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organisms

 2/+1*)*+34+

?-8#%)()!1#&)& (8"!"1*/4& $#5!$!/4& (/*#@.!1*#& 5.*:!",&
'*#:*& 8")!%0!& 8@%09A!AB/#& )!%,15*& $(& 5(.(1*0!/A*& @%0#0&
8*1*/#>& C)(%0(1#& @%0#0& "#& (%2!1*0:9& 0!5)*"9& 0-*(%1*5D)&
)($19/43& 1*#A#$1(5%("1*#& 0!)*#%!AB& )& 8)(*:& 85;!$0*#&
8,-8"!1/A#& "(589/01#3& 0!.*/0!1#& $(&:#"!-(.*"D)&)"D%19/43&
0!2%!E!AB/9/4&0$%()*,&*&E9/*,&.,$0*>&F!.#EB&$(&1*/43&(@%D/0&
4#@!"("(5891& *& $#%:!"("(58913& 1#,%("(589193& @()($,AB/#&
,805($0#1*!&,5;!$,&1#%)()#2(>&G&85;!$&2%,@9&1#,%("(5891&
8*1*/09/4&)/4($0BH&!1!"(589193&:(%85*#&"(58919&@!%!.*E,AB/#&
I8!<*"(5891!& *& A#A& *0(:#%9J3& !1"*..("(589193& A!:!*/!:*$9&
(%!0& 5!.5*"(5891!>&G&)91*5,& 5(1"!5",& @()*#%0/41*()#2(&
.,-& )1*51*7/*!& $(& )17"%0!& (%2!1*0:,3& 0)*B05*& "#& :(2B&
)9)(;9)!K&@($%!E1*#1*#&85D%93&%#!5/A7&!.#%2*/01B3&$%E#1*#&
:*7L1*&!&1!)#"&8@()($()!K&L:*#%K&(%2!1*0:,>&G&0)*B05,&
0& "9:& 8*1*/#&:(2B& 8"!1()*K& @()!E19& @%(-.#:& 0$%()("19&
)& 85!.*& 2.(-!.1#A3& 5%#,AB/9& 1()#& 0!$!1*!& $.!& 0$%()*!&
@,-.*/01#2(>& G& @%!/9& (:D)*(1(& -,$()7& /4#:*/01B3&
-*(891"#073&);!L/*)(L/*3&:#/4!1*0:&$0*!;!1*!&1#,%("(5891&
(%!0& (-A!)9& /4(%(-()#& -7$B/#& 1!8"7@8")#:& 5(1"!5",&
0&1*:*>

5612/$)2

M1&"4#&.!8"&$#/!$#8&!1&*1/%#!8#&*1&N!%"4O8&2.(-!.&"#:@#%!",%#&
4!8& -##1& (-8#%P#$3& )4*/4& /!,8#$& =!P(,%!-.#& /(1$*"*(18&
=(%&/9!1(-!/"#%*!.&/(.(1*0!"*(1>&C4#&)!"#%&-.((:8& "4!"&!%#&
=(%:#$&-9&"4#8#&(%2!1*8:8&%#@#!"#$.9&/(1"!*1&!&2%#!"&P!%*#"9&
(=& "(<*/& 8,-8"!1/#8& 8,-8,:#$& "(& 8#/(1$!%9& :#"!-(.*"#8&
!1$&!%#&4!0!%$(,8& =(%&4,:!1O8&4#!."4&!1$& .*=#>&Q@!%"& =%(:&
4#@!"("(<*18& !1$& $#%:!"("(<*183& "4*8& 2%(,@& !.8(& /(1"!*18&
1#,%("(<*18& )4*/4& /!,8#& $!:!2#8& "(& "4#& -%!*1& !1$& "4#&
1#%P(,8&898"#:>&Q:(12&/9!1(-!/"#%*!.&1#,%("(<*18&)#&/!1&
$*8"*12,*84&!1!"(<*13&RSFS:#"49.!:*1(STS!.!1*1#&IUVQQJ3&
@!%!.9"*/& 84#..W84& "(<*18& I8!<*"(<*1& !1$& *"8& *8(:#%8J3&
!1"*..!"(<*183& A!:!*/!:*$#8& !1$& 5!.5*"(<*1>& Q8& !& %#8,."& 
(=&"4#&8,%=!/#&/(1"!/"&(%&@#1#"%!"*(1&*1"(&"4#&(%2!1*8:3&"4#8#&
/(:@(,1$8&:!9& %#8,."& *1& 85*1& *%%*"!"*(13&!..#%2*/& %#!/"*(183&
:,8/.#& "%#:(%& (%& #P#1& $#!"4& (=& !1& (%2!1*8:>& C4#%#=(%#3&
/9!1(-!/"#%*!&:!9&@(8#&!&8#P#%#&:#$*/!.&@%(-.#:&(1&!&2.(-!.&
8/!.#&"4!"&/%#!"#8&1#)&"!858&=(%&@,-.*/&4#!."4>&M1&"4*8&%#P*#)3&
"4#&/4#:*/!.&8"%,/",%#3&891"4#8*83&@%(@#%"*#8&!1$&:#/4!1*8:8&
(=&!/"*(1&!%#&$#8/%*-#$>&X,#&"(&4*24&%*85&%#.!"#$&"(&/(1"!/"&
)*"4&/9!1(-!/"#%*!.&1#,%("(<*183&:#$*/!.&89:@"(:8&!%#&!.8(&
$#8/%*-#$>



