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Introduction

Vegetation succession in lakes, a natural process 
leading to the systematic shrinkage of water reservoirs, 
while increasing the area occupied by riparian plants, 
is usually perceived as a positive process. New areas 
of reed bed, hydrophytic trees and scrub-shrub plants 
create conditions for the development of a rich ripar-
ian ecosystem that provides perfect breeding sites for, 
among others, birds. Such areas also increase the self-
purification ability of reservoirs. Unfortunately, exces-
sive growth of aquatic plants may have negative effects 
especially in areas under strong impact of anthropo-
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pressure (tourism, access to beaches). Stagnant water 
surrounding reed beds attracts burdensome insects, 
while decaying organic matter suspended between 
reed stems becomes a source of unpleasant odours. 
The encroachment of riparian vegetation into reser-
voirs also diminishes the space for fish, especially the 
species preferring deep, open water. These problems 
justify and require further research of mechanisms 
that influence and shape processes of riparian vegeta-
tion growth in the lakes of the Wielkopolska region. 
Furthermore, it is important to determine whether 
these riparian plants impact the environment and if 
so what are its consequences.
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Study area

The area of study comprises the Wielkopolska 
Lakeland (Kondracki 2009) as the area most familiar 
to the research team and, at the same time, the area that 
has undergone the deepest transformation in Poland. 
In order to obtain the best possible results reflecting 
conditions characteristic for different reservoir groups, 
twelve lakes from various parts of the Lakeland were 
chosen: Biskupińskie, Chrzypskie, Jarosławieckie, Ki-
erskie, Konin, Lednica, Lubikowskie, Orchowskie, Os-
trowskie, Powidzkie, Słowikowo, Witobelskie (Fig. 1). 
Their selection was determined by factors such as lake 
age, hydrological regime, climate conditions, weather 
conditions, land use within catchments, degree of an-
thropopressure, and water quality. These lakes were 
designated as the primary objects. In order to collect 
more data, reservoirs located near the primary objects 
were also included in the observation which, however, 
was less detailed. This subsidiary study contributed a 
considerable amount of information and allowed us 
to correct the theses regarding the group of our desig-
nated primary lakes.

Methods

The first task of the project was to investigate the 
changes in riparian plant communities in earlier years. 
Maps and bathymetric chart data cards produced by 
the Institute of Inland Fisheries in the 1960’s were 
used as the starting point as well as maps, aerial pho-
tographs and available research papers on the subject. 
In order to determine the hydrological regime of lakes 
and climate conditions of the studied region, the data 
provided by the Institute of Meteorology and Water 
Management National Research Institute were used. 
The source of information concerning water quality 
of the lakes was Reports on the state of the environ-
ment published by the Voivodeship Inspectorates for 
Environmental Protection in Poznan, Bydgoszcz and 
Zielona Gora [WIOŚ 2011a,b,c].

The availability of source materials determined 
the choice of the reservoirs with the best documen-
tation regarding the researched process. Historical 
data were compared with contemporary data from 
satellite images and recent maps. Verification of in-
formation collected during the preliminary research 
was performed during field trips to all studied lakes. 

Fig. 1. Localizations of the studied lakes in the Wielkopolska Lakeland
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Field work consisted in making a detailed inventory 
of the riparian vegetation including determination 
of reed bed areas with the particular attention on the 
youngest growth, identification of plant species and 
condition of plant communities. Measurements of 
riparian vegetation extent into lakes were carried out 
both from a boat and land using measuring tape, sur-
veying instruments and GPS. The data were marked 
on the topographic map (1:10000). At the same time, 
photographic documentation of the studied zones was 
made. Qualitative features such as condition, species 
composition and size of plant populations were de-
termined using the method based on available litera-
ture (Grau et al. 1998; Kłosowski and Kłosowski 2006; 
Matuszkiewicz 2008). The observations were supple-
mented by interviews with inhabitants of the studied 
area. Further work included processing the collected 
raw data, creation of maps, graphs and tables illustrat-
ing the results.

The Latin plant names are based on Guide to 
identification of vascular plants of Polish lowlands 
(Rutkowski 2008).

Results and Discussion

Observations of the lakes in the Wielkopolska 
Lakeland allowed us to distinguish several patterns 
characterizing the process of reservoir shrinkage. The 
excessive growth of riparian plants was most advanced 
on the lakes located in the southern parts of the Wielko-
polska Lakeland, i.e. the zone of the maximum extent of 
the last glacial period. It is the area covered by the larg-
est number of shallow lakes characterized by low reten-
tion and the highest pollution. However, fast encroach-
ment of riparian plants into reservoirs can be observed 
throughout the entire studied area, which is indicated 
by the high eutrophication of the majority of lakes.

