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Abstract. Riparian habitats often represent highly disturbed sites with relaxed competitive plant integrations 

and increased resource supply, which frequently lead to promoted colonization of alien and invasive plant 

species. Unfortunately, there is a knowledge gap about the assembling mechanisms that govern vegetation 

structure and composition along disturbance gradients. This study tried to answer the question if riparian 

vegetation assembling is governed by abiotic or biotic forces, as well as whether the strength and nature of 

assembling mechanisms change along local disturbance gradients. We used species-based approach in which 

species data of sampled vegetation were compared with a null model assuming random organization. The 

resulting variance ratios were regressed on the local flooding and logging disturbance gradients. We found 

that the studied riparian vegetation is dominated by abiotic assembling rules. Their nature did not change 

along the two disturbance gradients, but their strength did. It seems that the overwhelming factor that rules the 

riparian vegetation structure and composition in the area is the periodical flooding from the nearby river. It is 

most prominent in most frequently flooded habitats, then it slowly decays towards the more distant uplands. 

Its influence is so powerful that it can overshadow other potential assembling factors, and can promote the 

establishment of native and exotic (including invasive) species. Perhaps, the biotic filter never plays a 

significant role in the assembling of this highly disturbed and dynamic vegetation. In order to stop further 

colonization and to preserve these valuable sites from degradation, additional human-induced disturbances 

should be completely restricted, and natural ones be kept in its historical range. These findings should not be 

overlooked in the prospective management activities anymore, but should be incorporated in future action 

plans. Only then, we can hope that these ecosystems could be conserved at their current state for the 

upcoming generations. 
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Introduction 

Riparian habitats often represent areas governed by disturbance and resource supply 

gradients (Dyakov and Zhelev, 2013). This often leads to relaxed plant competition 

(Huston and DeAngelis, 1994; Naeem et al., 2000) and decreased resource uptake, which 

is eventually followed by colonization of alien plant species (Belote et al., 2008; Brown 

and Peet, 2003; Davis et al., 2000, 2005; Holle and Simberloff, 2005). Eventual invasion 

can seriously deteriorate these valuable sites (Richardson et al., 2007). In order to properly 

conserve riparian habitats, it is urgent for these highly disturbed and prone to degradation 

ecosystems to be studied, and the relative importance of different assembling mechanisms 

to be well understood. 

There are three main groups of processes known to influence vegetation assembly in a 

given place (Götzenberger et al., 2012; Weiher and Keddy, 2001). Seed dispersal filter is 

the first one, governed mainly by stochastic forces, determining which species of the 

regional species pool will reach the site (Eriksson, 1992; Hubbell, 2001). Then come 

environmental (habitat) and biotic filters, acting more or less simultaneously, they 

determine which one of the arrived species will survive and establish (Keddy, 1992). 

Habitat filter sifts the arrived species based on their physiological adaptations to the local 

environmental conditions (Weiher et al., 1998). Biotic filter sifts the species based on their 
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ecological adaptations to interact with the already established ones (Wilson et al., 1996a). 

The outcome of these three groups of assembling mechanisms determines the final 

structure and composition of vegetation. However, the discussion about the relative 

contribution of each group is far from over and the topic remains essential in vegetation 

ecology (Götzenberger et al., 2012). 

Riparian vegetation is useful model system to study assembling mechanisms because 

flooding disturbance creates strong environmental gradient that causes species 

reassembling, and controls establishment and competition among interacting species. It is 

partly explicable by vegetation propagule pressure that flooding water brings in these 

habitats, as well as by flood-induced vegetation scouring and sediment deposition (Brown 

and Peet, 2003). Together with the moisture gradient, running from the riverbed to the 

upland, it generates diverse vegetation that could not be easily explained by a single 

assembling mechanism. It is almost completely unclear if dispersal, abiotic or biotic filters 

dominate community assembling, or how they interact (Fraaije et al., 2015). 

Logging tends to shift species composition and increase overall plant diversity (Belote 

et al., 2012, 2009; Dyakov and Zhelev, 2013). Vegetation resistance (lack or small shift in 

plant species composition following disturbance) is known to depend on logging intensity, 

increasing light availability, and the size of regional species pool (Belote et al., 2012), 

suggesting that the first years after logging disturbance should be most highly dominated 

by abiotic assembling processes. Then, after 5-10 (or more years), following the site 

colonization by similar or other species (including exotic and invasive plants) (Dyakov and 

Zhelev, 2013) from the regional pool, biotic assembling mechanisms should slowly take 

over and begin to dominate local vegetation structuring (Belote et al., 2012, 2009; 

Mouquet et al., 2003). 

