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Abstract — This study is devoted mainly to the distribution and its changes, inhabited and preferable
habitats of bivalves from family Unionidae in the territory of the Czech Republic and the discussion of major
threats and conservation measures. Altogether 6 autochthonous (Unio crassus, Unio pictorum, Unio
tumidus, Anodonta anatina, Anodonta cygnea, Pseudanodonta complanata) and 1 allochthonous species
(Sinanodonta woodiana) has been known in the Czech Republic. All these species occurred in all three river
basins (Labe, Odra, Danube) and watersheds (North, Baltic and Black seas). 4. anatina is the most
widespread and common unionid while P. complanata is an autochthonous bivalve with the most restricted
area of distribution. U. crassus has been a significantly disappearing species. As in most European countries,
pollution and habitat loss including fragmentation and degradation, together with other factors such as water
abstraction, invasive species and loss of fish hosts are the main threats affecting their populations.

Keywords: Mollusca / Bivalvia / distribution / threats / Czech Republic

Résumé - Répartition et état récent des moules d’eau douce de la famille des Unionidae (Bivalvia) en
République Tcheque. Cette étude est principalement consacrée a la répartition et a ses changements, aux
habitats occupés et préférés des bivalves de la famille des Unionidae sur le territoire de la République
Tcheéque et a la discussion des principales menaces et mesures de conservation. Au total, 6 espéces
autochtones (Unio crassus, Unio pictorum, Unio tumidus, Anodonta anatina, Anodonta cygnea,
Pseudanodonta complanata) et 1’espeéce allochtone (Sinanodonta woodiana) sont connues en
République Tchéque. Toutes ces espéces étaient présentes dans les trois bassins hydrographiques (Labe,
Odra, Danube) et bassins versants (Mer du Nord, Mer Baltique et Mer Noire). 4. anatina est 'unionidé le
plus répandu et le plus commun tandis que P. complanata est un bivalve autochtone dont la répartition est la
plus restreinte. U. crassus est une espéce en voie de disparition. Comme dans la plupart des pays européens,
la pollution et la perte d’habitat, y compris la fragmentation et la dégradation, ainsi que d’autres facteurs tels
que les prélévements d’eau, les espéces envahissantes et la perte de poissons hotes sont les principales
menaces qui pésent sur leurs populations.

Mots clés : Mollusque / Bivalve / distribution / menaces / République Tchéque

1 Introduction recent and further molecular studies will change this number as
confirmed by Araujo et al. (2018) who distinguished 11 species
of genus Unio in Europe and other 3 species in surrounding

Family Unionidae Rafinesque, 1825 with approximately . .
areas (Northern Africa, Izrael, Turkey). One non-native

700 species is the most common family of the Order Unionida > X ‘ '
Gray, 1854 containing about 900 species. North America is the ~ SP€C1€S Sinanodonta woodiana (Lea, 1834) also occurs in
continent with the highest diversity of this family with nearly ~ Europe. This species native to East and South-East Asia was
300 species (Williams et al., 1993; Lopes-Lima et al., 2018) introduced to Europe with fishes in 19§3 (Watters, 1997) and is
while 14 autochtonous species are mentioned from Europe by known from most of European countries (e.g. Welter-Schultes,

Lopes-Lima et al. (2017). However, it can be assumed that 2012). Many species of this family are critically endangered or
nearly extinct especially in North America (Williams et al.,

1993) but decline of many populations has also been
*Corresponding author: 1ubos.beran@nature.cz documented in the case of Europe’s freshwater mussels. That
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Fig. 1. Distribution of Unio crassus in the mapping fields for faunistic mapping in the Czech Republic. All maps drawn by J. Vrba.

is why freshwater mussels have received increasing attention
in last decades (Lopes-Lima et al., 2017).

The current status of freshwater mussels of order Unionida
in Europe has been summarized by Lopes-Lima et al. (2017).
This article and the quantity of distributional data were the
main reasons for the more detailed study for the territory of the
Czech Republic presented below.

The main objectives of this study were to: (a) use the large
amount of distributional data for construction of distributional
maps of particular unionids in different time periods, (b) use
distributional data (or its part) for identifying inhabited and
preferable habitats, (c) analyse changes of distribution for
unionids in general as well as for particular species and (d)
discuss anthropogenic factors affecting distribution of union-
ids including major threats and conservation measures. No
similar study has been published for the territory of the Czech
Republic yet despite the fact that a great deal of attention is
being paid to this group in some neighbouring states (e.g.
Germany). The main intent of this study was to report the
information about current situation in the Czech Republic and
support the conservation of unionids and their habitats.

This work is only focused on species of the family Unionidae
because most species except Unio crassus Philipsson, 1788 have
been neglected while Margaritifera margaritifera (Linnaeus,
1758), the only representative of family Margaritiferidae, has
been studied in detail elsewhere (e.g. Hruska, 1992; Hruska and
Volf, 2003; Simon et al., 2015) and the management plan has
been prepared for this mussel (AOPK, 2013).

