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Figures 8, 9: New small terrace houses in Wieliczka town, the Kraków metropolitan area (Photo: S. Kurek)
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Abstract
Riparian vegetation reflects the current conditions and the dynamics of streams. The floodplain vegetation
along the watercourse of the Morávka River was subject to study in this project. In some reaches, the river
has the natural character of an anabranching gravel-bed stream; in contrast, other Morávka R. reaches are
incised into the bedrock. These cases were used to assess potential changes in vegetation conditions as evidence
of negative processes taking place in the gravel-bed streams of the Beskydy Mts. The results demonstrate a
higher biodiversity in the floodplain along the anabranching river channel. In contrast, the floodplain along
the incised river channel shows low biodiversity values. Redundancy analysis was used to determine the
relationships between plant species composition, distance from the main channel and relative elevation from
the mean water level of the main channel. In addition, the results show a higher degree of change in plant
species composition on the floodplain along the incised river channel. The analysis of floodplain groundwater
fluctuations shows a decreasing trend in the annual maximum groundwater level.
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1. Introduction
Natural river landscapes represent one of the richest
ecosystems in temperate zones (Forman and Godron, 1986).
They are characterised by a unique combination of aquatic
and terrestrial components, a mosaic of habitats and
high biodiversity (Xiao et al., 2003). Erosion naturally
occurs in all parts of the drainage pattern but, generally,
river systems could be characterised by erosion in the
uplands, downstream sediment transport and storage in
the lowlands (Kondolf, 1997; Knighton, 1998). Complex
environmental conditions, induced by geology, climate,
hydrology and the morphology of channels and floodplain,
affect the growth of vegetation in the fluvial landscape
ecosystems (Králová, 2001). Vegetation classification based
on the environmental conditions is one of the integral
parts of landscape management and landscape research.
A majority of these classifications is based especially on
the water régime. Other factors are temperature (based on
altitude) and trophic condition: see, for example, Plíva and
a

