
Introduction

Based on the European practice, landscape monitoring
is going to be oriented toward analysis of ground cover. In
landscape monitoring it is especially important to estimate
not its individual components, but those characteristics of
the landscape that describe it as a system. Each type of veg-
etation is a determined combination of certain abiotic land-
scape components [1-3]. Biodiversity plays an important
role in the functioning of ecosystems [4, 5] since it increas-
es likelihood of establishing new species resistant to vari-
ous ecological factors and that can enhance the efficiency

of resource utilization [6]. Potential vegetation is a visual
expression of edaphic conditions in the landscape [7]. 

During recent decades, human activities have resulted in
significant changes in the biodiversity of perennial vegetation.
As soon as human impact on the natural environment
declines, the process of re-naturalization becomes more inten-
sive. Meadow naturalness varies, and non-specific species of
other ecosystems become established in Lithuania [8]. The
major threat to some grasslands is posed by plant succession.
An effective method of their protection is a return to tradi-
tional methods of farming, i.e. to moderate, alternate grazing
or hay harvesting [9]. Changes in floristic composition over
a short period of time in Slovenian grasslands in relation to
different management practices were determined [10]. 
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Abstract

Perennial vegetation is one of the most valuable ecological components when forming healthy living

environments, natural and cultural landscape values, and general ecological stability, especially in protected

areas. In various countries, increasing attention is being paid to research into biodiversity of meadow phyto-

cenoses. Research in Western Lithuanian meadows was conducted from 2003 to 2006 with the aim to deter-

mine how the regime of management and different ecological conditions over several years influences floris-

tic composition, frequency, and stability of meadow sward. Field sampling plots were set up on two semi-nat-

ural floodplain meadows in protected areas: in the meadow of the Minija mid-river banks (used for agricul-

tural activities – grazing and cutting), and in the Veiviržas landscape reserve in the flood-meadow land (with

no farming activities for the last ten years). The article discusses the relevance of the dominant species on the

stability of phytocenoses. Each habitat was estimated for ecological conditions, i.e. soil moisture and vascular

plant species indicating soil acidity.
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Different phytocenoses form under different conditions
of plant habitat. It becomes vital to search for effective
methods to identify the anthropogenic effect, to estimate it
and to alleviate its negative effect. One of the ways to
achieve this is comprehensive research on phytocenoses. At
present, new possibilities in Lithuania to preserve botanical
diversity of the communities in the natural and restoring
semi-natural meadows have appeared [8]. There is still a
need for much more study. It is very important to conserve
and enhance landscape character, to protect exiting species-
rich meadows. At present, only a few percent of meadows
qualify as species-rich priority habitats within the
Lithuanian Biodiversity Action Plan. Due to uncontrolled
melioration and other negative processes during the time of
the Soviet government, the number, size, and species diver-
sity of semi-natural grasslands have dramatically declined
in Lithuania. Floodplain vegetation is very sensitive to the
annual variation of moisture and nutrient conditions, which
causes fluctuations in the species composition of plant
communities. Spatial processes and environmental control
are the two distinct, yet not mutually exclusive, forces of
community structuring [11].

The aim of the present study was to estimate the
changes in functional trait composition of flooded meadow
plant communities over 4-years in relation to management
regimes and different edaphic conditions. The study areas
with its environment is a distinctive standard for land use
planning, trying not only to develop agricultural functions
of the landscape, but also preserve the natural environment.
Studies on naturalization and succession can to reveal the
temporal and spatial changes in structure of meadow phy-
tocenoses. A key challenge of conservation management in
semi-natural grasslands is to find ecologically cost-effec-
tive management regimes that will maintain the ecological
functionality and biodiversity of a community [12].

