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INTRODUCTION

Natural and semi natural river valleys are rare ele-
ments of the landscape in today’s world. Most of them 
have been heavily transformed by anthropopressure for 
a long time. The main reasons for this transformation 
are: regulation of rivers, building of dams and changes 
in traditional agricultural use of land (PERZANOWSKA 
and MRÓZ , ZAJĄC ). It is generally known that 
these ecosystems are very complex, dynamic and have 
a high biological diversity. Moreover, a pattern of com-
munities following laterally can be described in many 
river valleys (HERBICH , ZAJĄC , GIELNIAK 
and WOLSKI ). There are rush communities close 
to river beds which are regularly fl ooded. Places situated 
higher in valleys, which are less frequently fl ooded, are 
occupied by carr communities. These have been com-
mon in the landscape of river valleys but, nowadays, 
their area is declining. Valley-sides are characteristic 
for dry-ground forests. Moreover, steppe and xeric grass-
lands are met in specifi c habitat conditions (ZAJĄC , 
GIELNIAK and WOLSKI ). Nowadays, a large part of 
the area in river valleys is covered by meadow communi-
ties due to human activity.

Diff erent investigations have been taken to study the 
diversity of rush and meadow vegetation in river valleys 
of Poland (URBAN and GRZYWNA , KRYSZAK et AL. 

, MOSEK and MIAZGA , TRĄBA et AL. , 
GRZELAK et AL. , GRZYWNA and URBAN ). This 
vegetation has been researched in the valleys of central 
Poland as well (FAGASIEWICZ , HEREŹNIAK , 
OSUCHOWSKA , KUCHARSKI , DRZAŻDŻYŃSKA 

). However, the greatest part of the studies has been 
located in larger river valleys such as Warta or Pilica, 
and small river valleys were investigated rarely.

The valley of the Moszczenica river is an example 
of a small-size valley with a naturally meandering river. 
It has been used for agricultural purposes and, there-
fore, its vegetation has been transformed antropogeni-
cally. A part of the valley that has not been studied 
earlier was chosen in the research. The aim of the study 
is to investigate the variety of rush and meadow vegeta-
tion in the Moszczenica valley and the relationship of 
vegetation diversity with the land use. 

STUDY AREA AND METHODS

The Moszczenica river is situated in central Po-
land. It is a right-side tributary of the Bzura river which 
springs about  km north-east from Łódź (Fig. ). 
The research has taken place in the  km long part of 
the valley which is located near Zgierz. The river fl ows 
north-west in this location. This part of the Moszczenica 
valley was chosen for the research because of the great 
variety of rush and meadow vegetation and diversifi ed 
use of land. 

The phytosociological material was obtained in the 
years - . The research followed the generally ac-
cepted method of BRAUN-BLANQUET ( ). The area of 
standardized plot was  m , both for rush and meadow 
communities (CHYTRÝ and OTÝPKOVÁ , DZWONKO 

). Exceptionally, the area of -  m  was used in the 
case of very small patches or irregular shape of the plant 
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association. The largest possible number of phytosocio-
logical relevés was made in all distinguished rush and 
meadow phytocenoses which covered the whole variety 
of rush and meadow vegetation in the valley. Totally,  
phytosociological relevés were made in the researched 
part of the Moszczenica valley with  vascular plant 
species described.

The phytosociological material underwent, in fi rst, 
the conventional analysis of phytosociological data. Fur-
thermore, the numerical analysis was applied (DZWON-
KO ). All relevés were analysed twice by taking 
into consideration the presence of species and their 
abundance. Firstly, the Jaccard’s Coeffi  cient was used 
and, secondly, the Squared Euclidean index was adopt-
ed. Both dendrograms were constructed with the un-
weighted pair group method using arithmetic averages 
(UPGMA). The numerical analysis was undertaken with 
the MVSP programme. The results of these two analysis 
were compared in order to distinguish similar groups 
of the phytosociological relevés. The identifi cation of 
syntaxonomic affi  liation of these groups was based on 
the MATUSZKIEWICZ system ( ).

