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Abstract – This study investigated the structure of the epiphytic metazoans on emerged ma-
crophytes in the littoral zone of two oxbow lakes with different trophic levels. Differences in
the diversity and density of the epiphytic metazoans were analyzed in relation to plant archi-
tecture (simple or complex stems), food resources (algae and detritus) and water characte-
ristics (transparency and derived trophic state index). A significant negative correlation was
found between detritus on plants as food resource, and diversity and density of epiphytic
metazoans, indicating grazing of microphagous species. Rotifers dominated in diversity and
density in the epiphyton on all habitats. Total density of metazoans, rotifers and copepods in
epiphyton were significantly higher on Mentha in mesotrophic lake than on Iris in a eutro-
phic lake. We presume that macrophyte belt width and trophic state governed biotic inter-
actions and consequently epiphytic assemblages more strongly than macrophyte architec-
ture. However, a Mentha habitat showed a slightly higher density and diversity of epiphytic
metazoans in relation to Iris at the same site, but these differences were not significant.

Key words: Macrophyte, Mentha, Iris, epiphyte, metazoans, trophic state, trasnparency,
biotic interactions

Introduction

Shallow lakes are unique fresh water ecosystems, long overlooked in limnological re-
search, despite their great biodiversity of algae, macrophytes, plankton, nekton and benthos
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(CASTRO et al. 2005). Many of these shallow lakes are endangered by eutrophication, acidi-
fication and introduction of invasive species (KALFF 2002). Anthropogenic eutrophication
is one of the main triggers in shifting shallow lakes from a clear-water macrophyte-do-
minated state to a turbid-water phytoplankton-dominated state (SCHEFFER et al. 1993,
KÖHLER et al. 2005, HILT et al. 2010). Macrophytes often characterize littoral zones of shal-
low lakes and have an important role in water biocenoses, structuring and modifying the
physical-chemical features by photosynthesis, decomposition and mineralization (DUGGAN

et al. 2001, JEPPESEN et al. 2002, JONIAK et al. 2007). They reduce water movement and
sediment resuspension, provide refuge and protection to zooplankton, macroinvertebrates
and small fish against predators (CHAMBERS et al. 2008) and serve as oviposition habitats
for fish, water birds and invertebrates (WALSH 1989, BECCERA-MUNOZ and SCHRAMM 2007,
KLASSEN and NOLET 2007). So far, studies on the role of macrophytes in littoral habitats have
mostly been focused on submerged (HORPPILA and NURMINEN 2001, KUCZY�SKA-KIPPEN

and KLIMASZYK 2007, SØNDERGAARD et al. 2007, BOGUT et al. 2010, HILT et al. 2010) and
less on emerged macrophytes (CAZZANELLI et al. 2008, [POLJAR et al. 2011). This can be
explained by reference to several circumstances. The greater surface area of well dissected
submerged macrophytes may benefit invertebrates by offering better food resources and
protection against predators than macrophytes with simple stems (MEERHOFF et al. 2007,
TESSIER et al. 2008). Moreover, complex macrophytes respond promptly to eutrophication
effects and are obligate in lake restoration (MOSS et al. 1997, HILT et al. 2006).

The epiphyton community has an important role in the primary production of shallow
lakes (CATTANEO et al. 1998, LAGUSTE and REUNANEN 2005). Epiphyton is composed of
detritus, bacteria, algae, fungi, protozoan and metazoan invertebrates attached to aquatic
macrophytes (WETZEL 2001). It is a result of several factors and has a keystone position in
the food web and nutrient circulation since it is sensitive to both bottom-up and top-down
control mechanisms (JEPPESEN et al. 1999). Macrophyte architecture (simple or complex
stem with dissected leaves) and surface structure are important factors in epiphyton de-
velopment (VIEIRA et al. 2007, TESSIER et al. 2008). Macrophytes with dissected leaves and
more structural complexity provide a suitable area for epiphyton growth characterised by
higher biodiversity than those with undissected leaves (LAGUSTE and REUNANEN 2005).
Light together with nutrients (phosphate, nitrate) are the main abiotic limiting factors, and
they affect growth, development, density and diversity of aquatic macrophytes and epi-
phyton (CATTANEO et al. 1998, HILT et al. 2010). Some studies suggested that biotic factors,
competition and predation, have a significant influence on epiphyton distribution (WALSH

1995, LAUGUSTE and REUNANEN 2005). Thus far epiphyton community ecology has receiv-
ed less attention than plankton communities, despite the diversity and density, probably due
to methodological problems regarding quantitative sampling, which is not standardized
(DUGGAN 2001).

