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Fig. I. Localisation of periphyton and physical-chemistry sampling sites 

from the reed shoot fragments and foil collected from each sampling site. They were 
subsequently sieved through a No. 25 plankton net (300 µm mesh size) and placed, 
depending on the concentration of material, in a 50-250 cm3 graduated cylinder. After even 
mixing of the materia! in the cylinder, three I cm3 sub-samples were taken using a graduated 
pipette. The sub-samples were transferred to a plankton chamber and a quantitative analysis 
was performed under a microscope. The number of algae was determined by recording their 
number in nine view fields of the microscope ( each field= O.O 157 cm2

) under a magnification 
of 180 times (IO x 1.5 x 12 x eyepiece). The average results from the nine fields of view of the 
microscope from three chambers served as a base for calculating the number of algae per 
I m2 of the substrate surface. The amount of epiphytic microfauna was determined by 
recording their number in a chamber under a magnification of 90 times (5 x 1.5 x 12 x 

eyepiece). The average results from the three chambers, served as a base for calculating the 
number of epiphytic microfauna on a I m2 surface of the substrate. The number ofmacrofauna 
was analyzed by microscope. 

Density of the epiphytic organisms was determined according to the following formula 
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where: DP - density of epiphytic organisms [ cell s m-2 or individuals m-21, 
V c - volume of cylinder [ cm']; 
L0 - number of individuals [specimens or cells]; 
Pp - ground of basis area [m2]; 

n - number of repetitions of analysis [ cm3
]. 

During physical-chemical analysis of superficial waters of Lubowidzkie Lake, 
temperature, conductivity, BOD, COD, dissolved oxygen, percent saturations with oxygen, 
pH, nutrient and chlorides were determined. Physical-chemical analysis performed together 
with biological ones at the same sites were in accordance with accepted methods [IO]. 

M athematical analysis 
The Shannon-Wiener biodiversity index was calculated according to the formula given 

by R. Margalefand Ch. J. Krebs: 

ni= abundance of i-th taxa, 
N= total abundance of community, 
s = number oftaxon in the studied community. 
The value of the index changes together with changing taxon richness and even 

distribution of individual species. 
Values of the Shannon-Wiener biodiversity index for the zooperiphyton in different 

parts of the lake were calculated from overall mean densities of the identified taxa. 
The methods of descriptive statistics, i.e. cluster analysis were applied with the use of 

Statistica 5.1 software. In cluster analysis, during cluster formation, the measurements of 
distances between objects were employed after calculating Euclidean distances. The 
measurements determined actual geometric distances between compared control stands in 
Lubowidzike Lake. 

The results were presented in the form of dendrites on the basis of similarity oftaxa 
in the controlled stands in the lake, considering both concentrations. Special attention was 
paid to the comparison of the two contact zones - tributaries and lake. 

The Cochran and Cox test (significance of differences between two means for small 
sets) was used to show signifi cant arithmetic density differences of the zooperiphyton 
between seasons. C > Co; pointed at the important arithmetic difference between the 
examined average densities. 

The test of Cochran and Cox: 

Ex~ ·t1 +E; ·t, C = I a ·'"2 "'a 

a £? + E~ 
Xt X2 

E = standard error 

ex= 0.05 (from distribution t-Student) 

Additionally frequency (Fr), domination index (D) and the characteristic index (R%) 
were calculated [9]. 
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RESULTS 

The lake water was moderately oxidized during the research. High values of the oxygen 
were at sampling site 5 and considerably lower at site 1. In spring on two positions over 
saturation of water was observed. Very low oxygen content in water was observed at site 1. 
The most stable parameter in Lubowidzkie Lake was pH, which fluctuated in a narrow range 
from 6.25 to 7 .07 (Tab. 1) and indicated neutral character of water. High values of nutrients 
(nitrogen and phosphorus) were at site I and low at site 5. The chloride concentrations in 
the reservoir were also stable. However, in the stream inflow to the lake their concentrations 
were the highest (site 1 ). 

