
ORIGINAL ARTICLE

Spatial distribution of four freshwater fish species in different types
of artificial European water bodies

Tomáš Jůza1 & Petr Blabolil1 & Martin Čech1
& Jan Kubečka1 & Tomáš Mrkvička1 & Milan Říha1 & Zuzana Sajdlová1 &

Mojmír Vašek1 & Lukáš Vejřík1 & Jiří Peterka1

Received: 5 December 2017 /Accepted: 16 May 2018 /Published online: 18 June 2018
# Institute of Zoology, Slovak Academy of Sciences 2018

Abstract
Spatial distribution of young-of-the-year (YOY) and older roach, rudd, perch and ruffe was compared in two artificial lakes with
macrophytes present and absent, and a valley reservoir, using gillnets. Almost all species of interest and both age categories
preferred benthic habitats. The depth distribution in benthic habitats was relatively consistent across water bodies with the highest
fish densities found in the shallowest depths. In the macrophyte-rich lake, YOY roach and perch utilize the 3–6 m benthic layer
the most, whereas the fish preferred the 0–3m benthic layer in the macrophyte-poor lake and reservoir. No differences were found
in the depth distribution in pelagic habitats sampled by pelagic gillnets for YOY fish between the water bodies. Older fish usually
utilized the surface water layer. Macrophytes influenced the depth distribution of YOY fish in benthic habitats, where their
density maximum shifted deeper in the macrophyte-rich lake when fewer macrophytes were present in the shallowest benthic
depth. In lakes, YOY fish utilized a wider depth spectrum due to the deeper thermocline when compared to the reservoir. Oxygen
and temperature stratification are the main factors influencing fish distribution, whereas macrophyte presence particularly
influences the depth distribution of YOY fish in benthic habitats.
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Introduction

Fish distribution in lakes and reservoirs is not homogeneous
(Fischer and Eckmann 1997; Prchalová et al. 2009; Muška et
al. 2012). It is influenced by biotic factors such as food avail-
ability, predation risk and competition (the Bto eat and not to
be eaten^ rule; Gliwitz et al. 2006; Prchalová et al. 2009) and
also abiotic factors such as oxygen concentration and water
temperature (Bto be or not to be^ rule; Järvalt et al. 2005,
Prchalová et al. 2009). Fish distribution is also influenced by
the ontogenetic stage. During the day YOY fish utilize littoral
areas, to find protection from predators. During the night,
when they are not so vulnerable in the unstructured habitat,
some species feed in pelagial (Bohl 1980; Jůza et al. 2014).
For older fish, the distribution pattern is often the opposite.

They usually prefer open water during the day and migrate to
the littoral for the night (Muška et al. 2013; Říha et al. 2011).

Aquatic macrophyte communities, especially emerged and
submerged plants are of a great importance to the dynamics of
aquatic ecosystems, affecting both abiotic and biotic processes
(Abdel-Tawwab 2005) including fish distribution (Sánches-
Botero et al. 2008; Lopes et al. 2015). In aquatic systems,
vegetation distribution patterns produce considerable structur-
al variation in both pelagic and littoral zones and fish usually
seek macrophytes for refuge. The physical structure provided
by plants reduces the chance of being seen by active predators,
and consequently, fish are less likely to be predated (Savino
and Stein 1982; Lopes et al. 2015). Fish may also be attracted
by the high food availability, since the structure provided by
plants commonly host high densities of potential food re-
sources such as invertebrates. Considering such conditions
of safety and food availability, fish can grow, survive and
reproduce successfully in macrophyte stands (Lopes et al.
2015). Nevertheless, negative effects of the presence of mac-
rophytes has been also described in the literature. Studies of
European fish species have shown for example that differ-
ences in stem densities of aquatic macrophytes result in
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different foraging rates: the foraging rate of rudd (Scardinius
erythrophthalmus Linnaeus, 1758) on Daphnia sp. decreased
at stem densities greater than 200 m−2 and that of juvenile
perch (Perca fluviatilis Linnaeus, 1758) did not decrease even
in the highest stem density of 600 stems m−2 (Winfield 1986).
The foraging efficiency of roach (Rutilus rutilus Linnaeus,
1758) decreased substantially even in the lowest stem density
(Winfield 1986). The significance of macrophytes can be am-
plified for small fish, which are more vulnerable to predation
(Sogard 1997). The influence of the presence of macrophytes
on older fish can therefore differ to that on YOY fish. Vegetated
sites in the Great Lakes had higher densities of fish, smaller fish
and greater species richness than unvegetated sites (Randall et
al. 1996). On the other hand, growth and food resources utili-
zation of Nile tilapia (Oreochromis niloticus Linnaeus, 1758)
fry were significantly reduced by dense vegetation (Abdel-
Tawwab 2005). Therefore, macrophyte cover may influence
the distribution of fish species and these distribution patterns
may differ between lakes with and without macrophytes.

