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During the vegetative period of the year 2005 (June—October) we carried out hydrobiological and hy-
drochemical monitoring. of selected ponds inhered in Southern Moravia in relation to different fishe-
Iy issolved oxygen content, pH, conductivity and wa-
ter transparency were ‘monitored dlr:clly attaking place, N-NH,, N-NO,~, N-NO,’, B-PO,5" content
and chlorophyll-a concentration were mcasurcd in hydmchemlca.l labomory Atthe same time, wa-
ter samples for anal of pt of toxin content of cyanobac-
teria were taken. All ponds low w: high values of pH, N-NH,",

P-PO,>" and high chlorophyll a concentration. We detected maximum concentration of 187 pg.| i

rmcmcysuns in ponds dominated by the species Mxmwyxm amgmusa Tmal mlcmuyslm concentra-

limit

tion in water of all ponds wil

(LOD <0125 pg.I). The dominance of cyanabacteriaspeciesshifts from coml 1cspcclally genus Mi-
crocystis) 1 (genu

(genus hmymrhnx,

ia related to mcrcasmgﬁsh stock density.

ponds, fish stock,

Fish ponds rcprcscnl the mos: common type of
stagnan
important role in the hydmlogu:a.l system. The man-
agement of fish stock ponds did not change much
for several hundred years from the middle age until
theend of thenineteenth century. Since the 19505, in-
!:nslf\ca!mn of fish production started, when hmmg
an ion of the fish ponds b
practice. Thus, these new fish farming practices had
an important impact on both the structure and dy-
namics of the aquatic of

destabilizing the fish pond ecosystem (Komérkovs,
1998; Pechar, 2000; Potuzzk et al., 2007).

Heavy blooms of cyanobacteria are largely asso-
ciated to eutrophic or hypertrophic waters. Despite
objections exist concerning the validity of species
indicative of a given trophic level it is evident that
the assembly of species in given sites combining
physical and chemical properties is far from ran-
dom. An important regulatory role in the control
of the biomass and species composition of the algal
is affected by their consumers, i.c. zoo-

higher fish stock densitics, accompaniced by higher

nutrient loads, resulted in increasing trophic status,

ultimately reaching a state of hypertrophy in fish

ponds. The main symptoms of this statcare (hc mas-
of

plankton and fish stock density (Komérkov, 1998;
Masojidek etal,, 2001).

Common carp (Cyprinus carpio L.) is the main culti-
vated fish specics. High abundance of common carp
may pu!enually aﬁcct the primary production and

rial blooms, great fl oxy
tions and pi, and high values of ammenia nitzogen

systems, Com-
mon carp, 2 bottom feeder, might increase the flux of
nutrients from benthic to the pelagial zone of ponds

m
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and thus change the dominant primary producers.
These changes might especially occur in shallow wa-
ter (Parkos etal,, 2003; Rahman et al., 2008).

MATERIALAND METHODS
Monitored fishponds are typical shallow, polymic-
tic and hypertrophic ponds for breeding the com-
mon carp {Cyprinus carpio L) in South Moravia (mean
depth around 1.3 m, bottom containing soft sedi-
ment). Data about ponds area, fish prod and

PH 340i pH meter. Conductivity meter Conmet 1 by
an American company Hanna Instruments was used
to ivity. The f water was
assessed hi disc. Norm ISO d
for the assessment of chlorophyll a content. Ammo-
nianitrogen (N-NH,) were determined by the Nessler
method, nitrites (N-NO,) by the method using N~(1-
naphthyl)-cthylenediamine, nitrates (N-NO,) b;

the method using sodium salicylate, orthophosphate
(P-PO,) by the method using ascorbic acid and am-

GPS localization are presented in the Table I

‘Water samples were taken from the outlet area of
the ponds. Phytoplankton samples were taken into
100-ml plastic bottles from the depth of 0-30 cm by
tube sampler. The samples were fixed with Lugol so-
lution and condensed in ultra-filtering equipment.
The quantity of phytoplankton was assessed in
aBiirker counting chamber.

