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Abstract. Changes in the ichthyofauna assemblages of three
shallow dam reservoirs located in central and eastern Poland
are presented based on long-term records of commercial fish
catches. As the reservoirs age the evolution in the sizes of the
shares of exploited fish species is depicted by temporal trend
lines described with regression functions. The species
targeted by commercial fishing are assigned to one of four
ecological groups – predatory, eutrophying cyprinid,
rheophilic, and others, depending on the role they play in the
reservoir. Catches of cyprinid fishes from the eutrophying
group increased in each of the reservoirs studied as the years
passed. This was most notable in the Siemianówka Reservoir
since in the period immediately following inundation the
slope factor b trend line was 7.25 at r2 = 0.9. The population of
predatory fish was also noted to increase continually in this
reservoir, and this was linked to intense stocking with pike,
Esox lucius L. The shares of predatory fish in the other
reservoirs decreased from inundation onwards, only to
stabilize in recent years at minimal levels with slight
increasing trends. As time passed from the inundation of the
reservoirs the general dependency between the average shares
of fish groups in catches was highly significant for all of fish
groups identified.

Keywords: lowland dam reservoirs, fish, assemblages,
long-term changes

Introduction

Dam reservoirs usually fulfill a number of functions.
Although fisheries are not the main aim in construct-
ing dam reservoirs, they can, along with recreation,
be important aspects of reservoir exploitation. In wa-
ter supply reservoirs fisheries can be one of the fac-
tors that determines the possibilities of even their
basic exploitation (Starmach 1958, Klupp 1994), but
fisheries can also be restricted by the main aims of
reservoir exploitation (Steiner 1992, Nusch 1993,
Miranda 2001).

The species composition and abundance of fish
stocks in dam reservoirs depends on many factors in-
cluding environmental conditions, the trophic condi-
tions of the water, pollution, fluctuations in water
level, food base, intensity of commercial and recre-
ational fisheries exploitation, and stocking
(Wiœniewolski 2002a, Irz et al. 2002, Freeman et al.
2005). On the other hand, fish assemblages with
high abundance and biomass have a strong impact
on, among other things, water quality (Frankiewicz
1998, Matthews et al. 2004).

The succession of fish species that occurs in
oligotrophic lakes as the productivity of the water in-
creases is described by the model developed by
Colby et al. (1972), and later confirmed by Hartmann
(1977, 1979) in European alpine lakes. Attempts to
describe species succession in dam reservoirs as they
aged were published by Wajdowicz (1964, 1979),

Volodin (1992), Vostradovsk� and Tich� (1999), and
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Wiœniewolski (2002b). About two decades years af-

ter inundation, several herbivorous and

benthivorous cyprinids species including common

bream, Abramis brama (L.), white bream, Abramis

bjoerkna (L.), and roach, Rutilus rutilus (L.), are

noted to dominate lowland dam reservoirs. This is

accompanied by a decrease in predatory fish. These

species participate in the so-called

ichthyoeutrophication process in which the trophic

status of a reservoir increases as a result of fish feed-

ing activities (Opuszyñski 1987). Attempts are cur-

rently being made to counteract these processes by

manipulating the composition of fish assemblages

(Zalewski et al. 1990, Kajak 1998, Drenner and

Hambright 1999, Starmach and Jelonek 2000).

Fisheries management, including strategies such

as commercial and recreational catches and stocking,

can affect changes in the course of species succession

described above through selective catches of cypri-

nids combined with intense stocking with predatory

fish species and implementing protection measures

for them to create more stable, varied fish assem-

blages (Horppila and Peltonen 1994, Starmach and

Jelonek 2000). Fisheries management can also rein-

force negative processes occurring in the formation of

fish assemblages through excessive exploitation of

predatory species and ill-conceived stocking with

various cyprinid species. Strategies such as these can

have a strong, negative impact on the functioning of

aquatic ecosystems, and they can accellerate
eutrophication by releasing excessive nutrients from
the bottom, eliminating the zooplankton that can
limit blooms of algae, and destroying both emerged
and submerged aquatic vegetation (Opuszyñski
1987, Kajak 1998, Starmach and Jelonek 2000,
Bremigan and Stein 2001, Matyas et al. 2003). The
aim of this study was to identify the course of changes
in characteristic groups of ichthyofauna in lowland
dam reservoirs over time based on the results of com-
mercial fish catches.

Study area

Fisheries analysis was performed in three shallow,
lowland dam reservoirs: the Zegrzyñski and
W³oc³awski reservoirs located in the Mazovian Low-
lands and the Siemianówka Reservoir in eastern Po-
land (Fig. 1). The largest and deepest of these is the
W³oc³awski Reservoir which is dammed at km 674 of
the Vistula River. The other two reservoirs are twice
as small in surface area. Both are located on the
Narew River; the Siemianówka Reservoir at km 432
and the Zegrzyñski Reservoir at km 21.

