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~WfllYlU1111l1l	 233 
tI .dt I ~ I J' ': 1

fl~ U'U'U'\Itl~ UYl"-3fl~'el'UYl'll't!I"I":;~~"'YItJ~'b'~wmYl'U 1\9l1-3"1 (1-10 fl:;U'U 'U)26 
~	 jJ jI"

(fl~Ul-!'UUtltl1h;~WfllYlU1~ fl~H'U'U1Jlfl1J~;~Wfll'WU 1i~~)	 241 

dtI Clo rI I ~ tI -:
fl1Yl1'J11J!~tl'J~1-.:J"1 'VI 'll'd!fl'Jl:;'H~WfllYl'U1 U"~fl:;U'U'U1Jl~'Ji1'U 24727 

'"	 '" .
fl:;Hl-!l-!~WmYlUl~lm:;~'lJ~1'Jtllrnm"~~WmYlU1't1d i1l	 25028 .	 '" '" 
fl1Yl1'J1ih~tl{1Pi1-.:J"1 Yi1~!ml~a1fJWmYlUl1w!'l1ri~u 11ml29 

253 

'"	 '" . 
30 f1~Ul-! 'U flWmYllJ 1~11J'.i~~'lJ ~1'Jtl1rn'JU"~flWmYlU1111111	 256 



• • 

• • 

• • 

• • 

, >J • 

wful1mhJ11'U.:Jl11l'm~hu 61h~I'YJi'l' l~llO ~\.J 'Y'l~11'YJV 'l11 f1l1'Y'l"lnOJ 

cl 46
ll'l~nV~\.J1l1 

>J • 

1l~1~1I~1mh.:J 1\.J11~U11 'lJ~ d1\.Jl1 lM(H·h\.J~~M1~eJlIm1'lfli1i1 )~w:h.:J2 
"I '" if dl "I 47l~eJ\.J fJ1Jfll'Y'l\.J 1i 2550 jNI~eJ\.J11 fn1f1 11 2551
 

~ Q.J , 1 ~: I ,,:


'il~ Ifllll'l1 tH.l1.:J l~ eJ~~eJlIW\.J'VIeJ.:J\.J111'l~ff1lf )lV'lJ\.J1~ 1lftU1\.J111J\.J11'U~3	 . .. 
ri1\.J~ I'll m·h\.J ~.:J'l11~eJ'Um1'lf1i1ij )~l'i';h~ l~eJ\.J flllfll~ml 2550 

49 
'J/ II ' 'jI 

4	 )~~lIU1~\.J~·H!~1l~~~.:J\9l1~~1 \.Jll~U11 'U.:JlI~nw {llA.fleJl'Um1j 

11'l~tl11.fleJ 1'U.:JI~Vll ,j'.:J'l11~eJ'Um1'lf1i1ij 11 2550 54 
• 

>J

1I1111tl.!m~l!ffU1111ntl.!~lUltll'tJ~I~rnJ ,j'.:JM1~tlll~)1'lf1i1ij 1I)~Il1i'l'i'YJv5 • 

U'l~'iJ1111tl.! m ~uffJ1'U~ ntl.!I'U~11V~,j'\.J 'YJ 111':i ~1l1i'l'~ 11 54 

>J , 

6	 ~Wlf iJiimflli'l'1 \.Jll~U1i 'U.:J ~1\.J l1 Ilfm·h\.Ji.:Jlf 1~ ~ 1l'l':i1'lf1i1U 

I t!l Q.J II .dl ~ 67)~l111~I~HJ\.Jfl:lJfll'Yl\.J1i 2550 IJ.:Jlrltl\.J:lJm1f1l1 2551
• 

>J >J • 

tltl.!lf flii'IJ 11\.Jll~'lJ11 'U.:J'ilJ\.J l11 If~ f·h\.J ,j'.:Jlf i~Pl'Um1'lf'li1ij7 • OJ 'Ii
 

I a Q.I d' ~ I'!l
 68)~lf1NI~t1\.Jfl:lJfll'Yl\.J'Ii2550 ml~tl\.JlIm1f111 2551
•

•	 >J. 

8	 ~lm111~f)'nmY~ deJ~o~1\.Jll~'IJ 11'U~~1\.J'Yii mH·h\.J ,j'~lf 1~eJllm1'lf1i1U• 
f t!l Q.J cI dl ~ 69)~M11~1~t1\.Jfl:lJfll'Yl\.J1i2550 IJ.:JI~eJ\.JlIm1f1l1 2551

•
• >J	 >J 

~1f111:lJ~f1l1my~dtl~o.:J'tJtl~th 1\.Jf]~~\.J!m~f]~ll~~ 1 \.Jl!~th 1'U~9
 

ri1\.J~ 1 lf~~l\.J,j'~lfl~eJ'U'l)l'lf1i 1ij )~l1';h~l~eJ\.Jflllfll'Vi\.J £2550
 

dl "I 70
{l~I~tl'UlIm1f1lJ 2551 

v	 >J' 

~lm1W~1'Utl~m~l!ffU11\.Jll~i:l~f]~1\.J!1~'IJ11'U~'ih\.J111'l1i:l~1\.J10 
OJ QJ d I a (LI tI ...di t!l 71'il~lf1~eJll'l':i1'lf1i1\.J':i~'Yi11~I~eJ\.JflllfllW\.J1i2550 f1~I~tl\.JlIm1f111 2551 

~1fl1)'lJ1 lvJVh l\.Jll~'IJ 
v 

11'U~ri1\.Jl1
, 

1'Yi i:l~1\.J ,j'~'Yi 1~tl'Um1'lf'li 1U11	 • 
72 

"	 >J. 

12	 ~lfll':iih'1v.JVh'Utl~'IJ11\.Jf]fJ~W 1f1~f]~ll~~'Utl~mju11'U~ b'h\.Jl11 lfm.J1\.J 

Q.I QJ d.' ~ QI tI ~ a 73'iI~'l11~fJ'U'l':i1'b''Ii1\.J ':i~l'i1HI~tl\.Jfl:lJfll'YlW1i 2550 t:l.:Jl~eJW:lJm1f1:lJ 2551 



..... ,
tT11UW.fIl'W (\'10)

u 

" . 
13	 ~1 pH l'UlllllJ11'\J'I-ffl'UYi1'H1:l~1'U~'1111IOlfJU1:l'j1"lf1il'U 

I.o!:!:t. Q.I d' .::9.o!:!:t. 

'J~1111'1llOltl'Uf1lJm'W'U1i 2550 (l'lllOltl'UlJf1'J1f1lJ 2551	 74 
q 

.to' "" "" I 

14	 ril pH '\Jtl'llJ1'\Jtl'llJ1i 'Utl~H'UIl1:l~q~ll~'1'\Jtl'll'Ull1JlJ 11'\J'Iril'U Yi 1'H1:l~1'U 
Q.I Q.I .d. I ~ Q.I d' .::9.o!:!:t. 

'il'l'Hl\Oltl1J1:l'J1'll'ti1'U 'J~'Hl1'1I\Oltl'Uf1lJfll'W'.Jti 2550 tl'lI\Oltl'UlJf1'J1f1lJ 2551 75 
q	 q 

15	 ~lmllll~'U~l'1 i 'UllllJ11'\J'Iril'U~1'H1:l~1'U~'1'H 1\Oltl'U1:l'J16Jl'ti1U 
q
 

l.c!t Q.I d' .::9.o!:!:t.
 

'J~'Hl1'1I\Oltl'Uf1lJm'W'U1i 2550 tl'lI\Oltl'UlJf1'J1f1lJ 2551	 76 
q 

.J ~ "" .to' 

16	 ~1f111lJIU'U~1'1'\Jtl'llJ1'\Jtl'llJ1 i'U q~H'UlI1:l~q~II~'11'UlllllJ 11'\J'I 

ril'U~' 'H1:l~1'U~'1'H1\Oltl1J1:l'J1'll'1i1U 'J~Wj1'1I~tl'U f1lJfllTI't.n1 2550 q	 q 

77 

" . 
17	 ~1 DO l'UlllllJ11'U'I-ffl'UYi''H1:l~1'U~'1'H1\OlfJ1J1:l'J1'lfti1U 

l.c!t Q.I d' ~ ~ 

'J ~'Hl1'1I\Oltl'Uf1lJfll'W'U1i2550 tl'lI\Oltl'UlJf1'J1f1lJ 2551	 78 
q 

1 .. 1 rid d' ~ QI ~ 
18	 f11IlJtlWlf'U\Olfld1lJtllJI'l1'Utl'ltltlf19H'il'U (percent oxygen saturation) 

" .
1Ufl\OIH'Ull1:l~fl\Olll~'1II11lJ 11'U'Iril'U Yi 1'H1:l~1'U~'1'H 1\Ol tl1J1:l 'j1'll'1i1U°1 q,J °1 lU	 q 

I.o!:!:t. Qld' ed.o!:!:t. 

'j~'Hl1'1I\Oltl'Uf1lJm'W'U1i 2550 tl'Il\Oltl'UlJf1'J1fllJ 2551	 79 
q 

" . 
19	 fil BOD i'UlllllJ11'U'Iril'UYi1'H1:l~1'U~'1'H1\Oltl'U1:l'j1'lf1i1U 

q 

,~ Q.I d' .::9 ~ 

'j~'Hl1'1I\Oltl'Uf1lJfll'W'U1i 2550 tl'Il\Oltl'UlJf1'J1fllJ 2551	 80 
q 

I ~ "" ~ r 

20	 tJ~lJ1ru vJmnvJI'lYi1:l~1:l1mJ 1vi'l'HlJ\Oll'UlllllJ11'\J'Iril'U Vii 111:l ~1'U 
QI QI .d. I.o!:!:t. QI d' .dl.o!:!:t. 

'il'l'Hl~H)U'ln;lf1i1'U 'j~'Hl1'1I\OW'Uf1lJm'W'Uti2550 tl'lI~W'UlJm1f1lJ 2551 81 
q	 q 

I ~ ~ jI 

21	 tJ~lJ1ruvJtlbHvJI'lYi1:l~1:l1EJi'UlJ1vi'l'HlJlOl'\Jtl'llJ1i 'Utl ~H'U 111:l~tl~H~ 'I 
" . 

i'UlllllJ11'\J'-ffl'UV;1ml ~1'U~'1'H11Olf,/1J1:l'jl"lf1il'U	 82 

I ~ Qld' ed.c!t 

'j~'Hl1'1I\Oltl'Uf1lJm'W'U1i2550 tl'lI\Oltl'UlJf1'j1fllJ 2551 
q 

" , 
22 tJ~lJ1rui'UI\9l'j'Vll'UulllJ11'U'Iril'UYi1111:l ~1'U~'1'H 1\Olf,/1J1:l'J1'lf1i1U 

I.o!:!:t. QI d' ed.o!:!:t. 

'j~'Hl1'1I\Oltl'Uf1lJfll'W'U1i2550 tl'lI\Oltl'UlJ f1'j1fllJ 2551	 83 
q

" ", 
23 tJ~lJ1ru i'Ulm'Vl'Utl'llJ1l'Uq~H'U1l1:l~q~1l~'1l'UulllJ11 'U'I-ffTUYi i 'H1:l~1'U 

QI Q.I .d. I.o!:!:t. QI d' ed.o!:!:t. 

'il'l'Hl\OltlU'l'j1"lf1i1'U 'j~'Hl1'1I\Oltl'Uf1lJm'W'U1i 2550 tl'lI\Oltl'UlJf1'J1fllJ 2551 84 
q	 

" 
q 

, 
24	 tJ~mruf11:ltl h~mlltll'UlllllJ11'\J'I-ffl'UYi1'H1:l~1'U~'1'H1IOltl1J1:l'j1"lfti1U 

q 

l.c!t Q.I d' ~.o!:!:t. 

'J~'Hl1'1I\Oltl'Uf1lJm'W'U1i 2550 tl'lI\Oltl'UlJf1'j1f1lJ 2551	 85 
q 



OJ , 

Ul'iUtyill'Vf (Vlt» 

'lI 
'H'Ul 

~	 ~ 

25	 iJ~)JltumrtJ hvtml m 'lJtl·nl1t'Wq~f.hmt'l~q~H~~t'l,m~hl11'lJ~ 

Lhw~ 1 'H rl~l'W ~~'H 1~tl1Jrl';j l'lfli1U ';j ~'H -Jl~l$itl1.J fWfl1W'W n 2550 
q	 q 

e!l <!I 
fl~l~tl'W)Jfl';j lfl)J 2551	 86 

~ ~ , 
26	 iJ~mtu 1f1i1~f){)J!l1Jf1-nI~ v-n~'H)J~ i 'W1I1i'l111'lJ~LiJ'W -n 1 'H rl~l'W 

Q.I Q.I ..::::1' ~ QJ r:I & t!I 

'il~'H J~tl1Jml'lfli 1'W';j~'HJ1~1~tl'W fl)Jfl1OW'W li 2550 fl~l~tl'W)Jfl';jlf1)J 2551 87q	 q 

~ . 
27	 iJ~mtuVJflrll f1i1~f){)JUUf1%~ vi 'IJ uli '1111 'lJ~LiJ'lJf1 1 'Hrl~lU 

Q.I <LJ ej, I t!I QJ' r:I & ~ 

'il~'H1~f)1Jml'lflil'W ';j~'HJ1~1~tlUfl)Jfl1OW'Wli 2550 fl~I~f)'W)Jfl';jlf1)J2551 88 q	 q 

" "" I 'j/ I 

28	 ~lU 1'W 1~f)~\pH)lJW'IJ-n'f)~'I11't1~mm-nOW1l' uuli'l111'lJ~LiJuYi 

1 'Ht'l~l'W~~'Hi~tl'U'l';jl'lflili1 ';j~'H-Jl~l~tl'Wfl)Jfl1W'Wn 2550 
q	 q 

e!l <!I 
fl~l~tl'W	 )Jfl';jlf1lJ 2551 89 

~	 ~ 

29	 ~t'l fll';j ~~fl~ lJ ~ ~ l~1JI'iJmh~ 1~ VYi 'ill ';j tu 1'illflfll'J OW 11 '1~ f) ~~tl)JW'W -n'tl~'I11 
~ . 

t'W 1lli'l111'lJ~~htJ-n '1 'H t'l r·htJ ~~'H i~fJ1J rl ';i1"lflilU ';j~ 'H -Jl~l$itl'W fJWnwtJ n 

~ 4.	 1 ~d 

2550 fl~l~tltJ)Jfl';jlf1)J 2551 l~VJ'Ii Cluster analysis	 106 
'j/ ", 91 

30	 ~t'lfll';j~~flri)J '1~f)~~tl)JWtJl1tl~'I11Yi~1I t tJUli'l111'lJ~ 10 'ilfl 
q	 q 

dl t!I 

fl~lfltltJ)Jfl';jlf1)J 
'J/ o=:.~ 

2551 fl1VTli Cluster analysis 107 

31 
~ 

~ltJJ'W1CJfrlrl''lJtl~ Gomphonema lagenula Kiitzing ttJUliUl1'lJ~ 

LiJ'W~'1 'Ht'l~ltJ ~~'Hifltl'Ut'l';jl'lflilU ';j~'H-Jl~l~tltJ fllJfI1W'W n 2550 
q q 

& <!I 
fl~l~f)'W)Jfl';jlf1)J 2551 112 

32 ~1'WJ'W1CJft'lrl'''Jm Navicula viridula (Kiitzing) Ehrenberg t'WHliJl1'lJ~ 

riJ'W~'1'H{lf·hU1)~'Hi~f)'U{l'Jl'lflilU'J~l,dl~l~f)'Wfl)Jmw'Wn2550 
q q 

& <!I 
ml~tl'W)Jfl';jlf1)J 2551 112 

33 
o r:I I :

'ill'\..JJ'\..J1CJft'lt'l'lJf)~ Nitzschia palea (Kiitzing) W. Smith itJH)J'W11 'lJ~ 

riJ'W~'1 'Vi t'l~l'Wi~'Hi~~'Ut'l';jl'lflilU ';j~'H -Jl~ l~tl'W fJlJfl1W'W n 2550 

e!l <!I 
fl~l,H)'W)Jfl';jlf1)J 2551 113 



• • 

• • 

• • 

• • 

• • 

• • 

II'tnn 

o <I
'\llU'JUICJH'H'I"HN Luticula goeppertiana (Bleisch) D.C.Mann 34
 

., . 
1umhJ-,i'U·nhuYi1'I1f1H1U ~-m1~fl1Jml"lf1jl'W ':i~'I1'h~l~flU num~'U; 

d/ <9 113
2550 fJ'JI'flfl'Uum lfllJ 2551
 
o tI 1 : 

'\ll'U'JUICJfflfl'\l'tl.:J Nitzschia liebetruthii Rabenhorst t 'Uuuu11 '\l.:J35
 

ri'JU~ t 'I1f1~lU ~'J'I1'j'fl'tl1Jfl11"lf1)1oU 1~'I111.:J1~'tlUnlJll1~U; 2550
 
• q 

114
 

o <I
'\llU'JUICJf{1f1'\l'tl.:J Sellaphora pupula (Kiitzing) Mereschkowsky 36
 

., , 

t umhJ1i '\l.:JU1UYi t '11 {1H1U ~.:J'I11~fl1Jm1'lni1oU 1~'I1i1.:JI~'tl'U numiu; 2550 

d/ <9 114
fJ.:JI'f1'tlUlJfldlf1U 2551
 ., . 
~lU1UICJfmt'\l'tl.:J Navicula erifuga Lange-Bertalot 1UUlh.Jl1'\l.:JU1UYi37
 

t'l'l{1l'hU~.m1'fl'tlUml"lf1i1i1 1~'I111.:JI~flUtllJm~U; 2550
 

d/ <9 115
m!'fl'tlUlJmlflU 2551
 

<I
38 ~lU'J'W!C)j'{1{1'\l'tl.:J Cymbella tumida (Brebisson) Van Heurck 

., . 
tumhJ11'\l.:J,fduYitmn.hui.:J'I11fl'tlUt1d1"lf1i1oU 1~'I111.:J!$iflUtllJmWU; 2550
 

115
 

o <I
'\llU'J'W!CJf{1f1'\l'tl.:J Gomphonema clevei v.javanica Hustedt39
 ., . 
t U!U.hJ1 i'\l.:Jt'hun t '11 "Jfhu i'J'I11flfl1Jfl11"lf1il'W ':i~ldNI~flUmJm~U; 2550
 

d/ <9 116
fJ.:JI'f1'tlUlJfldlfllJ 2551
 ., 
40 ~lU'JUICJf{1'tl'\lfl.:J Cymbella turgidula Grunow iumhJ11'U.:J
 

ri'J'U~ t '11{1 r,hu i.:J'I11'f1flU "1 l'll'1iloU 1 ~'I111'J1~'tlUtllJmiu; 2550
 

116
 

" ~ 'jI I
 

41 tfl'tl~\OlVlJ'WU-neJ.:JUl i uW,Ju11 '\l.:JU1UYit 'I1f1fhwJ.Hfl'fl'tlUfl11"lf1iloU• 
f 4 Q,1 ~ ..c9 o!!t 117
1~'I1'J1.:JI'f1'tlUtl'lJfl1'V'lUli 2550 m!'f1eJUlJfld1f1lJ 2551
• 

iI 'j} Y I
 

tfltl::\Ol'tl'lJ'WU-neJ.:JU 1i umJlh1'\l·nfduVi t m'1~lU i.:J'I11'f1 flUfI 11"lf1i1U42 • 
'L'.I Go' tI e:!1 ~ 118
1~'I1'J1.:JI'flt'lUtl'lJfl1'V'l'Uli 2550 fJ.:J!~H)U1Jfld1f1lJ 2551


• 
>J " .. ' 

43 tflt'l::\Ol'tl'lJ~UVlfl.:JU11umhj11'\l~fh'UVitml~lui.:J'I11'fl'QUfl11'1f1i1lj 
,.4 cvel dl4 119
1:t:t1'JNI'flfJUf)'lJfl1'V'l'Uli 2550 ml'flfJU1Jfld1f1lJ 2551
 



Q"I , 

tJl~UiUill't1 (~6) 
u 

v'tnn 

" 91 " I 

44 'fltl~~t1lJfi'W~t1,:aJ 1't 'Wm,hJ 11'lJ':ni1Ufi '1 'I1'l ~hu ~,m 1flfl1Jm 1'lf1i TU 
q 

I ~ QI,J ~ ~ 

':i~'I111'Hflfl'WfJlJm'WU1i2550 fI.:JtflflUlJfn1f1lJ 2551 120 
" i1 " , 

45 '1flfl~~t1lJfi'U~t1nJ 1't 'Umhl11'lJ.:J~hufi'1'Yl'l~1'U ~.:J'I1 1fltlmn1'lf1i TU 
q 

'4 Q.I,J.c::g a 
':i~'Yll1.:J!fltl'UfllJm'W'U1i 2550 (J.:J!fltlUlJfn1f1lJ 2551 121 

" 
q

" " , 
46 'fltl~~t1lJfi'U~t1,nl1 't 'UmJu11'lJ\nhufi!'Yl'l ~1'U ~.:J'Yl1fl fJ1J'l':i 1'lf1i 1U 

,a QI,J ~ a 
':i~'Yll1.:Jtfltl'UfJlJm'W'U1i 2550 (J.:J!fle:!UlJflJ1f1lJ 2551 122 

" " " J 

47 , fltl~~t1lJfi'U~t1.:JU1 '1 'Umh111 'lJ.:J~hUfi!'Yl'l H1'U ~.:J'Yllfltl1Jm1GJf1i1\J 
q 

I a Q.I,J ~ 4 

':i~'I111~t~t1'UfJlJm'W'U1i 2550 f1.:J!~t1UlJm1f1lJ 2551 123 

iI " " I 

48 !fltl~~t1lJfiU~t1.:J'I11 '1umJu11'IJ~th'Ufi'ml~l'U~.:J'YllflfJtJ~':i1'lf1i1\J 

I a Q.I tI ~ 4 

':i~'Yll1~t~t1'WfllJm'YiU1i 2550 (J.:Jt~t1UlJm1f1lJ 2551 124 
q 

j/ " " , 

49 'fltl~~t1lJfi'U~t1.:J U1 't'Uu~u11'IJ.:J~h'Ufi"l'l1'l ~lU ~.:J'Yl1~fJ1Jm1GJf1i1U 
I 4 Q.I,J..:9 ...s 

':i~'Yll1~t~t1'UfJlJm'Yi'U1i 2550 fI\l!fltl'UlJm1f1lJ 2551 125 

" " " 1 

50 i fltl~~t1lJfitJ~t1.:J'I11 't'UAUJU 1i '\J~~htJ.yj 'rHl~1'U~.:J111flfJtJ~ ':i1GJf1i1U 

'a <V,J ~ 4 

':i~'Yll1~!~t1'UfllJm'W 'Uli 2550 f1\ltflt1'UlJm1f1lJ 2551 126 

"
q

" " , 
51 i~m~~tllJfitJ~~N ~h 't 'UAUJU1 i '\J~~hufi 111'l~1'U ~.:J111~ tltJ'l':i1GJfli1U q 

I a Q.I,J -=S ttl 

':i~'I111~!flt1'UfJlJ.f)1'YiUli2550 f1~!flt1'UlJm1f1lJ 2551 127 

" " " I 

52 'fltl~~'UlJfiU~t1.:JU 1't'Uulhl1 i 'ij'Hh'Ufi i'Yl 'l~1'U ~~'Yll~t11J'l'j 1'Jfli1U q 

I 4 Q.I tI ;dl a 
'j~'I111~!~tl'UfJlJm'YiU li 2550 fI~tfltl'U lJm1f1lJ 2551 128 

" " " , 
53 . 'flt1~~t1lJfitJ~t1,:nJ 1't 'UmJu1i 'ij~~h'W fi' 'I1'l~1'W~.:J'Yl1~t11J~'j1'Jfli1U

q 

f 4 Q,I tI ~.d 

':i~1111.:J!fltltJfllJm'YiU1i2550 f1~!fltl'U:lJm1f1:lJ 2551 129 
q 

" " " I 

54 , fltl~~tllJVitJ~t1~t11 '1 'U ull '111 i 'lJ~~h'Ufi t 'Yl ~H1'U~.:J 'Yl 1~t11Jm 1'Jfli1U q 

130 
iI " 'JI I 

55 'fltl~~t1:lJfi'U~m'l11 '1'Uullu1i 'lJ~~'h'Ufi i 'Yl 'l~1'U ~.:J'Yll~t1tJ~ ':i1'Jf1i1U q 

'4 Q.I,J eS 4 

':i~1111.:Jt~t1tJfl1Jil1'W'U1i 2550 f1.:JtfltltJWl':i1f1:lJ 2551 131 
q 

" " V f 

56 i~t1~~t1:lJVi'U~t1.:JU11'Uu~U1i'IJ.:Jdl'Ufii 'H ~~1'U~.:J'Hl~mJt1':i1'lrIi1U
q 

132 



<oJ , 

1l1'i'UWill'V't (fie)..
 

57 
JI 'J/ 'J/ I 

1~H)~1'l~1J'W'U~~'l'll1 '1 'Uuu'll11'tmf1'U'Vii '\-Hl H1'U 1l'l111~ ~1J~~1")j1i1i1• 
,~ QJ tI ~ ~ 

~~'H11'lt~~'UfJlJm~'U1i2550 f1'lt~~'UlJm1f1lJ 2551 133 

58 
SI " " I

1~~~1'l ~lJVl'U ~~'l'll 11'Uuu'll11'IJ'l"h'U'Vi''H~H1'U 1l,m1~~1J~~1'lf1i1i1• 
,~ QI rI ~ ~ 

~~'H11-3t~eJ'UfJlJ.f11'r/'U1i2550 f1'lt~m.llJm1f1lJ 2551 134 

59 

60 

61 

62 

JI " " ,

1~eJ~~eJlJVl'Ul1'eJ'lU 1t 'U uuu11'IJ'l ff1U Vi' 'H ~ H1U 1l'l111~eJ1J~~1")j1i1i1• 
l.a QlrI-<!l~ 

~~'H11-3t~eJ'UfllJm'r/'U1i2550 f1-3tll~UlJm1f1lJ 2551• 
" )I " ,

11leJ~~eJlJVlul1'eJ-:JU11uUUU11 'IJ-:Jff1U'Vi ''H~~h'U1l-:J111~eJlm~1'')j1i1i1• 
r a QJ rI ~.c:!I 

~~'H1VH~eJ'UfJlJm'r/'U1i2550 f1-:JtlleJUlJm1fllJ 2551 

" " " ,
'lleJ~~eJlJVl'U~eJ-:J'll1 t 'Uuuu11'IJ-:Jff1'U 'Vi''H ~H1'U 1l-:J111~~1J~~1")j1i1i1• 

,.a QlrI ~~ 

~~'H11-3t~eJUf1lJm'r/U1i2550 U-:JtlleJUlJm1fllJ 2551 • 
:II 'J/ j/ I 

111 B~~eJlJVl'U~eJ-:JU1 t 'UUUU 11'U-:J ff1'U 'Vi , 'H~ H1U .o-:J1111l~U~~1'lf1il'n 

135 

136 

137 

I '" OJ 0' <!l '" 
~~'H11-:JtlleJ'UfJ)jm'r/'U1i2550 U-:Jt~~'UlJmlfllJ 2551 138 

63 . 
'j/ j/ 'J/ I 

11leJ~~~lJVlu~eJ'l'lll1uu:JU11'\J-:Jff1U 'Vi''H ~ H1U 1l-:J'H1~~Uml'lf1ili1• 
I a W' tI .dl..:!C 

~~'H1VHll~'UfJlJm'r/'U1i2550 U-:Jt~~'UlJmlfllJ 2551 139 

64 
" " " J

'~B~~eJlJVl'Ul1'eJ-:JUl t 'Uuuull'IJ-:Jff1'U 'Vi 1m'l H1U i-:J'I111leJU~~1'lf1ili1• 
l.c:!t ClIo'.dl~ 

~~'H1NtlleJUfJlJm'r/U1i2550 \I'lt~~UlJmlfllJ 2551 140 

65 
!II " " ,

'~eJ~~~lJVl'U~eJ-:JUl '1 'U uu1111'U-:Jff1'U'Vi' 'H"'H1U 1l'l1111l~U~~1'l51ili1 
'a Qlt! c:!i~ 

~~'H11-:Jt~eJ'UfJlJm'r/'U1i2550 \I'ltlleJ'UlJmlfllJ 2551 141 

66 
" " 'J/ ,

'll~~~eJlJVlu~eJ-:J lhtuuu1111'IJ-:Jff1U'Vi1'H ~H1U 1l'l1111l~1J~ n'lf1ilU• 
,a (V rI .di..!l 

~~'H11"U~eJ'UfJlJm'r/'U1i2550 \I-:Jt~eJ'UlJmlfllJ 2551 142 

67 
" " 'J/ r

'~tJ~~eJlJVl'Ul1'eJ-:J U1t 'UUUUll'IJ'lff1'U'Vi'lWH1'U 1l-:J'I1111 eJU~~l'l51ilU• 

143 

68 
:II V 'J/ J 

'~eJ~~eJlJVl'Ul1'~-:J'll 1t 'Uuu'll11'U-:J ff1'U 'Vi , 11~ r-h'U i 'l'l11~ ~1Jm1'lfli1U• 
l.a Q.I rI .c9 ~ 

~~'I111-:JllleJ'UfJlJm'r/'U1i 2550 \I'lt~~'UlJmlfllJ 2551 144 

69 
" " " 1

'lltJ~~BlJYl'\.niB~111 '1 'Uuu1111'U'lff1'U'Vi 111 ~Hl'U i'll1 -111 ~U~ ~l'lflilU 
,a Q.I rI .e9 4 

~~'H11'llllB'UfJlJm'r/'U1i 2550 \I-:JtlleJ'UlJmlfllJ 2551 145 
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v , 
il'l'HJWfll'Y'l (VIa)

u 

y

'tno 

3J 3J 3J I

1fleJ~\P1eJ:l,l'wul'1'eJ~tJ 1'UU~U 11,,~~huYi1mu-hu,),m1fl flUr. J1'111i1U70 • 
f ~ Q,I tI ~ 4 146'j~l1Jl~!fleJufl1JfllWUli 2550 tl~!fltlU1Jf)ni'l1J 2551 

, >I • 

71 {1'll1~ltJ'UUlfl i mU'lfiJfl!~uYiw1JlumjtJ11'U~~huYi ll1~~lU 
" 

QJ QJ t:t' ~ QJ' tI ~ ~ 150~~'tlJfl~1J~HiflilU'j~l1JN!~flUfl1JfllWUli2550 tl~!~eJU1Jm1fl1J 2551 
• >I , 

{1'll1~ltJ'UU1~ i mU'lfil~!~uViW'lJl UH~tJ11'U~~huYi1 'tlmhu72 " 
QJ QJ t:t I ~ Q,I tI ~ ~ 151'l~l1J~eJ1Hl'jl'lflilU'j~l1Jl~!~tlUmJfllWUli2550 tl~!~tlU1Jmlfl1J 2551 

• >I , 

73 {1'1'tliltJ'UU1~ 1mY'lfiJ~!~uViw'lJiuH~tJll 'U'HYJuYi1l1~~lU 
QJ Q,I t:t I ~ Q,I tI ~ ~ 152'iJ~'tlJ~eJU~'jl'lflilU J~'tlJl~ ~~tlUf11JfllWU1i 2550 tl~~~tlU1Jm1fl1J 2551 

• >I • 

74 Cladophora glomerata Kiitzing YiW1JiUU~'Wll'U~riJuYill1~~lU 
Q,I QJ t:t I ~ QI tI ~ 4 153'iJ,mJ~tl1Jml'lflilU 'j~'tlJN!~flUf):lJfllWU1i 2550 tl~!~flU1Jmlfl:lJ 2551 

• >I • 

{1'll1~ltJ'UU1~ i mU'lfiJfl~~UYiW1J iUH~tJll 'U~riJuYil mwhu75 
" 

QI QI t:t I ~ QJ tI ~ ~ 

~~'tlJfHl1m'jl'lflilU 'j~'tlJl~!~flUf11JfllWUli2550 tN!~flU1Jtl'jlfl1J 2551 154 
• >I ' 

76 {1'll1':htJ'UU1~lmY'l1iJfl!~u-¥iw'lJluH~tJll'U'HhuYilm'l~lu 
Q.I QJ ~ I ~ QJ tI ~ 4 155'iJ,mJ~tl1Jml'lf1ilU J~'tlJl~!~tlUf11Jfl1WU1i 2550 tl~!~tJU1Jmlfl1J 2551 

• >I , 

77 Hyrodictyon sp.YiW1JiUU~tJli'U~~YJuYill1~~lu.ij~'tllfl~'IJm1'lf1il'U 
14 QJrI ~~ 156'j~'tlJl~!~tlUf11Jfl1WU1i2550 tI~!~WU1Jmlfl:lJ 2551. 

• >I , 

78 Hyrodictyon sp.YiW'lJiUU~'W1 i'U'HYJUYi ll1~~lU .ij,ml~~'IJml'lf1il'U 
• 4 Q.I rI & 4 157'.i~l1Jl~~~eJUfl:lJfl1WU1i 2550 t1~~~tJU1Jmlfl:lJ 2551 

{1'll1~ltJ'UU1~ imy Spirogyra spp., Cladophora glomerata Kiitzing79 
.J ~ Q,ltI dQJ.d 

~m~ Microspora spp. Y1'V'l'IJ1U~~eJUfl1Jfl1'V'lUli2550 ~~Lf)'IJ\P1JtJtJl~Y1 2 
>I • 

158luu~t111'U~~huYi I 'tl~~lU ,)~'tllfltl'IJ~'.i1'111il'U• 

{1'1'tl~ltJ'\JU1fll 'tltY Cladophora glomerata Kiitzing U~~ Microspora spp.80
 

~WuhH$ieJUf11Jfi1i'W;2550 \lflL~U\P1JeJ~VI~ 4
 
• q 

>I , 

158l'Wu~tJll'\J~~huYi ll1~~lU .ij·mlfltJ'lJml'l11il-Wq 

«l'tlhtJ'UUlflh1~ Cladophora glomerata Ktitzing U~~ Microspora spp.81 
• ' >I 

Yiw'IJ1U~~tlUfl:lJfi1yj''Wli 2550 'iJflL~'IJ~Jmh~Yi 6 'luu~ih l'U~ 
• q 

159 



lJ 
'Yi'Ul 

82 ffl'H'htl'\l'Ulfl'my Spirogyra spp., Cladophora glomerata Kiitzing 

H"~ Microspora spp. '\ltl.l~t~:lJtn~fl1·H1l1qJU'YIU~ 'Ut~eJUfl:lJfl1~Un2550 · .. ,
1I~tnU~';Hldl~Vl6 'umhhl'\l~ridU-ti''H''~lU~~WjfltlU,,'n;lI1ili1· . 159 

83 fflWhtl'\lU lfl'my Spirogyra spp., Cladophora glomerata Kiitzing 

'0 
u,,~ Microspora spp. '\lW~t~1Jtn~m'j"t1l1tyU'YIU~lUt~eJuf)1Jfl1'Wun2550 

· .. ,
lI~tnu~':mvwn 6 'hm~ull'\l~ridlJlil'H"fhlJ ~~'H'jfleJU"n;lI1ili1• • 160 

84 fflWhtl'\lUl~ 1my Spirogyra spp. ~'V'l1l1Ut~tlUfl1Jfl1'WlJ£2550 
· .. . 

,,~t~'I.1~·:mvl-:lVi 61Wt~Ull'\1-:1ridlJliimH·hu~~'H'jfltlU"n;1I1ili1· . 161 

85 
I 9 I 

ffll1'j"ltl'IJUlfl ~'Hty Cladophora glomerata Kiitzing u,,~ Microspora spp. 
· 
'Yi"'fU'lUt~ijUfl1Jfl1'Wun• 

, .. 
2550 1I~tnU~1eJ~1~Vl8 ilJU11ull'tJ~• 

161 

86 ffl'l·dltl'tJU1~lmY Cladophora glomerata Kiitzing u,,~ Microspora spp. 
, , .. 

Vi'V'lll'Ut~tlUfl1Jm'WUn• 2550 lIflt~U~lmh~Vi 7 iUU11ull'tJ~• 
162 

87 ffl'l1~ltl'tJUlfl1my Cladophora glomerata Kiitzing tm~ Microspora spp. 
· 

'Yi'V'llliUt~ij'Wfl:lJm'WUn
• 

, .. 
2550 'ilfl~~U~df)VN'Yi 9 iumjull'U~• 

rilU~''H''~lu~~wj~~uml'll'1ilil 163 

88 ff1'11iltl'UU1~ 1my Cladophora glomerata Kiitzing u,,~ Mierospora spp. 

· ".
Vi'V'lllhH~tlU~Ulfl1J 2550 "fltnU~ltldl~'Yi4 'lumjull'\l~• 

rilU~, '11" ~lU ~~'H 1~~Uml'll1i li1 163 
, .. . 

89 Spirogyra spp.'Yi'V'lU1'WH~Ull'\l~ril'Wl11 'H"~1'W ~~'111~~1I"'j"1'll1ili1 

9 '" d
~'Wt~f)'W1J'Wlfl1J 2550 164 

90 ffl'l1 ~ltl'lJ'Ul~ 1'I1tY Cladophora glomerata Kiitzing tm~ Mierospora spp.· 
Vi'l"lUiw~eJ'Wij'WlfllJ 

, .. 
2550 "~HnU~TeJV1~'Yi 71'Wmlull'U~• 

164 



91 ~1'H'i1~"l'\..n~ l'HtY Oscillatoria princeps Vaucher ~YlU 

1'\.JI~fl'\.JI:U'l:J1fJ'\.J 2550 ~~lfhJ~1fl~1~~ 61'\.JllliJ1l'ij~ 

rl1'\.J~1'H(;l~1'\.J~~'H1~flUm1GJfli1U• 165 

92 ~1'Hi1fJ"l'\.J1~ l'HtY Cladophora glomerata Kiitzing, Microspora spp. 

d 'I "I 
1I(;l~ Oscillatoria princeps Vaucher 'YI'VlU ~ 'U1~'el'\.JI:U1J1fJ'\.J 2550 165 

. " . 
\)~IOUIOi1mh~n 6 i'\.Jmhl11'V~rl1'\.Ji1i'Hm·h'\.J~,mi\Pl~u(;l~lGJfli1U• • 

93 d "" Cladophora glomerata Kiitzing 1I(;l~ Microspora spp.'YII\)~ty(;l\Pl(;l~II(;l~ 
, v v I 

.c::::.. ..::::.. ~ fj/ 0 .c:s ..:::::.. ... 1 
1~:Ul'llfJ 1J~I1WYl'\.J'YIfl~'\.JllIll~ Oscillatoria princeps Vaucher 'YIlll~tyuf1j1)'.!:U 

I v jI r iI v 

~1'Hi1~'\J'\.J1\Pllmuflri:uV'\.J H(;l~"flfJ;j'\.Jri~hw1!iJm~'\.J~fl~U1flmUm'\.J 
tI q cu cu . " 

1mJYlui'\.Jl~fl'\.JI:U'l:J1fJ'\.J 2550 \)~IOU~1fl~Hn 61'\.Jllliu11'V~. 
ri1'\.J ~ 1'H (;l ~1'\.J ~~'H1~ ~U i:l1 1GJfli 1i1 166 

94 ~1'Hi1tl'tJ'\.J1\Pl''HfY Cladophoraglomerata Kiitzing Il(;l~ Microspora spp. . . " 
l1Ylu1'\.J!~fl'\.JYlqfY~mfJ'\.J 2550 ~~IOU~1flci1-:jn 1 1Wlli1111'ij-:j 

rl1\J~ 1'H(;l~1'\.J ~~'H 1~~'lHl~lGJfli1U 167 

"" " 
() 95 fl11:U'r.Y:u~'\.J ;'V~-:j i~'el~\Plfl:U~'\.Jl1'fl-:j111GJfQ\Pl!~'\.J 1I11~fltumYl111•" . 

l'UH~(;l~I~mJ 1'\.Juliu11'V~rlJ'\.Ji1 i 'Hm,h'\.J ~~'Hi~flUft~lGJfli1U• 

~~ld1-:j!~fl'UfJ:um~'U; 2550 ~~I~fl'\.J:um1j1):U 25511'UH~J11'V-:j 

ri1'\.J~i'H(;l~1'U~~'H1~tl'IJi:l11GJfli1U ~~Wjl-:jI~~'Uf1:umw'\.J1i 2550• • 
"'l "I 

fl~!~fl'U:um1fl:U 2551 173 
.. . 

96 fl11:Uff:U~'U 1i"l'el~'Vl1~ liJ!\Pl~;~l~"ll '\.J1I~u11 'V~rlJ'\.Jn i 'Hm,hu ~~'Hi~ 
..c:s f ~ Q,I d' ~ ~ 

flUi:l11GJf1j1'U ';i~'H11~!\Plfl'Uf1:umYl'U1j 2550 fl~I~'el'U1Jm1fl:U 2551. . 174 

97 
Q,lQld' .~ 

fl11lJ~1J'Vi'Uli~~'H11~';i~lIft~'V~~Nitzschia palea (Kiitzing) W. Smith u'l~ 

" " .
tl~:lJ1tu 1'U!\V1';i'YI 1 'U 1\Pl';i11l'U'U'el~Ul1 '\.Juliu1l'U~rl1'Un, 'H(;l~l'U~~'Hi~ 

.c:S ,~ QI d' ~ ~ 

tl'IJ"~lGJf1j1U• ~~'H11~!\Plfl'Wf1lJm'Yi'\.J1i• 2550 fl~t\Pl'elu:um1fl:U 2551 175 

98 tl~:U1tu~1'H'hfJ'Vu1\Pl1m1i Spirogyra sp.l ~~m1:U-ff:uwu;tiutl~:lJ1U1 
.. . 

1UI\Pl~'YI1 U l\Pl';i!llU i'\.JmJ1111'V-:j riJ'\.Jn1ml~lU~~'H1~fl'IJi:l11GJfli1ij• ';i~'Hl1-:j 
"I .,,, "'l "I 

1~~'Uf1lJ.fll'Vl'Uli2550 fl~!~'el'\.J:Ufl';j1fl:U 2551• 176 
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• • 

• • 

v'tun 

99 1J~:IJ1tlHn'l1~ltJ'UlJ1f1 1'I1qj Spirogyra sp.1 ~iJfl111J~hJ~lJnn'lJ1J'hmu 
., , 

~~ltl{11iv.J~fftrJ~ 1lJU1.h111'U~ ~hlJVilm'1N1lJi.:mlf1~'lJ~'j1'lf1il'W• 
,oil:!! cv G' ..::9 oil:!! 177'j~'I11N!f1~lJfJ:lJfl1'VllJ1i 2550 (l~!~HllJ:lJm1flll 2551 

100 1J~:lJ1Wff1'11~ltJ'UlJ1f11my Spirogyra sp.1 ~iJfl11:lJff:lJ~lJnn1Jfi1fl11:lJ~f) . ." 

Vi!!ff~fftl~i1~1lJmju11'U~ ff1lJVi 1ml~llJ ~~'I11f1t1'lJ~'j l'lf1il'W• 
I ~ QI,J..::9 ~ 178'j~'I111~!f1'OlJl1:lJfl1'VllJ1i2550 (l~!f1'OlJ:lJm1f1:lJ 2551 

101 1J~:IJ1W ffl'l,d1tJ'UlJ1f1 hfqj Cladophora glomerata Kiitzing . ., 
fiiim1:lJff:lJl~'lJl1ntJ1J1:lJ1W 1lJ!~TYl 1lJ l~'jllllJ1lJmju11'U~ 

ffdlJ~111~ ~llJ~~111f1'OtJ~'j1'lf1i1i1 'j~Wj1~1~~lJf):lJfl1~lJ n 2550 

~ <!i 179
()~If1fllJ:lJm1f1:lJ 2551 

102 1J~:IJ1Wff1'11~ltJ'UlJ1f1111qj Cladophora glomerata Kiitzing . ., , 

fiiifn1:lJfflJ~lJl1n1J1J1:lJ1W fltl{hvltlfftv.J~ 1lJll~U11 'U~ ff1lJYill1~~llJ 

103 1J~:IJ1W ff1'l1~ltJ'UlJ1f1 1my Cladophora glomerata Kiitzing 
I ,j}, 

fiiJtl11:lJfflJ~lJl1n'lJfi1m1:lJ~f)fillff~fffl~i1~i lJll~U 11'U~ ff1lJVi 1 '!'HI~llJ 
QJ Q,I .c:S r ~ QI,J..::9 ~ 181~~'I11f1~tJ~'j1'lf1i1lJ'j~'I11Ntf1fllJfJ:lJfl1'VllJ1i2550 t:Ntf1fllJ:lJm1f111 2551 

104 1J~1J1W ff1'11~ 1tJ'UlJ1f1 i my Microspora pachyderma (Wille) Lagerheim . ., , 

fiiJm111if:lJl~'lJnn'lJ1J1:1J1wllJl~'j'Vl lu 1191'jlllUiU!!~t111'U~ ff1Ufi
 

1'I1mhu i~111f1fl'lJm1'lf1i1i1'j~'I1';h~t~t1Uflllfl1~U112550
 

~ <!i 182
(l~tf1flU:lJm1f1:lJ 2551 

105 1J~1J1Wff111~ltJ'lJU1f1 i my Microspora pachyderma (Wille) Lagerheim . ., , 

ViiJfl111Jff1J~Ul1n'lJ1J1:1J1ruflfl{hvlflmv.J~ i Ull~U11'lJ~ ff1uVi 

, 11~~lU ~~111f1fJ'lJm1'lf1i1i1 'j~rd1~t~fJU flllmYlU 11 2550 

183 

180 
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lJ'tnn 

,j~:JJ1Wffl11'htJ'U'Ulf11 my Microspora pachyderma (Wille) Lagerheim 106 
I ,tI, 

Viiiw:l1:IJ "hJ'w'Unti1J~lml:IJ~t1Viltff ,rdv~f'i~ 1'UlI~th 1'U~ ff'J'UVi' M~~l'U 
QJ QJ d I ~ QJ tI .ci ~ 
\l~M1f1V1J~il'1f1il'U ':i~'I11N!f1V'Ut1:IJfl1'V'/'W1i2550 fJ~~f1V'U:lJmlf1:IJ 2551 184 

0' "" ",1 :., 9J ,,1 
H'Vi~~ fl\91 ~'W 'Vi'lH'I'f1 ~ ~f1'U1J~'lffJWfl1'Vi'U l\911:IJ i~ f11JfI~ 1t'U 'U (f1~ It 'W 'U 'W VtJ1J~'If107 

" "" 241f1Wfl1'ViUl~ f1~It'U'W:IJ1t1'l1~~flWflTVnJ1,~~) 



• • 

• • • 

v ,

'UnfI fum 

tq ~ !)1 0 r GJ 1 " " fl11'lJlH'llf1'lHl1tJ'\J 'f).:I !~'f)~ 1'1 'f)'lJl'fU 'YI 'f).:I'U 1UrI~ "1'111 11tJ '\J'U 1~ !'Yitl! 

" " .
UrI~fltu.fl1'VrU1 i 'UH'l.hJ11'\J.:Iril'UYi' 'Yirl ~1'U~.:I'Yi 1~'f)Url11"ll'li1il 

i ~tJ : tJ1tyty1 ~rI i'f\.l 

~'f)tJ1tyty1 : tJ1"ll'ty1~'I:l~Utucl1l'1 

"1'1 '\J11"ll'1 : !'YIfI i 'U hti~l.fl1'Vl 

" " " f)11 fff1'1:l1fl11'lJ 'Yirllf1'YirlltJ'\J 'f).:I 1~ 'f)~ 1'I'f)'lJ~m1' 'f).:I '111 Uri ~ "1'1'Yi 11tJ'\J 'U 1~ i mui\.l U:J'I11 
" 

1'\J.:Iril'U~''Yirl~1\.l~.:I'Yi1~'f)U(l'j1''ll'li1il 10 'il~ 1~l'i11.:1 1~'f)'Uf1'lJ.flT~''Un 2550 U.:I!~'f)\.l'lJm1f1'lJ 
& 111 ~ rp 0 Q.J ~.eo I 1IJg,I I " " " 2551 ~rlf)1'jf1f1'1:l1'VlU !~'f)~I'I'f)'lJ'Vl\.l'YI'f).:I\.ll'Y1.:1'Yi'lJ~ 307 "ll'\.l~ "ll''U~!~\.l !~!lf1 Gomphonema 

lagenula Kiitzing 1'f).:IrI.:I'lJ1~'f) Navicula rostellata Kiitzing, Nitzschia palea (Kiitzing) W.Smith, 

Luticola goeppertiana (Bleisch) D.G.Mann, Nitzschia liebetruthii Robenhorst, Sellaphora pupula 

(Kiitzing) Mereschkowsky, Navicula erifuga Lange-Bertalot UrI~ Cymbella tumida (Brebisson) 
. " 

Van Heurck 1'I1'lJ~W1U '~'f)~I'I'f)'lJYiih!'Ul11!'lJ'il~!~\.l"ll'ii~''Yi:Jihl.:1lnJ~ 3 'Mii~ '~wi Geissleria 

sp. UBU-MK1, Gomphonema sp.l UBU-MK2 UrI~ Gomphonema sp.2 UBU-MK3 !lrl~'~'f)~I'I'f)'lJ 

d"" i 'j/ ~ GI ' ~ ,
'YI'lJU'Ul \.l'lJ!1J\.l variety !'Yi'lJ 1 variety fI'f) Pinnularia divergentissima UBU-MK4 'VlU"1'11111tJ 

lSI' .e..d~ Q 1 ~ ~.e. ~ 
'\J'U1~ Al'ity 38 "ll''U~ 'YI!1J\.l"ll'\.l~!~'UfI'f) Spirogyra spp. C)f.:l'VlUl'irlltJ"ll''U~ 1'f).:IrI.:I:lJ1f1'f) Cladophora 

glomerata Kiitzing, Microsporapachyderma (Wille) Lagerheim Uri:;: Microspora sp.l UBU MK5 

1'I1'lJ~lflU "1'1l'i11tJ'\J\.l1~ imY~ijU\.ll i U'lJ!'ll\.l'Mii~ il'i:Jij 1 "ll'ii~ ~'f) Microspora sp.l UBU MK5 
" ". 

fltu.fl1'VltJ 1i \.lU~rI:;:'YImJ~!~m'l'f)~l.:1 i \.lU:Jt1 1i '\J.:Iril'UYi 'l'irl~1\.l~.:Il'i1~'f)Um l'MliTWii 
q q q q 

" " fJw.fl1'Vlt11iml/!~tJ.:In'U ~'f)ijfJW.fl1'Vlt11tJ1'Uf1rll.:l ij"1'11'f)1'Yi11tJ1'Uf1rll.:l (mesotrophic) '~uri 111'U 

'U1!JJ'f).:I 1~tJ1f1HC)f.:l 111\.ll'lllJtJ 111\.l\.l1"1''U1'lJ ml.:Jl'lrll~ i\.l!'YIffUlrltl1l.flm'\J'lJ'j1~ Url~l'i1~1~1'111 
, " 1 " 

~~Yi ~~!~'UU 'Yi~.:J'I11YiijfJtu.fl1'Vlt11tJ1'Uf1r11.:1U.:J ':J~ lJ "1'11 'fJ1'Yi ntJ1'U f1r1HU.:J ~.:J (mesotrophic to 
11) 91 • I 'j/ 'j/ I 'j/, 'j/ 'j/ lIJ 1 

eutrophic) I~Uf1 Uf1.:1"ll'l.:Jl'i'lJ'f)U Ul'UfJ'lJ Ul'U~l'UUrI~Ul\.ll'iltJ !~ 



H"tlli ltfli1~"r'YI1~ fffl~nfl fJ 'I.~'lfU flttr:l~U1:lJ1W ~ 'fN ff1'11 i1fJ~'U 1fl 'I. '11 \\ii'lll n'IJ fJWf11Yl 
.. .. .. 

tJ1t'UU~,,~ ~flt~'IJ~TeJ~l~ Yl'IJ';h 'fltJ~~tJll~'U~tJ~tJ1U"~ff1'11i1fJ~'U1fl t '11 qj'l1r:11fJ'lfUfl ff1:lJ1ifl .... ....• 'I. :lI'l ' d • lIJ:lI,. lIJ a 31 • .
'U1:lJ1 'If A'Utllim'lffJWf11Yl'U1 ~fl tflfJ ~fltJ~~tJllYl'U'YItJ~'U1 Cymbella tumida (Breblsson) Van 

io'io' , io' 
$l~:i1 Qld.loe::::Iodoe::::l °",1

Heurck tt"~ Navicula erifuga Lange-Bertalot ff1:lJ1ifl 'l 'll't1J'Ufl'll''Um'lf'U1'Y1llfJWf11Yl'U1u1'Uf)r:I1~ . 
.d ",I ' .d 131 I
llff1im'l11iu1'Uf)"1~ tt"~f)'Jll'YI 2 flttf) Cymbella turgidula Grunow, Gomphonema clevei var. 

javanica Hustedt, Luticola goeppertiana (Bleisch) D. C. Mann, Nitzschia liebetruthii Rabenhorst 
.." .

:ll~ .... d'd.dd "I &lIJ'd 
tm~ Nitzschia palea (Kiitzing) W. Smith ff1:lJ1ifl 'l 'll't1J'Ufl'll''Um'lf'U1'Y1llfJWf11Ylu1'Uf)''1~tN~llfl 

d _I & 1:l1 I 'I' 
llff1itJ1miU1'Uf)r:I1~fl~~~ fl ff1'11i1fJ~'U1fl A'Hty Spirogyra sp.I, Spirogyra sp.2, Cladophora 

glomerata Kiitzing, Microspora pachyderma (Wille) Lagerheim tt,,~ Microspora sp. ff1:lJ1ifl1'* 
, '" io', io' 

t~eJti~;tmri~tJ1'Vi)j'flWfl1YltJ1U1'Uf)r:I1~ )jff1immiU1'Uf)"1~'~ Oscillatoria princeps Vaucher 
• io' io', 

'l3la'd '.dd _, &lIJ'dd "' & lIJ:lI
ff1:lJ1ifl A'lftYleJ'IJ~'lftt 'I1"~'U1'Y1llflWf11Ylu1'Uf)r:I1~fl~ ~llfl llff1immiu1'U f)"l~fl~ff~ tfl 

• OJ 
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Samples were collected from 10 stations in Mekong river in Ubon Ratchathani, 

Thailand, during February 2007 to January 2008 for studying on diversity of benthic diatoms and 

macroalgae. Three hundred and seven species of benthic diatoms were found. The majority of 

them were Gomphonema lagenula Kiitzing, Navicula rostellata Kiitzing, Nitzschia palea 

(Kiitzing) W.Smith, Luticola goeppertiana (Bleisch) D.G.Mann, Nitzschia liebetruthii Rabenhorst, 

Sellaphora pupula (Kiitzing) Mereschkowsky, Navicula erifuga Lange-Bertalot and Cymbella 

tumida (Brebisson) Van Heurck respectively. Three species of benthic diatoms (Geissleria sp. 

UBU-MKI, Gomphonema sp.l UBU-MK2 and Gomphonema sp.2 UBU-MK3) trend to be new 

species. Pinnularia divergentissima var. UBU-MK4 trend to be new variety. Thirty eigth species 

of macroalgae were found. The majority were Spirogyra spp., Cladophora glomerata Kiitzing, 

Microspora pachyderma (Wille) Lagerheim and Microspora sp.l UBU-MK5 respectively. 

Microspora sp.l UBU-MK5 trend to be new species. 

Water qualities were similar in every sampling sites, which in moderately or 

mesotrophic status. Ban Na Muang, Pak Seang Temple, Ban Ta Mui, Ban Na Sanarm, behind 

Municipality Market and Wigittra Beach had moderately water quality or mesotrophic status. 
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Chang Mop Cataract, Ban Koom, Ban Dan and Ban Huay Pai had moderately to polluted water 

quality or mesotrophic to eutrophic status. 

The Multivariate Statistical Package (MVSP) version 3.1, particularly Principal 

Correspondence Analysis (PCA) and Cluster Analysis were used to determine the indicator 

species for water quality. It was found that benthic diatoms: Cymbella tumida (Brebisson) Van 

Heurck and Navicula erifuga Lange-Bertalot could be use as indicators for mesotrophic status, 

whereas Cymbella turgidula Grunow, Gomphonema clevei var. javanica Hustedt, Luticola 

goeppertiana (Bleisch) D. C. Mann, Nitzschia liebetruthii Rabenhorst and Nitzschia palea 

(Kiitzing) W. Smith could be used as indicators for meso-eutrophic status. Macroalgae : Spirogyra 

sp.l, Spirogyra sp.2, Cladophora glomerata Kiitzing, Microspora pachyderma (Wille) Lagerheim 

and Microspora sp.l UBU-MK5 could be indications of mesotrophic status. 
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lJ'YI'YI 1 

lJ'YIlh 

., ., 
mh.J11'\J~ltl'WU,jU1~1~''I1tY'\Jfl~ 1~tl tI11th~1J1Ol 4,909 nhllJlPl';j tJl1ItlW)'W1l'lJ 10 
"1 'JI iI jI 

'\Jfl~ 1~tl iiYi'Wn~lJU11h~1J1Ol795,000 IPll'n~n1~11J1Pl';j ''Wl'Jtl '11J tJ~1J1OlU1'lltlll,jU11'\J~1'l1~~~ 
I '" 131 ci.c9 d' -=Sj}: Ie:, ~ ~j}

~'Vl~m'l'W IPlm~t1~~(l~ 475,000 m'W~tl1JlfftlllJlPl';j 1J1Pl'W'W1fl~'lJ'Wfll'\JHyJ ~1'W'I1'W~'\Jfl~I'Vlfltll'\J1 
qJ '\I cu cu '\I cu , ., ., 
M1Jl€ltllJ'W n';j1lJ~ ~V11 'lJ1Pl 1'\J1Pl ~~ Wr~'I1 tiClf lJOl cym ij~ i 11 lh ~1'V1ff~'W 1~t1iill,jU1'l1f111~~1l,jU1fl1f1

cu cu cu '\l cu 
• 'JJ I , 'JI 

1'I1~1J1';j 11Jtl'W ii~m~ t1tll~'Wf1l'l41'\J eJ~ 1 'l'l~fl ;~ Itl'W'If'W'ln~nfl1fftlflti~1J u,ju11 '\J~ t 'W ~'Wu~'Wi1lJ.. 
~ I • ': 'jJ 9J a .c1.c1 , I : do ~ I : ,Slri .cd 

~fl~u'W'W111 "UlJ'W1m'W'1f1~" 'I1';jfl'lf11'l'Wl';j~m1 "1l1J'W1'11~1'W9f1~" 9f~f1111J(l~ UlJ'W1YI m~I'lftl1 ., 
m1tlll,jU11'\J~1'l1~~1'W 6 tI';j~l'V1ff ~fl ~'W 'Vl,j1 ''l'l~ m1 tllJl.:i'lf111~~1'l1~~1'Wlm~i'l1~flfltl1l1tl 

., . 
ejtl~'W11JM~'l'l~ m ~'W'~ ~fll tI u,ju11'\J~ri1'Wn1 '11~ H1'W lh~l 'VlffhJtliif1111Jtl111h~1J1Ol 976 ., ., 
n1~ 11J1Pl';j 1~1J1I1tlfllf1l'11U fln'lJ~ idOl ~~'I11~1;~~';j 1t1 1I1tlU'W1'I1~I;j\dtl';j ~1'Vl ff~11 ll~~ 1'11~ tl€llJ1J1.. ., ., . 
~1'W tI ';j ~ 1'V1ffl 'l'ltl1 ~ t1llj'U 'Vl ';jlJll~ 'W tl'W ';j ~'I1-jN i 'l'l tlll~~m 1fltlfl i'~ I~ 1.1 1I1tl ~~'I11~1~ tI l1 'W fl~mtl 

'Wf1';i'Vl'W1J lJtl~lm';j ~1'W 1m'l~ru Im~fllJ~';j1'1fli1'W ';j11J';j~t1~Yl1~~ 1'I1~~1'W ~~'I11~fllJm1'1f1i1ihil'U 
q v II q 

,., jI ii, 

';j~~~'l'lNlh~1J1Ol 150 nhllJlPl';j Ol ~~l11~fllJm1'1f'li1iHhtl'W1l~i1'W~~'\Jfl~II,jU-11'\J~~1l1~~,h'W 
q q q 

lh~I'Vlffl'Vltl1~Wl'l1~tl€llJrilh~1'V1ffm1Utlf1f~l1~~.. Ol lJ~I1Ol ,r1'W~1'W ihlf1fl1'\J~I~tIlJ ~~l11~ 
., ., 

fl1Jm1'1f'li1U 1l,jU11'\J~iim11Jl1~ltll1~1t1'\Jfl~l'i'W£VJ'lf u~~l'i'W£tlm1J1tl II,jU11 '\J~ ~~ 1~-j1iim11J 
., 

l1mtll1mtl'\Jfl~'lfU~l'i'U f tlm1J1tlltlW)'W1l'lJ 3 '\J fl~ 1~tl ';j fl~ 11ltlll,jU1 fl~llJ9ffl'W''W 'l'l1tl mlJ~tll'~ 
., ., ., 

11~~U,jU1119f{' 'W'Vl1tlIWyJ~tll ll,jU11'\J~lPlfl'WlJ'W 11~ i ~i'lJU1111tltll';j ~~~ 1t1'\Jfl~fll '\J1i11J~ Itl'W ri1'W.. . .,. 
t'l1tY IGJf'W 'iJ1tllY1fltll'\J1i11J~l'I1,jtl~ ''W1l9f~tl1~1 ri1'WlPlfl'Wri1~i~i''lJU11l1tllYieJfIl'\J19i1~ '1 ~imlM 

,., iI ,., I ,., 

~U,jU1~1'\J1'\Jfl~U,jU11'\J~';j11Jli~\lltl~U''Wq~1J';j~pJIPl~1'WlPltll~t1~'~tll';j~1l,jt111'\J~l~ll1mh'W . ., 
f11JtJ';j ~ 1'Vl ff~lllPltl9i1~ tl'W 1J1tl1J1t1~~ 111'-H'11,jt111'lI~iifl111J'I1 ~ 1tl'l1 mtl'\J fl~'Vl i'Vitl1m 'Ii ';j ';j 1J'lf1~ ii.. 
fl111Jl1 ~1 tll1 (11 ~'lI fl~ ~1l1 ~1t1 Yi'lfll~~ tl (11~l1 ~ltll1~ 1t111~ ~ fl~lJ ~1.1 lJ ';j Wiif1111.1 1l11J1~~1J~ fl 

q .. 

I ,., 'jI I iI 

"g ~ '" '" "''''''' ... '" ~ '" "I ~ ~ ~ '" 31 9
tl1';jfftl'l41m'Wm11J'I1~ 1tl'l1mtl'Vl1~'lf1fll'Vl'\Jfl~~~1J'lf11Pl'l'l ~'W 'lI mol ~'Vl t ~ 11 ~llJ'W'\Jfl~ ~llJfl~IPlU t'W tll';j 

... 0' , ~tI '1 0'... '" I c:, "l "I ~ I "Itl 
fl'W';jtl'l4lm~ 'If ';j~ ttl'lf'U'lltl'Vl';j'VW1m'li';j';j1J'lf1IPlVtl1~t1~t1'W b\PllPlfl t• 
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ffll1 i1 eJ (algae) l~ 'U f)~1J~ ~ij;il'l~ ff~l~ tlll1 n!~Hl~ Ubl ~ H~l'Itl tlf)elfl 'il U ~1l-1 
Q,f tI I .::I r QI ... 1 ~ til:! 

m~'IJ1'Uf11lff ~ lflll~l1Uff~ ffll1l1eJ1J 'IJ'U WI UI'lf)l'Il~ flU 1J1 f)tIl 'ilu 1 ~f)tl'IJ1'I1mcllblblll'l eJ1'IJ'U 11'1 'lJtl ~ 

lClfbl "'l~ f) 1 f)lll~eJ~ n'IJu'Ufl'Vh1 eJ ffll1 i 1eJ'IJ1~ 'lliiI'IU 1 ~ f)tl'IJ~1eJlClfbl '"l1 bll tllClfbl '"~ ij f11l il'lt1 eJ~ I'i1n'U 

t~Ut~'UffleJ l11tllfl1 blU U~V~ '~ijf11n11Jn'Ul11m~~'Ul'IJtl~f)~1JtClfbl"'1J1111Jn'Ul~'Utiftltttlttbl~ 
" 1)1 " QI do g)d Q/!V ldo lI1i1GJaQ,l 3JGI loa oIIC::l 

tl1eJ1~'Vl'Vl1l1'Ul'Vllln'l1~Ubl~Clf'IJClftl'Ul'll'U 'Vl'W'IJ 11'11'U'W'll'll'U~ ~ tlf1l1'U I'Uff1l1l1eJ'U l'ilI'l'lJ1~'ll'U I'IUbl~ 

ff1l1i leJ'Vl~1mh'U111 tY 'il~ijl1mrff (thallus) ~ 1~1Jijf)WW~'UlUbl ~ f11 nl1~ 1'U i11J n'U 'IJ tl ~ f)~ 1J IClfbl "'~ 
dQl GI ild QI d It)ilGl a t r ~ a 0 do ... 1 do ~ 0' 
1Jblf)'l:JW~ If)bllfleJ~f)'IJ'Vl'W'IJ !I'I ! U'W'll'll'U~~ 1'll'U t'UtlWtlb11lM~tl1l11lul~tfl'VlClf'W'Vl1'IJ (sieve tube) 

.d 11) ~'1 .J '" '" ~ ~ ~ "l ~ 
'Vl 'W 'IJ 11'1 I'U Macrocystis spp. Clf ~ 'IJ 'U 11'1 'IJ tl ~ 'Vl bl bl fftll 'il eJl1 \l ~ l1 b11 eJl tl eJ~ 1'1 Ubl~ fl b11 eJ'W 'll'll'U ~~ 

" ffll1 i1mll 'U tIll11l 'IJ tl~U 'Wbl ~ 01'1 tlmrI'l1Ubl~~1'I1U 1'IJ 'U 11'1l~ f) Ubl~ 'IJ 'U 11'11l1 tY ffll1 1'IJffll1il eJl 'U 

" . " 
U~U 11 'IJ~'l1ij f11l1 'il i tytJeh~t~'U ~I'I !~llri ffll1 ileJ'IJ 'Ul1'l1l1 tY (macroalgae) I'If'U f)~1J'lJtl~I'Vl1U 1 

" (Spirogyra spp.) Ubl~!f) (Cladophora spp.Ubl~ Microspora spp.) 'Utlf)'illf)Uv~ijff1l1ileJef)f)~1J 
~dCl-=9 QlQI ~3J :altJ ,ljl: d 0 GJiI 

l1U~'Vl1 'illtyeJl'Ilf11~f)'IJ1I'1Q'W'U'Vltl~'Ulfltl Il'Itl~l'Itl1J'W 'U'Vl tl~'U 1 (benthic diatoms) 'Vlffl1J1l\l 'Ul1J11 'll 

, " "" " 
t~tlt~'U~'llutl~;fJWm'W'lJtl~u~Ul1 'IJ~'~ l1~U '~tfleJijf11l Ulffll1 ileJ'IJ'Ull'lll1 tYltb1~ !l'Itl~l'Itl1J 
")1 " 'JJ •)1 'JI 'J/ 

~'UVltl~Ul1J11 tt~'U~ 'llU;ll'1flwm'Wu l'IJtl~Ul1ri~Ul!l1 bll'UU~U1Ubl~~11illl1fflf1illl1~1 'U Ul~I'VlfY
• u 

" " " 
! 'VleJUbl~~l~U 1 ~!'¥IfY tIlVh'lf'U Margarita (1994) 1 t!1'I tl~l'Itl1Jt~'U ~'lli'1;11'1f11l U'U tUtl'U 'IJ tl~U~U 1 

Rio Gran de Tarcoles basin Ubl~ Savergre basin l'U Costa Rica l'U tlt1Jif11f)b11~f11lftf)'l:Jl'IJtl~Rott 

'J/ 'JI " 'JI " 

(1995) ~~'Ul!l'Itl~l'Itl1J~'UVltl~Ul11l'U~'llU;1I'1fJWm'WU11'Uu~Ul l'Uufl~'U OntarioGrand 

-=9 It) g) iI QI d.~QI ': 3J ltJ d QI d.~
1h~t'VlfYllfl'U'UlI'11f11lfYf)'l:Jl Kelly (1998) Il'lffl1~1'I'll'U'll1I'1fJWm'W'Ulll'leJl'llIl'Itl~l'Itl1Jttl'UI'I'll'U'll 

" . 
1l'1fJWfll'WUl (Trophic Diatom Index,TDI) Ul~iY'Vl~ (2541) !~ftf)'l:Jlfl111Jl1b11f)l1blleJ'lJtl~ffll1iltl 

" 'IJ'UlI'11m;Uubl~t'IJ'UVlmibl ~1 'U ~lU1U~ffl i~l111'11;eJ~ 1l1~ l~l1'h~t~tl'Uij'Ulfl1J 2540 - f)1Jm~'U,r 
u • 

d Q,I' ':QI 

2541 'illf) 6 ~1'Itf1'IJ1'I1tleJ1~ I'Il1Jl~I'I'lJml1J~~'illf)'Ul'Vl~lbl 650 - 1,075 11Jl'll 

" " ~l'UiieJi'1 '~yhf11lftf)'l:Jlml1Jl1 bllf)l1b11eJ'lJtl~ff1l1ileJ'IJ 'Ul 1'11m;UUbl~!1'I tl~l'Itl1J~'U Vltl~ 
u 

)I )1, • 

ul1'Uu~Ull'IJHh'Ul1'l1bl~1'Utlltfltlt'IJ1J11i f1~t111fltl'UlI'11bl Ubl~flllfltll'IJ~I~eJ1J l'Ui~l111'1 
d.J ~'t <> I '" '.1 11).1 .1 <> ~ 

tl'IJb111'll1i1'U Clf ~t'U'U 'llleJUI'I 'U 1'11'11'1 tlf)'U 1~l111~ul ~!'¥IfY I'VleJUbl~ul~I'Vl fYb111 'U tlf) 'illf) 'U'IJ 1 nru'lJ1'U• 
. ".J"" " 

~1'U ihlfl tll 'IJ ~l~ eJ1J V~ I~ 'U ~l'Il1Uli UllJ blClf~lll'UU~Ulffl'IJ1'IJ tl ~U~U 11'IJ ~! l1 bl1J 1'IJ ll'il'IJn'IJU~U 1 
'JI 1 'JI f 

1'IJ~ubl~'IJinwuijHlmrf)'l:JWl1t~'U~l'Ifltl UliUll11Jtl~I'l1'Ut~'U 2 ff fltll'IJ~ff~'UUI'I~ lJblffflll1J 

'U tl f)'ill f) if'U 'IJ i 11 WifV~t~ 'U ff\ll'U ~ l'i tl ~ t~eJ1 'ill'l ffl f1ill e f) 'il1'll1d~ 'IJ tl~ i ~ l111'1 tl'IJbl11'll1i 1 i'1 'll1J'll'U~ 
q u q q q 

. " " 
til fYeJmi'IJinw i1JH~'lJtl~U~Ul1'IJ~ !~1'IJU1~1eJ'll,r1J1f)1JleJ'illf1ltliul1'IJ~tIlvh'lf'U ~1'U f111Ul~m 

'U 

f11lf1iYml1J tf1'l:Jl'llml1J f)nl'itl~t~eJ1Ubl~f11lfl1J'Ulfl1J1~'U~'U,. 
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., ., 
lJ eltl'O 1tllj.~ llJ l~tdM'-:I'~'l! 1,jmJ'lf1111JlHl1tl'llVU'l~~ llJ1lJ'tJel-:l ff111'hV1/lJ WI 'tmu 

'U ... 

, eX!)1: ~ rI QI rill D 9/s'f e:!J'Q./ ~QI QI

U'l~ 11 el~~el1J 'VllJ l'1 el-:l lJ 11J 11!f1 'j 1~11111 f1111J ff1J'VllJ 1i!'Vl ellJ 11J 1't 'lHlJlJ 11 "ll'lJ 'l1111 U'l~ ~ 11 ~ 11J 
., ., 

~'j1'OffellJfJWfll'Vl'l! 1'tlJmJ'l! 11'tJ-:I (Mekong Trophic Diatom Index, MKTDI and Mekong Trophic 

I " '" jI "" 

Macroalgae Index, MKTMI) !'V1el~illfJWfll'Vl'l!1'lJmJ'l!11'tJ-:I~el'u'~U'l~m'il ,.u~illfJWfll'Vl'l!l'tlJ 
., .. 

mi'l!lff1tJfllJ ~mi'lJfiiifllf1!~tJ1nlJ'~ 
'U 'U 

., ., ., 
1.2.1 ffmnf1111J11(;llfll1(;lltJ1/tN '~el~~el1JV1lJ.nel-:l'l!lU'l~ff1l1~1{j1/lJ1~'tm]'t lJmJ'l!l 

11/-:1 "Y1 lJ ~,11 'l ~h lJ ~-:ll1ill ellJ'l'j 1'l11ili1• ., ., , 

1.2.2 ffml1fJWfll'Vl'l!ll'11-:1~llJfll{jfll'Vl!f1ii U'l~;}1fll'VllJ1-:1'lh~fll'j1lJmJ'l!11'tJ-:lff1lJ~ 

, lHt~hlJ ~-:ll1'j~WlJ'l'j11i1i1• 
,,, j1 '" 

1.2.3 !V1elffr1-:1~"ll'i1;}111ff1'jm111'j'Olfl '~el~flel1JV1lJl1'el-:l l11Ull~ff1l1 ~ 1tJ'tJlJ 1~ i my 
)I I , j1 

1lJmJu111/-:lff1lJ 'Vi '11'lH1lJ ~-:ll1ille.llJ'l'j1'l11i1i1 !V1el't.uu'j~!iilJ fJ Wfll 'Vll11 

. 
1.3 tJ~~ iU'lf~1ifll~rhll~'~1'lJ 

., ., 
, v v , '" v 0 , '1 '1

1.3.1 ~1/el1J'lf1111Jl1mfll1 mV1/el-:l lIel~~el1J'VllJ'YIel-:l lJ1U'l~ ff111 'j 1V1/lJ 1~ ~ 11 ill lJ 
'U ... 

., . 
u~l111 'tJ-:I ff1lJ ~,11'lH1lJ ~-:l11111ellJfI 'j1'l11i1U• ., ., 

1IJvv 0 v "" "" _I '1 '01
1.3.2 A~'tJel1Jllf1Wfll'VllJ1'Y11-:1~llJfllVfll'Vl !f11J Ull~'l11fll'VllJ1-:1LJ'j~fll'j ~ lJU1JlJ1 1/-:1

'U • 

ff1lJ ~ '1111 ~hlJ ~-:l111~ellJ'l'j1'l11i1i1• 
j1 j1 " j1 

1.3.2 '~~'l1u;}i~ff1'jelll11'j 'Olfl '~fl~~fl1JV1lJ .nfl-:l'l!lufl~ff111 'i1V1/lJ 1~ 1my'lJU~l11 

11/-:lff1lJ ~ 11111 H1lJ ~-:l111~ellJll 'j1'l11i1i1• 

.... ..,
1.4 'lJf)m'lJfI~lUl'\lU 

. ., 
£'If "",,"'d V"", '" !lJ lJ fl n 1'il m'Vl fl!fllJ 'j 1'IJ 'J11J1/ 51J llf1111J 11f11 tll1 f11 VVl H'l11fi1'Vl 1/ {] -:I ~ fl ~fl fl1J'VllJ 

., 'U ., 
.nfl-:l'l! 1UfI~ff111 i1V'\llJ WI'mu f11lJ~ti'IJ fll'j 1!f1'J l~l1f1Wfi1'Vl'l! 1Vl1-:1~ llJ fllVfll'Vl !f1 ii !m~;}1fll'Vl 

... 'U • 

." ' 

lJ1-:11J'j~flT:i' lJU~'l! 111/-:lff1lJ'Vi111 f1H1lJ ~l!fifl! 'tJ1J'j 111.. fl-:l~l!fi fllJ 1fl111 Uf1~~ l!fi fll 'If-:l I~V1J ~-:l111~ 
.c:::l 0 d QI , ,d QI I ': 0 d Q,I I ~ 

fllJfl'j1'l11i1lJ 'Yl1fll'j!fl'IJfl1flV1~ 10 1l~ Uflfl~'O~!fllJ~1flV1-:1 3 911 Vl1fll'j!fllJ~1flVNl'1m~ellJ'1fI~ 
q q q q ., ., 
1 f1f~ !~lJnm 12 !~fllJ 1~vii~~!~lJ~1elrh-:l~-:lu 



• • 

4 

.. 
1.4.1 mhl11'\l~1J~t1wUn~~vnn.HJ1J 1!l'W'I1";ltItm vll1J,,'I1'ltJtm ihUHH'\l~'jlil.. 

... ... '" 
11 ~ '111~HJ 1J" 'j 1'IfIi1'W• .. 

1.4.2 mhl11'\l~1J~nw1!1'W'Wlff'Wl~ vll1J"!'\l~'jlil ih!mH'\l~'jlil ~~'I1'J~tl1J"'jl'lflil'W.. .. . .. 
1.4.3 m.hl11'\l~1J~t1Wyjl!~tl'l1t1~\Plm~ t'W~llijtl~ flllf1tl!'\l~'jli ~~'I11~'Q'J"'jl'Jj'1il'W 

.. 
1.4.4 m.hl11'\l~1J~t1W1!1'W'Wl!ijtl~ vll1J"'W1Ul~ fllU1t!!'\lmlil.. ~~'I11~tl1Jml'l11il'W. .. . 
1.4.5 mhl11'\l~1J~t1W1~lhm!CJ1~ vll1J"'W'j~m'W fl'lfll!fltl'WlIPll" ~~'I11~tl1J"'jl'Jj'1ili1•.. 
1.4.6 mhl11'\l~1J~nw1!1'W\Pll~tJ vll1J,,'I1'lfJ1N fll!fltll'\l'l!~tJ~ ~~'I1'l~t11Jml'Jj'1ili1. . .. 
1.4.7 mhl11'\l~1J~nW'l11~1~\Pl'j11!lhl\Pll~tJ vll1J,,'I1'ltJiN fll!fltll'\l~!~tJ~ .ij~'I11~. 

.. 
1.4.8 mhl11'\l~1J~nw1!1'Wn~ vll1J,,'I1'ltJ'~ fll!fltll'\l~!~tJ~ ~~'I11~tl1Jml'Jj''1i1i1 

.. 
1.4.9 mh'h l'\l~1J~nw1!l'W'I1'ltJ'r-lvll1J,,'I1'ltJi~ fll!fltll'\l~!~tJ~ ~~'I11~t11J"'jl'Jj'1il'W• .. 
1.4.10 u1iull'\l~1J~nw1!l'W~l'W vll1J" l'\l~!~tJ~ fll!fltll'\l~!~tJ~ i~'I11~t11J"'j1'l1'1i1i1• 



, 
"" 'lnT" 2 

, 
2.1 iJlfi1UJ 

• j/, , 1 

'1'lll~lfJ (algae) 1l111fJ~~ ff~~~1\9l;r'Ul.h \9lHnUfI11:Jlfl~fl ;{{l phykos 1~'Uff~~~1\9lVi~ 
d II) , d II) 'j/'j/ .1 «!I 'j/ i 'j/I 

'\I'Ul\9lmfllJlfl 1l'U !lJ'1'llJl'H)lJ{l~Il1'U !~~1fJ\9l1!lJCl1 (microscopic algae ll'j{l microalgae) 191{l~ 'If 

'j/ .. "l i ,d d 'j/ .1 I «!I & '" 
mm~~"'VI'j'jf1'U lI'U(l~'\I'Ul~ m1!'VIlJ{l~Il1'U~1fJm!lJ"1(macroscopic algae ll'j{l macroalgae) C)f~lJ 

Q,I JJ 0 JJ ..c:::1 I QI QI I ~ d ~ .. Ii.& i 
"fl1:JW~fHl1fJ'jlfl Cl1\9l'U ll"~ U C)f~nlJl'jfJfl11 1'1""'1' (thallus) '1'lll'jlfJ1'Ifl'lf'U~lJfl"{l 'j11""'lf1fJ• 
1'Ufl1'jff~1fl'il~..1~1fJll'1'~ (~1~ ~n'l'jfjfll", 2546) 

'4..del i .c:l iI r tI "l .-=i"l ~ ~ 
fflll 'jlfJlJ'\I'U1~1'IlJfl11lJll Cl1flll Cl1fJ ~ fJlJl'1''U~lfl'UfJfl'' N !lJfl !lJfl'i{l'Um ~ 1'1 ~ (l ~'\I U 1~ 

OJ 

imy '1'lll~lfJ~~'\I'Ul~l~fl~~~fl{l Micromonas pusilla ~~ltl'U'1'lll~lfJihi'11911"llfllJ1'I{l~ ri1U 

'1'lll~lfJ'\I'U1~ illtY 1'lf'U lfl~tJ (kelp) ~~I~'U '1'lll~lfJihflm,,~~'\I'U 1~ 11ltY ~fl11lJfJl11h~1J1W 
, 'JI j/ j/ 

75 llJ\9l'j (Pinkayan, 1978) flrilJ'\I{l~'1'l1l11fJVi"{lfJ{ldl'Ulll1rinh~~ 'lhfl~{lfJ U"~tJl1fllJ ')~I~'U 
• OJ . ~ 

lmri~m1l1'j IilJ ~'U 1'U 'j ~U1J'Unflllll ri~tJl '\IW~ l~ fJ1n'U f1~I~'U H~ii \9l {l {lflcjflll'U l'U U n fJlfl1fl 
OJ 

tJ'j~lJ1W~{lfJ"~ 30 - 50 

'1'lll~lfJl~'U~ ~~~1\9ll'l1fl~fl1nU\9l (Eukaryotes) ~lll1ri~mfffJ{l~i'U ~~fl11lJ~'U ~~ij 

fl W'1'lJ,j~ 'VI H Ifl~ II i {l fl1 fJfI1l'l ~ Il1lJ 1~ '1'lJ I'If'U '1'lll ~ 1fJ ~ flU {l d U 'U ~ 'U ;{{l '1'lll ~ 1 £I i 'U fl'U ~U 
• OJ . .~ 

fl,,{l hfl{lflmm'1' (Chlorococcales) 1~'Ufflll~lfJflrilJVi{ldu'UUfli~ 1~'Ul'l1fl'1'l1l11mll~~~~mfffJ 
• OJ 

I " 'I ." 

1'U~'U VitM'U II'i1~ fflll ~lfJl~'Uff~~~1191 Vil'lU1'Iflll 'U1'Iflllll~ Vi~ fl 11 lJtM'U l-WfJ~'rW~{lfl1'j 11litlJl~U 1 \9l
• • u 

~ 4 ~ 91 '61 tI 1 Jt .c::S J d ~ ~ 1 ~ JJ.c:s I i
llJUlJfl11lJ'lf'U'U{lfJll~ml !'U'1'fl1l'l'1'1J{l'j ll\9l1lJ{llJfl11lJ'lf'Uff~flll~ffllJ1'it:ll1l'jtlJII91U \9l !~~ '1'1'U 'U 

OJ OJ U 

~ ~ ~ ~ .1 
1Il1ri~tJl1'lf'U ~{ltJl '1''j~tJl 'VI~m'1'1U lm~1l1itJl~1~"l1l~~'1'l1l11fJllmfJ'lft1~lllity{l~1${ '\I'U{ldnu 

" 'JI , 'JI 

{lW II f1iJ 1l"~fl11lJ {l~ lJ '1'lJU'jW'\I {l~ij U 1'1~ fJ'1'U i'U llll ~~ tJ lU'U '1'l1l11 fJ Vi 111 ~ tlJ i 'U tJ 1 ~fl1'j 
It cu q 'U U 

I "I I 

~lH~1\9l1lCl1mlUU 1'lf'U l'nflVilil'UU'1''j~''{lfJitJI911lJm~Il'1'''lJ m~alfftJlll"~ fl1flVi{ldfiuVilfl1~ 
~ I 

\9l1lJ 1'\1~11'U ~'U lm~Vl'lftJl~l~"l (fl1tyll'UfI1'lftJ ii1lJ 1 'UlJ'UlPl, 2527) 

II) ~, d", 'i '" ~ .. 
!~{l~\9l{llJ (diatoms) lU'U'1'lll'jlfJ'VIll~{l~ 'U Division Bacillariophyta "fl1:JW~IUU1C)f"" 

d «!I '" ~" 'j/ i I • '" 'j/.II I .. d.1
l'lfJ1 II 'j{l\9l {l fl'U llJ'Utff'U '1'lfJ'fIm fJ C)f{l £11 ~ll" 1lJ"l '1'1 'U " fl1:J W~'\I {l~ lC)f"" l~ fJ1lJ 'j~ fl{lU ~ 1£1 !All . ~ ~ 

llim~i'ff\9l" (frustules) 2 ~llJlfl'j{lUIl1~{llJfi'Ufl~lfJlIl'Ul~fJ~ltM{l 'VH'1'\9l"~'1'lJ1J1\9l'jllUUi'flij 11~{l 
OJ OJ 
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.c:I 'JJ I QI.c:I "l ~ .c:I ,. d'd.c:l.c:l.a fJ! t:!l cJ : QI

UUU9ffl9f1l'J'lJ11t'Yl1fl'W ff'lJfl~ l~fl~<;)fl'-1tlJ'W ff'lJfl~fI~fl l'n'l~lff<;)'YI'-1 fft11~fl~ ff'-1 ~'Wtl~ff'W1<;)1~ fo.l'W~ 

t9f~rl't~'Wffl'H'rlfl~'W~~ijcMi'1ml.,j'l' tJU'YI'jflflV U'W fo.lU~t9f~ rl'ij~1~ ~1l'J ~ 1~ ~ll'Jif ff1m'j ill,*~lU'W fl.. 
'Ifij~'lJfl~ '~fl~<;)fl'-1'~ ~i1'W 1'VItU~1'j~'lf1<;)t~'Wlt'rl~~n<;)fl'W~'If 'VI~flU1~~Uff'il~lm~m'-1l<;) il~'W nfl~ 

U q 

II JJ , JJ JJ JI 
o.a 40 , 1 lrJ'JJQll o~1.e::::t.4.c::1 04

'W1 '11'jmm~m'-1'rl'lf'W1U~~ff1'V1'j1l'J'lJ'W1~ 'Hty'lf'W~fl'W"l '-1m'jm~'il1l'J 1~'YI~ 'W'W1'il~ U~~'W1tfl'-1 

(~1~ -W'j'rl'jWff1~, 2546) 

"I '" 0"'1" "'l "1"...l~ fl~<;) fl'-1 '-1f111'-1 ff1f1ty 'W ~ 1'W fl1'jfffl1:J 1tW~ 'YI ~ ~ fl ~ 'YIH 1'Y1l'J1ff1 ff<;)'j 'W ~1'W 

B~u 1~ 1Ifl'-1ffl'Vl ~ll'Jif~ t~ 'W ~1'lf1l'J~ ~'-1~fi 11~'lJfl~U 'VI ri~J1'lf1l'JtJi' Ufl
q 
Wfi TVl J1111~~'W ~~ff1m 'jtl 

., >I., 

tA1m1'*1'W m'j,h,j~'1htffl'J fl1'j 1~ff1'V1 ~1l'Jt~'W~1'1fffm'rl'-1~W1:J'YI1~ \h (l'J1~ .yh'rl'jWrn~, 2538;
q 

>I >I ., 

Round, 1973) 1~l'J1~fl~<;)fl'-1~'Wnfl~tA1ff1mHltAl'-11~~<;)1'-1m1'ilffflUfJWm'rltA1 (monitoring) 1~ 

flV1~ijtJ'j~ff'YIim'rl (Rott, 1991) 1~l'Jt~'rl1~ '~fl~<;) fl1J'lfi1~~~~ flVU'W i1'W~ff1m'j illoNl'Wfl1'j... .,., 
<;)'j1'ill~ U~~~~<;)11J<;)'j1~ffflUm'jttJ~l'J'WUtJ~~'lJfl~flWm'rltA11

q 
'WmiU1 (Round, 1993) 'rlUl1'~ 

fl~<;)fl'-1 tfl'W fl riq '-1'lJ fl ~ ff1 'H ~1 rJ~ tl.. f1'l1 1'-1 11 '*1J 1fll 'W fl1'j 1 ~l ~ 'W ~'IfU 'lJ fl~ fl1'j 1tJ ~ rJ'WU tJ ~~ 'YIH . ., 
ff ~tn~lIfl'-1 t'lf'W tJ'j1fl~fl1'jwijff1'jm'VI1'j 1'WU'H ~~tA 11i!~u~~ijm'j t~~tyflV1~'j 1~1~ 1'lJfl~ff1'V1~lrJ 

t~'-1~'W'-11fl (eutrophication) tJ'j1fl~m'jWltJ~rJ'WUtJ~~fl11'-1t~'Wm~~1~'tll'W'YI1~~1~'Wm~mfl 
"JI 'd'

~'W (acidiphication) m'jtJ'Wlilfl'W'lJfl~ 1~'H~ (metal contamination) tJ'j1f)~m'jwm'jltJ~l'J'WUtJ~~ 

~1f111'-1t~'-1 (saliniphication) m'j ltJ~rJ'WUtJ~~'lJfl~m~uffJ1~'W1'Wlt11~~J1 (thennal effluents) 
>I • , 

'j1JJ'ri~m'jlU~rJ'WutJMm'j l~u'j~ lrJ'lfU'lJfl~~~'W (Dixit, 1992) 
I • JI, I 

ff ~ii;1<;)~iiffflrJm'rll 'Wfl1'j~~<;)1'-1<;)'j1'ilffflUflWm'rltA 11 'VI ~ '~uti ff ~ij'lf1<;)~tm~~~ 
q 

QI 1 'j/ ': I t:9 QI ~ ~ .ct.ct.e::::t..c:S 1 ~ 
flU'Vt'W'YIfl~'W1 (Whitton et ai, 1991) ffl'Vl'jlrJrJ~tm~ (epiphytic algae) ~~llJ'Wff~'-1'1f1<;)flflflq1J'VI'W~ 

. ". 
~ijm11Jl'H1.I1~ff'-1 1'Wm'j ~~<;)1'-1 <;) 'j 1'il ffflUfJWfi 1'Y~tA 1 1 ~ l'Jtll 'rl1~ ff1'H ~ 1rJfl ~'-1 ~ mffrJfl Qt1U 1<;) QV~ 

.x" ':... .k "1"1 ... ':"1''''l .d
lm~ 'rl'W'YIfl~'W1'V1'jfl benthic algae (Wetzel, 2001) 9f~ff1'H'j1l'JrJ~tm~'YI'rlu!~ 'W'j~uu'Wnff'W1 1'H~ 

., 
ff1'W' 'H ttl~~l ~'W ffl'V1 ~ lrJ ffU~~ ff1'H ~ 1rJffl~rJ1 ff1 'H ~ 1rJff'YIfl~ ffi 'H ~ 1rJfft ~rJ1Ufl1JtA 1t~'W U~~ 1 ~ 

u 

fl~<;)fl'-1 (Hynes, 1970) 

I 1 I "'l 1 1.d G "I"" .1'"9,,,
ff1'H'j1rJ'lJ'W1~ 'VItti 'H'-11rJtl~ ff1'H'j1rJfl~'-1'Y1ff1'-11H)1Jfl~t'H'W !~~1(J<;)ltum 9f~1J 

U q 

ftfl1:JW~m'j'j1'-1~1t1'Wt~'W lf11~u'H~m1~ftff~u<;)fl~1~t1'W'tJ (Sheath and Cole, 1992) ~~ff1'V1~lrJ 
.,., ., >I 

I I ~ 1 ... 1 .dl QI.a 3J 0 QI ~ fjJ o.od. 

'lJ 'W 1~ 1'H Wff1 'W '-1 1fl 'il ~ tlJ 'W ff1 'H 'j 1rJu 'j~!fi 'YIrJ~tf11~ f) U'rl 'W 'YI fl ~ 'W 1 ~ fl1:J W~ 'lJ fl~'rl 'W 'YI fl ~'W 1'-1 
U 

fl11JHhriw 
u 

l~rJ~:::ijfo.l~~flfl1'jm~~lrJ'lJfl~ff1'H~lrJ'lJ'W1~ 1'H ttl 
u 
U~~t~fl~~lflff1'V1~lrJ'lJ'W1~ 1'Hqiij 

~ "d 'j/ .e::::t. QI ~ ,: 'jI :.d.od QI ~ 'JJ.Q 
mU'il'HU 1~~1J'I~m1~tm:::flmJ 'H'I~ ~~'W'W'rl'W'YItH'W l'Y1'-1~fl'I:J w:::tlJ'W m1~U~~flfl'lJ 'H 'lJ 'il~'rl1Jfl111J 

U 

o " 
'Hmfl'HmrJ'lJfl~ff1'11~lrJ'lJ'W1~1'Httl~fl'lJ,j'1~ff~ (ff'-1ff'lJ ~~m;'rl, 2538) 'WflmnflU Niiyama (I 989)

u .. q 

>I 

'~'j1rJ~1'Wl11'W'j~uui1nfftA1''H~ 'rlUl1 ff1'11~1l'J'lJ'W1~1'HqiCladophora spp. 'il~l~~tylm~~~uu 



IllnUnG ~,LmmLrttIT @~ UU@I.UtMIl@~~@~1 ~@f\, mdi.Il,lm~GIlL['~~12n 12LU~lJIlL~IlL&~W.tLU '0' \:;>'1 ~ IY 0 ~ Ii" bt fJ
'" ,. 

fut&nLU@~n,lA,~W12NIlI.Wl\&ITn,t"L~ 'ds vllaJJJns ~1211 'ds vwomJa "ds v/n;)J,tVN "ds v.lIPSZ1JN "=" I i="F 11) Li' 11) 0 

"ds VJpautCS "ds vUn/StUd "ds v.l1oun:q "ds v.uvllaqv.L "ds vJJv/nuuJcI um~1 UU@1trtMrtQ~~@ 
• "lit 0 '0 J;> ,. ,. 

~L HP@['~ (9661 'uosu:)A:)lS ~9861 'd!l!lld : 1891 'lplOMRH pUR l:)q.rns:: £L61 'punoll) :::LU1 

~lllA.tJ~['~@f\,~rt$£,IlL~f11 Ullt1@lbIlLrt~@lA.rtMIl@~:::@~1 "lLIA. QL.t1A. @t" rt12~l[,1'1 rtlb1 ~f\,nt-@f\, 
'0' Ip 6="F II) IJt i=" ~ i=": ":' klfi 0 IY lO' 

Ibl1l11A. :::LU1~Il"ltJ~t@~~rt"Il~UU@:::12n ~@Il~~Uf1Lrt~@lA.rtMIl@~:::@~1 1l:::l\UIl~jGfu"l~Utf\,
I b. IJtF 6="tfi Ji7 ~ I i=" I :" :' 1Jti=" 4't) f"l 11) 

IbM~@f\,W rt"rt@U rtlb1 ~f\,n~@ f\, rtl11lA.:::LU1~lllA.tJ~[,rtn,~@:::LU1~IlIA.~IA.~1 UU@lA.rtMIl@~::@~l 
57 '0' "I l' t,:; F ~F 4't). 6="F ::" Ill; ":' lit '0' 

n,MIHLIlL,ij (9861 'd!l!qd) :::LU1~lllltlb@M1 (:)~RI!:)nw) U@Il1Jr,lll~1:::LU1~lllA.tJ~[,n,U~@rtrtn~~I\l@ po I Jy li7 " P'F' ". 11). ..., I 

~,f~~Ln,@~" (:)lRllsqnS) :::LU1~gb~lULl\U@@Il@12~~"l\L@~,f~Hn, QL,ijrt~1rt~1[tL!&u['M:::12nUL,ij 
,. ,.. 

rtm loU121rt121 ~l :::1211['Il~m12jG1rtI11IA.U['M~IA.n,n,nIlL12"~L.tfLIllrtL12"mL.t"L~ (9661 'uosu:)MlS 
""1:7 i="/J.,sF:: I i="~' I 

~9861 'd!I!qd : £L61 'punoll) rtNLrtllU11Wf\,mllL.t"L~:::1211Wf\,mllL.t"L~~~n~IlL.t"L~ wOllnp '0 0 i=" t;::7 I i="i=" I i=" I •
,. 

