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Abstract

Midfield ponds are characterised by a rich biodiversity. A signifi-
cant role in the function of these specific water ecosystems is played by 
resident zooplankton, which is a valuable component of numerous trophic 
networks. The aim of the present work was to study the taxonomic com-
position, concentration and biomass of zooplankton in two midfield ponds 
situated in the area of one commune, but geomorphologically different 
from each other. Experiments were conducted in the summer seasons 
(June-August) in the years 2011-2013 in two ponds. The presence of 55 
zooplankton taxa, commonly present in such water reservoirs in Poland, 
was observed. Most species were determined. The largest group comprised 
rotifers (Rotifera) – 35 taxa. The crustacean zooplankton was less diverse: 11 
taxa of copepods (Copepoda) and 9 taxa of water fleas (Cladocera) were 
found. The reservoir in Stare Czarnowo exhibited a greater number of 
taxa, where as many as 40 taxa were observed. However, 35 taxa belong-
ing to various zooplankton groups were found in the pond in Żelisławiec. 
The relatively low Jaccard index confirmed small qualitative similarity 
between the studied ponds. Both reservoirs contained representatives of 
species defined as characteristic for oligosaprobic and mesosaprobic wa-
ters, which may indicate small contamination of the two ponds and the oc-
currence of a large amount of organic matter undergoing decomposition.  
 
Key words: zooplankton, midfield pond, agricultural areas



1674

Adam Brysiewicz, Marek Jankowski, Adam Tański

INTRODUCTION

Small midfield ponds are the habitat for precious and frequently rare plant 
and animal species (Raniszewska 2009). These closed shallow reservoirs are 
characterised by the area of approximately 1 ha and the maximum depth of up 
to 3 m. They are situated in natural dips supplied by groundwater, rainwater and 
meltwater. The range of living organisms using these small basins is wide, from 
invertebrates to mammals (Czerniawski et al. 2013, Kraska and Kaniecki 1985). 
Organisms living in ponds are characterised by rich biodiversity and they deter-
mine the biological properties of the area in which they reside.

We tend to forget many useful functions of ponds in creation of the specific 
microclimate and in water accumulation (small retention) that is so indispensa-
ble in view of recent atmospheric droughts (Bernaciak et al. 2015, Bieroński 
2005). Their unquestionable and invaluable role in the agricultural landscape and 
their rich biodiversity cause them to be a very good object for studies (Downing 
2010). Zooplankton, as a specific bioindicator of the water environment, also 
constitutes a rich source of information about its condition.

The aim of the present work was to study the taxonomic composition, con-
centration and biomass of zooplankton in two midfield ponds situated in the area 
of one commune, but geomorphologically different from each other.

DESCRIPTION OF THE STUDIED AREA, MATERIAL AND METHODS

The studies were conducted in the years 2011 – 2013 in two midfield 
ponds in the protection zone of the Szczecin Landscape Park, in the area of Stare 
Czarnowo commune. One of the studied ponds is located in the village of Stare 
Czarnowo (53°16′4.47″N, 14°46′5.94″E). The reservoir was characterised by an 
oblong shape with the area of 0.8 ha. It was supplied by groundwater and surface 
runoff from adjacent agricultural areas. The pond was divided into two parts, 
which were separated by a belt of bushes and rushes. The western part had a con-
stant low water level (periodic desiccation) and intensive rushes overgrowth. 
The other part (the eastern side) was more exposed with permanent water. The 
bottom of the pond was mainly sludgy and the maximum depth in the eastern 
part of the reservoir on average exceeded 1.5 m. 

During the study, the following crops were grown in the agricultural ar-
eas adjacent to the pond: winter rape (Brassica napus L. var. napus), winter 
barley (Hordeum vulgare L.) and triticale (xTriticosecale Wittm. ex A. Camus). 
The pond in Stare Czarnowo was overgrown with rushes – great manna grass 
(Glyceria maxima (Hartm.) Holmb.) as a simplified community characterised 
by accumulation of one species. Great manna grass occurred in shallow waters 
between 20-30 cm. In deeper waters, two simplified rushes communities were 



Zooplankton structure in midfield ponds...

