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INTRODUCTION

Park ponds in urban areas constitute an important 
part of the landscape. They regulate hydrographic condi-
tions, improve parkland microclimate and enhance the 
ecological, landscape and aesthetic values of a park (LĊ-
ĜĎœĘĐĆ ͼͺͺͺ, MĆőĊĈĐĎ ͼͺͺ΃, MĆőĊĈĐĆ and SęĆĘğĊĜ-
ĘĐĎ ͼͺͻͻ). Therefore, maintaining good quality of pond 
waters, which are often exposed to over-fertilization and 
excessive algae growth, is particularly important. 

The Sołackie Ponds, located in the Sołacki Park in 
Poznań, are shallow, artifi cial reservoirs created by dam-
ming the Bogdanka river, the left-bank tributary of the 
Warta. Phycological studies carried out in ͻ΃΃΃-ͼͺͺͺ 
(MĊĘĘĞĆĘğ and JĚėČĔœĘĐĆ ͼͺͺͽ), revealed a large share 
of green algae and cyanobacteria, and confi rmed the 
eutrophic nature of the ponds. 

Poor quality of water in the Sołackie Ponds has been 
so far due to the fact that they are the last reservoir 
collecting sludge and contaminations carried by the 
Bogdanka before reaching the Warta. Their last recla-
mation took place in ͼͺͺͿ-ͼͺͺ΀, and the previous one 
in ͻ΃΃Ϳ-ͻ΃΃΀. 

The aim of this study was the assessment of water 
quality of two Sołackie Ponds (Mały and Duży), based 
on qualitative and quantitative analysis of phytoplank-
ton, including indicator species. 

According to the Water Framework Directive of the 
European Union, phytoplankton is one of the key fac-
tors that should be taken into account when assessing 

the ecological status of waters. Algal communities are 
sensitive to physical and chemical conditions of water 
and quickly respond to environmental changes, being 
good indicators of trophy, saproby or water pH (RĊĞ-
ēĔđĉĘ ͼͺͺͺ). Therefore, phycological research will help 
to determine current ecological status of the ponds and 
to introduce appropriate measures aimed at their recla-
mation and protection. 

STUDY AREA AND METHODS

The investigated ponds (Mały Pond – ͻ and Duży 
Pond – ͼ, Fig. ͻ) are located in the Sołacki Park, in the 
north-western part of Poznań. The park covers an area 
of ͻ;.΀ͺ hectares, between the streets Małopolska and 
Litewska and Nad Wierzbakiem and Niestachowska. 

The ponds have elongated shape and their total area 
is about ͽ.ͼ΀ ha. The coastline is ͻͺͿͺ m long (ŁĻĈĐĎ 
ͻ΃΃ͺ). The Mały Pond’s area is ͺ.ͼ haͼ and its depth 
is ͻ.ͽ-ͻ.Ϳ m, while the Duży Pond covers ͽ.ͼͼ haͼ and 
is ͻ.Ϳ-ͼ m deep (MĊĘĘĞĆĘğ and JĚėČĔœĘĐĆ ͼͺͺͽ). The 
ponds’ bottom is heavily silted. 

Samples for phycological analysis were collected 
from the surface layer of the pelagic zone (Fig. ͻ) in 
both ponds. The study was conducted between June 
ͻͿth to October ͻ΃th, ͼͺͻͼ, at two week intervals. 
Each time water pH and temperature were measured. 
The samples for qualitative phytoplankton analysis 
were concentrated using a plankton net, and those 
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for quantitative analysis were fi xed at once with Lu-
gol’s solution, and concentrated to a volume of Ϳ ml by 
sedimentation. 

