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1 Lake Wumm (Sept. 25, 1997): 2 µg/l 4 Lake Bramin (Sept. 25, 1997): 48 µg/l

2 Lake Schwarz (June 10, 1997): 11 µg/l 5 Lake Bramin (Sept. 2, 1997): 70 µg/l

3 Lake Kagar (June 10, 1997): 34 µg/l 6 Lake Bramin (June 10, 1997): 90 µg/l
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:(// $6 &$527(12,'6 $7 VZW 10 $7 7+( ('*( 2)
7+( *5((1 5(9(&7$1&( 0$;,080P c7 WYR 10
7+( $%62537,21 2) 3+<&2(5<7+5,1 JrgK %(O
&20(6 9,6,%/( ,1 7+( 63(&7580 2) /$.(d5$0,1
7$.(1 ,1 l81(P

`)2"/2.% g90%230%#42!, c!4!

v+( &203$&7 $,5%251( 63(&752*5$3+,& ,0$O
*(5 J&$6,K ,6 02817(' 21 $ 67$%,/,6(' $,5%251(
3/$7)250P k76 $5($ $55$< '(7(&76 7+( ,1&20,1*
5$',$7,21 %(7:((1 VRR 10$1' [RR 10 ,1 WST
63$7,$/ 3,;(/6P v+( 86(5 &$1 &+226( %(7:((1
$ 63$7,$/ $1' $ 63(&75$/ 02'(P k1 7+( 63(&75$/
02'( $// TZZ 63(&75$/ 3,;(/6 $5( 86(' 5(68/O
7,1* ,1 63(&75$/ ,17(59$/6 2) SPZ 10P f8( 72
7+( /,0,7,1* 5($'O287 )5(48(1&< 7+(5( $5(
21/< U[ 62O&$//(' /22.O',5(&7,216 $9$,/$%/(
,1 7+( 63$7,$/ ',0(16,21P k1 7+,6 02'( :,7+
+,*+ 63(&75$/ 5(62/87,21 &$6, '2(6 127 &29(5
7+( *5281' &217,18286/<P k1 7+( 63$7,$/
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e)'M SY m%'!4)6%L%80/.%.4)!, 2%'2%33)/. "%L
47%%. 30%#42!, #/%&&)#)%.4 #!,#5,!4%$ &2/- &)%,$
30%#42! !.$ r%##() $%04( !3 -%!352%$ $52).'
&)%,$ #!-0!)'.3M

02'( )8// *5281' &29(5$*( ,6 3529,'(' $1'
83 72 S[ 121O29(5/$33,1* 63(&75$/ %$1'6 ,1
9$5,$%/( %$1':,'7+6 &$1 %( '(71(' %< 7+(
86(5 J,75(6N S[[VKP k1 7+,6 678'< 7+( 63$7,$/
02'( :$6 &+26(1 :,7+ SY %$1'6 &29(5,1*
7+( :$9(/(1*7+ 5$1*( %(7:((1 VUR 10 $1'
YSX 10 &217,18286/< ,1 ',5(5(17 %$1'O
:,'7+6 Jh,*P UKP d$1'6 SZ $1' S[ :(5( '(71O
(' )25 /$7(5 oqou Jo2'8/$5 q372(/(&752O
1,& o8/7,63(&75$/ u7(5(2 u&$11(5K 6,08/$O
7,21 385326(6P v+( 1$552: %$1'6 %(7:((1
XYR 10 $1' YSX 10 )2&86 21 &+/2523+<//O$
$%62537,21 $1' 7+( 5(9(&7$1&( 3($. 7+$7 ,6
5(3257(' 72 6+,)7 '8( 72 9$5,$7,216 ,1 &+/252O
3+<//O$ &217(17 Ji,7(/621 S[[TKP
q1u(37(0%(5 SN S[[Y 7+( &$6, ,167580(17N

23(5$7(' %< 7+( k167,787( )25 u3$&( u&,(1&(6
2) 7+( h5(( w1,9(56,7< 2) d(5/,1N :$6 92:1
29(5 7+( 7(67 6,7(P v+5(( 9,*+7 /,1(6 7$.,1*
,1 TW /$.(6 :(5( 5(&25'(' )520 $1 $/7,78'(
2) TVVR0 $%29( *5281'N 5(68/7,1* ,1 $ 3,;(/
6,=( 2) $%287 U04U0P v+( '$7$ :$6 &$/,O
%5$7(' 72 5(9(&7$1&( $1' $70263+(5,&$//<
&255(&7(' 86,1* 7+( cveqt352*5$00( )25
+<3(563(&75$/ $,5%251( '$7$ Jt,&+7(5 S[[XK
$1' 7+( (03,5,&$/ /,1( 0(7+2' Je21(/ (7 $/P
S[ZYK ,1&/8',1* 7(/' 5(9(&7$1&( '$7$P v+(
'$7$ :$6 *(2O&2'(' 72 $ 7232*5$3+,& 0$3
2) 7+( 6&$/( S \TWRRRP c%287 SRR *5281'
&21752/ 32,176 3(5 9,*+7 /,1( +$9( %((1 86('P
f$7$ :$6 5(6$03/(' :,7+ 7+( 1($5(67 1(,*+O
%250(7+2' 72 35(6(59( 5$',20(75<P h,1$//<N
$ /$1' 0$6. :$6 $33/,(' 72 7+( (17,5( '$7$
6(7 72 )2&86 21 :$7(5 %2',(6 21/< $1' 72
$92,' $1< 63(&75$/ ,198(1&( 2) 685)$&( 92$7O
,1* 9(*(7$7,21P