The researched part of the valley was divided into 
two land use types: parts of the valley with agricultural 
and recreational use of land (A) and, on the other hand, 
parts of the valley with no present land use (B) (Fig. ). 
The aim of this division is to investigate if there is a 
relationship of vegetation diversity with the land use 
and to compare the diversity of rush and meadow veg-
etation between diff erent land use types. The average 
values of soil moisture gradients according to ZARZYCKI 
et AL. ( ) were estimated for the distinguished plant 
communities in both land use types. The diversity of 

communities was analysed with the use of Shannon’s 
diversity index (SHANNON and WEAVER ) and Pie-
lou’s evenness index (PIELOU ).

RESULTS

On the basis of the analysis of phytosociological 
data,  plant associations and communities have been 
distinguished (Table ). There are eight identities in the 
class Phragmitetea, one in the class Koelerio-Coryne-
phoretea and nine in the class Molinio-Arrhenatheretea. 
Among all of them,  have been classifi ed to generally 
known syntaxonomic plant associations (MATUSZKIE-
WICZ ). The others have been classifi ed as commu-
nities on the level of classes, orders and alliances. 

The list of distinguished plant associations and com-
munities and occurrence of the syntaxons in parts of the 
valley with agricultural and recreational use of land (A) 
and in parts with no present land use (B)

PHRAGMITETEA R.Tx. et Prsg 
Phragmitetalia Koch 

Phragmition Koch 
. Equisetetum fl uviatilis Steff en  – B
. Typhetum latifoliae Soó  – B
. Glycerietum maximae Hueck  – B

Magnocaricion Koch 
. Iridetum pseudacori Eggler  – B
. Caricetum acutiformis Sauer  – A, B

FIG. . Localization of the study area in central Poland: 
 – cities and roads,  – forests and rivers,  – the re-

searched area

FIG. . The researched part of the valley divided into two 
land use types: A – parts of the valley with agricultural 
and recreational use of land, B – parts of the valley with 
no present land use;  – buildings and roads,  – river, 
water bodies and abandoned fi shing ponds,  – forests, 

 – rushes,  – meadows,  – farm land
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Land use impact on the diversity of rush and meadow vegetation of a small river valley in central Poland
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Land use impact on the diversity of rush and meadow vegetation of a small river valley in central Poland

. Caricetum gracilis (Graebn. Et Hueck ) 
R.Tx.  – A, B

. Phalaridetum arundinaceae (Koch ) 
Libb.  – B

. Community with Glyceria fl uitans – A, B
KOELERIO-CORYNEPHORETEA Klika in Klika et No-

vak 
. Community with Rumex acetosella – A

MOLINIO-ARRHENATHERETEA R.Tx. 
. Community with Agrostis capillaris – A
. Community with Alopecurus pratensis – A

Molinietalia caeruleae W. Koch 
Alopecurion pratensis Pass. 

. Community with Holcus lanatus – A
Calthion palustris R.Tx.  em. 

. Scirpetum silvatici Ralski  – A, B

. Epilobio-Juncetum eff usi Oberd.  – A, B

. Community with Juncus eff usus – B
Filipendulion ulmariae Segal 

. Community with Filipendula ulmaria – B
Arrhenatheretalia Pawł. 

. Community with Deschampsia caespitosa 
– A

Cynosurion R.Tx. 
. Lolio-Cynosuretum R.Tx.  – A

The numerical analysis of phytosociological relevés 
confi rmed the identifi cation of eight rush communities 
in the class Phragmitetea (Fig. ). There are noticeable 

groups of relevés in the dendrogram constructed on 
the basis of species abundance. However, in the sec-
ond dendrogram made with the use of species presence 
these groups are not so distinct because many of the 
species taken into account occurred in the majority of 
communities with a low abundance. Rush communities 
are mainly characterised by dominating species with 
signifi cant abundance so it was the domination of a cer-
tain species that was considered in the identifi cation of 
syntaxonomic affi  liation of groups of relevés (MATUSZ-
KIEWICZ ).

