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Abstract Large year-to-year variability in different

fish species recruitment has been confirmed by previous

studies while diurnal patterns of occupation in two basic

reservoir habitats (pelagic and littoral) by different age-

0 fish species in late summer are still unclear. Data

collected over an 11-year period regarding late-summer

age-0 fish assemblages in pelagic and littoral habitats of

a reservoir were used to test the recruitment instability

and to investigate diurnal habitat use. Trawling was

conducted in the pelagic habitat at night while beach

seining was conducted in the littoral habitat during day

and night. Fluctuations in age-0 fish abundance and

species composition were observed with both sampling

methods; however, the following spatio-temporal pat-

terns were relatively stable in most investigated years:

(1) pelagic species (pikeperch; Sander lucioperca,

small perch; Perca fluviatilis, bream; Abramis brama

at night), (2) littoral species (large perch, asp; Leuciscus

aspius, dace; Leuciscus leuciscus), (3) migratory spe-

cies likely performing diel horizontal migrations

(bleak; Alburnus alburnus), (4) species abundant in

the littoral habitat both during day and night and also in

pelagic habitat at night (roach; Rutilus rutilus) and (5)

species detected in both habitats exclusively at night

(ruffe; Gymnocephalus cernuus).

Keywords Horizontal migration � Řı́mov

reservoir � Trawling � Seining � Fry distribution

Introduction

Large year-to-year fluctuations in the recruitment of

fish have been commonly observed in freshwater

ecosystems (Anderson et al., 1998; Irwin et al., 2009),

and numerous biotic and abiotic factors have been

associated with this variability. The most important

factors influencing the year-class strength in fish are

(1) abiotic—water temperature (Lappalainen & Le-

htonen, 1995; Grenouillet et al., 2001), water level

fluctuations (Summerfelt & Shirley, 1978), wind

velocity (Lappalainen & Lehtonen, 1995) and water

turbidity (Summerfelt & Shirley, 1978; Neuman et al.,

1996); and (2) biotic—food availability (zooplankton

density; Bremigan & Stein, 1997), egg quality and

predation pressure including cannibalism (Neuman

et al., 1996). Research conducted in various water

bodies has revealed unequal significance of these

factors in year-class strength formation (see e.g.

Summerfelt & Shirley, 1978; Lappalainen & Lehto-

nen, 1995; Quist et al., 2004; Jůza et al., 2009). The

strength and structure of a year-class is frequently

assumed to be a result of complex interactions among

Handling editor: M. Power
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abiotic and biotic variables influencing the growth and

mortality of the cohort (Neuman et al., 1996). This fact

makes the prediction of species composition and its

density extremely difficult, even if worked with

reliable biotic and abiotic data.

To estimate the annual recruitment of different

species correctly, the knowledge about their late-

summer spatio-temporal distribution in lakes or reser-

voirs is also very important as it can influence fish

migrations and affect sampling schedules. In European

lakes and reservoirs, the change in spatio-temporal

distribution of fish juveniles was investigated in two

basic dimensions. Diurnal vertical migrations in the

pelagic areas are better described and clearly explained.

Age-0 fish utilize these large volumes of deep temper-

ate lakes and reservoirs mostly during the night

preferring warm surface and well-oxygenated epipe-

lagic layers (Bohl, 1980; Vašek et al., 2006; Jůza et al.,

2009). Diurnal vertical migrations in European fresh-

waters especially for juvenile smelt (Osmerus eperl-

anus, Gliwicz & Jachner, 1992) and also for coregonids

(Mehner et al., 2007) have been well described. Similar

migrations were described for early stages of percid fish

in reservoirs. Percids prefer surface layers at night but

during the day some percids migrate vertically to

deeper layers below the thermocline (Čech et al., 2005).

Diel horizontal migrations, which are usually

explained by a trade-off between increased use of

sheltered littoral sites in daylight to reduce predation

from day-active predators and the opportunity to feed

in not only the more exposed but also the more

profitable pelagic habitats during twilight periods and

at night, are more complex and by far less understood

(Gliwicz & Jachner, 1992; Jacobsen & Perrow, 1998;

Okun et al., 2005). Studies focused on diel horizontal

distribution of fish in European freshwaters frequently

failed to distinguish behavioural patterns of different

species because hydroacoustics was used as a sampling

tool (Bohl, 1980) or focused only on the behaviour of

the most abundant age-0 fish species in lakes or

reservoirs such as roach (Rutilus rutilus) or perch

(Perca fluviatilis, Imbrock et al., 1996; Gliwicz &

Jachner, 1992; Borcherding et al., 2002; Hölker et al.,

2002). Nonetheless the use of littoral daytime refuges

may differ through the ontogenetic stages and among

different species (Gliwicz et al., 2006).

Detailed information about spatio-temporal hori-

zontal distribution of different age-0 fish species in

European lakes and reservoirs in late summer is rare,

and for some species missing in the literature. How-

ever, such information would be extremely important

in order to understand migration patterns of different

species including diurnal horizontal migrations.

Knowledge of temporal habitat preferences is also

extremely important for monitoring purposes because

fisheries scientists and water authorities would know,

when and which habitat must be sampled for the most

effective and exact monitoring of different age-0 fish

species. The aim of this study is to fill the knowledge

gap about spatio-temporal habitat preferences of

different species of age-0 fish.

