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ABSTRACT: Anthropogenically elevated nutrient concentration occurs in both ground and surface waters
and cause grave environmental problems which are responsible for the degradation of water quality on
a worldwide scale. The progressive anthropogenic pressure caused by prolonged agricultural activity has
a negative effect on most water ecosystems including rivers and reservoirs. Freshwater molluscs, which
are hololimnic organisms, have a limited mobility; therefore, they are good bioindicators of changes in
their habitats. They reflect the abiotic or biotic state of water habitats, which represents the impact of
environmental change on the habitat, community as well as on the ecosystem. A long-term survey of
mollusc communities revealed the occurrence of 44 species including some rare, vulnerable, threatened
or legally protected species, e.g. Borysthenia naticina, Unio crassus, Anodonta cygnea, Pseudanodonta complanata
or Sphaerium rivicola, in the Wkra River, its tributaries and selected oxbow lakes. In the Wkra River
catchment area, the mollusc communities, including U. crassus (Habitats Directive Natura 2000), are
under a combined effect of several environmental factors. Conductivity, hardness, current velocity, river
width, temperature, nutrient concentration and the size of sediment particles were the parameters most
associated (statistically significant according to the forward selection results) with the distribution of
mollusc species. The forward selection results showed that the concentration of dissolved oxygen and the
occurrence of macrophytes also exerted a significant influence on the distribution of Mollusca. Among
environmental factors, anthropogenically elevated concentrations of nitrites and nitrates in the water were
the most predictive parameters that negatively influenced (stressors) the structure of mollusc communities.
The novel findings of this survey showed that some mollusc species could tolerate wider ranges of some
environmental factors and higher concentrations of nutrients than had been expected. U. crassus is more
tolerant of a relatively high concentration of nitrates in the water than was previously expected, as well
as of nitrites and phosphates, and it can survive in rivers with relatively high nutrient concentration. The
present results confirm both the field and the toxicological research on the negative effect of nitrites and
nitrates, which is caused by their toxicity to freshwater molluscs. The number of individuals, number of
mollusc species and density decreased dramatically within the last year of the survey in the Wkra River and
its tributaries. This phenomenon seems to be a direct result of the nutrient enrichment in the Wkra River
catchment area, the regulation of riverbeds or an indirect result, e.g. lack of primary or appropriate host
fishes for unionid species. The declining trend in the global mollusc population has probably begun to occur
in the Wkra River catchment area.
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INTRODUCTION

1.1. ANTHROPOGENIC SOURCES OF
NUTRIENT ENRICHMENT IN SURFACE
AND GROUNDWATERS OF AGRICULTURAL
AREAS

In lotic ecosystems, eutrophication is defined as
an increase in a nutritive factor or factors that leads
to greater whole-system heterotrophic or autotro-
phic metabolism. When defining the trophic status of
these ecosystems, allochthonous and autochthonous
sources of carbon, inorganic and organic forms of nu-
trients, such as nitrogen and phosphorus, should be
taken into consideration (DODDS 2006).

Anthropogenic supply of phosphorus into a riv-
er includes both direct and indirect wastewater dis-
charges from sewage treatment works and more lo-
cal input such as leakage from septic tanks located
near river channels, runoff from the use of fertilisers
in agricultural areas or runoff from farmyards (NEAL
et al. 2010). Inorganic nitrogen enters freshwater
ecosystems via anthropogenic points (livestock, ag-
ricultural operations, municipal and industrial sew-
age effluents) and diffuse sources (fertilisation, ma-
nure) of pollution (CAMARGO et al. 2005, SOUCEK
& DICKINSON 2012). The atmospheric deposition of
inorganic nitrogen has dramatically increased due to
the extensive use of nitrogen fertilisers and the com-
bustion of fossil fuels. As a result, anthropogenical-
ly elevated concentrations of nitrates occur in both
ground and surface waters and cause the most preva-
lent environmental problems that are responsible for
the degradation of water quality on a worldwide scale
(CAMARGO et al. 2005). Nutrient input from livestock
farming includes manure, fertilisers and feed concen-
trates for animals. Nutrients are exported from grass-
lands via runoff, in solutions and in association with
particles and colloids. Livestock farming is an impor-
tant source of phosphorus and nitrogen in lowland
rivers which contributes to the eutrophication of sur-
face water resources (JARVIE et al. 2008). Depending
on the type of soils, intensive livestock farming (es-
pecially on poorly drained heavy clay soils with direct
access to the stream channel) constitutes the greatest
risk of diffuse-source phosphorus loss in all agricul-
tural areas. Compared with arable farming, livestock
farming produces a substantially higher diffuse source
of all phosphorus fractions (JARVIE et al. 2008, 2010).
The loss of nitrates depends mainly on the texture of
the soil (PASTUSZAK et al. 2012). In Europe, nutrient
loads from point sources (industry, wastewater treat-
ment plants) and diffuse sources (agricultural areas)
are major environmental concerns for the Baltic Sea.
Agricultural areas are the main contributors of dif-
fuse nutrient emissions, which are influenced by land

abandonment, crops, soil types, artificial drainage,
fertilisers and tillage, as well as the intensity of pro-
duction (fertiliser application rate, choice of crops,
livestock density, etc.) (MEWES 2012).

In Europe, the excessive use of fertilisers consti-
tutes an environmental risk, for which a common
strategy is needed in order to control the prob-
lems that arise from intensive livestock production
and that agricultural policy has to take greater ac-
count of environmental policy (COUNCIL DIRECTIVE
91/676/EEC). According to the European Union
Water Framework Directive (EU WFD) (DIRECTIVE
2000/60/EC), both nitrates and phosphates, which
contribute to eutrophication, are included in the
indicative list of the main pollutants. For example,
between 2004 and 2007, the yearly total amount of
mineral nitrogen fertiliser consumption increased
from 11.4 to 12.1 million tons in the 27 Member
States of the EU, while the amount of nitrogen from
animal husbandry spread on agricultural soil de-
creased annually from 9.4 to 9.1 million tons. The
contribution of nitrogen loads from agriculture into
surface waters has decreased in the EU; however, it
still remains high. Agriculture in the Member States
of the EU is responsible for over 50% of the total
nitrogen discharge into surface waters.

The implementation of the regulatory require-
ments of the EU WFD in order to achieve a good
surface water status by 2015 (DIRECTIVE 2000/60/
EC) through a 75% reduction in the total nitro-
gen and phosphorus loads was proposed in Poland.
Achievement of this target will mean the restora-
tion of a good state of surface and groundwaters
and the implementation of a programme to combat
the eutrophication of the Baltic Sea (THE NATIONAL
ENVIRONMENTAL POLICY 2008). The Council
Directive (COUNCIL DIRECTIVE 91/676/EEC) (here-
after referred to as the Nitrates Directive) has the ob-
jective of reducing the water pollution that is caused
or induced by nitrates from agricultural sources in
order to protect health, living resources and aquatic
ecosystems and to prevent any further pollution.

In Poland, few areas show elevated concentrations
of nitrates, i.e. above 25 mg NO; dm™ in surface wa-
ters (REPORT EU 2011). However, in the largest Polish
rivers, i.e. in the Vistula and Odra, nutrient concentra-
tions and loads showed significant declining trends in
1988-2008 (PASTUSZAK et al. 2012). According to the
requirements of the Nitrates Directive, all Member
States including Poland should designate areas on
their territories as the Nitrate Vulnerable Zones
(NVZs) within two years following the notification
of this directive. It is also necessary to establish and
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implement actions which reduce water pollution from
nitrogen compounds in the NVZs. The NVZs are des-
ignated according to the monitoring results, which in-
dicate that both surface freshwaters and groundwaters
in these zones are affected by nitrate pollution origi-
nating from agricultural activities and contain or may
contain more than 50 mg NO; dm nitrates (COUNCIL
DIRECTIVE 91/676/EEC, Dz.U. 2002). Therefore, 21
areas were designated as the NVZs in the territory of
Poland in 2004. The number of the NVZs was reduced
between 2008 and 2012, and today 19 areas are left.
The total area of the NVZs amounts to 4,623.4 km?,
which comprises about 1.49% of the total territory of
the country. In accordance with the Nitrates Directive,
the concentrations of nitrates in surface freshwaters
and groundwaters should be monitored continuous-
ly within these zones. However, the concentrations
of nitrates are still higher in surface freshwaters and
groundwaters than the trigger threshold value set
in the Nitrates Directive, i.e. 50 mg NO; dm?, both
within and outside the zones. Alongside the Nitrates
Directive, the Rules of Good Agricultural Practice
(KODEKS 2004), which have the objectives of reduc-
ing pollution by nitrates with respect to conditions in
different regions, should be implemented. The Rules
of Good Agricultural Practice contain, e.g. appropriate
periods for the use of fertilisers, the effect of using fer-
tilisers near water courses, storage vessels for livestock
manures, measures to prevent water pollution by run-
off and seepage of liquids that contain manure and
effluent from stored plant materials (silage) into the
surface waters and groundwaters, and land use man-
agement (COUNCIL DIRECTIVE 91/676/EEC, KODEKS
2004). A survey of KUPIEC et al. (2008), which was
carried out within one of the NVZs in Poland, showed
that the majority of farms used intensive agricultural
production and that they also specialised in pig farm-
ing. Many farms lacked buildings and equipment for
the proper storage of manure, which led to the intro-
duction of large quantities of nutrients into agro-eco-
systems and caused a surplus of nutrients. Despite
the fact that the majority of farmers complied with the
recommendations of the Rules of Good Agricultural
Practice, the level of fertilisation in the catchment area
was high (KUPIEC et al. 2008).

In Poland, more than 55% of the households are
connected to sewage treatment plants, suggesting
that 45% of households discharge sewage directly
into surface waters (ALTERRA 2007). Pollution of
surface freshwaters and groundwaters and its assess-
ment require the analysis of the sources of nitrates,
including farming systems, the density of the pro-
duction of livestock, the applying of fertilisers, soil
type and hydrology.

Many barns, farmyards and manure heaps are
considered to be within the category of “micro hot
spots” as sources of nitrate pollution. The losses of

nitrates that leach from such farms and manure heaps
constitute up to 40% of the total leaching losses. The
leakages of nitrogen from livestock farms, manure
heaps and farmyards are the major sources of its
concentration in surface freshwaters and groundwa-
ters. For example, the concentration of nitrates in the
groundwater near the manure heaps may range from
0 to 1,400 mg NO; dm= (ALTERRA 2007).

In Poland, most soils are light-textured sand soils,
which are vulnerable to nitrates leaching losses. Many
streams and rivers flow through agricultural areas,
surrounding lakes and ponds and are additionally
intersected by drainage ditches. Due to the seasonal
variations in rainfall and evapotranspiration, these
surface freshwaters have variable water levels. Thus,
temporary flooding and close contact between land
and surface waters give way to the transfer of nitrates
from agricultural areas into surface waters (ALTERRA
2007). In 2009, agricultural land including arable land
(38.7%), meadows (7.9%), pastures (2.3%), orchards
(1.1%) and others (1.6%) constituted 51.6% (18.98
million ha) of the total Polish territory. From 2004 to
2009 the use of nitrogen and phosphate fertilisers in-
creased from 56.3 to 66.3 and from 20.4 to 22.8 kg
per 1 ha of agricultural land, respectively (STATISTICAL
YEARBOOK OF AGRICULTURE 2011).

The degradation of lowland rivers, caused by pro-
longed agricultural activity, is a problem worldwide
(HARDING et al. 1999, ULEN et al. 2007, JARVIE et al.
2008, 2010, MARET et al. 2010, VIRBICKAS et al. 2011,
MEWES 2012, WOODWARD et al. 2012). Nutrient en-
richment alters the structure of macroinvertebrate
communities, increases macroinvertebrate abun-
dance, while a greater organic carbon load causes
dominance by pollution-tolerant macroinvertebrates.
When the load of nitrogen, phosphorus and carbon is
simultaneously high, the highest rates of carbon con-
sumption and the greatest biomass of heterotrophic
organisms occur (DODDS 2006). Rivers in agricultur-
al areas contain the highest concentrations of nutri-
ents from the application of fertilisers and manure
and have commonly altered riparian and instream
habitats which can influence nutrient uptake and al-
gal growth (MARET et al. 2010). Eutrophication al-
ters the structure of aquatic plant communities and
standing crop in rivers, and may also enhance flood
risk by increasing the macrophyte biomass, which in
turn physically impedes the water flow (O’HARE et
al. 2010). River eutrophication resulting from phos-
phorus and nitrogen enrichment leads to the deteri-
oration of water quality for potable supply and ame-
nities and causes a reduction in aquatic biodiversity.
In rivers in agricultural areas, anthropogenic sources
of nutrient enrichment increase primary productiv-
ity, which may result in excessive plant growth fol-
lowed by severe diurnal variations in dissolved oxy-
gen and a reduction in the available instream habitat.
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These eutrophication factors can lead to reduction
in aquatic biodiversity that favours invasive species
over native species (MARET et al. 2010). In streams
with a predominance of agricultural land (pasture
and arable) in their catchment areas, pH is more al-
kaline (TOWNSEND et al. 1983).

Many small water bodies were lost in the last
century. Those that remain, are faced with increas-
ing anthropopressure by many factors including
area drainage, fertilisation, water pollution, urban
development, increased transport infrastructure or
simply with natural succession. Small water bodies
support a greater number of aquatic macroinverte-
brate species than river systems, including particu-
larly rare species which are of specific conservation
interest (WOOD et al. 2003). For example, both the
Bug River and its oxbow lakes support a habitat for
aquatic insects; however, LECHOWSKI & BUCZYNSKI
(2006) recorded a higher number of species in the
oxbow lakes (18 species) than in the Bug River.
Oxbow lakes, which constitute an essential part of
the river ecosystem, increase the biodiversity by pro-
viding important habitats for diverse macrophytes
and macroinvertebrates. Therefore, under Annex 1
to COUNCIL DIRECTIVE 92/43/EEC (1992) of the EU
and its consolidation version of 01.01.2007, oxbow
lakes are protected natural habitats (code 3150) and
constitute a refuge for many species that are of inter-
est in the European Union.

1.2. SOME ASPECTS OF FUNCTIONAL ROLE OF
MOLLUSCA IN FRESHWATER ECOSYSTEMS

An increase in agricultural intensity negatively
affects the structure of macroinvertebrate communi-
ties including Mollusca. The values of some metrics,
e.g. the total taxa richness, number of sensitive taxa,
% collector filterers or % Coleoptera respond nega-
tively to increase in the cattle grazing (BRACCIA &
VOSHELL 2007). Among macroinvertebrates, fresh-
water molluscs, which are hololimnic organisms that
are present in the waters throughout their whole
life cycle, are especially vulnerable to water pollu-
tion. In freshwater ecosystems, molluscs constitute
an important link in the circulation of organic mat-
ter and nutrients; participate in the self-purification
processes of the water, nutrient cycles (accumulate
and release nutrients) or accumulate heavy metals.
Freshwater molluscs are an important link in the
circulation of organic matter because they are the
first order consumers that mainly provide a food ba-
sis for consumers of the second order. Gastropods
are primary consumers or detritus eaters (OKLAND
1990). Pulmonate gastropods can achieve a net up-
take of the dissolved organic carbon (DOC) pro-
duced by macrophytes and metabolise it (THOMAS
& KOWALCZYK 1997). Bivalves filter phytoplankton,

bacteria and particulate organic matter from the wa-
ter column, and therefore increase the water clarity.
Some species supplement suspension feeding from
the water column by feeding on organic matter and
bacteria, filtering the interstitial water in the sedi-
ments, and by deposit feeding (pedal feeding utilis-
ing cilia on the foot). The volume of water filtered
by unionids within dense beds can equal or exceed
the daily stream discharge. For example, Anodonta
anatina is able to filter up to 2.9 dm? of water during
1 hour, while Unio pictorum can filter up to 4.6 dm?
1h and Unio crassus up to 4.1 dm?® 1h' (KRYGER &
RIISGARD 1988). It was shown that filtration by un-
ionids with a density of up to 350 indiv. m™ led to
“biological oligotrophication” by decreasing the bio-
mass of phytoplankton and the concentration of total
phosphorus in a river (the River Spree, Germany).
Fluviatile unionid species filter more bacteria than
pond species (the gills of fluviatile species are char-
acterised by more complex and larger cirri compared
to the gills of pond species) (VAUGHN & HAKENKAMP
2001). On the other hand, bivalves affect the nu-
trient dynamics through deposition of faeces and
pseudofaeces, excretion of remineralised nutrients
in forms that are readily available to phytoplankton.
Burrowing bivalves increase the oxygen content in
sediments and release nutrients from the sediments
into the water column. Mussel beds provide habitats
for epiphytic and epizoic organisms. Both gastropods
and bivalves are hosts of both adult forms and lar-
val stages of parasites. Molluscs constitute a food
resource for macroinvertebrates, fish, waterfowl and
mammals (WEOSIK-BIENCZAK 1997, LEWANDOWSKI
& STANCZYKOWSKA 2000, VAUGHN & HAKENKAMP
2001, STRAYER 2013).

Some studies have suggested that an increase in
nutrient loads is associated with an increase in the
production and biomass of algae, bacteria and fun-
gi, which constitute the food resources for bivalves,
and cause an increase in their growth, fecundity and
population abundance. However, analyses of the
productivity of the ecosystem and nutrient concen-
trations in the water were not carried out in these
studies (STRAYER 2013). The load of nitrogen and
phosphorus in the water, which support algal pro-
ductivity, have probably increased 2-20 fold, espe-
cially in Europe and North America. Therefore, this
phenomenon may have affected bivalve populations
around the world and may suggest that increases in
nutrient load in the water should lead to the devel-
opment of larger mussel populations. The increase in
nutrient load in freshwater ecosystems seems likely
to have both positive and negative effects on the bi-
valve populations, but only up to the threshold value
of the nutrient concentration. Extreme eutrophica-
tion radically changes the species composition of the
algal communities towards the species which may
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diminish the nutritional quality of the algae (the
content of fatty acid decreases and leads to strong,
negative consequences for consumers). Thus, the in-
sufficient food quality as well as the occurrence of
toxic algae leads to diminishing mussel populations
that are exposed to high nutrient concentration.
Furthermore, high nutrient concentrations cause a
higher rate of photosynthesis which in turn drives
up pH and shifts the balance away from NH; towards
the more toxic NH,. STRAYER (2013) hypothesised
that at first, the size of mussel populations increased
together with the nutrient concentration in the water
and the availability of food resources (phytoplank-
ton) and then decreased as the nutrient load in-
creased. The threshold values of acceptable nutrient
concentration as well as an early warning that the
“death threshold” values are about to be exceeded,
in relation to mussels, have not yet been specified
(STRAYER 2013).

Progressive anthropogenic pressure degrades the
integrity of the majority of water ecosystems includ-
ing rivers and reservoirs. Freshwater molluscs have
a limited capability of movement; therefore, they are
good bioindicators of changes in these water environ-
ments. They readily reflect the abiotic or biotic state
of water environments, which represents the impact
of environmental change on the habitat or communi-
ty as well as on the ecosystem. Bivalves are especially
useful for monitoring freshwater ecosystems because
of their sedentary behaviour and filtration activity,
through which great quantities of pollutants are taken
up and accumulated in both their soft tissues and
shells. Therefore, many authors consider Mollusca
to be very good bioindicators of, for example, heavy
metal pollution (JURKIEWICZ-KARNKOWSKA 1994,
NAIMO 1995, TESSIER et al. 1996, LABROT et al. 1999,
FLESSAS et al. 2000, CALLIL & JUNK 2001, BEONE et
al. 2011, WAYKAR & DESHMUKH 2012, BODIN et al.
2013), radionuclide pollution (FRANTSEVICH et al.
1995, RAVERA & RICCARDI 1997), and indicators
of biodegradable pollution (MOUTHON & CHARVET
1999). Some bivalve species can be effective bioindica-
tors of the contamination of freshwater habitats with
the oocysts of Cryptosporidium and the cysts of Giardia
(GRACZYK et al. 2003, DOMINGO et al. 2012) as well
as bioindicators of the influx of non-purified sewage
into river ecosystems (LUKASHEV 2010). Freshwater
molluscs are sensitive to low pH, humic substances,
sulphur hydrogen, heavy metals, ammonium and bio-
degradable pollution. Gastropods are more sensitive
to low pH than fish. Therefore, gastropods can give an
early warning of acidification because in the case of a
pH decrease they will disappear from freshwater eco-
systems before fish (OKLAND 1983). Freshwater mol-
luscs, both gastropods and bivalves, are used in the
assessment of water quality in saprobic system and
biotic indices including multimetric indices (AQEM

CONSORTIUM 2002, ROLAUFFS et al. 2004, GABRIELS
etal. 2010, BIS & MIKULEC 2013) in all of the Member
States of the EU in accordance with the requirements
of the EU Water Framework Directive (EU WFD)
(DIRECTIVE 2000/60/EC).

The main threats to freshwater molluscs are
the modification and destruction of habitats, in-
cluding water eutrophication and pollution, regula-
tion of rivers, habitat loss resulting from drainage,
loss of marshy habitats, drying up of bogs and eu-
trophication of reservoirs including oxbow lakes
(MOUTHON 1996a, PIECHOCKI 1996, 2002, 2008,
DYDUCH-FALNIOWSKA & ZAJAC 2002, BOGAN 2008,
SHUHAIMI-OTHMAN et al. 2012). Freshwater Bivalvia
are threatened, and their populations are declining
at a global scale, and among them freshwater mus-
sels (Bivalvia: Unionacea) are one of the most endan-
gered groups in the world (BOGAN 2008, VAUGHN
2012). This phenomenon has been best document-
ed for rivers (ALDRIDGE 2000, GRABOW et al. 2000,
COSGROVE & HASTIE 2001, WEBER 2005, GANGLOFF
& FEMINELLA 2007, MOUTHON & DAUFRESNE 2008,
SOUSA et al. 2008, 2011). Therefore, the most en-
dangered species of molluscs are protected under
European legislation, i.e. the COUNCIL DIRECTIVE
92/43/EEC (1992) of the EU or more local laws,
i.e. the Polish legislation (Dz.U. 2011a), as well as
being included into the European Red List of Non-
marine Molluscs (CUTTELOD et al. 2011), the IUCN
Red List of Threatened Species (IUCN 2012) and the
Red List of Threatened Animals in Poland (DYDUCH-
FALNIOWSKA & ZAJAC 2002, PIECHOCKI 2002).

1.3. OBJECTIVES OF THE SURVEY

To date, no long-term survey on the environmen-
tal factors that determine the occurrence of molluscs
in lowland rivers and oxbow lakes with a high nu-
trient enrichment, which includes the physical and
chemical parameters of the water, bottom sediments
and macrophytes, has been carried out. Therefore,
due to the problems that are highlighted above and
the facts related to the degradation of lowland rivers
or reservoirs that are caused by prolonged agricul-
tural activity and the ungestionable, functional role
of Mollusca in freshwater ecosystems as well as the
initial field recognition and choice of sampling sites
or initial laboratory analysis before the fundamental
field survey, the formulation the following objectives
of the survey is justified.

The objectives of the survey were:

- to analyse the structure of mollusc communi-
ties and their changes in terms of the number of
species, their density, dominance and constancy
pattern as well as biodiversity in lowland rivers
and selected oxbow lakes with anthropogenically
elevated nutrient concentration; special attention
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was paid to Unio crassus, a species which is of in-
terest in the European Union,

- to determine the environmental factors which are
the most predictive parameters that negatively
(stressors) or positively (drivers) influence the
structure of mollusc communities,

- to analyse any long-term, time-dependent drift
and transient responses of the structure of mol-
lusc communities to changes in environmen-
tal factors including nutrient enrichment in the
Wkra River, its tributaries as well as oxbow lakes,

- to determine the ranges of the environmental var-
iables which influence the structure of mollusc
communities both in the rivers and in selected
oxbow lakes in the Wkra River catchment area to
the greatest extent,

- to check if the population of U. crassus can repro-
duce in the Wkra River and if there is recruitment
of juveniles,

STUDY AREA

The Wkra River, which is a right-bank tributary
of the Narew River, has a total length of 249.1 km
and a catchment area of 5,322 km?. The investigat-
ed catchment area consists of the Wkra River, sev-
en oxbow lakes that are located in the lower course
of the Wkra River and its six main tributaries: the
Sona River, the Eydynia River, the Racigznica River,
the Mtawka River, the Szkotéwka River and the

Lowland

Ecoregion 14
Warsaw

Ecoregion 16

- to ascertain whether molluscs can be bioindica-
tors of the water quality in lowland rivers in agri-
cultural areas.

The hypotheses of the investigation were the fol-
lowing:

- among the environmental factors, the nutrient
concentrations in the water (nitrites, nitrates,
phosphates) are the most predictive parameters
in the distribution of molluscs,

— the values of the environmental variables as well
as the values of the indices calculated for the mol-
lusc communities at sampling sites in rivers and
selected oxbow lakes vary in space and time,

- in terms of the heterogeneity of microhabitats
and environmental variables, the number of mol-
lusc species, their density and the values of the
diversity indices calculated for mollusc communi-
ties vary among the sampling sites in the upper,
middle and lower courses of the Wkra River.

Naruszewka River. The rivers flow through agricul-
tural areas of the Polish Lowlands within a natural
physico-geographical region, i.e. the North Mazovian
Lowland, Central Poland (KONDRACKI 2002), which
comprises part of the Eastern Plains (Ecoregion 16)
according to the division of the EU Water Framework
Directive (EU FWD) (DIRECTIVE 2000/60/EC) (Fig.
1). The Wkra River and its tributaries are typical

&
§
&

Naruszewka River

Narew River

Vistula River

Fig. 1. Location of the study area (The North Mazovian Lowland, Central Poland) (Ecoregions for rivers and lakes: 9 —
Central Highlands, 10 - the Carpathians, 14 — Central Plains, 16 — Eastern Plains)
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lowland rivers (<200 m a.s.l.). The Sona River, the
Eydynia River and the Mtawka River are the left-bank
tributaries, whereas the Szkotéwka, the Racigznica
and the Naruszewka rivers are the right-bank tribu-
taries of the Wkra River (Figs 2 and 3). The sources
of the Wkra River are located in the area of reclaimed
marshes near the Kownatki Lake. The upper course
of the river, from the sources to Dziatdowo, is called
the Nida River. The middle course, from Dzialdowo
to the mouth of the Swojecianka River, is called
the Dzialdéwka River. The lower course, which is
called the Wkra River, runs from the mouth of the
Swojecianka River to its final outflow into the Narew
River near Pomiechéwek (Figs 2 and 3).

According to the EU WFD size typology based on
the catchment area, the Wkra River is a large river,
whereas its tributaries are medium-sized rivers. The
characteristic morphometric features of the rivers and
their typology based on the EU WFD requirements
and adaptation to the Polish conditions (BLACHUTA
et al. 2005, REPORT 2005) are shown in Table 1.

PLB 140008
Dolina Wkry i Mtawki

Arable land comprises most of the catchment
area of the Wkra River, and forests comprise 20%.
Cereals, mainly rye, potatoes, sugar beets, spring
rape and agrimony are cultivated there.

The valley of the lower course of the Wkra River
is included in the European Ecological Natura 2000
Network Programme of protected sites which repre-
sent areas of the highest value for natural habitats
and rare, endangered or vulnerable plants and ani-
mal species in the European Community as “Dolina
Wkry” (PLH 140005) (Fig. 3). This area, which
comprises 24.0 ha, protects several types of habi-
tats, among others a mixed lime-oak-hornbeam for-
est Tilio-Carpinetum and Galio-Carpinetum, an alluvial
forest with Alnus glutinosa (L.) Gaertn. and Fraxinus
excelsior L., brush communities (Salicetum albo-fragi-
lis R. Tx. 1955, Populetum albae Br.-Bl. 1931, Alnenion
glutinoso-incanae Oberd. 1953) as well as mammals
that are of Community Importance: otter Lutra lu-
tra (L.) and beaver Castor fiber L. The area of Natura
2000 (PLH 140005) shares some coverage with the

Kownatki
Lake

Szkotowka River

be,'
\l~°\ ’ S
3 L 2 N4
® Miawa

Fig. 2. Location of the sampling sites in the upper and middle course of the Wkra River and its tributaries
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nature reserve “Dolina Wkry” which was estab-
lished in 1991 in order to protect a part of the Wkra
River valley (Fig. 3) (REPORT 2011). Under the Birds
Directive (DIRECTIVE 2009/147/EC), according to
the regulation of the Minister of the Environment
(Dz.U. 2011b), 28,751.5 ha were designated as the
Special Protected Area “Dolina Wkry i Mlawki” (PLB
140008) (Fig. 2). Twenty eight bird species, which
are listed in Annex I to the DIRECTIVE 2009/147/EC,
were recorded in the “Dolina Wkry i Mtawki”, in-
cluding Botaurus stellaris (L.), Ardea purpurea L., Circus
pygargus (L.), Crex crex (L.) and Philomachus pugnax
(L.). The species mentioned in Annex I should be
subject to special conservation measures concerning

Dzialdowka
River

Swojecianka
River

W1 2
kra River

5 km

their habitats. This area also constitutes the roost for
2,000 geese during their autumn and winter migra-
tion (LAWICKI et al. 2012).

The riverbeds of the Wkra River catchment area
are regulated. For example, heavy morphological
transformations have been done in the upper and
middle courses of the Wkra River (from the sourc-
es to the mouth of the Mtawka River), in the rivers
Mtawka (upper and lower courses), Lydynia (from
Ptawnica to the mouth as well as in the communes
of Stupsk, Szydtowo and Grudusk), Szkotéwka (from
the Lipowska Struga to the mouth), and Racigznica
(from the sources to the Rokitnica) (REPORT 2005,
PIELECH & KISIEL 2010). Some parts of the rivers

Z

Nitrate Vulnerable
Zone (NVZ)

4 Nowe
® Miasto

OW23 -ef
PLH140005 Dolina Wkry o 1\
: o N
Reserve Dolina Wkry W24 Géra Lake
Narew River ‘

Wista River

Fig. 3. Location of the sampling sites in the lower course of the Wkra River, its oxbow lakes and tributaries



96

Iga Lewin

g
Table 1. Characteristic morphometric features of the Wkra River and its tributaries
Parameter Wkra Sona Lydynia Raciaznica Miawka Szkotéwka  Naruszewka
aramete River River River River River River River
River length 249.1 63.7 72.0 56.9 43.4 25.3 23.4
(km)
Catchment 5,322.1 536.5 697.9 616.7 676.0 241.5 133.9
area (km?)
Size typology large medium medium medium medium medium medium
(catchment
area)
Code of 19, 24 17, 24 17, 19 17,19, 24 24 24 17
stream type
River 0.52 1.41 0.47 0.44 1.20 2.13 1.32
gradient (%o)
Elevation 58-188 82-118 92-126 93-118 108-139 131-165 109
(ma.s.l.)
Sources marshes near near near Kusek  near Mlawa from Radzyminek
near Lake Koziczyn = Choszczewka Szkotowskie
Kownatki Lake
Mouth to the Narew near near near near Ratowo near Nowa Wrona
River near Popielzyn— Sochocin Sochocin Dzialdowo
Pomiechowek  Zawady
River width 0.5-60.0 0.8-15.0 3.0-15.0 1.5-8.0 2.0-12.0 2.0-6.0 4.0-6.0
(m)
Depth of 0.25-0.80 0.10-0.70 0.20-0.70 0.30-0.70 0.30-0.80 0.25-0.60 0.30-0.50
collecting

samples (m)

do not fulfil the EU WFD requirements of the good
water quality because they are degraded by diffuse
sources of pollution, especially by nitrates, i.e. the
upper course of the Wkra River (from the sources
to the tributary near Zagrzew) or some parts of the
Racigznica River.