Table I. Physical and chemical properties of water in Lubowidzkie Lake 

Sampling sites 
Parameter x 

I 2 3 4 5 

Temperature OC 13.30 14.20 14.70 14.70 13.00 14.00 

Conductivity µS cm' 322.00 252.00 244.00 289.00 193.00 260.00 

Oxygen saturation % 52.80 87.00 82.10 82.10 97.20 80.20 

Dissolved oxygen mg Oz dm-3 4.92 8.44 7.65 7.65 9.53 7.64 

pH 7 07 6.27 6.51 6.51 6.25 6.52 

BODs mg Oj dm-3 8.50 2.40 2.70 3.50 2.90 4.00 

CODcr mg Oz dm-3 33.60 14 90 17.50 17.9 17.40 20.30 

Niota! mgN dm·3 3.56 1.55 1.87 1.89 1.90 2.15 

N mineral mgN dm-3 I.Ol O.SO 0.54 0.65 0.59 0.66 

Ptotal mgP dm-3 0.11 O.OS 0.04 0.05 0.03 0.06 

P-Po!- mgP dm" 0.08 0.06 0.02 0.03 0.03 0.04 

Chlorides mg Cldm -3 8.45 7.25 7.20 7.20 6.55 7.33 

Periphytic organisms represented by bacteria, algae and animals were recorded on the 
biotic substrates in Lubowidzkie Lake. A mass occurrence of bacteria was observed in the 
material obtained from the studied substrates, but their qua! itative and quantitative aspects 
were not studied. 

The biotic substrate of Phragmites austral is was settled by periphytic algae, dominated 
by Bacillariophyta diatoms, which constituted I 00% of the phytoperiphyton (Tab. 2). The 
concentration of diatoms on the reeds ranged from O .3 to 7 5 .4 • I 06 cell s m·2 (x= 23 .3 • J 06 

cells m·2). The diatoms occurred in all studied sub-samples collected from the reed (Fr = 
100%; R% = 0.99). Intensive development of diatoms on this biotic substrate took place in 
spring (x = 36.8 • I 06 cell s m·2) and, which is unusual, in July (x = 2.8 • I 06 cells m·2). 
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Table 2. The average concentration (cell s m·') and microfl ora distribution on different substrates in 
Lubowidzkie Lake 

Foil Phragmites 

x % x % 
Taxon density proporcional density proporcional 

participation participation 

Bacillariophyta 34 823 292 99.9 23 321 310 99.7 

Chlorophyta o O.O 32 700 0.2 

Cyanophyta 15 846 0.1 21 048 O.I 

Total 34 839 138 23375058 

Chlorophyta developing on the reed in Lubowidzkie Lake constituted 0.2% of the 
periphytic algae (Tab. 2). The concentration on Phragmites at individual sampling stations 
varied from O to 38.7 • 1 Ol cells m-2 (x = 32.7 • 103 cells m-2). The most favorable conditions 
for development of Chlorophyta were found during autumn, whereas the least convenient 
in spring, however it was not observed for this periphytic algal taxon on the reeds substrate. 
Among periphytic green algae, distinctly dominant were representatives of the genus 
Scenedesmus sp. The abundance of Chlorophyta on this plant substrate was low and 
amounted to Fr= 38% and Ro/o= 0.00 I. That taxon was not found at site 3. 

Cyanophyta were permanent inhabitants of the reed substrate (Fr= 78%, Ro/o= 0.001 ). 
The percentage of cyanophytes among periphytic algae on the reed was low and amounted 
to merely O. I%. The highest share of cyanophytes among periphytic algae on the reed was 
in summer (0.2%) and low in autumn (O. I%). The concentration of this periphytic algal 
tax on ranged from 12.6 to 50.7 • 1 Ol cells m-2 (x = 21.0 • I Ol cells m-2). 

The most dominant epiphytic algae on the discussed artificial substrates (foil) were 
Bacillariophyta (97-99%), whereas Cyanophyta were subdominant (0.1-2.5%). Fouling 
Cyanophyta on the discussed artificial substrates reached the lowest concentration among 
phytoperiphyton (Tab. 2). Bacillarioophyta and Cyanophyta were permanent inhabitants 
of the artificial substrate (Fr= I 00%). An average density of epiphytic algae on the artificial 
substrate was 1.5-fold higher than on the biotic substrate. 

