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1. Introduction
Invertebrate predators can play a key role in structuring 
zooplankton community [1]. Planktivorous fish select 
large zooplankton, whereas invertebrate predators 
remove smaller prey and serve as an alternative food 
for planktivorous fish. Therefore, the presence of 
invertebrate predators can significantly modify the top-
down effects in pelagic food chains [2]. 

The carnivorous cladoceran Leptodora kindtii 
(Focke) is a common species in shallow, eutrophic 
reservoirs [3]. The diet of this predatory cladoceran 
varies with its body length and is mainly composed of 
slow swimming cladocerans less than 1 mm in length, 
rotifers, and copepod nauplii [4,5]. At higher densities, 
L. kindtii can control the herbivorous zooplankton 
community [6,7] and serves as a food source for pelagic 

fish [8,9]. The density of L. kindtii, and the pressure on 
its prey populations depends on water temperature. 
L. kindtii populations increase rapidly when temperature 
reaches 19–20°C [4,10,11]. Therefore, increased 
temperatures or shift in timing of hydrological seasons 
due to climate change is likely to affect the population 
dynamics of L. kindtii and the impact of this predator on 
zooplankton communities [12]. 

Leptodora kindtii is a freshwater species, which can 
survive only negligible salinity [13]. Similar to all large 
cladocerans, L. kindtii prefers limnetic conditions and 
avoids transitory parts of the reservoirs [3]. Studies 
of the distribution and abundance of Leptodora in 
the transitory oligohaline ecosystems of the eastern 
Baltic Sea became more common after the invasion 
of the predatory cladoceran Cercopagis pengoi. The 
abundance of both species is significantly affected by 
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Abstract:  The abundance and distribution of predatory cladoceran Leptodora kindtii was investigated in the estuarine lagoon (Curonian 
Lagoon, SE Baltic Sea). Three hydrodynamically different parts of the lagoon were selected, representing transitory oligohaline, 
intermediate freshwater and stagnant freshwater sites. L.  kindtii was least abundant at the oligohaline site, never occurring at 
salinities  greater than 4 psu. At the two freshwater sites, the abundance of L. kindtii varied from a low of <0.1 up to 2.2 indv. L-1 
during peak abundance. Two peaks of L.  kindtii abundance were observed with timing differences between stations: at the 
stagnant site the population of L.  kindtii  peaked two weeks earlier relative to the more hydrodynamically active sites, likely 
due to a 2°C higher May temperature. The small body size of L.  kindtii in the lagoon (seasonal mean 2.68±0.6  mm) shows 
high fish predation pressure and predicts small cladocerans, juvenile copepods and rotifers being in the preferred prey size 
range. The calculated L.  kindtii daily consumption during the population peak was as high as 100% of the daily zooplankton 
production, which implies high potential of this predator to shape the grazing zooplankton community in the lagoon. 
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water temperature and L. kindtii occurs surprisingly 
frequently in areas with salinity up to 6‰ [14,15]. 

Curonian Lagoon represents a large transitory coastal 
ecosystem in the SE Baltic Sea with a characteristic 
pattern of water residence time changing spatially and 
temporally due to riverine inputs and brackish water 
intrusions [16]. This creates a variety of environmental 
conditions ranging from lotic to lentic, from freshwater 
to brackishwater, and these conditions influence the 
distribution and development of pelagic communities 
[17,18]. Generally, lagoon zooplankton could be 
analysed as a lake system during the summer, when 
residence time increases to >100 days, significantly 
exceeding life cycle duration of most zooplankton 
species [16,18]. At this time, biotic factors - primarily 
feeding conditions and predation - become important in 
explaining structural and quantitative characteristics of 
zooplankton. 

According to nitrogen stable isotope analysis 
(δ15N), L. kindtii shares the top trophic position in the 
plankton food chain with planktivorous fish and mysids 
in the Curonian Lagoon [19]. However, the potential 
of this predator to control herbivorous zooplankton 
was not investigated in past studies. In the Curonian 
Lagoon, the main deviation from Plankton Ecology 
Group (PEG) predictions for succession of zooplankton 
community in the eutrophic waters [20] includes timing 
shift of large herbivorous cladoceran peak from spring 
to early summer [18]. Therefore overlap between the 
predatory and herbivorous cladocerans in the summer 
is unavoidable and the extent of top-down control 
on herbivorous zooplankton by Leptodora must be 
evaluated for better understanding of plankton food web 
functioning in the lagoon.

