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Abstract — The colonization of periphytic algae in a temperate floodplain was studied in Lake Sakadas,
a part of a fluvial floodplain along the Danube River. An in situ investigation, using artificial substrata,
was started after extremely high spring flooding and was carried out during long-lasting summer floods
(July—August 2010). The physical and chemical environment was variable and large stands of metaphyton,
submersed and floating macrophytes were spread along the lake. The periphyton development was initiated
on the first day of exposition and algal abundance increased exponentially till day 27. Directional changes in
the relative abundance of algal species, shown by the results of the non-metric multidimensional scaling, in-
dicate a pattern of short-term sequences in algal colonization. The initial attachment of planktonic cyano-
bacteria and unicellular diatoms (initial phase, days 1-3) to the biofilm matrix was followed by the develop-
ment of the filamentous chlorophytes, Cladophora glomerata and Oedogonium spp. (intermediate phase, days
6-15) and then by stalk-forming diatoms particularly Gomphonema spp. (late phase, days 18-33). According
to the redundancy analyses, water temperature and oscillations of Danube water level that define the flooding
pattern had the most significant influence on algal colonization. Flood-induced spreading of metaphyton first-
ly supported the rapid progress of algal colonization towards a climax community, while later, metaphyton
together with macrophytes disrupted algal community by increasing the mechanical injuries, shading and
grazing pressure. Consequently, algal abundance and community structure were returned to the intermediate

phase of colonization.
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Introduction

Periphyton is of growing interest worldwide since
it has been recognized as an excellent indicator for
changes occurring in the aquatic environment (Azim
et al., 2005). It responds rapidly to water quality changes
such as increasing nutrient concentrations, input of
organic compounds, pesticides and heavy metals (Guasch
et al., 2003; Gaiser et al., 2004; Gottlieb et al., 2006; Morin
et al., 2010).

In a wide range of freshwater ecosystems, colonization
process and succession of periphytic algae follow a similar
pattern. The deposition of dissolved organic substances,
rapid bacterial attachment and rapid colonization of
prostrate diatoms followed by perpendicularly standing
algae and finally by algae-forming filaments or having
a basal stalk are well-known sequences of periphyton
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development (see Azim and Asaeda, 2005 for review).
According to the specific adherence strategies and ability
to acclimate to the disturbance and nutrient resource
supply, periphytic algae are classified as ruderal (R),
competitive (C) and stress-tolerant (S) (Biggs et al.,
1998). R-selected taxa have small-sized cells and are
rapid colonists adapted to disturbed habitats with variable
enrichment. C-selected taxa have an upright growth
form and thus compete most effectively for nutrients
and light while S-selected taxa have a high stature and
nitrogen-fixing capacity that allows them to tolerate
oligotrophic conditions. Generally, R-selected taxa domi-
nate early successional communities, whereas C- and
S-selected taxa become more abundant in older commu-
nities. These strategies suggest that periphytic algae
colonization is analogous to higher plant succession in
terrestrial environments (Hoagland er al., 1982; Biggs
et al., 1998). Colonization process has been found to
be influenced by different factors such as wave energy,
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type of the substrata, as well as size, immigration
and reproduction rate of periphytic organisms (Acs and
Kiss, 1993; Acs et al, 2000, Albay and Akgallan,
2003). Many recent studies have been undertaken to
determine the responses of periphyton to the changes
in hydrologic levels in tropical floodplains and results
clearly showed that flood pulse constitutes the principal
force acting directly on the colonization processes and
successive patterns of periphytic communities (Rodrigues
and Bicudo, 2001; Algarte et al., 2009; Murakami et al.,
2009). However, seasonality of the periphytic algae
colonization has not yet been investigated in detail.
According to some previous investigations, periphyton
is often dominated by diatoms in winter, spring and
autumn and by green algae and Cyanobacteria in summer
(Liboriussen, 2003). Moreover, we found that during
the periphyton colonization in temperate floodplain
under the spring conditions diatoms were the most
abundant species. Colonization progressed from the initial
settlement of planktonic species and unicellular horizon-
tally positioned diatoms, through the stalk forming and
finally to vertically positioned species (Mihaljevic and
Zuna Pfeiffer, 2012).