1675

present: common reed (Phragmites australis (Cav.) Trin. Ex Steud) and common 
bulrush (Typha latifolia L.). Communities of submerged vegetation were located 
in the pelagic zone and its main representative was the hornwort (Ceratophyllum 
demersum L). 

The other reservoir was located 10 km to the East in the fields of the vil-
lage of Żelisławiec (53°26′95.94′′N, 14°66′68.37′′E). The midfield pond in 
Żelisławiec also is a closed reservoir, but with a slightly larger area (0.9 ha). 
It was characterised by an oval shape. There were no trees and bushes around 
it, which caused stronger mixing of waters. Its shoreline was characterised by 
the occurrence of two simplified rushes communities with accumulation of 
one species, those were: common reed and common bulrush. The depth of the 
Żelisławiec pond during the study ranged from 60 to 180 cm measured from 
the water surface. The bottom of the pond in the littoral part was hard and in 
the central part it was covered with a layer of sludge. The pelagic zone featured 
submerged plant communities of two species: water smartweed (Persicaria am-
phibian (L.) Delarbre) and floating pondweed (Potamogeton natans L). During 
the three-year of the study, the following crops were grown in the agricultural 
areas adjacent to the pond: winter rape wheat (Triticum aestivum L.) and spring 
combinations (oat (Avena sativa L.) and barley.

Four points of zooplankton sample collection were determined in each 
pond. One of the points, marked P, was located in both cases in the central pe-
lagic part of the reservoirs. The other points L1, L2 and L3 were located in the 
littoral zones.

Samples of the pelagic zooplankton (P) were collected using a 5 dm3 Pat-
alas sampler. A cumulative sample was collected from a vertical of water from 
the surface to the bottom. A sample from three samplers (15 dm3) was strained 
through a net with 0.05 mm eyes and placed in a container, once a year in the 
summer (June). Littoral sample were collected using a 5 dm3 graded bucket. 
Sampling five times, the volume of 25 dm3 of water was collected at each point 
and strained through a 0.05 mm screen . The collected sample was placed in 
a container and immediately preserved with a 4% formalin solution. 

Next, a quantitative laboratory Institute of Technology and Life Sciences 
in Szczecin analysis were performed to determine the taxonomic composition 
(Table 1-2), the concentration of zooplankton (Table 3) and the volume of bio-
mass (Figure 1). The collected sample was placed in a graded cylinder and dis-
tilled water was added to obtain the volume of 50 ml. Using a pipette equipped 
with a ring, the content of the cylinder was mixed, and 1 ml of the material was 
collected and transferred to a measuring chamber, where it was measured thor-
oughly. The action was repeated in the case of each sample at least twice, but be-
fore the second count the material was condensed. Depending on the density and 
the degree of sample contamination, it was 25, 20 or 10 ml. The concentration of 
zooplankton calculated as items·dm-3 is presented in Tables 3-4. 
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For comparison of the qualitative composition of zooplankton, the Jaccard 
similarity coefficient was used according to the formula: 

J = c/(a + b – c),

where: a – number of taxa in reservoir A,
b – number of taxa in reservoir B, 
c – number of taxa common for both lakes (Kawecka and Eloranta 1994).

The coefficient assumes values from 0 to 1, where 0 indicates no common 
species and 1 indicates identical taxonomic composition of the studied reservoirs.

In order to determine biomass, the mean length of individuals from each 
zooplankton taxon was measured using a measuring eyepiece. The rotifers bi-
omass was calculated using Ejsmont-Karabin (1998) tables and the crustacean 
biomass using Starmach (1989) tables. Due to the very small figures relating to 
biomass of individual zooplankton species (especially rotifers), they are present-
ed collectively for the whole groups.