`.!,93)3 !.$ q%35,43

r%##() c)3# c%04(

h25 7+( '(7(50,1$7,21 2) u(&&+, ',6& '(37+N
7+( (17,5( :$9(/(1*7+ 63(&7580 %(7:((1
VRR 10 $1' YWR 10 :$6 86('P h,*P T 6+2:6
7+$7 7+( 63(&75$ 9$5< ,1 7+(,5 29(5$// 5(9(&7O
$1&(P v+,6 &$1 %( '8( 72 :$9( $&7,21 7+$7
&$1 5$,6( 7+( 6,*1$/ %< SRATR@ Jy(7=(/
S[ZUK 25 72 6/,*+7 9$5,$7,216 ,1 7+( '(7(&7,21
$1*/( '85,1* 7+( 0($685(0(176P v2 $&&2817
)25 7+,6 $1' 7+( 237,&$/ ,198(1&( 2) ',5(5(17
&21&(175$7,216 2) 7+( :$7(5 &2167,78(176
35(6(17N $ %$6( /,1( :$6 777(' 72 ($&+ 63(&O
7580 728&+,1* 7+( 7:2 /2&$/ 0,1,0$ $7 6+257
9,6,%/( :$9(/(1*7+6 J0267/< 1($5 VUR 10K
$1' $7 /21*(5 xkuBpkt :$9(/(1*7+6 J,1
0267 &$6(6 $5281' YWR 10N ,1 &/($5 :$7(56
$5281' XRR 10K 72 0,1,0,6( $1' 7+86 125O
0$/,6( 7+( $5($ %(7:((1 7+( %$6( /,1( $1'
7+( 63(&7580P v+,6 $5($ :$6 &$/&8/$7(' 72
*(7 21( 0($1 9$/8( )25 ($&+ 63(&7580P v+(
5(68/7,1* 9$/8( ,6 &$//(' 7+( 63(&75$/ &2(5,O
&,(17 Ju3e2()KP k1 7+( 63(&,$/ &$6( 2) 9(5<
&/($5 :$7(5 :,7+ &217,18286/< '(&5($6,1* 5(O
9(&7$1&( $/21* :,7+ ,1&5($6,1* :$9(/(1*7+N
7+( %$6(/,1( 0$< &87 7+( $%6&,66$P h520 7+,6
,17(56(&7,21 7+( $%6&,66$ :$6 7$.(1 )25 7+(
)857+(5 $5($ &$/&8/$7,21 72 &,5&809(17 1(*$O
7,9( 9$/8(6P
h,*P V 6+2:6 7+( 5(*5(66,21 %(7:((1 7+(

63(&75$/ &2(5,&,(17 Ju3e2()K $1' u(&&+, ',6&
'(37+ JufK $60($685(':,7+ 7+( u(&&+, ',6&P
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v+(5( ,6 $ +,*+ &255(/$7,21:,7+ $1tT3RPZW
'(6&5,%(' %< 7+( (;321(17,$/ 5(*5(66,21
g48$7,21 S\

uf3SUPRY 6 (.TP[V 6 u3e2() Jg4P SK

v+(5()25(N /2: 63(&75$/ &2(5,&,(176 &255(O
6321' 72 +,*+ u(&&+, ',6& '(37+6N $1' +,*+
63(&75$/ &2(5,&,(176 &$1 %( $66,*1(' 72 /2:
u(&&+, ',6& '(37+6P v+( $3352$&+ &216,'(56
7+( 63(&75$/ &+$5$&7(5,67,&6 2) $// 237,&$/ :$O
7(5 &2167,78(176 J3+<723,*0(176N 6863(1'('
0$77(5N +80,& 68%67$1&(6K\ 3+<723,*0(176
$6 :(// $6 6863(1'(' 0$77(5 (63(&,$//< ,1O
&5($6( 7+( 6,*1$/ ,1 %(7:((1 7+( 7:2 352326O
(' /2&$/ 0,1,0$N 7+( 0,1,080 ,1 7+( %/8(
:28/' 67$< 7;(' $1' 7+( 21( ,1 7+( 1($5 ,1O
)5$5(' :28/' 21/< 5,6( 6/,*+7/< :,7+ ,1&5($6O
,1* &217(17 2) :$7(5 &2167,78(176P v+( $5($
%(7:((1 7+( %$6( /,1( $1' 7+( 63(&7580 ,1O
&5($6(6 (63(&,$//< ,1 7+( *5((1 :$9(/(1*7+
5(*,21N $1' 62 :,// 7+( $5($ 72 %( &$/&8/$7('
5(68/7,1* ,1 $ /2:(5 u(&&+, ',6& '(37+ &$/&8O
/$7(' )520 7+( 1(*$7,9( (;321(17,$/ 5(*5(6O
6,21 (48$7,21 Jg4P SKP k1&5($6,1* &217(17 2)
+80,& 68%67$1&(6 :,7+ ,1&5($6,1* $%6253O
7,21 ,1 7+( %/8( :$9(/(1*7+ 5$1*(:,// 5('8&(
7+( 7567 /2&$/ 0,1,080P y,7+ 7+( %$6( /,1(
77 72 7+,6 /2:(5 7567 0,1,080 7+( ,1&/8'('
$5($ 72 %( &$/&8/$7(' :,// ,1&5($6( $1' 7+(5(O
)25( $/62 7+( 63(&75$/ &2(5,&,(17P f,5(5(17
:$7(5 7<3(6 :28/' 21/< 1((' $ 63(&,$/ $'$3O
7,21 2) 7+( 5(*5(66,21 3$5$0(7(56P
v+( 0($1 67$1'$5' (5525 )25 7+,6 5(*5(6O

6,21 ,6 RPZY0 )25 $// 5(&25'(' /$.(6P v+(
025( (87523+,& /$.(6 J(P*P /$.(d5$0,1K :,7+
/2: u(&&+, ',6& '(37+6 7+86 $5( 3529,'('
:,7+ $ +,*+(5 3(5&(17$*( (5525 7+$1 &/($5
/$.(6P
v+,6 $/*25,7+0 )25 7+( '(7(50,1$7,21 2)

u(&&+, ',6& '(37+ )520 5(9(&7$1&( '$7$ :$6
$'$37(' 72 7+( S[ &$6, %$1'6 $1' ,03/(0(1O
7(' ,172 7+( gpxk 62)7:$5( Je5($62 S[[YK
72 %( $33/,(' 72 63$7,$/ +<3(563(&75$/ &$6,
'$7$P v+( tT ,6 7+(1 5('8&(' 72 RPYS $1'
7+( 0($1 67$1'$5' (5525 ,6 SPTX0P
h,*P W 35(6(176 7+( 5(68/76 )25 u(&&+, ',6&

'(37+ )520 7+( &$6, '$7$ 6(76P u(&&+, ',6&
'(37+ ,6 68%',9,'(' ,172 6,; &/$66(6 )520
.S0 72 /W0P n$.( d5$0,1 J7(/' 0($6O
85(0(17\ RPW0K +$6 $/:$<6 %((1 81'(5(67,O

