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INTRODUCTION

In floodplain habitats, hydrological connectivity, flood
duration, time and scale of flooding (Junk et al., 1989; Hein
et al., 2003; Wantzen et al., 2008) influence the abundance,
biomass, and diversity of plankton communities. Alongside
the change in environmental parameters that come with the
alteration in a hydro regime, the hydrology of the area
affects plankton biotic interactions as well (Schöll et al.,
2012; Galir Balkić et al., 2018b). In understanding the
rotifer ecology in floodplain areas, special attention should
be given to studying rotifer communities of different habitat
types (Dembowska and Napiórkowski, 2015). Paidere
(2012) showed that a flooding regime and its frequency can
structure a rotifer community, especially considering the
position of waterbodies within the floodplain area. These

habitats often diverge in their geomorphology (Amoros and
Bornette, 2002) that directly determines the effects of the
flooding and influences the functional diversity of rotifers.

Rotifers represent a very diverse group of invertebrates.
They are characterised by fast growth and reproduction
potential, which is why they are classified as r-strategists
in freshwater environments. As such, a group of rotifers
tolerates a wide range of environmental conditions.
However, they are considered a good indicator of the
trophic state of the waterbody (Sládeček, 1983) as each
species expresses a species-specific preference towards a
particular environment. For example, conductivity, a highly
variable parameter in floodplain areas, has an opposite
effect on different species. While some rotifers tolerate
increased conductivity values, others diminish in conditions
of high conductivity (Galir Balkić et al., 2018b). The same
pattern is observed in water temperature, pH or the trophic
state of the water body (Bērziņš and Pejler, 1987, 1989a,
1989b; Duggan et al., 2002; Van der Gucht et al., 2007;
Gutkowska et al., 2013). Meanwhile, it is not uncommon
for different habitat types within the same floodplain to
diverge into their limnological parameters (Weigelhofer et
al., 2014; Galir Balkić et al., 2018a). This situation
indicates that different habitat types within the same
floodplain area may support diverse rotifer communities.
Such is especially important in maintaining high
biodiversity levels. 

Rotifers are very important micro-grazers in
freshwater ecosystems. They influence bacteria and
phytoplankton communities with a high efficiency of
carbon transfers to higher trophic levels (Kim et al.,
2000). Rotifer control over the bacterioplankton is of vital
importance in freshwater environments (Ooms-Wilms et
al., 1995), especially when considering the high
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285Environmental differences and rotifer functional diversity

competition between bacteria and phytoplankton for
necessary nutrients (Joint et al., 2002) and the subsequent
effects of this interaction on phytoplankton growth. The
low abundance of bacterioplankton grazers has a
significant impact on the entire food-web structure (Rubin
and Leff, 2007). Controlling the phytoplankton is
essential in habitats with often cyanobacterial blooms.
Certain rotifer species (like Brachionus sp.) can feed on
these “inedible” phytoplankton (Soares et al., 2010) and
often flourish in such conditions. On the other hand,
phytoplankton species that occur together with
cyanobacteria may not be high-quality food or may appear
in low abundance and thus cause negative effects on other
herbivorous rotifers (Gilbert, 1996). Besides the top-down
impact of rotifers on lower trophic levels, they also
interact with cladocerans and juvenile copepods through
exploitative competition and are a valuable food source
for higher trophic levels such as copepods and other
invertebrates (Špoljar et al., 2017).

In floodplain ecosystems, where rotifers are a
predominant group of zooplankton (Baranyi et al., 2002;
Lansac-Tôha et al., 2009; Goździejewska et al., 2016)
hydrology plays a crucial role for all zooplankton growth
and reproduction (Reckendorfer et al., 1999; Baranyi et
al., 2002; Zimmermann-Timm et al., 2007). Flooding
causes the homogenization of floodplain waterbodies
(Thomaz et al., 2007), and reduces zooplankton
abundance through the wash-out events (Czerniawski et
al., 2016). Excess input of suspended clay particles
through hydrological oscillation interrupts the feeding of
all zooplankton groups. However, rotifers are less affected
by this interference than microcrustaceans (Kirk and
Gilbert, 1990). Rotifers can also adapt and respond to
short-term environmental variability (Bonecker et al.,
2009; Špoljar et al., 2012), including the variability of
food resources, with their species abundance and
diversity’s being directly related to food availability
(Hampton, 2005; Galir Balkić et al., 2018b; Jiménez-
Contreras et al., 2018). 