The anthropogenic pressure in the Wkra River
catchment area and adjacent areas is associated with
the excessive application of fertilisers (fields, mead-
ows, pastures), chemical pesticides, improper manage-
ment of manure, melioration, wastewater discharge
from sewage treatment works and food processing

Table 2. Characteristic morphometric features, location, geographic coordinates and codes of the sampling sites in the

oxbow lakes of the Wkra River

Parameter

Oxbow lakes

Location of the

S Witowy Radzanéw  Radzanéw
sampling site
Geographic N 52°57.024' N 52°56.519" N 52°56.503'
coordinates E 20°04.276' E 20°06.021' E 20°06.011'
Code Ox1 Ox2 Ox3
Surface area (m?) 1,100 1,000 1,200
Elevation 108 97 113
(ma.s.l.)
Distance from 102 60 46
the Wkra River
(m)
Depth of samples  0.30-0.70 0.40-0.70 0.50-0.70
collecting (m)
Surrounding area  meadows, meadows, meadows,

pastures pastures pastures

Radzanéw  Radzanéw  Strzegowo Sochocin
N 52°56.511' N 52°56.507' N 52°53.396' N 52°41.154'
E 20°05.855' E 20°05.913' E 20°16.905' E 20°28.063'

Ox4 Ox5 Ox6 Ox7
1,350 1,100 1,000 300
98 108 104 84
65 153 25 200
0.40-0.60 0.50-0.80 0.40-0.70 0.20-0.70
meadows, meadows, wasteland,  wasteland,
pastures pastures riverine scrub,
bush detached

houses
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plants, leakage from septic tanks near river channels,
lack of rural sewage treatment, discharge of domes-
tic sewage directly into the rivers, improper storage
of domestic sewage, etc. In some cases, sewage from
rural households is discharged into the reservoirs and
then into the rivers or is stocked in the fields or for-
ests. In addition, illegal waste dumps in forests or near
rivers and reservoirs increase the nutrient load in the
surface waters (REPORT 2009, 2011).

According to the requirements of the Nitrates
Directive (COUNCIL DIRECTIVE 91/676/EEC), out of
the 21 areas of the Nitrate Vulnerable Zones (NVZs)
designated in Poland, only one was established in the
Sona River catchment area. The NVZ amounts to
406.64 km? in the Sona River catchment area (KzGwW
2008) (Fig. 3). In the Sona River catchment area, the
concentration of nitrates of agricultural origin is still
higher in surface freshwaters than the trigger thresh-
old value set in the Nitrates Directive, i.e. 50 mg NO;
dm=. Therefore, their concentrations are continuously

MATERIAL AND METHODS

The study was carried out from 2005 to 2009.
The initial field recognition and choice of sampling
sites took place in 2004 before the actual field sur-
vey. The sampling sites were selected to represent a
wide range of environmental conditions and habitats
along the mainstream of the Wkra River from the
headwaters to the mouth, its main tributaries and
selected oxbow lakes of the Wkra River (Figs 4-11).

The sampling sites were chosen according to the
following criteria:

- the catchment area with respect to its physical,
chemical, and biological attributes and altitude,

- the nature of catchment area (agricultural),

- the type of substratum including macrophytes
and the heterogeneity of microhabitats,

- the water quality as indicated by the physical and
chemical analyses performed earlier,

- the absence of any obvious point sources of pol-
lution,

- the degree of regulation of the rivers,

- the previous recognition of the occurrence of mol-
lusc species (mollusc sampling and their labora-
tory determination to the species level),

- accessibility of the riverbanks and oxbow lakes.
Mollusc samples were collected from the entire

length of the rivers from the head to the mouth. In

total, 45 sampling sites were chosen within the sur-
vey area: the Wkra River (24 sampling sites), the

Sona River (5 sites), the Lydynia River (5 sites), the

Racigznica River (5 sites), the Mtawka River (3 sites),

the Szkotowka River (2 sites) and the Naruszewka

River (1 site) (Figs 2 and 3). The number of sam-

pling sites per river depended on the catchment area.

monitored. The maximum nitrate concentration in
the Sona River which was recorded at selected sam-
pling sites by the local voivodeship authority (REPORT
2007, 2011, KzGw 2008) was up to 108.83 mg NO;
dm= in 2004, 92.60 mg NO; dm= in 2006 and 98.00
mg NO; dm= in 2010. What is more troublesome is
that no improvement of the water quality is expected
in this area in the following years.

The oxbow lakes of the Wkra River, which have
survived, are isolated from the main river channel
(lentic type). Therefore, the groundwater supply
from the hillslope, geological structure and agricul-
tural land use are among the important factors that
influence the quantity and quality composition of the
waters that enter the oxbow lakes as well as on their
biota including molluscs. The characteristic morpho-
metric features, geographic coordinates of the sam-
pling sites in the oxbow lakes of the Wkra River and
their codes are shown in Table 2.

Samples were taken once from each of the 45 sam-
pling sites in the rivers in August each year (5 times
at one sampling site from 2005 to 2009). In total,
225 samples were taken (from 45 sampling sites)
within the survey area. Along the river, starting from
the sources, five sampling sites (code N1-N5) were
chosen in the upper course of the Wkra River (the
Nida River). N1 stands for the first sampling site lo-
cated in the Nida River, and N2 stands for the second
sampling site located in the Nida River etc. The next
six sampling sites, which are coded as D6-D11, were
chosen in the middle course, i.e. in the Dzialdéwka
River. The sampling sites coded as W12-W24 were
located in the lower course of the Wkra River. The
sampling sites located in the Sona River were coded
as S1-S5. The sampling sites located in the Lydynia
River, the Racigznica River, the Mtawka River, the
Szkotéwka River and the Naruszewka River were
coded as £1-15, R1-R5, M1-M3, Sz1-Sz2, Nal, re-
spectively (Figs 2 and 3). The location of the sam-
pling sites, their codes and the coordinates for the
Wkra River and its tributaries are presented in Tables
3 and 4.

Seven oxbow lakes of the Wkra River were selected
and were investigated within the same period. These
oxbow lakes were isolated from the main river chan-
nel (lentic type) (Fig. 3). As in the case of the rivers,
samples were taken once from each of the seven ox-
bow lakes in August each year (5 times per sampling
site from 2005 to 2009). In total, 35 samples were
collected (from 7 sites) within the survey area. The
sampling sites located in the oxbow lakes were coded
as Ox1-Ox7 (Fig. 3).
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Figs 4-7. Examples of mollusc habitats located in the Wkra River catchment area: 4 — the upper course of the Wkra River;
5 — the middle course of the Wkra River; 6, 7 — the lower course of the Wkra River. Photos: IGA LEWIN
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Figs 8-9. Examples of mollusc habitats located in the Wkra River catchment area: 8 — the Raciaznica River (tributary of the
Wkra River); 9 — an oxbow lake of the Wkra River (Ox3). Photos: IGA LEWIN

Molluscs are more active and they grow and breed
more intensively in summer, when the temperature
of the water ranges from 20 to 25°C and macro-
phytes are well developed. Filtration rate of bivalves
increases with temperature because their metabolic
rate increases. According to DUSSART (1976), the
highest seasonal abundance of molluscs was ob-
tained in late summer. He recorded a late summer
peak, especially in August, in the density and the
number of mollusc species, followed by a decrease in
autumn. DUSSART (1979), @KLAND (1983), BENDELL
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& MCNICOL (1993), HORNBACH & DENEKA (1996)
also carried out surveys on molluscs in relation to
environmental factors in summer (June-September).
A five-year study is a sufficient period in which to
analyse any long-term, time-dependent drift as well
as any transient responses of the structure of mol-
lusc communities to any changes in environmental
factors including nutrient enrichment in the Wkra
River, its tributaries as well as oxbow lakes. A long
term-study including repeated collection of sam-
ples permits a sufficient number of representative

Figs 10-11. Unionid mussels inhabiting a sandy substratum (sampling site W23, the Wkra River). Photos: IGA LEWIN
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Table 3. Location, geographic coordinates and codes for the sampling sites in the Wkra River

No. River Location of the sampling site
1. Nida (Wkra) Januszkowo
2. Nida (Wkra) Michatki
3. Nida (Wkra) Raczki
4. Nida (Wkra) Szymany
5. Nida (Wkra) Kadyki
6. Dzialdéwka (Wkra) Kisiny
7. Dzialdéwka (Wkra) Gnojno
8. Dzialdowka (Wkra) Nick
9. Dzialdéowka (Wkra) Zielun

10. Dzialdéwka (Wkra) Badzyn

11. Dziatdowka (Wkra) Poniatowo

12. Wkra Biezun

13. Wkra Radzanéow

14. Wkra Radzimowice

15. Wkra Strzegowo

16. Wkra Glinojeck

17. Wkra Dziektarzewo

18. Wkra Maluzyn

19. Wkra Sochocin

20. Wkra Bolecin

21. Wkra Joniec

22. Wkra Cieksyn

23. Wkra Sniadéwko

24. Wkra Pomiechowek

Geographic coordinates Code  Elevation (m)
N 53°25.825'; E 20°17.503' N1 188
N 53°25.047'; E 20°18.131" N2 184
N 53°24.510'; E 20°19.793' N3 180
N 53°17.999'; E 20°23.075' N4 158
N 53°14.584'; E 20°19.419' N5 153
N 53°13.826'; E 20°11.451" D6 147
N 53°11.728'; E 20°05.654' D7 140
N 53°13.174'; E 19°54.350' D8 136
N 53°10.449'; E 19°51.290' D9 126
N 53°05.521'; E 19°50.604' D10 123
N 53°02.517'; E 19°52.090' D11 118
N 52°57.906'; E 19°53.243' Wi2 116
N 52°56.517'; E 20°05.969' w13 113
N 52°55.203'; E 20°12.239' W14 108
N 52°53.394'; E 20°16.941' W15 104
N 52°48.986'; E 20°16.756' w16 101
N 52°46.097'; E 20°20.017" W17 98
N 52°44.761'; E 20°25.124' W18 88
N 52°40.986'; E 20°27.868' w19 85
N 52°39.324'; E 20°30.728' W20 83
N 52°36.139'; E 20°34.923' W21 81
N 52°33.715'; E 20°39.908' w22 76
N 52°31.145'; E 20°40.906' w23 74
N 52°28.397'; E 20°44.303' W24 58

samples to be obtained in order to perform a sta-
tistical estimation. Therefore, the choice of the late
summer for collecting samples and five-year period
of the study in the Wkra River catchment area are
justified.

The mollusc samples were taken according to
quantitative methods by placing a quadrat frame
(25%x25 cm) randomly on the substratum of the
rivers and the oxbow lakes along the bank. Sixteen
subsamples (one frame each) were taken at each
sampling site, which in total constituted one sam-
ple (1 m?), and included bottom sediments up to 5
cm, macrophytes and surface water. A D-frame net,
with a sharp cutting edge and mesh size of 465 um,
was used for the sampling area enclosed within each
quadrat frame.

The collected material was transported to the lab-
oratory in plastic bags and plastic containers. The
samples were washed using a 0.5 mm mesh sieve and
then preserved in 75% ethanol. Molluscs were iden-
tified to the species level based on their morpholog-
ical and anatomical features according to PIECHOCKI

(1979), GLOER & MEIER-BROOK (1998), PIECHOCKI
& DYDUCH-FALNIOWSKA (1993), JACKIEWICZ (1998),
GLOER (2002) and KILLEEN et al. (2004). The spe-
cies nomenclature follows GLOER & MEIER-BROOK
(1998) and GLOER (2002). The age of U. crassus
was estimated according to PIECHOCKI & DYDUCH-
FALNIOWSKA (1993) and ABRASZEWSKA-KOWALCZYK
(2002). Empty shells were excluded from the anal-
yses. The density of molluscs was estimated as the
number of individuals per square metre.

Immediately prior to mollusc sampling, water
samples and bottom sediments were collected from
each sampling site. Bottom sediments were taken us-
ing a core-type sampler.

Physical and chemical parameters of the water,
i.e. conductivity (EC), total dissolved solids (TDS),
temperature and pH, were measured in the field
using a portable HI 9811-5 pH/EC/TDS/°C meter
(Hanna Instruments, USA) and dissolved oxygen
using CO-401 oxygen meter (Elmetron, Poland).
Analysis of nitrites (adaptation of the EPA meth-
od 354.1), nitrates (adaptation of the cadmium
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Table 4. Location, geographic coordinates and codes for the sampling sites in the tributaries of the Wkra River

No. River Location of the sampling sites Geographic coordinates Code  Elevation (m)
1. Sona Kotaczkow N 52°53.744'; E 20°48.159' S1 118
2. Sona Sonsk N 52°46.953'; E 20°41.878' S2 101
3. Sona Lopacin N 52°44.467'; E 20°39.283' S3 99
4. Sona Nowe Miasto N 52°39.358'; E 20°37.981' S4 86
5. Sona Miszewo N 52°38.194; E 20°37.908' S5 82
6. Lydynia Borzymy N 53°00.872'; E 20°31.838' Bl 126
7. Lydynia Grzybowo N 52°55.062'; E 20°34.544' t2 117
8. Lydynia Ciechanow 1 N 52°53.007'; E 20°37.095' £3 113
9. Lydynia Ciechanow II N 52°51.984'; E 20°37.168' 14 108

10. Lydynia Gutarzewo N 52°42.521"; E 20°27.369' £5 92

11. Racigznica Bielany N 52°49.425'; E 20°00.336' R1 118

12. Racigznica Racigz N 52°47.009'; E 20°07.119' R2 113

13. Raciaznica Kietki N 52°44.128'; E 20°14.617' R3 100

14. Raciaznica Rzewin N 52°43.432'; E 20°16.627' R4 98

15. Racigznica Smardzewo N 52°41.996'; E 20°23.880' R5 93

16. Mtlawka Miawka N 53°08.927'; E 20°19.975' M1 139

17. Mtlawka Szrensk N 53°00.561'; E 20°07.710' M2 113

18. Mtawka Ratowo N 52°57.236'; E 20°04.741' M3 108

19. Szkotéwka Szkotowo N 53°24.295"; E 20°16.792' Szl 165

20. Szkotéwka Sarnowo N 53°16.132'; E 20°14.768' Sz2 131

21. Naruszewka Jozefowo N 52°33.756'; E 20°35.440' Nal 109

reduction method), phosphates (adaptation of the
ascorbic acid method) and chlorides concentration
in the water (a titrimetric determination using a
mercury nitrate solution) were carried out in the lab-
oratory using photometers and reagents by Hanna
Instruments or Merck. Alkalinity was determined
using the acidimetric titration method against phe-
nolphthalein or a mixed indicator, whereas hard-
ness was determined according to an adaptation of
the EPA method 130.1 (HERMANOWICZ et al. 1999,
EATON & FRANSON 2005). The total hardness was
considered within the following ranges: soft water
(from 90 to 180 mg CaCO, dm®), medium hard wa-
ter (above 180 to 270 mg CaCO, dm™®), significantly
hard (above 270 to 360 mg CaCO, dm™), hard water
(above 360 to 450 mg CaCO, dm™) and very hard
water (above 450 mg CaCO, dm~) (HERMANOWICZ
et al. 1999).

The width of the river and the surface velocity
of the water at each sampling site were measured
according to the methods of HAUER & LAMBERTI
(2007). Organic matter content in the bottom sedi-
ments was determined by the loss on ignition (LOI)
method, which measures weight loss in the bottom
sediment samples after burning at 550°C according
to PN-88/B-04481 (MYSLINSKA 2001).

Bottom sediment organic matter content was
characterised according to the classification of
VERDONSCHOT (2001):

— very high organic matter content (> 10.0%),

- high organic matter content (4.1-10.0%),

- medium organic matter content (1.0-4.0%),

- ow organic matter content (< 1.0%).

The grain size composition of the bottom sedi-
ments was determined by using both the sieve and
aerometric methods. The particle size classification
was characterised according to the Wentworth scale
(ALLAN & CASTILLO 2007):

— boulder > 256.0 mm,

- cobble: large 128.0-256.0 mm, small 64.0-128.0
mm,

- gravel: very coarse 32.0-64.0 mm, coarse 16.0-
32.0 mm, medium 8.0-16.0 mm, fine 4.0-8.0
mm, very fine 2.0-4.0 mm,

- sand: very coarse 1.0-2.0 mm, coarse 0.50-1.0
mm, medium 0.25-0.50 mm, fine 0.125-0.25
mm, very fine 0.0625-0.125 mm,

- silt < 0.0625 mm.

Macrophytes were recorded at the sampling sites
and identified to species according to SZAFER et al.
(1986). The nomenclature of macrophyte species
was updated according to MIREK et al. (2002).
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https://goo.gl/maps/5QBiK
https://goo.gl/maps/P54Xq
https://goo.gl/maps/RuOOM
https://goo.gl/maps/A9pfD
https://goo.gl/maps/t4AkK
https://goo.gl/maps/8LrYk
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The structure of the mollusc communities was
analysed using the following indices (GORNY &
GRUM 1981):

1. Dominance (D%)
na
D =---100

where
n — the number of individuals of species a,
n — the total number of individuals in the sample.
The value of the dominance index D was divided
into 5 classes:
eudominants > 10.0% of sample, dominants
5.1-10.0% of sample, subdominants 2.1-5.0% of
sample, recedents 1.1-2.0% of sample and subrece-
dents < 1.0% of sample.

2. Constancy (C%)

N
C=—%-100
N

where
N_ - the number of samples which contain species a,
N - the total number of samples.

The value of the constancy index C was divided
into 4 classes:

euconstants 75.1-100.0% of samples, constants
50.1-75.0% of samples, accessory species 25.1-
50.0% of samples, and accedents < 25.0% of samples.

3. The total number of species (S)
4. Density
The density of Mollusca was estimated as the

number of individuals per square metre.

5. The Shannon-Wiener index (H') (McCUNE &
GRACE 2002, HAUER & LAMBERTI 2007):

s
H'=-) Plog,P,
where i=1

P = Ni _the proportion of individuals of species i.
N
6. The maximum Shannon-Wiener index (H, )

H =log,S

where
S - the total number of species

7. The Evenness index (J'):
__H
log, S

where
H' - the value of the Shannon-Wiener index, S — the
total number of species.

Canonical ordination analyses for relating the
species composition of the molluscs or indices to
the environmental variables were carried out using
CANOCO for Windows version 4.5 (TER BRAAK &
SMILAUER 2002). The appropriate type of analysis
was chosen to analyse the species data using DCA
(Detrended Correspondence Analysis) and the length
of the gradient. Preliminary DCA on the biological
data revealed that the gradient length exceeded 4 SD
(the standard deviation), thus indicating that the bi-
ological data exhibited a strong unimodal response
to underlying environmental variables. Therefore,
a unimodal direct ordination CCA (Canonical
Correspondence Analysis) with a forward selection
was used for the reduction of the large set of envi-
ronmental variables. Species that occurred at less
than 10% of the sampling sites were excluded from
the statistical analyses following a preliminary explo-
ration of their influence in the initial DCA analysis.
The bottom sediments were categorised as the weight
ratios of grain size fractions (the Wentworth scale:
see above) expressed as percentage. The data for the
environmental variables were log-transformed.

The statistical significance of the relationship be-
tween the mollusc species and the environmental
variables or indices was evaluated using the Monte
Carlo permutation test (499 permutations) (TER
BRAAK & SMILAUER 2002).

The significance of differences in the values of
the environmental variables and the values of indices
in sampling sites between the rivers or the years of
the survey was calculated using the Kruskal-Wallis
one-way ANOVA test (ELLIOTT 1993, FOVLER et al.
1998) and multiple comparison post hoc test using
Statistica version 9. Analogous calculation was car-
ried out for sampling sites in the oxbow lakes.

The value of the environmental variables did
not reveal a normal distribution according to the
Lilliefors test of normality (Statistica version 9) and
this justified the use of a non-parametric test.

The location of the sampling sites and their
codes were plotted based on the Raster Map of the
Hydrographical Division of Poland according to the
geographic coordinates (Figs 2 and 3).

Figures 1-3 were drawn using CorelDraw ver-
sion 12. The hydrological data of the area of the
survey was obtained from the Raster Map of the
Hydrographical Division of Poland, which was pre-
pared by the Institute of Meteorology and Water
Management on a contract with the Minister of the
Environment and financial support by the National
Fund for Environmental Protection and Water
Management (Poland).

Nomenclature of the mollusc species and the ab-
breviations of the species names which were used
in both the statistical analysis and the figures are
shown in Table 5.
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Table 5. List of collected species with abbreviations of their names used both in the statistical analysis and in the figures

Species Abbre- Species Abbre-
viation viation
Theodoxus fluviatilis (Linnaeus, 1758) Tfl Anisus spirorbis (Linnaeus, 1758) A.sp
Viviparus contectus (Millet, 1813) Vico Anisus vortex (Linnaeus, 1758) A.vo
Viviparus viviparus (Linnaeus, 1758) Vi Bathyomphalus contortus (Linnaeus, 1758) B.co
Bithynia tentaculata (Linnaeus, 1758) B.te Gyraulus albus (O. E Miiller, 1774) G.al
Potamopyrgus antipodarum (J. E. Gray, 1843) Pan Gyraulus crista (Linnaeus, 1758) G.cr
Lithoglyphus naticoides (C. Pfeiffer, 1828) L.na Hippeutis complanatus (Linnaeus, 1758) H.co
Valvata cristata O. E Miiller, 1774 Vier Segmentina nitida (O. E Miiller, 1774) S.ni
Valvata macrostoma Morch, 1864 Vima Ancylus fluviatilis O. E Miiller, 1774 Afl
Valvata piscinalis (O. E Miiller, 1774) Vipi Unio pictorum (Linnaeus, 1758) U.pi
Borysthenia naticina (Menke, 1845) B.na Unio tumidus Philipsson, 1788 U.tu
Acroloxus lacustris (Linnaeus, 1758) A.la Unio crassus Philipsson, 1788 U.cr
Galba truncatula (O. E Miiller, 1774) G.tr Anodonta cygnea (Linnaeus, 1758) A.cy
Stagnicola palustris (O. E Miiller, 1774) S.pa Anodonta anatina (Linnaeus, 1758) A.an
Stagnicola corvus (Gmelin, 1791) S.cor Pseudanodonta complanata (Rossmaessler, 1835)  Pcom
Radix auricularia (Linnaeus, 1758) R.au Sphaerium corneum (Linnaeus, 1758) S.co
Radix balthica (Linnaeus, 1758) R.ba Sphaerium rivicola (Lamarck, 1818) S.ri
Lymnaea stagnalis (Linnaeus, 1758) L.st Musculium lacustre (O. E Miiller, 1774) M.la
Physa fontinalis (Linnaeus, 1758) Pfo Pisidium amnicum (O. E Miiller, 1774) Pam
Aplexa hypnorum (Linnaeus, 1758) A.hy Pisidium henslowanum (Sheppard, 1823) Phe
Planorbarius corneus (Linnaeus, 1758) P.co Pisidium supinum A. Schmidt, 1851 Psup
Planorbis planorbis (Linnaeus, 1758) Ppl Pisidium subtruncatum Malm, 1855 Psu
Planorbis carinatus (O. F. Miiller, 1774) Pcar Pisidium casertanum (Poli, 1791) Pca

RESULTS
4.1. THE WKRA RIVER AND ITS TRIBUTARIES

4.1.1. PHYSICAL AND CHEMICAL PARAMETERS
OF THE WATER, VELOCITY, ORGANIC
MATTER CONTENT IN BOTTOM
SEDIMENTS AND GRAIN SIZE
COMPOSITION

Data summarising the physical and chemical pa-
rameters of the water, velocity, the organic matter
content in the bottom sediments and the grain size
composition in the Wkra River and its tributaries are
given in Table 6.

The water temperature ranged from 13.5 to
24.0°C in the Wkra River and from 14.0 to 22.0°C in
its tributaries. The lowest conductivity value of 220
wS cm™! was recorded in the Szkotéwka River, where-
as the maximum value of 1,290 uS cm™ - in the Sona
River (Table 6). The water conductivity and the con-
centration of total dissolved solids were considerably
higher in both the Sona and the Lydynia rivers.

The water pH was circum-neutral, slightly alka-
line to alkaline and it ranged from 6.7 to 9.1. A wid-
er range and higher pH values were recorded in the

Wkra River than in its tributaries. The dissolved ox-
ygen concentration in the water was relatively low at
some of the sampling sites in the Wkra River. The nu-
trient concentration was relatively high or very high:
nitrites up to 0.59 mg NO; dm= in the Wkra River
and up to 2.64 mg NO; dm™ in the Raciaznica River,
and nitrates up to 142.20 mg NO; dm~in the Sona
River. A higher nitrate concentration was recorded
in the tributaries: Sona, Lydynia and Szkotéwka,
than in the Wkra River. The phosphate concentra-
tion was also relatively high in both the Wkra River
(up to 6.00 mg PO}~ dm™) and its tributaries (up to
11.00 mg PO}~ dmin the Miawka River). Very high
concentrations of phosphates were recorded in the
tributaries, particularly in the Sona, Racigznica and
Miawka. The hardness ranged from 104 (soft wa-
ter) to 665 mg CaCO,dm™ (very hard water) in the
Szkotowka and Sona rivers, respectively. The water
was soft to hard in the Wkra River. A wider range
of hardness was recorded in the Sona River (from
medium hard to very hard). The minimum alkalinity
of 45 mg CaCO, dm™ was recorded in the Lydynia
River, whereas the maximum value of 500 mg CaCO,
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Table 6. Physical and chemical parameters of the water (ranges), velocity, organic matter content (%) in bottom sediments
and grain size composition (%) in the Wkra River and its tributaries

Parameter Wkra Sona Lydynia Raciaznica Miawka Szkotéwka Naruszewka
aratnete River River River River River River River

Temperature 13.5-24.0 16.0-21.5 14.0-21.0 17.0-22.0 15.0-22.0 16.5-22.0 14.0-16.0
4®)
Conductivity 260-780  460-1,290 510-1,070 550-980 370-550 220-500 560-600
(uS cm™)
Total dissolved solids ~ 130-390 230-640 250-530 270-490 180-270 100-250 270-290
(mg dm)
pH 6.7-9.1 6.8-8.5 7.2-8.4 7.3-8.3 7.2-7.9 7.3-8.4 7.5-7.7
Dissolved oxygen 0.5-11.8 2.6-11.2 2.1-11.0 2.5-12.3 4.9-11.5 4.1-11.1 4.9-5.5
(mg dm™)
Nitrites 0.02-0.59  0.03-0.56  0.10-0.53  0.03-2.64 0.10-0.53  0.10-0.33  0.30-0.50
(mg NO, dm™)
Nitrates 0.44-87.71 3.10-142.20 0.44-136.00 6.20-56.26 5.76-27.02 0.30-94.80 11.08-23.48
(mg NO; dm™)
Phosphates 0.05-6.00 0.10-6.40  0.23-2.60 0.20-9.56 0.24-11.00 0.11-1.13  0.62-0.74
(mg PO} dm™)
Hardness 145-395 245-665 200-375 225-450 215-405 104-281 318-330
(mg CaCO, dm™)
Alkalinity 150-270 140-500 45-360 175-410 155-240 75-215 260-275
(mg CaCO, dm™)
Chlorides 10-38 18-88 8-44 18-102 18-32 13-28 18-21
(mg CI- dm™)
Velocity (m s) 0.01-2.00  0.00-0.28  0.05-1.20  0.00-0.40  0.10-0.50  0.08-0.40  0.08-0.60
Organic matter (%) 0.29-26.45 0.42-24.02 0.54-4.22  0.53-12.24 0.64-11.52 0.89-2.71  0.51-1.30
Grain size (diameter):
above 20.0 mm 0.8-29.4%  1.2-23.6% 0.4-30.4% 3.4-16.6% 1.6-28.8% 1.8-5.5% 0.1-1.2%
10.0-20.0 mm 0.4-38.5%  0.9-15.7% 0.5-16.2% 2.6-15.8% 4.5-9.1% 0.5-2.2% 0.1-21.8%
5.0-10.0 mm 0.5-23.2%  0.2-18.3% 1.9-21.2% 4.3-28.8% 3.2-16.8% 3.0-10.5% 0.2-12.3%
2.0-5.0 mm 0.2-26.6%  1.7-17.5% 2.6-24.7% 0.6-10.3% 3.6-23.0% 3.6-11.5% 1.6-3.2%
1.0-2.0 mm 0.3-25.3%  2.2-24.7% 0.2-13.7% 1.4-14.2% 4.4-189% 2.9-222% 2.2-6.1%
0.80-1.0 mm 0.2-40.1%  1.5-19.4% 0.4-17.2% 0.6-8.3% 2.6-6.5% 3.4-19.2% 0.6-8.0%
0.50-0.80 mm 0.4-66.4%  2.3-22.9% 0.7-72.5% 0.2-34.4% 4.2-12.4% 6.9-34.1% 3.3-10.2%
0.25-0.50 mm 1.2-77.6% 10.8-53.9%  7.5-89.7% 4.9-76.1% 16.6-39.8% 26.5-52.7% 40.1-69.2%
0.10-0.25 mm 1.3-70.4%  1.0-72.2% 1.4-69.4% 4.4-82.1% 1.2-28.4% 1.0-7.4% 4.0-14.2%
0.05-0.10 mm 0.1-16.3% 0.4-6.6% 0.1-24.4% 0.1-10.6% 0.3-4.5% 0.3-1.7% 1.0-2.3%
below 0.05 mm 0.3-16.1%  0.2-10.2% 1.8-4.3% 0.5-4.9% 0.1-1.2% 0.2-1.4% 0.1-1.5%

dm was obtained in the Sona River. The maximum
values of chloride concentration in the tributaries
(up to 88 mg CI- dm in the Sona and up to 102
mg CI- dm in the Rcigznica) were higher than in
the Wkra River (up to 38 mg CI- dm). The current
velocity ranged from 0.01 to 2.00 m s in the Wkra
River, and from 0.00 to 1.20 m s™! in its tributaries
(Table 6). The Kruskal-Wallis one-way ANOVA test
revealed statistically significant differences in the
average values of the environmental variables: tem-
perature (H = 18.81, p = 0.005), pH (H = 27.24,
p = 0.0001), conductivity (H = 103.05, p = 0.0001),
total dissolved solids (H = 98.80, p = 0.0001),

dissolved oxygen (H = 15.19, p = 0.02), nitrites
(H = 18.48, p = 0.005), phosphates (H = 32.28,
p = 0.0001), hardness (H = 67.05, p = 0.0001),
alkalinity (H = 52.50, p = 0.0001), chlorides
(H = 52.71, p = 0.0001) as well as water velocity
(H = 42.37, p = 0.0001), the depth of the samples
collected (H = 37.88, p = 0.0001) and river width
(H = 62.50, p = 0.0001) at the sampling sites be-
tween the rivers.

