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The construction of artificial reservoirs has been 
one of the most important modifications of natural 
river environments. Petts (1984) summarised the 
effect of damming on riverine ecosystems, includ-
ing many examples of changes in pristine lotic fish 
assemblages; even the extinction of some fish spe-
cies from entire river basins. The species that are 
most affected are usually anadromous and catadro-
mous migrants (Jungwirth et al., 1998), however 
some potamodromous freshwater fish can also dis-
appear from entire catchments after impoundment 
due to changes in natural conditions as well as to 
the interruption of migratory routes.

Extensive studies carried out in North America 
have shown that after the construction of artificial 

reservoirs large changes occur in fish assemblages 
in rivers (Martinez et al., 1994; Lienesch et al., 2000; 
Phillips and Johnston, 2004). The portions of riv-
ers downstream from the reservoirs were usually 
influenced by changes in physical conditions in the 
stream and by the input of juvenile fish hatched in 
the reservoir. Fewer studies have focused on the 
effects on the upstream fish fauna (Penczak, 1992; 
Lienesch et al., 2000). The riverine fish assemblage, 
upstream of the reservoirs, was mainly influenced 
by fish migrating out from the reservoir (Martinez 
et al., 1994); and also by their isolation from feeding 
grounds and refuges located downstream (Kelsh, 
1994). The construction of reservoirs in Europe and 
their influence on inflowing rivers have received 
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reservoir after impoundment expanded to the inflowing river. The changes in the riverine fish assemblage up 
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impoundment boom of pike (Esox lucius), then the perch (Perca fluviatilis) dominated phase and later the 
final cyprinid-dominated phase. The changes in the fish fauna over the period 1978–2002 were significant 
(χ2, P < 0.001). During the cyprinid-dominated phase, roach (Rutilus rutilus) became the most abundant 
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assemblage than the percid-dominated one. 
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only limited attention (Degerman and Sers, 1994; 
Penczak et al., 1998; Kruk and Penczak, 2003; 
Kukula, 2003). In the Czech Republic, only the 
complex studies of Peňáz et al. (1968) and Lusk 
(1995) dealt with the impacts of reservoir con-
struction on the hydrobiological and ichthyologi-
cal conditions of rivers. However, none of these 
studies dealt with long-term development of the 
fish assemblage within the reservoir and the fea-
tures of its influence over time on the inflow river 
assemblage. 

After impoundment, the development of fish 
assemblages in most Central-European reservoirs 
typically passes through several phases (Holčík, 
1989; Kubečka, 1993), characterised by different 
dominant fish species and leads towards cyprinid 
dominance. In the natural environment, such as 
lakes, fish are known to make spawning and feeding 
migrations into inflowing streams (L’Abée-Lund and 
Vřllestad, 1985; Lilja et al., 2003). Similar behaviour 
has also been found for reservoir fish (Koščo and 
Košuth, 1995; Hladík and Kubečka, 2003, 2004). 
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Figure 1. Map of the sampling area
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Consequently, the composition of fish migrating 
from the reservoir into the inflowing river can be 
reflected in the changes of fish assemblage in the 
inflowing river. In other words, it could be expected 
that river fish fauna can be reflective of the develop-
ment phase of the reservoir fish assemblage. 

The aim of the present paper is to evaluate long-
term effects of the construction of a reservoir upon 
the fish assemblage in the inflowing river. We hy-
pothesize that the fish community in the reservoir 
and its development, over twenty years from the 
impoundment, influences the original riverine fish 
assemblage in the inflow river. And that the main 
effect is caused by the migration into the river of 
those species successful in inhabiting the reser-
voir.

Description of study sites

The Římov Reservoir (Figure 1) was built in 1978 
on the Malše River, south of České Budějovice, Czech 
Republic (dam coordinates: 48°51'00'N, 14°29'29''E; 
river kilometre (Rkm) 21.85). The Malše River is a 
small, sub-mountain river and is the only signifi-

cant inflow into the reservoir. The average width of 
the river just above the reservoir is 12–15 m, and 
the average discharge into the reservoir is 4.1 m3/s. 
With regard to physical conditions, the river cor-
responds to the transition between the trout and 
grayling zones, according to Huet (1959). 

The following sections of the study area were 
defined (Figures 1 and 2): 

Section A – The unaffected part of the Malše 
River above the Plach weir (Rkm 39.2, the weir was 
rebuilt after the dam construction to prevent any 
upstream fish migration from the reservoir and to 
protect the valuable salmonid fishery in this part 
of the river). The weir is 2 m high with steep sides. 
This section was not sampled during the present 
study.

