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Introduction

River floodplains are remarkable ecosystems due to their 
high biodiversity, biocorridor functions and dynamic succes-
sion as a result of periodic flood activity. The importance of 
this environment in landscape functioning and biodiversity 
has a long tradition in ecological surveys (e.g., Gurnell 1977, 
Schnitzler et al. 2005), especially in vegetation research 
(Schnitzler 1994, Brown et al. 1997). There are also numer-
ous studies on alluvial land snail communities in Europe, 
mostly at regional scales (e.g., Bába 1977, Frank 1984, 1985, 
Obrdlík et al. 1995, Čejka 1999, 2003, Čejka et al. 2008, Ilg 
et al. 2009, Čejka and Hamerlík 2009), with many of them 
conducted in the Czech Republic (e.g., Ložek 1947, Horsák 
2000, Vašátko et al. 2002, Horáčková et al. 2011a,b, Myšák 
and Horáčková 2011). Several studies deal with the influence 
of river floods on mollusc communities and the role of flood-
plain corridors in land snail dispersal (e.g., Čejka et al. 2008, 
Ilg et al. 2009, Myšák and Horsák 2011), but the majority of 

existing studies are rather descriptive, lacking an analyses of 
community patterns in relation to environmental gradients. 
Despite the ecological importance of floodplain ecosystems, 
the extremely high level of human impact and the biodiver-
sity threat due to biological invasion in recent decades (Prach 
et al. 1996, Dangles et al. 2002, Kappes et al. 2007, Hejda 
et al. 2009), such a lack of ecological studies is surprising. 
As far as we know, only one study exists that attempted to 
determine the ecological drivers of land snail species rich-
ness and composition in relation to floodplain forest types, in 
the Danube River floodplain in Slovakia (Čejka et al. 2008). 
This study stresses the leading role of site humidity and flood 
regime on land snail communities; however the results are 
based on a single and geographically uniform river stretch of 
78 kilometres in length.

Apart from environmental characteristics, historical pro-
cesses might also have had a significant contribution to the re-
sulting species distribution patterns, as some floodplain habi-
tats can be relatively young; their current stage being of me-
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dieval origin (Brown et al. 1997, Dotterweich 2008, Lespez et 
al. 2008, Břízová and Juřičková 2011). Despite this, the histo-
ry and development of fl oodplain forests during the Holocene 
have received only minor attention in Europe (e.g., Kirby and 
Watkins 1998, Brown 1999, 2009, Machar 2008). Few of 
these studies have reconstructed the development of this en-
vironment on the basis of fossil mollusc successions in alluvi-
ums (e.g., Smolíková and Ložek 1978, Holyoak and Seddon 
1984, Lespez et al. 2008, Břízová and Juřičková 2011), al-
though such approach can provide an important comparison 
of past and present alluvial habitats. Some scattered informa-
tion is available on mollusc successions in comparison to the 
recent mollusc fauna of the Danube fl oodplain forests (Pišút 
and Čejka 2000, 2002). As exact palaeoecological data on the 
history of study sites were not available in previous ecologi-
cal studies, the effects of fl oodplain history and ecological 
characteristics were hard to isolate and consider separately. 
As a good opportunity for taking the fl oodplain history into 
account, our data on recent assemblages in the lower Ohře 
River can be accompanied with recently published palaeoma-
lacological research in this area (Juřičková et al. 2013). The 
long term history of human activities in this river alluvium 
was found to have a principal role in the forming of recent 
forest species distribution, despites the nowadays favourable 
environmental conditions of many of the forests in this fl ood-
plain.

The main goals of this study were: fi rstly to describe and 
explain patterns of land snail species richness and composi-
tion in relation to different types of fl oodplain forest and their 
ecological variation based on the sampling of six river fl ood-
plains in the Elbe drainage basin; secondly, to isolate the main 
predictors of compositional changes in land snail communi-
ties; and thirdly, to describe and highlight the relationship 
between patterns of land snail communities and the historical 
development of some studied fl oodplain forests.