The aim of this study is to compare fish distribution in
horizontal (littoral-pelagial) and vertical (surface-bottom) di-
mensions in a lake with developed macrophytes and a lake
practically lacking macrophytes. A canyon shaped reservoir,
which was deep and thermally stratified with no macrophytes
and relatively poor littoral due to water level fluctuations, also
was used as a reference water body. The two lakes share sim-
ilarities in their fish stock composition with roach, perch (ter-
minal mouth position), rudd (superior mouth position) and

ruffe (Gymnocephalus cernua Linnaeus, 1758, inferior mouth
position) being the dominant species (Vejříková et al. 2016),
and oxygen deficits occurring in deeper layers below 15 m.
Similarly, roach, ruffe and perch are the abundant species in
the investigated valley reservoir (Jůza et al. 2014), and in this
water body strong temperature and oxygen stratification occur
during the summer (Jůza et al. 2009). Comparison of different
types of water bodies with differing characteristics (macro-
phytes absence/presence, with/without oxygen depletion in
deeper layers) with similar fish stocks reveals, which charac-
teristics shape the spatial distribution of fish in temperate ar-
tificial water bodies. It can be assumed that due to any oxygen
limitations in the deeper layers of both lakes, fish can utilize a
wider depth range in these lakes in comparison with the valley
reservoir. The horizontal and vertical distribution of YOY fish
in particular in the macrophyte-rich lake can be significantly
different compared to the macrophyte-poor lake.

Material and methods

Study sites

The study took place in two post mining lakes created by
flooding of former coal mine and one deep valley reservoir
in the Czech Republic. The restoration of Milada Lake
(50°39’N, 13°58′E, surface area 252 ha, max. depth 24.7 m,
average depth 15.5 m, Fig. 1) was performed from 2001 to

Fig. 1 Bathymertic maps and photographs of investigated waterbodies and their location in the Czech Republic. Created in ArcMap 10.2
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2010 and several species of macrophytes are present in high
biomasses to a depth of 12m. In 2014, scuba divers conducted
detailed summer monitoring of species composition and cov-
erage of macrophytes at different depths for the whole lake.
Potamogeton pectinatus L. is an important species down to
6 m,Myriophylum spicatum L. down to 8 m and finallyChara
sp. L. and Vaucheria De Candolle are dominant in depths
down to 12 m. In September dense coverage of submerged
macrophytes reached 91% at 2–3 m of depth (Vejříková et al.
2016) and 90% or greater coverage down to a depth of 8 m. At
the 10–12 m depth layer the macrophyte coverage was ap-
proximately 60%. The only macrophytes-poor zone is the
stony embankment in the shallowest littoral up to a 2 m depth.

The restoration of oligotrophic Most Lake (50°32’N,
13°32′E, surface area 310 ha, max.depth 75 m, average depth
22 m, Fig. 1) was performed between 2008 and 2014 and in
comparison to mesotrophic Milada Lake, very scarce vegeta-
tion coverage developed during the sampling season. Until
2013 Most Lake was virtually lacking macrophytes. In 2014
macrophytes started to occur in low densities (coverage was
approximately 18% in 0–4 m and less than 5% in 4–6 m).
Dominant species were Potamogeton pectinatus and
Potamogeton crispus L. The usual depth of the thermocline
in both lakes is about 10 m and the majority of water column
has sufficient amounts of oxygen (Fig. 2a, b).

