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Abstract
One of the most interesting and relatively little known water ecosystems of „Lasy Janowskie”
Landscape Park is a group of old ponds which have been excluded from intensive fisheries for
many decades. Two of these ponds, belonging to pond complexes, and two other situated outside such
complexes were studied in 1996, 2005, 2013 and 2015, regarding their planktonic rotifer assemblages.
The total of 65 rotifer taxa were recorded in the plankton. The number of its species in individual
reservoirs and years of study ranged from 7 to 21, and their density was from 29 to 775 ind. dm-3.
As many as 25 species in individual ponds and study periods represented dominnats. The present
work aimed at determining which of those tiny yet floristically rich ponds were inhabited by more
sustainable rotifer assemblages, regarding both their quality and quantity, and to which ecological qualities
was such sustainability related to a higher degree; species richness, their diversity, density, biomass,
composition or domination structure.. The results of the studies revealed slight variability of ecological
properties among the planktonic rorifers in the ponds composing large reservoir groups and a significantly
higher variability of these qualities in the „single” ponds which were situated at a long distance from large
pond complexes.
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Fig. 1. Map of the study area.

Introduction
Lasy Janowskie Landscape Park, which covers water
and peat bog areas, is rich in tiny water reservoirs.
These include significantly diversified ponds, such as the
unique Imielty Lug, which is of high scientific value and
is protected as a reservation area; the dystrofic ponds of
Wilczów and Witols, which are not treated as protected
areas; and the large complex of slightly boggy ponds
of Momoty Górne [1] (Fig. 1), which remain under the
pressure of fisheries.
The rotifers found here provide attractive research
material as they become the basic component of tiny
zooplankton [2]. Consuming bacteria, algae, protozoa,
and dead organic matter, they play a significant role in
the trophodynamics of these water ecosystems, and they
inhabit them relatively early [3-5]. Many of them react
quickly to any changes in water fertility or purity [1, 6-7].
The study was initiated in order to develop the
ecological profile of these highly diversified ponds, as well
as to determine the dynamics of changes in planktonic

rotifer assemblages during a period of 19 years. The
work aimed at defining the degree of sustainability
among planktonic rotifer assemblages inhabiting the
ponds of Lasy Janowskie Landscape Park, to see if their
sustainability was similar in all the analyzed reservoirs
and if it referred to all or only to some of the ecological
qualities of rotifer assemblages.

Study Area
Lasy Janowskie Landscape Park, situated on Rownina
Bilgorajska (Bilgoraj Plain) in southeastern Poland,
was founded in 1978. It covers a large woodland area
dominated by pine forests (85%) and includes a dense
network of rivers, canals, and ditches [1]. There are
vast swamps and peat-bogs here, as well as groups of
morphologically diversified ponds (Fig. 1).
Two of the four reservoirs studied, namely the
dystrophic pond called Witold and the eutrophic pond
of Momoty Gorne remaining under fishery pressure, are

Table 1. Physical and chemical parameters of water in Lasy Janowskie Landscape Park ponds. The mean values from four periods (spring
and summer 1996 plus spring and summer 2005) were taken for analysis.
Parameter of water

PONDS
Witold

Wilczów

Imielty Ług

Momoty Górne

21.5±1.8

22.3±2.1

21.8±1.7

20.9±1.8

6.88±0.11

5.80±0.28

6.79±0.07

7.05±1.10

Conductivity μS cm

185.0±18.1

123.0±15.9

126.0±22.8

587.0±98.2

O2 mg dm

8.3±2.2

7.6± 1.8

7.9±2.1

9.3±3.1

P-PO4 mg dm-3

0.005±0.003

0.026±0.021

0.026±0.019

0.019±0.011

Total P mg dm-3

0.105±0.11

0.055± 0.28

0.235±0.07

0.095±1.10

N-NO3 mg dm

0.105±0.038

0.105±0.045

0.282±0.089

0.305±0.099

0.326±0.120

0.364±0.151

0.576±0.089

0.185±0.023

Temperature oC
pH
-2

-3

-3

N-NH4 mg dm

-3
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Table 2. Plant associations occurring in studied ponds of Lasy Janowskie Landscape Park (+ - rare, 1 < 5%, 2 = 5-25%, 3 = 26-50%, 4
= 51–75%, and 5 = 76-100%) in 1996 and 2005.
Pond
Plant associations