Since their inundations, these reservoirs have
been subjected to hydrobiological studies, and their
hydrological and trophic conditions and invertebrate
assemblages have been described in numerous
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Table 1
Descriptions of selected morphological and environmental characters of the Siemianówka, W³oc³awski, and Zegrzyñski reservoirs
(Giziñski et al. 1989, Kajak and Prus 2003, Górniak 2006)

Typical characters Zegrzyñski Reservoir W³oc³awski Reservoir Siemianówka Reservoir

Year inundated 1964 1969 1989

Dam location (river km) Narew 21.60 Vistula 674.85 Narew 432.28

Maximum surface area (ha) 3300 7040 3210

Maximum water level (m a.s.l.) 79.10 57.30 145.00

Length (km) 60.0 56.9 13.7

Width (km) 0.5-3.0 0.5-2.5 0.8-4.5

Mean depth (m) 3.5 5.5 2.5

Maximum depth (m) 9.0 15.0 7.0

Water exchange time (days) 1-15 4.5 ~120

Reservoir type short-term retention short-term retention long-term retention

Daily fluctuations in water level (m) 0.1-0.5 0.5 ~ 0.1



publications (Dusoge et al. 1985, Kajak and
Dusoge 1989, Kajak, 1990, Sych 1997,
Wiœniewolski 2000, Szlakowski and
Wiœniewolski 2001, Górniak 2006). The
basic morphological and hydrological pa-
rameters of the three reservoirs are de-
scribed in Table 1.

Located in the upper course of the
Narew River, the Siemianówka Reservoir
has a long water retention time, while the
Zegrzyñski and W³oc³awski reservoirs, lo-
cated in the lower courses of the Narew and
Vistula rivers, respectively, have shorter wa-
ter retention times. The morphological pa-
rameters particular to each reservoir,
especially water retention times, impact the
trophic conditions and thus fisheries pro-
duction capabilities. Siemianówka is the
youngest of the reservoirs and is rich in
phytoplankton and zooplankton but is poor in

benthos. The mean biomass of phytoplankton and

zooplankton in W³oc³awski Reservoir, with its

shorter water retention time, is lower than in the oth-

ers. Zegrzyñski Reservoir is the oldest of the reser-

voirs, and has the richest resources of benthic fauna

with a biomass reaching 733.1 g m-2. Table 2 pres-

ents the characteristics of selected trophic and pro-

duction features of the individual reservoirs.

Materials and Methods

The study materials comprised long-term fisheries
statistics from the three dam reservoirs analyzed. The

fishing gears used were gill-nets with mesh bar

lengths of 40 to 90 mm that were deployed four to

five times per week from spring until fall. Manage-

ment catches were performed in the reservoirs since

their inundation. This paper includs the results of the

1964-1998 and 2005-2008 periods in the

Zegrzyñski Reservoir; 1969-2009 in W³oc³awski

Reservoir; and 1991-2008 in the Siemianówka Res-

ervoir (Fig. 2). Since statistics for commercial fishing

in W³oc³awski Reservoir were combined periodically

with catches in free-flowing segments of the Vistula

River, data for the reservoir only were analyzed from

the 1969-1973, 1978-1984, 1986-1991,

1998-1999, and 2000-2009 periods. The composi-

tion of the river ichthyofauna upstream from the
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Table 2
Characteristics of selected trophic and production characters of dam reservoirs (Kajak 1990, Górniak 2006, authors’ own data)

Trophic and production characters Zegrzyñski Reservoir W³oc³awski Reservoir Siemianówka Reservoir

Phytoplankton biomass (mg dm-3) 3.9 - 40.0 4.8 - 12.7 0.31 - 198.10

Zooplankton biomass (mg dm-3) 0.001 - 14.780 0.145 - 1.377 2.6 - 5.5

Benthos biomass (g m-2) 57.4 - 733.1 2.8 - 112.3 4.5 - 17.4

Surface area covered with macrophytes small small small

Range of total annual fish catches (kg) 26482 - 99145 6621 - 240116 6787 - 57745

Range of catches per surface area unit (kg ha-1) 8.02 - 30.04 0.94 - 34.11 2.11 - 17.99

W³oc³awski
Reservoir

Zegrzyñski
Reservoir

Siemianówka
Reservoir

Warsaw

V
istula

V
istula

Oder

O
der

Vistu
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Narew
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Figure 1. Location of the studied dam reservoirs.



dams served as points of reference for ongoing

changes, and this data was collected analogously to

that from the reservoirs.

