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INTRODUCTION

Zooplankton community structure and species’ sea-
sonal fluctuations are shaped by the effect of both abiotic
and biotic factors (Arnott and Vanni, 1993; Ramdani et
al., 2009; Chou et al., 2012). Factors such as food avail-
ability, trophic interactions, and physical conditions have
an effect on the natality and mortality rates of zooplankton
species whose balance translates into the intrinsic popu-
lation growth rate. A direct indicator of the population
birth rate in zooplankton is the amount of eggs produced
(Paloheimo, 1974). Eggs recruitment has been shown to
be affected by both the availability of resources (quantity
and quality) and temperature (Hirche et al., 1997; Giebel-
hausen and Lampert, 2001). On the one hand, low food
level and quality may limit the investment in egg produc-
tion when maintenance of basic metabolism is needed
(Ban, 1994; Kilham et al., 1997; Devetter and Seda, 2003;
Niehoff, 2004). The availability of food rarely stays con-
stant in natural systems since it depends on external en-
vironmental conditions such as nutrients, light, and

temperature as well as on the presence of competitors. On
the other hand, temperature slows down or speeds up me-
tabolism processes and hence drives the rate of embryonic
development (George and Hewitt, 1990; Gillooly, 2000).
Regarding mortality, zooplankton population losses, ex-
pressed as death rate, result from various factors such as
natural mortality (i.e., senescence), losses to predation or
diseases, or losses by water washout caused by flow
events. In the waterbodies where zooplanktivorous fish
are present, the largest species are more vulnerable to pre-
dation by fish than the smaller ones (Brooks and Dodson,
1965; Checkly, 1982) and, hence, senescent mortality is
expected to be less frequent and likely. This is so because
vertebrate predators detect their prey visually and conse-
quently they often select the larger organisms. In contrast,
invertebrate predators, such as copepods, select smaller
prey since they are easier to handle (Kerfoot, 1977; Moore
et al., 1999; Bundy and Vanderploeg, 2002).

Zooplankton community is defined as the community
of free-floating organisms which, compared to nekton
(i.e., actively swimming organisms), cannot withstand
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strong water flows. Thus, in lakes with short retention
times and reservoirs, the flushing rate operates as a major
factor determining the zooplankton community structure
(Threlkeld, 1982; Bledzki and Ellison, 2000; Mac Donagh
et al., 2009). The water renewal of natural lakes depends
on weather conditions (e.g., precipitations) while in a
man-made reservoir the water retention time is commonly
controlled by human reservoir management (Wetzel,
1990). An increased flow rate is often associated with
changes in physical and chemical conditions of the envi-
ronment, and may directly result in a washout of part, or
even the total zooplankton population, depending on its
intensity in relation to the size of the water body. It is ex-
pected that the smaller the lake or reservoir and the greater
and more frequent the oscillations in flushing rates, the
more severe is the impact on the zooplankton community
(Threlkeld, 1982). After a high inflow event, organisms
which have been able to remain in the aquatic system will
begin to re-colonise the water column. Under this sce-
nario, species which reproduce rapidly, being able to com-
pensate their dilution, are expected to dominate in the
community (Dickman, 1969). However, flood events may
not have only negative influence on zooplankton commu-
nity and several positive effects may be observed. For ex-
ample, when part of the population is diluted as
consequence of water renewal, inter- and intraspecific bi-
otic interaction effects are likely reduced. In fact, the
strength of the biotic interactions in plankton communities
is proved to be lowered during hydrologically perturbed
periods (Angeler et al., 2000; Quintana Pou et al., 2006)
and as a consequence, competitive exclusion may be
avoided, being a positive effect on the entire community.
Moreover, in shallow aquatic ecosystems, high inflows
are able to promote turbulences in the sediment redistrib-
uting the first layers. This likely favours the releasing of
resting egg located in deep layers and, hence, it allows the
access of the hatching cues (e.g., light) (Vaníčková et al.,
2011). Consequently, the population re-establishment in
the water column from hatchlings of diapausing eggs is
promoted by inflows. Nevertheless, despite inflow rate
being a factor that may cause an important alteration in
the zooplankton community, its effects and the degree of
its influence on lakes and reservoirs have received scarce
attention in the ecological studies of zooplankton com-
munities (Geraldes and Boavida, 2005).

Not only a strong colonizing ability but also the capa-
bility to invest in diapausing eggs are common traits of
zooplankton species which live in fluctuating environ-
ments (Hairston et al., 1995; Gilbert and Schröder, 2004;
Alekseev et al., 2007). Diapause operates as a strategy to
overcome unsuitable conditions (Pourriot and Snell, 1983;
Slusarczyk, 1995; Cáceres, 1997; Alekseev and Lampert,
2001; Brendonck and De Meester, 2003). The diapausing
eggs produced drop to the bottom of the aquatic system

where they are able to stay viable during long periods of
time (Marcus et al., 1994; Hairston et al., 1995; Cáceres,
1998; García-Roger et al., 2006). When suitable condi-
tions return, hatchlings from these diapausing eggs will
also allow the re-colonization of the water column. As ex-
plained above, that is important under a scenario in which
the zooplankton population is reduced by a high water re-
newal event.