Materials and methods

Study area

The study was conducted in the Řı́mov Reservoir, a

deep, narrow canyon-shaped artificial lake in southern

part of the Czech Republic (48�500N, 14�300E, 170 km

south of Prague, Fig. 1). The reservoir was built in 1978

on the Malše River and serves as the drinking water

storage for the South Bohemian region. The surface area

is 2.1 km2, the volume is 33.1 9 106 m3, the flooded

river course length is 12 km, the maximum depth is

45 m and the mean depth is 16 m. The average water

retention time varies from 80 to 180 days (Sed’a &

Kubečka, 1997). The reservoir is dimictic with a

thermocline depth of about 5 m in summer. The oxygen

concentrations vary between 7 and 9 mg l-1 in epilim-

nion and are lower than 4 mg l-1 under the thermocline

(Draštı́k et al., 2008). The trophic status of the reservoir

is moderately eutrophic. The shoreline of the reservoir is

composed of rubble slopes (55%), beaches (23%), rocks

(14%) and stumps (8%, Kratochvı́l et al., 2012).

Terrestrial vegetation is sporadically flooded in years

with high water levels. The reservoir is in a stable

cyprinid phase with common bream (Abramis brama),

roach and bleak (Alburnus alburnus) dominating age-1

and older fish community (Řı́ha et al., 2009, 2012).

Data collection

General sampling schedule

Age-0 fish were sampled every mid-August in both

pelagic and littoral habitats of the Řı́mov Reservoir

between 1999 and 2010 (sampling in 2002 was not
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conducted because of an unusually high flooding

event). Sampling in the pelagic area was performed

using a fry trawl during the night while fry beach

seining was used in the littoral habitat during both day

and night. The trawling during the day was tested and

found to be inefficient (Jůza & Kubečka, 2007).

Considering different species-specific distribution of

age-0 fish along the longitudinal profile of the reservoir

(Jůza et al., 2009), six localities were determined

(Fig. 1) in order to compare species composition and

abundance exactly at the same locality of the reservoir.

Detailed description of sampling in the littoral

and pelagic habitats

For age-0 fish sampling in littoral habitats a 10 9 2-m

fry beach seine with a 1.7-mm mesh size was deployed

in areas with sandy, gravel beaches, which are

characterized by the highest abundance and species

diversity in August (Kratochvı́l et al., 2012). The seine

net was set in parallel (by its entire length) to the

shoreline at a distance of 10 m from the bank and was

subsequently drawn to the shore by means of ropes

attached on the net ends. Since the slope of the beach

banks was approximately 10�, the 2-m depth required

to accommodate the height of the net was 10 m from

the shore. The water area sampled by each haul was,

therefore, approximately 100 m2 and the mean depth

of water column sampled by the 2-m high net was 1 m;

therefore, the abundance of fish captured was

expressed as catch-per-unit of effort (CPUE)—catch

per 100 m3 of water area. Three parallel hauls were

usually performed at each locality in the particular

year.

The pelagic habitat was sampled by a 3 9 3-m

fixed-frame fry trawl, which is a quantitative method

for pelagic fry night sampling (Jůza & Kubečka,

2007). The trawl body was 10.5-m long and the mesh

size was 6.5 mm in the main belly and 4 mm in the cod

end (for details see Jůza & Kubečka, 2007). The trawl

was towed by either a flat-bottomed boat powered by a

25-hp outboard engine in 1999, 2000, and 2001, or by

the research vessel, Ota Oliva (64-hp diesel engine,

Kubečka et al., 2003), from 2003 to 2010, usually for

10 min approximately 100 m behind the boat at the

speed of 1 ms-1. The CPUE of the trawl was

expressed as catch per 100 m3 of water sampled.

Sampling was focused especially on the surface water

layer (0–3 m) with the highest density of the pelagic

age-0 fish (Vašek et al., 2006; Jůza et al., 2009). The

deeper water layer (3–6 m) can be characterized by

strong percid fry dominance (Jůza et al., 2009), and,

1

2

3

4
5

6

Fig. 1 Map and location of

the Řı́mov Reservoir in the

Czech Republic and the

position of the six localities

sampled in the experiment

(1–6), with exact positions

of the sampling areas

( —trawl tow;

—beach seine)
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therefore, this layer was also sampled in middle and

dam parts of the reservoir with sufficient depth

(localities 3, 4, 5 and 6). Usually one tow was done

in each reservoir locality in particular years and

particular depth layers (Fig. 1).

Samples obtained by both sampling techniques

were immediately anaesthetized, and subsequently

preserved in 4% formaldehyde solution. In the labo-

ratory, fish were identified, counted, and measured for

standard length (SL) to the nearest mm.

Statistical analysis

The nonparametric Kruskall–Wallis test (Statistica

software, version 10) was performed with the year of

sampling entered as the independent variable and

CPUE entered as the dependent variable to test

differences of CPUE reached by both sampling

methods in different years. This was done because

our data were not normally distributed. To compare

the body lengths of individual fish species, which

simultaneously occurred in littoral and pelagic habi-

tats at night, the nonparametric Mann–Whitney U test

was used with affiliation to habitat entered as the

independent variable and body length entered as the

dependent variable. CPUEs of bleak (the only species

indicating clear diurnal horizontal migration) reached

in different years in pelagic habitats at night and in

littoral habitats during the day were correlated by

multiple regression (Statistica software, version 10).

Direct gradient redundancy analyses (RDA; Cano-

co for Windows 4.5 software; Lepš & Šmilauer, 2003)

were used to evaluate (1) differences in species

composition reached in different years by both sam-

pling techniques and to investigate the preference of

different age-0 fish species to (2) pelagic or littoral

habitats during (3) day and night. Numbers of fish

caught by each individual seine or tow (from 0 to 3 m

depth only) were entered into the analyses. During the

analyses, scaling was focused on inter-species corre-

lations, species scores were divided by standard

deviation and samples were standardized by norm.