88

7 89:

X("9/4/0!8()#&-!$!1*!&@(5!0!;93&E#&8*1*/#&ICyanophyta, 

CyanobacteriaJ&:(2B&8"!1()*K&0!2%(E#1*#&)&85!.*&2.(-!.1#A&
$.!&0$%()*!3&!&1!)#"&E9/*!&5%72()/D)&8"!;(/*#@.19/4&)&"9:&
/0;()*#5!>&C)(%0(1#&@%0#0&"#&(%2!1*0:9&0!5)*"9&0-*(%1*5D)&
)($19/43& 1*#A#$1(5%("1*#& 0!)*#%!AB& )& 8)(*:& 85;!$0*#&
8,-8"!1/A#&(&)9AB"5()(&)98(5*#A&"(589/01(L/*>&M1/9$#1"!.19&
5(1"!5"& 0& )($B& 0!)*#%!AB/B& 8*1*/#& .,-& A#A& 8@(E9/*#& :(E#&
)9)(;!K& (-A!)9& /4(%(-()#& "!5*#& A!5& @($%!E1*#1*#& 85D%93&
%#!5/A!& !.#%2*/01!3& $%E#1*#& :*7L1*3& -*#2,15!3& )9:*("9& 
(%!0&,805($0#1*#&)B"%(-9>&Y"!;#&8@(E9)!1*#&)($9&85!E(1#A&
4#@!"("(5891!:*& 8*1*/& :(E#& @%()!$0*K& $(& :!%")*/9&
5(:D%#5& !& "!5E#& $(& /4(%(-9& 1()(")(%()#A& )B"%(-9>& 
G& @%09@!$5,& /*7E5*#2(& 0!"%,/*!& 1#,%("(5891!:*&
:(E#& 1!8"B@*K& @!%!.*E& :*7L1*& ($$#/4()9/4& *& @%!)*#&
1!"9/4:*!8"()!& L:*#%K>& Y"B$& )91*5!3& E#& "(589/01#&
:#"!-(.*"9& 8*1*/& 8"!1()*B3& (-(5& @%(-.#:D)& 1!",%9&
#8"#"9/01#A&*&%#5%#!/9A1#A3&@()!E1#&0!2%(E#1*#&$.!&0$%()*!&
*& E9/*!& /0;()*#5!& Z[\>& G#$;,2& !5",!.1#A& 898"#:!"95*& 0&
(5(;(&]^__&@(01!19/4&2!",15D)&8*1*/3&(5(;(&`_&2!",15D)&
0*$#1"9W5()!1(& A!5(& "(589/01#& Z]\>& C(58919& 8*1*/0#&
1!.#EB& $(& 80/0#2D.1*#& "%,AB/9/4& :#"!-(.*"D)& )"D%19/4>&
G98(5(LK& :#$*!.1#A& $!)5*& L:*#%"#.1#A& S& TX^_& S& 0!.#E9&
($& 2!",15,& 8*1*/93& 5"D%!& @%($,5,A#& "(58917>& G!%"(LK&
TX^_& )& *1*#5/A*& $(("%0#)1()#A& $.!& :9809& )!4!& 8*7& 
)&@%0#$0*!.#&($&a&$(&]__&b2&52&S[&:!89&/*!;!>&C(58919&8*1*/0#&
:(E1!& @($0*#.*K& 1!& $)*#& 2%,@9H& -*("(58919& I1!",%!.1#&
@%($,5"93& 5"D%#& @()8"!AB& )& @%(/#8!/4& :#"!-(.*/019/4J&
(%!0& /9"("(58919& I891"#"90()!1#& )& )91*5,& *1$,5/A*&
/0911*5!:*& 0#)17"%019:*J& Zc\>& M119:& 8"(8()!19:&
@($0*!;#:& A#8"& "!5*3& )& 5"D%9:& 5%9"#%*,:& 8"!1()*& %($0!A&
,805!$0!19/4&"5!1#53&1!%0B$D)&(%!0&:#/4!1*0:&$0*!;!1*!>&
'2($1*#& 0& "9:& 5%9"#%*,:& )9%DE1*!:9& 4#@!"("(589193&
$#%:!"("(58919&(%!0&1#,%("(58919>&F#,%("(58919&"(&2%,@!&
0)*B05D)3& 5"D%#& 0$(.1#& 8B& $(& ,805!$0!1*!& (L%($5()#2(&
(%!0& (-)($()#2(& ,5;!$,& 1#%)()#2(>& X(& "#A& 2%,@9&
"(5891& 1!.#EB& :>*1>& !1!"(589193& RSFS:#"9.(!:*1(STS
!.!1*1!& IUVQQJ3& +YC& d& :(%85*#& "(58919& @!%!.*E,AB/#&
I8!<*"(5891!3& (%!0& 1#,%("(589/01#& !.5!.(*$9& )9")!%0!1#&
@%0#0& 8*1*/#&:(%85*#>&F!&@%0#8"%0#1*&(8"!"1*/4&/0"#%$0*#8",&
.!"& 0(8"!;!& @(01!1!& 8"%,5",%!& (%!0& (2D.19& :#/4!1*0:&
$0*!;!1*!& )*#.,& 1#,%("(5891& @%($,5()!19/4& @%0#0& 8*1*/#>&
'& ,)!2*& 1!& /(%!0&)*7580#& 0!2%(E#1*#& 85!E#1*#:& @%0#0& "#&
0)*B05*&(%!0&0#&)02.7$,&1!&8"(8,15()(&1*85*#&*/4&8"7E#1*!&
@%()!$0B/#&$(&0!/4(%()!e3&(:D)*(19&0(8"!1*#&1#2!"9)19&
)@;9)& 1#,%("(5891& 8*1*/09/4& 1!& 0$%()*#& /0;()*#5!3& 
!& )& 80/0#2D.1(L/*& */4& :#/4!1*0:& $0*!;!1*!& 1!& ,5;!$&
1#%)()9&(%!0&85,"5*&"#2(&($$0*!;9)!1*!>&G&(@!%/*,&(&$!1#&
.*"#%!",%()#&(:D)*(19&0(8"!1*#&8@(8D-&*/4&891"#093&-,$()!&
/4#:*/01!& (%!0& );!L/*)(L/*& "9/4& 1*#-#0@*#/019/4& $.!&
0$%()*!&*&E9/*!&/0;()*#5!&8,-8"!1/A*> 