The three major groups of freshwater zooplankton
communities are copepods, cladocerans, and rotifers. All
of them invest in diapause (Hairston, 1996) and repre-
sent a wide variety of life-history patterns (Allan, 1976).
Rotifers have the smallest body sizes and, since they
have relatively short embryonic development, they re-
produce faster than cladocerans and copepods. This al-
lows rotifers to be highly opportunistic and have better
colonizing abilities. However, their small body size
makes them more vulnerable to invertebrate predation.
Cladocerans are larger than rotifers and, although they
have larger clutches, their development is slower. More-
over, cladocerans have lower growth rates and less col-
onizing ability than rotifers. Copepods have larger body
sizes and longer generation times so they reproduce
more slowly than cladocerans and rotifers. Their longer
generation times are due to their obligatory sexual re-
production while monogonont rotifers and cladocerans
reproduce by cyclical parthenogenesis (i.e., they repro-
duce parthenogenetically (asexually) and also by sexual
reproduction) (De Meester et al., 2004). Their larger
body sizes make cladocerans and copepods more sus-
ceptible to vertebrate predation. According to these dif-
ferences in life-history traits, it is expected that there will
be an assemblage dominated by rotifer species after a
high flow episode, especially when fish predation is
present (Jenkins and Buikema, 1998).

The aim of the present study was to examine the zoo-
plankton community structure and population fluctuation
in a relatively small, artificial mountain pond, Jiřická
Pond, which has an inflowing and outflowing stream via
which is subjected to flood events. It contains humic
water, and a relatively strong population of minnows
(Phoxinus phoxinus) is present. We analysed a spring pe-
riod of the zooplankton community which was disturbed
by two huge flood events, shortening the typical water re-
tention time of seven days to several hours. Due to the
Jiřická Pond morphology, i.e., elongated, small, and shal-
low, the system is likely being mixed when high inflow
happens and most zooplankton individuals are expected
to be washout. However, it is also expected the recovery
of zooplankton species since individuals present in deep-
est and sinuous parts of the ponds during the high inflow
events likely suffer less the washout effect. Special atten-
tion was paid to cladoceran and rotifer species composi-
tion and diversity during the studied period.
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METHODS

The study was carried out in the montane humic
Jiřická Pond (also known as Pohořský Pond), located in
Novohradské Mountains in the Czech Republic
(48°36’56.88”N, 14°40’34.48”E). The flood events in this
system depend on the high precipitation on the mountains.
The basic limnological characteristics of the pond are pre-
sented in Tab. 1. A map representation of the Jiřická Pond
is in Fig. 1.

A total of eight limnological variables were monitored
at a sampling site situated close to the point of maximum
depth. i) Water temperature (°C) was measured at the depth
of 0.5 m with a temperature logger (TidbiT v2 Water Tem-
perature Data Logger - UTBI-001; Onset Computer Cor-
poration, USA) at 1-hour intervals and averaged for daily
values. ii) Dilution rate of the pond was calculated as a per-
centage of pond volume replaced by daily inflow. For that,
discharge was measured with a flow meter (Flowtracker,
Sontec, USA) and a stream gauge at the major tributary in
to the pond (ca 0.5 km upstream from the pond; catchment
area 11.7 km2) every 2-3 days from April 1 to June 30.
Water chemistry was analysed in samples from a depth of
0.5 m. iii) Chlorophyll a (Chl a, µg L–1) was measured daily
spectrophotometrically after extraction in 90% acetone fol-
lowing Lorenzen acidification protocol (Lorenzen, 1967).
Moreover, every 1-3 days from May 5 to June 27, 2014, iv)
dissolved organic carbon (DOC, mg L–1) (in samples fil-
tered through glass-fiber filters of 0.4 μm pore size (GF-5,
Macherey-Nagel) with a TOC5000A analyser, Shimadzu),
and v) particulate organic carbon (POC, mg L–1) (on GF-5
filters by high-temperature ignition with a SSM-
TOC5000A analyser, Shimadzu) were determined. Addi-
tionally, DOC and POC were measured on April 22, 2014.
vi) Bacterial and protozoan abundances and sizes were de-
termined every 2-3 days (three times a week) from May 5
to June 27, 2014. For bacterial enumeration and sizing, du-
plicate formaldehyde-fixed subsamples of 1-2 mL were fil-
tered onto black 0.2 µm pore-size membrane filters, stained
with the DAPI fluorochrome and the bacterial abundance

was determined via epifluorescence microscopy as de-
scribed Simek et al. (2008). Bacteria (> 300 cells per sam-
ple) were sized by using the semiautomatic image analysis
systems (NIS-Elements 3.0, Laboratory Imaging, and
Prague, Czech Republic). For vii) heterotrophic flagellates
(HNF, µm3 mL–1) and viii) ciliates (µm3 mL–1), duplicate
formaldehyde-fixed subsamples of 5-10 mL and 10-30 mL,
respectively, were filtered onto black 1 µm pore-size mem-
brane filters and stained with the DAPI. Then, the proto-
zoan abundances (i.e., HNF and ciliates) were determined
via epifluorescence microscopy as detailed in Šimek et al.,
(Šimek et al., 2014). To calculate mean volumes of HNF
and ciliate cells (approximated to prolate spheroids),
lengths and widths of 50 cells were measured manually on-
screen with a built-in tool of a PC-based image analysis

Tab. 1. Morphology, hydrology and water chemistry characteristics of the Jiřická Pond (mean values of 3-weekly sampling during
2012-2014).

