!JX457 (Meek, 1994) Q/&R18Q UV11X5-E- c4N67
880%/+"�'( R18Q UV11X "8 NM FM /M 41! 8M Q/&R18Q UV11X "8 "�'( 7RI>3c9J1>0 41!R18Q UV11X
:(2/8;H( d 0=L!0 !L-&8&*6.(4O170X38(4361!0196E (3- -7#MH 1)  
 
�����:�; 1  :(2/<87 7RI>3c93680196E<874O170X38( 
 

 7RI>3c9 0196E<874O170X38( (Division) 
R18Q UV11X "8 Cyanophyta, Chlorophyta,  Euglenophyta, Bacillariophyta, Pyrrophyta 
R18Q UV11X NM Chlorophyta, Euglenophyta 
R18Q UV11X FM Pyrrophyta, Bacillariophyta (diatom) 
R18Q UV11X /M 5-J 6-&5M4/7 
 
:�;$�: />/4�17L-0 Meek (1974) 41!&9I/M (2549) 
 

L-00- $G0\-RI-E5>EO>(WX !JI6-74O170X38(O;:41!� 2E-^R18Q UV11X "8 .(N68"1M?&7
09+7#!"1 ONI6- 4O170X38(O;:EMRI-E5>EO>(WX0>N� 2E-^R18Q UV11X "8 41!56I(.JK6L!EM
RI-E5>EO>(WX.(#2$#-7"/M&I0>( (I -JX, 2534; O "#O, 2538; N9Kz 20-, 2547; O>: 2/-, 2543 41!
L 2&-I/M, 2551)  

 
2)  ���������*%�"� (Zooplankton)  
 
     4O170X38(5>3IX R;8 4O170X38(#MH%E65-E- c5 +-78-J- %/+"87 "(;H87L-0%E6EM 7RI>3c9

.:+.(0- 5>7"R -!JX457 />7(>?(LG7/,- 7:MI23Q/&0- 02(52H7EM:MI238;H("�'(8-J-  Q/&"`O-!4O170X
38(O;: 4O170X38(5>3IX#MH02(4O170X38(O;:L>/"�'()*+N 2Q_R8>(/>N4 0 (primary consumer)  
  
 0- 4O 60 !L-&<874O170X38(O;:41!4O170X38(5>3IXL!%E65EH,-"5E8 (ununiform)   
4O170X38(O;:56I(.JK64O 60 !L-&8&*6#MH !/>NRI-E1G0<87(?,-#MHEM4575687cG7"O;H80- 5>7"R -!JX
457 4O170X38(5>3IXON4O 60 !L-&%/+318/RI-E1G0<87(?,- 41!5-E- c"R1;H8(#MH.(4(I3>?7%/+ 
Q/&"`O-!4O170X38(.(0196E<87QROMO8/41!% (?,- FGH75-E- c&+-&#MH8&*6.(4(I3>?7.( 8NI>( 
(daily vertical migration) 016-IR;8 8-$>&8&*6.3+)2I(?,-#MH !/>NRI-E1G0J(GH7.(:6I7"I1-01-7I>( 41!
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"R1;H8(#MHE-8&*6#MH)2I(?,-J ;8.01+)2I(?,-"E;H8O !8-#23&X30/2(%�41+IL(cG701-7R;( 41!01>N%�#MH
 !/>NRI-E1G0.JE6"E;H8 967<G?( (1>//- 41!Q5_^-, 2546) 

 
L-00- $G0\-:(2/<874O170X38(#MHON.(0- "1M?&709+7#!"1 EM/>7368%�(M? I -JX (2534) 

 -&7-(:(2/<874O170X38(.(N68"1M?&709+7091-/,-#MEMRI-E"R=E !JI6-7 20-34 psu ON4O170X38(
O;: 31 5091 3 0196E 4O170X38(5>3IX 22 5091 2 0196E 4O170X38(O;:#MHON56I(.JK6R;8 %/8!38E 
5091 Coscinodiscus, Nitzschia, Pleurosigma/Gyrosigma, %/Q(4U10"L1"13 41!4O170X38(O;:
5091 Oscillatoria .(<^!#MH4O170X38(5>3IX %/+406 Tintinopsis "�'(0196E"/6( 41! 8717E-R;8 
Phylum Arthropoda  

 
O "#O (2538)  -&7-(:(2/<874O170X38(.(N68"1M?&709+7091-/,- L>7JI>/5E9# 5-R  ON

4O170X38(O;:#>?7JE/ 5 Division %/+406 Division Cyanophyta, Chlorophyta, Euglenophyta, 
Pyrrophyta 41! Bacillariophyta  41!4O170X38(5>3IX 4 Phylum %/+406 Phylum Protozoa, 
Rotifera, Arthropoda 41! Nematoda 4O170X38(O;:0196E"/6(#MHON.(O;?(#MH %/+406 %/8!38E 5091 
Navicular, Nitzschia, Pleurosigma 41! 4O170X38(O;:5091 Oscillatoria .(<^!#MH4O170X38(
5>3IXON copepod 41! Tintinopsis "�'(0196E"/6( 

 
O>: 2/- (2543)  -&7-(:(2/<874O170X38(.(N68"1M?&709+7091-/,- .(O;?(#MH"<3(?,-LM/.(

L>7JI>/ -:N9 M ON4O170X38(O;:#>?7JE/ 5 Division %/+406 Division Cyanophyta, Chlorophyta, 
Euglenophyta, Pyrrophyta 41! Bacillariophyta Q/&ON4O170X38(O;:5091 Oscillatoria 41!  
Cyclotella  "�'(4O170X38(0196EJ1>0318/0- $G0\- 4O170X38(5>3IXON 3 Phylum %/+406 
Phylum Protozoa, Rotifera 41! Arthropoda 

 
�[#E-_ ^X (2547)  -&7-(:(2/<874O170X38(.(N68"1M?&709+7<-I4�F2UV0#MH"1M?&7/+I&(?,-

RI-E"R=E 2-3 psu .(L>7JI>/� -LM(N9 M ON4O170X38(O;: 5 Division %/+406 Division Cyanophyta, 
Chlorophyta, Euglenophyta, Pyrrophyta 41! Bacillariophyta  4O170X38(O;:#MHON8&*6.(5091 
Oscillatoria, Merismopedia,Phromidium Dictyosphaerium, Oocystis  41! Scenedesmus "�'(
4O170X38(O;:0196E"/6( .(<^!#MH%/8!38E.(5091 Cyclotella 41! Nitzschia ON318/0- $G0\-  
56I(4O170X38(5>3IXON 3 Phylum %/+406 Phylum Protozoa, Rotifera 41! Arthropoda 
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L 2&-I/M (2551)  -&7-(:(2/41!� 2E-^4O170X38(.(N68#MH"1M?&709+7091-/,-EMRI-E"R=E<87
(?,-8&*6 !JI6-7 0 ~ 8 psu ON4O170X38(O;:.( Division Cyanophyta, Chlorophyta 41! 
Bacillariophyta 4O170X38(5>3IX.( Phylum Protozoa, Rotifera, Arthropoda 41! Mollusca  
4O170X38(:(2/"/6(#MHON318/0- "0=N3>I8&6-7 %/+406 Microcystis 41! Oscillatoria   

 
I >KK- (2551)  -&7-(:(2/<874O170X38(.(N68"1M?&709+7<-I4I((-%E#MH"1M?&7 6IE0>N

5-J 6-&%5+%06#MH !/>NRI-E"R=E<87(?,- 10-11 psu ON4O170X38(O;:.( Division Cyanophyta, 
Chlorophyta, Euglenophyta, Pyrrophyta 41! Bacillariophyta 5091Oscillatoria "�'(4O170X38(
0196E"/6(<87O;?(#MH 4O170X38(5>3IXON 2 Phylum %/+406 Phylum Rotifera 41! Arthropoda 
 
2.  �:��:��������������������� ��	!���"�"���#$  

 
2.1  ��>��
�����
�����*%�"������� �����  
 
       4O170X38(O;:"�'()*+)123<>?(�nE_*E2 (primary producer) #MH5,-R>K.(N68"1M?&75>3IX(?,- 

41!"�'(L9/" 2HE3+(<875-&.&8-J-  41!"�'(8-J- W  E:-32<87�1- 41!R >5"3":M&( (Boyd and 
Tucker, 1998) 4O170X38(O;:56I(.JK6L!c*0QN0O>/"<+-%�.(�-0 Q/&0 !45(?,-L-0:687"J7;80 
":6( OI0%/8!38E .(<^!#MH4O170X38(5>3IXL!c*0L>N`I&"<+-�-0 ":6( Brachionus, copepods 
"�'(3+( (N  L7, 2521)  (80L-0(M?09+7<-I4I((-%E5-E- c02(%/+#>?7O;:41!5>3IX 41!F-0<87
52H7EM:MI23#MH8&*601-7(?,-  IE#>?752H7EM:MI23J(+-/2(41!F-0<8752H7EM:MI23#MH8&*6J(+-/2( (Wassenberg and 
Hill,1987)  />7(>?(0- "3 M&E8-J- W  E:-32.(:6I7" 2HE3+(<870- "1M?&7 LG7"�'(0- 5 +-78-J- 
"5 2E#MH/M4061*009+741!:6I&RINR9ER9^_-O(?,- Q/&4O170X38(L!:6I&.(0- N/N>7457%E6.J+5687cG7
O;?(N68 FGH7#,-.J+1*009+702(8-J- %/+/M (:18, 2535) 

 
�[#E-_ ^X (2547)  -&7-(:(2/41!8-J- #MHON.(0 !"O-!41!1,-%5+<8709+7<-I4I((-

%E ONI6-09+7<-I4I((-%EEMOk320  E0- 02(#MH%E6L,-"O-!"L-!L70>N4O170X38(0196E./"�'(O2"$\ 
4O170X38(56I(.JK6#MHON.(0 !"O-!8-J- 41!1,-%5+56I(.JK6"�'(4O170X38(O;:.(5091 
Merismopedia, Oscillatoria, Phormidium 41! Scenedesmus FGH7"�'(4O170X38(O;:#MHONE-0.(
N68"1M?&7 (80L-0(M?I >KK- (2551)  -&7-(ON"$\F-04O170X38(.(0196E<875-J 6-&5M"<M&I40E
(?,-"72( 41!%/8!38E.(1,-%5+<8709+7<-I 
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2.2  $������
	���������� ��������� �*%�"�����  
 
      :(2/41!� 2E-^4O170X38(L!"�'(3>I:M?I>/R9^_-O(?,- (1>//-, 2542; O $21�m, 2544; 

1>//- 41!Q5_^-, 2546 41! E-12(M41!:2/:>&, 2548) 41!EMN#N-#.(0- "�1MH&(4�17R9^_-O(?,-
_-&.(N68 (N9^z 20-,2547 ; Boyd and Tucker, 1998) 52#W2:>& (2549) 016-II6-4O170X38(O;:436
1!:(2/L!"L 2K.(5_-I!4I/1+8E#MH43036-70>( LG75-E- c(,-E-.:+.(0- � !"E2(R9^_-O<87
4J167(?,-%/+":6( Chlorella 5-E- cN67:M?%/+I6-4J167(?,-%/+ >N(?,-"5M& 5091 Anabaena "�'(/>:(MN67:M?I6-
4J167(?,-EME1_-I!8&6-7 9(4 7 4O170X38(#MHON.(4J167(?,-#MH"�'(E1O2\ ":6( Anabaena, 
Lyngbya, Oscillatoria, Chlorella, Spirulina, Nitzschia, Euglena 41! Phacus  
 

Boyd and Tucker (1998) 016-II6-�[KJ-R9^_-O(?,-56I(.JK6#MH"02/<G?(.( !JI6-70- "1M?&7
"02/L-0"0\3 0 %E65-E- cL>/0- 0- "L 2K"32NQ3<8787RX� !08N<874O170X38(O;:%/+ 0- 
"�1MH&(4�17R9^_-O(?,- R9^_-O/2( 41!5_-ON68"1M?&7L!567)1.J+09+7"R M&/ 41!0 !39+(.J+"02/Q R 
09+7N-756I(L!868(4841!3-&17 #,-.J+)1)123#MH%/+1/17 (Boyd and Musig, 1992; Wangwibulkit, 
2008)  4O170X38(O;:56I(.JK6#MHON %/+406 5091 Oscillatoria, Merismopedia, Anabaena 41! 
Oocystis  4O170X38(.(0196E(M?L!EM� 2E-^"O2HEE-0<G?(3-E !&!"I1-0- "1M?&7 41!4#(#MH4O170X
38(.(0196E8;H( d (80L-0(M?4O170X38(.(0196E5-J 6-&5M"<M&I40E(?,-"72(&>7EMN#N-#3680- "O2HE
� 2E-^.(N68"1M?&709+7<-I4I((-%E (Boyd and Tucker, 1998; Wangwibulkit, 2008)  "E;H8� 2E-^
4O170X38("O2HE<G?("�'(L,-(I(E-0L!EM)13680- "�1MH&(4�17R9^_-O(?,-_-&.(N68 0- 5>7"R -!JX
457<874O170X38(#,-.J+� 2E-^880F2"L("O2HE5*7<G?(.("I1-01-7I>( 41!"02/_-I!<-/880F2"L(
.(:6I7":+-E;/ (:1841!O "12$, 2547) � 2E-^880F2"L(#MH1/17(>?(L!567)1.J+09+7868(48 41!
N-756I(8-LL!3-&17.( !JI6-70- "1M?&7 (Boyd and Tucker, 1998) (80L-0(M?� 2E-^4O170X38(
#,-.J+"02/RI-E43036-7<87OM"8: FGH7OM"8:&>7EM)1368RI-E"�'(O2\<8748EQE"(M& 41!
%pQ/ "L(F>1%U/X (:18, 2535) 016-IR;8 "E;H8OM"8:(?,-5*7<G?(#,-.J+� 2E-^48EQE"(M&.( *�#MH"�'(
O2\1!1-&880E-E-0 (N9^z 20-, 2547) FGH7.(N68#MHEM4O170X38(O;:E-0 J ;8.(N68#MHEM5M(?,-"<+EL>/ 
#,-.J+0- "�1MH&(4�17<87OM"8:.( 8NI>(E-0<G?(/+I& Q/&OM"8:L!3H,-59/.(:6I7"I1-":+-E;/ 
"(;H87L-00- 5!5E<87R- XN8(%/880%F/XL-00- &68&51-& 41!0- J-&.L<8709+7 4O170X38( 
41!52H7EM:MI23_-&.(N68 .(<^!#MH38(N6-&OM"8:<87(?,-L!5*7E-0 "(;H87L-04O170X38(O;:.:+
R- XN8(%/880%F/X.(0- 5>7"R -!JX457 0- "�1MH&(4�17<87OM"8:.( 8NI>(#MHE-0"02(%�L!#,-
.J+09+7"R M&/ 41!EM)13680- "L 2K"32NQ3 (:18, 2535) 
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Q/&�0324O170X38(O;:EMI7L :MI23"OM&7 1-2 5>�/-JXL-0(>?(L!3-& (Boyd, 1982) 4360- 
"�1MH&(4�17<874O170X38(.( !JI6-70- "1M?&7 J ;8#MH" M&0I6- plankton crash J ;8 ���������
���� J ;8#MH"0\3 0 " M&0I6- *������!$ L!"02/J1>7L-0#MHEM0- N1*E<874O170X38(41+I !&!J(GH7 
FGH7L!ON4O170X38(0196E"/6("OM&7J(GH70196EJ ;85870196E"#6-(>?(41!EM� 2E-^E-0FGH7 
Chanratchakool et al.  (1993) 41!:1841!O "12$ (2547) 016-II6-0- 1+E<875M(?,-EM5-"J39.JK6  
3 � !0-  %/+406  

 
1)  0- <-/W-398-J-  41!R- XN8(%/880%F/X FGH7ON.(09+7:6I78-&9 4-6 5>�/-JX  
 
2)  � 2E-^4O170X38(EMRI-EJ(-4(6(E-0 41!%E6EM0- JE9("IM&(<87 !NN(?,-_-&.(

N68 #,-.J+4O170X38(3-&17"(;H87L-0<-/457.(0- 5>7"R -!JX457 
 
3)  0- "�1MH&(4�17<87R9^_-O(?,-8&6-70!#>(J>( ":6( 0- "�1MH&(c6-&(?,- g(30J(>0 

5_-O#+87Uh-�V/ %E6EM4574// J ;8EMg(30.(� 2E-^E-0 1+I(567)1.J+0 !NI(0- 5>7"R -!JX
457%E6"02/<G?(J ;8"02/<G?((+8&E-0 LG7EM4360- .:+880F2"L(.(0 !NI(0- &68&51-&<87"5M& 41!
0 !NI(0- J-&.L<8752H7EM:MI23#>?709+741!4O170X38(.(N6809+7 (:1841!R^!, 25510) />7(>?(
.(:6I7#MHEMg(3032/3680>(&-I(-(LG7EM)1#,-.J+4O170X38(N-756I(3-& 41!"02/"�'(U87#MH)2I(?,- 
(Chanratchakool et al., 1994) 

 

0- "�1MH&(4�17<874O170X38(_-&.(N688&6-7 9(4 7 J ;8 0- "02/ plankton crash J ;8
5M(?,-1+E.( !JI6-70- "1M?&7L!EMRI-E 9(4 7E-0 "(;H87L-00- "�1MH&(4�17<87R9^_-O(?,- 41!
5_-ON688&6-7"`M&NO1>( 0- 3-&<874O170X38(L!#,-.J+"02/U87 J ;8gh-L,-(I(E-0#MH)2IJ(+-(?,- 
ON3!08(L,-(I(E-0.(EI1(?,- (?,-J(;/ EM012H(R-I8&6-7 9(4 7 (Q5_^41!:*52(W9X, 2542)  068(#MH
"$\F-04O170X38(#MH3-&L!LE1741!5!5E#MHO;?(N68 Q/&"`O-!N 2"I^#+-&1E #,-.J+O;?(N68"(6- 
41!0- &68&51-&F-04O170X38(L,-(I(E-0"J16-(>?( &>7#,-.J+� 2E-^48EQE"(M&.((?,-5*7<G?( 
(80L-0(M?3!08(4O170X38(L!"<+-%�89/3>(.("J7;8009+7 L!5>7"039"J=("J7;8009+7"�'(5M(?,-3-1J ;8
5M/,- #,-.J+0- J-&.L%E6"�'(�032 5_-ON68#MH"�1MH&(4�17/>7016-I.(<+-73+(L!#,-.J+09+756I(.JK6
02(8-J- 1/17 868(48 32/":;?8Q R%/+76-& 41!3-&.(#MH59/ 
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(80L-0(M?4O170X38(&>7EMN#N-#368RI-E<96(<87(?,- 41!5M<87(?,-_-&.(N68Q/&"`O-!
4O170X38(O;: (W2/-, 2543) "0\3 0 56I(.JK6L!5 +-75M(?,-"O;H85 +-78-J- W  E:-324064O170X
38(5>3IX 41!1*009+7 (80L-0(M?5M(?,-&>7:6I&N>7457 1/0- "02/<M?4//#MHO;?(N68 (:18, 2535; Burford, 
1997) "E;H8� 2E-^4O170X38("O2HEE-0<G?(#,-.J+"02/0- "�1MH&(4�17<875M(?,-5M36-7 d %/+406 5M"<M&I 
5M"J1;87 5M4/7 5M(?,-3-1 J ;85M/,- FGH7<G?(0>N:(2/<874O170X38(#MH"L 2K"32NQ3_-&.(N68<^!(>?( 
(Boyd and Tucker, 1998)  O "#O (2538)  -&7-(RI-E5>EO>(WX !JI6-70196E<874O170X38(0>N5M
(?,-.(N68"1M?&709+7091-/,-ONI6-56I(.JK6 5M(?,-L!EM5M"<M&I J ;8"�1MH&(4�17L-05M"<M&I "�'(5M"<M&I�(
"J1;87 J ;85M(?,-3-1�("J1;87 (3- -7#MH 2)    
 

:18 (2535) 016-II6-5M(?,-#MH76-&3680- RINR9E41!0- L>/0- R;85M"<M&I868(J ;80196E5M(?,-#MH
EM5M"<M&I"�'(J1>0 5M(?,-5M"<M&IL!EM0- "�1MH&(4�17(+8& 436c+-EM0- c6-&(?,-(+8&5M(?,-L!"<+EE-0<G?(436
&>7R7"�'(5M"<M&I .(<^!#MH5M(?,-#MH"�'(5M(?,-3-1L!#,-%/+&-00I6-5M(?,-#MH"�'(5M"<M&I  "(;H87L-03+87.:+(?,-
.(� 2E-^E-0"O;H8RINR9E%E6.J+4O170X38("O2HEL,-(I(8&6-7 I/" =I FGH7RI-E5>EO>(WX !JI6-75M
<87(?,-368:(2/<874O170X38(.(N68"1M?&709+7091-/,-45/7%I+.(3- -7#MH 3 I -JX (2534)  -&7-(5M
(?,-.(N68"1M?&709+7091-/,- ONI6-.(:6I74 0<870- "1M?&7 (?,-L!"�'(5M(?,-3-1 5M(?,-3-1"<M&I J ;85M"<M&I
(?,-3-1 J1>7L-0(>?(L!"�1MH&("�'(5M(?,-3-1.5 J ;8(?,-3-1/,- 068(#MHL!"�1MH&(01>NE-"�'(5M(?,-3-1
"<M&I J ;85M"<M&I(?,-3-1.(:6I7#+-&<870- "1M?&7 58/R1+870>N�[#E-_ ^X (2547)  -&7-(5M(?,-#MH
"02/<G?(.(N68"1M?&709+7<-I4I((-%E318/ !&!"I1-0- "1M?&7 ONI6-.(:6I74 0<870- "1M?&7 5M(?,-L!
"�'(5M(?,-3-1"(;H87L-0ON%/8!38E"�'(4O170X38(O;:0196E"/6( "E;H85M(?,-"�1MH&("�'(5M"<M&I0=L!ON
5-J 6-&.(0196E5M"<M&I40E(?,-"72( (3- -7#MH 4) 

 
2.4  �:��:������������@������;�A
����*%�"����� 

  
      4O170X38(O;:Q/&"`O-!.(0196E5M"<M&I40E(?,-"72( 0196E#MH"�'("5+(5-& %/+406 

Anabaena, Oscillatoria, 41!0196E#MH"�'(QRQ1(M ":6( Nostoc J ;8 Microcystis "�'(4O170X38(#MH
5 +-75- O2\.(4J167(?,-L;/ Q/&"`O-!5- %EQR F2532( (Microcystin) #MH5 +-7Q/&4O170X38(
5091 Microcystis ON"�'(�[KJ-8>("(;H87E-L-00- "O2HEL,-(I(8&6-7 I/" =I41!5-E- c5 +-7
5- O2\880E-5*64J167(?,-%/+ FGH75- %EQR F2532((M?L!567)13683>N 41!"�'(3>I" 67#,-.J+"02/E!" =7
.(5>3IX#/187 (52#W2:>&, 2549) 012H(QR1( (Musty J ;8 earthy off flavor) "�'(012H(%E6OG7� !57RX
#MH"02/0>N5>3IX(?,-#MH"O-!"1M?&7.(O;?(#MH#MHEMRI-E"R=E3H,- 012H(QR1("02/L-05- 587:(2/ %/+406 



 

Geosmin ( trans - 1, 10 - dimethyl 
- tetramethyl - exo - bicyclo 
Actinomycetes, Streptomyces, Fossombronia, Nocardia

Oscillatoria, Microcystis, Anabaena, Lyngbya, Aphanizomenon, Symploca

(5E:-&, 2551) "E;H8EM0- 3-&<874O170X38(/>7016-I _-&J1>70- N1*E<874O170X38( 5-  
Geosmin  41! MIB L!c*0�168&880E- 41!5!5E.(8I>&I!56I(36-7d <87 6-70-&Q/&"`O-!
"(;?8"&;H8#MHEM56I(� !08N%<E>(5*7 "E;H8"02/0- 5!5E.( 6-70-&L!0,-L>/880%/+&-0 �[KJ-012H(
QR1(8-L"02/L-05>3IX(?,-02(5- �
/*/FGE (Johnsen et al., 1996

 

 
                                             
 
���:�; 1  5*3 QR 75 +-7<87 
 

.(N68"1M?&709+7<-I4I((-%E#MH(2&E�168&09+717"1M?&7.(8>3 -RI-EJ(-4(6(5*7 3+87.J+
8-J- .(� 2E-^#MHE-03-E%�/+I& <87"5M&L-00- <>Nc6-&41!8-J- #MH"J1;8#,-.J+4O170X38(
"L 2K"32NQ38&6-7 I/" =I (Burford and Lorenzen, 2004; Paerl and Tu
8-LL!02(5-J 6-&"J16-(M?%/+Q/&3 7 "(;H87L-009+7<-I02(8-J- #90:(2//>7(>?(Q80-50- "02/012H(
QR1(LG7EME-00I6-09+7091-/,- 
41!U85U8 >5#MH1!1-&.((?,-EM)13680- "L 2K"32NQ3<874O170X38(O;:5091 
Microcystis Q/&0- "L 2K"32NQ3L!"O2HE<G?("E;H8� 2E-^48EQE"(M&%(Q3 "L(41!� 2E-^
U85U8 >5#MH1!1-&.((?,-"O2HE<G?( (80L-0(M? 
%/+406 � 2E-^%(Q3 "L(#>?7JE/ OM"8: RI-E"R=E 41!48EQE"(M&&>7EM)1368RI-EJ(-4(6(<87
Oscillatoria 8M0/+I& 
 
 

dimethyl - trans - 9 - decalol ) 41! MIB (2 -methylisoborneol (
bicyclo - [2,2,1] - heptan - 2 - ol) (_-O#MH 1) 5 +-7Q/&4NR#M" M&5091 
tomyces, Fossombronia, Nocardia   41!5-J 6-&5M"<M&I40E

Microcystis, Anabaena, Lyngbya, Aphanizomenon, Symploca 41!
"E;H8EM0- 3-&<874O170X38(/>7016-I _-&J1>70- N1*E<874O170X38( 5-  

L!c*0�168&880E- 41!5!5E.(8I>&I!56I(36-7d <87 6-70-&Q/&"`O-!
"(;?8"&;H8#MHEM56I(� !08N%<E>(5*7 "E;H8"02/0- 5!5E.( 6-70-&L!0,-L>/880%/+&-0 �[KJ-012H(
QR1(8-L"02/L-05>3IX(?,-02(5- � !08N012H(QR1("<+-%�Q/&3 7 J ;8)6-("<+-5*6 6-70-&Q/&0- 

., 1996)  

                               
                      Geosmin                                                   MIB 

5*3 QR 75 +-7<87 Geosmin 41! MIB 

.(N68"1M?&709+7<-I4I((-%E#MH(2&E�168&09+717"1M?&7.(8>3 -RI-EJ(-4(6(5*7 3+87.J+
8-J- .(� 2E-^#MHE-03-E%�/+I& <87"5M&L-00- <>Nc6-&41!8-J- #MH"J1;8#,-.J+4O170X38(

(Burford and Lorenzen, 2004; Paerl and Tucker, 1995) 
8-LL!02(5-J 6-&"J16-(M?%/+Q/&3 7 "(;H87L-009+7<-I02(8-J- #90:(2//>7(>?(Q80-50- "02/012H(
QR1(LG7EME-00I6-09+7091-/,- (:1841!R^!, 2551<)  5E:-& (2551)  -&7-(I6-� 2E-^%(Q3 "L( 
41!U85U8 >5#MH1!1-&.((?,-EM)13680- "L 2K"32NQ3<874O170X38(O;:5091 

Q/&0- "L 2K"32NQ3L!"O2HE<G?("E;H8� 2E-^48EQE"(M&%(Q3 "L(41!� 2E-^
U85U8 >5#MH1!1-&.((?,-"O2HE<G?( (80L-0(M? Oscillatoria EMRI-E5>EO>(WX0>NR9
%/+406 � 2E-^%(Q3 "L(#>?7JE/ OM"8: RI-E"R=E 41!48EQE"(M&&>7EM)1368RI-EJ(-4(6(<87
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methylisoborneol (1, 2, 7, 7 
5 +-7Q/&4NR#M" M&5091 

"<M&I40E(?,-"72(.(5091
41! Phromidium  

"E;H8EM0- 3-&<874O170X38(/>7016-I _-&J1>70- N1*E<874O170X38( 5-  
L!c*0�168&880E- 41!5!5E.(8I>&I!56I(36-7d <87 6-70-&Q/&"`O-!

"(;?8"&;H8#MHEM56I(� !08N%<E>(5*7 "E;H8"02/0- 5!5E.( 6-70-&L!0,-L>/880%/+&-0 �[KJ-012H(
 !08N012H(QR1("<+-%�Q/&3 7 J ;8)6-("<+-5*6 6-70-&Q/&0- 

 

.(N68"1M?&709+7<-I4I((-%E#MH(2&E�168&09+717"1M?&7.(8>3 -RI-EJ(-4(6(5*7 3+87.J+
8-J- .(� 2E-^#MHE-03-E%�/+I& <87"5M&L-00- <>Nc6-&41!8-J- #MH"J1;8#,-.J+4O170X38(

cker, 1995) 09+7<-I4I((-%E
8-LL!02(5-J 6-&"J16-(M?%/+Q/&3 7 "(;H87L-009+7<-I02(8-J- #90:(2//>7(>?(Q80-50- "02/012H(

 -&7-(I6-� 2E-^%(Q3 "L( 
41!U85U8 >5#MH1!1-&.((?,-EM)13680- "L 2K"32NQ3<874O170X38(O;:5091 Oscillatoria 41! 

Q/&0- "L 2K"32NQ3L!"O2HE<G?("E;H8� 2E-^48EQE"(M&%(Q3 "L(41!� 2E-^
EMRI-E5>EO>(WX0>NR9̂ _-O(?,-.(N68 

%/+406 � 2E-^%(Q3 "L(#>?7JE/ OM"8: RI-E"R=E 41!48EQE"(M&&>7EM)1368RI-EJ(-4(6(<87 
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�����:�; 2  RI-E5>EO>(WX !JI6-75M(?,-0>N0196E<874O170X38(#MHON.(N68"1M?&709+7091-/,- 
 

5M(?,- 0196E<874O170X38( 
"<M&I 5-J 6-&5M"<M&I40E(?,-"72( 
(?,-3-1 %/8!38E J ;8%/Q(4U10"L1"13 
(?,-3-1<96( Q� Q3F>I 
"<M&I�((?,-3-1 
J ;8(?,-3-1�("<M&I 

5-J 6-&5M"<M&I40E(?,-"72(0>N%/8!38E J ;8%/Q(4U10"L1"13 

"<M&I�("J1;87 5-J 6-&5M"<M&I40E(?,-"72(0>N%/8!38E 
 

:�;$�: O "#O (2538) 
 

�����:�; 3  RI-E5>EO>(WX !JI6-75M(?,-0>N:(2/<874O170X38(#MHON.(N68"1M?&709+7091-/,- 
 

5M(?,-.(N6809+7091-/,- :(2/4O170X38(#MHONE-0 
5M(?,-3-1.5 Rhizosolenia, Nitzschia 

5M(?,-3-1/,- Rhizosolenia 

5M(?,-3-1 Rhizosolenia, Coscinodiscus 

5M(?,-3-1868(L(cG7(?,-3-1"<+E�-(01-7 Dinoflagellate 
5M(?,-3-1"<+E Rhizosolenia, Chetoceros, Peridinium, Ceratium, 

Gymnodinium 

(?,-3-1"J1;87J ;8"<M&I(?,-3-1 Oscillatoria, Coscinodiscus 

5M(?,-3-1 Pennate diatom (Pleurosigma, Gyrosigma) 
5M(?,-3-1"<M&I Diatom, Pleurosigma, Gyrosigma 
5M"<M&I"<+E Oscillatoria, Microcystis, Anabaena, Oocystis 

5M"<M&I868( Pennate diatom, Diatom, Chlorella 
5M"<M&I"J1;87 Oscillatoria, Nitzschia 

(?,-3-14/7 Chaetoceros,Skeletonema, Diatom, Dinoflagellate 
(?,-<96( Zooplankton, Rotifer, Copepod 
 

:�;$�: :18 (2535, 2543) 
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�����:�; 4  RI-E5>EO>(WX !JI6-75M(?,-0>N:(2/<874O170X38(.(N68"1M?&709+7<-I4I((-%E 
 

5M(?,- :(2/4O170X38(#MHON"�'(L,-(I(E-0 
(?,-3-1.5 Cyclotella, Nitzschia 

(?,-3-1"J1;87 Scenedesmus, Nitzschia, Phormidium, Kirchneriella 

(?,-3-1/,- Entomoneis, Merismopedia, Oscillatoria, Scenedesmus 

"<M&I868( Merismopedia, Dictyosphaerium, Phormidium   

"<M&I"J1;87 Merismopedia, Nitzschia 

"<M&I"<+E Scenedesmus, Spirulina, Oocystis 

 
:�;$�: �[#E-_ ^X (2547) 
 
3.  �C++% :�;$����������+��D����A������������� 

 
�[LL>&#MHEM)13680- "L 2K"32NQ3<875-J 6-& 4N67880"�'(587� !"_# %/+406 �[LL>&#-7

UV5205X 41!�[LL>&#-7"REM (1>//-, 2543) �[LL>&#-7UV5205X 4N67"�'( 457 89^J_*E2(?,- OM"8: RI-E"R=E
<87(?,-   5,-J >N�[LL>&#-7"REM %/+406 W-398-J-  (4U /-FX, 2537; 1>//-, 2543; Boyd and Tucker, 
1998) (80L-0(M?&>7EM�[LL>&8;H(#MH"0MH&I<+873680- "L 2K"32NQ3<874O170X38( %/+406 � 2E-^
880F2"L( R- XN8(%/880%F/X 41!RI-E0 !/+-7<87(?,- FGH7L!EM)1#-73 741!#-78+8E3680- 
"L 2K"32NQ3<875-J 6-& 

 
3.1  RI-E"R=E<87(?,-   
 
       :18 (2535) 016-II6-.(N68#MHEMRI-E"R=E3H,- 0-20 psu 4O170X38(#MHONL!"�'(0196E5M

"<M&I40E(?,-"72( ":6( Oscillatoria 56I(RI-E"R=E5*7 !JI6-7 25-35 psu E>0ON%/8!38E J ;8%/Q(
4U10"L1"13 ":6( Coscinodiscus, Pleurosigma, Nitzschia, Dinophysis 41! Ceratium 58/R1+87
0>N )95/M (2536) 41!N9Kz 20- (2547)   #MH016-II6-:(2/<874O170X38(.(N68"1M?&709+7EMRI-E"R=E3H,-
0I6- 10 psu E>0ON Oscillatoria 41! Microcystis c+-RI-E"R=E5*70I6- 30 OMOM#MJ ;8N 2"I^:-&g[j7E>0
ON%/8!38E ":6( Nitzchia 41! Pleurosigma 41!%/Q(4U10"L1"13 ":6( Ceratium 8&6-7% 0=3-E
0- "�1MH&(4�17RI-E"R=E.(:6I70I+-7ON%/8!38E 41!%/Q(4U10"L1"13� 2E-^(+8&  "(;H87L-0
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4O170X38(5870196E(M?%E65-E- c� >NRI-E/>(_-&.("F11X%/+ "F11XL!430 QR+778 41!3-&.(
#MH59/ (:18, 2535) O "#O (2538)  -&7-(I6-� 2E-^4O170X38(O;:EMRI-E5>EO>(WX0>NRI-E"R=E 
016-IR;8"E;H8RI-E"R=E1/17 � 2E-^4O170X38(O;:EM4(IQ(+E"O2HE<G?( 58/R1+870>NN9Kz 20- 
(2547) #MH -&7-(I6-� 2E-^4O170X38(EMRI-E5>EO>(WX0>NRI-E"R=E<87(?,-.(#2$#-73 70>(<+-E 
Q/&RI-E"R=E(?,-#MH"O2HE<G?(L!#,-.J+� 2E-^4O170X38(#MHON1/17 "(;H87L-0RI-E"R=EL,-0>/0- 
"L 2K"32NQ3<874O170X38( 5E:-& (2551)  -&7-(I6-RI-E"R=EEM)13680- "L 2K"32NQ3<87 
Oscillatoria 41! Microcystis  Q/& Oscillatoria 5-E- c"L 2K"32NQ3%/+/M#MH !/>NRI-E"R=E 0-10 
psu 41!"L 2K"32NQ3%/+/M#MH59/#MHRI-E"R=E 5 psu 436#MH !/>NRI-E"R=EE-00I6- 15 psu L!EM)1&>N&>?7
0- "L 2K"32NQ3<87 Oscillatoria 41!0- "L 2K"32NQ3L!1/17"E;H8RI-E"R=EE-00I6- 20 psu 
.(<^!#MH Microcystis 5-E- c"L 2K"32NQ3%/+/M#MH !/>NRI-E"R=E 0-9 psu 41!"L 2K"32NQ3%/+/M#MH59/
#MHRI-E"R=E 0 psu 436#MH !/>NRI-E"R=EE-00I6- 3 psu L!EM)1&>N&>?70- "L 2K"32NQ3<87 Microcystis  

 
3.2  89^J_*E2<87(?,- 
 
       89^J_*E2<87(?,-L!EM)13688>3 -"E#-N812FGE<874O170X38( Q/&89^J_*E2<87(?,-L!

5>EO>(WX0>NRI-E"<+E<87457 (Boyd and Tucker, 1998) 89^J_*E2(?,- !JI6-7 25~35 87$-"F1"FM&5 
EM)13680- "L 2K"32NQ3<874O170X38(0196E5M"<M&I40E(?,-"72( ":6( Anabaena, Oscillatoria )*+
Microcystis (Reyssac and Pletikosic, 1990) � 2E-^4O170X38(O;:EMRI-E5>EO>(WX0>N89^J_*E2<87
(?,-.(#2$#-7"/M&I0>( 016-IR;8 "E;H889^J_*E2(?,-"O2HE<G?( � 2E-^4O170X38(O;:EMRI-EJ(-4(6(
"O2HE<G?(/+I& (I -JX, 2534; O "#O, 2538; O>: 2/-, 2543 41!L 2&-I/M, 2551) 

 
3.3  RI-EQ� 67457 
 
       457"�'(�[LL>&#MHEM)13680- "L 2K"32NQ3<874O170X38(O;: (Boyd, 1989; Burford, 

1997) RI-EQ� 67457<87(?,-EMRI-E5>EO>(WX0>N� 2E-^4O170X38( L-00- $G0\-RI-E5>EO>(WX
 !JI6-74O170X38(O;:41!RI-EQ� 67457<87(?,-.(N68"1M?&709+756I(.JK6 ONI6-� 2E-^4O170X
38(O;:L!5>EO>(WX0>NR9^_-O(?,-.(#2$#-73 70>(<+-E 016-IR;8 "E;H8� 2E-^4O170X38(O;:"O2HE<G?(
RI-EQ� 67457L!1/17 (I -JX, 2534; O "#O, 2538; N9Kz 20-, 2547; O>: 2/-, 2543 41!L 2&-I/M, 
2551) RI-EQ� 67457#MH"JE-!5E068(#MHL!�168&09+717"1M?&7L!EMR6- !JI6-7 40-50 "F(32"E3   
(:18, 2535) 41!.( !JI6-70- "1M?&7EMR6-8&*6 !JI6-7 25-50 "F(32"E3  (Block and Main, 1994)  
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(80L-0(M?RI-EQ� 67457EMRI-E5>EO>(WX0>NRI-E<96((?,- 41!RI-E1G0<87N68 (Burford, 
1997) RI-E<96("02/L-00- "L 2K"32NQ38&6-7 I/" =I<874O170X38(O;: 41!8(9_-R/2(#MH"02/L-0
0- 0>/"F-!<870 !45(?,- Q/&"R ;H87.J+8-0-$ (Funge-Smith and Briggs, 1998)  (80L-0(M?
3!08(N-756I(&>7"�'(5- 4<I(18& J ;8R8118&/X#MH1!1-&(?,- %/+406 "01;88(2(# M&X36-7 d ":6( 
NaCl, Na2CO3 41!56I(#MH"�'(82(# M&X5-  ":6( 4�h7 (?,-3-1 0 /8!E2Q(41!I23-E2(N-7:(2/  
(^n0 , 2543) .(N68#MH� 2E-^3!08(E-0L!#,-.J+"02/0- 5!5E<873!08(#MH0+(N6841!"02/0- 
3;?("<2( (Boyd, 1989) (?,-#MHEMRI-E<96(E-0#,-.J+4575687%E6cG7 41!<>/<I-7��202 2&-5>7"R -!JX457
<874O170X38(O;: #,-.J+� 2E-^880F2"L(1/17  IE#>?73!08(L!"<+-%�89/3-E:687"J7;80  
(52#W2:>&, 2549) %E3 M 41!L- 9I  ^ (2528) 016-II6-.(4J167(?,-#MH.J+)1)123#-70- � !E7#MH/MRI 
EM� 2E-^5- 4<I(18&8&*6.(:6I7 25-80 E21120 >E368123  436c+-8&*6.(:6I7 !JI6-7 80-400 E21120 >E
368123 L!.J+)1)1231/17 41!c+-E-0"02( 400 E21120 >E368123 <G?(%�L!%E6"JE-!3680- "1M?&75>3IX
(?,-  

 
3.4  � 2E-^880F2"L( 

 
       4O170X38(O;:EMN#N-#368� 2E-^880F2"L(.(N68"1M?&709+7 Q/&0 !NI(0- 

5>7"R -!JX457 L-00- $G0\-RI-E5>EO>(WX !JI6-74O170X38(O;:41!� 2E-^880F2"L(#MH1!1-&
.((?,-N68"1M?&709+756I(.JK6 ONI6-� 2E-^880F2"L(#MH1!1-&.((?,-.(N68"1M?&709+7EMRI-E5>EO>(WX0>N
� 2E-^4O170X38(.(#2$#-7"/M&I0>( "E;H8� 2E-^4O170X38(O;:"O2HE<G?( � 2E-^880F2"L(.((?,-
L!"O2HE<G?(/+I& (I -JX, 2534; O "#O, 2538; N9Kz 20-, 2547; O>: 2/-, 2543 41!L 2&-I/M, 2551) 
8&6-7% 0=3-E0- "1M?&709+74NNO>P(- EM0- �168&09+7.(8>3 -#MHJ(-4(6(5*7 ONI6-W-398-J- #MH%/+E-
L-00- <>Nc6-& 41!8-J- "J1;8.(N68L!0 !39+(.J+4O170X38("L 2K"32NQ3 41!#,-.J+� 2E-^
880F2"L(1!1-&.((?,-E-041!E>0L!5*70I6-L9/82HE3>I (&(3X, 2539; :18 41!O "12$, 2547)  436.(
"I1-01-7R;(880F2"L(L!c*0.:+.(0- &68&51-&<87"5M& 0- J-&.L<874O170X38( 09+7 41!
52H7EM:MI238;H( d _-&.(N68 Q/&"`O-!.(:6I7#+-&<870- "1M?&7 09+7EM<(-/.JK6 41!EM0- 5!5E<87
<87"5M&.(N68R68(<+-7E-0 #,-.J+� 2E-^880F2"L(3H,-E-0.(:6I7":+- FGH7L!#,-.J+09+7%E64<=74 7 0- 
02(8-J- 1/173H,-0I6-�032  IE#>?7#,-.J+09+7180R -N41+I3-& "0\3 0 5-E- c40+%<%/+Q/&.J+
"R ;H87.J+8-0-$ 41!"�1MH&(c6-&(?,-8&6-7O8"OM&7 (:18, 2543) 
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3.5  OM"8: (pH) 
 
       Chenl and Durbin (1994) 016-II6-OM"8:EM)1368� 2E-^41!0- 4O 60 !L-&<87

:(2/4O170X38( R- XN8"(3L!E-0<G?(.(<^!#MH%NR- XN8"(341!R- XN8(%/880%F/X1/17 
(80L-0(M?OM"8:&>7EM)1368I23-E2( W-398-J-   IE#>?7OM"8:#MH5*7E-0L!EM)13680- "�1MH&(4�17
QR 75 +-7<87"F11X4O170X38(Q/&3 7 FGH7567)13680- 5>7"R -!JX457 (Riebesell et al., 1993)  
Hinga (1992)  -&7-(I6-OM"8:(?,-5>EO>(WX0>N0- 4#(#MH<874O170X38(.(0196E%/8!38E41! 
%/Q(4U10"L1"13 5,-J >N0- $G0\-RI-E5>EO>(WX !JI6-7OM"8:<87(?,-368� 2E-^4O170X38(O;:
.(N68"1M?&709+7091-/,-41!09+7<-I4I((-%E ONI6-RI-EJ(-4(6(<874O170X38(O;:0>NR6-OM"8:EM
RI-E5>EO>(WX%�.(#2$#-7"/M&I0>( OM"8:<87(?,-L!5*7<G?("E;H8EM� 2E-^<874O170X38(O;:.(N68
"O2HE<G?( (I -JX,2534; O "#O, 2538; N9Kz 20-, 2547; O>: 2/-, 2543 41!L 2&-I/M, 2551)  
5E:-& (2551)  -&7-(I6-OM"8:EM)13680- "L 2K"32NQ3<87 Oscillatoria 41! Microcystis Q/& 
Oscillatoria "L 2K"32NQ3%/+/M#MHOM"8: !JI6-7 6-9 41!"L 2K"32NQ3%/+/M#MH59/#MHOM"8: 9 56I( 
Microcystis "L 2K"32NQ3%/+/M#MHOM"8: !JI6-7 6-9  41!"L 2K"32NQ3%/+/M#MH59/#MHOM"8: 7.5         

 
3.6  W-398-J-  (nutrient) 

 
       W-398-J- #MHL,-"�'(3680- "L 2K"32NQ3<874O170X38(5-E- c4N67880"�'( 2 0196E 

R;8 W-398-J- J1>0 "�'(W-398-J- #MHL,-"�'(41!3+870- � 2E-^E-0 (macronutrient element) ":6( 
R- XN8( %(Q3 "L( U85U8 >5 41!F212"03 0196EW-398-J- #MHL,-"�'(4363+870- � 2E-^(+8& 
(micronutrient element) %/+406 "J1=0 4E70-(M5 5>70!5M QRN813X #874/7 QE12/2(>E (2"021 
4R/"EM&E 41!FM12"(M&E (1>//-, 2543; Sunda et al., 2005) 
 

R- XN8(#MH4O170X38(O;:(,-%�.:+4N67880%/+ 2 � !"_# R;8 8(2(# M&XR- XN8(41!
82(# M&XR- XN8( 4O170X38(O;:.:+8(2(# M&XR- XN8(.( *�<87R- XN8(%/880%F/X#MH1!1-&.((?,- 
J ;8.( *�<87R- XN8"(3 (CO3

2-) 41!%NR- XN8"(3 (HCO3
-) .(0- 5>7"R -!JX457 41!.:+

82(# M&XR- XN8(.( *�<875- � !08N82(# M&X"O;H80- "L 2K"32NQ3 ":6( F*QR 5 01*QR5 U 9RQ35 
0-41RQ35.(5_-O% +8-0-$ (anaerobic condition) J ;8.(5_-O#MH%E6EM4575I6-7  (Kaplan et al., 
1986) 0- #MHR- XN8(L!8&*6.( *�./(>?(<G?(8&*60>NOM"8: ":6( R- XN8(L!8&*6.( *�"01;8%NR- XN8"(3
"E;H8OM"8:EMR6- !JI6-7 7-9, 8&*6.( *�"01;8R- XN8"(3"E;H8OM"8:5*70I6- 9.5 <G?(%� 41!R- XN8(L!8&*6
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.( *�<8740�5R- XN8(%/880%F/X"E;H8 pH EMR6-� !E-^ 5 (_-O#MH 2) 56I(.JK6.(N68"1M?&709+7<-I
4I((-%EL!EMR6-OM"8:8&*6 !JI6-7 7.5-8.5 (:1841!O "12$, 2547) 

 

 

���:�; 2  OM"8:3680- "�1MH&(4�17R- XN8(.((?,- 
 

%(Q3 "L("�'(W-398-J- #MHEM)13680- "L 2K"32NQ3<874O170X38(O;: Q/&4O170X38(
5-E- c.:+%(Q3 "L(#>?7 *�<878(2(# M&X41!5- 82(# M&X  IE#>?75-E- c3 G7%(Q3 "L(L-0
N  &-0-$ %/+406 4O170X38(O;:0196E5M"<M&I40E(?,-"72( 4O170X38(L!.:+8(2(# M&X%(Q3 "L(.(
 *�36-7 d ":6( 48EQE"(M&E (NH4

+) 48EQE"(M& (NH3
+) %(%3 #X (NO2

-) 41!%("3 # (NO3
-) 41!