The initial data was used to calculate the share in
percentages of weight of the various groups of fish in
the overall weight of the catches. It was decided to
abandon the analyses of absolute catches (fish weight
in kg), because of the variability in fishing effort that
stemmed from the fluctuating numbers of fishers,
gears deployed, and numbers of fishing days in sub-
sequent years and periods since this impacted the to-
tal overall weight of the fish caught. Under these
circumstances, the catch structure presented as the
percentage share of the weight of individual fish spe-
cies in the overall weight of all catches was a good in-
dicator of the changes occurring.

The results of management catches that have
been conducted since the reservoirs were first inun-
dated can be broken down into characteristic ecolog-
ical groups formed by individual fish species.
Predators include asp, Aspius aspius (L.); pikeperch,

Sander lucioperca (L.); Wels catfish, Silurus glanis

L.; pike, Esox lucius L.; and perch, Perca fluviatilis L.

Rheophilic fish included barbel, Barbus barbus (L.);

ide, Leuciscus idus (L.); chub, Leuciscus cephalus

(L.); nase, Chondrostoma nasus (L.); and in the case

of the Vistula and the Bug-Narew migratory sea

trout, Salmo trutta L.; and vimba bream, Vimba

vimba (L.). The third group comprised the cyprinids

common bream, roach, white bream, and Prussian

carp, Carassius gibelio (Bloch) (Wiœniewolski

2002b), and because of the role these species play in

the process of ichthyoeutrophication, they are re-

ferred to as the eutrophying cyprinids. The last group

of fish also includes other species of fish that are ex-

ploited commercially but which occur in catches spo-

radically or in small numbers such as Crucian carp,

Carassius carassius (L.); tench, Tinca tinca (L.); bleak

Alburnus alburnus (L.); dace, Leuciscus leuciscus

(L.); as well as stocked species such as grass carp,

Ctenopharyngodon idella (Val.); common carp;

Cyprinus carpio L.; or eel, Anguilla anguilla (L.).
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Figure 2. Total catch (tons) of the four fish categories: predatory, eutrophying cyprinids, rheophilic and others in subsequent years of ana-
lyzed dam reservoirs existence.



Classification difficulties are encountered with spe-

cies such as perch, since their feeding structure is

linked to size; small specimens feed on benthic fauna

and large specimens feed on fish. Information on

perch from fisheries statistics usually refers to this

species without size divisions. However, the perch

usually caught in nets are larger; for example, those

recorded in the Siemianówka Reservoir documenta-

tion referred to as “large” comprised 88-90% of the

total weight of perch caught. This is why the total

catch of this species is classified along with the pred-

atory group of fish. The second classification chal-

lenge was encountered with regard to rudd,

Scardinius erythrophthalmus (L.), which is a com-

mon, although not abundant, cyprinid species. This

fish is herbivorous, but because the weight of this

species in the fisheries statistics is usually marginal,

it is included with roach, and in the present work it

was included in the group of eutrophying cyprinids.

Eel, and some other species with low shares in the

catches such as Crucian carp, tench, bleak, and grass

carp were usually included in the category of other

species. In the present work, this group of fish was

only taken into consideration in the final analysis of

the data accumulated from the three reservoirs.

Linear correlation was used to describe the

changes occurring over time in the composition of

catches in each of the reservoirs analyzed. A trend

line was created for each group of fish that illustrated

the dependence between each group’s share in the

catch structure and the period of reservoir existence

as described by the regression function that charac-

terizes a given determination coefficient value (r2)

and correlation coefficient (r). Next, the shares of par-

ticular fish groups in overall catches in all three res-

ervoirs in subsequent years were averaged beginning

with the first year following inundation (1, 2, 3, 4.....).

Thus, general trend lines were obtained that de-

scribed changes occurring in ichthyofauna assem-

blages in large lowland reservoirs as they age. The

dependencies between the shares of the designated

fish groups in the catches and the period of reservoir
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bream 42%
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Figure 3. Fish assemblage species structure (% biomass) in the river before inundating reservoirs: a - the mouth of Bug River and lower
Narew River, b – Vistula River – middle part, c – the upper Narew River (according to Wiœniewolski 2002 – adapted).



existence were significant since, at a level of signifi-
cance of 0.05, the critical value of the F distribution
was smaller than the value of the regression function
Femp. Statistical analysis was performed with
Statistica PL 5.0 for Windows (StatSoft Inc. Tulsa,
USA).

