
Species composition and enviromental changes in forest 
plant communities in the Spačva basin (E Croatia) 

Material and Methods
 The vegetation of the study area was described by Rauš (1972). 41 

of this old vegetation relevés were chosen for analysis. They belong to the 
following vegetation types: Carpino-Quercetum, Leucojo-Fraxinetum, 
Genisto-Quercetum subass. aceretosum tatarici and subass. caricetosum 
remotae. In 2008 57 new relevés were made in the period from May to 
August, using the standard Braun-Blanquet method.

 Because the exact position of old relevés is unknown, the position of 
new relevés is localised approximately within forest sub-compartments, 
using preferential sampling design (Dengler et al. 2008). The area of new 
relevés was the same as that of the old relevés (400 m2). Cover percentage 
of vegetation layers was estimated subjectively as in Rauš´s relevés.  
Data on the age of stands were taken from forest management plans. The 
nomenclature of plant species follows the Flora Croatica Database (Nikolić 
2015).

Figure 1. Map of the study area.

Table I. Differences in species composition of individual associations. Values 
represent frequencies of species in percentage. Values of Φ coefficient in a par-
ticular column which are higher than 30 are printed in bold.

Table III. Mann-Whitney test of differences between old and new relevés. Significant results are printed in 
bold.

Figure 2. Indirect ordination analyses (DCA) of all relevés. Odd numbers indicate old relevés 
and even numbers new relevés. Arrows indicate differences between old and new relevés.
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Analysis type Relevés included Vegetation layer 
included 

Eigenvalues of the 
first ord. axis (%) F p 

CCA All 

All 12,7 2,96 0,000** 
Tree 6,4 3,88 0,002** 
Shrub 7,6 3,13 0,000** 
Herb 17,6 2,94 0,000** 

  RDA Carpino-Quercetum 

All 7,0 2,81 0,001** 
Tree 7,2 2,82 0,028* 
Shrub 5,7 2,23 0,006** 
Herb 7,7 3,12 0,001** 

RDA Genisto-Quercetum 
aceretosum tatarici 

All 8,4 2,38 0,000** 
Tree 8,1 2,17 0,059 
Shrub 7,5 2,22 0,005** 
Herb 9,5 2,61 0,001** 

RDA Genisto-Quercetum 
caricetosum remotae 

All 8,6 1,73 0,015* 
Tree 10,1 2,16 0,070 
Shrub 10,8 2,25 0,019* 
Herb 7,0 1,39 0,094 

RDA Leucojo-Fraxinetum 

All 14,3 3,48 0,000** 
Tree 3,8 0,88 0,487 
Shrub 8,2 1,89 0,057 
Herb 14,3 3,48 0,000** 
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Introduction
 Floodplain forests are very dynamic and complex ecosystems, with high 
biological diversity and high productivity. Their existence and development 
strongly depend on regular seasonal alternations of groundwater tables and 
periodic flooding, which provides sufficient availability of soil water.
 These forest ecosystems have very important ecological functions, such 
as providing habitats for many species, water retention in case of floods, water 
source for communal use etc. The importance of floodplain forests for human 
society has changed considerably through history. Because of deforestation 
and hydro-technical activities, 90 % of their original area in Europe has 
disappeared. Habitat conditions, such as the presence and duration of flooding, 
groundwater table, soil moisture etc. have been significantly changed in the 
remains of old floodplain forests. Today, they are considered to be one of 
Europe’s most threatened habitats.

 The forests in the Spačva Basin are a complex of lowland forests in the 
region of Slavonia (Eastern Croatia) (Figure 1.). Throughout history, these 
forests have undergone very dynamic changes. First large area cut down due the 
demand for high quality wood in the 19th century which increased the flooding 
frequency and duration causing the decrease in mesophilic species (Fagus 
sylvatica, Carpinus betulus, Acer campestre, Tilia spp.). Later the livestock 
impact. Furthermore, at the beginning of the 20th century, extensive hydro-
technical activities, aimed at the reduction of flooded areas. Lately, the effect 
of climate change evident through the occurrence of severe drought episodes. 
Consequently, hydrologic conditions have become more unfavorable for the 
existence of lowland forests consisting of many species, which in this area 
depends on additional water supplies from shallow groundwater tables.
 The aim of this study was to consider (1) the extent of the changes in 
species composition and (2) the extent of environmental changes (based on 
indirect estimation by Ellenberg indicator values) in forest communities of the 
Spačva Basin in relation to the former researches conducted by Rauš (1972).

Data analysis
Changes in the floral composition between the old and the new relevés 

were analyzed by JUICE 7.0. For that purpose, the percentage of species in 
relevés, according to vegetation type, vegetation layer and year, was then 
calculated. Their diagnostic significance was tested using the φ-coefficient 
as the fidelity measure (Chytry et al. 2002).