5- � !08N82(# M&X%(Q3 "L(%/+406 &*" M& 56I(.JK64O170X38(L!.:+&*" M& 48EQE"(M&E8288( 
41!%("3 #"�'(4J167%(Q3 "L(.(0- "L 2K"32NQ3 56I(%(%3 #XL!EMRI-E"�'(O2\"E;H8EMRI-E
"<+E<+(5*7 Q/&48EQE"(M&E8288(L!c*0/G7E-.:+068(%("3 # 41!%("3 #L!c*0 M/2IFX17E-"�'(
48EQE"(M&E8288(068((,-E-.:+_-&.("F11X (Morris, 1974)  4J167#MHE-<87%(Q3 "L(.(N68"1M?&7
09+7#!"156I(.JK6E-L-00- <>Nc6-&<8709+7 8-J- #MH"J1;841!L!5!5E8&*6#MHO;?(N68.( *�<87
5- 82(# M&X (Paerl and Tucker, 1995; Burford and William, 2001; Burford and Lorenzen, 2004) 
Burford and William (2001)  -&7-(I6-8-J- #MH"J1;8L!"�1MH&("�'(&*" M& 26 "�8 X"F=(3X 41!"�'(
5- 82(# M&X%(Q3 "L(#MH1!1-&(?,- (dissolved organic nitrogen: DON) 61 "�8 X"F=(3X &*" M&#MH"02/<G?(
_-&.( !NNL!c*0.:+068(Q/&4O170X38(O;: #,-.J+5- 82(# M&X%(Q3 "L(#MH1!1-&(?,-R+-78&*6.(
 !NNE-0 (Burford and Glibert, 1999)  Funge-Smith and Briggs (1998)  -&7-(I6-#MHE-<87
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%(Q3 "L(.(N68"1M?&709+7#!"14NNO>P(- L!E-L-08-J- 78 "�8 X"F=(3X E-L-00- "F-!<87/2(
L-0N 2"I^<8NN68 16 "�8 X"F=(3X E-L-0(?,-41!�9�& 4 "�8 X"F=(3X 41!g(30 2 "�8 X"F=(3X N 2"I^#MH
EM%(Q3 "L(5!5EL!8&*6#MH/2(3!08( 24 "�8 X"F=(3X L-009+7#MHL>N%�41+I 18 "�8 X"F=(3X (?,-#MH"�1MH&(
c6-& 27 "�8 X"F=(3X 41! 30 "�8 X"F=(3XL!"�1MH&( *�"�'(40�5%(Q3 "L(5*6N  &-0-$ J ;801-&"�'(
48EQE"(M& (_-O#MH 3) %(Q3 "L(#MH"O2HE<G?(L!EMRI-E5>EO>(WX.(#2$#-7"/M&I0>(0>N4O170X38(0196E
Chlorophyta %/8!38E R18Q UV11X "8 (Vuorio et al., 2005)  

 
 
���:�; 3  #MHE-<87%(Q3 "L(.(N68"1M?&709+74NNO>P(-#MHEM0- "�1MH&(c6-&(?,-  

 :�;$�: Funge-Smith and Briggs (1998)  
 
U85U8 >5"�'(W-398-J- #MHL,-"�'(3680- "L 2K"32NQ3<874O170X38(O;:"O -!EM56I(

"0MH&I<+870>N0 !NI(0- 36-7d <87"F11X Q/&"`O-!0 !NI(0- c6-&"#O1>77-( 41!0 !NI(0- 
5 +-70 /(2IR1M82R (nucleic acid) U85U8 >5#MH4O170X38(41!4NR#M" M&5-E- c(,-%�.:+%/+
Q/&3 7 %/+406 88QWU85U8 >5 (orthophosphorus) (Correll, 1998) 4O170X38(O;:L!.:+88QW
U85U8 >5.(0- 5 +-7O1>77-(.(0 !NI(0- U85QU M"1:>H( (phosphorylation), 880F2"/#MU 
U85QU M"1:>H( (oxidative phosphorylation) 41! QUQ3+U85QU M"1:>H( (photophosphorylation) 
(Kuhl, 1974)  />75E0-  

 
ADP+ orthophosphate                      ATP   
 

Energy 
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U85U8 >5_-&.(N68"1M?&75>3IX(?,-L!E-L-0�9�&#MH"0\3 0 56I(.JK6.:+.(0- 5 +-75M(?,- 
J ;85 +-78-J- W  E:-32 41!E-L-08-J- #MH.J+318/ !&!"I1-0- "1M?&7 Funge-Smith and 
Briggs (1998)  -&7-(I6-U85U8 >556I(.JK6E-L-08-J-  51 "�8 X"F=(3X 41!30R+-78&*6.(O;?(N68 
84 "�8 X"F=(3X  IE#>?7&>7EMU85U8 >5#MH"J1;8L-0 8N0- "1M?&7#MH)6-(E- 26 "�8 X"F=(3X (_-O#MH 4) 
� 2E-^U85U8 >5.(EI1(?,-EMRI-E5>EO>(WX0>N� 2E-^U85U8 >5.(/2( "E;H8� 2E-^U85U8 >5
.((?,-3H,-17 U85U8 >5L-0/2(N-756I(L!1!1-&880E- (Correll, 1998) U85U8 >5L!1!1-&%/+/M
#MH59/"E;H8OM"8:<87/2(EMR6-"#6-0>N 6.5 (_-O#MH 5) FGH7L!c*0.:+Q/&4O170X38(O;: (Boyd and Tucker, 
1998) (80L-0(M?U85U8 >5L!L>N0>N4R#:>H(%888( ":6( "J1=0 4R1"FM&E 4E0(M"FM&E 41!
81*E2"(M&E 303!08(8&*6#MHO;?(N68 (Lin et al., 1997) (80L-0(M?U85U8 >5&>7c*0/*/F>N%/+/ML-0/2(
QR1(#MHEMRI-E"�'(0 / (Boyd and Musig, 1981; Boyd and Tucker, 1998) 

 
 
���:�; 4  #MHE-<87U85U8 >5.(N68"1M?&709+74NNO>P(-#MHEM0- "�1MH&(c6-&(?,-  

  :�;$�: Funge-Smith and Briggs (1998)  
 

U85U8 >5L!"�'(�[LL>&L,-0>/5,-J >N4O170X38(0196E5M"<M&I40E(?,-"72(#MH5-E- c3 G7
%(Q3 "L(L-0N  &-0-$%/+"87 (Rydin et al., 2002) Q/&"`O-!4O170X38(.(0196E#MH5 +-7O2\ 
%/+406 Oscillatoria, Microcystis #MHEM0- "L 2K"32NQ34� )>(3 70>N� 2E-^U85U8 >5.((?,-  
(Oh et al., 2000)  
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���:�; 5  RI-E5>EO>(WX !JI6-7 pH 3680- 1!1-&<87U85U8 >5.(N68#MH� 2E-^880F2"L("OM&7O8 
 
F212"03"�'(W-398-J- #MHL,-"�'(<874O170X38(.(0196E<87%/8!38E"O;H85 +-7)(>7"F11X 

J ;8 siliceous cell wall FGH7"�'(0- "L 2K"32NQ34NN�032 (1>//-, 2543; &9I/M, 2549; Sunda et al., 
2005) .(<^!#MH� 2E-^%/8!38E"02/<G?(L,-(I(E-0� 2E-^F212"03.((?,-L!1/17 41!.(5_-I!#MH
<-/4R1(F212"03L!567)10 !#N3680- 4N673>I 41!O>P(-"F11X<87%/8!38E (Darlay, 1974) 
 

5,-J >N0196EW-398-J-  87 "�'(W-398-J- #MHL,-"�'(4364O170X38(3+870- .(� 2E-^(+8& 
(micronutrient element) 56I(.JK6L!"�'(87RX� !08N<87"8(%FEX (1>//-, 2543) %/+406  "J1=0 
4E70-(M5 5>70!5M QRN813X #874/7 QE12/2(>E (2"021 4R/"EM&E 41!FM12"(M&E  (80L-0(M?&>7EM8288
(0196EJ1>0 %/+406 QF"/M&E8288( (Na+) Q�435"FM&E8288( (K+) 4E0(M"FM&E8288( (Mg2+) 
4R1"FM&E8288( (Ca2+) R18% /X (Cl-) 41!F>1"U38288( (SO4

2-) FGH756I(.JK68&*6.( *�<87%N
R- XN8"(3 (HCO3-)QF"/M&E (Na+) 4E0(2"FM&E (Mg2+) 4R1"FM&E (Ca2+) Q�4#5"FM&E (K+) R18% /X 
(Cl-) 41!F>1"U3 (SO4

2-) (Sunda et al., 2005) W-398-J-  87 41!8288("J16-(M?L!"�'(�[LL>&L,-0>/
3680- "L 2K"32NQ3 41!EM)13680- "�1MH&(4�1787RX� !08N<87� !:-RE4O170X38(  
(Kaplan et al., 1986; Sunda et al., 2005)  

 
"J1=0EMN#N-#3680- "L 2K"32NQ3<874O170X38(#90:(2/ "�'(87RX� !08N<87

R18Q UV11X "8 41!R18Q UV11X FM (1>//-, 2543) :6I&.(0 !NI(0- 567)6-(82"1=03 8(.( !NN
5>7"R -!JX457 0- J-&.L 0 !NI(0- %("3 # %(%3 #X M/>0:>H( 41!0 !NI(0- 3 G7%(Q3 "L( 
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(Sunda et al., 2005) RI-E3+870- "J1=0<874O170X38(L!"O2HE<G?(3-ERI-E"<+E<87457 (Sunda 
and Huntsman, 2004) 41!43036-70>(%�3-E4J167%(Q3 "L(#MH4O170X38(/G7E-.:+.(0- 
"L 2K"32NQ3 Q/&"`O-!"F11X#MH.:+%("3 #L!EMRI-E3+870- "J1=05*70I6-"F11X#MH.:+48EQE"(M&E 
(Maldonado and Price, 1996) Q/&"J1=0L!"�'(87RX� !08N<87"8(%FEX"O;H8"�1MH&(%("3 #%�"�'(
48EQE"(M&E (Vuorio et al., 2005) 0- "�1MH&(4�17� 2E-^<87"J1=0L!EM)13680- "�1MH&(4�17
87RX� !08N<87� !:-RE4O170X38(.(4J167(?,-L;/ Q/&� 2E-^"J1=0L!"�'(3>IRINR9E0- "O2HE
L,-(I(<874O170X38(.(4J167(?,-L;/#MHEM� 2E-^U85U8 >55*7 (Evans and Prepas, 1997) 41!
RI-E3+870- "J1=0<874O170X38(N 2"I^:-&g[j7#!"1 41!#!"11G0L!EMRI-E43036-70>(.(4361!
:(2/ FGH7EM)13680- "�1MH&(4�1787RX� !08N� !:-RE 41!QR 75 +-7<874O170X38(.(O;?(#MH 
(Crawford et al.,2003) 

  
4E70-(M5"�'(87RX� !08N#MH5,-R>K3680- 4303>I<87(?,-.(0 !NI(0- 5>7"R -!JX457 

41!EM)13680- "L 2K"32NQ3<874O170X38(#90:(2/ (Sunda et al., 2005) 4E70-(M5L!c*0.:+E-0
"O;H8"L 2K"32NQ3.(5_-O#MHEM457(+8& (Sunda and Huntsman, 1998)  

 
5>70!5M"�'(W-39#MH4O170X38(3+870- 5,-J >N0 !NI(0- "E3-N812R 5>70!5ML!c*0.:+.(

0 !NI(0- 3 G741!567)6-(R- XN8(%/880%F/XQ/&"8(%FEXR- XN8(2R (Morel et al, 1994) RI-E
3+870- <87"8(%FEX41!4O170X38(3685>70!5ML!EME-0"E;H88&*6.(5_-I!#MHEM� 2E-^
R- XN8(%/880%F/X1/17 J ;88&*65_-I!#MHL,-0>/ 56I(.JK65>70!5ML!#,-7-( 6IE0>NQRN813X 41!
4R/"EM&E (Sunda et al., 2005)   

 
#874/7"�'(W-398-J- #MHc*0.:+"�'(87RX� !08N.(0 !NI(0- %FQ3QR E880F2"/5 

41!"�'(87RX� !08N<87Q� 3M(.(0- 567)6-(82"103 8(.(0 !NI(0- J-&.L QE12/2(>E 41!
(20"021L!EMN#N-#"0MH&I<+870>N0 !NI(0- /*/FGE%(Q3 "L("<+-5*6"F11X (Sunda et al., 2005)  

 
(20"021L!"�'(87RX� !08N<87"8(%FEX&* M"85 FGH7ON.(4O170X38(#MH.:+&*" M&"�'(4J167

%(Q3 "L(.(0- "L 2K"32NQ3 (Price and Morel, 1991)  
 
QE12/2(>EL!#,-7-( 6IE0>N"J1=0.("8(%FEX%("3 #  M/>0"35 41!%(Q3 LM"(5.( 

0 !NI(0- "�1MH&(%("3 # 41!0- 3 G7%(Q3 "L( (Raven, 1988)  
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QRN813X"�'(56I(� !08N5,-R>K<87I23-E2(NM 12 FGH75,-R>K3680- "L 2K"32NQ3<874O170X
38(J1-&:(2/ Q/&"`O-!4O170X38(0196E5M"<M&I40E(?,-"72( (O�Kelly, 1974) 41!0196E
Prymnesiophytes (1>//-, 2543; Sunda et al., 2005)  

 
F>1"U8 X"�'(W-398-J- #MHL,-"�'(3684O170X38("(;H87L-0"�'(87RX� !08N<870 /8E2Q( 

4O170X38(O;:.:+.( *�<875- 8(2(# M&X %/+406 F>1"U3 (SO4
2-) 41!F>1%U/X (HS-) (Kaplan et al., 

1986) (80L-0(M?F>1"U8 X&>7"�'(56I(� !08N<87I23-E2(NM 1 %NQ832(41!QR"8(%FEX "8 8M0/+I& 
(Lovell, 1989; Silva and Williams, 2001)  

 
F212"(M&E"�'(W-398-J- L,-"�'(3680- "L 2K"32NQ3<874O170X38(#>?7.((?,-L;/ 41!(?,-"R=E 

(Harrison et al., 1988) Q/&"`O-!4O170X38(#!"1#MH3+870- F212"(M&E"�'(87RX� !08N<87"F11X 
41!EMN#N-#3680 !NI(0- "E3-N812FGE<87"F11X4O170X38( (Sunda et al., 2005)  

 
QF"/M&E"�'(W-398-J- #MH Division Cyanophyta  ":6( Anabaena, Anacystis, Nostoc 

3+870- .(0- "L 2K"32NQ3 
 
4. ��":�����+%���������������������� ��	!�:��� 
 

/>7#MH016-IE-<+-73+(4O170X38(EMN#N-#3680- "�1MH&(4�17R9^_-O(?,- 41!R9^_-O/2(
_-&.(N68"1M?&709+7#!"1  IE#>?7567)1368)1)123 FGH70- L>/0- 4O170X38(.(N68"1M?&709+7#!"1
5-E- cL>/0- %/+/>7368%�(M? 
 

4.1  0- "3 M&EN68 068(#MHL!EM0- "1M?&7 0- "�1MH&(4�17<87W-398-J- _-&.(N68"1M?&7L!
"02/<G?( !JI6-758787RX� !08NJ1>0 %/+406 (?,-.(N68 41!/2(3!08( (Funge-Smith and Briggs, 
1998) 0 !NI(0- .(/2(#MH0 !#N368R9^_-O(?,-%/+406 /2( /2(3!08( 41!5- 82(# M&X#MH"02/L-0
0- "1M?&741!567)13680- <-/880F2"L(.( !JI6-70- "1M?&7 (Boyd, 1995) ��202 2&-0- &68&51-&
<874NR#M" M&L!"02/<G?(.(:687I6-7 !JI6-7"E=//2( 41!4O 6)6-(L-0:687I6-7 !JI6-7"E=//2(<G?(5*6
)2IJ(+-/2(%/+ (L- 9E-$, 2548) FGH756I(.JK6:>?()2IJ(+-/2(.(N68"1M?&709+7L!EM0- 5!5EF-04O170X
38(#MH3-& 8-J- "J1;8 52H7<>Nc6-& L912(# M&X 41!8(9_-R<(-/"1=0 (Boyd, 1995) #,-.J+02L0  E0- 
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&68&51-&<874NR#M" M&"02/<G?(5*7 41!#,-.J+880F2"L(#MH8&*6.(:687I6-7 !JI6-7"E=//2(JE/178&6-7
 I/" =I #,-.J+"02/�[KJ-0-  M/2IFXF>1"U3"�'(%pQ/ "L(F>1%U/XFGH7ON%/+.( !JI6-70- "1M?&7  
(L- 9E-$, 2548) (80L-0(M?.(5_-O#MH<-/880F2"L(N 2"I^O;?(N68&>7"02/0- 4O 6<87%(%3 #X 
"U8 X >5 %pQ/ "L(F>1%U/X 0�-FEM"#(<G?(.(N6841!"�'(8>(3 -&36809+7 (Boyd, 1995) />7(>?(0- 3-0
N68 41!0- %cO I("�V/J(+-/2(L!5-E- c1/� 2E-^%(Q3 "L( 41!U85U8 >5#MH8&*6.(/2(  
(Seo and Boyd, 2001) 5,-J >NN68#MHEM5_-OO;?(N68"�'(0 / FGH7"02/L-00- 4NR#M" M&.(0196EF>1"U8 X
"�1MH&( *�F>1"U8 X"�'(F>1%U/X FGH7"02/.(5_-I!% +880F2"L( (5E0- #MH 1) F>1%U/XL! IE0>N"J1=0 
"�'("J1=0F>1%U/X (5E0- #MH 2) 41!"�1MH&( *�"�'(%O% #X.(/2( (5E0- #MH 3) .(5_-I!#MH%E6EM
880F2"L(L!%E6"02/��202 2&- 436"E;H8c*0 !N-&880J ;85>E)>58-0-$L!"02/��202 2&-"�'("U8 20
F>1"U3 41!0 /0,-E!c>( (5E0- #MH 4) (Boyd, 1995) />75E0-   

 
Organic matter + SO4 ---------------------->  H2S + 2HCO3                    ����.. (1) 
Fe (OH)2 + H2S          ---------------------->  FeS  + 2H2O                      ����.. (2) 
FeS + S                      ---------------------->  FeS2 (pyrite)                       ����.. (3) 

  
4FeS2 + 15O2 +2H2O  ---------------------->  2Fe2()3 + 2H2SO4 
2Fe2(SO4)3 +2H2O      ---------------------->  2Fe2(OH) SO4 + 2H2SO4              ��... (4) 

 
 .((?,-#MH"�'(0 /L!EM"J1=041!81*E2"(M&EE-0 FGH7L!"�'(O2\3685>3IX(?,-41!&>7EM)13680- 
303!08(<87U85U8 >5#MH1!1-&.((?,-  #,-.J+4O170X38(%E65-E- c"L 2K"32NQ3%/+ (Lin et al., 
1997) 0- L>/0- N68#MH"�'(0 /5-E- c#,-%/+Q/&`M/"1( .56�*( J ;8� >N5_-ON68/+I&5- 82(# M&X 
41!RI "3 M&E(?,-#>(#M Q/&%E63-0N68"O -!L!#,-.J+/2("�'(0 /E-0<G?( (:1841!O "12$, 2547) 
Q/&�*(#MH.:+.(0- "1M?&709+7#!"14N67"�'( 4 0196E (O "12$, 2538) R;8 

 
1.  �*(E- X1 J ;8 /2(E- X1 "�'(I>5/9�*(#MHEM87RX� !08NJ1>0"�'(OI04R1"FM&E

R- XN8"(3 EM��202 2&-0- #,-7-(L!"�'(%�8&6-7:+-d 8>3 -0- .:+.(0- "3 M&EN68L!<G?(8&*60>N
5_-O<87RI-E"�'(0 /<87/2( Q/&#>HI%�L!.:+.(8>3 - 100 - 200 02Q10 >E/ % 6 41!8-L5*7cG7 
1,000 02Q10 >E/% 6 c+-/2("�'(0 /L>/E-0 56I(.( !JI6-70- "1M?&75>3IX(?,-8-L.:+"�'( !&!d "O;H8
 >0\-5_-ORI-E"�'(/6-7<87(?,-Q/&8-LL!.:+R >?71! 30 - 50 02Q10 >E/% 6 #90d 1 - 2 5>�/-JX J ;8
#90R >?7J1>7L-00- c6-&(?,- 
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2.  �*(<-I "�'(I>5/9�*(#MH"02/L-00- (,-J2(�*(E-")-#MHRI-E +8(5*7cG7 600 - 900 87$-
"F1"FM&5<G?(%� "E;H8%/+#MH41+I0=L!EM0- O E(?,-17%�3-E56I( �*(#MH%/+L!EM1>0\^!"�'()71!"8M&/ 
�*(:(2/(M?L!EM8,-(-L.(0- #,-1-&0 /5*70I6-�*(E- X1 41!�*(Q/Q1%E#X ��202 2&-<87�*(:(2/(M?
L!R68(<+-7 9(4 7 #,-.J+"02/0- "�1MH&(4�17<87R6-OM"8:R68(<+-7" =I41!EMR6-5*7 "0\3 0 (2&E.:+
"O;H8� >NOM"8:<87/2(41!(?,-.(N68#MH5 +-7<G?(.(N 2"I^#MH/2("�'(0 / 8>3 -0- .:+�*(<-I.:+R >?71!
� !E-^ 30 - 50 02Q10 >E/% 6 436c+-R6-OM"8:.(N683H,-E-00=8-L.:+�*(<-I.(� 2E-^ 100 - 200 
02Q10 >E/% 6%/+  

 
3.  �*("�1;80J8&J ;8�*(")-%/+L-00- (,-J2(�*(J ;8"�1;80J8& (5- � !08N4R1"FM&E

R- XN8"(3) E-")-#MHRI-E +8(5*741+I�168&.J+"&=(17�*(#MH%/+L!"�'()71!"8M&/5M<-I I>5/9�*(0196E(M?
L!"02/��202 2&- 9(4 741!#,-1-&0 /%/+5*7#MH59/ �*(:(2/(M?L!"02/RI-E +8(5*7.( !JI6-70- .:+ 
#,-.J+R9^_-O(?,-Q/&"`O-!R6-OM"8:L!5*7<G?(8&6-7 I/" =I8>3 -0- .:+%E6RI L!5*70I6- 30 02Q10 >E/
% 6  

 
4.  �*(Q/Q1%E#X "�'(5- � !08N�*(#MH"02/<G?(3-EW  E:-32 "E;H851-&3>IL!.J+

5- � !08N4R1"FM&ER- XN8"(341!4E0(M"FM&ER- XN8"(3 0- #,-��202 2&-<87�*(:(2/(M?L!"02/
8&6-7:+- d 41!L!.J+4E0(M"FM&E"O2HE<G?(E- FGH7L!EM� !Q&:(X8&6-7E-00>NOI04O17RX38(O;:.((?,- 
LG7(2&E.:+.56.(N68"O;H8" 67.J+4O17RX38("L 2K" =I<G?( "(;H87L-0��202 2&-#MH"02/%E6 9(4 7 0- .:+�*(
:(2/(M?LG7%E6"�'(8>(3 -&3685>3IX(?,- 41!%E6#,-.J+"02/0- "�1MH&(4�17<87R6-OM"8:8&6-7 I/" =I 
8>3 -0- .:+�*(:(2/(M?"O;H8"O2HE0- "L 2K<874O17RX38(RI .:+.(� 2E-^ 20 - 30 02Q10 >E/% 6 368
R >?7  
  

4.2  0- RINR9E0- .J+8-J- .( !JI6-70- "1M?&7 �[KJ-#MH"02/L-04O170X38(_-&.(N68
"1M?&709+7#!"156I(.JK6E-L-00- "L 2K"32NQ3 41!EMRI-EJ(-4(6(<874O170X38(E-0.( !JI6-7
0- "1M?&7 FGH7"02/L-08-J- #MH"J1;8 41!0- <>Nc6-&<8709+7"�'(56I(.JK6 "E;H84O170X38(N-756I(
3-& 0=L!"02/0- 5!5E<87<87"5M&_-&.(N68"O2HEE-0<G?( />7(>?("0\3 0 RI RINR9E0- .J+8-J- 
318/ !&!"I1-0- "1M?&7 "(;H87L-08-J- #MH.J+"�'(4J167<87%(Q3 "L( 41!U85U8 >5#MHE-0
"OM&7O83680- "L 2K"32NQ3 41!0- N1*E<874O170X38(_-&.(N68 41!RI EM0- L>/0- <87"5M&
_-&.(N68 Q/&0- .:+"R ;H87/*/"1( J ;8.:+#68 !N-&<87"5M&01-7N68 (central drain) (O "#O, 
2538) 41!RI 0,-J(/3,-4J(67"R ;H87.J+8-0-$.(N68.J+"JE-!5E .J+"02/0- JE9("IM&((?,-%�.(
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#2$#-7"/M&I0>( 41!O>/4 7O8#MHL! IE"8-3!08(<87"5M&%� IE#MHN 2"I^01-7N68 (80L-0L!
5-E- c0,-L>/<87"5M&_-&.(N68%/+/M41+I &>7#,-.J+N 2"I^4(I.J+8-J- 5!8-/8M0/+I& (:1841! 
O "12$, 2547)  
 
 4.3  0- "�1MH&(c6-&(?,- "�'(0- L>/0- �h870>(%E6.J+4O170X38(EMRI-EJ(-4(6(E-0L(
"02/0- 3-&8&6-7 I/" =I (O "#O, 2538) 0- "�1MH&(c6-&(?,-L!"�'(0- :!1+-7F-04O170X38( 
3!08(4<I(18& 41!:6I&1/<87"5M&.((?,-#MH"02/L-00- .J+8-J-  41!0- <>Nc6-&_-&.(N68"1M?&7
(Jaw-Kai, 1990) 56I(.JK60- "1M?&709+7#!"14NNO>P(-L!%E6R68&"�1MH&(c6-&(?,- "(;H87L-0�h870>(
0- "02/Q RJ>I"J1;87 (Yellow head virus : YHV) J ;8Q R3>I4/7/I7<-I (White Spot Syndrome 
virus : WSSV) 41!J1>7L-0"�1MH&(c6-&(?,-E>0L!"02/5M(?,-1+E "02/0- "�1MH&(4�17#MHO;?(N68 FGH7L!
0 !39+(#,-.J+"02/Q R4NR#M" M&3-EE- (Funge-Smith and Briggs, 1998) Chanratchakool et al. 
(1993) 016-II6- 0- � !"E2(RI-E"JE-!5E3680- "�1MH&(c6-&(?,- 5-E- c� !"E2(%/+L-00- 
"�1MH&(4�17<87OM"8:.( 8NI>(#MHE-00I6- 0.5 RI-EQ� 67457<87(?,-.(N68EMR6-E-00I6- 80 
"F(32"E3  J ;8(+8&0I6- 30 "F(32"E3  (?,-.(N68EM5M/,- 5- 8(2(# M&X4<I(18&.((?,-"O2HEE-0<G?( 
41!"02/U87L,-(I(E-0#MH)2IJ(+-(?,- (?,-#MH.:+.(0- "�1MH&(c6-&(?,-RI O>0.(N68O>0(?,-8&6-7(+8& 12 
:>HIQE7 EMOM"8:<87(?,-8&*6 !JI6-7 7.8-8.2 EMRI-E"R=E.01+"RM&70>NN68"1M?&7 41!EM� 2E-^<87
5- 82(# M&X(+8& 0- "�1MH&(c6-&(?,-4361!I>(%E6RI "02( 30 "�8 X"F=(3X 4360- "�1MH&(c6-&(?,-"JE-!
5,-J >N0- "32E"<+-E-.(N68 436c+-3+870- "32E(?,-E-00I6- 10 "�8 X"F=(3XRI R190"R1+-EI1(?,-N 2"I^
)2IJ(+-(?,-0>NEI1(?,-.J+"<+-0>(#>?7N68 J ;8"32E"<+-#M1!(+8&"O;H81/RI-E"R M&/<8709+7 
  

4.4  0- .:+5- "REM.(0- RINR9E4O170X38(_-&.(N68 :6I7#MHEM0- N1*E<874O170X38(
_-&.(N68 L!567)1.J+"02/0- "�1MH&(4�17<87880F2"L(#MH1!1-&.((?,- 41!OM"8:.( 8NI>(
E-00I6- 0.5 0- RINR9E� 2E-^4O170X38(8-LL!.:+U8 XE-1M(.(8>3 - 25-40 123 368O;?(#MH 1 % 6 
 !/>N(?,-1G0 1 "E3  5-/N 2"I^#+-&1E 0- .:+U8 XE-1M(#,-.J+� 2E-^880F2"L(1/17 />7(>?(RI 
.:+.(:6I7"I1-01-7I>( J ;8"�V/"R ;H873M(?,-"3=E#MH J1>7L-0.:+U8 XE-1M(%�41+I 4-6 :>HIQE7LG7"�1MH&(
c6-&(?,- 5,-J >N5M(?,-#MHEMRI-E"<+EE-05-E- c.:+NM"RFM (Benzalkoniumchloride : BKC) .(8>3 - 1 
123 368(?,- 1 % 6 RI-E1G0(?,- 1 "E3  (:18, 2535)   
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�	��������"������ 
 

1.  F���$:�;:�����GH�@� 
 
#,-0- $G0\-.(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-.(L>7JI>/ -:N9 M 41!

U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032.(L>7JI>/� !LINRM M<>(WX  EM -&1!"8M&/.(436
1!U- XE/>7368%�(M? 

 
1.1  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-  
 
       U- XE3>?78&*6#MH8,-"_8�-0#68 L>7JI>/ -:N9 M EMO;?(#MH 198 % 6 � !08N/+I& O;?(#MHN68O>0(?,- 

� !E-^ 50 % 6 O;?(#MHN68"1M?&709+7� !E-^ 84 % 6 4N67"�'( 15 N68 (_-O#MH 6) (?,-#MH.:+"1M?&709+7<-I4I(
(-%E"�'((?,-#MHEMRI-E"R=E3H,- EMR6-8&*6 !JI6-7 7-15 psu  !NN0- "1M?&7L!"�'(0- "1M?&7 !NN�V/(?,-
JE9("IM&( (?,-#MH.:+"1M?&709+7<-I4I((-%EL!c*0N,-N>/068((,-01>NE-"1M?&709+7<-I4I((-%E.( 8N
0- "1M?&7 N68#MH#,-0- #/187EM<(-/� !E-^ 5 % 6 EMRI-E1G0� !E-^ 1.5 "E3  L,-(I( 6 N68 
.:+"�'(3>I4#(<87N68#MHEM�[KJ-.(" ;H87<873!08(4<I(18&.((?,-E-0 #>?7 6 N68EM0- L>/0- #MH
"JE;8(0>(318/ !&!"I1-0- $G0\- 

 
0- "3 M&EN68" 2HEL-00- (,-/2("1(L-00- "1M?&709+7<-I4I((-%E.( 8N0- "1M?&7#MH)6-(E- 

41!3-0N68.J+4J+7"�'("I1- 3 5>�/-JX 41!� >N5_-OO;?(N68.J+4(6((_-O#MH 7A-C) 5*N(?,-L-0N68
O>0(?,-EMRI-E"R=E<87(?,-8&*6 !JI6-7 5-10 psu "<+-5*6N68"1M?&7Q/&)6-(c970 87%(18("O;H8�h870>(5>3IX
(?,-36-7 d "<+-%�.(N68L(EM !/>N(?,-5*7� !E-^ 1.20 "E3 (_-O#MH 7D) .565- "REM"O;H80,-L>/O-J! 
.56�*(<-I 41!Q/Q1%E#X (CaMg(CO3)2) "O;H8� >NOM"8:<87(?,-.J+"JE-!5E "�V/"R ;H87.J+8-0-$
4NNE8"38 X%UUh-<(-/ 3 4 7E+- RI-E" =I 8N 120  8N368(-#M .:+E8"38 X%UUh-N681! 8 "R ;H87 
4361!"R ;H87EM 1 4<( 4361!4<(EM.NO>/3M(?,- 14 I7 "�'("I1- 1 5>�/-JX068(�168&1*009+7 (_-O#MH 7E) 
.( !JI6-70- "1M?&7L!EM0- "32E(?,-L-0N68O>0(?,-"<+-E-#/4#(56I(#MH !"J&J ;8FGE880%� 41!" 2HE
"�1MH&(c6-&(?,-"E;H8EMR9^_-O(?,-%E6"JE-!5E3680- "1M?&7 Q/&" 2HE"�1MH&(c6-&(?,-_-&J1>709+7<-IEM8-&9
� !E-^ 60 I>(  
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�168&1*009+7<-I4I((-%E !&!QO51- XI- 12 (OM 12) #MH)6-(0- 3 IL/+I&"#R(2ROMFM8- X (PCR: 
polymerase chain reaction) J ;8��202 2&-1*0QF6QO1M"E8" 5I6-�18/":;?8%I >5/I7<-I (white spot 
syndrome virus; WSSV) %I >5J>I"J1;87 (yellow head virus; YHV) %I >5#8 6- (Taura syndrome 
virus; TSV) 41!%I >53>IO20-  (infectious hypodermal and hematopoietic necrosis virus; 
IHHNV) 41!� >N !/>NRI-E"R=EL-0Q 7"O-!U[0#MH 10 psu "E;H81*009+71,-"1M&7E-cG7U- XE.("I1-
� !E-^ 16.00 (. 41+ILG7(,-1*009+7#MHN  L98&*6.(c97O1-532017.(N68"O;H8� >N89̂ J_*E2"�'("I1- 20 
(-#M 068(�168&1*009+717%�.(N68"1M?&7.(8>3 -RI-EJ(-4(6( 100,000 3>I368% 6 (62.5 3>I3683- -7
"E3 ) (_-O#MH 7E) 0- .J+8-J- L!.:+8-J- "E=/5,-" =L *�5,-J >N09+7<-I4I((-%E#MHEM� 2E-^Q� 3M( 
38 "�8 X"F=(3X %<E>( 4 "�8 X"F=(3X RI-E:;?( 12 "�8 X"F=(3X 41!.&8-J-  (fiber) 4 "�8 X"F=(3X .J+
8-J- I>(1! 4 R >?7 R;8 7.00, 11.00, 16.00 41! 22.00 (. 3-EI2WM<87:1841!O "12$ (2547)  
(_-O#MH 7F) 
 

1.2  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 
 
       U- XE3>?78&*6#MH8,-"_8"E;87 L>7JI>/� !LINRM M<>(WX EMO;?(#MH#>?7JE/ 300 % 6 � !08N/+I&

O;?(#MHN68O>0(?,-.JK6 20 % 6 41!N68O>0(?,-<(-/ 15 % 6 L,-(I( 2 N68 O;?(#MHN68"1M?&709+7� !E-^ 78 % 6 
4N67"�'(18 N68 4361!N68EM<(-/� !E-^ 4 % 6R GH7 cG7 5 % 6Q/&� !E-^ N681G0 2.5 "E3  (_-O#MH 8) 
(?,-#MH.:+"1M?&709+7<-I4I((-%E"�'((?,-#MHEMRI-E"R=E�032 EMRI-E"R=E8&*6 !JI6-7 30-35 psu Q/&5*N(?,-
L-0#!"1"<+-E-O>0.(N68O>0(?,-� !E-^ 1 "/;8(068("�V/� !3*(?,-"<+-5*6N68"1M?&7 (?,-#MH)6-(0- "1M?&709+7
<-I4I((-%E 41!(?,-#MH !N-&880 !JI6-70- L>NL!5*N01>N%�N,-N>/&>7N68O>0(?,-"O;H8.:+.(0- 
"1M?&709+7<-I4I((-%E.( 8N368%� .(O;?(#MH(M?L!ON�[KJ-0- "�1MH&(<875M(?,- !JI6-70- "1M?&7 N68
#/187#>?7 6 N68L!4N67"�'(N68#MHEM5M(?,-R7#MH 3 N68 41!N68#MHEM5M(?,-1+E .( !JI6-70- "1M?&7 L,-(I( 3 
N68 Q/&"1;80L-0 8N0- "1M?&7#MH)6-(E- � 2E-^4O170X38( R9^_-O/2( R9^_-O(?,-  IE#>?70- 
"L 2K"32NQ3 41!)1)123(,-E-"� M&N"#M&N0>(.( !JI6-7 2 0196E 

  
0- "3 M&EN68L!" 2HEL-0(,-/2("1(L-00- "1M?&7.( 8N#MH)6-(E-880 (_-O#MH 9A-B) L-0(>?(

3-0N68"�'("I1- 1 5>�/-JX068(%cO I("O;H8"�V/J(+-/2( (_-O#MH 9C) 41!3-0N68.J+4J+75(2#8M0
R >?7.:+"I1-� !E-^  2 5>�/-JX (_-O#MH 9D) J1>7L-0(,-(?,-L-0N68O>0(?,-"<+-5*6N68"1M?&7L(EMRI-E5*7
<87(?,-� !E-^ 2-2.5 "E3  (_-O#MH 9E)   "32E�*(<-I"O;H8� >NOM"8:<87(?,-.J+"JE-!5E "32E�9�& "O;H8
5 +-78-J- W  E:-32 "�V/"R ;H87.J+8-0-$4NNE8"38 X%UUh-<(-/ 3 4 7E+- RI-E" =I 8N 120 
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 8N368(-#M .:+E8"38 X%UUh-N681! 8 "R ;H87 4361!"R ;H87EM 1 4<( 4361!4<(EM.NO>/3M(?,- 14 I7 
"�'("I1- 1 5>�/-JX .( !JI6-70- "1M?&7EM0- "32E(?,-L-0N68O>0(?,-"<+-E-#/4#(56I(#MH !"J&J ;8
FGE880%� 41!" 2HE"�1MH&(c6-&(?,-"E;H8EMR9̂ _-O(?,-%E6"JE-!5E3680- "1M?&7 Q/&L!" 2HE"�1MH&(c6-&(?,-
"E;H809+7<-I4I((-%E" 2HEEM8-&9 60 I>( 

 

 
 
���:�; 6  N68"1M?&709+7<-I4I((-%E (R O7\XU- XE 8,-"_8�-0#68 L>7JI>/ -:N9 M 

 
�168&1*009+7<-I4I((-%E !&!QO51- XI- 12 (OM12) #MH)6-(0- 3 IL/+I&"#R(2ROMFM8- X I6-

�18/":;?8%I >5/I7<-I %I >5J>I"J1;87 %I >5#8 6- 41!%I >53>IO20-   "E;H81*009+7E-cG7U- XE (,-
1*009+7#MHN  L98&*6.(c97O1-5320.5617.(c>7%U"N8 X01-5FGH7_-&.(N  L9(?,-.(N68"1M?&7� 2E-3 
� !E-^ 400 123  O +8E#>?7"�V/"R ;H87.J+8-0-$318/"I1- "O;H8� >N89^J_*E2<87(?,-.(N6841!.(
c97#MHN  L91*009+7.J+EM89^J_*E2.01+"RM&70>(� !E-^ 20 (-#M J1>7L-0(>?(�168&1*009+7)6-(#-75-&&-7
#MH3688&*60>Nc>7%U"N8 X01-5175*6N68"1M?&7.(8>3 -RI-EJ(-4(6( 200,000 3>I368% 6 (125 3>I368
3- -7"E3 ) (_-O#MH 9F) .:+8-J- "E=/5,-" =L *�5,-J >N09+7<-I4I((-%E#MHEM� 2E-^Q� 3M( 38 
"�8 X"F=(3X  %<E>( 4 "�8 X"F=(3X RI-E:;?( 12 "�8 X"F=(3X 41!.&8-J-  (fiber) 4 "�8 X"F=(3X .J+
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8-J- I>(1! 4 R >?7 R;8 7.00, 11.00, 16.00 41! 22.00 (. Q/&.:+" ;8.(0- JI6-(8-J-  3-EI2WM<87
:1841!O "12$ (2547) 

 

 
���:�; 7  0- "3 M&EN6841!"3 M&E(?,- 0- �168&1*009+7<-I4I((-%E41!0- .J+8-J-  
 
 

A B 

E F 

C D 
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2.  ���GH�@�
	������� 
	�������� ������$�������������F���$���� ��	!���"�"���#$�!" ����

"�$�
K$�;�� ���
"�$�
K$���� $��� ����� ��%����#���� 

 
2.1  0- $G0\-:(2/41!� 2E-^<874O170X38(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E

"R=E3H,-41!RI-E"R=E�032 
 

2.1.1  "0=N3>I8&6-74O170X38(Q/&.:+c>7O1-5320 3>0(?,-#MH5!O-(":=R&8 .( !/>N
1G0L-0)2IJ(+-(?,- 30 "F(32"E3  L,-(I( 10 123  #90 7-10 I>( 3>?7436"3 M&EN68L(0 !#>H7L>N09+7 
3>I8&6-7(?,-L!0 87)6-(c970 874O170X38(#MHEM<(-/3- 20 %EQR "E3  .:+(?,-01>H(`M/1+-7.J+
4O170X38(#MH32/3-Ec974O170X38(175*60 !N80"0=N3>I8&6-7 068(c6-&3>I8&6-7(?,-17.(<I/<(-/ 
135 E2112123  N  L9/+I&5- 1!1-&U8 XE-1M( 4 "�8 X"F=(3X 41! !N9I>(-"/;8(-�@ 41!3,-4J(67#MH
"0=N3>I8&6-7 (,-3>I8&6-701>N%�I2"R -!JX:(2/ 41!� 2E-^#MH$*(&XI2L>&W9 02L"O-!"1M?&75>3IX(?,-
EJ-I2#&-1>&"0\3 $-53 X  

 
2.1.2  I2"R -!JX0196E41!:(2/4O170X38(3-EI2WM<871>//- (2543, 2544) E-12(M

41!:2/:>& (2548) 41! Yamagishi (1992) 0- L>/1,-/>N8(90 EI2W-(4O170X38(O;:L>/3-E !NN 
Blod and Wynne (1987) 0- L>/0196E4O170X38(5>3IXL>/3-E 1>//- (2543) � 2E-^4O170X38(
� !"E2(3-EI2WM<87 1>//- 41!Q5_^- (2546) Q/&J(6I&(>N"�'(J(6I&368E2112123  R;8 (>N"F11X
<87:(2/#MH"�'("F11X"/MH&I 41!(>N"�'(QRQ1(MJ ;85-&<87:(2/#MH"�'(QRQ1(M J ;85-&R1!0>(%� (1 
"F11X = 1 J(6I& 41! 1 QRQ1(M/5-& = 1 J(6I&) />75*3  

 
� 2E-^4O170X38(368123 -1  =    A  X  B 

                                                                             C 
A = � 2E-3 (?,-#MH8&*6.(<I/3>I8&6-7 A (E2112123 ) 
B =  � 2E-^4O170X38(#MH(>N%/+ (unit cell/l) 
C = � 2E-3 (?,-#MH0 87)6-(c970 874O170X38( (123 ) 

 
2.1.3  )1L-00- $G0\-.(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-L!

 -&7-(:(2/ 4O170X38(O;: 4O170X38(5>3IX � 2E-^4O170X38(Q/& IE<87#>?7O;?(#MH )1#MH%/+
L-0U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 L!"� M&N"#M&N:(2/ � 2E-^4O170X38(
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 !JI6-7N68#MHEM5M(?,-%E6"�1MH&(4�17E-0 41!N68#MHEM5M(?,-"�1MH&(4�17E-0 41!#/58NRI-E43036-7
#-75c232/+I&I2WM Independent-sample T-Test 

 

 
 
���:�; 8  #IMO7\XU- XE 8,-"_8"E;87 L>7JI>/� !LINRM M<>(WX 
 

2.2  0- $G0\-:(2/41!� 2E-^4O170X38(.( 8NI>(.(U- XE"1M?&709+7<-I4I((-%E/+I&
(?,-#MHEMRI-E"R=E3H,- 41!RI-E"R=E�032 
   

        "0=N3>I8&6-74O170X38(#90 d 3 :>HIQE7 "E;H809+7<-I4I((-%EEM8-&9 30, 60 41! 90 I>(
Q/&� !E-^ Q/&0- "0=N3>I8&6-74O170X38( I2"R -!JX:(2/41!R,-(I^RI-EJ(-4(6(<87
4O170X38(":6("/M&I0>NJ>I<+8 2.1 )1#MH%/+L-0#>?7587O;?(#MH(,-E-I2"R -!JX0- "�1MH&(4�174O170X
38(O;:3684O170X38(5>3IX#MH"�1MH&(4�17.( 8NI>( 
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���:�; 9  0- "3 M&EN6841!"3 M&E(?,- 0- �168&1*009+7<-I4I((-%E41!0- .J+8-J-  

 
2.3  0- $G0\-:(2/41!� 2E-^4O170X38("E;H8EM0- "�1MH&(c6-&(?,-.(U- XE#MH09+7<-I 

4I((-%E/+I&(?,-RI-E"R=E3H,- 41!RI-E"R=E�032  
       
       0- $G0\-:(2/41!� !E-^4O170X38("E;H8EM0- "�1MH&(c6-&(?,-"E;H809+7<-I4I((-%EEM

8-&9� !E-^ 60, 90 41! 120 I>( Q/&"0=N3>I8&6-74O170X38(068("�1MH&(c6-&(?,-#>?7N68O>0(?,-41!

