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Abstract. This study of periphyton (periphyton in separafmpes, epilithon and epiphyton) and
phytoplankton (pelagial) assemblage differentiatisas conducted in Lake Jeziorak Maty within an
anthropogenically transformeittoral zone.Analysis was conducteah thedifferences in abundance and
biomass of these assemblages in relationship topthesico-chemical water parameters, species’
similarity, diversity and environmental requirenemtf these assemblages, from April to October of
1997-2003 and in 2009:he periphyton in the pipes and epilithon were fbio be the most similar
assemblagesDespite similar substratum characteristics, changesthe physico-chemical water
parameters, and especially those in,P%) and ClI, were found to affect these assemblatg®&lopment.
This was supported by correlations between theacheristic species and nutrienighile the growth of
epiphyton was mainly related to changes in calciuna nitrogen concentratiophytoplankton depended
more on conductivity, pH and Fe. The presence wérsealgalgroups with different environmental
requirements indicated considerable differentiatioh the studied assemblages resulting from
anthropogenic transformatioof this littoral zone. The installation of separators arldoastone
accumulations in this zone contributed to the @eabf new habitats for periphytic algae whigtilized

the common pool of nutrients. It may therefore handirectly influenced phytoplankton dominated by
cyanobacteria.
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Introduction

The littoral zones of lakes have wide structuraiietst with various dynamics of
ecological processes and are particularly sensitvechanges in environmental
conditions and anthropogenic pressures (Radwah, et98).According to Burchardt
(1998), maximal primary productivity in eutrophicater bodies occurs in the littoral
zone, which also functions as a biofilter, collegtboth water and organisms flowing
down from the catchment. The efficiency of nutriegtention depends on the biological
diversity of littoral habitats. The differentiatiasf the littoral zone in time and space,
i.e. the number of accessible habitats per surtageis of great importance for the
maintenance of species diversity (Reynolds, 19B4pecially in urban lakes this is a
crucial factor, because they are feed by a fasaseirun-off whereas in vegetal cover
areas interception leads to a slmifow. Percolation under natural conditions resutt
a steady but relatively low concentration of nuttsebeing discharged into receiving
waterbodies over time (Guzkowska and Gasse, 19%@).littoral zones of such lakes
can be transformed anthropogenically, which resuoltsew habitats being created for
animals and plants, including periphytic algae.
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Periphyton is composed of communities of plant anitnal organisms overgrowing
submerged surfaces such as stones, macrophytesytiaal substrata (Bohr, 1973;
Szlauer, 1996). Plant periphyton includes bothddogms of algae such as filamentous
and thallus-like chlorophytes and small organismsluding diatoms. Periphyton is
both an important primary producer in littoral zenaf lakes and a food source for
invertebrates. Ecologically, periphyton play an artpnt role in nutrient cycling and
biological productivity in aquatic system, linkimgnumber of bottom-up and top-down
processes. Because of its sedentary nature, p&siplg/a good indicator of quality of
waters and ecological functioning in fresh wat@&shr and Miotk, 1979; Miller, 2000;
Dodds, 2003; Azim et al., 2005).

Particular periphytic algae have specific environtat and physico-chemical
requirementsAccording to Pelechaty and Burchardt (1998), aipaer state of the
natural environment or intensity of environmentattbrs provide conditions for the
occurrence of a given species, characterized Ipeeaifsed range of tolerance to factors
including water temperature and nutrient conceianat Periphyton assemblages
composed of many populations can be limited simelasly not only by nutrient
insufficiency, but also different species can haited by nutrient type. Differing
responses of species to different temperaturecamdnt environments certainly affect
our prediction of periphyton growth as a functiognnaitrients. Not only do different
diatoms respond to nutrients differently, but dis@amentous algae add complexity by
responding to nutrients independently and formingadditional substratum for algal
colonization (Rier and Stevenson, 2006).

In lakes, periphyton inhabiting artificial subsaagubmerged in the pelagial can be
potentially used for removal of phosphorus from wWeger (Jobgen et al., 2004)his
involves a certain type of bio-manipulation. In fiteoral zone of the lake, periphyton
may be able to compete with phytoplankton for muts, and may indirectly reduce the
phytoplankton biomass or bloom frequency via natrremoval from the water column
(Hansson, 1990; Danilov and Ekuland, 2001; Rodaslgl., 2001).

The urban lake of Jeziorak Maty is an example etimophic water body, where the
littoral zone was anthropogenically transformedthg installation of separators, and
also by the accumulation of stones. The objectivéhs paper is to determine the
effects of the anthropogenic transformation oflitieral zone on the differentiation of
periphyton and phytoplankton assemblages in owtystanducted in this lake in 1997 —
2003 and 2005The formulated hypothesstates that this anthropogenic transformation
of the littoral zone by the installation of separatand stone accumulation affects the
differentiation of periphyton and phytoplankton esblages in this lake. Answers to
the following questions were sought to verify thygothesis:

(1) Do quantitative and qualitative seasonal differsnoecur in the periphyton

and phytoplankton assemblages due to environmeoalitions?

(2) Do relationships exist between the periphyton abtzeges and

phytoplankton?

(3) Do differences exist in the environmental requirateeof the periphyton and

phytoplankton assemblages?
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Materials and methods

Study area

Jeziorak Maly is a shallow urban lake with a meaptld of 3.4 m and covering 26 ha
in the Mazurian Lakeland in north-eastern Poldfid.(1). The lake can be recognized
as a model lake. It is a eutrophic lake locatethia moderate zone with typical basin
shape, shallow, and isolated from other water-sodide lake is connected to Lake
Jeziorak Duay by a narrow canal 4m wide and 4m deep. Due tdhihle disproportion
between the surface areas of the lakes (26 hazifiI&, respectively), this connection
constitutes a concrete barrier used for water liengellt is not a factor determining the
mixing of these lakes’ waters.

