
1. Introduction

Large urban areas are one of the most important objects 
in river basins affecting aquatic ecosystems (Obolewski 
et al. 2004). That influence is particularly visible in the 
case of small watercourses with only one conurbation lo-
cated in their area. They give a possibility to thoroughly 
analyse qualitative and quantitative changes of vegetation 
and fauna communities induced by anthropopressure (Al-
lan 1997).

So far hydrobiological research in the Słupia River ba-
sin have been rather fragmentary and could hardly be used 
as a basis in a reliable assessment of the river ecologi-
cal state (Obolewski et al. 2004). They also lack detailed 
analyses of vegetation and macrozoobenthos in the Słupsk 
urban area, including anthropogenic pressure on these eco-
logical formations. This study fills in that gap in the knowl-

edge and concerns the influence of the city of Słupsk on 
vegetation and invertebrates inhabiting microhabitats in the 
Słupia River. As a mathematical modelling tool the MRT 
(multivariate regression tree) technique was chosen in or-
der to indicate factors influencing the multivariate vegeta-
tion and macrozoobenthos communities.

2. Study area

The Słupia River is one of the longest rivers in Middle 
Pomerania (Poland) with the total length of 138.6 km and 
the river basin area of 1623 km2. In its drainage area there 
is only one urban agglomeration- the city of Słupsk. Słupia 
flows into Słupsk at the 39th km of its course forming 
a wide, unregulated riverbed. In the suburbs, the river is 
fenced with a mill weir (concrete banks). Within the city 
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(between the 37th and 34th km) it is tamed and at then, at 
the 36th km, divided into the main riverbed and the mill 
channel. Passing by the buildings, Słupia gets wider and 
forms natural meanders (Piechura et al. 1997). The river 
length within Słupsk is 8 km and the riverbed is fairly 
diversified with various microhabitats, which can be in-
habited by vegetation and invertebrates of different, even 
extreme environmental requirements.

3. Material and methods
Sampling

Qualitative and quantitative studies of macrozoobenthos 
communities were conducted seasonally in the coastal zone 
at 25 sampling sites (Fig. 1) from November 2005 till Au-
gust 2006, four times at each site. The distance, measured 
from 1km before the first sampling station down the river, 
was treated as a surrogate variable for the direct impact of 
the city on hydrobionts, due to the lack of, for instance, 
trophic parameters. 

Qualitative structure of plant communities was iden-
tified in autumn 2005 with the Braun-Blanquet method 
(Medwecka-Karnaś et al. 1972). 33 phytosociological 
relevés indicated plant communities present all year round. 
Plant assemblages (phytocoenoses; Matuszkiewicz 2001) 
were assumed to be the basic phytosociological units and 
distinguished without a syntaxonomic rank. Selected habi-
tat parameters of the distinguished plant communities were 
analysed with the help of Ellenberg index numbers (El-
lenberg et. al. 1992). On their basis habitat fertility was 
determined for phytocoenoses, within the range 1 – 10 (the 
higher fertility, the lower number). The type, the number 
of phytocoenoses and their preferences for habitat fertility 
were used in order to determine the quantitative biodiver-
sity factor at the consecutive sampling sites. The final bio-
diversity index was obtained by summing up the assigned 
values of habitat preferences (Tab. 1).

Densities of benthic invertebrates were determined 
according to the following ISO norms- 78278:1985 and 
8265:1988, complemented by a higher degree of stand-
ardization and specified by Böhmer et al. (1999). The main 

Figure 1. Location of the Słupia River and distribution of sampling sites
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advantage of this method is standardization of all sampled 
sections, using a D-frame aquatic net of 0.5 mm mesh size, 
which can also sample larger stones and macrophytes. All 
the samples were fixed in situ and transported to the labo-
ratory, where taxonomical identification and further analy-
ses where performed. Except for Oligochaeta, macrozoob-
enthos individuals were identified at the genus level (more 
than 90%). 

Simultaneously with biological analyses, environmen-
tal parameters were measured at each sampling site: depth, 
water temperature and salinity. Substrate characteristics 
were determined on the basis of grain size analysis ac-
cording to norms ISO 4365 and ISO 9195 and the follow-
ing substrate type were specified: concrete, stones, coarse 
gravel, gravel, gravel with silt, sand, sand with loam, sand 
with silt, silt. Additionally, microhabitat types were defined 
as alluvion, groyne, midstream, rapids, sandy bar or steep 
bank. On the basis of available abiotic parameters (e.g. wa-
ter chemistry, vegetation characteristics, bottom morpholo-
gy), the degree of anthropogenic transformations of the riv-
erbed was classified into three categories – low (reference 
level), medium and high. Methodology of this division was 
in accordance with bio-assessment criteria (e.g. Barbour et 
al. 1997, 1996).

Additionally, biodiversity of benthic fauna was assessed 
with the Shannon index (H’), calculated for the whole year 
at the consecutive sampling sites using BioDiversity Pro 
Beta 1 software (McAleece et al. 1997).