A B 

C D 

E F 
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N68"1M?&7 "E;H80- "�1MH&(c6-&(?,-"5 =L52?(LG7" 2HE"0=N3>I8&6-7.(N68"1M?&709+7<-I4I((-%E.(:>HIQE74 0 
:>HIQE7#MH 3, 6, 9, 12, 15, 18, 21, 24 41! 48 0- "0=N3>I8&6-74O170X38( I2"R -!JX:(2/ 41!R,-(I^
RI-EJ(-4(6(<874O170X38(":6("/M&I0>NJ>I<+8 2.1 )1#MH%/+(,-�I2"R -!JX0- "�1MH&(4�17<87
:(2/ 41!� 2E-^<874O170X38(O;: 41!4O170X38(5>3IX#MH"�1MH&(4�17J1>7L-0"�1MH&(c6-&(?,-.(
#>?7587U- XE  

 
2.4  0- $G0\-R9^_-O(?,-.(U- XE"1M?&709+7<-I4I((-%E#MHEMRI-E"R=E3H,-41!RI-E"R=E�032 
         
        0- $G0\-R9^_-O(?,-/,-"(2(0- 3>?7436"3 M&E(?,-068(0- "1M?&7L(0 !#>H7L>N09+7  IE#>?7

.(:6I7#MHEM0- $G0\-4O170X38(.( 8NI>( 41!:6I7#MHEM0- "�1MH&(c6-&(?,- Q/&5>7"0341!� !"E2(5M
<87(?,-/+I&5-&3- N>(#G0_-O5M(?,-/+I&01+87c6-& *�"O;H8(,-E-"� M&N"#M&N0>N4O170X38(0196E"/6(#MH
ON I>/� 2E-^880F2"L(#MH1!1-&.((?,- OM"8:(?,- 41!I>/89^J_*E2Q/&.:+"R ;H87 YSI DO 200-4M I>/
RI-EQ� 67457<87(?,-Q/&.:+ Secchi disk I>/RI-E"R=EQ/&"R ;H87 Salinometer N 2"I^5!O-(":=R
&8 41!.:+<I/"0=N3>I8&6-7(?,-<(-/ 500 E2112123  (_-O#MH 7A-B) 4:63>I8&6-7(?,-17.(c>7(?,-4<=7068(
(,-01>N%�I2"R -!JXR9^_-O(?,-3-EI2WM<87 APHA et al. (1995) %/+406  

 
1.  � 2E-^48EQE"(M& IE (Total ammonia nitrogen: TAN) .:+I2WM phenol - hypochloride 
2.  %(%3 #X  (nitrite - nitrogen)  .:+I2WM  Colorimetric Method   
3.  %("3 #  (nitrate - nitrogen)  .:+I2WM  Cadmium Reduction   
4.  U85"U3  (Total Phosphate)  .:+I2WM  Ascorbic Acid Method  
5.   RI-E0 !/+-7 IE (Total hardness) .:+I2WM Tritation Method  
7.  RI-E"�'(/6-7 IE (Total alkalinity) .:+I2WM Tritation Method  
8.  � 2E-^R18Q UV11X "8 I2"R -!JXQ/&0 87(?,-� 2E-^ 30 E2112123 )6-(:9/89�0 ^X"R ;H87

40+I0 87(?,-#MHEM0 !/-\ GF/F N  L98&*6 .:+�-0RMNRMN0 !/-\0 8741!"0=N%I+.(J18/3>I8&6-7#MH
N  L9/+I&8!F2Q3(RI-E"<+E<+( 90 "�8 X"F=(3X � 2E-3  10 E2112123  "0=N.(#MHE;/"�'("I1-8&6-7(+8& 
24 :>HIQE7  41!(,-E-)6-("R ;H878913 +-QF(2R"�'("I1- 10 (-#M #,-.J+303!08(/+I&"R ;H87�[j(
"JIMH&7#MHRI-E" =I 2,500  8N368(-#M /*/(?,-#MH8&*656I(N(880.5617.(R2I"I# <(-/0I+-7 1 
"F(32"E3  � 2E-3  3 E2112123  I>/5- 1!1-&#MHRI-E&-IR1;H( 665 (-Q("E3  "32E0 / 
%pQ/ R18 20 (HCl) 1.2 N 17%�  0.1 E2112123  "<&6-"N-d 41!#,-0- I>/8M0R >?7 (,-R6-#MH%/+%�
R,-(I^ />75E0-  
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Chlorophyll a (mg/m3) = 26.7(665o-665a) v 
                                                                                             VxL 
 

665o = R6-#MHI>/%/+068(#,-0- "32E0 / 665a = R6-#MHI>/%/+J1>7L-0"32E0 / 
        v = � 2E-^8!F2Q3( (ml) V = � 2E-^(?,-#MH0 87 (liters) 

    L = RI-E5*7<87R2I"I#40+I (cm) 
 
9.  � 2E-^3!08(4<I(18& (Total Suspended Solids : Tss) L!.:+0 !/-\0 87 GF/C 

(Whatman, 45 mm) #MH)6-(0- ")-#MH89^J_*E2 100 87$-"F1"FM&5 "�'("I1- 2 :>HIQE7 :>H7(?,-J(>0
0 !/-\0 87068(L!(,-0 !/-\0 870 87(?,-3>I8&6-7� 2E-3  30 E2112123  (,-3>I8&6-70 !/-\
0 87#MHEM5- 4<I(18&01>N%�")-#MH89^J_*E2 100 87$-"F1"FM&5 "�'("I1- 2 :>HIQE78M0R >?7 J1>7L-0
(>?(:>H70 !/-\0 87"O;H8J-(?,-J(>04J+7<875- 4<I(18&#MH0 87%/+41!(,-E-R,-(I^J-� 2E-^
5- 4<I(18&.(J(6I&<87E21120 >E368123  />75*3  

 
Total Suspended Solids = (?,-J(>00 !/-\0 8741!<874<=7 ~(?,-J(>00 !/-\0 87 x 106 

                                             � 2E-3 (?,-3>I8&6-7 (E2112123 ) 
   

)10- $G0\-.(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-L! -&7-(R9^_-O(?,- 41!
4(IQ(+E<87R9^_-O(?,-318/ !&!"I1-0- "1M?&7 R9^_-O(?,-#MH"�1MH&(4�17%�.( 8NI>( 41!
.(:6I7#MHEM0- "�1MH&(c6-&(?,- 41!I2"R -!JXJ-RI-E5>EO>(WX<87R9^_-O(?,-0>N:(2/41!� 2E-^<87
4O170X38(.(O;?(#MHQ/&.:+0- I2"R -!JX<+8E*1#-75c2324NN Correlation 3-EI2WM<87 Pearson 
5,-J >N0- I2"R -!JX)1.(N68"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E�032 L!"� M&N"#M&N
R9^_-O(?,-318/ !&!"I1-0- "1M?&7 !JI6-7N68#MHEM5M(?,-"�1MH&(4�17(+8& 41!N68#MHEM5M(?,-
"�1MH&(4�17E-0 41!#/58NRI-E43036-7#-75c232/+I&I2WM Independent-sample T-Test  IE#>?7
I2"R -!JXJ-RI-E5>EO>(WX<87R9^_-O(?,-0>N:(2/41!� 2E-^<874O170X38(.(O;?(#MHQ/&.:+ 
Correlation 3-EI2WM<87 Pearson R9^_-O(?,-#MH"�1MH&(4�17%�.( 8NI>( 41!:6I7#MHEM0- "�1MH&(c6-&
(?,-L! -&7-()1.(_-O IE<87#>?7U- XE 
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2.5  0- $G0\-R9^_-O/2(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E3H,- 41!RI-E
"R=E�032 

 
2.5.1  "0=N3>I8&6-7/2(N 2"I^4(IJI6-(8-J-  "/;8(1! 1 R >?7 1 L9/ 3>?7436"3 M&E

N68L(0 !#>H7L>N "0=N3>I8&6-7/2(#MH !/>NRI-E1G0 10 "F(32"E3 L-0)2IJ(+-/2( "0=N3>I8&6-7/2(.(c97
"0=N3>I8&6-7#MH"<M&(I>( "/;8( �@41!3,-4J(67#MH"0=N (,-01>NE-I2"R -!JX)1#MH$*(&XI2L>&W9 02L"O-!"1M?&7
5>3IX(?,- EJ-I2#&-1>&"0\3 $-53 X (_-O#MH 10 C) 

 
2.5.2  (,-3>I8&6-7/2(#MH%/+)5E.J+"<+-0>( 41!3-0.J+4J+75(2# J1>7L-0(>?(3,-.J+

1!"8M&/41+I 68(/+I&3!40 7 68(<(-/3- 2 E2112"E3  "O;H8(,-%�I2"R -!JXJ-R6-OM"8:.(/2( 
� 2E-^5- 82(# M&X IE/+I&I2WM wet oxidation (Allison, 1965) � 2E-^%(Q3 "L( IE/+I&I2WM  
semi-micro Kjeldahl method (Bremner and Mulvaney, 1982) 41!I2"R -!JX� 2E-^U85U8 >5 IE
Q/&.:+ HClO4 41!I>//+I&"R ;H87 spectrophotometer (Olsen and Sommer,1982) 

 
)10- $G0\-R9^_-O/2(.(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-L! -&7-(

R9^_-O/2( 41!4(IQ(+E<87R9^_-O(?,-318/ !&!"I1-0- "1M?&7 41!I2"R -!JXJ-RI-E5>EO>(WX
 !JI6-74O170X38( R9^_-O/2(41!R9^_-O(?,-Q/&.:+ Correlation 3-EI2WM<87 Pearson 5,-J >N0- 
I2"R -!JX)1.(N68"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E�032L!"� M&N"#M&NR9^_-O/2( !JI6-7
N68#MHEM5M(?,-"�1MH&(4�17(+8& 41!N68#MHEM5M(?,-"�1MH&(4�17E-0 41!#/58NRI-E43036-7#-75c232
/+I&I2WM Independent-sample T-Test  IE#>?7I2"R -!JXJ-RI-E5>EO>(WX !JI6-74O170X38( R9^_-O
/2(41!R9^_-O(?,-Q/&.:+ Correlation 3-EI2WM<87 Pearson 

 
2.6  0- $G0\-0- "L 2K"32NQ341!)1)123<8709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E3H,- 

41!RI-E"R=E�032 
  

        596E3>I8&6-709+7"O;H8:>H7I>/(?,-J(>0"E;H809+7EM8-&9 60, 90, 120 I>(Q/&� !E-^ "O;H8
R,-(I^J-8>3 -0- "L 2K"32NQ3318/ !&!"I1-0- "1M?&7 J1>7L-0L>N09+7(,-%�R,-(I^J-8>3 -0- 
 8/3-& 8>3 -410"(;?8 )1)123<8709+7<-I4I((-%E.(N68"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E
"R=E3H,- 41!RI-E"R=E�032 (_-O#MH 10 D-F)  
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(?,-J(>009+7<-I4I((-%E 8>3 -0- "L 2K"32NQ3 8>3 -0-  8/3-& 8>3 -410"(;?8 )1)123 
.(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-L! -&7-(.(_-O IE<87O;?(#MH 5,-J >NU- XE#MH
"1M?&7/+I&(?,-RI-E"R=E�032 L!"� M&N"#M&N(?,-J(>009+7<-I4I((-%E 8>3 -0- "L 2K"32NQ3 8>3 -0- 
 8/3-& 8>3 -410"(;?8 )1)123 !JI6-7N68#MHEM5M(?,-"�1MH&(4�17(+8& 41!N68#MHEM5M(?,-"�1MH&(4�17
E-0  
 
3. �� ��"��:�����GH�@� 

 
0- $G0\-)1<87W-398-J-  R9^_-O/2( 41!R9^_-O(?,-36887RX� !08N<874O170X38(

.(N68"1M?&709+7<-I4I((-%E4NNO>P(-.(4361!O;?(#MH EM !&!"I1-.(0- "0=N3>I8&6-7 />7(M?  
 
1. U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 4N67880"�'( 2  8N0- "1M?&7 R;8 

 8N0- "1M?&7#MH 1 : "/;8(Ok\_-RE- 527J-RE 2551 
 8N0- "1M?&7#MH 2 : "/;8(527J-RE 2552 - "/;8(E0 -RE 2553 

2. U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 4N67880"�'( 2  8N0- "1M?&7 R;8 
 8N0- "1M?&7#MH 1 : "/;8(EM(-RE - "/;8(0 0�-RE 2551 
 8N0- "1M?&7#MH 2 : "/;8(Ok\_-RE - "/;8(391-RE 2552 

 
4.  ���A 6��:�;
��"��+�#�!�%� 

 
87RXRI-E *+#MH%/+L-00- $G0\-R >?7(M?5-E- c"�'(� !Q&:(X406"0\3 0 )*+"1M?&709+7 (80L-0

L!(,-E-.:+"�'(R*6E;8 41!"0^zX.(0- RINR9E:(2/41!� 2E-^4O170X38(.(O;?(#MH"1M?&709+7/+I&(?,-
RI-E"R=E3H,-41!RI-E"R=E�03241+I  "0\3 0 &>75-E- c.:+"�'(4(I#-7.(0- L>/0- R9^_-O(?,- 
R9^_-O/2(.J+"JE-!5E318/ !&!"I1-0- "1M?&7"O;H81/RI-E"5MH&741!"O2HE$>0&_-O.(0- )12309+7
<-I4I((-%E.(� !"#$%#&%/+8&6-7&>H7&;(318/%� 
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���:�; 10  0- "0=N3>I8&6-7"O;H80- I2"R -!JX A: <I/"0=N3>I8&6-74O170X38(; B: 0- "0=N3>I8&6-7(?,- 

L-05!O-(":=R&8; C: 0- "0=N3>I8&6-7/2(; D: 0- 596E09+7; E-F: :>H7(?,-J(>0 I>/RI-E&-I  
09+7<-I4I((-%E 

 
 
 
 

A B 

C D 

E F 
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�����"�+������ 
 
1.  6���������$�������������F���$���� ��	!���"�"���#$�!" ����
"�$�
K$�;�� ���
"�$�
K$
����  

 
1.1  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E3H,- 

 
       :(2/<874O170X38(.(N68"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E3H,- .(:6I7

"3 M&EN6841!J1>7L-0�168&09+7<-I4I((-%E ONI6-:(2/<874O170X38(#>?7587 8N0- "1M?&7%E6
43036-70>( (3- -7)(I0#MH 1) Q/&ON4O170X38(O;: 5  Division %/+406 Cyanophyta, 
Chlorophyta, Euglenophyta, Pyrrophyta 41! Bacillariophyta 41!4O170X38(5>3IX 3 Phylum 
%/+406 Protozoa, Rotifera 41! Arthropoda (3- -7)(I0#MH 2) 4O170X38(:(2/"/6(#MHON.(:6I7
"3 M&EN68#>?7587 8N0- "1M?&7%E6EM4O170X38(0196E./"�'(0196E"/6( J1>7L-0�168&09+7<-I4I((-%E
17"1M?&7 ONI6-:(2/<874O170X38(#>?7587 8N0- "1M?&7%E6EMRI-E43036-70>( Q/&4O170X38(O;:
0196E"/6(#MHON %/+406 4O170X38(O;:5091 Oscillatoria, Merismopedia , Trachelomonas  Nitzschia, 
Pleurosigma/Gyrosigma  4O170X38(5>3IX#MHON"�'(0196E"/6( %/+406 Tintinopsis, Brachionus, 
copepod 41! nauplii copepod  (_-O)(I0#MH 1) 

 
� 2E-^4O170X38(#MHON.(:6I7"3 M&EN68#>?7587 8N0- "1M?&7EMRI-EJ(-4(6("`1MH&8&*6

 !JI6-7 8.4±0.6  cG7 9.5±2.5×103 unit cell/l  4O170X38(0196E"/6(#MHON %/+406 5091 Merismopedia 

Chroococcus, Chlorella 41!%/Q(4U10"L1"13 5,-J >N� 2E-^4O170X38(5>3IXEMRI-EJ(-4(6(
"`1MH& 138-200 unit cell/l 56I(.JK6ON"�'( nauplii copepod  41! Brachionus "E;H8"� M&N"#M&N
� 2E-^4O170X38("`1MH&.(:6I7"3 M&EN68#>?7 6 N68 ONI6-.( 8N0- "1M?&7#MH 2 EM� 2E-^ 
4O170X38(E-00I6-.( 8N0- "1M?&74 0 41!ON0- "O2HE� 2E-^<874O170X38(5091 
Merismopedia .(N68#MH 6 EMRI-EJ(-4(6( 2.0×104 unit cell/l (_-O#MH 11A) 

 
J1>7L-0�168&09+7<-I4I((-%E ON4O170X38(O;: 5091 Merismopedia, Oscillatoria, 

Trachelomonas 41!%/8!38E"�'(0196E"/6( 4O170X38(5>3IXON5091 Tintinopsis 41! Brachionus 
"�'(0196E"/6( � 2E-^4O170X38(.( 8N0- "1M?&7#MH587L!EMR6-E-00I6-.( 8N0- "1M?&74 0.(#90
N68 (_-O#MH 11B) � 2E-^4O170X38(.( 8N0- "1M?&74 0EMR6-8&*6 !JI6-7 4.23- 8.9 ×105 unit cell/l 
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4O170X38(O;:EM5>/56I(E-0cG7 89 - 94 "�8 X"F=(3X .(<^!#MH4O170X38(5>3IXEM5>/56I("OM&7 0.5-2 
"�8 X"F=(3X  8N0- "1M?&7#MH 2 � 2E-^4O170X38(Q/& IE 9.3×105- 3.0 ×106 unit cell/l   4O170X
38(O;:EM5>/56I( 85.7- 98.8 "�8 X"F=(3X .(<^!#MH4O170X38(5>3IXEM5>/56I( 1.2-14.3 "�8 X"F=(3X 
� 2E-^4O170X38(O;:56I(.JK6L!EMRI-EJ(-4(6(E-00I6- 106 unit cell/l  

 
4(IQ(+E� 2E-^4O170X38(#>?7587 8N0- "1M?&7"O2HEE-0<G?(.(:6I7 30 I>(4 0<870- 

"1M?&7 (_-O#MH 12) 4O170X38(56I(.JK6#MHON"�'(4O170X38(O;:5091 Merismopedia, Oscillatoria 
41! Trachelomonas EM5>/56I(E-00I6- 95 "�8 X"F=(3X 41!EM� 2E-^"O2HE<G?(8M0R >?7.(:6I7#MH09+7EM
8-&9� !E-^ 60-70 I>(Q/&� !E-^ 4O170X38(0196E"/6(#MHON R;8 4O170X38(O;:5091 
Merismopedia 41! Oscillatoria  EM5>/56I(E-00I6- 99 "�8 X"F=(3X "E;H8"� M&N"#M&N� 2E-^4O170X
38( IE"`1MH&<87O;?(#MH !JI6-7587 8N0- "1M?&7 ONI6-� 2E-^4O170X38("`1MH&318/ !&!0- 
"1M?&7.( 8N0- "1M?&7#MH 2 (2.2×106 unit cell/l) EMRI-EJ(-4(6(5*70I6-.( 8N0- "1M?&7#MH 1 
(6.2×105unit cell/l ) (_-O#MH 13) 

 
L-00- $G0\-:(2/41!� 2E-^4O170X38(.(N68"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 

ONI6- :(2/<874O170X38(#>?7587 8N0- "1M?&7%E643036-70>( 56I(.JK6L!ON Merismopedia 

"�'(4O170X38(0196E"/6( EMRI-EJ(-4(6(5*7E-0 104-106 unit cell/l 3>?7436:6I7 30 I>(J1>7L-0
�168&1*009+7<-I4I((-%E 5,-J >N4O170X38(O;:5091 Trachelomonas, Pleurosigma/Gyrosigma 
41! Nitzschia "�'(0196E#MHON318/ !&!"I1-0- "1M?&7 EMRI-EJ(-4(6(8&*6.(:6I7 104 unit cell/l 436
EM� 2E-^%E6E-0O8#MHL!567)13680- "�1MH&(4�1787RX� !08N<874O170X38( (80L-0(M?� 2E-^
4O170X38(#MH"O2HE<G?(.( 8N0- "1M?&7#MH 2 "�'("O -! !NN0- "1M?&7<87U- XE"�'( !NN�V/ 41!.:+
(?,-JE9("IM&( LG7EM� 2E-^5- 82(# M&X5!5E.( !NNE-0<G?( (59WM, 2549) (?,-#MH.:+"1M?&7.( 8N0- 
"1M?&74 0#MHc*0JE9("IM&(E-.( 8N0- "1M?&7#MH 2 EM3!08(4<I(18& 5- 82(# M&X 41!W-398-J- 
R7"J1;8.((?,-E-0 #,-.J+4O170X38(O;:5-E- c"L 2K"32NQ3%/+8&6-7 I/" =I Q/&"`O-! 
Merismopedia 41! Oscillatoria FGH7"�'(4O170X38(O;:#MHEMQRQ1(M"�'(:M#"E;80J9+E (_-O#MH 14 A-B) 
"E;H8EMRI-EJ(-4(6(E-0 4O170X38(O;:#MH3-& 41!&>7%E63-&N-756I(L!c*0O>/E-&>7E9EN68 J ;8
N 2"I^8>N1E L>N"�'("E;80 J ;8U87L,-(I(E-018&#MH)2IJ(+-(?,- (_-O#MH 14 C-D) 41!4O170X38(
56I(.JK6_-&.(N683-& 5M(?,-"�'(5M(?,-3-1/,- J ;85M(?,-3-1<96(  6IE0>N0- "02/U87#MH)2IJ(+-(?,- 
(_-O#MH 14 E-F) 5M(?,- !JI6-70- "1M?&7%E6R68&EM0- "�1MH&(4�17"(;H87L-04O170X38(0196E"/6("�'(
4O170X38(0196E"/M&I0>(318/0- "1M?&7 
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(A) 

 
(B) 

���:�; 11  � 2E-^4O170X38("`1MH&.(N68"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-4361!N68318/
 !&!"I1-0- "1M?&7 Q/& A: � 2E-^4O170X38(.(:6I7"3 M&EN68 B: � 2E-^4O170X 
38("`1MH&J1>7L-0�168&09+7<-I4I((-%E17"1M?&7 
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(A) 

 
(B) 

���:�; 12  4(IQ(+E4O170X38(.(N68"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-  
   A:  8N0- "1M?&7#MH 1 B:  8N0- "1M?&7#MH 2 
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���:�; 13  � 2E-^4O170X38("`1MH&.( 8N0- "1M?&7#MH 1 41! 2 .(N68#MH"1M?&709+7<-I4I((-%E 

    /+I&(?,-RI-E"R=E3H,- 
 
5M(?,-56I(.JK6"�'(5M"<M&I.5 J ;85M"<M&I8E(?,-3-1868( (_-O#MH 15 A-B) "�'(5M(?,-#MHON

.(:6I7"3 M&EN68 41!L!"�1MH&("�'(5M"<M&I387 (_-O#MH 15 C) "�'(4O170X38(O;:5091 
Merismopedia 41!5M"<M&I406 (_-O#MH 15 D) "�'(4O170X38(O;:5091 Oscillatoria .(:6I7#MHEM0- 
3-&<874O170X38( 5M(?,-L!"�1MH&("�'(5M"J1;878E(?,-3-1 J ;8"�1MH&("�'(5M(?,-3-1/,- "E;H84O170X
38(_-&.(N683-&8&6-7 9(4 7 (5M(?,-1+E) (_-O#MH 15 E-F) 
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���:�; 14  0- "�1MH&(4�17<875_-ON68#MH"1M?&7/+I&(?,-RI-E"R=E3H,-"E;H8"02/0- "O2HEL,-(I(<87

4O170X38( 41!0- 3-&<874O170X38(.( !JI6-70- "1M?&7 
        A-B:  0- N1*E<874O170X38(O;:.(5091 Merismopedia  6IE0>N Oscillatoria   

                   C-D: 0196E4O170X38(#MHO>/E-&>7E9EN68 J ;8N 2"I^8>N1E L>N0196E"�'("E;80  
                   E-F:  0- "�1MH&(4�175M<875M(?,-"E;H84O170X38(.(N683-&17 
 

 

A B 

C D 

E F 
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���:�; 15  5M(?,-#MH"02/<G?(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-  
                  A-B:  5M(?,-5M"<M&I8E(?,-3-1 41!5M(?,-<96( 
                 C-D:  5M(?,-5M"<M&I868( 41!5M"<M&I"<+E 
                  E-F:  5M(?,-5M(?,-3-1"J1;87 41!(?,-5M(?,-3-1/,- 
 

 
 

A B 

C D 

E F 
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1.2  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E�032 
 

        :(2/<874O170X38(.(N68"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E�032 .(:6I7
"3 M&EN6841!J1>7L-0�168&09+7<-I4I((-%E ONI6-:(2/<874O170X38(#>?7587 8N0- "1M?&7%E6
43036-70>( (3- -7)(I0#MH 3) %/+406 Division Cyanophyta, Chlorophyta, Euglenophyta, 
Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 4 Phylum %/+406 Protozoa, Rotifera 
Arthropoda  41!J8&587g-"�'(0196EJ1>0 (3- -7)(I0#MH 4)  
 

4O170X38(:(2/"/6(#MHON.(:6I7"3 M&EN68#>?7587 8N0- "1M?&7%E6EM4O170X38(0196E./
"�'(0196E"/6( J1>7L-0�168&09+7<-I4I((-%E ONI6-:(2/<874O170X38(#>?7587 8N0- "1M?&7%E6EM
RI-E43036-70>( Q/&4O170X38(O;:0196E"/6(#MHON %/+406 Cyclotella, Nitzschia 41! 
Pleurosigma/Gyrosigma 4O170X38(5>3IX#MHON"�'(0196E"/6( %/+406 Tintinopsis, Brachionus, 
copepod 41! nuplii copepod (_-O)(I0#MH 1) 
 

� 2E-^4O170X38(#MHON.(:6I7"3 M&EN68#>?7587 8N0- "1M?&7EMRI-EJ(-4(6(.01+"RM&7
0>(.("0;8N#90N68 (_-O#MH 16A) EMR6-8&*6 !JI6-7  6.3×103-1.1 ×104 unit cell/l  Cyclotella, 
Pleurosigma/Gyrosigma 41! Nitzschia ON"�'(0196E"/6(.(:6I73+(<870- "1M?&7 5091 Oscillatoria 
ON"�'(0196E"/6(.(:6I7�1-&<870- "1M?&7 ON4O170X38(5>3IX 5091 Tintinopsis "�'(4O170X38(
0196EJ1>0 4O170X38(O;:L!EM5>/56I(E-0cG7 94-96 "�8 X"F=(3X .(<^!#MH4O170X38(5>3IXEM
5>/56I("OM&7 0.5-1.5 "�8 X"F=(3X  J1>7L-0�168&09+7<-I4I((-%E � 2E-^4O170X38("O2HE<G?(.(#90
N68 (_-O#MH 16B) 41!� 2E-^4O170X38(#>?7587 8N0- "1M?&7%E643036-70>(E-0  8N0- "1M?&7#MH 1 
EMRI-EJ(-4(6(8&*6 !JI6-7 4.0 ×104 cG7 1.3×105 unit cell/l  8N0- "1M?&7#MH 2 EMRI-EJ(-4(6(8&*6
 !JI6-7 5.7 ×104 cG7 2.8×105 unit cell/l  

 
4(IQ(+E� 2E-^4O170X38("`1MH&318/0- "1M?&7EM� 2E-^"O2HE<G?(.(:6I7 40-50 I>(<87

0- "1M?&7 (_-O#MH 17) 41!"O2HE<G?(8M0R >?7.(:6I7#+-&<870- "1M?&7 :6I7#MH� 2E-^4O170X38("O2HE<G?(
L!ON4O170X38(O;: 5091 Oscillatoria "�'(0196E"/6(  
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(A) 

 
(B) 

 
���:�; 16  � 2E-^4O170X38("`1MH&.(N68"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�0324361!N68 

   318/ !&!"I1-0- "1M?&7 Q/& A: � 2E-^4O170X38(.(:6I7"3 M&EN68 B: � 2E-^4O170X 
   38("`1MH&J1>7L-0�168&09+7<-I4I((-%E17"1M?&7 
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(A) 

 
 
���:�; 17  4(IQ(+E4O170X38(.(N68"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 
                 A:  8N0- "1M?&7#MH 1 B:  8N0- "1M?&7#MH 2 
 

"E;H8"� M&N"#M&N� 2E-^4O170X38("`1MH&#>?7587 8N0- "1M?&7 ONI6- � 2E-^4O170X38(
.( 8N0- "1M?&7#MH 2 EM� 2E-^E-00I6-.( 8N0- "1M?&7#MH 1 (_-O#MH 18) E>0ON Oscillatoria 
Cyclotella, Nitzschia J ;8 pennate diatom "�'(0196E"/6( 41!8-LL!ON%/Q(4U10"L1"13 6IE/+I& 
8&6-7% 0=3-E :(2/<874O170X38(.( 8N0- "1M?&74 0 56I(.JK6L!ON Cyclotella, Nitzschia J ;8 
pennate diatom EMRI-EJ(-4(6(8&*6.(:6I7 104 unit cell/l FGH7R2/"�'(5>/56I(8&*6 !JI6-7 50-60 
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"�8 X"F=(3X 436J1>7L-0)6-(0- "1M?&7%� 45-60 I>( ON Oscillatoria "<+-E-4#(#MH 41!EM� 2E-^
5*7<G?(.(:6I7#+-&<870- "1M?&7 EMRI-EJ(-4(6(5*7cG7 106  unit cell/l  R2/"�'(5>/56I( 50-60 
"�8 X"F=(3X 41!5>/56I(<87 Division Bacillariophyta 1/17"J1;8"OM&7 20-30 "�8 X"F=(3X"#6-(>?( 

   

 
 
���:�; 18  � 2E-^4O170X38("`1MH&.( 8N0- "1M?&7#MH 1 41! 2 .(O;?(#MH"1M?&709+7<-I4I((-%E 

   /+I&(?,-RI-E"R=E�032 
 

.(<^!#MH0- "1M?&7.( 8N#MH 2 ON Oscillatoria "�'(4O170X38(0196E"/6( EMRI-EJ(-4(6(
8&*6 !JI6-7 104-106 unit cell/l   6IE0>N4O170X38(.(5091 Cyclotella, Nitzschia J ;8 pennate 
diatom 5>/56I(<87 Oscillatoria 8&*6 !JI6-7 50-60 "�8 X"F=(3X 41! Division Bacillariophyta 20-30 
"�8 X"F=(3X />7(>?(L!"J=(%/+I6-%E6I6-4O170X38(0196E./#MH"�'(0196E"/6(.(N685>/56I(<874O170X
38(0196E(>?(L!EMR6-8&*6 !JI6-7 50-60 "�8 X"F=(3X .(<^!#MH4O170X38(0196E#MHEM� 2E-^ 8717E-L!
EM5>/56I(8&*6#MH 20-30 "�8 X"F=(3X 5>/56I("J16-(M?EM)13685M<87(?,- 5M(?,-#MHON.(:6I7"3 M&EN6856I(
.JK6EM5M"<M&I.5 (_-O#MH 19A)5M(?,-#MHON318/ !&!"I1-0- "1M?&7EM5M"<M&I8E(?,-3-1 J ;85M(?,-3-18E
"<M&I (_-O#MH 19B) 41!"�1MH&(4�17%�"�'(5M"<M&I8E"J1;87 5M"<M&I-"J1;878E(?,-3-1 4O170X38(
0196EJ1>0#MHON"�'(0196E<87 Trachelomonas  6IE0>N Oscillatoria J ;8 Cyclotella (_-O#MH 19C-D) 
.(<^!#MH5M(?,-"�'(5M"<M&I387 45/7I6-EM0- "O2HEL,-(I(<874O170X38(.(5091 Cyclotella J ;85M
"<M&I"<+E45/7I6-EM0- "O2HEL,-(I(<874O170X38(O;:0196E5M"<M&I40E(?,-"72( (_-O#MH 19D) .(:6I7
#+-&<870- "1M?&75M(?,-L!"�'(5M(?,-3-1�(5M"<M&I J ;85M(?,-3-1<87/2(3!08("(;H87L-04O170X38(
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_-&.(N683-&17O +8Ed 0>( 8&6-7% 0=3-E0- $G0\-R >?7(M?%E6ON"O8 2/2"(M&E(Peridinium) L2EQ(/2
"(M&E (Gymnodinium) 41!8"1=04F("/ M&E (Alexandrium) #MHEM0-  -&7-(ON.(N68#MH"1M?&709+7/+I&
(?,-RI-E"R=E�032 Q/&"`O-!.(:6I7"I1-#MHEM8-0-$ +8(L>/"�'("I1-(-( 4O170X38(0196E(M?)123
5- O2\#MH"�'(8>(3 -&3685>3IX(?,- 436�[KJ-#MHON.( !JI6-70- "1M?&7 %/+406 0- 3-&<874O170X38(
_-&.(:6I7#+-&<870- "1M?&7 FGH7EMRI-EJ(-4(6(<874O170X38(E-0#,-.J+4O170X38(N-756I(
3-&17"02/"�'(U87#MH)2IJ(+-(?,- (_-O#MH 20) 41!L!ONE-0N 2"I^L9/8>N1E 41!0- 3-&17<87
4O170X38("(;H87L-0g(30J(>0"�'( !&!"I1-(-( #,-.J+"02/U87#MHL9/8>N1E":6("/M&I0>( (_-O#MH 
21) "0\3 3+8740+%</+I&0- 3>0U87#MH18&J(+-)2I(?,-880 J ;8"�1MH&(c6-&(?,-"O;H81/� 2E-^
48EQE"(M&#MH8-L"02/3-EE-J1>7L-04O170X38(3-&"�'(L,-(I(E-0 

 
"E;H8"� M&N"#M&N� 2E-^4O170X38( !JI6-7N68#MHEM5M(?,-"�1MH&(4�17(+8& 41!N68#MHEM5M(?,-

"�1MH&(4�17E-0#>?7587 8N0- "1M?&7 ONI6- � 2E-^4O170X38(Q/& IE.(N68 41!� 2E-^
4O170X38(O;:EMR6-.(N68#MHEM5M(?,-"�1MH&(4�17(+8&E-00I6-.(N68#MHEM5M(?,-"�1MH&(4�17E-0.(
 !JI6-70- "1M?&7 41!EMRI-E43036-78&6-7EM(>&5,-R>K#-75c232 #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X 
(P<0.05) 436� 2E-^4O170X38(5>3IX%E6ONRI-E43036-7 !JI6-70196E (3- -7#MH 5) 
 
�����:�; 5  � 2E-^4O170X38( 4O170X38(O;: 41!4O170X38(5>3IX.(N68#MHEM5M(?,-"�1MH&(4�17 

    (+8& 41!N68#MHEM5M(?,-"�1MH&(4�17E-0  
 

 
 8N0- "1M?&7 Plankton (unit cell/l) 

� 2E-^4O170X38( (unit cell/l) 
N68#MHEM5M(?,-R7#MH N68#MHEM5M(?,-%E6R7#MH 

 8N0- "1M?&7#MH 1 plankton  177,351±6,242 a 98,641±6,423 b 
phytoplankton  170,920±3,470 a 92,581±6,890 b 
zooplankton  6,431 a 6,060 a 

 8N0- "1M?&7#MH 2 plankton  257,365±7,214 a 127,451±4,213 b 
phytoplankton  247,165±5,924 a 119,121±2,973 b 
zooplankton  10,200 a 8,330 a 

 

$� �
�	  R6-"`1MH&±R6-"NMH&7"N(E-3 n-(.(4(I3>?7#MH0,-0>N/+I&8>0\ #MH43036-70>( EMRI-E43036-7 

     #-75c232#MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X 
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���:�; 19  5M(?,-#MH"02/<G?(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 

A B 

C D 

E F 

G H 
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���:�; 20  U87"02/<G?(L-00- 3-&<874O170X38(_-&.(N68"1M?&709+7<-I4I((-%E 

   /+I&(?,-RI-E"R=E�032 
 

 
 
���:�; 21  U87"02/<G?(L-00- 3-&<874O170X38(J1>7L-0g(30"�'( !&!"I1-(-( 
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2.  ���GH�@�6���������$����������������"%� ��F���$���� ��	!���"�"���#$�!" ����
"�$

�
K$�;�� ���
"�$�
K$����  
  

2.1  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E3H,- 
 
       0- "0=N3>I8&6-74O170X38( 41!R9^_-O(?,-"O;H8I2"R -!JX0- "�1MH&(4�17<87 

4O170X38(.( 8NI>(  8N0- "1M?&7#MH 1 " 2HE#,-0- $G0\-"E;H809+7<-I4I((-%EEM8-&9� !E-^ 35, 70 
41! 114 I>( EM -&1!"8M&/<87:(2/41!� 2E-^4O170X38(/>7368%�(M? 
 

         1)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 35 I>(
  
              ON4O170X38(O;: 5 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta, 

Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Protozoa, Rotifera 41! 
Arthropoda 4O170X38(0196E"/6( R;8 5091 Merismopedia 41! Trachelomonas EMRI-EJ(-4(6( 
1.02±0.1×105 41! 2±1.3 ×103 unit cell/l  41!4O170X38(5>3IX 5091 Tintinopsis EMRI-EJ(-4(6(
2.3±0.8 ×103 unit cell/l   � 2E-^4O170X38(318/I>(EMRI-EJ(-4(6("`1MH& 1.2±0.14×105 unit 
cell/l 4N67"�'(4O170X38(O;: 1.1±0.14×105 unit cell/l  (98.8 "�8 X"F=(3X) 41!4O170X38(5>3IX 
1.4±0.5×103 unit cell/l  (1.2 "�8 X"F=(3X) 5>/56I(<874O170X38(O;:3684O170X38(5>3IXEM5>/56I(
"O2HE<G?(.(:6I7"I1-"&=( R;8 15:00-18:00 FGH74O170X38(5>3IX0196E"/6(#MH"O2HE<G?("�'(4O170X38(5>3IX 
5091 Brachionus 41!0196E copepod (_-O#MH 22A)  

 
2)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 70 I>( 
 

               ON4O170X38(O;: 4 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta 
41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Protozoa, Rotifera 41! Mollusca      
4O170X38(0196E"/6( R;8 Merismopedia, Oscillatoria 41! Trachelomonas EMRI-EJ(-4(6( 
4.3±2.6×105, 5.1±3.1×104 41! 3.8±1.9  unit cell/l  41!4O170X38(5>3IX5091 Tintinopsis EMRI-E
J(-4(6( 9.5±8.7×103 unit cell/l  � 2E-^4O170X38(318/I>(EMRI-EJ(-4(6("`1MH& 
7.74±0.6×105 unit cell/l 4N67"�'(4O170X38(O;: 7.72±0.59×105 unit cell/l  (99.72 "�8 X"F=(3X) 
41!4O170X38(5>3IX 1.4±0.5×103 unit cell/l  (0.28 "�8 X"F=(3X) 5>/56I(<874O170X38(O;:368



   53 
 

4O170X38(5>3IXEM5>/56I("O2HE<G?(.(:6I7"I1-"&=( R;8 15:00-18:00 4O170X38(5>3IX0196E"/6(#MH
"O2HE<G?("�'(4O170X38(5>3IX5091 Brachionus (_-O#MH 22B) 
 

3)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 110I>( 
 
                ON4O170X38(O;: 5 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta, 

Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Protozoa, Rotifera 41! 
Arthropoda 4O170X38(0196E"/6(#MHON%/+406 Merismopedia, Oscillatoria 41! Trachelomonas EM
RI-EJ(-4(6( 2.8±0.6×106, 2.6±1.6 ×105 41! 3.9±1.7 ×104  unit cell/l  41!ON4O170X38(5>3IX 
5091 Tintinopsis EMRI-EJ(-4(6( 4.5±2.9×104 unit cell/l  � 2E-^4O170X38(318/I>(EMRI-E
J(-4(6("`1MH& 2.89±0.4×106 unit cell/l 4N67"�'(4O170X38(O;: 2.86±0.2×106 unit cell/l  (99.31 
"�8 X"F=(3X) 41!4O170X38(5>3IX 1.4±0.5×103 unit cell/l  (0.69 "�8 X"F=(3X) 5>/56I(<87 
4O170X38(O;:3684O170X38(5>3IXEM5>/56I("O2HE<G?(.(:6I7"&=( R;8 15:00-18:00 4O170X38(5>3IX
0196E"/6( %/+406 5091 Brachionus 41! Epiphaneus (_-O#MH 22C) 
 

0- "0=N3>I8&6-74O170X38( 41!R9^_-O(?,-"O;H8I2"R -!JX0- "�1MH&(4�17<874O170X38(
.( 8NI>( 8N0- "1M?&7#MH 2 " 2HE#,-0- $G0\-"E;H809+7<-I4I((-%EEM8-&9� !E-^ 35, 70 41! 114 
I>( EM -&1!"8M&/<87:(2/41!� 2E-^4O170X38(/>7368%�(M? 
   

1)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 35 I>( 
   

                ON4O170X38(O;: 5 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta, 
Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Protozoa, Rotifera 41! 
Arthropoda 4O170X38(0196E"/6(#MHON318/I>(%/+406 Merismopedia  41! Oscillatoria EMRI-E
J(-4(6( 5.3±5.5×105 41! 9.0±1.1 ×105 unit cell/l  41!4O170X38(5>3IX5091 Tintinopsis EMRI-E
J(-4(6( 4.5±2.9×104 unit cell/l  � 2E-^4O170X38(318/I>(EMRI-EJ(-4(6("`1MH& 4.4±0.6×105 
unit cell/l 4N67"�'(4O170X38(O;: 4.3±0.6×105 unit cell/l  (99.63 "�8 X"F=(3X) 41!4O170X38(
5>3IX 1.6±1.4×103 unit cell/l  (0.37 "�8 X"F=(3X) 5>/56I(<874O170X38(O;:3684O170X38(5>3IXEM
5>/56I("O2HE<G?(.(:6I7"I1-"&=( R;8 17:00  4O170X38(5>3IX0196E"/6(#MH"O2HE<G?(%/+406 Brachionus , 
Epiphaneus 41!copepod (_-O#MH 23A) 
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2)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 70 I>( 
 

                ON4O170X38(O;: 4 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta 
41! Bacillariophyta 4O170X38(5>3IXON"OM&7 1 Phylum %/+406 Protozoa 4O170X38(0196E"/6(#MH
ON318/ 8NI>(%/+406 Merismopedia, Oscillatoria 41! pennate diatom  EMRI-EJ(-4(6( 
7.9±2.3×105, 5.0±4.6×105 41! 7.2±6.4×103  unit cell/l  41!4O170X38(5>3IX5091 Tintinopsis EM
RI-EJ(-4(6( 1.6±2.2×104 unit cell/l  � 2E-^4O170X38(318/I>(EMRI-EJ(-4(6("`1MH& 
8.9±1.3×105 unit cell/l 4N67"�'(4O170X38(O;: 8.7±1.2×105 unit cell/l  (98.66 "�8 X"F=(3X) 41!
4O170X38(5>3IX 1.1±1.4×104 unit cell/l  (1.34 "�8 X"F=(3X) 5>/56I(<874O170X38(O;:368 
4O170X38(5>3IXEM5>/56I("O2HE<G?(.(:6I7"I1- 08:00  4O170X38(5>3IX0196E"/6(#MH"O2HE<G?(R;8 
Brachionus , Epiphaneus 41!copepod  (_-O#MH 23B) 
 

3)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 114I>( 
 

                ON4O170X38(O;: 5 Division %/+406 Division Cyanophyta, Chlorophyta, 
Euglenophyta, Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Protozoa, 
Rotifera 41! Arthropoda  4O170X38(0196E"/6(#MHON318/I>(%/+406 Merismopedia EMRI-E
J(-4(6( 1.2±0.3×105unit cell/l 41!4O170X38(5>3IX5091 Zoothamnium EMRI-EJ(-4(6( 
1.02±7.6×105 unit cell/l � 2E-^4O170X38(318/I>(EMRI-EJ(-4(6("`1MH& 1.8±0.4×105 unit cell/l 
4N67"�'(4O170X38(O;: 1.4±0.3×105 unit cell/l  (79.12 "�8 X"F=(3X) 41!4O170X38(5>3IX 
3.8±4.3×105 unit cell/l  (20.88 "�8 X"F=(3X) 5>/56I(<874O170X38(O;:3684O170X38(5>3IXEM
5>/56I("O2HE<G?(.(:6I7"&=( R;8 14:00 23:00 41! :>HIQE7#MH 24 <870- $G0\- (_-O#MH 23C) 
 

0- "�1MH&(4�17 !JI6-74O170X38(O;: 41!4O170X38(5>3IX.( 8NI>(%E64(6(8( EM
RI-E43036-70>(#90:6I7"I1- 436E-00I6- 95 "�8 X"F=(3X#MHON318/I>(L!"�'(4O170X38(O;: 
Q/&"`O-!.(5091 Merismopedia 41! Oscillatoria 5,-J >N4O170X38(5>3IX 5091 Tintinopsis "�'(
0196E"/6(#MHON318/ 8NI>( Tintinopsis L!ON8&*6N 2"I^O;?(N68"�'(56I(.JK6 "E;H8ON8&*6.(EI1(?,- 
45/7I6-L!E-L-00- U9h70 !L-&"(;H87L-0"R ;H87.J+8-0-$ J ;80- R9+&<8709+7<-I4I((-%E 
5>/56I(<874O170X38(5>3IX#MH"O2HE<G?(56I(.JK6L!"O2HE<G?(:6I7"I1- 15: 00 - 18:00 "�'(4O170X38(
5>3IX.(5091 Brachionus, Epiphaneus 41! copepod  
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R9^_-O(?,-.( 8NI>(56I(.JK68&*6.(:6I7#MH"JE-!5E3680- "1M?&709+7<-I4I((-%E#>?7587
 8N0- "1M?&7 (3- -7)(I0#MH 5 ) 4(IQ(+E<87R9^_-O318/#>?7I>( ONI6- R6-0- (,-%UUh- R6-RI-E
Q� 67457 R6-8>1R-%1(X RI-E0 !/+-7(?,- � 2E-^3!08(4<I(18& 41! � 2E-^R18Q UV11X "8 EM
R6-.01+"RM&70>(.( 8NI>( .(<^!#MHOM"8: � 2E-^880F2"L(#MH1!1-&.((?,- 41!89^J_*E2(?,-"O2HE<G?(
.(:6I701-7I>( 41!EMR6-5*759/.(:6I7N6-& (15:00-18:00) (_-O)(I0#MH 2 41! 3) 5,-J >N0- 
"�1MH&(4�17<8748EQE"(M& %(%3 X# 41!� 2E-^R18Q UV11X "8 ONI6-EM0- "�1MH&(4�17#MH
43036-70>(.(4361!:6I7"I1- 41!4361! 8N0- "1M?&7 � 2E-^48EQE"(M&.(:6I7#+-&068(0- L>N 
(110 41! 114 I>() L!EM� 2E-^E-00I6-.(:6I78-&98;H( d 0- "�1MH&(4�17� 2E-^48EQE"(M&.(
 8NI>(L!EMRI-ERI-E5>EO>(WX0>N� 2E-^%(%3 #X.((?,- � 2E-^48EQE"(M&#MH1/17L!5>EO>(WX0>N
� 2E-^%(%3 X##MH"O2HE<G?( 45/7I6-"02/0 !NI(0- %(3 2UV"R:>H( "(;H87L-0� 2E-^880F2"L(#MH
1!1-&.((?,-"OM&7O8 (:18 41!O "12$, 2545) 
 

"E;H8I2"R -!JXRI-E5>EO>(WX !JI6-7� 2E-^4O170X38( IE 4O170X38(O;: 41!4O170X
38(5>3IX 6IE0>NR9^_-O(?,-.( 8NI>( ONI6-� 2E-^4O170X38( IE 41!4O170X38(O;:EM
RI-E5>EO>(WX0>NOM"8: 41!� 2E-^880F2"L(#MH1!1-&.((?,-  Q/&4O170X38(O;:L!.:+R- XN8(%/
880%FRX.(0- 5>7"R -!JX457#,-.J+OM"8:(?,-"O2HE5*7<G?( (Boyd, 1982) 41!#,-.J+� 2E-^880F2"L(EM
� 2E-^"O2HEE-0<G?(/+I& 56I(4O170X38(5>3IXEMRI-E5>EO>(WX0>N89^J_*E2<87(?,-8&6-7EM(>&5,-R>K
#-75c232 (P<0.05) (3- -7)(I0#MH 6) 
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A 

 
B 

 
C 

 
���:�; 22  0- "�1MH&(4�174O170X38( 8NI>(.(U- XE#MH"1M?&7/+I&(?,-RI-E"R=E3H,-  

    "E;H809+7<-I4I((-%EEM8-&9 A: 35 I>( B: 70 I>( 41! C: 110 I>( .( 8N0- "1M?&7#MH 1 
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2.2  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E�032 
 

       0- "0=N3>I8&6-74O170X38( "O;H8I2"R -!JX0- "�1MH&(4�17<874O170X38(.( 8NI>( 
 8N0- "1M?&7#MH 1 " 2HE#,-0- $G0\-"E;H809+7<-I4I((-%EEM8-&9� !E-^ 50, 80 41! 120 I>( EM
 -&1!"8M&/<87:(2/41!� 2E-^4O170X38(/>7368%�(M? 
 

