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Abstract. The influence of substrate types on ostracod assemblages in groyne fields of the Oder River was
studied. Main aims of the study were to present the correlations between respective ostracod taxa and
various types of substrate components. The type of substratum was accounted for 5.6% of total variability of
ostracod assemblages, while the degree of vegetation coverage was accounted for 3.4% and, detritus content
in the sediments accounted for 1%. Additionally, physico-chemical variables were accounted for 26% of total
variability of ostracods while visibility, oxygen content and nitrates were accounted for 7%, 6.5%, and 3.4%,
respectively. In addition, the highest density and the number of the ostracod species were found in the
detritus-rich sediments (870 individuals m2, 45 species) and on the substrates covered with vegetation (730
individuals m2, 46 species). Eurytopic species (Limnocythere inopinata, Cypridopsis vidua, and Physocypria
kraepelini) were dominant. Particular ostracod species were associated with particular types of the substrate.
Contrary to the previous records, Limnocytherina sanctipatricii preferred sandy bottom and Ilyocypris
monstrifica preferred sandy bottoms away from the detritus.
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Introduction

Research into habitat requirements of ostracods is
important because these crustaceans have great
potential for palaeoenvironmental analyses, espe-
cially -to track climate change. Thus far, it has
been possible to recreate the features of habitats
regarding their trophic status, temperature, salin-
ity, and conductivity (e.g. Reed 1996, Scharf 1998,
Frenzel & Boomer 2005, Edwards et al. 2006,
Mezquita et al. 2005). Gaining further insight into
the habitat requirements of ostracods will help to
recreate more habitat characteristics, such as sub-
strate variables. A comparatively large number of
studies are devoted to the requirements regarding
to physico-chemical variables of water (Mezquita
et al. 1999, Kilkoylioglu & Diigel 2004,
Kiilksylioglu 2005, Kiss 2007, Diigel et al. 2008).
However, the literature examining the issue of the
requirements that focus on substrate types is still
very scarce, and in particular, little is known about
river habitats. Although the literature can provide
information about habitat types preferred by par-
ticular species (Rieradevall & Roca 1995, Scharf
1988, Meisch 2000, Nagorskaya & Keyser 2005,
Frenzel et al. 2010), no specific data is available on
the preferences of those species with respect to a
substrate type. In addition, authors focus on
dominant species that are usually common species
and the preferences of rare species, like e.g. Fabae-

formiscandona lavenderi, F. holzkampfi, Potamocypris
vaiegata, and P. smaragdina are not mentioned.
Presently, still very little is known about the struc-
ture of ostracod assemblages in connection with
various substrate types. This problematic issue
was discussed by several researchers (Benzie 1989,
Frenzel et al. 2005, Kiss 2007, Higuti et al. 2010,
Szlauer-Lukaszewska 2012, 2013). Among the
studies, a study of Szlauer-tukaszewska (2013)
wasfocused on the estuary of the Oder River,
which is thus far the only known study on a river
system in a temperate zone. It is worth mentioning
that the stretch of the river from the present publi-
cation was studied by the author in terms of the
seasonal occurrence of ostracods (Szlauer-
Lukaszewska 2014). River engineering efforts on
the Oder River, such as canalization and groyne
building (Rast et al. 2000) led to the creation of a
favorable model system for researching benthic
fauna. River regulation resulted in establishing a
uniform river habitat along a 300 km long stretch,
assuring the repetitive characteristic of conducted
studies. Groyne fields provide favorable condi-
tions for the development of benthic fauna, includ-
ing ostracods. In the river system, they constitute
lentic areas where detritus accumulates and vege-
tation develops, while the movement and ex-
change of waters provides favorable oxygen con-
ditions. An important characteristic of groyne
fields on the Oder River is the multiplicity of mi-
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crohabitats. As a rule, each groyne field includes
habitats differing with respect to sediment texture,
organic matter content, and extent of vegetation
cover. Groyne fields are considered to be areas
that correspond to natural habitats encountered,
as in unregulated rivers. They are especially built
and successfully used for the purpose of renatural-
izing canalized rivers (Barbosa et al. 2006, Nakano
& Nakamura 2006). As groyne fields are often
very shallow, they are dramatically influenced by
the water level fluctuation caused by flood pulses.
Large areas are either flooded or uncovered as a
result of receding waters. Such habitat instability
has an adverse effect on ostracods and other types
of benthic fauna (Lake 2000, Kiilkéyliioglu et al.
2010, Szlauer-Lukaszewska 2008, 2013).

