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Biodiversity of rotifers in urban water reservoirs of Southern Poland
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AgnleSZka Pociecha > Elzbieta Wilk- Rotifer diversity was studied in three different types of
-WOiniakl, WO] ciech MréZl, Irena artificial water bodies situated in one of the largest cities in
Bielar'lska-Graj ner? ]oanna Poland. The bodies of water were as follows: a fountain in a
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) . city park, the Nowa Huta dam reservoir, and the Bagry gravel-
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Gadzinowska > Edward Walusiak pit. The lowest number of rotifer species (23) was noted in the
urban fountain, and the highest (36) in the Bagry gravel-pit
lake. Rotifers’ communities in the investigated water reservoirs

showed different levels of diversity and density. The most
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numerous species in the dam reservoir was Trichocerca similis
(2511 ind. I'") and in the Bagry gravel-pit lake was Polyarthra
dolichoptera (2634 ind. I'). However, the most abundant
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species in the fountain was Brachionus urceolaris (863 ind. 1*).
The highest values of Shannon and evenness diversity indices
were found in the Bagry gravel-pit lake (H = 2.521, ]’ = 0.783),
while the lowest in the urban fountain (H* = 0.568, ]’ = 0.258).
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reservoirs was related to the concentration of magnesium and

calcium, and to water conductivity.
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Introduction

Over the last decade, social and ecological
researches have paid greater attention to urban
environments (Olive &  Minichiello 2013),
including water habitats. Rapid urbanization
leads to ecosystem fragmentation and degradation
(Ricketts & Imhoff 2003), which causes a decrease
in biodiversity, simplifies species composition and,
finally, destroys hydrological systems (Koztowski
& Bondallaz 2013). Urban aquatic ecosystems are
particularly exposed to anthropogenic impact
such as municipal and industrial sewage (Ejsmont-
Karabin & Kuczynska-Kippen 2001). Moreover,
urban water bodies are characterized by a
‘distress syndrome’, which is described as reduced
biodiversity, an increased number of alien species
and increased dominance of smaller opportunistic
species (Rapport & Whitford 1999, Segers 2008,
Skowronek et al. 2012, Hassall 2014, Basinska et al.
2014). In general, studies of rotifer diversity are not
new and resulted in a large number of publications
(Segers 2007, Segers 2008); however, the problem
of plankton diversity (including rotifers) in urban
waters is still very important and our knowledge in
this field is not sufficient (Kuczynska-Kippen et al.
2004, Skowronek et al. 2012, Chester & Robson 2013,
Hassall 2014, Basinska et al. 2014).

Artificial urban water bodies create a specific
and unique aquatic environment and there is a great
need their actual and potential biodiversity, which is
necessary for various activities related to biodiversity
conservation, species adaptation to climate change
and spread of alien species (Chester & Robson 2013).

The first and only study of rotifers” diversity in
the Krakow urban area was conducted by Wierzejski
(1893) and Czapik (1958). Since then the city has
been rapidly changing and expanding and the
current knowledge about the local rotifers’ diversity
is very limited.

The aim of this study was to quantify the
rotifers’ diversity in the most typical anthropogenic
urban water bodies, and to determine which water
parameters were most important to this diversity.
Based on the opinion of many authors, we believe that
some ecosystems (mostly those anthropogenically
impacted) are more susceptible to colonization by
alien species. The results will help to understand
the impact of large cities and urbanization on the

L et hstoceantgtedus )

Oceanological and Hydrobiological Studies, VOL. 44, ISSUE 3 | SEPTEMBER 2015

Agnieszka Pociecha, Elzbieta Wilk-WoZniak, Wojciech Mrdz, Irena Bielariska-Grajner, Joanna Gadzinowska, Edward Walusiak

biodiversity of aquatic organisms and will provide
information of the educational value on urban
artificial water bodies.