0$7(' %< )$5 :,7+ $%287 RPRU0P e216,'(5O
,1* 7+( 0($1 67$1'$5' (5525 2) RPZY0N $
',9,6,21 ,172 &/$66(6 2) S0 67(36 6((06 $3O
35235,$7( $1' 5(68/76 ,1 7+( )2//2:,1* &/$6O
6,7&$7,21 2) /$.(6P v+( /$.(6|(&+/,1 JTPZ0KN
i5,(1(5,&. JSPT0KN t+(,16%(5* JSPU0KN $1'
u&+/$%251 JSPU0K :(5( 9(5< :(// (67,0$7('P
n$.(y800N (9(1 7+28*+ 3$57/< ,1 7+( *5($7O
(67 $1' 0267 2/,*27523+,& u(&&+, ',6& '(37+
&/$66N 0,*+7 %( 0$,1/< 81'(5(67,0$7('P v+(
0($685(' u(&&+, ',6& '(37+ $7 7+$7 '$7( :$6
YPW0] 7+(5()25( $ *(1(5$/ '(&5($6( %(/2: $
9$/8( 2) W0 ,1 7+( 0$,1 %$6,1 ,6 +$5' 72
$6680(P v+( $5($6 ,1 /$.( y800 :,7+ &$/O
&8/$7(' u(&&+, ',6& '(37+6 /(66 7+$1 V0 &$1
%( $66,*1(' 72 6+$//2: :$7(5 '(37+6 :+(5(
7+( %27720 /,0,76 7+( 0($685(0(17 2) 7+(
u(&&+, ',6& '(37+P

b(,/2/0(9,,L!

e+/2523+<//O$ 6+2:6 7:2 ',$*1267,& $%O
62537,21 %$1'6 $7 VUW 10 $1' XYZ 10P v+(
5(9(&7$1&( 3($. $5281' YRR 10 ,6 5(3257('
72 &255(/$7( ,1 ,76 +(,*+7 :,7+ &+/2523+<//O$
&217(17 Ji,7(/621 S[[TN i,7(/621 S[[UN
f(..(5 S[[UKP c 5$7,2 %(7:((1 7+( 5(9(&7O
$1&( 3($. $1' 7+( 5(' $%62537,21 +$6 $/O
5($'< %((1 352326(' %< o,77(1=:(< (7 $/P
JS[ZZK $1'i,7(/621 JS[[TKPf(..(5 JS[[UK
02',7(' 7+,6 5$7,2 72 YRW 10BXYW10P v+,6
5(/$7,216+,3 :$6 $33/,(' +(5( 72 '(5,9( &+/2O
523+<//O$ &217(17 JejnK )520 7+( ,1 6,78 5(O
9(&7$1&( '$7$ J6(( g4P TKP v+( :$9(/(1*7+6
86(' &255(6321' 72 7+( 0267 )5(48(17 0$O
;,080 $1' 0,1,080 :,7+,1 7+( 0($685('
7(/' 63(&75$P

ejn32WTP[S1YUPW[ 6 t$7,2
LYRW10BXYZ 10b Jg4P TK

h,*P X *,9(6 7+( /,1($5 5(/$7,21 2) &+/252O
3+<//O$ &21&(175$7,21 72 7+( 5$7,2 LYRW 10B
XYZ 10bP v+( $'',7,21$/ ,198(1&( 2) 5(686O
3(1'(' 0$77(5 ,1 7+( 025( 785%,' :$7(56
&28/' 7+(5()25( %( (;&/8'('\ 7+( 63(&75$/ 5$O
7,2 :28/' +$9( %((1 5('8&(' 6,1&( 6863(1'O
(' 0,1(5$/6 ,1&5($6( 7+( 237,&$/ 6,*1$/
5$7+(5 025( ,1 7+( &+/2523+<//O$ $%62537,21
%$1' $7 XYZ 10 7+$1 $7 7+( 3($. 1($5
YRW 10P v+86 ,1 7+( &$6( 2) $'',7,21$/ 0,O
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e)'M UY k).%!2 2%'2%33)/. "%47%%. 30%#42!, 2!4)/
#!,#5,!4%$ &2/- &)%,$ 30%#42! !.$ #(,/2/0(9,,L!
!3 !.!,93%$ &2/- &)%,$ 3!-0,%3M

1(5$/ 6863(16,21N &+/2523+<//O$ 5(*5(66,21
:28/' 127 +$9( %((1 /,1($5P
v+( 0($1 67$1'$5' (5525 )25 35(',&7('

ejn ,6 $%287 SR ]*B/ JtT3RPZYKP v+(5(O
)25(N 21/< /2: &21&(175$7,216 6+2: $ +,*+
3(5&(17$*( (5525 $1' $5( 2)7(1 29(5(67,0$7O
(' %< 7+,6 $/*25,7+0P
v+( $/*25,7+0 :$6 75$16)(55(' 72 &$6,

%$1'6 SX JYRV 10AYSR 10K $1' SS JXYW 10A
XZS 10KN 7+(5(%< &+$1*,1* 6/,*+7/< 7+( &(1O
75( ',67$1&( 722WVP[V $1' 7+( *5$',(17 )$&O
725 72 YWPXUP v+( tT '(&5($6(6 6/,*+7/< 72
RPZXN $1' 7+( 0($1 67$1'$5' (5525 ,1&5($6(6
72 SSPR ]*B/P
v+( /$.(6 y800N |(&+/,1N $1' |227=(1

6+2: /2: &+/2523+<//O$ &217(176 $6 +$6 $/62
%((1 9(5,7(' '85,1* 7+( 7(/' 5(6($5&+
Jh,*P YKP q1/< /$.(y800 (;&(('6 7+( 0($1
67$1'$5' (5525 6,*1,7&$17/< :,7+ '(5,9('
SY]*B/ &203$5(' 72 T ]*B/ $60($685('P v+,6
)$&7 0$< %( (;3/$,1(' %< 7+( 86(' :$9(O
/(1*7+ 5$1*( )25 7+( 5(9(&7$1&( 5$7,2\ $7 /2:
&+/2523+<// &21&(175$7,216 7+( 5(9(&7$1&(
3($. ,6 6+,)7(' 025( 72:$5'6 6+257(5 :$9(O
/(1*7+6 $1' 62 7+( :$7(5 $%62537,21 683(5O
,0326(6 7+( 5(9(&7$1&( 3($.Pv+,60$.(6 7+(
5(9(&7$1&( 5$7,2 /(66 6(16,7,9( $7 /2: &+/252O
3+<// &21&(175$7,216P n$.( d5$0,1 +$6 7+(
+,*+7(67 &+/2523+<//O$ &217(176 *5($7(5 7+$1
XR]*B/P g9(1 7+28*+ 7+( /$.( ,6 9(5< 6+$/O
/2:N $ &203$5,621 %(7:((1 &+/2523+<//O$
',675,%87,21 $1':$7(5 '(37+ 6+2:(' 12 &25O
5(/$7,216P c1 ,17(5(67,1* )($785( ,6 7+( ,1O
&5($6,1* &+/2523+<//O$ &217(17 2) 7+( ,17(5O

