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Abstract – Species richness of macrophytes of artiﬁcial and natural water bodies covering rivers, streams,
canals and habitats with standing water was studied in two Central European biogeographical regions,
Pannonian and Carpathian, represented by two model areas (the Borská nı́žina Lowland and the Turčianska
Kotlina Basin). We found that: (i) the total number of macrophytes was higher in artiﬁcial water bodies compared to natural aquatic habitats in both regions and diﬀerences were statistically signiﬁcant (P < 0.05); and
(ii) species richness of macrophytes is relatively low in both regions; slightly higher mean number was found
in the Pannonian region (3.53) compared with the Carpathian region (3.06). Eﬀects of environmental characteristics on species richness studied by generalized linear model (GLM) showed that explained variances
of GLM were similar in both regions. The main drivers of the diversity pattern were those connected with
the hydrology of water bodies, such as substrate characteristics and turbidity, less frequent were chemical
characteristics, such as water conductivity and N-contents, whereas landscape characteristics manifested the
smallest impact.
Key words: Aquatic plants / Central Europe / diversity / generalized linear model / species richness–
environmental relationship

Introduction
Aquatic macrophytes play an important role in the
structure and function of the aquatic ecosystems. They
actively aﬀect biochemical cycles, hydrology and sediment
dynamics, light availability and provide suitable habitat
for animal species (Lacoul and Freedman, 2006;
Chambers et al., 2008; Bornette and Puijalon, 2011).
Many ecological processes and factors have been used to
explain underlying mechanisms of species richness and
composition patterns of macrophytes (Lacoul and
Freedman, 2006), but their variations have often been
attributed to environmental variables integrating mainly
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hydrological, substrate and chemical characteristics,
nutrients availability and light conditions (Williams et al.,
2004; Baattrup-Pedersen et al., 2006; Bornette and
Puijalon, 2011).
Previous studies of freshwater biodiversity pointed out
the increasing relevance of anthropogenic impact (e.g.,
Polunin, 2008), leading to worldwide loss of freshwater
biodiversity (Dudgeon et al., 2006). Species richness
decline resulting from degradation of natural aquatic
ecosystems can be partially inhibited by the creation of
new, man-made aquatic habitats such as canals, artiﬁcial
water reservoirs, ﬁshponds or sand/gravel pits. Man-made
water bodies are thus relevant localities for diversity
preservation of freshwater organisms including macrophytes (Armitage et al., 2003; Williams et al., 2004;
Dorotovičová, 2013).
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Fig. 1. Map of the studied area.

Macrophyte diversity in freshwater habitats appears to
be scale-dependent and varies across diﬀerent regions,
with European peak in the latitudinal range between 40x
and 50xN (Lacoul and Freedman, 2006; Chambers et al.,
2008; Chappuis et al., 2012). This pattern corresponds well
with humidity gradient and accessible water resources, i.e.,
the highest species richness observed in Western and
Northern Europe having in general more humid climate is
gradually reduced towards more continental Central
European countries including Slovakia (Chappuis et al.,
2012). This territory represents a contact area of the
Carpathian and Pannonian regions that are characterized
by distinctive environmental conditions. The southern
part of Slovakia belongs to the Pannonian region, whereas
the central and northern part to the Carpathian region.
Although they share a certain proportion of common
plant species groups, there are conspicuous ﬂoristic
(including macrophytes) diﬀerences between them
(Futák, 1972; Hrivnák et al., 2013).
If environmental peculiarities and the origin of study
sites are taken into account, we expected diﬀerences in
species richness between regions. The systematic and longterm research of aquatic ecosystems in Slovakia in the past
decades (for reviews see Hrivnák et al., 2007; Baláži et al.,
2011) indicates that species richness may be higher in
artiﬁcial than in natural aquatic habitats. This assumption
is in accordance with the main outcomes of some earlier
studies which were performed in man-made aquatic
habitats across the whole Europe. They suggest a relatively
high plant species richness of ponds (Biggs et al., 2005;
Davies et al., 2008) and comparable or even higher species
richness of canals compared with natural waters
(Dorotovičová, 2013). Based on this evidence, the aims of
our study were: (1) to detect potential diﬀerences between
natural and artiﬁcial aquatic habitats in species richness of
macrophytes and environmental variables in two distinct
regions; and (2) to ﬁnd environmental drivers responsible
for variation in species richness within both regions.

