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1. Introduction

The littoral is a zone of a water body above the compensation
point (Odum, 1971). Themost important biotic characteristic

of the zone is macrophytic vegetation (vascular flora, stone-
worts, bryophytes). It usually occurs in the form of more or
less interwinding belts and clusters. The area nearest to the
shore is usually occupied by the assemblage of emergent
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Summary The objective of the research conducted in the years 2011—2014 in the near-shore
zone of the Vistula Lagoon was the verification of the hypothesis that in the coastal lagoon,
similarly as in inland waters, habitat conditions can be substantially modified by macrophytic
vegetation, depending on the represented life form and its abundance. The research was
conducted in the zone of emergent plants (reed rush composed of Phragmites australis) and
in the zone of submerged plants occurring as scattered patches of Potamogeton perfoliatus and
Stuckenia pectinata. The hypothesis was supported only in the case of the reed rush which
substantially modified water insolation, temperature, and oxygenation, as well as the grain size
composition of sediments, and concentration of organic matter contained in the sediments.
Patches of submerged vegetation had insufficient surface area and were too scarcely overgrown
by plants to considerably affect the habitat conditions and weaken the strong mechanical effect
of waves and rate of water exchange between the littoral and open water zone.
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plants (helophytes), deeper areas by vegetation with floating
leaves (nympheids), and the deepest — vegetation with
submerged leaves (elodeids). The presence of such plants
indicates the richness of animal communities related to them
in various ways (in trophic and paratrophic terms), both
invertebrates (epiphytic fauna) and vertebrates (amphi-
bians, reptiles, fish, and birds). In shallow water bodies
where the majority of the bottom surface is insolated, the
role of macrophytes in the functioning of the entire ecosys-
tem can be sufficiently significant to provide the basis for the
designation of one of the alternative regimes —macrophyte-
dominated state (Scheffer et al., 1993).

Many papers discuss the impact of different abiotic factors
on aquatic vegetation. Considerably fewer publications con-
cern the opposite relations, i.e. the effect of plants on the
habitat conditions occurring in the littoral. So far, the issue
has been mainly investigated in inland water bodies, and
particularly in shallow lakes (Barko and James, 1998; Car-
penter and Lodge, 1986; Chen and Barko, 2011; Horppila and
Nurminen, 2005; Miranda et al., 2000; Moller and Sand-
Jensen, 2012), but very rarely in the conditions of coastal
lagoons (Viaroli et al., 1996). It may be caused by among
others the popular opinion that in the littoral of lagoons, the
habitat conditions are primarily determined by physical
parameters, including wave action (Perez-Ruzafa et al.,
2011; Viaroli et al., 2008). This paper presents a hypothesis
that in a coastal lagoon, like in inland waters, habitat con-
ditions can also be substantially modified by macrophytic
vegetation, depending on the represented life form (helo-
phytes, elodeids) and its abundance. The thesis was verified

by four years of research in the near-shore zone of the Vistula
Lagoon.

2. Study area

The Vistula Lagoon is a brackish lagoon separated from the
Gdańsk Bay (Baltic Sea) by the Vistula Spit. The exchange of
water masses between the Lagoon and open sea is possible
through the Baltijsk Strait. The Vistula Lagoon has an area of
838 km2

[8_TD$DIFF] and is divided approximately in half between Poland
(south-western part) and Russia (north-eastern part). The
lagoon is a shallow water body with a depth usually not
exceeding 4 m. The length of the shoreline of the Vistula
Lagoon on the Polish side is 92.3 km. Homogenous assem-
blages of emergent vegetation (EMV) occur along the shore-
line, particularly including Phragmites australis (Cav.) Trin.
ex Steud, and patches of submerged vegetation (SUV), com-
posed mainly of Potamogeton perfoliatus L. The greatest
degree of vegetation cover occurs in the western part of the
lagoon (Fig. 1) (Gajewski, 2010).