&211(&7(' /$.(6v,(7=2:N u&+/$%251Nt+(,16O
%(5*N $1' i5,(1(5,&. J/$.(6 SV 72 SY A &20O
3$5( h,*P SK $/21* 7+( ',5(&7,21 2) 92:P c/62
7+( 6287+(51 %$6,1 2) /$.( v,(7=2: 6+2:6 $
0,;785( =21( 2) 7+( 1257+(51 :$7(5 %2'<
$1' 7+( :$7(56 2) /$.( |227=(1 (17(5,1*
)520 7+( :(67(51 &$1$/P

o(9#/#9!.).

r+<&2&<$1,1 $%62537,21 :$6 48$17,7('
86,1* 7+( $%62537,21 '(37+ $7 XTV 10
$*$,167 $ &216758&7(' &217,1880 2) 7+(
63(&7580 $6 ,7 :28/' %( :,7+287 7+( $%625O
%,1* 68%67$1&( Je/$5. H t286+ S[ZVN
f(..(5 S[[UKP v+,6 &217,1880 :$6 $6680O
(' %< 7+( 7851,1* 32,17 :,7+,1 7+( 9$1.
2) 7+( *5((1 3($. $7 W[X 10 $1' %< 7+(
0$;,080 %(7:((1 7+( 3+<&2&<$1,1 $1'
&+/2523+<//O$ $%62537,21 %$1'6 $7 XVT 10P
v+(6( :$9(/(1*7+ 326,7,216 :(5( '(7(5O
0,1(' %< &$/&8/$7,21 2) 7+( 7567 '(5,9$7,9(
$6 7+( 0267 )5(48(17/< 2&&85,1* 21( )25 7+,6
385326( )520 7+( 0($685(' 7(/' 63(&75$P
v+( (48$7,21 )25 7+( $%62537,21 '(37+ 2)
3+<&2&<$1,1 JfreK )281' +(5( ,6 6,0,/$5 72
7+( 21( 86(' %< f(..(5 JS[[UKP

fre3
tLW[X10b1tLXVT10b

T
2tLXTV10b

Jg4P UK

v+,6 $/*25,7+0 :$6 75$16)(55(' 72 7+( &$6,
'$7$ 86,1* %$1'6 Y JWYW 10 72 XSR 10KN [
JXVW 10 72 XYR 10KN $1' Z JXR[ 10 72
XVW 10K Jv+,(0$11 TRRRKP u,1&( 12 ,1 6,78
'$7$ )25 3+<&2&<$1,1 :$6 $9$,/$%/(N 3+<&2O
&<$1,1 &28/' 21/< %( 0$33(' 48$/,7$7,9(/<
Jh,*P Z$KP n$.(6 :,7+ 9(5< /,77/( 25 12 3+<O
&2&<$1,1 &217(17 &2,1&,'( $6 (;3(&7(' :,7+
7+26( 6+2:,1* /2: &+/2523+<//O$ &217(17P
v+( +,*+(67 &217(17 2) 3+<&2&<$1,1 &$1 %(
)281' ,1 /$.( d5$0,1N &255(6321',1* 72
7+( +,*+(67 &+/2523+<//O$ &21&(175$7,216P
q7+(5:,6(N /$.(6 /,.( /$.( u&+0,'7 25 /$.(
f2//*2: :,7+ +,*+ &+/2523+<//O$ &21&(175$O
7,216 '2 127 $*5(( :,7+ +,*+(5 3+<&2&<$1,1
&217(176P
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3 km0

N b)
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53).' !"3/204)/. $%04( &2/- 4(% 4(2%% #!3) &,)'(4 ,).%3M

b!2/4%./)$3

v+26( &$527(12,'6 $%625%,1* $7 VZW 10
&28/' %( 48$17,7(' 86,1* 7+( $%62537,21
'(37+ 81'(51($7+ 7+( &216758&7(' &217,O
1880 %(7:((1 7+( 7851,1* 32,176 $7 VXY 10
$1' WTX 10P u,1&( &$527(12,'6 $%625% $7 ',)O
)(5(17 :$9(/(1*7+6 ,1 7+( 6+257(5 9,6,%/(
:$9(/(1*7+ 5$1*(N 21( 6+28/' +$9( ,1 0,1'
7+$7 7+,6 $3352$&+ 21/< 5(&25'6 3$57 2) 7+,6
*5283 2) 3+<723,*0(176P v+( $%62537,21
'(37+ )25 &$527(12,'6 JfectK ,6 &$/&8/$7('
)2//2:,1* g48$7,21 V Jv+,(0$11 TRRRK\

fect3
tLVXY 10b1tLWTX10b

T
2tLVZW10b Jg4P VK

h250$33,1* &$527(12,'6 48$/,7$7,9(/< )520

7+( &$6, '$7$N 7+( $/*25,7+0 :$6 $33/,(' 72
%$1'6 T JVV[ 10 72 VX[ 10KN V JWSR 10 72
WUT 10KN $1' U JVX[ 10 72 WSR 10KP v+( 5(O
68/76 )25 &$527(12,'6 ',63/$<(' ,1 h,*P Z%
6+2: $ 6,0,/$5 3$77(51 $6 3+<&2&<$1,1 &21O
7(17 :,7+ /2:(67 &217(176 ,1 /$.(6 y800N
|(&+/,1N i,(6(16&+/$*N u&+0,'7N |227=(1N
$1' r>76&+P v+( &217(176 ,1 /$.( d5$0,1
6((0 72 %( +,*+(5 7+$1 7+( 21(6 )25 3+<&2O
&<$1,1 ,1 5(/$7,21 72 7+( 27+(5 /$.(6P k1 /$.(
|(&+/,1 6,0,/$5 3$77(516 )25 &$527(12,'6 $1'
3+<&2&<$1,1 $5( 9,6,%/(N %87 ',5(5 )520 7+(
&+/2523+<//O$ ',675,%87,21 Jh,*P YKP h857+(5N
',5(5(17 3$77(516 $33($5 ,1 /$.(6 |227=(1N
u&+/$%251Nt+(,16%(5*N $1'i5,(1(5,&.:+(1
&203$5,1* h,*6P Z$ $1' %P v+,6 ,6 $1 ,1',O
&$725 7+$7 ',5(5(17 $/*$/ 63(&,(6 2&&85 :,7+O
,1 7+( 7(67 $5($P