The analysed lakes have been under very strong 
environmental pressure for centuries. The Wielkopol-
ska and Kujawy regions have been under very inten-
sive agricultural cultivation since the beginning of hu-
man settlement in Poland. In order to acquire more 
land for cultivation, woodlands have been grubbed up 
and wetlands drained. These actions led to decreased 
water holding capacity of the land. Prussian land im-
provements as well as land improvements introduced 
in the second half of the 20th century, when projects 
favoured extensive drainage ditches, proved to have 
particularly negative consequences. As a result, all 
excess water was quickly directed outside the catch-

ments. Groundwater levels dropped followed by the 
lowering of water tables in lakes. Since, overall, these 
reservoirs are not very deep and many of them have 
extensive shallow water zones, the lowering of water 
levels uncovered large areas of land, which proved to 
be a perfect space for the expansion of riparian veg-
etation. This process intensified at the beginning of 
the 1990’s when due to a few years of low flow, water 
tables dropped to unprecedented lows. During this 
period, a dramatic expansion of riparian vegetation 
towards open water was observed in all reservoirs. 
This process is clearly visible in a comparison of the 
extent of reed beds and other riparian plant covered 
areas shown on bathymetric maps from the 1950’s and 
1960’s [IRS 1958a,b, 1959, 1960a,b, 1962, 1964, 1968] 
and 1980’s [IMGW 1981a,b, 1984a,b], i.e. the time of 
creating bathymetric plans and the present day extents 
as shown on our maps. The area covered by reed beds 
and the total quantity of riparian vegetation can be 
determined only after it is marked on maps. The best 
estimate, however, is based on in the field inspection, 
which provides evidence for plant expansion.

Water law defines the shoreline of natural wa-
tercourses, lakes and other natural water bodies as the 
edge line of the shore or as the line of permanent grass 
growth or a line determined according to the average 
water stage of the last 10 years (Dz.U.2005.239.2019). 
Legal regulations aside, the long stability of a shore-
line is of prime importance for the littoral zone of 
lakes. Average water levels of lakes are written down 
in the form of a morphological border, i.e. lacustrine 
terraces. They can be clearly seen when the reservoir 
water level starts to lower. Each of these terraces is 
usually covered by hydrophytic trees such as alders 
and willows composing Alnetum glutinosae communi-
ties. Trees of a given age, therefore, indicate the extent 
of a lake at a given time. If shorelines fluctuated only 
slightly throughout the years, we would identify only 
one terrace, which would be covered by old and tall 
trees or scrub-shrub plants that separate reed beds 
from typical land plants. However, in the case of all 
the lakes in Wielkopolska, we observed that in front 
of the line of tall trees on the water-side, in the reed 
bed zone, there are communities of dispersed trees 
and shrubs. They can be divided into two groups of 
populations of different age (Fig. 2).

The first group – with older specimens – cov-
ers the more elevated zone and is over fifteen years 
old. It is composed mostly of densely packed com-
munities of Grey Willows (Salix cinerea), alders (Al-
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nus) but also, and quite often, of birches (Betula) and 
pines (Pinus). The second group, of about five years of 
age, consists mostly of common osiers (Salix vimina-
lis) and small alders in a much worse condition (Fig. 
2). Hydrographs of water stages of the Wielkopolska 
lakes (Fig. 3) indicate that the growth of these plants 
coincides with periods of low flows during which 
water stages were lower than the long-term means 
even by several tens of centimetres. The early years 
of the 1990’s were especially difficult with the high-
est extreme values noted. This period was followed 
by wet years and the process of declining water tables 
in lakes was arrested. The excess water, however, was 
not high enough to disturb the growth of young trees. 
Water resources in lake catchments were not restored 
to the levels allowing the reservoirs to reclaim their 
status from before the dry period. Consequently, the 
next dry period of 2003-2005, although not as severe 

as the previous one, contributed, in many locations, to 
an even further decline in water levels. Water receded 
uncovering new parts of land, which was colonized 
mostly by willows. Still, the last wet years have brought 
a systematic rise in water levels and as a result these 
young trees are being flooded and are consequently 
declining. These zones, therefore, are becoming the 
allochthonous source of nutrients for lakes and the 
inundated vegetation, which is not resistant to pro-
longed immersion in water, starts to decay, producing 
the unpleasant odour of hydrogen sulphide.

