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DOES FEEDING ACTIVITY OF NON-COMMERCIAL
FISH FRY CAUSE A DECREASE
IN ZOOPLANKTON ABUNDANCE
IN RESERVOIRS?

Zpusobuje potravni aktivita pliidku doprovodnych druht ryb
snizeni pocetnosti dalezitého filtrujiciho zooplanktonu
ve vodarenské nadrzi?
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The dietary composition of perch (Perca fluviatilis, L.), bream (Abramis brama, L.)
and roach (Rutilus rutilus, L.) fry were studied in a mesotrophic reservoir in
the Bohemian-Moravian highlands of the Czech Republic. The fry were sampled
along the shallow banks of the reservoir using a fry beach seine, with a minimum
of twenty specimens per 0+ juvenile size group taken in each sampling period.
Cladoceran zooplankton were the dominant dietary item of bream and perch fry
over the whole season, with detritus dominant in roach fry diet. Specific food
preferences of fry were directly related to availability over time. Our data indicated
that large-scale removals of non-commercial fish fry could contribute significantly
to the development of filtering zooplankton populations.
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Introduction

Water supply reservoirs are artificial water bodies whose primarily aim is the delivery
of drinking water to the local population. The quality of pre-treatment drinking water is
closely connected with the resident zooplankton community, with improved water quality
associated with abundant zooplankton populations. A number of studies have examined
the relationship between improved trophic status of reservoirs and zooplankton community
status and have attempted to identify optimal zooplankton composition and biomass
(DokuLIL and TAUBNER 2000, GANNON and STEMBERGER 1978). In general, protection
of water quality depends heavily on the protection and maintenance of the zooplankton
filtrator community as a drastic reduction in their populations can lead to blooms of
toxic blue-green algae (cyanobacteria). One of the most common causes of zooplankton
population crashes is intense fish predation.

In the absence of sufficient predators (e. g. pike Esox lucius, zander Sander lucioperca),
younger (i. e. 0+ and 1+) perch Perca fluviatilis, roach Rutilus rutilus and bream Abramis
brama can consume a large proportion of filtering zooplankton, with a consequent negative
role in water quality (ADAMEK et al. 2004, PETERKA and MATENA 2011, TREASURER 1992,
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VASEK et al. 2003). These species are typically dominant in reservoirs of the Czech Republic.
Over recent decades there have been numerous efforts to ‘biomanipulate’ fish populations
in such water bodies by reducing the biomass of such species (adult and young) and
increasing the proportion of fish predators by stocking (PREJS et al. 1994, BERG et al. 1997),
thereby inducing a ‘top-down’ change in the food chain (e. g. see JURAIDA et al. 2013,
KUBECKA et al. 1995, VIJVERBERG et al. 1990).

The aim of this study was to observe any change in the structure and biomass of
filtering zooplankton following a five-year biomanipulation of fish stocks in a mesotrophic
drinking water reservoir. We hypothesise that the removal of a large proportion of resident
adult and juvenile cyprinids, along with piscivore stocking, will result in an increase
in zooplankton abundance and biomass, resulting in improved pre-treatment drinking
water quality.

Study area

This study took place at the Hamry reservoir (49°43'52" N, 15°55'1" E, elevation
602.86 m), near the town of Hlinsko in the Bohemian-Moravian highlands of the Czech
Republic (Fig. 1). The 42.3 ha reservoir, which was built between 1907 and 1912 and
is fed by the River Chrudimka, serves a catchment area of 56.8 km? The reservoir has
an average depth of 2 m, with a maximum depth of 7.5 m at the 17.4 m dam. The reservoir
presently serves as a drinking water source for Hlinsko and its surroundings. About
half of the shoreline comprises bankside meadow with a low slope with flooded littoral
macrophytes at higher water levels. The rest of the shoreline comprises coniferous forest
with steep, gravelly banks and rocks. The inlet area is shallow, with soft sediments and
a thick layer of detritus from decaying meadow grass and common reed (Phragmites sp.)
beds.

Methods and material

The zooplankton population was monitored five times each year between 2007
and 2014 over three depth profiles. Samples from the upper (inlet) part of the reservoir
(depth 1.5 m) were taken using a standard 20 cm diameter zooplankton net towed
horizontally for 6 m. Samples from the middle (depth 4 m) and lower (dam-outlet;
depth 7 m) sites were taken using the same equipment but retrieving the net vertically
from depths of 4 and 6 m, respectively (PRIKRYL 2006). All zooplankton samples were
immediately preserved in 4% formaldehyde. Depending on the volume of zooplankton
retrieved, 4—6 ml was taken from a known volume of each plankton sample and placed
into a counting chamber. Zooplankton were determined and counted, expressed as
number of individuals per m?.

