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Test of Potential Adaptation of Local Isolates of Blue Green Algae and its
Effects on Cellular Constituents

Yousef J. Al-shaherii Hiba K. Saeed
Department of Biology/College of Education/ Department of Biology/ College of Science/
University of Mosul University of Mosul
ABSTRACT

In this study, pure isolates of blue green algae (Oscillatoria limnitica , Nostoc muscorum and
Anabaena helicoidea) were obtained from alocal environment in Nineveh province (AL-Shlalat and
AL-Hamdania regions). The effect of different concentrations of heavy metals on growth and
number of cellular constituents were studied for the locally isolated blue green algae. The results
showed that the best growth was achieved when not adding heavy metals to the medium and
reduction of growth and cellular constituents were noticed with continuous addition of each heavy
metal to the medium although the isolates were able to grow and survive under relatively high
concentrations of heavy metals. The daily growth rate reached (0.122, 0.330, 0.510)as an optical
density and biomass (223, 300, 900mg/l), chlorophyll content (22.32, 60, 60.15 mg/l), protein
content(79, 152, 7Amg/l), carbohydrate content (101, 72, 330mg/l) and final pH reached (7.7, 7.80,
7.90) for O. limnitica, N. muscorum and A. helicoidea isolates respectively after fifteen days of
incubation when iron was used at concentration (2.37%) in the form of iron chloride, and it was
noticed that the growth of N. muscorum was more stimulated when iron was used at concentration
(0.71%) while growth of O. limnitica isolate was stimulated at concentration (0.23%) related to
control treatment.

It was found that the growth reached to( 0.990,0.870,0.350) as an optical density, biomass
(910, 905, 700 mg/l), chlorophyll content (21.15, 42.09, 31.56 mg/l), protein content (73, 70, 70
mg/l), carbohydrate content (133, 132, 160 mg/l) and final pH reached (8.20, 7.90, 7.80) for O.
limnitica , N. muscorum and A. helicoidea respectively. When copper was used at concentration
(3.72%) in the form of copper chloride it was found that the growth of (O. limnitica and
N.muscorum) were more adapted when copper was added to the medium at concentration (0.74%)
compared with control treatment. Also noticed that the growth rate reached to (0.101, 0.71, 0.330)
as an optical density, weight of biomass (260, 400, 270mg/l), chlorophyll content (10, 10.12, 42.32
mg/l) protein content (67, 46, 47mg/l) carbohydrate content (71, 210, 130mg/l) and final pH (7.30,
7.7, 7.80) for O. limnitica , N. muscorum and A. helicoidea cultures respectively at (2.46%) in the
form of nickel chloride.Also it was noticed that the reduction of growth and cellular constituents of
the studied algae when nicke and cobalt used at concentration (6.12,4.5%) respectively as compared
with control treatment.

Keywords: Heavey metal, Blue green algae, contentsof protein, carbohydrate, chlorophyll.
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(0.015) | (0.014) | (0.06) (0.10) (0.12) (0.06) limnetica
(0.06) 152 200 290 300 292 260 242 N (gl s giaall
(0.2) (0.01) | (0.55) | (0.09) | (0.05) [ (0.007) | muscorum A aila
(0.8) 71 98 120 130 139 162 181 A
(0.034) | (0.01) | (0.006) | (0.09) | (0.042) | (0.007) | helicoidea
(0.06) 101 188 268 360 507 535 540 o,
(0.091) | (0.03) | (0.007) | (0.10) | (0.003) | (0.007) | ‘jimnetica
(0.06) 72 100 125 132 189 288 390 N. LBl (g giaal)
(0.01) | (0.03) | (0.002) | (0.00) | (0.003) | (0.55) | muscorum Alfarls

(0.005) 330 485 595 637 775 784 927 A
(0.01) | (0.03) | (0.002) | (0.11) | (0.03) | (0.55) | helicoidea