This study is aimed to: 1) reveal seasonal dynamics 
of L. kindtii in the lentic and transitory parts of the lagoon 
in relation to environmental factors such as temperature, 
oxygen and salinity, 2) test the predatory effect of 
L. kindtii on structural changes of the zooplankton 
community, with the attempt to discriminate L. kindtii 
predation from other biotic/abiotic controlling factors. 

2. Experimental Procedures
2.1 Study site
The Curonian Lagoon is a large (1.584 km2), shallow 
(mean depth – 3.8 m) nonstratified, eutrophic water body 
connected to the South-Eastern Baltic Sea. The national 
border divides the lagoon into a smaller (413 km2) 
northern part belonging to Lithuania and southern part 
belonging to Kaliningrad province of Russian Federation 
(Figure 1). The transitory part of the lagoon is influenced 

by the Nemunas River outflow and brackish water inflows 
from Baltic Sea, whereas wind is the only hydrodynamic 
forcing in the lentic southern part [16]. The southern part 
contains fresh water, while the salinity in the northern 
part varies from 0 to 7 psu [21]. The Curonian Lagoon 
could be classified as a eutrophic to hypertrophic 
water body. During the summer, the maximal 
chlorophyll a concentrations range from 117 µg L-1

in the northern part [22] to 219 µg L-1 in the southern 
stagnant part [23]. 

2.2 Sampling
This study combines independent zooplankton 
community investigations conducted simultaneously 
in the Lithuanian and Russian parts of the lagoon in 
2007. The L. kindtii and zooplankton community was 
sampled in 2007 from March to September at 5–12 
days intervals in three stations (Figure 1): Smiltyne 
(55°41.016’N/21°07.270’E), a hydrodynamically active 
transitory zone; Nida (55°18.102’N/21°00.634’E), an 
intermediate zone between transitory and stagnant; and 
Lesnoy (55°1.020’N/20°37.620’E, Figure 1) , a stagnant 
zone characterized by poor water renewal [16]. The 
depths at Smiltyne, Nida and Lesnoy were 1.6, 2.5 and 
3 m respectively. 

Figure 1.  Locations of the sampling sites in the Curonian Lagoon.
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A vertical plankton net (diameter = 0.5 m, mesh 
size = 0.5 mm) was used to sample L. kindtii by 
filtering the whole water column (total amount of 
1.5-2 m3 water volume) in Smiltyne and Nida. 
Zooplankton was sampled separately, using a 5 L 
Niskin bottle from the top 1 m of the water column and 
screening 10-15 L of water through a plankton net with 
80 µm mesh size. 

Integrated samples were used both for zooplankton 
and L. kindtii counts at the Lesnoy site. Three zooplankton 
subsamples were taken by 6 L Van-Dorn bottles from 
the near bottom layer, middle depth, and water surface. 
Samples were pooled and sieved through a plankton net 
with 64 µm mesh size to yield a single mixed sample. 
All samples were fixed in 4% formaldehyde solution. 
Water temperature, dissolved oxygen, transparency 
(Secchi depth, m) and salinity were measured on each 
sampling occasion. Dissolved oxygen was estimated by 
Winkler titration method. 0.5-1 L of water was sampled 
and filtered for chlorophyll a analysis.

2.3 Sample analysis. 
All individuals of L. kindtii were counted in the samples 
using a stereomicroscope at 20× magnification. All 
individuals, or 100 randomly selected individuals were 
measured from the top of the head to the base of the 
tailspine, using an ocular micrometer accurate to the 
nearest micrometer. Zooplankton was identified to genus 
or species level, measured (total length of crustaceans 
and rotifers excluding spines) and counted using a 
microscope at 40× magnification. Chlorophyll a in the 
filter samples was measured using a spectrophotometer 
after extraction in 96% ethanol. 