‘monium A,1981).
Tota_l microcystin concentration was ‘monitored
the July, August
nd k in b: ial bi '*water
C i ins in the

rial bmmass were dctcrmmcd by HPLC (Agilent 1100

systcm, Supcrcosxl ABZ+ Plus C18 column) cauplcd
ray detector. C

mmmcysv.ms in thc water were determined by ELISA

tion of water, pH and temperature) were measured by
2 WTW Oxi 340i dissolved oxygen meter and a WTW

1: Habitat description

de Elisa according to Zeck et al,, 2001) as
prcvmusly described by (Bl4ha and Mar¥slek, 2003).

GPS localization

Pond area Fish i
Pond ha kg. ha? Tatitude longitude
Zémecky 300 100 48°48'35.492'N | 16°48'44.568"E
Hlohovecky 1040 290 48°46'54736'N | 16°47'17379'E
Prostiedni 52.0 394 48°46'53.839'N 16°48'6.649"E.
Nesyt 2897 506 48°46'41914'N | 16°44'32.267'E
Luzicky 240 541 48°50'57.391'N 17°450.428'E
Milynsky 108.0 602 48°47'12.25'N_ | 16°49'19.848'E
Dvorsky 29.8 951 48°51'17.818'N 17°4'20452"E
Vikot 156.1 1434 48°55'37187'N_ | 16°33'47.447'E
Novovesky 1387 1504 48°56'2.992'N | 16°31'44772'E.
RESULTS nobacteria appear (Microcystis acruginosa 10%, Plank-

Values of physical and chemical parameters are
presented in Table IT and II1. All ponds were chara-
cterized by low water transparency, high values of
pH, ammonia nitrogen, orthophosphate and high
chlorophyll a concentration. Differences among va-
lues of pH, temperature, nitrate nitrogen and nitrite
nitrogen were minimal. Values of dissolved oxygen
(fluctuated in great interval) displayed high varia-
bility. Transparency declined in dependence of in-
creasing fish stock density. Conductivity mainly de-
pended on richness of ions in bottom layer and their
released to water column.

Abundance of main cyanobacteria groups mo-
nitored in ponds (June-October) are presented in
the Figure 1. In phytoplankton of Zamecky pond
in 2005 dominated centric diatoms (50%), green al-
gac (40%) and Euglenophyta (10%) during the month
June and July. In August the most abundant groups
were diatoms (60%), green algae (20%) and first cya-

tothrix agardhii 5% and Pseudanabaena limnetica 5%). Tn
September and October diatoms (70%) still domi-
nated, followed by cyanobacteria (Microcystis aeru-
ginosa 10%, Anabaena flos-aquae 5%, Planktothrix agar-
‘dhii and Pseudanabaena limnetica 5%) and green algac

(10%).

In Hlohovecky pond during June and July 2005
the highest abundance of cyanobacteria. (Micro-
cystis aeruginosa 70%, Microcystis ichthyoblabe 20% and
Aphanizomenon flos-aquac 10%) was deteced. During
the month August the most abundant groups were
grccn algzc (70%), d!aloms (10%), Euglmuphym(lo%)

(10%) In September and October Eugl:nophym
{40%), cyanobacteria (Aphanocapsa sp. and Aphano-
thece sp. 30%) and green algae (30%) dominated.

Tn phytoplankton of Prostéednf pond in 2005 green

but there was a certain decrease of abundance during
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the month Junc and July. In August phytoplankton

completely changed, the most abundant group be-

came cyanobacteria (100%), cspcclal]y genus Micro-
ytis. T and b d Eu-

st of phytoplankon ws formee by green algse

Gr:cn algac (55%), especially specics Golenkinia ra-
diata lenkinii 20%,

glenophyta (50%), cyanobactena (Microcystis sp. 40%),
green algac (5%) and Cryptophyta (5%).
In pond Nesyt during June and ]ulyzoos the mosl

Plankothris agardhii 10% and Anabacna flos-aquac 5%)
dominated in pond Dvorsky during June and July
2005. During the month August the most abundant

abundant groups of pl

tonic cyanobacteria (Aphanocapsa sp. and Svachtny.k

tis sp. 75%), green algac (20%) and Cryptophyta (5%).