Experimental Procedures

The Object and Study Area

The objects of our research – semi-natural floodplain
meadow communities in western Lithuania (Klaipėda dis-
trict) in protected areas under Natura 2000 (landscape con-
servation area). Investigations on changes in meadow com-
munities were carried out in 2003-04 and 2006. According
to edaphic conditions, reflecting the complex feature of
potential vegetation and relief-lithology types, the study
area belonged to west Žemaičiai Plateau (south taiga shrub-
by spruce forests, All. Piceion abietis) and pine forests
dominated by green mosses with elements of broad-leaved
forests (All. Dicrano-Pinion, All. Carpinion betuli, All.
Alnion incanae) [7]. To indicate the area of meadow com-
munities the mapping and research data were digitized by
computer program ArcView GIS 3.0a (Division of
Cartography of the Landscape Geography and Cartography
of the Institute of Geography of Lithuania).

There are two study objects, i.e. two meadows managed
at different intensity and differing in ecological conditions.

The first object was the floodplain meadow in the reserve
of the Minija river valley (central coordinates: 55º73'33N;
21º43'11E). The following management practices are
applied in this meadow: one grazing and one cutting per
season annually. The meadow was managed more inten-
sively until 1991: annually one grazing and two cuttings per
season. The flooding effect manifests itself only in spring,
continental features are specific to a meadow’s grass cover.
The area of the meadow is 1.82 ha. The soil (pHKCl) is
somewhat acidic, with low phosphorus and potassium sta-
tus. Moreover, a reduction in the contents of the main
macro-elements were noted during the test period (Table 1). 

The second study object was the conservation area of the
Veiviržas River landscape in a meadow of 1.96 ha in size
(central coordinates: 55º60'55N; 21º59'43E). Part of the
meadow is regularly flooded in spring and autumn (flooding
continuation is usually more then one-two weeks), the other
part only in spring. However, during the dry period the soil
dries off quickly, and the plant habitat is sunny and protect-
ed from winds. Ten years before the launch of the study and
during the experimental period, no regular management
activities were done on the meadow, the processes of natu-
ralization are obvious here. Management of the meadow
was regular until 1993: it was mown and hay removed. The
reaction (pHKCl) of meadow soil is close to neutral, the soil
is moderate in phosphorus and potassium contents and no
marked variations in agrochemical characteristics were
identified during the test period (Table 1).

The soil in both territories – Endohypergleyi-Eutric
Fluvisols (FLe-gln-h). Soil analyses were done using the
following methods: pHKCl potentiometrically, available
phosphorus and potassium by A-L technique, hydrolytic
acidity after Kappen, total nitrogen – after Kjeldahl. Soil
samples were taken from plant habitats’ rhizosphere up to
20 cm depth and were analyzed at the Lithuanian Research
Centre for Agriculture and Forestry Agrochemical
Research Laboratory. 

Climatic Conditions

Mean air temperature during the intensive plant growth
period (June, July and August 2003) was 16.9ºC. However,
in 2004 the mean air temperature for the same months was

704 Nekrošienė R., Skuodienė R.

Table 1. Agrochemical characteristics of the soil of meadows.
Klaipėda, 2003-04, 2006.

Agrochemical
parameters

Meadow of the Minija
mid-river banks

Veiviržas floodplain
meadow

Experimental year

2003 2004 2006 2003 2004 2006

pHKCl 5.4 6.0 5.4 6.7 6.9 6.9

P2O5 (mg/kg) 57 37 35 98 102 99

K2O (mg/kg) 111 87 80 141 139 140

Ntotal (%) 0.14 0.16 0.13 0.18 0.17 0.18



15.8ºC. 2004 saw 136.3 mm more rainfall than in 2003.
During the most luxuriant growing of plants the mean
amount of rainfall in 2003 was 79.1 mm, in 2004 61.9 mm.
In 2006, high air temperature and a low amount of rainfall
were recorded: during the plant growing season the mean
air temperature exceeded the long-term mean by 0.4 to
3.5ºC, and the amount of rainfall was markedly lower than
the long-term mean. July was especially dry with a rate of
rainfall as low as 4.3 mm. The weather conditions were
described based on the data obtained from the Vėžaičiai
weather station (Klaipėda district, Western Lithuania). 