Different methods can be used to test for assembly rules. The classical one is focused 

on species’ taxonomic identity and diversity – species-based approach. An alternative one 

uses species’ functional traits, inferring that they represent species adaptation to the 

environment – trait-based approach (Götzenberger et al., 2012). Among the species-based 

approaches there are two varieties that have been used – species co-occurrence and niche 

limitation. The first method frequently suffers from ambiguities due to not controlling for 

environmental heterogeneity (Götzenberger et al., 2012), therefore, the second one is often 

preferred. When employing it, it is better to be based on species abundances (Wilson et al., 

1996b), because abundance is highly variable in almost all plant communities and 

assembling rules may be visible only in species abundance (Weiher and Keddy, 2001; 

Wilson and Gitay, 1995). 

Since the earliest work on community assembly rules, null models were used to 

simulate random samples employing mathematical algorithm to redistribute the data of the 

original ones (Götzenberger et al., 2012; Wilson et al., 1987). For example, evidence for 

niche limitation can be achieved by comparing the observed variation in species richness 

or diversity to that of random communities (Palmer and van der Maarel, 1995). Lower than 

expected variance in species richness indicates niche limitation, though not always (Palmer 

and van der Maarel, 1995), i.e. the vegetation is structured mainly by biotic interactions. 

Higher than expected variance means that there is higher environmental heterogeneity, i.e. 

the vegetation is structured mainly by abiotic assembly rules (Götzenberger et al., 2016). 

However, there is necessity to “discount most of the effects of the environmental 

heterogeneity”, which is often accomplished through application of a patch-based null 

model (Wilson and Gitay, 1995). 
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This study’s objective was to determine if biotic or abiotic rules dominate the 

vegetation assembling, and if the nature and strength of vegetation assembling rules 

change along the disturbance gradient? If the vegetation assembling is dominated by 

abiotic rules, then 1) the observed variation of sampled vegetation will be greater than the 

null model, or 2) lesser than the null model – if it is assembled by biotic rules. If the 

vegetation assembling rules do not change along the disturbance gradient, 3) then variance 

ratio between observed versus expected species frequency and abundance should be 

constant along the disturbance gradient. It was assumed that the vegetation assembling 

rules will be dominated by abiotic processes and their strength and nature will not change 

along the disturbance gradient. 

Materials and methods 

Study site 

The study site is located in the Southeast Bulgaria, Balkan Peninsula and has the 

following coordinates: 42°13’05” – 42°11’00”N and 26°33’31” – 26°34’59”E (Fig. 1). It 

is a mixed riparian broadleaved forest growing on the right lowland river plain of Tundzha 

River. The total area is about 470 ha. It is surrounded all-around with agricultural fields. 

This forest is one of the last remaining spots of uncut semi-natural (there are several well 

established alien/invasive plant species) forests in the area. 

Soils are alluvial. Mean annual temperature of the soil at 2 cm depth is 13 °C. Climate 

is temperate. Winter is mild, followed by relatively warm spring. Summer is hot, and 

autumn is very dry. Mean annual temperature is 12 °C. Mean annual rainfall is about 

550 mm. Mean annual wind velocity is about 2.5 m/s, mainly from north and northeast 

direction. Total sunny days annually are around 90. Growing period continues for about 

seven months. 

Studied riparian forest is periodically flooded during late winter and early spring 

months. The flooding is a result of the melting snow and spring rainfall. It causes high 

river waters, which inundate extensive agricultural and forested territories downstream. In 

some years, the flooding continues for months, turning the riparian forest into swamp. 

Furthermore, during the last 20 years, different parts of the studied forest were logged 

periodically with low to moderate intensity (up to about 50% canopy reduction). 

 

Field sampling 

Sampling design was based on the gradsect approach of Austin and Heyligers (1990). 

Its advantages are: (1) relatively cheap, (2) highly effective, (3) easy to apply on the field, 

but requiring experienced workers. The sampling was done in July, 2009. Studied territory 

was crossed with several transects running from the moistest parts, near the riverbed, to the 

driest upper lands. The length of different transects was between 500 and 1100 m. Transect 

starting points were chosen on random basis. Sampling plots were set systematically along 

transects. Trying to avoid spatial autocorrelation, the minimal distance between the plots 

was at least 200 m (Fig. 1). The sampling plot is a 0.1 ha rectangle – 50 × 20 m (Fig. 2). 