The present study investigated the variability
in the ostracod communities on different types of
substrate in groyne fields of the Oder River. Tests
were conducted as to whether the type of substra-
tum affected the structure of ostracod assem-
blages. The objectives of the study included as (1)
to determine the significant differences between
ostracod density, number of taxa, Buzas and Gib-
son's evenness index, and Shannon-Wiener index
on various substrate types; (2) to find out the cor-
relations between densities of the respective ostra-
cod taxa and substrate components; (3) to identify
and verify habitat requirements and preferences of
the studied ostracod species; (4) to assess the rela-
tive importance of different habitat factors in
forming ostracod assemblages, with a particular
focus on the role of substrate type.

Materials and methods

The middle and lower reaches of the Oder River were
studied from the town of Scinawa (N: 51024’40.86”, E:
16026'32.01”") to the village of Czelin (N: 52044'4.56”, E:
14022'38.65""), along with a stretch that was 306 km long.
The study was conducted in three seasons (spring, sum-
mer and autumn) of the years between 2009 and 2010.
Quantitative ostracod samples were collected from the lit-
toral zones of 15 research stations (Fig. 1). A drag
mounted on a rod with 50 pm mesh size net was used for
collecting quantitative samples from the littoral zone,
ranging from 0.05 to 2 m of depth. It was dragged for a
specified distance, in the places when it was possible to
scrape the surface layer of the sediment. The drag was 25
cm wide and the dragged distance was measured, so that
it was possible to calculate the sampling area. Each sam-
ple was taken from about 1m2. In the cases when the bot-
tom was rocky or covered with vegetation, samples were
taken from a specific area by disturbing the sediment
from the substratum. The density of ostracods was de-
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Figure 1. Distribution of research stations along the
course of the Oder River.

termined by calculating the number of individuals col-
lected in the field per square meter. In total, 237 samples
were collected from the surface layer of the sediments.
Each collected samples were considered in two contexts,
sediment and vegetation. In the context of sediment, the
following were taken into account: 116 samples collected
from sediment rich in detritus, 85 from a sandy substrate,
18 from a gravelly substrate, and 18 from rocks. In the
context of vegetation, 146 samples from vegetated habi-
tats and 91 samples from unvegetated habitats were taken
into account. Different numbers of samples from the two
habitat types reflected a difference between frequencies of
occurrence of those habitats in the studied environment.
After preliminary cleaning, the samples were preserved
in 96% ethanol. In the laboratory, ostracods were picked
up from the sediment using the decantation method to
separate sand, and the bubbling technique described by
Szlauer-Lukaszewska & Radziejewska (2013) to move the
Ostracoda to the surface membrane. During the field re-
search, physico-chemical variables of water from every
station were analyzed. Water temperature [Ce], percent
oxygen, salinity [%o], electrical conductivity [pS cm-],
TDS mg L1 and pH were measured in situ with multi-
function HQ40d oxygen, temperature, conductivity and
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pH meters. Visibility was measured using a Secchi disk.
Samples of water were taken to the laboratory for deter-
mination in case of the NHs, NO2, NOs, POs, hardness
(Ca) [mg L-1], where the photometer LF 300 were used for
the process. In addition, habitat variables were also quan-
tified, focusing on the identification of bottom sediment
types and specification of the degree of vegetation cover
using the phytosociological relevé method developed by
Braun-Blanquet (1964). Substrate composition in each
sampling plot was visually estimated as the proportion of
each of the following substrate particle size classes: sand
(0.06-2 mm), gravel (> 2-64 mm) and rock (> 64 mm)
(Gordon et al. 1992).

