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Abstract
Grasslands belong to valuable ecosystems facing, all over Europe, a drastic decline in their range and loss of species diversity. 
Severe floristic transformation may result from the cessation of traditional low-input agricultural use, and consequently, the 
massive spread of perennial herbs and tall grasses. Invaders can quickly form dense stands and displace endemic vegeta-
tion, which results in a nearly complete turnover of phytocenoses. In European protected areas, the only legally acceptable 
means for suppressing alien species and native dominants within protected areas are biological methods and mowing. We 
investigated the effect of cutting on the presence of three megaforbs: Lysimachia vulgaris, Lythrum salicaria, and Filipen-
dula ulmaria in fen meadows. We hypothesized that long-term, systematic management mimicking a traditional agricultural 
practice, would suppress the expansion of megaforbs. Management effectively stopped Lysimachia vulgaris only in marshes, 
where groundwater in the growing season fell deeper than 50 cm. Coverage of Lythrum salicaria fluctuated over the years, 
while Filipendula ulmaria did not give in to mowing pressure; on the contrary, it increased its coverage in some places. In 
light of the results of the long-term experiment, we conclude that mowing appeared to be low effective in preventing the 
spread of tall perennials. It was likely that indirect factors caused the local withdrawal of megaforbs, i.e., mowing-driven 
stimulation of other species’ development (e.g., Carex spp., Phragmites) that outcompete Lysimachia vulgaris.
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1  Introduction

Open wet meadows are part of the most valuable and diverse 
ecosystem in Europe (Pärtel et al. 2005). The species rich-
ness in these meadows has developed as a result of centuries 
of extensive use: grazing of drier grasslands and mowing of 
wet meadows. As open grasslands are sensitive to changes in 
management and hydrology, a transformation in agriculture 
that began in the late nineteenth century in Western Europe 
and in the middle of the twentieth century in Central and 
Eastern Europe has led to a drastic decline in the range of 
grasslands (Tye 1991) and far-reaching transformations in 
species composition (Diekmann et al. 2019). The most likely 

cause of the dramatic loss of habitats and species diversity 
in wet grasslands is the intensification of agricultural use 
on those lands: drainage, fertilization, and a higher mowing 
frequency, as has been demonstrated in northern Germany, 
where over 60% of plant species have disappeared within 
the last 6–7 decades (Immoor et al. 2017). Floristic changes 
that may be as severe as those from intense agricultural use 
may result from the abandonment of use coupled with pro-
gressive dewatering of wetland habitats caused by climate 
change (Trąba and Wolański 2011), which is particularly 
evident in Central Europe and the Baltic States (Joyce 2014).

A distinct shift in species composition of wet grasslands 
observed throughout Europe encompasses the loss of rare 
species (Vogt-Schilb et al. 2015) or an increased abundance 
of tall grasses (Prach 2008) or herbs (Falińska 1989). Many 
abandoned grasslands are invaded by perennial herbs, the 
most common of which are Lythrum salicaria, Lysimachia 
vulgaris, and Filipendula ulmaria. Due to vigorous genera-
tive reproduction (Lythrum salicaria), vegetative reproduc-
tion (Lysimachia vulgaris) or simultaneous vegetative and 
generative reproduction (Filipendula ulmaria; Falińska 
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1991), these species can relatively quickly form dense stands 
and displace endemic vegetation, which results in a nearly 
complete turnover of phytocenoses (Diekmann et al. 2019). 
In North America, Lysimachia vulgaris and Lythrum sali-
caria are documented as having a detrimental impact on 
native wetland plant communities and associated wildlife, 
and they are treated as invasive species threatening native 
wetland biodiversity (Blossey 1999; Messick and Kerr 2007; 
Dodds and Whiles 2010), although impact of Lythrum sali-
caria is controversial (Lavoie 2010).

Suppression of invaders is difficult, and studies in the 
literature on that topic produce contrasting results. The posi-
tive effect of a return to traditional low-input agricultural 
practices is usually emphasized. Mowing, in addition to con-
trolled grazing, is a frequent and most obvious prescription 
for the management of open, seminatural non-forest ecosys-
tems. As mowing has been shown to be effective in prevent-
ing the spread of trees and shrubs during secondary succes-
sion and by weakening the effect of competitive species, it 
contributes to the preservation of species richness (Bakker 
1989; Diemer et al. 2001; Wahlman and Milberg 2002).

However, numerous experiments noted the inefficiency 
of the mechanical eradication of invaders. Mowing once a 
year was suggested to be insufficient for the maintenance 
of the floristic structure of eutrophic Calthion meadows, as 
it was found to support tall species such as Carex sp. or 
Glyceria maxima (Rosenthal 1992; Schrautzer et al. 1996). 
Since mowing, prescribed burning, and flooding are sup-
posed unsuccessful (Galatowitsch et al.1999), control tech-
niques for Lythrum salicaria and Lysimachia vulgaris are 
limited relying on the application of herbicides (glyphosate) 
and hand-pulling (NRCS 2006; Warne 2016). Extensive use 
of glyphosate in agriculture, gardening, and landscaping 
is a growing concern worldwide (Kanissery et al. 2019); 
thus, management plans of many European protected areas, 
including Natura 2000, have introduced restrictions on the 
use of pesticides (OECD 2016). The European Commission 
has expressed the urgent need to reduce dependency on pes-
ticides and plans to reduce the use of chemical pesticides in 
agriculture by 50% by 2030 (COM 2020). Currently, in the 
EU, the only broadly acceptable methods for reducing the 
coverage of alien species and native dominants are biologi-
cal methods and mowing. However, the management details, 
such as the number of swaths per year and their duration and 
timing, are still controversial.

