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Introduction

According to the River Continuum Con-
cept (RCC) (Vannotte et al. 1980), physical variables 
present a continuous gradient in hydrological condi-
tions in an ideal, freely flowing river, which conforms 
with the biological organisation. The RCC provides 
also a theory for the dynamics of plankton communi-
ties in lotic waters. Regulation of rivers and dam con-
structions are considered to be the major factors con-
tributing to significant modifications of river ecosys-
tems. Dams disturb the river continuum and change 
the hydrologic regimes, which is of major significance 
for structuring the biotic diversity within the river 
systems (Ward and Stanford 1995; Pourriot et al. 1997; 
Kentzer et al. 2010). 

Also in natural river systems, lakes inserted 
into the fluvial system provide the examples of the 
river continuum disturbance which is analogous to 
man-made barriers on large river systems (Hillbricht-
Ilkowska 1999).
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There are two hypotheses explaining the origin 
and development of the river plankton. The first states 
that river plankton communities develop within long 
rivers where organisms have enough time to grow and 
reproduce as they move downstream (Basu and Pick 
1996). The second hypothesis states that lake outlets 
are a primary source of river plankton (Szlauer 1977; 
Kobayashi 1997; Czerniawski and Domagała 2012). So 
the qualitative and quantitative structure of plankton 
in short rivers is mainly determined by lakes through 
which a given river flows (Ejsmont-Karabin and 
Węgleńska 1996; Czerniawski 2008).

According to the RCC potamoplankton should 
slowly but continuously develop and change down-
stream in the natural river (Viroux 1997, 1999; Zim-Zim-
mermann-Timm et al. 2007). However lakes inserted 
into the fluvial system could disturb the river continu-
um and provide planktonic invertebrates. 

The aim of the study was to evaluate the im-
pact of lakes in the fluvial system on potamoplankton 
structure in a natural river – the River Wel, and study 
the origin of potamoplankton in the river.
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Study area description 

The Wel River is situated within the Baltic Sea 
catchment area. It is the biggest, left-bank tributary 
of the Drwęca River, which in turn is situated within 
the drainage basin of the Vistula River. The length of 
the Wel River is 128 km, and has a catchment area of 
822.44 km2 (Czarnecka 2005). The Wel River is a lake 
river that flows through 10 lakes (Fig. 1). Due to the 
fact that the lakes are storage reservoirs, the Wel River 
is characterised by a relatively balanced flow through-
out the year. The average annual flow fluctuates around 
ca. 8 m3 s–1 at the river mouth.

Methods

The study was conducted for 14 months in 
2007/2008. Samplings were carried out every oth-
er month in 2007 (from April to October) and on a 
monthly basis in 2008 (from January to November, 

except May). In 2007 samples were collected at 6 sites 
and in 2008 at 7 sites (adittional site was 3a). All sites 
were numbered starting from the site situated in the 
upper reaches of the river (Fig. 1)
Site no. 1 – Dąbrówno (53° 25’ 24” N, 20° 02’ 18” E). The 

site is located in the upper reaches of the river right 
after the lakes Dąbrowa Wielka and Dąbrowa Mała. 

Site no. 2 – Szczupliny (53° 22’ 35” N, 20° 00’ 19” E). 
The site is situated just before Lake Rumian, at a 
bridge in the Szczupliny village. 

Site no. 3 – Grabacz (53° 20’ 09” N, 19° 56’ 51” E). The 
site is situated in the middle reaches of the river, 
where agricultural lands and fish ponds dominate 
the land uses.

Site no. 3a – Rumian (53° 22’ 59” N, 19° 59’ 12” E). The 
site is located after the outflow of the river from 
Lake Rumian. 

Site no. 4 – Koszelewki (53°19’ 13” N, 19° 53’ 21” E). 
The site is located ca. 1000 m after lakes Tarczyńskie 
and Grądy. 

