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INTRODUCTION

The intact natural hydroecosystems of the 
flatland rivers of Europe, in the absence of the an-
thropic influence, correspond mainly to the oligo-
saprobic conditions [Grizzetti et al., 2017]. At the 
same time, a high diversity of hydrobiocenoses 
was the result of the complex trophic networks 
formed during evolution, the existence of which 
was predetermined by a diverseness of condi-
tions. Most modern rivers experience, in varying 
degree, various forms of new for nature influenc-
es [Acreman et al., 2004; Poff et al., 2007; Poff, 
Zimmerman, 2010; Vörösmarty et al., 2010]. One 
of the widespread sources of river pollution is the 

wastewater coming from both wastewater treat-
ment plants and the stormwater system [Gücker et 
al., 2006; Spänhoff et al., 2007; Babko et al. 2016, 
2019; Pliashechnyk et al., 2018]. Wastewater can 
vary significantly in composition and concentra-
tion of the substances introduced into water bod-
ies. Municipal effluents may contain significant 
amounts of organic matter and ammonia [Strom 
et al., 1976] Storm drains are diverse in compo-
sition and depend on the nature of the surface 
from which the water collects, but carry more 
suspended solids and less nutrients [Calmano et 
al., 1993; Eriksson et al., 2007; Helmreich et al., 
2010; Grung et al., 2016; Ma et al., 2018].
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ABSTRACT
One of the widespread sources of river pollution is the wastewater coming from both wastewater treatment plants 
and the stormwater system. Wastewater can vary significantly in composition and concentration of substances in-
troduced into water bodies. Municipal effluents may contain significant amounts of organic matter and ammonia. 
Storm drains are diverse in composition and depend on the nature of the surface from which the water collects, but 
carry more suspended solids and less nutrients. The research was aimed at assessing the effect of surface runoff 
collected by the stormwater system from the territory of the city of Lublin on the Bystrica River using popular 
environmental indices, calculated on the basis of periphytonic algae species abundances: species number, Shan-
non’s H, rarefied species number, Pielou’s evenness, trophic diatom index (TDI). It was observed that the cor-
respondence between a species diversity and the quality of the environment is not always straightforward. There-
fore, the periphytonic algae diversity increases under the influence of runoff, as evidenced by the Shannon index. 
Nevertheless, pronounced changes are noted in the structure of the algal community, as shown by the Pielou index 
and NMDS. However, these changes in the structure are invisible if the trophic diatom index (TDI) is relied upon.
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The decomposition of organic matter in water 
bodies leads to a significant decrease in the oxy-
gen content in water [Courchaine, 1968]. Under 
the influence of wastewater, the composition of 
the bottom sediments changes, and the concen-
tration of organic carbon, nitrogen, and phospho-
rus increases [Gücker et al., 2006]. The effects 
of effluents can spread downstream for 1 km or 
more [Wakelin et al., 2008]. Downstream of the 
wastewater discharge, the conditions change, 
leading to a restructuring of the communities of 
both autotrophs and heterotrophs. According to 
Madoni, under the influence of the discharges of 
the untreated effluents in the Parma River (north-
ern Italy), the composition of bottom communi-
ties became monotyped over a ten-year period. 
Under the influence of wastewaters in the areas 
below the confluence of drains, there was an in-
crease in the similarity of the species composition 
of hydrobionts between the mountain and low-
land rivers, and the similarity between the flatland 
sections of the river increased more noticeably 
[Madoni, 1993]. Under the influence of runoffs 
and increased organic load, the trophic structure 
of the ciliate assemblage changes, the proportion 
of algophages decreases and the proportion of 
bacteriophages increases [Madoni & Zangrossi, 
2005]. In the flatland flowing waters, under the 
influence of wastewater, there is an increase in 
the biomass of macrophytes and bottom inverte-
brates, increased respiration of the entire commu-
nity and an increase in gross primary production, 
which can be explained by the receipt of an ener-
gy subsidy from wastewater [Gücker et al., 2006].

A study on the colonization of artificial sub-
strates by algae and invertebrates in the river sec-
tion under the influence of wastewater showed 
that the composition of the periphytonic algae 
was changed compared to the sites above the zone 
of influence. Many species that were present in 
the river section upstream of the discharge site 
were not observed in the section located down-
stream [Lewis, 1986].

However, the balance between the diversity 
of organisms and the quality of the environment is 
sometimes ambiguous. The pollution of the envi-
ronment, especially with organic substances, does 
not necessarily lead to a decrease in the diversity 
of the autotrophic and heterotrophic components 
of ecosystems [Correa et al., 2015]. Therefore, 
the notion of water quality does not always co-
incide with such important parameters as species 
diversity (number of species) and biodiversity, 

e.g. under the β-mesosaprobic conditions, the di-
versity can significantly increase along with the 
resource base [Sun et al., 2019].