This paper aims to fill this knowledge gap. The objective 
of our long-term experiment was to investigate the effect of 
vegetation management on the distribution and morphology 
of selected megaforb species within sedge meadow commu-
nities in a lowland river valley. We hypothesized that long-
term, systematic mowing, mimicking a traditional agricul-
tural practice, would suppress the expansion of megaforbs. 
Since long-term ecological and environmental studies are 

considered crucial for the understanding of the functioning 
of ecological communities and linkages between environ-
ment and biological patterns (Hughes et al. 2017), we hope 
that our results can contribute to progress in grassland ecol-
ogy and improvements in environmental policy.

2 � Materials and methods

2.1 � Study area

The research encompassed the Narewka River and the 
Chwiszczej River valleys situated in the Białowieża Forest 
(NE Poland) (Fig. 1).

The Narewka R. is a small left-bank tributary of the 
Narew River. The catchment takes the area of 710.7 km2, of 
which near 50% is covered by forests. The research was con-
ducted in the Reski range (N 52°42ʹ36.55ʺ, E23°49ʹ48.88ʺ; 
149.9–152.0 m a.s.l.) located in the southern part of the 
Białowieża National Park. The valley subject to recurring 
flood events and is filled with minerogenous peat. In the 
central part of lowering the thickness of histosols amounts 
to nearly 150 cm. Towards the plateau’s edge, the peat thick-
ness decreases to 60–70 cm, and further on, histosols turn 
into mollic gleysols (Kołos 2011). Inundation of this part 
of the Narewka valley lasts only for a short time during the 
spring snow-melt period. Throughout the year, groundwa-
ter stays below ground, and its depth varies depending on 
floodplain morphology. It lays between 15 and 36 cm in 
paludified parts and 45–168 cm in elevated and drier loca-
tions (Pierzgalski et al. 2002). The Narewka R. valley was 
deforested about 200 years ago (Faliński 1966) and turned 
into wet meadows and grasslands. Low intensive agricultural 
use has ceased in the late 1970s. Abandoned meadows have 
subjected to secondary plant succession and are currently 
dominated by sedge and rush communities as well as ini-
tial bog-alder forests (Falińska 1991). Marshes border on 
an extensive complex of riparian forest dominated by Alnus 
glutinosa, Fraxinus excelsior and Picea abies.

The Chwiszczej River is a small watercourse with a 
length of 13 km and a catchment of 35.5 km2. The upper 
course of the valley is narrow and covered by crop fields 
(Niczyporuk and Wiater 2006). The lower section of 
Chwiszczej R. valley (the Dubiny range; N52°41ʹ17.39ʺ, 
E23°35ʹ22.20ʺ; 154.2–155.0 m a.s.l.) is a 1 km wide, 
dominated by sedge communities and rushes, with 
patches of meadows, megaforbs and willow thickets. A 
substantial part of the valley floor is covered with Alnus 
glutinosa woodlands (Tyszka 2008). The valley is filled 
with a shallow murshic histosols with a thickness vary-
ing between 0.5 and 1.5 m. The Chwiszczej R. valley 
is usually flooded in early spring, and in some years, 
the flood extends until the end of May. This inundation 
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occurs almost every year, even though regulations were 
developed for the entire river length in the mid-twentieth 
century. The depth of the floodwater ranges from a few 
to > 40 cm. It is always deeper and long-lasting in back-
swamps in the marginal zone of the valley than in other 
areas. At the end of the growing season (August–Octo-
ber), the groundwater level in the valley decreases to sev-
eral dozen centimeters below ground level, especially in 
its central parts. Currently, the valley is managed only in 
its upper reaches. Meadows and pastures have not been 
used in the swampy part of the valley since 1980. In 2003, 
this part of the valley was included in the nature reserve 
“Lasy Naturalne Puszczy Białowieskiej”.

In NE Poland, the mean air temperature is 7.1 °C, and 
the average rainfall is 596 mm yr−1 (1951–2020). Perma-
nent snow cover occurs over 70–80 days on average every 
year between late December and early March. The snow 
depth reaches up to 80 cm; however, milder temperatures 
in recent decades resulted in less winter snowfall and a 
significant drop in the snow depth. The growing season 
lasts 180–200 days (https://​danep​ublic​zne.​imgw.​pl).

2.2 � Vegetation study; mowing experiment

We conducted the mowing experiment in the Narewka val-
ley in the years 1985–2000. Three experimental plots (ER) 
and three control plots (CR) were distributed in pairs within 
the marsh. One pair of plots (ER1, CR1) was located on a 
slightly dried, elevated part of the valley closer to the river 
bed, while the second one (ER2, CR2) was situated in a wet 
ground depression closer to the edge of the valley. The third 
pair of plots (ER3, CR3) was placed in a well-moistened 
marginal part of the valley, in the transition zone between 
alder forests and sedge meadows communities. The study 
plots (10 × 10 m) were divided into four smaller units of 
5 × 5 m each. Experimental plots were surrounded by a 
“buffer” 2 m wide to minimize the neighboring plant com-
munities’ edge effect.

