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Abstract

A field experiment was carried out in plant litter decomposition at three sites of the Balaton System (Balaton — Kis Balaton
wetland — Zala Mouth) differing in their environment type during winter 2019/2020. The largest freshwater shallow lake
in Central Europe (Carpathian Basin) is the Balaton, with a surface area of about 600 km?* and an average depth of 3.25 m.
Right around the lake, a nutrient filtering system, the Kis-Balaton wetland, is functioning to avoid water deterioration and
eutrophication. The aim of the study was to investigate crop-weather relations in two sample species, the widely distributed
native P. australis and the allied S. canadensis incubated beneath the water using leaf-bag technique to characterise plant
organ decomposition. Based on our results, the most consistent meteorological variable regarding decomposition process
was global radiation (r= —0.62* to — 0.91*%; r: correlation coefficient; * and ** mean that correlations are significant at the
0.05 and 0.01 levels), in each treatment. In modelling the decomposition process, out of eight meteorological variables, only
the daily mean air temperatures and humidity were excluded from regression equations. On dominatingly windy days, with
the increase in water temperature of the Zala Mouth, the sensitivity of the decomposition of S. canadensis litter tended to
decrease as compared to P. australis. The remaining litter masses were in a Kis-Balaton > Balaton > Zala order, contrasting
the water temperature gradient that decreased from the Zala to the Kis-Balaton wetland under wind-dominated conditions.
Considering all sampling places in three aquatic ecosystems, there was a 2.2 and a 2.7% daily mean detritus mass loss in
P. australis and S. canadensis, respectively. We concluded that the invasive S. canadensis litter decomposed more quickly
than those of native P. australis, irrespective to sampling site. Increase in winter water temperature significantly promoted
the litter decomposition of both plant species. The originality of the study is that it quantifies the litter decomposition for an
Eastern European wetland, during wintertime.

1 Introduction 1.1-1.3 °C and 2.5-2.9 °C, warming was projected by Bar-

tholy and Pongracz (2019) for Hungary. At Keszthely, a pre-

The warming of the climate has been confirmed on almost
every level from global to local scales (IPCC 2021) even in
the Carpathian Basin. According to regional climate mod-
els of RegCM and Aladin, annual mean air temperature
increases by 1-2 °C and 3-5 °C by the periods 2021-2050
and 2071-2100, respectively, were projected by Bede-Faze-
kas and Szab6 (2019). At the same time, for winter periods
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cipitation decline of 0.2-0.7 mm/year was observed between
1901 and 2000 in an autocorrelated Mann—Kendall trend test
(Kocsis et al. 2020).

The Carpathian Basin occupying a transition region in
Europe is probably one of the most sensitive places regard-
ing impacts of global warming (Torma et al. 2010). Whilst
the climatic projections for different regions of Hungary may
vary temporally, the sensitivity remains the same due to the
special pool-type geographical position of Hungary (Anda
and So6s 2016).

Lake Balaton is the largest shallow lake in Central Europe
with a surface area of 600 km? and an average depth of
3.25 m considered to be 17,000-19,000 years old (Cserny
and Nagy-Bodor 2000). The lake’s watershed area is about
5180 km?. As the last overall publication dealing with cli-
mate of Lake Balaton was published by Béll and Takécs
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1974, and because of missing permanent measuring net-
work above the lake, most authors obtain meteorological
dataset from two permanent meteorological stations with
long-term observations (Si6fok and Keszthely) located
on the lakeshore. Based on Keszthely data (1871-2014),
the climate around the lake is temperate continental (after
Koppen-Geiger classification Cfb) with an annual long-term
mean air temperature, 7, of 10.5 °C with a monthly mini-
mum of — 1.1 °C during January and a maximum of 21.1 °C
in July (Anda et al. 2017). The warm and sunny summers
from June to September are the best time to visit the lake-
shore for tourists. The mean annual precipitation, PR, is
673.3+137.9 mm with large monthly variation between
32.7 and 76.1 mm in the driest January and wettest July,
respectively. The PR at Kis-Balaton wetland, KBW shows
different distribution concentrating between May and July,
contributing to about half of the highly PR showing vari-
able spatial and temporal occurrence due to location in the
Carpathian Basin (Anda et al. 2017). In winter, the lake may
be covered with a sheet of ice, sometimes thicker than 0.5 m.
Van Straten and Herodek (1982) revealed that “cold”-type
organisms in the Balaton were active when water temper-
ature, 7,,< 10 °C, and when T,,> 15 °C, the “warm” type
organisms became significant. Between the two 7,, limits
(10 °C>T,,> 15 °C), a transition period regarding the com-
position of the ecosystem was classified.

The lake is mainly dependent on precipitation for water
input, with most important surface water of River Zala.
As long as Zala River, a permanent streamflow, provides
the largest inflow of water, the canalized Si6 is the only
(artificial) outflow. Majority of the water losses is due to
evaporation —mostly depending on air temperatures— and
transpiration playing a minor role due to low coastal canopy
cover, in the long term. In the twenty-first century, increas-
ing temperatures are estimated to reduce in long-term runoff
exceeding 50% for the Zala watershed (Cséki et al. 2018).
Modification in climate connected mouths, such as 7, and
varied PR patterns, may influence the wetland’s hydrologi-
cal cycle (Gnjato et al. 2021). The high dependence of Lake
Balaton on meteorological conditions even in the future and
the significant declining precipitation trend together with
rising temperature trends may raise a risk situation lead-
ing to decreasing lake water levels. Low water levels induce
increased nutrient concentrations enhancing eutrophication
and algae growth (Soja et al. 2013). It is important to note
that trophic state of the lake has changed between meso-
and eutrophic ones only during the last Millennia (Korpo-
nai et al. 2011). Although oligotrophic trends were detected
temporally, the lake water quality is still considered to be
mesotrophic (Istvanovics et al. 2007). The water’s energy-
mass cycle is basically supported by the primary produc-
tion of the planktonic algae, sharply indicating the quality
of the water (Voros and Somogyi 2009). To mitigate the
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nutrient’s load and to keep a constant water level on the
basis of natural Kis-Balaton wetland, the Kis-Balaton Water
Protection System was created in the past century, to keep a
standard water level. In the area of the KBW, severe micro-
climate modifications are experienced in the second half of
the twenty-first century. Balaton and the surrounding KBW
are strictly protected areas under the Ramsar Convention.
The wetland cover of about 5-8% of the world’s land surface
(Mitsch et al. 2013) constitute 20-30% of the total global
carbon pool and play a crucial role in nutrient cycles and
climate change mitigation (Dang et al. 2021a).

