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Abstract⎯The distribution of zooplankton has been studied in a waterbody whose entire area is occupied by
phytocenoses with the dominance of plants of different ecological groups. It is shown that, in the phytocoenosis
of the submerged hydrophyte Elodea canadensis, zooplankton is involved in the classical grazing trophic web.
The zooplankton community in this phytocoenosis is mainly made up by algaephagous species. In the habitats
occupied by emergent plant Carex riparia, zooplankton is more closely associated with the components of the
“microbial loop,” where the most abundant groups are predators and bacterio–detritophagous species.
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INTRODUCTION
Aquatic plants occupy significant areas of littoral

and shallow water areas. The impact of higher plants on
the cycle of mineral and organic substances in aquatic
ecosystems can be considerable. The ability to absorb
and accumulate some elements and release them during
their life and after their death varies in different species
(Dykyjová, 1979). Aquatic plants produce carbohy-
drates, organic substances, and amino acids and release
them in the environment (Lukina, 1990; Ratushnyak,
1993). During their life, aquatic plants do not excrete
much phosphorus; the main portion of phosphorus
enters the water in the course of hydrophyte decompo-
sition (Granéli and Solander, 1988). Plants from the
same ecological group (e.g., submerged, floating or
emergent plants) create similar conditions of the envi-
ronment. Expanding and changing the environment,
physicochemical conditions, and relations in food
chains, plants impact, on the one hand, the quantity
and availability of trophic resources for zooplankton
and, on the other hand, the intensity of predator pres-
sure, thus, affecting the distribution and abundance of
aquatic organisms.

Zooplankton was studied in a pond without open
water sites. Its entire area was occupied by two phyto-
cenoses: the first was dominated by emergent plant
sedge Carex riparia Curt and the other by submerged
plant Elodea canadensis Michx.

Nutrition of the sedge is associated more with the
ground than the water. In spring, plants grow owing to
the accumulation of nutrients by the roots while, in
summer, nutrients are absorbed from the soil. The
excretion of nitrogen and phosphorus into water by

live propagules is insignificant (Bernard et al., 1988).
The nutrients accumulated in the sedge biomass enter
the environment during plant decomposition. How-
ever, sedge decomposes slowly. In sedge species, bio-
mass loss accounts for only 24–53% per year (Verho-
even and Arts, 1992; Schulz et al., 2011). Emergent
plants, in general, are characterized by a lower rate of
decomposition than submerged plants (Belova, 1982).
During the first 4–7 months, the content of nitrogen
and phosphorus in the phytomass of the decomposing
plants in the sedge increased relative to the initial lev-
els by 75–100% (Morris and Lajtha, 1986; Bernard
et al., 1988). The reduction in nitrogen and phospho-
rus contents begins after the roots of vegetative plants
grow through the plant residues. Hence, sedges can
form zones in which N and P are retained in sediments
(Morris and Lajtha, 1986; Bernard et al., 1988).
Emergent plants were shown to form high production,
a small portion of which is utilized by phytophagous
species while the greatest part of this production enters
to detrital trophic webs or remains unutilized (Longhi
et al., 2008). It was noted that, in annual helophytes,
nutrients are released faster than in perennial plants
(Morris and Lajtha, 1986).

The exchange of mineral and organic substances
between elodea and the aquatic environment occurs
more actively. The concentrations of phosphorus
(phosphates), nitrogen (nitrates and nitrites) (Pokorný
et al., 1984), carbohydrates, organic substances, and
amino acids (Lukina, 1990; Ratushnyak, 1993; Mas-
sachiro and Takuo, 1994) are higher in the sites occu-
pied by elodea than in the open areas. The contents of
N, P, and K in the tissues of Elodea canadensis is larger
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than in Carex riparia (Dykyjová, 1979). Since elodea
has a higher rate of decomposition (Belova, 1982;
Massachiro and Takuo, 1994), the nutrient elements
enter the water more quickly during plant decomposi-
tion in the elodea than in the sedge habitats (Mas-
sachiro and Takuo, 1994); afterwards they again enter
the biotic cycle.

Our goal is to investigate zooplankton distribution
in the water body in dependence of the vegetation
composition.