Materials and methods

Study area and sites

The study of 93 fl oodplain forest sites was carried out 
in the alluviums of six rivers of the lower Elbe drainage ba-
sin in the northwestern part of the Czech Republic (Fig. 1). 
The area of interest is set by the westernmost and eastern-
most meridians, between 12°23´E and 15°27´E, and by the 
northernmost and southernmost parallels, between 50°45´N 
and 50°13´N. Study sites were selected to represent a typi-
cal portion of fl oodplain forest vegetation without widespread 
plant invasion species, and avoiding transitions to different 
habitats such as wetlands, fl oodplain meadows, talus slope 
and forests. The following four vegetation types, represent-
ing the main types of alluvial forest habitats in the study area, 
were explored: (1) alder carrs (Alnion glutinosae alliance), 
(2) ash-alder alluvial forests (Alnenion glutinoso-incanae 
suballiance), (3) willow-poplar softwood fl oodplain forests 
(Salicion albae alliance), and (4) transitional and hardwood 
fl oodplain forests (Ulmenion suballiance).

Field sampling and data collection

Fieldwork was conducted from 2006 to 2011. The spe-
cies composition of the vascular plants was recorded within 
100 m2 (10 m × 10 m) plots of phytocenological relevés. The 
cover of each plant species was estimated using the Braun-
Blanquet nine-grade scale (van der Maarel 1979). Land snail 
communities were sampled using a standard sampling pro-
cedure (Cameron and Pokryszko 2005) within each vegeta-
tion plot. To document the presence of larger and especially 
wood-dwelling species that rarely occur in litter samples, one 
person searched all the appropriate microhabitats within the 
whole plot by eye for half an hour. Slugs were not included 
in the analyses as their activity mostly depends on weather 

Figure 1. Position of sampling sites (n = 93) in the study area of the Elbe River drainage basin.
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conditions (Rollo 1991), and our sampling method was not 
suitable to record slugs quantitatively. The leaf litter sam-
ples with topsoil, twigs and vegetation were taken from four 
quadrates (each measured 25 cm × 25 cm) at each plot. These 
subsamples were placed together and taken to the laboratory. 
Samples were air-dried and all shells were removed. Smaller 
shells were identified under a dissecting microscope and the 
identification of some species of the Zonitidae was checked 
using anatomical characters (Horsák et al. 2010a).

Explanatory variables

A set of ten explanatory variables that might be important 
predictors of land snail species richness and composition was 
established for each plot: soil pH, content of soil calcium, 
elevation (as a surrogate for climate), percentage coverage 
of tree, shrub, and herb layers, and Ellenberg's indicator val-
ues (IVs). Elevation (m above sea level; read from 1:50 000 
maps), and the cover of moss, herb, shrub and tree layers (us-
ing 9-grade Braun-Blanquet scale, a percentage cover of the 
particular layers was recorded within the plot), were recorded 
during the field research at each site. A single, 1 L-volume of 
amalgamated topsoil sample (up to 5 cm depth) was collected 
from four points at each plot for the laboratory measurement 
of soil pH and content of soil calcium using the procedures 
documented by Pansu and Gautheyrou (2006). 

The relevés were used for the calculation of Ellenberg's 
indicator values (hereinafter IVs) for: light, soil moisture, soil 
reaction, and content of soil nutrients (Ellenberg et al. 1992). 
A total of 175 vascular plant species and their cover percent-
ages were recorded in all plots studied, of which 166 species 
(95%) had IVs for light, 151 (86%) for moisture, 112 (64%) 
for soil reaction, and 147 (84%) for nutrients. There were no 
IVs assigned for only six species. We have calculated IVs, 
using cover data, as their unweighted means at each plot us-
ing the JUICE program (Tichý 2002). For more information 
about the Ellenberg system and its application in land snail 
studies see Horsák et al. (2007a) and Dvořáková and Horsák 
(2012). For descriptive statistics of the ten explanatory vari-
ables, the number of species and live individuals used in the 
analyses, see Table 1.

Data analysis

We analysed the relationship between the number of spe-
cies and all explanatory variables using generalized linear 
models (Hastie and Tibshirani 1990) with a Poisson error 
structure (GLM-p). The significance of both linear and quad-
ratic terms was tested for all variables using the log likelihood 
ratio test. The final model was constructed manually with a 
backward stepwise selection starting from a full model that 
included both linear and quadratic terms. This model was 
simplified using AIC criteria and log likelihood ratio test, and 
all non-significant terms were removed stepwise. A single 
GLM-p model was used to test the differences in the number 
of species among the four main types of floodplain forest.