The fish community was also sampled from the three zones, as close to the time of
zooplankton sampling as possible, using a fry beach seine (15 m long, 2 m depth, 4 mm
mesh size) along the shallow banks of the reservoir during the day. Perch were sampled
between June and October 2011 and in July 2012 (SL 16—58 mm); bream in August
2012, July 2013 and September 2014 (SL 17-57 mm); and roach in August 2012 and
July 2013 (SL 35-52 mm). On each occasion, 40 0+ fish of each species were taken for
diet analysis. In the laboratory, the fish were weighed (to the nearest 0.1 g), measured
(standard length [SL]; to the nearest 1 mm) and dissected, with the gut of bream and
roach and the stomach contents only of perch removed for further analysis. Gut contents
were weighed and preserved in 4% formaldehyde for later analysis in the laboratory.
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In the laboratory, taxa were determined under a 40—450% magnification binocular
microscope and the proportion of total food intake represented by each category evaluated
using a modified version of Hyslop’s (1980) indirect method, using the formula:

% W, =100 * (W./ ZW,)

where W, is the weight of a particular food component and £/, the weight of all food
items combined.

15055-1-E

49043,52-E

%, middle part

inflow - the Chrudimka river

Fig. 1: Map of the Hamry water supply reservoir, with mean depth, inlet and outlet indicated.

Obr. 1: Mapa vodarenské nadrze Hamry s vyznac¢enim stiednich hloubek, pfitoku a odtoku.
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Frequency of occurrence of food items was calculated according to PrvNICKA (1981),
using the formula:

% FO,= 100 * (n,/ =n))

where 7, represents the number of guts containing a particular dietary item and Zn,
is the number of all guts.

These two criteria are combined in order to express an index of preponderance (IP),
using the formula:

IP=100 * (W, , FO,) / Z(W, , FO.))

where W, is the weight percentage of a particular food component and FO, is
the frequency of occurrence of that food component. This provides a relevant measurable
basis for sorting particular components (NATARAJAN and JHINGRAN 1961).

The degree of selection for particular dietary items was evaluated using Ivlev’s index
of electivity (E) (STrAUSS 1979), using formula:

E=r—p,/r,+p,

where 7, is the relative abundance of prey item 7 in the gut and p, is the relative
abundance of the same prey item in the environment.

Significant differences in the percentage of each food item was assessed separately
by ANOVA (P < 0.05), using the STATISTICA 12® programme.

We declare that this study has been carried out in accordance with valid legislation
of the Czech Republic, specifically Law No. 114/1992 Coll. No. 246/1992 Coll. and
Instruction No. 554/77-34. None of the organisms sampled are ranked as protected species
in the Czech Republic and no permission is required for their manipulation.

Results

We noted a rapid increase in filtering zooplankton very soon after biomanipulation
began in 2007 (Fig. 2). Zooplankton production appeared to decrease dramatically in May
2013 (Fig. 2); however, this was due to flooding that year, which resulted in a complete
turnover of water volume as the sluices were opened fully. By the next year (2014),
zooplankton levels were again at similarly high levels to those in 2012.

The greatest increase was noted in members of the order Cyclopoida, particularly after
2009. In almost all years, Daphnia galeata totally dominated the zooplankton community,
with Bosmina longirostris and Chydorus sphaericus subdominant in autumn of 2011 and
2014 (Fig. 3; ANOVA, P < 0.05).

In June 2011, B. longirostris was dominant in perch diet (IP 60.3 + 26.8), with detritus
(IP 12.4 + 0.0) and D. galeata subdominant. In both autumn 2011 and summer 2014,
however, D. galeata were strongly dominant, with copepods subdominant (Fig. 4). In both
cases, all other items were taken at very low levels (P < 0.05). Bream consumed mainly
D. galeata (IP 64.1 +9.8), with B. longirostris and copepods subdominant in August 2012,
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Fig. 2: Development of total zooplankton biomass at the Hamry water supply reservoir
(biomass in kg/reservoir) over spring, summer and autumn between 2007 and 2014.

Obr. 2: Vyvoj celkové biomasy zooplanktonu vodarenské nadrze Hamry (biomasa v kg/nadrz)
v jarnim letnim a podzimnim obdobi let 2007-2014.
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Fig. 3: Seasonal zooplankton structure at Hamry water supply reservoir.

Obr. 3: Sezonni struktura zooplanktonu ve vodarenské nadrzi Hamry.
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copepods in July 2013 and C. sphaericus in September 2014 (Fig. 4; all other items taken
at low levels [P < 0.05]). Roach diet was dominated by detritus/plant material in both
August 2012 and July 2013 (IP 64.4 = 5.7), with D. galeata subdominant (IP 30.3 £ 48;
P < 0.05) and copepods recessive in each year (Fig. 4).
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Fig. 4: Seasonal dietary composition (IP) for 0+ bream, perch and roach at Hamry reservoir
between 2011 and 2014.