Průša (1969) and Hančinský (1977) in the Czech Republic,
Schönhar (1993) in Germany, or Hills (1966) in Canada.
These key factors also destroy, modify and build habitats
and the associated riparian vegetation of river systems and
influence disturbances important for the development of
the floodplain environment (Naiman et al., 2005; Steiger
et al., 2005; Tabacchi et al., 1998). Thus, vegetation is
a good indicator of the present state of the environment,
integrating diverse environmental influences and events
that occurred in the past (Prach, 1994). An additional
important factor is the effect of ground water, which affects
the vegetation by its height levels, régime and quality (e.g.
acidity, alkalinity or content of minerals.). This is one of the
essential factors for the evaluation of changes in vegetation
communities (Šeffer and Stanová, 1999).
Corridors of riparian vegetation along watercourses
play an irreplaceable role in the landscape. They prevent
flooding and bank erosion, and supply nutrients to habitats
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(Forman and Godron, 1986). In the case of changes in
environmental conditions (e.g. alterations of water régime in
the landscape, such as discharge régime changes or change
of groundwater level connected with river channel incision
or the elimination of flood flows), one can expect a change
in the riparian vegetation, termed ecological succession.
Ecological succession is an observed process of change in the
species structure of an ecological community over time. The
community begins with relatively few pioneer plants and
develops through increasing complexity until it becomes
stable or self-perpetuating as a climax community (Glenn
and Lewin et al., 1992; Walker and Del Moral, 2003).
This article presents the results of our study of the
riparian vegetation in the Morávka River floodplain area.
The Morávka R. has experienced a rapid change in the
last 50 years, when its active channel narrowed and massive
incision took place. At present, the study area is characterised
by two distinctive reaches of different development away
from the originally anabranching gravel-carrying stream.
The lower reach (0–7.0 r. km, see Fig. 1) is strongly affected
by incision, but the upper reach (7.0–10.5 r. km, see Fig. 1)
has partly preserved the original anabranching river pattern
with lateral channel-migration. The main reasons for the
massive incision of the lower reach (0–7.0 r. km) are strong
anthropogenic impacts, namely river-channel control, bank
stabilisation, and weir and valley dam construction (Galia
et al., 2016; Škarpich et al., 2013; 2016). At 0–7.0 r. km, the
anabranching channel pattern of the Morávka R. started
to transform into a single-thread channel in the 1960s
(the anabranching channel pattern is still visible in the
aerial photograph from 1966, see Škarpich et al., 2013).
The channel development has been influenced especially
by the so-called Frýdek weir (at 1.25 r. km) and by the
Konečný weir (at 2.31 r.km). Firstly, these weirs affected
hydraulic conditions and the ‘hungry water effect’ (the
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term sensu Kondolf, 1997), which turned into incision
downstream of these structures, as shown by observations
and measurements (see Škarpich et al., 2013). Later, both
weirs were destroyed by floods (the first one in 1949, the
latter in the mid-1970s), and the river channel was gradually
incised by upstream knickpoint retreat (for more detailed
information see Škarpich et al., 2016). One important
influence in the contemporary occurrence of the preserved
original anabranching river pattern (7.0–10.5 r. km) is
to a certain extent the Těšín-Hradiště Formation. This
structural formation is represented by sandstone layers
in the channel bedrock. These sandstone layers are more
resistant to knickpoint propagation from the deeply incised
reach. For more detailed analyses of channel changes in the
Morávka River basin – see Škarpich et al. (2013) and Galia
et al. (2016).
This paper provides an analysis of vegetation communities
along two clearly contrasted river reaches (single-thread
and anabranching channel patterns) based on a simple
biodiversity assessment. The entire analysis was conducted
on two transects (one in each of the contrasting river pattern
settings), each with five data-points (compare to Solon et
al., 2007). The main hypothesis is that channel incision
processes are followed by a shift in environmental conditions
(connected with the water regime in the landscape), which
is reflected in a subsequent riparian vegetation change. The
intense and temporally varying disturbances in the Morávka
R. basin are continuously adjusting to new constraints of
the floodplain environment. River incision eliminated the
floodplain function and the periodical river inundation
ceased to exist. These changes had to influence the plant
species composition in the floodplain area. The main aim of
this paper, then, is to analyse and compare environmental
conditions and the distribution of plant species in the
floodplain area along the respective river-channel patterns.

Fig. 1: Scheme of the lower Morávka R. basin with the location of analysed phytosociological relevés (transects) and
water structures. Each transect shows approximate floodplain width in the analysed river reach
Source of data: T. G. Masaryk Water Research Institute; State Administration of Land Surveying and Cadastre;
source: author´s elaboration
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2. Regional settings
The Morávka River (see Fig. 1) is a gravel-bed
stream 29.6 km in length that flows from the steep
slopes of the Moravskoslezské Beskydy Mts. (MSB) to
the flat piedmont. The annual precipitation in the basin
ranges from 1,000 to 1,800 mm (data source: Czech
Hydrometeorological Institute). The drainage area of the
Morávka R. is 149 km2. The mean annual discharge of
the river reaches 3.73 m3. s− 1 at the Raškovice gauging
station (upstream from the study area; for the location
see Fig. 1), where the basin area is 131 km2 (data source:
Povodí Odry). The Morávka R. is characterised by the
occurrence of frequent floods of moderate magnitude due
to snow melting, and by the occurrence of rare heavy floods
caused by cyclone-related summer rains. The study area
is situated in the Podbeskydská Pahorkatina Hilly land
built by the flysch Subsilesian and Silesian units of the
Outer Group of Nappes (in the study area by the Upper
Jurassic to Upper Cretaceous rocks) covered by Quaternary
sediments (Menčík et al., 1983; Menčík and Tyráček, 1985;
Picha et al., 2006). The flysch rocks of the Upper Jurassic
to Cretaceous period belong in the Lower Těšín Member
(prevailing silty-sandy and sandy claystones) and in the
Tešín-Hradiště Formation (prevailing sandstones). The
Upper Cretaceous rocks include the Frýdek Formation
composed of calcareous shales and grey siltstones (Menčík
et al., 1983; Picha et al., 2006).
The study area is part of the Western Carpathian
subprovince – Podbeskydský bioregion (Culek, 2013). The
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dominant potential unit is represented by oak-hornbeam
forests (Tilio cordatae-Carpinetum, Neuhäuslová et al.,
1998; 2001). In the flat area around the town of FrýdekMístek, oak-beech forests occur (Carici-Quercetum,
Neuhäuslová et al., 1998; 2001). Chokecherry-alder
forests dominate (Pruno-Fraxinetum) in the floodplain
areas and the gravel alluvium is covered by willow forests
(Salicion eleagni) (Culek, 1996). The herb layer is relatively
rich in species, given by numerous oreophytes from the
Moravskoslezské Beskydy Mts. These are represented by
Dentaria glandulosa Waldst. et Kit, Myricaria germanica
(L.) Desv., Luzula luzulina (Vill.) Racib., Salix eleagnos Scop.
or Hacquetia epipactis (Scop.) DC (Culek, 1996).