;<=>75%?@ABC?DE5%C%BA?@5ECDB%
=DC5F5EC5%EA<G>8>- HE%7H875GD5EH?@%
:GDAD% CEC?A

F#,%("(58919&8B&!.5!.(*$!:*3&-!%$0(&0%DE1*/()!19:*&@($&
)02.7$#:&-,$()9&*&8*;9&"(589/01#2(&($$0*!;9)!1*!>&fDE1*B&
8*7&%D)1*#E&8"!-*.1(L/*BH&1*#5"D%#&8@(1"!1*/01*#&49$%(.*0,AB&
$(&0)*B05D)&(&)9E80#A&.,-&1*E80#A&"(589/01(L/*&.,-&@($.#2!AB&

=("(.*0*#>&C(58919&0&"#A&2%,@9&@%($,5()!1#&8B&@%0#0&8*1*/#&
0&%($0!A,&Anabaena, Aphanizomenon, Nostoc, Oscillatoria>&
V#/4!1*0:& $0*!;!1*!& "9/4& 0)*B05D)& A#8"& %DE193& !.#& A!5(&
/#/47& )8@D.1B& @($!A#& 8*7& )9)(;9)!1*#& (-A!)D)& "!5*/4&
A!5&$%E#1*#&:*7L1*3&"%,$1(L/*&)&($$9/4!1*,&/09&0!/4)*!1*#&
%D)1()!2*>& G91*5*& )*#.(.#"1*/4& -!$!e& $(@%()!$0*;9& 
$(& @(01!1*!& )*#.,& 0)*B05D)3& 1!.#EB/9/4& $(& 2%,@9&
1#,%("(5891& 8*1*/09/4>& G& $!.80#A& /07L/*& 80/0#2D;()(&
(@*8!1(&);!L/*)(L/*&@(80/0#2D.19/4&8,-8"!1/A*>