MATERIALS AND METHODS
Studies were carried out in two sites with aquatic

vegetation in a pond with an area of   1080 m2. The
pond is surrounded by low forest cover on three sides
and with an uncultivated field on the fourth (southern)
side. Phytocenosis with a dominant species Carex
riparia Curt. (total projective cover of 60%) formed a
strip along the southern shore with a length of ~18 m
and a width of 2–6 m. Other than the dominant species,
this phytocenosis included aquatic moss and solitary
plant species Hydrocharis morsus-ranae L., Utricularia
vulgaris L., Lycopus europaeus L., Scutellaria galericu-
lata L., and Typha latifolia L. The water depth in the
sampling sites was 0.3–0.7 m. The remaining area of
the pond was occupied by a phytocenosis with the
dominance of Elodea canadensis Michx. (total projec-
tive cover of 90%) with small “spots” of Persicaria
amphibia (L.). Samples were taken from a depth of 1 m.
The maximum depth of the pond was 1.9 m. Studies

were conducted during the active vegetating period of
aquatic plants from June 10 to September 2 in 2015. By
September, elodea occupied the entire water column
from the bottom to the surface; its dry mass was
564 g/m3 (wet mass was 7088 g/m3). Sedge stayed in the
semisubmerged position throughout the season. In
September, the dry mass of the aboveground part of the
sedge was 636 g/m2 (wet mass was 3448 g/m2).

Samples were collected weekly in three sites of each
phytocenosis. Samples from three sites (2 L) were
poured into one bucket; afterwards, the integral sample
was taken for the analysis of plant pigments, bacteria,
flagellates, and ciliates. Zooplankton samples were
taken from different sites which were analyzed sepa-
rately to study the distribution of zooplankton species in
each phytocenosis and compare it between different
habitats. Samples of 10 L were filtered through the
plankton net with a mesh size of 73 μm and fixed with
70% ethyl alcohol. Then they were processed by the
standard methods. Mean values   and their confidence
intervals were found for each parameter.

The content of phytoplankton pigments was mea-
sured using the spectrophotometric method in an ace-
tone extract (Sirenko and Kureishevich, 1982). Bacte-
ria were precipitated on nuclear filters with a pore
diameter of 0.17 μm, stained with DAPI fluorochrome
(Porter and Feig, 1980), and counted under an epiflu-
orescence microscope. The number of f lagellates was
counted in “live” water samples using light micros-
copy. The biomass was found using its relationships
with the size and geometric shape of the cells, assum-
ing that the specific density is equal to one. Ciliates
were identified in freshwater samples in Bogorov’s
chamber under a MBS-10 light microscope (Russia);
small forms were identified under a Ergaval micro-
scope (Germany). The total biomass was calculated
using individual masses of ciliates taken from pub-
lished data (Chorik, 1968; Mamaeva, 1979; Zharikov,
1996). Species were identified according to the Identi-
fication Guide (Kahl, 1930–1935; Mamaeva, 1979;
Carey, 1991; Foissner and Berker, 1996).

Water temperature, pH, and biological samples
were taken in the morning at the time interval 09:00–
10:30 am. The dissolved oxygen concentration was
measured by the iodometric method (ISO 5813-83,
2010).

The relationships between the quantitative char-
acteristics of the aquatic species were found using
Spearman’s rank correlation coefficient. The calcu-
lations were performed using the PAST program
(Hammer et al., 2001).

RESULTS
In the water of the elodea phytocenosis, oxygen

concentrations and pH were higher than in the sedge
phytocenosis until late July (Fig. 1). The water tem-
perature in the morning was 19.2 ± 2.4°С.

Fig. 1. Dynamics of the dissolved oxygen concentration (a)
and pH (b) in the two phytocenoses.
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Concentrations of phytoplankton pigments and
their dynamics in two types of vegetation thickets were
similar until late July. Later in the sedge thickets, the
concentrations of chlorophylls a and b and carot-
enoids were twofold higher than the corresponding
concentrations in the elodea thickets (Fig. 2). The
concentrations of chlorophyll c, which is typical of
diatom algae, were low (on average, 0.6 μg/L) in both
types of thickets. Since the end of July, the concentra-
tion of pheophytin decreased in the sedge phytoceno-
sis, averaging 16% of the total chlorophyll concentra-
tion, while in phytoplankton from the elodea thickets,
the concentration of pheophytin remained at the level
of 30% of the total chlorophyll concentration through-
out the summer. Since the end of July, the pigment
index E480/E665 indicated a greater proportion of yel-
low pigments in the phytoplankton in the elodea than
in the sedge thickets.

