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A b s t r a c t . Diel feeding patterns of subadult and adult cyprinids of three species (roach
Rutilus rutilus, bream Abramis brama, bleak Alburnus alburnus), which foraged almost
exclusively on microcrustacean plankton, were studied in the meso-eutrophic Římov Reservoir
(Czech Republic). All cyprinids showed a daytime feeding periodicity, with a marked
night-time decline in gut fullness. Diel variations in gut fullness were observed in roach 200–
270 mm standard length (SL) and bream 220–330 mm SL during May and in bleak, roach and
bream of 110–170 mm SL, respectively, during August. Our results corroborate other studies in
which light intensity has been found to be an important factor affecting cyprinid foraging on
zooplankton. Daily zooplankton consumption rates ranged from 1.5 % of wet body weight in
bream (220–330 mm SL) to 9.9 % of wet body weight in bleak (110–170 mm SL).
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Introduction
Roach Rutilus rutilus (L.), bream Abramis brama (L.) and bleak Alburnus alburnus (L.) are
amongst the most common European cyprinids, inhabiting both still and slow flowing fresh
waters, particularly eutrophic ones. Juveniles of these three species are zooplanktivorous, as
are most juvenile European cyprinids (L a m m e n s & H o o g e n b o e z e m 1991). With
increasing body size, roach and bream foraging gradually expands to encompass not only
zooplankton (L a m m e n s et al. 1985, M i c h e l s e n et al. 1994, G a r c í a - B e r t h o u
1999, N a u w e r c k 1999, P e r s s o n & H a n s s o n 1999, V a š e k et al. 2003) but
also benthic macroinvertebrates (e.g. M a r t y n i a k et al. 1987, 1991, L a m m e n s et
al. 1987, J a m e t 1994, S p e c z i á r et al. 1997, P e r s s o n & H a n s s o n 1999),
detritus (e.g. N i e d e r h o l z e r & H o f e r 1980, P e r s s o n 1983, M i c h e l s e n et
al. 1994), and in the case of roach filamentous algae and macrophytes (e.g. H r u š k a 1956,
P r e j s & J a c k o w s k a 1978, N i e d e r h o l z e r & H o f e r 1980, B r a b r a n d
1985). Bleak, however, is a more specialised open water feeder, foraging primarily on
zooplankton throughout its entire life (P o l i t o u et al. 1993, H e r z i g 1994, V i n n i
et al. 2000).
Diel periodicity in fish activity is often closely connected with foraging (H e l f m a n
1993). However, detailed in situ evaluations of diel feeding patterns of fish populations
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are highly laborious due to the large samples of fish that have to be scrutinised frequently
over 24 hours. Several authors studied diel variations in food consumption of adult roach
foraging mostly on non-animal prey and reported diurnal or crepuscular feeding activity
(H r u š k a 1956, P r e j s 1978, P e r s s o n 1983, J a m e t et al. 1990). Similarly, other
authors (K o g a n 1963, 1970, N e b o l s i n a 1968, Z a d o r o z h n a y a 1977) observed
mostly diurnal and/or crepuscular feeding pattern in large benthivorous bream. Nevertheless,
detailed in situ descriptions of diel feeding on zooplankton by larger specimens and adults
of these two cyprinids are still lacking and little has been reported about diel feeding
periodicity even for planktivorous bleak (P o l i t o u et al. 1993). Thus, the objective of the
present study was to in situ examine diel patterns of zooplankton consumption by subadult/
adult roach, bream and bleak.