Increasing drought in the past decades highlighted the
vulnerability of wetland ecosystems to natural climate
variability and to the potential impacts of global climate
change. Quijano-Baron et al. (2022) concluded that wetlands
are expected to reduce flooding frequency and increase the
severity of droughts that affect plant species distribution and
community structure. The sensitivity of wetlands toward
fluctuation in existing water level plays a decisive role in
the distribution of dominant plant species. Changes in the
zonation of wetland plants are the result of their adaptation
to total flood and dry periods (Sorrell et al. 2000).

Phragmites australis L. (P. australis) is one of the most
widespread wetland macrophytes around Lake Balaton. The
area with P. australis cover is estimated to be larger than
1000 ha. In the KBW, the P. australis covered area is about
two times larger than around Lake Balaton. The role of P.
australis is purifying the water of the Zala Mouth by retain-
ing nutrients. The Zala Mouth is the primary water source of
Lake Balaton, carrying about half of its water and nutrient
inputs. The role of KBW is to increase the residence time of
the mouth’s water before entering the lake at Keszthely-Bay.
The relatively low water depth of our sampling points (Lake
Balaton, Kis-Balaton wetland, KBW and Zala Mouth) made
the study location particularly sensitive to weather condi-
tions. Along with the changes in climate conditions, the
modified water table depth might trigger changes in vegeta-
tion composition and coverage of KBW, giving advantage
for Solidago canadensis L. (S. canadensis) in competition
with P. australis. Based on previous observations, these
negative changes in the vegetation composition of KBW are
likely to go on in the next decades. In KBW, goldenrod as
an invasive species had a few per cent, but annually increas-
ing cover between 1997 and 2012 (Anda et al. 2015). This
goldenrod related statement was also strengthened by Anda
et al. 2016.

Litter decomposition is determined by the interaction
between plant litter quality and consumer organisms, both
controlled by the environment (Makkonen et al. 2021) along
with climate variables. Correa-Araneda et al. (2020) con-
cluded that climate is the predominant factor among the
environmental variables controlling litter decomposition.
Junior et al. (2020) and Amani et al (2019) called attention
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to difficulties in the prediction of 7, impacts on litter decom-
position due to the presence of other factors (microbial activ-
ity, invertebrate detritivore density, litter quality), which may
influence how decomposition responds to weather modifi-
cation. 7, influences the living conditions, the existence of
microbes and other soil fauna. Kirschbaum (2000) and Lloyd
and Taylor (1994) found litter decomposition to be more
sensitive to T, than the primary production. Hobbie (1996)
considered the 7, as a primary determiner of decomposition
rate. Bolscher et al. (2020) found increased fungi to bacteria
ration due to high 7, and PR facilitating soil acidification.
More intense litter decomposition related to increased lignin
content tended to be under higher annual mean 7, (Thevenot
et al. 2010). A positive T, decomposition relationship, with
faster decomposition in tropical compared with temperate
streams, was obtained from the work of Ferreira and Guér-
old (2017). Others found just the opposite due to favourable
cool, well-aerated conditions, which were probably preferred
by aquatic hyphomycetes (Ferreira et al. 2012). Zhang et al.
(2019) summed that no consistent patterns have emerged
regarding litter decomposition in streams among different
temperature/climate zones. However, Cornwell et al. (2008)
revealed that litter quality (local interspecific variation) had
stronger effects on decomposition than climate variables.
Accounting the joint effect of global warming and decompo-
sition trait aspects allows a better understanding of the back-
ground mechanisms of climate change shifts on ecosystem
functioning (Migliorini and Romero 2020).

While the sensitivity of decomposition to 7,, and PR has
been emphasized in previous studies (Bolscher et al. 2020),
hardly enough publications have focused on plant litter
decomposition sensitivity to other impacting meteorologi-
cal variables such as solar radiation or extreme air and water
temperatures. Understanding the response of litter decompo-
sition to energy source and other seldom studied meteoro-
logical variables, including T, is one of our aims in order
to predict the response of ecosystems to climate change. In
most studies, the climatic response of decomposition is usu-
ally determined in laboratories, based on seasonal/monthly
mean T, which is not equivalent to variation in daily mean
or extreme 7, sensed in “natural” field conditions. The com-
monly measured meteorological variables (7,, PR) related
to decomposition were supplemented and analysed — solar
radiation, (G), maximum (7,,,) and minimum (7}, air tem-
peratures, daily mean water temperature (7,,), daily mean
relative humidity (RH), daily mean wind speed (#) — in this
study. Three sampling sites with different aquatic environ-
ments forming a single entity were included in the investiga-
tion: Lake Balaton, its purifying system the KBW and Zala
Mouth, the primary water source of the lake. Unlike most
publications, three water bodies — lake, river mouth, wet-
land — were included in the experiment, but in a different
way than of the other usage. The second purpose of the study

in

was that the invasive S. canadensis decomposition rates are
different than that of the native P. australis one, due to the
varied environment of three sampling points. There are some
differences in 7,, among three sampling sites related to their
hydrological positions. There are plenty of data on the use
of decomposition coefficients k,,,, kr and Q,, but they were
applied separately. The other objective of this work was to
compare different decomposition rates using three different
sampling sites in the Balaton system.

Because some of benchmark publications connected to
decomposition were mostly restricted in one season/year,
we also limited ourselves to winter. Among others, the fol-
lowing publication’s observation lengths were similar to that
of this study (Lee and Bukaveckas (2002): 60 days; Bertoli
et al. (2016): 45 days; Alvarez and Bécares (2006): 90 days;
Jaques and Pinto (1997): 140 days)). In accordance with
the observations time of Bertoli et al. (2016), the duration
(98 days) of this experiment was chosen to limit analysis at
wintertime level and in order to allow comparisons among
wintertime results.

To provide appropriate adaptation strategies for the pro-
tection and conservation of native ecosystems, it is essen-
tial to follow the occurrence of all the species of natural
ecosystems. The importance of this is underlined by Dang
et al. (2021b) , who mentioned that ensemble modelling
approaches are effective for predicting climate suitability
for native species only. The used model approaches have not
yet been applied to invasive species distribution.