Outlet to Lake Jeziorak Duzy

JEZIORAK MALY

§ - separators
K5 R

phiytes
P - pelagic zone

Figure 1. Morphometric map of Lake Jeziorak Maty

For many decades, this lake received untreated aipahisewage from the town of
ltawa. Since 1991, however, effluent has beendckat a local waste-water treatment
plant. The activities to improve the lake’s waterlify began in 1997, and they have
been ongoing since that time. These included th®liation of separators for the pre-
treatment of storm water influent, and a fountaisddl water aeration system. The lake
constitutes an outlet for the storm sewer systehmgchwvis common in smaller cities. In
1996 in the lake’s littoral zone, construction coemoed on the Unicon System lamella
separators, and these began operating in the spfid§97. Before then, these pipes
carried untreated storm waters directly into thkelaTheir function is to separate
petroleum compounds and silt and sand from watevdrfg in the separated rainwater
sewerage systenihe efficiency of the separation of petroleum datixe substances
reached 97%, at a nominal discharge of 160.The maximum separator discharge
was 1,600 | 3§, in which only 10% these substances were tres@eatm water pre-
treatment occurs in the catchment of Lake Jezibtaly which has a total area of 70 ha
(PUH EKOL, 1995).The lake shores were partly covered with concreteeimforced
with fascine and most of the bottom wasmposed of stones and gravel. Lake Jeziorak
Maty is therefore an example of a lake with a reedrcoastal zone management system
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comprising approximately 30% macrophytes and 70%cie bank. Phyto-littoral
species there include macrophytes; makiyagmites communi§cirpus lacustrigL.)
Palla, Acorus calamud..,and Glyceria aquatica(L.) Wahlb., while the bottom was
muddy and covered with decomposing plant debris.

Sampling

Periphyton samples were collected monthly from AgriOctober in the years 1997-
2003 and 2005 on the three substrates located dnlittioral zone, together with
phytoplankton from the pelagic zone of lake Jexidviaty; as follows:

1) periphyton from the pipes of separators which dsaamm waters (S);

2) epilithon from the surfaces of stones accumulatetPR7 (K);

3) epiphyton from the leaves éicorus calamus. plants( R);

4) phytoplankton from the 1m euphotic zone in the gielawhere the mean water

transparency in1997-2003 and 2005 registered 0.8®)m

The periphyton was scraped from the pipes, frormistones and from macrophyte
leaves which had previously been cut into 5 cm tlehigThe pipes and stones were
often found to be overgrown witRladophora glomeratglL.) Kutzing filamentous
green algae formed a natural substratum for petiphgigae. The periphyton was
shaken carefully in distilled water to separateaaldrom chlorophyte thalli, and the
residue was scraped from the macrophyte leavesankitife. The samples were rinsed
and preserved using an ethanol and formaldehydei@ol The phytoplankton samples
were collected with a To5-liter plankton sampler from the surface layethe pelagic
zone. These samples were poured through a 30 prh plaskton net, and then
preserved with Lugol's solution and a 4% formaldddnysolution. A total of 124
samples were collected. The basic physical and ida¢émvater parameters were
measured directly at the sampling sites. Herewtier temperature values and oxygen
content (using a HI 9143 oxygen meter), and pH@mtuctivity (using a CONMET 1
conductometer) were obtain@d situ The concentration of nutrients (orthophosphates,
silicon, calcium, total nitrogen and chlorides) waeasured in the laboratory using a
NOVA 400 spectrophotometer.

Analysis

Plant periphyton and phytoplankton were analyzedthis study. The terms
periphyton and phytoplankton concern all prokakydgtiyanobacteria) and eukaryotic
organisms, from which diatoms, chlorophytes, diagéllates, chrysophytes, and
cryptophytes were analyzed. Qualitative and quatntg determinations of planktonic
and periphytic algae were performed with an Alplep¥WS2 optical microscope at
magnifications of 10x, 20x, 40x and 100x. Diatonepgarations followed the standard
procedures described by Battarbee (1979). Algaendéss was calculated for bio-
volume by comparing the algae with their geomeshapes (Rott, 1981). The mean
biomass was calculated for 10 individuals of eatdmkionic and periphytic algae
species. In order to level-out differences in organdensities in the periphyton and
phytoplankton, their numbers in each sample weteraegned in a planktonic chamber
with a capacity of 1 ml in 5000 fields of visionthi20x magnification. The abundance
and biomass of periphyton and phytoplankton wasresged in the identical basic
volume unit of 1ml.The frequencies of occurrence of organisms in gsemblages
were approximately equal throughout the fieldsision for the total 155 taxa identified
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in all samples. This was supported by the analgsisignificance of differences
between frequencies of occurrence of the studisdnalslages (STATISTICA version
8). The conducted analysis demonstratedstatisticallysignificant differences between
these algal assemblages at p > OTotb(e ).