@lmall Gyl i gl s i) Ll el e O Jana b A JS
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illaall 22y O.limnetica Ll Ja O.limnetica

illadll 22y N.muscorum dlalaall J& N.muscorum

ilaleall 20 A helicoidea Ll 8 Ahelicoidea

(K40 Sl 558) audanil) (1 agy pis Auad 2y A jaall qulladal) o (%2.37) JuSsi waad) il 24 Jei)
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A laal) ciall Aplal) el igall (lanyy gall) o (ulaldl) jaie e Adlide )3 il
:A. helicoidea , N. muscorum , O. limnetica
il 3618 e %o 1.12) 385 xie Nomuscorum sl (1.520) Gisd sas Juadl o (2) Jsaall b ilial) iy
& sl dilsa) axe xie AL helicoidea dyt 1.190 <ilS (s 3 %0.74 385 ve O. limnetica ! (1.430) 5
(2) Jsanll o Lo Jan gl tang Jawgl) Y Gulatll 5855 505 v Japey (alis) o Jagale JSio sl Sy () Jassl
se Jal e O. limnetica, N.muscorume,ibiall (/,1a1618¢1492) ol Jlef cilaws s dysall AKSI (uld vic
cosladll (e eyl Jaugll g3 wie A, helicoidea byl jil/aile 1092 cilas cpa 3 %0.74 385
0. limnetica oiliall (8.73 ¢9.09) s Algdll Jimgyailedl (Ul el o (2) Jsaall b Jas gl
<le 2ie A helicoidea dljl 9.12 cilaw gpaa o8 (ulaill 03368 (40 %0.74 5850 2ie gl AeN.muscorum
ol b Gulail) 553 80l ae AL Jledl) Juagoaled) G T e dan gl e alaill
ol a3y 10 %1.12 5.€50) aie N.muscorum sl (,il/pale 102.95) 385 el Jas g )50 gsindl)
fags gl e (uladll Gl st ety Jsall e A helicoidea« O.limnetica oyl (,3/aike 97.14 <118.89) 5
Laiige OIS i) (ssimal) of haasiondl Calladall pealy Tausll (8 Gulatll 3858005 e JLig ol (gginll & aliaV)
O.limnetica ¢palalall Jsill Ao (jil/aale 181 ¢201) Jas %0.37 5850 xie N.muscorum calaall (jil/azlal 58)
Lol & peladl) 585800 e (oA S8 Adis ) (ssinall paidd) & o3l danll (e pulaill Cliss AL helicoidea «
Agyall Glladall gaealds )3l
sl sl e dladall el (al/arke 527¢567:268) il i sy S gotindll o (2) Jsaad) 8 daa sl
e o)) o el Dl (8 Gulail) 5855 805 ae (5haaa sy)lSI) (sstiaall (& (alaat) Tay o5 Gulail) G oo 3 dassl
Dsale JShy sall )i
Dlaiies asall satll Jana oy Alaliiall Aplady) AN ) e A duhal) b Lede Jaastidl oDlef il
sl Kl dxpa syine of Jangd 3 ccalladall odgl LA Jals Ay gl 0l Sl e g paall alladall 4yl 21))
seaie o o o 13as culiall gl S DSy capdl saill e pe gl IS8 Gl hamsnlSly sl (ssinally
oLl Jadl oaglorndl S Tase o ciiag of oSe Al DS e lladall ecal) cllladll e gy ulail
Clladall casal) sail) Jane pa sudlie S50 3l o3l dagll Aleill umgpalell (i) dad s callalall gl illac
oY AplaN e i syile s A5l ulaill iaie of 3 AN duhall b bl A (e aaglle 1ias Al
o Jaad adasdtt A (o Ay pal) cildaall 380 3 il Tapiil) e ulaill jeaie 530 DI e Jleill gl
dalidy Aalaiall ()aY) cluhall e KIS Lhad duhall 238 8 daslll ikl o (Glypinphosphatase s Nitratereductase
LAl A gal) el Sall Giaa (e Layiliy A L@ oalaall Lglaat (o ulladall iaay 3L gy il o lladal)
-(Bishnoi et al.,2004)
3 poladll 585 8 Lt 5lls Al 503 ae Bygeal) lilladlly ALlly paill dphyaind it A paall lladal) )
s =l al) (A Gulall 585 80L) e ae dgpaddl LA a8 50l Cisan pe doa Ay yael) Clladall 16y Jaa )
Sl s L) DAl 5 platal) cdlaysall olay Laadys ¢(5) JSall CUCI2.6H20 e (% 3.72) asdiuss 385 el aa
Ay b i) CDlayall e Alie dypadldl DAY LY ALEN Gobed) M3 AlplE ) g 130s 80 Gl (s Aensidll
o) elaally Ayl il e 2 o alaill lhen ey A8 olad) e e 8B Jes (2006) Sabbagh
Shaall il (e laze yelal Alabaall ciligall 3N Sl G (5xemall anill xie Jaag) Spirulina platensis calall
o] Adla) (Lilfarkel 5 0.5) (oS5 e bame e dge o AN e dnyld Gl dilaagd S clgiasd e
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oabayll dlalaall Gliall 3 lagua il culs Gl gl el (el 3) S5 die WA fany 4 Slwjl