3.1. Multivariate regression and classification trees

The general idea of MRT is to form clusters of sites by 
repeating data splitting along axes of explanatory, envi-
ronmental variables. Each split is selected to minimise the 
dissimilarity (sum of squared Euclidean distances, SSD) of 
taxa and sites within clusters (Breiman et al. 1984; De’ath 
& Fabricus 2000; De’ath 2002).

MRT analyses the community data, but makes no as-
sumptions about the form of relationships between species 
and their environment. Moreover, this method is applicable 
for complex ecological data with imbalance, non-linear re-
lationships and high-order interactions. Clusters and their 
relationship with environmental variables are presented 
graphically by a tree. Each cluster represents a species as-
semblage and additionally the environmental values define 
an associated habitat.

The overall fit of the tree is specified as a relative error 
(Error; SSD in clusters divided by SSD of undivided data) 
and the predictive accuracy is assessed by CVRE (cross-
validated relative error) (Breiman et al. 1984; De’ath & 
Fabricus 2000). In this study, the finally selected tree was 
the most complex model within one standard error (1 SE) 
from the best predictive tree (Breiman et al. 1984), using 
2000 multiple cross validations, to stabilize CVRE. Taxa or 

plant assemblages distinctive for a given cluster were iden-
tified using an indicator species index (indval) calculated 
by the product of relative density and relative frequency 
of occurrence within a cluster (Dufrene & Legendre 1997). 
Significance of a taxon or plant assemblage association to 
a particular cluster was assessed by a permutation test with 
500 iterations. An indval value of 1 indicates that a taxon/
plant assemblage is solely confined to a particular cluster, 
while an indval of 0 indicates that a taxon is widely dis-
tributed among different clusters. Taxa/plant assemblages 
with indval >0.25 were considered as indicators, according 
to Dufrene & Legendre (1997).

In this study, MRT analyses were carried out in R 2.1.1 
(R Development core team 2004) using mvpart (Multivari-
ate Partitioning) package (De’ath 2002), while indval anal-
yses were performed with the labdsv package (Dynamic 
Synthetic Vegephenomenology).

4. Results
4.1. Plant communities

10 plant communities, belonging to 2 vegetation classes- 
Potametea and Phragmitetea- were identified in the Słupia 
River within the limits of Słupsk (Tab. 1). Filamentous 
algae were dominant, present at 11 sampling sites. They 
inhabited submerged stones or grew directly on sandy 
bottom. The studied area was also rich with communities 
Callitriche hamulata (9 sampling sites) and Elodeetum 
canadensis (6 sampling sites).Whereas, the assemblage 
of Glycerietum maximae was frequent on muddy banks 
(8 sampling sites). The assemblage of Sparganium em-
ersum was observed at 4 sites, while rare assemblage of 
Ranunculetum fluitantis was present at 3 sampling sites. 
The other phytocoenoses – Equisetetum fluviatilis, Phrag-
mitetum australis, Typhetum latifoliaeand and Caricetum 
ripariae – occurred only once. The highest variety of phy-
tocoenoses was observed at sampling site no. 15, while at 
the others it varied from 1 to 3. The biodiversity index of 
plant communities decreased down the river in the area of 
Słupsk and reached the minimum values at sampling sites 
subject to anthropogenic pressure to the greatest extent: no. 
9 – 11, 17, 19 and 21.

MRT analysis (Fig. 2) revealed differences between 
sampling sites before and after 2.56 km of the investigated 
river section. Sparganium emersum and Callitriche ham-
ulta communities were indicative for 5 initial sites (indi-
cator values 0.80 and 0.61 respectively). The multivariate 
division of the data set for the surrogate split- substrate 
type – was very closely related to the primary split with 
the agreement of 92%. Using this split, mud and sand with 
mud were characteristic for the first 5 sampling sites with 
indicative Sparganium emersum and Callitriche hamulta 
communities. The remaining substrate types were assigned 
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to the left branch of the tree, i.e. to the next sites with the 
balanced occurrence frequency for the remaining identified 
plant communities.

4.2. Macrozoobenthos communities

At the studied sampling sites, 7 classes with 8 most nu-
merous orders of insects (Tab. 2). The percentage share of 
consecutive taxa varied between sites. Within the whole 
investigated area Diptera larvae (mainly Chironomus gr. 
rhummi) were dominant with 52 – 72% of the total bentho-
fauna density. Aside from that taxon, Oligochaeta consti-
tuted a considerable part – from 13% outside the town to 
25% on the concrete riverbed. As for the rest of macrozoo-
benthos taxa, Gastropoda significantly contributed to the 
total density, especially on the highly transformed bottom 
(concrete).

Representatives of benthic fauna were particularly 
abundant at the sampling site no. 13, where the mill chan-
nel connects with the main riverbed (15 taxa). On the other 
hand, at the transformed sites no. 6 and 8 only 4 taxa were 
identified. The Shannon biodiversity index (H’) decreased 
from 0.612 ahead of the city to 0.497 outside Słupsk.