2 Materials and methods

2.1 Study location and some water quality
parameters

The study was conducted during the winter period of
2019/2020 at three different sampling sites (Lake Balaton
(latitude 46° 74’ N; longitude 17° 28’ E; elevation 101 m
above sea level), KBW (latitude 46° 65’ N; longitude 17°
19’ E; elevation 106 m above sea level) and the Zala Mouth
(latitude 46° 65'; altitude 17° 20’; elevation 106 m above sea
level)) to determine the decomposition rate of P. australis
(rhizome, stem and leaf) and S. canadensis (stem and leaf)
for plant components (Fig. 1).

Conductivity and pH were measured in situ, at the same
time as samples were taken, using Adwa AD111 and AD310
field equipment. In the laboratory, a Lovibond MultiDirect
(type 0,913,462) spectrophotometer was applied to deter-
mine ammonium (NH,* mg L") and phosphate (PO43_ mg
L") concentrations of different water bodies at each sam-
pling time to separate original water properties from that of
released nutrient during decay. Biological oxygen demand
(BODs) was measured using the standard of MSZ ISO 5813.
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Fig. 1 Location of the study with three sampling sites near and in the Lake Balaton, Hungary. Geographical positions were included in Sect. 2

Irrespective to study sites, based on on-site macrophyte
composition and cover observations, the dominant emergent
macrophytes were P. australis, cattail (Typha angustifolia,
Typha latifolia) and sedge (Carex acutiformis, Carex elata,
Carex riparia) accounting for about 70% of canopy cover.
Other minor crop species, such as shrubs (Salix cinerea,
Salix alba), tree patches (Salix fragilis, Alnus glutinosa,
Populus tremula) or grassland (dominant species: Festuca
rupicola, Arrhenatherum elatior, Alopecurus pratensis)
were also identified with much less than 10% cover (Anda
et al. 2015). In addition to the above species, S. canadensis
was also present in every sampling area.

2.2 Decomposition of plant litter

To detect the decomposition rate, the commonly used and
accepted method of leaf litter bags were applied (Bérlocher
et al. 2020). The litter bags were placed into the water on
9 December 2019. Along the sampling sites, leaf, stem and
rhizome litters of P. australis and S. canadensis were col-
lected and brought to the laboratory in October 2019. Later,
the plant materials were air dried and stored at room temper-
ature (21-22 °C) and low humidity (about 40%) to constant
weight and cut into 4—6-cm-long sections, except for the S.
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canadensis leaf. Dried leaf, stem and rhizome litters were
applied to reach as uniform conditions as possible.

The mesh sizes (15 cm X 15 cm polyethylene bags with
3 mm) of 405 litter bags (three sampling places, nine tempo-
ral sampling events, two to three plant tissues in two species,
three replications each plant tissue) were filled with 10-g dry
weight. The bags were randomly attached to a plastic com-
partment with bricks placed in the centre of the compart-
ment. Bags were randomized and separated to avoid spatial
confounds. The litter samples were placed into the water of
the sampling sites at about 0.3 m below the water surface
in the littoral zone to ensure that the bags will constantly
remain underwater. At each sampling time, three bags were
retrieved from each sampling place in separate plastic boxes
ondays 1, 2, 3,7, 14, 21, 42, 70 and 98 after placing the lit-
ter bags into the water. After sample takings, the litter bags
were transferred to the laboratory, and they were cleaned
and dried until constant weight at room temperature and
low humidity.

We designed this experiment with the goal to study spa-
tial and temporal influences of the decomposition process to
compare results obtained in a native and an invasive plant,
at wintertime. The composition in microorganisms was
excluded from the study. There was no significant difference
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in the density of macroinvertebrate shredders between the
sampling points (Simon et al. 2018, 2019).

2.3 Meteorological elements

Meteorological variables were recorded at the Agromete-
orological Research Station of Keszthely (latitude 46° 44’
N, longitude 17° 14’ E, elevation 124 m above sea level) by
a QLC-50 (Vaisala, Helsinki, Finland) fitted with a CM-3
pyranometer (Kipp & Zonen Corp., Delft, The Netherlands).
A CM-3 pyranometer sensor (Kipp & Zonen Corp., Delft,
the Netherlands) was installed to QLC-50 automatic sta-
tion to measure global radiation, G [W m‘z], because of
its importance for the whole climate system as a primary
energy source impacting other meteorological variables and
environmental processes. This standard station belongs to
the Hungarian National Meteorological Network operated by
the Hungarian Meteorological Service (OMSZ). The com-
bined air temperature and humidity sensors were placed at
a standard height 2 m above the soil surface. Signals from
T,, RH, u, PR and G were collected every 2 s, and 10-min
means were logged by the QLC-50 station. The height of the
anemometer was 10.5 m (Anda et al. 2015). In situ 7,, data
were recorded at 10-min intervals and integrated to daily
means (Delta Ohm HD-226-1).

2.4 Estimation of decomposition constants (k.
k;) and temperature sensitivity coefficient (Q,,)
based on Bérlocher (Barlocher et al. 2020)

The process of plant litter decay was typically described by
first-order kinetics, in which temporal loss of litter mass at
a given point is assumed to be proportional to the present
litter mass.

Decomposition rates were estimated using an exponential
model, in which the decaying rate follows the equation:

dm

E = _kexp xXm (1)

where m (g) is the mass loss as a proportion of initial mass, ¢
the time in days after the initial exposure, and k,,,, (day™!) is
the decomposition constant. This relationship is independent
on temperatures (7, T,,).

The first-order decay model was expanded assuming a
linear temperature (7,,) dependency of the overall decay rate:

TW
dm = —k; X ©
dt Ty

X m @

where k;, (day ™) is the temperature-normalized decomposi-
tion rate coefficient. Set 7, =10 °C as Bérlocher et al. (2020)
suggested, for ease of comparison with other temperature-
based models.