:)lRuu:)d rt~1:::l\ULt~~Lttrt~1!&L tt~~" 11nl!1mlll~U (SOqlu:)qolA:qd) Ltt~@~rt~~L~"L~ 
II I'" '"II 

(9661 'UOSU:)A:)lS '1661 "IR l:) uou!IIM) 

Il~ ~n,@ W Hll @~ 1 "l$£,l IT 1 Lrt.tL UL rt~ M.tLU Il::: 12nllL12".t M11Hll@rtULRUU.tLUIl @lj@Jr,1Lrt I "lrttfi tfi I'" lit 11) i=" I. 11) 6=" i=" Ji7 f I 0 

MLlJ~ IA.~::: tf1!!:::L.tM,1 12"1 Ltt~~" n~@f\,M,LlJm~n,@~&[,.t~IlL~~~@~1~ l LIlLtt.tLUrtlll.l!:::Utl-t1 
,. . 

::: 12nfu~L.l! IlLt ~ 1l1A.~['lbIl ~~ Il ~U rt I11L rt ~@ IA.rt M.IlQ ~:;Q~ 1 L[,n, M, ~jG 12"1 LnUUrtn, n,:::.t rt1. rtJr,~ 
II) Cl l=J'F 1O'i="J:r ;". IP: ":' lrt I f" IJt: '=" J;:7 t1) 

rtfL1$£,lLIlLrt.tLU:::LM, t!m~lIlL12 ".tM,nHl\,rt@~LRUU.tLUIlLrt~@1A. rtM,Il@~:::Q~1 LRUU.tLU~n (£L61 If'il> ," I PpO,. ",.J;> ill P 0I 

'punoll) (:)~URq:) IRUOSR:)S) 12LU~lJIlL~~12f1n rtll~f1nLUrtL~HlA.ll,g.l\ U!!~1tIl['.t 12"~ Ltt!&~LIA.:::ll:::t 
I II"• 

:::12m12tlllL~~IA.~12IT11rtrmITnLUIl:::LtM,1L['UULll~1 LRUU rt@jGn,jGHf\,rtQ~ (SfilRlS SlU:)!JlnU) v 

,.
11) IV .i="l i=" I " lit 6=" "11) " I 

.tL"L@.tL~~@f\,:::nLlj~ !JU"mG (Al!:)0PA) Ltt~n:::Wt~lIlLt~ nlb' 1o~L~Il!l\ULRU~tLU:::L.tM,1 ,. 
lo rt~~~ "nrtlllL~ "L~L~Ull@ kl& l rt~ IlL[,~n,,f~112" Ln,n,nLttUUr:n,n,:::trt lIlL~"L~ 

. '" 
(£861 ':)woH pUR URWPloD) :::LU1~g.tLUrtU'l 

~~~!!~~~ (:)lR1lsqns) Ltt~@~n~b~.t-:::1211 (lu:)lln:) Ltt~n:::W (:)~.rnq:)S!P) Ltt~Qf\,12" L.tLUmLIl~f1 
II IIII II II 

@~ ~[,$£,Il~~Q~n,IA.:::W12NlllA.lll\l\Uf11 rtu~L~U~nlA. lRl!qRq01:)!W ~Uml12N~~:::(!,~jG Lrt~n:::W 
Ji7 l:::l't;:7J:7 ~ I l=7p 11) lit 11) I F \:7" b If": 

~@f\,[,~rt@g~nLUULl\LIl~@£}1U1!"~"'L~(W:)lSASO:):) :)!lU:)1 10 ~U!PURlS) ~r:Lttn,n,11Ut1r:n,n,:::.trt~1 
I. I IS 

~ (l!0Al;)S;)l) Lttn,~1~L~ @~" (;))[UI) n,L~I21:::IA.UL(!,rt1 ~L~U~11~WIA.~Ut1r:~LIA.:;mRU1!!!:::l\ (lUll;).QS)
.'" , 
.tL!l.LfJQ~" (l:)A!l) LttfC11 ~11~1 (W;)lSASO:):) :)!l0l 10 ~U!UUfil) 12"1LttUUr:n,n,:::.t 

,. ,. 
lrtNUA.rtM.UQlf':::Q~i nUtlJU1£UlUI:::ltnlt',U lrtnnnUtmnn:::,t Q " 1;7 ... ". t;:r" tl 0 '=' AAI A 

IIRq :)){BI U~.t1l!Qn,U~IlL12~rtUIl~Un,l\:::l\rt~rt$£,IlL.t"L~ J:r I II) l='1O I "It) 
'" rtrt~rtLrtUt1rtn,n,:::.trt 1. rt[,~ ~ f\,l1~U\,rt@ ~1A.:::LU1~1l" 1tJ~[,rtn,:::1211 n,W "~UlA.rtl11lA.:::LU1~~" 1b~[, :; 'f": I P (fi IF &",,19 J,:)f' &'(IiI, It) l;::lo It) 

L 

o 

o 

Q, 

Q 

mailto:Ltt~@~n~b~.t-:::1211
mailto:tM,nHl\,rt@~LRUU.tLUIlLrt~@1A
mailto:n~@f\,M,LlJm~n,@~&[,.t~IlL~~~@~1
mailto:M11Hll@rtULRUU.tLUIl
mailto:U@Il1Jr,lll~1:::LU1~lllA.tJ~[,n,U~@rtrtn~~I\l
mailto:UU@lA.rtMIl@~::@~l
mailto:Il~~Uf1Lrt~@lA.rtMIl@~:::@~1
mailto:Ullt1@lbIlLrt~@lA.rtMIl@~:::@~1
mailto:fut&nLU@~n,lA,~W12NIlI.Wl\&ITn,t"L
mailto:UU@I.UtMIl@~~@~1
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~ ~ 

tJ~1I1Wffl'H)1'11l'i t11llll~1'U~Hfl'i~U ff'\.h 'lfU~'UV~1~Q' ,rV~Ufll~ U"~'lfU~'ill1't1~~l'\.Jl'U 'UV~ 

ij1Jnflt1''\.JM1~ 1CJim'l1l'i~h~'1 (Round; 1973 : Philip, 1986) 

, .K 'j/:do "" d='t 'j/"",.K 'j/ ~ 0

~fl~~flll'W '\.J 'YIfl ~ '\.J lllt11llldlt1~ '\.Jj 1'\.J~'YI11J '\.J rjf.l"~l1J fl~~'\.J 'YI ~, '\.J "l1il'i U" ~ 
J/ J/. II J/ 

'YI~mffll.Jnll't1~.w'\.J11~1I'\.h(wetland) ~l~ '1 (Stevenson, 1996) l~'\.JU11-d~'W"~~l'\.J''UU1jih . . 
o ..:::1..:::1 I .e:t, ..:::I..:::I.e:to ..:::I , 

m1il'i'YIllfll'itJVtJff"ltHl1flCJflflff~lI'1fl~ 1'itJflll allochthonous material (Goldman and Home, 

'j/ "'" 
1983 : Stevenson, 1996 fll~fl~~lfl Minshall, 1978) 

Cl etoQ , 

fl1~~l·H'lflgJ'lJtHD'l't'i·nfJ 

ffl'l1':htllrl'\.J~ ~mf1~'Wlflmfl'Uv~~t11~1 V~ ~ih1'l1 -d~VlfftJVd' 'U11'11-dnfl ~~~~ij . .
 
QlQ d. 4 do QI' 'do' • .Q 

t1Wffll1J~'YIH1t1l1 11 'i VflltJfll't'l 'YI1'I1111~ ffll ~lV tJl~l'1f'U ffl11 'i ltJ'YI 'lfV1J VtJl.J 'U 1J fl 't'l1JVtJ1J '\.J ~'\.J t1 V. I .. .. 4 

ffl'l1'htJ' '\.J Order Chlorococcales 1rl'\.Jffl'l1'htJfl~1I~vd1J'\.J 1Jfli~ 1rl'\.J'Wlflffl'l1'htJ'\.fl~~~~mfftJ 
, " ,. ,,, 

, '\.J ~ '\.J11;f'\.J U'il~ ffl '11 ~ 1tilrl '\.J ff~ ij ~1~ 11'W1J 'tJ fl'l1 '\.J 'tJfl11M ~ 11 ij t11lll;f\J1~ tJ~ 't'l VIPiVfll'i1~ ~~1~ 1J 1~ 
4 d ~"" fI ,.Jt d ,: c;S .Q i 'j/do I' ,:

l1JVlIt11lll'lf'\.J'\.JVtJ~~VtJ 'Ufffll't'lfftJV'i UmllVlIt11lll'lf'\.Jff~flffllll'itH~Hl.I ~~ ffl'\.J 'UU11"~'\.Jl.. .. .. 
~ ~ .1 

1GJf'\.J timh U"~ff'i~'\.h~~ijffl'l1~ltJ'I1"ltJ'lrU~1~~~vdi~ 'U'\.J vdti1J~W '11 tJi1ti1J t11lll~~lIffll\l 'iW 

II " I "" 

'UV~V'\.J'YI1fJffl'i' '\.Jl1'l1 r;i~ UlU'\.J ffl'l1 ~ltJ111 'iI ~~, '\.J tivu1 ff'i ~ UlU"~ 'YI ~ l"ffl1J ij'l1" ltJ"lfU~ lGJf'\.J . ~ 

't'llfl'¥i"mJVdvfh~1~'\.JVff'i~1J'\.JH1Ull1tJfl1l U't'l,,~tl~V'\.Jrl"lf i~Uti ffl'l11ltJih~tJl''\.J Family 

, ='t 'j/ d='t 11 do 4do " Desmidiaceae 1'1f'\.J Cosmarium sp. u,,~ Closterium sp. l1J'\.J~'\.J U"~'t'llfl'YIl1J'\.J t1 "'\.J'I1'iVlIlCJf"" . ~ 
do • ,.4 'dod. 0 Q I 

l~tJl'11"lf'\.J Pediastrum sp., Scenedesmus sp. lm~ Chlorella sp. 11'iVffl11'iltJff1'W1Uflll'Ull~'U l"lf'U 

='t 'j/ d.l 'j/ "1 'j/ I '" do

Microcystis sp. U"~ Anabaena sp. l1J'\.J~'U 't'llfl'YI'U'\.J1J'\.J~'\.J ~11 1"lf'\.J f.lfl~1J'lfll ~Vfl U11'U l'itJfl 

" ," " 
ffl111ltJ't'l'lflU1l ffl'l11ltJVriiTIIPl (epiphytic algae) 't'llfl111'i1~ty1J~nwrl'\.J~v~Ull1tJfl1l ffl'l1iltJ 

Vril't'l"~t1 (epipelic algae) ~~ln'\.J't'llfl~1'i1~ty~11l-d''\.J~'\.J'I11V'YI'iltJ-d''\.J~vnfl lGJi'U ffl'l11ltJ't'llfl 
I I , II 

, do 4 do "1 'i 'j/ '" ='t 4' 4
Chara sp., Nitella sp. u,,~ Tolypella sp. 't'llfl'YI1t1'lV'\.J'YI ~11 ~ "fl1:lW~l1J'\.J1l1VflV~~lll~~flV'\.J't'l'\.J 

~V~Jl1'li'\.J ffl111lfJih~tJ1UflllJll~'\.J ''\.JJ1~~ 1J1~t1f~'iI~ff~lfl~l,1'\.Jffl'l1~ltJ'ill1~lti1J 1tJ'i l~il 
~ ~ ~ 

'I1~vff~1i:l.iij m~~flff'\.J '11"~'U '\.J l~l~ fl lfi~ln'\.JTIV~iYu l~ 1" vdl.J '\.J H1U 1 11 tJfltJ 'ilflU fll'iWU1l 

fI ..::.I d. .Q 

lV1~V'i1J"lI (water bloom) (tJl~ 't'l'i't'l'i't'lfl'1",2548).. . 

c 



9 

..., 0 I 

fl1'h)~hn II'UfltJl't'i1 1£1 

hJtll':i')~11111~11~ffl11i1tJ i~tJ ~1~ .yh~':i-Wff1~ (2548) ',w~1VI11111~fl'lHN Bold U~~ 

Wynne (1978) ci1~~lU'Wflffl11i1tJvvmrl'W 9 ~1i'W ~~rl' 
, ., 

~1,y'U Cyanophyta '~uti 'Vnflffl11i1tJih~tJ1Ufl1J'l.ht~'W (blue green algae) 11~V 
., . 

• r I dQ o.e:::t. f I I 4 .:::s 9J e!l QI .et..:::s 
Cyanobactena ffl11 ':i1tJfl '] II 'W 1Jtllt'W ~ II1flV'Wffl11 ':i 1tJ fl ']ll V'W "1 u ~~ 1Jfl1111fl ~ltJfl ~'1 fl 'UU 'Umm tJ 

i~tJL~'W~1fl~i'htfl~tJffhiihtvtrll• 11~V~1fl hhmnvlVI~'U '~..t1' tJ''W~~iifl1111i'W , 'WJ1~~ 
" 'J/"" , 'J/ 

lhflivtJ U~~,.ht~ll 't1~''W ih¥iiiflfIJ.fll~~U~~',j~ 'Vmvd't1~''W~'Wu~~~b~'W U~U~,'WMll~U~~ 
" 

• 

"" 
OJ 

" ,
iJ Wjfv'W t':i1)jm'1 tJflffl11i1tJtJ':i~t.fl'YIij 11 IVI~ 'fliiJ1 U~~~tlIVlV'W vhf' 'Wu ml~'1h~~'t11 'tJV1'jH)~ 

t'j)~tyU~~l~ll~l'W 1'W Vd1'l':i 1~t ~1' 'W J1~iiff1':if.ll11l':i~ 'I 11~Vff.fll~U 1~"'Vll~t11111~ffllU"'1fff1'l 
& ' .,., 

ff1':i'W1:IVVflll1 Clf'ltiVhf'tf)~fl'WIVI':i1tJ~V~ 'Iii1i11V1''WU11~'IiJ 1'U~nfIJ,r 'W~1tJ . ,", " 
~1,y'U Chlorophyta '~uti f1111i1tJfh~tJ1 tl:l'Wffl11i1tJii~'Utif'W''Wlt11~~iJ1't11'tJ't1'1 

"'J/" "t ,
1'WiJ1~~ iJ1flivtJ u~~iht~ll ii1tJi1'l11~lfl11~ltJ~'IU~t9f~~t~tJ1ltll~tl'Wli:l'Wfl~lliil'1tJfl11ifl i~ij 

tl:l\Jt~'Wff1tJ t~'W 't1~~ff l;h'W'11ru~lH~1IV1U'U'UU~~'ItlIVlV'WVi"lf ulPiii'Ul'l'lfU ~flfl') ~tn'W ffl11i1tJ 
u OJ 

r&.c:Q QI.e:a. q ,3J: 44: 
'IJ'Wlfi111fl!Clf'ltJ~ltll~fl'U~'W 11'W 1VI'W111':iV~"lf'W1 

..q..q OJ 

, 
"I j/ I "'L..I d QI j/ 4 QI 

., 
QI QI l' ~ 

~l'1fJ,! Charophyta l~Wl ffl11':i1tJ Ll111~fl1:lW~flmtJ~'lf'lf'W~'I 'YI~~ff'IJ'Wl~ 11fl! fl~ltJ 
., ., 

ffl11i1tJ11l~ m ~':iVfl l'il~tu i~tJ~~ltll~ tl'UVi'W~'W hi-nv'lih 'U l'l'lfu~iiUfl~ lCjftJ1J1~whu tJ ':i~ fltJ'U 
., u ., 

, 'W't1~~ff -ff1'W'mUlnV'U't1'1111J~l~'Wffl11 i1tJt11~~ 
u 

~1~'J,! Euglenophyta '~uti ffl11i1tJfl~1l Euglenoids ~lH;1\V1U'U'U u'Vw~tl\VIv'WVi"lf 
" " I ",

't1'11111~ff1ll l':ifll 'il ~tu'~' 'WiJ1iiiiff1':i V'W 'YI'1Vff~ 11 ~ V'lJ 1flfIJ.fll~ ',j~ '~ll 1flfl11ffl11 i 1tJtJ':i ~1.fl'YI 
u OJ' 

• 'J/" I 

V'W "1 ~'11i:l 'W ~'lfij 1J '1;t:j f1J.fll~iJ 1ii ri V'W ~1'1 fffltJ ':i fl , ~i~H) 'W 'YJfl 'l1U ~ ii u vJ ~ m 'il ~~1J')htJ 1'W fll':i 

tfl~V'W~'Ul'lflf~~'I,j~vd''W~1fl itJ':i llV1cM1'lfU~11d'l 
OJ 

• . " I 

m~'J,! Phaeophyta '~Ufl ffl11'htJi1t111Vl1~ t~'Wffl11i1tJiiii't1~~ff'IJ'W1~ hrqj -ff1'W l11qj 
., . ., 

~. .e:::t. .c:Q j}.a 0 d.e:. '1 i.di I QI 4 9 9J j} 
l1J'WUl11':i1tJ'YI~m'U1~"lf'W~'j)'IllV'Ifl~ltJ~'lf'Wl'YIt'il':ituVtJ 'U'YI~m ~tJtJ~ttll~VtJfl'U'Vl'W 'YI':i1tJ ~1VI'Y1tJ~ 

u OJ OJ ., . 
'YI:: 10 11 ~ V11 ~.~~ VtJll1 tl'U fl ':i~U uiJ l' 'W t'IJIVIV'U rl.'W tl:l 'W ffl11 i1 mff':i 1:1 ..;Tf) 'iliiff1ll Titl iJ 11Jlf1ti~ lV 1 

ff1':i6~~'W 11~Vfl~~l'W\VI ~,~, 'W1'1tll':iVlVlffl11m':ill~ ff1l'itu11 ~ltJtJ':i~l.fl'YI
• u 

, ., 
~1~'J,! Chrysophyta '~Ufl 'CY111i1tJi1t11m~Uflll'YIV'l 'CY111i1tJi11~tJ1Ufl1Jt11~V'l U~~ 

.,.,., ., 
'~6~\VIVll -ff1'W 111 qj~l':i 'I;11V1 u'U'Uu~~'In~v'WVi'lf't1'1' 'Wt11~~U~~iJ1l~1l ffl11 i1U1'W fl~llijiiv~ 
., & & "" "" '" 4 Ii] "" "" 21 '" 11] ~ Ii]u':i:1.fl'YI11'W'I Clf'lll'CY1Jl"lffllllfl'YI~~ flV ~~V~IVIt111 'Wflffl11':iltJ1'Y1tJ1U'il~'U'W ~~lWfl ~~H)~\VItJll 

Vf)fUi:l 'W ~1~'W t11,j flV ~1~'W Bacillariophyta ii ~fl 1:1 fIJ ~ j;hl'ifl! flV 19f~ ~tJ ':i ~ fl V'U ~1tJ ~l11~V 

'Vli'fflJ~ 2 ~1 tJ':i~fl'Uti'W -ff1'Wl11qjll:lWIHltll ii~1~~ltJ'CY1tJ'Il11ci1'11~1'Wfll':i1U'ilQU"lfU~'IJV'I 
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~ ~ 

i~H)~IPlVll ih-:jfl1IPlflihhlPll'llllfHyhmwh~ml~-:jllV-:jtlhH9f'l~trJUffU llPll'l 'J1JinUV-:jffndlrJ. ~ 

91 J/ J/ J/ J/ 

1J ';j~Ul'Y1iHj~ 1J'YI'J -:jUlJIH'J'UlflW IPl 'i1~H'lU .... lJl1-:j1UUl~f1U'l~U lt~ 11 U'l~~1'J -:j~11Pl11-:j HlJlJt.flU 

0' IQ.I~.c9 ~ el,,: 
u .... 'l-:jf1IPlVUU'l~U lJlJ tf1l~V~f1lJff -:jrJfltf1l~lJ'J t1W.... U'YIV-:j U1 

~1~'U Pyrrophyta i~un ffndlrJf1rillifllUUvJ'lm'l'lt'l1Pl iiuvJ'lm'l'l511 2 tffU'lf1rJ• 
lUf1l'Jtfl~VU~ t9f'l~1J'f1iitgmrllt9f'l~t.flUUNU~f1lfl~llVdllV-:jfl~lrJm~tifv-:j llltfff1 ~lH;1IPlHlJlJ 

0' ~ :4 :d 
u .... 'l-:jf1IPlVU'YI-:j1UU l'lflU'l~Ultflll 

~1~'U Cryptophyta i~un ffndlrJ Cryptomonads t.flUf1~llffl"dlrJ~iifflll';;mj'vrJ 
• I J/ J/ 

Viq'f1 ii~~vJ'lm'l'l511 2 tffuViii'UUlfl ilirvht1u ~lH;1IPlUlJlJU""'l-:jnlPlvuVl'lflUU1~f1~t'l~Ul~~1l 

~li'U Rhodophyta i~un ffll1ilrJffHfI-:j ~11'l5ff~f1~lrJ~lli~~ulPlm~'Uu-:j~.flu~VrJ 
~ ~ ~ 

t'litlJV~lJur:h~u 'YI'JlrJl1iv'I1U .... lJtUU1~~llU'l~Ul~f1U\9hhu tl1 oJ'l~""lJtuUl~~ll tllUffll1ilrJ u ~ u 

'" do ... 1 ... ".k 0 'l"~" '1"'1 _I
trr';jlJif1'l'YIfflfl~ f1rJU

0 
11llffMllU 9f-:jUllll !'lftlJUm111'JU'l~ ! 'If !U f.JlPlffll1f1';j'Jlll1mrJlJ ';j~Ul'Y1 

.rfl'):lw~"v~an'~UJm,nUfll"d;l~'iil&&Ufl't'l'JJl~'t'I~ 

f1l'JtOfI~lUUf1ffll1ilrJvvmllUl1111f111~ ~1~ vh .... n~rrl'l (2542) f1rilTh'l~l9i'v-:j . ~
 
~ QI dOQl' Q.ld.
 

.... m';jWl'lf1lJW~'YIfflfl~IPlHG'J f1-:jU 

"d~f11g)Q tUffll1'hrJiil1mrJ'lfUfI~1rJt1U t'lfU f1'lV h~'l~ ufll';j~uvrJ~ (carotenoid) 

~-:j1J'J~f1VlJ~1rJUfl1'JViu (carotene) U'l~U9fU1'YI~'l~ (xanthophyll) i vJl f1iH1U (phycobilin) ~-:j 
~ 

1J'J~f1VlJ~1rJ ivllf1tVViliiu (phycoerythrin) ~m::ivllf1i9frJlUU (phycocyanin) Hfl1lPlQl1-:jl1mrJ 
~ . 

ij~mlll"hfitlJV~l-:j~-:jI9iVf1l'Jfffl-:jml1n'UV-:jffl'..dlrJ lJ1-:j'lfUfI~r·mvht,rff'UV-:jffll1ilrJfI~VrJlPllll 
u . 

ff'UV-:j H f11IPlOViii v~ul9i ~ ilitffll Vi 1J ffll1i lrJUI9i'l~'lfUf1ii'J -:jfl1lPlflUIPl f1l9il-:jt1U l1-:j'lfUflU'l~1JilllW. . ~ 

'_I 
~ 

cv' ~"" 0' '" 
8~f1'U"d~fl8'U"MNU~t9f'jU'11iI1f1f1l'Jrrf1lJlfl1rJf1'lV-:j~'l'YI ';j'J rrUHlJlJ Vt'lf1IPl'JVU U'l~ 

do d. 0 61 " d QI rI.. 1 QI 0' • 
m~lJ1U f1l'J 'YIH'lf1tflll 'YI1 m ffllll'J 0 'YI'J llJO-:j 'lf1lJW~U 'l~ V-:jfllJ 'J ~ f1 VlJ'U V-:j ~U -:j ~9f'l'lffll1 'J lrJ 

ffll1ilrJl1mrJ'lfUfI ili~N'lr-:jt9f'l~lJH'lfUflN'lr-:j~9f'l~~t1J~rJuu1J'l-:j ul9ii 1J lf1rJ~ffn ~ullllimrll 

ri1U'l1qjU~1""lJ11~,r-:j~9f'l~'UV-:jffll1ilrJ1J'J~f1VlJ~1m9f'l~ l'lff (cellulose) i9fU'lU (xylan) HllU 

UUU (mannan) mfl5'l~UfI (alginic acid) ~""f1~U (pectin) ifl~u (chitin) 9Hlf1l (silica) tt'l~'I1U~U 
~:'I JJ 0' I'.q do d'... 1 I "'L..IJi GJ rjJ Q.I QI' efQI QI 

~lJU~U ~U-:jt9f'l'l'UV-:j ffll1'JlrJUIPl 'l ~'lfU f1li1~llV-:jfllJ'J~f1VlJHIPlf1IPll~ f1 U ! lJ9f-:j ! 'If'lf1lJ W~f1-:jf1m1U 

UrJf1l1ll1f111:W'UV-:jffll1 ilrJ i ~ 
~ 

.,j 1II"!11'" 1ll" _I
81't'l1'jna~a'JJ nimJ &U&9f~HI 1iI1f1f1l';j ff'Jl-:jml1n'Uv~ ffll1'J

I 

lrJliI~ !f1 ffl'J lJ 1~f1VlJ""1f1 

fIl{1lJ1eJ'tfl11Pl ~~ff~fflltU11Juil-:j (strach) ~b lf1';;u (leucosin) m:wuliu (Iaminarin) UllUU'VlV'l 
~ 

~ 

(manitol) i'U1J'u (fat) Ul1J'U (oil) f1Vl1fft'VlV'JV'l (choresterol) ~VV lf1fft'VlV'JV'l (ergosterol) ~1 lf1ff 

tl'lf)'JV'l (fucosteroI) Vl111111mvu (paramyron) tilul9i'u 
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.ijlU1UUt'l::filU't'i'll~'U8~U~'i)tUllt'lall (Flagellum) 'ff1'11~lV'I1?llV'Ij"U~'ff1lJ1'jfllfl~V'U~ 

,~ 1J1~'Ij"U~ , 'U 'j ::V:: ff'IJ";'U ti''l::'ff!N1CJI?l~ff'IJ";'Uti'~ Ifl~ V'U ~, ~ fll'j ~ 'ff1'11 ~1 V'ff1lJ l'jfllfl~m.J ~ 1~~ 

1~VtI1rYml ~?l fll'l?l ~lJ 'ff1 '11 ~ 1Vll~?l:: "ll''I1~ 'l~ ij~l 'U1'U ~fll:l W~ II?l~~1 U'I1U~ ~ ll~?l fll 'l?l ~lJ 1-1~ ~1V ~ 
~ 1Q.t~ 91 IQ,I'~ , '91 

'U'U llfl fl~ 1~ fl'U CJI~ 'ff1lJ1 'jfl , "ll'fl11lJU~flfl1~~N fl?l11'U IWfl'l1lJ 1~ 'I1lJ'\JV~ 'ff1'11'j 1V1~ 
OJ 

l~lJ''UV~~'~ijf11'j~~'~V~flVlJfld''U~FJi'U Chrysophyta (Bold and Wynne, 1985) U~ 

1111 ~,j 'U 11 fl 'ff 1 '11 ~ 1V1 'Yl V1 '11 ?l1 V'Vi 1 'U , ~ ~~ II Vfl , ~ fl ~ \PI VlJ I~ 'U ~ 1 i'U I~ V1"l fi fl Division 

Bacillariophyta 

Dfl't:lW~,yl'U'U8~'f1V~~em 

'~fl~~VlJih~fl1flfl fl?lfl h~?l~ IV ll?l~t,f llfl hYi'UflV~ ~th~flfl'IJ~1V 1'IJ~l11fl hYi'U• 
Ifl'Vl~?lfl'Ullfl hYi'U ll?l~tI1'l'Vl1.Hlfl?l~l11flhYi'U llCJI'U h~?l~ ~1.h~flfl'IJ~1V ~11flllCJI'U~'U iHfl 

~11flll9f'U~'U '~V~ l\P1119f'U~'U '~fl~'~l'Ull9f'U~'U l~fl~'llfltJ~lJ1W'Ufl~ll9f'Uh~?l~ ll?l~llfll'j 
d o'd' o'<!l 0 'JI d d ~ d <!l d )/ d :

'Yl'UflV~lJlJ1flfl11fl?l fll 'j~?l?l 'l~'Y11''I1lJfl~m'U'ff'Ufl~'~V~\PIfl:IJI1J'U'ffm ?lV~ 'ff'ff:IJ 11?l~'ff'U1\Pl1?lllfl:IJ 

'YnH fl?lfl hl'l?l1'fflPlij'jtJ~Nfl?llJll'IJ'U 1~'UU~flnJ~111~'U'Vl (lobe) 'I1~fll~'UnJIP1'1 "H" ~~ij 
<u <u <u qJ 

'" '.... ~ I .K.... '::'1 d 0' "I "I "" "I 0' "d d 
?lfll:lW~ll\Plfl\Pll~fl'U'I1?l1V'jlJll'IJ'IJ 'U'Ufl'IJ'ffu9f'ff'Ufl~ ~~fl~\PlfllJ ~~fl~\PIfllJ'IJl~'lI'U ~lJ ~ l'l 'j'UflV~flV 'U 

OJ OJ 

fl~fl hl'l?l1'ff1Pl 

0' "I _I 'JI '" o'd '" 0' d 'i ?t 
19f~~'Ufl~ ~~V~\PlVlJlJ'j~flfl'IJ~1V H'U~I9f~~ :lJH'U~19f?l~'I1'U1 1l'\l~1l?l~'Yl'U'Y11'U A~mll'U 

" ,
'ffl'j'Vl1fll'Vifl~'Uij 'ffl'i c)f~f1111'Yl'j fltJ~ U'U V~ tI1'111'j 'ff~ 'fflJ "Y1'U''YltUI~'U Ul1J''U U~~u 1l~YiI~ Vfl11 

OJ u 

"" 'i "" "" , '::'1 d o'.d d "I d 0' d .3l "I d 0'"1)/'
m'ff ~'ff~llJ'Ul'j'U (chrysolaminarin) 'U'fflJ9f'ff'YllJ ~'Vl'j'UflV~tI1'llJf11'j'ff~'ff1JlI1J~ n 'U ~'Vi'j'UVV~ 

"J d _I' "I'J1' o'.d 0', .... ~ 'JI <!l ,. ''i d , 

~~fl~\PlfllJlJ'jlJ'jN'I1mVU'IJ'IJ ~~Ufl 19f~~1~V1 19f?l?lflflfl'Ulll'UI'ff'U'fflV 'I1'jfl'fflV ~9f ~~VlJfll'j\PlV 
OJ 

",
fl'UV~N'I1 ~ 1lJ"l 'I1~fl'lJl~"ll''I1~V~'j1lJfl'Ul~'Ufl~lJl~'UOfl'U , 'U 'Vi 1flYifld'j 1lJ fl'U I~ 'U fl ~ lJ 11~ fl~lJ 'l~ 

rl~v~' 'U 'ffl'j~ij~fll:1 W~'I1 ~'U"l fl"'lm'l~m~'U ~~ltl'Um~lll'lfl~'U 19f~rl' Ufl~'\Ifl~ '~fl~flVlJ '1Jiju~ ~ .. . 
'" " 0' ~ '" 0' 'JI' 0' o'd • .1 '" 'JI ,. d "" ~ d 

1'l~~lJ ll~ 'U19f~~u'IJ'Vi'U1iI'VirYH 'U'IJl~flfl'jl~fl'jlJUl"l~I'l~~lJ 1 1'ff'U U'IJ'lJUl'l'U'U ~\Pl'UlJ1\Plfl C}f~lJ'\I'U 
• OJ 

" -ff'U 2 Ufl1'IJ'UUvJ~I'l~rrtll9f~~tJfl~ij1l1fh lfl~~Hflm~ ijlm llJ'Vi?ll'fflPl 1 fl'U 'I1~fl'l1?l1Vfl'U 'Vi1fl 

~,~mfl'j llJl'l?l1'ff1Pi''l~~lH;1flU'IJ'lJU9f 1'V!'j '~1Pl ~~n'U9flfl'ffnV'U'Yl~6 (V1~ Vi'j'V!'jrlrYl?l,2546)
OJ • 

o 
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i¥n1:lW~fhft1:l ...tN'~tl~gJtltJ (q1~ vhvnVifflft,2548) 

~flllW~'\Jij-:J1CJfft~tJ1~flijlJ~1tJ 2 'tH'fflPlft ~ihnr-:J1CJfft~ilJ~mJ l~tJ1imr-:J~tJtJijfl~.. 
d ~ ..J d d .e:t.d I QI .d do d 

m ijlJ ijfl'lftJ 'H tJ -:J 11 tJfl "ij .... 1i fll" (epitheca) ff1tJ ~tJ-:J'VI Qflm ij lJl1 tJ fl "i ~ 1.... 1i fll" (hypotheca) 

• .1.... ,.... .1 y, .,I...... .1 Y <!t 'i Y .. '" 'i Y 
111ff~ft11lPlft~ijtJlJ1 ::flijlJ\Pl1tJ11~tJ'VI1JftflllW~~lJlllJtJ fldl-:J'H1 ij tiN 11 tJfl "11ft1" (valve) t \PltJ~ ltJ 

....... .. .. "" '" Y i 'i" .. , i 'i. I '" .. Y ,

ij ....1iflll1tJfl ij ....11ftft (epivale) \PlltJ ~ t....1iflll1tJfl11 " a' tlJ11ft1" (hypovale) 1J11tllJ~ltJ'\J11-:JijtJ.. 
lVtJ1J1JmfltilJvJi'ff~ft l~tJfl';h flijtJltJfl~-:JlllJtJ(connecting band) 'H~ij 9f-:JfJ~1J (cingulum) 'H~ij 

1flm~ft11lJtJ (girdle band) l~w~Vi1iflll~tJfl';h~Vi9f-:JfJ~1J (epicingulum) 'H~ij ~Vi1flm~ft (epigirdle) 

~ltJ'~ltJ1iflll~tJfl i~ltJ9f-:JfJ~1J (hypocingulum) 'H~ij i~ltJLflm~ft (hypogirdle) 

lt1ij-:J '11lfl~,r -:J1CJfft ~1iffn 9filflll,rl i tJ11'V11 fl11ft:: .... ijfl'HtJ 1'lltJ1VtJ11~tJ ~mt1ij~titJ ~fl'll:: 

ln~l~tJ ~-:JgtJijijfl1l1flti'1 tJ'H tJ l1J'H~ij1 tJNfl 11ft::lh1M1J1-:JlJj11W1VtJ 'll\PllJ N11ft::'HtJ 1ilin11titJ• 
lil1M1tJil-:J ilin11titJ U~flllln~l'1ftJiilVtJHlJlJ11~tJ~utltJijtJ~-:Jt111111~1 tJfll1 mj-:J i~ ij::lPlij1J.. 
ijijfl1vtJfl~1J1'Hqj ~ i~ 2 11lJlJi~11tl 11lJlJ1CJftJ'VIjfli\Plij::lPlij1J (centric diatom) 1i~tJil-:Jff1J1I11Pl1 

11lJlJi'ff1i (radial symmetry) If!tJ1ifll1 .... ijfl9filfll1illff'VI1-:Jijijfli tJ'lllfl~f!t:!''U 6flft N'\Jij-:JvJi'ff~ft 11ft:: 

11lJlJl.... tJltJ'VI i f! ij::1Pl ij 1J (pinnate diatom) 1i~ tJi 1-:1 ff1J1I11Pl1 11 lJlJ ~fl~ltJ'\J111..11titJ (bilateral 

symmetry) 1i1l1-:JffilCifff1limj-:Jijijfl1vtJ 2 ff1'U ~m'O L'H 1jij'Uf1tJ 11lJlJ l1~tJ fll1 .... ijfl'\Jij-:J9filfll'll::1~1J 
Y "" " <!t. <!t •• • ~ "" .1.. ,

'11lfl 2 '\Jl-:JlJ111W11fl'Uflftl-:J (axial stnp 'H1ij axIal fild 'H1ij longitudmal stnp) CJf-:JlJll1W'U1J1ij-:J 

IPll1JtJl 11~ tJfl11 "llfl (raphe)" lVtJ 'VIl-:J ~1'U 'VI::':)'\Jij-:J~,r -:J1CJfft ~ t.1' Wif!lPll1J'\J1N 'll::lVtJlVtJ ~tJlPi1i 

"V" 11fllJjnW~-:Jflm-:J1CJfft~'ll::lfltJ~,r-:J'HtJl1~tJfl .."lCJftJ'VIi'ft ltJf!ft" (central nodule) ~,r-:J'HtJ1U~ 
~.. 'i "''i "" .,Ii ,.. .... 1 ~Io ft::'\J1 11tJfl "t .... ftll ttJ~ft" (polar nodule) lJl1dW11fltJflft1-:l'VI 1J1J11Vll1tJfl "CU f!1111" 

, 'JI I I , 

~ ~I d , i dd ~I I QI d ~ di Y
(pseudoraphe) 'H16l1l11'V1tJ1J .... lJ111.... tJltJlPl \Plij::lPlij1J'VI1Jl l111'Vll'U tJ'VI'll::lflftij'U 'VI f! 

'I I I I 'JI I 

"J ' <!t ""J Y 'i""J .... ~I" Y "" , .....
If! ij::1Pl ij1JlJ 1-:1 flft1J ffl1111 tlLflft ijtJ 'VI If! t ~ tJ'VI I~ ij:: IPl ij1J 'VI1J1l11 'VI 11 'VI 'llH 1'VI 1'U tJ 'VI• 

4 Alii y 1 d A.dll). d ~ QI d ~.d ... 1 QI

lflftij'U'VI If! ~tJ'll::1Jfll1lflftij'U'VI ItJijtJN11 tJlJ~ 'H1ijfl1 ::~fl~ ij\Pll 1111'\Jij-:Jfll1lflftijtJ'VI '0::11lJ1~'U 

"" "" "j .,I ,J , .... ~I 'i .. "" )/) • I
\Pl11JtJ 1111 W'\Jij-:J 11ff -:J 'VI ff't11-:J '\J ij-:J fll1lfl ft ij'U 'VI '0 ~'\J 'U ijtJfllJ 1 tJ 11-:1 '\J ij-:J 1111 t ~ tJ1J 'VI ff'VI N IPl H ! lJ.. .. I 

Y Y 44 ~ d QI til ci ,dY1''''' "J 
~ltJl1tJll11ij1Jfll11flftijtJ'VI11lJlJIPl1 S (sigmoid) flft Ifl'\Jij-:Jfll1lflftijtJ'VI1'\J1 '11111fl~'Olflfll1l'Hft 

"J 1 <9 .,I .. 0 , Y 'i "''i Y ~ "J • I..... Y ~ <9 0 1Y "" 
'\Jij-:J ICJf lPl .... mffCJf1J'VI1J1Pl111'HtJ-:J'VI1-:Jf!ltJ t....m1 ttJf!ft'\JN'HtJ-:J IlJtJ-:Jijfl'\Jl-:J'HtJ-:J 'O-:J'Vll l11flf!11H.. 

" I I 

lffVf!'VI1Wi1J'l11 ~tJ 1Mlfltlij'Ul1IPlH,rl1Jf1lJllff'VI1-:Jfl11 il1ft'\Jij-:J iCJf llPl mff911J 

"J .. .... Y "" '" <!t .1 '" 1 l'If! ij:: IPl ij1JlJ 1-:J 'll 'U ffffl1111 tl ff1 NCJffff!'H 1 ijfflJ ijl1:: tJ:: fl f! tJ .... 1J1ll .... 1:: 'U fl ':)1J LCJf'U 

.oQ .cA "=' lid QI"=' I Y d\l) I \I) j!.c:i Y.oQ tI ~ 
'VI1fl ,~ij::lPlij1J CJf-:JCJffflPl1JtJW ff1JlJlPl'VI'U'VlltJlPlijff.fl11::111~ftij1J'VI 11Jm1Jl:: ff1J If!f! fll1ff1 NCJffflPll11J 

o 'i. I 'i <9 1 "'.... ... =" ~ 0 1Y ~ .. Y <9" "Y ......
'Olfl tlJ1 tlPl ftlffCJf1J.fl1tJ tJ1CJfftft'Hf!1Pl1111JfltJl1J'Uflij'Ulftflft-:J Uft::'VIl 'tH'HtJ'ffl'\J1J'\JtJ'lllfltJtJ'll::1J 

Y .,I ?t """" Y ,J '" Y .1 ",.1"J Y <!t .1 '" 
fll1ff1N~'U-:J'VIllJ'UffllCJfftfllll1'HtJ1111fl'\J'U 1tJ llCJf(l(l61'Off11-:JfflJij':i'U If! 1,2 'H':iij 4 fflJ6l 
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... • I ... I Y ••1... • I ' 4 '" '" ••1... .,6 IIJ I 4
'lfl'l:lW~'IIfl'HYlJfl'hJ~~flfl1JWJtl 2 rt~ ff~'l 1lJ~ Hfl'llJ'I1~fl~U'l~lJ'l 'J~'lltl1JUrt~ ff~'l C)f~ tlJt'I1lJflU 

~,. I ~ ~ .a fj} ~ .d oC:\ rI
'l'J~'lltl1JUtC)f~~lJfl~t~lJ tlJflffm'WU'J~~fllJt'I1lJl~fflJrI'JllJ')j'UU~~m'l11~t'YWnWC)fff~H)~~flfl1~tl 

~~tl1'Jflflfltm~t'il~qjti:lUtC)f~ftiJfl~~fl1iJ ffl1J1Hl' oN"'fl'l:lW~CMff~1J1'.rlU f11~,j~ ~lU Ufl 1~fl~~fllJ 

1~ 

tt'l1ci~~fl~'IIfl~1~fl~~fllJ1~fl~~fllJ~m}1~fl~'ui:1'il~uuijiJ~~1J1W250 ~lrff U~~ 

100,000 ffuCMti' i~fl~~fllJ~hu'mu'W1J'utht1~m Jl~~ ~llJti'flUMU'Ut~flUU'l~~llJ'I1Ul~U 1JH u 

~ ~ 

')j'U~~l~ ~;1~cifl~~fltlmlJm~Uffth' u~iJu'W~~n~fluVl')j' 'I1~fltf11~~llJ1ml 11iij;1~ '~th t'lfU 
~ . 

ti'flUMU t~tlfl-jl t1JuVirl 1~fl~~fllJ (benthic diatom) 'I1~mf11~n1JVl')j'Jl'11~flffl'11~lt1'11'Ulfl'm;u 
u 

t~tlfl11 t'Wfl~1~~r1 1~fl~~fllJ (periphytic diatom) 1~fl~~fllJijrl'JlmhritylJlfl'Utt'l1ci~J1t'Vnl~ilfl 
~ ~ 

11l~U~~~~.,ju~u'Utt'l1ci~th 
~ 

o "'''''' 'I I,J", ... 'I Y'l ... .. Y IIJ Y =It 
flU~lH"lf'J~ tUfl'llJ't1lJHrI'J~t:l t')j' tUf11~ff~lml~'I1Uff~ff~1~m'l11~W~ t~tlJUm'l11~ 

, 'I1'n1J~~ ij;1~ ')j'U ~ gu ri'JU fl cilJ~ ij~ ~r11~t:l 'If'JtI' U fll~ -ff~ trl~ 1 ~..ru ff~ 'il~ 4i 1~ ~;1~ U1J1J 

'i 111 ••1"'" Y "'" 4 '" '" ..
UC)f t'W~ lrt~r1 ~fl~flUC)flfl'l1~flflUmrl'llfl~ffl~flUU't1~tI• 

~ 

f11~iYmiu.fi ijl1~U1J1Jmffm'WrYtm~'1imffm'WrY l~mt1J1J'1imffm'WrY'il~ijflUtt1j~tC)f~ft• 
~llJ'II11~flflflt~Ufffl~ri'Jut'Vhnuu1J1J binary transverse fission 1C)f l~'W~lffcltlJijf11~u'I..i~U1J1J 1lJ 

'i "'" 1tJ Y .. I .. "'... ..... "'" .,6.,6 ... i '''' .,6 .,6 ... .. I 

t~C)fff t~ 2 tC)f'l'l U~'l~tC)f'l'l'il~lJ~tHtC)f'l'lflUt~lJrlH'I1U~ U'l~flU 'I1lJflflrlH'I1U~ f'lU~tC)ftlmf11 

d.c:t-Q I Q.I rI I ~ d gJ .c:t I rI ~ 0 9J 
fl'lll'Hil U fl'W f11ff1U ~U ~ lC)f'l~ , 'I1lJtlJU 1~ hhi f11 tfflJ fl t:l1lJf11~ tt1J ~tC)f'l 'l '11 'l1 tI'l rI H 'il~ 't11 i'l1 

'II 'U 1~ 'II fl ~ 1
I 

U~ fl '11 'l1U'l~ 'l~ tt'l~ t'l 
d 

fl 'l~ lJ1fl 

o QI 4 QI rI Q,I fit .d 0 i fj) tI lIJ d.c:t 
ffl'11 ~1J f11~ ff1J'W UIi tt1J1JmrYtIt'WrYtlJUm ~ 1J 'JU f11~ 't1't11 m C)f'l 'l 'II fl ~ t~w~ ~fllJ 'ill fl 't1lJ•. ~. 

'IIU1~t~ fl.yitfi~'illflf11~ tt 'I..i~tC)f'lft ml1J 1eU ~'IIU1~ i myeU fl~'IIfl~ ffuCMfflrU '1 i~ tlflnff~ l~ffeUfl{.yj 

t~tJfl11 "flflfl iC)fffeUfl{" (auxospore) 1~Wl~lJ'illfltC)f'lfteUfl~~ij~lU1u~~1m ilJ iC)flJ 2n 'il~u'l..i~ 
.. IIJ 'i '" Ii) Y '" 4 ..4..... Y ",.,j '" ... Y 111 Y =It 111 

tC)f~~tt1J1J tlJ tflC)fff t~UfllJ't1'11~mC)f'l'lff1J'WUlit'WrY~U'l~t'WrYtlJtI tlJflUfllJ't1~fflJflUU'l1 t~tlJU tC)f. .. 
.,6 ... '" .... 111 • I ~I '" .. 111 Y Y ...1fl~ IlJ~llJfflJC)fff'IJfl~1~fl~ ~fllJ U'l1ff~ 1~~'U~C)f~U 1J1JU~U flU ~1lJflU'IIfl~UfllJ't1'il~U~fl~HflU

.. 'J/ =It 'i. I .. .,6. I 'J/ ••1... ..1 ... d", '" '" 4 
tC)f~'l'lfllJH)1Jfl'llt1tlJUflflfl tC)ffflJm C)f~ lJ ~~flfl1J~'Jtlrt~ ff~'l 2 rt~ ff~'l 't1lJ~'Jt ~ tJ1J '11 ~fl'l'J~'lltl 

1tJ' <!t ".1 "'" .,j <01 'J/ d "'" .. 111 i "'" 111 'J/ .. .,6I 

IlJntlJflUlC)f'l'llJfl~ tlJflm~~t1~'W~fllJ't1'il~~flfl 'il~tfl~f11~U1J~tC)f'l'ltt1J1J IlJ ~C)fff 1~ 2 tC)f'l'l C)f~ 

I .. Y ... i 1.% '" 'J/ .1"'" .,6 <!t .1" ... 
U~'l~tC)f'l'l'il~ff':iH~U~ 'I1lJ'IIUlJltfl~ lJf11':iff':iHfflJfl':iflfltt1J1J'I1U~ r1fl fflJfl~':i~t1~'Wfl 

.,6 "'" ," 111 i "'" ... .1 I <!t .. I '11'"(resting spore) C)f~tfl~'illflf11':itt1J~lC)f'l'lU1J1JIlJ ~C)fff U'l~'W~Ul~lJ':il~l'I1lJflUtC)f'lmllJ 'W1J'Jl 'il'iltl 

.do 9J rI rI QI ~ I QI.a 'jI i rI oC:\ ~ ~ 
't1'V11i '11 flflfl i C)fffeU fl m'l~ ffeU fl':i':i~ tJ~'Wfl U UU~fl~HflU r1flflU ff':il~ flflfl C)fffiJ fl':i 'il~ lfl~'IIUtlJ fl 

.. d "'" 1tJ.1 <01 'J/ '" <!t..... ... 'J/.I.....I 

'II'Ul~'IIfl~tC)f~'lt~fl~~lJlfltfl'UtlJ 'iI~~fl~lJf11':i ff1J'W'U lHt1J1JmrYtIt'WrY ff1'U f11':i ff':il~ fflJ fl':i':i ~t1~'Wfl• 
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1f1~ ~lfl "1fll'V/Ud~ 1ImJ~11l1lflm: "1lJ~ijm'i 1~~tl.J1~tJ l~u,,~'\J'W 1~'\J ij'l 1i'1ij~~ ijlJ1J1fllfl'W'UU"~.., 

l~'W11tJtl 111mfftllVH;Y (fJd~ Vh'VI'r~fl1", 2546) 

fl11illU'Un't'i2Jl~'t'i~'Utl'l'~tl~V1t)2J 

lit ij'l ~ 1fl ~ l!Wlf" t1'\J ij'l 1 ~ij~ ~ ijlJij "11 'i cl1ilmLilwij'l flU 'i ~ flt:! tJ"hfity ~ 11'11clm t1cHtJ"*mJ 

.., "do .II. .., ~L 1 ':'1 do " liJ 
U"~,, d~" 1tJtJ 'W ~'W '11"ll''''' lJlf" 1tJ11tJtJ"ll''1 U~ fl~ 1'1 fl'W 1u~ 11.1 "1u "ll''(;f'\J ij 'I l~ ij~ ~ ij 1.1 '(;f11J1Hl 'W 

0 

1 

QI I ~ " t1 VGI 0 ltI ~ I I ltI 9J I .c:9 QI 

"fl1:lW~llf" 1'W lJ 11 'JH)~ ~ 111'W fl 1~ ij~ ~ ijlJ ij ij flllJ 'W If lJ1~ If \! ~1'l'1 1~ U~ fll'i flfl1:l1" fl1:l W~ U" ~ 

"'!"lII ..," SI 'lSi ~ "" SI • 'lSi SI " 
" 1 ~ m tJ '\I ij 'I ~ 'W Wlf"" 1~ ij~ ~ ij lJ 'W 'W ~ ij'l '11 m 'i Y1 fl1:l1 'VI lfl'1:l 'VI 'i ij 1.1 m HlltJfIl 'VI ~ fl " ij 'I ~ " 'VI 'i'i fl'W• 
co. d QI t !II ~ ltI 'l' : ~ ~d C\ d tI tI V 0

ijmfl~H) 'W ~ '1'W'W tIl1lJ 'W l~ij~ ~tllJ 'W 11lf" 'I 'W n~'VIlJ "1l'i tl'W 'VI'i tJfIl tJ 'l 'W l"ll''' "lJ1fl~ ij 'I 'VI 1f1 11lJ 

til ~ 'lv d Q.I ~ Q.I ~ QI C\oC\ QItid
"1~ tl 1~1 "ll''''' fl tl 'W 1'V1 tl If lJ ij '1llf 'W" d ~ "1 tJ'\J tI'I ~'W '11"ll''''' "ll' '11lJ 'W" fl1:l W~ "11f1 ty 'l 'W fll'i1'W ~ iW 

'~tl~~tllJ (fJ1~ ~'i'VI'i~fl1", 2546) 

I jJ, jJ 

Wetzel (1975) '~lh ~ fJfl~'l ~"11lf 11tJ'I1lJ~1~'W Viw tJ 'l 'WUIf ~ '1U 11'rt tltJ'I 6)}uj1J1W 

. 'l 1:4 'l :d~ d iI d!llI d 
"11'itl1lfl'i (trophiC status) 'W11lf "'1'W1f1tl 'WUlf "'1'W 1'V11lJ'W m~l(lfl'W tltJ U"~lJfl11lJ1f1lJ'WtltJlJ1fl 

.cI v t ~ I , C\ tI , 
U"~lJ "1l'i tl1lf l'i 'W ij tJ (oligotrophic) 11 ~'VItJ "1llf 'i1tJ'I1'W ~1~ 'W fl"J1Jl~ fflJ~ "1 (Desmids) 1'I1'W 

ddo SI do ~ C1. 
Staurodesmus sp. 1m~ Staurastum sp. 'l 'W'VI~1""11tJ'VIlJ"11'iml1l'i'WtltJlJ pH llJ'Wfl"l'1fH~l'1 

dV ,.qI~ltI ,. I~ 
mfl'WtltJ ~~W1J"1llf'i1tJ'lf'W~1~'W fltl l~tl~~ijlJ t~tllll.'VI1~tltJ1'1tJ'I Cyclotella sp. 11"~ Tabellaria sp. 

'VItJ"1llf11tJfl~lJ Chlorococcal1'lf'W Oocystis sp. lf~tlfl~lJ Chrysophycean 1'lf'W Botryococcus sp.'l'W 

" . 
11lf ~'1 11 1Viii "1l'i tl llf l'i tYtl tJ ii pH 1~ 'W flm 'I il'l ~1'l1~ fl tY~HJ ~ ~ 'VI tJ "11lf 11 tJ 'I1lJ ~ 1~ 'W fi tl fl~ lJ 

't ' ~ ddt! :cL:::lI 

Chrysophycean t~mU'VI1~~W1'1[J'I Dinobryon sp. ml~ Mallomonas sp. tIl'lffil"ll'ff UlfM'W1'V1lJ 

"d ~ Cl' d " • Q.I d' C\ 

ffl'im'l11'itHHJ lJ pH 1tJ'Ufl" l'1fJ'l~l'1mfl'UtltJ Uiltl'l11tJH'Im~'lf'U'\Jtl'l'VI~l" ff1tJtl1 'ifl~ fl 1J~'VI 11 

ffllf11tJ'lflJ~1~'U''Wfl~lJ Dinoflagellates 1~tJm'VI1~tlV1'lt'l Peridinium sp.tJ1'1ffil;ff' U,,~ 
" . 

Ceratium sp. 1m ~'1'l.hliiiffl'imlfl'i"J'I 'l 'W q~m(lu fl~lm~iiffl'itl 1111'iU1'W flm'l 'l'WtJ1'1q~m" ii 
~ 1!:9, d 91 I r , 

pH 1tJ'Uflm'lil'l~1'1mfl'WtltJ~~Wtlff1'11'i1tJfl"JlJDinoflagellates, 1'Jl''U Peridinium sp. 1m~Ceratium 

sp. ll'11~ '1J1~iiff1'itl1lf 1'ilJ1fl u,,~ii pH ~tl'W .,j'1'1 "J'I 1J~WtJff1lf 11tJ'lflJ~ 1~'W fl~lJ 1~tl~~tllll~'U 

ri1'W'lmyl~tJm'VI1~mh'lt'l Asterionella spp., Crotonensis sp., Synedra sp., Stephanodiscus sp. 

11"~ Aulacoseira granulata 

c 



15 

.. 
A't11'ih (Spirogyra spp.) 

" 
ffH1'h fH'Yl1ih 'H1m~11 (Spirogyra spp.) ~f1ArI'lJ ff1'H'h~~h'ii~"H)~' 'lJ Division 

Chlorophyta, Order Zygnematales, Family Zygnemataceae ("'f1~11 1~ffr~111, 2542) ff1:IJl'HI 
" .

A~~tyA~'U 1~ 1$1~h.llh' 'H{li1ff~fl1fl iiff1Hl1'H1i1l1'lJ fl{ll~ A~~tyA~'U1~ ,~~, 'lJq~rtl'lJU{l~'H'lJ11 

(~1~ ~iWiriff1{l, 2548) " y , 
.. 

OJ • "8~n')'Ja~ou CUYl0q~1
i3n't:lW~'Utl.:.tlrnUl 

". . 
A'Yl11hii ~fl't:lW~A fl'lJ AffU ff1~Vi 'llU~ flU'U'lJ~ ii '"fl'j.jW~A'Hij tlU Aff'lJ H:IJ u~ii ih;j~1 lijtl 

........ !lI"'I it <!t it "" <!t 1!lI'!lI "" _I dt ,\," dt
ff:IJ Hff~~i fffl{l'lJ:lJtl A'lJ tl~ '01fl:IJ ffli A:lJtlfl'H tl"1:IJ 1 :lJilJ'VIH AlJ'lJ 'VI H m ~'U tlfl fl {ltl ~ iW {llff~HlJ'lJ 

!lI .1 "!lI dI '_I'" """!lI dI '" .."" t 1 d '" .. t ,HY'lJ 'Ufl'il1fllJ{llfHC)f{l{lfl1'lJ'HU~ lJt.l~AC)f{l{ltlflfl1U'HU~ HU~AC)f{l{l:IJ 3 'lfU &~W'VIHU~AC)f{l{l'lfU 'lJ 

" " II {l ~ i'u fl {l H A~ 'lJ ff 1i 11 i ~ fl tl 'U W1 fl A91 {l {l1 {l ff U{l ~ i'u 1..1 tl fl ff fl A11 1..1 ff 1i W1 flA Wfl1 ~ ff 
~ ~ 

'\' .."" "I "" 0' "" dt dI • '\' 0' <!t
f1{l tl &iW {llff~:IJ ~ Wi 1..1 tl tlfl Ai ~~A lJU Utl1~{ltlfl ffl~ C)f~ '011..1 11..1 ff1t1'Utl~f1 {l tl ! iW m ffl9l ~~:lJl fl'H i tl 

!lI ,J ,.... "" 0' .. "" "" 1 " """" "" 1..1 tltl'U 'lJ tl tI fl 'U 'll'U fl U{l ~ fl1 tI'Utl ~ A91{l {l ~ Hfl {l N AC)f{l {l 'il~:IJ U1f11 &tl {l 'U 1..1 1fl 'H tlHl{l ~:IJ 1..1 1AfI {l tI ff 
~ ~ u . ". 

umU{ltltltld 1fl~iifflt1i911'VIWmffC)f:IJA~tl:IJ 1t1~tifl Hti'UHU~A91{lrl' 1'Yl1l.hA1IU ffl'Hi lt1i1 illlfltlffrl~ 
... 1 ~ d ~ .d "l 9J 41 rI d~ d "111 I d ~: ~ d 

ffUtli'VIAfI{l tl'lJ 'VI ~flU'U'UffI9l1A{l tli 1..1 'll'1~ U{l~Ufl:IJll~fl ~mHlvl{lfml {lm flli A~HlJ'Utl~ A'YllU 11..1 U:IJ 
u 

i1'il~tI'H{llt1mh~ A';U llff~ tlW'Hfl1J lli'fil\P1~W'" lA{l~1I~:lJ1Wtltlfl91A'OU ~liiiulI~:lJ1W~A'Hll1~ffll 
II cu II I 

" 
~~lil' »A'VIl'U 1A~~tlJ i~~U{l~AilUj;hU ff1titlJ'Utl~l·h~ 1cMtl1'Hlii Ui~'U1Ji1nff 

..... 
u . u 

VUVI'Utl.:.tlrllUlo 
" . 

"'flfll 1~ffi'\PIU (2542) i~flrl11~~f111:IJ'Hmfl11{llt1'Utl~A'Yl11.hi1fflil~W'UlA{l~iifl1i~fl 

(1) Spirogyra crassa Kiitzing 

0' '!lI dt <!t it.... !lI"'I it <!t 0'_1 "" !lI ' 
ff1 fHC)1{l {l fl tl 1..1 'U N 11 tll1J AlJ 1..1 A:IJ tl flAll tl ~ 'U fl 'il ~ i fffl {l 'lJ:IJ tl 19l'{l {llJ fl ~ AffU H11..1 

~ ~ 

" ffu6flm~ 140-160 ~lUffU ~flm~'H~tlHu~tiUAitl1JillflitlU fl11:IJt/1119l'{lrl'A1IUfftl~Avll'Utl~AffU
~ ~ 

f1{ltl1 il'l{llff,fliluAffU'lJ1~ 6-12 Iff1..1 f1{ltl hwmff,f'UflAilUAfl~tll f1tlU ~Afliu 1fltlflliff~1~vltlA~U 
~ 

o'd"" .... 0' "" d d <!t !lI "I '\' .1 0' .1"1 I <!t !lI
fflfH9l'{l{l'V1:IJflliHffllWU~~~llillffA'H{ltl:IJHUHl ~9l' &flfflJtli (zygospore) iu ~'U 'HitlU1JU'UN 

tI riA d : Q1 rid d ,
1Jmtlfffl'Utl~1Jmtl 'C)11flff1Jtlifl{l:IJ:lJU ff1Jtli:IJffUlm{l H{l~ HU~'Utl~ff1Jtli:IJ'H{lfl"l m~ ~ltltltl. ~ ~ 

~1i1J lffU~lUffu6flm~'Utl~ff1Jtl{ 12-140 ':IJflitlU t/11166-175 illflitl'lJ 
~ 

c 
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(2) Spirogyra daedaleoides Czurda 

.. ' 'J/ _I 'J/ ... 1 'J/'"
ffltl1c)HH'Im)'U'\ll~'1HJ1U lJ 'j~m)U~1t11c)H'IfI, lJVlH m ~Utlf) HY'UH1'U tl'UtJf)m~ 

30-35 l1jfntl'U tl11 70-148 l1Jmtl'U H'I!~tf'Ut~t1U f1f1tl hVifllff~ t~'Utff'U'H-d~tff'U'\l~lfl'Utfi~t11 

3-4 'jtlU m'jfltl'U~tfi,r'UUUUUfl~n'U~~l'U~l~i~t1ff~nviml1mf~fftl~Uf)1Jijfltt])'fI't1~ijmmff1J 
cv tI "l'" ... 1 tI ... I"l ' d d : QI ,.. tid I fj/

Vi'U~~~Vitl~tltlf) LCJf tf)fflJfl'jIlJ L'\l 1Jff'Ulmfl m'~U'UH'U~ t~wff'lJfl'jm'l1~flltlUUU'jl~U'Hlff'U 

fh'Utl'U6f)fll~'\ltl~ff'lJfl{ 35-44 l1Jmtl'U t1l1 59-nl1Jmtl'U 

(3) Spirogyra gratina Transean 

ffltllCJffl't1tgf) 'lJ'j~f)tlU~1t1lCJffl't1'j'lJVI'j ~m~Utlf) tff'U ~1'Uff'U6f) m~'lJ'j~1J1W 28-33.. .. 
~ . 

l1JfI'jtl'U t1l1 144-400 l1Jmtl'U H'I!~n'UtCJffl't1ij'jfltl~U~1'U1'Uflfltl ..hVifllff~2-4 lff'U f1tl'U~tfi.;r'U
~ 

'J/ 'J/ 'i" ..... 'J/'''''I ... ".1 d
UUU~l'U '\ll~ L~t11JUf)1J1J~V1 ~fftl~ lViff ff'jl~ V1tltCJffl fI ffUVi'U 1i 'j lJVI 'j ~ m ~U tlf)'\l'U l~HfI f)'I1'j fl'\l til tI... "I 

,.1 , ... 11) 'i _I" .111) '''I .111) ,.ok ....1........ "I 
1'I1ty'\l'Uf)1lt~1J LCJf Lf)fflJtl'j~lJ L'\l'l1'jtl~lJ L'\lf)~V1'j~ m~Utlf) H'U~'\ltl~fflJfl'jlHIUUfI~1Jffmfltl~ 

1~U~1'Uff'U6f)m~'\ltl~ff'lJtl135-47 l1JfI'jtlu tJ11108-123 l1Jmtl'U.. 
(4) Spirogyra weberi Kiitzing 

"_I 'J/ ... 1 .. 'J/'" 11)
fflrHCJfflfl lJ'j ~f)tlU~1rHCJfflmlJVI'j~m~Utlf) lHff'UH1'Uff'Utlf)fI l~ 19-30 L1JfI'j fl'U.. .. 

... ~ .... ..... ..~ 'J/ 'J/ ~ 
t1l180-480 l1Jmtl'U HU~f)'WtCJfflfl1J'jtltlViUUfI~1JflfltlhVifllfffl 11J'UUflUf)1l~ 1 lff'U'\l~l1J'U 

If)~t11 3-6 'jtlUfl1~ f1flU~Hf),rUi~t1vitl~ff~Hlllf)Uf)1Jij~i~fftl~mfftCJfflrl'~ijmmff1J~'Uti'j'lJ.. ... 

"l i .1" .I"l ,.ok ... .1.... ", .. : 'J/' .. 
V1Hm~Utlf) tCJf f)fflJtl'j'jlJ t'\lmVl'j~m~Utlf) HU~fflJtl'jl'jtlU1Jff'Ul~lfllff'UH1'Uff'Utlf)m~'\ltl~ .. .. 

ff'lJtl{ 21-25 l1JfI'jtl'U tJ11 30-39 l1JfI'jtl'U 

(5) Spirogyra tur/osa F.Gay 

..'" 'J/ 1 Q.I ~ tI d d
It])'flfl1Jfl1l1Jf)1l~ 68-78 l1Jmtl'U t1l1 68-350 1Jmtl'U HU~f)'UtCJfflfll'jtlU1Jflfltl 

.. 'J/ ... ~ '" .;, 'J/'J/i"'''~ 'J/
i 'jVifllff~ 3-4 lffU ViUtlJUlf)fltl1 1.5-4 'jtlU f1tlUlltfi'll"UUUU~lU'\ll~ ~t11JUf)1J1J~V1~fftl~tViffff'jl~..
 

(6) Spirogyra dubia Kiitzing 
~ 

lCJfflrl'ijfl1l1Jf)1l~ 40-50 l1Jmtl'U t1l160-250 l1Jmtlu H'I!~n'U1CJffl't1t~t1U ijflfltl 

.. "I 'J/ ... ~" ... 'J/ 'J/l" "' ... 
~ 

i 'jVifllff~ 2 'I1'jtl 3 t'ffUVi'UtlJUtfifltl1 2-8.5 'jtlU f1tlU~tf)'ll"UUUU~lU'\ll~ ~W1JUf)1J1J~V1~fftl~tViff 

'J/ , "l .. "l'''' .... "' .. : "I 'J/'" ..
'ff'jl~V1tl tCJf i f)ff'lJtl'j'j'lJ t'\l HU~fftJtl'j t'j t1UUfI~1JffUl~lflmflfl~ '\l'Ul~t'ff'UH1UffUtlf)fll~'\l tl~ff'lJm.. ..
 
42-50 l1JfI'jtlU t1l1 54-67 l1JfI'WU 

c 
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(7) Spirogyra hassa/lii (Jenner) P.L.Crouan & H.M.Crouan 

tid. fJJ "I "I QI ~ tid. QI 

tt]j'~H'Illfll11lfll1~26-33 !llfl'H')'\.J tnl 100-250 !llfl'H)'\.J H'\.J~fl'\.Jtt]j'~H'Ill~flllW~ 

trJ'\.Jl~U'I11'\.J ijfl~tI hl1mff~ 2 t~'\.J 'W'\.JtrJ'\.Jtfl~tn 1.5-5 'JtlU fltl'\.J'ltfli'\.Juuuu91~n'\.J~~l'\.J.,j'V.l.. 
3/, ~ d. tI.dd. tI tI r tIQI QI1fltJff11~VltI'llmHfftl~Uflllll91tt]j'~ ~Vlllfl11Hfflll1'\.J n~l1t1~tltlfl i t]j' 1flff'lJtln'lJ i'U H'\.J ~ff'lJ tl1. .. 

"" """" a 91 0' _I 0' ll] "JI

t1tJUU~~llffm~tI~ 'U'\.J1fltff'\.Jr41'\.Jff'\.JtJflm~'UtI~fflJtl1 39-48 !llf11t1'\.J tnl 58-139 11lf11t1'\.J.. 
I!I lV J : 

fll'Hf'lJ'Wt!'1'UfI.:Imnn 

fl11 ffU'W'\.J {UUUilitJ1ffml1ff1fltJfl11'U1fltltlfltrJ'\.J 't1t1'\.J"l "Yd'\.J fl1'J ffU'W'\.J {UUUtJ1fftJ 

QI d..d .cit.d I' QI .d d. ~ ~ ... J tI 
tl1ff1fltJfl1nlllfl'\.J'UtI~UflllVl t]j'~'l~tfl~tI'\.JVlH1'\.JVltlfltl'\.J'ltfl'l1'\.J t]j'~1l 2 UUU fltl ffm~U-ntl11l.. 
fltJ'\.JUtfli'\.J (scalariform conjugation) U~~U~t'YItJi'~fltJ'\.JUtfli'\.J (lateral conjugation) 'I1itlt'YItlihr~ 

fltJ'\.J Utfl<jf''\.J (terminal conjugation) 1 fltJfffl1~11rJtI{llfl tI'\.J Utfl<jf''\.J trJ'\.J fll HI ffll ~Hff1tJ'I1itI . ~ 

~l~l1miff 1fltJVitCJHl ~VlfltGJfmll '\.J ff1tJ'l~fff1~UflijVltl1fft~tJl91~ tJfl1;lltJ 'I11tJfffl~Uflij Vll1'~ 2 tl1ff • 
GJ d. QI .t::S , .t::S lC::), 1 1 tlGJ' ~ ~ dtI 
I '\.J1;lltJtfltJlfl'\.J UflllVlU91~~UflllVltflfl'llfl 1J1 9l11mff91!'\.JU91~~tt]j'~~'\.J '\.JttJ~ tlltlfl~1~tJ~nmHffll 

QI tI I 3/QI , fJJ l.a 3/ ~ fJJ I 

11'\.J ~ Spirogyra sp. 2 ff1tJ'l~tJ~ 1fl~fl'\.JUUU~'U'\.J1'\.J U~11J~tltJtlltlfltltlfl1l1111l ff1tJVI~fftl~ 1191tl1l1 

... 0' 91 d '1 91... 1-'1 91 .,j ... 1 d c:l.,j ... ~ a ~ I 

H'\.J~tt]j'~~fl1'\.J VI tI~ fl~fl'\.J 'l~ lJ~ tltIfl1I1 U~ltJ'\.J 1l1U91:::fl'\.J '\.J VI"Xflflt'l1t11l fl'\.Jt lJ'\.J '11 ~tlfl 'I11t1tlJ '\.J VIti 

t1tJflyjtJ~~fl~lT;h 't1t1fltl'\.J 'ltfl~'\.J 'UW~t~tJln'\.J,!'\.J 11J1 1\P1l1m1;lIP1~~t1J~tJ'\.Jt~'\.JUflijVl'UtI~tGJf~" 'l~.. 
... ~ 91 1- 1 1 0'«6 ~ "" 91 .,j d. I .:, II) ......

'I1fl'Jlllfl'\.JtlJ'\.J fltl'\.J lJ1 \PI 11 ~lff\9lt]j' ~tlJ '\.JUflll Vltl1ffH'l~ tfl ~ tI'\.J VI H1'\.J VI tlfltl'\.J 'l tfl'lf'\.J 11J111lfl'\.J flU .. .. 
11J1 1\P1l1~11;lIP1'UtJ~UflijVltl1fftijtJflmtJtrJ'\.J It]j'1fl\PI~tI 11J (~1~ ~1111fjff1~, 2546) 

U~ tVI tli'~fl tI'\.J 'It fl<jf''\.J 'I1i tJt VltI~U~fl tI'\.J 'ltfli'\.J trJ '\.J fll1 fl tI'\.J 'ltfl~'\.J ~t nfl1 '\.J ff1 tJ.. .. .. 
4 QI QI.t::S QI ~ d QI tI QI tI.d ~ , tI tI .d I tI 

'I11tJVI~~fftfltJlfl'\.JtlltJfI~'J~tJ~n~lHfflll1'\.J~ ~ t]j'~U\PI ~~tt]j'~~'l~H'\.J~tt]j'~~Vlfl'\.J1:::'I111~tt]j'~ 2 tt]j'~~ 

I I I SI 

111'11U1Vitfl'\.JUflij VI 'l~'U 1fltJtJflt~1..11t~ fl"l "Yd'\.JHU~tGJf~"Vit;ftJll ~ tJ 1~ WhHGJf~ "11~fftJ~ 'l~ 1tJ~ 
I I I' SI 

tJ tJflt fl 'U 11J 11 \PI 11 ~ 11;l1P1Vi 111 '11 U1 Vit fl'\.J ttfl ij VI t11 ff/l.. 11 ~ t f1 ~ tJ '\.J Vi ~ 1 'U <lftJ ~ Vl1 ~ iJ 1l1111l n 1.1 

11J1 1\P1l1mfflP1~111'11U l~trJ '\.JUflijVltl1fftijtJfl~lmrJ'\.J It]j'1 fl\PI~tI 11J 1 t]j'1 fl\9l ~~tnfl~'\.J'il1fl~~ 2 

"''''' .1 "" ... II) _ I ~ "J 1 I 0'1 ... 0'.1 ... ... «6I _
11ifll1'\.J1I~1lfl1111~'\.J1\9ltl llJ tlJ'\.J!t]j' fl\PIfflJtJ1 fltJH'\.J~tt]j'~~'I1'\.J1'U'\.JU~~'l~l1fl\PI11~tJ~n~1'11'\.J~ 

~tl1l1U,j~ij1tfl~tJ1;lUUU'1l 1tJ~1;l4 ij1tfl~tJff 'il~1;l~ltJl1J 3 ihtf1~tJff m~tJt~tJ~ 1 ij1tfl~tJff ~~ 

'il~~tJmrJ'\.Jl1~~1;l''I1li~tJl1J (~1~ .yj1111fjff1~, 2546) 

c 
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.. 
""'... 0 

1"1l1"1~'U8"1't11U1 (Life cycle of Spirogyra spp.) 
v • 

1'YI1'IhihHI':i;1IPlU1J1J Zygotic meiosis (iJty~~ lJWtcnflHl1'ff"J, 2532) 't1~5'ff.yhlh.J 

Ug~~~~W~ (haploid) hn:: fl::~iifl1':iiftJ'Vr'U imJ tJ ilimffm~ ff 'il:: 'fff1" ff1'U ~Vi l'I1U1~ fftJ'Vr'U i 
ii rJ fl'h Fragmentation ~" 'ff11J1Hl1 'il i tl.l1n 'U 't1~ 5'ff11-f li i ~ ff 1 'U fll ':i ff1J 'Vr'U ti'mJ mnffm ~ mr'U" . 

I ""., o.,!jI "",.1 .,f "" i!jlll] 1 .k "".,
'ff1'H':ilfl'il ::lJtl1fl1::t~ff'ff1'H ':itJ'ff':il"UfllJlJlPl'U'U lJ1 tlJtlUfllJlJ IPl ~'fflJ'il:: ~ ~ Clf fllPl Clf" 'il::lJ ~'U"'H'U 1 

ii rJfl,;h1Clf1fl'fftJtI{ trttltldl'U'fffll~U1~~t1lJ~iifl11lJ1'H1Jl::'fflJ~t'iliwt1j'U't1~5'ff1'Hli1~ fliifll':iU,j" 
~ " 

iJ1fl~fl'fflltJ tJ1lJ1fl~'ffVi 11'"'t1~5'ff1'I1lilltJtJlleJ~~~flfl~lPlllJt~lJ 

iI1't'i11tl1fl (Cladophora spp. and Microspora spp.) 
• • v 

fllflmi7flll~::fllflfj'ff1'U'Ufl" hWiJfllJtJii.flfl'ffl'11 ojlfliMjfl1'Yi~fl tlPll 'I1ifl t'YIl'lh 'I1ifl 
• v • 

Spirogyra spp. lJ1'U 1'U 1\91fl'l11lJ1~1 1fftflifl"tJ~ "1011"'1 ~\9It~'U fll'l11':i-W'U-U1'U 'Vi i~i'1Jfl11lJiJfllJlJ1fl 
,%QI.::!"l .a .c6 ::'I ' ,: I 

'Uflfl'illfl'Ufl"lJ ~fl'l1':ifl Cladophora spp.ll~:: Microspora spp. Clf"tlJ'U'ff1'11':i1fl'il1fl'JlJ'U11'IJ" l1~::'JlJ 
v. " 

'I11tJ1'U 'Vi'l11lJnhm'l11':iVl'U-U1'U 1~t"li'Uti'U 

Cladophora spp. 

Cladophora spp. t1~'U 'ff1'11 oj1t1~ ii~flt:l w:: t~'Ut~'U 'fflt1~ lllPl flll 'IJ 'U" lllPlfll':iUlPlfl U'IJ 'U" 11:: 

llil~'U~1JmllUlPlfl'Yi~~ lU'IJ'U" 'I1im11J11 Dichotomous branching lClf~~1Pl1"'1~1':iClffltl~~l9Iti1J'~'U 
tlQ I 9J 1 tI ~ I .c::! \f).c::! tI Q,I.c::! 

lClf~~lJfl111Jtl111J1flfl11f111lJfl11"1J1flf1~fl ':i~m'ff1Pl1l::1lJ'U':iHU'I1lJ A~':i'Uflfll9l'l1~lt1fl'U lJ 

iJ11tl~fl'ff1J1flfl'h 1 v'Ul'U 1 lClfm, ~,:r"tClf~~fifl'U"'1"'H'U11"1l':i;1IPltn'UUtJ1Jfl 1Clf1Jfl{Vlfl~~ 1~~ 
... 1 "" !jI 1 .1 .... "" •.1 !jI "" .. "" • .1 !jI

UeJ~~~fl'UlPlfl 19It1lJfll':i'ff':i1"CU fl'fflJfl':i'YIlJlll1~fl1ll~m 4 t'ff'U l1~::l1fllJlJ'YI'YIlJlll1~fl1ll~m 21'ff'U 

d .c::! QI \f) .c::! .c::! tit::! .c::!.c:. J 9J 9J.c:. I .c::! QI ,:

Clf"lJfll':i~'fflJfl'UUtJtJAfl 1ClfllfllJlJU~::mllll::lJ~l':i'YI 1'U 111 Clf'fflfll9l'IJ 'U1J1 " (m"fl") 'ff1'11':i1fl1'U1l'U 'ff'U 
'j/ SI SI SI I 

~ 'tni'" '111 ~ 191 '111 fl~ fl tI II ~ ::'I11'Y1:: t~ ii'll 'U 119111 ~:: ~ tJ ~ 1" 101 H ti'U 1J1 fl fll ty 11 'U fll"l1"J ii1lJ 1'U lJ 'U IPl 
SI • SI 'JI 

(2527)1~mh1';h 'ff1'11~1t1~,:r'ffU1J1,,'tfiJ\9I'Vi;;'Ul'U'I11~19I 1'Ul'IJlPlflm)'Uii~flt:lw::I~'Unfl'U fl~lJ t~'U• 
,tI .c:. I 9J ... 1 9J!J! d 0 

~1'U~'U flfl~ 1" 2-10 tClf'U IPltlJlPl':i 11~ ::UIPl~:: flfl'U lJ ':i ::flfltJl9I1m~'U'ff1t1'Y1UIPl flU'IJ'U "1l1'U 1'U1J1fl IPl H 

?t ' "ll] 1ll]!jI., <9... I ~ ... ~.l 'I" 'I!jI!jI ,: .1 
flm"tlJ'U'ff1'U'YI AlJ ~ 19I':itJll'ff" 11" lfll9l fll':i1Pl1fltm::t 'U 1tlJflfltfl\9l11fl'ff'IJ'U fllfl &'U 19I'U ~ 'I1flfl'U'U ~flfl'IJ'U 1J 1 

• v v 

'Yi~'mu1'111 t~t1fl1h1fltlfll':iWU11 t~tlllfl~" (lake ball) 'I11t:lfl~11I91vJfl':i111t:l~~(Cladophora ball) 

Microspora spp. 
,'" l.d.c::! QI 9J \f) , tI I tlQ

Microspora spp. t1I'U 'ff1'11 ':i 1fl'YIlJ ~ fl t:I w::t 'ff'U 'ff1 fl AlJ ltlPl flll 'IJ 'U" tClf~ ~ UIPl ~:: tClf~~lJ 
QI ~ ... I QI tI, tlQI Q QI .s'I QI 9J QI 

~ flt:lW::t lJ 'U ':ilJ 'VI H fl':i::tJfl fl ~'U W;lf~~ lllPl~~t9f~~lJflll:: '11 'U 11J ~flt:l w:: tlJ 'U \Pl1 H 9ffl'U fl'U 
OJ 

tl ~fl 1 ':i~ m 'fflPlmllii ~flt:lW~t~'U ~Hll'11 'I1iflfllllfl~ilJ'1t9f~ ~ 'I11flfll llt~ 'Utt~'U t~1J19f~" iliii 
ll] "" .. <!I ., "1 ,,!jI ::It I <!I!jI • I .... "" ••1 ., <!I !jI
A~':ilJfltll9l 'fftJ~lJli ~W'YIt'ff'U'ff1fl'IJ1I91flflfl1lJ'U'YIfllJ'I1':ifl'ff':i1"'fflJtI':i'YI:l..lltl1~11l~~1J2 'I1':ifl 4 t'ff'U• 
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.1 0' i.1 0' 'JI .,:. 'JI 1 I 'JI ""d I
II" ~tI1 ~ 'Vl 'IJ fflJ fI'HI 'IJ IH:l~VHn 'U fflJ fI'j m ff ~ II1ft" fllJ lJl'H lJ 1~ fflJ fI 1~ ff'j H fI~ f1'U 'YI ff1'U fll'j 

iYmi'Uill'IJ'lJfl1ffm'VlffiftfJfll'jfffHlltlii'YI ~~~~r-IfflJf1'IJII'IJ'IJlf1 i CJ1l1tlii (~1~ ~'j'Vl'joWff1", 2546) 

..... '" I I d i 0' o'<!l "" ",.l ,..... ~ ='t 
IlJ fI fJ~ fI fI 'U fI ~fI 1~ lJ 8" ft vh ff~ fJft ~ ft tl 'IJ 'Vl 'U IlmlJ fI fI 1 ~lJ 1tl'lJ 'U ~ ~" 1ft" fI m'IJ 'U 

rI " • ~ 

1I'Vl"~tl~fI'UV!"lf ~tll'l'IJ' 'U ihfi ii"mlW~I~'Utl'jftrifl'U~ ffnd 1rJ~UffU l'l'IJ'hiifll'j I~ ~tyflrh~ 

'j 1ft I~ 1 I~ 'U tJ~ 1JlW lJ 1tl' 'U llliJnJ1 'U 1I"~lIli J 1hi ~ 'IJ~I1W ii 11fl fJI'MrJHJ fI~ 1'U 'lh~ q~1I ~ ~ 
. " 

(~"lf1lJ -l'ltP:lfllfllJ) 11lJf1'IJ Cladophora spp. 'IllJ')j''U'IJ~I1W 2 r:l~ihihil1lJ1'~ltI'UtI1'111'j 
" " " 

V!'UTI1'U ~~Il~f1i' ~fI~~ ~'U g~il~ ~U'U iifJwfi 1'Y1 H ifl')j''U1tll'j 'Q; ~l'lfl fflJfl1'j (~1~ ~'j 'Vl'j oWff1" , 

2546) 

. 
v C\C\, ...... f ' ,

2.6 aillvtU1V1a011f111NaVl0fll'U;l1W1V1lJ IVlml~fll1Uvt'ifl1~;lUJ'U0~a1"''iU.l 
u 

SI 
2.6.1 a.fln'Un~UI01111HflU.lillvt 

2.6.1.1 ua~ (Light) 1~'U11~~fJ~~hfitylJ1f11'U fl'j ~'IJ1'Utll'j ff~lfI'j l~l1l1ff~'lJfI~ 
... 1 I " 

I Go' old oI!I 9J d I' "" ='t '"dl'J1 dff1'11 'j1 rJ l'l"~\l1'U1I" ~ ffff1'j 'YIlfI"fI'U fJ1 fJ'I1lJ'Ul1rJ'U fI rJ 'U 'j ~ 'IJ 'IJ'Ul1ff~ ~ IU'U r-I" 'YI ft1Jl1l1tll'l"~ ~ 1'U'YI 
q OJ 

lf1ft1l1tltlnff~I fl'j1~1111ff \I 'lJfI~ ff1'11 1 l(I~I,,~n')j'ih~ rJ1 (lh~lJ 1W 'Vl 'j'l1lJ "1'Y1ni'm1, 2531) ~I ff ~ ~ 

l'lm'l1lJ1~~~ ~ii;}1~~fI~fll'j flflfflfJ"~ 10 'lJfI~lIff~~fffl~f·h'UlJ1 ~,r.f'U 1"tl~~I~'UtJ~1JlW 'lJfI~lIff ~ 
I JI ," )I 

fi fffl~~tl"~'tJl 'U il1tJ 'j~lJ 1W 6 vl~ 1~ rJll ff ~fifffl~"~ 1tJl 'U il1iir-l"~ fI flW '11 flij'IJ fI~il111"~ 
q q .. 

" " 
flfItl~llI'U 1'U il1~1 rJ 'U fltl ~ 1tlU tJ~1Jl W'IJ fI\I II ff ~ ~~ ii r-I" ~ fltJ 'j ~"lf1 tl 'j 'IJ fI~ ff1 '11 11rJ l'U q ~ '11 'U 11 

ff1'11i1rJ~~iitrflm~fI~~ 1tltlm~1'U i'U tJ~lJ1W 'lJfI~1I ff~ trfI rJ ~~ 'j 1fll'j ff~lfI'j l~l1l1ff~ 1Jltl~"1~1'U 

" "" I "

'IJ~ nw ~hil1 II"~"~"~1tJ~lmh~'l.Jlijflfl11lJ~ t1I~lJ~'U IIff ~fi fffl~1J1~~ ~hil1'1.J1~ ff1'U 11 ~ijtll'j 
" ",.J .1 '" '" .0 "" : 'JI '" .,:. ~ ..... d 

ff~ VI fI'U tl" 'IJ CJ1~ ~ ~lllJ 'j r-I 'U tl'IJlJ lJ'lJfI ~II ff ~'YI~ tlfl'j ~ 'YI'IJ r-I1'U 11l"~ tll 'j ff~ 'YI fI'U tl" 'IJ 'il ~I 'VllJ 'IJ'U IlJfllJ 
, I'" 

q 

II I" " 
f1~'Ufi ~1il1 Ilff~fifffl~iitl1tJl 'UII'H ~~il1~~tltlftft~lJ 1~fJffnii" ~"1 rJil11l"~ 1l'IJ1'U" flrJ1'Uil1 

.. OJ 

" . 
(U'U't1'U1 fl"lfl ffU, 2536) 'U'fltl1l1tlUIIff ~ ~~I~'U 1111 ~rJii ~hrity~flfll'j 11I~ty'IJfI~ ff1'11i1rJ 1~rJ Hynes 

(1970) tl~l'J':h 1J'tl~~'Vl'IJff1'11i1rJihlft~J1~~ Batrachospermum spp. l'Ul.l~l1w~ilJ ~~~1~1I1tl 
, d d .J '" , 'JI "" .01' 'JI 

ff111'j1tlffl'IJrJ1 Stigeaclanium tennue Kiitzing Il"~ Ulathrix spp. CJ1~lJtll'll.l ~'IJ'jnw'YI "~Il'il~ Il~~ 

" .
r1tn.l,hmH ff111i1tlU~ltll~ 1'Uil1~~~~flQl'UI'IJ~iiiillff~fffl~(i~ (photic zone) 1:J1111~dj'U'j~'IJ'IJ 

" ~ 0 , 0 4 1 

'UL1fflll.ll.lrtlli1'j IIlJ'U1 'I1'jfl'YI~mff1'IJ Il(l~ Goldman and Home (1983); Stevenson (1996) 'Vl'IJ11 

I CJ/ .d..::.l ... I4!::\ 111 ~ d. ~ , 'JId ...1'U')j'1\1q~'jfl'U'YIlJlJ'j1JlW'lJmllff~lJ1tl'il~l'l'IJ f1f1 Nitzschia linearis,~~fI~\9IfllJ'lJH')j''U~'YII'il'jty ~~ 

o Meridian circulare, Fragilaria capucina, Achnanthes minutissima 1I(l~ Ach. lanceolata (Moore, 

1977) 
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2.6.1.2 tl11ii8.:.tl"hwU8.:miJ.:.t~U'l'Hi.:.t~1 (transparency) ~~lJ fll'i1~~lml1J~fl 
':'GI cv.d d tj} I ..d ~ .c:9 II

'\I'fl~U'lH'~lJl ~ lJ 'i~~1J'VI ffl1J1'i m)~1J'fl~1'I1lJ WHJ I9Illthn C)f~l1JlJfll 'i Uff~~tHfll'i ff'fl~HllJ '\I'fl~lUH 
"1 ,,, 

1~tJth~1J1W fllfl111J~fl ij 'il ~lrllJ ~lVi1J 'flfl~~'i~tJ~fl111J ~fl'\l'fl~ 1'\1191 Viuff ~ri'fl ~~~ W ~~ij Vi1J 'h 

~19I'i1ff ~lm1~Muff~ 'il~l'thti1J ~m1fll'i 'I11tJl 'il fll'i1~fl1fll'iri'fl~ f-hlJ '\I'fl~Uff ~ri~hJ11~lfl~'fl~ii'fl~.. 
l~tJfl'h Secchi disc ~~m'illrllJ1"J'I1~'I1~tlVi"J1ff~fl ~iiJ1'11Umh.:.t1'1.h~fl"J1Jiil~lJ~htTlJ6fl"J1~ 20 

". . 
lC)flJ~ l1J 19I'i U~1Uti~~lJ Vi 1rl lJ ffri1lJl'tll"1 tilJ U~ "J ~ ri1 lJ 'VI1~1 tJ ff~l U"J ~ ff'\ll 1 ff~1JtilJ fll'i 1~ 

• " • I
4 .a.e::t GI fj/QI 1"GI .c:9 Q 1' d I' Q 0Q QI

lflnl~1J'fllJff11J1Hl ~'lf1~ ~ ~lJUlJ1~~ 'illJf;H'i~~1J'VI1J'fl~ 1J1'I1lJfl111JUl9lflI9l1~'i~'I111~ff~1 U"J~ 

" " 
ff'\l11 ~~1~'i ~~1Jfl111J~flUlJ '11 ~ 'fl'fl1'ill~ tJfl11fl111J~ fl'\l'fl~fll'i ritl~ H1lJ '\I'fl~Uff ~ril1'l1 ri~'\.J1~1 ~ .. 

. 
.Q .q..ct 0 QI I .q.a

2.6.1.3 ~W'l1.fJ'IJ (temperature) ~W 'I11J1J1Jfl111J ff1fltyl9l'flfll'i l'Yl1J 'I1'i 'flfll'i "J~ 

" 
fll'i 1'il~ t1Jl~1J 1 \PI U"J ~fll'i i11J'Vr\J1j'\I 'fl~ ff1'11',htJ lJ 'flfl 'il1flij 'fl W'I1.fl ij iJ~ii H"J ~'fl fll'i m ~ 'il1tJlPl1'\1 'fl~u q q cu . " 
ffl'l1 11 tJ 19I11J~ flll W~.flijfl'1 ff19l1~ ~mr 11ii fln ltl ~ tJlJ Utl "J~ 'U 'fl ~ fl~ fll"J 'flW 'I1.fl ij'\l 'fl ~'IJ 1'il~ ii 

IU °1 cu q &U 

H"Jm~l'11J~'fl~~ii;1191~mr1tJ'fld 1~mfllJIPl1m1Jfl1Jfll'il'il~tIJ~~1J 1191 U"~fllm'Yl1'Vr\J1j'\l'fl~~~ii;1191cu q u q 

" " U"~fll'i Hff1Jfl"J1J fl~lJ tilJ 'U 'fl~ '\.J11lJU11 ri~'IJ 1 mu l1.flij 'il~iifl111J ff1J'VrlJntiUfl111Jl,j'1J'\I'fl~Uff~ ~1. .. 
tl~1J1W fl111Jl,j'1J'\I'fl~Uff~1J1fl'il~iiH"J'th 1,ftlWl1.fli1'\1'fl~J1l~1J~lJ fll'i ltl~tJlJ!ltl"J~ 'flW l1.flilt lJ 

q cu q cu 

'" "1
~1'I1ri~'\.hln~'il1flfll'iViuff~ H1lJ1tlllJU11 ri~'IJ 1 ~ 'fl1J1~l tl~ tJlJ Vi~~ ~ llJ Uff ~l rllJ'Yl ~~ ~llJ fl 111J~ 'fllJ 'til 

'" t rI 

hrI1'l1ri~'lJ1ii'flWl1.fli1Villl9lfl~1~tilJI9l11J'i~~1Jfl111J~ 11JlJ~lff1191, 2539) flW ff1Jti~'Utl~fl (liJtJ1Jr1fl~. .. . 
'JI • , I 

o "" "" 'J/ '" "" <!l 'J/ 0 'J/ 'I '" '/I ""'I '/1'1
lJ1'Y1mtJ1'Utl~fl1J'flW'I1.fl1J fl'flfl111J'itllJ 'il1l'Yl1~ m11J'i 'fllJ tlJfll'il1 "J 'fl1J19I1U"J~fl111J'i'fllJ 'Yl t'lf tlJfll'i. .. 

c
 I " ",


'i~111 tJViiir11ff~ff~ flW ff1Jti~1'I1ri1ijlh t,ftlW11.fli1tlJll'I1ri~'1h~~ ii ff.fl1'Ylfl~l1fl11tlJ(llfllfl' (lff'll M cu q q q cu 

" " " h'illJ~ll;i', 2531) ff111i'1J1lJUl1ri~'lJ1~~'flW'I1.fli1'\J'fl~'IJ 1'il~;jlJ tldti1Jml.l'I1.fli1'\1'fl~'fl1fllfl'!l"J~1J~ ldW 
... q cu cu IfI cu 

l1d~"1 iifl111J HlJUtl'i1lJ'i tl1JiJ~~ mh1~'fl ~W 'I11Jij'il~ltl~tJlJutl"J~1tll lJ'i ~1111~flm~1lJ ~~"J~ 
'I I " 

fl"J1~iilJu~1U~tl~1J1W '\I'fl~ Uff~ Vi 1~i'1J fll'i ltl~tJlJUtl "~'\J'fl~'flW l1.flijVi f:h'IJ 1iifl111J ff1J'VrlJ1i'ti1J. ..
" . .

'flWl1.flij'\ltl~mfllfl'1J1flfl11'IJ1l1'fld~fl"J~ 1 tl (flfl'tJ1, 2529) iY~ii;1I91U~"J~'lfij~ n'il~iifll'i 1'il~tIJl~1J 1191 
q cu cu q u 

" " " 
1i\'~Viff~ tlJ'lf1~'flWl1.flijViul9lfl~1~tilJ ml.l'l1.flijiiH"Jm ~'Yl1J~'flm~1J1lJfll'i~l~"1 tlJl1'l1 ri~u 111~ 1lJ 

q q cu q cu 

.q ..ct .e::t .d .q~QI Q' I .d.. t::t.ct.q , 

1'If~flltJ.fl1 Vi 'lf1.fl1'Yl U"J~lfl1J C)f ~ 'fl W11.fl1J lJtJ~ 1J H" 191 'fl fll'i II'Yl 'im ~'il1 tJ'\I tl ~ff ~ 1J 'If1 \PI fl 111J l1lJ1UlJ lJ . .. 
" .,.m~'lJ1 U"~fll'i"J~"J1tJ'\I'flU1\P1 (tl'i::1J1W 'Yl'i'l11Jff'YllHml, 2531) 'flWl1.flijiiH"J~'fltlnn~m'Yl1~ 

q q q cu ~ 

..ct .ct .q. e:tQCl I 4" 91 0" • 

'lfllfl1J (biochemical reaction) 'U'fl~ff~1J'lfl\P1 U"J~ 'l!1J'lflJff1'11'i1tJVilJ'Yl'fl~lJ1 (benthIc algae 
'JI I"I" " 

communities) l1-:JllJ 'j~1J1Jijr'JffVit~lJmJ'Uu1ij-:JtH1~'\.h i ml 1~fJii r'H'lIP1~!I~'j ~~1Jffi'j i'YltJl'\Jel-:J 
c 

tI "'tl QI Q.::9 Q,I' QI" .q

lCJflm 'i:::~1J 'i~'lf1m 'i~~1J'lt1J'lflJ U"J~1JH"Jm'j~~1J'\J'fl-:J'Yl~'i:::1J1JlJnfl' (Stevenson, 1996) 
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~ . 
ffl11 i 1tlilu~,nj 1~~ tJl~'lfij~ ",~ijTl 11lJr\'~ ~fll'j mU'H flijViUfI fl ~ l~tl'lJ 1~tl 

• OJ 

"'~'rltJ Audouinella spp. i'lJq~'H'lJ11~~W'HfJij~1fl'h 15 ~~ffW1HU~tlff trt~'HlJ~q~'H'lJ11 ~W'HfJij 
.1 "" d· .J "" lIJ!ili

~~'tI'lJ "'~'rltJfll'jt"'HYUVl'lJ'YI'tI~~ Batrachospermum macrosporum Montagne CJf-:lt"''jty!~ 'W 

QI	 d. QI l.Qd ~. 

~W'HfJlJ'lf1~ 15-25 V~ff1tCJf"tCJftlff U"~tl~'rltJff1'H'j1tlfft'tltl1tJl~'lf'W~t'l1'lJ Oedogonium spp. tm~ 

Cladophora glomerata Kiitzing ~~"'~t"'~ty'~'lJ'~h~q~'H'lJ11trt~~W'H fJij~lfl'h 25 V~ff1tCJf"tC)ftlff 
~ 

!VhUU ("lVl1i1'i'iW ~'rl'j'jW, 2547 fl1~fl~'j)lfl Dillard, 1996) 
..	 J/. 

2.6.1.4 f111'IJ~'U'UM\h (turbidity) T111lJ~'lJ'tI~~'lh!1I'lJ~,,!i1V~1Jl"'lfl~'4flll'l 

U'tI1'lJ"Vtl'tlfHff1'jfl'lJ VI~ 6u,,~'tIfHu~~~!lI'lJ ffl'j Vij'lJVI~6!'If'lJ ~'lJm-u tl1 ~'lJ 11'1 "'lJ U'rl"~ tlfl~'lJ 
4 ~ .c::t.c::l~ d ,: e:9	 11)'" Y d I 11) QI ~I 0

'rl'lfU"~ff ~lJ'lf1ft'tl'lJ l~mfl'1 'lJ'lJ1~~CJflJU ff ~ tJHff1'Wtm n Vl1 i 'H Uff ~ VI ffV~ !lli 'lJ 'j~~tJI'I11lJ"fl 
OJ 

1Jlfl~'lJ ijll~lJ1W"~"~ (l!'lJVI'lJ1 T1'lUff-U, 2536) 'rl1fl1fffJ~1~'1 ~.yh 1Mlfi~1'I11lJ~'lJ~V1Pl1~vi11M 
•	 J/ 

!fi~ ill!'lJ tV ~ u,,~ 1'1 111J1,r1J'lj''lJ 'tI V~ ff1'j ~H '1 ~111'lJ IPl1ti1 'H 'lJ ~ 1'1 1 llJ 111 i ~ Uff ~'tI V~ 'lJ 1 (11 'j ~1Jl W 

""... 01'rl'j'HlJffVl1i'jfl1:l, 2531)• 
~ . . 

1'111lJ'Ii'lJ 'tI~~'lJ11~ulI",~mhritu Viij~"~eJfll'j !~lJ'HreJ"~ ~lU 1U'tIeJ~'~
•	 u 

, II I II JJ 

eJ~f1eJlJ fl~11~eJ ~1'lJ 1'lJ '~eJ~ft eJlJ "'~"~~1'lJ 1'lJ"~ l1ieJm1lJ'Ii'lJ 'tIeJ~'lJ 11~lJ~'lJ ~~U:ut 'lJtnJihil~ij• 
J/ 

1i1IP.lm'Hl'jfJ~lJfflJ\!'jW U~t1'1'lJ1ijTl11lJ~'lJ1Jlfl~1'lJ1'lJ '~eJ~fteJlJ'j)~"~~l'lJ 1U"~ (fJfftl1, 2539) 

2.6.1.5 fl11'IJ~'U (pressure) T111lJ~Utll'lJ1I",~mhrityll'j~fll'j'Hrt~~t~tl1,r~~tltJ 
1IJ!iI w.J 1IJ!iI w ~ .1"j ... ~.1 "" w dI

fll'j,,~m tl t~'tI eJ~fllCJf CJf~ fll'j"~"ltl t\Pl'tleJ~fllCJf"'~t'rllJ'tI'lJtlJeJ m1lJ~'lJ t'rllJ 'tI'lJ Uftlh1Jlft 'j 'tI V~ fllCJf'VI 

"ljJ ltJ.~ ~ y ~ : cu ,Z ~ a ~ ~ cu QI

,,~mtl t~ "'~ tlJt'rllJ'tI'lJ ~ 1tl"'~t'rllJm 'rl1~'lJ 1'H 'lJ m 'YIl'lJ 'lJ t'rl 'j 1~ 'lh1Jlfl'j 'tI eJ~ fllCJft1J1.J 11 {J fllTlfl"tJfltJ 

T111lJflU l~tlllfl~fl11lJ~'lJt~ulI",~mY1rityff1'HftJff1'Hi1tl 
"	 'JJ II I 

2.6.1.6 fl11'IJA11'UtJ-:lfl1~Ua,h(velocity) fll'j' 'H "t1tl'lJ'tIV~'lhtfi~~'lJti1eJ~"'lfl 

UH lUlJ(h~'tIeJ~l"fl~~ij~"~eJfll'jt'j)~tut~tJ 1ft 'jtJi1~ U"~fll'jtt'vdm~'j)ltl'tleJ~ff1'Hi1tl ffl'Hi1tl~ 
U OJ 

eJ~1'lJJ1~' 'H mt'j ~tm~!~1",~ij~fl1:lW~~ff1t1flJfleJ1m~fff l~.f1lfl'lJ eJmm~l1"~ff"'~U~~U 'j ~ tYieJ 

_~ ... <!i"j 01 <!i IIJ '_1 : ~ : 0 131 
lJeJ~fl'lJ fll'j m ~VI tJ m ~ t'YI eJ'lJtlJ eJnmu'rl"~ flft eJ'lJ 'rl'lf !'H" lJ fl'j ~ VI tJ'lJ 1 fl 11lJ!n'tlv ~ U1V11 'H 

J/ 

U'rl,,~tlfteJ'lJ~'lftJH'lfij~ijfll'jt'j)~flJN\Pl~l1i1~' 11 ('lf1flJWHrl Ufl1t~fl , 2532) fll'j' 'Hm1fJU 'tIeJ~'lJ 1 

"" J 1IJ!iI <;!iI I <;..k d r "" "" <; .1 I IIJ 
tfl~'tIU t~"'lflUH !UlJ(l1~'tIeJ~ !"fl CJf~lJ~"f1eJfll'j!'j)HlJlf1tJ!ft ~lJ'jH U"~fll'jlt'rl'jm~'j)ltl'tlV~ t~ 

~ 

V~f1eJlJ iU'lJ1''H''UH'''~'rltJ'~eJ~f1eJlJll'j~tfl'VI Navicula sp., Gomphonema sp. U,,~ Cocconeis sp. 

ltJ 1 'jJ: Y ~ d I,. rICl.::l"	 .c::I tI 
(Smith, 1951) t~eJ~f1eJlJ'rl'lJ'YIeJ-:I'lJ1tJ1~'}j''lJ~lJ!flHff'jH'rllff1:l'YIm'rl1~t'jfJfl11 !~"\Pl'Vhfffl .	 . ~ 

(holdfast) u"~fffHl1ieJm~eJ·lhul'lJfl1'jU~tfll~t1tJi1~~l~ '1 1'lJ'lJl t"lftJ Gomphonema sp. 
J/ • 

(Chapman and Chapman, 1973 U1Vi''H''UH'j)~'rltJ'~eJ~fteJlJ'tJfffJ''Navicula sp. U"~ 
~ . 

Gomphonema sp. (Smith, 1950) ltJU1Vi''H''~llJlfl'il~'rltJff1'Hi1V'rl1flHydrodictyon sp., 
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Spirogyra sp.,Oedgonium sp. !H'I::: Rhizoclonium sp. (Smith, 1950) ffTI,d1tJtJl.:J'l1ij~ijfll'iff~H 

It)f,,,~filR'1:l~liVfl'h Ho1dfast U"'::: fll'iff~1.:Jljj6m~6cMltJl'Ufll'iri~lfll:::f1tJ8.:J1Pi1.:J "1 l'UJ11cM'U 

Cladophora sp., Rhizoclonium sp. Gomphonema sp. U"'::: Achnanthes sp. ('l11qjWHfi' Ufll1gfl , 

" "" 2532) 'U 6ml1flilrr.:J~tJ 'h~lUl1 rl.:Jihijm:::Uffth11-1''111'i.:J 'il:::ri.:IN''1M'fi1fll'i"::: "1 tJ'II6.:J 66fleil'il'U" 'I 

, I :~PI .1
 
"JU'I1".:J'U11~1I1fl'll'U (Goldman and Home, 1983; Wetzel, 2001)
 

, 0 ,.oUt ?t... -: d 1 'JJ2.6.1.7 fl1fl1nn 11111 (conductivity) l1J'Ufll'i1~fllUJffUJlH)'116'l'U1'Yl'il::: '11 

1II •.I_~ 111 ,~ ..."",.1.1,... 'JJ 'JJ "'" 111 d.. I -: "'" 

m:::Uff rrnn l'I1" N1'U t]f .:JflW fflltJ~'U'II'U tlt.lf1tJfl11111'1111'11'U 'l1'U~'11 6'1 1666'U'Yl1l6tJi 'U 'U 16W'11 fill 
q cu lU q cu 

tlCl:::CI'lnh:::fl6tJ~ij'U'Yli ~ lcM'U fll'i ijttJCI'u":::1f1fim~'U~1th1~~1 IPlHf1'U ~ll1f1tJ ff1'i ~'U 'Yl~ ~ lcM'U 

" "" 
U11Pl1" 11mCl' l1J'UC]$'U Cl'1'imrl1u '~1l\Plflfi1 l'Uu1~'I 1~U1 1~~1 mil'I1'inIPl111ti'1~lfluu1 1vHh 

1~1I~'UnUCI'~'I11C1'1'il'UJ11~1I~'U~1"~"'InUff~'I11ff1'ii'UJ1"~"'I(mnufll1 miinl, 2525) i'U 
" .

tmrl'lU11in1l'l11~fiijflWfll~~'il:::ijfll'iU1 '~~16d'i:::'1111'1 150 - 300 1111m 111,,1Pi61t]f'U~1111Pl'i ~1. ~ 

"~ " 
ijfi1C1''I fl'h 300 1111m 111 "lPimCJ$'U~11l1Pl'i UCI'~'I".hu 1ij11 "fi1:JCJ$'I 11::: ij N" IPi 6fll'i fld'ifl~'IIfl'lrl'l1th 

~ ~ 

0' 'JJ d 
('l11fljWHfl ummfl,2532) 

, 
2.6.1.8 ii'fllJf.l,\:::tihw~Ifl1::: (substrate) '~uri -H'U fl'i1~ 'Yl'i1tJ'I1tJ1tJ 'Yl'i1tJ 

.d d CLI ~ A ~: I : QI 'd 
":::lfltJlPl 1m:::1fl"'U t]f'I'lh::: flfltJfl'Ul1J'U~'U 'Yl6'1'UI'll fl'lU'I1 "'I'U1 1~tJl1 'il 'iltJ'Yl1'1 flltJfll'Vi t'l1'U fl1111" fl 

9J I : d :.d I CLI .dl gJ.c:i I': I 

fl1111fll1'1'11 fl'lll '11"'1 'U1 U":::fl11111'i1'II fl'l m:::uCI''U1 'il:::1I~" IPlfl" fl1:JW:::'Yl '11 tJlPllfll:::mm'U u,,::: tJfl1l 
.d. 1 tI oI!!:I I d I :

1I~"lPlflflU m:::1l1V'llfl'lU~"'Ifl\Plfl'UW;1f lm:::ff1'11'i1tJVlPltfll:::1'UUlI'U1 (Chapman and Chapman, 

1973;Watchawong, 1996) 

" ..2.6.2 a.flTrml~~011f1HUU.l 

2.6.2.1 fhtll1111iJ,"fl1~-RH (pH) pH dfl1ll1llfl Potential hydrogen ion 1~'Ufh 
'JJ 'JJ 111,. 111 '" 'JJ 'JJ ~.1 ,... ...

fl11111'll1l'll'U'IIfl'llg !~'il'il'U Iflflfl'U pH 'I111ltJf;H fll1111'll1l'll'U'IIfl'lm~t]f'l'll'Ufl~fltJfll'iUlPlflIPl1'116'1 

" . . 
m~t!'U 11PltJ't11hJfld'i:::'I111'1 6-9 1'UllfJ1JViijufl"t~tJ1Im1tJm'U1Pl1l1fl'il:::ihJ111lW1Ilflfl11 9 1'U 

OJ
 

JJ , JI JI
 

lmrl.:Jthfi1~ij'Yl1'1U1flflfl U1'il:::'i:::mmhlM'til pH ~'I1Ilfl pH fllll'il:::1I1flfl11 12 (1.h:::1Ilw l'l'il111 

" " "l'YJni'm,J, 2531) Cl'fll~lmrl'lU11~tJ~'il1fl~1 pH 'il:::mj'lflflm~'U 2 ~fl1:lW::: ;{fl tmrl'lU1VeJ'U (solf 
JI "JI JI 1 

water) 1~'Utmd'lU1Viijth pH ~'hfl11 7 n":::lmd'lU1m:::fi'1'1 (hard water) 1~'Ulmd'lU1fiij~1 7.1
" . 

9.8 fi1fl11111~'UmlPl-~1'1'11fl'lthijri1'Um1JfJ1Inllm'i1l1Pi1.:J"1 'IIfl'lii'lij;}ilPl (Prescott, 1951) 

Kwandrans (1993) fll'11lPltJ tUU!fll (2544) 1~'t11fll'ifffl1:l11IPlfl:::\Plfl1l1'U 

"11il'iU'U1Jl'U1~d~'Um~1'U'lh:::t'YlR'hhm'U~ 'Yl1Jl1 Eunotia exigua, Brachysira vi/rea, Bachysira 

serians, Frustulia megaliesmonta, Navicula aff. cari It,,::: Navicula aff. festiva ffl111'jfJt~'U~'Il'U 
" , JI , , .d. 0 0 .c:S.c:S I a. I 

tJ~'Il' pH 1Pl1 Cl'1'U'U1'Ylllfll pH "J.:J flfl1llflf111 8 'il:::l'ltJ Mastogloia el/iptica, Mastigloia smithii, 
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Cymbella pusilla, Rhopalodia novae-zelandiae u,,~ Rhopalodia gibbai~flffV~fl~'Cl~n'UH\.J'UV~ 

'\.,I'r~i'~u (2546) ~ffm:l1fl11lJ'I1"ltl'l1"lfl'UV~'~'Cl~~'CllJ1'\.J'VfJ 'il~U" ~'Vfi t~~ff'\.J oij~'I11~m~~ vnJ';h 
qcu" cu 

d QI d .oJ 1 ... 1 d II 1 QI 4l'J tl ~~ ttl'U~ 1V fiN lJ pH 4. 8-6.1 9f~ ~V~~'CllJ'lf'\.J~ t~'\.J '\.J l'J tl~~ ttl'U ~ 1V fiN fl 'Cl Frustulia 

rhomboides (Ehrenberg) De Toni 

2.6.2.2 tAlllW88flqjl;J'U~a~auJl'U~1 (dissolved oxygen; DO) 'ClVtl9fHI'\.Jttl'\.J 

~1fl1'UfJlJtl'j ~'U 1'\.J tll'j 1~'VHrHl'\.J'UV~ tm~~Jl i~ fI;;'lf'l1~V ff\9rJ'il~ 1~1 '\.Jtl1'j'l11fl1'il ujlJ1 W 
" I JI JI )I , 01 

VVtl9ft'il'\.J 1'\.J tm ~~U liJ~ttl'\.Jtfl~V~;}fJW.fll'Vt'UV~Ul1'\.J U'l1~ ~lh~1f1 (li1f1'lJrYtl~ tlJ'\.J~tff1~, 2539) 
• >J >J 

ujlJ1W V'Cltleift'il'\.Jll,,~"lfl1'\.JUl 'il~lJ1tl'l1 ~V,r vfI~'\.Jvvntlil'iloijfl'l1" lflVV1~ t';'\.J tll'jff~tm l~MUff~ .. 
>J >J 

~W'I1fJ~ tln'l11fl1'il fl11lJt~lJ tlnm.~'\.Ji1fJ'\.J'UV~Ul fl11lJt~1'UV~fl'j~UffUl fl11lJ~'\.J'U'j'jflltllff 

u,,~vw'I1nijt~'\.JlPi''\.J m~"hflfU~Vtll'jtu~fJ'\.JUU"~fl11lJt"lJ"'\.J~lJ~1'UV~VVtlcMt'il'\.J1'\.JJlujll1wq cu II CJ 

... .;..l J ... : .d.;..la 1" 
tll'j"~,, 1fI'U V~ VVtl9H'il '\.J 'il ~ m lJ 'U'\.JtlJ VVW'11 n lJ'U V~ '\.J 1"~,,~ fl11lJ tl ~ V1tll ff'YIm lJ'U '\.J tl 'il ~ '11. .. 

....l 10'1 ... 0'
fl11lJffllJ1'jfl1'\.Jtl1'j"~"lfJVVfl9U'il'\.JlJltl'U'\.J Off'\.J'I1 'j'il'\.J~"'!, 2530) 

• >J 

tln1~fh DO ttl'\.Jtl1'j1~llfflfifU1'\.Jtll'jfftl"'lffm'VUn~~VlJ'UV~UlDO... 
>J • >J.,9 >J >J 

1'\.JU1~~" 'ill tlU i]iHfll'YI N ;f1n lVm,,~'YI1~;}1tfl~Vhflfl~'\.J 9f~ 'il~,j~ 'U Vtl1M''YI'jl'U'hu'11 ~ ~U lU'\.J 
>J 

ffllJ1'jmv~i''Uffl'jV'\.J'YIi 6i~lJ1mrm.lt~fI~ 1fl '\.JVtl'illtlU DO iJ~\ltl 1~1 '\.Jfl'j~'U1'\.Jtln'l11fJ1'iltm~ 
• >J • 

u i1f1iflltfl~'U V~ VlJ'\.J'YIi fJff1'j 1 fl fJ't11 i u U~1fl11lJt"lJ"'\.J'U V~ DO 1'\.J Ullim lJ1~fflJ~Vtl1'j 

~n~;}1~1'\.JJl fl1'jff~tl'h 5 ~"iltli'lJ~Vil~'j tm~ti'lfh DO ~ltl'h 3 ~"iltli'lJ~vilm 'il~ttl'\.J.. 
• >J 

tJ'\.J~'jlfl~Vff~~;}1~ 1'\.JUl (U'\.J'YI'\.Jl fl'lftffU, 2536) 

1fl'Cl~~VlJ'U1.:J'lflJfl t';'\.J Achnanthes minutissima lPi'V.:Jtl1'jVVtlcMt'il'\.J~.:J 
>J • • 

''\.Jtl1'j~lH;}1~ U~'U1.:J'lflJflffllJ1HH'ilityi~1'\.JUlll~VVtleift'il'\.J~1 t'lf'\.J Navicula seminulum u,,~ 
" , I 'jI , 

Nitzschia amphibian ff1'\.J 1'\.Julll~lJ"~"'~.:J ~UilJ1W VVtlcMt'il'\.Jll,,~mfJ1 '\.JU1~1:IJltl'il'\.J l1JV1'il1fl 

'lJ)914<d ~~cv'e:t, l' tI.a g,I~ I' 
fll ~fl'l1'jV:lJfll 0 :IJ""fl'j:IJ~V"~'j 'il~ :IJ'Vt'Uu'Vt".:Jtl~V'\.J'Vt'lft"fI fltlD'\.J ~~V~~V:IJ t'lf'\.J Nitzschia u,,~ 

.,9 ""'I Y"'~".I'" "... 0' "aPleurosigma 9f.:J'il~ff'jl.:Jt:IJVtll1lJ~1 n (u'j~tff'j!, 2541 'Cll.:J'Cl.:J "ll'l\ljWHfl Utl1trltl, 2532) 

'" .Q .ct.ct. •2.6.2.3 f11111Vl8-3tll'i88tlCIJI;J'U'fIH'lf1If111 (biochemical oxygen demand: 

BOD) BOD f1V uill1WVVtlcMt'il'\.J~ulJflVitifJl~1'\.Jtll'jvVfJffrllfJffl'jfl'\.J'YIi6'lflJfl~VVfJff"lfJl~lflfJ 
• >J • 

'ilil'\.J'YIi6Vi1"*vVtlcMt'il'\.J 'illtlfl'j~'U1'\.JtlWUUlJflVitifJ'il~ 1~i't1'Vt~~~1'\.J rYlVtl1'jt'ilifUt~lJ 1~ ~". ... 
>J >J >J 

fffln'lfJ'UV~tl1'jVVtlcMi~CJ1ffl'jV1'111'jm~li1V1'ilttl'\.J Ul UV:IJ 1:IJtUfJ fll{'UV'\.J lflVVtl '9f~~'\.Jvvti'U. .. 
>J 

... 0' ......... 0' 1" a <!i .1 ~ "'I

ffl'jVl'l11'j (fl'j'jWtll'j ff'j ff.:J '11 , 2525) BOD Ufffl~ 'I1m'\.Jfl.:Jfl11:IJ1'\.JUH'UV.:Jtll'jU'\.JtlJV'\.J'I1'jV 

tll'jnhfffl'UV,:JJl1flflffl'jfl '\.J'YIi6 ti'lJl~~l BOD ff ,:J'I1111f1U,:JJ1J'\.J~ffl'jV'\.J'YIi 6u'\.Jvvl'\.Jujll1w .. .. 

~lI1tl fh BOD 'il~lJVtll~'YI'jllJ U,:JUi:IJ1W'UV'iVVf1cMt'il'\.J~"~rllflJl~'il~lPi'V'iflf11"*1'\.Jtll'jvVfJffrlltJ.. 
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Q dt/A 1 ,: ~ jI dl " I .ct
ffl'H)'\.J 'YI'Wlllfl '\.Jll'H 'Cl ~'\.J l\)nlJ'\.JllJfl'\.Jffllll'.i f.l1.wn1'H 'YI '.il'Uf.l ~fll1::fil'.itul '\.JllffeJi '\.J m::'U1'\.Jfil'.i 

., 
o Q,I o.ct. Q 

'lJl 'U ~ '\.J 11ff rJ 'YIl~ ')f1flll'l .. ., , 
2.6.2.4 flllSJliJUAH'llt)·:nh (water alkalinity) 1~'\.Jfl1lllffllll'.if.l'Ufl~,hli~::i''U 

• ~ II I 

llJ'.i~fl'\.J'H~fl'8' l~'.il~'\.J 'flflfl'\.J (li1rJlIfln~ 111'\.J::lff1~, 2539) thU~::lnrJ1.u'fl~n'UlJ~1Ilw U'Cl::')fUfl 

~ I .,; : 4 0 i'" .;. ,J , "'''' d!
'Ufl~ffl'.ilJ'.i::nfl'U 'YI'Cl::'ClleJ'\.J lC)f~'YIl 'Hfll pH 1l'l1l'U'\.J ~ lnn'Cll~~I'Uff fJ Wffll'U~'U fl~ fl1llJl1J'\.Jl'U ffi '\.J 

:d! ~"" "d!"4"'\.Jll1J'\.J N'Cl'Ufl~ I'Ufll'.i'Um'\.J~ fll'.i'Um'\.J~U'Cl:: '8'~'.ifln' C)f~I1J'\.Jff1'\.J i 'H W C)f~' 'Ufll'.i'Um'\.J~U'Cl:: 
u 

" dl~ .,; i: dl ",";0 "";dl '" "i: '" ..fll'.i'U m '\.J~I1J'\.J Ifl fl fl '\.J 'YIl'l'UlIln '\.J '\.J 111'Cl::l1J'\.J ~1'Y1'Y1l'H'\.J 1'YI11J'\.J 'U~ l'rl fl'.i '\.J '\.J 1 ('\.J '\.J 'YI'\.J 1 fl')f1ff'\.J, 
., , 

2536) '\.Jfln~lnijfl1l1l1~'\.J~1~iJ~ijN'Cl~flfil'.i'Cl::'ClleJ'UflUl~'lJl~~11'li'\.J m~n lflrJ";1 'lJfl1l1l1~'\.J 
., ." 

~H'U fl n'h ~::ij fl1lll ~lIi'\.J nfl'U pH 'Ufln'h i '\.J 'li1~li ij fil '.i ~~ lfl'.i 1::..111 ff~ ~~ lJ~1I1W 

" , , ".,; : , '" '" i: .;.,J 0 i " :fIl'.i'Ufl'\.J ~Vf)n C)f~'YI~::'Cl::'ClltJ'\.Jn::'Cl~'Cl~u~lJ'.i1llWVflnC)fl~'\.J '\.J'\.Jn::ll'lll'U'\.J'YIl 'H pH 'UV~'\.Jl 

.;.,J "''''' '" '" ,,; i" '" ,,~ ~ "i :0ll'lll'U'\.J~Hn'\.J 'Ulllf.llVmlf1l'.iff~lfl'.il::'H llff~~l ~::'YIl 'HlJ'.illltu fll'.i'Ufl'\.J lfl flVf'llC)ffl '\.J '\.J l1lln 

, .ct ~ 4 lIS Q,I "~rI i: 0 ~ 1jI 0 j}f:'I
U'Cl::flll'lIV')f'Clfl~l'Cl~ll1Vl'l')fff~lfl'.il::'HUff~l'Ufll'.i'Um'\.J~ '\.J'\.Jl\)n'\.JlllJ 'If 'YIli'HfilC)f 

" , '" : .;. ~" "'" . ~ ~"~,, ~ '" fIl'.i'UV'\.J ~vvn C)ffl'Cl::mrJ'\.Jlll'l1l1flm~fIl'.i'UV'\.Jn lm::ff'CllrJ~V llJ l~ l'UfIl'.i'UVl'\.J~I1J'\.Jf1l'.ilJ'.i'U 

• I'" '" i". ~ i ,: "'I ~ '..~ .,jlJ'.illlW'UV~ 'Ufll'.i'UVl'\.J~ 'HffllfJ'ClV~~'ClV~l1'Cll 1l'l'.il::il::'\.J'\.J '\.JU'H'Cl~'\.Jl~~ 11l1llJtlJ'Hll'.iV~ 

'" ,,~ ~ "i 'UfIl'.i'UVl'\.J~'YIl'l')f " .,; ... i""''' pH ~::11J'\.J~1')f1rJfl1'UfJlI~ '" tJ'.illlWfIl'.i'UVlJ lflvvn lC)f~ '\.J1lJ ')fff~lfl'.il::'Hllff~ 

'.i::'U'Ufll'.i'Ufl'\.J flvvn C)ffl fIl'.i'UV1'\.J~ 11'Cl:: l'UfIl'.i'UV1'\.J~" , '"'' 
, 

~" 

, 

j} Q , 1 Q,I 

Hynes (1970; m~V~lIln Blum , 1960) n'Cl111lllnl'l'U Achnanthes spp. 1m:: 

Cocconeis spp. lm::ffl'HiltJ'U'\.Jl~ i'Ht!l')fij~ Phormidium spp. 1m:: Cladophora glomerata Kiitzing 
" . .,
o.c:l.c:l I ~ I • jI.c:t 'j/ ClIi '\.J'\.Jl'YIllfllfl111l11J'\.J~1~flV'\.J'U1~ff~ '\.Jvn~ln'\.J ff'YI1i1'.i'.itu ffl'l'.i'.iW (2547; m~V~~ln Huttnunen.. . .
 

4 -'''0 "'I' .,;.. ~ I '" .. " and Turkia, 1990) C)f ~ Ifl'Yllf1l'.ift'mn flV::flVlI'YI'YI'\.J flVfIlfl1lll11J '\.J fll~lm:: ffl'.iV'\.J 'YI'.i rJfIl'.i'UV'\.J 
., ., 

";~'H1I~ (total organic carbon, TOe) ~lnllm;~'\.h 89 llmi~ i'\.JlJ'.i::l'YIft'rJ'\.Jll'Cl'\.J~ l'l'U Navicula 
II • I JI 

cumbriensis ml'l1::i'\.Ju'H~~,hliijfl1l1l1~'\.J~1~~11'thu'\.J 
.. ." 

, I i .... "'I0
2.6.2.5 Unl1::U116l11l1 UU11D~Ul ffl'.im'Hl'.i '\.J'YI'\.J 'H1Iltlf.l~ ffl'.im'Hl'.i'IJV~ 

" I , , 

Vl'lf (plant nutrient) ";~'HlIfllivdi'\.J1lJliVl')f,h'lJin~";'\.Jli (avaliable fonn) 11'Cl::v~i'\.J1tJliVl')f 

,h'tJi~hii~";'\.Jli (non avaliable) m~u,j~ffl'.im'Hl'.iVVm~'\.J 2 l'l1ni'Ht!l'l flllltJ~1I1W~Vl')f 
" 0 ,-Ii" ~ '" '" 1 ... '" "... .d " i0 0 '"flV~f1l'.i'\.Jl lJ ')fU~::~ll1J'\.Jffl'H'.i'Ufil'.il~'.ityl~'U f1u~::nl'.iff'Ul'l'\.J ~ fltl fflHn'Hl'.i'YIfltl~f1l'.i lJ 

~ I'" -." I " -. 1 ~.1 ~.I '" .. .. .. 1"lJ'.illltullln (macronutrient) lflun fIl'.i'Utl'\.J 1'\.J ~'.il~'\.J TttlffTttl'.iff llfl~lC)frJlIlllln'\.J1C)frJlI C)flf1rJlI 

ltJUrUYLCMtJ),J ci~lvJtJ1 U~::ffl'JtJ1'11U~~tJ~n1'.ii'\.JtJ~1IlwutJtJ (micronutrient) i~utll'l1~n 

.. "'.. -. " ll),J~f1l'\.Jff ~Hn::ffU~::f1~tl l'.i~ 
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1) '"00''"010' (phosphorus) nmYn61ftl~lJtI'iI~V~l;hfl~~6tll'H'ili~ 

'U6~\1'J1J11~ml1~1::6dHg~'lJm::1J1lJ tll'HY~lfl'n::Mllft~ lAV~ft1'tf~lVffl~VTl1i6ll~1l~tl~6lJ 
\1'lfft11ll';iO~~eM1Jl61ft1';iVlJ'tl~ vn 6 ftln~' ~, ~6dHnA1~11111:: 1'lJ ~ VlJ 1 'lJ l~lJ '66 6lJn6ftln~ 
" ,: t "'..1..1 : '" Yo Yo ..I , 'I"... ....1,,,Olll'tfll~lJllJlJ 1J116ftLn~'tlft11J1';iO1l::1l1VlJ1 AllJfl111Jl'U 1J'UlJ'tl ft ~'iI::fl6 L'tf lfl~1J ll~'l:l'UlJ Ahw 

OJ 

.1 JI ~JI" • 

'iI::lfi~ftm~ Eutrophication 'UlJ'lJll'tf~~Un;l''tfll'tf~~U1'U1A66flcMl'illJllllJVlJm 1V~6ff~ii~i~ 

llJU'tf~~J1JlJ 1~ -W6ft-W61ftl~lJ1i l~~~ll~lJ' lJ';i::1J1Jrl1V'tl6A~ 1i~~llJ ~~ 1~V'lJfl~~11Jll'tf~~J1• 
... "'• .1 • .1 QI _ I'" ~"<lI... 1" , '1 ~ " ...

1in1J'lfl~'iI::1J116ft116';iftlJ';i1J1WlllfllJtW'il~Lfl~f1111J'U1~UfllllJ ~~lV 6VH ';jflm1JOlLfl~tll';i'U1~ 

••1 • .1 QI 0 'I "0 QI'" , ~ '" "1-1dI • QI ...

UfllllJ116 ft116';i ft 'iI:: 'tl1 L'tf 'il1fl~tll';i 1'ilHY'U6~ ft1'tf ';i 1VC)f~ 1J Hll ft:: 'tl6lJ lJ O~ tllll~flU Hll~'U 6~ 
JI • JI 

Ll'tf~~U1 ('lJ';i::1JlW ~';i 'tf1J~'tli 1m!, 2531)i~V111 ''lJiTfl'il::UV1J1~f1111Jl~1J~lJ'U6~n6mn~11~'tf1JA 
4 0 QI "1 ..1 ••1 ~ '" , <lI : , ,

(total phosphate) 'tf';i6'tl1tll';i1~6f)';j 1i116ftl11~ C)f~'iI:::1J1J1~';i!llJ lJtll';i1J6flO~fJWm~lJ1 lJU'tfll~ 
iI JI JI , • tI 

U1 ~lLl'tf~~U1ii'lJi1J1W-W6ftln~\l~fl11 0.6 ijlliifl11J 'iI:::lillJllm;~ul'Yiii1J~\t1l1:: (liJV1JtYfl~ l1JlJ::: 

Lft1~, 2539) 
• JI 

2) 1'U19111;)'U (nitrogen) lAv1111 'lJllm;~U11lJ1in1J'lf1~'iI::ii1 lJ i~';il'illJ 

~lfi6 'lJ';i::1J1W 2.5 ijlliifl11J~6ii~'i 1~vu,j~l~lJ'lJl~';i'tl'lJ';i:::1J1W 0.04-0.05 ijlliifl11J~6ii~';i 
JI , II )I , 

U61J l1JLilv'iI:::ii ftm~ L~ lJ n1C)f' lJU1vh~lJ ~l~Ll;'UlJ ff1'tf11J' lJU1'Viiifl111JLillJm~ 'iI:::ii ftm~ lillJ 

... 1 '1 1 ,,~ ..1 ... .1,' t u .........U61J11J1lJV 666lJ ft1lJ lJ ~';i'tlLlllJftUU'i:::m)1J't1Lfl~'UlJ lJ';i:::'tf11~'UlJ~6lJ'U6~ umfJ1tll';i 

ffmv~1'U6~1lJL~'i'tllf1fJm:::1J1lJtll';iL1JU'tl1J6ii~1J'U6~U1JfI'ViL~fJ f1'Jnffil, 1lJ(UlJ'tllJ1 2528) 
JI • JI 

Ll'tf~~Ul'iI:::ii1lJ 1mn6d'lJ';i:::1llW 0.5-5.0 11J lmfl11J~6iim L;J6' lJ '~';in1 lJll'tf~~U1iifl111J.. 
JI • • 

l.,r1J~lJ \l~ 'iI:::lillJVlJ ~ ';i 1fJ~ 6'lJm1lJ ll'tf~~U 1 , lJ i~';i L'illJlillJ ri1lJ'lJ 'i:::fl61J 'Vi ff1fl~'U6~ VlJ 'tl~ 6ft1';i 'Vi 

~lLillJ~ 6 fll'i fi 1H:Hi~'U 6~\1'lfUll::: ff~1 ffU'lJ';i::: fl61J 1 lJ 1~';i 1'illJ U,j~lillJ 2 U';i::: tfl'tl fi 6 
JI 

ffl'i U';i::: fl61J 6UlJ 'YI~ fJ' lJ 1~ ';i L'illJ ff1 ';i~1flil mi'lJ 'i'lJ ilfJ 'tfi6Lfl~6 , lJ il ffff11:: ri1lJ flfl'lfU ~fi 6 
.. OJ • 

ff1';iU':i::fl61JVlJ'YI~fJ1lJ 1mL'iI lJ L'lflJ mA6:::ijllJ lu':i~lJ m~U1f1~Vfl 'iI:::Ll'tlJ11\1'J1ffL~fJ1ff11J1'iO 
JI 

U1 N03' Ull:: NH/ 1J1 'cN'lJfll'iftfH i'lJ';i~lJ lJ6fl'il1flilll1Jfl'Vil~mLll:::ft1'tf~lfJ1JH'lfU~5~U1 

'1..1 1~':iL'illJ'lJ1JnfJ1tllff1Jlfff1~ i'lJ';i~lJ'~ (flnWtll{ mff~M, 2525) 

~'YI1i1':i':iW ~~nw (2547, V'1~V~'iI1fl Patrick, 1977) ':i1fJ~llJ11 i~ 

6:::~61J1J1~'lfU~ l'lflJ Melosira varians Agardh, Synedra ulna (Nitzsch) Ehrenberg Ull::: Navicula 
JI • 

viridula (Kiitzing) Ehrenberg ffull':im'iliqj'~~'lJ1.h'Viii'lJi1J1W1lJL91';i'YI 'lJ l~';iL'illJ\l~ U';i:::1llW 

2.00-3.00 ijlliifl11J~6iim 

flaohvhn;~ 16 (Chlorophyll a) f1116 hflml 16 lillJHfl191Q~',*'lJtll';i 
JI JI 

QI 0' Ql''' .a QI rJJ 1~" l' I0
ff~lfl';i1:::'tfUff~'UlJ~lJff11J1':iO~~fllllJ~1l~~llJllff~A1tJ91lJ16~ f111tl ';i11f11116 1Jll::mfJ1J1U~1l:::mfJ 
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i lJ~1'.h~~mrJ~t~lJ~lJl'l16 tilJ fl~.;ullPllJ M~millJfHl1J~trJlJnJl'lllJ fl~ u~~i111Pl'H~rJ1J~tl'lfl{ 

~~fl hVl~", tfl iHMirJl ~lM'hrJ'tJtl')fi1~n~~flhVlml m trJlAH~lIPlQM"tl rillJ~~fl hVl~",tlJ"l 

'il~n1Jfl~tiu hh~lJu~~ hirlJ ')fi1~u~~tl~1JlW'Ufl~~~flh~ml ntl'j~ lrJ')ftfilJtl1'jl~fi11Jl~ 
~	 ~ 

:lhfll'V'l (biomass) 'Ufl~UM ~~tJ 1U~~~~~lJ~UfllJ•m 1J1li llJ 'U fl~~l M~ 1 rJ ~ ~l1lJ~~ i1 rJ1Jl ~ 
, ~	 ~ 

~~fll 'jVl~", tfl trJlJ~11Jl1Pl'j!llJYi;h1'titlJtl1"~tl1'jHi1IPl'Ufl~!1H~~'1.h("~~1 l~ffi'lPltf, 2542) 

!II -=l 
2.6.3	 fjD.lfllVtYl1lJ'Ulf1lVt 

cr Q G ..::t.et ~ dd I 1 ~ 
2.6.3.1 &fltl'Y!ij'UJII1Jfl'f)!'UI (coliform bacteria) tUlJUUfll'lt'jrJ'j'tl'i Hl'l fllJ~lJ 

'U 

"''''	 II]I~"~ "'''' .... : ~d
lPl~mtm1J~U UJff'j1~~tlfl'j tUlJUfl htluU~l'lt'jrJ ~11Jl'jtH'r'Jmt1JlJlPllJ1\Pll~U~tlllPl~t'mtllJm~ 

H~~uti~llJ 48 ~11)J~ ~flWMfliJ 37 fl~ffW)f~t9frJ~ i~Hrl E;cherichia coli ~~nttM~~fllffrJtltl~ilJ 
• 'U	 . 

'Yl1~t~lJm'l11'j'Ufl~f1lJU ~~ffIPl1t~fl~~lJ ~~'V'lU1JltlllJ mHJl'j~U~~U UflYit1 rJ~l1~ Enterobacter rr~ 
jJ I I jJ	 jI I 

'Vi U'~i lJ~lJ U~~ tll'j tllJttlfllJ'Ufl~~'il'lln~91~LrJlJ~illJ'Yl16YitillJt'iffll 'j ~ :u 11Pl'j !llJ'Ufl~U 1$i:U~1'jn 
~, 

tl1MlJ~fh MPN 'Ufl~ 1~i1vJfl{)JUu~Yit1rJn-UflrJtli12.2 ~fltJ1 100 iJ~i1i1IPl'j ~~'il~tl~fl~firJ~fl 

~Unflfl 
'U 

, ~ 

'" '" "'.1 ~ . 'i '" I	 I
UU~'Ylt'jrJl'llJlJt1JfllJ'Il1tlfl'iJ'Iln~ ~~IJIPlH mJtld1 Faecal colifonn ~llJ 

, , ~ 

'" '" 'i "'• .1 .. <!l I d/ II) q ~ ~ ... '" .\ ~II

UUfI'YH'jrJ ~'fl~l"ifl'j)JfllJ"l t'll'lJ Enterobacter areogenes G)f~ ~:Ufll'l !'ll'tUlJ~'ll'tm~~~tl1'jlJlJllJfllJ 
~ 

'il1flfl'iJ'il1'j~ l~rJlPlH l1tltltl~1JiH1 Non-faecal colifonn (h~"dtl l'll''fllUJUJ; 2530)
q q	 u cu 

~	 ~ , 
~1'11 ~lrJ'I1~lrJ'll'i1~~11Jl'jtl i,*t~lJ~'ll'ihj~~ (indicator) 'flWfll'ViU 1ifi' H~~t~lJ~'ll'i1Yi~• 
~ ~ 

i lJtl1 'j1i~~i1tJ1~~fll ~ H~fln:u~rhl 'il1tl~lJ 'Yl1 rJ~n (ff~ryhu IPl i'tiL 'll'tl1'V'l 'j, 2537 ~ N ~~ 'Ill tl 
. " 

Plamer, 1969; ~1~ Vi'j'V'l'jYlff1~, 2538) l'V'l'j1~nfll':ilPlflU~lJfl~fldN':il~t~1IPifltll'jltl~tllJutl~~'Ufl~ 
~ 'jJ	 ..dl ct'... 1 ~ , 
~~ltl~~fl)J (Stevenson, 1996) tll'jfftlmfl~'fl1J'j~tlflU')flJ~'Ufl~~l'I1':i1t1(species composition) 'PJ 

I I "'	 <JI I I 

,~'il1tltll'j It 'V'l ~ m~ 1l1tlt l~~'fll1)Jt)Yi'V'lU ~l'11~lmoW m~lJt~~ tl~ijflllJ f1l'jU fltl'fl Wfll'V'l W1 if~Yi 'il~ n. 
H~ i lJtll':i'fllU'fl1Jfl~rltl':i ~tlflU'Ufl~'ll'i1~ U~~tllm 'Vi ~m~ 'Il1t1 (distribution) 'U fl~ ~lM ~ 1t1~ fltl5)JlW• 
'Um~1'jm'l11':i~~ llJ li'j'j)J')f1~ rlfl~vJflfft i lJ llPl':i t'illJ U~~c]f~tllff1'11i'U l~fl~lPlfl:U irtl'll~ntl51JlW 

~'lhVi tI~'V'l fl~ fltll':i H15t1!'UeJ~'~eJ~lPlfl)J1~ tI~11 tl (ff5ll~t1! IPl f tl 1'll'tl1 'VI ':i; 253 7 ~ N ~~ 'il1tl 

Reynolds, 1686) 
I jI I	 jI 'JJ 

i lJ ':i~uuiJnffYit ~lJUUUUl i 'H~'il~'V'lUtl~)JiY ~mr:lIPl't'lltl i~eJ~1Pl eJ)JoWlJ r1fl~tJ 1t~lJ tlri:u 

~~m}11Pl~~'fll1 mYH1WU~~ l~lJ tlri1J E~n;llPl~t 'H 1Jl~ 'llJ fll';j U1)J 1'l'*llJ tl U ~~1Pl1lJ IPl n'il~eJu" . 
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"
 , . 
rltum'Vi'\l~~ u '11 ci~'I.11 I'll '1 !'Vi'j 1~ iill 'j~ ff'YIi m'Vilitl1!~~ii~ ii~fhnnnu mh~u 'Vi~ '11 '11 tlU '1~iifl1'j. ~ 

-W\PJJU1'1.11hJi.n~mh~mmJrl~:JJ (Whitton et al., 1991) 

" " " ,11 'il 'ilUU 1~iifln 1,*1~ tl~~~:JJ:JJl'l.h~rltum'Vi '\I~~U'l1 ci ~ '1.1-1 i U~ 1U dn1'ilrltlU"l1'Vi'l.11li. . .
 
tJ~u~:htlu lh~~ 1i U ,r~~tJ ~U~fll'j nu mh~u'Vi~'I1'11t1~1h fl 1~ tlflU!~fli'tf\) fl ft~ l~~U:JJ 1!~ ~ '1 '* 

" ." 
~ ~~ 1:JJ~ 'j1 'il ft~1JtJ 'j1fl t)fln Weutrophication '11 ~ ~fl1'j iift1'j flU 'Ylj 6tJU!tl~U '11 ~~ fll 'j li H'I1 ci ~ 'I.11\) fl 

d d 11] dG) 9J?I ~ d : d cv el 
:JJU'l:HJmmU (Jiittner et al. 2003) 'j1t1'1~Wtl~'IJ~~!~~~~~:JJ'Yl !'IH'UU~U!~fl9frltumU1:JJ~~U 

2.8.1 The Diatom Assemblage Index of PoHution (DAIpo) (Watanabe et al., 1988) 

" " ,
flU!flfli'ijl~\)flft~l~~U:JJl hw Watanabe et al. 1~~.yj:JJ.w!r-wu'Vii~lul,ymiitl1n'IJ 

d Q cld fj/

the Diatom Assemblage Index of Pollution (DAIpo) 'lui! rl.f'l.1988 ~U!~fl9fUtJ'j:;:fl~'IJ~1t1 
" ",

!lU~mqj'11~~~~~:JJ't1~'I1:JJ~548 taxa 'il1flI9i1mh~'1umj'l.11'IJ~~tJ'j~!'YIf'liY~'U 1,34319i1~~N DAIpo 

tJ'j:;:fl~1J U~'1~ taxon U'1~U~'1~'il~!~1J~1~~1~~!t1Ufl'U!~fli'~~V~'I1~mfltucnm1:JJa':JJ-W'Un'IJ~~• 
d" 1 'JI <k d ......"... "I"" 'Irelative abundance '\I~~ taxa 'Ylu'j:;:i1~U~1t1 3 taxa 9f~:JJrl11:JJft:JJ'ViU1ifl'IJu'j:JJ1tuft1'jm'l11'j ~'U 

U'I1 ri~J1 (saprobity) rl~U U U'\I~~ fl'U!~flei'1~ti~;0 '1'lJiJ~'IJ~~ 1 ~~:;: ~~:JJ ~ ii'lf1~'\I~~rl 11:JJ'Yl 'U 

a':JJl1'Unnmh BOD ~~!~'Ufi1~iiw:h!~U~1U'Yl'U~ti~lJtlflfllnhHn~U'\I~~ft1'jflU'YIj6'luJ11~tI 
" I I I 

ii"li1~~lrl~U'UUI9i~u~ 0 - 100 1~tlli taxa liiifl:;:U'UU U~tlfl11 30 ,y~U~'Ul~~~~~:JJ'lfw~lill-i'YlU~~ 

ftm1~~iift1'jm'l11'j "J: ~ (saprophilous) ~H~l:JJnlJ 1~~~~~:JJ~iifi1fl:;:uUU:JJlfl fl 11 70 fl~UUU 

QI ~ ~ d l.de! If) 'jJ..tt .di 
'il~!'UU'lfU~'Yl'Yl'U~~ftm1~'Y1:JJft1'jm'l11'j"J:~!~ (saprophobic 'I1'j~ antagonistic to pollution) 9f~ 

, " 
'Vi'l.J11fi1rl~U'U'U weighted averaging approach ~~1~~1t1ft1:JJ1HI 'l,r~1 DAIpo eJ1~ft1:JJl'jfl'l.11 lu'l'*~ 

1~f1Wm'Vi'IJ~~'I.11'1'UU~'1~19i1~~1~!m~U~'1~'il~!~lJ~1~~N1~ (Reid et al., 1995). " . 
2.8.2 The Trophic Index of Schiefele and Kohmann (Schiefele and Kohmann, 

1993) 

~ old" 'j) ~ I tq 'l 0 

~ U !~fl9fU fI fl ft'j1~ :JJl1l1flfll 'j f'lfl'l:ll fll 'j U'Vi 'j m ~ 'ill tI'IJ ~~ ~ ~ ~~ \PI~:JJ U '111i 1'j U'1~ 
~ 

" <k" " 
ul-i'l.11 '1 UtJ 'j~!'Yl f'lW~'jJJ'U 9f~flU!~ flei'ij 1 ~,y~fl ~:JJftm'U~'\I~~ ft1 'j m'l11'j i'U!! '11 ri~'I.111 ~tll~ i '*fln 

" ,. 
fl1U 1W ~ 1'1.11'11 Ufl 1~ tI,y~! t1u fl'U!~fli'li'l ,*1~~! i'1 ~~'il1flft1:JJ 1'j fI tj ~'11 ~U 1 ~~ 1:JJ flU !~fli''\I~~• 

" ~1~~1~ 1mJiifll'jfl1U 1wmfhfl'U!~flei'1~t1'l,fft~'j~~~~ 1tJij 
~ 
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Sample index = L Relative Abundant X Index X Indicator weight 

L Relative Abundant X Indicator weight 

, 
.:t 

ftl'iHn 1 Trophic state lists ofSchiefele and Kohmann Trophic Index (Schiefele and 

Kohmann, 1993) 

Sample index Trophic state Level of inpact 

1.0  1.4 Oligotrophic no impact 

1.5  1.8 oligo- to mesotrophic little impact 

1.9 -2.2 mesotrophic district impact 

2.3 -2.7 meso-eutrotrophic critical impact 

2.8  3.1 eUlrotrophic significant impact 

3.2 -3.5 eu- to hypereutrophic strong impact 

3.6 -4.0 hypereutrophic very strong impact 

2.8.3 The Trophic Index of van Dam (van Dam et aI., 1994) 
~ ~ 

V'U lflnCJfi1fff1-:1 'llnf)1'I ffmnf)1'I U'Vfi f)'j Z'llfJ'U tN1fl 't)z~ 't)1J1'UU,jil1U~zii 11i1'I 

1 AI .... oJ , c1' Wi .... "" "1 ,~, 
'UlJ'IZ1'YIffl'Ul1i't)'IU~'Ufl C]f-:l'Vf'IJ111Jf)1'IU'Vf'If)'jZ'llfJ'U't)-:I lfl't)z~'t)1Jn'IJ't)'UlflnC]f 'U 7 nq1J ~-:lU~ 

, J/ • ,J/ I 

1IJ cI 1 '0 cIc1 ,,~ , c1' "1 I 0 cIc1 
lfl't)Z~'t)1J'YI'Vf'IJ 'UUl1 ~-:I'U l'Y11Jffl'I Vll11'I'U 't)fJ 'l'Ufl-:l fl't)Z~'t)1J'YI'Vf'IJ fl 'U Ul1~-:I'U 1'Y11J ffl'IVll11'I 

fflJ-:I (Oligotraphentic to hypereutraphentic) lflfJf)1'Ifi1'U1Wl11fhv'UlflnCJf'lln~~H)-:I~'t)ltJi1 
~ 

Sample index = L ReI. Abund. X Index
 

L ReI. Abund.
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A11H~ 2 Trophic index (van Dam et aI., 1994) 

Categories Species Sample index Trophic state 

1 oligotraphentic 1.0 - 1.5 oligotrophic 

2 oligo-mesotraphentic 1.5  2.5 oligo-mesotrophic 

3 mesotraphentic 2.5 - 3.5 mesotrophic 

4 meso-eutraphentic 3.5 -4.5 meso-eutrophic 

5 eutraphentic 4.5 - 5.5 eutrophic 

6 hypereutraphentic 5.5 - 6.0 hypereutrophic 

7 indifferent 

2.8.4 The Saprobic Index of Rott et al. (Rott et aI., 1997) 

~ tit! d" , :'jJ 0

V'Ul~f)C)f'U\lf)n"nHllf)fll'j fl'f)'l:ll L~V~~VlJ '1 'U"11il'i11"~ 11lJ'U1'1'Ul.h ~l'YIfl' 
.cI .J ~ rI~ 0 'jJ • ~ I: I Q rI •

VVn'l~'j t.J C)f~V'U1~f)C)f'U \If)'U llJ1'1'il'lN'il'n'm'U~n'l'j V1111'j '1'U 1111"~'\.J 11~ tlfllV 'Ut~f)C)f" v~u~,,~ 

~16d1~\lf)fi1'U1W l~t.Jf)l'j'1'*fJ:~'j"v~ van Dam (1994), ~~Un'~~~1'j1~~ 4 

fll1H~ 3 Trophic state list ofRott et aI. Saprobic Index (Rott et aI., 1997) 

score Categories Water quality class Saprobic level 

<1.3 

1.4-1.7 

1.8-2.1 

2.2-2.5 

2.6-3.0 

3.1-3.4 

>3.5 

lor better 

I-II 

I 

II-III 

III 

III-IV 

IV 

- no or very little impact 

- little impact 

- moderate impact 

- moderate to strong impact 

- strong impact 

- strong to very strong impact 

- very strong impact 

oligosaprobic 

oligo to betamesosaprobic 

betamesosaprobic 

beta to alphamesosaprobic 

alphamesosaprobic 

alphameso to polysaprobic 

polysaprobic 

2.8.5 The Mae Sa Index (Pekthong, 2002), and The Ping and Nan Index 

(Kunpradid, 2005) 
JI 

v'Ut~f)CJfih.h~~f)~lJ1~1f)O'Ul~f)CJf"V~ Kelly (2000), Mae Sa Index U"~ Ping 

.c. ."tl.. 'J/ J/ a tl O.J l' ~ Q

and Nan Index 1~t.JV'Ul~f)C)f'U L~ ht'YiV'il'1~~"m~'VItJ"V~n'1'jVli11'j ( ~m~'Yi1~VtJ1~tJ~t.J'j1JlW 
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• .1 • .1 '" .,9 '" , i~ d "'1. .1"'1I1~.
'Ufl.:)n flffn flj"ff) C)1.:)ff1j" fll'H1j"~.:)mI11 ~1J1~lf1'1f1J')f\.J'YI fl1fftl ~ tlj" mHl11i1j" U flf1~lf1U tI.:) L~'YI1•" .	 . 
mj"1~fJwfll'Ynhvu"lfrJ'u~~1t1 (~lj"l.:)n 5-6) ~'liu ,11 BOD 'lJ~1J1WUfl1Jl1J~ilti ri1f1111J~~1J UJ;l~ 

"	 . " 
'lJ~1J1W ffU fll'H U flU !~f1CJ1{j ()f1rl1U 1W l~tll~1 'lJj" um 1Jflfl1JVi 1~~ fl{l~ tiL ~riWi1 ~tlU1mr f1.. 
(weight average) 1J1u'YIuri11mJ~j" (Zelinka and Marvan, 1991 6'1.:) l~tI Kelly, 2000) ~.:)~~j" 

" ~fl i'lJil 

WMS =Lavs 

Lav 

i~tI~ a = relative abundance (proportion) of species in the sample
 

v = the indicator value (1 -3)
 

s = pollution sensitivity (1-5) of the species
 

2.8.6	 The Mekong River and its tributaries Diatom Index (Suphan, 2010) 

'" ...1 ~.% i "'i '" .. ~ '" d"l ~ 111 ~l d
flUl'ilf1C)1'U()f1ffj"l.:)'UU ~rJtI~f1~mf1wCVlu~~l'lfff~j"~.:)'Y1 !~Uff~.:) L1 'U ~1j"1':)'Y1 5..	 .. 

!1~~ 611lrJVi~1j"W1Iil1f1ri1f1111J~~U~1~ ri1f1UU11vJvh 'lJ~1J1Wl'U!~j"'Y1 u~~'lJ~1J1WvJflffvJflfff~ 
'JI J/ "	 JJ I 

