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Abstract. Despite the large-scale human presence in cities, valuable natural habitat fragments survived,
displaying outstanding biodiversity. In and around Budapest (Hungary), species-rich sandy grassland
vegetation has shrunk drastically and has remained only in small patches and fragments. The presence of
invasive plants is a serious problem in all protected sites of Budapest because they endanger the flora and
fauna of the isolated habitats. At the Ujpest Homoktdvis Nature Conservation Area, conservation
interventions have been taking place since 2006 to preserve the grassland fragments in the long term. We
followed the effects of this management by surveying coenological relevés in ten permanent quadrats of 1
x 1 m each in seven sample sites in 2012 and 2013. We evaluated the coenological records according to
the relative ecological indicators (water and nitrogen) of the species. Detrended correspondence analysis
(DCA) was also used for data analysis. Changes of the vegetation could be clearly observed during a 7-
year-long period, because the species of the sandy grassland have become dominant and this was
favourable regarding the aims of the nature conservation. In the stands where management had been
carried out for 7 years, a natural or nearly natural vegetation developed, and invasive species and weeds
disappeared.

Keywords: habitat reconstruction, grassland restoration, nature conservation management, sandy
grasslands, invasive plant species, habitat in urban environment, Ujpest Homoktovis Természetvédelmi
Teriilet
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Introduction

Geographically, the area of Budapest lies in a varied area, where different types of
habitat can be found within relatively small distances (Pécsi, 1958, 1959). Due to its
diversity, the area of the city has been populated for a long time, however, from
administrative aspects, Budapest — as the result of the unification of three individual
towns - can look back only to 140 years of history. From the XVII. century a growing
number of studies appeared that aimed to discover wildlife (Bajor, 2009), and reached
the same conclusion: thanks to its geographical features, the original wildlife of the
present capital is unique and rich in species. In order to implement adequate nature
conservation management today, it is essential to know the structure and changes of the
original flora and fauna, based on former surveys.

In the first half of the XVIII. century only the hydrography of the Danube was
studied (Marsigli, 1726). Afterwards, a prosperity of floristic studies could be observed;
its first pioneers were the employees of the Botanical Gardens (Winterl, 1788). Apart
from the present area of Budapest, the role of the surrounding areas became more
remarkable and a plant identification handbook (Sadler, 1818, 1826, 1840) was prepared
based on the studies in the area. Professional publications originally written in Latin
were also published or updated in Hungarian (Gonczy, 1864). Parallel to the increasing
dominance of Linnaeus’ approach, the collective examination of species and their
environment started to separate in surveys in Budapest (Bajor, 2011). Later a
publication emphasized the unique character of the flora of the landscape (Borbas,
1872). However, an increasing number of scientists have drawn attention to the
contraction and degradation of the natural wildlife in the area of Budapest since the
early 1990s (Pénzes, 1942; Pénzes and Csizy, 1956; Pécsi, 1958, 1959). By the end of
the 20th century, studies of the remaining local fragments has become characteristic
because large, coherent areas practically had been abolished by then (Rakonczay, 1992;
Simon, 1994; Tardy, 1996; Seregélyes et al., 1996-1997; Pintér 2008).

Research on invasive plants also started in the beginning of 2000s. The presence of
invasive plants is a serious problem in all protected sites of Budapest because they
endanger the flora and fauna of the isolated habitats (Bajor, 2011). The most dangerous
of these species are Robinia pseudoacacia, Ailantus altissima, Acer negundo, Eleagnus
angustifolia, Solidago canadensis and Asclepias syriaca, and their spread is becoming
more intense not only in Budapest but also nationwide. Based on surveys, the extent of
the area infested by invasive plants exceeds 1 million hectares in Hungary. Due to their
uncontrolled diffusion, the costs of their suppression are increasing from year to year
(Mihdly and Botta-Dukat, 2004; Udvardy, 1998, 2008a, 2008b). Therefore, the
importance of the habitat reconstruction activities is increasing, which usually aim at
preserving the isolated but still remaining habitat fragments and, also at reducing the
isolation and increasing the extent of grassland patches, if possible (Critchley et al.,
2003). These aims can often be reached by habitat restoration, the main objective of
which is to restore the original, initial state of the habitat, regarding the present
possibilities (Clewell, 2000).