Fig. 1. Distribution of the research sites along the river course (lakes: A – Dąbrowa Wielka, B – Dąbrowa Mała, C – Pancer, D – Rumian, 
E – Zarybinek, F – Tarczyńskie, G – Grądy, H – Zakrocz, I – Lidzbarskie, J – Fabryczne)
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Site no. 5 – Trzcin (53° 22’ 14” N, 19° 44’ 56” E). At this 
point the slope of the riverbed exceeds 4‰, and 
the river becomes a mountain stream. 

Site no. 6 – Bratian (53° 27’ 30” N, 19° 36’ 34” E). The 
site is located ca. 300 m before the estuary of the 
Wel River into the Drwęca River.

The location of the sites enabled to assess the 
impact of the hydrological conditions of the river and 
lakes situated within the river course on the analysed 
communities of organisms. The water for analyses was 
collected from the main stream zone of the river with 
a 1-litre Patalas plankton trap. For every zooplank-
ton sample ten liters of water was filtered each time 
through a plankton net of ca. 50 μm mesh size. In to-
tal 94 both qualitative and quantitative samples were 
collected. All samples were preserved with Lugol’s 
solution (Nogrady et al. 1993; Harris et al. 2000). To-
gether with the collection of zooplankton samples, 
physical and chemical parameters of water were stud-
ied, such as pH, conductivity (EC), total phosphorus 
(TP), mineral nitrogen (Nmin), organic nitrogen (Norg), 
particulate matter (PM), organic matter (OM) and 
chlorophyll a. The physical and chemical methodol-
ogy was described by Golterman (1971), Greenberg et 
al. (1992), Mieszczankin (2000), Mieszczankin (2009) 
and Operacz et al. (2011).

The zooplankton analysis (identification and 
count) was performed with the use of a light micro-
scope Nikon Alphaphot YS2, as well as a Panasonic 
camera and software for image analysis – MultiScan. 
For each sample (10 cm3) five counts were made on a 
Segdwick-Rafter chamber (Edmondson and Winberg 
1971; McCauley 1984). Abundance was expressed as 
individuals per 10 dm3 of water.

The dominance index (D) was applied to deter-
mine the structure of species dominance (Kasprzak and 
Niedbała 1981). The following formula was used: 

D = 100 n / N , 
where: n – number of individuals of a given spe-

cies, and N – total number of individuals.

Species were determined as dominants accord-
ing to the following classification: (i) D5 – eudomi-D5 – eudomi-
nants, constitute >10.0% total number of individuals, 
(ii) D4 – dominants, constitute 5.1-10.0% total number 
of individuals, (iii) D3 – subdominants, constitute 2.1-
5.0% total number of individuals, (iv) D2 – recedents, 
constitute 1.1-2.0% total number of individuals, and 
(v) D1 – subrecedents, constitute <1.1% total number 
of individuals.

In order to determine the relationship between 
the abundance of zooplankton and the physico-chem-
ical factors, Pearson’s correlation coefficient (r) was 
applied. The similarity between zooplankton assem-
blages at sites of the river was determined by cluster 
analysis using the software STATISTICA.

In order to check the normality of distribu-
tions for all variables, the Shapiro-Wolf test was ap-
plied. The variables were logarithmically transformed 
to normalize the data. Statistical significance of the 
differences between the sites was tested by the analy-
sis of variance ANOVA on log(x) transformed data 
of zooplankton abundance and was expressed by the 
Tukey’s HSD (Honestly Significance Differences) post 
hoc test (Clarke 1993; Thorp and Casper 2003; Hill 
and Lewicki 2005). All tests were carried out using the 
software STATISTICA.

Results

General composition of zooplankton
In total 95 zooplankton species were recorded: 

69 species of Rotifera which constitutes 73% of all 
determined species, 18 Cladocera (19%) and 8 Cope-
poda (8%) (Table 1). 