Floodplains are highly dynamic ecosystems where
the flood pulses were widely recognized as the most
important factor for creating and maintaining habitat
heterogeneity and ecosystem processes (Tockner ez al.,
2000). During flooding, the floodplain becomes inundated
and the floodplain lakes become connected to the main
river while during low water the floodplain lakes become
disconnected from the main stream and develop according
to the local conditions (Ward and Stanford, 1995).
Aquatic plants, usually well developed in floodplains,
may have a significant influence on periphyton commu-
nities. Development of aquatic plants may shift algal
growth from the water column or sediments to plant
surfaces (Goldsborough and Robinson, 1996). However,
periphyton biomass on different types of substrates
may decrease in the presence of macrophytes due to the
high competition for nutrients, high abrasion and low light
availability (Higgins and Hann, 1995). Furthermore,
macrophytes produce and release allelopathically active
compounds that may influence the composition of algal
communities (Gross et al., 2003; Addisie and Medellin,
2012).

Considering the scarcity of information on colon-
ization processes of periphytic communities in temp-
erate floodplains, we conducted an in situ investigation
of periphytic algae colonization in Lake Sakada$, a
part of a fluvial floodplain along the Danube River
(Kopacki Rit Nature Park, Croatia). Focusing on
short-term changes in algal community structure, we
tried to explore the importance of season-driven
variables on periphyton colonization in the summer
period. Since summer flooding events became frequent
in the last decade, we expected them to occur and tried
to find out how hydrologically induced changes of
environment will influence progress in algal colon-
ization.

Materials and methods
Study site

The Kopacki Rit Nature Park is a fluvial floodplain
along the Danube River (1383-1410 km), located in
Northeast Croatia. The inundation area, with permanent
marshes/pools, ponds, swamps on organic soils, shallow
lakes and river side arms as dominant wetland types,
covers approximately 18 km?. The flooding of the flood-
plain area begins when the Danube water level at the
gauge station (river 1401.4 km) rises above 3 m (Mihaljevic
et al., 1999).

The colonization study was conducted in Lake
Sakadas (Fig. 1), which is located in the western
part of the floodplain and it is in a direct hydrological
connection with the river main channel through a system
of natural channels (total length ca. 10 km). The lake
is the deepest depression in the floodplain with an aver-
age depth of about 5 m and a surface water arca of
about 0.15 km?. Submerged macrophytes (Ceratophyllum
demersum L., Myriophyllum spicatum L. and Potamogeton
gramineus L.) are well developed in the shallow parts
of the lake. The lakeshore is infested with common
red (Phragmites communis Trin.), adjoined by floodplain
forests of black poplar (Populus nigra L.) and white
willow (Salix alba L.). The results of water quality
monitoring during the past decades (Mihaljevi¢ et al.,
1999, 2009; Horvatic et al., 2003; Mihaljevi¢ and Stevic,
2011) have shown that the lake was in a eutrophic/
hypertrophic state.

Research setting

Artificial substrata in the form of glass slides
(6 x 14 cm), fastened to a wood frame and oriented
vertically (long sides were parallel with the lake bottom)
in the water column, were placed into the lake at a depth of
0.20 m beneath the water surface. Since the water level
of the floodplain lake fluctuates, the slides holder was
constructed to compensate for those changes. Thus, the
wooden frame was elevated above the water surface using
sunken buoys and fastened with rope to stone blocks
bedded in the lake bottom. The rope was long enough to
enable the holder to freely slide vertically. In that way, the
glass slides maintained the same position in the water
column (0.20 m beneath the water surface) during the
colonization study. The slides were sampled randomly
after the first day of incubation and again at three-day
intervals from July 12 to August 23 of 2010. A total of
45 samples were collected. During each sampling event,
three replicates were taken and analyzed separately. The
periphyton on each glass slide was split into the three
parts. One part was scraped using a razor blade into
100 mL of sterile water, gently sonicated for 2 min and
then fixed by the addition of 4% formaldehyde. The
suspension was used for qualitative and quantitative algal
assay. The second part of the periphyton was scraped from
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the glass slide into tap-water and used to determine
chlorophyll concentration. The third part was used for
periphyton biomass analysis including dry mass (DM), ash
mass (AM) and ash-free dry mass (AFDM).