Study Site, Materials and Methods
The study was undertaken in the Římov Reservoir (area 210 ha, maximum depth 44 m, mean
depth 16 m), a meso-eutrophic, dimictic water supply reservoir situated on the Malše River
in Southern Bohemia (48°50’N, 14°30’E; 470 m a.s.l.), Czech Republic. The reservoir has a
canyon-shaped character, it is approximately 12 km long with steep sides. Roach, bleak and
bream are the three most abundant fish species in the reservoir (V a š e k et al. 2003).
Cyprinids were collected in the open water area of three sites located along the
longitudinal axis of the reservoir: near the dam, at the middle part and at the upper end close
to the natural inflow of the major tributary (see V a š e k et al. 2003 for a map). Hereafter
these three sites are referred to as the dam, middle and tributary sites, their maximum depths
were 40, 24 and 4 m, respectively. Fishing took place on 23–27 May and 14–19 August 1999
using gill nets. A set of eleven monofilament gill nets with different mesh sizes (8, 10, 12.5,
16, 19.5, 24, 29, 35, 43, 55 and 70 mm knot to knot; each net was 25 m long and 3 or 4.5 m
high) was installed as surface nets throughout a 24-hour period, once at each site and month
(samplings were always performed during calm weather conditions). Fish were removed
from the nets at fixed 2 h intervals and killed immediately with an overdose of MS-222
(tricaine methane sulphonate). Their standard length (SL) and wet weight were measured to
the nearest 5 mm and 1 g, respectively. Scales were taken for age determination, and then the
fish were preserved in 10% formaldehyde. Individuals larger than 200 mm were dissected
immediately and only their guts were preserved in 5% formaldehyde for later analyses.
Water temperature in the open water area was recorded at 0.5 m intervals from surface to
4 m depth twice a day (morning, evening) on each sampling date to obtain mean values for each
reservoir site. Epilimnetic zooplankton was sampled simultaneously with fish, its assemblage
structure and total abundance having been reported elsewhere (V a š e k et al. 2003).
Despite extensive effort, not all fish species were captured in sufficient numbers in every
24-h sampling period. Therefore, data on diel feeding patterns were examined for cyprinids
of five species/size classes: 110–170 mm SL bleak, roach and bream; >200 mm SL roach
and bream. On the basis of reproductive status assessments of fish in the Římov Reservoir
across seasons (unpubl. data), roach and bream >200 mm SL were assumed to represent
adult individuals, whereas cyprinids of 110–170 mm SL represented adult specimens of
bleak, subadult and adult specimens of roach and subadult specimens of bream. The present
study deals only with microcrustacean prey – the dominant food component of the three
cyprinids in the Římov Reservoir (Va š e k et al. 2003).
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Analysis of gut contents
In the laboratory, the content of the first two thirds of each intestine was examined under a
binocular microscope using the numerical method (H y s l o p 1980) for 187 roach (200–270
mm SL) and 117 bream (220–330 mm SL) collected in May and 298 bleak, 263 roach and
141 bream of 110–170 mm SL collected in August. Usually three subsamples from the
contents of each gut were analyzed, and prey items were identified to the relevant taxonomic
groups, counted (heads and entire prey specimens were enumerated; tailspines only were
counted in cases of Leptodora kindtii (Focke) as prey) and measured. Whenever possible, the
body lengths of 10–30 specimens of each prey type were measured in each gut. Zooplankton
was measured from the top of the head to the base of either the tailspine (cladocerans) or
the caudal setae (copepods). Body length of the large cladoceran L. kindtii was impossible to
measure due to crushing by pharyngeal teeth, so we measured tailspine length and estimated
body length from the relationship between tailspine length and body length (B r a n s t r a t o r
& H o l l 2000). Median body lengths of ingested prey types were converted to wet weights
using the length – volume regressions of zooplankton listed in H o e h n et al. (1998), the
volumes were converted to wet weights by assuming a specific gravity of 1.0.
Gut content weight of each fish was expressed as gut fullness, Fi (g wet weight per 100 g
wet body weight):
Fi = 100Gi(Wi)-1
where Gi is the reconstructed wet weight (g) of the gut content of fish i, and Wi is the net
wet body weight (g) of fish i (total fish weight minus reconstructed gut content weight; g).
In order to normalize percentage distributions, mean gut fullness for each 2-h interval was
estimated from arcsine-transformed data (arcsin √0.01Fi) and was used in further calculations
in its backtransformed form.
Consumption estimates
In those sampling occasions during which fish were caught frequently over the 24-h period,
we attempted to estimate the daily food consumption of individual fish by the method of
E l l i o t t & P e r s s o n (1978). The amount of food consumed was estimated for each 2-h
interval using the equation:
Ct = (Ft – F0e–Rt) Rt (1 – e–Rt)–1
where Ct is the mean amount of food (g wet weight per 100 g wet weight of fish) consumed
during a sample interval t (2 h), F0 and Ft are, respectively, the mean gut fullness at the
beginning and end of a sample interval t, and R (h-1) is the instantaneous gastric evacuation
rate. Gastric evacuation rate was estimated from the decrease in gut fullness observed for
all cyprinids after the onset of darkness and during the night-time. It was assumed that
the fish did not feed over this period and the decline in gut fullness therefore reflected
only food evacuation. Since several studies have shown that the gut emptying of the three
cyprinid species can be appropriately described by the exponential model (P e r s s o n
1982, K r a s n o p e r 1989, B i a ł o k o z 1990, S p e c z i á r 2002), we determine the
instantaneous gastric evacuation rate (R) as the slope of the relation between ln-transformed
gut fullness and time.
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Relative daily food intake, DI (g wet weight per 100 g wet weight of fish) was calculated
n=12
as the sum of Ct over the 24-h period:
DI = Ct