Morphology and hydrology                              Water chemistry

Surface elevation, m asl                                                  889                                                             Conductivity, mS m–1                                         3.8
Surface area, km2                                                           0.036                                                           pH                                                                       6.2
Mean depth, m                                                                 1.9                                                             Colour, mg L–1 Pt                                               140
Max. depth, m                                                                  3.7                                                             Dissolved organic carbon, mg L–1                      14
Catchment area, km2                                                       13.4                                                            Particulate organic carbon, mg L–1                     2.5
Mean discharge (base flow), m3 s–1                                 0.11                                                            Total nitrogen, mg L–1                                       0.64
Mean hydraulic residence time (base flow), days             9                                                               Total phosphorus, mg L–1                                 0.042

Fig. 1. Bathymetric map of the Jiřická Pond in 2014. Isobath la-
bels are given in meters. Arrows indicate the water flow direction.
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system (NIS-Elements 3.0, LIM, Prague, Czech Republic).
Zooplankton species were sampled at the same site as

the limnological variables. Zooplankton was collected
during three months from April 5 to July 4, 2014. Due to
zooplankton has slow growth, sampling where collected
every 4-7 days. Crustaceans were sampled by vertical
hauls using an Apstein plankton net (net mesh 200 µm).
The hauls were taken from a depth of approx. 4 m to the
surface, which mainly represents the depth of 1 m above
the bottom. This plankton net was selected since its effec-
tiveness has been tested previously (Straskraba and
Hrbacek, 1966). The rotifers were also sampled from the
uppermost 4 m of the water column using a plastic tube
of the appropriate length. A total of 55 L of the sampled
water were subsequently filtered by a 35 µm net. The zoo-
plankton samples were preserved in 4% formaldehyde
and the abundances of each zooplankton species found
were determined microscopically (McCauley, 1984). The
number of parthenogenetic eggs of some of the most per-
sistent species was also recorded and fecundity was esti-
mated as the number of eggs per fertile female and per
total number of individuals. The instantaneous birth rate
(b, days–1) of these species was calculated using Edmon-
son-Paloheimo’s method (EP) (Paloheimo, 1974):

where E is the egg ratio (i.e., number of eggs produced per
female) and D is embryo development time which depends
on temperature. D values for each group, i.e., cladocerans
and rotifers were calculated using functions published by
Bottrell (1976) and taking into account the water tempera-
ture. Intrinsic growth rate (r, days–1) was obtained as:

where Nt1 and Nt2 are the number of individuals in one
specific sampling and in the next one, respectively. t is the
time interval between those two samplings.

Finally, death rates (d, days–1) were also estimated as:

Moreover, zooplankton diversity was expressed by the
Shannon-Weaver (Shannon and Weaver, 1963) and Simp-
son indices (Simpson, 1949) from data of each sampling
for rotifers and crustaceans, separately. Additionally, the in-
stantaneous birth and intrinsic growth rates were deter-
mined for the most persistent cladoceran and rotifer species.
The effect of species and samplings on birth and death rates
were tested separately by one-way ANOVA, or by one-way
robust ANOVA when variances were not homogeneous.
Moreover, post-hoc pairwise comparison using Tukey’s or
Games-Howell (heterogeneous variances) tests were used
in those cases in which statistical difference was detected.

Additionally, time series analyses were performed.
Species were classified into the following taxonomic
groups: Large Daphnia, small cladoceran, calanoid cope-
pod, cyclopoid copepod, and rotifer. Firstly, autocorrelation
coefficients were calculated for the time series data of each
taxon to explore if the abundance value of each taxonomic
group depends on its own previous abundance values. Sec-
ondly, to examine the relationships among environmental
variables and zooplankton temporal dynamics and identify
the time-lag relations, the following cross-correlations be-
tween parameters were performed using Pearson’s correla-
tion coefficient: i) between dilution rate and the
environmental variables, i.e., temperature, chlorophyll a,
DOC, POC, bacteria biovolume, HNF biovolume, and cil-
iate biovolume; ii) between dilution rate and cladoceran
and rotifer groups, i.e., large Daphnia, small cladocerans,
and rotifers; iii) between each environmental variable and
each cladoceran and rotifer group; iv) and between time se-
ries of cladoceran and rotifer groups. Before autocorrelation
and cross-correlation analyses, Jarque-Bera test (Jarque and
Bera, 1987) was used to evaluate if each time series data
had a normal distribution. We applied a log-transformation
to the time series data to reach a normal distribution when
it was needed. Due to calanoid and cyclopoid copepod data
distribution were not normal, even after log-transformation,
data were not used in the analyses. Then, before cross-cor-
relation analyses, augmented Dickey-Fuller test (Brockle-
bank and Dickey, 2003), and Mann-Kendall test (Mann,
1945) were used to test if each time series data was station-
ary and had a trend, respectively. Additionally, each time
series (i.e., abiotic and zooplankton data) was differencing,
i.e., the differences between consecutive observations were
computed, to make time series stationary (in some cases
second-order differencing was required) and, hence, meet
the assumptions of cross-correlation test. The significance
of the CCF at different lags was obtained for each pair time
series data comparison.