In August the most abundant groups were piko-
" bacteria ( A Apla-

Cuspidothrix issatschenkoi 15%) and green algac (40%).
In September and October green algae (75%) and cy-
anobacteria (Anabacna sp. m% Planktotris agardiii
10% and

nocapsasp.and Synechocystis sp. 50%) and Cryptop!
(5%). In September and October different kinds of
pikoplanktonic cyanobacteria (95%) and Crypto-
phyta (5%) dominated.

Pikoplanctonic cyanobacteria, mainly genus Sy-
nechocystis (90%), green algac (5%) and diatoms (5%)
dominated in phytoplankton of Luzicky pond in
June and July 2005. In August phytoplankton com-
pletely changed, lhc most abunda.nl group was dlar

of Vrko pond during June and
]uly 2005 green algac mo%) dmoms (20%), cyanobac-
teri: and G (10%)
were the most abundant. In Augusl green algac (50%)
logcthcr with cyanobacteria (Plankiothri agardhii 35%
ining partof

and Cryp-

tophyu (5%). In September and October cyanobac-
teria (Aphanocapsa sp. 50% and Synechocysts sp- w%),

toms (99%),

liatoms (20%)

September and Ocmbcr diatoms (40%), green algac

The most abundant group of phytoplankton in

(30%), ) and Cryptophyta (10%)
ere e momk hmdant

In pond Mlgnsky from Junc to October 2005
the most abundant groups of phytoplankion was

pon:

Planktothrix agardhii (95%) from June to October 2005.

Remaining part of phytoplankton was formed by

other kinds of ﬁlam:nlous cyanobaclena Cuspi-
i (5%).

sp-
nechococeus sp. and Synechocystis sp. 95%). Rcma)nmg

dothrix i and Lim; ix reds

100% +

0%

10%

%

H [
ikoplanctonic S5 coceal b/ i

]

" ) o
heterocyt | 111 i heterocyt

e percentual shares of cyanobacteria in total biomass of phytoplankton

1: Abundance of main cyanobacteria groups monitored in ponds (average values of vegetation season June-October). Ponds
areranged by increasing fish production. (Z - Zdmecky, H - Hlohovecky, P Prostfedni, N - Nesyt, L~ Luzicky, M- Mlyjn-

sky, D~ Doorsky, V- Vrkoc, O - Novovesky)
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Total microcystin content was determined using
the biomass of cyanobacteria at a maximum con-
centration of 3234 pg-g? d.w (Prostfedni pond).
High concentration of microcystins in biomass was

detectable only in ponds with coccal cyanobacteria
(zamecky, Prostfedni, Hlohovecky), where average
concentration was 1269 pg-g” d.w.

IT: Physical in pond: iod (June-October) of the year 2005. (average values +SD, D. 0.~
dissoloed oxygen)

Pond ’IYansE::ncy Cor‘::ls\i\clix’lity oH Tcmpoccraturc D‘.%O.
Zémecky 6745 52301 9.00+0.14 203404 102£10
Hlohovecky 6731 143.8:1.8 8.67+008 19.6409 76+7
Prostiedni 6560 1395409 866025 210:1.8 77:34
Nesyt 35:4 131718 872018 189+14 72410
Luzicky 45211 85.8+19 8554055 206+0.8 10984
Mlgnsky 25:4 1357440 867019 209+20 83427
Dvorsky 25:4 63.6+0.8 9.42:0.08 20510 120+ 13
Vrkot 2315 74014 7.67+028 20140.6 27+10
Novovesky 35:4 95.1£2.1 8174045 201:0.8 74+47

Total water-soluble microcystins in all ponds
with only pikoplanktonic cyanobaclcna (Nesyt,
, Mlynsky) was below detection limit (LOD <
0,125 pg.1". Higher concentrations of microcystin
in water were detected in ponds with filamentous
cyanobacteria and high fish stock density (Dvorsky,
Vrko, Novoveskf). Maximum concentration was
5.6 pg.I! (Novovesky pond); average concentration

in these ponds was 135 pg.1"". The highest concen-
trations of microcystin in water were determined in

onds with coccal cyanobacteria and low fish stock
density (Zamecky, Prostiedni, Hlohovecky). Ma-
ximum concentration was 187 pg.l' (Prostfednf
pond); average concentration in these ponds was
375 pg..