Table 1 Mean and standard deviations of the physicochemical vari-
ables and nutrients for the winter 2019/2020 on Lake Balaton, Zala
Mouth and Kis-Balaton wetland (KBW)

Lake Balaton Zala Mouth KBW

Conductivity (uS cm™') 742.1+10.7 680.9+59.8 807.1+72.5

pH 8.4+0.1 85+04 8.0+0.15
NH,-N (mg L") 0.2+0.04 0.5+0.3 0.2+0.1
PO,-P (mg L) 0.6+0.2 0.8+0.3 0.7+0.2
BOD; (mg L™ 1.7+£0.8 6.8+3.0 2.0+0.4

To compute the temperature sensitivity coefficient Q,,
in which decomposition rate is increased when temperature
is raised by 10 °C, an exponential instead of a linear rela-
tionship between temperature and decomposition rate was
assumed:

d_m = —k; X e To~ T x m 3)
dt

Using Eq. 3, the Q, values were used to determine the
constant c. In the next step, the Q,, was computed as follows:

O = ™€ @)

2.5 Statistics

Correlation analysis and multiple stepwise regression anal-
ysis between meteorological elements (daily means of T,
and T, ; air temperature extremes 7,;, and T, ; G; RH; u,
PR) and measured decomposition rates in P. australis (rhi-
zome, stem and leaf) and S. canadensis (stem and leaf) were
carried out. Three-way ANOVA was performed applying
SPSS software, version 17.0, to estimate the impact of sam-
pling sites (S), crop species (C) and plant organs (O) on the
remained litter and decomposition coefficients, k,,, day™!
and k;day™". The used model comprised all main effects and
all two- and three-way interactions followed by Student’s ¢
test or Tukey’s HSD post hoc test. Independent-samples ¢
test was used to compare all variations of treatments (S, C,
0) for k day™". Critical value of significance was set to 0.05.

3 Results and discussion

3.1 The water quality of the three sampling sites
and the weather conditions

During the study period in winter 2019/2020, the BODj
increased from 1.7 (Balaton) to 6.8 mg L™! (Zala transport-
ing suspended solids) and the pH from 8.0 to 8.4 (the most
favourable regarding decomposition) in the observation sites
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(Table 1). High conductivity values were displayed (680807
uS cm™!) with low nutrient concentrations (0.2-0.5 NH,~N
mg L™ and 0.6-0.8 PO,—P mg L), irrespective to study
site. Significant differences were not found in the physical
and chemical properties of the water at the sampling places,
although the meteorological variables might have played a
major role in the variance of the litter decomposition of the
studied plants.

The location of the study, the Lake Balaton and
KBW, positioned in the Carpathian Basin has variable
inter- and intra-annual climate conditions. The climate
norms (1981-2010) monitored at the Agrometeorologi-
cal Research Station of Keszthely (Table 2; Fig. 1) were
used in the weather characterization of the observation
period (9 December 2019—16 March 2020). The sampling
period’s mean 7, was unusually warm with an average of
3.9 °C, at about fourfold higher (p <0.001) than that of
the long-term mean T, of Keszthely. At the same time,
within the study period, the monthly mean 7, in January
(2020) was 4.9 and 6 °C colder than the monthly mean 7,

Table2 Weather conditions for the studied period (winter of
2019/2020) and climate norms for 1981-2010. 7, and PR denote
mean air temperatures (monthly means for January and February)
and precipitation sums determined at Keszthely Agrometeorological
Research Station

From 9 to January February From 1to Mean

31 Decem- 16 March

ber
Ta (°C) 5.5 0.6 6.6 3.1 4.0
Climate norm 0.4 -0.5 1.1 3.1 1.0

Sum

PR (mm) 71.5 13.2 30.8 17.5 133
Climate norm 37 30.1 30 13.7 110.8

Fig.2 Variation in daily mean 14 -
water temperatures, T, on the

> tw

three study sites

T, [°C]

—— Kis-Balaton wetland

in December and February, respectively. Close to normal
T, was only detected in March 2020. The warm weather
was associated with an 18.3% higher PR sum (p =0.603)
as compared to long-term PR total. The monthly PR pat-
tern of the study period was unevenly distributed. Decem-
ber (2019) received 34.5 mm more while January (2020)
received 16.9 mm less monthly total PR than the climate
norm. Daily PR amounts in December (2019) were more
frequent and of larger magnitude than that of the long-term
PR sums. Almost all studied months were hotter and wet-
ter than the long-term means for 1981-2010.

The winter patterns of daily mean T, were similar at
each sampling site; however, the size of T,, varied among
observation areas (Fig. 2). During the study period in win-
ter, 2019/2020, the average 7,, varied from 3.1 (KBW) to
6.0 °C (Balaton). Temporal patterns and treatment differ-
ences in 7, agreed well with varying weather conditions;
calm weather from 22 to 53 days after placing decomposi-
tion samples exhibited a high degree of spatial variation
in T,,. In this winter period, 7,, of Lake Balaton with the
largest water body was the highest (4.7 °C). At the same
time period, declines in 7,, of the Zala Mouth and KBW
were 3.0 and 4.8 °C, respectively, compared to Balaton.
In the beginning (from 1 to 21 days after sample plac-
ing) and after a calm period (from 54 days until the end
of the study), the windy and warm weather (daily mean
u>1 m s~!, daily average T,>2 °C) equalized T, val-
ues between the three sampling places. Although, vari-
ability in mean 7,, during two windy periods (6.6 +1.3,
4.7+2.6 and 6.9+2.9 °C in Balaton, KBW, Zala Mouth,
respectively) exceeded those observed on calm days
(Balaton: 4.7+ 1.1 °C, KBW: —0.1+0.3 °C, Zala Mouth:
1.7+0.9 °C), irrespective to sampling site.

- = = Zala River
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3.2 Remaining litter and litter mass loss

Litter mass remaining declined exponentially over the study

Table 3 ANOVA results for sampling sites (S), plant species P. aus-
tralis and S. canadensis (C) and plant tissues (O) of litter mass loss.
Significance is highlighted in bold