2 Materials and methods

Data used in this paper was obtained from two main
sources. The first one was author’s database containing more

than 62,000 records about the occurrence of freshwater
molluscs in the Czech Republic. This data has been obtained
by his own field research since 1993 and from many published
and unpublished papers, private collections and collections in
museums dating from 1825 onwards. Altogether 34,846 of
these records were obtained in the most recent time period
(2001-2017) while 21,562 were from time period of 1951—
2000 and only 6381 were from the period of 1851-1950. The
second important source was the database (NDOP) of the
Nature Conservation Agency of the Czech Republic contain-
ing more than 73,000 records about the occurrence of aquatic
and terrestrial molluscs. Most of them (47,572) were obtained
between 2001 and 2017 while 28,049 records were available
for period of 1951-2000 and only 2116 records for period of
1851-1950. However, it should be noted that in this case the
database also contains data that was not obtained or revised by
experienced malacologists and some of it could be dubious.
That is a reason why only reliable data from this database was
used. Several recent data entries were obtained also from
database of Michal Horsék, other published or unpublished
papers. Data has been used to create maps (Figs. 1-7) of
distribution of particular species in fields for faunistic mapping
(Pruner and Mika, 1996) in different time periods (1851-1950,
1951-2000, 2001-2017) and also for creating Figure 8.
Data in mentioned databases has been obtained from
different sources (field researches, published and unpublished
papers, collections in museums or private collections) and
therefore it varied greatly in quality. Some data entries were
accurately localized using geographical coordinates. However,
especially with older data entries it was only possible to locate
them into fields of Central European mapping grid-cell systems
based on the site GPS coordinates (Pruner and Mika, 1996).
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Fig. 3. Distribution of Unio tumidus in the mapping fields for faunistic mapping in the Czech Republic.

Most of field data was obtained from different faunistic
researches based on freshwater molluscs which did not
specifically target unionids. Only a part of the data (mostly
own author’s data from 1993 onwards) contained more

information other than presence of particular species, for
example an estimation of population density rather than just
a number of recorded or collected specimens. It was the
reason why only own author’s data was used for creating
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Fig. 4. Distribution of Anodonta anatina in the mapping fields for faunistic mapping in the Czech Republic.
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Fig. 5. Distribution of Anodonta cygnea in the mapping fields for faunistic mapping in the Czech Republic.
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Fig. 6. Distribution of Pseudanodonta complanata in the mapping fields for faunistic mapping in the Czech Republic.

Figure 10. This data contained at least an estimation of
density of population divided into three categories (less than 1
specimen/m?, 1-10 specimens/m?, more than 10 specimens/m?).

Only data from author’s database was used for creating of
Figure 9 and for analysis of occurred habitats (Fig. 11). The
reason for this was that in the other sets of data it was often not
possible to accurately identify the type of habitat in which the
specimens occurred. The habitats were classified into six
coarse habitat categories as follows: the 7th- and 9th-order
rivers according to the Strahler stream order system (hereafter
named as Large rivers, parts of bigger rivers usually wider than
15m); all the other running waters (Small watercourses);
natural or semi-natural standing water bodies such as pools,
river arms, oxbows etc. (Oxbows); artificial deep water
reservoirs (Dam reservoirs); artificial shallow reservoirs used
mostly for fish breeding (Fishponds); water bodies created by
mining such as quarries and sandpits (Sandpits).

A review of published and unpublished papers together
with author’s experiences obtained during field research in last
25 years were used to discuss anthropogenic factors affecting
distribution of unionids in the territory of the Czech Republic
including major threats and conservation measures. Finally, a
table with a qualitative assessment of the risk of particular
threat to each species was created on the basis of the data
presented in this study, published and unpublished papers cited
in this study and using author’s professional judgment.

2.1 Aquatic habitats of the Czech Republic

The Czech Republic is situated in the upper sections of the
river basins of the large rivers and thus there are no large

watercourses. Only three respectively four bigger rivers
belonging to three different watersheds (North, Baltic and
Black sea) leave the Czech Republic. The largest river is the
Labe (Elbe), which drains the western part of the Czech
Republic with an average flow of 319 m?/s at the boundaries
between the Czech Republic and Germany. Rivers Dyje
(Thaya) and Morava (March) belonging to the Danube river
basin have an average flow of 36 and 61m®/s near their
confluence, forming the border among the Czech Republic,
Slovakia and Austria. These rivers drain most of the eastern
part of the Czech Republic, while the Odra drains the
northeastern part of the Czech Republic with average flow
42 m’/s at the boundaries between the Czech Republic and
Poland.

In the Czech Republic there are practically no natural lakes
suitable for unionids and natural oxbows and pools exist
mostly in floodplains of large rivers. There are about 21,000
fishponds and more than 100 dams in the Czech Republic.
Flooded quarries and especially sandpits in lower altitudes are
other numerous anthropogenic aquatic habitats suitable for
unionids. At present large lakes are formed by the flooding of
quarries after coal mining (e.g. lake Medard with 493 ha,
Fig. 27).

The Czech Republic has a rugged surface and compared to
other Central European states the rugged surface occupies
most of the territory. Less than one fifth of the area of Czech
Republic could be considered flat. The average altitude of the
Czech Republic is 430 m above sea level while the average
altitude of Europe is 290 m. The lowest point of the Czech
Republic is the Labe (Elbe) at Hiensko (115m a. s. 1.) on the
Czech-German boundaries.
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Fig. 7. Distribution of Sinanodonta woodiana in the mapping fields for faunistic mapping in the Czech Republic.

3 Results

3.1 Distribution and changes in distribution

Altogether 7 species (6 autochthonous, 1 allochthonous) of
family Unionidae have been known from the territory of the
Czech Republic. The genus Unio is represented by three
species. The most widespread has been Unio crassus (Fig. 1).
Unio pictorum (Linnaeus, 1758) (Fig. 2) has also been a
widespread bivalve known from a large part of the Czech
Republic. Unio tumidus Philipsson, 1788 is restricted
predominantly to lowlands along larger rivers (Labe, Odra,
Dyje, Morava) and floodplains of rivers Vltava, Luznice and
Nezarka in South Bohemia (Fig. 3).