Witold

Wilczów

Imielty Ług

+

Momoty
Górne

Floating plants (pleustonic)
Lemno minoris-Salvinietum natantis (Slavnić 1956) Korneck 1959

1

+

Spirodeletum polyrhizae (Kelhofer 1954) W.Koch 1954 em. R.Tx. et
A.Schwabe 1974 in R.Tx. 1974

1

+

+
+

Lemnetum gibbae Miy. et J.Tx. 1960

1

1

Plants with floating leaves (nympheids)
Nupharo-Nymphaeetum albae Tomasz. 1977

2

1

2

Potametum natantis Soó 1923

1

1

2

1

Polygonetum natantis Soó 1927

+

Submerged macrophytes (elodeids)
1

Potametum compressi Tomasz. 1978
1

Elodeetum canadensis (Pign. 1953) Pass. 1964
Ceratophylletum demersi Hild 1956

2

Potametum perfoliati Koch 1926 em. Pass. 1964

1

Potametum pectinati Carstensen 1955

+

1

1

3
1

+

1

Emergent macrophytes (helophytes)
Scirpetum lacustris (Allorge 1922) Chouard 1924

1

1

+

1

Phragmitetum australis (Gams 1927) Schmale 1939

4

3

3

5

Typhetum angustifoliae (Allorge 1922) Soó 1927

4

3

3

Typhetum latifoliae Soó 1927

2

1

3

1

1

1

Sparganietum erecti Roll 1938
Glycerietum maximae Hueck 1931

1

Thelypteridi-Phragmitetum Kuiper 1957

2

Total

13

reservoirs composing large pond complexes covering
areas of 89 ha and 129 ha, respectively. On the other hand,
the unique Imielty Lug Pond, covered by reservation
protection law, and Wilczow Pond, not protected, are
large, single, dystrophic reservoirs, not included in
any complexes, with an area of ca. 50 ha each [1]. For
many years the reservoirs were excluded from fisheries.
Their waters are characterized by low mineralization,
acidic reaction (with the exception of Momoty Górne),
high levels of organic matter concentration, and low
oxygenation (Table 1).
Morphologically, the ponds resemble natural
reservoirs with well-developed litoral. They are inhabited
by a total of 18 plant associations. The majority of these,
as many as 16, occurred in Momoty Górne pond, while
the lowest number, 10, was recorded in Witold. They were
dominated by emergent plant associations, including
seven assemblages with the most abundant Phragmitetum

1

10

2
2

3

11

16

australis. The least common were the associations of
plants with floating leaves, as well as pleustinic plants at
three assemblages of each (Table 2).
The association most abundantly represented among
the submerged macrophytes was Ceratophylletum
demersi. The plants in the analyzed ponds were distributed
mosaic-like. Phytolitoral was developing irregularly,
covering nearly their whole area. The majority of plant
species composing the phytocenoses mentioned here
occurred in Momoty Górne and Witold ponds, amounting
to 54 and 55, respectively. The ponds of Wilczów and
Imielty Ług revealed a similar number of species, 34 and
35, respectively. The least numerous group was formed
by pleustophytes, while the largest one was composed of
helophytes.
The dykes of the analyzed ponds are very wide, with
gently sloping edges, and they are typically covered by
shrubs and bushes, sometimes even by woods. It is only
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at the complex of Momoty Gorne ponds that intensive
fisheries had been initiated long before the study started.
The catchment areas of these ponds include dykes, reeds,
swamps, peat-bogs, trees, shrubs, and the dominating
woodland areas.