Table 1. Coefficients common for the periphyton and phytoten assemblages in 5000
fields of vision in Lake Maty during 1997-2003 &@D5 (£2bek 2012)

Variable fheenggggorgtg]r EpiI:Ehon Epiplgyton PhytopFI)ankton
oipes (S) (K) (R) (P)

Mean occurrence frequency 5.30 5.19 5.47 5.10
at 155 taxa
Standard deviation 6.63 7.22 7.24 6.72
Level of significance of 0.45 (K) 0.37(R) 0.32 (P)
differences between algal 0.42 (R) 0.45 (P)
assemblages 0.40 (P)
Level of significance for all 0.83
studied assemblages
Coefficients of taxa 31.62 30.96 32.62 30.42
occurrence frequendp”)

All data was analyzed statistically using STATISAIB.0 and Canoco for Windows
4.5. Analysis of variance was performed to theghodd level of p< 0.05 significant
difference between the periphyton (periphyton irpasator pipes, epilithon and
epiphyton) and the phytoplankton (pelagial) assegds in the spring, summer and
autumn season®©ne-way ANOVA'’s with the Tukey test for uneven N swvased to
assess the significance of differences in periphygod phytoplankton assemblages in
these three seasons. Data clustering by the Eadlidiéstance method was used to
determine the differences in the species compositioperiphyton and phytoplankton
assemblages. The periphyton and phytoplankton egediversity was analyzed to
calculate the Shannon-Weaver index (1949). A cambncorrespondence analysis
(CCA) was performed to relate water chemistry \#es to the periphyton and
phytoplankton species’ assemblages occurring inApel to October period. These
relationships were also presented on the tri-ptaply by Canoco for Windows 4.5
software, and they were further confirmed by caltiny Spearman’s rank correlation
coefficient by STATISTICA version 8. Non-parametmethods were used because this
data is not normally distributed. On the basishig tonducted correlation analysis, the
species characteristics of periphyton and phytdtanassemblages were divided into
seven groups in terms of environmental requirements

Results
Seasonal differentiation in periphyton and phytoplankton assemblages

The mean abundance of periphyton in Lake Jezioraky vanged from 39,821 ind.
mli™ for epiphyton to 70,535 ind. fhifor periphyton in the pipes, while the abundance
of phytoplankton in the pelagial recorded 31,27@ imI*. However, the mean biomass
of periphyton was recorded from 0.067 mg'nfbr epiphyton to 0.226 mg lfor
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epilithon and 0.065 mg mifor phytoplankton. The highest mean orthophosphate
concentration was found to be 0.56 mg,F®on the sites with stones, and the lowest
was 0.24 mg PQI™ on the sites with macrophytes. Standard deviatitdsiot exceed
the triple value of arithmetic means, thus indiegtithat the data was statistically
representativeliable 3.

Table2. Means (M) and standard deviations (SD) of periphytmssemblages ( S —
periphyton in separator pipes, K — epilithon, R piphtyton) and phytoplankton (P —
pelagial) and orthophosphate concentrations at ¢heiies in Lake Jeziorak Maly in the
years 1997-2003 and 2005

S (N =54) K (N = 51) R (N = 49) P (N = 30)

M SD M SD M SD M SD
Abundance 70353 | 72115| 65173 5457¢ 39821 42127 31372 33623
(ind. mrt)
Biomass 0.175 | 0.265| 0.226| 0.295 0.067 0158 0.065 0.117
(mg mrY)
Orthophosphates 0.41 0.36 0.56 0.60 0.24 0.25 0.32 0.98
(mg PQ I

In this study, differences in abundance and bioro&geriphyton and phytoplankton
assemblages were also recorded in the Spring, SumndeAutumn seasons. Despite
algal abundance in spring, the differences betwagmndance and biomass of the
studied assemblages in these seasons were highstisally significant Table 3.

Table 3. Level of significance (p < 0.05; ANOVA variationadysis ) of periphyton and
phytoplankton assemblages in the seasons in Lakerdk Maly in the years 1997-2003 and
2005

Spring (April, May) Summer (June, July, | Autumn (September,
August) October)
Abundance 0.073382 0.000136* 0.000718*
Biomass 0.004371* 0.001135* 0.022680*

Although seasonal statistically significant diffieces were not demonstrated in
abundance and biomass within the individual petighy and phytoplankton
assemblages, statistically significant difference®re recorded between these
assemblages for the seasons. The ANOVA shows tpaifisant differences were
recorded for the following factors; (1) in the abdance between periphyton in separator
pipes and epiphyton and phytoplankton in sumrikég. (3A), and between epiphyton,
phytoplankton and periphyton in the separator pgoad epilithon in autumrFig. 4A);

(2) in the biomass between epilithon and epiphyiod phytoplankton in spring and
autumn Fig. 2, 4B and between epiphyton and periphyton in the sgpapipes and
epilithon in summer Kig. 3B). In these periods, the following mean nutrient
concentrations were recorded at the sites; (1ophbsphates from 0.15 mg PC in
autumn to 0.99 mg PO in spring; (2) calcium from 65 mg C@ in autumn to 160 mg
Ca I' in spring; (3) silicon from 0.51 mg St in summer to 3.12 mg St in autumn,
and (4) total nitrogen from 1.6 to 3.7 mg N ih autumn. However, no significant
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differences were found between the periphyton @& dbparator pipes and epilithon in
summer and autumn, at the approximate orthophospénals of 0.34 and 0.31 mg PO
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Figure 2. Differentiation of biomass of periphyton assembéa§®— periphyton in separator
pipes, K — epilithon, R — epiphtyton) and phytogtan (P — pelagial) in spring (Tukey test,
ANOVA) in Lake Jeziorak Maly in the years 1997-2808 2005
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Figure 3. Differentiation of abundance (A) and biomass (Bp&fiphyton assemblages (S —
periphyton in separator pipes, K — epilithon, Rpiplityton) and phytoplankton (P — pelagial)
in summer (Tukey test, ANOVA) in Lake Jeziorak Muetlie years 1997-2003 and 2005
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Figure 4. Differentiation of abundance (A) and biomass (B)pefiphyton assemblages (S —
periphyton in separator pipes, K — epilithon, Rpiphtyton) and phytoplankton (P — pelagial)
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in autumn (Tukey test, ANOVA) in Lake Jeziorak Ntathe years 1997-2003 and 2005

Table 4. Nutrient concentrations (meanstandard deviatioh at the studied sites (S-
separators, K — sites with stones, R — sites wéabraophytes, P — pelagial) in the seasons in