Two species of genus Anodonta have occurred in the Czech
Republic. Anodonta anatina (Linnaeus, 1758) is the most
widespread and common unionid (Fig. 4) while Anodonta
cygnea (Linnaeus, 1758) is significantly rarer (Fig. 5).
Pseudanodonta complanata (Rossméessler, 1835) is the
bivalve with the most restricted distribution of all autochtho-
nous species of family Unionidae in the Czech Republic. Its
occurrence has been known only from rivers or their parts e.g.
Labe, Vltava, Radbuza, Uhlava, Berounka, Sazava, Orlice,
Otava, LuZnice, Nezarka, Chrudimka, Morava, Dyje, Odra
(Fig. 6).

Sinanodonta woodiana is the last species of family
Unionidae occurring in the Czech Republic. This non-native
species has inhabited southern parts of the Czech Republic
(South Bohemia, South and Central Moravia) while in other
parts it is rare so far. An overview of number of mapping
fields with occurrence of particular species is showed in
Table 1.

450
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Number of mapping fields

U. crassus  U. pictorum  U. tumidus  A. anatina

A.cygnea P.complanata S. woodiana
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Fig. 8. The number of mapping fields with the occurrence of
particular species.

The number of mapping fields in each time period is
increasing for all species except U. crassus as shown in
Figure 8. The number of records is increasing for all species
(Fig. 9).

The data about occurrence of P. complanata in the central
section of the Labe (Elbe) River exist from the first time period
(1851-1950) only.

3.2 Populations

Author’s own data obtained by field research from 1993
onwards contained an estimation of density of population
divided into three categories and allowed to evaluate the
density of unionids in the Czech Republic. The low population
densities of unionids were documented in most cases as shown
in Figure 10. The population densities of individual species
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Fig. 9. The number of records of particular species from author’s
database.

Table 1. Number of mapping fields with occurrence of particular
species. 100% =676 mapping fields.

Species Num. of m. fields %
Unio crassus 209 31
Unio pictorum 197 29
Unio tumidus 122 18
Anodonta anatina 382 57
Anodonta cygnea 205 30
Pseudanodonta complanata 61 9

Sinanodonta woodiana 34 5

were less than 1 specimen/m? in most cases. For each species
this category accounted between 70% (U. tumidus) and 97%
(P. complanata). In the case of U. tumidus a relatively high
proportion of populations had densities of 1-10 specimens/m?.
Conversely, populations with a density more than 10 speci-
mens/m” were not found in the cases of P. complanata and
S. woodiana and this category accounted only 2—6% for other
species. The highest abundance of population of endangered
U. crassus was recorded mostly in small watercourses (e.g.
Lukavecky potok Brook, Fig. 17) and mainly in artificially
created canals (canal Strhanec, canal in Hovézi, Fig. 19, canal
in Vsetin) of the Bec¢va River in Moravia. Only in a few cases
were high-density populations found in the middle course of
the Dyje River. The highest density (225 specimens/m?) of this
species known in the Czech Republic was recorded in the canal
of the Vsetinskd Be¢va River in Vsetin mentioned above.

3.3 Habitats

Suitable natural habitats for unionids in the Czech
Republic are primarily watercourses from smaller streams to
the largest rivers. The Czech Republic is situated in the upper
sections of the river basins of the large rivers and this is the
reason for the absence of large watercourses. U. crassus and P,
complanata significantly prefer running waters and their
occurrence in other habitats is rare (Fig. 11). U. crassus
inhabits rather smaller watercourses (Figs. 16-19) while
P. complanata is a typical species in larger rivers (Figs. 12—15).
In general running waters are clearly the preferred habitat of all
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— o> .
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40
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P. complanata ||
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Fig. 10. Population density of particular species.
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Fig. 11. Habitat preference of particular species.

species of the family Unionidae except of 4. cygnea (Fig. 11).
In comparison with other species A. cygnea prefers standing
waters, especially ponds but also pools, oxbows and dam
reservoirs. Together with A. anatina and S. woodiana it is a
common unionid in fishponds (Figs. 24-25) while the
occurrence of Unio in these habitats is rare. Another artificial
habitat is dam reservoirs (Figs. 22-23). Dams built on upper
sections of some rivers are the only habitat of standing waters
inhabited by Unio crassus. Dams on large rivers are usually
inhabited by more diverse communities. Numerous popula-
tions of non-native S. woodiana have been recently found here,
especially in South Bohemia. More extensive reservoirs
created by mining such as quarries and sandpits (Figs. 26-27)
are also suitable for unionids. Sandpits in lowlands in
floodplains of larger rivers are inhabited by 4. cygnea, A.
anatina, U. pictorum, U. tumidus and occasionally also by S.
woodiana.

4 Discussion
4.1 Distribution

The different affinity especially to altitude and associated
natural factors is visible from most of maps. U. crassus
probably originally inhabited an extensive part of the Czech
Republic from lowlands to foothills and was the most
widespread from all three species of genus Unio. In
comparison with the previous species in the case of
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Figs. 12-19. Running waters. 12—-15 Large rivers. 12-Labe (Elbe)
River in DéCin (near Czech — German boundary). Only short section
of this river has a relatively natural character but the construction of
the weir has been prepared. U. pictorum, A. anatina. 13—Labe (Elbe)
River in Mé&lnik. The major part of this river has been changed by
weirs in slowly flowing shipping canal. U. pictorum, A. anatina. 14—
Dyje River downstream of Bfeclav (Czech — Austrian boundary).
This river has a natural character in this section. U. crassus, U.
pictorum, U. tumidus, A. anatina, A. cygnea, P. complanata, S.
woodiana. 15-Svratka River upstream of the Nové Mlyny dam water
reservoirs was drastically regulated. U. pictorum, U. tumidus, A.
anatina. 16-19 Small watercourses. 16-—JeviSovka River near
HruSovany nad JeviSovkou. The major part of smaller watercourses
has been regulated in the same way as this river. U. pictorum, U.
tumidus, A. anatina. 17-Lukavecky potok Brook. Many small
watercourses are situated in intensively cultivated landscape
surrounded by arable land. Abundant population of U. crassus.
18—Oslava River near Oslavany. U. crassus, A. anatina. 19-artificial
canal of the Becva River near Hovézi has been inhabited by an
abundant population of U. crassus.