Our study was carried out in two shallow, eutrophic lakes with narrow macrophyte
belts. Previous study in these lakes suggested that differences in transparencies between
two lakes caused significant differences in horizontal distribution of the zooplankton
assemblage. Even narrow helophyte belts offered a refuge to zooplankton, although lower
transparencies reduced the effectiveness of macrophytes as a refuge from predators
([POLJAR et al. 2011). The present study aims to explore the effects of the water trans-
parency and its derived trophic state index as well as effects of macrophyte species on
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epiphytic metazoans diversity and density. Concordantly, our goals were to analyse: (i)
impact of environmental parameters and food resources on epiphyton; (ii) influence of
different macrophyte architecture on the epiphytic metazoan assemblage. We presume that
results of this study will reveal epiphytic metazoans to be an adequate indicator of
eutrophication and change in environmental conditions.

Study area

The main features of the two oxbow lakes on the Krapina River (NW Croatia) were
well documented in a previous paper ([POLJAR et al. 2011). Both lakes were formed by
river-straightening operations and are situated approximately 500 m apart (Fig. 1). No
submerged macrophytes were present on the bottom, which consists of alluvial silt sub-
strate. The water level depends mainly on precipitation and groundwater, with the lowest
levels being recorded in the summer. The location, morphometric features and macrophyte
composition of each of the lakes, Krapina Oxbow Lake 1 (KO1) and Krapina Oxbow Lake
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Fig. 1. Map of the investigated Krapina River oxbow lakes (KO1 and KO2), showing study sites in
littoral zones (L1 and L2). In L1 Iris stems were sampled (habitat I1) and in L2 Iris (habitat
I2) and Mentha (M2) stems were sampled.
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2 (KO2), are summarized in table 1a. Lake KO1 had significantly higher conductivity and
algal biomass but lower transparency, pH and percentage of macrophyte cover than lake
KO2 ([POLJAR et al. 2011). On each sampling occasion, epiphyton samples were collected
from the littoral zone of each lake (L1 in KO1 and L2 in KO2). Environmental conditions
in L1 and L2 are shown in table 1b. In the two oxbow lakes, the fish communities were
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Tab. 1. a) Main morphometric features, macrophyte composition and significantly different environ-
mental parameters of the studied Krapina oxbow lakes KO1 and KO2 (source [POLJAR et al.
2011); b) mean values of environmental parameters on the investigated study sites L1 and
L2 (mean±SD).

a)

Parameters KO1 KO2

Coordinates 45°57'96'' N; 15°50'78'' E 45°57'37'' N; 15°50'63'' E

Lengthmax (m) 150 81

Widthmean (m) 37 48

Surface area (ha) 1.7 1.0

Max. depth (m) 4.0 3.0

Shore slope steep gradual

TransparencySD (m) 0.3–1.1 0.6–1.2

pH 7.12–7.41 7.13–7.75

Conductivity (mS cm–1) 345–404 285–325

Chl a (mg m–3) 1.18–23.38 2.37–10.65

Macrophyte coverage % 3.2–5.5 5.0–7.8

Surronding area ploughed-fields meadows

Macrophyte type emergent emergent

Macrophyte composition (%) Typha latifolia (40%)
Iris pseudacorus (30%)
Carex sp. (15%)
Sparganium ramosum (15%)

Typha latifolia (40%)
Iris pseudacorus (20%)
Carex sp. (15%)
Mentha aquatica (25%)

b)