The Římov Reservoir is a meso-eutrophic valley reser-
voir created by damming the Malše River in 1978
(48°85’N, 14°49′E, surface area 210 ha, max. Depth
45 m, average depth 16 m, Fig. 1). Very few to no mac-
rophytes are present in the reservoir due mostly to its

steep banks and water level fluctuations throughout the
year. The usual depth of the thermocline in summer is
about 4 m and below this depth oxygen concentration
decreases sharply to almost zero in depths between 4
and 9 m (Fig. 2c).

Fish sampling

All water bodies were sampled in active vegetation period
(July–September) repeatedly during several seasons using
benthic (laid on the bottom) and pelagic (floating) gillnets
(hereafter BG and PG, respectively). Milada Lake was sam-
pled in 2009, 2010, 2012, 2013 and 2014; Most Lake was
sampled every year from 2011 to 2014 and the Římov
Reservoir also was sampled yearly from 2010 to 2014.
Depth-stratified sampling, total effort based on reservoir area,
and maximum sampled depth followed the European sam-
pling protocol (CEN 2005). Because of the longitudinal depth
gradient in the Římov Reservoir, shallow tributary parts were
omitted.

Benthic gillnets (BG) were used to sample the following
depth layers: 0–3, 3–6, 6–9, 9–12, 12–18 and > 18 m. The
exception being the >18 m depth that was not sampled in
Most Lake in 2011, and was not sampled in Milada Lake in
any years. Pelagic gillnets (PG) sampled the depth layers 0–
5 m, 5–10 m and > 10 m in all years before 2014 and depth
layers 0–3 m, 3–6 m, 6–9 m and > 9 m in 2014. To make
sampling before 2014 and in 2014 comparable, catches from
0 to 3 m and 3–6 m from the year 2014 were averaged with
regard to the changed net area. Both the BG and the PG

Fig. 2 Summer temperature and oxygen stratification in Milada Lake in 2012 (a), Most Lake (b) and Římov Reservoir (c). Horizontal line stands for
Secchi depth. Created in R 3.3.0
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consisted of 12 mesh sizes (5, 6.25, 8, 10, 12.5, 15.5, 19.5, 24,
29, 35, 43 and 55 mm, knot to knot) as recommended by
European sampling protocol (CEN 2005). The total length
of each net was 30 m (12 × 2.5 m panels). The height of the
BG was 1.5 m and that of the PG was either 4.5 m or 3 m (in
2014). Usually three localities were sampled in each water
body in each year and three nets were deployed in each local-
ity in every depth layer. All nets were set approximately 2 h
before sunset and lifted after sunrise to cover maximal peaks
of fish activity (Prchalová et al. 2010). All fish captured were
counted, identified to the species and separated into young-of-
the-year (YOY) and older. Density was expressed as number
of fish per 1000 m−2 of netting per night. Roach, rudd, perch
and ruffe are the most abundant species in the surveyed water
bodies, therefore these four species were target species in our
study (separately for YOY and older fish). Depth distribution
of ruffe was investigated for benthic habitat only and compar-
ison of horizontal distribution was not performed for this spe-
cies because of the absence of this benthic species in the pe-
lagic habitat.

Data analyses

The inter-water body differences in fish distribution were
analysed by a factorial ANOVA model with interactions up
to the second degree using Depth, Habitat and Water body
factors. Since the data contains a lot of zeros, a zero inflated
model was used, where zeros and non zeros are treated sepa-
rately in the model (the model is the mixture of the binomial
logistic model and the model for non zeros, the details can be
found in Zuur et al. (2009)). Since the overdispersion ap-
peared also in the non-zeros, a negative binomial model was
used for them. The statistical inference was made in the fol-
lowing way. The model with two-way interactions was com-
puted for model 1 with let say 3 factors. Then the model with
two-way interactions was computed for model 2 with 2 fac-
tors. Then the likelihood ratio test comparing these two
models was computed in order to reveal the input of the single
factor missing in the model 2. Note here that we do not study
the interactions but we include the possible effect of interac-
tions into the comparison of the models.

In 2014, for which macrophyte coverage at different depth
layers of the macrophyte-rich Milada Lake is available, we ex-
plored the dependencies of fish densities on the macrophytes
density (expressed as the percentage coverage exactly in the
place of gillnet installation), temperature and oxygen concentra-
tion by the regression model with negative binomial distribution
of exploratory variables. This distribution enables the modelling
of overdispersed fish counts. Because this model was not appli-
cable for older roach and older rudd, a regression model with
quasi-poisson distribution was performed for these two groups.
The regression model was not performed for YOY rudd and
YOY ruffe because of low occurrence of these two groups.