Bottom sediments are primarily composed of silt and sand
(Zachowicz et al., 1995). The concentrations of total nitro-
gen and phosphorus in the water are high, and amount to
1.1—4.4 mg dm�3 and 0.06—0.19 mg dm�3, respectively. The
most frequently recorded water transparency (measured as
Secchi disc depth) is approximately 40 cm (Kornijów, 2018).
The Vistula Lagoon is classified as a eutrophic water body
(Kruk et al., 2012; Nawrocka & Kobos, 2011), and from the
viewpoint of alternative stable states theory, the majority of
its basin is phytoplankton-dominated, with chlorophyll-a

[(Figure_1)TD$FIG]

Figure 1 Map of distribution of emergent (1) and submerged vegetation (2) in the Polish part of the Vistula Lagoon. Based on maps
elaborated by Gajewski (ed., 2010 [7_TD$DIFF]). Bathymetry adapted from Chubarenko (2008).
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concentrations between 13 and 107 mg m�3 (Kornijów,
2018).

The studied fragment of the littoral (Fig. 2) was located
2 km north-east of the port in Tolkmicko and had a length of
approximately 500 m and width of 110 m. A patch overgrown
by common reed (Phragmites australis) occurred there, with
a length of 200 m, as well as a 300 m long section of sandy
bottom (psammolitoral) with several patches of submerged
vegetation dominated by perfoliate pondweed Potamogeton

perfoliatus, and more rarely by sago pondweed Stuckenia
pectinata (L.) Börner. The research was performed at 14 sites
selected based on the criterion of depth and occurrence of
vegetation (Fig. 2, Table 1). Three sites were located in the
zone of emergent vegetation (EMV) overgrown by reed rush,
five on the adjacent sandy bare bottom between the patches
of SUV macrophytes (herein treated as control), and six
within SUV patches (P. perfoliatus). The littoral belt was
divided into three zones: inner littoral (depth 0—40 cm,

[(Figure_2)TD$FIG]

Figure 2 Map of the littoral section studied. For explanation of the site symbols see Table 1.

Table 1 Characteristics of the sampling sites: location within the research area, depth, type of sediment, and exposure to wave
action. EMV — emergent vegetation, SUV — submerged vegetation.

Site Zone Location Distance from
shore [m]

Depth [m]
(range in brackets)

Bottom
sediment

Exposure to
wave action

Site 1 I EMV (inside the patch) inner 32 0.25 (0.11—0.51) silt weak
Site 2 M EMV (inside the patch) mid 40 0.50 (0.26—0.66) silt medium
Site 3 O EMV (inside the patch) outer 50 0.70 (0.64—0.97) sand strong
Site 4 I SUV (between patches) inner 13 0.40 (0.23—0.57) sand strong
Site 5 M SUV (between patches) mid 20 0.50 (0.33—0.67) sand strong
Site 6 O SUV (between patches) outer 103 0.72 (0.61—0.95) sand strong
Site 7 M SUV (between patches) mid 31 0.58 (0.36—0.65) sand strong
Site 8 O SUV (between patches) outer 82 0.71 (0.54—0.78) sand strong
Patch P1 SUV (inside patches) outer 60 0.70 sand strong
Patch P2 SUV (inside patches) outer 54 0.70 sand strong
Patch P3 SUV (inside patches) inner 22 0.34 (0.17—0.41) sand strong
Patch P4 SUV (inside patches) mid 40 0.59 (0.35—0.66) sand strong
Patch P5 SUV (inside patches) outer 111 0.78 (0.57—0.85) sand strong
Patch P6 SUV (inside patches) outer 103 0.81 (0.67—0.88) sand strong
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distance from the shore of approximately 0—40 m), mid-
littoral (depth 40—60 cm, distance from the shore of 20—
50 m), and outer littoral (depth 60—90 cm, distance from the
shore of 50—111 m).

3. Methods

The research was conducted in the years 2011—2014. The
estimation of the length of the phytolittoral in the Polish part
of the Vistula Lagoon occupied by emergent vegetation (EMV)
was performed by means of Google Earth software (Google
Inc., 2014—2016). Belts of emergent vegetation were iden-
tified, and their length was measured along the shoreline.
The length of the shoreline free from reed rush (i.e. belts of
artificially altered psammolittoral and littoral) wasmeasured
the same way. The identification of vegetation also applied
aerial and satellite photographs publicly available online
[http://geoportal.gov.pl (Geoportal, 2014), http://www.
yandex.ru/maps/ (Yandex, 2014)].