~~~lrJU111':)'H1J~ u~~1~mj':)U'H~':)u1flflm~lJ 6 tl~tfl'YI i~Utllm~':)U1n~fJWfl1~~'H~fl~ 
~ I •" ".".. "."'i .1 <!l ". ~ "'i 

ff1j" fll'H1j" U fltl (oligotrophic status), U'H~':)U l'Y11JfJ Wfl1~~m lJ 1U f1m.:)'H 'j fl1Jff1'j fll'H 1'j U fltl().:) 

" . 
'lJ1U f1m.:) (oligo-mesotrophic status), !1 'H~~ lJ1n ~fJWfl1~'lJ1U f1~ 1,:) 'H ~ fl~ff1 'jfll'H 1'j 'lJ1U f1~ 1.:) 

I : dd ~ "l '.c::l .c:!t d	 .::S 
(mesotrophic status), !1'H~':)'Ul'Y11JfJwm~'lJ1lJf1m.:)tH L1J1l'H'jfl1Jff1'jfll'H1'j'lJ1Uf1~1':)()':)~':) ( meso-

II ,	 " I 

eutrophic status), 11'H~,:)lJ1n~fJWfl1~11J~'H~fl~ff1'jfl1'H1'j~.:) (eutrophic status) U~~ ~1'H~':)U1n~ 

fJWm~i1J~fl~1.:)lUHH'H~fl~ff1'jfl1'H1'j1J1m~U-W!ff'll (hypereutrophic status) 
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..,j 
9111H'fI 4	 The six classes of alkalinity, conductivity, nitrate nitrogen and SRP and the scores for 

calculation the Mae Sa Index (modified from Kelly, 2000). 

Scores 1 2 3 4 5 6 

Alkalinity <50 50-100 100-150 150-200 200-500 >500 

(mg.1-l) 

Conductivity <50 50-100 100-250 250-500 500-1000 >1000 

(Jls.cm-l) 

Nitrate) <10 10-100 100-1000 1000- 5000- >10000 
t'j 

nitrogen 5000 10000 

(Jlg.l-1) 

SRP <10 10-35 35-100 100-350 350-1000 >1000 

(Jlg.l-l) 

Trophic Oligotrophic Oligo - Mesotrophic Meso- Eutrophic Hypereutrophic 

Status mesotrophic eutrophic 

c 
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..; 
Al1H'fI 5 The seven classes include ammonium nitrogen, nitrate nitrogen and SRP and the scores 

for calculating the Ping and Nan Index (modified from Kelly (2000), Lorraine and 

Vollenweider (1983), Wetzel (1983) and AARL water quality standard 

Scores 1 2 3 4 5 6 7 

BOD <0.5 0.5-1.0 1.0-2.0 2.0-5.0 5.0-10.0 10.0-20.0 >20 

(mg.l-1) 

Nitrate-N <0.01 0.01-0.1 0.1-1.0 1.0-5.0 5.0-10.0 10.0-20.0 >20.0 

(mg.l- 1) 

t::J 
Ammonium-N <0.01 0.01-0.05 0.05-0.2 0.2-0.5 0.5-1.0 1.0-5.0 >5.0 

v (mg.l-l) 

SRP <0.01 0.01-0.Q3 0.Q3-0.1 0.1-0.35 0.35-1.0 1.0-3.0 >3.0 

(mg.l-l) 

Trophic Status oligo oligo beta-meso beta-alfa alfa-meso alfa-poly poly sapro 

saprobic betameso saprobic mesosaprobic saprobic saprobic 

saprobic 

2.8.7 th"\&~flcV'lJ8-3llthj,1'lJ.u;·J't.,\;1'hHu"n'\~-3,.,.j'~fJ'Utl11'11fili1 (Me Kong River in 

Ubon Ratchanthani Index) 

Q ct'.dl Sll Q ~ J'1rI gI~cv QI

tltH~f1C)fVI 'If 'U.:Jl'U1'il£JflH'U ~~£J~"H'f1\PlUJ The Saprobic Index 'lltl.:J Rott et ai. 

(Rott et aI., 1997) l~£Jl~~\Pl~'lltl.:J van Dam (1994) H"~ The Mekong River and its tributaries 

Diatom Index (Suphan, 2010) (modified from Kelly (2000), Lorraine and Vollenweider (1983), 
~ .
 

I Q QI d 

Wetzel (1983) m,~ fllfl~~~'U'U1J1\Pl~!1'U~fl!.fll'Vl'Ul'lltl.:JAARL ~·mff~~\Plnl.:J'l'l4., 5. ~m~ 6. 

'U tlfl ~ 1fIrl,~ij fll ~ iil 'U1W111fi ltllJ ,.h:dY'l'l tnJ tI fl~'U 191f111lJfI ~l£Jfl ii.:J ti'U (Percent 
~ 

01 Old'1 lSisimilarity coefficient) 'lltl~\Pl1t1£J1.:J ~£J 'If~\Pl~~.:J'U 

Percent similarity coefficient = 2 x Lmin 

Lsample 1+ L sample 2 

~ ~ . 
.:Jl'U1~£Jijfj~mlmflWCl1'lltl.:J i'U~\Pl~'l'l\PlllJlJl\Pl~ill'UflW.fll'VltJl~.:J\Pll~l.:Jli 7 HJ:t~ 8.. .
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• >I >I 

A111-3n 6 fll'.iU1hi'u'\JV-3U'Hri-3'1h 1"tJti"'H~fUflWcn'\JV-3tli1J1WLU1~'.i'YI (Rott et aI., 1997) 

trophic status nitrate 

oligotrophic < 0.6 mgll 

mesotrophic 0.6-1.2 mgll 

eutrophic 1.2-4.0 mgll 

polytrophic 4.0-7.0 mgll 

polytrophic+ >7.0 mgll 

• >I >I 

Al1Nn 7 fll'JU,j'lo)1'U'\Jij'lU11ri,nh If\tJf.jf\11~fUflWcn'\Jij'l1J~1J1W BOD lm~02 saturation 

lm~UV1Jl1JlutJ (Rott et aI., 1997) 

Class O2 saturation BODs NH4 

Class I 

unpolluted 

95%-105% sl mgll < IOOllg!l 

Class I-II 

slightly polluted 

85%-95% 1-2 mgll < lOOllgll 

Class II 

moderately polluted 

°2> 6 mgll 2-6 mgll < 3OOllg!l 

Class II-III 

significantly polluted 

<50% 5-10 mgll < lmg/! 

Class III 

severely polluted 

02 < 2 mgll 7-13 mgll 0.5mgll-several mgll 

Class III-IV 

highly polluted 

02~0 mg!l 10-20 mgll » 1 mg/l 
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Shannon and Weaver (1949) i~'ffh~~'lfUfl11:IJ'l1Cl1mntJ'\Jfl'l'lft1~ (species diversity 

index) ~'1 i~ i'1J f111:IJ t1 tJ:IJ tJ 1:IJ 1H;fldHn~ 1'1 '\J 11'1 iHhn1tJ 'l1 m tJfl ~H ~ ~ rH1fi fl~'lfU f111:IJ 

mnnmntJ'\Jfl'l'lft1~ ufitl~~tJ'l1~n~ 2 fl~l'1~fl species richness ~'1l~'\.,njI'l1Tff1'U'\Jfl'l'lft1~1~"l fifl 
'jI I 1 I 

~l'U1'U 'lfU ~11'1'l1:IJ ~tm~ equitability eJf'l t~'U f111:IJ'ff)Jlt 'ff:IJfl'l1~flfl11:IJ:IJ 1m!fltJ'\J fl'l ff '1~;'11'l i 'Uufi 

'l~'lfu~~~mli 'U1Pi1fldl'1 
'U 

" Entwisle (1989) ffmn'ffl'l1'htJ'\J'Ul~imui'Uu~tJl Yarra Basin i'U'l.h~t'Y1fYflfl'fftI'l1t~tJ... 

'V'l'I.J'ffl'l1'htl'\J'Ul~imY 43 'ffUGlhf i~tJ'V'l1J'ffl'l1'htJi'U Division Chlorophyta 55%, Rhodophyta 

18%, Cyanophyta 14% U'l~Chrysophyta 13% 'V'l'l.J':h Phormidium retzii (C. Agardh) Gomont t~'U . . 
'lflJfI'¥i~f111U'V'li m~ ~lt1:IJln'¥i~~ U'l~iJn'V'l'I.J'ffl'l1 i ltliht~'1 Bratachospermum spp. i 'U ~~tn'I.J 

" .QI , o.c:! I 'jJ d 

1'l1fltil 'I 'U1'VI ~ Wfl1 'V'l fl fl'U '\J1'I ~ 

Pfister (1992) l11f111ffmn phytobenthos communities ~lmhli111'l1:IJli11:IJ'lf1~~i'l1'l 
d "I 0 0i it11'I.J'U,fJt'\J1'fffl'l'ff1tlflfl Cl1li11 Isar 'U Northern Calcareous Alps U'l~'lllil1 Gschnitzbach 'U 

Central Alps i'UHfl~'U Tyrol lh~l'VIfYfltlmI'l1t1 'V'l'I.Ji~fl~l'lfl:IJ 163 taxa ;'1"h'UimYfl~i'U Family . . 
I d Q,I -d.c:! 0 ~ do ~ 

Naviculaceae lm~ Bacillariaceae 'ff1'U'iI'U'ff'VI:IJ'il1'U1'U'If'U~:IJ1n'VI~~flfl Cymbella (23 taxa), 

Navicula (20 taxa), Nitzschia (17 taxa) m1~ Achnanthes (13 taxa) ri1'U1'l1tY1~tl~l'ltl:IJ~'V'l'lJl~'U 
I " , " , 

mi:IJ'¥itl~i 'U Um1 '1l11'¥i~ 'ff11 tll'l1111P11 H'l ~t~'U ~ 1li11 '¥i 1'l1 m~1 'il1nlPi1tld1'l'\Jtl'l 1~fl~1'l tl:IJVi tn'I.J:IJ1 
" .

1f1tl~\P1fl:IJt"'tI'I 7 i'U 160 taxa t'yhtJ'U'¥i~ relative abundance :IJ1nn11 20% 1~tl~\P1tl:IJ'lfU~t~'U 
II) iI I 

~~un Achnanthes bialolettiana Grunow, Achnanthes minutissima Kiitzing, Ceratoneis arcus 

Kiitzing, Cymbella delicatula Kiitzing, Diatoma ehrenbergii Kiitzing, Gomphonema angustum 

Agardh. U'l~ G. olivaceum var. minutissimum Hustedt 

Margarita (1994; fl'1'lfl'l'il1n i~tll'li'tI llln'VItl'l (2541) ffnlll'ff1'l1'htl'V'l1n periphyton 
, -: ~ ~ d I -:..d.c! ~ tl I 

i'UH:IJ'U1 2 'ff1tl fltl Rio Gran de Tarcoles basin GJf'ltU'UU:IJ'Ul'V1:IJ:IJ'l'V'lllU'Uti'Jtl'UtlQ tm~ Savegre 
, 'J/ I " 

basin '¥it~'Uu~l11'¥i1~1~i''l.Jf111U'Utiltl'U'il1n:IJ'lYill h!U1~t'Y1fY Costa Rica tll:IJ1f11n'l1'1 i~tlfffnn 

1f1tl~l'ltl:IJt~'U 'l1~n ~'1 1~fl~\P1fl:IJ 'iI~ 1~i''I.J rW m~'VI'I.J'il1nf111~ ~:IJ'lfl11~~ln'ff11 fl'U'VI1 ~:IJ1U'U tn t1'U 

U'l~y.j'l'il1nfl11:IJU\P1n~1'l'Vll'l~1'Ufl11:IJ'ff'l (altitudinal differentiation) 'l"/'I.J'h1'U Rio Grand de 
'U 

" " Tarcoles basin 'l"/'l.J1~fl~l'ltl:IJ.w'Ul1'tl'll11 95 taxa ri1'Uim,lh~'U Navicula 25 'lflJ~, Nitzschia 17 
" 

'lflJfI, Gomphonema 10 'lfU~ ll~~ Achnanthes 9 'lfU~ 1~t1~l'ltl:IJri1'Ui'l1tYl~'U'lfU~~'Y'j'I.J1~..t11u 
" ".

U'l~~i'Ut'\Jl'lrfl'U rl1'l1i''l.JrWf111ffmnff'l~;'1I'ln~:IJ epilithic diatom i'UU~l1111'1 2 'ffltl 'Y'j'I.J1~ 

" fl~\P1tl:IJ'I'1'1'l1:IJ~ 125 taxa i~tI taxa min 1~uri Navicula spp., Nitzschia spp., Achnanthes spp. U~~ 
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.6 

. .. 
Gomphonema spp. ')j'ij~fi'VnJ1J1fl h.uuhh Rio Grand de Tarcole basin t1t1 Navicula goeppertiana, 

Gomphonema parvulum, Gomphonema sp. aff. pumilum, Nitzschia palea, Nitz. amphibia, Nitz. 

inconspiciua, Nitz. clausii, Nitz.Jrustulum, Nitz. seminulum Ui:l::: Nitz. schroeteri var. escambia CJf~ 

1;ju')j'ij~~iifl111J'YIU 'YI1U ~~ (high tolerant) ~fJfffll'W1J i:l-W'l:l~lrJU ffl'iflU'YI~ 6'H~tlfffll'W . . .. 
eutrophication U"':::fffll'Wfiiifl111J'liUff~ ')j'ij~fi""U1J1fl1umhh Sevegre basin t1t1 Achnanthes. .. 

minutissima, Cymbella sinuata, Rhoicosphenia abbreviata, Cocconeis placentula, Gomphonema 

.6 ~ ... d
rhombicum, Nitzschia fonticola, Fragilaria pinnata Ui:l::: Achnanthes subhudsonis CJf~11JU']j'U~'YI 

.. . . 
'W'lJluihfiff:::m~ ii1Ji1JlW'lJtI~ iu1fl'ill1UlPilUi:l:::i1Jiifffll'W1Ji:l~'I:l 'W'IJ '~tI:::fltl1J']j'ij~ Navicula 

cyptotenella, Navi. capitatoradiata, Fragilaria ulna U"'::: Achnanthes sp. aft: ricula m::: 1I1tJtI~1J1fl 
II II 

1uuliih"'~fftl~ 

Rott (1995) Yi1fll'ifffl'l:l11~fJ:::mnJ~I~U phytobenthos lumjJ1 Grand 
" . 

iUllfl1U 

Ontario lh:::l'YIfl'fIlU1~11ut)'(l1'IJ'~H~Ui:l:::t)'(l~tlU il f1.fl'. 1994 'il1fl~UU1l1ih~~'l.Jfr:mJ~~'il1fl .. . 
'i~~'I.J'lJ1'Y1:::1i:l1J':i::::IJlW 500 11JfI';i 'il'Uil~lml'1J1fl'YI:::1i:lff1'IJ Erie fiI'l111Jff~ 380 11Jfl':i'il1fl.. 
':i~~'I.J1i'1'Y1:::li:l 'W'IJ '~tI:::fltl1J 138 taxa ~~ 1~' 11'Hi:l~1~'il1flfll';iffmJlntlUm!lif~ii~lU 1'U']j'U~1i41J 

.1 .1 • : 0<9 I 5lI <!I 
1Jlfl'lJUfltlUlJi:l1tJ'lJtI~i:l1U1 'il1flfll':ifl'fl'l:l1ff11Jl'Hlll'IJ~ benthic diatom iHlfl!lJ'W 3 1't1f1f1t1 1'tl\9 

\l~tI:::fltl1Jfl~1J oligotrophic flora 'H~tlfl~1J~'tm 1'U'IJ~I1W ~iiff1':i tI111l'iU'mJ 1~tJ'WlJvt11 'I.1't1t1~ 

ft1Ii 1':i 'IJUfil'tl1 1'lJfI~ii 11~ fJ~ fI fJ1J flri1J ~'W'IJ hl~vt 11 '1.11 U til Ii 1':i ~1 ~ 'WH 'IJ'I.J~ ii ff1':i tl1111 ':ibY ~ 1U... ..

"1 'JI f , 

f1t1U fli:lN'tItI~ft1U1 U"'~l't1f1l1ii'~tl~fltl1J lUU1l1iiri1'W'I.1';i~fltl'IJ 1~£J'tl1 1'1.1 l~u~um UtJ1 'IJ~nw 
" 'JI , ~ 

f1t1U Vl1 tJ'lJ tl;j ft1U1' fl~ U1flu1J u1l ~tJ'lfU~l1 U;j 'IJ tlflil ~ fll ';i iibYl'i tl111l':i:lJl fl' 'U liM ri ;jU1 loM'U 

Gomphonema parvulum var. parvulumj: saprophilum, Navicula sp. Ui:l::: Nitzschia sp. lli:l:::'W'lJl1 

Fragilaria sellSU Lange-Bertalot lIi:l::: Gomphonema sp. iiml1J~'Umh'Yll~a'tu!1'U1'Y1m~;j1Jlfl 

Neecchi et a1. (1997) ·1~fffl'l:llbY1'H'iltJ'lJU1~'mY'il1fl 50 ft1Ii1':i lUi'jlCJf111J11", 

un:mfl'1J ':i 1eM",'uil 1989-1993 'W'lJbY1'H'i 1tJ'lJU 1~ 1'Hrui~'H1J~ 42 'lfij~ ~~t1~U')fij~~lf1tJiifll'i., 

'jltJ~lUlJlntlU'u1J':i~1'Y1fl' 4 'lfij~ titl Cladophora glomerata, Pamellopsis gelatinosa, 

Stigeoclonium helveticum ml~ Vulcheriafontinalis 

Kowe et a1. (1998) '~~I'!!IU1H'I.J'IJ~1i:ltl~'YIl~fiWflfl'lbYfl11'~tll,*\9'i1'il1~'Wq~m':i1J'tItI~ 

'tItI~bY1'Hi1tJflri1J~1~" , Ulll1 ri·nf1~' 'Hi:ll~ 1 lI'IJ'IJ ~1i:ltl;jif'~lh:::tJml1~ ill ,*1~'U {{t11Ji:lbl1'Hi'U 
q I q 1:\1 

" ~ " . 
UliU1 Swale CJf~ l~ 'U 111JU1l1 tl~i U 'IJ~ l1tu\9::: l'U tl tlfll~ £J~ 111 t1tl'tl t1~ U';i ~1 'VI fl'eJ~ flt) 'N 1~ fJl1lfll 'j fffllJ1 

l~'Uni:l1 1 iJ (t~tl'Uf)UtJlfJ'U 1993 ~;j l~tl'UiY~'H1fi1J 1994) 'WlJ':h'l.1j:lJ1tufli:ltl hYli:l~ ttl ~fl111J 

UU'j ~UflHtl'IJ~1'U1UtC)1ml'tlil;j bY1'H~ltJflri1Jl~'U tti:l~'W lJ l1ijfll':i11 i:l~'tIil~ benthic diatoms tlilfl 
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,J 1: .:i I : ~d I I ~ 
~1f1 substrate 'til-un ~lJ 1~ 'W 11'11lJU'W 'H'1f1't1tl\l U11 ~\Il-J1'~ tlf1 1'W ':i ~ 1111\1'lfl\1t)~11'W 1ltJ ':ilJ 1W'tItl\l 

rI ~tl b VhHl ttl iith t! tl eJ~\1 iflJ ~'W n nu ~ 1'W 1'W 1:'1'11111 eJ~ ii ~ 1'W 1'W t! tl eJ U~~ 'Vlu'"h tJ11J1 W 

r1~tJ hVlml ttl 1:'1'\l1'W':i~w.h\l'lh~f)~~tJ'W ~\liflJ~'WnnmY1'l111mt~~1:'1'1'l111eJ~~~tf11~1I91tl~'W., ~ii
~ VI~ q I 

do ~ I d 
f11':i lJf11 ':i t~ ':i tytJeJ1\1 ':i l~t ':i 1 

~ ~ 

Kelly (1998) 1~1~'~tJ~l'ItJlJt~'Wfi'lfij;f1~1:'1'm'W~'tItl\ltJ1lJ1W1:'1'nm111':i1'Wtt'l1~\lt11 

(trophic diatom index 111tJ TDI) 1~eJl'11f11':iI'l':il~1~~~~t~miltJ~l\1J1u1nW~\ltJ~ritJ'Wtm~11~\I . . ~ ~ 

~~ 'Viii f11 ':i tJ ~ tJeJ t11 tff mt11 ~ \1111 W'VlU 111:'1' llJ n tl tJ ':i 

• 

~ eJf1 ~1 '*,~ tJ ~ 1'1 tllJ U1\1 'lftJ~ 

OJ

t~'W fi'lfij tJ \I;f'" 
~ ~ I I 

r1wm'Vlt111~ 1~eJfi1fi'lfij iifiwi\lu~ 1 (1:'1'1':itl1'l11':i1Pl1) ~\l5 (1:'1'l':imm':i1:'1'\I) l~eJl~tWf1'~tJ~l'ItJlJ'Vi. .. 

1
t~'W'lftJ~t~'W tJtlf11J1~lf1 1 ~ tJ~l'ItJlJ~'VlU..tl 1tJ ~lmf'W t111J1 ~~ ~lfiufi1r111lJ 11~ mf1tffeJ'tItJ\lU~~~ 

9J1I1 ~ .cS e:Q.I ~.cS 0 <if d QI r .d '1 : .JQI QI 

taxa f11':i 'If l~ tJ~l'ItJlJtu'W ~'If'W'lfl~ 'W ~~lJrll1lJ1:'1'1r1tlJlJlf1 A'W ~ ~ tf1U I'IltJeJ1\1'YltleJ 'lH'tIl'ltJ meJ'W19f\l". .. 
t~'W ~~11~\I~1f1m~U1:'1'J1 111 ~ r-hu ~ ~~iif11':itJ~ tJeJJ1tffeJ~\Iii1:'1'1':i ~'W 'Yl~ 6~t ~'WlJ~TIfllJ1 f11J ~~U'W 

~ .. 
l~iif11 ':itJ i'utJ':i \I TDI U~~ 1~t111J11~t~'W 11lJnUf11':iI'l':il~1~r1Wfl1'Vlt11~1'W~'W!VitltJ':i~tiJ'W 

~ 

1:'1'f.)l'W~'tItJ\l1:'1'l':imm':i 1'Wm.it11 i~ (fl1\1~\I) 
~ 

Branco et al. (1999) 1~ftf1fl11:'1'11111eJ'tI'lJl~imuf1~lJ1:'1'11111eJfft~eJ1Uf1lJt11t'S'W1'W" . 
~ ~ 

tJ':i~t'Ylfl'U':i1eJ1~ i'W 172 ~11i1':i 'VlUff111i1eJfft~eJ1Uf1lJt11t~'Wl1\111lJ~ 34 'lftJ~ U~~'VlU Phormidium 

retzii (C. Agardh) Gomont t~'W'lftJ~~iif11m'Vl1m~~leJlJ1f1~~~U~~'VlUff1'l111eJ'lftJ~~'Wl~uri 
~ 

Dichotrix baueriana (Grunow) Bornet U~~ Rivularia cf. beccariana (De Wilde) Geitler t~'Wfli'\1 

mf1 i'UtJ':i~t'YlffU':i1~~ 

~ . 
iif11 ':iftf1fl1r1 11lJ11 ~1f111 m tI'UtJ\I 1~tJ~1'I tllJ i 'U tJ ':i ~ t'Ylffl 'Yl tllJ 1'W 1'W \Pi\l U~ ffl'l l':i':ifl'Vi 19 

f11':iftf1fl1~h'W 1m1Ji 'W ':i~ tI~ m f1~ftf1fl1t~'W'l:rf11'Yl eJlff1ffl'l{~l\1'1f1~ t1f1191ltJ~lWJf'W Ostrup (1902) 

II) ~ 'II) "" '" ~ "i '" .. '" "" "',I 111 II) ~ 0
t~i1fN1'Wl1 'ViU t~~~I'I~lJ 81 'If'W~'Yltf11~'lfN ~~tJ'Yl'lf11t~'WlJnf1'Ylt~'W'Yll\l1J1'Ylui~t'Ylff l'YltJ l~'Yl1 

d ., I II) 'I -;;'1 '" '" "" -;;'1 II) ~ 
f11':i!f1Ul'lltltJ1\1 !~tl~l'I~lJ ~'Wu 1899-1900 (eJl~ 'Vl':i'Vi':i'Vlff1~ U~~r1W~, 2543) u 1936 Patrick l~• 

ftf1fl1 1~~~l'ImJ 1'W ~-I 1ff'U~\I~f1U~~ 1'U tJi~ !'Ylfl'!'YltJu~~ tJ':i ~ t'Ylfl'lJ1t~ !91tJ 'ViU i ~~~I'I tJlJ 185 'lftJ~.. 
(Patrick, 1936) i'W':i~111NU rl.ff.1961-1962 ~\1 i~l'11f11':i t~UI911~~l\11~eJYilJl~tJ':i~111N~~'W!m~ 

hWl11f11 i t~ul9i1~~ 1\1 1 'W tJ i ~ t 'Yl fff1rl1J!~t91t11'1 ~ i'U ~ ~f1!~tJ\l1~u~ ~ ii f11 i ~ 1!! 'U f1'lftJ~ 1~ tJ• 
~ 

Hirano(1967) 'ViUl~~~I'I~1J 143 'lfiJ~ i'U~1'Wl'Uij'Vlu1'UtJ':i~t'l'1fI'1'YleJ 114 1:'1'u9irl' Foged (1971) 1~ 

fff1fl1 i~~~I'I~1J'il1f1!!1.itJ 
~ 

11'Wt'Ul'I f1Ht'Yl'VilJ'H 1'Wf1i !!~~ ~\l11i~t;ftJ\l1 'H1.i 'U~\ItJi ~t'Ylff! 'YleJ 1'UU 1966• 
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., 
fffl'l:Jl 1~t1::f1t11J1l1fU1thh t 'U!'UflfllH'VI'Vi1J'I11'Ufl1 U,,::,j~'I11~!;V~ hni 'UtI~,.h::!'VIffl 'VI V t 'Uti 1966 ., 

111 '" ~l"""~ I ~ ,

'VilJ ~~t1::f1t11J'VI~'I11J~ 378 taxa 'VilJ fflJ9fff ~'111J 8 species 'VitJ varieties ~'111J 5 varieties U"::'VitJ 
., 

fonns tmJ 2 form Foged (1976) 1~ffmn'~t1::f1t11J 1~rl!~mi1t1dH't1~'I11J~22 ~1t1d1~ 1l1fU1'I1cl~ ., 
'\.h~~ 21 !1'I1cl~ t'U'l.h::l'V1ffff1~~fll t'U1I1971 U,,::1I1973 'VilJl~t1::f1t1lJ 310 taxa 1l1fl 34 ~irff 

II) ... ~ '.... "j II) "''''' U"::'VitJ 1~t1::f1t11J~'U~ ~'I1lJfltI Caloneis gjeddeana H"~1'U!1t1~ The diatom flora of Thailand 1~1J 

fll1ffmJlhwirfl1'V1V1ff1fffl{'lf11fi1~~1~l1rlm.h::1J1W 100 1I~~1'U1J1U"::1~tA11J1~~1J-.{1~w (fllill
u 

.. ~ '1" .:'" "" '" I .k '" ll'Ufll'lf'U "11.1 ~ 'U 1.1 'U f1, 2538) 'U t1fl1l1fl'U fJ'IlJ fll n 1tJ111J'U t11J" ff1 'H 1 HI t 'U 'lh:: 1'V1 ffl 'VI V9f'l 1~ 
'" 

.d~ fI 4 "I .cSCIoI ~ ~ rI 
11tJ111JtIl1l1flH"'11'UfI'Vi1J'Vi 53 l1t1~ 'VitJ l~t1:f1t1lJ 161 \I'Uff 1001 ~'U~287 11hfl U,,:: 63 'Wtl11J 

, JI JI 'JI 

1~tJ~t11J"li11tJ 111JfI f '1U 1~utJm ::'I1'JHff1'H ~ 1VtA1~~U":ff1'H ~1 V'VI::mtltlfl1l1flti'U ffl'l1 f tJ 1~ 

t1::f1t1lJ\!fl,j~t1dt'U ~1i'U Chrysophyta flCIlff Bacillariopyta 'VitJi~t1::f1t1lJ 46 ~irff 385 ~iA~144 
~ .:.. .. "'l.do II) .d 11)'" .:: 

1111f1ff U,,:: 43 'Wtl11Jff ~~V'VI1l1'U1'U 1~t1::f1t11J'VI11tJ111J n t 'U The diatom Flora 'U'U fl'itltJfI':}lJ 
., . 

'11'lJ 'VI'" ~ 'H 1.I~'VI "'" fl" 111.1 1'U'" H fI'"'lJ ~ '"1tJ 
., ., 

H" '11'U1 ,jtJ~l'lJ fl111.1 'H" 1fl'l1 "ltJ'U t1~ i ~t1::f1t1lJVl'lJ VIt1'11111 ~tJir fl1'V1 tJ1ff1fffl11 'VI tJ~ 
., , 

UtltJ1J1fl 1 ~ vij H"'11'U~'1U ~~~ 1 l'1fffflU (2541) 1~111fll1ffmll!!'Vi ,,~tlfltl'UVl'lf111'l.h::!'VI ffl'V1 V 

.k II) 11)"''''' II) d '" I .dd I ~ I d ~ ....
9f'l111.1 1~ t1::rl t11J n~lV t1tJH 11 flfl11Jfl1t1 VH'VI !fltJ ff1'lJ ~ 'H fl!1l::1fltJ ~ 'Ul'Uflfllfl1'l1'UtI!!"::fllfi 

QI .cS 4 ... 1 ~ d d co. "1910 t::9 ,j 4 
f1::1'lJtltlfUlW'I1'I1'U t1'UtI~lJ 1::1'VIff 1'V1 tJ ~1~ 'Vi1'Vi 1'Viff1" (2539) 1~ 'VI1 fll1 fffl'l:llU 'Vi "~flfl t1'lJ 'Vi'lfU,,:: 

1J) G)' d ': rle!i QI 9J I ~ 9J QI 4 0 .c:. Q,I Q,I 

. ~ ~t1::f1 t11J 1'lJ tI1~ !fltJ'lJ 1'U t1'1 ff'lJ tJfffllJ 1fll1 'Vil'il 'lJ 1'111tJ ~t1 ~ 1fl'i tI 'lJ!'lJ t1'1 til 111 fl'Vi 1:1 1'lf~11 1l~ 'H 1~ 
., '" 

!GJfrJ'I t 'H ~ 'lJ tI fl1l1 flU 5'1 'VitJ -,h ij fln 11tJ~l'U H" fln fffl'l:ll 1~t1 :f1t11J 111 flirfl1'V1 V1ff1ff~n 'VI tJ1l1fl 

1.1 'H 11'V1 V1 ~VU,,:: ff() 1,j''U 'H" 1VUli 'I Ufi ff1'U t 'I1tUl~'U fll 1 fffl'l:ll 1~ t1:: fI t11J ~! ~ 'lJUW" ~ tlfl tI 'lJ Vl'lf 
u 

tI ~ rI
(fll~ll'UfI1~'lJ "11.1 l'lJlJ'UfI, 2538) 

.,., I 

~ II) .... '" 0 ~.I II) II) ", ... "" ~ '1 '" ~ 
flnfffl'l:ll ~~t1::~t11J'Vi'lJ'VItI'I'lJ11'UlJ1::!'VIff1'VI V ~~!11J1JflnfffllJ11~tJ f11tJ IlJfl'VItl~ 

. ., ., ., 
(2541) u,,::tJ 1::!ff1i l1V:fll (2541) 1~111flnfffl'l:ll 1~t1::f1t1lJVl'U VIt1'1tA1 t 'lJ ~ltA lU~ff1 fJ'VIV1'lJ 

.,., I 

Uli'l'lf1~~t1tJ~1'V1W-~V ,j~'I11~IGJfV'I1'H~ lmi~t1::f1t1lJVl'UVltI'IU1 172 ~iA~ l~tJli 106 ~iA~!~'lJl~ 
J y:'d. d Q,I I d QI' .c:..c:. d 

t1::lPltl1J W'\..I 'VI tI 'I '\..I 1'VI 'Vi tJ t '\..I1l~ !fltJ~ 1t1 tJH 6 1l~! fltJ f11t1 rJ1'1 t '\..ItJ 1nUl" :f1l1~ ff ~ U,,:: 6 1l~ !fltJ 
II q II cu q 

, . ., 
1Pl1t1d1'1tJ1!1W "::~ll~li~l"~ ~1'\..11~V'UtI~V1~ ~1W1~ff1" (2544) 'VitJ 1~t1::f1t11J' 'lJ~lUlU~ff1 

., , 

222 ~iA~ll":: 1'\..I ~1'lJ 1'\..1U'VitJl11~'U 1~ t1::f1t11Jli 5~ 1~ lflvij11tJ'I1'\..11'\..I tJ1 ::!'VIffi 'VI V 51 ~iA ~UW"'1tl 
.... , ~ I £it lIJ I 

f1t1'\..1W~ff1'\..11'11qjl1J'\..I !~t1::f1t11J 1'l1'\..1 Melosira varians, Cymbella tumida, Fragilaria ulna !m:: 

Nitzschia spp. 
, .,., 

'l11qjWHfl Uf1'11gfl (2539) '~fffl'l:llff1'11~1vli!~'U~~UfJWfllw111t 'U ~1JU~tA 1GJf t'lJ 

,j'l'Hl~'UtI'Uun'U I"V oMV.fliJ 'UtI'\..Iun'\..l t1~11i1UlJ'H1ffnflllJ fllWff'U1I ~t1V!~~ Vlff1i1 
'II' • 
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~ . 
fJ'l.Hl'I1'lf'li1il 'VnJ'h~1'H71fJh.l~'lJ'I.h~ii 41 ~~~ 'I.h~flfl'IJ~';W 4 ~1'l1'U flfI ~1'l1'U Chrysophyta, 

~ 

Chlorophyta, Cyanophyta U~~ Pyrrophyta fl11'lJff'lJ'W'U£'I~'H'h~tl7'lJ1W~1'H71fJtimlWfll'..nh• 
, jIIii, 

'W'IJ'hiitl7'lJlW ~1'H 71fJl 'U 'IJ N~1'l1'Ut'thu'Ufiiifl11'lJff'lJ'W'U £ti'IJflWfll'Vnh l~fJt~ 'W1~ ~1'l1'U•
 
Chrysophyta u~~tl7'lJ1W'li1~m'H1'I~iifl11'lJff'lJ'W'U£ti'U
 

tl'I ~ t~7! 11 fJ~ fl1 (2541)1 ~ffm:J1fl 11'lJ 'H ~ 1fl 'H ~ 1fJ'lJ fI~ ~1 'H 71 fJ'lJ 'U 1~ 1'H WU ~ ~ 
"~ 

t'IJ'UYimj~~l'U~l'1.hmj~l ~~'H1~t~fJ~lmj 'I~'H'h~t$lfl'Uii'U1fl'lJ 2540-fl'lJfll'W'U£ 2541 'il1fl 6 'il~ 
d Q,I I GI: .c:i: 

tfl'IJ1l1f1fJ1~ m'lJ'I~~'IJfl11'lJ~~'il1fl'U1'Y1~m650-1,075 t'lJll'I U~~fffl'l:llflWfll'W'U1'IJNtl'I~fll'I 'W'IJ.. . 
t'IJ'UYimj~~tl'I~tfl'YI1~fI~llfl'lJ'lJ1fl~~~ ;lfI 106 'lfi1~ 'IfI~~~'lJl;lmt'W~~nllfl'UVl'lf 102 'lfi1~ U~~ 

~1'H71fJ'lJ'U1~1'HqJ~ii~fl'l:lW~t~'Uttt''U~lfJ 11 'Jfi1~ 'IfI~~~'lJl;lfltt'W~~nllfl'UVl'lf 102 'lfi1~ 
CIlGidcr. I lq~' 

t'IJ'U'Y1flfl~'il'lf'U~t~'U l~Ufl Cocconeis placentula Eherenberg, Navicula viridula (Kiitzing) 

Ehrenberg, Fragilaria ulna (Nitzsch) Lange-Bertalot, Melosira varians Agardh, Nitzschia linearis 

(Agardh) W. Smith U~~ Navicula cryptocephala Kiitzing u'W~~nllfl'UVl'lf"h'Ul'HqJ'il~t~'U1~ 
I GI lq 3J t 

fI~llfl'lJt'lf'Ufl'U l~Ufl Melosira varians Agardh, Cymbella tumida (Brebisson) Van Heurck, 

Fragilaria ulna (Nitzsch) Lange-Bertalot, Navicula cryptotenella Lange-Bertalot tm~ Navicula 

~Q,J GI.d ~ fj/ "l3J II 

viridula (Kiitzing) Ehrenberg 'U flfl'il1fl'UfJ~'WU~1'H'I1fJ'lJ'U1~ 1'Hty'YIt'I.J'Ut~'U ~lfJ l~Ufl Spirogyra 

spp. Cladophora sp., Ceramium sp., Gloeotrichia echinulata (J.E.Smith) P. Richler, Hydrodictyon 

reticulatum (L.) Lag.) U~~ Rhizoclonium sp. 