U. pictorum an affinity to lower altitudes is evident. U. tumidus
inhabits mostly lowlands of big rivers. The occurrence of
Anodonta anatina is known from lowlands to mountains
except for the highest altitudes and it is the most widespread
species of family Unionidae. Its absence in some areas is more
probably due to a lack of data rather than a real absence while

Figs. 20-27. Stagnant waters. 20-21 Oxbows. 20—pool in the Morava
River floodplain, 4. cygnea. 21-old oxbow of the Labe River near
Pardubice. Many oxbows are too old and without occurrence of
unionids. 22-23 Dam reservoirs. 22—Zelivka dam water reservoir is
inhabited by very abundant population of invasive D. polymorpha. U.
pictorum, A. anatina. 23—shallow and extensive Nové Mlyny dam
water reservoirs were built near the confluence of rivers Dyje, Svratka
and Jihlava on the place of valuable floodplain forest. U. pictorum, U.
tumidus, A. anatina, A. cygnea. 24-25-Fishponds. 24-Btehynsky
rybnik pond in Kokotinsko — Machuv kraj Protected Landscape Area.
Some fishponds situated in protected areas are still suitable for
abundant populations of unionids. U. pictorum, A. anatina, A. cygnea.
25-Kotvice fishpond in the Odra River floodplain in Poodti Protected
Landscape Area. 4. cygnea. 26-27-Sandpits and quarries. 26—
Sandspit near Sadska in the Labe River floodplain. Sandspits in
floodplains can substitute disappearing oxbows. U. pictorum, U.
tumidus, A. anatina. 27-Artificial Lake Medard. These habitats are
still without unionids but can become suitable habitats for abundant
populations of unionids that inhabit standing waters. All photos by
author.

the distribution of A. cygnea shows an affinity to lower
altitudes and areas with concentration of fishpond systems (e.g.
South Bohemia). S. woodiana has been more common in lower
altitudes but due to the frequent transport of fish with parasitic
larvae (glochidia) this clam has been found often in ponds
outside of lowlands. This species was found in the Czech
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Table 2. Densities of unionids in selected local studies.

Species Density (specimens/m?)
Douda et al. (2015) Beran (2015) Peterka (2010) Peterka and Cech (2005)
U. crassus 0.03-0.26 0-0.07
U. pictorum 0-0.4 0.02-0.58 0.17-1.5 0.0003-0.008
U. tumidus 0.14-2.6 0-0.006
A. anatina 0.4-8.8 0.01-0.83 0.38-1.8 0.0003-0.018
A. cygnea 0-0.1 0-0.001
P. complanata 0.4-2.8 0.01-0.02 0.06-0.21

Republic for the first time in 1996 (Beran, 1997) and its further
spread and settlement of a large part of the Czech Republic can
be expected.

4.2 Changes in distribution

The main reason for significant increasing of amount of
mapping fields and data for all species except U. crassus
(Figs. 8 and 9) is a gradual increase of the intensity of research
especially in last time period. This fact is obviously evident
from the comparison of the total number of data entries on the
occurrence of molluscs in different time periods from both
main sources with number of data entries on unionids (see
Sect. 2). Especially in the case of the last time period there is a
great increase in the volume of data about molluscs in general
which resulted in the correspondingly larger volume of data
entries about unionids. An exception is the number of mapping
fields in the case of U. crassus. The number of mapping fields
with the occurrence of this species in the last period has
decreased significantly despite the fact that its occurrence has
recently been given a great deal of attention which leads to the
increase of data but mostly from already known sites and areas
while revision of most of historical sites usually did not bring
positive results. Its disappearance from extensive areas is also
clearly visible from Figure 1 in contrast with the fact that this
species was probably the most common and widespread
species of genus Unio in the past and farmers used this species
as livestock feed (Uli¢ny, 1892-95).

The significant increase in number of mapping fields and
data for S. woodiana in recent years is caused by quick spread
of this species in addition to the intensity of research. This
species was found for the first time in the Czech Republic in
1996 (Beran, 1997) and has been able to occupy an extensive
part of the Czech Republic in twenty years.

P. complanata probably died out in the central section of
the Labe (Elbe) River because data about its occurrence there
exists from the first time period only even though this area has
been intensively researched over the last 20 years (e.g. Beran,
2005; Kolatikova et al., 2014).

Despite of the significant increase in number of mapping
fields, data and discovery of many new sites with populations
of endangered unionids in last 20 years many local studies of
aquatic molluscs confirmed the decrease of populations and
diversity of unionids from different parts of the Czech
Republic. Beran (2017b) summarized data from the Vysocina
Region (Bohemian-Moravian Highlands, 6800 km?) and the
extinction of populations of U. crassus and U. tumidus in

several rivers or brooks was confirmed in comparison with
historical records. The same author confirmed unfavourable
situation of population of U. crassus in the Luznice River in
South Bohemia (Beran, 2012a), Moravskd Dyje in South
Moravia (Beran, 2008) and extinction of this species e.g. in the
Labe River (Beran, 2005) or in the Rakovnicky potok Brook
(Beran, 2011a) or in the brook Struha (Beran, 2011c). The
extinction of this species from particular sections of brooks or
rivers has been confirmed in several cases (e.g. Beran, 2011b,
2013a) while the increase of its population compared to
previous studies was recorded only rarely (Beran, 2012b).