The species-by-sites matrix of all 93 study sites was 
analysed using multidimensional scaling (MDS, also known 
as the principal coordinates analysis) with Bray-Curtis dis-
similarity; the numbers of recorded individuals (x) were 
transformed as ln[x+1] for all ordination techniques to reduce 
the effect of the most abundant species. We used this type 
of indirect ordination to expose the major compositional gra-
dients in the total species data variance as the most robust 
and suitable metric approach for ecological data (Faith et 
al. 1987). Environmental variables were linearly fitted into 
three-dimensional ordination space and their fit was tested by 
9999 permutations to link the main compositional gradients 
of the species data with environmental predictors. To plot the 
species with a significant fit to the first two MDS axes we 
estimated the fit of ln-transformed abundances of each spe-
cies recorded at six and more sites into the 2D MDS space 
using the generalized additive models (GAMs, Hastie and 
Tibshirani 1990). We also determined and tested the varia-
tion in species data explained by explanatory variables using 
redundancy analysis (RDA) with Hellinger transformation to 
control the horseshoe effect due to Euclidean distance being 
inappropriate for community composition data (see Legendre 
and Gallagher 2001). Permutation tests with 4999 runs and a 
manual forward selection procedure were used to build a par-
simonious model, the best explaining the variation in species 
data. First, only variables with a significant fit into the three-
dimensional MDS ordination space were included in the 
model with their order determined by their predictive power 
in the 3D MDS space. As an alternative we ran an automatic 
forward selection based on AIC values starting with a full 
model including all explanatory variables. Both approaches 
resulted in the same set of five environmental factors. All cal-
culations were done in the R program (version 2.15.2, R Core 
Team 2012), using in the “mgcv” (Wood 2011) and “vegan” 
(Oksanen et al. 2012) packages.

Empty shells with a damaged periostracum and shell 
fragments were excluded from the analyses in order to reduce 
a potential bias (see Sólymos et al. 2009) caused by (1) oc-
currences of allochthonous species that were redeposited by 
floods, (2) an impoverishment of autochthonous empty shell 
accumulations by accidental floods (Ilg et al. 2009), and (3) 
a different length of shell degradation time in various flood-
plain forest types, which mainly depends on humidity (Čejka 
et al. 2008) and topsoil calcium content (Cernohorsky et al. 
2010). For these reasons, only very fresh empty shells with 
well-preserved periostracum and live individuals with the rest 
of the body visible inside the shell were used for the analyses.

Results

In total, 18,154 live individuals representing 61 land snail 
species (i.e., 36% of the total land snail species known from 
the Czech Republic), were collected in all 93 study sites. The 
number of species varied from 4 to 30 with a median value 
of 13 species per site (Table 1, Appendix 1). Using GLM 
modelling, several significant predictors of species richness 
were found (Table 2); correlations among all ten environmen-
tal predictors used are shown in Appendix 2. We observed a 
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unimodal response of species richness to elevation, Ellenberg 
nutrients and moisture, though only a quadratic term was 
significant for Ellenberg moisture (Table 2), indicating a de-
crease in species richness towards very wet sites. This was 
also confirmed by testing the differences in the number of spe-
cies among the four main alluvial forest types, with only the 
alder carr type being significantly poorer in species richness 
than the other three types (Fig. 2). The numbers of recorded 
species were also lower (but not-significantly), in transitional 
and hardwood forests in contrast to willow-poplar softwood 
floodplain and ash-alder alluvial forests (Fig. 2). 

Using MDS with Bray-Curtis dissimilarity, we observed 
three main changes in species composition that related to 
the elevation and Ellenberg moisture on the first MDS axis, 
Ellenberg nutrients on the second axis, and Ellenberg soil re-
action and light on the third axis (Table 3). The first three 
axes explained 18.4%, 9.4%, and 8.4% of the total variation 
in species data, respectively. Study sites for each river were 
distributed nearly along the whole range of the first two MDS 
axes, thus confirming the primary importance of environmen-
tal characteristics in species composition changes rather than 
any spatial segregation of individual river alluviums (Fig. 3). 
The species composition of snails reflected the vegetation 

Table 1. Descriptive statistics for ten explanatory and two response variables used in the analyses. 

