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Abstract—Phyto- and zooplankton communities developing in the open overgrown shallows of the Rybinsk
Reservoir under the influence of a bird colony are shown to lose specific traits of quantitative characteristics
and structure fluctuation in response to the elevated water level in contrast to previous findings. Possible rea-
sons, such as the decomposition of sunken coastal vegetation playing the main role, accompanied by the
development of semiaquatic macrophytes and trophic relations between algae and invertebrates, are dis-
cussed. It is found that increased atmospheric precipitation leads to an increased abundance of Copepoda in
the zooplankton. Presumably, this effect correlates with more rapid and intensive inflow of avian vitality
products rich in nitrogen into the water, resulting in a change in the stoichiometric ratio of nitrogen and phos-
phorus in zooplankton food objects to values favorable for copepods.
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INTRODUCTION

Studies on the effects of aquatic and semiaquatic
vertebrates on communities of hydrobionts in freshwa-
ter ecosystems allow for better understanding issues
related to the sources of additional nutrient loads on
the waterbodies. The inflow of vitality products of
aquatic and semiaquatic colonial birds facilitates
changes in the concentrations of nutrients and quanti-
tative parameters of primary and secondary produc-
ers, evidencing the so-called guanotrophication of
waterbodies [26, 27, 31]. It is clear that, similarly to
anthropogenic eutrophication, the responses of vari-
ous elements of aquatic biota may differ and depend
not only on the quantity of inflowing matter, but on
the specificity of the hydrological regime in a water-
body, meteorological conditions, etc. The fluctuations
of water level play an important role in the formation
of the structural—functional organization of littoral
aquatic communities. This is especially true in regards
to artificially controlled systems—reservoirs (man-
made lakes). In addition, the density of the bird colony
and amount of atmospheric precipitation facilitating
the runoff of the feces to water play an important role
in the changes in communities under avian impact.

The goal of the present paper is to study the phyto-
and zooplankton of the area of an open overgrown lit-
toral in the Rybinsk Reservoir affected by a mixed
heron—egret (Ardea cinerea L. and A. alba L.) colony
with a high water level in the reservoir.

MATERIALS AND METHODS

The materials for study were sampled in 2016
during the avian nesting period at the overgrown open
littoral of the Volzhskii reach in the Rybinsk Reservoir
(58°03.512" N; 38°17.431” E). The sampling was per-
formed in the zone affected by the vitality products of
mixed grey heron Ardea cinerea L. and great egret
A. alba L. colony and at an area situated higher than
the border of the colony (reference site). The water was
sampled (six to eight samples on one date at each sam-
pling site) at sites with depths of 0.3—0.8 m usinga 1-L
vessel and poured to a bucket, from which the water
was taken for determining phytoplankton (PhP). The
zooplankton (ZP) was sampled (six to eight samples
on one date at each sampling site) using a bucket, the
water from which (=25 L) was filtered through a 64-um
mesh plankton net.

The phytoplankton was concentrated by direct fil-
tration applying weak pressure; the samples were con-
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densed and preserved with Lugol’s solution with the
addition of formalin and glacial acetic acid [17]. The
biomass of PhP was determined using the counting-
volumetric method [17]. Taxa with biomass compris-
ing 210% in total were classified as dominants. The
species composition and quantitative parameters of
algae were determined under a Carl Zeiss Primo Star
light microscope in the 0.01 mL Uchinskaya-2 count-
ing chamber. The ZP samples were preserved with 4%
formalin; cameral processing of the samples followed
the standard routine [17]; upon determining the bio-
mass, the sizes of animals were considered [1]; the
quantitative parameters were calculated using the soft-
ware given in [2].

Statistical analysis of the differences in the quanti-
tative parameters of planktonic organisms included
testing the normality of distribution using the Kolm-
ogorov—Smirnov test, testing the significance of dif-
ferences by the Mann—Whitney test, and calculating
the Spearman nonparametric correlation coefficient
(p <0.05).