The organic matter content in the bottom sedi-
ments ranged from 0.29% (low organic matter con-
tent) to 26.45% (very high organic matter content)
(Table 6). The differences in the average organic
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Table 7. Changes in physical and chemical parameters of the water (ranges) in the Wkra River from 2005 to 2009
Years of the survey
Parameter
2005 2006 2007 2008 2009

Conductivity (uS cm™) 420-520 430-540 450-530 440-600 260-780
Total dissolved solids (mg dm) 210-260 210-270 220-260 220-300 130-390
pH 6.7-9.1 7.1-8.8 7.1-7.8 7.0-8.3 7.6-8.5
Dissolved oxygen (mg dm) 4.2-10.1 4.4-11.8 4.2-8.1 0.5-8.1 1.1-9.6
Nitrites (mg NO; dm~) 0.02-0.16 0.03-0.20 0.03-0.50 0.16-0.59 0.03-0.36
Nitrates (mg NO,” dm~) 4.86-67.78 12.85-85.06 3.99-87.71 7.53-51.39 0.44-19.94
Phosphates (mg PO~ dm™) 0.68-1.63 0.05-2.74 0.45-3.01 0.37-6.00 0.17-1.75
Hardness (mg CaCO, dm™) 200-270 204-282 145-365 205-395 179-333
Alkalinity (mg CaCO, dm~) 170-235 150-215 175-240 150-255 160-270
Chlorides (mg Cl- dm™) 10-38 11-22 16-31 17-30 16-38

matter content at the sampling sites between the
rivers were not statistically significant (the Kruskal-
Wallis one-way ANOVA, H = 5.30, p = 0.51).

Medium-grained sand (0.25-0.50 mm) constitu-
ted the highest percentage share (39.8-89.7%) in the
grain size composition of the bottom sediments in
the Wkra River and its tributaries: Lydynia, Miawka,
Szkotowka and Naruszewka. Fine sand (0.10-0.25
mm) constituted the highest percentage (72.2-
82.1%) in the grain size composition in the Sona
River and in the Racigznica River. Particles above
20.0 mm constituted from 0.1 to 30.4% in the grain
size composition of the bottom sediments (Table 6).

The Kruskal-Wallis one-way ANOVA test re-
vealed statistically significant differences in
the average grain size 1.0-2.0 mm (H = 22.29,
p = 0.0005), 0.8-1.0 mm (H = 16.64, p = 0.005),
0.10-0.25 mm (H = 12.47, p = 0.03) and 0.05-0.10
mm (H = 11.71, p = 0.04) at the sampling sites
between the rivers.

The conductivity and the concentration of the total
dissolved solids increased in the Wkra River between
2005 and 2009. The hardness, the concentrations of
nitrites and phosphates showed an increasing ten-
dency up to 2008. In 2009 the nutrient concentration
was lower compared to 2008 (Table 7). Statistically
significant differences in the average temperature
(H=17.26, p = 0.01), pH (H = 78.68, p = 0.0001),
conductivity (H = 56.74, p = 0.0001), total dis-
solved solids (H = 51.82, p = 0.0001), dissolved ox-
ygen (H = 55.89, p = 0.0001), nitrites (H = 105.99,
p = 0.0001), nitrates (H = 76.04, p = 0.0001), phos-
phates (H = 43.59, p = 0.0001), hardness (H = 45.04,
p = 0.0001), alkalinity (H = 23.80, p = 0.002), chlo-
rides (H = 50.31, p = 0.0001) and current veloci-
ty (H = 29.54, p = 0.0003), the depth of the sam-
ples collected (H = 40.52, p = 0.0001), river width
(H = 55.23, p = 0.0001) and % of organic matter con-
tent in the bottom sediments (H = 12.76, p = 0.047)
were recorded between the sampling sites in the years

of the survey. The differences in the average grain
size at the sampling sites in the years of the survey
were statistically significant: 1.0-2.0 mm (H = 44.91,
p = 0.003), 0.8-1.0 mm (H = 36.75, p = 0.02).

4.1.2. MACROPHYTES

In total, 53 macrophyte taxa were recorded at the
sampling sites in the Wkra River and its tributaries
during the survey. The number of taxa was 45 in the
Wkra River, whereas it ranged from 11 (Mtawka) to
31 (Lydynia) inits tributaries (Table 8). Hottonia palus-
tris occurred at only one sampling site (Raciaznica).
Batrachium aquatile (Lydynia), B. fluitans (Wkra, Sona,
bydynia) and Nuphar lutea are legally protected in
Poland (Dz.U. 2012a). Watercourses harbouring
submerged or floating-leaved macrophytes, includ-
ing B. fluitans or B. aquatile, constitute natural habitat
types that are of interest to the EU Community; their
conservation requires designation as special conser-
vation areas within the Habitats Directive Natura
2000 as the type “Lowland and highland rivers with
crawfoot communities (Ranunculion fluitantis)” (code
3260) (COUNCIL DIRECTIVE 92/43/EEC 1992, Dz.U.
2012b).

Only two species of mosses and two taxa of al-
gae, i.e. Amblystegium riparium, Fontinalis antipyreti-
ca, Cladophora sp. and Enteromorpha sp., were found.
Macrophyte species were absent from the sampling
sites in the Naruszewka River.

4.1.3. STRUCTURE OF MOLLUSC COMMUNITIES
AND VALUES OF INDICES IN THE WKRA
RIVER AND ITS TRIBUTARIES

In total, 44 mollusc species were recorded in the
Wkra River and its tributaries: 30 gastropod species
and 14 bivalve species. The number of mollusc spe-
cies was 40 in the Wkra River, and it ranged from 10
(Naruszewka) to 32 (Sona) in the tributaries (Table 9).
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Table 8. Macrophyte occurrence at the sampling sites in the Wkra River and its tributaries
Species Wkra Sgna Ly@ynia Raci?‘inica Migwka Squtéwka
River River River River River River

Acorus calamus L. X X b'e

Alisma plantago—aquatica L. X

Amblystegium riparium (Hedw). Schimp. X X X X X

Batrachium aquatile (L.) Dumort. X

Batrachium circinatum (Sibth.) Fr. X X

Batrachium fluitans (Lam.) Wimm. X X X

Berula erecta (Huds.) Coville X X X X X X
Bidens tripartita L. X X X

Butomus umbellatus L. X X X X

Callitriche cophocarpa Sendtn. X X X X
Ceratophyllum demersum L. S. Str. X X X X
Cladophora sp. X X

Eleocharis palustris (L.) Roem. & Schult. X

Elodea canadensis Michx. X X X X X X
Enteromorpha sp. X

Equisetum sp. X X

Eupatorium cannabinum L. X X X

Fontinalis antipyretica L. ex Hedw. X X X b'e

Galium palustre L. X X

Glyceria fluitans (L.) R. Br. X X X X X X
Glyceria maxima (Hartm.) Holmb. X X X X

Hottonia palustris L. X

Hydrocharis morsus—ranae L. X X

Lemna gibba L. X b'e

Lemna minor L. X X X X X X
Lemna trisulca L. X X X X X X
Lycopus europaeus L. X

Lysimachia nummularia L. X X

Lythrum salicaria L. X X

Mentha aquatica L. X X X X

Mpyosotis palustris (L.) L. Emend. Rchb. X X X X
Myriophyllum spicatum L. X X
Nuphar lutea (L.) Sibth. & Sm. X X X X

Phalaris arundinacea L. X X X X X
Phragmites australis (Cav.) Trin. Ex Steud. X X

Potamogeton crispus L. X X

Potamogeton lucens L. X

Potamogeton pectinatus L. X X X X X

Potamogeton perfoliatus L. X

Potamogeton praelongus Wulfen X

Rorippa amphibia (L.) Besser X X X X

Rumex hydrolapathum Huds. X X X

Sagittaria sagittifolia L. X X X X

Schoenoplectus lacustris (L.) Palla X

Scirpus sylvaticus L. X

Scrophularia umbrosa Dumort. X

Sium latifolium L. X X X X

Sparganium emersum Rehmann X X X X X X
Sparganium erectum L. Emend. Rchb. S. Str. X X X X
Spirodela polyrhiza (L.) Schleid. X X X X

Stachys palustris L. X

Typha latifolia L. X X X b'e

Veronica anagallis—aquatica L. X X
Total number of taxa 45 29 31 30 11 13
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Table 9. Values of dominance (D%) and constancy (C%) indices calculated for the mollusc communities in the Wkra River
and its tributaries

Species Wkra Sona Lydynia  Raciaznica  Miawka tS()Zvléi; Naru-
River River River River River River szewka River
D C D C D o D C D C D C D C
Theodoxus fluviatilis 7.7 258 - - - - - - - - - - - -
Viviparus contectus 03 11.7 05 160 05 80 01 80 - - - - - -
Viviparus viviparus 11.9 41.7 169 400 - - 0.6 200 - - - - - -
Bithynia tentaculata 14.1 79.2 16.2 60.0 22.5 84.0 28.6 920 9.7 267 25 800 - -
Potamopyrgus antipodarum 02 33 - - - - - - - - - - - -
Lithoglyphus naticoides 1.1 33 - - - - - - - - - - - -
Valvata cristata 02 25 - - - - - - - - - - - -
Valvata macrostoma - - 01 8.0 - - - - - - - - - -
Valvata piscinalis 4.0 433 45 480 102 400 3.0 400 1.5 20.0 19 30.0 26 60.0
Borysthenia naticina 0.1 50 - - - - - - - - - - - -
Acroloxus lacustris 05 50 07 80 04 160 24 280 - - - - - -
Galba truncatula 02 50 02 120 - - - - 09 133 04 200 - -
Stagnicola palustris 2.5 150 - - 0.1 80 - - 0.6 133 6.5 700 - -
Stagnicola corvus 01 1.7 09 160 - - 0.2 120 - - - - - -
Radix auricularia 0.2 100 1.0 320 0.7 160 0.3 12.0 - - - - - -
Radix balthica 74 725 42 440 14.1 72.0 3.8 36.0 19.9 33.3 39.0 90.0 22.7 80.0
Lymnaea stagnalis 13 417 1.0 440 42 600 2.6 440 41 200 0.7 500 1.0 60.0
Physa fontinalis 1.0 225 14 280 32 400 32 520 150 40.0 22 500 - -
Aplexa hypnorum - - 0.1 80 - - - - 1.2 133 02 100 - -
Planorbarius corneus 0.6 225 17.6 480 0.6 120 3.6 40.0 29 267 09 500 - -
Planorbis planorbis 0.1 75 182 160 0.4 200 1.1 240 - - 0.8 50.0 - -
Planorbis carinatus 01 08 - - - - - - - - - - - -
Anisus spirorbis 0.1 08 02 120 - - 0.1 80 - - 0.4 200 1.0 40.0
Anisus vortex 32 375 06 280 47 28.0 4.5 520 41 267 69 9.0 - -
Bathyomphalus contortus 0.6 108 0.1 80 0.1 40 0.1 120 - - 24 800 - -
Gyraulus albus 22 258 26 400 1.0 280 0.6 200 - - 0.1 100 - -
Gyraulus crista 01 08 - - - - - - - - - - -
Hippeutis complanatus - - - - - - - - - - 0.2 100 - -
Segmentina nitida 0.1 08 08 120 - - 0.1 80 06 133 06 200 - -
Ancylus fluviatilis 49 350 1.6 200 175 320 0.8 8.0 106 26.7 0.6 30.0 16.5 100.0
Unio pictorum 24 358 1.1 320 08 200 08 240 1.5 200 - - - -
Unio tumidus 2.1 408 0.2 160 0.6 120 0.1 80 0.6 133 - - - -
Unio crassus 0.8 225 - - - - - - - - - - - -
Anodonta cygnea 0.6 158 1.2 36.0 - - - - 1.2 200 - - - -
Anodonta anatina 21 392 1.6 360 04 200 06 240 1.2 200 - - - -
Pseudanodonta complanata 0.1 25 - - - - - - - - - - - -
Sphaerium corneum 11.5 40.0 3.2 48.0 144 60.0 41.3 68.0 19.6 40.0 16.9 80.0 36.6 100.0
Sphaerium rivicola 3.8 333 06 120 - - 0.1 80 - - - - - -
Musculium lacustre - - 0.4 160 - - - - - - 112 300 - -
Pisidium amnicum 69 442 01 80 14 120 05 160 23 200 0.2 100 9.3 100.0
Pisidium henslowanum 02 42 01 80 - - 02 80 - - 0.5 10.0 2.6 60.0
Pisidium supinum 25 308 19 160 23 360 03 80 26 267 1.0 30.0 1.0 40.0
Pisidium subtruncatum 1.7 108 03 80 - - 0.1 80 - - 2.7 600 - -
Pisidium casertanum 02 50 - - - - - - - - 1.2 300 6.7 80.0

Total number of species (S) 40 32 21 27 19 24 10
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Bithynia tentaculata was eudominant and eucon-
stant, whereas Viviparus viviparus and Sphaerium cor-
neum were eudominants and accessory species in
the mollusc communities in the Wkra River. Four
mollusc species were eudominants and euconstants
in the tributaries of the Wkra River: B. tentaculata
(Lydynia, Raciaznica), Radix balthica (Szkotéwka,
Naruszewka), Ancylus fluviatilis (Naruszewka) and S.
corneum (Szkotoéwka and Naruszewka). Subrecedents
and accedents, i.e. Planorbis carinatus and Gyraulus
crista, which are typical of lakes or smaller, perma-
nent water bodies, occurred only in the Wkra River
(Table 9). Four species: Valvata macrostoma (subrece-
dent and accedent), Aplexa hypnorum, Hippeutis com-
planatus (subrecedent and accedent), and Musculium
lacustre, which are mainly characteristic of reservoirs,
were found only in the tributaries.

Typical fluviatile species, which were found only
in the Wkra River, e.g. U. crassus, Pseudanodonta com-
planata, Borysthenia naticina, are subrecedents and
accedents in the mollusc communities. A bivalve,
Sphaerium rivicola, was recorded both in the Wkra
River (subdominant and accessory species) and its
tributaries (subrecedent and accedent). These spe-
cies are legally protected in Poland (Dz.U. 2011a).
Some species are included in the Polish Red Data
Book of Animals (GLOWACINSKI & NOWACKI 2004)
and the Red List of Threatened Animals in Poland
(DYDUCH-FALNIOWSKA & ZAJAC 2002, PIECHOCKI
2002) as critically endangered, i.e. B. naticina, or en-
dangered, like Lithoglyphus naticoides, P. complanata,
Anodonta cygnea and U. crassus. Alien species, L. na-
ticoides (recedent and accedent) and Potamopyrgus an-
tipodarum (subrecedent and accedent), were observed
only in the Wkra River.

The maximum number of mollusc species per site
(21) was higher at the sampling sites of the Wkra
River compared to its tributaries (Table 10). The
highest mean number of mollusc species (9.7 = 2.7)

was recorded in the Sona River, whereas the lowest
mean number was recorded in the Mlawka River
(5.2 = 2.8) (Table 10). The maximum density in the
Wkra River was 302 indiv. m2, whereas the maxi-
mum density in the tributaries ranged from 69 in-
div. m2 (Naruszewka) to 649 indiv. m? (Sona). The
mean density of molluscs amounted to 89.3 + 68.2
in the Wkra River and it ranged from 37.9 + 33.9 to
196.5 = 182.4 in its tributaries (Table 10).

The median number of mollusc species ranged
from 6 in the Naruszewka River to 10 in the Sona
River (Fig. 12). A median density of 70 indiv. m™
was recorded in the Wkra River, whereas in the trib-
utaries it ranged from 32 in the Mtawka River to 148
indiv. m™ in the Sona River (Fig. 13). The Kruskal-
Wallis one-way ANOVA test revealed statistically
significant differences in the average number of mol-
lusc species (H = 17.32, p = 0.001) as well as in
the average values of mollusc density (H = 16.77,
p = 0.01) at the sampling sites. Multiple comparison
post hoc tests showed statistically significant differ-
ences between certain rivers only, i.e. the Sona River
and the Miawka River (Figs 12 and 13).

The maximum values of the H', H__or J' indices
were higher in the Wkra River compared to its trib-
utaries (Table 10). The median values of the H' and
H__indices ranged from 1.79 to 2.39 and from 2.81
to 3.34 in the Mlawka and Sona rivers, respectively
(Figs 14 and 15). Differences in the average values
of H (H = 13.70, p = 0.05) and H _ (H = 17.32,
p = 0.001) indices were statistically significant at the
sampling sites. A post hoc test showed statistically
significant differences between certain rivers only,
i.e. the Sona River and the Mtawka River (Figs 14
and 15).

Statistically significant differences in the average
number of mollusc species (H = 15.03, p = 0.05) and
values of H _(H = 15.03, p = 0.05) were recorded at
sampling sites between the years of the survey.

Table 10. Number of mollusc species, density (individuals m™), values of H', H, _and J' of the mollusc communities in the

Wkra River and its tributaries at the sampling sites

Wkra Sona Eydynia Racigznica ~ Mlawka  Szkotéwka Naru-
Index . . . . . . szewka
River River River River River River .
River
No of species 2-21 4-13 2-11 5-14 1-8 5-13 4-7
(ranges)
No of species 8.2+3.9 9.7+2.7 6.5+2.3 8.7+2.5 5.2+2.8 9.2+2.3 6.0+1.7
(mean=SD)
Density (ranges) 5-302 17-649 9-185 32-527 3-98 35-337 62-69
Density (mean+SD)  89.3+68.2 196.5+182.4 75.5+44.7 129.4+133.9 37.9%33.9 98.7%£92.2 64.7+3.8
Shannon-Wiener 0.43-3.71 1.17-3.09 0.76-2.37 1.47-3.57  0.00-2.73 1.11-3.10 2.03-2.38
index (H")
Maximum Shannon-  1.00-4.39 2.00-3.70 1.00-3.46 2.32-3.81 0.00-3.00 2.32-3.70 2.81-2.97
Wiener index (H, )
Evenness index (J') 0.18-0.98 0.51-0.95 0.51-0.81 0.42-0.94 0.00-0.99 0.37-0.90 0.74-0.85
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Fig. 12. Box-and-whisker plot showing the number of mol-
lusc species in the Wkra River and its tributaries (me-
dians, interquartile ranges, minimum and maximum
values). Asterisks over a whisker denote significant
differences between rivers (the Kruskal-Wallis one-way
ANOVA and multiple comparison post hoc tests)
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Fig. 13. Box-and-whisker plot showing the density of mol-
luscs in the Wkra River and its tributaries (medians,
interquartile ranges, minimum and maximum values).
Asterisks over a whisker denote significant differences
between rivers (the Kruskal-Wallis one-way ANOVA
and multiple comparison post hoc tests)

4.1.3.1. The Wkra River

Between 2005-2009, 40 mollusc species were ob-
served in the Wkra River (Table 11). The dominance
structure of the mollusc community varied among
the years of the survey. Two gastropod species, i.e.
V. viviparus and R. balthica, were eudominants in
the mollusc communities in 2005, and four spe-
cies including bivalves, S. corneum and Pisidium am-
nicum, in 2006. B. tentaculata was eudominant from
2006 to 2009. Subrecedents in the mollusc com-
munities: Anisus spirorbis, G. crista and P. complanata,

Fig. 14. Box-and-whisker plot showing the values of the
H'index calculated for the mollusc communities in the
Wkra River and its tributaries (medians, interquartile
ranges, minimum and maximum values). Asterisks
over a whisker denote significant differences between
rivers (the Kruskal-Wallis one-way ANOVA and multi-
ple comparison post hoc tests)
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Fig. 15. Box-and-whisker plot showing the values of the
H, _ index calculated for the mollusc communities in
the Wkra River and its tributaries (medians, interquar-
tile ranges, minimum and maximum values). Asterisks
over a whisker denote significant differences between
rivers (the Kruskal-Wallis one-way ANOVA and multi-
ple comparison post hoc tests)

were recorded only in 2005 and P. carinatus in 2007.
Prosobranch species, B. naticina (subrecedent) and L.
naticoides (subrecedent or recedent) started to occur
from 2006. Unionids: Unio pictorum, U. tumidus and A.
anatina, were subdominants or recedents, whereas U.
crassus and A. cygnea were recedents or subrecedents.
The number of specimens dramatically decreased
from 2008 to 2009 (Table 11).

Tables 12 and 13 show the dominance pattern of
mollusc communities at the sampling sites located
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Table 11. Values of dominance index (D%) calculated for the mollusc communities in the Wkra River between 2005 and

2009
. Years of the survey
Species

2005 2006 2007 2008 2009
Theodoxus fluviatilis 3.5 3.3 12.0 5.8 17.1
Viviparus contectus 0.3 0.4 0.3 0.5 0.1
Viviparus viviparus 21.6 10.1 53 9.7 14.7
Bithynia tentaculata 8.6 15.4 10.7 21.8 14.4
Potamopyrgus antipodarum 0.2 0.1 0.5 0.1 -
Lithoglyphus naticoides - 0.9 1.9 1.3 1.5
Valvata cristata - - 0.2 0.8 -
Valvata piscinalis 4.7 5.0 4.3 1.5 53
Borysthenia naticina - 0.3 0.1 0.1 0.3
Acroloxus lacustris 1.2 1.3 0.1 - 0.1
Galba truncatula 0.1 0.5 0.1 0.1 0.1
Stagnicola palustris 6.4 2.1 1.1 0.7 2.5
Stagnicola corvus - - - - 0.3
Radix auricularia 0.3 0.2 0.2 0.3 0.4
Radix balthica 12.9 7.9 5.7 5.7 3.9
Lymnaea stagnalis 1.5 0.7 1.4 1.5 2.0
Physa fontinalis 1.0 0.7 0.5 0.8 2.2
Planorbarius corneus 0.9 0.6 0.5 0.6 0.7
Planorbis planorbis 0.3 - 0.2 0.1 -
Planorbis carinatus - - 0.1 - -
Anisus spirorbis 0.1 - - - -
Anisus vortex 4.1 1.6 1.0 53 5.1
Bathyomphalus contortus 1.6 0.2 0.6 0.3 0.2
Gyraulus albus 5.8 1.1 1.4 1.6 0.9
Gyraulus crista 0.2 - - - -
Segmentina nitida - - 0.1 - -
Ancylus fluviatilis 3.1 9.1 7.0 1.9 2.1
Unio pictorum 3.7 1.9 1.7 3.1 1.7
Unio tumidus 2.7 0.8 1.9 2.5 3.0
Unio crassus 0.9 0.1 1.1 1.3 0.4
Anodonta cyghea 0.3 0.2 0.9 1.0 0.2
Anodonta anatina 2.4 1.7 1.7 1.5 4.3
Pseudanodonta complanata 0.2 - - - -
Sphaerium corneum 3.7 12.2 17.7 15.0 6.0
Sphaerium rivicola 2.9 2.9 6.4 2.6 4.1
Pisidium amnicum 1.6 13.1 5.4 8.5 4.9
Pisidium henslowanum - - - 0.8 -
Pisidium supinum 1.5 2.6 4.7 1.7 1.4
Pisidium subtruncatum 1.4 2.6 2.6 1.3 -
Pisidium casertanum 0.3 0.2 0.7 0.1 -
No of specimens 2,328 2,475 2,646 2,410 1,478
Total number of species (S) 33 31 35 33 29
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Table 12. Values of dominance index (D%) calculated for the mollusc communities at the sampling sites in the Wkra River
between 2005 and 2009 (sampling sites N1-D11)

Species N1 N2 N3 N4 N5 D6 D7 D8 D9 D10 D11
Theodoxus fluviatilis - - - - - - - - - - -
Viviparus contectus 7.0 0.7 2.9 - - 0.2 - - - - -
Viviparus viviparus 3.9 - - - - - - - - - -
Bithynia tentaculata 1.3 - - - - 50 293 271 219 21.8 30.7
Potamopyrgus antipodarum - - - - - - - - - 1.6 5.3
Lithoglyphus naticoides - - - - - - - - - - -
Valvata cristata - - 0.3 - - - - - 4.4 - 0.6
Valvata piscinalis - 0.3 7.7 - - 0.4 3.1 104 229 1.3 179
Borysthenia naticina - - - - - - - - - - -
Acroloxus lacustris - - - - 2.2 - - - - 0.6 -
Galba truncatula - - - 1.0 2.2 - 1.5 - - 2.5 0.9
Stagnicola palustris - 175  24.0 2.1 2.2 - - - - 6.9 -
Stagnicola corvus - - 0.3 - - - - - 0.7 - -
Radix auricularia - - - - - - - - - - 0.9
Radix balthica - 14.1 10.6 3.4 - 7.1 9.0 20.8 10.9 63 144
Lymnaea stagnalis 0.9 0.3 0.3 - - 1.5 1.9 - 0.7 2.8 4.4
Physa fontinalis 6.1 0.7 34 - - 1.0 2.5 8.3 - 1.6 0.9
Planorbarius corneus 2.2 0.7 3.9 - - 0.4 - - 2.8 - -
Planorbis planorbis - - 0.7 - - 0.6 0.9 - - - 0.6
Planorbis carinatus - - - - - - - - - - 0.6
Anisus spirorbis - - - - - 0.4 - - - - -
Anisus vortex 52 1.5 148 52 2.2 2.5 49 333 35 404 1.6
Bathyomphalus contortus 13.5 0.7 3.9 - 2.2 0.8 0.6 - - 0.6 -
Gyraulus albus - - - - - 2.3 - - 18.9 9.1 3.1
Gyraulus crista - - - - - - - - 0.9 - -
Segmentina nitida - - 0.3 - - - - - - - -
Ancylus fluviatilis - - - - - 374 398 - 3.0 09 10.0
Unio pictorum - - - - - - - - 1.2 0.9 1.3
Unio tumidus - - - - - - 0.6 - 0.7 0.3 0.6
Unio crassus - - - - - - 1.2 - - 1.3 1.6
Anodonta cygnea - - - - - - - - - 0.3 -
Anodonta anatina - - - - - 0.2 1.2 - - 0.6 0.9
Pseudanodonta complanata - - - - - - - - - - -
Sphaerium corneum - 62.7 26.9 86.6 4.3 36.1 2.5 - 3.2 - -
Sphaerium rivicola - - - - - - - - - - -
Pisidium amnicum - - - - 35.9 1.2 - - - - 3.5
Pisidium henslowanum - - - - - - 0.9 - - - -
Pisidium supinum - - - 1.7 7.6 3.1 - - 4.4 - -
Pisidium subtruncatum 59.8 1.0 - - 26.1 - - - - - -
Pisidium casertanum - - - - 15.2 - - - - - -
Total number of species (S) 9 11 14 6 10 17 15 5 15 18 19
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Table 13. Values of dominance index (D%) calculated for the mollusc communities at the sampling sites in the Wkra River
between 2005 and 2009 (sampling sites W12-W24)

Species W12 W13 W14 W15 Wil6e W17 W18 W19 W20 W21 W22 W23 W24
Theodoxus fluviatilis - - - - 261 16.6 265 2.8 - 9.3 43 124 244
Viviparus contectus - 0.4 - 0.4 - - - - - - - - -
Viviparus viviparus 1.1 0.4 - - 330 172 246 13.1 230 6.3 324 306 5.1
Bithynia tentaculata 80 143 154 98 96 140 2.7 528 131 216 114 55 43
Potamopyrgus antipodarum - - - - - - - - - - - - -
Lithoglyphus naticoides - - - - - - - - - - - - 202
Valvata cristata - - - - - - - - - - - - -
Valvata piscinalis 53 29 56 - - 07 93 02 11 113 61 51 34
Borysthenia naticina - - - - - - - - - - - 07 1.3
Acroloxus lacustris - - - 11.7 0.1 - - - - - - 0.1 -
Galba truncatula - - - - - - - 0.2 - - - - -
Stagnicola palustris 1.1 - 1.4 - - - - - - - - - -

Stagnicola corvus -~ - - - - - - - - - _ _ _

Radix auricularia 3.7 0.4 - - 0.6 - 04 04 0.6 - 0.5 - 0.3
Radix balthica 234 66 80 242 40 43 82 49 53 20 35 25 6.6
Lymnaea stagnalis 2.1 0.6 - 1.5 23 07 22 03 1.7 27 37 11 1.1
Physa fontinalis - - 0.7 - 2.5 - - 0.3 - 1.0 19 04 -
Planorbarius corneus - 1.2 07 - - - 1.6 - 06 13 08 02 -
Planorbis planorbis - - 0.7 - - - - - - - - 0.2 -

Planorbis carinatus - - - — - — — _ _ _ _ _ _

Anisus spirorbis - - - - - - - - - - _ _ _

Anisus vortex 10.6 0.4 - 0.8 1.1 - 0.2 - 0.4 1.0 08 0.1 -
Bathyomphalus contortus - - - - - - - - - - - - -
Gyraulus albus 43 - 0.7 7.5 - 02 09 - 21 23 08 38 08

Gyraulus crista - - - - - - - - - - - - _

Segmentina nitida - - - - - - - - - - _ _ _

Ancylus fluviatilis 9.0 3.1 119 15.0 - 24 05 18 15 17 - - -
Unio pictorum 4.3 12 35 04 08 41 11 06 65 116 104 69 19
Unio tumidus 138 46 24 08 07 12 09 03 65 13 53 6.0 47
Unio crassus 53 0.2 - - 01 03 02 02 06 30 19 12 47
Anodonta cygnea - 14 07 02 05 16 33 - 04 20 13 0.6 -
Anodonta anatina - 3.3 56 2.7 22 74 3.6 0.3 27 47 85 2.8 1.6
Pseudanodonta complanata 2.7 - - - - - - - - - - 0.2 -
Sphaerium corneum 1.6 1.0 2.1 54 02 07 05 182 69 23 0.5 0.6 -
Sphaerium rivicola - 1.7 126 177 32 121 40 05 78 1.0 13 41 133
Pisidium amnicum 37 535 213 10 124 81 82 15 44 93 32 76 30
Pisidium henslowanum - 0.4 - - 0.3 - - 0.7 - - - - 0.6
Pisidium supinum - 1.5 66 04 04 81 09 08 147 1.7 13 46 27
Pisidium subtruncatum - - - - - 0.3 - - - 2.7 - 1.9 -
Pisidium casertanum - 0.8 - 0.4 - - - - - - - 0.9 -

Total number of species (S) 16 21 17 17 19 18 20 19 19 21 20 25 18
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along the Wkra River between 2005 and 2009 (sam-
pling sites N1-W24). The planorbid Bathyomphalus
contortus and the fingernail clam Pisidium subtrunca-
tum were eudominants in the mollusc communities
at sampling site N1 located in the upper course of the
Wkra River (Table 12). Stagnicola palustris, S. corneum,
Pisidium subtruncatum and P. casertanum were eudom-
inants at some sampling sites located mainly in the
upper course (N1-N5).