'" ftl '" ,,~ d" "I
'Y1~vn fJW lJ'I~~'I:l! (2542) fffl'l:llfl11'lJ'H(llfl'H(llfJ'Y1 N'lf1fll~'lJfI~ U'W~~flllfl'U~'lftm~ 

~ 

~1'H71tJ'lJ'U1~ 1'HqJl'U~llJ1mj~1 fJ'Y1fJl'Umi~'lf1~~flfJ~t'Y1~-~fJ ~~'H 1~t~fJ~ lmj 'W'lJu'W~~nllfl'U 

Vl'Jf 163 'lfi1~~~fI~l'U 6 ~1~'U;lfI Chlorophyta, Bacillariophyta, Cyanophyta, Euglenophyta, 

oJ ""I I 'I I ::It 11) '" I "I
Pyrrhophyta U(l~ Cryptophyta C)f~U'W~~flllfl'U~'lf~1'U ~ 'Hty'il~t'I.J'U l~fI~~fI'lJ'lf'U~t~'Uflfl Fragilaria 

ulna (Nitzsch) Lange-Bertalot, Navicula viridula (Kiitzing) Ehrenberg, Cymbella tumida 

(Brebisson) Van Heurck !t~~ Melosira varians Agardh u~~'W'l.J'h Melosira varians Agardh !~'U 

~1'H71fJ'lfi1~t~'U1'U~1'U1~tJil
~ 

Vi'l:lW 1'I'I W1i~ (2544) ri1'I1'il'lfij~U(l~ijnff1'Y1fJ1'lJ fI~ ~1'H 71fJi1t~fJ1Ufl'lJ'j.j 
~ 

1t1'U1wi'lJ 

,: ~ I I I : ~ ~ QI GI 3J 
U'lJU1fl1fl t'H 'U fill NU'H ~ ~ 'IJ 11fJ Wfll'W'lJ fI~~'lJ'U 1'Y1~ ~fI~t'lJ fI 'il~ 1l1'lJ 'I ~~'IJfl 111,1 'lJ 1fl'U fI fJ'lJ fI~ 

~ ~, 

~l'If)l'HU U~1f1~1 'U 'I~~'IJtl1'U fl~l~ (mesotrophic status) fJm~'U'IJ~nw~'U 'j.j1'lJfI~~'lJ'j.j 1il~fi 
~ ~ 

flWfll~'j.j1~~mn'U'I~~'IJ~ (oligotrophic status) llHti'U,r1'lJl'U'il~t~'IJ~1mh~llfl'UtlmfJ'lJfI~~1'j.j1... .d 
il~ '~uri U:u'lll U~~'H1~'U1fl flWfll~'j.j1~~fldl'U'I~~'IJU1'Ufl~Nf)~tfffJ (meso-eutrophic status). ~ 

.. 
,iI , iI 

tijf)~~1fJ~fI~~~il'~i''IJromm~'Y1'IJ'il1fl'lJ~Vi'l:l'il1fl~1tllf1~t~fJ~1'H:U tllf1~~fJwfll'W'j.j l~l'lJ'lJ1m! 1'U 
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" " " .II " 
'i::~'U 4 - 5 ri1lJ~1I\h\hlJt'ldllJ'i::~'U 2 - 3 lnt'l'U'rl~'H1I~ tJm1lJllJ~~~lJU1C)f~fJWfll'Wlh~~t'ldllJ 

'i::~'U 3 VlJl~lJ ~HHdt'l~1J1'llfl"11HI::""ltJ 't'lt'lVlJ \ph~'l 'llm1lJ~lJ 1\PW'W'U11"11'Hi 1fJ'U1~'tI'U~ii 

UlJ11U'1I~'l:: loNl~lJ~'tI'il-u~~mUfll'WJ1 'tI'U~~iitl1111ffmilJ 1i'n'UtlUUl1'WJ'11IPllJi'1Pl '~Ufi 
~ GJ "£It OJ ..c:I I J d • 0 , _~ ~QI

Phormidium retzii C)f~"111J1H'11'tl'llJlJlPl'lflJ'U~'tI'fJWfll'W 1Itl1fl1'ilJ1 ~n1~~ lJVfl'llfllJtJ~'W'U . " 1 'GJ 1.c:I 0' 9J d • 

"11'H'i1tJ'UHfl"111 IlJ'lf1~V1fJWfll'WlJ1tlt'llJ'\J1~I"1tJ l'tl'lJ Oscillatoria limosa, Nostoc microscopicum 
• JI JI JI 

U"":: Cylindrospermum spp. ri1lJllJ~lPlfiU1iit1Wfll'W~ l'lflJ ~lJU1UliU1il~'l::'W'U"11'Hi1tJfl~'lJ 

Calothrix spp. um~ Chamaesiphon spp. 
~ 1 ,,,.. ~ : ~ ,,~ 

ffn'i'iw 'lWt!'\J U~::tlw:: (2546) 1Pl11tl'i1::'HfJWfll'WlJ1V11~'tI'1fll'WllPlfJl't1'u'W~~fl 
" 

\P1t'llJYl'tl'u~::u'W~~n\P1t'llJff\9r)1lJihu1Uli~lJ IPlmlUli"1~t'l~ ~~'H11Pl1~tJ~'i1tJ llPltJVi1fll'il~'U~1t'l~1~ 6 

" ~1Pl ~~ulPil~t'llJiilJ1tl1l(}~1~t'llJfl'iflQ1tl1l 2545 'W'Uu'W~~n\P1t'llJYl'lf 78 'lfUIPl 1lJ 4 ~1i'lJ l~tJ~~l~'U 
" 

f1111J1J1fl1uU'mJ ~~ij Division Chrysophyta, Chlorophyta, Euglenophyta U~:: Cyanophyta U'W 

~ <!l J~ .. , ,'"
~~fl\P1t'llJ'W')fVl1lJlJ'lflJlPlllPllJ IPlUfl Melosira variens Agardh U~:: Synedra ulna (Nitzch)Ehrenberg 

llJl~t'llJmflQ1tl1J 'lPll~'U~1t'l~1~~ 6 'W'U Euglepha acus Ehrenberg ~~-U~~fJWfll'WJ11fftJ 
" 

~1~ .yh'W'ivtff1~ (2548) '~Vi1fl1'iffmnffflml1'W'\Jt'l~"11"d1tJU1~IPl'\JlJ11PllmyllJfll'i 

o !:It 'G) .d 0 ~ 1" Q a : tt1l d0 

lJl1J11lJlJt'l1'Hl'iU~::m 'W'U"11'H'i1tJ'\JlJ11Pl1'HUlVllJ11J1V111lJlJt'l1'H1'i IPl 3 'lflJlPltlt'llV11lJ1C)f~1J'HmtJ 
" JI, JI , 

')fUIPl,j'fl'W tJ t'l d1 lJU 'H rl~u 1U~ 'H i t'l Ul''H ~1 fl t'ltJ'l 'W'U 1J1fl1lJ q ~~lJ "11'H i 1tJ 1fliit'l~ 6 ')fUlPlfl t'l 

Cladophora glomerata, Cladophora sp.1, Microspora j/occosa, M. pachyderma, Microspora sp.1 
• " JI I " 

QI ,. I <!l" 0~ ~ QI ~".. 0" ,
U~:: Microspora sp.2 'W'Um::'lltJVl1 u\P1111'WlJVlt'l~lJ1V11J~flEJW::llJlJflt'llJ'HlJU~::lJ1'H~ 1JUH 

" 
Ufl U~::"11'H~ltJ~t'llJ 'H~t'l ''ti'l1lJ lPlt'lfl'l1lJ 'Hit'lt'lt'l~~t'llJ lfllJ"11'H~ltJffl;jtJ1Ufl1lU11~lJii 2 ')fUlPlflt'l 

" " 
Nostochopsis hansgrig U~:: N. lobatus 'WtJ1J1flllJihunhlJ ri1lJ~lU-ll'\J~ii1!HulPiU't'ltJ1J1fl 

'i ::'UtJunfY'\Jt'l~"11'H~1 tJ'\JlJ 1\Pl 1mu~ii fffl tJfll'W'lJ fll'iU 1'lJ11~lJ t'll 'H1'i ~flEJ W::V1Hfl1tJ.fl1'W'\Jt'l~ 
" 

JI f I " " 

lmrl~u1fiii N~IPit'lfl1'i 1'l~t:y '\Jt'l~"11,.d1tl1J1flfit!lPlflt'l tl1111~lJ 1 "1'\Jt'l~U1 tl11111~1'\Jt'l~m::ll"1U 1 

~ d do':,,: 1 ' .. 1"dG) " , .. I \11 ' 
11~::"1~tllPllfl1::V1'WlJVlt'l~lJ1 IPltJ"11'H'i1tl~::1'l'it:y 1Pl1Pl1lJq~'HlJ11U~::q~'it'llJ "11lJq~HlJU'YI'U~:: 111 

I 1 I :,,,,,' 1 "':.1 'l"c:S'l
'W'U"11'H'i1tJ mm::~t'llJmtl UI9lt'll'l'l::'W'U1V11lJ1 1Pl'U1~ "11'H'i1tl fl1m::~t'llJ~::1'i1Ju'i1fltl1'HmlJ llJ 

<!l" ~~ :, "1 :, I ...:.l.,j 1 1 <!l
1~t'llJ..,qff\lfl1tllJ'Ut'l~lJfliJC)f~lJ1f1t'llJ'U1~ "1m::ufflJ"1 1JUHll~::\l::l'W1J1J1fl'UUl'it'ltJG"1 fltJ lJ Iflt'llJ a,~ GIft I~ Q.J <9<!l 
1Jm1f11J (J~fl1J fll'WlJ 1i \l:: 'WtJ"11'H 'i 1tl'YI~ fft'l~ 'lflJ fl1J1 fl 'YI"1~ U~:: ~ ::'WtJ l'i t'ltl U ~ lJ (J~ lfl t'llJl1JEJ 1tllJ 

1~t'l~lJl~1J\P1mf1\l::1~1I~lJm::ll"1J1 1 'H~m~~lJ "11'H~ltJ\l::fit'ltl'l'YI tJt'ltl\P11tJ'U 11~::"11'H ~ltJ\l::l\l~ty 

1 "~ ..;~ .II : '''I QI ~ <9 
IPllPlllJ"1fll'WVl1I"11'i t'll'H1'iU1lJfl""H (mesotrophic status) C)f~t1Wfll'WlJ1\l::t'lg 11J'j::IPl'UIPl'illJil~ 

" " 
U1lJfl~H , lJ U11fftl"11'H ~ltJ 1li"111J1'i(J1'l~U1 1~ tlWfi1V11~ 1.fl'lflJ1fl1'i'\Jt'l~"11'H ~ltl' fl 11~::1'Y11U1ii.. . 
f1111JU\P1flIPi1~nlJflt'l "11'H ~ltl'fl\l::iil U'i~lJ fllfl ttlt'll'Hl'i 1 '\J,j'lJ 1\P11ijlJUmafl~t'l11'.i'UH'I1U~ 
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l'11111U;lflI9iHti'W~ij ~lM11Vlfl'il~iihh~'W fllfl1vmMTi 1'\12J''W 1;lliJ'WmUafl~ijU1UH'lfUfl .. . .. 
1I1flWJ1t'Y11'1h1'W'\IfJ.!:::'Yit'YI1tJ1'il:::iiml1u 1~HfI'i;l OW~'H1'W 1\9lliJlJii 2 u1IflihCifV1I U~:::U1I~fll'W~ 

1J1flfl'h~1M 11V1fl 'W ijfl'il1fl'1T'IJ 1'W ~lM i1Vlflu~iiCif~tijV1I ~~ t~ 'IJ tfl ilijtt1 ~ ~11J1'i(119i ij~llJ fll'i tflfl 
mfJ.!~fl~'i::: 1lJU~1J1fJ.! ~\1 ~1I1fl flfl~1V 

.... ~ 11) ~elI ". 11) ,l ~ : mv llJmW~ (2548) Iflfffl'lllm111M~lflMmV'Yl1~'lf1fll~'\ItH Iflij:::;lij1l~lJ'Ylij~lJ1U~::: 

fll'iU'i::: 'lfl~1 oNl~ ij~fI;l111;l'i1'il~ijUl'1 fJ.!fll~"lJ1Uli~1 ij'Yl V1'WUM~'lf1~ fI ij vm 'YlOW-q IV ~~M')fI 
" q q q J,I 

t;fv~1mJ 'i:::WJ1~t~tl'Wt1l'll1VlJ 2541 ~~t~ij'IJti'WV1V'W 2542 f-mfll'ifffl'lllOWU',hiilf1ij:::;ltl1l 34 ... .
 
genera 278 species 1'W~1'W1'Wij 51 ffil~ffl~lJ~i1Cifff'Yiowu1M~1'Wlh:::t'YIff''YlV 'flV:::9W1I'YiOWUt~'IJ 

"" I "I
'If'Wfltfl'Wl'1V Gomphonema pumilum var. rigidum E. Reichardt et Lange-Berta1ot, Nitzschia palea 

Kiitzing, Achnanthes lanceolata (Brebisson) Grunow, Cocconeis placentula Ehrenberg, 

Gyrosigma scalprodes (Rabenhorst) Cleve, Gomphonema parvulum (Kiitzing) Kiitzing, 

Achnanthes oblongella Oestnlp, Navicula schroeterii Meister U~::: Bacillaria paradoxa Gme1in . .. .. 
OWU1f1V:::;lij1l'Yid:J'lJfl'lfihh;ff,lfJ.!fll~tJ1~:::ijlfl 1~un Gomphonema parvulum var. rigidum E. 

& 
Reichardt et Lange Bertalot, Eunotia minor (Kiitzing) GrunowU~~ Gomphonema clevei Fricke G)f.:J 

'j/ , " 'j/ 

owu1'Wu~nfJ.!~'WtJ1owulf1v:::91ij1l'Yiti'J'lJfl'lfihh;ff,lfJ.!fllOWtJ1tffV 1~un Nitzschia palea Kiitzing, 

Achnanthes lanceolata (BrcSbisson)Grunow, Gomphonema parvulum Kiitzing, Melosira varians .. 
Agardh, Gyrosigma scalproides (Rabenhorst) Cleve U~~ Bacillan'a paravulum Gmelin fJfJ.!fllOWtJ1 

.. ..
 
1'W ~lU1U~ ~liil'1111lU91fl~1~ti'W 't1~ 1'W ~fll~u9i1vrh~u,,:::q~fll~ l~tH)~l 'W 'i:::~U Oligotrophic. .. ..
 
Mesotrophic 'illJm:::'t1~~~ Eutrophic 'Wijtl'il1flijV~iifll'i~flVi1 Diatom Index '\Iv~~l'thmlff11f1u 

1~1-' ~Q Q d' ~ 1Q'If IJ'ium1l~f)91'Yl1~lJldff1'YlV1 Multivariate Statistical Package (MVSP) ldij'i'lf'U 3.1 flVliJOW1::: 

Principal correspondence Analysis (PCA) U~::: Canonical Correspondence Analysis (CCA) 1~ . .. .. 
tJ11J11'*1'Wfll'iM1 lf1V~91ij1l'lfUfl'Yiff1111'if)1.l~;fl'1fJ.!fll~tJl'ff1Mi'u1 '*1 'IJ Mae Sa Diatom Index 

q 

I 'j/" "" 
~1'W1'W 25 species U~:::lijijtJ11J1 1oNU'i:::liJ'Wf,lWfllOW tJ 11'IJ ftltJ 1uli~lOWU';h~11J1'if)1.l~'lffJWfllOWtJl 
1f]Y I rJJ CLI: d '41 jJ ~ d ~Q

Ifl VVl~m1l 1::: ~1I~Vfll'1 ~ V~tlUl'1 Wfl10WlJ 1'Yl1.:J fllVfllOWU~::: 1l'111 II;ltJ~91 ij~ 1Ifll 'ifffl'll1M1'If'IJ fI'\I V~ IfI•
";1 ~ ~ .... ".,,: ,J .,; 1~ .1". "" "" ,J

V:::91V1I'Yl 'lfllJ'W~'If'WIOW1l'\l'W1OWV MDiatom Index 'IJ1IU'i:::~'Yl'lifllOW1J1tl'\l'W 

".". "" .... • I "".. II ~elI 9 ~ ell 1I
~1f1 ~'iOW'i~ff1" U~:::'Yl;lOW'i fJWlJ'i:::fI'll! (2548) Iflfftl'lllfll'i l'lffflM'i1tJtJfllfll~ 'IJfll'i .. ..
 

~fl91111;l'i11i1ffflUl'1fJ.!fllOW'\l6~U~U11'J~'i~M11~i12546-2547 1f1mnu9i'JflrJ1~'t1~M1IfI 30 1iIf11'W 
.. ..
 

II~U '11 '\I~ U,,::: ll~ U1ff 1'\111 'W U'i::: 1'Yl ffm1 hw ti1lOW 'If1 U~::: litJ fI 'W 111 1iI 1tltll'i fYtl'lll OWU 11 ii ..
 .. . 
QI QI rI , do QI 0 CLI I I .cS , 0 do.c:s 

l'11111 ~11 OW 'W 'Ii fltJ1~ 11 'W Vff1l'1t\p::: M1Nfll 'i m::: 1l1U'\I ij~ ~1 M'i 1VVfllfll:::U"~ UM~ ~'W 1'Yl:IJ ~ fll1::: 
.. .. .. 

U1~~ij:IJ~Hti'W U~::: ~11J1'i(1'l111Jl 1oNli'J'lJfl'lfij1.l.:j;ffJWfll~ '11'1 1'IJlllitJ11 '\I~ 1~ ffl'td 1tJ~~lfll::: 



• • 
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II) 31 , 
~<flUfl 

• d 0 .... 1 I j} d '" '" Hydrodictyon recticulatum U~~ Microspora floccosa U'J'}j'~iU.fl1'V'l'WllJl'l.Jfl~l'JfltJ'l.J'lJl'J~ 

'" Audouinella cylindrica, Cladophora glomerata, Achnanthes inflate U~~ Cymbella turgidula U'J:J1 
>I 

~iUfl1'VnJ1Ul'l.Jfl~1'J Stigeoclonium flagelliforum, Aulacoseira granulata U~~ Cymbella tumida 
, d '" 0>I .... 1 I j} Id 

U'J'}j'~iU.fl1~'l.JllJl'l.Jfl~l'JfI'tI'l.J'Ul'JtfftlH~~Caloglossa leprieurii, Gomphonema parvulum lt~~ 
'JJ 'JJ I 'JJ it 

Nitzschia clausii U'J~f1iU.fl1WWltffti dj'tlU1"~dJ'l.JfliU.fl1WWlt'l.Ju:I.hb t'tl'J t~tlt~ffll,dlt1~~tfl1~ 

'" '" '" '" ~u':hu:l.hllt 'IJ'Ji1'JU 'l.J H~~ t 'l.J ~lUlffl't11ijfliU.fl1~'\.hUl'l.J fl~ 1'J ri1'l.JmhJ -It 'tI'J 1'l.Ji1'J U~lt1ii• 
>I '" 

f1iUfllWW lUl'l.J fl ~ 1'J ~ 'tI'l.J ~l'Jt fftl\l'l.J (i'J1" ~~UUltfftl• 
II) 31<9 , 'I' II) "l'" 31

Kunpradid (2005) ~~rYfl'Wlf111lJ'Hmfl'H~1t1'U'tI'Jffl'H'jlt1'IJ'l.J1~ ~m.1J l~'tI~\Pl'tllJ~'l.J'YnH 

'" '" '" 
Ul H~~f111lJ-fflJ~'l.J£tiUffl1"tJ1'Hl1"t'l.JmhJli1'JH~~H1hhWl'l.J1"~'Hl1'Jt$1't1'l.J~qrY~fl1t1'l.J2001 (i'J 

'" '" '" 
t$1't1'l.JlJmlf1lJ 2004 1~tlfll'H'l.J~'\l~t~UlPil't1t11'JH~Ul~~ 5 '\l~ '\llfl~'l.JU1(i'JUmtlUl tnulPil't1t11'J'Vlfl 

'JJ 'JJ 'JJ 'JJ 'JJ 

q~ ~U1~'tI~\Pl'tllJV1'l.JV{'tI'JUll1'JMlJ~ 130 '}j'iJ~ ''l.JU~Ultl'J 103 '}j'iJ~ tt~~mJUl'Wl'l.J 102 'lfiJ~ U~~ 
'" '" ,

ffl'H~lt1'IJ'l.Jl~tmu 78 '}j'iJ~t'l.JU~Uli1'J 47 GJ1iJ~ 1'l.Jtt~Ullh'l.J 57 GJ1iJ~ ffl'Hilt1'IJ'l.J1~1mUll~Ut~'l.J u u 

"" ''I 'O='fIl)j1,'" 
GJ1'l.J~t~'l.J ~'l.JUlJ'l.JllJ'J l~Ufl Cladophora glomerata Kiitzing, Hydrodictyon reticulatum Kiitzing, 

I 0' \I] j) I '" Mougeotia scalaris Hassall tt~~Nostochopsis lobatus Dillwyn U~~UlJ'l.Jl'l.Jl'l.J l~Ufl Microspora 

floccose (Vaucher) Thuret, Microspora pachyderma (Wille) Lagerheim U~~ Cladophora 

glomerata Kiitzing, Nostochopsis hansgirg Schmidle !W~ Nostochopsis lobatus Dillwyn 1~ 
>I 

'tI~\Pl'tllJ'Jj'iJ~!~'l.Jt'l.Ju:lJulil'J 1~!tfl Gomphonema parvulum (Kiitzing) W. Smith, Achnanthes 
'" 

lanceolata (Brebisson) Grunow U~~ Bacillaria paradoxa Gmelin. tt~~t'l.Jtt~ul'\.h'l.J1~!tfl 

Cocconeis placentula Kiitzing, Achnanthes crenulata Lange-Bertalot, Achnanthes lanceolata 
'" , 

(Brebisson) Grunow U~~ Rhopalodia gibba Lange-Bertalot 'l.J'tIfl'\llflUf1'J~Ul1t'l.JU~niUllij 

ffl1"tJ1Ml1"U'tIti '\l~~U Batrachospermum spp., Nemaliopsis spp. U~~ Chamesiphon spp. u~~1~ 
"l if 0 '" '" 

'tI~\Pl'tllJ~'l.J'Vl'tl'J'l.Jl Gomphonema pumilum var. rigidum E.Reichardt et Lange-Bertalot, Eunotia 

minor (Kiitzing) Grunow U~~ Gomphonema clevei Fricketil'l.JGJ1iJ~t~'l.J ril'l.Jt'l.JU~niU~n 

ffn tJ1'H n 1:I 'J'\l~~U ffl'H~l t1't1'l.J l~ t 'Htlj Oscillatoria princeps Agardh tW ~ Phormidium 

II) "l'" 31 0 '" 
subfucosum Gomont U~~ !~tl~\Pl'tllJ~'l.J'Vl'tl'J'l.Jl Nitzschia palea Kiitzing, Achnanthes lanceolata 

(Brebisson) Grunow, Gomphonema parvulum Kiitzing, Melosira varians Agardh !W~ Bacilllaria 

'" '" . 
paradoxa Gme1in til 'l.J GJ1iJ~t~'l.J ~ W.fl1'YnJ11'l.Ju~l11il 'J 1~ tll111U~~ 'tI~1 'l.J 1" ~~Uffl1" 'tIl'H n lh'l.J 

fl~N(i'Jffn'tll'HnlJlfl tlmi'l.JV~t~ulPil't1t1N~ 4 Ul'l.Jihu~~ujnwfI~'tI'JU~~l t'l.Jq~1't1'l.Jn 
'" '" , 

ffl1"'tI1'1111"1Jlfl ril'l.JflWfl1~U11 'l.Jtt~l11l-i 1'W,j~ uti, 'l.J 1"~~Uffl'Jm'H 11"U'tItI(i'J1Jl'l.Jflm'J 9f'JflW.fl1~ 
• 'U • 



• •• 

42 

~ ~ 

thm:tffl'Hl1l11'i t 'UmhJ1i1-:1U€l:tU1'Uijfl11lJi1mi'U1iti'Uf11'if)'i~1I 1t1'Utl-:lff1l1~1t1'U'U1fi t l'Iu1U€l~ 1fi.. 
1 3J: , ~ QI I j/QI 0 QI d I

tl::~WlJl'l'U 'Yltl-:l'U 1t 'U U~ €l ~~fi !f)'U~ 1tltl1-:1U€l ~ q~ f11€l 1fill fi'Yl1fi 'If'U 1fi tl~ ~ tllJ U€l :tff1'H 'i1t1'U'U 1fi 
~ 

t'HtYtUUlitJ11hu€l:tU1'U lfitlt,*l1Jmf)'i1J'ffi1~ Multivariate Statistical Package (MVSP) version 

3.1 for windows lfitltll'Vi1:t Particularly Principal Correspondence Analysis (PCA) U€l:t Canonical 
~ 

Correspondence Analysis (CCA) U€l~H; PC Ordination lfitltJ1lJ1t,*t'Uf1U'Hl1fitl~~tllJ~'Uiltl.:j 
" I iI )/ JI 

tJ1 It'l~ ff1l1 ~1t1'U'U 1fi t 'Hul 'lfUfi l'fi 'U Vi'ff1lJ1'i tlU-:I :)}mUfll'VitJ 1~ llJ" 1~'UfI~ It'U 'U 1fi tit tr'U (j.:j f11'i U-:I:)}.. . . ~. 

'i::~'Uff1'itl1l11'i 1W\Pl'i'Yl1'U l~'iLlIU UtllJ llJLihJ 1'U l~'iLlI'U U€l:t'Wtl'ffYltli'fft'U'i1JVi€l:t€llt1'l-J1 d~'tl . or 
~ ~ 

'1 ~1J'i~ liJ'U fJtlJfll'VitJ1 'U tlf1111f1U'U V-:ltJ111JLmtI'U LVi tI'U f11J~ 'If\1 fl'U '1 'Vi 1J ';hijfl11lJ flA'1t1f1 ~-:I f1'U 

A 
U Leelahakriengkrai (2007a) 1¢iffmllfl11lJl1'l1f1'H mtl'U tl-:l'ff1ld 1t1'U 'U 1fi h1 q!U'l~ 

JI 'jJ 'jJ II 
11) "l Y 0 'I 10 I 0 0 'I "l _I 11) I "l 
lfiV~~tllJl'l'U'Yltl-:l'U1~'UUlJU1UlJf1f1 U€l~€ll'U1ff1'U1 ~'Ufllflll1'Utl'Utl-:llJ'i~!'Y1ff~'Yltl 'i~'H11-:1 lfitlU 

QI 0'& ~ "l,l jJ: ~ 11)dQl ..J 
fJUf11l'lUli tl-:lLfitl'Uf)'if1t]lf1lJ 2006 'Vi'U ~fitlg;~tllJ'Vi'U'Yltl-:l'U1 78 'If'Ufi 2611'Uff ~fitlg;~tllJ'Ylff1lJ1'itl 

sJ)/ I I 

tJ l:1J1 '1 '*L ~'U ~'If\1;ififJtlJfllVltJ 11J1'Uf1m-:l 'H~ tl'fffll1~Viij'ffUtl1l1U~ 11~uri Achnanthes pusila, 

Achnanthes minutissima, Achnanthes exigua var. constricta, Nitzschia dissipata, Cymbella 

turgidula U€l~ Diadesmis contenta U'lg;iU1l2008 Leelahakriengkrai 1~'i1t1-:11'Uf-·mf1UffmJ1f111:lJ 

'H 'l1 tI'H €ll tlU €l g; f11 'i ~fi ~ llJ ~ n 11 fftl'U fI tIJ fl1l'l tJ 
~ 

1'U tl-:l U~ tJ 
~ 

111-:1 '1 'U Glh-:l 1'1 2004-2005 l'l 'U 11• 

Achnanthes minutissima U€l~ Cymbella tumida ff1:1J1'if'll'l1J1~'U'U~L1t1J~ijff1tl1l11'i~1 

tl1~ ~'il1'iViff1€l U€l~ ff'Ylli1'i'itIJ ffl1'i'itIJ (2551) f1Uffm:J1f111lJl1mf1l1mtl'Utl~ifi 
~ ~ ~ 

tl~~tllJVI'Ul1'tl-:l'U1'1'UU~tJ11'\J-:I1~w;h~L~mJmf1tl1f1:lJ2548 (j.:jL~tl'U!:lJfJltl'U 2550 lfitJf11l1'Ufi~fi 
SI 'jJ 'jJ )/ 'jJ)/ 

!~'lJ~1mh-:l 1411fi ~€ltlfiU~'U11'\J-:lu€l~U~tJ1ff1'\J1 '1tJ-:l1tJi')tI\1l'l'U1fitlg;~tl:lJ~'Ul1'tl-:ltJ111-:1'HlJfi 84• 
'lfUfi t'U Division Bacillariophyta lfitlfffJ€l~ijfl11lJ'H€llf1'Hmtl:lJ1f1~t!fii~uri Navicula, Nitzschia, 

Gomphonema, Cymbella, Cocconei, Achnanthes LL€lg; Synedra 1I1f1f1u'1,*11J'iumlJ Statistical 
, 'jJ J/ I sJ 'j/ 

Package (MVSP) version 3.1 L~tltJ l:1J1'Hl'lfUfi'Utl-:l ifi t1~\PltllJ~'UYIt1-:1tJ 1Vi ff11J11 tlU-:I:)}fJtlJflll1tJ1 
~ ~ 

i~ l'l'U11ifitl~~tllJ~'UYltI-:ltJ1 Achnanthes inflata (Kiitzing) Grunow LL'lg; Cymbella turgidula 
~ ~ . I1 ..::t 0 ..::tQ

Grunow ff1lJUtl'U-:I'll''U1'YllJfJtlJfll'V'l'L 1'Uf1m~ Aulacoseira granulate Ehrenberg U€lg; Cymbella 
~ ~ . 

I d 0 d..::t .... 1 & tq t.Q

tumida (Brebisson) Van Heurck 'ff1:lJ11f'l'U-:I'lftJ1'YllJfJtlJflll'llJ1tJf1€ll-:1f'l-:l ~:lJfi Gomphonema 
~ ~ . 

I ..::t 0 .e::t.e::t lIJ l..::t "l jJ

lagenula Kuetzing Lmg; Nitzschia clausii Hantzsch ff1:lJUtl'U-:I'll''U1'YllJfJtlJfllVl ~lJfi ~fi 

t!fl'YllTI11 l'lq~11U'U'Yltf (2551) 1¢ifft1111f111lJl1 €llf1l1 m tI'U t1-:1ff1l1 ~1t1'\J 'UWI t l1q!U€lg; 
)/ )/ " 1 

1~tlg;\9lm.J'wtJl1'tl·ru1t'WLL~'l-1l1'\J-:lViH1'Wlh~!'Y1ffhW 5 ~·mi~ '~un L9ftl~11t1 t€ltl 'Ufl'jl'l'WlJ 
, ~ 

~ 1'U 1,U'0 ~tu LL €l g; tl'U€l1 1'lfli 1\1 LL €l g; f1 u1J'i g; tlf1~! VI t1f11'i ~ fi~ 1:lJ~ 'i 1 '0 'fftl'Ufi tIJ flll'ltJ 1 hWfft1111 
u q q q 

~ ~ 

I9l-:)U~!$ltl'UVlqllfllfllJ 2550 (j-:lt~tl'U!lJll1t1'U 2551 Vl'Uff1l1~1t1'U'U1fi '1l1tYl1-:1l1lJfi 3 ~ii'U 11 ;t1ff 
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~ ~ 

\Pi-:JU~I$ifl'W~qlJfl1i'l2J 2550 0-:Jl$ifl'W12JlJ1tJ'W 2551 ~'I.Hnl1i1tJ'U'W1~ h1ilJn-:J112J~ 3 ~1<M'W 11 ~Uff 
u 

14 'lj"U~ ff1'WlmYll:~I'W Division Chlorophyta 50% ':ifl-:J'l-:J2Jlflfl Division Cyanophyta 43%, 

Division Rhodophyta 7% 1~tJ~'l.Jffll1i1tJ')j'ij~1~'W i~un Cladophora spp., Microspora sp. U'l~ 

Stigeoclonium spp., Nostoc sp., Oscillatoria spp. U'l~ Phormidium spp. U'l~ Comsopogon sp.l~tJ 
I d I ~ ~ 

Ut;)'l~~~lfl'I.J\Pi1flrJ1-:J~'I.J'lfij~'Ufl-:J ffll1i1tJUt;)fl~1-:Jfi'W flflfl i'lJ ff1'W i ~fl~t;)fl2JVi'W ~fl-:Jth~'I.J 2 fltJ{ 

l~fl{ 42 ~Uff 168 'lfij~ ff1'WlmY~~fldl'W Order Bacillariales (pinnate diatoms) ~'I.J 92% ff1'W 
~ ~ . 

Order Biddulphiales (centric diatoms) ~'I.J 8% 1~tJi~fl~t;)fl2JVi'W~fl-:JU1')j'ij~I~'W11~'l.Ji~un 
~ 

Achnanthes spp., Gomphonema spp., Navicula spp., Nitzschia spp. U'l~ Synedra spp. U'l~~'l.J11'1.h 

'I 10"" d d.oi.1 d Y .oi Al .oi
&'WU1J'W1 &'U-:J2JfJWfl1~~fl-:JlJ1'Wfl'lH2Jff1':i6ll11':i'WfltJfl-:JlJ1'Wfl'l1-:J (oligo-mesotrophic status) ~'W tl-:J 

" 
fJtJ1fl1~th'lJ1'Wflm-:J i1ffl':iflll11':i'lJ1'Wfl'l1-:J (mesotrophic status) 

" " Leelahakriengkrai et al. (2009) i~fffllJ1i'l112Jl1'llfll1'lltJ'Ufl-:Ji~fl~t;)tJ2JVi'W~fl-:J'I.hU'l~ 
~ , 

ffll1i1tJ'U'W1~ lmyl'Wu:uu1l'U-:Jff1'W11 i l1'l~1'W ~-:Jl11~I;tJ-:J':i1tJ'lJ':i ~1 VlfI'iVltJ 1~ mn'I.J\Pi1tJd1-:J1'Wi1-:J 

l$ifl'lmqlJflli'l2J 2250 O-:J l$ifl'W12JlJ1tJ'W 2551 ~'l.Jffll1i1tJ'U'W 1~ 1l1ili'lfij~l~'W~ ~~tJdl 'W Division 

"I Y 1 

Chlorophyta &~Ufl Cladophora glomerata Kiitzing U'l~ Microspora pachyderma (Wille) 
~ " 

Lagerheim ~'l.Ji~fl~t;)fl2JVi'W~fl-:J'lh 11 orders, 17 family, 30 genera, 79 species 1~tJ~'l.J11i~ 
.c:. 'GJ I .a 

fl~t;)62J'lf'W~1~'W~'Wfl'J2J Pennate diatom fW Nitzschia spp., Navicula spp. U'l~ Gomphonema spp. 

U'l~fl~2J Centric diatom flfl Melosira varians Agardh, Aulacoseira granulata (Ehrenberg) 
~ C) d dII: 

Simonsen U'l~ Cyclotella spp. 'Wflfl'il1fl'Wfo.I'lfll':i11m1~l1fJWfl1~'Wl'YI1-:JflltJfl1~ li'l2JU'l~'lf1fl1~ 

" " 'l.JH1.h~fll':i~'l.J11U:UU 11 'U-:J l'Ut;) ~-:Jl11~1;tJ-:J ':i1tJi1ffl':i flll1l':i'lJ 1'W fl'll-:JU'l ~i1i'l Wfl1~U 1'lJ1'Wfl'll-:J• 
~ " " 

Suphan (20 I0) '~fffllJ1fl112Jl1mfll1'llrJ'Ufl-:J'~fl~t;)fl2JVi'W~fl-:JU11'Wu:uu1l'U-:J 11'l~ 
~ " 

U:UU1ff1'U1l'W'lJ':i~1V1f1'iVltJ ':i~l111-:Jl$ifl'W fl':iflt)li'l2J 2005 O-:J l$ifl'W12JlJ1tJ'W 2007 ~'I.J i~fl~t;)fl2JVi'W 
jJ J SI 'JI 1 

~6~'lh 253 'lfij~ U'l~ 1'W ~1'W 1'W l1~'l.Jn~l12J~ija-:Jl~'W i~fl~t;) fl2Jl1 a-:J i:Uli'ltJi1':i 1tJ-:J1'W2Jlnfl'W 1'W 

1.h~1'YIfI'hltJ 53 'lfij~ l~tJ~~fldl'W 3 classes, II orders, 22 families 11'1~ 32 ~Uff 
'If 

lflfl'itJ ~lW~ (2553) i~fffllJ1fl112Jl1'llfll1'lltJ'Ufl~ffll1i1tJ'U'W1~'m1iU'l~ i~fl~t;)fl2J 
" ~ " " ~ 

Vi'lnYfl-:JU1U'l~fll':i'lJ':i ~dJ'Wi'lWfl1~U1 1'WthU1ff1'U111:UU1l 'U~'I.J l-:JUl1-:J'Ufl-:J i VltJU'l~'l11il 2007• 
'JI 'JI 'J/ 

20081~tJi~ln'I.J\Pi1fld1-:JU1l'Wu:UU1flfl V1Ulmiifl-:J ~-:Jl11~I;tJ~':i1tJ U:UU1IM{]~ V1Ulfl'Vhi\ ~,m1~ 
" ~ " 

1'1rJ u:uu112J l'Ut;)litJ-:J~'W'V1{ 1.h~I'V1f1'm1 U:UU1ff-:Jml2J V1Ulflt;l1fl"'1 ~-:Jl11~'Wm~'W2J 1l'l~U:UU1 
" 1J'l ii1lflfl~1J'l1J'-:Jffll11':i ~-:Jl11~fl'I.J'l':i1'lni1ij 'il1flfll':ifffllJ1~'l.Jffll1i1tJ'U'W1~ 1l1tUn-:Jl12J~ 3 ~1i'W cu cu q tI 

12 'iUff 19 'lfij~ ~~fldl'W Division Chlorophyta 53% ':ifl-:J'l-:J2Jlflfl Division Cyanophyta 42% l1'1~ 
.c:. l.d 11] 'j) , 

Division Charophyta 5% 'If'W~I~'WVI~'I.J &~Ufl Spirogyra spp., Oscillatoria spp. U'l~ Phormidium 

I 
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•• 'I I "1 ,: 'J/: .,..ct<v .J 
retzll Gomont I'lH"1'W'Ilfl.:l !~fl~llfl1/'W'W'YIfl.:l'Wl'W1J 141 ')j''W~ 37 'OW" 1'W Order Bacillariales fl]f.:l 

.c9 d QI 1(;) ~ ,.d 111 'j/ , 

'W'U1/1fHH 94% ml~flfl 6% 'O~fl~ 1'W Order Biddulphiales ']j''W~t~'W'YI'W'U I~Ufl Cymbella spp., 

. " 
Navicula spp., Nitzschia spp. U"~ Sellaphora spp. tijm;'fln1J'i~tiJ'WfJWfll'W'\.hi~tJleM AARL-PC 

" 
score 'W'U11fJWfll'W'I.11i lJu9i,,~ ~~t~'U~1fldHll"fl~i1 fldl 'W'i~~'U1J1'Wfl"H iiffn fl1'H n1J1'Wfl"H 

• <V _I <!/ "1 •.ct .ct _I <!/
(mesotrophic status) ml~'i~~UlJllJfl'll.:lU.:I!1/~ 1/ffl'ifll'Hl'ilJl'Wfl'll.:lU.:I1Jlfl (meso-eutrophic 

status) 'il1fl~"fl1'i1tm1~,.('YIl.:lff[i~i~tJi1J'ium1/ MVSP t1fl1i'hl 3.1 tvlfl'H1'ifl111/'tY1/'W'Wn'llfl.:l 

I 61 I lI) "" 0 QI " ..::!!I 'j/ 0 -.1 I 

ff1M'i 1tJ'IllJl~ !Mill U,,~ !~fl~llfl1/'WlJ'YIfl.:l'W 1flUflW.fll'W'W1'Ul.:llJ'i ~fl1'i'W 'U11 Phormidium retzii 
U q 

Gomont tm~ Microspora pachydenna (Will) Lagerhiem iifl111/ff1/'W'Wnt~.:I'U1flti'U1J~mW''Wtll 

'i'YI U"~Ufl1/ l1/tUtJ Stigeoclonium lubricum (Dillwyn) Kiitzing tm~ Oscillatoria vizagapatensis 
d QI tI~ ~ d .d GJ -:, d d :QI QI 

Rao 1/f1111/ff1/'WlJ li t'lf .:IU1flfl'U'lhlJlW'Ilfl.:lU'Il.:l'YI"~ "1 tJ IlJ lJ 1 f11f1111Jt f11/ f1111Jtnm ~UfflJ 1 

~W'HtJiJmfllfl' U,,~rilfl1'ilh hHh Stigeoclonium protensum (Dillwyn) Kiitzing iifl111/ff1J'WlJn 

t~.:I'U1flnu1J~lJlW DO rilf1111/t~lJ~h.:l rilf1111Jt~lJm~~1.:1ril'VJflffvJfli'fftm~BOD "Y1lJ'~ 
" " fl~llfl1J~'Wnfl.:l'l.11 Cymbella tumida (Brebisson) Van Heurck, Navicula symmetrica Patrick U,,~ 

d QI tI ~ QI .... ,.e:. 'II i .ctQI

Nitzschia palea (Kiitzing) W. Smith 1Jfl111Jff1/'WlJlit'lf.:.l'U1flfl'UlJ'i1JlW l'Wtll'i'YI U"~ttfl1J 1/L'WtJ 

U"~Navicula viridula (Wallace) Lange-Bertalot U,,~ Gomphonema parvulum (Kiitzing) Grunow 

d QI QI tI IC:lo QI ... I.e:. ...1 ....1 QI IC:lo tI,
1/f1111Jff1J'W'Wlit"lf.:.lU1flfl'UlJ'i1J1W BOD U"~nf.)ffnf.)'iff 'j)lflfll'i1tm1~M'WU11P. retzii, M 

.ct 1'J/ 0 '1'J/~ <vdl.ct" 
pachydenna, S. protensum, O. vizagapatensis U,,~ S. lubricum 1/U'W1 lJ1JlJl1/11')j't1JlJ~"lflJU.:.I"lf 

" " " f1W.fll'W'I.11Ul'Wfl'll.:.lil.:.l''';~'~ 1lJri1'W'Ilf.).:.I'~f.)~Wlf.)1J~'Wn'f.).:.Ilh 'W'U11 C. tumida, N. symmetrica,
q 

" " 
N. palea, N. viridula U,,~ G. parvulum iiUlJ11l!1JllJfll'i1111Jl1,*t~lJ~"lfUlh~fJW.fll'WlhUllJfl"H 

il.:.l''';~'~ 
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, 
"'" 3tJ'YI'YI 

... 
lo.ctio 0 IV I 0 ClQJ'

3.1 n't'ii;l~Ulf1'n1fll't1'ln;)~'J8tl1~Ui;l::f11fll'lfl'lJ~'J8fJH 

ffl'i 1'i)U'H ci.ni'l ~ 1~lJ~1flVl-:j u~~fh 'H'U ~ 'i)~l~ lJ~1flVH t 'Uu1iJl1'IJ-:j~h'U~, 'H~ ~1'U•. ~ ~ 

ihlflfll'IJ1J'il! n-:jflllflfl'Ulm~ U~~flllflfll'IJ-:jl~tlll~-:j'H1~~lJ~'il'1I"61{jl1-:j'Hll~ 10 ~~'1 ~~ 3 cih 

d~'Unm 1i11~m~m'Jm~fl'U'1 ~~ 1 f1f-:jlPll11~~1~U~1flVl-:j,j-:jif (~-:jfllW~ 1 U~~ 2) 
~ 

10" .Q ,y "" 0 " 0

3.1.1 Ull'Ull'IJ-:jlJ'i!1WUfW'IfH'HllfllJ lJl'U'H1t1t1H lPlllJ~'H1t1t1H fl1~flfll'IJll'il! 

'" '" d'i)-:j'H 1~ fllJ ~'il"1f1il'U• 
~ 

3.1.2 u1i'l111'IJ-:jlJ~nw,j'1'U'U1~'U111 1V11lJ~1'IJ1l'i1;1 fll1flfll'IJ1J'i1;1 ~-:j'H1~fllJ~'il"1f1'i1{j.. ... 
~ 

3.1.3 111i'l111'IJ-:jlJ~nwl'il1~fl'H~-:jlPlm~ h..l~11ijfl-:j flllflfll'IJll'il;1.. ~-:j'H1~fllJ~'ilG)ni1{j. 
~ 

3.1.4 111i'l111'IJ-:jlJ~nw,j'1'U'Ultijfl-:j IV1l'U~'U1U1-:j flllflfll'IJll'il! ~-:j'H1~~lJ~'il"1f1i1{j 
~ . 

3.1.5 u1i'l111'IJ-:jlJ~nW1~Ultluelf-:j 1V11lJ~W'i~~1'U n-:jfll1flfl'UllPll~ ~-:j'H1~~lJ~'il"1f1i1{j 
~ 

3.1.6 u1i'l111'IJ-:jlJ~nw,j'1'UlPll~tlIV11lJm1'1t1'~ flllflfll'U-:jt~tlll ~-:j'H1~~lJ~'il'lfln{j 
~ 

3.1.7 u1i'l111'IJ-:jlJ~!1W'H1~1~lPl'i1 ,j'1'UlPll~tlIV11lJmr1t1'~ fll1flfll'IJ-:j1~tlll ~-:j'H1~ 
d 

fllJ~'il'Jj'1il'U• 
~ 

3.1.8 111i'l111'IJ-:jlJ~nw,j'1'Urill~llJ~M1t1'~ fll1flfll'IJ-:jt~t111 ~-:j'H1~fllJ~'il'Jj'1il{j 
~ 

3.1.9 111i'l111'IJ-:jlJ~nw,j'1'UM1t1'~~llJm1'1t1'~ fll1flfll'U-:jt~tlll ~-:j'H1~~lJ~'il'Jj'1il{j 
~ 

3.1.1 0 u1i'l111'IJ-:jlJ~nw,j'l'U~l'U 1V11lJ~ 1 'IJ-:jt~tlll fll~flfll 'IJ-:j~~tlll ~-:j'H1~~lJ~'il'Jj'1il'U 

(fllflj:-j'U1tl -:j) 

o 
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, I tJ , 

.fl1'ftfi 1 uH'W-nm.hh l'U~-n'lnl~l'W 6 th~A't1f1' '~ufi ~'W 'Yuh ''t1tJ m1 fi1J~'1l'l u"d1tJ~'Wl1J 
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~!50jj Ptla Nam Yel 
f:"oresl Park. 

d	 " . 
f1l't'fn 2	 ~~!fI'lJ19i'1mh~1'Wuli'll11~~ ri1'WVi'tHH·hm)~l11~fJ'lJJ;l'jl'Jf1il{j 'j~Wil~ !~tl'W 

fl'lJm~'Wn 2550 il~!~tl'W'lJmlfl1J 2551 (fl1'jritl~!~{l1uti~th~I't1fY''t1VI:hWfl~l'W 

fJ 'IJ J;l 'j1'Jf1i l'ih 
. 

Q '~ 0 j)

'lflfll Ufl~'Jfl~l1'lJtl'IJ ~1'IJJ;ll11VV1~ 

fll!fl tl!'\J'lJ 'j 1~ 
, 

q ~ 0 

'lflfl 2 'Ul'W'Wlff'Wl'lJ ~1'IJJ;l!~1J'j1~ 

fll!fl{)!~'lJ'jl~ 
, 

q ... 
'lflfl 3 l1J;l~~m~H't1fY'UlJ;l 

fll!flm~'lJ'jl~ . 
.cl!JI .0:9 0 

'lflfl 4 'Ul'W'Wll'lJtl~ ~1'IJJ;l'W1U1~
 

fllUW!~ 1J'j1~
 

'lfl~ 5 1f1'l.hflllC)f~ ~1'IJJ;l~'j~J;l1'W
 

'lfl~ 61!1'Wm~V ~1'IJm11V'N 

fll!fltl 1 '\J~!~V'lJ 

'lfl~ 7 m~1~ml ~1'IJJ;llf1V'N 

fllU){)1 '\J~!~V'lJ 

'lfl~ 81!1'W~'lJ ~1'IJm11V'N 

flll.fltl l'\J~I~V'lJ 

'lfl~ 91!1'Wlf'1V'N ~1'IJmr1V'~ 

flllfltl 1~~1~{l'lJ 

'lfl~ 10 1!1'W~1'W ~l'IJJ;ll~~!~V1J 

flllfltl l~~!~V'lJ 
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. " . 
V1l'H:iofl8 Vitifl'VI1~fJijfl1ff~{ (GPS) "Itl~~fll~'U~1tld1~hm~t111"1~thW'WhHWhu 

2 
~ . 

Ul'U'U1ff'U11J mlfltll"lm1j 

3 'H~~~Hl1fl1'VlflUlm"I1J ':i 11 fl1lfltl I"1m11 

4 
~ .... 
Ul'U'U111Jtl~ mlfltll"l1J':i1j 

5 1fl1.hnllCJt~ ~~fl1Ifltl'U1~1~ 

6 ~ • 1'"Ul'U~l1JtJ mlfltl "I1~tJ1J• 
7 mfl1;)~':i1 fl11fltl 1"11~tJ1J 

8 ih'Utj1J ~11fltl i'\Jl~tJ1J 

9 fl'1'UM1{l'~ fl11fltl i"ll~tJ1J 

10 ~ · •Ul'Ufl1'U tl11fltl i'""I1'ltJ1J 

nflfl GPS 

N16 03.438 £l05 06.499130 m 

N16 03.630 E105 10.392114 m 

N16 02.622 EI05 13.447127 m 

N16 02.436 E105 15.531118 m 

N15 55.953 E105 20.700113 m 

N15 23.778 EI05 32.77894m 

N 15 23.709 £10531.75093 m 

N15 23.377 EI05 29.75993 m 

N15 21.022 E105 27.80791 m 

N15 19.205 E105 29.79299 m 
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'l~y\ 4 u';1i,1"~U111Qnrllnnli1M filUiJ1I1Ul~ th11l81"1I111 
~~~. 5] Ji!IW--4-(L~j£JE!!J.__:l!tJ1!..-llSi e@ $:iI .. ,MLlit. !!.· .. t;~ __~c :_" 

I i' iI 'JI 1
 

fll't1n 3 ~~I~'IJ~1f)cil~ '1~f)~\9If)1J~'U~f)~'lJ1UJ;l~~l'H~hfJ'lJ'Ul~ tmyt'Uu1.i'lJ1 1'lJ~ ~h'Un'1'Hmh'U 
Q.I Q.I ~'.c:!t GI d' ..cQ <!!t 

1I~'H1~f)'IJml'111i1'U )~'H11~ 1~f)'Ufl1Jfl1'f4'U1i 2550 fNI~f)'U1JmlFl1J2551 
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ci 
fil'Wfl3 

'j/ 'j/ 'j/, 

~~!~1JfI';n:lfh~i~ij~~ijlJ-n'WV1ij,nhuel~~nH':htl'\J'U1~1'Mtljl 'Wuli'thi '\J~ d1'Wn i'Mel 

I Q,I QI .d. I ~ Q,I rI .c9 ~ , 
f-ll'W'iI~'M1~'Q1Jel'jl')ftil'W 'j~'M11~ A~ij'WfJlJm..,'Wti 2550 tl~!~ij'WlJmlfllJ 2551 (~ij) 
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fI1'W~ 3 ~~t~m;TO~l<l '~U~~UlllflJl'i'U<lJ1U"~~1'Vl~lfJ1JlJl~ i 'VltYiuu:JJ111J<l ri1U~' 'Vl" 

I W' Q,I ..o:::t...c!I Q,I tI ei.c!l I

f-nU'il<l'Vl1~~'lJml'lfnllJ 'j~'Vl11<l t~UW:Jllfl1'WlJn 2550 tl<lt~UUllmlflll 2551 (~U) 
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., 
" c:I IV , 0

3.2 '1181qJ"'i1~Ufl'l.lgJ18t1H'Ul 

, " 
'iJ~n 1 uri~;;nl11Jtl'U ~l'U(1,r"Jr.Jt.m tlltfltl1'tlm1! hmlhl11't1~ii1't1flMUU(1~ltl1~Uri~ 

'" ... 1 Q J..c!I d 1 Cl,Jd • "j/
lJlfl1J1t1U(1~'lffll11'U1'U tl~ 1I1fl 'tIfl '11 Ul1JV1JtI~ 1I1fl1'HJ'lf11t1~~1J~ 1l~1'I1'U 'tIfl'l1 'U'YImtl~1~fl(11t1'Jj'1~ ... 

• I 'j/ 'JI 
.c:9 ~ d 4 ." QJ 4" 0 ~ Q 6t 10 .d.

'I11JV'U 1I~11J'U 'YI1J1't1 tI~'lfV "Ufl~'lf1~ '111J tl'U" 'lfl'I:JW~'Vl'U 'YItl~'U 111J 'U '11 'U 'tI'U1fl !'11 ty 1I1'U1'U1J1fl U(1~1J 

0 d ~ "" ""'1 ~ i1 ~ <!I ~, • d1fl(1U tI'U'YI~lt1111U 1'U1C1 flU VtI 1J'l11J 'lfU mfYtltl~ !fl (1 ~ 1J fi~ UVtltHtl1'U fl'll~l1J 'UU'I1'l~'YItl~ 1'YI tl1\P111J 

" 
1in1J'lf1~ t1~~'lf1'lf'U utl1Jlci'Uth U(1~i''UtI~~'YI1'Um'l111'1'Ut:]~~v'U iiu'Vl~lUtl1'111~m'Vl1~'1 Ut:]~ 
9J d 4 jJ i1 ~ 4 0 .d Q Q I

~tl'U 1Jl~tl'tl11Jfi~ l'YItlU(1~ (111 U(1~1~V'lf11t1~~1J~t1~~1J1W 5-10 m 1Jfl1~1'Vl1~tl(1fl'U~11W~1Jr:I~... 
~ '1JI '1 .1' ~ 
'Ul~ U\PI11J1J1fl flm'Vl1~U'Jfl'lf1~t:]~'I1'U11U(1~q~~v'U 

, " " 
'll~n 2 U'1'U'U1ff'U11J ~1'U(11'tlm1! th1fltll'tlm1! ~fl'I:JW~~'Untl~U11~'UM'U'tI'U1\P1tl1U 

flm~~1'U1'Utl1'U fl(11~ U(1~ii1 fl(1'U tlu 'YI~ 1t1tl flfl'l1J ~1'U 1'U tl1'Ufl'l1~ ii'lf1J'lf'U tl1fftlV~'1 mtl1J~~. . .. 
~1'U1'Utr VtlU~t11'Ufl(11~ 'U~11W~1J~~tl ~~fltl'U~1m1'U ~(lflU 11J1t11J1~tl tl V~ tiU tl1 ~~~'Y1 (1 1rJ'U tI~ ~1J.. 
\PIg~ 1~iifl1~1'Vl1~t1'Jfl'U~11W~1J~~ 1~ii1~V,j'11J~~ 1'Y1t1 (111 U(1~ 1~ii1~V'lf11t1~~1J~ 

, " " 
'i1~n 3 'I1~~\PI(11\P1mfY'U1(1 t1l1fltll'Um1! ~fl'I:JW~~'UnV~U11~UM'U'U'U1~tl1uflm~ 

~lU1U1J1fl U(1~ii1fl(1'U tl'U 'YI~ 1tltl flfl (1 1Jl~m1 VtlU~tl1'U fl(1H ii'lf1J'lfU t'lffm)~'1 fl~1J ~~ 1J1fl'U~ 11tlA. . .. 
. t" "'JI , 

~1JF1~ tl ~V ~H 'I1U 1ml 'U '1 m\'ll \PI n ii fl U tl ci tI tlU l'Yl ~ 1I1fl 'lf1J 'lfU (1 Hi mj U11 'II ~ 'U 111lli ~1Jr:I~ cu q q cu 

tl~:flvml1rJMu ~\lflU 11J 1t11J1~vilv~ti'U tl1~~~'YI(11t1'UV~11J\PI g~ 1~iifl1~ !'Vl1:tl'Jfl'U~11tu ~1J ~~ 

'~ii1~V,j'11J~~ 1'Y1t1 m1 U(1~ '~ii1~tI'lf11t1~~1J~ 
, " " 

{)~n 4 1!1'U'U1!ijV~ ~11J~'U1U'H fl11fltll'llm1lil ~fl'I:JW~.wuntl~U11~UM'U'UU1\P1tl1'U.. .. 
fl~1~~1'U1U 1J1fl U(1~ii 1 fm'U tlu 'YI~ 1t1tl flfl~1J~l'U 1U1gflt1tltlU~tl1'Ufl m~ ~1J ~~ii'lf1J'lf'U mfftlfl~. . .. 
tl1uflm~ ii!~tI,j'l1J~~ 1'Y1tJ(111 U'l~1~V'lf11t1~:1J~t1~~1J1tu 5 ~1 'U~ntu11J~~t1~~fltl'U~1m1'U~ 

(l flU11J1t11Jl~tltltl~ti'Ufl1~'W~'YI~ 1t1't1tl~~1J\PIg~ 1~iitl1~1'Vl1~t1(1fl'U~ 11tu~ 1J~~ .. ... 
, I " " 

'll~n 5 1fltl1flUClf~ ~1'U(1'Vl~~Cl1U fi~fl11flV'U1m'l Itl'U~fl'I:Jtu~~U.y;~HU11~'U 1rl'l'U 

tlum1t1 1~ii1'llflM'U'UU1\PI '1'I1u1 U~iiA'tlUMU'tI'UWIl~flU'l~lgflt1t1tJ ii'lf1J'lfUmffl./tl~'1fl ~1J~~tr till" ... 
<!I .1 .1 co r " .1 '1 ~ "" ~ 'I0 <V 

t1~u1Uflm~ u~~'lf1'lfUUtl1Jm'U'U1 U~:~1Ju~:'YI1'Um'l11~ 'Uq~~tlU 1JU'Vl~lUm'l11~mW1~ lUq~ 

j'tlU ii1~tl,j'11J~~ 1'Y1t1~11 tl'j~1J1W 5 ~1 ij~1'UmfYtl1~~lU1\P1~t-:j'1'\1ty~tl~~'lf1'lf'UijrJ1J1J1t~rJ1 
" I 'j/ I 

U~:'U~fffl1~ 'Vl ~:! ~1 '1 '11 qjV-:j~tln1\P1 U'11 ~u'1 'U q~ j'tlU ijtl1 'j 1'Vl1:tl 'Jfl'U111W~1JfJ~tl1'U flm~ l\P1t1 

t'Vll:::t1Cl flGJf1-:jflfl 'I1'U 1111Cl ~ flfl~ tl'U cu °1 <u °1 IV 

o {)~~ 6 1!l'Uml,W \Pl1'U~l1'1t11~ fl11flV l't1~t~mJ n'lf1J'Jf'UmfftJtl~'1m111J~~tl1'Ufl"1-:jii-:j 
~ q q ~ 

" " ,
1J1fl~fli:ltu:~'U.y;tl~U1ttl'U'M'U'll'U1\P1 '1'11u1 1m:ii1m'l'U tlU'YI'j1t1tl1'Uflm~ iil~tl~l1JF1~1'Y1t1uCl: m1 

" 
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iI 
H(;I::q~'H)'U ·	 .. .. 

't1~n 7 m~1~~'i119l11Jmr1tJi~ ihL.flfll'U~l~tJ1J 5m:IW~~'Ul1'fl,nhl1:llilfl(;ltJtltJ'Vl'iltJ 
111 ldo" Ct. l' ldo 'j/.e:t. d " d !II d. QI I y.e:t. I " 5'1
l1J1J 1'U~'l1 'U 'U'U 1~ 'l1 ty U~1Jf)fltJ 'l1tJ 'UtJ l~l(;lf)1J 1-:1 l(;lf)tJ fltJ 1J'Il'1J 'If'U fllfftJfl~ 1n (;I'i1Jn~tJ fltJllJ tJ .	 .. 
11'l1rinifl~lntl1 t1'i~'lfl'1f'UiA eJ1Jlri'U th ll(;\~i1JtI'i~'Vll'Ufll'l11'i l\l 'Vi 1::: hJq~f fl'U ijf)l'H'Vil::t1~n 

1J111W1 1J~':) t11'U f)(;I 1~ 1~ m'Vil~ t1(;1 f)'lh.:)f)f1 'l1 '\.Jl11l(;\ ::f)~ ~fl'U 
IV VJ'V DJ cy·	 .. ..

't1~n 8 rl'1'\J~1J 19l11J(;\1f1eJ'~ t"htflfll'U':)l~eJ1J ~n~w::w'Ul1'fl~thlf1'U lrm'UtI'U'Vl'iltJ ij 

'i "'" iI d iI '" .... '1 iI"" ~ tI '" tI '" "'" ~ 1'U~11tJ'UtJ 1~ n(;lH1JHl(;\f)'UfleJ 1J'lf1J'If'UfllffeJfleJ n(;l'i 1J 11~ l'U n(;ll.:) 1J f)l'i l'Y'l1:: (;In1J'il1W'i 1J 11~. ~	 ~ 

d iI 'i t1.	 iI "' .... iI ~1IJ ... tI
l(;1f)UfllJ l~Wl'Vil:: ~fl'lf1.:)q~11Ul1ll(;l::q~'ifl'\J 1Jl'ifl'UUJI1.:) l'VltJU(;I::: (;111 U(;l~1'ifl'lfl1 'i::1J~ 

tI'j~1J1W 5 ~1 ·	 .. ..
'\2~fi 9 rl'1'\J1f1t1i~ 19l11Jmf1eJi~ ~hlflfll'U~l~tJ1J 5fl~W~~'Ul1'fl~thI1:l'U lml'Uu'U 

'Vl'ileJ~1'U1'Utll'Ufl(;\1.:) ij 1'U~111'U'\I'Ulf1fl(;\1~U(;I~'U'U 1~ 1'11 oi~l'U 1'UUl'U n(;\1~ ij'lf1J'lf'UfllfftJfldlml'
u	 • ~ 

... ~ iI <!l tI '" AI "'" "'" ~ 'i AI'	 iI '" 
'j1l11~'UfltltH ltJfl(;\1~ llf)l'i l'Vil~u~n1J'il1W 'i1JI1.:)1J1fl l~Wl'Y'l1~U\lfl'lf1.:)q~'I1'Ul1U(;I~q~'j fl'U 1J 

l~tl'lfl1U'i~1J':)U'i:::1J1W 5 ~1 ·	 .. .. 
't1~fi 10 ,j'ltJ~l'U 191 l1J (;I l'\1':)I~tJ1J tll1.flfll'U1J'il! ~n~w~~'Ul1'fl.:)thlt1tJ lfl(;ltJUtJl'l'iltJ 

t11tJfl(;\1~ ij 1'U~111tJ 'U'Ul~fl(;ll~U"":::'UtJ1'1 111oiltJ U~1J1W th'U n(;\1.:){).:)1Jlfl ij'lf1J'lftJfllfftJfldt m~~1J 
u	 • ~ 

,	 '" ., 
~hflfh~'I1'Ulut1'UijU'Vifl'U fl1'111'i~(;Ifl'lvr~tI i,jijf)l'i 1'Vil~U\lfl1J111W11JH~ ijl~fl,j'l1J~':)i l'ltJlW::: 

(;\11 '\I'Ul'1tmYU'j~1J1W 10-15 ~1 

til' .. til • 

3.3	 'tY6\lam1J1Wfl1::mnllua:::1:::~mll1'Uu,ju11'U,:j lh'Um't'iluh'U;),:j't'il~t21J'j1"filii 

(Department of Water Resource, ,.h:::l't1A1ntl) 

..	 .. .. 
3.3.1 u1il111'U,:j U111Wtlllflfl'U1J'il! ~,:j11i'l~U(;I'jl'lf1ilill'UtI 2550 ij'i::~Ul11~'U .	 . 

o	 '" 
t1,:j~'1 19.42 lll~'j ~1,,!'1 2.59 11JIPI'j (.f11'Vi'Vl4) ..	 .. .. 

3.3.2 u1il111'U,:j 1J111Wtll1.flfl'\l1J'ilil ')~'I1i~WU(;I'il'1f1i lilt'Uti 2551 ij'i::~lIl11~'U.. . .	 . 
t1.:)~'1 21.46 111~'i 19l1~f1 1.94 llllPl'i (.f11'Vin 4) .. 

3.3.3 u1il111'\1,:j (;I'mil,j'l'U~ltJ tll1flfll'U':)1~eJ1J ,),mi'lflUml'1fli1illutI 2550 ij'j::~l1• 
II J ",	 , 

t11'U'U(;I'~(;I''1 13.16 llllPl'i 19l1(;1'f1 1.44 l1J~'j (fllYfn 4) 
OJ •	 • 

" 3.3.4 u1il111'\1,:j ml1il,j'lU~lU tll1fJfll'U~1~tl1J ')':)111'1fl1J(;I'jl'lf1ilillu1l2551 ij'j::~l1• 
'" II ,	 I 
o .r:i 0	 d 

'Ul'\1'U(;I'\I(;I''1 13.68 11J~'i ~1(;1''1 1.69 l1JIPI'j (.f11'Vi'Vl 4)
OJ •	 • 
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~.....-"'~'t-__~~--------------

+;---t.=9t~~&;;:::-I.~~~---------------

'"	 '" 3.3.5 1J~].J1Wfl'j~ttff'lh','um.hhl'\J~1J~nw 1!l'lJ~l'U fl.l'\J~t~{l1J i12550 i;X~q~ 30,000 

3 . 3 ,	 " " 
m /s IPITtl~ 1,290 m /s rhtQ~t'J 8,320 million m31J~lJ1w'\.hn~'I1lJ~(total run om 264,000 

million m\mw~ 5) 

'"	 '" 3.3.6 1J~].J1Wfl'j~ttff'lJ11'lJm.hhl'\J~1J~nw 1!1'lJ~1'lJ tl.l'\J~t~t'JlJ i12551 i;X~~~ 35,200 

3 , 3 . " " 
m /s 1PI1~~ 2,070 m /s rlll'il.~t'J 11,000 million m

3 
u~].J1tlnhn~'I1lJ~ (total run om348,000 

million m
3 (mw~ 5) 

20r 
18 +----------~-------------------_--G""gi~gf:h.-,;,aratDistrict-

i 
16 t-----------·-------~-~--------------------~,.,."---"'---~-_G~aurng"'ilwlgldt<I"'H..mlle:"'etrihi"'Cltn1If)')i,L.rnbid:jcl 

14 -~----------

12 +-1------------
I 

1: ~=:~~~-=~==--==------
6 -1------------------~-----------------~---

i 
4 +

I 

2 

(0 + ..... .....	 ........... ..... .....	 ..... ..... ...... 00...... .....= I = 
I-
. =;.. =

?> =• = = = I = ;l.. =. = I
...!..c ~ 

I 

l:::: = ~ "Z. -... ... l:::: 
~ :::>. ~	 0 ~

~ = r.. ~ .....= .....= ~ "-l 0 Z 
I ...,.. . "f	 I 

~ 

I I ~ ..... -""'" or. -or. .....• ...... 00 00 ...... or. '7 
"'" ..... ..... ..... - ..... ..... ..... - .....=""-	 "'" 

,	 " " I " 

fll'Wn 4	 'j~~lJ'Ul~'lJi;X~rr~U~~~~1PI1~~ l'lJUli'lJ1 l'\J~1J~nw ~htfltlt'\Jml! u~~ihtfltll'\J~t~rJlJ 

~~'I11~~1Jml'lf1il'W i12550 

30,000 ,............--- ----_._-------~-----------~--~--~--~----------------------_.----

i 
____ Dai~; dis(h~¥ge cume<s(m3is)Khong 

Chiam District, Thailand 

Iy----------------------I-
i,

5,000 

25,000 

10,000 

20,000 +------
! 

15,000 +----------------------J'---------+-------~-----~-

.- .- .- .- .- .- .- .- QQ. .- .-= "'? = ; = 'T= 'Z 'Z >.	 ....J:.	 > ~ ~ ~ ~~ ~ 51 ~ ~	 ~ ,~, - "'f' -r:""" "'f' '7 -r: "-" .,.. '? - '7~ :!; or.	 QQ .... ~ =:!l :=:: ~ ~ .... .... :!l ...."'"	 "'" "'" 

.	 '" 
fll'Wn 5	 1J~].J1Wfl'j~ttffl.h1J~I1Wihtfltll'\J~t~t'JlJ ~~'I11~tl1J~'jl'lf1ili1 u'j~t'YIffhwU~~U~lJ1W• 

'" 
m~uff'll11J~DWt'\J\PIt1t'J~~'lJ'YI{ U'j~t'YIffm1 

0 
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d 

3.4.1.2 '\.I1~ff"lfl'\.l'Ul~ 100 ml
 

3.4.1.3 '\.I1~ BOD 1mm::ihJ
 
I (/ d 

3.4.1.4 1I1'\.lltlU"'Hl~fWlfl'U (plankton net) '\.I'Ul~fl111JfI (mesh size) 10 llm
 

3.4.1.5 m::i1fl~"'Hl1ff~fU~'U~1fl~1~
 

3.4.1.6 m1t1
 

3.4.1.7 m.h:J
 

3.4.1.8 U~'U"'Hl1ff~fml1::'j'\.l'Ul~ 3 em x 3 em
.. 
3.4.1.9 Seeehi disc
 

d ~ 

3.4.1.11 1J~ U~:: "lffl'U
 

3.4.1.12 m'j'lm u~~ij~
 
II Q,I ~ tI : 

3.4.2 tJUmf.Ufl1'j1~H!~~1!fl'jl~l1flf.Ufll'W'Ul
. .
 
3.4.2.1 Conductivity meter l'U YSI 63
 

3.4.2.2 pH meter ~'U YSI 63
 

3.4.2.3 Thermometer
 

". " 
n~l11J~~~~m[lt'Ulh 

II ~ J 0 QI.Q ~ .Ct, Q tI d.cl 

3.4.3.4 ~)'lj m WU~~ al111'jm(J~!'l5flffll1 'j'U1!fl'jl~11 u'nJlW1fl ~l'l flUI U'Ufl'YI!'j [I

• 

3.4.3.5 vt1mwu~~ffl'j!flijril111'U1!ml~111111111JlWflm)h~~~ tV
. 
3.4.3.6 ib!'jll'\.l'Ul~ 50 m1
 

3.4.3.7 iht1\Pl'\.l'Ul~ 5 m1
 

3.4.3.8 m~'Uflfl1l1~'\.I'Ul~ 100 m1
 
d .. 

3.4.3.9 'UfUfltJ'j'\.l'Ul~ 100 ml
 

3.4.3.10 Erlenmeyer flask '\.I'Ul~ 250 m1
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'JI '" 3.4.3.11 'Jfij1J~flff1'i 

3.4.3.12 Phenolphthalein indicator 

3.4.3.13 Methyl orange indicator 

'JI 'JI
3.4.3.14 Standard ~S04 fl111Jl'IJ1J'IJ'W 0.02 N 

3.4.3.15 f.J'lJmWfll'i ff1nll'JfU~UCl:d11JlW 'lJij~ff1'1111fJ 
'JI <I "" <I_I

1) fl(lfl~~Cl'YI'i'if1'W'Jf'W~UI'WfflJ'i~flfl'IJ (compound microscope) 

'JI """ d I2) fl(lfl~~Cl'YInf1t.!flmflmfl'WU'IJ'lJfffl~m1~(scanning electron 

microscope) it.! JEOL model JSM-5410LV 

3) f1"€1~U€1:m::llfltl~ff'Cl~ 
: d 

4) tmn'YI1!€1'IJ 

'JI I 

5) fl€1tNOlfJflll1 

6) lflflf1'l'iU€1:: mr~ iYfl'lJ'i~flfl1J fll'i ~lU'W fl'JfU ~ ff1'11 ~ 1fJ 

At:t	 Q. Q,I 

3.5 llfl1111lt! 

IS Q.I , 

3.5.1	 fl11&fllJ11l16l.1H 

!~'IJ1'i1fldl~1PI1111l~!~1JIP'1fldH~n1'11'W~ , 11~fJl~'IJ1'i1fld1~l~ fll1:l'W 1'i1U'Vl1J 'lJfl~• 
~ ~ ~	 0 c:lQ.l'.li:!t ~ 4 ~ d

'YI~ 3 q~ flf) q~H)1J q~~u U€1::q~'I1Ul1 'YIlfllnfl'IJ1PI1flfJ1~l~ijU€1: 1 f1H lJf1!~eJU!'IJ'Wn€11 1 U 
t . .a	 Q,lJ &.<!!t o.c::9 :!J1 
\?l~UIPI!~t1UfllJfIlYl'W1i2550 tN!~flU1Jm1fllJ 2551 'YIlfll'if1fl'l:l1f1Wfll'YfU1'Y11~~1'WfllfJfIlYl U€1~ 

., 
tfl1j1J1,nh~fl1'i ~~i1 

3.5.1.1 ffml1'i::~'IJfl1111~fl'IJfl-:j~~l~'IJ1'i1fld1-:jl~fJ i·n~lll\PI'i• 
3.5.1.2 ffml1fl111J~fl~Uff-:jrifl-:jil~l~fJB' Secchi disc 

., ., 
.c::9	 cv QI.l!!I'iJo

3.5.1.3	 f1flll1€1flllW~'lJfl-:j1IP1tlYlU'YIt1-:jU1 (substrate) 

.Q: 
• 

Q.I	 "''/4 cI 
3.5.1.4 1~flW'I1f1lJ'lJt1-:jU1lm::mfl1ffl~fJl'1$l'YIfl'jl11lJllPlf)'i

• OJ 

3.5.1.5 l~fhfl1'jtJlil'l.yhhwi,* Conductivity meter i'W YSI 63 
oJ 

3.5.1.6 1~ pH 'lJfl~U11~fJi~ pH meter i'W YSI 63 
¥ • 

.:! 0 II 4411 _I"' ....... 
3.5.2	 fl11ftflll1tltlmTrt'IJlrn~R1Ufl1t1j)l'rUUl~!fl)JrI'H8~'U!l1.mfl11 

3.5.2.1 f1111H~U~H (alkalinity)1~t11n Phenolpthalein methyl orange indicator 

(Greenberg et al (2005) 
• 'j) 

3.5.2.2 1l11l1Wt1flflcH!~uVi€1::mtl'utJl1~t11nAzide modification method 

(Greenberg et a] (2005) 
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Azide modification method (Greenberg et al (2005) 
• >J >J 

3.5.2.4 tl~:JJlijHnHnl1l'j1'UllPl'J'YI mt~tl~:JJlwl'lv~ll'llPln€l~€lltl''U'\.hti,m:JJ\Pl 
'jI.a. I. 

WWltl'JV" UV -VIS Spectrophotometer, ~'U Perkin-Elmer, model Lampda 12 

..e:t. tI..c:::. .q rI .e:t.c:l ~ lldQ.l 4 

3.5.2.5 1Pl'J1~11m1::1111l1h:JJ1WLfI€ll'lV'J:JJll'UflYll'Jf./'VI"l1:JJ\Plll€l::Vltl€lLtl€l 

•.l" 4 4 'i ",,4
l1'e)'J:JJll'UtlYll'Jf./ ~\Plf./11j Standard multiple tube fermentation technique (Greenberg et al (2005) 

3.5.2.6 f)1'J11fl'J1~"yl1ltl~:JJ1Wtl€lVhrJ€l~ IV L~W11j,JV" Nusch (1980) 

~\Pllltl€l" L\Plf./ f./1~ 'W'J'W'JTItl1€llm::\l:JJlmW, (2538)• .. .. 
.. ev " all.

3.5.3 IfltJflltlU1.:j ~tl::f1f)"''WU'Ylf).:jU1 

3.5.3.1 1~'U~1Vdl.:.t1\PlV::lPltJ:JJ 3 ~1'e)d1" ~lml~(l::~\Pll~'U~1mh" L\Plf./f1TI1'U\Pl• 
d QI I d QI I.Q 0 .=.;, 0 0 

~\Pllfl'U1Pl1Vf./1.:j 10 ~\Pllfl'U1Pl1Vf./l.:j 1'J:JJ~lflmlflm'l/:JJ'j1! 4 ~1I mV1lflV'U1\Pll€l 1 ~1I1m::V1lflV 
jJ I I jJ I 

L'I/"l~f./:JJ 5 ~1I tlll1'UlIVl'Unrill1r'Ul~'U~1VdH'U~nW~:JJr:h''UVl'Ul1 100 1:JJ1Pl'J X 5 1:JJ1Pl'J• 
>J >J. 

3.5.3.2 't11fll'J~:JJln'U~1Vd1" 3 eM1 fllf./1'UVl'Ul1~.:jfl~11LlIf./1-Mll1J€l"~:JJ~1Vd1" 
o d QI • ~ ~ 'jI : 1 .c!l 'jI .q .d.c::Slt)

(plot) 'I/'U11l 1 IPlU1.:jl:JJIPl'J Yl1fll'Jlfl'U1Pl1Vf./1.:j 11lV::IPlVll'W'U'VIV"'U1 lIf./mVflflV'Ul1'U'VI:JJ ~lItJ::lPltJ:JJ 

1 >J
 
o cv 91.Q .c!l 'jI .a.c:lo o.c!l 'jI .Q QI ,
 

~1'U1'U lllfl 11 f./~ "lfllPl ~lflflV'Ul1'U ~::\lmfl €lV'U~1mllVfl~'U 11Pl1€l111'V11fll'J m VflflV'U 11 'U~.:j flm1 
OJ 

>J • • 

:JJl 1 n'v'Ufllf./1 'UVl'Ul111tl€l"~:JJ~1Vd1" rill1r'UlllJ€l.:j~:JJ~'wd1" 111111lJiMv'U11'U1'Ulltl€l.:j ~::'t11 

fl1'Jl~'U1Pi1vd1"~lmltl€l,,~v~1fl~~~\Plf1'Uutl€l.:jq:JJ1Pi1vd1.:j 
o QI d QI 19.&d1 <!I 

>J 
4 

• 
QI

3.5.3.3 'VI1fll'J'U'U'VIfl€lflllW~'l/tJ" 1191\1 l1f./\Pllf)1~ ll€l~~fl1'W'l/V.:j'W'U'VI• 
3.5.3.4 11"1l~'U'Wm~~m~1::'J'I/'U11l 9 IPll'Jl"lC)f'U~h:JJ\Plnl'U'U~nw~ii 111 V:: 191 Vll..
 

31.1 ~ ~ 31 "" d ... , '" 'I " "" 'IHluHufI ~lItJ~f1tJ:JJ~'UfltJ'U'I1'U~~mfllfl'U1Pl1Vtl1.:jl\PltJ~IPlV:JJ ~~fl€lV"'W€ll~\Plfl 

~ d QI I .d"l'.c:l'jl.Q rv.c::l.c!l ': Q It):vd.c:t d
' 3.5.3.5 ~ 'U~f11fl'U1Pl1tJf./l"'U1.:j~f1'V1 ~:JJ:JJflV'U'I1'U m:JJ'W'lfUlll€l::fl.:j ~:U'VI:JJ'I/'Ul\Plmfl 

o d ~y IY~ 31 '1,.,;.",31 'I I a a, d'i '131
~~'VIlfll'Jlfl'U:JJl'VI.:jI9l'UUl9lfIlllJ'U\Pl'U'I/'U1l1l'11ty fl'I !:JJ'I/'Ul~ l'I1ty 'I1'JV!'JVlfll'1 ~::lfl'U lflf./l'lfll1JH 

1JlI~lfl'U~nW ~iiml'U'IIV.:j i\PltJ~\PlVll In'U~1Vdl.:j 1fffl~tJ.:j'Wm~~fl 
31 , '431 "" .,;. '" 31 <!I 31 ~ 31 a <!I, d ,l 1 <!I

3.5.3.6 fIl :U:UflV'U'I1'U fl'Il:JJ 'I1'JVIPl'U ~ll 'I1'Jm'JV!fll ~~lfl'U~lflVl'U f1€l'U'I1'JV 

,...a .d.cs QI 1 .d Q,I d ~ tI.a .c:t: ,. Gl 'jIQ .c!l .Q 

'VI'Jlf./ ~ f1m€l Vfl ~1I'V1:JJ€l flllW~~1 tl€l'U '11 'J'e)~1'V1'Jlf./Yl~ .:jlfllPll'l1U1U'U rJ€l :JJl:JJtJfl~Ul\Pllm11 1fI f./ !'If 

~V'U~fl~1'11U'1'U~nW~.:jfl~111~'U~1tJd1,,1ri1'Ufl~tJ.:j'Wm~~fl 
QI 4 .e:t d QI ': Q,I I 

3.5.3.7 'U'U'VImlf./€l~LVf.l1l'l/V"~f11fl'U 1'U 11m 'I1111m€l'l/9fl'llV.:j1Pl1Vf./l"€l"'U'U• 
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• , A II :: 
3.5.4 fl1:::'lJl'Ufl11Y11fll1SJU:::8Ul ~UI:::f1tlSJ'rt'U'rItl.:t'Ul (Rott et aI., 1997) 

3.5.4.1	 '\h~1mh~i~fl~~fllJlJl~'\.Jl'I1~V~ (centrifuge) ~mllJt~1'jfl1J 3,500 

'jfl1J9imnn ttl'\.Jt1~l 15 '\Jln 
.a d' d Y I ~ "l =" tIQJ'	 I 

3.5.4.2	 tlJflff~tf1~~'I1~fl~'YIih.Jtff'j"'U~1"'~'VI1J11·1j"\.J'\Jfl~l~fl~~fllJtU'\.JUN'\.J~~lJ 
~	 ~ 

.c:so	 ..:!I ~ JJ GI 

ff'\.Jl~l~ tfl~ fl1J1J'\.Jm'l1'\.Jl'\Jfl~'lf'\.J~:::flfl'\.J 
~ 

3.5.4.3	 ~~ '~fl:::~fllJ"'lfl~'\.J~~flri11U~1'ff~~' '\.J'I1~fl~'YI~~fl'J t~lJm~' '\.J~1fl 

"", y.d c> <d "" <dt'\JlJ'U'\.J 'N	 '\.J'I1~fl~ ~lJ 'Y1~fll'l1.fJlJ 70-80 fl~f1ltCll'~LC)j'fJff t1J'\.Jt1m 30-45 '\.JTYI 
~ 

o 9,/QI 19,1 0

3.5.4.4	 'Y11fll'j~Nmfle.rN~1V'\.Jl deionized 4-5 H)1J 

4J d "J d I 0 JJ .cI ~ ~ 
3.5.4.5	 ~:::ff'ltf1m'l1'\.J I'W:::~fllJ'Y1Hl'\.Jfll'j'YI1'fl11lJff:::m~U~1lJ"'fl':l:JW:::t1J'\.J 

3.5.5.1	 vhhf~1mh'l i~fl~\9lfllJU,r ~~1e.rfl11lJ~ f)'\.J 
~ "l ...	 0'", ,~ "I 0' di 0 "I 0' 1 ~" '''l c>

3.5.5.2	 1J,W~ff 1~~fl1JUH'\.J1J~ff 1"'~t'VIf)'Y11ff 1~~m1'j fW 1'lfffl'j'l11(J(J~\9l~ 

ff'~~ (mounting agent) 1~(Jl-M Naphrax oe Durax 'I1~fl Diatom mountant . ~ ~ 

3.5.5.3 'Ulff'~~m1'jn i~itJ~lU'\.Jfl'lfij~ U~:::'l11J~1'\.J1'\.J '~fl:::\9lf)lJVi'\.Jl1fl·nh 

..	 .. 
"l T II _...... III ... II • II II J 

3.5.6 fl11ftfl'tfl Ifl1~U1HTt1U~t1'UM &~8~f18SJ'ViU'rl8~Ul~lUflt18.:t1lt1'r111ftU 

~ d"	 I

tllf3flfl1tl'UU'lJ'lJ«8~fl11~(scanning electron microscope) l'\.J lEOL model lSM-5410LV 

"I .d. 0 "'~ "Jo'
3.5.6.1	 'I1e.r~ l~fl:::~fllJ'YIN1'\.Jfll'j'Y11fl11lJff~m~U~1"''11J'\.JUN'\.JU~ff 1~~ 

o~"'" ,"'' " 3.5.6.2	 'VIl &'I1\9l1fl(Jl~U'I1'1~1(JmllJ'jfl'\.J 
~	 ~ 

3.5.6.3	 ~flfl11lJGjf'\.Jflflfl~lfl~1flVN ifwl riHl '\.J 1t:lfl f1fl 11:IJGjf'\.J (desiccator)
~	 ~ 

L~'\.Jt1"'l 24 ~11:IJ~ 
o .dl QI ..:!I QI I 9J 

3.5.6.4	 '\.JllJle.r~flU stub U~:::LflCl81J\9l18(Jl'1fl1(J1'l8'1 

1- I"lo	 "" 0'"", d I I3.5.6.5 '\.J 1 ufl'fl':l:Jlf11eJfl'fl8'1~'fl'YI11fl''\.J 81ClO\9l18'\.JU1JU ff8'1 f)'j 1~ ~ '\.J lEOL 

modelJSM-541O LV .. .. 
o	 ~ '" 4. iI 0

3.5.7 fl11illUUfl'lSU~'UM1~8:::f18lJ'ViU'rI8~Ul 

"l _ ~ <d '" I ,. " ••1'" "J
3.5.7.1	 fl'fl'l:l1L1J1tJUmtJU'flO'l:lru:::\9l1'1'1'\J8~ 1m'lff'jl'1l"1'H"~"'\J8'1 I~ V:::\9lV:IJ 

"I" I 'J/	 I 0' 'J/ 0' .dIflUfl tff'\.JH1'\.J~'\.J(Jflm~ f111lJV11U'fl:::f111lJfl11'1'Ufl~tC)j''fl'" 'fl1fl'flltJ'\Jfl'J striae f111lJt:l'\J8'1 striae 
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~ij 10 '1Jmij'Utm~~fl'l:Jw::g'U"l (raphe, puncta, aereolae, fibulae, nodule, septa, costae, stigma, 

rib, spine, wing U'l:: canals) 
" " . o .e:::t..... .a " 0 1 i" Q,I ~ d3.5.7.2 fl1'HI1U'lJfl'lf'U~'Uij~ &~ij::\Plij1JYl'lJ'YIij~'lJl ~HJ 'lf11'U~'€1mm::tijfl'€11~'Y1 

"" os ..
1) ~11il Yl~Yl~Ylfll'l (2548)
 

2) Ohno et al. (1971)
 

3) Reichardt (1984)
 

4) Krammer and Lange-Bertalot (1986, 1988, 1991a, 1991b)
 

5) Lange-Bertalot (1993, 1995)
 
o 

6) Lee et al. (1994a and 1994b) 

7) Benavides (1996) 

8) Cox (1996) 

9) Metzeltin and Lange-Bertalot (1998) 

10) Peerapompisal et al. (2000) 

11) Rumrich et al. (2000) 

12) Lange-Bertalot (2001) 

13) Tuji and Houki (2001) 

14) Pekthong (2002a, b) 

15) Kunpradid (2005) 

16) Watanabe et aI.(2005) 

17) Peerapompisal (2005) 

18) Lange-Bertalot (2007) 

19) Leelahakriengkrai (2007a) 

20) Leelahakriengkrai et al.(2009) 

21) Suphan (2010) 

c::J IV' , Gt'3.5.8 fll'Hfl'UilIltltJHUlll'HtJ'UtnPl&1uy (macroalgae investigation) 
" " , 

3.5.8.1 ~tl9i16dl~'tllJ1fHttJ~~dm.l 3 CJfl fl1t.l1uWul1utJ{l~il1tY 1.25 x 1.25 

" ". 
tl/lP'lj 1~f.l~1J~1ijdl~ 3 CJfl 'tllJlflWlJ1125x25 tG)$lJ~ttllP'lj 

c 
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3.5.8.3 1~1J~1f1th.:.lihlmitl.:.l'VHl1ff~fluC1~i'm:l1fffl1~~1[J glutaraldehyde 2% 

U"~1~1Ji'fl\l1~f.JWl1fJii'l.h~1J1W 20 tI.:.IffW:lfC11~m,. 

3.5.9 fl11;jlU'UflU1't,.iU.l"'Ul~1l1qj (macroalgae identification) . . " 
1ii;)u[Jff1l1~1[J'Uhl1~ il1tY 1~[Ji~mj.:.lfftlu"~1t1flff1'jnlti[J1~tI.:.I ~.:.IU
 

1) Desicachary (1959)
 

2) Orouet (1968)
 
o 

3) Withford and Schumancher (1969)
 

4) Presscott (1970)
 

5) Orouet (1981)
 

6) Sheath (1984)
 

7) Martin and Whitton (1987)
 

8) Komarek (1989)
 

9) Entwisle (1989)
 

10) Necchi (1990)
 

11) Kumano (1993)
 

12) Sheath (1994)
 

13) Lokhorst (1999)
 

, 1 1'J1 I'"'JI"tlltlfl1'Yi 'W 'Jj'flC1t1.:J~C1V1':i'iffhl compound microscope ~hI CX30 U"~1~'Uhl1fl 

"1 1'JI • it i 'JI ~ 'JI • I .... ... .... 1'JI~ ."
'UtI.:J1C)1C1C1 ~tI 'Jj' stage UC1~ ocular tnlcrometer l'Yitl 'Jj'lIJhI'Utl1;,tC1lJ':i~fltl1JflnTlHHHJ l1fJ.:J1~fl1J 

'Jj'ii~ ~tI't1 
... <I ...... 

3.5.10 fl1111fl11::'t'lflHUOVl 

.... d 'JI 
3.5.10.1 llfll~'j [J1J'Jj'fl'U tl1JC1

• OJ 

Q ~fj} 4 Q,I ,:GI d 

3.5.10.2 11f111~ l1'U tl1J C11'Yitll11f1111J ff1JWhI ti'U tI.:.I fIWfl1~ hl1 V11.:J fl1 [Jfl1Wll"~ lf11J 
OJ • 

, I,,: ' d I 4I' Q,I I fj}

UC1~ fltl~~tl1J'YihlVltl.:J hl1UC1::ff1l111[J'Il'Ulfli l1 w'Utl.:J lL~"::;)fllfl1J~1tl[J1.:.1 1hlll~C1~lfl tlhl1fl[J1'Jj'.. . 
lt1mm1J'YI1.:JC1'u~ One way Analysis OfVariance (ANOVA) 11C1~ LSD (Least-significant 

difference) ~f1111Jl~mthl 0.05% 1l1fl11Jmm1J SPSS ver. 6.0 
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.e::t. ~ Q,I QI tI : d.~ QI QI ~QI ~ 
3.5.10.3 11fl'il::11111f1111Jff1J'Vl'W1)'\Iv.:JfJWfll'rfW1'Yl1Jfl111JinJ'rrw1ifl'lJ I~V~~fl1J 

UCl::ffll1~ltJ'\IU1~ 1my 1~tJ1-N Pearson's correlation l'vlfl11fl'il::..rl1n~ii'lJfl111J~~mr'W'Yll.:Jffi\1i 
'" '" 3.5.10.4 11fl'il~afUCl~~~f)~1Jl~fl::~fl1Jfj'W'Y{fl.:Jlh ffl1111tJ'\I'Wl~1my UCl:: 

., 
fJwfll'vfth 1~tJ1-Nfll'i11ml::..rCluster analysis 1~fJ1-Nltlmmmhli'l1tl Multivariate Statistical 

"i 1:II",,'" .i tl 0' <S 0' I <!t... "I
Package (MVSP) l~tJ 'lf11i UPGMA cluster method 1'VHl1111 fl'ilt]j'U~fIlfl111Jl'H:lJflUf)U'\Ifl.:J!f! ., ., .,1a 'jJ 0 I I 0 

fl:::~fl1J 'VlU'Ylfl.:JUl ffll1'iltJ'\I'Wl~ mUUCl::f1Wm'Vl'Wl.. . 
o I QI.a~ QlQltI 

3.5.10.5 'Yll m 'i 'Yl ~ fffllJ 111fll'i:::~ lJ fI11:lJl'll'V1J 'U '\I fl ~ f1111J ff:lJ'Vl'W 1) '\I fl~fJWfI1'Vl ., 
o do ~ QI fJJ 

Ul'YlCl::1J'l'ltJ~1tJ ANOVA analysis 
., 

3.5.10.6 11ml:::..rfl11mY:lJ~U£n~'lfiJflWl:::tl~1Jlru'\lfl~ffll1$ltJ'\I'Ul~1l1q/UCl::: 

"" .,
'~fl::~fl1Jfjl,!'Y1fl~111~11JnlJfJtlUll'Vl'lh 1'UU~Cl::~~1~tJIPi1fldl~ 1~ Principal Component Analysis 

(PCA), Canonical Correspondence Analysis (CCA) Ucl:: Cluster Analysis \!If) ltlmm1J 

Multivariate Statistical Package (MVSP) version 3.1 1~w1~lii'\lfl.:J Kaiser's rule l~f)fffl~Ufl'U 

tl111l~1I'l1'U£ (axes extracted) 1~fll1lffl191ff~ffl1l1Hl'lh1Jll-Nti:l'U~~1i~1~1'Ufln1i~lPllll 
., 
o ':11~'i1\!fffltJfJrufll'VlUl ~ 

3.5.11 nl'j'l.h:::li'JUfJWiIlYfJl 
" 

0
.,"" 0 1:11 tl "" :II ".fll'i tl 'i:::lll'U fJWfll'Vl'U l\!:: 'lffll'i 'i::lllU ~ 1 rlfJWfIl'Vl'W l'YIN mtJfIl'VllHl::lfl:lJ 

1~rl1~ Applied Algal Reserch Laboratory- Physical and Chemical Score (AARL-PC Score) 

(Peerapompisal et. aI., 2004) 1~tJ1~th DO i1l1 BOD i1l1fll'i'lhi'Vlrh tl~1JlWffl'iml11'i3 'lnJf!fifl 

{) 'Ul~'i'YI-'ll l~'il\!U Uflll l1Jl'Wrl-iu l~'il\!U UCl::fJfl{h'Vlflffl'VllPl l1~fl soluble reactive phosphorus 

.1 "":II
UCl::lJ'i::lll'U~1tJApplied Algal Reserch Laboratory Phytoplankton Score (AARL-PP Score) . ., 
(Peerapompisal et. aI., 2004) 1~tJ1-N'll''l1fl'\lfl~ l~fJ::~fl:lJ'll'iJ~l~ulitl'ilflU~U1'U~~1~tJii1flfh~ 

" U~cl::~~ 11im'i1l'i::lii'UfJwfI1'Vl111uff~~1ufllflH'U1fl 'il 

.e::t. .e::t. tid. ..c::. tI.Q QI .cl 

3.6.1 mfl1'lf11'Y1 tJlfflff~'i'lf1fll'Vl f1W:: 1'Yl rllftlff~'i :lJ1111'YW1Cl tJDlJ cl 'i1'll'li lU• 
3.6.2 fllfll'll'l,blf1t1l f1tU::l'Y1tJlfflff~{ll'tfll'YltJl~m6MtJ~lmj 

3.6.3 Institute of Botany, University ofInnsbruck, Innsbruck, Austria. 
.0:::). Q 4 .e::t. tI.e::t. QI QI do 

3.6.4 bfl'\l11'lfl'lf11'Y1 tJl f1tu:: 1'Y1 tJlffl ff~'i 1I11l1'YJtIl CltJ 'il'lffl U~lJ m l'lfli lU 

". . 
3.6.5 mj1111'\1~i'h'UViiMClfhmhflm'\l1l'ili n,n)11ilfl'Ul\PllCllm:::~11iltll'\1~1~tJlI 



62 

.c!I ,. d QI 1.c!I ~ GJ 1 ,. ~ .c!I QI fI 
12 lflflU tfltlm'U~1fltlN lflflU":: 1 flH tUU~":::~fl tfltl1'HHllfHfl tlU fJ 1Jill 'WU1i 'W.ff 

"'! 4
2550 tHlflflU1Jmlfl1J 'W. ff. 2551 
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, 
'UYlYl"" 4 

~ ~ 

4.1 f1f,\ul1'ft'lhm~~l'\.muJm'ft &f1ihm~;lm'ft'lJH'I.h~m1'UU'J.hh l'U~ 
q 

~ ~ . 
flWfl1Vllhutl'lmhJl1 'tI'I' 'U 10 ll~t~'lJ~,.;ltldl'1' 'U ff1'U l1 i lHH·hml'1,"r1~tl'lJ1:1':il'lf1il;j 

'lJ~ nwuti'loM'1'I'H1Jtl'lJ 'l!1'U 'U 1'ff'U l1J 'VhtimHr'l~1:11~ ll..l~1&~tl'lell&.fltlt 'tim 1~ 'l!1'U 'U lt~tl'l l~lhfl 
'jJ .e:t,.e:t, g}, g} I 91' ~ ,.a. QI tI .& 

UOJf'l 'lJ1'U~llJtJ 'Hl~1'il~':il 'lJ1'UfJ1J "JI1J'lf'U'H1tJiH U1:1~'lJl'U~l'U ~'1U~t~tl'UfJ1Jfl1Vl'U1i 2550 t1'1 
~ ~ 

t$itl'U1Jmlfl1J Vl.fl'.2551 ':i11J 12 t$itl'U 1~m~'lJ~1tldl'11hYlm$itl'U flWfl1VllhYll'lfl1tJfl1Vl tfliJ U1:1~ 
t:S d QI ~ 
'lf1fl1Vl'lJl'1,.h~fl1':i tll'U~'1'U 

4.1.1 P'lW'H .fllJtl1fl1fl' Vl'lJl1tlW 'H .fllJtl1fl1fl'll:::tll~tJ'Uull1:1'1 i lI~l1Jn~ fl11:1~tliJ~l 
~ ~ q ~ ~I~ 

QW'HtJlJ~l~"X~ ''Uq~'H'Ul1 U1:1~~'1~"X~ ''Uq~!tl'U QW'H tJlJtl1fl1fl'tl~''U'li1'1 21.7-39 DC iJ~lm~tJ . 
30.66 DC iJ ~li1M~l'U (median)* 31 DC (fl1Vll1 6) 

'j/ 'j/, '1 

4.1.2 QW'HtJlJ111 Vl'lJl1QW 'H tJlJ111iJ~ltll~tJ'UUlI1:1'1~11Jq~fl11:1 l!'U~tliJ~l~l"X~ 1'Uq~ 
, ~ . 

'H'Ul1 U1:1:::iJ~l'ff'lmfll1'ff~''Un~!tl'U tlW'H.fllJ111'il~tld''U'li1'121-35 DC ~lm~tJ 27.26 DC iJ~li1M 
qJ II °1 qJ q qJ CU . 

~1'U 27.75 DC (.fl1Vll1 7) 

, .&..d I &I I.&..d, .& ~ .cS1 

4.1.3 mfl111J 1:1fl'YlU'ff 'I 'fftl'l t1'1 (seeehi depth) mfl111J1:1 fl'YlU 'ff 'I 'fftl'l m'Yl'l'H 1J~ 1Jm... 
~ 

~'1U~ 9 -105 em iJ~lm~tJ 33.79 em ~li1M~l'U 28.5 em Vl'lJl1~lfl111J~fl~U'ff'lfftl'l~'1iJ~1~1''U 
'j/ 'j/ iI 'j/ I 'j/ 

.. I QI..c:! oC:rto g} oC:rto" 0 ... 1 QI t:S 0 t:SlJ1 cd .& 
q~H'U 'Yl'l'UtVl':il:::tfl~fl1':i'lf:::1:11'1~:::fltl'U ~'U 1:1'1~U 'H1:1'1'U 1 lJ':i~fltl'lJfl'lJ1Jm:::U 'ff'U 1'Yl ! 'H1:1t ':i 11Jlfl'tl'U 

~'1111 t "rJliJfl111J~'U 1J1fl~'U ff'lH1:1 t "r~lml1J~fl~U 'ff 'I fftl'l~'1' 'UU'H ci'lJliJ~l~l t 'U q~ ~'U ~'1 ff'lH1:1 
~ ~ ~ ~ 

t"r i~tl~~tl1J~'U~tl'l111U 1:1~ 'ffl'H~ ltJ'tI'U1~ t mut 'il~tu i~'I!tltJ1J1fl l1'1U tVl':i l~iJlI~1J1W 'tI tl'll! 'ff '11:l.i 
u u 

tl'ltJ'IVltl~ tlfl1':i iY'I tfl':i 1~11 ~1tJU 'ff 'I ~':i '1tl'U ~l1Jtl 'lJ 'l 'U q~'H 'U 11l!1:1::: q~ !tl'U Vl'lJ 11~lfl111J~fl~U 'ff 'I 

I & t:S I J -: ~ J Js ll] 14 ': tq 'jJ.& 0 'jJ.c:! ~ 
'fftl'l t1'11J m 'ff'l 'tI 'U 'U 1 ! 'ff'tl'U t'U tl 'I 11 lfl !ll 1J ~'U ~ mt 1:1~ m~u'ff'U -I ! 'H 1:1 'lfl 'il 'I 'Yll t'H 1J fl1 ':i t1l':i tu 'tI tl'l1~ 

OJ u 

~ ~. ... '" _I'" 1'1- 1 ~ .. ~ 1'1- 1 • '" '" i ~ ~ '" 
'lJijl,!'l\1H)\I'VllfHil1t1U1WIU~1lJlJ 11J131111ffiJ1f) IlJ14ijtl 'H1ij lllf)14ij tI IlJ lJlf) 1I'l~l'11lJ1itlil14tI\I'i1'llJ11tl 'IfllJ14 ~lll 'Vl14 

'j/ 111 'j/ ~ I d i d.d 'j/ d d.e..e. ~ Q d.d'j/ Q.I d J ~" 
'lJij\l'IJij lJ'l I~!lJ 14 ij tll\l~ 14 m 31 'Vl 'lJij lJ'llJ f111 m~ III tI'Vl ~~1J f)~ 'II\Iijlllif)~ III f)f)lHllJ 'lJijlJ'l U1\1 ~ 1 lJl'11 lJl f)'H1 ij 14 ij tlllu 

~ ~ ~ 
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)1	 j/ I 'JJ 

tJ 1Inl::;~1'H'i 1t1't1'U WI 'lmuijf11'j 1'il~tlJlJlf1;j'U I'Utl~ 'il1mH lJ1tull~ ~dtl ~~~ iiJ'l'Ulmri~tJ1ijfl11lJ
u u 

mlJl::;~lJ~tlf11'jff~lfl'j1::;l1'1l~~lJ1f1f1'",h'l'Uq~N'U (m'V'l~ 811~::; 9) 

d :	 I d :~ ~I 
4.1.4 f111lJl'j1't1t1~m~1l~'U1(water current) fIlfl11lJl'j1't1t1~m~II~'U1'Yl~'HlJ~lJfIl 

",	 " 
19l~1l~ 0.16 - 0.64 m/s ij~ll\l~t1 0.3 m/s ~l1JTW!l'U 0.295 m/s i~t1'V'llr;h'l'Uq~N'Um~1l~tJ1i'H~ 
d d .:!I tq ,., d 'l 3J .:i.c:t OJ tlQ./' .t!:!i .dQI 

1'j1'Yl "!~ 'jtl ~ ~~1J1f1t1q~'H'U11 ll~::; m~ 'll'1'Yl "!~ 'U q~'j tI'U C)f ~lJfl11lJ ~lJ'V'l'U Iif1UfIlfl11lJ~ f1'Ylll~ ~ 

. " " 
dtl~~~ (m'V'l~ 811~~ 9) 1l~~~1'l'j1f11'jI'il~\Y'tItI~i~tI::;l'ltllJ-rl'UYltI~tJ111~~~1'H'i1t1't1'U1~'lmy(m'V'l . , 
~ 28 ll~~ 1'l1'j1~~ 14) 

4.1.5 ~1f11'jtJ1i'VHh (conductivity) 'V'lU11~1f11'jtJ1ivJVhtl~'l'U'lh~n-305 /ls/cm ij 
•	 , " J/ 

~1l\l~t1 181.225 /ls/cm ~liJTW!l'U 193.5 /ls/cm i~t1'il~ij~1I'11,,!~'l'Uq~N'UYf~UI'V'l'j1~ln~f11'jI~tI 
)I I ~ )I 

'il1~ 'il1f1tJ1 N'U~I'lf1~ ~~ll~tJ 1i 'tI~II~::;'j~ ~lJ'U 1'l 'U q~N'Uijfl11lJ ~ ~1J1f1f111q~'H'U 1111~::;q~{tI'UlJlf1 

lrl til~h ~q ~ 'H 'Ul1'V'lU 11~1f11'jtJ 1i vlVl1't1 tI~J1 'il~ ij~l ~ ~~ "!~ ll~ ~ l~ lJ ij ~ 1~~~ ~ l~ m!tI mrltil~1~q~ 

{tI'U i~t1~'V'lU11~1f11'jtJ1 ivlVl1ijfl11lJl;ym:j''U IiI~~U1f1fiuiJ~1J1tu i 'U11'l'j'Yl tltI{hvltlfflvll'l (m'V'l~ 
" "	 . 

11,12,20,21, 22 ll~~ 23) 11~~f11'jI'il~\Y'tItI~i~tI~l'ltllJ-rl'UYltI~tJ111~~~1'H'i1t1't1'U1~'lmy(m'V'l~ 

28 lm~ 1'l1'j1~~ 14) IrltlliJ~ t1UI~t1U~1f11'jtJ1ivlVl1 'l'Ufl~N'UlI~~fl~ll~~ 'il~'V'lU11 'l'Ufl~ll~~ij~l~~
~I qJ ~I cu	 ~I cu cu 

I d.e:::t.d .t!t	 .c:i Q J tq 3JI	 , 
Im~fIl'YllJfl11lJ(l'tltJ~f11'j'V'lUlJlf1f1t1 'll'1~ 210-230 /ls/cm ll~~ 230-250 /ls/cm C)f~lf1~'tI'U ~~1J1m1 

I )I j/	 I 

'lf1~fl'U ~11J1'Jtlu~:J1i¢(11tJ1ijtJtum'V'liJ1'Uf1~1~i1~i~~ (f1'j'jtl!f11{ ff~ff~l1', 2525) (m'V'l~ 12) 

4.1.6	 ~1f111lJl~'Umf1 fi1~ (pH) ij~ltJ~'j~'H11~ 5.8-11.5 ij~1l\l~t17.4n fl11JTW!1'U 

" " " 7.385 'V'lU11fil pH ijfl1~ ~ 'l'Uq~'H'U11Yf~uijfl11lJffm:r'UIiI~~U1f1fiUf11'j1'il~\Y'tItI~ i~tI~l'ltllJ~'U 
"	 ,.

Y1t1~tJ111~~~1'H'i1t1't1'U1f1'lmy 1l~~fl1m1lJl~'Ufi1~(m'V'l~ 13, 14, 28 ll~~ 1'l1'j1~~ 14)) 

4.1.7 fl1f111lJl~'Ufi1~ (alkalinity) 'V'lU11ijfl1;~1l~ 19.44 -120.66 mg/l 'l'U~iJ'tItI~ 

CaC03 fl11~~t1 52.98 mg/l 'l'U~iJ'tItI~ CaC03 fl11JIitl!1'U 50 mg/l 'l'U~iJ'tItI~ CaC0
3 
i~t1ij 

f111lJ iY'm:j''U IifiUfl1f111lJ 1~'U m f1fi1~ 11~~f11'j I'il~ tIJ'tItI~'~ tI~1'l tlllll~~ ~1'H 'i1t1't1'U1~ 'lmu i f1t1~1 
u	 u 

m1lJl~'U fi1~ 'il~ijfl1~ ~ 'l'Uq~N'Ucit~ijf11'jI'il~ty'tltl~ i ~tI::;l'ltllJll ~~ ~WI 'i 1t1't1'U1~ 'lmy'l'UiJ~1J1tulJlf1 .	 , 
(m'V'l~ 15, 16, 28 ll~~ 1'l1'j1~~ 14) 

. "	 " 
4.1.8 iJ~1J1tutltlf1c)fI'il~~~mtl'l'U'l.J1(dissolved oxygen, DO) 'V'lU11~1 DO ijflll9i~ll~ 

3.4 - 11.60 mg/l ij~ll\l~t1 7.64 mg/l fl11JTW~1'U 7.68 mg/li~t1'il::;ijfl1~~'l'Uq~'H'U1111~~q~~tI'U 
OJ.e:::t I ~ 'l .. I.c:i.e:::t Q,I tI Q.I Q lI) ~ iJ: ,

ll~ ~ lJ fill'll 'U q ~H'U C)f ~lJ f111lJ ~lJ'V'l 'U Ii f1U f11'j I'il 'j ty'tl tI ~ ~ f1 tI ~I'l tllJ'V'l'U 'Yl tI ~ 'U 111~::; ~1'H 'j 1t1't1 'U 1~ 

'lmy (m'V'l~ 17, 2811~~ 1'l1'j1~~ 14) 
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.1 0' ~ 0' Q 01 .. 

4.1.9 11lt:l'H91U~f1111Jt:l1J9I1'\1t:l'Hlt:lfl91HIU (percent oxygen saturation, % O2 
~ .	 1,	 4' QI , 4' ol:S • GJ 0<$

saturation)'W'lJ111Jfll91~U~ 41.92-152.54 % 1JfI11~HW 94.47 % fI11J1H.1jl'\.J 96.255 % IfHJ~::1Jfll'i 

1,j~{/'\.Jl!,j~H 
"4Q1' d 

f1m(JfI"~fl'lJfl1 DO (fll'W't1 18 U"t 17) .	 ~ 

4.1.1 0 ,ji1JlWt:lt:lfleifl'lU.yj,ilUl1~~H'Ufll'i cit:l(Jff"l(Jffl'iVU't1~ 61'\.JUl (biochemical 
~ . 

oxygen demand, BOD) 'W'lJ11fh BOD ihh~~ul9i 0 - 8.44 mg/l fllm~(J 1.72 mg/l fl1~1WjlU 1.2 

0<$ I 'I I .1	 ' .1 ".ok I 01' 0<$

mgll19I(J~:;1JfI1'iJ~ l '\.J ')j'1~1I"1(J'\It:l~q~l1 '\.Jl1U"::')j'1~1I"1(J'\Imq~'i t:l U91 ~')j'1~n"191~flm1'l::1Jfll'i 

V11V'Ilt:l-3ffll1i1V'UUl911mul'\.J,j11J1W1Jlfl (m'W~ 19 U~~ 911'i1-3~ 14).. 
~ 

4.1.11	 ,j11Jlf1Wt:llhnt:lffln~ (soluble reactive phosphorus) 'W'lJ':hij,j11JlW~~U~ND 

.tI d _ ,,q Y 4 
. l' 01 '" .c:s' 4

. 
(not detect l1'it:l1J1I'i1J1WU t:l(J~Ulmt:l-3 1Jffl1Jl'i()~'i1~191 91) - 0.5842 mg/l1JfI1IU~(J 0.12 mg/l 

~ ~ 

fll1i'lWjllJ 0.06 mg/I 1If)vllJ,f1-31Jm[J'\It:l-3q~HlJ~::Ufll\1~ii'~ihvnl:;Uflln::-tl'1~'Ut:l~nt:lffln~ 

91fl'Jl1J')j''\.J~~~U1iJ1~t:l1Jlldt:llflflfll'i1'l1ty'\lmff1whv'UlJ1Vlhy qj1Jlfl~lJ ,j11J 1W t:lt:ll11int:lff1'Yl~ 
" • I	 • 

~::"Ifl ,,-3 U":: 9::Ufl1'iJ~flflfli'~1;jt:l111JlflVlfll'i~1[J'Ut:l~ffll1 i 1{/'\I'\.J lV11my1lJ ,f1~q~rt:llJ (fll'Wri 20, 
,J 

21 u,,:: ~l'il~'t1 14) 
or	 • 

4.1.12 1U19l'i11 (nitrate) 'Wld1Ufl1~~U~ ND -19.172 mg/l U fl1m~[J 3.75 mg/l 

fll1i'1i[Jj1lJ 2.23 mg/l1If'lvijfl1~-31lJ,f1-3q~HlJ U"::~9I"-31Jlfl1'\.Jq~l1'\.J11~~'W'lJfll'iI'l1qj'Ut:l~ ilfl 
~ ~	 ~ ~ ~ ~4"	 i0 I ~ t Qld	 .4 'JI 0 ,

t:l::V1t:l1J'WlJ 't1 t:l~lJ lU":; ffll1 'i 1fJ'\I'\.J 11fl l l1ty1J 1fl'YI~lJ l'Vn1:: If'lt:l:: VI t:l1J 'W lJ 't1t:l~lJ 111,,:: ffll1 'i l[J'\IlJ 11f'l 
~ 

111~1fl"hLt:l1 1lJl~'i't1 ',jl.nlJf)l'i1'il1ty~~lh 1l11lJlVlnl1lJ111"If'lM ~t:l1J1 1lJ'lh~,jmfJ'Ut:l~qtlrt:llJ 

,ji1J1W ilJl~'i't1'il::I~1JI~1J~lJflflflf~Ii1t:l~'il1fl!fllflfll7~1(J'\It:l~ffmil{/'\IlJ11f)1l1qj (m'W~ 22, 23 
,J 

Uil:: 1Pl1'iH't1 14) 
~ 

4.1.13 1Ji1JlWflilt:lhfJmf It:l (chlorophyll a) 'W'lJ'hijfl1~-3UI9i0.001 - 4.44 ~g/l ij 

fhm~fJ 0.49 ~g/l fl1~1ifJjlU 0.001 ~g/l1If'lfJ~Ufl1'J~1u,h~,jmfJq~l1lJ11~m::llJ'lh~q~rt:llJ~~ 
~ ~ . 

tl1J~unti'lJfll'il'il1qj'\lt:l~'f1t:l::~t:l1J~lJn'tJ-3l1lU"::ffmi1[J'\J1Jl9l1l1qj (fllViVi 24,25, 28 U~:: ~l'iH 

~ 14) 
~	 ~ 

4.1.14 ,ji1J1W1f1ilyJt:l11JU'lJflViiivii'-3l111Vl (total coliform bacteria) Vilr:huth~~u~ 

<30 - ~ 24,000 MPN/100 ml Ufllm~[J 2,772 MPN/IOO ml fl1~1ifJjlU 930 MPN/I00 ml 11f'lfJUfl1 

ff-31lJ'illfl~ 10 (U'l'ij~lU thlflt:l1'\1~I~fJ1J) ~~ij')j'1J')j'lJt:l1ff[Jt)dt:lfh~l11J1mlull"::1lJ 'ilfl~ 7 (1111fl1i
• q!	 CI qr " 

fl'il Vlult:l1'\1~I~[J~), ~If'l~ 8 (U'llJ~1J VllfltJ 1'\1~I~[Jll) U~~~If'l~ 9 (,j1lJ,r':l[Ji~ V'llfltJ 1'\J~1~(J1J) 
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"\.U~6'U~q'l:lfllfl1J~~LrI'U'lf1~L1"1'lf1~L1"1~~f1rll1'il~1j~1J'lf'UijtJ1J1J1Lrl'UJlU~L1W'''L~U~16dl~ 
~~f1rll1LrI'U~1'U1'U1Jlf1 (f1TW~ 26) 

4.1.15 1J~1J1W~fi"lfllh'~6f1JLLuflni~tJ (fecal colifonn bacteria) ~u'h1J~1J1tU~fi"lfl 

i1~61tIUUflnLitJ6d''U'lf1~<30- ~ 24,000 MPN/I00 ml1jfllLU~tJ 2,712 MPNIlOO ml fll1J1itJjl'U 

840 MPN/l00 mllf1tJfll':i11J~tJ'UU1J"~'U6~1J11J1WVJfi"1flihoJ6f1JUUflVhi tJiifl111J H1J~'U~1;~U1f1 
" , II • 

tiU1J11J1Wlflli~611JuUflnLitJn~111JflYi~U''UUl (fI1~Vi 26 u,,~ 27) 
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, ~Hl~\91 flll~'U ~fl,:nf1~ Vl1J~~l1llfl\91~Hlflf11l1 ~tJhm'inw !!rI ~ ~1~ l1ll fl1J ,j'1'U 'U 1ff'U III 

'YhI1flml~\91mfl't 'U I9i";1L11fl~fl1Ul flt '\lll l1ii ,j'1'U 'U 1111fl~ lf1thf111G}l~ ,j'1'U \911ll tJ l11f11~\91l1 ,j'1'U rill.. .. 
'j/ 'j/ lIJl 'j/ I ~ I~ evrl ~~ b1 

1J1'UWW Irlll~~1J1'Ufl1'U \91~1l\911flfl'Uf1llfl1Vl'U1i2550 ~~lflfl'Ullm1f1ll Vl.fl'. 2551 Vl1J Iflfl~\91flll•
 
" " "
 lil'U~fl~'\.hn~l1llfi 307 "Il'tJfll~'U'f1fl~\91flll1.h~lfl'Ylcentric diatom 4 "Il'tJflll~~ pennate diatom 

I )1)1, )I )I 

303 "Il'tJ fI (\911 H'¥i 9) 'f1fl~\91flll~'U~fl~tJ1"1l'tJfll~'U'¥iVl1J't 'U f1nl~tJfI i'~i1 '~llrl Gomphonema 

"l
lagenula Kiitzing lfl~~~lllf1fl Navicula rostellata Kiitzing, Nitzschia palea (Kiitzing) W. Smith, 

Luticola goeppertiana (Bleisch) D. G. Mann, Nitzschia liebetruthii Rabenhorst, Sellaphora 

pupula (Kiitzing) Mereschkowsky, Navicula erifuga Lange-Berta1ot, Cymbella tumida (Brebisson) 

Van Heurck, Gomphonema clevei var. javanica Hustedt, Cymbella turgidula Grunow, 

Gomphonema pseudosphaerophorum Kobayasi, Pinnularia subcapitata Gregory, Amphora 

montana Krasske, Rhopalodia gibberula (Ehrenberg) O. F. Miiller, Nitzschiafiliformis (W. Smith) 

Hustedt, Bacillaria paxillifer (O.F.Miiller) T.Marsson, Navicula cryptotenella Lange-Berta1ot ll~~ 

Gomphonema sp.2 (?nov.) UBU-MK3 \911llr;l1~1J (\911l1~'¥i 10) 

" " t 'U GJfd~tJ m tJ q~ ~'U ~flfl1J~ 'U q~l1 'U 1dVl1J";hijf1 n 111 'itlJ'\l fl~' fI fl~\91 fllllil'U ~fl~ tJ1ll1 f1 