There are noticeable groups of meadow communities 
in the dendrogram constructed on the basis of species 
abundance (Fig. ). However, these groups are not so 
distinct in the dendrogram made with the use of spe-
cies presence. Moreover, the identifi cation of syntaxo-
nomic affi  liation of groups of relevés is problematic in 
the valley of Moszczenica. There are only three generally 
known plant associations in the group of  (KUCHARSKI 

, MATUSZKIEWICZ ). The characteristic com-
bination of species in these three communities is here 
reduced and simplifi ed. Other communities are classi-
fi ed on the level of classes, orders and alliances because 
of the lack of characteristic species of lower syntaxons. 
Communities with Alopecurus pratensis and Holcus 
lanatus have untypical combinations of species when 
comparing them to generally known plant associations 
such as Alopecuretum pratensis (Regel ) Steff en 

 and Holcetum lanati (Issler ) em. Pass.  

FIG. . Combined dendrogram for rush communities based on numerical classifi cation. Den-
drograms constructed with the use of species abundance (Squared Euclidean index) and on 
the basis of species presence (Jaccard’s Coeffi  cient index)
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(KUCHARSKI , MATUSZKIEWICZ ). Community 
with Juncus eff usus has a signifi cantly diff erent combi-
nation of species than Epilobio-Juncetum eff usi, therefore 
these two syntaxons were characterised separately.

There are  plant associations and communities 
distinguished in parts of the valley with agricultural and 
recreational use of land. This land use type is dominated 
by meadow communities and rush communities are in 
minority. A similar number of  syntaxons occurs in 
parts of the valley with no land use but composition of 
plant associations and communities is signifi cantly dif-
ferent. This land use type is dominated by rush commu-
nities and meadow communities are not common there. 
There are fi ve syntaxons found both in parts with land 
use and with no land use. These are Caricetum acuti-
formis, Caricetum gracilis, Scirpetum silvatici, Epilobio-
-Juncetum eff usi and community with Glyceria fl uitans.

Distinguished plant associations and communities 
have been characterised with the use of soil moisture 
values according to ZARZYCKI et AL. ( ) in the used 
and non-used parts of the valley (Table ). Parts of the 
valley with agricultural and recreational use of land are 
dominated by fresh communities and parts with no land 
use are dominated by moist and wet communities. How-
ever, moist, wet and dry communities are also present in 
the used parts. Community with Rumex acetosella has 
the lowest soil moisture value ( . ) and occurs only in 

parts with agricultural and recreational use of land. On 
the other hand, there is only one aquatic community, Ty-
phetum latifoliae ( . ), which occurs in the parts with 
no land use. The diff erences between communities oc-
curing both in used and non-used parts according to soil 
moisture values are insignifi cant (Table ).

Moreover, numbers of species in phytosociological 
relevés and diversity indexes (SHANNON and WEAVER 

, PIELOU ) were compared for the distin-
guished plant associations and communities in parts 
of the valley with agricultural and recreational use of 
land and with no land use (Table ). In the used parts, 
Scirpetum silvatici has the lowest diversity indexes and 
Lolio-Cynosuretum has the highest ones. In parts of the 
valley with no land use, the least diversifi ed is Equisete-
tum fl uviatilis and the most various is Epilobio-Juncetum 
eff usi. However, Glycerietum maximae has the lowest 
evenness index, so there is the greatest domination of 
single species. Comparing the syntaxons that occur both 
in the used and non-used parts, Caricetum acutiformis, 
Caricetum gracilis, community with Glyceria fl uitans are 
more diversifi ed in the fi rst group and Scirpetum silvati-
ci, Epilobio-Juncetum eff usi in the second group.

FIG. . Combined dendrogram for meadow communities based on numerical classifi cation. 
Dendrograms constructed with the use of species abundance (Squared Euclidean index) and 
on the basis of species presence (Jaccard’s Coeffi  cient index)
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TABLE . Groups of communities according to soil moisture values by ZARZYCKI et AL. ( ). Communities which are 
found in both land use types are shadowed

Aquatic Wet Moist Fresh Dry

Parts of the valley with agricultural and recreational use of land

Community with 
Glyceria fl uitans

.
Scirpetum silvatici

.