The experimental plots were annually mown by hand 
scythe at the beginning of July to mimic the traditional 
land use. The biomass was immediately removed after 
cutting. The distribution of selected plants, including 
three species of megaforb, Lysimachia vulgaris, Lythrum 

Fig. 1   Location of the study sites in the Narewka River (a) and the Chwiszczej River (b) valleys. The right top panels show the distribution of 
the primary research plots (ER/CR; EP/CP) and exemplary subplots within which the occurrence of megaforbs was mapped (hatched squares)

https://danepubliczne.imgw.pl
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salicaria, and Filipendula ulmaria, was mapped on a scale 
of 1:20. We mapped the vegetation structure on experi-
mental and control plots before mowing, within one, pre-
viously randomly selected square of 5 × 5 m. To increase 
the accuracy of mapping in the field, we divided the plots 
into 25 smaller squares with an area of 1 m2 each. For 
the clonal species, their coverage in aggregations and the 
distribution of individual shoots were marked. Vegetation 
structure was mapped during mowing experiment in 1985, 
1990, 1995, 2000 and repeated in 2007, seven years after 
cessation of mowing.

To compare data showing the spatial distribution of meg-
aforb species within the plots (5 × 5 m), cartograms were 
divided into 400 quadrates (0.25 × 0.25 m). On this basis, 
the frequency of these perennial species was calculated for 
further analysis.

Long-term experiment on the impact of mowing in the 
Chwiszczej valley was conducted from 2006 to 2019. Obser-
vations encompassed two pairs of research plots (experimen-
tal/control) located in the central zone (EP1/CP1) and near-
edge zone (EP2/CP2) of the valley. Each of them had an area 
of 100 m2 (10 × 10 m). The experimental plots were annually 
mown by hand scythe at the beginning of July. We removed 
the biomass immediately after mowing. Experimental plots 
were surrounded by 2 m wide “buffer”.

Structural-forming species, including three species of 
megaforb, Lysimachia vulgaris, Lythrum salicaria and Fili-
pendula ulmaria, were mapped (scale of 1:20) on research 
plots at the beginning of July, before the treatment in the 
years 2006, 2009 and 2019. We mapped 3 × 3 m squares 
randomly established for all four primary research areas (EP 
and CP). The frequency of occurrence of megaforbs within 
the research plots (3 × 3 m) was calculated on the basis of 
cartograms divided into 144 squares (0.25 × 0.25 m). In 
addition, on each experimental and control plot, morpho-
metric studies of Lysimachia vulgaris were conducted on ten 
1 × 1 m squares, which were previously selected within the 
study plots. The numbers of generative and vegetative shoots 
were counted, and their heights were measured (Kołos and 
Banaszuk 2021a). Among megaforbs occurring in the plant 
patches, only Lysimachia vulgaris appeared with a large cov-
erage; therefore, morphometric studies were postponed for 
the other two species.

In the Chwiszczej R. valley the groundwater level was 
monitored once a month (each time in the first week of the 
month), between May and November of 2007–2019, in two 
wells located in the vicinity of the research plots (Kołos and 
Banaszuk 2021b). Electrical conductivity (EC) was meas-
ured in situ using a CPC-411m (Elmetron, Poland). Samples 
of groundwater were analyzed photometrically for concen-
trations of N-NO3

−, N-NH4
+, and P-PO4

3− (Slandi LF-205, 
Poland). Ca2+ was determined by titration with a standard-
ized solution of ethylenediaminetetraacetic acid (EDTA).

For the Narewka R. marshes, we used a river volumet-
ric flow rate (https://​danep​ublic​zne.​imgw.​pl) as a proxy of 
the wetland’s hydrology dynamic. A seasonal decomposi-
tion procedure (multiplicative model) was used to divide 
the Narewka discharge time series into three components: 
trend-cycle, seasonality and irregular.

The significance in the differences between the samples 
was tested by ANOVA and the nonparametric two-sample 
K-S test. A bivariate density plot was used to display the 
joint distribution of the height and number of shoots of Lysi-
machia vulgaris. The general linear model (GLM) procedure 
was applied to predict the impact of management (categori-
cal factor) and hydrology (quantitative factors) on the num-
ber of vegetative shoots of Lysimachia vulgaris. All statis-
tical analyses were performed by Statgraphics19 software 
(Statgraphics Technologies, Inc. The Plains, Virginia, USA).

3 � Results

3.1 � Hydrology and groundwater dynamics

In the Chwiszczej River valley, the groundwater depth dur-
ing the vegetation season differed significantly (F = 9.66; 
df 1, 186; p < 0.05) depending on the morphology of the 
valley bottom. Between April and October, the ground-
water occurred on average at a depth of −5 ± 24 cm in the 
back swamp, while on the natural levee close to the stream, 
groundwater was at a depth of −16 ± 25 cm. Throughout 
the growing season, water level occurred with the highest 
frequency between + 10 and −10 cm in the central zone and 
between 0 and  + 20 cm in the near-edge zone of the val-
ley. In this location, a second mode near −50 cm below the 
ground surface reflected the lowered water supply by over-
bank flooding and atmospheric precipitation.