Totally, 42 sample plots were set. The middle line of the rectangle is 50 m long plastic 

tape. Along the tape, at equal distances of 10 m to each other, five 1 m2 subplots – 2 × 

0.5 m rectangles were laid. The exact placement of the subplots (whether on the left or 

right side) was determined randomly. Due to shrub layer thickness in some plots, setting of 

five subplots was not possible, instead only four were set. 
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Figure 1. a. Overall map of the studied area location depicted as a red dot (above). b. Local 

map with contours of the studied territory (below left). c. Spatial distribution of the 42 sampling 

plots (below right). A = forest communities dominated by Acer campestre and Crataegus 

monogyna; B = forest communities dominated by Ulmus minor, Acer campestre and Fraxinus 

oxycarpa; C = forest communities dominated by Acer negundo and Fraxinus oxycarpa; D = 

forest communities dominated by Acer negundo (Dyakov and Zhelev, 2013) 

 

 

As an expression of vegetation abundance in each subplot, species cover was 

determined visually in percent. Exact distance to the riverbed of all plots was measured 

on a map. For all samples, years after last logging were calculated using data from 

forest authority unit. Measured data for total species number, plot cover, tree, shrub, 

perennial, biennial and annual species number were averaged between the 1 m2 

subplots. Trying to express the moisture gradient of habitats and to adapt our sampling 

design to the patch-based model (Wilson and Gitay, 1995), all 208 subplots were 

grouped into four Sample Pools (SPs) – beginning with the moistest places (SP1), 

located nearest to the riverbed, and ending with the driest ones (SP4), located 

furthermost from the river channel. Dominant plant species in the four SPs were 

determined on the basis of their mean subplot cover. 



Dyakov: Testing for assembly rules along disturbance gradients in a riparian broadleaved forest 

- 5 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(1):1-13. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1701_001013 

 2019, ALÖKI Kft., Budapest, Hungary 

 

Figure 2. Sampling plot 

 

 

Statistical analysis 

Before using them, all variables were tested for normality with Shapiro-Wilk test 

(Shapiro and Wilk, 1965). It is generally preferred method for inquiring if a variable is 

normally distributed (Zar, 2010). As assumed beforehand, they were not normally 

distributed, therefore, all sample pools were compared for statistically significant 

differences in medians with Mood test (Mood, 1954; Zar, 2010). β-diversity was 

measured as a DCA (Detrended Correspondence Analysis) (Hill and Gauch, 1980) 

gradient length in SD (Standard Deviation) units. 

 

Null model 

The test for niche limitation was done using specific randomization for the null 

model construction. Species × samples matrix was randomized using the recommended 

by Götzenberger et al. (2012) “C2” randomization. It randomizes species abundances 

within samples across all species and keeps fixed species richness and total sample 

abundance (Götzenberger et al., 2012). 

 

Variance ratios 

We have tracked variance ratio change along the two main disturbance gradients 

(moisture/flooding gradient, expressed as distance to the riverbed, and logging gradient, 

expressed as years after logging). Ratios are calculated for the frequency and abundance 

data separately as a ratio between the observed and expected (null model) variables’ 

variance (Wilson and Gitay, 1995). The two ratios were regressed on the two 

disturbance gradients and plotted for all species taken together and separated by life 

forms/guilds (Wilson, 1989). Only trend-lines with maximal R2 [coefficient of 

determination or explained variation by the fitted regression (Zar, 2010)] values were 

retained on the graphs. 

Results 

The four SPs were compared for differences in the medians for several 

environmental and vegetation variables shown in Table 1. They were dominated by 
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almost identical tree, shrub and herbaceous species. Only SP1 was dominated by a 

different tree species – Acer negundo – an invasive exotic tree introduced from North 

America. 

 
Table 1. Comparison of the four SPs by several environmental and vegetation variables 

 
Sample Pool 1 

(n=55) 

Sample Pool 2 

(n=34) 

Sample Pool 3 

(n=69) 

Sample Pool 4 

(n=50) 

Distance to riverbed (m) †8(6-23)a 81(64-142)b 342(294-439)c 655(604-705)d 

Years after logging 17(17-17)a 12(10-13)b 12(10-12)b 11(10-12)b 

Plot cover (%)/1 m2 20(11-37)a 27(19-34)a 26(18-32)a 29(20-38)a 

Species number/1 m2 4(4-5)a 8(6-9)b 7(7-8)b 9(7-12)b 

H (Shannon-Weiner 

diversity) 