Among periphytic algae, the distinctly dominant were representatives of the colony 
unicellular algae. The most convenient conditions for their development were found on the 
biotic substrate in Lubowidzkie Lake during spring 200 I. In summer the decrease in the 

Table 3. Mean density single cells and colony algae ( I 0' cell s m·') in the Phragmites austral is in 
Lubowidzkie Lake 

Density single cells algae Density colony algae 

Sampling Spring Summer Autumn Spring Summer Autumn sites 

l 178.6 113 7.2 o 80.3 92.0 
2 42.2 13.0 41.2 I 553.1 138.4 633.6 
3 586.6 12.2 26.3 854.6 140.8 475.0 
4 950.6 - 24.0 454.6 - 226.0 
5 160.5 18.4 - 104.0 136.7 O.O 
Total I 918.5 54.9 98.7 2 966.3 496.1 I 426.5 
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density ofunicellular was noted, which was followed by slow increase in the density again 
in autumn (Tab. 3). The colony algae inhabited the reed substrate more intensively in 
spring and autumn, rather than in summer, when their density was the lowest. Densities of 
epiphytic colony algae were 2.4-fold higher than that ofunicellular algae (Tab. 3). 

Biotic substrates formed by Phragmites australis as well as artifi cial substrates in 
Lubowidzkie Lake were places of the development of fouling animals represented by 
Protozoa, Rotatoria, Nematoda, Oligochaeta, Crustacea, Hydracarina, lnsecta and also 
Gastropoda. 

The presence of seven microfauna taxa was noticed on the reed (Tab. 4), where their 
average density amounted to I 84.9 • I OJ indiv. m·2. The highest average concentration 
among the fouling microfauna was noted for rotifers. Sedentary ciliates of the class Peritricha 
amounted to 90.3 • I 03 zooids m·2 (D = 4.9 - subdominant). It was a characteristic periphytic 
taxon Ro/o= 0.49. The Peritricha made up in summer 65.9%, in autumn 48.8% and in spring 
38.7% of total microzooperiphyton density. The best conditions for the development of 
Peritricha on the reed substrate were found at site 5 in the northern zone of the lake 
(x = I O 1.9 • I 03 zoo ids m·2). The lowest development of sedentary ciliates was observed at 
sites 2 and 4 near the city beach (site 2 = 21.9 • I 03 zooids m·2, site 4 = 22.3 • I 03 zooids m·2). 

A signifi cant concentration on this plant substrate was reached by Nematoda = 36.3 • I 03 

spec. m·2 (spring D = 2.9, autumn D = 19%, in summer the discussed taxon was not present). 
During summer among microzooperiphyton more abundant was Ciliata libera (D = 1.8), 
while in autumn it constituted only D = 0.8 of total epiphytic microfauna. In spring they 
were not observed. 

Testacea, Rotatoria, Stylaria lacustris, Harpacticoida as well as Cladocera, settled on 
Phragmites in a considerably low degree. Their percentage in the fouling microfauna ranged 
from 3. I to 6.4%. The concentration of individual taxa varied in a wide range, and some of 
the taxa were not found at any of the sampling sites (Ciliata libera, Nais sp., Chaetogaster 
sp., nauplius, Harpacticoida, Hydracarina). Concentrations of individual microfauna taxa 
settling Phragmites in Lubowidzkie Lake are presented in Table 4. 

The reed macrofauna was not very abundant qualitatively and was represented by 
two taxa, among which Gastropoda as well as Chironomidae larvae reached signifi cant 
concentrations (Tab. 4 ). The Chironomidae larvae were characterized by the highest average 
quantitative concentration in spring = 33 .4 • I 03 spec. m·2. Its frequency (Fr) reached 84% 
and characteristic index (Ro/o) reached 0.52. Mean density ofChironomidae larvae amounted 
to 17. i • i 03 spec. m·2 (D = 6.2 - dominant). The periphyton Gastropoda appeared on the 
biotic substrate in summer and the highest average quantitative concentration reached in 
autumn. Gastropodas were sporadic on the reeds substrate (Fr= 23%, R¾ = 0.09) and were 
characterized by the average density I 0.4 • I 03 spec. m·2. 