Variables Mean
Standard 
deviation Minimum

Lower 
quartile Median

Upper  
quartile Maximum

Elevation (m a.s.l.) 271 98 133 180 260 350 590
Soil pH 5.9 1.0 3.7 5.1 6.0 6.7 8.3
Soil calcium (mg.g-1) 7.9 9.8 1.2 4.2 6.6 7.6 82.9
Tree cover (%) 58 18 10 45 60 70 90
Shrub cover (%) 15 14 0 5 10 25 55
Herb cover (%) 68 24 15 50 70 90 100
Ellenberg moisture 6.4 0.5 5.4 6.1 6.4 6.7 8.2
Ellenberg soil reaction 6.7 0.4 4.6 6.5 6.7 6.9 7.3
Ellenberg light 5.5 0.6 4.1 5.1 5.6 5.9 6.7
Ellenberg nutrients 7.2 0.6 4.2 7.0 7.3 7.6 8.5
No. of  live species 14 5 4 11 13 18 30
No. of  live individuals 195 163 28 90 143 246 930

Table 2. Analysis of table deviance for GLM-p between number of species and ten environmental predictors; only those predictors with 
a significant effect are shown. The predictors were fitted sequentially and the columns give residual deviance (Res. dev.), approximated 
percentage of explained variation (Exp. var.), p-value (P) of the log likelihood ratio test, and the type of response if significant: +, posi-
tive; -, negative. Residual degrees of freedom = 86.             

Term: liner/quadratic Res. dev. Exp. var. (%)          P Response

        Null model 186.6 . . .

Elevation (linear) 166.4 10.8 <0.001 +

        Elevation (quadratic) 155.7 5.8 0.001 -

Ellenberg moisture (linear) 154.8 0.5 0.355 .

        Ell. moisture (quadratic) 133.0 11.7 <0.001 -

Ellenberg nutrients (linear) 125.6 4.0 0.006 +

Ell. nutrients (quadratic) 120.9 2.5 0.031 -

Figure 2. Variation in the number of species recorded in four 
main forest types: I. Alder carrs (Alnion glutinosae), II. Ash-alder 
alluvial forests (Alnenion glutinoso-incanae), III. Willow-poplar 
softwood floodplain forests (Salicion albae), and IV. Transitional 
and hardwood floodplain forests (Ulmenion). The central line of 
the box represents the median, the margins of the box are the 
interquartile distance, non-outlier range is 1.5 times the inter-
quartile distance at each fence, and circles represent outliers. The 
same letters indicate homogeneous groups of forest types accord-
ing to GLM-p at P < 0.036.
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classifi cation of the forests, although only three groups were 
supported based on snail species composition, with no dif-
ferences being observed between wet ash-alder and willow-
poplar softwood fl oodplain forests. The centroid position of 
more frequently recorded species with a signifi cant fi t of the 
abundance changes into the ordination space (Fig. 3) further 
confi rmed the results of multiple linear regressions among 

site scores on the main three MDS axes and explanatory vari-
ables. The position of species mainly refl ected, however, the 
main gradient of species composition changes as the fi rst axis 
explained twice the total variance in species data (18.4%) 
than did the second axis (9.4%). Species of drier forest sites 
(e.g., Alinda biplicata, Discus rotundatus and Monachoides 
incarnatus) were displayed on the right side of the diagram, 

Table 3. Regression coeffi cients between each explanatory variable and the site scores on the fi rst three axes of the MDS ordination, the 
fi t of each variable into the ordination (i.e., variation in the factor explained by site scores of all 93 samples on the fi rst three MDS axes 
in the multiple linear regression, r2), and the probability (P) of the result being due to chance based on 9999 permutations.