Experimental Methods

The abundance of species of meadow communities and
herb layer coverage were evaluated  according to the J.
Braun-Blanquet (1964) scale on the test plots [13]. The sta-
bility (frequency) of each species was expressed by a per-
centage of test plots. Five presence classes were distin-
guished: 

I – the species occurs in 1-20% of the plots tested, 
II – the species occurs in 21-40% of plots
III – the species occurs in 41-60% of plots
IV – the species occurs in 61-80% of plots
V – the species occurs in 81-100% of plots
While making phytocenotic descriptions, the abun-

dance of species and projective cover were assessed in
experimental sites 1×1 m in size. In each meadow, 100 phy-
tocenotic descriptions were made annually. Flora composi-
tion of the communities were registered in July. Plant eco-
logical groups, depending on the demand for soil moisture,
acidity, and nutrients were distinguished according to
Ellenberg’s scale [14]. 

Coefficient of dominance (CDD), which is inversely
proportional to the number of species identified, is provid-
ed [15]. 

The following additional calculations were made to
estimate the changes in the structure of meadow phyto-
cenoses [2]: 

Shannon-Wiener Index: 
H`= –∑ (Pi × ln Pi) (1)

Pi – proportional abundance of the i-th taxa 

Evenness:
J`= H/ln S (2)

S – number of species 

Number of equally common species: 

N1= 2H (3)

To estimate plant species changes according to different
ecological factors we calculated the Fisher α index: 

N/S = (es / α – 1) × (S/α) (4)

N – number of individs, S – number of species.
The experimental data were processed by ANOVA and

correlation-regression analysis methods [16]. The symbols

used in the paper: * significant at P<0.05, and ** significant
at P<0.01.

Results and Discussion

Plant Species Diversity and Distribution

The experimental evidence suggests that the meadows
managed at various intensities and characterized by differ-
ent ecological conditions had a diverse structure of phyto-
cenoses and different frequency and stability of species,
although a similar number of vascular plant species com-
posing phytocenoses was recorded. In total, we identified
39 herbaceous plant species in the meadow of the Minija
mid-river banks. The species diversity is greater there com-
pared with hilly regions’ meadows. In Slovakia, the tests
were done annually in a similar meadow (Festuco-
Cynosuretum association) and managed at a medium inten-
sity during the period 1993 to 2002 showed that there were
identified on average 25 vascular plant species, with
Dactylis glomerata L. being the dominant one [1]. An aver-
age species richness in differently managed floodplain
meadows in southwestern Estonia (in Soomaa National
Park) varied between 28 and 36 species. The Estonian
researchers observed a significant overall change in rich-
ness over the years (P=0.009), and a significant interaction
between the year and the treatment (P=0.0012). Species
richness fluctuated in unmanaged plots, while all cut plots
saw a significant increase in species richness [12]. We
observed changes in plant richness over the years too. The
largest number of species – 33 – was identified in the mead-
ow of the Minija mid-river banks in 2006. It is noteworthy
that during the experimental period we did not find any
common for the whole association dominant or subdomi-
nant, only minor species. An especially low projective
cover (“r’’; “+’’; “1’’ according to the Braun-Blanquet
scale) was recorded for all species, as well as other indica-
tors on which community stability depends (Table 2).
Achillea milefolium L., Anthoxanthum odoratum L., Briza
media L., Dactylis glomerata L., Festuca pratensis Huds.,
and Leucanthemum vulgare Lam. can be partly considered
as species forming the phytocenose. The distribution of
these herbaceous plant species in the phytocenoses did not
vary during the test period. Having determined floristic
composition of this habitat and having identified diagnostic
species, we could distinguish Achilea millefolium +
Anthoxanthum odoratum + Agrostis stolonifera association.
Our experimental evidence indicates a low species stability
in the phytocenose: on average 90% of all species were
attributed to stability class I, i.e. they were found in not
more than 20% of the plots tested. Moreover, reduction of
frequency and stability of the species Achillea milefolium
L., Agrostis stolonifera, Anthoxanthum odoratum L., Briza
media L., and Dactylis glomerata L. was recorded during
the test period (Table 2). Intensity of meadow succession
depends on the character of grassland management.
Positive correlation between the number of vascular plant
species and meadow age revealed that botanical diversity in
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Table 2. Species diversity and distribution in the meadow of the Minija mid-river banks. Klaipėda, 2003-04, 2006.