e Aliacaially 4yl eLu.;\J\ O e sedh o g Alalaal) liall 8 Jaa gl LS ¢ alailly Alabaall @l (g0 o gai)oallg
Agsil) LaySlally Ol sSLE sy sedae (o8 lyads dpmlall

i) gssiaal) b oSl (g gtiaall (Aggal) ALK ¢ palll o (uladll clig (e bl Sl a0 2 Jsand)
COmanil) (e Lagy e Al any DAY cNGall am el (g giaally

3.72 1.86 1.49 1.12 0.74 0.37 C0rI1tr0 CUCI.6H,0 ¢ Yo uladll 585
8.20 8.50 8.50 8.80 9.09 9.04 9.02
(015 | (0.04) | (0.02) | (0.013) (0.04) 0.03) | (0.52) 0. limnetica
7.90 8.40 8.50 8.60 8.73 8.70 8.22 E' ’:]‘“Is.co.r(‘j‘m
(0.03) | (0.036) | (0.6) | (0.014) (0.4) (0.007) | (0.036) - helicoldea
7.80 8.04 8.50 8.80 8.99 9.00 9.12
0.03) | (009 | (06 | (0.019 (0.21) (0.007) | (0.036)
0990 | 1200 | 1.220 | 1.267 1.430 1420 | 1.395 -
0.10) | (0.12) | (0.003) | (0.13) (0.02) (0.1) | (0.002) O. limnetica
0870 | 1.188 | 1.264 | 1.520 1.445 1389 | 1.001 abaia) iy b
009 | 01 | (012) | (0.04) (0.01) 0.59) | (0.24) N. muscorum saill
0350 | 0560 | 0.715 | 0.966 0.993 0.997 | 1.190 -
©0.01) | 0.04) | 013) | ©0.04) (0.01) 0.59) | (0.24) A helicoidea
910 1290 1326 1348 1492 1156 992 o limnet
(0.06) | (0.02) | (0.006) | (0.02) (0.012) (0.009) | (0.07) - limnetica .
905 1217 1310 1431 1618 1265 1085 L“"‘j‘
0.06) | (0.09) | (0.05) | (0.008) (0.018) 0.00) | (0.011) N. muscorum Py .
700 900 925 938 988 999 1092 A helicoidea
0.08) | (0.09 | (0.01) | (0.008) (0.018) 0.07) | (0.12) :
2115 | 2814 | 2927 | 37.72 52.15 6544 | 118.89 o, limneti
0.13) | .02 | .07 | (0.016) (0.05) 0.003) | (0.09) - [Imnetica
4209 | 7277 | 8352 | 102.95 100 9859 | 78.10 . i
©.1) | (0.09) | 0.021) | (0.084) (0.054) 0.04) | (0.006) N. muscorum Miﬁ‘ ;ﬁ‘“"
3156 | 5843 | 50.77 | 7042 771 8447 | 97.14 __
0.06) | 009 | (0.02) | (0.007) (0.001) 0.06) | (0.55) A. helicoidea
73 93 95 100 103 171 201 -
(0.004) | (0.01) | (0.007) | (0.05) (0.03) (0.033) | (0.02) O. limnetica
70 131 142 149 156 158 148 i s el
0.01) | 001 | (001 | (0.55) (0.09) (0.008) | (0.007) N. muscorum AN pida
70 99 119 130 131 139 181 .
0.01) | 001 | (001 | (0.021) (0.084) 0.054) | (0.04) A. helicoidea
133 217 218 219 228 237 268 o. li .
0.002) | (0.01) | (0.03) | (0.02) (0.01) 0.05) | (0.09) - limnetica
132 251 263 268 270 280 567 sl
(0.06) | (0.01) | (0.03) | (0.002) (0.00) (0.003) | (0.55) N. muscorum @,Jr ,,im\
160 217 220 220 230 312 527 Fpala
0.05) | (0.01) | 0.03) | (0.002) (0.00) (0.003) | (0.051) A. helicoidea