2.4 Statistical analysis and calculations
Non parametric Spearman correlation analysis 
was performed to establish the relation between 
L. kindtii density and biotic and abiotic factors. Non-
parametric Frydmann ANOVA was used to compare the 
environmental factors as dependent samples between 
three sites. We used the redundancy analysis (RDA) 
based on correlation calculations to identify relationships 
between environmental factors (explanatory variables: 
Secchi depth, chlorophyll a, temperature, salinity 
and oxygen concentration and L. kindtii abundance) 
and abundances of zooplankton taxonomic groups 
as response variables for the period when L. kindtii 
occurred in water column (May 19th – September 27th). 
All response and explanatory variables data were 
square root-transformed. Next to this analysis we 
performed partial RDA on zooplankton abundance data 
including the date as a covariate to eliminate the effects 
of seasonality, not covered by environmental variables.

Brodgar (2.6.6.) and R (2.13.1) packages were used 
for all multivariate statistics. The Brodgar generated RDA 
biplots which were interpreted considering directions and 
lengths of the factors and response variable lines [24].

We calculated Leptodora trap basket length (TBL) 
as the upper limit of the prey size using the Manca and 
Comoli [25] equation: TBL=0.145×BL+0.152, where BL 
is body length (mm).

We roughly calculated daily production for 
zooplankton using a physiological model K2=P/(P+R), 
where K2 is the growth efficiency coefficient estimated 
as 0.4-0.5 for rotifers, 0.3-0.4 for cladocerans and 
0.2-0.3 for copepods, P is the daily production, and R is 
respiration [26]. The individual respiration (Rind, cal d-1)
was calculated using equation Rind=(24×Q×OK)/q, where 
OK is oxy-calorific coefficient equal 4.86 cal ml-1 O2; 
Q=0.106W0.796 for rotifers Q=0.143W0.803 for cladocerans, 
Q=0.2W0.777 for copepods. The data were divided by the 
temperature correction factor q if the water temperature 
(T) differed more than ±2°C, q=2.30.1(20-T). Individual 
body mass W (mg) was calculated from body length 
using allometric equations [26]. For the calculation 
of Leptodora consumption from its production, the 
conversion factor of 23.4% was applied [7]. 

3. Results
3.1 Environmental conditions
Water temperature ranged from 5°C to 23.2°C during 
the study period. In general, temperature did not differed 
significantly between Lesnoy, Nida and Smiltyne, except 
in May when the mean temperature was 2°C higher 
at Lesnoy than other sites (Figure 2). The highest 
temperature was observed in the beginning of June 
(22.5°C) and in the middle of August (23.2°C at Lesnoy; 
Figure 2). The temperature decreased to <15°C in the 
end of September. The brackish water never occurred 
at Nida and Lesnoy, whereas the salinity varied from 
0 to 6.9 psu at Smiltyne. Water transparency varied 
from 0.6 to 1.8 m at Smiltyne in relation to the salinity 
(Spearman ρ 0.7, P<0.05), and was significantly 
lower at both freshwater stations (Table 1). Dissolved 
oxygen concentration was inversely related to seasonal 
fluctuations of water temperature (Spearman ρ -0.6, 
-0.7 and -0.5 at Smiltyne, Nida and Lesnoy respectively, 
P<0.05). Surprisingly, seasonal variation of dissolved 
oxygen was less pronounced at the stagnant Lesnoy 
site; the concentrations never decreased below 8 mg L-1 
there (Figure 3). 

We observed pronounced differences between 
concentrations and peak timing of chlorophyll a between 
sampling sites (Table 1, Figure 2). The chlorophyll a 
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Figure 2.  Seasonal changes of temperature (°C), dissolved oxygen 
(mg L-1) and chlorophyll a (µg L-1) concentrations in the 
research sites.
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Figure 3.  The seasonal dynamics of L.  kindtii (columns), non-
predatory cladocerans, and rotifer abundances.
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Lesnoy
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Parameter Chi.Sqr p Station Average rank Sum of rank Mean ± SD