3. Methods
The research is based on a phytosociological survey. In
simple terms, the phytosociological survey is a group of
ecological evaluation methods providing a comprehensive
overview of both the composition and distribution of plant
species in a given plant community (Concenço et al., 2013).
The phytosociological survey is based on the collection
of data from phytosociological relevés. We evaluated the
riparian vegetation in the lower part of the Morávka R.
basin using phytosociological relevés sized 10 × 10 meters
after Randuška et al. (1986). We collected the data during
April and May 2014. Experimental plots were located
through transversal profiles close to the river channel (see
Fig. 1) in: (i) the single-thread bedrock-incised channel
(5 relevés, Fig. 2A and Fig. 3A; locality “M”); and (ii) the

Fig. 2: Location of phytosociological relevés (M1–M5, S1–S5) in the cross section of the Morávka R. floodplain area:
A – single-thread bedrock-incised channel; B – anabranching channel. Source: authors ‘elaboration

Fig. 3: The Morávka R.: A – single-thread bedrock-incised channel river; B – anabranching channel river reach
Photo: V. Škarpich
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anabranching channel (5 relevés, Fig. 2B and Fig. 3B;
locality “S”). For the analysis, we collected data on the
species composition in the herb layer.
We applied the Shannon-Wiener (Shannon and
Weaver, 1949) and Simpson's (Simpson, 1949) indices of
biodiversity for the analysis of species distribution. Both
indices are quantitative measurements reflecting how many
different species occur in a dataset, and simultaneously
take into account how often the basic entities (such as
individuals) are distributed among those types. The
Shannon-Wiener index emphasises the richness component
of diversity, while Simpson's index places emphasis on
the evenness component (Shannon and Weaver, 1949,
Simpson, 1949). Generally, the selection of the ShannonWiener index or Simpson's index can be problematic and
both indices are commonly used for assessing biodiversity
(Nagendra, 2002). Both indices can be very similar or, in
very specific cases, they can show a considerable variation
in response to changes in landscape richness and evenness
(Nagendra, 2002). In this study, we used both indices to
obtain stronger results.
Following Randuška et al. (1986), we transformed the data
for each plant species from the ordinal phytosociological scale
acquired to a quantitative phytosociological scale calculating
the mean percentage coverages in each relevé. Firstly, the
Shannon-Wiener Index was used to quantify the entropy,
defined as:
H = − sum(pi ln pi),
where pi is the proportional abundance of species i
(Shannon and Weaver, 1949). Secondly, the Simpson's
Index (Simpson, 1949) was used to measure the degree of
concentration when individuals are classified into types and
it is defined as:
λ = sum pi2.
For the statistical analysis we used the R software
environment (R CORE TEAM, 2012) and the function
package Vegan (Oksanen et al., 2013). For the ShannonWiener index calculation we applied the diversity () function
with the following settings:
diversity (releve_N, index = "shannon", MARGIN = 1,
base = exp(1)),
and for the Simpson's index calculation we applied the
diversity () function with the following settings:
diversity (releve_N, index = "simpson", MARGIN = 1,
base = exp(1)),
where releve_N is a given phytosociological relevé.
We evaluated the channel effects on the riparian
vegetation conditions using multivariate data analysis. For
this purpose, the phytosociological data were transformed
into a logarithmic scale. The phytosociological data (as
explanatory variables) include the percentage coverage of
given plant species in the given phytosociological relevé. For
the transformation, we used the logarithmic equation after
Anderson et al. (2006) in order to increase the importance
of rare species:
x’ = log2 (x)+1,
where x is the mean percentage coverage of a given plant
species in a given relevé. In the context of the importance
of vegetation response to channel-floodplain conditions, the
following environmental variables were selected as response
variables for the analysis: phytosociological relevé distance