The tested environmental variables, habitat (pelagic,

littoral) and diel period (day, night), were assigned as

dummy variables in these analyses. To compare the

between-years species composition the influence of

year (1999–2009) was tested. To show the affinity of

different species to pelagic and littoral habitats during

day and night, the untested environmental variables,

year (1999–2010) and locality (1–6), were used as

covariates because we did not want to interpret them

and simultaneously take their effect into account.

Statistical significances of all analyses were tested by

Monte Carlo permutation tests (999 permutations).

The effects of habitat (pelagic–littoral) and diel period

(day–night) were tested separately. In all statistical

comparisons the level of significance was set to

a = 0.05.

To quantify the preference of particular age-0 fish

species to the pelagic habitat at night (for 0–3- or 3–6-

m-depth layer) or to unstructured littoral habitat

(during day or night) and to demonstrate the

between-years stability of this preference, the percent-

age proportion of dominant species in each habitat was

expressed for each year (we did not perform any

sophisticated statistical test to prove the stability

because the differences between years could be caused

by different proportions of some species in preferred

habitats during day and night). For this purpose the

total number of age-0 fish of different species was

estimated for all the habitats investigated each year

(based on the reached CPUE). The water volumes of

the particular layers of littoral (0–2 m) and pelagic

(0–3 and 3–6 m) habitats were calculated for each

locality from the digital three-dimensional bathymetric

model in ArcMap 10.0. (ESRI Inc. 2010, see Table 1

for the ratios). Using this method we obtained total age-

0 fish numbers in both pelagic habitats during night and

in unstructured littoral habitat during day and night (the

sum is not an estimate of total abundance of a species in

reservoir because both day and night littoral samples

are included in this number). The proportion of

different species in different habitats was expressed

in percent. For all species this comparison was omitted

for the year 2000, because of low fry density. For

cyprinids the year 2010 was also omitted because of

extreme density and extraordinary size distribution of

cyprinid fry, causing an unusual spatio-temporal

distribution (see in the ‘‘Discussion’’ section).

Results

Comparison of species composition and CPUE

of age-0 fish between years

In total 50,731 age-0 fish were captured in the Řı́mov

Reservoir (8,237 individuals by trawling and 42,494
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individuals by seining). Species composition of the

age-0 fish community significantly differed between

years in both habitats sampled (Table 2). Trawl

catches (0–3 m) were alternately dominated by roach,

bream or bleak, whereas roach, ruffe or perch were

alternately abundant at night, and roach or bleak

during the day, in seine catches.

The age-0 fish abundance (CPUE) significantly

differed between years in all four spatio-temporal

habitats (Table 3).

Diurnal habitat preference of different fish species

The Monte Carlo permutation test revealed that habitat

type had a significant effect on the species composition

of age-0 fish (P = 0.001) and the same significant

effect was also revealed for the diel period (P = 0.001,

Fig. 2). Habitat type and diel period together

accounted for 14.6% of the explained variability in

species composition data. Higher variability was

explained by the first axis (pelagic–littoral, 9%) than

by the second axis (day–night, 5.6%).

Species mostly found in the pelagic habitat

RDA analysis revealed age-0 bream to be the first

species with a strong affinity for the pelagic habitat at

night (Fig. 2). After recalculating the direct catch for

the total volume of sampled habitats, on average 84%

of the bream captured during the study were noticed in

the surface pelagic habitat at night (Table 4). The

trend with the dominance of bream in surface pelagic

habitats at night was similar for all years except 2009,

Table 1 Ratios of water volume of unstructured littoral hab-

itat and both pelagic habitats in different localities of the

Řı́mov Reservoir

Locality Unstructured

littoral

Pelagic

(0–3 m)

Pelagic

(3–6 m)

1 1 22 Too shallow

2 1 22 Too shallow

3 1 35 30

4 1 91 84

5 1 25 23

6 1 705 664

Water volume in the unstructured littoral habitat was set to 1

and volumes in both pelagic habitats were recalculated as

relative proportions
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when the lowest number of age-0 bream was estimated

in the reservoir (Table 4). The mean bream CPUE in

pelagic habitat at night over all years sampled in

surface layer was 1.1 ind./100 m3; however, the mean

CPUE reached in littoral habitats was very low (within

the frame of littoral catches) both during day and night

(day: CPUE of seine—4.6 ind./100 m3; night: CPUE

of seine—3.2 ind./100 m3; Fig. 3). The only exception

was the year 2010, when extremely small bream was

abundant in pelagic habitat at night and in littoral

habitat both during day and night (Table 5; Fig. 3).

Pikeperch (Sander lucioperca) was also usually

found to prefer the pelagic habitat during the night

(Fig. 2). This preference was not evident in 2001,

2003 and 2005 when the majority of age-0 pikeperch

occupied littoral habitat during the night (Table 4).

However, it should also be noted that the CPUE was

very low in this habitat relative to other species

(pikeperch fry was almost missing in these years,

Fig. 4). After recalculating the direct catch for the total

volume of sampled habitats, on average 80% of the

pikeperch captured during the study were noticed in

pelagic habitats (0–3 and 3–6 m layers, Table 4). The

occurrence of pikeperch in the littoral habitat was

relatively low at night in comparison to other species

(mean CPUE of seine—1.2 ind./100 m2) or com-

pletely missing during the day (Fig. 4). The highest

littoral CPUE of pikeperch was found at night in 2004,

which is in agreement with the highest CPUE in

pelagic habitats at night that year (Fig. 4).

