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Abstract

Rendekova A., Miskovic J., Micieta K., Michalova M., Eliasova M., Ballova D.: Changes in the
diversity of dry calcareous grasslands after abandonment of traditional management in Devinska
Kobyla National Nature Reserve (Southwestern Slovakia, Central Europe). Ekoldgia (Bratislava),
Vol. 39, No. 2, p. 101-115, 2020.

This study is focused on the evaluation of the values of the diversity indices of semi-natural dry
calcareous grasslands of the Festuco-Brometea class in the area of Devinska Kobyla National Na-
ture Reserve 50 years after abandonment of traditional management (grazing and mowing). The
values of the species richness, the Shannon-Wiener index of diversity, the Simpson index, and
Pielou’s measure of species evenness in the communities in the old and recent data, and the values
of the environmental variables based on the Ellenberg indicator values of species were analyzed.
For most of these analyses, we used Kruskal-Wallis in R 3.5.1. Compared to the past, we have
recorded a significant lower values of the species richness, biodiversity, and species evenness in
some communities. In some communities, no significant changes were recorded. Only in one
community—Poo badensis-Festucetum pallentis, the higher values of Shannon-Wiener index was
recorded compared to the past. The analysis of the Ellenberg indicator values revealed a statisti-
cally significant higher Ellenberg indicator values for moisture and nutrients and lower values for
light in more recent period compared to the old period. The recorded results could be caused by
the changes in the management after the year 1965, after abandonment of grazing and the gradual
overgrowing by woody species took place in the area. The frequency of occurrence of some woody
species (e.g., Populus alba, P. nigra, and Robinia pseudoacacia) in some communities increased
compared to the past.

Key words: Devinska Kobyla Mts, Festuco-Brometea, succession, vegetation biodiversity conserva-
tion.
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Introduction

Semi-natural dry calcareous grasslands (Festuco-Brometea class) have spread in Central Eu-
rope after forest clearing and consecutive traditional land use such as grazing and mowing
(Poschlod, WallisDeVries, 2002; Chytry, 2007). These specific habitats cannot exist without
the repeated removal of biomass by grazing, mowing, burning, or by other ways and control
of species not adapted to such disturbance regimes. Formation of dry grasslands is influ-
enced by these disturbances and stress caused by extreme habitat conditions (low content of
nutrients, low humidity, and high temperature), which allows the existence of many adapted
species indirectly by limiting the growth of competitively stronger species (Kubikova, 1999;
Miinzbergovd, 2001; Chytry, 2007). Because of disturbance regime and long history of devel-
opment, dry calcareous grasslands belong to the most species-rich types of vegetation ever
(Willems, 1983; During, Willems, 1984; Bobbink et al., 1987; Poschlod, WallisDeVries, 2002;
Chytry, 2007; Schrautzer et al., 2009). They also harbor a large number of endangered species
(Wolkinger, Plank, 1981; Pipenbaher et al., 2013).

The abandonment of traditional forms of land use such as grazing and mowing over
the last decades has brought an increasing concern about the consequences of the resulting
expansion of shrubs and trees on species-rich dry calcareous grasslands (Dzwonko, Loster,
1998; Hansson, Fogelfors, 2000; Willems, 2001; Baba, 2003; Alard et al., 2005; Kohler et al.,
2005; Dostalek, Frantik, 2008; Schrautzer et al., 2009; Jacquemyn et al., 2010; Ruprecht et
al.,, 2010; Torok, Szitar, 2010; Télle et al., 2018). Some studies have shown that the abandon-
ment of traditional land use had negative impact on the species richness, diversity, and area
of dry grasslands in Central Europe (Poschlod, WallisDeVries, 2002; Galvanek, Lep$, 2008;
Schrautzer et al., 2009; Hegediisova, Senko, 2011; Pipenbaher et al., 2013), and in the last
few years, more attention is being devoted to conservation management (Poschlod et al.,
1998; Barbaro et al., 2001; Miinzbergovd, 2001; Willems, 2001; Kahmen et al., 2002; Riecken
et al., 2002; WallisDeVries et al., 2002; Baba, 2004; Masé, 2005; Bornkamm, 2006; Stadler et
al., 2007; Dostalek, Frantik, 2008; Peter et al., 2009; Kuzemko et al., 2016). The importance
of conservation management and maintenance of traditional ways of farming is visible not
only in the case of grasslands but also in the case of various other types of habitats (Mojses,
Petrovi¢, 2013; Spulerova et al., 2016) and other scientists have also devoted their research to
changes in various types of vegetation (Palaj, Kollar, 2018).

Devinska Kobyla Mt. (southern part of Male Karpaty Mts., Slovakia, Central Europe) is a
unique area with specific environmental conditions. Dry grasslands at Devinska Kobyla Mt.
have formed due to agricultural activity and deforestation of the area (Kaleta, 1965; Hajduk,
1986). Grazing by goats and sheep and mowing were the main factors that influenced the
development and the maintenance of the species-rich dry grassland communities at the area.
During the mid-20th century, the traditional land use such as grazing, mowing, and burning
was ceased. The gradual expansion of shrubs and trees took place in the area (HegediiSova,
Senko, 2011).

Dry grasslands in Devinska Kobyla were studied by Domin (1931); Kaleta (1965);
Michalko (1977); Hajduk (1986); Baldz (1994); Hajduk (1997); Malinikova (2003), Miskovic,
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Dubravcovd (2004a;b); Zlinska (2004); Senko et al. (2008) and HegediiSova, Valachovi¢
(2015). Hegediisova and Senko (2011) reported changes in species composition of dry grass-
lands in Devinska Kobyla Mt., but they did not pay attention to changes in diversity indices
and environmental conditions. Our study overcomes this gap and also bring new results
from survey performed in the last years and help in the management of protected area. The
aim of this study is to assess the values of the diversity indices in reference (1964) and recent
(2012-2018) phytosociological data. Hypothesis: we expected that the values of the species
richness, Shannon-Wiener index of diversity, Simpson index, and Pielou’s measure of spe-
cies evenness in vegetation would be lower in comparison to the past, because of previously
mentioned abandonment of traditional management of the area.

Material and methods
Study area

Devinska Kobyla National Nature Reserve is located on the southwestern and western slopes of the Devinska Kobyla
Mt., which is the southernmost part of the Little Carpathians Mts. (Slovakia, Central Europe). The entire massif of
Devinska Kobyla is part of the Malé Karpaty Protected Landscape Area. In 1964, the Devinska Kobyla State Nature
Reserve was established to protect thermo-xerophilous habitats covering the area of 27.97 ha. Later, in 1986, it was
enlarged to its current area of 101.12 ha. On the basis of later legal regulations, the reserve was included in the list
of national nature reserves under the currently valid name Devinska Kobyla National Nature Reserve (Ferakovd,
Kocianova, 1997).

There is an unusual variety of environmental phenomena concentrated on the area of Devinska Kobyla. It is
unique because of its geographical position, history, extraordinary environmental conditions such as topography
and climate, and mainly because of its thermophilous grassland- and forest-steppe flora and vegetation (Ferakovd,
Kocianova, 1997; Hegediisova, Valachovi¢, 2015).

The study area belongs to the warm climatic region, and it is one of the warmest and driest parts of Slovakia. It
has an average 50 summer days per year or more, with a daily maximum temperature of 25 °C and higher. The aver-
age duration of sunshine is one of the longest in Slovakia (in the vegetation period, it is 60% = 1,600 h) (Ferakovd,
Jarolimek, 2011).

The most common soil types in the Devinska Kobyla NNR are Cambisols (Calcaric) and Rendzic Leptosol, on
deluvium of carbonate-silicate weathered rock. On a smaller area, especially in the territories with the local names
Sandberg and Merice, occur soil types Haplic Regosol (Calcaric) on neogene sand and sandstones, while on weath-
ered limestones and dolomites dominate Rendzic Leptosol and Lithic Leptosol. Rarity in the territory of Devinska
Kobyla NNR is the occurrence of 1 ha of soils formed on the loess, namely Cutanic Luvisols and Haplic Chernozem,
as well as several cubic meters of Rendzic Leptosol on the weathered Tertiary calcareous conglomerates (Ferakova,
Jarolimek, 2011).

The Devinska Kobyla NNR is also known by the near proximity of a well-known paleontological site Sandberg.
It is the old sandpit, where remnants of rocks of the Tertiary Sea, Miocene marine, and nonmarine sediments are
situated. The horizontally deposited layers of the Tertiary sea with the estimated age of 14-16 million years can be
found here. Fossils of the sea fauna were conserved in Sandberg (Ferdkova, Kocianovd, 1997; Hyiny et al., 2012).

Data source

We have analyzed 153 phytosociological relevés of dry grassland communities of Festuco-Brometea class, which in-
cludes the dry grassland vegetation of the Eurosiberian steppes and warm regions in the temperate zone of Europe.
These plant communities are dominated by grasses and have high proportion of dicotyledonous perennial herbs.
They usually grow on nutrient poor calcareous soils and developed secondary on areas of former forests (Chytry,
2007). We used the relevés of four associations from the Festuco-Brometea class: Poo badensis-Festucetum pallentis,
Festuco pallentis-Caricetum humilis, Festuco valesiacae-Stipetum capillatae, and Polygalo majoris-Brachypodietum
pinnati; grasslands of these four associations cover most of the area of Devinska Kobyla NNR. The Poo badensis-
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Festucetum pallentis association includes open dry grassland communities growing on shallow dry soils on the steep
slopes. The stands of the Festuco pallentis-Caricetum humilis association usually grow on shallow to moderately deep
soils, and the Festuco valesiacae-Stipetum capillatae occurs on deeper soils. Among the four analyzed associations,
the stands of the Polygalo majoris-Brachypodietum pinnati association grow on the relatively deepest soils (Chytry,
2007; Hegediisové-Vantarové, Skodové, 2014).

The data were sampled during two time periods with the time span of ~50 years. Data (40 relevés) sampled
in 1964 (Kaleta, 1965) are used as reference data (Fig. 1). Recent data (113 relevés) were sampled in 2012-2018
(Miskovic, 2018) (Fig. 2). The number of recorded relevés in the studied vegetation types was as follows: Poo baden-
sis-Festucetum pallentis—8 old relevés and 36 recent relevés, Festuco pallentis-Caricetum humilis—8 old relevés and
22 recent relevés, Festuco valesiacae-Stipetum capillatae—12 old relevés and 6 recent relevés, and Polygalo majoris-
Brachypodietum pinnati—12 old relevés and 49 recent relevés.

The recent plot sizes corresponded to old plot sizes (Kaleta, 1965) and the plot size of 25 m? was used. We tried
to sample some relevés in 2012-2018 at the same localities as old relevés. This could be done in the case of ~20 relevés, but
we were not able to do this in the case of all relevés because of the absence of permanent plots in historical research. Since
Devinska Kobyla is a relatively small area, the possibility of mistakes was low. Because of the missing permanent plots, we
did more new relevés, which made the research more precise and this could also eliminated mistakes. The same process of
plot selection as used in old time period was used to obtain comparable dataset. The relevés were sampled according to the
actual occurrence and distribution of the communities with the intention to record all types of dry grasslands and cover
entire area of reserve. The phytosociological research in both time periods was performed according to the methodology
of the Ziirich-Montpellier school (Braun-Blanquet, 1964). In 1964, the old Braun-Blanquet cover-abundance scale was
used. In 2000-2018, the modified Braun-Blanquet cover-abundance scale was used, extended by categories 2m (cover
1-5%, abundance high), 2a (cover 5-12.5%), and 2b (cover 12.5-25%) values (Barkman et al., 1964).

DEVINSKA KOBYLA DEVINSKA KOBYLA

- —
o e e ™

———

Fig. 1. Distribution of recorded relevés in the study area  Fig. 2. Distribution of recorded relevés in the study area
in 1964. in the years 2012-2018.
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Data analysis

Relevés were imported into a TURBOVEG database (Hennekens, Schaminée, 2001) and analyzed in the program
JUICE (Tichy, 2002). Bryophytes, lichens, and taxa of vascular plants determined only to the genus level were excluded
from the analysis. Taxa that occurred in more than one layer were merged. Some taxonomically problematic species were
merged to higher or more broadly defined taxa: Achillea millefolium agg. (A. collina Becker ex Rchb., A. millefolium
L., A. pannonica Scheele, and A. setacea Waldst. et Kit.), Arenaria serpyllifolia agg. (A. leptoclados (Rchb.) Guss. and
A. serpyllifolia L.), Erophila verna agg. (E. spathulata Lang and E. verna (L.) Chevall), Erysimum diffusum agg. (E.
andrzejowskianum Besser and E. diffusum Ehrh.), Galium mollugo agg. (G. album Mill. and G. mollugo L.), Lotus
corniculatus agg. (L. borbasii Ujhelyi, L. corniculatus L. and L. tenuis Waldst. et Kit. ex Willd.), and Poa pratensis agg.
(P angustifolia L. and P. pratensis L.). Because different cover-abundance scales have been used in old and recent relevés,
the values 2m, 2a, and 2b in both datasets were converted to value 2.

Phytosociological relevés were analyzed by numerical classification (cluster analysis) in the program SYN-TAX 2000
(Podani, 2001). Data were not transformed. The Group average method in combination with Ruzicka’s coefficient proved
to be the most effective linkage method and distance measure and the results obtained by them corresponded to our field
experience. Clusters were assigned to associations by diagnostic species (Jarolimek, Sibik, 2008; Hegediisova-Vantarova,
Skodovd, 2014) and by electronic expert system for identification of syntaxa of grassland vegetation (Janiova, 2007).

The species richness (number of species), the Shannon-Wiener index of diversity [H’] (Hill, 1973), the Simpson
index (Hill, 1973), and the Pielou’s measure of species evenness [J = H'/In(S), where H is the Shannon diversity
index and S is the number of taxa per relevé] were calculated for each relevé in the program JUICE. Subsequently,
the number of species and the values of indices were calculated for each association, both for reference and recent
time periods. The normality of data distribution was tested by Shapiro-Wilk test. As the data were not normally
distributed, the Kruskal-Wallis analysis in R 3.5.1 (R Core Team, 2018) was applied to test the differences in these
values between the periods in each association and also in whole dataset.

As an explanatory variable to show possible changes in vegetation ecological characteristics, the Ellenberg indicator
values for light, temperature, continentality, moisture, soil reaction, and nutrients (Ellenberg et al., 1992) based on species
presence were calculated, using the program JUICE. We analyzed the Ellenberg indicator values in total old and recent
datasets (all associations together) using the Kruskal-Wallis analysis in R 3.5.1 (R Core Team, 2018), because by testing the
Ellenberg indicator values between the two time periods and associations differences were found not significant.

Nomenclature

The nomenclature of taxa follows Marhold (1998), and the nomenclature of syntaxa follows HegediiSova-Vantarova,
Skodové (2014).

Results

The hypothesis was confirmed in the case of some associations (Table 1). The Kruskal-Wallis
analysis revealed a statistically significant lower values of the median of species richness in
recent relevés from the association Festuco pallentis-Caricetum humilis (p = 0.0002, level of
significance o = 0.05, x* =13.77) and from the association Polygalo majoris-Brachypodietum
pinnati (p = 0.0002, a = 0.05, x> =13.44) compared to old relevés (Table 2 and Fig. 3).

The values of the median of Shannon-Wiener index of diversity were significantly lower
over time in the association Polygalo majoris-Brachypodietum pinnati (p = 0.001, a = 0.05, x*
=11.10) (Table 2 and Fig. 4).

The median values of Simpson index were significantly lower in the association Polygalo
majoris-Brachypodietum pinnati (p = 0.0001, a = 0.05, x* =14.68) (Table 2 and Fig. 5).

The median values of Pielou’s measure of species evenness were significantly lower in the
associations Poo badensis-Festucetum pallentis (p = 0.0039, a = 0.05, x* =8.35) and Polygalo
majoris-Brachypodietum pinnati (p = 0.0047, a = 0.05, x> =7.98) (Table 2 and Fig. 6).
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T able 1. Summarization of significancy of the results of analysis of differences in the biodiversity in the associa-

tions between the old and recent data.

Poo badensis- Festuco pallentis- Festuco valesiacae- Polygalo mAOrIs:
. . o . . Brachypodietum
Festucetum pallentis | Caricetum humilis | Stipetum capillatae . .
pinnati
Lo No significant - No significant .
Species richness difference Significantly lower difference Significantly lower
Shannon-Wiener - . No significant No significant .
index of diversity Significantly higher difference difference Significantly lower
. . No significant No significant No significant .
Simpson index difference difference difference Significantly lower
Pielou‘s measure Lo No significant No significant Lo
of species evenness Significantly lower difference difference Significantly lower

Table 2. Results of Kruskal-Wallis analysis testing differences in the species richness and diversity indices in the

communities between the old and recent data.

Association X p Value Significancy
Species richness
Poo badensis-Festucetum pallentis 0.81 0.37 NO
Festuco pallentis-Caricetum humilis 13.77 0.0002 YES
Festuco valesiacae-Stipetum capillatae 0.05 0.82 NO
Polygalo majoris-Brachypodietum pinnati 13.44 0.0002 YES
Shannon-Wiener index of diversity [H']
Poo badensis-Festucetum pallentis 7.38 0.01 YES
Festuco pallentis-Caricetum humilis 1.01 0.32 NO
Festuco valesiacae-Stipetum capillatae 0.001 0.98 NO
Polygalo majoris-Brachypodietum pinnati 11.10 0.001 YES
Simpson index
Poo badensis-Festucetum pallentis 0.03 0.87 NO
Festuco pallentis-Caricetum humilis 0.70 0.40 NO
Festuco valesiacae-Stipetum capillatae 0.08 0.78 NO
Polygalo majoris-Brachypodietum pinnati 14.68 0.0001 YES
Pielou’s measure of species evenness
Poo badensis-Festucetum pallentis 8.35 0.004 YES
Festuco pallentis-Caricetum humilis 0.04 0.83 NO
Festuco valesiacae-Stipetum capillatae 0.01 0.99 NO
Polygalo majoris-Brachypodietum pinnati 7.98 0.005 YES

The median values of Shannon-Wiener index of diversity were higher in the association
Poo badensis-Festucetum pallentis (p = 0.01, a = 0.05, x> =7.38) (Table 2 and Fig. 4).

The differences in values in the median of species richness and indices in other associa-
tions were not statistically significant (Tables 1, 2).

By Kruskal-Wallis analysis of differences in Ellenberg indicator values between old and
recent relevés of the studied associations, no statistically significant results were obtained
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Fig. 3. The species richness of the old and recent relevés of studied vegetation types of Devinska Kobyla.
Notes: - Omedian; 0 25 75%; I min-max; o outliers; a b - significant difference; a a - not significant difference;

1 - Poo badensis-Festucetum pallentis, reference relevés—1964 (Kaleta, 1965);

2 - Poo badensis-Festucetum pallentis, recent relevés—2000-2018 (Miskovic, 2018);

3 - Festuco pallentis-Caricetum humilis, reference relevés—1964 (Kaleta, 1965);

4 - Festuco pallentis-Caricetum humilis, recent relevés—2000-2018 (Miskovic, 2018);

5 - Festuco valesiacae-Stipetum capillatae, reference relevés—1964 (Kaleta, 1965);

6 - Festuco valesiacae-Stipetum capillatae, recent relevés—2000-2018 (Miskovic, 2018);

7 - Polygalo majoris-Brachypodietum pinnati, reference relevés—1964 (Kaleta, 1965);

8 - Polygalo majoris-Brachypodietum pinnati, recent relevés—2000-2018 (Miskovic, 2018).
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(Table 3). The analysis of the Ellenberg indicator values in total dry grassland vegetation by
Kruskal-Wallis analysis revealed a statistically significant lower Ellenberg values for light in
recent period compared to the past (p = 0.004, a = 0.05, x2 =8.5) (Table 3 and Fig. 7a). There
was no significant difference in Ellenberg indicator values for temperature (Fig. 7b), conti-
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nentality (Fig. 7c). The analysis revealed a significant higher Ellenberg indicator values for
moisture (p = 0.01, a = 0.05, x2 =6.2) (Table 3 and Fig. 7d). There was no significant differ-
ence in Ellenberg indicator values for soil reaction (Fig. 7e) between past and recent period.
There were a significant higher Ellenberg indicator values for nutrients (p = 0.0001, a = 0.05,

Table 3.Results of Kruskal-Wallis analysis testing differences in the Ellenberg
indicator values between the old and recent data.

x p Value Significancy
Light 8.45 0.004 YES
Temperature 0.99 0.32 NO
Continentality 1.49 0.22 NO
Moisture 6.2 0.01 YES
Soil reaction 1.59 0.21 NO
Nutrients 15.8 0.0001 YES
a b i .
a b
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Moisture
35 40
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Fig. 7. The Ellenberg indicator values for light (a), temperature (b), continentality (c), moisture (d), soil reaction (e),
and nutrients (f) for the reference (year 1964) and recent (years 2000-2018) relevés.

Notes: 1 - reference relevés (1964); 2 - recent relevés (2000-2018); a b -significant difference; a a -not significant
difference; - median; 0 25 75%; I min-max; o outliers.
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T able 4. Frequency of occurrence and cover range of X2 =15.8) in recent period compared to
woody species in recent relevés (2000-2018), which were not the past (Table 3 and Fig 7f)

recorded in the past (1964).
past (1364 As an explanatory feature we pre-

Pb-Fp Pm-Bp sent the table with the values of fre-
Cornus mas - 10' quency of occurrence and cover range
Fraxinus ornus - 6 of woody species in recent relevés
Pinus sylvestris 6 - (2000-2018), which were not recorded
Populus alba 11 - in the past (1964) (Table 4). The num-
POPt‘lh‘lS nigra : - - bers given in the table are frequency
RO!_’IW £ Seu,doacacm > - values of a species for a particular vege-
Swida sanguined 8 ¥ tation type and their upper indices rep-
Ulmus minor - 4"

resent the cover range of species. The
Notes: The numbers given in the table are frequency values of a frequency of occurence of some WOOdY

species for a particular vegetation type; their upper indices repre- species increased in associations Poo
sent the cover range of species. Pb-Fp—Poo badensis-Festucetum . .
badensis-Festucetum pallentis and Po-

pallentis and Pm-Bp—Polygalo majoris-Brachypodietum pinnati. )
lygalo majoris-Brachypodietum pinnati
(Table 4).