The average abundance of the zooplankton in 
the Wel River during the study period was 1026 ind. 
10 dm–3 (from 230 to 2300 ind. 10 dm–3). Rotifera were 
the dominant group (contributing 57% to the total 
zooplankton), while copepoda dominated among 
crustaceans, contributing 39% to the total zooplank-

Table 1. The number of zooplankton species and (%) contribution of individual groups

Site 1 Site 2 Site 3a Site 3 Site 4 Site 5 Site 6

n % n % n % n % n % n % n %

ROTIFERA 35 76 33 85 29 81 39 87 36 64 28 88 36 88

CLADOCERA 9 19 4 10 4 11 5 11 12 21 3 9 4 10

COPEPODA 2 5 2 5 3 8 1 2 8 15 1 3 1 2

SUM 46 100 39 100 36 100 45 100 56 100 32 100 41 100
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ton abundance. The contribution of cladocera was just 
4% (Table 2).

Rotifers were the most abundant species (in the 
class of eudominants and dominants): Keratella co-
chlearis f. cochlearis and Pompolyx sulcata, as well as 
Copepod’s developmental stages (nauplii and copep-
odites) (Table 3). 

Analysing the relationship between zooplank-
ton abundance and physico-chemical parameters, a 
significant positive correlation was recorded at par-
ticular sites of the river with chlorophyll concentra-
tion (r=0.75) and Norg. (r=0.88) (p≤0.05). The average 
results of physicochemical analyses of waters from the 
Wel River were presented in Table 4.

Spatial heterogeneity of zooplankton 
The sampling sites were divided into two 

groups: those that were right after the mouth of the 
lakes (sites: 1, 3a, and 4) and those away from the 
mouth of the lakes (sites: 2, 3, 5, and 6). 

Most of the species, i.e. 46 and 56, were recorded 
at sites 1 and 4 . Both sites are located beyond the large 
flow-through lakes (Table 1). A considerable number 
of species was recorded also at site 3 (45 species). The 
site was located downstream of two tributaries: Mu-
rawka Stream – a receiver of waters from fish ponds 
and the Koszelwska Stream, which drains the agricul-
tural lands. The lowest number of 32 species was re-
corded at site 5 (32 species) (Table 1).

Rotifers had the highest contribution in the to-
tal number of species (64-88%) at all sites. The largest 
number of species from this group were recorded at 
sites 3, 4 and 6 (Table 1). 

There were clear differences in the species rich-
ness of crustaceans. The highest number of species, 
namely 12 Cladocera (including large genera, such as 
Leptodora, Diaphanosoma, and Daphnia) and 8 Cope-
poda were identified at site 4. Site 1 was also rich in 
crustacean species with 2 species of Copepoda and 
9 species of Cladocera. At the other sites crustacean 
plankton was very species-poor (Table 1).

The most abundant zooplankton community 
was recorded at site 4 (2300 ind. 10 dm–3), ca. 1000 
m beyond the lakes Tarczyńskie and Grądy (Fig. 1, 
Table 2). The contribution of individual groups was 
nearly identical with the averaged contribution for the 
whole river with rotifers dominating the zooplank-
ton community. Cladocerans exhibited their highest 
abundance at this site with 110 ind. 10 dm–3 (Table 2). 
Among Cladocera, the larger species dominated – Di-
aphanosoma brachyurum (Lievin, 1848) and Daphnia 
cucullata (G.O. Sars, 1862), as well as small species, 
such as Bosmina longirostris (O.F. Müller, 1785) and 
Chydorus sphaericus (O.F. Müller, 1776). Among cope-
pods, nauplii and copepodites were dominant. 

Nearly the same total abundance was recorded 
at site 3a (2258 ind. 10 dm–3) with rotifers being the 
dominating group (50%) (Table 2). Cladocerans ac-

Table 2. The abundance of zooplankton (ind. per 10 dm3) and (%) contribution of individual groups

Site 1 Site 2 Site 3a Site 3 Site 4 Site 5 Site 6 Mean

n % n % n % n % n % n % n % n %

ROTIFERA 620 50 434 76 1136 50 228 65 1351 58 149 65 185 76 586 57

CLADOCERA 59 5 10 2 43 2 26 7 110 6 4 2 14 6 38 4

COPEPODA 554 45 126 22 1079 48 99 28 838 36 77 33 43 18 402 39

SUM 1232 100 571 100 2258 100 353 100 2300 100 230 100 242 100 1026 100

Table 4. The mean value results of physicochemical analyses of waters from the Wel River