from the main channel with flowing water, and relative
elevation of a phytosociological relevé from the water level in
the main channel, where the main channel of anabranching
pattern was considered to be the one containing the highest
volume of water during the mean annual discharge. As a first
step, detrended correspondence analysis (DCA) was carried
out in order to determine the gradient length and thus to
select a proper ordination method for further analyses.
Gradient length shows the length of the first ordination
axis in the n-dimensional space. The first ordination axis
is defined in the space such that it reflects the maximum
variability of the dataset (on this axis, a maximum variance
is detected). Hill's scaling (Hill and Gauch, 1980) is
performed within DCA, so the length of different ordination
axes is comparable for different datasets. The gradient
length values show the potential to use specific ordination
methods, which are based either on a model of linear
species response to the underlying environmental gradient
(redundancy analysis, RDA), or on a model of unimodal
species response (canonical correspondence analysis, CCA)
(Lepš and Šmilauer, 2000). We used the decorana () function
from the package Vegan for DCA (Oksanen et al., 2013):
decorana (releves),
where releves is a dataset containing the logarithmically
transformed percentage coverage of a given plant species
in a given relevé. A gradient length value of 2.03 was
discovered for areas along the anabranching river channel,
and 1.60 for floodplain areas along the single-thread bedrockincised channel. Over a short gradient (< 3.00), a linear
approximation works well, but over a long gradient (> 4.00)
the approximation by the linear function is poor (Lepš and
Šmilauer, 2000). A gradient length from 3.00 to 4.00 is
defined as a transitional boundary between the linear and
unimodal methods. From this point of view, the use of the
linear method (RDA) was appropriate.
The RDA provides a model of linear species response to
the underlying environmental gradient. The RDA enables
the investigator to quantify the effect of known variables
(in this case, the explanatory variables are distance from the
main channel and relative elevation from the water level) on
response variables (species composition of phytosociological
relevés). We used the rda () function from the package Vegan
for the RDA (Oksanen et al., 2013):
rda (releves~distance),
rda (releves~elevation).
The analysis of groundwater level changes helped us to
detect the floodplain hydrological conditions since 1963.
Only one drill well gauging station (VO 0096 – Nižní Lhoty)
was available in the Morávka R. floodplain (for the location –
see Fig. 1). Data for groundwater levels from 1963 to 2008
were provided by the Czech Hydrometeorological Institute.