Discussion

The majority of significant results of analyses revealed the lower values of species richness,
diversity, and evenness in studied dry grassland communities of Devinska Kobyla in recent
period compared to the past (Tables 1,d 2 and Figs 3-6). This decline of values of diversity
indices is probably caused mainly by the abandonment of traditional land use (grazing and
mowing) in the area after 1965, because the disturbances caused by grazing and mowing
are necessary for the maintenance of the species richness and diversity of dry grasslands
(Kubikova, 1999; Miinzbergova, 2001; Chytry, 2007; Galvanek, Leps, 2008).

The significant higher values in recent period were recorded only in the case of Shan-
non-Wiener in one association—Poo badensis-Festucetum pallentis (Table 2 and Fig. 4).
HegediiSova, Senko (2011) in study from Devinska Kobyla found out that species richness
in this association declined over time, which is in the contrast with our result of increase in
Shannon-Wiener index. HegediiSova, Senko (2011) recorded the increase of species richness
in the other association—Festuco valesiacae-Stipetum capillatae. Authors consider Festuco
valesiacae-Stipetum capillatae the least endangered by successional changes.

We did not record significant differences of any diversity index in the association Festuco
valesiacae-Stipetum capillatae between old and recent data. The possible reason can be that
the association is species rich and grows on relatively steeper soils, where succession is slower
than in deeper soils, where grows the association Polygalo majoris-Brachypodietum pinnati,
which showed decrease of all diversity indices.

The explanation of the higher diversity index in the association Poo badensis-Festucetum
pallentis in recent period can be that this association occurs on rocks with the shallowest
soils, where significant changes in management did not occur. There were no grazing or
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mowing in the rocky
shallow soil in the past.
That could be the rea-
son why this associa-
tion is less endangered
by successional changes
after abandonment of
traditional management
than other analyzed as-
sociations, which grow
on sites with deeper
soil, where management
changes occurred. On
the other hand, it is still
a fact that some changes
occurred also in the as-
sociation Poo badensis-

) Fig. 8. Overgrowing by woody species in the stands of the association Poo
Festucetum p allentis, fOr  padensis-Festucetum pallentis at Sandberg, Devinska Kobyla (Author of photo:
example, overgrowing  Jin Miskovic).
by woody species (Table
4).

Although no significant differences of the Ellenberg indicator values between old and
recent period were found for some of the environmental variables, the Ellenberg indicator
values for nutrients and moisture were significantly higher in recent period (Fig. 7). This re-
sult could have connection with overgrowing by woody species and increased accumulation
of died biomass after abandonment and its increased decomposition, and thus enrichments
of soils by nutrients. Similar results were achieved by Ruprecht et al. (2010), and the accu-
mulation of biomass is a consequence of abandonment of grasslands. After the abandonment
of the traditional management, the gradual overgrowing by woody species took place in the
Devinska Kobyla (HegediiSovd, Senko, 2011). The frequency of occurrence of some woody
species was higher in the recent relevés from the associations Poo badensis-Festucetum pal-
lentis and Polygalo majoris-Brachypodietum pinnati (Table 4). The overgrowing by species
such as Populus alba, P. nigra, and invasive species Robinia pseudoacacia in the stands of
the Poo badensis-Festucetum pallentis association in Devinska Kobyla is also evident in the
photography from the studied area (Fig. 8). The stands of Poo badensis-Festucetum pallentis
are open (average total cover of species in relevé is 40%) because of extreme environmental
conditions (shallow dry soils and steep slopes) of places where the stands grow. The open
vegetation is more prone to introduction of new species such as Populus alba and P. nigra.
The stands of the association Polygalo majoris-Brachypodietum pinnati, on the other hand,
grow on deeper soils. From a long-term perspective, these conditions fit to some woody spe-
cies. Also other authors found the overgrowing by woody species as one of the main sign of
degradation of dry grasslands (Dostalek, Frantik, 2008; Schrautzer et al., 2009; HegediiSova,
Senko, 2011) or habitat alteration (Smit, 2004).
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Our study confirmed the trend of decline in biodiversity of species-rich dry calcar-
eous grasslands after abandonment of traditional management during recent decades
shown in other studies from Central Europe (Galvanek, Leps, 2008; Schrautzer et al., 2009;
HegediiSova, Senko, 2011; Pipenbaher et al., 2013). From numerous studies, it is clear that
the dry calcareous grasslands should receive attention in regard to conservation management
(WallisDeVries, 1999; Barbaro et al., 2001; Miinzbergovd, 2001; Willems, 2001; Kahmen et
al., 2002; Riecken et al., 2002; WallisDeVries et al., 2002; Baba, 2004; Masé, 2005; Bornkamm,
2006; Stadler et al., 2007; Dostalek, Frantik, 2008; Peter et al., 2009; HegediiSova, Senko 2011;
Kuzembko et al., 2016). Our study showed similar conclusions as these studies. As the diver-
sity of dry grasslands in the Devinska Kobyla NNR decreased after the grazing cessation,
restoring the grazing should be the part of the conservation management in the area. Grazing
is recognized as one of the most natural methods of management of dry grasslands (Hadar et
al,, 1999; Peter et al., 2009; Hegedii$ova, Senko, 2011).

In the last few years, the traditional management has begun to be partly restored in
Devinska Kobyla NNR. The biomass of Robinia pseudoacacia L. has been being removed
from the year 2016, and the goat grazing was reintroduced in 2017 again. In the recent years,
the goats have been grazed also on the steep slopes, where they promote heightened erosion
with potentially negative impact on the dry grassland communities. The best possible way is
to combine goat and sheep co-grazing on the moderate slopes with removal of the biomass
of woody species on the steep slopes. Also other authors (Barbaro et al., 2001; Hegedii$ova,
Senko, 2011; Bojkovski et al., 2014) found the combination of shrub clearing and grazing as
one of the best ways of conservation management of dry grasslands.
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Introduction

Abstract

Bozhko K., Bilova N.: The influence of the slope exposure on the soil aggregation and structure,
water stability of aggregates, and ecological microstructure formation of the ravine forest soils in
Pre-Dnipro region (Ukraine). Ekolégia (Bratislava), Vol. 39, No. 2, p. 116-129, 2020.

The soil aggregation and structure, water stability of aggregates, and peculiarities of microstructure
formation of the ravine forest soils in Dnipropetrovsk region on the example of the northern variant
of the ravine forest “Kapitanivskiy” have been identified. The soil properties of southern and north-
ern ravine exposures have been compared. The soil structure, aggregate composition, water stability
of aggregates as well as soil-forming processes of the ravine ecosystem have been analyzed. Micro-
morphological studies have shown a high degree of aggregation of the upper (0-60 cm) horizons of
the soil profile. The structure-forming process is of a zoogenic origin. Aggregates of coprolite nature
contain well-disintegrated plant remains. Dark gray, almost black color along the entire area of the
micromorphological slide is due to a large amount of organic compounds, which indicates active
processes of humification. Fine-dispersed humus consists of a large number of evenly spaced humus
clusters. The type of humus is mull. The skeleton consists of minerals of various sizes, dominated by
quartz and feldspars. Plasma is humus-clay, homogeneous throughout the entire slide, anisotropic
with speckled glowing. Microstructure is mainly aggregated and, in some places, spongy, depending
on a microzone of the soil slide. Elemental microstructure is of plasma-silty type. The area of the
visible surface of the pores in the upper horizons of the soil profile is fairly large (40%). Pores are
round and elongated, of regular shape, here and there with remains of small invertebrates. The deep-
er the soil slide is, the smaller the area of visible pores along with aggregation becomes. Correlating
with micromorphological characteristics, water resistance of structural aggregates reaches very high
(90.01% + 3.07) values in the upper horizons of the soil slide, decreasing at depths. The coefficient of
pedality is rather high (7.83 + 0.81) in the upper horizons, decreasing at depths.

Key words: ravine forest, soil, structure, aggregation, water resistance, micromorphology.

Forests are of paramount importance for improvement of the ecological situation of Ukraine.
Multifunctional properties of forests contribute to a significant increase in soil fertility by
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means of transforming the surface water flow into the deep one. Preventing from the de-
structive influence of dry winds, forests hinder soil erosion (Bilova, 1997). The conclusions
of the Spanish and French scientists, who regard phytostabilization as the most successful
solution to the chemical, toxicological, and environmental problems related to soil contami-
nation (Epelde et al., 2014; Nsanganwimana, 2014), coincide with our ideas.

In the ecological network of Ukrainian forests, ravine forests are of great importance.
Throughout the steppe area, there are a number of locations of a significant topographic low
(ravines) covered by wild ravine forests, which are situated in their natural environment. The
absence of molehill, as opposed to steppe biogeocoenosis, the presence of the traces of old
roots of dead trees, the well-formed specific sedentary-illuvial soil profile and others testify
the early occurrence of ravine forests in the steppe (Bilova, 1997; Bilova, Travleev, 1999).

Ravine forests are of great scientific value to study the peculiarities of the formation of
natural forests, where rare and endangered species of plants and animals have found shelter.
In addition, ravine forests can set an example for growing anti-erosion plants as well as be-
come a treasury of the seeds of wood and shrub breeds.

Soil is the main, resultant forest ecosystem unit. It is impossible to maintain and restore
ravine forests without a thorough study of soil characteristics.

The properties of soils are studied by scientists from all over the world. Spanish scientists
research the influence of the abiotic factors (temperature, soil moisture, and ultraviolet ir-
radiance ratio) on the soil ecosystem (Morgado et al., 2015), the impact of long-term use of
chemical and organic fertilizers on a large number of nitrogen-containing microbial com-
munities of soil (Sun et al., 2015). Brazilian scientists investigate the role of earthworms in
soil formation (Zuiga et al., 2013), the effect of worms on quality characteristics of soils
(Bartz et al., 2013). Iranian scientists conduct researches connected with the influence of the
climate humidity grade during soil-forming processes of loess soils (Khormali et al., 2012),
micromorphological aspects of the development of forest soils evolved from eruptive rocks
in Lahidzhany (Ramezanpour, Pormasoumi, 2012) influence of technogenic disturbances on
understory of oak forests (Eshaghi et al., 2017). German scientists investigate the relation-
ship between macropores of the soil and its hydrological properties (Bogner et al., 2014).
Slovak scientists carry out a number of substantial studies connected with the characteristics
of physical properties of soil profiles under introduced trees (Pollakova et al., 2017), devel-
opment of a soil water regime (Tuzinsky et al., 2017 ), determination of Organic Fractions
and Enzymatic Activity in Forest Spruce Soil of Tatra National Park (Géfrikova et al., 2018),
dependence of the soil reaction on the number of mites (Buza, Divos, 2016), fluctuations of
nutrients in the upper soil horizons under the bedding of different wood species (Pollakova
etal,, 2015), assessment of the organic substance of soils from different ecosystems in relation
to the carbon parameters (TobiaSova et al., 2015), and the Contingency of Soil Microorgan-
isms and the Selected Soil Biotic and Abiotic Parameters Under Different Land-Uses (Judova
etal., 2019).

Ukrainian scientists comprehensively and thoroughly investigate the properties of soils,
in particular, the selective absorption of heavy metals by soil and humic acids at different pH
levels (Miroshnychenko, Kutz, 2016), the coloristic criteria of the S-matrix of brownish ashy
gleyed soils of the Pre-Carpathian region (Nikorych, Chervonogrodska, 2016), the issues of
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diagnostics of elemental soil processes and profile-differentiated soils in the Pre-Carpathian
region (Smaga, 2016), and the ecological and evolutionary analysis of the content of lithi-
um in soils (Dmytruk, 2016). They also predict the content of chemical elements in soils of
different genesis for assessing the ecological and energy status (Samokhvalova et al., 2016),
study soil features of floodplain soils that limit the growth of energy crops (Kholodna, 2016),
and assess the antideflationary efficiency of the “No-till” technology in the conditions of the
southern steppe of Ukraine (Chornyy, Volosheniuk, 2016). We fully agree with the ideas of
Prof. Medvedev, who believes that one of the most important tasks of the state is monitoring
of soil cover on the basis of the latest software, mathematical, instrumental, and cartographic
principles in compliance with the European experience (Medvedeyv, 2016).

Scientists of Dnipropetrovsk school of soil have been studying soil properties, the nature
of soil formation, and the genesis of soils in the southeast of Ukraine (Belgard, 1950, 1971;
Bilova, Travleev, 1999). The monitoring of the influence of a mole rat’s digging activity on
the restoration of proteolytic activity of soils under conditions of their technogenic contami-
nation (Zamesova, 2016), the presence of heavy metals in the subsoil waters of Prisamarja
Dniprovskogo (Kotovych, 2016), the dielectric penetration of the ravine soils (Gorban, 2016),
the macro- and micromorphological differentiation of the humus-accumulative horizons of
forest soils (Yakovenko, 2016), the effect of soil on spatial variation of the herbaceous layer
modulated by overstorey in an eastern European poplar-willow forest (Zhukov et al., 2019)
as well as the long-term monitoring of land recultivation (Zverkovsky, Zubkova, 2016), the
features of the structural and aggregate composition of black soil in ravine forests (Gorban
et al., 2016), and lithologic heterogeneity of the profile of ravine soils (Yakovenko, 2017) is
being conducted.

The ravine forests of southeastern Ukraine are of great interest for scientific researchers-
ecologists. In ravine forests, there are soils characterized by unique ecological, in particular,
microclimatic features of soil-forming processes. The purpose of this study is to specify the
structural and aggregate composition, water resistance of aggregates and microstructure for-
mation of soils of the southern exposure of the ravine as well as to compare the study results
with the soil properties of the northern exposure of the research object, which we studied
earlier (Bozhko, Bilova, 2010).

Material and methods

Natural ravine forests of the northern variant of Dnipropetrovsk region emerged on the plateau located on the right
bank of the Dnipro River. As an example of such ecosystems, we have chosen “Kapitanivskiy” ravine situated at
48°46.1502°N, 35 °37.3164’E (Fig. 1).

The methodological approach of our research is based on the typological principles developed by A. L. Belgard
(Belgard, 1971) for steppe forests as well as the methodological principles of ecological micromorphology of soils
proposed by N. A. Bilova and A. P. Travleev (Bilova, Travleev, 1997). Both field studies, geobotanical description and
bioecological characteristics of flora are based on generally accepted methods and approaches. The micromorpho-
logical structure of soils has been studied in accordance with the methods developed by O. I. Parfyonova and K. A.
Yarilova (Parfyonova, Yarilova, 1977), S. A. Shoba (Shoba, 1981). Transparent slides have been made in accordance
with E. E Mochalova’s method (Mochalova, 1956), “Methodological manual on micro-morphology of soils” edited
by G. V. Dobrovolsky (Dobrovolsky, 1983) has been used during decryption; identification of aggregate composition
has been carried out by dry sifting of soil samples through a sieve with each soil profile divided into 10 zones, 10 cm
each, and soil samples have been taken from top to bottom along the cut; the coefficient of soil structure K = C/B
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Fig. 1. Location of the researched object: “Kapitanivskiy” ravine (1).

has been determined in accordance with I. B. Revut’s method (Revut, 1964; Nweke, Nnabude, 2014), where C is the
number of structural separates of 0.25-8.00 mm, B is the sum of separates larger than 8.00 mm, and silty separates
smaller than 0.25 mm; analyses of water resistance of structural aggregates have been carried out in compliance with
M. E. Bekarevichs and M. V. Krechun’s method (Bekarevich, Krechun, 1964; Molina et al., 2001); the average square
deviation was determined by formula:

TG B2
N-1 ’

the coefficient of indicators correlation was determined by formula:

o ILGi- DG D)
\/Z(xi - X)X X — ¥)?

Results

The sample area under study is laid in the middle third of the slope at 20° of the south-
ern exposure. Humidifying is atmospheric-transit, inflowing-outflowing. Microrelief
is wavy. The type of forest biogeocoenosis is a fresh ash-tree and maple wood. The
timber stand consists of 40% Fraxinus excelsior L., 30% Acer compestre L., and 30%
Quercus robur L. Light structure is half-shade. Crown density is 0.7. The total coverage

of the grass stand is 50%. Bioecological certification of the grass stand is presented in
Table 1.
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Table I.Bioecological certification of the ravine grass stand.

Ne Plantname Layer | Height | Vegetation | Abundance accord- | Coverage | Vitality
(cm) stage ing to Drude (%) points

1 | Pulmonaria obscura Dumort H 16 v, ~ Copl(gr) 2 4-5

2 | Scutellaria altissima L. H, 45 #, ~ Sp 2 4

3 | Stella riaholostea L. H, 12 - Cop (gr) 3 4

4 | Viola odorata L. H, 5 - Sp 2 3-4

5 | Chaerophyllum temulum L. H, 5 v, + Sp 1 4

Notes: Layer: H, - the highest layer; H, - middle layer; H, - the lowest layer; vegetation stage: - vegetating; ~ - veg-
etating after fruiting; v - the state of rosette; + - unripe fruits; # - mature fruits; abundance according to Drude: copl
- very scattered; sp - scattered (few); gr - groups.

The dead cover is fragmentary consisting of the leaves of tree species and dead herbs.
There are diggings of mouse-type rodents. The soil is forest black soil, carbonate, low forest
covered, low-eroded, medium-humus, medium-loamy on forest loams.

2.5-0 cm. The forest floor consists of semi-rotten, semi-stuck wood species, brown rotten
wood that separated from the soil.

0-25 ¢cm horizon. The horizon is dark gray, almost black, moist, humus-sedentary, loose,
with many roots, coarse-pored. It almost entirely consists of the excrements of earthworms
and other representatives of soil mesofauna (Fig. 2a). There is a large number of plant resi-
dues at different stages of development. The color is dark brown, almost black, homogeneous
throughout the ground slide due to the high content of organic compounds. The plasma of
humus is clayey, homogeneous throughout the ground slide, anisotropic, but largely hid-
den by organic compounds, the glowing is speckled. Plant residues are mostly fresh and
low-rotten. Humus consists of humus clusters and colloform fresh-brown humus. The type
of humus is mull. The visible pore space occupies a significant area (40-45%). Pores are of
irregular structure, interaggregate. This area is dominated by aggregates of zoogenic origin
(coprolites), which are mainly isometric and slightly elongated, of organic-mineral structure.
Interaggregate pores contain remains of small invertebrates. Microstructure is of an aggre-
gated and spongy type. Elemental microstructure is plasma-silty. The skeleton is dominated
by quartz and feldspars of isometric and slightly elongated shape.

25-60 cm horizon. Dark gray, moist, granular and fine granular, soft, loamy. Effervescence
of CaCO, is effected by HCl at a depth of 42 cm. The color is dark brown, uniform throughout
the ground slide, along with dense, opaque organic clusters of round shape with a diffusive
outline. The plasma is humus-clayey, homogeneous throughout the ground slide, anisotropic
(Fig. 2b). The glow is speckled, inhomogeneous throughout the ground slide, organic matter
consists of slightly rotten and fresh plant residues. The humus includes a sufficient number
of scattered humus clusters and light brown humus. The type of humus is mull. Pores are
of interaggregate irregular shape, there are also round inwardly aggregate pores and cracks
(Figs 2c, d). Visible pores occupy a sufficiently large area (30-40%). Aggregates are mostly
coprolite-type, isometric, with organic-mineral structure, of a round and isometric shape.
Microstructure is aggregated and spongy (Fig. 2d). Elemental microstructure is plasma-silty.
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The skeleton is dominated by quartz and feldspars of slightly elongated isometric shapes of
various sizes, mostly medium-rounded.

Fig. 2. Micromorphological structure of soils of the northern ravines of Dnipropetrovsk region, x60:

a - nicols are parallel, there is coprolite in pore space (0-25 cm); b - nicols are parallel, a microstructure is of an aggregate
and spongy type (0-25 cm); ¢ - nicols are crossed, humus—clay anisotropic plasma, elemental plasma-silty microstructure
(25-60 cm); d - nicols are parallel, the system of pores, skeleton, plant remains (25-60 cm); e - nicols are crossed, pores,
skeleton (60-85 cm); f - humus carbonate-clay plasma, anisotropic, visible porosity takes much less space.
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60-85 cm horizon. Dark gray, with a brown shade, gradually becoming lighter, noticeably
dense, granular and fine granular, loamy. The transition between horizons is gradual. The
color is brownish, heterogeneous due to less humus content. The plasma is humus-carbonate-
clayey, inhomogeneous, anisotropic. The glow is speckled throughout the ground slide (Fig.
2e). The walls of the pores have anisotropic films (cutans), of mineral structure, which is the
result of lessivage. There are few plant remains, mainly half-rotten. Organic compounds are
much less. Microstructure is spongy, not aggregated. Pores are mostly irregular, rounded, of a
narrow elongated shape (Fig. 2f). There is a large number of parallel and intersecting cracks.

Microstructure is of a spongy type. Elemental microstructure is plasma-silty. The skel-
eton is dominated by feldspars and quartz of various sizes, dominated by isometric shapes,
slightly rounded.

85-120 c¢m horizon. Dark brown with a straw-colored shade, which is getting much
lighter and denser at depths. The color of a sample is from light brown to brown. There are
dense opaque rounded organic clusters with a diffusive outline. Elementary microstructure
is plasma-silty. The plasma is humus-carbonate-clayey, inhomogeneous, anisotropic. The
glow is speckled throughout the ground slide. The walls of the pores have signs of lessivage.
The plant remains are scarce, mainly slightly rotten. Organogenic components are much
fewer. The type of humus is mull having the same shapes, but in a much smaller number.
Microstructure is of a spongy type. Elementary microstructure is plasma-silty. The skeleton
is dominated by feldspars and quartz of various sizes, mainly isometric. Pores are narrow and
elongated, irregular. Visible pores take much less (10-15%) area.
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Fig. 3. The coefficient of pedality of the ravine soils.
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The deeper the horizon is, the lower the coefficient of pedality (K) becomes (Fig. 3).
Maximum value of K is in the 10-20 cm horizon (7.83 + 0.81), and minimum value is in the
80-90 cm horizon (1.94 £ 0.15). The sum of 0.5-2.0 mm aggregates has a fairly high content.
The greatest value of this indicator is in the 10-20 cm horizon (65.98 + 2.07%), and the small-
est is in the 50-60 cm horizon (30.51 + 0.74%) (Fig. 4).
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Fig. 4. The sum of 0.50-2.00 mm aggregates of the ravine soils.