Results

Fish catches made for management purposes in the
Vistula River and the lower courses of the Narew and
Bug rivers prior to the inundation of the W³oc³awski
and Zegrzyñski reservoirs were dominated by bream,
which comprised 47 and 42%, respectively, of the to-
tal biomass of fisheries catches. One of the character-
istic features of the catch structure in the upper
course of the Narew was the distinct domination of

pike (32%). Roach and a small number of rudd com-

prised 21% of the catch weight, while 15% was

rheophilic species. Bream dominated in the lower

courses of the Narew and Bug and in the Vistula near

the future W³oc³awski Reservoir, but in the upper

course of the Narew, this species, along with white

bream, comprised barely 3% of the catches (Fig. 3).

In the first 5-7 years following the inundation of the

Zegrzyñski Reservoir, the share of the predatory fish

group exhibited a decreasing trend with a regression

function (Fig. 4), given by the equation:

y = -0.572x + 31.266 (r2 = 0.07)

In the subsequent two decades catches of preda-
tory fish continued to decrease with a regression
function, given by the equation:

y = -1.246x + 22.997 (r2 = 0.45)
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Table 3

Parameters of regression function for selected fish groups during the existence of the studied reservoirs. a – directional coefficient,
b – slope factor

Years since inundation Fish group Zegrzyñski Reservoir W³oc³awski Reservoir Siemianówka Reservoir
5-7 Predatory a = 31.266 a = 35.742 a = 6.599

b = -0.572 b = 2.062 b = -1.243
Eutrophying cyprinids a = 46.201 a = 52.890 a = -3.042

b = 1.5403 b = 0.125 b =7.254
Rheophilic a = 8.962 a = 9.548 a = 0.515

b = -1.244 b = -2.323 b = -0.007
8-20 Predatory a = 22.997 a = 39.810 a = 16.812

b = -1.246 b = -2.093 b =0.841
Eutrophying cyprinids a = 62.996 a = 31.999 a = 37.646

b = 1.946 b = 3.623 b = 1.326
Rheophilic a = 4.666 a = 27.874 a = 6.684

b = -0.289 b = -1.518 b = -0.292
>20 Predatory a = -5.160 a = -3.687

b = 0.263 b = 0.328
Eutrophying cyprinids a = 112.4 a = 117.990

b = -0.629 b = -0.989
Rheophilic a = -0.363 a = 1.836

b = 0.020 b = -0.017
Entire period Predatory a = 17.559 a = 29.099 a = 8.493

b = -0.455 b = -0.716 b = 1.453
Eutrophying cyprinids a = 71.837 a = 67.181 a = 15.526

b = 0.643 b = 0.596 b = 2.985
Rheophilic a = 3.164 a = 5.647 a = 1.765

b = -0.095 b = -0.127 b = 0.070



This was accompanied by a similar, distinct de-
crease in rheophilic fish that developed over time
(r2=0.72). Significant decreasing tendencies in the
catches of the groups mentioned above meant that
they were of marginal significance to the overall catch

weight within 7 to 10 years following inundation.
They were also accompanied by a permanent in-
crease in the catch share of eutrophying cyprinids,
given by the equation:

y = 1.946x + 62.996 (r2 = 0.41)
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Figure 4. Trends in shares (% biomass) of predatory – P, eutrophying cyprinids – E, rheophilic – R in the structure of the ichthyofauna of
Zegrzyñski Reservoir in the first 7 years (a), the next 20 years (b), subsequent years (c), and for the entire period of the reservoir’s existence
(d).



This was approximately 90% of the overall catch

weight (Fig. 4). In Zegrzyñski Reservoir these trends

fluctuated in subsequent years with the shares of

predatory and rheophilic fishes increasing slightly

and those of eutrophying cyprinids decreasing (Fig.

4). However, the regression function calculated for

the entire period of the reservoir’s existence clearly

confirms the tendency for the fish assemblage of

common bream, roach, and white bream to dominate

the decreasing shares of rheophilic and predatory

fishes (Table 3).

Following a brief period of increase, the share of

predatory fish in the catches decreased in the subse-

quent period of the Reservoir W³oc³awski existence

(Fig. 5). After about 20 years, catches of predatory

fish were at a low level, and exhibited a weak increas-

ing trend in subsequent years (Fig. 5). This was ac-

companied by quickly increasing shares in the

catches of common bream, roach, and white bream,

or the group of eutrophying cyprinids (Fig. 5). In the

next period of reservoir aging, the population of

eutrophying species stabilized and exhibited a ten-

dency to decrease slightly (Fig. 5). It is noteworthy

that in the reservoir with the shortest water retention

period the process of change lasted longer, and the

fish assemblages did not stabilize to Predatory < 5%

and Eutrophying Cyprinids > 80% until about 12

years after inundation (Fig. 5c). The value of the

slope factor at b = -2.323 that was noted for the

group of rheophilic fish species indicated the rapid

decrease of their shares in the overall catches from

the inundation of the reservoirs (Fig. 5). This ten-

dency held in subsequent years and was noted

throughout the existence of the reservoir.