∑
i=1

For DI estimates of bleak, roach and bream of 110–170 mm SL sampled at the tributary site
in August, missing daytime values of gut fullness at few 2-h intervals were approximated
by linear interpolation between the two nearby values of the gut fullness. For the same fish,
missing night-time values of gut fullness for several 2-h intervals were estimated with the
exponential model – i.e. assuming that no consumption has occurred during darkness, the
missing values were approximated by linear interpolation of ln-transformed gut fullness
night-time data and used in further computations in backtransformed form.

Fig. 1. Diel variation in the mean gut fullness of roach 200–270 mm SL and bream 220–330 mm SL in May 1999.
Vertical bars represent ± 1 SE, numbers of analyzed fish are shown close to symbols or error bars. Fish sampled
in the dam site (26–27 May, mean water temperature = 17.3°C) are indicated by open circles, in the middle site
(23–24 May, °C = 16.8) by solid dots, and in the tributary site (24–25 May, °C = 14.4) by empty triangles. Times
of sunset and sunrise are indicated by dashed vertical lines.

Results
In May, it was possible to determine diel feeding patterns of roach 200–270 mm SL and bream
220–330 mm SL. Both cyprinids showed daytime feeding activity (Fig. 1), with afternoon
peaks and distinct night-time declines in gut fullness. Diel fluctuations in gut fullness of roach
collected at the dam and middle sites seemed to have a synchronic pattern (Fig. 1), although
the data from the latter site are incomplete. Furthermore, mean gut fullness of roach at the
middle site remained below 60 % of those at the dam site at comparable times of a day. The
diets of both roach and bream were strongly dominated by Daphnia galeata Sars (Fig. 2a).
In August, bleak, roach and bream of 110–170 mm SL showed daytime feeding activity
(Fig. 3). Maximum gut fullness was observed around the noon for bleak and roach and
shortly before the sunset for bream. In all cyprinids, a marked decrease in gut fullness over
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Fig. 2. Diet composition expressed as microcrustacean prey percentages by wet weight (weighted mean over the
diel cycle) for roach and bream >200 mm SL sampled at different reservoir sites during May (A), and bleak, roach
and bream 110–170 mm SL sampled at different reservoir sites during August 1999 (B). Exact sampling dates are
shown above bars.

the hours of darkness was observed. Gut contents of bleak and roach were overwhelmingly
dominated by Leptodora kindtii and D. galeata (Fig. 2b). Diet of bream at the tributary
site consisted of cyclopoid copepods, D. galeata, L. kindtii and benthic cladoceran Alona
quadrangularis (O. F. Müller) (Fig. 2b).
Daily food rations (Table 1) varied between species and sites, being lowest for bream
(220–330 mm SL) at the tributary site in May, and highest for bleak (110–170 mm SL) at
the tributary site in August.