The biometric correlation analysis as a combination of methods for detecting correlation
dependence between two or more random features has been used by us to obtain more ac-
curate information on the nature and strength of the relationship between the characteristics
of the studied soils. The correlative connection is characterized by the correlation coefficient
r. We have examined the relationship between two indicators of the aggregate analysis re-
sults: X, value is the sum of aggregates having size from 0.5 to 2.0 mm (20.5-2.0 mm), Y,
value is the coefficient of pedality (K) of the same samples of the ravine soil of the middle
third of the slope of the southern exposure. The results of the calculations have shown that
the correlation coeflicient between the indicators £0.5-2.0 mm and K is 0.76, which is a high
correlation.

The deeper the horizon is, the lower the water stability of soil aggregates becomes (Table
2). The coefficient of pedality reaches maximum value (90.01 + 3.07% and 86.13 + 4.11%) in
the 0-10 cm horizon (1.00-2.00 mm fraction and 0.50-1.00 mm fraction, respectively) and
minimum value (37.78 * 3.84%) in the 90-100 cm horizon (fraction of 0.25-0.50 mm). The
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Table 2. Water stability of structural aggregates of the ravine soils.

. Aggregate structure (%) as a result of percolation Total sum of all
Horizon (cm) | Fracture (mm) aggregates (%)
1.00 0.50 0.25
1 2 3 4 5 6

1.00-2.00 54.18 +1.03 23.89+0.76 11.94 + 0.56 90.01 + 3.07
0-10 0.50-1.00 61.71 + 1.62 16.92 +2.08 6.50 £ 0.09 86.13 £ 4.11
0.25-0.50 13.98 + 1.02 34.15+1.74 8.78 £0.19 56.91 + 3.08
1.00-2.00 34.29 £0.97 21.06 + 2.19 26.02 +0.04 81.37 £3.75
10-20 0.50-1.00 16.08 + 0.87 41.40 +1.77 16.69 + 0.61 74.17 £3.94
0.25-0.50 11.08 £0.73 24.39 + 1.50 14.76 £ 0.24 50.23 +2.88
1.00-2.00 29.91+1.81 36.51 +1.03 8.31£0.28 74.73 £ 3.61
20-30 0.50-1.00 17.12 +0.63 3513 +£1.27 11.68 +0.99 63.93 +3.15
0.25-0.50 11.22+1.02 26.04 +2.05 7.11+0.08 44.37 +3.37
1.00-2.00 24.96 + 1.84 29.99 +0.71 8.58 + 0.81 63.53 +2.62
30-40 0.50-1.00 26.05 + 2.09 28.17 +1.31 3.65+1.04 57.87 £4.78
0.25-0.50 16.54 + 0.69 28.12 + 1.66 12.36 + 0.32 57.02 + 3.87
1.00-2.00 34.05 + 1.65 13.02 +1.32 9.55+0.47 56.62 + 3.94
40-50 0.50-1.00 20.11 £ 1.14 21.87 £0.84 8.03 +£0.30 50.01 +2.79
0.25-0.50 18.20 + 0.09 13.01 +2.06 12.05+1.13 43.26 +3.70
1.00-2.00 32.12+2.08 19.06 + 1.91 2.43 £0.05 53.61 +1.83
50-60 0.50-1.00 17.22 + 0.86 21.07 + 1.36 3.74 +0.52 42.03 + 3.08
0.25-0.50 9.04 + 0.30 25.36 + 1.17 3.38 £ 0.08 37.78 +3.84
1.00-2.00 29.38 +3.11 23.06 +1.29 3.73+0.78 56.17 £2.08
60-70 0.50-1.00 20.71 £3.14 23.02£2.19 7.86 £0.75 51.59 +2.93
0.25-0.50 12.39 + 1.61 16.83 £2.71 1331 £1.73 42.53 £3.84
1.00-2.00 21.36 + 0.67 24.05 + 1.58 5.76 + 1.08 51.17 +2.06
70-80 0.50-1.00 18.69 £ 1.99 25.65 £ 3.06 6.84 +2.68 50.18 = 1.07
0.25-0.50 11.51+2.71 18.94 + 0.88 17.63 + 1.51 48.08 +2.17
1.00-2.00 28.14 + 1.31 19.31 + 2.55 3.57 £0.07 51.02+4.18
80-90 0.50-1.00 23.61 +3.17 18.64 + 2.11 6.42+1.15 48.67 + 3.21
0.25-0.50 18.01 £0.18 18.99 + 1.98 10.14 + 0.65 47.14 £ 3.51
1.00-2.00 28.31 £0.22 17.26 + 3.05 4.63 +£0.24 50.20 + 4.08
90-100 0.50-1.00 22.44 +0.88 18.09 +2.41 7.53 +0.60 48.06 + 4.76
0.25-0.50 12.29 + 1.04 18.04 + 0.84 16.11 + 0.66 46.44 + 3.43

Note: 0.25-1.00 mm aggregates, as being the most productive for black soil, were analyzed; the study was conducted

three times.

coeflicient of correlation of water resistance indicators of 1.00-2.00 and 0.50-1.00 mm ag-
gregate fractions is 0.97, which is a very high correlation.

The determination of the correlation between two indicators—the coeflicient of pedality
(K) and water stability of soil aggregates of 1.00-2.00 mm size—has identified a high correla-
tion coefficient of 0.76.
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Discussion

Micromorphological studies have shown a high degree of soil aggregation. Upper horizons
are of dark gray, almost black color, homogeneous throughout the area of the micromorpho-
logical ground slide due to the high content of organic compounds. The horizon is moist,
humus-eluvial, loose, rich in roots, coarse-pored. The upper layer of the soil is solid and
humus and almost completely consists of excrements of earthworms and other representa-
tives of the soil mesofauna. The main structure-forming role belongs to dew-worms and
small invertebrates. The plasma of humus is clayey, homogeneous throughout the ground
slide, anisotropic, but largely hidden by organic compounds, the glow is speckled. The plant
remains are fresh and slightly rotten. Humus consists of humus clusters and collomorphic
fresh-brown humus. The type of humus is mull. The small areas of aggregated and spongy
microstructure prevail. Visible porosity occupies a significantly large area. In the upper ho-
rizons there are a great number of large, mainly round and oval pores, which contributes
to good aeration at great depth. The deeper it gets, the smaller the area of visible surface is,
decreasing from 55% to 5%, the soil becomes denser and the pores gradually turn into cracks.
The upper horizons are rich in isometric and slightly elongated aggregates of zoo origin (co-
prolites) with organic and mineral structure. Interaggregate pores partly incorporate residues
of small invertebrates. Microlayers are mostly aggregated and sometimes spongy, depend-
ing on the microzone of the soil slide. Elemental microstructure is of a plasma-pulverescent
type. The skeleton mainly consists of medium-rounded quartz and feldspars of isometric and
slightly elongated shape. The soils are carbonate, the effervescence of CaCO, effected by HCI
occurs at 42 cm depth.

The color of lower horizons varies from light brown to dark brown with a pale-yellow
shade, becoming much lighter and thicker at depth. There are areas of dense opaque organic
clusters of a round shape with a diffusive outline. The plasma is humus-carbonate-clayey,
inhomogeneous, anisotropic. The glow is speckled throughout the ground slide. The walls
of the pores incorporate anisotropic films, of mineral structure, which points to lessivage.
The plant remains are scarce, mostly slightly rotten. There are much fewer organogenic com-
pounds. The type of humus is mull having the same shapes, but in a much smaller quantity.
Pores are narrow, elongated, and irregular. Visible porosity occupies a much smaller area
(10-15%). Elemental microstructure is of a plasma-silty type.

The results of determining the aggregate composition of soils indicate a high aggregation
of humus horizons. The coefficient of soil structure (K) reaches the greatest value (7.83 +
0.81) in the 10-20 cm horizon, while the lowest value (1.94 + 0.08) can be seen in the 80-90
cm horizon. The deeper the horizon is, the less the sum of 0.5-2.0 mm aggregates becomes.
The greatest value of this coefficient can also be indicated for humus horizons (65.98 + 1.63)
in the 0-10 cm horizon.

The deeper the horizon is, the lower the water stability of soil aggregates becomes. The
maximum value of this indicator is 90.01 + 3.07% in the 0-10 cm horizon (1.00-2.00 mm
fracture). The greater the depth is, the more the indicator of this fracture falls gradually up
to 50.20 + 4.08% at 90-100 cm depth. The water resistance of 0.50-1.00 mm fracture is also
very high in the upper horizons (86.13 + 4.11%) in the horizon of 0.50-1.00 cm and gradu-
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ally decreases, the greater the depth becomes, up to 48.06% at 90-100 cm depth. The water
resistance indicators of 0.25-0.50 mm fracture are the lowest and range from 56.91 + 3.08%
to 46.44 + 3.43%.

The coefficient of correlation of water stability indicators of 1.00-2.00 and 0.50-1.00 mm
aggregate fractions is 0.97, which is a very high correlation. The determination of the cor-
relation between two indicators—the coefficient of pedality (K) and water resistance of soil
aggregates of 1.00-2.00 mm size (as the highest value of three fractions)—has shown a high
correlation coefficient of 0.76. This testifies that different qualitative indicators of soil proper-
ties synchronously decrease the deeper the soil slide is.

Earlier we investigated the properties of the ravine soils on the example of the middle
third of the slope of the northern exposure (Bozhko, Bilova, 2010). The coefficient of soil
pedality here turned out to be extremely high—10.53 + 1.22 and 12.74 + 1.79 in the 10-20
cm horizon and 30-40 cm horizon, respectively, while water stability of structural aggregates
reaches 95.07 + 2.17% and the power of the humus horizon is greater. The comparison be-
tween the coefficient of soil pedality and water stability of two ravine slopes is presented in
Table 3.

Table 3. The comparison between the coefficient of soil pedality and water stability of two ravine slopes.

Horizon (cm) The slope of the southern exposure The slope of the northern exposure
K J K J

0-10 7.26 £0.94 90.01 £ 3.07 7.05 £ 1.06 94.67 £ 1.16
10-20 7.83+£0.81 81.37 £3.75 10.53 £ 1.22 95.07 £2.17
20-30 6.12+0.17 74.73 £3.61 8.53+1.51 86.75+ 1.34
30-40 6.10 +0.21 63.53 +2.62 12.74 + 1.79 93.62 +£2.08
40-50 541 £0.51 56.62 + 3.94 3.67 £0.74 67.94+2.71
50-60 3.75+£0.44 53.61 £1.83 4.69 = 0.85 83.15+3.17
60-70 3.76 £ 0.39 56.17 £ 2.08 4.39 +£1.01 80.37 £2.61
70-80 2.76 £0.11 51.17 £ 2.06 1.98 +0.08 81.55 + 1.96
80-90 1.94 £ 0.24 51.02 £ 4.18 2.23£0.37 64.16 £2.48
90-100 2.41+£0.19 50.20 + 4.08 2.24+0.71 81.32 £ 3.06

Notes: K - coeficient of pedality; J - water stability of 1.00-2.00 mm aggregates.

This difference is explained by the following factors: on the slope of the northern expo-
sure, the type of forest vegetation is a fresh clay loam, in contrast to the southern exposure
where it is a much fresher clay loam; the type of forest biogeocoenosis is a fresh lime-ash-
maple wood. The light structure is half-shadowy. The density of the tree crown is 0.8. Such
conditions are the most favorable for soil formation and active processes of soil humification.

Conclusion

The study of the soil structure and aggregation, water stability of aggregates, and ecolog-
ical and micro-morphological features of soils of the ravine forests of Pre-Dnipro region
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(Ukraine) on the example of the northern variant of the ravine forest “Kapitanivskiy” has
identified a high degree of aggregation of the upper horizons of the soil slide. The structure
is of a zoogenic origin. The aggregates of mainly coprolite nature contain well-rotten plant
remains. The dark gray, almost black color throughout the area of the micromorphologi-
cal slide is due to a large number of organic compounds, which points to active processes
of humification. Finely dispersed humus includes a large number of equally spaced humus
clusters. The type of humus is mull. The area of the visible surface of the pores in the upper
horizons of the soil profile is fairly large (40%). Pores are round and elongated. Typically,
remains of small invertebrates can be found in the pores. The deeper the soil slide is, the
smaller the area of visible pores (from 55 to 5%) together with aggregation becomes. Corre-
lating with micromorphological characteristics, the water resistance of structural aggregates
reaches high values (90.01 * 3.07%) in the upper mummified coprolite horizons of the soil
slide, decreasing at depths. The coeflicient of pedality in ravines reaches 7.83 + 0.81. The sum
of 0.5-2.0 mm aggregates is 65.98 * 2.07%.

Comparing the soil properties of the southern and northern exposure of the object under
study, we have come to the conclusion that the soil structure and aggregation, water stability
of aggregates, and soil micromorphological indicators are much better on the slope of the
northern exposure. Consequently, more favorable environmental conditions here, especially
microclimatic, are the most suitable for active processes of humification and microstructure
formation.

In general, the soils of the northern ravine forests of Pre-Dnipro region (Ukraine) are
characterized by an active biogenic microstructure formation, which results in significant
aggregation and looseness of the microstructure, which greatly increases the fertility of these
soils.
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Abstract

Butorac V., Buzjak N.: Geodiversity and landscape services in the region of Ogulinsko-Plas¢anska
Zavala, Croatia. Ekoldgia (Bratislava), Vol. 39, No. 2, p. 130-144, 2020.

In terms of spatial planning and environment protection procedures in Croatia, geomorphologi-
cal features as a component of geodiversity are mostly considered marginally. They are considered
locally in the scope of certain operations such as urban development, mining, or activities that are
being assessed in the environment impact assessment procedures or spatial and strategical plan-
ning. Regarding the protection and the planning processes connected with it, geomorphological
features should be considered in the right scale and with all of its values and services that are be-
ing provided to the environment on a landscape scale. In this paper, geodiversity and its role in
landscape evolution will be connected and explained with the example of subgeomorphological
region Ogulinsko-pla$¢anska Zavala, in the mountainous Dinaric karst part of Croatia. As it has
been a region with long human and nature interaction, and a region with preserved natural and
seminatural landscapes, it is a suitable area for such an analysis. In order to properly assess the
geomorphological features as one of the determinants of landscape, the basis for environment
impact assessment procedures and spatial planning procedures, geoecological analysis of geodi-
versity and landscape services occurrence and spatial distribution is carried out.

Key words: landscape typology, geodiversity, relative relief assessment method.

Introduction

Landscape as a term can be defined in different ways that are dependent on the aspect of a
study. In this study, landscape is analyzed from physical geography aspect. It is the closest to
the definition of landscape as a physical space, part (at various scales) of the Earth’s surface,
which is shaped by natural conditions and formed by human influences to a different extent
(Bastian et al., 2014). Natural basis of landscapes is determined by its primary structure. Pri-
mary landscape structure is defined by the abiotic elements of geosystems, for example, geol-
ogy, relief, soil, water, and air. It is the primary basis for other landscape structures (Miklos
et al,, 2019). Collective term for overall diversity of landscapes, landforms, and processes
that form and reshape them on the Earth’s surface and in the lithosphere (that includes their
features, relationships, and systems) is defined as geodiversity. Its elements are geological,
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geomorphological, and pedological diversity (Gray, 2005; Serrano, Ruiz-Flafio, 2007; Gray,
2008, 2013; Gray et al., 2013; Brilha et al., 2018; Reynard, Brilha, 2018; Coratza et al., 2018;
Zwolinski et al., 2018).

Landscape types are units that are relatively homogeneous in their composition. These are
generic in nature since these may occur in different areas in different parts of the country and
share broadly similar combinations of geology, topography, drainage, landforms, vegetation,
historical land use, and settlement patterns (Swanwick, 2002).

Although it recognizes the importance of the landscape natural elements as a basis for
spatial development, the spatial planning sector in Croatia does not currently sufficiently
utilize geographical elements and holistic approaches such as ecosystem services and land-
scape services in the planning process (Marohni¢-Kuzmanovi¢ et al., 2017). Recent concept
is adapted to the strategic level of landscape planning and protection (Obad Séitaroci et al.,
2014). It provides good overview of the landscape state, as well as an overview of the methods
and strategic guidelines used for landscape planning and protection. It does not sufficiently
consider the primary structure of the landscape, which is not further elaborated on lower
order components, while the secondary and tertiary landscape structures are elaborated in
greater detail. An approach based on the cultural components of the landscape was empha-
sized and, unfortunately, did not go far from the landscape regionalization developed for
spatial development by geographer I. Brali¢ in the mid 1990s (Brali¢, 1999).

On the other side, the usual approach in the Croatian nature protection sector is based
on the biological point of view or, rarely, ecosystem services approach. It recognizes habi-
tat types (determined by vegetation areas) as basic spatial units, initially based on EUNIS
habitat classification (EUNIS, 2019; HAOP, 2017). Besides positive aspects, one of the main
problems with ecosystem services approach (or newer Nature’s Benefits to People concept;
Kadykalo et al., 2019) is the focus on the benefits for human society, economic framework or
biodiversity, often not giving correct attention to the other ecosystems’ components. There-
fore, it can be used only as an additional method in landscape analysis (Birkhofer et al., 2015;
Lele et al., 2013; Portman, 2013).

As an alternative to the concept of ecosystem units and ecosystem services, the concept of
landscape units and landscape services (or functions) in landscape analysis is much more ap-
plicable due to the more holistic perspective. Termorshuizen and Opdam (2009) stressed the
role of landscapes as “spatial human-ecological systems that deliver a wide range of functions,
that are or can be valued by humans for economic, sociocultural, and ecological reasons”. De-
veloping the landscape services approach, Bastian et al. (2014) provided a wider look at the
geographical space and its components. Due to the features and modifiers that shape land-
scape types, they are more appropriate spatial units than ecosystems in spatial planning and
environment protection. Landscape services are defined similar to ecosystem services, but
represent upgrade due to the more holistic perspective. They also account for the contribu-
tions of landscapes to human well-being (Bastian et al., 2014), but are also applicable to other
landscape/ecosystem elements. Landscape services are mostly classified in three themes: pro-
visioning, regulation and socio-cultural (Vallés-Planells et al., 2014).

As abiotic nature is greatly taking part in landscape types, one aim of this paper is to ana-
lyze spatial distribution and features of geodiversity, and its role in landscape typology. The
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other aim is to analyze primary landscape structure and to examine possibilities of landscape
services quantification with the use of relative relief assessment method. For this study pro-
visioning, socio-cultural and regulation services were selected. This approach is focused on
the integration of primary landscape structure or physical geographical aspect in combina-
tion with values of landscape through utilitarian value, which also includes some indicators
of biodiversity. This kind of approach could bring new insights about landscape structure and
values besides the usual approach of land cover characteristics analysis (Patru-Stupariu et al.,
2017; Zauskova, 2014; Mkrtchian, 2013).

Study area
Study area of Ogulinsko-plag¢anska Zavala (Fig. 1) covers 300.24 km? and it is a part of the

Mountainous Croatia in Dinaric karst mountain belt (Bognar, 2001; Bognar et al., 2012). It
was named after two main settlements — Ogulin and Plagki. It is tectonically relatively low-
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Fig. 1. Location of study area.
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ered depression of Dinaric direc-
tion (Boci¢ et al., 2016) modelled
by various geomorphological
processes.

The spatial distribution and
alteration of limestones and dolo-
mites resulted in local differences
in geomorphological processes
and landscape properties (Fig. 2).
Two main morphogenetic relief
types determine the landscape:
karst and fluviokarst. The karst
was developed in areas built of
Cretaceous limestones. It is char-
acterized by dynamic landscape
of sharper contours due to the
steeper slopes and higher rela-
tive relief values. There are for-
est landscapes on thin soils and
bare rocky surface in the moun-
tains. The manmade grasslands
are characteristic for karst pla-
teaus. The diagnostic landscape
elements are numerous Kkarst
phenomena: closed depressions
on the surface (dolines and uva-
las), subterranean phenomena
(caves and shafts) and predomi-
nantly underground karst water
circulation. Fluviokarst is a mor-
phogenetic relief type typical for
the dolomite and contact karst
zones where relief developed by
the combination of karst, fluvial
and slope processes. There are
also karst phenomena (dolines,
caves, poljes, and blind valleys
with ponors), underground water
circulation, but also better devel-
oped surface stream network with
often thicker fluvial deposits im-
portant for agriculture. This is the
area of mosaic cultural and semi-

Strata position
—— inclined
—=— inverted

Geological structure

— Continuous transition (Normal border)

Erosional and/or tectonic-erosional border

—— Fault (without character designation): determined
= Block with relative drop: determined

Reverse fault: determined

Overthrust contact with normal fault, relatively dropped: determined

Ovethrust: determined

---- Fault (without character designation): covered

——== Overthrust contact with normal fault, relatively droped: covered
— Coastal line

Geological units

[ | Alluvial deposits (Holocene)

[ | Deluvial-proluvial deposits (Holocene)

[ Carbonate flysch and clastits (Paleocene, Eocene)

[_] Rudist limestones (Cenoman - Mastriht)

[ Dolomite and postsedimentational diagenetic breccias (Late Alb, Early C
[ Limestone and Dolomite (Early Cretaceous)

[ | Limestone and Dolomite (Late Jurassic)

[ Thick layered Limestone and Dolomite (Middle Jurassic)
[_]Limestone and Dolomite (Early Jurassic)

1 Dolomite (Late Norian, Rhetian)

[ Seisian and Campilian deposits (Early Triassic)

Fig. 2. Geological map of study area (after Veli¢, Vlahovi¢, 2009).
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natural landscapes with settlements, arable lands and forest patches. Valleys and karst poljes
bottoms are covered with the younger Holocene alluvial and slope deposits.

