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ABSTRACT. Geobotanical studies conducted in spring in 2011–2012 in the Zagórów polder washland, 
covered by the ecological restoration programme, provided assessment of current nature value of plant 
communities and indicated potential directions of their further transformations as a result of changes in 
habitat water content levels.
Based on the analyses of 77 relevés of 50–100 m2  each, prepared following the Braun-Blanquet method, 
water levels were assessed by phytoindication using moisture indicator values (F) according to ellenBerg 
et al. (1992). Moreover, nature value of vegetation was assessed based on the botanical structure, geo-his-
torical spectrum, life form structure as well as the nature valuation index in the 10-point scale according 
to oświt (2000). Based on relevés the area was valuated using the point score method according to Mahon 
& Miller (2003).
An attempt was made to indicate potential directions of changes in vegetation, based on the determina-
tion of dependencies between certain parameters assessing its current condition and habitat conditions. 
Habitat water content connected with the supply of water through a network of culverts, geomorphology 
of the area and land use, affects the distribution of phytocenoses in the polder and their considerable diver-
sity, which was confirmed by the identification of 19 plant communities from six phytosociological classes. 
Further maintenance of water relations and land use results in the transformation of plant communities: 
in the vicinity of culverts – towards the class Phragmitetea, in swamps and around small water bodies – to-
wards communities of the classes Salicetea purpurea or Alnetea glutinosae, at longer distances from culverts 
in leveled and agriculturally utilised areas – towards the orders Trifolio fragiferae-Agrostietalia stoloniferae and 
Molinietalia, while in areas at valley margins the succession progresses towards communities of the class 
Nardo-Callunetea.
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INTRODUCTION

Both agricultural activity and progressing urbanisa-
tion contribute to the destruction of natural habitats. 
In agricultural areas particularly drainage systems of 
valley soils, river regulation and inappropriate agricul-
tural use have caused considerable and frequently ir-
reversible changes in habitats (grynia 1975, BaraBasz 
1994, KucharsKi 1999,  grynia & KryszaK 2001, Bator 
2005). The most disturbing phenomena are connected 
with the effects of anthropopressure in areas of nature 

value, located within the impact zone of river waters 
or open water bodies (ratyńsKa & szweD 1999).

In the past the Warta river valley in its middle 
course served the role of an uncontrolled retention 
basin. Annual high water stages and the resulting 
flooding of agriculturally utilised areas caused con-
siderable yield losses. These losses were reduced 
thanks to the construction of hydraulic water drain-
age structures, as well as construction of physical 
barriers separating the river channel from the rest 
of the valley and establishment of washland polders, 
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including the Zagórów polder (PrzyByła et al. 2012, 
2013). As a consequence, the varied vegetation cov-
er of the riverbank areas, previously resultant both 
from the considerable habitat diversity and agricul-
tural use, was transformed, partly comprising grass-
land (Brzeg 1989, BorysiaK 1994, KruPa 2000, 2002, 
KryszaK et al. 2001, 2006, ratyńsKa 2001). However, 
in certain sections of the Warta among complexes 
of semi-natural vegetation we may still find areas of 
relatively well-preserved natural vegetation (Brzeg 
1991 a, b, 1998). In turn, natural value may be re-
stored in at least some of the transformed communi-
ties by regulation of water relations and appropriate 
water management, which will ensure preservation 
of areas of considerable nature value.

Since plant communities found in riverbank ar-
eas may be sensitive indicators of transformations 
occurring in the catchment, regular nature valuation 
of vegetation combined with monitoring of habitat 
changes and land use makes it possible not only to 
determine their current preservation status, but also 
indicate further potential directions of succession. 
Obtained information facilitates undertaking of prac-
tical measures, if need be, to protect existing com-
munities (ratyńsKa & szweD 1999).

The aim of the study was to assess current nature 
value of plant communities formed in the Zagórów 

polder, covered by the programme of ecological res-
toration of water relations, and to indicate potential 
directions of further transformations in plant com-
munities as a result of changes in water relations.