Study area
Species richness of macrophytes was studied in the
Pannonian and Carpathian regions in Slovakia where two
representative model areas were selected (Fig. 1): the
Borská nı́žina Lowland (16x50k–17x19kE, 48x13k–48x32kN)
and the Turčianska Kotlina Basin (18x45k–19x6kE, 48x50k–
49x7kN). Both areas showed the similar landscape structure with a mosaic of arable ﬁelds and forests, but at the
same time, they diﬀered in altitudinal gradients and
climatic conditions (median altitude of the Borská nı́žina
Lowland is 152 m and that of the Turčianska Kotlina
Basin is 426 m). The Pannonian climate with warmer and
drier vegetation season is more pronounced in the
southern part of the study area (the Borská nı́žina
Lowland; mean July temperature is 18–20 xC and mean
annual precipitation 500–600 mm), whereas a more humid
Carpathian climate aﬀects its northern part (the
Turčianska Kotlina Basin; 14–16 xC, 800–900 mm).

Methods
Field sampling and laboratory analyses

We studied four main types of aquatic water bodies
(rivers, streams, canals and ponds) including those of
natural (rivers, streams, river oxbows and watered terrain
depression such as natural pond-types) and artiﬁcial
(drainage and irrigation canals, water reservoirs, sand or
gravel pits such as artiﬁcial pond-types) origin (Williams
et al., 2004; Hrivnák et al., 2013). The present habitat
stratiﬁcation (i.e., 20 sampling sites of each abovementioned water bodies per region) allowed us to cover a
broad range of geological and geomorphological conditions. This sampling design led to compilation of data
matrix with 160 sites (2 regions r 4 water body
types r 20 sampling sites). To eliminate potential eﬀect of
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Table 1. Basic characteristic of the studied environmental variables and diﬀerences between natural and artiﬁcial aquatic habitats in
both biogeographical regions.

Environmental variables
Quantitative variables
Mean depth of water (cm)
Fine substrate (%)
Sand substrate (%)
Gravel substrate (%)
Coarse substrate (%)
Shading (%)
Forests (%)
Wetlands (%)
Meadows (%)
Fields (%)
Artiﬁcial (%)
Water pH
Water temperature ( xC)
Water conductivity (mS.cmx1)
Water ammonia (mg.Lx1)
Water nitrate (mg.Lx1)
Water nitrite (mg.Lx1)
Water phosphate (mg.Lx1)
Substrate pH
Substrate conductivity (mS.cmx1)
Substrate ammonia (mg.gx1)
Substrate nitrate (mg.gx1)
Substrate nitrite (mg.gx1)
Substrate phosphate (mg.gx1)
Categorical variables
Water regime
Flow velocity
Turbidity

Pannonian region
Artiﬁcial
Natural
Mean (¡ SD)
Mean (¡ SD)
n = 45
n = 33

M–W
P value

Carpathian region
Artiﬁcial
Natural
Mean (¡ SD)
Mean (¡ SD)
n = 32
n = 46

M–W
P value

107.92 ¡ 79.37
47.58 ¡ 41.69
33.94 ¡ 40.92
10.61 ¡ 22.90
8.18 ¡ 24.93
25.30 ¡ 36.11
26.98 ¡ 36.99
11.17 ¡ 28.31
16.39 ¡ 23.92
35.67 ¡ 35.99
7.79 ¡ 18.37
7.89 ¡ 0.53
21.03 ¡ 3.45
618.98 ¡ 320.05
0.29 ¡ 0.52
1.17 ¡ 1.61
0.11 ¡ 0.18
0.32 ¡ 0.38
7.23 ¡ 0.86
969.15 ¡ 761.01
24.36 ¡ 29.85
6.69 ¡ 10.83
0.78 ¡ 0.99
102.62 ¡ 71.46