RESULTS

Three years of studies demonstrated the presence of 55 zooplankton taxa on 
the whole, commonly present in selected reservoirs in Poland. Most species were 
determined. The largest group comprised rotifers (Rotifera) – 35 taxa. The crusta-
cean zooplankton was less diverse: 11 taxa of copepods (Copepoda) and 9 taxa of 
water fleas (Cladocera) were found on the whole. It has to be emphasised that 
in the community of rotifers, the group of Bdelloidea (were not determined in 
this type of studies) encompassed at least a few species, like the group of Rotifera 
n.d. (non-determined rotifers). The real species composition of both reservoirs may 
therefore be slightly richer. 

Table 1. List of Rotifera taxa occurring in each point in the midfield ponds in the  
years 2011 – 2013 

Taxon
Stare Czarnowo Żelisławiec

P L1 L2 L3 P L1 L2 L3
Keratella cochlearis + + + +

Keratella cochlearis tecta + +
Keratella quadrata + + + + +

Brachionus angularis + + + +
Brachionus quadridentatus + + +

Brachionus rubens + + + +
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Taxon
Stare Czarnowo Żelisławiec

P L1 L2 L3 P L1 L2 L3
Platyias quadricornis + + + + +

Anuraeopsis fissa + + + + +
Euchlanis deflexa +
Euchlanis dilatata + + + + +
Euchlanis incisa +

Mytilina mucronata + + + +
Mytilina ventralis + + + +

Trichotria pocillum + + +
Lepadella ovalis + + + + + +

Lepadella rhomboides + +
Lecane bulla + + + + + + + +

Lecane hamata + + + +
Lecane closterocerca + + + +
Lecane quadridentata +

Lecane sp. + +
Colurella sp. + + + +

Trichocerca insignis +
Trichocerca rattus + + + +
Cephalodella sp. + +

Monommata aequalis + +
Scaridium longicaudum + +
Polyarthra dolichoptera + + + + + +

Polyarthra vulgaris + + +
Synchaeta sp. +
Hexarthra sp. + + + +

Asplanchna sp. + + + + + +
Testudinella patina + + + +

Bdelloidea + + + +
Rotatoria n.d. + + + + + + + +

Total Rotifer taxons 18 16 16 20 13 14 16 15
+ occurrence

Both studied ponds exhibited great taxonomic diversity of each group. The 
pond in Stare Czarnowo featured a slightly bigger number of taxa, i.e. 40, includ-
ing 28 rotifers, 4 water fleas and 8 copepods. In Żelisławiec 35 taxa were observed, 
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including 20 rotifers, 8 water fleas and 7 copepods. The general numbers of taxa in 
both studied ponds were observed to be similar with differences in species compo-
sition in each group (Tables 1 and 2).

Table 2. List of Crustacea taxa occurring in each point in the midfield ponds in the 
years 2011 – 2013 

Taxon
Stare Czarnowo Żelisławiec

P L1 L2 L3 P L1 L2 L3
Cladocera

Daphnia hyalina + + + +
Daphnia longispina +

Alona guttata + +
Oxyurella tenuicaudis +

Scapholeberis mucronata + + +
Pheracantha truncata + + +

Simocephalus expinosus + +
Simocephalus vetulus + + + +
Chydorus sphaerictus + + + + + +
Total Cladocer taxa 0 2 3 3 2 5 5 6

Copepoda
Eucyclops serrulatus + + +

Eucyclops macruroides +
Ectocyclops phaleratus +
Cryptocyclops bicolor + +

Diacyclops bicuspidatus + +
Cyclopoida – samce + +

kopepodit Cyclopoida + + + + + + + +
nauplii Cyclopoida + + + + + + + +
Megacyclops viridis +
kopepodit Calanoida + + + +

nauplii Calanoida + + + +
Total Copepod taxons 2 5 5 4 5 5 5 5
Total zooplankton taxa 20 23 24 27 20 24 26 26