Statistical analyses were conducted using R 3.3.0 (R
Foundation for Statistical Computing, R Core Team 2016),
especially the R package pscl was used to compute the zero
inflated model (Jackman 2017).

Results

Habitat associations in different water bodies

Benthic and pelagic densities of different YOYand older fish
species in the three water bodies are shown in Figs. 3 and 4.
For YOY roach and perch, no differences in preferred habitat
between water bodies were found (p = 0.36, Df = 4, Chi
square = 4.36 and p = 0.48, Df = 4, Chi square = 3.48, respec-
tively). YOY roach preferred benthic over pelagic habitat in
Milada Lake and the Římov Reservoir, whereas in Most Lake
YOY roach prevailed in the pelagic habitat (Fig. 3a). YOY
perch preferred benthic habitat in all water bodies (Fig. 3b).
For YOY rudd the analysis was not applicable because of the
low number of YOY rudd captured in the Římov Reservoir.
Significant differences in habitat utilization between water
bodies were found for older roach and older rudd (p = 0.003,
Df = 4, Chi square = 16.21 and p = 0.02, Df = 4, Chi square =
12.16, respectively). The highest proportion of benthic older
roach was found in the Římov Reservoir (87%, for exact
values of densities see Fig. 4a), the lowest in the Milada
Lake (65%, Fig. 4a). Older rudd preferred the pelagic habitat
in the Římov Reservoir (93% of older rudd were pelagic), its
highest affinity to benthic habitat was found in the Milada
Lake (84% of older rudd were benthic, Fig. 4b). Habitat pref-
erence of older perch was insignificant between water bodies
(p = 0.22, Df = 4, Chi square = 5.68) and older perch strongly
preferred benthic habitats (Fig. 4c).

Benthic depth preference in different water bodies

Benthic densities of different YOYand older fish species in
different depth layers of each water body are shown in
Figs. 5 and 6. The only significant differences between
water bodies for YOY fish were found for roach (p =
0.002, Df = 4, Chi square = 13.31). In Most Lake and the
Římov Reservoir, YOY roach preferred the shallowest
benthic layer (0–3 m, 56% Most, 83% Římov Reservoir),
whereas in the macrophyte-rich Milada Lake they pre-
ferred the deeper benthic layer (3–6 m, 45%, Fig. 5a).
Similarly, YOY perch preferred the shallowest benthic lay-
er in Most Lake and the Římov Reservoir (46 and 84%,
respectively), however in Milada Lake, perch preferred the
deeper benthic layer (3–6 m, 50%, Fig. 5b). The inter-
water body differences were not statistically significant
for YOY perch (p = 0.37, Df = 4, Chi square = 5.65).
YOY ruffe preferred the 3–6 m benthic depth layer in
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Most Lake and the Římov Reservoir (52 and 54% respec-
tively), but dominated the shallowest benthic layer in
Milada Lake (57%, Fig. 5c). The inter-water body differ-
ences were not statistically significant for YOY ruffe (p =
0.34, Df = 4, Chi square = 6.21). In both lakes YOY rudd
preferred the shallowest benthic habitat (0–3 m, Fig. 5d).
In the benthic habitat significant inter-water body differ-
ences were found for older ruffe (p = 0.001, Df = 4, Chi
square = 14.25), while roach was on the border of statisti-
cal significance (p = 0.05, Df = 4, Chi square = 9.14). Older
ruffe preferred the second shallowest benthic habitat (3–
6 m) in Most Lake and Římov Reservoir (37 and 43%,

respectively), while they dominated in the second deepest
benthic depth (9–12 m, 34%, Fig. 6c) in Milada Lake. In
comparison, older roach preferred the second shallowest
(3–6 m) benthic layer in Milada and Most Lakes and the
shallowest benthic layer (0–3 m) in the Římov Reservoir
(Fig. 6a). The inter-water body differences in benthic depth
distribution were not significant for older perch (p = 0.42,
Df = 4, Chi square = 1.92). Differences in depth preference
of YOY and older rudd were impossible to analyze due to
the absence of rudd in benthic habitats of the Římov
Reservoir, however older rudd preferred shallowest ben-
thic layer (0–3 m) in both lakes (Fig. 6d).