Materials and methods

The study was conducted in Krakéw, which is
the second largest city in Poland, with ca. 800 x 10°
inhabitants and 327 km? of the urban area (http:/
www.stat.gov.pl). Although, there is a significant
number of water bodies, we have selected three
different stagnant water reservoirs for the studies,
the most typical type of water bodies in the city,
with anthropogenic origin: a fountain (defined as a
temporary water body), a small dam reservoir, and
a gravel-pit lake (both defined as permanent water
bodies (Fig. 1, Table 1). No conservation program
has been developed for any of the anthropogenic
water reservoirs in Krakow to date.

Samples for physico-chemical and biological
parameters were collected in 2011-2013 from the
pelagic zones (dam reservoir — Nowa Huta and
gravel-pit — Bagry) and from an open water in the
fountain (Park Krakowski). Samples were collected
for the spring/summer period (May/June) and the
autumn/winter period (September/October).

Physico-chemical =~ parameters  of  water
(conductivity, pH, concentrations of 0, and nitrate)
were measured in situ with a multi-parameter YSI
6600V2 probe. Samples for phosphates, magnesium
and calcium concentration were collected at the
same time and point, and immediately transported
to the laboratory. They were analyzed within 48h
using ion chromatography (DIONEX ICS 1000).

Samples collected for biological parameters were
analyzed for rotifers’ composition and density of
their communities. They were collected from the
surface and the bottom with a 5-1 water sampler
and then mixed. Ten liters were pooled and filtered
through a plankton net of 30 um mesh size and
fixed with 4% formalin. Twelve samples from each
water body were collected. In the laboratory, rotifers
were observed in 0.5 ml chambers and counted
using a Nikon H550L microscope at 100x-400x
magnification. Density of rotifers was counted per
one liter. Taxonomic analyses of zooplankton were
conducted according to the following identification
keys: Nogrady, Pourriot & Segers 1995, Segers 1995,
Nogrady & Segers 2002, Ejsmont-Karabin et al. 2004.
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Vistula river

Figure 1

Sampling sites of artificial water bodies in Krakéw

The species diversity was assessed according
to the Shannon-Weaver diversity index and the
evenness index calculated by the MVSP software.

In order to analyze the ordination pattern of
the study plots and the species, the Detrended
Correspondence Analysis was applied from the
PcOrd 6.08 software (Hill & Gauch 1980, McCune
& Mefford 2011). The standard DCA settings were
used: there was no down-weighting of rare species,
and the number of segments for rescaling axes
was set as 30. Moreover, the randomization test
with 9999 iterations was used to check if the DCA
results were worth interpreting and to test the null
hypothesis that the first eigenvalue is not stronger
than what would be expected by chance. However,
taking into account that the eigenvalue applies
before detrending and rescaling, the results of the
randomization test are more valid for the underlying
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Correspondence Analysis (CA method) than for the
final DCA.

Results

The surveyed water bodies differed in the range
of physico-chemical parameters. The most varying
parameters were conductivity and the concentration
of phosphates and nitrogen (Table 1). A total of 49
species of rotifers were found (Table 2). In the city
fountain (temporal water body), the density of
rotifers was low in comparison with the two other
water bodies and ranged from 2 to 863 ind. 1. In the
Bagry gravel-pit lake and Nowa Huta dam reservoir
(permanent water bodies), the annual densities of
rotifers over the study period were higher compared
to that found in the fountain, and ranged from 1 to
2634 ind. 1" and from 1 to 2511 ind. I, respectively.
The highest variability in the density of rotifers was
found in the Nowa Huta dam reservoir (SD=654)
(Table 2).

The dominance of species differed between the
studied water bodies. Polyarthra dolichoptera was
the most numerous (2634 ind. I') in the Bagry
gravel-pit lake, and its density in the Nowa Huta
dam reservoir varied from 6 to 192 ind. I, while in
the city fountain the species was not found (Table
2). Trichocerca similis was the most abundant (2511

Table 1

General description of sampled artificial water bodies with values of some physico-chemical parameters of water (A =

area; MD = maximum depth; con = conductivity).