Chemical analyses

Water samples were taken simultaneously with the
periphyton samples at a depth of 0.20 m beneath the water
surface. Water temperature (WT), dissolved oxygen (DO),
pH and conductivity (Cond) were measured in the field
using WTW Multi 3401 (Wissenschaftlich-Technische
Werkstdtten, Weilheim, Germany) portable instrument.
Water transparency (SD) was measured with Secchi disc.
Water chemical variables, ammonium (NHj), nitrates
(NO3"), nitrites (NO, ), total nitrogen (TN), total phos-
phorus (TP) and periphyton biomass (DM, AM and
AFDM) were analyzed in the laboratory according to
APHA (1992).

,,,,,,
I

Kopacki Rit Nature Park
Subsystems of the inundation area

Algal community analysis

Chlorophyll a (Chl a) and chlorophyll ¢ (Chl c)
concentrations were estimated according to Komarkova
(1989). Periphyton algal species were identified with a
light microscope (Carl Zeiss Jena) at two magnifications
(400 x, 1000 x) and using standard literature for species
determination (Huber-Pestalozzi, 1942; Hustedt, 1976;
Hindak ez al., 1978; Anagnostidis and Komarek, 1985,
1988; Komarek and Anagnostidis, 1989). For quantitative
analyses, the individuals of each species (filament or
colony was considered to be equal to one individual)
were counted (Sekar et al., 2004; Szabo et al., 2008) on a
millimeter grid with an area of 1 cm? (Stilinovi¢ and
Plenkovi¢-Moraj, 1995). Only diatom taxa were counted
as a group. For detail diatom identification, samples were
cleaned in distilled water, H,O, and HCI treated, washed
and embedded in Canada balsam. In each sample, 300—400
valves were counted and identified to species level.
The total number of each diatom species was calculated
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as a ratio between the number of diatom valves counted
on samples embedded in Canada balsam and the total
number of diatoms counted on a millimeter grid. Since the
periphyton was scraped from artificial substrates into the
certain volume of tap water, it was taken into account
in the final conversion of the abundance of each species per
unit area (ind.cm ).

The dominant species was estimated from the per-
centage contribution of individual species to total algal
abundance. Only those species which had a minimum of
5% contribution to total abundance were considered to be
dominants.

Statistical analyses

The obtained data were processed using a set of multi-
variate techniques supplied by the PRIMER 5 software
(Clarke and Warwick, 2001). Non-metric multidimen-
sional scaling (NMDS) was used to display similarity
between periphytic algal communities during the colon-
ization. Analysis of similarities (ANOSIM) was used to
quantify the significance of the separation among the
periphyton algal groups. NMDS and ANOSIM were
applied on the Bray—Curtis similarity coefficient based
on the absolute algal abundance data. Before compu-
tation, algal abundance was logarithmically transformed
(log(x + 1)) to obtain the normal distribution. The con-
tribution of different algal species to the average dissim-
ilarity between groups was determined using the SIMPER
procedure.

The potential effects of environmental variables on the
periphytic algal community were examined by redundancy
analysis (RDA). RDA was selected according to an initial
detrended correspondence analysis (DCA) with gradient
length < 3.0, which suggested a linear ordination model
(Leps and Smilauer, 2003). The environmental dataset was
reduced to nine variables, including Danube water level
(WL), SD, WT, DO, Cond, NO5, NO3', NH; and TP.
Variables TN and pH were excluded due to the strong
inter-correlation (> 0.95; P <0.05). Environmental vari-
ables were log-transformed and submitted to the stepwise
forward selection procedure in which the statistical
significance of each variable was tested by the Monte
Carlo permutation test (499 permutations) at a cutoff
point of P =0.05. Algal abundances data were square-root
transformed before analysis. RDA with the option ‘center
and standardize by species’ was used. For the species
composition, this option causes each of the species to have
the same weight in the analysis. To asses proportion of
variance explained by the seasonal and hydrologically
driven variables (WL, SD, WT, DO, Cond) from those
of nutrients (NO5, NO3 ', NH,, TP), a series of RDAs
and partial RDAs were carried out following the variance
partitioning technique (Borcard et al., 1992). Partial
RDAs were used to separate and examine the relative
importance of each group of explanatory variables for the
species data. Variation partitioning was performed in
several steps: (1) RDA of the species matrix constrained by