The simultaneous occurrence of typical karst phenomena with big karst springs (Zagors-
ka Mreznica, Bistrac, Zagorska Pe¢, Rupecica) and surface hydrological network typical for
non-karst areas are a result of geological conditions (Bahun, 1970). The largest stream Dobra
is a losing fluviokarst river that flows into the research area from the NW. A losing river is a
stream in karst in which water infiltrates underground because the groundwater table is be-
low the bottom of the stream channel (Bonacci, Andri¢, 2010a). River Dobra receives water
from the well karstified area of the Velika Kapela Mt. Its valley developed along the part of
an upper impounding zone, along the contact zone of well-karstified limestones, and less
permeable dolomites that act as a hydrogeological barrier for karst drainage, causing specific
valley geomorphology, hydrology, the occurrence of numerous springs and small streams
contributing Dobra River from the SW (Bahun, 1968, 1970; Bonacci, Andri¢, 2010b; Zganec,
2012). Dobra is also the sinking river with ponor developed at the contact between Jurassic
dolomite zone and Cretaceous limestone zone. Ponor is located at the border of Ogulinsko
polje in the city of Ogulin and continues in the 16.4 km long cave system Pula-Medvedica
(Kuhta, Novosel, 2001). The springs, streams and valleys were important factors of settle-
ment development and contribute to the landscape diversity of the area. The valleys attracted
population with fertile soil and they were the cores of landscape transformation from mostly
forests and wetlands to agricultural landscape.

Material and methods

To proceed the qualitative-quantitative assessment of landscape services and geodiversity, the most common geoecologi-
cal method in Republic of Croatia, relative relief assessment method, was chosen. Its aim is to assess values of the landscape
or any other spatial unit for certain landscape evaluation, economic activity or nature protection tasks (Bognar, 1990;
Bognar, Bognar, 2010; Buzjak, 2008; Mamut, 2010a,b). A qualitative characterization of geodiversity consists of elements’
analysis and explanation on assigned values. This qualitative approach includes proposals that are based on expert views.
Geodiversity values are labelled or rated but always in a non-numerical form and tend to be highly subjective (Pereira,
Pereira, 2010). Following geospatial methods were performed in ESRI ArcMap 10.3.

Delineation of study area was done on the ridge and thalweg map extracted from DEM (10 x10 m) with Spatial Ana-
lyst extension. The borderline is extracted from continuous ridges surrounding hypsometrically lower area.

Delineation of landscape types and subtypes was made based on primary and secondary criteria. Primary criterion
is relative relief (Lozi¢, 1995). It was calculated from DEM (Focal statistics) and classified into 6 classes of which the first
three are distinctive for planated relief, and the last three for dissected relief. With this first level of delineation, some of the
borders were too generalized, therefore additional steps have been taken. On the northern and southern part of the study
area, the boundary between two landscape types was set on elevation contour 320 m, similar to Bahun (1970). Subtypes
were afterwards delineated by continuous ridges and thalwegs, which are visible structural borderlines between land-
forms. First level of delineation produced two macrolandscape types: dissected relief and planated relief macro-landscape
types. Major difference between them are the overall geomorphological processes, which are influencing energy fluxes
between natural processes and human activities, and those are denudation and accumulation in different proportions. The
second level, subtypes, were defined by their location in study area (boundary or central), size (micro, meso or macro),
landform type and morphogenetic features (karstic, fluviokarstic, and karst polje as a polygenetic landform type). Third
level of landscape typology delineation was done between landscape subtypes, which are different and divided in morpho-
logic and morphometric aspect. Micro-types are named after the names of settlements, peaks or landforms.

With the use of relative relief evaluation method provisioning, regulation and socio-cultural landscape services were
also assessed. Input data were generated from DEM, topographic map 1:25k and geological map 1:100k, Non-Forest Ter-
restrial Habitat Map of Republic of Croatia (Bardi et al., 2016), and cave archive of the Speleological Section of Croatian
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Table 1.Landscape services valorization table.

Services Service name Indicator Categories Points
0-1 8.4
Springs Kernel density (25) 1-2 16.7
2-3.85 25
Provisioning Freshwater (50) 0.1-1 8.4
services (100) Drainage network density (25) 1-2 16.7
2-3.6 25
Construction Carb p
material (50) arbonates (50) resence 50
0-0.3 8.4
Fault density (6.6) 0.3-0.6 16.7
0.6-1 25
0-20 0.825
20-40 1.625
40-60 2.45
Dolines Kernel density (6.6) 60-80 3.3
Rock cycle (33.3) 80-100 4.125
100-120 4.95
Regulation ser- 120-140 5.775
vices (100) 140-160 6.6
0-1 2.2
Springs Kernel density (6.6) 1-2 4.4
2-3.85 6.6
Caves (6.6) Presence 6.6
Ponors (6.6) Presence 6.6
Water regulation Karst polje (16.65) Presence 16.65
(33.3) Drainage network (16.65) Presence 16.65
Conserving biodi- | Naturalness of vegetation (16.65) Presence 16.65
versity (33.3) Caves (16.65) Presence 16.65
0-5 14
5-100 2.8
Vertical relief dissection (7.14) 100-300 4.2
300-500 5.7
500-800 7.14
Naturalness of vegetation (7.14) Presence 7.14
Caves (7.14) Presence 7.14
Ponors (7.14) Presence 7.14
Aesthetic values 0-20 0.89
20-40 1.8
(50) 40-60 2.69
Socio-cultural Dolines Kernel density (7.14) 8600_18000 ii?
services (100) 100-120 536
120-140 6.25
140-160 7.14
0-1 2.9
Springs Kernel density (7.14) 1-2 4.7
2-3.85 7.14
Naturalness of vegetation (12.5) Presence 12.5
Caves (12.5) Presence 12.5
. 0.1-1 4.16
Recreation (50) Drainage network density (12.5) 1-2 8.34
2-3.6 12.5
Protected areas (12.5) Presence 12.5
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Mountaineering Society “Zeljezni¢ar’, Zagreb. First step in landscape services assessment was inventory of specified fea-
tures (Table 1). Criteria determination and scoring was done in MS Excel, and afterwards applied in ESRI ArcMap 10.3.
Final landscape services assessment was proceeded with Spatial Analyst tools (Reclassify and Cell Statistics). In Table 1,
three types of landscape services and their belonging indicators are listed together with their descriptions.

Geodiversity assessment was proceeded in order to quantify the occurrence of geodiversity elements. As perquisite,
digital geomorphological analysis and geomorphological phenomena inventory was done. After that, vectorization and
geostatistical analysis of collected data and determination of assessment criteria for geodiversity was performed. Criteria
determination and scoring was done in MS Excel, and applied in ESRI ArcMap 10.3. Final geodiversity assessment was
proceeded with Spatial Analyst tools (Reclassify and Cell Statistics). Criteria for geodiversity assessment was intrinsic
value.

Results and discussion
Landscape typology was done according to the primary landscape structure. It consists of mor-

phogenetic relief types with similar morphometric characteristics and assemblages of land-
forms. Delineation product is 2 macro-landscape types, 6 subtypes, and 13 micro-types (Fig. 3).
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Fig. 3. Landscape typology.
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Fig. 4. Number of habitat types per landscape subtype.

Notes: A — Terrestrial surface waters and marshy habitats, B — Terrestrial areas without vegetation or poorly covered
with vegetation, C — Grasslands, meadows, peat bogs and high grasses, D — Shrubs, E — Forest, I — Cultivated non-
forest areas, weeds and ruderal vegetation, ] — Built and industrial habitats.

Delineated landscape subtypes have some common characteristics regarding the habi-
tat composition, which is closely connected to the land cover and abiotic components of
environment. Natural habitat is a unique functional unit of terrestrial or water ecosystem
determined by geographic, biotic, and abiotic features, independent regardless of whether
it is natural or seminatural. All equivalent habitats are one habitat type (Croatian Nature
Protection Act, Official Gazette of RC, No. 15/18, 14/19, Zagreb). Habitat types map is a
good starting point for landscape analysis, its naturalness and changes measured by frag-
mentation (Boci¢ et al., 2018). Good indicator of landscape fragmentation is the number of
habitat types patches in one landscape subtype and their ratio. In geographical term, land-
scape fragmentation is the division of larger homogeneous entities into smaller entities
of different shapes, composition and structure. Due to the changes, those new forms are
changing the composition, structure and function of the initial landscape (e.g., when the
forest area is deforested and the so-altered area is occupied by agriculture areas, transport
infrastructure, and settlements; Boci¢ et al., 2018; Buzjak et al., 2018). According to Non-
Forest Terrestrial Habitat Map of Croatia, there are 7 habitat types present in the study area.
Considering the absolute number of habitat type patches, fluviokarstic valley subtype has
the largest number of patches. The smallest number of patches has landscape subtype karst
polje, but this number is the result of the small area of this landscape subtype, which is the
result of geomorphological conditions. Total area of karst polje is only 1.5 km?, while flu-
viokarstic valley total area is 76.10 km?. All subtypes have numerous patches of grasslands
habitat type (C) (Fig. 4). The smallest landscape subtypes, karst polje and micro karstic plain,
have only 3-4 habitat types present. Presence of numerous grassland patches is the evidence
of anthropogenic changes of natural landscape since forests are the primary ecosystem type
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Fig. 6. Landscape services value in Ogulinsko-plas¢anska Zavala.
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for Croatia and this
area (Trinajsti¢, 1998).
Grasslands in Dinaric
karst area relate to for-
est clearance for fuel
and grazing (Kaligari¢
et al., 2006).

To examine the rela-
tion of the number of
patches and area, a Land-
scape Fragmentation In-
dex (LFI) was created.
The LFI is expressed as
the number of patches
and total landscape sub-
type area ratio. The low-
est value is recorded for
karst polje and boundary
karstic mount landscape
subtypes, and the high-
est value is recorded for
Sfluviokarstic valley and
isolated karstic mount
(Fig. 5). Low values of
LFI are indicating low
level of fragmentation,
while higher values are
indicating high level of
fragmentation, which is
connected to anthropo-
genic influenced land-
scape changes (urbani-
zation, traffic network
expansion, agriculture).
As  previously men-
tioned, such an index
is a good indicator for
landscape and habitat
change characterized by
landscape and habitat
fragmentation.

The cumulative map
shows landscape servic-



es values across study area (Fig. 6). Landscape services are classified into three categories.
Low value class occupies 18.5% of the study area, middle class 77.7% and high value 16.2%.
Areas with low value are distributed insular and are parts of macro-landscape type pla-
nated relief. The highest values are part of macro-landscape type dissected relief. High value
of landscape services is present in landscape subtype boundary karstic mount with 24% of
area with high landscape services value.

Considering Fig. 7, role of different landscape services in the whole landscape services
value can be determined, as well as their spatial distribution. The high values coincide with
the transition zones between the different landscape units. Provisioning services have the
highest values in mountain units and in the transition zones from mountain to valley areas
due to forests and the appearance of large karst springs. Socio-cultural services show a
similar trend, with the highest values in the zones of high aesthetic and recreational value
with diverse relief, karst phenomena and natural forests. For its regulating services the
most interesting is the fluviokarst area, due to the drainage network, and transitional zones
to karst with large caves and important biodiversity (Gottstein Matocec, 2002). This kind
of information serves as a good basis for decision making in the environment impact as-
sessment procedures or planning. From the other side, there is no solid basis to conclude
that only “hotspot” areas are the ones in need of protection. For better justification and
delineation of areas in high demand of protection, additional criteria should be applied,
such as rareness of certain landscape service. Also, risk assessment of landscape services
would serve as good additional information.

The same methodology was used to valorize landscape services and geodiversity occur-
rence, which enhances the possibility of comparison. Geodiversity assessment valorization
criteria are listed in Table 2.

Geodiversity value is divided into 3 categories with equal intervals. The mean value of
geodiversity is 43.8, which fits the class of middle geodiversity value. First class of low geo-
diversity value occupies only 0.26% of study area, which is why this class is barely visible in
Fig. 8. Middle geodiversity value class occupies 52.1% of total area, while high geodiversity

Provisioning services Socio-cultural services Regulation services
5 I
low low ow
C] A [ % ]
middle | middle middle
— — o

¥ s

Fig. 7. Provisioning, Socio-cultural and Regulation services values in Ogulinsko-plas¢anska Zavala.
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Table 2. Geodiversity valorization table.

Criteria Criteria feature Criteria feature categories | Points
. Carbonates Presence 12.5
Lithology (25) -
Quaternary deposits Presence 25
0-0.3 8.3
Structure (25) Fault density 0.3-0.6 16.7
0.6-1 25
0-20 0.625
20-40 1.25
40-60 1.875
Dolines kernel density (5) 60-80 23
80-100 3.125
100-120 3.75
Landforms (25) 120-140 437
140-160 5
s Spring caves (5) Presence 5
E Caves (5) Presence 5
E 0-1 1.8
§ Springs Kernel density (5) 1-2 34
g 2-3.85 5
'§ Ponors (5) Presence 5
£ 0-2 1.4
2-5 2.78
5-12 4.16
Slope (8.3) 12-32 5.54
32-55 6.92
>55 8.3
h 0-5 1.66
Morphometry (25) 5100 332
Dissected relief (8.3) 100-300 4,98
300-500 6.64
500-800 8.3
46-300 2.76
Hypsometry (8.3) 300-600 5.54
600-965 8.3

value class occupies 47.7%. As in the case of landscape services, the western mountainous
part of the study area has higher geodiversity value. The highest values are recorded in the
landscape subtype of boundary karstic mount (48% of total subtype area). The high values
are also present in subtype of fluviokarstic valley (57% of total subtype area). Since whole
study area was assessed by DEM as primary data source, landscape subtype fluviokarstic
valley has a big percentage of high geodiversity value areas even though it is densely popu-
lated and consequently built. Spatial distribution and shape of geodiversity classes (Fig. 8)
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is at the most similar to
spatial distribution and
shape of provisioning
services classes (Fig. 7).

Through this kind of
geodiversity and abiotic
values assessment, it is
possible to detect loss of
these values due to the
spread of settlements
and agriculture. It is
also possible to detect
areas in need of a pro-
tection.

The primary struc-
ture of landscape was
analyzed with the com-
parison of two indica-
tors (landscape services
and geodiversity), so
it is possible to detect

Geodiversity
a role of abiotic part [ low (0.625 - 25)
. . [ middle (25- 49)
of environment in the -hi;h 49 - 73)
determination of land- 01 2 4 6 8
- m

scape types and values.
But besides that, natu-
ralness of vegetation in
combination with geo-
diversity was very use-
ful (bio)indicator for recreational and aesthetic value of socio-cultural landscape services.
It was noted that areas with higher ratio of natural vegetation are located in the areas of
highly dissected relief on limestones with high dolines density. Dolines are typical and
most common karst features, so easy to measure and evaluate (Pahrenik, 2012). They also
indicate areas with limitations for anthropogenic activities (like agriculture), mostly inter-
esting in forestry, especially where limestone karst with bare surface or thin soils predomi-
nate. Dolines shape, depth and slopes inclination can also represent obstacle for activities
both in rural and urban areas. On the other side, combined with vegetation, they can be
used as indicator for more natural areas and landscapes with high level of aesthetic and
recreational values due to the preserved nature. Dolines also indicate areas of high karst
porosity where pollution can be quickly transferred to aquifers. In the case of spatial plan-
ning, these terrains are not suitable for activities with high risk potential that must be
introduced with special care or completely avoided (waste disposal; use, storage and traffic
of chemicals; sewage management, etc.).

Fig. 8. Geodiversity value in Ogulinsko-plag¢anska Zavala.
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Conclusion

Since it is fundamental for all other landscape structures (biogene and anthropogenic), it
is necessary that primary (abiotic) landscape structure analysis represents the first step in
landscape typology and assessment. In this study, geodiversity and landscape services were
analyzed due to its importance for primary and other landscape structures. The relative re-
lief evaluation method was chosen for quantitative assessment of both elements. When the
similar methodology is used for analysis, it makes it easier to examine how they affect one
another and what kind of interdependence are they in. For this study, provisioning, socio-
cultural, and regulation landscape services were selected.

Delineation of landscape types based on morphogenetic relief types produced landscape
units suitable for further analysis. Their present state was analyzed according to the anthropo-
genic impacts measured by habitat fragmentation. Low values of Landscape Fragmentation
Index were recorded in areas with limited sources for human activities, especially agriculture
as a traditional economy for this area. Landscape types show conformity with landscape ser-
vices and geodiversity values distribution. The dissected relief units have significantly high
values, while planated relief units have lower values of landscape services and geodiversity.
Concerning the analyzed landscape services, the most important are provisioning services
since the high value category occupies the largest area.

Because of the conformity of indicators (geodiversity and landscape), landscape
types delineated based on primary landscape structure represent good spatial units for
planning, environment protection and sustainable management. The primary structure
can be considered as the “original structure”, or the “zero state” of the landscape. It is the
base for other structures (secondary and tertiary), and in some way conditions, directs,
and limits them. In the process of spatial planning or environmental protection, it is
efficient to use clearly defined spatial units of homogeneous features relevant to other
components. Their identification requires the analysis of synergic inner (inside primary
structure) and outer (with secondary or other structures) relationships of the relevant
interacting landscape elements (substrate, georelief, water, soil, and potential vegetation)
and their properties.
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Abstract

Petlusova V., Petlu$ P, TobiaSové E., Hresko J.: Using the methodological procedures for water
erosion risk areas identification for sustainable land use. Ekologia (Bratislava), Vol. 39, No. 2, p.
145-158, 2020.

The countries of the European Union have joined, inter alia, soil protection in the Common Ag-
ricultural Policy (hereinafter referred to as CAP). Accelerated soil erosion is a problem resulting
from inappropriate land management, which affects both the presence of organic matter and the
soil structure. The tool for elimination of negative impacts on soil can be its sustainable use. This
requires the use of an accurate system to improve its condition. The first step should be problem
identification and localisation. The research is aimed at the identification of water erosion risk ar-
eas by using selected methodological procedures. The research area was located at the intensively
used hilly land of the Southwestern Slovakia. The digitisation of the manual interpretation of ero-
sion risk areas with the use of aerial photos, erosion modelling, chemical analysis of soil organic
matter (SOM) and analysis of soil structure were used. Verification was implemented via the field
research with the use of the soil probes. Methods affirmed significant presence of the water erosion
in the area. Efficient identification of erosional processes is possible via combination of presented
methods by taking into consideration geological, geomorphological, pedological and geographi-
cal conditions and the use of the area over a longer period of time. The results of using methods
that ensure accurate and effective localisation of erosion surfaces can be used for sustainable land
use and its conservation.

Key words: digitization of the erosion surface, water erosion modelling, visual identification of the
erosion, carbon sequestration and movement, hilly lowland.

Introduction

Sustainable management of natural resources has become an essential attribute in eliminat-
ing effects of climate change, preserving biodiversity and improving environment. Soil as a
natural resource used primarily for agricultural purposes undergoes a process that threatens
its quality and functions. It is endangered by erosion, compaction, loss of nutrients, increased
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acidity, low organic matter content and areal land take up for non-agricultural purposes. It
leads to disruption or disappearance of ecosystems and important elements of the country.
The application of sustainable and soil conservation innovative technologies of soil manage-
ment can be ensured by lowering down the impact of negative effects.

The Common Agricultural Policy (CAP) has introduced the promotion of sustainable
land use at the EU level. It supports soil management research and innovation. The aim is to
identify and evaluate perspective land use systems that improve soils’ condition and take into
account the socio-economical aspect.

Following the principles and objectives of the CAP, the research is focused on the identifi-
cation of water erosion using various methods. Testing of methods took place in the lowland
type of hilly land.

In Slovakia, hills have suitable climatic and soil conditions for agricultural use. Gradual
intensification of land use in Slovak hills that is related to the development of agricultural ac-
tivities leads not only to the change of the landscape structure but mainly to the development
of soil degradation. It promotes the acceleration of processes associated with surface run-oft
by formation and development of water erosion.

Accurate identification of areas endangered by water erosion is one of the fundamen-
tal attributes entering into sustainable land management proposals. Sarapatka and Niggli
(2008) stated that if it needs to meet the requirements of sustainable land management,
more soil drainage than the amount of soil that will be created should not be allowed to
maintain the land for future generations. Soil drainage brings many negative phenomena.
Bielek (2017) stated that the most important potentials of soil functions, especially bio-
mass production, water filtration and hydrological rainfall cycle in the area, are reduced
directly where the erosion took place, reducing the overall utility value of the soil habitat.
Outside of the area where erosion takes place, there are threats such as unwanted supply of
soil matter, pollutants, nutrients and agrochemicals and sediments damaging ecosystems.
Thus, the erosive processes represent a significant negative factor threatening especially
the surface soil horizon. Its removal is the ultimate and irreversible state that leads to
decline in agricultural land yields and significant economic losses, which may not only
have economic but also social consequences. Solution of this problem requires an active
research on water erosion. Zachar (1970, 1982), Fulajtar and Jansky (2001), Stankoviansky
(2000, 2001), Kenderessy (2012) and Petlusova et al. (2016, 2017) dealt with the research
of erosion in conditions of Slovakia. The development of water erosion is conditioned by
morphological and morphometric features of the relief. Faltan et al. (2017), Panagos et
al. (2015), Zelenakova and Jakubikova (2010), Kirkby et al. (2002) and Styk (2002) high-
lighted the importance of the slope angle and land use. The importance of the erosion-
accumulation processes is also highlighted by the extent of elaboration of this issue in
many foreign scientific works that use innovative information systems. One of the domi-
nant systems playing an important role in determining erosion-accumulation processes is
remote sensing of the Earth (hereinafter referred to as RSE) (Biswas et al., 1999; Bouaziz et
al., 2011; Al-Abadi et al., 2016). Research on erosion processes is progressively improving.
New possibilities and procedures for identifying water erosion are being sought, which
could be generalised and applied in practice. However, the choice of methods depends
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on the purpose of the research and may be thematically and territorially designed. The
high variability of erosion research methods causes that most of works have a specific
focus (pedological, geographical, hydrological, etc.). Signs of water erosion are not only
quantitative but also qualitative. The identification of these changes based on the selected
soil organic matter (SOM) parameters and soil structure reflects the manifestations of this
form of erosion in the landscape as well as changes in the soil production capacity affected
by water erosion (Pintaldi et al., 2018; Wang et al., 2018; Abera, Assen, 2019). The removal
of particles from the humus surface horizon, the richest in organic matter, not only reduces
the thickness of this active soil profile (Conforti et al., 2013) but also deteriorates other soil
properties (Sarapatka et al., 2018) because they are closely related to the SOM. In this con-
text, it is necessary to consider not only the reduction of organic carbon content but also
its distribution in soil aggregates, which is closely related to carbon sequestration (Li et al.,
2017). Soil structure and SOM together with soil texture are part of the soil erodibility fac-
tor, which is a part of the universal equation for the calculation of the average long-term
soil loss (Wischmeier, Smith, 1978).