Throughout the entire period analyzed, the share

of predatory fish in the Siemianówka Reservoir in-

creased slightly, and in 18 years from inundation, the

share of predatory species in the catches remained at

about 10-15%, with the exception of the short-term

increase in the share of this species to about 30% 6

and 7 years following inundation (Fig. 6). The in-

crease in the share of eutrophying cyprinids was
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Table 4
Regression function parameters of the mean shares in catches of fish groups in the four periods of reservoir existence and the
dependency on how long the reservoir has existed. a – directional coefficient, b – slope factor, r2 – determination coefficient, Femp –
the values calculated for regression function and the critical values of F at a level of significance of 0.05 are taken from the
Snedecor F-table

Years since inundation

Regression
function
parameters

Predatory
species

Eutrophying
species

Rheophilic
species

Other
species

1-7 F0.05;1;5 = 6.61 a 30.308 37.33 4.377 27.985

b -0.292 2.441 -0.252 -1.897

r2 0.01 0.5 0.08 0.7

Femp 0.062 5.013 0.457 11.8

8-20 F0.05;1;18 = 4.41 a 17.570 65.693 4.62 12.117

b -0.635 1.273 -0.182 -0.457

r2 0.48 0.6 0.66 0.29

Femp 16.401 26.539 35.671 7.494

>20 F0.05;1;18 = 4.45 a 1.071 106.327 0.356 -7.754

b 0.153 -0.585 0.013 0.419

r2 0.15 0.36 0.01 0.38

Femp 2.986 9.478 0.208 10.41

Entire period F0.05:1;46 = 4.08 a 32.235 -12.244 31.872 28.555

b -0.8717 0.445 -5.624 -0.624

r2 0.36 0.29 0.37 0.11

Femp 25.00 18.09 26.01 5.34



highly significant in the initial stages of the existence
of the reservoir, and the trend line ran according to
the following function (Fig. 6):

y = 7.254x - 3.042, r2 = 0.91

After eight years, they comprised 70% of the
overall catch weight. In the next period the share in
the catches stabilized with an increasing trend (Fig.
6). Rheophilic species comprised only a small per-
centage of the catches in Siemianówka Reservoir,
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Figure 5. Trends in shares (% biomass) of predatory – P, eutrophying cyprinids – E, rheophilic – R in the structure of the ichthyofauna of
the W³oc³awski Reservoir in the first 7 years (a), the next 20 years (b), subsequent years (c), and for the entire period of the reservoir’s exis-
tence (d).



and they exhibited a weak tendency to decrease that
was not linked with reservoir age (Fig. 6). The trend
line plotted for the shares of designated groups in the
first 7, and the subsequent years following reservoir
inundation and designated for the entire period of the
existence of the reservoir is presented in Table 3.

The mean size of the shares in catches of the
groups of fish analyzed in subsequent years of reser-
voir existence illustrates the general trend of changes
in the composition of fish assemblages as lowland

dam reservoirs age (Fig. 7). The trend line plotted for

predatory species in the first 5 to 7 years after the

river was dammed indicates a slight decline, while

there was a slight increase in eutrophying species.

However, the dependency between the length of res-

ervoir existence and the shares of these two fish

groups in the catches was not significant since the

critical value of the F distribution at a level of signifi-

cance of 0.05 was lower than the calculated value of

the function Femp (Table 4). The first 5 to 7 years after

276 Wies³aw Wiœniewolski et al.

0

20

40

60

80

100

R

P

E

(a)

0

20

40

60

80

100

P

E

R

(b)

0

20

40

60

80

100

2 4 6 8 10 12 14 16 18 20

(c)

P

R

E

Years of dam reservoir existence

To
ta

lc
at

ch
(%

bi
om

as
s)

To
ta

l c
at

ch
(%

bi
om

as
s)

To
ta

l c
at

ch
(%

bi
om

as
s)

Figure 6. Trends in shares (% biomass) of predatory – P, eutrophying cyprinids – E, rheophilic – R in the structure of the ichthyofauna of
the Siemianówka Reservoir in the first 7 years (a), in subsequent years (b), and for the entire period of the reservoir’s existence (c).