II: G in ponds ive period (June-October) of the year 2005. (average values + SD)
Pond N-NH4 N-NO3 N-NOZ P-PO4 Chlorophylla
mgl! mgl! mgl mgl! pgl
Zimecky 119110 263:0.82 | 00120003 | 012006 12523
Hlohovecky 0.66+0.44 317+270 | 001440003 | 041:023 104258
Prostredni 157£034 2874095 | 00500038 | 0.40£0.09 377+398
Nesyt 133077 2934069 | 0014:0002 | 029:010 138+43
Luzicky 224027 243176 | 01430080 | 0.69+0.06 170+ 89
Mlynsky 1.2540.61 2974167 | 0017:0003 | 0244009 11931
Dvorsky 055044 1.87+1.87 | 00110003 | 0342025 22426
Vikot 096037 3274090 | 00280009 | 0.21£0.09 196+ 67
Novovesky 029001 3004137 | 00150007 | 0.62%011 219431
DISCUSSION Microcystis aeruginosa and several species of Anabaena

In the 1950s and 1960s (average fish production
was 350 kg.ha"!) the densc bloom of Aphanizomenon
flos-aquae was the most frequent type of plankton in
Czech fish ponds during summer (Pechar and Fott,
1991). In the 19705 and 1980s (average fish produc-
tion was 430 kg.ha") A. flos-aquae was replaced by

that form more than 60% of all recorded blooms to-
gether. Till the 1980s Planktothrix agardhii and Lim-
nothrix redekei were rare in fish pond phytoplankton
and no bloom of these species was recorded. During
the last twenty years blooms of P. agardhii and L. re-
dekei have become common in the fish ponds. (Pe-
char, 1995).
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Aphanizomenon flos-aquae formed the dominant
population (at lcast 50%) during summer if the fish
stock was below production of 350 kg-ha™. With an
incrcase of the ish stock, the number of arge ilter
feeders forms of

mainly by different kinds of pikoplanktonic cyano-
bacteria and diatoms. Basic physical and chemical
parameters were relatively stable, mainly small spe-
cies composition of zoop]a.nklon structure. Several
kinds of hano-

algae became dommam, The course of the relation-
ship after the summer fish stock reached 400 kg.ha-1
(Komérkovs, 1998).

During the last decades productivity of fish ponds
in southern Moravia was markedly increased. Hig}
concentration of nutrients, intensive feeding by ce-
reals caused eutrophication indicated by decreased
transparency and increase a concen-

capsa have a potential to produce rn\crccysur‘:}zl’carl
etal.,, 2001). Our results did not show microcystins in
water, total microcystins concentration in water was
bellow detection limit (LOD 0125 pg.1) in all ponds
witha domi b . bacteri

Composition of phytoplankton in ponds with
fish pmducuon from 900 to 1500 kg.ha™! consisted
iaand )

tration. Komérkové (1998) mentioned the relation-
ship between the fish stock and chlorophyll a con-
centration in summer as significant, positive and
linear. Our results did not certify these conclusions
because all monitored ponds had high concentra-
tions of chlorophyll a regardless fish stock density.
Chlorophyll a fluctuated more in ponds with low
fish stock as water transparency.