 MDS 1 MDS 2 MDS 3 r2 (%) P

Elevation -0.902 -0.272 -0.336 39.23 <0.001
Soil pH 0.751 -0.578 0.320 3.68 0.336
Soil calcium -0.696 -0.054 0.716 0.92 0.849
Tree cover 0.280 0.026 -0.960 5.98 0.134
Shrub cover -0.152 0.758 -0.634 1.57 0.705
Herb cover -0.323 0.939 -0.114 1.73 0.668
Ellenberg moisture -0.898 0.392 0.201 30.02 <0.001
Ellenberg soil reaction 0.491 -0.581 -0.649 29.94 <0.001
Ellenberg light -0.472 -0.216 0.854 22.96 <0.001
Ellenberg nutrients 0.083 -0.995 -0.052 26.96 <0.001

Figure 3. MDS ordination plots of 93 
study land snail assemblages with the 
position of samples (upper diagram), 
species and only passively plotted vari-
ables (bottom diagram) on the fi rst and 
the second MDS axes. The sites were 
classifi ed based on the river to which 
they belong (see legend) and vegeta-
tion types (see Fig. 2). Only those spe-
cies and variables with signifi cant fi t to 
the fi rst two MDS axes are shown. For 
species abbreviations see Appendix 1.
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and the most hydrophilous and epigeic species were placed 
on the left, upper part (e.g., Carychium minimum, Vitrea 
crystallina and Zonitoides nitidus) of the diagram (Fig. 3). 
Species of more natural forest sites (e.g., Macrogastra plica-
tula and Vertigo pusilla) appeared on the bottom-left part of 
the diagram (Fig. 3) towards a higher elevation, suggesting a 
negative correlation between human impacts and elevation.

To test the signifi cance and importance of the studied 
environmental variables for the composition of alluvial land 
snail assemblages we constructed a model in RDA ordina-
tion and compared the results with those of indirect MDS or-
dination. Using RDA and the permutation test we found the 
same set of variables to act as signifi cant predictors of spe-
cies composition as those being signifi cantly associated with 
the total variance of species composition changes (compare 
Figs. 3 and 4, and Tables 2 and 4). Elevation was found to be 
the most important variable for species composition changes 
within the studied land snail assemblages, explaining 7.6% of 
the total variance in the species data. Ellenberg moisture was 
the second most important predictor (4.8% of total variance) 
followed by Ellenberg nutrients, soil reaction and light (Table 

4). Altogether, these fi ve predictors explained 20.4% of the 
total variance in snail species data.

Discussion

Ecological gradients in relation to land-snail species 
richness and composition

In our data we documented two steep ecological gradients 
associated with elevation and Ellenberg moisture. Elevation 
showed the highest level of association with the main com-
positional change within the whole data set. The effect of al-
titude on land snails has been already described in several 
studies, corresponding mainly to winter temperature (e.g., 
Horsák and Cernohorsky 2008). In this study the elevation 
ranged from 133 to 590 m a.s.l. (Table 1) and except for be-
ing a surrogate for several macroclimatic factors, it also de-
scribed differences among different types of landscapes and 
historical developments. Lower parts of studied rivers were 
partly situated in the warmest and fertile areas of the Czech 

Table 4. Percentage variance of land snail data of 93 fl oodplain forest samples explained by each variable in separate permutation 
model (gross effects) and the percentage of independent variation explained in a single permutation model with all variables included 
(pure effects). RDA ordination with a manual forward selection procedure and Monte Carlo permutation test with 4999 runs were used 
to test the signifi cance (P) of explained variation. The order of variables is based on the amount of explained variation during the selec-
tion procedure; the sum of explained variance for these fi ve variables was 20.4% of the overall variation in the species data.

 

 

Gross effects Pure effects

Variation explained (%) P Variation explained (%) P

Elevation 7.65 <<0.001 7.65 <<0.001
Ellenberg moisture 5.37 <<0.001 4.84 <<0.001
Ellenberg nutrients 3.84 <<0.001 3.32 <<0.001
Ellenberg soil reaction 4.30 <<0.001 2.63 <0.001
Ellenberg light 3.44 <<0.001 1.99 0.006

Figure 4. RDA ordination plot of 93 
studied land snail assemblages (grey 
crosses) with explanatory variables 
that had a signifi cant effect on species 
composition (see Table 4).
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Republic, which were strongly affected by prehistoric agricul-
tural colonisation (Jiráň and Venclová 2007–2008). The effect 
of human settlement and agricultural colonisation on the river 
floodplain environment was documented in detail by palaeo-
malacological research in the lower section of the Ohře River 
(Smolíková and Ložek 1978, Ložek 2005, Juřičková et al. 
2013). In contrast, the upper parts of the rivers or those located 
in colder, hilly and wetland regions, which were colonised by 
humans much later, have experienced notably lesser human 
impact than those in lowlands (Břízová and Juřičková 2011). 