Records show the seasonal pattern of groundwater rise 
occurring in early spring in April–May and in some years 
occurring in autumn. In both locations, the maximum flood 
reached  + 40 cm in depth. The lowest groundwater stage 
is typical for the dry period of June and between Septem-
ber and October when a depth of < −30 cm is commonly 
seen. Records compiled for the 14 years of observations 
showed continued dewatering of the swamp, with the 
groundwater depth diminishing annually (Fig. 2). In recent 
years, the water table dropped well below −50 cm and even 
to > −100 cm in the elevated parts of the valley bottom. In 
the summer months of 2018 and 2019, no inundation of the 
wetland occurred.

A similar pattern of water dynamics, within a year and 
along the multiannual period, was observed in the Narewka 
valley. “Wet” years with high spring discharges were 1986, 
1988 and 1996, while stream flows lower than the average 
were recorded e.g. in 1990, 1992, 1995 and 1997 (Fig. 3).

https://danepubliczne.imgw.pl
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In Chwiszczej marshes the electrical conductivity of 
groundwater in the middle part of the valley averaged 311.9 
μS·cm−1 (ranging between 271 and 400 μS·cm−1) and was sig-
nificantly lower (p < 0.05) than that in the marginal zone fed 
by the groundwater discharged from adjacent uplands, where 
the mean EC totaled 418 μS·cm−1 (284–597 μS·cm−1). We 
observed only a weak link between EC and groundwater level. 
A statistically significant (p < 0.05) directly proportional rela-
tionship was found for the late summer-early autumn months. 
In the wetter years with shallow inundation of the valley, an 
input of river water refreshed the composition of the ground-
water and led to an increase in the EC. There was no clear 
trend in the EC of the groundwater.

The groundwater had relatively low N-NO3
− at concen-

trations of 0.20 ± 0.19 mg·L−1 near the stream location and 
0.06 ± 0.07 mg·L−1 at the valley margin. The concentra-
tions of N-NH4

+ were 0.69 ± 0.44 and 0.23 ± 0.25 mg·L−1, 
respectively, and those of P-PO4

3− were 0.10 ± 0.06 and 
0.06 ± 0.07 mg·L−1, respectively. The content of calcium was 
higher in the valley margin (70 ± 14.1 mg·L−1) than in the cen-
tral zone (48 ± 7.0 mg·L−1).

3.2 � Changes in megaforb species coverage 
in the sporadically flooded Narewka R. valley

Before starting the experiment, megaforbs occupied 
about ~ 30% of the experimental plot (ER1) located closer 
to the river bed. Lysimachia vulgaris and Lythrum salicaria 
dominated, while Filipendula ulmaria was recorded sporadi-
cally (Fig. 4). After 5 years of mowing, the perennials’ total 
share has changed slightly, but we noticed their spread to 
previously unoccupied areas. In the 10th year of mowing a 
substantial increase in the coverage of Lysimachia vulgaris 
(up to 30%) and a decrease in the abundance of Lythrum 
salicaria occurred. Both of these species reacted inversely 
to the following 5 years of management. During the whole 
experiment, a two-fold increase in Filipendula ulmaria cov-
erage was recorded.

On the ER2 plot, megaforb species occurred with a 
similar proportion as on the ER1 (Fig. 4). During the 
experiment the coverage of these plants were fluctuating. 
After 15 years, Lythrum salicaria showed high coverage 
despite continued management, while Lysimachia vulgaris 
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Fig. 2   Changes in the average depth to groundwater level during growing season April–October in years 2006–2019 on natural Chwiszczej R. 
levee (EP1) and in the back-swamp (EP2); error bars ± 1 SD. Differences among plots are statistically significant (F = 9.66; df 1, 186; p < 0.05)
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reduced its occurrence to sparse clusters. Similar to the 
ER1 plot, the coverage of Filipendula ulmaria increased 
several times due to mowing.

A gradual withdrawal of tall perennials from phyto-
coenoses subjected to annual mowing in alder forests’ 
ecotone zone (ER3) occurred (Fig. 4). Of the analyzed 
megaforbs, Filipendula ulmaria showed the least suscep-
tibility to the management.

On unmown (control) patches, megaforbs formed com-
pact clusters more often than on mown ones. On the CR1, 
we recorded a decrease of Lythrum salicaria and Filipen-
dula ulmaria and a substantial increase in the coverage of 
Lysimachia vulgaris (from < 1% in 1985 to a dozen percent 
in 2000; Fig. 5). The abundance of Lysimachia vulgaris 
also increased on the CR2. Coverage of Filipendula ulma-
ria fluctuated over the 15 years of the treatment, while the 
status of Lythrum salicaria did not change through that 
time. In the ecotone (CR3), megaforbs, particularly Fili-
pendula ulmaria, tended to withdraw from plant patches.