Discussion
Gut fullness in three cyprinid species foraging on microcrustacean (mainly planktonic) prey
in the Římov Reservoir peaked during the day and demonstrated decline at night in both
May and August 1999. In one case (bream 110–170 mm SL), gut fullness was recorded
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Fig. 3. Diel variation in the mean gut fullness of bleak, roach and bream 110–170 mm SL in August 1999. Vertical
bars represent ± 1 SE, numbers of analyzed fish are shown close to symbols or error bars. Fish sampled in the dam
site (14–15 August, mean water temperature = 19.6°C) are indicated by open circles, in the middle site (18–19
August, °C = 19.4) by solid dots, and in the tributary site (16–17 August, °C = 17.2) by empty triangles. Times of
sunset and sunrise are indicated by dashed vertical lines.

at maximum just before dusk, but it dropped considerably throughout the night again.
Apparently, cyprinids fed very little or not at all during darkness. This suggests that light
intensity can be an important factor affecting feeding behaviour in zooplanktivorous fish.
Visual detection of prey is typical in particulate feeders, i.e. fish attacking individual
planktonic prey item, which they visually select from the water column (L a z z a r o 1987).
On the contrary, visual detection is believed to be not necessary for filter feeders, i.e. fish
foraging by engulfing a volume of water containing several prey items (L a z z a r o 1987,
L a m m e n s & H o o g e n b o e z e m 1991). An intermediate feeding mode between
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Table 1. Overview of daily consumption rates of cyprinids in the Římov Reservoir in 1999 (SL mean standard
length of fish ± 1 SE, W mean weight of fish ± 1 SE, temp. mean water temperature, R gastric evacuation rate,
relative DI daily food intake in g wet weight per 100 g wet fish weight and absolute DI daily food intake in g wet
weight per fish). Fish were collected at three different sites located along the longitudinal axis of the reservoir: in
the dam, middle (Mid) and tributary (Trib) sites, respectively.
Species

Month

Site

SL
(mm)

W
(g)

Temp.
(°C)

R
(h-1)