Measurements of the outline of vegetation patches near
Tolkmicko were performed by means of a GPS receiver
(Garmin GPSMAP 60CSx) by wading along the boundary of
vegetation on the water side. Results of the records were
preliminarily processed in Garmin MapSource software. The
resulting GIS layers were then loaded to Quantum GIS soft-
ware for final processing and visualisation (Figs. 2 and 3). A
density of plants was determined by counting reed stems per
0.25 m2 plot, designated by means of a wooden frame with-
out one side, which allowed for sliding the device into the
thicket of vegetation (Bernatowicz, 1960). At each site, plant
measurements were performed on 10 fields located at a
distance of several metres from each other.

Research on the vegetation was also conducted along the
entire shoreline on the Polish side of the lagoon. While
paddling in a boat, the presence of submerged vegetation

patches was recorded, and their surface area was estimated.
Due to the dispersed character of the patches and their
scarce degree of cover, quantitative measurements of den-
sity were not performed. Such measurements were per-
formed in reference to reed assemblages at six selected
sites (Table 2).

Bathymetric measurements in the littoral near Tolkmicko
were performed by means of a ranging rod with accuracy to
1 cm on 2014.09.04. Depth was measured in 154 points with
geographic coordinates determined by means of a GPS recei-
ver (Garmin GPSMAP 60CSx). Thememory of the receiver also
recorded the course of the shoreline (zero depth). The data
matrix was loaded to Surfer 10 software in which a detailed
bathymetric map of the studied water body was generated by
means of the kriging method. The map was then visually
processed by means of Quantum GIS software (Figs. 2 and 3).

Water level was measured at study sites: 1I, 2M, 3O, 4I,
5M, and 6O in the years 2011—2012 by means of a gauge with
a centimetre scale. In order to demonstrate full water level
amplitude, six situations with extreme water levels were
selected frommaps generated by the hydrodynamic model of
the Institute of Oceanography of the University of Gdańsk
(Ecohydrodynamic Model, 2016). Readings from the model
provided the basis for the calculation of the probable water
level at measurement sites. Two sites were selected for the
visualisation of water level fluctuations, namely the shallow-
est site 1I in EMVand one of the deepest ones in SUV— site 6O.

Continuous measurements of water temperature fluctua-
tions at 10-min intervals were performed by means of tem-
perature loggers Seamon Mini in the periods from
2011.07.20 to 2011.10.03 (sites 1I and 2M) and from
2012.04.21 to 2012.09.12 (site 1I). Single temperature and
salinity measurements were performed by means of a sonde
Saiv A/S[1_TD$DIFF] STD-CTD model SD-202 or SD-204 at sites 1—6 in four
terms in 2011. On 2—3.08.2011, daily water temperature and

[(Figure_3)TD$FIG]

Figure 3 Changes in the surface area occupied by vegetation patches in the period 2011—2013. P1. . .P6 — numbers of patches.
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oxygenation fluctuations were also traced. The measure-
ments were performed by means of a portable sonde at
21:30, 3:30, 9:30, and 14:45 at three sites in EMV (Sites:
1—3) and at three sites in SUV (Sites: 4—6). Measurements of
solar radiationwere performed in the EMV zone at site 2. They
involved the application of two pyranometers of type LI-COR
LI-200SA [12_TD$DIFF]connected to a LI-COR datalogger. One pyranometer
was placed on a mast above plant canopies, at a height of
2.73 m above the water surface, and the other at the base of
plants, 0.14 m above the water surface. Solar radiation
values [Wh m�2

[11_TD$DIFF]] for a 48 h period were recorded between
2012.08.06 at 14:00 and 2012.08.08 at 14:00. Data were
logged with 10 min intervals.

For the purpose of determination of the type of bottom
sediments and their grain size composition, sediment cores
were sampled in both zones (EMVand SUV) bymeans of a core
sampler with a diameter of 4.4 cm, pushed into the bottom to
a depth of 25 cm. At the laboratory, the sediments were dried
and manually ground in a mortar, and then sieved on a set of
geological sieves with the mesh of 2 mm, 1 mm, 0.5 mm,
0.25 mm, 0.125 mm, and 0.063 mm. The obtained data were
processed with the application of GRADISTATsoftware version
8 (Blott and Pye, 2001). Organic matter content in sediment
was determined by the direct method of mass losses on
ignition at a temperature of 5008C.

Statistical analyses were performed bymeans of Statistica
10 software (StatSoft Inc, 2011). ANOVA Friedman and Wil-
coxon tests were used in order to determine statistical
differences (Sokal and Rohlf, 1995).