4.3 Populations

The recorded density of populations was usually very low.
It was possible to compare these results with the results of
some selected local studies summarized in Table 2. Douda
et al. (2015) studied density of unionids at 4 sampling sites of
the Vltava River in Prague (during a water level drop due to
manipulation). In the case of P. complanata this is probably the
largest population in the Czech Republic. Beran (2015)
conducted a survey and transfer of unionids during the drop of
water level of the Ohfe River in Terezin. Peterka (2010)
studied population densities at 6 sampling sites also during the
water level drop of the Kofensko dam reservoir at confluence
of rivers Vltava and LuZnice and the same author also studied
confluence of rivers Vltava and Malse in Ceské Budgjovice at
4 sampling sites (during water level drop) (Peterka and Cech,
2005). Data in these local studies was obtained during water
level drop due to manipulation with the water level and in the
case of bigger water streams or reservoirs these results are
more accurate than data obtained by research performed
usually during normal water level. In spite of this the results
correspond to the author’s results and demonstrate the
dominance of low-density populations.

Due to the absence of data about population densities in the
past it is very difficult to evaluate possible changes in densities
of populations of unionids in the Czech Republic. It can be
only assumed that population densities of unionids were higher
at many suitable sites as documented Uli¢ny (1892-95) who
described the use of bodies of U. crassus as livestock feed in
the Luznice River due to its high density.

4.4 Anthropogenic factors affecting unionids

While the natural conditions briefly described in one of
previous chapters (Aquatic habitats) influence the distribution
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of unionids in general, the changes in the distribution and in
many cases also low densities of populations are caused mostly
by anthropogenic factors.

Lopes-Lima et al. (2017) mentioned and described habitat
loss, fragmentation and degradation; overexploitation; pollu-
tion and eutrophications; loss of fish hosts; invasive species;
water abstraction and climate change as major threats for
freshwater mussels in Europe. Except for overexploitation all
mentioned threats are also the main causes of the threat of
unionids in the Czech Republic. Anthropogenic factors in the
text below are ranked according to assumed significance. Most
of these factors do not act alone and the populations of bivalves
from family Unionidae are usually affected by the cumulation
and/or combination of more these factors. These factors
usually have a negative impact on populations of unionids, but
some of them may have some partly positive effects (e.g.
creation of suitable habitats).

4.4.1 Pollution and eutrophication

Most streams in the Czech Republic are polluted, some of
them also heavily polluted. Significant pollution persists in
industrially active regions, densely populated areas and in
regions with intensive agriculture. Arable land comprises more
than 37% of area of the Czech Republic and large amounts of
fertilizers and pesticides are still being used for intensive
agriculture. Pollution has probably been the most important
threat to unionids and their fish hosts. Unpolluted or slightly
polluted water was mostly evaluated only in higher altitudes
and mountains (Mertl et al.,, 2017) but watercourses in
mountains are not preferable habitats for most unionids. The
pollution along with the degradation of watercourses are cited
as the main causes of the threat of U. crassus in most of local
studies (e.g. Beran, 2011b, 2012a, 2012b, 2012c) and this
situation is similar in many places around the world. The
pollution is still the most recorded global threat comprising
42% of all threats for freshwater bivalves listed in the [TUCN
Red List (Lopes-Lima et al., 2018). The pollution, hydro-
technical constructions, invasive species and climatic changes
are also mentioned as main causes of decrease of diversity of
unionids in Romania (Sirbu and Benedek, 2017).

Most fishponds inhabited in the past with extensive
populations of unionids have been intensively exploited.
Eutrophication, high fish stock and manipulation with water
level (especially long-term emptying) are probably the main
reasons for significant decline of populations of most unionids
including common A. anatina. Also the recent occurrence of
Unio in fishponds is uncommon in comparison with situation
in the past (Uli¢ny, 1892-95).

4.4.2 Habitat loss, fragmentation, degradation and other
changes of habitats

Most watercourses in the Czech Republic have undergone
drastic regulation and were also significantly shortened. Major
streams have been modified almost all along their length, the
same as minor ones in agricultural landscape and human
settlements. Essentially these modifications include straight-
ening, creating beds homogeneous in profile and unified in
longitudinal slope (Hanel and Lusk, 2005) (Figs. 15-16).
Regulations caused not only homogenization of watercourses

but usually also cut off connections with older arms, oxbows
and pools resulting in negative impacts for unionids and their
host fish species. The pressure for new regulations or
reconstruction of old alterations is still higher than revitaliza-
tion efforts. The rivers were fitted with weirs and more than
100 dams and there is still pressure for building new dams. The
system of dams changed the character of Vltava, the biggest
tributary of the Labe (Elbe) River. Dams change river flow,
temperature, amount of sediment and cause not only
fragmentation of populations of unionids but also their host
fish (see also Lopes-Lima et al., 2017). Changes in molluscan
assemblages (including unionids) caused by dams are
mentioned also in Horackova et al. (2014) for the Vltava
River, in Beran (2013a) for the Dyje River and in Beran (2015)
for the Ohie River. On the other hand, the dams have become
an appropriate habitat for numerous populations of unionids
preferring standing waters (e.g. Dvotrdk and Beran, 2004;
Beran, 2007c; Horackova et al., 2014) and their inflow
sections are occasionally inhabited by U. crassus (e.g. Beran,
2011a, 2017b). The Lipno dam water reservoir (4870 ha) in
Southern Bohemia is situated in altitude of 725m a. s. 1. The
Vltava River upstream of this reservoir is inhabited by
M. margaritifera and A. anatina while in the reservoir
U. pictorum, U. tumidus, A. anatina and A. cygnea were found
(Dvortak and Beran, 2004). These species except for 4. anatina
usually prefer nutrient-rich and slowly flowing water bodies
and building of the dam water reservoir allowed existence of
populations of these bivalves. Similar effect was described
from Texas where man’s ongoing alteration of lotic with lentic
waterbodies favors common unionids, and dramatically
reduces habitat for endemics, inhabiting mostly only streams
and rivers fauna (Burlakova ef al., 2011). Dam construction
and other hydrological alterations are considered as one of
major threats also for unionids in East and Southeast Asia
(Zieritz et al., 2017). Natural system (habitat) modifications
such as the construction of dams and channels are one of major
cited threats (20%) for freshwater bivalves listed in the [TUCN
Red List (Lopes-Lima et al., 2018).

