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INTRODUCTION

In small garden ponds in summer, blue-green and 
green algae often cause water blooms. This is stimulated 
mostly by high water temperature and high concentra-
tions of nutrients. Moreover, water in small and shal-
low reservoirs is continuously mixed, which permits the 
algal cells to remain in suspension and exposes them 
to light, often promoting their growth (BURCHARDT et 
AL. ).

Owners of garden ponds often use various chemi-
cals to limit algal growth. These are algicides, which 
can exert a negative infl uence on vascular plants and 
animals living in water. Apart from the conventional 
methods used to limit algal growth, also other methods 
are applied, which are not harmful to other organisms. 
One of the methods known from the literature is, for 
example, soaking of barley straw in the pond (WITKA-
-JEŻEWSKA and HUPKA , WIŚNIEWSKI ). How-
ever, according to BROWNLEE et AL. ( ), it limits the 
growth of only some species, not of whole taxonomic 
groups of algae. According to some owners of garden 
ponds, also pine bark can be used for this purpose. How-
ever, no published data on eff ects of pine bark on algae 
are available. 

Owners of the study pond placed pine bark in the 
pond in order to limit algal growth. This inspired us 
to carry out phycological observations. This study was 
aimed to analyse temporal changes in the qualitative 
and quantitative structure of phytoplankton, with refer-
ence to physical-chemical properties of water. 

MATERIAL AND METHODS

Phycological investigations were conducted in a small 
garden pond,  m  in area and .  m deep, located in the 
village of Suchy Las near Poznań (western Poland). The 
pond was built in , in a sunny area. Fish and water 
tortoise were kept there in summer. The bottom was 
covered with a thick layer of sediment. The water body 
was surrounded by a lawn, which was fertilized. The 
pond was lined with a plastic sheet, and a jute sack with 

 kg of pine bark was placed on the bottom (on  July 
), to limit algal growth. Samples for phycological 

analyses were collected from  July till  September 
, every week (except one week in August). In total, 

 samples were taken. At the same time, water tempera-
ture and pH were measured. Chemical analyses of water 
(nitrate N, ammonium N, total P, and conductivity) were 
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performed once a month. They were started soon before 
placing bark in the pond (on the same day). Chemical 
analyses were conducted according to STANDARD METH-
ODS for examination of water and wastewater ( ). 
Every time, samples were collected with a . -litre plas-
tic bottle, from the surface water layer, and fi xed with 
Lugol’s solution. In the laboratory they were subject to 
sedimentation, and sample volume was reduced to -  
ml. Phytoplankton abundance was assessed in a Fuchs-
-Rosenthal Counting Chamber. Each cell was treated as 
one individual. In the case of trichomes, a section of  
m in length was considered as one individual, while in 
colonial blue-green algae of the genera Merismopedia, 
Microcystis and Woronichinia, an area of  μm . The 
species whose contribution to total abundance was at 
least % were defi ned as dominants.

To analyse the relationship between the analysed 
phycological parameters and the environmental vari-
ables, Pearson’s correlation coeffi  cients were calculated 
(signifi cance at p < . ) between water pH or tem-
perature and algal abundance (in individual taxonomic 
groups, and in the dominant species that were present 
in all the water samples). The data were processed with 
STATISTICA .  PL  software (STATISTICA FOR 
WINDOWS... ).

RESULTS

As a result of this study,  taxa were identifi ed 
within the phytoplankton of the garden pond (Table ). 
Chlorophytes, represented mainly by Chlorococcales, 
were the richest group of algal species (Fig. ). The ma-
jor genus was Scenedesmus. Also diatoms were repre-
sented by a large number of species. The least diverse 
were euglenoids, cryptophytes and dinofl agellates. The 
qualitative structure of phytoplankton did not change 
markedly in time, considering the contributions of most 
of the taxonomic groups of algae. However, euglenoids 
and cryptophytes were recorded only in the second half 
of the study period (Fig. ).

TABLE . Taxonomic composition of phytoplankton in the 
study pond

Cyanobacteria

Chamaesiphon curvatus Nordstedt
Leptolyngbya thermalis Anagn.
Limnothrix redekei (Van Goor) Meff ert
Lyngbya contorta Lemm.
Merismopedia punctata Mayen
Microcystis aeruginosa Kütz.
Microcystis incerta (Lemm.) Starmach
Oscillatoria sp.
Woronichinia rosea (Snow) Lemm.

Chlorophyta

Closterium moniliferum Bory
Coelastrum reticulatum (Dang.) Senn
Cosmarium constrictum Delp.