The number of bacteria in the water gradually
increased during the growing season. The mean values
of the microorganism abundances averaged over the
growing season were close in the elodea and sedge
thickets (Table 1). In the phytocoenosis of elodea, the
dynamics of the number of bacteria had a pronounced
sawtooth character owing to abrupt jumps in the num-
ber of bacteria. In the sedge thickets during the last
4 weeks of the study period (August to early Septem-

ber), the number of bacteria was relatively stable, rang-
ing from 16.8 ± 1.1 million cells/mL. In thickets of
both types, the number of bacteria correlated with the
concentration of chlorophyll a. In the sedge thickets,
bacteria correlated, in addition, with the number of
their consumers: ciliates, rotifers, and crustaceans of
the family Chydoridae (Table 2).

The abundance and biomass of the f lagellates in
the elodea and sedge thickets changed in a similar pat-
tern. However, in late July and mid-August, biomasses
of f lagellates were higher in the sedge thickets. In the
sedge thickets, the correlation coefficient between the
number of f lagellates and the biomass of ciliates was
statistically significant (Table 2).

In the sedge phytocenosis, the number of testate
amoebae (Testacea) of the genera Arcella and Difflugia
were higher by an order of magnitude than in the elo-
dea thickets (Table 1).

In general, 37 species of ciliates were recorded.
Among them, 31 species were found in the sedge and
21 species in the elodea thickets. In both phyto-
cenoses, Strombidium viride Stein and Halteria grand-
inella (O.F. Müller) were commonly present, while
Coleps hirtus (Ehrenberg) were common only in the
sedge. The highest abundance of Strombidium viride
was recorded in June: 594000 ind./m3 in the elodea

Fig. 2. Dynamics of the concentrations of pigments and the content of pheophytin in phytoplankton in the elodea and sedge
thickets.
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Table 1. Abundance and biomass of plankton taxa in the phytocenoses of elodea and sedge (minimum–maximum (average))

Parameters Elodea Sedge

A
bu

nd
an

ce

Bacteria, mln cells/mL 3.5–19.8 (11.2) 7.1–18.1 (12.3)
Flagellates, cells/mL 95–323 (198) 29–455 (222)

Testacea, thou. ind./m3 0.4–3.9 (2.1) 4.3–45.9 (21.6)

Ciliates, thou. ind./m3 297–759 (492.5) 231–1221 (657.5)

Rotifera, thou. ind./m3 0.9–4.9 (2.5) 2.7–24.8 (12)

Cladocera, thou. ind./m3 1.2–7.3 (2.9) 4.3–29.2 (16.9)

Copepoda, thou. ind./m3 39.5–126.6 (82.8) 26.6–122.6 (70.8)

B
io

m
as

s,
 m

g/
m

3 Flagellates 320–3500 (1350) 210–3370 (1660)
Ciliates 30.9–237.3 (97.7) 9.24–553.2 (120)
Rotifera 1.3–13.3 (4.8) 3.3–21.6 (11.2)
Cladocera 8.4–34 (13.9) 17.4–96.5 (57.5)
Copepoda 216.4–1134.4 (502.3) 394.9–1047.4 (697)

Table 2. Statistically significant relationships between the quantitative parameters of planktonic organisms in the phytoco-
enoses of elodea and sedge

R, Spearman correlation coefficient; p, probability value; N, abundance, and B, biomass.