78.82 ¡ 46.34
38.22 ¡ 45.89
21.11 ¡ 35.82
16.67 ¡ 30.23
24.00 ¡ 35.32
39.47 ¡ 39.65
25.58 ¡ 32.30
8.13 ¡ 18.03
27.69 ¡ 31.68
25.97 ¡ 33.74
9.63 ¡ 19.58
7.98 ¡ 0.57
20.07 ¡ 2.91
551.93 ¡ 152.69
0.22 ¡ 0.35
2.55 ¡ 2.33
0.09 ¡ 0.12
0.29 ¡ 0.38
7.43 ¡ 0.68
756.70 ¡ 651.19
22.43 ¡ 25.93
9.55 ¡ 12.32
1.29 ¡ 3.21
120.03 ¡ 66.89

ns
ns
ns
ns
*
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
**
ns
ns
ns
ns
ns
ns
ns
ns

82.58 ¡ 71.10
57.19 ¡ 34.57
13.75 ¡ 23.79
23.13 ¡ 26.08
5.94 ¡ 13.16
40.09 ¡ 40.71
22.19 ¡ 27.29
6.34 ¡ 14.41
37.81 ¡ 32.65
17.91 ¡ 25.51
11.69 ¡ 21.96
7.89 ¡ 0.37
15.74 ¡ 2.96
486.70 ¡ 174.88
0.21 ¡ 0.78
2.09 ¡ 1.89
0.14 ¡ 0.15
0.17 ¡ 0.24
7.64 ¡ 0.35
939.40 ¡ 845.14
39.20 ¡ 21.95
1.33 ¡ 2.06
0.48 ¡ 0.61
69.29 ¡ 60.92

38.47 ¡ 26.88
16.74 ¡ 32.32
6.52 ¡ 12.33
30.00 ¡ 36.27
46.74 ¡ 39.50
52.24 ¡ 37.95
22.17 ¡ 25.79
4.37 ¡ 12.45
36.52 ¡ 31.52
18.15 ¡ 27.88
17.04 ¡ 26.53
8.13 ¡ 0.34
14.91 ¡ 2.05
421.05 ¡ 111.67
0.04 ¡ 0.07
2.94 ¡ 1.47
0.15 ¡ 0.15
0.22 ¡ 0.31
7.80 ¡ 0.47
584.35 ¡ 433.06
35.32 ¡ 20.80
3.01 ¡ 4.06
0.89 ¡ 1.77
87.61 ¡ 58.87

*
***
ns
ns
***
ns
ns
ns
ns
ns
ns
**
ns
ns
ns
*
ns
ns
*
*
ns
ns
ns
*

1.03 ¡ 0.17
1.67 ¡ 0.65
2.58 ¡ 0.75

1.13 ¡ 0.50
2.42 ¡ 0.78
2.64 ¡ 0.61

ns
***
ns

1.58 ¡ 0.72
1.78 ¡ 0.83
2.00 ¡ 1.02

1.20 ¡ 0.50
2.91 ¡ 0.84
1.89 ¡ 0.64

ns
*
ns

Signiﬁcance of the Mann–Whitney U test (M–W): ns = non-signiﬁcant; *P < 0.05; **P < 0.01; ***P < 0.001.

vegetation seasonality on the species richness pattern, a
half of sampling sites were studied in the early summer
(June) and the second part at the end of summer (August
and September) in 2011. A total plant species list of
macrophytes (Charophytes, bryophytes and vascular
plants including true aquatic and marsh plants; Janauer
and Dokulil, 2006) was done for each sampling site with
uniform size of 100 m2 by walking and/or by boat.
Sampling area was determined as length r width of water
course in lotic habitats, whereas a triangular design (the
apex at the middle of the water body and the base along
the margin edge) was applied in lentic habitats. Small
ponds were thus excluded from potential studied sites.
Nomenclature of plant species is in accordance with the
checklist of Marhold and Hindák (1998), the categories of
threat are classiﬁed according to Baláž et al. (2001).
The following environmental variables were measured
and/or scored on each sampling site (Table 1; see Hrivnák
et al., 2013 for the methodological details). Shading
by woody vegetation as the percentage cover of tree
and shrub layers on the banks, type of water regime
(from 1 – permanently waterlogged to 4 – dried every year;
W_regime; sensu Williams et al., 2004; Hrivnák et al.,