the nutrients, (i) RDA of the species matrix constrained
by the seasonal and hydrologically driven variables,
(iii) partial RDA of the species matrix constrained by the
nutrients and using the seasonal and hydrologically driven
variables as covariables, and (iv) partial RDA of the
species matrix constrained by the seasonal and hydro-
logically driven variables and using the nutrients as
covariables. In order to summarize the results in a single
graph, species and the significant environmental variables
were shown in the ordination diagram. All the calculations
were performed with the CANOCO version 4.5 pro-
gram packet (Biometrics-Plant Research International,
Wageningen, The Netherlands).

The species-time data were fitted to the MacArthur—
Wilson equilibrium model (MacArthur and Wilson, 1963)
using non-linear squares regression. Assessment of equili-
brium species member (S.q) and the colonization rate
constant (G) were received directly from analysis.
To define stabilization time the following equation was
used: Sy = Seq(1 — e~ "), where S, is the number of species
at time ¢, S¢q is the equilibrium species number, G is the
coefficient of the colonization current and ¢ is the time.
The stabilization time of algal colonization on glass slides,
expressed in days, is the moment when the regressive
straight line aligns with the number of species in the
asymptote.

Pearson’s correlation coefficient was used to analyze the
correlation between environmental variables. Pearson’s
correlation coefficients and non-linear squares regression
were assessed using Statistica 7.0 (StatSoft, Inc.).

Percent of periphytic organic mass (a ratio of
AFDM:DM) and inorganic mass (a ratio of AM:DM)
were calculated to describe the variation in organic/
inorganic content of periphyton. The Autotrophic Index
(AI), a ratio of organic biomass and Chl a, was calculated
according to APHA (1992), in order to detect changes in
the trophic nature of the periphytic community. Al values
higher than 200 indicate heterotrophic association,
whereas lower values indicate an autotrophic nature of
periphytic community (Lakatos, 1989).

Results
Environmental conditions

The colonization study started at the end of long-
lasting (May—July) and extremely high flooding when the
Danube water level reached almost 8 m (Fig. 2). There was
another huge flood that started at the end of July and
continued until the end of the colonization study. Owing
to the influx of floodwaters into the lake the significant
fluctuations of environmental variables were established
(Fig. 3, Table 1). The lake water depth was continuously
above 6 m and increased up to 8.66 m. Secchi depth varied
between 0.74 and 1.51 m and showed a significant positive
correlation with the Danube water level (r= +0.61;
P <0.05). Chl a concentration ranged from 22.04 to
68.09 ug.L~'. A significant negative correlation between
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Fig. 2. Course of the Danube water level at river 1401.4 km in the period May—August, 2010.

Chl a concentration and water depth was recorded
(r=—0.52; P<0.05). Water temperature fluctuated
from 22 to 29.5°C. The pH values, always above 7, indi-
cated alkaline conditions. Highly fluctuating dissolved
oxygen values (2.34-13.62 mgL~"), conductivity
(377-758 uS.cm ') and nutrients (TP: 0.05-0.48 mg.L ~';
TN: 0.67-5.81 mg.L ") were found. Conductivity showed
a significant correlation with ammonium (r= + 0.63;
P <0.05), nitrites (r= —0.54; P <0.05) and total phos-
phorus (r= +0.89; P <0.05). High concentrations of
NO; and NOj3 were found under the flooding conditions.
NO; showed significant correlation with oxygen con-
centration (r= +0.71; P<0.05) and pH (r= +0.69;
P <0.05), whereas NO; significantly correlated with TN
(r= +0.95; P <0.05).