Species likely performing diel horizontal

migrations

The bleak arrow was perpendicular to the first

(pelagic–littoral) axis, which means nearly no prefer-

ence for pelagic or littoral habitats (Fig. 2). After

recalculating the direct catch for the total volume of

sampled habitats, on average 71% of bleak captured

during the study were noticed in the littoral habitat

during the day (Table 4). During the night bleak was

virtually missing in the littoral habitat (only 6% of

bleak estimated on basis of CPUE were noticed in this

habitat during the night). In surface pelagic habitats

(0–3 m) at night, on average, 21% of bleak captured

during this study were noticed. The mean littoral

CPUE during the day was 7.7 ind./100 m3; however,

at night it was 0.6 ind/100 m3 only. The common

pattern of age-0 bleak distribution was invalid in 2010,T
a

b
le

3
M

ea
n

ag
e-

0
fi

sh
C

P
U

E
s

(i
n

d
./

1
0

0
m

3
o

f
al

l
lo

ca
li

ti
es

±
st

an
d

ar
d

d
ev

ia
ti

o
n

s)
fo

u
n

d
in

p
el

ag
ic

an
d

li
tt

o
ra

l
h

ab
it

at
s

in
p

ar
ti

cu
la

r
y

ea
rs

to
g

et
h

er
w

it
h

in
te

r-
y

ea
r

st
at

is
ti

ca
l

co
m

p
ar

is
o

n
(K

ru
sk

al
–

W
al

li
s

te
st

)
o

f
th

es
e

C
P

U
E

s

A
g
e

0
?

fi
sh

C
P

U
E

±
S

D
S

ta
ti

st
ic

s

M
et

h
o
d

(p
er

io
d
)/

y
ea

r
1
9
9
9

2
0
0
0

2
0
0
1

2
0
0
3

2
0
0
4

2
0
0
5

2
0
0
6

2
0
0
7

2
0
0
8

2
0
0
9

2
0
1
0

P
el

ag
ic

(0
–
3

m
,

n
ig

h
t)

1
3
.3

±
1
0
.3

0
.1

±
0
.1

3
.6

±
4
.5

0
.4

3
±

0
.4

2
±

2
.4

1
.9

±
0
.1

1
.4

±
1
.5

0
.5

±
1

1
.4

±
1
.6

0
.7

±
0
.3

9
±

4
.8

P
=

0
.0

0
0
7

P
el

ag
ic

(3
–
6

m
,

n
ig

h
t)

1
0
.5

±
1
3
.4

0
±

0
1
.2

±
1

0
.1

±
0
.0

1
0
.2

±
0
.1

0
.2

±
0
.2

0
.2

±
0
.1

0
.5

±
0
.4

0
.4

±
0
.2

0
.1

±
0
.0

5
0
.6

±
0
.3

P
=

0
.0

3

L
it

to
ra

l
(n

ig
h
t)

1
6
5

±
1
8
2

0
±

0
1
4
6
.3

±
1
1
6

2
5
.3

±
7
.9

5
2
.2

±
3
9

5
5
.4

±
6
2

1
2
6
.3

±
7
4

3
0
.1

±
3
0

3
5
.1

±
3
0

5
6

±
1
9

5
6
2
.9

±
6
2
9

P
=

0
.0

0
4

L
it

to
ra

l
(d

ay
)

2
2
6

±
6
1

1
.1

3
±

1
.7

2
4
.9

±
2
4
.6

3
1
.2

±
1
2

4
4
.2

±
6
3

6
7
.5

±
9
1

7
0

±
3
5

2
1
.5

±
3
8

7
5
.9

±
4
9

3
7
.5

±
2
1

5
1
8
.2

±
5
5
7

P
=

0
.0

0
3

222 Hydrobiologia (2014) 724:217–234

123



when CPUE of bleak fry was extraordinarily high in

all habitats sampled (Fig. 5). When bleak is numerous

in the reservoir, it appears that it is abundant in littoral

areas during day and in the pelagic areas at night

(Fig. 5) suggesting offshore horizontal migration at

night. The diurnal horizontal migration of bleak was

also indicated by strong correlation between night-

time CPUE in pelagic habitats and daytime CPUE in

littoral habitats (all years pooled together, P = 0.006,

R2 = 0.68). The night-time offshore migration was

not proven in 1999, 2004 and 2009, when bleak

disappeared from littoral habitat but did not move to

pelagic habitats.

Species detected in littoral habitats both during day

and night and likely performing a partial migration

to pelagic habitats at night

Roach was the only species whose occurrence was not

influenced by habitat or diel period (short arrow

indicating any correlation; Fig. 2). After recalculating

direct catch for the total volume of sampled habitats,

on average 40% of roach captured during this study

occupied surface pelagic habitats (0–3 m) during the

night, 35% occupied the littoral habitat during the day

and 22% occupied the littoral habitat during the night

(Table 4). In the deeper pelagic layer (3–6 m) occur-

rence of roach was rare (2% of all roach captured).

This pattern of occurrence of age-0 roach in littoral

habitats during both day and night and in the surface

pelagic layer at night was consistent between years. In

1999, the CPUE of roach from littoral habitats during

day and night was similar to other seasons, while the

CPUE of roach in the pelagic habitats during the night

was extremely high (Fig. 6). Roach was found to

simultaneously inhabit the pelagic and littoral habitats

during the night (Fig. 6) and so we compared the body

lengths of roach in both habitats at night and also in the

littoral habitat during day. Table 5 shows that in

nearly all years, when roach was one of the dominant

species and there were enough data for statistical

comparisons, the body length was not significantly

different in both habitats and during day and night.