2013), turbidity (from 1 – clear to 4 – turbid; sensu
Williams et al., 2004; Hrivnák et al., 2013) and percentage
proportion of contact habitats (forests, wetlands, meadows, ﬁelds, artiﬁcial) up to distance of 100 m from the
sampling site were visually estimated in the ﬁeld. Mean
depth of water was derived from ten random measurements on the each site. The particle-size distribution
of bottom substrate type (ﬁne material consisting
of inorganic and organic materials, sand, gravel,
coarse = rock and large artiﬁcial material) and ﬂow
velocity (1 – stagnant, 2 – low ﬂow, 3 – medium ﬂow and
4 – high ﬂow) were assessed according to recommendations of Janauer (2003). In order to partially reduce
natural temporal variability of several water-related
variables, water pH, conductivity and temperature were
measured with the CyberScan PC 650 equipment in all
sampling sites during 1 week at the end of summer.
Water samples were taken from all sampling sites
during the same time of the summer. They were quickly
frozen at x 18 xC and used for chemical analyses of
ammonia, nitrite, nitrate and phosphate contents.
Ammonia content was determined by the Nessler’s
method using the Hanna Instruments standard kit
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(HI 93715). Nitrite content was determined spectrophotometrically at l = 540 nm, after diazotation with 40 g.Lx1
sulfanilamide and 2 g.Lx1 N-(1-naphthyl)-ethylenediamine dihydrochloride in 10% H3PO4. Nitrate plus nitrite
level in the samples was measured by the same method
except that the samples were reduced with 1.4 g.Lx1
hydrazinsulphate, 7.5 g.Lx1 CuSO4 and then neutralized
adding 3 g.Lx1 NaOH prior to diazotation. The nitrate
content was then calculated as the diﬀerence in the
absorbance of the same sample with and without reduction. Phosphate content was analysed spectrophotometrically according to the modiﬁed method described by
Rodriguez et al. (1994), measuring the absorbance of
the samples at l = 720 nm, after derivatization with
ammonium-molybdate reagent containing 0.1 M sulfamic
acid, 0.01 M ammonium molybdate, 0.1 M potassium
antimonyl oxide tartarate and 0.1 M ascorbic acid (see
also Hrivnák et al., 2010).
Sediment samples were randomly collected in three
places from the bottom of each sampling site and mixed to
form a single sample per site in order to reduce substrate
heterogeneity. All samples were collected during 1 week at
the end of summer. They were dried at laboratory
temperature, crushed and passed through a 2 mm sieve.
Substrate pH and conductivity were determined in distilled
water using the CyberScan PC 650 multiparameter device
(substrate/water ratio = 1:2.5). Nitrate, nitrite and ammonia content was determined in the samples extracted 2 h
with 1 M KCl and centrifuged for 10 min. at 2000 g, by the
same methods as that used for water analyses. For the
determination of extractable phosphate, samples were
extracted for 2 h using Mehlich 3 extraction solution
(0.2 M acetic acid, 0.25 M NH4NO3, 0.015 M NH4F,
0.013 M HNO3 and 0.001 M EDTA). Phosphate was
determined by the ammonium-molybdate method as
described above (Hrivnák et al., 2013).