RESULTS

The colony occupied an area of 300 X 150 m; the
first row of trees (pine, birch, and aspen) with nests
was situated 40 m from the water line. The colony con-
sisted of 60 nests of grey heron and 11 nests of great
egret. The nests (three to five nests at one tree) were
situated at a height of 6—12 m. The majority of grey
herons left their nests by the end of July; most great
egrets left by mid-August. During the last decade, the
number of nests and birds remains in fact constant; the
changes concern only the fact that, since 2015, the
great egret started to nest in the colony [34].

In June, the total PhP biomass in the zone affected
by the colony was lower, although the differences were
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insignificant (Table 1). The base of the biomass was
built by diatoms (51.5% of the total biomass at the ref-
erence site and 28.3% in the site affected by the birds),
cryptophyte (32.5 and 34.6%, respectively), and green
(10.2 and 20.6%, respectively) algae. In addition, in
the bird-affected zone, the share of dinophytic algae
was higher: 12.3% versus 3.5%. At the reference site,
the following species dominated: diatoms Aulacoseira
ambigua (Grunow) Simonsen (12.2%) and Diatoma
tenuis Agardh (29.4%) and cryptomonade Crypto-
monas curvata Ehrenberg (19.2%). At the site affected
by the colony, cryptomonade Cryptomonas curvata
Ehrenberg (17%) and C. marssonii Skuja (17%), as well
as dinoflagellates of g. Peridiniopsis, dominated by
biomass (16%). Near the colony, diatoms were not
among the dominants.

At the site affected by the colony, the number and
biomass of Cladocera and total ZP biomass were sig-
nificantly higher, but the density of Copepoda was sig-
nificantly lower (Table 2). At the reference site,
Copepoda (47.7%) and Rotifera (41.6%) dominated
by number; near the colony, cladocerans (36.3%) and
rotifers (35.1%) dominated. The following species
dominated: Keratella cochlearis (Gosse, 1851); Syn-
chaeta pectinata Ehrenberg, 1832; and juvenile Copep-
oda. At the reference site, the basis of the biomass was
made up of Copepoda (69.5%) and dominated by
Eurytemora velox (Lilljeborg, 1853), Mesocyclops
leuckarti (Claus, 1857), and Cyclopoida copepodites;
near the colony it was Cladocera (71.4%), dominated
by Polyphemus pediculus (Linnaeus, 1761); Alona
costata Sars, 1962; and Chydorus sphaericus
(O.F. Miiller, 1785).

By mid July, the PhP biomass at the reference site
was significantly higher than at the zone affected by
the birds (Table 1). The basis of the biomass was dia-
toms (42.6% of the total biomass at the reference site;

Table 1. Mean biomass (g/m?) of phytoplankton and taxonomic groups at the reference site (I) and at the site affected

by birds (IT)
Taxonomic June 16 July 13 July 25 August 16

group I 11 p I 1 p I I ) I 11 p
Cyanophyta 0.049 | 0.082 | — 0.050 | 0.062 | — 5.051 | 4.141 — 0.507 | 0.820 | 0.0209
Chrysophyta 0.019 | 0.018 - 0.018 | 0.008 — 0.081 | 0.024 | — 0.028 | 0.024 | —
Bacillariophyta | 1.727 | 0.919 - 0.979 | 0.315 | 0.029 | 2.123 | 2.062 | — 3.191 | 3.210 —
Xantophyta 0.014 | 0.002 | — 0.087 | 0.002 | — 0.006 | 0.000 — 0.000 | 0.000 | —
Cryptophyta 1.054 | 1183 - 0.868 | 0.261 | 0.029 | 0.220 | 0.299 — 0.208 | 0.503 | 0.0209
Dinophyta 0.114 | 0.406 | 0.004 | 0.033 | 0.017 — L.613 | 0.389 - 0.157 | 0.132 —
Chlorophyta 0.338 | 0.700 | 0.006 | 0.318 | 0.204 | — 0.685 | 1.108 — 0.131 | 0.366 | 0.0433
Euglenophyta | 0.003 | 0.058 - 0.004 | 0.001 — 0.157 | 0.000 - 0.007 | 0.017 -
Mixotrophs 1.190 | Le671 - 0.924 | 0.287 | 0.029 | 2.071 | 0.712 — 0.400 | 0.677 —
Total* 3.318 | 3.368 - 2.357 | 0.870 | 0.029 | 9.936 | 8.023 - 4.229 | 5.072 -