The fluctuations in the water level causing 
changes to the lakeshore line have also had a strong 
impact on reed bed plants. Without exception, the 
areas occupied by reed beds, especially the common 
reed, have increased in all of the observed lakes. In 
situ observations, the analysis of orthophotos and in-
terviews with the locals indicate that there has been a 

Fig. 2. Trees and shrubs in the littoral zone of Lake Powidzkie – plant expansion due to low water periods
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visible development of reed beds in all reservoirs of 
the Wielkopolska Lakeland. The area occupied by reed 
beds increased by 15-20% on average during the stud-
ied period. Naturally, this tendency was not equally 
distributed and in the case of some lakes, especially 
those with steeply sloped littoral zones or regulated 
by weirs on the lake outflows, it was much weaker. The 
expansion of reed beds in the littoral zone accelerated 
particularly in the early 1990’s when, as a result of sev-
eral-year-long low water stages, large parts of littoral 
zones were exposed. These areas were quickly colo-
nized mostly by the common reed (Phragmites aus-
tralis), which because of the very well-developed root 
system and stout rhizomes have the best predisposi-
tions to spread over the exposed shallows. In many 
places, especially within wide shallows, this proved to 
be a very successful expansion. The width of the com-
mon reed (Phragmites australis) belt increased there 
by as much as several tens of metres. The appearance 
of these reed beds, however, differs considerably from 
the old growths located in shallower littoral zones. The 
new reed stems are much smaller in height, the plants 
failed to create compacted colonies and appear to be 
generally weaker (Fig. 4). This is probably the effect 
of a fast expansion onto a soil low in organic mat-
ter because of the waves splashing and washing out 
organic particles. Also, the increase in water level that 

occurred at a later time contributed to the plant re-
gress since the young reeds, which did not grow in a 
compact pattern, were exposed to waves which were 
washing out the soil anchoring the reed roots. Never-
theless, the period hindering reed bed expansion was 
short as it was succeeded by another low water cycle 
resulting in an even larger water reduction than that 
in the 1990’s. As the result, the existing common reed 
colonies expanded and, in some extreme cases, a new 
wave of expansion of riparian plants occurred. 

The process of riparian vegetation expansion is 
also dependent, to a very high degree, on the type of 
lake, i.e. if it is a flow-through lake or if it is dammed 
up. Vegetation encroachment inward from the shore-
line was definitely less aggressive in the case of flow-
through lakes, where river inflow is a significant re-
charge element. Such lakes can replenish water losses 
they suffered during dry years at a much faster rate 
and therefore their shores do not remain exposed long 
enough to be colonized by vegetation. Lakes located in 
the source sections of rivers do not have this advan-
tage. Expanding vegetation is not stopped by seasonal 
flooding of the colonized area and therefore nothing 
hinders its development. Also weirs located at lake’s 
outflows contribute to the lowering of the amplitude 
of water level fluctuations thus limiting riparian veg-
etation encroachment.

Fig. 3. Difference of mean annual water level from the long-term norm (1976-2005) in selected lakes of the Wielkopolska Lakeland 
(IMGW-PIB Poznań data)
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Another factor, besides a reservoir’s hydrology, 
that influences the development of riparian plants is 
the lake’s morphology. Shallower, highly polluted lakes 
with a smaller volume were subject to faster riparian 
vegetation overgrowth as also documented in earlier 
publications on the topic (Kraska 2010). In the case 
of observations carried out on a single lake, it was no-
ticed that zones of wide shallows were most exposed 
to vegetation expansion. In the case of reservoirs with 
a steep bottom in the littoral zone, on the other hand, 
expansion of vegetation towards the lake centre was 
sharply interrupted. The interruption was manifested 
by a sudden break in the community of tall, healthy 
and dense reeds along the line of the underwater slope. 
In comparison, shallow parts of the lake were covered 
by low density reed beds with short, thin and feeble 
plants (Fig. 4). The shape of a lake’s shoreline was also 

a very important factor in the plant colonization proc-
ess of riparian zones. It had an impact on both the 
quality of the new reed beds and the composition of 
species. Open zones, exposed to waves, were mostly 
populated by the common reed (Phragmites austra-
lis) or the common tule (Scirpetum lacustris), and, it 
might be added, these plants were for the most part 
in a much worse condition than those existing there 
before 1990. Shielded bays and arms exhibited a much 
bigger variety of plant species and generally healthier 
specimens. The most prominent species there, besides 
the common reed (Phragmites australis), were lesser 
bulrush (Typha angustifolia), common bulrush (Typha 
latifolia), common tule (Scirpetum lacustris), and on 
the lake side, floating-leaf plants of the genus Nym-
phaea. In the case of the almost total separation of a 
bay from the main basin, plants of the genus Carex and 