L1 L2

Parameters Mean±SD Mean±SD

Temperature (°C) 20.7±4.4 22.2±4.5

Dissolved oxygen (mg L–1) 6.2±2.4 7.6±2.9

Conductivity (mS cm–1)* 370.4±18.3 302.9±11.7

pH * 7.26±0.09 7.48±0.13

Alkality (mg L–1) 111.1±4.9 113.3±5.6

Nitrate (mg N-NO3
– L–1) 0.344±0.52 0.338±0.51

Orthophospate (mg P-PO4
3– mg L–1) 0.026±0.01 0.025±0.01

Chl a (mg m–3) 11.2±3.81 6.5±3.0

AFDW (mg m–3) 1809±1388 8324±10103

nL, L1=9; * significant difference P<0.05
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similar (MRAKOV^I] and MAR^I] 2006). Among fish present species carp prevailed
(Cyprinus carpio) followed by black bullhead (Ameiurus melas), pike (Esox lucius),
pikeperch (Sander lucioperca), roach (Rutilus rutilus), bleak (Alburnus alburnus), bream
(Abramis brama), sunfish (Lepomis gibbosus) and chub (Squalius cephalus).

Materials and methods

All measurements and sampling related to environmental variables, food resources and
epiphyton were collected between April and October 2008. Two seasons were considered
in the analyses: spring (April–June) and summer (July–September). In September the
water level was low and emergent macrophyte belts were above the water level and thus
epiphyton samples could not be taken. Samples were collected at monthly intervals,
whereas in May, June and July, samples were collected twice per month.

We sampled macrophytes on the east bank of each oxbow lake, as that side was flooded
for a longer period than the others. On these sites only Iris pseudacorus and Mentha

aquatica were present. Iris contains sword-shaped leaves tightly packed at the base, while
Mentha has a square stem with alternating opposite pairs of leaves. Epiphyton was sampled
from these two macrophyte species, differing in their habitus architecture: simple, i.e., Iris

pseudacorus in the littoral zone of both lakes (I1 in L1 and I2 in L2) and complex, i.e.,
Mentha aquatica (M2), only in L2. Triplicate samples of each species and site (each sample
included a single plant) were taken with a plastic hand cylinder sampler (30 cm high,
diameter 8 cm, mesh net 26 mm) according to KORNIJÓW and KAIRESALO (1994). Epiphyton
sampling was provided by cutting submerged part of macrophytes into 10 to 15 cm long
parts, which were scraped using a small brush, rinsed with distilled water, collected and
transported in plastic bottles to the laboratory. Pertaining macrophyte stems were deposited
in other bottles and brought to the laboratory, where dry mass (DM) was measured after
drying in a thermostat at 60 °C for 24 h (CATTANEO et al. 1998). Parallel with epiphyton
sampling another set of triplicate macrophyte parts was taken for determination of algal
biomass in epiphyton..

Specimens of epiphytic metazoans were determined and counted on live material under
an Opton-Axiovert 35 inverted microscope (100 to 450´). Before counting the whole
sample was thoroughly mixed in order to achieve homogenous distribution of specimens.
The entire volume (c. 5 mL) of collected epiphyton was counted in a Petri dish under an in-
verted microscope. In the case of high density, half of the sample was checked, and count-
ing was adjusted for the entire sample. For species determination, we consulted the fol-
lowing monographs: KOSTE (1978) Rotifera, EINSLE (1993) Copepoda and MARGARITORA

(1983) Cladocera. Bdelloidea were counted, but not identified, and densities of Polyarthra

dolichoptera and Polyarthra vulgaris were aggregated into a single category (Polyarthra

spp.). Cladocera were divided into two groups according to the body size: small-bodied
(length 500 mm to 1 mm) and large-bodied (length > 1 mm to 6 mm). Epiphyton as-
semblages for each station and each month were quantified as density and were expressed
as the number of individuals per 1 g of macrophyte dry mass. After metazoan specimens
counting, samples were used for determination of epiphyton ash free dry mass (AFDMe).
These data were obtained after drying of each sample at 104 °C for 4 h in ceramic dishes
and ashing at 600 °C for 6 h.