Detritus-rich sediments prevail inside the groynes
and bog vegetation very often develops there with reed
canarygrass (Phalaris arundinacea L.) as a dominant plant
(Fig. 2). Submerged plants (elodeids) can also be encoun-
tered in that zone. In the areas behind the groynes the
current is slow and sandy, and detritus-rich sediments
dominate. The areas before the groynes, where the incom-
ing and whirling river water hits, are usually character-
ized by the presence of sandy and gravelly sediments.
The encountered conditions in the above discussed zones
correspond to those found in the littoral of lakes. Figure 2
shows the lentic zone with the finest sediments contain-
ing much organic matter of river alluvium. Habitat con-
ditions found in that area resemble the sublittoral zone

(Fig. 2).
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Figure 2. Aerial view on the studied groyne fields
in the Oder River.

Data analysis

Average density, frequency coefficient and dominance for
assemblages of the Ostracoda on various substrate types
were calculated. Engelmann’s (1978) classification was
adopted while calculating the dominance coefficient and
Trojan’s (1975) classification was adopted for calculating
the frequency coefficient. The following biodiversity indi-
ces were used during diversity estimations: Shannon-
Wiener diversity index (H), Buzas and Gibson's evenness
index, as well as average population density and the
number of taxa in particular samples. For the above indi-
ces, statistical significance of differences between groups
of samples collected from various substrate types was
tested with the aid of Kruskal-Wallis test. Spearman’s
rank correlation coefficient was utilized in order to iden-
tify correlations regarding densities of respective ostracod
taxa and substrate composition. Cluster analyses using
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the unweighted pair group method with arithmetic mean
(UPGMA) and Kulczynski similarity measure were ap-
plied for analyzing the zoocenoses. For the purposes of
statistical tests and data analysis the following software
was utilized: STATISTICA v. 10 INC StatSoft, PAST. The
relationship between the species composition of the Os-
tracoda and habitat studied using
CANOCO v. 4.5 software package. The patterns of spe-
cies distribution in connection with environmental vari-
ables were studied utilizing the CCA (Canonical Corre-
spondence Analysis) (ter Braak 1986), having previously
obtained the results of the indirect DCA (Detrended Cor-
respondence Analysis) that outlined the structure of data
(Jongman et al. 1987). Data were not transformed; inci-
dental species were removed before the analyze. The sig-
nificance of the effect of respective environmental vari-
ables on the diversity of species composition was deter-
mined using stepwise variable selection (p < 0.05). Monte
Carlo test with 499 permutations was conducted in order
to pinpoint the most significant variables. Variation in the
Ostracoda composition, explained by substrate and phys-
ico-chemical variables included in the analysis, was ex-
pressed in a percentage - the ratio of the sum of all ca-
nonical eigenvalues to the value of total variance (total
inertia). Variation in the ostracods composition explained
by individual variables was calculated from the ratio of
Lambda A to the total variance (total inertia) expressed in
a percentage.

variables was

Results

In the present study, 47 ostracod species of 54
taxa were identified with an average density of
660 indiv.m? (Table 1). The highest number of
species was found in detritus-rich sediments (45
spp.) and bottoms covered with vegetation (46
spp.), while the lowest number of species was
found on rocky and gravelly substrate. On the
other hand, the highest values of Shannon-Wiener
coefficients were obtained for gravelly, detritus-
rich sediment and bottoms without vegetation
(Table 2). The highest average density of the Os-
tracoda was found in detritus-rich sediments and
bottoms covered with vegetation: 880 and 730 in-
div.m? respectively, whereas the lowest density
was found on a rocky and gravelly substrate (Ta-
ble 1).