Statistical approach

Four sampling sites with incomplete list of environmental variables were excluded prior to the analyses. They
were divided according to two criteria: (i) man-made
(Artiﬁcial) and natural (Natural) habitats based on origin
(subset i), and (ii) man-made habitats (Artiﬁcial) and
recent natural habitats without any signs of human-caused
modiﬁcation of their natural character (Recent natural;
subset ii). Statistical diﬀerences in environmental variables
between artiﬁcial and natural habitats within both regions
(subset i) and in species richness (subsets i and ii) were
tested by the Mann–Whitney U test at 5% level of
signiﬁcance. Variation of plant species richness was
modelled using the generalized linear model (GLM;
McCullagh and Nelder, 1989). Since the dependent
variables represent count data, Poisson error distribution
and logarithmic link function were used in model
speciﬁcations. Three models were created: (i) the null
model involving only the dependent variable without any
predictors (explanatory variables); (ii) the full model with

all explanatory variables; and (iii) the minimal adequate
model that explains the highest proportion of variation
using minimum number of explanatory variables. The
minimal model was calculated using backward stepwise
selection based on the Akaike information criterion (AIC;
Akaike, 1973), following the recommendation of Johnson
and Omland (2004). Inﬂuential data points were determined using Cook’s distance. Statistical signiﬁcance of
each variable in the minimal model was tested by the x2
statistic and diﬀerences between the full and minimal
GLM models by the F test. The adjusted D2 (D2adj) was
calculated as a measure of goodness-of-ﬁt for the minimal
GLM (Guisan and Zimmermann, 2000). Multicollinearity
was recorded for both ﬁnal GLMs using the variance
inﬂation factor according to Chatterjee et al. (2000).
Habitat origin entered the model as binary variable in
order to test its relevance for species richness of macrophytes. All statistical analyses were performed in the
STATISTICA software (StatSoft, 2001) and the R software, version 3.0.2 (R Development Core Team 2013).

Results
Species richness

Altogether 72 macrophyte taxa were found in both
studied regions: vascular plants represented 86.1%,
bryophytes 9.7% and macroscopic algae (genera Chara
and Nitella) 4.2% (Supplementary Appendix 1, available
at: www.limnology-journal.org). Although the species
richness of macrophytes was generally low and varied
only slightly between regions, higher mean number was
found in the Pannonian region (3.53) than in the
Carpathian region (3.06) including both artiﬁcial and
natural habitats. A similar pattern was also found when
only artiﬁcial and natural habitats were taken into account
(Table 2). Artiﬁcial water bodies showed similar total
species number in both regions (37 versus 39 in the
Pannonian and Carpathian regions, respectively), whereas
the total species number of natural water bodies was
higher in the Pannonian region (42 versus 31;
Supplementary Appendix 1). Although statistically signiﬁcant diﬀerences (P < 0.05) in species richness of
artiﬁcial and natural habitats were found in both regions
(Table 2; Fig. 2(A) and (C)), artiﬁcial and recent natural
habitats signiﬁcantly diﬀered only in the Carpathian
region (Table 2; Fig. 2(B) and (D)).

Environmental variables

In the Pannonian region, higher mean values were
detected in natural habitats for the portion of coarse
substrate on the bottom, ﬂow velocity and nitrate content
in water. In the Carpathian region, higher mean values
were found within natural habitats in the case of the
portion of coarse substrate on the bottom, water and soil
reaction, nitrate content in water, phosphate content in
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Table 2. Comparison of the species richness of artiﬁcial and natural aquatic habitats in two distinct regions.
Mean (Min–Max)
Recent natural

Mann–Whitney U test
Artiﬁcial versus Natural
Z value
P value

Artiﬁcial versus Recent natural
Z value
P value

Habitat
Pannonian region
Number of cases
Number of species

Artiﬁcial

Natural

33
4.3(0–12)

45
2.96(0–14)

18
3.39(0–8)

.
2.276

.
0.02

.
0.956

.
0.34

Carpathian region
Number of cases
Number of species

32
3.91(0–10)

46
2.48(0–9)

32
2.56(0–9)

.
2.529

.
0.01

.
2.276

.
0.02

Fig. 2. The box-plots of macrophyte species richness in the Pannonian (A and B) and Carpathian (C and D) regions. 0 = artiﬁcial
aquatic habitats; 1 = natural aquatic habitats, 1 in A and C = natural habitats and 1 in B and D = recent natural habitats; P = level of
signiﬁcance (see the Methods section).