RSO o(/4/'2!--%42)% 6 e%2.%2+5.$5.' 6 f%/).&/2-!4)/. T?QOOP



3 km0

N

50 55 60 65 70 75 80TSI

e)'M XY s2/0()# r4!4% h.$%8 !&4%2 b`qkrnm GPXVVH
!3 -%!. !&4%2 r%##() $%04( GsrhrcH !.$ #(,/2/L
0(9,,L! GsrhbgkHM

h.4%202%4!4)/. q%'!2$).' s2/0()#
r4!4%

s2/0()# r4!4% h.$%8 !&4%2 b`qkrnm

v+( 7523+,& 67$7( ,1'(; JvukK )25 /$.(6
Je$5/621 S[YYK <,(/'6 &217,18286 9$/8(6
6&$/(' %(7:((1 R $1' SRR %$6(' (,7+(5 21
u(&&+, ',6& '(37+N &+/2523+<//O$ &21&(175$O
7,21N 25 727$/ 3+263+2586 &217(17P c vuk %(O
7:((1 VR $1' WR &$1 %( $66,*1(' 72 0(62O
7523+,& 67$7(N :+(5($6 9$/8(6 2) 025( 7+$1
ZR &255(6321' 72 +<3(57523+,& &21',7,216P
v+( vuk 3(50,76 7+( &203$5,621 2) 7+( 752O
3+,& 67$7( 2) /$.(6:+(5( 21/< 21( 25 $127+(5
3$5$0(7(5 :$6 0($685('P v+( 7523+,& 67$7(
,1'(; vuk 86,1* u(&&+, ',6& '(37+ JvukufK
,6 &$/&8/$7(' )2//2:,1* g48$7,21 WP c u(&&+,
',6& '(37+ 2) T0 5(68/76 ,1 $ vukuf 2) WRP
v+( vuk 86,1* &+/2523+<//O$ &21&(175$7,216
JvukejnK ,1&/8'(6 $ 5(*5(66,21 %(7:((1 u(&O
&+, ',6& '(37+ $1' &+/2523+<//O$ &217(17
:+(5( 180(5286 0,'/$7,78'( /$.(6 :(5(
&216,'(5(' J6(( g4P XKP v2 *(7 $ vukejn 2)
WR $ &+/2523+<//O$ &217(17 2) YPTW]*B/ ,6
$6680('P

vukuf3SR 6 0X2 /1Lufb

/1 T 1 Jg4P WK

vukuf3SR 6 0X2TPRV2RPXZ /1 Le+/2$b

/1 T 1
Jg4P XK

d27+ u(&&+, ',6& '(37+ $1' &+/2523+<//O$N
$6 48$17,7(' )520 7+( $,5%251( +<3(563(&O
75$/ '$7$N :(5( 86(' $6 ,13876 )25 7+( vukP
t(*$5',1* u(&&+, ',6& '(37+ 7+( 7523+,&
67$7( ,1'(; &28/' %( :(// '(7(50,1(' )25
0(627523+,& /$.(6P v+( (87523+,& /$.( d5$O
0,1 :$6 29(5(67,0$7(' :,7+ 7+,6 0(7+2'P
j2:(9(5N $ (87523+,& /$.( &28/' %( &/$66,O
7(' 9(5< :(// %< 7+( (67,0$7,216 %$6(' 21
&+/2523+<//O$N :+(5($6 7+( 025( &/($5 /$.(6
$5( 7+(1 29(5(67,0$7('P v+,6 &$1 %( (;O
3/$,1(' %< 7+( 0($1 (55256 :+,&+ +$9( $
08&+ +,*+(5 3(5&(17$*( 21 /2: 9$/8(6 5(68/7O
,1* )520 g48$7,216 S $1' TP vukuf ,6 025(
6(16,7,9( $7 /2: u(&&+, ',6& '(37+6N :+,/(
vukejn ,6 025( 6(16,7,9( $7 /2: &+/2523+<//O
$ &217(176P k1 7+,6 &$6(N +,*+ 9$/8(6 2) u(&&+,

',6& '(37+ &255(6321',1* 72 /2: 1875,(17
/$.(6 6+2: 7+( %(67 5(68/76 ,1 7523+,& &/$6O
6,7&$7,21 86,1* 7+( vukP d27+ 0(7+2'6 $5(
&203/(0(17$5< ,1 7+(,5 $&&85$&< Jv+,(O
0$11 H m$8)0$11 S[[ZKP v+(5()25(N 7+(
vukO5(68/76 &$/&8/$7(' )520 u(&&+, ',6&
'(37+ $1' &+/2523+<//O$ +$9( %((1 $9(5$*('
72 7$.( $&&2817 )25 7+( &203/(0(17$5< $&O
&85$&,(6 :,7+,1 2/,*2O $1' (87523+,& :$7(56P
v+86N $ 025( '(7$,/(' ',6&5,0,1$7,21 2) 752O
3+,& 67$7( +$6 %((1 $&+,(9(' Jh,*P [KP k1
&2175$67 72 7+( 0$36 2) &+/2523+<//O$
Jh,*P YK $1' u(&&+, ',6& '(37+ Jh,*P WKN 5(O
63(&7,9(/<N /$.( y800 ,6 ',67,1*8,6+$%/(
)520 /$.( |(&+/,1 $1' /$.( f2//*2: )520
/$.( d5$0,1P v+( 3+(120(121 2) '(&5($6O
,1* :$7(5 48$/,7< $/21* 7+( 5,9(5 t+,1 ,6 $/62
9,6,%/( ,1 7+( 0(5*( 2) vukuf $1' vukejn P
n$.(d5$0,1 ,6 &/$66,7(' $6 +,*+/< (87523+,&
&255(6321',1* 72 ,76 67$7( 2) ,17//,1*P