The aim is to present several procedures for the optimal identification of water erosion
processes. The results can enter into sustainable land use proposals based on the precise and
effective localisation of erosion risk areas that require a specific approach when they are used.

Material and methods

The model area is the intensively agriculturally used area of the SE part of Podunajskd nizina lowland, which is

formed by the spur of Hronska pahorkatina hills, in the cadastral areas of Luba and Bela villages. The current char-

acter of land use is the result of the intensification of agriculture with a predominant abundance of large-scale arable

field. Predominant soil types are brown earth soils (Orthic Luvisols), regosols (Regosols) and chernozems. The area

is part of Podunajska pahorkatina hills. It has the character of medium to slightly rugged hills with an altitude of

110-250 m asl. The selection of the area was conditioned by the presence of significant erosion processes.
Following methods were used to test methodologies for identifying water erosion processes:

Digitisation of erosion processes manifestations using aerial photos with the aim of finding area extension of water
erosion

Spatial expansion of erosion and accumulation areas was realised by visual evaluation and interpretation of aerial
photos, which are a proven possibility of their application in the field. Identification of erosion processes as colour
differences was realised visually based on the aerial photos from six time periods (1949, 1970, 2006, 2011, 2014 and
2015). The images are from different seasons, thus partially eliminating the effect of the vegetation cover (visual
expression of erosion partially overlapping seasonally). A surface assessment of the quantitative representation of
erosion areas was obtained by vectorisation of light amoebic formations on aerial images. Significant areas where
erosion took place in the past and is still going on or where erosion occurred only in the past or now were identified.
They were named as actual and potential erosion risk areas (Fig. 1).

Modelling of water erosion

Modelling was realised as a calculation of the potential average annual loss of soil and the determination of the material
removal from the slope. The digital terrain model 10x10 m was used, derived from the basic contour maps of 1:10 000.
The rainfall erosivity factor (R factor) was identified from the climate map (Lapin et al., 2002) and a database of selected R
factor values (Ilavska et al., 2005). To determine the soil erodibility factor (K factor), a database of selected K factor values
was used (Ilavska et al., 2005). The calculation of the topographical factor, combined slope length and slope inclination
(LS factor), was created in GRASS GIS (module r.watershed). The crop management factor (C factor) was used according
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to Malisek (1992). The conser-
vation practice factor (P factor)
was determined accordingly
(Tlavska et al., 2005).

For the determination
of the ‘average’ annual loss
of soil, the so-called univer-
sal equation for long-term
loss of water by water ero-
sion — USLE by Wischmeier
and Smith (1978) - was used.
The value of permissible loss
of land serves to determine
the erosion risk degree of the
land. It is defined as a maxi-
mum intensity of soil erosion
that allows to maintain suffi-
cient level of the soil fertility
on a long-term basis, which
is economically available
(Janecek et al., 2012). The cat-
egorisation of calculated data
was based on four categories
of average annual soil loss: no
to weak soil loss (0-4 t/ha/
year), medium soil loss (4-10 t/ha/year), high soil loss (10-30 t/ha/year) and extreme soil loss (>30 t/ha/year). They
are listed in Act No. 220/2004 Coll. on the limit values for the erodibility categories of agricultural soils.

Fig. 1. Areas realistically and potentially endangered by water erosion
(resource: orthophoto map © EUROSENSE).

Modelling the drainage direction of the material

The determination of the direction of material removal from the slope was based on the methodology of Miklés et
al. (1997). The methodology was adapted considering the assumption of transport of soil particles along the slope
and not their accumulation. The relief shapes calculated in the geographic information system (hereinafter referred
to as GIS) environment based on the digital relief model were used. The digital relief model was derived from the
basic contour maps of the SR at a scale of 1:10 000. For vertical and horizontal ruggedness, the following categories
have been determined: concave surfaces, sunken with slow-drainage, flat surfaces, non-curved and convex surfaces
and convex surfaces with accelerated drainage. By the synthesis of vertical and horizontal curvature, the basic forms
of the relief have been found to be critical in determining run-off ratios and for our needs to determine the potential
material drainage from the slope. The basic forms of the relief together with the slope of the area were used in the
calculation of material removal from slopes.

Identification and verification of water erosion with the use of soil probes

An Edelman auger with drill capacity of up to 500 cm with a diameter of 50 mm was used for the identification.
The thickness of the humus horizon, the presence of soil horizons, the depth of turning the soil over, the character
of the soil-forming substrate and the thickness of the accumulated material were verified. On the basis of the ascer-
tained data, soils endangered by erosion (light surfaces) or soil accumulated in concave slope areas were identified
as a manifestation of the transport of soil particles along the slope. There were 51 soil probes realised. Probes were
located irregularly throughout the territory on slopes with expected erosion or accumulation (Fig. 2).

Soil erosion in the context of soil organic matter and soil structure analysis

In assessing the effects of water erosion through SOM and soil structure, several of their parameters, such as total or-
ganic carbon (TOC), labile (C,) and non-labile (C,;) carbon, humic substances (HS) and fractional composition of soil
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aggregates, were used. Soil struc-
ture vulnerability coefficient (K)

(Valla etal., 2000), clogging index N rensect boundily
(1) (Lal, Shukla, 2004) or critical ' sopsionon s

content of SOM (S) (Valla et al, |+ 29 sailprobes
2000) were also used, on which ﬁ @R3 soil sampling
effects of erosion-accumulation
processes were fully manifested.
At the same time, carbon seques-
tration was analysed. One of the
main mechanisms of carbon se-
questration is its increase in car-
bon-rich macro-aggregates (Six
et al,, 2002), which also implies
their favourable size distribution.
SOM analysis was performed on
soil samples collected from three
parts of the slope: the upper con-
vex part, the slope and the accu-
mulation concave part. On one
slope (Fig. 2), soil samples were
also taken in a line, from top to
bottom along the slope. The sam-
pling points were 20 m apart.

Results

Digitisation of erosion
processes  manifestations
using aerial photos with
the aim of finding area  Fig. 2. Soil probes and sampling sites (resource: orthophoto map © EURO-
extension of water erosion ~ SENSE).

The area manifestation of water erosion in the period 1949-2016 increased by 130.56 ha
(8.88%). The erosion areas have increased by changing land use because of the change of nar-
row strip fields to large-strip fields. Areas realistically and potentially endangered by water
erosion represented 408.44 ha (27.78%) in total. These areas (Fig. 3) can be used in other
procedures for the detection of water erosional processes.

Demarcated erosion surfaces were used in the process of partial syntheses, which express their
relationships with the relief parameters (slope, exposure and relief shapes) and the type of land
use change, and also with the values of soil removal or with material removal directions and so
on (Petlusova et al., 2016). The slope is given as demonstration of research results. Areas where
slope significantly affects or does not affect the spread of erosion have been identified via the
combination of realistically endangered surfaces and slope. The slope was evaluated according to
five categories. In the 0—1° category, actual erosion was abundant on 25.44 ha (16.9%). These are
areas that are used to grow spring and winter cereals, oilseeds, leguminous seeds and the like. In
the 1-3° category, erosion was on 66.44 ha (17.70%). In terms of land use, these sites were mainly
used as arable land and also as permanent grassland. In the slope category 3—7°, erosion was on

149



218.90 ha (30.27%). Major part
of area comprised arable soil.
Vineyards are considered to
be a significant element. In the
7-12° category, erosion was
found on 80.69 ha (39.83%).
Suitability of soil types enables
to use this area as arable soil
despite the fact that the risk of
erosion processes occurrence
is high. Similarly, it is in the
slope category of 12° or more,
which was abundant on 4.22
ha (22.40%). The results show
that the slope inclination deter-
mines the occurrence of areas
with a realistic presence of soil
erosion.

transect boundary
water
- eroded areas

Modelling of water erosion

Fig. 3. Surfaces endangered by water erosion (resource: DTM 10x10, Es-  Water erosion modelling re-

prit s. r. 0; Basic map of SR 1: 10 000). sults in spatial expression of

areas with potential average

annual soil loss. Significant
manifestations of erosion were found in moderately rugged hilly parts of the area with a slope
of higher than 3°, but mostly where the slope of the area was 7—-12°. In these parts, categories
2 and 3 (medium and high soil loss) prevail according to the data obtained in the soil loss
calculations (Fig. 4). The area has long been used as large-scale intensively used arable fields.
In one site, in category 3 with high soil loss, the forest is currently there.

Three categories of soil removal were identified: weak, medium strength and strong. On
the greater part of the area, there are abundant categories of medium strong to strong drain-
age, which significantly determines the drainage of soil particles and their accumulation in
the concave parts of the area. Research has shown that soil is subject to erosion processes.
During the monitored period, the surface was intensively farmed. Rapeseed and winter wheat
were grown, and on the neighbouring soil complex with medium soil loss, maize was grown.

Identification and verification of water erosion with the use of soil probes
Soil erosion identification was carried out with 51 drilled soil probes. Verification of erosional
processes with the use of soil probes shows that predominantly soil types, regosols, eroded

brown earths and eroded chernozems, indicate the presence of erosion in at least three quarters
of cases (Table 1).
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Soil probes also pointed
out that in the lower accu-

= transect boundary

mulation slope parts and on ey

the convex slope forms with et balh

a lower slope, the alluvial gl
deposits (coluviosol-Collu- o ol P
visols) were more than 2 m micdle (1- 10 hafyear)
deep, indicating the down- B i s 50 s
ward movement of soil par-  without erosion

ticles where they have been :32:\:{?1?&:;;3;? -
deposited. foe e

Soil erosion in the context of
soil organic matter and soil
structure analysis

TOC content in both soil
(Table 2) and soil aggregates
(Table 3) was increasing in
the direction from the top of -
the slope down, but humus i
quality (Table 2) had oppo-
site tendency.

In the case of C, (Table \
3) and C, (Table 3) con- @ R
tents in water-resistant mac-
ro-aggregates (WSA), the

situation was similar, thus
increasing its content down Fig. 4. Potential average annual soil loss (resource: DTM 10x10, Esprit s. r. 0;
Basic map of SR 1: 10 000; orthophoto map © EUROSENSE).

the slope direction. At the
same time, organic carbon
contents had a decreasing tendency from the larger fraction with its highest content to the
smallest fraction of WSA with the lowest content. On the basis of carbon sequestration, the
proportion of dry-sieved macro-aggregates (DSA; 1-7 mm) increased down the slope direc-
tion, and on the contrary, the content of the smaller (<1 mm) and larger (>7 mm) DSA frac-
tions decreased (Table 3), which again points out not only the deterioration of the eroded top
soil profile properties but, at the same time, similar the previous parameters, can also identify
the erosion of the affected surfaces.

By linking the parameters that are part of the erodibility factor (SOM, soil structure and
soil texture), further parameters that correspond to the manifestations of water erosion were
obtained. Values of the soil structure vulnerability coefficient (K) (Valla et al., 2000) and
index of crusting (I ) (Lal, Shukla, 2004) were decreasing, and on the contrary, critical SOM
content (S) (Valla et al., 2000) increased downward the slope (Table 4). On the basis of these
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Table 1. Soil types with erosion manifestation (E) and with no erosion manifestation (N).

. . . Erosion
Probe No. Soil Type Classification Manifestation
1 Cultivated Calcaric Regosols on neogene sediments E
2 Cultivated Calcaric Regosols on neogene sediments E
3 Cultivated Calcaric Regosols on neogene sediments E
4 Eroded Orthic Luvisols on neogene sediments E
5 Eroded Chernozems on neogene sediments E
6 Calcaric Regosols on neogene sediments E
7 Colluvisols E
8 Eroded Chernozems on loess E
9 Cultivated Calcaric Chernozems on loess N
10 Colluvisols E
11 Regosols on neogene sands E
12 Cultivated Orthic Luvisols on loess loam N
13 Regosols on weathered neogene gravels E
14 Decalcified Haplic Chernozems on loess E
15 Luvi-haplic Cernozems E
16 Cultivated Calcaric Regosols on loess E
17 Cultivated Calcaro Haplic Chernozems N
18 Regosols on loess E
19 Regosols on loess E
20 Eroded Orthic Luvisols (rubified) on loess E
21 Colluvisols E
22 Colluvisols E
23 Cultivated Calcaric Regosols on neogene sediments E
24 Cultivated Calcaric Regosols on neogene sediments E
25 Eroded Chernozems on loess E
26 Cultivated Chernozems on loess N
27 Eroded Chernozems on loess E
28 Arenic Chernozems on neogene sands N
29 Calcaric Regosols on loess E
30 Haplic Chernozems on loess N
31 Cultivated regosols on loess E
32 Eroded Chernozems on loess E
33 Eroded rubified soil (not classified) N
34 Eroded Chernozems on loess E
35 Colluvisols E
36 Rubified soil on loess (not classified) N
37 Haplic Chernozems on loess N
38 Eroded Chernozems on loess E
39 Haplic Chernozems on loess N
40 Eroded Regosols E
41 Cultivated regosols on loess E
42 Eroded Regosols E
43 Regosols on loess E
44 Haplic Chernozems N
45 Luvi-haplic Chernozems on loess N
46 Eroded Chernozems on loess E
47 Eroded Chernozems on loess E
48 Regosols on loess E
49 Eroded Chernozems on loess E
50 Eroded Chernozems on loess E
51 Colluvisols on neogene gravels E

Resource: Terrain Research (2015-2017).
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Table 2. Selected quantitative and qualitative parameters of soil organic matter.

P  the Slope/ Total Organic | Humic Substance Humic Acid Fulvic Acid C,../Cps
Part o tt € Slope Carbon (TOC) Carbon (HSC) Carbon (C,,) | Carbon (C,) Ratio
arameters
(mg kg") (%) (%) (%)

R1 7530 38.11 26.16 11.95 1.43
R2 10 810 39.59 26.64 12.95 1.15
R3 14 570 43.17 25.26 17.91 1.13
R4 16 980 37.99 23.79 14.19 1.70
R5 12570 44.74 26.01 18.70 1.26
R6 18 900 70.06 40.10 30.95 1.89
R7 16 810 36.41 24.21 12.20 1.50
R8 9220 35.03 21.15 13.88 0.95
R9 13 480 37.09 21.14 15.95 1.01

Notes: R1, R4 and R7 — upper convex part; R2, R5 and R8 - slope; R3, R6 and R9 — accumulative concave part.

results, the least favourable state could be again considered on the top slope parts and basi-
cally with the downward trend.

The loss of soil structure and its tendency to erosion (S, <5%) was manifested in all cases
and had a decreasing tendency. The tendency of SOM in the line is shown in Table 5.

On the slope, the quality and quantity of soil organic matter are changing. Organic car-
bon is shifted to the bottom of the slope. This indicates soil erosion, which affects other im-
portant soil components and functions.

Discussion

Using selected methods for identifying water erosion has shown that water erosion pro-
cesses can be identified by several methods. However, they cannot be generalised and
unequivocally recommended for any assessed area. When selecting methods, it is neces-
sary to start with the specific natural and anthropogenic conditions of a given area. The
presented methods were used on the example of loess lowland hill land with the occur-
rence of Chernozems and haplic Luvisols. The use of several methods for detecting ero-
sion processes increases the objectivity of claims about currently ongoing soil removal
processes.

The advantage of using the digitisation of surface erosion manifestations using aerial
photos is the possibility of creating a reference layer by vectorisation in the ArcGIS en-
vironment, over which spatial units are created by overlay method. The spatial units are
also the basic operational units for further analyses, including detailed field research of
erosion areas. The disadvantage is that the light amoebic formations in the images do
not necessarily have to be erosion surfaces in all cases, and therefore, verification in the
field is needed. It was not possible to accurately locate and identify erosional processes
on areas with agricultural cultures during the research. More specifically, it was in the
large-scale ploughed fields and vineyards. Large-scale fields were not covered with veg-
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Table 3.Selected carbon parameters in fractions of water-resistant macro-aggregates and their percent abundance

Part of the Slope/ >5 >3-5 >2-3 >1-2 >0.5-1 >0.25- <0.25
Fraction Size mm mm mm mm mm 0.5 mm
mm
(mg kg!)
Total Organic Carbon (TOC)
R1 10.990 8.880 8.860 11.270 10.980 8.090 5.580
R2 13.750 13.020 13.570 13.080 11.800 11.360 10.270
R3 21.010 17.580 18.380 19.460 17.950 16.040 15.210
R4 15.900 15.630 16.730 17.280 15.580 13.730 12.330
R5 13.960 14.280 14.430 14.730 14.180 11.650 9.250
R6 18.690 19.940 19.130 20.290 20.110 22.190 16.400
R7 16.050 17.240 17.000 17.240 17.640 16.880 13.630
R8 17.230 15.720 14.140 13.800 14.570 14.610 11.370
R9 9.540 11.190 10.970 12.150 11.900 10.590 7.950
Labile Organic Carbon oxidised with KMnO, (C,)
R1 778 691 695 731 682 465 277
R2 1.203 1.186 1.070 1.124 1.118 911 730
R3 3.270 1.593 2.019 1.653 1.463 1.683 987
R4 1.622.2 1.656.1 1.480.3 1.646.5 1.763 1607.6 1.362.7
R5 949.9 1.009.1 902.9 1.029.5 950.1 936.1 670.6
R6 1.061.5 1.176.1 1.144.1 1.623.2 907.1 1784.5 1127
R7 1.354 1.711 1.781 1.935 1.754 2.108 2.150
R8 679 924 922 969 1.094 1.116 1.148
R9 617 734 923 1.102 874 1.027 1.092
Non-labile Organic Carbon (NLC)
R1 10.212 8.189 8.165 10.539 10.298 7.625 5.303
R2 12.547 11.834 12.500 11.956 10.682 10.449 9.540
R3 17.740 15,987 16.361 17.807 16.487 14.357 14.223
R4 14.277.8 13.973.9 15.249.7 15.633.5 13.817.0 12.122.4 10.967.3
R5 13.010.1 13.270.9 13.527.1 13.700.5 13.229.9 10.713.9 8.579.4
R6 17.628.5 18.763.9 17.985.9 18.666.8 19.202.9 20.405.5 15.273.0
R7 14.696 15.529 15.219 15.305 15.886 14.772 11.480
R8 16.551 14.796 13.218 12.831 13.476 13.494 10.222
R9 8.923 10.456 10.047 11.048 11.026 9.563 6.858
Percentage abundance of dry-sieved macro-aggregates fractions

Part of the Slope/ >7 mm >5-7 >3-5 >1-3 >0.5-1 >0.25- <0.25

K | mm mm mm mm 0.5 mm mm
Fraction Size %
R1 13.08 11.49 14.58 20.70 17.12 9.65 13.39
R2 12.36 16.55 18.23 22.82 13.74 7.27 9.04
R3 9.86 17.03 21.16 28.70 13.18 4.55 5.52
R4 47.03 11.84 12.32 14.89 7.99 2.95 2.99
R5 27.05 11.28 13.90 19.76 14.93 6.49 6.58
R6 25.74 7.69 8.54 9.61 5.11 3.20 40.12
R7 0.68 3.70 5.34 6.46 11.60 23.06 49.16
R8 0.80 1.32 3.20 3.48 6.74 22.34 62.12
R9 2.42 4.86 9.54 21.40 20.00 21.00 20.78

Notes: R1, R4 and R7 — upper convex part; R2, R5 and R8 - slope; R3, R6 and R9 — accumulative concave part.
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Table 4. Chosen parameters of the soil structure.

Part of the Slope/ Soil.S.tructure . ) Critical Soil Organic

Parameters Vulnerability Coefficient Index of Crusting (I ) Matter Content (S)
(K) (%)

R1 1.441 1.477 1.706

R2 1.343 1.011 2911

R3 1.204 0.689 3913

R4 2.319 3.94 0.819

R5 0.915 2.557 1.484

R6 1.054 3.809 1.007

R7 2.695 3.537 0.881

R8 3.346 2.019 1.849

RO 1.644 2.765 1.283

Notes: R1, R4 and R7 — upper convex part; R2, R5 and R8 - slope; R3, R6 and R9 — accumulative concave part.

Table5. Total organic carbon and selected quantitative and qualitative parameters of soil organic matter.

Total Cold Water | Hot Water Labile Humic | Humic Acid | Fulvic Acid
Organic Extracta.ble Extracta.ble Organic | Substance Carbon Carbon CH"/F:FA
Carbon Organic Organic Carbon Carbon (C...) (C Ratio
Carbon Carbon HA FA)
(mg kg™") (%)
RL1 1.366 252.25 416.05 976 36.38 19.84 16.54 1.03
RL2 1.130 343.98 554.58 885 37.52 17.26 20.27 0.72
RL3 0.933 217.86 311.46 764 38.69 19.08 19.61 0.78
RL4 0.738 263.72 427.52 649 35.77 23.58 12.20 1.68
RL5 0.963 447.18 587.58 850 36.14 20.25 15.89 1.67
RL6 1.202 470.11 1218.91 825 36.19 21.71 14.48 1.70
RL7 1.217 412.78 822.28 986 36.89 18.57 18.32 1.60
RL8 1.337 217.86 592.26 1074 36.35 18.70 17.65 1.53
RL9 1.651 194.93 674.63 1008 35.61 21.26 14.35 1.09
RL10 1.378 114.66 301.86 1211 39.62 26.99 12.63 1.34
RLI11 1.456 149.06 617.06 1301 24.24 23.42 13.32 1.37
RL12 1.592 149.06 500.06 1231 34.48 19.91 14.57 1.27
RL13 1.676 137.59 535.39 1289 32.76 19.93 12.83 1.64

Note: RL1 to RL13 are soil sampling localities on slopes.

etation during the mapping, and the newly established intensively used bleak vineyards
uncovered erosional areas.