Weirs also cause changes in river flow and fragmentation
of aquatic habitats. Some large rivers were altered for
navigation (Fig. 13) and there is high pressure for establishing
artificial canals connecting the Labe River with the Odra River
and Morava River. These canals would cause further extensive
alterations of many watercourses and the connection among
molluscan assemblages, species and populations from differ-
ent river basins and watersheds (North Sea, Baltic Sea, Black
Sea) and is mentioned as potential threat e.g. in Beran (2013a).

The construction of millraces and other artificial canals
(Fig. 19) on many watercourses in the past had a positive effect
on establishing populations especially of endangered
U. crassus (e.g. Beran, 2003, 2007a, 2007b; Beran and
Douda, 2009) while its occurrence in the main stream was poor
or was not observed. These artificial habitats probably provide
better conditions for this species (and its fish hosts) than fast
running waters with absence of fine sediment. Abundant
populations have often been found at these sites (see Sect. 3).

Several natural lakes were dried or destroyed mostly by coal
mining in the past. Natural oxbows and pools (Figs. 20-21)
in floodplains of large rivers have gradually disappeared after
the regulation of most of larger rivers. These habitats are/
were the only natural stagnant waters suitable for unionids.

Page 10 of 15



L. Beran: Knowl. Manag. Aquat. Ecosyst. 2019, 420, 45

Anthropogenic habitats (e.g. flooded quarries and sandpits,
fishponds, dam reservoirs) are a partial substitution for that.
While especially more extensive sandpits in floodplains of
larger rivers are inhabited by abundant populations of unionids
(e.g. Beran, 1996, 2002) (Fig. 26) the most extensive
reservoirs formed by the flooding of quarries or disused coal
mines (Fig. 27) have only existed for a time too short for
development of more diverse communities of unionids and
most of them are still without unionids (Beran, 2010, 2013b,
2019). In the case of these newly created and extensive habitats
it is possible to assume the progressive development of
malacocenoses including unionids in the coming years or
decades and they have a great chance to become very valuable
habitats for abundant populations of unionids that inhabit
standing waters.

4.4.3 Water abstraction and climate change

The situation with using water in agriculture or industry in
the Czech Republic is not so critical in comparison with other
especially southern European countries where growing
demands for water by agricultural, industrial and recreational
activities have caused significant negative impacts on
Mediterranean freshwater ecosystems including decline and
loss of endemic freshwater biodiversity (Benejam et al., 2010).
Otherwise significant fluctuations in precipitations in last
years/decades altogether with the drastic changes in the water
regime caused by the extensive landscape regulations carried
out over the last 70 years have caused more frequent episodic
situations with very low flow in many watercourses. Together
with high temperatures and probably other factors (pollution) it
is the cause of mass death of unionids as was observed in
several rivers by the author (e.g. Labe, Ohfe) or other
malacologists (Luznice, Douda and Beran, 2009). Drought can
also cause drying out of some small watercourses inhabited by
unionids including endangered U. crassus. Many populations
of unionids in dam reservoirs, artificial canals and in rivers
upstream of weirs are threatened by the manipulation of water
level. Regularly, emptying of several artificial canals of the
Becva River had caused massive death of unionids (mostly U.
crassus) in the past (Beran, 2003; Beran and Douda, 2009). An
example of this may be probably the most numerous
population of P. complanata found in the Vltava River in
Prague which is threatened by the manipulation of water level
(Douda et al., 2015).

4.4.4 Invasive species

Three non-native bivalves have been known from the
Czech Republic (Beran, 2002; Lorencova et al., 2015). While
originally ponto-caspian Dreissena polymorpha (Pallas, 1771)
was recorded for the first time more than 120 years ago in the
Labe River near Usti nad Labem (Blazka, 1893), first record
about the occurrence of S. woodiana exists from 1996 from
South Moravia (Beran, 1997) and Corbicula fluminea (O. F.
Miiller, 1774) was first recorded in 1999 from the Labe River
near the Czech-German boundaries (Beran, 2000). Recently
the first mentioned species occurs mostly in the lowlands of the
largest rivers (Labe, Vltava, Morava and Dyje) and their
surroundings (Lorencova et al., 2015). In natural habitats such
as rivers D. polymorpha usually does not occur in densities that

could significantly affect other organisms including unionids.
Situation in standing waters is very different. Its occurrence is
common in sandpits, quarries and dam reservoirs. Especially in
sandpits and some dam reservoirs the numerous occurrence of
this species can have negative impact on populations of
unionids because there is a lack of suitable objects (rocks,
stones) in these habitats for attaching and D. polymorpha uses
valves of living or dead unionids. Similar Dreissena
rostriformis (Deshayes, 1838) has not been detected on the
territory of the Czech Republic yet. The nearest locality of this
species is the Danube River in Slovakia (Horsék et al., 2018).