period (Fig. 3), and after 98 days, it varied between 60.2  Source Type III df  Meansquare F Sig
and 91.7% of initial mass in Balaton, 67.8 and 92.9% in zumaroefs
. . u
KBW and 59.2 and 90.2% in the Zala estuary for P. australis d
(including rhizomes). For S. canadensis, less variability in ~ Corrected 20.785* 11 1.890 6.024  0.000
remaining litter mass was detected ranging from 61.0 (Zala model
Mouth) to 85.5% (KBW) of initial mass. Intercept 8492.322 1 8492.322 27,075.804 0.000
Daily mean P. australis litter mass loss ranged from S 4.021 2 201 6411 0.002
0.0073 (stem in KBW) to 0.0416 g days™' (rhizome in € 10.042 1 10.042 32.018  0.000
Zala Mouth), while in S. canadensis, these daily litter ~ O 5818 1 5818 18.5500.000
mass loss values were between 0.0023 (KBW, leaf) and S*C 0.542 2 0.271 0.864  0.425
0.0398 g days_l (Zala, leaf). S*O 0.233 2 0.117 0.372  0.690
The results of the three-way ANOVA suggested that the € * O 0.046 1 0.046 0.148 0.702
remaining litter mass was influenced by sampling sites, S  S*C*O 0.081 2 0.041 0.130 0.879
(p=0.002), crop species, C (p <0.001) and plant organs, O  Error 30.110 96 0.314
(p<0.001) (Table 3), with insignificant interactions between Total 8543218 108
the three factors (p = 0.425.—0.8'79). A signiﬁcgnt inter?ction R squared =0.408 (adjusted R squared=0.341).
was found between sampling sites, plant species and tissues degree of freedom.
100G, KBW
95 W03 <
) -@-Phragmites
2 leaf
=
e —A—Phragmites
g rhizome
g
3 Phragmites
6.0 4 stem
55 1
5.0 w . : . 1 5.0 : ; ; : . 5.0 : : : : )
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
10.0 10.0 10.0
9.5 9.5 9.5
9.0 9.0 9.0
of
= 85 - 8.5 3 .
2 83 - Solidago
g 804 8.0 8.0 leaf
e 7.5 7.5 7.5
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Fig.3 Dynamic of the remaining litter mass after 98 days of decom-
position of P. australis (upper row: leaf, stem and rhizome) and S.
canadensis (lower row: leaf and stem) across 3 sampling sites at Bal-

(c)
aton Lake (B), Kis-Balaton wetland (KBW) and the Zala Mouth (Z)
in winter 2019/2020
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(»<0.001) suggesting that effects in litter species and stud-
ied plants were site dependent.

Irrespective to study location, the remaining litters of
invader S. canadensis were 8.2 (leaf, KBW) — 27.9% (leaf,
Balaton) lower than that of in native P. australis. Stem
decompositions were comparable to leaf ones (between 8.3
and 17.3%). This result has not supported the assumption of
the native plant’s advantage based on the local decomposer
communities’ specialization to the native litter types being
faster than to the litter of invasive plants (Dekanova et al.
2021). Considering all sampling places in three aquatic eco-
systems, a daily mean detritus mass loss of 2.20 and 2.68%
was found in P. australis and S. canadensis, respectively.
Our study result concerning P. australis mass loss was close
to that of the 1.57% in the Danube Delta which is pooled
from four wetland ecosystems (Sangiorgio et al. 2008). The
remaining litter masses decrease in the order KBW > Bala-
ton > Zala, counter the 7,, gradient that decreased from Zala
to KBW. The 12.6, 12.7 and 12.7% declines in the remain-
ing mass for P. australis leaf, stem and rhizome, respec-
tively, were obtained in Zala compared to KBW. A possible
explanation for the lowest decomposition rates in KBW may
be that less plant material was lost from litterbags in com-
parison with the Zala Mouth. The water in the KBW was
almost static due to a high number of windless days during
the observation. Because of the lack of turbulence, unde-
composed litters were not easily loosened from litterbags,
increasing the remaining mass in such “stationary” water as
KBW compared to other aquatic environments (Song et al.
2021).

Observed plant processing fitted with negative expo-
nential models in all the monitored treatments’ temporal
patterns (see Fig. 3). The total percentage of P. australis
detritus weight loss ranged from 0.07 (stem, KBW) to 0.42%

Fig.4 Boxplots for exponential a
decomposition rate, ,,, in P.
australis and S. canadensis. d d

Five bubbles were used to

(rhizome, Balaton) for the whole observation time. P. austra-
lis litter mass loss in the study was about half of that meas-
ured by Bertoli et al. (2016) at Isonzo delta (Italy), during
spring 2011. In S. canadensis, mass loss percentages were
between 0.15 (leaf, KBW) and 0.39% (leaf, Zala), over the
winter 2019/2020. Tukey post hoc test revealed the lowest
remaining litter mass (averaged across plant tissues) in the
Zala Mouth. Regardless of the low contribution of stream/
mouth macroinvertebrates to litter decomposition in Azorean
streams reported by Ferreira et al. (2016), the remaining
mass was the lowest in the Zala Mouth. (The author’s results
were within the range reported for continental streams.) A
12.4% increase (p=0.011) in the remaining litter mass was
measured in KBW related to the Zala Mouth. Litter mass
remaining in Balaton was only slightly higher (below 5%)
than that obtained in the Zala, although the difference was
insignificant (p =0.630).

3.3 Decomposition coefficients (k,

xp and k)

Five classes (bubbles) of k,,, on Fig. 4 contain different
plant tissues. The first two bubbles were for plant leaves
(1: P. australis; 2: S. canadensis). The least size and vari-
ability in k,,, of different sampling sites was obtained in P.
australis thizome (last bubble). Other works also presented
that the content of lignin negatively correlated with the rate
of litter decomposition (Huang et al. 2003). In the case of
rhizome decomposition process, the high lignin content of
the organ was more important than that of the sampling
site. Results in the study strengthened the previous ones
by Huang et al. (2021) that the lignin content of the litter
may be a basic indicator of the decomposition rate of dif-
ferent litter types in aquatic environments. The k,,, aver-
aged across P. australis parts ranged from 0.0208 (KBW) to

an
oQ
[gle g
o
oo®

demonstrate similar classes for
decomposition coefficients.
Abbreviations in the horizon-
tal axes are as follows: First S
letter means sampling sites: o

B — Balaton Lake; K — Kis-
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Zala. Second letter means
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1
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0.0261 day~' (Balaton) suggesting fast decomposition rates
(k>0.010 day~") (Petersen and Cummins 1974), somewhat
lower k,,, for S. canadensis, but in fast range were between
0.0167 (KB) and 0.0254 day~! (B) during the observation.
These fast decay rates of P. australis leaves in each study
site were comparable with previous ones found in the Dan-
ube Delta by Sangiorgio et al. (2008). Fast decomposition
in P. australis highlighted that litter inputs to Balaton and
its surroundings are effectively processed; the nutrients are
probably cycled at an acceptable level.