0.719a 

(0.582-1.012) 

1.095b 

(0.708-1.632) 

1.215bc 

(0.797-1.561) 

1.552d 

(1.161-1.825) 

β-diversity 27.36 5.20 7.60 4.10 

E (Evenness) 
0.529ab 

(0.430-0.713) 

0.613bc 

(0.388-0.733) 

0.642c 

(0.506-0.720) 

0.730d 

(0.642-0.773) 

Tree species/1 m2 1(1-1)a 2(1-3)ab 2(1-3)b 3(3-3)b 

Shrub species/1 m2 1(1-1)a 1(1-1)a 1(0-1)a 1(0-1)a 

Perennial species/1 m2 2(1-2)a 4(3-4)b 4(3-4)b 5(2-7)b 

Annual and biennial 

species/1 m2 
0.0(0.0-0.3)a 1(0.7-1.0)b 0.8(0.5-0.8)c 0.4(0.2-0.9)abc 

Alien species/1 m2 0.0(0.0-1.0)a 0.0(0.0-0.0)b 0.0(0.0-0.0)b 0.0(0.0-0.0)b 

Alien cover/1 m2 0.0(0.0-0.6)a 0.0(0.0-0.0)b 0.0(0.0-0.0)b 0.0(0.0-0.0)b 

Dominant trees Acer negundo 

Ulmus minor 

Acer campestre 

Quercus robur 

Ulmus minor 

Acer campestre 

Fraxinus oxycarpa 

Acer campestre 

Fraxinus oxycarpa 

Ulmus minor 

Dominant shrubs Rubus canescens 
Rubus caesius 

Rubus canescens 

Ligustrum vulgare 

Rubus canescens 

Rubus canescens 

Ligustrum vulgare 

Dominant herbs 

Dactylis 

glomerata 

Myrrhoides 

nodosa 

Urtica dioica 

Chaerophyllum 

byzantinum 

Chaerophyllum 

temulentum 

Urtica dioica 

Dactylis glomerata 

Urtica dioica 

Chaerophyllum 

temulentum 

Chaerophyllum 

temulentum 

Festuca gigantea 

Dactylis glomerata 

†Medians (1st-3rd quartile) are shown. Medians in the rows with distinct letters are significantly 

different at P ≤ 0.05 (Mood test) 

 

 

The four SPs showed significant differences in the distance-to-the-riverbed variable, 

the annual and biennial species number per 1 m2, as well as in diversity and evenness, 

especially between SP1 and SP3/SP4. SP1 was also significantly different from the 

other three pools in perennial species number per 1 m2. However, the change in species 

diversity and evenness seemed to happen gradually because the intermediate SPs (SP2 

and SP3) showed no significant difference between each other. There were no other 

significant differences among the last three pools in any other variable. However, 

another variable that attracts attention is β-diversity length, which is extremely high in 

the most disturbed SP1. Finally, it should be noticed that SP1 also has significantly 

higher alien number and cover per 1 m2 compared to the rest three SPs. 
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Flooding gradient 

Regression of frequency and abundance variance ratios on flooding gradient is 

shown in Figure 3. 

 

 

 

Figure 3. Variance ratio of observed versus expected species frequency and abundance 

regressed on the distance-to-the-riverbed variable. Only trend-lines with maximal R2 were kept. 

The horizontal unbroken line shows the null model value of variance ratio = 1.0. The only case 

where the ratio was below 1.0 (0.89) is encircled with red circle. The SPs are arranged as in 

Table 1. * P < 0.05; ** P < 0.01; *** P < 0.001; ns = not significant 

 

 

The prevailing function that best explained ratio variation was logarithmic. In all 

cases but one, variance ratios were much greater than 1.0, indicating excessive variance 

among the observed data. Only for abundance data of annuals and biennials in SP1 we 

have found variance deficit. Yet, it was statistically not significant (Fig. 3). Shrub and 

perennial species, as well as all species taken together, showed greater variance ratios in 

the closest to the river habitats (SP1 and SP2), which are also most disturbed. Then, 

variance ratios gradually declined with the increasing aridity and stability of the 

environment. Trees, annuals and biennials showed similar trends with maximal ratios in 

the moderately moist/disturbed habitats, especially for the frequency ratios data. 

 

Logging gradient 

The relationship between variance ratios and logging gradient is shown in Figure 4. 

Note that data points do not correspond to SPs as they were arranged in Figure 3. 