3.3 � Changes in megaforb species coverage caused 
by mowing in annually flooded valley (the 
Chwiszczej River)

On experimental plot EP1, in the central part of the val-
ley, before the start of the mowing experiment, the pro-
portion of tall herb species reached 30%. During the first 
four seasons of repetitive mowing, we observed a sharp 
decrease in coverage of Lysimachia vulgaris (Fig.  6). 
In subsequent years, only single aboveground shoots of 
Lysimachia vulgaris appeared. The coverage of Lythrum 
salicaria also decreased meaningfully, while the spatial 
coverage of Filipendula ulmaria was maintained virtu-
ally unchanged throughout the study period. In the EP2 
established in the back swamp, tall forbs initially appeared 
with low coverage, and only single shoots and clusters 
were noted (Fig. 7). Annual mowing did not significantly 
affect their occurrence over a dozen years. A several-fold 
increase in abundance was observed only for Filipendula 

Fig. 3   Upper panel—the 
trend-cycle component in the 
Narewka R. maximum monthly 
discharge Q (1980–2010) esti-
mated by smoothing the time 
series data using a simple mov-
ing average with span k equal 
to the length of seasonality 
s = 12. Lower panel—seasonally 
adjusted Q. The original time 
series was adjusted by removing 
the seasonal effects and leaving 
both the trend-cycle and irregu-
lar components



887Rendiconti Lincei. Scienze Fisiche e Naturali (2021) 32:881–897	

1 3

ulmaria, although even then, its coverage reached only a 
few percent.

There were no changes in the coverage of megaforbs in 
the control plot CP2 established in the near-edge zone of 
the valley (Fig. 7). In turn, fluctuations in abundance were 
noted in the CP1 plot located near the riverbed. The fluctua-
tions were noticeable only for Lysimachia vulgaris; in the 
early stages of the experiment, we noted a decrease in cov-
erage from approximately 20% to several percentage points 
that was followed by a considerable rise in abundance (to 
approximately 30%) in the last years of the study (Fig. 6).

3.4 � Effect of mowing on the density and height 
of aboveground shoots of Lysimachia vulgaris

At the experiment’s outset, over 150 aboveground shoots of 
Lysimachia vulgaris per 10 m2 were recorded in experimen-
tal plot EP1. After two seasons of management, the number 
of shoots increased to 230–240 shoots/10 m2, and in the 
fourth year of the experiment, this number dropped sharply 
to approximately 50 shoots (Fig. 8). In subsequent years, few 
aboveground shoots of Lysimachia vulgaris were recorded, 
and in the final stages of the experiment, the aboveground 

shoots totaled only 4–12 shoots/10 m2. A sharp decrease 
affected both vegetative and generative shoots. The genera-
tive shoots disappeared in the EP1 plot in the fifth year of 
the experiment (Fig. 9). In control plot CP1, the number 
of aboveground shoots fluctuated in the range of 71–175 
shoots/10 m2 throughout the whole experiment.

In the back swamp, the number of aboveground shoots 
of Lysimachia vulgaris in both the experimental and control 
plots remained low throughout the experiment and fluctu-
ated in the range of 7–34/10 m2 (Fig. 8). Only in the first 
two growing seasons were higher values recorded (38–54 
shoots/10m2). During several years of research, no signifi-
cant changes were noted in the dynamics of the number of 
generative and vegetative shoots in either the EP2 or CP2 
plot (Fig. 9).

The fluctuation in the number of vegetative shoots of 
Lysimachia vulgaris was correlated with the groundwater 
level and depth of inundation: in years with high (above sur-
face) groundwater levels, the total number of shoots signifi-
cantly decreased, and dryer years favored enhanced sprout-
ing of aboveground shoots. Importantly, this dependency 
was found for the backswamp only in both the experimental 
and control plots (Fig. 10). In mown plot EP2, vegetative 

1985 1990 1995 2000 2007
ER

2
ER

3
ER

1

5m1 2 3 Cessation of mowing

Fig. 4   Dynamic of megaforb species cover during of 23-year (1985–2007) management of sedge meadows patches in the Narewka R. valley. 
1—Lysimachia vulgaris, 2—Lythrum salicaria, 3—Filipedula ulmaria; ER—experimental plot
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shoots exhibited a statistically significant cross-correlation 
with antecedent water conditions. Inundation was positively 
correlated with the number of vegetative shoots with a 
2-year time shift (p < 0.05). The number of generative shoots 
was not related to water dynamics.

We also found a very weak inversely proportional relation 
between the antecedent water conditions and the number 
of Lysimachia vulgaris shoots in the Narewka valley. The 
relationship was, however, statistically insignificant.

The general linear model procedure demonstrated a sta-
tistically significant impact of management and hydrology 
on the number of vegetative shoots of Lysimachia vulgaris 
(p < 0.05) in addition to a significant (p < 0.05) two-factor 
interaction between mowing and maximum groundwa-
ter level in the Chwiszczej valley (Fig. 11). Mowing sig-
nificantly reduced the number of shoots in the absence of 
flooding. In the increasing depth of a flood, the difference 
between the number of shoots on the mowed and reference 
plots decreased and was statistically insignificant.

In the EP1 plot, the number of vegetative shoots of Lysi-
machia vulgaris was low and usually did not exceed 40 indi-
viduals, and their height was similar, ranging from 50 to 55 cm 
(Figs. 12, 13). In the EP2 plot, there were only a few shoots, 

and their height was much more varied. In both zones of the 
valley, vegetative shoots reached larger heights in the control 
plots (CP1 63.3 ± 18.0; CP2 65.0 ± 21.2 cm) than in the experi-
mental plots (EP1 47.5 ± 15.6 cm; EP2 48.2 ± 17.2 cm; K–S 
test p < 0.05; Fig. 13). The same regularity was also noted for 
generative shoots (CP1 92.2 ± 13.3; CP2 106.3 ± 12.2 cm; EP1 
83.2 ± 9.0 cm; EP2 87.6 ± 13.3). Moreover, generative shoots 
in the unmown plot on the river levee were significantly lower 
than those on the unmown area in the back swamp (KS test 
p < 0.05). There was no significant effect of mowing on the 
height of vegetative shoots in various zones of the valley.

