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Long-term changes in fish assemblages of the Widawka
and Grabia Rivers (Poland): pattern recognition with a
Kohonen artificial neural network
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The stability of occurrence, abundance and dominance of fish was compared between two sampling periods, 1963-66 and
2002-04 in two lowland rivers from the Warta/Odra system (Poland): the Widawka and its tributary Grabia (95.8 and 77.3 km
long, respectively). The Widawka system has been under strong influence of a brown coal strip mine since the 1970s. Long
stretches of the upper Widawka and of its certain tributaries were changed into concrete canals, which receive daily 660 000 m3
of water disposed by the strip mine. The Grabia maintained its natural character. On the basis of the abundance of fish species,
the Kohonen artificial neural network almost perfectly separated fish samples collected in 1963-66 from samples collected in
2002-04, which means that: 1) the differences in ichthyofauna between these two sampling periods were more drastic than
spatial differences between the severely modified Widawka and the natural Grabia, and 2) in general, ichthyofauna at the most
modified sites in 1963-66 was in better condition than at the least modified sites in 2002-04. In 1963-66, the species, roach,
gudgeon, bleak and dace composed together 70% of the total fish number, while in 2002-04 the same joint dominance was
gained by roach, perch and stone loach. The analysis of temporal changes in the Widawka and Grabia Rivers focused on the
following 3 fish groups: (1) Non-psammophilous rheophils (NPR), which are most vulnerable to human-induced modifications,
which is why their decline and/or extinction are typical for unbalanced lotic ecosystems. In this study, the total dominance of
NPR decreased 5 times; (2) Psammophilous rheophils (stone loach and gudgeon), which often predominate in degraded smaller
streams. In this study, the dominance of stone loach increased 3 times and was highest in the most affected stretches of the
Widawka River, including those that had been canalised. Gudgeon was often dominant at moderately modified sites of
the Widawka; (3) Roach and perch, whose high dominance is typical for disturbed larger rivers, which was supported also in
this study by the fact that both species were most dominant in 2002-04. The dominance of roach increased almost twice and was
highest in the lower courses of both rivers. A significant increase in abundance was recorded for perch, whose dominance
was highest in the canalised section of the Widawka. The described changes were deep enough to influence the hardly sensitive
CDI, Simpson and Shannon indices, which indicated a significant increase in dominance and a decrease in diversity of fish
assemblages over the last 4 decades.
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Introduction
Human-induced alternations in Europe during the 20th
century in water quality (Eklöv et al. 1998, Boët et al.
1999, Siligato & Böhmer 2001), channel structure
(Bischoff & Wolter 2001, Jurajda et al. 2001, Slavík &
Bartoš 2001) and connectivity (Petts 1984, Nilsson et al.
2005) caused profound changes in riverine fish assemblages (Backiel 1985, Kirchhofer & Hefti 1996, Penczak
& Kruk 2000). However, reports on the modifications in
riverine ichthyofauna are often of descriptive character
and relate to easily recorded qualitative changes (such as
extinction) or profound quantitative declines in species
(Kirchhofer & Hefti 1996, Marszał & Przybylski 1996).

Descriptive temporal comparisons, though undoubtedly
valuable, provide very general information and often are
imprecise. As the lists of extinct species are usually complete, the lists of declining but still present species often
comprise only the most suffering taxa. Such fragmentary
information obviously does not allow one to fully understand the dynamics of changes in fish assemblages, which
makes actions focused on recovering fish assemblages
more difficult. This is why the knowledge on temporal
changes is so valuable when it is not limited only to the
presence or absence of single species but when it also relates to changes in species abundance and in the structure
of fish assemblages. Unfortunately, long-term quantitative studies are quite rare because they require compara-
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Fig. 1. Location of fish sampling sites in the Widawka and Grabia Rivers in 1963-66 (grey
ellipses, symbols with an asterisk) and 2002-04 (white ellipses). The canalised sections
are marked with dashed lines. Ponds are marked as dotted areas.

ble numerical data. This problem is quite common because in most countries (including Poland) complex and
unified governmental monitoring systems for fish either
have not been created or are very young. Data currently
available, collected several decades ago by fishery cooperatives and from control catches made by anglers associations (Wiśniewolski 1987, Mastyński 1992), relate
mainly to commercially or recreationally important
fishes, i.e. do not include all species. This is why historical comparable numerical data on fish assemblages are
inestimable as they are the only source of exact, complete
and detailed information of what lived in the rivers several decades ago and how much that state differed from the
present.
Such comparable numerical data were gathered in the
1960s for certain parts of the system of the upper Warta
River (Penczak 1969). On the basis of those data and later fish sampling (Przybylski et al. 1993, Kruk et al.
2000) the temporal changes in the main channel of the
Warta River have already been precisely described, including the extirpation of migratory and rheophilic fish, and
an increase in tolerant roach and perch (Kruk et al. 2001,
Kruk 2004, 2006). Nevertheless, the main river may differ from smaller rivers not only in the composition of fish
fauna but also in the extent of human-induced modifications of aquatic environments (Penczak et al. 2005, Kruk
et al. 2007). This is why the aim of this study is a conti-

nuation of temporal ichthyological comparisons in the
upper Warta system in relation to two medium-size
rivers, the Widawka and the Grabia, with use of both
the Kohonen artificial neural network and conventional
statistical methods.