Lake Jeziorak Maty in 997-2003 and 2005

Nutrient Spring (April and May)

S K R P
Orthophosphates (mg RO") 0.45t0.42 0.45t0.48 0.27#0.34 0.99t2.32
Calcium (mg Cal) 120+90 106+73 89+77 80+72
Silicon (mg Si 1) 0.85:1.10 0.74£0.96 0.78t0.92 0.70t0.85
Total nitrogen (mg N'}) 4.3t3.5 2.7+1.6 2.5+1.3 0.5+0.8

Summer (June, July, August)

S K R P
Orthophosphates (mg RO") 0.34t0.40 0.31£0.32 0.18t0.19 0.13t0.15
Calcium (mg Cat) 128124 91+58 68+46 89+58
Silicon (mg Si T 1.0740.94 0.64+0.22 0.51+0.22 1.82t3.04
Total nitrogen (mg N'1) 3.6:2.7 2.31.4 1.740.8 2.2+1.3

Autumn (September and October)

S K R P
Orthophosphates (mg RO") 0.47#0.31 0.98t0.79 0.30t0.23 0.15t0.13
Calcium (mg Cal) 160t122 11A58 145+65 65+38
Silicon (mg Si T 2.76t3.25 1.01+0.40 0.89+0.40 3.12+1.40
Total nitrogen (mg N'1) 2.6+1.3 3.740.5 2.8:1.4 1.6+1.1
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Species analysis of periphyton and phytoplankton assemblages

In this study, species similarity and diversity lelea the comparison of features of
the studied periphyton and phytoplankton assemblafge Euclidean diagram showed
that the greatest species composition similaritys@is of the smallest distance between
the periphyton in separator pipes and epilithoml, #ue least similarity was between the
periphyton in separator pipes and phytoplanktéig.(5). The highest Shannon-Weaver
species diversity index was recorded for epiphyabrd.7346 bit ind* at the taxa
number of 130, and the lowest diversity index warsphytoplankton (2.9962 bit ird)
at 125 taxaKig. 6).

Euclidean distance
55 . .

50 |

iy

40

3B

30

251

20

15

P K R S

Figure 5. Dendrogram of Euclidean distances between periphggsemblages (S — periphyton
in separator pipes, K — epilithon, R — epiphtytan§l phytoplankton (P — pelagial) in Lake
Jeziorak Maty in the years 1997-2003 and 2005
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Figure 6. Species diversity Shannon-Weaver's coefficientpddphyton assemblages (S —
periphyton in separator pipes, K — epilithon, Rpiphityton) and phytoplankton (P — pelagial)
in Lake Jeziorak Maty in the years 1997-2003 and520
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Figure 7. Tri-plots ordination diagram of Canonical Correspience Analysis (CCA) showing
the relationships between periphyton assemblaes periphyton in separator pipes, K —
epilithon, R — epiphtyton) and phytoplankton (Pefagial) and physicochemical water
parametres in the season from April to October (Qir3_ake Jeziorak MatyAca —
Actinastrum aciculare, Ach — Actinastrum hantzsaehiig — Actinastrum gracilimum, Aml —
Amphora libyca, Amo — Amphora ovalis, Amp — Amplipadiculus, Amv — Amphora veneta,
Anc — Anabaena crassa, Ans — Anabaena smithii-Agthanizomenon flos-aquae, Apg —
Aphanizomenon gracile, Asf — Asterinella formosag A Aulacoseira granulata, Auga —
Aulacoseira granulata var. angustissima, Caa — @ale amphisbaena, Chl — Chlamydomonas
spp., Ceh — Ceratium hirundinella, Clp — Closteripronum, Cpd — Cocconeis pediculus, Cpl —
Cocconeis placentula, Coa — Coleastrum astroideDom — Coleastrum microporum, Cos —
Cosmarium sp., Cry — Cryptomonas sp., Cyd — Cyappbstnos dubius, Cyc — Cyclotella comta,
Cyo — Cyclotella ocellata, Cci — Cymbella cistulamc — Cymbella compacta, Cmm — Cymbella
microcephalla, Cms — Cymbella silesiaca, Cmt — Gtlatiumida, Dih — Diatoma hyemalis,
Div — Diatoma vulgaris, Dvl — Diatoma vulgaris vdinearis, Dip — Dictyosphaerium
pulchellum, Din — Dinobryon sp., Dio — Diploneisatig, Epa — Epithema adnata, Ept —
Epithema turgida, Eud — Eudorina sp., Eua — Euglaocas, Euv — Euglena viridis, Fac —
Fragilaria acus, Fab — Fragilaria biceps, Fca — Fg#aria capucina, Fcr — Fragilaria
crotonensis, Fde — Fragilaria delicatissima, FiInfrragilaria leptostauron var. martyi, Ful —
Fragilaria ulna, Gor — Golenkinia radiata, Gls — Gmkiniopsis sp., Gac — Gomphonema
acuminatum, Gau — Gomphonema augur, Glu — Gomphahamgilatiforme, Gol —
Gomphonema olivaceum, Gpa — Gomphonema parvulum; Gdmphonema truncatum, Gsp —
Gomphonema spp., Gon — Gomphosphaeria naegeligffa; Gymnodinium fuscum, Haa —
Hantzschia amphioxys, Kls — Klebsormidium subila) — Koliella bernina, Koe — Koliella
elongata, Kol — Koliella longiseta, Kon — Kolielfévalis, Kot — Koliella tenuis, Kov — Koliella
variabilis, Kmv — Komvophoron schmidlei, Lir — Liathrix redekei, Lyh — Lyngbya
hieronymussii, Mal — Mallomonas sp., Mva — Melosiaaians, Meg — Merismopedia glauca,
Mip — Micratinium pusillum, Mig — Micratinium quaigetum, Mia — Microcystis aeruginosa,
Mch — Microcystis ichtyoblabe, Mis — Microcystisithin, Moc — Monoraphidium concortum,
Monoraphidium griffithii, Moi — Monoraphidium irragare, Nac — Navicula capitata, Ncl —
Navicula clementis, Nag — Navicula gregaria, Naéllavicula lanceolata, Nre — Navicula
reinchardtii, Nrh — Navicula rhynchotella, Nsl — Weula slesvicensis, Nat — Navicula
tripunctata, Nav — Navicula viridula, Nif — Nitzsatrustulum, Nil — Nitzschia linearis, Nis —
Nitzschia sigmoidea, Nisb — Nitzschia sublineaxiis, — Nitzschia uwellerstorffii, Osl —
Oscillatoria limosa, Pan — Pandorina sp., Peb — Rettum boryanum, Ped — Pediastrum
duplex, Pei — Peridinium inconspicuum, Pes — Paridgh sp., Pha — Phacus sp., Pho —