The analysis of essential differences between density in consecutive seasons using 
the Cochran and Cox test showed no statisticall y signifi cant differences at level P < 0.05 
(Tab. 4). 

Among the studied artifi cial substrates, signifi cantly lower concentrations of 
microfauna characterized the foil substrate, where five taxa were stated (Tab. 5). Peritricha 
were dominant among the microfauna on this substrate (342 • I 03 spec. m·2), and constituted 
in summer 56.7% and autumn 32% ofepiphytic microfauna. Sedentary ciliates of the Rotatoria 
group turned out to be subdominant (in summer 21.6%, in autumn 32.7% of epiphytic 
microfauna). The taxa, except for Peritricha reached lower density on the foil or on the reed 
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Table 4. Mean density (specimens m·' of substrate), domination index (D) and frequency (F rl of 
epiphytic fauna on reed Phragmites australis in Lubowidzkie Lake 

Seasons 
Taxon Spring Sununer Autumn x F, D 

Micrcfauna 

Total Protozoa 79 956 52 073 196 39 5 109474 5.9 

Testacea 5 592 o 16 648 7 413 46 04 
Ciliata - libera o 11 091 24 166 11 752 61 0.6 

Peri tri cha* 74 364 40 982 155 581 90 309 100 4.9 

Total Rotatoria 20 349 10 100 52 229 27 559 100 1.5 

Total Nematoda 56 540 o 52 229 36 256 69 2.0 

Total Copepoda 34 982 o o 11660 0.6 

nauplius 16 966 o o 5 655 23 0.3 

Harpacticoida 18 016 o o 6 005 23 0.3 

Ai/aero fauna 
Chironomidae larvae 33 416 4 660 13 125 17 067 84 6.2 

Gastropoda o 4 125 27 083 IO 402 23 3.8 

225 243 70 958 341 06 I 212 418 
Total of zooperiphyton 

±25 651 ±13 152 ±48 O 92 ±27 563 

Shannon - Wiener index 0.739 0.534 0.692 

Spring- Summer 

C < C coos) 
1.555 < 2.562 

Swnmer - Autumn 
Cochran - Cox test 

C <C coosJ 
1.728 < 2486 

Spring - Autumn 

C < C (O.OS) = 0.789 < 2.447 

*concentration in zooids m·' of reed 

(Tab. 4). The rnicrofauna taxa: Ciliata libera, Peritricha and Rotatoria occurred in all the 
studied sub-samples collected from the foil (Fr= 100%), however Testacea and Nematoda 
were rare (Fr= 50%). 

The foil macrofauna was very abundant quali tatively and was represented by five 
taxa, which appeared in autumn. The highest average quantitative concentrations among 
the fouling macrofauna was that ofChironomidae larvae 32.7 • 103 spec. m·2, and Isopoda - 
Asellus aquaticus 20.9 • 103 spec. m·2. The share in the fouling macrofauna ofTrichoptera 
larvae, Gammarus sp., Gastropoda amounted to 4.8%, each. Beside the differences in 
zooperiphyton density on the artificial and biotic substrate, the analysis by essential Cochran 
and Cox test showed no specific differences C < Ca. (0.906 < 2.265) at the significance level 
P<0.05. 

The Shannon-Wiener biodiversity indices were calculated from overall mean densities 
of the identified ones in different parts of lubowidzkie Lake. Biodiversity of periphyton on 
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biotic substrate in summer was lower than the one in spring and autumn. The Shannon­ 
Wiener biodiversity index of zooperiphyton inhabiting artifi cial substrate was lower than 
on the biotic substrate. 