Site No. pH
EC Ptot Nmin Norg PM OM Chl a

µS cm–1 mg dm–3 mg dm–3 mg dm–3 mg dm–3 % µg dm–3

1 8.3 307 0.063 0.24 1,40 3.12 67.9 12.01

2 8.1 357 0.114 0.43 1,14 – – –

3a 8.2 335 0.101 0.31 1,37 5.24 58.5 14.22

3 8.2 339 0.090 0.58 1.03 5.38 52.3 –

4 8.4 331 0.082 0.41 1,65 9.59 58.1 34.16

5 8.1 367 0.104 0.75 1,17 4.86 48.5 6.82

6 8.1 395 0.119 0.91 1.12 7.02 40.2 8.43
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The zooplankton abundance at site 1 was low-
er (1232 ind. 10 dm–3) compared with the other two 
sites that were also situated after a lake. At this site 
the dominance of Rotifera was quite evident – 50%; 
copepods, which made up 45%, were 2-times less nu-
merous compared with the other sites located just af-
ter lakes, and their abundance was mainly affected by 
developmental stages. Cladocerans had a 5% contri-
bution (Table 2) and were mainly represented by small 
species – Bosmina longirostris and Ceriodaphnia sp. 

Generally the group of eudominants and domi-
nants at these three sites comprises the following rotif-
ers: Keratella cochlearis (Gosse, 1851) f. cochlearis and 
tecta, Pompholyx sulcata (Hudson, 1885) and Polyar-
thra dolichoptera (Idelson, 1925), as well as nauplii and 
copepodites of copepods (Table 3).

The other four sites, not situated directly be-
yond the lakes, were characterised by much lower 
abundance (Fig. 2).

Two of them (sites 2 and 3) are 8 and 11 km 
away from the lakes’ outflows and are located just 
before the place where the river flows into the sub-
sequent reservoir. The other two sites (sites 6 and 5) 
are located in the lower reaches of the watercourse – 
along the river section of completely different nature 
compared with the sites described above (Table 2, Fig. 
2). The fewest zooplankton individuals were recorded 
at site 5 – 230 ind. 10 dm–3.

According to the analysis of variance ANOVA 
with Tukey’s post hock test for the abundance of zoo-
plankton, it was found that sites (1, 3a, and 4) located 
just beyond the lakes differ statistically significantly 
from the sites in the free-flowing river (site 2) and 
the sites situated within the lower section of the river 
(sites 5 and 6). No statistically significant difference 
was found between sites 1 and 3; and 1 and 2. Also 
no statistically significant difference was recorded be-
tween sites 3a and 3 ( Table 5). 

 Site 4 (with the highest count of zooplankton), 
and site 3a differ statistically significantly from all the 
sites situated in the free-flowing river at a certain dis-
tance from lakes, i.e. from sites 2, 3, 5 and 6 (Fig. 2).

 Cluster analysis (STATISTICA) revealed that 
sites 3a and 4 are the most similar to each other (lo-
cated just outside the lakes), in the second group, the 
sites 5 and 6 are the most similar, located in the lower 
reaches of the river (free-flowing river), as well as site 
3. Even though site 1 is also situated just beyond the 
river outflow from the lake, it is different from sites 3a 
and 4 (Fig. 3).

Table. 3. The structure of zooplankton domination at particular 
sites based on the abundance