4. Results

4.1. Vegetation

Particular sections of the Polish shoreline of the Lagoon are
occupied by EMV to different degrees: the northern section
along the Vistula Spit, from the border to Skowronki, is
occupied in 85%, the western section between Skowronki
and Suchacz in 99%, and the southern section from the border
to Suchacz in 74%.

The density of P. australis stems at six sites around
the Polish part of the Vistula Lagoon varied from
55 stems m�2 � 17 SD to 104 stems m�2 � 27 (Table 2). The
density statistically differed only between the site near
Frombork and two sites (near Krynica Morska and Nowa
Karczma) on the opposite side of the lagoon at the Vistula
Spit [post hoc, ANOVA Friedman test: x2 (N = 10, df = 5,
p = 0.00613) = 16.26437].

The ranges of the EMV patch, monitored near Tolkmicko,
practically did not change in the years 2011—2013, as
opposed to the ranges and sizes of SUV patches (Fig. 3).
The surface area of P. perfoliatus patch 16P in the period
2011—2012 decreased approximately by half, and patch 15P
practically entirely declined in 2012. In 2013, all patches
inconsiderably increased their surface area.

Seasonal changes in plant density involved a gradual
increase in the number of stems during the vegetative sea-
son. In the EMV zone, the highest (and relatively even) values
of reed density were observed in late summer (132—
158 stems m�2 in 2011) (Fig. 4).

The density of P. perfoliatus stems in the period from June
to August only increased in deeper located patches in the
mid- and outer littoral zones, and remained unchanged in the
inner littoral (Fig. 5). In September, the commencement of
the rapid process of dying-off of plants and disappearance of
the patches was observed.

4.2. Water level fluctuations

Water level fluctuations were characterised by high dynamics
with an amplitude of approximately 40 cm (Fig. 6). Data from
the hydrodynamic model show that the performed field
measurements did not reflect the full annual amplitude of
changes, which could be much greater, leading to periodical
exposure of the bottom at the shallowest site.

4.3. Salinity — seasonal changes

Water salinity varied from 1.4 PSU to 3.0 PSU (Fig. 7).
Seasonal salinity dynamics, with an evident maximum

Table 2 Density of Phragmites australis stems (�SD standard deviation) at sites around the Polish part of the Vistula Lagoon in
2014. Location of the sites in the vicinity of the mentioned municipalities are marked in Fig. 1. Sites sharing the same letter do not
differ statistically (post hoc Friedman test).

Name of location near sampling site Stems density [N m�2] � SD Significant difference

Frombork 104 � 27 c
Tolkmicko 70 � 11 ac
Suchacz 76 � 21 ac
Łaszka 62 � 22 ac
Krynica Morska 56 � 22 ab
Nowa Karczma 55 � 17 ab

[(Figure_4)TD$FIG]

Figure 4 Seasonal changes in the density of Phragmites aus-
tralis stems � SD in the EMV zone. N — number of stems.
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recorded in autumn, showed a similar course at all sites,
irrespective of the analysed zone, without significant statis-
tic differences [ANOVA Friedman test: x2 (N = 3, df = 5,
p = 0.095) = 9.37].

4.4. Temperature — seasonal changes

Water temperature changed seasonally [ANOVA Friedman
test x2 (N = 6, df = 3, p = 0.00094) = 16.89; post hoc]. A
greater amplitude of temperature fluctuations was recorded
in the EMV zone (15.2—22.08C) than in the SUV zone (16.4—
21.78C) (Fig. 8). In the EMV zone, water temperature devel-
oped differently at the shallowest sites (inner- and mid-
littoral) than at the remaining ones, where the temperature
distribution had a similar pattern [differences statistically
non-significant [ANOVA Friedman test x2 (N = 4, df = 3,
p = 0.91) = 0.53]. In the elodeid zone (SUV), where the spatial
distribution of temperatures was even, no such dependency
was observed [ANOVA Friedman test x2 (N = 4, df = 5,
p = 0.078) = 9.89].