Temperature (˚C) 0.76 0.68

L 2.1 30.0 19.1 ± 3.1

N 1.8 25.5 18.8 ± 3.1

S 2.0 28.0 18.9 ± 2.9

Dissolved oxygen (mg L-1) 8.76 0.01

L 2.6 36.0 11.0 ± 1.6

N 1.5 20.5 9.6 ± 1.4

S 2.0 27.5 10.3 ± 1.2

Chlorophyll a (µg L-1) 14.8 0.00

L 2.5 55.0 49.2 ± 22.1

N 2.1 47.0 42.2 ± 21.0

S 1.4 30.0 22.4 ± 12.6

Secchi depth (m) 15.79 0.00

L 1.4 19.0 0.5 ± 0.1

N 1.9 26.5 0.6 ± 0.1

S 2.8 38.5 1.0 ± 0.4

Table 1. The non-parametric Friedman ANOVA of environmental variables for between site comparisons.
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values were higher at freshwater stations, the seasonal 
maximum of 120 µg L-1 was recorded at Nida in June. 
Whereas at Lesnoy, it peaked twice to 80 µg L-1: in 
May and July-August (Figure 2). The low chlorophyll a 
concentrations were related to salinity at Smiltyne site 
(Spearman ρ -0.6, P<0.05). 

3.2 L. kindtii abundance and consumption rate
L. kindtii abundance showed two peaks (Figure 3). The 
first peak occurred in the end of May (0.9 indv. L-1) at 
Lesnoy and Smiltyne (6 indv. L-1), and two weeks later 
at Nida (2.2 indv. L-1). The abundance of L. kindtii 
dramatically decreased in July and reached the second 
peak in the middle of August (Smiltyne - 1.8 indv. L-1; 
Nida - 1.5 indv. L-1; Lesnoy - 1.0 indv. L-1). The constantly 
lower abundance of L. kindtii at Lesnoy comparing to 
Nida (seasonal means 0.33±0.32 and 1±0.6 indv. L-1 
respectively, Wilcoxon matched pair test z=2.7; P<0.05) 
apparently was related to higher catch efficiency of large 
plankton net, used at Nida site. 

The abundance of L. kindtii was positively related to 
water temperature at Nida and Lesnoy (Table 2). The 
population peaks were less pronounced at Smiltyne: 
L. kindtii abundance tended to be lower at higher salinity 
(Spearman ρ -0.6, P<0.05) and it never occurred at >4 psu.

The body length of L. kindtii varied from 1.2 to 
11.3 mm and did not differ significantly between the 
sites on the respective sampling dates (non-parametric 
Friedman ANOVA, P>0.05). The population was 
dominated by small individuals during all seasons, 
with an overall mean size of 2.8±0.6 mm (Figure 4). 
The percentage of juvenile individuals (BL<2 mm) was 
17–19% during the population peaks and 0-10% during 
the midsummer population decline. 

The calculated trap basket length ranged from 
0.33 to 1.79 mm in the smallest and largest individuals 
respectively, whereas the overall seasonal mean 
was 0.56±0.09 mm. The daily food requirements of 
Leptodora were below 10% of grazer daily production 
in May and in July during the Leptodora decline at 
Nida (Table 3). The highest consumption requirements 
exceeding the daily production of grazers (105%) was 

estimated in June. Leptodora consumption varied at 
oligohaline site in concert with its abundance. The single 
case of Leptodora abundance over 6 indv. L-1 produced 
extremely high predation estimate over 150% of grazer 
production, otherwise consumption was lower than at 
the freshwater station. However, differences in sampling 
methods may have lead to the underestimation of 
consumption at Lesnoy. Therefore, these data are not 
presented here.  

3.3  Seasonal changes of zooplankton 
community

Non-predatory cladocerans were represented 
mainly by freshwater Daphnia spp., Bosmina spp., 
Diaphanosoma brachyurum and Chydorus sphaericus. 
In spring, the abundance of all cladocerans was low. 
A significant increase was recorded in the end of 
June at Lesnoy and Nida (Figure 3). This peak of 
cladocerans, composed mainly by Chydorus sphaericus 
and D. galeata, coincided with midsummer decline of 
L. kindtii. The constantly high abundance of cladocerans
(>300 indv. L-1) remained for 3 weeks at Lesnoy but was 
interspersed with lower abundances at Nida (Figure 3). 

Table 2. Relation of Leptodora kindtii abundance to environmental conditions. ρ– Spearman rank correlation coefficient. P<0.01 **, P<0.05*.

Enviromental conditions/Sites Lesnoy Nida Smiltyne

ρ P ρ P ρ P

Temperature 0.66 ** 0.84 ** 0.72 **

Secchi depth 0.09 n.s. -0.03 n.s. -0.26 n.s.