Study area
This study includes 2 rivers from the Warta/Odra system: the Widawka and the Grabia (Fig. 1). The 95.8 km
long Widawka River is a right side tributary of the
Warta River, and its drainage basin covers 2385.2 km2
(Czarnecka 1983). The Grabia River is the largest, a
77.3 km long tributary of the Widawka (Fig. 1). The
mean slopes of both rivers amount to 1.0‰. The fish
sampling was conducted in both rivers at 27 sites in
1963-66 (Penczak 1969) and at 31 sites in 2002-04
(Kruk et al. 2006, author’s sampling) (Fig. 1). Additionally, the Widawka was sampled at 7 sites (Jakubowski
et al. 1988), and the Grabia at 2 sites (Penczak & Jakubowski 1990, Zalewski et al. 1990, Nowak & Zalewski
1991) during the early 1980s. These studies however
can be used only for descriptive comparisons, because
the initial data is unavailable and thus cannot be included into numerical analyses. There are also older studies conducted between the 1930s and 1950s (Kulmatycki 1936, Köppen 1943, Pawłowski 1958, Jaskowski
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Table 1. Morphometrical characteristics of the Widawka and Grabia Rivers in 1963-66 (Penczak 1969) and 2002-04.

1962), which can serve as points of reference to a limited extent because they were based on observation, net
catches of unspecified efforts, and on information gathered from fishermen and anglers.
In both sampling periods (1963-66 and 2002-04), the
sites were divided into the same proportions between
both rivers, i.e. about 2/3 in the Widawka and 1/3 in the
Grabia, in order to avoid recording changes in fish
resulting from different spatial allocation. Also, in both
rivers, the source sections were ignored because fish
assemblages in such habitats often are unstable as a
result of frost penetration in winters and low water levels in hot summers (Prowse 2001, Hoffsten 2003,
Matthews & Marsh-Matthews 2003), which can lead to
extreme events in fish assemblages including extinction of certain cohorts, certain species or all fish, thereby masking long-term changes.
The Widawka and Grabia Rivers are among the largest rivers in the system of the upper Warta River,
which in 1986 was divided by one of the largest artificial reservoirs in Poland, the Jeziorsko Reservoir (total
volume 202.8 × 106 m3, maximum surface area 42.3 km2,
and maximum depth 10.5 m) (Andrzejewski 1987)
(Fig. 1). The dam was constructed without a fish pass
and has been precluding fish migrations to any upstream parts of the system, including the Widawka and
Grabia (Penczak et al. 1998a, Penczak & Kruk 2000,
Kruk & Penczak 2003, Kruk 2004).
The studied sections of the Widawka and Grabia Rivers were morphologically similar in the 1960s. Both
rivers flowed along their natural beds, which were
covered with sand and additionally with gravel in the

lower Widawka, or by mud in the Grabia (Table 1). The
mean depth of the rivers was about 0.9 m, which means
that the differences in stream size were realised
through the channel width.
Since the mid 1970s the Widawka River has been under strong influence of the brown coal strip mine,
Bełchatów, having a mining efficiency of 38 mln
tonnes of coal per year (Wachowiak 2005). In 1975, the
rock mass started to be dewatered by wells, whose
number nowadays amounts to about 400 (Jokiel &
Maksymiuk 1997). They have been lowering the level
of ground waters by over 230 m protecting the excavation from flooding. However, dewatering originated a
hydrological depression covering the area of 438 km2
(maximum > 600 km2), of which 89% is located in the
Widawka drainage basin (Wachowiak 2005). The depression made water escape from streams in the Widawka system and some of them dry up (Jokiel & Maksymiuk 1997). This is why the channel of the Widawka
in its upper course was changed into a leak-proof
concrete canal along a section of about 30 km (Fig. 1).
The structural differentiation of the canal is drastically
low, because it is not meandering, its banks are not covered with trees or shrubs within long distances, and it
secures few hidings for fish, except for filamentous
algae, which have become very abundant (Table 1).
Additionally, in the canalised river section the Słok Reservoir was constructed (Fig. 1). It covers an area of
76.0 ha, and originally was used as a storage reservoir
fed in 80% with mine waters, but nowadays it is used
also for recreational purposes (Glinkowska &
Łukawska 2003).
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Another problem is severe pollution of the Rakówka
River, a right side tributary of the Widawka (Fig. 1).
The Rakówka is fishless because of a high load of
sewage coming from urban areas, including the town
of Bełchatów. Its water quality is mainly influenced by
very low concentrations of oxygen and high amounts
of nutrients (Glinkowska & Łukawska 2003). The
problem of the polluted Rakówka and its negative
influence on fish was recorded also in the 1960s by
Penczak (1969).
In the lower course of the Widawka, the channel
width was similar as compared to the 1960s, but the
depth increased (Table 1). This is another effect of the
strip mine, which disposes on average 660 000 m3 of
water daily, directly or indirectly to the Widawka
(Glinkowska & Łukawska 2003). Mine waters constitute 45% of the river discharge in the outlet profile
(Wachowiak 2005). Previously, mine waters were disposed upstream from the Słok Reservoir, but since
1997 most inflows through the Krasówka River, which
in the 1960s was a small shallow natural stream (Kulmatycki 1936) and now is a canal (Fig. 1) almost as
large in its outlet section as the Widawka.
The extent of changes in the Grabia was much smaller. The river maintained its natural character (Table 1)
and was not directly modified by the mine. The reduction in channel depth (Table 1) is ambiguous because:
1) the Grabia drainage basin is located outside the hydrological depression, and 2) before the study conducted by Penczak (1969), Pawłowski (1958) recorded a
similar depth as in 2002-04.