No. Plant species

Abundance (coverage accord-
ing to Braun-Blanquet scale)

Frequency, % Presence class

Experiment year

2003 2004 2006 2003 2004 2006 2003 2004 2006

1. Achillea milefolium L. 1 1 1 70 40 25 IV II II

2. Agrostis canina L. 1 1 35 10 II I

3. Agrostis stolonifera L. 1 1 35 10 II I

4. Agrostis tenuis Sibth. + 5 I

5. Alchemilla xanthochlora Rothm. r + + 5 5 5 I I I

6. Alopecurus pratensis L. 1 1 10 15 I I

7. Anthoxanthum odoratum L. 1 1 1 40 30 15 II II I

8. Anthylis vulneraria L. + 1 5 15 I I

9. Briza media L. 1 1 1 30 20 15 II I I

10. Campanula rotundifolia L. 1 10 I

11. Carex disticha Huds. + 5 I

12. Cerastium holosteoides Fr. 5 I

13. Cirsium arvense (L.) Scop. r 5 I

14. Cynosurus cristatus L. r 5 I

15. Dactylis glomerata L. 1 1 1 25 10 20 II I I

16. Deschampsia cespitosa (L.) P. Beauv. + 1 1 10 10 25 I I II

17. Elytrigia repens (L.) Nevski + 1 5 20 I I

18. Equisetum arvense L. + + 10 5 I I

19. Festuca pratensis Huds. 1 1 1 40 10 15 II I I

20. Galium mollugo L. 1 1 + 25 10 5 II I I

21. Helictotrichon pubescens (Huds.) Pilg. 1 + + 20 5 5 I I I

22. Lathyrus pratensis L. r 1 + 10 10 5 I I I

23. Leontodon autumnalis L. 1 + 25 5 II I

24. Leucanthemum vulgare Lam. 1 1 1 15 20 10 I I I

25. Lychnis flos-cuculi L. + 5 I

26. Medicago falcata L. + 5 I

27. Phleum pratense L. 1 1 + 25 15 5 II I I

28. Plantago lanceolata L. 1 1 10 10 I I

29. Poa palustris L. + 10 I

30. Poa pratensis L. 1 1 15 20 I I

31. Potentilla anserina L. + 5 I

32. Ranunculus acris L. + 1 + 10 15 5 I I I

33. Rumex acetosella L. 1 1 40 15 II I

34. Taraxacum officinale F. H. Wigg. + 1 1 10 25 10 I II I

35. Trifolium dubium Sibth. 1 15 I

36. Trifolium pratense L. 1 10 I

37. Trifolium repens L. r 1 1 5 15 15 I I I

38. Veronica chamaedrys L. 1 1 + 45 15 5 III I I

39. Vicia cracca L. 1 + 10 5 I I



extensively used grassland restores much faster than under
intensive management conditions [8]. 