Cosmarium granatum Bréb. ex Ralfs
Cosmarium laeve Rabenhorst
Cosmarium rectangulare Grunow in Rabenhorst
Crucigenia tetrapedia (Kirchner) W. et G.S. West
Desmodesmus communis (Hegew) Hegew
Dictyosphaerium pulchellum Wood
Gomphosphaeria nagaeliana (Unger) Lemm.
Hyaloraphidium contortum Pascher, Koršikov
Kirchneriella contorta (Schmidle) Bohlin

Mougeotia sp.
Oocystis parva W. et G.S. West
Pediastrum boryanum (Turp.) Menegh.
Pediastrum tetras (Ehr.) Ralfs
Scenedesmus dimorphus (Turp.) Kütz.
Scenedesmus ecornis (Ehr.) Chodat
Scenedesmus obtusus Meyer
Scenedesmus opoliensis P. Richter
Scenedesmus quadricauda Meyer
Tetraedron caudatum (Corda) Hansgirg
Tetraedron minimum (A. Braun) Hansgirg
Ulothrix zonata (Weber et Moor) Kütz.

Euglenophyta

Euglena sp.
Euglena limnophila Lemm.
Phacus orbicularis Hübner

Bacillariophyceae

Achnanthes fl exella (Kütz.) Grun.

Cyclotella sp.

Cyclotella comta (Grun.) Lemm.

Cyclotella distinquenda Hustedt

Cymbella sp.

Fragilaria construens (Ehr.) Grun. var. Venter Sippen

Fragilaria ulna var. acus (Nitzsch) Lang-Bertalot

Gomphonema sp.

Gomphonema acuminatum Ehr.

Gyrosigma attenuatum (Kütz.) Rabenhorst

Melosira varians Agardh

Navicula sp.

Nitzschia palea Kütz.

Synedra tabulata (Agardh) Kütz.

Cryptophyceae

Chroomonas acuta Utermöhl

Cryptomonas sp.

Cryptomonas marssonii Skuja

Rhodomonas minuta Skuja

Dinophyceae

Gymnodinium sp.

Gymnodinium albulum Lindemann

Peridinium sp.

Peridinium elpatiewskyi (Ostenfeld) Bourrelly

Peridinium inconspicuum Lemm.
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Total phytoplankton abundance in the fi rst half of 
the study period was relatively low, and reached up to 

  ind.·ml-  (on the fi rst day of the study, Fig. ). At 
that time, green algae of the order Chlorococcales and 
blue-green algae dominated quantitatively. The abun-
dance of green algae generally decreased in time, while 
blue-green algae showed an increasing trend (Fig. ). The 
lowest phytoplankton abundance (   ind.·ml- ) was 
recorded on  August, when green algae were the least 
numerous. On  August total abundance clearly in-
creased (to   ind.·ml- ). This was associated most-
ly with a water bloom caused by Merismopedia punctata, 
but also with an increased abundance of green algae 
(Fig. ). In the second half of the study period, great var-
iation was observed in total phytoplankton abundance. 
At that time, blue-green algae and green algae of the 
order Chlorococcales dominated in all samples. In Sep-
tember, cryptophytes were recorded and ranked third 

(among all taxonomic groups of phytoplankton) in re-
spect of abundance (Fig. ). The highest phytoplankton 
abundance during the study period (   ind.·ml- ) 
was recorded on  September, when a water bloom was 
caused by Merismopedia punctata. When analysing the 
numbers of euglenoids, diatoms, and dinofl agellates, no 
remarkable changes in time were noticed (Fig. ).

The dominance structure in the study pond changed 
in time (Table ). A constant dominant (or codominant) 
in all the samples was the blue-green alga Merismope-
dia punctata, which peaked on  September and  
August (Fig. ). At the beginning of the study period, 
small green algae of the order Chlorococcales dominated 
(Table ). From  July to  August , changes in 
abundance of species of this group were more or less 
parallel, and the values generally decreased in time. In 
late August, other species of green algae and crypto-
phytes started to dominate (Table ).

Changes in the physicochemical properties of wa-
ter in time are presented in Table . Statistical analysis 
did not detect any signifi cant correlation between the 
abundance of individual taxonomic groups of algae and 
water pH or temperature. Signifi cant positive correla-
tions were found only between the abundance of Tetrae-
dron minimum and water temperature (r = . ) and pH 
(r = . ), and between the abundance of Scenedesmus 
ecornis and water temperature (r = . ).

FIG. . Percentage contributions of in-
dividual taxonomic groups to the total 
number of phytoplankton species (quali-
tative structure) in the study pond over 
the whole study period (C – Cyanobacte-
ria, Chl – Chlorophyta, E – Euglenophyta, 
B – Bacillariophyceae, Cr – Cryptophyceae, 
D – Dinophyceae)
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FIG. . Percentage contributions of individual taxonomic 
groups to the total number of phytoplankton species (quali-
tative structure) in the study pond during successive sam-
pling sessions (C – Cyanobacteria, Chl – Chlorophyta, E 
– Euglenophyta, B – Bacillariophyceae, Cr – Cryptophyceae, 
D – Dinophyceae)

13.07 20.07 27.07 03.08 10.08 24.08 31.08 07.09 14.09 21.09

D

Cr

B

E

Chl

C
0

50 000

100 000

150 000

200 000

250 000

in
d.