Site No. Class Species

1
eudominants

Keratella cochlearis f. cochlearis
nauplius

copepodites

dominants Polyarthra dolichoptera

2

eudominants Keratella cochlearis f. cochlearis

dominants
Asplanchna priodonta

Polyarthra dolichoptera
nauplius

3a
eudominants

Keratella cochlearis f. cochlearis
Pompholyx sulcata

nauplius

dominants Polyarthra dolichoptera
copepodites

3

eudominants Anuraeopsis fissa
Keratella cochlearis f. cochlearis

dominants

Keratella cochlearis f. tecta
Polyarthra dolichoptera
Chydorus sphaericus

nauplius

4
eudominants

Keratella cochlearis f. cochlearis
nauplius

copepodites

dominants Keratella cochlearis f. tecta
Pompholyx sulcata

5
eudominants Keratella cochlearis f. cochlearis

nauplius

dominants Keratella quadrata
copepodites

6
eudominants

Brachionus angularis
Keratella cochlearis f. cochlearis

nauplius

dominants Keratella cochlearis f. tecta
Polyarthra dolichoptera

All 
samples

eudominants Keratella cochlearis f. cochlearis 
nauplius

dominants Pompolyx sulcata
copepodites

subdominants
Keratella cochlearis f. tecta

Keratella quadrata
Polyarthra dolichoptera

recedents

Anuraeopsis fissa
Conochilus unicornis
Trichocerca pussila

Diaphanosoma brachyurum

counted for only 2% of the total number, although 
Daphnia cucullata and Diaphanosoma brachyurum 
were still the dominant species among cladocerans 
(Tables 2 and 3). Developmental stages were almost 
exclusively found among copepods (the average abun-
dance of adults was only 5 ind. 10 dm–3). 
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Fig. 2. The number of zooplankton expressed in ln N at particular sites of the Wel River

Fig. 3. Dendrogram. Single nodes. Euclidean distance between sites
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Discussion

General composition of zooplankton
The number of zooplankton taxa identified in 

the Wel River, is relatively high. The similar number of 
species was recorded in the Lower Vistula River and in 
the Vychegda River (Napiórkowski et al. 2006; Konon-Napiórkowski et al. 2006; Konon-Konon-
ova 2009). Definitely fewer species were recorded in 
the Lower Odra River and in the Rhine River (Szlau-
er and Szlauer 1994; van Dijk and van Zanten 1995). 
Usually potamoplankton of large rivers is richer in 
comparison to small rivers (Basu and Pick 1996). It is 
not the case in the Wel River, where the lakes through 
which the river flows probably enriched the species 
composition.

Welker and Walz (1998), Burger et al. (2002) 
and Walks and Cyr (2004) emphasize that the fluvi-
al zooplankton is usually a species poor community, 
when comparing its structure with species richness of 
lakes. However, Napiórkowski et al. (2006), reported 
that zooplankton in a big, lowland river Lower Vistula 
River can match or even exceed the species richness 
of a lake. The zooplankton species structure analysis 
in the Wel River proves that the plankton community 
of a small river flowing through a number of lakes can 
also be rich. 

Rotifera dominated in the zooplankton species 
structure in the Wel River, as in all the aforementioned 
rivers (Table 1). Rotifera are better adapted to adverse 
conditions of lotic habitats than crustacean species 
(Marneffe et al. 1996; Demetraki-Paleolog 2004). 

Among the crustaceans, both in the Wel River 
and in the compared rivers, most of the species be-
longed to Cladocera (9-21%). These included both 
small cladocerans observed in many other rivers (Chy-
dorus sphaericus, Bosmina longirostris) (Szlauer 1977; 

van Dijk and van Zanten 1995), as well as large species 
from the genera Daphnia, Ceriodaphnia, Diaphano-
soma or Leptodora, whose presence resulted from the 
specific nature of the watercourse.

The abundance of zooplankton in the Wel Riv-
er is low as compared with other rivers. The average 
density of zooplankton in the Lower Vistula River and 
the Lower Odra River was almost 4- and 5-times high-
er compared with the Wel River (Szlauer and Szlauer 
1994; Napiórkowski et al. 2006). The most important 
factor eliminating plankton (reduction of abundance) 
in such a small river as the Wel River is a sudden change 
in hydrology – turbulent water motion and high flow 
velocity can physically injure organisms, as well as re-
duce the ability to catch the food (Viroux 1997).

In all compared rivers, also in the Wel River, 
Rotifera dominated quantitatively (57%); and among 
crustaceans – Copepoda, probably due to a high con-
tribution of developmental stages, resistant to hy-
draulic stress (Ejsmont-Karabin and Węgleńska 1996; 
Havel and Shurin 2004).