a river is dammed do not have a significant impact on
decreasing catches of rheophilic species despite the
trend illustrating a weak decreasing trend for the
share of this group. The values calculated for

regression function Femp are lower than the critical
value of the function (Table 4). The picture of
changes in fish assemblages in the following years af-
ter inundation is different (Fig. 7). The trend line
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Figure 7. Trend lines created for the mean shares of the biomass of the four fish groups: predatory (P), eutrophying cyprinids (E),
rheophilic (R), and others (O) in the total biomass of commercial catches in the dam reservoirs studied in four periods of their existence.
I – the first 7 years, II – the next 20 years, III – subsequent years, IV – and for the entire period of the reservoir’s existence.



plotted for the predatory fish group falls, and this ten-

dency is highly significantly dependent on the period

of time the reservoir has existed (Table 4). The in-

crease in catches of eutrophying fish is also statisti-

cally significant: F0.05;1;18 <Femp. The aging of the

reservoir has the greatest impact on changes of the

rheophilic fish component of the fish assemblage.

The share of this group decreases successively from

the moment the river is dammed, and it is highly sig-

nificantly dependent on the length of time the reser-

voir has existed (Table 4). As the reservoir ages, the

dependence between the catch structure and

reservoir age becomes insignificant for the predatory
and marginal rheophilic groups of species. Catches
of these two groups stabilize and exhibit slight in-
creasing trends. The share of eutrophying cyprinids,
despite a small decline at y = -0.585x + 106.327,
still exhibit significant dependencies with reservoir
age. A significant link also exists with the size of the
share of the other species group (Table 4).

The mean share of the designated groups of fish
species in the catch weight of all the reservoirs ana-
lyzed permit drawing a general trend line that de-
scribes changes in the composition of fish
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Table 5
General model of the regression equation obtained based on the abundance share in fish catches for each fish group in a lowland
dam reservoir. a – directional coefficient, b – slope factor, r2 – determination coefficient, Femp – the critical values of F are taken
from the Snedecor F-table

Fish group a b Femp

Predatory species 33.305 -0.936 31.62

Eutrophying species -11.356 0.442 24.59

Rheophilic species 30.208 -4.186 20.61

Other species 29.609 -0.673 10.56
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Figure 8. Overall tendencies for changes in the composition of the fish assemblages in lowland dam reservoirs based on the mean share of
the fish species groups of predatory, eutrophying cyprinids, rheophilic, and others in the total catch biomass in subsequent years of reser-
voir existence.



assemblages during a specific period of reservoir exis-

tence. The general tendencies of the process of shap-

ing fish assemblages in lowland dam reservoirs as they

age is presented in Fig. 8. The proportions of all

eutrophying cyprinids (common bream, roach, white

bream, Prussian carp) increases while the shares of all

other species groups decrease. This phenomenon is

highly statistically significantly dependent on the

length of time reservoirs have existed, F0.05;1;44 < Femp

(Table 5).

Discussion

The description of the results of management catches
conducted before the river was dammed indicate that
the fish assemblages were represented by species
that differed with regard to feeding, reproduction,
habitat, and ecological group. The catches comprised
spieces that were rheophilic and limnophilic, preda-
tory and passive feeders, nectonic and benthic with
varied feeding preferences, as well as threatened
diadromous species. Despite the dominant position
of common beam, the share of which ranged from
42-47% of the total catches in the Bug–Narew and
Vistula rivers, a large share of catches comprised
rheophilic, predatory, and diadromous species that
are valuable in river ecosystems. The share of
diadromous species in the Vistula was as high as
26%. Pike and roach dominated in the upper Narew
with a total share of more than 50%, and the share of
rheophilic species was also comparable. Common
bream made a slight contribution of about 3%, and
this reflected the character of the upper course of the
Narew. This ichthyofauna structure reflects the envi-
ronmental conditions of a freely flowing river close to
its natural state.

Mikulski and Tarwid (1951) reported on the

variability of habitat conditions on various segments

of the Vistula River ecosystem and their value for

ichthyofauna. Backiel (1993) developed this concept

further and published a diagram of varied habitats

and feeding grounds within the ecosystem of a mod-

erately regulated segment of a large river on which

the following were marked: current zones, vast sandy
bottoms swept clean by water currents, gravel beds
and rocky bottoms essential for the habitation and re-
production of rheophilic fish species, distributaries,
oxbow lakes, calm areas downstream from lakes or
dams required by limnophilic species for breeding,
rearing young, and feeding, as well as washed out
hollows beneath the banks of rivers. This rich habitat
variety explains the occurrence of rich fish assem-
blages represented by species with varied ecological
requirements (Balon 1964, Morawska 1968). The
condition is guaranteeing the fish uninhibited pas-
sage between these micro-habitats (Bless 1978,
Schiemer 1985). The abundance of ichthyofauna is
not determined only by the values of single habitats
that guarantee optimum conditions for the develop-
ment of species with different environmental require-
ments, but, above all else, the variety and availability
of habitats (Jungwirth 1998, Wiœniewolski 2002a).