* – Cyclopoida males and development stages of copepods are not counted as separate taxa; + occurrence

The tabular presentation also displays significant differences between the 
studied ponds. Only 20 taxa were common for both ponds. Those were 13 rotifer 
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taxa, 3 water fleas and 4 copepods. Also, the Jaccard similarity coefficient in-
dicates relatively great diversity. It was 0.36 for the studied ponds. It indicates 
small similarity between the zooplanktons of both ponds. It is also worth noting 
that as many as 34 taxa were only characteristic of one of the ponds. More of 
these were observed in the Stare Czarnowo pond – 20, whereas in Żelisławiec 
there were only 14 such taxa. 

The biggest mean concentration of zooplankton was observed in the pe-
lagial zone of the Żelisławiec pond and amounted to 1,683.3 individuals·dm-3. 
Such high concentration especially occurred in the case of rotifers. The low-
est concentration was observed in all the samples in the group of water fleas  
(Tables 3 and 4).

Table 3. Mean concentration of Rotifera taxa [individual·dm-3] in each point in the 
midfield ponds in the years 2011 – 2013 

Taxon
Stare Czarnowo Żelisławiec

P L1 L2 L3 P L1 L2 L3
Keratella cochlearis 530.0 98.0 10.8 92.0

Keratella cochlearis tecta 6.7 1.6
Keratella quadrata 3.3 600.0 278.0 54.8 98.0

Brachionus angularis 163.0 54.8 17.6 74.0
Brachionus quadridentatus 0.4 0.8 2.4

Brachionus rubens 3.7 5.6 3.4 10.4
Platyias quadricornis 6.7 2.0 4.0 1.0 0.4

Anuraeopsis fissa 4.8
Euchlanis deflexa 4.0
Euchlanis dilatata 12.0 4.0 22.4
Euchlanis incisa 2.0

Mytilina mucronata 4.0 12.0 3.2
Mytilina ventralis 10.0 8.0 16.0 1.6

Trichotria pocillum 3.3 2.0
Lepadella ovalis 8.0

Lepadella rhomboides 0.4
Euchlanis sp.
Lecane bulla 3.3 6.0 70.0 3.2

Lecane hamata 3.3 4.0 8.0 3.2
Trichotria tetractis

Lecane closterocerca 8.0 38.0 1.6 1.7
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Taxon
Stare Czarnowo Żelisławiec

P L1 L2 L3 P L1 L2 L3
Lecane quadridentata 18.0

Lecane sp. 20.0
Colurella sp. 3.3 8.0 14.0 4.8

Trichocerca insignis 1.6
Trichocerca rattus 1.6
Cephalodella sp. 1.6

Monommata aequalis 3.3 0.0
Scaridium longicaudum 6.4
Polyarthra dolichoptera 3.3 1.6

Polyarthra vulgaris 2.3 3.6 1.4
Synchaeta sp. 16.0
Hexarthra sp. 9.7 4.0 2.4 2.6

Asplanchna sp. 8.3 2.0 1.0 1.0
Testudinella patina 3.3 2.0 4.0 0.4

Bdelloidea 400.0 34.0 4.0 75.2
Rotatoria n.d. 6.7 0.8 1.0 1.0
Total Rotifera 450.0 90.0 224.0 150.4 1325.3 448.6 95.6 281.8

Table 4. Mean concentration of Crustacea taxa [individual·dm-3] in each point in the 
midfield ponds in the years 2011 – 2013 

Taxon
Stare Czarnowo Żelisławiec

P L1 L2 L3 P L1 L2 L3
Cladocera

Daphnia hyalina 0.7 1.2 1.8
Daphnia hyalina juv. 27.0 3.8 1.0 7.4
Daphnia longispina 1.2

Daphnia longispina juv. 0.4
Alona guttata 1.6

Oxyurella tenuicaudis 2.2
Oxyurella tenuicaudis juv. 0.4
Scapholeberis mucronata 4.0 1.8 0.4
Scapholeberis mucronata 

juv. 2.2 1.2

Simocephalus expinosus 2.0
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Taxon
Stare Czarnowo Żelisławiec