Dissolved oxygen -0.53 * -0.76 ** -0.58 **

Salinity - - - - -0.58 **

Figure 4.  Seasonal dynamics of the median body lenght of L. kindtii 
individuals collected at Nida. Boxes show percentiles 
(25-75%), whiskers are min-max values. 
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In August the total number of herbivorous cladocerans 
declined again when the L. kindtii population reached its 
second seasonal maximum (Figure 3). 

The rotifers were represented by Keratella 
(K. cochlearis, K. quadrata, K. cruciformis) and 
Brachionus (B. angularis, B. calyciflorus). The 
spring maximum of rotifers was mainly determined 
by an increase of Keratella spp. In May, the highest 
abundances of rotifers varied between sites from 250 in 
Smiltyne to more than 700 indv. L-1 in Nida. The sharp 
decline coincided with the increased density of L. kindtii 
(Figure 3). For the rest of the season, the abundance of 
rotifers was low at all sites. 

Environmental factors in combination with L. kindtii 
abundance accounted for 41, 31 and 34% of the 
variance in zooplankton abundance at Smiltyne, Nida 
and Lesnoy respectively (RDA analysis, Figure 5), 
whereas date accounted for 1, 8 and 5% of the 
variance in the respective sites. After date was removed 
statistically from the analysis, ranking of environmental 
factors by importance remained the same. Salinity 
was the most important predictor at Smiltyne (F=5.6, 
P<0.05). Most species responded negatively to salinity, 
whereas L. kindtii showed no significant negative effect 
on zooplankton (F=2.1, P>0.05, Figure 5). In Nida the 
most important explanatory variables were Secchi depth 
(F=2.5, P<0.05) and L. kindtii (F=2.6, P<0.05). 

At Lesnoy, none of the three best predictors (Secchi 
depth, L. kindtii abundance and dissolved oxygen 
concentration) were significant (F=1.5 P>0.05 for each). 
Most of the zooplankton tended to be less abundant at 
higher Secchi depths, whereas L. kindtii showed positive 
relationships with most rotifers and cladocerans, except 
Daphnia spp.

4. Discussion
The density of L. kindtii in the Curonian Lagoon 
was close to that estimated in other eutrophicated 

water bodies of Eastern and Central Europe. In the 
neighboring Vistula Lagoon (SE Baltic Sea) the 
L. kindtii reached similar density of 1.9 indv. L-1 [14]. 
In the continental Central Europe maximal densities 
vary from around 0.2 indv. L-1 in deep stratified water 
bodies such as Slapy reservoir in the Czech Republic 
[27] and lake Constance in Germany [8] to 2.4 indv. L-1

in the comparatively shallow Sulejow reservoir in 
Poland [10]. Significantly lower abundance of L. kindtii 
not exceeding 0.5 indv. L-1 were reported from boreal 
lakes of Finland [28,29]. Most of the L. kindtii density 
observations in this study fell below 0.01 indv. L-1 in the 
oligohaline Gulf of Finland (E Baltic Sea) [15]. 

The differences in L. kindtii density between the 
two freshwater sites could be related to sampling gear. 
Specifically, density estimates using the 6 L bottles 
(Lesnoy) were on average 3-fold lower than estimates 
from vertical plankton net tows in Nida. Other authors 
report significantly lower density estimates with higher 
variability using water samplers (5 L) when compared 
to estimates from bongo nets or large vertical plankton 
nets [10 and the references therein]. 

In agreement with previous studies in the oligohaline 
part of the Curonian Lagoon [17], there was a significant 
negative effect of salinity on the abundance of freshwater 
zooplankton assemblage (Figure 5). L. kindtii was not 
found at the salinity >4 psu. In Vistula Lagoon, L. kindtii 
was consistently recorded at 2.5–4.5 psu. However, 
the largest densities were estimated in freshwater 
[14]. In the Gulf of Finland, L. kindtii occur throughout 
a broad salinity range from 2 to 6 psu [15]. These 
findings contrast with reported L. kindtii occurrence at 
<0.85 psu in the brackish Chany Lake (western Siberia, 
Russia) where salinity (also mainly determined by 
sodium and chloride) varies along more stable spatial 
gradient from 0.8 to 6.4 psu [13]. Most likely, the intense 
hydrodynamics in the coastal areas of the SE Baltic Sea 
that are influenced by large rivers (Vistula, Nemunas, 
Neva) forces this species to occur temporarily far from 
its tolerance range.