A large proportion of the rotifer studies focus on
identifying species composition and diversity, abundance,
and at times, biomass (Sharma and Sharma, 2005; Schöll
and Kiss, 2008; Bonecker et al., 2009; Okogwu, 2010).
Recently, studies of the functional characteristics of
zooplankton (Obertegger et al., 2011; Špoljar et al.,
2011b; Benedetti et al., 2016; Lokko et al., 2017;
Obertegger and Flaim, 2015, 2018) and other animal
groups (Farias and Jaksic, 2006) have been used more
frequently. The use of functional guilds, which are
described as groups of species that utilize the same
resources in a similar manner (Simberloff and Dayan,
1991), distinguish different communities well (Smith et
al., 2009) and might be a useful tool in describing trophic
relationships in waterbodies of the elevated trophy (Wen

et al., 2017). Galir Balkić et al. (2018b) demonstrated that
the use of the functional approach can detect differences
in the feeding preferences of a studied community and
that the use of functional feeding guilds can give the right
image of planktonic food web conditions. By using a
trophic group approach, food webs can be simplified
without the loss of data content (Gauzens et al., 2015).

The aim of this study was to test the importance of
environmental differences in the structuring of rotifer
functional diversity between different habitats. I
hypothesised that rotifer functional diversity would be
affected by i) the type of waterbody, ii) the position of the
waterbody within the floodplain, and iii) biotic
interactions with microcrustaceans. 

METHODS

Field sites

Kopački Rit Nature Park is a worldwide known
floodplain area positioned in NE Croatia (45o36’ N; 18o48’
E; 80.5 m asl) in the Central European part of the Danube
River (Fig. 1) covering a zone of about 177 km2. The
floodplain terrain has higher grounds on the east towards
the Danube and lowers towards the inland side of the
floodplain. Due to different geomorphology and distances
to the main river bed, five different habitat types were
chosen as sampling sites (two lakes: Sakadaš and
Kopačko; two channels: Čonakut and Hulovo; and the
main river bed). Lake Sakadaš is the deepest water
depression in the Kopački rit, situated 10 km away from
the Danube. The lake has a total surface of ca. 0.12 km2

and a mean depth of 6-8 m. The lake is intertwined with
the rest of the floodplain waterbodies via the Čonakut
Channel. The channel has a mean depth of 2-5 m and is
30 m wide and 3 km long. The most common vegetation
found in this area is an association of Scirpo-
Phragmitetum and Caricetum sp. The channel stretches
to Lake Kopačko, which is the largest lake in the Kopački
rit floodplain. Lake Kopačko has an average area of 2-2.5
km2 (Bonacci et al., 2002) and depth varying from 1 to
>5m that is mainly determined by the fluctuating Danube
water level. The area around the lake is enclosed by slopes
and lush vegetation of Potamogetonetum lucentis and
Potamogetonetum graminei (Mihaljević et al., 1999). The
Hulovo Channel is a direct connection of the floodplain
with the main riverbed and a connection to Lake
Kopačko. The channel has a mean depth of 3.5-5 m and
is up to 34 m wide and 6 km long. The channel is
characterised by shore erosion with steep shore slopes and
abundant forests of white willow (Galio-Salicetum albae)
and forests of white willow and black poplar (Salici-
Populetum nigrae) on higher terrains (Mihaljević et al.,
1999). The River Danube (Fig. 1) in this section has a
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mean water level of 2.63 m (Mihaljević et al., 2015) and
an average width of 450 m (Bonacci et al., 2002). As a
result of a reduced slope in this section, the river is
meandering and has a velocity of about 0.4 ms–1 (Peršić
and Horvatić, 2011). The River Danube has the strongest
influence on oscillations in the water regime of the entire
floodplain area and defines the degree of hydrological
connectivity in Kopački rit (Tadić et al., 2002). 

Sampling and zooplankton identification

At all studied sites, sampling was conducted in the
middle of the water bodies, mainly representing their
deepest parts. Samples were taken monthly from January
until December 2008. 