5l Cal a1 il Gans i) Gy i) Lal el jSa GO Jane o dad JS
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il 22y O limnitica

dlalzdl)l 225 N. muscorum illxddl Jd N. muscorum

ilaleall 223 A helicoidea Ll J& A helicoidea

(K40 LSl 358) chpuanil) Cya agy pitie Lesad ty Ly el qllakal) lo (%3.72) iS5 (uladl) il : 5 gea
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Oscillatoria  Aodaal) cjmall Aglal) ciliglall (hanyy gmalll o Sl gl (e Adlida )3 il
:Anabaena helicoideaNostoc muscorum dimnetica
lakall 4yym) 236SS (1,990 ¢1.290¢0.550) s sall (aliaia] caghal dad el of (3) dsaadl il cuy
Leiw o3 dansll ) JSall dil) aae xie gl e (A, helicoidea« N. muscorum:« O. limnetica) 4wl
vl (& JSall 585 80k) ae (oS IS saill (add)
oo %0.24 3850 xie O, limnetic Ajed (Ji/axle 1116) dxdipe culS dygall AESY o (3) dsaall 3 daa sl
Ll e JSall Qe gl Je A helicoideas N. muscorum oilall (il/aale 996 ¢1115) 5 JSall a6
(3) Usaall s pe Liad s Al o3y Sl 555 30 e g paal) lladall dgunl ABSH i) Lty (253
o omidy gl ly & sl dlalae b (8.65¢ 8.35¢ 8.30) gliny) el daw sl el umgyulell )
100.14 ¢85.49 94.72) leli)) el Jawe L5 sl (ssinall of Jangly angll 8 JSall i) duayyml) daLaY)
Gsimall b (alini) Ll 5 eyl Jangll 1) Sl bl iy ol Lesie g paall dgdadall ciYiall JNsil) e (il/pale
sine U] Bagl (3) sl 4 00 )l ady Lads o3l laull (& JSall 385 80k ae Ly )
sl e (SYarkel 81¢142) ISl apyslS e %0.24 S50 xie O. limnetic yal (Jil/aale 184) (yis
Ll (A JSall 55 30L) ae Aigpall (gginall (mids) 5 gplaadl dllaa 4 Alhelicoideas N.muscorum gl
L=
292¢ 510¢160) sylarad) dlalas 5 Laiipe G Agynd) Zplalall cNall ihams)Sl) gl of Lassls
el Dol 8 ISl 585 Bale pmiasl adl ) s e (L pale
Sl sl A pad) alladal) Al jlade ) jsle IS8 i A dahall 6 Lele Jraniiuall il )
o3¢l of Laagd 3 el 138 (e L Adle 5805 Lebaay gail) (3 bahpaind e a2yl (o 3l il ) ddliad)
5ylaal) Al Liayd Ll el L iled IS Jady ol laged iy o (50 dalipal) 3150 030 Jead 41Sa) llalall
ol ssimall Liadly o3l assll img ylell () pe slial) Aygual) ABQ laias casall sl Jana oy Ayl
Favoero et al., ) <)lals «(Edward, 2006) (sa¥) cluhall (e 53S0 Lgiagd dail) oday Auliall LSl (sl