Section B – The part of the river between the 
Plach and Cajs weirs (overall section length 3.3 km). 
The Cajs weir (Rkm 35.9) can be partly overcome 
by the fish, and few individuals of reservoir-marked 
roach and bleak were able to penetrate to this area 
(Hladík, unpublished data).

Section C – Downstream of the Cajs weir to the 
river’s mouth into the reservoir, at the point of the 
maximum reservoir water level (section length 
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1.2 km to Rkm 34.7). In this section, there is no 
obvious barrier for fish migration between the 
river mouth and reservoir. 

The sections further downstream are located 
in the area of the reservoir impoundment, and 
their character changed according to the seasonal 
changes in water levels in the reservoir. The maxi-
mum water level was usually reached after snow-
melt in early spring; then it gradually decreased 
towards winter by several meters, except during 
periods of higher rainfall.

Section D – The upper part of the reservoir 
(1.2 km), characterised by slowing water current 
and increasing depth during the early spring 
maximum water level. This section becomes a 
“secondary river” with typical riverine features 
since late spring, due to the declining water level 
in the reservoir. 

Section E – The “secondary river” also deve-
loped in this section, in summer and autumn, dur-
ing the continued drawdown of the water level in 
the reservoir (1.2 km). Riparian vegetation did not 
develop on the gravel shores during this period of 
a secondary river. 

Section F – The main body of the reservoir, 
13.5 km of the former river, area 210 ha, volume 
33.8 mil.m3.

Sections A and B have recently been managed 
by the Czech Anglers Association as a salmonid 
fishery, while sections C–F are under the control 
of a special fishing management plan for the water 
supply reservoir (a ban on fishing, regular stocking 
of predatory species (Seďa and Kubečka, 1997)).

MATERIAL AND METHODS

The fish assemblage in the Malše River was 
sampled in three periods: before the construc-
tion of the reservoir in 1976–1978 (Vostradovská 
and Vostradovský, 1983), during the early devel-
opmental stages of the fish assemblage in the res-
ervoir from 1984 to 1986 (perch-dominated phase, 
Kubečka and Křivanec, 1990), and again in 2000–
2002 after more than twenty years of fish assem-
blage development (cyprinid-dominated phase, 
this study, Table 1). All samplings were made by 
electrofishing (for detailed description of earlier 
samplings see Vostradovská and Vostradovský, 
1983; Kubečka and Křivanec, 1990). Sampling in 
2000–2002 was performed by BMA-Honda elec-
troshocker (230 V, 50 Hz, Bednář Factory, Czech 
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Republic), with a single pass applied through the 
river section surveyed. All samplings were per-
formed outside of ‘spawning migration peaks’, 
i.e. outside upstream and following downstream 
migration of fish from the reservoir (Hladík and 
Kubečka, 2003), to sample resident fish only. Only 
fish 1+ and older were considered. Since the sam-
pled stretches of the river differed in lengths, the 
number of fish captured was also expressed as fish 
density of individuals per km (Table 1). 

The estimations of the fish assemblage composi-
tions in the reservoir in the 1980s and in the 2000s 
were based on night-time shore seining (Seďa and 
Kubečka, 1997; Říha et al., 2008). 

The fish species recorded during the study were 
split into two groups: 
(1)  lotic species – species typical for running waters; 

(2)  lentic species – riverine fish species capable 
of inhabiting the reservoir standing water (Ta-
ble 1).

The composition of fish species found in each 
sampling in the river and the reservoir was com-
pared both between periods and between river sec-
tions using: relative abundance (%), total number 
of species, and Shannon index of diversity (H, ln) 
(Table 1). Changes in the fish assemblage within the 
river sections (sections B, C and D), after the reser-
voir construction and during reservoir aging, were 
expressed by comparisons with the pristine river 
fish assemblage using the Jaccard index (Ja) and 
percentage similarity (Ps) (Ludwig and Reynolds, 
1988) (Table 2). 