Composition of phytoplankton in ponds with
fish production from 100 to 400 kg.ha™! was formed
mainly by chlorococcal green algac, diatoms and
coceal cyanobacteria cspcclally genus Mlmnyms

mainly
Ponds with high fish stock density were characteri-
sed by very low transparency and high fluctuations
of dissolved oxygen. Filamentous cyanobacteria,
mainly species Planktothrix agardhii, Limnothrix redekei
and Pseudanabaena limnetica were dominant in turbid
ponds and lakes. The basic mechanism s that cyano-
bacteria are the superior competitors under condi-
tions of low light (Scheffer et al., 1997).
Cyanobacterial species Planktothrix agardhii has
a potential to produce microcystins (Yepremian ct
al., 2007). Our results show the maximum concen-
tration of mlcmcyslms 5.6 g1 The concentrations
s from

physical and chemical pa.ra.mexcxs e relatively fast
and

fish stocks are low, nutrients can remain in waﬁcr, dev
spite being available for phytoplankton (Hrbagek et
al. 1978). Such systems are very sensitive and, unfor-
tunately, not stable for a longer time under natural
conditions (Benndord, 1987).

Genus Microcystis is noted as producer of liver to-
xins especially microcystins. Our results show high
concentration of microcystins in water ponds with

eve
othcr localities in thc Czech Republic (MarSslek et

,2

CONCLUSIONS
n recent years, higher fish stock densities com-
bined with high level of manuring has caused  per-
manent dense phytoplankton bloom. Low grazing
pressure of zooplankton, low light conditions and
h)gh numcm conccmranons arc: suntablc conditions
of The domi-

low fish where Micro-
cystis aeruginosa was dominant. The value of micro-
cystins in Prostfedni pond (187 pg.1"") was the ma-
ximum concentration of 96 ponds and dams in
the Czech Republic in the year 2005. Average values
of microcystins in natural water were 0,88 pg.l"! in
the Czech Republic (Bléhov4 et al., 2007). Monito-
ring of 30 shallow eutrophic or hypertrophic lakes
with dominating cya_nobac(cna Mlm)cyxus in China,

pance of cyanobacteria species shifts from coccal
(espeially genus Mictocystis) to small-colonial piko-
{genus Aph and to
single-filamentous (genus Planktothrix, Limnothri,
Pseudanabaena) cyanobacteria related to increasing
fish stock density.
Toxicity concentrations of cyanobacteria were dif-
f:rcn! among momwrcd ponds. The concentrations
of water were the highest in ponds

showed average
around 0.27 pg.l* and the maximum of 857 pg.I!
(Wu ct al., 2006). Similar values mentioned Kotak et
a1.(1996) from four lakes in Canada.

Composition of phytoplankton in ponds with fish
production from 500 to 700 kg.ha™! was dominated

with low fish production, lower in ponds with high
fish production, and below the detection limit in
ponds with average fish production.

SOUHRN
Sloenf a toxicita sinic rybniki jizni Moravy v zévislosti na intenzité rybatského
hospodafeni

ho obdobi roku 2005 (&

obihal monitoring deviti rybniki jizni Mora-

Béhem P
v Rybnikybyly vybré_nyvzawslosu naintenzité hospuda.rem s ybiproduktod 100do 1500 kg .

Sledova parametry vody (tepl

vody, pH, g kyslik, vo-
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divost, prithlednost, N-NH,, N-NO,”, N-NO,", P-PO,*"), chlorofyl a, koncentraci microcystint aslo-
Zeni fytoplanktonu,
Viechny rybniky byly charakterizovany nizkou prithlednostf, vysokou hodnotou pH, amoniakal-
niho dusiku, fosforetnant a vysokou koncentract hodnot chlorofylu a. Koncentrace rozpusténého
kysliku vyrazné kolisala predeviim u rybniki s nizkou hustotou rybf obssdky, ale nejniz3f hodnoty
nasycens byly zjistoviny u rybnikd s nejvy$si hustotou obsadky ryb. Ostatni sledované parametry ne-
vykazovaly virazngjsi rozdily mezi jednotlivgmi rybniky, mimo hodnot vodivosti, které zavisely pre-
dev3im na obsahu soli v sedimentech dna a piitokové vodé.
Slozent fytoplanktonu jednotlvfeh rybnfkd bylo typicke pro melke hypertrofni nédse s vysokou
zstupci sinic, zelenfch fas a rozsivek. Intenzité ryb4f-

