
Introduction

Water basins, especially small water bodies, are subject
to the continuous effects of eutrophication. This results in
increasing the trophic state and changes water parameters,
especially total P content (TP) and chlorophyll a, and leads
to a reduction in visibility [1, 2]. An extreme example of
this is hypertrophy, which is usually caused by finding itself
in a specific location, a high pollution lake catchment basin,
poor fishery management, and a number of other internal
factors [3]. This is usually manifested by the destabilization
of a food web and changes in communities at different lev-
els of the trophic pyramid [4].

In recent years, in hypertrophic water basins, observa-
tions of the dynamics of change in water quality [5], phyto-
plankton [6], zooplankton [7-9], and macrophytes [10]
were widely conducted.

The fish usually are the last level of the food web and
their presence is crucial for the functioning of aquatic
ecosystems. Through eating they affect the inorganic nutri-
ent influx and change the proportions between groups of
organisms from lower levels of the trophic pyramid [4, 11-
13].

In the available literature, fish are often treated as part
of groups of organisms present in a more or less eutrophic
aquatic ecosystem. There is a lack of studies only with
regard to fish, their diversity, dynamics, and composition in
highly eutrophic lakes. And good knowledge of the compo-
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sition and dynamics of the fish community in the long term
may be helpful in making future activities related to the
restoration of these water bodies. Thus, the aim of the pre-
sent study is to determine the long-term and seasonal
changes in the fish community, which could give an answer
to the question whether the hypertrophic small, shallow
lake fish species composition is permanent or whether at
any disturbance may vary. 

Material and Methods

The observation of the fish fauna was conducted in
small (5.7 ha) and shallow (max. depth: 2.9 m, mean depth:
0.9 m) Lake Syczyńskie in eastern Poland (51º17’12’’N,
23º14’16”E). The characteristics of hydromorphology and
the water condition of the lake was already presented in
several earlier papers [14-18]. Currently, fishery manage-
ment is not conducted on the lake. The last fish stocking
was more than 10 years previously. The lake is rarely used
by anglers and often by poachers.

The control net fishing in Lake Syczyńskie was con-
ducted from 2006 to 2010, three times in each year (spring
(V), summer (VII), and autumn (IX)) using a standardized
fishing method with multiple mesh (6.25-75 mm) gill net
[19]. All collected fish were identified to species and
weighed (W, to nearest 0.1 g), and total length (Tl) was mea-
sured (to nearest 1 mm) [20]. The obtained in control fishing
data were converted to catch per unit effort. For the abun-
dance the NPUE, i.e. number of fish individuals caught in
the one net after 12 hours of fishing (ind.×net-1×12h-1), and
for fish biomass, WPUE i.e. the biomass (in grams) of the
fish caught in one net after 12 hours fishing (g×net-1×12h-1).

The biocenotic dominance index (%n) and the stability
of occurrence (Ci) for all species was determined by fol-
lowing formulas: 

%n = 100 × ni/N
Ci = 100 × si/st

...where: ni – number of individuals of “i” species, N – total
number of fish, si – number of samples with “i” species pre-
sent, st – total number of samples. 

For each season and year the diversity indices such as
species richness (S), the number of species in each sample,
and Margalef species richness index (R), are calculated
using the following formula: 

R = S-1/ln(N)

...where: S – species richness, N – total number of fish cal-
culated. 

To calculate the estimated species richness the
“Jackknife 1” procedure was used [21]. The other indices
such as Shannon-Wiener index (H’) and Simpsons diversi-
ty (D) using BiodiversityPro software were determined. In
addition, the turnover rate of fish (t) according to the for-
mula Brown and Kodric-Brown [22] was calculated: 

t = (b+c)/(S1 + S2)

...where: b – the number of fish species present only in a
previous sample, c – the number of fish species present
only in the next sample, S1 – the total number of species
found in previous sample, S2 – the total number of species
found in the next sample. This index ranges from 0 to 1
(where 0 – no difference in fish fauna, 1 – complete
replacement of the entire fish fauna). Analysis of similarity
(Bray-Curtis distance metric) was used to compare the dif-
ferences among the results of control fishing in each sam-
ple and year [23]. 

Prior to statistical analyses all fish data were log-trans-
formed to reduce the influence of extreme values. Data
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Fig. 1. Dominance of fish species in numbers (A) and biomass (B) in Syczyńskie Lake in 2006-10.



were checked for normality (Shapiro-Wilk test) and
homogeneity of variances. To verify the impact of year or
season on fish number (NPUE) and their biomass
(WPUE) the non-parametrical Kruskal-Walis ANOVA H
test by rank was used. To determine changes of the indices
of biological diversity and turnover rate of the fish fauna
year by year, the analysis of multiple regressions was con-
ducted. The statistical analyses were carried out with
Statsoft Statistica software, with a significance level of
p≤0.05.