ACTA BOT. CROAT. 71 (1), 2012 129

EPIPHYTIC METAZOANS ON EMERGENT MACROPHYTES

536 Spoljar_verzija-10.prn
U:\ACTA BOTANICA\Acta-Botan 1-12\536 Spoljar_verzija-10.vp
26. o ujak 2012 11:38:30

Color profile: Disabled
Composite  150 lpi at 45 degrees



All physicochemical measurements (alkalinity, concentrations of nitrate and orthophos-
phate) as well as records related to investigated area and the period of investigation were
presented in the study by [POLJAR et al. (2011). Algal biomass (measured as chlorophyll a,
Chl a) and detritus or particulate organic matter, POM (measured as ash free dry mass,
AFDM) were considered to be possible food resources in plankton and epiphyton. Chl a in
epiphyton (Chl a) was determined using an ethanol extraction method by NUSCH (1980).

Macrophyte coverage (%) was estimated from the ratio of transect length occupied by
macrophytes to total transect length at five locations in each lake (LAU and LANE 2002).
Similarity among epiphyton samples was calculated using the Sørensen index (SI) accord-
ing to equation SI=2C/A+B, where A and B are the number of species in samples A and B,
respectively, and C is the number of species shared by the two samples (SØRENSEN 1948).
According to the Secchi disc transparency, we calculated trophic state index and distin-
guished trophic states by CARLSON (1977). Rotifera and Cladocera density in littoral water
was computed from the study [POLJAR et al. (2011). In further analyses the mean of
triplicate samples was used as a single data point for a given date and site. Prior to statistical
analysis, all biotic and abiotic parameters were logarithmically transformed [log (x+1)]
and their normality was checked using Shapiro-Wilk’s test. As this test suggested that the
data did not follow a normal distribution, even after transformation (p>0.05), a nonpara-
metric Kruskal-Wallis test (comparison between multiple habitats) and Mann-Whitney U
test (comparison between two seasons) were used.

Results

According to trophic state index mean value (67±5.5) in KO1 highly eutrophic con-
ditions prevailed while in KO2 values were much lower (38±5.3) which suggested meso-
trophic conditions (Fig. 2). These values significantly varied between the two oxbow lakes
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Fig. 2. Seasonal oscillations of transparency and trophic state index (TSISD) in two Krapina River
oxbow lakes (KO1 and KO2).
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(Z=3.59, n= 18, p=0.0003). Further results of analyses suggested that epiphytic metazoan
diversity and cladoceran density increased at higher transparency (Tab. 2). These inter-
actions were also significant particularly on M2 (r=0.84 to 0.89, n=8, p<0.05). Ash free
dry mass was deposed significantly more (p<0.05) on I1 than on I2 and M2 (Fig. 3a), and
significantly negatively correlated with biodiversity, higher rotifer and total metazoans
density in epiphyton (Tab. 2). Algal biomass (Chl a) did not oscillate significantly in
macrophyte epiphyton during the investigated period (Fig. 3b). It had a significant and
positive relation with rotifer and total metazoan density in epiphyton (Tab. 2). Also, two
oxbow lakes were significantly different in pH values (Z=–3.04, n=18, p=0.002) and
conductivity (Z=3.58, n=18, p= 0.0003) (Tab. 1b). Among DM and nutrients, as well as
between epiphytic community and environmental parameters in the surrounding water, no
significant correlations were established (p>0.05).

A total of 48 epiphytic metazoan taxa were recorded in this study, where rotifers
prevailed in diversity (38 taxa) and density (70 %). Habitats I2 and M2 (each 41 taxa) had
significantly higher diversity than I1, where only 16 taxa were recorded (Fig. 2c, Tab. 3).
Sørensen similarity index between epiphytic metazoans at different sampling sites (I1 and
I2 42%; I1 and M2 38%) was lower than between different macrophytes at the same
sampling site (I2 and M2 75%).