4.5. Temperature — diurnal changes

Water temperature in summer in a diurnal cycle varied from
19.4 to 22.88C (Fig. 9). Diurnal changes in water temperature
at two shallowest sites (shaded, and isolated from the open
water zone, located in the reed belt (EMV)) had a different
course from the remaining ones in the SUV zone, where they

[(Figure_5)TD$FIG]

Figure 5 Seasonal changes in the density of Potamogeton
perfoliatus stems � SD in the SUV zone. Patch P5 in the outer
littoral was not considered due to the very low stem density in
June 2012 (0.07 stems m�2) and its later complete disappear-
ance.

[(Figure_6)TD$FIG]

Figure 6 Changes in water depth in the period from 2011.04 to 2012.10 in the EMV zone — inner littoral and in the SUV zone — outer
littoral based on field measurements. Additional data (dates marked with letter M) were obtained from the Ecohydrodynamic Model
(Model I.O.) developed at the University of Gdańsk, Institute of Oceanography (Ecohydrodynamic Model, 2016).
[(Figure_7)TD$FIG]

Figure 7 Seasonal changes in salinity in EMV and SUV zones. Numbers of sampling sites in brackets.
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developed in a similar way. The differences particularly
concerned afternoon hours, when water temperature had
relatively low values in the inner- and mid zone of EMV, and
considerably higher values at the remaining sites. In the outer
littoral zone of EMV, the diurnal amplitude of temperature
fluctuations was similar to that at sites in the SUV zone.

4.6. Oxygen — diurnal changes

In summer, in a diurnal cycle, water saturation with oxygen
varied from 39% to 152% in the EMV zone, and from 110% to

136% in the SUV zone (Fig. 10). The lowest values of oxygen
saturation during the entire day were recorded at two shal-
lowest sites (inner and mid-littoral) in the EMV zone. The
course of oxygen saturation in the diurnal cycle was similar at
all the sites, irrespective of the zone, with the lowest values
in morning hours, and the highest in the evening.

4.7. Solar radiation — diurnal changes

Insolation in the analysed zone changed substantially in the
diurnal cycle (Fig. 11). Maximum mean hourly solar radiation

[(Figure_8)TD$FIG]

Figure 8 Seasonal changes in water temperature in EMV and SUV zones. Numbers of sites in brackets.

[(Figure_9)TD$FIG]

Figure 9 Diurnal changes in water temperature in EMV and SUV zones. Measurements performed on 1.08.—2.08.2011.

[(Figure_10)TD$FIG]

Figure 10 Diurnal changes in oxygen saturation in EMV and SUV zones. Measurements performed on 1.08.—2.08.2011.
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amounted to 86.2—104.6 Wh m�2. Under canopies of EMV,
right above the water surface, it amounted to (4.7—
6.6 Wh m�2) and was considerably lower [Wilcoxon Test: T
(Z = 12.354, N = 203, p < 0.01) = 0], constituting only
approximately 6% of the total supplied solar radiation.

4.8. Temperature — continuous measurements
of energy accumulation

Water temperatures in the majority of terms in the inner
littoral zone of EMV near the shore were higher than in the
outer littoral zone bordering on the open water zone
(Fig. 12). Also mean temperature in the inner littoral
(16.928C) was significantly higher than in the outer littoral
zone (16.248C) [Wilcoxon Test: T (Z = 70.285, N = 10 597,
p < 0.01) = 5 941 811].

4.9. Sediments

In the EMV zone, bottom sediments were primarily composed
of fine fractions (very fine sand, very coarse silt) (Fig. 13). In
the SUV zone, sediments with coarser grains occurred, in
particular, fine sand and medium sand were present. Both
zones showed a tendency for increasing contribution of
coarse-grained fractions with growing depth and distance
from the shore.

Organic matter content in bottom sediments was highest
in the inner littoral of the EMV zone (3.1%), and lowest in the
mid-littoral of SUV zone (0.4%) (Fig. 14). With growing depth,
the recorded values showed a decreasing tendency in EMV
and an increasing one in SUV.

[(Figure_11)TD$FIG]

Figure 11 48-hour record of changes in solar radiation reaching the EMV and SUV zones (solid line), and water surface under plant
canopies inside EMV (dotted line). Measurements performed on 2012.08.06—08.

[(Figure_12)TD$FIG]

Figure 12 Results of continuous measurements of water temperature fluctuations in the inner- and outer littoral in the EMV zone
(2011.07.20—2011.10.02).