Fig. 4 Density of older roach (a), rudd (b) and perch (c) in benthic and
pelagic habitats of Milada Lake, Most Lake and Římov Reservoir.
Median values (thick lines), average (asterisk), upper and lower

quartiles (boxes), maximum and minimum values (whiskers) and outliers
(empty circles) are shown. Created in R 3.3.0

Fig. 3 Density of YOY roach (a) and perch (b) in benthic and pelagic
habitats of Milada Lake, Most Lake andŘímov Reservoir. Median values
(thick lines), average (asterisk), upper and lower quartiles (boxes),

maximum and minimum values (whiskers) and outliers (empty circles)
are shown. Created in R 3.3.0
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Pelagic depth preference in different water bodies

From YOY fish in the pelagic habitat only roach and perch
were abundant enough in all water bodies to perform the anal-
ysis. The inter-water body differences in pelagic depth distri-
bution were insignificant (p = 0.9 both for roach and perch).
YOY of both species preferred the surface pelagic layer (0–
5 m) in all water bodies (Fig. 7a, b). For older fish, significant
differences in pelagic depth distribution between water bodies
were found for roach and perch (p = 0.003, DF = 4, Chi

square = 17.31 and p = 0.006, Df = 4, Chi square = 15.28, re-
spectively). Older roach preferred the surface pelagic layer (0–
5 m) in the macrophyte-rich Milada Lake and also in the
Římov Reservoir (70 and 95% respectively, Fig. 7c). In the
the macrophyte-poor Most Lake older roach preferred the
deeper pelagic layer (5–10 m, 70%). Older perch dominated
in surface pelagic layer (0–5 m) in the Římov Reservoir only
(78%), whereas in both lakes it preferred deeper pelagic layer
(5–10 m, Fig. 7d, 87 and 80% in Most and Milada Lakes
respectively). Pelagic depth distribution of older rudd was

Fig. 5 Density of YOY roach (a), perch (b), ruffe (c) and rudd (d) in
different depths of benthic habitat in Milada Lake, Most Lake and Římov
Reservoir. Median values (thick lines), average (asterisk), upper and

lower quartiles (boxes), maximum and minimum values (whiskers) and
outliers (empty circles) are shown. Created in R 3.3.0
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not significantly different between water bodies (p = 0.15,
Df = 4, Chi square = 8.33) and it always preferred the surface
pelagic layer (0–5 m).

Factors driving distribution of fish
in the macrophyte-rich Milada Lake in 2014

Regression models revealed that the presence of macrophytes
positively influenced the density of YOY roach and also perch
(Table 1) in particular. For the older fish the presence of

macrophytes only positively influenced older roach signifi-
cantly (Table 1). Temperature significantly positively influ-
enced the distribution of older roach, older perch, YOY roach
and YOY perch (Table 1) and oxygen concentration signifi-
cantly influenced the density of YOY perch, older perch and
older ruffe (Table 1). Oxygen concentration had no significant
effect on other fish group due to the near constant concentra-
tion levels down to a depth of 12 m (Fig. 2). Below 12 m,
where the oxygen concentration decreases rapidly, no fish
were captured.

Fig. 6 Density of older roach (a), perch (b), ruffe (c) and rudd (d) in
different depths of benthic habitat in Milada Lake, Most Lake and
Římov Reservoir. Median values (thick lines), average (asterisk), upper

and lower quartiles (boxes), maximum and minimum values (whiskers)
and outliers (empty circles) are shown. Created in R 3.3.0
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Discussion

In our study we observed relatively marginal differences in
fish distribution in lakes with and without macrophytes and
also in comparison with a deep valley reservoir. These differ-
ences were pronounced especially in the benthic distribution
of YOY fish and older ruffe. Solely YOY roach and older
rudd preferred pelagic over benthic habitats in the
macrophyte-poor lake and valley reservoir respectively. The

rest of the species and age groups reached higher densities in
benthic rather than pelagic habitats in all water bodies. Any
differences found in YOY fish depth distribution in benthic
habitats were generally that the highest densities were deeper
in the macrophyte-rich Milada Lake in comparison with the
macrophyte-poor Most Lake and Římov Reservoir. If there
were inter-water body differences in depth preference in the
pelagic habitat, the highest older fish density in the
macrophyte-rich Milada Lake and in Římov Reservoir was