The only significant differences were found in body

lengths of roach between pelagic habitats and littoral

habitats at night in 2003 and between pelagic habitats

at night and littoral habitats during the day in 2010

(Table 5).

Species mostly detected in the littoral habitat

Perch was found to have a strong affinity to the littoral

habitat but the ordination diagram showed no corre-

lation with the day–night axis (Fig. 2). During the

years sampled, perch showed regular occurrence in the

littoral habitat during day and night in addition to the

night-time presence in pelagic areas in some years

(Fig. 7). After recalculating direct catch for the total

volume of sampled habitats, on average 40% of perch

captured during this study occupied littoral habitats at

night and 18% of them occupied littoral habitats

during the day. In pelagic habitats perch preferred the

deeper layer (3–6 m) and on average 34% of captured

perch occupied this habitat at night (Table 4). Since in

some years perch occurred simultaneously in littoral

and pelagic habitats at night, body lengths of fish

between pelagic and littoral habitats and also between

day and night were compared. In all years in which

perch was abundant in pelagic habitats during the

night, this pelagic perch was significantly smaller in

comparison with perch inhabiting the littoral habitat

both during day and night (Table 5). The body lengths

of perch in the littoral habitat between day and night

were similar without significant differences (Table 5).
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Less important, but relatively common species like

asp (Leuciscus aspius), gudgeon (Gobio gobio), dace

(Leuciscus leuciscus) and chub (Squalius cephalus)

were revealed to be rigorously littoral species by RDA

analysis (Fig. 2). They were more abundant especially

in day littoral samples. Only a few individuals of

gudgeon and dace were captured in pelagic habitats at

night.

Species detected in both habitats only at night

Ruffe (Gymnocephalus cernuus) was found to have no

correlation with the pelagic–littoral axis but strong

correlation with night (Fig. 2). Ruffe strongly pre-

ferred littoral areas during the night but during the day

it’s catch was very rare in this habitat (Fig. 8). In some

years, ruffe was also relatively abundant in pelagic

habitat at night. After recalculating direct catch for the

total volume of sampled habitats, on average 76% of

ruffe captured in this study occupied littoral habitats at

night and 16% of them occupied the surface pelagic

layer at night (Table 4). Dominance of ruffe in littoral

habitats at night was consistent between all years

sampled (Table 4). Ruffe inhabiting pelagic habitats

were significantly smaller than ruffe in littoral habitats

in years with simultaneous occurrence of ruffe fry in

both habitats at night (Table 5).

Discussion

This study demonstrated how variable the age-0 fish

community can be within a reservoir between years

and diel periods. Despite this chaos, relatively stable

species-specific patterns of spatio-temporal distribu-

tion were proved.

Earlier studies conducted in the Řı́mov Reservoir

failed to find any correlation between recruitment of

different fish species and basic biotic and abiotic

parameters (water temperature, water level and zoo-

plankton density) in different years (Jůza et al., 2009).

It is extremely difficult to discern factors behind fish

recruitment. Thus, a scarcely identifiable complex of

biological and environmental characteristics may

influence fish density at the end of the first growing

season.

During the eleven years of observation, we found

much higher densities of age-0 roach and perch in

1999 and bleak and bream in 2010 than in the interim

years. While we do not have explanation for the high

density of fry in 1999 (Jůza et al., 2009), the reason for

high density in 2010 was likely the unusually high

water level during spring and summer which flooded

terrestrial vegetation and prolonged the spawning

period (see bellow in ‘‘Discussion’’ section). Another

explanation of high age-0 fish density in 2010 could be

intensive trawling in summer 2009, when 17% of the
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Table 5 Mean standard lengths of roach, perch, ruffe, bleak and bream found in pelagic habitats at night [pelagic (n)] and littoral

habitats during the day and night [littoral (d) and littoral (n)] in the years with significant occurance of these species in all habitats

Mean standard length (mm) Statistics

Pelagic

(n)

Littoral

(n)

Littoral

(d)

Pelagic (n) 9

littoral (n)

Pelagic (n) 9

littoral (d)

Littoral (n) 9

littoral (d)

Roach 2001 45 45 44 P = 0.74 – –

2003 54 51 53 P = 0.0006 P = 0.45 P = 0.31

2004 34 34 35 P = 0.31 P = 0.07 P = 0.4

2005 37 37 37 P = 0.14 P = 0.07 P = 0.94

2008 41 41 42 P = 0.27 P = 0.87 P = 0.61

2010 41 36 33 P = 0.06 P = 0.02 P = 0.27

Perch 2001 45 55 57 P = 0.01 P = 0.01 P = 0.6

2005 36 47 48 P = 0.002 P = 0.02 P = 0.77

2010 41 49 50 P = 0.004 P = 0.007 P = 0.65

Ruffe 2005 24 37 27 P = 0.002 – –

2009 24 32 21 P = 0.003 – –

2010 20 37 – P = 0.002 – –

Bleak 2006 45 29 40

2007 39 28 41

2008 29 23 27

2010 26.5 19.7 19.4

Bream 2006 52 58 50

2008 38 41 36

2010 33 24 24

Statistical comparisons (Mann–Whitney U test) were performed for species simultaneously occupying pelagic and littoral habitats at

night in numbers sufficient for statistical comparisons. Bold lettering indicates significant differences in standard length. Empty boxes

in table (–) mean no fish captured or low fish numbers for statistical comparisons
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pelagic biomass of especially adult bream was

removed from reservoir (M. Řı́ha, unpublished data).