Material and methods
The study was based on 11727 specimens belonging
to 31 fish species (Appendix), and collected in 1963-66
(Penczak 1969) and 2002-04 (Kruk et al. 2006, author’s sampling). The recorded species were listed according to the reproductive guilds by Balon (1990)
(Appendix).
Fish sampling methods adopted in 2002-04, remained the same as in 1963-66 in order to assure comparability of data sets. Single electrofishing at each site was
done by two people operating anode dipnets and using
full-wave rectified, pulsed 230 V and 3-10 A DC current from a 3 kW generator. The length of sites was determined in accordance with the Becklemishev’s rule
(Penczak 1967, 1969, Backiel & Penczak 1989) stating
that the fishing can be finished if no new species would
be recorded during its continuation. In practice, fish
were collected from both banks of shallow river sections (< 0.8 m), while wading along a 100 m stretch, as
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Fig. 2. The structure of the self-organizing map. Output neurons are
arranged 2-dimensionally (4 × 4).

well as from a boat drifting along one bank of a 500 m
long reach in deeper sections. Fish numbers for all
sampling sites were recalculated per 500 m of riverbank, i.e. shallower sites were treated as if sampled
along one bank along a stretch of 200 m.
The temporal changes in fish assemblages were analysed with use of a Kohonen artificial neural network
(ANN) (Kohonen 1982). Kohonen ANNs, also referred
to as self-organizing maps (SOM), are widely used in
ecology for data ordination (e.g. Chon et al. 1996,
2000, 2001, Lek & Guegan 1999, 2000, Park et al.
2003a, Lek et al. 2005) because they easily deal with
variables interrelated non-linearly and those with
strongly skewed distributions. The latter feature of
ANNs is especially useful while analysing organism
counts which often exhibit distributions so strongly
skewed (because of many zeroes) that no transformation will normalise them (Quinn & Keough 2002).
SOM is built of processing units called neurons.
They are arranged into two (input and output) layers
(Fig. 2). The number of input neurons is the same as
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Fig. 3. Fish samples from the Widawka (Wi) and Grabia (Gr) Rivers from 1963-66 and 2002-04 assigned
to output neurons. Sample symbols contain the first two letters of the river’s name, followed by the number of the sampling site (the same as in Fig. 1), additionally preceded with an asterisk for samples collected in 1963-66. The clusters AB and CD (separated with a dashed line), and subclusters AB1, AB2, CD1
and CD2 (marked with patterns) were identified on the basis of a hierarchical cluster analysis.

the number of species. Each input neuron is connected
with all the output neurons. The output neurons create
a 2-dimentional topological map (in this paper, a 4 × 4
map selected out of many tried architectures is presented) (Fig. 2-3).
During the training procedure the dataset (31 species
× 58 samples, log transformed and normalised 0-1)
was repeatedly presented onto the input neurons and
they sent signals to the output neurons. On this basis, a
model of a fish sample was created for each output
neuron. Models of all neurons reflected the variability
in the dataset. Neighbouring neurons had similar models, while distant neurons had dissimilar models of
fish samples. Each real fish sample became assigned to
the output neuron whose model it resembled most.
Thereby, similar samples became assigned to the same
or nearby output neurons. Samples differing greatly
from each other became assigned to distant neurons in
terms of either the topology of the SOM (i.e. nonneighbouring) or low mutual similarity (i.e. belonging
to different clusters. The cluster boundaries between
the output neurons were defined with a hierarchical
cluster analysis (Ward linkage, Euclidean distance).
Summing up, SOM recognized the structure of the data
set, distinguished classes and assigned fish samples to
them.
The Kohonen artificial neural network was simulated and the hierarchical cluster analysis was done with
the SOM interface for Matlab ver. 6.1.0.450. The interface allows for visualisation of each species importance over the SOM in the form of a grayness gradient.