In the Veiviržas floodplain meadow, in unmanaged sites,
we inventoried 37 vascular plant species during the test peri-
od (2003-04, 2006), i.e. a little less than in the managed
meadow of the Minija mid-river banks. However, Finnish
researchers observed, that the number of plant species and
seedlings per plot were smaller in grazed sites than in
ungrazed or in meadows without any management [17]. In
this phytocenose, like in the meadow of the Minija mid-river
banks, we recorded an increase in the number of species
annually: in 2003 27, in 2004 32, and in 2006 35 herbaceous
vascular plant species. The plants belonging to the
Asteraceae and Poaceae families prevailed. Unlike in the
above-described phytocenose, in the Veiviržas floodplain
meadow there were distinguished phytocenose-forming
dominant species: Dactylis glomerata L., Galium rivale
(Sibth. et Sm.) Griseb., Agrostis tenuis Sibth.,
Calamagrostis epigeios (L.) Roth., and Vicia cracca L.
Similar dominant species were identified in 2001 during
monitoring of meadow vegetation: in most sites of the
Nemunas floodplain meadows in Central Lithuania, where
ecological conditions were similar to those recorded in the
meadow investigated by us (but with a more intensive man-
agement), the group of abundantly growing species was
composed of Galium rivale (Sibth. et Sm.) Griseb., Poa
pratensis L., Vicia cracca L., Deschampsia cespitosa (L.) P.
Beauv., Carex disticha Huds., Festuca pratensis L., and oth-
ers [8, 17]. Dactylis glomerata L. was a differential species
distinguishing the phytocenose of the Veiviržas floodplain
meadow. This species was moderately frequently found also
in the meadow of the Minija mid-river banks. Having
assessed the abundance of plant species in the Veiviržas
floodplain meadow and having established their diagnostic
groups, we can distinguish Dactylium glomeratum fac.
Galium rivale phytocenose. In this phytocenose, Galium
rivale (Sibth. et Sm.) Griseb., together with Viccia cracca L.
forms a uniform, dense sward. The community type in
which not one or two but many dominating species are
encountered, which was the case in the meadow of Veiviržas
landscape reserve, is specific to Helictotricho pubescen-
tis–filipenduletum vulgaris community. It is a community
that is common on the higher levels of floodplains. In
Lithuania they are most common in the Western part – in the
Minija and Venta floodplains. The communities are related
to steppe Festuco–Brometea class meadows. The group of
accompanying species is rather large, Achillea millefolium
L., Briza media L., Leucanthemum vulgare Lam., Knautia
arvensis (L.) Coult., Rumex acetosella L. are more abundant
and stable [17]. Peucedanum oreoselinum (L.) Moench
grows abundantly in summer. These communities are inter-
esting from the environmental protection viewpoint, some
of the species found in them are included into the Red Book
of the Republic of Lithuania. One of the distinctive features
of a phytocenose is the stability of different species in it [8].
The estimated plant species frequency and stability classes
showed that in both meadows tested the prevailing species
were those belonging to stability class I (Tables 2, 3). These
species do not have any special significance for quantitative

structure but community diversity depends on them. While
estimating species stability, we did not consider whether
there were many individuals of the species or few. Having
estimated species stability there were distinguished species
dividing groups of plots. The highest stability classes – III,
IV – during the experimental period were recorded only for
the species dominating the phytocenoses (Table 3). 

In the meadow of the Minija mid-river banks the aver-
age dominance coefficient of plant species (CDD) was 0.9,
whereas in the Veiviržas floodplain meadow the number
was 1.24. The number of species and coefficient of domi-
nance (CDD) show the general level of intensification. The
coefficient of dominance is higher where there are one or
two main species. The high diversity of plant species of nat-
ural meadows and low coefficient of dominance suggests
that meadows are used extensively [18]. 

Community stability results show that in the Veiviržas
floodplain meadow the stability of the sward declines annual-
ly. Low-value plants (Urtica dioica L., Lysimachia nummula-
ria L., Leucanthemum vulgare Lam., and other species)
increasingly being established in the sward indicate the begin-
ning of sward degradation. However, various successions and
fluctuations are characteristic for the populations. There may
be five-fold plant population abundance dynamics: 
1) the abundance of populations declines annually and

reaches a critical limit
2) the abundance of populations declines for several years

then stabilizes, and then declines again
3) the abundance of populations pulsates – increases,

declines, etc.
4) the abundance of populations increases due to intensive

particulation, then sharply declines and remains such
for many years

5) the abundance of populations varies only insignificant-
ly for many years [2, 8, 19, 20]. 
Under normal conditions, all populations are subject to

some fluctuation, which affects stability variation, and rapid
successions are specific only to the populations in stressful
situations or peculiar ecological conditions [21, 22].
Insufficient management in the meadow was responsible for
more rapid sward variations. Similarly to Liira et al. [12], we
realized that changes in plant communities after regular man-
agement were slow. Species with low canopy height (rosette
species) were vulnerable to accumulation of litter on the
ground. Cutting and grazing resulted in a higher proportion
of grasses, while unmanagement favored more forbs. 