Planktonic algae taxonomic determination was based 
on the following keys: SęĆėĒĆĈč (ͻ΃΀΀, ͻ΃΀΂, ͻ΃΁ͼ, 
ͻ΃΁;, ͻ΃΂ͽ, ͻ΃΂΃), HĎēĉġĐ (ͻ΃΂;, ͻ΃΂΂ a, b), KėĆĒĒĊė 
and LĆēČĊ-BĊėęĆđĔę (ͻ΃΂΀, ͻ΃΂΂, ͻ΃΃ͻ a, b), PĔĕĔěĘĐż 
and PċĎĊĘęĊė (ͻ΃΃ͺ), WĔőĔĜĘĐĎ (ͻ΃΃΂), KĔĒġėĊĐ and 
AēĆČēĆĘęĎĉĎĘ (ͼͺͺͿ), WĔőĔĜĘĐĎ and HĎēĉĆĐ (ͼͺͺͿ) 
and BĩĐ et Ćđ. (ͼͺͻͼ). 

Phytoplankton individuals were counted under 
a light microscope in the Fuchs-Rosenthal chamber. 
Single cells and algae coenobia were treated as indi-
vidual organisms. In the case of trichomes a single in-
dividual was considered to be ͻͺͺ μm long, and in the 
colony forming cyanobacterium Microcystis sp. to cover 
the area of ;ͺͺ μmͼ. The dominant taxa were defi ned 
as those accounting for ͻͿ% or more of the total abun-
dance in a given sample. 

Ecological characteristics of diatoms was based on 
the scale described by ěĆē DĆĒ et Ćđ. (ͻ΃΃;), taking 
into account the trophic status, saprobity and pH.

Taxonomic similarity of the two ponds was calcu-
lated according to the Jaccard formula (KĆĜĊĈĐĆ and 
EđĔėĆēęĆ ͻ΃΃;). 

RESULTS AND DISCUSSION

Changes in pH and temperature are presented in Ta-
ble ͻ. Water pH fl uctuated between ΀.΀ and ΁.΂. The low-
est pH in both ponds was noticed in autumn. Water 
temperature in summer was about ͼͺ°C, and signifi cant 
drop was observed in autumn (Table ͻ).

Qualitative analysis of the phytoplankton structure 
in the Sołackie Ponds revealed the presence of a total of 
ͼ΃; phytoplankton taxa (ͼ;; in the Mały Pond and ͼ;΀ 
the Duży Pond). Phycofl ora of both ponds comprised 
mostly green algae and diatoms (Fig. ͼ, ͽ), as in ͻ΃΃΃-
-ͼͺͺͺ (MĊĘĘĞĆĘğ and JĚėČĔœĘĐĆ ͼͺͺͽ). 

Taxonomic similarity coeffi  cient for the studied 
ponds was ΁ͼ%, which indicates only minor diff er-
ences in terms of species composition. However, there 
were found species, which occurred only in one pond: 

FĎČ. ͻ. Location of the Sołackie Ponds (pond ͻ – Mały Pond, pond ͼ – Duży Pond)