Though the Kohonen neural network was trained with
a data set containing information on all 31 species
(i.e. all species influenced the assignation of fish samples to the SOM neurons), the importance planes were
generated only for 22 species recorded in at least
5 samples from any sampling period. The following
species were omitted: spirlin, asp, rudd, carp, sea trout,
grayling, bitterling, sunbleak and stickleback (Appendix). The importance of the above sporadically caught
species visualised over SOM could lead to false
conclusions regarding temporal changes or differences
in their spatial distribution.
Gradients over SOM were sought for the following
assemblage parameters:
1. Total dominance of (a) non-psammophilous rheophils (NPR) (see Appendix), (b) psammophilous
rheophils (stone loach and gudgeon), and (c)
roach and perch. The NPR are most vulnerable
to worsened water quality, simplified channel
structure and disrupted connectivity of riverine
habitats, and this is why their declines and/or
extinction are typical for unbalanced lotic ecosystems (Przybylski 1993, Kirchhofer & Hefti 1996,
Oberdorff et al. 2001, Kruk & Penczak 2003,
Kruk 2004, 2006, 2007). Psammophils (stone
loach and gudgeon) often predominate in degraded smaller streams (Bahlo 1991, Witkowski et al.
1991, 1992, Kruk et al. 2003, 2005), while a high
dominance of roach and perch is typical for disturbed larger rivers (Przybylski 1993, Penczak et
al. 1999, Kruk 2006, 2007).
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2. Community dominance index (CDI), which is the
summary dominance of the two most abundant
species (Krebs 1994). CDI assumes values from 0
(low dominance) to 100% (high dominance).
High values of the index are typical for unbalanced assemblages.
3. Simpson index of dominance (λ) (Odum 1980):

pi – proportion of individuals that i species contributes to the total in the sample,
S – total number of fish species in the sample.
The Simpson index assumes values from 0 (low
dominance) to 1 (high dominance). High values
of the index are typical for unbalanced assemblages.
4. Shannon index of biodiversity (H’) (Begon et al.
1986):

pi and S as above, log – common logarithm (base 10).
The Shannon index assumes values from 0 (low
diversity) to log S (high diversity). Low values of
the index are typical for unbalanced assemblages.
Additionally, with use of conventional statistical methods the following variables for each studied species
were compared between 1963-66 and 2002-04:
1. abundance (recalculated for 500 m of river bank).
2. stability of occurrence (i.e. frequency in the samples).
3. dominance.
Significance of differences in any variable between
sampling periods and between SOM clusters was determined with the Mann-Whitney U test. Differences
between SOM subclusters were assessed with the
Kruskal-Wallis test, a non-parametric equivalent of
ANOVA, and then post hoc comparisons were performed with the Tuckey test (Quinn & Keough 2002).

(6)

and relations between fish and their environment cannot be analysed.

Results
On the basis of the cluster analysis two main clusters
were distinguished: AB (neurons A1-B4) and CD (neurons C1-D4) (Fig. 3). Cluster AB contains the fish samples collected exclusively in 1963-66. Cluster CD
contains all samples collected in 2002-04, and additionally one sample (*Gr24) collected in the 1960s. Thus,
just on the basis of fish number, the artificial neural
network very efficiently separated samples collected in
1963-66 from samples collected in 2002-04. Such a
clear vertical grouping results from deep differences
between these two sampling periods in the structure of
fish assemblages and thus testifies to profound changes
that took place over the last 4 decades. Deep modifications within the ichthyofauna are also confirmed both
by species importance over SOM (Fig. 4), and by the
conventional analyses.
The most suffering taxa were migratory and/or NPR
species. In 2002-04 no specimens of diadromous eel
and vimba, and potamodromous nase were caught
(Fig. 4-5, Table 2-3). Alhough in the 1960s the dominance for each was < 1%, their stability of occurrence
was fairly high, amounting to 19-41% (Table 2-3).
Decreases in abundance, reaching even 1 order of magnitude, were recorded also for the remaining NPR species: burbot, barbel, chub and dace, of which only the
change in barbel was insignificant (Fig. 4-5). For all of
them, the stability of occurrence dropped 1.7-2.7 times
(Table 2). The dominance of each decreased several
times (Table 3). The abundance, stability of occurrence
and dominance of the psammophilous gudgeon also significantly decreased. The only rheophil whose populations increased was the psammophilous stone loach
(Fig. 4, 6). Its stability of occurrence increased by half
as much (Table 2), while dominance increased
3.4 times (Table 3).