Typical fluviatile species, e.g. B. naticina, A. fluvia-
tilis, U. crassus, S. rivicola or Pisidium henslowanum,
were completely absent from the mollusc commu-
nities at sampling sites located in the upper course,
whereas some fingernail clams were eudominant (P
amnicum, sampling site N5), recedent (Pisidium supi-
num, sampling site N4) or dominant (P. supinum, sam-
pling site N5).

The prosobranch species, B. tentaculata was eu-
dominant at most sampling sites in the middle and
lower course, whereas V. viviparus was eudominant
only at the sampling sites located in the lower course
(sampling sites W16-W20, W22-W23) (Tables 12
and 13).

Segmentina nitida, which was subrecedent in the
mollusc communities, was recorded at one sampling
site in the upper course (sampling site N3). P. antipo-
darum (recedent at site D10, dominant at site D11),
P. carinatus (subrecedent at site D11) and A. spirorbis
(subrecedent at site D6) were recorded in the middle
course (Table 12). B. naticina was observed only at
two sampling sites, i.e. W23 (subrecedent) and W24
(recedent) in the lower course. L. naticoides occurred
only at one site in the lower course (W24) where
it was eudominant (Table 13). Unionid species oc-
curred at some sampling sites located in the middle
course and all of the sites located in the lower course.
Five unionid species occurred in the middle course
(except site D8): U. pictorum and A. anatina were rec-
edents or subrecedents in the mollusc communities;
U. tumidus and A. cygnea were subrecedents (sites
D7, D9-D11) and U. crassus was recedent (sites D7,
D10-D11). Typical fluviatile species: L. naticoides, A.
fluviatilis, S. rivicola, P. amnicum or P. supinum, were eu-
dominants or dominants at some sampling sites lo-
cated in the lower course. The prosobranch Theodoxus
fluviatilis (eudominant at sites W16-W18, W23,
W24), and the sphaeriid S. rivicola (eudominant at
sites W14, W15, W17, W24), occurred in the lower
course only. The number of species increased along
the river from the sources to the mouth. The number
of mollusc species ranged from 6 to 14 in the up-
per course, from 5 to 19 in the middle course, while
there were up to 25 species (site W23) in the lower
course (Tables 12 and 13).

Wide ranges of the density of T. fluviatilis (2-136
indiv. m™2), V. viviparus (2-150 indiv. m2), B. tentacu-
lata (2-162 indiv. m™2), S. corneum (2-213 indiv. m2),

and P amnicum (2-147 indiv. m2) were recorded in
the Wkra River (Figs 16A, B). The density of the
alien species, L. naticoides, which was recorded at only
one sampling site (W24), ranged from 22 to 50 indiv.
m~2, whereas in the case of P. antipodarum it ranged
from 2 to 13 indiv. m™. The density of legally protect-
ed species, i.e. B. naticina and P. complanata, was low
and amounted to only 4 and 5 indiv. m™, respectively,
in contrast to the density of S. rivicola (2-56 indiv.
m). The maximum density of U. pictorum, U. tumidus
or A. anatina was above 20 indiv. m™ (Figs 16A, B).
The mean density and mean number of mollusc
species varied from among the sites, starting from
the headwaters to the mouth and was reflected in
the mean values of the H', H _and J' indices (Figs 17
and 18). The highest mean density (217 indiv. m?),
mean number of species (16.8), H' (3.20) and H,__
(4.04) were obtained at site W23, located in the low-
er course of the Wkra River. Generally, the mean val-
ues of the H', H__and J' indices for the mollusc com-
munities in the lower course of the river were higher
than those in the upper course, excluding site N3.
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Fig. 16A, B. Density (ranges) of the mollusc species in the
Wkra River (2005-2009)
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Fig. 17. Mean density (indiv. m2) and mean number of
mollusc species at sampling sites in the Wkra River
(2005-2009)
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Fig. 18. Mean values of indices H’, H, _and J’ calculated for
the mollusc communities at sampling sites in the Wkra

River (2005-2009)

mollusc species (H = 24.11, p = 0.0001) between
the sampling sites located in the upper (sites N1-
N5), middle (sites D6-D11) and lower course
(sites W12-W24) in the Wkra River (Fig. 19). The
median density ranged from 48 indiv. m™ in the
upper course to 73 indiv. m™? in the lower course.
Differences in the average values of mollusc den-
sity (H = 7.14, p = 0.028) were statistically sig-
nificant; the post hoc test showed statistically sig-
nificant differences between the upper and lower
courses (Fig. 20).

The median values of the H' index ranged from
1.50 (upper course) to 2.42 (lower course) and the
maximum values of the H' index — from 2.66 to 3.71
(Fig. 21). The median values of the H__index ranged
from 2.32 (upper course) to 3.17 (lower course)
(Fig. 22). The Kruskal-Wallis one-way ANOVA and
multiple comparison post hoc tests revealed statis-
tically significant differences in the average values
of H' (H = 25.67,p = 0.0001) and H _ (H = 24.11,
p = 0.0001) indices between the sampling sites lo-
cated in the upper, middle and lower course of the
Wkra River (Figs 21 and 22).

Table 14. Number of mollusc species and density (individuals m=) in the Wkra River and its tributaries recorded from

2005 to 2009 (mean=SD)

Years of the survey

River Index

2005 2006 2007 2008 2009
Wkra No of species 7.7£3.2 8.1x3.8 9.8+4.1 9.0+4.1 6.4=3.7
River Density 80.2+57.7 107.6+83.4 105.8+69.1 96.5+69.9 59.1+£52.7
Sona No of species 10.5+0.7 12.5+0.7 7.6+3.1 10.8+1.3 9.4+2.5
River Density 268.0+171.1 256.0+138.6 246.8+214.8 228.4+241.2 90.4£61.2
tydynia No of species 4.3+4.0 6.0+4.6 7.3*x1.4 7.9+1.6 5.8x+1.6
River Density 55.3£42.2 72.3+54.9 76.8+56.9 89.0+51.3 63.7+36.9
Racigznica No of species 5.5x0.7 6.0x1.0 10.4+3.1 8.4x2.3 7.8x1.3
River Density 51.0+14.1 56.0=18.5 121.0+141.6 162.6+205.9 116.4+47.7
Mtawka No of species 4.0x1.4 5.0x1.4 6.5x2.1 6.3x2.1 3.0£3.5
River Density 42.5+6.4 52.5+30.4 60.7+33.8 39.0+38.6 14.0x18.2
Szkotéwka  No of species 8.5x2.1 11.5=0.7 10.3x2.5 8.0=1.0 8.0+3.0
River Density 76.5+40.3 119.0+104.6 147.0+165.4 65.7+32.7 70.0+£4.8
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Fig. 19. Box-and-whisker plot showing the number of mol-
lusc species in the upper, middle and lower course of the
Wkra River (medians, interquartile ranges, minimum
and maximum values). Asterisks over a whisker denote
significant differences between rivers (the Kruskal-
Wallis one-way ANOVA and multiple comparison post

hoc tests)
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Fig. 20. Box-and-whisker plot showing the density of mol-
luscs in the upper, middle and lower course of the Wkra
River (medians, interquartile ranges, minimum and
maximum values). Asterisks over a whisker denote sig-
nificant differences between rivers (the Kruskal-Wallis
one-way ANOVA and multiple comparison post hoc
tests)

The median number of mollusc species, median
density as well as median values of the H' and H,
indices increased along the river from the upper to
the lower course (Figs 19-22).

4.1.3.2. The Sona River

In the Sona River, in comparison to the Wkra
River, the density of V. viviparus (5-225 indiv. m=)
and B. tentaculata (3-179 indiv. m™2) varied widely.
In contrast, the density of two planorbid species,
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Fig. 21. Box-and-whisker plot showing the values of the
H’ index calculated for the mollusc communities in the
upper, middle and lower course of the Wkra River (me-
dians, interquartile ranges, minimum and maximum
values). Asterisks over a whisker denote significant
differences between rivers (the Kruskal-Wallis one-way
ANOVA and multiple comparison post hoc tests)
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Fig. 22. Box-and-whisker plot showing the values of the
H__ index calculated for the mollusc communities in
the upper, middle and lower course of the Wkra River
(medians, interquartile ranges, minimum and maxi-
mum values). Asterisks over a whisker denote signif-
icant differences between rivers (the Kruskal-Wallis
one-way ANOVA and multiple comparison post hoc
tests)

i.e. Planorbarius corneus (up to 288 indiv. m2) and
Planorbis planorbis (up to 279 indiv. m™), was very
high (Fig. 23A). The density of bivalve species, espe-
cially U. pictorum (up to 19 indiv. m2), U. tumidus (up
to 3 indiv. m2), S. rivicola (up to 18 indiv. m=) or P
amnicum (up to 2 indiv. m2), was lower than that in
the Wkra River (Fig. 23B).

The highest mean number of species (11.2) was
recorded at site S4, whereas the highest mean density
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(437.0 indiv. m2) was observed at site S1, which is
located in the upper course of the river. However,
the highest mean value of the H' index calculated
for mollusc communities amounted to 2.77 at site
S5 (lower course of the Sona) (Figs 24 and 25). The
mean species diversity as measured by the Shannon-
Wiener index (H') ranged from 1.60 to 2.77 among
the sampling sites and increased significantly from
the upper to the lower course of the river.

The mean number of mollusc species varied with-
in 2005-2009, but from 2008 it decreased. The mean
density showed a decreasing tendency from 268.0 in-
div. m in 2005 to 90.4 indiv. m~2 in 2009 (Table 14).

4.1.3.3. The Lydynia River

The widest density range of A. fluviatilis (from 4
to 129 indiv. m™) was recorded in the Lydynia River
in comparison to the Wkra River and the other tribu-
taries (Fig. 26). Only three unionid species occurred
there, i.e. U. pictorum (1-5 indiv. m™2), U. tumidus (3—4
indiv. m2) and A. anatina (1-3 indiv. m2), whose
density was lower than in the Wkra River and the

sampling sites

Fig. 25. Mean values of indices H', H, _and J' calculated for
the mollusc communities at sampling sites in the Sona
River (2005-2009)
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Fig. 26. Density (ranges) of the mollusc species in the
Eydynia River (2005-2009)
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Fig. 27. Mean density (indiv. m?) and mean number of
mollusc species at sampling sites in the Eydynia River
(2005-2009)

Sona River. The density of typical fluviatile fingernail
clams, P. amnicum (up to 16 indiv. m2) was higher,
whereas that of P. supinum (up to 12 indiv. m2) was
lower than those recorded in the Sona River.

The mean number of species amounted to 7.7 at
site L1 and than showed a decreasing tendency from
site £2 to site L5. The highest mean density of mol-
luscs (112 indiv. m~2) was recorded at a sampling site
located in the upper course of the river (L1). From
the upper to the middle course, the mean density de-
creased to 50.0 indiv. m (site £4) and then increased
to 74.8 indiv. m2 (site L.5) (Fig. 27). The mean values
of the H' and H__indices were higher in the upper
course compared to the lower course of the Lydynia
River. The mean value of J' calculated for the mollusc
communities ranged from 0.66 at site £2 to 0.77 at
site 14 (Fig. 28).

In 2005-2008 the mean number of species and
the mean density increased to 7.9 and 89.0 indiv. m?,
respectively, and then showed a decreasing tendency
(Table 14).

4.1.3.4. The Raciagznica River

In contrast to the Wkra River and the other trib-
utaries, the widest density ranges of B. tentaculata
(2-206 indiv. m™) and fingernail clam, S. corneum
(2-286 indiv. m?2) were recorded in the Racigznica
River (Figs 29A, B). Only three unionid species
were observed there: U. pictorum, U. tumidus and A.
anatina, whose density did not exceed 5 indiv. m2.
The density of S. rivicola was also very low (from 1-2
indiv. m™2) as well as that of other fingernail clam
species (P. amnicum, P. henslowanum, P. supinum and
P. subtruncatum) which was up to 5 indiv. m except
of S. corneum (Fig. 29B). However, the mean num-
ber of mollusc species (11) and the density (358.3
indiv. m2) were highest at site R2, the values of the
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Fig. 28. Mean values of indices H’, H__ and J’ calculated
for the mollusc communities at sampling sites in the
Eydynia River (2005-2009)

H' calculated for the mollusc communities was the
lowest (1.64) in comparison to the other sampling
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Fig. 31. Mean values of indices H’, H . and J’ calculated
for the mollusc communities at sampling sites in the
Racigznica River (2005-2009)

sites. At site R2, the quantity ratio (the number
of specimens of each species) was poorly balanced
in the mollusc community (few dominant species,
the Evenness index (J') was very low, amounting
to 0.48), and therefore reflected very low values of
the H' index (Figs 30 and 31). In 2005-2009, the
mean number of mollusc species ranged from 5.5 to
10.4, whereas the mean density ranged from 51.0
to 162.6 indiv. m2. The mean number of species
showed a decreasing tendency from 2007, where-
as the mean density showed a decreasing tendency
from 2008 (Table 14).

4.1.3.5. The Mtawka River

The density of R. balthica ranged from 4 to 55
indiv. m2. The maximum density of most of the
species, including unionids, did not exceed 5 indiv.
m~ (Fig. 32). The mean number of mollusc species

species of Mollusca

Fig. 32. Density (ranges) of the mollusc species in the
Mtawka River (2005-2009)
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Fig. 33. Mean density (indiv. m2) and mean number of
mollusc species at sampling sites in the Mlawka River
(2005-2009)
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Fig. 35. Density (ranges) of the mollusc species in the
Szkotéwka River (2005-2009)

increased from 4.3 at site M1 to 7.3 at site M3,
whereas the density decreased from 39.3 indiv. m™
to 36.7 indiv. m™ (Fig. 33). At site M3, the quantity
ratio (the number of specimens of each species) was
evenly balanced in the mollusc community (no domi-
nance of one or few species). Therefore, the values of
the H', H__and J' indices were relatively high (2.29,
2.87 and 0.84, respectively) (Fig. 34).

The mean number of mollusc species and the
density increased from 2005 to 2007, and after that
showed a decreasing tendency (Table 14).

4.1.3.6. The Szkotéwka River

The widest density ranges of R. balthica (2-143 in-
div. m™2) and M. lacustre (22-58 indiv. m™), were re-
corded in the Szkotéwka River in contrast to the Wkra
River and the other tributaries (Fig. 35). The densities
of other fingernail clams, excluding S. corneum, were
low and did not exceed 7 indiv. m. The mean number
of species and the mean density were 8.4 and 125.9
indiv. m?, respectively, at site Sz1 (mean H' = 1.99,
H _=3.04,]'=0.66), and 10.5 and 51.2 indiv. m™ at
site Sz2 (mean H' = 2.70, H = 3.36,]' = 0.81). The
highest mean number of mollusc species (11.5) was
recorded in 2006, whereas the highest mean density
of 147.0 indiv. m™ was obtained in 2007. From 2006
to 2009 the mean number of mollusc species showed
a decreasing tendency (Table 14).

4.1.3.7. The Naruszewka River

The density of three out of 10 species (R. balthica,
A. fluviatilis and S. corneum) exceeded 10 indiv. m=.
The density of P. amnicum, a typical fluviatile species,
ranged from 2 to 10 indiv. m?, whereas that of P
henslowanum and P. supinum was lower than 5 indiv.
m~ (Fig. 36). The mean number of species and the
mean density amounted to 7.0 and 64.7 indiv. m™
at site Nal. The species diversity measured by the

Vpi Rba Lst Asp Afl S.co Pam Phe Psup Pca

species of Mollusca

Fig. 36. Density (ranges) of the mollusc species in the
Naruszewka River (2005-2009)

Shannon-Wiener index (H"), the maximum Shannon-
Wiener index (H, ) and the Evenness index (J') were
2.17,2.81, and 0.77, respectively.

4.1.4. OCCURRENCE OF UNIO CRASSUS
PHILIPSSON, 1788 IN RELATION
TO THE MOLLUSC COMMUNITIES
(THE WKRA RIVER)

From 2005 to 2009, the thick shelled river mussel
U. crassus was recorded at three sites located in the
middle course of the Wkra River: D7, D10 and D11,
and at eleven sites located in the lower course in the
following years:

- 2005 (W12, W19, W20, W21, W22, W23, W24),
- 2006 (W16, W19, W23),

- 2007 (D10, W12, W13, W21, W24),

- 2008 (D7, W12, W17, W18, W20, W21, W23,

W24),

- 2009 (D10, D11, W23, W24).

In consecutive years between 2005 and 2009, a
few more specimens of U. crassus were recorded only
at five out of the 14 sampling sites, i.e. D10, W12,
W21, W23 and W24. The thick shelled river mus-
sel was recedent in the mollusc communities at sites
D10 and D23, subdominant at sites W21 and W24,
whereas it was dominant at site W12 (Tables 12 and
13). In total, 25 mollusc species occurred at site
W23, including U. crassus and other legally protected
species: B. naticina (subrecedent), A. cygnea (subre-
cedent), P. complanata (subrecedent) and S. rivicola
(subdominant). At site W24, which is located below
the area of the Natura 2000, 18 mollusc species were
recorded. Among them T. fluviatilis, L. naticoides and
S. rivicola were eudominants, whereas B. naticina was
recedent in the mollusc communities. The number of
mollusc species including U. crassus ranged from 18
(site D10) to 25 (site W23) (Tables 12 and 13).
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Table 15. Density, shell measurements (ranges), age of Unio crassus and some environmental factors recorded at selected
sampling sites in the Wkra River (2005-2009)

Parameter D10 le ng 2 .W23 .W24
(Badzyn) (Biezun) (Joniec) (Sniadéwko) (Pomiechéwek)
Density (individuals m2) 2-3 3-4 2-4 2-7 4-20
Shell length (mm) 31.7-46.5 25.1-60.4 41.6-66.9 23.5-56.2 15.7-53.8
Shell height (mm) 19.1-27.5 15.3-33.2 25.3-36.5 13.1-33.5 9.5-30.4
Age (years) 2-4 1-5 3-6 1-4 1-5
Conductivity (uS cm™) 390-490 440-480 500-520 480-550 490-540
Nitrites (mg NO; dm~) 0.06-0.50 0.02-0.53 0.10-0.36 0.03-0.50 0.07-0.43
Nitrates (mg NO,” dm) 5.76-87.71  1.33-50.95  6.64-27.91 3.99-65.12 18.16-33.63
Phosphates (mg PO dm™) 0.26-1.06 0.45-1.08 0.11-1.73 0.12-1.63 0.05-1.42
Velocity (m s™) 0.22-0.30 0.40-0.50 0.33-0.60 0.09-0.30 0.06-0.33
Predominate particle size 0.25-0.50 0.10-0.25 0.25-0.50 0.25-0.50 0.50-0.80 (coarse sand)
(mm) (medium (fine sand) (medium sand) (medium 0.25-0.50 (medium sand)
sand) sand)

The density of U. crassus ranged from 2-3 indiv.
m~ (site D10) to 4-20 indiv. m™ (site W24) in the
Wkra River (Table 15). The maximum shell length
(66.9 mm), shell height (36.5 mm) and age (6-year-
old specimens) of U. crassus were recorded at site
W21 (Table 15).

4.1.5. MOLLUSC COMMUNITIES IN THE
WKRA RIVER AND ITS TRIBUTARIES
IN RELATION TO SELECTED
ENVIRONMENTAL FACTORS

Canonical correspondence analysis (CCA) based
on the species data and environmental variables
showed that the first and second axes explained
20.6% of the variance in the species data and 54.9%
of the variance in the species and environment rela-
tionship (the first axis explained 13.2% of the vari-
ance in the species data and 35.0% of the variance
in the species and environment relationship). The
eigenvalues of axes 1, 2, 3 and 4 were 0.749, 0.425,
0.302 and 0.151, respectively. Species-environmental
correlations of axes 1, 2, 3 and 4 were: 0.951, 0.849,
0.734 and 0.626.

Conductivity, hardness, water velocity, river
width, temperature, nitrites, nitrates, phosphates
and substrate particles (0.006-0.02 mm, 0.02-0.05
mm, 0.05-0.10 mm and 0.25-0.50 mm) were the
parameters most associated (statistically significant
according to the forward selection results) with the
distribution of mollusc species (Fig. 37). The for-
ward selection results showed that the concentration
of dissolved oxygen, macrophytes and other particle
fractions of the bottom sediments (2.0-5.0 mm and
5.0-10.0 mm) also exerted a significant influence on
the distribution of mollusc species.

Some patterns of mollusc distribution were
identified. A. fluviatilis, T. fluviatilis, U. crassus, S. riv-
icola, U. pictorum, U. tumidus, P. amnicum, A. anatina,

A. cygnea, V. viviparus and P. supinum were positively
influenced by velocity, river width or temperature
and negatively influenced by nitrite concentration.
P. corneus and P. planorbis occurred at the sampling
sites with a higher conductivity, phosphate concen-
tration in the water, hardness and substrate particles
ranging from 0.006 to 0.02 mm. B. tentaculata and
Valvata piscinalis occurred at the sampling sites with
a higher dissolved oxygen concentration in the water
and a lower concentration of phosphates. R. balthica,
Acroloxus lacustris, Anisus vortex were associated with
the distribution of macrophytes. P. subtruncatum and
B. contortus were negatively influenced by substrate
particles ranging from 0.25 to 0.50 mm (Fig. 37).
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Fig. 37. Ordination diagram (biplot) based on canonical
correspondence analysis (CCA) of the Mollusca data
and environmental variables. Long arrows representing
selected (statistically significant) environmental vari-
ables emphasize their impact on the structure of the
mollusc communities in the Wkra River and its trib-
utaries
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The number of gastropod and bivalve species and
the values of H', H _and J' were positively correlated
with the width of the rivers and negatively correlated
with conductivity. The density of bivalves was posi-
tively correlated with the substrate particles ranging
from 0.10 to 0.25 mm, while the density of gastro-
pods was associated with the macrophytes. The num-
ber of mollusc species and the values of the H', H__
and J' indices decreased with increasing conductivity,
whereas the density of Mollusca increased (Fig. 38).

The relation between the values of the metrics
and the environmental variables was statistically sig-
nificant (Monte Carlo test of significance of the first
canonical axis: F-ratio = 34.937, p-value = 0.002, test
of significance of all canonical axes: F-ratio = 7.689,
p-value = 0.002).

4.1.6. MOLLUSC SPECIES IN RELATION TO
THE VALUES OF THE STATISTICALLY
SIGNIFICANT ENVIRONMENTAL
FACTORS

Six gastropod species: V. piscinalis, Lymnaea stag-
nalis, Physa fontinalis, P. corneus, P. planorbis, Gyraulus

species of Mollusca

Fig. 39A, B. Box-and-whisker plot showing the conductiv-
ity of the water (uS cm™) (medians, interquartile rang-
es, minimum and maximum values) within which the
mollusc species were recorded at sampling sites of the
Wkra River and its tributaries

albus and two sphaeriid species, S. corneum and M.
lacustre, occurred in the water of maximum conduc-
tivity of up to 1,290 uS cm™. The unionids, except
P. complanata (460-510 uS cm™) and U. crassus (390-
600 uS cm™), were recorded within 390-880 uS cm™!
(Figs 39A, B). Most of the mollusc species occurred
at sampling sites with median values of conductivity
that ranged from 400 to 600 uS cm™. A. lacustris and
M. lacustre occurred within relatively wide ranges of
the upper and lower quartiles (25th and 75th percen-
tiles) (Figs 39A, B).

Only three species, L. naticoides, Radix auricula-
ria and M. lacustre, were recorded at sampling sites
with nitrate concentration below 50.00 mg NO; dm™
(Figs 40A, B). L. stagnalis, P. corneus and P. planorbis oc-
curred in the water with the widest range of nitrate
concentration and the maximum value up to 142.20
mg NO; dm=. Among the bivalve species, P. compla-
nata tolerated nitrate concentration of 7.09-65.12 mg
NO; dm™, A. anatina and S. rivicola up to 68.67 mg
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Fig. 40A, B. Box-and-whisker plot showing the concentra-
tion of nitrates in the water (mg NO; dm~) (medians,
interquartile ranges, minimum and maximum values)
within which the mollusc species were recorded at the
sampling sites of the Wkra River and its tributaries

NO; dm™, and U. pictorum up to 87.71 mg NO; dm™.
What is more, A. cygnea was recorded at a sampling
site with a relatively high concentration of nitrates of
82.84 mg NO; dm™ (site S3). U. crassus was recorded
at sampling sites with a nitrate concentration up to
65.12 mg NO; dm= (W23), but unexpectedly, a few
specimens occurred at a site with a very high nitrate
concentration of 87.71 mg NO; dm= (site D10) (Figs
40A, B). Most of the mollusc species occurred at sites
with a median nitrate concentration below 30.00 mg
NO; dm with the exception of P. planorbis (median
nitrate concentration 33.22 mg NO; dm?). U. crassus
was recorded at sampling sites with a median nitrate
concentration of 21.26 mg NO; dm™ (Figs 40A, B).
Most mollusc species tolerated a nitrite concen-
tration below 0.60 mg NO; dm, whereas unionid
species tolerated concentrations of up to 0.50 mg
NO; dm=. However, U. crassus occurred in sites with
the nitrite concentration of 0.02-0.53 mg NO; dm~.

species of Mollusca

Fig. 41A, B. Box-and-whisker plot showing the concentra-
tion of nitrites in the water (mg NO; dm~) (medians,
interquartile ranges, minimum and maximum values)
within which the mollusc species were recorded at the
sampling sites of the Wkra River and its tributaries

Some species, including two prosobranch species, i.e.
B. tentaculata and V. piscinalis, were recorded at sites
with the maximum nitrite concentration of 2.64 mg
NO; dm™. Some species (L. naticoides, S. palustris, P.
corneus, P. planorbis, M. lacustre or P. subtruncatum) oc-
curred at sites with the median nitrate concentration
above 0.20 mg NO; dm= (Figs 41A, B).

Only three species: L. naticoides, B. naticina and
P. complanata, occurred in water with the maximum
phosphate concentration below 1.50 mg PO,*” dm™
(Figs 42A, B). B. tentaculata, V. piscinalis, A. lacustris, L.
stagnalis, Ph. fontinalis, P. corneus, P. planorbis, A. vortex
and S. corneum were recorded at sites with a very high
phosphate concentration in the water, exceeding 7.00
mg PO, dm™> (site R3). A unionid, U. tumidus and
fingernail clams, S. rivicola and P. amnicum, occurred in
waters with a very high phosphate concentration of
up to 3.01 mg PO,* dm™. U. crassus was observed at
sites with a relatively high phosphate concentration,



& Freshwater mollusc communities in lowland agricultural areas 123
210 A 2.2 A
1S W Median W Median

©  9r[25%75% 2.0/ 25%—75%

‘(”jr . T Min—Max 18 T Min—Max

a

2 _ 1.6

g TI) 1.4

& E 12

3 2

3 S 10

< k=]

= g 08

5 08—

g o.4<{.

c

3 0.2 é ]'H_'[ E 'H[H.H-H-kl o @ r_|—|.|—|-k
c

8 0.0 I T

Tf Vvi Lna Bna Spa Rba Pfo Ppl
V.co Bte Vipi Ala Rau Lst Pco Avo

species of Mollusca B
;‘1\ 10
1S W Median
T 9i[025%75%
g T Min—Max
o 8
a
g 7
3 s
2
[} 5
2]
2
s 4
5 4T T T
c
il
T 2
<
[0
[}
c
[e]
(8]

B.co Afl Utu Acy Pcom Sri Pam Psu
G.al Upi Ucr Aan Sco Mlia Psup

species of Mollusca

Fig. 42A, B. Box-and-whisker plot showing the concentra-
tion of phosphates in the water (mg PO?- dm=) (medi-
ans, interquartile ranges, minimum and maximum val-
ues) within which the mollusc species were recorded at
the sampling sites of the Wkra River and its tributaries

up to 1.73 mg PO~ dm™ (Figs 42A, B) (site W21).
Some species occurred at sites with a median phos-
phate concentration of up to 1.00 mg PO,** dm™. T.
fluviatilis, V. viviparus, A. lacustris, P. corneus, U. pictorum
and M. lacustre occurred at sites with median phos-
phate concentrations exceeding 1.00 mg PO, dm™.
M. lacustre and A. lacustris were recorded at sites with
relatively wide ranges of lower and upper quartiles
(25th and 75th percentiles) up to 2.00 mg PO, * dm™
and 4.00 mg PO,* dm?, respectively (Figs 42A, B).
Some gastropods (B. tentaculata, V. piscinalis, S.
palustris, R. balthica, A. vortex, A. fluviatilis) and bi-
valves (U. tumidus, S. corneum and P. amnicum) were
found to tolerate wider ranges of water velocity, up to
1.3 m s or even 2.0 m s! (Figs 43A, B). Some typi-
cal fluviatile species, e.g. T. fluviatilis, A. fluviatilis and
U. crassus, occurred at sites with the median velocity
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Fig. 43A, B. Box-and-whisker plot showing the velocity of
water (m s!) (medians, interquartile ranges, minimum
and maximum values) within which the mollusc spe-
cies were recorded at the sampling sites of the Wkra
River and its tributaries

ranging from 0.30 to 0.33 m s'. Unionids were re-
corded at sites with the median velocity ranging from
0.19 to 0.33 m s™'. M. lacustre, which is typical of res-
ervoirs, was recorded at sites with the lowest median
velocity, i.e. 0.08 m s (Figs 43A, B).

Prosobranchs: T. fluviatilis, L. naticoides, B. naticina
and a unionid, P. complanata, were associated with riv-
er sites which were about 15 to 40 m wide, where-
as a fingernail clam, M. lacustre was associated with
a smaller width of rivers (up to 6 m). Most of the
mollusc species were recorded at sites with widths
of up to 60 m (Figs 44A, B). Unionid mussels were
observed at sites where the median width of the river
ranged from 15 to 30 m, whereas most gastropod spe-
cies were recorded at sites where the median width of
the river ranged from 10 to 30 m (Figs 44A, B).
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Fig. 44A, B. Box-and-whisker plot showing the width of
river (m) (medians, interquartile ranges, minimum and
maximum values) within which the mollusc species
were recorded at the sampling sites of the Wkra River
and its tributaries

4.2. OXBOW LAKES OF THE WKRA RIVER

4.2.1. PHYSICAL AND CHEMICAL PARAMETERS
OF THE WATER, ORGANIC MATTER
CONTENT IN BOTTOM SEDIMENTS
AND GRAIN SIZE COMPOSITION

Data summarising the physical and chemical pa-
rameters of the water, the organic matter content in
the bottom sediments and the grain size composition
in the oxbow lakes of the Wkra River are given in
Table 16.

The water temperature was 14.0-25.0°C. The
values of conductivity and the total dissolved sol-
ids ranged from 380 (oxbow lakes Ox1 and Ox4) to
880 uS cm™ (Ox5) and from 180 to 420 mg dm=,
respectively (Table 16). Lower pH values and less al-
kaline water were recorded in the oxbow lakes of the
Wkra River (6.4-7.9), compared to the Wkra River
(6.7-9.1). The concentration of dissolved oxygen in

ments ranged from 0.54% (low organic matter con-
tent, oxbow lake Ox4) to 8.89% (high organic mat-
ter content, Ox6), whereas it ranged from 0.29 to
26.45% in the Wkra River (Tables 6 and 16). The
differences in the average organic matter content at
the sampling sites were not statistically significant
either between the oxbow lakes (Kruskal-Wallis one-
way ANOVA, H = 9.19, p = 0.10) or the years of the
survey (H = 1.09, p = 0.78).