All statistical analyses were performed using R statis-
tical software v. 3.2.2 (R Core Team, 2015). For robust
analyses, the ‘robust’ and ‘userfriendlyscience’ packages
were used (Wang et al., 2010; Peters et al., 2015). For
time series analyses, the ‘tseries’ (Trapletti and Hornik,
2016), ‘kendall’(McLeod, 2011), and ‘forecast’ (Hynd-
man, 2016) packages were used.

RESULTS

Limnological variables

During the three months in which the Jiřická Pond was
studied, the dilution rate under the basic flow regime was
approximately 12 % per day (8-28 %) (Fig. 2A). However,
two high inflow episodes with dilution rates above 100%
per day occurred in the middle and at the end of May. Dur-
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ing the first high flow event, the amount of water flowing
through the pond was approximately five times its volume
within three days. The second high flow event happened
11 days later and the amount of water flowing through was
seven times the pond volume within three days.

The autocorrelation calculation (Tab. 2) yielded signif-
icant correlations in all environmental time series data ex-
cept dilution. Not significant autocorrelations were found
for time series data regarding zooplankton taxa. Cross-cor-
relation analysis showed that dilution rate has effect on the
other environmental variables except on ciliate biovolume
(Tab. 3). In general, abiotic variables correlated with short
lags of dilution rate. Although surface temperature tended

to increase (Fig. 2A), after each high flood event, with a
statistically significant time lag of 2 days with the dilution
rate, the temperature markedly decreased by 7 and 9°C, re-
spectively. The median value of Chl a during the study pe-
riod was 6 µg L–1 (Fig. 2B). After both high floods, Chl a
also dropped down to almost zero values being statistically
significant correlated with the dilution rate at lag of 2 days.
DOC and POC showed, in general, constant values during
the studied period (median= 11.9 and 1.3 mg L–1, respec-
tively), but two DOC peaks took place. DOC was corre-
lated with time lag of 2, 8 and 10 days with the dilution rate
but the highest correlation was with time lag of 2 days. Re-
garding microbial plankton (Fig. 2C), bacteria, HNF, and
ciliate biovolumes showed a similar pattern, with a remark-
able drop when floods happened. In fact, bacteria and HNF
were correlated with time lag of 2 and 6 days, respectively,
with the dilution rate. The microplankton was able to re-
cover its biovolume in the short period between these two
floods (see Fig. 2C for details).

Zooplankton species

During the study, 43 rotifer species (bdelloid rotifers
were not identified at species level, so all of them were

Fig. 2. Environmental parameters measured during the studied
period: (A) Dilution rates (%) and temperature (°C), (B) Chloro-
phyll a (µg L–1), dissolved organic carbon (DOC, mg L–1) and
particulate organic carbon (POC, mg L–1), and (C) Total bacter-
ial, heterotrophic nanoflagellates and ciliates cell biovolume.
Vertical dotted lines show peaks of the high flow events.

Fig. 3. (A) Rotifer, cladoceran and copepod abundances and (B)
Shannon-Weaver and Simpson diversity indexes for rotifer and
crustacean species, separately represented. The figures under the
lower horizontal axis indicate the species number found in each
sampling (rotifers/crustaceans). Vertical dotted lines show the
peaks of the high flow events.
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classified in the same group) and 15 crustacean species
were identified (all ostracods were also classified in the
same group because they were not identified at species
level) (Tab. 4). Rotifers represent 72.4 % of the species
found in Jiřická Pond and their abundances were up to
two orders of magnitude higher than that of crustaceans.
Zooplankton monitoring started at the beginning of the
spring growing season, just 10 days after the ice melted.
In April, the abundance of all zooplankton groups (i.e.,
Rotifera, Cladocera and Copepoda) was low (Fig. 3).
However, at the beginning of May, zooplankton abun-
dance increased and reached a spring peak, defined as the

timing when maximum density of zooplankton was
reached in spring. The most remarkable increase was
shown by rotifers, whose abundance was 2500 rotifers
L–1, while the peaks of cladocerans and copepods, were
lower (16 and 1 ind L–1, respectively). The ratio between
the rotifer and crustacean abundances was 147:1. After
the first abundance peak, crustacean abundances as well
as rotifer populations notably decreased until near zero
values. Although rotifer abundance began declining be-
fore high floods, the decrease of the abundance was par-
ticularly notable when the great floods happened. At the
middle of June there was a second peak of zooplankton

Tab. 2. Significant autocorrelation values (r(ACF)) for each time series data of environmental variables. Data in the table show only
the autocorrelation coefficients statistically significant at the 5% level. 