For 6 species with marginal dominance and insignificant temporal changes in abundance (ide, bream,
silver bream, tench, giebel and brown trout), only
dominance and a general trend for their abundance
over the studied period on SOM were presented.

Significant decreases were recorded also for bleak
and brown bullhead (Fig. 4-6). Their stability of occurrence was reduced over 10 and 3 times (Table 2), while
dominance over 92 and 15 times, respectively (Table 3).
The marginal dominance of bream and silver bream
decreased (Table 3) because of insignificant decreases
in their abundance (Fig. 4). Out of the above declining
species, gudgeon, bleak and dace in 1963-66 codominated with roach (Table 3).

Detailed data on pollution of water and morphometry of sampling sites in 1963-66 have not been kept till
the present day. This is why changes in water quality

Roach and pike did not show significant differences
over the studied period (Fig. 4, 6). Nevertheless, even
relatively small changes in the abundance of a domi-

(7)

LONG TERM CHANGES IN RIVER FISH ASSEMBLAGES

259

Fig. 4. Importance of fish species in 1963-66 (upper cluster AB) and 2002-04 (lower cluster CD) (compare to Fig. 3). Only species recorded in at
least 5 samples from any sampling period are presented. Darker shading indicates higher abundance (scaled independently for each species:
from zero to the number of specimens per 500 m of river bank presented in brackets). Profound temporal changes are manifested in a clear vertical gradient over SOM. Species exhibiting a horizontal gradient were similarly abundant in both sampling periods. Species with the same pattern over SOM have similar habitat preferences. NPR – non-psammophilous rheophils, PR – psammophilous rheophils.

nant may considerably influence the structure of a fish
assemblage. The insignificant increase in the population of roach accompanied by a decline in many other
species, led to its nearly a twice as high dominance
(Table 3). The dominance of pike remained at a similar
level (Table 3). The stability of occurrence of roach
and pike slightly decreased, but remained fairly high
(> 90%) (Table 2).

The structure of fish assemblages underwent profound modifications because of the above described
changes in abundance. Between 2002-04, roach was
still dominant, yet its dominance was much higher than
in the 1960s (Table 3). In 1963-66, roach, gudgeon,
bleak and dace composed together 70% of the total fish
number, while in 2002-04, the same joint dominance
was gained by roach, perch and stone loach (Table 3).

A significant increase in abundance was recorded for
perch, ruffe and spined loach (Fig. 4, 6). Their dominance increased by 1 order of magnitude (Table 3). The
stability of occurrence for perch increased by 1/5, ruffe
over 10 times, and spined loach more than doubled (Table 2). Insignificant increases in abundance were recorded for ide, tench, giebel and for brown trout, which
was absent in the 1960s (Fig. 4). The dominance of the
3 former species in the 1960s was about 0.2% and increased several times over the last 4 decades (Table 3).

Moreover, in 2002-04, the dominance of the NPR
fish was 5 times lower as compared to the 1960s (Fig.
7), although the number of such species increased from
10 to 11 (Table 3). The joint dominance of roach and
perch, i.e. the first two dominants in 2002-04, more
than doubled, while the total dominance of psammophils, which were the next two most numerous species
in 2002-04, remained at a similar level as compared to
1963-66 (Fig. 7, Table 3). The described changes were
deep enough to influence the hardly sensitive CDI,
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Fig. 5. Abundance of selected fish species in 1963-66 and 2002-04 in the Widawka and
Grabia Rivers (presented together). Point – median, box – interquartile range, whiskers
– 10th and 90th percentiles. The significance of changes was determined with the
Mann-Whitney U test.

Simpson and Shannon indices, which indicated a significant increase in dominance and a decrease in the diversity of fish assemblages over the last four decades
(Fig. 7).
Except for the clear vertical gradient over SOM corresponding with temporal changes in the ichthyofauna,
the fish samples exhibited a slight horizontal gradient,
connected with the pairs of subclusters AB1, AB2 and
CD1, CD2, distinguished within the clusters AB and
CD, respectively (Fig. 3). The subcluster AB1 was characterized by higher species richness because it contai-

ned samples with ide, bream, silver bream, ruffe, rudd,
tench, carp and 5 lithophils: vimba, spirlin, asp, nase
and barbel, which were absent in AB2 (Table 4). The
only species present in AB2 and absent in AB1 were giebel and bitterling. Moreover, the joint dominance of
roach and perch was insignificantly higher, while the
joint dominance of stone loach and gudgeon was insignificantly lower in AB1 as compared to AB2 (Fig. 7,
Table 4). The same principle was affirmed for CD1 and
CD2. In CD1 the joint dominance of roach and perch
was insignificantly higher, while the dominance of
stone loach and gudgeon was insignificantly lower

(9)
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Fig. 6. Abundance of selected fish species in 1963-66 and 2002-04. Explanations as in
Fig. 5.