The Ujpest Homoktovis Nature Conservation Area (“Természetvédelmi Teriilet”,
hereafter Ujpest Homoktovis TT) represents one of the last fragments of the former rich
sandy grassland vegetation that has shrunk drastically in the last centuries and was thus
selected as our study site. Although Raymund Rapaics carried out the first coenological
relevés in the area, the actual surveys became regular only after the first half of the
1970s, as the result of the activity of Tibor Simon and his colleagues (Seregélyes et al.,
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1996-1997). They recognized the outstanding importance of this area, which resulted in
the area being declared a nature conservation area in 1974. However, the first studies
revealed that the most valuable parts were left out from the reserve and the protection
was extended in 1999. Although this area was a closed military area, the degradation
and fragmentation of the sandy grassland vegetation had already become significant and
was further enhanced by the construction of the Budapest Waterworks by 1999
(Seregelyes et al., 1996-1997). Since then the advance of non-native, mainly woody,
species has been observed. These detrimental processes warranted conservation actions,
which targeted the restoration of the site. The general aim of this study was to follow the
effects of habitat restoration. More specifically, we asked the following questions:
1. How do the restoration activities affect the species number, diversity and
species composition of the vegetation?
2. How did the amount of dominant species change during the examined interval
(7 years)?
3. How did the vegetation change from 2012 to 2013 in the same quadrats?

Material and methods
Study site

The study area lies on the Pest plain near the left bank of the Danube (Dovényi, 2010). The
study area is found within the boundaries of Budapest in the northern part of the Ujpest
district, and represents a unique natural value of the capital (Verseczki et al., 2007).

The bedrock is decisively river sand brought by the Danube, and also contains
calcium, magnesium and bicarbonate. The grain size of the sand, which played an
important role in the emergence of the area, varies between 0.02 and 2 mm (Stefanovits
et al., 1999; Poller, 2012). A small amount (<1%) of organic material is also present in
the sandy habitats, however, its volume increased strongly in the edge zone of the sandy
grass remains due to the invasive woody plants.

The Ujpest Homoktdvis TT was first proposed for protection in the 1950s, but was
finally designated in 1974 (Pécsi, 1959; Seregélyes et al., 1996-1997). The protection
originally covered 5.7 ha, and it was extended to 24 ha in 1999 and to 40 ha in 2013.
Currently the occurrence of 22 protected and specially protected plants is known here. The
area was named after the sea buckthorn (Hippophae rhamnoides), because it is the only
registered wild occurrence of this species in Hungary, although some researchers debate this
(Papp, 1982; Babulka and Turcsanyi, 1987; Farkas, 1998; Lang, 2002; Szalay, 2010). From
invasive species, Robinia pseudoacacia, Pinus nigra, Eleagnus angustifolia and Acer
negundo cover the largest area in the nature reserve (Seregélyes et al., 1996-1997).

Conservation management

In order to preserve the grassland fragments in the long term, conservation
interventions have been taking place in the habitat of Hippophae rhamnoides since
2006. We have performed this activity with official permission and with the help of
volunteers from the Budapest Group of the Hungarian Ornithological and Nature
Conservation Society and students from several educational institutions (1200
volunteers so far).

We carried out habitat management strictly after the growing season on 28 occasions
between 2006 and 2013.
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Management included the mechanical beating down of sprouts of invasive species,
and chemical parching of their stems. Management actions were planned systematically,
and we managed to clear invasive plants in an area of ¢. 5 ha in the last seven years. As
a result, c. 40% of the treated area regenerated and became sand grassland again. In the
first period this value was only about half of the current rate, i.e. only 20% of the habitat
was free of woody invasive plants.

Data collection

Reflecting the sites of the yearly treatments between 2006 and 2013, we divided the
area into seven sample areas. After the first treatment, maintenance activities took place
in every sample area for the following four years, and in addition, eradication and
mowing was performed, if necessary.

Accordingly, we studied different phases of sandy grasslands in the following seven
sample areas: I: no treatment, the area has been a natural grassland for more than 20
years, II: treated (invasive woody species cleared) in 2006, III: treated in 2007, IV:
treated in 2008, V: treated in 2009, VI: treated in 2010 (it emerged after the shrub
eradication, that this area was filled with debris and on this surface shrubs and trees
began to grow), VII: treated in 2011.