Modelling of water erosion is an effective method used in research. It is an effective way
of protecting the soil by which the user regulates the management to minimise soil mass loss.
Model results may not match the actual occurrence of erosion in space. This contention was
confirmed in the synthesis of erosion endangered areas and the result of modelling of poten-
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tial average annual soil loss (Fig. 4). The models also do not feature precise expression of the
movement of the material along the slope, and they do not determine the exact location of the
soil particles in the plot. It is not appropriate to use them for a shorter period than the season,
respectively, to determine the soil loss from a single rainfall event or sudden snow heating.

Identification and verification of water erosion using soil probes is a relatively effective
way of identifying real erosional processes. The advantage is also the understanding of land-
scape ecological, geomorphological connections and relationships in the landscape, which
should be included in the proposals and principles for sustainable land use. However, using
the method requires expertise and experience in field soil research. The method has its limi-
tations, which result from real conditions in a given part of the growing season and condi-
tions of soil state (optimal soil moisture, vegetation height, etc.).

When identifying erosional processes in the context of SOM and soil structure analy-
sis, unlike other methods, not only quantitative but also qualitative changes in soil erosion
endangered soil properties are determined. The difficulty of the method is that it requires
precise analyses in laboratory conditions and field sampling is bound by the optimal current
soil moisture.

It is not possible to determine which of the methods of soil loss detection used is more
significant. The methods used are complementary. Identification of spatial distribution of
erosion areas and modelling are helpful in quantitatively define erosion areas. The use of soil
probes and analysis of SOM are helpful in verify qualitative changes in soil during the process
of water erosion.

The contribution of the research is also the identification of erosional processes in rela-
tion to the dynamics of land use. On the basis of this, it can be assumed whether the develop-
ment or the elimination of erosional processes or their elimination can potentially occur in
the area. The importance of using a combination of various methods for research of erosional
processes in the landscape is a suitable tool in a precise agriculture. Accurate localisation of
endangered surface by erosion with the possibility of proposing an adequate soil erosion pro-
tection corresponds to the principles of the CAP. Farmers must respect Good Agricultural
and Environmental Conditions (GAEC), which are linked to direct income support. Soil
GAECs adopted for the European Union 2014-2020 planning period, designed to prevent
soil erosion through appropriate measures, include standards that should be respected. How-
ever, the opposite has been shown in practice. Despite the fact that crops are being reduced
in agriculture; soil, landscape, environment and other properties are damaged; and profit
reduction, standards are rarely abided. The accurate detection of endangered surface by ero-
sion will allow the farmer to invest less costs in soil protection than when trying to provide
protection on a whole land block, which often leads to inefficient loss of energy and funds.
It leads to an increase in the cost of the whole company. The costs of technical landscaping,
infrastructure repair and water treatment are increasing.
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Abstract

Skalsky R., Koco S., Baran¢ikova G., Tarasovi¢ova Z., Halas J., Koleda P, Makovnikov4 J., Gutte-
kova M., Tobid$ova E., Gomoryovd E., Také¢ J.: Land cover and land use change-driven dynamics
of soil organic carbon in North-East Slovakian croplands and grasslands between 1970 and 2013.
Ekoldgia (Bratislava), Vol. 39, No. 2, p. 159-173, 2020.

Soil organic carbon (SOC) in agricultural land forms part of the global terrestrial carbon cycle and it
affects atmospheric carbon dioxide balance. SOC is sensitive to local agricultural management practices
that sum up into regional SOC storage dynamics. Understanding regional carbon emission and seques-
tration trends is, therefore, important in formulating and implementing climate change adaptation and
mitigation policies. In this study, the estimation of SOC stock and regional storage dynamics in the On-
davskd Vrchovina region (North-Eastern Slovakia) cropland and grassland topsoil between 1970 and 2013
was performed with the RothC model and gridded spatial data on weather, initial SOC stock and histori-
cal land cover and land use changes. Initial SOC stock in the 0.3-m topsoil layer was estimated at 38.4 t
ha in 1970. The 2013 simulated value was 49.2 t ha™, and the 1993-2013 simulated SOC stock values
were within the measured data range. The total SOC storage in the study area, cropland and grassland
areas, was 4.21 Mt in 1970 and 5.16 Mt in 2013, and this 0.95 Mt net SOC gain was attributed to inter-
conversions of cropland and grassland areas between 1970 and 2013, which caused different organic car-
bon inputs to the soil during the simulation period with a strong effect on SOC stock temporal dynamics.

Key words: soil organic carbon stock, regional soil organic carbon storage, soil organic carbon
modelling, RothC, legacy soil data.
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Introduction

Soil organic carbon (SOC) is one of the most important soil constituents, and it affects many
soil and ecosystem processes. These include soil physical structure, its fertility and water-hold-
ing capacity (Vopravil et al., 2014; Campbell, Paustian, 2015). Moreover, Banwart et al. (2015)
considered that SOC has a key role in all soil ecosystem services because not only it is sensitive
to climate change, as recorded by Smith et al. (2005), but also it has both direct and indirect im-
pacts from agricultural management practices (Janzen, 2006) and land use changes (Minasny
etal., 2014; Vopravil et al.,, 2014).

The direction of SOC quantity and quality changes in the most anthropogenic affected
ecosystems is controlled by their historical and actual use, and it is estimated that soil cultiva-
tion, and especially conversion of grassland to croplands, leads to significant SOC losses. In the
overall global balance, Janzen (2006) confirmed that this can be as high as 50Pg carbon emitted
because of land conversion and Guo and Gifford’s (2002) meta-analysis estimated that SOC
stock loss in converting grassland to cropland is up to 59%.

Crop and soil management are additional important factors influencing SOC stock in agri-
cultural areas because these are intimately connected with particular land use. The low input of
organic carbon from crop residues and insufficient supply of high-quality organic fertilisers can
increase SOC mineralisation and decrease its overall stock in intensively managed croplands
(Capriel, 2013). Conversely, many agricultural practices can offset the negative impacts of in-
tensive cultivation and provide opportunity for long-term sequestration of organic carbon in
intensively used cropland soils (Janzen, 2006; Lehtinen, 2014; Barancikova et al., 2014). These
include the application of manure or compost, optimal crop rotation, minimum soil tillage
or a lack of till technology, proper water management and soil protection technology, which
includes mixing crop residues with soil and the subsequent application of organic fertilisers.

The combination of on-site effects of local management strategies and farmers’ decisions on
topsoil SOC dynamics translates into regional SOC storage dynamics, and understanding SOC
dynamics on the larger regional, national and global scales is the most important in estimat-
ing the carbon emission and sequestration trends associated with agricultural practices (Smith
et al,, 2005). This knowledge focuses on SOC management, and it provides possible input for
evaluating existing policies and formulating new ones that adapt to climate change and mitigate
its impacts with agricultural practices (Frank et al., 2015).

Although information on the large-scale SOC stock temporal dynamics driven by land
cover land use changes is limited by available data with appropriate spatial and temporal reso-
lution, the process-based models combined with spatially explicit quantitative data on topsoil
SOC, weather and land use prove effective in overcoming this problem (as in Baranc¢ikova et
al., 2010; Alvaro-Fuentes et al., 2011; Gottshalk et al., 2012; Barancikova et al., 2012; Ma et al,,
2016; Kaczynski et al., 2017).

For this purpose, the RothC turnover model (Coleman, Jenkinson, 2014) is most com-
monly used in SOC management studies because it can be run on single-site basis or integrated
with geographical data sets to provide spatially explicit estimates for regions, countries and the
world (Falloon, Smith, 2012; Campbell, Paustian, 2015; Gottshalk et al., 2012; Wang et al., 2016;
van Wesemael et al., 2010; Barancikova et al., 2013).
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This model was successfully used in reconstructing the 1970-2010 Slovak crop and grass-
lands topsoil SOC stock development trajectory and also for estimating the current SOC lev-
els on a national scale (Barancikova et al., 2010, 2012, 2013). However, these authors record
that the results provide only approximate SOC stock estimates because of limitations in the
spatial resolution of gridded data (10x10 km) on organic carbon inputs from management,
the monthly weather records and the initial 1970’ SOC stock estimated from the soil map
and profile data from the Slovak National agricultural soils inventory used to run the RothC
model. This research also neglects marginal cropland and grassland areas and does not con-
sider land cover change during the simulation period (Barancikova et al., 2012, 2013).

This study focuses on the Ondavskd Vrchovina highland region located in the West Car-
pathian mountain range in North-East Slovakia. The study region has experienced significant
land cover and land use changes over the past 50 years, including conversions of grasslands
and croplands; and it is, therefore, a good example of these changes in Slovak sub-mountain
and inner-mountain basin areas. Here, we used the RothC model to estimate the 1970-2013
SOC stock and regional SOC storage dynamics in cropland and grassland in Ondavskd Vr-
chovina region between 1970 and 2013 as affected by cropland and grassland conversions and
associated crop management.

Materials and methods

Study area

The 3,129 km? Ondavskd Vrchovina highlands form part of the West Carpathian Mountains in North-eastern Slo-
vakia (Fig. 1). The study area altitude ranges from 114 m in the southernmost part to 1,090 m in the north, with a

High: 1080 masl.  Vranov nad Toplol

. Low: 113,84 ma.s.l.

Fig. 1. Location and topography of Ondavskd Vrchovina highland region, and spatial simulation units (SimU) for
running RothC model.
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mean of 360 m. The mean annual temperature ranges from 7 to 8 °C. July is the warmest with 22.8-23.8 °C, January
is the coldest with —3.6 to 4.3 °C, and the annual rainfall ranges from 600-650 mm in lower regions to 650-700
mm in higher mountain areas. Dystric and Eutric Cambisols developed from tertiary sedimentary sandstones and
siltstones dominate the mountain positions, whereas the lower mountain foot has gently sloping topography with
Stagnic Cambisols, Stagnic Luvisols and Stagnosols from quaternary unconsolidated slope sediments. Fluvisols are
then located in the floodplains. The texture of soils is mostly medium, locally coarse or fine. Stone content is higher
in Cambisols and lower or absent in Luvisols and Stagnosols. The study area comprises broadleaf and mixed forests
in the higher mountains areas and grass and cropland at lower elevations.

RothC model

The Rothc-26.3 model (Coleman, Jenkinson, 2014) determines the turnover of organic carbon in non-waterlogged soils.
The SOC turnover process is affected by weather, plant cover, soil type and organic carbon input. The model used a
monthly time step to calculate carbon turnover in the soil, and it can operate on annual to century time scales. The model
splits total SOC pool into four active compartments (decomposable plant material, resistant plant material, microbial
biomass and hummified organic matter) and a small amount of inert organic matter.

The model requires data on weather (monthly rainfall [mm], monthly open-pan evaporation [mm], average monthly
mean air temperature [°C]), soil (clay content [%], content of inert organic carbon [IOM, %], soil-layer depth [cm]), land
use and management (soil cover presence, monthly input of plant residues [t C ha™'] and the monthly input of farmyard
manure [t Cha™]).

Weather data

This was obtained from three WMO (World Meteorological Organization) international meteorological stations located
directly in the study area (WMO 11976 — Stropkov-Tisinec and WMO 11977 — Medzilaborce) or close to it (WMO 11993 -
Kamenica nad Cirochou). Daily temperature records (°C) and sum of rainfall (mm) for each year of the simulation period
(1970-2013) were then aggregated to the monthly mean values. This was complemented by daily potential evapotranspi-
ration [mm] estimated using the Penman-Monteith method and summated to monthly values to replace the open-pan
evaporation data required by the RothC model.

Land cover and land use data

There is no consistent study area land cover product available for the entire 1970-2013 period, so multiple data resources
were used to reconstruct land cover dynamics. Polygon data from the national Land Parcel Identification System (LPIS)
was the basic source used to identify agricultural parcel borders and cropland and grassland areas in 2003 and 2013.

The Landsat 4, 5 and 7 imageries at 30-m spatial resolution were interpreted in LPIS agricultural area borders, and
this yielded crop and grassland area estimates for 1986 and 1994. Content from the 1965 military topography maps in
1:10,000 scale was digitised, and the interpreted map legend provided initial 1970 crop and grassland areas.

Historical land use data for Slovakia are mostly limited to national agricultural statistics for harvested crop areas, crop
yields and the number of animals and their manure products at national, regional (NUTS3) and district (NUTS4) levels.
District-level statistics on harvested crop areas were used to reconstruct annual crop shares for the period before 2003.
LPIS data and farmer’s declarations for each registered agricultural parcel provided the first official crop area information
after 2003. The annual district-level statistics on crop yields, the annual crop share data and national carbon conversion co-
efficients recommended for SOC balanced crop production in Slovakia by Bielek and Jur¢ové (2010) enabled organic car-
bon inputs calculation from plant residues [t C ha™'] separately for the cropland and grassland areas. The annual farmyard
manure inputs were calculated from the district-level statistics on farmyard manure application rates and the number of
animals per unit area. More precise estimates of animal distribution were possible after 2003 from the National Veterinary
GIS farm-level data on animal number and type. Cropland- and grassland-specific organic carbon inputs from farmyard
manure [t C ha™'] were then estimated using the carbon conversion coefficients by Bielek and Jur¢ova (2010).

Initial SOC stock

The dominant soil typological unit of soil type, soil texture class and stone content was assigned to each agricultural parcel
for both cropland and grassland from 1:10,000 polygon soil maps (Némecek et al.,, 1967; Hrasko, Bedrna, 1970), and
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topsoil SOC concentrations [%] were allocated from the closest measured soil profile (Linkes et al., 1988) for the same soil
typological unit and land cover class (Table 1).

Table 1. Topsoil (0-30 cm) SOC concentration [%] in pre-stratified measured soil profiles used as an input for
calculating initial topsoil SOC stock for the pilot area.

. Standard Quartile
f(()’xl'le/:tll:ss Min Max Mean de'via— Median Lower Upper }:::l)lf;lllte
tion
HM 0.45 1.73 0.85 0.21 0.84 0.71 0.96 222
RA 0.48 1.95 0.99 0.35 0.91 0.74 1.18 62
KM_C 0.40 3.47 1.02 0.36 0.94 0.76 1.19 554
KM_G 0.43 3.02 1.12 0.47 1.03 0.79 1.30 209
FM_C 0.44 3.05 1.22 0.44 1.15 0.94 1.42 159
FM_G 0.48 3.06 1.39 0.50 1.32 1.02 1.66 84
CA_C 0.71 2.59 1.44 0.44 1.35 1.20 1.68 18

Notes: HM - Albic/Stagnic Luvisols; RA - Rendzic Phaeozem; CA_C - Endogleyic Phaeozem/Mollic Fluvisol on
cropland; KM_C - Cambisols on cropland; KM_G - Cambisols on grassland; FM_C - Fluvisols on cropland; FM_G
- Fluvisols on grassland.

The topsoil clay content for each agricultural parcel was calculated as the weighted mean from the 20-m spatial
resolution raster of topsoil clay content previously derived from measured soil profile data (Balkovi¢ et al., 2010).
The stone content was then taken directly from the soil map. However, the bulk density values (t ha™) equired for
SOC stock calculation were not available in the original data, and these had to be estimated by regional pedotransfer
function for Slovakia (Makovnikova, Siras, 2011):

BDU.= 1.52644 + 0.0000517149 CLAY”— 0.107002 * COX” (1)
where BD is the soil bulk density (g cm™), CLAY is the topsoil clay content (%), COX is the topsoil SOC con-

centration (%), i is the i-th agricultural parcel and j is either cropland or grassland. The SOC stock for each parcel
was then calculated as

= (BD:; y _5Gy )
S0Cij = (BDy; * COXyj * (30 (1= 5))

where SOC is the SOC stock in 0-30 cm depth (t ha™), BD is the soil bulk density (g cm™), COX is the topsoil
SOC concentration (%), SC is the topsoil stone content (%), i is the i-th agricultural parcel and j is either cropland
or grassland.

All estimated SOC stock values were relevant for 1970; and the area-weighted mean was calculated from data
on the individual parcels to provide initial SOC stock values for cropland and grassland areas within the 1x1 km
spatial resolution grid cells (Fig. 1).

The RothC model requires initial SOC stock to be pooled in five compartments before SOC balance is calcu-
lated. Therefore, simulations with in-built model equilibrium mode were performed to obtain the SOC content in
the different compartments, and the model was run by applying pedotransfer estimation (Falloon et al., 1998) of
inert SOC compartment values necessary to run the model:

IOM = 0.049 x SOGj"1* (3)

where IOM is the inert organic carbon (t ha™), SOC is the initial SOC stock (t ha™') estimated for 1970 and j is
either cropland or grassland.
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In addition to compartmental SOC content, the RothC model also provides balanced organic carbon input
values to the soil, which can keep initial SOC stock values unchanged in constant climate over thousands of years.
These inputs arise as outputs from the model equilibrium runs.

Model setup and SOC stock simulations

Simulation units (SimU) for running the RothC model were derived from individual cells of the 1x1 km spatial
resolution grid for the entire study area (Fig. 1). These SimU provided geographical reference for inputs and outputs
of the RothC model and grassland and cropland areas (ha) for 1970, 1986, 1994, 2003 and 2013; and the inputs
included monthly weather and land-cover-specific initial SOC stock, organic carbon input.

The precise timing of individual land conversion events in the pilot area between 1970 and 2013 was assumed to
be unknown, and therefore, a set of theoretical scenarios on cropland to grassland and/or grassland to cropland con-
versions was prepared for each SimU to obtain theoretically possible SOC stock change trajectories. The scenarios
were set to provide for both land cover change occurring at approximately 10-year intervals, thus corresponding to
available land cover data from the pilot area and also instances of no assumed land conversion (Table 2).

The SOC stock dynamics for each SimU and theoretical land cover change scenario in Table 2 were simulated
between 1970 and 2013 with either (1) annual organic carbon inputs from plant residues and farmyard manure recon-
structed for the corresponding simulation period or (2) balanced organic carbon inputs to the soil from the equilibrium
RothC runs. These balanced inputs provided reference SOC stock estimates without assuming impacts from land use.

Land-cover-specific SOC stock (t ha™) for each SimU and each year was calculated as the weighted average us-
ing the SimU scenario area as the weight. Table 2 highlights that the land cover class was assigned with an estimated
area for each scenario and year within the SimU based on land cover data available for the corresponding time
period. This enabled total SOC storage (Mt) to be summated from SimU and land-cover-specific SOC storage (t)
calculated annually from SOC stock multiplied by the cropland or grassland area in a given year.

Table 2. Theoretical scenarios of cropland to grassland and grassland to cropland conversions within the indi-
vidual SimU and land cover class which the scenario represents in the respective time intervals.

Land cover conversion Land cover class

Type Occurred in 1970 1971-1980 | 1980-1990 | 1990-2000 | 2000-2013
C (no change) - C C C C C
Cto G 1971 C G G G G
Cto G 1980 C C G G G
Cto G 1990 C C C G G
CtoG 2000 C C C C G
G (no change) - G G G G G
GtoC 1971 G C C C C
GtoC 1980 G G C C C
GtoC 1990 G G G C C
GtoC 2000 G G G G C

Notes: C - cropland; G - grassland.

Results
Historical development of land cover and land use

The agricultural area in the Ondavskd Vrchovina highland region in 2013 was 34% of the total
area (107,506 ha). This area was assumed as constant throughout the simulation period, and

164



80.00

71.06
70.00 4 65.60
61.41 60.49

58.83
60.00 -

50.00 | 611 470 48.6

1.92
S 40.00 - 6.46

A3 ha]

O Cropland

30.00 + E Grassland

Area[l

20.00 -+

10.00

0.00 T T T
1970 1986 1994 2004 2013
Year

Fig. 2. Historical development of cropland and grassland areas in the Ondavskd Vrchovina highland region between
1970 and 2013.

therefore, only the impact of cropland and grassland conversions on total SOC storage was
estimated. The combination of cropland and grassland, which was 61 and 39%, respectively,
in 1970, underwent maximum change in 1986 to 66 and 34%, respectively. The cropland per-
centage then decreased continuously to 57% of the total area by 1994, to a minimum of 44%
in 2003 and slightly increased to 45% by 2013 (Fig. 2); grasslands correspondingly increased
to 43, 56 and 55% at these times.

Table 3 lists the average organic carbon inputs from plant residue and farmyard manure
estimated from existing data from the Ondavskd Vrchovina highland region between 1970
and 2013. Average inputs, however, varied between the cropland and grassland.

The average organic carbon input to cropland was approximately 2.3 t C ha™, with farm-
yard manure supplying 24% of this amount. This remained balanced between 1970 and 2000,

Table 3. Input of plant residua and farmyard manure as estimated for the Ondavska Vrchovina highland region
between 1970 and 2013.

Cropland (t Cha™ yr™) Grassland (t Cha™ yr™)
Decade
C_PR C_FYM C_PR+ C_FYM C_PR C_FYM | C_PR+C_FYM
1970-1980 1.74 0.54 2.28 2.88 1.07 3.95
1981-1990 1.64 0.54 2.18 2.88 1.17 4.05
1991-2000 1.75 0.53 2.28 2.09 0.66 2.75
2001-2013 2.62 0.57 3.19 1.77 1.07 2.84

Notes: C_PR - organic carbon from plant residua; C_FYM - organic carbon from farmyard manure.
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but whilst the average organic carbon input increased by approximately one-third between
2001 and 2013, the farmyard manure portion decreased to 18%.