Density of epiphytic metazoans as well as densities of rotifers and copepods in epiphy-
ton reached significantly higher values on M2 compared to I1 (Fig. 3d, f, g). Total density
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Tab. 2. Significant Spearman correlations (p<0.05) between food resources and biotic parameters

(n=24). AFDMe – ash free dry mass.

g AFDM

g–1 DM

mg Chl a

g–1 DM

Epiphytic
metazoans

species richness
(number of taxa)

Total epiphytic
metazoans
abundance

(ind. g–1 DM)

Cladocerans
abundance in

epiphyton
(ind. g–1 DM)

Transparency (SD m) 0.47 0.66

Epiphytic metazoans
species richness
(number of taxa)

–0.71 0.49

Total epiphytic
metazoans abundance
(ind. g–1 DM)

–0.51 0.43 0.47

Rotifera abundance
in epiphyton
(ind. g–1 DM)

–0.42 0.46 0.94

Copepoda abundance
in epiphyton
(ind. g–1 DM)

0.77 0.52

Cladocera abundance
in plankton (ind. L–1)

0.41 0.62

Rotifera abundance in
plankton (ind. L–1)

–0.45
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Fig. 3. Mean, minimum and maximum values of analysed parameters among different habitats. Re-
sults of significant differences among habitats according to Kruskal-Wallist test (df=2, n=24)
and post-hoc multiple comparison are incorporated in graph titles.
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Tab. 3. Mean densities (mean ± SD, nI1,I2,M2=24) of epiphytic metazoans at different habitats I1, I2
and M2.

I1 (Ind g–1 DM) I2 (Ind g–1 DM) M2 (Ind g–1 DM)

Group Taxa Mean SD Mean SD Mean SD

Cladocera Acroperus elongatus (Sars, 1862) 0.2 ± 1 1 ± 4
Alona costata Sars, 1862 38 ± 102 2 ± 4 1 ± 3
Alona rectangula Sars, 1862 10 ± 31
Alona weltneri Keilhack, 1905 1 ± 2 1 ± 4
Bosmina longirostris (O. F. Müller, 1776) 2 ± 3 7 ± 9 16 ± 26
Ceriodaphnia laticaudata O. F. Müller, 1867 1 ± 2 2 ± 5
Ceriodaphnia quadrangula O. F. Müller, 1785 0.4 ± 1
Chydorus ovalis Kurz, 1875 2 3 18 ± 26
Chydorus sphaericus (O. F. Müller, 1776) 2 ± 7 7 ± 20
Daphnia cuculata Sars, 1862 2 ± 3
Pleuroxus denticulatus Birge, 1879 0.2 ± 1
Scapholeberis kingi Sars, 1888 2 ± 6

Cladocera total 40 ± 102 25 ± 43 51 ± 57

Copepoda copepodites 5 ± 10 2 ± 7 6 ± 13
nauplii 17 ± 20 17 ± 10 71 ± 68

Copepoda total 22 ± 29 20 ± 14 77 ± 73

Insecta Diptera larvae 3 ± 7 5 ± 8
Nematoda Nematoda 6 ± 14 61 ± 100
Ostracoda Ostracoda 0.5 ± 1 2 ± 5
Rotifera Ascomorpha saltans Bartsch, 1870 35 ± 54 1 ± 4

Asplanchna priodonta (Goose, 1850) 0.1 ± 0.4 5 ± 12 1 ± 2
Bdelloidea 36 ± 91 9 ± 17
Brachionus angularis Goose, 1851 0.2 ± 0.5
Brachionus patulus (O. F. Müller, 1786) 6 ± 12 2 ± 4
Brachionus quadridentatus Hermann, 1783 6 ± 12
Brachionus urceolaris O. F. Müller, 1773 33 ± 93
Cephalodella forficata (Ehrenberg, 1832) 1 ± 2
Cephalodella gibba (Ehrenberg, 1832) 0.1 ± 0.4 1 ± 4
Colurella obtusa (Goose, 1886) 10 ± 27 126 ± 208
Colurella uncinata (O. F. Müller, 1773) 1 ± 4
Filinia longiseta (Ehrenberg, 1834) 0.1 ± 0.4 2 ± 3 24 ± 41
Gastropus stylifer Imhof, 1891 5 ± 12 4 ± 9
Keratella cochlearis (Goose, 1851) 17 ± 19 17 ± 24 107 ± 132
Keratella cochlearis tecta Goose, 1851 0.2 ± 0.5
Keratella quadrata (O. F. Müller, 1786) 1 ± 1 10 ± 19 12 ± 19
Lecane cornuta (Müller, 1786) 3 ± 9 15 ± 42
Lecane luna (O. F. Müller, 1776) 3 ± 4 12 ± 17 27 ± 43
Lecane lunaris (Ehrenberg, , 1832) 5 ± 10 24 ± 43 55 ± 74
Lepadella patella (O. F. Müller, 1786) 8 ± 20 4 ± 6
Ploesoma hudsoni (Ehrenberg, , 1891) 1 ± 4 1 ± 3
Polyarthra spp. 4 ± 7 2 ± 4 4 ± 9
Pompholyx sulcata Hudson, 1885 7 ± 19 3 ± 9
Scaridium longicaudum (Müller, 1786) 0.1 ± 0.2 1 ± 2
Squatinella rostrum (Schmarda, 1846) 0.2 ± 1 15 ± 44
Squatinella lamellaris (O. F. Müller, 1786) 0.2 ± 1
Testudinella mucronata (Goose, 1886) 1 ± 3 59 ± 140
Trichocerca bicristata (Goose, 1887) 1 ± 2 1 ± 2 6 ± 14
Trichocerca capucina (Wierzejski et
Zacharias, 1893)