When establishing the significance of changes in the floral composition 
between the old and new relevés, direct gradient analysis was applied 
by CANOCO 4.5. Indirect gradient analysis (DCA) of all relevés was 
conducted by R program using Vegan. For description of the ecological 
conditions, Ellenberg indicator values (EIV) were used. Indicator values 
for relevés were computed as a mean of indicator values for species present 
in relevés. To test differences between old and new relevés in EIV, number 
of species and the coverage of vegetation layers, the non-parametric 
Mann-Whitney test was applied. A change in cover of a particular tree or 
shrub species between old and new relevés was analyzed using the non-
parametric Mann-Whitney test. The original Braun-Blanquet (1964) cover 
scale was converted to an ordinal van der Maarel scale (1979). All these 
analyses were made using the program package STATISTICA 7.1.

old new old new old new old new

Community

No. of relevés 15 21 10 15 9 9 7 12
 
A 
Quercus robur 100 100 100 100 100 100 43 42

Fraxinus angustifolia 60 76 80 100 89 100 100 100
Carpinus betulus 100 100 60 73 . 11 . 25
Acer campestre    67 51 60 27 . 11 . 8
Pyrus communis    13 5 60 33 11 22 . 8
Acer tataricum . 5 30 20 . 33 14 .
Ulmus laevis     . . . . 67 67 71 83
Ulmus minor . 5 60 47 33 11 . 17
Tilia cordata     47 29 . . . . . .
Tilia tomentosa   40 33 . . . . . .
     
B  
Rubus caesius  47 76 100 100 100 100 57 92
Acer campestre    93 95 90 67 22 44 14 25
Crataegus monogyna 73 90 100 100 78 67 43 42
Acer tataricum    7 38 100 93 67 78 57 50
Fraxinus angustifolia 20 67 80 87 78 78 29 92
Crataegus laevigata 73 100 100 100 78 89 25 42
Ulmus minor 33 81 80 87 67 67 29 67
Quercus robur     60 71 50 53 89 67 . 58
Cornus sanguinea  20 67 100 100 33 78 . 33
Prunus spinosa     7 19 70 7 22 22 . 25
Carpinus betulus 80 100 50 93 . 56 . 33
Euonymus europaeus 80 81 80 27 11 . . 17
Rhamnus cathartica 27 . 60 . 33 11 29 8
Ulmus laevis . . . 27 22 44 43 58
Genista tinctoria . . 40 7 89 . 29 8
Prunus avium 7 19 50 7 . . . .
Ligustrum vulgare   . 14 80 20 . . . .
Rubus fruticosus  .      24  .      27 . .  .      17
Corylus avellana    . 5 30 . . . . .
Tilia tomentosa     . 57 . . . 44 . .

C 
Rumex sanguineus 33 71 60 33 56 56 57 33
Carex remota 33 95 20 93 100 89 71 58
Urtica dioica  7 67 10 73 33 78 29 42
Prunella vulgaris 20 10 50 7 56 . 86 8
Lycopus europaeus  .       5 50 13 67 67 71 42
Circaea lutetiana 80 100 90 100 44 44  .      33
Hedera helix   67 90 30 20 44 44  .      33
Geum urbanum    40 81 90 67 33 11  .      25
Glechoma hederacea 27 43 50 93 67 89  .      58
Ranunculus repens  .       5 30 20 78 78  .      67
Juncus effusus   .       5 30 . 44 11 29 17
Aristolochia clematitis  .       5  .      40 44 33 14 8
Cardamine pratensis  .      10  .      20 33 56 57 58
Carex sylvatica 80 100 40 60  .      33  .      33
Ajuga reptans   73 71 80 27 22 . . 8
Athyrium filix-femina 7 57 20 53 . 11 . 8
Mentha aquatica . . 20 20 89 78 100 75
Lysimachia vulgaris . . 40 20 89 44 43 75
Lychnis flos-cuculi  .       5 20 . 11 33         8
Galium aparine  .      71 20 40  .      56  .      17
Galium palustre . .  .      53 89 33 86 33
Bidens tripartita . .  .      20 56 11 57 58
Ranunculus ficaria 93 10 30 . . . 57 .
Galium uliginosum  .      10  .       7  .      56  .      58
Erigeron annuus  .      10  .      27  .      33  .      17
Carex divulsa     .      33  .      40  .      22  .      17
Galium odoratum 27 71 . .  .      11  .      25
Myosotis scorpioides . . 20 . 22 67 . 67
Leucojum aestivum . .  .      20 33 67  .      42
Caltha palustris . . . . 56 56 71 42
Primula vulgaris 40 10 70 . . . . .
Sanicula europaea  .      38 30 .  .      11 . .
Dryopteris filix-mas  .      38 40 13 . . . .
Carex vulpina   . . . . 22 . 14 25
Carex vesicaria . . . . 67 . 12 8
Carex strigosa  . . 10 . 44 . 43 .
Anemone ranunculoides  73 5 . . . . . .
Epipactis helleborine 47 . 10 . . . . .
Neottia nidus-avis 20 . 20 . . . . .
Anemone nemorosa 100 10 . . . . . .
Veronica scutellata . . 20 . . . 57 .
Valeriana officinalis . . 30 . 11 . . .
Potentilla reptans . . 10 . . . 86 .
Mentha arvensis . . . . 33 . 14 .
Alliaria petiolata . 33 20 . . . . .
Poa palustris  . . . . . . 100 .