When comparing ostracod assemblages from
different types of substrates, the Kruskal-Wallis
test revealed significant differences between the
ostracod samples for average density and Buzas
and Gibson's evenness index (J). As for the Shan-
non-Wiener diversity index (H) and the number of
taxa, no significant differences were found. A
comparison of the evenness index values revealed
statistically significant differences between detri-
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Table 2. A comparison of diversity indices for various types of substrate.

detritus sand gravel rock  vegetation without vegetation
Average number of taxa 9 9 8 7 9 9
Total number of taxa 45 38 22 19 46 37
Shannon-Wiener diversity index (H) 141 1.35 1.47 1.17 1.35 141
Buzas and Gibson's evenness index 0.52 0.52 0.65 0.61 0.55 0.52

tus-rich sediment and gravelly substrate (p =
0.005), as well as sand and gravelly substrate (p =
0.004). A comparison of average density revealed
statistically significant differences between detri-
tus-rich sediment and gravelly substrate (p = 0.01);
detritus-rich sediment and rocky substrate (p =
0.007); and detritus-rich sediment and sandy sub-
strate (p = 0.019). No significant differences were
discovered between samples from vegetated and
unvegetated habitats with respect to density,
evenness, the Shannon-Wiener index, and the
number of taxa.

The analysis of dominance structure revealed
the presence of just one eudominant species, Lim-
nocythere inopinata, from gravelly, rocky, and un-
vegetated bottoms. The dominant status was
reached by juvenile Candoninae, Cypridopsis vidua
(except in gravelly and unvegetated bottoms), L.
inopinata (on the remaining types of substrate) and
Physocypria kraepelini. The subdominant status was
achieved by Bradleystrandesia reticulata in detritus-
rich sediments and on bottoms covered with vege-
tation in Candona neglecta on all substrate types
apart from the rocky type, and by Cypria ophtal-
mica. Each of the above mentioned species was
prevalent in the frequency structure (Table 1). The
above species are considered as common and
cosmopolitan, except for B. reticulata.

Based on the 21 most frequent species density
data, the UPGMA dendrogram (Fig. 3) revealed
three main species assemblages. The first group
included two early - year forms, such as species
that occurr only during the spring, preferring
shallow waters, a muddy substrate and temporal
or permanent waters. The second group included
littoral species, which appear on muddy bottom.
The third group is heterogeneous; it can be sepa-
rated into two subgroups. In subgroup A are the
dominated cosmopolitan, eurytopic and common
species. The species in the subgroup B are re-
ported from swimming and stagnant waters, and
from shallow waterbodies.

The analysis of frequency structure revealed
more species that were significant in the formation
of ostracod assemblages than the analysis of
dominance, pointing out the species that were not

abundant but frequent. Such species included:
Darwinula stevensoni, a constant species on sandy,
gravelly, and unvegetated substrates; Fabaeformis-
candona levanderi, an accessory species on detritus-
rich and rocky substrates; Pseudocandona compressa
an accessory species in detritus-rich sediments and
on bottoms covered with vegetation (Table 1). The
Kruskal-Wallis test revealed significant differences
between density and evenness indices on various
substrate types and a lack of such differences with
respect to the number of taxa and the Shannon-
Wiener index.

According to Spearman’s rank analysis be-
tween densities of ostracod and substrate compo-
sition, a significant correlation was noted; how-
ever, they achieved value lower than 0.2. There
were no species that correlated with rock and
gravel in substrate. Ilyocypris monstrifica was posi-
tively correlated with sand (r = 0.171) and nega-
tively with detritus (r = -0.134). Many species was
correlated with detritus (Table 3, column 2): total
density of the Ostracoda (r = 0.177), B. reticulata (r
= 0.179), juvenile Candoninae (r = 0.141), C. oph-
talmica (r = 0,163), P. kraepelini (r = 0.156), P. com-
pressa (r = 0.165). A positive correlation with the
presence of vegetation was revealed only in the
case of C. vidua (r = 0.132).

The DCA analysis for ostracod samples col-
lected from the studied stretch of the Oder River
revealed that the length of gradient represented by
the first ordination axis equaled 4.01 SD (the spe-
cies covered the full Gaussian spectrum), which
justified conducting a direct ordination analysis of
the CCA type in order to determine the relation-
ships between species occurrence and substrate
variables.

The results of direct CCA analysis for the Os-
tracoda distribution patterns in relation to sub-
strate variables indicated that the variables used in
the ordination explained approximately 5.69% of
the total variability of occurrence of the Ostracoda
(Table 4). The results of stepwise variable selection
revealed that only two substrate variables out of
the five that were taken into account explained in
a statistically significant manner (p < 0.05), the
moderate range of the total variability of occur-
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Table 4. Summary of CCA for Ostracoda samples from Oder River.