After its first record in the Labe River, Asiatic C. fluminea
gradually expanded upstream. Apart from the Labe it gradually
settled in some tributaries such as VItava and Ohie. The
occurrence was also recorded from some sandpits isolated
from own watercourse of the Labe (Beran, 2018). This species
was recorded for the first time from Morava River in
southeastern part of the Czech Republic belonging to the
Danube River basin and its gradual expansion is predicted
(Komzék et al., 2018). Its populations are numerous in some
localities and are among the dominant molluscs and both
empty shells and live individuals can cover the bottom of the
watercourse in some places. These situations are relatively rare
and usually this species occurs in lower densities and
significant negative impact to unionids has not been proven
yet. The gradual expansion of this species was observed in the
Ohfe River and no negative changes in populations of unionids
including endangered U. crassus have been documented yet in
comparison with situation before its expansion (Beran, 2015,
author’s unpublished records). Corbicula fluminalis (O. F.
Miiller, 1774) (or C. cf. fluminalis), another non-native species
occurring in Europe has not been recorded in the Czech
Republic yet.

Dense populations of non-native S. woodiana have been
recorded especially in fishponds or dam water reservoirs in
South Bohemia and in several rivers (e.g. Dyje, Kyjovka) in
South Moravia. In these cases S. woodiana can compete with
native unionids for food, increase resistance to glochidia in
potential host fish and serve as vector for introduction of new
parasites and diseases (Lopes-Lima et al., 2017; Donrovich
et al., 2017; Douda and Cadkova, 2018).

The predation of bivalves by non-native mammals is very
important negative factor caused by non-native and invasive
species in the territory of the Czech Republic. While the
predation by a raccoon (Procyon lotor) seems to be marginal and
still local (Beran, 2007b, 2015) two non-native rodents (Ondatra
zibethicus, Myocastor coypus) have a very significant impact on
the unionids. In the past muscrat (O. zibethicus) was usually
considered as a main predator of unionids in the Czech Republic
(Beran, 2015) but its populations have recently decreased and its
current impact will be probably less significant. The most
important actual predator of unionids has been nutria (M. coypus)
which spreads rapidly mainly in lower altitudes. On many sites it
is responsible for predation of large numbers of unionids and
probably also for decline of their populations including U.
crassus (Beran, 2017a). The predation can cause significant
decline of populations especially in small brooks. Similar efect
of this non-native mammal was described not only from other
parts of Europe but also from Japan (Kume et al., 2012).
Predation by a mink (Neovison vison) has not been recorded yet
(Beran, 2015) but it is not possible to exclude it.
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4.4.5 Loss of fish hosts

Extensive changes in freshwater ecosystems and land use
in the Czech Republic have been also reflected in changes in
their ichthyofauna. Especially drastic regulation and fragmen-
tation, pollution and eutrophication of watercourses have
negatively affected the native fish communities. These changes
have to be taken into account for conservation of unionids
while overfishing, considered as one of major threats in several
countries of East and Southeast Asia (Zieritz et al., 2017), does
not seem to be significant. Although a number of studies were
focused on identifying fish hosts of individual species
(summarized e.g. in Lopes-Lima et al., 2017), some recent
studies showed complexity of relationship between unionids
and their fish hosts. Douda e? al. (2014) described differences
in the ability of U. crassus to infest particular fish species
between nearby and recently isolated mussel populations while
Douda et al. (2013) showed that the mixing of regional fish
biotas may lead to an excessive loss of host availability even
for host generalists such as the freshwater mussel 4. anatina,
with potentially broad consequences for their population
dynamics.

4.4.6 Overexploitation

In the past shells of Unio spp. were used as material for
buttons but much less often than M. margaritifera from family
Margaritiferidae. At some sites unionids were so frequent that
they were use as livestock feed (Uli¢ny, 1892-95). These
activities may be responsible for local declines but in the past
only. Currently no similar activities exist. Author has been
several times asked for opinion by the Police or Czech
Environmental Inspectorate in the cases when larger amount of
unionids were picked usually by people from the Chinese and
Vietnamese communities who use mussels as food. These
cases are rare and marginal in comparison with other current
threats. The overexploitation together with invasive alien
species, urban development, agriculture, climate change and
mining comprising less than 10% of all threats for all
freshwater bivalves listed in the IUCN Red List (Lopes-Lima
et al, 2018) and also Ferreira-Rodriguez et al. (2019)
considered overexploitation as only locally important.

On the basis of the data presented in this study, published
and unpublished studies and using professional judgment the
author attempted to establish an overview of the influence of
threats on particular species except the non-native S. woodiana
in Table 3. As expected the worst status was estimated for
U. crassus and P. complanata. The possible impact of changes
and/or loss of suitable fish hosts is still unclear.

4.5 Conservation status

The Proposal of the Red List of aquatic molluscs of the
Czech Republic was published in 1995 (Beran, 1995) while the
first Red List was mentioned in Beran (1998). Further Red List
was published in 2001 (Jufickova et al., 2001) and was
actualised in Beran (2002). The first Red List processed by
IUCN criteria was published by Beran et al. (2005) and
actualised in 2017 (Beran et al, 2017). In all mentioned
versions from the Proposal published in 1995 to last version
published in 2017 species U. crassus and P. complanata are
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Table 3. Qualitative assessment of the risk of threats. Impact — Very High, High, Medium, Low, Unknown. Scope (the expected proportion of population of a species which has been affected

by the factor) — Pervasive (71-100%), Large (31-70%), Restricted (11-30%), Small (1-10%), Negligible (<1%), Unknown.