[(Figure_13)TD$FIG]

Figure 13 Percentage of particular fractions of bottom sedi-
ments in EMV and SUV zones (2012.08.08).
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5. Discussion

5.1. Impact of vegetation on physical water
properties

The research revealed that submerged vegetation has no
substantial effect on the habitat conditions in the analysed
littoral area. Irrespective of distance from shore, depth, and
place within patches, physical water parameters in the SUV
zone were similar. This may result from a relatively small
surface area of the patches and low plant density, as well as
from the observed substantial changes in ranges of the
patches in particular years (Fig. 3). The conclusion concern-
ing lack of evident effect of SUV on habitat conditions can be
probably transposed to the entire northern and southern
shore of the lagoon, where the occurrence of submerged
macrophytes is very scarce. A different situation can be
expected in the western part of the lagoon, where dense
submerged vegetation covers extensive areas (Fig. 1). This is

suggested by frequently observed even three times higher
water transparency (Różańska and Więcławski, 1978; Szar-
ejko-Łukaszewicz, 1959; Żmudziński and Szarejko, 1955),
and approximately a dozen times lower chlorophyll concen-
trations (Latała, 1978) in the western part of the lagoon than
in the remaining areas in spite of similar nutrient concentra-
tions. The dependencies were often associated with the
different degree of development of submerged macrophytes
(Kornijów, 2018; Latała, 1978; Pliński and Simm, 1978; Renk
et al., 2001; Ringer, 1959; Żmudziński and Szarejko, 1955).

Mean density of reed stems determined in the Vistula
Lagoon (74 stems m�2 � 18) corresponded with the top
values determined in local channels (Boszke et al., 2005),
as well as in freshwater and brackish ecosystems of the North
America, where reed is an invasive species (Meyerson et al.,
2000). It was within the lower range of maximum density
values (60—250 m�2) reported from different aquatic envir-
onments of Europe by Haslam (1973).

Unlike SUV, the extensive patches of densely growing EMV
had a considerablemodifying effect on certain physical water
parameters (Fig. 15). The effect particularly involved the
diversification of lighting conditions and temperature. The
energy of solar radiation reaching the reed patch (EMV) was
largely reflected and dispersed on the surface of plants, as
confirmed by other studies (Grant, 1987; Ondok, 1973). The
photosynthetically useful part of the spectrum (PAR) is
absorbed by plants and used for photosynthesis (McCree,
1981). The remaining part of the radiation is transformed
into heat. Such transformations probably resulted in the
observed higher than average water temperature values in
the EMV zone.

Differences in temperatures along sections at different
distances from the shore and with different depths suggest
the variable intensity of water mixing, related to the sup-
pression of the kinetic energy of wave action by densely

[(Figure_14)TD$FIG]

Figure 14 Organic matter content in bottom sediments in EMV
and SUV zones (2012.08.08).

[(Figure_15)TD$FIG]

Figure 15 Simplified ideogram of some dependencies and processes related to the presence of macrophytic assemblages in the
analysed area. Grey fields concern both SUV and EMV, white fields — only EMV.
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growing plant stems. According to Kornijów (2018), the
crucial driver regulating the structure and processes occur-
ring in the Vistula Lagoon is wave exposure. Therefore, low
rate of water exchange between the littoral and open water
zone, and attenuation of the mechanical effect of waves by
near-shore vegetation are very important in terms of protec-
tion of shores against destructive wave action and erosion
(Moller et al., 2011; Rupprecht et al., 2017). Near-shore
vegetation is also known to play an important role as a filter
for nutrients and organic material flushed from the catch-
ment (Berthold et al., 2018; McGlathery et al., 2007). More-
over, it creates a habitat not only for water organisms, but
also for those associated with land, namely amphibians,
waterfowl, and mammals.

Due to its high heat capacity, water is a good indicator of
energy accumulation in a longer term. The comparison of
several months of temperature measurements within EMV
and at the boundary of the zone showed that as a result of
both a decrease in water mixing and absorption of solar
radiation causing air heating within EMV, mean water tem-
perature in summer amongst the reed rush was higher than in
the remaining area of the water body. In spring and autumn,
the pattern was opposite.