Axes 1 2 3 4 Total variance
Eigenvalues: 0.157 0.045 0.010 0.008 4.136
Species-environment correlations: 0591  0.351  0.197  0.167
Cumulative percentage variance

-of species data: 0591 0351 0197 0.167

-of species-environment relation: 0591 0351 0197  0.167
Sum of all eigenvalues 4.136
Sum of all canonical eigenvalues 0.227

rence of the Ostracoda (degree of vegetation cov-
erage 3.4%; detritus content in the sediments 1%).

The ordination diagram of the CCA (Fig. 4)
indicated Ostracoda species related with substrate
type. The marked areas (1-4) indicated the strong-
est relation with habitat vectors. Area 2 indicated
species positively correlated with the vegetation
cover, whereas area 1 species were negatively cor-
related with this environmental factor. Area 4 in-
dicated species positively correlated with the pre-
sents of detritus in sediments,whereas area 3 spe-
cies were negatively correlated with this environ-
mental factor.

The discovered habitat preferences of the Os-
tracoda were compared with data from the litera-
ture in Table 3. The habitat preferences of a large
number of species encountered in river habitats
confirmed the data found in literature (underlined
data). In the case where no data from the literature
was available, the data was also confirmed when-

ever it was indicated as such by more than one of
the analyzed variables: domination, frequency,
significant correlation or the CCA analysis (data in
bold type). Thus, the following species were
deemed to prefer the detritus-rich sediments:
Bradleystrandesia reticulata, and Eucypris virens. In
the case of several species, the obtained results in-
dicated different habitat preferences from those
known from literature. Previously, Limnocytherina
sanctipatricii were considered to be a species that
preferred mud in sediments, whereas in the Oder
River it was a species that preferred sand. In the
case of Ilyocypris monstrifica, the study unequivo-
cally showed that it preferred sandy bottoms and
avoided detritus, which was indicated by a nega-
tive correlation for the latter factor however, ac-
cording to data from literature, the species was a
pelophile. It is also noteworthy that according to
some results there were species that tolerated all
substrate types, as was the case with Candona ne-
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glecta, Limnocythere inopinata, Cypridopsis vidua, Cy-
pria ophtalmica, Physocypria kraepelini and, Potamo-
cypris smaragdina. These species belonged either to
dominant or to frequently encountered taxa, in
addition, P. smaragdina was an eurytopic species.
P. smaragdina could actively move from one kind
of substrate to another because they possessed
long natatory setae on antennule.

Oxygen conditions in the Oder River were
high, with an average saturation of 103%, which
corresponded to 10.4 mg L (Table 5). According
to the results of CCA, chemical variables ac-
counted for 28.7% of ostracod species variability.
Furthermore, stepwise variable selection indicated
which variables affected ostracod assemblages in a
very significant way. Temperature accounted for
7.5% of species variability, oxygen content for
7.3% and nitrates for 3.9%. Relationships between
respective physico-chemical variables and ostra-
cod taxa are shown in the CCA diagram (Fig. 5). In
the central part of the diagram, close to the inter-
section of the axes are those species that do not
show a correlation with the studied habitat vari-
ables. They include a number of cosmopolitan
species (Cypria ophtalmica, Physocypria kraepelini,

1.0

derlined.

Darwinula stevensoni, and Limnocythere inopinata)
that can be considered eurytopic.

Table 5. Average results of physico-chemical variables
of water in the Oder River in years 2009-2010.

factor average SD
NHs mg L1 0.26 0.11
NO:> mg L1 0.03 0.03
NOs; mg L1 6.4 21
PO; mg L1 022 0.19
TDS mg L1 458 147
conductivity pScm? 936 292
salinity %o 0.46 0.15
hardness mg L1 121 1.7
pH 8.2 0.5
O2% 103 15
temperature Co 154 5.6
visibility m 0.82 0.23
Discussion

The role of various habitat factors

in ostracod assemblage formation
Physico-chemical variables of water have been

the most extensively studied group of habitat vari-

ables affecting ostracod assemblages. Numerous
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Figure 5. The ordination diagram for species and
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physic- chemical variables in the system of two

first axes of CCA for the samples from the studied stretch of the Oder River. For explanations

of abbreviations of species see Table 1.

publications confirm that these variables strongly
influence ostracod assemblages.