Community with 
Holcus lanatus

.

Community with 
Rumex acetosella

.
Caricetum acutiformis

.
Caricetum gracilis

.
Lolio-Cynosuretum

.
Epilobio-Juncetum eff usi

.
Community with 
Deschampsia caespitosa    

.
Community with 
Alopecurus pratensis 

.
Community with 
Agrostis capillaris

.

Parts of the valley with no land use

Typhetum latifoliae
.

Glycerietum maximae
.

Caricetum gracilis
.

Equisetetum fl uviatilis
.

Caricetum acutiformis
.

Community with 
Glyceria fl uitans

.
Scirpetum silvatici

.
Iridetum pseudacori

.
Epilobio-Juncetum eff usi

.
Phalaridetum arundinaceae

.
Community with 
Juncus eff usus

.
Community with 
Filipendula ulmaria

TABLE . Comparison of total numbers of species in phy-
tosociological releves, Shannon’s diversity indexes (H) and 
Pielou’s evenness indexes (J) between parts of the valley 
with agricultural and recreational use of land and parts 
with no land use. Communities which are found in both 
land use types are shadowed

Plant association (community)
Total 

number 
of species

H J

Parts of the valley with agricultural and recreational use 
of land

Caricetum acutiformis . .

Caricetum gracilis . .

Community with Glyceria fl uitans . .

Community with Rumex 
acetosella

. .

Community with Agrostis 
capillaris

. .

Community with Alopecurus 
pratensis

. .

Community with Holcus lanatus . .

Scirpetum silvatici . .

Epilobio-Juncetum eff usi . .

Community with Deschampsia 
caespitosa

. .

Lolio-Cynosuretum . .

Parts of the valley with no land use

Equisetetum fl uviatilis . .

Typhetum latifoliae . .

Glycerietum maximae . .

Iridetum pseudacori . .

Caricetum acutiformis . .

Caricetum gracilis . .

Phalaridetum arundinaceae . .

Community with Glyceria fl uitans . .

Scirpetum silvatici . .

Epilobio-Juncetum eff usi . .

Community with Juncus eff usus . .

Community with Filipendula 
ulmaria

. .
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DISCUSSION

Distinguished plant associations and communities 
present the variety of rush and meadow vegetation in 
part of the small-size valley of Moszczenica. Most of the 
rush communities and some of the meadow communi-
ties are generally known plant associations (MATUSZKIE-
WICZ ) which can be found in other river valleys of 
central Poland (FAGASIEWICZ , HEREŹNIAK , 
OSUCHOWSKA , KLIMKIEWICZ , KUCHARSKI 

, GULDZIŃSKA , KAMIENNIK ), as well as 
in other regions of Poland (HERBICH , URBAN and 
GRZYWNA , KRYSZAK et AL. , , MOSEK and 
MIAZGA , TRĄBA et AL. , ŻYSZKOWSKA , 
GRZELAK et AL. , GRZYWNA and URBAN , KRY-
SZAK et AL. ). However, the identifi cation of syn-
taxonomic affi  liation of other meadow communities 
is problematic in the valley of Moszczenica because of 
the lack of characteristic species. According to meadow 
vegetation, it is quite common situation (URBAN and 
GRZYWNA , KRYSZAK et AL. , MOSEK and MIA-
ZGA , TRĄBA et AL. ) as the state of meadow 
communities is infl uenced by many factors such as 
environmental conditions and agricultural use of land 
which provide a great variety of communities. Changes 
in environmental conditions and traditional use of land 
have an additional impact on the variety and state of 
meadow communities (URBAN and GRZYWNA , 
KRYSZAK , KRYSZAK et AL. , , MOSEK and 
MIAZGA ).