~~~Oi'j/~ .d~1 ~ til ~'j/ :lI)'J/d ..JQlQI 

llJ H~ll~'Yl1 mf1f1fffl1d~'Yltflfl\91flf11l11lltlJ'\lfl~Iflfl~\91flllVl'U'Ylfl~'U1 lflfl i 'U 'Yl1~f1~1Jf1'U i 'U q~~'U G}I~ 
)I , )I )I I 11 
o lIJ d d 1 ... I~ t ~ ~ 'j/ 0 0 ~ 0 i 3111] "l 

m~Uff'U1Il1m"ll'tldlJlf1U~~llfld1ll'lJ'U".X~ lJlll1W!!ff~fffl~~~Vl'U'Ylfl~'U1\9111l~'Yl1l11flfl~\91flllVl'U 

" ,
~fl~tJ111l'ity'~'li~i'Uq~~'U (fI1Vl'¥i 23) 
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Division Bacillariophyta 

Order Centrales 

Family Melosiraceae 

Aulocoseira granulata (Ehrenberg) Simonsen 

Melosira varians C. Agardh 

Family Thalassiosiraceae 

Cyclotella meneghiniana F.T. Kiitzing
 

Cyclotella stelligera Cleve & Grunow
 

Order Pennales
 

Family Fragilariaceae
 

Asterionella formosa Hassall 

Diatoma ehrenbergii Kiitzing 

Diatoma hyemalis (Roth) Heiberg 

Diatoma vulgaris Bory 

Fragilaria biden Heiberg 

Fragilaria capucina var. gracilis (Oestrup) Hustedt 

Fragilaria capucina var. mesolepta (Rabenhorst) Rabenhorst 

Fragilaria capucina sensu lato 

Fragilaria construens f. venter (Ehrenberg) Hustedt 

Fragilaria famelica (Kiitzing) Lange-Bertalot 

Fragilariafasciculata (Agardh.) Lange-Bertalot 

Fragilaria goulrodii (Brebisson) Lange-Bertalot 

Fragilaria lapponica Grunow 

Fragilaria nanana Lange-Bertalot 

Fragilaria pinnata Ehrenberg 
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Fragilaria pulchella (Ralf ex Kiitzing) Lange-Bertalot 

Fragilaria sp.l 

Fragilaria sp.2 

Fragilaria subsalina (Grunow) Lange-Bertalot 

Fragilaria ulna var. acus (Kiitzing) Lange-Bertalot 

Fragilaria vaucheriae (Kiitzing) Petersen 

Fragilaria vivescens Ralfs 

Synedra ungeriana var. pseudogaillonii (H. Kobayasi et Idei) 

Family Eunotiaceae 

Eunotia arcus Ehrenberg 

Eunotia erista-galli Cleve 

Eunotia exigua (Brebisson ex Kiitzing) Rabenhorst 

Eunotia monodon var. tropica Hustedt 

Eunotia muscicola Krasske var. muscicola 

Eunotia pectinalis var. undulata (Ral£) Rabenhorst 

Eunotia tenella (Grunow) Hustedt 

Eunotia cf. tschirchiana O. MiilIer 

Family Achnanthaceae 

Achnanthes crenulata Grunow 

Achnanthes deflexa Patrick in Patrick & Reimer 

Achnanthes exigua Grunow 

Achnanthes cf. eutrophilum (Lange-Bertalot) Lange-bertalot 

Achnanthes holstii Cleve 

Achnanthes inflata (Kiitzing) Grunow 

Achnanthes lanceolata spp. biporoma (Hohn & Hellerman) Lange-

Bertalot 
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Achnanthes minutissima var. affinis (Carter) Lange-Bertalot 

Achnanthes minutissima Kiitzing 

Achnanthes oestrupii (Cleve-Euler) Hustedt var. oestrupii 

Achnanthes robusta var. robusta Hustedt 

Achnanthidium minutissimum var. 

Achnanthes ventralis (Krasske) Lange-Bertalot 

Achnanthidium minutissimum var. minutissimum (Kiitzing) Czamecky 

Cocconeis placentula Ehrenberg 

Planothidiumfrequentissimum (Lange-Bertalot) Round & 

L.Bukhtiyarova 

Family Naviculaceae 

Amphora copulata (Kiitzing) Schoeman & Archibald
 

Amphora cf. delicatissima Krasske
 

Amphora inariensis Krammer
 

Amphora libyca Ehrenberg
 

Amphora montana Krasske
 

Amphora pediculus (Kiitzing) Grunow
 

Amphora submontana Hustedt
 

Anomoeoneis brachysira (Brebisson) Grunow
 

Caloneis molaris (Grunow) Krammer
 

Craticula cuspidata (Kutzing) D.G.Mann
 

Craticula halophila (Grunow) D.G.Mann
 

Craticula sp.l
 

Diploneis elliptica (Kiitzing) Cleve
 

Diploneis marginestriata Hustedt
 

Diploneis parma Cleve 

c 
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o ..., ... 

t11Y1'U'nH8~fl'nJltilU 

Diploneis sp.1 (?nov.) spec. 

Diploneis subovalis Cleve 

Frustulia amosseana Lange-Bertalot 

Frustulia rhomboides (Ehrenberg) De Toni 

Frustulia saxonica Rabenhorst 

Frustulia sp.1 

Frustulia weinholdii Hustedt 

Geissleria decussis (Hustedt) Lange-Bertalot & Metzeltin 

Geissleria similis (Krasske) Lange-Bertalot & Metzeltin 

Geissleria sp. UBU-MK1 

Gomphonema acuminatum Ehrenberg 

Gomphonema augur var. sphaerophorum (Ehrenberg) Grunow 

Gomphonema augur var. turris (Ehrenberg) Lang-Bertalot 

Gomphonema bavaricum Reichardt & Lange-Bertalot 

Gomphonema clavatum Ehrenberg 

Gomphonema clevei var.javanica Hustedt 

Gomphonema aff. entoleum Oestrup 

Gomphonema gracile Ehrenberg 

Gomphonema gracile f. turris Hustedt 

Gomphonema insigne Gregory 

Gomphonema lagenula Kiitzing 

Gomphonema minutiforme Lange-Bertalot & Reichardt 

Gomphonema minutum (C.Agardh) C.Agardh 

Gomphonema olivaceum var.olivaceolacuum Lange Bertalot&Reichardt 

Gomphonema parvulum var. exilissimum Grunow 

Gomphonema parvulum var. parvulius Lange-Bertalot & Reichardt 
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Gomphonema pseudoaugur Lange-Berta1ot 

Gomphonema pumilum (Grunow) Reichardt & Lange-Berta1ot 

Gomphonema sp.l UBU-MK2 

Gomphonema sp.2 UBU-MK3 

Gomphonema sp.3 

Gomphonema spA 

Gomphonema sp.5 

Gomphonema sp.6 

Gomphonema subclavatum (Grunow) Grunow 

Gomphonema tergestinum f. subrostrata E. E. Manguin 

Gomphonema truncatum Ehrenberg 

Gyrosigma scalproides (Rabenhorst) Cleve 

Gyrosigma spencerii (Quekett) Griffith & Herfre 

Luticola goeppertiana (Bleisch) D. G. Mann 

Luticola cf. monita (Hustedt) Mann 

Luticula nivalis (Ehrenberg) D.G.Mann in Round, Crawford & Mann 

Luticola peguana (Grunow) D.G. Mann 

Luticola saxophila (W. Bock) D. G. Mann 

Navicula aquaedurae Lange-Berta1ot 

Navicula angusta Grunow 

Navicula begerii Krasske 

Navicula canoris M. H. Hohn & Hellerman 

Navicula cantonatii Lange-Bertalot 

Navicula capitatoradiata Germain 

Navicula caractacus M. H. Hohn & Hellerman 

Navicula cataractarheni Lange-Bertalot 
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Navicula catalanogermanica Lange-Berta1ot & Hofman 

Navicula contenta Grunow 

Navicula cryptocephala Kiitzing 

Navicula cryptotenella Lange-Bertalot 

Navicula cryptotenelloides Lange-Bertalot 

Navicula declevis Hustedt 

Navicula densilineolata (Lange-Bertalot) Lange-Bertalot 

Navicula dicephala (Ehrenberg) W. Smith 

Navicula elginensis (W.Gregory) Ralfs 

Navicula erifuga Lange-Bertalot 

Navicula escambia (Patrick) Metzeltin & Lange-Bertalot 

Navicula expecta Vanlandingham 

Navicula germainii Wallace 

Navicula gottlandica Grunow 

Navicula halophila (Grunow) Cleve 

Navicula heimansoides Lange-Bertalot 

Navicula hintzii Lange-Bertalot 

Navicula humerosa Brebisson ex W. Smith 

Navicula kotschyi Grunow 

Navicula krasskei Hustedt 

Navicula lanceolata (C. Agardh) Kiitzing 

Navicula leptostriata Jorgensen 

Navicula mediocris Krasske 

Navicula menisculus var. grunowii Lange-Bertalot 

Navicula menisculus Schumann 

Navicula nivaloides Bock 
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o OJ ... 

t'l1~'l.J'J1Ht'l'"fl'n-lll 1'U 

Navicula notha Wallace 

Navicula	 oppugnata Hustedt 

Navicula parablis Hohn & Hellennan 

Navicula phyllepta Kiitzing 

Navicula pseudosilicula Hustedt 

Navicula pupula Kiitzing 

Navicula pusio Cleve 

Navicula radiosafallax Lange-Bertalot 

Navicula recens Lange-Bertalot 

Navicula reichardtiana var. erassa Lange-Bertalot & Hofmann 

Navicula rhynchocephala Kiitzing 

Navicula rhYlichotella Lange-Bertalot 

Navicula rostellata Kiitzing 

Navicula seibigii Lange-Bertalot 

Navicula simulata Manguin 

Navicula sp.1 

Navicula sp.2 

Navicula sp.3 

Navicula spA 

Navicula sp.5 

Navicula sp.6 

Navicula striolata (Grunow) Lange-Bertalot 

Navicula subadnata Hustedt 

Navicula tripunctata (0. F. Muller) Bory 

Navicula trivialis Lange-Bertalot 

Navicula upsaliensis (Grunow) Peragallo 

Navicula viridula var. linearis Hustedt 
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Naviculadicta nanogomphonema Lange-Bertalot & U.Rumrich 

Naviculadicta sp. 

Neidium cf. affine var. humerus Reimer 

Neidium amphiatum (Ehrenberg) Krammer 

Neidium binodeforme Krammer 

Neidium cf. dubium (Ehrenberg) Cleve 

Neidium hitchcockii (Ehrenberg) Cleve 

Neidium iridis (Ehrenberg) Cleve 

Neidium productum (W. Smith) Cleve 

Neidium sp.1 

Neidium sp.2 

Neidium sp.3 

Neidium spA 

Neidium sp.5 

Pinnularia acrosphaeria W. Smith var. acrosphaeria 

Pinnularia bourrellyi E. E. Manguin 

Pinnularia brebissonii var. acuta Cleve-Euler 

Pinnularia divergentissima (Grunow) Cleve var. UBU-MK5 

Pinnularia emilia var. spec 

Pinnularia grunowii Krammer 

Pinnularia latarea var. thermophila Krammer 

Pinnularia maior (Ktitzing)Rabenhorst 

Pinnularia microstauron (Ehrenberg) Cleve 

Pinnularia cf. microstauron var. rostrata Krammer 

Pinnularia polyonca (Brebisson) W. Smith 

Pinnularia schimanskii Krammer 

Pinnularia stricta Hustedt 1934 
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Pinnularia subcapitata Gregory 

Pinnularia subrostrata (A. Cleve) Cleve Euler 

Placoneis bengalensis Grun 

Placoneis clementis (Grunow) E.J. Cox 

Placoneis constans (Hustedt) E.J.Cox 

Placoneis constans var. symmetrica (Grunow) Cox 

Placoneis gastrum (Ehrenberg) Mereschkovsky 

Placoneis sp.l 

Placoneis sp.2 

Placoneis sp.3 

Placoneis subplacentula Hustedt 

Sellaphora bacillum (Ehrenberg) D.G.Mann 

Sellaphora cf. bisulcatum 

Sellaphhora chiangmainensis 

Sellaphora cf. gibbula Lange-Bertalot 

Sellaphora pupula (Kiitzing) Mereschkowsky 

Seminavis strigosa (Hustedt) Danieledis & Economou-Aneilli 

Stauroneis anceps Ehrenberg 

Stauroneis smithii Grunow 

Family Bacillariaaceae 

Bacillaria paxillifer (O.F.Miiller) T.Marsson 

Entomoneis alata (Ehrenberg) Ehrenberg 

Hantzschia amphioxys (Ehrenberg) Grunow 

Hantzschia distinctepunctata (Hustedt) Hustedt 

Nitzschia amphibia Grunow 

Nitzschia amphibia f. rostrata Hustedt 

Nitzschia calida Grunow 
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o 

Nitzschia capitellata Hustedt 

Nitzschia dausii Hantzsch 

Nitzschia dealpina Lange-Bertalot & Hofmann 

Nitzschia dissipata (Kiitzing) Grunow 

Nitzschia diversa Hustedt 

Nitzschia draveillensis Coste & Ricard 

Nitzschia elegantula Grunow 

Nitzschiafilijormis (W. Smith) Van Heurck 

Nitzschia/onticola Grunow 

Nitzschia heujleriana Grunow 

Nitzschia intermedia Hantzch ex Grunow 

Nitzschia levidensis (W. Smith) Grunow 

Nitzschia liebetruthii Rabenhorst 

Nitzschia littoralis Grunow 

Nitzschia microcephala Grunow 

Nitzschia nana Grunow 

Nitzschia obtusa W. Smith 

Nitzschia palea (Kiitzing) W. Smith 

Nitzschia reversa W. Smith 

Nitzschia scalpellijormis Grunow 

Nitzschia sigma/ormis Hustedt 

Nitzschia sigma (Kiitzing) W. Smith 

Nitzschia sigma var. rigidula (Peragallo & Peragallo) Grunow 

Nitzschia sinuata var. tabellaria (Grunow) Grunow 

Nitzschia subacicularis Hustedt 

Nitzschia sublinearis Hustedt 

Nitzschia virgata var. gracilis Hustedt 

o 
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PI11Hn9 ~1~1J'YIl'H)~mJJ11ilU'U{)~'m):::\PHJJJfi'Vl'IJiU~~I~'m;1mh,'j10 ~~ium,hh i'U~~hufi 

'11~HhW~~111~~1Jml~1ilU 'j:::l1'h~I~{)UflJJ.fllYl'U.fi 2550 ~~I~{)UJJmlflJJ 2551 (~{)) 

Tryblionella coarctata (Grunow) D. G. Mann 

Family Cymbellaceae 

Cymbella ajfinis Kiitzing 

Cymbe/la balatonis Grunow 

CymbeUa baucldi Van Heurck 

CymbeUa bengalensis (Grunow) Schmidt 

Cymbe/la cistula (Ehrenberg) Kirchner 

Cymbella cr. compacta Oestrup 

CymbeUa cucumis A. Schmidt 

Cymbella cymbiformis Aardh 

CymbeUa gracilis (Rabenhorst) Cleve 

Cymbe/la hungarica (Grunow) Pantocsek 

Cymbella laevis Naegeli in Kiitzing 

Cymbe/la neogena (Grunow) Krammer 

Cymbella schimansldi Krammer 

Cymbella silesiaca Bleisch 

Cymbella siliqua Archibald 

CymbeUa simonsenii Krammer 

CymbeUa sp. 

CymbeUa subcuspidata Krammer 

Cymbe/la sumtrensis Hustedt 

Cymbella tropica Krammer 

Cymbella tumida (Brebisson) Van Heurck 

CymbeUa tumida var. lancettula Krammer 

CymbeUa turgidula Grunow 

Cymbopleura sp. 

Encyonema dubium Krammer 
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gJl'n-1fJ9	 ih~1J'YI1~t"l'4m1l11i1\J'\JtHi~t"l~91t"llln'V'l1J1\J~~U~1J~1t"l~1~ 10 ~~ l\Julhh 1'\J~ri1\Ji1 

il1Cl~1\J')~l11~~1JCl':il~1ilij':i~l1'h~t~t"l\JfJllfl1i\J1i 2550 ()~t~t"l\Jllmlflll 2551 (~t"l) 

a 

o 

Encyonerna rninuturn (Hilse) D.G. Mann
 

Encyonerna silesiacurn (Bleisch) D. G. Mann
 

Encyonerna sirnile Krammer
 

Encyonerna ventricosurn (Agardh) Grunow
 

Encyonerna vulgare Krammer
 

Family Epithemiaceae 

Rhopalodia brebissonii Krammer 

Rhopalodia gibba (Ehrenberg) O. Miller var. gibba 

Rhopalodia gibberula (Ehrenberg) O. F. Muller 

Rhopalodia operculata (C. Agardh) Hakansson 

Epithernia adnata (Kiitzing) Br6bisson 

Epithernia argus (Ehrenberg) Kiitzing 

Epithernia cistula (Ehrenberg) Ralfs 

Epithernia diodon Ehrenberg 

Epithernia jrickei Krammer 

Epithernia goeppertiana Hilse 

Epithernia pectinalis (o.f.) Miiller Rabenhorst var. undulata Ralfs 

Epithernia sorex Kiitzing 

Family Surirellaceae 

Surirella angusta Kiitzing
 

Surirella biseriata Brebisson
 

Surirella capronii Brebisson
 

Surirella elegans Ehrenberg
 

Surirella rninuta Brebisson
 

Surirella sp.l
 

Surirella sp.2
 

Surirella sp.3
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~l'niln 9	 ~l~Urn'H)'4mtJ~hl'U'UeJ-:j ifleJ~~eJtJl1YlUt'U~flt~UI'i1eJV1-:j 10 ~fl t'UU1,hl11'U-:jri1'Ul1 

il11:H,h'U~-:jll')fleJU~'il6]11il'U 'i~ldl-:j~~eJ'UfltJfI1vr'Uyj 2550 ~-:jt~eJ'UtJmlfltJ2551 (1ieJ) 

Surirella spA 

Surirella sp.5 

Surirella sp.6 

Surirella splendida Kiitzing 

Surirella tenera W. Gregory 

.. ... 
ifl eJ~~ eJtJ6]1'11 fl~fi'U ~ltJ l'i tll11 i~lfltJf11'itJll'i1eJV1-:j ifleJ~~ eJtJyj'U YJeJ-:jtJl l1Yl Ut'U l'Jfl 

~flt~UI'i 1eJVHtt~~l'J m~eJ'U1J11~ml~M111 ifleJ~~ eJtJ6]1'11fl ~fi'U lfl tlt'1 tJ-:j ~1~ umtJ fl111J~ ~YlU 
odd ~ "" ~ .\ o'd 0' 111) J

(frequency) tt~~ ~1'U1'U'VlYlU1J1fl'Vll:!fl (max abundant) 9f-:jflfltU'Ut1JeJW]j''U~ YlU11IfleJ~~eJtJYl'U 

9J : 1	 GI l.d d ci tI d tid .d lJl ~ 9J : d 
'VleJ-:j'Ul ~1'U ImU'Vl fl11tJtI'U eJ-:jf11'iYlU~ -:j ~~tJttlm t9f'U ~ 'VlYlU1J1fl'Vl ~fl ~ -:j Ifl eJ~~eJtJ Yl'U 'Vl eJ-:j'\.J 1'VlYl U 

u cu	 q cu 

lJl~1 GI d cv I :~ cia d lJl~ 1 
IflUeJtJ 1'U~fl~flU~1eJtJlnn'Vl-:j 10 ~fl tt~~tJ~1'U1'U1J1fl'Vll:!fl IflUfl Navicula rostellata Kiitzing 

"'l 
'i'Cl-:jM1J1fleJ Gomphonema lagenula Kiitzing, Nitzschia palea (Kiitzing) W. Smith, Luticola 

goeppertiana (Bleisch) D. G. Mann, Nitzschia liebetruthii Rabenhorst, Sellaphora pupula 

(Kiitzing) Mereschkowsky, Navicula erifuga Lange-Bertalot, Cymbella tumida (Brebisson) Van 

Heurck, Gomphonema clevei var. javanica Husted tt~~ Cymbella turgidula Grunow, Rhopalodia 

gibberula (Ehrenberg) O. F. Miiller, Nitzschia filiformis (W. Smith) Hustedt, Bacillaria paxillifer 

(O.F.Miiller) T.Marsson, Navicula cryptotenella Lange-Bertalot, Gomphonema sp.2 (?nov.) UBU

MK3, Cocconeis placentula Ehrenberg, Melosira varians C. Agardh tt~~ Synedra ungeriana var. . 
pseudogaillonii (H. Kobayasi et Idei) ~ltJ~l~U (~l':il-:jl1 10) 
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VI11H't110 
111 l 9J : ~ , d tld,J d 
~ ~H)~IPI tl:lJ'W'W 'VI tl~'W 1'1f'W IPIllPl'W HfflPl~ ml:lJUU"~l1Jm lCJf'W IPIfll'j m ~ 'ill t1'V1'Q; ~ ~IPI 

I " •

1'W ~1PI1~m;1tldl~11'W1.J 1'Wmj'iJ11'\J~ ~i1'W11 h1,,~·h'W ~~'Vrj~HJl.J"'jl'1flilU 'j~'tdl~ 

"I "''' <il "IllPltl'Wfl:lJfl1'W'Wli 2550 U~llP1tl'W:lJmlf1:lJ2551• 

Dominant species frequency Diversity index Evenness 

Navicula rostellata Kiitzing 170 0.827 0.847 

Gomphonema lagenula Kiitzing 180 0.974 0.98 

Nitzschia palea (Kiitzing) W. Smith 261 0.981 0.985 

Luticula goeppertiana (Bleisch) D. G. Mann 201 0.986 0.991 

Nitzschia liebetruthii Robenhorst 82 0.953 0.965 

Sellaphora pupula (Kiitzing) Mereschkowsky 134 0.948 0.955 

Navicula erifuga Lange-Bertalot 172 0.762 0.858 

Cymbella tumida (Brebisson) Van Heurck 202 0.961 0.966 

Gomphonema clevei var.javanica Hustedt 194 0.881 0.908 

Cymbella turgidula Grunow 273 0.99 0.993 

Gomphonema pseudosphaerophorum Kobayasi 18 0.931 0.961 

Pinnularia subcapitata Gregory 35 0.774 0.802 

Amphora montana Krasske 6 0.323 0.404 

Rhopalodia gibberula (Ehrenberg) O. F. Miiller 157 0.947 0.954 

Nitzschia filiformis (W. Smith) Hustedt 143 0.957 0.964 

Bacillaria paxillifer (O.F.Miilleur) Hendey 156 0.967 0.974 

Navicula cryptotenella Lange-Bertalot 135 0.972 0.979 

Gomphonema sp.2 213 0.931 0.961 

Cocconeis placentula Ehrenberg 250 0.983 0.987 

Nitzschia fonticola Grunow 3 0.039 0.058 

Luticola sp.2 14 0.337 0.673 

Melosira varians C. Agardh 219 0.981 0.986 

Synedra ungeriana var. pseudogaillonii (H. Kobayasi et Idei) 170 0.97 0.976 

Encyonema sp.3 47 0.934 0.957 

Amphora pediculus (Kiitzing) Grunow 51 0.865 0.937 

Hantzschia amphioxys (Ehrenberg) Grunow 171 0.967 0.973 

Achnanthes lanceolata spp. dubia (Grunow) Lange-Berta1ot 87 0.846 0.907 

Navicula heimansoides Lange-Bertalot 85 0.923 0.934 
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ljj fl'\.J1 '1fl fl~1'I fllJ'vh.J ~fl~'\.J1l1~l1lJflVi'VfU hJ'VI fHlfll ~'lJ ~':H:ldl~ 'VI n9fl ml ~'VIm~fl'\.J lJ 1 
q q q q 

.e:::t. 0' CLI CLI tJ' oC::to.c:.i 0 fI d 0' '1 ~ fj} : d 
11fl'J 1~11111fll1lJ'fflJ'V'l'\.J 'Ii 1fltJl'1i Cluster analysis 1fltJ'\.J11tJ m 19f'\.JI'I'\Jfl~ flfl~1'I fllJ'V'l'\.J'VIfl~'\.J 1'V1'V'l'lJ 

'I c:l G' : <!I G" 1 'I ~1.1 "" "" dII "l 
t '\.Jl'J n~flln'lJl'llfl tJH l'J n9fl ml~l'Jmflfl'\.JlJ 11lfl n'.llJ fl tJ ~ 'If lJ 'J1I mlJ'VI H'fff:ll'l MVSP 9f~ tJfl 

G' 0' '1 .l 3J :' cicio =it fj} 11I oC::to d ,
11 ~ n 1n WCVI '\J fl~ n 1'J 'V'l 'lJ fl fl ~ 1'1 fllJ'V'l '\.J 'VI fl~ '\.J 1'VIlJ 1l1'\.J1 '\.J 11J '\.J 'J fl tJ~ ~ '\J fl~ n 1'J'V'l 'lJ 1fl fl ~I'I fllJ 'If'\.J fl 'VI fl tJ.. 

I QI G) I d QI I I J!!!I I ': I QI' d 
'JllJ n'\.J t'\.J 111'1 ~ ~ 11 fll n'lJl'llfl tJl ~ 111'1 ~ ~lfl fl'\.J 11~~ 111'1 ~~9fl 'V'l 'lJl1'ffllJ1 'J f:llIfl n ~lJ'\J fl~'\J fl~ 11 flln'lJ. . .

"'. . 
~lfldHI1~~'lh~l~fl'\.J '1~'tn'\.J 7 n~lJ fi~ij n~lJVi 1 tJ'J~nfl'lJ~htJ ~flVi 1 ('V'lqflfllfllJ 11~~ 

'V'lqf1inltJ'\.J) n~lJ~ 2 tJ'J~nfl'lJ~ltJ ~fl~ 1 (1~fl'\.Jmn{JlfllJ11~~1~fl'\.Jl'J~lfllJ) ~fl~ 6 (l~fl'\.J 

mn{JlfllJ iY~l11fllJ 11~~'V'lqf1ifiltJ'\.J)~fl~ 10 (1~fl'\.Ji'\.Jl1fllJ) n~lJ~ 3 tJ'J~nfl'lJ~ltJ ~fl~ 1 (l~tl'\.J . 
.e:::t. CLI oC::to d.:!l oC:lt. .e:::t. CLI 

'ff~111fllJ n'\.JtJltJ'\.J ll~~'V'lqf1llfiltJ'\.J) ~fl'VI 6 (lflfl'\.JlJQ'\.JltJ'\.J mn{JlfllJ 'ff~111fllJ n'\.JtJ1tJ'\.J l'J~lfllJ . 
.e. d ~ .0, QI .e:::t. QI 

11~~'V'lqf1llfiltJ'\.J)~fl'VI 10 (lflfl'\.J mn{JlfllJ 'ff~l11fllJ n'\.JtJltJ'\.J ~~lfllJ 'V'lqf1llfiltJ'\.J 11~~ti'\.Jl1fllJ) 

n~lJ~ 4 lh~nfl'lJ~ltJ ~fl~ 1 (1~fl'\.Ji'\.Jl1fllJ) llfl~ 6 (l~fl'\.J'V'lf)flfllfllJ 11~~ti'\.Jl1fllJ) llfl~ 10 q q q ~I q 

(l~fl'\.J'V'lqflfllfllJ ll~~lJmlfllJ) milJ~ 5 tJ'J~nfl'lJ~ltJ ~fl~ 1 (l~fl'\.JiJQ'\.JltJ'\.J 'V'lqf1ifiltJ'\.J 11~~ . . 
d .:!l CLI d.:!l d 

lJmlfllJ ~fl'VI 6 (lflfl'\.JllJflltJ'\.J lJmlfllJ 11~~'Ii'\.Jl1fllJ) ~fl'VI 10 (lflfl'\.JlJ'\.JlfllJ lJn'JlfllJ 11~~ 

llJflltJ'\.J) n~lJ~ 6 tJ'J~nfl'lJ~ltJ ~fl~ 1 (l~fl'\.Jij'\.JlfllJ llJfl1tJ'\.J lJmlfllJ iJQ'\.JltJ'\.J mn{JlfllJ 11~~ 

~mfllJ) ~fl~ 6 (l~fl'\.Jij'\.JlfllJ) ~fl~ 10 (l~fl'\.JllJfl1tJ'\.J 11~~mn{JlfllJ) n~lJ~ 7 lh~nfl'lJ~ltJ ~fl~ 1 

.:!l CLI,J d.t:!l CLI 0' oC::to d.t:!l 
(lflfl'\.Jf;jlJfll'V'l'\.J'Ii) ~fl'VI 6 (lflfl'\.Jf;jlJfl1'V'l'\.J'Ii ll~~lJQ'\.JltJ'\.J) ~fl'VI 10 (lflfl'\.JllJflltJ'\.J 'V'lqflfllfllJ 11~~ 

iJQ'\.JltJ'\.J) fi~ll'fffl~t'\.Jfll'V'l~ 2911~~ 30 
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" " " ~Hlfl1'I ~1If1~1J~flt~U~1mh-:J lfltJ-W~ntul~lf1fl1n'l1J '~U)~\Plf)1J.y;'U V(f)~111 1'Uu~ul1 'U-:J 

ri1tJ~' 'f"~l'U ~,n1')fl~Uml'b'1ilij 'I~ldl-:Jt~f)'U fJ1Jf11-w'Ui 2550 ii~t$if)'U1Jmlfl1J 

o 2551 l~eJl1i Cluster analysis 
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PCO case scores (Jaccard's Coefficient) 

0] 

0.6 

f-----+-'tlll!i'lI 
-0.4 

, " '" 1 ioI 

ftlvtn 30 H{lf11~~~f1rilJL~O~~OlJYi'WVlo,nhYiY'l'Uhlln,hl11'\l.:j 10 \J~tn'U1Pi10~1.:j l'W~.:jlrl~ 
d I..t:!! QI ~ ~.o:::!! 

o'Uml'll'1il'W ~~l'i11.:jI~O'Wf1lJ.fI1Y'1'W1i 2550 tI.:jt~O'WlJmlfllJ 2551 

'JI ""'" 
~1tJ11i Cluster analysis 

" .1 "" °1 1'JI 1 1'JI "''''' f11hJ~~llJ'Wfltu.fl1Y'1'Wl ~tJf11~ 'll' AARL-PC Score ~tJ 'll'fltu""lJ'U~'Y11.:jf11tJ.fI1Y'111{l~ 

" 
!lOlJ1lJl'lhJ L'W 1~~I\J'W !l{l~oO{hvJO""lvJ~ l'i~O soluble reactive phosphorus Y'I'U11fJtu.fl1Y'1Ul1'W 

d QI r ~ d del d jJ ~ 
~~If1'U~10tJ1.:jm 10 ~~lJfJtu.fl1vt~tI.:j111'Wf1m.:j !l{l~111'Wf1{lN lJ""nml'i1~mwtl.:j111'Wf1{lN ll{l~ 

111'Wf1{lN ll""~.:jl'W~ln~~ 11 



108 

d ~ ~. 

VlT'nUl11 fltufllYllJ1 t 'U 1l~ 1~'IJI91'mdl.:1 10 1l~ t 'Umh111'11.:1 ri1'Uli ll1~~l'U~.:I111~{)'IJ~ll'lf1ilij q q q q 

'<!l "'.. ell <!l _I ... "i 'I ~ 
l~1111.:11~{)'UfJ1JfllYl'U1i 2550 t1.:1I~{)'U1Jmlfl1J2551lJl~I1J'U !~t1 ~'lf AARL-PC 

Score (Peerapompisal et aI., 2007) 

1.hUmlH ffTHll'Hl':i1.humn.:l (mesotrophic status) 

2 ii.:l1.humm ffl':itll'H1':i,r~fJii.:l1.humm (oligotrophic-mesotrophic status) 

3 ~ii.:l1.humm ffl':i tll'H1':i,r~ fJii.:l1.hu mm (oligotrophic-mesotrophic status) 

4 ~ii.:l1.humm ffl':i ~ 1'H1':i,r~ fJ(i.:l1.humn.:l (01 igotrophic-mesotrophic status) 

5 1.humm ffl~~l'H1nhumn.:l (mesotrophic status) 

6 ~(i.:l1.humm ffl':i ~1'H 1':ii!'~v(i.:l1.hu mm (oligotrophic-mesotrophic status) 

7 'I.humm ffl':i~l'H1nhumn.:l (mesotrophic status) 

8 1.humm ffl':i~l'Hlnhumn.:l (mesotrophic status) 

9 ~iinhumm ffl':itll'H1':i,r~fJ(i.:l'l.humm (oligotrophic-mesotrophic status) 

10 ~(i.:l1.humm ffl':i ~ 1'H1':i,r~fJii.:l1.hu mm (oligotrophic-mesotrophic status) 

~ 

ri1'Uml1Jl~I)j'U 1~t1t .n~{)~\PI{)1J'lfiJ~I~'Ut 'UlllOi~~~~I~'IJ1911{)dl.:ll!'U t,* AARL-PP 
~ ~ 

Score lJlt,*t'Umll91~iY'UfJtufllYll11 Yl'IJll fJtufllYll11t'U~~I~'IJ1911{)dl.:l 10 ~~ iifJtufllYl1Jl'Uflm.:l 

" 1 ell IIJ ,'" <!l '" " 1 ell "I ell 'I .d
llrl~lJl'UfHn.:lm !1J~ 'I1l{) 1Jffll{)l'l11llJl'Uflr!1.:1 m lJl'Uflrll.:lmff.:l llff~.:I ~'U\PIlll.:lVl 12 

'U 
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mt1f.Il'l 
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2 

3 

4 

5 

~ ~. 

¥lWfllVlU11'U 'il~!~'U~1mh~ 10 'il~1'UUliU1 hJ'HY1'Un1"'H'l~l'U ~~"'l'l~H)'Um1'1fli1ilq q q q 

I <!t "'.. <lI <!t .1 ... i 1'JI
1~'I111~!~tl'UfJ1JfllVl'U1i 2550 f,H!~tl'U1Jm1¥l1J 2551 lJl~UJ'U ~fJ 'If AARL-PP 

Score (Peerapompisal et al., 2007) 

.., 
fIl fl::lI'I·n·,l fjWiIlVt'\.h ...

1~t1::V1t1'IJ'IfW~!~U . ".i::~'l.Ji:I'l".it1l'l1l".i..
 
fl::UU\.l !iHIfJ ,rl1tl 

Navicula erifuga Lange-

Bertalot 
5 

Cymbella turgidula Grunow 

Nitzschia liebetruthii 

Rabenhorst 

5 

9 

6.33 
1.humn:j~'l 

'hj~ 

ffl'Hll'Yfl'jtllU fifll'l~'l~'l 

(mesotrophic-eutrophic status) 

Cymbella turgidula Grunow 5 

Navicula erifuga Lange-

Bertalot 
5 5.33 

tllUfifll'l fflHll'ymtllufifll'l 

(mesotrophic status) 

Gomphonema clevei var. 

javanica Hustedt 
6 

Navicula erifuga Lange-

Bertalot 
5 

Cymbella turgidula Grunow 

Gomphonema clevei var. 

javanica Hustedt 

5 

6 

5.33 tllUfifll'l 
fflHn'Yfl'jtllufifll'l 

(mesotrophic status) 

Navicula erifuga Lange-

Bertalot 
5 tlTUfifll'l 

fflHn'Yfl'jtll'U fifll'l 

(mesotrophic status) 

Cymbella turgidula Grunow 5 5 

Luticola goeppertiana 

(Bleisch) D. C. Mann 
5 

Luticola goeppertiana 

(Bleisch) D. C. Mann 

Navicula erifuga Lange-

Bertalot 

Cymbella tumida (Brebisson) 

Van Heurck 

5 

5 

5 

5 tllUfifll'l 
fflHn'Yfl'jtllufifll'l 

(mesotrophic status) 
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~ ~ ...i 
V1l'aH't112 fltlUllVlUl1\HJfH~1JIPi1mh~ 10 ~fl1'UU1iUli 'U,uY1'Uiill1f1~l'U~~l1ifl 

" ~AlOl.J 

.... , 
mllUH 

6 

7 

8 

9 

10 

d • <!I .,.. & <!I _I "",. 1~
 
-r;j1Jf1'ilGJf1il'U 'i~1111~lflV'UfJ1JfIlVl'U1i 2550 ~HlflV'U1Jmlfl1J2551 lJ'i~I1J'U tfltJ GJf
 

AARL-PP Score (Peerapompisal et al. , 2007) (~V) 

, , .. 
tll tl~IIUU fJwmrnh"", .... 

All~~fnJ'tl'UAIAU ":i~Al.Jnl":illl'l11":i 

tl~IIUU 11Ultl 

Navicula erifuga Lange
5 

Bertalot 

ci ,r1't1 

ffl':illl'Hl':i'lhumm 
Cymbella turgidula Grunow 5 5 'lhumn:J 

(mesotrophic status) 

Luticola goeppertiana 
5 

(Bleisch) D. C. Mann 

Cymbella turgidula Grunow 5 

Navicula erifuga Lange- ffl':illl'Hlnhumm 
5 5.33 'lhumn'l 

Bertalot (mesotrophic status) 

Gomphonema clevei var. 
6 

javanica Hustedt 

Cymbella turgidula Grunow 5 

Nitzschia palea (Kiitzing) W. 'lhumm()'l ffl':illl'Hl':i'1Jlumm()'l~'l 
9 6.33 

Smith (mesotrophic-eutrophic status) '1J~ 
Navicula erijUga Lange

5 
Bertalot 

Nitzschia palea (Kiitzing) W. 
9 

Smith 

Gomphonema clevei var. '1Jlumm()'l fflHn'Hl':i'1Jlumm()'l~'l 
6 6.67 

javanica Hustedt (mesotrophic-eutroophic status) '1J~ 
Luticola goeppertiana 

5 
(Bleisch) D. C. Mann 

Luticola goeppertiana 
5 

(Bleisch) D. C. Mann 

'1Jlumm()'l ffl':ieJl'Hl':i'1Jlumm()'l~'l 
Cymbella turgidula Grunow 5 6.33 

(mesotrophic-eutrophic status) '1J~ 
Nitzschia palea (Kiitzing) W. 

9 
Smith 
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. " 
... 0 0 _I '" '1 i'Ji
!1Jtl'U1~Wfll'Vl'U1'il1mfll'ju'i~!1J'U ~~tI "ll' AARL PC Score U'l~ AARL PP Score 1J1 

"
 
!lJi tllJ r¥i tllJ tl'U 'VllJ -)1 l;11'U h1 tUfI Wfll'VltJ 1 'il ~ Uff~ 'J i 'U VI ff'¥11'J!~ til tl'U ~ lJ H 'il ~!~ lJriltlV1'J '¥i" .	 . , 

U\P1fl~l'Jtl'U 1 lJ1!l'J!dtl'J'il1fl~'JU1~~tl1J!lJ~tI'UulJ'l'Jfl~vi'U M'U !'If'U !n~N'U\P1 fl'l'J1J1tlV1WIUfl ~'Jl11 

i 'Ji :'1 i'Ji '" "'.%i dllJ "'lIJ,_,d "'lIJ_1
11f1Wfll'Vl'U1 ~~tI "ll' AARL-PC Score 1JflWfll'Vl~'U'U 'U'UW~'¥1 ~\P1tl~\P1tl1JtI'J 11J!U'ltl'UulJ'l'J"ll''U~ lU 

<:$ ... .k 0	 i 'Ji 'Ji '" : lIJ .'" i1	 I
!'il'Ufl 9f'J'¥11 11 AARL-PP Score f1tl'U'Ul'J1JflWfll'Vl'Ul11J~!'¥11AARL-PC Score Uff~'J 'U\P11'il'J 13• 

." " '" _I'"	 '" 0'1 i'Ji i '0'1
Vll~H't113	 !u'itl1J!'¥1t1lJ~Wfll'Vl'U1~~tI "ll' AARL-PC Score U'l~ AARL-PP Score 'UU1J'U1 ~'U'J 

ffl'U ~ 1 11'l Hl'U ~'Jl1'~~tllJm 1"ll'1i1U 'i~ld1'J!~tl'U fl1Jfll~'Un 2550 G'J!~tl'U1Jfl'i1f11J 

2551 

,.. "" 'lYlHllJVl10UH AARL-PC Score	 AARL-PP Score 

: .cS& : lJ	 & , ,'''
1 ~Wfll'Vl'U 1\P1mlJ1'Ufl'll'J	 f1Wfll'Vl'U 1 l'U fl'll'JfI'J 1J~• 

o" 1J	 ".d.&2 ~Wfll'Vl'U1~f1'J 1'Ufl'll'J	 ~Wfll'VltJ llJ1'U fl'll'J 

"	 " 3 ~Wfll'VltJ 1~G'JlJ1'U fl'll'J	 ~Wfll'VltJllJ1'U fl'll'J 

"	 " 4 ~ Wfll'VltJ 1~ G'JlJ1'U fl'll'J	 f1Wfll'VltJ llJ1'U fl'll'J• 
" " 

5 ~Wfll'VltJ llJ1'U fl'll'J	 f1Wfll'VltJ llJ1'U fl'll'J• 
" " 6 ~Wfll'VltJ 1~ G'JlJ1'U fl'll'J	 f1Wfll'VltJ1lJ1'U fl'll'J• 
" " 7 ~Wfll'VltJ llJ1'U fl'll'J	 f1Wfll'VltJ llJ1'U fl'll'J• 
" " 8 f1Wfll'VltJ llJ1'U fl'll 'J	 f1Wfll'VltJ llJ1'U fl'll'JG'J 1~~ 

o" .d.& 1J	 " 9 f1Wfll'Vl'U1~f1'J 1'Ufl'll'J	 f1Wfll'VltJ llJ1'U fl'll'JG'J 1~~ 

"	 " 10 f1Wfll'Vl tJ l~G'JlJl'U fl'll'J	 f1Wfll'VltJ llJ1'U fl'll'JG'J 1~~ 

o	 G.... ot:l' 
'iJlU1U!C)ltH1'U0~~Y10~Vl0'lJ'lJUYI!Y1U 

")I I j/ 

~1'U l'U!9f'l~'Utl'J1~tl~\P1tl1JVi'U~tl'JtJ1"ll'i!~!~'U'¥i'VllJvi'J111J~ i 'U 10 ~~!~lJriltlV1'J 1'UU~ 
I	 I j/ j/ 

'l~!~tl'U~~1'Ul'U1J1fl'¥i ~~ i 'U q~l1'U 1l'itl'J'l'J1J1fitlq~!tl'U !~tl'U '¥i'VllJ 1~tl~\P1tl1JVi'U ~tl'JtJ 1"ll'i!~!~'U 

1J1fl~~~ 1~un !~tl'U'Vlqff~flltl'U 'itl'J'l'J1J1fim~tl'U!1JlJ1t1'U U'l~1Jfl'i1f11J \P111J~wilJ l~tI~ 
" 'i1t1'l~!~tI~~'J~tl 1 lJu 

o	 rI .do 0 rI .d i ... 
(1) 'il1'Ul'U!9f'l'l'Utl'J Gomphonema lagenula Ktitzing 1J'il1'Ul'U!9f'l'l~'J'¥1~~ 'U!~tl'U 

..:!t ~ .o=::t.	 QI Clto 0 QI .cS 

!1JlJ1t1'U 'itl'J'l'J1J1f1tl!~tl'U1Jq'U1t1'U fl'ifltJ1f11J fl'Utl1t1'U U'l~'Vlqff'ilmtl'U m1J'll~lJ (fll'Vl'¥1 31) 



• • 

112 

30000
 

10000 

20000:a 
" "" 

.~» .... A .... ....j. ....~.. ':;-~... ":'
....f. ,I' ...,~... ",$' 

~~ ...~ ~~ ~~ l"
":':~~-~ ~ ~.. \~'(w 0""" ... ~.:.'" ~:9" 

,,~ '":' \: 

., . 
Ill..," 

,,; 
31 ~1'U1'UlGJ1Clcf'ltJ.:j Gomphonema lagenula Kiitzing l'Uln,hhi'l·Hh'Unll1Cl~-h'U~·n11~ 

d I 4 QI d' ~.4 

~lH'lll')f1il'U 1:::1111.:jl~tJ'UfJlJfll'Yi'U1i 2550 fNl~tJ'UlJmlfllJ2551 

(2) ~1'U1'UlGJ1Clcf'ltJ.:jNavicula rostellata Kiitzing ~.:j~~~l'Ul~tJ'UllJ'Mlt1'U ltJ.:jCl.:jlJltltJ . 
lC!I .c. a Q,I od 

l~tJ'UlJQ'Ult1'U UCl:::~CllfllJ ~llJCll~1J (fll'Yi'YI 32) 

100000 -( 

80000 -!" 

60000 -" 

40000 .,}/ 

20000 .J./ 

-,,'o 

., . 
Ill..," 

,,; 
32 ~1'U1'UlGJ1Clcf'ltJ.:j Navicula rostellata Kiitzing l'UmJ'l11i'l.:jl'h'Un 

111Cl~·h'U~.:j111~tJ1JClll')f1il'Wl:::W.h.:jl~tJ'UfllJflli'U,r2550 i1.:jl~tJ'UlJmlfllJ2551 

o a' ,J,,,, 
(3) 1I1'U1'UlGJ1ClCl'ltJ.:j Nitzschia palea (Kiitzing) W. Smith ~.:j'YI~~ 'Ul~tJ'UmflfJlfllJ . 

.4 .4 .c..c. 0 QI .es 
ltJ.:jCl.:jlJ1fltJl~tJ'UllJ'I:llt1'U 'Yiqffllfl1t1'U UCl:::lJQ'Ult1'U ~llJCll~1J (fll'Yi'YI 33) 
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.0 ~	 ~ 
<D	 ~ .... v 

v ..., '" 0	 '":> '" 0.. 0~ <D Q'" rI.l	 Z 

J	 " I 

f1Trt'fl33 ~1'U1'U!9f'ltl'U~'1 Nitzschia palea (Kiitzing) W. Smith l'Uulh.hi'U'I~h'Uli''I1'l~l'U 

o 
(4) 'ill'U 1'U!9f'l'l'U~'1 

tI 
Luticula goeppertiana (Bleisch) D.C.Man

.dlil~ 
n 1;!'1'Y1,,!~ !'U!~~'U . 

cv .ol!I. .ol!I. ~ 0 cv do 

f1'Utlltl'U 'j~'1'l'l:IJlfl~ !~~'U~'llfl:IJ U'l:::~qfl''ilmtl'U ~1:IJ'l1~1J (fl1~'Y1 34) 
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.}.. 2000000- I e I 
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~ E .... E E ~ U <D 
<D 

~	 ~ '" 0 :> '"u .., 
p.,	 0- 0 '" 

t/)'"	 Z ~ 

.,	 .d 
fIl'rt'fl 34	 ~1'U1'U!9f'ltl'Ufl'l Luticula goeppertiana (Bleisch) D.C.Mann l'UU1.hh i'U'Iff1'Uli 

, 'I1'l~1'U ,j'l'l11~f.J1J'l'jl')j'1i lil 'j:::'I1'jH!~fl'UfJ:lJfl1'ti'Un2550 il'l!~fl'U:lJmlfl:IJ 2551 
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o	 tI di"l "'" 
(5) 'ill'U1'U!G]f""'lIfl.:J Nitzschia liebetruthii Rabenhorst ~.:J'YI~~ 'U!~fl'U ~qfY'ilf11t1'U 

.<!!t .<!!t	 .<!!t Q,I tI 0 doQ,I 

'jfl.:J".:J1Jlf1mflfl'Ufl'H1tJlrUJ ~1J'l:l1t1'U U"~!f1fl'UfJ1Jfl1~'UTi \9l11J"lfl'IJ (fl1~'Y1 35) 
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til'"	 Z 0 
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,	 " , 
fIl'ft;l35 ~1'U1'U!G]f"rl''lIfl.:J Nitzschia liebetruthii Rabenhorst i'UUlhh 1'l1.:Jff1'Un''I1''~1'U~.:J'I11~ 

o	 tI di"l 
(6) 'ill'U1'U!G]f""'lIfl.:J Sellaphora pupula (Kiitzing) Mereschkowsky ~.:J'YI~f1 'U!f1fl'U 

~ .<!!t .<!!t	 Q,I cI 0 Q,I 

~qfY'ilf11t1'U 'jfl.:J".:J1Jlf1fl~f1fl'U!1Jlllt1'U~"lf11J 1Jmlf11J fJ1Jfl1~'UTi U"~~qllfl1f11J \9l11J"lfl'IJ 
, 

(fl1~n 36) 
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,	 " . 
fIl'ft;l36	 ~1'U1'U!G]f"rl''lIfl.:J Sellaphora pupula (Kiitzing) Mereschkowsky i'UmhJl1'l1.:Jff1'Un 

, 'I1"~1'U ~.:J'I11f1fJ'IJ"'jl"1fTili1 'j~'I1'h.:J!~fl'UfJ1Jfl1i'U,r 2550 ~.:J!~fl'U1Jmlf11J 2551 

o 
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o (/ .d,"1
(7) 'il1'U1'UtC)Hl~'tJfl~ Navicula erifuga Lange-Bertalot ~~'YI'l~ 'UL~fl'UlJfl':ilf1lJ . 

':ifl~~~lJ1~m~fl'U~tlf1~fl1t1'U mflfJlf1lJ tlJlllt1'U H~~iY~'I11f1lJ ~llJih~1J (.fl1~fi 37) 
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I
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vAwi -	 - 
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;3 lil ~ ~ ~ ~ ...	 <- .8 S S~ <..>~.0	 ~ 0 '"> '" ..., ~ p. <..> 

). p.. '"	 0

'"	 Z Q'" <IJ 

.	 ., , 

iIl't'ifi 37	 ~1'U1'UtC)f~t1'tJfl~Navicula erifuga Lange-Bertalot ''Uulhh1'tJ~~hUfi''I1~Fh'U.ij~'I11~ 

.c:S 1.c!I Q,J tI .c::i 4 

f,J1J~':il'1l'1il'U ':i~'I111.:.lt~fl'UfllJ.fl1~'U1i 2550 tHt~fl'UlJmlf1lJ2551 

o	 tI d , "I 
(8) 'il1'U1'ULC)f~~'tJfl.:.lCymbella tumida (Brebisson) Van Heurck ~.:.l'YI'l~ 'UL~fl'U 
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J 0 tI .: ,.d 
iIl't'ifl 38	 'il1'UTl..ILC)f~~'tJfl.:.lCymbella tumida (Brebisson) Van Heurck ''UHlJ'Ul1'tJ.:.lff1'U'YI 

1'11~Fh'U~.:.l'l11~f,J1J~':il'1l'1il'W ':i~'I1':h.:.lt~fl'UfllJ.fl1i'Un 2550 il.:.lL~fl'UlJmlf1lJ2551 
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o	 tI d,l""
(9) ~1'W1'WtC)f~~'\l6~ Gomphonema clevei var.javanica Hustedt ~~'YI'tl~ 'Wt~6'W 

, 
Q,I ..:!t 4	 Q 0 QI d. 

fl'Wr.JlfJ'W 'j6~~~lJ1Tlm~6'W~~lfllJ mfltl1TllJ lJQ'WlfJ'W ~llJm~lJ (m.... 'Y1 39) 
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.... 0 ..	 1 1 ' '" .fl1'W'fI39	 m'W1'WtC)f~~'\l6~ Gomphonema clevei var.javanica Hustedt 'WUlJ'Wl '\l~ff1'W'YI 

'Mmh'W')~M1~~1J~'jl'l1tili1 'j~M'h~t~6'WfJlJmfi'W1i 2550 il~t~6'WlJmlfllJ2551 

o	 tI d,l""
(10) ~1'W1'WtC)f~~'\l6~Cymbella turgidula Grunow ~~'YI'tl~ 'Wt~6'W tlJ'I:IlfJ'W 'j6~~~1Jl .
 a 4 Q	 0 Q1 d 

fl6t~6'WlJQ'WlfJ'WU~~~mTllJ f11lJ~1~1J (m.... 'Y1 39) 
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.fl1'Wn 40 ~1'W1'WtC)f~~'\l6~ Cymbella turgidula Grunow l'Wmhh1'\l~ri1'Wfi'lf~~1'W')~M1~ 

d. I	 a QI tI .e:9 4 

~lJ~'jl'l1til'W 'j~M1Ht~6'WfJlJm....'Wti 2550 mt~6'WlJmlfllJ2551 
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I 2 3 4 5 

(scale bar = 10 ~m) 
6 7 8 9 

I iI 'JJ 'JJ I 

fll-nfi 41 l~{)~\91{)1JYiUYl{)~Uliuu1.iUl hmlJuYil'H(1~lU')~l'r1~QiHlll'lfliTU 

I) Achnanthes exigua Grunow 

2) Achnanthidium minutissimum var. 

3) Achnanthes cf. eutrophilum (Lange-Bertalot) Lange-Bertalot 

4) Achnanthidium convergens (Kobayyasi) Kobayasi 

5)-7) Achnanthidium minutissimum var. minutissimum (Kiitzing) Czamecky 

8)-9) Achnanthes dejlexa (Patrick) Patrick & Reimer 
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2 3 

4 5 6 (scale bar = 10 11m) 

I ~ ~ fI .c2.c:!t 

'j~'Yidl~tfltl'Uf1:lJfl1'VfU1i2550 tl~lfltl'U:lJmlfl:lJ2551 
q 

1) Craticula halophila (Grunow) D.G.Mann 

2) Frustulia amosseana Lange-Bertalot 

3) Bacillaria paxillifer (O.F.Miiller) T.Marsson 

4)-5) Cocconeis placentula Ehrenberg 

6) Cocconeis pseudolineata (Geitler) Lange-Bertalot 
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2 3 

4 5 6 

(scale bar = 10 Ilm) 

I 

.fll'Wn 43 
if 'j/ !iI I 

'f1tl~~m,J'rlu'I'1'tl,nJlhm~tJl i'tJ,rd'JUYi''H~Hlu,)~"rlfltl1H'1'jl'lf1ilU 
q 

I o!!I QJ '" ol:.'i o!!I 
'j~'Hdl~!f1tlUfJ1Jm~U1i 2550 m!f1tlU1Jmlfl1J 2551 

1)-3) Cymbella tropica Krammer 

4) Cymbella bengalensis (Grunow) Schmidt 

5) Cymbella turgidula Grunow 

6) Cymbella affinis Kiitzing 
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2 3 4
 

(scale bar = 10 !-lm)5 6 7
 

I ~ QJ rI ~ ~ 

'j~'Vi11.:.l!1I'fllJfUJfl1'Vf\.J'Ii2550 f1.:.l!lI'fllJ:lJflllfUJ 2551
• 
1)-4) Cymbella tumida (Brebisson) Van Heurck 

5)-7) Cymbella neogena (Grunow) Krammer 
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2 3 4 5 

7 8 9 10 (scale bar = 10 ~m) 

I ~ OJ rI ~ ~ 

':i:t'l1Jl~!~el'lJf1lJf1l'VnJ'Ii 2550 m!~el'lJlJmlf1lJ 2551• 
1)-5) Cymbella laevis Naegeli Kiitzing 

6)-9) Cymbella sumatrensis Hustedt 

10) Cymbella cymbiformis Agardh 
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4 

..; 
ilTWfl46 

2 3 

5 6 7 

'jJ " 'jJ , 

'~tJ:::\OltJ1JYJ'W V1tJ'lU 11'Wu:Uu 11'lJ'lril'Wli'lHu-h'W ~'l'l11~~lHl~1'lfIi1ij 
I..!:I Q.I cI &..:!II 

~:::'I111'l!~tJ'Wf1Ufn~'W1i2550 t1'l!~tJ'W1Jm1f11J 2551 q 

1)-3) Cymbella cucumis Schmidt
 

4) Cymbella sp.
 

5)-6) Cymbella cf. compacta Oestrup
 

7) Cymbopleura sp.
 

(scale bar = 10 Ilm) 
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2 3 4 5 

(scale bar = 10 j.l.m) 

6 7 

l) Diploneis subovalis Cleve
 

2) Diploneis parma Cleve
 

3) Diploneis sp.1 (?nov.) spec.
 

4) Geissleria decussis Lange-Bertalot & Metzeltin
 

5) Geissleria similis (Krasske) Lange-Bertalot & Metzeltin
 

6) Geissleria sp. (?nov.) UBU-MK1
 

7) Diatoma vulgaris Bory
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1 2 3 4 5 6 

7 8 9 10 11 (scale bar = 10 /lm) 

1.o!!I Q.J tI &.0!!1 
1~'I111,mH),Wf):JJm'W'W1i2550 ti,mHl'W:JJf111f1:JJ 2551 

q 

1)-6) Encyonema silesiacum (Bleisch) D. G. Mann
 

7)-8) Encyonema ventricosum (Agardh) Grunow
 

9) Encyonema dubium Krammer
 

10)-11) Encyonema vulgare Krammer
 



125 

1 2 3 

(scale bar = 10 Jlm) 

4 

,~ QI rI & ~ 

'j::;111NICfltl'WfUJfll'V'I'Wli 2550 l1'lICfltl'WlJflllf1lJ 2551• 
1-2) Entomoneis alata (Ehrenberg) Ehrenberg 

3) Eunotia monodon var. tropica Hustedt 

4) Eunotia cf. tschirchiana O. Muller 
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1 2 3 

4 5 
(scale bar = 10 /lm) 

.,; 
.fIl'Vffl 50 

iI iI <jJ I 

lfltl~l9ltllJ~uYi'tl,:nJ 1iU mh1-ll 't],HY1U Vi 1'f1f1 vhu ~'1 'f1-1fl ~1Jf1jl'lfli1U 
I ~ Q.I tI di.ol:!t 

':i~'f111'llfltlUfllJfll~U'fi2550 tl'llfltlUlJfl';ilfllJ 2551. 
1)-2) Fragilaria capucina sensu lata 

3) Fragilariafasciculata (Agardh.) Lange-Bertalot 

4) Fragilaria vaucheriae (Kiitzing) Petersen 

5) Gyrosigma scalproides (Rabenhorst) Cleve 
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1 3 4
2
 

5 6 7 8 (scale bar = 10 /lm)
 

I t!I Q.I rI ..:2 ~ 

j~l1dl,mn)'wmJfllVfW1i 2550 f1.:.lLfHltJlJflHi'llJ 2551
 
q 

1)-3) Gomphonema lagenula Klitzing 

4) Gomphonema sp.3 

5)-7) Gomphonema minutum (C.Agardh) C.Agardh 

8) Gomphonema pumilum (Grunow) Reichardt & Lange-Bertalot 
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2 3 4 5 6 

7 8 9 10 11 12 13 

(scale bar = 10 Ilm) 

~ """ I 

f1Tt'ft1 52 i~'tI~~mJ'rilJ~'tI,nJlilJllllU11'\J'HhlJfii'Yi~~llJ~,ml~~1J~'j1'lf1i1U 
I..<l.'!f. QI,J t!!il.a 

'j~'Yill~I~t1lJfJ'lJm'WlJ1i2550 ml~'tIlJ'lJmlft'lJ 2551 

1) Gomphonema gracile f. turris Hustedt 2) Gomphonema gracile Ehrenberg 

3)-5) Gomphonema clevei var.}avanica Hustedt 6) Gomphonema aff. entoleum 

Oestrup 7)-10) Gomphonema sp.l (?nov.) UBU-MK2 

11)-12) Gomphonema minutiforme Lange-Bertalot & Reichardt 

13) Gomphonema sp.2 (?nov.) UBU-MK3 
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• 

1 2 3 4
 5
 

6 7 8 9 10
 

(scale bar = 10 f.lm)
 

I ~ Q.I rI .dl ~ 

~~'H11,mn)'wmJfll'V'l'W1i 2550 mlfltlUJJmlflJJ 2551
 
q 

1) - 5) Gomphonema spA 

6) Gomphonema sp3 

7) Gomphonema sp.5 

8)-10) Gomphonema sp.6 
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1 2 3 4 5 6 

7 8 9 10 11 12 (scale bar = 10 11m) 

, 

.flTrfn 54 
'if 'JJ 'JJ , 

'fltl~\Pltl1J.w'WY;tl,n.J 1'lwmju11'U,rff1'W-n1'I1~~1'W .ij,nr'JfltJ um1'lflil'U 

I ~ Q,I tI ~ a 
'j~'I111-.1tfltl'WfJ1Jfl1TI'Wli 2550 t1-.1~fltl'W1Jm1fllJ 2551 

1)-10) Luticola goeppertiana (Bleisch) D,G. mann 

11) Luticola peguana (Grunow) D.G. Mann 

12) Luticola saxophila (W. Bock) D. G. Mann 
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1 2 3 4
 

5
 6 7 8 9
 

(scale bar = 10 Jlm) 

1) Navicula rostellata Kiitzing 2) Navicula sp.5 3) Navicula sp.3 

4) Navicula aquaedurae Lange-Bertalot 

5) Navicula cataractarheni Lange-Bertalot 

6-9) Navicula erifuga Lange-Bertalot 
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2
 

(scale bar = 10 J,lm) 

4 5 6 73 

I ~ QJ d' 1:9 ~ 

'j~'I1Jl'mreJ'Wfl:lJfIl'V'l'W 'fi 2550 fl'JL~tJ'W:lJmlf1:lJ 2551
• 

1)-2) Neidium cf. dubium (Ehrenberg) Cleve 

3) Neidium cf. affine var. humerus Reimer 4) Neidium sp.l 

5)-7) Navicula microcari Lange-Bertalot 
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2 3 4 5 

6 7 8 9 10 (scale bar = 10 11m) 

, iJ iJ iJ I 

iIl'Wn 57 1~eJ~\9IeJ1J~UVleJ~'lJ1 hm:wih1'\J~{huVi 1 ml~·hu ~~'Yrj~eJu~'jl'lflil'W• 
I o!!f IV tI &.dI. 

'j~'I111~!~eJUfl1Jfl1'WUli2550 t1~!~eJU1Jfl'jlf11J 2551• 
1) Navicula germainii Wallace 2) Navicula heimansioides Lange-Bertalot 

3) Navicula oppugnata Hustedt 

4) Naviculadicta nanogomphonema Lange-Bertalot & U.Rumrich 

5) Naviculadicta sp. 6) Navicula capitatoradiata Germain 

7) Navicula notha Wallace 8) Navicula cryptotenella Lange-Bertalot 

9) Navicula spA 10) Navicula upsaliensis (Grunow) Peragallo 
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2 3 4
 

5 6 7 8 9
 

(scale bar = 10 jlm)
 

l..:!t QI d &..:!t 

'j~l1Jl~lfH)Uf1lJflWfW'fi 2550 ()~lm)UlJmlf1lJ 2551
• 
l) Navicula cataractarheni Lange-Bertalot 

2)-6) Navicula erifuga Lange-Bertalot 

7)-9) Navicula cryptotenelloides Lange-Bertalot 
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8 

(scale bar = 10 J..I.m) 

432 

5 6 7 

, S1"'" 
fll'Vtl1S9 l~tl~\9H)lJ.;jhl~tl-:jUl i'Wmh111'lJ-:jbh'WYil'YH'l~l'W.ij-:jl1l~tl'lHl'jl'lflili1 

q 

I ~ QJ cI .d3.-:S 

'j:::l111-:j!~tl'WfJlJfl1'V'l'Wli2550 tl-:jt~tl'WlJmlfllJ 2551 

1) Navicula escambia (Patrick) Metzeltin & Lange-Bertalot 

2)-4) Navicula simulata Manguin 5) Navicula cryptocephala Kiitzing 

6)-7) Navicula trivialis Lange-Bertalot 8) Navicula sp.5 
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2 3 

4 5 6 7 8 (scale bar = 10 /lm) 

..i 
iIl'Vf11 60 

'" '" )1 I

'~tl~l'ltl:lJ.yhn1'tl,nJ 1tumJu 11'\I~~hu'Vi' lHH·hu ~~111~~'IJm1Gjf1'i1U 
1.4 QJ rI .::!l.4 

'i~111Nt~tlUn:lJfl1'Wu1i2550 mL~tlU:lJm11'1:lJ 2551• 
1)-3) Nitzschia amphibia Grunow 

4)-7) Nitzschia clausii Hantzsch 

8) Nitzschia dealpina Lange-Bertalot & Hofmann 
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~-~... . . .- ~. '-.. 

~ 

.
* 

~ 

•. • 

• 
*. 

2 

\.. 

• 

....

.. 

3 4 

(scale bar = 10 Jlm) 

t ~ Q.I rI ..:S ~ 

'j~'Y!dl.:.ll~fl'Wf:JlJm'YfWli 2550 tNl~fl'WlJf1nfllJ 2551 

1)-2) Nitzschia litoralis Grunow 

3) Nitzschia levidensis (W. Smith) Grunow 

4) Nitzschia scalpellifonnis Grunow 
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- I 

2 3 4 5 

6 7 8 9 10 

(scale bar = 10 ~m) 

I 

fIl~n 62 
3J 'j/ ~ , 

1~tl~l9ltl:uyj'WYltl':1'I111 'Wu:Uu 11'lJ'lJ:11'WYil'I1'flN1'W~,n11~m.H'j'j1'lfri1U 
q 

1)-10) Nitzschia palen (Klitzing) W. Smith 
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(scale bar = 10 11m)2 3 

l.et Q.I rI ~.et 

':i~'I1Jl'll~tJ'WfllJflWrW'fi2550 t1'lI~tJ'WlJmlf1lJ 2551• 
1) Pinnularia cf. microstauron (Ehrenberg) Cleve 

2) Pinnularia cf. microstauron var. rostrata Krammer 

3) Pinnularia acro,<,phaeria W. Smith var. acrosphaeria 
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2 3 4 5 

6 7 8 9 10 
(scale bar = 10 J.1m) 

l 

.fl1'Y'fn 64 
"" II ,

!~e:J~\PIe:J1l.wuY{e:J,n111umh111~'HhuYi!Yltwhu,r,n11~e:J'lJml'lf'fj1i1 
q 

'a QJ ~ ..:!l a 
'j~WdNI~e:JUflllfl1'VlU'fj 2550 ml~e:JUllmlf111 2551q 

1) Pinnularia stricta Hustedt 2)Pinnularia schimanskii Krammer 

3) Pinnularia grunowii Krammer 4) Pinnularia latarea var. thermophila 

Krammer 5) Pinnularia divergentissima (var. nov.) (Grunow) Cleve var. UBU-MK4 

6) Rhopalodia brebissonii Krammer 

7)-9) Rhopalodia operculata (C. Agardh) Hakansson 

10) Epithemia adnata (Kiitzing) Brebisson 
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432 

8 (scale bar = 10 11m)765 

1) Placoneis sp.l 

2) Placoneis placentula (Ehrenberg) Heinzerling 

3) Placoneis gastrum (Ehrenberg) Mereschkovsky 

4) Placoneis sp.2 

5) Placoneis constans (Hustedt) E.J.Cox 

6)-8) Placoneis constans var. symmetrica (Grunow) Cox 
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1 2 3 4 

(scale bar = 10 ~m) 

5 6 7 

, 'JI 'JI 'JI • 

ill'Y'ln 66 !fltJ~l'ItJlJ.w't..!,f{tJ,rW1 hHllit111'\J,nhwli!'11t1 ~l'w ~~'Vj'lfltJ'lJm1G)j'1i1i1
• 

1.o=!I cv c/ ~.s 

'j~'I111~lfltJ'UfllJfl1'Y'l'U1i 2550 tNlfltJ'UlJfl11fllJ 2551• 
1) Amphora montana Krasske 

2)-3) Amphora inariensis Krammer 

4) Amphora pediculus (Kiitzing) Grunow 

5)-6) Seminavis strigosa (Hustedt) Danieledis & Economou-Aneilli 

7) Epithemia cistula (Ehrenberg) Ralfs 
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1 2 3 4
 

(scale bar = 10 flm) 

5 6
 

1) Sellaphora cf. bisulcatum (Ehrenberg) D.G.Mann 

2)-4) Sellaphora bacillum (Ehrenberg) D. G. Mann 

5) Sellaphhora (Navicula) chiangmainensis 

6) Sellaphora pupula(Kiitzing) Mereschkowsky 



144 

1 2 3 

(scale bar = 10 ~m) 

4 5 

.J 
.fll'f'l'f1 68 

'jI 'jI 'jI I 

1~fl~~flll-w'U~fl,rUl i 'U11~'Ull '\J~ri1'UYi 1 lHl ~1'U ~Wi 1~fl1Hl'jlG)f1iTU
• 

l.et cv ~ ..di' d 

'j~1111~I~fl'Uf)llm'W'U1i 2550 fl~l~tJ'Ullmlflll 2551• 
1) Aulocoseira granulata Ehrenberg Simonsen 

2)-3) Melosira varians C. Agardh 

4) Cyclotella meneghiniana Kiitzing 

5) Cyclotella stelligera Cleve & Grunow 



145 

1 2 3 

(scale bar = 10 f!m) 

, 

ill'Yin 69 
'JJ ~ 'JJ • 

i~fl~\9lfl:lJ<w\n~fl,nl11'Wmhl11'U~ril'WllhHWh'W'o~'YI'J~fl1Jml'l5lil'U 
q 

I ~ cv r/ .dl ~ 

l~'l111~!~fl'Wfl:lJfIl'V'l'Wli 2550 t\~!~fl'W:lJmlf1:lJ 2551q 

1) Surirella sp.1 

2) Surirella sp.2 

3) Surirella sp.3 
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I (scale bar = 10 ~m) 
2 

,~ QI r:I ~ ~ 

'j~'I111'l!~H)UmJfl1'YrU1i 2550 (\'l!~H.lUlJfl'jlfllJ 2551• 
1) Surirella splendida (Ehrenberg) Kiitzing 

2) Surirella angusta Kiitzing 
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4.3 tll11J'Ul1fl11aUJ'U8~D'1111UJ'UU1~1110.1, ..'u 

F'mtll':iffm~I1f111lJ'H~lmHnrJ'U~.:.Iff1'Hi1rJ'U'\.J1~ h,w
u 

'Yn.Jff1'Hi1rJ'U'\.J1~ 1'HW 
u 

38 ')fij~ 

')fij~l~'\.J ii\'uti Spirogyra sp.1 u~:: Cladophora glomerata Kiitzing ':i~.:.I~.:.IlJ1ti~ Microspora 

pachyderma (Wille) Lagerheim, Spirogyra sp.2, Microspora sp., Oscillatoria princeps Vaucher 

Ull:: Hydrodictyon sp. ~111J'Ch~1.J tll':i1~ity'U~.:.Iff1'Hi1rJ'U'\.J1~1'Hej')fij~I~'\.Jff1lJ1':if.)U,j.:.lii\'I~'U 3 
, "". ,

fl~lJ'H~fl~llJ~l~1.Jm':il~ity.yh~'\.J,r~ l'\.JU'Hrl.:.l'Lh ii\'~.:.Ii1 (m.... fi 71-94 U~:: ~1':i1.:.1fi 14) . .. 
, ... , 0 tl " '" ... i"flQ1Jtll D'1111UJltl1U1 ':i::fl~1.J~1rJ Spirogyra sp.1 U~:: Spirogyra sp.2 lJm':i1~':ity ~ 

~l '\.Jqt1'H'\.J111~~'\.J~1~lJff.:.l1fl~1,1'\.Jm':i1~ity1~1.J1~1'\.J~mJf.U::1d''\.J ff1 rJJ'\.J '1 titlL~~'\.J~1l1f1lJ1rl~ 
.c=. .1 ~ tJJ tJJ I' tJJ d ~ ~ J a d ~ 

tl':ilJlf.U~'\.J1 ':ilJ'\.J~rJ~.:.I U~::1'U1~')f1.:.1~'\.Jqt1'H'\.J11 U~:: ~::lJm':i1 ~':ityl""lJlJlfl'U'\.J1 ':i~rJ'l ~'\.JlJm':i I~':ity 

4 QI do • 0 "I<lIla 1
~.:.Iq~1'\.JI~V'\.JfJ1J.m""'\.J1i~~lJ1 '\.JI~~'\.JlJ'\.Jlf1lJ Spirogyra spp. ~::f1VrJ'l ~~~1'\.J1'\.J~.:.I Ull:: '\.JI~~'\.J 

ij'\.Jlf1lJif~::I~lJff.:.I1fl~l,1'\.J ffl'H i1rJ'U'\.J1~ 1mUflrllJ~l ~i tlJ1~'\.JlJ1 flfl111'V11J11fi~~'\.JU 'VI'\.J~ . u. .. u 

, ... " "°tl " flQ1JtI 2 D'1111UI flua::D'11111t1~1'UUJU1 ':i::fl~1.J~1rJ Cladophora glomerata 

Kiitzing, Microspora pachyderma (Wille) Lagerheim, Microspora sp.1 u~:: Hydrodictyon sp. 

ffl'Hi 1rJfl~lJif~::ij flU 1~i ty~'\.J lJ1U'VI'\.J ~ff1'Hi1rJfl~lJ~ 1 1'\.J,f1.:.1~'\.Jq tl'H '\.J 11U~V.:.l i,j ff1lJU f.) 

ff.:.I1fl~ i i\',r~ I~'\.J ~1fJ~ 111.1rl1 U~ 1rlV'LhlJ1flm~l1mrJ 1~f!~V.:.I ~~ 'VI ':i ':i flU.... 1J11ijm':i I~ i ty tl:: tl'\.J ti1J 
I JI I' I 

ffl'H'hrJfl~lJfi 1 '~~~u~l'\.J,f1~~'\.Jqtl~'\.J u~v~ijm':i1~ity',jlJlfl1ijvff1'H'hrJfl~lJfi 11ilJ~lrJ~~ 

i tl1'\.J,f1~1~v'\.JfJlJmYr'\.J,ru~::1~V'\.Jij'\.J1f1lJ~~""1.J11 1'\.J1~V'\.J fJlJmYr'\.J ,rJ'\.J ff1nhrJfl~lJ~ 2 ijtll':i 

l~ityU'VI'\.J~ff1'Hi1rJfl~lJ~ 11l~::I~ityl~'\.Jff1'H'hrJfl~lJ~1~'\.J1J1flfl11ffl'Hi1rJfl~lJ~1 Ull::ff1'Hi1rJ 

flrllJ~ 2 ~::l~ifllff~ff~ 1'\.J1~V'\.Jij'\.J1f1lJ ~~lJl1rlm~lri1~V'\.J1lJil1rJ'\.Jff1'Hi1rJflrllJ~ 2 ~::l~lJ~lrJ~~ 
II .U' '" Veli '" II 

,.:t ,.:1.:1 :.et. 1.1" . '" 
flQ1JtI 3 D'1111U.lD'I'UtllUfl1JUlI~U ':i::flV1J~1fJ Oscillatoria pnnceps Vaucher ~::lJ 

m':il~iiYu'VI'\.J~ff1'H'hrJfl~lJ~ 1 U~::fl~lJ~ 2 1~rJ""1.J11 O. princeps Vaucher ~::ijtll':i1~ityvdH 

l~'\.J,r~ll~::l~'\.Jffl'H'i1rJ')fij~H~'\.J1'\.J1~V'\.J IlJil1rJ'\.J U~:: ....qil mfllJ 1~ rJ~::ij flU 1~i ty1.J'U 9f1fl'lJ V.:.I 
• , • d d QI Id.Q ~ tJJ :,d. d ,Q,I

ff1'H':i1rJ'lJ'U1~ 1'Htyfl~lJ'VI 11m:: 2 'VI'VI1.Jf.)lJ~g'YI1J':inf.U""'\.J 'VIV.:.I'\.J1 9f~~:: ff1lJ1':i f.)ff~lfl~1'H'\.J ff1'H':i1rJ 
II • II II d 

fl~lJi1,r~l ~'\.J1ijV.w'\.J n'v~'L11~m1.Jfl1'\.J 1,f'\.J m':i 1~'\.J1fl1.J~1VdH'Hi Vtll':i mflV1'\.J'lJV~'lfl11.1':i::lJ~ 

I~'\.J~'\.J 

o 
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.J	 . " . 
V1T'iH't114 'ff1l111fJ'IJ'Ul~ i MW'lfiJ~t~'Ufi"'1J i'Utu.hl11'IJ~',h'U fi 1M ~Hl'U~·mi~~1J~'jl'lfli1i1 

~ . 