Obr. 4: Sezonni slozeni potravy (IP) cejna, okouna a plotice 0+ ve vodarenské nadrzi Hamry v obdobi
let 2011-2014.

There was significant agreement between the quantities of cladoceran zooplankton
present in the reservoir (particularly D. galeata and B. longirostris) and that observed
in fish diet (ANOVA, P < 0.05), with perch and bream showing a strong preference for
cladoceran zooplankton (Ivlev’s index; E = 0.7) and roach fry feeding primarily on detritus
(Ivlev’s index; E = 1.0).

Discussion

Aside from July 2013 (when zooplankton populations crashed following opening of
the reservoir sluices to prevent flooding), Cladoceran zooplankton dominated in samples
in all sampling seasons. These same cladoceran zooplankton, especially D. galeata, also
dominated the diet of fish fry. Cladoceran zooplankton are frequently observed as important
dietary items for non-commercial fish fry in both biomanipulated (e. g. KAKAREKO 2001
[Chydoridae], VASEK et al. 2004 [D. galeata], KratocHVIL et al. 2008 [Daphnia sp.])
and non-biomanipulated reservoirs (e. g. GANNON and STEMBERGER 1978). It has been
suggested that D. galeata tend to dominate fry diet in such water bodies as they are
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a relatively large species, perhaps making them more visible to fry. Furthermore, they are
likely to provide more energy per individual than smaller zooplankton (BoGur et al. 2010,
Lazzaro 1987).

While roach, bream and perch fry dominated the 0+ fish community in Hamry reservoir,
roach are unlikely to have any major impact on zooplankton populations as their diet was
dominated by detritus/plant material (Fig. 4), with Zooplankton subdominant (IP < 40 %;
Fig. 4). This is a fairly typical representation of roach diet and a similar pattern has
been observed in many other waters (e. g. HAMMER 1985, PONTON and GERDEAUX 1988,
GILES et al. 1990, PETERKA and MATENA 2009). This dietary pattern is not necessarily
universal, however, with TARVAINEN el al. (2002) reporting zooplankton as dominant in
0+ roach diet in a shallow 12.5 km? lake in Finland (Lake Koylionjarvi).

Unlike roach, cladoceran zooplankton represented an important and dominant
(IP > 50 %) dietary element of both perch and bream fry. Indeed, Daphnia sp. has been
described as an important dietary item of perch fry by numerous authors. KRATOCHVIL et al.
(2008), for example, described Daphnia as dominant in perch fry diet at depths of 0—4 m
in Slapy reservoir (Czech Republic) during May 2002, and Diaphanosoma brachyurum
dominant and Daphnia sp. subdominant in June 2002. Similarly, GINTER et al. (2012)
described B. longirostris as dominant in perch diet in Lake Votsjarv (Estonia). Daphnia sp.
tend to be taken significantly less often in the diet at greater depths as the Cladocera density
decreases and temperatures and visibility is reduced, perch being adapted to higher light and
temperature conditions (ALI et al. 1977). MATENA (1995), however, also noted Copepods as
an important dietary item in perch fry diet in the deeper (16.0 m) Rimov reservoir (Czech
Republic), apparently as local conditions resulted in an increased availability of such
organisms at greater depth. Feeding activity of perch has also been observed to change
in relation to horizontal migrations of zooplankton over time. WoiTAL et al. (2003), for
example, noted that both D. cucullata and D. longispina displayed horizontal migrations
at the inshore zone of the shallow Sulejow reservoir (Poland), and that these migrations
were closely reflected in the feeding behaviour of both perch and roach fry.

The importance of zooplankton in 0+ common bream diet has been reported
widely (e. g. KAKAREKO 2002, VASEK et al. 2006), with cladoceran zooplankton usually
the dominant food item. Both WoLNoMIEISKI and GRYGIEL (2002) and NAUMENKO (2011),
for example, report filtering zooplankton as dominant in 0+ bream diet in the shallow
Szczecin Lagoon in Poland. Exceptionally, KAKAREKO (2002) reported benthic Chydoridae
as dominant in bream fry diet as in the shallow, highly eutrophic Wloclawek Basin (Poland),
suggesting exceptional dominance of this group in the reservoir due to the eutrophic
conditions as a reason.

In this study, we were able to show that (aside from 2013) the large-scale removal
of 0+ perch, bream and roach, along with the stocking of predators to further reduce
and maintain 0+ fish density, resulted in an increase in the total biomass of filtering
zooplankton. Indirectly, therefore, this confirms our hypothesis that “feeding activity of
non-commercial fish fry causes a decrease in zooplankton abundance in reservoirs”, with
consequent negative effects on water quality.
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