Relative
DI

Absolute
DI

roach
bream
bleak
roach
bream
bleak

May
May
August
August
August
August

Dam
Trib
Mid
Trib
Trib
Trib

245 ± 2
284 ± 3
151 ± 1
139 ± 2
147 ± 1
135 ± 2

338 ± 9
522 ± 14
45 ± 1
59 ± 2
74 ± 2
30 ± 2

17.3
14.4
19.4
17.2
17.2
17.2

0.38
0.32
0.46
0.30
0.52
0.48

5.04
1.46
9.55
4.13
3.70
9.94

17.04
7.60
4.30
2.44
2.76
2.96

particulate and filter feeding is gulping which is not directed to one prey, but it is visually
orientated (L a z z a r o 1987, L a m m e n s & H o o g e n b o e z e m 1991). According
to L a m m e n s & H o o g e n b o e z e m (1991) most small zooplanktivorous cyprinids
(body length <150 mm) are mainly particulate feeders. Direct laboratory observations
with zooplankton densities similar to natural conditions showed that bream and roach at
body length about 150 mm are able to forage by both particulate and filter feeding modes
depending on prey size and density (L a m m e n s 1985, L a m m e n s et al. 1987).
Particulate feeding occurs when prey size is relatively large, whereas filter feeding occurs
when prey organisms are small and abundant. L a m m e n s (1985) also observed that
bream larger than 300 mm consumed Daphnia only by a sort of filter feeding. Laboratory
experiments performed by V a n d e n B e r g et al. (1994) proved that bream and roach of
c. 100–180 mm SL were able to filter-feed on zooplankton in complete darkness. However,
when the light conditions were adequate, roach always used particulate feeding whereas bream
preferred gulping. No evidence for filter feeding ability in bleak has been found in literature.
Considering the observations cited above, the daytime feeding pattern of cyprinids 110–
170 mm SL described in this study was probably determined by visually aimed particulate
foraging technique. It is clear that roach and bleak used particulate feeding, since their
diets were dominated by largest available zooplankton – Leptodora and Daphnia, of which
Leptodora was found at very low relative density in zooplankton collected simultaneously
with fish samplings (V a š e k et al. 2003). On the other hand, we assume that roach and
bream >200 mm SL were so large in comparison to the size of their preferred prey (i.e.
Daphnia) that they did not capture the prey one by one, but used rather filter feeding or
gulping (L a m m e n s & H o o g e n b o e z e m 1991, H o o g e n b o e z e m et al.
1992). A daytime feeding pattern was observed in both large roach and bream, as in the
case of smaller cyprinids. However, this raises the question of why the large fish, which
are able to filter feed, did not also forage during darkness. One presumable explanation
of strictly daytime foraging is that large roach and bream used vision to locate patches
with higher zooplankton densities and therefore fed only when there was enough light.
Using echosounding, Č e c h & K u b e č k a (2002) found that the majority of larger
fish individuals (135–360 mm SL) in the Římov Reservoir stay in the epilimnion during
warm period of the year and performed peculiar sinusoidal cyclic swimming in the vertical
plane. They observed that fish start to swim sinusoidaly after sunrise and continue doing so
throughout daytime. Sinusoidal movement was replaced by direct swimming before sunset
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Masurian lakes
(Poland)
Lake Sövdeborgssjön
(Sweden)
Lake Vesijärvi
(Finland)
Lake Vesijärvi
(Finland)
Lake Grosser
Vätersee (Germany)
Lake Tajty
(Poland)
Tsimlyansk Reservoir
(Russia)
Volgograd Reservoir
(Russia)
Mozhaysk Reservoir
(Russia)

roach

May –
September
June –
August
May –
September

May –
September
July

June –
September
July

August

summer

Time period
110 - 240 SL
–
112 - 130 TL
–
c. 120 - 200 TL*
[3+ – 9+]
c. 120 - 200 TL*
[3+ – 9+]
87 - 107 TL
[3+]
56 - 96 SL
[1+ – 4+]
–
[4+ – 8+]
–
[3+ – 7+]
c. 300–370 TL
[6+ – 9+]

Fish length (mm)
[Age classes]

* the lengths of fish according to H o r p p i l a (1994)

bream

bream

bream

bleak

roach

roach

roach

roach

Site
(Country)

Species

macrozoobenthos,
detritus
Chironomidae

zooplankton, zoobenthos,
plant material
zooplankton, zoobenthos,
plant material
insects,
cladocerans
macrozoobenthos

Bosmina sp.

detritus

macrophytes

Dominant prey

c. 10.5–21.0

18.4–23.2

14.0–27.6

24.0

15.9–21.4

–

11.0–21.0

19.2

Water
temperature
(°C)
20.0

–

–

–

–

0.5–2.1

–

max. 2.2–6.2

4.6

3.4–6.9

(P e r s s o n 1982)

(P r e j s 1978)

Reference

0.6–6.4

1.1–2.1

0.3–3.0

2.1–10.4

1.7–4.1

(Z a d o r o z h n a y a 1977)

(N e b o l s i n a 1968)

(K o g a n 1963)

(H a e r t e l & E c k m a n n
2002)
(B i a ł o k o z 1990)

(H o r p p i l a & P e l t o n e n
1997)
c. 4.8–7.7 (H o r p p i l a 1999)

–

–

7.7–15.5

Relative DI
(% dw)
(% ww)

Table 2. Overview of relative daily food intake rates (DI) of natural cyprinid populations in European waters (SL standard length, TL total length, dw dry body weight,
ww wet body weight).