In general, the plankton of the Wel River was 
characterised by a relatively high contribution of 
Crustacea (Cladocera and Copepoda) in the total 
abundance (Table 2) as in the Płonia River (Czerni-
awski 2008). Both watercourses are small rivers, which 
cut through several open lakes. The specificity of zoo-
plankton in this type of watercourses is significantly 
different from the nature of this grouping in typical 
large rivers (Basu and Pick 1996; Viroux 1999). The 
production of zooplankton in the main stream of 
small rivers, if any, is of minor importance (Vada-
di-Fülöp 2009), and its existence is supported by a 
continuous inflow of specimens from lentic sources 
(quiet bays, oxbow lakes, broads, dams, and also lakes) 
(Demetraki-Paleolog 2007). 

Table 5. Results of Tukey’s HSD post hoc test. The marked differences are significant at p <0.05

Site No. 1 2 3a 3 4 5 6

1 0.054969 0.94189 0.273669 0.613503 0.008778 0.006388

2 0.054969 0.043728 0.983873 0.000328 0.998742 0.996561

3a 0.941890 0.043728 0.163393 1.000000 0.016531 0.013575

3 0.273669 0.983873 0.163393 0.003811 0.819995 0.765608

4 0.613503 0.000328 1.000000 0.003811 0.000148 0.000139

5 0.008778 0.998742 0.016531 0.819995 0.000148 1.000000

6 0.006388 0.996561 0.013575 0.765608 0.000139 1.000000
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Spatial heterogeneity of zooplankton 
A river flowing through many lakes may play an 

important role in the distribution of species (Shurin and 
Havel 2003). The stream corridor is one of the routes 
for dispersal of zooplankton (Havel and Shurin 2004).

The sites 1, 3a and 4, located directly beyond 
the lakes were generally characterised by higher taxo-
nomic richness of Crustacea, compared with the sites 
situated in typically fluvial sections of the watercourse 
(sites: 2, 3, 5, and 6) (Table 1). Similar conclusions were 
reached by Czerniawski and Domagała (2012).

A distance to the river outflow from the lake af-
fects the qualitative composition of zooplankton in the 
watercourse (Czerniawski 2008). Changes in the species 
structure of zooplankton over a river section of several 
kilometres long can be analysed by comparing sites 1 
and 2, as well as sites 3a and 3. Over the distance of 11 
km, between sites 1 and 2, 11 rotifer species were elimi-
nated from the community (mainly typical lacustrine 
forms). However 10 new species turned up, including 7 
tychoplankton species. Six species of cladocerans were 
eliminated from the community of crustaceans. Among 
Copepoda, adult forms were completely eliminated.

Similarly between the sites 3a and 3, over the 
distance of 8 km, the number of rotifer species de-
creased by 9 (mainly plankton species), and they 
were replaced by 10 tychoplankton species. Among 
cladocerans, large species were completely eliminat-
ed from the community. At both sites, located a few 
kilometres away from the lake, larval stages of Cope-
poda were observed. Similar structural changes in 
zooplankton were observed by Szlauer (1977), Sand-
lund (1982), Ejsmont-Karabin and Węgleńska (1996), 
Czerniawski and Domagała (2012). The sharp spatial 
changes of zooplankton structure in the river reflected 
the influence of lakes on the river continuum.

Site 5 and site 6 are located in the lower reach 
of the watercourse, where many species are elimi-
nated under influence of hydrological stress (Table 
1). According to some authors (Ejsmont-Karabin and 
Węgleńska 1996; Czerniawski 2008; Chang et al. 2008), 
a small number of species is typical of lower sections 
of small rivers.

Based on the taxonomy and richness of zoo-
plankton, the sites can be divided into two groups: 
sites located several hundred metres beyond the flow-
through lakes (site 1, site 3a, site 4), and typically flu-
vial sites (site 2, site 3, site 5, site 6) (Table 2 and Fig. 
2). These two groups of locations differ significantly, 
which is reflected in the results of Tukey’s test (Fig. 2). 