In most cases, the height of both vegetative and genera-
tive shoots did not show any relationship with the dynamics 
of habitat moisture. An inversely proportional relationship 
was found only for generative shoots and the maximum 
groundwater level in the experimental plot at the riverbed.

4 � Discussion

The responses of wet meadow phytocenoses to the intro-
duction of regular mowing have been noted as contrasting. 
According to some authors, mowing does not eliminate tall 
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Fig. 5   Dynamic of megaforb species cover on control plots (CR) during of 23-year (1985–2007) mowing experiment performed in the Narewka 
R. valley. 1—Lysimachia vulgaris, 2—Lythrum salicaria, 3—Filipendula ulmaria 
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perennials and even promotes their development (Hellström 
et al. 2006). Their mass appearance called “herbal phases” 
was found in addition to their “grassy phases,” which are the 
most common and long-lasting alternative stable states of 
sedge meadow communities subjected to mowing in flooded 
river valleys (Kołos and Banaszuk 2013).

The essence of these transitions is the increasing coverage 
of herbaceous plants that before mowing were suppressed 
by dominants, e.g., Carex acutiformis (Kołos and Banaszuk 
2013). Regular disturbance promotes the development of 
minimally competitive species and perennials that reproduce 
vegetatively (Metsoja 2016). Management was found to 
weaken competitors, open gaps in the vegetation canopy, and 
create microhabitats and diverse plant patches (Poschlod and 
Biewer 2005). The availability of gaps enables tall-growing 
perennials to produce more shoots and conquer new spaces 
within phytocenoses.

The spread of perennials does not run linearly. The 
change occurs abruptly, often during the first 5 years of the 
management (Kołos and Próchnicki 2012). Initially, the 
production of aboveground shoots occurs mainly within 

the polycormones, without any significant changes in the 
aerial coverage of perennials. Later on, megaforbs increase 
their acreage, mainly due to their effective reproduction. The 
number of offspring that Lysimachia vulgaris and Filipen-
dula ulmaria can annually produce from one parent shoot 
ranges from 2 to 10, which supports a lateral spread of 
hypogeogenous stems up to 0.25 m per year (Kostrakiewicz-
Gierałt 2014a). The growth and survival of genets and popu-
lation spread can be slowed due to the restrictive effects of 
necromass (Falińska 1991, 1995).

Other experiments have produced opposite results and 
demonstrated that most tall herbs do not tolerate mowing 
pressure (Mitchley and Willems 1995; Valkó et al. 2012; 
Temu et al. 2015). According to Fynn et al. (2004), early 
cutting of bud tops reduces the flowering and fruiting of tall 
perennials and eliminates them slowly from phytocenoses. 
A significant mowing effect was confirmed by the authors of 
this study in the Narewka River and Chwiszczej River wet-
lands, where a long-term manipulation of a sedge meadow 
resulted in nearly complete elimination of Lysimachia vul-
garis or a significant reduction in the species cover. The 
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Fig. 6   Dynamic of megaforb species cover during of 14-year (2006–2019) management of sedge meadows on the Chwiszczej R. levee. 1—Lysi-
machia vulgaris, 2—Lythrum salicaria, 3—Filipendula ulmaria; EP—experimental plot, CP—control plot
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duration and intensity of management are likely to control 
the vegetation shift trajectory only in the first years of man-
agement (Huhta 2001; Schaffers 2002); however, weather 
conditions and the soil water regime may profoundly modify 
the effect of management (Kołos and Banaszuk 2013, 2018).

4.1 � Perennial herbs in dryer, elevated part 
of wetland

In the Chwiszczej River wetland, removal of biomass led to 
a disappearance of Lysimachia vulgaris and Lythrum sali-
caria but only in elevated, drier parts of the valley bottom, 
such as a fluvial levee. During the growing season, raised 
fragments of valley bottom had significantly lower ground-
water levels, and in drier years with a lower sum of precipi-
tation (2008, 2015, 2018, and 2019), when the groundwater 
level dropped to 50 cm and even ~ 100 cm below the ground 
level, considerable water deficits occurred that remained 
for weeks. Under water shortages, tall perennials seem to 
react intensively to the stress caused by mowing. In drying 
meadow patches, management induced enhanced vegetative 

reproduction of competitive creeping sedge and grass spe-
cies (Carex acutiformis, C. acuta, Calamagrostis canes-
cens), forming a dense, compact cover (Kołos and Banaszuk 
2013; Kołos—unpublished data), which challenges the 
development of herbaceous plants, including perennials. As 
a result, herbaceous plants have already retreated from the 
mown meadow in the early years of management. Similar 
changes, although not so pronounced, were also observed 
during the experiment conducted in the Narewka valley 
(ER1 plot).

Therefore, it seems that mowing supports the removal of 
herbs indirectly by modifying the vegetation structure and 
triggering the development of species competing with per-
ennials rather than directly affecting Lythrum salicaria and 
Lysimachia vulgaris. However, both vegetative and genera-
tive shoots of Lysimachia vulgaris were significantly lower 
in the mowed plots than in the unmanaged control plots.