During each sampling, event samples were taken
approximately 20 cm under the water surface. For a rotifer
and microcrustacean analysis, a Van Dorn sampler was
used to collect 10 L of lake water that was subsequently
filtered through a 25 µm mesh net and in situ preserved
in a 4% formaldehyde solution. For rotifer determination,
a minimum of 500 individuals was counted in each
sample. For a microcrustacean analysis, the entire sample
was counted. All zooplankton was identified to species
level according to the specialised literature (see in Galir
Balkić et al., 2018a).

A portable multimeter multi 340i⁄SET (WTW) was
used to measure in situwater temperature (WT), dissolved
oxygen (DO), and conductivity. Transparency (SD) was
estimated using the Secchi disc and water depth (WD)
was measured with a labelled weighted rope. In the
laboratory, several analyses were performed to collect
data on concentrations of ammonium (NH4), nitrites

(NO2), nitrates (NO3), organic nitrogen (org N), total
nitrogen (TN) and total phosphorus (TP). These analyses
were conducted according to APHA (1992). For the
determination of Chlorophyll-a concentrations (Chl-a),
1L of water was filtered through Whatman GF/C glass-
fibre membranes and later extracted with acetone while
Chl-a concentrations were computed according to
UNESCO (1966) and Strickland and Parsons (1968).
Measurements of the water flow were conducted daily at
the Apatin gauge (r km 1401, Republic of Serbia), and
were supplied by the legal entity for water management
of Croatian waters. 

Data analyses

All rotifer species were aggregated into functional
feeding guilds (microfilter-feeders, A1, A2, A3;
macrofilter-feeders, B3, B5, B6, B7; and predators, C)
according to Karabin (1985), as this classification gives a
reflection of different food preferences. Microfilter-
feeders represent detritivorous (sedimentators), and
macrofilter-feeders imply algivorous (raptorial) species
(for more detail see Galir Balkić et al., 2018b). 

All microcrustacean individuals were divided into
groups as follows: 1) Daphnia – large herbivores; 2) small
Cladocera – feeding on smaller food particles than
Daphnia; 3) juvenile copepoda (nauplii and copepodite
stages) – herbivores feeding on smaller food particles than
Daphnia; 4) adult Copepoda – omnivores. The size
category for cladocerans was used as the mesh of the
feeding limbs determine the size of collected food
(Brendelberger, 1991), and there is strong exploitative
competition between different cladoceran size classes

Fig. 1. Map of the study area. Black circles mark sampling points.
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(large/small) (Romanovsky and Feniova, 1985). The
aforementioned groups of microcrustaceans are used in
statistical analyses to test the significance of biotic
interactions with rotifers. As chlorophyll a is an indicator
of algal biomass, it was used as a proxy for rotifer food
availability.

Non-metric multidimensional scaling (nMDS) and
cluster analyses were used to analyse the distribution of
rotifer functional feeding guilds. Cluster analyses was
based on a similarity matrix that grouped samples starting
with the highest mutual similarities (Clarke and Warwick,
2001), and the result was a formation of a dendrogram
where the x-axis represents the full set of samples and the
y-axis shows a similarity level (Clarke and Warwick,
2001). The cluster analysis is presented as an nMDS
overlay. An analysis of similarity (ANOSIM) was used to
test for differences in rotifer functional guild abundances
among different study sites, and a SIMPER analysis was
performed in order to identify specific feeding guilds that
primarily contribute to these differences. Square-root
transformed abundance data were used in all analyses and
based on the Bray-Curtis similarity measure. For these
statistical analyses, the PRIMER v. 5.0 software package
(Clarke and Warwick, 2001) was used.

Multiple linear regression analysis was used to
determine the effects of measured biotic (explanatory)
variables on rotifer functional feeding guilds (response
variable). This statistical analysis was conducted using
software Statistica 12.0 (StatSoft, Inc.).

Redundancy analyses (RDA) was used to test the
relationships between limnological data and rotifer
functional feeding groups at an individual study site. The
analysis was performed by CANOCO for Windows
version 4.5 software package (ter Braak and Šmilauer,
2002). Rotifer functional feeding guilds abundance data
was prior to analyses, log-transformed, and centered by
species. The significance of explanatory variables was
tested by Monte Carlo permutation under the model with
499 permutations, and only variables significantly
contributing to the rotifer functional diversity were left. 

In statistical analyses, the differences were considered
significant at P<0.05.