Most researchers applied a canonical analysis
in order to study this issue. Advantages of this
method includes the possibility of identifying the
importance of particular habitat variables in ostra-
cod assemblage formation. Kiilkoyliioglu & Diigel
(2004) noted that physico-chemical variables ac-
counted for 47.3% of ostracod species variability,
whereas according to Diigel et al. (2008) -this
value was 17.1%, and according to Higuti et al.
(2010) it was 6%. According to Nagoskaya &
Keyser (2005), habitat diversity was based primar-
ily upon the closely correlated hydrochemical
variables of mineralization (hardness total and
carbonate, conductivity, total value of dissolved
substances). In the case of the present study, phys-
ico-chemical variables accounted for 28.7% of os-
tracod species variability.

The effects of other factors, such as substrate
type, habitat type, hydrological system and sea-
son; on ostracod assemblages have not been stud-
ied extensively so far and little numerical data is
available. Few researchers have taken into account

various groups of factors, preferring to concen-
trate on just one selected aspect of the studied
problems. According to Kiss (2007), an abundance
of species was influenced by the presence of
macrophyte coverage. Higuti et al. (2010), noted
that the substrate type contributed mostly to the
total explained community variation (11%), fol-
lowed by abiotic variables (6%), habitat type (5%),
hydrological system (5%) and season (3%). Also,
Mezquita et al. (1999) reported that altitude, dis-
tance from the source, flow discharge, water qual-
ity and degree of organic pollution all played an
important role in explaining the occurrence of less
common species. Nagoskaya & Keyser (2005)
noted that an important role in forming habitat
diversity was the type of bottom and vegetation
characteristics.

Habitat requirements and

preferences of ostracods

The Ostracoda are good bioindicators with refer-
ence to environmental variables. This is due to
their diversified habitat requirements. However,
eurytopic ostracods do not meet this condition.
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Usually, they are dominant in a habitat. The
dominance of such species grows as environ-
mental conditions deteriorate. This phenomenon
is called “pseudorichness’” and was described by
Kiilkoyliioglu (2004). He introduced it to interpret
water conditions by using the ratio of the number
of non-cosmopolitan to cosmopolitan species in
aquatic habitats. A comparison of the numbers of
species in disturbed and undisturbed sites sug-
gested that at least half (if not all) of species diver-
sity was explained by cosmopolitan species in dis-
turbed sites (Kiilkoyliioglu 2004). In light of the
above statement, it is important to compile a list of
eurytopic species so, they can be excluded from
the list of species treated as indicators. Valuable
information in this respect has been provided by -.
Mezquita et al. (1999), Kiilkoyliioglu (2005), Diigel
et al. (2008) and Pieri et al. (2009). Candona candida,
Pseudocandona  compressa, Cyclocypris laevis, C.
ovum, Cypridopsis vidua. Ilyocypris bradyi, and Lim-
nocythere inopinata were the most widespread and
common ostracods on the Iberian Peninsula
(Mezquita et al. 1999). In the active floodplain area
of the Danube River, frequently occurring species
included: Cypria ophtalmica, C.vidua, L. inopinata,
and Physocypria kraepelini (Kiss & Scholl 2009). In
the groyne fields of the Elbe River Pseudocandona
albicans and L. inopinata were the dominant species
(Scharf & Brunke 2013). In the floodplain of the
upper Rhine River the most common species were:
C. candida, C. ophtalmica, C. vidua, and P. kraepelini
(Scharf 1988). In a mesotrophic lake, the most fre-
quently occurring cosmopolitan species were:
Candona neglecta, Darwinula stevensoni, P. kraepelini
and C. vidua (Kulkoyltioglu 2005). Finally, in the
present study the dominant and most frequent
species included: L. inopinata (28%), P. kraepelini
(15%), and C. vidua (14%), which jointly consti-
tuted 57% of all species. All of them had been
mentioned by other researchers as well. A similar
percentage of cosmopolitan species (approxi-
mately 60%) was noted by Kiilkoyltioglu (2004),
whereas Kiilkoyliioglu (2005) noted over 70% of
such species. Apart from the habitat requirements
of particular species there are also their habitat
preferences. Even eurytopic species can show spe-
cific preferences regarding to a particular sub-
strate type or flow velocity. Obviously, the species
with stricter habitat requirements will be more
useful as environmental bioindicators. However,
the identification of habitat preferences provides
an opportunity to gain a better insight into the
habitat. Data regarding habitat preferences can be
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helpful in a detailed recreation of environmental
variables in paleolimnology.