The river system prior to damming is disturbed
by dam construction that causes radical changes in
environmental conditions (water flow, temperature,
chemistry) in the flooded area (Starmach 1958,
Hannan and Young 1974). This is reflected in the
species structure and abundance of ichthyofauna de-
veloping in dam reservoirs (Jelonek and Amirowicz
1987a, 1987b, Steiner 1992, Volodin 1992, Mheen
1993).

The dynamic process of changes in the species
structure of fish assemblages developing in dam res-
ervoirs is an important biological indicator that pro-
vides information about subsequent stages that
occur as time passes in aging reservoirs. This process
occurs quickly since just a few years are required for
the basic ichthyofauna assemblage to form
(Wundsch 1949, Backiel et al. 1956, Wajdowicz
1964, 1979, Vostradovský and Tichý 1999,
Wiœniewolski 2002b). The basic ichthyofauna as-
semblage is unstable and vulnerable to various kinds
of influences (Kuznecov 1980, Sych 1997,
Frankiewicz 2000). This means that in similar types
of reservoirs it is possible that significant changes or
disturbances within the species structure of the de-
veloping ichthyofauna stock can be similar. Exam-
ples of this are the lowland Zegrzyñski, W³oc³awski,
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and Siemianówka reservoirs with their short or long

water retention periods that are analyzed in the pres-

ent work, and in which the ichthyofauna assemblage

formation processes exhibited great similarity. In the

5 to 7 years following inundation, the share of preda-

tory fish decreased to about 10%, while after the sub-

sequent 7 years it stabilized at barely 5%. This

tendency also refers to rheophilic fish since the con-

ditions in reservoirs are different from those in river

environments. As the reservoirs age, the share of

other fishes in the catches also decreases to levels

ranging from just several to about 15%. The group of

fish that benefits following the inundation of dams is

the cyprinids, especially common bream, roach, and

white bream (eutrophying cyprinids). In the first de-

cade after a reservoir is inundated, the share of cypri-

nids increases from about 40-50% to 80%, and this

tendency intensifies as reservoirs age. The distinct in-

crease in the share of eutrophying cyprinids in

catches along with decreases and the marginalization

of the other groups of fish analyzed in these reser-

voirs indicate the direction of ongoing changes, and

this is a characteristic feature of large lowland reser-

voirs. Additionally, it is significant that the succes-

sion processes of the three basic fish

groups–eutrophying cyprinids, predatory, and

rheophilic, that were observed in the reservoirs ana-

lyzed could be described with linear regressions

characterized by significant values of the coefficients

r2 and r. The direction of changes in fish assemblage

composition in lowland dam reservoirs exhibit a con-

sistent pattern: just a few years following inundation,

reservoirs become totally dominated by common

bream, roach, and white bream along with a consis-

tently decreasing share of other fish species. This in-

dicates that ichthyofauna change which continues as

reservoirs age is a pattern which can generally refer

to other large lowland dam reservoirs in similar geo-

graphical locations. The index of increasing produc-

tivity is the increasing dominance of fish species such

as common bream, roach, white bream, and small

perch that feed on zooplankton and benthic fauna,

and thus accelerate the increasing trophic status of

reservoirs.

The process of ichthyofauna succession in large
lowland dam reservoirs is generally analogous to the
processes of changes in ichthyofauna assemblages in
lakes undergoing eutrophication (Colby et al. 1972,
Hartmann 1977, 1979). Differences in the directions
of and rates at which fish assemblages formed in the
reservoirs analyzed stem from the varied environ-
mental conditions of the dammed rivers, the reser-
voirs created by these dams, and the type of fisheries
management practiced in them. However, they did
not impact the overall process of shaping the
ichthyofauna of lowland reservoirs. These differ-
ences can disrupt slightly or cause relative decelera-
tion in the occurrence of succession processes.
Confirmation of this can be found in the work by
Kuznecov (1980), which indicates that environmen-
tal conditions are responsible for the effects of repro-
duction and fry survival. Zalewski et al. (1990)
reported, based on the example of the Sulejowski
Reservoir, that excessive perch and cyprinid repro-
ductive success not only results in significant de-
creases in water quality, but also contributes to the
elimination of predators such as pikeperch and asp,
as well as to long-term disruptions in the population
structures of fish inhabiting the reservoirs. Confirma-
tion of this is seen in the differences in the structures
of ichthyofauna assemblages forming in several
Czech and Russian dam reservoirs with varied envi-

ronmental conditions (Vostradovský and Køí�ek
1992, Tereshchenko et al. 2004).