The summer diurnal amplitude of temperature fluctua-
tions in the EMV zone was also lower than in other zones,
probably due to the effect of shading by plant canopies and
heat inertia of water. It is very likely, that the shading effect
by reed stems results in the inhibition of development of
other plants in reed rush patches. In consequence, in the
Vistula Lagoon, it is primarily composed of a monoculture of
P. australis, which is interpreted as a manifestation of good
condition of the plant assemblage (Haslam, 1973).

Uniform diurnal water oxygenation in the inner and mid-
littoral of EMV zone was probably the effect of intensive
decomposition processes, as well as a decrease in the inten-
sity of photosynthesis due to very limited access of sunlight to
the water surface, as also emphasised by Viaroli et al.
(1996). It can also be related to limited water exchange
between the rush patch and the open water. In the outer
littoral of EMV zone, water oxygenation was considerably
higher throughout the day, but it was also uniform in time.
This could be determined by continuous mixing with the well-
aerated deeper water. Considerable oxygenation drops
below 40% can substantially limit the occurrence of animals,
both invertebrates and fish (Able and Hagan, 2000; Warren
et al., 2001).

No significant differences were observed in salinity within
the EMV patch. Water salinity in the Vistula Lagoon is prob-
ably not sufficient for a considerable salinity gradient to
develop as a result of limiting water mixing by vegetation.

In conclusion, the stated hypothesis in reference to water
parameters proved supported only in the case of the reed
rush which considerably modified lighting conditions, tem-
perature, and water oxygenation, particularly in warm sea-
sons of the year when reed density was high.

5.2. Impact of vegetation on sediments

Within the SUV zone, no considerable differences were
observed in the composition of bottom sediments. This
was probably caused by the fact that processes occurring
in sediments are largely determined by the mechanical

movement of water masses and strong and even insolation
the intensity of which could not be affected by macrophytes
showing a low degree of cover and density.

In the EMV zone, limited mixing of water masses could
favour sediment deposition and permit sedimentation of finer
fractions of dead organic matter. This probably led to the
observed shallowing and occurrence of sediments with an
increased contribution of organic matter. Organic matter
content in bottom sediment in the EMV zone, next to limited
water mixing, is undoubtedly also determined by the pre-
sence of plants dying in masses in autumn (Kuehn et al.,
2000).

The stated hypothesis in reference to bottom sediments
was supported only in the case of the reed rush which
considerably modified the grain size composition of sedi-
ments and content of organic matter.

5.3. Total impact

Wetlands are among the most ecologically valuable environ-
ments (Mitsch et al., 2013). The key importance of wetlands
for the ecosystem, involving e.g. their contribution in pri-
mary production, inmatter circulation, or water storage, was
described by many authors (among others: Kuehn et al.,
2000; Mitsch et al., 2013). A particular role in the littoral-
wetland environment is played by emergent plant assem-
blages (Wetzel and Hough, 1973). Their presence influences a
number of biochemical processes such as production and
decomposition of organic matter (Kuehn et al., 2000), and
physical and chemical processes such as release of green-
house gases: methane (Ding et al., 2005; Olsson et al., 2015)
and carbon dioxide (Kuehn and Suberkropp, 1998). Wetlands
are among ecosystems absorbing CO2 (Bekele et al., 2016;
Bernal and Mitsch, 2012) and CH4 (Olsson et al., 2015). The
balance of absorption and release of greenhouse gases dif-
fers, however, depending on the characteristics of particular
wetlands (Bekele et al., 2016; Bernal and Mitsch, 2012; Ding
et al., 2005), including the species composition of the vege-
tation (Kim et al., 1998; Olsson et al., 2015). Plants from
genus Phragmites belong to the most common plants in
wetlands, and rapidly expand the area of its occurrence
all over the word (Able and Hagan, 2000; Haslam, 1973;
Lelong et al., 2007; Meyerson et al., 2000; Próchnicki,
2005; Warren et al., 2001; Weisner, 1991), also as a result
of human activities aimed at limiting areas under agricultural
use (Huryna and Pokorny, 2016). Results of the cited studies
permit stating the hypothesis that also in the marshy envir-
onment of the littoral of the Vistula Lagoon, abundantly
covered with vegetation, as well as others lagoons of the
Baltic Sea, analogical processes occur that may have a
specific impact on climatic changes. The scale of such
impact, however, requires further research aimed at among
others the determination of the production balance, and
release and absorption of greenhouse gases [2_TD$DIFF].
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