than in CD2 (Fig. 7, Table 4). The described importance
of the dominant species was the main difference between CD1 and CD2 as the numbers of species exclusively present in CD1 and CD2 were similar (5 and 4, respectively). Additionally samples assigned to CD1 and
CD2 were of different spatial origin. Almost all samples from the Grabia and the 3 most downstream samples from the Widawka were in CD1, while CD2 contained mainly samples from the upper and middle course
of the Widawka (Fig. 3). Samples from the canalised
section of the Widawka were assigned mainly to neuron D4, though two samples (Wi08 and Wi09) taken at

sites neighbouring the Słok Reservoir were located in
subcluster CD1. Spatial segregation of samples in cluster AB was much weaker though similar: the 6 most
downstream samples from the Widawka and a majority
of samples from the Grabia were present in AB1 (Fig.
3). In the comparison of subclusters, the latter subcluster was the only one significantly different from CD1,
CD2 and/or AB2. It contained samples with higher values of the NPR dominance and the Shannon index,
and with lower values of the CDI and the Simpson indices (Fig. 7).
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Table 2. Stability of occurrence of selected fish species in 1963-66 (Penczak 1969) and 2002-04.

Table 3. Dominance of fish species in the Widawka and Grabia Rivers in 1963-66 (6380 specimens) and 2002-04 (5347 specimens); dots in the dominance columns were used for marking
the not recorded species; NPR–non-psammophilous rheophils, PR–psammophilous rheophils.
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Fig. 7. Values of assemblage variables calculated for SOM Neurons: DNPR – total dominance of non-psammophilous rheophils [%], DPR – dominance of psammophilous rheophils (gudgeon and stone loach) [%], DRP – dominance of roach and perch [%], CDI – medians of the community
dominance index (i.e. the joint dominance of the 2 most dominant species) [%], λ – medians of the Simpson index of dominance, H’ – medians
of the Shannon index of biodiversity. Explanations: dashed lines show boundaries between clusters AB and CD. Dark shading represents high
values. Medians for clusters are presented on the left side of SOM. Comparisons between clusters were made with use of the Mann-Whitney
U test. Comparisons between subclusters were made with use of the Kruskal-Wallis test (H statistics): subclusters underlined with the same line
do not differ significantly. Medians for subclusters are presented in brackets.

Discussion
The ichthyofauna of the Widawka and Grabia Rivers
has undergone drastic modifications since the 1960s.
Between 1963-66, rich fish assemblages existed in
both rivers (Penczak 1969). The most dominant species were roach, gudgeon, bleak and dace (Table 3).
Since that time the latter 3 species have significantly
declined. The same was recorded for most migratory
and/or NPR species, including vimba, nase and eel,
which have probably completely died out, although
single specimens were still caught in the early 1980s
(Jakubowski et al. 1988, Penczak & Jakubowski 1990,
Zalewski et al. 1990). All these changes have not been
stopped by stocking the Widawka and Grabia Rivers
with migratory and/or NPR species, including the unrecorded nase and eel, as well as barbel and chub (Po-

lish Anglers Association, unpublished data), whose
dominance in 2002-04 was marginal (Table 3).
The declines of migratory and/or NPR species have
been observed over the latest decades in the whole system of the Warta River (Kruk et al. 2001, Kruk 2004,
Przybylski et al. 2004), as well as in other river systems
in Poland (Penczak & Kruk 2000, Marszał & Przybylski 1996, Kukuła 2003) and all over the world
(Kirchhofer & Hefti 1996, Gomes & Agostinho 1997,
Park et al. 2003b, Agostinho et al. 2004). However, the
present low dominance of those species recorded in the
Widawka and Grabia is one of the highest in the system
of the Warta River and may be compared only with the
ichthyofauna of the upper Warta (Kruk et al. 2000,
2001, Kruk 2007) and the systems of certain tributaries
of the Noteć River (Fig. 1) (Koszaliński et al. 1989,
Chełkowski et al. 1996, 1997, Penczak et al. 1998b,
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Table 4. Dominance [%] of the 31 studied fish species within SOM output subclusters and neurons. Notation “0.0” was used when a given
species was recorded but its dominance was < 0.05%

Dębowski et al. 2000). The fact that fish assemblages
of the Widawka and Grabia Rivers, despite their profound modifications, belong to the best preserved in
the whole system of the Warta, clearly shows how
strongly other parts of the system must have been impacted by humans (however, no long-term comparisons are available for them).
The population parameters for 2 psammophilous
rheophils: stone loach and gudgeon were analysed
apart from other rheophils, because these 2 species often predominate in degraded smaller streams (Bahlo
1991, Witkowski et al. 1991, Kruk et al. 2003, 2005). A
confirmation of this observation is also provided in this
study in their higher joint dominance in subcluster CD2
(Fig. 7), containing samples from the most modified
sites (Fig. 3). Stone loach especially prefers shallow
habitats with elevated water velocities (Lamouroux et
al. 1999, Copp & Vilizzi 2004). On the one hand, laboratory experiments show that it hardly tolerates severe
pollution (Clark & Fraser 1983), but on the other hand
it is a first dominant in polluted streams (Siligato &
Böhmer 2001). In general, it prefers coarser substrates
(Welton et al. 1991, Mastrorillo & Dauba 1999, Fischer
2000), but is highly adaptable in this respect (Fischer
2000). Even in canalised and lacking natural in-channel shelter streams, stone loach may be very abundant