MATERIAL AND METHODS

Geobotanical studies were conducted in spring in 
the years 2011–2012 in the Zagórów washland pol-
der, where a network of culverts is used to aid water 
management (Fig. 1).

Detailed phytosociological studies were conducted 
in four transects delineated perpendicular to the flood 
embankment and running at a distance of 100 m as 
a 20 m belt along both sides of four culverts. A total 
of 77 relevés of 50–100 m2 each were taken in their 
area using the Braun-Blanquet method. Their botan-
ical composition constituted the basis for the identi-
fication of plant communities following the current 
phytosociological system (MatuszKiewicz 2008).

Water relation conditions were assessed by phy-
toindication using the moisture indicator values (F) 
according to ellenBerg et al. (1992).

Nature value of vegetation was determined based 
on the botanical composition, geo-historical spec-
trum, life form structure and nature valuation index 
in the 10-point scale by oświt (2000). Moreover, 

Fig. 1. The Zagórów polder (PrzyByła et al. 2011)
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valuation was performed using relevés in the point 
score method developed by Mahon & Miller (2003).

Nomenclature of plant species was adopted after 
MireK et al. (2002). Life forms were determined ac-
cording to zarzycKi et al. (2002) as modified by Jac-
kowiak (1993), while the geo-historical spectrum 
was presented following Kornaś & MeDwecKa-Kor-
naś (1986) as modified by Jackowiak (1993).

Based on the dependencies determined between 
certain parameters assessing the current vegetation 
condition and environmental conditions an attempt 
was made to indicate potential directions for its 
changes.

RESULTS

Habitat conditions in the Zagórów polder are 
varied, mainly in terms of water relations, which is 
connected with its changing surface features, geo-
morphology, as well as land use (Table 1). The above 
mentioned factors have resulted in a mosaic of habi-
tats, which has also been promoted by the discharge 
of water through a  network of culverts. They have 
facilitated water management and resulted in the 
initiation of restoration or formation of vegetation 
preferring moist habitats, particularly in the vicinity 
of culverts.

The greatest variation in habitat water content 
was observed in transects PW8 and PW2, which is 
manifested, among other things, in the structure and 
number of identified communities. In turn, the high-
est water content was recorded in habitats of tran-
sect PW7. Thus the greatest number of phytocenoses 
of Phragmitetea was reported in its area, followed by 
scrub communities of classes Salicetea purpureae and 
Alnetea glutinosae.

The shortest transects along culvert PW1 with 
periodically water-logged habitats are dominated by 
scrub communities of the class Salicetea purpureae. The 
next transects along PW2, PW7 and PW8 are longer, 
which results from the greater distance between the 
flood embankment and the valley margins based on 
the Zagórów-Ląd road. Those transects exhibit consid-
erable variation in water contents, leading to a greater 
ecological mosaic of phytocenoses. Communities of 
the class Phragmitetea are found in the nearest vicin-
ity of culverts. In turn, in agriculturally utilised areas 
communities of habitats with variable water contents 
predominate with an increase in the distance, repre-
senting mainly the orders Trifolio fragiferae-Agrostietalia 
stoloniferae and Molinietalia. Moreover, in transect PW8 
communities of the class Nardo-Callunetea are found at 
the valley margin (Table 1).

Variation in water content of the polder habi-
tats affected variation in vegetation. A total of 19 
communities from 6 phytosociological classes were 
identified in the transects of the Zagórów polder. 
Most phytocenoses are connected with wet and 

moist habitats and they represent semi-natural and 
anthropogenic grass communities of the class Mo-
linio-Arrhenatheretea. These are first of all syntaxa 
of periodically water-logged, extensively managed 
habitats from the orders Trifolio fragiferae-Agrostieta-
lia stoloniferae and Molinietalia. Over 30% relevés in 
the polder were classified to the community Agrostis 
stolonifera-Potentilla anserina (Table 1). In turn, peri-
odically dried habitats in slightly elevated locations 
are occupied by the communities with Festuca ru-
bra, with Holcus lanatus, with Nardus stricta and with 
Agrostis capillaris.