Fig. 7 Density of YOY roach (a), YOY perch (b), older roach (c) and
older perch (d) in different depths of pelagic habitat inMilada Lake, Most
Lake and Římov Reservoir. Median values (thick lines), average

(asterisk), upper and lower quartiles (boxes), maximum and minimum
values (whiskers) and outliers (empty circles) are shown. Created in R
3.3.0
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found in the surface layer, however in the macrophyte-poor
Most Lake fish preferred the deeper pelagic layer. In the
macrophyte-rich Milada Lake we found a positive effect of
macrophytes on the distribution of YOY roach and perch
especially.

Macrophytes play an important role in structuring fish as-
semblages because they provide higher productivity and
higher carrying capacity for food resources due to the avail-
ability of substrates for prey (Agostinho et al. 2007).
Moreover, they affect the balance of the forage efficiency of
predators with the refuge needs for prey (Miranda and Hodges
2000). Aquatic plants, in contrast, affect physical and chemi-
cal conditions of the water, as respiration by plants and asso-
ciated biota can reduce dissolved oxygen concentrations, par-
ticularly during warmer months and at night, producing con-
ditions often intolerable for fish (Miranda and Hodges 2000).
The oxygen deficits also occur during organic (includingmac-
rophytes) decomposition (Chapman et al. 1996). The vegeta-
tion coverage therefore also influences fish densities (Miranda
and Hodges 2000). Theoretically, presence of macrophytes
could result in higher attractiveness for fish due to protection
and food supply but an excess in density of macrophyte cover
can vice versa mean that fish avoid such zones due to oxygen
depletion (Miranda and Hodges 2000) or simply excessively
dense plant cover poses mechanical obstacles narrowing the
space that fish can actually use (Abdel-Tawwab 2005).

Usually, we did not find differences in habitat associations
between water bodies. With the exception of YOY roach in
the macrophyte-poor Most Lake and older rudd in the canyon
shaped Římov Reservoir, the remaining species and age cate-
gories reached higher densities in benthic rather than pelagic
habitat in all water bodies. Fish usually migrate diurnally be-
tween pelagic and littoral habitats (Bohl 1980; Jůza et al.
2014; Muška et al. 2013) and pelagic gillnets sample fish
within the pelagic habitat only, whereas benthic gillnets cross
the migration track between littoral and pelagial habitats, mak-
ing it more likely for fish to encounter benthic gillnets during
horizontal migration. Higher pelagic density of YOY roach in

the macrophyte-poor Most Lake indicates that the absence of
macrophytes in the benthic habitat reduces the amount of hor-
izontal migrations in YOY roach resulting in higher utilization
of the pelagic habitat. However, this theory is not supported by
results from the Římov Reservoir where higher YOY roach
densities were observed in the macrophyte-less benthic habitat
as compared to Milada Lake where macrophytes are an im-
portant refuge for YOY fish. The reason for the different hor-
izontal distribution of YOY roach in Most Lake and the
Římov Reservoir could be the predation pressure in the littoral
because pike (Esox lucius Linnaeus, 1758) and wels (Silurus
glanis Linnaeus, 1758) have been intensively stocked in Most
Lake. In comparison with the Římov Reservoir, high densities
of older perch are present in the littoral habitat of both lakes
(see Fig. 3c) and it is safer for dominant YOY roach to utilize
the pelagic habitat of Most Lake rather than staying in the
dangerous, macrophyte poor littoral. In a small stratified lake,
YOY roach were caught both in pelagic and benthic habitats
over a 24 h period (Järvalt et al. 2005) and due to its plasticity,
this species is the most common cyprinid in the most of
Europe (Kottelat and Freyhof 2007). YOY roach was a spe-
cies that performed partial migrations to the pelagic habitat at
night, where some YOY roach stay in the littoral and some
migrate to the pelagic habitat (Jůza et al. 2014). Our data
showed that the behavior of YOY roach is different from the
behavior of YOYperch, which was completely missing in the
catch of pelagic gillnets and whose migration intensity can be
influenced by the presence of macrophytes. Roach tended to
utilize the pelagic habitat in gillnet catches as well in the
Želivka Reservoir, whereas YOY perch preferred the benthic
habitat (Prchalová et al. 2008). It seems that each YOY fish
species keeps its typical horizontal distribution and the pres-
ence of macrophytes can be important for the protection of
YOY roach especially under enhanced predation pressure in
the littoral. In the case of older fish there were significant
differences in the utilization of benthic and pelagic habitats
in each water body for roach and rudd. In the remaining cases,
the benthic habitat was preferred and we did not observe clear
differences in habitat utilization between lakes with and with-
out macrophytes. Older perch was captured almost exclusive-
ly in the benthic habitat in all water bodies. Older perch, roach
and of course ruffe also dominated the benthic habitat in the
Želivka Reservoir (Prchalová et al. 2008).