Shannon-Wiener biodiversity index 

Taxonomic category Phragmites australis Foli 

Spring Summer Autumn x x 
Microzooperiphyton 2.046 1.276 1.830 1.717 0.877 

Macrozooperiphyton 0.408 0.497 0.471 0.458 0.587 

Total zooperiphyton 2.455 1.773 2.300 2.176 1.464 

In the lake, when the concentration is taken into account, the control stands located 
in the northern and southern parts of the reservoir ( control sites I and 5), where the stream 
infl ow and outflow from the lake were located, showed the strongest similarity. When 
comparing the similarity of the stands, it can be observed that they got concentrated 
during forming of the stream and lake agglomeration (cluster). The distance between the 
sites, when compared to the lake, increased after being made passable (Fig. 2). In contact 
zones of the stream and lake (sampling sites I and 5) the uniformization of the stands in 
terms of the concentration of phyto- and zooperiphyton was observed (Fig. 2). 
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mainly in warm seasons but also during w inter [ I 5]. 
In Lubowidzkie Lake three phytoperiphyton taxa were found: Bacillariphyta, 

Cyanophyta and Chlorophyta, which is typical for this formation [ 19]. Comparing the algae 
density on natural and artificial substrate, higher density of fouling algae was noticed on 
the artificial one. The results confirmed that artificial substrate (foil) is better overgrown by 
the algae than natural substrate [3, 7, I 5, 19, 21 ]. Comparing density of fouling taxa at 
different substrates in Poli sh lakes and watercourses it appears that the phytoperiphyton 
density in Lubowidzkie Lake is high mainly on the artificial substrate. It is due to good 
environmental conditions in the lake for the intensive algae develop on these substrates [I]. 

Among microperiphyton eight animal taxa were found. Fouling microfauna reached 
the highest quantitative development on foil substrates in the examined lake (451.3 • 103 

cells m·'). The amount of microfauna taxa at the substrate in Lubowidzkie Lake was 5 and it 
was lower than taxa stated at substrates in other water environments (Tab. 5). 

According to the data presented in Table 5, it was observed that among fouling 
microfauna Peritricha reached the highest development level on the substrates mentioned 
above but also similar situation was noted for taxa Nematoda and Rotatoria [2]. On the 
biotic substrate (reed) these taxa dominated too, but presence of Nematoda was not stated 
in summer. Comparing the results from the warm seasons to the results from winter with 
other lakes, significant differences were observed [ 11, 15]. In winter, the fouling microfauna, 
intensively inhabit artifi cial substrates, withdrawn from the reed. By the appearance of a 
new reed generation it began slow development during spring - summer time. The artifi cial 
substrates (garden substrates) are becoming strongly inhabited in a pioneer periphyton 
association [13]. Petrircha does not always dominate in microperiphyton as it was in 
Lubowidzkie Lake. 

The fouling macrofauna reached rather low qualitative amounts (max. 2 taxa) at the 
biotic substrate. According to the data presented in Table 5, it is observed that dominant 
fouling macrofauna representatives were also different species of Chronomidae larvae, 
which were examined on Phragmites in different water types [4]. Chironomidae larvae 
dominated also in macrozoobentos of Lubowidzkie Lake, attaining 160-fold lower density 
[18]. The Shannon-Wiener biodiversity indices for macrozoobenthos in littoral bottom 
were lower than for zooperiphyton on the biotic substrate. In littoral bottom the biodiversity 
index ranged from 0.432 to I.Ol I and on reed from 1.034 to 3.002. Depending on environmental 
effects and biotic interactions, the Shannon-Wiener index for the total taxa varies usually 
within 0-4 [8]. When comparing the similarity of the stands, it can be observed that they 
concentrated during forming river and lake agglomeration (cluster) for macrobenthos, as 
well as for periphyton. 

In aut,mn organisms living only on the foil (Asellus aquaticus L., Trichoptera larvae, 
Gammarus sp.) appeared. They were not found during winter research [ I 5]. These taxa also 
were not noticed in the researched water regions and watercourses. 

Presence of different substrate types creates good conditions for fouling organism's 
development which increase biodiversity mainly in degraded water environment. The reed 
elimination is not a useful phenomenon and it decreases water self-cleaning anility [26]. 
Another artifi cial substrate formed in Lubowidzkie Lake can be used as spawning site for 
some fish [ 19, 20, 27]. Newly hatched fish fry will find a lot of food on the foil substrate. 
Growing algae, mainly diatoms, compete for nutrients with phytoplankton. By a massive 
development they prevent unfavorable water color caused by algal blooms. As well as 
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