Month	 Macroal""" 81 82 83 S4 85 S6 S7 88 89 810 
Spi!'01{}'f'Q sp.l ++ + + + ++++ ++++ + + + 
Spirogyra sp.2 ++ + + + ++ ++ + + + 
Cladophora glamer-ato KOlling ++++ ++ +++ +++ +++ +++ +++ ++ ++ ++

Feb 
Microspora pachyderma (Wille) Lagertteim +++ ++ ++ ++ ++ +++ +++ + ++ +2007 Oscillatorio princeps Vaucher
 
Microspora sp. ++ ++ ++ ++
 
Hydrodictvon sp. + + + +
 
SpiroKJ!1'Q sp,l ++ + + + ++ ++ ++ + + + 
Spirogyra sp.2 ++ + + + ++ ++ + + + + 
Clodophor(l glameroro Kfitzing ++++ +++ +++ +++ ++ ++++ ++++ ++ ++++ +++Mar., 
Microspora pachyderma (Wille) Lagemeiffi +++ ++ ++ +++ ++ +++ +++ ++ +++ +++

2007 05cillatorio prinaps Vaucher
 
Microspora sp. +++ +++ +++ +++ +++
 
Hvdrodictyon sp. ++ + + ++ +
 
Spiro1!JlTO sp.l
 
Spirogyra sp.2
 
Cladophora glamerala KUtzing


Apr., Microspora poehydermo (Wille) Lagerbeirn 
2007 Oscillator;o princeps Vaucher	 +++ 

~~::::'~. 
SpiroWQ sp.l
 
Spirof.{Yl'Q sp.2
 
Cladophora Jl.lamerotQ Kj}tz:io~May, 
MicrrJSporo pachydenna (Wille) La~im2007 
OsciJ/olorio princeps Vaucher
 
Microsporo Sl).
 

Hvdrodictvnn m.
 
Spiro!{YrQ $p.l
 
Spiro1!J!ro $p.l
 
Cladophora Jl./omerota K~ 

June, Microspol'o paclryderma (Wille) l...ap,erheim 
2007 Oscillatorfo princeps Vaucher 

Microsporo $p. 

HydrodklyOn sp. 
HlIdrodicMn sn.
 
Spirojlyra sp.l
 
Spirogyra sp.2
 
Cladophora glomerala Kutzing


July, Microspora pachydenna (Wine) Lagerheim 
2007 Oscillatoria princeps Vaucher
 

Microspora sp
 
H drodictyon m.
 
SpiroJ{Yra sp.l
 
Spirogyra sp.2
 
Cladophora g{omerata Klilzing


Aug., Microspora pachytknna (Wille) Lagerheim 
2007 Oseiflatoria princeps Vaucher
 

Microspora sp.
 
Hvdrodictvon so.
 
SpiroKYra sp.l
 
Spirogyra sp.2
 
Cladophora glomerata Kiil2ing


Sep., Microspora pachytkrma (Wille) Lagerbeim 
2007 Oseillaloria princeps Vaucher
 

Microspora sp.
 
H drodicf1;on 50.
 

SpiroKJIYa sp.l
 
Spirogyra sp.2
 
Cladophora glomerata Kfizing


Oc1., Microspora pachydenna (Wille) Lagerneim 
2007 Oseilfatoria princeps Vaueha 

Microspora sp.
 
Hydrodictyon sp.
 

Spiroj{yra sp.l +++
 
Spirogyra sp.2 +
 
Cladophora glomerata Ktitzing +++ ++ ++ +++ +++
 

Nov., Microspora paclrydentta (Wille) Lagerheim +	 + + + 
2007 Oscillatoria princeps Vaucher
 

Microspora sp.
 
Hwrodictyon so.
 
Spiro~.,.a sp.l ++++ +++ ++++
 
Spirogyra sp.2 +
 + 
Cladophora gtomeraJa Kiltzing ++++ ++++ ++++ + 

Dec., +Microspora pachydenna (Wille) Lagerheim	 + 
2007 Oscillatoria pn'naps Vaueher
 

Micro,fpora sp.
 
Hvdrodictvon SD.
 

SpiroSDira sp.l ++++ ++ ++ ++ ++++ ++++ ++++
<++ +++ +++ 
Spirogyra sp.2 ++ + + + +++ +++ + + + + 
Cladophora glomeraJa KOtzing ++++ ++ +++ +++ +++ ++++ ++++ ++++++ +++ 

Jan Microspora pachytkrma (Wille) Lagerneim ++ + + + + + + + + 
2008 Oscilfatoria princeps Vaucher
 

Microsporo sp.
 
Hvdrodictvon so.
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(scale bar = 50flm) 

QI J .0:2 4 

fJ:lJilTrl'UTi 2550 fl'lt~tJ'U:lJmlfl:IJ2551 
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': 91 d cI '1111 •
ffl'H'nVlPl'Ul (Spirogyra spp.) Iff'UfflVfll'H'U "~1M1111.hn 

(scale bar = 50~m) 

, .", I 

.fI1'W," 72 !1'l'H~htJ'\J'Ul~ lmli'lfij~t~'UVi'VnJl'Um,hjl1'\J'Hi1'UVil mH-h'U1l,:m1~~1JCl'jl'1f1iTU 
l.c:!t Q,I d' .&.c:!I 

'j:::'H11'1t~fl'Ufl1JfI1'Vl'U1i2550 f1'1I~fl'U1Jmlf11J 2551 
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fl'l11'hv'o: Cladophora glomerata Kfitzing Ufl:: Microapora pachyderma (Wille) 

Lagerheim 1t'ufl'lfJiin~u'~~'lVA11'lhil 

(scale bar = lOO~m) 

I" I
 

.fI1'rt'JI 73 fl'll1i 1V'lJU1"111qjWfll~uii'VnJ1um.hh1'IJ-31:buii'11flfhui,m 1fl~Ufl':i1~1il'U ':i::l1':h-31fieJu 

QI ~ -=Q 4
 

fJ1JtlTVfU1i 2550 fHlfleJU1J0':i1fl1J 2551
 

ci 
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(scale bar = 50llm) 

4 OJ rI .o£i 4 

Ifleltlf)1JilTrfUli 2550 mlfleltl1Jn:i1f'11J 2551 



153 

(scale bar = 50~m) 

• 'JJ •..;
.fI1own 75 I:Yl'H'htJ'\JU1~ ''Hf;U'lfij~l~Ufi'rfU'UU1hh 1'\J.:jri1ufi'mu·hui,m1~tI1H''.il'lf'filij" . 

,.a ,*,,<I.dl4 

'.i~'H1H~~fJUfJ1J.fI1'nU'fi2550 fJ.:jl~fJU1Jfl'.ilfl1J 2551 
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.
flfl''I;b 'IJ'fl.:j Oscillatoria princeps Vaucher 

(scale bar = 50llm) 

• >I • 

1ll'W'YI 
d 

76 ffTViiltl'IJ'U1~ 1'Vit1i'lfiJ~!~'UiivnJ 1'U!!lhh1'IJ,nY1'Uii1'ViCl~l'U ,r,ml~~1JCl11'lflilU 
'4 cv ~ -=9 4 

1~'Vi1H!~U'UfJlJfIl'Vl'U1i 2550 f:l~!~U'UlJmlfllJ 2551 
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,.a Q,lf! &.a 

'j~'I111~!~fl'UfJlIfll'rfU1i2550 tH!~fl'UlImlf1l12551 
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(scale bar = 50ll-ill) 

..,j . " . 
fll'ffn 78 Hyrodictyon sp.l~m"D.:j~~nl':i':itnr.yjvnJhJU:l.hh1'\J.:jffl'l.J'Yi'mu·h'U~.:jMl~ 

d • 4. QI tI t!S 4 

~ml':il'1l'nl'U ':i~M11.:jt~D'UfJ:l.Jm'Yi'Un 2550 f1.:jt~D'U:l.Jf)';jlfl:l.J 2551 
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ci	 1fll'W'fI 79	 ffl'l,r;hfJ'tI'Ul~ l1tY Spirogyra spp., Cladophora glomerata Kiitzing U~::; 

Microspora spp. ~Vi1J1'Ut~V'UfllJfl1i'Ui 2550 ~~t~m11vdvJ~ 2 1'UU~Jl1't1~~1'U~ 

, 11 ~ ~1'U ,r~111~~1J ~ 'il'if1ilU 

, 
fll'Wfl 80 ffll1'ilfJ'tI'U 1~ 1l1tY Cladophora glomerata Kiitzing um~ Microspora spp. 

, I 'jI • 

nVi1J1'Ut~v'U fllJfl1i'Ui 2550 ~~t~m11vdl~n 4 1'UU~lh 1't1~~1'Un'11~~1'U 
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o 
~ . 

ill'rt'rl 81 ffll1':htJ'tIU1~ 1my Cladophora glomerata Kiitzing tm~ Microspora spp. ii....1J1U 
. " . 

t~flUfJ1J.f11'tiUI 2550 ~~t~1J~1fltiHii 6 1UtUj\hl't1"1t'huii1'H~~lu~"Iwj~ 
d 

~1J~'jl'l11ilU 

~ 
ill'rt 'rI 82 

b 

. ." 
ffl'H':htJ1 f1 'tIw~ti1Jtn~f11'j t\IiqJU'YIUiiffll1i1t1t'Yll \J11Ut~ flU fJ1J.f1l'tiUI 2550 

. " . 
~~t~1J~1fltil"lii 6 1UU2,hh1't1"1t'huii''H~~lU~''I'H1~~1J~'jl'l11ili1 
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. . ....; 
ftl'rtrl83 ff1l1i l(1'fl 1Jw~lil11n~fl111~if.ljllrltl'rlff1l1i1t1lrl1lh1tll~fltl fJllfllitl1( 2550 . .. . 

~~1~1JIPr1fl~1~Vi 61tllllhhl1J~ri1tlVi'mu-htl~~l11~'Qm'111'1fti1ij 



160 

fI1'W~ 84 ffWi·htJ'\I'\.J1~ 'my Spirogyra spp. ~"'fl.JhH~ij'UfJ:Ufll'.~\J1f 2550 ~~u~tJ~1ijth~~ 61'U 
" . 

mhJll'\I~ri1'Un'11"Nl'U~~111~ijtJ"~1~1il\j• 

fI1'W~ 85 ffl11'htJ'\I'Ul~ 'my Cladophora glomerata Kiitzing !m~ Microspora spp. ~ .... tJ''U 
. " .

!~ij'UfJ:Ufllvr'U£ 2550 ~~!~tJ~1mh~n 8 ''Uu~tJll'\1~ri1'Un'11''Nl'U~~111~ 
d 

'QtJ"~l~1il'U 
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fI1'n~ 86 ffl'"dltJ'IJ'Ul~h1qj Cladophora glomerata Kiitzing ml~ Microspora spp. ~'W1Jl'U 
• II • 

t~fl'UfJllfllli'U,r 2550 ~~t~1J~1fldH.yj 7 hJUlhJli'IJ~'fh'UVi'~HHhui-nd'~ 

o 
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m'W~ 87 ffl'11:htl'U'Ul~h1qj Cladophora glomerata Kiitzing U€1::: Microspora spp. ~'Vfut'U 
. " .

1~f)'UfJ1JfI1..:r'\.J1r 2550 ~~!~1J"1f)dHl19 t'Ull1hlli'U'Hh'Ul1h~€1~h'U~,:m1~ 
d 

f)1J€111'il'ti l'U• 

.., , 

m'W~ 88 ffl'11ilt1'U'Ul~t'l1qj Cladophora glomerata Kiitzing U€1::: Microspora spp. ~'VflJt'U 
o . " .

!~f)'Uij'Ulfl1J 2550 ~~I~1J"1f)dHl141'Umhl1 i'U'Hi1'Ul1''I1€1~·h'U~,:m1~t;!1J€111'lftili1 
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j 

, • JI I 

.fl1't'tn 89 Spirogyra spp.Yi'Vl1J1'Wmhhi 'U'HY1'W Yi 1'11 m·h'W ~.rvrj~H,J1Jml'if1ilU 1w$i{)'Wih,ml:lJ 

2550 

.fl1't't~ 90 ffll1ilfJ'U'Wl~ll1qj Cladophora glomerata Kiitzing !nl~ Microspora spp. ~'Vl1Jl'W 
. '" . 

!$i{)'Wii'Wlf1:IJ 2550 ~~!~m;1{)~1~Yi 71'Wm.hhi'U'HY1'WYi1m'Wh'W~·:m1~f,J1Jml'if1ilU c 



164 

ill'Vt~ 91 ffl11:htl'IJ'Ul~ l11tY Oscillatoria princeps Vaucher ~'YfIJ1'UI~ij'U1JJ}jlt1'U 2550 ~~I~1J 
. " . 

fi1ijdl~Vi 6 1'U11~ih 1'IJ~tY1'UVi' 111;1~1'U 1l~111~ij1JI;1';il1fTil'U• 

d 1ill'nfl 92 ffl11ilt1'IJ'Ul~ 11tY Cladophora glomerata Kiitzing, Microspora spp. 11m: Oscillatoria 
• , tI • 

princeps Vaucher Vi"'1Jl'Ul~ij'U1JJ}jlt1'U 2550 ~~I~1Jfi1ijdHVi 6 l'Ull~th l'IJ~t'h'UVi 

1111;1 ~1'U1l~111~ij1Jml1fTil'U• 

o 
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.
~ • '" d. ~.flun) 93 ffll1':iltJ'\I'Ul~t'HflI Cladophora glomerata Kiitzing Uel:: Microspora spp. 'YI1~':ifllel~el~ 
• II JI • 

411:::), elI.a ~ 0 d. 411:::), _I 
Im::mJflltJ lJ':iI1W'Vl'U'YIeJ'i'Ul Uel:: Oscillatoria princeps Vaucher 'YI1~':iflllJflfHJ1J 

I JI II I)J 'J/ 

fflWhtJ'\I'U l~ t l1qjtlq1J~'U Uel::eleJtJ;j'U ~f:hUllijeJfi'U~fl~th\lm lJtll'U l~tJ'VllJt 'U . ., . 
l~eJ'U!1JllltJ'U 2550 ~~I~m'lflduYi 6 t'UUliUll'\1'iril'Uli'l1elHl'U~,ml~~lJml"lftilU 
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~,f-:- ::t/ 
#"'~-~ "" 

.fI1'n~ 94 ffl'Hil[J'1J\n~i'Hqj Cladophora glomerata Kiitzing Ul1~ Microspora spp. ~'V'l'Ui'U 
• >I • 

!$itl'U~qff~m[J'U 2550 ~~!~1JIPi,Jtldl~fi 1 i'Umjul1'1J~ri1'Ufi''Hm·h'U,j~'Hl~ 

'" i) ~'Uml'lf1il'U 
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.d 
VIl'H3f1 15 

. " . 
ff1'H':hlJ'\j'W1~ h,qjm1J~1i'U';1,:j'l ii~ui 'Umhl11'\j,:jri1'Uiii '1HlH1'U ,j,:jlt1'~ 

d 1.c:!I QI cI ~ ~ 

el'l.Hl':i1'l11i1'U ':i~"'11,:jt~el'Un1JfI1~'U1i 2550 fl,:jt~el'U1Jm1f11J 2551. . 

Chlorophyta 

o 

Chrysophyta 

Cyanophytao 

Cladophora glomerata Kiitzing 

Mierospora paehyderma (Wille) Lagerheim 

Mierospora sp.l UBU MKS 

Mierospora sp.2 

Mougeotia searalis Hassell 

Oedogonium sp. 

Rhizoclonium hieroglyphieum (C.Agardh) Kiitzing 

Spirogyra sp.l 

Spirogyra sp.2 

Spondylosium sp 

Ulothrix sp. 

Zygogonium erieetorum Kiitzing 

Tribonema viride Pascher 

Vaueheria sp. 

Anabaena sp.l 

Anabaena sp.2 

Cylindrospermopsis sp. 

Limnothrix planetoniea (Woloszynska) Meffert 

Lyngbya truncieola Ghose 

Oscillatoria guttulata van Goor 

o 
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n 

....	 . " . 
fll1Hn 15 ffl'tdlrJ'\I'Ul~ il1tYfll1J~loi'U~h.:J1.yj't'ttJi'UU1hh l'\1.:J~h'U.yj'l1~uh'Ui.:Jl1l~ 

0li:l ..4 QI	 ~ d 4 • 
f1tJtl11'J11il'U 1::l111.:JL~O'UfJ1JfI1't't'U1i 2550 ~HL~O'U1Jmlfl1J 2551 (flO) 

Cyanophyta	 Oscillatoria princeps Vaucher 

Oscillatoria sp.1 

Oscillatoria sp.2 

Oscillaton'a symplocarioides P.L.Crouan & 

H.M.Crouan ex Gomont 

Oscillatoria rusea Uterm 

Phormidium cortianum (Meneghini ex Gomont) Anagnostidis & 

Komarek 

Phormidiumformosum (Bory de Saint-Vincent ex Gomont) 

Anagnostidis & Komarek 

Phormidium retzii (C.Agardh) Kutzing ex Gomont 

Phormidium jenkelianum G.Schmid 

Phormidium submembranaceum (Ardissone & Strafforello) Gomont 

Planktothrix rubescens (De Candolle ex Gomont) Anagnostidis & 

Komarek 

Pseudanabaena sp, 

Schizothrix vaginata (Nageli) Gomont 

Spirulina subsalsa Oerst 

Spirulina labyrinthiformis Gomont 

Bacillaliophyta	 Aulacoseira granulata (Ehrenberg) simonsen 

Melosira varians C.Agardh 

Melosira sp.1 

o 
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4.4	 8'U1Anai"8"'A8~V18SJ''Ull,j~11",,&il'U;h'HD,.hu9n,.j'A~1JD'jlV1ilU (Me Kong River in 

Ubon Ratchanthani Index, MKUI) 

... 0" ..~ <ll ... 
"H'fll·HI~'YI1V'Ul~flC)l'C)I'''t.I~'1HtfWI11JThe Saprobic Index '\IV" Rott et al. (Rott et al., 

1997) l~t.llf~V1'I'\Iv.:j van Dam (1994) u"'~ The Mekong River and its tributaries Diatom Index 

(Suphan,201O) (modified from Kelly (2000), Lorraine and Vollenweider (1983), Wetzel (1983) 

"	 . 
U"':: fllf1::U'U'U1J1V1'ijl'UfJWf)TrfUl'\1V" AARL-PP Score 11"':: AARL-PC Score Ufffl.:jl'UVll'il.:j\1 

16 U"':: 17 

o 1 QI ... I .Q ~ ... I 0' d tI JI d QI

fll'ifl1'U1W111f11ff1JIJ'i::ff'YI tilIJV'i lC)1''UVlfl111JfI'''lt.1f1'''.:j fl'U (Percent similarity 

" coefficient) '\Iv"~1mh.:j l~WlfffVl'i~.:jij 
" 

Percent similarity coefficient = 2 x L min 

L sample 1 + L sample 2 

4.5	 f1::U'U'U AARL-PC Score UD:: AARL-PP Score 

"	 " u'U11U'1J'\Iv.:jfJwm'WU1'\1V.:jU~"'::~~1~U~1mh"'Vi1.rh~fllf1::U'U'Uli.:j AARL-PC Score 

11"':: AARL-PP Score ~1~'U 11Jl'UVif1'Y11.:jl~t.l1fl'U l!'UfiV1rlVUlfllf1::U'U'U'\I6.:jl'Jfl~f11~U~1Vdl.:j1Jl 

fl1l1'itll1i11Jfl'U 'VfU11ffl1J1HH~t.I.:j"'1~U~~1~U~1Vdl.:j1l1flfJWm'Vf~~tt~ 11J1I'Ug.:ji1J~~tt~ i~ 
~, ~ 1 

~.:jij	 1If1\1~~Wm'ViUl~\1fffl~fllf1::U'U'U AARL-PP score 5 f1::U'U'U ~ffUVl111'i1Jl'Ufl"'N 
.'~ .. , . , 

1J1	 I d d d d. I d 

(mesotrophic) ~Ufl ~~'Y1 4 ~~'YI 5 ~~'YI 6 ~~'YIf11f1::U'U'U AARL-PP score 5.3 f1::U'U'U 1J 

ffUVl11U1Jl'Ufl"'N i~uri ~~~ 2 ~~~ 3 U"'::~~~ 7 ~fl~~ fllf1::U'U'U AARL-PP score 6.3 
" •	 • I=It 0 del ... 1 d	 iJl I d.I	 d 

f1::U'U'Ulll'UU11"'.:j'Ul'Y11Jffl'iVl111'iIJ1'Uflm.:jf:l.:j~.:j(mesotrophic to eutrophic) ~Llfl ~~'Y1 1 '~'YI 8 

d del d ~ d ... 1I 

U"'::1Ifl'YI 10 U"'::"fl'YI1JfI1f1::U'U'U AARL-PP score 1Jlfl'YIffflflV 6.7 f1::U'U'U 1Jffl'iVl'H1'iIJ1'Ufl"'1.:j 
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..::! I ~ & L!! QI 0' 
tl'lHl':il'll'1il'W ':i::;l1dl~!fltl'WlJmlfllJ 2550 tl~!fltl'WfllJfI1'W'W1i2551 

q q 

.. .... I 

~\'I &fl1HWU)UH 

..i 
~\'I't1 

4 

..i 
~\'I't1 

5 

..i 
~\'I't1 

6 

..i 
ll\'l't1• 

2 

..i 
ll\'l't1• 

3 

..i 
ll\'l't1• 

7 
..i 

ll\'l't11• 
..i 

ll\'l't1 8• 
..i 

ll\'l't110• 
..i 

~\'I't1 9 

AARL-PC 

score 5 5 5 5.3 5.3 5.3 6.3 6.3 6.3 6.7 

Ttophic status meso meso meso meso meso meso 

Meso

eutro 

meso

eutro 

Meso

eutro 

meso

eutro 

rid'W~ i ml~l'W .ij~l11fltl'U(;l':il'll'1i1'\h::;l1 iN!~tl'WlJmlfllJ 2550 ~~!~tl'WfllJfI1Y1'WTI2551 {1'1lJ1':i tl 
q q 

I 1I)31~1 ' I d 11)31 , 
U'U~ Ifl!lJ'W 2 fl~lJ fl~lJ'Y1 1 IflUfl Cymbella tumida (Brebisson) Van Heurck Ur1::; Navicula erifuga 

I 91 'JJ I I 

Lange-Bertalot l1{1'llJ1':ifl '1 i'!~ml'll'-wu~,jhhYiii{1'l':itl1l11':iiJl'Wflr1N U(;l::;fl~lJl1 2 i~Uf) Cymbella 

turgidula Grunow, Gomphonema clevei var. javanica Hustedt, Luticula goeppertiana (Bleisch) 

D. C. Mann, Nitzschia liebetruthii Rabenhorst !m::; Nitzschia palea (Kiitzing) W. Smith {1'llJUfl 
'JJ 'JJ I I 

1~!~'W~'ll'iJu~'lh~hl1ii{1'Utl1l1u'lh'Wflm~~~lJ1fl i~ (~~~l':il~l1 17) 
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jI jI "I 
If)eJ~I'HJ~Vl'UYleJ-:l U1'1fl1f)1~'U 1'U1l1iU11'M ril'U l1 111 'l~1'U ll-:l11lf) eJ'lJm1'1f1i1U• 

, " 
'j~Wj1-:l1$ieJ'U~f)'j1fl~ 2550 (j-:ll$ieJ'Uf)~m~'U£ 2551 l1'ff1m'jtl1,*1~'U~'lfUU-:l~•
 

"
 o 11] 'JJ
flwmy.j'U1 Af)• 

Cymbella tumida (Bn:bisson) Van Heurck 

Navicula erifuga Lange-Bertalot 

Cymbella turgidula Grunow 

Gomphonema clevei v.javanica Hustedt 

Luticula goeppertiana (B1eisch) D. C. Mann 

Nitzschia liebetruthii Rabenhorst 

Nitzschia palea (Kiitzing) W. Smith 

tlTHll't1n 

lhumn~ (mesotrophic) 

lhumll~ (mesotrophic) 

Ul'ummo~\1~ (meso - eutrophic) 

Ul'Uflm~O~\1'l (meso - eutrophic) 

U1'Ufl'fll~O'l\1'l (meso - eutrophic) 

U1'UmmO~\1'l (meso - eutrophic) 

U1'Ufl'fll'lO'l'it'l (meso - eutrophic) 

U1'UflC1H 

U1'Uf)m~ 

U1'Ufl'fll'lO'l11J~ 

U1'Uf)C11'lO~11J~ 

U1'Uflm'lo'l11J~ 

U1'U fl'fll'lO~ 11J~ 

U1'Uf)'fll~O~ 11J~ 

"" " 
Y-I'l f11'j 11fl 'j 1~ 11111fl 11~ a~~'U £ 'lJ eJ -:l 1f) eJ ~ I9l eJ~ Vl 'U YleJ-:l U1'If'W f) l~ 'U II 'l ~ fJ Wfl1y.j U1'IJ1-:l 

lh~f11'jy.j'IJ-J1 Cymbella tumida (Brebisson) Van Heurck, Gomphonema clevei var. javanica 

d Q,I OJ tI , 'JJeo.'l .,
Hustedt ll'l~ Luticula goeppertiana (Bleisch) D.G. Mann ~fll1~'ff~y.j'U1ieJtl1-:l f)'l'lff)f)'IJf11'j 

. . " 
i1J~t1'UlU~t1'UllU'l-:l'lJeJ-:lu~mw 1'Ul19l'j'Yl1'Ulmri-:lU1 'jeJ-:l'l-:lmfteJ Gomphonema lagenula Kiitzing, 

Nitzschia palea (Kiitzing) W.Smith Il'l~ Nitzschia liebetruthii Rabenhorst ~r:r'UllU'jI9l1~U~lI1W 
Iii, I iI jI 

'lJ eJ -:l1 'U 119l 'j 'Yll 'l1'U tl'U 1 f) £.I'll dju~m Wl~ ~~hlI9l1 ~U~ mw 1WI9l'j 'Yll1 I~~ ~'U 'U eJf) '0 1f) U V-:ly.j 'IJ-J1 

Navicula erifuga Lange-Bertalot iJfll1~a~~'U£1f)ft~f)tl'lJ'l.J~mw BOD 1l'l~~lfll1~ltl'U~1.:j'lJeJ.:j 
". " 

Imri.:jU1 1f)t1y.j'IJ-J11jjeJ~1 BOD 1l'l~~lfll1~lrJ'U~1.:jiJ~1~.:jmf)~'Ullftl'O~y.j'IJ Navicula erifuga 
~."& 9J dOJ" I d 

Lange-Bertalot Iy.j ~ ~ 1 f) 'lJ hi f) 1 £.I 'U eJ f) '0 1 f) 'U t1.:j y.j 'IJ 11 Navicula erifuga Lange-Bertalot ~ 

fll1~ bY~~'U til 'IJ'IJllU'j r:r'UI9lHtl'IJU~lllW fl'leJ h YJmlleJ ~ 1fl 11~~ f)~ll'ff.:j rieJ.:j{j .:jll'l~~ 1f11nh 

" 'vl~1'lJeJ.:jll'l1ri-:lU111~ltl'Um1~bY~~'U1io'lhjif)I'Vh BOD 11'l~~lm1WrJ'U~1.:j 
I ~ 

'ffl'UNavicula rostellata Kiitzing lW~ Sellaphora pupula (Kiitzing) Mereschkowsky ~ 
, I 31 iI 

fll1~bY~~'Utll'IJ'lJllU'j r:r'UI9lHtl'IJU~mW DO lUeJ{I~'U\91'lJeJ.:jeJeJf)c}fl'O'Ul1~m111'UU1 eJW 11 fliJU 1 
• 'II 

" ,
U'l~eJW 11 fliJmf11f1 u~mw 1fl ilvleJ{WI'IJfll1!1 tll1.:j11~f)1l'l~VJf1'l1 flilvJeJ{~11 'IJfll11~ £.I ~-:lmy.jl1 90 

• 'II 
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peA variable loadings 

0.4 

0.3 
total coli	 %02 sat 

~Iage 
N~ pale 0.24 Navi lOSt "~ICOli ' 

TOP .. 

0.1 If 
Nilf lieb 0.0 sel~ pupuAxis 2 

t--I--,It-------+!----+I---+----+----t---+--dl!pwro-i:l.a---+-I---+Iconduet 
-0.40 -0.32 -0.24 -0.16 -0.08 0.08 0.16 ~4 0.32 ~o 

4 idepth 
Nat erif 

a'1linity 

,-o.~ 
BOD

-0.3 

pH
-0. 

Axis 1 

JI JI	 JI JI 

.fll'rt'fI 
... 

95	 fldllJtYlJiul'UV~'~V:::~VlJr4Un'V~Ul'lfU~U~U Ut1:::f!WfllYiU1iuufiCl :::~~VU' UU~U 1 

1'U~rid'U ~ hlt1~h'U ~~'Hi~~1Jt1'I l'lf1ilU 'I:::'H'h~t~VUfJlJfll~'U1 2550 g~t~VUlJmlfllJ 
"	 . 

2551 'uu~ul1'tJ~1hufi' 'Ht1H1U~~'Hi~~1JCl'Il'lf1ilU 'I:::w.h~t~V'UfJlJfI1iUI 2550 

"'l 4 
tm~VUlJmlfllJ 2551 

'Vll'IliJt~v{milJum i~un ';1 pH ';lfl11lJt~U~h~ UCl:::lli1J1WVf){11iVhJfft'rl1lij 

fl11lJ tYmiulull'I HU 11 'I ~~~n'U Utl:::nu Ufiijfl11lJtYlJiUIU1J1Jull'IP-4f1HUn1Jf!Wfll'ynilf1~lJ~ 2 
.	 " 

i~un llilJ1Wfltlf) hyttl~ tV ';lfl11lJ~f1fiUff~riV~i1~ tJilJ1W 1fl~'rlf){lJU1JflfititJl1~'HlJ~ Utl:::VJ 

fitl1fl~'rlV{lJU1JflfititJ 1~tJ~f!WfI1YiJlf1~lJ~ 2 u"ijfl11lJtYlJ-n'U,rU1J1Jull'IH'Um~~~n'Uttt'1:::n'U 
" .

dl'Hi'1Jf!WfI1YiUlf1~lJfi 3 1~untJi1J1w 1'Ut1lHl ';lf1Wlh''rl~llli1J1W DO tllV{t~'Ufi'Vf)f19St~'U 

~tlJ~di'UJl VW'HfliJJl VW'HfliJV1f11ff ~ttl:::';l BOD ijmllJff'Ui'UIU1J1JHll'IH'U1IH~~n'UUCl::: 
q &U	 q cu 
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peA variable loadings 

0.48r IlH 

'j~'I111~1~U:I'UfJ1Jf)l'VfU1i2550 f:l~l~H)'U1Jmlfl1J 2551 

0.38 

0.29 

0.19 

0.10Axis 2 

-0.48 -0.i8 -0.29 -0.19 
chloro a ' 

secchi depth 

total coli& I I'
"lees CO I 

'.<!!I Q.1 tI 0=:9 4. 

-0.10 
-0.10 

-0.19 

-0.29 

-0.38 

-0.48 1 
Axis 1 

TOP, 
alkalinity, 

.10 0.19 0.29 0.38 0.48
00 

con'duct \water temp. 
, %02 sat 

air temp., 
BOD, 
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1~'tl~I9I'tl:lJ'lrU~t~'W Nitzschia palea (Kiitzing) W. Smith 1J~1'W1'WmhH'Wl9ll:lJtJ~:lJ1W 
III t ''I d",' d <9",,,,,, III ~ iI 

'IJ'tl.:.J !'Wtl9l'j'Yl ~tJVflJ11 !'W~~tfl1J19I1'tltJl.:.J'Yl 1, 4 tt~~ 5 9f.:.J:lJtJ'j:lJ1W !'WtI9l'j'Ylq.:.J'W'W'iJ:;:'l'l1J'j'tltJ~:;:'lJm 

o '" '"'iJl'W1'W Nitzschia palea (Kiitzing) W. Smith q.:.Jl9ll:lJ ~.:.Jrn'l'l'Yl 97 

80 

,0 _Nittp3loJ.---t--------------------
>lO~,'Di \ 

60 1_\ 
50 +-- ---\-----------:7""'Jr------------

5-20% 

40 
I 

_Nittpale 

1-5~·' 

30 

20 

10 

-
10 

, 
.t:t 

f1l'Yftl 97 
Q.I Q.I tI ,9J ... I~ 

fI11:lJff:lJ'l'l'W1i'j~'I111.:.J'j'tltJ~~'IJ'tl.:.J Nitzschia palea (Kiitzing) W. Smith tW~U'j:lJ1W 
Y Y •

I'Wtl9l 'j'Yl I'W tl9l'j t'iJ 'W'IJ'tl.:.J'l-Al '1 'Wmhl1t'IJ.:.Jci1'W VII '11 ~ ~1'W <ij.:.J'I1'!~Q1Jml'M1ilij 'j ~'I1':h.:.J 
~ Q.I tI e:!i ~ 

t~'tl'WfJ:lJrn'l'l'W1i 2550 mtl9l'tl'W:lJmlf1:lJ 2551 

~~nUf1nlJ1f111:lJ -d':lJfl'Wn'IJ'tl.:.J ffl'11~l tJ'IJ'Wll91 '1mU'MU I9It~ 'W tt~~f1Wrn'l'lU
Y 

l1J1.:.JtJ 'j:;:nu" . 
Y , 

i 'Wtt~Ult 'IJ.:.Jci1'W 'fllm'l~l'W <ij.:.J'I11~'tl1J~'jl'MTl1ij 10 'iJ~t~1J~1'tlVl.:.J'j~'I111.:.Jt~'tl'Wn:lJrnfl'Wn2550.. . 
Y 

~.:.JI~'tl'W:lJmlf1:lJ 2551 'l'l1J11ff1:lJ1'jf,)ffl'H~ltJ'IJ'Wl~'1mU'MiJ~t~'W1J1:11~1JnUt'iJ~U1 ~.:.Jij 
" " 
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fl1~hl~qJ'U8.:.t Spirogyra sp.t 

" 
f11'J t'il ~ ty'tl tl~ Spirogyra sp.l 'fI111JtY1J'I~'tJ1iflU U~ 1J1W 'tI tl~ I 'Ut~'J'Yl i 'UU'I''j'ci~'I11tl rj1~ 

" 
i'~t'il'U l~tJ'Wu':h i 'U'i1~umtJ'tItl~q~~'Ut$ltl'U ff~'I11'f11J il~t$ltl'U~m'fl1J U~1J1W I 'Ut~'J'Yl~A1~~~'U 

, iI , I 

o GIg} .<::::l.,:::!.<::::l. ~..:!t. 'I..:!t. 0 

'Yll!'I1 Spirogyra sp.1 t'J1J1Jf11'Jt'il'Jty1J1f1't1'Ut'JtltJ"1tltJl~~tlt'Utl~ tt'l~'il1'U1'U'tItl~ Spirogyra sp.1 'il~ 

, " " 
"" "g 'I <!I '" '" 'I <!I '" 0' '" _ I"" II]

t'W 1J 'tI'U ~ ~ ~~ !'U t~ tl'U 1J f1'J 1'f11J tt 'l~ '11 'I ~ 'ill f1'U 'U !'U t~ tl'U i11J fll'W 'U 1i tt'l~ 1J 'U 1'f11J u 'J 1J1 W !'Ut~ 'J 'Yl 

" " I 'U 1~'Jt'il'U'il~t~1J'l~ii1'l~~f1'f1i'~d~~'l i ~~f11'Jt'il~ty'tltl~ Spirogyra sp.1 'l~'l~~11J I U~1tJ I'itl1Jl i 'U 
, . , 

~ ~ .<::::l,,:::! I' ~ oG)3I~ d 1JI 
t~tl'U t1J'I:l1 tJ'Ut1J tl Spirogyra sp.1 t 'J1J1Jf11'J ~ 1tJtltJl~~ tlt'U tl~ 'Yll mtf1~f11'J 'I11,j'Ut1tJ'U'tI tl ~ !'Ut~ 'J 'Yl 

OJ 'jJ OJ 'old""QJQ,J .d., 
f1'lUt'tl11J1tJ~tt'l1'l~'U1tlf1'f1H~~fll'W'Yl 98 

35 .(
! II SIO30 y-----------------;.: 

S9 
i,~'-----------------15 ..j-

20 j 

Ii&> 

Y i S510 
; .S4 

S3l' '...-..---J-1-'1o ~!'_~/-=-c__'_-_-----=-~::.--=-~::.--=-~:::_;/ .S2 
• SI 

m't1~ 98 U~1J1W'l'1'11j1tJ'tI'U1~ imy Spirogyra sp.1 ~~'fI111JtY1J'W'U1iflUU~1J1W i'Ut~'J'Yl 
" . 

i'U 1~'Jt'il'Ui'Utt~'I111't1~~h'U'Vil'l1'lH1'U.ij~'I11~tlUm1']j'1i1U'J~w:h~t~tl'Uf11Jfll'W'Un 
"g '" 

2550 t1~t~tl'U1Jf1'J1'f11J 2551 
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~ , , 

m'H1l1ty'\JtI'J Spirogyra sp.1 rJ'Jiifl11lJlllJ'W'W.fttl1JtJ1111W '\JtI'JtltI{hTItJ'i;HTI~ i~t1 

'i' -1 .1 'jJ ,'jJ i ... "', ..1 •.1 "" dI 'jJ i 'jJ "" 
'Vl1J11 'W 'Jj'1'JlJmtlq~H'U 1'\J1'Q;~'W q~'I1 'W11 'W l~ tI'U lPJ~lf1lJ tI tJ'j ! '!ill tI{11tl~lJm'Q;'J ll'Jm~ IPJ'W 'I1lfl~ 

~ ~i . 
"" dI 0 "" dI

m'H1l1ty'\JtI'J Spirogyra sp.l111fl'\J'W 'Wq~'I1'W11 !!i'l~1l1'W1'W'\JtI'J Spirogyra sp.l ll~!'VllJ'\J'W'Q;'J'r!~ 

~ Q.J ~ ~ Q.I ~ d ~ tI tIi 'W l~tI'WlJm1f1lJ Ui'l~'I1i'l'J1l1fl'W'W i 'W1~tI'WfllJm'Vl'W '!i lli'l~lJ'W 1f1lJ tJ llllW tltJ'j h tltIl hTI tlmTI~ 1l~ 
~Cll..0 d Q.I I i 31d 

• 
1f) ~ I 'jJ Ii'"c:. 

11lJi'l~~1i'l'Jtlflfll'Jff'JN~ 'I1lJml!1l1ty'\JtI'J Spirogyra sp.l i'l~IN~llJ tlJ~1t1 ~mJ1 'W1~tI'WtlJ'hl1t1'U 

lritl Spirogyra sp.l l~lJiiml~lt1mh'JlPim-dtI'J "1i Mtn~ml '11 lJ'Wli t1'U '\J tI'J tltI{hTItI mTI~fl~1Jt.u'l 
~ ~ . 

lllrJ'JUml'JU1Bflfl1'J ~'Jf11'Vlfi 99 

S3 

S9 

fiP 

!if; S10 

.51 

:: t~------
I.~_-__---

25 tf 

I 

,------------
20 Y 

1.0' 
15 r
10 + ,

t· [ 

m'W~ 99 tJ1111W ff1'l1i1t1'\J'W1~ i my Spirogyra sp.l ~iim1lJlllJ~'W.fttl1JtJ1111WtltI{hTItlmTI~ 
~ . 

i 'W!tliU1i '\J'J d1'W fi1'I1i'lN1'W 1i'J'I1i~tl1Jm1'Jj''!i1ij 1~Wj1'Jt~tI'W fllJf11~'W.ft. . 
dI ... 

2550 fI'Jl~tI'WlJmlf1lJ 2551 
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f)l'HlI~ty'IJtl~ Spirogyra spol ii'fl1nnhJ'vr'\..J1rt1mh'fl11JJilf)~UI;l~dtl~i)~ 1~t:J'VnJ11!~tl 
)1 , )1)1 

111t I;l iifi1'f111JJ ilf)Yi UI;l ~ritl ~i) ~Il~' tJ rJ~U 'H ~~ 11l'~JJ 1f)~'U '1 'W 'li1~tJ m t:J'IJ tl~q ~~'U!,j' 1~'li1~19i' 'U 

I ct ~ ~ ~ e:9" I e:9..::::!. I e:9 
'lJtl~q~'l1 'U 1111::: I;l ~ ~Il ! mf)~ f)1'.i! 11 '.ity'IJtl~ Spirogyra spol JJ1 f)'IJ 'UHIl:::'fI1'f111JJIl f)'¥lHI;l ~l;ltl~t1~~ ~ 

~-q~ '1 'U!~tl'WJJm1'f1JJlI:::'VnJ';hiif)1'.i!1I~ty'IJtl~ Spirogyra spol ~~-q~~1m'li'Wt1'W ffl'Hi'ut 'Wq~~'W~ 
)1 I I " 'j) 

!mci~111iJfi1'f111JJilf)Yiul;l~dtl~i)~l9hw'U Spirogyra sp.l t 'W!mci~111 fl~fl1'V'l11::: 'J,j'V'lUf)1'.i!lI~ty'IJtl~ 
d 
'¥l100 

40 ~/ """hi depth, 
I 

35 ~/ :il~ 810 

30 J/. 
---------~-_.'/15 .-( 

I 
20 -r/, 

10 -( 

, 
sY 

59 

i§ 55 

.84 
83 

.82 

m'Vt~ 100 tJ~JJ1WI;l1'l1'ht:J'IJ'U1~'1'Hty Spirogyra spol ~ii'fl11JJffJJ'W''U'Ii't1Ufi1'f111JJilf)~HI;l~dtl~i)~ 
" .

'1'UHJ,j1111'IJ~ d1'UYi''l1IlH1'U~~'l11~tlUIl'.i1''lf1i1i1 '.i:::w,h~!~tl'Uf)JJfl1'W''U'Ii' 2550 i)~ 

m'Hll~ty'Uij~ Cladophora glomerata Kiitzing !H,1::: Microspora pachyderma (Wille) 

Lagerheim 

f)1'.i!lI~ty'IJtl~ Cladophora glomerata Kiitzing HIl::: Microspora pachyderma (Wille) 

Lagerheim ii'fl11JJ ffJJ 'W''U 'Ii't11J tJ~JJ1W , 'W!\91 '.i '¥l , 'W 1 \91 '.i!11 'U tltl{hvJ tll;l!vJ \91!!II:::fi 1'f111JJ ilf)~!! I;l ~ 
I .& 3J Q.I Q.I l..:::::t 3J I I ~ ~ 

I;ltl~t1~'fImt:Jf)'Uf)U Spirogyra sp.l H\91JJ'lJtlH\91f)\911~\91H"lf1~!1m'IJtl~f)1'.i!1I'.ity~~rr~'fItlCladophora 

-=! ~ Gt t!! 

glomerata Kiitzing UIl::: Microspora pachyderma (Wille) Lagerheim lI:::JJf)1'.i!lI'.ity~~-q~ ! '\..H~tl'U 

ii'Ul'flJJ HI;l~~t'Ufl1'V'l~ 101 i)~fl1'V'l~ 106 

f)1'.i!lI~ty'IJtl~ Cladophora glomerata Kiitzing 'fI11JJffJJ'W''U'Ii't1UtJ~JJ1W'lJtl~' 'U!\91'.i'¥l t 'U 

" !m~~111tl~1~i~!1I'W l~t:J'V'lu':h '1 'U'li1~tJmt:J'lJtl~q~~'U!~tl'UE ~'H1'f1JJ f)~!~tl'Ul9Jm'flJJ tJ~JJ1W' 'U!\91 
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<j) I <j) I ,
 

..<:::!I ~ 0GJ~ ~..<:::! .<:::::l ~ ~ I It!!
 

';i'YIllm~-:l'tl'U'YIlll1 Cladophora glomerata Kiitzing !';illllfll';i!'il';ity1J1fl'tl'U!HltI"l eJtlNlOleJ!'UeJ-:l !nl~ 

o ~ J t!!..<:1 di I GJ ~d 0 

'ill'U 1'U'tIeJ-:l Cladophora glomerata Kiitzing 'il~!~ll'tl'U ~-:lf{fll'U!fleJ'U ll'U lf1ll Clf-:lff -:lI>Hl Ll1llfll';i'U 1 
<j) <j) I <j) 

l'U !1Ol';i'YI11J1'*lfltlffll1i lt11J1fl~'U 1111li'umin1 lihl~ll lW 1 'U!1Ol';i'YIf;lflI011f;l-:lflflfli'-:l ri -:l~f;llli'nfln 

!'il ~ty'tleJ-:l Cladophora glomerata Kiitzing f;lflf;l-:llOllll 1 tlfi'1t1Uf;l~!~ll\Ol1t1Uf;l~\1fl~eJtlfff;lltlmh-:l 
I <j) 'j/ I 

IOimueJ-:l 1111li'!flflfll';il1lJ'U!1t1'U'tIeJ-:ll'U!1Ol';i'YIfl~1J!,j' l1J1iJ-:lUl1~-:lUlflflfli'-:l fi-:lfl1~Yi 101 

l!l SIO 

S7 

III Sl 

.S4 
,0 SJ 

.s:1 

il1'n~ 101 tl~1J1Wffll1ilt1't1'Ulfllmy Cladophora glomerata Kiitzing ~nmlllffllrr'U£ti1J 
" .

tl~1J1W 1 'U!IOl';i'YI l'U 11Ol';i !'il'U1'Uu:wul1't1-:l ri1'UYill1f;l~1'U:ij-:l111fleJ1Jml'lf1il'U ';i~w,h-:l• 
~ OJ rI ~ ~ 

!fleJ'U fJllfl1~'U 1i 2550 t1-:l!fl eJ'Ullfl';ilfill 2551 

6 
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nl'H'il1ty'UEl.:.l Cladophora glomerata Kiitzing iJfI 1111bY1Ji'WnihnHlllW'UEl.:.lElEl{h 

TImnTII9I hwvnr;h i tJGlh.:.llhneJtl~H'Wl,rl~~'Wtl~11'Wl1 i 'Wl$iEl'W 19Jbl1f111ElEl{hTImHTIl9liJfil~.:.I~.:.I 
'JJi3J~ ~ dii 0" 

f11~I9J'W l1!nf'lf11'H'il'.ity'UEl.:.l Cladophora glomerata Kiitzing llln'U'W 'Wtl~11'Wl1 U?l~'ill'W1'W'UEl.:.l 

. " . 
"" dl i' 'JJ 'JJ i ~ d, ~ d ~ Cladophora glomerata Kiitzing 'il~lVlll'U'W~.:.Ib1f'1 'WG)f1.:.1I91'Wtl~'.iEl'W 'Wlf'lEl'Wll'Wlf111 lllElllf11'.il'il'.ity 

" 'UEl.:.lffll1~heJ'U'Wlf'1 i m;ut~'W ~1'W 1'Wlllf1'il~d .:.IN?l i M'iJn1'.iihtmElEl{lliTIElfflTII9I'illnul1~.:.IU 1'11Ji~ 
"

u . 
lllnI9l111111 fl.:.ltr'W1J1111WElEl{hTIElfflTII9I~.:.I?l.:.l1911?l.:.l I'iElllli'Wl$iEl'Wtllll1eJ'W Cladophora glomerata 

Kiitzing 'il~t~lliJf11'.i19l1eJEl~l.:.1I'iEl!l1El.:.ltW~\ln~EleJffmeJ vh i M'tf1f'1 f11'.i m.,j'Wt1eJ'W 'UEl.:.lElEl{lliTIElfftTII9I 

Q.lfj/ Q.I 'DC::!""QJQ.I .d.. 
n?llH'Ul111eJ.:.IUl1?l.:.l'W1ElnflH f'I.:.IfI1Vl'Vl 102 

40 

30 

15 

IDP 

ill!l SID 

S9 

lIi SS 

~S; 

.54 
S3 

.51 .u~ 
M !~ ~ ~ ~ ~~ ~! ~ ~ ~ ~ ~ 

m'f't~ 102 1J1111Wff1l111eJ'U'Wlf'1imy Cladophora glomerata Kiitzing ~iJfl1111~lli'WntilJ 
" . 

U1111WElEl{lliTIElfflTI191 i 'WmJul1'U.:.I d1'WYi'1l1m·il'W ~.:.I'Hlf'1f;!lJ?l'.ilG)flilij '.i~w,h.:.l 
~ Q.I a' ..::;:g ~ 

tf'lEl'WfJllfl1Vl'Wli 2550 t1.:.1tf'lEl'Wllf111f1lJ 2551 

o 



180 

~ .c! Q.I Q.I riC:. Q.I I & d 
f11·H~':ity'\J'il.:l Cladophora glomerata Kiitzing :lJfll1:lJ~:lJ'V'l'Wli1'1f'lUlf1f1UI'l1f111:lJtlf1'Y1 

• JI 1 jI jI 

!l~'I ri'il.:l f).:l lflEJ'V'lUilljj'illJ1i ~ iirilml:lJ~f1l1!l~'I ri'il.:lf).:ltl.:l L1JtJ'l!lt"i.:lU 1i~1J1f1~'W i 'W'Ih'l1JmEJ 

~I 9J I I 3J I i !JJ "" "" 
'\J'il'lq~H'Wl'\Jl'Q;'lfl'l~'W'\J'il'lq~11'W11~~~.:l~tl111f1flf11':iI~':ity'\J'il'lCladophora glomerata Kiitzing 

:lJ lf1 ~'W !ltl~l~~ UJ1J1 f1~ ~fl i 'W l~ 'il 'W lJ'W lf1:lJ ~'llJri lf111:lJ~ f1 ~!l ~ 'I ri'il.:l f).:l ~.:l ~~'V'lU ilii f11':i I~~ UJ'\J'il.:l 
U III <u U 

." . 
Cladophora glomerata Kiitzing 'Q; .:l~flfilmGJf'Wf)'W al11 f U i 'Wq~N'W l1!lmi'lu llJrilml:lJ~f1l111~'I 

I jI 91 I 

ri'il'lf).:l~hw'W~~ hj'V'lUf11':i1~1ty'\J'il'l Cladophora glomerata Kiitzing i'Wlmci'lUl fl'l.fl1'V'll1103 

30 f 

~ SIO 

SJ 

S9 

liIll SS 

!'-i So 

.S4 

.S2 

15 ~-' 

'"-
35 ~/ 

10 -r/ 

fI1't'1~ 103 1J11J1W ~l'11'hEJ'\J'Wlfl imy Cladophora glomerata Kiitzing ~iifll1:lJ~:lJi'W1inu 
. ". 

rilf111:lJ~f1l1!l~.:l1:Y'il.:lf)'l i 'Wll~Ul1 '\J.:l ril'W l1L11m-hm).:l111fl'ilUtl':il'1flil'O ':i~11il.:l. 
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fllll1l1ty'\HJ~ Microspora pachyderma (Wille) Lagerheim fl11111:YllTI't.nInmJ11J1tu 

" 'IJ tJ~ 1 'W l~l'YI it.J n l1 ci ~'lhfJeh~ i~lll'W l~eJ'Vnr.h 1'W '1h~tl meJ'lJtJ~ q~~'W l~tJ'W iY ~ l11f111 (j~l~tJ'W 
" .

~mflll tl11J1tu1'Wl~1'YIiifil'i:l~~'W'Y111M' Microspora pachyderma (Wille) Lagerheim l111iifl11 
" . ,

.<::::l. .dl ~ I' tS 0 

l1l1ty1J1fl'IJ'WlltJeJ"ltJeJ1~~m'WtJ~ n~~1I1'W1'W'lJtJ~ Microspora pachyderma (Wille) Lagerheim 11~ 
, j/ I j/ 'JI 

rVlll~'W~ ~ f!~ 1'Wl~tJ'Wii'W1f111 c]f~ ff ~H~ 1M'iiflllU11'Wl~l'YI 1tl1 '*1 ~eJ'ff1l1 11 eJ1J1fl~'W 'Y111M'nl1ci~U 1 
. " 

iitl11J1tu1 'Wl~ 1'YI~ ~911 ~ ~fl flfl l'~ ff ~ H~ 1M'ii fl 11 l1l1ty'IJtJ ~ Microspora pachyderma (Wille) 

Lagerheim ~~~~~111 1tl¢l1eJn~~l~1l~lml~~\!fleitJeJ'ff~leJtJei1~~miitJ~ 'Y111M'tn~fl11l1lJ'Wl1eJ'W 'lJtJ~ 
"" ,

1'Wl~1'YIfl~lH..r11J1iJ~lmci~u1flflfl1'~ ~~fl1TIii 104 

10 J/ 
! 

I'; So 

.S4 
S3 

.81 

.SI 

o 

m'rt~ 104 tl11J1tu'ff1l111eJ'IJ'W1~1mli Microspora pachyderma (Wille) Lagerheim 
, " . 

iiiifl 1111 1:YllTI'Wnn1Jtl1111tu1'Wl~l'YI 1'W 1~llll'W1'WltliU11 'IJ~ ff1'Wl11l1mh'W ')~l11~ 

o 
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m~!'il~ty'\JeJ'J Microspora pachyderma (Wille) Lagerheim iiI'l111JfflJ~'j,..l1jn1J'U~lllW 

'\JeJ'JeJeJ1ln'Vlmn'VllPI hw'Vnrh i'UGlhnJmvq~H'U!.,j'1~IX'Uq~11'U11i'U!tieJ'U~ml'llJeJeJ1ln'VleJ'~n'VllPI 
dol & 'j)/il3IC), C), &~ '" 
lJm~'J'il'Jm~~'U!mf1~m~!'il~ty'\JeJ'J Microspora pachyderma (Wille) Lagerheim lllf1'\J'U !'Uq~ 

o C),
. &'" GI' 'j)

11'U11 UI:l~'il1'U1'U'\JeJ'J Microspora pachyderma (Wille) Lagerheim 'il~!'V'l1J'\J'U~'Jb1~ !'U'H1'JIPI'Uq~ 

~eJ'U i 'U!tieJ'Uii'U 11'11..1 !rleJiim~ !'il~ty'\JeJ'Jff1l1i1V'\J'U1~ i my!~'U ~1'U 1'Ulllf1'il~ff'Jf-l1:l i M'iimnJ1W1 

'" '" . 
eJeJ11Ti'VleJm'VlIPI 'il1f1Umi'Ju 11tJi '*1llf11P111Jlll ~'J'I1'UtJ~lllW eJeJ11 Ti'VleJm'VlIPI~'J1:l'J1'111:l'J lPieJllll 'U . , 
~ C), do I' ~ I 

!~eJ'U!lJEl1V'U Microspora pachyderma (Wille) Lagerheim 'il~!~1J1Jm~1PI1VeJV1'JlPlm'UeJ'JUI:l~\lf1VeJV 

'" '" . 
ffmv 1I11 i M'!n~m~11J,J'UtJv'U'\JeJ'JeJeJ1ln'VleJm'VlIPlf1~1J!.,j'1111v'Jumi'Ju1Bf1I'1i''J ~'J.fl1'V'lYi 105 

30('
 

i 

IS i' 
10 ~/ 

1 
; 

TOP 

iii 510 

59 

S7 

!Ill 5S 

53 

.52 
Feb M.. .'opt M»· 100. July A,,! Sop Oct NOT Dtc:).,. • 51 

m'W~ 105 tJ~lllWff111i1V'\J'U 1~ i my Microspora pachyderma (Wille) Lagerheim 
, '" ,

Yiiim11JfflJ~'U,jn1JtJ~lllWeJeJ1ln'VleJm'VllPI i 'Umju11'\J'J ff1'UYil 111:l~1'U ~'J111~ 
do I ~ QI tI & ~ 

eJ1JI:l~1'HTi1'U ~~1111'J!~eJ'Uf11J.fl1'V'l'UTi 2550 tl'J!~eJ'UlJm11'11J 2551 
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<::::::l. .o::::! Q.I QJ tI t:::::. Q.I 

f11111l1ty'IH),:j Microspora pachyderma (Wille) Lagerheim :IJfl1l:lJff:IJ'VfWlil']j',:jU1f1f1U 
I , JJ , JJ JJ 

filfl11:IJgf1Y111ff,:jdfl,:jg,:j t~lnm111:Jjml1 1ff ijfilfl 11:IJgf1Y111ff,:j dfl,:jg,:j'fl,:j i 1J~,:jll'tH',:jUl i¢i:lJ1f1~'U 

'1 • .1 .1 ~ • ~ '1 ~ "" ""I • 

~ 'U ']j'1,:j lJ 'fIll'J 'IJ fl,:j t) ~ f'l 'U 1'IJ 11;1 ']j' 1,:j ~ 'U 'IJ fl,:j t) ~ l'i 'U 1111 ~ ff,:j H 'fI ~ l'i If1 ~ f1 n 111 1 ty 'IJ fl,:j Microspora 

el ~ .d G) t!t.c:::! & .d , e:!i .d 
pachyderma (Wille) Lagerheim :IJ1f1'IJ'UII'fl ~11l 1ty :IJ1f1'Vl ~~ ~ 'Ul~fl'U :IJ'Ulfl:IJ t)f,:j :IJf11fl11:IJ'fI f1'Vlll ff,:j 

I ~ , .<::! <::::::l. 31 'Q.I 
fffl,:jfl,:j1;1,:j1l~'V'lU11:IJf11111l1ty'IJfl,:jMicrospora pachyderma (Wille) Lagerheim 1;1,:j~~~1l'Jl']j''Uf1'U 

I jI , I jI 

ffll'i f U1 'U t)~~'U Yllll'i rinhijfi lfl11:IJg f1Y111 ff,:j dfl,:jg,:j1911U'U 1l~ iu'V'lU f111 11l1ty'IJfl,:j Microspora 
" . 

pachyderma (Wille) Lagerheim 1'Ulmri,:jUl ~,:jfl1'V'lYl 106 

li! 510 

59 

5; 

.&4 
53 

.51 

m'Yi~ 106 1J1:1J1Wff1l'iill'J'IJ'Ul~1my Microsporapachyderma (Wille) Lagerheim 
, I iJ, 

Ylijfl11:IJ ff:IJi'U -fitl'Ufilfl11:IJ gf1Y111ff ,:jdfl,:jg,:j1'UllUUlt 'IJ,:j d1'U Yli l'i'fl~1'U 
Q.I Q.J .<::! I ~ Q.I t:I .& ~ 

1l,:jl'i 1~fluml']j'lil'U 1~l'i11,:jl~fl'Uf1:IJfl1'V'l'Uli 2550 ml~fl'U:lJmlfl:IJ2551. . 
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, " "	 '" 
fffl1'Vfl~tln1' 1.l'Uv~rl'Wn'v,nh'UtNU~~::'l~l~tJ9i1v~H 1'Wmhh1'U~t:i1'WVi' l1mh'W• . " " 

~~l11~VtJ~'.i1'lfti1U '.i::l1'h~l~V'Wtl1JfI1~'Wti' 2550 il~l~V'W1Jtl'.i1tl1J 2551 1~tln1 '1.lrl'Un'V~U1'UV~ 
" ,	 . 

91~V~tl111Jtl11'UV~UlJU11 'U~1.l'.i::tlvtJ~1t11 'U~l1'WVi l~'W 11'W1.l'.i::lfl'VIl1'W'VI'.i1t1n'V'W1l1qjVi1.ltltlt:J1J 

~ 1 d.1 " d" 'd" "1 d d.l".:' .1 " 
~1t1 tl~'W U~::1J'VI'.i1t1lJ'WtJHl~tl'WVtl U9I1J'UVtltll1'W 'W'l~'VI 5 U~:: 7 'VI'Vf'W'VIV~'W1lJ'.i::tlVtJ~1t1• 

.1 ~'1' d"'" d " d" 1 ....: ~ .K1	fm'W lJ'W'VI'.i1t1llJ'Uff1'U l1ty 1JtlV'Wl1'W'U'W1~mtl1J1~mmJvtl 'Wt)~H'W '.i::~tJ'W1'l::l'Vf1Jtl~'U'W1J1tl 

01"" .dA" :,'JJ~ QI'JJ GIl ".d QI:t	 ~ 'VI1 l1Uff~ 1Jff11JHlffV~~~f:l~'Vf'W'VIV~'W1 ~ er~91Htl'W'U11JtltJ 'Wt)~)'.iV'W'VI'.i::~tJ'W1~~911~~1J1tl 

",	 " 
l,flJ tllJ U~::lIH 1~ l~tJ9i1V~1~U1~~~~'l'W tl '.i::n~ I~l'1.lv~1'Wltl1::uti~'t;'1M'tl'.i::UffU1'l1 ~~1~~ 

" ",
ff~N~1M'ln~tl111J ll11J1::ff1J~ vtln1'lif.1J'UV~ff1l1 ~1t1'U'W 1~ 1l1 tY'~ t:rtl'l:l W::'UtHrl'W n'v~u1Vi 

" ll11J1::ff1J~Vm'.il'lifU'UV~ff1l1~1t1'U'W1~ 1l1f;uijtl111JU9ltl~Htl'W flV ff1l1~ 1t1l'VI1U1'l::l'lifU'~~tJ'W u u	 u 

.l 'JJ : dd .... ~ 1 ~'1 'd .1 d " , 1 " ...
'VflJ'VIV~'W 1'V11J~ tl'l:lW::llJ'W tl~'Wm'WllJlJ ff1lJ l1flJ1J'VI '.i1t1lJ'U mtl'UvtI ff1l1 '.i 1t1'U'W 1~ my tl'l:: I'l'.i flJ 

" " ,. " 
'~fttJ'Wrl'Wn'v~lhVil~'Wn'V'W l1lJViltlnvtJ~1t11fl~'Wl~'W ff1l1i'tJ ff1l1~ 1t1911~1t1U1 (Hydrodictyon 

" " 
sp.) ..r'W 'l::1'l~ty '~~11JtltJff1l1~ l(I'tl l~(Il'l~tyti~ 1m:: lltJtJ 'lJmllJ tJ'W ltl~ 'Wl~lJ lJ vtl'lltli1ir~ 

I ..., 1 I Q 4 ~ 
'VftJ11 Oscillatoria princeps Vaucher 'l::l'j)'.itytJlJer1~'UV~ff1l1'.i1t1'U'W1~ l1ty'lf'WAV'Wer~911t1U~::'j)1J 

QI I A" : dQl 1	 ... 1 dl
911V~tJ'W'Vf'W'VIV.:J'W1'V11J tl~'Wm'W1.ltlm.l1J ~tI Oscil/atoria princeps Vaucher 'l::l'l'.if.1J ~tltI~ltl1:: 

lltJtJ 'lJuulJtJ'Wer1tlff1l1~1t1'UlJ1A1l1 qj~'Wll~:: ltl~lJmlJ U~::lrlV'lf111.l'.i:: 1J,:m1tlV1'W l1~ Vl~lJ tJlJ 

A QI d "	 QI,l IQ1	 :

'Vf'W'l::ff.:Jltl9lll1'Wtlt:J1J'UV.:Jlff'Wff1t1'UV~ Oscil/atoria princeps Vaucher ~Vtl9I1'U'W\lN1'W1 uff~.:Jl'W 
d 

911'.i1.:J'VI 18 
o 
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,...... 

J~ 

I') 

, II II II, 

f111Hn 18 ~fl'tlf.U::'UV.:li4u~v,:nl 1'UV.:I~~1~'lJ~1Vd1.:1luLU,itl11'U.:Iff1U Vi' 'tHu-hu ~.:I11'i~ 
.Q '4 "'.. odI 4

fJ'lJ~'j1')j'1i1U 'j::111Hl~VUfJ1Jm't'tU1i 2550 fI.:Il~VU1Jfl'j1f11J2551 

.. 
'AAIn'lJ 

.. .. 
4 :II 0 

ft....f18.:J....1 (substrate) 
u , 
f118rJH 

1 lhu111ojl11ul1u ij~u 

lmltullu 

2 lhulmylllul1u ij~u 

ltlllUlaU 

3 lhuhfojl11ul1u ij~u 

ltlllUlaU 

4 lhul11ojl11ul1u ij~u 

ltlllUlllU 

5 lhuhftYl11un'ntJ ij~u 

ltlllUlllU 

6 ffluhftYl11ul1u ij~u 

't1'I1UtJUltlllUlaU 

7 n'nutJu lf1llUlllU 

8 l1U ~UilUtJU1lfUUltJU 

ltlllulau 

9 fflU hfojl11u't'l'nu 

'HI.:Ill.:l1J1111U111U 

'HI.:Ill.:l1J1111Ul1U 

10 fflUh,tYl11u~UlllUUll:: 

~U;lU'HI.:Ill.:l1J1111Ul1U 

...".... Ifltm f1'llrJ 

... .Q 

~""I"""rJl 

tJ ... , 
....~ ....'11.... 

, 
i:r1"'1 UJ'U....1A 

'"wu , .... 4.... ... 
f11;)'lty~f1q~ 

95% 5% 0% 0% 
.... 

'YjO')j'U~ 

80% 15% 5% 0% '0 

80% 15% 5% 0% '0 

80% 15% 5% 0% '0 

0% 50% 50% 0% " 1't1l'Lh 

90% 

0% 

5% 

50% 

5% 

50% 

0% 

0% 

.... 
'Yjf)')fUfI 

'0 

10% 30% 0% 60% '0 

95% 20% 70% 0% '0 

10% 70% 0% 20% 
.... 

'Yj0')j'Ufi 



.
 
"" lJ'YI'YI 5 

{Jihhlt1fH1m'i1~t1 

.. .. 
5.1 fll1lJ't'itlln't'itllt1'U0~'V10~~0lJVf~nM'I-11 

~ ~ ~ I 

f111 ~ '11 '" 1 f) '11 '" 1tJ'tJtl~ i fl tlg; I'1tl~Yl'U VI tl~ U1 '1 'UH'liU 1i 'tJ~ d1'U Vi i '11 '" N1'U 1l~'I11fl 
~ ,~ cv ~ .e9 ~ lIJ.c:!I _91 0 CV " " " 

VU'l~1'lf1i1'U ~g;'I11HlfltlUf)~mW'U1i 2550 mlfltl'U~m1f1~ 2551 WU ~fltl~\PItl~W'U'Yltl~'U1'V1~'I1~fl. . 
~ ~ , ~ ~, 

307 'lfUfl ~1'U 1'U'tJtl~ lfltlg;I'1V~Yl'UVltl~Ul'ViWUii~l'U1'U '1m\'I~tJ~nU lfltlg;l'1tl~Yl'UVltl~U 1Viwu'1'U 
... I I tJ tJ 

, o.t:!l do.d. '1 ''1'' do Q,I I 0 1 ... '1 I ... I 1IJ Y I
n~'U 1tl'U ~ 'VI~'tJ'U 1fl '11\\1 mHf1t.l~f)UII~'U 1 'IJ~'VI~ 'U11(lg;1'11~u~~l'Vlfl' ~flHf) Holmes and Whitton 

" (1981) WU'flV~l'1tl~ 230 'lfUfl't'Umju1 Tees ll~~I'YIfl'tl~f)qfj ~l'U'tJV~ Archibald (1983) wulfl 
.. 

Vg;I'1Bll 310 'lfufl'1'Wmiu1 Sundays and Great Fish '1'WVl'W~f11i~ Chessman (1986) WULfltl~l'1tlll .... .. 
267 species i'Wmh.hll"'~1l1JU1ff1'IJ1'IJV~II1.h11 LaTrobe i'Ull~~I'VIfl'mHH\PI~I~tJ ~1~ 1l'l~l1I'1W~ 

" .. .. 
(2548) fff)fj1LflV~I'1Blli'UmJu11'tJ~~~'I1i1~U 2546-2547 WULflV~l'1tlllYl'WVltl~ih 186 'lfUfl 

'1J tJ II I 

Leelahakriengkrai et al.(2009) ffm:l1f111~'I11'l1f)'I1mtl'\Jtl~ Lfltl~l'1tl~.w'WVltl~U 1i 'W111JU11 'tJ~ri1'WVi 
.. .. 

L'I1mh'W1l~'I111l1;t.l~~1t1 'l.h~I'VIfl'l'V1t1 YlUlfltl~l'1tl~Yl'WVltl~\h 79 'If'Ufl Suphan (2010) YlULfl .. . 
tl~I'1V~ 252 'If'U1l'1'W1l1JU11'\J~ri1'WYih'l(lH1'U 1l~~I'VIfl'Yl1J11'Yltlll(l~(l11 fffi'Yl~i~l (2551)• 

tJ tJ tJ 'jJ iI 

ffmn lfltlg;l'1tlll~'UVltl~U11'UH1J'W11'\J~ i'U 5 1l~'I11fl'tJtl~L1~g;I'Ylf11 'VIti WU lfltltl'1tl~~'UVltl~U1 168 

"" , "t. '"I 11) '1' 0 " 1 ... I 'JI 'JI 11) 'JI 0 

'If'Ufl 1l1'11'U tl~1)lf)f.l(l~l'U f11~ fl'f)fj1fl11~'I1mf)'I1mtl'\Jtl~ tfltl~I'1'tl~ 1'UlllJ'U'1 '\J~fl~f)m1'\JHI'1'U tfl'VI1 

f11~ InU~1tld1~11J'U q~f11'1 H~L1Jl~lnmi1B~h~l'Jf1l~v'U ~~'l11 '1'flYlU~l'W 1'U'lf'Ufl'tJtl~ lflBt~w~ 
iJ iJ tJ )1 11 jI 

UBtlf)i1~1'U1~tlflf~ij'I1~ijlYl'j1~~1'U1~t.l'W'l11f11~lnUl'Jf1l~v'U~ 1 flf~ 11JUI1I'l1 1 U1fleJl11f11'j"'~ 

InU~1Bth~ 10 ~fllnU~1'tl~h~ ~~ri~f.ll'l i'flWU1l1'U1'U'lfUf!'tJB~ lfltl~I'1V~~'UVltl~J1mf)f)i1 i'U 
, • iI tJ" II V tJ 

~1'U1~tI~'U~ YiL~fff)fj1lfltlt\9ltlll~'UVlB~U1 '1'UlI1JU11'tJWi'Ul~tl1n'U 'Utlf)1)lf)ij f.l'lf11'j 1~Vflf~ij 

v~W U11ii If! tltl'1 tlll ~ iill 'U 11 U'lJ 1) tl1J'U 'lfUfl '1 '111J 3 'lfU f! H'tlf1 Geissleria sp. UBU-MK1, 

11) d", 1 'JI
Gomphonema sp.1 UBU-MK2 lll'lt Gomphonema sp.2 UBU-MK3 ll'lt tf!tl~\9ltl~'VI1l1l'U1 'W~ 

11J'W variety '1'111J 1 variety fttl Pinnularia divergentissima var. UBU-MK4 
tJ tJ I tJ iJ 

Lf!tl~l'1tl~Yl'WVltl~'W1'lfUfll~'WYiWU'1'Wf11'j1~t.lflf~ijl~Hf1 Gomphonema lagenula 

"t 
Kiitzing ~tl~(l~1J1f1tl Navicula rostellata Kiitzing, Nitzschia palea (Kiitzing) W.Smith, Luticola 

goeppertiana (Bleisch) D.G.Mann, Nitzschia liebetruthii Rabenhorst, Sellaphora pupula 
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(Kiitzing) Mereschkowsky, Navicula erifuga Lange-Bertalot, Cymbella tumida (Brebisson) Van 

Heurck, Gomphonema clevei var. javanica Hustedt, Cymbella turgidula Grunow, Gomphonema 

pseudosphaerophorum Kobayasi, Pinnularia subcapitata Gregory, Amphora montana Krasske, 

Rhopalodia gibberula (Ehrenberg) O. F. Milller, Nitzschia filiformis (W.Smith) Hustedt, 

Bacillaria paxillifer (O.F.Miiller) T.Marsson, Navicula cryptotenella Lange-Bertalot u~~ 
, 1 iI iI I 

Gomphonema sp.2 1~tJ'Vidje)'w 1~ TU TU'Utl-:l '~tl~(PltllJ.w'Ul1'tl-:lU l'1fU~1~'UYi'V'liJ '1 'U'YJfl~~lfhJI91'Jtl~N 

" 'YIfl9f1 U~~ 'YIfll$itl 'U lJ1llfil 1~ 11111f111lJ -d'lJ~ 'U TI'YI1-:l {1(i~llPl tilt Cluster analysis {1llJ l'H1l1'JJ -:l flci lJ 
qq. 

'Utl-:l1~tl~(PltllJ91U~l~ 'U 'JlI~'U 7 flcilJ~ -:l'iYllJ1JtlU llJ-1HI~'U ~'lfij'JJ-:l~flU!fl1'V'lJ1~-:lU~flU!fl1'V'lJ1 
q •• 

" , I... 1 .et d ... 1 0 dd. dl d <!l 
u1'Uflm-:l11'JtllJ{11'Jtl1l11'Ju1'Uflm-:l (mesotrophic status) IW~'U1'Y1lJfJU!fl1'V'l1 1'Uflm-:ltl-:lI{1!'J l1'Jtl . 
d ... 1 di I d \l13J ,
lJ{1l'Jtl1111'JU1'Uflm-:ltl-:l'l.!-:l (mesotrophic-eutrophic status) fl~lJ'YI I ~~llfl Pinnularia subcapitata 

Gregory u~~ Nitzschia liebetruthii Rabenhorst fl~lJ~ 2 1J1un Cymbella tumida (Brebisson) Van 

Heurck, Navicula symmetrica Patrick, Melosira varians C. Agardh, Rhopalodia gibberula 

(Ehrenberg) O. F. Milller, Encyonema vulgare Krammer, Navicula rostellata Kiitzing, Encyonema 
I d II] 9J I 

minutum (Hilse) D.G. Mann ll~~ Navicula cryptotenella Lange-Bertalot fl~lJ'YI 3 ~lPlUfl Luticola 

goeppertiana (Bleisch) D. G. Mann, Gomphonema insigne Gregory, Navicula cryptotenella 

Lange-Bertalot, Tabularia fasciculata (C.Agardh) D.M.Williums & Round, Navicula 

heimansoides Lange-Bertalot, Navicula rostellata Kiltzing, Gomphonema sp.l, Navicula . 
I d IIJ 'j) I 

cataractarheni Lange-Bertalot U~~ Nitzschia capitellata Hustedt fl~lJ'YI 4 l~l~fl Navicula 

menisculus Schumann, Nitzschiafiliformis (W. Smith)Van Heurck, Cymbella turgidula Grunow, 
, 

I d tIll ,
Surirella splendida Kiitzing U~~ Rhopalodia gibberula (Ehrenberg) O. F. Milller fl(JlJ'YI 5 ~Ufl 

Cymbella turgidula Grunow, Bacillaria paxillifer (O.F.Milller) T.Marsson, Nitzschia palea 

(Kiitzing) W. Smith, Navicula krasskei Hustedt ll~~ Navicula erifuga Lange-Bertalot fl~lJYi 6 
11] 'II , 

~~llfl Gomphonema designatum Reichardt, Cocconeis placentula Ehrenberg, Rhopalodia 

gibberula (Ehrenberg) O. F. Milller, Planothidium frequentissimum (Lange-Bertalot) Round & L. 

Bukhtiyarova, Cymbella turgidula Grunow, Gomphonema subclavatum (Grunow) Grunow lm~ 

Luticola nivalis (Ehrenberg) D. G. Mann in Round, Crawford & Mann U~~fl~lJYi 7 1J1un 

Nitzschia palea (Kiltzing) W. Smith, Luticola nivalis (Ehrenberg) D. G. Mann in Round, Crawford 

& Mann, Bacillaria paxillifer (O.F.Miiller) T.Marsson, Nitzschia liebetruthii Rabenhorst, 

Navicula rhynchocephala Kiitzing, Navicula menisculus Schumann 
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4'::i lI) e: jJ : ~ lI) $1d d ~ ~ d lJ) e: jJ : 

q~fll1:'l'V1 I~H)~\P)'tllJ'VrW'VltJ.:l'U1l ~j ty 1~~'Vlb1~'i'1 tJq~ 'Vi 'U11 I~ L1'Vl l~ tJ~~ tJlJ'W 'W 'VltJ~'W 1~~ 

l~lJ~tll'i l~~ ty 1 'U 'li'H1JmlJ'lltJ.:lq~N'Ul ,j'1~'li1~~'U'lJtJ~t]~'Vi 'U 11 m'ldJ ~~lJ~~H1:'l fl'i~~ Wfll'H~ ~ty 
'3J '3J '3J '3J '3J 

'lJtJ~l~tJ~l'ItJlJV1wYltJnl11~~ ~tJ 1J~1J10HnjtJ1'111jvJtlmvJl'I lWl'lj'Vl H1:'l~'i'111lJl1:'1''lltl.:lU1 r1.:lU 

l'Wj 1~ '1 Wq~N'U ~~~fllj 'l5~lll.:l~lJlJmYl'll~mlJl'lj flj1~1 'U fllj l'W1~1J~fl'U~ntu~lJih lrim,l'U\91fl~.:l 
'3J ,iI 'jJ , 

ln~fll j'l5~lll.:l1:'l.:l-ffu 'Vi~ .:lU1'1'11 '1 ~l.J~lJ1tu 'lltl.:lvJtlmvJl'I.y;1:'l~mlJl 'UU1r1.:l'VilJ~U1:'l~ I Wl'lj'VH~lJlJ1fl 
.. '" .. .. 

& 9 ' "I ,I 'j) ''j) , 'j) "" Ii] '" 'j) 0 ,

'll'U I'U'l51~ umlJq~H'U l'lJ11;j\91'W q~ 'ViW111:'1'.:l H1:'lflj ~19J'U fllj l~j ty'lJ tl~ l~ tJ~l'ItJlJ'W 'U 'Vl tl.:l W1 H1:'l~'W'IJ 11 .... ,
9 Ii] '" 'j) 0 .. "" "l 'j).... 
IWt]~'I1W11 I~W~\91tJlJ'WW'VltJ.:lW1~~lJflljl~jty~~~'Vlb1~ 

'3J '3J I I j1 i.I 11 1 

l~tJ~\91tllJV1w YltJ.:lU1.y;'ff11J1H1U11J11 ~lV1mj.:l;'i'1tuill'WU1 '1 wmhJ 11'll.:ll~fl~lJ.y; 1 ~tJ 
.. 

93J' d

Cymbella tumida (Brebisson) Van Heurck U1:'l~ Navicula erifuga Lange-Bertalot 1'l5'IJ.:l'l$fJtufll'W 
.. , 

u11.J1wflm.:l 'I1~tJ ~1:'1'ljtl1'111j1.J1wflm\l (mesotrophic) fl~lJ.y; 2 ~tJ Cymbella turgidula Grunow, 

Gomphonema clevei var.javanica Hustedt, Luticola goeppertiana (Bleisch) D. C. Mann, Nitzschia 
.. .. 

liebetruthii Rabenhorst U1:'l~ Nitzschia palea (Ktitzing) W. Smith 1~u~;fJtuil1'WU11.J1w flm~~~ ilJ 

'" '" .. I "l 'j)& 
~ 'I1jtJ lJ1:'1'ljtl1'11WL 1Wflm~1l~1;j.:l (mesotrophic-eutrophic) ~~ 

'3J '3J I • 

l~tJ~l'ItllJvt'WY(tJ~U1'l$Q~.y;'W'lJl~r1111.J l'liW Cymbella tumida (Brebisson) Van 

Heurck, Cymbella turgidula Grunow, Gomphonema lagenula Ktitzing U1:'l~ Bacillaria paxillifer 

(O.F.Mtiller) T.Marsson 1~~111.JmJJ1'11mlJmj~lllw i~tJ~l'ItJlJ~i~!fllJ~flljj1lJ.:l1Wi1'W'U 1w 

l.Jj~!'Vlftl'Vw (Pekthong, 1998 U1:'l~ 2002; Waiyaka, 1998, Kunpradid, 2000 and 

2005;Peerapompisal et al., 2000; Suphan, 2004; Inthasotti, 2006a and 2006b;Leelahakriengkrai, 

2007 and 2008; Pruetiworanan, 2008; and Suphan,2010) 

1:'1'l'11'i llJ'll'U 1~ '1 m\J~~~fllj l~~ty il'i'~~,!~ 1'U'li1.:lt]~W 11 H1:'l~'li1~~W 'lJtl.:lq~~ tJ'U l~lJ 

fllj !~~ tyll~!~lJ'1 'U'li1~1JmlJ'lJtl~q~N'U~ nf1l~lJ I'Vi1:'l~1 1W!$ltJ'U I9JmfllJ~~!~lJ~ .:llfll'l!~ 'W~mltu~ 

!llwl1:rwiw"l1:'1'1'11i1lJ'llW1~lm\J~!1l~ty!~lJ~titJ'Ufl~lJ~W ~tJ !'Vl1J1 (Spirogyra spp.) l~lJ~fllj 

!1l~tyl~lJ~1W!$ltJWlJflj1fllJ -ff1W 1:'1'1'11i1lJ'llW1~1'11tYfl~lJ~ 2 ~tJ1:'1'1'11i1lJlfl (Cladophora 

glomerata Ktitzing, Microspora pachyderma (Wille) Lagerheim, Microspora sp.1UBU MK5) 
.. , 

U1:'l~m'l1i1lJ\911~llJU 1 (Hydrodictyon sp.) ~~!~lJ~fllj !~~tyl w'li1~!$ltJWl9JmfllJ !W~~~! ~~ty1;j .:l,!~ 

'1 'U!$l tJW I1lJ ill Yrw £u 1:'l ~ ij 'U 1fllJ bYl 'Vi l''U 1:'1'1 'Vi i llJ'll W1~ '1 '11 tY fl ~ lJ ~ 3 ~ '0 Oscillatoria princeps 

Vaucher ll~ijfllj!~ ~tyH 'VlW ~flllJ'I1 J:l.:l ~lfl1:'1'1'11i1lJ'llW1~ 1 '11 tYfl~ lJ ~W"l 1'I1lJ1:'l.:l11.J 1~m ~~ ty'UW "b'lfl 

'lJ'O~ 1:'1'1'11 i llJ'll W1~ '1 '11 tYfl ~ lJ ~W "l 'i:Ju ~lJ~-ff ~ H1:'l fl'i~ ~Wfll j!~~ ty'll tJ.:l1:'1'l'l1'i llJ'lJ Wl~ '1 '11 tY 'W U il '1 W 
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~1'U'UeJ~Q1~ (2548); Kunpradid (2005) Leelahakriengkrai (2007a) mu: Lee1ahakriengkrai et ai. 

(2009) ~~'I"llrilbYl'l·dlrJ'U'U WIh!tljlI~~tlll 11l~\tH~U 11', lfi'~'l 'U'lh~L1ml~EJ1tl1J')h~L1m~'I"lu '1 'U 
" " 

~ ~ 

~1'U 111EJ\HleJ 'l 'U 'lh~ lJ mrJ'UeJ~t)fJ~'U U~~I 1l~ \lj ~ ~ bl~ '1 'U t)fJ l1 'U 11 tt ~~ t)fJ ~ eJ'U 'l 'U ~1'U 1~ rJ\'1'1"lU 

, 'l ,d.c! i ~ oj '" 'l ,<!!
bYll1l1rJ'U'Ul~ l1\lj'YllJtt'U1 'UlJlll'U'lf'U~ l1lJf'Hl Microspora sp.l UBU-MK5 

dQ.lld ': d ~ d ~ d OQ.l 

~~lfl1J~1eJrJN'Yl'l"lUI'Yll'UllJlfl'Ylbl~fleJ ~~'Yl 5 leJ~~~lJlfleJ~~'Yl 1, 6 tt~~ 7 ~llJm~U 

'j/ 'j/ I " " 

i~EJ'I"l1J';h~mIW~ 'UeJ~l~ t;ryj'UVi'eJnh~mlJ l~ bYlJ~eJtlll I1l~ \lj'U eJ~1 'Ylllh~eJ '[fl ~ 'U lJ'U 'YlllEJ tt~~ U1 
1 II , " I I 

1l1~lveJEJ l1~eJ~Vl'U~~mJw~I1'J'Utlci~u lV'U1~ll11~ lJ~~ blll1i'U bYll1 11rJ'U'U l~ 'll1qjfl~ lJ bYll11 lEJ 1 fl 
, I II' tJ I 

ll~lll~\ljlfi'~~bl~'l'U~~~ 1 leJ~~~lJl~eJ 7, 6, 4 tt~~ 8 mlJ~lf1U ~flfjW~'UeJ~l~t1Vl'UVi'eJ~Ul~ 
'1 '" <!! ~ '" i 11) 'l ~ 0''';, "" ~ _I"; _I I 

ll1lJl~ bYlJ !'U tlll IIII UJfl eJ fleJ'U l1 'U ~ EJ !flll~ 'lf19f~~ 'Yl eJEJUl L1W m~ bY~ 'UeJ~l bY'U bYlmu M'U l Ul N 
U '\l q 'U 

d.di 'l ~ & d ~ ,J Q.I \I'f o!!! d dI I.e!

l'I"leJtlllrJ~1tll~ bYll1l1EJ'U'Ul~ l1\ljeJfl'lf'U~l1'U~'Yltlllty'U'UlJ~lJ'UflU!fl fltl Hydrodictyon sp. 'Ylll~lJ 
, I " f 

i:lflfjW~ltl'U '[fl i ~ \'1 ~In~ 1l1m'1 rJ~~ 1'UeJ~19f~ rl'eJfh~~mi1 eJ~llI'U t:l ~~l',h rJlI~ 'U eJfl1l1fl\'1l:WeJbYll1 1 lEJ 
~ , 

'U'U l~ 'll1qjri1'UlJlfl~lEJ~~ IlJll~~tlll 11l~\lj'UeJ~ Oscillatoria princeps Vaucher !ll~ty~'UlJlU'Yl'U~ 

U'U 9flfl'UeJ~ bYll1 1 lEJ'U'U l~ 'lmUfl~lJg'U 'l'Ul~ rJ~~eJlJl" . 

. 
:!1 ... "'''' 'j} '" 11) <!! 

~ 

~.
~ 

, 'l' 11) ~ ,
U1111 EJ'YllJ N~m~ ~ 'U tlll IIII UJ'U eJ~ !~ eJ~ ~ eJlJ 'I"l'U 'Yl eJ~'U ltt~ ~ bYll1l1EJ'U 'U l~ l1 UJ !~ tt fl. " " 

I 'j/ 'j/ I " I 

lJ~lJ lW 'U eJ~ 1'U !~l'Yl11~~vleJbYlvl~~~~~lrJ '1'UU l'l1~l1lJ~~~lJ~lJ lW bY ~ lJ lfl~'U II ~~fllfl11lJ~ fl~ II bY~ 
OJ 

ritl~(i~~ lJlfl~'U i~ EJ~ flfjW~ ~'U Vi'eJ~Jl~mlJ l~ bYlJ~ eJtlll!ll~UJ'UeJ~ bYll1 1 lEJ'U'U l~ 'l mUfl~ lJ1'YllJl
" " . 

'il~1 'il ~UJ I fi'~~ bY~U 'U If'U Vi' eJ~ Jl~ I1I'U ~'U '[ fl ~'UI~'U ri1'U 'll1 Wtt ~~ lJ 'U 'YlllEJI ~mr eJ EJ m ~ tt bYJl
" . " 

fleJ'U;; l~~ ~ l1 ~ eJ 111 ~ IgeJ rJI ~fliI eJ rJ bY1l1 11EJfl ~lJ 1 flll~ I1l~ UJ 1 ~~~ bY~ U'U If'U Vi'eJ~J1~ 11I'U ~eJ'U 'I1'U. ".
"1 I 'j/ I 'j/ 

t!~~m~t!bYU1~111 ~IVeJEJ bl1l1i'UbYll111EJlfl'Yl'U ~eJm~ttbYU l~ 1l1~m ~ 1~1Jlflfli1bY1l1i1m'YllU 1 
'j/ " 'j/ 'j/ 'j/ 'j/ 

'l1~ \'11 'Wl1~ bY1l1 1 1rJ I fl~ fl n ti~1 fl1~ tlUVl'U Vi' eJ~U ltt 'll 'U lJ 1fl i1 bY ll1 11m'Yl1 U1 'U eJ fl1l1 flU ~~ 'W Uoj 1 

'" '" i di 9JI Q.IHydrodictyon sp.!I~~ Oscillatoria princeps Vaucher lJtlllllllty ~rJEJ~1tll~fleJ'U'U1~l1~1lJ"lflU 
~ ~. 