8 Sala Laaliss) s gl clygiee o ALEN jualiall lud) B3l ) 08 1385 o3l Jansl) ) ISl yeaie
AaeS Galias) ld aqdes (s ) o Ll 4B AiluaSl) 48U ol (LS 235 55l Ayl lly Jads sl Cilygise
o Wl s by gal) aliny) Y (o35 12a dateaal) cilildl oSy 4800 lileal) alidd) S (535 i)Y
28y JSull Lalas AL Galaall 35a50 21355 NOp cagsiv ) NO3 iyl Jiyia) dlee o Jaagd LaS. i al) gsinall
ciis ) sl (alias) (8 iy
Byoa add ) lagall s 850l Gl dyymal) LA (a8 0Ly dagas (6) Sl il <y gkl
e (% 2.46) Jaxinnn 385 (Aol aa (g o)l dasgl) 8 3l 58580l i) as (HOrmogonium)
LU LAy 3 laiall claysall o6 Jasdlyg Jaussl) 6 4als LySosiladl c3e oliy e 0250 e NiClo.6H,0
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vie Agmpds Als (4358 50y56) A langll S5 ) A8y ) samall Calladall e gal o) ASLL LAY 50l
.(Edward, 2006) dsuliall ye 4l Cag hall Clladall o3 e

g s inall iy oS (g pinall (Agal) ALY ¢ gl o S @lip (e Adlida S8l 53L5 03 Jpand)
Cpanil e Lagy e Awad day EMEN Rl Sl sulS (s sinally

2.46 1.23 0.98 074 | 049 | 024 | Control e % JSail) a8
NiCl,.6H,0
7.30 800 | 804 813 | 8.14 | 822 8.30 0. ‘
0.07) | (0.09) | (0.09) | (0.21) | (0.01) | (0.09) | (0.01) limnetica oad)
7.70 790 | 7.99 800 | 803 | 832 8.35 N gl
(0.007) | (0.09) | (0.19) | (0.055) | (0.21) | (0.09) (0.007) muscorum ) g
7.80 800 | 8.06 836 | 839 | 850 8.65 A
(0.205) | (0.09) | (0.21) | (0.26) | (0.21) | (0.016) | (0.03) | helicoidea
0.101 | 0.125 | 0.140 | 0.219 | 0.350 | 0.500 | 0.550 0.
(0.01) | (0.09) | (0.03) | (0.03) | (0.12) | (0.1) (0.16) limnetica L
0.710 | 0.880 | 0.898 | 0.900 | 0.931 | 1.26 1.290 N. ol
(0.03) | (0.09) | (0.12) | (0.10) | (0.14) | (0.03) | (0.12) | muscorum :
0330 | 0.477 | 0541 | 0.755 | 0.764 | 1.226 | 1.990 A saill
(0.03) | (0.65) | (0:008) | (0.10) | (0.03) | (0.006) | (0.06) helicoidea
260 360 510 520 | 580 | 1116 884 0.
(0.12) | (0.09) | (0.07) | (0.09) | (0.01) | (0.06) | (0.01) limnetica s
400 550 698 737 | 835 | 937 1115 N fpal
(0.13) | (0.09) | (0.01) | (0.06) | (0.09) | (0.07) | (0.12) | muscorum g
270 390 415 485 | 616 | 787 996 A AN pile
(0.15) | (0.60) | (0.00) | (0.05) | (0.09) | (0.01) | (0.03) | helicoidea
10 1755 | 30.37 | 4855 | 63.02| 80.83 | 94.72 0.
(0.55) | (0.09) | (0.06) | (0.01) | (0.02) | (0.007) | (0.05) limnetica )
10.12 | 2003 | 24.95 | 26.77 | g0.34 | 4648 | 85.49 N ‘f’“ﬂ
006) | (009) | (0:05) | (012) | gop) | 006) | (055) | muscorum | =
4232 | 69.17 | 7545 | 80.18 | 84.01 | 93.24 | 100.14 A SN pide
(0.01) | (0.09) | (0.26) | (0.004) | (0.01) | (0.003) | (0.55) | helicoidea
67 91 92 102 | 104 | 184 118 0.
(0.007) | (0.01) | (0.05) | (0.09) | (0.01) | (0.55) | (0.21) limnetica sia
46 78 83 85 86 86 142 N g
(0.21) | (0.01) | (0.25) | (0.55) | (0.09) | (0.05) (0.007) muscorum s
47 71 87 89 9% | 139 181 A AN pile
(0.09) | (0.201) | (0.01) | (0.55) | (0.09) | (0.26) | (0.04) | helicoidea
71 98 100 126 | 130 | 144 160 0.
(055) | (0.01) | (0.003) | (0.00) | (0.03) | (0.002) | (0.014) | limnetica
210 330 365 380 | 400 | 460 510 N sl
(0.06) | (0.04) | (0.03) | (0.02) | (0.1) | (0.003) | (0.55) | muscorum | eFUsRsY
130 200 200 220 | 232 287 292 A Spida
(0.06) | (0.00) | (0.03) | (0.002) | (0.00) | (0.003) | (0.06) | helicoidea