RSPrM s()%-!.. %4 !,MK v!4%2 p5!,)49 !.$ s2/0()# r4!4% `.!,93)3



3 km0

N

1 oligotrophic

2 mesotrophic

3 eutrophic

4 polytrophic

5 hypertrophic

Trophic state after

Klapper (1992):

e)'M POY s2/0()# 34!4% !&4%2 jk`oodq GPXXQH !3
-%!. &2/- r%##() $%04( !.$ #(,/2/0(9,,L!M

s!"M QY p5!,)49 #,!33%3 !&4%2 jk`oodq GPXXQHM

b2)4%2)! P /,)'/42/0()# Q -%3/42/0()# R %542/0()# S 0/,94(2/0()# T (90%242/0()#

b(,/2/0(9,,L! IX'?,_
G-%!. `02),>r%04%-"%2H

6 R 6PO PO>SO SO>UO = UO

r%##() $%04( I-_ 7 U 7 S 7P 7 OMT A OMT

p5!,)49 b,!33%3 !&4%2 jk`oodq

v+( '(7(50,1$7,21 2) 48$/,7< &/$66(6 $)7(5
m/$33(5 JS[[TK ,6 %$6(' 21 SY ',5(5(17 &5,O
7(5,$ ',9,'(' ,172 2;<*(1( 5$7(N 1875,(17
5$7(N $1' 352'8&7,21 5$7(P q) 7+(6( SY &5,O
7(5,$N &+/2523+<//O$ &217(17 $1' u(&&+, ',6&
'(37+ $5( &216,'(5(' 72 %( 2) 0$-25 ,0325O
7$1&( 6,1&( 7+(< $5( 7+( ($6,(67 72 '(7(50,1(
,1 35$&7,&(P v$%P T 6+2:6 +2: &+/2523+<//O$
&217(17 $1' u(&&+, ',6& '(37+ $5( $66,*1('
72 7+( 48$/,7< &/$66(6P v+( $3352$&+ $)7(5

m/$33(5 :$6 $/62 86(' %< 7+( k167,787( )25
$33/,(' h5(6+ y$7(5 g&2/2*< 72 5$7( 7+(
d5$1'(1%85* /$.(6N 62 7+( 5(027( 6(16,1*
5(68/76 Jh,*P SRK &28/' %( &203$5(' 72 7+(
(;,67,1* '$7$ J6(( v$%P SKP v+( /$.(6 r>76&+
$1' i,(6(16&+/$* $1' 3$57/< /$.( y800
+$9( %((1 5$7(' $6 0(627523+,& Jv+,(0$11
TRRRKP o267 2) 7+( /$.(6 /,.( |(&+/,1N |227O
=(1N $1' r5(%(/2: 7+528*+ i5,(1(5,&. +$9(
%((1 5$1.(' ,1 7+( (87523+,& &/$66N $1' /$.(6
d5$0,1 $1' f2//*2: &$1 %( )281' ,1 7+(
32/<7523+,& &/$66Pq1/< /$.(u&+0,'7 5($&+(6
+<3(57523+,& 67$7( 86,1* 7+,6 '$7$%$6(P
v+(5()25(N 7+( 5$1.,1* '2(6 127 (;$&7/< 77
7+( 21( ,1 v$%P S 6,1&( 7+(5( :(5( 21/< 7:2
3$5$0(7(56 $1' 21( '$7( 72 %( ,1&/8'(' ,1O
67($' 2) $ 0($1 29(5 7+( (17,5( %,2352'8&O
7,9( 3+$6(Pj2:(9(5N (9(1 7+28*+ 7+( &/$66(6
$5( 635($' 29(5 $ /$5*(5 6&$/(N 7+( ,17(51$/
5$1.,1* :,7+ /2:(67 $1' +,*+(67 7523+,&
67$7( ,6 35(6(59('P
d27+ 02'(/6 )25 '(7(50,1$7,21 2) 7523+,&

67$7( *(1(5$//< 6+2: 7+( 6$0( 7(1'(1&< :,7+
7+( /2:(67 5$1.,1* )25 /$.(6y800N i,(6(1O
6&+/$*N $1' r>76&+N $1' :,7+ +,*+(67 )25
/$.(6 d5$0,1N f2//*2:N $1' u&+0,'7P d27+
/$.(6d5$0,1 $1'f2//*2: $5( 5$7(' ,1 08&+
+,*+(5 &/$66(6 86,1* 7+( 5(027( 6(16,1* $1$O
/<6,6 7+$1 :+(1 86,1* ,1 6,78 0($685(0(176P
v+(5()25(N ,7 6+28/' %( &/$5,7(' ,1 )857+(5
08/7,O7(0325$/ (9$/8$7,216 :+(7+(5 7+,6 ,6
'8( 72 $ 81,48( 6($621$/ ,1&,'(17 25 '8( 72
/21*O7(50 &+$1*(6 ,1 :$7(5 48$/,7<P

b/.#,53)/.

v+,6 678'< 35(6(176 0(7+2'6 $1' 5(68/76 )25
7+( $1$/<6,6 2) :$7(5 &2167,78(176 86,1*
+<3(563(&75$/ 7(/' $1' $,5%251( '$7$P v+(
32,17 0($685(0(176 2) 7+( +,*+ 63(&75$/ 5(O
62/87,21 7(/' 63(&7520(7(5 :(5( 86(' 72 6(7
83 7+( $/*25,7+06 )25 $ +<3(563(&75$/ $1$O

RSQ o(/4/'2!--%42)% 6 e%2.%2+5.$5.' 6 f%/).&/2-!4)/. T?QOOP



/<6,6 $1':(5( $/62 86(' )25 $70263+(5,& &25O
5(&7,21 2) 7+( &$6, $6 *5281' 5()(5(1&(P
v+( $,5%251( +<3(563(&75$/ &$6, '$7$ 352O