Periphyton structural parameters

Periphyton DM (Fig. 4A) continuously increased
from an initial 0.05+0.01 mgcm 2 and reached
a maximal value (4.45+0.62 mg.cm ™ ?) on day 33. A
significant decrease in DM was observed from day 36
till the end of study. Oscillations in AFDM and AM
(Figs. 4A and B) indicated the significant changes in
organic/inorganic content of periphyton during the
colonization study. During the first 12 days, periphyton
was mostly composed of organic matter (AFDM:
0.04 +0.01-0.20 + 0.05 mg.cm ™%, AM: 0.005 + 0.004—
0.06 + 0.04 mg.cm ~?), whereas from days 27 to 36 there
was a prevalence of inorganic matter (AM: 1.07 +0.63—
3.354+0.44 mgcm % AFDM: 0.65+0.32-1.11+0.18
mg.cm 2. A high content of organic matter was
established again on days 39—43. Chl a concentration
(Fig. 4C) continuously increased to day 24 (5.03+0.17
ug.cm ). There was a decrease in Chl a on days 39 and
43. Chl ¢ concentration (Fig. 4C) continuously increased
until day 27 (0.05+0.007-17.25+ 1.15 pg.cm %) and
then decreased for the remainder of the colonization
study.

The AI values oscillated between 36.51 and 1089.99
demonstrating the changes in relative contribution of
autotrophic and heterotrophic organisms in periphytic
communities (Fig. 4D). Al values higher than 200 on days
1, 3, 24 and 33 pointed to a prevalence of heterotrophic
communities.

Periphyton algal community structure

A total of 214 algal taxa were identified during the study
period. Chlorophyceac made up the largest taxonomic
group (106 taxa), followed by Bacillariophyceae (42 taxa),
Euglenophyta (26 taxa), Cyanobacteria (25 taxa) and
Xanthophyceae (9 taxa). Chrysophyceae and Pyrrophyta
were represented with 3 taxa each. The number of algal
taxa continuously increased from 38 taxa on the first day of
colonization to 134 taxa on day 27 (Fig. SA). Among them,
16 taxa were found on each of the sampling days, while 45
taxa were recorded only once.

The stabilization time of algal colonization (based
on algal diversity) according to regression values of
periphyton algal colonization dynamics (S.q=110.31,
G= —0.26, R=0.9385) was 18 days.

Algal abundance continuously increased through the
study from an initial of 0.30 x 10% + 0.07— 47.51 x 10* +
7.07 ind.cm 2 on day 27 (Fig. 5B). After that, algal
abundance significantly decreased. The extremely low algal
abundance (2.94 x 10* + 0.86-4.26 x 10* + 0.23 ind.cm %)
was found on day 36 onward.

NMDS (Fig. 6) revealed three distinctive groups with
additional subgroups, indicating quantitative changes in
the periphyton communities with respect to exposure
time. The first group (I) encompassed the first three days
of colonization. The second group (II) included two
subgroups: days 6-15 (subgroup Ila) and days 36-39
(subgroup IIb). The third group (IIT) also encompassed
two subgroups: days 18-33 (subgroup I11a) and day 43 as
a subgroup IIIb. According to the ANOSIM, significant
differences were found between the periphytic algal groups
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Fig. 3. Limnological variables in the floodplain lake during the colonization period (day 1-day 43).

(global R=0.876; P<0.05). Results of the SIMPER
routine indicated that xanthophytes (16.33%) and chloro-
phytes (27.74%) were the most important in contributing
to the dissimilarity between the first and second group,
while Gomphonema spp. contributed the most (> 80%)
to the dissimilarity between groups I and III as well as
between groups II and III.

A total of 14 algal taxa reached a relative abundance
of more than 5% (Fig. 5C). Planktonic cyanobacteria
Aphanocapsa delicatissima W. West et G. S. West and
chlorophyta Asterococcus superubs (Cienk) Scherff., domi-
nated on days 1-3 (Fig. 5C). Diatoms Achnanthidium