@bl byl i s sl (i) Ll Ko DT Jana o8 A S



109 Alae el 4l 5yaal) Hlas)

ikl 22y O. limnetica

ilaleal) 223 O. limnetica Lladd) Ji O. limnetica

ilalaall 223 A, helicoidea illaall J8 A helicoidea
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Oscillatoria  Alaal) c¥jall A lal) ciligSall anyy small) o agraalsl gl (ma Ailida sl yils
:Anabaena helicoideaNostoc muscorum dimnetica

gl Qlladall iy omy 38ESS (1111 €0.360¢1.190) (3-in5 gt Jouiadl of (4) Jsand) 6 ilsal) casyy
e sl (il Lai cdangl) () gaealSl) dilisa) are 2 JIsil) e O.limnetica, N.muscorum, A. helicoidea
Slel a3 g jaal) Clladall 4y gal) ALSH Gl vie (4) Jsaadl  Laaglle 1aag . oyl Jausgll & uaiall 3855505
AN (yyy A s (alaal Baagls Tl e et il sl e call (Lil/aale 943 <992 (1112) ail
oY) e (8.65 8.77 <8.07) Laie (LS lgil) Limspaslel (V15 chagll 8 apadlSU 5 €55 5000) pe dysall
pspadlSl S5 L) pe g WY (8 (mliad] Jaasd o5 gl (e pasedlSl e e I e il ) Jungpalel)
a5 byl Alalee 2ic (3/aike 89.14 <65.46 <102.88) 585 Aef & s )sl ssiaall S5 . )3 Jasssll 8
Gsinall Ll sl e g paall dpdadall 3l aands Jangll 3 aspalSI 58508005 e L5l (sginall jinid
Gsina) Ty o8 sl e 4 yad) alladall (Ll/pale 171 <130 288) sylaradl dlelas 2ie Laiiye (LS il
Nl (3 pale 609:455¢638) il 3 spSH (ssinall Jaaasll 5 gpadl ) 585 8305 g aliANVL iigydl
S5 ) ae il o2 (e S s SI gstiaall i) a5 o)) dal) (s pspeal S by Jsall e A paal)
eV Ll o saeall)

S Jaads saill e Augyaall calladall 206 eld sny ol sl Auhall b lgle Juastid) gl o
I 5 Lae o3l Tl ) i) 38 diLals Bagale (<30 gt 50 e i)l o psmedl€l peaie el dlle
pans el spedlSI o AL A U S A Sl cumspuledl GYls Auliall dygall ABSH Hlaie e Laf S
G oalindl DA e KU Gyl ggiaal adll gailall e s Les Nitrate reductase apif ddls Jiya)
dxiipall 38150 of (Lamaia et al., 2005) <lil Ly «(Surosz and Palinska, 2004) WAl & cafiall s s 53l
daly il lsSall 43S e Bsale J<a 1 ey calladall (aed juadll cilanudld) adaas ) ol aspelSH
Al