In order to compare the composition of the fish 
catches in the 1970s, 1980s and 2000s, we used con-

Table 2. The pristine fish species composition in the Malše River before the Římov Reservoir construction, com-
pared to the fish species composition in river sections B, C and D after the filling of the reservoir in 1984–1986, 
and in 2000–2002 by both Jaccard index (Ja) and percentage similarity (Ps)

Malše River Section/year
Jaccard index Percentage similarity

1986 2001–02 1986 2001–02
1976–78 B – 0.53 – 0.23

C 0.50 0.37 0.26 0.09
D 0.11 0.33 0.05 0.09

Table 3. The percentage contributions of individual species to the significance of changes in the fish communities 
(proportional change of individual species), obtained from contingency tables in three sections of the Malše River 
and in the Římov Reservoir during 1975–2003

Species/section Section C Section D Section F
Brown trout 11.01 18.67 7.72
Grayling 1.92 1.35 0.52
Minnow 5.11 5.16 1.99
Barbel 12.11 12.22 4.75
Gudgeon 2.24 2.09 1.68
Bullhead 0.39 1.03 1.10
Dace 4.89 23.23 5.85
Chub 11.41 11.78 9.77
“Other lotic species” 0.32 0.40 0.40
Perch 11.01 6.59 48.86
Roach 36.84 14.00 5.83
Bream 0.98 1.75 7.59
Bleak 1.64 0.94 1.58
“Other lentic species” 0.11 0.79 2.36
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tingency tables (Everitt, 1992). The changes were 
analysed for sections C, D, and F, for which data 
from all three periods were available. Rare species 
(with abundances of less than five individuals) were 
pooled together, based on species, into “other lotic” 
and “other lentic” species groups in order to meet 
the requirement of the minimum number for the 
χ2 test of contingency tables. The null hypothesis 
of the test was that: no change in the proportion of 
species in the whole fish assemblage of the studied 
river sections occurred over the described period. 
The P-level was set to 0.01. Another outcome of the 
analysis was the percentage contribution of each 
species to the total significance of the χ2 test of the 
contingency tables, which corresponded to the pro-

portional change in each species in the assemblage 
during the study period (Table 3).

RESULTS

The results from 1976–1978 showed that the 
fish assemblage within the river contained a high 
proportion of lotic species (Figure 3), with preva-
lence of chub (Leuciscus cephalus), dace (Leuciscus 
leuciscus), brown trout (Salmo trutta m. fario) and 
barbel (Barbus barbus) (Table 1). This composi-
tion was considered as the basic fish assemblage 
for all sections of the river, sampled in later years. 
The composition of fish species in the inflow river 
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(1975–78), after the filling of the reser-
voir (Sections A and B in 1984–1986), 
and after 20 years of development of the 
fish assemblage in the reservoir (Sections 
A, B and C in 2000–2002). The fish spe-
cies compositions in the Římov Reservoir 
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changed very soon after the reservoir was filled; 
and the proportions of fish species were changing 
during the aging of the reservoir, reflecting the fish 
assemblage development therein.

In 1984–1986, the fish assemblage in the reservoir 
was in a perch-dominated phase. It was dominated 
by perch (Perca fluviatilis), with roach (Rutilus ru-
tilus) being the second most abundant species; and 
the same species dominated the lower part of the 
river (section D). Chub remained the only important 
stream fish in this section (Figure 3). In section C, 
perch was also very abundant, but approximate-
ly 60% of the fish assemblage in this section was 
still composed of the original stream fish species. 
The catch per 1 km of stream in the 1980s (30 to  
300 individuals/km) was much lower than before 
the reservoir was constructed, as well as compared 
to the 2 000s samplings (Table 1). Sections A and B 
were not sampled during the 1980s.

In the 2000s, the development of the fish assem-
blage in the reservoir reached a stable cyprinid 
phase, dominated by cyprinid species (mainly 
roach, bream Abramis brama, and bleak Alburnus 
alburnus). The abundance of perch was found to 
be low in both the reservoir and the river (Table 1). 
In contrast, cyprinids became dominant in sec-
tions D, and also C, and the proportion of lotic fish 
dropped there to around 20% of the fish assemblage 
only. The original assemblage of roach in the river, 
supported by roach migrating from the reservoir 
and its offspring, managed to increase the relative 
densities of fish in the river (sections C and D) to 
a level of 1 000 inds/km. Roach even penetrated 
through the semi-permeable Cajs weir and gained 
dominance in section B.

To summarize, the true river (never flooded 
by the reservoir water) adjacent to the reservoir 
did not change morphologically, but its fish stock 
went through substantial succession (Figure 4). 
Dominant lotic species (chub, dace and brown 
trout) reduced their abundance several times, some 
species (barbel, minnow) disappeared completely 
(Table 1), while roach emerged in 2000–2002 as a 
new dominant species outnumbering all remain-
ing fishes (Figure 4). The abundance of bleak and 
bream rose in 2000–2002 as well, but to much lower 
levels (20–40 inds/km) than roach.