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(3):28-342.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



Z¢bek: Differentiation of periphyton and phytoplanktassemblages in anthropogenically transformeditonsl
-334-

Phormidium sp., Pla — Planktothrix agardhii, PirPinnularia sp., Pls — Planctoccoccus
sphaerocystiformis, Plb — Planktolyngbya brevidellis, Pos — Polyedropsis spinulosa, Psl —
Pseudanabaena limnetica, Rhi — Rhizosolenia s@,-RRhoicosphenia abbreviata, Sca —
Scenedesmus acuminatus, Scar — Scenedesmus arBtatusScenedesmus communis, Sce —
Scenedesmus ecornis, Sco — Scenedesmus opolegsisScendesmus quadrisspina, Scs —
Scenedesmus spinosus, Sch — Schroederia setigeraSBirogyra sp., Scha — Staurastrum
chaetoceras, Sgr — Staurastrum gracile, Sth — @tepdiscus hantzschii, Stp — Stichoccoccus
pelagicus, Tem — Tetraedron minimum, Tet — Tetcapiesp., Tra — Trachelomonas sp., Ute —
Ulothrix tenuissima, Utr — Ulothrix tenerrima)

Differences in species composition between the ppgton assemblages (S —
periphyton in separator pipes, K - epilithon and &iphyton) and phytoplankton (P —
pelagial) were also revealed in Lake Jeziorak Maithe period from April to October
(Fig. 7A-G. The data-set for statistical analysis was coragasf 124 samples, 130
taxa, and 11 environmental variables. The firss agpresented 41.7 %, 49%, 58.4 %,
43.5 %, 51.3 %, 50.8 % and 49.5 % of the total iggecariation in succeeding months.
The CCA showed that the species can be separdtethm following four groups; (A)
periphyton in separator pipe&B) epilithon, (C) epiphyton and (D) phytoplankton
Periphyton in separator pipes and epilithon were imost similar assemblages in
species composition. The diatom group includedispdcom the gener&ymbellasp.,
Gomphonemasp., Navicula sp., and Rhoicosphenia abbreviat§Agardh) Lange-
Bertalot,Melosira variansAgardh andCocconeigediculusEhrenb. Moreover, species
characteristic of the first assemblage widizschiafrustulum(Kutzing) Grunow and of
second assemblagBjatoma vulgarisBory. Chlorophytes were mainly represented by
Ulothrix tenuissimaKitzing and genusStigeocloniumsp. The epiphyton included
diatoms mainly from the generAmphora sp., Cocconeissp., Gomphonemasp.,
Navicula sp. andPinnularia sp. Filamentous forms from gene&pirogyrasp. and
Stigeocloniumsp., and planktonic forms from the gen@asmariumsp.,Koliella sp.,
Scenedesmusp. andTetraedron minimunspecies occurred in the chlorophytes. The
most distinguished assemblages were phytoplankboainly including planktonic
cyanobacteria and chlorophytes, where the cyanebaagroup included such species
as Limnothrix redekei(Van Goor) Meffert,Planktothrix agardhii(Gom.) Anagn. &
Kom. and species from the genekéicrocystis sp.; while the chlorophytes were
represented by species from the gen@lalamydomonassp., Scenedesmusp.,
Staurastrumsp. andPediastrumduplex Meyen andTetraedron minimun{A.Braun)
Hansg. Diatoms such alulacoseira granulata(Ehrenb.) SimonsenAsterionella
formosa Hassall, genusRhizosolenia sp., dinoflagellates includingCeratium
hirundinella(O. F. Miill.) Bergh. and chrysophytes and euglesiwere also recorded.

Relationships between species characteristic of periphyton and phytoplankton and
physico-chemical water parameters

The CCA analysis conducted on periphyton and phgtdpon showed significant
relationships between species characteristic (fetfessemblages and the physical and
chemical water parameters in the period from AgriDctober. Meanwhile, periphyton
in the separator pipes correlated with conductiuityMay, June and October, with
orthophosphate in spring (April), silicon in lateinsmer (August), and chloride
concentrations in May, July and Augustd. 7A, D, B. Statistical analysis revealed
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that correlations between some of the species’ gdmoe and these water parameters
were statistically significanfT@ble 9.