Depth distribution of YOY roach and perch in the benthic
habitat showed very similar trends. In the macrophyte-poor
Most Lake and Římov Reservoir, juveniles of these two spe-
cies preferred the shallowest layer between 0 and 3 m, where-
as in the macrophyte-rich Milada Lake they preferred deeper
layer between 3 and 6 m. Also the benthic depth distribution
of YOY ruffe showed similar trends between lakes. Benthic
depth distribution was relatively similar in Most Lake and the
Římov Reservoir with the highest YOY ruffe density between
3 and 6 m, whereas in the Milada Lake YOY ruffe particularly

Table 1 Significance levels of different fish groups density dependence
on macrophytes density, temperature and oxygen concentration

Macrophytes Temperature Oxygen Model

YOY roach 0.01 + 0.04 + 0.85 NB

YOYperch 0.04 + < 0.001 + 0.02 + NB

Older roach <0.01 + 0,04 + 0.84 QP

Older perch 0.07 <0.001 + <0.01 + NB

Older rudd 0.91 0.27 0.76 QP

Older ruffe 0.93 0.14 <0.01 + NB

The last column indicates the model used in the analyses (NB – negative
binomial, QP – quasipoisson). The + mark shows that statisticaly signif-
icant dependence indicates a positive correlation between fish density and
independent factor
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utilized the shallowest benthic layer between 0 and 3 m. The
same trend of YOY roach and perch affinity to the shallowest
benthic layer was found in an earlier study of the Římov
Reservoir (Prchalová et al. 2009). YOY ruffe also preferred
shallowest benthic layer in the study of Prchalová et al.
(2009), which is shallower than in our study. YOY rudd pre-
ferred shallowest benthic layer in both lakes. If the rudd was
captured in the benthic habitat of the Želivka Reservoir, it
almost always preferred the shallowest depth layer
(Prchalová et al. 2008). The preference of YOY roach and
perch for the shallowest benthic layer in the Římov
Reservoir is not surprising because of the thermal and oxygen
stratification. The usual thermocline depth is about 4 m in
summer (Jůza et al. 2009) and below this depth, the tempera-
ture and oxygen concentration decrease significantly. Part of
the second shallowest benthic layer is obviously oxygen lim-
ited in the valley reservoir, which is the reason for lower den-
sities of YOY fish ofmost species in this layer. YOY ruffe was
the only species that slightly preferred the benthic depth be-
tween 3 and 6 m, which was probably due to its benthic
dwelling lifestyle. Also YOY ruffe was practically missing
below 6 m because of the oxygen limitation in the valley
reservoir. The presence of macrophytes is probably the reason
why the benthic depth distribution of YOY roach, perch and
ruffe inMost Lake is more similar to distribution in theŘímov
Reservoir than to that in Milada Lake. In both water bodies
without macrophytes, the shallowest benthic layer between 0
and 3 m is preferred by YOY roach and perch. In the
macrophyte-rich Milada Lake there is a stony embankment
at this depth zone, where almost no macrophytes occur.
Densities of YOY roach and perch were significantly positive-
ly correlated with the macrophyte density. Macrophytes occur
deeper than 2 m, and YOY roach and perch obviously prefer
the shallowest depth with macrophyte presence (3–6 m). The
trend of YOY ruffe is opposite to roach and perch and this
benthic dwelling species obviously prefers bottoms without
macrophytes. Ruffe prefer clean bottom (Hölker and Thiel
1998), which may be the reason why it prefers the shallowest
benthic depth inMilada Lake. The only significant differences
in the benthic distribution of older fish were found for ruffe.
Older ruffe preferred the shallowest benthic depths (0–3 and
3–6 m) in Most Lake and the Římov Reservoir but preferred
the 9–12 m depth layer in Milada Lake. Macrophytes are
present in depths down to 12 m (Vejříková et al. 2016) but
in this relatively deep zone, macrophytes cover is not so dense
in comparison with the shallower layers (60% of the bottom
surface approximately). It is possible that the difference in
macrophyte density is the reason for the dominance of older
ruffe in the relatively deep benthic habitat ofMilada Lake. Too
dense macrophyte cover on the bottom can lower the feeding
efficiency of the ruffe, which is a typical benthic feeder
(Kangur and Kangur 1996). This is the reason why older ruffe
prefer depths between 9 and 12 m in Milada Lake, where it is