Comparing the variety of rush and meadow vegeta-
tion of the Moszczenica valley with other small-size val-
leys in Poland we can say that it is a diversifi ed but quite 
typical river valley (HEREŹNIAK , KLIMKIEWICZ 

, GULDZIŃSKA , URBAN and GRZYWNA , 
KAMIENNIK , KRYSZAK et AL. , MOSEK and 
MIAZGA , ŻYSZKOWSKA , GRZYWNA and URBAN 

, KRYSZAK et AL. ). Moreover, the variety of 
the distinguished communities, as well as the variety 
of other small-size valleys is similar to larger river val-
leys (FAGASIEWICZ , OSUCHOWSKA , KRYSZAK 
et AL. , TRĄBA et AL. ). Therefore, we can not 
fi nd a pattern of communities occurring in small-size 
valleys but the variety of rush and meadow vegetation 
depends on the specifi c character of the valley.

By the division of the valley into two land use types: 
parts of the valley with agricultural and recreational 
use of land and with no present land use, it has been 
revealed that there is a relationship between vegetation 
diversity and land use. The overall number of plant as-
sociations and communities is similar in both land use 
types but the composition is diff erent. Therefore, the 
land use type has a great impact on the variety of com-
munities in the valley. Agricultural and recreational use 
of land increases the participation of meadow commu-
nities and, on the other hand, the lack of land use in-
creases the participation of rush communities. However, 
some communities are present in both land use types 
and this may be connected to the variety of environmen-
tal conditions in the valley which have a strong impact 
on the variety of communities as well (GRZELAK et AL. 

, KAMIŃSKI , KRYSZAK et AL. ).

Indicator numbers (ELLENBERG , ZARZYCKI et 
AL. ) like soil moisture value are often used to es-
timate habitat conditions (KRYSZAK , KRYSZAK et 
AL. , ŻYSZKOWSKA , GRZELAK et AL. , KRY-
SZAK et AL. ). The average values of soil moisture 
gradients according to ZARZYCKI et AL. ( ) estimated 
for the distinguished plant communities in both land 
use types revealed some diff erences between the spec-
trums of soil moisture values (Table ). There is a greater 
variety of soil moisture values in the used parts of the 
valley from dry to wet communities with the domina-
tion of fresh communities. On the other hand, parts of 
the valley with no land use have a narrower spectrum 
of soil moisture values from moist to aquatic communi-
ties with the domination of moist communities. Habitat 
conditions might have been a cause of land use concen-
tration in some parts of the valley than in the others 
as fresh habitats are more suitable for agricultural and 
recreational use of land than inaccessible moist and wet 
habitats.

By comparing the numbers of species in phytoso-
ciological relevés and diversity indexes (SHANNON and 
WEAVER , PIELOU ) it has been revealed that 
diversity of communities is generally higher in parts 
with agricultural and recreational use of land than in 
parts with no land use. This is represented by higher 
numbers of species and diversity indexes of communi-
ties in the used parts. Traditional agricultural land use 
increases vegetation diversity but too intensive land use 
leads to a decrease in diversity (KRYSZAK et AL. ). 
However, not only land use has an impact on vegeta-
tion diversity as some communities are more diverse 
in parts with no land use. This may be connected to 
environmental conditions of the site (KRYSZAK et AL. 

). Moreover, when comparing Shannon’s diversity 
indexes of plant associations in the small-size valley of 
Moszczenica with diversity of the same syntaxons in 
larger valleys like these of Warta or San, we notice that 
it is slightly higher in the larger ones (KRYSZAK et AL. 

, TRĄBA et AL. ).

CONCLUSIONS

.  plant associations and communities have been 
distinguished in the researched part of the small-size 
valley of Moszczenica. Most of the distinguished com-
munities are found in other small-size valleys, as well 
as in larger river valleys.

. It has been revealed that there is a relationship 
between vegetation diversity and land use. Parts with 
agricultural and recreational use of land are dominated 
by meadow communities and parts with no land use are 
dominated by rush communities. 

. The average values of soil moisture gradients are 
more varied in the used parts of the valley from dry to 
wet communities. On the other hand, the parts of the val-
ley with no land use have a narrower spectrum of mean 
soil moisture values from moist to aquatic communities. 

. Diversity of communities is generally higher in 
the parts with agricultural and recreational use of land 
than in the parts with no present land use. 
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