Results

In Lake Syczyńskie a total of 6,622 specimens repre-
senting 11 species and 4 families were collected from 2006
to 2010. Among these, two piscivorous fish species (perch
and pike) and two invasive fish species (i.e. brown bullhead
and Prussian carp), were found (Table 1). During the whole
study period the perch and roach were characterized as hav-
ing the greatest stability in occurrence at 100 and 80,
respectively. In addition, these two species have the highest
average share in the numerical structure of fish fauna.
Among other species, bleak also has a significant share
(16.9%) (Table 1). 

Species richness ranged from 2 to 7 (average
3.67±1.68) (Fig. 1). The largest number of species was
recorded in 2006 and the lowest in 2008. However, in the
spring and summer usually was almost two times greater
than in the autumn. Analysis of estimation of species rich-
ness (Jackknife 1) showed that the maximum number of
species in the lake would be about 13. 

The results of control catches showed that perch
accounted for over 60% of the total number and composi-
tion of fish population in most terms. Dominance was high-
est between summer 2007 and spring 2008, in the range
from 94.4% to 99.7%. Among other species, bleak were
characterized, a significant share (up to 98%), especially in
autumn 2006 and summer of 2008 (Fig. 1). However, a sig-
nificant share in the abundance of crucian carp only in the
spring of 2006 was reported. Moreover, since autumn 2007
roach have been a regular part of the fish community,
whose participation ranged from a few up to more than
78% (i.e. spring 2009 and 2010) (Fig. 1). 

In all seasons of 2007 and 2008 and summer and
autumn 2010 a significant share of the total biomass was
characterized by perch. Prussian carp, a significant share in
the biomass, ranged from 36.7% to 89.1%, only in 2006.
However, the fish biomass, from spring 2009 to spring
2010 (except summer 2009) was dominated by roach.
Additionally, in summer 2009 and 2010 there was a signif-
icant share of pike in the biomass and, since 2008, a few
percent (especially spring 2008 – 12%) participation of
brown bullhead. 

Analysis of the results showed that the year did not
affect the number of fish caught (Kruskal-Wallis ANOVA,
p = 0.669), while the variation in the number of fish
depending on the season was observed. Significantly fewer
(p <0.0001) fish were caught in autumn (Fig. 2C). 
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Statistical analysis of the biomass of caught fish showed
that in 2006 to 2009 fish biomass was in the range of 1066
WPUE to 3276 WPUE. The largest biomass of fish (statis-
tically significant) was caught in 2010 (median 4411
WPUE) (p = 0.008) (Fig. 2B). The season also affects the
biomass of caught fish. In autumn the biomass of fish was
smallest (524 WPUE) (p <0.001) (Fig. 2 C, D). 

Analysis of similarity showed that most closely related
to each other were the results of the catches carried out in
2009 and 2010 (94.9% similarity, Fig. 3A). In other years
(2006-08) the degree of similarity was approximately 50%.
Moreover, the most closely related net fishing results to
each other were in spring 2009 and spring 2010 (99.6%),
and summer 2009 and 2010 (Fig. 3B). 

Overall, the indices of diversity reached very low
average values, i.e. H' = 0.52±0.09, D = 0.69±0.08, and 
R = 0.47±0.15. Regression analysis of these indicators
showed that the period 2006 to 2010 was followed by a
slight, non-significant (p > 0.05) reduction in their value
(Fig. 4B, C, D). In contrast, the calculated turnover rate
ranged from 0.09 to 0.55 (average of 0.38±0.13) and its
value increased significantly year by year (r = 0.544, 
p = 0.044) (Fig. 4A).

Discussion

Fish are a regular component of freshwater ecosystems
and their composition depends on the type of environmen-
tal conditions of the water basins. More than 30 years ago,
Opuszyński [24] proposed a theory of “ichthyoeutrophica-
tion” which stated that, in the water bodies, the change of
water quality and habitat conditions leads to changes of the
fish community. Another factor affecting the fish commu-
nity can also be a low share of piscivorous fish and water-
fowl impact [25], as well as poorly conducted fishery man-
agement.