9,'(6 ,1)250$7,21 21 u(&&+, ',6& '(37+ $1'
&+/2523+<//O$N $1' 7+86 21 7523+,& 67$7(P
v+( u(&&+, ',6& '(37+ $1' &+/2523+<//O$
&217(17 7*85(6 &$/&8/$7(' )520 7+( &$6, '$7$
+$9( $/0267 7+( 6$0( &255(/$7,21 &2(5,O
&,(176 $1' 0($1 67$1'$5' (55256 $6 7+( 7(/'
'$7$N %87 25(5 7+( *5($7 $'9$17$*( 2) $ 6,O
08/7$1(286 63$7,$/ 29(59,(: 2) 180(5286
/$.(6P v+( )857+(5 327(17,$/ 2) +<3(563(&75$/
'$7$ 72 48$17,)< +80,& 68%67$1&(6 ,6 81'(5
,19(67,*$7,21P c6 )25 7+( 3+<723,*0(176N &$O
527(12,'6 $1' 3+<&2&<$1,1N $3352$&+(6 )25
7+(,5 48$17,7&$7,21 86,1* 7+(,5 $%62537,21
%$1'6 +$9( %((1 '(9(/23(' $1' $33/,(' 72
7+( &$6, '$7$P v+( 5(68/76 5(0$,1 48$/,7$7,9(
%(&$86( 2) 7+( /$&. 2) 5()(5(1&( '$7$P j2:O
(9(5N 7+(< $/5($'< *,9( $ ',5(5(7,$7(' 63$7,$/
29(59,(:P k1 7+( 6$0( :$< 7+( 48$17,7&$O
7,21 2) 3+<&2(5<7+5,1 86,1* 7+( $%62537,21
$7 WYR 10 J6(( h,*P TK $/62 6((06 72 %( 326O
6,%/( ,) 35(6(17 ,1 7+( :$7(56P
v+( 5(68/7,1* $/*25,7+06 0$< %( 75$16)(5O

5(' 72 27+(5 /$.( 6<67(06 ,1 p257+(51 i(5O
0$1<P d< 7+( $33/,&$7,21 2) 02'(/6 )25 752O
3+,& 67$7( ,7 &28/' %( 6+2:1 7+$7 0$33,1*
2) 7523+,& 67$7( ,6 3266,%/( 86,1* 5(027( 6(1O
6,1* '$7$P k7 ,6 $1 $'9$17$*(286 722/ 72 683O
3257 7+( 025( ,17(16,9( ,1 6,78 0($685(O
0(176 025( (5(&7,9( 29(5 63$&( $1' 7,0(P

`#+./7,%$'%-%.43

v+( k167,787( )25 $33/,(' h5(6+ y$7(5 g&2O
/2*< ,1 d5$1'(1%85* 6833257(' 86 *5($7/<
:,7+ 7+(,5 (48,30(17N +80$1 32:(5N $1'
/$%25$725< $1$/<6(6P
y( 7+$1. r52)P f5P c1$72/< i,7(/621

$7 lP d/$867(,1 k167,787( )25 f(6(57 t(6($5&+N
k65$(/N )25 +,6 9$/8$%/( ',6&866,216 $1' 7+(
(1&285$*(0(17 72 021,725 6(/(&7(' /$.(6
7+528*+287 21( %,2O352'8&7,9( 6($621P

q%&%2%.#%3

c53NyPN S[[Y\f(5i52M(y8006((P u((1%(5,&+O
7(\ u75$866((N v:(516((N i,(6(16&+/$*6((N y,77O
:(6(( 81' i52M(5 y8006((P A k167,787 )@5 $1O
*(:$1'7( i(:>66(5?.2/2*,( ,1 d5$1'(1%85*

i0%jN ('PN u78',(1 81'c5%(,76%(5,&+7(N r276O
'$0N SX[ATSXP

e$5/621N tPgPN S[YY\ c v523+,& u7$7( k1'(; )25
/$.(6P A n,012/2*< $1' q&($12*5$3+<N TT\
UXSAUX[P

e/$5.N tPpP H t286+N vPnPN S[ZV\ s8$17,7$7,9(
$1$/<6,6 7(&+1,48(6 )25 5(027( 6(16,1* $33/,&$O
7,216P A l2851$/ 2) i(23+<6,&$/ t(6($5&+N Z[
d Y\ XUT[AXUVRP

e21(/N lPgPN i5((1N tPqPN x$1(N iPN d58(**(N
fPlPNc//(<N tPgP He857,66N dPlPN S[ZY\ ckuOT
5$',20(75< $1' $ &203$5,621 2) 0(7+2'6 )25
7+( 5(&29(5< 2) *5281' 5(9(&7$1&(P A r52&(('O
,1*6 2) 7+( U5' cku f$7$ c1$/<6,6 y25.6+23N
lrnN SZAVZP

etgcuqN S[[Y\ v+( g19,5210(17 2) x,68$/,=,1*
k0$*(6 JgpxkK A x(56,21 TPXP

f(..(5N cPiPN S[[U\ f(7(&7,21 2) 237,&$/ :$7(5
48$/,7< 3$5$0(7(56 )25 (87523+,& :$7(56 %< +,*+
5(62/87,21 5(027( 6(16,1*P A f,66(57$7,21 x5,-(
w1,9(56,7(,7N c067(5'$0N TTT 3P

fkp UZ VST A r$57 SXN S[ZX\ v(679(5)$+5(1 0,7
y$66(525*$1,60(1 Ji5833( nK A d(67,0081*
'(6 e+/2523+<//O$Oi(+$/7(6 921 q%(59>&+(1O
:$66(5P

i,7(/621N cPN S[[T\ v+( 3($. 1($5 YRR 10 21
5$',$1&( 63(&75$ 2) $/*$( $1' :$7(5\ 5(/$7,21O
6+,36 2) ,76 0$*1,78'( $1' 326,7,21 :,7+ &+/2O
523+<// &21&(175$7,21P A k17(51$7,21$/ l2851$/
2) t(027( u(16,1*N SU\ UUXYAUUYUP

i,7(/621N cPN S[[U\ c/*25,7+06 )25 5(027( 6(1O
6,1* 2) 3+<723/$1.721 3,*0(176 ,1 ,1/$1' :$O
7(56P A c'9$1&(6 ,1 u3$&( t(6($5&+N SU\ S[YA
TRSP

i81.(/N iP J('PKN S[[V\ d,2,1',.$7,21 ,1 $48$O
7,6&+(1 ~.26<67(0(1P A i867$9 h,6&+(5 x(5/$*N
l(1$N WVR 3P

j>.$1621N nN S[[W\ o2'(/6 72 35(',&7 6(&&+,O
'(37+ ,1 60$// */$&,$/ /$.(6P A c48$7,& u&,(1&(6N
WY\ USAWUP