1)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 50 I>( 
 
             ON4O170X38(O;: 5 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta, 

Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Protozoa, Rotifera 41! 
Arthropoda  4O170X38(0196E"/6(#MHON%/+406 Oscillatoria, Cyclotella 41!0196E%/Q(4U10"L1"13 
EMRI-EJ(-4(6( 3.8±0.5×104, 4.3±2.1×103 41! 2.7±3.1×103 unit cell/l  3-E1,-/>N 4O170X38(
5>3IX5091 Tintinopsis EMRI-EJ(-4(6( 3.8 ×103unit cell/l  � 2E-^4O170X38(318/I>(%E6R68&
"�1MH&(4�17 EMRI-EJ(-4(6("`1MH&  5.0±0.7×104 unit cell/l  4N67"�'(4O170X38(O;: 4.9±0.7×104 
unit cell/l  (98.8 "�8 X"F=(3X) 41!4O170X38(5>3IX 152±194 unit cell/l  (1.2 "�8 X"F=(3X) 5>/56I(
<874O170X38(3684O170X38(5>3IXEMR6-8&*6 !JI6-7 99.1-100 "�8 X"F=(3X 5>/56I(4O170X38(5>3IX
EMR6-8&*6 !JI6-7 0-0.7 "�8 X"F=(3X  5>/56I(4O170X38(5>3IX"O2HE<G?(.(:6I7"I1-"&=( R;8 15:00-18:00 
4O170X38(5>3IX#MH"O2HE<G?( %/+406 Brachionus 41! copepod (_-O#MH 24A) 
 

2)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 80 I>( 
  

              ON4O170X38(O;: 5 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta, 
Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 4 Phylum %/+406 Protozoa, Rotifera 
Arthropoda 41! Mollusca 4O170X38(0196E"/6(#MHON318/I>(%/+406 Oscillatoria, Cyclotella 41!
0196E%/Q(4U10"L1"13"�'(0196E"/6( EMRI-EJ(-4(6( 6.8±1.4×104, 8.1±0.8×103 41! 2.0±0.5×103 
unit cell/l  3-E1,-/>N 5,-J >N4O170X38(5>3IX%E6ON0196E./"�'(4O170X38(5>3IX0196E"/6( � 2E-^
4O170X38(318/I>(EMRI-EJ(-4(6("`1MH& 8.69±1.4×104 unit cell/l EM� 2E-^.01+"RM&70>(318/#>?7
 8NI>( 4N67"�'(4O170X38(O;: 8.68±1.4×104 unit cell/l  (99 "�8 X"F=(3X) 41!4O170X38(5>3IX 
393±561 unit cell/l  (1.0 "�8 X"F=(3X) 5>/56I(<874O170X38(O;:EMR6-8&*6 !JI6-7 99.4-100 
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"�8 X"F=(3X 5>/56I(4O170X38(5>3IXEMR6-8&*6 !JI6-7 0-0.6 "�8 X"F=(3X  4O170X38(5>3IX"O2HE<G?(.(
:6I7"I1-"&=( R;8 15:00-18:00 Q/& Brachionus 41! copepod "�'(0196E"/6(#MHON  (_-O#MH 24B) 

 
3)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 120 I>( 

 
             ON4O170X38(O;: 5 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta, 

Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 4 Phylum %/+406 Protozoa, Rotifera, 
Arthropoda 41! Mollusca ON4O170X38(O;:.(5091 Oscillatoria, Cyclotella 41! Nitzschia "�'(
4O170X38(O;:0196E"/6( EMRI-EJ(-4(6( 6.5±0.4×104, 1.2±0.1×105 41! 3.6±0.2×104 unit cell/l  
3-E1,-/>N 5,-J >N4O170X38(5>3IXEMRI-EJ(-4(6("`1MH& 0.6±1.2×103 unit cell/l  ON Brachionus 
"�'(0196E"/6( � 2E-^4O170X38(318/I>(EMRI-EJ(-4(6("`1MH& 2.36±0.2×105 Unit cell/l  41!EM
� 2E-^.01+"RM&70>(318/#>?7 8NI>( 4N67"�'(4O170X38(O;: 2.35±0.2×103 unit cell/l (99.8 
"�8 X"F=(3X)  41!4O170X38(5>3IX 152±194 unit cell/l  (0.2 "�8 X"F=(3X) 5>/56I(<874O170X38(
O;:EMR6-8&*6 !JI6-7 99.6-100 "�8 X"F=(3X 5>/56I(4O170X38(5>3IXEMR6-8&*6 !JI6-7 0-0.4 "�8 X"F=(3X 
4O170X38(5>3IX"O2HE<G?(.(:6I7"I1-"&=( R;8 15:00-18:00 ON Brachionus 41! copepod "�'(0196E
"/6( (_-O#MH 24C) 

 
0- "0=N3>I8&6-74O170X38( "O;H8I2"R -!JX0- "�1MH&(4�17<874O170X38(.( 8NI>(  8N

0- "1M?&7#MH 2 " 2HE#,-0- $G0\-"E;H809+7<-I4I((-%EEM8-&9� !E-^ 40 70 41! 110 I>(  !JI6-7"/;8(
Ok\_-RE - "/;8(391-RE 2552 EM -&1!"8M&/<87:(2/41!� 2E-^4O170X38(/>7368%�(M? 

 
1)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 40 I>( 

 
             ON4O170X38(O;: 5 Division %/+406 Cyanophyta, n Chlorophyta, Euglenophyta, 

Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Rotifera, Arthropoda 41! 
Mollusca 4O170X38(O;:.(5091 Cyclotella 41! Nitzschia "�'(4O170X38(O;:0196E"/6( EMRI-E
J(-4(6( 3.4±0.1×104 41! 3.2±0.2×104 Unit cell/l  3-E1,-/>N 5,-J >N4O170X38(5>3IXEMRI-E
J(-4(6("`1MH& 0.6±1.3×103 unit cell/l  %E6ON4O170X38(5>3IX0196E./"�'(0196E"/6( � 2E-^4O170X
38(318/I>(EMRI-EJ(-4(6("`1MH& 8.1±0.3×104 unit cell/l  EM� 2E-^.01+"RM&70>(318/#>?7 8NI>( 
4N67"�'(4O170X38(O;: 8.0±0.3×104 unit cell/l  (99.0 "�8 X"F=(3X)  41!4O170X38(5>3IX 
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0.6±1.3×103 unit cell/l  (0.8 "�8 X"F=(3X) 5>/56I(<874O170X38(O;:EMR6-8&*6 !JI6-7 99.3-100 
"�8 X"F=(3X 5>/56I(4O170X38(5>3IXEMR6-8&*6 !JI6-7 0-0.7"�8 X"F=(3X  4O170X38(5>3IX5>/56I(
"O2HE<G?(.(:6I7"I1-01-7R;( R;8 03:00 4O170X38(5>3IX0196E"/6(#MH"O2HE<G?("�'(4O170X38(5>3IX5091
Brachionus (_-O#MH 25A) 
 

2)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 70 I>( 
 
             ON4O170X38(O;: 5 Division %/+406 Cyanophyta Chlorophyta, Division 

Euglenophyta, Pyrrophyta 41! Bacillariophyta  4O170X38(5>3IXON 4 Phylum %/+406 Protozoa, 
Rotifera Arthropoda 41! Mollusca ON Oscillatoria, Cyclotella, 0196E%/Q(4U10"L1"13 41! 
Nitzschia "�'(4O170X38(O;:0196E"/6( EMRI-EJ(-4(6( 6.3±0.6×104, 1.8±0.1×104, 2.7±0.3×103 
41! 6.5±0.7×103  unit cell/l  3-E1,-/>N 5,-J >N4O170X38(5>3IXEMRI-EJ(-4(6("`1MH& 210±143 
unit cell/l  Q/&%E6ON0196E./"�'(4O170X38(5>3IX0196E"/6( � 2E-^4O170X38(318/I>(EMRI-E
J(-4(6("`1MH& 9.2±0.6×104 unit cell/l  EM� 2E-^.01+"RM&70>(318/#>?7 8NI>( 4N67"�'(4O170X38(
O;: 9.2±0.6×104 unit cell/l (99.6 "�8 X"F=(3X)  41!4O170X38(5>3IX 210±143 unit cell/l  (0.4 
"�8 X"F=(3X) 5>/56I(<874O170X38(O;:EMR6-8&*6 !JI6-7 99.6-100 "�8 X"F=(3X 5>/56I(4O170X38(
5>3IXEMR6-8&*6 !JI6-7 0-0.4 "�8 X"F=(3X 5>/56I(<87� 2E-^4O170X38(5>3IX"O2HE<G?("1=0(+8&.("I1-
01-7R;( (_-O#MH 25 B) 

 
3)  0- "�1MH&(4�1787RX� !08N<874O170X38("E;H809+7<-I4I((-%EEM8-&9 110 I>( 

 
             ON4O170X38(O;: 5 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta, 

Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Protozoa, Rotifera 41! 
Arthropoda 4O170X38(O;:0196E"/6( %/+406  Oscillatoria, Cyclotella 41!%/Q(4U10"L1"13 EM
RI-EJ(-4(6( 1.0±0.3×105, 4.7±0.7×103 41! 1.1±0.2×103 unit cell/l  3-E1,-/>N 5,-J >N4O170X
38(5>3IXEMRI-EJ(-4(6("`1MH& 152±194 Unit cell/l  %E6ON4O170X38(5>3IX0196E./"�'(4O170X
38(5>3IX0196E"/6( � 2E-^4O170X38(318/I>(EMRI-EJ(-4(6("`1MH& 1.05±0.1×105 unit cell/l  EM
� 2E-^.01+"RM&70>(318/#>?7 8NI>( 4N67"�'(4O170X38(O;: 1.04±0.1×105 unit cell/l  (99.8 
"�8 X"F=(3X)  41!4O170X38(5>3IX 152±194 unit cell/l  (0.2 "�8 X"F=(3X) 5>/56I(<874O170X38(
O;:EMR6-8&*6 !JI6-7 99.6-100 "�8 X"F=(3X 5>/56I(4O170X38(5>3IXEMR6-8&*6 !JI6-7 0-0.4 "�8 X"F=(3X 
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4O170X38(5>3IX"O2HE<G?(.(:6I7"&=( R;8 15:00-18:00 ON Brachionus 41! copepod "�'(0196E"/6( 
(_-O#MH 25 C) 

 
0- $G0\-:(2/41!� 2E-^4O170X38(318/ 8NI>(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-

RI-E"R=E�032587 8N0- "1M?&7 :(2/<874O170X38(.(4361!N68EMRI-ER1+-&R1G70>( Q/&ON 
Oscillatoria, Cyclotella "�'(4O170X38(0196E"/6( 6IE0>N0196E<87 pennate diatom J ;8%/Q(4U1
0"L1"13 5,-J >N4O170X38(5>3IX#MH"�1MH&(4�17.( 8NI>(%E6ON4O170X38(5>3IX0196E./"�'(0196E
"/6( 5>/56I(<874O170X38(O;:EM5>/56I(E-00I6- 99.1 "�8 X"F=(3X <^!#MH4O170X38(5>3IXEM
5>/56I(   0-0.9 "�8 X"F=(3X "(;H87E-L-0.(U- XEEM0- "�V/"R ;H87.J+8-0-$318/"I1- #,-.J+%E6R68&
ON0- "�1MH&(4�1787RX� !08N<874O170X38(.("I1-01-7I>(41!"I1-01-7R;( 

 
R9^_-O(?,-56I(.JK6EMR6-#MH"JE-!5E3680- "1M?&709+7<-I4I((-%E#>?7587 8N0- "1M?&7 

(3- -7)(I0#MH 7) "E;H8I2"R -!JXRI-E5>EO>(WX !JI6-7R9^_-O(?,- 41!4O170X38(O;:41!4O170X
38(5>3IX#MH"�1MH&(4�17.( 8NI>( ONI6- 4O170X38(Q/& IEL!EMRI-E5>EO>(WX0>NOM"8: RI-E"R=E 
880F2"L(#MH1!1-&.((?,- RI-EQ� 67457 RI-E"�'(/6-7<87(?,- 4O170X38(O;:EMRI-E5>EO>(WX0>N
� 2E-^OM"8:<87(?,- 880F2"L(#MH1!1-&.((?,- RI-EQ� 67457 RI-E"�'(/6-7 41!RI-E0 !/+-7<87
(?,- .(<^!#MH4O170X38(5>3IXEMRI-E5>EO>(WX0>N89^J_*E2(?,- RI-E"�'(/6-7 41!RI-E0 !/+-7<87
(?,- FGH756I(.JK6L!EMRI-E5>EO>(WX.(#2$#-73 7<+-E (3- -7)(I0#MH 8) 8&6-7% 0=3-E0- 
"�1MH&(4�17<874O170X38(_-&%E6R7#MH41!EM0- "�1MH&(4�17318/"I1-#,-.J+%E6ON
RI-E5>EO>(WX#MH:>/"L(0>NR9^_-O(?,-.( 8NI>( "E;H8"� M&N"#M&NOM"8:<87(?,-.(N68#MHEM8-&9<8709+7
<-I4I((-%E#MH 40-50 I>( ONI6-OM"8:<87(?,-L!" 2HE5*7<G?(.(:6I7N6-& (15:00) 41!L!EMR6-5*759/.(
"I1-01-7R;( (21:00) .(<^!#MHN68#MHEM8-&90- "1M?&73>?7436 70 I>(<G?(%� ONI6-OM"8:<87(?,-" 2HE1/17
.(:6I7"I1-N6-& 41!1/173H,-59/.(:6I7"I1-01-7R;( (21:00) (_-O#MH 26 A) 0- "�1MH&(4�17(M?
5-E- c8W2N-&%/+I6-.(:6I7"I1-01-7I>( 4O170X38("�'()*+5>7"R -!JX45741!5 +-7880F2"L(
.J+406N68"1M?&75>3IX(?,- #,-.J+OM"8:5*7<G?(.("I1-01-7I>(41!1/3H,-17.("I1-01-7R;("(;H87L-00- 
J-&.L41!�168&R- XN8(%/880%F/X<8752H7EM:MI23880E-.("I1-01-7R;( 41!" 2HE"O2HE<G?(.(:6I7
":+- "O -!0- 5>7"R -!JX457<874O170X38(  

 
5,-J >N� 2E-^880F2"L(#MH1!1-&.((?,-.(N68#MH)6-(0- "1M?&709+7<-I"�'("I1- 40-50 I>( L!

EM� 2E-^5*70I6-.(N68#MH8-&9E-00I6- 70 I>(41!EM0- "�1MH&(4�17.( 8NI>(%E6E-0 .(<^!N68#MH
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8-&90- "1M?&7 70 I>(<G?(%� 880F2"L(#MH1!1-&.((?,-L!1/173>?7436:6I7N6-& (15:00-18:00) 41!L!EM
R6-1/173H,-59/.(:6I7 03:00 (_-O#MH 26 B)  8-LL!E-L-0EM4O170X38(N-756I(3-& LG7%E6EM0- 
5>7"R -!JX457E-0 .(<^!#MH880F2"L(L!c*0.:+.(0- J-&.L<87<8752H7EM:MI23#>?7JE/_-&.(N68 
41!0- &68&51-&<875- 82(# M&XQ/&L912(# M&X (:18 41! O "12$, 2547) Q/&"`O-!.(:6I7#+-&<87
0- "1M?&7 8-J- #MH"J1;8 41!F-04O170X38(#MH3-&L!EM0- 5!5EN 2"I^O;?(N68 #,-.J+3+87.:+
880F2"L(.(0- &68&51-&.(� 2E-^E-0 567)1.J+� 2E-^880F2"L(EMR6-1/3H,-17 (:I123, 2552) 

 
"E;H8"� M&N"#M&NRI-EQ� 67457<87(?,-.(4361!:6I7 ONI6- .(:6I78-&909+7 40-50 I>(L!EMR6-

E-00I6-.(:6I7#MH)6-(0- "1M?&7%�E-00I6- 70 I>( RI-EQ� 67457<87(?,-L!1/17.(:6I7N6-& Q/&
"`O-!#MH:6I7#MH09+7EM8-&9 110 I>( ONI6-RI-EQ� 67457L!1/17E-00I6-.(:6I78;H( d 0- "�1MH&(4�17
<87RI-EQ� 67457<87(?,-L!" 2HE1/17.(:6I7N6-& (15:00) "(;H87L-0EM� 2E-^5- 4<I(18&
Q/&"`O-!3!08(.(� 2E-^E-0 41!"O2HE<G?(8M0R >?7.(:6I7":+- (6:00-9:00) (_-O#MH 26 B) 0- 
"�1MH&(4�17<87RI-EQ� 67457%E65>EO>(WX0>N0- "�1MH&(4�17<874O170X38(.( 8NI>( 436L!
5>EO>(WX0>N� 2E-^3!08(4<I(18&  41!� 2E-^880F2"L(#MH1!1-&.((?,-#MH1/17.( 8NI>( RI-E
Q� 67457<87(?,-Q/&�032L!5>EO>(WX0>N� 2E-^4O170X38( 3!08(4<I(18&#MH"�'(5- 82(# M&X#MH
18&8&*6.(EI1(?,- (Boyd, 1998) RI-EQ� 67457<87(?,-#MH1/17"(;H87L-009+7"�'(5>3IX#MHJ-02(.("I1-
01-7R;( 41!EMOk320  ER9+&J-8-J- #MHO;?(N68 #,-.J+"02/0- U9h7<873!08(.("I1-01-7R;(  
 

 



   63 
 

 
A 

 
B 

 
C 

���:�; 24  0- "�1MH&(4�174O170X38( 8NI>(.(U- XE#MH"1M?&7/+I&(?,-RI-E"R=E�032 
"E;H809+7<-I4I((-%EEM8-&9 A: 50 I>( B: 80 I>( 41! C: 120 I>( .( 8N0- "1M?&7#MH 1 
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A 

 
B 

 
D 

���:�; 25  0- "�1MH&(4�174O170X38( 8NI>(.(U- XE#MH"1M?&7/+I&(?,-RI-E"R=E�032 
 "E;H809+7<-I4I((-%EEM8-&9 A: 40 I>( B: 70 I>( 41! C: 110 I>( .( 8N0- "1M?&7#MH 2
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(A) 

 
(B) 
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���:�; 26  4(IQ(+EOM"8: (A) 880F2"L(#MH1!1-&.((?,- (B) 41!RI-EQ� 67457(C) .(U- XE 

    "1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 
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3.  ���GH�@�6���������$�����������
�%�+��$��������; �)�� ���� ��������� ��	!���"�"���#$
�!" ����
"�$�
K$�;�� ���
"�$�
K$���� 
  

3.1  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E3H,- 
 
       0- "�1MH&(c6-&(?,-.(O;?(#MHL!" 2HE"�1MH&(c6-&(?,-"E;H809+7<-IEM8-&9� !E-^ 60 I>( 0- 

"�1MH&(c6-&(?,-L!"1;80N68#MHEM4O170X38(J(-4(6( 41!EMR9^_-O(?,-#MH%E6"JE-!3680- "1M?&7 (?,-.(
N68L!c*0c6-&8805*6R187O>0(?,- 41!5*N(?,-L-0N68O>0(?,-"<+-%�.(N68.("I1-"/M&I0>( Q/&"�1MH&(c6-&
(?,-� !E-^ 10-15 "F(32"E3  J ;8� !E-^ 12.5 "�8 X"F=(3X (3- -7#MH 6) FGH74361!R >?7#MHEM0- 
"�1MH&(c6-&(?,- ON:(2/41!� 2E-^4O170X38(EM -&1!"8M&//>7368%�(M? 
 
�����:�; 6  "�8 X"F=(3X0- "�1MH&(c6-&(?,-.(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 
 

8-&909+7 (I>() <(-/N68 (% 6) 
� 2E-3 (?,-.(N68 
(1*0N-$0X"E3 ) 

� 2E-3 (?,-#MH
"�1MH&(c6-& 

(1*0N-$0X"E3 ) 

"�8 X"F=(3X 
0- "�1MH&(c6-&(%) 

60-70 5  9,600  1,200  12.5  
90-100 5  9,600  1,200  12.5  
120 5  9,600  1,200  12.5  

 
3.1.1  0- "�1MH&(c6-&(?,-"E;H809+7<-I4I((-%EEM8-&9 60-70 I>( 

 
          :(2/41!� 2E-^4O170X38(.(N68O>0(?,- ON4O170X38(O;:#>?7JE/ 4 

Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta 41! Bacillariophyta EMRI-EJ(-4(6( 
4.5x103 unit cell/l ON4O170X38(O;:.(5091 Oscillatoria 41! Nitzschia "�'(0196E"/6( ON4O170X
38(5>3IX 2 Phylum EMRI-EJ(-4(6( 799 unit cell/l 4O170X38(5>3IX0196E"/6( %/+406 Tintinopsis 
41! nauplii copepod R9^_-O(?,-.(N68O>0(?,-EMR6-#MH"JE-!5E3680- "1M?&709+7<-I4I((-%E (3- -7
)(I0#MH 9) 
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068("�1MH&(c6-&(?,-� 2E-^4O170X38(Q/& IE.(N68EMRI-EJ(-4(6( 9.33x105 unit cell/l 
4N67"�'(4O170X38(O;: 9.32x105 unit cell/l 41!4O170X38(5>3IX 1.25x103 unit cell/l Q/&ON 
Oscillatoria 41! Merismopedia "�'(4O170X38(0196E"/6( :(2/<874O170X38(#MHONJ1>7L-0
"�1MH&(c6-&(?,- %/+406 Division Cyanophyta, Chlorophyta, Euglenophyta, Bacillariophyta 41! 
Pyrrophyta 4O170X38(O;:5091 Oscillatoria 41! Merismopedia "�'(4O170X38(O;:0196E"/6(
5,-J >N4O170X38(5>3IXON 4 Phylum %/+406 Phylum Protozoa, Rotifera, copepod 41!J8&587g-  

           
0- "�1MH&(4�17<87� 2E-^4O170X38(J1>7L-0"�1MH&(c6-&(?,- ONI6-� 2E-^4O170X38(

Q/& IE41!� 2E-^4O170X38(O;:.(N68"1M?&71/17.(:>HIQE7#MH 6 41!:>HIQE7#MH 21 J1>7"�1MH&(c6-&
(?,- (_-O#MH 27A 41!27 B) 56I(� 2E-^4O170X38(5>3IXEM� 2E-^1/178&6-7:>/"L(J1>7L-0#MHEM0- 
"�1MH&(c6-&(?,-.( 6 :>HIQE74 0 J1>7L-0(>?(� 2E-^4O170X38(5>3IX"O2HE<G?("1=0(+8&.(:>HIQE7#MH 18 
41! 21 "OM&7 0.02-0.03 "�8 X"F=(3X (_-O#MH 27C 41! 27D)  "E;H8"� M&N"#M&N0- "�1MH&(4�17<87
4O170X38(41!R9^_-O(?,-#MH"�1MH&(4�17%�J1>7L-0"�1MH&(c6-&(?,-#MH 24 41! 48 :>HIQE7 ONI6-
J1>7L-0"�1MH&(c6-&(?,-%/+ 24 :>HIQE7 � 2E-^4O170X38(Q/& IE1/17 7.26 "�8 X"F=(3X .01+"RM&7
0>N� 2E-^4O170X38(O;:#MH1/17 7.13 "�8 X"F=(3X 56I(� 2E-^4O170X38(5>3IX1/17 100 
"�8 X"F=(3X J1>7L-0"�1MH&(c6-&(?,-%/+ 48 :>HIQE7 ONI6-� 2E-^4O170X38(Q/& IE 41!4O170X
38(O;:1/17 15.84 41! 15.73 "�8 X"F=(3X 3-E1,-/>N .(<^!#MH4O170X38(5>3IXEM0- "�1MH&(4�17 
100 "�8 X"F=(3X (3- -7)(I0#MH 9)  

 
5,-J >N0- "�1MH&(4�17#-70-&_-O(?,-_-&.(N68ONI6- 0- "�1MH&(4�17#-70-&_-O<87

R9^_-O(?,-%/+406 OM"8: 89^J_*E2(?,- RI-E"R=E(?,- � 2E-^880F2"L(#MH1!1-&.((?,- RI-E(,-%UUh- 
RI-EQ� 67457 48EQE"(M&L!1/17.(:>HIQE7#MH 24 41!1/17E-0<G?(.(:>HIQE7#MH 48 5,-J >N
� 2E-^%(%3 #X � 2E-^3!08(4<I(18& 41!R18Q UV11X "8 #MH1/17.(:6I7 24 :>HIQE74 0 41!
"O2HE<G?(.(:>HIQE7#MH 48 (80L-0(M?RI-E"R=E<87(?,- 41!RI-E0 !/+-7<87(?,-L!1/17.( 24 :>HIQE7
4 0J1>7L-0"�1MH&(c6-&(?,-"#6-(>?( 41!%E6EM0- "�1MH&(4�17.(:>HIQE7#MH 48 (3- -7)(I0#MH 9) 
 

3.1.2  0- "�1MH&(c6-&(?,-"E;H809+7<-I4I((-%EEM8-&9 90-100 I>( 
 
          .(N68O>0(?,-ON4O170X38(O;:.( Division Cyanophyta, Euglenophyta  

41! Bacillariophyta EMRI-EJ(-4(6( 1.0x104 unit cell/l  4O170X38(O;:.(5091 Oscillatoria 41! 
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Pleurosigma/Gyrosigma "�'(4O170X38(O;:0196E"/6( 4O170X38(5>3IXEMRI-EJ(-4(6( 660 unit 
cell/l  ON Tintinopsis 41! Brachionus "�'(0196E"/6(R9^_-O(?,-.(N68O>0(?,-EMR6-#MH"JE-!5E3680- 
"1M?&709+7<-I4I((-%E (3- -7)(I0#MH 10) 

 
� 2E-^4O170X38(Q/& IE068("�1MH&(c6-&(?,-EMRI-EJ(-4(6( 6.34x105 unit cell/l 

4N67"�'(4O170X38(O;: 6.28x105 unit cell/l 41!4O170X38(5>3IX 5.8x103 unit cell/l  
Oscillatoria, Merismopedia 41! Trachelomonas "�'(4O170X38(0196E"/6(#MHON J1>7L-0"�1MH&(
c6-&(?,- ON.( Division Cyanophyta, Chlorophyta, Euglenophyta, Bacillariophyta 41! Pyrrophyta 
4O170X38(O;:0196E"/6(%/+406 5091 Oscillatoria, Merismopedia 41! Trachelomonas 5,-J >N
4O170X38(5>3IXON 2 Phylum %/+406 Phylum Protozoa 41! Rotifera  � 2E-^4O170X38(Q/& IE
41!� 2E-^4O170X38(O;:EM� 2E-^1/17J1>7L-0"�1MH&(c6-&(?,- 3 :>HIQE7 436� 2E-^4O170X38(
%E6EMRI-E"�1MH&(4�17E-0 (_-O#MH 28 A 41! 28 B) 56I(� 2E-^4O170X38(5>3IXEM� 2E-^1/17
8&6-7:>/"L(J1>7L-0#MHEM0- "�1MH&(c6-&(?,-.( 6 :>HIQE7 41!EM� 2E-^"O2HE<G?(.(:>HIQE7 9 EM� 2E-^
R7#MHL(0 !#>H7:>HIQE7#MH 48 (_-O#MH 28 C 41! 28 D)  

 
0- "�1MH&(4�17<87� 2E-^4O170X38(#MH 24 41! 48 :>HIQE7 � 2E-^4O170X38(1/17 

15.57-15.40 "�8 X"F=(3X ":6("/M&I0>N4O170X38(O;:#MH1/17 14.95-14.79 "�8 X"F=(3X  
4O170X38(5>3IXEM� 2E-^1/17 82.28-80.74 "�8 X"F=(3X 0- "�1MH&(4�17<87R9^_-O#MH5,-R>K 
%/+406 RI-EQ� 67457#MH"O2HE<G?(8&*6 !JI6-7 62.5-75 "�8 X"F=(3X (3- -7)(I0#MH 10) 

 
3.1.3  0- "�1MH&(c6-&(?,-"E;H809+7<-I4I((-%EEM8-&9 120 I>( 
 
          .(N68O>0(?,-ON4O170X38(O;:#>?7JE/ 4 Division %/+406 Division 

Cyanophyta, Chlorophyta, Euglenophyta  41! Bacillariophyta EMRI-EJ(-4(6( 7.7x103 unit cell/l 
4O170X38(O;:.(5091 Oscillatoria 41! pennate diatom "�'(4O170X38(O;:0196E"/6( 4O170X38(
5>3IXON 2 Phylum %/+406 Phylum Protozoa 5091 Tintinopsis 41! nauplii copepod .( Phylum 
Arthropoda  4O170X38(5>3IXEMRI-EJ(-4(6( 1.0x103 unit cell/l R9^_-O(?,-.(N68O>0(?,-EMR6-#MH
"JE-!5E3680- "1M?&709+7<-I4I((-%E (3- -7)(I0#MH 11) 

 



  69 

 

068("�1MH&(c6-&(?,-� 2E-^4O170X38(Q/& IE.(N68EMRI-EJ(-4(6( 7.7x105 unit cell/l 
4N67"�'(4O170X38(O;: 7.69x105 unit cell/l 41!4O170X38(5>3IX 3.3x103 unit cell/l  
4O170X38(O;:.(5091 Oscillatoria, Merismopedia 41! Trachelomonas "�'(4O170X38(0196E"/6( 
J1>7L-0#MHEM0- "�1MH&(c6-&(?,- ON4O170X38(.( Division Cyanophyta, Chlorophyta, 
Bacillariophyta ON4O170X38(5>3IX 3 Phylum %/+406 Phylum Protozoa, Rotifera 41! Arthropoda  
� 2E-^4O170X38(Q/& IE41!� 2E-^4O170X38(O;:EM� 2E-^1/17"1=0(+8&J1>7L-0"�1MH&(c6-&
(?,- 6 :>HIQE74 0 " 2HER7#MH068(1/17"1=0(+8&.(:>HIQE7#MH 48 (_-O#MH 29 A 41! 29 B) 56I(� 2E-^
4O170X38(5>3IXEM� 2E-^1/178&6-7:>/"L(J1>7L-0#MHEM0- "�1MH&(c6-&(?,-.( 3 :>HIQE74 0 41!EM
� 2E-^R7#MH (_-O#MH 29 C 41! 29 D) 0- "�1MH&(4�17<874O170X38(41!R9^_-O(?,-J1>7L-0
"�1MH&(c6-&(?,-#MH 24 41! 48 :>HIQE7 ONI6-� 2E-^4O170X38(Q/& IE.(N68 41!� 2E-^4O170X
38(O;: EM0- "�1MH&(4�17 19.8 "�8 X"F=(3XJ1>7L-0"�1MH&(c6-&(?,-.( 24 :>HIQE74 0 41!1/17 
32.24-32.38 "�8 X"F=(3X.(:>HIQE7#MH 48 4O170X38(5>3IX"�1MH&(4�17 69.73-70.77 "�8 X"F=(3X 0- 
"�1MH&(4�17<87RI-EQ� 67457 � 2E-^3!08(4<I(18& 41!� 2E-^R18Q UV11X "8 #MHEM0- 
"�1MH&(4�17E-0I6- 50 "�8 X"F=(3X.(:>HIQE7#MH 48 41 � 2E-^48EQE"(M&EM1/17E-00I6- 30 
"�8 X"F=(3X (3- -7)(I0#MH 11) 

   
L-00- $G0\-0- "�1MH&(4�17<87:(2/41!� 2E-^<874O170X38(J1>7L-0#MHEM0- 

"�1MH&(c6-&(?,- ONI6-0- "�1MH&(c6-&(?,- 12.5 "�8 X"F=(3X<87� 2E-3 (?,-.(N68"1M?&709+7<-I4I((-%E
/+I&(?,-RI-E"R=E3H,-5-E- c1/� 2E-^44O170X38(%/+ 56I(.JK6068("�1MH&(c6-&(?,-L!EMRI-E
J(-4(6(8&*6 !JI6-7 700,000-950,000 unit cell/l 4360- "�1MH&(c6-&(?,-L!%E6EM)13680- 
"�1MH&(4�1787RX� !08N<874O170X38(_-&.(N68 :(2/<874O170X38(56I(.JK6L!ON5091 
Merismopedia 41! Oscillatoiria "�'(4O170X38(O;:0196E"/6( 4O170X38(5>3IX%/+406 5091 
Tintinopsis FGH7J1>7L-0"�1MH&(c6-&(?,-41+I #>?74O170X38(O;:41!4O170X38(5>3IXL!1/17_-&.( 6 
:>HIQE74 0J1>70- "�1MH&(c6-&(?,-  

 
0- "�1MH&(4�17<87� 2E-^4O170X38(56I(.JK6.(:6I7 24 :>HIQE74 0 J ;8 1 I>(

J1>7L-0"�1MH&(c6-&(?,- � 2E-^<874O170X38(O;:L!1/178&*6 !JI6-7 7-21 "�8 X"F=(3X 41!EM0- 
"�1MH&(4�17� !E-^ 15 "�8 X"F=(3X.(:>HIQE7#MH 48 &0"I+(:6I7#MH09+7<-I4I((-%EEM8-&9� !E-^ 
110 I>( ONI6-� 2E-^4O170X38(O;:1/17� !E-^ 30 "�8 X"F=(3X (6-L!EM5-"J39E-L-08-LL!"�'(
:6I7#MH4O170X38(_-&.(N68EM0- "L 2K"32NQ3"3=E#MH "E;H8"�1MH&(c6-&(?,-%/+(,-"8-� 2E-^4O170X38(
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N-756I(880%� 41!EM(?,-.JE6"32E"<+-E-LG7567)10 !#N.J+52H74I/1+8E.(N68"�1MH&(4�17 LG7#,-.J+
� 2E-^4O170X38(1/17.(:>HIQE7#MH 48 
 

3.2  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E�032 
 
       0- "�1MH&(c6-&(?,-L!" 2HE"�1MH&(c6-&(?,-"E;H809+7<-IEM8-&9� !E-^ 60 I>( 0- "�1MH&(c6-&

(?,-L!"1;80N68#MHEMR9^_-O(?,-%E6"JE-!5E3680- "1M?&7 0- "�1MH&(c6-&(?,-L!c6-&(?,-8805*6R187O>0(?,- 
41!5*N�168&(?,-"<+-L-0N68O>0(?,-"<+-5*6N68"1M?&7.("I1-"/M&I0>(Q/&"�1MH&(c6-&(?,-� !E-^ 20 
"F(32"E3  J ;8� !E-^ 7. 5 "�8 X"F=(3X (3- -7#MH 7) FGH74361!R >?7#MHEM0- "�1MH&(c6-&(?,- ON:(2/
41!� 2E-^4O170X38(EM -&1!"8M&//>7368%�(M? 
 
�����:�; 7  "�8 X"F=(3X0- "�1MH&(c6-&(?,-.(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 
 

I>(#MH <(-/N68 (% 6) 
� 2E-3 (?,-.(N68 
(1*0N-$0X"E3 ) 

� 2E-3 (?,-#MH"�1MH&(
c6-& (1*0N-$0X"E3 ) 

"�8 X"F=(3X 
0- "�1MH&(c6-&(%) 

50-60 5  16,000  1,200  7.50  
90-110 5  16,000  1,200  7.50  
130-150 5  16,000  1,200  7.50  

 
3.2.1  0- "�1MH&(c6-&(?,-"E;H809+7<-I4I((-%EEM8-&9 50-60 I>( 
 
          .(N68O>0(?,-ON4O170X38(O;:.( Division Cyanophyta, Chlorophyta, 

Euglenophyta  41! Bacillariophyta EMRI-EJ(-4(6( 4.7x103 unit cell/l 4O170X38(O;:5091 
Oscillatoria 41! pennate diatom "�'(4O170X38(O;:0196E"/6( ON  Tintinopsis "OM&70196E"/M&I  
4O170X38(5>3IXEMRI-EJ(-4(6( 501  unit cell/l R9^_-O(?,-.(N68O>0(?,-EMR6-#MH"JE-!5E3680- 
"1M?&709+7<-I4I((-%E (3- -7)(I0#MH 12) 

 
068("�1MH&(c6-&(?,-� 2E-^4O170X38(Q/& IE.(N68EMRI-EJ(-4(6( 3.198 x104 unit 

cell/l 4N67"�'(4O170X38(O;: 3.195 x104 unit cell/l ON Oscillatoria, Cyclotella 41! 
Trachelomonas  "�'(4O170X38(0196E"/6( J1>7L-0#MHEM0- "�1MH&(c6-&(?,-ON4O170X38(O;: .(
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Division Cyanophyta,Chlorophyta, Euglenophyta 41! Bacillariophyta ON4O170X38(5>3IX.( 
Phylum Protozoa, Rotifera 41!0196E copepod 41!3>I868( copepod .( Phylum Arthropoda  
 

� 2E-^4O170X38(J1>7L-0"�1MH&(c6-&(?,- ONI6-� 2E-^4O170X38(1/17 (_-O#MH 30 A 
41! 30 B) 56I(� 2E-^4O170X38(5>3IXL!ON.(:>HIQE7#MH 3, 6, 21 41! 24 (_-O#MH 30 C) "E;H8
"� M&N"#M&N"�'(5>/56I( !JI6-7� 2E-^4O170X38(O;:41!4O170X38(5>3IXJ1>7L-0"�1MH&(c6-&(?,- 
ONI6-� 2E-^4O170X38(5>3IX.(O;?(#MH"O2HE<G?(.(N-7:6I7"I1- FGH7"�'(4O170X38(0196E Tintinopsis 
(_-O#MH 30 D) 5,-J >N0- "�1MH&(4�17J1>7L-0"�1MH&(c6-&(?,-#MH 24 41! 48 :>HIQE7 ONI6-� 2E-^
4O170X38(Q/& IE.(N68 41!� 2E-^4O170X38(O;:1/17 19.29 - 22.73 "�8 X"F=(3X � 2E-^
4O170X38(5>3IX1/17 32 "�8 X"F=(3X .( 24 :>HIQE7 � 2E-^48EQE"(M&.((?,-1/17 61 "�8 X"F=(3X 
� 2E-^3!08(4<I(18&1/17 15 - 26 "�8 X"F=(3X 41!� 2E-^R18Q UV11X "8 #MHEM0- "�1MH&(4�17
 !JI6-717-19  "�8 X"F=(3X (3- -7)(I0#MH 12) 

 
3.2.2  0- "�1MH&(c6-&(?,-"E;H809+7<-I4I((-%EEM8-&9 90-110 I>( 
 
          .(N68O>0(?,-ON4O170X38(O;:.( Division Cyanophyta, Chlorophyta, 

Euglenophyta,  Bacillariophyta 41! Pyrrophyta EMRI-EJ(-4(6( 9.5x103 unit cell/l ON 
Oscillatoria "�'(0196E"/6( 4O170X38(5>3IXON"OM&70196E"/M&I R;8 5091 Tintinopsis 4O170X38(5>3IX
EMRI-EJ(-4(6( 2.0 x103  unit cell/l R9^_-O(?,-.(N68O>0(?,-EMR6-#MH"JE-!5E3680- "1M?&709+7<-I4I(
(-%E (3- -7)(I0#MH 13) 

 
� 2E-^4O170X38(Q/& IE068("�1MH&(c6-&(?,-EMRI-EJ(-4(6( 1.15x106 unit cell/l 

4N67"�'(4O170X38(O;: 1.12x106 unit cell/l 41!4O170X38(5>3IX 124  unit cell/l ON Oscillatoria, 
pennate diatom 41! Trachelomonas "�'(4O170X38(0196E"/6( :(2/<874O170X38(J1>7L-0#MHEM
0- "�1MH&(c6-&(?,- ON4O170X38(O;:.( Division Cyanophyta, Chlorophyta, Euglenophyta 41! 
Bacillariophyta ON4O170X38(5>3IX.( Phylum Protozoa,  Rotifera 41!0196E copepod 41!3>I868( 
copepod .( Phylum Arthropoda 
 

� 2E-^4O170X38(J1>7L-0"�1MH&(c6-&(?,- ONI6-� 2E-^4O170X38(Q/& IE41!� 2E-^
4O170X38(O;:1/17.(:>HIQE7#MH 3 41!R7#MH.(:>HIQE7#MH 6 (_-O#MH 31A41! 31B) 5,-J >N 
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4O170X38(5>3IXL!ON.(:>HIQE7#MH 12 41!J1>7L-0:>HIQE7#MH 18 (_-O#MH 31 C) 4O170X38(41!
R9^_-O(?,-#MH"�1MH&(4�17J1>7L-0"�1MH&(c6-&(?,-#MH 24 41! 48 :>HIQE7 ONI6-� 2E-^4O170X38(
Q/& IE.(N68 41!� 2E-^4O170X38(O;:1/17 35 "�8 X"F=(3X 4O170X38(5>3IX1/17 32 
"�8 X"F=(3X � 2E-^48EQE"(M&.((?,-1/17 84 "�8 X"F=(3X � 2E-^%(%3 #X1/17 66-73 "�8 X"F=(3X 
RI-EQ� 67457 � 2E-^880F2"L(#MH1!1-&.((?,- 41!R18Q UV11X "8 "�1MH&(4�178&*6 !JI6-7 30-40 
"�8 X"F=(3X (3- -7)(I0#MH 13) 

 
3.2.3  0- "�1MH&(c6-&(?,-"E;H809+7<-I4I((-%EEM8-&9 130-140 I>( 
 
         .(N68O>0(?,-ON4O170X38(O;:.( Division Cyanophyta, Chlorophyta, 

Euglenophyta, Bacillariophyta 41! Pyrrophyta EMRI-EJ(-4(6( 5.2x103 unit cell/l   
pennate diatom "�'(4O170X38(0196E"/6(#MHON ON4O170X38(5>3IX"OM&70196E"/M&I %/+406 5091 
Tintinopsis EMRI-EJ(-4(6( 4.1x103  unit cell/l R9^_-O(?,-.(N68O>0(?,-EMR6-#MH"JE-!5E3680- "1M?&7 
09+7<-I4I((-%E (3- -7)(I0#MH 14) 

 
068("�1MH&(c6-&(?,-� 2E-^4O170X38(Q/& IE.(N68EMRI-EJ(-4(6( 9.76x105 unit cell/l 

4N67"�'(4O170X38(O;: 9.73x105 unit cell/l 41!4O170X38(5>3IX 32  unit cell/l 4O170X38(0196E
"/6( %/+406 5091 Oscillatoria 41! pennate diatom J1>7L-00- "�1MH&(c6-&(?,- ON4O170X38(O;:.( 
Division Cyanophyta, Chlorophyta, Euglenophyta  41! Bacillariophyta ON4O170X38(5>3IX 3 
Phylum %/+406 Phylum Protozoa, Rotifera 41!0196E copepod 41!3>I868( copepod .( Phylum 
Arthropoda  � 2E-^4O170X38(J1>7L-0"�1MH&(c6-&(?,-ONI6- � 2E-^4O170X38(Q/& IE41!
� 2E-^4O170X38(O;:EM� 2E-^1/17.(:>HIQE7#MH 3 41!R7#MH.(:>HIQE7#MH 6 (_-O#MH 32 A 41! 32 
B) � 2E-^4O170X38(5>3IX"O2HE<G?(.(:>HIQE7#MH 3, 9, 18 41!1/17.(:>HIQE7#MH 21 41! 24 (_-O#MH 
32 C) "E;H8"� M&N"#M&N"�'(5>/56I( !JI6-7� 2E-^4O170X38(O;:41!4O170X38(5>3IXJ1>7L-0
"�1MH&(c6-&(?,- ONI6-5>/56I(<874O170X38(O;:E-00I6- 99 "�8 X"F=(3X (_-O#MH 32 D) 

 
J1>7L-0"�1MH&(c6-&(?,-#MH 24 41! 48 :>HIQE7 ONI6-� 2E-^4O170X38(Q/& IE.(N68 41!