minutissimum (Kiitz.) Czar., Gomphonema parvulum
(Kiitz.) Kiitz., Stephanodiscus hantzschii Grun. and
Encyonema ventricosum (Agardh) Grun. were also
dominant species at the beginning of colonization. A
shift in dominance took place in the period from days 6 to
15 (Fig. 5C) and the most abundant were Xanthophyceae,
Characiopsis acuta (A. Br.) Borzi and large filamentous
green algae, Cladophora glomerata (L.) Kitz. and
Oedogonium sp. Further algal colonization (from days 18
to 33) was characterized by high abundance of chloro-
phytes Characium ornitocephalum A. Br. and xantho-
phytes Characiopsis borziana Lemm. (Fig. 5C). Diatoms
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were continually present in periphytic communities
with significant abundance. The most abundant were
Gomphonema olivaceum (Hornem.) Bréb. and particularly
G. parvulum, which comprised 76.89 and 72.65% of the
total algal abundance on days 30 and 33 (Fig. 5C). The
shift in algal composition was accompanied by sharp
decline in periphyton biomass from days 36 to 43. Over
this period, G. parvulum comprised 17.17-37.10% of
the total algal abundance while the changes of other
dominant algal species were as follows: C. ornitocephalum,
Oedogonium sp., G. olivaceum on day 36; C. ornitocepha-
lum, Cyclotella meneghiniana Kiitz., G. olivaceun on
day 39; A. minutissimum and Halamphora veneta (Kiitz.)
Lev. on day 43.
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+0.89
+0.65
+0.95

—0.54

+0.95

Environmental variables and periphyton

The two main axes of RDA explaining 93.9% of the
total variance (axis 1: 61.9%; axis 2: 32.0%) indicate
a significant relationship between environmental variables
and periphytic algal abundance data (Fig. 7). Most of
the variance contained in the first RDA axis is described
by the following variables: NO; (rrpai1 = 0.6907,
P <0.05), WT (rrpa1 = —0.6226, P<0.05) and DO
(repa1 = 0.5867, P < 0.05). In the second RDA axis, most
of the variance is explained by the WL (rrpa> = 0.6332,
P <0.05). Species C. glomerata, A. delicatissima and
C. acuta reached high abundance at the beginning of
colonization period and their development was associated
with high water temperature and low Danube water
level. High abundance of A. minutissimum at the end of
colonization was associated with high Danube water level.
G. parvulum and C. ornitocephalum closely correlated
with high concentration of nitrites, whereas S. hantzschii
correlated with dissolved oxygen. In order to separate the
effects of the forward selected nutrients (NO5, NOj3,
NH,, TP) and seasonal and hydrologically driven
variables (WL, SD, WT, DO, Cond) and assess their
relative importance in determining algal species composi-
tion of periphyton community, a series of RDAs and
partial RDAs were used (Fig. 8). A first RDA examined
the effect of nutrients on periphytic algae and selected
nitrites as significant variable, which accounted for 21% of
the total variance. A second RDA considered effect of the
seasonal and hydrologically driven variables on the algal
communities. Danube water level, water temperature and
dissolved oxygen were significant variables which ex-
plained 43% of the total variance. Partial RDA using
nutrients as explanatory variables and seasonal and
hydrologically driven variables as covariables explained
25% of total variance. Ammonium had a significant effect
on the algal communities, explaining 12% of the total
variance. Partial RDA using seasonal and hydrologically
driven variables as explanatory variables and nutrients as
covariables explained 33% of total variance. Danube
water level had the significant influence and explained
13% of total variance. All RDAs and partial RDAs
performed suggest that seasonal and hydrologically driven
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and autotrophic index (D) during the colonization period (day
1-day 43). Bars represent one + standard deviations (n = 3).

variables have higher influence on periphytic algae than
nutrient concentrations.

Discussion

Flooding dynamics can be recognized as one of the
most important factors for understanding the lake
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Fig. 5. Variations in the total number of algal taxa (A), algal
abundance (B), and relative abundance of dominant periphytic
algae (C) during the colonization period (day 1-day 43). Bars
represent one + standard deviations (n=3). Legend: A4.
delicatissima — APHDEL; C. acuta — CHAACU; C. borziana —
CHABOR; C. ornitocephalum — CHAORN; A. superubs —
ASTSUP; C. glomerata — CLAGLO; Oedogonium sp. —
OEDSP; A. minutissimum — ACHMIN; H. veneta — HALVEN;
C. meneghiniana — CYCMEN; E. ventricosum — ENCVEN;
G. olivaceum — GOMOLI;, G. parvulum — GOMPAR;
S. hantzschii — STEHAN.