Environmental variable                     Significant autocorrelation values (r(ACF))                    Time (days) derived from the autocorrelation lags

Temperature                                                                          0.737                                                                                              2
Chlorophyll a                                                                        0.435                                                                                              2
DOC                                                                                      0.438                                                                                              2
POC                                                                                      0.692                                                                                              2
Bacteria                                                                                 0.568                                                                                              2
HNF                                                                                       0.45                                                                                               2
Ciliates                                                                                  0.786                                                                                              2
                                                                                              0.643                                                                                              4
                                                                                              0.472                                                                                              6
DOC, dissolved organic carbon; POC, particulate organic carbon.

Tab. 3. Cross-correlations between dilution rate and (A) abiotic variables, and (B) taxonomic zooplankton groups; and (C) temperature
and taxonomic groups. Data in the table show only the time lag (days) statistically significant at the 5% level.

                                                                                                                                                       Dilution rate
(A) Abiotic factors                                                                                         Value                                                                  lag

Temperature                                                                                                    -0.440                                                                  -2
                                                                                                                        0.492                                                                   2
Chlorophyll a                                                                                                  0.442                                                                   -8
                                                                                                                        0.546                                                                   2
DOC                                                                                                                0.428                                                                  10
                                                                                                                       -0.502                                                                   8
                                                                                                                       -0.640                                                                   2
POC                                                                                                                 0.482                                                                  -14
Bacteria                                                                                                          -0.587                                                                  -4
                                                                                                                        0.475                                                                   2
HNF                                                                                                                -0.454                                                                  -6

(B) Taxonomic groups                                                                                  Value                                                                  lag

Large Daphnia                                                                                                0.528                                                                   7
Small cladocerans                                                                                           -0.699                                                                   0
                                                                                                                                                       Temperature
(C) Taxonomic groups                                                                                  Value                                                                  lag

Large Daphnia                                                                                                0.644                                                                  14
Small cladocerans                                                                                           0.576                                                                   0
DOC, dissolved organic carbon; POC, particulate organic carbon.
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abundance, i.e., a summer peak. Rotifer and cladoceran
abundances were lower than in the first peak (1500 ro-
tifers L–1 and 8 cladocerans L–1) while copepod abun-
dance was higher (5.5 copepods L–1). Again, the ratio
between rotifer and crustacean was high, 111:1. Taking
into account the abundance of all the species in the pond,
crustacean and rotifer diversity indexes (both Shannon-
Weaver and Simpson indexes) were high at the middle
and at the end of April, respectively (Fig. 3). After 2-3
weeks, the diversity values were the lowest detected for
both groups, caused by the massive presence of the clado-
ceran Eubosmina longispina (13 ind L–1 while the average
of all crustaceans was 1.4 ind L–1) and the rotifer Pol-
yarthra dolichoptera (1736 ind L–1 while the average of
all rotifer species was 49 ind L–1). After the two high flow

events, species diversity increased. This was especially
notable for rotifers whose diversity index reached its
maximum value just four days after the floods, being 3.4
and 2.78-fold (respectively for Shannon-Weaver and
Simpson indices) higher than before the floods. Crus-
tacean also reached its highest diversity indexed in the
second part of the study but 18 days after the flood events.

Statistical analysis found that time series data of clado-
ceran and rotifer groups were not autocorrelated. Con-
cerning cross-correlation coefficients, analyses found a
statistically significant correlation between dilution rate
and both large and small cladocerans but not with rotifer
time series (Tab. 3). Temperature also correlated with
large Daphnia and small cladocera abundance (Tab. 3).
However, no correlation was detected between Chl a,

Tab. 4. Species detected in Jiřická Pond during the period studied and the percentage of samples in which species occurred. 

Species                                                                             %                                                Species                                                                       %