Fig. 4. Young common reed plants on the exposed shallows of Powidzkie Lake
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ferns composing the Caricion elatae community, and 
also, even though extremely rarely, of the Scheuchzer-
io-Caricatea fuscae class could be found (Fig. 5).

Reed bed status and its ability to invade a lake 
were also conditioned, to a large degree, by the avail-
ability of organic matter. It was noted that lakes poor 
in organic compounds host mostly the common reed 
(Phragmites australis). The reed beds of fertile lakes, 
on the other hand, are much richer in their species 
composition. The expansion of plants in highly eu-
trophicated lakes was much faster and the new growth 
was in a much better condition than in cleaner lakes. 
The process of vegetation encroachment, therefore, 
was correlated with the degree of lake pollution. Fast 
deterioration of water quality caused the acceleration 
of the plant encroachment process.

Land use, and especially increased inflow of 
pollution, was not without an influence on the ripar-

Fig. 5. Plant diversification of the scrub-shrub community in the cut off bay of Biskupińskie Lake

ian plants. Reed beds that bordered agricultural land 
and tourist facilities, and especially reed beds that 
were close to drainage ditches and courses were no-
ticeably larger and more diversified in comparison to 
reed beds in other parts of lakes. Similar observations 
are true for the lakes in the Lubuskie Region (Kraska 
2010). An extreme example of riparian vegetation en-
croachment resulting, to a considerable degree, from 
land use and excess nutrient inflow is Biskupinskie 
Lake. One of its bays has been almost completely silted 
up and is now a habitat of exceptionally diversified 
scrub-shrub communities (Fig. 5). A factor that inhib-
ited development of reed beds, on the other hand, was 
close proximity of coniferous forests. Other inhibiting 
factors included active beaches, boat and yacht mari-
nas and regular cleaning of riparian zones.

An important factor conditioning reed bed de-
velopment was also the bottom structure. We have es-
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tablished that a silted bottom was subject to a much 
faster plant colonization than a sandy bottom while a 
bottom covered with stones, or rather stones and sand, 
remained almost barren.

Observation of the shores of the Wielkopolska 
lakes allowed us to distinguish several patterns in the 
plant species composition of the reed beds. As men-
tioned earlier, plant species composition was deter-
mined, to a high degree, by the shape of shorelines. 
The in situ research allowed us to distinguish large dif-
ferences in the development of reed bed zones within 
lakes, which can be classified into several categories. 
The first category consists of large, clean mesotrophic 
lakes where 95% of reed beds consist of mono-domi-
nant stands of common reed (Phragmitetum australis). 
The second category includes medium size eutrophic 
lakes where common reed (Phragmites australis) con-
stitutes 70-95% of plant growth complemented with 
Broadleaf Cattail (Typha latifolia) and Narrowleaf 
Cattail (Typha angustifolia), common tule (Scirpus la-
custris), calamus (Acorus calamus), soft rush (Juncus ef-
fusus), common spike-rush (Eleocharis palustris), reed 
mannagrass (Glyceria maxima), and also, sporadically, 
sedges and ferns. The third and last category includes 
very shallow hypertrophic lakes where common reed 
(Phragmites australis) occupies over 70% of the area 
and does not form visible mono-dominant stands.

Conclusion

From the geological point of view, lakes are 
ephemeral entities with a life-span of between a few 
thousand to less than twenty thousand years on aver-
age. Lakes are naturally subject to shrinkage caused by 
processes of vegetation expansion and silting. Howev-
er, in certain cases, the process of lake shrinkage takes 
much less time. Without question, smaller and shal-
lower lakes are more vulnerable to riparian vegetation 
encroachment. Other key factors include the shape of 
the lake basin, the steep gradient of the lake bottom 
and lake shores, the type of lake (i.e. flow-through 
lake or lake with no inflows), and climate, especially 
temperature, wind speed and precipitation. Vegetation 
encroachment inward from the shorelines is also de-
termined by the physiological capacity of plants living 
in riparian zones of fresh water reservoirs.