� 2E-^4O170X38(O;:1/17 22.75-23.56 "�8 X"F=(3X � 2E-^4O170X38(5>3IX1/17 32 "�8 X"F=(3X 
(3- -7)(I0##MH 14) � 2E-^880F2"L(#MH1!1-&.((?,-1/17 42 -45 "�8 X"F=(3X 48EQE"(M&.((?,-
1/17 55.24 "�8 X"F=(3X J1>7"�1MH&(c6-&(?,-%�41+I 48 :>HIQE7 %(%3 #X1/17J1>7L-0"�1MH&(c6-&(?,-
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EMR6-8&*6 !JI6-7 31.33 "�8 X"F=(3X R6-RI-EQ� 67457 41!� 2E-^3!08(4<I(18&1/17"1=0(+8&
J1>7L-0"�1MH&(c6-&(?,- EMR6-8&*6 !JI6-7 20-25 "�8 X"F=(3X .(<^!#MH� 2E-^R18Q UV11X "8 EM0- 
"�1MH&(4�17"OM&7 10 "�8 X"F=(3X (3- -7)(I0##MH 14) 

 
Funge-Smith and Briggs (1998) 016-II6- 0- c6-&(?,-"�'(56I(J(GH70- L>/0- FGH7EM)1368

5_-O4I/1+8E.(N68 0- "�1MH&(c6-&(?,-L!"�'(0- L>/0-  �h870>(0- "O2HE<G?(4O170X38(:!1+-7
F-04O170X38(#MH3-& 41!RINR9ER9^_-O(?,-.( !JI6-70- "1M?&7 0- "�1MH&(c6-&(?,-.(N68"1M?&709+7
<-I4I((-%E/+I&(?,-RI-E"R=E3H,-41!RI-E"R=E�032 ONI6-0- "�1MH&(c6-&(?,-.(� 2E-^ 7-12 
"�8 X"F=(3X5-E- c1/� 2E-^4O170X38( 41!<87"5M&.(0196E%(Q3 "L( 41!3!08(4<I(18& 
FGH7"�'(�[KJ-J1>0#MHON.(N68"1M?&75>3IX(?,- (Jaw-Kai, 1990) 48EQE"(M&.((?,-L!E-L-00- 0- 
<>Nc6-& 8-J- "J1;8 41!"02/L-00- &68&51-&5- 82(# M&X.(N68 (Paerl and Tucker, 1995) 8-J- #MH
.J+.(� 2E-^E-0L!#,-.J+� 2E-^4O170X38("O2HE<G?( "(;H87L-0%(Q3 "L(41!U85U8 >5.(
8-J-  (Burford and Lorenzen, 2004; Paerl and Tucker, 1995) 41!"O2HE5- 82(# M&X4<I(18&#MH
&68&51-&41+I.(EI1(?,- .(N68"1M?&709+7#MHEM5- 4<I(18&.((?,- 140-220 E21120 >E368123  3!08(
J(>0L!LE8&*6#MH0+(N68 c+-EM0- 5!5EE-0<G?(" ;H8& d 8-LL!#,-.J+N 2"I^(>?(41!01-&"�'(:>?(#MH%E6EM
880F2"L(%/+ (anoxic layer) (Jaw-Kai, 1990)    

 
0- "�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-ONI6-0- %E6EM)1368

0- "�1MH&(87RX� !08N<874O170X38( 436EM)13680- "�1MH&(4�17� 2E-^4O170X38(O;: FGH7
1/17� !E-^ 20 "�8 X"F=(3XJ1>7L-0"�1MH&(c6-&(?,-%�41+I 24 :>HIQE7 J ;8 1 I>( 5,-J >N0- 
"�1MH&(4�17R9^_-O(?,- ONI6-� 2E-^48EQE"(M&41!%(%3 #X .((?,-1/17J1>7L-0"�1MH&(c6-&(?,-
%�41+I 1 I>( 56I(.JK6� 2E-^48EQE"(M& 41!� 2E-^%(%3 #X L!1/17� !E-^ 30-50 
"�8 X"F=(3X E>0ON.(N68#MHEM� 2E-^4O170X38(O;:J(-4(6(E-0 41!)6-(0- "1M?&7E-00I6- 120 I>(
J ;8I6-.01+L>N09+7 48EQE"(M&.((?,-L!E-L-00- 0- <>Nc6-& 8-J- "J1;8 F-04O170X38(O;: 41!
"02/L-00- &68&51-&5- 82(# M&X.(N68 (Paerl and Tucker, 1995)  IE#>?7#MHU- XE.:+(?,-JE9("IM&( 
#,-.J+EM0- 5!5E5- 82(# M&X_-&.(N68E-0<G?( (59WM, 2549) 48EQE"(M&L!"�1MH&(%�"�'(%(%3 #X 
FGH7:18 (2535) 016-II6-� 2E-^%(%3 #X#MH5*7<G?( "(;H87E-L-0 1) 8-J- "J1;8"O -!"0\3 0 L!.J+
8-J- E-0"O;H8" 670- "L 2K"32NQ3 5M(?,-L!EM5M"<+E "02/U87#MH)2IJ(+-(?,-  2) "02/L-04O170X38(3-&
17O +8Ed 0>(.(N68 48EQE"(M&.((?,-L!5*7<G?(41!368E-L!"�1MH&("�'(%(%3 #X.(:6I7 5-7 I>(c>/
E-  3) .(N68#MHEM09+73-&#MHO;?(N68L,-(I(E-0 J ;8 4) EM09+73-&#MHO;?(N68 #,-.J+8-J- 56I(J(GH7"J1;8 
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J ;8"02/L-05_-ON68#MHEM"1(0 !L-&E-0 #,-.J+09+7%E6"<+-%�02(8-J- .(4(I#MHEM0- 5!5E"1( 436
01>N"<+-%�02(8-J- .(&84#( 8-J- 56I(J(GH7LG7"J1;841!01-&"�'(48EQE"(M&.((?,-(80L-0(M?
� 2E-^3!08(4<I(18&41!RI-EQ� 67457&>7EM0- "�1MH&(4�178&6-7:>/"L(":6("/M&I0>( 56I(
.JK6� 2E-^3!08(4<I(18&L!1/17� !E-^ 50 "�8 X"F=(3XJ1>7L-0"�1MH&(c6-&(?,-  FGH7L!
5>EO>(WX0>NRI-EQ� 67457#MH"O2HE<G?( Q/&"`O-!"E;H809+7EM8-&9 110 I>( L!ONI6-#>?73!08(4<I(18&
41!RI-EQ� 67457EM0- "�1MH&(4�17E-0#>?7587O- -E2"38 X FGH745/7.J+"J=(I6-0- "�1MH&(c6-&(?,-
L!EM)13680- 1/� 2E-^3!08(4<I(18& 41!� 2E-^4O170X38(_-&.(N68O +8E0>( 8&6-7% 0=
3-ERI-E5>EO>(WX !JI6-7� 2E-^3!08(4<I(18&0>NRI-EQ� 67457<87(?,-%E6EMRI-E5>EO>(WX
8&6-7:>/"L(.(:6I7#MHEM0- "�1MH&(c6-&(?,-"E;H809+7<-IEM8-&9 30 41! 60 I>(   
 

0- "�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 ONI6-%E6EM)13680- 
"�1MH&(87RX� !08N<874O170X38(_-&.(N68 436EM)13680- "�1MH&(4�17� 2E-^4O170X38(
Q/&"`O-!4O170X38(O;:Q/&"`O-!5091 Oscillatoiria 41! Cyclotella FGH7"�'(4O170X38(0196E
"/6(#MHON.(O;?(#MH J1>7L-0"�1MH&(c6-&(?,-41+I � 2E-^4O170X38(O;:.(N68L!1/17_-&.( 3 
:>HIQE74 0 .(<^!#MH� 2E-^4O170X38(5>3IXL!1/178&6-7:>/"L( J ;8%E6ON"1&J1>7L-0"�1MH&(
c6-&(?,- 0- "�1MH&(c6-&(?,-L!EM)13680- 1/17<874O170X38(O;: EMRI-EJ(-4(6(8&*6 !JI6-7 
31,911-1,132,400  unit cell/l  0- "�1MH&(4�17<87� 2E-^4O170X38(56I(.JK6.(:6I7 24 :>HIQE7
4 0 J ;8 1 I>(J1>7L-0"�1MH&(c6-&(?,- "�8 X"F=(3X0- 1/17<874O170X38(O;:L!8&*6 !JI6-7 19-35 
"�8 X"F=(3X 41!J1>7L-0)6-( 48 :>HIQE7 J ;8 2 I>( � 2E-^4O170X38(O;:EM0- "�1MH&(4�178&*6 
22.73 - 34.32  "�8 X"F=(3X FGH7%E643036-70>(  5,-J >N0- "�1MH&(4�17R9^_-O(?,-_-&.(N68(>?( 
ONI6-0- "�1MH&(4�17� 2E-^48EQE"(M&41!%(%3 #X .((?,-L!ON0- "�1MH&(4�178&6-7:>/"L( 
Q/&"`O-!J1>7L-0"�1MH&(c6-&(?,-%�41+I 1 I>( 56I(.JK6� 2E-^48EQE"(M& 41!� 2E-^%(%3 #X 
L!1/17� !E-^ 30-50 "�8 X"F=(3X":6("/M&I0>N0- "1M?&7/+I&RI-E"R=E3H,- 5,-J >N0- "�1MH&(4�17
<873!08(4<I(18& 41!RI-EQ� 67457.((?,-ONI6-%E6EMRI-E5>EO>(WXE-0(>0 "E;H8"�1MH&(c6-&(?,-
_-&.(N68#MH� 2E-^4O170X38(J(-4(6(E-0 ONI6-RI-EQ� 67457<87(?,-1/17 .(<^!#MH� 2E-^
3!08(4<I(18&"�1MH&(4�17"OM&7"1=0(+8&"#6-(>?( 45/7I6-0- "�1MH&(c6-&(?,-L!EM)13680- 
"�1MH&(4�17� 2E-^4O170X38(E-00I6-� 2E-^3!08(4<I(18&_-&.(N68 
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(A) 

(B)                 (C) 

 
(D) 

���:�; 27  � 2E-^4O170X38(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-J1>7L-0#MHEM0- 
"�1MH&(c6-&(?,- "E;H809+7<-IEM8-&9 60-70 I>(, (A): � 2E-^4O170X38(Q/& IE"`1MH&, (B): 
� 2E-^4O170X38(O;:, (C): � 2E-^4O170X38(5>3IX, (D): 5>/56I(� 2E-^4O170X38(
O;:368� 2E-^4O170X38(5>3IX 
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(A) 

(B) (C) 

 
(D) 

���:�; 28  � 2E-^4O170X38(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- J1>7L-0#MHEM0- 
"�1MH&(c6-&(?,- "E;H809+7<-IEM8-&9 90-100 I>(, (A): � 2E-^4O170X38(Q/& IE"`1MH&, (B): 
� 2E-^4O170X38(O;:, (C): � 2E-^4O170X38(5>3IX, (D): 5>/56I(� 2E-^4O170X38(
O;:368� 2E-^4O170X38(5>3IX 
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(A) 

(B) (C) 

 
(D) 

���:�; 29  � 2E-^4O170X38(.(N68"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-J1>7L-0#MHEM 
    0- "�1MH&(c6-&(?,- "E;H809+7<-IEM8-&9 120 I>(, (A): � 2E-^4O170X38(Q/& IE"`1MH&, (B):    
   � 2E-^4O170X38(O;:, (C): � 2E-^4O170X38(5>3IX, (D): 5>/56I(� 2E-^4O170X38( 
   O;:368� 2E-^4O170X38(5>3IX 
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(A) 

(B) (C) 

 
(D) 

���:�; 30  � 2E-^4O170X38(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032J1>7L-0#MHEM 
   0- "�1MH&(c6-&(?,- "E;H809+7<-IEM8-&9 60 I>(, (A): � 2E-^4O170X38(Q/& IE"`1MH&, (B): 
� 2E-^4O170X38(O;:, (C): � 2E-^4O170X38(5>3IX, (D): 5>/56I(� 2E-^4O170X38(
O;:368� 2E-^4O170X38(5>3IX 
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(A) 

(B) (C) 

 
(D) 

���:�; 31  � 2E-^4O170X38(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032J1>7L-0#MHEM0- 
"�1MH&(c6-&(?,- "E;H809+7<-IEM8-&9 90-100 I>(, (A): � 2E-^4O170X38(Q/& IE"`1MH&, (B): 
� 2E-^4O170X38(O;:, (C): � 2E-^4O170X38(5>3IX, (D): 5>/56I(� 2E-^4O170X38(
O;:368� 2E-^4O170X38(5>3IX 
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(A) 

(B) (C) 

 
(D) 

���:�; 32  � 2E-^4O170X38(.(N68"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 J1>7L-0#MHEM 
   0- "�1MH&(c6-&(?,- "E;H809+7<-IEM8-&9 130-140 I>(, (A): � 2E-^4O170X38(Q/& IE"`1MH&,   
   (B): � 2E-^4O170X38(O;:, (C): � 2E-^4O170X38(5>3IX, (D): 5>/56I(� 2E-^4O170X
38(O;:368� 2E-^4O170X38(5>3IX 
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4. ���GH�@�
	�������� ��������� ��	!���"�"���#$�!" ����
"�$�
K$�;�� ���
"�$�
K$���� 
 
4.1  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E3H,- 

 
         R9^_-O(?,-.(:6I7"3 M&EN68.( 8N0- "1M?&7#MH 1 56I(.JK6EMR6-#MH"JE-!5E3680- "1M?&7
09+7<-I4I((-%E (3- -7#MH 8) &0"I+( � 2E-^48EQE"(M& 41!%("3 #.((?,-EMR6-5*7 "(;H87L-0"�'(
U- XE#MH"1M?&7Q/&.:+ !NN�V/(?,-JE9("IM&( J1>7L-0L>N09+7L!5*N(?,-%�"0=N%I+.(N68O>0(?,-41+I"IM&(
(?,-01>NE-.:+.JE6 #,-.J+EM5- 82(# M&XJ17"J1;8.((?,-8&*6E-0LG7EM)1#,-.J+R9^_-O(?,-N-7
O- -E2"38 X8&*6.( !/>N#MH5*70I6-E-3 n-( 
 
�����:�; 8  R9^_-O(?,-"`1MH& !JI6-7"3 M&EN68.(0- "1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-  
 

R9^_-O(?,-  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2 
pH 8.07±0.15 8.5±0.12 
Temperature (° C) 30.03±0.14 28.03±0.15 
Salinity (psu) 8.5±0.6 7.9±0.7 
Do (mg/l) 6.18±0.13 5.20±0.03 
Ec (ms/cm) 17±1.2 15.2±0.2 
Transparency (cm.) 46.50±3.56 55.50±3.56 
Total alkalinity (mg/l) 133.67±11.1 120.67±12.1 
Total hardness(mg/l) 1786.50±102.6 2,086±78.9 
Total ammonia nitrogen (mg/l) 0.11±0.03 0.25±0.10 
Total  nitrite- nitrogen (mg/l) 0.06±0.02 0.12±0.01 
Total nitrate-nitrogen (mg/l) 0.59±0.06 0.47±0.16 
Total phosphorus (mg/l) 1.05±0.17 1.55±0.07 
Tss (mg/l) 61.41±10.6 74.6±13.7 
Chlorophyll a (mg/l) 42.67±3.01 55.8±2.01 
 

R9^_-O(?,-J1>7L-0�168&09+7<-I4I((-%E17"1M?&7ONI6-R6-R9^5EN>32<87(?,-.(O- -E2"38 X
36-7 d 8&*6.( !/>N#MH"JE-!5E3680- "1M?&709+7<-I4I((-%E58/R1+870>N -&7-(<87 :!1841! 
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O "12$ (2547) Q/&R6-"`1MH&<87R9^_-O(?,-Q/& IE.(O;?(#MHEM -&1!"8M&//>7368%�(M? 
 
OM"8:<87(?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&8&*6 !JI6-7 8.8±0.2 OM"8:<87(?,-EM4(IQ(+E%�

.(#2$#-7"/M&I0>( Q/&"O2HE<G?(.( 47 I>(4 0<870- "1M?&7 41!1/17L(I>(#MH 97 <870- "1M?&7 (_-O
#MH 33)OM"8:<87(?,-.( 8N0- "1M?&7#MH 2 EMR6-"`1MH&8&*6 !JI6-7 9.9±0.27  EM4(IQ(+E1/173>?7436I>(#MH 
30 41!"O2HE<G?("1=0(+8&L(0 !#>H752?(59/0- "1M?&7 OM"8:(?,-.(N68"1M?&7 8N0- "1M?&7#MH 2 EMR6-OM"8:5*7
0I6-.( 8N0- "1M?&74 0 41!EMR6-E-00I6-:6I7OM"8:#MH"JE-!5E3680- "1M?&7 (7.3-8.5) (_-O#MH 33 A)  
"(;H87L-04O170X38(.( 8N0- "1M?&7#MH 2 EM� 2E-^E-00I6-.( 8N0- "1M?&7#MH 1 E-0 #,-.J+EMOM"8:
5*7 OM"8:#MH"JE-!5E3680- "1M?&709+7<-I4I((-%EL!8&*6.(:6I7 !JI6-7 7.3-8.8 (Chiang et al.,1989)  

 
89^J_*E2(?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&318/0- "1M?&7 29.54±1.1 87$-"F1"FM&5 

89^J_*E2(?,-EMR6-R7#MH318/ !&!"I1-0- "1M?&7 (_-O#MH 33 B) 89^J_*E2(?,-.( 8N0- "1M?&7#MH 2 R6-"`1MH&
8&*6 !JI6-7 30.1±2.5 87$-"F1"FM&5 89^J_*E2(?,-.( 8N0- "1M?&7#MH 2 3H,-17J1>7L-0)6-(0- "1M?&7%�
%/+ 60 I>( "(;H87L-0" 2HE"<+-5*6:6I7k/*J(-I (_-O#MH 33 B) 

 
RI-E"R=E<87(?,-.( 8N0- "1M?&7#MH 1Q/&"`1MH&"#6-0>N 7.15±1.3 psu EM4(IQ(+E1/17318/

 !&!"I1-0- "1M?&7 RI-E"R=E<87(?,-.( 8N0- "1M?&7#MH 2 EMR6-"`1MH& 7.9±0.8 psu EM4(IQ(+E"O2HE<G?(
.(:6I7 20 I>(4 041!" 2HE1/17":6(0>N0- "1M?&7.( 8N4 0 (_-O#MH 33 C) "(;H87L-0.(:6I7#+-&<87
0- "1M?&7EM0- "�1MH&(c6-&(?,- 436"(;H87L-0(?,-#MH"32E"�'((?,-L-0N68O>0FGH7EMRI-E"R=E<87(?,-.01+"RM&7
0>N.(N68"1M?&7#,-.J+RI-E"R=E"�1MH&(4�17%E6E-0(>0  

 
� 2E-^880F2"L(#MH1!1-&.((?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&8&*6 !JI6-7 5.5±1.1 E21120 >E

368123  � 2E-^880F2"L(#MH1!1-&.((?,-.( 8N0- "1M?&7#MH 2 EMR6-"`1MH&8&*6 !JI6-7 11.4±2.2 
E21120 >E368123  "E;H8"� M&N"#M&N� 2E-^880F2"L(#MH1!1-&.((?,-#>?7587 8N0- "1M?&7 ONI6-0- 
"1M?&7.( 8N#MH 2 5*70I6-.( 8N0- "1M?&7#MH 1 E-0 "(;H87L-0.( 8N0- "1M?&7#MH 2 EMRI-EJ(-4(6(<87
4O170X38(O;:E-00I6-.( 8N0- "1M?&74 0 41!"E;H85>7"R -!JX457LG7"02/880F2"L(.( !NN
880E-E-0 (Boyd, 1990) #,-.J+� 2E-^880F2"L(.((?,-.( 8N0- "1M?&7#MH 2 5*7E-0.(:6I7"I1-
01-7I>( (_-O#MH 33 D) 
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R6-0- (,-%UUh-.((?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&8&*6 !JI6-7 12.6±2.1 ms/cm   8N0- 
"1M?&7#MH 2  EMR6-"`1MH&8&*6 !JI6-7 14.5±1.52 ms/cm 318/ !&!"I1-0- "1M?&7R6-0- (,-%UUh-EM
4(IQ(+E1/1741!.01+"RM&70>( (_-O#MH 34 A) R6-0- (,-%UUh-L!EM4(IQ(+E%�.(#2$#-7"/M&I0>N
RI-E"R=EFGH7"�'(� 2E-^RI-E"<+E<+(#>?7JE/<878288(#MH1!1-&.((?,- 41!RI-E0 !/+-7<87(?,-FGH7
"�'(R6-#MH45/7cG7� 2E-^8288(.(0196E#MHEM� !L9 +2 %/+406 Ca2+, Mg2+, Na+, K+, Fe2+ 41! Fe3+ 
(1I%E&, 2545) 

 
RI-EQ� 67457.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&  27.8±22.3 "F(32"E3  RI-EQ� 67457<87

(?,-.(:6I7" 2HE3+(<870- "1M?&756I(.JK6L!EMR6-3>?7436 20-100 "F(32"E3  J1>7L-0�168&09+7<-I4I(
(-%E R6-RI-EQ� 67457<87(?,-1/178&6-7 I/" =IJ1>7L-0)6-(0- "1M?&7%�41+I 60 I>( 41!"J1;8
"OM&7 5 "F(32"E3 .(:6I7068(L>N09+7 (_-O#MH 34 B) RI-EQ� 67457.( 8N0- "1M?&7#MH 2 EMR6-"`1MH& 
10.2±4.2 "F(32"E3  .(:6I7" 2HE3+(0- "1M?&7EMRI-EQ� 67457"OM&7 20 "F(32"E3  1/178&6-7 I/" =I
.( 20 I>( 41!1/17cG7 !/>N#MHEMRI-EQ� 67457 5 "F(32"E3  (_-O#MH 34 B) FGH7RI-EQ� 67457#MH
"JE-!5ERI EMR6-8&*6 !JI6-7 25-50 "F(32"E3  (Brock and Main, 1994) .(0 ^M#MH(?,-EMRI-E<96(FGH7
"02/L-03!08(/2(J ;85- 4<I(18&#MH"�'(5- 82(# M&X8-L567)1#,-.J+"02/0- <-/880F2"L(.(N68
"1M?&7%/+ (&(3X, 2530) (80L-0(M?3!08(#MH0 !L-&8&*6.(EI1(?,-c+-EME-0"02(%�L!567)1.J+09+7EM
�[KJ-"J7;80/,- J(I/09/ J-70 68(3-EE- (:18, 2535) "0\3 0 3+8740+�[KJ-/+I&0- "�1MH&(
c6-&(?,-.( !JI6-70- "1M?&7E-0<G?( (:18 41!O "12$, 2547) 

 
RI-E"�'(/6-7<87(?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&  163±41 E21120 >E368123   8N0- "1M?&7

#MH 2 EMR6-"`1MH& 171±36 E21120 >E368123  4(IQ(+ERI-E"�'(/6-7<87(?,-#>?7587 8N0- "1M?&7EMR6-
.01+"RM&70>( 41!"JE-!5E3680- "1M?&709+7<-I4I((-%E 41!EM4(IQ(+E"O2HE<G?(.(:6I7�1-&<87
0- "1M?&7 (_-O#MH 34 C) 8&6-7% 0=3-ER6-RI-E"�'(/6-7#MHON.(0- $G0\-R >?7(M?c;8I6-EMR6-#MH5*7E-0"E;H8
"#M&N0>NR6-RI-E"�'(/6-7#MHON.(U- XE"1M?&709+7/+I&(?,-RI-E"R=E3H,-#>HId%� FGH7E>0EMR6-� !E-^ 
130-180 E21120 >E368123  (OLE-(, 2549) "(;H87L-00- "1M?&7"�'( !NN(?,-JE9("IM&( #,-.J+� 2E-^
5- 82(# M&X&>7R7"J1;8.((?,-#MH(,-01>NE-.:+"1M?&7.JE6 41!5_-ON68#MHEM0- 5!5E<87F-0 
4O170X38(O;:#MH3-&.( !JI6-70- "1M?&7 0- &68&51-& 41!0- J-&.L<874NR#M" M&LG7#,-.J+
� 2E-^R- XN8(%/880%F/X.(N68E-0<G?( 41!567)1.J+RI-E"�'(/6-7 IE<87(?,-"O2HE5*7<G?(/+I& 
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RI-E0 !/+-7<87(?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&  1,592±273 E21120 >E368123   8N0- 
"1M?&7#MH 2 EMR6-"`1MH& 1,691±260 E21120 >E368123  4(IQ(+ERI-E0 !/+-7<87(?,-EM4(IQ(+E1/17 
(_-O#MH 34 D) RI-E0 !/+-7<87(?,-56I(.JK6EMR6-#MH"JE-!5E3680- "1M?&709+7<-I4I((-%EFGH7.(0- 
"1M?&709+7#!"1/+I&(?,-RI-E"R=E3H,-#MH.J+)1)1235*7 RI-E0 !/+-7<87(?,-%E6RI 3H,-0I6- 1,000 E21120 >E
368123  (:1841!R^!, 2547) 

 
� 2E-^48EQE"(M&.( 8N0- "1M?&7#MH 1 EMR6-"`1MH& 2.8±6.3 E21120 >E368123  4(IQ(+E

� 2E-^48EQE"(M&1/17J1>7L-0�168&09+7<-I4I((-%E 41!"O2HE<G?("E;H809+7<-IEM8-&9� !E-^ 60 
I>(EMR6-5*759/.(I>(#MH 78 <870- "1M?&7 (_-O#MH 35A) 8&6-7% 0=3-E� 2E-^48EQE"(M& IE.((?,-EMR6-
1/17.(I>(#MH 97 <870- "1M?&7"(;H87L-0E-L-00- "�1MH&(c6-&(?,- � 2E-^48EQE"(M&.( 8N0- "1M?&7
#MH 2 EMR6-"`1MH&  1.04±0.5 E21120 >E368123  EM4(IQ(+E"O2HE<G?(J1>7L-0)6-(0- "1M?&7%�41+I 30 I>( 
068(#MHL!1/17.(I>(#MH 68 <870- "1M?&7 8&6-7% 0=3-EL!"J=(%/+I6-� 2E-^48EQE"(M& IE.((?,-
56I(.JK6EMR6-E-00I6- 0.1 E21120 >E368123 FGH73-E�03241+I� 2E-^48EQE"(M&#MH�18/_>&3680- 
"1M?&709+7<-I4I((-%ERI (+8&0I6- 0.1 E21120 >E368123  (Boyd and Tucker, 1998; :1841!O "12$, 
2547)  
 

� 2E-^%(%3 #X.((?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&  0.96±1.24 E21120 >E368123  4(IQ(+E
� 2E-^%(%3 #XL!R1+-&R1G70>N� 2E-^48EQE"(M&.((?,- R;8� 2E-^"O2HE<G?(.(:6I7J1>7L-0 60 I>(
<870- "1M?&7 41!EMRI-E"<+E<+(5*759/.(I>(#MH 68 (_-O#MH 35 B) � 2E-^%(%3 #X.((?,-.( 8N0- 
"1M?&7#MH 2 EMR6-"`1MH& 1.18±0.87 E21120 >E368123  4(IQ(+E� 2E-^%(%3 #X"O2HE<G?(3-E !&!"I1-0- 
"1M?&7 (_-O#MH 35 B) 

 

� 2E-^%("3 #.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&  0.7±0.04 E21120 >E368123   8N0- "1M?&7#MH 2 
EMR6-"`1MH& 0.4±0.3 E21120 >E368123  4(IQ(+E� 2E-^%("3 #"O2HE<G?(318/ !&!"I1-0- "1M?&7 
"(;H87L-0� 2E-^880F2"L(318/ !&!"I1-0- "1M?&7"OM&7O8 #,-.J+48EQE"(M&5-E- c"�1MH&("�'(
%(%3 #X41!%("3 #%/+8&6-75EN* ^X LG7"02/0- 5!5E<87%("3 #318/ !&!"I1-0- "1M?&7 
(:1841!O "12$, 2547) (_-O#MH 35 C) 
 
 � 2E-^U85U8 >5 IE.((?,-.( 8N0- "1M?&7#MH 1 EMR6-8&*6 !JI6-7 0.12±0.06 E21120 >E368
123   8N0- "1M?&7#MH 2 EMR6-8&*6 !JI6-7 0.96±0.45 E21120 >E368123  4(IQ(+E#>?7587 8N0- "1M?&7EM
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4(IQ(+E"O2HE<G?( Q/&"`O-!.( 8N0- "1M?&7#MH 2 #MHEM� 2E-^U85U8 >5.((?,-5*70I6-.( 8N0- "1M?&7
4 0 (_-O#MH 35 D) U85U8 >5.((?,-56I(.JK6L!E-L-0L-08-J- #MH"0\3 0 .J+318/0- "1M?&7 
41!L!EM� 2E-^E-0<G?(.(:6I7#+-&<870- "1M?&7 (Burford and Lorenzen, 2004; Paerl and Tucker, 
1995) U85U8 >5L!5!5E8&*6.(/2(3!08(O;?(N68 (Funge-Smith and Briggs, 1998) 41!1!1-&<G?(
5*6EI1(?,- 59/#+-&L!c*04O170X38(O;:.:+.(0- "L 2K"32NQ3 (Boyd and Tucker, 1998) 0- 3-0N68 
%cO I("O;H8"�V/J(+-/2(8&6-7(+8& 10 "F(32"E3 L!#,-.J+� 2E-^U85U8 >5#MH5!5E.(/2(1/17 
(Seo and Boyd, 2001) 41!1/� 2E-^0- 1!1-&U85U8 >5L-0/2(5*6EI1(?,-.(:6I7"3 M&EN68 #,-.J+
"0\3 0 5-E- cRINR9E0- "L 2K"32NQ3<874O170X38(O;:.(:6I74 0<870- "1M?&7%/+ "(;H87L-0
U85U8 >5"�'(W-398-J- L,-0>/#MHEM)13680- "L 2K"32NQ3<874O170X38(O;:_-&.(N68"1M?&709+7<-I
4I((-%E (Kaplan et al., 1986) 
 

� 2E-^3!08(4<I(18&.( 8N0- "1M?&7#MH 1 EMR6-8&*6 !JI6-7 0.12±0.06 E21120 >E368123  
EM4(IQ(+E"O2HE<G?("E;H8"1M?&7%�%/+ 50 I>( Q/&� 2E-^3!08(4<I(18&EMR6-E-0#MH59/.(I>(#MH 78 <87
0- "1M?&7 41!1/17.(:6I7I>(#MH 90 "(;H87L-0"�'(:6I7J1>7L-0#MHEM0- "�1MH&(c6-&(?,- (_-O#MH 36 A) 
� 2E-^3!08(4<I(18&.( 8N0- "1M?&7#MH 2 EMR6-8&*6 !JI6-7 0.12±0.06 E21120 >E368123  � 2E-^
3!08(4<I(18&.((?,-EM4(IQ(+E"O2HE<G?(3-E !&!"I1-0- "1M?&7 FGH743036-7L-0 8N0- "1M?&7#MH 1 
(_-O#MH 36 A) 

 
� 2E-^R18Q UV11X "8.( 8N0- "1M?&7#MH 1 EMR6-8&*6 !JI6-7 141±127 E21120 >E368123  

4(IQ(+E� 2E-^R18Q UV11X "8 EM0- "�1MH&(4�17318/ !&!"I1-0- "1M?&7 :6I74 0� 2E-^
R18Q UV11X "8 EM4(IQ(+E"O2HE<G?(.(:6I7 40 I>(4 0 41!"O2HE8M0R >?7.(I>(#MH 78 <870- "1M?&7 41!
1/17.(I>(#MH 107 <870- "1M?&7 FGH7"�'(:6I7J1>7L-0"�1MH&(c6-&(?,-%�41+I 10 I>( (_-O#MH 36 B) 
� 2E-^R18Q UV11X "8.( 8N0- "1M?&7#MH 2 EMR6-8&*6 !JI6-7 153±82 E21120 >E368123  4(IQ(+E<87
� 2E-^R18Q UV11X "8 1/17.(I>(#MH 52 <870- "1M?&7 41!"O2HE<G?(5*759/I>(#MH 78 41!1/17068(#MH
L!R7#MH.(:6I7#+-&<870- "1M?&7 (_-O#MH 36 B) 
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���:�; 33  OM"8: (A) 89^J_*E2 (B) RI-E"R=E (C) 880F2"L(#MH1!1-&.((?,- (D) .(U- XE"1M?&709+7<-I
4I((-%E/+I&(?,-RI-E"R=E3H,- Q/&        "�'( 8N0- "1M?&7#MH 1 41!         8N0- "1M?&7#MH 2   
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���:�; 34  R6-0- (,-%UUh- (A) RI-EQ� 67457 (B) RI-E"�'(/6-7 (C) RI-E0 !/+-7 (D) <87(?,-.(   
   U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- Q/&        "�'( 8N0- "1M?&7#MH 1 41!        

 8N0- "1M?&7#MH 2 
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���:�; 35  � 2E-^48EQE"(M& IE (A) %(%3 #X (B) %("3 # (C) 41!U85U8 >5 IE (D) .(U- XE
"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- Q/&        "�'( 8N0- "1M?&7#MH 1 41!         8N
0- "1M?&7#MH 2 
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���:�; 36  � 2E-^3!08(4<I(18& (A) � 2E-^R18Q UV11X "8 (B) .(U- XE"1M?&709+7<-I4I((-%E

/+I&(?,-RI-E"R=E3H,- Q/&        "�'( 8N0- "1M?&7#MH 1 41!         8N0- "1M?&7#MH 2 
 

"E;H8"� M&N"#M&NR9^_-O(?,-.(:6I7"3 M&EN68 !JI6-7587 8N0- "1M?&7 ONRI-E43036-7
<87R9^_-O(?,-N-7� !0-  %/+406 OM"8: RI-E"R=E<87(?,- � 2E-^880F2"L(#MH1!1-&.((?,- RI-E
"�'(/6-7 IE<87(?,- 41!� 2E-^3!08(4<I(18& #MHEMR6-"`1MH&"O2HE<G?("E;H8"#M&N0>N0- "1M?&7.( 8N
4 0 (3- -7#MH 9) "(;H87L-00- "1M?&7.( 8N#MH 2 "�'(0- "1M?&709+7<-I4I((-%E)6-(k/*J(-I #,-.J+
0- "3 M&EN68 41!(?,-#MHL!(,-E-.:+.(0- "1M?&7 8N368%�.:+"I1-5>?(0I6- 8N0- "1M?&78;H( "(;H87L-0
0- "1M?&709+7.(:6I7#MHEM89^J_*E23H,-L!#,-.J+8>3 -0- "L 2K"32NQ31/17 "0\3 0 RI �168&09+78&6-7
(+8& 60 I>(068(#MHL!"1M?&7)6-(.(:6I7k/*J(-I #,-.J+ 8N0- "1M?&7#MH 2 EM5- 82(# M&XR+-78&*6.( !NN
0- "1M?&7R68(<+-7E-00I6-�032 
 

� 2E-^%(Q3 "L( 41!U85U8 >5#MHR+-78&*6.(/2(3!08(0+(N68 41!(?,-#MHJE9("IM&((,-
01>NE-.:+.JE6 #,-.J+4O170X38(O;:"L 2K"32NQ38&6-7 I/" =I FGH7#,-.J+RI-EQ� 67457<87(?,-1/17
8&6-7 I/" =I.(:6I7"3 M&EN68 41!#,-.J+� 2E-^4O170X38(.( 8N0- "1M?&7#MH 2 EME-00I6-.( 8N
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0- "1M?&74 0 (_-O#MH 37) 4O170X38(O;:L!.:+R- XN8(%/880%F/X.(0- 5>7"R -!JX45741!�168&
880F2"L(880E- 41!E-00I6- 98 "�8 X"F=(3X "�'(4O170X38(O;:#,-.J+OM"8:41!� 2E-^880F2"L(
.((?,-<87 8N0- "1M?&7#MH 2 EMR6-5*7E-000I6-.( 8N0- "1M?&74 0E-0 (80L-0(M? 5_-ON68#MHEM
5- 82(# M&X.(� 2E-^E-0 #,-.J+4NR#M" M&.:+880F2"L(.(0- &68&51-&5- 82(# M&X_-&.(N68 
R- XN8(%/880%F/X#MHc*0�168&880E-.( !NN #,-.J+RI-E"�'(/6-7<87(?,-.( 8N0- "1M?&7#MH 2 5*7
0I6-.( 8N0- "1M?&7#MH 1 41!EMR6-5*7E-0.(:6I7#+-&<870- "1M?&7  
 
�����:�; 9  R9^_-O(?,-.( 8N0- "1M?&7#MH 1 41!2 .(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-  
 

R9^_-O(?,-  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2 
pH 8.8±0.2 9.1±0.2 
Temperature (° C) 29.6±1.1 30.1±2.5 
Salinity (psu) 7.3±1.3 7.9±0.7 
Do (mg/L)* 5.5±1.1 11.5±1.9 
Ec (ms/cm) 12.9±2.2 14.5±1.3 
Transparency (cm.)* 28.4±16.6 11.4±4.3 
Total alkalinity (mg/l) 161.5±32.1 171.9±24.8 
Total hardness(mg/l) 1,644±257 1,691±220 
Total ammonia nitrogen (mg/ l)* 2.8±1.0 1.0±0.5 
Total  nitrite- nitrogen (mg/ l)* 0.9±1.3 1.2±0.7 
Total nitrate-nitrogen (mg/ l)* 0.7±0.04 0.4±0.3 
Total phosphorus (mg/ l)* 0.12±0.04 1.0±0.4 
Tss (mg/ l)* 2,418±4,090 3,856±5,376 
Chlorophyll a (mg/ l) 142.8±122.3 152.8±56.3 
 

$� �
�	: * 45/7R9^_-O#MHEMRI-E43036-70>(.( !JI6-7587 8N0- "1M?&7 
 
 8&6-7% 0=3-E.(5_-I!#MH� 2E-^4O170X38(.(N68EMRI-EJ(-4(6(E-0L!567)13680- 
1/17<87880F2"L(.((?,-"I1-01-7R;("(;H87L-0 4O170X38( 4NR#M" M& 41!52H7EM:MI23_-&.(N68L!
.:+880F2"L(J-&.L 41!&68&51-&<87"5M& 41!0- <>Nc6-&<8709+7 (:18 41!O "12$, 2547) 
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4J167#MHE-<873!08(41!5- 4<I(18&L!"02/L-00- :!1+-7O>7#1-&<87/2( (soil erosion) "�'(
0 !NI(0- #MH"02/L-04 7(?,- 4 71E 4 7Q(+Ec6I7Q10#MH#,-.J+8(9_-RN()2I/2(4300 !L-&880
L-00>( (5E"L3(X, 2526) 5,-J >N3!08(.(N6809+7L!"02/L-00- 0>/"F-!<870 !45(?,- "(;H87L-0
"R ;H87.J+8-0-$ 88-93 "�8 X"F=(3X (Funge-Smith and Briggs, 1998) #,-.J+"02/0- 5!5E<87
3!08(41!#,-.J+"02/0- 3;?("<2( (Boyd, 1989) L-00- $G0\-R >?7(M?ONI6-� 2E-^3!08(4<I(18&
.((?,-56I(.JK6EMR6-E-00I6- 1,000  E21120 >E368123  41!EM4(IQ(+E"O2HE<G?(318/ !&!"I1-0- 
"1M?&7 3!08(4<I(18&"J16-(M?L!E-L-03!08(/2(#MHU9h70 !L-& J ;8c*00>/"F-!L-0"R ;H87.J+8-0-$
4NN.NO>/ 41!5- 82(# M&X Q/&"`O-!.( 8N0- "1M?&7#MH 2 #MHEM� 2E-^3!08(4<I(18&E-00I6- 
3,000 E21120 >E368123  41!EM)1368RI-EQ� 67457<87(?,-#MH1/178&6-7E-0 Q/&�0323!08(
4<I(18&.((?,-L!EM)1368RI-EQ� 67457<87(?,- 41!567)13680- 5>7"R -!JX457<87)*+)123
"N;?873+( (Boyd, 1989)  
  

� 2E-^48EQE"(M& IE.((?,-#>?7587 8N0- "1M?&7EMR6-E-00I6- 1 E21120 >E368123  FGH7EMR6-
5*70I6-R6-#MH"JE-!5E3680- "1M?&709+7<-I4I((-%E Q/&"`O-!.(:6I73+(<870- "1M?&7#>?7587 8N 
"(;H87E-L-0 !NN0- "1M?&7<87U- XEFGH7"�'( !NN�V/ (?,-#MH.:+.(0- "1M?&7.( 8N4 0L!c*0(,-
01>NE-.:+.(0- "1M?&7.( 8N368%� #,-.J+� 2E-^48EQE"(M&.((?,-.(:6I7" 2HE3+(<870- "1M?&7EMR6-
5*7 41!1/17"(;H87L-00- /G748EQE"(M&.((?,-%�.:+.(0- "L 2K"32NQ3<874O170X38(O;: #,-.J+
.( 8N0- "1M?&7#MH 2 � 2E-^4O170X38(.( 8N0- "1M?&7#MH 2 LG7EMRI-EJ(-4(6(E-00I6-.( 8N
0- "1M?&7#MH 1  

 
 

���:�; 37  � 2E-^4O170X38("`1MH&.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 
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� 2E-^%(%3 #X#>?7587 8N0- "1M?&7EMR6-5*70I6- 0.1 E21120 >E368123  FGH7"�'(R6-#MH%E6"JE-!
"JE-!5E3680- "1M?&709+7#!"1 (Chen and Chin, 1988; Brock and Main, 1994) 56I(.JK60- 
"�1MH&(4�17<87%(Q3 "L(L-048EQE"(M& "�'(%(%3 #X41!%("3 #L!EM0- "�1MH&(4�17%�8&6-7
5EN* ^X"E;H8EM� 2E-^880F2"L(#MH1!1-&.((?,-"OM&7O8 L-00- $G0\-R >?7(M?ON0- "�1MH&(4�17
 !JI6-7� 2E-^48EQE"(M& 41!%(%3 #X.((?,-.(:6I7" 2HE3+(<870- "1M?&7 "E;H8� 2E-^48EQE"(M&
.((?,-"O2HEE-0<G?(� 2E-^%(%3 #XL!"O2HE<G?(3-E.("I1-368E- 436.(:6I7#+-&<870- "1M?&7ONI6-#>?7
� 2E-^48EQE"(M&41!%(%3 #X4(IQ(+E"O2HE<G?( (_-O#MH 38 A) J ;8� 2E-^48EQE"(M&1/17
"(;H87L-0"�1MH&("�'(%(%3 #X 567)1.J+� 2E-^%(%3 #XEMR6-5*7<G?(.(:6I7#+-&<870- "1M?&7 (_-O#MH 
38 B) .(<^!#MH0- "�1MH&(4�17<87� 2E-^%("3 #.((?,-(>?(%E6ONI6-EMRI-E5>EO>(WX0>N0- 
"�1MH&(4�17<8748EQE"(M&41!%(%3 #X_-&.(N68 4368&6-7% 0=3-E0=EM4(IQ(+E"O2HE<G?(318/
 !&!"I1-0- "1M?&7 

 
"E;H8I2"R -!JXRI-E5>EO>(WX !JI6-7� 2E-^4O170X38(O;:41!4O170X38(368R9^_-O(?,-

_-&.(N68"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E3H,- ONI6- � 2E-^4O170X38(Q/& IE.(
O;?(#MH41!� 2E-^4O170X38(O;:EMRI-E5>EO>(WX0>N� 2E-^3!08(4<I(18&8&6-7EM(>&5,-R>K#-7
5c232#MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X FGH7"�'(%�.(#2$#-7"/M&I0>( (3- -7)(I0#MH 15) FGH7
3-E�03241+I"E;H83!08(4<I(18&"O2HEE-0<G?(L!N/N>7457 #,-.J+4O170X38(O;:%E65-E- c
5>7"R -!JX457%/+ 4360- $G0\-R >?7(M? ONI6-.(:6I73+(<870- "1M?&7� 2E-^3!08(4<I(18&EMR6-
3H,-.(:6I73+(<870- "1M?&7 FGH75>EO>(WX0>NRI-EQ� 67457<87(?,- .(:6I7#+-&<870- "1M?&7 � 2E-^
3!08(4<I(18&EM4(IQ(+E"O2HEE-0<G?(.(<^!#MHRI-EQ� 674571/17 (_-O#MH 39 A 41! 39 D) 
8&6-7% 0=3-E.(N-7N68"1M?&7 ON� 2E-^3!08(4<I(18&#MH"O2HE<G?(.(:6I7#+-&<870- "1M?&7 436%E6
EM)1368RI-EQ� 67457<87(?,- (_-O#MH 39 D) � 2E-^4O170X38(O;:_-&.(N68EM4(IQ(+E"O2HE<G?(
318/ !&!"I1-0- "1M?&7 FGH7EMRI-E5>EO>(WX%�.(#2$#-7"/M&I0>(0>N� 2E-^3!08(4<I(18&#MH
"O2HEE-0<G?((_-O#MH 39 B 41! 39 E) #>?7(M?8-LL!E-L-00- .J+8-J- #MHE-0"02(%� Q/&/*%/+L-0
� 2E-^%("3 #.((?,-#MH5!5E8&*6.( !NN0- "1M?&7 #,-.J+4O170X38(O;:&>75-E- c"L 2K"32NQ3%/+
/M#>?7.(5_-O#MHEM� 2E-^3!08(4<I(18&E-0 � 2E-^4O170X38(#MH"O2HE<G?(L!5>EO>(WX0>NRI-E
Q� 67457#MH1/17 (_-O#MH 39 C 41! 39 F) />7(>?(RI-E<96(<87(?,-#MH"02/<G?(.(O;?(#MHLG7E-L-00- "O2HE
� 2E-^<874O170X38(_-&.(N68E-00I6-3!08(<I(18&.((?,- 
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5,-J >N4O170X38(:(2/"/6(#MHON.(O;?(#MH ONI6- 4O170X38(O;:5091 Merismopedia %E6EM
RI-E5>EO>(WX0>NR9^_-O(?,-3>I./"�'(O2"$\ .(<^!#MH4O170X38(O;:5091 Oscillatoria EMRI-E 
5>EO>(WX0>NOM"8:.((?,-8&6-7EM(>&5,-R>K#-75c232#MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05)  
(3- -7)(I0#MH 16) 5,-J >N Trachelomonas EMRI-E5>EO>(WX0>N� 2E-^880F2"L(#MH1!1-&.((?,- 
� 2E-^%(%3 #X 41!3!08(4<I(18&8&6-7EM(>&5,-R>K#-75c232#MH !/>NRI-E":;H8E>H( 95 
"�8 X"F=(3X 41!45/7RI-E5>EO>(WX%�.(#2$#-7"/M&I0>( 58/R1+870>N0- $G0\-<87O>: 2/- 
(2543) ":6("/M&I0>( #MHONI6-� 2E-^880F2"L(EMRI-E5>EO>(WX0>N� 2E-^4O170X38(#MH"O2HE<G?( 
":6("/M&I0>N� 2E-^%(%3 #X  56I(4O170X38(O;:5091 Nitzschia %E6ONRI-E5>EO>(WX0>NR9^_-O
(?,-.(O;?(#MH "(;H87L-04O170X38(.(0196E(M?"�'(ON.(� 2E-^(+8&41!R7#MH 5,-J >N� 2E-^4O170X
38(5>3IX.(O;?(#MH ONI6-%E6EMRI-E5>EO>(WX0>NR9^_-O(?,-.(O;?(#MH":6("/M&I0>(  
 

 
A 

 
B 

 
���:�; 38  RI-E5>EO>(WX !JI6-748EQE"(M& %(%3 #X 41!%("3 #.(U- XE"1M?&709+7<-I4I((-%E

/+I&(?,-RI-E"R=E3H,-  8N0- "1M?&7#MH 1 (A) 41! 8N0- "1M?&7#MH 2 (B) 
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(A) (D) 

(B) (E) 

(C) (F) 

���:�; 39  RI-E5>EO>(WX !JI6-73!08(4<I(18& RI-EQ� 67457 41!� 2E-^4O170X38(.(   
                 U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-  
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4.2  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E�032 
 
        R9^_-O(?,-.(:6I7"3 M&EN68#>?7587 8N0- "1M?&7EMR6-#MH"JE-!5E3680- "1M?&709+7<-I

4I((-%E (3- -7#MH 10) R9^_-O(?,-J1>7L-0�168&09+7<-I4I((-%E ONI6-R9^_-O(?,-56I(.JK6
"JE-!5E3680- "1M?&709+7<-I4I((-%E58/R1+870>N -&7-(<87 :18 41!O "12$ (2547) Q/&
R6-"`1MH&<87R9^_-O(?,-Q/& IE.(O;?(#MHEM -&1!"8M&//>7368%�(M? 
 