A special temporary transition zone between the 
river and the reservoir – a secondary river, devel-
oped in sections D and E during the regular summer 
and autumn drawdowns of the reservoir water level 
(Figure 2). At the time of drawdown, the reservoir 
fish followed the decreasing water level and left 
the secondary river zone while riverine fish from 
upstream sections only entered this temporary 
habitat in low numbers. Due to this, the tempo-
rarily developed secondary river was nearly fishless 
(Table 1). This phenomenon was especially appa- 
rent during the perch phase in the 1980s, when the 
relative fish catch was below 200 inds/km. During 
the cyprinid phase in the reservoir, the fish fauna 
of the secondary river was represented mainly by 
age 1+ and 2+ roach, 1+ perch, and a few other 
fish (Figure 3). The relative abundance per km of 
stream was around 2 000 inds/km, similar to the 
original level in the 1970s.

Contingency tables revealed that the changes in 
species composition in sections C, D, and F were 
highly significant between the sampling periods 
(P < 0.001). The percentage contribution to total 
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significance of the χ2 test was highest in roach, 
brown trout, barbel, chub, and perch (Table 3). The 
proportion of these species changed considerably 
in the river (sections C and D, Figure 4). In the 
reservoir (section F), the changes in the propor-
tion of perch mainly dictated the development of 
the community structure. We can conclude that 
the tested hypothesis (of no changes in the species 
proportions) of the river sections studied over the 
described period can be rejected.

The highest number of species was found in sec-
tion D, which was supported by the secondary river, 
a transition zone between lotic and lentic environ-
ments, inhabited by riverine as well as reservoir 
species (Table 1). The species richness of this zone 
included 22 species. The Shannon index of diversity 
(H’) was highest for the pristine river assemblage 
before the reservoir construction (1.8). Then it de-
creased slightly and fluctuated within the range of 
1.3–1.7 in the tributary during all later samplings. 
Low values of the Jaccard index and percentage 
similarity, comparing pre- and post-impoundment 
periods in the river (Table 2), demonstrated the 
importance of changes in the fish assemblage. 

DISCUSSION

Assessment of current and past data allows for 
an overview of processes of fish assemblage devel-
opment from the original river system to a system 
modified by the reservoir construction. Although 
the set of presented historical and current data 
lacks a systematic sampling design, we attempted 
to educe the main signs of fish development in the 
reservoir and in the river over the targeted period. 
Background data of Vostradovská and Vostradovský 
(1983) give the species composition of the Malše 
River only within the recent section F (before flood-
ing by the reservoir water) and results of five quan-
titative estimates: below section F (1 estimate), in 
the section F (1) and in the section A (3 estimates). 
One site (below the town of Kaplice in section A) 
had significantly higher abundance and biomass 
than other sites and was termed as outlier by the 
authors. Thus we also excluded this site from our 
comparisons. We considered the species composi-
tion available in Vostradovská and Vostradovský 
(1983) to be usable as background historical data 
for all sections A–F because (i) their quantitative 
estimates did not vary much, (ii) the composi-
tion was supported by qualitative statements of 

Vostradovský (1978) and (iii) the catch was rela-
tively abundant (1 683 fishes). Later samplings were 
not taken systematically either with respect to the 
sampling period and effort, which added to the var-
iation of the presented data (Table 1). However the 
shifts of fish communities were highly significant 
irrespective of the variation.

The fish species from the pristine river assem-
blage differed in their resistance to the variety of 
factors probably influencing their community, such 
as interference of reservoir fish (potential preda-
tion, food and/or habitat competition) and stream 
fragmentation. Some riverine species disappeared 
from the studied part of the river, e.g. barbel and the 
rare riffle minnow (Alburnoides bipunctatus); other 
species substantially decreased in abundance (dace 
(Leuciscus leuciscus), brown trout, rainbow trout 
(Oncorhynchus mykiss) and grayling (Thymallus 
thymallus), while some pristine fish were not af-
fected, such as chub (Leuciscus cephalus). Some 
species could even profit from changes in the fish 
community, like bullhead (Cottus gobio).

Species typical of the barbel zone (Huet, 1959), 
such as barbel, have also been documented to be 
highly sensitive to river damming elsewhere. Kukula 
(2003) reported the extinction of two species of 
barbel from the San River after the construction of 
a reservoir; Penczak et al. (1998) recorded the ex-
tinction of anadromous vimba (Vimba vimba) and 
nase (Chondrostoma nasus) from the Warta River 
catchment after the construction of the Jerzinsko 
reservoir; additionally, a rapid decrease in the 
abundance of nase was found in the impounded 
Svratka River. Lusk (1995) even suggested that the 
effect of the construction of reservoirs was equal 
to the destruction of the whole fish assemblage in 
the upstream river zones.