<!! ~ • "'~I 11)~i 
'W'U'Yltl~'U1'Yllu'U fl~'U!~ 
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..
 
o SI <0\ <0\ _I

5.4 fJt.\lil1'n,"l'J1H~l,"flU.llll'nunJ lUt::Vlil1'nUH'U1::flT'l 

~ ~ .
 
tllflfll'jflfllllfJW.f1l'Vnh'VIl.:Jfl1flfll'W lfliiu,,::;f1.f11'WtJH1.h::f)1'j1h1mhhl'll.:Jf11h1-n 

~ 

il'Y,,~hhl~.:Jl'Y1~~tJ"'jl·Il'1i1U 'WtJ11fJWfll'W\hiifl1111u~mh-:jnhl1h1u~"::~~1~m;1tl~1.:Jlm::uA,,:: 
~ 

.... .... d 

l~tlhl ~.:JhI 

~ , 
fJWl'Y fJU'lltl.:J Ulu,,::mfllffiif)1'jltlil flhlU tl".:Jl~ hi i tl~ l11q~fll" 1m:: ~Wl'Y fJumm~hI 

, ~ ~ 

i1tltOtJnri-:jlffi1lfll'jltliW'YI1.:J~tl1l'lltl.:Jffll'Yilfl'llhll~' mu 11.:JU1'W'jl::ffll'Yilfl'llhl 1~' mutl::ltliw'f1'~ 
U tI tI tI 

1Ilfl1h1q~l'Yhll1U"::lfl~fllHl1fl1hlq~~tlhl 
, dl.d I dl d 1 ~ 1 _I 'I 'JI .J d 

fl1fl1111" fl 'YI1l ff.:J fftl.:J fH tl:: 11fl1~ 1 hi q~ HhI U,,:: fJ.:J ~ hi q ~ 'j tl hi U"::q ~ l'Y hi 11 9f.:J 11 
~ ~ .
 

fI1111d'1I'tihl ititJfll'j1tliW'lltl.:J i~tl::~mJ~hln'tl.:J UlU" ::ffll'Y i ltJ'll hi1~ 1l'Ywnii fll'j 111i Wi ~~1 hI'lf1.:J u u u 

I , 9J 11 .d.et I d.c:i • d ~: ..A: d. 'I 
'JI'1.:Jq~ 'H hi l1U"::'JI'1.:J~ hi q~p tlhl 9f .:J1IfI1fl1111" fl 'YI Uff.:J fftl.:J 1N fJ.:J 'YI.:J hi11'W'j 1::111 tlhl111 fl1111 ~ ff1l1 fl 

.1 , 1 'JI 'i-'1 : 1If 'JI I d ' '''' I'llhltl::ff.:Jf'oIn l'YUff.:Jffl111Hlfftl.:J".:J lJ hi hll1~tlflHl'Wfl.:J'Wtll1,,::m 111:: ff1l~tlfl1'jl tl'jty'lltl.:Jffll'Y'jltJ 

Illf 'JId.l 
'llhll~1'Hty l~~'llhl 

" I"
rilfl11111~1'lltl.:Jm::uffuliirilfJ.:J'hI q~HhI "~lN' hlq~l'Yhll1U"::~1~~' hlq~~tlhll1'.:JU

JI 

, _I '" _I , _I"" I 'I 'JId : .di c:I .1 .J I , 'JI 
l'W'jl:: hI';]~Hhl1IHhI~fl hllJ'j1l1W1I1fl ff.:JN" ~l'Y1Im::Uffhll'Y1 'H"1'j1U"::llH1I1fl'llhl 9f.:Jff.:JN" l'Y . ~ 

ffl'Hilfl'llhll~ , l'YWltliw ,~,!mmitli~'W1Jfll'jll1iW'lltl.:J ffll'Y ilfl'IJhI 1~ , l'Y tU li1tl.:JlIl flm::UffUl'}h
u u u u 

~ ~ ~ ~ 

, lVffl'H i lfl'llhl1~ , 'H tY\lfl~~'V/ l'lVl'Y ~~"tltJtllfl~hlYltl,nJ 1 hi tl fl tllflUril fl111/!~ 1'll tl~ m::uffU liJ~ ii 
, ~ ~ ~ ~ 

~mAtlfll'jl tlity'lltl~ '~tl::~tl1l~hln'tl.:J\hl';hlnhl U~'~1Ilfl1l'hntJffll'Y ilfl'll'\.J1~' 'HtYl1~ijl'W'jl::'~ 
~ ~ ~ ~ ~ 

tl::~ tl1l~hI n'tl~l1l'Uhl iifll'j~~lfl1::titJ~hIn'tl~Ulullhi1I1flfl11ffl'H ilfl'llhl 1~ , l'Y tY 

. I' "" ". 
rilfll'jUl ivHh 'WtJ111h1q~Hhliirilfll'jUlivHhn~h-n~~ 11~ijl'W'jl::tli1l1w111Hhln 

~fl"~~lmrl.:JJlvh 1lVlfl~fll'jl~tltll-:j'lltl.:Jijtltlhl'lltl.:Jffl'jtlUhI 'YI~6 rilfl1'j111 i 'W~ltl::!ri1lfJ ~1I1fl~hI 

lrlt:l1,j'1~q~'H'\.J11U"::I1Cl::,,!~~~~ , hi q~~tlhl 1~fl'WtJ11rilfl1'jU l' 'W~liifl1111d'1Il1'\.J'fititJfl1'jll1ity 
~ ~ 

, 
".... 'JI 0 I'lltl~ ~tl::~tl1l'WhI'YItl~hl11m::ffl'H'jlfl'llhll~ my 

rilfl11111~hIfl'j~fh~ iirilfJ: ~ 1hlq~l'Yhll1~~iifl1111 ff1l~hI ititJrilfl11111~hlfiH u,,:: 
, " " J/ 

ff1ll1'\.J11nUfl1'j l\lity'lltl.:Jffl'H i 1fl'll hi 1~ , l'YtYnii fll'j ll1ity1l1fl.uhl 'hi q~'H hi 11 l1.:JUl'W'j l::ffl'H i lfl 

, 1..1<0\ "" .:: 0 0" , 0'''1 : 1 , 'JI"I .... 0'
'IJ'Ul~ 'HWl11/fl1'H\l'jW1I1flhl'U1I::'Ul1'fl1f11'jUtl'U ~t1tlfl 9f~ 1h1'Ul U 'JI' !hlm::lJ1'Ufl1'jff~!ml::'H 

u u 

'JI .1 0 'JI 0' ~: I 'JII ?l : d

~1flUff~1Ilfl'll'U 'YI1'l'YfI1'jtJtlhl '~tltlfl i9f~' hI'Ul"~Cl.:J ff.:JNCl' l'YfI1fl111111Jhlm~ , 'U'U1Cl~Cl.:J lm::11 

WCl 'hI'YI1.:J~'j ~nhl,j'111vh llVfllfl11111~'Um~fil~lri1l~.:J1Ilfl~hI' 'Uq~l'Yhll1 
rilfl11111~hI ~1.:J vnJ11iirild'1I'tihl nnlJfl lfl11111~'U m ~~1.:J I1Cl::tll'jll1ity'lltl~ ffl'H i lfl 

~ ~ 

'll'\.J1fl'l'YqI um:tll'j 111i ty'lltl.:J 'fltl::fltl1l~'UYltl~U 1 lflfl'W tJ11iiril~.:J 1'U q~l'Y'Ul1UCl::'j tl~".:J1I1f1tl 
" ~.d 4 .. I 

~~'jtlhlUfl::~l'Y1~~fltlq~H'U 
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/
V 

. ~ 

iJi1J1W tltlfleifl~uVi'l::i.ntl1~1'WU'H rl,n31iirh\t.:j 1 'W t)~'H'W11U'l::t)~~tl'W hWl'il'Vn:: 

tld1.:j~.:j1'W ~~H~'U~iifll'j 1~i ty'Utl.:jff1'H i1tl'U'W1~ 1'HtY1J1fl u'l:: .... 'U,hiJi1J1W tltlfleifl~'W~'l::mtl'~ 
JI , , JI 

1'Wll'H rl.:j'l31iiTl111J ff1J~uiti'UfhliJtl{1~U~tltlfleifl~'WVi~1J19i11 U '131 tld1.:j 1 'j~~11J .... 'U'h'lf1.:jiJmtl . .
~ 

'Utl.:jt)tl'H'W111'Wl~tl'WfpJfl1li'WiViff1'Hi1tl'U'W1~ 1'HtYmi1J1'YI1'131li1J~ltl'l.:j ~::ii Il-Imh l~iJi1J1w 
I "1'" II 

tltlfleifl~uVi'l:: mtl1U'I11 'l~,j1'l.:j 't1.:j UI"" 'j1:: ~ilu'YI~ V'l111tl1tltlfleifl~u 1iJ1~1U flU Vtltlff'lltl911fl• 
: J I:d ~0 9J .Q 

'UtHl'YI1U11J1fl'U'W 'YI11m1'H 'l.:jU11JiJ'j1J1Wtltlfl911~u 'l~'l.:j . ~ 

lJi1J1W m)fleifl~u Vi11'UTlVil~ tli~i UflnVtltlffmtlffnUU'YI'iviU'I11 .... 'U,hiirhff.:j i U'li1.:j.. 
tI'lltl'Utl.:jt)~'H U 11U'l::'lf1.:jiJ'lltl'Utl.:jt)~~ tlU~.:jff1J~uiti'Uff1'H i1tl'UU 1~ i 'H tY~iifll'j~ 1tl1n~~U i U 

~ ~ . 
'li1~nm~,mrl11 't1~Ul""'j1:: ,ilu'YI~ V~tl~flln)flfleifl'lU l~tl'~iU flUVtltlff'lltl911fl'U tl~ ff1'Hi 1tl 

'U 1.J1 ~ i muiU lJi1J1W1J1fl 
u 

lJi1J1w''Wl~'j'YI iiflltl~ i ut1r.!~u' Ul~tlU ~ ~'H1T11J 11'l:: tiUtl1tlU1'I1tl~mfliifl1nf::ftH 
" , • II • 

~tlTltlflVi'l11J'lfu' ~l~tlfll1 l.... l::lJ~fl'U i nwi1Jr:l~Vi 1 'H'l'l~~mJ'I111 'U~ i U 'li1~n'l1~tl1J11jj tll,j'l~ 
" I JJ II " 

'li1~lJ'lltlt1r.! ~'W ~ tl ti'U'li1~~ U t1r.! 'H U 11,rU ff1'Hi1 tl'U U 1~ 1'H fli ~::fi tltlC]l'li ty LVi1J 1J1fl~'W 't1~U 1~ 'j1:: 

ff1ld 1tl'U'W1~''H f:!l i~fil ffl1tl1'Hl1 1~tl~~tlU'l::1l1 1J1::ff1J~tlflU l~ifY i 'W'lf1~11'l1~ tl1J11rltl 

ff1'Hi1tl'UU 1~ i If flil ~ifYtl ~"l~lJi1J1W i Ul~Hl ~::1~ 1J'l~,j' tltl'l~ 1~'j 1::'Ul~'j 'YI\jfl1J1'tli'*,U fln 

1'1iGj'Utl~ff1'Hi1tl'UU1~''Hf:!l vh1 l1'ff1lfi1tl'UU1~' lff:!ll~1J~ltl'l~ 'U'li1~ nmiJmtl'Utl~t)tl~tlU ~~ . ~ ~ 

911flff1lfi1tl'l::\jflVtltlff'lltll~tl~ilu'YIiVl~tllf1Jui1tlUlJi1J1W, Ul~'j 'YI m;'U~11 lfrl~'I11VflTlf ~ 
I JJ II I 

lJi1J1W'VhlfflvJ ~Vi'l::'lltli 'W 'I11't1~'H 1J~ iifi1tl~Vi "l~ , 'W 'li1~lJ 'lltl'U tl ~t)r.! ~'W' Ul~tlU 
• " I I 

<!I '" Y il '" '" .c:!!I ... I.Q.Q ~ Q Q,.o' 'JJ~'llTl1J1U fl~ 'I1fl1J fll1'lf::'l H tlTltlfl 'YI'lf1J'lfU 'lfl~flfl1'j l~ 1::1.1 'l fl'U 'j nw 'j 1J H~U'l::ff ~ 91flm~ 'I1fl 
, " cu 

." I " 

'l!1J'lfU Vi''H 'l 'l~~mJ'I111'U~ , U'li1~11'll~fl1J11jjfll,j'1~'li1~lJ'lltltl r.!~U~flti'U';1~~U tlr.!'H'W11,rU 

I ,. t Q ~ J ~ J' r , 1\'1 CJJQJ .et 

ff1lf'j1tl'UU1~ lfGj 'I:: TlfltlC]1~'jfYl~1J 1J1fl'U'W'YI~Ul~'j 1:: ff1lf'j 1tl'U'W 1~ If fYl ~ 'j 'U ff1 'j tl1'H1'j1~ tl~~ tl 

11'l::1l11J1:: ff1J~fl fln 1\lifY U'l:: 'li1~ n 'lliJ'lltltl~ ~ tlU ff1lf i 1tl'U'W 1~ , lff:!lI~1J ~ltl 'l ::ln~ fll'j Vtltl 

11''l1tllf1J U 11tlUvJ flfflvJ~ ~ 'l:: 'lltl'U J1~~lf 1JA'l:: fl ~'U Iri1J ~U VflTl f~ Ifd~ 
.1"" "i ~ " '" .1"" 'I I Y ..J:It I ,,; '" 

IJ'j1J1WTI'ltll'jn'l'l 1tl 1JlJ'j1J1W1J1fllU'lf1~tl~lfU11U'l::t)r.!'jflU 91~lIJU'lf1~ 11'l1'Y11Jfll'j 

1'1iw'Utl~ff1'Hi1f1'U'\.J1~ 'lfui1J1fll~tlU~iitli1J1tuTl'ltl h~m'1J1fl~ff~fifll~fl'Wfl1Jfl1iUi ~~l~tlU 
u u q" 

JI JI , " " " 

~ t)lJ fIlTl1J 't1~U 1ij fl~ '11 fl ff1lf i 1tl'U U 1~ , If fli'U H ~i1u ii flU If '1 ~ 'l fl tl~ U ~1J 1'l '111m fl ~ U U'l:: 
~ 

'1h:: flfl'Uti'Uii11'V4'l~n~flU~'lfl 'IiGj'~~1'WUlfri.:j'l11'U'lf1~n'l1~~flri 11 
~ . 

lJi1Jltu lT1ilvJtl{1Ju'UTlViI~tl't1~lf1J~U'l::VJfl'llTlilvJfl{1JU'UTlViI~tl iiiJi1J1W1J1flVi"l~ i '\.J 
'-' 

'I~~ 10 ~~lflu~~~ii'lf1J'lfU fl1fttlfldtlVH'HU 1U'I1uU'l::iiu~~1'W tl1'H 11 U tlfl ~lfld'tr~~'U':h'UfI~ 
" q q eu °1 " 

!V 1.J.c::I .et "QI c/~ .et Q I: i ,: i ,,;
nJU'lf1~'YI1JlJ'j::1~W ff ~m lU~U'l::lf'l~ff ~m1U~91~1JtI 'j ::'lfl'lfUU tl1JI'lU 'W 1 'W 11l1'l~'W1 'W 'I~'I'l 7,. 
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8,9,10 "l\,\t$itJ'UVlqlJfIlfnJ 'il:::VI'lJU1lJ1W lfl~vJtJ{lJH'lJfl~11rnf-:JlflJ~ 
., 

i'UoW1 "l 'UU1lJ1W~-:J 

ll~:::vhi~ lfl~vJtJ{lJll'IJfl~t1(J 

H~fll'J 11fl'J 1:::11'Yl N'~(l~1~ (J i ~'lfU~lm:::U1lJ1W 'UtJ-:J L~ tJ:::~tJlJll":::j;Y1lf'i 1(J'U'U 1~ i my 

I Q,I : I Q QI I' l 3J: , ,
'J1lJfl'IJ\1WfIlVl'U 1i 'Ull~~::: ~~lfl'IJ~1tJ(J1\l VI'lJ11 1~tJ:::~tJlJVI'U'YltJ\l'U l11":::ffllf'J 1(J'U'U 1~ i mlllfm(J .,., .,., 
'lfU ~ ff1lJ 1'J floW llJ 1i ~"l 'U fl1 'J U-:J;\1Wf11V1oW 11~ 1~ (J 1~tJ:::~ tJlJ ~'U VltJ-:JoW 1 Cymbella tumida 

I jI jI , 
<d GI 3J?I Q,I <d I do 0 did 

(Brebisson) Van Heurck ll~::: Navicula erifuga Lange-Bertalot 'Ylff1lJ1'JfI !'lfI'U'U~'lf'U'IJ-:J'lf'U1'YllJ 

_l,d IIpl • 
ff1'JtJ1lf1'Ju1'Uflm-:J ll~:::fl€JlJ'Yl 2 ~~llfl Cymbella turgidula Grunow, Gomphonema clevei var. 

javanica Hustedt, Luticola goeppertiana (Bleisch) D. C. Mann, Nitzschia liebetruthii Rabenhorst 
.,., . 

ll~::: Nitzschia palea (Kiitzing) W. Smith ff1lJ1'JfI "l~I~'Url'lfnU-:J;oW1~ijff1'JtJ1lf1'JU1'Ufl~NO-:J~-:J 

1~ ff1lf':h(J'U'U1~imy Spirogyra sp.l, Spirogyra sp.2, Cladophora glomerata Kiitzing. 
I " jI I<1 3J.a I d. '0 d<d 

Microspora pachyderma (Wille) Lagerheim, ll~::: Microspora sp., ff1lJ1'JfI !'lfIVltJ'IJ-:J'lflllf"-:J'U1'YllJ 
, jI 'JI I 

... 1 111 !i.I GI 3J.a I d I 0 .dd 

ffl'JtJ1lf1'Ju1'Uflm-:J ~~ Oscillatoria princeps Vaucher ff1lJ1'JfI !'If!VltJ'IJ\l'lflllf~-:J'U1'YllJff1'JtJ1'Y1l'J 

U1'Utl~NO\l~\l'~ 
I jI I jI 

'il ~1~'IJrl1tJd1\l ~ijflWfIlVloW1~ ~ff~ ijflWfllVioW 1U1'U fl"l-:Jlf ~ tJ ijff1 'J tJ 1'11111.1 1'U fl~l\l 
q q q q 

I I , I I I I jI I 

(mesotrophic) l~lltl ~~~ 4 ~~~ 5 ~~~ 6 ~~~ 2 ~~~ 3 H":::~~~ 7 ~~~~~I~'Ulllfci-:J'Lh~ij ., 
o _I ~ 111'''' <!I '" _I ~ 111 'j/ •

\1WfllVl'U1u1'Uflm-:JfI-:J ~lJ~ 'I1'JtJ lJff1'JtJ1'Y1l'Ju1'Uflm-:JfI-:J~-:J (mesotrophic to eutrophic) ~~Hfl ~~ 
I I f I 

<d d do d 

'Yl 1 ~~'Yl 8 ~~'Yl 10 H~::: ~~'Yl 9 



, 
UfIfI"" 6 

ffltJ ~Hl fll'~1.utl 

" " " )/" I

H~f11'Jfffl'l:I1VfU '~tl~~tllJih.!'Y1tJ~'1hl'1,nnJ~ 307 'lfi1~ i~tJ~~tJlJ~'U.yttJ~Ul'lfi1m~'Ul1 
>I >I 

Vl'l/1'Uf11'J1~tJfli'~i1'~l1f) Gomphonema lagenula Kiitzing 'JtJ~~~lJ1~tJ Navicula rostellata 

Kiitzing, Nitzschia palea (Kiitzing) W.Smith, Luticola goeppertiana (Bleisch) D.G.Mann, 

Nitzschia liebetruthii Rabenhorst, Sellaphora pupula (Kiitzing) Mereschkowsky, Navicula erifuga 

Lange-Bertalot, Cymbella tumida (Brebisson) Van Heurck, Gomphonema clevei var. javanica 

Hustedt, Cymbella turgidula Grunow, Gomphonema pseudosphaerophorum Kobayasi, Pinnularia 

subcapitata Gregory, Amphora montana Krasske, Rhopalodia gibberula (Ehrenberg) O. F. Miiller, 

Nitzschia filiformis (W.Smith) Hustedt, Bacillaria paxillifer (O.F.Miiller) T.Marsson, Navicula 

cryptotenella Lange-Bertalot U~~ Gomphonema sp.2 ~llJihfi'U ifltJ~~tJlJ~~U'U11'l!lJ'i)~I~'U'lfi1f1 
>I 

11'ilj~l'1~'HlJfI 3 'If\!fI ll~~ 1 variety U~~Vl'U~l'H~ltJ'IJ'Ulf11my 37 'If\!~ ~1'H~ 111'IJ'U lf11my'lf\!~ 
, -'j -'j 

lfl'UfltJ Spirogyra spp. 'JtJ~~~lJ1f1tJCladophora glomerata Kiitzing, Microspora pachyderma 

(Wille) Lagerheim ll~::: Microspora sp.1 ~llJihfi'U ~1'H~ltJ'IJ'U lf11mY~~U'U11 'l!lJ!~'U'lf\!fll mj~ 
"" -'j

1 'If'Ufi fltl Microspora sp.1 UBU-MK5 
>I >I. 

fltlJfllVl ul1 'U 'Y1 f) 'iI fll~'U;{1tJ Vl~ 1 'U llliu11 'IJ~ ri1'U l1' 'H ~ Nl'U tij~ 'H if1 tJ'U~'J l'lf'li lU~ 
q q q q 

>I >I 

fJWfllVlU l1f)~1;;;1I~tl'U fttl~fJtlJfllVlU l'lJl'Uf)~N'H~tJ ~~l'JtJ1mnJl'Ufl~N (mesotrophic) i¢iwl 

Ul'U'Ul1lifl~ 1~'lJlml~~ Ul'U~llJtI Ul'U'Ul~'UllJ m;~~m~i'Ul'Y1ff'Ul~Ul1fltll'IJlJ'Jli U~~m~1~. ~ 

, " I " 

~ 'J 1 'ilf1l1 ~fll ~ 'Ull'H ~ ~ Ull1 ~fltlJmVlunh'U f)m~ ~~ '1-i~'H~tl ~ ~l'J tll'H l'J'lJ l'U f)~ N ~ ~~~ ,. ~ 

1J'Ij) I I j} j} I j}' 51 j} lrJl 

(mesotrophic to eutrophic) tfillf) llm'lfl~'HlJtl'U 'lJ1'Ul1lJ 'lJ1'U~1'Ull~~'Ul'U'H1t1 tH 

.t:::\ Ii .t:::\.c:::. j}.t:::\ .c:::. l.rJ ~ Ij}:
H~ f11'J 11m 1:::'H'V11~ft(l~ Ifill i 'If'lf'U flll~~'lJ'j lJ1W 'lJtl~ Iflfl~~fllJVl'U'V1tl~'U 111~::: ~1l'i 'J ltJ 

>I >I >I 

'IJ'U lf1i'Hoji1lJtl'UfJtlJfllVlU1i'Ull~~:::~fll~'U;{1tlVl~ Vl'U';h ifltl~~fllJ~'UYi't1~Ul11~~~l'H'i1tJ'IJ'U lf1 
>I >I >I >I 

1'Hoj'H~ 1tJ'lf\! fI ~llJ l'J (lUllJ 1i '*1 'U f)l'J~~:j}fJtlJfllVlU 1iJl I ~ tJ ifl tl~~ fllJ~'U.yttJ ~U 1 Cymbella 

jiG <Vd';:
tumida (Brebisson) Van Heurck ll~~ Navicula erifuga Lange-Bertalot ~1lJ1'j(li'lfltl'UfI'lf'U'U~'lf 
" . . 
Ull1~~l'jtlll'ilnJl'Uf)~N 1l~:::f)~lJl12 i~uri Cymbella turgidula Grunow, Gomphonema clevei 

var. javanica Hustedt, Luticola goeppertiana (Bleisch) D. C. Mann, Nitzschia liebetruthii 

Gl9J::'i Q.I <d I ef: doC:! 
Rabenhorst lW::: Nitzschia palea (Kiitzing) W. Smith ~llJl'J(lI'lfl'U'UfI'lf'U'U~'lf'Ul'Y1lJ~l'Jtl1m'J 
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.1 .,;) "l 'JI i II 

ul'\.Jm'lH(}-:)lJ1f1l~ ffll'1':ilt1'\J'\.Jl~ my Spirogyra sp.I, Spirogyra sp.2, Cladophora glomerata 

, " 
Kiitzing, Microspora pachyderma (Wille) Lagerheim, !It'l~ Microspora sp.I, ffllJ1':i(}i'*rrhnJ-:); 

iI , I " "J 
I 0 .c:::t.c:::t .. I lI) " i!il ol:!:l l.c:::t 'o.c:::t.cs.

ltl'lM'\.Jl'V1l1ffl':iCl11'11':iUl'\.Jf1t'l1-:) l~ Oscillatoria princeps Vaucher ffllJ1':i(} <!HVHJ'U-:)'ll'Ulft'l-:)'\.Jl'V1l1 

ffl':iUlm':itll'\.Jf1t'l1-:)O-:)ff-:)'~ ... 





• • 
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"" 0' 0' 
ml.r.l'YWlfflff~'ifll'H!'rfVW, 2538. 

.e:t. ", A.elt..e::::t,'" .e:::::t.'".cI: 
f1';j'iWfll'i ff'iff'H-Y. tfl1J'llfl~'\.J1lfflmfHUl~fll'i1tml~11. flHrYlVl1J111'Um : f1W~ffl1il'iWff'll 

", .e:t. QJ .c=t. 

fflff~'i 1Jl11TYHnmJ1Jl1f1'l, 2525. 

d' ~ cr ", I .e:t. Q.I rI 
flltlH)'Ufl1'1f'U 'l11J ~'U1J'U~. ff1l1'ilt1. f1';j~rYlVl1Jl11'UfI'i : f1W~:1h~1J~ 1J111TYltIl'ltltfl'l;/~'ifflff~'i, 

u • 

2527. .. 
flfftll ff1'i 'i W111 fl. U11J1W fll 'i UVl ifl 'i ~ '11 tI'll fl~ff1l1 i ltiU'l ~f1111Jff1Ji'U -fitl'U fI Wf11WUl'U 1~ 

q q .. .. 
U':i~fll':i'llfl~~l'\.hmJflm,m'l~U~m~ ~~wjfl!;tI~'l11~.1'Y1mUVl'U-fiu1Ultl.111'Y1m 

u u 

.c=t. Q.I"'.e:t. 
f1W~TYWlfflff~'i1Jl11TYltIl'ltl\!'iVll, 2535. 

1 II ~ iI 

'lflUlW 'i ~fi' Ufht~fl. fll'ifffl'l;l1ff1l1ilt1-ntrl'U ,r"lfU~f1Wfl1VlUl1ml1J'\.J1;1'U ~~Wlfl'llfl'UUri'U 
u q .. 

Q.I.e::::t. o::::s ..:::to ", y d .cI.e:t..Q'" 

!'ltl 'lftlf11J flfl'i1il'U 1Jl11ffl'ifl11J fllWff'U1i 'ifltl!flfl fl'U'l'il'1f1il'U. TYltIl'UVl'U1i:u q .. q 

U1UlUlllJm'UWcY1~ : 1Jm1'Yltll~tI!fl'l;/~'ifflff~{ 2532. 
u u .. 

Wflifll !l1mi'Yl'iff1nW. Unff1'Yltll'IJfl~'f1fl~~fllJi 'Uu~ul1hfffl: f1111Jff1Ji'U -fi'i~W;h~ 
. ~di q .. 

'f1fl~~fl1Jtl'UU11J1WU1'Yh. 1'YltllUVl'U-fiU1UlUll1'Y1t11fflff~'i1Jm'UWcY1~ : 
u u 

"".,.. 0' 
1Jl11Ttltll'ltl1in1Jfflff~'i, 2544. .. 

~i'tI !i1fl'Ylfl~. f111:lJ11'llfll1'l1t1'llfl\lUVl'l\ln~fl'U.w'lfU'l~t'U'Ui1f1Ufl'l ~i 'U~lU lU~ffl 

fl'Yltll'Um1~'lfl~ f1fltlff!'YlVl-Uti ~~111f1t~tI~111~ 'i~~'Ufl111Jff~ 330 ~~ 550 !lJ~'i. 
q q.. 4J 

1'Yl tllUVl'U-fiU1t1!t1!11'Yltllfflff~'i:lJmUWcY1 ~ : :lJ1111'Yltll~tI!~tI~ i 11 ~, 2541. 

.,.. .1 "" 0' '" 0' "! I 'I 'i 
'YI~Vl'i fJW u'i~f1'l;/ i. f1111JlHll fll1 mtl'Yl1~"lf1fl1Vl'llfl~UVl'l~fl~fl'U Vl'lfU'l~ff1l1 'i lt1'll'U WI mty 'U'l1 .. 

U1U~ ffl fl'Yl tll'U U'" ~'lfl~f1 fl tiff! 'YlVl-U tI ~\I111f1! ~tI~ 1mJ. 1'Yl til UVl'U -fiU1 Ul0J11'Yl til 
q .. q u u 

fflff~'i:lJ111'UWcY1~ : :lJ1111'Ylrn~tI!~tI~il1~, 2543. 
.. 

tJ'U'Yl'Ul f1'1f!ffit ~iJmJ~'U~fll'iUnff1'YlrnUl~f1. fl~\I!'YlWlJH1'Um : rlltJflYl:lJ.w~Wl'l\lmW 

:lJ1111'Yltll~tI, 2536. 

0 
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""... " lJm1'YltllCltllf1fJl9l'jfY1Cl'1'l'j,2531. 

" lh ~trr1i , 1 tI~ f)l. fl 111J '11 Cllf1 '11 Cl1 tI'IJ eJ~ l!'Vi Cl·Hll'leJ 'W.w"lfl!Cl ~t1.J'W VI flU~:lCl ~ 1'W ~ l'W 1l!~ Cl'1 

eJ'Yl til 'W l!l'i ~ "lf1 ~l'leJ tlCl't'Yl'Vi-'1J tI ~~'11 il'lt;tI~1m.i. !;tI~ 1'11 ~ : 1'Yl tll'W'Vi mf'1J1tlJt1J11'Yl til 
.. Ii q tJ U 

fY1Cl'mlJ'I11UWcYIl'l : lJm1'Yltl15t1l;tI~'mj, 2541. 

lh~trr1ii , 1t1~f)l UCl~fY~1'j'j W , "lftlCl''IJ. "fl11lJ'I1Cl1f1'11 Cl1t111Cl~f)l'jl!'Vi ':im~'iI1t1'IJeJ~ 
~ q 

d' ~:~ QI Q.I..o::::t. ,d' I 

U'ViCl~ f11'l eJ'W 'Vi"lf'W1'ill'll'Wt'IJ I'l 'il ~'11 11'l!"lftl~ 'j1tI", 1'W "lfm lJ Cl'1'I1 'j1t1l!Cl~ll 'Vi Cl~ f1l'leJ'W U'11 ~ 

_I VJ i ... " 'j/ i ... ...<!I
1J'j~t'YlfY ~ 'Yltl (1.Jf1), flHf)l'j'W\P1l'W 1eJ~flfl111JmCl~fYf1'lJl'W tl1.J1t1f)l'j'ilI'lf11'j'Yl'j'Vitl1m.. 
;1m'Vi1'W'1J'j~!'YlfYl'Ylti (BRT) u. 30. t;tI~lmJ: flW~1'Yltl1fY1Cl'1'l{ 

1J'I111'Yltll5m;tI~1'11~, 2548. 

ml'lllJU fl11~hvh1mrl!Cl~5I'lm 1~ffi'mr. "iJldfY1'Yltl1 f)l'j~ll!Uf1"lfiJl'l'IJeJ~'l'llul!yJClm'ilCltCll'l-

"" " 'I11~1'l 'il1mh~tfhJ'W1'Vi1U i~'I11I'lfJl'l'j1i1ii UCl~f)l'j!m~t~tI~ lul1'eJ~'1J~U~f)l'j", lu 

"lfm1J Cl'1'I1i 1mtCl~1l'ViCl~nl'leJUul'i~'1J'j~t'YlfY' 'Yltl (1.Jf1)' i fl Hf)l'j~\P1lU1eJ~flfl 111J~UCl~.. 
ffmnu itl1.J1t1f)l'j~I'lf)l'j'Yli''Vitl1m;1m'Vilu'1J'j~I'YlfYl'Ylti t;tI-:jlmJ:(BRT), u. 12. 

mU~1'YlmfY1Cl'1'l{1J'I111'Yltll5m;tI~1'11~,2548. 

," " 
tiltllJfff1~ t1JU~tCl'll'l. tmrl-:j'l11n1.JUt1Jm1JCloWfJ. f1Ht'Yl'Vi1JmUfl'j : 'ilW1Cl~mW1Jm1'Yltl1~tI, 

u q q 

2539. 

" " 
VlfJW 1'j'j W1i ~. f)l'j d1'j 1'il"lfiJl'l iJldfY1'Yltll'IJeJ~Cl'l11 '.iltlill~tl111f11J'I111~ ulu rl1J'I11mm'11'11 eJ 

q q 

" 1.J1~ l! l'i ~ l! Cl ~ f)l 'j t'Vi1~t~ tI~. 1'Yl til iJ'Viun'1J1t1J tlJ11'Yl til fY1 Cl'1'l 'j1J m UWcYIl'l :.. .. 

Q,I Q,I 0'1 Gl9JQ.ldQ.l .do " " 
'j~'l51 'l5l'J'l5U~. f)l'j1'l'j1'i1Cl'eJ1Jf,JWm'Vil.l1 tl'll'J !'l5m'lf11'l'Y1l~'lf1m'Vi (Biomonitoring), 

http://www.thaibryozoans.com/news_articleslbioindicator_tho shtm. 17 nutlltlu , 

2549. 
. , " 

tl1~ ~'j'W'joWfY1Cl. Cl'1'11':i1t1: m11J~'I'11 1'1Jtntl1nmn'l1':i1t1 Cl'1'I1':i1t1ilt~t11l!f1lJ'I11t~WtCl~ 
q .. 

Cl'1'11':i1t1ill~tll. l;tI~lmj: flW~1'Yltl1fY1Cl'1'l{1Jm1'V1t11~m~tI~lmJ,2538. 

" " ."fff1t1m'Vi'IJeJ~Cl'1'I1':i1t1'111~I'l'IJU11'l1mu", l.I1l.11ffI'l1'111. 8(32): 20-21,2548.---- ..
 
____.Cl'1'I1'htl1'Yltl1. t;tI~lmj: mU~1'YltllfY1Cl'1'l{ 1J'I111'Yltl15m;tI~lmj, 2548.
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____.ff1'l1~hU1'YlUl. l;u-:lhn.i : flW:::1'YlUli'llffl9l{ :lJ1111'YlUl~Ul;U-:lhn.i, 2548. 

~.<::!.<::.\ d Q,f...::.\ t .et 

~1~ 'W'J'W'J'Wi'l1'l1l'l:::~'J'W'JI'YHllfil:::. "ml:IJ'YI'llfi'YI'llU fflU'YfW~m'J:IJ 1l'l:::ffl'J'W'I:J'\Jtl-:lffl'YI'J1Uff 
" .

l'iiU111fi:IJUll~'\.rYi ff!l-:lffl'J'Wfl hnh:::l'Yli'li 'YlU", i 'W 'If:lJ'j :lJff1'l1 i lUll'l::: ll'W'l-:lnl9ltl'Wllli-:l 

'lh:::l'Yli'li 'YlU (1Jfi)", 1m 'I fin i\P.lJ'Wltl'lflml:IJ!ll'l:::ffnEll'W IU'lJ lUfil'J;i~fil'J'Yli''WUlm.. 
;1tll'Wi'W'lh:::l'Yli'li'YlU (BRT) '1..1.2. fiHI'Yl'W:lJ111'Wm: flW:::1'YlUli'llffl9l{.
 
:lJ1111'YlU1~Ul;U-:li'l1~, 2548. 

U1~ Vj'J'W'Jo)1i'll'l. ll'l:::li19l'W 'J flW 'lh :::~'l:Jf "fin i.r;ffl'l1i lU~~lfil:::i 'W fin ~~I9l1:IJm1~fftl'UflWtll'W 
q q cia q 

" 
'IJtl-:lll~U11'IJ-:l1J 2546-2547", i'W 'If:lJ'j:IJffl'l1ilUll'l:::ll'W'l-:lnl9ltl'Wllli-:l'lh:::l'Yli'li'YlU ('Ufi), 

Im'lfil'Ji\P.lJ'Wltl-:lflml:IJ!ll'l:::ffmll'W IU1J1Ufil'J;i~fil'J'Yli''WUlm~htll'Wi'W'lh:::I'Yli'li'YlU 
'" 

(BRT), 'W. 18. l;u-:lhnj : flW:::1'YlUli'llffl9l{ :IJ'I1l1'YlU1~Ul;U'li'l1~, 2548. 

U1~ Vj'J'W'Jyji'll'l, ll'l~flW:::. "ffflUtll'W'lJtl-:lffl'l1ilmfl~~'IJ'Wl~ imui'W~lJltll'W~Hh~'Wtl1111'Jll'l~m. " 

1J~ 211'l::: 3", i'W 'If:lJ'j:IJffl'Yl'ilUll'l~ll'W'l-:lnWltl'Wllli-:l'lh:::I'Yli'li'YlU (1Jfl)' IflHfini\P.lJ'Wl 

tl-:lflfl1l:IJ!1l'l~fffl'I:J1'WIU'lJlUfil'J;i~fil'J'Yli''WUlm;1tll'Wi'Wlh:::I'Yli'li'YlU(BRT) 'W. 18. .. 
flHI'Yl'W:lJ111'Wm : flW~1'YlUli'llffl9l{ :lJ1111'YlUl~Ul;fU-:li'l1~, 2548.• 

QI o'QJ 0' 0' ~ % 9J oC:), Q,I 0' 

~f)~l 1~i'l'j\Pl'W. 1l'W~-:lfll9lfl'W1'YlUll1Jfl-:lI9l'W. fl~-:ll'Yl'W:lJ111'Wm : :IJ'I111'YlUl'ltllflflmi'llffm, 2523. 

'" '" "' :IJ'I1l1'YlUl'lUlfl'I:Jmi'llffl9l'J,2540. 

0' ~ .. I Ct. QJ 0' 
____. ll'W'l'lfll9ltl'W'W'If. fi~-:ll'Yl'W:lJ111'Wm : flW:::u'J~:IJ-:I :IJ'I111'YlUl'lUlfl'I:Jmi'llffl9l'J, 2542. 

QJ o'QJ t::loQl 0' I~ Ct.d Q .<::.\ 0' 0'0',.. 
'l~m 1'li'l'J19l'W ll'l~ IffflWl 1JUlUllf11\P.lJ'W. fl:IJtl1Tifil'Jlfl1J1l'l~1Iml:::'YIlI'W'l-:lfll9ltl'W. 

q u u 'U 

o Q,I Ct. 0' Cil. QJ 0' 
fl~ -:ll'Yl'W :IJ'I1l'Wfl'J : ffl'W fl'W :IJ'W:lJ1111'YlUl'lUlfl'I:JI9l'J i'llffm, 2546. 

d QJ ,.. Ct. Ct. Ct. 0' 0" 9J ..::I.e! 

1'J~'lfU I'lfmUlUl. l'Ylfl'Wflfil'JI9l'J 1~11m l~'I1flWtll'W'W l~l'Wll1JfI'Yll 'J U. flHl'Yl'WcIJ : u ~ , q 

...s '" '" "''j "" 'j"''ll'Wfl'W:IJ'W Itll~U'Wff 119l'J, 2530. 

ft11~U1I9li'ui'lfUl'W'J. ffl'l1ilU1'YlUlU'J:::Uflfl. tllfl1'1fl;f11'YlUl flW:::1'YlUlrl1ffl9l{" . 
:IJ'I1l1'YlU15Ul;fU~i'YI~, 2537.
 

ff11'i'.iW i'lfflt!'IJ. fil'jffflfll'.i~1J'UlJni'l'IJtl-:lifl. :lJ1111'YlU15u'jl'lfnUI;U~'jlu.l;f.lnlU, 2545.
 

ff:IJff'U 1J~'ill;'W. lJI1i'llYlUl. 'If'lU~ : flW~l'YlUli'llffl9l{ :lJ1111'YlU15Ui'l1'Wfl1'W'Yl'.ilh\P!l 'lJl~llff'W, 2538., . 
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~1J1~ fll\Y~'tn-:)ff. ~ih)U~1J~fl1'j'Wl1ff11'HJ1. l~(J-:)hl1j : f1W~1ff1m'j1Jffl~9'I{ 1J'l111'Y1(Jl~m;lJ-:)hnj 

,2532. 

~'j1ff 1~1'Y1~-:)~'U. fffl (Jfl1'rwl'j 1i'(Jllf1~-n~'W11~~fll'jHu'j~1 (J'lfU'il1fl~ll1 'h(J1'Wu'j~1 'YIffi'YI(J. 

" '" '" fl~ -:)l'YI'Vl"1 : ~Wlf1-:) mW1Jl111'Y1(Jlf1(J, 2543. 

" " 
~'YI1i1'j'jW ~'Vl'j'jW. ml1Jl1mfll1f1l(J'U~N~111'.il(J'U'WW11mUllf1~'fl~~9'I~1J~'Wl1'~-:)'ll1 

q q d 

1'Wi'W~ 1m-:) fll'j'YI~-:)r-niJ1J i'-:)111flflltlJ~'W1J~. 1'Y1(JlU'Vl'W ,juj\y\yl1'Y1(Jlffl~9'I'j 

1J'l11UWcYl9'I : 1J'l111'Y1(Jl~m~(J-:)1mj, 2547. 

~i1mi'j 1 'Vlqvii1'jU'W'YIU. ml1Jl1f1lfll1m(J'U~-:)~ll1'.i 1(J'U'Wlfl1mlilm~ 1fl~~9'I~1J 
,l jJ :1 .t d"l I It) "'1jJ,4.o=:t.

'Vl 'W'YI~-:)lJ1 'W1l1JlJ11'U-:)'Y1 1l1f1 f·/l'WU 'j~l 'YI ff 1'YI tillf1~ fln U'j ~(Jfl9'l 'lfl'Vl~ fll'j9'lfl9'l11J• 
" 

9'1 n ~ ~~1J fI Wfll'Vl'lll. 1'Y1tJ1 U'Vl'W ,jU~U1U.l11'Y1 (Jlffl~9'1 'j 1Jl1l1JWcn9'l :1J 'l111'Y1 (Jl~ m~(J-:) 1mj,, u u 

2551. 

1~'l1,f 1'j~'W~1li. "Q'YIfllJ1Jffl~9'If. fl~-:)l'YI'Vl1Jl1l'Wm : 1J'l111'Y1(Jl~(J'jl1Jflllll1-:), 2530. 

" " 
mfl-MrJ U11W~. fI1l 1J11 f1lfll1f1lrJ'U~-:) ffll1 '.i 1(J'U'W lfl111 Wllf1~ i fl~ ~9'I~ 1J~'W l1'm 'll111 f1~fll 'jU 'j ~lii'W 

u 0 

flWfll'Vl til1 'Willtil~1'Ulll1jtil1'U-:)1J1-:)l! 'I1-:)'U~-:)' 'YI rJl!f1~f1l1t1 2007-2008. 1'Y1rJ1U'Vl'W,J. 

Barber, H.G. and Haworth, E.Y. A Guide to the Morphology of the Diatom Frustule. 

The Freshwater Biological Association. Scientist Publication, 1981. 

Biggs, B.lF. "Periphyton communities and their environmental gradients in New Zealand 

Rivers", New Zeal and Journal of Marine and FreshwaterResearch. (24): 367-386, 1990. 

Bold, H. C. and Wynne, M. J. Introduction to the Algae: Structure and Reproduction. 

Englewood Cliff: Prentice-Hall, 1985. 

Bold, H. C. and Wynne, M. J. Introduction to the Algae (td 
ed.). London: Printice-Hall, Inc, 

1998. 

Branco, L.H.Z., Necchi, J.O. and Branco, C.C. "Cyanophyceae from lotic Ecosystem of Sao Paulo 

State. South Eastern Brazil", Algological Studies (94): 63-8, 1999. 

Chapman, V.J. and Chapman, DJ. The algae. London: The Macmillan press Ltd, 1973. 
c 



200 

Descy, J.P. and Coste, M. "A test ofmethods for assessing water quality based on diatoms. 

Verhandlungen der Internationalen Vereinigung flir theoretische und angewandte", 

Limnologie. 24(4): 2112-2116, 1991. 

Dixit, S.S. "Diatoms: Powerful Indicators of Environmental Change", Environ. Sci. Technol., 

26(l): 23-32,1992. 

Entwilse, T.J. "Phenology of the Cladophora - Stigeoclonium community in two urban 

creeks of Melbourne", Australia Journal of Freshwater Research. (40): 236-248, 1989. 

Foged, N. Freshwater Diatoms in Thailand. Germany: Odense Publisher, 1971. 

Goldman, C.R. and Home, A.J. Limnology. New York: McGraw-Hill Book Company, 1983. 

Greenberg, A.E., and et al. Standard Method for Examination of Water and Waste Water (20th 

edition). Washington DC. American: Public Health Association (APHA), 2005. 

Minoru, H. "Freshwater Algae collected by Joint Thai-Japaneses Biological Expedition to 

Southeast Asia", Natural Life in Southeast Asia.196-1992, 1967. 

Hugh, B.N.H. The ecology of running waters. Liverpool: Liverpool University Press, 1970. 

Jones, W. and Medrano, S. "School of Public and Environmental Affairs", In Indiana Lake Water 

Quality Assessment Report for 1999-2003. USA: Indiana Univeristy. Bloomington, 

2006. 

Jiittner I., and et al. "Diatoms as indicators of stream quality inthe Kathmandu Valley and Middle 

Hills of Nepal and India", Freshwater Biology. 48 (20): 65-84, 2003. 

Kelly, M,G. "Use of the Trophic Diatom Index to Monitor Eutrophication in Rivers", Water 

Research. (32): 236-242; 1998. 

Kelly, G.M. "Identification ofCommon benthic Diatomes in Rivers", J. Field Studies. (9): 583

700,2000. 

c 



201 

Kelly, M.G. and Haworth, E.Y. Phylum Bacillariophyta. In : John D.M., Whitton, B.A. 

and Brook, A.J. (eds), The Fresh Water Algae Flora of the British Isles: An Identification 

Guide to Freshwater and Terrestrial Algae. United Kingdom: Cambridge University Press, 

Cambridge, 2002. 

Kowe, R., and et al. "Modelling phytoplankton dynamics in the River Swale, an upland river in NE
 

England", The Science of the Total Environment. (210/21 I): 535-546, 1998.
 

Krammer, K. And Lange-Bertalot, H. "Bacillariophyceae.l. Teil: Naviculaceae. In: Ettl, H., Gerloff,
 

J. Heynig, H. and Mollenhauer, D. (eds.)" in fu!.l3wasserflora a von Mitteleuropa. Band 

2/1. Germany, Gustav Fisher Verlag, Stuttgart, 1986. 

___-----'-. "Bacillariophyceae. 2. Teil: Bacillariaceae, Epithemiaceae and Surirellaceae", 

fu!.l3wasserflora von Mitteleuropa. Band 2/2. Germany, Gustav Fisher Verlag, Stuttgart, 

1988. 

___-----'-. "Bacillariophyceae. 3. Teil: Centrales, Fragilariaceae and Eunotiaceae", in 

.s.Yj3wasserflora von Mitteleuropa. Band 2/3. Germany, Gustav Fisher Verlag, Stuttgart, 

1991a. 

___----'-. "Bacillariophyceae. 4. Teil: Achnanthaceae", in .s.Yj3wasserflora von Mitteleuropa. 

Band 2/4. Germany, Gustav Fisher Verlag, Stuttgart, 1991b. 

Kunpradid T. Diversity of Macroalgae and Benthic Diatoms and Their Relationships with 

Nutrient Compounds in the Ping and Nan Rivers. Ph.D. Thesis: Chiang Mai University, 

2005. 

Lange-Bertalot, H. Diatoms of Europe. Stuttgart, Germany, Koeltz Scientific Books, 2001. 

____. Iconographia Diatomologica: Annotated Diatom Micrographs. FL 9491 Ruggell, 

Germany A.R.G. Ganter Verlag Kommanditgesellschaft, 2007. 



202 

Leelahakriengkrai, P. and Peerapornpisal, Y. "Diversity of Phytoplankton and Water quality in Mae 

Kuang River, Lamphun Province Thailand", Journal of the International Phycological 

Society, Phycologia. 44(4): 61-62,2005. 

Leelahakriengkrai, P. and Peerapornpisal, Y. "Diversity of benthic diatoms and water quality of the 

Ping River, Northern Thailand", Environment Asia, 3(a): 82-94,2010. 

Leelahakriengkrai, P., Pruetiworanan, S. and Peerapornpisal, Y. "Diversity of benthic diatoms and 

macroalgae and water quality in the Mekong River passing Chiang Rai Province, 

Thailand". KKU Science Journal. 37: 143-152, 2009. 

Leelahakriengkrai, P. and Peerapornpisal, Y. "Water Quality and Trophic Status in Main Rivers of 

Thailand". Chiang Mai Journal of Science. 38(2): 28-29,2011. 

Lenoir, A. and Coste, M. "Development ofa practical diatom index of overall water quality 

applicable to the French National Water Board network", in Use of Algae for Monitoring 

Rivers II. Innsbruck: Institut rur Botanik, Universitiit Innsbruck, 1996. 

Lorraine, L.J. and Vollenweider, R.A. Summary report, the OECD cooperative programme 

on eutrophication. Burlington USA: National Water Research Institute, 1981. 

Necchi, O. and Pascoaloto, D. "Morphometry of Comsopogon coeruleus 

(Compsopogonaceae, Rhodophyta) population in a tropical river basin of southeastern 

Brazil", JournalofPhycologia. 32: 150-168, 1995. 

Niiyama, Yuko. "Morphology and classification of Cladophora aegagropila (L.) Rabenhorst 

(Cladophora, Cholrophyta) in Japanese lake", JournalofPhycologia. 28: 70-76, 1989. 

Nusch, E. A. "Comparision ofDifferent Methods for Chlorophyll and Phaeopigment Determination", 

Arch Hydrobiol. Ergebn Limnol. 14: 14-36, 1980. 

Odum, P.E. Fundamental ofEcology. 3'd edition. USA: Saunders, W.B. Philadelphia, 1971. 

Pan, Y., and et al. "Spatial patterns and ecological determinants of benthic algal assemblages in Mid 

Atlantic Highland streams", Journal ofPhycology. 35: 460-468, 1999. 



203 

(" . 

Patrick R. "A taxonomic and distribution study of some diatoms from Siam and 

the Federated Malay States. Proc. Acad", Nat. Sci. Philadelphia. 88, 1939. 

Peerapornpisal, Y. and et al. "AARL-PC Monitoring of water quality in Ang Kaew reservoir 

of Chiang Mai University using phytoplankton as bioindicator from 1995-2002", Chiang 

Mai Journal of Science. 31(1): 85-94,2004. 

Peerapornpisal, Y. and et al. "Assessment of water quality in standing water by using dominant 

phytoplankton (AARL-PP Score)", J. fisheries technology research. I(I): 71-81, 2007. 

Pekthong, T. Biodiversity of Benthic Diatoms and Their Application in Monitoring Water 

Quality of Mae Sa Stream, Doi Suthep - Pui National Park. Chiang Mai. Ph.D. Thesis: 

Chiang Mai University, 2002. 

Pfister, P. "Phytobenthos communities from 2 Tyrolean mountain streams", in Arbeitsgemeinschaft 

Limnologie. Austria: Telfs, 6sterreich, 1992. 

Pinkayan, S. Evaluation of Environrnental Change Study ofEnvironmental Empact at Nam Pong 

Project Northeast Thailand. Thailand: Prepare of Nation Energy Administration by 

SEATEC Consulting Engineer, 1978. 

Pipp, E. and Rott, E. "Classification of running - water sites in Austria based on benthic 

algal community structure", Verhandlungen des Internationalen Verein Limnologie. (25): 

1610-1613,1994. 

Pipp, E. "A regional diatom-based trophic state indication system for running water sites 

in Upper Austria and its over regional applicability", Verhandlungen des Internationalen 

Verein Limnologie. (27): 3376-3380,2002. 

Pollution Control Department. "Survey, collection and analysis of water samples and living 

organisms in the standing water" in Final report. Vol. 2. Thailand, Ministry ofNatural 

Resources and Environment. Bangkok, 2010. 

Potapova, M. and Charles, D.F. "Distribution of benthic diatoms in US rivers in relation to 

conductivity and ionic composition", Freshwater Biology. 48: 1311-1328, 2003. 



204 

Prescott, G.W. Algae of the Western Great Lake Area. Iowa: W.M.C. Brown Company 

Publishers, 1951. 

Prygiel,1. and Coste M. "The assessment of water quality in the Artois-Picardie water basin (France) 

by the use of diatom indices", Hydrobiologia. (269): 343-349, 1993. 

Reavie, E.D. and Smol, J.P. "Epilithic diatoms of the St. Lawrence River and their 

relationships to water quality", Canadian Journal of Botany. (76): 251-257, 1998. 

Reid, M. A. and et al. "The use of diatoms to assess past and present water quality", 

Aus. Ecology. (20): 57-64, 1995. 

Rott, E. "Methodological aspects and perspectives of the use of periphyton for monitoring 

and protecting rivers", In The use of algae for monitoring rivers. Inst.(Botanik, Univ. 

Innsbruck, 1991. 

Rott, E. "Diatoms ofthe Grand River, Ontario, Canada restudied after 25 years", 

Lirnnologica. (25): 165-192, 1995. 

Rott, E., Pfister, P. and Pipp, E. Use of Diatom for Environmental monitoring. Austria: Institute 

fUr Botanik der Universiat Innsbruck, 1997. 

Rott, E., Duthie, H. and Pipp, E. "Diatoms for monitoring organic pollution and eutrophication in 

Grand River, Ontario", Canadian Journal ofFisheries and Aquatic Sciences. (55): 1443

1453, 1998. 

Rott, E., Pipp, E. and Pfister, P. "Diatom methods developed for river quality assessment in Austria 

and a cross-check against numerical trophic indication methods used in Europe", 

Algological Studies. (II 0): 91-115; November, 2003 

Round, F.E. The Biology of the Algae. Great Britain: Edward Arnold Limited, 1973. 

____. "Diatoms in river water monitoring studies", Journal of Applied Phycology. 

(3):129-145,1991. 

____. A Review and Methods for the Use of Epilithic Diatoms for Detecting and 

Monitoring Changes in River Water Quality. London: HMSO Publications Centre, 1991. 



205 

Sheath, G.R. and Cole, M.K. "Biogeography of stream macroalgae in North America",
 

Journal of Phyco10gia. (28): 448-460, 1992.
 

Soininen, J. "Responses of epilithic diatom communities to environmental gradients in some Finnish
 

river", International Review of Rydrobiology. (87): 11-24, 2002.
 

Suphan, S. Benthic diatoms and their application in water quality monitoring ofMekong River in
 
/:5 

the part of Thailand. Ph.D.Thesis: Chiang Mai University, 2009. 

Van Dam, R., Mertens, A. and Sinkeldam, 1. "A Coded Checklist and Ecological Indicators
 

Values of Freshwater Diatoms from the Netherlands", Netherlands Journal of aquatic
 

ecology. 28(I): 117-133, 1997.
 

Wetzel, R.G. Limnology. Philadelphia: Saunders College Publishing, 1983. 

___ . "Lake and River Ecosystems", in Limnology. New York: Academic Press, 200 I.
 

Whitton, B.A., Rott, E. and Friedrich, G. Use of Algae for Monitoring Rivers, Innsbruck: 

Institute fUr Botanic. Innsbruck University, 1991.
 

Whitton, B. A. and Kelly, M. G. "Use of Algae and Other Plants for Monitoring Rivers",
 

Australian J. Ecology, 20: 45-56, 1995.
 



fllflN'U1fl fl 



207 

.fllflNlflfl fl 
., 

.... J 0 

fl11llfl11~'I1fJ W.fl1l'fU1 

(~ 



208 

~ ( .. ~ ~ J ~:'.,. " d

1.1 fll''11Afl~1::''''U''1t11W88flCJfAi)'U'fl~:anrJ I 'U'U1 ~ fltJ hr11i '\I tH Azide Modification 

(APHA,AWWA, WPCF, 1998) 

QQI 1:fJ/ fJ/ Ql1'~""QI

1.1.1 1f1U~1t1t1Hhllfl1t1'\11fl BOD 1I1t1tl1111'.i::'JJfl'.i::1~ lll'l1tflflvJtI~mfllfl'lhl 

'\I1fl~1t1~H UCl:: ~t1~'t11fll'.i1tml::M't1h1fimr~~lm~U~1t1~1~ ~vitl hitM''IJ1111W tIt1flClftllhi 1hi 

~1t1~1~tnll fll'.i t'IJ ~ tlhlU'IJ Cl~ 

1.1.2 t~llffl'.iCl::ClltlUll~fll'Wfftltlfl'9rrl (MnS04) 'IJ~'JJl~'.i 2.0 iJClilil~'.iUCl:: 

ffl'.iCl::CllmiCltll'Cl itllt1 'flrlttl1C)1'rl (Alkali iodide azide reagent) 'IJ~'JJl~'.i 1 iJClilil~'.i 1hI~1t1~H 
" " .
\h~lll"l~U 1fltlfll'.i ~lltJt 'IJ~ Cl~' 'IJ l~fhu ltVltltltl~ tihl fll'.i tnflvJ t1~ mfllfl'ul;\'1~uilfl ~llflm~ 1 

II • JI '" JI , 

~lfl'l!hI.ijU'\I1fl BOD fiij~1t1~NU1'l!hlwiiflmru1'IJmrUlll'IJ'.i::lllW20 tli'~ tVltllM'ffl'.iCl::Clltl 

" " " " tm::~1t1~1~Ul~fflltihl ul;\'1~~il~' 1'~hI~fl~::fltlhlUl;\'1.ijU'\I1flWii flfl1:tU i'IJ'JJl9l1flfl Ul;\'1'IJri t1t1 1'If 
" d ." 

~fl~~fltlhltlfltlH 

1.1.3 ~~llmfliClvh~m'ti''JJ'Ij'hI (cone. H2SOJ 1l~'JJl~'.i 2.0 iJClilil~'.i Cl~hl'\l1fl 
0" ".e:t. OJ "1 ... 1 .01 , .!I 

~1t1t1NhI1 UCl1WCl fl'\l1flflClU ~ lJ'JJltWtlCl~Clltll9!~fltlhl 

" , 
1.1.4 ~1~1911t1~1~Ul~lfl'ti't1 1.1.3 1l~'JJl~'.i 101 iJ~iiilm tffthl'\l1fl'.i'IJ'l111~tVltl.. .. 

, , JJ I , 

Ullll '1 'Y1 t'VI '.i~ (ff1h1 Vi tn hi 'JJl 1.0 iJCl ililm tVltlt~hI fll'.i'l1flt 'l1t1U lfi' 'I1Cl t1t1fllll'\lW ~fiijfll'.i t~ll 
" " 

(l'l'.iCl~mtl) tltlhl ~~~1~~1t1~1~U ltltlfllll''Y1t'Y1'.i~~t1~t'\l~1'\l1fl't'Jtlfli'~ 

" " 1.1.5 , 'Y1t'Y1'.i~~1t1~1~Ul~1t1(l'l'.iCl~Clltl 19rt~tlll i 'Y11 t1iCltvJ~~hI ~1t1~1~Ulijfll'.i 
• JJ JJ JJ JJ 

t'IJ~tlhltnhlffUlmm)t1h1 'I11:t~~lfl'l!hI~~mJflUluij~Cl~ ''IJlhI~1t1~HUl 8 'I1t1fl Ul;\'1''Y1t'Y1'.i~~t1~hI 

, " 
1.1.6 ~fl1J'hlViflll~'JJl~'.i'\ltl~(l'l'.iCl~mtJ 19rt~tlll' 'Y11t1iCltvJ~fi't -N't1~'I111fl 

, " 
1.1.7 fllhl1W '11 ltl11W'ti'll 'ti'hI '\ItI~ll~ lll~'.itltlflc)ft ~hI fi Cl~mtl 't hi U1 1fl tJffllfll '.i 

. " 
'IJ~'JJlWtltlflc)ft~hlfiCl~mtJUl (iJCliiil~'.i/il~'.i) = (VI) (N) (8) (1,000) 

VI = 'IJ~'JJlm'\ltl~ 19rt~tlll''Y11t1iCltvJ~~'t-N''VIt'm~ 
" V2 = 1l~lll~'.i'\ltl~1911t1~1~Ul
 

N = tl11:lJ~"j'll"j'hI'UtI~ lC)ft~tlll i'Y11t1iCltvJ~
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~ J' 'j/.c:..c::t
1.2 rnnlfl11::11111fll BOD ~1t11Ti Azide Modification (APHA, AWWA, WPCF, 

1998) 
~ ~	 ~ 

1.2.1 fl1':it~'IJth~1ijdl,nh~dht,f'lJt~t11ti'IJfl1nl1th DO 1~m~'IJ~1ijdHth 

~1'lJ1'lJ 2 'U1~ ~-3'U1~~ 1 ~::lilfl1':i1~fh DO n'lJn 1~t111i Azide modification (DOs) ri1'lJ'U1~~ 
c$ , "J " J "" d

2 ~::tfl'IJ 1'Y1~ BOD 'YIfJW11fJll 20 ij-3fl'ltCIHUClttlff 

d GI , : o.e:t. fI, 
1.2.2 'U1~tfl'IJ~1ijtl1-3'lJ1 'lJllJ11tfl':il::11fll DO .	 ~ ~ 

1.2.3 fil'lJ1W111ff1':in~::~'I1t11'lJih mtll'lJ1W111th BODs 'Uij-3Ul 'il1fl~~':i 

BODs (mg/l) = DOo- DOs 

.Q J !SIr :' ~ 
1.3 rn11tfl11::11fll1'lJI'UU~H'U8.:JUl1~t111i Phenolphtalein methyl orange indicator 

(APHA, AWWA, WPCF, 1998) 
~ 

1.3.1 ~1-3Ul117lJlfl':i 100 iJ~i1i1~':i 1ci1'lJ'U1~Il1'lfll~'U'lJl~ 250 iJ~i1i191':i 

""	 'I A 1 I 'lI I 'I 'lI 'lI ....
1.3.2 tflll Phenolphtalein indicator 3 'HtI~ ~.:II'lJ'U1~I1J'lfll~U~1t'UtI1111t'Ulfl'lJ 

1.3.3 t1'1~1ijdl-3ttl'lJiY'lflJ~~fl'lJ hfl'YIt'YI':ifl~1t1 0.02 N H2S04 ~'lJtY.:ItflfltM'lJiY 

fll';j ttl~ tJ'lJUtl ~-3 ~ 1.:J11 lfJ'tlu~::,j'lJiffltl~lJ1W ~1 ~ 

1.3.4 t~lJ Methyl orange indicator 3 mJ~ ~.:I1'lJ'U1~Itl'lflJ~ 

1.3.5 t1'lfi1flcil-3!11~tJ'lJttl'lJ iYm ~ij.:l tM'1 'YI!'YI';jfl~1tJm ~eM~Vh~ flfl11lJt~mj''lJ 
0' '" d d A IJ ./	 I "l d , 'lI

0.02	 'lJij';jlJij~ ~WHtflflm'lJfffl1':it1J~t1'lJUu~'1~lflblank U~::flijtlG'J l'YIt'YI':i~'YI~~11tJ~'iI'lJ ~~~ 

~ d .1"" 'lI ,.1. 'I'lI J'I 'lI • 'I	 'lid
end point tlJ'lJfffflJu~:at~'1 ~~1J';jlJ1fl':i'YII'lfU~1'lJ1 ufll'lJ1W 1'lJt1~';j (methyl orange ~:: 111ff 

m~fl'l ''lJffl':i~::mtJ~ttl'lJ~l-3 iYfflJ 1'lJffl':i~::~ltl~til'lJflm'l u~::iYu~.:I 1'lJ ffl':i~::mtl~ttl'lJm~) 

1.4 fl111Ifl':il::~111tJ1'lJ1W'U8~-W8al'rI~1~t1t~lnlJH1':i!1'lJ (APHA, AWWA, 

WPCF,1998) 
.	 "~ GI r.c:l QI I 0 91	 9J 0 IV I 

1.4.1 fl1ijtl1-3'Y1 1 mij'l~1~Wl'l'lJl~1tJm::~11:lflHl.:l U~1fl1'1'lJl~1ijtl1'1lJ1 50 

iJ~i1i1\P1';j tci~'1 t 'lJ 'U1~Itl'lfll~'U'lJl~ 125 iJ~i1i191';j .	 .~ 

1.4.2 ~1flcil.:lYi 2 tJlfi1flcil.:lUl'Yiti.:l'~mij.:llJ1~1.:1tM"~tJ~lJ1fl':i 50 iJ~i1i1~':i 

U~1ici~~t'W'U1~':itJ'lflJ~'U'lJl~ 125 iJ~i1i1\P1';j.. .. 
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"
 1.4.3 1~1l~.:JUfl1l11l1ijfJllL1.h){i"LvJfl004 fl11l ".:Jl'U~1fltil.:J11.:JfffJ.:J 

1.404 ,)llu'ULm1vJfhl'ULfl~fJ.:J~flfl1'UL~'Unfl1 30 'H~fJ 40 'U1Yi 'iI'Um~..r.:J 
" " .

tI~1l1fl'H'H~V 10 iJ"~~fl':i i1.:Jri1'U~ff1l11h1L~'U U"'1L~fJ'ill.:JLrl'U 30 iJ"~~fl':i ~1tJ\hm;'U L~ll 
~I • .1 .. ...... .. • I..... 'JI 1'JI.. I 

ffl':i"~"ltJ n'UVn1il"'Ufl'UflLflLflt:l':i U":::1J':iUVUfJ')ffl1fJff1';i"~"lfJ NaOH 'iI'U flffGJfll'VWV'U.. 
" . 

1.4.5 1J1U1J~1l1fl':iffl':i"~"lfJLrl'U100 iJ"~~fl':i ~1tJ\hm;'U 
" 1.4.6 L~llffl':i":::"lfJ11l~ULflfl (L'lIfh~fflll1'UYim;;.:J'illm~llffl':il'Uu~"~fl1.:J)4.0 

iJ"~~fl';j U"~ffl';j":::fI1fJffUfl'Uirfffl"fJh~0.5 ij"~~fl':i (10 'HfJfl) L~U~1mh.:Jfflm":::ffl';j 

1l1fl':i!1'U H~~W'HfJij':i:::'H1H 20-30 V.:JfflL91m~fJff (± 2 fJ.:JfflL91"L~fJff) 
QI" ~ " 1I)!iJ .c:I 1!iJ QI I ~ 'jJ ~. tI '1

104.7 'il1fl'U'U'Y\.:J 1110 '\.Jl'Y\ UflflfJ.:J1flfllfll':iflflfl,,'Uuff.:Jfl1tHfl':ifJ.:JffL fl 1fl':i.. 
lvJlfliJLflfJ{~fl111lfJ11fl~'U 690 'Ull'ULllfl':i .fl1fJl'U 12 'Ul'Yi U~Tlhrllflflfl~'UUff.:J~1fl'~i'!J.. 

" . 
LmfJULYifJUtlUmlvJ1l1fl':i!1'U 1flfJl~Ulfl""'ULrl'U blank u~1,j'\.Jiiflrll 

1998) 

" " . 
1.5.1 mfJ.:J~1fJ~1.:JU1~1fJm:::fllllmfJ.:JU~1tlflIPi1fJ~1.:JUl'Yiiff1l12 iJ"~~fl':i iri 

iimflV{'lI'Ulfl 50 iJ"~~fl':i ~1'U1'U 21u 

1.5.2 L~llJlfl~'U 1 iJ"~~fl':i ".:J1'UiimflfJ{mfl~.:J'iI~LiJ'U blank U"~L~ll 

ffl':i"~fI1fJ 1J':i~'U- i"vJliJ~fl 1 iJ"~~fl':i ''UiimflfJ{~ 2.. 
1.5.3 L~llmfli"vb~fl 10 iJ"~~fl':i ".:J1'\.Ju~,,~iiflLfl'f){ lhiimtlfJ{1l1flfl 211.J 

" . . 
u,,::m blank Lm~1Pi1'flth~fl""ui'!Jfl""U1l11'Uu~,,:::iimflfJ{'f)tiHU'fJfJ6 fli'.:J L.wmJ''U1'i111Lnflfll':i 

" . 
1.5.4 V1~1..r1'11fJ~1~flflfl~flfJ'UfJtil.:JU'f)fJ3 'Ulfi ul9iilhn'U 10 'Ulfi L.weih1Lnflff 

1.5.5 1flrilflflfl~'UUff.:J'lJfJ.:JiYU':i~'U- i'Ulfl'i'Y\ lflfJ1<Nlfl~fJ~ffltlfl 1mlvJlfl.. .. 
iJLflfJ{ ~fl111lfJllfl~'U 410 'Ull'Ulllfl':i ('H~fJ 400~.:J 425 '\.J-ll'Ulllfl':i m&1~~"lflfJ{lvJlfl 
... .. 
lllflt:l':i) 
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1.6 m111tl11::'thR'JJ1WtltlOh~tl~10 (~~U1J~~11hn'j hHJ~1~ ~'j'rl'jfiffl~ U~:: 
0'", 

U1JlmW 'U11ff::1J~'j, 2538) .. 
1.6.1 \h\h~1t'lfh~1JlmtH~1Vm::~1'lol GF / C 1111Jl~'j 1,000 iJ~~~~'j 

o y '" y y
1.6. 'Ulm::~l'l:1flHI~1Jll.J~ U~11~1Jffl'j~::~lmV'nl'UV~ fl111Jl'\l1J'\I'U 90 

111v11~'U~ ~~W'UJiJ 78 tHffW:lf~L~Vff 1111Jl~'j 10 iJ~iiiil9l'j l~tll'U'\I1~ff~1 U~1'\.h'111~tll'U 
"d ~1 0 g} tI I " ~ ~ 

I9llV'U 6-24 '111 1J~ '\.Jl1J1mtH~1vm::~1'lol Whatman ltlV'j 1 'rlV1Vl1Jt'lfJ1h'flflUff~ 1I1fl'\.J'Ul~1J 
~ ~ 

Y Y Al 0' d 0' d '" Y AI'" '" "'''' 
ffl1~::~lmV't11'UV~fl111Jl'\l1J'\I'U90 llJV'jLClf'\.J~ 'n~W'l1tJ1J'I1V~ lJ'j1JW1'j 20 1J~~~~'j 

1.6.3 'Ulffl'j~::~lV''\.J;;V 1.6.2 '1J1~th~~fltl'\.JUff~~fl111Jm1fl~'\.J 665 '\.Jl1'\.J 
~ 

11J19l'j 1~HJ1,*ffl'j~::~lmV't11'\.JV~fl111JL;;1J;;'\.J 90 L1Jv11~'\.J~d'J'\.J bank u~11,* cuvette '\I'\.Jl~ 4 

lClf'\.J~I1JI9l'j 

'" "I 'i' '" Y Y 0' _I'"
1.6.4 LI9l1Jffl'j~::~ltl L~ 1"'jfl~mflfl111JL'\l1J'\I'\.J 2 '\.JV'j1JV~ lJ'j1Jll9l'j 0.06 .. 

iJ~iiiil9l'j U~1'n~'~ 30 '\.Jln .. 
1.6.5 'Ul '1J1"th~~fltl'\.JUff~Oflfli' ~ 

~ 

1.6.6 rh~"fltl'\.JUff~~1~'~ l.h'1Jtll'\.J1W'I11til1J11J1Wfl~V hYlm, LV 1I1flfflPl'j
~ ~ 

29.6 x (A-B) x v 

Vx I 

i~ 
, .a QI .e.t. 

B = fl1~~fl~UUff~'1nNII9l1Jm" Hel .. 
V = 1.l11J1W'Ul~1vth~ 

v = 1J11J1W'\IV~m't11'\.Jv~ 

I = '\I'\.Jl"fl111JV11'\1tH cuvette (lClf'\.J~L1JI9l'j) 

11 Standard multiple tube fermentation technique 

1fl ii'rlV11J1Ll.J fl n L~V L~ '\.J 1Ll.J fl n L~ V~ ijLL'l1 ri ~ V1ffV 11 fl~lu vi V'n 1~ L~ '\.J m M1'j '\I V'l fl '\.J .. 
un::ffI9l1ttlv~~'U fll'jIPl'j 1~'W1.J i fl~Wv11JUl.JflfiL~ V~'lUff~'l'hijf11nJuLiJvU'\JV'H) ~ ~1'j:: i~vlPl'j ~ 

I .. 

ifl~Wfl11JUl.Jflfilivfiu'ULtlfl'U~lflfl~~l'j::i~VIPlH l~ £Jfl11 Fecal coliform l;11uU1mviti v1fl~• 
<1..\ I J 11) ~ ~ '" d =:fI 

wm1J fl'UG'jL"l5'U Enterobacter aerogenes Clf~ l1Jm~'''l5t1J'U'''If'UUff~~fll'j1J'UlUfl'U'l1fl~~~l'j:: 
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.c:I d ,t:f, ~ A d Q.'~I1i'lV~H 'l.:ll'HlflfUJ1J'Ul111J'U non-fecal coliform 1'Ufl.:l'llfl E.coli 1JfJWff1J'U~~H'llfl Enterobacter 
.o!\ 

sp. flfl 

•.1" ,,: 1"'" C'/ d ...1. E. coli ffl1J1':if.11nfl'H1J'U~'Ul~1('lm'lfl 'VIff U('l11MlUflff'VIflWlHl1J 44.5 fl.:lffl 
q .. 

1lO]f('l1~eJff flleJl'Un('ll 24-48 4111J.:I ~.:Iflln1i'lfffl'U'th'~41V 

2. E.co/i l1fN('lfll'I'VIi'lfffl'UtJBmvl IMVIC (indole,methyl red, Voges

Proskauer,citrate test) 1~'U+ + - - tYllJ Enterobacter aerogenes l1fJi'l('ll~'U - - + + U~fll':i~':il'l 
.c:. til ~ 4 • .c:.dd 
l1fl':i 1~'H ~.:IfJlmm::ff'U1tJ('lfl.:l fll1l1i'VI 1 

JI	 " • 

~lm 'H~U~.:I 1oNtJBnifllfll':i l~fl{l1JlJ,lUl~l('lU('lfll'VI ffU ~11n~Ut1fffi ~W 'H tJij 44.5 

fl.:lffWltm~flff1~'Ufll':i1Wflfl~1JU'Ufl.yhifl lflil~fl{1J1~'U 2 Vflflflfl Fecal coliform 1m~ non-fecal 

coliform 

" " 
fllnil Coliform test m~'thl~ 3 ;r'U~fl'U~.:IUflfl
 

"
 
1. Presumptive test l~lJfll'j't1~fffl1Jflill'1 'h1'UU1'l~iilflil~fl{1JU1Jflfi1iflfl~'H~fl 1lJ 

2. Confirmed test l~lJf1l'jtilJVlJJi'l('lf1l':i~'jl'l Presumptive
 

"
 
3. Complete test 1~lJf1l'j't1~fffl1J'h1lJuliilflii~D{1JU1Jflfi1iflfl~'H~D1lJfldl.:lff1J\!'jtU 

SI S'	 ,JI 

tJfl~f1l':i't1~fffl1J;rlJU\l~ 1lJ'tilti'U1~'UU~1Jl.:l mw;; ~11~'U1yhirlJ 

fll':i't1~fffl'Uffl1Jl'If.'l'til1~'Hmfli~ l,rlJ Shake plate 'H~fl dilution plate count, multiple

tube techique 1m~ membrane filter technique 
.	 " 

... AI " .o!\ ,." ...... d" ... 'i .....1" dd 0 'i1 
1~f.'l1J'j~ff.:lfl1""Dl'Hffl1Jl'if.'llJ1J'l('llJ't1HI U('l~~'jl'llJ1J ~fl('lnfl'j1JU1Jfl't11':ifl 'UlJl l~fl 

q	 q 

n Multiple-tubetechique U('l~ membrane filter technique 

... <! 
tll'iA11;)1Ifl11~'t1 Coliform 

1. f1l'j~'j1'lfli11'1 'h&~lJU1Jfl;;(ifl lflii~D{1J (presunmptive coliform test) 
" . 

1.1	 1~ifl1JlPilmh~ul111'iifl111J1~D'l1~'j~~1J('l~ 10 Lvil~1flfl111JL~D\11':);;~N'1tilJ 

" 
1.2 1ff~1fldl~U1U~('l~'j~~1Jfl111J1~D\11~MllJ'H('lD~D1'Hl'j lauryl tryptose broth 

.	 " 
'j~~1Jfll11J1~fl\11~('l~ 1 ij('lilil~':i. 3 'H('lfl~ 1~fl~fll11Jffl1Jl':if.'l'lfl.:lU1Jflfi1~fll'Ufll':iloNul~lmmfl.. 
l'Y1ff Lm~l1fut1ff 

1.3 ,j1J~flW'H.flij 35 fl.:lffl1C)j'('l1~flff l~'Unm 24-48 4111J.:I 
q .. 

... ...	 C'/ 1 QI t:3 'j/ e:t, W 
1.4 ~':i1\1N('l1~flff.:l1f1~f1l':i1f1~Uflff 'U'H('lD~~flUflff'lfl.:l'H('lfl~m'Hl':imLfl~Uflff 

Uff~~11N('lL~'U1J1fl 
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1.5	 \T'U~1'U1'U'HClV~~,..r~C1'U1ml"'1\h'tJ'Hlfh MPN \llfl~1':iHfh MPN fh~'~ 
.r!I ... I-C:l d .c:t.c:t 1 c. "d QI' : d .q " ~ 
flVlJ'HJ ltlUJ lfl'YI ~~'UV~l1'Ufl'YIl 'j tJ fl C1~V'jlJGJl'~ Vl \l'Vi'U 1'\.J ~ 1VtJ1'1 '\.J 1'Y1 ~ n\l1~ m 1:::'H 'U'U ~'j1\l 

I 

fl'jl1"l 

2.	 fll'j~'j1\lIi4VV'UiJ'U111r1'U11'Uflih~tJlflil~v{lJ (confmned coliform test) 

"'l	 '" ~ 0 ~~ ~ .09 do~
fll'jtJ'UtJ'U'U'Um:::'YIll~ l~tJl')j' brilliant green lactose bile broth GJl'~\l:::lJ'YI~ brilliant 

• >I	 >I 

green dye 11C1::: bile fhrl 'U ff1':iffllJ1'j tliJ'UiJ~ fll'j 1\l~ ~'UV~l1 'Ufliil~ tJl1m lJ'U1fl i ~\J'U~~Ir1'U fl1':i 

fi~I~Vfll..rl1'Ufliil~tJfl~lJ~V~' 'U'YI1~1~'U Vl'H1':i ~~lr1'UU'Ufliil~ tJl1mlJCI'U fiv l1'Ufliil~tllflilvJv{lJ 
>I	 >I 

l'yh\J'Ul\l~~l~ fll'j'YI~C1V~iii~ij 
• >I	 >I 

2.1	 \llfl'HClV~iil..r~C1'U1m'rh\J'\.Jl'\.J presumptive test tht.l1~VM1'\.J'HClV~V1'H1':i 
I~ 

brilliant green lactose bile broth 'HClV~C1::: I ~tJ 

2.2 ,jlJ~ 35 V~fl'WlfCllCMtJff lrl'\.Jl1m 24-48 i11lJ'I 

2.3 ~n\l~C1l~tlff~lfl~fl1'jln~Unffl'\.J'HClv~ifll1nffti'11n~l1nff l1ff~~11fojCl 

Confirmed test lrl'\.J'U1fl V'\.JiJ'\.J111rl'\.J11'Uflnl~tllflil~vf1J 

2.4 \T'U~1'\.J1'U'HClV~~1..r~C1'U1fl\J11tJ'Hlfh MPN \llfl~1':il~ fh~l~fivtJ~lJ1W 

1Jlfl~~~'\JV'IU'Uflnl~ tilfl il~vf1J ~'1 Vl\l'Vi'U1'\.J ~1mh'lJl~m1\l11m 1:::l1'1'\.J~'\.J V'\.JiJ'\.J 

3.	 fll'j~'j1\l Fecal coliform 
•	 >I 

3.1 ~'U'HClV~Vl'H1':i EC broth ii~W'HfJ11 44.5 V'Ifl'WlfCllCMtlff cilt.l1~V I ~tJ \llfl 

dl ~, ~ 1 1 dod 0 ~ v'
'HClV~'YI 'H~C1'U1fl 'U presumptive test 'UV 1.1.4 C1'1 'UVl'H1':i ( '\.J mw'YI'YIl Confirmed test L'Htlltl 

>I • >I 
"'l dol v 1 QI	 'JJ.c:I I 

~I I'll'V\llfl'HClV~'YI 'H~C1'U1fl 'U'U'U Confirmed test 'UV 1.2.3 \l:::~fl11) 
•	 >I 

3.2 ~'U,j1Jn 44.5 ± 0.2 V'Ifl'WlfCI1CMtlff (flltJl'\.J 30 '\.Jlii 'H~~fll'jciltJ1;$Vl'\.J,j'v 1.4.1 

lff~\llrl'\.Jl1C11 24 i'1l1J'I) 

'" .. "" r:I 1 '" r:I	 V "" r:I3.3	 ~'j1\lfojCl 1~tlff'l1fl~fll'jW1fl~l1flff '\.J'HClV~~mlfl·ff'\JV~'HClV~Vl'H1':i tlllM1Uflff 

11ff~'111 fojCl fll 'j 'YI ~ CI V'11rl'\.J 'U1fl 

3.4	 \J'U~1'\.J1'\.J'HClV~~,..rfojCl'U1mJ1'tJ'HlfhMPN \llfl~l'jl'1 fh~'~fivtJ~lJ1W 
,J	 .J QI I:,J .q " 

1Jlfl'YI"1~'UV'I fecal coliform GJl''1Vl\l'Vi'Ul'\.J~1Vm'l'\.Jl'Y1~'j1\l11ml:::'H 

, r$ .... r$ 

1.8	 fl11'ttlf1116'IJ'WltlU (MPN) 

MPN dV1Jl\llfl Most Probable Number 1~'\.J~l'U1'U~~q~'Uv~~il'\.J'YI~6~iil~'\.J 
>I 

~1vdl~fhij 1~\l1 flfl1':itJ 'j:::l11'\.J1~tI 1'*'H ~ml1~ ffii~ 
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dnti'l.Jfll'Hflfl1 MPN 1~w1i Multiple tube fennentation technique ,:rl.Jl~'W 

" l'¥lflUmf1V1ifll1th::lij 'W ~ ~~~'UV~ ~~'W'¥I16' 'W~'JVd1~ l~tIl~ ~ 1:: ~ ~ 'W'¥I1 tf~lfl~'JVd1~,:r'W i 'W 

~ 1 Q .d ~ ~ Q,I Q .cS "'.cJ " Q 0 QI ~ 
Vl'H 11l''1V~l 'lfV'If'W ~nH'I1 C]f~l1J'WV1'H 11'¥1l'H lJl::'ff1Jfll.J ~"'W '¥I 1 V'¥I~V~ fll1 1,h:: l1J'W ~1'W 1'W fl~'W 'W• 
~1'W1'W ~il'W'¥I16~th::lij'W 1~ ~~l~'W ~~'W'¥I1 v~ij;i1~V~U"::'ff11J11 m~1ty' 'W Vl'H11liv~l4Vll;,J'W . 

.... oCt .... t/.., It-I
lJifll'lA'.IlQllft'.n::'Hflll'U 

" " .
1. l~V~1~\h~1VdH1::~1.J":: 10 ll;' l~vfllcNfl111Jl~ml1~3 'j::~1.J lri~':md1~ihYi 

. " 
m11JL~V~lU::~1.J~W'l 1 ij,,~ii~'j ,,~l 'WVl'H 11 l'H "1Yil'H1Jl:: 'ff1Jff1'H11.Jl'rn::ltjfv 'j::~l.Jfl111JI~V 

~H":: 3 'H"V~ 
'JJ I I I 

2. ,j1J'H"V~Vl'H 11'ti~'H1JIflYimU'H fliJU"::I1" 1Yil'H1J1::'ff1J U'W iifl~1'W1'W 'H "v~Yi' 'Iff'l". .. . . " 
1.J1fl't'Jm::~l.Jfl111Jl~V~1~YiL~Vfl 'I11~"Yi'~'tJ'H1fl1 MPN 'UV~~~'W'¥I1V~V 100 ij",,~m 'UV~'I11 

~1vdH (1~mYiVl.Jnl.J~11H) 

A11N~ 19 ~1~'lti1 MPN ~'i::~l.Jfl1nH~mt'W95 % 'Uv~'H"V~~1Mf'l"1.J1fHrlV 1oN'i::1.J1.J 3 'H"V~ 
: Q ffI Q..e::t.Q Q QQ A AA 

'Um'Wlm1'l1lfl'il::'H 10 lJ"""~'j 1.0 lJ"""fl'i U"~ 0.1 1J"""~'i 

;)l'Ul'U'H~V~ 

m-HN~'lJlfl .... ........ 
MPN/I00 1Ji;U'~A1 

. 
o , 

mflll 
, 

«~fll1 

0-0-0 <3 

0-0-1 3 <0.5 9 

0-1-0 3 <0.5 13 

1-0-0 4 <0.5 20 

1-0-1 7 1· 21 

1-1-0 7 1 23 

1-1-1 11 3 36 

1-2-0 11 3 36 

2-0-1 14 3 37 
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Al1H~ 19 fh~l)fil MPN 11~::f1111JL~mrU 95 % '\Jt:I~11~t:lfI~'M'fl~iJ1mrlt:li~ ':i::iJiJ 3 l1~t:I~ 
: Q fI

'\Jt:I~Ull9ln~1Lml::11 10 ~~iiiil9l':i 1.0 1j~iiiil9l':i 11~:: 0.1 iJ~iiiil9l':i (l'it:l) (APHA, 

AWWA, WPCF, 1998) 

. . 
.... .et .... 4",,,

;)1'Ul'U'IU16~ 1::~1Jftl1tJA'lf6tJ'U16£l~:: 95
~'If'U . , ,.........
 .
mtl'FHI1Jlfl MPN/100 tJDDDA1 Alfll1 \l~fll1 

2-1-0 15
 44
3
 

2-1-1 20
 89
7
 

2-2-0 21
 4
 47
 

2-2-1 149
28
 10
 

120
3-0-0 23
 4
 

130
39
 7
3-0-1 

379
3-0-2 15
64
 

210
7
3-1-0 43
 

230
14
3-1-1 75
 

380
3-1-2 120
 30
 

380
15
3-2-0 93
 

440
3-2-1 150
 30
 

470
35
3-2-2 210
 

1,30036
240
3-3-0 

2,40071
460
3-3-1 

1,800150
1,1003-3-2 

>2,400 -3-3-3 -

II • 

lU1J1~f1i,u·mfi'~'J,jf111Jl':iflLfifJ1Jl11til'1l1flI9l1':il~ MPN ,~ ~~~~N'tht11':i 

fll'W1W111fll l~W'~~I9l':i'\Jij~ ln1Jf1 (Thomas simple fonnula) 

• II
 

MPN/IOO ml = ~1'W1'1..1'H'lij~Yil..rH'liJ1fl"'~111J~ x 100
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I 

... of. I":!
2. m111fl11~'t'llJ"n.nWD'1161't'l11 

2.1 m111fl11~HtR1J1W8t)'flfi,"6D'1,"A 
~ ~ 
o QJ I 9J 9J 0 Q,I' .::::to~.::::t. i 

2.1.1 mfl~'Wl~1f1m~~1tJm~~11:1mfl~U~1~1~'Wl~1f1t11~10 1J~~~~7 ff~~ . ~ 

i'W cuvette 2 fl'W fl'W1£mhiff17 Phosphate Acid Reagent Viihltl1:ltu~1~'\.J'I.J11~ltIi~1 ij~ilil~7 
Y "'... dI ~Y_I':! '" ~ IY '" 'I

U~~ Reduc. Rgt. 1 'lffl'W fltlfl'W'I1'W~lfJ'l ~ 11lJ7 tI'IJ l'YI tI'IJ ~1J~fI~1~1Jff17 &~"l 
, ~ 

~ 4 ' ''' lilY
2.2.2 llJ~lmfl~ Smart spectro Spectrophotpmeter ~'W Lamotte, 1997 'YI~ n 

QI '4 .a 4 
'fttltl~ mfltl PROGRAM TESTSIENTER mfltl ALL TESTSIENTER mfltl 78 Phosphate L/ 

ENTER 
~ .
 

2.2.3 'lh'lh';1f1dl~"'ltl~fI1 Vi'1i'~1~1Jff17i~"l hiel~''W'lffl~i~Uff~ il~~l 
, , . 

<!I '" <!I '" 111 Y I Y.I "''''i Y
ltl7f1~ 'I1ff'W'YI mfltl'YI SCAN BLANKIENTER "'~ t~fI1 blanking wait lm1'i1~lJ71tltJl1JtA'YI1JScan 

Y i Y.ld .,I", "'i I ~.I 4 d ~ Y
sample lm1 'I11lJmJ'Wlfll cuvette 'YI1Jff17ltl1J ffM ~lJ1£'YI'W mfltl'YI Scan sample / ENTER 'iI~ ~~ 

~l~ihnhm~'W-wyhg1J 
..\ d~iY d ~ Yo ~.,,; 

2.2.4 lllfJlff7"''ft'W 'I1tl~ Exit l1J'W'iI:atJeltl'W1Jl1U'Wl1J'WU7tl U~1'Y11m7lJ~ltl7f1~ 
~ ~ 

'~mtl (OFF) 

~ ~ 

2.2.1 mfl~'lh';1f1dl~f1'1fJm~fll1:1tl'H)~U~1~1~'lh';1f1dNiriel~i'W cuvette 2 . ~ ~ 

fl'W ~'Wmtliri 5 m1 iriff17 Nitrate Acid Reagent Viihrtl1':IW::l~'W'lh 1flfJit 5 ijelil~~7 l'UVl ,;~ 
~ , ~ 

~ "I" .q ~ .o=t.o=t Q.I ~ g) ,~ d Q,I 

m n 2 'Wl'Y1 l~1Jff17 Nitrate Acid Reagent 'YI1Jeltll:ltu::lUW-N 1 'lffl'W l'tlfJl1u'Wnm 4 'Wl'Y1 UCl~~~ 
~ ,~ 

i1~'~ 10 'W1Vi fl'WVi 2 iri'lh';1f1dl~ 10 ijCl~~~7 '1l~fI~l~1Jff17i~"l 
, ~ 

~ 4 I '" IIjY
2.2.2 llJ~Htl7f1~ Smart spectro Spectrophotpmeter 1'W Lamotte, 1997 m n 

~tltli l~fltl PROGRAM TESTSIENTER lilfltl ALL TESTSIENTER lilfltl 64 Nitrate LR/ 

ENTER 
~ .
 

2.2.3 'lh'lh';1f1dN'lltl~fI 1 Vi'll'~l~1Jff17ifl"l iri~~i'W'lffl~iflUff~ i1fl~h . . .
 
4 i Y '" ... '" ~ Y • Y.I "'''' 

ltl7f1~ 'I1ff'W'YI tClfltl'YI SCAN BLANK/ENTER "'~ ~~fI1 blanking wait U~1"'~lJ71tltJl1JtA'YIll Scan 

YiY.ld d", "'i' ~.I 4 d ,Ysample 1£Cl1 'I11lJClfJ'WWl cuvette 'YIll'ft171tl1J ffM tlJll'YI'W tClfltl'YI Scan sample / ENTER'll:: fl 

~l~~'I11.hm~'W ppm. 

<!i d~iY d ~ Y0::'l"';
2.2.4 lllfJ1ff7'i1ff'W 'I1tlfl Exit lll'W"'::ltJelfJ'W1J11u'Wl1J'Wum ltCl1'Y11tl17ufllmfl~ 

~ ~ 

'f1'tClfJ (OFF) 
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2.3 
~ J_~ ~ J :' 1 .......

fl1111fl11::'t1IJ'UnW08nC)fhlU'fIt1:::t111.1Ul ~1.l11i Azide modification (APHA 

et aI., 1992) 

4 Q QQ ~ I 

2.3.2 t~lll:1'l'i"::"lt1 MnS04 1 ll"""~'i (11111I'Um) U":::ffl'i":::"lt1 alkali-iodide 

azide reagent 1 ii"iiiim ilfl~l 
~ ~ ~ 

, 'J/ QJ "'" i'J/ i'J/ QJ' d12.3.3 t'UtI1'U1~Hm1~-:J'Yl-:J 1'i1'W fl~:::mJ'W 2 '\.J 3 'Utl-:Jffl'i":::"lt1'Yl-:Jl111fl t'Utlltlfl 
~ ~ ~ 

fli'-3u1l1~-:Jil-:JH1..rtn~~:::flv'\.J 2 1'\.J 3 'Utl-:Jl:1'l'i":::"1t11ml 

2.3.4 t~ll cone. ~S04 1 ij"iiiilPl'itl~p.ht'Udl1..rt.u'lti'\.J 

2.3.5 thffl'i":::"1t1'i11fl,j'tl 5 lJl 100 ii"iiii~'i i'Ylt'Yl'iIPl~'W N~SP3 0.025 

" i 'J/d.... 2 ... : .!II ' 1 'J/ 'J/ ... i ' lIJ.I.o!i d'\.Jtl'illtl" 'iI'\.J ~fftl1"tl-:J'ill-3 tt'cl1tlPllJ'\.J1U1H 3 11t1~ t'UtI1 l'It'Ulfl'\.J ~tlPl'i'YllPltllut'itltl'1 'Vm:::l1t1~ 
~ , 

'iI'\.Jihht~'\.J'ilH111t1i,j 'iI~,j~1J1~'inl.utm:::thi,j1'11'\.J1wl'\.J'r~~'i DO (mgll) = ~1'\.J1'\.Jii"iiii~'i'Utl::l 

ffl'im;mtllJl~'i:il'\.J 0.025 N N~SP3 x 2 

2.4 fl111tfl11:::'I1't1uh BOD ~1tllfi Azide Modification (APHA, AWWA, 

WPCF,1998) 
o I l.d Q,I I 0d:G.I 

2.4.1 'Yllf1l'itntJ'\.JlIPl1tlm-3 BOD t'b''\.Jt~t11fl1Jmnl1m DO 'il1'\.J1'\.J 2 '\J1~'1 

mmhfll'i1~fh DO ..r'\.Jn 1~t11n Azide modification (DOs) '\J1~~ 2 tht,j'l~tJll~tlWl1flij 20.. . .. 
~ 

tl-:JffltC)mt~t1ff t~'\.Jnm 51'\.J 'il1flU'\.Jth1Jll'llfh DO . ~ ~ 

2.4.2 1'11'\.J1W111ffl'in":::"ltll'\.J'W11J11'11'\.J1W111fh BODs 'Utl-:J'Wl'illfl"JIPl'i 

BODs (mg.l-1
) = DOo- DOs 

~ II !SI' :,..~.et 
2.5 fll11&tl11:::'t1fl11'SJt'UU~H'1IIHU11~tl1fiPhenolphthalein methyl orange 

indicator (APHA, AWWA, WPCF, 1998) 

" 
2.5.1 1Pl1-:J'Wl 100 ij"iiiim lri1'\.J'U1~'i,j"lfllW'U'\.Jl~250 ij"iiiilPl'i t~lJ.. .. 

_I' 'J/ '1 'J/ 'J/ QJPhenolphthalein indicator 3 l1t1fl "-:J1'\.J'U1~1u"lflJ~tm1t'Util l1t'Ulfl'\.J 

'J/ QJ , ~ d '1'J/i 'J/ ... G
2.5.2 mIPl1tltl1-:JtlJ'\.Jff"lflJ~tltl'\.J '11 'Yl1'Yl'i~~1t1 0.02 N H2S04 'iI'\.Jt'1'-UfllPltl1'\.J 

Utll'iIU~t.I'\.JUU"~'iI1~111t.l1tllm:,j'\.JVifl,j~lJ1W~1.u 

2.5.3 l~lJ methyl orange indicator 3 11t1~ "-31'\.J flask 
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... ~ , !'l ' , 0 "I .L~ 
2.6 fll'1lltl'11Z't1tlltlll'IJI'U'Ufl'1A - AH mlZtllfll'1'Ull'lull 

2.6.1 lil~Htl~fl·n.hZ1JlW 5-10 Ull1lfl~fl'H)ZUff~~lll~ li'iflfl~th pH / 
• >I • 

ENTER u,; Probe 'uu~l'rjflf 7 'H)lIUltlifl~1Jilfltlth'1~ 6.87-7 1111Jltl'1~~1fJ'\.hmru ~l1"~'U 
>I • 
OQl I .4 0 I' 

Ul~1flVl~ltl1fl~lIZnlfl11fllUtll 

2.6.2 lufl1nnfh~u'lllZfl~ Mode lvltl'Hllll~ltll~U 

2.6.3 hJfl1~'Hlthfl11111'1~'l~11l::li'itlfl~ conductivity ~ihnbmrJu fls/cm 

y.ad 0 I I 

ENTER U"1lmtl~fl'il::nlfllifll1...!tl1 



.fllfl~Ulfl " 
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.. .... ..., .... 
1.1 Lauryl sulfate tryptose broth (LSTB) 1Jqnnn't'l11 A.:J'U 

'VIi.... l~ff (tryptose)
 

UJ;lf) l~ff (Lactose)
 

,~ l""U'VIffltHtlll'eJl~'Hll14~flff1~~ (~HP04)
 

lrH1l'Iffl~t11l'~'eT l~'Hll14~flffl~~ (KH2P04)
 

1911~t11l~Hlfl''i~ (NaCO
 

1911~t1mwi'tlei'tll~~ (Sodium lauryl sulfate)
 '" ., . 
Uln~14 

'" 20 fl':i1l 

'" 5 fl':i1l 

'" 2.75 fl':i1l 

'" 2.75 fl':i1l 

'" 5.0 fl':i1l 

'" 0.1 fl':i1l 

1 ft~'i 

flfllJ'thnl'iilnh14fl U'i'ill'l1 'tlfl~~nUt1ff'tl~ 114'11 'tlfl~fll'l11'i 114 ~n'lol W~f1~l'l1 'tlfl~U~1• 
1.li'u pH 1'11~~ 6.8 Ul'1.li1~'iJ114fl 12°C 1514111 ~f1111l~14 15 1.lfl14~ 

1.2 \lft11tll't'l11 BGLB (Brillant green Lactose bile broth) 

'" Peptone 10 fl':i1l 

'" Lactose 10 fl':i1l 

'" Oxagall (Bile salt ) 20 fl':i1l 

d "" "" Bri1iant green (m'tl~ff1'IJtl1) 0.0133 '" fl':i1l 
., . 
Uln~14 1,000 ni'll . ., . 

flfl14'thnl'iil~'iJl1;ffl U'i'i ll'l1'tlfl~~nut1ff'tl'll14'11'tlflFtfll'l1l'i114 ~n'lolW~f111'11 'tlfl~U~ 1 

_I~ 'I ~ 91 0 llJ_I.Ji l.l 
•
° "" d '" _I <I

lJ'iU pH !'I1I~ 7.2 lJ1 !lJ14'1'iJ11'lffl 121 C 1514l'V1'V1mlll~14 15lJfl14~ 

1.3 qft1tll't'l11 EC (E. coli broth) 

"t . 
Tryptone 'I1'ifl TryptIcase 

Lactose 

Bile salt no.3 'I1jfl Bite salt mixture 

~HP04 

KH2P04 

NaCl 
., 
0 ~ 

14ln'tl14 

'" 20 fl':i1l 

'" 5.0 fl':i1l 

... 
1.5 fl':i1l 

... 
4.0 fl':i1l 

... 
1.5 fl':i1l 

'" 5.0 fl':i1l 

... 
1,000 fl':i1l 6 
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.... ~ 

~11J'5~~1.Jfl111J1J1f)'W fltJ"tH ff1'5ij I'll 1'5 

GENERAL 

LAKE 

TROPHY 

WATER 

CHARATERlSTlCS 

DOMINANT ALGAE 

Oligotrophic Slightly acidic;very low salinity Desmids, Staurodesmus, 

Staurastum 

Oligotrophic Neutral to slightly alkaline 

nutrient-poor lakes 

Diatom, especiall, 

Cyclotella and Tabellaria 

Oligotrophic Neutral to slightly alkaline 

nutrient-poor lakes or more 

productive lake at season nutrient 

reduction 

Chrysophycean algae 

Especially Dinobryon; some 

Mallomonas 

Oligotrophic Neutral to slightly alkaline 

nutrient-poor lakes 

Chlorococcal Oocystis or 

Chrysophycean 

Botryococcus 

Oligotrophic Neutral to slightly alkaline: 

general nutrient poor; common in 

shallow Arctic lakes 

Dinoflagellates, especially 

some Peridinium and 

Ceratium spp. 