The conducted ecological restoration of water rela-
tions promotes the occurrence of phytocenoses from 
the class Phragmitetea represented here by seven plant 
associations. Among them the most frequently report-
ed include Caricetum gracilis, Caricetum acutiformis and 

Table 1. Water contents in habitats of communities record-
ed at transects (assessed based on index F)

No. of culvert PW2 PW8 PW7 PW1
Average of moisture content 6.03 5.43 7.83 6.92

Min-max H' 2.48–
–9.91

1.10–
–8.98

4.67–
–9.87

4.41–
–8.57

No. of communities 7 9 10 3
No. of relevés 16 24 32 5
No. of plant species 72 64 91 52

Phragmitetea class
No. of relevés 3 6 12 –
Acoretum calami 9.91 – – –
Glycerietum maximae – 7.98 – –
Sparganietum erecti – – 9.87 –
Glycerietum fluitantis 7.72 – – –
Caricetum gracilis – 7.80 8.53 –
Caricetum acutiformis – 8.98 8.90 –
Phalaridetum arundinaceae – 8.78 9.01 –

Salicetea purpureae class
No. of relevés – – 3 1
Salicetum triandro-viminalis – – 4.18 –
Salicetum albo-fragilis – – 7.58 7.77

Alnetea glutinosae class
No. of relevés – – 3 2
Salicetum pentrandro-cinerae – – 8.66 8.57
com. with Alnus glutinosa – – 7.95 –

Bidentetea tripartiti class
No. of relevés – – 1 –
com. with Bidens tripartita – – 8.90 –

Molinio-Arrhenatheretea class
No. of relevés 12 9 13 2
com. with Festuca rubra – 4.89 – –
com. Deschampsia caespitosa 6.34 4.83 – –
com. with Holcus lanatus 5.67 – – –
Ranunculo-Alopecuretum geniculati 4.73 – – –
com. Agrostis stolonifera-Potentilla 
anserina 5.33 3.36 4.67 4.41

Nardo-Callunetea class
No. of relevés 1 8 – –
com. with Nardus stricta – 1.16 – –
com. with Agrostis capillaris 2.48 1.10 – –
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Phalaridetum arundinaceae, while communities from 
the class Salicetea purpureae are found in small patches. 
They are located in the vicinity of the embankment 
and in the initial sections of culverts, as well as in 
small swamps and around small water bodies.

Habitat variation has an effect on the number 
of species recorded in the transects as well as the 
identified communities. A total of 147 taxa of vas-
cular plants were reported in the polder. The great-
est number of species (91) was recorded in transect 
PW7, which habitats had moisture indicator values 
ranging from 4.67 to 9.87 and in the communities of 
Agrostis stolonifera-Potentilla anserina (87), Deschampsia 
caespitosa (55), as well as Caricetum gracilis and Phala-
ri detum arundinaceae (with 41 each, Table 2). A par-
ticularly high number of species in the phytocenoses 
of wet habitats, i.e. the class Phragmitetea, indicates 
that they represent transitional forms, which are 
transformed by the changing water relations (Table 
2). Since it is the area in which moist habitats are 
being restored we need to assume that this is a slow 
process.

Native species predominate in the identified com-
munities, mainly synanthropic species – apophytes. 
A particularly high percentage of non-synanthropic 
species was observed in phytocenoses from the class 
Phragmitetea, ranging from 25% in Acoretum calami to 
41.7% in Sparganietum erecti, while it was as much 
as 44.4% in the Salicetum pentandro-cinereae willow 
scrub from the class Salicetea purpurae. This may be 
explained by the limited potential use dependent on 

groundwater level or the duration of flooding. In con-
trast, the lowest number of non-synanthropic species 
was recorded in extensively used phytocenoses with 
Festuca rubra (Table 2). Such a  geo-historical spec-
trum is manifested, among other things, in nature 
value assessed according to oświt (2000). The high-
est nature valuation indexes were calculated also for 
syntaxa from the class Phragmitetea, i.e. Glycerietum 
maximae, Sparganietum erecti, Caricetum acutiformis and 
a community from the class Bidentetea tripartitii – an 
association with Bidents tripartita. Values of the in-
dexes classify them to valuation class VII defined by 
high nature value (Table 2).