The Shannon-Wiener Index was higher in the Veiviržas
flood-meadow than in the meadow of the Minija mid-river
banks as a result of increased evenness. This conclusion
also is supported by higher numbers of the equally common
species (Table 4). 

Plant Species Distribution According to Soil
Properties

Species of meadow grasses could grow according to
their ecological properties and often they prevail not in
places whose conditions are best-suited for them [20]. First
of all, plants experience the effects of soil ecological factors,
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Table 3. Species diversity and distribution in the Veiviržas floodplain meadow. Klaipėda, 2003-04, 2006.

No. Plant species

Abundance (coverage accord-
ing to Braun-Blanquet scale)

Frequency, % Presence class

Experiment year

2003 2004 2006 2003 2004 2006 2003 2004 2006

1. Achillea millefolium L. r 2 I

2. Aegopodium podagraria L. 3 3 3 32 34 34 II II II

3. Agrostis tenuis Sibth. 3 3 3 41 43 40 III III III

4. Alchemilla acutiloba Opiz. r 7 8 1 I I I

5. Artemisia campestris L. 3 3 3 30 31 32 II II II

6. Asarum europaeum L. r r - 2 2 1 I I I

7. Calamagrostis epigeios (L.) Roth 4 4 4 42 43 40 III III III

8. Centaurea scabiosa L. r r r 1 1 2 I I I

9. Conyza canadensis (L.) Cronquist r r 1 1 I I

10. Dactylis glomerata L. 5 5 5 63 72 70 IV IV IV

11. Equisetum arvense L. + + 4 4 - I I

12. Galium rivale (Sibth. et Sm.) Griseb. 4 4 4 48 49 51 III III III

13. Glechoma hederacea L. r r r 24 22 9 II II I

14. Helichrysum arenarium (L.) Moench r r r 2 1 1 I I I

15. Knautia arvensis (L.)Coult. r r r 3 3 1 I I I

16. Leucanthemum vulgare Lam. r 1 I

17. Lychnis flos-cuculi L. 3 3 3 22 23 23 II II II

18. Lysimachia nummularia L. + + r 5 5 3 I I I

19. Medicago falcata L. r r 1 1 I I

20. Melampyrum nemorosum L. r r 2 1 I I

21. Peucedanum oreoselinum (L.) Moench 1 1 2 8 6 7 I I I

22. Pimpinella saxifraga L. 3 3 3 25 26 29 II II II

23. Poa pratensis L. 1 1 1 24 25 23 II II II

24. Polygonum persicaria L. r r r 1 1 1 I I I

25. Potentilla arenaria Borkh. r 1 I

26. Prunella vulgaris L. + + 4 2 I I

27. Ranunculus repens L. r r + 12 12 13 I I I

28. Rumex acetosella L. + - - 1 - - I

29. Silene dioica (L.) Clairv. r r r 1 1 1 I I I

30. Silene vulgaris (Moench) Garcke r r r 1 2 1 I I I

31. Solidago virgaurea L. r r r 1 1 1 I I I

32. Tanacetum vulgare L. r r r 3 3 2 I I I

33. Trifolium campestre Schreb. + 1 I

34. Trifolium medium L. + + + 4 5 6 I I I

35. Urtica dioica L. 1 1 1 27 29 31 II II II

36. Vicia cracca L. 3 3 2 43. 42 35 III III II

37. Vicia dumetorum L. r r r 1 2 1 I I I



climate, and orographic environment. Correlations between
ecological indicators and phytocenotic variability in
Molinion meadows were evaluated in Kampinoski National
Park in Poland. Unmanaged meadows were compared to
meadows in which meadow conservation management
practices were carried out [23]. In the meadow of the
Minija mid-river banks and the Veiviržas floodplain mead-
ow, having estimated the distribution of the inventoried
vascular plants in the habitats, we determined species dis-
tribution according to the demand for moisture, soil acidity,
and nutrient content. It was found that in the meadow of the
Minija mid-river banks, 57-58% of all vascular plants were
mesophyte species. Hygrophytes and xeromesophytes
made up 15-17% and 9-13%, respectively. We identified on
average 15% of plant species for which moisture is not an
influencing factor. As seen from the statistical data analysis,
the distribution of plant species in this phytocenoses
depended on moisture conditions by 59%: 

y = – 1.7174x2+21.315x–44.809; r=0.775**, α=2.092

In the Veiviržas floodplain meadow mesophyte plants