ského hospodafeni odpovidalo i druhové slozent sinic. Sinice rybnikd s nizkou hus-
totou rybi obsadky byly zastoupeny prcvizné kokalnimi druhy sinic rodu Microeysis, u ktergch byly
zjisfovény inejvySithodn Maximélni

byla18,7 pg.1! F nik). hanoth

hlavni dominantou rybmkl‘l se stiedni huslcmu 1ybi obsédky, u téchto populac sinic nebyla zjisté-
natoxcita, koncentrace microcystind byla pod detekénfm limitem (LOD < 0,125 pg.1). V rybnicich
s nejvy3sf hustotou rybf obssdk lsknité sinice Limnothri
které jsou adaptovény na zxvo( v prostfedi s mzkou svétc]nou intenzitou. V |échto populacich sinic
jsme detekovali riizné iirovné k sak nizich hodnot nez u ko-
kilnich sinic rodu Microcystis. Maximalnf zji§téns. oncentrace rozpusténého microcystinu ve vodé
byla 5,6 pg.1" (Novovesky rybnik).

sinice, rybniky, microcystin

This work was supported by the National Agency for Agricultural Research (QH71015) and by the Re-
scarch Project of the Ministry of Education, Youth and Sports of the Czech Republic ,Vetcrinary as-
pects of food safety and quality(MSM 6215712402). Help of Centre for Cyanobacteria and their To-

xins with analyses of microcystins is appreciated.

REFERENCES

APHA,
of water and wastewater (15 edn) American pub-
lic Health Association Inc., Washington D.C.

BENNDORE, J, 1987: Food web manipulation with-
out nutrient control: A useful strategy in lake res-
toration? Schuweiz. Z. Hydrol. 49: 379-387

BLAHA, L., MARSALEK, B., 2003: Contamination
of drinking water in the Czech Republic by micro-
cystins. Arch Hydrobiol 158: 421-429.

BLAHOVA, L., BABICA, P, ADAMOVSKY, O,
KOHOUTEK, ], MARSALEK, B., BLAHA, L., in
press: Analyses of cyanobacterial toxins (micro-
cystins, cylindrospermopsin) in the reservoirs
of the Czech Republic and cvaluation of health
risks. Environ. Chem. Lett. Online first: DOI 10,1007/
510311-007-0126-x

HRBACEK, ], DESORTOVA, B., POPOVSKY, J,
1978: The influence of the fishstock on the phos-
phorus-chlorophyll ratio. Verh. Int. Ver: Limnol. 20:
1624-1628

1SO 10260, 1992: Water quality - Mcasurement of
biochemical parametcrs - Spectrometric deter-

Int.

centration in phytoplankton of cu(mp]nc lakes.
Can. ] Fish. Aquat. Sci. 57: 1584-15

MARSALEK, B, BLAHA, L., TURANEK] NECA,],
2001: Microcystin-LR and total microcystins in
cyanobacterial blooms in the Czech Republic
1993-2000. Cyanotoxins - Occurrence, Causes,
Consequences (ISBN 3-540-64999-9). I. Chorus.
Spnn§cr ~Verlag Berlin, Germany, e 56-62

MASOJIDEK, ], PECHAR, L., KOBLIZEK, M., ADA-
MEC, L, KOMENDA, J, 2001: Affinity of sutface
phyloplank(on populations to high irradiance in
hypertrophic fish ponds: implications of the com-
petition between chlorococcal and cyanobacteria.
Nova Hedwigia 123: 255-273

PARKOS, . J, SANTUCCI, J. V,, WAHL, H. D, 2003:
Effects of adult common carp (Cyprinus carpio) on
multiple trophic levels in shallow mesocosms.
Can. ] Fish Aquat. Sci. 60:182-192

PEARL, H. W, FULTON, R., MOISANDER, P. H,
DYBLE, J,,2001: Harmful freshwater algal blooms,
with an enphasis on cyanobacteria. The Scientific
World. 1: 76-113

PECHAR, L., 1995: Long-term changes in fish pond

mination of the
Org. Standard. Geneva 1* edn 1992, 6 p)