Lsll (3 sl jeaie 385 5aL) hain] ae Apeadll WDAN dlad el Casan (7) SN il ek

Wi o dugynal)l Qllabll e dilae go o2l e CACly (e (% 6.12) Jaxivn 385 el aa M5 o)
LG ) ape 1aas il (F s Alentioaall Sl RSLA DA spliall cBlaysall ol Jaadls ddmn 5y5eay
Arunakumara and ) S LS L plaiad) cBlaysall ae d5)lae dgpaddl LAY ) ALED caleal) S
s Ul Clasall ssinay sailly alall jelaall e alialls asadl 56 Jea Legiudn 8 (Xuecheng, 2009
aial Gl Bl e S IS0l WAL )l Jedad) o g Cus BIA a3l jumdll Cilladal
D Aags 51 D oy Ty jtmdl) pemd¥1 Y gt 5 A 3 350 sl (5% dangl) ) o S Y gaaals
LS sl Jaadl) ol) ) gay ciliaall oo b Cha i€l Jis b paliaty) of @iy cun ey el
Ol Aa i (pamadlie ) bl meaaly e JCEN N gl JCaN e WISy LIAN 0S5 o SO
LSl A
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g—“‘?ﬁ)ﬂn sg-aad) ‘C;J.'.‘AJJJ"SJ‘ S s-aad) ‘LJ,.\AJ\ aticy ¢ gadll u.b ﬁ”‘“m‘ QUxi Y 4ani, mS)yd J...\ﬁiﬁ 4 Jgaad)

6.12 306 [ 245 [ 183 [ 122 [ 0.61 [Control [ CACl, o % assetsh 355
7.50 798 | 800 | 800 | 8.00 | 804 | 807 o
003) | (0.21) | (042) | (020) | ©.21) | (0.09) | (0.12) | O limnetica oy
7.5 800 | 800 | 808 | 841 | 867 | 877 EYpI
003) | (005) | (002) | (0.05) | (021) | (0.09) | (0.07) | N-museorum o
7.70 798 | 800 | 801 | 810 | 819 | 865 . ”

A. helicoidea

(0.008) | (0.004) | (0.01) | (0.014) | (0.014) | (0.028) | (0.014)
0301 | 0520 | 0.652 | 0.709 | 0.840 | 0.973 | 1.190
(0.09) | (0.03) | (0.12) | (0.10) | (0.03) | (0.12) | (0.03)
0.122 | 0.230 | 0250 | 0.260 | 0.293 | 0.320 | 0.360
(0.32) | (0.07) | (0.12) | (0.005) | (0.03) | (0.03) | (0.01)

O. limnetica

N. muscorum walaial

0220 | 0.390 | 0.420 | 0.438 | 0.670 | 0.744 | 1.111 A helicoid Saldl
(0.03) | (0.03) | (0.12) | (0.005) | (0.88) | (0.013) | (0.007) | ~+ Nelcordea
333 528 | 860 | 884 | o1z | 970 | 1z | T
. lImnetica
01) | (0.09) | (0.01) | (0.06) | (0.09) | (0.12) | (0.09) fxel
330 790 | 870 | 896 | 900 | 942 992 "
0.02) | (009) | (01) | (0.06) | (0.09) | (0.07) | (0.004) | N-muscorum | &
300 500 502 | 522 652 727 943 o AN pile
A. helicoidea

(0.08) | (0.08) | (0.01) | (0.01) | (0.002) | (0.003) | (0.008)
3212 | 5000 | 53.79 | 64.17 | 7527 97.37 | 102.88

(024) | (0.01) | 0.02) | 0007) | (0.01)| (0.55) | (.oyy | © limnetica i
21 | 3000 | 30.03 | 3185 | g5.31 | 3942 | 6546 .
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