soil and ﬂow velocity. In artiﬁcial habitats, water depth,
portion of ﬁne substrate in bottom and soil conductivity
had higher mean values. In spite of considerable variation
in values of environmental factors, only three variables
(water nitrate, coarse substrate on the bottom and ﬂow
velocity) showed signiﬁcant diﬀerences between artiﬁcial
and natural habitats within regions (Table 1).
Effect of environmental variables on species richness

The GLM identiﬁed that the total explained variation
in the species richness of macrophytes was similar in

both Pannonian (42.3%) and Carpathian (44.7%) regions
(Table 3). Diﬀerences between full and minimal GLM
models were statistically non-signiﬁcant. Seven variables
were retained in each model; six with negative and
one with positive inﬂuences on species richness in the
Pannonian region and two with negative and ﬁve with
positive inﬂuences on species richness in the Carpathian
region (Table 3). Species richness had a positive relationship with water nitrite and negative with substrate
characteristics (sand and coarse substrates), shading and
water depth, nitrate and turbidity in the Pannonian region.
Except for coarse substrate on the bottom, all substrate
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Table 3. Summary of the GLM minimal model for the macrophyte species richness. Variables were added sequentially (ﬁrst to last;
*P < 0.05, **P < 0.01, ***P < 0.001). The plus/minus symbols refer to the regression coeﬃcient of the respective variable in the
model.
Region
Pannonian

P (x2)

D2adj

Diﬀerence between full
and minimal GLM P (x2)

34.70
23.60
7.81
10.20
11.50
5.34
9.79

***
***
**
**
***
*
**

0.423

0.596

30.40
5.56
9.55
10.00
5.54
4.13
6.09

***
*
**
**
*
*
*

0.447

0.625

Variables

Deviance reduction

x Coarse substrate
x Shading
x Water nitrate
+ Water nitrite
x Mean depth of water
x Sand substrate
x Turbidity
+ Water regime
+ Fine substrate

Carpathian
x Sand substrate
+ Gravel substrate
x Turbidity
+ Water temperature
+ Water conductivity

Null deviance: 220.01 and 145.11 in Pannonian and Carpathian regions, respectively.

characteristics were also important in the Carpathian
region. Water regime, water temperature, water conductivity and turbidity were also found to be signiﬁcant in the
Carpathian region (Table 3). The origin of aquatic
habitats was not found as a predictor in species richness
of macrophytes.
Coarse substrate on the bottom and water nitrate,
which signiﬁcantly diﬀered between natural and artiﬁcial
aquatic habitats, were simultaneously included into the
GLM model in the Pannonian region, but only content of
ﬁne substrate material in the Carpathian region (Tables 1
and 3).

Discussion
Species richness of macrophytes was higher in artiﬁcial
than natural water bodies under study. Man-made water
bodies such as pits, artiﬁcial water reservoirs or canals
provide also suitable environmental conditions for potential establishment and growth of macrophytes. They can
re-establish natural biotopes, which are continuously
adversely modiﬁed or even destroyed by various anthropogenic events. The important role of ponds (they
encompass both man-made and natural water bodies)
in maintaining aquatic biodiversity and their relatively
high species richness was already proved several times
(Williams et al., 2004; Biggs et al., 2005; Davies et al.,
2008). Speciﬁc artiﬁcial pond types (e.g., farmland ponds,
watered gravel, sand or clay pits) can create suﬃcient
conditions for macrophytes and their species diversity can
be similar to natural ones (Linton and Goulder, 2000;
Markwell and Fellows, 2008). In addition to the origin of a
water body, species diversity is also controlled by a set
of another factors, including the age of water body,