4. Results
The Shannon-Wiener and Simpson's indices show higher
values of species diversity in the floodplain area along
the naturally anabranching river channel than in the
floodplain area along the single-thread bedrock-incised
channel (see Tab. 1, Fig. 4). In floodplains along the
anabranching channel, the mean value of the ShannonWiener index is 2.465 and the mean value of the Simpson's
index is 0.901. By contrast, in floodplains along the singlethread bedrock-incised channel, the mean value of the
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Shannon-Wiener index is 2.309 and the Simpson's index
mean value is 0.887. Median values of Shannon-Wiener
and Simpson's indices are similar (Tab. 2). The two indices
exhibit a very strong correlation (r2 = 0.97). Though the
Simpson's index is more weighted on dominant species as
compared with the Shannon-Wiener index (Shannon and
Weaver, 1949; Simpson, 1949), both indices demonstrate a
very similar situation.

composition. In the floodplain area along the single-thread
bedrock-incised channel, the plant species composition is
explained by 44.46% (p = 0.008), and in the floodplain area
along the naturally anabranching river channel pattern, the
plant species composition is explained by 32.26% (p = 0.317).
These results indicate that incision processes result in a
more rapid change in the plant community composition
with increasing distance from the main channel.

The subsequent RDA shows that the environmental
variable “Distance from the main channel with flowing
water” has a higher power to explain the plant species

Similar results (but not statistically significant) were
obtained for the RDA of “Relative elevation from the water
level in the main channel”. Relative elevation explains the

River-channel pattern
Single-thread bedrock-incised
channel

Anabranching channel

Distance from the
main flow of the
Morávka River (m)

Phytosociological
relevé

Shannon-Wiener
Index

Simpson's Index

M1

2.187

0.873

62

M2

2.552

0.915

31

M3

2.378

0.896

152

M4

2.286

0.888

217

M5

2.140

0.861

264

S1

2.427

0.897

55

S2

2.330

0.886

35

S3

2.649

0.920

55

S4

2.586

0.915

86

S5

2.332

0.890

141

Tab. 1: The Shannon-Wiener and Simpson's indices of phytosociological relevés in the study area of the Morávka
River floodplain. Source: authors’ calculations

Phytosociological relevés

Arithmetic mean

Median

Shannon-Wiener Index

Simpson's Index

Shannon-Wiener Index

Simpson's Index

Floodplain area of the single-thread
bedrock-incised channel (M1–M5)

2.309

0.887

2.286

0.888

Floodplain area of the anabranching
channel (S1–S5)

2.465

0.901

2.427

0.897

Tab. 2: Central tendency measures of the Shannon-Wiener and Simpson's indices for the analysed transects in the
study area of the Morávka River floodplain. Source: authors’ calculations

Fig. 4: A – Shannon-Wiener index and B – Simpson's index of phytosociological relevés in the study area of the
Morávka River floodplain. Source: authors’ elaboration
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plant species composition by 19.73% (p = 0.533) in the
floodplain area along the single-thread bedrock-incised
channel, and by 14.93% (p = 0.767) in the floodplain area
along the naturally anabranching river channel pattern.
In addition to the above-mentioned findings, the analysis
of groundwater levels revealed significant results about
the changing hydrological conditions in the Morávka R.
floodplain. Figure 5 shows the variation of maximum annual
groundwater levels at the VO 0096 – Nižní Lhoty drill well
gauging station (for the location see Fig. 1). There is a visible
decreasing trend of maximum annual groundwater levels
(see Fig. 5A) during the years 1963–2008: the equation
of the linear trend of maximum annual water levels is
Y = 369.94 − 0.0065X (r2 = 0.1958, p = 0.0019).