Table 5. Environmental requirements of species characteristiperiphyton assemblages (S
— periphyton in separator pipes, K — epilithon, Repiphtyton) and phytoplankton (P —
pelagial) based on Spearman’s correlation coadfits (p <0.05) in Lake Jeziorak Malty in

the years 1997-2003 and 2005

Taxa S K R P
N =54 N =51 N =49 N =30
Amphora ovalis r=-0.288 (T)
Amphora veneta r=-0.317 (T)
r =0.307 (Ca)
r=0.286 (Ny.)
Ceratium hirundinella r=0.532 (T)
r=-0.407 (Q
Cocconeis pediculus | r = 0.346 (T) r=0.593 (T)
r=-0.304 r=-0.517 (cond.)
(cond.) r=-0.296 (PQ

Closterium pronum r=-0.458 (T)

Cymbella tumida r=0.283 (Cl) r=0.324 (Ca)

Diatoma vulgaris r=-0.280 (T)

Diatoma vulgaris r=-0.475(T)

var.linearis r=0.332
(cond.)
r=0.354 (PQ
r=0.353 (Ca)
Gomphonema r=0.327 (Cl) r=0.299 (Ca)
olivaceum r =0.293 (cond.)
r =0.298 (Si)
Koliella tenuis =-0.316 (T)
r=0.339 (PQ
r =0.287 (Cl)

Limnothrix redekei r=0.324
(cond.)
r=0.386 (PQ)

Melosira varians r=-0.308 (Q

Navicula gregaria r =0.330 (Si)

r=0.331 (Nh.)

Navicula lanceolata r=0.298

(cond.)
Navicula tripunctata | r =-0.310 (T)
Nitzschia sublinearis | r = 0.300 (PQ)
Rhoicosphenia r=0.412 (T)
abbreviata

Staurastrum gracile r=0.652 (T)
r =0.382 (Si)
r=0.413 (Fe)

Tetraedron minimum r=0.599 (T)
r =0.491 (Si)
r =0.465 (Fe)
Ulothrix tenuissima | r = - 0.464 (T) r=-0.554 (T)
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The following correlations were recorded; Gdpmphonema olivaceum a positive
correlation with conductivity, Si and Cl (r = 0.293= 0.298 and = 0.327, p< 0.05,
respectively); (2Nitzschia sublinearisvith PQ, (r = 0.300, p < 0.05) an@) Cymbella
tumidawith ClI (r = 0.283, p < 0.05). In this study, efhbn correlated with water
temperature and orthophosphates in spring and auii#pril, October), and with
chlorides in summer and autumhbid. 7A, Q. In these assemblagdsoliella tenuis
positively correlated with P{£and CI (r = 0.339 and r = 0.287, p < 0.05, respebt);
andDiatoma vulgarishad a negative correlation with water temperature-0.280, p <
0.05) andCocconeis pediculusith PQ, (r = -0.296, p < 0.05Table 5. Correlations for
epiphyton were recorded with calcium in summery)Jahd with water temperature,
conductivity and P@in the autumn month of Septembéiig. 7 D, F. Here, the
following correlations were recorded; (Amphora venetawith Ca (r= 0.307, p <
0.05); (2)Gomphonema olivaceumith Ca (r = 0.299, p < 0.05); (Ipiatoma vulgaris
var.linearis with PQ, and water temperaturg = 0.354, r= -0.317, p < 0.05,
respectively); (3Navicula lanceolatavith conductivity (r = 0.298, p < 0.05); and (4)
Amphora venetavith water temperature (r = -0.475, p < 0.0Bl§le 5. Phytoplankton
also correlated with physico-chemical water paranset Statistically significant
relationships were recorded between characteriginytoplankton species and
electrolytic conductivity, pH, oxygen content, irototal nitrogen and silicon in the
summer month of JuneFig. 7C). This assemblage included; cyanobacterium
Limnothrix redekeicorrelated with conductivity (r = 0.324, p < 0.0%8hlorophytes
Staurastrum gracilendTetraedron minimumwith Fe and Si (r = 0.413 and r = 0.382,
p < 0.05, respectively), and the dinoflagell@eratium hirundinellavith O, (r =-0.407,

p < 0.05) Table 5.

Discussion

In descending order of occurrence, periphyte askgab in eutrophic lakes
comprise a large proportion of diatoms with ledanfientous chlorophytes and then
cyanobacteria, while the phytoplankton is often dwated by cyanobacteria. In Lake
Jeziorak Maty in 1978, the dominance of cyanob&ct®as more than 90% of the total
phytoplankton biomass in the summer season (Spedké 1986). During 1995-1996,
before the implementation of protective-restorativerk in the surface layer of the
pelagial, the mean proportion of cyanobacteria vedsost 93% of the total
phytoplankton abundance, with 6% diatoms and 12@6ftéigellates (£bek, 2009a).
Some authors also recorded the dominance of cyateim in similar strongly
eutrophic lakes (Meffert, 1989; Nixdorf et al., 3)Kangro et al., 2005). In Lake
Jeziorak Maty in 1997-2003 and 2005, following timstallation of separators and
accumulation stones in the littoral zone, phytoklan in the pelagial was still
dominated by cyanobacteria, but at the lower le¥é12%, with 32%diatoms and 15%
dinoflagellates (€bek, 2012). Meanwhile, the periphytic assembla&es periphyton
in separator pipes, K — epilithon, and R — epiphytawere dominated by diatoms in
terms of both abundance and biomass, with a maximiuaver 90% for epilithon and
60% for periphyton in the separator pipes, respelsti Moreover, in the case of
biomass, a significant presence of chlorophytef winaximum of 42% for epilithon
was observedZ¢bek, 2012). This predominance of diatoms was coatgparwith
others studies which examined eutrophic lakes’naa(iKuczyiska-Kippen et al., 2004;
Vogel et al., 2005) and artificial substrata (Hamss1990; Szlauer, 1996; Danilov and
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Ekuland, 2001). This suggests that, following tmeplementation of protective-
restorative work in Lake Jeziorak Maty, the struetof periphyton and phytoplankton
was typical of eutrophic lakes. Additionally, theectease in the proportion of
cyanobacteria and the increase in diatoms and ldogelfates’ proportion of the total
abundance of phytoplankton in the studied periagiyest a change in the lake’s trophy
from polytrophic to eutrophic. Additionally, thefiow of storm water into urban lakes
such as Lake Jeziorak Maly from catchment areasbange the water chemistry and
the environmental conditions for periphyton and tppiankton. Increased chemical
parameter values have been recorded in these lakkgjing conductivity, Ca, Si, PO
nutrients and chlorides (Guzkowska and Gasse, 1980)his study, the separators
supported the most varied environmental conditioospared to other sites. These
registered the lowest mean water temperature, tlghest water electrolytic
conductivity and the highest concentrations ofC3,and Ny, nutrients and chlorides.
This suggests the enormous influence of polluteatnstwater inflow from this
catchment (£bek, 2012), thus influencing periphyton and phyangton development.
Herein, the highest meaabundance of periphyton assemblages was recorded fo
periphyton in the pipes and the lowest in epiphytehile the highest mean biomass
was registered for epilithon at the highest ortlagpihate concentratioimgble 3.