Fine sand (0.10-0.25 mm) constituted the highest
percentage share (52.2-69.4%) in the grain size com-
position of bottom sediments in oxbow lakes Ox1-3
and Ox6-7. Medium-grained sand (0.25-0.50 mm)
constituted the highest percentage (47.8-77.6%) in
the grain size composition in the bottom sediments
of oxbow lakes Ox4 and Ox5. Particles above 20.0
mm constituted from O to 16.5% in the grain size
composition of the bottom sediments (Table 16). The
Kruskal-Wallis one-way ANOVA test revealed statis-
tically significant differences in the average grain size
above 20.0 mm (H = 14.24, p = 0.03), 10.0-20.0 mm
(H = 16.76, p = 0.01), 5.0-10.0 mm (H = 16.79,
p = 0.01), 2.0-5.0 mm (H = 19.37, p = 0.004) and
1.0-2.0 mm (H = 17.46, p = 0.008) at sampling sites
between the oxbow lakes. The differences in the av-
erage grain size at the sampling sites were not sta-
tistically significant between the years of the survey.
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Table 16. Physical and chemical parameters of the water (ranges), organic matter content (%) in bottom sediments and
grain size composition (%) in the oxbow lakes of the Wkra River

Parameter Ox1 Ox2 Ox3 Ox4 Ox5 Ox6 Ox7
Temperature 18.5-22.5 19.0-23.0 18.0-22.0 22.0-24.0 21.0-25.0 14.0-22.0 16.0-21.5
Q)

Conductivity 380-430 390-450 400-460 380-450 430-880 480-610 580-690
(uS cm™)

Total dissolved 180-210 190-220 200-220 180-220 210-420 230-300 290-340
solids (mg dm™)

pH 7.1-7.9 7.0-7.6 6.8-7.7 6.4-7.3 7.2-7.6 6.8-7.5 6.6-7.9
Dissolved oxygen 3.1-6.3 4.2-6.0 3.4-6.7 3.8-5.8 2.5-4.9 1.4-6.5 0.6-6.2
(mg dm™)

Nitrites 0.10-0.53 0.07-0.33 0.10-0.43 0.17-0.36 0.10-0.59 0.03-0.36 0.03-3.30
(mg NO, dm™)

Nitrates 7.08-21.54 1.89-38.98 6.20-33.20 21.60-43.86 19.05-73.10 7.10-45.19 13.73-
(mg NO; dm™) 103.22
Phosphates 0.53-1.14 0.32-0.94 0.42-0.85 0.50-0.73 0.44-4.64 0.11-0.90 0.11-1.29
(mg PO} dm™)

Hardness 196-220 220-255 210-270 190-210 280-415 221-265 220-357
(mg CaCO, dm™)

Alkalinity 170-225 160-210 145-185 160-180 190-215 160-230 185-255
(mg CaCO, dm™)

Chlorides 17-32 18-31 22-30 17-40 18-22 21-49 23-42
(mg CI- dm™)

Organic matter (%) 0.82-3.54 0.70-2.35 0.67-1.35 0.54-2.80 1.53-3.10 1.36-8.89 0.57-6.10
Grain size (diameter):

above 20.0 mm 0% 0.5-3.4% 0.2-2.8% 0.3-1.8% 0.8-6.2% 5.5-16.5%  0.0-15.7%
10.0-20.0 mm 0.1-0.8% 1.1-3.2% 0.1-1.5% 2.1-2.8% 1.6-5.7% 1.0-19.8%  0.8-38.5%
5.0-10.0 mm 0.1-1.5% 1.6-4.7% 0.1-1.5% 3.0-4.6% 1.7-11.4%  3.7-18.5%  6.6-14.6%
2.0-5.0 mm 2.8-3.6% 0.6-5.2% 0.2-2.1% 1.5-3.6% 0.5-11.9% 2.8-11.7%  0.7-10.3%
1.0-2.0 mm 3.6-5.6% 0.3-3.9% 0.5-1.2% 0.8-6.7% 1.8-6.8% 0.6-12.4% 2.2-4.9%
0.80-1.0 mm 0.6-3.5% 0.4-4.1% 1.0-5.4% 0.4-12.8% 1.5-3.5% 0.2-7.9% 1.1-4.2%
0.50-0.80 mm 0.7-25.8% 0.2-9.2% 0.7-42.2%  2.6-28.2%  3.3-17.6%  0.4-15.5%  0.8-10.4%
0.25-0.50 mm 18.4-43.7% 20.0-59.6% 29.0-44.6% 23.2-77.6% 21.3-47.8% 9.1-30.2% 10.3-42.7%
0.10-0.25 mm 17.5-60.9% 25.2-69.4% 2.2-66.7%  6.0-60.3% 13.2-37.1% 5.9-53.3%  7.0-52.2%
0.05-0.10 mm 0.2-8.5% 2.4-4.6% 1.1-7.7% 0.4-9.6% 0.8-3.6% 1.4-4.6% 0.8-7.8%
below 0.05 mm 0.7-2.3% 0.1-0.7% 0.5-5.5% 0.1-1.3% 0.6-16.1% 0.7-1.9% 1.6-2.4%

4.2.2. MACROPHYTES

In total, 28 macrophyte taxa were recorded at the
sampling sites in the oxbow lakes during the survey
(Table 17). The number of taxa ranged from 8 (ox-
bow lake Ox1) to 15 (Ox7). Stratiotes aloides, which is
typical of lentic water bodies, was found at only one
oxbow lake (Ox4). Among Lemnaceae, Lemna minor,
and Spirodela polyrhiza, were recorded in all of the ox-
bow lakes. Free-floating macrophytes, which are typ-
ical of oxbow lakes, e.g. Hydrocharis morsus-ranae and
Lemna gibba, occurred in five out of seven reservoirs.
The submersed macrophytes, e.g. Ceratophyllum de-
mersum and Elodea canadensis, were recorded in most
of the oxbow lakes, excluding Myriophyllum spicatum.

The nymphaeid, N. lutea, which is legally protected
in Poland (Dz.U. 2012a), was recorded in all of the
oxbow lakes (Table 17).

4.2.3. STRUCTURE OF MOLLUSC COMMUNITIES
AND VALUES OF INDICES IN THE OXBOW
LAKES OF THE WKRA RIVER

In total, 30 mollusc species were recorded in the
oxbow lakes: 19 gastropod species and 11 bivalve
species. Three common species, usually found in still
waters, L. stagnalis, P. corneus and A. vortex, were eu-
dominants (D > 10.0%) and euconstants (C = 75.1-
100.0%) in the mollusc communities of the oxbow
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Table 17. Macrophyte occurrence in the oxbow lakes of the Wkra River

Species Ox1

Ox2 Ox3 Ox4 Ox5 Ox6 Ox7

Acorus calamus L. X
Alisma plantago-aquatica L. X
Butomus umbellatus L.

Ceratophyllum demersum L. S. Str.

Elodea canadensis Michx.

Equisetum sp.

Glyceria fluitans (L.) R. Br.

Glyceria maxima (Hartm.) Holmb. X
Hydrocharis morsus-ranae L.

Lemna gibba L.

Lemna minor L.

Lemna trisulca L.

Lysimachia vulgaris L.

Myriophyllum spicatum L.

Nuphar lutea (L.) Sibth. & Sm. X
Phalaris arundinacea L.

Phragmites australis (Cav.) Trin. Ex Steud.

Rumex hydrolapathum Huds.

Sagittaria sagittifolia L.

Schoenoplectus lacustris (L.) Palla X
Solanum dulcamara L.

Sparganium emersum Rehmann

Sparganium erectum L. Emend. Rchb. S. Str.

Spirodela polyrhiza (L.) Schleid. X
Sium latifolium L.

Stratiotes aloides L.

Typha angustifolia L.

Typha latifolia L.

X X X X

o
o
KX XX

KX X X
KX X X
LT T

o

X X X

¥ of species 8
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lakes of the Wkra River. Tivelve out of the 30 mollusc
species were subrecedents (D < 1.0%) and accedents
(C £25.0%), including six bivalve species (Table 18).
Among them three gastropod species are character-
istic of permanent water bodies and are intolerant to
desiccation, i.e. Stagnicola corvus, B. contortus and H.
complanatus. Typical fluviatile species, A. fluviatilis, P,
amnicum and P. supinum, were accedents in the mollusc
community. Two bivalve species, A. cyghea (subdomi-
nant, accessory species) and S. rivicola (subrecedent,
accedent), are legally protected in Poland (Dz.U.
2011a).

In the oxbow lakes of the Wkra River, the num-
ber of mollusc species ranged from 4 to 21, whereas
the density of molluscs ranged from 20 to 157 in-
div. m™2. The highest mean number of mollusc spe-
cies (16.0 = 6.3) was recorded in oxbow lake Ox3,
whereas the lowest mean number was recorded in
oxbow lake Ox1 (5.2 = 0.4) (Table 19). The mean
density of molluscs ranged from 33.6 = 15.5 (oxbow

lake Ox1) to 94.4 + 45.2 (Ox5). The mean density
of gastropods was 49.3 indiv. m™2, and the mean den-
sity of bivalves was 11.5 in the lentic oxbow lakes of
the Wkra River. The maximum value of the H' index
- 4.01 - for mollusc communities was obtained in
Ox6, whereas the maximum value of H _(4.39) was
recorded in Ox3 (Table 19).

In the oxbow lakes of the Wkra River, the density
of mollusc species varied from a few specimens per
square metre (S. palustris, P. supinum or U. tumidus)
to over a dozen (P. corneus, S. corneum) (Figs 45A,
B). The density of A. lacustris (dominant, accessory
species), a limpet which is mainly characteristic of
lentic waters, P. corneus, which has poor powers of
passive dispersal, or A. vortex, were highest in the
oxbow lakes of the Wkra River and ranged from 2
to 31 indiv. m?2, from 2 to 54 indiv. m™, and up to
34 indiv. m™, respectively (Fig. 45A). The density of
typical fluviatile species: A. fluviatilis and P. supinum
was low (2-3 indiv. m™), whereas the density of P
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Table 18. Values of the dominance (D%) and constancy A
(C%) indices calculated for the mollusc communities 56 —
in the oxbow lakes of the Wkra River iz
Species D% C% 4
Viviparus contectus 8.1 94.3 L0
Bithynia tentaculata 8.9 65.7 § 36 —
32 —
Valvata piscinalis 2.1 314 s 28 -
el
Acroloxus lacustris 54 37.1 £ 24 |
>
Stagnicola palustris 0.2 5.7 [ 20
S 16
Stagnicola corvus 0.5 5.7 S ol
Radix auricularia 1.4 25.7 8H H
it o L e i
Radix balthica 5.1 62.9 o L I L =
. V. Vpi S R. Lst P A G.al
Lymnaea stagnalis 10.7 85.7 “ote ” At scor Rba Pl ppl Beo
Physa fontinalis 3.5 57.1 species of Mollusca B
22
Planorbarius corneus 14.8 82.9 0 —
Planorbis planorbis 1.4 22.9 18
Anisus vortex 15.0 97.1 & 16
£ —
Bathyomphalus contortus 0.4 11.4 ‘_3 14
Gyraulus albus 2.0 25.7 212 -
Gyraulus crista 1.0 17.1 E 10
Hippeutis complanatus 0.4 114 g 8
Segmentina nitida 1.1 22.9 g _
4 | . -
Ancylus fluviatilis 0.1 2.9 , |:| B — _ alm “7 q
Unio pictorum 2.3 25.7 o
. . G. S.ni U.p! A. S. M.J, Ph P.
Unio tumidus 0.1 2.9 CrH.cd " Afl pU.tu CyA,an o S.ri aP.am eP.sup o
Anodonta cygnea 3.2 37.1 species of Mollusca
; 1.2 22.9
Anodonta anatina Fig. 45A, B. Density (ranges) of the mollusc species in the
Sphaerium corneum 7.8 80.0 oxbow lakes of the Wkra River (2005-2009)
Sphaerium rivicola 0.2 2.9 amnicum was higher and ranged from 2 to 15 indiv.
Musculium lacustre 0.5 11.4 m~ (Fig. 45B).
Pisidium amnicum 1.7 14.3 The density of protected species, A. cygnea and S.
. rivicola, in the oxbow lakes ranged from 2 to 11 in-
Pisidium henslowanum 0.5 8.6 di 2 .. 5 . .
iv. m? and from 2 to 3 indiv. m?, respectively (Fig.
Pisidium supinum 0.1 2.9 45B).
Pisidium subtruncatum 0.2 2.9 In individual oxbow lakes of the Wkra River,
S of specimens 2104 the total number of mollusc species ranged from 7

(Ox1) to 23 (Ox6) (Table 20). Five species: Viviparus

Table 19. Number of mollusc species, density (individuals m™), values of H', H,_and J' of the mollusc communities in the

oxbow lakes of the Wkra River at the sampling sites

Index Ox1 Ox2 Ox3 Ox4 Ox5 Ox6 Ox7
No of species (ranges) 5-6 7-9 5-21 9-12 4-9 10-17 4-10
No of species (mean=SD) 5.2+0.4 7.4%+0.9 16.0+6.3 11.0+1.2  7.8x2.2  15.0+2.8 6.0x24
Density (ranges) 20-58 27-49 24-117 48-65 46-157 45-149 22-51
Density (mean=+SD) 33.6x155 37.4x8.0 84.6%x354 53.6x6.8 94.4+452 76.0x42.8 41.2%1.3
Shannon-Wiener index (H') 2.11-2.45 2.42-2.87 2.12-3.99 2.72-3.52 1.79-2.93 3.08-4.01 1.80-2.99
Maximum Shannon-Wiener 2.32-2.59 2.81-3.17 2.32-4.39 3.17-3.58 2.00-3.17 3.32-4.09 2.00-3.32
index (H, )
Evenness index (J') 0.91-0.96 0.86-0.97 0.84-0.92 0.86-0.98 0.83-0.92 0.86-0.98 0.88-0.98
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contectus, L. stagnalis, Ph. fontinalis, P. corneus and A.
vortex occurred in all the oxbow lakes. V. contectus, A.
lacustris, S. corvus, A. vortex, S. nitida and M. lacustre
are mainly characteristic of still waters.

Typical fluviatile species, A. fluviatilis and P. su-
pinum, were subrecedents, whereas P. amnicum was
dominant in the mollusc communities in oxbow
lake Ox6. H. complanatus, which is especially char-
acteristic of small water bodies, was subdominant
in the mollusc community in oxbow lake Ox3. A.
lacustris, a limpet that usually inhabits reservoirs
and attaches itself to stiff leaves and stems of mac-
rophytes, was dominant (oxbow lakes Ox2 and
0Ox6), eudominant (Ox3) and recedent in the mol-
lusc communities of oxbow lake Ox1. Two legally
protected bivalve species were found, i.e. A. cygnea,

which was dominant in oxbow lakes Ox2-Ox4, and
S. rivicola, which was recedent in oxbow lake Ox3
(Table 20).

The median number of mollusc species ranged
from 5 (Ox1) to 18 (Ox3), whereas the median den-
sity ranged from 29 indiv. m™ to 93 indiv. m™, re-
spectively (Figs 46 and 47). The Kruskal-Wallis one-
way ANOVA test revealed statistically significant
differences in the average number of mollusc spe-
cies (H = 22.22, p = 0.001) as well as the average
values of mollusc density (H = 17.25, p = 0.008)
in the sampling sites between the oxbow lakes. A
multiple comparison post hoc test showed statisti-
cally significant differences in the average number
of mollusc species between oxbow lakes Ox1, Ox3
and Ox6 and in the average density between oxbow

Table 20. Number of mollusc species and values of the dominance index (D%) calculated for the mollusc communities in

the oxbow lakes of the Wkra River

Species Ox1 Ox2 Ox3 Ox4 Ox5 Ox6 Ox7
Viviparus contectus 20.8 12.8 3.8 10.4 4.9 53 12.1
Bithynia tentaculata - 3.7 33 12.3 15.7 13.2 4.4
Valvata piscinalis - - 3.1 - 4.2 3.2 -
Acroloxus lacustris 1.8 6.4 18.4 - - 5.5 -
Stagnicola palustris - - 0.5 - - 0.5 -
Stagnicola corvus - 2.7 - - - - 2.9
Radix auricularia - - 4.7 3.7 - - -
Radix balthica - 5.3 3.1 4.8 3.4 14.2 0.9
Lymnaea stagnalis 7.7 17.7 7.8 14.2 7.4 8.7 19.4
Physa fontinalis 8.3 4.3 2.6 4.1 1.9 4.5 1.5
Planorbarius corneus 24.4 16.6 5.9 11.6 26.1 0.5 28.2
Planorbis planorbis - - 4.2 - 0.8 2.1 -
Anisus vortex 27.4 21.4 12.1 6.7 22.7 2.6 20.9
Bathyomphalus contortus - - - - - 1.8 0.9
Gyraulus albus - - 1.9 - - 8.4 -
Gyraulus crista - - 1.4 - - 3.4 -
Hippeutis complanatus - - 2.1 - - - -
Segmentina nitida - - 1.7 0.8 - 2.6 1.5
Ancylus fluviatilis - - - - - 0.8 -
Unio pictorum - 1.1 52 9.0 - - -
Unio tumidus - - - - - 0.8 -
Anodonta cygnea - 8.0 8.8 6.0 - - -
Anodonta anatina - - 2.8 4.8 - - -
Sphaerium corneum 9.5 - 5.4 10.4 12.9 5.8 7.3
Sphaerium rivicola - - 1.2 - - - -
Musculium lacustre - - - 1.1 - 1.8 -
Pisidium amnicum - - - - - 9.5 -
Pisidium henslowanum - - - - - 2.9 -
Pisidium supinum - - - - - 0.5 -
Pisidium subtruncatum - - - - - 1.3 -
No of species (S) 7 11 21 14 10 23 11
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Fig. 46. Box-and-whisker plot showing the number of mol-
lusc species in the oxbow lakes of the Wkra River (me-
dians, interquartile ranges, minimum and maximum
values). Asterisks over a whisker denote significant
differences between rivers (the Kruskal-Wallis one-way
ANOVA and multiple comparison post hoc tests)
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Fig. 47. Box-and-whisker plot showing the density of mol-
luscs in the oxbow lakes of the Wkra River (medians,
interquartile ranges, minimum and maximum values).
Asterisks over a whisker denote significant differences
between rivers (the Kruskal-Wallis one-way ANOVA
and multiple comparison post hoc tests)

lakes Ox1, Ox2, Ox3 and Ox5 (Figs 46 and 47).
The median values of the H' and H,__indices ranged
from 2.20 (Ox1) to 3.70 (Ox6) and from 2.32 (0x1)
to 4.18 (Ox3). Statistically significant differences in
the average values of the H' (H = 21.63, p = 0.001)
and H _ (H = 22.02, p = 0.001) indices were re-
corded in the sampling sites between the oxbow
lakes (Kruskal-Wallis one-way ANOVA test). A post
hoc test showed statistically significant differences
in the average values of the H' between oxbow lakes

Ox1 Ox2 Ox3 Ox4 Ox5 Ox6 Ox7
oxbow lakes

Fig. 48. Box-and-whisker plot showing the values of the
H’ index calculated for the mollusc communities in the
oxbow lakes of the Wkra River (medians, interquartile
ranges, minimum and maximum values). Asterisks over
a whisker denote significant differences between riv-
ers (the Kruskal-Wallis one-way ANOVA and multiple
comparison post hoc tests)
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Fig. 49. Box-and-whisker plot showing the values of the
H__ index calculated for the mollusc communities in
the oxbow lakes of the Wkra River (medians, interquar-
tile ranges, minimum and maximum values). Asterisks
over a whisker denote significant differences between
rivers (the Kruskal-Wallis one-way ANOVA and multi-
ple comparison post hoc tests)

Ox1, Ox6, Ox7 as well as significant differences in
the average values of the H _between oxbow lakes
Ox1, Ox3 and Ox6 (Figs 48 and 49). The differenc-
es in the average values of the J' in the sampling
sites between the oxbow lakes were not statistically
significant. The differences in the average values of
the number of mollusc species, the average values
of mollusc density, the H', H__and J' were not sta-
tistically significant at sampling sites between the
years of the survey.
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4.2.4. MOLLUSC COMMUNITIES IN THE
OXBOW LAKES OF THE WKRA
RIVER IN RELATION TO SELECTED
ENVIRONMENTAL FACTORS

Canonical correspondence analysis (CCA) based
on the species data and environmental variables
showed that the first and second axes explained
35.5% of the variance in the species data and 76.7%
of the variance in the species and environment rela-
tionship (the first axis explained 23.6% of the vari-
ance in the species data and 44.9% of the variance
in the species and environment relationship). The
eigenvalues of axes 1, 2, 3 and 4 were 0.494, 0.297,
0.178 and 0.036, respectively. Species-environmental
correlations of axes 1, 2, 3 and 4 were: 0.908, 0.791,
0.833 and 0.773.

Nitrates, water temperature and substrate parti-
cles ranging from 10.0 mm to 20.0 mm and from 0.25
mm to 0.50 mm as well as above 20.0 mm were the
parameters that were most associated (statistically
significant according to the forward selection results)
with the distribution of mollusc species in the oxbow
lakes of the Wkra River. The concentration of dis-
solved oxygen also exerted a significant influence on
the distribution of mollusc species (Fig. 50).

The following patterns of mollusc distribution
were observed: V. piscinalis, Ph. fontinalis, P. planor-
bis, G. albus, G. crista, S. corneum, B. tentaculata and S.
nitida were negatively influenced by the nitrate con-
centration as well as substrate particles higher than
20.0 mm. R. auricularia, U. pictorum, A. cygnea and A.
anatina were positively influenced by the substrate
particles ranging from 0.25 mm to 0.50 mm or water
temperature and negatively influenced by substrate

particles ranging from 10.0 mm to 20.0 mm. P. amni-
cum was associated with the substrate particles rang-
ing from 10.0 to 20.0 mm (medium and coarse grav-
el) and concurrently negatively correlated with the
water temperature and the substrate particles rang-
ing from 0.25 to 0.50 mm (medium-grained sand)
(Fig. 50).

The relationship between the species composition
of Mollusca and environmental variables was signifi-
cant (Monte Carlo test of significance of the first ca-
nonical axis: F-ratio = 5.261, p-value = 0.002; test
of significance of all canonical axes: F-ratio = 3.227,
p-value = 0.002).

The number of mollusc species was negatively
correlated with nitrite and nitrate concentrations,
whereas the values of the H', H _ and J' were neg-
atively correlated with the water temperature (Fig.
51). The relation between the values of the metrics
and the environmental variables was statistically sig-
nificant (Monte Carlo test of significance of the first
canonical axis: F-ratio = 19.265, p-value = 0.002; test
of significance of all canonical axes: F-ratio = 7.0,
p-value = 0.002).

4.2.5. MOLLUSC SPECIES IN RELATION TO
THE VALUES OF THE STATISTICALLY
SIGNIFICANT ENVIRONMENTAL
FACTORS

Four gastropod species, V. contectus, L. stagnalis, P.
corneus and A. vortex, were recorded at sampling sites
with relatively high nitrate concentrations of up to
103.22 mg NO; dm™ (Fig 52). Among unionid mus-
sels, U. tumidus tolerated a nitrate concentration of

) .
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Fig. 50. Ordination diagram (biplot) based on canonical
correspondence analysis (CCA) of the Mollusca data
and environmental variables. Long arrows representing
selected (statistically significant) environmental vari-
ables emphasize their impact on the structure of the
mollusc communities in the oxbow lakes of the Wkra
River
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Fig. 51. Ordination diagram (biplot) based on canoni-
cal correspondence analysis (CCA) of the indices and
selected environmental variables (oxbow lakes of the
Wkra River). Abbreviations: spec(mol) — number of
mollusc species, den(mol) — density of molluscs; H’ —
values of the Shannon-Wiener index, H, - values of
the maximum Shannon-Wiener index, J’ — values of the
Evenness index
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Fig. 52. Box-and-whisker plot showing the concentration
of nitrates in the water (mg NO; dm~) (medians, inter-
quartile ranges, minimum and maximum values) with-
in which the mollusc species were recorded at sampling
sites in the oxbow lakes of the Wkra River

DISCUSSION

5.1. THE WKRA RIVER AND ITS TRIBUTARIES

5.1.1. STRUCTURE OF MOLLUSC COMMUNITIES
AND VALUES OF INDICES IN LOWLAND
RIVERS

A long-term survey on the mollusc communities
revealed the occurrence of 44 mollusc species: 30
gastropod species and 14 bivalve species in the Wkra
River and its tributaries (Ecoregion 16, Eastern
Plains). Until 2009, no alien bivalve species had been
recorded in the Wkra River and its tributaries. There
were up to 40 mollusc species in the Wkra River and
from 10 to 32 species in its tributaries. This result
is in contrast to KORYCINSKA’s (2002) survey, which
showed a much smaller number of mollusc spe-
cies, i.e. 21 species in a lowland river of Ecoregion
16, as well as to STRZELEC & KROLCZYK (2004) and
RACZYNSKA & CHOJNACKI (2009) who recorded 14
gastropod species and 8 mollusc species, respective-
ly, in the lowland rivers of Ecoregion 14 (Central
Plains). Considering Polish lowland rivers of a simi-
lar length and adjacent catchment area, the number
of mollusc species was higher in the Wkra River (40
species) compared to the selected pristine sampling
sites of the Pilica River (33 species) (Ecoregion 14)
(NUBOER et al. 2006). For comparison, in very large
rivers, i.e. the Odra River, the Vistula River and their
selected tributaries, 23 and 27 mollusc species, in-
cluding 13 and 10 bivalves, respectively, were record-
ed (LEWANDOWSKI 2004, ZETTLER 2012). In contrast,
55 mollusc species, including eight alien species,
were found in the middle and lower sections of the

up to 45.19 mg NO; dm. A sphaeriid, S. corneum,
was recorded at sampling sites with the maximum
nitrate concentration of up to 73.10 mg NO; dm™
(75th percentile up to 43.86 mg NO; dm™®), whereas
S. rivicola was recorded at sites with the maximum
nitrate concentration of 33.20 mg NO; dm= (75th
percentile up to 26.12 mg NO; dm™) (Fig. 52).

Most mollusc species occurred at sampling sites
with the median nitrate concentration of about 20.00
to 30.00 mg NO; dm™. P. corneus was recorded at sites
with the median nitrate concentration of 35.74 mg
NO; dm™ and relatively wide range of lower and
upper quartiles (25th and 75th percentiles) of up
to 70.00 mg NO; dm= (Fig. 52). H. complanatus was
observed at sites with the lowest median nitrate con-
centration of 8.10 mg NO; dm~.

Odra River in 2009-2011 (PIECHOCKI & SZLAUER-
FUKASZEWSKA 2013).

Typical fluviatile, legally protected species were
found in the Wkra River and its tributaries: P. com-
planata, B. naticina, S. rivicola and U. crassus. However,
they were not recorded in the selected pristine sam-
pling sites of Polish lowland rivers (central Poland),
or only single (R. auricularia, S. palustris, A. cygnea, U.
crassus) or few specimens (A. anatina, U. pictorum, U.
tumidus) were observed (NIBOER et al. 2006). The
density of gastropod species and Unionidae in the
Wkra River and its tributaries was much higher than
in those pristine sampling sites.

Six unionid species out of the seven recorded
from Poland to date, including one non-indigenous
(PIECHOCKI 2008), were found in the Wkra River.
Similar to the results of PIECHOCKI (1969), S. nitida
was recorded only in the upper course of the Wkra
River, whereas P. complanata and B. naticina, species
that are typical of larger rivers, occurred in the low-
er course. B. tentaculata was euconstant in the mol-
lusc communities in the Wkra River and some of
its tributaries. B. tentaculata was also euconstant in
the Serbian stretch of the Danube (MARTINOVIC-
VITANOVIC et al. 2013). The authors explained its oc-
currence at most of their sampling sites by its feeding
behaviour, because it can both graze scraping materi-
al from the substratum and filter phytoplankton us-
ing ctenidium. However, filter feeding may be more
efficient than scraping, and this might explain the
high abundance of B. tentaculata especially in nutri-
ent-rich habitats. The present results are in contrast
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to PIECHOCKI’'s (1969), who obtained a decrease
in the number of mollusc species along the Grabia
River (Ecoregion 14) from 32 in the upper course to
24 in the lower course. Statistically significant differ-
ences in the number of mollusc species as well as in
their density and species diversity measured by the
values of the Shannon-Wiener index (H') among the
upper, middle and lower courses, which showed a
decreasing tendency from the head to the mouth in
a large river in an agricultural area, were obtained by
MCRAE et al. (2004). The number of mollusc species,
their density and the values of the H' index showed
an opposite tendency in the Wkra River. The lowest
number (from 6 to 11 mollusc species) was recorded
in the upper course of the Wkra River, whose stretch
has been regulated to a great degree. The highest
number of species or values of H' were revealed at
site W23, which has almost no regulation and is lo-
cated in the lower course.

According to PIECHOCKI (1992), some sphaeriid
species, e.g. S. corneum, P. amnicum, P. henslowanum or
P. supinum, occur with a high frequency in lowland
rivers. P. subtruncatum and P. casertanum predominate
in smaller rivers, and S. rivicola in larger rivers mainly.
The present results confirm the finding of PIECHOCKI
(1992): sphaeriid species, S. corneum, P. amnicum and
P. supinum, occurred at most of the sampling sites
in the Wkra River and its tributaries, whereas P.
subtruncatum and P. casertanum were eudominants in
the mollusc communities only in the upper course of
the Wkra River. S. rivicola inhabited the lower course
of the Wkra River and also some of its tributaries.