Fountain in Krakowski
Park

Situated in the central part of the Krakowski Park, in the city center. Drained for the winter season. A small island with
grass, white willow and a small number of mallards in the central part of the fountain. No submerged vegetation. Large
populations of insect larvae and big crustaceans (especially Daphnia magna).

MD = 0.5 m; con = 298 US; pH= 8.26; O, = 9.20 mg I''; NO," = 0.05-8.48 mg I'; PO,*= 0.03 mg I

Small dam reservoir (A = 0.07 km?) situated on the Dtubnia river in the oldest part of the Nowa Huta district, between
Av. Solidarno$ci and Bulwarowa street. The dam reservoir is part of the park, which is one of the Nowa Huta recreation
areas. A small island with grass and white willow, the site of nesting birds. No submerged vegetation. Red-eared slider
alien species present. Polluted due to the presence of birds: mute swans, mallards, Eurasian coots and gulls. Fish: com-
mon carp, common bream, common roach, northern pike, pike-perch, wels catfish.

Nowa Huta dam
reservoir

MD = 3 m; con = 438 IS; pH= 8.06, O, = 12.5 mg I'; NO," = 1.0-5.07 mg I'; PO,*= 0.04 mg -1

Gravel-pit lake (A = 0.314 km?) surrounded by many houses, gardens and roads. Sand beaches. Recreation place. The
littoral zone developed with reed bed of Phragmites sp. and Typha sp. Polluted due to the presence of birds: mallards
and gulls. Fish: tench, common carp, common bream, common roach, crucian carp, common rudd, northern pike, pike-
perch. Numerous amphibians (common newt, European fire-bellied toad, European tree frog, pool frog, common frog)
and reptiles (grass snake, viviparous lizard). Alien species of freshwater jellyfish Craspedacusta sowerbii from Brazil
present 2002.

Bagry gravel-pit lake

MD = 10 m; con = 698 WUS; pH=8.12; O, = 11.2 mg I'; NO," = 0.05-0.22 mg I'; PO,*= 0.09 mg I''
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Table 2

List and density of rotifer species collected from Krakdw water bodies (+ - density below 1 ind. I'")

Fountain in Krakowski Park Nowa Huta dam reservoir Bagry gravel-pit lake

Species
peas 2012/2013 2011 2012/2013 2012/2013
Anuraeopsis fissa (Gosse, 1851) 2 50 166 4 2
Ascomorpha ovalis (Bergendal, 1892) 2 6

Ascomorpha saltans Bartsch, 1870 18
Asplanchna brigthwelli Gosse, 1850
Asplanchna priodonta Gosse, 1850 10 8

Bdelloidea n.d. + 6 4 2 4
Brachionus angularis Gosse, 1851 38

Brachionus calyc, Pallas, 1766 28 2
Brachionus diversicornis (Daday, 1883) 16 2
Brachionus falcatus Zacharias, 1898 +
Brachionus leydigii Cohn, 1862 1
+
Brachionus urceolaris (Miiller, 1773) 863 5
+ 190 18 34
3
2 6
18 1
2
2
2 6 5 1

0 00 N A

Filinia terminalis (Plate, 1886 2

Filinia longiseta (Ehrenberg, 1834 1
; " )
Gastropus stylifer Imhof, 1891 4

hra mira (Hudson, 1871) 8 2
Kellicotia longispina (Kellicott, 1879) + 82 32
Keratella cochlearis (Gosse, 1851) 2 212 4 76 525

+ 126 423 5

5 436 56 146
Lecane bulla (Gosse, 1886) 5 4
Lecane closterocerca (Schmarda, 1859) + 4 2 1