The most important variable in MRT analysis of ben-
thic fauna was the season (Fig. 3). Densities of consecutive 
macrozoobenthos taxa were moderately balanced in spring, 
summer and autumn (the left tree leaf), while in winter 
Oligochaeta (indval=0.74) and Diptera larvae, mainly Chi-
ronomus gr. thummi (indval=0.60), were dominant.

The surrogate split, dividing the experimental data 
identically, was the temperature (agreement 100%). Ap-
plying this variable, the right tree leaf corresponded to tem-
perature lower than 8.0oC and the left one to temperature 
equal or higher than this threshold value.

Figure 2. Multivariate regression tree for plant communities 
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5. Discussion

During the studied period, filamentous algae communi-
ties, assemblages of Elodeetum canadensis and communi-
ties of Glycerietum maximae were the dominant compo-
nents of aquatic flora in the Słupia River within the limits 
of Słupsk. Considerable contribution of filamentous algae 
(sampling sites 9 – 13 and 19 – 21) can be attributed to the 
increase in trophy caused by the point-source inflow of 
nutrients, mainly nitrogen and phosphorus compounds. 
Phytocoenoses of Elodeetum canadensis formed in the 
river almost mono-species aggregations- individual or in 
complexes with other communities (e.g. Ranunculetum 
fluitantis). Their appearance, usually connected with high 
biomass production and elimination of other communities, 
is indicative for eutrophic waters (Matuszkiewicz 2001). 
Further contamination of riverine waters in Słupsk may 
result in more intense expansion of Elodea canadensis, 
posing a real threat to a rare assemblage, typical for clean 
rivers with sandy bottom, namely Ranunculetum fluitantis. 

As for the assemblage of Glycerietum maximae, it pre-
fers eutrophic waters with muddy substrate and probably 
is highly tolerant of water pollution (Matuszkiewicz 2001). 
The presence of abundant Ranunculetum fluitantis phyto-
coenoses at the last studied kilometre of the Słupia River 
(sampling sites 22, 24 and 25) indicates the improvement 
in water purity. 

MRT analysis revealed a significant distinctness of 
aquatic flora at the first 5 sampling sites. Sparganium emer-
sum and Callitriche hamulata communities were observed 
only before the city. Probably they prefer similar habitat 
conditions as for flow velocity and water chemistry. Ac-
cording to Matuszkiewicz (2001) Sparganium emersum is 
characteristic to complex Ranunculion fluitantis, while Cal-
litriche hamulata is typical for complex Ranunculo – Calli-
trichetum hamulatae Oberd. 1957 em. Müll. 1977 – a com-
munity of clear, cool water with high flow velocity. Both 
phytocoenoses may be important bioindicators of riverine 
water contamination and therefore should be further studied 
from phytosociological and ecological point of view. 

Figure 3. Multivariate regression tree for macrozoobenthos density 
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Analysis of bioindicative properties of the consecutive 
plant communities revealed that water flowing into the ur-
ban area is mesotrophic or slightly eutrophic (Callitriche 
hamulata community as an indicator). In the middle of the 
conurbation, urban agglomeration water becomes highly 
contaminated and eutrophic (filamentous algae, Glyceri-
etum maximae), while self-purification processes dimin-
ish the contamination outside the city (Ranunculetum 
 fluitantis)

MRT analysis of macrozoobenthos revealed significant 
differences in benthofauna structure and density between 
seasons. The commonly known influence of seasonality on 
life cycles of aquatic organisms may cause considerable 
fluctuations in the abundance of hydrobionts spending in 
water only their larval stage (Moog et al. 1997). Seasonal-
ity is closely related to water temperature, which also influ-
ences the structure of benthofauna (Turoboyski 1979). The 
performed mathematical analyses revealed the influence of 
both season and temperature but the latter factor is of lower 
importance than the former one . This can be explained by 
the dominant role of Oligochaeta and Diptera larvae, the 
occurrence of which is generally little conditioned on wa-
ter temperature (Kajak 1998; Kasprzak 1986). Moreover, 
the riverine water flowing through the urban area can be 
anthropogenically warmed or cooled by damming up, mu-
nicipal or industrial sewage inflow (Turoboyski 1979). 

Negative influence of the urban area on hydrophytes 
and macrozoobenthos was confirmed by the decrease in 
biodiversity, which was particularly distinct in case of 
riverine vegetation, sensitive to contamination (Fig. 4). 

Comparison of biodiversity graphs for plants and benthic 
fauna showed similarities in their reaction to the increase 
of anthropogenic pressure in the urban area, which may 
indicate point-source characteristics of contamination in 
the Słupsk area.

6. Conclusions

This study indicates that many parameters influence veg-
etation and macrozoobenthos inhabiting the Słupia River 
in the urbanized area. The leading factors were the type of 
microhabitat and anthropogenic pressure. The performed 
analysis constitutes the first step in the recognition of the 
Słupia ecological state and threats resulting from polluting 
the river by the city. It also should be a starting point for 
next studies conducted within introduction of the European 
Union directives in the field of aquatic policy in Poland. 
The proposed research method can be applied in moni-
toring of Polish rivers in accordance with the EU Water 
Framework Directive.
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