5. Discussion
These results suggest that different plant habitat
conditions occur in the incised channel reach and in the
anabranching channel reach. Periodical inundation in
the lower Morávka R. basin was stopped by river channel
incision (Škarpich et al., 2013). Simply by comparing
the Shannon-Wiener (Shannon and Weaver, 1949) and
Simpson's (Simpson, 1949) indices, we can see there are
differences in biodiversity between the two analysed
floodplain areas. These results demonstrate a larger
variety of habitat conditions in the floodplain area along
the anabranching river channel. The habitat conditions are
represented especially by terrestrial and semi-terrestrial
habitats (sensu Hupp and Osterkamp, 1985; Hupp and
Bornette, 2003), affected by periodical inundation with
dry and wet periods (with terrestrial and semi-terrestrial
conditions, respectively). Consequently, biodiversity is
higher in the floodplain along the anabranching river
channel (sensu Mikuś et al., 2013). On the other hand, the
absence of floodplain periodical inundation (as along the
bedrock-incised channel) leads to reduced biodiversity with
plants fixed especially to terrestrial conditions.
Groundwater level is a crucial environmental factor
influencing the plant species composition connected with
the terrestrial and semi-terrestrial habitats (O'Brien and
Currier, 1987). The logic behind using the “distance from
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the main channel with flowing water” and the “relative
elevation from the mean water level in the main channel”
as environmental variables in the RDA analysis is that
the channel and the floodplain communicate together
hydraulically. The water content in the floodplain decreases
with increasing distance or elevation from the main channel.
Comparing the floodplain areas along the two respective river
patterns (anabranching channel and single-thread incised
channel) we demonstrated that incision processes cause a
more rapid change in the plant community composition with
increasing distance from the main channel. This suggests
that groundwater conditions could be affected by the river
incision through the gradual relative sinking of water level
in the river channel – relative to the floodplain level.
The analysis of maximum annual groundwater levels
acquired from the drill well gauging station close to the
anabranching river channel at the Morávka R. floodplain
can be characterised by a decreasing trend (see Fig. 5A).
It partially depends on the decreasing frequency and
magnitude of flood discharges in the study area. The
Morávka R. was characterised by high discharge variation
(approximately 1:4,000 between minimal and maximal
discharges; Source: Povodí Odry) before the completion of
the Morávka-Žermanice Canal and the Morávka Valley Dam
(Fig. 5B). The Morávka-Žermanice Canal (for the location
see Fig. 1) diverts the water flow into the neighbouring
Lučina River basin. After the completion of the canal in
1958, the maximum annual discharge visibly decreased (see
Škarpich et al., 2013 and Fig. 5B), supported also by the
functioning of a valley dam built in 1969. The interrupted
trend in the maximum annual discharge in 1997 resulted
from a disastrous flood in that year (the 20- to 50-year flood);
the peak discharge of this flood was only slightly mitigated
by the valley dam. The decreasing trend of groundwater
level affects the content of water in the floodplain, which is
gradually drying out.

6. Conclusions
We assessed the riparian vegetation and floodplain
conditions in the Morávka R. study area: (i) by the statistical
analysis of biodiversity indices; (ii) by RDA statistical testing

Fig. 5: A – Maximum annual groundwater levels in the years 1963–2008 at the VO 0096 – Nižní Lhoty drill well
gauging station (for the location see Fig. 1)
Note: cross symbols (+) = maximum annual groundwater levels, solid line = five point running mean, dashed
line = linear trend); B – Cumulative distribution of annual maximum discharge of the Morávka R. at the Raškovice
gauging station (for the location see Fig. 1; cross symbols (+) = cumulative distribution of annual maximum
discharge; modified from Škarpich et al., 2013)
Source: Data – Czech Hydrometeorological Institute; authors’ elaboration
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of plant species composition and its dependence on distance
from the main channel and relative elevation from the
water level of the main channel; and (iii) by analysing the
groundwater levels from the selected monitored drill well.
We found that the diversity of plant species of the floodplain
along the anabranching channel is higher than in the
floodplain along the single-thread incised river channel. We
demonstrated the dependence of plant species composition
on distance from the main channel in the floodplain along
the single-thread incised river channel. The plant species
composition is more rapidly determined by distance from the
main channel and relative elevation from the mean water
level of the main channel in the floodplain area along the
incised river channel. This finding refers to the changing
conditions of groundwater levels affected by the incision of the
river. Groundwater conditions are affected also by a generally
decreasing trend of groundwater levels, and this contributes
to a gradually drying out of the Morávka R. floodplain.
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