management practices and nutrient content (Linton and
Goulder, 2000; Mari et al., 2010). An analogous situation
was observed in canals where diverse species richness
patterns (Armitage et al., 2003; Williams et al., 2004) are
closely associated with the hydrological mode, utilization,
land use or human impacts. The present study further
reinforces the theory that canals as man-made aquatic
habitats are able to host a number of macrophytes
including highly threatened plant species (Sipos et al.,
2003; Ot’ahel’ová et al., 2007; Dorotovičová, 2013). On the
other hand, invasions by alien plant species belong to
frequently discussed biological phenomenon, which may
enrich the overall ﬂoristic spectrum in terrestrial and
freshwater ecosystems (Lambdon et al., 2008; Hejda et al.,
2009; Aguiar and Ferreira, 2013). However, we do not
suppose this process to be relevant in our case, as the only
non-native species in Europe Elodea canadensis was found
in the studied water bodies with similar abundances in
both artiﬁcial and natural habitats.
Although a higher macrophyte species richness of
artiﬁcial water bodies in Slovakia must be interpreted
with reference to their species composition, there might be
several mutually non-exclusive mechanisms responsible
for this pattern. Firstly, aquatic habitats with running
water, which are in general species-poorer compared with
those having standing water (Davies et al., 2008), were
more abundant in natural habitats of Slovakia. Secondly,
extensive management practices accompanied by natural
disturbance events lead to maintenance of intermediate
plant standing crop promoting the survival of more plant
species (Willby et al., 2001). The major part of artiﬁcial
water bodies under our study has been aﬀected only
slightly by human activities in the past decades and
environmental conditions are similar as in the case of
natural water bodies.
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Except for sand on the bottom and water turbidity,
inﬂuential environmental factors for the species richness
variation diﬀered between regions. The crucial role
plays especially hydrological characteristics (e.g., various
types of the bottom substrate, water regime, depth and
turbidity). Unlike hydrological and physical-chemical
variables, landscape-related characteristics were signiﬁcant only for the Pannonian region. In general, aquatic
plants are primarily inﬂuenced by factors inherent to the
limnology of water bodies, including those related to such
physical attributes as geology, topography, sediment,
climate and hydrology (Lacoul and Freedman, 2006).
Our results are thus in accordance with the predominant
trend.
Most of the identiﬁed environmental drivers for
macrophyte diversity have already been determined in
previous studies (e.g., Lacoul and Freedman, 2006;
Bornette and Puijalon, 2011). Negative impact of high
turbidity is usually attributed to the lower accessibility
of light for phototrophic macrophytes (Lacoul and
Freedman, 2006). Inconsistent inﬂuences of the coarse
bottom substrate on species richness most likely result
from diﬀerent eco-physiological preferences of main plant
functional groups. The portion of the coarse bottom
substrate showed a negative and a positive eﬀect in
the Pannonian and Carpathian regions, respectively. The
same pattern has formerly been reported by BaattrupPedersen et al. (2006) in streams. They observed a shift
from the predominance of species-poor shallow mountain
streams to richer lowland streams, i.e., from moss- and
liverwort-dominated communities in small-sized to communities dominated by vascular plants in the mediumsized. Although the coarse substrate material does not
support higher numbers of vascular plants, it positively
aﬀects bryophyte species richness especially in mountain
streams (Hrivnák et al., 2010; O ´ Hare et al., 2011; Ceschin
et al., 2012). Thus, in the case of lowland streams with
major occurrence of vascular plant species, the coarse
substrate aﬀects richness negatively, while the gravel and
rocky substrates in mountain streams with prevailing
abundance of bryophytes provides suitable conditions.
Moreover, bryophytes that occurred much more often in
the Carpathian region (see Appendix 1) are better adapted
to higher shading by woody species. On the other hand,
the sand substrate had similar negative eﬀects in both
regions. Sand bottom substrate is not an optimal surface
type for macrophyte existence because of its instability
to hydrological disturbances (Lacoul and Freedman,
2006).