Meanwhile, the average amount of organic carbon input to the grassland was approxi-
mately 4 t C ha™ between 1970 and 1990, and farmyard manure was approximately 28% of
this amount. The average organic carbon input then decreased from 1990 to 2013 to approxi-
mately 2.8 t C ha!, but the plant residue to farmyard manure ratio remained balanced, with
the farmyard manure carbon input at 31%.

Initial SOC stock and its temporal dynamics between 1970-2013

The average initial 0- to 30-cm topsoil SOC stock in the Ondavskd Vrchovina region was 38.4
t ha™ in 1970, with 38.4 t ha™! for croplands and 39.0 t ha™' for grasslands. This initial value
was 30% lower than the national average of 54.7 t ha™! around 1970 (Barancikova et al., 2010);
and it was mainly due to low 1% average topsoil SOC concentrations in the areas’ dominant
Cambisol and Luvisol soil types, with even lower values for Luvisols (Table 2).

The average SOC stock in agricultural land estimated for 2013 was 49.2 t ha™'. Figure 3
highlights that this was 28% higher than the initial 1970 stock and it continually increased
over the entire simulation period, except for a minor decrease around 2000.
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Fig. 3. Temporal development of SOC stock in Ondavskd Vrchovina highland region between 1970 and 2013 under
two different organic carbon inputs levels and with and without assuming land cover change in SOC simulations.
Notes: STCK, SOC stock ( ha™) as averaged across cropland and grassland areas together; STCKC, SOC stock (t
ha) as averaged across cropland only; STCKG, SOC stock (t ha™) as averaged across grassland only; LCchng, land
cover change assumed; noLCchng, no land cover change assumed; eq, simulations with the organic carbon inputs
at equilibrium.
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The cropland SOC stock continuously grew between 1970 and 2013 with more intensive
topsoil SOC accumulation simulated in the final period of 2003-2013. Its 2013 average of
47.4 t ha™ SOC was 23% higher than that at the beginning of the simulation period. Mean-
while, the grasslands SOC stock increased in the initial period of 1970-1986, culminating in
54.0 t ha™' SOC in 1990. It then decreased rapidly to the 1986 level by 2003, and this value
remained balanced over the next 10 years, so that the final 2013 49.4 t ha™! SOC averaged 27%
more than initial SOC stock.

Land cover and land use change impact on SOC stock

The impact of land cover change on SOC stock dynamics was analysed on the assumption
that initial 1970 cropland and grassland areas remained constant over the entire simulation
period and no land cover change occurred between 1970 and 2013 (Fig. 3).

However, whilst grasslands SOC stock values without land cover change were slightly
higher than those with change over this period, the situation was different in croplands.
There, the SOC stock values without land cover change were slightly higher before 2000 and
then slightly lower than SOC stock estimated with land cover change (Fig. 3).

The difference in grassland SOC stock values in scenarios with and without land cover
change is attributed to cropland to grassland conversions, mostly after 1990 when cropland
areas with lower SOC stock commenced vast change to grasslands (Fig. 2). This was gener-
ally amplified in all agricultural land, where larger cropland areas negatively affected average
SOC stock throughout the entire simulation period, with an average of 2.5% less than the
SOC stock estimated with land cover change (Fig. 3).

The combined impact of amount and type of organic carbon inputs on SOC stock dy-
namics was analysed by comparing the simulation results from reconstructed annual organic
carbon inputs with those plant residues established in the RothC equilibrium runs (Fig. 3,
Table 3). The latter results provide organic carbon input, which is well balanced with initial
SOC stock, and this can maintain unchanged SOC stock for long periods under constant
climate conditions. It was estimated at 2.23 t C ha™' yr™' and included no farmyard manure.

Meanwhile, the combined croplands and grasslands average SOC stock relative to initial
difference between the two was 14%. The maximum of 22% was reached around 1990, and
the results with plant residue at equilibrium were lower in both instances (Fig. 3, Table 4).

Table 4. Relative to initial [%] differences in SOC stock (t ha™) during the simulation period (1970-2013) be-
tween the simulations with reconstructed organic carbon inputs (t C ha™ yr™') from Table 3 and balanced organic
carbon input at equilibrium (2.23 t C ha™ yr' for both the cropland and grassland).

Cropland + Grassland Cropland Grassland
Mean 14.2 3.6 20.8
Median 15.4 1.4 21.3
Minimum 0.0 0.0 0.0
Lower quartile 11.5 0.8 20.0
Upper quartile 17.9 5.9 25.2
Maximum 21.8 15.2 30.0
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The average difference between the two in grasslands was even higher, averaging 20.8% and
culminating 30% by 1990. Table 3 highlights that the reconstructed historical amount of or-
ganic carbon inputs to cropland was very low before 2000, with only the 2.25t Cha™ yr' on
an average, with almost negligible difference between the two carbon input scenarios. This
increased by almost one-third after 2000 with the greatest difference in 2013 when the SOC
stock under organic carbon input at equilibrium was 15.2% lower (Fig. 3, Table 3).

Regional SOC storage between 1970 and 2013

The initial 1970 regional 0- to 30-cm topsoil SOC storage in the Ondavskd Vrchovina high-
land region for cropland, grassland and combined cropland and grassland was estimated at
2.57,1.64 and 4.21 Mt, respectively (Fig. 4). However, by 2013, these amounts altered to 2.34
Mt (9% decrease), 2.67 Mt (63% increase) and 5.16 Mt (22.5% increase). Thus, the croplands
and grasslands regional SOC storage ratio was reversed over the simulation period, with
cropland to grassland ratios of 62.4 to 37.5% in 1970 and 46.0 to 54.0% in 2013. This is at-
tributed to the historical development of cropland and grassland areas in this period (Fig. 2).

An analysis also highlights land cover conversions in the study period. There was 25.83%
decrease in cropland area and 40.65% increase in grasslands, and 8.9% net cropland SOC
storage decrease and 74.4% increase in the grasslands. This establishes that land cover change
was not solely responsible for SOC storage dynamics. Moreover, Figure 4 shows that the
assumption of no land cover change caused only marginal difference in the estimated total
SOC storage in the study region from 5.16 to 5.18 Mt, but the individual trajectories for crop-
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Fig. 4. Development of integral SOC stock (Mt) during the period 1970-2013 with and without conversions between
cropland and grassland assumed (LC, land cover; C, cropland; G, grassland).
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land and grassland were different. These clearly exemplify the organic carbon inputs to the
soil (Table 3), providing 21.4 and 25.5% increase in initial regional SOC storage in croplands
and grasslands, respectively.

Although croplands continuously decreased in area, their organic carbon input contin-
ued to grow, thus buffering SOC losses. In contrast, the adverse effects of decreased manage-
ment intensity after 1994 induced less grassland topsoil SOC accumulation than it would be
expected by its increased area.

Discussion
Reliability of the RothC model outputs for the study area

The RothC model has responded appropriately to soil management in long-term experiments
in Central and Western European conditions and determined realistic estimates (Ludwig et
al., 2007; Leifeld et al., 2009). We, therefore, investigated if this held true for the Ondavskd
Vrchovina highland region by comparing the simulated values for cropland, grassland and
combined cropland and grassland with the time series of measured topsoil SOC data from 11
permanent soil monitoring sites in the region (Bielek et al., 2005; Kobza, 2015).
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content was also simulated for similar climate conditions in southwest Poland (Kaczynski et
al,, 2017). In contrast, Smith et al. (2005) simulated a slightly decreasing trend in 1990-2010
in average crop and grassland topsoil SOC stock under an unchanged European manage-
ment regime.

Drivers of land cover and land use change

The observed temporal dynamics of cropland and grassland areas in the Ondavskd Vrchovina
region (Fig. 2) are attributed to political and socio-economic changes in Slovak in 1970-2013.
These comprised collectivisation and intensification of agricultural production between 1970
and 1990 followed by the sudden decrease in agricultural production after 1990 because of
abandoned cropland and less animal husbandry. There was then a slight increase in the pro-
duction intensity when Slovakia joined the European Union in 2004 (Blazik et al., 2011;
Tarasovicova et al.,, 2013; Skokanovd et al., 2016). Similar decreasing trend in agricultural
area development was also observed by Masny et al. (2017) in mountain region of Central
Slovakia between 1949 and 2006 occurring mostly at terrain positions less favourable for ag-
ricultural production. Significant conversions of small-parcel cropland to grassland because
of collectivisation after 1970 were also recorded in other sub-mountain regions of Slovakia
(Fazeka$ova et al., 2013; Mojses, Petrovi¢, 2013). The increasing trend of organic carbon in-
puts to the cropland in the study area after 1990 is attributed to higher production levels of
the most important crops. This was promoted by the 1980’s shift from fodder and potato pro-
duction to biomass-rich technical crops; especially the rapeseed increase in North-eastern
Slovakia after 2000 (Tarasovic¢ova et al., 2013).

SOC dynamics in response to land use change

Agricultural soil SOC content is mainly influenced by organic carbon input from plant resi-
due and manure (Schulp, Verbung, 2009; van Wesemael et al., 2010; Wang et al., 2013; Wang
et al,, 2016), and close correlation between 1970-2007 topsoil SOC content and organic car-
bon input was also identified in the study by Baranc¢ikova et al. (2013).

In 1970-1990, the Ondavskd Vrchovina highland region grasslands received substantially higher
organic carbon from plant residue and farmyard manure than croplands (Table 3), and this is reflect-
ed in the SOC stock development trajectories for both areas before 1994 (Fig. 3). Grassland organic
carbon inputs then suddenly decreased in response to 1990 political and socio-economical changes
inducing less grazing animals and lower grassland management intensity (Blazik et al.,, 2011; Sko-
kanova et al., 2016). Crop production was also affected, with cropland organic carbon input main-
taining increasing trend after1990 and with substantial increase in 2003-2013.

This is explained by higher production of richer crops and the slight increase in stabled
animals supplying more farmyard manure to the croplands. The major effect, however, was
due to the altered percentages of main crops; the shift from fodder and potato production to
the biomass-rich rapeseed in North-eastern Slovakia (Tarasovi¢ova et al., 2013).

The simulations of balanced plant residue input at equilibrium which resulted in 10%
increase in average SOC stock in 1970-2013 identifies possible climate impact on SOC stock
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dynamics. There was slight 1.5% increase in mean annual temperatures, but no change in
average rainfall in the pilot area (data not shown). This resulted in less soil humidity and also
likely promoted greater SOC accumulation.

Conclusion

Herein, the RothC model simulated 1970-2013 SOC stock and storage temporal dynamics
of the cropland and grassland topsoil in the Ondavskd Vrchovina highland region. The inputs
for the model were organised in a 1x1 km spatial resolution grid and comprised national-
scale soil and weather data and the historical record of this area’s land cover and land use
changes.

Between 1970 and 2013, the study area was subject to major land cover and land use
change, mainly because of cropland and grassland inter-conversions and the initial 61%
cropland in 1970 was reduced to 45% in 2013. The average SOC stock in 0.3-m deep topsoil
increased from 38.4 to 49.2 t ha™' during that period, and the average values were 47.6 t ha™
in croplands and 49.4 t ha™! in grasslands. The RothC topsoil SOC stock simulated values
were within the range of 1993-2013 SOC measurements.

In conclusion, the total Ondavskd Vrchovina highland regional SOC storage was 4.21 Mt
in 1970 and 5.16 Mt in 2013. This 22% estimated gain documents the importance of land
cover conversions and also the impact of organic carbon inputs to the soil from cropland and
grassland management regimes. These land cover changes and soil organic carbon inputs
are, therefore, most important in determining the regional SOC stock balance and estimates
of total regional SOC storage. Finally, they also establish that precise reconstruction of land
cover and land use dynamics is an essential prerequisite in regional SOC storage inventories
where current SOC data is unavailable and contemporary regional SOC stock and storage
must be accurately estimated from historical soil data.
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Abstract

Bastian O., Cudlin P,, Pechanec V., Brzoska P, Stérbové L., V¢eldkové R., Purkyt J., Grunewald K.:
Assessments of biodiversity and habitat services in cities — exemplified by Dresden (Germany) and
Liberec (Czech Republic). Ekoldgia (Bratislava), Vol. 39, No. 2, p. 174-189, 2020.

The choice of suitable biodiversity assessment methods for practical purposes in city planning
and decision-making is still a challenging problem. Despite the availability of a wide variety of
methods for almost all dimensions of diversity (mainly species and habitat diversity, including
spatial aspects), few of them have entered the practical ‘daily’ work. In the example of in-depth
examinations in German and Czech cities (e.g., Dresden and Liberec), it was found that the most
frequently applied analyses are those of protected species and habitats in urban nature conserva-
tion in general, and particularly in city development planning to derive avoidance, protection and
compensation measures. Preference analyses (questionnaires, structured interviews) are becom-
ing increasingly popular. Economic calculations of habitat values and the valuation of ecosystem
services are still in their infancy. We will present methods that are presently being applied or could
be included in a practical methodological toolkit to analyse and valuate biodiversity in urban
nature conservation, city planning and decision-making.

Key words: economic valuation, land use, preference analyses, protected species, vegetation.

Introduction

Plants, animals, and microorganisms including fungi are the basis of all ecosystems and the
services they provide. Not only pristine and rural areas but also urban and peri-urban areas
can host a rich biodiversity and deliver a wide range of benefits to sustain and improve hu-
man livelihood and the quality of life through ecosystem services (TEEB, 2011). Due to the
permanently growing proportion of people living in cities, biodiversity is continuously gain-
ing importance. On the one hand, the diversity of species and genetic variants is an inherent
component of ecosystems; it can be a regulator of ecosystem processes but also a prerequisite
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for various ecosystem services it supports. On the other hand, biodiversity itself can be a good
(Mace et al., 2012) or the result of ecosystem services (particularly the habitat service, i.e., the
capacity or the service to provide suitable living spaces and living conditions for plants and ani-
mals), which can be classified as a regulating, supporting or intermediate service. In the sense of
the international CICES classification of ES (Haines-Young, Potschin, 2018), habitat service(s)
belong to the ‘group’ of ‘Lifecycle maintenance, habitat and gene pool protection, which is part
of the division of ‘Maintenance of physical, chemical, biological conditions.

Cities can be important sites of local and regional biodiversity. Within their boundaries, the
richness of land cover types and intensities of land use create a wide array of different habitats
and microhabitats, and highly varied habitat mosaic configurations. Biodiversity in cities is
adapted to human settlements in different ways. There are species that occur predominantly or
exclusively in cities or species that occur both in urban areas and in the wider landscape, but
also species that avoid urban spaces and habitats (Werner, Zahner, 2009).

Ecological characteristics of cities relevant for urban biodiversity include the

existence of (e.g., Werner, 2016; Bastian, Xiao, 2018):

o dryand heat islands,

o small structures, small-scale spatial patterns of site conditions and land use,
o wilderness on fallow land,

« frequently disturbed habitats,

o ahigh share of thermophilic and non-native species,

o refuge and substitute habitats, stepping stones.

It is very important to assess the present state of biodiversity in cities in order to

draw the appropriate conclusions for planning and management, on the one hand be-
cause of the (intrinsic) value of biodiversity underpinned by legal obligations, on the other
hand as the sustainable supply of many ecosystem goods and services largely depends on
maintaining biodiversity at a favourable conservation status.

More or less all spheres of biodiversity (UNEP, 1992) are relevant in city planning and
management, especially:

o species diversity (number of species),

«  diversity of ecosystems, biocenoses, habitats, and landscapes,

o for particular questions, also genetical diversity (within-species diversity), for example,
varieties of fruits.

The choice of suitable biodiversity and habitat service assessment methods for practical
purposes in city planning and decision-making is still a challenging problem. Data availabili-
ty, personnel and monetary resources are crucial as well as the specific tasks to be performed,
for example, nature conservation (protection of species, habitats, areas), compensation and
replacement measures, land use and landscape planning. A wide variety of methods and
approaches have been described in the literature or used in case studies (User’s manual for
CBI, 2012; Grunewald, Bastian, 2017). But few methods are actually applied under practical
conditions in city administrations.

The aim of the study was to find which role methods to analyse and valuate biodiversity in
its different dimensions play in urban nature conservation, city planning and decision-mak-
ing. In this paper, we present a bundle of methods that are presently being applied or could
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be included in a practical methodological toolkit without major difficulties, particularly in
cities. We refer to data availability, feasibility to work with these methods, and expressiveness
of the results. We show advantages and problems of methods, and we discuss necessities, op-
portunities and limitations for broadening the toolkit.

The investigation was performed in the framework of the EU project BIDELIN (The value
of ecosystem services, biodiversity and blue-green infrastructures in cities, exemplified by
Dresden, Liberec and Dé¢in) (2017-2019), supported by the European Union, the Free State
of Saxony (Germany) and the Czech Republic (Project No. 100282320) (IOR, 2019). There-
fore, we focus on experiences, data and applications from Germany and the Czech Republic,
particularly from the cities of Dresden and Liberec.

Dresden is the capital city of the German federal state of Saxony, which borders on the
Czech Republic and Poland. The city lies in a marked widening of the Elbe river valley. Its
total population is c. 563,000 inhabitants. The territory stretches over several physical land-
scapes: a hilly loess region, and foothills of lower mountain ranges. The Elbe river with its
broad floodplain mostly covered by semi-natural meadows crosses the entire city from south-
east to northwest. Though surface sealing and intensive land use have changed the natural
conditions drastically, the inner city is greened by parks and avenues but also by many small
habitats of partly rare and threatened plants and animals.

Liberec is one of the biggest and most important cities of Northern Bohemia. The city
lies at the LuZickd Nisa at the foot of the Jestédsky hibet, covered partially by the Nature Park
Jestéd and the Protected National Area Jizerské hory mountains. Commercial spruce forests,
some beech forests, and semi-natural meadows occur on its cadastral territory. However, in
the city centre, there are only a few parks and other urban greenery. Its population is 102,000
inhabitants.

Methods

In order to identify methods that are presently being applied or could be included in a practical methodological

toolkit to analyse and valuate biodiversity in urban nature conservation, city planning and decision-making, the

following working steps were involved in the investigation:

. literature analysis referring to biodiversity assessment methods in cities,

. assessment of the practical experiences in city administration and planning, particularly in the cities of Dres-
den and Liberec,

. evaluation of the suitability of existing methods to assess biodiversity and ecosystem services in cities,

. application of these methods in the framework of the BIDELIN project to assess ecosystem services in both
cities included in the study,

. identification of research gaps, challenges, and limitations.

We classified the methods according to their complexity, from the direct counting and mapping of species and
ecosystems to more complex, integrated approaches such as the degree of naturalness and the habitat value, and
we stressed preference analyses and monetary methods like the Habitat Valuation Method and valuation based on
restoration costs.

Thus, we included methods belonging to the three broad perspectives on valuing biodiversity that cover eco-
logical, socio-cultural and economic benefits of biodiversity as distinguished in the Millennium Ecosystem Assess-
ment (MA, 2005) and TEEB (2010). This is also in line with the three main approaches of valuing biodiversity in
environmental management proposed by Laurila-Pant et al. (2015), where the first approach is to value biodiversity
in terms of the services provided for society, while the second approach is to assess socio-cultural values; the last
approach adopts a biological viewpoint.
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Results
Ecological indicator approaches

Counting and mapping of rare/protected species. Recording and mapping of animal and
plant species is a very common tool, the application of which is driven mainly by legal means
(national nature conservation acts, European regulations, e.g., Natura 2000). A special focus
is placed on species being protected and/or endangered (red list species).

According to German legislation, it is not allowed to kill or destroy native

animals and plants without reasonable cause. There are also categories of special or strict
protection: Among animals, all native bird species (except, e.g., feral domestic pigeons) and
bats, including their habitats, are protected, many mammals, all reptiles, amphibians, but
also fishes and insects are included. That means, it is not allowed to pursue or even kill them.
A similar situation obtains in the Czech Republic, where all autochthonous species of plants
and animals are protected if they do not occur on land to be managed in a standard manner.

Development planning is obliged to take care of protected species. Such plans have

to lay down avoidance measures (planning alternatives, construction field preparation
outside the breeding season) and compensation. Measures to ensure the Continuous Eco-
logical Functionality (CEF) are obligatory; they must be implemented completely before the
construction works are started, for example, creation of substitute habitats for birds, sand
lizards, rare beetles and butterflies (EEC, 2007).

There are various data sources for species, mainly faunistical and floristical maps and
publications. In many cases, however, the data are incomplete, not up to date or at an inap-
propriate scale. Thus, it is often necessary to engage consultants to analyse the occurrence
of (particularly European) protected species in a planned development area and to draw
conclusions for protection, avoidance and compensation measures.

An important data source for biodiversity issues (among them species and habitats) in
both countries is the landscape plan, which is defined as the expert planning of nature con-
servation and landscape management (Haaren, Albert, 2011; Riedel et al., 2016). Vice versa,
the landscape plan needs to be fed with biodiversity data (Bastian, 1998). To a large extent,
the landscape plan covers the spatial dimension, which is very important for biodiversity
conservation and management.

The landscape plan is an important document that gives an overview of habitat/biotope
issues and provides a framework for conservation and management. Both landscape plan
of Dresden and urban plan of Liberec are similar in the basic content. But there are several
specific features, partly indicated below. For example, the landscape plan of Dresden (Land-
schaftsplan Dresden, 2018) refers to
o animals, plants, especially rare and protected species,

o historical woodlots (valuable for specialized animal species),

« highly valuable woods,

o biotope compound systems, habitat connectivity: core areas of habitat connection and
species diversity, corridors and stepping stones (similar to the USES concept of the
Czech Republic and Slovakia) (Diviakova et al., 2018),
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o core areas for protected building-inhabiting animal species,
o conservation measures for amphibians along roads,
o  precautionary assessment of species populations before the implementation of measures
designed in the landscape plan,
o maintenance and improvement of habitats of ground-nesting bird species on arable
fields and meadows,
o deficits and threats to protected areas, species, habitats and connectivity (e.g., barriers).
In the urban plan of Liberec (City plan Liberec, 2019), special emphasis is placed on
o significant elements of ecological stability,
« urban greenery,
o scattered greenery in the landscape,
o peripheral forest landscape,
o territorial system of ecological stability (USES),
o landscape character.
Both landscape plans are similar concerning nature protection in general, but the Dres-
den plan puts greater emphasis on protecting biodiversity, while the Liberec plan focuses
primarily on supporting environmental stability.