This reduction of adult fish could have opened the

niche for age-0 fish in the following year.

For many lakes, habitat and resource partitioning

are regarded as key factors in the coexistence of

species within the entire ecosystem (Lobb & Orth,

1991). The preference of pelagic or littoral habitats by

different adult fish species during day and night was

studied in lakes and reservoirs (Kubečka, 1993; Muška

et al., 2013) and also in rivers (Wolter & Freyhof,

2004) while similar detailed studies were also con-

ducted for age-0 fish in rivers (Copp & Jurajda, 1993).

Our 11-year study of both the important habitats

indicated the diurnal horizontal distribution of age-0

fish in deep artificial reservoirs and revealed five basic

and relatively stable patterns of species-specific

spatio-temporal occurrence.

The first species is bream and we questioned where

the fish were located during the day since its catch in

unstructured littoral areas was sporadic and we did not

expect its occurrence in pelagic habitats during the day
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(see further in ‘‘Discussion’’ section). The occurrence

of age-0 bream in structured littoral areas was also

extremely rare during point abundance sampling by

electrofishing during the day (Kratochvı́l et al., 2012).

Fischer & Eckmann (1997) found age-0 bream

inhabiting the shallowest littoral areas (0–0.5 m

depth) during the day in spring but they occurred in

the deepest littoral area (1.5–3 m depth) during the

day in August. This shift is explained by the fact, that

in contrast to juveniles of other cyprinids, juvenile

bream become laterally compressed and high backed

during their first summer. This change in body shape

may lead to much greater susceptibility to turbulence.

When the amount of energy spent on adjusting body

position in shallow turbulent water increases, deeper

area may be the best alternative habitat (Fischer &

Eckmann, 1997). Since we only used a 2-m-high

beach seine, it is probable that we did not sample the

area with the highest bream density in deeper littoral

areas. This may be the reason why we lacked the

daytime occurrence of bream. The only year in which

bream occurred in littoral habitats both during day and
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night to a greater extent was 2010. The year was

characterized by extreme fry density due to unusually

small bream (Table 5; Fig. 9a) coming from later

spawning events, which is relatively common for

cyprinids (Mackay & Mann, 1969; Kestemont et al.,

2001). Abnormally high density of age-0 bream in

combination with unusually small bream fry in 2010 is

the reason for the unusual distribution pattern in this

year and also for the occurrence of bream in shallow

littoral habitats both during day and night.

Age-0 pikeperch was the second species found to

have a strong affinity for the pelagic habitat during the

night, and it was rarely found in shallow littoral areas

at night. It was not detected in unstructured and also

structured littoral during the day (Kratochvı́l et al.,

2012). The only years in which pikeperch avoided

pelagic habitats and stayed in littoral habitats at night

were not only in 2001 and 2005 but also in 2003 when

the estimated number of age-0 pikeperch in reservoir

was very low (Table 4). In the shallow Sulejów

Reservoir in Poland two groups of age-0 pikeperch

were distinguished (Frankiewicz et al., 1996). The first

group inhabited littoral habitats during the night

(piscivorous and rapidly growing) and the second

group occupied pelagic habitats during the night

(planktivorous and slowly growing). The SL of littoral

piscivorous pikeperch was approximately 80 mm in

August (Frankiewicz et al., 1996). In our study, no

such large age-0 pikeperch were captured and their SL

was 40–50 mm. Frankiewicz et al. (1996) also note

that the length around 60 mm corresponds to when

pikeperch switch from pelagic- to littoral-dwelling. In

our study, pikeperch captured in the littoral habitats at

night were larger (48 mm) than pikeperch captured in

pelagic habitats (41 mm, mean of years with pike-

perch occurrence in both habitats—2004, 2007, 2009,

2010). This comparison supports the hypothesis of

size-dependent habitat use but according to our results,

the growth of pikeperch in deep canyon-shaped

reservoirs is slower in comparison with shallow

reservoirs. Furthermore in August the body length is

too small for the occurrence of piscivorous littoral

pikeperch fry. This is also the reason for the scarce

occurrence of pikeperch in littoral areas at night.

Pikeperch completely avoided shallow littoral areas

sampled by beach seining during the day. In shallow

mixed reservoirs, age-0 pikeperch were observed to be

resting very close to the bottom in the daytime during

early ontogeny stages (Kratochvı́l et al., 2010) and

also later in the season (Frankiewicz et al., 1999). It is,

therefore, very likely that the deeper pelagic zones

(often close to the bottom in shallow reservoirs) with

sufficient water temperature and oxygen concentration

are the places where age-0 pikeperch spend the

daytime in August before evening dispersion into

upper pelagic. According to our day trawling with the

6 9 6 m trawl in 2008, pikeperch fry were sporadic

but the only species captured (T. Jůza, unpublished

data). Like other percid fry, small pikeperch may be

part of the bathypelagic fry community creating shoals

during the day and performing evening vertical

migrations to layers above thermocline in August

(Čech & Kubečka, 2006). During the night pikeperch

fry is also homogeneously distributed in pelagic and,

therefore, more accessible for trawling.