± 1 ± 2

Trichocerca longiseta (Schrank, 1802) 2 ± 3 6 ± 8 18 ± 16
Rotifera total 67 ± 56 160 ± 160 537 ± 570

Grand total 128 ± 124 216 ± 205 733 ± 654
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of epiphytic metazoans was significantly positively affected by rotifers and copepods
density (Tab. 2). Separately, on habitat M2 rotifer abundance significantly positively
affected epiphytic metazoan abundance (r=0.95, n=8, p<0.05). In general, prevailing
among epiphytic rotifers were the microphagous species, Keratella cochlearis, Lecane

lunaris and Colurela obtusa. Cladoceran density in epiphyton did not show significant
differences (p>0.05) among investigated habitats (Fig. 3e). Their epiphytic abundance was
positively affected by cladocerans in surrounding water and negatively by rotifer density in
surrounding water (Tab. 2). Small-bodied microphagous cladocerans i.e., Alona, Bosmina

and Chydorus species contributed mostly in total epiphytic metazoan density (Tab. 3).
Among cladocerans in M2, the presence of large-bodied (i.e. Daphnia, Ceriodaphnia) and
of small-bodied species (Tab. 3) was recorded. Copepods, represented by nauplii and
copepodites, also reached their highest density on M2 (Fig. 3g). Among studied epiphytic
metazoans only copepod density in epiphyton showed a significant difference (Z=2.21,
nspring,summer=8, p=0.03) in seasonality with higher density in spring (46±50 ind. g–1DM)
and lower in summer (28±56 ind. g–1 DM).

Discussion

Transparency is a well known indicator of the trophic state in aquatic systems (KARABIN

1985) and a main driver in the outcome of predator-prey relations (HORPILA and NURMINEN

2005, ESTLANDER et al. 2009). We assume that more intensive agriculture on ploughed
fields and fishing around/in KO1 than KO2 contribute to decreased transparency via

increasing particulate and dissolved organic matter indicating eutrophic conditions in lake
KO1. Significantly lower pH and higher conductivity in the higher trophic lake, KO1,
indicate phosphorous release from sediment at lower pH, which leads simultaneously to
increasing ionic concentration measured as electroconductivity (review KALFF 2002).
BIELA�SKA-GRAJNER and G�ADYSZ (2010) also concluded that higher electroconductivity
often cooccurs with anthropogenic eutrophication reflected as higher trophic levels.

Results of analyses in this study suggested that transparency positively influenced
cladoceran diversity and density, as well as total metazoan diversity in epiphyton. This
could be explained by intensive fish predation at higher transparency in pelagial, with
cladocerans migrating to the littoral and becoming attached to macrophytes (NURMINEN et
al. 2007, ESTLANDER et al. 2009). Similar results were established in previous study in these
oxbow lakes as increasing density of small and large-bodied cladocerans in littoral zone of
KO2 at higher transparency in the pelagial ([POLJAR et al. 2011).