Vegetation colonization of riparian zones is 
therefore a very complex process determined by very 
many factors. The colonization process also leads to a 
considerable modification of the lake’s riparian zone. 

In some cases, overgrowth of riparian vegetation has 
negative effects from the human point of view. As 
shown, the excessive growth of riparian plants is a 
common occurrence in the Wielkopolska Lakeland 
and as such it has the potential to generate problems 
for self-governments and farmers using the lakes.

As a result of vegetation expansion onto ripar-
ian zones that used to be vegetation-free zones, the 
spawning grounds of fish, such as pike (Esox lucius), 
have been reduced. The structure of bottoms of lakes 
which had been silted up in zones colonized by reeds 
or hydrophytic plants has also been changed in many 
places. The reduced wave range weakened the sedi-
ment compaction process caused by wave base impact 
making parts of lakes hazardous for people, i.e. swim-
mers and wading anglers. In sites with particularly 
dense plant growth, water exchange with the open wa-
ter zone has been reduced, thus increasing the lake’s 
stagnation zones where the decomposition process is 
faster. Vegetation overgrowth combined with uninter-
rupted inflow of nutrients, stagnation in the reed bed 
zone and high temperatures can lead to the increased 
production of hydrogen sulphide. This can cause 
poisoning of people and animals in the proximity of 
such a zone. Lake Borowiec located in the Kórnicko-
Zaniemyskie lakes trough is an extreme example of 
such a development. As a result of an unprecedent-
edly fast vegetation expansion and high pollution, the 
lake has almost ceased to exist. at present, only a bog 
remains dissected by the slow Głuszyna River, once a 
popular paddling route. During the heat wave in sum-
mer 2009, the water flowing out of the lake turned 
white. The phenomenon was accompanied by a very 
pervasive stench. Several poisonings were also noted. 
The analysis carried out by the Institute of Meteorol-
ogy and Water Management Poznan Branch [IMGW 
2009] indicated that the source of the white colouring 
was hydrogen sulphide and colloidal sulphur precipi-
tating from decaying organic matter accumulated in 
the plant covered and polluted Lake Borowiec.

Systematic vegetation encroachment of lakes 
leads to, as already mentioned, their shallowing. A high-
er volume of organic matter within the reservoir causes 
increased sedentation, i.e. precipitation of sediments – 
in this particular case, plant detritus in the place of its 
origin. This results in the accelerated siltation of lakes.

The larger area of reed beds and other riparian 
plants contributes considerably to an increased evapo-
ration rate from the lake surface (Nowak 2009, 2010). 
Evaporation from the lake surface is accompanied by 
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plant transpiration (Leśny and Juszczak 2005) which 
increases the total evaporation even by several tens of 
percentage points. Consequently, the increased area 
occupied by the emergent plants leads to the reduc-
tion of water resources in a region.

Overgrowth of riparian plants, especially reed 
beds, does not have only negative socio-economic ef-
fects. Development of riparian plant communities also 
enriches wetland ecosystems. It increases the breed-
ing area for animals, particularly rare and endangered 
amphibians and reptiles. The nesting grounds of many 
bird species are also enlarged. Vegetation encroach-
ment into a lake, in some cases, also creates new nich-
es for fish, thus providing better conditions for their 
development. An increased belt of riparian plants 
forms an additional protection against pollution, par-
ticularly excess nutrients, which are intercepted and 
stored in plant tissue. This, in turn, increases the self-
purification potential of reservoirs, especially the big 
ones with well developed shorelines.

Also, we need to keep in mind that the main 
component of reed beds, the common reed, is a pre-
cious material still used in building roofs of stylized 
houses, for instance. The larger area of reed beds com-
bined with their good condition and huge capacity for 
restoration create, therefore, a possibility of develop-
ment of this branch of economy without any harm 
to the environment. Regular mowing of reed has one 
more positive aspect. Mowing a stand allows organic 
substances stored in plant stems to be transported 
outside the reservoir, which is an effective and inex-
pensive way to clean the lake.

The process of vegetation encroachment has 
a considerable impact on human lives and the sur-
rounding environment and as such it deserves a closer 
study. Its influence can be positive but it can also lead 
to some undesirable effects. For this reason, all proc-
esses occurring in this very vulnerable lake zone must 
be observed and resulting conclusions used to protect 
lakes and their shores.
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