RESULTS

Environmental data

Water levels normally oscillated throughout the year
without any extreme hydrological events (Fig. 2). In Lake
Sakadaš, water depth oscillated with an amplitude of
3.83±1.08 m between minimal and maximal water depth,
while in Čonakut channel, Lake Kopačko, and Hulovo
channel these amplitudes were less pronounced, ranging
2.84±0.85, 2.07±0.71 and 2.71±0.98 m, respectively. The

biggest change in water depth was recorded in the River
Danube with an amplitude of 4.91±1.66 m. 

Higher transparency was recorded in lakes compared
to the studied channels (Fig. 3) with a trend of increased
transparency values in the marginal sites. Conductivity
decreased towards the main river bed (Fig. 3), and sites
farthest from the main river recorded the highest mean
conductivity. Nitrate concentration indicated a decreasing
trend towards the inland of a floodplain (Fig. 3) as was
noticed for total nitrogen concentrations as well.

Interaction of abiotic and biotic variables 

Rotifer functional feeding guilds in lake environments
were highly influenced by biotic components (Fig. 4). The
impact of biotic variables was especially pronounced in
Lake Kopačko, where small cladocerans, juvenile, and
adult copepods explained the majority of the total
variance. On the contrary, in channels and the main river
bed limnological variables mainly determined rotifer
representation. For site close to the main river bed,
Hulovo Channel, abiotic components explained 92.5% of
the total rotifer feeding guild variance (Fig. 4). 

Functional feeding guild distribution
and interrelationship

Rotifer functional group abundance also differed
among sites (Tab. 1). The greater rotifer abundance was
recorded, the more remote the site was from the main
riverbed (Tab. 1). The proportion of measured rotifer
functional feeding guilds also differed among sites. In
Lake Sakadaš, the ratio of microfilter-feeders to
macrofilter-feeders was 1:2, while in Lake Kopačko, the
ratio was 1:1. In channel environments, the same ratio was
1:3 in the Čonakut Channel and 1:2 in the Hulovo
Channel (Tab. 1). This ratio continued to decrease towards
the River Danube and was almost 1:1 there, as in Lake
Kopačko. Among similar habitat types, e.g., lakes (Lake

Fig. 2. Daily (January 1st - December 31st) water level
fluctuations at the Apatin gauging station in 2008.
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288 A. Galir Balkić

Sakadaš and Lake Kopačko) and channels (Čonakut
Channel and Hulovo Channel), only the abundance of
predators was alike throughout the study (Tab. 1). 

An nMDS indicated a clear separation of rotifer
communities in the studied sites based on the feeding

guild approach where two major and five minor groups
were distinguished (Fig. 5). Two major groups were
recognised in the cluster dendrogram: one represented
lake ecosystems (Lake Sakadaš and Lake Kopačko) and
the second major group represented habitats with

Fig. 3. Box plot of measured environmental parameters at the studied sites. The square represents the median, and the boxplot margins
indicate the first and third quartiles.
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289Environmental differences and rotifer functional diversity

Fig. 4. RDA ordination plots showing the contribution of measured limnological and biotic parameters on rotifer functional feeding
guilds at an individual study site: a) Lake Sakadaš, b) Lake Kopačko, c) Čonakut channel, d) Hulovo channel, e) River Danube.
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290 A. Galir Balkić

increased water flow (Hulovo Channel and the River
Danube) (Fig. 5). Even though Čonakut represents a
channel environment, it was under great influence from
lake ecosystems, with which it shared a 40% similarity in
rotifer assemblage. The one-way ANOSIM global test
indicated a difference in rotifer functional feeding guilds
among the studied sites (R-value: 0.41, P-value: 0.001)
where A1 and B6 groups largely contributed to this
discrimination (Tab. 2). 

Biological relations

Among microfilter-feeders, microcrustacean
abundance affected only the A3 group and explained 16%
of the rotifer variance (Tab. 3), and adult copepods
significantly contributed to this result. Macrofilter-
feeders, especially B4 and B5 groups, were strongly
affected by the presence of juvenile copepods. However,
the highest impact of total microcrustacean abundance
was noticed in B6, where microcrustaceans explained
40% of the rotifer functional variance. B7 was the only
macrofilter-feeder group that showed no dependence with
microcrustaceans, and their abundance explained only 1%
of the B7 group variance (Tab. 3).