also prevailed (40-50%). However, and xeromesophytes
accounted for a much larger share (28-38%) than in the
above-discussed phytocenose, hygrophytes, xerophytes,
and plant species for whom moisture is not an influencing
factor were not abundant. It is noteworthy that in 2006 in
this phytocenose we identified 1.3 times more xeromeso-
phyte species, and a slight increase in xerophyte percentage
share compared with the previous experimental years. This
might have been influenced by the apparent shortage of
moisture during the growing season in 2006. A significant
relationship was established between plant species distribu-
tion and soil moisture: 

y = 8.4236x2–14.2936x+20.412; r =0.851*; α=2.384

Hölzel and Otte showed that the majority of floodplain
meadow resident species need simultaneously light and
high moisture for germination and establishment [24].
Research in the grasslands in the Kulawa River valley in
Poland showed that the patches growing on relatively dry,
strongly decomposed peaty soil have lost the characteristics
of damp meadows. Meadow species have declined there,
and nitrophilous species have replaced them [25]. In respect
to preferences for soil moisture, some species occurring in

fresh soils prevail [26]. The high floristic diversity of plant
communities as well as the natural value of meadows in
periodically excessively wet sites in Poland was achieved
thanks to their extensive and sustainable utilization [27]. 

Most meadow grasses can normally grow in the soils
having rather different pH indicators; however, the maxi-
mum number of species occurs only at optimal pH. Since
soil reaction ranging from 5.0 to 7.5 is suitable for most of
the grasses, their uneven distribution in the phytocenoses
can be explained by the indirect soil reaction effect and
resulting changes in other growing conditions, primarily
nutrition [20]. For the majority of plants (64-65%) in the
meadow of the Minija mid-river banks, soil acidity was a
non-influencing factor, 22-31% of plant species were attrib-
uted to a neutrophilic plant group, and acidophils and
basophils were identified in small numbers. However, in
the Veiviržas floodplain meadow neutrophils were the
prevalent group, and the number of plant species attributed
to this ecological group did not change during the experi-
mental period. A large part of plant species are attributed to
the group of plants indifferent to soil acidity. A moderately
strong correlation r=0.455** was found between the occur-
rence of plant species and soil acidity (α=1.646).

Biodiversity of meadows and sward productivity are
highly dependent on the content of mineral nutrients in the
habitat too [1, 20]. In English Environmentally Sensitive
Areas, species-rich grassland was overwhelmingly found
on soil with an available phosphorus status that is low to
very low by agricultural standards [28]. Our experimental
evidence suggests that both meadows were dominated by
plants indicating moderate soil productivity, i.e.
mesotrophs. Together with mesooligotrophs they accounted
for on average 37% of the inventoried plant species in the
meadow of the Minija mid-river banks and for 52% in the
Veiviržas flood-meadow. During the test period the number
of these plant groups slightly declined, but the number of
other plant groups increased. A strong correlation was
established between the number of plant species in the
meadow of the Minija mid-river banks and in the Veiviržas
flood-meadow and nutrient content in the soil:

y = – 12.250x+52.428; r=0.676**; α = 2.055
and

y = 3.67–0.05x1+0.04x2+0.0001x3
2; r=0.625**; α = 1.988,

respectively. 
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Table 4. The variation of the main parameters of meadow phytocenoses.