Interestingly, in the unmanaged plots, tall herbs retained 
the spatial status quo or even increased their coverage. The 
height and number of Lysimachia vulgaris shoots fluctuated 
over the study period, but the changes were not related to 
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Fig. 7   Dynamic of megaforb species cover during of 14-year (2006–2019) management of sedge meadows patches in the Chwiszczej R. back-
swamp. 1—Lysimachia vulgaris, 2—Lythrum salicaria, 3—Filipendula ulmaria; EP—experimental plot, CP—control plot
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soil moisture. This result seems to support the observation 
by Blossey and Schroeder (1995) that well-established popu-
lations of Lythrum salicaria are able to persist for years even 
in drier habitats. Another explanation may be related to the 
relative abundance of gaps available for colonization as well 
as the positive impact of the surrounding intact vegetation 
on the survival of individuals, especially at the early stages 
of their life (e.g., in Lysimachia vulgaris, see Kelemen et al. 
2015).

4.2 � Perennials in wetter depressions in the valley 
bottom

Backswamp plants rarely experience water shortages. Even 
in dry years with a low amount of precipitation, changes in 
the groundwater level are much less pronounced because 
possible water deficits are replenished by capillary rise sup-
ported by the “hydraulic-lifting” suction of tussock sedges 
(Peach and Zedler 2006), which enhances the moisture 
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Fig. 8   Changes in the number of above-ground shoots of Lysimachia 
vulgaris during of 14-year (2006–2019) management of sedge mead-
ows on the Chwiszczej R. levee (A) and in back-swamp (B). Shoots 
were counted on ten 1  m squares located within each experimental 
(1—EP1, EP2) and control (2—CP1, CP2) plots
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Fig. 9   Changes in the number of vegetative and generative shoots of 
Lysimachia vulgaris during of 14-year (2006–2019) management of 
sedge meadows on the Chwiszczej R. levee (A) and in back-swamp 
(B). Shoots were counted on ten 1 m squares within mown (1—veg-
etative shoots; 2—generative shoots) and unmown (3—vegetative 
shoots; 4—generative shoots) plots

Fig. 10   Relationship between the number of vegetative shoots of 
Lysimachia vulgaris and average depth of groundwater in control plot 
CP2 in back-swamp; p < 0.01
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of upper soil horizons and alleviates the effect of drought 
(Caldwell et al. 1998; Leffler et al. 2005). For most of the 
springtime, the water remained above the soil surface and 
dropped below the surface in the middle of the summer.

Long-lasting shallow inundation has created specific 
sedge meadow structures with microhabitats in the form 
of tussocks and hollows. In the beginning of the growing 
season, the waterlogged soil is inaccessible to plant seeds, 
and the majority of herbs grow on sedge tussocks above the 
level of the flood (Peach and Zedler 2006). Tall herbs, such 
as Lysimachia vulgaris and Filipendula ulmaria, are among 
the best colonizers of tussock plants (Kostrakiewicz-Gierałt 
2014b).

Perennial herbs on tussocks have not experienced pres-
sure from competing species, and despite the regular impact 
of mowing, they survived in the plant community. While in 
individual years the depth of inundation in the Chwiszczej 
valley fluctuated between 10 and 50 cm, the number of veg-
etative shoots of Lysimachia vulgaris remained relatively 
constant (varied between 17 and 23). In the control plot, the 
number of shoots was apparently controlled by hydrology, 
and the number decreased in wet years. In well-moistened 
plant patches in the Narewka valley, Lythrum salicaria and 
Filipendula ulmaria persisted or even increased their cover 
despite long-term annual mowing.

The effects of mowing performed in the ecotone of alder 
forests differed from those achieved during many years of 
management of open phytocoenoses located away from the 
forest edge. We observed the gradual retreat of megaforbs 
from the patches and a reduction in their coverage to just a 
few shoots on the study plot at the end of the experiment 
(ER3 plot). The only species that resisted management was 
Filipendula ulmaria. However, the disappearance of tall per-
ennials in the ecotone was related rather not to long-term 
use, but to succession and the spread of Phragmites austra-
lis, which occur particularly dynamically at the forest border. 
A specific confirmation of these assumptions is the almost 
identical course of changes observed on the control plots 
established in the ecotone.

4.3 � Timing of management

Establishing mowing (in our experiment at the turn of 
June and July) before the ripening of Lysimachia vulgaris 
is an important factor in slowing the spread of this spe-
cies in sedge meadow communities. Dillon and Reichard 
(2014) demonstrated that the seeds of Lysimachia vulgaris 
germinate most abundantly and effectively after surviving 
winter dormancy, as the vernalization process is a prereq-
uisite for effective germination (Falińska 1981). Cutting 
the aboveground shoots of this plant before seed ripening 
reduces the amount of seeds deposited in the soil bank. 
However, generative reproduction of Lysimachia vulgaris 

Fig. 11   Result of general linear model procedure. The interaction plot 
displays the least squares means at all combinations of two factors: 
inundation and mowing affecting the number of vegetative shoots of 
Lysimachia vulgaris. For response variable Box-Cox transformation 
was applied: power = −0.174578 shift = 0
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Fig. 12   Changes in average height of shoots of Lysimachia vulgaris 
during of 14-year (2006–2019) management of sedge meadows in the 
elevated-drier (A) and marginal-wetter (B) part of the Chwiszczej R. 
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is of marginal importance. Individuals derived from seeds 
rarely appear in natural populations (Morozowska 2004), 
although seedlings of herbaceous species usually occur 
abundantly in plant patches (Franczak and Czarnecka 
2016). The absolute dominance of vegetative over gen-
erative reproduction of megaforb species (Morozowska 
2004) suggests that it was mowing and not the seed bank 
in the soil that caused the different responses of the her-
baceous species to vegetation manipulation in the near-
stream (drier) and near-edge (wetter) parts of the river 
valley. Consequently, the timing of management can be 
viewed as at least a secondary factor. However, this only 
concerns the removal of expansive plant species, but not 
the restoration of the species composition, as the timing 
of management may be critical for increasing the diversity 
of plant species of disturbed semi-natural ecosystems.