Here and in Table 2, — indicates a lack of significant differences, p < 0.05.
*The total sum was calculated without taking into account the mixotrophs, whose biomass is composed of part of the above groups.
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Table 2. Mean number (top, thousands ind. /m?) and biomass (bottom, g/m?) of zooplankton and taxonomic groups
of invertebrates at the reference site (I) and the site affected by birds (1)

June 16 July 13 July 25 August 16
Taxon
| 11 p | 11 p | 11 p | 11 p
Rotifera 5.1 4.7 _ 8.5 33.3 [0.0157 | 974.1 |1019.9 _ 22.5 21.2 _
0.0065 | 0.0069 0.023 | 0.099 |0.0209 | 7.186 | 8.323 0.035 | 0.040
Copepoda 5.8 3.7 10.0207 | 2.2 20.2 10.0033 | 269.2 | 296.7 _ 15.5 5.4 10.0082
0.0343 | 0.0235 - 0.009 | 0.040 | 0.0313 | 0.514 | 0.818 0.054 | 0.019 | 0.0082
Cladocera 1.4 5.3 10.0019 2.3 3.1 _ 135.4 | 141.5 _ 3.2 3.6 _
0.0085|0.1014 | 0.0003 | 0.019 | 0.022 8.301 | 5.551 0.022 | 0.013
Total 12.3 13.7 - 13.0 56.6 |0.0087 |1378.7 | 1458.1 _ 41.1 30.2 —
0.0493 | 0.132 | 0.0011| 0.051 | 0.161 | 0.0107 | 16.001 | 14.692 0.111 | 0.072 | 0.0131

37.2%, near the colony), cryptophytic (36.8 and
29.7%, respectively), and green (12.8 and 22.5%,
respectively) algae. At both sites the algal communities
were dominated by cryptomonade Cryptomonas cur-
vata (23 and 12%, respectively) and diatom Cyclotella
meneghiniana Kiitzing (17 and 16%, respectively). In
addition, at the reference site, diatoms Stephanodiscus
binderanus (Kutzing) Krieger (11.5%) and Aulacoseira
ambigua (22%) dominated by biomass; at the bird-
affected site, cryptophytic Chroomonas acuta Uter-
mohl (12%) and green algae Cosmarium reniforme
(Ralfs) W. Archer (12%) and Ulothrix subtilissima
Rabenhorst (11%) dominated.

At the reference site, the number of ZP was notice-
ably lower than near the colony, where the density of
Rotifera and Copepoda were significantly higher
(Table 2). No significant differences in the ZP biomass
were noted, but the biomasses of rotifers and copepods
at the reference site were significantly lower. At both
sites, Rotifera (61.7% at the reference site; 57.9%, near
the colony) were most numerous. Near the colony the
share of Copepoda was higher (35.9% versus 16.7%);
the share of Cladocera was lower (6.2% versus 21.6%).
Synchaeta pectinata, S. tremula (O.F. Miiller, 1786),
and juvenile Copepoda dominated by number. At the
reference site, cladocerans (41.4%) and rotifers
(40.4%) dominated by biomass; at the site affected by
the birds, the dominants were rotifers (60.1%) and
copepods (24.1%), dominated by Synchaeta tremula,
Alona affinis (Leydig, 1860), Acroperus angustatus
(Sars, 1863), Thermocyclops crassus (Fischer, 1853),
Cyclopoida copepodites, and Calanoida nauplii.

By the end of July, the biomasses of PhP at the
compared sites did not differ significantly (Table 1).
The most abundant were Cyanobacteria (52.5% at the
reference site and 51.2% at the bird-affected site), dia-
toms (20.9 and 26.4%, respectively), dynophytic (13.9
and 5.5%, respectively), and green algae (7.6 and
13.1%, respectively). The community was dominated
by Anabaena scheremetievi Elenkin (19 and 25%,
respectively) and Anabaena sp.sp. (18 and 16%,
respectively). In addition, near the colony A. contorta

Bachmann (11.5%), Aphanizomenon flos-aquae (Lin-
naeus) Ralfs ex Bornet et Flahault (12%) and Aulaco-
seira ambigua (15%) prevailed; at the reference site,
Stephanodiscus binderanus (19.5%) prevailed.