,75(6N S[[V\ e203$&7 c,5%251( u3(&752*5$3+,&
k0$*(5 J&$6,KP A ,75(6 k167580(176 k1&P

m/$33(5N jPN S[[T\ g87523+,(581* 81' i(:>6O
6(56&+87=P Ai867$9 h,6&+(5 x(5/$*N l(1$N TYY 3P

m5$86&+N jP H |@+/.(N fP J('6PKN S[YV\ f$6
t+(,16%(5*Oh@567(1%(5*(5 u((1*(%,(7P A y(57(
816(5(5 j(,0$7N TWN c.$'(0,( '(5 y,66(1O
6&+$)7(1 '(5 fftN c.$'(0,(Ox(5/$*N d(5/,1N
TVY 3P

o,77(1=:(<N mPOjPN i,7(/621N cPN n23$7&+(1O
.2N cPcPN u8.+258.29N dPnP H x2,*7N vPN
S[ZZ\ k1O6,78 021,725,1* 2) :$7(5 48$/,7< 21
7+( %$6,6 2) 63(&75$/ 5(9(&7$1&(P A k17(51$7,21$/
t(98( *(6P j<'52%,2/2*<N YU\ XSAYTP

t,&+$5'621N nPnPN S[[X\ t(027( 6(16,1* 2) $/*$/
%/220 '<1$0,&6P A d,2u&,(1&(N VX\ V[TAWRSP

RSRrM s()%-!.. %4 !,MK v!4%2 p5!,)49 !.$ s2/0()# r4!4% `.!,93)3



t,&+7(5N tPN S[[X\ c70263+(5,& &255(&7,21 2)
fcku +<3(563(&75$/ ,0$*( '$7$P A e20387(56
H i(26&,(1&(6N TT\ YZWAY[UP

u&+:2(5%(/N lPN S[[U\ g,1)@+581* ,1 ',( n,012O
/2*,(P A wvd i867$9 h,6&+(5 x(5/$*N u7877*$57N
TZVATZZP

u&+:2(5%(/N lPN S[[V\ o(7+2'(1 '(5 j<'52%,2O
/2*,(P u@M:$66(5%,2/2*,(P A wvd i867$9 h,O
6&+(5 x(5/$*N u7877*$57N SVASZP

u7$&.(%5$1'7N yPN g+0.(N iP Ho$1+(1.(N xP
J('6PKN S[[Y\ c7/$6 =85 i(2/2*,( 921 d5$1'(1O
%85* ,0 o$M67$% S \S RRR RRRP A n$1'(6$07
)@5 i(2:,66(16&+$)7(1 81' t2+6725( d5$1O
'(1%85*N m/(,10$&+12:N TXAUSP

v+,(0$11N uPN TRRR\ g5)$6681* 921 y$66(5,1O
+$/766725(1 81' c%/(,781* '(5 v523+,(678)(1
125'%5$1'(1%85*,6&+(5 u((1 0,7 j,/)( 921
h(51(5.81'81*P A f,66(57$7,21N u&,(17,7&
v(&+1,&$/ t(3257 uvtRRBRVN ih| r276'$0N
SSW 3P

v+,(0$11N uP Hm$8)0$11N jPN S[[Z\ u(&&+, ',6&
'(37+ $1' &+/2523+<//O$ '(7(50,1$7,21 86,1*
7(/' 63(&7520(7(5 $1' $,5%251( +<3(563(&75$/
'$7$ ,1 7+(o(&./(1%85* n$.(f,675,&7N i(50$O
1<P A r52&((',1*6 2) 7+( TY7+ k17(51$7,21$/
u<0326,80 21 t(027( u(16,1* 2) g19,521O
0(17N v5206.N p25:$<N ZAST l81(N UTVAUTZP

v+,(0$11N uP Hm$8)0$11N jPN S[[[\ v+( 25,*,1
2) 7+( 5(9(&7$1&( 3($. 1($5 YRR 10 ,1 &+/252O

3+<//O$ /$'(1 :$7(56 A $1 (;3(5,0(17P A r52O
&((',1*6 2) 7+( kictuuI[[Nj$0%85*Ni(50$O
1<N l81( TZ A l8/< TN S[[[N 38%/,6+(' 21 efO
tqoP

x2//(1:(,'(5N tPcPN S[Z[\ i/2%$/ 352%/(06 2)
(87523+,&$7,21 $1' ,76 &21752/P A u<0326,$d,2O
/2*,&$ j81*$5,&$N UZ\ S[AVSP

y(7=(/N tPiPN S[ZU\ n,012/2*<P A u$81'(56 e2/O
/(*( r8%/,6+,1*P r+,/$'(/3+,$N YXX 3P

c16&+5,)7(1 '(5 c8725(1\
f5P 5(5P 1$7P u$%,1( v+,(0$11N fnt q%(53)$)O
)(1+2)(1N k167,787 )@5 o(7+2',. '(5 h(51(5.81O
'81*N i(:>66(5)(51(5.81'81*N r267)$&+ SSSXN
fOZTTUR y(M/,1*N v(/P\ 1V[OZSWUOTZTZVSN h$;\
1V[OZSWUOTZSVVVN (O0$,/\
6$%,1(P7+,(0$11x'/5P'(
r52)P f5P h5,('5,&+ y,(1(.(N n8':,*Oo$;,0,O
/,$16Ow1,9(56,7>7 o@1&+(1N k167,787 )@5 i(2*5$O
3+,(N n8,6(1675P UYN fOZRUUU o@1&+(1N
(O0$,/\ )P:,(1(.(x,**)P*(2P81,O08(1&+(1P'(
r52)Pf5Pj(50$11m$8)0$11Ni(2h256&+81*6O
|(17580r276'$0 Jih|KN r52-(.7%(5(,&+ h(51(5O
.81'81*N v(/(*5$)(1%(5*N SV VYU r276'$0N
(O0$,/\ &+$5/<x*)=O3276'$0P'(

o$186.5,37 (,1*(5(,&+7\ p29(0%(5 TRRR
c1*(1200(1\ f(=(0%(5 TRRR

RSS o(/4/'2!--%42)% 6 e%2.%2+5.$5.' 6 f%/).&/2-!4)/. T?QOOP