Similarly, analysis of relevés using the point 
score method according to Mahon & Miller (2003) 
showed that areas located the closest to culvert out-
flow abutments and in water-filled depressions ex-
hibit the highest nature, aesthetic and recreational 
value (Fig. 2).

The positive effect on vegetation observed for wa-
ter relations regulated by culverts is evidenced by its 
phytosociological structure, analysed both in tran-
sects and in communities.

The greatest number of species characteristic of 
phytosociological units both in wet and water-logged 
habitats was recorded in transects PW7 and PW1. 
This is reflected in values of moisture indicator F cal-
culated for these transects (Fig. 3).

The effect of water content on the species com-
position of communities is evidenced by their phy-
tosociological structure. This pertains particularly to 

Table 2. Species richness, geo-historical spectrum and nature valuation of communities identified in the Zagórów polder

Community

No. of plant 
species Geo-historical spectrum (%) Nature valuation

total in 
relevé

spon-
taneo-
phytes

apo-
phytes

archeo-
phytes

keno-
phytes

mean of 
nature 
valu-
ation 
index

valu-
ation 
class

nature value

Acoretum calami 12 12 25.0 66.7 – 8.3 3.7 VII high
Glycerietum maximae 5 5 40.0 60.0 – – 3.6 VII high
Sparganietum erecti 12 12 41.7 50.0 – 8.3 3.8 VII high
Glycerietum fluitantis 15 15 26.7 73.3 – – 3.0 V medium moderate
Caricetum gracilis 41 13.4 36.7 63.4 – – 3.2 VI moderately high
Caricetum acutiformis 11 4.5 36.4 54.5 – 9.1 3.6 VII high
Phalaridetum arundinaceae 41 14.5 31.7 65.9 – 2.4 3.1 VI moderately high
Salicetum triandro-viminalis 15 15 20.0 80.0 – – 3.1 VI moderately high
Salicetum albo-fragilis 35 12.7 25.7 68.6 – 5.7 2.6 IV moderate
Salicetum pentrandro-cinerae 28 13.3 44.4 50.0 – 5.6 3.2 VI moderately high
Community with Alnus glutinosa 18 18 5.6 94.4 – – 2.4 IV moderate
Community with Bidens tripartita 7 7 28.6 57.1 – 14.6 3.7 VII high
Community with Festuca rubra 19 19 5.3 94.7 – – 1.7 II moderately low
Community Deschampsia caespitosa 55 21.3 12.7 85.5 1.8 – 2.3 IV moderate
Community with Holcus lanatus 9 9 – 100.0 – – 2.4 IV moderate
Ranunculo-Alopecuretum geniculati 20 30 20.0 76.7 3.3 – 2.9 V medium moderate
Community Agrostis stolonifera-Potentilla anserina 87 14.4 28.7 63.2 4.6 3.6 2.8 V medium moderate
Community with Nardus stricta 38 38 13.2 84.2 2.6 – 1.9 III low
Community with Agrostis capillaris 37 23.5 16.2 81.1 2.7 – 1.8 II moderately low
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grassland communities of the class Molinio-Arrhena-
theretea. While most frequently they are well-devel-
oped phytocenoses with a high proportion of char-
acteristic species, their species composition includes 
species of moist habitats, mainly from the class 

Phragmitetea, although most often found in stabili-
ty classes I and II. This indicates a slow process of 
ecological restoration of water relations in this area. 
The effects of regulation of water relations in the 
polder are not observed in areas most distant from 
embankment culvert PW8, in elevated areas covered 
by phytocenoses representing the class Nardo-Callu-
netea. In turn, communities found in the vicinity of 
discharge culvert abutments are characterised by the 
greatest share of species characteristic of the classes 
Salicetea purpureae, Phragmitetea and Alnetea glutinosae, 
occasionally exceeding 70% (Table 3).