OM"8:<87(?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH&8&*6 !JI6-7 8.0±0.2 OM"8:<87(?,-.( 8N0- "1M?&7
#MH 2 EMR6-"`1MH& 8.0±0.2 4(IQ(+EOM"8:(?,-4� )>(.(:6I73+(<870- "1M?&7 OM"8:(?,-" 2HER7#MH41!EM
4(IQ(+E5*7<G?(.(:6I7�1-&<870- "1M?&7 (_-O#MH 40 A) 

 
�����:�; 10  R9^_-O(?,-"`1MH& !JI6-7"3 M&EN68.(0- "1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 
 

R9^_-O(?,-  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2 
pH 8.0±0.1 8.0±0.2 
Temperature (° C) 30.4±0.14 29.9±1.0 
Salinity (psu) 34.0±0.5 32.3±3.2 
Do (mg/l) 6.8±0.13 6.0±1.7 
Ec (ms/cm) 44.5±3.3 46.6±8.4 
Transparency (cm.) 46.5±3.56 23.8±7.9 
Total alkalinity (mg/l) 87.6±11.17 137±14.3 
Total hardness(mg/l) 6,786±102 6,443±320 
Total ammonia nitrogen (mg/l) 0.11±0.03 0.1±0.01 
Total  nitrite- nitrogen (mg/l) 0.06±0.02 0.04±0.01 
Total nitrate-nitrogen (mg/l) 0.59±0.06 0.02±0.0 
Total phosphorus (mg/l) 1.05±0.17 0.4±0.3 
Tss (mg/l) 61.5±10 45±17 
Chlorophyll a (mg/l) 42±3.01 51.5±13 
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89^J_*E2<87(?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH& 29.7±1.0 87$-"F1"FM&5 EM4(IQ(+E"O2HE<G?(
.(:6I7 30 I>(4 0<870- "1M?&7 41!1/17.(:6I7#+-&<870- "1M?&7 89^J_*E2<87(?,-.( 8N0- "1M?&7
#MH 2 EMR6-"`1MH& 29.8±1.8 87$-"F1"FM&5 EM4(IQ(+E1/17"JE;8(0>(.( 8N0- "1M?&74 0 (_-O#MH 40 
B) 

 
RI-E"R=E<87(?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH& 31.8±2.2 psu EM4(IQ(+E"O2HE<G?(.(:6I7 40 

I>(4 0 41!1/17.(I>(#MH 47, 71 41!I>(#MH 104 "(;H87L-0EM0- "32E(?,-.( !JI6-70- "1M?&7  RI-E"R=E
<87(?,-.( 8N0- "1M?&7#MH 2 EMR6-"`1MH& 31.5±1.8 psu EM4(IQ(+E"O2HE<G?(.(:6I7 55 I>(4 0<870- 
"1M?&7 L-0(>?(1/17.(I>(#MH 71 41!R7#MH.(:6I7#+-&<870- "1M?&7 (_-O#MH 40 C) 
 

� 2E-^880F2"L(#MH1!1-&.((?,-.( 8N0- "1M?&7#MH 1 EMR6-"`1MH& 5.6±2.4 E21120 >E368123  
� 2E-^880F2"L(#MH1!1-&.((?,-.( 8N0- "1M?&7#MH 2 EMR6-"`1MH& 5.5±1.9 E21120 >E368123  4(IQ(+E
� 2E-^880F2"L(#MH1!1-&.((?,-#>?7587 8N0- "1M?&7EM4(IQ(+E1/173>?7436I>(#MH 40-47 <870- 
"1M?&7 (_-O#MH 40 D) "(;H87L-0880F2"L(c*0.:+.(0- J-&.L<8752H7EM:MI23 41!4NR#M" M&"O;H8&68&51-&
<87"5M&#MH"02/<G?(_-&.(N68 (8(>(3X, 2536; Boyd, 1990) 8&6-7% 0=3-E c;8I6-"OM&7O83680- "1M?&709+7
<-I4I((-%E R;8 %E63H,-0I6- 4 E21120 >E368123  (:18 41!O "12$, 2547) 

 
 R6-0- (,-%UUh-.((?,- 8N0- "1M?&7#MH 1 EMR6-"`1MH& 44.7± 12.7 ms/cm  8N0- "1M?&7#MH 2 EM
R6-"`1MH& 44.8±10.5 ms/cm 4(IQ(+E0- (,-%UUh-.((?,-#>?7587 8N0- "1M?&7EM4(IQ(+E.01+"RM&70>( 
&0"I+(.(:6I7#+-&<870- "1M?&7.( 8N0- "1M?&7#MH 2 #MHEMR6-1/17.(:6I7�1-&<870- "1M?&7 (_-O#MH 41 
A) R6-0- (,-%UUh-L!EM4(IQ(+E%�.(#2$#-7"/M&I0>NRI-E"R=E41!RI-E0 !/+-7FGH7"�'(� 2E-^
RI-E"<+E<+(#>?7JE/<878288(#MH1!1-&.((?,- 41!RI-E0 !/+-7<87(?,-FGH7"�'(R6-#MH45/7cG7
� 2E-^8288(.(0196E#MHEM� !L9 +2 %/+406 Ca2+, Mg2+, Na+, K+, Fe2+ 41! Fe3+ (1I%E&, 2545)   

 
RI-EQ� 67457<87(?,- 8N0- "1M?&7#MH 1 EMR6-"`1MH& 23.2± 11.1 "F(32"E3   8N0- "1M?&7#MH 2 

EMR6-"`1MH& 24.3±11.4 "F(32"E3  RI-EQ� 67457<87(?,-#>?7587 8N0- "1M?&7EM4(IQ(+E1/17318/
 !&!"I1-0- "1M?&7 R6-RI-EQ� 67457.( 8N0- "1M?&74 0L!EMR6-3H,-0I6-.( 8N0- "1M?&7#MH 2 Q/&
1/178&6-7 I/" =I.( 20 I>(4 0<870- "1M?&7 "(;H87L-0EM0- "O2HEL,-(I(<874O170X38(O;:8&6-7
 I/" =I .(<^!#MH 8N0- "1M?&7#MH 2 R6-RI-EQ� 67457<87(?,-L!1/17 I/" =I.(:6I7 30 I>(4 0 
(_-O#MH 41 B)   
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RI-E"�'(/6-7<87(?,- 8N0- "1M?&7#MH 1 EMR6-"`1MH& 96.9± 29.3 E21120 >E368123   8N0- "1M?&7
#MH 2 EMR6-"`1MH& 127.2± 21.4 E21120 >E368 RI-E"�'(/6-7<87(?,-#>?7587 8N0- "1M?&7EM4(IQ(+E"O2HE<G?( 
41!RI-E"�'(/6-7.( 8N0- "1M?&7#MH 2 EMR6-E-00I6- 8N0- "1M?&7#MH 1 (_-O#MH 41 C) 45/7I6-"E;H8
 !&!"I1-0- "1M?&7E-0<G?( #,-.J+EM0- 5!5E<87� 2E-^5- 82(# M&X_-&.(N68 0- &68&51-& 41!
0- J-&.L<874NR#M" M&LG7#,-.J+R- XN8(%/880%F/X.(N68E-0<G?( 41!567)1.J+RI-E"�'(/6-7 IE
<87(?,-"O2HE5*7<G?(/+I& 

 
RI-E0 !/+-7<87(?,- 8N0- "1M?&7#MH 1 EMR6-"`1MH& 6,389±284 E21120 >E368123   8N0- "1M?&7

#MH 2 EMR6-"`1MH& 6,338±279 E21120 >E368 "E;H8"� M&N"#M&NRI-E0 !/+-7<87(?,-#>?7587 8N0- "1M?&7 
ONI6- .(:6I7 60 I>(4 0RI-E0 !/+-7<87(?,-%E6R7#MH 436J1>7L-0I>(#MH 90 <870- "1M?&7RI-E
0 !/+-7<87(?,-R7#MH 41!EM4(IQ(+E%�.(#2$#-7"/M&I0>( (_-O#MH 41 D) 0- 4� )>(#MH"02/<G?(.(
 !JI6-70- "1M?&7 "(;H87E-L-0.(:6I73+(<870- "1M?&709+7<-I/G74 6W-39 %/+406 4R1"FM&E 4E0(M"FM&E
.((?,-"O;H8.:+.(0- 180R -N41!"L 2K"32NQ3 

 
� 2E-^48EQE"(M& 8N0- "1M?&7#MH 1 EMR6-"`1MH& 2.1±2.2E21120 >E368123  EM4(IQ(+E5*73>?7436

" 2HE3+(0- "1M?&7 41!1/17.(:6I7I>(#MH 30 I>( "(;H87L-04O170X38(O;:.(0196E5M"<M&I40E(?,-"72(
"O2HE� 2E-^8&6-7 I/" =I #,-.J+� 2E-^48EQE"(M&1/17 � 2E-^48EQE"(M&1/17.(I>(#MH 47, 104  
41! 120 "�'(:6I7#MHEM0- "32E(?,- 41!"�1MH&(c6-&(?,-068(#MHL!5*7<G?(.(:6I7#+-&<870- "1M?&7  � 2E-^
48EQE"(M& 8N0- "1M?&7#MH 2 EMR6-"`1MH& 1.6±0.9 E21120 >E368123  (_-O#MH 42 A) � 2E-^48EQE"(M&
 IE.( 8N0- "1M?&7#MH 2 EM4(IQ(+E1/17.(:6I7 30 I>(4 0<870- "1M?&7 FGH7"�'(:6I7#MHEM4O170X
38(O;:"O2HEE-0<G?(":6("/M&I0>N 8N0- "1M?&74 0 (_-O#MH 42 A) � 2E-^48EQE"(M&.((?,-#MH1/17.(
I>(#MH 47, 104 41! 134 1/17"(;H87E-L-00- c6-&(?,- 8&6-7% 0=3-E� 2E-^48EQE"(M& IE.((?,-56I(
.JK6EMR6-E-00I6- 0.1 E21120 >E368123 FGH7"�'( !/>N#MH%E6"JE-!5E3680- "1M?&709+7<-I4I((-%E 
(Boyd and Tucker, 1998; :18 41!O "12$, 2547) 0- "32E(?,- 41!"�1MH&(c6-&(?,-L!"�'(I2cM#MH#,-.J+
� 2E-^48EQE"(M&.((?,-1/17 (OLE-(, 2549) 

 
� 2E-^%(%3 #X 8N0- "1M?&7#MH 1 EMR6-"`1MH& 1.0±1.1 E21120 >E368123  EM4(IQ(+E"O2HE<G?(.(

I>(#MH 47 41!"O2HE<G?(5*759/.(I>(#MH 104 <870- $G0\- � 2E-^%(%3 #X#MH1/17.(I>(#MH 113 <870- 
"1M?&7 "(;H87E-L-00- "�1MH&(c6-&(?,- (_-O#MH 42 B) � 2E-^%(%3 #X 8N0- "1M?&7#MH 2 EMR6-"`1MH& 
0.9±1.0 E21120 >E368123  EM4(IQ(+E"O2HE<G?(.(I>(#MH 47 <870- "1M?&7 41!EMR6-5*759/.(I>(#MH 104 
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41!R68&d1/17.(I>(#MH 134 8&6-7% 0=3-E� 2E-^%(%3 #X"O2HE5*7<G?(.(:6I7#+-&<870- "1M?&7 (_-O
#MH 42 B) #>?7587 8N0- "1M?&7EM� 2E-^%(%3 #X5*70I6- 1 E21120 >E368123 FGH7%E6"JE-!5E3680- 
"1M?&7 (:1841!O "12$, 2547) (80L-0&>7EM0- 5!5E<87%(%3 #X.( !JI6-70- "1M?&7 "02/L-0.J+
8-J- "02( 48EQE"(M& IE.((?,-#MH"O2HE<G?(.(:6I74 0" 2HE1/17 41!"�1MH&(E-"�'(%(%3 #X41!
5!5E8&*6.(N68 0- 1/� 2E-^%(%3 #X.( !NN%/+406 0- "�1MH&(c6-&(?,- "J=(%/+L-0� 2E-^%(
%3 #X#MH1/17.(:6I7I>(#MH 113 <870- "1M?&7.( 8N0- "1M?&74 0 41!I>(#MH 134 .( 8N0- "1M?&7#MH 2 
#MH� 2E-^%(%3 #X1/17 

 
� 2E-^%("3 ##>?7587 8N0- "1M?&7EM4(IQ(+E"O2HE<G?(318/ !&!"I1-0- "1M?&7 Q/&

� 2E-^%("3 #.((?,- 8N0- "1M?&7#MH 1 EMR6-"`1MH& 0.6±0.8 E21120 >E368123  � 2E-^%("3 #.((?,-
 8N0- "1M?&7#MH 2 EMR6-"`1MH& 0.5±0.7 E21120 >E368 (_-O#MH 42 C) 4(IQ(+E� 2E-^%("3 #"O2HE<G?(
318/ !&!"I1-0- "1M?&7 "(;H87L-0� 2E-^880F2"L(318/ !&!"I1-0- "1M?&7"OM&7O8 #,-.J+
48EQE"(M&5-E- c"�1MH&("�'(%(%3 #X41!%("3 #%/+8&6-75EN* X̂ (:18 41!O "12$, 2547) 

 
4(IQ(+E� 2E-^U85U8 >5.((?,-#>?7587 8N0- "1M?&7EM4(IQ(+E"O2HE<G?(318/ !&!"I1-

0- "1M?&7  � 2E-^U85U8 >5 IE.((?,- 8N0- "1M?&7#MH 1 EMR6-"`1MH& 0.6±0.4 E21120 >E368123  
� 2E-^U85U8 >5"O2HE<G?(5*759/.(I>(#MH 71 <870- "1M?&7 41!1/17.(I>(#MH 92 41! 114 � 2E-^
U85U8 >5 IE.((?,- 8N0- "1M?&7#MH 2 EMR6-"`1MH& 0.6±0.4 E21120 >E368123  � 2E-^U85U8 >5 IE
.((?,-EM4(IQ(+E1/17.(:6I7 30 I>(4 0 41!"O2HE<G?(5*759/.(I>(#MH 104 41!1/17.(I>(#MH 133 41! 
144 <870- "1M?&7 (_-O#MH 42 D) 

 
� 2E-^3!08(4<I(18& IE.((?,- 8N0- "1M?&7#MH 1 EMR6-"`1MH& 743±1,063 E21120 >E368

123   8N0- "1M?&7#MH 2 EMR6-"`1MH& 745±952 E21120 >E368123  4(IQ(+E� 2E-^3!08(4<I(18&.(
(?,-#>?7587 8N0- "1M?&7EM4(IQ(+E"O2HE<G?( (_-O#MH 43 A) .(4J167(?,-#MH.J+)1)123#-70- � !E7#MH/M
RI EM� 2E-^5- 4<I(18&8&*6.(:6I7 25-80 E21120 >E368123  436c+-8&*6.(:6I7 !JI6-7 80-400 
E21120 >E368123 L!.J+)1)1231/17 41!c+-E-0"02( 400 E21120 >E368123 <G?(%�L!"1M?&7�1-%E6%/+ 
(%E3 M41! L- 9I  ^, 2528) L-00- $G0\-R >?756I(.JK6L!EMR6-E-00I6- 400 E21120 >E368123  
Q/&"`O-!.(:6I7#+-&<870- "1M?&7 
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� 2E-^R18Q UV11X "8 .((?,- 8N0- "1M?&7#MH 1 EMR6-"`1MH& 177±140 E21120 >E368 (_-O#MH 43 
B) R18Q UV11X "8 EMR6-5*759/.(I>(#MH 55 41!I>(#MH 92 41!1/17.(:6I7I>(#MH 61 41! 113 FGH7"�'(
:6I7#MHEM0- "�1MH&(c6-&(?,- � 2E-^R18Q UV11X "8 .((?,- 8N0- "1M?&7#MH 2 EMR6-"`1MH& 171.8±136 
E21120 >E368123  � 2E-^R18Q UV11X "8 EMR6-5*759/.(I>(#MH 90 41!1/17.(I>(#MH 113 "�'(:6I7#MHEM
0- "�1MH&(c6-&(?,-":6("/M&I0>( (_-O#MH 43 B) 
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���:�; 40  OM"8: (A) 89^J_*E2 (B) RI-E"R=E (C) 41!880F2"L( (D) <87(?,-.(N68"1M?&709+7<-I4I((-

%E#MH"1M?&7/+I&(?,-RI-E"R=E�032 Q/&      "�'( 8N0- "1M?&7#MH 1       41! 8N0- "1M?&7#MH 2 
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���:�; 41  R6-0- (,-%UUh- (A) RI-EQ� 67457 (B) RI-E"�'(/6-7 (C) 41!RI-E0 !/+-7 (D) <87(?,- 
   .(U- XE"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E�032 Q/&      "�'( 8N0- "1M?&7#MH 1        
         41! 8N0- "1M?&7#MH 2 
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���:�; 42  � 2E-^48EQE"(M& (A) %(%3 #X (B) %("3 # (C) 41!U85U8 >5 IE (D).((?,-.( 
U- XE"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E�032 Q/&      "�'( 8N0- "1M?&7#MH 1        
         41! 8N0- "1M?&7#MH 2 
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B 

 
���:�; 43  � 2E-^3!08(4<I(18& (A) R18Q UV11X "8 (B) .(U- XE"1M?&709+7<-I4I((-%E#MH"1M?&7 

   /+I&(?,-RI-E"R=E�032 Q/&      "�'( 8N0- "1M?&7#MH 1       41! 8N0- "1M?&7#MH 2 
 
"E;H8I2"R -!JXRI-E43036-7#-75c232R9^_-O(?,- !JI6-7N68#MHEM5M(?,-"�1MH&(4�17(+8& 41!

N68#MHEM5M(?,-"�1MH&(4�17N68 ONI6-� 2E-^4O170X38( IE � 2E-^4O170X38(O;: � 2E-^
U85U8 >5 IE 41!� 2E-^U85U8 >5 IE.((?,-EMRI-E43036-78&6-7EM(>&5,-R>K#-75c232 
(P<0.05) Q/&4O170X38( IE41!4O170X38(O;:.(N68#MHEM5M(?,-R7#MHEMR6-E-00I6-.(N68#MHEM5M(?,-
"�1MH&(4�17N68& .(<^!#MH� 2E-^U85U8 >5#MH1!1-&.((?,-.(N68#MH5M(?,-1+EN68&R >?7L!EM� 2E-^
U85U8 >5#MH1!1-&.((?,-E-00I6-N68#MHEM5M(?,-(2H7 (3- -7)(I0#MH 17) FGH7� 2E-^U85U8 >5 IE.(
(?,-L!EMRI-E5>EO>(WX� 2E-^4O170X38(O;:8&6-7EM(>&5,-R>K#-75c232U85U8 >5.((?,-56I(.JK6L!
E-L-0L-08-J- #MH"0\3 0 .J+318/0- "1M?&7 41!L!EM� 2E-^E-0<G?(.(:6I7#+-&<870- "1M?&7 
(Burford and Lorenzen, 2004; Paerl and Tucker, 1995) U85U8 >5L!5!5E8&*6.(/2(3!08(O;?(
N68 (Funge-Smith and Briggs, 1998) 41!1!1-&<G?(5*6EI1(?,- 59/#+-&L!c*04O170X38(O;:.:+.(
0- "L 2K"32NQ3 (Boyd and Tucker, 1998) U85U8 >5"�'(W-398-J- #MHL,-"�'(3680- "L 2K"32NQ3
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<874O170X38(O;:41!0 !39+("02/0- N1*E<874O170X38(O;: (Kaplan et al., 1986) 41!#,-.J+
"02/0- 3-&<874O170X38(O;:O +8E d 0>(  
 

Boyd (2003) "5(80- "1M?&709+7<-I4I((-%ERI RINR9E.J+� 2E-^U85U8 >5 IE.((?,-
%E6RI "02( 0.5 E21120 >E368123  "E;H8"� M&N"#M&N0>N0- $G0\-.(R >?7(M? ONI6-� 2E-^U85U8 >5
 IE.((?,-EMR6-E-00I6- 0.5 E21120 >E368123 L!EM)13680- "�1MH&(4�17<874O170X38(O;:_-&.(
N68 (_-O#MH 44) "E;H8� 2E-^U85U8 >5 IE.((?,-EMR6-E-00I6- 0.5 E21120 >E368123  ONI6-� 2E-^
4O170X38(_-&.(N681/17 41!c+-EM� 2E-^U85U8 >5E-00I6- 0.5 E21120 >E368123 "�'(
 !&!"I1-&-I(-( � 2E-^4O170X38(L!EM0- "�1MH&(4�17N68&<G?( 41!cMH (_-O#MH 44 B) 5>7"03%/+
L-00- "�1MH&(4�17<875M(?,- />7(>?(0- RINR9EU85U8 >5.((?,-%E6.J+"02( 0.5 E21120 >E368123 L!
:6I&1/�[LL>&#MH0 !39+(.J+"02/0- "L 2K"32NQ3<874O170X38( 41!0- 3-&O +8E d 0>(.("I1-
368E- 4368&6-7% 0=3-E� 2E-^U85U8 >5.((?,-EM4(IQ(+E"O2HE<G?(318/ !&!"I1-0- "1M?&7 
"(;H87L-0U85U8 >5.(N68"1M?&75>3IX(?,-56I(.JK6L!E-L-08-J- 5>3IX(?,-cG7 51 "�8 X"F=(3X (Smith 
and Briggs, 1998) 41!5!5E8&*6#MHO;?(N68 U85U8 >5.(/2(L!1!1-&880E-"E;H8 OM"8:/2(8&*6
 !JI6-7 5.5-7.3 (Busman et al, 2009) "E;H8O2L- ^-OM"8:<87/2(.(4361!N68 ONI6-N68#MHEM0- 
"�1MH&(4�17<875M(?,-N68&R >?7EMOM"8:8&*6 !JI6-7 6.5-6.8 41!� 2E-^U85U8 >5.((?,-" 2HE"O2HE<G?(
41!"02( 0.5 E21120 >E368123 .(:6I7 40 I>(4 0<870- "1M?&7 (_-O#MH 44 B) 436.(N68#MHEM5M(?,-
"�1MH&(4�17(+8&OM"8:<87/2(L!EMR6-8&*6 !JI6-7 6.8-7.2 � 2E-^U85U8 >5#MH1!1-&.((?,-L!"02( 
0.5 E21120 >E368123 L!"02/:+-0I6- 56I(.JK6L!"02/.(:6I7 70-80 I>(<870- "1M?&7"�'(56I(.JK6 41!
0- 3-&<874O170X38(L!"02/(+8&R >?70I6-.(N68#MHEMOM"8:<87/2(3H,- 

 
"E;H8I2"R -!JXRI-E5>EO>(WX !JI6-74O170X38(Q/& IE 41!� 2E-^4O170X38(O;:368

R9^_-O(?,-ONI6-� 2E-^4O170X38(Q/& IE 41!4O170X38(O;:EMRI-E5>EO>(WX0>NOM"8:.((?,-
41!� 2E-^880F2"L(#MH1!1-&.((?,- 8&6-7EM(>&5,-R>K#-75c232#MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X 
(P<0.05) (3- -7)(I0#MH 18) 0- 5>7"R -!JX457<874O170X38(O;: L!.:+R- XN8(%/880%F/X.(
(?,-#,-.J+OM"8: 880F2"L(#MH1!1-&.((?,-"O2HE<G?( "E;H8I2"R -!JXRI-E5>EO>(WX !JI6-74O170X38(:(2/
"/6( 6IE0>NR9^_-O(?,- ONI6-4O170X38(0196E"/6(#MHON.(O;?(#MH%E6EMRI-E5>EO>(WX0>NR9^_-O(?,- 
8;H( d _-&.(N68 (3- -7)(I0#MH 19)  
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(A) (B) 
���:�; 44  RI-E5>EO>(WX !JI6-7� 2E-^4O170X38(368� 2E-^U85U8 >5#MH1!1-&.((?,- A: N68#MH

EM5M(?,-"�1MH&(4�17(+8& B: N68#MHEM0- "�1MH&(4�15M(?,-E-0  (--- 45/7� 2E-^U85U8 >5
#MH"02( 0.5 E21120 >E368123 ,       45/7� 2E-^4O170X38("�1MH&(4�17"E;H8� 2E-^
U85U8 >5.((?,-E-00I6- 0.5 E21120 >E368123 )  
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5. ���GH�@�
	���������������� ��	!���"�"���#$�!" ����:�;$�
"�$�
K$�;�����
"�$�
K$����  
 

5.1  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E3H,- 
 
       0- $G0\-5EN>32<87/2( %/+406 87RX� !08N<87"(;?8/2( OM"8: � 2E-^%(Q3 "L( IE 

U85U8 >5 IE 41!� 2E-^5- 82(# M&X IE.(N68"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E3H,- 
ONI6-87RX� !08N<87"(;?8/2("�'(4NN"(;?8/2("J(M&I Q/&EM5>/56I(<878(9_-R/2(# -&8&*6
 !JI6-7 17-21 "�8 X"F=(3X 8(9_-R# -&4�h78&*6 !JI6-7 13-30 "�8 X"F=(3X 41!8(9_-R/2("J(M&I8&*6
 !JI6-7 49-70 "�8 X"F=(3X R6-OM"8:<87/2(8&*6 !JI6-7 6.5 - 7.2 EMR6-"`1MH& 6.9+0.25 (3- -7#MH 11)  
 
�����:�; 11  87RX� !08N"(;?8/2(41!OM"8:<87/2(.(N68"1M?&709+7<-I4I((-%E.(L>7JI>/ -:N9 M 
 
 87RX� !08N"(;?8/2(  ("�8 X"F=(3X) 
 N68#MH 1 N68#MH 2 N68#MH 3 N68#MH 4 N68#MH 5 N68#MH 6 
# -& 17 17 21 19 21 18 
# -&4�h7 13 22 30 21 30 19 
/2("J(M&I 70 61 49 60 49 63 
1>0\^!"(;?8/2( Clay Clay Clay Clay Clay Clay 
OM"8:/2( 6.9±0.04 6.5±0.01 7.2±0.03 7.2±0.04 7.0±0.02 7.0±0.04 
 

)10- $G0\-� 2E-^%(Q3 "L( IE U85U8 >5 IE 41!� 2E-^5- 82(# M&X IE.(/2(
 8N0- "1M?&7#MH 1 .(:6I7"3 M&EN68EM� 2E-^%(Q3 "L( IE 0.22 "�8 X"F=(3X � 2E-^U85U8 >5 IE 
0.10 µg.P 41!� 2E-^5- 82(# M&X" 2HE3+(_-&.(N68 1.07 "�8 X"F=(3X3-E1,-/>N J1>7L-0�168&09+7
<-I17"1M?&7ONI6-R9^_-O/2(.(N68EM4(IQ(+E"O2HE<G?( Q/&� 2E-^%(Q3 "L( IE EMR6-"`1MH& 
0.42±0.17 "�8 X"F=(3X U85U8 >5 IEEMR6-"`1MH& 0.36±0.11 µg.P 41!� 2E-^5- 82(# M&XEMR6-"`1MH& 
3.41±0.42 "�8 X"F=(3X (3- -7)(I0#MH 20)  8N0- "1M?&7#MH 2 ONI6-� 2E-^%(Q3 "L( IE 0.18±0.04 
"�8 X"F=(3X � 2E-^U85U8 >5 IE 0.10 ±0.01 µg.P 41!� 2E-^5- 82(# M&X" 2HE3+(_-&.(N68 
2.05±0.04 "�8 X"F=(3X3-E1,-/>N J1>7L-0�168&09+7<-I17"1M?&7ONI6-R9^_-O/2(.(N68EM4(IQ(+E
"O2HE<G?( Q/&� 2E-^%(Q3 "L( IE EMR6-"`1MH& 3.23±0.59 "�8 X"F=(3X U85U8 >5 IEEMR6-"`1MH& 
3.53±0.63 µg.P 41!� 2E-^5- 82(# M&XEMR6-"`1MH& 4.05±0.82 "�8 X"F=(3X (3- -7)(I0#MH 20) 
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"E;H8"� M&N"#M&N� 2E-^%(Q3 "L(.(N68"1M?&709+7<-I4I((-%E#>?7587 8N0- "1M?&7 ONI6-
� 2E-^%(Q3 "L( IE � 2E-^U85U8 >5 IE  41!41!� 2E-^5- 82(# M&X IE.(/2(.( 8N0- 
"1M?&7#MH 2 EMR6-E-00I6-.( 8N0- "1M?&7#MH 1 (_-O#MH 45) "E;H8I2"R -!JXRI-E5>EO>(WX !JI6-74O170X
38(Q/& IE 4O170X38(O;: 4O170X38(5>3IX 41!4O170X38(#MH"�'(0196E"/6(0>NR9^_-O/2( 
ONI6-%E6EMRI-E5>EO>(WX8&6-7EM(>&5,-R>K#-75c232 (3- -7)(I0#MH 21) "E;H8I2"R -!JXRI-E5>EO>(WX
 !JI6-7R9^_-O/2(41!R9^_-O(?,-ONI6- � 2E-^%(Q3 "L( IE.(/2(EMRI-E5>EO>(WX0>N 89^J_*E2
(?,- RI-E"R=E<87(?,- R6-0- (,-%UUh-.((?,- RI-EQ� 67457 RI-E0 !/+-7<87(?,- 41!� 2E-^
48EQE"(M& IE.((?,- .(#2$#-73 70>(<+-E (3- -7)(I0#MH 22) � 2E-^U85U8 >5 IE.(/2(EM
RI-E5>EO>(WX 0>N 89^J_*E2(?,- RI-E"R=E<87(?,- R6-0- (,-%UUh-.((?,- RI-EQ� 67457 RI-E0 !/+-7
<87(?,- 41!� 2E-^U85U8 >5 IE.((?,- .(#2$#-73 70>(<+-E 436� 2E-^U85U8 >5 IE.(/2(EM
RI-E5>EO>(WX0>N� 2E-^R18Q UV11X "8 .(#2$#-7"/M&I0>( 41! � 2E-^5- 82(# M&X IE.(/2(EM
RI-E5>EO>(WX0>N89^J_*E2<87(?,- RI-E"R=E<87(?,- � 2E-^880F2"L(#MH1!1-&.((?,- RI-EQ� 67457 
RI-E0 !/+-7<87(?,- 41!� 2E-^U85U8 >5 IE.((?,- .(#2$#-73 70>(<+-E 8&6-7EM(>&5,-R>K#-7
5c232 #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X 

 
5.2  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E�032 
 

                     87RX� !08N<87"(;?8/2(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E�032 EM
5>/56I(<878(9_-R# -&8&*6 !JI6-7 25-35 "�8 X"F=(3X 8(9_-R# -&4�h78&*6 !JI6-7 20-30 
"�8 X"F=(3X 41!8(9_-R/2("J(M&I8&*6 !JI6-7 42-47 "�8 X"F=(3X R6-OM"8:<87/2(EMR6-8&*6 !JI6-7 6.5 - 
7.8 EMR6-"`1MH& 7.16+0.6 (3- -7#MH 12) 5EN>32<87/2(.( 8N0- "1M?&7#MH 1 .(:6I7"3 M&EN68 ONI6-
� 2E-^%(Q3 "L( IE U85U8 >5 IE 41!� 2E-^5- 82(# M&X" 2HE3+(_-&.(N68 EMR6- 0.34 
"�8 X"F=(3X 0.14 µg.P 41! 0.54 "�8 X"F=(3X3-E1,-/>N J1>7L-0�168&09+7<-I17"1M?&7ONI6-R9^_-O/2(
.(N68EM4(IQ(+E"O2HE<G?( Q/&� 2E-^%(Q3 "L( IE EMR6-"`1MH& 0.29±0.09 "�8 X"F=(3X U85U8 >5
 IEEMR6-"`1MH& 0.27±0.13 µg.P 41!� 2E-^5- 82(# M&XEMR6-"`1MH& 2.53±1.36 "�8 X"F=(3X 5EN>32<87
/2(.( 8N0- "1M?&7#MH 2 EM� 2E-^%(Q3 "L( IE U85U8 >5 IE 41!� 2E-^5- 82(# M&X" 2HE3+(
_-&.(N68 EMR6- 0.62 "�8 X"F=(3X 0.1 µg.P 41! 0.55 "�8 X"F=(3X3-E1,-/>N J1>7L-0�168&09+7<-I17
"1M?&7ONI6-� 2E-^%(Q3 "L( IE EMR6-"`1MH& 0.32±0.05 "�8 X"F=(3X U85U8 >5 IEEMR6-"`1MH& 
0.31±0.11 µg.P 41!� 2E-^5- 82(# M&XEMR6-"`1MH& 2.62±0.69 "�8 X"F=(3X 41!EM4(IQ(+E"O2HE<G?(
318/ !&!"I1-0- "1M?&7 (3- -7)(I0#MH 23)  
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�����:�; 12  87RX� !08N"(;?8/2(41!OM"8:<87/2(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E  
      �032  

 
 87RX� !08N"(;?8/2(  ("�8 X"F=(3X) 
 T1 T2 T3 T4 T5 T6 
# -& 31 32 33 35 27 25 
# -&4�h7 26 26 20 20 30 28 
/2("J(M&I 43 42 47 45 43 47 
1>0\^!"(;?8/2( Clay Clay Clay Clay Clay Clay 
pH 6.6±0.01 6.5±0.02 6.7±0.03 7.7±0.04 7.67±0.04 7.8±0.07 
 

"E;H8"� M&N"#M&N5EN>32/2( !JI6-7587 8N0- "1M?&7 ONI6-� 2E-^%(Q3 "L( � 2E-^
U85U8 >5 IE 41!� 2E-^5- 82(# M&X IE.( 8N0- "1M?&7#MH 2 EMR6-5*70I6-.( 8N0- "1M?&74 0
"1=0(+8&41!EM4(IQ(+E"O2HE<G?(318/ !&!"I1-0- "1M?&7 (_-O#MH 74) "E;H8I2"R -!JXRI-E5>EO>(WX
 !JI6-74O170X38(Q/& IE 4O170X38(O;: 4O170X38(5>3IX 41!4O170X38(#MH"�'(0196E"/6(0>N
R9^_-O/2( ONI6-4O170X38(5>3IXEMRI-E5>EO>(WX0>N� 2E-^%(Q3 "L( IE.(/2( 8&6-7EM
(>&5,-R>K#-75c232 #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (3- -7)(I0#MH 24) RI-E5>EO>(WX !JI6-7
4O170X38( 41!R9^_-O/2( ONI6-4O170X38(Q/& IE 41!4O170X38(O;:EMRI-E5>EO>(WX%�
#2$#-7"/M&I0>NOM"8:/2( 41!� 2E-^5- 82(# M&X.(/2(  41!4O170X38(5>3IXEMRI-E5>EO>(WX0>N
� 2E-^%(Q3 "L(.(/2(8&6-7EM(>&5,-R>K#-75c232 #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05)  
(3- -7)(I0#MH 24) 
 

5,-J >NRI-E5>EO>(WX !JI6-7R9^_-O/2(41!R9^_-O(?,-_-&.(N68 ONI6-OM"8:/2(EM
RI-E5>EO>(WX0>NOM"8:<87(?,- RI-E0 !/+-7<87(?,-.(#2$#-7"/M&I0>(8&6-7EM(>&5,-R>K#-75c232 
� 2E-^%(Q3 "L( IE U85U8 >5 IE 41!5- 82(# M&X IE.(/2(EMRI-E5>EO>(WX0>NRI-E"R=E<87
(?,- 89^J_*E2 � 2E-^880F2"L(#MH1!1-&.((?,- R6-0- (,-%UUh- RI-EQ� 67457.(#2$#-73 7<+-E 
(80L-0(M?� 2E-^%(Q3 "L( IE 41!5- 82(# M&X IE.(/2(&>7EMRI-E5>EO>(WX0>N� 2E-^W-39
8-J- .(0196E<87%(%3 #X   %("3 #.((?,-  IE#>?7� 2E-^3!08(4<I(18&.(#2$#-7"/M&I0>(  
(80L-0(M?� 2E-^U85"U3.(/2(&>7EMRI-E5>EO>(WX0>N� 2E-^U85U8 >5 IE.((?,-41! � 2E-^
W-398-J- .(0196E<87%(%3 #X %("3 #.((?,-.(#2$#-7"/M&I0>( 8&6-7EM(>&5,-R>K#-75c232 #MH !/>N
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RI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05) (3- -7)(I0#MH 25) "E;H8"� M&N"#M&N5EN>32<87/2( !JI6-7N68
#MHEM5M(?,-"�1MH&(4�17(+8& 41!N68#MHEM5M(?,-"�1MH&(4�17E-0 ONI6-OM"8:<87/2( 41!� 2E-^
5- 82(# M&X.(/2(EMRI-E43036-78&6-7EM(>&5,-R>K#MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05) Q/&
OM"8:<87/2(.(N68#MHEM5M(?,-"�1MH&(4�17(+8&EMR6-E-00I6-.(N68#MHEM5M(?,-1+E .(<^!#MH� 2E-^
5- 82(# M&X.(N68#MHEM0- "�1MH&(4�17<875M(?,-N68&R >?7EM� 2E-^5- 82(# M&X.(/2(E-00I6-.(N68#MH
EM5M(?,-R7#MH (3- -7#MH 13)    
 

RI-E5>EO>(WX !JI6-7R9^_-O/2(3684O170X38(_-&.(N68 41!R9^_-O(?,-.(N68"1M?&709+7
<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 41!RI-E"R=E�032 ONRI-E5>EO>(WX#MH"JE;8(0>(R;8 R9^_-O/2(
.(N68%E6EMRI-E5>EO>(WX0>N� 2E-^4O170X38(Q/&3 7 436L!EMRI-E5>EO>(WX0>NR9^_-O(?,-_-&.(
N68 41!R9^_-O/2(%/+406 � 2E-^%(Q3 "L( IE � 2E-^U85U8 >5 IE 41!� 2E-^5- 82(# M&X
 IE.(/2(EM4(IQ(+E"O2HE<G?(J1>7L-00- "1M?&7 41!ONI6-R9^_-O/2("J16-(M?.(0- "1M?&7.( 8N#MH 2 
L!EM� 2E-^5*70I6-.( 8N0- "1M?&74 0  

 
�03241+I� 2E-^%(Q3 "L( 41!U85U8 >5.(N68"1M?&709+756I(.JK6L!E-L-0J-8-J-  

(Thakur and Lin, 2003 ; Hopkins et al, 1993 ) 41!0- <>Nc6-&<8709+7_-&.(N68 (Burford and 
Williams, 2001)  Thakur and Lin (2003)  -&7-(I6-� 2E-^%(Q3 "L( 76~92 "�8 X"F=(3X 41!
U85U8 >5 70~91 "�8 X"F=(3XL-0� 2E-^%(Q3 "L( 41!U85U8 >5#>?7JE/#MH5!5E.(N68"1M?&7 
L!8&*6.(3!08(/2( FGH758/R1+870>N Brigg and Funge-Smith (1994) #MH -&7-(I6-%(Q3 "L( 31 
"�8 X"F=(3X 41!U85U8 >5 84 "�8 X"F=(3XL!5!5E.(/2(3!08( Q/&"`O-!U85U8 >5#MH30R+-7.(
/2(J1>7L-00- "1M?&7.( 8N#MH41+IEM5*7cG7 24 "�8 X"F=(3X  .(<^!#MHL- 9E-$ (2548)  -&7-(I6-
%(Q3 "L(41!U85U8 >5L!1!1-&880E-41!5!5E8&*63-E:687I6-7 !JI6-7"E=//2( 41!FGE)6-(
<G?(5*6EI1(?,- Q/&U85U8 >5.(/2(L!1!1-&880E-E-0#MH59/"E;H8 OM"8:<87/2(8&*6 !JI6-7 5.5-7.0 
(Busman et al., 2007) 41!.(5_-O#MH/2(<-/880F2"L( (Boyd, 1998) 5,-J >N%(Q3 "L(.(/2(L!
c*0&68&51-&Q/&4NR#M" M&.(/2(41!�1/�168&880E-.( *�<8748EQE"(M& IE (TAN) .(EI1(?,- 
(Burford and Williams, 2001) L-0(>?(#>?748EQE"(M&41!U85U8 >5c*0.:+Q/&4O170X38(O;:.(
0- "L 2K"32NQ3 (Burford and Lorenzen, 2004; Paerl and Tucker, 1995) 
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���:�; 45  4(IQ(+E� 2E-^%(Q3 "L( IE (A) � 2E-^U85U8 >5 IE (B) 41!� 2E-^   
5- 82(# M&X.(/2(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- (C) Q/&       8N0- 
"1M?&7#MH 1 41!         8N0- "1M?&7#MH 2 
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���:�; 46  4(IQ(+E� 2E-^%(Q3 "L( IE (A) � 2E-^U85U8 >5 IE (B) 41!� 2E-^ 

   5- 82(# M&X.(/2(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 (C) Q/&       8N 
   0- "1M?&7#MH 1 41!         8N0- "1M?&7#MH 2 

 
  

 

0

0.1

0.2

0.3

0.4

0.5

0.6

30 54 96 124 152

0.0

0.1

0.2

0.3

0.4

0.5

30 54 96 124 152

0.0

1.0

2.0

3.0

4.0

30 54 96 124 152



  112 

 

�����:�;  13  OM"8:<87/2( � 2E-^%(Q3 "L( � 2E-^U85U8 >5 41!� 2E-^5- 82(# M&X IE.(
/2(.(N68"1M?&709+7<-I/+I&(?,-RI-E"R=E�032 

 
 8N0- "1M?&7 R9^_-O/2( N68#MHEM5M(?,-"�1MH&(4�17

(+8& 
N68#MHEM5M(?,-

"�1MH&(4�17N68& 
 8N0- "1M?&7#MH 1 Soil pH 7.2±0.02a 6.5±0.17 b 

 Total nitrogen 0.32±0.07 a 0.37±0.19 a 
 Total phosphorus 1.72±0.03 a 1.53±0.13 a 
 Total organic matter 2.98±0.22 a 4.65±0.12 b 
 Soil pH 7.0±0.01a 6.8±0.1 b 

 8N0- "1M?&7#MH 2 Total nitrogen 0.32±0.05 a 0.37±0.19 a 
 Total phosphorus 0.31±0.11 a 0.32±0.11 a 
 Total organic matter 3.62±0.69 a 4.65±0.12 b 

 

$� �
�	: 8>0\ #MH36-70>(45/7RI-E43036-78&6-7EM(>&5,-R>K #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X 

(P<0.05) 
 

"E;H8O2L- ^-5EN>32<87/2(.(O;?(#MH#MH"1M?&7/+I&(?,-RI-E"R=E3H,- ONI6-87RX� !08N<87"(;?8
/2(56I(.JK6"�'(/2("J(M&I41!U9h70 !L-&8&*6.(EI1(?,-318/0- "1M?&7 (_-O#MH 47) /2("J(M&IL!EM
8(9_-R<87/2(<(-/"1=0 "N- U9h70 !L-&%/+76-&L-00- :!<87(?,-g(L-0<8NN68 0- 0>/"F-!N 2"I^
E9EN68L-04 7(?,- U9h70 !L-&L-052H7EM:MI23#MHEMOk320  ER9&O;?(N68 ":6( 09+7J ;8�1-  8(9_-R<87/2(
L!L>N0>N8(9_-R#MHEM� !L91N #,-.J+"02/3!08(4<I(18& 41!N/N>7457#,-.J+RI-EQ� 67457<87
(?,-(+8&0I6- 10 "F(32"E3  (Lin et al., 1997) RI-E<96(<87(?,-L!EM)13680- 5>7"R -!JX457<87
4O170X38( (52#W2:>&, 2549) 4368&6-7% 3-E "E;H85>7"035M(?,-ONI6-5M(?,-.(N68L!EM5M"<+EE-0 
"(;H87L-00- .J+8-J- "02( 41!� 2E-^3!08(4<I(18&0="O2HE<G?(318/ !&!"I1-0- "1M?&7 41!EM
� 2E-^48EQE"(M&41!%(%3 #X.((?,-5*7318/0- "1M?&7 J1>7L-00- L>NL!ONI6-"1(EM0- 0 !L-&
#>HIN68 41!/2(EM5M/,- 41!EM012H(<87%pQ/ "L(F>1%U/X (_-O#MH 48 41! 49) 45/7I6-3!08(
4<I(18&N-756I(L!LE17#MHO;?(N68  6IE0>N0- 3-&<874O170X38("(;H87L-0EMRI-EJ(-4(6(E-0 
#,-.J+"02/5_-O<-/880F2"L(#MHO;?(N68 5_-O#MH"02/<G?(#,-.J+09+7N-756I(3-&.( !JI6-70- "1M?&7   
(80L-0(M?U- XE(M?EM0- "1M?&709+7<-I4I((-%E8&6-7368"(;H87 Q/&.:+ !NN(?,-JE9("IM&( (?,-#MH.:+
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JE9("IM&(.(O;?(#MHEMRI-EJ(-4(6(<874O170X38(O;:E-0 41!EM0- "O2HEL,-(I(<874O170X38(
O;:8&6-7368"(;H87  IE#>?7EM !&!"I1-.(0- O>0(?,-.(N68O>0(?,- !JI6-70- "1M?&7 8N4 041! 8N#MH
587(+8&"02(%� #,-.J+EM5- 82(# M&X30R+-7 (80L-0(M? 4O170X38(N-756I(#MH3-& !JI6-70- "1M?&7
L!#>NcE0>(#,-.J+� 2E-^5- 82(# M&X.(/2("O2HE<G?(8M0#,-.J+(?,-#MH.:+"1M?&709+7EM5M"<+EE-0<G?( Q/&"`O-!
068(L>N09+7 (_-O#MH 50 41!_-O#MH 51) />7(>?(.(O;?(#MH#MHEM0- "1M?&7Q/&.:+ !NN(?,-JE9("IM&(L!EM0- 
5!5E<87%(Q3 "L( U85U8 >5 41!5- 82(# M&X.((?,-41!/2(E-00I6-0- "1M?&7.( !NN8;H( d 
0- 1/� 2E-^%(Q3 "L( U85U8 >5 5- 82(# M&X.((?,-5-E- c#,-%/+Q/&0- O>0(?,-.(N68O>0(?,-
"�'("I1-(-( J ;88-LL!.:+0- N,-N>/#-7:MI_-O ":6(0- .:+5-J 6-&<(-/"1=0"O;H81/� 2E-^
48EQE"(M&.((?,- J ;8J8&587g-.(0- 1/� 2E-^3!08(4<I(18&.((?,- 41!0- 3-0N6841!%c
O I("O;H8"�V/J(+-/2(8&6-7(+8& 10 "F(32"E3  "�'("I1- 1 "/;8(0=L! 5-E- c1/� 2E-^%(Q3 "L( 
41!U85U8 >5#MH5!5E.(/2(318/ !&!"I1-0- "1M?&7%/+"�'(8&6-7/M (Seo and Boyd, 2001)  
 