and was never observed during night. Since T h e t m e y e r & K i l s (1995) showed
that planktonic prey are more visible from above or below (i.e. against light sky or dark
depths), the up-and-down cyclic movement described by Č e c h & K u b e č k a (2002)
was probably used by fish to detect large-sized prey individuals (e.g. Leptodora, Daphnia)
or patches of abundant zooplankton. Such a light-induced searching behaviour coincides
well with the daytime feeding pattern of cyprinids observed in the present study. Moreover,
it is important to note that the previously mentioned experimental observations of cyprinids
feeding on zooplankton in darkness (V a n d e n B e r g et al. 1994) were performed
at quite high prey densities and with fish that had been starved for 48 hours. Hence, we
assume that the cyprinids observed in this study did not feed on zooplankton at night
because foraging by random ‘blind’ snaps in darkness at relatively low prey density was not
profitable (H o o g e n b o e z e m et al. 1992). It is also important to note here that Daphnia
populations in the Římov Reservoir do not perform any pronounced diel vertical migration
(M a c h á č e k & S e ď a 2002), i.e. the densities of daphnids in the epilimnetic layer are
similar in both day and night samples.
Daytime zooplankton foraging by cyprinids reported in the present study is in
accordance with the field observations of a few other authors. H o r p p i l a (1999) revealed
that the percentage of zooplankton in the diets of adult roach was higher and the percentage
of zoobenthos, plants and detritus lower during daytime than during the night. Similarly,
S c h u l z & B e r g (1987) found benthic animals at night and zooplankton throughout
daytime in the diet of bream. According to J a m e t et al. (1990), young adult roach (age 2+
and 3+) feeding predominantly on zooplankton foraged from afternoon to dusk in summer.
P o l i t o u et al. (1993) observed for bleak mainly crepuscular feeding activity in July and
clearly diurnal feeding rhythm in August. They found the highest percentages of empty
guts and the lowest of full ones during the night in both months. In contrast, H a e r t e l &
E c k m a n n (2002) observed in diet of 3-year-old roach littoral prey (benthos and plant
material) during daytime and pelagic zooplankton at night. However, roach in that study
had relatively small size at the given age (mean total length 87 mm in May and 107 mm in
September) and therefore, apparently under the predation threat from piscivorous fish and
birds, they performed diel habitat shifts, i.e. they stayed in the littoral zone during daytime
and were found in the pelagic zone at night (H a e r t e l & E c k m a n n 2002). Such an
anti-predator behaviour is typical of juvenile fish (B o h l 1980, G l i w i c z & J a c h n e r
1992) and allows them to utilize profitable open water zooplankton only during night, i.e.
under the low light conditions.
Differences in diet composition and gut fullness of cyprinids between different locations
in the Římov Reservoir were observed. In our previously published study (V a š e k et al.
2003), we reported that varying prey availability and competition within the fish community
along the longitudinal axis of the Římov Reservoir can be the responsible factors for
observed spatial differences in the diet composition. These biotic factors naturally affect
also the intensity of food consumption, i.e. the gut fullness and daily intake rate of fish.
However, it has been observed that the quantity of food consumed by fish in the wild varies
significantly over consecutive days (T r u d e l & B o i s c l a i r 1993, G r a n t & K o t t
1999) and since data on gut fullness of cyprinids in this study covers only a single 24-h
period for each site and month, further investigation over an extended period is required
to exclude possible effect of day-to-day variation in food intake on the estimates of food
consumption at different reservoir sites. Before satisfying this condition, any conclusions
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about mechanisms behind the spatial variation in the quantity of food consumed by fish in
the Římov Reservoir remains rather speculative.
The daily consumption estimates for zooplanktivorous cyprinids in the Římov Reservoir
are comparable with previously published estimates for other natural environments,
including those with fish assemblages that are not as dominated by zooplanktivorous
cyprinids as the assemblage in this study (Table 2). It should be noted that the food
consumption intensity as well as the diel feeding pattern of large bream in the tributary site
of the Římov Reservoir in May might have been affected by spawning. These bream were
collected at the end of their spawning period within the given year (J. K u b e č k a , pers.
observation) so part of their population was still reproductively active.
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