Table 3.  Monthly average values of zooplankton daily production (mg m-3) and Leptodora consumption as percentage of total grazers production 
at Nida. 

Months/stations
Daily production, mg m-3

Leptodora 
Consumption, %Rotifera Cladocera Copepod juv. 

stages Tot grazers Leptodora

MAY 161.3 44.3 142.1 347.7 3.5 5.3

JUN 21.7 227.7 81.2 330.5 34.6 105.1

JUL 31.2 858.5 118.7 1008.4 9.4 10.5

AUG 29.6 280.2 141.3 451.1 20.7 62.5

SEP 18.3 39.7 64.4 122.5 13.2 43.3
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Figure 5.  The RDA plots for zooplankton data at Lesnoy, 
Nida and Smiltyne. Species abbreviations: Asp – 
Asplanchna spp., Bos- Bosmina spp., Br- Brachionus 
spp., Chy - Chydorus sphaericus, Np – Copepoda 
nauplii, Cop- Copepoda copepodit and adult stages,
Di- Diaphanosoma spp., Df- Daphnia spp., Kel – 
Kelichotia spp., Ker – Keratella spp., Pol - Polyarthra 
spp. Abbreviations for explanatory variables (pointed by 
the bold lines): O2- dissolved oxygen, LEP – Leptodora 
kindtii, S - salinity, CH- chlorophyll a, T - temperature, 
SD- Secchi depth.
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Many studies emphasize water temperature as a 
key factor determining L. kindtii population dynamics 
and abundance [10,11,27]. The Leptodora hatches from 
eggs in sediments at 9°C in spring. Exponential growth 
starts at 16°C, and maximum biomass is reached at 
21-22°C [12]. We observed two peaks of L. kindtii 
abundance, in June and August. These abundance 
peaks co-occurred with temperature over 20°C (Figures 
2 and 3). The two-week delay of both peaks occurred 
between the southernmost (stagnant) and the rest 
stations, although there were no temperature fluctuation 
differences between sites, except in May. The 
phenomenon of the importance of May temperature, 
detected by Wagner and Benndorf [12] on long term 
data sets, suggests that 1°C decrease or increase in 
water temperature results in 1 week delay or advance 
in first L. kindtii peak. Our findings of 2°C higher May 
temperature and 2 weeks earlier first L. kindtii peak at 
Lesnoy site supports the consistency and predictability 
of this phenomenon. Moreover we could argue that 
Leptodora population cycles are largely predetermined 
by spring temperature, because the timing lag of second 
abundance peaks between the study sites persists, 
even summer temperature fluctuates synchronically 
between sites. 

There was no significant temperature drop below 16°C 
during the midsummer which could explain population 
decline (Figure 2). Moreover L. kindtii abundance started 
to decrease at Lesnoy when water temperature was still 
high. This indicates other factors contributing to regulation 
of the population dynamics, whereas predation effect and 
food shortage are the most important [7].

The small body size of L. kindtii in the Curonian 
Lagoon (hardly exceeding 6 mm; Figure 4) indicates 
high predator pressure. L. kindtii individuals of >6 mm 
are the preferred food of adult planktivorous fish 
such as Pelecus cultratus and Alburnus alburnus 
[4,30]. Pikeperch (Stizostedion lucioperca) and other 
zooplanktivorous fish of age 0+ are also reported to 
be efficient feeders on L. kindtii [7]. All mentioned 
planktivores are common in the open water zone of the 
Curonian Lagoon. The juvenile fish are most abundant 
at the end of May to the beginning of June [31]. In the 
beginning of July their numbers tend to decrease in the 
open waters because many species migrate, either to 
the sea (smelt) or vegetated littoral habitats (perch) 
[31]. Thus the first L. kindtii population peak might be 
dampened significantly by high fish predation pressure, 
and the earlier peak (e.g. Lesnoy) is more likely to co-
occur when juvenile fish are more abundant. 