At the compared sites, the quantitative parameters
of ZP did not differ significantly (Table 2). At the ref-
erence site and near the colony, Rotifera (70.4 and
70.0%, respectively) made up the basis of the number;
Rotifera (49.1 and 56.7%, respectively) and Cladocera
(47.2 and 38.0%, respectively) made up the basis of
biomass. At both sites Ploesoma truncatum (Levander),
Asplanchna henrietta Lanthans, and Cyclopoida nau-
plii dominated by number; Daphnia (Daphnia) galeata
Sars and Asplanchna henrietta dominated by biomass.

In August we noted no significant differences in
PhP biomass, but at the site affected by birds the bio-
masses of cyanobacteria, cryptophytic, and green
algae were significantly higher (Table 1). The basis of
biomass was comprised of diatoms (75.1 and 63.3% at
the reference site and near the colony, respectively)
and cyanobacteria (12.5 and 16.6%, respectively). The
communities were dominated by Aulacoseira ambigua
(12 and 13.5%, respectively) and A. granulata (Ehren-
berg) Simonsen (50 and 41%, respectively), along with
green algae of g. Chlamydomonadas (11%) near the
colony.

The ZP densities did not differ significantly at the
compared sites, while the biomass was significantly
higher at the reference site, where number and bio-
mass of copepods were higher as well (Table 2). Roti-
fers were most numerous at both sites: 52.5% at the
reference site and 70.4% near the colony. Copepods
prevailed by biomass at the reference site (48.7%);
near the colony, rotifers prevailed (56.4%). At the ref-
erence site, the community was dominated by Polyar-
thra luminosa Kutikova, 1962; Mesocyclops leuckarti;
Cyclopoida copepodites; and Calanoida nauplii; at
the site affected by birds, Polyarthra major Burckhardt,
1900 and Synchaeta pectinata dominated.
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Fig. 1. Changes in the water level in the Rybinsk Reservoir (according to [6]): (7) 2010, (2) 2011, (3) 2012, (4) 2013, (5) 2014, (6) 2015,

and (7) 2016.

DISCCUSSION

Unlike 2014 and 2015 observation years, when the
fluctuations of the water level were characterized by a
lack of sharp interannual changes, in 2016 the water
level in the Rybinsk Reservoir was constantly high.
The study on PhP and ZP of the open overgrown shal-
low affected by the vitality products of the mixed grey
heron—great egret colony carried out in the latter year
revealed no specificity in the quantitative and struc-
tural parameters of the communities. This concerns
both certain observation dates and the whole span of
the observation period, unlike the previous years,
which lacked sharp fluctuations in water level.

It was revealed [19] that, at the site affected by the
bird colony, the total PhP biomass and biomass and
share of mixotrophic phytoflagellates were higher than
at the reference site. In 2016 (June, end of July, and
August) the biomass of PhP near the colony did not
differ significantly from the biomass at the reference
site; in fact, at the peak of nesting activity (mid-July),
it was significantly lower. Only in June and August the
biomasses of some mixotrophic phytoflagellates were
significantly higher near the colony; in July it was
either significantly lower or did not differ (Table 1). In
addition, it was noted earlier that, during the nesting
period on the open overgrown shallow, the number
and biomass of copepods were higher and the abun-
dance of rotifers was lower, but there were no signifi-
cant differences in total number and biomass between
the compared sites [12]. In 2016 we revealed the oppo-
site phenomenon: at the site affected by birds, the total
number and biomass of ZP (significantly in June and
by the end of July), Cladocera and Rotifera, were
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higher than at the reference site, while in June the val-
ues of quantitative parameters of Copepoda at the for-
mer site were significantly lower than at the latter
(Table 2).