Shrubs, perennials, and all species taken together, showed similar trends for both 

variance ratios. There is steep increase of ratios with the increasing time after the 

logging event. The annuals and biennials showed the opposite trend. Trees fall in 

between, showing hump-shaped trend, especially for the frequency data. However, the 

overall trend was determined by the perennial life form, likewise in the previous figure 

too. 
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Figure 4. Variance ratio of observed versus expected species frequency and abundance 

regressed on the years-after-logging variable. Only trend lines with maximal R2 were kept. The 

horizontal unbroken line shows the null model value of variance ratio = 1.0. The only case 

where the ratio was below 1.0 (0.89) is encircled with red circle. The SPs are not arranged as 

in Figure 1 and Table 1 (see Table 1 for more details). * P < 0.05; ** P < 0.01; *** P < 0.001; 

ns = not significant 

Discussion 

This study has found that studied riparian vegetation is dominated by abiotic 

assembly rules. The nature of assembly rules did not change along the two disturbance 

gradients, but only their strength did. In other words, our results supported the first of 

the two alternative hypotheses, i.e. that observed variation of sampled vegetation will be 

greater, compared to the null model. The third tested hypothesis was partly supported 

too, i.e. that variance ratio of observed versus expected species frequency and 

abundance will not change along the disturbance gradients. 

There is considerable knowledge gap about how disturbance affects assembly rules. 

It has been suggested, however, that niche-based assembly rules should be weaker in 

most disturbed communities (Weiher and Keddy, 2001). 

 

Flooding gradient 

This study used a flooding-distance disturbance gradient that runs from the most 

closely located to the riverbed habitats towards the most distantly located ones, 

assuming that the former will be most heavily influenced by it (most disturbed), and the 

later most lightly influenced (least disturbed). Also, trying to overcome habitat 

heterogeneity, using Wilson and Gitay (1995) patch-based model, all vegetation 

samples were divided into four sample pools. We found that the most closely located to 

the riverbed SP1 differs significantly from the other SPs in most vegetation 

characteristics. For example, species number/1 m2, Shannon diversity, perennial species 

number/1 m2, and, finally, alien species number and cover/1 m2 distinguish it from the 

other SPs. However, the more stable habitats had greater native species richness and 

evenness in contradiction to Cash et al. (2012) (ski-run disturbance). They also had 

lower β-diversity in agreement with Myers et al. (2015) (fire disturbance). The opposite 
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trend has been documented for the alien species richness, showing highest values in 

most disturbed places. Aliens like Acer negundo and Amorpha fruticosa, for example, 

dominated the most frequently disturbed communities, located closely to the river 

channel. Similar trends, in one aspect, have also been found by Brown and Peet (2003), 

who reported that riparian habitats were richer on native and exotic species compared to 

upland areas. They tried to explain this trend with the flooding frequency. In a similar 

conditions to ours, it was also found (Biswas and Mallik, 2010; Fraaije et al., 2015) that 

species diversity was maximal at the middle parts of the flooding gradient, sharply 

decreasing towards the moistest and driest ends. Fraaije et al. (2015) explained this 

trend with the environmental filter, but also stressed that seed dispersal filter was able to 

overshadow the environmental filter along the flooding gradient. They suggested that 

the assembling force of seed dispersal should not be overlooked, especially when 

studying such highly dynamic communities like riparian vegetation. 

Although, in our study, environmental filter dominated along the flooding gradient, 

its structuring force was greater at the most disturbed sites. Not all functional groups, 

however, conformed to this trend. For example, the trees and annuals/biennials showed 

almost entirely nonsignificant variance ratios along the flooding gradient in 

contradiction to Biswas and Mallik (2010). Hence, observed trend cannot be explained 

by a single assembling mechanism. Described vegetation composition is probably 

influenced of several assembling mechanisms (Myers et al., 2015). Predominating role 

of flooding water is obvious. It not only disturbs the riparian vegetation by its scouring 

effect (Brown and Peet, 2003; Ward, 1998), but also brings great quantities of 

sediments (Davis et al., 2000; Tabacchi et al., 1998), as well as numerous propagules 

(Fraaije et al., 2015; Holle and Simberloff, 2005) from the upstream riverine habitats, 

including many exotic and invasive species’ seeds (Dyakov and Zhelev, 2013; 

Richardson et al., 2007; Stohlgren et al., 1998). Extremely high measures of β-diversity 

in the most disturbed sites probably reflect the compressed habitat breadths (Myers et 

al., 2015) of many species due to flooding disturbance, hence relaxing biotic filter and 

enforcing the role of environmental and seed dispersal filters. The outcome is a highly 

complex system of variously disturbed sites, with different amounts of available soil 

resources, and varying degrees of native and exotic species colonization. 