Parameters

Meadow of the Minija mid-river banks Veiviržas floodplain meadow

Experiment year

2003 2004 2006 2003 2004 2006

Total number of species 23 26 33 27 32 35

Shannon-Wiener Index H` 2.10 2.04 2.19 2.28 2.72 2.48

Evenness J` 0.74 0.69 0.70 0.75 0.88 0.76

Number of equally common species N1 4.30 4.12 4.56 5.55 6.23 7.68



In summary, we can assert that quantitative and qualita-
tive parameters of meadow phytocenoses are determined
by the species composition of the sward, meteorological
conditions, and edaphic and moisture conditions of the
habitats [8]. Herbaceous vegetation is one of the most sen-
sitive indicators of landscape changes [17, 29]. Species
especially susceptible to the anthropogenic effect become
extinct as well as those adapted to growing in the ecologi-
cal conditions of a narrow range. In the differently managed
meadows, plants adjust to the method of management.
Late-flowering weeds propagating by seed are disappearing
from cut meadows. Favorable conditions are created for
growth of all grasses and legumes that suppress the short-
growing plants. When the meadow is regularly cut, early-
maturing plant species (Rhinanthus, Ranunculus, and oth-
ers) can spread during the flowering of the main grasses, or
late, maturing in the autumn after cutting (Geranium,
Odontites, Centaurea). In grazed meadows, grasses are
often cropped, trampled, and damaged. The content of tall-
growing grasses and forbs that re-grow more poorly
declines. Better-growing are short grasses and legumes as
well as short forbs (Taraxacum, Plantago, Achilea). If the
sward is grazed too intensively, the content of these forbs
markedly increases. The obtained results are significant
from the standpoint of theoretical estimation of meadow
naturalization. Research data allow us to suggest autochtho-
nous plant species for stable grassland formation corre-
sponding to habitat diversity in protected areas. 

Conclusions

Development of meadow communities depends upon
grassland flora composition and edaphic conditions of the
habitats. In the Veiviržas floodplain meadow (no manage-
ment practices applied), richer in nutrients and of lower
acidity, the following diagnostic species forming phyto-
cenose were distinguished: Dactylis glomerata L., Galium
rivale (Sibth. et Sm.) Griseb., Agrostis tenuis Sibth.,
Calamagrostis epigeios (L.) Roth., and Vicia cracca L.
These species were characterized by high frequency and
stability in the community. However, in the soil with a
lower nutrient status and higher acidity in the meadow of
the Minija mid-river banks (management practices
applied), only minor and rare species characterized by low
frequency and stability were identified. 

During the experimental period, in the Veiviržas flood-
plain meadow there were recorded low-value by agricultur-
al standards but ecologically rather significant indicators of
community naturalness – an increase in herbaceous plant
species. No such changes were identified in the meadow of
the Minija mid-river banks. 

Mesophytes accounted for about 50% of all vascular
plant species in the communities. A significant correlation
was determined between the distribution of plant species
and soil moisture in the meadow of the Minija mid-river
banks and the Veiviržas floodplain meadows: r=0.775**
and r=0.851*, respectively. In terms of soil acidity, indif-
ferent species prevailed in the meadow of the Minija mid-

river banks, while neutrophyles indicating neutral soil pre-
vailed in the Veiviržas floodplain meadow. Representatives
from all major trophic groups were recorded in the mead-
ows tested, although in the meadow of the Minija mid-river
banks mesothrops-mesooligotrophs and indifferent species
prevailed, and in the Veiviržas floodplain meadow
mesotrophs – mesooligotrophs accounted for over 50% of
all plant species. 
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