The second group includes species performing

(based on our sampling schedule) diel horizontal

migrations occupying shallow littoral habitats during

the day and migrating to pelagic habitats during

twilight to remain there for the night. The only species

in the fry community of the Řı́mov Reservoir fitting

into this group was bleak. In almost all years, in which

bleak was an important component of the fry com-

munity, it was very abundant in pelagic areas but was

virtually missing in shallow littoral areas during the

night. Density of bleak in littoral during the day was

many times higher than during the night. The only

years in which bleak did not migrate to pelagic

habitats at night were 1999 and 2004, when extremely

low numbers of bleak were estimated in the reservoir

and we did not manage to catch any by trawling. The

only year with high estimated numbers of bleak

without offshore migration was 2009; however, we do

not have any explanation for this exceptional occur-

rence. Age-0 bleak was also found to be a typical

night-time epipelagic species by using gillnets in the

Řı́mov Reservoir (Prchalová et al., 2009) and it was

the dominant species in littoral beach seine day

catches in the Mušov Reservoir in the Czech Republic

(Jurajda & Regenda, 2004). As in the case of bream, an

unusually high density of bleak resulted in an

extraordinary spatio-temporal distribution of this

species in 2010. In this year, bleak was present in

littoral areas both during day and night and was also

very abundant in pelagic areas at night. In 2010

multiple spawning events resulted in a wide size range

of age-0 bleak (9–48 mm, Fig. 9b), when most of

them were smaller than their expected size in August
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(SL\20 mm, Table 5). The extremely high density of

bleak and its associated length distribution shifted

towards smaller sized fry is likely the reason for the

unusual spatial distribution with high night abundance

of bleak in littoral areas in 2010.

The only species without a sharply defined spatio-

temporal horizontal distribution was roach representing

thus the third group of ubiquitous species. According to

our results, roach did not show clear affinity to either

pelagic or littoral habitats during the night utilizing

littoral habitats both during day and night in almost all

years investigated. On contrary age-0 roach was often

found to be a common species performing diel

horizontal migrations in lakes (Bohl, 1980; Gliwicz &

Jachner, 1992), but considering our observations, the

pelagic night-time migrations of roach were not as well

pronounced as in the case of bleak and these shifts were

only partial. Gliwicz et al. (2006) investigated the night-

time pelagic occurrence of roach and discovered that all

roach did not move far from the littoral areas each night

and in small stratified lakes juvenile roach was caught in

both pelagic and littoral areas over a 24-h period (Järvalt

et al., 2005). No significant differences in body length of

pelagic and littoral roach meant that roach migrating to

pelagic areas at dusk or staying in the littoral at night

were not size-segregated. The partial migration of roach

can be considered as a result of two condition-dependent

alternative strategies: either stay in the original habitat
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or migrate to an alternative habitat for a limited period of

time (Brodersen et al., 2008). It was discovered for roach

that individuals in better condition migrated from the

lake to connected streams with lower food supply, but

lower predation risk in winter, whereas individuals in

weaker condition did not migrate, staying in the lake

with higher food supply but higher predation risk

(Brodersen et al., 2008). According to this theory, age-0

roach in better condition should stay in safer but less

profitable littoral areas at night and fish in worse

condition should migrate to more profitable pelagic

habitat even with a higher risk of predation. Future

research is necessary to discern if physical condition is

responsible for age-0 roach’s habitat partitioning or if

there are some other mechanisms influencing it. Also the

ubiquity of roach in the reservoir demonstrates the high

plasticity of this species, which is the most common

cyprinid in most Europe (Kottelat & Freyhof, 2007).

The fourth group includes species with a strong

affinity to littoral habitats and whose occurrence in

pelagic habitats was infrequent or rare. Perch was the

species that preferred littoral habitats during both day

and night and was found in pelagic habitats in some

years. It’s density in littoral areas was usually higher at

night which corresponds with the results of Lewin

et al. (2004). Increased estimated numbers of perch in

pelagic habitats at night were found in 1999, 2001,

2005, 2007 and 2010. Higher numbers of perch were

estimated (with regards to the density reached by

trawl) in the deeper pelagic layer (3–6 m) more often

than in the surface layer, which is in agreement with

pelagic distribution of percids in the Řı́mov Reservoir

(Jůza et al., 2009). The predominance of age-0 perch

in littoral areas is the result of the timing of the study as

it coincides with the peak of age-0 perch of littoral

phase in August. After spring hatching in the littoral

habitat the perch larvae move to the pelagic areas and

remain there for 1–2 months before returning back to

the littoral (Treasurer, 1988). By the end of July perch

juveniles could only be caught in littoral habitats in

deep Lake Constance and there was no evidence for

offshore migration at night (Wang & Eckmann, 1994).

Age-0 perch left the littoral zone definitely and moved

into deep waters when autumnal mixing occurred in

late October (Wang & Eckmann, 1994). Comparison

of body sizes revealed that perch occupying pelagic

habitat during the night were significantly smaller than

perch in the littoral zone both during day and night.

Since perch migration from pelagic to littoral habitats

is size-dependent (Wang & Eckmann, 1994), it is very

likely that perch found in pelagic habitats during the

night in some years were the smallest individuals and

had not undergone the shift to littoral yet. Using

hydroacoustics perch fry were recorded forming

shoals in the bathypelagic layers of the Řı́mov

Reservoir during the day in August (Čech & Kubečka,

2006) but in the evening these shoals disintegrated and

migrated to the surface water layers (M. Čech pers.

com.). Daytime perch shoals are not accessible for

trawling so the pelagic habitat appears empty during

the day. It is, therefore, evident that two spatially

segregated groups of perch can occur in late summer

when large perch fry use littoral habitats and smaller

perch fry use pelagic habitats during both day and

night performing diurnal vertical migrations.