 
 
���:�; 47  0- U9h70 !L-&<878(9_-R/2("J(M&I.( !JI6-70- "1M?&7.(U- XE#MH"1M?&7/+I&(?,- 

   RI-E"R=E3H,- 
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���:�; 48  "1(#MH0 !L-&#>HIN68J1>70- L>N 
 

 
 
���:�; 49  5_-O/2(J1>70- L>N.(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 
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���:�; 50  5M(?,-068(L>N09+7<-I4I((-%E 
 

 
 

���:�; 51  5M<87(?,-#MH(,-01>NE-.:+"1M?&709+7<-I4I((-%E.( 8N0- "1M?&7368%�  
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5,-J >NRI-E5>EO>(WX<87%(Q3 "L(.(/2( 41!� 2E-^48EQE"(M& IE.((?,-EM
RI-E5>EO>(WX.(#2$#-73 70>(<+-E 5-E- c8W2N-&%/+I6-"E;H8� 2E-^%(Q3 "L(.(/2(1/17L!
567)1.J+� 2E-^48EQE"(M&.((?,-"O2HE<G?( :1841!O "12$ (2547)  -&7-(I6- %(Q3 "L(.(/2(L!c*0
&68&51-&Q/&4NR#M" M&L,-OI0%(3 2%U82?74NR#M" M&.(5_-O#MHEM� 2E-^880F2"L("OM&7O841+I
01-&"�'(48EQE"(M&<G?(5*6EI1(?,- 5,-J >NRI-E5>EO>(WX !JI6-7RI-EQ� 67457 41!89^J_*E2(>?(
"�'(%�.(#2$#-73 70>(<+-EQ/&RI-EQ� 67457#MH"O2HEE-0<G?(L!#,-.J+4574//5687)6-(17%�.((?,-
E-0<G?(#,-.J+89^J_*E2(?,-.(N685*7<G?( (80L-0(M?89^J_*E2&>7EM)13680- RINR9E��202 2&-"REM 0- 
5>7"R -!JX457 0- J-&.L 0- &68&51-& 41!� 2E-^880F2"L(#MH1!1-&.((?,-/+I& ($2 2"O=K, 2543) 
"E;H889^J_*E2"O2HE5*7<G?(L912(# M&X#MH8-$>&8&*6 !JI6-7"E=//2(3!08(L!EM0- .:+880F2"L("O;H8&68&51-&
82(# M&I>3c9.(/2(E-0%/+<G?( (L- 9E-$, 2545) #,-.J+� 2E-^%(Q3 "L(41!5- 82(# M&X_-&.(N68LG7
EM4(IQ(+E"O2HE<G?(318/ !&!"I1-0- "1M?&7 567)1.J+� 2E-^4O170X38(.(N68"1M?&7EM� 2E-^E-0
3-E%�/+I&RI-EQ� 67457<87(?,-LG71/17"E;H8 !&!"I1-0- "1M?&7"O2HE<G?(5,-J >NRI-E5>EO>(WX
 !JI6-7� 2E-^U85U8 >5.(/2(0>N� 2E-^R18Q UV11X "8 (>?(ONI6-"�'(%�.(":271N #>?7(M?(6-L!
"(;H87L-0.(N68"1M?&7L!EM0- 410"�1MH&(U85U8 >5 !JI6-7/2(41!(?,- "E;H8� 2E-^U85U8 >5.( *�
5- � !08N82(# M&XU85U8 >5L-0/2(FGH7%/+E-L-00- <>Nc6-&41!0- &68&51-&L-052H7EM:MI23 
1/17Q/&L912(# M&X0196E autotrophic bacteria (,-%�.:+41!"�1MH&( *�%�"�'(8(9O>(WXU85U8 20 
%/+406 PO4

3- HPO4
2- 41! H2PO

4- FGH75-E- c1!1-&.((?,-"O2HE<G?(41!"�'(8-J- <874O170X38(
36-7dQ/&3 7#,-.J+4O170X38("J16-(M?5-E- c"O2HEL,-(I(E-0<G?( (L- 9E-$, 2548; ":\nO7\X, 
2545)  

 
 5,-J >NO;?(#MH#MH"1M?&7/+I&(?,-#MHEMRI-E"R=E�032.(L>7JI>/� !LINRM M<>(WX ONI6-4(IQ(+E
� 2E-^%(Q3 "L( U85U8 >5 41!5- 82(# M&X_-&.(/2(EM4(IQ(+E"O2HE<G?(436%E643036-70>(   
"(;H87L-00- "3 M&EN68 0- RINR9ER9^_-O(?,-.( !JI6-70- "1M?&741!0- L>/0- N68%E643036-70>(
#>?7587 8N0- "1M?&7 .(O;?(#MHEM0- 3-0N68 %cO I( 41!"32E�*(<-I"O;H8� >N5_-O/2(_-&.(N68
"1M?&7 5,-J >NN68#MHEM5M(?,-R7#MH 41!N68#MHEM5M(?,-"�1MH&(4�17N68& ONI6-OM"8:/2(<87N68#MHEM0- 
"�1MH&(4�17<875M(?,-(+8& 56I(.JK6EMR6-8&*6 !JI6-7 7.0 7.2 #,-.J+0- 1!1-&<87U85U8 >5L-0/2(
5*6EI1(?,-(+8&0I6- .(N68#MHEM5M(?,-"�1MH&(4�17N68&R >?7#MHEMOM"8:<87/2(8&*6 !JI6-7 6.5-6.8 #,-.J+
U85U8 >5 IE.((?,-E-00I6- 0.5 E21120 >E368123  567)1.J+"02/0- "�1MH&(4�17<87� 2E-^
4O170X38( "(;H87L-0U85U8 >5#MH1!1-&880E-L-0/2(<G?(5*6EI1(?,- 41!8&*6.( *�#MH"JE-!5E368
0- (,-%�.:+.(0- "L 2K"32NQ3<874O170X38( (Boyd and Tucker, 1998) FGH7L!58/R1+870>N
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� 2E-^U85U8 >5 IE#MH1!1-&.((?,-#MH"O2HE<G?(318/ !&!0- "1M?&7 41!"E;H8� 2E-^U85U8 >5#MH
1!1-&.((?,-EMR6-E-00I6- 0.5 E21120 >E368123  L!#,-.J+4O170X38(N-756I(3-&17 0- 1/17<87OM
"8:/2("(;H87E-L-0.(5_-O/2(#MH8&*6.(5_-I!<-/880F2"L(.( !JI6-70- "1M?&7 4NR#M" M&L!.:+
0 /%(3 20 4E70-(M5880%F/X "U8 20880%F/X 41!F>1"U3 4#(880F2"L(.(0- &68&51-&
5- 82(# M&X_-&.(/2( #,-.J+"02/0- 5!5E<87R- XN8(%/880%F/X 41!0 /U85U8 20#,-.J+"02/
5_-I!"�'(0 /<G?( "E;H8EM0- 3-0N68 41!%cO I(/2(L!#,-.J+RI-E"�'(0 /.(/2(1/17 (Seo and 
Boyd, 2001) (80L-0(M?&>75-E- c� >NOM"8:<87/2(%/+/+I&I>5/9�*(.J+EMR6-E-00I6- 7 FGH7"�'(R6-#MH
"JE-!5E3680- "1M?&709+7<-I4I((-%E 41!1/0- 1!1-&<87U85U8 >5L-0/2(5*6(?,-  
 
6.  ���GH�@�����
�%� �%�������+��D����A� �%��������5�� �%��������  ������������ 
�	!���"�"���#$:�;���� ��!" ����
"�$�
K$�;�� ���
"�$�
K$����  

 
6.1  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E3H,- 

   
       (?,-J(>0 8>3 -0- "L 2K"32NQ3 41!)1)123<8709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E

"R=E3H,-.( 8N0- "1M?&7#MH 1 "�'("I1- 107 I>( ONI6-09+7<-I4I((-%EEM(?,-J(>0"`1MH& 10.6±0.01 0 >E
3683>I 8>3 -0- "L 2K"32NQ3 0.09 - 0.13 0 >E3683>I368I>( EM)1)123"`1MH& 1,391±134 02Q10 >E368% 6 
41!8>3 -410"(;?8 2.83±0.66 41!EM8>3 - 8/#MHEMR6-"`1MH&#>?7O;?(#MH 40.7±7.5 "�8 X"F=(3X  8N0- 
"1M?&7#MH 2 (?,-J(>00- "L 2K"32NQ3 41!)1)123<8709+7<-I4I((-%EJ1>7L-0"1M?&7"�'("I1- 120 I>( 
ONI6-09+7<-I4I((-%EEM(?,-J(>0"`1MH&"#6-0>N 10.4±0.5 0 >E3683>I 8>3 -0- "L 2K"32NQ3"`1MH& 0.09 -
0.12 0 >E3683>I368I>( EM)1)123"`1MH& 581±41 02Q10 >E368% 6 EM8>3 -410"(;?8 1.48±0.17 41!EM8>3 -
 8/"`1MH& 55.5±6.7 "�8 X"F=(3X (80L-0(M?�[KJ-#MHON.( 8N0- "1M?&74 0 ONI6-J1>7L-0)6-(0- 
"1M?&7%�41+I 60 I>(09+7#&8&3-&1741!LE8&*6#MH0+(N68 58/R1+870>N� 2E-^%(%3 #X.((?,-#MHEMR6-
E-0"(;H87E-L-00- .J+8-J- "02( (3- -7)(I0#MH 26)    
 

L-00- $G0\-0- "L 2K"32NQ3 41!)1)123<8709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-#>?7587
 8N0- "1M?&73H,-0I6- !/>NE-3 n-(<870- "1M?&7#>HI%�  Q/& :18 (2543)  -&7-(I6-0- "1M?&709+7<-I
4I((-%E"�'( !&!"I1-(-( 125 I>( /+I&(?,-RI-E"R=E3H,-09+7RI L!EM(?,-J(>0� !E-^ 18-20 0 >E 
L-00- $G0\-<87c2 � !_- (2551)  -&7-()1)123 (?,-J(>0 41!8>3 -0- "L 2K"32NQ3<8709+7<-I
4I((-%E/+I&(?,-RI-E"R=E3H,-.(L>7JI>/ -:N9 M /+I&(?,-#MHEMRI-E"R=E 3 psu "�'("I1- 106 I>( L!EM
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)1)123"`1MH& 1,108.33±52.04 02Q10 >E368% 6  (?,-J(>0"`1MH& 20.70±0.65 0 >E3683>I  8>3 -0- 410
"(;?8 1.41±0.02  56I(8>3 -0- "L 2K"32NQ3"`1MH& 0.192±0.057 0 >E3683>I368I>(  41!8>3 -0-  8/
3-&"`1MH& 67.02±5.11 "�8 X"F=(3X   (80L-0(M?(?,-J(>041!)1)123"`1MH&.( 8N0- "1M?&7#MH 2 3H,-0I6-
.( 8N0- "1M?&74 0 "(;H87L-0R9^_-O(?,-N-7� !0-  %/+406 � 2E-^48EQE"(M& IE %(%3 #X  
%("3 #.((?,- � 2E-^3!08(4<I(18&#MHEM4(IQ(+E"O2HE<G?(318/ !&!"I1-0- "1M?&7 41!EMR6-"02(
0I6-R6-E-3 n-( cG74E+� 2E-^880F2"L(#MH1!1-&.((?,-.(N68"1M?&709+7<-I4I((-%EL!8&*6:6I7#MH
"JE-!5E3680- "1M?&709+7 436"R ;H87.J+8-0-$#MH.:+L!"�'("R ;H87.J+8-0-$4NN.NO>/3M(?,-41!8&*6.(
 !/>N)2I(?,- #,-.J+"02/0 !45(?,-O>/O-.(N 2"I^)2I(?,-/+-(N( 4368-LL!%E65-E- c"O2HE� 2E-^
880F2"L(.( !/>N#MH1G017%� (:I123, 2552) 58/R1+870>N0- $G0\-<87 "EW>5 (2550) #MHONI6-
� 2E-^880F2"L(.((?,-L!1/17"E;H8 !/>NRI-E1G0#MHE-0<G?( Q/&"`O-!.(:6I7"/;8(59/#+-&<870- 
"1M?&7#MHEM09+7<(-/.JK6 41!EM8>3 - 8/3-&5*7 0- .J+8-J- .(� 2E-^E-0#,-.J+8-J- #MH"J1;8L-0
0- 02(<8709+7 41!0- <>Nc6-&L!5!5E8&*6#MHO;?(N68 #,-.J+� 2E-^880F2"L(#MH0+(N681/1741!8&*6.(
5_-O#MH% +880F2"L( (80L-0(M?0 !45(?,-#MH"02/<G?(_-&.(N683H,-41!%E65-E- c#MHL!"02/0- 
JE9("IM&(%/+#>HI#>?7N68 #,-.J+<87"5M&#MHO;?(N680 !L>/0 !L-&%E6 IE0>("�'(L9/"/M&I "02/0- "(6-"5M&
41!#,-.J+R9^_-O(?,-8;H(d "�1MH&(4�17 Q/&"`O-!� 2E-^48EQE"(M&#MH"O2HE<G?(318/ !&!"I1-0- 
"1M?&7 #,-.J+"02/0- 5!5E<8748EQE"(M&.("1;8/41!"(;?8"&;H8 567)10 !#N3680- <>Nc6-& 0- 02(
8-J-  09+7L!868(4841!3-&17 (:1841!O "12$, 2547) 
 

6.2  U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-#MHEMRI-E"R=E�032 
 
        (?,-J(>0 0- "L 2K"32NQ3 41!)1)123<8709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E

�032 EM(?,-J(>0"`1MH&L(LN0- "1M?&7 26.40±4.01 0 >E3683>I 8>3 -0- "L 2K"32NQ3"`1MH& 0.16±0.10  
0 >E3683>I368I>( EM)1)123"`1MH& 4,125±544 02Q10 >E368% 6 8>3 -410"(;?88&*6 !JI6-7 0.7-2.0  41!EM
8>3 - 8/ 55.3±1.23 "�8 X"F=(3X  8N0- "1M?&7#MH 2 <8709+7<-I4I((-%EEM(?,-J(>0"`1MH& 27.12±3.40
0 >E3683>I 8>3 -0- "L 2K"32NQ3"`1MH& 0.17±0.12 0 >E3683>I368I>( )1)123"`1MH& 4,326±34402Q10 >E
368% 6 EM8>3 -410"(;?8 0.8-2.0 41!EM8>3 - 8/#MHEMR6-"`1MH&#>?7O;?(#MH 53.3±1.12 "�8 X"F=(3X (3- -7
)(I0#MH 27) 

 
"E;H8"� M&N"#M&N(?,-J(>0 0- "L 2K"32NQ3 41!)1)123 !JI6-7N68#MHEM5M(?,-"�1MH&(4�17(+8& 

41!N68#MH5M(?,-"�1MH&(4�17N68& ONI6-(?,-J(>0 0- "L 2K"32NQ341!)1)123<8709+7<-I4I((-%E.(
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N68#MHEM5M(?,-"�1MH&(4�17(+8&5*70I6-.(N68#MHEM5M(?,-"�1MH&(4�17N68&8&6-7EM(>&5,-R>K#-75c232#MH !/>N
RI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05) .(<^!#MH8>3 -410"(;?841!8>3 - 8/3-&%E6EMRI-E43036-7
0>( !JI6-7N68 (3- -7#MH 14)  
 
�����:�; 14  (?,-J(>0"`1MH& 8>3 -0- "L 2K"32NQ3"`1MH& )1)123"`1MH& 8>3 -410"(;?841!8>3 - 8/3-&   

<8709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E�032 !JI6-7N68#MHEM5M(?,-"�1MH&(4�17(+8& 41!   
N68#MHEM5M(?,-"�1MH&(4�17N68& 

 
 8N0- "1M?&7  5M(?,-"�1MH&(4�17(+8& 5M(?,-"�1MH&(4�17N68& 

 
 

 8N0- "1M?&7#MH 1 

(?,-J(>0"`1MH& 27.12±0.20a 24.42±1.20 b 
8>3 -0- "L 2K"32NQ3 0.24±0.02 a 0.19±0.01 b 
)1)123"`1MH& 4,028±322 a 3,893±353 b 
8>3 -410"(;?8 1.80±0.52 a 1.82±0.51 a 
8>3 - 8/3-& 57.66±6.53 a 55.6±7.6 a 

 
 

 8N0- "1M?&7#MH 2 

(?,-J(>0"`1MH& 28.6±0.10a 23.9±0.20 b 
8>3 -0- "L 2K"32NQ3 0.24±0.01 a 0.19±0.01 b 
)1)123"`1MH& 4,268±391 a 3,954±213 b 
8>3 -410"(;?8 1.91±0.22 a 1.85±0.11 a 
8>3 - 8/3-& 55.4±2.13 a 54.9±5.6 a 

 


$� �
�	: 3>I8>0\ #MH43036-70>(.(4cI"/M&I0>( 45/7RI-E43036-7#-75c232#MH !/>NRI-E":;H8E>H( 95  
"�8 X"F=(3X 

 
L-00- $G0\-<+-73+(45/7.J+"J=(I6-0-  (?,-J(>0 "L 2K"32NQ3 41!)123<8709+7<-I4I((-

%E.(N68#MHEM5M(?,-"�1MH&(4�17(+8&/M0I6-.(N68#MH5M(?,-"�1MH&(4�17N68& "(;H87L-0N68#MHEM5M(?,-
"�1MH&(4�17N68&EM� 2E-^48EQE"(M&"O2HE<G?(J1>7L-04O170X38(3-&.("I1-%E6(-( 5>7"03%/+L-0
"02/U87#MH)2IJ(+-(?,-L,-(I(E-0 41!18& IE0>(8&*6#MHN 2"I^#+-&1EFGH758/R1+870>N0- $G0\-<87 
Funge-Smith and Briggs, (1998); Boyd and Tucker, (1998) #MH016-II6-0- 3-&<874O170X38(
_-&.(N68L!#,-.J+"02/0- 5!5E<875- 82(# M&X_-&.(N68"O2HE<G?( 0- &68&51-&<874NR#M" M&#,-
.J+48EQE"(M&.((?,-"O2HEE-0<G?(41!"�1MH&(R9^_-O(?,-_-&.(N68436.(:6I7#+-&<870- "1M?&7 436
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"0\3 0 5-E- c%/+40+%</+I&0- 3>0"8-U87#MH"02/N()2I(?,-880 41!"�1MH&(c6-&(?,-FGH7"�'(I2WM#MH5-E- c
1/� 2E-^48EQE"(M& 41!%(%3 #X.((?,-%/+ (Jaw-Kai, 1990; Chanratchakool et al., 1993) 

 
c+-EM0- 5!5E<875- 82(# M&XE-0 8-L!#,-.J+"02/5_-I!0- <-/880F2"L(#MHO;?(N68 #,-.J+

"02/4NR#M" M&.:+F>1"U3.(/2( 41!5 +-7%pQ/ "L(F>1%U/XFGH7L!ON%/+.( !JI6-70- "1M?&7 (L- 9E-$, 
2548) (80L-0(M?.(5_-O#MH<-/880F2"L(#MHO;?(N68&>7#,-.J+"02/0- 4O 6<87%(%3 #X "U8 X >5 
%pQ/ "L(F>1%U/X 0�-FEM"#(<G?(%�5*6(?,-.(N68Q/&3 741!"�'(8>(3 -&36809+7Q/&3 7 (Boyd, 
1995) 4368&6-7% 0=3-E"E;H8O2L- ^-L-0)1)123 8>3 -0- "L 2K"32NQ3 41!8>3 -0-  8/3-& %E643036-7
0>(U- XE#MH#,-0- $G0\-EM0- "3 M&EN68Q/&0- %cO I( 41!3-0N68"�'( !&!"I1-(-(068(#MHL!EM0- 
"1M?&7.( 8N368%� #,-.J+0- 5!5E<875- 82(# M&XL-00- "1M?&7.( 8N#MH41+I1/17 5-E- c1/� 2E-^
%(Q3 "L( 41!U85U8 >5#MH8&*6.(/2(#MH"�'(0196EW-398-J- J1>03680- 0 !39+(0- "L 2K"32NQ3<87
4O170X38(_-&.(N68 (Seo and Boyd, 2001)   
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*�	� 
 
1.  ��5;�GH�@�6���������$����������������F���$���� ��	!���"�"���#$�!" ���� 


"�$�
K$�;�� ���
"�$�
K$���� 
  

4O170X38(.(N68"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E3H,- ON4O170X38(O;:
#>?7JE/  5  Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta, Pyrrophyta 41! 
Bacillariophyta 41!4O170X38(5>3IX 3 Phylum %/+406 Protozoa, Rotifera 41! Arthropoda 
4O170X38(0196E"/6( %/+4064O170X38(O;:5091 Merismopedia, Oscillatoria 41! Trachelomonas 
Q/&"`O-!5091 Merismopedia 41!Oscillatoria EMN#N-#3680- "O2HE� 2E-^8&6-7 I/" =I .(:6I7 
30 I>(4 0<870- "1M?&7 4O170X38(5>3IX#MHON"�'(0196E"/6( %/+406 Tintinopsis, Brachionus, 
copepod 41! nauplii copepod  � 2E-^4O170X38(#MHON.(:6I7"3 M&EN68#>?7587 8N0- "1M?&7EM
RI-EJ(-4(6("`1MH&8&*6 !JI6-7 8.4±0.6  cG7 9.5±2.5×103 unit cell/l 4O170X38(0196E"/6(#MHON 
%/+406 5091 Merismopedia Chroococcus, Chlorella 41!%/Q(4U10"L1"13 5,-J >N� 2E-^ 
4O170X38(5>3IXEMRI-EJ(-4(6("`1MH& 138-200 unit cell/l 56I(.JK6ON"�'( nauplii copepod  41! 
Brachionus J1>7L-0�168&09+7<-I4I((-%E� 2E-^4O170X38(EMR6-"`1MH& 6.2×105-2.2×106 unit 
cell/l 4O170X38(56I(.JK6#MHON"�'(4O170X38(O;:5091 Merismopedia, Oscillatoria 

 
4O170X38(.(N68"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E�032 ON4O170X38(O;:

#>?7JE/  5  Division %/+406  Cyanophyta, Chlorophyta, Euglenophyta, Pyrrophyta 41! 
Bacillariophyta 4O170X38(5>3IXON 4 Phylum %/+406 Protozoa, Rotifera Arthropoda  41!J8&
587g-"�'(0196EJ1>0 4O170X38(#MHON.(:6I7"3 M&EN6841!J1>7L-0�168&09+7<-I4I((-%E17"1M?&7
%E643036-70>( � 2E-^4O170X38(#MHON.(:6I7"3 M&EN68 EMR6-8&*6 !JI6-7  6.3×103-1.1 ×104 unit 
cell/l Cyclotella, Pleurosigma/Gyrosigma 41! Nitzschia ON"�'(0196E"/6(  J1>7L-0�168&09+7<-I
4I((-%E � 2E-^4O170X38("O2HE<G?(EMRI-EJ(-4(6( 4.0 ×104- 2.8×105 unit cell/l  Cyclotella, 
Pleurosigma/Gyrosigma 41! Nitzschia ON"�'(0196E"/6(.(:6I73+(<870- "1M?&7 5091 Oscillatoria 
ON"�'(0196E"/6(.(:6I7�1-&<870- "1M?&7 
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2.  ��5;�GH�@�6��� ������$��������������:�;����; ����������"%���F���$���� � 

�	!���"�"���#$�!" ����
"�$�
K$�;�� ���
"�$�
K$���� 
  

:(2/4O170X38(#MH"�1MH&(4�17.( 8NI>(.(U- XE#MH"1M?&709+7<-I4I((-%E/+I&(?,-RI-E
"R=E3H,- ON 4O170X38(O;:.( 5 Division %/+406 Division Cyanophyta, Chlorophyta, Euglenophyta, 
Pyrrophyta 41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Protozoa, Rotifera 41! 
Arthropoda 0- "�1MH&(4�17 !JI6-74O170X38(O;: 41!4O170X38(5>3IX.( 8NI>(%E64(6(8( 
EMRI-E43036-70>(#90:6I7"I1- 436E-00I6- 95 "�8 X"F=(3X#MHON318/I>(L!"�'(4O170X38(O;: 
Q/&"`O-!.(5091 Merismopedia 41! Oscillatoria 5,-J >N4O170X38(5>3IX 5091 Tintinopsis "�'(
0196E"/6(#MHON318/ 8NI>( 5>/56I(<874O170X38(5>3IX#MH"O2HE<G?(56I(.JK6L!"O2HE<G?(:6I7"I1- 
15: 00 - 18:00 "�'(4O170X38(5>3IX.(5091 Brachionus, Epiphaneus 41! copepodR9^_-O(?,- 
.( 8NI>(56I(.JK68&*6.(:6I7#MH"JE-!5E3680- "1M?&709+7<-I4I((-%E#>?7587 8N0- "1M?&7 

 

:(2/41!� 2E-^4O170X38(318/ 8NI>(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E
�032 ON4O170X38(O;: 5 Division %/+406 Cyanophyta, Chlorophyta, Euglenophyta, Pyrrophyta 
41! Bacillariophyta 4O170X38(5>3IXON 3 Phylum %/+406 Protozoa, Rotifera 41! Arthropoda 
Q/&ON Oscillatoria, Cyclotella "�'(4O170X38(0196E"/6( 6IE0>N0196E<87 pennate diatom J ;8 
%/Q(4U10"L1"13 5,-J >N4O170X38(5>3IX#MH"�1MH&(4�17.( 8NI>(%E6ON4O170X38(5>3IX0196E./
"�'(0196E"/6( 5>/56I(<874O170X38(O;:EM5>/56I(E-00I6- 99.1 "�8 X"F=(3X <^!#MH4O170X38(5>3IX
EM5>/56I( 0-0.9 "�8 X"F=(3X "(;H87E-L-0.(U- XEEM0- "�V/"R ;H87.J+8-0-$318/"I1- #,-.J+%E6R68&
ON0- "�1MH&(4�1787RX� !08N<874O170X38(.("I1-01-7I>(41!"I1-01-7R;(R9^_-O(?,-56I(
.JK6EMR6-#MH"JE-!5E3680- "1M?&709+7<-I4I((-%E 

 

3.  ��5;�GH�@�6��� ������$��������������:�;����; �����#�
�%�+������; �)�� ������

F���$���� ��	!���"�"���#$�!" ����
"�$�
K$�;�� �������
"�$�
K$���� 

 
0- "�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-ONI6-0- %E6EM)1368

0- "�1MH&(87RX� !08N<874O170X38( 436EM)13680- "�1MH&(4�17� 2E-^4O170X38(O;: FGH7
1/17� !E-^ 20 "�8 X"F=(3XJ1>7L-0"�1MH&(c6-&(?,-%�41+I 24 :>HIQE7 J ;8 1 I>( 5,-J >N0- 
"�1MH&(4�17R9^_-O(?,- ONI6-� 2E-^48EQE"(M&41!%(%3 #X .((?,-1/17J1>7L-0"�1MH&(c6-&(?,-
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%�41+I 1 I>( 56I(.JK6� 2E-^48EQE"(M& 41!� 2E-^%(%3 #X L!1/17� !E-^ 30-50 
"�8 X"F=(3X E>0ON.(N68#MHEM� 2E-^4O170X38(O;:J(-4(6(E-0 41!)6-(0- "1M?&7E-00I6- 120 I>(
J ;8I6-.01+L>N09+7 

 
0- "�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 ONI6-%E6EM)13680- 

"�1MH&(87RX� !08N<874O170X38(_-&.(N68 436EM)13680- "�1MH&(4�17� 2E-^4O170X38(
Q/&"`O-!4O170X38(O;:Q/&"`O-!5091 Oscillatoiria 41! Cyclotella FGH7"�'(4O170X38(0196E"/6(
#MHON.(O;?(#MH J1>7L-0"�1MH&(c6-&(?,-41+I � 2E-^4O170X38(O;:.(N68L!1/17_-&.( 3 :>HIQE74 0 
.(<^!#MH� 2E-^4O170X38(5>3IXL!1/178&6-7:>/"L( J ;8%E6ON"1& 0- "�1MH&(4�17<87� 2E-^
4O170X38(56I(.JK6.(:6I7 24 :>HIQE74 0 J ;8 1 I>(J1>7L-0"�1MH&(c6-&(?,- "�8 X"F=(3X0- 1/17
<874O170X38(O;:L!8&*6 !JI6-7 19-35 "�8 X"F=(3X 41!J1>7L-0)6-( 48 :>HIQE7 J ;8 2 I>( � 2E-^
4O170X38(O;:EM0- "�1MH&(4�178&*6 22.73 - 34.32  "�8 X"F=(3X FGH7%E643036-70>(  5,-J >N0- 
"�1MH&(4�17R9^_-O(?,-_-&.(N68(>?( ON0- "�1MH&(4�17� 2E-^48EQE"(M&41!%(%3 #X 
J1>7L-0"�1MH&(c6-&(?,-%�41+I 1 I>( 56I(.JK6� 2E-^48EQE"(M& 41!� 2E-^%(%3 #X L!1/17
� !E-^ 30-50 "�8 X"F=(3X 

 
4.  ��5;�GH�@�
"�$*%$�%�����
"���6��� ������$�����������������
	�����������


	���������F���$���� ��	!���"�"���#$�!" ����
"�$�
K$�;�� ���
"�$�
K$���� 

  
RI-E5>EO>(WX !JI6-7:(2/ 41!� 2E-^<874O170X38(368R9^_-O(?,-41!R9^_-O/2(.(

U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- ONI6- � 2E-^4O170X38(Q/& IE.(O;?(#MH41!
� 2E-^4O170X38(O;:EMRI-E5>EO>(WX0>N� 2E-^3!08(4<I(18& 8&6-7EM(>&5,-R>K#-75c232#MH
 !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05) FGH7"�'(%�.(#2$#-7"/M&I0>( .(<^!#MH� 2E-^ 
4O170X38( IE 41!4O170X38(O;:EMRI-E5>EO>(WX0>NRI-EQ� 67457<87(?,-.(#2$#-73 70>(
<+-E 8&6-7EM(>&5,-R>K#-75c232 (P<0.05) 4O170X38(O;:5091 Merismopedia %E6EMRI-E5>EO>(WX0>N
R9^_-O(?,-3>I./"�'(O2"$\ .(<^!#MH4O170X38(O;:5091 Oscillatoria EMRI-E5>EO>(WX0>NOM"8: 
.((?,-8&6-7EM(>&5,-R>K#-75c232#MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X 5,-J >N Trachelomonas EM
RI-E5>EO>(WX0>N� 2E-^880F2"L(#MH1!1-&.((?,- � 2E-^%(%3 #X 41!3!08(4<I(18&8&6-7EM
(>&5,-R>K#-75c232#MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X 41!45/7RI-E5>EO>(WX%�.(#2$#-7"/M&I0>( 
"E;H8I2"R -!JXRI-E5>EO>(WX !JI6-74O170X38(Q/& IE 4O170X38(O;: 4O170X38(5>3IX 41!
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4O170X38(#MH"�'(0196E"/6(0>NR9^_-O/2( ONI6-%E6EMRI-E5>EO>(WX8&6-7EM(>&5,-R>K#-75c232 436L!EM
RI-E5>EO>(WX0>NR9^_-O(?,-_-&.(N68 
 

RI-E5>EO>(WX !JI6-7:(2/ 41!� 2E-^<874O170X38(368R9^_-O(?,-41!R9^_-O/2(.(
U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 ONI6-� 2E-^4O170X38(Q/& IE 41! 
4O170X38(O;:EMRI-E5>EO>(WX0>NOM"8:.((?,-41!� 2E-^880F2"L(#MH1!1-&.((?,- 4O170X38(
0196E"/6(#MHON.(O;?(#MH%E6EMRI-E5>EO>(WX0>NR9^_-O(?,-8;H( d _-&.(N68 "E;H8I2"R -!JXRI-E5>EO>(WX
 !JI6-74O170X38(Q/& IE 4O170X38(O;: 4O170X38(5>3IX 41!4O170X38(#MH"�'(0196E"/6(0>N
R9̂ _-O/2( ONI6-%E6EMRI-E5>EO>(WX8&6-7EM(>&5,-R>K#-75c232 436L!EMRI-E5>EO>(WX0>NR9^_-O(?,-
_-&.(N68"1M?&7 Q/&OM"8:/2(EMRI-E5>EO>(WX0>NOM"8:<87(?,- RI-E0 !/+-7<87(?,-.(#2$#-7"/M&I0>(
8&6-7EM(>&5,-R>K#-75c232 � 2E-^%(Q3 "L( IE U85U8 >5 IE 41!5- 82(# M&X IE.(/2(EM
RI-E5>EO>(WX0>NRI-E"R=E<87(?,- 89^J_*E2 � 2E-^880F2"L(#MH1!1-&.((?,- R6-0- (,-%UUh- RI-E
Q� 67457.(#2$#-73 7<+-E (80L-0(M?� 2E-^%(Q3 "L( IE 41!5- 82(# M&X IE.(/2(&>7EM
RI-E5>EO>(WX0>N� 2E-^W-398-J- .(0196E<87%(%3 #X   %("3 #.((?,-  IE#>?7� 2E-^3!08(
4<I(18&.(#2$#-7"/M&I0>(  (80L-0(M?� 2E-^U85"U3.(/2(&>7EMRI-E5>EO>(WX0>N� 2E-^
U85U8 >5 IE.((?,-41! � 2E-^W-398-J- .(0196E<87%(%3 #X %("3 #.((?,-.(#2$#-7"/M&I0>( 
8&6-7EM(>&5,-R>K#-75c232 #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05) 

 
5.  ���GH�@�����
�%� �%�������+��D����A� �%��������5�� �%��������  ������������ 

�	!���"�"���#$:�;���� ��!" ����
"�$�
K$�;�� ���
"�$�
K$����  
 
L-00- $G0\-0- "L 2K"32NQ3 41!)1)123<8709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-#>?7587

 8N0- "1M?&73H,-0I6- !/>NE-3 n-(<870- "1M?&7#>HI%�  (?,-J(>0 8>3 -0- "L 2K"32NQ3 41!)1)123
<8709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E3H,-.( 8N0- "1M?&7#MH 1 "�'("I1- 107 I>( ONI6-09+7<-I
4I((-%EEM(?,-J(>0"`1MH& 10.6±0.01 0 >E3683>I 8>3 -0- "L 2K"32NQ3 0.09 - 0.13 0 >E3683>I368I>( 
EM)1)123"`1MH& 1,391±134 02Q10 >E368% 6 41!8>3 -410"(;?8 2.83±0.66 41!EM8>3 - 8/#MHEMR6-"`1MH&
#>?7O;?(#MH 40.7±7.5 "�8 X"F=(3X  8N0- "1M?&7#MH 2 (?,-J(>00- "L 2K"32NQ3 41!)1)123<8709+7<-I4I(
(-%EJ1>7L-0"1M?&7"�'("I1- 120 I>( ONI6-09+7<-I4I((-%EEM(?,-J(>0"`1MH&"#6-0>N 10.4±0.5 0 >E368
3>I 8>3 -0- "L 2K"32NQ3"`1MH& 0.09 -0.12 0 >E3683>I368I>( EM)1)123"`1MH& 581±4102Q10 >E368% 6 EM
8>3 -410"(;?8 1.48±0.17 41!EM8>3 - 8/"`1MH& 55.5±6.7 "�8 X"F=(3X (80L-0(M?�[KJ-#MHON.( 8N
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0- "1M?&74 0 ONI6-J1>7L-0)6-(0- "1M?&7%�41+I 60 I>(09+7#&8&3-&1741!LE8&*6#MH0+(N68 
58/R1+870>N� 2E-^%(%3 #X.((?,-#MHEMR6-E-0"(;H87E-L-00- .J+8-J- "02( 

  
(?,-J(>0 0- "L 2K"32NQ3 41!)1)123<8709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E�032 

EM(?,-J(>0"`1MH&L(LN0- "1M?&7 26.40±4.01 0 >E3683>I 8>3 -0- "L 2K"32NQ3"`1MH& 0.16±0.10 0 >E368
3>I368I>( EM)1)123"`1MH& 4,125±544 02Q10 >E368% 6 8>3 -410"(;?88&*6 !JI6-7 0.7-2.0  41!EM8>3 - 8/ 
55.3±1.23 "�8 X"F=(3X  8N0- "1M?&7#MH 2 <8709+7<-I4I((-%EEM(?,-J(>0"`1MH& 27.12±3.40 0 >E3683>I 
8>3 -0- "L 2K"32NQ3"`1MH& 0.17±0.12 0 >E3683>I368I>( )1)123"`1MH& 4,326±344 02Q10 >E368% 6 EM
8>3 -410"(;?8 0.8-2.0 41!EM8>3 - 8/#MHEMR6-"`1MH&#>?7O;?(#MH 53.3±1.12 "�8 X"F=(3X 
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�!��*����� 
 
1.  0- "�1MH&(4�17<874O170X38(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 

"02/U85U8 >5 IE#MH1!1-&.((?,-E-00I6- 0.5 E21120 >E368123  Q/&OM"8:<87/2( !JI6-7 5.5-7.0 
L!EM)13680- 1!1-&<87U85U8 >5.(/2(<G?(5*6EI1(?,- 41!0 !39+(0- "L 2K"32NQ3<87 
4O170X38(O;: />7(>?(0- 3-0N6841!%cO I(L!#,-.J+RI-E"�'(0 /<87/2(1/17 (80L-0(M?&>7
5-E- c� >NOM"8:<87/2(%/+/+I&I>5/9�*(.J+EMR6-E-00I6- 7 FGH7"�'(R6-#MH"JE-!5E3680- "1M?&709+7<-I
4I((-%E (80L-0(M?"0\3 0 RI I>/OM"8:/2(8&6-7(+8&"/;8(1! 1R >?7 "O;H8L!%/+� !"E2(0- 
"�1MH&(4�17<874O170X38(_-&.(N68%/+/M<G?( 

 
2.  0- "�1MH&(4�1787RX� !08N<874O170X38(5-E- c� !"E2(%/+L-05M<87(?,- 41!

RI-EQ� 67457#MH"�1MH&(4�17%�.(4361!I>( "E;H84O170X38(EM0- "L 2K"32NQ3E-0<G?( RI-EQ� 67
457L!1/17 c+-5M(?,-EM0- "�1MH&(4�17"�'(5M"<+E ":6( 5M"<M&I"<+E J ;85M(?,-3-1"<+E 45/7I6-_-&.(
N68"1M?&7EM4O170X38("OM&7:(2/./:(2/"/M&I #,-.J+"02/0- 3-&<874O170X38(_-&.(N68O +8E d 
0>(%/+ />7(>?(RI RINR9E4O170X38(.J+EMJ1-0J1-& EM4O170X38(E-00I6- 2 :(2/<G?(%� FGH7L!1/
RI-E"5MH&73680- 3-&<874O170X38(_-&.(N68 

 
3.  .(N68#MHEM3!08(E-0"(;H87L-00- O>7#1-&L-0<8NN68 J ;8/2("�'(/2("J(M&I "E;H83-0

N68 /2(L!430 41!4J+7"�'(g9�(4�h7 "E;H8"32E(?,-L!#,-.J+"02/3!08(4<I(18&.((?,-E-0 />7(>?(RI 
�*OM8MN 2"I^<8NN68 J ;8�*L(cG74(IJI6-(8-J- "O;H8�h870>(0- O>7#1-&<87/2(N 2"I^<8NN68
41!0- U9h7<87/2(3!08( 3!08(L!EM)13680- 5>7"R -!JX457<874O170X38( 41!3!08(J(>0
L!#>NcE#MHO;?(N68#,-.J+"02/5_-O% +880F2"L(  

 
4.  � 2E-^4O170X38(#MH"O2HE<G?(8&6-7 I/" =IL!E-L-00- .J+8-J- "02(318/ !&!"I1-

0- "1M?&7 5-E- c40+%<%/+Q/&1/8-J- 41!"�1MH&(c6-&(?,- 
 
5.  0- "�1MH&(c6-&(?,-"�'(I2WM0- 1/� 2E-^4O170X38(41!R9^_-O(?,-N-7� !0-  %/+406 

� 2E-^3!08(4<I(18& 48EQE"(M& %(%3 #X 41!%("3 # .((?,- Q/&"`O-!.(N68#MHEM8-&90- 
"1M?&7&-I(-( 8&6-7% 0=3-E J1>7L-0"�1MH&(c6-&(?,-� 2E-^4O170X38(5>3IXL!1/17J ;8%E6ON"1& 
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6.  RI #,-0- $G0\-� 2E-^88QWU85U8 >5 41!%(Q3 "L( IE.((?,- "O2HE"32E "(;H87L-0
88QWU85U8 >5"�'(W-398-J- #MH4O170X38(5-E- c(,-%�.:+.(0- "L 2K"32NQ3%/+Q/&3 7 41!
� 2E-^%(Q3 "L( IE.((?,-L!5-E- c(,-E-� !"E2(0,-1>7)123 41!0- "�1MH&(4�17<87W-39
8-J- _-&.(N68%/+ 
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���*�����*�;��!����� 
 
L- 9E-$ "E 5>EO>(WX.  2545.  ��������.  _-RI2:-:MII2#&-� !E7 R^!� !E7  

EJ-I2#&-1>&"0\3 $-53 X, 0 97"#O¡. 
 
___________.  2548.  ��������.  _-RI2:-:MII2#&-� !E7 R^!� !E7 

EJ-I2#&-1>&"0\3 $-53 X, 0 97"#O¡. 
 
L 2&-I/M 59 2&O>(W9X.  2551.  ���GH�@�*%�"�
�!���� ��������� ���*�;�$�6�"�������G% ��������� ��	!�

�	����� (Penaeus monodon Fabricius) ��"$�%�*�
��� #*!#�� (Ulva intestinalis Linnaeus). 
I2#&-(2O(WX� 2KK-Q#, EJ-I2#&-1>&"0\3 $-53 X.  

 
:18 12?E59I  ^.  2534.  
%$����������� ��	!��	�����.  n-("$ \n02L, 0 97"#O¡.  
 
___________.  2535.  
%$����������� ��	!��	�����. Q 7O2EOXn-("$ \n02L L,-0>/, 0 97"#O¡.  
 
___________.  2543.  �	!�#:  2000 *i�
"�$ %;� 5������>�$����%�*�;��"��!�$.  "L 2K >n0- O2EOX
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__________  41!O "12$ L>(# X >::0*1.  2547.  �	�*�
���$����������� ��	!�������:G#: . 

5(>N5(9(0- L>/0- O2EOXQ/&5,-(>07-(R^!0  E0- I2L>&4J67:-32 "O;H8"`12EO !"0M& 32
O !N-#5E"/=LO !"L+-8&*6J>I_*E2O18/91&"/: "(;H87.(IQ 0-5O ! -:O2WMEJ-E7R1"`12E
O !:(EO  \- 5 W>(I-RE O.$.2547.  N 2\>#"EL2R O>NN12"R:>H( L,-0>/.  

 
__________(232 :*":2/ 5-W23 � !"5 2n$ M 40+I3- 12?E"p7 41!L 2&-I/M 59 2&O>(W9X.  25510.  0- "1M?&7

09+7<-I4I((-%E.(k/*g(.  ���*���� ����5,-J >N"0\3 0 )*+"1M?&709+7 �@ 2551.  
 
____________ 5E:-& JI>7I2N*1&X02L (232 :*":2/ I -JX "#O-J9/M 41!L 2&-I/M 59 2&O>(W9X.  2551<.  0- 

�h870>(012H(QR1(.(09+7<-I4I((-%E. ���*���� ����5,-J >N"0\3 0 )*+"1M?&709+7 �@ 2551.  
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:I123 8>R RJ52(.  2552.  ���*�:������������j�����k��+�����
$���������� ��	!���" 

�"���#$ (Litopenaeus vannamei).  I2#&-(2O(WX� 2KK-Q#,  EJ-I2#&-1>&"0\3 $-53 X 
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R^!� !E7 EJ-I2#&-1>&"0\3 $-53 X  
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������$������+!���� �. I2#&-(2O(WX� 2KK-Q#, EJ-I2#&-1>&"0\3 $-53 X. 
 
c2 � !_-  >3(Q:32.  2550.  ������� ��	!���"�"���#$:�;
"�$
��������������%�������
"�$�
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�;����5;��
!#�!������:�*i�*	�.  I2#&-(2O(WX� 2KK-Q#, EJ-I2#&-1>&"0\3 $-53 X 
 
W2/- "O: E^M.  2543.  )10 !#N41!0- RINR9E� 2E-^4O170X38(O;:#MHON.(N68"1M?&709+7. 

���*���� ����09+7"8"FM&( �@#MH 5 (10): 14-16 
 
N9^z 20-  #87/8(O96E.  2547.  
"�$*%$�%������
	�������� 
	������� 
"�$6	�6	$���������

����56�������������	!��	����� ������������� �����%&��.  I2#&-(2O(WX� 2KK-Q#, 
EJ-I2#&-1>&"0\3 $-53 X. 

 
N  L7 "#M&(567 >$EM.  2521.  
�%�������� ��	!�:���.  R^!� !E7 EJ-I2#&-1>&"0\3 $-53 X. 

0 97"#O¡.  
 