Materials and Methods
The biological material was sampled in the spring
and autumn of 1996, 2005, 2013, and 2015. The study
included four ponds. In each of them and at each period
the plankton was sieved in three replications. The
samples were collected by taking 10 dm3 of water with
the use of a Toń II sampler at a depth of 0.5 m. The water
collected in this way was sieved through a planktonic net
No. 25 and condensed to a constant volume of 100 cm3.
The samples were preserved with Lugol’s liquid and 4%
formaldehyde and glycerine solution. The samples were
used to determine the species and abundance of rotifers.
In order to verify the regularity of all the variables
we used the Shapiro-Wilk test. The significance of
differences in the density and biomass of rotifers among
individual reservoirs and study periods was studied with
the use of Kruskal-Wallis non-parametric rang ANOVA
test in SAS. The similarity of rotifer communities studied
in the individual ecosysytems and study periods was
determined by means of the Jaccard index with the cluster
method using Multi Variate Statistical Package (MVSP v.
3.1). The analysis of similarities was performed with the
help of Unweighted Pair-Group Method Using Arithmetic
Avarages (UPGMA). To interpret the results we calculated
the index of rotifer domination and determined the
sustainability of domination structure [8]. Wet biomass of
planktonic rotifers was calculated in WW μg dm-3 [9] and
Shannon index was identified.
We determined physical and chemical agents out in
spring and autumn 1996 and 2005, following methodology
in [10-11]. Studies were carried out in 1996 and 2005. We
recorded all species among four groups of macrophytes
(emergent, floating-leaved, submerged, and floating
plants). Nomenclature for aquatic macrophytes followed
[12]. Aquatic plants were grouped into five classes
(+ = rare, 1 < 5%, 2 = 5-25%, 3 = 26-50%, 4 = 51-75%, and
5 = 76-100%) following the phytosociological approach
[13]. Trophic status of the ponds was determined
according to Paleolog et al. [1].

Fig. 2. Planktonic rotifer density and wet biomass (+SD) in the
ponds of Lasy Janowskie Landscape Park of in 1996, 2005,
2013, and 2015.

In the ponds composing larger water complexes,
namely Witold and Momoty Gorne, the number of
planktonic rotifers was much more stable and ranged
from 272 to 374 ind. dm-3 (Fig. 2). A similarly low density
of planktonic rotifers was recorded in other reservoirs of
this type [14-16]. In the majority of other ponds, however,
higher or much higher rotifer density was observed by the
authors [12, 17-18]. Differences in rotifer density observed
in ponds in different years of the study are statistically
significant, except for the differences in density noted in
Momoty Gorne and in Witold between 2005, 2013, and
2015, and in Wilczów between 2005 and 2013.
The biomass of planktonic rotifers in the studied
ponds was in most cases insignificant and its value was
similar at a comparable level of stability, significance, and
abundance (Fig. 2).
For the sake of comparison, three ponds of Poleski
National Park, which, unlike the landscape park
ponds, are not of dystrophic character, revealing lower
fluctuations in the abundance of planktonic rotifers in
time. The biomass of planktonic rotifers, similar to that in
the park ponds, was a value changing more significantly
in time [19].
Numerous authors have claimed that species
composition of plankton may be significantly variable, yet
the biomass remains stable. It should be noted, however,
that the majority of such opinions is based on studying
phytoplankton rather than zooplankton [20-21].

Results and Discussion
The density of rotifer plankton was rather low
and charactersitic of poor and medium-fertile waters.
Its highest values of 573 and 775 ind. dm-3 were
recorded in the ponds of Wilczow and Imielty Lug in
1996. In the following years these values were much
lower and more stable, as they ranged from 29 to
33 ind. dm-3 in Wilczów and from 49 to 82 in Imielty Ług
(Fig. 2).

Fig. 3. Number of species and Shannon index for planktonic
rotifers in the ponds of Lasy Janowskie Landscape Park in 1996,
2005, 2013, and 2015.
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Table 3. Domination structure of planktonic rotifers (%) in the ponds of Lasy Janowskie Landscape Park in 1996, 2005, 2013, and 2015.
Year

2005

2013

2015
Momoty górne

Imielty Ług

Wilczów

Witold

Momoty górne

Imielty Ług

Wilczów

Witold

Momoty górne

Imielty Ług

Wilczów

Witold

Momoty górne

Imielty Ług

Wilczów

Witold

Ponds

1996

Dominants
10

Anuraeopsis fissa Gosse
21

Asplanchna multiceps (Schrank)
Asplanchna priodonta Gosse

9

9

10

Asplanchna sieboldi (Leydig)

13

Bdelloidea non. det.