Conclusion
Our study showed that the artiﬁcial aquatic habitats
(i) have higher diversity compared with natural water
bodies in diﬀerent regions typical for the Central
European landscape; and (ii) these man-made habitats
can provide appropriate ecological conditions for the
survival of macrophytes. However, preservation of natural
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water bodies has crucial role from the point of view of
biodiversity, landscape variability, and natural and cultural heritage conservations. The main drivers of the diversity
pattern were those connected with the hydrology of water
bodies, such as substrate characteristics and turbidity,
less frequent were chemical characteristics, such as water
conductivity and N-contents, while landscape characteristics manifested the smallest impact. The origin of water
bodies did not prove to be a predictor of the species
diversity of macrophytes.
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Appendix 1. Percentage frequency of recorded plant taxa in particular regions and habitats.
Table A1. Endangered plant taxa are bolded.

Taxon
Agrostis stolonifera
Alisma plantago-aquatica
Amblystegium riparium
Batrachium aquatile agg.
Batrachium circinatum
Batrachium trichophyllum
Berula erecta
Butomus umbellatus
Callitriche cophocarpa
Callitriche palustris
Carex acutiformis
Carex riparia
Ceratophyllum demersum
Cratoneuron ﬁlicinum
Eleodea canadensis
Epilobium hirsutum
Fontinalis antipyretica
Glyceria aquatica
Glyceria ﬂuitans
Glyceria plicata
Hottonia palustris
Hydrocharis morsus-ranae
Chara foetida
Chara fragilis
Iris pseudacorus
Juncus articulatus
Lemna minor
Lemna trisulca
Lysimachia nummularia
Lysimachia vulgaris
Mentha aquatica
Mentha longifolia
Myosotis scorpioides agg.
Myriophyllum spicatum
Myriophyllum verticillatum
Najas marina
Nitella sp.
Nuphar lutea
Nymphaea alba
Palustriella commutata
Pellia endiviifolia
Persicaria amphibia
Persicaria hydropiper
Persicaria maculosa
Phalaroides arundinacea
Phragmites australis
Potamogeron berchtoldii
Potamogeton crispus
Potamogeton lucens
Potamogeton natans
Potamogeton nodosus
Potamogeton pectinatus
Potamogeron perfoliatus
Potamogeton pusillus
Rhynchostegium riparioides

Pannonian region
Artiﬁcial
Natural
n = 33
n = 45
.
2
.
.
.
.
.
.
.
.
.
.
6
7
15
11
6
4
.
.
3
.
.
4
45
18
.
.
.
2
.
.
.
4
3
7
3
.
3
.
.
2
15
11
.
.
.
.
3
2
.
.
55
33
3
9
.
.
.
2
.
.
.
.
3
4
24
9
.
.
9
2
.
2
6
11
.
2
.
.
.
.
3
9
3
.
3
2
.
7
27
4
3
.
18
11
.
.
.
.
36
9
12
20
3
.
.
.
.
9

Carpathian region
Artiﬁcial
Natural
n = 32
n = 46
6
.
.
2
.
7
6
33
19
4
6
.
22
.
.
2
3
2
13
.
.
.
.
.
6
2
3
.
25
13
19
.
13
43
.
.
.
.
6
.
.
.
.
.
13
.
3
2
.
.
3
.
3
11
.
2
3
.
.
.
13
.
6
.
28
.
25
22
6
4
.
2
.
.
.
.
.
.
.
2
.
4
.
.
.
.
.
.
3
.
3
.
16
4
9
13
.
.
3
.
.
.
6
2
.
2
3
4
6
30
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Table A1. (Contd.)
Riccia ﬂuitans
Rorippa amphibia
Rumex hydrolapathum
Sagittaria sagittifolia
Scrophularia umbrosa
Solanum dulcamara
Sparganium emersum
Sparganium erectum
Spirodella polyrhiza
Trapa natans
Typha angustifolia
Typha latifolia
Utricularia australis
Veronica anagallis-aquatica
Veronica beccabunga
Zanichellia palustris

.
6
3
12
3
6
15
12
27
.
12
12
.
6
3
.

2
4
4
2
.
2
13
11
18
2
.
2
4
4
2
.

.
.
.
.
13
.
9
22
.
.
.
9
9
19
6
3

2
.
.
.
.
.
4
7
.
.
.
4
2
2
7
4