Invertebrate predators can coexist in high 
abundance with fish in turbid environments because 
fish cannot forage as effectively on large invertebrates 
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in increasing turbidity [32]. However, L. kindtii and other 
invertebrate zooplanktivores, are able to use vertical 
refuges from fish more effectively in deeper stratified 
lake regions [33]. High turbidity in the Curonian Lagoon 
(Secchi depth 0.4-0.8 m in freshwater stations), primarily 
caused by phytoplankton hyperblooms and sediment re-
suspension in the summer, should contribute significantly 
to refuge availability for Leptodora. However absence of 
refuges with complete darkness in the water column due 
to shallowness of the lagoon is a plausible explanation 
why only small individuals of L. kindtii can persist in 
these areas. 

On average Leptodora kindtii consumed 45±41% of 
total zooplankton production. L. kindtii consumed the 
highest amount of grazing zooplankton in June during 
the first peak. During this peak, consumption exceeded 
100% of the calculated grazing zooplankton production. 
This peak corresponded well with the decline of prey 
species in our study (Figure 3). Vijverbeg et al. [7] report 
ca 12 times higher Leptodora prey requirements than 
measured production of small cladocerans. This food 
shortage, reflected in low fecundity and high mortality 
rates, resulted in subsequent population decline [7]. 
In this study the proportion of juvenile individuals 
was consistent during the periods of high population 
abundance, which indicates no significant changes in 
birth rate due to food shortage. Therefore the scenario 
of prey overexploitation in June followed by midsummer 
decline in July, is not convincing in the Curonian Lagoon. 

Selected prey items of the L. kindtii are highly 
predictable from its trap basket size which is a linear 
function of body length [25,34]. We assumed that 
Leptodora does not consume prey larger than its 
trap basket, and that Leptodora always targets the 
largest available prey because the larger prey is more 
profitable in terms of energy gain [34]. From this we 
could predict that most vulnerable zooplankton group 
in the lagoon is of the mean size 0.56±0.09 mm 
(i.e. calculated TBL). This size interval includes small 
cladocerans such as Bosmina, Chydorus, smallest 
Daphnia and Diaphanosoma as well as copepodite 
stages of cyclopoids. The preference of Leptodora on 
listed herbivorous cladocerans was reported by many 
authors [4,6,11,27]. Some authors also mention rotifers 
and copepod nauplii in the diet of small Leptodora [4,5]. 

The significant role of Leptodora kindtii in structuring 
the summer zooplankton community was pronounced 
only at Nida (Figure 5). The clear negative response of 

rotifer Brachionus as well as cladoceran and copepodit 
abundances to L. kindtii increase is evident from the 
RDA plot (Figure 5). On the other hand, listed taxa tend 
to be negatively related to increasing water clarity, which 
is opposite to increased phytoplankton (chlorophyll a) 
and concentrations of other suspended solids. This 
pattern is consistently pronounced at all sites (Figure 5). 
Therefore the single seasonal cladoceran peak 
coinciding with Leptodora midsummer decline in both 
freshwater stations (Figure 3) could hardly be attributed 
only to the release from this predator pressure. Chydorus 
sphaericus is the least vulnerable to carnivorous 
invertebrates [7], key species of the cladoceran peak 
seen in July-August. In contrast to daphniids, it peaks 
consistently during the highest cyanobacteria bloom in 
the lagoon [17]. Thus both food availability (negative 
correlation with Secchi depth, Figure 5) and moderate 
predator pressure (both Leptodora and juvenile fish) 
could be responsible for high abundance of cladocerans 
in July-August. 

We conclude that hydrodynamical conditions in the 
summer do not restrict L. kindtii population development 
in the largest area of the lagoon excluding only the inflow 
zone of brackish water (>4 psu). The non-homogeneous 
water temperature has a significant effect on L. kindtii 
abundance and population dynamic differences in 
stagnant and transitory parts of the lagoon. The earlier 
start of the population cycle in spring results in less 
overlap with the cladoceran peak in the summer and 
presumably coincides with the higher numbers of juvenile 
fish in the open water. This study also contributes to the 
understanding that carnivorous invertebrates might be 
important in transferring the energy from herbivorous 
zooplankton to fish in the eutrophic coastal ecosystem. 
Along with this transfer, pelagic production could shift 
zooplankton communities from small-sized species 
(cladocerans, rotifers) to large species like Leptodora, 
hypothetically improving feeding conditions for pelagic 
fish. To test this hypothesis, fish gut content analysis 
would be useful in future studies.
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