environment. Our investigation started after the extremely
high and long-lasting flood pulse in June, which caused the
input of nutrients and organic matter from terrestrial
biotopes resulting in an increase of nutrient concentrations
and conductivity. The lake water depth was relatively
low at the beginning of the study and thus, combination
of light and nutrients created favorable conditions for
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rapid algal colonization on the exposed substrata. The
number of algal taxa increased through the colonization
and a stable community was achieved on day 18, as shown
by the MacArthur—Wilson equilibrium model. The stabi-
lization of algal community was rapid as compared with
the colonization in spring (Mihaljevi¢ and Zuna Pfeiffer,
2012) and could be associated with higher water tempera-
tures and longer diurnal period.
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Fig. 8. Percent of total variance and variance explained in the
periphytic algal community data by redundancy and partial
redundancy analyses. Variation partitioning was performed in
several steps: (i) RDA of the species matrix constrained by the
nutrients, (i) RDA of the species matrix constrained by the
season-driven variables, (iii) partial RDA of the species matrix
constrained by the nutrients and using the season-driven
variables as covariables, and (iv) partial RDA of the species
matrix constrained by the season-driven variables and using the
nutrients as covariables.

Periphyton algal abundance increased exponentially
through the colonization (Fig. 5B). Simultaneously, a
directional change in the relative abundance of species in
a community occurred, indicating a pattern of short-term
sequences of algal colonization (Fig. 6). The first sequence,
e.g., initial phase (days 1-3), was characterized by
planktonic Cyanobacteria (A4. delicatissima) and chloro-
coccal algae (A. superbus) followed by unicellular diatoms
(A. minutissimum and G. parvulum) which directly “attach”
onto the developed biofilm. According to Biggs et al.
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(1998) these diatom species have high immigration rates
and are classified as R-strategists. Thus, immigration
was probably the most important process in the initial
sequence of algal colonization, as it was found in many
different freshwater habitats (e.g., Acs et al., 2000;
Felisberto and Rodrigues, 2010). Large filamentous green
algae and stalk-forming species started to grow inside
the biofilm very early, during the intermediate phase
(days 6-15) and the reproduction became responsible for
the continuous increase in algal abundance (Acs et al.,
2007). The well developed layer of C. glomerata expanded
additional surface for colonization of epiphytic C. acuta, a
small, stalk-forming xanthophytes standing erect on its
filaments as well as on the surface of the substrates. The
appearance of Oedogonium sp. was also established in this
phase. Thus, only after one week of exposition, periphyton
was characterized by a high abundance of C-selected
taxa (Cladophora) and C-S-selected taxa (Oedogonium),
indicating the formation of “climax” community (Biggs
et al., 1998). Generally, filamentous green algae usually
colonize periphyton during the late phase of its develop-
ment and the longer period is necessary to achieve the
“climax” community (Biggs et al., 1998; Acs et al., 2000).
Metaphyton composed of filamentous green algae
C. glomerata, Oedogonium sp. and Mougeotia sp., in-
habited by different species of Cyanobacteria, small green
algae (e.g., Scenedesmus, Monoraphidium, Pediastrum) and
diatoms (e.g., Cocconeis, Cymbella, Fragilaria, Nitzschia,
Gomphonema) were intensively developed in the lake from
the middle of June. The persistence of metaphyton
briefly halted in the first half of the July, probably as a
consequence of increased temperatures and high irradi-
ance levels (Goldsborough and Robinson, 1996; Zohary
et al., 1998). Considering the fact that C. glomerata was
found in metaphyton clouds, its intense development on
the glass slides indicates the maintaining of this species and
propagules in the water column at the beginning of the
study. Water motion and velocity can detach Cladophora
from its original substrate, drifting until it becomes
wrapped around the new substrata (Dodds and Gudder,
1992). Environmental conditions, e.g., relatively high
light, high nutrient concentrations and ambient pH higher
than 7, were favorable for Cladophora development
(see Higgins et al., 2008 for review). The RDA analysis
(Fig. 7) suggested that water temperature appeared to be a
significantly influential factor for its development. The
responses to temperature are often used to describe its
seasonal abundance in many rivers and lakes. Cladophora
dies off in midsummer, which could be caused by an
inability to maintain dominance above 23.5 °C (see Dodds
and Gudder, 1992 for review). The new flood pulse that
started at the end of July caused highly variable pertur-
bations. Dilution and washout effect of floodwater on
phytoplankton abundance was expressed and a signifi-
cant increase of water transparency and the decrease in
chlorophyll a concentration occurred. Periphytic algal
community responded quickly to such unstable environ-
ment. A significant increase in chlorophyll ¢ concentration
(Fig. 4C) was achieved, following the increase of total