Cladocera
Ceriodaphnia sp.                                                             100                                               Leydigia leydigii (Schoedler, 1863)                           73
*Holopedium gibberum Zaddach, 1855                           100                                               Daphnia longispina (O.F. Müller, 1776)                   53
*Eubosmina longispina (Leydig, 1860)                           93                                                Acroperus harpae (Baird, 1834)                                27
Diaphanosoma brachyurum (Liévin, 1848)                     80                                                Alona sp.                                                                    20
Chydorus sphaericus (O.F. Müller, 1776)                        73
Copepoda
*Mesocyclops leuckarti (Claus, 1857)                             100                                               Acanthodiaptomus sp.                                                20
*Eudiaptomus gracilis (Sars G.O., 1863)                         93                                                Eucyclops serrulatus (Fischer, 1851)                         7
Thermocyclops crassus (Fischer, 1853)                           47
Ostracoda
Ostracod sp.                                                                     20
Rotifera
*Polyarthra dolichoptera Idelson, 1925                          100                                               Polyarthra euryptera Wierzejski, 1891                     13
Synchaeta pectinata Ehrenberg, 1832                              87                                                Lecane luna (Müller, 1776)                                       13
*Synchaeta oblonga Ehrenberg, 1832                              80                                                Lecane obtusa (Murray, 1913)                                   13
Keratella cochlearis (Gosse, 1851)                                 80                                                Colurella uncinata (Müller, 1773)                             13
Ascomorpha ecaudis Perty, 1850                                     73                                                Filinia longiseta (Ehrenberg, 1834)                          13
Asplanchna priodonta Gosse, 1850                                 73                                                Trichotria tetractis (Ehrenberg, 1830)                       13
*Conochilus unicornis Rousselet, 1892                            60                                                Trichocerca roseola (Stenroos, 1898)                         7
Microcodon clavus Ehrenberg, 1830                               60                                                Trichocerca rouseleti (Voigt, 1902)                            7
Keratella valga (Ehrenberg, 1834)                                  53                                                Trichocerca sp.                                                           7
Lecane lunaris (Ehrenberg, 1832)                                   53                                                Pompholyx sulcata Hudson, 1885                              7
Trichocerca porcellus (Gosse, 1851)                               47                                                Brachionus budapestinensis Daday, 1885                  7
Ploesoma hudsoni (Imhof, 1891)                                     40                                                Lecane closterocerca (Schmarda, 1859)                     7
Bdelloidea sp.                                                                   40                                                Lepadella patella (Müller, 1773)                                7
Lepadella acuminata (Ehrenberg, 1834)                         33                                                Colurella colurus (Ehrenberg, 1830)                          7
Cephalodella cf. Gibba (Ehrenberg, 1830)                      33                                                Encentrum sp.                                                             7
Lecane flexilis (Gosse, 1886)                                           27                                                Testudinella clypeata (Müller, 1786)                          7
Gastropus hyptopus (Ehrenberg, 1838)                           27                                                Testudinella patina                                                     7
Testudinella incisa (Ternetz, 1892)                                  27                                                Proalides subtilis Rodewald, 1940                             7
*The species detected, in at least one sample, with abundances which represented more than 50% of the total abundance in a given group.
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DOC, POC, Bacteria, HNF, or ciliate and cladoceran and
rotifer groups (data not shown). Regarding biotic relation-
ships, cross-correlation analysis evidenced few statisti-
cally significant coefficients between zooplankton groups.
Analyses only found a statistically significant correlation
between rotifers and small cladocerans (cross-correlation
coefficient= 0.894 at lag 0).

The most persistent species in the pond were the ro-

tifers P.dolichoptera, Synchaeta pectinata, S. oblonga and
Keratella cochlearis; the cladocerans Ceriodaphnia sp.,
Holopedium gibberum, E. longispina and Diaphanosoma
brachyurum; and the copepods Eudiaptomus gracilis and
Mesocyclops leuckarti (occurrence in >80 % of the sam-
plings). The dynamics and instantaneous birth rates of
several of the most persistent rotifer and cladoceran
species are shown in Fig. 4. Since the parthenogenetic

Fig. 4. The abundance dynamics and instantaneous birth rates per day of the most persistent cladoceran and rotifer species during the
period studied. Vertical dotted lines show the peaks of the high flow events.
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eggs of Synchaeta sp. and Ascomorpha sp. are extremely
similar, it was not possible to differentiate between these
species so both are represented together.

There were no significant differences among species
in the death rates (P=0.292) but there were in birth rates
(P<0.001). However, when pairwise comparisons of the
species birth rates were tested, the post-hoc analysis did
not find statistical differences (all P>0.084). The lowest
value of birth rate was measured for the zooplankton col-
lected two days after the high flow event (average all
species= 0.09 days–1). However, no statistically significant
differences between samples were found when species
birth rates were compared (P=0.108). In contrast, ANOVA
results showed that the sampling date had an effect on
death rates (P<0.001). Post-hoc pairwise comparisons re-
vealed that this significant effect was caused mainly by
rates corresponding to the second sampling when death
rates were very different compared to the other samplings
(average= -0.4 days–1, statistically different from five sam-
plings, all P<0.023). A negative death rate may mean that
the growth rate was higher than the birth rate, which is
possible, for example, if population density also increases
as a consequence of the recruitment by hatchlings from
diapausing eggs. This situation corresponds in Fig. 4 to
those cases in which the birth rate line is below the growth
rate line. Five of the six species explored had negative
rates in the second sampling which correspond to early
April when the zooplankton growing season starts (there
is no data about the birth rate of K. cochlearis from this
sampling). Moreover, after the second high flood event,
the cladoceran E. longispina and the rotifers P.
dolichoptera and Synchaeta/Ascomorpha sp. also had
negative mortalities in the middle of June, when these
species showed a notable increase in their abundances.

DISCUSSION

Our study gives evidence that rotifers completely
dominate the zooplankton community in Jiřická Pond.
This finding agrees with previous studies focused on zoo-
plankton communities in highly fluctuating environments
(Geraldes and Boavida, 2007). Strong flood events during
the spring season are the main drivers that notably favour
the dominance of rotifers in the water column. On the one
hand, as expected, due to rotifer species have great colo-
nization ability (Allan, 1976), they are able to reach higher
abundances faster than crustacean after the adversity sit-
uation caused by floods, although both taxonomic groups
show the signals from the recovery at the same time. On
the other hand, although repeated disturbance caused by
high flood events declined the species abundances, it
seems to influence positively on rotifers since species
number and diversity are increased.