In our opinion the main reason for the specific
response of planktonic organisms revealed in 2016 is as
follows. During 2014—2015, the water level was low
(Fig. 1) and the cover of amphibian and terrestrial
plants was formed on the dried coast. Upon a rise in
water level in 2016, these plants were subject to
decomposition, resulting in an increase in the inner
nutrient load. As was revealed earlier [18], the highest
PhP biomass in the coastal shallows is observed in the
year next to the year with low water level, i.e., when
dried areas are overgrown by macrophytes dying out in
fall and decomposing during next spring, being
flooded with water. Such conditions are also favorable
for the development of ZP with number and biomass
increased owing to the mass development of Rotifera
and Cladocera [20].

Consequently, upon an increase in the inner nutri-
ent load, the effect of vitality products of the bird col-
ony on the Ph and ZP that was observed earlier
changed. During some periods the effects of decom-
position and additional inflow of matter from the
catchment area were synergistic, which results in the
domination of cladocerans and rotifers in the ZP near
the colony, while copepods prevailed at the unaffected
reference site. During other periods, the effect of
inflow of avian vitality products was leveled by the
processes of decomposition of the sunken vegetation,
resulting in the prevalence of nonpredatory filter-
feeding zooplankters. In turn, the latter determined
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the decline of the algal biomass, as is indicated by val-
ues of correlation coefficients of Cladocerans versus
PhP biomass (r = —0.50) and ZP versus PhP biomass
(r = —0.74). In addition, with an increase in the ZP
biomass, the biomass of mixotrophic phytoflagellates
(r=—0.34) and green algae (r = —0.48) decreased sig-
nificantly.

The lack of differences in the PhP biomasses may
be determined by several other factors as well. The
inflow of avian vitality products to the nutrient-rich
zone of sunken shallow stimulated the development of
macrophyte stands. It is well known that macrophytes
strongly affect PhP [4, 10, 14], either stimulating or
retarding its development [13, 14, 23]. At the site
affected by the colony, the width of the plant stands
averaged 30 m; at the reference site, it was 15 m. At
both sites common reed Phragmites australis (Cav.)
Trin. ex Steud prevailed. At the bird-affected site, reed
forms a monodominant community with a leaf-area
density reaching 80%. This plant is a helophyte with
anisotropic elongated shoots and partially submersed
and aerial leafs branching from the hypogeogenic rhi-
zome [15]. At the reference site, terrestrial wet phyto-
mass in the common reed communities during the
seasonal peak of biomass was 0.425 kg/m? at an air-dry
phytomass of 0.250 kg/m?; near the colony it was 0.665
kg/m? and 0.410 kg/m?, respectively. These values
indicate a higher nutrient load on the area of the shal-
low affected by the birds. It is known that in the dense
vegetation stands the accumulation of wastes from the
previous year takes place, along with the hyperaccu-
mulation of organic matter accompanied with the sub-
sequent deterioration of the oxygen regime and the
accumulation of ammonium nitrogen, hydrogen sul-
fide, and swamp gas [5]. These factors may also result
in a decrease in PhP abundance at the site affected by
the colony. However, we did not conduct a relevant
study, and this is why the exact role of these factors in
the reed stands is still unclear. Most likely opacity
played the most important role. For instance, it was
shown [11, 22] that sometimes, in the dense stands of
reed and cattail, only <1% of photosynthetically active
radiation reaches the water surface, which determines
the low abundance of phytoplankton. In addition, the
development of macrophytes stands leads to a decrease
in concentrations of nitrogen and other nutrients.
Common reed possesses two types of roots: thick,
tubular stretching down vertically, and thin horizon-
tally oriented [5]. At the site affected by birds, owing to
their vitality products, reed forms heavy horizontal
runners of thick tubular roots. This is why both under-
ground and terrestrial wet phytomass increased con-
siderably (on average by a factor of 1.3), which may
have enhanced the outflow of nutrients. In addition,
PhP may compete for nutrients not only with macro-
phytes, but also with the epyphytic algae most actively
developing on the helophytes [8].
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Thus, despite the seemingly favorable conditions
for PhP, its quantitative parameters at the site affected
by the bird colony were at the same level as at the ref-
erence site and, during the peak of nesting activity, the
values of these parameters were even significantly
lower.