�[#E-_ ^X "J16-"0M& 32Q5_^.  2547.  ���GH�@�6���������$�����������, 
	�����������
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���������
�������������
�����	!���"��k�Fl�.  I2#&-(2O(WX� 2KK-Q#. 
EJ-I2#&-1>&"0\3 $-53 X.  

 
)95/M  $ MO&>33X.  2536.  0- 4&05-&O>(W9X4O170X38(O;:.J+N 259#W2£41!0- "O-!"1M?&7. (.  33-48. 

./ ��������; �*�.  $*(&XO>P(-86-I%#&38(N( 087� !E7#!"1, 0 E� !E7, 0 97"#O¡. 
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OLE-( ":&"/:.  2549.  ���GH�@�
	��������	!���"�"���#$ (Litopenaeus vannamei) :�;���� � 
�!" ����
"�$�
K$�;����*��"�������� �:�;��������%�.  I2#&-(2O(WX� 2KK-Q#, 
EJ-I2#&-1>&"0\3 $-53 X ,  

 
O>: 2/- "JEE>(.  2543.  ���GH�@�
"�$�%�������
	��������������, ����������56��������� �
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EJ-I2#&-1>&"0\3 $-53 X. 
 
O "12$ L>(# X >::0*1 41!59� -^ 0 :2(N93 .  2538.  0- .:+I>5/9�*(.(0- "O-!"1M?&75>3IX(?,-.  

"��*��*%�"����� �@#MH 5 `N>N#MH 1 
 
O $21�m )1O>(W2(.  2545.  �:
��
�����+�����6���������������.  _-RI2:-:MII2#&- R^!

I2#&-$-53 X EJ-I2#&-1>&57<1-(R 2(# X I2#&-"<3J-/.JK6, 57<1-. 
 
%E3 M  /I75I>5/2£ 41! L- 9I  ^ 5E$2 2 .  2528.  
	�*$�%������������"������"��
���
�*��
�%����  
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4U /-FX  E-"J1=7.  2537.  ���GH�@���A���
	�����������
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�	���������%&��:�;$��%���
��������������%�.  I2#&-(2O(WX� 2KK-Q#, 
EJ-I2#&-1>&EJ2/1. 

 
"EW>5 "NKL� !"5 2n$ M.  2550.  ���GH�@�����6!�
�5;���
!����G������%�������6���$���������
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�5;�� ������������ ��	!���"���
������.  I2#&-(2O(WX� 2KK-Q# EJ-I2#&-1>& 
"0\3 $-53 X,  

 
E-12(M `>3 E7R1091 41!:2/:>& L>(# X3>?75M.  2548.  ���������.  QR 70- 8(9 >0\XO>(W90  EO;:

8>("(;H87E-L-0O ! -:/,- 25E"/=LO ! "#O >3( -:59/-¡ 5&-EN E -:09E- M. 0 97"#O¡.  
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52#W2:>& 3>(W(!5k\/2£.  2549.  
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5E:-& JI>7I2N*1&X02L.  2551.  �C++% :�;$����������+��D����A����*�
��� *���� "��$��������  

Oscillatoria sp. ��� Microcystis sp. ���
"�$*%$�%���������$��*�
��� ������;�A
��

���	!���"�"���#$ (Litopenaeus vannamei) ��������� �.  I2#&-(2O(WX� 2KK-� 2KK-"80
EJ-I2#&-1>&"0\3 $-53 X.  
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ตารางผนวกท่ี 1  ชนิดแพลงกตอนพืช และแพลงกตอนสัตวท่ีในระยะเตรียมบอและหลังจากปลอย 

 กุงขาวแวนนาไมในฟารมท่ีเล้ียงดวยน้ําความเค็มตํ่า 

 

  เตรียมบอ หลังจากปลอยกุง 

Division 
 

Genus 
รอบการ
เล้ียงที่ 1 

รอบการ
เล้ียงที่ 2 

รอบการ
เล้ียงที่ 1 

รอบการ
เล้ียงที่ 2 

Cyanophyta Chroococcus      

 Merismopedia     
 Spirulina     
 Oscillatoria     
 Lyngbya     

 Anabaena     
 Raphidiopsis     
 Monoraphidium     
 Anabaenopsis     
 Arthrodesmus     
Chlorophyta Chlorella     

 Crucigenia     
 Scenedesmus     
 Arthrodesmus     
Euglenophyta Euglena     
 Trachelomonas     
 Unknown flagellate     

Bacillariophyta Entomoneis     
 Pennate Diatom     
 Pleurosigma /Gyrosigma     
 Nitzschia     
 Climachosphaenia     
Pyrrophyta Dinoflagellate     

Protozoa Tintinopsis     
Rotifera Brachionus     
 Epiphanus     
 Asplanchna     
 Trichocera     
 Epiphaneus     
Arthropoda Nauplii copepod     
Mollusca      
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ตารางผนวกท่ี  2  ชนิดแพลงกตอนพืช และแพลงกตอนสัตวท่ีพบในบอเล้ียงกุงขาวแวนนาไมท่ีเล้ียง
ดวยน้ําความเค็มตํ่า 

 
Division  Class Family   Genus 
Cyanophyta Cyanophyceae Chroococcaceae Chroococcus  
   Merismopedia 
  Oscillatoriaceae Spirulina 
   Oscillatoria 
   Lyngbya 
  Nostocaceae Anabaena 
   Raphidiopsis 
   Monoraphidium 
   Anabaenopsis 
  Rivulariaceae Arthrodesmus 
Chlorophyta  Oocystaceae Chlorella 
   Dictyospharium 
   Kirchneriella 
   Tetraedron  
  Micractiniaceae Golenkinia 
  Desmidiaceae Arthrodesmus 
Euglenophyta Euglenophyceae Euglenaceae Euglena 
   Trachelomonas 
Bacillariophyta   flagellate 
Bacillariophyta Bacillariophyceae Bacillariaceae Entomoneis 
  Naviculaceae Pennate Diatom 
   Pleurosigma /Gyrosigma 
  Bacillariaceae Nitzschia 
   Climachosphaenia 
Pyrrophyta Dinophyceae  Dinoflagellate 
Protozoa Ciliata Codonellidae Tintinopsis 
Rotifera Monogononta Brachionidae Brachionus 
   Epiphanus 
  Asplanchnopus Asplanchna 
  Trichoceridae Trichocera 
Arthropoda Crustacea  Nauplii copepod 
Mollusk Bivalvia   
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ตารางผนวกท่ี 3  ชนิดแพลงกตอนพืช และแพลงกตอนสัตวท่ีในระยะเตรียมบอและหลังจากปลอย 
            กุงขาวแวนนาไมในฟารมท่ีเล้ียงดวยน้าํความเค็มปกติ 
 

  เตรียมบอ หลังจากปลอยกุง 

Division 
 

Genus 
รอบการเล้ียงท่ี 1 รอบการเล้ียงท่ี 2 รอบการเล้ียงท่ี 1 รอบการเล้ียงท่ี 2 

Cyanophyta Chroococcus      

 Merismopedia     

 Spirulina     
 Oscillatoria     
 Lyngbya     
Chlorophyta Chlorella     
 Oocystis     
 Scenedesmus      
Euglenophyta Euglena     

 Trachelomonas     
 flagellate     
Bacillariophyta Cyclotella     
 Entomoneis     
 Bacteriastrum     
 Pennate Diatom     

 
Pleurosigma 
/Gyrosigma 

    

 Nitzschia     
 Climachosphaenia     
Pyrrophyta Dinoflagellate     
Protozoa Tintinopsis     
 Zoothamnium     

 Arcella     
Rotifera Brachionus     
 Lecane     
 Polyathra     
 Keratella     
 Asplanchna     

 Trichocera     
 Epiphaneus     
Arthropoda Copepod     
 Nauplii copepod     
Mollusk      
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ตารางผนวกท่ี 4  ชนดิแพลงกตอนพืช และแพลงกตอนสัตวท่ีพบในบอเล้ียงกุงขาวแวนนาไม 
ท่ีเล้ียงดวยน้ําความเค็มปกติ 
 

Division  Class Order Family   Genus 
Cyanophyta Cyanophyceae Chroococcales Chroococcaceae Chroococcus  

    Merismopedia 
  Nostocales Oscillatoriaceae Spirulina 
    Oscillatoria 
    Lyngbya 
Chlorophyta   Oocystaceae Chlorella 
    Oocystis 
   Scenedesmaceae Scenedesmus  
Euglenophyta Euglenophyceae Euglenales Euglenaceae Euglena 
    Trachelomonas 
    flagellate 
Bacillariophyta Bacillariophyceae Bacillariales Bacillariaceae Cyclotella 
    Entomoneis 
    Bacteriastrum 
   Naviculaceae Pennate Diatom 
    Pleurosigma /Gyrosigma 
   Bacillariaceae Nitzschia 
Pyrrophyta Dinophyceae   Dinoflagellate 
    Ceratium 
Protozoa Ciliata Tintinnida Codonellidae Tintinopsis 
    Zoothamnium 
    Arcella 
Rotifera Monogononta Ploima Brachionidae Brachionus 
    Lecane 
    Polyathra 
    Keratella 
   Asplanchnopus Asplanchna 
   Trichoceridae Trichocera 
    Epiphaneus 
Arthropoda Crustacea Diplostraca  Copepod 
    Nauplii copepod 
Mollusk Bivalvia    
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�������"�:�; 5  R9^_-O(?,- 8NI>(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 
 

  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2 
R9^_-O(?,- 35 I>( 70 I>( 110 I>( 35 I>( 70 I>( 114 I>( 

pH 8.6±0.3 8.8±0.1 8.6±0.1 8.6±0.1 9.0±0.1 8.7±0.1 
Temperature  (° C) 28.9±0.9 29.0±0.9 28.5±0.3 27.8±0.8 28.0±0.5 27.5±0.1 
Salinity  (psu) 7.5±0.1 6.5±0.1 5.5±0.1 8.0±0.1 8.5±0.1 7.4±0.1 
Do  (mg/l) 7.0±0.8 6.1±0.7 4.5±0.2 6.7±0.8 6.5±0.7 4.1±0.2 
Ec  (ms/cm) 13.0±0.9 12.5±0.7 10.8±0.9 14.0±0.1 140.5±0.5 15.8±0.1 
Transparency  (cm.) 43.4±1.6 7.6±0.5 8.6±1.0 35.4±0.6 5.6±0.4 5.6±0.5 
Total alkalinity  (mg/l) 110±11.6 211.1±15.6 154.4±10.8 135.4±10.6 151.1±14.6 124.4±5.8 
Total hardness  (mg/l) 1,729.0±93.3 1,608.1±143.7 1,211±52.8 1,729.0±93.3 1,608.1±143.7 1,211±52.8 
TAN  (mg/l) 0.2±0.1 1.8±0.3 1.8±0.3 1.5±0.1 0.8±0.2 1.7±0.2 
Total  nitrite- nitrogen (mg/l) 0.9±0.1 1.4±0.3 1.1±0.2 0.2±0.1 2.1±0.2 1.5±0.1 
Tss (mg/l) 789.8±233.1 1,486±414.8 1,284±184 1,289±133 1,447±234.8 884±54 
Chlorophyll a (mg/l) 103.8±10.8 149.2±20.1 166±13 125.8±5.8 129.2±22.1 154±10 
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�������"�:�; 6  RI-E5>EO>(WX !JI6-74O170X38( IE 4O170X38(O;: 41!4O170X38(5>3IX368 
              R9^_-O(?,-.(N68"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 

 
R9^_-O(?,- 4O170X38( 4O170X38(O;: 4O170X38(5>3IX 

pH    0.78*    0.57* - 0.17 
Temperature (° C) - 0.32 - 0.33     0.68* 
Salinity (psu) - 0.11 - 0.12 - 0.27 
Do (mg/L)    0.58*    0.78* - 0.33 
Ec (ms/cm) - 0.21   0.05   0.18 
Transparency (cm.) - 0.55 - 0.24 - 0.33 
Total alkalinity (mg/l) - 0.21 - 0.18 - 0.22 
Total hardness(mg/l) - 0.09 - 0.07   0.31 
Total ammonia nitrogen (mg/l)   0.41 - 0.37 - 0.08 
Total  nitrite- nitrogen (mg/l) - 0.32   0.25 - 0.17 
Tss (mg/l)   0.15 - 0.17 - 0.28 
Chlorophyll a (mg/l) - 0.19   0.42   0.11 
 

$� �
�	: * 45/7RI-E5>EO>(WX8&6-7EM(>&5,-R>K#-75c232#MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X 
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�������"�:�; 7  R9^_-O(?,- 8NI>(.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032  

 

  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2 
R9^_-O(?,- 35 I>( 70 I>( 110 I>( 40 I>( 70 I>( 110 I>( 

pH 8.1±0.2 7.8±0.1 8±0.1 8.6±0.1 8±0.1 7.7±0.3 
Temperature (° C) 30.3±0.3 30.5±0.2 27.6±0.5 27.8±0.8 27.6±0.5 29.3±0.3 
Salinity (psu) 33±0.5 28.7±0.6 30.5±0.3 31.1.0±0.1 30.5±0.3 35.5±0.2 
Do (mg/l) 9.25±0.4 5.5±0.3 3.8±0.4 6.7±0.5 3.8±0.4 5.9±0.2 
Ec (ms/cm) 50.5±0.3 52.1±0.2 33.27±0.5 33.5.0±0.1 33±0.5 28.5±0.3 
Transparency (cm.) 35±1.0 22±0.7 23±0.9 27.4±0.6 23±0.9 25±1.0 
Total alkalinity (mg/l) 89.33±12.0 100±10.4 136±13.6 135.4±10.6 136±13.6 150±15.0 
Total hardness(mg/l) 6,860±547 6,584±658 6,424±532 6,729.0±93.3 6,424±532 6,300±436 
Total ammonia nitrogen (mg/l) 1.6±0.1 0.6±0.1 1.5±0.1 1.4±0.1 1.5±0.1 11.64±2.0 
Total  nitrite- nitrogen (mg/l) 0.7±0.1 0.07±0.1 0.4±0.1 0.3±0.1 0.4±0.1 2.3±0.1 
Tss (mg/l) 279±12.6 414±12.5 1,244±124 289±133 1,244±124 2,580±188 
Chlorophyll a (mg/l) 125±15.8 178±12.7 106.8±11.8 115.8±5.8 106.8±11.8 151.3±15.4 
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�������"�:�; 8  RI-E5>EO>(WX !JI6-74O170X38( IE 4O170X38(O;: 41!4O170X38(5>3IX368 
              R9^_-O(?,-.(N68"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 

 
R9^_-O(?,- 4O170X38( 4O170X38(O;: 4O170X38(5>3IX 

pH - 0.78*    - 0.57* - 0.17 
Temperature (° C) -0.32 - 0.33   - 0.68* 
Salinity (psu)    0.11* - 0.12 - 0.27 
Do (mg/l)    0.58*     0.78* - 0.33 
Ec (ms/cm) - 0.21 - 0.05 - 0.18 
Transparency (cm.)  - 0.55* -  0.24* - 0.33 
Total alkalinity (mg/l) - 0.21*  - 0.18*   - 0.22* 
Total hardness(mg/l) -0.09  - 0.07*  - 0.31* 
Total ammonia nitrogen (mg/l)  0.41 - 0.37 - 0.08 
Total  nitrite- nitrogen (mg/l) - 0.32 - 0.25 - 0.17 
Tss (mg/l) - 0.15 - 0.17 - 0.28 
Chlorophyll a (mg/l) - 0.19 - 0.42  - 0.11 
 

$� �
�	: * 45/7RI-E5>EO>(WX8&6-7EM(>&5,-R>K#-75c232#MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X 
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�������"�:�; 9  � 2E-^4O170X38( 41!R9^_-O(?,-J1>7L-0"�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-"E;H809+7<-IEM8-&9 60-70 I>( 
 

   0- "�1MH&(4�17<874O170X38(41!R9^_-O(?,-  
 N68O>0(?,- 068("�1MH&(c6-&(?,- :>HIQE7#MH 24 0- "�1MH&(4�17 (%) :>HIQE7#MH 48 0- "�1MH&(4�17(%) 
Plankton (unit cell/l) 4,557 933,738 865,960 7.26 785,790 15.84 
Phytoplankton (unit cell/l) 3,758 932,481 865,960 7.13 785,790 15.73 
Zooplankton (unit cell/l) 799 1,257 0 100 0 100 
pH 8.2 9 8.6 4.44 8.5 5.56 
Temperature (° C) 29.5 30 29.5 1.67 29.6 1.33 
Salinity (psu) 6.2 6.5 6.7 3.08 6.5 0.00 
Do (mg/l) 7.5 5 5.3 6.00 4.9 2.00 
Ec (ms/cm) 13.7 12.5 12.6 0.80 12.1 3.20 
Transparency (cm.) 100 8 9 12.50 9 12.5 
Total alkalinity (mg/l) 154.2 189.5 210 10.82 120 36.7 
Total hardness(mg/l) 1,789 1,655 1,574 4.89 1,655 0.00 
Total ammonia nitrogen (mg/l) 0.02 0.3 0.32 6.67 0.43 43.33 
Total  nitrite- nitrogen (mg/l) 0.01 2.1 1.33 36.67 1.45 30.95 
Tss (mg/l) 50.7 2,547 1255 50.73 1494 41.34 
Chlorophyll a (mg/l) 74 154 136 11.7 152 1.30 
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�������"�:�; 10  � 2E-^4O170X38(41!R9^_-O(?,-J1>7L-0"�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-"E;H809+7<-I4I((-%EEM8-&9 90-100 I>( 
 

   0- "�1MH&(4�17<874O170X38(41!R9^_-O(?,- 
 N68O>0(?,- 068("�1MH&(c6-&(?,- :>HIQE7#MH 24 0- "�1MH&(4�17 (%) :>HIQE7#MH 48 0- "�1MH&(4�17(%) 
Plankton (unit cell/l) 10,245 634,491 535,695 15.57 536,769 15.40 
Phytoplankton (unit cell/l) 9,585 628,615 534,654 14.95 535,637 14.79 
Zooplankton (unit cell/l) 660 5,876 1,041 82.28 1,132 80.74 
pH 8.0 8.8 8.5 3.41 8.6 2.27 
Temperature (° C) 27.5 27.8 28.5 2.52 28.5 2.52 
Salinity (psu) 6.1 5.6 5.6 0.00 5.5 1.79 
Do (mg/l) 7.1 4.3 4.6 6.98 4.5 4.65 
Ec (ms/cm) 12.74 11.54 11.45 0.78 11.8 2.25 
Transparency (cm.) 100 8 14 75.00 13 62.50 
Total alkalinity (mg/l) 107.5 156.7 155.7 0.64 154.4 1.47 
Total hardness(mg/l) 1,247 1,278 1,157 9.47 1,211.7 5.19 
Total ammonia nitrogen (mg/l) 0.05 1.78 1.77 0.56 1.8 1.12 
Total  nitrite- nitrogen (mg/l) 0.01 1.2 1.17 2.50 1.1 8.33 
Tss (mg/l) 72 1,345 1,212 9.89 1,284.9 4.47 
Chlorophyll a (mg/l) 50.1 145.8 189.5 29.97 166.7 14.33 
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�������"�:�; 11  � 2E-^4O170X38(41!R9^_-O(?,-J1>7L-0"�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,-"E;H809+7<-I4I((-%EEM8-&9 120 I>( 
 

   0- "�1MH&(4�17<874O170X38(41!R9^_-O(?,-  
 N68O>0(?,- 068("�1MH&(c6-&(?,- :>HIQE7#MH 24 0- "�1MH&(4�17 (%) :>HIQE7#MH 48 0- "�1MH&(4�17(%) 
Plankton (unit cell/l) 8,754 772,636 619,089 19.87 523,576 32.24 
Phytoplankton (unit cell/l) 7,739 769,253 616,520 19.85 520,193 32.38 
Zooplankton (unit cell/l) 1,015 3,383 989 70.77 1,024 69.73 
pH 8.5 8.7 8.6 1.15 8.4 3.45 
Temperature (° C) 27.5 28 28.5 1.79 28.9 3.21 
Salinity (psu) 6.1 5.8 5.7 1.72 5.6 3.45 
Do (mg/l) 7.7 4.9 5.8 18.37 5.9 20.41 
Ec (ms/cm) 13.5 12.24 10.25 16.26 11.11 9.23 
Transparency (cm.) 100 5 8 60 10 100 
Total alkalinity (mg/l) 125 196 214.5 9.44 218.7 11.58 
Total hardness(mg/l) 1,375 1352 1257 7.03 1275 5.70 
Total ammonia nitrogen (mg/l) 0.06 1.2 0.99 17.50 0.84 30.00 
Total  nitrite- nitrogen (mg/l) 0.01 0.37 0.17 54.05 0.17 54.05 
Tss (mg/l) 102 540 357 33.89 258 52.22 
Chlorophyll a (mg/l) 71 71.2 104 46.07 107 50.28 
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�������"�:�; 12  � 2E-^4O170X38( 41!R9^_-O(?,-J1>7L-0"�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032"E;H809+7<-I4I((-%EEM8-&9 50-60I>( 
 

   0- "�1MH&(4�17<874O170X38(41!R9^_-O(?,-  
 N68O>0(?,- 068("�1MH&(c6-&(?,- :>HIQE7#MH 24 0- "�1MH&(4�17 (%) :>HIQE7#MH 48 0- "�1MH&(4�17(%) 
Plankton (unit cell/l) 4,754 31,911 25,755 19.29 785,790 22.73 
Phytoplankton (unit cell/l) 4,253 31,911 25,723 19.39 785,790 22.73 
Zooplankton (unit cell/l) 501 0 32 32.00 0 32.00 
pH 7.9 8.3 8.1 2.41 8.5 1.20 
Temperature (° C) 27.5 31.1 30 3.54 29.6 2.89 
Salinity (psu) 33 33 33.2 0.61 6.5 0.30 
Do (mg/l) 7.5 5.5 5.7 3.64 4.9 0.00 
Ec (ms/cm) 52.4 50.6 52.4 3.56 12.1 2.57 
Transparency (cm.) 100 25 25 0.00 42 0.00 
Total alkalinity (mg/l) 107 102.5 98.4 4.00 120 2.24 
Total hardness(mg/l) 5,695 6,355 6,332 0.36 1,655 1.18 
Total ammonia nitrogen (mg/l) 0.02 1.13 0.44 61.06 0.43 38.94 
Total  nitrite- nitrogen (mg/l) 0.01 0.51 0.49 3.92 1.45 0.00 
Tss (mg/l) 75 319 402 26.02 1494 15.99 
Chlorophyll a (mg/l) 50.4 167 134 19.76 152 17.96 
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�������"�:�; 13  � 2E-^4O170X38( 41!R9^_-O(?,-J1>7L-0"�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032"E;H809+7<-I4I((-%EEM8-&9  90-110 I>( 
 

   0- "�1MH&(4�17<874O170X38(41!R9^_-O(?,-  
 N68O>0(?,- 068("�1MH&(c6-&(?,- :>HIQE7#MH 24 0- "�1MH&(4�17 (%) :>HIQE7#MH 48 0- "�1MH&(4�17(%) 
Plankton (unit cell/l) 11,578 1,132,400 742,649 34.42 743,752 34.32 
Phytoplankton (unit cell/l) 9,527 1,131,779 742,564 34.39 743,657 34.29 
Zooplankton (unit cell/l) 2,051 124 85 32.00 95 32.00 
pH 7.5 8 7.9 1.25 7.8 2.50 
Temperature (° C) 27.5 29 28.8 0.69 30.5 5.17 
Salinity (psu) 33.5 33.5 33.6 0.30 33.5 0.00 
Do (mg/l) 7.5 3.5 4.6 31.43 4.5 28.57 
Ec (ms/cm) 52.1 51.3 44.6 13.06 46.4 9.55 
Transparency (cm.) 100 17 24 41.18 22 29.41 
Total alkalinity (mg/l) 110 113 100.2 11.33 100 11.50 
Total hardness(mg/l) 7,565 6,624 6,880 3.86 6,584 0.60 
Total ammonia nitrogen (mg/l) 0.05 4.35 0.69 84.14 0.66 84.83 
Total  nitrite- nitrogen (mg/l) 0.01 1.91 0.64 66.49 0.51 73.30 
Tss (mg/l) 90 333 306 8.11 414 24.32 
Chlorophyll a (mg/l) 75 789 517 34.47 515 34.73 

153 



154 
 

�������"�:�; 14  � 2E-^4O170X38( 41!R9^_-O(?,-J1>7L-0"�1MH&(c6-&(?,-.(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032"E;H809+7<-I4I((-%EEM8-&9 130-140I>( 
 

   0- "�1MH&(4�17<874O170X38(41!R9^_-O(?,-  
 N68O>0(?,- 068("�1MH&(c6-&(?,- :>HIQE7#MH 24 0- "�1MH&(4�17 (%) :>HIQE7#MH 48 0- "�1MH&(4�17(%) 
Plankton (unit cell/l) 5,210 975,519 745,675 23.56 753,547 22.75 
Phytoplankton (unit cell/l) 4,125 975,487 745,643 23.56 753,547 22.75 
Zooplankton (unit cell/l) 1,085 32 32 32.00 0 32.00 
pH 7.7 8 7.6 5.00 7.6 5.00 
Temperature (° C) 27.5 29.5 28.5 3.39 28.9 2.03 
Salinity (psu) 35.7 34.9 33.4 4.30 33.2 4.87 
Do (mg/l) 6.5 4 5.7 42.50 5.8 45.00 
Ec (ms/cm) 58.9 52.8 51.5 2.46 52.1 1.33 
Transparency (cm.) 100 20 25 25.00 25 25.00 
Total alkalinity (mg/l) 135.5 146.6 137.5 6.21 149.8 2.18 
Total hardness(mg/l) 7,650 6,532 6,400 2.02 6,500 0.49 
Total ammonia nitrogen (mg/l) 0.06 1.05 0.67 36.19 0.47 55.24 
Total  nitrite- nitrogen (mg/l) 0.01 0.83 0.55 31.33 0.57 31.33 
Tss (mg/l) 55 376 278 26.06 296 21.28 
Chlorophyll a (mg/l) 52 735.6 660 10.28 687 6.61 
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�������"�:�; 15  RI-E5>EO>(WX !JI6-7� 2E-^4O170X38(O;: 4O170X38(5>3IX368R9^_-O(?,- 
                .(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 

 
R9^_-O(?,- Total plankton Phytoplankton Zooplankton 

pH -0.12* -0.12* -0.03 

Temperature (° C)  0.75* 0.07* -0.01 

Salinity (psu) -0.92* -0.09* -0.04 

Do (mg/l)  0.19* 0.19* 0.04 

Ec (mS/cm) -0.01 -0.01 -0.08 

Transparency (cm.) -0.04* -0.01* 0.04 

Total alkalinity (mg/ l) 0.04 0.04 0.03 

Total hardness(mg/ l) 0.01 0.01 -0.07 

Total ammonia nitrogen (mg/ l) -0.07* -0.07* -0.06 

Total  nitrite- nitrogen (mg/ l) 0.21* 0.21* 0.18 

Total nitrate-nitrogen (mg/ l) 0.23* 0.24* 0.37 

Total phosphorus (mg/ l) 0.05* 0.05* -0.09 

Tss (mg/ l) 0.25* 0.25* 0.09 

Chlorophyll a (mg/ l) 0.06 0.06 0.14 

 

$� �
�	: * 45/7RI-E5>EO>(WX8&6-7EM(>&5,-R>K #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05) 
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�������"�:�; 16  RI-E5>EO>(WX !JI6-74O170X38(0196E"/6(368R9^_-O(?,-.(U- XE"1M?&7 
               09+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 

 
 4O170X38(0196E"/6( 
R9^_-O(?,- Merismope

dia 

Oscillatori

a 

Trachelomon

as 

Nitzschi

a 

Tintinops

is pH -0.09 -0.27* -0.21 -0.16 -0.02 

Temperature (° C) 0.09 -0.10 0.03 0.19 -0.04 

Salinity (psu) -0.07 -0.19 0.00 -0.00 -0.09 

Do (mg/l) 0.15 0.18 0.29* 0.01 -0.02 

Ec (mS/cm) 0.02 -0.11 -0.03 0.06 -0.13 

Transparency (cm.) -0.00 0.00 0.20 0.14 -0.06 

Total alkalinity (mg/ l) 0.04 -0.05 -0.03 -0.12 0.03 

Total hardness(mg/ l) 0.03 -0.09 0.05 0.12 -0.14 

Total ammonia nitrogen (mg/ l) -0.08 0.00 0.16 0.01 -0.12 

Total  nitrite- nitrogen (mg/ l) 0.16 0.21 0.26* 0.00 0.17 

Total nitrate-nitrogen (mg/ l) 0.12 0.11 0.23 0.12 0.11 

Total phosphorus (mg/ l) 0.05 0.13 -0.01 0.08 -0.09 

Tss (mg/ l) 0.22 0.21 0.27* 0.10 0.07 

Chlorophyll a (mg/ l) 0.04 0.17 0.05 -0.06 0.13 

 

$� �
�	: * 45/7RI-E5>EO>(WX8&6-7EM(>&5,-R>K #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05) 
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�������"�:�; 17  � 2E-^4O170X38( R9^_-O(?,-.(N68#MHEM5M(?,-"�1MH&(4�17(+8& 41!N68#MHEM5M(?,-  
                "�1MH&(4�17N68& .(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 

 
R9^_-O(?,- N68#MHEM5M(?,-"�1MH&(4�17(+8& N68#MHEM5M(?,-"�1MH&(4�17N68& 

Plankton (unit cell/l) 177,351±6,242 a 98,641±6,423 b 
Phytoplankton (unit cell/l) 160,920±3,470 a 92,581±6,890 b 
Zooplankton (unit cell/l) 16,431±1,245 a 6,060±548 a 
pH 7.9±0.1 a 8.0±0.1 a 
Temperature (° C) 29.6±1 a 29.7±0.9 a 
Salinity (psu) 31.8±2.3 a 31.6±1.5 a 
Do (mg/l) 5.6±2.2 a 5.6±2.4 a 
Ec (mS/cm) 44±13 a 45±12 a 
Transparency (cm.) 21±8.3 a 25±10 a 
Total alkalinity (mg/l) 132±22 a 135±25 a 
Total hardness(mg/l) 6,435±230 a 6,344±23 a  
Total ammonia nitrogen (mg/l) 1.8±1.2 a 2.3±1.8 a 
Total  nitrite- nitrogen (mg/l) 1.0±1.1 a 0.94±0.8 a 
Total nitrate-nitrogen (mg/l) 1.0±1.1 a 0.94±0.8 a 
Total phosphorus (mg/l) 0.32±0.01 a 0.76±0.02 b 
Tss (mg/l) 1,318±1,793 a 2,418±4,193 a 
Chlorophyll a (mg/l) 29.6±1 a 29.7±0.9 a 
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�������"�:�; 18  RI-E5>EO>(WX !JI6-7� 2E-^4O170X38(O;: 4O170X38(5>3IX368R9^_-O(?,- 
               .(U- XE"1M?&709+7<-I4I((-%E/+I&(?,-RI-E"R=E�032 

 
R9^_-O(?,- Total plankton Phytoplankton Zooplankton 

pH 0.20* 0.25* -0.02 

Temperature (° C) 0.05 0.15 -0.16 

Salinity (psu) -0.06 -0.01 -0.00 

Do (mg/l) 0.16* 0.21* -0.16 

Ec (mS/cm) -0.01 0.01 -0.05 

Transparency (cm.) 0.05 0.10 -0.18 

Total alkalinity (mg/l) -0.04 -0.06 0.13 

Total hardness(mg/l) -0.27 -0.27 -0.04 

Total ammonia nitrogen (mg/l) -0.07 -0.04 -0.10 

Total  nitrite- nitrogen (mg/l) -0.06 -0.08 0.22 

Total nitrate-nitrogen (mg/l) 0.02 -0.03 0.19 

Total phosphorus (mg/l) -0.20 -0.20* 0.20 

Tss (mg/l) 0.09 0.01 0.18 

Chlorophyll a (mg/l) -0.07 -0.06 -0.07 

 

$� �
�	:  * 45/7RI-E5>EO>(WX8&6-7EM(>&5,-R>K #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05) 
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�������"�:�; 19  RI-E5>EO>(WX !JI6-74O170X38(0196E"/6(.(U- XE"1M?&709+7<-I4I((-%E/+I& 
                 (?,-RI-E"R=E�032 
 
 4O170X38(0196E"/6( 
R9^_-O(?,- Oscillatoria Cyclotella Dinoflagellate Nitzschia 

pH 0.18 0.04 0.10 0.05 

Temperature (° C) 0.09 -0.10 0.09 0.20 

Salinity (psu) 0.02 -0.03 -0.05 -0.15 

Do (mg/l) 0.18 -0.02 0.12 0.09 

Ec (mS/cm) -0.03 -0.09 0.01 0.11 

Transparency (cm.) -0.06 0.32 0.17 -0.00 

Total alkalinity (mg/l) -0.06 0.14 -0.02 -0.20 

Total hardness(mg/l) -0.20 -0.09 -0.07 -0.09 

Total ammonia nitrogen (mg/l) -0.10 0.15 0.04 -0.10 

Total  nitrite- nitrogen (mg/l) -0.16 0.06 -0.06 -0.13 

Total nitrate-nitrogen (mg/l) -0.05 -0.05 0.03 -0.16 

Total phosphorus (mg/l) -0.07 -0.14 -0.29 -0.12 

Tss (mg/l) -0.00 -0.00 0.02 -0.03 

Chlorophyll a (mg/l) -0.07 -0.07 -0.10 -0.03 

 

$� �
�	  * 45/7RI-E5>EO>(WX8&6-7EM(>&5,-R>K #MH !/>NRI-E":;H8E>H( 95 "�8 X"F=(3X (P<0.05) 
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�������"�:�; 20  R9^_-O/2(.(N68"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E3H,-#>?7587 8N0- "1M?&7 
 

I>(#MH Total nitrogen ("�8 X"F=(3X) Total phosphorus (µg.P) Total Organic matter ("�8 X"F=(3X) 
  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2 
39 0.28±0.16 1.71±0.47 0.19±0.07 2.63±0.49 2.33±0.65 2.22±0.64 
62 0.45±0.19 2.56±0.50 0.33±0.12 3.13±0.77 2.83±0.55 3.77±1.10 
92 0.44±0.17 3.86±0.61 0.44±0.09 3.76±0.63 3.42±1.03 4.73±0.68 
107 0.53±0.20 4.79±0.78 0.49±0.20 4.63±0.62 5.06±0.78 5.48±0.84 

R6-"`1MH& 0.42±0.17 3.23±0.59 0.36±0.11 3.53±0.63 3.41±0.42 4.05±0.82 
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�������"�:�; 21  RI-E5>EO>(WX !JI6-7R9^_-O/2( 41!� 2E-^4O170X38(.(U- XE"1M?&7 
09+7<-I4I((-%E/+I&(?,-RI-E"R=E3H,- 

 
  Total nitrogen Total phosphorus Total organic matter 
Phytoplankton -0.15 -0.19 -0.07 
Zooplankton -0.02 -0.12 0.08 
Total plankton -0.15 -0.19 -0.07 
Merismopedia -0.13 -0.20 -0.07 
Oscillatoria -0.16 -0.02   0.13 
Trachelomonas -0.34 -0.22 -0.32 
Nitzschia -0.11 -0.34 -0.22 
Tintinopsis  0.08 -0.04   0.18 
 

$� �
�	: * 45/7RI-E5>EO>(WX8&6-7EM(>&5,-R>K #MH !/>NRI-E":;H8E>H( 95"�8 X"F=(3X (P<0.05)  
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�������"�:�; 22  RI-E5>EO>(WX !JI6-7R9^_-O(?,- 41!R9^_-O/2(.(U- XE"1M?&709+7<-I4I((-%E 
/+I&(?,-RI-E"R=E3H,-  

 
 R9^_-O/2( 

R9^_-O(?,- pH TN TP TOM 
pH 0.57* -0.03 -0.05 -0.32 
Temperature (° C) -0.34 -0.37* -0.47* -0.74* 
Salinity (psu) -0.11 -0.58* -0.46* -0.50* 
Do (mg/l) 0.41 -0.16 0.07 -0.83* 
Ec (mS/cm) -0.55 -0.40* -0.69* -0.43 
Transparency (cm.) -0.23 -0.59* -0.64* -0.56* 
Total alkalinity (mg/l) -0.11 0.39 0.39 -0.04 
Total hardness(mg/l) 0.23 -0.51* -0.65* -0.58* 
Total ammonia nitrogen (mg/l) -0.33 -0.70* -0.29 -0.39 
Total  nitrite- nitrogen (mg/l) 0.02 0.11 0.31 0.01 
Total nitrate-nitrogen (mg/l) -0.12 0.21 0.22 0.13 
Total phosphorus (mg/l) -0.26 -0.11 -0.74* -0.40* 
Tss (mg/l) -0.18 0.03 0.14 0.05 
Chlorophyll a (mg/l) 0.61* 0.28 0.53* 0.09 
 

$� �
�	: * 45/7RI-E5>EO>(WX8&6-7EM(>&5,-R>K #MH !/>NRI-E":;H8E>H( 95"�8 X"F=(3X (P<0.05)  
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�������"�:�; 23  R9^_-O/2(.(N68"1M?&709+7<-I4I((-%E#MH"1M?&7/+I&(?,-RI-E"R=E�032#>?7587 8N0- "1M?&7 
 

I>(#MH Total nitrogen ("�8 X"F=(3X) Total phosphorus (µg.P) Total organic matter ("�8 X"F=(3X) 
  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2  8N0- "1M?&7#MH 1  8N0- "1M?&7#MH 2 
39 0.18±0.29 0.15±0.08 0.15±0.21 0.21±0.06 1.85±1.88 1.80±0.27 
62 0.22±0.20 0.22±0.05 0.21±0.26 0.26±0.04 2.32±1.85 2.17±0.33 
92 0.24±0.07 0.31±0.05 0.29±0.22 0.30±0.09 2.38±2.20 2.60±0.67 
107 0.35±0.17 0.42±0.05 0.33±0.22 0.38±0.14 2.92±1.88 3.08±0.93 
146 0.45±0.22 0.52±0.02 0.36±0.30 0.41±0.19 3.20±2.29 3.47±1.24 

R6-"`1MH& 0.29±0.09 0.32±0.05 0.27±0.13 0.31±0.11 2.53±1.36 2.62±0.69 
 
 
 
 
 
 
 
 

163 



164 
 

�������"�:�; 24  RI-E5>EO>(WX !JI6-7R9^_-O/2( 41!� 2E-^4O170X38(.(U- XE"1M?&7 
                09+7<-I4I((-%E/+I&(?,-RI-E"R=E�032  

 
 R9^_-O/2( 
 pH TN TP TOM 
Phytoplankton 0.81* -0.19 -0.18 0.71* 
Zooplankton 0.39 0.36 * 0.28 0.24 
Total plankton 0.33 -0.08 -0.07 0.78* 
Oscillatoria 0.23 -0.10 -0.08 0.20 
Cyclotella 0.42 -0.16 0.02 -0.02 
Dinoflagellate 0.02 -0.05 -0.26 0.24 
Nitzschia 0.12 -0.25 -0.32 -0.00 
 

$� �
�	: * 45/7RI-E43036-78&6-7EM(>&5,-R>K #MH !/>NRI-E":;H8E>H( 95"�8 X"F=(3X (P<0.05) 
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�������"�:�; 25  RI-E5>EO>(WX !JI6-7R9^_-O(?,- 41!R9^_-O/2(.(N68"1M?&709+7<-I4I((-%E
/+I&(?,-RI-E"R=E�032 L>7JI>/� !LINRM M<>(WX 

 
 

R9^_-O(?,- 
R9^_-O/2( 

pH TN TP TOM 
pH -0.27 0.03 0.03 0.29 
Temperature (° C) -0.35 -0.67* -0.61* -0.45* 
Salinity (psu) -0.29 -0.53* -0.38* -0.65* 
Do (mg/l) -0.11 -0.54* -0.60* -0.48* 
Ec (mS/cm) -0.04 -0.74* -0.52* -0.48* 
Transparency (cm.) 0.09 -0.51* -0.43* -0.36* 
Total alkalinity (mg/l) -0.36 0.73* 0.52* 0.36* 
Total hardness(mg/l) 0.549* -0.24 0.00 -0.23 
Total ammonia nitrogen (mg/l) -0.18 -0.21 -0.32 -0.30 
Total  nitrite- nitrogen (mg/l) -0.37 0.67* 0.63* 0.42* 
Total nitrate-nitrogen (mg/l) 0.28 0.79* 0.59* 0.60* 
Total phosphorus (mg/l) -0.39 0.27 0.37* -0.01 
Tss (mg/l) -0.21 0.64* 0.29 0.47* 
Chlorophyll a (mg/l) -0.06 0.01 0.24 0.08 
 

$� �
�	: * 45/7RI-E43036-78&6-7EM(>&5,-R>K #MH !/>NRI-E":;H8E>H( 95"�8 X"F=(3X (P<0.05) 
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�������"�:�; 26  (?,-J(>0"`1MH& 8>3 -0- "L 2K"32N )1)123"`1MH& 8>3 -410"(;?8 41!8>3 - 8/3-&<8709+7<-I4I((-%E.(N68#MH"1M?&7/+I&(?,-RI-E"R=E3H,-  
 
 8N0- "1M?&7 8-&909+7<-I  

(I>() 
(?,-J(>0"`1MH& 
(0 >E3683>I) 

8>3 -0- "L 2K"32NQ3 
(0 >E3683>I368I>() 

)1)123"`1MH& 
(00./% 6) 8>3 -410"(;?8 

8>3 - 8/3-& 
("�8 X"F=(3X) 

 
 8N0- "1M?&7 

#MH 1 

30 1.15±0.13 0.09 290±44 0.88±0.11 79.9±20.6 
60 4.0±0.02 0.12 374±66 1.72±0.41 64.1±15.1 
90 7.9±0.03 0.13 722±156 2.54±0.77 48.8±10.5 
110 10.6±0.01 0.09 1,391±134 1.83±0.66 40.7±7.5 

 
 8N0- "1M?&7 

#MH 2 

30 1.1±0.13 0.12 447±55 0.67±0.18 89.0±4.2 
60 4.7±0.04 0.10 482±43 1.14±0.15 77.5±4.0 
90 7.7±0.01 0.10 463±51 1.32±0.14 67.3±6.3 
110 10.4±0.5 0.09 581±41 1.48±0.17 55.5±6.7 
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�������"�:�; 27  (?,-J(>0"`1MH& 8>3 -0- "L 2K"32N )1)123"`1MH& 8>3 -410"(;?8 41!8>3 - 8/3-&<8709+7<-I4I((-%E.(N68#MH"1M?&7/+I&(?,-RI-E"R=E�032  
 
 8N0- "1M?&7 8-&909+7<-I  

(I>() 
(?,-J(>0"`1MH& 
(0 >E3683>I) 

8>3 -0- "L 2K"32NQ3 
(0 >E3683>I368I>() 

)1)123"`1MH& 
(00./% 6) 8>3 -410"(;?8 

8>3 - 8/3-& 
("�8 X"F=(3X) 

 
 8N0- "1M?&7 

#MH 1 

30 1.59±0.75 0.11±0.13 564±186 0.72±0.20 92.22±4.52 
60 5.20±0.64 0.11±0.09 669±116 1.54±0.28 78.44±6.20 
90 14.20±2.29 0.27±0.28 1,313±248 1.71±0.38 68.96±3.52 
120 18.92±1.80 0.20±0.17 2,084±544 1.70±0.15 59.93±5.43 
146 26.40±4.01 0.11±0.38 4,125±544 2.0±0.10 55.3±1.23 

 
 8N0- "1M?&7 

#MH 2 

30 1.80±1.13 0.06±0.02 533±150 0.8±0.0 94.3±6.1 
60 5.60±0.66 0.13±0.05 622±140 1.7±0.3 78.0±8.2 
90 15.53±2.20 0.40±0.28 1,489±173 1.5±0.4 69.8±3.6 
120 18.50±1.50 0.18±0.15 2,045±819 2.0±0.1 57.9±4.9 
146 27.12±3.40 0.10±0.03 4,326±344 1.91±0.23 53.3±1.12 

167 
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1.  Chroococcus sp. 
  2.  Oscillatoria sp. 
  3.  Pseudanabaena sp. 
  4.  Anabaena sp. 
  5.  Cylindrospermopsis sp. 
  6.  Microcystis aeruginosa sp. 
  7.  Merismopedia sp. 
  8.  Spirulina sp. 
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�����"�:�; 1  4O170X38(.(N68"1M?&709+7<-I4I((-%E   
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1.  Monoraphidium sp. 

  2.  Oocystis sp. 
  3.  Closterium sp. 
  4.  Coelastrum sp. 
  5.  Arthrodesmus sp. 
  6.  Crucigenia sp. 
  7.  Scenedesmus quadricauda Brebisson 
  8.  Scenedesmus acuminatus Chodat 
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�����"�:�; 1  (368) 

  

1 2 

4 

5 6 

3 

7 8 



172 
 

 
 
 
 
 
 
1.  Scenedesmus  acuminatus Chodat 

  2.  Dictyosphaerium sp. 
  3.  Pediastrum boryanum Meneghini 
  4.  Trachelomonas sp. 1 
  5.  Trachelomonas sp. 2 
  6.  Trachelomonas sp. 3 
  7.  Cryptomonas sp. 1 
  8.  Cryptomonas sp. 2 
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�����"�:�; 1  (368) 
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1.  Euglena sp. 
  2.  Cyclotella sp. 
  3.  Entomoneis sp. 
  4.  Pleurosigma/ Gyrosigma 
  5.  Campyloduscus sp. 
  6.  Nitzschia sp. 
  7.  Chaetoceros sp. 
  8.  Climachosphaenia sp. 
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�����"�:�; 1  (368) 
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1.  Dinoflagellate 
  2.  Dinoflagellate 
  3.  Dinoflagellate 
  4.  unarmed dinoflagellate 
  5.  Vorticella sp. 
  6.  Tintinopsis sp. 
  7.  Didinium sp. 
  8.  Didinium sp. 
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1.  Nuplii copepod 

  2.  Copepod 
  3.  Trichocera sp. 
  4.  Brachionus sp. 
  5.  Brachionus caudatus Barrois & Daday 
  6.  Brachionus dichotomus Shephard 
  7.  unknow 
  8.  Colurella obtuse Gosse 
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�����"�:�; 1  (368)  
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1.  Lecane signifera Jeninngs 

  2.  L. nana Murray 
  3.  Asplanchan sp. 
  4.  unknow 
  5.  Polyarthra vulgaris Carlin 
  6.  Bivalve 
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��������� 2  ������� !"#$%�&'$(�)*+,-.&/01!�02$�����$3�4.5,-.&/06��/�&'$ �$�, 7�85'$  
 9+)1$9,-.&/04.5 1 
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