Substrate type as an element forming

ostracod assemblages

According to the present study, the type of sub-
strate accounted for 5.69% of the total variability
of occurrence of the Ostracoda. Vegetation cover-
age accounted for 3.4% of the variability, whereas
detritus content in the sediments accounted for
1%. Regarding the vegetation Benzie (1989) re-
ported that occurrence of various ostracod species
correlated with particular types of vegetation. Ac-
cording to his studies, Cypridopsis vidua and Herpe-
tocypris reptans correlated with the presence of
Eleocharis palustris, whereas Cypria ophtalmica and
Candona candida correlated with Phragmites com-
munis. No distinct ostracod assemblages were as-
sociated with submerged beds of Chara and
Muyriophyllum. However, other researchers did not
distinguish characteristic ostracod associations on
different macrophytes (Frenzel et al. 2005). On the
other hand, it was discovered that an important
factor in forming ostracod assemblages was the
type of vegetation and its characteristic structure
(Kiss 2007, Higuti et al. 2010,
Lukaszewska 2012). In the present study types of
vegetation were not analyzed; only the degree of
cover was noted. The Oder River was character-
ized by very high water level fluctuations
(Szlauer-Lukaszewska 2013). When water level
was high, riparian plants, helophytes like Carex
spp. or reed canarygrass became submerged
plants. As the dynamics of plant habitats was so
high, habitat types were not differentiated and
only the degree of vegetation coverage was noted,
which was an innovative feature in this kind of

Szlauer-

studies. Similar to previous studies, a positive cor-
relation was noted between the presence of vege-
tation and several ostracod species, as well as gen-
eral ostracod density (Table 3, Fig. 4). The effect of
vegetation on ostracod assemblages was con-
nected to habitat complexity. Habitat complexity
describes the development of vertical strata within
a habitat (Beisel et al. 2000). It can be measured by
the number of plant species , aboveground plant
biomass (Heck & Wetstone 1977) or surface areas
of woody debris (O'Connor 1991). According to
study results, an abundance and richness of inver-
tebrates grow together with habitat complexity
(Heck & Wetstone 1977, O’Connor 1991, Hull
1997). On the other hand, in the present study, no
statistically significant differences were noted be-
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tween samples collected from vegetated and un-
vegetated sites with respect to density, evenness,
Shannon-Wiener diversity index and the number
of taxa. It was due to the fact that unvegetated
sites included also those that were rich in detritus
and characterized by high diversity and density.
Detritus found in the respective sites had a differ-
ent texture, which contained organic debris such
as leaves, wood, and reed, and its structure con-
tributed to an increase of habitat complexity
which also affected ostracod assemblages. Canoni-
cal analysis and Spearman’s rank correlation
based on particular species density and habitat
variables, proved that vegetation was a significant
factor forming ostracod assemblies.