The macrophyte stands consuming nutrients may
have also determined the biomass of mixotrophic phy-
toflagellates. As was shown earlier using the example
of cultivated euglenales, nitrogen plays a crucial role
for growth, the accumulation of protein, and the for-
mation of valuable metabolites in mixotrophyc phyto-
flagellates [7]. The feces of birds contain nitrogen in
high concentrations [28—30], which presumably
serves as the mechanism responsible for the rise in
biomass of mixotrophes at the site affected by bird col-
onies [19]. It is known that aquatic plants are one of
the main agents of reserving and cycling of nutrients
[16, 35]. At the same time, it was revealed that these
plants accumulate predominantly nitrogen, and the
amount of this chemical element in plant tissues
directly depends on the external nutrient load, while
the amount of phosphorus in the plant tissues is much
lower and depends on the allogenic inflow to a lesser
extent [9]. The abovementioned facts suggest that the
mechanism of decrease in the nitrogen load along with
the grazing of cladocerans and increase in the phos-
phorus load due to the decomposition of sunken vege-
tation may have determined the relatively low biomass of
mixotrophic phytoflagellates at the site affected by the
vitality products of the bird colony, where the intensity of
overgrowth in 2016 was higher. For the same reason, the
number and biomass of cladocerans in ZP increased: the
rise in phosphorus load owing to the decomposition of
sunken coastal vegetation and consumption of nitrogen
by macrophytes changed the stoichiometric proportion
of nitrogen and phosphorus in the food items of zoo-
plankters to values favorable for the development of non-
predatory Cladocera [21, 24, 33].

The intensity of bird droppings that enter the water
after initially falling on land depends on the amount of
atmospheric precipitation. The duration that bird
feces stay on land determines the contents of some
chemical elements and compounds. Under the effects
of microorganisms, solar radiation, air, and some
other factors, the compounds in the feces are subject
to various chemical reactions. As a result, some com-
pounds turn into others, parts of them either volatilize
into the atmosphere and disappear, or terrestrial
plants consume them (which is especially true in
regards to nitrogen) [25, 32]. It was shown earlier that
the level of development of Copepoda depends
directly on the concentrations of nitrogen and amount
of atmospheric precipitation [12]. The results of our
2016 study also indicate the important role of atmo-
spheric precipitation in various periods. For instance,
the periods from June 16 to July 12 and from July 25 to
August 16 where characterized by largest amount of
atmospheric precipitation (Table 3). During the for-
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Table 3. Amount of atmospheric precipitation during the study period (according to [3])
Period 15.V=15.VI 16.VI—12.VII 13.VII-24.VII 25.VII-16.VIII

Amount of precipitation, mm

total 35.7 87.6 8.3 125.8

mean 1.08 3.24 0.69 5.72
Number of days with precipitation 13 15 5 8
Number of days with precipitation/number 0.4 0.6 0.4 0.3
of days of the period
Mean per day, mm 1.1 3.5 0.6 5.5

mer period, the intensity of precipitation was maxi-
mal, as is evidenced by the value of the ratio of number
of days with precipitation to the total number of days
of the analyzed period (Table 3). During these periods,
particularly in the shallows affected by the bird colony,
more nitrogen may have washed out to water with the
surface runoff. This may have changed the stoichio-
metric proportion of nitrogen and phosphorus in the
food items of zooplankters to the values favorable for
copepods [21, 22, 33]. This is why the number and
biomass of these crustaceans were significantly higher
than at the reference site (Table 2).

CONCLUSIONS

Under the conditions of a high-water year, the
phyto- and zooplankton communities developing in
the open overgrown shallow of the Rybinsk Reservoir
affected by the vitality products of the bird colony lack
specific features of changes in the quantitative param-
eters and structure. The decomposition of sunken
coastal vegetation, the development of semiaquatic
macrophytes, and trophic relations determine this
phenomenon. A rise in the amount of atmospheric pre-
cipitation facilitates faster and more intensive inflow of
avian vitality products rich in nitrogen to the water. This
results in a change in the stoichiometric proportion of
nitrogen and phosphorus in the food items of zooplank-
ters to values favorable for Copepoda.
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