(Brunken 1989, Siligato & Böhmer 2001), as they can
hide in gaps between concrete slabs (Kruk et al. 2003).
In fact, such structurally simplified habitats with fairly
clean and fast flowing water were created when the upper Widawka was transformed into a concrete canal
and when it was fed with large amounts of water by the
strip mine (Glinkowska & Łukawska 2003). Indeed,
the highest dominance of stone loach (even > 40%)
was recorded in the upper and middle Widawka (subcluster CD2 including neuron D4 with samples from
canalised sites) (Fig. 3, 4, Table 4). The decline of gudgeon in long-term studies was recorded not only in the
Widawka and Grabia (Fig. 6) but also in the upper
Warta River (Kruk et al. 2001). Like stone loach, gudgeon also reacts in a different way to human pressure;
on the one hand it was absent in the severely polluted
stretches of the Warta (Penczak 1969, Przybylski 1993,
Kruk 2007), but on the other hand it co-dominated with
roach and/or perch in some navigated European canals
(Pygott et al. 1990, Wolter 2001). In comparative studies, stone loach is regarded as more tolerant than gudgeon with respect to both water quality and other features of habitats (Verneaux 1981, Grandmottet 1983)
and this is why profound changes of the environmental
quality, especially in the Widawka, favoured stone
loach and caused gudgeon to decline. The increase in
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stone loach could additionally intensify the decline in
gudgeon as food niches of both species overlap to a
large extent (Przybylski & Bańbura 1989, Jansen et al.
1996). The latter two statements are congruent with the
state recorded between 2002-04 when gudgeon was dominant at several sites located mainly in the middle
course of the Widawka (neurons C3 and C4), and was
absent or almost absent at sites where the dominance of
stone loach was highest (neurons D3 and D4) (Table 4).
Since the 1960s the dominance of roach has increased twice, and perch became a new co-dominant (Fig.
4, Table 3). Roach is a generalist (Schiemer & Wieser
1992), often recorded in high abundance in stretches
extremely different in environmental quality (Przybylski 1993, Wolter & Vilcinskas 1997, Irz et al. 2006,
Kruk 2007). It has been proven that in heavily polluted
water, roach not only can survive but can also increase
its production (Verneaux 1981, Clark & Fraser 1983).
In the degraded middle course of the Warta River, the
increase in roach biomass was however realized not by
higher body mass, but by an increased number of specimens (Kruk, unpublished data) attaining smaller
body sizes (Przybylski 1996). In the Warta River, a
long-term increase in dominance was also recorded for
perch (Kruk 2006), whose strong increase can be favoured by channel engineering (Wolter & Vilcinskas
1997, Penczak & Kruk 2005). This is clearly supported
by this study, because the highest dominance (> 45%)
of perch was recorded in neurons D2 and D4 containing samples collected in 2002-04 from the canalised
section of the Widawka, while in 1963-66 the dominance of this species was several times lower (Fig. 3,
Tables 3, 4). Perch and roach are two first dominants
not only in the Widawka and Grabia, but also in other
human-impacted parts of the Warta River system
(Penczak et al. 1999, Penczak & Kruk 2005, Kruk
2007) and of other lowland systems in Poland (Penczak et al. 2005, Kruk et al. 2007).
There are several reasons for the recorded temporal
changes. First, transforming long fragments of the upper Widawka into a concrete canal of reduced dimensions (Table 1) resulted in a drastic structural simplification of habitats. Those fragments of the river were
devoid of meanders and thus the diversity of water
depth and current in channel cross-section became
drastically reduced (Witkowski et al. 1991, Kubečka &
Vostradovský 1995, Boët et al. 1999, Kruk et al. 2003).
In addition, the ecotonal zones were devastated because banks were cleared of aquatic and riparian vegetation and covered with concrete. Even in river fragments flowing through forests, trees were usually too
far from the channel to allow their branches to hang
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over or become immersed in the water. The ecotones
are responsible for the reduction of agricultural run off.
They also serve for fish as foraging areas and provide
shelter against predators (Zalewski et al. 1995, Penczak 2001, Wang et al. 2001, Penczak et al. 2006). The
availability of spawning and nursery grounds has been
reduced because neighbouring areas are not flooded in
spring (Bayley 1995, Kubečka & Vostradovský 1995,
Ligon et al. 1995, Jurajda et al. 2001). The artificial canal of the upper Widawka lacks any connection with
oxbow lakes, which also may serve as spawning
grounds, and are used by fish as winter refugia (Witkowski 1986, Penczak et al. 2000, 2003a, b). In remaining seasons these habitats of stagnating water are preferred by limnophilic and many eurytopic fish, which
in the upper Widawka may suffer especially from elevated water speed, caused by higher than natural volumes of water disposed by the strip mine (Table 1).
Another problem is the limited connectivity in the
Widawka system resulting from several small impoundments lacking fish passes. They split the system
into smaller parts, between which only downstream
migrations are possible. The negative consequences of
such discontinuity become larger with decreasing
stream size. In small streams, the environmental conditions are less stable. Especially frost penetration in
winter, draughts in hot summers or episodes of severe
water pollution or intensified engineering works increase the risk of fish extirpation (Prowse 2001, Hoffsten 2003, Matthews & Marsh-Matthews 2003). The natural mechanism of compensating these losses is recolonisation from downstream river fragments, where
larger volumes of water form a more stable environment. This mechanism however does not work in the
Widawka system. Additionally, the whole upper Warta
system is separated from the rest of the Odra system by
the dam of the Jeziorsko Reservoir (no fish pass either)
(Penczak et al. 1998a) and by the chemical barrier of
the severely polluted middle course of the Warta (Przybylski 1993, Kruk 2007); both led to a decline in potamodromous barbel in the upper Warta (Przybylski et al.
2004), and probably total extinction of natural populations of the critically endangered potamodromous
nase, anadromous vimba and catadromous eel (Kruk
2004).
The next important aspect are undesirable long-term
changes to fish communities in the upper Warta, including declines in NPR fish and in the above mentioned
migratory fish, as well as an increased dominance of
roach and perch (Kruk et al. 2001, Kruk 2006), thus resembling the changes in ichthyofauna of the Widawka
and Grabia Rivers. Even if fish migrations were possi-
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ble in the two latter rivers, the Warta could serve as a
potential source of colonists belonging to vulnerable
species to a limited extent.
The cumulative effect of the above mentioned factors made the temporal (vertical) gradient predominate
over the spatial (horizontal) gradient (Fig. 3), i.e. the
samples were grouped first by the period of collection
and then by area of collection. This means that in general the most modified sites in 1963-66 had ichthyofauna in better condition than the least modified sites in
2002-04 (despite insignificant differences between
subclusters AB2 and CD1, CD2 in certain variables).
This result shows how much has to be done in order to
achieve an ecologically satisfactory status of the ichthyofauna in the studied rivers.
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APPENDIX: Fish species recorded in the Widawka and Grabia Rivers in 1963-66 and 2002-04. Reproductive guilds according to Balon (1990).
Rheophilic species are marked with an asterisk, s – species recorded sporadically (at < 5 sites of any sampling period).