Parameters R p

Elodea

Chlorophyll а & N bacteria –0.57 <0.05
Chlorophyll а & B ciliates –0.64 <0.05

Sedge

Chlorophyll а & N bacteria 0.87 <0.001

Chlorophyll а & N algaephagous ciliates –0.63 <0.05
Chlorophyll а & B bacterio–detritophagous ciliates 0.74 <0.01
Chlorophyll а & B Chydoridae 0.57 <0.05
Chlorophyll а & N Rotifera 0.66 <0.05
Chlorophyll а & B Rotifera 0.57 <0.05
N bacteria & B ciliates 0.64 <0.05
N bacteria & B bacterio–detritophagous ciliates 0.73 <0.01
N bacteria & N Chydoridae 0.55 <0.05
N bacteria & B Chydoridae 0.68 <0.05
N bacteria & N Rotifera 0.59 <0.05
N flagellates & B ciliates 0.70 <0.01
N flagellates & B algaephagous ciliates 0.67 <0.05
B bacterio–detritophagous ciliates & N Chydoridae 0.63 <0.05
B bacterio–detritophagous ciliates & B Chydoridae 0.69 <0.01
B bacterio–detritophagous ciliates & N Rotifera 0.70 <0.01
B bacterio–detritophagous ciliates & B Rotifera 0.58 <0.05

and 660000 ind./m3 in the sedge thickets. The maxi-
mum of Halteria grandinella was observed in the elo-
dea in late July (165000 ind./m3) and in the sedge in
late August (627000 ind./m3). Coleps hirtus in the

sedge reached its peak in September (297000 ind./m3).
In the phytocenosis of the elodea, algaephagous spe-
cies prevailed, averaging 68% of the total abundance of
ciliates. In the phytocenosis of the sedge, bacterio–
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detritophagous species constituted 47% of the total
abundance of ciliates (Fig. 3). In the elodea, the bio-
mass of ciliates correlated with the concentration of
chlorophyll a, while in the sedge the ciliate biomass
was related to their food resources (algae, bacteria,
and flagellates) and potential consumers (rotifers and
Chydoridae) (Table 2).

Forty species of Rotifera, 14 species of Cladocera,
and 12 species of Copepoda were found in the zoo-
plankton samples. In June and July, the total biomass of
the zooplankton (Crustacea and Rotifera) was twofold
higher in the sedge than in the elodea thickets. Later
these differences were less pronounced. The abundance
of Rotifera (Fig. 4) and Cladocera (Fig. 5a) was higher
in the sedge phytocenosis (Table 1) throughout the
study period. The distribution of Copepoda depended
on the age and species structures. Copepodite and adult
Cyclopidae preferred to inhabit sedge habitats, while
nauplius Copepoda and copepodite and adult Calani-
dae (Eudiaptomus transylvanicus (Daday)) commonly
occurred in elodea thickets (Fig. 6).

Mesocyclops leuckarti (Claus) was the most abun-
dant adult cyclops in both phytocenoses. Eucyclops
macruroides (Lilljeborg), Diaphanosoma brachyurum
(Liévin), Chydorus sphaericus (OF Müller), Graptole-

Fig. 3. Distribution of ciliates along the trophic groups: (A) algaephagous ciliates, (B–D) bacterio–detritophagous ciliates,
(O) nonselective omnivores, (P) predators, and (H) hystophagous ciliates.
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beris testudinaria (Fischer), Lecane luna (Müller),
L. (M.) bulla (Gosse), Mytilina ventralis (Ehrenberg),
Brachionus quadridentatus Herman, Euchlanis dilatata
Ehrenberg, and rotifers of the order Bdelloida
occurred in elodea and sedge thickets. However, the
abundances of the above species, except for Diaphano-
soma brachyurum, were higher in sedge habitats. The
abundance of D. brachyurum did not differ between
the two phytocenoses, except for a short period in
mid-August, when the number of individuals and their
biomass were higher in the sedge (Fig. 5b).

In the sedge, we recorded rotifers Euchlanis deflexa
Gosse and Dicranophorus grandis Ehrenberg, copepod

Ectocyclops phaleratus (Koch), cladocerans Macro-
thrix sp., Oxyurella tenuicaudis (Sars) and Ceriodaph-
nia setosa Matile. C. quadrangula (OF Müller) was
found in both phytocenoses. Cladocerans of Chy-
doridae family, mainly Chydorus sphaericus, contrib-
uted, on average, 81% to the total cladoceran abun-
dance in the sedge (Fig. 5c). In the elodea, crustaceans
of Chydoridae family contributed, on average, 38% to
the total cladoceran abundance.