P. australis results averaged across plant tissues in the
study agreed well with that of 0.028 day~' by Pinna et al.
(2004) in a mouth basin in Sardinia, Italy, during spring
2004. In the Netherlands, in a Monomictic Lake, winter k,,,
of 0.012 day~" in P. australis (van Dokkum et al. 2002) was
only half of that measured in this study. Similarly, findings
for P. australis decomposition rates of Sangiorgio et al.
(2008) differed among aquatic ecosystems, with lower val-
ues in pond compared to values in channel/mouth. Their &,
of 0.016 day™! for P. australis blades in Danube Delta (fall
2005) was almost the same as k,,, of 0.0178 day™! in the
study for P. australis blades in the Zala Mouth. The decom-
position coefficient’s variability was also related to differ-
ences in plant tissues. S. canadensis k., of 0.0017 day™!
(Dekanové et al. 2021) in an artificial pond in Slovakia
concurred well with findings of the study (condensed for
two plant tissues: 0.0192 day~!, KBW). The authors also
recorded the faster litter decomposition of invasive plants
than of native ones. The thinner and softer leaves of S.
canadensis were more easily disrupted and processed than
those of the native P. australis leaves.

The k; accounting T, was also brought into existence for
aquatic ecosystems’ litter decay. Estimated k,,,, and k7 ranged
from 0.0087 day~! (P. australis leaf, KBW) to 0.0497 day~!
(P. australis rhizome, Balaton) and from 0.0177 day~' (P.
australis stem, KBW) to 0.672 day_1 (P. australis rthizome,
Balaton), respectively, throughout the investigation period.
Higher T, -based k than that of exponential k,,, were deter-
mined, irrespective to treatment.

As a result, the decomposition coefficients k;
highly varied in all tissues and sampling places from
0.0177+0.0014 day‘1 (KBW, reed stem, class “a”) to
0.6726 +0.0689 day_1 (Balaton, reed rhizome, class “h”)
constituting separate classes from “a” to “I” (Table 4).
Plant tissues of leaf, stem and rhizome (P. australis only)
were pooled for each sampling site; thus, the mean k;
of Balaton, KBW and Zala Mouth were 0.0253, 0.0192
and 0.0256 day~!, respectively, for the 98-day-length
decomposition period (Table 4). At the same time, much
higher averaged pooled k; were recorded in all study
sites (Balaton: 0.3259 day~!, KBW: 0.0438 day~!, Zala
Mouth: 0.1024 day~'). At species level, plant traits and
the environmental conditions play a dominant role in the

Table 4 Water temperature-based daily mean breakdown rates, k; and
standard deviations of two plant species (P. australis and S. canaden-
sis) in different tissues at three sampling sites of Lake Balaton, Kis-
Balaton Wetland and Mouth Zala, in winter 2019/2020. The decom-
position time was 98 days

kr (day™)
Lake Balaton
P. australis leaf 0.1261+0.0013 g
P. australis rthizome 0.6726 +0.0689 h
P. australis stem 0.1666+0.0018 1
S. canadensis leaf 0.3694+0.0143 k
S. canadensis stem 0.2948 +0.0110j
Kis-Balaton Wetland
P. australis leaf 0.0430+0.0066¢
P. australis rthizome 0.0812+0.0063a
P. australis stem 0.0177+0.0014e
S. canadensis leaf 0.0461+0.0043 cd
S. canadensis stem 0.0309 +0.0024b
Zala Mouth
P. australis leaf 0.0186 +0.0023*
P. australis rhizome 0.2081+0.0109d
P. australis stem 0.0539 +0.0033i

S. canadensis leaf 0.1292+0.0063 g

S. canadensis stem 0.1021 +0.0058f

Means with the same letters are not significantly different among the
two species, three tissues and three sampling sites

regulation of the decomposition process. The approach of
T, -based k; has several useful implications compared with
the results of previous works by using exponential litter
decomposition rates, k,,, (Gregorich et al. 2016). Values
of k; were refined related to k,,, by accounting the site’s
T,,. Cai et al. (2021) offer the use of k; to compare decay
rates across different sites as it is in the study. Regarding
both k of different plant organs, with the exceptions of k;
in KBW and Zala, the k sizes were in the following order:
rhizome > S. canadensis leaf > S. canadensis stem > P.
australis leaf > P. australis stem. Both k,,, (Figs. 4 and 5)
and k; (Table 4) varied widely among treatments in winter
2019/2020.

ANOVA results showed that both k values differed among
plant species (p <0.001), sampling sites (p <0.001) and lit-
ter species (p <0.001), with significant interactions between
the three factors in k,,, (p <0.001) (Tables 5 and 6). No
significant effect of sampling site interacting with tissues
(»p=0.110) or plant species (p=0.153) was found in case
of k; (Table 6).

Irrespective to k-type, the KBW with the shallowest
water constituted the least mean k for each plant tissue. The
increases in average k,,, and k in deeper Lake Balaton were
24.2% (p=0.525) and 86.6% (p=0.0202), respectively, as
compared to KBW. In Zala Mouth, 25.2% (p=0.477) and
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Table5 Three-way ANOVA for exponential decomposition coef-
ficient, ke, day™' of three litter components, O (leaf, stem and rhi-
zome) in two plant species, C (P. australis and S. canadensis) incu-
bated in three places, S (Balaton, Kis-Balaton wetland and Zala

Mouth) over 98 days in winter 2019/2020

Table 6 Three-way ANOVA for decomposition coefficient, k, (day ™)
of three litter components, O (leaf, stem and rhizome) in two plant
species, C (P. australis and S. canadensis) incubated in three places, S
(Balaton, Kis-Balaton wetland and Zala Mouth) over 96 days in win-
ter 2019/2020

Source Type 111 df Mean square F Sig Source Type 111 df Meansquare F Sig
sum of sum of
squares squares
Corrected Model 1.303% 14 0.093 11,716.9 0.000 Corrected model 0.007* 14 0.001 143.3  0.000
Intercept 0.949 1 0949 119,496.3 0.000 Intercept 0.020 1 0.020 5609.9 0.000
S 0.566 2 0.283 35,597.3  0.000 S 0.000 2 0.000 459 0.000
C 0.008 1 0.008 1042.9 0.000 C 0.001 1 0.001 176.3  0.000
(0] 0.185 2 0.093 11,664.5 0.000 (0] 0.004 2 0.002 561.9 0.000
S*C 0.007 2 0.004 469.2  0.000 S*C 1.L685E-5 2 8.425E-6 24 0.110
S*O 0.124 4 0.031 3905.8 0.000 S*O 2561E-5 4 6.403E-6 1.8 0.153
C*0 0.199 1 0.199 24,989.7 0.000 C*0 0.003 1 0.003 748.8 0.000
S*C*0O 0.129 2 0.064 8094.5 0.000 S*C*O 2671E-5 2 1.336E-5 3.8 0.034
Error 0.000 30 7.943E-6 Error 0.000 30 3.537E-6
Total 2.420 45 Total 0.031 45

R squared =1.000 (adjusted R squared = 1.000).
Significant at p value below 0.05

57.2% (p=0.126) increments in kexp and ky, respectively,
were obtained related to KBW.