The natural flowing waters affected by efflu-
ents often have a depleted community composi-
tion of invertebrate organisms even upstream of 
the wastewater inflows, as they are exposed to 
other factors causing eutrophication and commu-
nity degradation [Gücker et al., 2006]. The pow-
erful factors leading to the monotyping of envi-
ronmental conditions in rivers are artificial deep-
ening and straightening of channels, regulation 
of the hydrological regime by locks and dams, 
and the load on hydroecosystems by the inflow 
of pollutants from dispersed sources [Ward et al., 
1999; Sweeney et al., 2004; Belletti et al., 2015]. 
In such rivers, bottom sediments of the same type 
are observed, in addition to the absence of reach-
es and sills, a relatively uniform flow throughout 
the entire length of the transformed sections of 
the channel. Paradoxically, in such rivers, the in-
crease of diversity into the river may be caused 
by runoffs, especially if the runoffs do not con-
tain toxic substances that lead to the death of the 
aquatic organisms.

The conducted studies aimed at assessing 
the effect of the surface runoff collected by the 
stormwater system from the city of Lublin on the 
Bystrica River using popular environmental indi-
ces. The authors attempted to evaluate the local 
influence of runoff on the diversity of algae in a 
river, the anthropic transformations of which led 
to a high degree of monotyping of the conditions 
in the river channel, which was straightened, 
deepened, and deprived of the connections with 
floodplain water bodies due to the dams along 
both banks.

MATERIALS AND METHODS

The research was carried out on the segment 
of the Bystrica river localized within the city of 
Lublin (Poland). The algae samples were collect-
ed at the confluence of the stormwater inflow and 
Bystrica and at a distance of 50 m before and be-
yond of it. Description of the segment of Bystrica 
in the study area was given in a previous publica-
tion [Babko et al., 2019]. The samples of algae 
were scraped from a fixed surface area of 1 cm2 to 
5 cm2. The algae living space was considered as 
the volume of water below the surface of height of 
0.5 cm. In the laboratory, before each abundance 
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calculation, the sample was homogenized in a 
centrifuge at low speed. Subsamples of 25 mkl 
were processed. Depending on the abundances of 
the counted objects from 7 to 11, the subsamples 
were analyzed. The averaged data were presented 
as abundances per 1 cm3. These calculations al-
lowed obtaining comparable quantitative results 
on every station regardless of the actual area of 
the samples taken. On the basis of the abundances 
of algae population and diversity of their species, 
a number of generally accepted in ecology indices 
was calculated. The samples were treated in the 
laboratory of the Lublin University of Technol-
ogy immediately after selection. The following 
indices were used to assess the level of diversity 
in each of the research stations: species number, 
Shannon’s H, rarefied species number, Pielou’s 
evenness, trophic diatom index (TDI). The TDI, 
an index designed for monitoring the trophic sta-
tus of rivers based on diatom composition [Kelly, 
Whitton 1995, Kelly 1996]:

𝑇𝑇𝑇𝑇𝑇𝑇 = ∑ 𝑎𝑎𝑗𝑗𝑣𝑣𝑗𝑗𝑖𝑖𝑗𝑗 
𝑛𝑛
𝑗𝑗=𝑖𝑖
∑ 𝑎𝑎𝑗𝑗𝑣𝑣𝑗𝑗𝑛𝑛
𝑗𝑗=𝑖𝑖

      (1)

where:	aj – abundance (proportion) of species j in 
sample, 

	 vj – indicator value (1–3) and 
	 ij – pollution sensitivity (1–5) of species j. 

The value of TDI can range from 1 (very 
low nutrient concentrations) to 5 (very 
high nutrient concentrations).

The data on the abundances of species were 
processed using R Version 3.6.0 [R Core Team, 
2019]. Shannon’s H was calculated using func-
tion diversity, rarefied species numbers – rarefy 
form the vegan package [Oksanen et al. 2019]. 
Nonmetirc Multidimensional Scaling was per-
formed using metaMDS from vegan package. In 
order to assess the significance of pairwise differ-
ences between the stations, t analysis of variance 
(ANOVA) and post-hoc Tukey HSD (Honestly 
Significant Difference) test were performed with 
aov and TukeyHSD functions, respectively in the 
R package stats. Plots were produced with the 
R package ggplot2 [Wickham, 2009]. 

RESULTS AND DISCUSSION 

According to the data obtained, in the efflu-
ent and upstream of confluence, the number of 
species was fairly close, while downstream, a 

considerable tendency to increase in this value 
emerges (Fig 1). Even more clearly, the trend can 
be seen in Figure 1B, which shows the rarefied 
data on the species numbers. With high probabil-
ity, the increase in the number of species at the 
third station is the result of the impact of storm-
water system. Downstream of discharge, the con-
ditions in the river change in the direction of in-
creasing in the number of niches available, and 
the populations developed in the drain appear. 
This situation confirms that at low levels of al-
lochthonous organics, the species diversity may 
increase.