Observed in recent years, the poor water quality of Lake
Syczyńskie has allowed it to be specified as an extremely
hypertrophic water body [14, 26]. According to Jeppesen et
al. [27] in such waters there can be seen a different response
in species richness and biodiversity for the various taxo-
nomic groups. In his research, for most groups of species
richness and diversity showed a unimodal relationship with
TP, and were also variably related to area and depth of the
lake. Lake Syczyńskie is small and shallow, and so like
other hypertrophic lakes, was characterized by low species
richness (Fig. 1). Earlier studies conducted on this lake by
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Fig. 2. The total numbers (NPUE) and biomass of fish (WPUE) in years (A, B) and seasons (C, D) in Syczyńskie Lake; 
*significant differences at p≤0.05



Kornijów et al. [15] showed only 9 fish species, among
which the most numerous were sunbleak, roach, and rudd,
whereas in the biomass roach and rudd dominated. In pre-
sent research, changing the dominant species on the perch,
roach, and bleak (Table 1) and differences in the number of
species and fish composition in each control fishing (Fig. 1)
shows large dynamics of the fish community. This is con-
firmed by analysis of the turnover rate of fish index, which
increased significantly in 2006-10 (Fig. 4A). Changes of
the fish community may provide results on the analysis of
similarity (Fig. 3A), where the clear similarity between
2006, 2007, and 2008 and 2009 and 2010 was determined.
Moreover, diversity indices reached lower values year by
year (Fig. 4B, C, D), which may seem typical for hyper-
trophic water bodies [24, 27]. On the other hand, as report-
ed by Jeppesen et al. [27] after having examined 71 Danish
lakes with different trophic levels, estimates of the fish
community change along a trophic gradient, by analysis of
diversity indices, is not entirely clear.

Considerable impact on the fish composition and values
of its diversity may be on the lack of submerged macro-
phytes in the lake. Often this part of the lake is a spawning
ground and a place of refuge for many species of fish [28].
Possibly by this, species such as rudd and crucian carp were
relatively rare, and the latter one had a higher abundance
and share in total fish biomass only in the initial period of
study (Fig. 1). Usually, the fish communities from highly
eutrophic or at risk of eutrophication water basins are dom-
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Fig. 3. The similarity (Bray-Curtis cluster analysis) of fishing
results in Syczyńskie Lake in years (A) and seasons and years (B).

Fig. 4. Results of regression analysis of turnover rate (t) (A) and indices of diversity of fish (Shannon –Wiener (H’) – B, Simpsons
Diversity (D) – C and Margalef index (R) – D) in Syczyńskie Lake in 2006-10.

0   %Similarity                                    50                                                       100

0   %Similarity                                    50                                                       100



inated by omnivorous species and higher density and dom-
inance of smaller-sized fish [29]. As Lawton [30] reported,
usually the large population is accompanied by the small-
sized body of its individuals. Such a pattern was observed
in the studied lake, where the dominant species was perch,
roach, and bleak with small body size (Table 1). And that
could have implications for the ecosystem level of Lake
Syczyńskie, because the dominance of small-sized fish, in
a small, shallow lake, leads to higher metabolic and excre-
tion rates, which may be more pronounced at higher tem-
peratures [31]. In addition, the dominance of cyprinids
results in increased competition for food for a small perch,
which in turn causes a decrease in its average size. As
reported by Grimm and Backx [32], this in turn reduces
predation on young fish and a decline of large perch in the
population.

The increase in total fish biomass and the decline in the
percentage of piscivores with increasing TP was reported in
the results from studies in temperate and subtropical
regions [33-35]. Jeppesen et al. [27] has reported similar
results, but in addition according to this author, the biomass
of roach and bream was positive, while the biomass of
perch was negatively correlated with an increase in TP.
Similar was found in perch specimens from Lake
Syczyńskie, whose size and biomass were relatively small
(Table 1). The perch is a fish species dominant in nutrient-
poor lakes [28], but the present study contradicts this. In
most control fishing performed in Lake Syczyńskie, perch
was the dominant species, despite the fact that the lake is
extremely hypertrophic (Fig. 1). Another dominant species
was roach, whose share in number and biomass of fish was
significant since the spring of 2009. According to Stenson
[36], this species has a high plasticity in plankton eating and
had an ability to exploit smaller zooplankton prey.

The impact on the composition and change of the fish
community in a small lake could be the presence of inva-
sive species such as brown bullhead and crucian carp.
These invasive species compete for food with native fish
species, prevent reproduction and also feed on fish. Another
important aspect is the lack of fishery management on the
lake and poaching led by local residents, which is associat-
ed with the fish-out of the lakes that are usually the largest
specimens of fish. In addition, the presence and high con-
centrations of cyanobacterial blooms were found in signif-
icant quantities almost throughout the year [17, 18]. But to
determine the potential impact of cyanobacterial toxins on
the health of the fish from Lake Syczyńskie was the subject
of other studies [37].

Conclusions 

Five years observing the fish community in a small
hypertrophic lake has shown that the predominant species
in both numbers and biomass were perch and roach, but a
large abundance of bleak was characterized occasionally.
Most species are characterized by a small average body
size. The ichthyofauna has a small species richness and low
values of indices of biological diversity and additionally is

characterized by significant values of turnover rate. Fish
abundance and biomass were varied according to the sea-
sonal changes.
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