Summing up, in the Zagórów polder the distribu-
tion of phytocenoses, their phytosociological struc-
ture, as well as the geo-historical spectrum of syn-
taxa indicate a  considerable dependence on habitat 
water content (Fig. 4). However, since this area is 
utilised agriculturally and many communities are of 
anthropogenic origin, the process of community res-
toration is very slow. They are exposed to continuous 
human interference and as a result their species com-
position most frequently comprises transition forms.

DISCUSSION

The vegetation cover of the Warta valley is diverse 
as a result of natural factors, such as high variabili-
ty of the valley habitats, and anthropogenic factors 
connected first of all with agriculture, forestry and 
human settlements. Natural and semi-natural vege-
tation, frequently of high nature value, is found along 

Fig. 2. Nature, aesthetic and recreational value of the Zagórów polder assessed according to Mahon & Miller (2003)

Fig. 3. Variation in phytosociological structure of vegeta-
tion in analysed transects (%)
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Table 3. Phytosociological structure of identified communities (in %)

Community

Diagnostic plant species for classes
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Acoretum calami 25.0 50.1 – – – – 8.3 – 16.6

Glycerietum maximae 40.0 40.0 – – – – 20.0 – –

Sparganietum erecti – 66.8 – – 8.3 8.3 8.3 – 8.3

Glycerietum fluitantis 60.0 20.0 13.3 – – – 6.7 – –

Caricetum gracilis 39.0 29.3 2.4 – 2.4 4.9 17.1 – 4.8

Caricetum acutiformis 18.2 54.5 – – – 9.1 9.1 – 9.1

Phalaridetum arundinaceae 36.6 34.2 2.4 – 4.9 7.3 9.8 – 4.8

Salicetum triandro-viminalis 26.7 33.3 – 13.3 – 6.7 13.1 – 6.7

Salicetum albo-fragilis 35.5 22.6 – 9.7 6.5 3.2 19.4 – 3.1

Salicetum pentrandro-cinerae 22.2 37.1 3.7 3.7 11.1 7.4 11.1 – 3.7

Community with Alnus glutinosa 47.1 11.8 – – 5.9 17.6 17.6 – –

Community with Bidens tripartita 14.3 71.4 – – – 14.3 – – –

Community with Festuca rubra 66.6 – – – 5.6 – 5.6 11.1 11.1

Community Deschampsia caespitosa 54.7 5.7 7.5 1.9 1.9 1.9 9.4 5.7 11.3

Community with Holcus lanatus 88.9 – – – – – 11.1 – –

Ranunculo-Alopecuretum geniculati 53.3 23.4 10.0 – – – 3.3 – 10.0

Community Agrostis stolonifera-Potentilla anserina 44.4 23.5 6.2 2.5 3.7 3.7 6.2 – 9.8

Community with Nardus stricta 47.2 5.5 – – 2.8 – 8.3 13.9 22.2
Community with Agrostis capillaris 52.9 – – – – – 11.8 11.9 23.4