DISCUSSION

Studying the importance of environmental parameters
in the structuring of rotifer functional diversity revealed
that even among similar habitat types, different rotifer
communities exist. In Lake Sakadaš, larger macrofilter-
feeders were affected by the abundance of adult copepods
while small microfilter-feeders were dependent on
limnological parameters. Yet, in the Lake Kopačko, the
entire rotifer community was mainly under the influence
of biotic interactions with microcrustaceans, suggesting a

complex set of interactions in the planktonic food web at
this site. The difference in rotifer representation between
these lakes may be a consequence of their geomorphology
with a greater mean depth of Lake Sakadaš compared to
Lake Kopačko supporting the development of different
plankton assemblages in bottom water layers (Palijan and
Galir Balkić, 2018). Also, there is a marked difference in
vegetation among these lakes that serve as microhabitats
for zooplankton development. 

In channel environments, macrofilter-feeders,
especially B6, were affected by the abundance of juvenile
copepods in Čonakut channel, while no such relationship
was established in the Hulovo channel. The importance
of biotic component in the Čonakut channel might be

Tab. 1. Rotifer functional feeding guilds among the studied sites in 2008 with untransformed mean values (ind L–1). Ratio of microfilter-
feeders and macrofilter-feeders was calculated on mean abundance data. 

Sites
                                                                                  lake Sakadaš      Čonakut channel    lake Kopačko       Hulovochannel           River Danube

Total                                                    889                           230                          132                          69                              9
Microfilter - feeders                           A1                           1111                          291                         153                            90                                12
                                                           A2                            363                           23                           70                             52                                 6
                                                           A3                            318                           17                          136                            10                                 4
Macrofilter - feeders                           B4                           2537                         173                         187                           202                               11
                                                           B5                            917                          826                          90                             24                                 2
                                                           B6                           1480                         241                         192                           124                                6
                                                           B7                             28                              6                             8                              13                                 7
                                                           C                              246                           111                          228                            88                                 3
Microfilter:macrofilter feeders           1:2                            1:3                           1:1                          1:2                            1:1

Fig. 5. nMDS plot of the rotifer functional group assemblages
(square root transformed data) with similarity groups showing
differences among the studied sites. Cluster analysis of rotifer
resemblance is presented as an nMDS overlay.
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291Environmental differences and rotifer functional diversity

related to its position in the studied floodplain and spatial
autocorrelation, where proximity to the lakes could have
influenced dispersal of zooplankton and increased the
abundance of microcrustaceans. Lower dissimilarity in
feeding guilds among Čonakut channel and Lake
Kopačko compared to Lake Sakadaš indicate that Lake
Kopačko has a more significant influence on zooplankton
input in this channel system. Absence of microcrustacean
control in Hulovo channel may be due to a significant
wash-out effect, since a reduction in zooplankton
abundance can be expected at ecosystem outlets at the
proximity to the main river (Czerniawski and Domagała,
2013), like Hulovo site in our study, that may cause
increased mortality of adult microcrustaceans (Obertegger
et al., 2007). Decreased biomass of crustaceans directly
affects rotifer growth through reduced exploitative
competition among these groups (Obertegger et al.,
2007), and thus limnological parameters primarily
affected rotifer representation in this channel system.

The results indicate that not only the waterbody type
dictates the rotifer representation in a specific
environment, but the position in the floodplain and the
distance from the main riverbed also significantly affect
rotifer functional feeding guild distribution. Increased
distance from the main riverbed resulted in increased
rotifer numbers, as was recorded for phytoplankton

species in Kopački rit (Mihaljević et al., 2015). As
expected, functional feeding guild distribution in River
Danube differed in rotifer composition compared to other
sites reflecting the highest dissimilarity in environmental
conditions and food resources compared to floodplain
areas. Numerous authors found similar results, with the
evident difference in rotifer assemblage, especially
between the river and inland floodplain areas (Lansac-
Tôha et al., 2009; Górski et al., 2013; Goździejewska et
al., 2016). The vast difference in spatial distribution
among rotifer functional feeding guilds in the studied
river-floodplain system is related mainly to environmental
conditions and the amount of available food in time and
space together with biotic interactions among zooplankton
groups. A similar result was found by Obertegger and
Manca (2011), confirming that the use of rotifer
functional groups can detect patterns in trophic level
interrelationships and thus providing deeper insights into
ecosystem functioning.