We designated coenological relevés in ten permanent quadrats of 1 x 1 m in each
sample area, and recorded cover values of all vascular plant species in percentages. We
defined the bottom left corners of the quadrats by GPS coordinates. Sampling was
carried out in 2012 and 2013. For plant species nomenclature, we used Kiraly (2009),
and for plant communities, we followed Borhidi et al. (2012).

Data analysis

We evaluated the coenological records according to the relative ecological indicators
(here we used water and nitrogen demand) of the vascular plant species (Borhidi, 1995)
based on the database ,,Flora” (Horvath et al., 1995). We calculated the Shannon
diversity index for all 70 quadrats, covering both sampling dates. We calculated with the
species whose estimated cover exceeded 8% as per the averaged quadrats as dominant.

In order to present the similarities and differences between the areas, we used a
cluster analysis based on the Bray-Curtis matrix of dissimilarity, and an ordination
(Pavla et al.,, 2011). Hierarchical clustering with complete linkage methods were
computed for dendrograms in which each element classify of its own. Each clusters
combined sequentially into larger clusters until these elements are in the same clusters.
Always the shortest distances are combined. Detrended correspondence analysis (DCA)
was used for data analysis.

We combined the data of each species recorded in the quadrats, and if one species was
found simultaneously in several various areas during one year, we considered the highest
cover value for DCA analysis. We used this method of simplification instead of the
averaging method, because using the averaging method, the determinant dissimilarities and
the higher average cover values of the portions of areas might have disappeared. Further,
this method was the best one to conform with our sampling method. After elimination of
outliers two main axes represented with this multivariate technique: observed species and
divergent areas taken into investigation. DCA is superior in nonmetric multidimensional
scaling hence its an improved reciprocal averaging technique. DCA limitations are related
with extreme outliers so the best to remove them before analysis.
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We conducted all analyses using the program R 3.02. (R Development Core Team 2015).

Results
Vegetation of the areas

The number of species decreased significantly from 2012 to 2013 in areas 1-5 (Mann-
Whitney test, p<0.05). The smallest decrease was in area I. There was no clear tendency in
species numbers among areas when years were considered separately (7able 1).

Table 1. Average species number (£ SD) in the study areas

I 0 1] v \ Vi VI
2012 9+3 152 | 11£2 | 13x3 | 163 | 13+x4 | 12+3
2013 6+2 8+2 8+2 9+3 10£3 | 12+4 | 14+4

However, species compositions changed in various directions between years and among
areas. In areas I and II, species composition was nearly identical in every relevé, and the
common dominant species were Festuca vaginata, Stipa borysthenica and Peucedanum
arenarium. While Fumana procumbens was dominating in site I, its cover values decreased
in site II. In site II, cover values of Festuca pseudovaginata increased similarly to Festuca
vaginata, which is a characteristic and dominant species for sandy grasslands.

The dominance relationships of the two Festuca species changed among areas
because Festuca pseudovaginata had relatively high cover values in site Il and V, while
Festuca vaginata was dominant in site [ and II1. Stipa borysthenica occurred in sites I-
V and VII and missing in site VI. Stipa capillata was present in sites [-IV with
relatively low cover values and it did not occur in sites V-VII (7able 2.).

Table 2. Mean cover values of the dominant species in the study areas (FES PSE: Festuca
pseudovina, FES VAG: Festuca vaginata, STI BOR: Stipa borysthenica, STI CAP: Stipa
capillata)

FES_PSE | FES_VAG | STI_BOR | STI_CAP
/2012 0,00 12,10 3,00 0,00
/2013 0,00 8,70 4,70 0,40
11/2012 4,20 5,10 7,80 0,50
11/2013 5,00 0,80 10,90 0,00
111/2012 1,00 11,50 2,50 0,40
111/2013 0,44 16,11 2,22 3,33
1V/2012 0,00 3,90 1,80 1,30
1V/2013 0,00 1,00 2,00 0,30
V/2012 4,10 0,00 0,60 0,00
V/2013 8,10 2,50 2,60 0,00
VI/2012 0,00 0,00 0,00 0,00
VI/2013 0,00 0,00 0,00 0,00
VI1/2012 0,20 0,00 0,00 0,00
VI1/2013 2,48 0,50 0,64 0,00
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The distribution of the woody species is also important since it indicates the success
of the conservation treatment. Six invasive woody species occurred mostly in sites V -
VIIL: Ailanthus altissima, Acer negundo, Populus canadensis, Robinia pseudoacacia,
Fraxinus pennsylvanica and Celtis occidentalis (Fig. 1.). The native shrubs and trees
were almost missing from areas I-IV, whereas their amount was higher in sites V-VII.