5E58>- HEH

Q1!"(589193&01!1#&%D)1*#E&A!5(&/0911*5*&809-5*#A&L:*#%/*&
I!12>& P#%9& =!8"& $#!"4& =!/"(%J& 8B& 2%,@B& 1#,%("(589/019/4&
!.5!.(*$D)& @%($,5()!19/4& :>*1>& @%0#0& 8*1*/#& 0& %($0!A,H&
Anabaena sp., Oscillatoria sp>&/09&Aphanizomenon sp. Z`\>&
?-A!)!:*& 0!"%,/*!& "#A& 2%,@9& "(5891& 8B& @%0#$#&)8098"5*:H&
$%E#1*#& :*7L1*3& 0!-,%0#1*!& %D)1()!2*& /09& -D.#& -%0,/4!>&
M119:*& "9@()9:*& $.!& "9/4& 1#,%("(5891& 89:@"(1!:*&
8B& -*#2,15!& (%!0& 1!$:*#%1!& )9$0*#.*1!& L.,0D)5*& 
1(8!>& Q1!"(5891!S!& @($& )02.7$#:& -,$()9& /4#:*/01#A&
A#8"& #8"%#: FS49$%(5892,!1*$91(S:#"9.(S=(8=(%!1()9:>&
C(5891! ta A#8"& 8*.19:& @(8"891!@"9/019:& !2(1*8"B&
!/#"9.(/4(.*19>& V#$*!.1!& $!)5!& L:*#%"#.1!& !1!"(58919S!&
$.!&:9809&)91(8*&TX^_&g&]__S]^_&b2&52S[>&F*#&A#8"&01!1!&
$(5;!$1!&$!)5!&"%,AB/!&$.!&.,$0*3&.#/0&80!/,A#&8*7&AB&1!&:1*#A&
1*E& ^& :2& $.!& $(%(8;#2(& :7E/09019>& h(:(!1!"(5891!S!&
@($& )02.7$#:& :#/4!1*0:,& "(589/01#2(& $0*!;!1*!& (%!0&
-,$()9&8"%,5",%!.1#A&A#8"&-!%$0(&@($(-1!&$(&!1!"(58919S!&
I-(/019& ;!e/,/4& )72.!& 6[[& 0!8"B@*(19& 0(8"!;& @(A#$91/0B&
2%,@B&:#"9.()BJ>&V#$*!.1!&$!)5!&L:*#%"#.1!&"#A&8,-8"!1/A*&
$.!& :9809& )91(8*& ]iiS^ji& b2& 52S[& Z]3^3k\>& X0*!;!1*#&
!1!"(58919S!&(%!0&4(:(!1!"(58919S!&@()($,A#&0!-,%0#1*!&
@%0#5!l1*/")!&1!& @(0*(:*#& 891!@89& 1#%)()(S:*7L1*()#A3&
2$9E& )*BEB/& 8*7& 0& %#/#@"(%#:& 1*5("91()9:3& $(& 5"D%#2(&
:!& )*7580#& @()*1()!/")(& 1*E& 8!:!& !/#"9.(/4(.*1!3&
@()($,A#&(")!%/*#&5!1!;D)&A(1()9/4&*&$#@(.!%90!/A7&-;(19&
5(:D%5()#A&:*7L1*>&'#&)02.7$,&1!&"(3&E#&!1!"(5891!S!&1*#&
:(E#&,.#/&%(0;(E#1*,&@%0#0&!/#"9.(/4(.*1#8"#%!073&"A>&#109:3&
5"D%9& $#2%!$,A#& 0)*B0!1B& 0& %#/#@"(%#:& !/#"9.(/4(.*173&
@()($,AB/&0!:51*7/*#&5!1!;D)&A(1()9/43&!1*&@%0#0&E!$#1&
*119& #109:3& $(/4($0*& $(& /*B2;#A& $#@(.!%90!/A*& 891!@89&
1#%)()(S:*7L1*()#A&*&8"!;9/4&85,%/0D)&:*7L1*3&!&/(&0!&"9:&
*$0*#&$(&L:*#%/*&1!&85,"#5&*/4&,805($0#1*!&Zj\>&Q1!"(5891!S
!I8J& /4(/*!E& :!& @($(-1B& 1!0)7& $(& !1!"(58919S!3& %DE1*&
8*7& ($& 1*#A& 8"%,5",%B& (%!0& "(589/01(L/*B>&V#$*!.1!& $!)5!&
L:*#%"#.1!& $.!& :9809& )& @%09@!$5,& "#A& "(58919& )91(8*&
TX^_&g&]_&b2&52S[>&+($&)02.7$#:&/4#:*/019:&A#8"&"(&#8"#%&
=(8=(%!1()9& FS49$%(5892,!1*19& Zi\>& +%($,5()!1!& A#8"&
(1!& @%0#0& 1!A-!%$0*#A& "(589/019& 2!",1#5& 8*1*/& Q1!-!#1!&
m(8d!n,!#>& +%09%(8"#5& I8J& (01!/0!3& E#& @($(-1*#& A!5& )&
@%09@!$5,& $0*!;!1*!& =(8=((%2!1*/019/43& 891"#"9/019/4&
@#8"9/9$D)3&A#$19:&0&89:@"(:D)&0!"%,/*!&A#8"&L.*1("(5&Ẑ \>& 