Fig. 4. Directions of succession in the Zagórów polder
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the river. However, apart from riverside and marshy 
phytocenoses adjacent to the river the Warta wash-
lands are also covered by extensive non-rush meadow 
and pasture phytocenoses and it is the latter that are at 
the greatest threat of transformation (BorysiaK 1994). 
Particularly the construction of the Jeziorsko reten-
tion reservoir and performed drainage operations 
contributed to considerable changes in vegetation in 
the middle section of the Warta valley. Drainage oper-
ations accelerated the rate of changes in habitat condi-
tions, mainly water levels in meadow habitats (grynia 
1975, BaraBasz 1994, Kostuch 1995, KucharsKi 
1999). An example may be provided by the Konin– 
–Pyzdry section of the Warta valley (KruPa 2000, 
2002). However, the recorded results indicate a de-
pendence of the species composition of communities 
on habitat water content and thus confirm the po-
tential to stop further drainage of the Warta valley 
or even to gradually restore water conditions in its 
certain sections owing to restoration of water rela-
tions. Both the distribution of communities in the 
transects in relation to culverts and their phyto-
sociological structure confirm effectiveness of the 
operation of hydraulic and drainage infrastructure 
in restoration of nature value to this section of the 
Warta valley. Particularly in the transects comprising 
habitats with higher water contents a greater share 
of phytocenoses from the classes Phragmitetea and 
Salicetea purpurea was found, while the others repre-
senting other classes comprised a considerable per-
centage of species characteristic of units in wet and 
water-logged habitats.

Next to habitat conditions, species composition of 
communities found in the polder is greatly affected 
by land use. In water-logged areas it is dependent on 
current water conditions, thus most frequently it is 
extensive land use. It is manifested in the dominance 
of native species, among which a  considerable pro-
portion is found for non-synanthropic species. As it 
was reported by grynia (1975), BaraBasz (1994), Ko-
stuch (1995) and KucharsKi (1999), both the adopted 
grassland management measures and the conditions 
found in a given area are reflected in the species com-
position of multi-species grass phytocenoses.

 In conclusion, transformations of vegetation in 
the Zagórów polder, as it is confirmed by results re-
ported by other authors (Kornaś 1983, losViK 1988, 
Kornaś & DuBiel 1991, BaraBasz 1994, Bator 2005, 
KozłowsKa 2005), are caused by modifications in 
grassland management and by habitat conditions. 
Thus development of an appropriate natural man-
agement plan for the Warta washlands will facilitate 
the implementation of spatial order and result in the 
preservation of functions and characteristics of valley 
ecosystems. As a consequence, research focused on 
the characterisation of communities and valuation 
of their nature aspects makes it possible to indicate 
the direction of changes they are undergoing, define 

their cause and on this basis ensure their sustainable 
management.

CONCLUSIONS

1. The habitat mosaic of the Zagórów polder, which 
among other things is a  consequence of water 
management, i.e. its discharge through a  net-
work of culverts, results in a  considerable vari-
ation of the vegetation cover, which is confirmed 
by phytosociological analysis and identification of 
plant 19 communities from six phytosociological 
classes.

2. Distribution of phytocenoses in the polder, their 
phytosociological structure, geo-historical spec-
trum and nature value depend first of all on water 
relations, which is confirmed by:
 – their phytosociological structure – the great-

est share of species characteristic of the class 
Phragmitetea was found in syntaxa of habitats 
found in the nearest vicinity of embankment 
culverts and depressions,

 – the geo-historical spectrum of communities 
– the greatest number of non-synanthropic 
species was recorded in communities formed 
in very wet, sporadically used habitats with 
variable water contents, i.e. Sparganietum erecti, 
Sali cetum pentandro-cinereae,

 – nature value of communities – the highest, 
high or moderately high values (valuation 
classes VII–VI) are recorded for communities 
in the habitats with the highest water contents.

3. Analysis of results of floristic and habitat studies 
indicates that at the maintenance of water condi-
tions and management the changes will occur:
 – in the vicinity of culverts – towards communi-

ties of the class Phragmitetea,
 – in swamps and around small water bodies – to-

wards communities of the classes Salicetea pur-
purea or Alnetea glutinosae,

 –  at greater distances from culverts in levelled 
and agriculturally utilised areas – towards alli-
ances of the orders Trifolio fragiferae-Agrostieta-
lia stoloniferae and Molinietalia

 – in the valley margins succession progresses 
towards communities of the class Nardo-Callu-
netea.
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