It was previously shown [Babko et al., 2019] 
that despite the small volume and irregularity of 
the surface runoff volume into the Bystrica river 
in the study area, the structure of algae assem-
blages in periphyton significantly differed both in 
the qualitative composition and in the quantita-
tive development of populations.

The assessment of the differences in the algae 
diversity at the studied sites on the basis of the 
Shannon index showed that the species diversity 
increases, as does the number of species below 
the runoff from the stormwater system (Fig. 2 A). 
At the same time, in station 3, an increase in the 
Pielou’s evenness index is also observed (Fig. 2B).

The increase in the Pielou’s index is consis-
tent with the saprobity index considered in [Bab-
ko et al. 2019]. In fact, an increase in evenness 
indicates the stabilization of the structure of the 
algal assemblage with an increase in the trophic 
level in the river downstream of the stormwater 
discharge inflow.

Thus, against the background of increasing 
diversity and the number of species at the station 
below the runoff, the conditions contribute to the 
stabilization of the structure of algal assemblages. 
An increase in the evenness values due to an in-
crease in the abundances of species with particu-
lar environmental requirements is a good indica-
tor of the stabilization of conditions.

The conclusion regarding the moderate influ-
ence of the stormwater system can be confirmed 
by the fairly authoritative diatom index (TDI). 
The so-called Trophic Diatom Index (TDI) was 
developed on the basis of the concept of species 
differentiation and intensive field research by 
Schiefele and Kohmann [Schiefele and Kohm-
ann, 1993]. This index characterizes the trophic 
level of streams and rivers using seven levels 
similar to the saprobic system. However, both 
those classifications are independent and their 
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levels are unequal. The value of TDI lies in its 
ability to better reflect the changes in the tro-
phic level than other saprobic indices [Dokulil, 
2003]. TDI is best used for neutral or slightly 
alkaline, meso- and hypertrophic waters. In our 
case, it is most appropriate, as it is designed for 
rivers and works optimally in the range of meso-
saprobic conditions.

In our case, the TDI value indicates the ab-
sence of a considerable effect of wastewater 
from stormwater on parts of the river under its 
influence. This index is much more appropriate 
here in contrast to the saprobity index. It should 
be noted that the ratio of the TDI index values 
is closest to the ratio of the density of algae 

a)

b)

Figure 1. (А) Species number and (В) rarefied species number at the studied sampling points
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populations – indicators of the β-mesosaprobic 
conditions [Babko et al., 2019].

From the graph in Fig. 3A one can make a 
conclusion that either the index is not sensitive 
enough, or the wastewater from stormwater does 
not significantly affect the situation in the river 
below the runoff. The NMDS method was used to 
analyze the degree of structural rearrangements in 

algal assemblages at the studied stations. As can 
be seen in Fig. 3B, the assemblages at the three 
stations, although close, demonstrate a significant 
individuality level, which confirms the thesis that 
the influence of the runoff from stormwater does 
not change the trophic status in the studied area, 
but it has a significant effect on the composition 
and quantitative development of algae (Fig. 3B).

a)

b)

Figure 2. Alpha-diversity indices values: (A) Shannon’s H and (B) 
Pielou’s evenness at the studied sampling points
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CONCLUSION

Regarding the influence of the stormwater 
system on periphytonic algae, it can be argued 
that their diversity increases under the influence 
of runoff, as evidenced by a change in the Shan-
non index. An increase in the diversity of algae 
is accompanied by an increase in the evenness of 
the structure of their assemblage, which is record-
ed by the Pielou’s index.

In general, as shown earlier, the effect of run-
off manifests itself in an increase in the saprobity 
index [Babko et al., 2019], while the TDI index 
remained stable at all stations. The ranges in 
which the indices of saprobity and TDI change in-
dicate that the runoff from the stormwater system 
does not change the trophic status of the river, and 
in the studied area, the water quality corresponds 
to the β-mesosaprobic conditions. A marked in-
crease in the diversity of algae according to the 

a)

b)

Figure 3. Values of trophic diatom index (TDI) at the studied sampling points. (В) 
NMDS of the samples taken based on the matrix of species abundances
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Shannon’s index indicates that the wastewater 
from the stormwater system significantly alter the 
structure of algae assemblages, without changing 
the trophic level of water in a noticeable way.

It is probably important to note that the indi-
ces used have different sensitivity, and it is impor-
tant to continue the search for new approaches to 
assessing both the quality of the aquatic environ-
ment and the response of the biological compo-
nent of water bodies.
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