still enough oxygen but the macrophyte density is lower.
Generally, the depth distribution of older fish seems to be less
influenced by the presence of macrophytes than YOY fish, but
older fish utilize a wider depth spectrum especially in both
lakes, where the oxygen conditions allow it. Older roach and
perch also utilize the benthic depth between 9 and 12 m in
both lakes, which was not observed for YOY fish. Studies
showed that older fish live deeper than juveniles, which is
connected with the changing of maximal sensitiveness to the
wavelength of light during fish ontogeny (Guthrie and Muntz
1993). Due to higher water transparency in both lakes as com-
pared to the valley reservoir light penetrates deeper in the
water column. This can be, besides temperature and oxygen
conditions, another reason for the utilization of deeper depths
in Milada and Most lakes by older fish.

Unlike its influence in the benthic habitat it appears that the
presence of macrophytes did not influence YOY fish distribu-
tion in the pelagic habitat. Dominant roach preferred the surface
pelagic layer of the macrophyte-rich Milada Lake and no inter-
water body differences in depth distribution were found for
YOY fish. Differences in pelagic depth distribution among the
water bodies were found for older roach and perch. Roach dom-
inated in the surface pelagic layer (0–5 m) in Milada Lake and
the Římov Reservoir, whereas older roach preferred 5–10 m
depth layer in Most Lake. Perch preferred the second pelagic
layer (5–10 m) in both lakes and the surface pelagic layer (0–
5m) in theŘímov Reservoir. Roach usually prefer surface water
layers because the optimal temperature for growth lies between
20 and 27 °C (van Dijk et al. 2002) and it also has a higher
feeding efficiency in temperatures exceeding 18 °C (Persson
1986). The reason for the preference for the deeper pelagic layer
by older roach in Most Lake remains unspecified but the pres-
ence of macrophytes seems unimportant in this case. Perch have
a greater feeding efficiency below 18 °C (Persson 1986). Older
perch utilized the pelagic depth layer between 5 and 10 m in
both lakes but it preferred the surface pelagic layer (0–5 m) in
the valley reservoir. In both lakes without oxygen limitations in
deeper strata perch clearly preferred the slightly colder pelagic
depth layer between 5 and 10 m, whereas in the valley reservoir
with a steep vertical oxygen gradient, perch is forced to utilize
the warmer surface pelagic layer. The significance of tempera-
ture and oxygen gradient for the vertical distribution of fish is
obvious in both lakes, where the usual thermocline depth is
about 9 m and below this depth temperature decreases signifi-
cantly. In both lakes fish especially utilized the three shallowest
layers (0–9 m) in the benthic habitat and the two shallowest
layers (0–10 m) in the pelagic habitat. Only a few fish were
captured deeper in the benthic habitat or were completely miss-
ing in the pelagic habitat.

Our results clearly showed that there are relativelymarginal
differences in fish distribution between different types of wa-
ter bodies. The effect of macrophytes on different habitats and
depth utilization was found especially for YOY fish, however
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the distribution of older fish followed trends typical for each
particular species, given their abiotic characteristics.
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