Humidity, along with flood frequency, was also already 
described as the key factor for variation in land-snail spe-
cies richness and composition in Danube floodplain forests 
(Čejka et al. 2008). The highest variation in species richness 
and composition was observed between initial successional 
stages of softwood forests and the other forest types in the 
Danube floodplain. Likewise, we found significant decrease 
in land snail species richness and sharp compositional chang-
es in the alder carrs, i.e., at the wettest part of the moisture 
gradient (Fig. 3). Several previous studies have also shown a 
positive relationship between species richness and soil mois-
ture in different temperate forest habitats (Wäreborn 1969, 
Martin and Sommer 2004a, b). In these studies, however, the 
response was found within rather drier sites, in contrast to al-
luvial habitats or fens, with the moisture acting as limiting fac-
tor even at fine spatial scale (Hettenbergerová et al. in press).

The second main gradient of species richness and com-
position was significantly associated with herb-layer biomass 
productivity, estimated by the Ellenberg value for ‘‘nutrients’’, 
which is known to be strongly correlated with plant biomass 
production (Schaffers and Sýkora 2000). The effect of herb-
layer biomass on land snail species richness and composition 
has been previously reported in several studies. Land snails 
were found to respond mainly to changes in vegetation struc-
ture and/or composition in relation of changes in food sources 
(Horsák et al. 2010b), the presence of available shelter (Horsák 
et al. 2013), amount and/or quality of leaf litter (Sulikowska-
Drozd and Horsák 2007) and microclimate conditions con-
trolled by the vegetation itself (Boycott 1934, Cameron et al. 
1980, Labaune and Magnin 2001, Čejka et al. 2008, Dvořáková 
and Horsák 2012). The effect of this variable is obviously com-
plex and requires further examination, especially with respect 
to individual species demands and responses.

The third main gradient of compositional changes was 
significantly associated with site canopy openness and cal-
cium content that were estimated by the Ellenberg values for 
“light” and “soil reaction” (see Schaffers and Sýkora 2000), 
respectively. The third MDS axis probably referred to chang-
es in forest types that generally differ in canopy openness, 
basicity and water regimes as well. As no significant effect 
of measured soil calcium content was found, the variation in 
Ellenberg soil reaction values might be only intercorrelated 
with forest types that differed in several other parameters. 
The same was also observed for the first two axes, since 
soil reaction also obtained higher values of regression coef-
ficients with the site scores on these two MDS axes. Further, 
the measured soil calcium cannot provide reliable informa-
tion on the availability of this element for snails, as discussed 

below. The prevailing role of site openness as a factor distin-
guishing study sites along the third axis was further suggested 
by the position of species and their autecological require-
ments. Species living in forests with a dense canopy (e.g., 
Acanthinula aculeata and Macrogastra plicatula) occurred in 
the transitional and hardwood floodplain forests, in contrast 
to hydrophilous (e.g., Eucobresia diaphana and Succinea pu-
tris), and generalist species (e.g., Trochulus hispidus and T. 
sericeus) that preferred semi-open and open habitats repre-
sented by alder carrs and other softwood floodplain forests.