According to empirical evidence, zooplankton com-

munities (i.e., their composition, abundance, and dynam-
ics) are affected by physical and chemical factors and the
relative importance of these effects depends on the
strength of fluctuations in these factors (Wetzel, 2001). In
most lakes and reservoirs, it has been demonstrated that
low fluctuations in abiotic factors contribute a greater sta-
bility to the system (Geraldes and Boavida, 2005). Ac-
cording to the flushing rates recorded in Jiřická during
Spring 2014, this mountain pond may be considered to be
an unpredictable, fluctuating system since two strong
episodes of strong water flow were recorded during a
short period of time, i.e., three months. As expected, these
episodes caused drastic changes in physical conditions
and in the zooplankton community. Temperature and
chlorophyll a showed a notable decrease as a consequence
of extensive water replacement by the flood. The flood
event seems to act as the principal factor causing the zoo-
plankton abundance to decrease to almost undetectable
values. Our results have clearly indicated that cladoceran
abundance was affected mainly by temperature and dilu-
tion rate, but we did not find statistic support to the effect
of dilution rate and temperature on the rotifer dynamics.
The abiotic factors such as temperature and chlorophyll
a approached the pre-flood levels within a few days, and
reached their maximum values 7 days later. However,
more time was required for the recovery of the zooplank-
ton species. The delay in the zooplankton recovery could
be a consequence of the decreasing food resource (i.e.,
low chlorophyll a, bacteria, HNF, and ciliates); however,
no significant correlations among both chlorophyll a and
potential food resources, measured as the microplankton
biovolumes (i.e., bacteria, HNF, and ciliates), and the den-
sities of zooplankton species were found, in contrast to
what would be expected. Mac Donagh et al., (2009) sug-
gested that the inflow/outflow may affect the relative im-
portance of other variables in the structure of a
zooplankton community. Accordingly, a plausible expla-
nation for the absence of correlations in our study may be
that the effect of the high flood events in the middle of
spring is so strong that the other effects are being masked.

There has been evidence that when a water body is
characterized by pronounced water fluctuations, those
zooplankton organisms with specific, adaptive advantages
will dominate the community (Schmid-Araya and Zuñiga,
1992; Bledzki and Ellison, 2000; Geraldes and Boavida,
2007). Several features, including life-history traits and
feeding mechanisms, have been pointed out. Taking that
into account, a plankton community is expected to be
dominated by r-strategists when the system is character-
ized by strong fluctuations (Flores and Barone, 1994;
Schmid-Araya and Schmid, 1995; Baranyi et al., 2002;
Geraldes and Boavida, 2007). Based on several findings,
the community in Jiřická Pond agrees with this pattern in
several aspects. Firstly, it was found that microplankton
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(i.e., chlorophyll a as an indirect measure of algal bio-
mass, and heterotrophic biovolume) with fast population
growth, recovered quickly after being entirely washed out
from the pond. Secondly, rotifers became the dominant
zooplankton group in terms of species number and abun-
dance, utilizing their ability to rapidly colonize the water
column. The crustacean abundance in the pond never ex-
ceeded 17 ind L–1, which is extremely low compared to
the abundance of rotifers. Although rotifers generally are
present at higher abundances than crustacean species in
reservoirs and lakes, the ratio found in our system be-
tween their abundances is extremely high (average ratio
of rotifer:crustacean abundance in Jiřická Pond=126:1)
and notably differ from the ratio recorded in other aquatic
systems with higher retention times. For example, the av-
erage ratio in Slapy Reservoir (Czech Republic) with 57
days of average time retention is 10:1 (Devetter, 2011);
in Řimov Reservoir (Czech Republic) with 90 days of av-
erage time retention is 5:1 (Seda and Devetter, 2000); in
Saidenbach Reservoir (Germany) with 220 days of aver-
age time retention is 4:1 (Hülsmann et al., 2012; personal
communication ); or in Lake Śniardwy (Poland) with 260
days of average time retention is 2.5:1 (Ejsmont-Karabin
and Kufel, personal communication). This difference in
the abundances is likely to be related to their longer gen-
eration times (Allan, 1976; Herzig, 1984) which involve
a slow growth in the water column. And thirdly, the most
dominant species of Cladocera was not Daphnia as it is
known to occur in stable water bodies (Geraldes and
Boavida, 2007) but Ceriodaphnia sp., H. gibberum and
E. longispina, which are species typically found in higher
abundances in more disturbed aquatic systems (Baranyi
et al., 2002; Geraldes and Boavida, 2007). Compared to
Daphnia, these smaller cladocerans have shorter genera-
tion times and hence have more ability to sustain washout
losses induced by flood events. Moreover, these species
seem to feed upon smaller particles and are more tolerant
of large amounts of dissolved organic matter (DOC) in
the water than Daphnia individuals (Rellstab et al., 2007).
Due to the effect of DOC is less important for rotifers
(Kirk and Gilbert, 1990; Kirk, 1991; Pollard et al., 1998),
we expected DOC to be an important driver on the zoo-
plankton community structure of the Jiřická Pond, since
DOC concentrations increased during flood periods.
However, not statistical support was found.