U. pictorum U. tumidus A. anatina A. cygnea P. complanata

U. crassus

Threats

Impact Scope Impact Scope

Scope

Scope Impact Scope Impact Scope Impact

Impact

(a) Pollution and eutrophication

Agriculture effluents

Pervasive
Pervasive

High
High

Pervasive
Pervasive

Medium
Medium

Medium Pervasive
Medium Large

High Pervasive
High Pervasive

Pervasive
Pervasive

Medium
Medium

Very High Pervasive
Very High Pervasive

Household and urban

waste water, industry effluents

(b) Habitat loss, degradation and changes of habitats

Large

Medium

Restricted High

Large

Medium

Medium Large

Large

High
Restricted  Very High Restricted Medium Restricted Low

Large

Medium
Restricted Medium

Large

High
High

(c) Water abstraction and climate change

Regulation of watercourses

Dams

Restricted

Restricted

Large Very High Large Medium

Restricted High Restricted  High

Restricted  High

High

Manipulation of
water level
Drought

Large

Large Medium

Medium

Medium Large

Large Medium  Large Medium Large

Medium

(d) Invasive species

molluscs
others

Restricted

Restricted Medium Restricted Medium Restricted Low

Restricted Medium

Small Low

Low

Restricted

Restricted Medium

Unknown

Restricted Medium Restricted Medium

Restricted Medium

Restricted Medium

Medium

Unknown Unknown

Medium Restricted Unknown

Unknown

Unknown
Low

Unknown Unknown

Large

Medium
Low

(e) Loss of fish hosts
(f) Overexploitation

Negligible

Low

Negligible

Low

Negligible

Low

Negligible

Negligible

Low

Negligible
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listed in category Endangered while U. tumidus and A. cygnea
are listed as Vulnerable. U. pictorum and A. anatina are
considered as Least Concern. Non-native S. woodiana was not
evaluated and was included in category Not Evaluated as all
non-native molluscs. These Red Lists were processed by [UCN
criteria and conservation status of particular species corre-
sponds with results presented in this study. Only two species
(U. crassus, P. complanata) which are considered endangered
in the Czech Republic are also listed in the [IUCN Red List of
Threatened Species as threatened. U. crassus is listed as
Endangered (Lopes-Lima et al., 2014) and P. complanata as
Vulnerable (Van Damme, 2011) while other species are listed
as Least Concern.

Three species (U. crassus, U. pictorum, A. cygnea) are
protected as specially protected animals by Act No. 114/1992
Coll. on the Nature and Landscape Protection. Recently
changes in list of specially protected plants and animals have
been prepared and the new list should correspond more with
recent conservation status.

4.6 Conservation and management measures

In the second half of the 20th century, there was little
information on the status of populations of unionids in the
Czech Republic. By the end of the 20th century the volume of
information had gradually increased and attention was paid
mainly to the search for populations of the endangered U.
crassus. During this research the volume of data about the
occurrence of other unionids has also increased. This survey
was intensified at the beginning of the 21st century in
connection with the preparation of the Czech Republic’s
accession to the European Union and the need for establish-
ment of NATURA 2000 network and Sites of Community
Importance (SCI) with populations of this bivalve. Nearly all
of the previously known sites with populations of U. crassus
became SCI (or part of SCI). U. crassus is one of the subjects
of protection in 13 SCIs altogether and present in other
8 SClIs. Second endangered species P. complanata occurs in
10 SCIs.

Legislative protection of sites with the occurrence of U.
crassus and other unionids is only the first step in protection of
their populations. It also provides sufficient protection against
anthropogenic impacts that could significantly damage or
destroy these sites (e.g. dam construction). However it is not
effective enough to improve the status of these sites. In most of
them pollution is disproportionately high and in many cases
watercourses were regulated in the past and flow in intensely
exploited landscape. It is desirable to restore the whole riverine
systems of many watercourses altogether with land use
changes.

The accession of the Czech Republic to the EU was the
new impulse for monitoring of known sites with the occurrence
of U. crassus and also for searching of watercourses
potentionally suitable for this species. Several sites with the
occurrence of numerous populations have been found since
2004. Many of them remain unprotected just like many other
valuable sites with the noteworthy occurrence of other
unionids. An example of this may be probably the most
numerous population of P. complanata found in the Vltava
River in Prague (Douda et al., 2015).

In addition to the increase in knowledge of distribution,
relationships between unionids and their fish hosts have been
studied (e.g. Douda et al., 2012; Donrovich et al., 2017; Douda
etal.,2013; Douda et al., 2014). This brings a great deal of new
information relevant for the planning of conservation
measures. However, it is important to note that the major
threats — the pollution and regulation of our watercourses,
remain essential for the restoration of numerous populations of
unionids.

Due to their largeness (and their visible massive death)
unionids are often saved during (or before) different
anthropogenic interventions such as long-term emptying of
different waterbodies or sediment removal. Unionids have
been usually picked up and transferred to other places from
sites threatened by anthropogenic interference. Particularly in
the past these actions were often chaotic and without expert
support. There are also confirmed cases where populations of
non-native S. woodiana were saved and transmitted e.g.
approximately 500 individuals of this species were saved after
flood in 2006 and transferred back into the Dyje River in South
Moravia (author’s unpublished data). For this reason the
methodology for carrying out transfers from endangered sites
was prepared (Beran, 2011d).

5 Conclusions

Altogether 7 species (6 autochthonous, 1 allochthonous) of
family Unionidae have been known from the territory of the
Czech Republic. All these species occurred in all three
different river basins (Labe, Odra, Danube) and watersheds
(North, Baltic and Black sea).

Large volume of data about the occurrence of bivalves has
been available. This data allows us to understand their
distribution as well as changes caused by anthropogenic
effects. At the same time the amount of information based on
the influence of various factors on their populations is
increasing. Many sites with their occurrence are currently part
of NATURA 2000 network as Sites of Community Importance
(SCIs) or part of other protected areas. Despite the increasing
amount of information and conservation measures it is clear
that the reduction the pollution, restoration of riverine systems
with surrounding alluvium, removal of migratory barriers,
improving the water regime with regard to climate change and
elimination of the non-native species affecting native unionids
are most important for their protection.
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