Except of P. australis leaf (p =0.936) in the Zala, sig-
nificant differences between k,,,, and k; ranged from 75.9
(S. canadensis stem, Zala Mouth, p=0.002) to 92.8% (S.
canadensis leaf, Balaton, p =0.006) in Balaton and the Zala.
However, irrespective to plant tissue, hardly enough vari-
ability in both k values of KBW was detected. Woodward
et al. (2012) found significantly higher decomposition rates
in mouths and streams due to more absorbed energy for each
degree of change in air temperature than those in terrestrial
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R squared =0.985 (adjusted R squared =0.978).
Significant at p value below 0.05

ecosystems. Increased energy in the Zala Mouth during
dominatingly windy days might stimulate the microbe’s
metabolism, utilizing litter residues as a substrate (Gessner
et al. 1999) more effectively as it happened in KBW and/
or Balaton.

In the study, a linear distribution curve for k, was used as
a function of k,,, (Fig. 5), for the whole measuring period.
As k,,, versus k; were widely scattered for each sampling
site, their relationship was treated separately. Both decom-
position functions k,,, and k; markedly decreased in KBW
as also indicated by the linear equations with slopes of 14.5,
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5.29 and 1.48 for Balaton, Zala Mouth and KBW, respec-
tively. The correlation between k., and k. (R*=0.96) was
better in Lake Balaton than in KBW (R*=0.81) and the Zala
(R>=0.87). As long as correlation was higher in Balaton,
the mean RMSD in KBW was lower (0.011 day'l) than that
of the RMSE of 0.048 day™' in Balaton and 0.030 day~' in
the Zala.

During the investigation time, k,,,, were 20.2-54.3% of ky
in KBW. In case of the Zala Mouth, ,,,, were 20.3-95.7% of
ky. In Balaton, k,,,, was considerably smaller (7.2-12.9%) of
kythan in KBW and/or the Zala. Examination of the & ration
indicated that its size may also be linked to plant tissue.
Irrespective to observation place, k,,, was closer to k. for P.
australis (KBW: P. australis rhizome and stem; Balaton and
the Zala: P. australis leaf). Ration of k,, /k; became quite
small in S. canadensis, with a minimum value of 7.2% for
Balaton.

3.4 The impact of weather on litter decomposition

Litter decomposition is a multivariate process also influ-
enced by different meteorological variables (Ferreira et al.
2015). Irrespective to sampling place and studied plant,
with one exception of P. australis shoot in KBW, the most
dominant meteorological variable with the highest cor-
relation coefficient, r ranging from — 0.62* to —0.91*%*
was G (Table 7), related to available energy. The shoot
of P. australis in KBW possessed the highest r (0.59%)
for T,,. G alone explained 62.0 to 91.3% of the variability
in the studied plant organ’s decomposition during winter
2019/2020. The second largest impacting variable fluctu-
ated between the three sampling sites. With the excep-
tions of P. australis shoot in Balaton and KBW, the RH,
integrating the impact of T, and air humidity, was the
second most relevant factor in plant tissue decomposition
(0.56* <r<0.74**), In the case of the Zala Mouth, the r
values of T,, exceeded the r of RH ones, explaining vari-
ability in decomposition process from 61.2 to 68.6%. It is
important to mention that a significant effect of 7,, on the
decomposition of P. australis thizome (r=0.82%%*) and
S. canadensis stem (0.58*) was also observed in KBW.
The rates of r for T, characteristics were scattering around
0.2-0.4 with some exceptions of P. australis rhizome
(r=0.6*%-0.70**) and S. canadensis stem (r <0.5*-0.60%)
in KBW and Balaton. Based on low r values (excluding
P. australis rhizome in Zala Mouth), two inefficient mete-
orological variables were PR and u.

As the correlation analysis suggested that apparently
more meteorological variables affected decomposition
rate, all measured meteorological elements were included
in the multiple stepwise regression (Table 8). Projection of
decomposition for studied sampling areas and plant organs
was treated separately (plant: P. australis, S. canadensis,

plant organs: rhizome, leaf, stem and sample sites: Lake
Balaton, KBW, Zala Mouth). Adjusted coefficient of deter-
mination (R?) produced by SPSS was used for model selec-
tion. Only the best fit is presented in Table 8. Out of eight
variables (G, T,, Tp.x> Tmins 1ow» RH, u, PR), only the daily
mean T, and RH were excluded from regression equations.
On the basis of regression analysis, with one exception of
P. australis shoot in KBW, G was included in each decom-
position projection, irrespective to sampling sites and/or
plant organs, making the available energy the most relevant
factor for litter decomposition. The temperature extremes,
T,, and PR, also affected the decomposition projection in
some of the treatments (in Balaton: 7,; in KBW: T, T, ..,
T\in; and in Zala Mouth: T, PR). T,, became an affect-
ing variable in decomposition for Lake Balaton, with the
exception of S. canadensis shoot. In KBW, there was only
one plant organ, the P. australis rhizome, in which the T,
was included in the projection. In Zala Mouth, in addition
to G, the projection equations were completed with the
meteorological variables T, and PR in P. australis shoot
and P. australis rhizome.

3.5 Temperature sensitivity coefficient, Q,,

Computed Q,, indicates decomposition rate increments
when T, is raised by 10 °C (Fig. 6). Irrespective to P.
australis tissues, the lowest O, values ranging from 1.4
(rhizome) to 1.9 (Ieaf) were measured in Lake Balaton.
Increments in Q,, for P. australis tissues ranged from 20.1
(leaf, Zala) to 37.1% (stem, Zala) as compared to Q,, of
P. australis parts at Lake Balaton. In KBW and Zala, the
same order of the Q,, for different P. australis tissues was
stem > leaf > rhizome.

The T,, sensitivity of the two studied plants varied in dif-
ferent sampling sites. The Q,, in the study agreed well with
the wetland’s macrophyte Q,, results of Bérlocher et al.
(2020) who found them to be about 2, with the meaning that
decomposition rates double when T, is increased by 10 °C.
On the other hand, Hietz (1992) called attention to the fact
that Q has rarely been used in litter decomposition studies
in aquatic environments.