A peculiar feature of elodea phytocenosis was the
mass development of calanoid copepod Eudiaptomus
transylvanicus, the number of which averaged 7%, rang-
ing from 1 to 23% of the total number of zooplankton
individuals, and 36%, varying from 6 to 61% of the total
zooplankton biomass. In the sedge, this species was
absent or rare. Elodea thickets were preferred by cla-
doceran species Bosmina longirostris (O.F. Müller) and
rotifera species Keratella cochlearis (Gosse).

DISCUSSION

In phytocenoses of both types, the spatial struc-
tures of the habitats were complex owing to the high
density of plants. Euplanktonic species commonly
avoid such conditions. Nevertheless, in the elodea
phytocenosis, Eudiaptomus transylvanicus successfully
developed in the plankton. Its movements and feeding
were apparently not constrained by elodea thickets.
E. transylvanicus attained the highest abundance in
the second half of the summer, when elodea sprouts
grew considerably in length and reached the surface,
thus reducing the water layers free from plants.
Diaptomids are known to have a greater selectivity in
their food consumption, in particular, algae, than daph-
nia species (DeMott, 1989). The successful develop-
ment of E. transylvanicus in the elodea phytocenosis
means that the composition and size of the phyto-
plankton species met its nutritional requirements. In
addition, this species could graze on ciliates, the abun-
dance of which in the elodea was quite high. It was
found that Diaptomus sp. consuming ciliates are able to
reduce their numbers to very low levels   (Adrian and
Schneider-Olt, 1999).

In the sedge phytocenosis, zooplankton was mainly
represented by predators, namely, adult and copepo-
dite Cyclopidae, as well as filter-feeders associated
with the substrate, i.e., cladocerans of the family Chy-
doridae and rotifers.

The effects of higher aquatic plants on food
resources of zooplankton via their impact on the bal-
ance of nutrients and the turnover of carbon is the
main driver of zooplankton distribution. Since the diet
of planktonic crustaceans can include algae, protozoa,
and bacteria (depending on their abundance), the dis-
tribution of ciliates along trophic groups can be an
important indicator of food resources for zooplank-
ton. Many species of ciliates are highly selective, pre-
ferring food particles of certain sizes, shapes, and

Fig. 5. Abundance of Cladocera: (a) total, (b) Diaphano-
soma brachyurum, and (c) Chydoridae family. Confidence
intervals are given.
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qualities (Burkovskii, 1984). In elodea phytocenosis,
algaephagous ciliates were most abundant, while in
the phytocenosis of the sedge, bacterio–detritopha-
gous ciliates prevailed (Fig. 3). Therefore, in the elo-
dea, the basic food resource for zooplankton was
algae, while in the sedge it was bacteria and detritus.

Higher aquatic plants, especially those which are
largely associated with water (many submerged spe-
cies), are in a competitive relationship with algae. Some
hydrophytes were shown to exert an allelopathic influ-
ence. For example, Vanderstukken et al. (2014) found
that elodea can control phytoplankton development via
allelochemicals. However, Erhard and Gross (2006)
showed that elodea affected only blue-green, mostly
epiphytic, algae, and it did not have any impact on
green algae, i.e., Scenedesmus brevispina (G.M.Sm.)
Chodat. The high abundance of algaephagous ciliates in
the elodea phytocenosis indicates that phytoplankton
was not affected significantly by the plants; i.e., the
nutrient concentrations were sufficient to support the
growth of both higher plants and algae.

In aquatic biocenoses, the development of plank-
tonic algae is closely related to the development of
bacteria. On the one hand, these organisms compete
for resources; on the other hand, their excretions can
stimulate their growth. The balance of these processes
determines the abundance ratio of algae and bacteria.

In elodea phytocenosis, phytoplankton prevailed over
bacteria. A negative correlation was established
between the concentration of chlorophyll a and the
number of bacteria (Table 2). Lower bacterial activity
in the elodea phytocoenosis compared to that in areas
without plants was also observed by other researchers
(Pokorný et al., 1984).