·m
l-1

FIG. . Phytoplankton abundance in the study pond dur-
ing successive sampling sessions (C – Cyanobacteria, 
Chl – Chlorophyta, E – Euglenophyta, B – Bacillariophyce-
ae, Cr – Cryptophyceae, D – Dinophyceae)
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time
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DISCUSSION AND CONCLUSIONS

Phytoplankton structure in the study pond was char-
acterized by high dynamics, which was due to remark-
able variation in physical-chemical properties of water. 
Due to the small area and depth of the pond, it is very 
sensitive to changes in environmental conditions. 

The decrease in water pH in the fi rst weeks of the 
study could be caused by the pine bark placed at the bot-
tom of the studied pond. Bark pH is acidic (ANTKOWIAK 

, TURSKI et AL. ). It is additionally lowered due 
to bark decay, because humifi cation of organic matter 
results in release of weak organic acids, e.g. humic, ful-
vic, and hymatomelanic acids (GONET ). Bark added 
to the soil causes a reduction of the soil pH (TURSKI et 
AL. ). 

During the decrease in water pH in the fi rst half of 
the study period, the abundance of dominant green al-
gae also decreased (Tetraedron minimum and Scenedes-
mus ecornis). Results of statistical analysis confi rmed 
the positive correlation between the abundance of 
Tetraedron minimum and water pH. 

In the study pond, water temperature was also 
correlated with algal abundance. On  August , 
when water temperature was the lowest, also total phy-
toplankton abundance was the lowest, due to the low-
est numbers of green algae and a decline of blue-green 
algae. Statistical analysis confi rmed that the green al-
gae that dominated in the fi rst half of the study period 
(Tetraedron minimum and Scenedesmus ecornis) were 
positively correlated with water temperature. Research 
conducted by BURCHARDT and DROPIK ( ) in a small 
garden pond also showed that the abundance of Scene-
desmus spp. is positively correlated with water and air 
temperature. 

In the study pond, green algae of the order Chloro-
coccales dominated in some samples. In the second half 
of the study period, Hyaloraphidium contortum dominat-
ed. REYNOLDS ( ) and BUCKA and WILK-WOŹNIAK 
( ) report that in shallow water bodies, high con-
centrations of nutrients are favourable for green algae 
of the order Chlorococcales. According to REYNOLDS 
( ) and ALAM et AL. ( ), optimum conditions for 
green algae are usually observed in summer, which is 
also confi rmed in the present study. 

The large contribution of r-strategists to total phy-
toplankton abundance in the study pond (especially the 
small green algae and cryptophytes) confi rmed that liv-
ing conditions in small and shallow water bodies are 
unstable (BURCHARDT and MESSYASZ ). 

The abundance of Merismopedia punctata varied 
widely in time, but this species was a dominant or co-
dominant throughout the study period. Blue-green algae 
prefer a high water temperature (RAPALA and SIVONEN 

, AN and JONES , SVRCEK and SMITH , 
ZEBEK ) and a high concentration of phosphorus 
(WEHR and THORP , HUSZAR and CARACO ). 
Moreover, according to REYNOLDS and WALSBY ( ), 
PRASAD et AL. ( ), most blue-green algae reach the 
highest growth rate at pH - . Thus conditions in the 
pond were optimal for Merismopedia punctata. Num-
bers of this species peaked in late August and Septem-
ber. A study conducted by BURCHARDT and PAWLIK-
-SKOWROŃSKA ( ) showed that in small water bod-
ies, intensive growth of blue-green algae (including wa-
ter blooms) is observed in late summer. 

The dominance of green algae in the qualitative 
structure of phytoplankton, and codominance of blue-
green and green algae in the quantitative structure, 
probably resulted from the sunny location (in the case of 

TABLE . Dominance structure of phytoplankton in the study pond during successive sampling sessions (+ denotes domi-
nance of the species in the given sample)

Species . . . . . . . . . .

Tetraedron minimum + + + +

Scenedesmus ecornis + + +

Merismopedia punctata + + + + + + + + + +

Hyaloraphidium contortum + + + +

Rhodomonas minuta +

Pediastrum boryanum +

Chroomonas acuta +

TABLE . Values of physical-chemical properties of water in the study pond during successive sampling sessions

Parameter . . . . . . . . . . .

pH . . . . . . . . . . .

Temperatura (°C) . . . .

N-NH  (mg·l- ) . – – – – – – . – – .

N-NO  (mg·l- ) . – – – – – – . – – .

TP (mg·l- ) . – – – – – – . – – .

Conductivity (μS·cm- ) – – – – – – – –
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green algae), alkaline pH, high water temperature, and 
high concentrations of nutrients (especially on the fi rst 
day of the study). The high concentrations of chemical 
compounds in water were probably due to fertilization 
of the lawn and feeding of the animals living there. The 
bottom sediments were also a source of nutrients for 
algae.

In the study pond, a limiting eff ect of pine bark on 
phytoplankton growth was observed. The decrease in 
water pH (observed in the fi rst three weeks of the study) 
was suffi  cient to limit the growth of blue-green algae. To 
collect more detailed information on this issue, it is nec-
essary to carry out further, more comprehensive investi-
gations. It is recommendable to study more water bodies 
and additionally to perform laboratory experiments.
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