The experiment by Wilcox (1989) showed that Lythrum 
salicaria populations can be controlled by repeated mow-
ing. However, due to this species’ specific reproductive 
characteristics, caution should be exercised when imple-
menting mechanical control. Plants should be removed 
before seed development to prevent seed bank enrich-
ment, and the treatment should be performed in dry places 
on hot days to prevent the regrowth of shoots from cut 
plants.

4.4 � Limitation of the study

Our experiment’s key value lays in its duration since most 
studies on the effect of repeated management of wetlands 
vegetation are limited to a few years, which is much too 
short in time to allow vegetation to reach an equilibrium 
state (Faliński 1998). Though, the experimental design 
may resemble a shortage of replication, which may provide 
a risk that some of the observed patterns could be context-
dependent, thus lacking universal importance.

However, we believe that there are arguments that sup-
port our approach, and make obtained results to give rise to 
some generalizations despite the doubts of being pseudo-
replicated. Lack of replication is common in ecological 
studies (Hurlbert 1984). The standard type of “controlled” 
experiment may involve a “single replicate” per treatment 
because replications are often impossible or undesirable 
when large-scale or unique objects are studied. Thus, the 
concept of “pseudo-replication” is sometimes viewed as 
unjustified stigmatization of reasonable tests of specific 
ecological systems (Oksanen 2001). Studies on a small 
number of experimental and control plots precisely iden-
tified vegetation’s ecological processes (Falińska 1997; 
Schrautzer et al. 2011).

Fig. 13   Bivariate density plot–frequency histogram for the height 
and number of shoots of Lysimachia vulgaris (nonparametric density 
estimate with width 60%). Upper panel—fluvial levee: A mown plot 

EP1, B control CP1; lower panel—back-swamp: C mown plot EP2, D 
control CP2. Notice significantly (KS test, p < 0.05) greater height of 
shoots on the control plots
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The long-term impact of mowing on sedge meadows’ 
phytocoenoses could be credibly resolved by examining 
protected object excluded from agricultural use; in our case, 
it was the Białowieża National Park, nature reserve Lasy 
Naturalne Puszczy Białowieskiej and a Natura 2000 site. 
This approach seems to reflect phytocoenosis’s reaction to 
management in a distinct environmental condition context 
while eliminating short-term anthropogenic impacts. How-
ever, the decision to investigate a national park and a nature 
reserve is linked with numerous restrictions, limiting nega-
tive impacts on biota, including research activities.

4.5 � Conclusions and implications of the results

Invasive native and nonnative species spreading in wetlands 
can damage ecosystem services and biota (Malecki et al. 
1993; Keller et al. 2011). Thus, adequate protection of bio-
diversity often requires stopping the spread of dominant spe-
cies regardless of their geographical origin (Houlahan and 
Findlay 2004).

Lythrum salicaria and Lysimachia vulgaris are serious 
invaders of many types of wetlands in North America, where 
they are a threat to many sensitive wetland ecosystems. In 
Central Europe, the group of species reaching dominant sta-
tus in degraded and mown wetlands includes, apart from tall 
perennials, grasses (e.g., Phragmites australis and Phala-
ris arundinacea). In many cases, the changes resulting in 
perennial herb expansion are large and alarming enough to 
take countermeasures to reduce their numbers in the invaded 
ecosystems. Depending on local conditions, three primary 
methods are used: herbicide spraying, mowing, and con-
trolled fires (Messick and Kerr 2007; Whittle et al. 2007; 
Knezevic et al. 2018).

Due to the restricted use of herbicides in protected areas 
in many European countries, biological and mechanical 
methods remain the only acceptable way for reducing 
the coverage of both alien species and native dominants. 
The effectiveness of biological approaches (e.g., through 
Coleoptera release) is sometimes questionable. According 
to McAvoy et al. (2016), biological agents have success-
fully reduced the abundance of megaforbs only when their 
density was low.

Our results show a limited efficiency of cutting in 
preventing the growth of tall perennials (Fig. 14). Man-
agement effectively stops Lysimachia vulgaris only in 
marshes, where groundwater in the growing season 
decreases to lower than 50 cm, and the mowing effect was 
rather indirect by stimulating the spread of other species 
(e.g., Carex spp., Phragmites) that outcompete Lysimachia 
vulgaris. Coverage of Lythrum salicaria fluctuated under 
the influence of long-term annual mowing. The only spe-
cies that did not react to annual mowing was Filipendula 
ulmaria, and throughout many years of management, it not 
only was a permanent component of wet sedge meadows 
but also even increased its coverage on well-moistened 
habitats with longer inundation, which was also described 
Huhta (2001) and Stammel et al. (2003).
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