Invasive trees and shrubs (surveys by date)

2.0 4

1.0

Mean cover values

0.0 =

The cover of weed species was high in areas VI and VII, and in areas which had been
treated for a longer period of time, the proportion of weeds was reduced (Fig. 2).
Significant difference were determined among 14 distinct examined groups with
Kruskall-Wallis test (chi-squared = 102.7425, df = 13, p-value = 4.871e-16). Coverage
of weeds significantly decreased in area VI (p=0.0480) and VIIL. (p=0.0177) between
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years 2012 and 2013 (Fig. 2.).
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Figure 2. Occurrence of weed species in the study areas
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The relevés of 2013 showed a less diverse state, except two areas (I and VII). In
areas II-V, nearly the same diversity values were observed in 2012. In these areas,
diversity was higher than in site I (natural grassland) because the presence of weed
species caused an increase in diversity. The lowest diversity was found in area I in 2012
and in area VI in 2013. In area I, diversity was relatively low in both years and showed
no change, in contrast to the other, treated areas (Fig. 3.). Kruskall-Wallis test showed
significant difference among distinct examined groups (chi-squared = 48.1906, df = 13,
p-value = 6.073e-06). Shannon diversity values showed significant (p<0.05) differences
among VI (2013) and II (2012 and 2013), VII (2013). There was no significant
differences among groups in every other comparisons.

Shannon-diversity (surveys by date)
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Figure 3. Diversity values in the seven areas in 2012 and 2013
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Based on the classification of the coenological relevés (Fig. 4.), species of areas VI
and VII showed the highest deviation from those of the other areas because of the
higher amount of weed species. The quadrats of area VI formed a relatively distinct
group. Records from area I and II were also separated from the other groups (these are
the relevés from the natural grassland and the area treated for the longest time). The
fragmentation is based on the amount of the dominant species (Festuca vaginata, F.
pseudovaginata, Poa bulbosa, Carex liparicarpos, Fumana procumbens).

The DCA analyses showed that Clematis vitalba, Melandrium album and Oenothera
biennis occuring in areas VI and VII were clearly separated from the rest of the species.
Characteristic sandy grassland species (Festuca pseudovaginata, Festuca vaginata,
Potentilla arenaria, Peucedanum arenarium and Fumana procumbens) formed another
group. These species occurred both in the natural grasslands or in previously treated
areas (areas I-V.). The invasive species (Robinia pseudoacacia, Ballota nigra,
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Ambrosia artemisifolia, Conyza canadensis) also formed a sharply separated group.
These species were also found in the recently treated areas VI and VII. Area VII
differed greatly between the two years, in 2012 it was very different from the other
relevés, whereas in 2013 it was very similar to them. The reason can be that after shrub
eradication the species composition of weeds changed rapidly, weed species occurred
in the first year were disappeared one year later.

(=]
-
=

100
1

80
1

60
1

40

=il

[ESoattaat by =

S T == = = = e
VL1 & VI2 ma T

" Pr—,

S23PILSILESALLIIOIELL LS

Figure 4. Dendrogram of the coenological relevés of the study sites (1: 2013, 2: 2012)

Mainly areas I and VII were separated. Invasive species were also found in areas V,
VI and VII; however the analysis showed that they disappeared in areas I-IV. The
aggregation of areas I, II, IIl and IV demonstrates the adequate environmental
conditions of the sand species. Areas VI and VII were mostly covered by weeds and
invasive species, because regeneration of the sandy grassland had started there only a
short time ago.

Fig. 5. shows the shift in the vegetation. In area I, the records of 2012 and 2013
overlapped substantially. In contrast, records from the two years separated greatly from
one another in area VI and particularly in area VII, demonstrating that the vegetation
was going through a transformation in these recently managed areas. Species
composition of area I can be regarded stable from a coenological point of view. In
contrast, area VII is in the beginning of the regeneration process and in course of this,
rapid changes in the weed species composition can cause coenological variation
between years.
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Figure 5. DCA (Detrended Correspondence Analysis) representation of the frequent
plant species on the relevés of 2012 and 2013 in sites I, VI and VII

Analysis of the vegetation of sites based on relative ecological indicator values