Mesotrophic or 

Eutrophic 

Neutral to slightly 

alkaline;annual dominants or in 

eutrophic lakes at certain seasons 

Dinoflagellates, some 

Peridium and 

Ceratium spp. 

Eutrophic Usually alkaline lakes with 

nutrient enrichment 

Diatom much of year, 

Especially Asterionella spp., 

Crotonensis, Synedra, 

Stephanodiscus and 

Melosira granulata 

OTHER COMMONLY 

OCCURRUNG ALGAE 

Sphaerocystis, Gloeocystis, 

Rhizosolenia, Tabellaria 

Some Asterionella 

spp.some Melosira spp, 

Dinobryon 

Other Chrysophyceans.e.g., 

Synedra. Uroglena; Diatom 

Tabellaria 

Oligotrophic diatom 

Small chrysophytes 

Crytophytes and diatom., 
I 

Glenodinium and many
 

other algae
 

Many other algae, 

especially green and blue-

greens during warmer 

periods ofyear;desmids of 

dissolved organic matter is 
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. " 
~l'n~ii 20 fJf.l.Itn'YiihvnumJtn'Yi lflij ~'I1~Ut'1:::l.Ji1Jlf.l.1'UtNU'Yit'1'1n~t:I'Ufl~l'Uffm'Utn'Yi 

QI 0 QI)J , " " 
G)f'U'Ul~11J~:::~1Jfl111J1Jlfl'Ut:lrJ'Ut:I'Iffl~m'l11~ (Wetzel, 1975) (~t:I) 

GENERAL 

LAKE 

TROPHY 

WATER 

CHARATERISTICS 

DOMINANT ALGAE OTHER COMMONLY 

OCCURRUNG ALGAE 

Eutrophic Usally alkaline; nutrent enriched; 

common in warmer periods of 

temperature lakes or perennially 

in enriched tropical lakes 

Blue-green algae, especially 

Anacystis 

(= Microcystis), 

Aphanizomenon, Anabaena 

Other blue-green; Euglena 

ophytes if organically 

enriched or polluted 

. " " 
m'n~ii 21 fl1~~~i''U\h~lm:::imnl1J1Jlmj't:lrJ'Ut:I'Il'lt:lffl'lt:li'ff~11J1'U l~~l"l'U f1t'1t:1 hVlt'1~ LV 

d.d 'd . 
Ut'1:::f1111Jt'1fl'VIUff~fft:l'lf:l'l (Lorraine and Vollenewelder, 1981) 

Variable (Annaul Mean Values) Oligotrophic Mesotrophic Eutrophic Hypereutrophic 

Total phosphorus 

3
(mg.lm) 

X 

X± I SD 

X± 1 SD 

8.0 

4.85-13.3 

2.9-22.1 

26.7 

14.5-49 

7.9-90.8 

84.4 

38-189 

16.8-424 

Range 

N 

3.0-17.7 

21 

10.9-95.6 

19(21) 

16.2-386 

17(72) 

750-1200 

2 

Total nitrogen 

3
(mg.lm) 

X 

X± 1 SD 

X± I SD 

661 

371-1180 

208-2103 

753 

485-1170 

313-1816 

1875 

861-4081 

395-8913 

Range 

N 

307-1630 

11 

361-1387 

8 

393-6100 

37(38) 

Chlorophyll a 

(mg.lm
3 
) 

X 

X±1 SD 

X± 1 SD 

1.7 

0.8-3.4 

0.47-7.1 

4.7 

3.0-7.4 

1.9-11.6 

14.3 

6.7-31 

3.1-66 

Range 

N 

0.3-4.5 

22 

3.0-11 

16(17) 

2.7-78 

70(72) 

100-150 

2 
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, 

f111H;i 21 
II II 

fll~,j~ci1.l,h~11J"j::~'lJfl1111111fl-u'VfJ'\I6~~6"l'~vi'''l'~'nJ '1.Il~~t'l1.l tHWhfh'l''' ttl 
d d 'd • 

U'l::fl1111'lfl'YIU"l'~"l'V~f;H (Lorraine and Volleneweider, 1981) (~V) 

Variable (Annaul Mean Values) Oligotrophic Mesotrophic Eutrophic Hypereutrophlc 

Chlorophyll a peak X 

(mg.lm
3 
) X± 1 SD 

X± 1 SD 

Range 

N 

4.2 

2.6-7.6 

1.5-13 

1.3-10.6 

16 

16.1 

8.9-29 

4.9-52.5 

4.9-49.5 

12 

42.6 

16.9-107 

6.7-370 

9.5-275 

46 

Secchi depth 

(m.) 

X 

X±1 SD 

X±1 SD 

Range 

N 

9.9 

5.9-16.5 

3.6-27.5 

5.4-28.3 

13 

4.2 

2.4-7.4 

1.4-13 

1.5-8.1 

20 

46 

1.5-4.0 

0.9-6.7 

0.8-0.7 

70(72) 

0.4-0.5 

2 

x = geometric mean SD = standard deviation 

o = value in bracker refers to the number ofvariables 

(n) = employed in the calculation 

tJlf11!n~fJWtll'W~1'1.IU"'Ii:i~f.h~1.I 
. . 

I QI GlCloI Clo GI Clo fjJ I Clo 

tJUI11 32 (1) Ul1'1~~::~1'lfmytlJ~"l''1t''l'~lIU'l~~fl't:l1''l''1tn~'l611UlN'lfl~rut 2535 

, 11'fltl.l~m~1Ifll~ ~ 'Hn~ "'V11Uli'l'lf1~ijii11.11 ~, 1.IfllnJ~ ~fl1ft" 1.1 ~ 1'lff1'il 'll'4t'U fl'l:lln ll11.1 ~ 11 1\Pl~! 11.1 

f'Jtum~'1.IU~J1~lfl"V'I l11.1V'Iij'l 'YI~tft"l'l'U ti1'1t~'UJ1um: tmd'lJ1"l'11iHtl.I~~1.I"1 ~v~'u 
UHU~U 

, - I ~ ~ 

'1.h~ltl'YI;i 1 '1~uritmd'llhViijfltl.lm~\Pl1111in1l'l11~ hw1J~lff'llmhr1'1~lfln'ilm~1I• 
'YIfl1J~ ~!fl'YI "l'l:1J1~ (Uflu 1J ~~ l£J'lfU!~eJ• 

II 

1, fll~v1Jlflfl'lJnflfl~6'1H1Ufl1:i1jj1!:Hv 1~fl~ll11Jfl~tiYtJrivu• 
QI tI ClI ~ .c:I.c:t~ 1QI 

2. fllnW1(J~U1!~1111inll'lf1~'\IV'l"l''111'lf1\Pl:i~~'U~U!lU 

QltI ClI ,: 

3. fl1~vum'l:l~~'lJ'U1J!1ft'Ul1"'1U1• 
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• JI.)I' JI 

'lh~lilfln 2 '~U1i mrd,nhVi '~ilJ1hYi~1l1flfl'ilfl':i':i1JUHtJ':i~lfl'VIU"~ff11Jl'Hl1rJ'lJ 

tJ':i~ ltl'lf..rl'~ij 
J/ 

1. flU fJtJl flfl'Uilfl fll ~ tl~ij ~fi1'lJ fll':i ~11;$ij h fl m 1JtJ fl~ 1iYtJli ij'lJ 
J/ • 

fl':i~U1'lJ fll':itJiutJ1~~1'lJ tJWfllVi'131't11i tJnij'lJ 

GI tlGI rI: 
2. fll':iij'4':ifl'l:lff~1'lJ1 

3. fllnh~1J~ 
J/ J/
 

I 0 d 0
 

4. flln1tl'lJ1U"~flW1'V11~'lJ1 
r )I' • JI JI 

'lh~lilfln 3 '~un llt1~~'lhVi'~iu'l3l'Yi~'il1fln 'ilfln1JU1~tJ':i~lfl'VI1Hl~ff11J1':i\1 t~ 

tJ':i::: ltl'lf,11vlij 
J/ 

1. flU ~ tJ 1fl fllJ n fl fll ~ tl ~ij ~ fi 1 'lJ fll ':i ~ 11;$ ij h fl m 1J tJ fl ~ 1iY tl n ij 'lJ ll"::: fi 1'lJ 

fl':i ~ U1 'lJ fll ':i 

2. fll':i~~ff1t1fl':i':i1J 
• II , JI JI 

'lh:::lilfln 4 '~un 11 t1~~'131Vi'~i'mhYi~'il1fln'ilfl':i':i1JU1~tJ':i~lfl'VIU":::ff11Jl':itl t ~ 

tJ':i::: ltl'lfUl~ij 
J/ 

I 

1. fll':iij1Jlflflunflfll~tl~ij~~h'lJfll':i~ll;$ij 1':ifl~l1JtJfl~lfftlnij'lJ u,,:::~n'lJ• 
J/ 

m:::U1U fll':itJ i'UtJl~tJWfl1Vi'131~U'l''l:llfftlnijU 

2. fll':iij\Piff1t1fl':i':i1J• 
, jI I 'JI JI 

'lh~lilfln 5 '~11n 11t1~~U1Vi'~i'UU1'Yi~1l1fln'ilfl':i':i1JUHtJ':i:::lfl'VI lm:::ff11J1':imllu 

tJ':i~ ltl'lfUl~ijfll':ifl1JU1fl1J 

. '" '" 
P11"aHn 22 fl11J1~':ii1UtJWfllViU1t'lJllt1~~U1ih~u 

lilA1J ft'1Iiifl0Ul1"til" 
flnlH 

lTafi 
'I1\ho 

•• I tl : 11'tl 1 •UlQl'JIfll"'I6ICJ~ flUlfll1U'U~ 1:;1il'n"l0Ul1'l'iUlflUlfll1 11 1:; 01lU 

tl1:;1il'n 1 tl1::1il'n 2 tl1:;IilYl3 tl1:;IilYl4 tl1:;1il'l1 5 

I it fl~t111n:;Hl {Colour, - - 11 11 11 11 -

2 

3 

4 

Odour and Taste} 

~lIl'lftJij {Temperature} 

l'I11)Jll'ftl fl'jl'lfh~ (pH) 

!J!Jflqjl~t111:;nlvJl {DO}21 

-

-

P20 

0'll 

-
)JflJll. 

11 

11 

1i 

1i 

5,0-9.0 

6.0 

1i 

5.0-9.0 

4.0 

1i 

5.0-9.0 

2.0 

-

-
-

5 

6 

i'J1llft {BOD} 

Il1Jl'1 lh'1Vll'1iirlll{mf~'Il)Jl'I 

P80 

P80 

)Jfl.ln. 

Ig)J.ltLgll/lOO )In 

11 

11 

1.5 

5.000 

2.0 

20,000 

4.0 -

-
{Total colifonn bacteria} 

I 
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, "" 
~111~li 22 fil1Jl~~J1UflWfl1'rf\h'UU1Hl,nhfb~u (~tJ) 

Ihill ~"~Qlllm~lU 
ftUIH 

niifi ""bu 
IftQa.,(fi l"UAq~ fluml,uti.llU,::unJ'lQllll1nl1fluJfll'1w,::lb..l1 
th::111111 U,::LtlYI 2 U,::LtlYI J th::Ltl1l4 U,::II\YI S 

7 lItJft;jI;Un~1JYlftlll'llfta-

l'l1l1lJ (Fecal coliform bacteria) P80 
d ... d

11l1J,'IUllUlI00 1JiI. 1i 1,000 4,000 - -

8 "Ul~1" (NO,) lumhu 

'Ul~11IlU - 1JnJl'l. 1i 5.0 5.0 5.0 -
9 1I111l l1Jli}u (NH,) lUlflhu 

'UlmiIlU - 1JnJiI. 1i 0.5 0.5 0.5 -
10 YlUlll'l (Phenols) 

11 1Ill~lIiH (Cu) - 1JnJiI. 1i 0.005 0.005 0.005 -
12 Uflliia (Ni) - 1JnJa. 1i 0.\ 0.1 0.1 -
13 lI1J~mi}fT (Mn) - 1JnJa. 11 0.\ 0.1 0.\ -
14 ff~n::a (Zn) - 1JnJa. 1i \,0 1.0 1.0 -

15 lIflfUUU1J (Cd) . 1JnJiI. 1i 1.0 \,0 1.0 

- 1JnJa. 1i 0.005· 0.005· 0.005· -
16 lfl1WU1JWftI8n'll1111i1Un 0.05" 0.05" 0.05" -

(Cr Hexavalent) - 1JnJa. 1i 0.05 0.05 0.05 -

17 ,,::11'1 (Ph). 
18 U111"l'Ii~lf1Jft (Total Hg) - 1JnJl'l. 1i 0.05 0.05 0.05 -
19 fTl1lf\j (As) - 1JnJa. 1i 0.002 0.002 0.002 -
20 ''lIU1'Uft (Cyanide) - 1JnJiI. 1i 0.01 0.01 0.01 -
21 fi1Jii'u~m'l'li~a (Radioactivity) - 1JnJa. 1i 0.005 0.005 0.005 -

-fhi~allllal'll (Alpha) 

-fhi~ih1J~l (Beta) - Llltlltllll1a/a. 1i 0.1 0.1 0.\ -

22 fTmhftfll~'IIlIa::iTfl1'11Uftn. - Llltllflll tn'llll. 1i 1.0 1.0 1.0 -
jjflatiiu'ri~lf1Jft - 1JnJa. 1i 0.05 0.05 0.05 -

23 ftfHi (DDT) 

24 iilll,rn'llUftlillal'll (A\pbI'BHC) - '1J ltl1ni1J/a. 1i 1.0 1.0 1.0 -
25 ~aftiu (Dieldrin) - '1J lmni1J/iI. 1i 0.02 0.02 0.02 -

26 iiaftiu (Aldrin) - '1J lflmilJla. 1i 0.1 0.1 0.1 -

27 U'Uflltla1l111i1::18tl~lflallii - '1J lflmi'1J/a. 1i 0.1 0.1 0,1 -
Ulln''lIft - '1J lfl1ni1J/a. 1i 0.2 0.2 0.2 . 

28 ltlUfliU (Endrin) - '11 lmni1J/a. 11 
'tirr~l1011''lt 

IlI\ll'.uunnl1 

1Linlll11Of1n, 

P1\111'nunf'111 

'1UnnmoPln, 

fttJ1MIllnnl1 
-

Plnwmtrl f1n,rmtrii P1n,nnua 

,11'tlll" 111"U" 111"11111 

I 

't1'lm.ll't1~; 
)I I )I I 

fl1l1 'W ~~ 1m\PI 'j!ill 'W m'11m:hm'l1 ci,nJTl.h ~ tfll'J Vi 2-4 1:Y1 '11 i\ut'I1 ci ,nJTlh~ !.fmVi 1 iH.. 
" ,

!~U '1l\PI11Jlin1J'l11~ utl~u'l1ci,nhll'j~tfll'Jl1 5 ',jfl1l1'W~~1 

2/ fll DO !r1'Wlflwtti'1J1\P1'j~1'W~1~~ 

11 
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'Ii 
II 

'Ii' fltlU1tJiJ'U 8~ U1'il::;1'm '~1;1; ~ frh~tl.t 'H tJiJml11i 'i'i11'ifl9ilfl'W 3 8~ff11C)HllC}1t.Jff 
II • 

* Ul'Yiijfl1111m::~Hl'W1UUfHHC}1t.J11fl1{1J81'WfI(CaC03) '~lfl'Wtl'h 100 mgll 

** 
" .
Ul'Yiijfl1111m::~1~ hJ~U'U8~Ufl'l1C}1t.J11fl1{1J81'W\PI (CaC03) lfl'Wfrh 100 mgll 

, _I 0' d ~ 0'4 0 GI I ~ ~ d d J , ~ 
P20 fl111J8W)f'W if! 1'YHl'Yl 20 'il1fl 'il1'W1'W\PI 18t.l1~'W 1'Yl~ 'H11~'Ylm 1J111\P1'n 'ilff81J8t.J1~fl81'U 8~ 

, _I rI d ~ cfd 0 ~ d d • , AGI' 

P80 fl1 t1J8 'HC)I''U \PI I 'Yl'l'Yl 80 'il1fl'il 1'W1'W \PI 18t1H'Yl~'H11~'Yl1fl1J111\P1'i 1'ilff81J8t.J1~\PI81'U fl.:l 

11fl.l'l. 

d "" d "'" MPN 1fl11:VUfl'W. 'H'ifl Most Probable Number 
II II II 

1nflU f1'i 1'ilfffl1Jill1~'U' U\PI 1111nflU1J1m il1'W 1:11'H 11Jfl1'i11fl':i1::MU1 11'l::U11iYrJ... 
Standard Methods for Examination of Water and Wastewater~.:I APHA : American Public Health 

Association, AWWA : American Water Works Association U'l:: WPCF : Water Pollution Control 

Federation 'U~Nffl1i'i6!1J7t11i11Jti'\.JtiT"'\.J~ 

. .'
, ..:I Y _I ~ SI , Q. QJ ~ 

U't'ill-:lfllll'Utl-:l"tl\lll : 1J1::fl1f1tlW::fl1111fl11iNU1~lItl'llU't'i-:l~1~-n1.J1.JfI 8 ('ft.fI. 2537) 
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9il.:J~ (Wetzel, 1975) 
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0.03-0.8<50 0.01-0.5 

20-100 0.3-3 Chl)'sophyceae 0.05-1.0 

Dinophyceae 

Bdcillariophyceae 

0.1-2.0 

0.5-4.0 

100-300 2.15 

>300 10-500 Bacillariophyceae 

Cyanophyceae 

Chorophyceae 

Euglenophyceae 

<50-200 0.l-l0 1.0-4.0 
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<""l fJWfll'Vf~11uu,j~111J,ur"J'I.~nt"tuJ"~~-:l,,1~~'lJfl11'lfti1U 1::"lH&~tlUfJ1-JfI1.w'U~ 2550 fi-:l&~f)U1-Jfl11f11-J 2551N 

• II ". 

~111-3ii 24 fJtlUlTVnhVl1.:1${l'Um~fll'V~ !f1ij U,,::'l11fl1'Wl.Jl.:lth::fl1~1'Um,hh l'U.:Il.J~ntlH'Ul9lth!fltl!'U1J'jli f1.:1fh!fltl'U119l1" u,,::ih!fltJ l'IJ.:I!~t11J 

~.:I'H1I9lfJl.J"'jl"l11ili1'j::'H'h.:l!~tl'Uf:J1Jfl1vr'U,r2550 f).:I!~'htJ1Jf1'jlf11J2551 

lJ9Il~tJ air temp, water pH DO BOD secchi conductivity alkalinity chlorophyll total coliform fecal coliform SRP Nitrate N 

1i'1!lOH tC) temp. tC) (mgll) (mgll) depth (fls/cm) (mgll) a bacteria bacteria (mgll) (mgll) 

(cm) as CaCO, (flg/I) (MPN/IOOml) (MPN/IOOml) 

1)1lnl~U; 

1J91;!I 25 24 9.35 6.65 6.95 36 228.9 47.7 1.06 <300 <300 < 0.0001 < 0.0001 

1J9I~2 
..I 

IJ9IYl3 

28 

27 

26 

26 

9.17 

9 

3.4 

4.29 

5.44 

5.64 

49 

38 

223 

229.5 

43.4 

53.2 

0.35 

2.27 

15,000 

<300 

15,000 

<300 

0.0695 

< 0.0001 

< 0.0001 

< 0.0001 

1J9I~4 26 25 8.83 5.86 6.55 35 229.5 52 2.57 700 700 <0.0001 < 0.0001 

1J91~~ 
..I 

IJ9IYl6 
..I 

IJ9IYl7 
..I 

IJ9IYl8 
..I 

IJ91Yl9 

26 

24.2 

25 

28 

22.5 

26 

23 

22.9 

22,6 

21 

9.49 

11.5 

10.2 

10.6 

11.1 

7 

7.93 

6.67 

6.2 

5.33 

8.44 

2.6 

1.07 

2.4 

2.37 

48 

19 

37 

32 

32 

219.9 

305 

205 

285 

224 

53.4 

32.4 

31.6 

31.6 

29.6 

2.16 

2.04 

2.58 

2.03 

1.98 

<300 

2,400 

430 

230 

230 

<300 

2,400 

430 

230 

230 

0.0121 

0.0541 

<0.0001 

< 0.0001 

< 0.0001 

< 0.0001 

< 0.0001 

< 0.0001 

< 0.0001 

0.0465 

1J9I;l1O 21.7 21 10.9 4.67 1.S3 31 219 32.4 2.03 2,400 2,400 <0.0001 0.0370 

iiUlftll 

..I 
IJ9IYlI 36.5 33 7.35 8.25 1.86 37.5 263 45.3 1.036 2,100 70 < 0.0001 < 0.0001 

1J9I~2 
..I 

1J91'r13 

34 

34 

35 

33 

7.37 

7.48 

9.0 

9.06 

2.2 

1.2 

54 

40.5 

274 

280 

42.4 

42.4 

0.592 

0.74 

280 

11,000 

750 

11,000 

< 0.0001 

< 0.0001 

< 0.0001 

< 0.0001 
..I 

IJ9IYl4 37 35 7.62 9.25 5.03 41.2 237 42.8 0.89 11,000 11,000 <0.0001 < 0.0001 
..I 

IJ9IYl5 
..I 

IJ9IYl6 
..I 

IJ9IYl7 

..I 
IJ9IYl8 

..I 
IJ9IYl9 

39 

31 

30 

30 

30 

34 

29 

29 

28 

29 

7.42 

7.26 

7.26 

7.47 

7.14 

7.7 

8.84 

11.73 

9.17 

8.84 

2.4 

0.46 

3.8 

4.02 

1.69 

75 

70 

70 

38 

73 

275 

219.7 

257 

230 

194 

26.9 

21.22 

22.22 

21.S5 

19.44 

0.59 

1.332 

0.888 

0.935 

1.184 

230 

430 

<30 

230 

230 

750 

430 

<30 

40 

40 

<0.0001 

0.0202 

0.0345 

0.0677 

0.0280 

< 0.0001 

< 0.0001 

0.0247 

0.0670 

0.0461 

1J9I~1O 33 28 7.18 8.7 3.2 65 230 22.44 0.346 2,400 2,400 0.0500 0.0542 

.() 'c "C', o 
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\J111Hn 24 fJf.lUlwnhYI1~~l'lJmtJfl1~!f1ij Um::~1fl1~l.Jl~1.h::m':i''lJm,hh 1'lJ~ l.J~nf.lH'lJ~'ehunH'lJtl':ili n~'fhU'l'eJ'lJlm{j U{j::fll!f)'eJ l'lJ~!~tJtl 

QI Q.I do ,.a QI tI .d c!I , 
~~l111HJl.J{j':il'l1!il'U ':i::l111~!1l'eJ'Uf:Jtlfl1~'U!i 2550 \l-:l!ll'eJ'Utlfl':ilf1tl 2551 (~'eJ) 

'It'll~tJ 

tl1(1!h~ 

air temp. 

(C) 

water 

temp. (C) 

pH DO 

(mgll) 

BOD 

(mg/I) 

secchi depth 

(cm) 

conductivity 

(J.ls/cm) 

alkalinity 

(mgll) 

as CaCO, 

chlorophyll a 

(J.lgll) 

total colifonn 

bacteria 

(MPN/ looml) 

fecal colifonn 

bacteria 

(MPNI IOOml) 

SRP 

(mg/I) 

NilrateN 

(mgll) 

11111101.1 

..I 
'l"'rI1 32 33 7.35 8.22 0.98 41.2 241 45.18 0.88 <30 <30 ND 1.9560 

..I 
'l"'rI2 30 29 7.35 10 2.29 57 247 42.44 0.642 <30 750 ND 0,7572 

..I 
'l"'rI3 31 30 7.48 8.95 1.09 46 252 42.77 1.234 11,000 11,000 ND <0.0001 

..I 
'l"'rI4 31 30 7.62 9.38 1.07 52 251 42.77 0.346 11.000 11,000 ND 1.2465 

'l"~5 29 28 7.42 7.66 0.2 16.5 193 26.89 0.844 230 750 ND 0.6090 
..I 

'l"'rI6 32 29 6.13 7.43 0.4 38 253 25.16 1.776 2,400 2,400 0.2785 2.7210 
..I 

'l"'rI7 32 29 6.12 8.03 0.2 46 252 19.83 1.234 1,500 4,600 0.1952 4.7910 
..I 

'l"'rI8 31 29 6.14 7.86 2.66 53 251 22.63 0.592 11,000 11,000 0.3962 3.9530 
..I 

'l"'rI9 31 28 5.14 9.24 2.36 56 192 25.42 1.628 430 930 0.1801 3.6220 
..I 

'l"'rI 10 31 28 6.19 8.82 1.67 60 246 25.50 4.44 <30 <30 0.1651 2.3040 

Ylqllll1ft1J 

..I 
'l"'rI I 

..I 

34 33 6.88 8.7 0.72 39 245 22 0.888 150 <30 0.1588 2.5805 

'l,,"2 
..I 

34 33 7.06 10.13 1.67 46 246 23 1.184 2,400 2,400 0.1980 2.7200 

'l"'rI3 
..I 

35 32.5 6.95 9.53 3.40 41 245 22 2.368 1,500 4,600 0.1951 2.7965 

'l"'rI4 
..I 

36 32.5 6.92 8.86 2.94 44 245 22.33 0.592 450 430 0.1376 3.4135 

'l"'rI5 
..I 

36 32.5 6.81 7.8 1.40 20 187 20.33 0.888 <30 <30 0.3351 4.9300 

'l"'rI6 
..I 

36 34 6.65 6.77 1.13 36 248 71.66 0.74 2,400 2,400 0.267 5.8285 

'l"'rI7 
..I 

34 32 6.67 7.07 1.27 39 248 70.66 0.592 ~24,000 ~24,000 0.0762 5.3265 

'l,,"8 
..I 

35 32.5 6.62 6.93 2.05 45 242 70.33 0.1 ~24,000 ~24,000 0.0876 6.2070 

'l"'rI9 35 32.5 6.81 7.4 3.5 50 196 57 4.44 ~24,OOO ~24,000 0.0908 4.3010 

1l"~10 35 31 6.71 6.2 1.1 63 244 70 5.624 ~24,000 ~24,000 0.0892 4.6190 

*ND 'H1Jl~O~ 'l.l~1JltIHY1~~U'1l~~\.Ilfl~1l~~tiffl1J"Hl9l~1~1~M 

/) i() 
,,~) 

() 
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0111Hfl 24 fJtufll'rn.hVl1~~l'Uf11tJfl1~&flii U~~;1fl1~U1nh~f11'ihJU,jih 1'll.:! U~ntlH'lllliil&m:H'llll'il! f1.:!ihlflfl'Ul1l1Cl UCl~iilUH) l'll.:!l~mJ 
QI"eLI QI d' a d.t!l • 

~~'H11l~U~'il'lf1il'U 'i~'H11~&~fl'U fJllfl1~'U1i 2550 fl~&~fl'U1Jmlfl1J2551 (llfl) 

.. 
'llunU 

lilfl!h~ 

air temp. 

(C) 

water 

temp. (C) 

pH DO 

(mg/I) 

BOD 

(mg/I) 

secchi depth 

(em) 

conductivity 

(~s/cm) 

alkalinity 

(mgll) 

asCaCO, 

chlorophyll a 

(~g/I) 

total coliform 

bacteria 

(MPNIlOOmI) 

fecal coliform 

bacteria 

(MPN/IOOml) 

SRP 

(mg/I) 

Nitrate N 

(mg/I) 

iiqUlfJU 

.I 
'l"'111 31.3 31 7.3 6.97 0.1 18.3 230 43.66 0.011 >2,400 >2,400 0.0776 3.846 

1"~2 29.3 28 6.7 7.07 0.9 28 230 39.3 0.013 >2,400 >2,400 0.0368 3.280 

'l"~3 34 31 6.3 7.37 0.9 13 231 81.5 0.010 >2,400 >2,400 0.0698 3.7665 

'l"~4 32 31 6.8 6.77 0.03 18 232 82 0.020 >2,400 >2,400 0.0556 2.2855 
.I 

1"'113 35.5 31.5 7 7.33 0.7 21 234 55 0.0001 >2,400 >2,400 0.1050 3.8511 
.I 

'l1l'll6 26.9 28 7.33 6.5 3.43 18.5 141 48 0.013 2,400 2,400 0.0264 3.8570 

'l"~7 26 28 7.31 6.43 4.27 38 132 38.66 0.0001 2,400 2,400 0.1688 2.9560 
.I 

'l"'118 26 28 .34 6.2 5.76 13 129 58 0.012 2,400 30 0.0332 3.5360 

'l"~9 26 28 7.36 5.67 2.7 18 124 54.66 0.019 2,400 2,400 0.0392 3.0895 
.I 

'l1l'll10 26 28 7.37 5 3.15 21 128 41.33 0.024 2,400 2,400 0.0612 2.1470 

mnglft)J 

'l"~1 36 29 7.43 7.17 1.0 9 154 20.6 0.0001 2,400 2,400 0.0792 2.3725 
.I 

111 '112 31 29 7.52 8.1 1.8 27 135 25.6 0.0001 2,400 2,400 0.1536 2.6610 
.I 

111 '113 32 30 7.55 8.0 0.85 10 142 18.3 0.0001 2,400 2,400 0.0826 2.2335 
.I 

'l"'114 35 30 7.54 8.07 1.09 19 140 18.3 0.0001 2,400 2,400 0.1044 2.039 
.I 

'l1l'll3 30 29 7.52 7.2 1.3 25 145 35 0.0001 930 930 0.0852 2.3490 

'l1l~6 28 29 7.55 7.17 0.7 18 141 47.6 0.003 2,100 2,100 0.0358 3.2250 
.I 

'l1l'll7 33 31 7.53 6.83 1.0 15 135 50 0.001 210 210 0.0756 3.8470 
.I 

'l1l'll8 28 29 7.2 6.83 0.2 19 138 36.3 0.0001 110 110 0.0722 2.8425 

'l1l~9 27 29 7.39 7.83 0.6 19 106 21.3 0.002 110 110 0.0562 2.3185 
.I 

'l1l'll10 28 29 7.52 6.47 0.1 17 138 36.3 0.0001 110 110 0.0756 2.4565 

~" ,~ 
·'(1 

() 
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VI11H-n 24 fJwflwnhVl1~~l'\.JmtJm'W lflij U'C1::;hm'W'I..IHtJ'i::m'i1um.hhi'U~ 'I..IinWl'U~thlflVl'U:U'il!fi~ihlflVU1~1'C1 U'C1::~llflVl'U~l~t1:u 

... ... d I <'!l ..." Ci <'!l 1 

~~111~fJ'U'C1'ilG)j'1ilU 'i::1111~1~VUf:J:um'WU1i 2550 fl~l~VU:un'ilfl:U2551 (~V) 

.. 
~AlflU 

ti1tlfh~ 

air temp. 

\'C) 

water 

temp. \'C) 

pH DO 

(mg/I) 

BOD 

(mgll) 

secchi depth 

(cm) 

conductivity 

(~s1cm) 

alkalinity 

(mgll) 

asCaCO, 

chlorophyll a 

(~g/I) 

total colifonn 

bacteria 

(MPN/IOOml) 

fecal colifonn 

bacteria 

(MPN/IOOmI) 

SRP 

(mg/)) 

Nitrate N 

(mg/)) 

ilnnflll 
..I 

~9I'rI1 

..I 

29 28 7.38 6.43 1.30 26 105 31.3 0.004 390 390 0.0499 3.67 

~9I'rI2 29 28 7.40 6.37 1.80 16 106 53 0.0001 2,400 2,400 0.0319 7.358 

191~3 
..I 

30 29 7.48 6.4 0.50 26.5 III 36 0.0001 930 930 0.0260 7.807 

~9I'rI4 33 29 7.43 6.17 0.95 21 108 43.3 0.0001 430 430 0.0376 6.3924 

191~5 31 28.5 7.52 6.06 0.75 20 113 47.6 0.0001 430 430 0.0317 8.06675 

191~6 29 28 7.26 6.33 2.23 15 123 53.3 0.0001 4,600 460 0.0024 5.3683 

'9I~7 
..I 

33 28 7.20 6.65 2.23 16 119 37.6 0.001 430 150 ND 6.775 

~9I'rI8 

..I 

31 28 7.25 6.60 2.0 16 120 39 0.001 930 930 0.0061 3.8288 

'9I'rI9 32 28 7.21 6.77 2.67 15 100 24.6 0.002 2,400 2,400 0.0093 7.0374 

~9I~10 30 28 7.33 6.77 2.15 14 119 35 0.001 2,300 2,300 ND 4.2947 

n\lll1fJ\l 

..I 
~9I'rI1 

..I 

30.5 26.5 7.54 6.63 0.1 2.05 79 57.3 0.0004 2,400 2,400 0.0070 1.98 

~9I'rI2 36.5 31.5 7.5 6.60 0.7 15.5 82 50 0.0002 11,000 11,000 0.1092 4.248 

~9I~3 
..I 

28.5 27.5 7.49 6.70 0.8 21.8 83 44 0.0007 230 230 0.0712 4.2465 

~9I'rI4 

..I 

32.0 27.5 7.51 6.77 0.7 18 90 49.3 0.0001 11,000 4,600 0.0586 4.1128 

191'r15 
..I 

29.0 26.8 7.51 6.67 0.1 18 92 55.6 0.0001 4,600 4,600 0.0588 4.88625 

~9I'rI6 36 27 6.8 6.67 2.53 15 76 47 0.0002 930 930 .0306 7.5115 

~9I~7 34 26 6.92 6.67 2.63 15 77 48.5 0.0001 430 430 0.0162 9.7080 

~9I~8 25 26 7.02 6.83 1.83 13 72 51.5 0.0002 4,600 4,600 ND 4.8105 

'9I~9 
..I 

33 26 7.03 7.0 2.27 14 74 53.5 0.0001 2,400 2,400 0.0432 11.756 

~9I'rI10 29 26 7.02 8.07 1.80 II 78 51.5 0.001 2,400 2,400 0.0196 6.\325 

~'c\ <:' r~: 
() 
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V11'lHn 24 f1W.flWnhVl1.:1~l'\.Jm~fl1'ntflij UCl~;f1fl1'n'lJl~tl'i~m':i''\.Jm.hhi'tl~ 'Uit1Wt'tl~iht.flVt'tl1J'il"iTn~~ltm.J'\.Jl~lCl UCl~~lt.flfll'\J~t~tI:IJ. ~ 

QI QJ d. l.a Q.I' tI .di.a f 

~-3""1~fJ'lJCl'il'1fTil'\.J 'i~""1Ht~fl'\.JfJ:lJfl1'n'\.JTi 2550 (J~t~fl'\.J1Jfl'ilf11J 2551 (~fl) 

d ~ ,
,\lllnU9I11111H air temp. 

("C) 

water 

temp. ("C) 

pH DO 

(mgll) 

BOD 

(mgll) 

secchi depth 

(cm) 

conductivity 

(J!slcm) 

alkalinity 

(mgfl) 

asCaCO, 

chlorophyll a 

(J!gIl) 

total colifonn 

bacteria 

(MPNIl00ml) 

fecal colifonn 

bacteria 

(MPNIl OOml) 

SRP 

(mgll) 

Nitrate N 

(mgll) 

lltllt'1lJ 

'9I~1 32 25 7.7 6.88 0 15 140 55.66 0.00074 2,400 2,400 0.224 0.29 

'91;12 34 25 7.6 6.8 0 15 140 56 0.00592 2,400 2,400 0.3016 1.1375 

'91;13 27 25 7.5 7 0.13 17 140 54.33 0.00044 2,400 2,400 0.1188 0.686 
"j 

'9I'Il4 31 25 7.6 7 0.3 15 141 54.33 0.0001 2,400 2,400 0.3144 1.8335 
"j 

'9I'Il5 27 25 7.5 7.43 0.65 16 140 55.66 0.00044 930 930 0.2944 1.7105 

'\11;16 32.5 26 7.7 7.5 0.5 17 138 54.33 0.0001 430 430 0.146 0.991 
"j 

'9I'Il7 32.5 25 7.7 7.63 0.8 26 135 53.66 0.0001 230 230 0.5842 0.583 

'91;18 30 27 7.6 7.8 0.73 18 127 55 0.0001 230 230 0.2175 5.138 
"j 

'9I'Il9 32 24.5 6.7 7.96 0.9 22 114 45.33 0.0001 40 40 0.1462 2.5685 
"j 

'9I'Il1O 27 25 7.4 7.8 0.83 23 140 54.66 0.00015 230 230 0.176 0.497 

"qllin1t1u 
"j 

'9I'Il1 24 23.5 6 7.7 4.23 29 187 76.66 0.0001 930 930 0.2006 0.2509 
"j 

'9I'Il2 27 23 5.9 7.86 2.06 22 181 75.33 0.0004 430 430 0.1096 0.9585 

'\11;13 30.5 27 5.8 7.8 0.1 24 171 62 0.0003 430 430 0.221 3.5035 
"j 

'\II'Il4 27.5 23 5.8 7.9 1.6 21 187 78.66 0.0004 230 230 0.1518 3.546 
"j 

'\II'Il5 25 22 5.8 8.13 0.57 33 177 78 0.0001 430 430 0.2929 0.576 
"j 

'\II'Il6 29 25 6.8 8.9 1.1 28 191 80.66 0.0003 430 430 0.1204 0.3755 
"j 

'\II'Il7 30 24 7 9.1 1.4 23 173 80.33 0.0001 930 930 0.1545 3.75 

'\11;18 35 26 6.8 8.3 0 22 180 81.66 0.00011 230 230 0.2755 3.7935 

'\11;19 38 27 6.7 8.73 0.63 48 109 50 0.00029 t.500 1,500 0.1959 3.582 

,\II;l1O 26 24 6.7 8.43 0.4 35 179 77 0.0001 1,500 1.500 0.013 4.54025 

,(, .\) Li o 
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Al1Hn 24 fJmtlWf\hVl1.:J~l'Ufl1t1tl1'V-ltflij U"C1~~htl1'Yn.n.:Jlh~fl1~1'Wmhh fl.:JiilttlV'W119I1Cl tm~iilttlV l'\J'It~mJ1'\J.:J u~nt\H'\Jl9liilttlm'\J1J~li 
GI GI .d, I a Q,I 0' d 4 I 

'iN111~fJU"C1~1'll''61'W ~:1111'lt~V'WfJ1Jtll'W'W'6 2550 tl.:Jt~V'W1Jn~lfl1J2551 (I9IV) 

~ 

,911n\l 

1i1l)1h~ 

air temp. 

(C) 

water 

temp. (C) 

pH DO 

(mg/l) 

BOD 

(mg/l) 

secchi depth 

(cm) 

conductivity 

(lts/cm) 

alkalinity 

(mg/l) 

asCaCO, 

chlorophyll a 

(ltg/I) 

total colifonn 

bacteria 

(MPN/IOOm!) 

fecal colifonn 

bacteria 

(MPN/IOOm!) 

SRP 

(mgl!) 

NitrateN 

(mg/l) 

1111'''1/ 
~ 

'''''1 
32 2S 9.1 8 0 SS 222 100 O.OOOIS 40 40 0.07974 0.0981 

~ 

,""2 30.S 2S 8.S 8.67 0.67 SO 227 91.77 0.0001 230 230 0.10104 0.061 

'''~3 33.S 2S 8.4 7.4 2.32 40 228 32.S 0.0001 430 430 0.07848 0.9777 

'''~4 37 26 8.S 8.9 3 S6 223 9S 0.0001 430 430 0.08603 0.1134 

'''~S 27 24 8.3 7.S7 0.3S 6S 199 92 0.0001 70 70 0.121S4 0.OS47 

'''~6 26 24 6.6 9.27 1.6 265 214 9S.33 0.0001 430 430 0.09814 0.0096 

~ 

,""7 28 2S 6.S 7.87 0.2 44 230 86.66 0.0001 230 230 0.130S4 0.8S 

'''~8 32 2S 6.S 8.33 0.93 41 216 74 0.0001 110 110 0.11562 0.1186 

'''~9 28 24 6.4 8.67 0.2 4S 112 89 0.0001 430 430 0.0789 0.01S8 

'''~IO 30 24 6.1 7.73 I.S S9 208 7S.66 0.0001 7S0 7S0 0.06499 0.3073 

1/n1,,,1/ 

'''~I 2S 21.S 8 11.6 1.7S 60 220 99.33 0.00074 430 430 0.00898S 0.23SI 

~ 

,""2 28.S 22 8.1 9.7 3.S7 47 224 96 0.00089 ISO 150 0.01149 0.3731S 

~ 

,""3 34.S 23 8.3 8.67 4.27 S3 227 9S.66 0.OOOS9 4,600 4,600 0.02694 0.1786 

'''~4 29 23.S 3.4 9.47 0.73 43 221 100.33 0.00118 430 430 0.001 0.2996 

'''~S 29.S 22.S 8.6 9.S3 1.33 60 219 97.33 0.00163 110 110 0.00207 0.5917 

'''~6 31 21 8.7 8.47 0.2 61 236 9S.66 0.000296 230 230 0.02295S 0.4827 

'''~7 30 22 8.14 8.S7 1.1 SS 249 120.66 0.000148 7S0 750 0.00331 0.6066S 

'~~8 28 22 8.2 8.73 0.83 lOS 222 90.66 0.000296 750 750 0.0029375 I.SS41 

'''~9 31 23 8.3 8.17 I 26 180 79 0.000148 2,400 2,400 0.001 0.31S65 

'''~IO 32 22 8.2 9.13 0.9 70 217 101.33 0.000296 24,000 24,000 0.043S4S 0.6828S 

:(;;(' L' (;. 



.fllflNU1fl 'i) 

or 

fll'nh~lijUfJfU.flWnhlA£l1iAARL- PP Score 

U'l~ AARL-PC Score 
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.. .. . 
_I'" ... ... ...... "". OJ , ,

fl1'j'lJ'~I1J'Uf3tl1i11'W'Ul ''U1~'lJ'lJ'Unfl'U1WJIj1rJ'Vi:llj1'lJfl~1I'U'Uf)m~~lrJ AARL-PP score 

(AARL = Applied Algal Research Laboratory, PP = Phytoplanktons) 

.
_I SI 'oCt 0 cv

AARL - PP Score lJ'~fltl'lJj1'1rJ2 iJ'1'U'niJlflqJ 

. 
'oCt ?t 0 

~ 

0 
~ 

iJl'U'n 1 11J'Ufl~U'U'UfJWfll'Vl'U1m1Jfffll'U~ffl'Hnl1l':i (trophic status) U"~fJWfll'Vl'U1 

..t11'1.1 ~.:Jmj'H)flm~'U 6 1::~'U flfl ~: ff11fl11111~1 ~~.:J'I.11'Utlm.:J: ff11fl11111~1~.:J'I.11'Utl"1.:J 

'I.11'Utl"1.:J: ff11fl11111'1.11'Utl"1.:J 'I.11'Utl"1.:J~.:J'1l~: ff11fl11111'1.11'Wtl"1.:J~.:Jff.:J '1l~: ff11fl11111ff.:J 
~ ~ 

u,,:1li~lJ1tl: ffl':ifl11111~.:J1J1tl hW'1'*fl::U'U'U 1- 10 mj.:Jflflm~'U1::~'U~mJ'l 6 1::~'UUff~.:J'1'U 

19l111.:J~ 1 fl::U'U 'U ~mJ..f.:J 6 1:~'Url"11'lJ1'il1tlHM1'U1~rJ~.:Jffm:l11~rJ1fl'Ufl11lJfflJ'}i'U£'Ufl.:JU'Vl".:Jtl 

I9lfl'U'r1')j'fl'U'I.1~lJ1Wff1Hn1111 3 ')j'iJ~ fltl 1 'Ull9lHl1 'U 119l1~'il'U UtllJ llJturJlJ 1 'U 119l1~'il'Utm::t)tl{h 

vJtlff~vJl9l 

~ ~ . 
~11Hn 

4 
25 fl::H 'U'UfJWfll'VlU1mlJfffll'U::ff11tl11111 (trophic status) u"~fJwfll'Vl1h1111'1.1 

fl~lIUU 

1.0-2.0 

2.1-3.5 

.. 
0 

fJWiIl'Vt'U lVl11JiJfJ1U~ iJl1tln'i11 . 
ff11fl11111~1 (Oligotrophic status) 

~ ~ '1.1
ffl1fl1111Hllm 1'Utl"1.:J (Oligo

fJ Will'Vt~n1'11tJ 
.. 
~ (Clean) 

.. ~ '1.1 
~t:H 1'Utl"1.:J 

I~; 

3.6-5.5 

mesotrophic status) 

ff1HI111l':i'l.11'Utl"l.:J (Mesotrophic status) 

(Clean- moderate) 

'I.11'Wtl"1.:J (Moderate) 

5.6-7.5 ffl1fl111l':i'l.11'U tl"l.:J~.:Jff.:J 
~ 

'I.11'Wtl"1.:J~.:J 1li~ 

(Meso-eutrophic status) (Moderate- polluted) 

7.6-9.0 ff11fl11111~.:J (Eutrophic status) 'li~ (Polluted) 

9.1-10.0 ff11fl111l':i'Q;.:J1J1tl (Hypereutrophic status) 'li~lJ1tl (Very polluted) 

, t V ~ 
, oCt ..::!I rI ..::!I d 0 '1~::'I <lI d d , d 0 

iJ1Un 2 fltlfl~U 'U 'U 'Ufl.:J U'Vl".:J tll9ltl'U 'Vl'll"VI 'il::'U11J1 ')j'~U'W ~ 'll''U 'tll.:J'll'1fll'Vl 'U.:J'll'fJWfll'Vl'U1 

~.:J'il::~~'WU'VlMnl9lfl'U'r1'lffffl"l~'U~l 'il~t1Jtld1.:JlJ1tl 1 'UU11~.:JJ1~~fJWfll'Vl~1.:J '1 fl'U tl111'U~fl::U 'U'U 
I"''' ", jJ 

1'U'lh.:J 1-10 l~rJfl::ll'W'U ,rflfJUff~.:J~.:Jfftl"lhj.:J~flWfll'Vl\h~ fl::~l 'U 'U'I.11'U tl"vnj.:J~flWfll'VlU1 
!II ~ 

'I.l1'Utl"1.:J lm::fl::ll'U'UlJ1tlU.:J~flWfll'VlU-1 1li~ tl11~~iY'Wl1m'w~tll9lfl'Ui1')j'fftl" 1~ 111'fl::u'U'Unhh 
u"::U~~J1fJ Wfll'VlflVN 1'.lU11J1 'il1tl.:J1 'U1~tJ' 'U tl~19l '\I fl.:J 11'fl.:J '1.1 il,j~tll':i11i tJff111i 1tJ'I.11 ::~m) 

!II ~ 

~.:Jtl cil'J 1~ tJ~ fl11lJ~1Jl~'tJ n'U fl.:J tll'.l ~ 'il~ OJflVNlJ 1tl'\l tl.:Juvw.:J nl9l fl'U 'r1'lffftlm!'U'l fl1J flWfll'Vl 'lJ1• u q q 



239 
I~ 

. .... ... 
~l'.il..:J'Vl 2 ~~C1:m .... 'Vl 1 

~ ~ .a. d . ..! : I 

ftl1HfI 26 fl:U\..!'U'\Jfl..:JU.... C1..:Jfl~fl'U .... 'lfU~C1:ffflCl'Vl'lJ..:J'lffJWm .... 'Wl~H~ (1-10 fl::U'U'W) 
"J/ JI" 

(fl::UlJ lJU'flfJ1.i'l;ifJwm .... th~ fl:UlJlJ1Jlfl'lh;ifJwm.... \h'1i~l) 

iffli:!.. 
Achnanthes 

Actinastrum 

Acanthoceras 

Amphora 

Anabaena 

Ankistrodesmus 

Aphanocapsa 

Aphanothece 

Aulacoseira 

Bacillaria 

Botryococcus 

Centritractus 

Ceratium 

Chlamydomonas 

Chlorella 

Chroococcus 

Closterium 

Cocconeis 

Coelastrum 

Cosmarium 

Crucigenia 

t- Crucigeniella 

Cryptomonas 

Cyclotella 

6 Gymnodinium 6 

5 Gyrosigma 7 

5 Hantzchia 8 

6 Isthmochloron 5 

8 Kirchneriella 5 

7 Melosiera 5 

5 Merismopedia 9 

5 Micractinium 7 

6 Micrasterias 2 

7 Microcystis 8 

4 Monoraphidium 7 

4 Navicula 5 

4 Nephrocytium 5 

6 Nitzschia 9 

6 Oocystis 6 

6 Oscillatoria 9 

6 Pandorina 6 

6 Pediastrum 7 

7 Peridiniopsis 6 

2 Peridinium 6 

7 Phacus 8 

7 Phormidium 9 

8 Pinnularia 5 

2 Planktolyngbya 7 
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c 

,~ 

, t" " .cl rI .4 I did 0 I 

f111Hn 26 f1::U'W'W'UfNUl'H1'1f)l'ltJ'W .... 'lfU~~::fffJ~'YI'U'I'tffJWfll' ..fUlm'l"l (1-10 f1~U'W'W) 

" " " " (f1::U'W uU'mJ'U'l~fJtl.lfll .... 1l1~ f1~U'W'WlJlf)1i'l~fJWfl1 ....1l1il1~) (~tJ) 

e, 

ilQiI 

Cylindrospermopsis 

Cymbella 

Dictyosphaerium 

Dimorphococcus 

Dinobryon 

Elakatothrix 

Encyonema 

Epithemia 

Euastrum 

Eudorina 

Euglena 

Eunotia 

Fragilaria 

Golenkinia 

Gomphonema 

Gonium 

fl::UUU 

7 

5 

7 

7 

1 

3 

6 

6 

3 

6 

10 

2 

5 

5 

6 

6 

ilQiI fl~IIUU 

Pseudanabaena 7 

Rhizosolenia 6 

Rhodomonas 8 

Rhopalodia 5 

Scenedesmus 8 

Spirulina 9 

Staurastrum 3 

Staurodesmus 3 

Stauroneis 5 

Strombomonas 8 

Surirella 6 

Synedra 6 

Synura 8 

Tetraedron 6 

Trachelomonas 8 

Volvox 6 

.,j II 4. • l..::t" 0~ QI

ill'Vtrl 107 11YUH n~H)'U 'rl 'll'fffJ"lfl'U 'lH 'll'fJ W.f11'rl'U 1~1lJ'1 :::fl1Jfl:::ll'U'U 

~ " 
lJlmh~fJw.f11't'ttll il.i~) 

fl:::U'U'U = 1 

Dinobryon 

e
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i~ 

, rI.... " " .:::I I <C:I 0 QI

f11'ftn 107 1l'Vul~nfltl\Jl'I'ti'tl'fJaL~\J1H'ti'tlf.Utl1l'1\Jlfll1J'I:;~1Jfl:;1l\J\J 

lJln U~;tlWtl1l'1J1'1i~h (~fl) 

Micrasterias 

m:u.uu = 2 

Cosmarium 

~" 

~ 
Cyc/otella 

I ( 
Eunotia 

f1::u.uu = 3 

Xanthidium 
Euastrum 

Etakatothrix Staurastrum 

Rhopalodia 

Navicula 

Centritractus 

Pinnularia 

Bottyococcus 

f1::u.uu =5 t • ~~ :}¢! I 

\ I 
~ !/ r

Golenkinia Aphanothec 

Aphanocapsa Actinastrum 
e 

Jc:-th~hlnmn 

;--., 

~ ~~ 
(. \ 
~\~: 

" ~ '.---..... 

Kirchneriella NephrocyUum 

MelOSlfa 

7,::::.::::;::::c= :=J 

:~ 
Fragilaria 

f1::u.UU = 4 

Acanthoceras Cvmbella 



---

." ,\\\,,\\~ 
,ffi~~~~tt-(tw'"
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, ~ ~
 
.e:t ~... let 0 QI


.fIl't't'n 107 l1"'C1"n'l~'U"''lfnfJ~u~'Um'lffJWIl1Yi'Ul'll1J'.i:::~I1Jl'l:al'U'U 

1Jlf1ti";fJWIl1YiJl'~~) (~f) 

f1::u.uu = 6 

Chlamydomonas
Oocystis Chroococcus Gonium Tetraedron 

Pandorina 

••e 
Peridiniopsis Eudorina 

Peridinium Volvox Chlorella Closterium 

~...O::.· ,::;:;;....-". z:::::-.. = ~ 
c::::::: .1¥' fi?!>~ ~ it 00 ~. tE7) 

EpithemiaGymnodinium Achnanthes Cocconeis Synedra Amphora 

~\u." 

Aulacoseira 
Encyonema Rhizosolenia 

Gomphonema Surirella 

I~ 

fl::U.UU =7 

Crucigeniella 

Crucigenia 

Pediastrum Monoraphidium 

~w /~ \.... 

\ .:
Ankistrodesmus 

. ./"-/fR 
Micractinium Dictyosphaerium 

Cylindrospermopsis Dimorphococcus 
Gyrosigma 

Planktolyngbya 
Pseudanabaena Coelastrum Bacillaria 



243 

~ "... I.ttl : j} It:! :t:AQ,I

IlU'fn 107 u'Vtfl·m~tI'IJ 'Vt'tfffflflLfl'IJu:I'Il't'JWfll'Vt'IJ 1~ 11J1::f1'UfI::U'IJ'IJ (f1::u'IJ 'IJ'IJ tI ~u:I'Il't'J Wfll'Vt'IJ 1f1 f1::U'IJ'IJ 
~ ~ 

1J1n~~~t'JWfll'Vt,h '1i~) (~V) 

fil::LLUU =8 

~ 1 , 8
Scenedesmus suo:~~nas 

Rhodomonas 
Cryplomonas 

Phacus 

Microcystis Synura 
Trachelo~nas Hanlzschia 

Anabaena 

A::LLU'U = 9 

It 
Nitzschia 

.. 

'b'" <X> 
~~ at> 

~~fl·j ~~ 
<b

~ - ~==. 
RL:j~ J j\.]l , ; ~-l t;' 

Merismopedia 
Spirulina Oscil/aloria Phormidium 

A::LL'U'U = 

Euglena 

"""" 7y11ift11 '11 AARL - PP Score 
I JI I JI 

1ijVt~Vtlul1rl,nhVill~ffm:l1i~u~1 ~hn1lJ tll'j1~eJlPlllJth~tJ~vi tJij 

1. L~tJU'YHNfiIPlVlJ~'Jft lJLmrl~Jl~ffml1 ~liitJ~1JlW1JltlVlll t ~11h~ml1mmrl~Jl 
'19/ ",.1 :1 9/"'_1"" 111' '1'j) d " .,;",1fW L'Jfm'JflJ~lPltl'\JlJlJl1l1tllJl flt:J1Pl H tl11hJ':i 1JlW Lll1Jltlfl1':i L'JftNttltJU'VHl~tlIPlVlJ 'VIll'\JlJlfllPll• 

10 - 20 ill1mLlllPl':i 

2. l11U'VlMfiIPlVlJ~"l$tlJJ1JlJlJlffm111fleJtl1':iiihllreJl1~vyj~\IULVtl~mItU(identify) 
e ~ (l,I 'j1 .ci.d jI 

t1~ ':i:fltJ ffflft fl1mVtlffl ':i 'VIttlrJ1'\JV~ 
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3. U1J~lU1UUl'H'I~n;ttlu~'lflUU~'i;'l::'fffHl !i1tlfl'fffl'i;'l!~U~ff'Um::'Jtl~'i;'l~1Jl 2 'fffl'i;'l q q ~4 .. 

" " " l"t1U~'i;'l~'fffl'i;'l~tl~ijtli1J1W1Jlflfl'h 30 % 'Utl~U~'i;'l~n;ttlU~'Jf't1~'tI1Jf! lumwijlJ1~U'ln,,~,h 

<!\ '" cl~ ill"
m~~~m'i;'lm~t1~ 1-2 'fffl'i;'lm1JU!f! 

o .d 4 " III tI t11t1 " 4 d , ,: :
4. Ul'fffl'i;'l'YU'i;'ltlflU'i;'l1 !U'Utl 3 ! 'tI1f1::uUU'Utl~U~'i;'l~fl~tlU~')j"YI1J~'JfflWfl1~Ul~lfl 

d dllJ g} ~ ~ 'j}' !J .d 
;tnwYl 2 711JfI::UUU'YI !fl'YI~ 3 'fffl'i;'l'H'JtlU~Wfl11 3 'fffl'i;'lU'i;'l1't11f1~UUUm'i;'lti 

t , JI I JI 

5. 1l1f1::uuum~tJVi'~~lfl<U'tl4 itl'tl1f1Wfl1~1l1~lfl~nl~Vi 1 ~~i~mUfl1~1l11u 
" .

!mri~,hYiffmn 

Euglena sp., Trachelomonas sp. U'i;'l~ Nitzschia sp. 

o " i" '" '"" 'iI~'HlfJWm~Ul'illfl AARL - PP Score f!f!~U 

f1~Uuu'Uv~U~'i;'l~n;tVuYiG)f~~~;f1Wm~Jl'illfl;tl'Jl~~ 2 i~f-I'i;'l~~~• 

Euglena sp. = 10 f1::UUU 

Trachelomonas sp. 

Nitzschia sp. 
ill'" I ";iII" 0 ..; ";1lJ"

'J11JfI::UUU'illfl 3 'fffl'i;'l!fl 27 f1::UUU 'tI1f11!~'i;'ltl!fl 9 f1::UUU Ulf1~UUU'YI!~'i;'ltl!f!
•" . " 

itl'tllfJWfl1~1l1'i11fl;tnl~Yi 1 ~1J11tl~lu'ffmu::'ff1'Jm'Hl'J-q~ (Eutrophic status) fJWfl1~1l1'1J~ 

....................................................................................................................
 

y .... 
AtlOUT'I8H8.:1: Peerapompisal, Y., Pekkoh, J., Powangprasit, D., Tonkhamdee, T., Hongsirichat, 

A. and Kunpradid, T. 2007. Assessment of water quality in standing water by 

using dominant phytoplarikton (AARL-PP Score). J. fisheries technology 

research,1(l):pp.71-81. 

e
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.. .. . 
_. ~ ." ... 0 ~'i "Vo..... , ,

fll1lJ1::11J'UtlQAil1't"t'Ul ''U1::U1.J'Ullft'Ul'U~ lAO I~OlAUtl::II'U'UaOH~10 AARL-PC score 

(AARL = Applied Algal Research Laboratory, PC = Physical and Chemical) 
tI dod ~1~W: 'HHtl'lff~'.il~l'H.I~'.i. ~1~ l'nl'''i'Vitl'lClll~::flW:: 

e-mail: scboiOI7@chiangrnai.ac.th 

.... . 
fll'I tJ 'I ::liiU~ Wfil'Vi ,1l,j,mft11U i ~1-M''Vi 111iil~ 6{-rh~ UUi! ~tI'YIH~1UtllfJfil 'Vi !fl ii 

.. 
llm: ~1fil'Vi1J1~tJ'I~fl1'j1~tltJ1~tlO~1I1il101l1~'j~lUfltlHl1'ViihlJ6~Lorraine and Vollenweider . .~ .... . 
(1981) Wetzel (2001) llCl~1I1~1!1'UfJWfil'ViU11'UU Mft~'\.hfb~u 'lJ6~f1W~m'j1lfll1 i1~ll1~ft'V1I . .. . 
U,..y~')f1~ 'Vi. tl'. 2537 1I1tJ1~ !ii'U i111 tiu 1~fJ'Vin1ii!~v{.yh~'U ~'U!1'U't11 i tJ'lJV~tll'I11fl'j1~ M 

: .9 .1"fJWfil'Vi'U1 C)f~ ~1l0 . .. 
1. tJi1JlWV60c)f!ilU.yj~~~ltlU1 (DO) 

2. tJi1l1tuV60c)f!~'U~~~'U'YI~61-M'1 'UonUVtlffCl1fJff11V'U 'YI~ 61,r!~U ffnvu'U'YI~ 6• 
(BOD) 

3. fi1fl11,lli~vh (conductivity) 

4. tJi1l1Wff11V1m1 1~llri 

4.1 iW\PI1'Y1 lu 1~1!il'U 

4.2 llV1I11JlUfJ1I1'U1\PI1!il'U 

4.3 vv{h~vm~~ 'HiV soluble reactive phosphorus
 

. 5. tJi1l1tuflClV hYlml !V
 

..f~~~u Vdfi1Jfl 1'Vi111n!~v{~l-M"hii mouVfJ!-WfJ~1~ !!~VUH11nm1l1'U llM rl~J1 
I .c6 QQI ~ 'J/ , 0 ~ 'J/ .a QI ~ Q4 d. 

!!lHI~M u~"1 \PIClV~tll'j 1~ t1f111~:: I ')ffll1J1~1!lU ~10fl11 fIlU 1fUU 'Mm1lvu 0'U'l'J OflH 11ifll'I1I .. .. 
Old' 0 

fl~'U il10fll1l1~1!1'UfJWfil'Vi'U1'\l~H Lorraine and Vollenweider (1981) Wetzel (2001) ll~~ .... . 
m\PI1j1'U fJtufil'ViU 11'U!m ft~ihfb~'U'\IV~flW~m'I1Ifl1:j'ff~111~ ~v1J!ni~')f1~ 'Vi. ft. 2537 il~'yh1,r 

'JJ • I , 

'tl'Il1J'hhml1ft~,h.yj't11fl11ffmn~1~"~'Vi111iil~v{Vi1!m1~Mfl1'Iijfl1ff'Hl'~ !!Cl~~lff~l'rh1~ 1'U 
OJ • • 

, " I' 'JJ

i1 Uvlil1~~ 111'fi!~ tI'U !fltl1ti1J ~w fil'Vi 'lJ V~!! 11 ft nJ 11'U ,h~! 'YIfti Viti tJ 1~!ll 'YI~ H "1 ~~ ii fl111l 

m 111g: ff1l1110 

~ tl]fjJ. ~ I Q rI j} 0 QI ='1 0 QI &- 1"QJ

!lJU !~fIl"J~'l'~U"::\PI1~~'lJ e:J~!!~ "~'Vi1'j 1lJ!\PI V'j U"1'UllJ1~~!lJ 'U" 1~ 1J\PI1!"'\IC]f~il:: ')f 
, 'JJ ,I 

!~'UfI~ !!'U'U lJ1~ 1j1'U 1f1t1fl1Viufffl~fJWm'ViU l~lU Vi~ "J~'l'~ ~::iifl::!! UU!~ U 0.1 !!,,~fi1fi!! ff~~ 

mailto:scboiOI7@chiangrnai.ac.th
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tI • • • 
o 91 .ct.d 0 ~ 4 1" , 51 4.e:.t £if 

fJWfll'''f\.Jl~l'U't'Ufftl~l~~H1J'U 1 lI'H)61~Hl~ 'l1fl~U'U'U1Ilflfl11fl::U'U'U~1'U'YI~~'I~~l1J'U 0.1 Ui:l~ 

gJ I "..d.c:l ~ ~ di"1 ..cIddQ,l 1 I Q.,J • 
fl~U'U'U'UVtlfl11tl::U'U'U~1'U'YIlfftllPlltl~l1J'U 1 fl ~ 'Ufl'HU'YI1l~1m'\l 'Uu~i:l~'Vnn1lllPlO'i1l1fl U~ 

~ ~ 

fl~U'U'U'lJ1lPl'i!l'Uiil~tl'l 10 -M'U flV 0.1-1.0 1,r~~fl~1I~1m'\l1'U'Yil'ilijllPlO{'l!'U<:"J 1,rl~'U V'U~'i 
~ ~ ~ .... . .... 1V.c::I " • OJ'.:Q QI Q,.I

flltl'l1'U U~ ft ~ 'l1'U II11fl111J III111 ~tY1I Itft1~N \l~tl ~u'U 'U1Jl lPl 'i i l'U '\IV'I UlPl ft~ v'U lPl 'i flltl 'lI''U 

0.1
 

8-9 0.2 

7-8 0.3 

6-7 0.4 

5-6 0.5 

4-5 0.6 

3-4 0.7 

2-3 0.8 

1-2 0.9 

UVtlfl'h 1Uft::1Jlflfl'h 9 1'Ufll'i l~mi1VU1'1'Jh'l'lhtl 1.0 

" .'UOtlfl11 0.3 0.1 

0.3-0.8 0.2 

0.8-1.5 0.3 

1.5-3 0.4 

3-5 0.5 

5-8 0.6 

8-15 0.7 

15-30 0.8 

30-50 0.9 

1Jlflnd150 1.0
e· 
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tlU1111h1fh1h (J.1S.cm-') flZUU'lUJ1V11!1" 

" .'W V0f111 10 

10-30 

30-50 

50-70 

70-90 

90-120 

120-180 

180-250 

250-500 
, 

:lJ1f1f111 500 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

tMlI1W1U1Vl'jfl 1ulVl'UilU (mg.l') flZUUUtIlVl1!lU 

" .'W V0f111 0.05 

0.05-0.1 

0.1-0.3 

0.3-0.8 

0.8-1.5 

1.5-3.0 

3.0-10.0 

10.0-20.0 

20.0-40.0 

•
:lJ1flf111 40.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

tMlIlwmmhuutJlI 1ulVl'n~u (mg.f
l 
) fl~UUUtIlVl1!lU 

" .'WVOf)110.01 

0.01-0.03 

0.03-0.06 

0.06-0.10 

0.10-0.20 

0.1 

0.2 

0.3 

0.4 

0.5 
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m1J1WU81JY"UUU1J ' ....YA1m.... (mg.l-1) fl~U""""2J1V11!1"" 

0.20-0.40 0.6 

0.40-0.60 0.7 

0.60-1.0 0.8 

1.0-5.0 0.9 
, 

lJlf1f111 5.0 1.0 

mmw Soluble Reactive Phosphorus (mg.l
1 
) fl~U........mVl1!1"" 

" IlHHJfl11 0.01 0.1 

0.01-0.04 0.2 

0.04-0.08 0.3 

0.08-0.15 0.4 

0.15-0.25 0.5 

0.25-0.35 0.6 

0.35-0.50 0.7 

0.50-1.25 0.8 

1.25-2.5 0.9 

I 

1Jlf1f1112.5 1.0 

mmWfli:l8h"i:I~ A8 (Jlg.i
l 
) fl~n""""""V11!1"" 

I 

" IUUfJf111 0.5 0.1 

0.5-1.0 0.2 

1.0-2.0 0.3 

2.0-5.0 0.4 

5.0-25.0 0.5 

25.0-50.0 0.6 

50.0-100.0 0.7 

e-

I 

100.0-250.0 

250.0-500.0 
, 

lJlf1fl11 500.0 

0.8 

0.9 

1.0 
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'tl J1 I 

~T'n~;\ 28 fl ~U'U 'Ufl wfIl'Ynh9l11J';i ~ ~mnHJl'l1l'm ~~fl WfIl'Vi,j1'.11i 1.1. . 

" ,'1HltJfl11 1.2 

1.2-2.0 

2.1-2.9 

3.0-3.8 

3.9-4.7 

4.8-5.6 

1J1flfl11 5.6 

ffl'HJl'l1l'n!tW1Jlfl (Ultraoligotrophic status)
 

ffl'Hll'l11':i'l!fltJ (Oligotrophic status)
 

fflHJl'l1n'l!vtJ(jnh'Ufl~N (Oligotrophic

mesotrophic status)
 

fflHll'l11':itll'Uflm~ Mesotrophic status
 

fflHl1'111':itll'\.,lflm~il-:J1Jlfl (Mesotrophic


eutrophic status)
 

ffl':ifll'111':illlfl (Eutrophic status)
 

ffnm'l11':i~-:Jl.Ilfl (Hypereutrophic status)
 

:""fJ WfIl'Vi 'U1'fl1J1fl .,. "" fJ WfIl'Vi'Ul'fl ., 
flWfIl'Vi,jl~(j-:Jtll'Uflm~• 

., 
flWfIl'Vi'l11lJl'Ufl~N• ., 
flWfIl'Vi,j ltll'Uflt'll-:J ~V'U• 

il-:Ji1i~ 

flWfIl'Vi i1i~• ., 
fl tu fl1 'Vi '111 i 1i~ 1J1fl• 

... .0:1 .. SI
llm'n" AARL - PC Score 

r;. ., ., 
AltlUH l'Ufl1':iflfl1:11flWfIl'Vi'lhl'UriNI~'lJ'\11riHun1 1I'1111'tltJ15m;rtJ-:J1'11~ lw$\-el'U•., 

'Viqllfllflll 2550 i~~t'l~.:JU 

~1 DO 6.8 mg.l-
1 

~1 BOD 0.4 mg.I' 

fllfll':i,jlivHh 91I..lS.cm-1 

lJ'i1J1WiWW':i'tli'U lW':ill1'U 0.25 mg.l-
I 

tl~1J1WUVlIll1IUtJl.Ii'U lW':ill1'W 0.48 mg.l-
l 

tl'i1JlWVV{h'YJflffl'YJW 'I1~fl Soluble reactive phosphorus 0.19 mg.l-] 

tl'illlWflt'lVI':iVlml ttl 7.8 mgJI 

40' Q til .... t::!.d Q,I 4Q.1oJ
UJfl'W1m111 fl'Vl1':i 111 IW V':i Wl.:J G'] 1J1lu':i tJUI'tltJUflUfl ~U 'W 'W 1J1W1jl'W'tll1'fl'tll'U'W 11~ 

I 

fl::u'W'Wm DO =0.4 
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fl~1LUUfh BOD = 0.2 

fl~UUUfhfl1';j,hhlfh = 0.6 

fl~1Luu1JiiJltuiUl~nl'Ul~';jl'ilU = 0.3 

fl~1Luu1Ji1J1tu1Ltl1JliJ1UlJiJ'U l~';jl'ilU = 0.7 

fl::1LUu1JiiJltutltl{h~mm~~ 'H7tl Soluble reactive phosphorus = 0.5 

fl::1Luu1JiiJltufl~fl hY1~t11fl = 0.5 

...." .... 'I " 
H:llfl:;1LU'lJiJl~';jilUm'HiJ~iJlniJflU 'il::: !~ = 3.2 

JI " " 
~,nrUfltufl1'Y'l,h 1'lJ ~1,:jl~tJ1hth,:j1L~1iJ'H11f1mJ;im:J1u,:j 1'H~ 'il~mih.l 'l11,:j 3.0-3.8.	 .. 

• JI 

UUfitl~tufll ..njl1Jlufl~l,:j ffl'itl1111'i1Jl'lJfl"l,:j (Mesotrophic status) 

~~ut1D"l~UJ	 l1'tl,:j1J~,j~fl1';j1~tJffl'H~ltJ1J';j:;~fll91' 

fI1fl1'1fl:J111f1U1 fltu:;1'YWlfflff~{ iJ'Hl1f1Ul1i'm:J1U,:jhn.l 

18flU110HO-:l:	 l1'tl,:jl1n,j~fl1';j1~Uffl'M~1U1h:;Ufll91'.2549. fl1';jl1';j:::l~Ufltuflll'f,hiU';j:;'lJ'lJUnff.	 . JI 

" . ~ 

U1U,:j l~tJl,*ih~'Ur1:;uUUtllh:dltJ AARL-PC Score. fllr11'l11:J111'YWl f1tu:; 

1'Y1mfflff~{ iJ'Hl1f1U11i'm~u,:j 11111. 
"" 'JJ 'JJ "... d... ... .. ~ 'I "'1 " "... ~ ,

l1';jtlm~D,:jfl1';jtl1,:jtN,:jlU'Y1~ytiJyturl1!l1 !'lfltlflffln)Htl,:j~lU~l,:j 

Peerapornpisal, Y., Chaiubol, C., Pekkoh, J., Kraibut, H., ChOroID, M., 

Wannathong, P., Ngeampat, N., Jusabul, K., Thammathiwat, A., Chuananta, J. 

and Inthasotti, T. 2004. Monitoring of Water Quality in Ang Kaew Reservoir of 

Chiang Mai University Using Phytoplankton as Bioindicator frOID 1995-2002. 

Chiang Mai Journal of Science, 31(1); 85-94. 
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m1t.h::&ihjfJw.nl'Wlh''U1:::uUUrJfl1h''t'ii:ll~tI'i'i5U1Ufl:::U'U'Uarh~~ltl AARL-PC score 

(AARL = Applied Algal Research Laboratory, PC = Physical and Chemical) 

• II • 

lf1tJ'ti1hhHnh:::dhJf,Jwfll'vnh~fl~:::L~'Vn:nih~v{1~tJ1C') ~HnV'tn:n1J1~V{ ll~1 
II 

1.1UlltJ ~::: 11J'W;)'W ~f1'ti' ltJ lf1tJt}fl1llJ lJ lflt!VtJ'lJV~ ll9i et:::~ Ul 1J1~ V{-h ii fl11lJ ~tJflfl ~ tJ~ nmh 

dl sJ.ct lSI ,.. .c..c1 ef 0 1"Y.c. ;. .;., ~ Jt ,
lJ1~~i1'W'VI ·1H~tJ~ ~f1 !~W11ifll~'W'VI1 't'i~tJ~:::llJ'W'lJ1flfl11lJ1"11tJlJ'Wl'W1.J1~m~ 1'WV~'iJ1flm'UH 

l1Ul1J1~tl{vdl'W1flwcn~fl1~'iJ:::~f1ff'Wl~-hvdL'W~:::~mr'WC') ,~ ll9inii'U1~~Ul1J1~V{~ll~fl9i1~ 

tltJflitJf)d1~lJ1fl flw:::~itJ'~l1tJ1tJ1lJfifl11ifl1~~~:::thflll1Ul1J111f){9i1~C') ~iifl11lJ~hfifY9ivfl1~ 
JJ 'I' tI 

i'f1flWml1U1't'i1fl11~~tJ~1lJn'W rwv111'~1~'W~1lCl'lJtifl1~'0:::1"l1'i 'W flUtJ~:::11J'WfltUm~U1 '~mh~ 

,T'Wl'iJ 
•• II 

~ ..... " !I AI AI'" ~AI .... AI .. ~ 0
l1U 1lJ111 f) ~ 'VI ! "11tJ1 ~ lll1~ 111 ettJ'W 1lJ1I1lJ111Qll ~::: ~~ fl 'lJ tN fl1 HYfl1:l1fl W.f11~'W lllet::: 

II 

trfl1:lW:::'lJV~U1ni~1.111'lf'W Vl'iJii fl1~ 1~tJ~lJ1Wll'UfltiiitJfl~lJ 1fl~'rJf){lJlJl'hlJ~1tJ ffl11 i''U l'Wll '11 rl~ 
II • " "" II

thii~mflUfffl1:l1flUtJ'Wli1V'W'iJ1fl~ 11~tl L'W1m rl~U1 1 'I1et 1'lf'W mju1 iil1iUU'W tJ~lJ1W~'W'VI~~ • 
flM) hVJet€lltJ f)1~ '~mlJ1:::~lJ1'Wfl1~ t~ n~llJUf.1~f1f)f)fl 1tJ'~ 11~tlf)1~~:::U1fll'vlf)~'VJvi'~~1lJ 

1'W lf1~1~'W~1lJlJ1fi1'W1W~1lJn1ij'W'tJ'~ ~~JtJfl:::ll'W'W1J1f1~i1'W~fi1'W 1Wf)tlfllJ1 mfll1Ul1J1f1f){ 
. " 

tit~ll9iet:::fli'~ i1i~'t;,ti'W 

flUtJ~:::t1J'WflWml1J1~~flrl11if'~1~~u1iJ~f1v{~til'WiI'Oi'm'1H~1'WflltJm'Vitflii• 
II 

llet::: ;f1m~'UHtJ1:::flU lf1tJtJ~:::tJfl~lJ1'iJ1fllJ1~~Q'1'WflWml1U1'lJf)~ Lorraine and Vollenweider • ..I • 

"" . 
(1981) Wetzel (2001) llet:::lJ1~1i1'WflWml11.11t'W!mrl~u1~1~'W'lJf)~flW:::flnlJfl11ff~1l1f1~mJ 

• II • 

m;~"111~ ~. ft. 2537 lJ1tJ1::: tiJ'W i 1lJntJ lf1tJl11~liJ1~f){fhil'WrltJi1tJ";11tJ'lJf)~flU1tm1:::..1 

: ..6 ~!I I 

flWml1tJ1 t)f~ lflllfl 

. " 
1. tJ~lJ1W6VflCJ11'iJtJtiet:::ClltJU1 (DO) 

2. tJ~lJ1W f)f)flcUt~tJ ~ ~~tJ't1~~l~t tJflU ~~W~ClltJ~l~~tJ't1~ ~t ,f!~tJ~U f)utJ 't1~ ~ 

(BOD) 

3. fllfl11Ul''VJvh (conductivity) 

4. tJ~lJ1W~l~V111U 1~L!ri 

4.1 1tJ1~~'VI'tJ 111~1'OtJ 

4.2 Uf)lJllJtutJlJ1tJ lf1~!'OtJe· 
4.3 Vf)nnlf)~t'Vlfl 'I1~tl soluble reactive phosphorus 
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~ ~J G" cf.ci,,, . .do " .do' .. i ,1 Q d .: 
'VI~'U'U\H)~fl1Jfll'Yi1'.i1lJl91V'.i'VI'lf11lJlJ1fl'UVtl1'Yitl~ fI U9IVtlN '.ifl9l1lJ 'UUlHN'U1 

• ~ .QCl''' " • 0 ~ J/ lI!!I Cl' ~.Qd d 

UlHN'H'U ~"1 91~Wflfll'.i1~ t1fl1'.i~:: 1'lfflllJl91'.ij 1'U ~lflfll'.ifll'U 1W'U t'H 1'HlJV'Ufl'U'lflflH 1lifll'.ilJ 
y y
 

Go' .e:t I 0
 

"~'U ~lflfll1Jl9l'.ij1'UfJW.fll'Yi'U1'UV~ Lorraine and Vollenweider (1981) Wetzel (2001) U'1:: 
y y • 

lJl91'.ij1'UfJW.fll'Yi'lht 'UU'Hrl~'lhfh~'U'UV~flW::fl'.i'.ilJfll'.iff ~U 1f1~VlJll '"~'lf1~ 'Yi .ff. 2537 ~::vhhf 
" • , I 

'VI'.i11J'h''U11'H rl~'lhli.yhfll'.i fffll:l1 U~ '1::'"1'.i1iil91Vfli11fl11::,"fl1'.i ijfil''I~ "1fl l1'1::,'h"1fln'h'~ , 'U 
, " ,. J/ 

liij V1 ~ t '*9i l'.i 1li1;j t1'U 1n tl1n1JfJ W.fll'Yi 'UV~ 11'H rl ~ ill1 'U1.h::1 'VI ffi 'VI tI l.h:: 111 'VI,jH "1 ~:: ij fl11lJ 

1M:JJl::fflJ lJ1fl 

4 i'" ~ · 0 ~ 0 QI ,31.Q 0'" Q.I QI .d
llJV flflltl ~ "lflU'1::19l1"1fl'UV ~UI9l '1:'Yi1'.i llJ191 V '.i U'11'U 11Jl ~ ~llJ'U '1 119l1J 9111'l 'U Il}f~~:: 'If 

• J/. •Fft ,. I d 0 J/ ad .c:s ~ I .cl 

11J'Ufl::1l'U'U lJ 191 '.ij 1'U 1~t1fl1'V111ff'HfJW.fll'Yi'U 1~ 1'U 'VI I9ltl~"119l ~::lJfl::U'U'U11J'U 0.1 l1'l::fll'VIU ff"~ 
J/ I , • 

0" .c:l.ct 0 ~ .a <i " I "d.c:s ::11
flW.fll'Yi'U 119l1'U 'VI1fftl9l1ff"llJ'U I 'H'.iVV1~~: 1'lffl::U'U'UlJ1flfl11fl::ll'U'U "l'U'VI~ff ~ff"llJ'U 0.1 1m:: 

q q cu q 

fl::U'U'UUVtlfl11fl::U'U'U~1'U~lfftl~1"1"1~'U 1 ~,~ l'Ufl'.iW ~ii~11'1'U' 'UU,j'1::'Yi1'.i1iill9lVf:JJlfl u,j 
y y 

4 d Cl'.a tt J/QI I 61 0' QI , ,,~ QIQI .Q 

fl::U'U'UlJll9l'.ij1'UlJl'Yitl-:J 10 'll''U flV 0.1-1.0 Ll11l"fl'JlJI9l11'l'U l'U'Yi1'.illJl~V'.i'U'U"1 1'H1lJ'U6'U~'.i.fllfl 
y y y 

i'Uu,j'1::i''U ',.fijfl11lJ1'H:JJl::fflJU~1~~~~fl::U'U'UlJ1mj1'U'UV-:JU~'1::ij'Um.fl1fli''U 
JI " I JI

1'U ~ 1'U1,)tI fl i'~i1' 'IJ u,j '1:: 'Yi l'.i 1iJll9l V f li1'*,~,r 191111 'U ij'U 91 '.i.fllfl -M'U lW::1,.ffl:: U'U 'IJ . 
d 

lJl91'.ij1'U~llJ9I1'.i1~'VI 1 

, .. 
m'IJlwt)t)fl';l1l'Un~:,n£l,,.nh 

•lJ1flfl11 9 

(mg.f
l 
) fl:: U'U'U'lJ1Vl1!1'U 

0.1 

8-9 0.2 

7-8 0.3 

6-7 0.4 

5-6 0.5 

4-5 0.6 

3-4 0.7 

2-3 0.8 

~~ 

1-2 

v • 
'UVtlfl11 I 

0.9 

1.0 
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cl 1 .Q tI , d1 SAQ tI : 1 ,: 1
Vll"lHtI 29	 fl1'Wl~11J1Vlfl:iVll.:1G"J't1 ~11ml~'HfJWm'W'Ul 'UlL'H~.:I'Ul 'H~ 1L~~f1~1L'U'U1J1Vl~!1'U 

(~t) 

mSJ1Wtltlfl;'\lU~i1aU't1;tl.,,nUfl11UtlmnnmT1'~8UtI;~ (mg.l-
I 
) f1~UUUSJ1Vl1!lU 

" I'Ut:!tJf)11 0.3 

0.3-0.8 

0.8-1.5 

1.5-3 

3-5 

5-10 

10-20 

20-40 

40-80 

I 

1J1f1f11180 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

tl1fl11,h'-nrh (flS.cm
l 
) 

" I'U t:!tJf)11 10 

10-30 

30-60 

60-100 

100-200 

200-350 

350-600 

f1~lIUUSJ1Vl1i1U 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

600-1,000 0.8 

1,000-2,000 0.9 

I 

1Jlflf111 2,000 1.0 

mSJ1W'U1Vl1'J1 'ulVl1A\lU (mg..
I 
) f1~UUUSJ1Vl"i!lU 

" ,'U t:!tJf)11 0.05 0.1 

0.05-0.1 0.2 

0.1-0.3 0.3 

I 
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•	 • SI" 
ft11Hi129	 fi1't'41'j1ijl~Hl{~H'1n1.nlfn1::lffjWfll't'4'1.h1uu11ri.nh'11C1 UC1::fl::UUmJ1~'jj1U 

(~f) 

tR~nw1'Ulftnl1'Ulft11;l'U (mg.H) fl:: U'U'UJJlft1!1'U 

0.3-0.8 

0.8-1.5 

1.5-3.0 

3.0-10.0 

10.0-20.0 

20.0-40.0 

I 

1I1flfl11 40.0 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

mlJlwu8lJllJI'UtflJ 1'Ulft11i1'U (mg.() f1::U'U'UJJlft191'U 

" .umlfl11 0.01 

0.01-0.05 

0.05-0.1 

0.1-0.2 

0.2-0.5 

0.5-1.0 

1.0-2.0 

2.0-4.5 

4.5-10.0 
, 

111flwn 10.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

mJJ1W Soluble Reactive Phosphorus (mg.fl) fl::U'U'UJJlft191'U 

" Iumlfl11 0.05 

0.05-0.10 

0.1-0.2 

0.2-0.4 

0.4-1.0 

1.0-2.0 

2.0-3.5 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 
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•	 , II '" 

~11Hii 29	 fll'Wl'nijlf1t)'1~1~'l fil~lfl'il:a1'tJWfll'Wlhl'UU1'H'~lh1'I1n un::fl::U'U'U1Jlf1~il'U 

(~V) 

'lI11J1W Soluble Reactive Phosphorus (mg.l-1) 

3.5-7.0 0.8 

7.0-15.0 0.9 

111 mr;h 15.0 1.0 

"	 ,,'" • I

lj)lflU'Ulj)::ihflnU,j~~'UtJWfll'Wlh 11ltl1~~11"'\I~T,!~fifl'JH::l~'U'~ tiv 0.1 u,,:: 

"I ?t.6.l I..... .. ...,,1, '11.... , 1'11'11	 ..... .... 
t1~,!1l'YIfl1~lj)::llJ'lJC)f~'\I'UV~fl1Jlj)1'U1'U'W1~11J191Vnl 'lf1f11'1f'U m 'If 6 'Wnl1JLflV~ f11m'\lt1~,,!~lj):: 

~ '11	 '11 ......... !'it !'it '11 '11. ....... ~ "'t
 
llJ'U 6.0 m1"lf 5 'Wl~l1Jlf1m f11m'\lt1~,,!f1lj)::llJ'U 5.0 llJ'UfI'U lm1'Ul111lj)~V'U9l~mfl'lf'UVVfl1lJ'U 7 . ..	 . 
J;l1~1J 11ltliifl111JOl'rhti''U lltl'1~~fJwm'W\hll~"::J;l1~1J ~~m~Hfi 2 

."	 " I

~11Hii 30	 f1::u'U'UfJWm'Willf111J~::~mn~tl1'111~u"::fJwfl1'W'Ihn11tJ 

''.., .... t!
'VflU 6 'rt1111JAVl81 

' U'Vtlfl'h 0.8 "11~Vl'111~U'mJ1Jlfl (lntraoligotrophic status) 

0.9-1.6 "11~Vl'111~U'Vtl (Oligotrophic status) 

1.7-2.4 "11~Vl'111~U'tltJ(j~tJl'Uflm~(Oligotrophic

mesotrophic status) 

2.5-3.2 "11~tl1'111~tJl'Ufl"1~ Mesotrophic status 

3.3-4.0 "11~tl1'11ntJl'Ufl"1~(j~1Jlfl (Mesotrophic

eutrophic status) 

4.1-4.8 "1nm'l11i1l1fl (Eutrophic status) 

1Jlflfl'h 4.8 "11im'l11itl~1Jlfl (Hypereutrophic status) 

, "..,	 .... t!
'Vfl1J 5 'rtUU,uVl81 

'11 ,	 '11 
'WVlJfl11 0.7 "11~Vl'111~'WVtl1Jlfl (Ultraoligotrophic status) 

0.8-1.4 "11~Vl'11nU'Vtl (Oligotrophic status) 

1.5-2.1 "11im'l11i~VlJ(j~tJl'Ufl"1~ (Oligotrophic

mesotrophic status) 

·>J

'" flwm'W'Ul~1J1fl• ·>J

'" fJWfl1'W'Ul~ 
>J 

tJwm'Will~(j~tJl'Ufl"l~ 

>J 

flwm'WilltJl'Ufljn~• 
>J 

fJwm'WilltJl'Umn~flV'U
 

(j~'1J~
 

flwm'W'1J~
• 
>J 

fJWflTV~ill '1J~1I1fl 

·>J

'" tJ Wfll 'W'UWI1I1fl 

·>J

'"flwm'W'UWl• 
>J 

flwm'Will~(j~tJl'Uflm~• 
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2.2-2.8 fflHIl111'l'1.hwmn~ Mesotrophic status
 

2.9-3.5 fflHIl111n.hum'l1'1~,nJ1fl (Mesotrophic


eutrophic status)
 

3.6-4.2 ffl'HJ111l'l'1Jlfl (Eutrophic status)
 

1Jlflfl'h 4.2 fflHIl111HJ'I1Jlfl (Hypereutrophic status)
 

''.., ... <4
'lfn'lJ 4 ftl1UUfl81 

" I "' UVtlfl11 0.6 ffl'l'Vl111'l'UVtl1Jlfl (Ultraoligotrophic status) 

0.7-1.2 ffl'l'Vl11l'l'U'VtI (Oligotrophic status) 

1.3-1.8 ffl'l'Vl111'l'U'VtI~'I1.humn~ (Oligotrophic

mesotrophic status) 

1.9-2.4 ffl'l'Vl111nhumn'l Mesotrophic status 

2.5-3.0 't\'l'l'Vl11l':ilhum'l1'1~'I1Jlfl (Mesotrophic

eutrophic status) 

3.0-3.5 ffl'l'Vl'l11UJ1fl (Eutrophic status) 
, 

1Jlflfl11 3.6 ffl'l'Vl111HJ'I1Jlfl (Hypereutrophic status) 

''.., ... <4 
'lfn'lJ 3 Tt1111Ufl81 

' U'fltlfl'h 0.4 ffl':iVl'l11'l'U'Vtl1Jlfl (Ultraoligotrophic status) 

0.5-0.9 ffl'l'Vl111'l'U'VtI (Oligotrophic status) 

1.0-1.4 ffl'l'Vl111'l'U'tltl~'11.humll'l (Oligotrophic

mesotrophic status) 

1.5-1.9 't\'1'l'Vl111n.humll'l Mesotrophic status 

1.9-2.3 ffl'l'Vl111'l',.huml1'1~'I1Jlfl (Mesotrophic

.. 
fl•f.lU'll'rnhlhu fit'll'l 

" fl wfll'Vnh1.hufitn'l ~ flU• 
~'I'1i~ 

fJwmn'1i~ 
" 

mummh'1i~1Jlfl• 

o d " 
flWmnUl~1Jlfl• 

o d " 
flwmnUl~• 

" flWmntJ1~~'Ilhumn'l• 

" fl wmn111'1humn'l• 
" 

fl Wmn1,hl..humn'l~ flU• 
o'l'1i~ 

flwmn'1i~• 
" 

flWmntJ1 '1i~1Jlfl• 

o d " 
flWmnUl~1Jlfl• 

d• " 
flWmmJ1~• 

" flwmn111~~'11humll'l• 

" flwmnl1l'U1Ufltll'l• 
" 

fl WmmJ11.hu mll'l fl V'W• 
eutrophic status) ~'I'~~ 

2.3-2.6 

1Jlflfl'h 2.6 

fflHIl111'l'1Jlfl (Eutrophic status) 

fflHIl111'l'''J'I1Jlfl (Hypereutrophic status) 

flwmnhJ~• 
" 

flwmn111 '1i~1Jlfl• 
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Q.cI ~v'l2ifl11'V AARL - PC Score 
" "~'l8dH ''Ufll':ifftl1:JlflWfllvtUll'UihlJ1Ll1,hn ~~'H' 1~I;fJ~1mj 1'Ul~ij'Uvtq'):Jfllflll 

• 
" 

2550 L~foll1~~U
 

fh DO 7.2 mg.!1
 

,h BOD 1.5 mgJI
 
l 

rhfll':iU1LvlVh 108l!S.cm· 

1J~1J1WL'Ul~'j'YIL'U1~':iI'il'U 0.15 mg.l,l 

1J~1J1Wl16111111UVJJi'Ulrl':i1'il'U 0.64 mg.l·
t 

1J~1JltlH)ijfhvlmnvlll 'H7fl Soluble reactive phosphorus 0.12 mgJI
'.	 ... 0 , "" </, _I':!..... ,J ... 0.1 'I" 

111 fl'Ulf11 'il1fl'Wl':il1111lfl':i~W'1 1JlllJ ':i VU1'YIVU flUfl::: U'U 'U1Jl~1!1'U'YI 'iI~'YI1'\J'U '0: I~ 

= 0.3f):::ll'U'Ufh DO 

= 0.3f):::u'U'Ufh BOD 

f):::U'U'U~lfl1':iU1Lvlvh = 0.5 

f):::1l'U'U'IJ~1J1W' 'U1~'j'YI' 'U l~':il 'iI'U = 0.3 

f):::H'U'U'IJ~JJ1WUijll 111 IU lJJJl'U 1~':i1'il'U = 0.6 

f):::1l'U'U'IJ~1J1UHlijf11ioWflff1oWll 'H~fl Soluble reactive phosphorus = 0.3 

" Ifllfl:::ll'U'U1Jl~'jil'Un~'H1J~1Jl'jl1Jn'U '0::: l~ = 2.3 
)I JJ JJ	 I

A~U'UfJWfl1'Wlh '1. 'Uftl'1hmjffl .o~'H'1~I~V~lmj '0::: fl~1'U6]h~ 1.7-2.4 UUflflfJWfl1Y1 

"Ul~O~'I.h'Ufl111~ ff1'.im'H1'jt!fl[JO~1Jl'UfHll.:J (Oligotrophic-mesotrophic status) 

.............................................................................................................................................................
 

~VlutJu-:alvlrJ	 ,.rij~1Jglliifl111'Omn'Hilu'l.h:::qtl~ 
tl1f11'lfl~11'Yle.n f1W:::1'Y1V1fl'lff~f 1J'H'11'Y1Ul~V1~U-:l' 'HU 

ltlmn18H8~ : Mtl~1JnU~fl111i[JfflldlVlh:::tIfl~. 2549. flWlh:::1iJ'Uf)Wtl1Y1Jl1'U1:::UUUllf1 
'kl •	 • 

"Ull'l1111~[Jl"*ftl~U fl:::u'U'Uijdl~41[J AARL-PC Score . mf11'lfl~11'Y1m flW::: 

1'Y1Vlf11ffrlf 1J'H11'Y1rmlm~[J~''Hu. 
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'I'" <I <I
&'lJn11Y4ll1l'lJ12,J1flltJ" 2-3 mO~lfl2,J 2551, UUtJ 

ff(l t11ll1l 'lJ ti n2,J n1tlJ ~ 'lJ 1finm 2,J1fl. 

'" "fJU(l11'ti'til'lJ : 'H'lJl 216-229) 

~ do Q,lf! 
2. t1

~ 

1tlJtlJl lqImy'lJ U1.!'ti'l tY4tJ1'ti''lJ~ U(l~ U1J1HI'lJ 

<I '"1.:)1!lO(l1J. fl111J'H(llO'H(lltJ'YIl':)'ti'1fllY4'UfH 

~n'H'htJ''lJff1~~11 'U111'a.!f.J't1m'lJU,"':)'Ifl~1'Ul 

yt'J::1'H11 ~':)'H'i~f'l'71:l~tn1!l (m'.i'lh~'If1J1'ti'lm1• 
1'V1tJ1fflff~{U(l~ll1fll'lJ l(lfh""':)'ti'l~ (TYI'VI.) 

., . . 
QlQ Qld ~ tI 

flH'VI 34 1'lJ'VI 31 f)(llfl1J - 2 V4qfl'~mtJ'lJ 2552 tl'lJfJ 

1h:::'If1Jtni':)'Ifl~ff1n~ 
~ 

OH1'VI'Vf<1 
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QI .q, Q"I QI ~QI" Q " 
11nll~6.:)'ti''lJ:::mff6'lJ~U 1 ':)1'lJ1~tJfll'lJ~Hln~1l61J 
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