In general, there is broad evidence for main ecological 
gradients shaping land snail species richness and composi-
tion in various forest habitats across European floodplain 
forests. In most of these cases, the available calcium content 
of soil and/or leaf litter was detected to have a positive influ-
ence on the number of individuals and species (e.g., Burch 
1955, Wäreborn 1969, 1970, 1979, Millar and Waite 1999, 
Martin and Sommer 2004a, Hylander et al. 2005, Juřičková et 
al. 2008). Such a close response was also frequently found in 
non-forest habitats such as fens (Pokryszko 1993, Horsák and 
Hájek 2003, Horsák 2006) or meadows (Ondina et al. 1998, 
2004, Dvořáková and Horsák 2012). In contrast, there are 
several studies where no significant relationship with calcium 
content was found, however the calcium was not a limiting 
factor in these habitats (Gleich and Gilbert 1976, Getz and 
Uetz 1994). This was also the case for Danube floodplain for-
est faunas (Čejka et al. 2008), though the calcium only was 
measured at six selected sites. Our results extend this pre-
vious finding based on notably broader evidence, as exactly 
measured available calcium content had no significant effect 
on either the number of species or species composition. As 
our study sites covered a wide range of measured calcium, 
varying between 1.2 and 82.9 mg.g-1 (Table 1), a lack of any 
response of land snail assemblages to calcium content raises 
a question of the system specific features of floodplain for-
est habitats. No response to calcium content can, however, 
possibly be a result of the relatively high amount of calcium 
at most of our study sites, with a median value of 6.6 mg.g-1 
(Table 1). The same presumption was previously introduced 
by Čejka et al. (2008). The prevailing role of variables other 
than calcium has also been reported from calcareous fens, un-
der a situation of a high amount of calcium (Horsák and Hájek 
2003, Hettenbergerová et al. in press). The similar negligible 
effect of calcium content can occur if there is another even 
more limited factor for land snails, as found in dry forests 
(Martin and Sommer 2004a). Annual fluctuations in calcium 
content (Peterson et al. 1982) might be another explanation, 
as the detected values of calcium content may not well reflect 
the long-term availability of this nutrient for snails.

Impact of historical development of floodplain on land snail 
communities

However, markedly less is known about the origin and 
age of Central European floodplain forests and their younger 
history (e.g., Pišút and Čejka 2002, Juřičková et al. 2013), 
even though their Holocene history and development are 
clearly responsible for land snail diversity and composition 
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along with the above-mentioned ecological parameters. Their 
effects are mostly difficult to disentangle as elevation often 
refers, as in our dataset, to changes in both the overall en-
vironmental conditions and histories of human colonisation 
and habitat alternation. However, to precisely track all histor-
ical effects is generally difficult or even impossible in areas 
with no calcareous sediments (Ložek 1964). In most cases 
we can only indirectly detect presumable effects of historical 
development by some idiosyncrasies in species distribution 
that are impossible to explain using environmental predictors 
(see Horsák et al. 2007b). In our data, clear differences were 
observed between land snail assemblages of upper and lower 
river stretches. These can hardly be linked exclusively to the 
effect of climate, because the distribution of the study sites 
was confined to regions of lower and middle altitudes, where 
species pools are predominantly composed of the same land 
snail species. 

Pišút and Čejka (2002) recognised the young origin of 
local Danubian floodplain forest stands that have developed 
towards the current stage of relatively dry hardwood forests 
over the last 250 years. Analogous findings were documented 
in the lower Ohře River (Juřičková et al. 2013) and several re-
gional studies of alluvial forests in western Bohemia (Ložek 
1976, 1989, 2005, Smolíková and Ložek 1978) also suggest a 
similar developmental pattern. A gradual reduction in steppe 
patches by expanding woods at the beginning of the Holocene 
forest optimum is the most common developmental pathway 
in Central Europe. However this forest succession was inter-
rupted by a rapid conversion of forest-steppe habitats to ag-
ricultural land caused by Neolithic colonisation, which has 
blocked further expansion of canopy forests in this ancient 
settlement area (Jiráň and Venclová 2007–2008). Results of 
such human-mediated development of floodplain forests can 
be still tracked in our data from lowland hardwood forests. 
These forests of lower stretches are currently inhabited by 
assemblages experiencing notable impoverishment in many 
strictly forest species (e.g., Daudebardia rufa, Discus per-
spectivus, Platyla polita and Sphyradium doliolum) that be-
came extinct here during the middle Holocene (Juřičková et 
al. 2013). Differences in the current environmental and veg-
etation characteristics of the Upper and Lower Ohře River 
contradict the observed distribution of strictly forest species. 
Despite the occurrence of well-preserved and large floodplain 
forests under natural protection along the lower river section 
and the relatively narrow belt of riparian forests along the 
upper section of the river (Horáčková et al. 2011a), signifi-
cantly richer mollusc assemblages can be found in the upper 
section, including several rare and strictly forest species (i.e., 
Ena montana, Petasina unidentata and Ruthenica filogra-
na). To summarise, we can conclude that landscape history, 
rarely used in ecological studies, can be an important factor 
affecting and explaining patterns of many recent floodplain 
land snail assemblages in to a greater extent than previously 
thought. Further research on floodplain forest faunas should 
also explore and consider the historical development and 
man-made changes of these habitats.
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