Areas I and II had the highest cover of species requiring nutrient-poor soils (categories 1
and 2) on the basis of their relative nitrogen demand, followed by areas I1I and IV (Fig. 6).
Area V was a submesotrophic and slightly nutrient-rich habitat (categories 3 and 4). In
areas VI and VII, the cover of plants indicating medium (category 5) and high nitrogen
volume (categories 7 and 8) was also high. From 2012 to 2013, the proportion of plants
indicating different levels of nitrogen volume shifted. Although the cover of plants in
categories 1 and 2 was similarly high in 2012 and 2013 in area I, it increased from 2012 to
2013 in areas II to V, and the difference was larger in more recently managed areas (Fig. 6).
In area IV, a spectacular shift appeared toward species demanding less nitrogen; the cover
of species in categories 1 and 2 increased, while that of species in category 3 decreased. In
area V, this process just started (Fig. 6).

On the basis of the relative water demand of the species, drought indicator plants
(categories 1 and 2) had the highest proportion in area I in 2012 (Fig. 7.). In area II,
species typical in habitats of long drought periods (category 2) increased considerably
from 2012 to 2013, resulting in a similar cover of category 1 and 2 plants in areas I and
IT in 2013. In site I, the cover of rocky, semi-desert species was highest in 2013. The
proportion of drought-tolerant species decreased in areas with more recent management
and the proportion of species of more humid areas, including forest species, increased
as advancing from area III through VII. The proportion of species with different levels
of relative water demand also shifted from 2012 to 2013. Again, the increase in the
proportion of drought indicator species (categories 1 and 2) was greater in areas with
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more recent management (Fig. 7), i.e. the earlier the shrub eradication, the higher the
proportion of drought indicator plants. On the basis of these data, area VI represents an
outstanding peak, similarly to the case with relative nitrogen demand.
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Figure 7. Average cover values of species according to the relative water demand

Discussion

Nowadays the issue of habitat reconstruction is becoming more significant, and an
increasing number of studies deal with the active restoration of valuable habitats
(Torok et al. 2009; Vida et al., 2008; Penksza et al., 2011). However, the restoration of
natural and semi-natural habitats in urban environments is almost unknown in Hungary
(Kézdy and Téth, 2013). In order to accelerate the restoration process, over-sowing
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with seed-mixture is used in many cases (Bakker, 1989; Jongepierova et al., 2007;
Torok et al, 2009). In this study, overseeding did not seem appropriate because
fragments of the original plant communities existed as a propagulum source (Pintér,
2008).

Changes in the vegetation could be clearly observed during a 7-year-long period.
The most important change was that species of sandy grasslands have become
dominant, which can generally be regarded as positive for nature conservation (Borhidi
et al.,, 2012). Regarding our first question, our study also shows that as a result of the
gradual removal of invasive woody plants, favourable conditions can be established for
species of sandy grasslands in the long term. Based also on the findings of other
studies, the short-term post-treatment (mowing) caused significant changes and a
further increase in species richness can be expected (Ilmarinen and Mikola, 2009;
Torok et al., 2007; Vida et al., 2008).

Our results showed that continuous sandy grassland regenerated in study areas II and
III, where conservation management has taken place for 7 years. Our coenological data
showed that weeds and invasive species have gradually disappeared from the natural
reserve area, and that species composition has also become more similar to the sandy
vegetation. In contrast to other data indicating that the spontaneous restoration of
grasslands can be very slow (Torok et al., 2008), the process is taking place at a rapid
pace in the study area.

Regarding our second question, we found that in stands where conservation
management had been carried out for seven years, a natural or nearly natural vegetation
developed. In these quadrats, invasive species and weeds have practically disappeared.
Our investigations revealed that as a consequence of the treatments the stands of
Festuca vaginata and Festuca pseudovaginata have been continuously increasing.
Instead of Festuca vaginata, Festuca pseudovaginata is becoming dominant in
disturbed areas (Penksza, 2003), which has been confirmed by our results. On the basis
of the ecological indicators, area VI (where management had been carried out earlier) is
displaying a more unfavourable view than site VII. The most important change was
detected in case of indicator values of nitrogen demand. After shrub eradication topsoil
contains more humus and nutrients yet which originated from the leaves of the former
woody vegetation. However, in course of leaching of soil amount of nutrients probably
decreasing rapidly year by year, which can cause that less and less species with high
nitrogen demand occur.
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