We recorded the highest value of organic matter in epiphyton on a simple Iris stem in
KO1. This could be explained by the decreasing role of macrophytes as shelter for zoo-
plankton at a higher trophic level, as water turbidity increased and transparency decreased
(CASTRO et al. 2005, ESTLANDER et al. 2009). Thus Iris belt in KO1 was not a favourable ha-
bitat for epiphytic metazoans and consequently low grazing on algae and detritus was ex-
pressed as higher AFDMe. Results of correlations suggested decreasing AFDMe amount
at higher epiphytic metazoan density and diversity, especially caused by higher rotifers
density. It indicated metazoans grazing upon detritus in epiphyton and the development of
few abundant microphagous species among rotifers (bdelloids, Colurella, Lecane) (review,
MACINNIS 1997) and cladocerans (Alona, Bosmina, Chydorus) (HART and LOVVORN 2000,
CAZZANELLI et al. 2008).
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Algal biomass in epiphyton did not vary significantly among the investigated macro-
phytes. Thus our results do not confirm the results of other authors that macrophytes with
complex architecture harbour a higher amount of epiphyton (DUGGAN 2001, TESSIER et al.
2008). We explain our results on assessment that Mentha surface area does not exceed that
of Iris. This is expressed in similar epiphytic algal biomass between habitats and sites. Po-
sitive relation between algal biomass and epiphytic metazoans and rotifer densities could
be explain by the feeding guilds of these organisms. As microphagous species dominated
in epiphyton, we suppose that they influenced the grazing of organic matter. Rotifer (Asco-

morpha, Gastropus, Trichocerca) and crustacean (nauplii, copepodites, Daphnia) algi-
vorous species just temporarily fed on epiphyton and did not significantly influence on
algal grazing (ARMENGOL and MIRACLE 2000, HORPPILA and NURMINEN 2008).

We think that in our study different densities among epiphytic metazoans were not
derived from plant architecture but from interaction between width of macrophyte belt and
turbidity in each lake. For instance, Iris stems in the less transparent and higher trophic
lake, KO1, hosted significantly fewer species than Iris stems in the lake of higher transpa-
rency and lower trophic state, KO2. In KO1 the macrophyte belt is significantly narrower
than in KO2 ([POLJAR et al. 2011). These results indicate that higher turbidity and trophic
level together with narrow macrophyte belt probably reduce the influence of macrophyte belt
as a zooplankton shelter against predators (ESTLANDER et al. 2009, [POLJAR et al. 2011).
In lake KO2, Iris and Mentha recorded equal total diversity of epiphytic metazoans.
However, species composition indicates that Mentha epiphyton hosted some large-bodied
cladocerans, i.e. Ceriodaphia, Daphnia, while on Iris small-bodied cladocerans were at-
tached. This is in agreement with records that macrophytes of complex architecture offer
better shelter than those with simple architecture (VIEIRA et al. 2007). Namely, large-
-bodied cladocerans are first under attack from fish predators and need safe shelter against
fish (BALAYLA and MOSS 2003, CAZZANELLI et al. 2008). Thereby, significant correlations
among diversity and cladoceran density in Mentha epiphyton derived presumably from a
wider macrophyte belt in KO2 than in KO1. Moreover, total epiphyton diversity positively
correlated with cladoceran density.

We presumed that at higher transparency, i.e. KO2, there was an increased risk of fish
predation, which caused copepods to shift to the littoral zone, where they found more
complex Mentha a more suitable habitat provided by simple Iris. This resulted in sig-
nificant differences in their spatial distribution which is in accord with results of MIRACLE

et al. (2007).

As in other studies (DUGGAN et al. 2001, ARORA and MEHRA 2003), rotifers contributed
most to the total density in epiphyton at each habitat. Taxa restricted to vegetation,
bdelloids and Lecane, but also Keratella cochlearis mainly contributed to this higher
density. The latter species is characterised as common in vegetation and open water. In the
more complex Mentha habitat K. cochlearis developed a higher density, in contrary to the
more simple Iris habitat.

According to ROMARE et al. (2003) the littoral zone and its connection with the pelagial
is important in structuring fish and plankton assemblage. The epiphyton community could
also indicate the consequences of environmental and biocoenotic changes. A better insight
would be revealed by further comprehensive studies of aquatic communities.
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