P L1 L2 L3 P L1 L2 L3
Simocephalus expinosus juv. 6.0 10.0

Total Cladocera 0.0 8.0 10.0 1.6 27.7 12.8 4.0 12.2
Copepoda

Eucyclops serrulatus 2.0 0.4
Eucyclops macruroides 10.3
Ectocyclops phaleratus 2.0
Cryptocyclops bicolor 4.0 1.6

Diacyclops bicuspidatus 4.0 1.6
Cyclopoida – samce 2.0 0.4

kopepodit Cyclopoida 3.3 16.0 60.0 4.8 50.3 17.2 25.4 21.6
nauplii Cyclopoida 3.3 40.0 154.0 20.8 207.0 132.2 125.2 102.0
Megacyclops viridis 2.0
kopepodit Calanoida 12.7 6.4 5.4 7.6

nauplii Calanoida 50.0 12.0 15.4 52.0
Total Copepoda 6.7 62.0 224.0 28.8 330.3 168.2 171.4 183.6

Total zooplankton 456.7 160.0 458.0 180.8 1683.3 629.6 271.0 477.6

While studying the biomass of zooplankton collected from the ponds in 
question, a significant advantage of the volume of biomass in Żelisławiec was 
observed. Despite the small number, the largest biomass comprised water fleas 
(88.96 mg·dm-3). Another group consisted of copepods and the smallest biomass 
was observed in the case of rotifers (Figure 1). 

Figure 1. Total biomass (mg·dm-3) of each zooplankton group in both studied ponds in 
the years 2011 – 2013
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Overall, higher concentration of total biomass was observed in points L1, 
L2 and L3 in Żelisławiec than in the corresponding points in the pond in Stare 
Czarnowo (Table 5). The biggest biomass in the Żelisławiec pond was observed 
in the case of Cladocera and amounted to 4.549 mg·dm-3 which constituted 67% 
of the biomass of zooplankton in the littoral of this pond. For comparison, Cla-
docera also constituted the biggest biomass of zooplankton in the Stare Czarnowo 
pond, but it only amounted to 46%. The overall biomass of zooplankton in the 
littoral of the Żelisławiec pond was 67% and 33% in Stare Czarnowo.

Table 5. Mean biomass of zooplankton [mg·dm-3] in each point in the midfield ponds in 
the years 2011 – 2013 

Taxon
Stare Czarnowo Żelisławiec

P L1 L2 L3 P L1 L2 L3
Rotifera 0.843 0.112 0.129 0.225 0.841 0.341 0.097 0.193

Cladocera 0.000 1.180 0.200 0.160 0.781 2.508 0.934 1.107
Copepoda 0.018 0.580 0.659 0.134 3.645 0.474 0.467 0.675

Total zooplankton 0.862 1.872 0.988 0.518 5.267 3.323 1.498 1.974

The annual increase in the number of zooplankton taxa was observed with-
in the three-year period of studies. The smallest number of taxa in the Stare 
Czarnowo pond was observed in 2012 when water fleas were not detected and 
the number of rotifers and copepods was also smaller than in the Żelisławiec 
pond (Figure 2). 

Figure 2. Number of taxa of each zooplankton group of the Stare Czarnowo pond in 
the three years of studies (2011-2013)
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The Żelisławiec pond was characterised by a smaller number of taxa from 
groups of copepods, which was smaller than in the other pond in each year  
(Figure 3). 

Figure 3. Number of taxa of each zooplankton group of the Żelisławiec pond in the 
three years of studies (2011-2013)

DISCUSSION

The quantitative, qualitative and size composition of plankters and prod-
ucts of their metabolism affect the quality of water and its usability in recreation 
and human activity (Grabowska 2008). The species composition of zooplank-
ton characteristic of similar reservoirs was observed in two studied ponds Stare 
Czarnowo and Żelisławiec (Segers 2008). Clear domination of rotifers over 
crustaceans been previously demonstrated in regards to the number of taxa and 
their number (Karabin 1985, Kuczyńska-Kippen 2009).