Lecane luna (Miiller, 1776) 2 10
Lecane lunaris (Ehrenberg, 1832)
lla acuminata (Ehrenb + 2 21
6 4 6
8
2 8
Notholca squamula (Miiller, 1786) 2
182 4
Polyarthra dolichoptera 1delson, 1925 192 6 2634
Polyarthra longiremis Carlin, 1943 28
Polyarthra luminosa Kutikova, 1962 120 278
Polyarthra major Burckhardt, 1900 5 2 8

+ 20
46 34
Pompholyx sulcata Hudson, 1885 28 8 4
Téstudinella patina (Hermann, 1783) 24 2
Trichocerca iernis (Gosse, 1887) 2 2
Trichocerca pusilla (Lauternborn, 1898) 140 1695 2
Trichocerca similis (Wierzejski, 1893) 34 2511 1 13
Number of species
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Table 3

Values of Shannon and evenness indices in the examined water bodies

Water body

ind. I') in the Nowa Huta dam reservoir; in the
Bagry gravel-pit lake, the species was found in small
density (1-13 ind. 1), and it was not found in the city
fountain. In the case of the city fountain, Brachionus
urceolaris reached the highest density (863 ind.
I"); the species was not found in any of the above
mentioned reservoirs (Table 2).

DCA

LLLLLL
MMMMM

SOLAOR  1epova

* BRACAL

lECsCy  ,  FO2ANl
TEPPAT -}

Fo1_811 BRAFAL
T BRA) “TEGBUL

BRAURC

Axis 2

Axis 1

Figure 2

Results of Detrended Correspondence Analysis. The first
two axes of the ordination results are presented on the
joint biplot together with the crucial environmental
variables. The ordination of species (blue points) and
samples (triangles) is shown on the graph. The samples
from one site are grouped with the following lines:
green envelope - temporary waters of Fountain (FO1,
FO2, FO3, FO4); blue - permanent waters of Bagry
(BA1, BA2, BA3, BA4); and black — permanent waters
of the Nowa Huta Reservoir (NH1, NH2, NH3, NH4).
Environmental variables are described with red arrows:
Mg - magnesium, Ca - calcium, P - phosphates, COND -
conductivity, NO3 - nitrates, pH - water acidity

DE GRUYTER

Fountain in Krakowski Park 0.730 0.317 1
Nowa Huta dam reservoir 2.231 0.712
Bagry gravel-pit lake 2.521 0.783

0 0.568 0.258 7
23 1.126 0.383 20
25 1.037 0.331 23

Based on the value of Shannon-Weaver’s diversity
index (H’ = 2.521) and the evenness index (J” = 0.783)
(Table 3), the highest species diversity of rotifers was
found in the Bagry gravel-pit lake.

According to the results of DCA analysis, the
total variance (“inertia”) in the species data was
4.0733. The eigenvalues from the real data (before
detrending) were as follows: axis 1 — 0.95995; axis
2 - 0.65259 and axis 3 — 0.46422, and the lengths
of gradients: axis 1 — 4.710; axis 2 — 3.357; axis 3
— 3.489. The result of randomization showed the
significance of the test with p (for axis 1) = 0.0484;
where p = (n+1)/(N+1), where n is the number of
randomization with an eigenvalue for this axis >
OR = the observed eigenvalue for the axis. N = total
number of randomization. It should be noted that
because p values for axes other than axis 1 depend
on the results of axis 1, the results for the subsequent
axes have not been taken into account.

The randomization test allows to reject the null
hypothesis that the first eigenvalue is not stronger
than in randomized data; therefore, the results are
worth interpreting at least for the first axis. As it is
shown in Figure 2, the samples from the temporary
water body (green envelope) can be very clearly
distinguished from those from permanent waters
(blue and black envelopes) along the first axis of the
DCA chart based only on the species composition of
these samples. The diversity of rotifers was correlated
with the concentration of magnesium, calcium and
water conductivity.