No significant relationship was found among small
bacterivore rotifers and microcrustacean competitors; I
hypothesised that this could be related to the fact that
bacteria are considered a supplementary food for
cladocerans (Porter, 1984), especially in systems with a
high density of edible algae. Interestingly, no
macrofilter-feeder group that feeds on larger

Tab. 2. Results of the SIMPER analysis based on functional feeding guild abundance indicating discriminating groups contributing to
dissimilarities between the studied sites and the one-way ANOSIM based on the same data. Statistically significant results are in bold.

                                                                                          SiMPeR                                                             One-way AnOSiM
groups              Average dissimilarity (%)         Discriminating group                Contribution (%)                            R-value               P-value

LS:CC                                  62.36                                           A1                                           15.39                                          0.36                    0.001
                                                                                                B6                                           12.39                                                                         
LS:LK                                  56.14                                           A1                                           13.38                                          0.30                     0.01
                                                                                                B6                                           12.03                                                                         
LS:HC                                  66.75                                           A1                                           16.47                                          0.39                    0.004
                                                                                                B6                                           15.30                                                                         
LS:RD                                  85.40                                           A1                                           21.43                                          0.90                    0.001
                                                                                                B6                                           20.56                                                                         
CC:LK                                 46.90                                           A1                                           10.85                                         0.003                    0.43
                                                                                                B4                                            7.30                                                                          
CC:HC                                 50.34                                           A1                                           12.52                                          0.10                     0.18
                                                                                                B6                                            8.99                                                                          
CC:RD                                 68.20                                           B6                                           15.99                                          0.52                    0.001
                                                                                                A1                                           15.07                                                                         
LK:HC                                 61.86                                           A1                                           15.55                                          0.34                    0.006
                                                                                                 C                                             9.95                                                                          
LK:RD                                 69.53                                           A1                                           17.85                                          0.56                    0.001
                                                                                                B6                                           13.73                                                                         
HC:RD                                 49.34                                           A1                                           12.08                                        -0.002                   0.50
                                                                                                B6                                            7.34                                                                          
LS, Lake Sakadaš; CC, Čonakut Channel; LK, Lake Kopačko; HC, Hulovo Channel; RD, River Danube. One-way ANOSIM global test: R-value 0.41,
P-value 0.001.
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292 A. Galir Balkić

phytoplankton showed any correlation with Daphnia. A
lack of relation between herbivorous rotifers and
microcrustacean competitors can be a consequence of
the data analyses where periods with and without
cyanobacterial blooms were jointly considered. Usually,

during periods of increased cyanobacterial abundance,
microcrustaceans cannot control large algae biomass
(Krevš et al., 2010), which enables smaller plankton to
dominate (Jiang et al., 2014). In these conditions, the
nutrient cycling goes through rotifers (Krevš et al.,

Tab. 3. Multiple linear regression analysis of the rotifer functional feeding guild relationship with biotic variables performed on the
investigated sites in 2008. Statistically significant results are in bold.

Dependent variable        independent variables                                      Standardised β coefficient                    t                                    P-value