The mollusc samples were collected five times
during five years (each August), from the head to the
mouth from each sampling site in the Wkra River
and 40 species of Mollusca were recorded. By con-
trast, VIRBICKAS et al. (2011) obtained only 13 mol-
lusc species during his survey (agricultural area,
Lithuania) in a lowland river of a similar length and
catchment area to the Wkra River. However, he sam-
pled only once at each sampling site. Thirty three
mollusc species (18 gastropod species and 15 bivalve
species including 5 alien species) were recorded dur-
ing a six-year survey of the 396.6 km long Serbian
stretch of the Danube, whereas only 26 mollusc spe-
cies were obtained during a one-year survey of the
same stretch of the Danube River (MARTINOVIC-
VITANOVIC et al. 2013, TUBIC et al. 2013). In compari-
son, 22 bivalve species including five alien species oc-
curred in the Hungarian stretch of the Danube River
and its tributaries (samples were collected four times
ayear) (BODIS et al. 2011). However, 85 mollusc spe-
cies were found in the entire course of the Danube
River (MARTINOVIC-VITANOVIC et al. 2013). This
survey showed that the number of mollusc species
per site ranged from 1 to 21. Similarly, VON OHEIMB
et al. (2007) recorded 3-19 mollusc species per site

in lowland rivers; however, the number of species
was lower (29 species) than in the Wkra River catch-
ment area. Some authors obtained a lower number of
mollusc species, number of species per site or mean
density in European rivers compared to the Wkra
River catchment area: 21 gastropod species (rivers
in Switzerland) and from 15 to 24 (including 3-5
alien species) in the rivers of the Iberian Peninsula
(BAUR & RINGEIS 2002, SOUSA et al. 2007, PEREZ-
QUINTERO 2007, 2011). In contrast, the number of
mollusc species ranged from 3 to 28 at sampling sites
in the Serbian stretch of the Danube (a very large riv-
er) (MARTINOVIC-VITANOVIC et al. 2013). According
to PEREZ-QUINTERO (2007), larger drainage areas
support a higher number of mollusc species. These
results confirmed his findings: 40 mollusc species
were recorded in the Wkra River (a large river ac-
cording to the catchment area), whereas 10-32 spe-
cies were recorded in its tributaries (medium-sized
rivers). Therefore, the number of mollusc species not
only depends on the size of the catchment area, but
also on how intensive (frequent) the sampling is. By
comparison, 44 mollusc species, including 10 alien
species, were collected in the Rhine River (a very
large river according to the catchment area), one of
the largest rivers in Europe (VERBRUGGE et al. 2012).

5.1.2. RARE, THREATENED AND ALIEN SPECIES
IN THE MOLLUSC COMMUNITIES
OF LOWLAND RIVERS

The decline of the world’s freshwater mollusc
species can be attributed to anthropopressure (e.g.
acidification, salination, siltation from agriculture
and logging, pesticide and heavy metal load, agri-
cultural development) or life history traits (STRONG
et al. 2008). About 44% (373 species) of freshwater
Mollusca are threatened in Europe and about 50% at
the level of the 27 Member States of the European
Union (CUTTELOD et al. 2011). The major threats to
European freshwater mollusc, which lead to popula-
tion decline, are the intensification of agriculture in-
cluding the increased use of chemical fertilisers and
pesticides and poor sewage management, which re-
sult in a decreasing water quality in rivers and lakes,
as well as a modification of the water sources and
changes in the flow regime. Therefore, monitoring
the population size, distribution and trends (pos-
sibly through monitoring the habitats) should be
undertaken, including those of threatened and Data
Deficient species.

The Wkra River catchment area holds five mol-
lusc species which are protected by the Polish legis-
lation: B. naticina, U. crassus, A. cygnea, P. complanata
and S. rivicola (Dz.U. 2011a). Among these B. naticina
belongs to the rarest and most threatened (Critically
Endangered, CR) freshwater mollusc species in
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Poland according to the Polish Red Data Book of
Animals (PIECHOCKI 2004a). B. naticina mainly in-
habits large and very large lowland rivers, especial-
ly their middle and lower courses (PIECHOCKI 1979,
ZETTLER 2012). B. naticina, which occurred only in the
lower course in the Wkra River, was a subrecedent
and accedent species in the mollusc communities,
whereas it was a constant species in a very large riv-
er, the Serbian stretch of the Danube (MARTINOVIC-
VITANOVIC 2013). According to the European Red
List of Non-marine Molluscs (CUTTELOD et al. 2011),
B. naticina is listed as a Least Concern (LC) species,
of equal rank (status) with e.g. V. piscinalis, B. tenta-
culata or V. viviparus. Contrary to its status as shown
by CUTTELOD et al. (2011), I support the opinion of
ZETTLER (2012) that B. naticina is at least endangered
in some parts of its distribution area.

A. cygnea, a species typical of still waters or
slow-flowing lowland rivers, was an accedent or ac-
cessory species in the mollusc communities of the
Wkra River and its tributaries. In comparison, the
swan mussel was accedent in large rivers, i.e. in the
middle and lower Odra River (PIECHOCKI & SZLAUER-
EUKASZEWSKA 2013) as well as in the Serbian stretch
of the Danube (TUBIC et al. 2013). A. cygnea is rare
or absent from degraded European rivers (MICHALIK-
KUCHARZ et al. 2000, VON OHEIMB et al. 2007). Its
average density ranged from 0.4 to 4.5 with a maxi-
mum density of even up to 28 indiv. m in European
lowland rivers (ABRASZEWSKA-KOWALCZYK 2002,
SOUSA et al. 2007). In contrast, the maximum den-
sity of A.cygnea was 10 indiv. m? in the Wkra River
and its tributaries.

The depressed river mussel, P. complanata, was ob-
served at only two out of the 24 sampling sites with
the maximum density of up to 5 indiv. m?2 in the
Wkra River. It was also rare and occurred at eight out
of 46 sampling sites with the maximum density of 6
indiv. m; the sites were located in the mainstream
of the Pilica River (Ecoregion 14) (ABRASZEWSKA-
KOWALCZYK 2002). P. complanata, a typical rheophil-
ous species, is rare in Polish lowland rivers (ZAJAC
2004a). In large European rivers, it was accedent in
the Serbian stretch of the Danube (TUBIC et al. 2013).
The mean density of the depressed river mussel was
lower than 0.4 indiv. m™ in the middle Danube catch-
ment area in Hungary (BODIS et al. 2011). The range
of P. complanata extends across most European coun-
tries: Finland, Sweden, Russia, Germany, Austria,
Switzerland, France, the Netherlands and the United
Kingdom. The depressed river mussel has disap-
peared from approximately 30% of its historical
sites in England and Scotland (KILEEN et al. 2004).
Although the decline in the occurrence of P. complanata
was observed in recent years, the United Kingdom is
home to some of the largest populations in the world
(MCIVOR & ALDRIDGE 2007). Currently, according

to the European Red List of Non-marine Molluscs
(CUTTELOD et al. 2011), P. complanata is classified as
Near Threatened (NT) at the European and at the EU
27 levels.

The river orb mussel, S. rivicola, is a rheophilous
species that is protected by the Polish legislation
(Dz.U.2011a) as well as regarded as Vulnerable (VU)
according to the Polish Red List of Species (DYDUCH-
FALNIOWSKA & ZAJAC 2002). In contrast, according
to the European Red List of Non-marine Molluscs
(CUTTELOD et al. 2011), S. rivicola is listed as a Least
Concern (LC) species at the European and at the EU
27 levels of equal rank (status) with S. corneum. The
river orb mussel lives in large, slow-flowing lowland
rivers or canals; it appears to require deeper water
than other Sphaerium and Pisidium species (KILLEEN
et al. 2004). S. rivicola was an accessory species in the
Wkra River, whereas it was accedent in its tributar-
ies. It was an accessory species in the Serbian stretch
of the Danube (TUBIC et al. 2013) and in the mid-
dle and lower Odra River (PIECHOCKI & SZLAUER-
LUKASZEWSKA 2013).

An alien species, the gravel snail, L. naticoides,
which was a recedent and simultaneously accedent
species in the mollusc communities in the Wkra
River, is not protected in Poland. However, it was
included in both the Polish Red List of Species and
the Polish Red Book of Animals as Endangered
(EN) (PIECHOCKI 2002, 2004b). In Poland, L. na-
ticoides, which originates from the western Black
Sea, occurs in large and medium lowland rivers
(FALNIOWSKI 1987, PIECHOCKI 1996, LEWANDOWSKI
2004, KOEODZIEJCZYK 2011, PIECHOCKI & SZLAUER-
LUKASZEWSKA 2013). Its density was up to 50 in-
div. m? in the Wkra River; it ranged from 1 to more
than 500 indiv. m~ in the Odra River (PIECHOCKI &
SZLAUER-LUKASZEWSKA 2013). Its strong decline,
which has been attributed to water pollution and
river regulations, has been observed within the last
40-50 years. In contrast, the gravel snail was eucon-
stant in the mollusc communities in the 396.6 km
long Serbian stretch of the Danube (MARTINOVIC-
VITANOVIC et al. 2013). Though its density reached
10,608 indiv. m™?, an extreme decrease of down to 74
indiv. m~ was recorded during the next year. The den-
sity of the gravel snail in the Sadne River varied from
243 to 1,090 indiv. m™2 and its decreasing tendency
down to 16 indiv. m2 was also observed (MOUTHON
2007). In this case, the decline in the population of
L. naticoides was explained not by pollution, but by an
increase in the temperature of the water as a result of
the global warming as well as possible interspecific
competition between L. naticoides and V. piscinalis.

Some species which were found in the Wkra River
catchment area, e.g. U. crassus and S. rivicola, are in-
cluded in the TUCN Red List of Threatened Species
(TucN 2012) as Endangered or Vulnerable (EN, V),
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whereas H. complanatus, L. naticoides, A. cygnea, A. ana-
tina and U. tumidus belong to the Least Concern spe-
cies (LC). The highly invasive alien species, P. antipo-
darum, which is able to achieve upstream movement
of 0.66 to 1.20 m per day (KAPPES & HAASE 2012)
and reproduces throughout the year in the Polish cli-
matic conditions (LEWIN 2012), belongs to the sub-
recedents in the mollusc communities in the Wkra
River catchment area.

5.1.3. UNIO CRASSUS PHILIPSSON, 1788
AS A SPECIES OF THE EUROPEAN
COMMUNITY INTEREST

From the beginning of the 20th century, the
thick-shelled river mussel (U. crassus) was regard-
ed as the most common unionid species in central
Europe, reaching a density of more than 700 indiv.
m=. Its populations declined dramatically in west-
ern and central Europe during the second half of
the 20th century and a further, significant decline
was observed within the last 50 years (ZETTLER &
JUEG 2007, DOUDA et al. 2012, DENIC et al. 2013).
The dramatic decrease in the population density
has led to a consideration of this species within the
European law regulations. Therefore, under Annexes
II and IV to COUNCIL DIRECTIVE 92/43/EEC (1992)
of EU and its consolidation version of 01.01.2007
which includes the latest version of the annexes and
the Polish legislation (Dz.U. 2012b), U. crassus is one
of species of Community interest whose conserva-
tion requires designation of special conservation are-
as within the Habitats Directive Natura 2000.

Currently, according to the European Red List
of Non-marine Molluscs (CUTTELOD et al. 2011),
U. crassus, which mainly inhabits flowing waters
from large rivers to small streams, is classified as
Vulnerable (VU) at the European and at the EU 27
levels, whereas on the IUCN Red List of Threatened
Species, it is listed as Endangered (EN) (IUCN 2012).
The gradual extinction of U. crassus resulting from
water pollution, eutrophication or degradation of the
natural river valleys has been observed in Poland, like
in other European countries (PIECHOCKI & DYDUCH-
FALNIOWSKA 1993, ABRASZEWSKA-KOWALCZYK
2002, DYDUCH-FALNIOWSKA & ZAJAC 2002, ZAJAC
2004b).

This survey showed that more than a few spec-
imens of U. crassus were continuosly recorded only
at five out of 14 sampling sites in the Wkra River in
consecutive years between 2005 and 2009. In con-
trast, the population size of the thick-shelled river
mussel varied between one hundred and six hundred
thousand with a maximum density up to 50 indiv.
m= in the rivers of the Mecklenburg-Vorpommern
(Germany) (ZETTLER & JUEG 2007). The maxi-
mum density of U. crassus was to 20 indiv. m™ in the

Wkra River, and only 3 indiv. min the Pilica River
(Ecoregion 14) (ABRASZEWSKA-KOWALCZYK 2002),
and from 5 to 50 indiv. m™ in the Cedron River
(foreland of the Polish Carpathians, southern part of
Ecoregion 16) (ZAJAC & ZAJAC 2011). A long-term
survey showed that U. crassus was an accedent spe-
cies in the mollusc communities in the Wkra River
and was also accedent in the 396.6 km long stretch
of the Serbian Danube (MARTINOVIC-VITANOVIC et
al. 2013).

This survey revealed (CCA analysis) that from
among the physical parameters, river width, veloc-
ity and water temperature were most associated
(statistically significant) with the distribution of U.
crassus. The thick-shelled river mussel occurred at
sites with water velocity of 0.06-0.60 m s! and a
sandy bottom (fine, medium or coarse sand). This
is in accordance with the results of ABRASZEWSKA-
KOwALCZYK (2002) who highlighted the importance
of the physical factors, e.g. the type of bottom and
the sediment grain size, in addition to the physical
and chemical parameters of the water, which affect
the occurrence of unionid species in rivers, including
U. crassus. According to ABRASZEWSKA-KOWALCZYK
(2002), U. crassus occurs both near the shores in the
shallows and on a sloping bottom as well as in the
current. The thick-shelled river mussel avoids or-
ganic-rich muddy substratum and is more abundant
in sandy tributaries. Adult specimens of U. crassus
are able to move actively towards more preferable
environmental conditions (ZAJAC & ZAJAC 2011).
U. crassus prefers fine sediments of a steep bank in
a pool with a minimum of water flow. If individuals
were present in the riffle, they were burrowed un-
der the gravel armour of the bottom. It was shown
(ZAajaCc & ZAJAC 2011) that U. crassus occurred in
pools with the maximum water velocity up to 0.59
m s~! which is comparable to those recorded in the
Wkra River.

The recruitment of juveniles (< 30.0 mm shell
length or 1-3 years old specimens) was recorded in
the Wkra River. Moreover, individuals up to six years
old with the maximum shell length of 66.9 mm were
also observed there. The maximum shell length and
age of specimens varied among rivers and amount-
ed to 47.8 mm (10 years old) in the Plociczna River
(Poland, Ecoregion 14), 68.0 mm (18 years old) in
the Szeszupa River (Poland, Ecoregion 16), 79.1 mm
(6 years old) in the Pilica River and its tributaries
(Poland, Ecoregion 14), 85.0 mm (25 years old) in
the Hojea River (Sweden) as well as 94.0 mm (32
years old) in the Susd River (Denmark) (ZETTLER
2000, ABRASZEWSKA-KOWALCZYK 2002).

The larvae of U. crassus (glochidia) like other un-
ionoid species, must undergo a period of metamor-
phosis as obligate ectoparasites on specific host fish-
es. The glochidia become encysted by host tissues and
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then undergo a metamorphosis into juvenile mussels
living independently by burrowing in the sediments.
As a result, Unionoidea require a host fish in order to
complete their successful recruitment. Therefore, the
potential threats to the endangered U. crassus result
from a deterioration in its host resources, i.e. fishes,
especially in Central Europe. The local extinction of
the thick-shelled river mussel is probably associated
with the impaired status of fishes and with the ab-
sence of the primary host fishes, i.e. Phoxinus phoxinus
(L.), Scardinius erythrophtalmus (L.), and Cottus gobio
L., in European rivers (DOUDA et al. 2012). Thus,
not only does the pollution of rivers and habitat qual-
ity affect this species directly but also indirectly, i.e.
by influencing the composition of ichtyofauna as well
as the loss of the obligate host fish species (ZETTLER
& JUEG 2007).

KOHLER (2006) showed two patterns of nitrate
nitrogen concentrations in rivers which are inhabit-
ed by U. crassus. The first type refers to a low annual
concentration of NO,-N dm~ (about 2.00 mg, which
corresponds to 8.86 mg NO; dm) during the whole
season and the second type refers to a relatively high
concentration of NO,-N dm™ during the winter,
while during every vegetation period (summer) the
concentration of NO,-N dm™ does not exceed 2.00
mg dm=. The concentration of nitrates (or nitrate
nitrogen) in the Wkra River did not conform to this
pattern. However, the nitrate (or nitrate nitrogen)
concentration was recorded during every vegetation
period (summer), and its values exceeded 2.00 mg
NO,-N dm™, which was much higher compared to
the results obtained by KOHLER (2006).

The mortality of juveniles is related to the con-
centration of nitrate nitrogen in the water. In rivers
with a nitrate nitrogen concentration below 2.00 mg
NO,-N dm?, successful growth of juveniles is ob-
served. In moderately polluted rivers with a nitrate
nitrogen concentration between 2.00 and 10.00 mg
NO,-N dm= (which corresponds to 44.30 mg NO;
dm=), no or only a very limited recruitment was ob-
served. In waters with up to 20.00 mg NO,-N dm™
(which corresponds to 88.60 mg NO; dm™), the pop-
ulation of U. crassus has already become extinct or
nearly extinct (ZETTLER & JUEG 2007). Successful
growth of juveniles and recruitment was recorded in
non-polluted rivers with a very low concentration of
nitrites (up to 0.11 mg NO; dm=), nitrates (up to
2.60 mg NO; dm™) or phosphates (up to 0.35 mg
PO?- dm™) in the foreland of the Polish Carpathians
(southern part of Ecoregion 16) (HUS et al. 2006).
However, the authors of the survey stated that U.
crassus preferred waters with slightly elevated con-
centration of nutrients to non-polluted rivers in the
foreland of the Polish Carpathians. It was shown that
U. crassus reproduced in the Luznice River (the Czech
Republic) where the upper limit concentration of

NO,-N dm™ was 2.00 mg (median values) (DOUDA
2010). This value corresponds to about 8.86 mg NO;
dm=3. DENIC et al. (2013) found a recent recovery of
U. crassus in a stream with elevated nitrate nitrogen
mean concentration regimes of 6.40 mg NO,-N dm™
(which corresponds to about 28.35 mg NO; dm™)
in free-flowing water and 4.10 mg NO,-N dm™ in
the substratum. In contrast, recruitment of juveniles
was recorded at sampling sites with the maximum
concentration of nitrates ranging from 27.91 to 87.71
mg NO; dm™ in the Wkra River (sampling sites D10,
W12, W21, W23, W24), which exceeded the cur-
rently proposed threshold value of 2.00 mg NO,-N
dm= (8.86 mg NO; dm~) (KOHLER 2006, ZETTLER
& JUEG 2007).

The novel finding of this survey is that U. crassus
is more tolerant to a relatively high concentration of
nitrates in the water than was previously thought; it
is also more tolerant to nitrites and phosphates and
may survive in rivers with relatively high nutrient
concentrations. However, a dramatic decline in the
abundance, density and number of mollusc species
was recorded during the last year in the Wkra River.

5.1.4. SELECTED ENVIRONMENTAL FACTORS
AFFECTING MOLLUSC COMMUNITIES

5.1.4.1. Mollusc communities in relation
to physical and chemical parameters
of the water

NIBOER et al. (2006) showed that some lowland
rivers in central Poland might constitute reference
conditions for Dutch rivers because of their pristine
character. Even within the same Ecoregion, for ex-
ample Ecoregion 16, Polish lowland rivers show rela-
tively low phosphate and nitrate concentrations com-
pared to the Wkra River catchment area (ZIELINSKI
et al. 2009). In contrast, a very high concentration
of phosphates (up to 11.00 mg dm™3), nitrites (up
to 2.64 mg dm™) or nitrates (up to 142.20 mg dm=)
was recorded at sampling sites in the Wkra River
catchment area. According to the survey by the
Voivodeship Inspectorate (REPORT 2009, 2011) in
2008-2010, 92.3% of the sampling sites of rivers in
the central part of Poland (Mazovian Voivodeship)
were prone to eutrophication and showed high lev-
el of nutrients in the water. This is a result of the
anthropogenically elevated nutrient concentrations
from both diffuse and point sources in this region.

It was shown that pollution in the water that orig-
inated from an agricultural area (nitrites, nitrates,
ammonia, phosphates, phenol) caused genotoxicity
(micronucleus and nuclear abnormalities) and lyso-
somal damage in haemocytes as well as a high lev-
el of the glutathione S-transferase (GST), which is
the enzyme of phase II detoxifying systems in the
gills of A. cygnea (FALFUSHYNSKA et al. 2010). The
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anthropogenic input of nitrogen from point and dif-
fuse sources into the environment results in inorgan-
ic nitrogen pollution. In rivers, the most abundant
forms of anthropogenic dissolved inorganic nitrogen
in freshwater ecosystems are nitrates (NO;), where-
as ammonium (NH;) and nitrites (NO;) account for
a much smaller fraction of this pool (CAMARGO &
ALONSO 2006, SOUCEK & DICKINSON 2012). This
survey revealed that the physical and chemical pa-
rameters of water, i.e. conductivity, hardness, con-
centration of dissolved oxygen, nitrites, nitrates,
phosphates, and temperature were most associated
(statistically significant) with the distribution of
mollusc species. Both nitrites and nitrates negatively
influenced mollusc communities; however, a more
visible negative correlation was observed between
the distribution of some gastropod species, union-
id mussels, fingernail clams and the nitrite concen-
tration in contrast to the nitrate concentration. The
main toxic effects of nitrites on higher taxa of fresh-
water macroinvertebrates, which include gastropods,
unionids, fingernail clams and crayfish, is due to the
conversion of the oxygen-carrying blood pigments
(haemoglobin and haemocyanin) into forms that
cannot carry oxygen, such as methaemoglobin and
methaemocyanin, thus causing hypoxia and ulti-
mately death (CAMARGO & ALONSO 2006, SOUCEK
& DICKINSON 2012). Branchial permeability to ni-
trates is low, and therefore nitrate uptake in aquatic
animals is more limited than the uptake of nitrites
and ammonium. Among freshwater molluscs, P. an-
tipodarum showed a high tolerance to the lethal ef-
fects of ammonium and nitrate concentrations in
the water. This phenomenon may be a consequence
of detoxification processes, such as a low branchial
ClI/NO; uptake rate or a low nitrite affinity for the
uptake mechanism that is regarded as a protective
mechanism for aquatic macroinvertebrates. Nitrites
can be taken up across the gill epithelium and ac-
cumulated in body fluids (ALONSO & CAMARGO
2006). The results from a survey of nitrite and ni-
trate toxicity showed that a nitrite concentration of
0.08-0.35 mg dm= and a maximum nitrate concen-
tration of 2.00 mg dm= might be adequate to protect
sensitive freshwater species (CAMARGO et al. 2005,
CAMARGO & ALONSO 2006). ALONSO & CAMARGO
(2009) stated that the nitrite concentration in unpol-
luted waters ranged from 1.00 to 3.00 ug dm= and
might exceed 0.90 mg dm= in polluted surface fresh-
waters. The occurrence of unionid species was signif-
icantly reduced in a stretch of the LuzZnice River (the
Czech Republic) with elevated nitrite-nitrogen con-
centrations (DOUDA 2010). DOUDA (2010) showed
that P. complanata occurred at river sites with an up-
per limit of NO,-N concentration of up to 2.00 mg
dm= (median value), whereas U. tumidus, U. pictorum
and A. anatina had an upper limit of to 4.30 mg dm™®

(median values; corresponds to about 19.05 mg NO;
dm=). In contrast, the present survey showed much
higher maximum values of the nitrate concentration
in the Wkra River and its tributaries. P. compalanata
was observed at sampling sites with the maximum
nitrate concentration of 65.12 mg NO; dm~, whereas
U. tumidus, U. pictorum and A. anatina tolerated the
maximum values of 70.44, 87.71 and 68.67 mg NO;
dm3, respectively and the median values from 17.28
to 27.24 mg NO; dm™. In a field survey, MOUTHON
(1996b) obtained the threshold values of nitrite and
nitrate concentrations in rivers above which an inhib-
iting effect on mollusc communities was observed,
i.e. 0.30 mg NO; dm™ and 20.00 mg NO; dm=. The
density of molluscs and the number of species in-
creased with nitrate concentration up to 20.00 mg
NO; dm™ and decreased above this value, thus in-
dicating that it had an inhibiting effect on mollusc
communities. In comparison, the concentration of
nitrites and nitrates in the Wkra River catchment
area reached 2.64 mg dm= and 142.20 mg dm, re-
spectively. My results confirmed and supported the
results of the surveys which indicated the negative
effect of nitrites and nitrates on freshwater species
that are caused by their toxicity. Thus, the negative
correlations between nitrite and nitrate concentra-
tions and the distribution of Mollusca in the Wkra
River catchment area may be explained by their phys-
iological make up. However, the concentration of ni-
trites and nitrates in the Wkra River catchment area
was much higher in comparison to those that may be
adequate to protect sensitive freshwater species as
was shown by CAMARGO et al. (2005) and CAMARGO
& ALONSO (2006). A novel finding of this survey is
that some freshwater mollusc species can tolerate
higher nitrite and nitrate concentrations in rivers
than the ranges indicated by toxicological research.
The results of the CCA ordinations also suggested
that conductivity and hardness as well as phosphate
concentrations were the parameters most associated
(statistically significant) with the distribution of P.
corneus and P. planorbis. DILLON (2000) showed that
planorbid adults and juveniles could exploit differ-
ent resources. According to PIECHOCKI (1979) and
TSIKHON-LUKANINA et al. (1998), adult specimens
of P. corneus mainly consume the decaying tissue of
vascular plants, rarely ingesting living macrophyte
tissue or algae, whereas juvenile individuals con-
sume periphytic algae. P. planorbis feeds on periphitic
algae mainly. In streamwater, phosphorus occurs as
orthophosphate (PO,*) dissolved in water and at-
tached to inorganic particles in suspension, as well
as dissolved organic molecules and in particulate or-
ganic form mainly in bacteria and detrital particles
(ALLAN & CASTILLO 2007). Algae directly assimi-
late orthophosphates, whereas other forms of phos-
phorus must be transformed into orthophosphates
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by phosphomonoesterase before its assimilation
(KAWECKA & ELORANTA 1994). Not only orthophos-
phate or the total phosphorus concentration in the
water, but also conductivity that reflected water-
shed processes and nutrient enrichment in agricul-
tural areas, were shown to be the most important
environmental factors having an influence on the
periphitic algal assemblages in rivers (HWANG et al.
2011, RUSANOV et al. 2012). Therefore, the increase
in the densities of P. corneus and P. planorbis with an
increasing concentration of orthophosphates may be
explained by their feeding preferences. A higer con-
centration of orthophosphate in the water has an in-
fluence on the increase in algae abundance, which in
turn provides food to these planorbids.

According to MOUTHON (1996a), a few mollusc
species, e.g. V. piscinalis, V. viviparus and S. corneum,
show an affinity to phosphate concentrations of
up to 4.00 mg dm or nitrites up to 1.50 mg dm=.
However, MOUTHON (1996b) also obtained a thresh-
old value of phosphate concentration in the water
above which an inhibiting effect on molluscs was ob-
served, i.e. 0.30 mg PO?- dm™. At values above 0.30
mg, phosphates and nitrates favoured proliferation of
algae that are liable to have a highly limiting effect on
mollusc populations. In contrast, my survey showed
a decreasing density of V. piscinalis and B. tentacula-
ta at values exceeding 1.10 mg PO}~ dm™ and only
two species showed an affinity to a higher phosphate
concentration: P. corneus and P. planorbis. In the Wkra
River catchment area, V. viviparus was associated with
sites with lower nitrite concentrations, whereas S.
corneum was more influenced by the substratum than
by the physical or chemical properties of the water.
It was shown that an increase in the concentration
of nitrates, nitrites and phosphates in the water
could reduce the period of activity of U. tumidus by
82 to 28% (WEBER 2005). The following threshold
values were shown: nitrates up to about 12.41 mg
NO; dm?, nitrites up to about 0.46 mg NO; dm™
and phosphates up to about 0.16 mg PO,—P dm™. In
contrast, U. tumidus was recorded in sampling sites of
the Wkra River and its tributaries with much higher
nutrient concentrations, of up to 70.44 mg NO; dm?,
0.50 mg NO; dm™ and 3.01 mg PO}~ dm™. However,
U. tumidus was simultaneously a subdominant and
an accessory species in mollusc communities in the
Wkra River (lower nutrient concentrations than in
the tributaries), and was absent from or only simul-
taneously subrecedent and accedent in the tributar-
ies (higher nutrient concentration than in the main-
stream).

This survey found that the density of molluscs
increased to 649 indiv. m™2, whereas the number of
mollusc species decreased (from 21 to 11) with a
conductivity increase above 820 uS cm. Thus, the
values of indices H' and H__ (which include the

max

density and the number of species) were highest at
lower values of conductivity, i.e. up to 520 uS cm™.
This result is consistent with those of MOUTHON
(1996b) who showed that the preferable values of
conductivity for molluscs ranged from 300 to 600
wS cm™, and also with SHIEH et al. (1999) who ob-
tained a positive correlation between conductivity
and density, and a negative one between conductiv-
ity and the number of mollusc species. For exam-
ple, the density of V. piscinalis amounted to 59 indiv.
m~ in the Wkra River catchment area and was de-
pendent on the conductivity, whereas in the Sadéne
River, its density ranged from 5.8 to 872.7 indiv. m™
and was dependent on an increase in annual water
temperature or the availability of resources (compe-
tition) (MOUTHON & DAUFRESNE 2008). This sur-
vey supports the results of PIRES et al. (2000) who
found that Planorbidae occurred at higher values of
conductivity because in the Wkra River catchment
area P. corneus and P. planorbis were recorded at sites
which not only had a higher phosphate concentra-
tion, but also higher conductivity. Conductivity
was shown to be an indicator of water quality, es-
pecially nutrient enrichment; a positive correlation
between conductivity and nutrients was recorded in
relation to agricultural areas (MARET et al. 2010).
It was demonstrated (HERBST et al. 2008) that a
significant reduction in the survival and growth of
gastropods was observed in calcium-free river wa-
ters with conductivity below 300 uS cm™. In such
waters, insufficient dissolved mineral content for
growth and shell-building impedes their develop-
ment. In the rivers of an agricultural area in Poland,
BIS et al. (2000) observed a higher density of gastro-
pods, including B. naticina, R. balthica, A. spirorbis or
G. albus, at sites with a high nutrient concentration.
However, the concentration of nitrates at these sites
was incomparably lower than those recorded at the
sampling sites of the Wkra River catchment area.
They also showed a higher density of gastropods at
higher values of conductivity, i.e. from 304 to 438
wS cm,

The results of the CCA ordinations showed that B.
tentaculata and V. piscinalis occurred at the sites with a
higher dissolved oxygen concentration in the water.
According to BOYCOTT (1936), B. tentaculata and V.
piscinalis, which are gill breathers and are unable to
come to the water's surface to gulp in air like pul-
monates, require well-oxygenated water. Thus, the
clear relationship between the distribution of these
prosobranch species and dissolved oxygen may be
explained by their physiological make up. The con-
centration of dissolved oxygen (besides substratum
particle size) was the parameter that also affected the
distribution of some unionid species most, including
U. pictorum and U. crassus in the Danube River and its
tributaries (BODIS et al. 2011).
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Freshwater molluscs are considered to be good
indicators of the quality of running waters because
they are sensitive to biodegradable pollution, acidi-
fication, concentrations of nitrites and nitrates, and
alkalinity levels (DILLON & BENFIELD 1982, CLARKE
& SCRUTON 1997, MOUTHON & CHARVET 1999,
SOUCEK & DICKINSON 2012). Thus, the decrease
in populations of molluscs may be the result of the
large-scale deterioration in the health of freshwater
ecosystems (BAUR & RINGEIS 2002). In the Wkra
River catchment area, molluscs can be biological in-
dicators of nutrient enrichment, especially the nitrite
concentration, conductivity and dissolved oxygen in
the water. The number of mollusc species decreased
with an increase in conductivity, whereas the density
of P. corneus and P. planorbis increased when the con-
ductivity and concentration of phosphates increased.
B. tentaculata and V. piscinalis may be indicators of a
higher concentration of dissolved oxygen.