Certain regularities can be observed in the qualitative distribution in each 
point although the points located in the pelagial zone were the poorest taxonom-
ically in the case of both ponds. Mainly, this is a phenomenon typical for large 
reservoirs, where the littoral is normally richer in species than the open-water 
zone due to the presence of many hideaways. In relatively shallow ponds, which 
are similar to ponds, the possibility of migration between the littoral and the 
pelagial zone is more common and therefore qualitative differences between the 
two zones are not encountered.

It is worth noting the absence of water fleas in the pelagial zone in Stare 
Czarnowo and the occurrence of only two representative of this group in 
Żelisławiec – Daphnia hyaline and Chydorus sphaerictus. The small number of 
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these taxa may be associated with high predatoriness of plankton feeders. The 
predators, as opposed to water fleas, have significantly better motor abilities, 
which substantially facilitate feeding. Copepods handle it better because they can 
avoid their predators more effectively (Pont and Amrani, 1990). The small num-
ber of rotifers and water fleas in Stare Czarnowo in the summer could have been 
caused by progressing recession of the pond. For comparison, in Żelisławiec in 
the summer crustacean plankton was relatively abundant especially in typically 
littoral species such as Scapholeberis mucronata.

The domination of rotifers is typical of such small and misfiled water eco-
systems (Kuczyńska-Kippen 2009). A great value of zooplankton biomass in 
both ponds is normally dominated by water fleas due to their large size, pre-
dominantly when there is no factor that restricts them (Carpenter 1985). The 
bigger contribution of biomass in the Żelisławiec pond was affected by reduc-
tion of rotifers by the filtration mechanisms of large water fleas (Dieguez and  
Gilbert 2011). 

Differences in zooplankton biomass between the two ponds resulted from 
bigger concentration of the largest water flea species – Daphnia hyaline and 
Daphnia longispina in the Żelisławiec pond. This total disappearance in the pe-
lagic zone phenomenon was not observed in Stare Czarnowo, where the main 
component of zooplankton were large copepods that, however, do not reach such 
individual mass as water fleas. The cause of such significant concentration of 
large plankters could have been small pressure from fish, which only began to 
feed on bigger plankton. This explanation is substantiated by a rapid decrease 
in the number of water fleas and copepods during the studies, especially their 
nearly total disappearance in the pelagic zone.

 In addition, it has to be noted that the quality of water cannot be deter-
mined unambiguously on the basis of the qualitative composition of both ponds 
because the species occurring in them are characteristic of both the low and high 
trophies species referred to as characteristic of oligosaprobic and mesosaprobic 
waters were found in both ponds. For example, in Stare Czarnowo it was a cope-
pod – Megacyclops viridis (absent in the other pond). In Żelisławiec it was also 
a copepod – Euczclops macruroides. This species was not detected in the Stare 
Czarnowo pond. The presence of the aforementioned copepods may indicate 
small contamination of both ponds with decomposing organic matter.

CONCLUSIONS

1. Rotifers were the dominant group of zooplankton in the studied ponds.
2. The species that were found and determined during the studies be-

longed to common species observed in such water reservoirs in Poland. 



Zooplankton structure in midfield ponds...

1685

3. Higher taxonomic diversity was observed in Stare Czarnowo, where 
40 taxa were observed which was by 12.5% higher than Żelisławiec 
(35 taxa).

4. The Jaccard similarity coefficient calculated for the studied ponds was 
0.36, which confirms small qualitative similarity between the ponds.

5. Both reservoirs contained representatives of species defined as char-
acteristic for oligosaprobic and mesosaprobic waters, which may 
indicate small contamination of the two ponds with decomposing  
organic matter.
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