 

Logging gradient 

Human-induced disturbance gradient that has been used in the current study is the 

time-logging gradient. We assumed that the disturbance effect is going to be most 

severe shortly after logging and will slowly decline with passage of time (Belote et al., 

2012). Hence, we expected that the variance ratio of recently logged communities will 

be much greater than that of earlier-logged ones. However, we did not sample along a 

real time-logging gradient, but instead we sampled chronosequences, where space 

replaces time (Christensen and Peet, 1984; Foster and Tilman, 2000), or, with other 

words, sites with different age since logging were sampled. 

What we have found was the opposite of what we expected, i.e. variance ratios 

increased with passing time since logging, meaning that not only shortly after the 

logging vegetation assembly was governed by abiotic rules, but also – many (in our case 

17) years afterwards. However, there were deviations from this trend. For example, the 

trees showed maximal ratios 14 years after logging, and the guild of annuals/biennials 

showed opposite trend – decreasing variance ratios with increasing age since logging. 

Nevertheless, perennial species had overwhelming role in the general relationship form. 
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Although using different approaches, there are previous studies investigating the 

subject of logging effect on vegetation composition (Belote et al., 2008, 2012, 2009; 

McDonald et al., 2008; Reiners, 1992). For example, Belote et al. (2012) have found 

that species diversity decreased after 10 years post-logging at their subplot level, which 

is equal to our sampling unit of 1 m2, and well agrees with our results for the time 

interval between 11-th and 20-th year after logging. However, they also found that 

community resistance – “the ability of a community to maintain compositional 

integrity” – declined with increasing timber-harvesting disturbance, which was assumed 

to be minimal shortly after the logging event, and to increase afterwards. High 

community resistance could be viewed as analogous to low-variance ratio vegetation, 

which is governed by biotic assembly rules (for instance, competition). In that case, 

Belote et al. (2012) findings directly contradict what we have found – generally, 

increasing variance ratio in the post-logging years. 

In another study, Belote et al. (2008) investigated diversity-invasibility relationship 

of Appalachian oak-dominated forests. They found a positive relationship between 

native and nonnative species across all scales of observation and levels of disturbance, 

and positive correlation of post-disturbance native and nonnative richness with 

disturbance intensity. Again, the first part of these finding agrees with our results that 

communities shortly after disturbance tend to be richer on native species. However, in 

our case, the least logged communities showed most nonnative richness. A possible 

explanation could be that the least logged vegetation in our study was located closest to 

the riverbed, hence, it was also most heavily invaded by alien species. Perhaps, it is due 

to the propagule pressure (brought by the flooding water), which is most intensive at the 

closest-to-riverbed habitats (Brown and Peet, 2003), and known to be able to overcome 

the stressful abiotic conditions (Holle and Simberloff, 2005). It seems that the flooding 

gradient with its effect is capable to overshadow the other disturbing forces. Another 

explanation can be sought in a contingent imperfection of riparian vegetation’s logging 

history record, coupled with the drawbacks (Bakker et al., 1996) of chronosequence 

approach that we used. Still, another explanation could be invoked from other 

unaccounted disturbance sources, such as wild boar (Sus scrofa) digging activities 

(which are profound across the area). They were most intensive in the moistest habitats 

(author pers. observations), bringing additional extensive soil disturbances, and thus, 

easing exotic species colonization. 

Conclusion 

In summary, we have found that the assembling of riparian broadleaved forest under 

study is governed entirely by abiotic rules. These assembling forces do not change their 

nature along the local disturbing gradients, but do change only their strength. It seems 

that the overwhelming factor that rules the riparian vegetation structure and composition 

is the periodical flooding from nearby river. It is most prominent in most frequently 

flooded habitats, then slowly decays towards the more distant uplands. Its influence is 

so powerful that it can overshadow other potential assembling factors, and promote 

establishment of native and exotic (including invasive) species in the area. Perhaps, 

biotic filter never plays a significant role in the assembling of this highly disturbed and 

dynamic vegetation. In order of ceasing further colonization and preserving these 

valuable sites from degradation, additional human-induced disturbances should be 

completely restricted, and the natural ones kept in its historical range. These findings 
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should not be overlooked in the prospective management activities anymore, but 

incorporated in future management plans. Only then, we can hope that these ecosystems 

could be conserved at their current state for the upcoming generations. 
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