5.1.4.2. Mollusc communities in relation to
velocity, river width and substratum

Abiotic factors including current velocity, sub-
stratum or water temperature are often the most
important variables that influence the distribution
and abundance of organisms in fluvial environments
(ALLAN & CASTILLO 2007). In the lowland rivers of
agricultural areas, the most important environmental
variables that affect the structure and trophic organi-
sation of stream communities including molluscs are
the riparian canopy cover, stream hydraulic process-
es, morphometry of rivers and nutrient inflow (BIS et
al. 2000, PARR & MASON 2003, PROBST et al. 2005,
VIRBICKAS et al. 2011). Ecological studies of fresh-
water ecosystems within the landscape framework
of agricultural areas have important management
implications. In the lowland rivers of agricultural
areas, large-scale properties, e.g. nutrient input, ri-
parian cover and hydraulics, are strong predictors of
the functional organisation of macroinvertebrates in-
cluding molluscs (BIS et al. 2000).

The results of the CCA ordinations revealed that
among the environmental factors, velocity, river
width and temperature were positively correlated
with the distribution of gastropod species, unionid
mussels and fingernail clams. This finding is con-
sistent with the surveys of PIRES et al. (2000) and
PROBST et al. (2005) who consider these factors to
be the most important. In rivers within agricultural
areas, the number of species increased with an in-
crease in stream width. The significance of this vari-
able may be explained by the tendency of larger areas
of stream channel to provide more diverse instream
habitats and niches; therefore, wider rivers sup-
port a higher number of species. A higher number
of mollusc species was recorded in the Wkra River,
the width of which ranges from 0.5 to 60.0 m, than

in its tributaries (width 0.8-15.0 m). According to
PEREZ-QUINTERO (2007, 2011) and MALONEY et al.
(2012), mussels, especially Unionidae, are sensitive
to variation in hydrological conditions (lower-higher
flows, velocity, river depth, bed stability) and prefer
the permanent lowland watercourses of rivers. Thus,
the higher number of unionid mussel species in the
Wkra River may be explained by its less variable con-
ditions compared to its tributaries.

The present survey revealed that in addition to
the physical and chemical parameters of the water,
the current velocity also influenced the distribution
of mollusc species, especially Unionidae: U. tumidus,
U. pictorum, A. cygnea and U. crassus. This finding is
consistent with WEBER (2005) who explained this
phenomenon as a relationship between the velocity
and the substratum. Unionids, especially juveniles,
which inhabit the upper stratum of the sediments, are
dependent on the interstitium conditions. A higher
current velocity ensures the better ventilation of the
sediments, prevents the accumulation of pollution
and reduces the sedimentation of fine-grained mate-
rial, which may clog the interstitium. What is more,
when the current velocity increases, the influence of
dissolved oxygen and the concentration of ions on
mussel populations is less visible. Flow velocity in-
fluences the burrowing behaviour of unionids, i.e. an
increase in the flow velocity causes mussels to bur-
row into the sediments (JONSSON et al. 2013).

This research found that some particle size frac-
tions of the bottom sediments and the occurrence
of macrophytes were also predictive environmen-
tal variables of mollusc distribution, e.g. R. balthi-
ca, A. lacustris, S. corneum, S. palustris and A. vortex.
Gastropod species may either feed on vascular plants
(macrophytes) directly or may graze on the microor-
ganisms that colonise the macrophytes (macrophyte
algae) (DILLON & BENFIELD 1982, CHERTOPRUD &
UDALOV 1996). It was shown that pulmonate gas-
tropods could utilise the dissolved organic mat-
ter (DOM) from living macrophytes (THOMAS &
KOWALCZYK 1997). On the other hand, the growth
of macrophytes, e.g. Ceratophyllum, may be enhanced
by the presence of pulmonate gastropods. Pulmonate
gastropods, macrophytes and the associated epi-
phytic algae and bacteria should be regarded as four
components of mutualistic relationships (THOMAS &
KOWALCZYK 1997). Bivalves mostly live on the bot-
tom and filter phytoplankton, bacteria and particu-
late organic matter from the water column, though
S. corneum or some Pisidium spp. often climb up mac-
rophytes which aids their filter-feeding. Therefore,
the association between pulmonate species, S. cor-
neum and macrophytes in the Wkra River catchment
area may be explained by their feeding mode and the
filtration process. This result is consistent with the
survey done by BODIS et al. (2011) who, based on a
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CCA analysis, showed a positive correlation between
the distribution of S. corneum or other fingernail
clams and the macrophyte occurrence.

The distribution of molluscs is highly correlated
with the substratum because they utilise the substra-
tum as a surface to crawl upon, burrow into and as
a food source (organic matter in the substratum and
algae growing on it). Therefore, A. cygnea, U. crassus,
T. fluviatilis, R. auricularia for example, prefer fine sedi-
ments and fine gravels (OKLAND 1983, DILLON 2000,
MINTON et al. 2008). CROWL & SCHNELL (1990)
claim that gastropods are associated with a larger
substratum particle size in riffles. The abundance of
Mollusca increases with an increase in substratum
particle size up to cobble size (diameter of 64-256
mm) and decreases as the substratum achieves boul-
der or rock size (BEISEL et al. 1998). This survey sup-
ports the previous research of CROWL & SCHNELL
(1990) who found that the mollusc density was pos-
itively correlated with substratum particle size (den-
sity of both gastropods and bivalves). MCRAE et al.
(2004) found significant relationships between fine
gravel and some unionid species. BODIS et al. (2011)
also highlighted the importance of substratum par-
ticle size in the distribution of bivalve species. She
showed that P. casertanum, P. nitidum or P. complanata
were associated with a coarse fraction of sediments,
whereas P. supinum was associated with sand in very
large and large rivers (the Danube River and its trib-
utaries). Pisidium species show preferences in rela-
tion to the substratum. Certain species are associ-
ated with coarser substrata (above 8 mm) because
large-pored interstitial spaces enable them to take up
oxygen-rich water but also prevent them from sink-
ing during crawling on the surface of the substratum
(MEIER-BROOK 1969). Substratum preferences by
Pisidium species in small and medium-sized rivers
(Ecoregion 14) were observed by PIECHOCKI (1987),
and PIECHOCKI & STRZELEC (1999). P. subtruncatum,
P. casertanum or P. supinum predominated in small and
medium-sized rivers with a very fine loess fraction
of sediments (which corresponds to a particle size
of 0.02-0.05 mm), whereas some species were asso-
ciated with very coarse sand (particle size 0.50-1.0
mm) as well as medium-grained sand (particle size
0.25-0.50 mm). P. supinum was associated with me-
dium-grained sand (particle size 0.25-0.50 mm),
whereas P subtruncatum avoided this sediment frac-
tion in the Wkra River and its tributaries.

VAUGHN & HAKENKAMP (2001) found that the
filtration rate of bivalves varied and depended on the
bivalve species and its size, particle size and concen-
tration, flow regime or water temperature of a river.
The filtration rate increases with temperature be-
cause the bivalve metabolic rate increases. A possi-
ble explanation of the significant correlation between
river width, temperature, particle size or velocity and

mussel distribution in the Wkra River catchment
may be that these environmental factors jointly pro-
mote favourable conditions for the filtration process.

It is evident that the mollusc distribution is rare-
ly controlled by a single environmental variable,
but results from several variables acting together
(KERNEY 1999). In rivers, it may be the result of the
interaction between alkalinity and the stream drain-
age area (DILLON & BENFIELD 1982), algal biomass,
flow rate, substrate particle sizes, depth (CROWL &
SCHNELL 1990), hydrological conditions, or bed sta-
bility (MALONEY et al. 2012). Distribution may also
be a function of food supply (DILLON & BENFIELD
1982), conductivity, permanence, river width, tur-
bidity (PEREZ-QUINTERO 2011), environmental
calcium concentration (BRIERS 2003) or nutrient
enrichment and periphyton abundance (HARDING
et al. 1999). In this context, the most predictive en-
vironmental factors in the occurrence of molluscs in
the Wkra River catchment were a few of the phys-
ical and chemical parameters of the water, selected
abiotic factors including river width, velocity, par-
ticle size of bottom sediments as well as the occur-
rence of macrophytes.

5.2. OXBOW LAKES OF THE WKRA RIVER

5.2.1. CONCENTRATION OF NUTRIENTS
AND WATER CONDUCTIVITY IN OXBOW
LAKES

Small water bodies and watercourses can create
important biogeochemical barriers which effectively
restrict the free migration of minerals and organic
substances. It was shown (JONIAK et al. 2006) that the
conductivity of water in small mid-field water bodies
located in agricultural areas with different levels of
anthropogenic transformation amounted to 1,318 uS
cm™, and that the concentration of phosphates and
nitrates reached 0.14 mg dm= and 2.35 mg dm?,
respectively (Ecoregion 14). Very similar values of
conductivity (up to 1,294 uS cm™), concentration of
phosphates (up to 0.95 mg dm=) and nitrates (up
to 2.48 mg dm=) were found by PASZTALENIEC &
PONIEWOZIK (2013) in the lentic oxbow lakes of the
Bug River which had no permanent connection to the
main river channel (Ecoregion 16). The conductivi-
ty of the water was lower but the concentrations of
phosphates and nitrites were much higher, of up to
4.64 mg dm=and 103.22 mg dm=, respectively, in
the oxbow lakes of the Wkra River, which are located
in an agricultural area of Ecoregion 16.

The high values of conductivity as well as the
concentration of chlorides and nitrates in the water
of small oxbow lakes (especially in summer), where
30% of the catchment area consists of arable fields,
indicates that the reservoirs must have sources
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of water other than the main river channel which
contains these ions, i.e. the Bug River (DAWIDEK
& TURCZYNSKI 2006). The agricultural activities in
the fields surrounding the oxbow lake could account
for the increase of chloride and nitrate ions in the
groundwater which supplies the reservoir during the
isolation phase. Thus, following this pattern, the ag-
ricultural activities in the fields, pastures or mead-
ows surrounding the lentic oxbow lakes of the Wkra
River could account for the considerable concentra-
tions of nitrites, nitrates and phosphates in the water
as well as for its conductivity.

Lower concentrations of nitrates and a higher con-
centration of phosphates were obtained in the lentic
oxbow lakes of both the Stupia River (Ecoregion 14)
and in the Lyna River (Ecoregion 16) than in the main
river channel (GLINSKA-LEWCZUK 2009, OBOLEWSKI
& GLINSKA-LEWCZUK 2011). This survey showed
lower maximum concentrations of nitrates and phos-
phates in the water of most of the oxbow lakes of
the Wkra River than in the main river channel. i.e.
the Wkra River. The relatively higher concentration
of phosphates and concentrations of other nutrients
in the Wkra River in comparison to it lentic ox-
bow lakes may be explained by their extremely high
concentration in the tributaries, i.e. the Racigznica
River (concentration of phosphates up to 11.00 mg
PO?- dm?, nitrites up to 2.64 mg NO; dm~) and the
Sona River (concentration of nitrates up to 142.20
mg NO; dm=). However, the concentrations of ni-
trites, nitrates and phosphates in the oxbow lakes of
the Wkra River were higher than those obtained in
the lentic oxbow lakes of both the Stupia River and
the Lyna River. The concentration of nutrients was
also lower in other oxbow lakes of very large rivers in
Ecoregion 16, for example in the oxbow lakes of the
Bug River (URBAN & WOJCIAK 2004, PASZTALENIEC
et al. 2006), the San River (MICHALSKA-HEJDUK et al.
2009) or in Ecoregion 14, e.g. in the oxbow lakes of
the Warta River (PENCZAK et al. 2004) and the Odra
River (SPALEK 2008a). What is more, no such ex-
tremely high concentrations of nutrients as those re-
corded in the oxbow lakes of the Wkra River or in the
Wkra River and its tributaries have been recorded to
date (DUSSART 1976, STRZELEC 1993, WILLIAMS et
al. 2003, PENCZAK et al. 2004, GALLARDO et al. 2008,
2012, SUREN et al. 2008, KOC et al. 2009, JURKIEWICZ-
KARNKOWSKA 2011, CHALUPOVA et al. 2012, RISTAU
et al. 2012, JIANG et al. 2013, PASZTALENIEC &
PONIEWOZIK 2013). However, HASSALL et al. (2011)
showed a maximum concentration of orthophos-
phates of up to 5.87 mg dm™ in lentic water bodies
- ponds (United Kingdom).

Small oxbow lakes are especially sensitive to the
local disturbances that are caused by human activ-
ity, primarily water management, land use changes
and agriculture (GALBARCZYK-GASIOROWSKA et al.

2009). Oxbow lakes, located within agricultural ar-
eas, regulate the nutrient transfer towards rivers,
mainly through the retention of matter. Thus, ox-
bow lakes prevent the rivers from a decline in wa-
ter quality. It was shown that in lentic oxbow lakes
most of the substances were withdrawn from the
system and had a tendency to accumulate in the bot-
tom sediments; they were also intensively taken up
by aquatic organisms. The effectiveness of the with-
drawal of the total inorganic nitrogen (including ni-
trites, nitrates) from lentic oxbow lakes is estimated
as 75%, HCO; as 50%, SO, by 82%, K* as 80% and
Na*as 72% compared to lotic oxbow lakes (GLINSKA-
LEWCZUK 2009). The concentration of nutrients de-
pends on their input from the river catchment area
and the nutrients that are cycling in oxbow lakes.
Macrophytes take up nutrients from autochthonous
or allochthonous sources that originate from the riv-
er catchment area. According to SZMEJA (2006), mac-
rophytes, especially Lemnaceae that cover the sur-
face of reservoirs, accumulate substantianal amounts
of nutrients. A thick layer of Lemnaceae species
covered the water surface in the oxbow lakes of the
Wkra River. Thus, the lower concentration of nutri-
ents in the oxbow lakes compared to the Wkra River
and its tributaries may be partially explained by their
uptake by macrophytes. The primary role of mussels,
especially Unionidae, is to increase the retention of
phosphorus in reservoirs by removing particles from
the water column, and, on the other hand, depositing
particles on the bottom. The phosphorus, which has
accumulated in the body of mussels, is withdrawn
from the cycling of nutrients during a certain peri-
od (lifetime of mussels) (STANCZYKOWSKA 1983,
JURKIEWICZ-KARNKOWSKA 2002). The maximum
density of Unionidae, e.g. U. pictorum and A. cygnea,
was 8 and 11 indiv. m?, respectively, in the oxbow
lakes of the Wkra River. These species may play a
significant role in phosphorus cycling in the oxbow
lakes. However, the uptake of phosphates by mus-
sels constitutes a smaller fraction of the total uptake
(NALEPA et al. 1991).

According to DODDs (2002), a typical way to
control non-point nutrient input, besides reducing
fertiliser applications or the proper timing of their
application, is keeping livestock out of streams and
ponds with fences and by providing stock tanks.
During grazing, livestock have unrestricted access
to the oxbow lakes of the Wkra River, and in some
cases to the main river channel, for drinking water.
These results showed that the concentration of ni-
trates in the water in two out of seven oxbow lakes
of the Wkra River was much higher than the thresh-
old value according to the Nitrates Directive (i.e. 50
mg NO; dm=) (COUNCIL DIRECTIVE 91/676/EEC).
ZABLOTOWICZ et al. (2010) obtained significant
differences in the concentration of nutrients in the
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water of oxbow lakes in different agricultural areas
which were dependent on the implementation the
Rules of Good Agricultural Practice. When the Rules
of Good Agricultural Practice were applied in the wa-
tershed of oxbow lakes, the concentrations of nitrate
nitrogen and phosphates significantly decreased to
0.94 mg and 0.99 mg, respectively.

5.2.2. STRUCTURE OF MOLLUSC COMMUNITIES
AND VALUES OF INDICES IN OXBOW
LAKES

In total, 30 mollusc species were recorded in
the oxbow lakes of the Wkra River (Ecoregion 16,
Eastern Plains): 19 gastropod species and 11 bivalve
species. The mollusc density ranged from 20 to 157
indiv. m? (mean: 60.1 * 34.6). For comparison,
within the same Ecoregion 16, only 12 mollusc taxa:
eight gastropods and three bivalves, were recorded in
the oxbow lakes of the Lyna River whose length and
catchment area are similar to the Wkra River (large
river according to DIRECTIVE 2000/60/EC, catchment
area of 1,000-10,000 km?) (OBOLEWSKI et al. 2009).
However, the mollusc density was higher than that
in the oxbow lakes of the Wkra River and amounted
to 358 indiv. m™. In the oxbow lakes of the Vistula
River (very large river, catchment area > 10,000
km?), STANCZYKOWSKA (1960a) recorded 19 mol-
lusc species: 12 gastropod and seven bivalve species
(Konfederatka oxbow lake) with a density of 70 to
3,000 indiv. m2. However, bivalves within the ge-
nus Pisidium were not identified to the species lev-
el and therefore they were excluded from the anal-
ysis. KOLODZIEJCZYK (2000) and KOLODZIEJCZYK &
DOLEGA (2004) found 23 taxa: 18 gastropod and five
bivalve species in another oxbow lake (individuals
within subgenus Radix, Galba and family Sphaeriidae
were not identified to the species level).

This survey showed the occurrence of 30 mollusc
species in seven of the oxbow lakes situated within a
large river catchment area, while 43 mollusc species
were recorded in the 21 oxbow lakes situated with-
in a very large river catchment area (the Bug River)
(JURKIEWICZ-KARNKOWSKA  2006). JURKIEWICZ-
KARNKOWSKA (2009) showed that the maximum
density of molluscs was 620 indiv. m™ and recorded
51 species: 33 gastropods and 18 bivalves in perma-
nent floodplain water bodies. However, the molluscs
were sampled from 121 floodplain water bodies with-
in a large sector (over 100 km) of the Bug River val-
ley (very large river according to its catchment area).

This survey showed that the density of same fin-
gernail clam species, i.e. P. henslowanum and P. subtrun-
catum, was up to 5 indiv. m?; whereas the density
of unionid mussel species was up to 11 indiv. m=.
JURKIEWICZ-KARNKOWSKA (2006) obtained a similar
density of the same fingernail clam species as well as

unionid mussel species in the oxbow lakes of a very
large river. A much higher density of unionid mus-
sels than those in the oxbow lakes of the Wkra River
was recorded by ABRASZEWSKA-KOWALCZYK (2002)
in the oxbow lakes of a large river (Ecoregion 14)
or by LEWANDOWSKI (2006) in the oxbow lakes of a
very large river (Ecoregion 16) (up to 200 indiv. m?2).

The differences in the average density of molluscs
between the oxbow lakes of the Wkra River were
statistically significant. This result is consistent with
the survey of GALLARDO et al. (2008) who obtained
statistically significant differences in the average
density of molluscs between oxbow lakes.

Within Ecoregion 14 (Central Plains), the num-
ber of mollusc species was 37 in the oxbow lakes of
the Grabia River (medium river, catchment area of
ca. 1,000 km?) (PIECHOCKI 1969) and only six mol-
lusc species were recorded in an oxbow lake of the
Stupia River (large river, catchment area of 1,000-
10,000 km?). This survey showed a similar total
number of gastropod species, i.e. 19 species, as that
recorded in the oxbow lakes of medium and large
rivers (e.g. Przemsza River, Biala Przemsza River,
Klodnica River, Brynica River) in the southern part
of Ecoregion 14 (STRZELEC 1993).

In contrast to oxbow lakes of very large riv-
ers, i.e. the Danube or the Bug River, the Vistula
River of Ecoregion 16 (KOLODZIEJCZYK & DOLEGA
2004, JURKIEWICZ-KARNKOWSKA 2006, 2009,
RECKENDORFER et al. 2006) or the large and medium
rivers of Ecoregion 14 (STRZELEC 1993, OBOLEWSKI
et al. 2009), i.e. Stupia, Przemsza, Biala Przemsza,
Klodnica, Brynica, no alien mollusc species were re-
corded in the oxbow lakes of the Wkra River.

The total number of mollusc species recorded in
the oxbow lakes of the Wkra River (30 species) com-
prised about 34% of the Polish species list (88 spe-
cies) (PIECHOCKI 2008). Both the number of mollusc
species and their density varied among the oxbow
lakes of the Wkra River, which may be dependent on
various environmental factors: lack of connectivity
with the main channel or physical and chemical pa-
rameters of the water or substratum.

Up to 21 mollusc species and a value of the
Shannon-Wiener index (H') of up to 4.01 were record-
ed from individual sampling sites in the lentic (iso-
lated) oxbow lakes of the Wkra River. JURKIEWICZ-
KARNKOWSKA (2006) found up to 12 mollusc species
and a value of the H' index of up to 3.20 in the lentic
(isolated) oxbow lakes of the Bug River as well as 15
species and a value of index of up to 3.50 in oxbow
lakes that were connected with the main river chan-
nel. Values of the H' index below 1 were obtained for
mollusc communities of shallow water bodies with
a thick layer of dark muddy sediments with a coarse
detritus admixture which were located on a former
floodplain, far from the embankment. In contrast,
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OBOLEWSKI et al. (2009) recorded up to five gastro-
pod species, no bivalve species and a value of the H'
index of up to 0.50 in lentic (isolated) oxbow lakes.
According to OBOLEWSKI et al. (2009), such low val-
ues of the H' index may be explained by advanced
succession processes and terrestrialisation, which
leads to a decline in these habitats.

These results showed that the number of mollusc
species and the value of the H' index recorded in the
isolated oxbow lakes of the Wkra River (large riv-
er according to catchment area) are comparable to
those obtained in the lentic oxbow lakes of the Bug
River (very large river) by JAKUBIK et al. (2006).

Species diversity indicates the status of the ecosys-
tem or community. A high species diversity contrib-
utes to the stability of the ecosystem (GEOWACINSKI
1996). Higher values of H' indicate a quite high bi-
odiversity in some of the oxbow lakes of the Wkra
River despite the considerable anthropogenic pres-
sure resulting from agricultural practices.

5.2.3. RARE, THREATENED AND PROTECTED
SPECIES IN THE MOLLUSC COMMUNITIES
OF OXBOW LAKES

Six of the mollusc species which were recorded
in the oxbow lakes of the Wkra River are included
in the Red List of Threatened Animals in Poland: S.
palustris, S. corvus, H. complanatus, A. cygnea, S. rivi-
cola and M. lacustre (DYDUCH-FALNIOWSKA & ZAJAC
2002, PIECHOCKI 2002). Two of them, A. cygnea and
S. rivicola, are protected by the Polish law (Dz.U.
2011a). Both S. palustris and S. corvus, whose density
ranged from 1 to 2 indiv. m? and from 5 to 6 in-
div. m?, respectively, were accedents (C < 25.0%) in
the mollusc communities in the oxbow lakes of the
Wkra River. S. palustris and S. corvus, whose density
was up to 10 indiv. m™2, were also accedents in the
mollusc communities in the permanent water bodies
of the Bug River, whereas their density was up to 13
and 66 indiv. m=, respectively, in the oxbow lakes in
the southern part of Ecoregion 14 (STRZELEC 1993,
JURKIEWICZ-KARNKOWSKA 2006, 2009).

The drainage of wetlands and riverside mead-
ows and agricultural drainage constitute a threat
to various species including H. complanatus (rare
species in Poland) and M. lacustre (vulnerable spe-
cies, VU), which are characteristic of small closed
ponds or swampy ditches (KERNEY 1999, PIECHOCKI
2008). According to KILLEEN et al. (2004), the lake
orb mussel, M. lacustre, is the most common spe-
cies in swamps, ponds, marsh drains as well as in
the well vegetated margins of rivers and canals. The
lake orb mussel was recedent in mollusc communi-
ties in oxbow lakes Ox4 and Ox6 of the Wkra River.
H. complanatus, which was subdominant in the mol-
lusc communities, occurred only in one out of seven

oxbow lakes of the Wkra River. For comparison,
M. lacustre and H. complanatus were subrecedents in
mollusc communities in water bodies of the lower
Bug River floodplain (JURKIEWICZ-KARNKOWSKA &
KARNKOWSKI 2013).

According to the European Red List of Non-
marine Molluscs (CUTTELOD et al. 2011), 75 spe-
cies (8.8% of European mollusc species) are classi-
fied as Near Threatened (NT), including A. cygnea.
In Poland, in addition to the protection provided
by law, A. cygnea is listed in both the Red Book and
the Red List of Threatened Animals as Endangered
(EN) (DYDUCH-FALNIOWSKA & ZAJAC 2002, ZAJAC
2004c). A. cygnea, which is a Palaearctic species, oc-
curs primarily in shallow eutrophic water bodies,
oxbow lakes and lakes, slowly flowing rivers, artifi-
cial ponds, canals and dam reservoirs in the lowland
part of the country. According to ABRASZEWSKA-
KOWALCZYK (2002), A. cygnea is a typical species
of floodplain water bodies. In Poland, A. cygnea is a
rare species that is characteristic mainly of stagnant
waters, and a decline in its population has been ob-
served since the 1950s. The major threats to A. cyg-
nea are habitat degradation which results from the
destruction of small shallow reservoirs including ox-
bow lakes, and water pollution as well as the decline
in the quality of habitats in rivers and lakes (ZAJAC
2004c, PIECHOCKI 2008). This survey showed that
the density of A. cygnea, which was subdominant in
the mollusc communities, was up to 11 indiv. m=.
The density of A. cygnea amounted to 10 indiv. m~ in
the permanent water bodies of the Bug River (very
large river, Ecoregion 16) which is characterised by
a low nutrient concentration and higher concentra-
tion of calcium and dissolved oxygen, or 16 indiv. m™
in the oxbow lakes of the Pilica River (large river,
Ecoregion 14) (ABRASZEWSKA-KOWALCZYK 2002,
JURKIEWICZ-KARNKOWSKA 2006, 2009, 2011). A.
cygnea was eudominant in the mollusc community in
an isolated oxbow lake of the Vistula River (Jeziorko
Czerniakowskie, landscape nature reserve, Ecoregion
14) (KOLODZIEJCZYK 2000, KOLODZIEJCZYK &
DOLEGA 2004). In contrast, the density of A. cygnea
was up to 65 indiv. m™ in a young artificial pond on
a peat excavation site, surrounded by extensively uti-
lised meadows (OZGO & ABRASZEWSKA 2009).

5.2.4. SELECTED ENVIRONMENTAL FACTORS
AFFECTING OXBOW LAKE MOLLUSC
COMMUNITIES

The physical and chemical parameters of the
water including pH, concentration of calcium, total
phosphorus, conductivity, alkalinity or hardness have
usually been cited as major factors that influence the
structure of mollusc communities in natural lentic
habitats (DUSSART 1976, BENDELL & MCNICOL 1993,
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BRIERS 2003, HEINO 2000, HASSALL et al. 2011). The
distribution of freshwater molluscs in these habitats
not only depends on the physical and chemical pa-
rameters of the water, but is also a function of abiotic
and biotic factors, e.g. substratum, organic matter
content and types of bottom sediments, habitat and
food selection, interspecific competition, predation,
pollution and surface area of the water body, all of
which act together (KOLODZIEJCZYK 1984, LODGE
et al. 1987, SAVAGE & GAZEY 1987, CHERTOPRUD &
UDALOV 1996, CARLSSON 2001, OERTLI et al. 2002).
Different studies also stressed the importance of
food (BRONMARK 1989, KORNJOW 1996, KORNJOW
& SCIBOR 1999a, PEETERS et al. 2004).

Among the many environmental variables which
were considered in canonical correspondence analy-
sis (CCA), only nitrates, nitrates, dissolved oxygen,
water temperature and three different particle size
classes of the substratum were the parameters most
associated (statistically significant according to the
forward selection results) with the distribution of
mollusc species in the oxbow lakes of the Wkra River.
Some authors pointed out that the main environmen-
tal factors that acccounted for most of the variabili-
ty in the mollusc community structure in floodplain
water bodies including oxbow lakes were the phys-
ical and chemical parameters of the water, i.e. con-
centration of dissolved oxygen, chlorides, nutrients,
permanence of the water body, its size and depth,
types of bottom sediments, insolation and hydrolog-
ical connectivity or even complexity of woody debris
(ABRASZEWSKA-KOWALCZYK 2002, SCHNEIDER &
WINEMILLER 2008, JURKIEWICZ-KARNKOWSKA 2009,
OBOLEWSKI 2011a, FUNK et al. 2013). SUREN et al.
(2008) found that gastropods and bivalves (only
Sphaeriidae) were restricted to wetlands (including
ponds) with a higher pH and conductivity combined
with a lower nitrite-nitrogen concentration (mean
concentration of up to 3.50 ug N-NO, dm™ in the
water). This concentration of nitrate-nitrogen is in-
comparably lower than that recorded in the oxbow
lakes of the Wkra River.

This survey revealed that nitrites, nitrates, dis-
solved oxygen and water temperature were the pa-
rameters most associated (statistically significant)
with the distribution of mollusc species, e.g. V. pis-
cinalis, A. lacustris, Ph. fontinalis, P. planorbis, G. albus,
G. crista, S. nitida or S. corneum in the oxbow lakes
of the Wkra River. The concentration of both ni-
trites (up to 3.30 mg NO; dm~) and nitrates (up to
103.22 mg NO; dm~) negatively influenced the mol-
lusc communities in these water bodies. Although
the concentration of nitrites and nitrates was rela-
tively high in the Wkra River and its tributaries as
well as its oxbow lakes, the total number of mollusc
species was negatively correlated with both nitrites
and nitrates of the latter water bodies. For example,

DUSSART (1979) obtained a negative correlation be-
tween the density of B. tentaculata and the nitrate
concentration and a positive one with the density of
G. albus. In contrast to the oxbow lakes of the Wkra
River, the mean concentration of nitrates in the wa-
ters surveyed by DUSSART (1979) amounted to only
5.70 mg NO; dm™. The permanence, depth, flow and
altitude were the main environmental variables that
explained the composition of the macroinvertebrate
communities, including molluscs, in the water bod-
ies of an agricultural area in southern England, even
when the concentration of nitrates was up to 38.30
mg NO; dm in ponds or up to 19.80 mg NO; dm™
in rivers and streams (WILLIAMS et al. 2003). The
main toxic effects of nitrites and nitrates on mac-
roinvertebrates including gastropods, unionids and
fingernail clams was discussed earlier in relation to
running waters, i.e. the Wkra River and its tributar-
ies; therefore, similar toxic effects of these parame-
ters may be expected in relation to the mollusc com-
munities of the oxbow lakes of the Wkra River. In the
oxbow lakes of the Wkra River, the concentration of
nitrites and nitrates as well as its threshold values,
above which an inhibiting effect on mollusc commu-
nities is seen, were higher than the threshold values
given by MOUTHON (1996b) for rivers, i.e. 0.30 mg
NO; dm™ and 20.00 mg NO; dm™. This novel find-
ing is in contrast to MOUTHON’s (1996b) results,
because in the oxbow lakes of the Wkra River the
threshold values above which the number of mollusc
species decreased amounted to 0.43 mg NO; dm™
and 38.22 mg NO; dm™. These negative correlations
between nitrite and nitrate concentrations and the
distribution of Mollusca in the oxbow lakes of the
Wkra River may be explained by a similar pattern of
toxic effects as in the Wkra River and its tributaries.
GALLARDO et al. (2008) showed that a threshold ni-
trate concentration of 40.00 mg NO; dm~ caused ap-
parent changes in composition, density and diversity
of macroinvertebrates.