Nonguarding and open substratum egg scattering (A.1)
Pelagophil (A.1.1.)
Lithopelagophil (A.1.2)
Lithophils (A.1.3)

Anguilla anguilla (L.)
Lota lota (L.)
Vimba vimba (L.)
Alburnoides bipunctatus (Bloch)
Aspius aspius (L.)
Chondrostoma nasus (L.)
Barbus barbus (L.)
Leuciscus cephalus (L.)
Leuciscus leuciscus (L.)
Leuciscus idus (L.)
Rutilus rutilus (L.)
Alburnus alburnus (L.)
Abramis brama (L.)
Blicca bjoerkna (L.)
Perca fluviatilis L.
Gymnocephalus cernuus (L.)
Esox lucius L.
Scardinius erythrophthalmus (L.)
Tinca tinca (L.)
Cyprinus carpio L.
Carassius gibelio (Bloch)
Cobitis sp.
Barbatula barbatula (L.)
Gobio gobio (L.)

eel
burbot*
vimba*
spirlin* s
asp* s
nase*
barbel*
chub*
dace*
ide
roach
bleak
bream
silver bream
perch
ruffe
pike
rudd s
tench
carp s
giebel
spined loach
stone loach*
gudgeon*

Ostracophil (A.2.4)

Nonguarding and brood hiding (A.2)
Salmo trutta trutta m. fario L.
Salmo trutta trutta m. trutta L.
Thymalus thymalus (L.)
Rhodeus sericeus (Bloch)

brown trout*
sea trout* s
grayling* s
bitterling s

Phytophil (B.1.4)

Guarding and clutch tending (B.1)
Leucaspius delineatus (Heckel)

sunbleak s

Ariadnophil (B.2.4)
Speleophil (B.2.7)

Guarding and nesting (B.2)
Gasterosteus aculeatus L.
Ameiurus nebulosus (LeSueur)

stickleback s
brown bullhead

Phytolithophils (A.1.4)

Phytophils (A.1.5)

Psammophils (A.1.6)

Lithophils (A.2.3)