9
17

Brachionus angularis Gosse
Brachionus diversicornis (Daday)

11

20
10

12
19

11

Brachionus quadridentatus Herm.

12

Collotheca ambigua (Hudson)

9
22

Colurella colurus (Ehrb.)
Conochilus unicornis Rouss.

14

96

19

15
8

9

7

11

10
10

9

16

Euchlanis deflexa Gosse

7

Euchlanis dapidula Parise
9

Euchlanis lyra Hudson
22

Gastropus stylifer Imhof

9

Kellicottia longispina (Kell.)
Keratella cochlearis (Gosse)

14

55

45

24

65

9
11

30

57

21

8

Keratella quadrata (Müll.)

14
33

69

10

32

14

Lecane crenata Harr.

12

Lecane quadridentata (Ehrb.)

9
8

Lepadella rhomboides (Gosse)
7

Mytilina crassipes (Lucks)

10

Mytilina mucronata (Müll.)
38

Polyarthra euryptera Wierz.
14

Polyarthra vulgaris Carl.

10
14

10

16

14

10

Testudinella patina (And. et Shep.)
Subdominants

7

1

29

8

16

22

44

13

20

24

44

18

19

55

45

28

Recedents

3.7

2.6

4.1

1.8

2.0

0.0

0.0

2.3

3.2

0.0

0.0

1.8

3.9

0.0

0.0

2

The four ponds studied revealed the presence of 65
rotifer taxa. Their highest abundance, 57 species, was
noted at the site belonging to the reservation area, the
dystrophic pond of Imielty Lug. Another dystrophic pond
of Wilczow revealed only 34 taxa, while the reservoirs
forming larger pond complexes, Witold and Momoty
Gorne, were inhabited by 19 and 18 species, respectively,
during the whole study period. In comparison, other

ponds in Europe and all over the world have revealed in
most cases similar species abundance [2, 22-25] or lower
numbers [4, 17, 26-27]. Species abundance of rotifers in
the four analyzed ponds was a stable value, as it remained
at a similar level during all the periods analyzed here.
Its highest values were always recorded in the pond of
Imielty Lug (16 to 21 species), while the lowest numbers
were noted in Wilczow (7 to 11 species, except for 2015,
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when 15 species were observed). In the ponds belonging
to larger reservoir complexes, namely the ponds of Witold
and Momoty Gorne, the number of taxa remained within
an even smaller range of 12 to 14 species (Fig. 3).
Species diversity expressed with the Shannon index
was slightly different than species abundance. In the
Imielty Lug pond the former reached high values after
2005, yet earlier it was slightly lower than in the Momoty
Gorne pond (Fig. 3). In Wilczow, the Shannon index and
species abundance were initially low, yet in 2005 and in
later years the index was at a significantly higher level and
reached values even higher than in the remaining ponds
analyzed here. It may thus be concluded that, except for
the pond of Wilczow, the Shannon index during all the
study periods was a stable value, fluctuating within a
narrow range (Fig. 3). The literature does not offer many
references regarding long-term stability of the Shannon
index calculated for rotifers inhabiting the ponds of
other regions in Poland and Europe. To compare, three
ponds of Poleski National Park, which, unlike the ponds
of the landscape park, did not have dystrophic character,
revealing much higher differences regarding their species
richness [19].
Among the dominants of these small reservoirs, as
many as 25 species of rotifers were found (38% of all the
species identified). Many of them are common species
(Table 3).
Despite such a high number of dominant species,
the sustainable domination structure was observed only
in the Momoty Gorne pond. The situation of balanced
dominant structure was recorded there during all the
study periods. In the remaining ponds during all the study
periods the dominant structure was not balanced (Table
3). The criterion of the degree of domination sustainability
among rotifers was adopted after Bielańska-Grajner [8].
The author treats an assemblage as sustainable when it
includes all three classes of domination (dominants,
subdominants, and recedents), and at least three of the
species belong to dominants and none of them exceeds
the 45% share of their total abundance.