Dace showed a decrease in relative abundance 
from 26% in the pristine river to 12% in section B, 
6.5–18% in section C and 0.9–3.9% in section D 
after the reservoir filling. Brown trout, rainbow 
trout and grayling decreased in section C although 
these species were regularly stocked upstream by a 
local fishery, and a considerable number of brown 
trout and rainbow trout was recorded during 
downstream migration after stocking (Hladík and 
Kubečka, 2003). Interference of the salmonids and 
the reservoir fish and/or their offspring colonising 
the river from spawning grounds can be assumed, 
but other possible unidentified factors cannot be 
omitted completely. Chub was found in similar rela-
tive abundance like in the pristine assemblage in 
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the period 1984–1986, but dropped in 2000–2002 
in all sampled places. Despite of this decrease, chub 
showed the highest relative abundance among orig-
inal riverine fish in 2000–2002.

Fish typical of the upstream river zones were able to 
benefit from the reservoir construction only in a few 
cases. Koščo and Košuth (1995) described an increase 
in the abundance of Balkan barbel (Barbus meridi-
onalis) in inflow streams after the construction of the 
Starina Reservoir (eastern Slovakia); and Rodriguez-
Ruiz and Granado-Lorencio (1992) documented mas-
sive migration of barbel (Barbus sclateri) and Iberian 
nase (Chondrostoma polylepis willkommii) from a res-
ervoir to spawning grounds in the tributary river.

On the other hand, in some cases, stream cyprinids 
such as chub and dace in our study were also able 
to withstand the consequences of the reservoir con-
struction or even benefit from it. A considerable por-
tion of the chub population within the river used the 
reservoir as a winter refuge (Hladík and Kubečka, 
2003). Dace were able to utilize the still-water condi-
tions in the reservoir and accounted for 4.4% (on av-
erage) of the reservoir fish assemblage in 2000–2002 
(Říha et al., 2008). On the contrary, Koščo and Košuth 
(1995) documented the expansion of dace from the 
Starina Reservoir into the inflow streams. 

By contrast, bullhead (Cottus gobio) was very 
abundant in all sampled parts of the river in the 
1980s and 2000s. Its resistance was probably 
supported by the decrease in the abundance of 
brown trout, which is the main predator of the 
bullhead.

Development of the fish assemblage of Central-
European reservoirs typically passes through several 
phases (Holčík, 1989; Kubečka, 1993), including a 
pike phase, percid phase, and finally a cyprinid-
dominated phase. The percid phase in the Římov 
Reservoir lasted for about six years (ca 1983–1989; 
Kubečka and Křivanec, 1990; Seďa and Kubečka, 
1997), which was the period of possible perch influ-
ence on the riverine fish assemblage. The cyprinid 
phase began to dominate the reservoir in the early 
1990s (Seďa and Kubečka, 1997). This phase is usu-
ally the final one (Holčík, 1989), and thus the longest 
lasting phase, of Central-European reservoirs. We 
conclude that the cyprinid-dominated assemblage 
can be considered more aggressive in interfering 
with the river assemblage, due to its long-term and 
thus stronger overall effect than is the short-term 
perch-dominated assemblage. In addition, the in-
tensive spawning migration of cyprinids (Hladík and 
Kubečka, 2003) can intensify the effect. However, 

other mentioned factors, such as stream fragmenta-
tion and/or fish stocking could play a role.

The construction of the Římov Reservoir fun-
damentally affected the fish assemblage in the 
Malše River, up to the first impassable weir. The 
fish assemblage in the river sections adjacent to 
the reservoir developed from a predominance of 
river species toward percid-dominated, and then 
later to cyprinid-dominated assemblages, reflecting 
the fish assemblage development in the reservoir. 
Roach were especially successful in replacing river-
ine fauna, both qualitatively and quantitatively.

The effort to restore and protect natural riverine 
ecosystems throughout Europe, stimulated by the 
Water Framework Directive, involves the construc-
tion of bypasses in order to facilitate fish migra-
tion through weirs and dams. On the other hand, 
means for the protection of the riverine ecosystems 
upstream of the reservoir against fish expansion 
from the artificial water body should be still con-
sidered. 
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