TĆćđĊ ͻ. Temporal changes in water temperature and pH values in the Sołackie Ponds in ͼͺͻͼ
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Anabaena affi  nis Nygaard, Aphanizomenon issatschen-
koi (Usačev) Proškina-Lavrenko, Chroococcus disper-
sus Lemm., Oscillatoria tenuis Agardh, Cosmarium 
rectangulare Grun. in Rabenh., Desmodesmus armatus 
Hindák, Dictyosphaerium ehrenbergianum Komarék, 
Oocystidium ovale Korshikov, Scenedesmus ellipticus 
Hindák, Staurodesmus triangularis Lagerh., Euglena 
deses Ehr., Euglena hemichromata Skuja, Euglena sp., 
Euglena spirogyra Ehr., Trachelomonas sp., Achnanthes 
exigua Grun., Achnanthes sp., Amphora pediculus (Kütz.) 
Grun., Epithemia turgida (Ehr.) Kütz., Fragilaria constru-
ens (Ehr.) Grun., Fragilaria crotonensis Kitt., Hantzschia 
abundans Lange-Bertalot, Navicula hungarica Grunow, 
Pinnularia sp., Rhopalodia gibba Ehr., Stephanodiscus 
hantzchii Grun., Stephanodiscus sp., Surirella linearis 
W. Sm., Surirella grunowii Kulikovskiy, Lange-Bertalot, 
Witkowski, Fragilaria dilatata (Brèb.) Lange-Bertalot 
and Polyedriopsis sp. in Mały Pond, and also Anabaena 
solitaria Kleb., Anabaena spiroides Kleb., Closterium 
aciculare T. West, Closterium moniliferum Ehr. ex Ralfs, 
Desmodesmus opoliensis (P.G. Richter) Hegew., Eudo-
rina elegans Ehr., Koliella longiseta (Vischer) Hindák, 
Oocystis sp., Tetrastum glabrum Roll., Treubaria setige-
ra (W. Archer) G.M. Sm., Euglena caudata Hübner, Eu-
glena pascheri Swirenko, Lepocinclis ovum Ehr., Phacus 
caudatus Hübner, Trachelomonas globularis Lemm., Tra-
chelomonas manginii Defl andre, Amphora sp., Cymato-
pleura solea (Bréb.) W. Sm., Cymbella tumida (Brèb.) Van 
Heurck, Fragilaria sp., Gomphonema acuminatum Ehr. 
var. acuminatum, Gomphonema sp., Sellaphora pupula 
(Kütz.) Mereschkowsky, Nitzschia sp., Stauroneis anceps 
Ehr., Peridiniopsis sp., Peridinium cunningtonii (Lemm.) 
Lemm., Rhodomonas tenuis Skuja, Dinobryon sp., Tetra-
edriella spinigera Skuja, in the Duży Pond.

Eighty seven and ΂΀ taxa of green algae, and ΁΂ 
and ΁ͻ diatoms taxa were found in the Mały and Duży 

ponds, respectively. Moreover, a relatively high pro-
portion of euglenoids and cyanobacteria was reported 
(Fig. ͼ, ͽ), while the other taxonomic groups (Dinophy-
ceae, Cryptophyceae, Chrysophyceae and Xanthophy-
ceae) were represented only by single species. 

Large number of phytoplankton species is common 
for ponds, because the typical pond species (e.g. eugle-
noids) are accompanied by lake species (MĊĘĘĞĆĘğ and 
JĚėČĔœĘĐĆ ͼͺͺͽ). Among the green algae found in the 
investigated reservoirs were the representatives of Vol-
vocales (Eudorina elegans Ehr., and Pandorina morum 
(O.F. Müll.) Bory), which are typical for ponds rich in 
nutrients (BĚėĈčĆėĉę ͼͺͻͺ). Five species of Pediastrum 
genus were detected, which are common for shallow, 
fertile or alkaline lakes and ponds (PĆĘğęĆđĊēĎĊĈ and 
PĔēĎĊĜĔğĎĐ ͼͺͺ;, BĚĈĐĆ and WĎđĐ-WĔſēĎĆĐ ͼͺͺ΁, 
KĔĜĆđĘĐĆ and WĔőĔĜĘĐĎ ͼͺͻͺ, WĊĈĐĘęėśĒ et Ćđ. 
ͼͺͻͺ, KėĎĊēĎęğ and BĔĈĐ ͼͺͻͼ). A considerable share 
in the species composition and great frequency of green 
algae, mainly from the order of Chlorococcales (genera 
Actinastrum, Coelastrum, Crucigenia, Monoraphidium, 
Scenedesmus and Tetraedron), indicate not only a con-
siderable amount of nutrients, but also unstable envi-
ronmental conditions. Species of Coelastrum genus are 
characteristic of eutrophic waters (RĊĞēĔđĉĘ ͻ΃΂;), 
similarly as the representatives of Scenedesmus (BĚė-
ĈčĆėĉę ͼͺͻͺ). 