In order to analyze the degree of modifications
occurring in time, regarding the species’ composition
and domination structure in the particular reservoirs
the Serensen index was calculated to show the degree
of faunistic similarity of different rotifer communities
(Fig. 4).
The cluster method revealed a very high similarity
among rotifer communities inhabiting the Witold pond.
The Serensen index determining similarity of rotifer
communities in this particular pond ranged at a very
high level, from 0.79 to 0.92. Also, a group of clear faunistic similarities was observed among rotifer assemblages inhabiting Momoty Gorne in different years.
Serensen’s index in this particular pond ranged from 0.74
to 0.94 (Fig. 4) in the years compared here. Such low
dynamics of changeability within the communities of
small plankton may result from the nature of Witold and
Momoty Gorne. Both reservoirs, unlike the remaining
ones, belong to larger pond complexes. To compare,
similarly low changeability in plankton communities
in a long-term period was also observed in large
water-reservoir complexes of Poleski National Park in
southeastern Poland [19].
The dynamics of rotifer communities in the two
remaining landscape park ponds (not belonging to large
water complexes) looked different. Rotifer communities
observed there were significantly different from groups
inhabiting the same reservoirs at a different time. The
Serensen index defining similarity between rotifer
communities in different years in the Wilczow pond
amounted to as little as 0.18-0.24, while the value for
Imielty Lug ranged from 0.18 to 0.28 (Fig. 4).
Many authors claim that lower rotifer community
sustainability is related to their poor species diversity
[28]. The present studies on planktonic rotifers have not
quite confirmed this opinion, as the lowest mean values of
the Shannon index were recorded in Witold and Wilczow
ponds (0.60 and 0.69, respectively), while the highest
values were noted in Imielty Lug and Momoty Gorne
(1.03 and 0.88, respectively). The highest sustainability of

UPGMA

0,04

0,2

0,36

0,52

Wilczów 2015
I. Ług 2005
I. Ług 2013
Wilczów 2005
Wilczów 2013
I. Ług 2015
Wilczów 1996
I. Ług 1996
M. Górne 2013
M. Górne 2015
M. Górne 2005
M. Górne 1996
Witold 2015
Witold 2005
Witold 2013
Witold 1996
0,68

0,84

1

Sorensen's Coefficient

Fig. 4. Similarity structure of planktonic rotifer assemblages based on their quantity composition in Lasy Janowskie Landscape Park
ponds in 1996, 2005, 2013, and 2015.
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rotifer assemblages in time was observed in Witold and
Momoty ponds, while its much lower value was observed
in Wilczow and Imielty Lug. Similar studies performed
in other Polish ponds and at a different times proved,
however, that higher species diversity among rotifers may
be related to higher sustainability of their communities
[19].
The reason for high sustainability of rotifer
assemblages in Witold and Momoty Gorne ponds could
also be their situation in large water complexes. Howeth
Jenifer and Leibold Matthew [26] also claim that that the
degree of sustainabilty may be determined by the rate of
species spread among a local assemblage. The authors
quote the example of a complex of closely situated ponds
as the habitat for more stable meta-populations, and
explain that a meta-population consists of numerous local
assemblages, which offers more chance for stabilizing
migrations. This suggests that higher sustainability of
rotifer communities (and thus preservation of their species
diversity and conservation of rare species) is fostered by
biocenoses, including numerous meta-populations. Such
a regularity among other hydrobionts is also mentioned in
other studies [20, 29].

Conclusions
The analyzed ponds of Lasy Janowskie Landscape
Park constitute valuable – often dystrophic – ecosystems
of tiny water reservoirs situated in woodlands. They
are not typically highly dominated by single species.
The dominants include numerous but not necessarily
common species. The low density of planktonic rotifers
distinguishes these particular reservoirs from the majority
of fish-breeding ponds. The studies revealed that:
1. There was little changeability in time regarding both
species abundance and species diversity.
2. Sustainability of rotifer assemblages in the of Lasy
Janowskie Landscape Park ponds is not clearly related
to the degree of species diversity.
3. Planktonic rotifer assemblages were definitely more
changeable in time in those reservoirs that were not
situated within the area of large pond complexes.
4. Modifications regarding the biomass and abundance
of planktonic rotifers in time varied, yet they were
slightly more stable in the ponds belonging to large
water complexes.
5. The degree of stability of the organisms creating
the pond biocenosis may be useful in assessing the
ecological status of the studied reservoir.
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