Further factors influencing both phytoplankton gmeriphyton structure include
light, temperature, water nutrient concentratioumtrient re-suspension from sediments
and water movement (Reynolds, 198jges et al., 1998Poulickova et al., 2004;
Raeder et al., 2010). Moreover, the following fastare extremely important for
periphyton; the substratum type and texture utliz®y the organisms for habitat
colonization, pressure from invertebrate organisimd the allelopathy of macrophytes
(Hansson, 1990; Azim et al., 200Bals et al., 200&¢bek et al., 2012)Differences in
the abundance and biomass of periphyton assemblagediffer substrates were
recorded in Lake Jeziorak Maty in Spring, Summet Aatumn, and these were similar
to results recorded by Asaduzzaman et al. (2010)s Tas also supported by
statistically significant differences registered sammer and autumn. However, no
significant differences were recorded for algalratance in springT@able 3 Figs. 2, 3,

4). Seasonal differentiation in the studied periphyand phytoplankton assemblages
was determined by variations in environmental coowlé at these sites, and especially
by altered nutrient concentrations in the followisgasonsTable 4. However, no
significant differences between the periphyton epasator pipes and epilithon in
summer and autumrFigs. 3, 4 were related to approximate orthophosphate levels
recorded at these siteBaple 9.

Differences in species composition and speciesrsityeof the studied periphyton
and phytoplankton assemblages were also observeminhdhe Euclidean diagram
showed that the greatest species composition sityil@as between the periphyton in
separator pipes and epilithoRig. 5). This suggests that both the separator pipe and
stone-accumulation substrata exerted influenceherstructural formation processes in
algal assemblages. However disparity between thiplggon in separator pipes and
phytoplankton Fig. 5) most likely occurred due to different environnantonditions
for algal development at these sites. Meanwhile, gheatest species diversity was
recorded for epiphyton and the smallest for phynokion Fig. 6). According to
Reynolds (1993), the species diversity of algatakes is stimulated by autochthonic
inflows such as nutrieme-suspension from sediments, and also by allocitHfactors,
exemplified by the inflow of storm water throughpaeators from catchments, as
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occurred in Lake Jeziorak Maly. The lower specieserdity of periphyton in the
separator pipes may be related to the intense amithaous water flow through these
devices and the simultaneous inflow of organic aratSuch conditions could limit
colonization by large algal forms and favour theedlepment of small diatomous forms,
such afNavicula gregariawhichtolerate large amounts of organic mat@&gbek et al.,
2012; Zbek, 2012). The periphyton assemblages in LakeoddziMaty registered
greater species diversity than phytoplankton whifrees with the results of
Kuczynska-Kippen et al. (2004). The smallest speciesrsityein phytoplankton may
relate to the high dominance Bfanktolyngbya brevicellulari€ronberg & Komarek
cyanobacterium (gbek, 2006; Zbek, 2012).