KOMARKOVA, J,, 1998: Fish stock as avanab]e mo-
difying trophic pattern of phytoplankton. Hydro-
biologia 369/370:139-152

KOTAK, G. B, LAM, Y. K., A, PREPAS, E. E,
HRUDEY, E. S., 2000: Role of chemical and phy-
sical variables in regulating microcystins-LR con-

asan ccosystem experi-
ment: Importance of zooplankton structure, nu-
trients and light for species composition of eyano-
bacterial blooms. Wat. Sci. Tech., 32, 4: 187-196

PECHAR, L., 2000: Impacts of long-term changes
in fishery management on the trophic level water
quality in Czech fish ponds. Fisheries management
and Ecology, 7:23-31



Diversity and toxin content of cyanobacteria in fish ponds (South Moravia, Czech Republic)

n7

PECHAR, L., FOTT, J, 1991: On the

in shallow, turbid

of Aphanizomenon flos-aquae var. flos-aguae in fish
ponds. Int. Revue ges. Hydrobiol,, 76, 1: 57-66

POTUZAK, J, HUDA, J, PECHAR, L., 2007: Chan-
ges infish production effectivity in eutrophic fish-
ponds-impact of zooplankton structure. Aquacult.
Int. 15:201-210

RAHMAN, M,, M., VERDEGEM, M., NAGELKER-
KE, L, WAHAB, A., M., MILSTEIN, A., VER-
RETH, 1, 2008: Effccts of common carp Cyprinus
carpio (L.) and feed addition in rohu Labeo rohita
(Hamilton) ponds on nutrient pamuomng among
fish, plankton and benthos. esearch,

of il bacteri
lakes. Ecology, 78, 1:272-282

WU,S.K, LIANG, D. G, WANG, S. B, LIANG, X. M.
2006: Relationships between microcystins and en-
vironmental parameters in 30 subtropical shallow
lakes along the Yangtze River, China. Freshuwater Bi-
ology 51:2309-2319

YEPREMIAN, C.,, GUGGER, M. F, BRIAND, E,,

BERGER, C., QUIBLIER, C., BER—

NARD, C, 2007: Microcystin ccotypes in a peren-

nial Planktothrix aghardii bloom. Water Research 41:

56
ZECK, A, EIKENBERG, A., WELLER, M. G, NIESS-

39:85-95
SCHEFFER, M., RINALDI, S, GRAGNANI, A,
MUR, L. R,, NES, E. H., 1997: On the dominance

NER, R., 2001: ,Highly sensitive immunoassay
based on a monoclonal antibody specific for [4-ar-
ginine]microcystins.* Analytica Chimica Acta 441:
113

Address
Ing. Radovan Kopp, Ph.D,, Ing. Andrea Zikovd, Doc D( Ing Jan Mares, Ustav zuo]og!c, rybéfstvi, hy-

ita v Brn 1,61300 Brno,

véelafstvi,

cj ch to; iuy

Gstav Akad

icvéd; RECETOX,

Ceskarepublika, Centrum p

a
Masarykova univerzita), Kamcmcc 3,625 00 Blmo, Ceska rcpuhllka, e-mail: iccla@sezmm cz, andrea.
zikova@seznam.cz, mares@mendelu.cz, Doc. MVDr. Stanislav Navratil, CSc., MVDr. Miroslava Paliko-
v4, Ph.D,, Ustav veterinrni ekologie a ochrany zivotniho prostfed, Veterindrni a farmaccutick4 uni-
verzita Bmu, Palackého 1-3, 612 42 Brno, Ceska. rcpub ika, ¢-mail: navratils@viu.cz, palikovam@viu.

¢z, Mgr. Ondiej Ad kg, Centrum p

]c]lch toxiny (Botanicky tistav Akademie véd;

RECETOX, Masarykovaumvcrzlla),l(amcnice 3,62500 Brno, Ceské republika, e-mail: ondrej.adamov-

sky@centrum.cz



	akopp1.pdf
	akopp2
	akopp3
	akopp4
	akopp5
	akopp6
	akopp7