In addition to high growth rates, the recruitment of
hatchlings from diapausing eggs facilitates a rapid re-col-
onization of the water column, even by species within the
community experiencing several consecutive demo-
graphic catastrophes related to severe changes in habitat
character (Kalisz, 1991). Although we did not explore the
diapausing egg bank, we found several cues that may, in-
directly, indicate that diapause is playing an important role
in the community structure of Jiřická Pond. On the one

hand, after the ice melted and the two high food events,
the population growth rates of explored species were
higher than birth rates which could take place when the
population increases through new hatchlings from dia-
pausing eggs. However, this finding should be carefully
interpreted since birth rate could be underestimated be-
cause the rate was calculated based on temperature and
number of eggs, but other factors such as food quality and
quantity have effect on zooplankton birth rates (King,
1967; Orcutt and Porter, 1984; Urabe, 1991). On the other
hand, other cue that brings to suggest the diapausing egg
bank role is the fact that after the great disturbance, the
rotifer diversity and richness also increased reaching its
maximum value and new species appeared in the water
column which likely arose from the hatching of diapaus-
ing eggs after egg being realising and being exposed to
hatching cues by the inflow effect (Vaníčková et al.,
2011). Nevertheless, this study was not performed to ex-
plore diapause role and direct evidences were not found.
At this point, the diapause role is only a hypothesis which
would be worth to be explored in further studies.

Biotic interactions, like abiotic factors, influence also
in the zooplankton community dynamics and composi-
tion. Two of these factors are the common exploitative
competition between cladocerans and rotifers and the fish
predation on zooplankton (Gilbert, 1988; Gliwicz and Pi-
janowska, 1989; Nielsen et al., 2000; Hansson et al.,
2007). In our study, the lack of a negative correlation be-
tween cladoceran and rotifer abundances suggests the ab-
sence of a strong competitive ability of the cladocerans
over rotifers in the Jiřická Pond. This finding is consistent
with the fact that rotifers are commonly outcompeted by
larger-bodied cladocerans (Brooks and Dodson, 1965;
Gilbert, 1988; MacIsaac and Gilbert, 1989). Nevertheless,
as mentioned above, the most representative cladocerans
in this system are small species. These small-bodied
species, in turn, could have a negative effect on rotifers
due to an intense competition for resources only if they
are present at sufficiently high density (Hurtado-Bocane-
gra et al., 2002) which, again, was not the case in our sys-
tem. Regarding the potential effect of fish predation, it is
known that minnows (Phoxinus phoxinus) are relatively
abundant fish species in the Jiřická Pond as they migrate
from small streams in the pond watershed into the pond
itself. Thus, the low abundances of cladocerans may be
explained, at least in part, by fish predation pressure.
Crustacean species are more susceptible to zooplanktivo-
rous fish selection than rotifers because fish generally pre-
fer larger species (Brooks and Dodson, 1965; O’Brien et
al., 1976; Zaret, 1980), which is evident from the clear
negative correlation between fish and large cladoceran
abundances in natural communities (Hrbacek, 1962; Daw-
idowicz and Pijanowska, 1984; Bergquist et al., 1985; En-
ríquez García et al., 2009). Additionally, rotifers could be
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negatively affected by invertebrate predation by copepods
but we could not test statistically this effect.

Our findings thus highlight the importance of the re-
peated disturbed caused by flood events on the zooplank-
ton community of this small mountain pond. We
conclude that the zooplankton community in Jiřická Pond
may be classified as a ‘rotifer kingdom’. The enhanced
precipitation rates in the small watershed of this moun-
tain pond result in rapid oscillations of inflow rates with
extreme, short-lived flood events. These high inflow
episodes were the most decisive factors driving the dy-
namics and composition of the zooplankton community
compared to other abiotic and biotic factors. Moreover,
the rotifer dominance in this pond is additionally
favoured because its population seems to be uncon-
strained by competition with cladocerans and likely by
the pressure of copepod predation. Both a high amount
of suspended particles and the presence of zooplanktiv-
orous fish probably act as contributing factors negatively
affecting large cladocerans. In turn, high rotifer abun-
dance likely favours the production of a large number of
diapausing eggs being relevant to the persistence of ro-
tifers in the water column after disturbances.

CONCLUSIONS

Determining the factors and mechanisms that explain
the community structure is one of the major issues in ecol-
ogy. Life-history traits, biotic interactions and environ-
mental fluctuations have been demonstrated to play an
important role. In aquatic systems, the flushing rate some-
times operates as an important factor because of inflow
water may washout part or even the total zooplankton
population. However, the flow rate and its effects on the
water retention time in reservoirs and lakes have received
less attention in the ecological studies of zooplankton
communities. We found that repeated high flood events,
caused by the high precipitations, enhance the dominance
of rotifer species and its diversity in the zooplankton com-
munity of a small dammed mountain pond during spring
season. Two effects are likely to be occurring synchro-
nously to account for this situation: i) re-colonization from
resting egg bank, and ii) decreasing competition effects
between taxa when populations are diluted. Accordingly,
we document that flood disturbance can enhance the
species diversity and maintain the dominance of species
with short generation time.
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