In light of the differences noted among fish
groups in the progressing changes of ichthyofauna
composition in dam reservoirs, questions of whether
or not it is possible to interfere with this process
through fisheries management measures, and espe-
cially stocking programs, are raised. There is a signif-
icant dependency between reservoir age and changes
in the share of the group of “other” fish comprising
primarily introduced species, which underscores the
role of stocking in the shaping of reservoir fish as-
semblages. Wiœniewolski (2002b) cites the example
of stocking carp in the Siemianówka Reservoir,
which, although it initially had a positive impact on
the sizes of catches, was finally disadvantageous for
water quality (Górniak 2006). However, pike
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stocking performed from the beginning of the reser-
voir’s existence resulted in a small, but continual, in-
crease in the share of predatory fish in the catches. In
the case of the Zegrzyñski Reservoir, stocking with
common carp, bighead carp, and Prussian carp did
not effect the anticipated results (Wiœniewolski
1992). The case with applying mass catches to re-
duce fish populations (Horppila and Peltonen 1994)
indicates that, that although fisheries
biomanipulation procedures in dam reservoirs are
essential and they do contribute to maintaining ap-
propriate quality in these systems, they are not easy
to execute, and their effectiveness can vary (Paller
2005). Opuszyñski (1987) demonstrated a mutual
dependence between the process of eutrophication
and changes in fish assemblages, and concluded that
environmental changes in reservoirs impact
ichthyofauna assemblages, while changing fish as-
semblages accelerate the course of environmental
changes. The measures implemented by authorities
managing reservoirs should, thus, focus as much as
is feasible on the primary ichthyofauna structure and
the protection of predatory species.

Eutrophying cyprinid species such as common
bream, roach, white bream, and Prussian carp com-
prise the most quickly developing fish group in low-
land dam reservoirs from their inundation, and they
exhibit continually increasing trends in later years.
The share of the other fish groups-predatory,
rheophilic, and others, exhibited continually de-
creasing tendencies as the reservoirs aged. Perma-
nent stocking of lowland reservoirs with predatory
species resulted in increasing trends in their shares
in catches, but without any dependency on the age of
the reservoir. The linear regression functions created
for the designated species groups indicate the char-
acter of change trends. The share of common bream,
roach, white bream, and Prussian carp carp, which
are cyprinids that all have a strong impact on the
trophic status of reservoirs, exhibited a steady in-
creasing trend that was linked significantly with the
age of the reservoir.
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Streszczenie

Zmiany zachodz¹ce z up³ywem czasu w eksploatowanych gospodarczo zespo³ach ryb
nizinnych zbiorników zaporowych

Zmiany w ichtiofaunie trzech, p³ytkich zbiorników zaporo-
wych po³o¿onych w centralnej i wschodniej Polsce przedsta-
wiono na przyk³adzie wieloletnich po³owów gospodarczych.
Kszta³towanie siê wielkoœci udzia³ów eksploatowanych ga-
tunków ryb w miarê starzenia siê zbiorników zobrazowano li-
niami trendów czasowych opisanych funkcjami regresji.
Gatunki bêd¹ce przedmiotem po³owów gospodarczych przy-
porz¹dkowano, w zale¿noœci od roli, jak¹ pe³ni¹ w zbiorniku,
do charakterystycznych grup ekologicznych: drapie¿ne, kar-
piowate eutrofizuj¹ce, rzeczne i inne. W ka¿dym z badanych
zbiorników z up³ywem lat obserwowano wzrost wielkoœci
po³owów ryb karpiowatych z grupy eutrofizuj¹cych. Najsilniej
uwidoczni³ siê on w Zbiorniku Siemianówka, w pierwszym

okresie po utworzeniu zalewu: wspó³czynnik nachylenia „b“
linii trendu wyniós³ 7,25 przy R2 = 0,9. W zbiorniku tym ob-
serwowano tak¿e sta³y wzrost populacji ryb drapie¿nych,
zwi¹zany z intensywnym zarybianiem szczupakiem, Esox lu-

cius L. Udzia³y gatunków ryb drapie¿nych w pozosta³ych
zbiornikach spada³y od pocz¹tku powstania zbiornika, by
w ostatnich latach ustabilizowaæ swoj¹ wysokoœæ na minimal-
nym poziomie, przy niewielkim wzrastaj¹cym trendzie. Wy-
prowadzona dla wszystkich zbiorników ogólna zale¿noœæ
miêdzy wielkoœci¹ œrednich udzia³ów grup ryb w po³owach
a czasem, jaki up³yn¹³ od powstania zbiornika, by³a w ca³ym
okresie istnienia zbiornika wysoce istotna dla wszystkich wy-
ró¿nionych grup.
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