This survey revealed a negative correlation be-
tween the density of P amnicum and the water tem-
perature or the diameter of sand particles (medium:
0.25-0.50 mm), whereas there was a positive cor-
relation with medium and coarse gravel (10.0-20.0
mm). P amnicum (the river pea mussel) is a lowland
species typical of clean, moderately hard, running wa-
ter in rivers; it occasionally inhabits lakes (DYDUCH-
FALNIOWSKA 1982, KERNEY 1999, KILLEEN et al.
2004). Some studies reported that P. amnicum pre-
ferred sites with finer sediments and high organic
matter content (2.8-16.1%) in rivers, but that it also
occurred on coarser sediments and at a lower organic
matter content (0.6-3.0%). In contrast to rivers, the
river pea mussel was recorded on coarser bottom sed-
iment (i.e. medium and coarse gravel) and at a medi-
um to high (1.36-8.89%) organic matter content in
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the bottom sediment in the oxbow lakes of the Wkra
River. On the other hand, ALLAN & CASTILLO (2007)
stated that sand was generally considered to be un-
suitable for macroinvertebrates due to its instability
and the tight packing of sand grains which reduced
the trapping of detritus and could limit the availa-
bility of oxygen. This phenomenon may explain the
negative correlation between P. amnicum and medium
sand and the positive one with medium and coarse
gravel in the oxbow lakes of the Wkra River.

Environmental variables, i.e. water temperature
or dissolved oxygen, depend on each other and it is
impossible to consider them separately. Water tem-
perature has an influence on metabolism, growth,
feeding rates, fecundity and survival behaviour of
macroinvertebrates. In lentic oxbow lakes, the wa-
ter temperature and the concentration of dissolved
oxygen vary to a great degree depending on the sea-
son and fluctuations in the main river water table.
Therefore, the highest concentration of dissolved ox-
ygen is observed during spring, just after snow-melt-
ing flooding and in periods of high hydrological in-
tensity water cycling, whereas the lowest values are
observed in summer (KALINOWSKI et al. 2011). Thus,
in this survey, the negative correlation between the
density of P. amnicum and the water temperature or
the diameter of the particles (medium-grained sand)
and the positive one with medium and coarse grav-
el may be explained by the physiological make up of
this species.

Benthic macroinvertebrates including molluscs
are dependent on the substratum that they crawl on
or to burrow into. Hard inorganic substrata, such as
stones or pebbles, are usually covered by algae and
therefore many species can feed on their surface. An
increasing diversity in the substratum is correlated
with an increasing mollusc diversity (OKLAND 1990).
Because gastropods are more mobile, they can fix
themselves anywhere with their adhesive feet in con-
trast to bivalves which are more dependent on the
substratum than gastropods (BOYCOTT 1936). The
highest density of Mollusca, of up to 1,144 indiv. m?,
was recorded on the muddy bottom in contrast to the
sandy-muddy and sandy bottom in the Konfederatka
oxbow lake of the Vistula River (Ecoregion 16)
(STANCZYKOWSKA 1960a). PAN et al. (2012) con-
firmed that in alluvial floodplains, which include ox-
bow lakes, a gravel substratum supported a higher
density of macroinvertebrates including Mollusca
than a sandy substratum. In the oxbow lakes of the
Wkra River, three size classes of the substratum
were most associated with the distribution of mol-
luscs: medium and coarse gravel, medium sand as
well as coarse and very coarse gravel. These results
revealed that the density of unionid species, e.g. A.
cygnea, A. anatina and U. pictorum, was correlated with
medium-grained sand (particle diameter 0.25-0.50

mm) and with a higher water temperature. This
finding is in accordance with the survey of KERNEY
(1999) and KILLEEN et al. (2004) who showed that
A. cygnea avoided gravelly and rocky substrates and
preferred a firm sandy bottom in which it could bur-
row. Besides, A. cygnea is often the sole large mussel
species inhabiting a silt-rich substratum because it
is able to lie on its side and remain at the sediment-
-water interface without sinking. These results also
confirm the survey of CLEMENTS et al. (2006) who
found that unionid bivalves exhibited a preference
for a sandy substratum. In reservoirs, the parame-
ters that were most associated with a high mollusc
richness, besides pH, were the substrate grain sizes.
ABRASZEWSKA-KOWALCZYK (2002) also showed that
A. cygnea, which preferred muddy or sandy sediments
with superficial layer of mineralised silt and fine-
grained sediments of 0.063-0.123 mm, was a typi-
cal species of floodplain water bodies. According to
BOYCOTT (1936), A. cygnea and U. pictorum abound
in reservoirs without any pulmonates or operculates
which illustrates the dependence of bivalves on the
types of bottom. These results support his survey,
because A. anatina, U. pictorum and A. cygnea were
the species associated with the sandy substratum.
However, R. auricularia with its adhesive foot can effi-
ciently crawl on sand. A. cygnea was recorded in three
out of seven oxbow lakes, in which the upper range
of nitrates concentration in the water was lower than
that in other oxbow lakes. Thus, the occurrence of A.
cygnea and other unionid species in oxbow lakes was
affected by the temperature and the sandy substra-
tum rather than by nitrates.

The type of substratum influences Gastropoda
when parts of it serve as food sources. Gastropods
mainly feed on decayed remains of macrophytes or
algae which they scrape off leaves of macrophytes,
mud, stones and other surfaces (BOYCOTT 1936,
(@KLAND 1990). L. stagnalis and P. corneus inhabit all
categories of substratum and consume a wide variety
of food. Moreover, they are more abundant in reser-
voirs surrounded by cultivated fields, pastures and
lands (PKLAND 1990). Viviparids not only feed on
detritus but also on diatoms, some filamentous al-
gae and blue-green algae (TSIKHON-LUKANINA et al.
1998, DILLON 2000). Viviparids were observed on
both rocky sediments and fine particulate sediments,
depending on the diatom patches. They aggregated
at one point if only diatom patches were available as
source of food. Thus, the distribution of viviparids
may be more a function of the availability of food
in the substratum than its texture (DILLON 2000).
JAKUBIK (2012) observed seasonal dynamics in the
density of V. contectus in different habitats including
both lentic oxbow lakes and oxbow lakes connected
with the main river. In summer, V. contectus formed
aggregations in the near-shore zones that were larger
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in comparison to those formed in spring or autumn.
Thus, in the oxbow lakes of the Wkra River, the re-
lationship of L. stagnalis, P. corneus and V. contectus
with coarse and very coarse gravel between or among
which they can scrape off food may be explained by
their feeding habits.

The organic matter content in bottom sediments
ranged from 0.54% to 8.89% in the oxbow lakes
of the Wkra River. These values comprised class-
es of organic matter content from low (< 1.0%) to
high (4.1-10.0%) according to the classification of
VERDONSCHOT (2001). KocC et al. (2009) reported
a maximum organic matter content in bottom sed-
iments higher than those in the oxbow lakes of the
Wkra River (up to 24.3%, oxbow lakes of a large river);
the same is true of JURKIEWICZ-KARNKOWSKA (2009)
and JURKIEWICZ-KARNKOWSKA & KARNKOWSKI
(2013) (10-80%, oxbow lakes of a very large river).

The relationship between the species composi-
tion of Mollusca and the organic matter content in
the bottom sediments was not statistically significant
in the oxbow lakes of the Wkra River. JURKIEWICZ-
KARNKOWSKA & KARNKOWSKI (2013) showed a neg-
ative influence of the organic matter content in the
bottom sediments on the species richness in the water
bodies of the lower Bug River floodplain. This neg-
ative correlation was explained by a high proportion
of transformed organic matter, which was resistant to
degradation and biologically unavailable in water bod-
ies that represented advanced successional stages.

The organic matter content may vary depending
on the hydrological connectivity of oxbow lakes with
the main river channel, for example from 0.23% to
3.97% (from low to medium organic matter content)
in oxbow lakes connected with the main river chan-
nel or from 0.07% to 31.39% (from low to very high
organic matter content) in the lentic oxbow lakes of
the Bug River (JAKUBIK et al. 2006, JAKUBIK 2012).

In the oxbow lakes of the Wkra River, 28 taxa of
macrophytes were recorded. Most of these species,
including N. lutea, H. morsus-ranae and other pleu-
stonic species, S. aloides, A. calamus or free submersed
species like E. canadensis and M. spicatum, are typical
of eutrophic as well as lentic (isolated) oxbow lakes
(PIECHOCKI 1969, PODBIELKOWSKI & TOMASZEWICZ
1996, KOLODZIEJCZYK 2000, OBOLEWSKI & GLINSKA-
LEWCZUK 2011, MROzZ 2012, PASZTALENIEC &
PONIEWOZIK 2013).

Four of the six species of Lemnaceae known in
Poland (WOJCIAK & URBAN 2009) occurred in the
oxbow lakes of the Wkra River. The most common
duckweed, which is typical of oxbow lakes, i.e. L. mi-
nor, was recorded in all of the studied oxbow lakes.
L. gibba, which is rarely found in oxbow lakes, is a
nitrophilous species that is known from scattered
sites in Poland (WOJCIAK & URBAN 2009). According
to SZMEJA (2006), L. gibba not only prefers waters

with a higher nitrogen concentration, but also with
a higher conductivity and pH above 7.0. It was re-
corded in five of the seven roxbow lakes of the Wkra
River which had a relatively high concentration of
nitrites and nitrates in the water as well as higher
values of conductivity.

In contrast to many authors (STANCZYKOWSKA
1960b, DVORAK & BEST 1982, DVORAK 1987, 1996,
KORNIOW et al. 1990, KORNJOW 1996, KORNJOW
& SCIBOR 1999b) who highlighted the significant
relationship between macrophytes and macroinver-
tebrates including molluscs in oxbow lakes or small
and shallow lakes, the results of the CCA analysis
in this survey showed that macrophytes were not
the environmental variable that was most associat-
ed (statistically significant according to the forward
selection results) with the distribution of mollusc
species. For example, BROCK & VAN DER VELDE
(1996) found that nymphaeid macrophytes played an
important role for macroinvertebrates by providing
conditions and microhabitats that do not exist in and
above macrophyte-free sediments. They showed that
the number of macroinvertebrate taxa including mol-
luscs, their density and biomass were considerably
higher in a Nymphoides-site in contrast to an open
water site which was devoid of macrophytes (open
water, macrophyte-free biotope). The sediment com-
partment that is rooted by nymphaeid macrophytes
may be favourable to macroinvertebrates including
molluscs because the roots stabilise the sediment
structure and thus protect them from predation by
benthic-feeding fish. In addition, the roots of some
species release oxygen into the sediments. Moreover,
fine detritus particles and bacteria are important
food sources for mussels including U. pictorum, A.
anatina and U. tumidus (Unionidae) and these types
of food are more available in nymphaeid-dominated
sites than in open water sites (BROCK & VAN DER
VELDE 1996). Nymphaeid species, e.g. N. lutea, were
recorded in all of the oxbow lakes of the Wkra River,
but Unionidae occurred only in four of the seven ox-
bow lakes. However, all of the unionid species were
sampled in the nympaheid-dominated sites in the
oxbow lakes of the Wkra River.

Erosive flooding and flow pulses, acting at differ-
ent time-scales, control connectivity in the riverine
landscape which includes aquatic habitats, floodplain
surface and riparian zone (TOCKNER et al. 2000).
Hydrological connectivity between the river and its
associated water bodies including oxbow lakes is
the principal factor which influences biogeochemical
fluxes, the fod-web stucture and is often considered
to be the potential driver structuring benthic mac-
roinvertebrates including molluscs (TOCKNER et al.
1999, RECKENDOREFER et al. 2006, GALLARDO et al.
2008, OBOLEWSKI 2011b, PAN et al. 2012). Periodical
flood events cause changes in lentic oxbow lakes that
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include the physical and chemical parameters of the
water and sediments and also the accessibility of al-
lochthonous matter and aquatic organisms, thereby
regulating the aerobic conditions in water (GLINSKA-
LEWCZUK 2009, KALINOWSKI et al. 2011). The flood
events affect the ecological function of oxbow lakes
for the biota (HEIMANN et al. 2011) as well as the
structure of mollusc communities (MALTCHIK et al.
2005). According to JAKUBIK et al. (2006), lentic (iso-
lated from the river) oxbow lakes show a lower spe-
cies diversity of benthic macroinvertebrates includ-
ing molluscs than oxbow lakes that are connected
with the main channel. They recorded from 13 to 14
mollusc species in oxbow lakes connected with the
mainstream and 8-13 in lentic oxbow lakes.

According to PIECHOCKI (1969), the isolation of
oxbow lakes from the main channel causes disap-
pearance of rheophilous species. A. vortex, Ph. fonti-
nalis, L. stagnalis, P. corneus, B. contortus, S. corneum, V.
contectus and B. tentaculata were the most numerous
species in the lentic oxbow lakes of the Grabia River,
whereas the percentage of typical fluviatile species,
e.g. A. anatina, U. tumidus, P. amnicum and P. hen-
slowanum, in the mollusc communities was smaller
(PIECHOCKI 1969). The results of the present study
showed that common species, which are usually
found in still waters: L. stagnalis, P. corneus, and A.
vortex, were eudominants, whereas V. contectus, B. ten-
taculata, A. lacustris and R. balthica were dominants in
the mollusc communities in the lentic oxbow lakes
of the Wkra River. Typical fluviatile species, such as
A. fluviatilis, P. amnicum and P. supinum, were also re-
corded, but only in one out of seven oxbow lakes,
which was located closer to the Wkra River than the
other oxbow lakes (Ox6). However, they were sub-
recedents or recedents in the mollusc communities.
Thus, these results are consistent with the survey of
PIECHOCKI (1969).

According to PIECHOCKI (1969), V. contectus is a
typical species in lentic oxbow lakes. These results
confirmed his survey. In the lentic oxbow lakes of the
Wkra River V. contectus was dominant in the mollusc
communities in contrast to semi-lotic or lotic oxbow
lakes, where V. viviparus or B. naticina and V. piscina-
lis were eudominant (STANCZYKOWSKA 1959, 1960a,
¢, OBOLEWSKI et al. 2009). This survey showed that
V. contectus and four other species, i.e. L. stagnalis, P
corneus, A. vortex, and S. corneum, were euconstants
in the mollusc community of lentic oxbow lakes
(C = 75.1-100.0%). Only one species, A. vortex, was
euconstant in the lentic oxbow lakes of the Grabia
River (PIECHOCKI 1969) and three species: B. tentacu-
lata, L. stagnalis and P. corneus, were euconstants in the
mollusc community of permanent water bodies of the
Bug River valley (JURKIEWICZ-KARNKOWSKA 2009).

RECKENDORFER et al. (2006) claimed that bivalve
species, for example U. tumidus and U. pictorum, were

common in mollusc communities in water bodies
connected with the main stream, whereas such pul-
monate species as P. corneus, L. stagnalis or A. vortex
were common in isolated (disconnected) water bod-
ies. What is more, species that are typical of isolated
water bodies are characterised by a higher resistance
to desiccation, better adaptation to higher water
temperature or lower dissolved oxygen concentra-
tion (physiological make-up). These results partially
confirm the survey by RECKENDORFER et al. (2006).
In the isolated oxbow lakes of the Wkra River L. stag-
nalis, P. corneus and A. vortex, which are more resistant
to desiccation than other species, were observed in
all of the oxbow lakes (eudominants or dominants).
Bivalve species, e.g. U. pictorum, A. cygnea or A. ana-
tina, were also recorded (3 out of 7 oxbow lakes).
However, U. tumidus occurred only in one oxbow lake
Ox6, which is situated in the vicinity of the Wkra
River. According to JAKUBIK (2012), the density of
V. contectus was similar in both types of oxbow lakes:
isolated and connected with river (up to 30 indiv.
m™). In contrast, the maximum density of V. contectus
recorded in the oxbow lakes of the Wkra River was
only half the number that was obtained by JAKUBIK
(2012).

The values of the H' indices calculated for the
mollusc communities of the oxbow lakes of the Wkra
River (Ox3, Ox6) were even higher than those re-
corded for semi-lotic or lotic as well as permanent
water bodies within a 140 km section of the lower
Bug River valley (JURKIEWICZ-KARNKOWSKA 2006,
2011). The number of mollusc species was relatively
high (21-23 species) and the quantity ratio (number
of specimens of each species) was relatively evenly
balanced in the mollusc communities in oxbow lakes
Ox3 and Ox6 of the Wkra River, and therefore, this
reflected high values of the H' index. The relatively
high total number of mollusc species reflecting high-
er values of the H' index in the oxbow lakes Ox6 or
Ox3, which are located in the vicinity of the river, may
be explained by the flooding and flow pulses concept
(TOCKNER et al. 1999, 2000, RECKENDORFER et al.
2006). Flooding and flow pulses, acting at different
time-scales, may control temporary connectivity be-
tween the main river channel and the oxbow lakes
of the Wkra River, and therefore exchange of the
mollusc species is possible. For example, the same
12 mollusc species were recorded both in the oxbow
lake Ox6 and in the main river channel (site W15).

5.2.5. OXBOW LAKE HABITATS AS REFUGES
AND THEIR SIGNIFICANCE FOR
BIODIVERSITY CONSERVATION

Under Annex 1 to COUNCIL DIRECTIVE 92/43/
EEC (1992) of the EU and its consolidation version
of 01.01.2007, which includes the latest version of
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the annexes as well as the Polish legislation (Dz.U.
2012b), oxbow lakes are protected natural habitats
(code 3150). According to these Directives, oxbow
lakes, which constitute natural habitat types that are
of interest to the EU Community, require designa-
tion as special conservation areas within the Habitats
Directive Natura 2000 as the subtype “Eutrophic ox-
bow lakes and natural, small reservoirs” (code 3150-
2) (MROz 2012). The phytosociological indicators of
such a type of habitat include submerged unattached
macrophytes (Potamion and partly Nymphaeion) and
floating attached as well as floating unattached mac-
rophytes (Lemnetea). Although this survey was not
carried out in terms of the natural habitat types that
are of interest to the EU Community, some macro-
phyte species that are characteristic of these phytoso-
ciological indicators of the habitat were recorded in
the oxbow lakes of the Wkra River.

It was shown that oxbow lakes provided unique
habitats for many macrophyte species, e.g. Nymphaea
candida C. Presl, Trapa natans L. S. L., Salvinia natans,
N. lutea, Utricularia vulgaris L. and Nymphaea alba L.
(JAKUBSKA & KAZUN 2005, SPALEK 2008a, 2008b,
MICHALSKA-HEJDUK et al. 2009), which are legally
protected (Dz.U. 2012a). This type of reservoir also
supports uncommon species that are of a specific
conservation interest, e.g. Azolla filiculoides Lam., a
free-floating fern, which only occurs in a few localities
including oxbow lakes (SZCZESNIAK et al. 2009) or
Ceratophyllum submersum L. (PROCKOW & PROCKOW
2008). Moreover, stratiotes beds (Stratiotes aloides)
may create a specific habitat and refuge for plankton-
ic and bentho-planktonic crustaceans (STRZALEK &
KOPERSKI 2009), for epiphytic macrofauna including
S. corvus, L. stagnalis and A. lacustris (OBOLEWSKI 2005)
as well as for other mollusc species (OBOLEWSKI et
al. 2013). In the oxbow lakes of the Wkra River, rare
and legally protected macrophyte species were also
recorded, while stratiotes bed only occurred in one
oxbow (Ox4).

Oxbow lakes and other small water bodies can
contribute significantly to regional biodiversity; they
maintain river valleys biodiversity and constitute hab-
itats for many precious, rare or disappearing species.
It was shown (WILLIAMS et al. 2003) that the num-
ber of macroinvertebrate species was higher in small
water bodies of agricultural areas compared to lakes,
streams and rivers. Small water bodies offer patches
for high aquatic biodiversity including invertebrates
and macrophytes even within intensely farmed

SUMMARY AND CONCLUSIONS

A larger river (the Wkra River) provides more
diverse instream habitats and niches than medi-
um-sized or small rivers (tributaries of the Wkra

agricultural areas (SAYER et al. 2012). CLEMENTS et
al. (2006) recorded high species richness in small res-
ervoirs, and therefore they highlighted their impor-
tance for the conservation of molluscs providing that
the water pH was near neutral. This survey showed
opposite results, i.e. a higher number of mollusc spe-
cies was recorded in the Wkra River (40 species) in
comparison to the oxbow lakes of the Wkra River (30
species). The phenomenon may be explained by the
hydrological isolation of the oxbow lakes of the Wkra
River along with the increased nutrient and salt con-
centration in the water which may be responsible
for the lower diversity of Mollusca than in the Wkra
River. This result confirms the survey of GALLARDO
et al. (2012) who showed that the lack of hydrolog-
ical connectivity and eutrophication were the main
drivers of low macroinvertebrate biodiversity and
abundance, including Mollusca.

On the other hand, newly created wetlands (ox-
bow lakes), for example in degraded areas of flood-
plains, increase heterogeneity and provide new
habitats that play key roles in the ecosystem from nu-
trient removal to carbon storage, pollutant removal,
water storage during floods or water provision dur-
ing droughts, as well as constituting wildlife refuges
(GALLARDO et al. 2012). More mobile species occur
in the newly created oxbow lakes, and after that
they begin to appear in existing natural oxbow lakes
and vice versa. Less mobile species appear in newly
created wetland after a certain period of time thus
enhancing the local biological diversity of the flood-
plain. For example, at first, dragonflies, Trithemis an-
nulata (P. de Beauv.) and Coenagrion scitulum (Ramb.)
occurred in a newly created oxbow lake and after that
they appeared in the existing natural oxbow lakes
(GALLARDO et al. 2012).

Oxbow lakes are also habitats for biota that have
been restored after an intense high water-level period
(PAKULNICKA & NOWAKOWSKI 2012). These water
bodies, which are continuously or periodically con-
nected with the main river channel, are indispens-
able for maintaining high biodiversity; even during
low discharge many species can successfully com-
plete their life cycle in them (PENCZAK et al. 2004,
PAKULNICKA & NOWAKOWSKI 2012). In summary,
oxbow lakes together with rivers and hydrological
catchment areas may create a unique valuable eco-
system which contributes to the natural diversity of
such areas.

River). Consequently, a higher number of mollusc
species (40 species), including some that are rare,
vulnerable, threatened or legally protected, e.g.



148

Iga Lewin

- - g

Borysthenia naticina, Unio crassus or Pseudanodonta com-
planata, was recorded in the Wkra River than in its
tributaries (32 species).

The mollusc communities in the Wkra River catch-
ment area, including Unio crassus, one of the species
of Community interest whose conservation requires
designation of special conservation areas within
the Habitats Directive Natura 2000, are influenced
by several environmental factors acting together. In
addition to the nutrient concentration, conductivity,
hardness, water temperature or dissolved oxygen,
hydrological conditions, size of sediment particles
and the occurrence of macrophytes are important
(statistically significant). Among environmental fac-
tors, anthropogenically elevated concentrations of
nitrites and nitrates in the water are the most predic-
tive parameters that negatively (stressors) influence
the structure of mollusc communities.

Compared to the Wkra River, its tributaries are
more influenced by nutrient input from diffuse and
point sources of pollution (higher concentration
of phosphates, nitrites and nitrates in the water).
Despite the establishment of one of 21 areas of Nitrate
Vulnerable Zones (NVZs) designated in Poland in the
Sona River catchment area in accordance with the re-
quirements of the COUNCIL DIRECTIVE 91/676/EEC
(called the Nitrates Directive), the concentration of
nitrates is still high, up to 142.20 mg NO; dm™. The
present results also show a relatively high concentra-
tion of nitrates not only in the Sona River, but in the
Wkra River (up to 87.71 mg NO; dm~) and the other
tributaries (up to 136.00 mg NO; dm) as well as in
some of the oxbow lakes of the Wkra River (up to
103.22 mg NO; dm=). The concentration of nitrates
of an agricultural origin in these habitats is still high-
er than the trigger threshold value set in the Nitrates
Directive, e.g. 50 mg NO; dm™.

The long-term survey made it possible to ascer-
tain the ranges of the environmental variables, which
influenced the structure of the mollusc communities
in the Wkra River catchment area. A novel finding of
this survey is that some mollusc species tolerate wid-
er ranges of some environmental factors than was ex-
pected, however only up to certain, threshold values.

The present survey shows that some gastropod
species are more tolerant to relatively high nutrient
concentrations in the water in comparison to unionid
mussels or fingernail clams excluding Sphaerium cor-
neum. Pulmonate gastropod species, e.g. Planorbarius
corneus, Planorbis planorbis and Lymnaea stagnalis occur
at river sites with an upper limit of nitrate concentra-
tion of up to 142.20 mg NO; dm and unionid mus-
sels with an upper limit of up to 87.71 mg NO; dm™.
Some gastropod species were recorded at sampling
sites with an extremely high phosphate concentra-
tion (up to 9.56 mg PO?- dm=). Unionidae are less
tolerant to a relatively high concentration of nutrients

in the water compared to gastropods or sphaeriids.
Among the sphaeriid species recorded in the Wkra
River catchment area, Sphaerium corneum is the most
tolerant and was recorded at river sites with the up-
per limit of nitrates (up to 136.00 mg NO; dm™), ni-
trites (up to 2.64 mg NO; dm=) and phosphates (up
to 8.98 mg PO?- dm™). The present results revealed
the maximum values of some physical and chemical
parameters of the water within which mollusc spe-
cies are able to survive. A novel finding of this survey
is that some freshwater mollusc species can tolerate
higher nitrite and nitrate concentrations in rivers
than the ranges shown by both toxicological research
and field surveys.

The present results confirmed both the field and
the toxicological research of the negative effect of ni-
trites and nitrates, which is caused by their toxicity
to freshwater molluscs. However, the concentrations
of nitrites and nitrates in the Wkra River catchment
area were much higher in comparison to those that
may be adequate to protect sensitive freshwater spe-
cies as indicated by toxicologists. Even though high
nutrient concentrations in the water were recorded,
which can lead to reduction in aquatic biodiversity
that favours invasive species over native species, this
phenomenon has not yet been observed in the Wkra
River catchment.

A novel finding of this survey is that Unio cras-
sus is more tolerant to a relatively high concentra-
tion of nitrates and also to nitrites and phosphates
in the water than was previously expected and that
it may survive in rivers with relatively high nutrient
concentrations. However, a decline in the abundance,
density and number of mollusc species was record-
ed in the Wkra River and its tributaries in the last
year of the survey. The present results confirm the
global trend in a decline in the mollusc populations,
especially mussels. Therefore, under Annexes II and
IV to COUNCIL DIRECTIVE 92/43/EEC (1992) of
the EU and its consolidation version of 01.01.2007,
which includes the latest version of the annexes and
the Polish legislation, some mollusc species, includ-
ing Unio crassus, are regarded as species that are of
Community interest whose conservation requires
designation of special conservation areas within the
Habitats Directive Natura 2000.

Most unionid species are relatively long-lived or-
ganisms. Unio crassus may live even up to 75 years.
Relic populations can be found many years after
recruitment has stopped, which has been attribut-
ed to the pollution of the water that has especial-
ly affected juveniles or the loss of the obligate host
fish species. Due to the fact that juveniles (< 30.0
mm shell length) of Unio crassus were observed in
the Wkra River, which confirms that recruitment is
still occurring, conservation measures should be un-
dertaken not only in terms of Unio crassus but also
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other endangered or rare mollusc species, paying
special attention to unionid species. These conser-
vation measures should include minimising manage-
ment operations in the stretches of the river in which
larger unionid populations are present; appropriate
fish farming in order to minimise the forms of man-
agement, that may lead to the disappearance of host
fishes or removing large mussels; reducing pollution
from both point and non-point sources of nutrient
input into surface freshwaters and groundwaters and
implementing a wider distribution of the Rules of
Good Agricultural Practice with the objectives of re-
ducing nitrate pollution.

The highest mean value of the Shannon-Wiener
index (H') of 3.20 was recorded at a sampling site
located in the lower course of the Wkra River (site
W23), above the stretch of the river which is includ-
ed into both the area of Natura 2000 (PLH 140005)
and the nature reserve “Dolina Wkry”. A relatively
high species diversity as measured by the Shannon-
Wiener index was recorded at most of the sampling
sites located in the lower course of the Wkra River
which is almost unregulated or is regulated to a less-
er degree in comparison to sites that are located in
the heavily morphologically transformed upper and
middle course.

Molluscs can be biological indicators of nutrient
enrichment, especially the nitrite and phosphate con-
centrations in the water, conductivity and dissolved
oxygen in the lowland rivers of agricultural areas,
e.g. in the Wkra River and its tributaries.

Both the number of mollusc species, including two
protected species, i.e. Anodonta cygnea and Sphaerium
rivicola, and their density vary among the oxbow lakes
of the Wkra River and may be dependent on various
environmental factors, including lack of connectivity
with the main channel, physical and chemical parame-
ters of the water or grain sizes of the substratum.

Although relatively high concentrations of nitrates,
nitrites and phosphates were recorded in the oxbow
lakes of the Wkra River, which may indicate a consid-
erable anthropogenic pressure from agriculture, the
species diversity in some oxbow lakes as measured
by the Shannon-Wiener index (H') was higher than
the species diversity recorded in some oxbow lakes of
large rivers, e.g. the Elba River and the Bug River. The
oxbow lakes of the Wkra River provide a refuge not
only for protected mollusc species, but also for many
other rare and vulnerable mollusc species as well as
for macrophytes and other wildlife.

The number of mollusc species and density de-
creased dramatically in the Wkra River and its tribu-
taries in the last year of the survey. This phenomenon
appeared to be a direct result of nutrient enrichment
in the Wkra River catchment area and the regulation

of riverbeds or an indirect result, e.g. the lack of pri-
mary or appropriate host fishes for unionid species.
The global trend of declining mollusc populations
has probably begun to occur in the Wkra River catch-
ment.

Biodiversity conservation constitutes an essential
component of the responsible management of envi-
ronment and natural resources. Knowledge about
sustainable management of environment in order to
achieve better biodiversity outcomes is extremely im-
portant. Therefore, the results of this survey may be
directly applicable for the rehabilitation of river ecosys-
tems, monitoring these ecosystems and programmes
for the conservation of biodiversity in running waters
and reservoirs (oxbow lakes). The results of these
long-term surveys can be useful for institutions, lo-
cal and regional authorities and for the Voivodeship
Inspectorates for Environmental Protection in terms
of monitoring species and their habitats, and provid-
ing protection and management in accordance with
the requirements of COUNCIL DIRECTIVE 92/43/
EEC (1992) of EU and its consolidation version of
01.01.2007 including the latest version of the annexes
and the Polish legislation (Dz.U. 2012b).
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