Concentrations of algae pigments in the elodea hab-
itats decreased in the second half of the summer owing
to the grazing pressure of algae consumers and a reduc-
tion in phosphorus availability for phytoplankton due to
its deposition with CaCO3 (Granéli and Solander,
1988). Insoluble salts of CaCO3 were released as a result
of a shift in the carbonate equilibrium caused by a pH
increase during day hours owing to active photosynthe-
sis by elodea (Pokorný et al., 1984), the phytomass of
which had increased significantly by this time. On the
contrary, in the sedge phytocenosis, there may be high
concentrations of phosphorus in the water, because
Carex riparia is a species indicator of enhanced trophy
level. The development of this species is commonly
recorded in areas with high concentrations of the total P
(Sager and Lachavanne, 2009).

In the phytocoenosis of elodea, zooplankton was
involved in the classical grazing food web, while in the
sedges it was more closely associated to the compo-

Fig. 6. Abundance of Copepoda: (a) nauplii, (b) adults and copepodites of Eudiaptomus transylvanicus, (c) copepodites of
Cyclopidae, and (d) adult Cyclopidae. Confidence intervals are given.
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nents of the “microbial loop” and participated in the
transfer of carbon through detrital chains. Long-term
accumulations of plant residues in the sedge area pro-
mote the development of destructor organisms,
including heterotrophic bacteria. In the conditions of
low water levels and a considerable thickness of sedi-
ments, the exchange of substances between soil and
water occurs more intensively, mainly due to the vital
activity of benthic organisms (Mermillod-Blondin
et al., 2008; Mieczan et al., 2015). Adults and copepo-
dites of cyclops accumulated in the sedge because
these habitats were rich in food resources, namely, cil-
iates (mainly bacterio–detritophagous species) and
flagellates. It was shown (Zingel et al., 2016) that an
increase in Copepoda biomass caused a shift in the
structure of the ciliate community; i.e., the abundance
of large forms was markedly reduced, while that of
small bacteriophagous ciliates increased. Chydorus
sphaericus, which dominated in the cladoceran com-
munity in the sedge, was also able to affect the number
of ciliates (Ventelä et al., 2002). We found a correla-
tional relationship between the abundance of Chy-
doridae and biomass of bacterio–detritophagous cili-
ates (Table 2). The relationship between crustacean
plankton and ciliates is recognized as an important
mechanism regulating the energy f low between meta-
and protozooplankton (Zingel et al., 2016). The direct
correlation of the abundance and biomass of Chy-
doridae in the sedge with the number of bacteria
(Table 2) obviously manifested the connection of links
along the food chains: bacteria – ciliates – Chydorus
sphaericus and detritus + bacteria – Chydoridae.

Nauplii, the first stage of the Cyclopidae, prefera-
bly dwell in the elodea, where there is enough food and
low predation pressure from adult cyclops.

The microfilter feeder Diaphanosoma brachyurum,
grazing on both small algae and bacteria, did not
demonstrate any preference for either studied phyto-
cenoses. It is known that this species is not sensitive to
environmental factors such as pH, humification, and
trophic levels, and its mass development was observed
in the pelagic zone as well as in the littoral with and
without vegetation cover (Korovchinskii, 2004). The
abundance of D. brachyurum increased in the sedge,
while chlorophyll concentration decreased in elodea
phytocenosis. Migrating to areas with more favorable
food conditions, this species can be more frequently
attacked by cyclops, which were more abundant in the
sedge. It is known (Korovchinskii, 2004) that juveniles
of D. brachyurum often become a prey of late copepo-
dite and adult Mesocyclops. From mid-August, the
number of D. brachyurum fell in both phytocenoses.

CONCLUSIONS
Phytocoenoses of elodea and sedge differed by tro-

phic conditions for zooplankton, resulting in its differ-
ent distribution and abundance. In the elodea, the
basic food resources for zooplankton were algae, while

in the sedge they were bacteria and protozoa. In the
sedge phytocenosis, the biomass of zooplankton and
its diversity calculated in biomass units were greater
than in the elodea. In these two types of thickets,
plankton crustacean communities were distinguished
by the species composition and age structures of
Cyclopidae; ciliate communities differed in abun-
dance of trophic groups.
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