The representation of zooplankton at the out-
flow from a reservoir is usually proportional to the 
abundance of plankton in a lake (Ejsmont-Karabin 
and Węgleńska 1996; Czerniawski and Domagała 
2012). 

At sites 2 and 3 there are changes in the plank-
ton carried out from the lakes after it flows through a 
typical fluvial section of several kilometres long. The 
abundance of zooplankton decreased 2 and 6 times, 
respectively at sites 2 and 3, compared with the pre-
ceding sites situated at the outflow from the lakes (site 
1 and site 3a). The contribution of Rotifera in the total 
abundance of zooplankton increased – in the former 
case from 50% to 76%, and in the latter – from 50% to 
65% (Table 2).

The same relationship was recorded by Szlau-
er (1977), Sandlund (1982), Ejsmont-Karabin and 
Węgleńska (1996), Welker and Walz (1999), Walks and 
Cyr (2004), Czerniawski and Domagała (2010). 

According to some authors (Sandlund 1982; 
Walks and Cyr 2004), a quick reduction in the abun-
dance of zooplankton flowing from the lakes should 
be attributed mainly (and even exclusively) to preying 
fry and benthic filtrators. Others (Ejsmont-Karabin and 
Węgleńska 1996; Viroux 1997), apart from the pressure 
of predators as a significant factor eliminating the lake 
plankton, quote a sudden change in hydrology – a short 
retention time reduces the ability to reproduce, turbu-
lent water motion and high flow velocity can physically 
injure the organisms, as well as reduce their ability to 
catch the food. Some authors emphasize the impor-
tance of the increased concentration of suspended min-
eral matter, which negatively affects the fertility and ef-
ficiency of filtration (Ejsmont-Karabin and Węgleńska 
1996; Welker and Walz 1998). Probably all these factors 
had an impact on the studied zooplankton of the River. 
However the hydrological conditions could be crucial 
in the case of the Wel River.

Sites 5 and 6 located in the lower reaches of the 
river were characterised by the lowest average count of 
zooplankton and high contribution of Rotifera in the 
abundance (Fig. 2); a similar trend was also observed 
in the Płonia River (Czerniawski 2008). The structure 
of zooplankton at these sites resembled mostly a typi-
cal, fluvial plankton community (Table 2).

Rotifer species dominated in quantitative terms 
as well as nauplii and copepodites Copepoda (in the 
class of eudominants and dominants at particular sites 
(Table 3). These dominants are typical of rivers like 
the Vistula River (Napiórkowskiet et al. 2006), Rhine 
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Conclusions

Many authors (Allan 1998; Lampert and Som-
mer 2007; Chang et al. 2008) believe that zooplank-Chang et al. 2008) believe that zooplank- et al. 2008) believe that zooplank-
ton in small rivers cannot develop in the main stream, 
and its presence in the watercourse is determined and 
supported by a continuous inflow of individuals from 
external springs. 

Natural flow-through reservoirs on rivers of a 
low Strahler number cause some kind of transposition 
of conditions and properties characteristic of rivers 
with a higher Strahler number into a “younger” fluvial 
system (Hillbricht-Ilkowska 1999). In such conditions, 
a community of zooplankton may appear in a small 
river with a low Strahler number, as confirmed by the 
research performed in the Wel River. 

Based on the analysis of species structure and 
density of the zooplankton community, the following 
can be concluded:
•	 flow-through lakes could disturb the river continu-

um, but their impact on changes in the qualitative 
and quantitative structure of zooplankton is short-
lived,

•	 probably lakes are the main source of zooplankton 
in the river-lake system of the Wel River,

•	 due to the presence of flow-through lakes along the 
river, species richness of zooplankton in the Wel 
River is similar to large rivers,

•	 the Wel River is characterised by very variable hy-
drological conditions, and thus a high diversity of 
habitats along its course, and this is reflected in 
considerable differences in the structure of zoo-
plankton communities along different sections of 
the watercourse.
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