Important distinguishing factors of substrate
types are composition and sediment particle size.
In groyne fields those factors are directly related
to water velocity. Szlauer-Lukaszewska (2012)
noted that the presence of mud had a favorable ef-
fect on the general density of ostracods. Species
that preferred high mud content in their habitats
included: Cypria ophtalmica, C. exsculpta and Physo-
cypria kraepelini. Benzie (1989) correlated with the
occurrence of Limnocythere inopinata with open
sand. A number of species and diversity increased
from open sand through macroalgae and sub-
merged macrophytes to emergent macrophyte
habitats, being associated with an increasing
number of detritus types. According to Junfiwirth
(1979) L. inopinata is found over a wide range of
grain sizes such as silt, clay and sands. Substrate
and organic matter content appeared to be rele-
vant factors determining the distribution of ostra-
cod species at the respective stations. The highest
abundance of ostracods was noted in the sublitto-
ral, where the substrate was coarse and sediment
had high organic matter content (> 35% LOI). In
sublittoral and littoral zones, where oxygen was
always available, the sediment was coarser and
organic matter content was high, ostracod popula-
tions were characterized by higher densities and
were more diverse. Similarly, in the present study
the increasing percentage of detritus in sediments
caused an increase in density and diversity of os-
tracod assemblages. Statistically significant differ-
ences were revealed between samples differing
with respect to particle size and organic matter
content in the case of density and Buzas and Gib-
son's evenness index. In the case of the Shannon-
Wiener diversity index (H) and the number of
taxa, no significant differences were revealed.
However, the total number of encountered taxa
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was the highest in the substrate with the highest
detritus content (45 species) and the lowest on the
gravelly and rocky substrate (22 and 18 species,
respectively).

Information on the preferences of particular
ostracod species with respect to organic matter
content in the substrate can be gathered indirectly,
on the basis of their requirement with respect to
water flow. Low water flow velocity means that
organic matter can accumulate. Thus, oligor-
hephilic, reophobic, and reotolerant species will
successfully develop on substrates with high or-
ganic matter content. Rheophilic, polyrheophilic,
and mesorheophilic species will be more fre-
quently encountered on substrates with low or-
ganic matter content. As for rheoeuryplastic spe-
cies, in this respect they are eurytopic (Table 3).

A drawback of all the results obtained in situ is
the fact that the studied habitat parameters influ-
ence one another. For instance, vegetation cover-
age and physico-chemical parameters are tightly
connected with seasonality. Distance from the
source is related to the size of particles, detritus
type, physico-chemical parameters, and water
flow velocity. While discussing sediment types
and vegetation coverage, it is important to re-
member that the two factors are correlated. Vege-
tation can not be discussed without taking into ac-
count the type of sediment it grows on. On the
other hand, the differences in ostracods in differ-
ent kind of substrates could be the result of differ-
ences in biotic interactions such as competition,
predation or parasitism, which may alter the habi-
tat preferences of a given ostracod species. Plants
floating on water surface, as those mentioned by
Higuti et al. (2010), are the only exception. The
present study discussed both vegetation coverage
and sediment types. In river habitats, plants can
grow on sand nearly totally devoid of organic
matter. The presence of vegetation is often consid-
ered in accordance to detritus accumulation.
However, it is not always true, especially when
frequent water level fluctuations occur along the
river and organic matter is washed out (Szlauer-
Lukaszewska 2008, 2013). A different approach
was proposed by Frenzel et al. (2005), who consid-
ered phytophilous communities associated with
sediments separately.

Conclusions

While determining the substrate preferences of the
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species, it is worth to examine several test types.
The frequency analysis seems to be the least useful
for this purpose. The presence of detritus and
vegetation coverage were the most important sub-
strate parameters influencing the ostracod assem-
blages.

The frequency and domination analysis,
Speaman’s rank correlation and CCA revealed
that the species (Candona neglecta, Cypria ophtal-
mica, Limnocythere inopinata, Physocypria kraepelini,
Potamocypris smaragdina) do not indicate substrate
preferences. Cypridopsis vidua showed no prefer-
ence for the type of sediment, and high preference
of vegetation.

Contrary to the previous knowledge, Limno-
cytherina sanctipatricii and Ilyocypris monstrifica
turned out to be the species preferring sandy bot-
tom. This may be resulted from the different types
of waterbodies on which the study was carried
out. It is worth to carry out a similar study, such as
in this paper, in lakes to confirm the substrate type
preferences of the ostracods.
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