In Balaton and KBW, the T,, sensitivity, the Q,, of the
decomposition of S. canadensis litter was higher than the
Qo of P. australis. The mean Q,, of condensed P. austra-
lis tissues (rhizome + stem + leaf) were 1.6, 2.2 and 2.4 for
Lake Balaton, KBW and the Zala Mouth, respectively, and
greatly varied for different litter parts (rhizome, leaf and
stem) (Fig. 6). Less variation in the average Q,, values for
S. canadensis tissues (stem and leaf) were observed at each
sampling site (Balaton: 2.7, KBW: 2.6 and Zala Mouth: 2.2).

Due to changes in temperature, the decomposition pro-
cess of different types of litter in wetlands can modify the
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Table 8 Multiple stepwise
regression analysis between
meteorological elements
(daily means of air and water
temperatures, 7, and 7, ; air
temperature extremes 7'
and T,,,,; global radiation, G;
relative humidity, RH; wind
speed u, precipitation, PR)
and measured decomposition
rates, De in P. australis
(rhizome, stem and leaf) and

S: canadensis (stem and leaf).

R? is adjusted coefficient of
determination. Const. denotes
computed constant in the
regression. No variables were
excluded from the model
equations

R? F Fsig SE Regression equation

Lake Balaton

P. australis leaf 0917 3689 0 Const.=0.171 De= —0.012G+0.1347,,—0.127u+9.170
G=0.001
T,,=0.029
u=0.051

P. australis stem 0.863 34.684 0 Const.=0.055 De= —0.003G+0.0357,,+9.350
G=0.000
=0.009

P. australis thizome 0.927 42.249 0 Const.=0.305 De= —0.023G+0.240T,,—0.244u+7.872
G=0.002
T,,=0.051
u=0.091

S. canadensis leaf ~ 0.885 42.147 0 Const.=0.422 De= —0.027G+0.200T,,+8.537
G=0.003
T,,=0.068

S. canadensis stem  0.824 56.122 0 Const.=0.155 De= —-0.014G+9.562
G=0.002

Kis-Balaton Wetland

P. australis leaf 0.718 30.578 0 Const.=0.148 De=0.010G +9.769
G=0.002

P. australis stem 0561 7.015 0.011 Const.=1.230 De=0.786T,,, —0.334T; +11.256
Tax=0.227
Tin=0.149

P. australis thizome 0.822 25.343 0 Const.=0.145 De= —0.0857,,—0.007G+8.461
T,,=0.029
G=0.002

S. canadensis leaf ~ 0.712  29.652 0 Const.=0.195 De=—0.013G+9.465
G=0.002

S. canadensis stem  0.864 76.44 0 Const.=0.067 De= —0.007G+9.578
G=0.001

Zala Mouth

P. australis leaf 0.874 38.182 0 Const.=0.111 De= —0.014G+0.038T,;,+8.934
G=0.002
Tin=0.014

P. australis stem 0.81 51.131 O Const.=0.025 De=—0.002G+9.323
G=0.000

P. australis thizome 0.738 15.527 0.001 Const.=0.177 De= —0.008G+0.090PR+7.014
G=0.002
PR=0.031

S. canadensis leaf ~ 0.834 60.489 0 Const.=0.169  De=-0.016G+8.576
G=0.002

S. canadensis stem  0.804 49.142 0 Const.=0.106 De= —0.009G +8.937
G=0.001

location’s nutrition environment which might affect the
accumulation of carbon and nutrient turnover (Gao et al.
2022). Although the Q,, of S. canadensis was very similar
to that in P. australis, in the Zala Mouth, it was slightly
reduced compared to P. australis.

4 Conclusions

P. australis and S. canadensis litter decompositions were
studied in three different sampling sites of Lake Balaton,
KBW and the Zala Mouth, during winter 2019/2020. The
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following conclusions were drawn from the experiment
over study site:

1. Spatial variation was observed between sampling areas
(Lake, KBW and River Mouth); therefore, we concluded
that the leaf litter decomposition proceeds heteroge-
neously over three parts of the whole study site. The 5.
remaining mass in the leaf bags differed among observa-
tion places with the lowest remaining litter having been
found in the River Zala Mouth.

2. P australis and S. canadensis processing slightly varied
in the studied aquatic ecosystems. Daily decomposition
rates were related to sampling areas with different envi- 6.
ronmental conditions. Litter breakdown rates were con-
trolled rather by aquatic environment (and litter quality),
and not the invasive status.

3. During the study period, values of k; based on T,
were on a higher magnitude than the commonly used
k,y,- Values of ky seemed to be more sensitive to any
changes in the decomposition process than that of the
ko, Less variability in both k values of the shallowest
KBW was observed. Variability in both decomposition
rates (kr and k,,,) within the study areas might mostly
be explained by plant features (species and plant parts)
and a lesser extent by environmental conditions (mete-

ship between 7,, and u was observed in and around the
wetland area, during wintertime. In windy periods, the
higher T,, of River Zala (no freezing during the study
period) compared to the other two places favoured litter
decay, which is probably attributable to higher biologi-
cal activity.

Instead of monthly (seasonal) meteorological means
widely applied in decomposition experiments, daily
meteorological variables should be preferred to use.
Moreover, correlation between litter decay and most
often used daily mean 7, and RH was not confirmed in
any of the aquatic environment.

T,, based temperature sensitivity coefficient (Q,) of the
decomposition of S. canadensis litter was higher than
that of P. australis, regarding each growth location. Var-
ied Q) of native and invasive alien crops may affect the
competitive balance among wetland vegetation, stimu-
lating the growth of invasive plants. As a result, inva-
sive plants with more intense decomposition rates can
produce immediately available nutrients. The invasive
S. canadensis may become more dominant in the future
as this crop is more adaptable to wetland environment
than the native P. australis.

Climate change is expected to put more pressure on

orological variables). almost every ecosystem, particularly on wetlands. The
4. The most consistent meteorological variable regarding  increased frequency of time periods under modified
decomposition process was the least accessible G, irre-  weather condition affects the natural ecosystems, which

spective of either sampling places or plant organs. Litter =~ may provide an increase in the green fractional cover of
decomposition in the aquatic environment (near and in  the invasive plants. For the study sites, in relation to the
the Lake Balaton) was also driven by 7. Close relation- ~ most extended P. australis and non-native S. canadensis,
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degradation in P. australis would be expected. As a result
of the S. canadensis bloom, this terrestrial vegetation colo-
nizes the site, increasingly damaging previously formed in
site vegetation cover.
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