Carpino-Quercetum Genisto-Quercetum 
aceretosum tatarici

Genisto-Quercetum 
caricetosum remotae

Leucojo-Fraxinetum
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Analysed variables Carpino-Quercetum Genisto-Quercetum 
aceretosum tatarici 

Genisto-Quercetum 
caricetosum remotae 

Leucojo-
Fraxinetum   

U p U p U p U p 
EIV Light 84,0 0,018* 20,0 0,002** 29,0 0,211 39,0 0,267 
EIV Temperature 154,0 0,924 57,0 0,338 25,0 0,113 56,0 1,000 
EIV Continentality 136,0 0,505 64,0 0,567 34,0 0,400 48,5 0,616 
EIV Moisture 68,5 0,003** 43,0 0,051 23,0 0,047* 13,0 0,002** 
EIV Reaction 88,5 0,026* 2,0 0,000** 33,0 0,356 11,0 0,001** 
EIV Nutrient 128,0 0,357 74,0 0,978 42,0 0,842 37,0 0,212 
No. of species 99,5 0,050 47,5 0,129 44,0 0,968 44,0 0,441 
Cover of tree layer 105,5 0,096 65,5 0,605 5,0 0,000** 49,5 0,664 
Cover of shrub layer 8,5 0,000** 0,0 0,000** 0,0 0,000** 3,0 0,000** 
Cover of herb layer 87,5 0,023* 44,0 0,091 20,0 0,044* 26,5 0,042* 

* p<0,05; **p<0,01 
 
 

  

Results and Discussion
Based on floral composition analysis, it is evident that the 

studied forest plant communities have changed over the whole 
area that was studied. All the vegetation types are clearly becoming 
floristically more similar (Figure 2).

Greater floristic similarity is also evident from the fact 
that 16 species were common to all vegetation types in research 
conducted by Rauš (1972), while now it is 37 species. Based on 
all these factors, it is clear that the succession of all vegetation 
types goes towards the Carpino-Quercetum, as already noted 
by Rauš (1990) based on data of forest management plans. The 
absence of flooding and lowering groundwater tables evens out 
the habitat conditions, and small differences in altitude no longer 
have a decisive influence on species distribution. This therefore 
results in loss of the mosaic community pattern characteristic of 
lowland alluvial forests. 

The cover of the tree layer significantly decreased in 
Genisto-Quercetum caricetosum remotae. In other communities, 
the cover increased but not statistically significantly. The cover 
of the shrub layer increased significantly in all studied plant 
communities. The cover of the herb layer significantly increased 
in Carpino-Quercetum, Genisto-Quercetum caricetosum remotae 
and Leucoio-Fraxinetum. The cover of the herb layer in Genisto-
Quercetum aceretosum tatarici decreased but not significantly 
(Table III).

The appearance of invasive species such as Erigeron annuus 
and Amorpha fruticosa (Table I) indicates disturbance. Especially 
important is the large presence of Amorpha fruticosa in Leucojo-
Fraxinetum (58 % of the relevés), which, under conditions of 
a stronger light influx into the stand, can become dangerous 
transformer species, preventing the restoration of natural stands

Significant changes in species composition of the analyzed 
communities (Table II) and changes in frequency and cover 
of particular species (Table I, Figure 2) can indicate a shift of 
environmental conditions. 

Based on analysis of indicator values, changes in stand 
moisture seem to be the most important factor observed in the 
research area. In all the studied communities there was decrease 
in average EIV for moisture (Table III).

A series of factors (lack of flooding, decline in the groundwater level, global 
climate change) in the studied area have led to a reduced moisture gradient at the 
micro level, which is crucial in the lowland area for the occurrence of various plant 
communities. Consequently, in the last 60-70 years (since the end of hydromeliorative 
works) there has been a succession of humid associations towards drier, which 
has gradually led to a reduction in the number of plant communities and growing 
similarities among them (Figure 2). The most widespread community in this area 
is thus Carpino-Quercetum. It is totally opposite to the situation before major 
hydromeliorative works, when Genisto-Quercetum was widespread in the area and 
Carpino-Quercetum grew on a small area on the highest terrain (Horvat 1938).  
The largest decrease in stand moisture was observed in Leucojo-Fraxinetum (Table 
III).

Table II. Results of direct ordination analyses of communities floristic composition changes. 
Environmental variable is year of measurement, covariable is stand age. 