Discussion

It is a well-documented fact that biodiversity
is under a significant stress due to habitat
fragmentation and loss. However, it is important to
remember about the growing awareness among the
city planners that future urban development should
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be sensitive to habitat and wildlife issues (Beatley
2006). There are some possibilities to increase the
biodiversity, especially in human-dominated areas
like urban centers, parks, and cottage resorts (Olive &
Minichiello 2013), which “may refer to reconciliation
ecology, or conscious human management of the
land” (Rosenzweig 2003). However, it is not possible
to preserve the biodiversity in urban waters if we do
not have enough information and recognition of the
species in aquatic ecosystems.

Biodiversity varies according to the type of
aquatic ecosystems, disturbances and chemical
factors (Pejler 1995). Ecosystems with high stress
(disturbances), such as temporary waters (e.g.
city fountains, craters etc.), show lower diversity
(Kuczynska-Kippen et al. 2013) compared to
permanent aquatic ecosystems, such as lakes, ponds,
pit-lakes, dam reservoirs etc., which was confirmed
also in our study. The city fountain showed the
lowest diversity of Rotifera species. However, even
if the temporary waters are characterized by low
diversity, they might be important to beta- and
gamma-diversity because of the hot spots for some
rare or interesting species. On the other hand, they
may also be an ‘invasion hub’ for alien species.
We found two interesting species of rotifers in the
fountain: Trichocerca iernis and Brachionus falcatus.
T. iernis and B. falcatus are rare species in freshwater
reservoirs in Poland (Ejsmont-Karabin et al. 2004),
whereas B. falcatus is associated with tropical and
subtropical zones. This species is usually observed in
fishponds and its expansion is probably connected
with tropical fish introduced there (Ridder 1981,
Dumont 1983).

The obtained results demonstrated that the
city fountain with frequent disturbances was
characterized by a small number of species, low
density, and low Shannon-Weaver diversity and
evenness indices. The permanent water reservoirs
(the Nowa Huta dam reservoir and Bagry gravel-
pit lake) were characteried by rotifers communities
typical of stagnant water bodies, such as small
lakes (Pejler 1995, Ejsmont-Karabin & Kuczynska-
Kippen 2001, Skowronek et al. 2012). The diversity
of Rotifera in both reservoirs was higher compared
to the temporal fountain habitat, which could be a
result of various factors, e.g. disturbances mentioned
above, low availability of food resources etc.

We proved that chemical factors that affect the
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rotifer communities in urban waters (diversity,
density, occurrence) were similar to those
demonstrated to be important to this group of
organisms in lakes and artificial reservoirs in
the temperate zone (e.g. Devetter 1998, Ejsmont-
Karabin 2003, Pociecha & Wilk-Wozniak 2006,
Pociecha & Heese 2007, Illyova & Pastuchowa 2012,
Lokko & Virro 2014). The most important factors
that affected the density and structure of rotifers in
the studied permanent waters were conductivity and
concentration of magnesium and calcium. Calcium
and magnesium are very important to rotifers,
because they affect their lifespan, especially the
longevity and the number of offspring (Enesco &
Holtzman 1980), and conductivity may significantly
influence their diversity. Kling et al. (1992) showed
that many rotifers do not tolerate conductivity
higher than 400 puS cm™, and Swadling et al. (2000)
showed significantly low richness of rotifer species
between 700 uS cm™and 1500 pS cm™.

The results of this study show only a small
fragment of biodiversity in urban aquatic
habitats and confirm the importance of those
reservoirs for “sustaining aquatic biodiversity
in urban landscapes” (Pinel-Alloul & Mimouni
2013). The study also showed the importance
of urban waters as being potential ‘invasion
hubs’ for alien species, e.g. in the case of tropical
B. falcatus recorded in the fountain.

Profound knowledge about the species
composition and dynamics is necessary for the
development of management and conservation of
the urban waters, not only in terms of preserving
the a -diversity, but is also important to - and y-
diversity.

Further research is therefore needed to answer
the question: “What are we doing to keep the water
in urban reservoirs in good condition?’
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