diatom abundance (late phase, days 18-33). The most
abundant species was G. parvulum (Fig. 5C). Following its
attachment ability, firmly to the substratum by gelatinous
stalk, Gomphonema has a high resistance to removal
(Bahulikar, 2006) and a high tolerance to disturbance
(Biggs et al., 1998). As an R-strategist it is a strong
competitor that has a rapid growth even if resource
supplies are low (Biggs et al., 1998) and thus can persist
within the mature periphytic communities characterized
by high algal abundance, as it was found during the late
phase of colonization in our study. However, a significant
decrease of total periphyton biomass, chlorophyll concen-
trations and algal abundance (Figs. 4A, C and 5B)
established on day 36, indicated that significant loss
processes existed. Death, sloughing and emigration of
periphytic organisms together with grazing pressure are
most often reasons for significant decrease in periphyton
biomass (Azim and Asaeda, 2005). Beside self-generated
detachment due to nutrient starvation within periphyton
matrix and possibly grazing pressure by periphytic
invertebrates, the loss processes were supported by various
influences of dense mats of metaphyton and submersed
macrophyte C. demersum associated with floating macro-
phytes Salvinia natans (L.) All. and Hydrocharis morsus
ranae L. which appeared around the study site and
overgrew it after day 33. The increase of grazing pressure
on periphyton was expected because macrophyte stands
supported a high density of grazing invertebrates such as
Rotatoria, Oligochaeta, Nematoda, Insecta larvae and
snails (Vidakovi¢, unpublished data) being also attractive
for omnivorous fish. As it has been established, fish —
invertebrate — periphyton cascade may maintain a low
periphyton biomass (Jones and Sayer, 2003; Liboriussen
et al., 2005; Meerhoff, 2006; Ferreira et al., 2011).
Furthermore, movements of submerged macrophytes can
sweep away floating filaments of periphytic algae. Heavy
shading by a floating cover of macro-algae and macro-
phytes on the water surface can significantly reduce
the light availability necessary for the growth of algal
communities (Toet et al., 2003). Altogether, high density
of invertebrate grazers and fish, as well as shading and
mechanical injuries of periphyton caused by macrophytes
and metaphyton stirring, scouring by waves, and probably
nutrient deficiency inside the periphyton matrix, appears
to have maintained low periphyton biomass. Conse-
quently, structural changes in periphytic algal commu-
nities occurred. According to NMDS (Fig. 6), it is evident
that community structure had returned to an intermediate
phase (days 36-39). In spite of the fact that Oedogonium
sp. was attached to the substrata at the beginning of this
phase, unfavorable conditions in the lake suppressed
its further development. However, on the last day of
colonization (day 43), the total algal abundance slightly
increased (Fig. 5B) and reached the level of the late
phase of colonization due to the high immigration and
reproduction rate of dominant diatom species G. parvulum
and A. minutissimum. The high abundance of these
R-strategists indicates natural disturbance (Biggs et al.,
1998; Stenger-Kovacs et al., 2006).
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Altogether, our data indicate that a strong interrela-
tionship among the changes of abiotic environment and
biological components in hydrologically driven complex
river-floodplain system can significantly influence peri-
phyton colonization. Flood-induced spreading of meta-
phyton firstly supported the rapid progress of algal
colonization towards a climax community, while later,
dense stands of metaphyton together with macrophytes
disrupted algal community by increasing the mechanical
injuries, shading, and grazing pressure. In conclusion,
directional changes in the periphytic algal community
during the colonization in a floodplain under the
variable environmental conditions in summer may occur
in an unpredictable manner, shifting the community back
to the early phase of colonization. Further investigations
are necessary to elucidate very complex interactions
between periphyton and other aquatic biocenoses in
river-floodplain systems.
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