A1                                     Daphnia                                                                                 0.02                                    0.13                                    0.90
                                          Small cladocera                                                                     -0.23                                  -1.24                                   0.22
                                          Juvenile copepoda                                                                  0.35                                    1.84                                    0.07
                                          Adult copepoda                                                                      0.01                                    0.07                                    0.94
                                                                                                                           R2 = 0.10; F(4.43) = 1.14
A2                                     Daphnia                                                                                 -0.06                                  -0.37                                   0.71
                                          Small cladocera                                                                     -0.10                                  -0.53                                   0.60
                                          Juvenile copepoda                                                                  0.19                                    0.97                                    0.34
                                          Adult copepoda                                                                      0.02                                    0.09                                    0.92
                                                                                                                           R2 = 0.03; F(4.43) = 0.31
A3                                     Daphnia                                                                                 0.08                                    0.56                                    0.58
                                          Small cladocera                                                                     -0.21                                  -1.17                                   0.25
                                          Juvenile copepoda                                                                 -0.18                                  -1.01                                   0.32
                                          Adult copepoda                                                                      0.51                                    2.83                                    0.01
                                                                                                                           R2 = 0.16; F(4.43) = 2.01
B4                                      Daphnia                                                                                 -0.19                                  -1.40                                   0.17
                                          Small cladocera                                                                     -0.28                                  -1.77                                   0.08
                                          Juvenile copepoda                                                                  0.71                                    4.27                                    0.00
                                          Adult copepoda                                                                     -0.19                                  -1.12                                   0.27
                                                                                                                           R2 = 0.30; F(4.43) = 4.70
B5                                      Daphnia                                                                                 -0.18                                  -1.37                                   0.18
                                          Small cladocera                                                                     -0.28                                  -1.76                                   0.08
                                          Juvenile copepoda                                                                  0.70                                    4.25                                    0.00
                                          Adult copepoda                                                                     -0.19                                  -1.15                                   0.26
                                                                                                                           R2 = 0.30; F(4.43) = 4.67
B6                                      Daphnia                                                                                 0.01                                    0.11                                    0.91
                                          Small cladocera                                                                     -0.11                                   -0.74                                   0.46
                                          Juvenile copepoda                                                                  0.58                                    3.78                                    0.00
                                          Adult copepoda                                                                      0.17                                    1.10                                    0.28
                                                                                                                           R2 = 0.40; F(4.43) = 7.22
B7                                      Daphnia                                                                                 -0.01                                  -0.09                                   0.93
                                          Small cladocera                                                                      0.11                                    0.57                                    0.57
                                          Juvenile copepoda                                                                 -0.04                                  -0.18                                   0.86
                                          Adult copepoda                                                                     -0.07                                  -0.37                                   0.72
                                                                                                                           R2 = 0.01; F(4.43) = 0.09
C                                        Daphnia                                                                                 -0.03                                  -0.20                                   0.84
                                          Small cladocera                                                                     -0.07                                  -0.50                                   0.62
                                          Juvenile copepoda                                                                 -0.13                                  -0.95                                   0.35
                                          Adult copepoda                                                                      0.52                                    3.83                                    0.00
                                                                                                                         R2 = 0.26; F(4.43) = 3.82
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2010), but the opposite relationship might be expected
in the absence of cyanobacteria. Another explanation is
the low number of adult competitors, as in floodplain
areas, hydrology often suppresses the abundant growth
of microcrustaceans, and rotifers usually dominate the
system (Baranyi et al., 2002; Schöll and Kiss, 2008;
Lansac-Tôha et al., 2009; Chaparro et al., 2011; Górski
et al., 2013). However, results showed a significant
relationship between juvenile copepods and several
rotifer groups. I presume these interactions involve both
competition and predation effects since copepodites
(especially later stages) often prey on rotifers and act as
opportunists that exploit available food for population
increase (Brandl, 2005). The complete lack of B7
interference with microcrustaceans suggests an absence
of exploitative competition between these groups,
probably as a result of B7’s specific food requirement
(Pollingher, 1987). 

The significant relation of predatory rotifers with adult
copepods indicates high competition between species that
expands the scale of the consumed resources (Quintana
et al., 2015). Here, rotifer assemblage consisted of high
numbers of loricate species or the ones with spines.
Numerous Keratella sp. and Polyarthra sp. species that
usually show high levels of the escape response in the
presence of predators (Brandl, 2005) are found throughout
the study. Microcrustacean predation on rotifers can have
a significant effect on the rotifer’s within-group
relationships by reducing the pressure of predatory
rotifers on other rotifer species (Williamson and Gilbert,
1980; Kumar and Rao, 2001). These interactions might
also account for the differences in rotifer feeding guilds
among different studied habitats. The results of this study
clearly show the discriminating power of different
environmental characteristics and biotic processes in
reshaping rotifer functional diversity.

CONCLUSIONS

The increased distance from the main riverbed
resulted in increased rotifer numbers and individual
feeding guild abundance changed with the position of
the community within the floodplain. Rotifer functional
diversity diverged even among similar habitat types, and
the proportion of microfilter-feeders and macrofilter-
feeders differed substantially. A difference in spatial
distribution among rotifer functional feeding guilds was
mainly determined by the environmental conditions at
the individual site and the biotic interactions with
microcrustaceans. Future studies in rotifer functional
feeding guild approaches in floodplains should focus on
the hydrology of the area and the occurrence
of cyanobacterial blooms that directly affect
zooplankton’s food.
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