GH?IJI%7*K/%12/(&2(/$'3.%%$L%$3$2"&1.3.M$N%%
6L%O"P"$3$2"&1.3.M$N%)L%$3$2"&1.3.%Q$%R1L%STUI

!J -J /J
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ia

Q1!"(5891!S!I8J& A#8"& *14*-*"(%#:& !/#"9.(/4(.*1#8"#%!093&
@($(-1*#&A!5&)&@%09@!$5,&!1!"(58919S!3&;B/0B/&8*7&0&#109:#:&
@(0-!)*!&2(&0$(.1(L/*&$(&%(05;!$,&!/#"9.(/4(.*193&!&@%0#0&
"(& @%()!$0*& $(& 1!$:*#%1#A& 8"9:,.!/A*& 891!@89& 1#%)()(S
:*7L1*()#A3&85,"5*#:&/0#2(&:(E#&-9K&)9/0#%@!1*#&:*7L1*&
*& 0!@%0#8"!1*#& */4& @%!/9& Zj\>&G0D%& 8"%,5",%!.19& !1!"(5891&
@%0#$8"!)*(1(&A#8"&1!&f9/>[&Za\>

VMEMBA8HW>5BCE>MWM5W5ECE5%R;B55L

UVQQ& A#8"& 1#,%("(589/019:3& 1*#-*!;5()9:&
!:*1(5)!8#:& )9*0(.()!19:& @(& %!0& @*#%)809& 0& 1!8*(1&
8!2()/!3& !& @%($,5(S)!19:& @%0#0& 8*1*/7& 0& %($0!A,&
F(8"(/>& G91*5*& -!$!e& 8,2#%,AB& @()*B0!1*#& "(589/019/4&
!:*1(5)!8D)& @%($,5()!19/4& @%0#0& "#& 8*1*/#& 0&
)98"B@*#1*#:& /4(%D-& ,5;!$,& 1#%)()#2(& "!5*/4& A!5H&
8")!%$1*#1*#& 0!1*5()#& -(/01#& I0)!1#& %D)1*#E& /4(%(-B&
1#,%(1,& %,/4()#2(J3& /4(%(-!& +!%5*18(1!& (%!0& /4(%(-!&
Q.04#*:#%!>& p;D)1B& @%09/091B& L:*#%"#.1#A& /4(%(-9&
,5;!$,& 1#%)()#2(& ,& :*#805!e/D)& )98@9& p,!:& -9;(&
);!L1*#& )98(5*#& 8"7E#1*#& 1#,%("(58919& UVQQ& )& "5!1/#&
:D02()#A& Z[_\>& UVQQ& 5,:,.,A#& 8*7& 1!& %(81B/9/4&
@(0*(:!/4& "%(W/019/4>& q8"!.(1(3& E#& -*(!5,:,.!/A!&
"(58919&-*#%0#&@(/0B"#5&($&8*1*/9&F(8"(/&8@>&)8@D;E9AB/#A& 
)&89:-*(0*#&0&5(%0#1*!:*&8!2()/!&69/!8&:*/%(1#8*!>&Y*1*/!&
A#8"& @*#%)("19:& @%($,/#1"#:& "(58919& UVQQ>& F!8"7@1*#&
1!8*(1!& 0(8"!AB& 0A#$0(1#& @%0#0& 1*#"(@#%0#3& !& 1*#"(@#%0#&
8B& A#$19:& 0& ,.,-*(19/4& @(5!%:D)& :*#805!e/D)& )98@9&
p,!:>&G& 5%D"5*:& ;!e/,/4,& @(5!%:()9:& I@%()!$0B/9:&
($& 8*1*/3& @%0#0& 8!2()/#& $(& 1*#"(@#%09J& 1!8"7@,A#& @(1!$&
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