Differences in species composition and in the emrrental requirementsf species
characteristic of the studied phytoplankton andpbeton assemblages were observed
in Lake Jeziorak Maty from April to October. Theypbplankton composition largely
included planktonic cyanobacteria and chlorophyées] also dinoflagellate§ig. 7A-
G). This algal composition is typical of shallow eghic lakes. Here, the development
of assemblages is formed by complex factors relaietie hierarchical importance of
nutrients — water temperature — light, and watetimgi (Reynolds, 1984). In this study,
phytoplankton species correlated with conductiviith, O, Fe, Nyt and Si in summer
(Fig. 7A,G. These species preferred nutrient-rich waterk wihigh ion concentration
of 419 4 S cni', low oxygen content at 7.12 mg, ®* and high iron and silicon
concentrations (4.54 mg Fé and 3.40 mg Si¥, respectively). This was supported by
the positive correlation dfimnothrix redekewith conductivity, Staurastrum gracile
and Tetraedron minimunwith Fe and Si; and the negative correlationCefratium
hirundinella with O, (Table 5. Meanwhile, periphyton assemblages were mainly
formed by benthic diatoms and filamentous chloragfyThe periphyton in separator
pipes and epilithon were the most similar assendslag species compositioRig. 7),
and this concurred with results of other author® wkamined periphyton on artificial
substrata in eutrophic lakes (J6bgen et al., 2684duzzaman et al., 2010; Raeder et
al., 2010). Here, the periphyton in separator pipes includadlisdiatoms from the
Naviculasp. andNitzschiasp. genera which often occurred where there wagtalevel
of water mixing (Reynolds, 1993). Howevddjatoma vulgarisoften occurred in
epilithon and this is comparable with other studigsczynska—Kippen et al., 2004;
Poulickova et al., 2004;¢bek, 2009b). The periphyton in the separator pgoeselated
with conductivity, and with nutrients such as oghosphates in spring, and silicon in
summer Fig. 7A, D, B. This was supported by the positive correlatbmtween
Gomphonema olivaceuand Nitzschia sublineari@nd these water parametefalfle
5). These taxa preferred nutrient-rich waters, damely tfrequently occurred at high
concentrations of these parameters; as in&6m*, 0.63 mg PQI™* and 2.72 mg Si |
! Additionally, the high chloride concentrationssitorm water inflow from catchments,
especially following winter, influenced assemblatpyelopment. This is supported by
the correlations betweeBomphonema olivaceusnd Cymbella tumidaand chloride
concentrationsTable 5. These species preferred a range from the madagaing CI1
! to the high level of 52. This further suggeststtifae development of taxa
characteristic of this assemblage was affected bsnges in physico-chemical
parameters. Herein, epilithon was correlated withaphosphates, chlorides, and also
water temperature, similar to the situation forig@yton in the pipesHig. 7A, G. The
epilithic algaeKoliella tenuisexhibited a positive correlation with R@nd Diatoma
vulgaris a negative correlation with water temperatuiieable 5. These species
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preferred low water temperatures in spring and lighophosphate concentrations in
autumn, so that they were often encountered in°C0ahd 0.84 mg PO™. However,
the positive correlation dfoliella tenuiswith chlorides inTable 5indicated that this
water parameter may be considered a stimulatoryorfaencouraging its growth,
especially in early summer. This species frequeotiyurred at a chloride level of 38
mg CI I*. This also suggests that increased chlorides flowhingugh the separators to
the lake can greatly influence epilithon developme®imilar to studies by Danilov and
Ekuland (2001); Poulkova et al. (2004) and.augaste and Reunanen (2005), the
epiphyton here included diatoms mainly from theegamphorasp., Cocconeissp.,
Gomphonemasp., Navicula sp. andPinnularia sp., together with filamentous and
planktonic forms of chlorophytesFig. 7A-G. The occurrence of planktonic
chlorophytes in epiphyton indicated a similarity ispecies composition to
phytoplankton. These epiphytic species preferrgtl ia concentration in the summer,
moderate conductivity and PO4 concentration and \ater temperature in autumn
(Fig. 7A,QG. This was supported by the positive correlatibesveenAmphora veneta
Diatoma vulgaris var.linearisand Gomphonema olivaceurand Ca; D. vulgaris
var.linearisandPQy; Navicula lanceolatand conductivity; and the negative correlation
of Amphora venetandD. vulgaris var.linearisnith water temperaturel'@ble 5. These
species often occurred at a high calcium levelyirapfrom 106 t0178 mg C&l

Periphyton can increase their abundance in therdittzone of lakes and compete
with phytoplankton for nutrients by potentially rewing phosphorus from the water,
and they can thus indirectly reduce phytoplanktmmiass and cyanobacteria blooms
(Hansson, 1990; Rodusky et al., 200bpbgen et al., 2004Rodusky et al. (2001)
recorded maximum biomass of periphyton at a mininplnytoplankton biomass. This
phenomenon may also have occurred in Lake Jezibtally, where the periphyton
assemblages registered higher biomass and wastdr&ad by larger species diversity
than recorded in phytoplanktomgble 2 Fig. 6). Moreover, the negative correlation in
Table 5supportsCocconeis pediculuspilithic diatoms contributing to the uptake of
orthophosphates from the water. The reduction msphorus in the water has special
implications in the development of phytoplanktommileated by cyanobacteria in fertile
lakes such as Jeziorak Maly. In addition to theeaf of separators, stone
accumulations in the littoral zone can indirectiffuence cyanobactera development. In
the first case of separators, there is decreasest veamperature and increased chlorides
(Z¢bek, 2012), and the potential reduction in wateygpimorus by epilithic diatoms and
chlorophytes in the second case could limit cynatdyea development.

Conclusions

The anthropogenically transformed littoral zone béke Jeziorak Maty by
installation of separators and stone and gravalraatation contributed to an increase
in the number of habitats and species diversitypefiphyton assemblages. These
assemblages fulfill bio-filter functions throughtake of nutrients from the waters, and
indirectly enhance phytoplankton growth dominated dyanobacteriaThe species
characteristic of the studied periphyton and phigiaikton assemblages were divided
into the following seven groups in terms of theivieonmental requirements:

(1) species preferring very fertile waters with veryghi orthophosphate

concentrationl{imnothrixredekeiandKoliella tenuig
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(2) species preferring high water temperatug€occoneis pediculus,
Rhoicosphenia abbreviata, Staurastrum gracile amdrdedron minimum
and those occurring at low oxygen conte@er@tium hirundinella and
Melosira varians)

(3) planktonic chlorophytes preferring high silicon amdn concentrations
(Staurastrum gracileand Tetraedron minimuin

(4)  species occurring in separator pipes preferring ¥extile waters with very
high chloride Gomphonema olivaceynand orthophosphate concentrations
(Nitzschia sublinearis

(5) species occurring in the separator pipes and Iithegn preferring less fertile
waters with moderate conductivity, orthophosph&ectoneis pediculyis
and chloride concentration€ymbella tumida, Koliella tenuis

(6) diatoms and chlorophytes preferring low water terapge @Amphora
ovalis, Amphora veneta, Closterium pronum, Diatowdgaris, Diatoma
vulgaris var.linearis Navicula tripunctata Koliella tenuis and Ulothrix
tenuissima and

(7) epiphytic species preferring moderate fertile wat@tavicula lanceolata
with high calcium Cymbella tumida, Diatoma vulgaris var.linearis,
Gomphonema olivaceymand nitrogen concentrationgriphora veneta,
Navicula gregaria.

The presence of these seven algal groups withréiffeenvironmental preferences
confirms the hypotheses contained in our studyabivges, thus substantiatiniat their
presencavas infuenced by the installation of separators stode accumulations in the
littoral zone of this lake.
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