The affinity of typically rheophilic species to

shallow littoral zones is not surprising. Age-0 asp,

chub and gudgeon were captured in littoral habitats in

larger numbers during the day. For age-0 dace the

affinity to littoral areas particularly in day time was

also observed and only a few individuals of gudgeon

and dace were captured in pelagic habitat at night. In

Lake Constance chub and dace juveniles also pre-

ferred shallow (\50 cm) littoral habitats during the

day (Fischer & Eckmann, 1997) and juvenile asp was

the dominant species in day beach seine catches in the

lowland reservoir system of Nové Mlýny (Jurajda

et al., 1997). According to our results age-0 dace,

chub, asp and gudgeon are species with strong

affinities to littoral habitats and were more numerous

during the day. Their night-time migration to pelagic

habitat was not found during our study.

The fifth behavioural pattern includes species with

exclusive occurrence in both habitats at night. Ruffe

regularly occurred in shallow littoral habitats during the

night and also in pelagic habitats at night. During the

daytime ruffe was practically undetectable by our

sampling techniques. Using electrofishing and trammel

nets age-0 ruffe was found to prefer the deepest littoral

habitat between 1.5 and 3 m depth during the day

(Fischer & Eckmann, 1997) and in the Řı́mov Reservoir

ruffe were observed lying on the bottom in depths of

about 10 m by scuba divers (M. Řı́ha pers. com.). It is,

therefore, probable that ruffe was inaccessible by

seining used in the shallow littoral areas during the

day. In 2005, 2009 and 2010, ruffe was relatively

abundant in pelagic habitats at night and these fish were

significantly smaller than those caught in littoral habitats
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during the same period. Since ruffe, as well as perch,

undergo the obligatory pelagic phase during early

ontogeny (Čech et al., 2005) and its return back to

littoral habitat is size-dependent (Matěna, 1995), it is

likely that the age-0 ruffe cohort did not shift completely

to the littoral habitat in these years of sampling.

Pelagic and littoral habitats are two contrasting

zones in lentic freshwater systems. While vertical

gradients of light, temperature and other factors are the

main structuring forces in pelagic habitats, littoral

habitats are characterized by a high structural com-

plexity (Hölker et al., 2002). The complexity, which is

connected with the protection against visually hunting

predators, is the reason why littoral habitats are

strongly preferred by age-0 fish (Bohl, 1980; Gliwicz

& Jachner, 1992) and also by older individuals of tiny

species (Phoxinus eos, Naud & Magnan, 1988) during

the day. To investigate the horizontal distribution of

different age-0 fish species in the Řı́mov Reservoir, the

littoral habitat was sampled both during day and night

but the pelagic habitat was sampled by trawl during the

night only. The reason why we did not use trawling

during the day was because we were able to catch very

few age-0 fish in the pelagic habitat during the day

although we used a trawl that was four times larger

(6 9 6 m) trawl (T. Jůza, unpublished data). Even in

1999, when the age-0 fish density was extremely high

in the Řı́mov Reservoir the catch of age-0 fish in

pelagic habitats during the day was a very rare event

(Vašek et al., 2006). Using a 15 9 8 m adult trawl in

Řı́mov Reservoir, age-0 fish were a regular component

of the catch during the night, while fish smaller than

90 mm were completely missing during the day (Řı́ha

et al., pers.com.). The failure of day trawling can be

attributed to better avoidance of trawls during the day

because fish can see it (North & Murray, 1992) or it

could be caused by the aggregated distribution of age-

0 fish during daytime compared to a more even

distribution at night (Masson et al., 2001) and lower

probability to hit the aggregation. Alternatively,

pelagic habitats of lakes remain practically unoccu-

pied by small fish during the day (Bohl, 1980; Gliwicz

& Jachner, 1992) and with regards to the inability of

small and large trawls to catch age-0 fish during the

day this was also the case in the Řı́mov Reservoir.

Another debatable fact connected with inshore sam-

pling is that we only sampled the unstructured littoral

habitats (beaches) using beach seine and, therefore,

species inhabiting the structured littoral areas were

beyond our scope. According to the results of Kratochvı́l

et al. (2012) beaches are habitats with the highest

abundance and species diversity in August in the Řı́mov

Reservoir. Rubble slopes and rocks were found to be

strongly preferred by perch and shorelines with tree

stumps were dominated by perch and roach. The only

inaccuracy we have done by sampling in unstructured

littoral areas only is that we have likely significantly

underestimated the occurrence of littoral perch because

this species was found to have a strong affinity to

structured littoral areas (especially rubble slopes, Kra-

tochvı́l et al., 2012). The shoreline character has, beyond

all doubt, a strong influence on diurnal fish distribution.

The gentle sloped beaches make up only 23% of

shoreline length in the Řı́mov Reservoir and the majority

of its shoreline constitutes rubble slopes (Kratochvı́l

et al., 2012). These steep and structured areas, which are

extremely difficult to be sampled, probably represents the

ideal day refuges for species present in pelagic areas at

night and usually rare in shallow unstructured littoral

areas during the day (bream and pikeperch).

Our results also clearly showed that although age-0

fish density is usually relatively low in pelagic habitats

at night, the large total volume makes it to have the

same importance as littoral habitats (Table 4). It is,

therefore, very important to sample both habitats for

an accurate assessment of age-0 fish communities in

lakes and reservoirs although the pelagic age-0 fish

density can appear negligible in most years and

reservoirs according to relative catches. When a

specific species is targeted, this study provides valu-

able information about the timing of sampling and

type of habitat that should be sampled for its accurate

assessment using common fry sampling techniques.
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Kubečka, J., J. Matěna & J. Peterka, 2003. Vzorkovánı́ rybı́ch
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