Considering the fl uctuations in the number of algal 
taxa over time, there was a gradual increase in their 
total number on consecutive sampling days in the sum-
mer in the Mały Pond (Fig. ;). The highest number of 
species was recorded on September ͼͻst (ͻͻ΃ taxa), and 
a signifi cant decrease in the number of taxa in this pond 
was observed in the fall (Fig. ;). In the Duży Pond the 
range of a total number of taxa was wider, and the maxi-
mum number of taxa (ͻͻ΂) was found on August ͻͺth. 
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In both ponds the lowest number of taxa was observed 
on the fi rst day of sampling (Fig. ;). The percentage of 
individual taxonomic groups of phytoplankton in both 
ponds followed a similar pattern (Fig. Ϳ). Throughout 
the study a qualitative domination of green algae and di-
atoms was noticed. Only in the Duży Pond, on July ͻͽth, 
the highest proportion of green algae and euglenoids 
was observed. Compared to the other phytoplankton 
groups the proportion of euglenoids was the most vari-
able over time (Fig. Ϳ). The most numerous genus was 
Euglena, represented by ͻ΂ taxa, but the representatives 
of Trachelomonas (ͻͼ taxa) and Phacus (ͻͺ taxa) were 
also identifi ed. WĎđĐ-WĔſēĎĆĐ and PĔĈĎĊĈčĆ (ͼͺͺͿ) 
and PđĎœĘĐĎ and WĔőĔĜĘĐĎ (ͼͺͺ΂) claim that the spe-
cies of Euglena genus prefer heavily contaminated wa-
ter, as opposed to the species of Phacus genus. A large 
proportion of the euglenoid taxa, typical for shallow and 
small reservoirs, indicates an elevated concentration of 

dissolved organic matter in the ponds (KĆĜĊĈĐĆ and 
EđĔėĆēęĆ ͻ΃΃;, WĔőĔĜĘĐĎ and KĔĜĆđĘĐĆ ͼͺͺ΃). The 
investigated ponds yielded a signifi cant share (ͻͺͺ% in 
the Duży Pond) of chrysophytes Synura uvella Korschi-
kov and Dinobryon sociale Krieger. Synura uvella, like the 
euglenoids, prefers water rich in organic matter (BĚĈĐĆ 
and WĎđĐ-WĔſēĎĆĐ ͼͺͺ΁). Dinobryon sociale is common 
in lakes and ponds in summer (SęĆėĒĆĈč ͻ΃΀΂). 

The most abundantly represented diatom genera 
were Fragilaria and Navicula, and the largest frequency 
and abundance was reported for Ulnaria acus (Kütz.) 
N. Aboal, Melosira varians Agardh and Nitzschia pa-
lea Kütz., typical for eutrophic water (ěĆē DĆĒ et Ćđ. 
ͻ΃΃;). According to FĔėĊ and GėĆċĊ (ͼͺͺͼ) and BĊđ-
đĎēČĊė et Ćđ. (ͼͺͺ΀), N. palea is a species typical for 
contaminated (polysaprobic) water rich in phosphorus, 
and thus its presence indicates poor water quality in the 
ponds. TėĔćĆďĔ et Ćđ. (ͼͺͺ΃) reports that this species is 
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an indicator of hypertrophic water. Most diatoms found 
in the studied ponds were typical of alkaline and eu-
trophic waters, and indicative of α-mesosaproby.

Quantitative analysis of phytoplankton in both 
ponds showed a clear predominance of green algae in 
the summer and blue-green algae in autumn (Fig. ΀). 
Total number of algae in the Mały Pond followed an 
upward trend over time, and the maximum (ͻͽ ͼ΃ͻ 
ind./ml) was observed in autumn, on the last sam-
pling day (Fig. ΀). High phytoplankton abundance on 
that day was due to high abundance of cyanobacteria 
Pseudanabaena limnetica (Lemm.) Kom. (΀΀΂΂ ind./ml) 
and Planktothrix agardhii (Gom.) Anagn. et Kom. (ͽ;ͽͼ 
ind./ml). It was found that over time the proportion of 
green algae decreased, while the share of cyanobacte-
ria enlarged (Fig. ΁). The fl uctuations of a total number 
of algae individuals were larger in the Duży Pond than 
in the Mały Pond (Fig. ΀), but the maximum number 

(ͼͺ ͼ΂΂ ind./ml) was detected on October Ϳth. Such 
a large algae abundance on that day was due to the 
massive growth of P. agardhii (ͻͿ ͺ;΂ ind./ml). RĊĞ-
ēĔđĉĘ (ͻ΃΃΀) states that the water bodies inhabited 
by P. limnetica and P. agardhii are of eutrophic nature 
and are usually less than ͻͺ meters deep, which was 
confi rmed in this study. The work of SęĊċĆēĎĆĐ et Ćđ. 
(ͼͺͺͿ) also showed that P. agardhii is characteristic of 
shallow and fertile water. According to RĊĞēĔđĉĘ et Ćđ. 
(ͼͺͺͼ), this species belongs to Sͻ functional group, 
which favor turbid mixed layers. It is well known that 
blue-green algae thrive in water rich in nitrogen com-
pounds, particularly ammonium nitrogen (TśēēĔ and 
NśČĊĘ ͼͺͺͽ). RĔďĔ and AđěĆėĊğ-CĔćĊđĆĘ (ͻ΃΃;) and 
BĚėĈčĆėĉę et Ćđ. (ͼͺͺ΃) claim that the presence of 
P. limnetica and P. agardhii is conditioned by high con-
centration of ammonium ions in water. Massive growth 
of blue-green algae in the Sołackie Ponds in autumn 
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was also probably due to alkaline or neutral pH of their 
water, and weak intensity of solar radiation. According 
to literature data (SčĆĕĎėĔ ͻ΃΃ͺ) cyanobacteria prefer 
alkaline water. RĊĞēĔđĉĘ et Ćđ. (ͼͺͺͼ) proved that the 
above-mentioned species of blue-green algae are abun-
dant in water bodies with poor sunlight access. There-
fore they may dominate in the algal communities due to 
their high adaptability to light scarcity, and the ability to 
move within the water column (RĊĞēĔđĉĘ ͻ΃΃;). Con-
centration of nutrients (especially ammonium nitrogen) 
in the studied ponds was apparently high enough that 
even a substantial drop in water temperature in the fall 
(Table ͻ) did not diminish the cyanobacteria growth 
(NĎĝĉĔėċ ͻ΃΃;).

The share of diatoms in both ponds was the highest 
on June ͻͿth (Fig. ΁), when high abundance of Ulnaria 
acus (΁ͽ΀.ͼ ind./ml in the Mały Pond and ͻͻ΂΂ ind./
ml in the Duży Pond) was observed. In central Europe 
this species occurs in alkaline lakes and fl owing waters 
with average and higher trophic state (BĩĐ et Ćđ. ͼͺͻͼ)

The structure of dominant species in the investigat-
ed ponds was fairly stable, especially in the Mały Pond 
(Table ͼ). In summer, the dominant plankton species 
were common green algae of the Chlorococcales order, 
while in autumn, they were fi lamentous cyanobacteria. 

CONCLUSIONS

Phycological studies conducted in the Sołackie Ponds 
showed the reservoirs were dominated by cosmopolitan 
species, typical of eutrophic (green algae, cyanobacteria 
and diatoms), contaminated (e.g. Euglena genus, Nitz-
schia palea) and rich in organic matter (euglenoids and 
Synura uvella) waters. Massive growth of fi lamentous 
cyanobacteria in the fall suggested also high content of 
ammonium ions in water. Large phytoplankton species 
richness is characteristic for pond ecosystems. 

To preserve the natural and aesthetic values of the 
ponds, they should be subject to ongoing monitoring 
and periodic reclamation. Bottom sediments removal 

reduces the accumulation of organic matter in ponds 
(YĚěĆēĆęĊĒĎĞĆ et Ćđ. ͼͺͻͻ) and prevents long-term 
and frequent water blooms that are a sign of ecologi-
cal imbalance. Intensive growth of algae in the studied 
reservoirs is also favoured by almost complete lack of 
macrophytes. They are (especially the submerged mac-
rophytes) a fi lter trapping and limiting the phytoplank-
ton growth and they exert a positive eff ect on water 
quality.
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