Vegetation

Vegetation can be regarded as the most conspicuous biotic component of a terrestrial area.
We distinguish between current vegetation and actual potential natural vegetation (Tiixen,
1956). The actual vegetation is shaped by natural conditions and land use. The potential natu-
ral vegetation is defined as the vegetation representing the abiotic site conditions (including
all essential irreversible changes) as a manifestation of the abiotic environment. The com-
parison of the actual vegetation and the potential natural vegetation enables the assessment
of the actual changes in the vegetation, particularly the extent of human impact. An indicator
for this difference is the naturalness of vegetation (e.g., after Schliiter, 1982, 10 degrees), or
reciprocally the hemeroby (Table 1).

For the differentiation of nature in cities, the degrees of hemeroby, synanthropy and natu-
ralness are suitable indicators (Table 1).

In view of naturalness or human influence, Kowarik, Kérner (2005) distinguished four
basic forms of nature found in cities:

o Nature 1 ‘old wilderness’: remnants of pristine nature,

o Nature 2 ‘traditional cultural landscape’: continuity of former agricultural or forested
land,

«  Nature 3 ‘functional greening’: urban parks, green areas and gardens,

o Nature 4 ‘urban wilderness’: new elements from natural colonization processes, particu-
larly distinct on urban wastelands.

With the aim of achieving a comprehensive evaluation of urban nature, an additional
form Nature 5 ‘artificial and unnatural elements’ (e.g., buildings, green roofs) was developed
within the framework of the project. This form of nature encompasses heavily sealed or built-
up areas, which may also be partially greened, but can still be regarded as predominantly
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Table 1. Hemeroby of vegetation (modified after Blume, Sukopp, 1976; Bastian, Schreiber, 1999).

Hemeroby Anthropogenic vegetation | Ecosystem types (examples)
changes

Ahemerobic None Remnants of pristine nature

Oligohemerobic | Rather low/few Near-natural forests, bogs

Mesohemerobic | Medium Semi-natural or more artificial forests, heaths, dry and rough
meadows, extensively used meadows and pastures

B-euhemerobic | Strong Intensively used grassland and forests, perennial ruderal
vegetation, segetal communities (on arable fields)

a-euhemerobic | Very strong Special cultures (orchards, vineyards, ornamental lawns), an-
nual pioneer and ruderal vegetation

Polyhemerobic | Extremely strong Waste deposits, spoil heaps, paved paths, gravelled railroad
tracks

Metahemerobic | Vegetation totally removed | Poisoned ecosystems, totally built-up/sealed areas (buildings,
tar surface)

artificial in the overall urban context. Although this type of urban nature is not nature in
the ‘classical’ sense, it should nevertheless be regarded as a potential ecosystem, and thus, a
potential provider of habitats for different species, e.g., plants. Thus, areas are also included
that would not have been considered according to the four basic forms of nature according
to Kowarik, Korner (2005).

By means of the extended classification of urban areas with regard to their form of nature,
as shown in Fig. 1, as an example for Dresden, areas can be identified in which there is urban
planning potential with regard to preserving nature (Nature 1 and 2). These kinds of area can
be identified, for example, within the areas of the urban forest ‘Dresdner Heide’ or along the
Elbe river (see Fig. 1). Additionally, this classification shows parts of the city where upgrad-
ing measures could be necessary (Nature 4 and 5). Furthermore, the spatial distribution of
urban nature forms shows where an increased need for horticultural maintenance (Nature 3)
and an increased demand for the provision of habitats for a possible promotion of biodiver-
sity (Nature 4 and 5) can be expected. The latter occur especially in the city centre of Dresden
(see Fig. 1). Thus, the extended urban nature approach according to Kowarik, Kérner (2005)
is interesting for assessing the existing nature forms in a city and for identifying areas with
special need regarding the promotion and preservation of urban biodiversity.

Classification of land cover data (biotope and land use mapping)

Land cover maps showing type and intensity of land use combined with biotope types are
widely distributed and frequently applied. Land cover data include indicators that can be
used to characterize human impact on the territory and correspondingly the degree of natu-
ralness. This data type can also serve to roughly characterize vegetation and can indicate the
site conditions crucial for organisms, for example, estimate the intensity of human influence
on the microclimatic conditions of the vegetation cover and on the habitat structures for wild
plants and animals. Moreover, land cover data imply causal ecological networks and run-
ning processes. Therefore, one can obtain the frequency and distribution of all habitat types
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Fig. 1. Five basic forms of nature in cities (after Kowarik, Kérner, 2005, modified).

Table 2. Classification of habitat types (role for biodi-
versity and habitat function) - 5 degrees (1 - the highest;

5 — the lowest) (according to Bastian, Schreiber, 1999).

Habitat/land use type Habitat value
Deciduous forest 1
Humid/wet forest 1
Mixed forest 1.5
Coniferous forest 2
First afforestation 2
Tree row, alley 2.5
Hedge 2
Orchard meadow 1
Dry, nutrient-poor grassland 1
Wet grassland, moist ruderal area 2
Grassland, dry ruderal area 2.5
Fields, arable land 4
River 2.5
Riparian vegetation 1
Pond 1
Sports, leisure area 3.5
Industrial site 4.5
Open building area 3
Dense urban development 5
Road 5
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of an area as well as information on their
naturalness.

The landscape plan of Dresden in-
cludes habitats and land cover maps that
are based on Colour Infrared Photographs
(CIR). These data identify about 100 dif-
ferent habitat types, which can be further
differentiated by structural and additional
features (primary scale 1:5,000, generalized
1:50,000), and can be combined with 19
comprehensive habitats and land use com-
plexes. By classifying the habitat or land
cover types with regard to their suitability
for being habitats of flora and fauna (and
for hosting a rich biodiversity), it is possible
to identify habitat values (see Table 2).

The classification of the habitat and
land cover types in the city of Dresden
shows the amount and the distribution of
areas that exhibit high to low habitat val-
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Fig. 2. Values of habitat and land cover types in the city of Dresden (green colour and low numbers: highest values,
orange and red colour and high numbers: lowest values; see Table 2).

ues, and therefore, indicates their significance for the protection and preservation of biodiver-
sity in the city (Fig. 2). Areas with the highest habitat values are in the northern part of Dresden
(dark and light green areas). These areas include mainly large forest territories, such as the
Dresdner Heide, as well as agricultural regions in the outskirts. But small patches within urban
parks, as indicated in the GrofSer Garten in the city centre, may also exhibit high biotope values
and can be seen as important near-natural habitats. The lowest habitat values (dark red areas)
are located in the central parts of Dresden with high soil sealing and very high human influ-
ence. But in general, most of the city area is classified with low habitat values (orange areas).

Protected areas

Settlements can host important substitute habitats for various threatened species of natural
and cultural landscapes (Miiller, Abendroth, 2007). Following the principle of differentiated
land use and nature conservation intensities (Haber, 1998) across the entire territory, pro-
tecting biodiversity in urban areas must include all categories of nature, from the remnants of
natural landscapes (e.g., near-natural forests), cultural landscapes (orchards), urban-indus-
trial areas including rural settlements and landscaped areas. The core areas of nature conser-
vation, however, are represented by various legally protected areas, also in cities.
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The conservation status implies — as a rule - the high value of an area in terms of biodi-
versity (and habitat services) but also a higher priority in planning and decision-making. We
can find various categories of protected areas and objects in the cities of Dresden and Liberec
(Table 3). There are also sites of the EU-wide Natura 2000 network, which is designed to help
achieve the goal of the European Union of ‘halting the loss of biodiversity and the degrada-
tion of ecosystem services in the EU by 2020, and restoring them in so far as feasible, while
stepping up the EU contribution to averting global biodiversity loss’ (COM, 2011). Natura
2000 comprises two basic categories: (especially and strictly) protected species and protected
areas — FFH sites (Fauna-Flora-Habitat Sites = Special Areas of Conservation pursuant to the
Habitats Directive 21.5.1992, 92/43/EWG), and Special Protection Areas (SPA, pursuant to
the Wild Birds Directive 2. April 1979, 79/409/EWG).

Table 3. Nature conservation areas and objects in Dresden and Liberec (Schutzgebiete Dresden, 2018; AOPK, 2011).

Dresden Liberec
Total size of the territory 328.28 km? 10.61 km*
Nature reserves 248 ha 71 ha
Natural monuments 134 ha 35ha
Landscape protection areas 12,238 ha 1,460 ha
Protected habitats 1,470 ha
Valuable trees ¢. 1,950 individuals
FFH 1,901 ha 1ha
SPA 1,609 ha

Unlike comprehensive habitat and land cover mapping, selective habitat mapping considers
only for valuable (and protected) habitats (partly synonymous: biotopes) (Cudlin et al., 2005).

Examples of legally protected habitat types in Germany are natural running and stand-
ing waters, including their riparian vegetation, bogs, swamps and reeds, dunes, heaths,
bogs, swamp and riverside forests, natural rocks, natural coast areas; in Saxony and some
other German federal states additionally, for example, nutrient-poor fresh and mountain
meadows, hollow trees, orchard meadows, clearance cairns, ravines and dry walls. As an
additional category, the landscape plan of Dresden also mentions ‘complex of habitats or
land use types with great significance for biodiversity’ (three-grade scale: medium, high,
very high).

Economic valuations

Biodiversity is not only an ecological, but also a social and economic issue (Laurila-Pant et
al., 2015). Economic valuations of biodiversity/ecosystems in cities are still not very com-
mon. They are of great significance, particularly in terms of cost calculations for compensa-
tion measures (for species and habitats) and for landscape management.

Habitat values are used in the framework of the Impact Mitigation Regulation (Albrecht
et al., 2014) for comparison and compensation purposes. These values are regarded as physi-
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cal indicators for the performance of an ecosystem to maintain biodiversity, or - depending
on the specific application - as part of the physical capital value of an ecosystem. First, this
value is non-monetary, but it has the characteristics of exchange values, which can easily be
transformed to monetary values.

Monetary values for habitat types are also used in the Impact Mitigation Regulation. If
values and functions of nature are impaired by an avoidable impact (e.g., by construction
measures), the damage can be calculated as the equivalent of the costs of compensation (sub-
stitution and compensation costs) or replacement measures (replacement costs) necessary
for the recovering of the functions of nature. The starting point for the derivation of mon-
etary values are nature conservation requirements on the extent of compensation and re-
placement measures (compensation obligation, German Nature Conservation Act §8). This
obligation can be seen as the consensus of society to maintain the functions of nature (or the
ecosystem services). The compensation cost is adequate to society’s willingness-to-pay.

This ties to the Habitat Equivalency Investment Model (Schweppe-Kraft, 2009), which
calculates the restoration costs while taking the necessary time or duration of development
into account. In a similar vein, Sejak et al. (2003) created a Habitat Valuation Method (HVM)
for habitat type quality assessment, which combines the expert and habitat-specific restora-
tion cost assessment (Table 4). They awarded scores between 1 and 6 for each of the criteria
phylogenetic maturity of vegetation, habitat naturalness, structure diversity, species diversity,
rarity of the habitat type, rarity of species, habitat vulnerability, and threat to habitat type
(Sejak, Cudlin, 2010). The financial value of one point corresponds to the arithmetic mean of
the costs of analysed restoration projects in the Czech Republic spent to improve the ecologi-
cal state of 1 m? by one point. In 2003, the authors assigned monetary values to the score (1
point = 0.40 €); by 2015, it had increased due to inflation to 0.59 € (Pechanec et al., 2017);
and in 2018, it was re-counted using new restoration projects and reached 1.14 €.

Using the Habitat Valuation Method, a total habitat value of 106,087,048 € was found
in the Liberec cadastral territory. The total value for 1 m* was 22.3 € (220,300 € ha'), which
means that the annual value was 1.12 € m™ (10,000 € ha'! year). It must be stated, however,

Table 4. Habitat types and their monetary values in the Czech Republic, calculated with the Habitat Valuation
Method (Pekanec, unpublished data).

Habitat | Name Areain CR Point value Monetary value
(km?) (EUR) of 1 m?
T1.1 Mesic Arrhenatherum meadows 1907.16 33 37.62
L5.1 Herb-rich beech forests 1229.30 45 51.30
L3.1 Hercynian oak-hornbeam forests 1010.61 47 53.58
12.2 Ash-alder alluvial forests 796.06 42 47.88
L9.1 Montane Calamagrostis spruce forests 438.81 36 41.04
T1.5 Wet Cirsium meadows 416.78 49 55.86
T1.3 Cynosurus pastures 408.56 39 44.46
K3 Tall mesic and xeric scrub 351.90 33 37.62
L2.3 Hardwood forests of lowland rivers 241.38 66 75.24
L4 Ravine forests 209.34 42 47.88
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that such monetary calculations with the Habitat Valuation Method have rarely been applied
in practical work.

As nature conservation and habitat management are nearly always limited by scarce
monetary resources, the description of biodiversity in monetary terms is useful, particularly
in terms of the costs for maintaining, managing and restoring valuable habitats.

Grunewald et al. (2014) developed a methodology for a regional (state-wide) calculation
of landscape management measures and costs. It was compiled in an exemplary manner for
the Federal State of Saxony (c. 18,420 km®) in Germany. Table 4 shows an example for the
city of Dresden. Costs of habitat management are required to plan landscape management
and nature conservation measures. They would also be useful to calculate (and demand) a
budget, which truly reflects the total annual expense of maintaining (and developing) valu-
able biotopes (Table 5).

Table 5. Annual management costs for valuable biotopes in the city of Dresden, Germany (after Grunewald,
Syrbe, 2013; Geifiler, 2017, modified).

Acronym | Biotope type Total Ann. costs Ann: costs
area (ha) €/ ha €/ habitat type
BS Orchard meadows 278.4 600 167,040
GM Extensively used nutrient-poor mesophilic grassland 264.0 413 109,032
RS Acid dry grassland 40.0 520 20,800
All protected biotope types in Dresden 1,470 ha (tzg?)cggjts)

For ecosystem service assessments, the biophysical accounting is only one side of the
coin. It represents only the biophysical basis or the supply side. It should be complemented by
demand-oriented approaches that relate more to the perspective of users and beneficiaries. In
the broadest sense, such preference analyses are also economic valuation methods.

Public appreciation of urban biodiversity

People place value on species, ecosystems and biodiversity in general as well as on ecosys-
tem services without necessarily assigning monetary values. There are a lot of methods for
expressing preferences in non-monetary yet quantifiable terms, including quantitative and
qualitative techniques (i.e., surveys, interviews), participatory and deliberative tools (e.g.,
Hofmann et al,, 2012; Botzat et al., 2016; Moyzeova, 2018). A recent representative study by
Fischer, Kowarik (2018) regarding a question on the appreciation of urban species-diversity
through people in the city indicates that a high degree of biodiversity in urban environments
is accepted and supported the most. In this study, about 4000 people in five different Europe-
an countries with diverse backgrounds were interviewed and asked about their preferences.
In recent years, a number of structured surveys have been carried out in Dresden, for
example, in relation with urban climate adaptation and green spaces, the restoration of an
urban watercourse (Geberbach), the design of an urban park (Stidpark) or the upgrading of
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urban green spaces. The results of all these surveys reflected the public’s high regard for bio-
logical diversity and the ecosystem services associated with it.

As part of the BIDELIN project, surveys on the perception of urban ecosystem services
and their impact on well-being were carried out in the summer months of 2018. A total of
217 Dresden citizens were interviewed in various parks in the city. The assessment of deci-
sions on important ecosystem functions and services, which can, for example, be provided
by city parks, shows the high importance of biodiversity-related ecosystem services for the
inhabitants (see Table 6). The most frequent choices (94 to 92%) relate to habitat services that
parks can provide for plants, animals or bees. Only ‘recreation’ (99%) and ‘improvement of
air quality’ (96%) were chosen more frequently.

Table 6. Assessment of choices concerning important ecosystem services and functions provided by Dresden city
parks (n = 217).

Ecosystem services and functions “Very important”
Recreation 99%
Improvement of the air quality 96%
Habitat for plants 94%
Habitat for animals 92%
Habitat for bees (pollination) 92%
Improvement of microclimate (shadowing, cooling, air humidity) 89%

The planning process of an urban park in Dresden, the so-called Siidpark, can be con-
sidered as another example of the high valuation of biodiversity and thus the significant
role of biodiversity in the city. Citizens were involved in this process and have been asked
about their wishes for the park design and park facilities. Many aspects related to biodiversity
emerged among the most common responses. The most frequently stated demand was the
plantation of an orchard meadow with fruit trees, which is a legally protected biotope type in
Saxony (see 3.1.4.). Further common demands concerned the creation of ‘untouched’ natural
areas and the maintenance of meadows.

Discussion and conclusion

The aim of the study was to find which role methods to analyse and valuate biodiversity in its
different dimensions play in urban nature conservation, city planning and decision-making.

Looking at the practice of planning and decision-making in cities on the example of
Dresden and Liberec, we see a broad variety of tools applicable on different scales for vari-
ous more or less complex tasks. As Chevassus-au-Louis et al. (2009) note, the quantification
of biodiversity is a particularly ambitious goal, and the desire to define a simple and unique
indicator analogous to the ‘ton of coal equivalent’ is an illusion, as is any definition of a mon-
etary indicator to account for all of the aspects of biodiversity. The very specific nature of
local situations also makes value transfers problematic.
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Among the various methods, the classification of land cover data according to the habitat
values by Bastian, Schreiber (1999) shows an easily applicable method for obtaining an over-
view of the spatial distribution of areas and their share with regard to their significance for
biodiversity. The ‘classical’ biodiversity indices (or functions that take into account the relative
frequencies of species present at the site), which describe the richness and distribution of spe-
cies, do not play a major role.

Methods related to species and areas enjoying legal protection, however, have the highest
significance for the practitioners in city administration. In daily planning and decision practice,
such species and areas absolutely have to be taken into consideration. In principle, adequate
methods have proven their worth, although enhancements by better data and knowledge pro-
gress are possible.

As Laurila-Pant et al. (2015) note, for all the classical indicators, threshold levels can be
set, which dictate the minimum level of biodiversity to maintain. These thresholds serve as
the minimum level of biodiversity that society seeks to preserve. Therefore, defining such a
threshold represents the first social aspects of the analyses. Overall, these ecological biodiver-
sity indicators are useful quantitative tools for assessing the state of biodiversity, as well as for
communicating complex environmental issues in order to integrate them more thoroughly into
policy decisions (TEEB 2010).

Despite the numerous advantages of the ecosystem services concept (e.g., De Groot et al.,
2010; Ring et al., 2010; Spangenberg, Settele, 2010; Haaren, Albert, 2011; Matzdorf et al., 2019),
the application of the ecosystem services concept is (still) not widespread in city planning and
decision-making (including in Dresden and Liberec). Of course, meanwhile the concept is
more or less broadly accepted, but primarily among scientists and some politicians. There is
also increasing consensus that ecosystem services are a basic prerequisite for the quality of life
in cities, and that for the future well-being of citizens, the quality and functions of urban eco-
systems need to be improved.

To some degree, economic valuation of biodiversity and ecosystem services is used never-
theless, namely for the calculation of economic expenditures of ecosystem management. Thus,
nature conservation efforts can be made financially sustainable over longer periods of time, also
in cities (Mertz et al., 2007; Sejak, Cudlin, 2010; Spangenberg, Settele, 2010).

The knowledge of economic (monetary) values in a strongly economically oriented world
can also be helpful for awareness raising and for improving weighing decisions. It can produce
a ‘wow’ effect when one hears that the annual economic value of FFH sites in the city of Dres-
den (1,901 ha) is 4.6-6.5 million €/a, and that of protected biotopes (1,470 ha) ranges between
3.6 and 5.1 million €/a. We downscaled the data calculated for the entire Natura 2000 network
of the EU (annual value 2,447 €/ha (median) -3,441 (mean) (see IEEP, 2002; Kettunen et al.,
2009; Gantioler et al., 2010; Bastian, 2013). It is obvious that the benefit of these protected areas
exceeds the costs for habitat management (Table 5) by far.

Our preference studies showed the high appreciation of urban biodiversity by the citizens of
Dresden. This is in line with indications from literature that reflect a high importance and per-
ception of biodiversity in cities for the citizens (e.g., Botzat et al., 2016; Fischer, Kowarik, 2018).

We conclude that the existing methods of analysing and accounting for biodiversity
and habitat services may provide a valuable knowledge base for decision-making, plan-
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ning, nature conservation and management (not only) in cities. In most cases, only few
selected methods are applied, depending on the object of investigation, data availability
and costs. Laurila-Pant et al. (2015) argue for more integrative approaches that consid-
er all three perspectives of biodiversity valuation. According to Ring, Schréter-Schlaack
(2011), to achieve sustainable solutions in biodiversity conservation we need policy mixes
consisting of a broader range of assessment and valuation methods. They should include
biophysical ranking methods but also integrated approaches that consider the complexity
of ecological, social and economic systems, among them measures of attitudes, preferenc-
es and intentions, civic valuation, ecosystem benefit indicators, and negotiations among
stakeholders.
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Introduction

Abstract

Rézova Z., Turanovicova M., Stadova S.: Recreation in the city-A part of cultural ecosystem ser-
vices. Ekoldgia (Bratislava), Vol. 39, No. 2, p. 190-200, 2020.

Cultural ecosystem services (CES) are mainly intangible benefits, obtained by aesthetical and other
experiences, recreation, learning and spiritual enrichment, or by the ability to distinguish values. In
other words, what makes a service ‘cultural’ is its ‘non-economical’ character. CES are ecosystem
services with direct impact on the quality of life in urban systems, and they are directly appreciated
by inhabitants and visitors of these urban systems (Plieningeret al., 2013; Zulian et al., 2018). In order
to satisfy the needs and expectations of the wider urban community, a ‘broader portfolio of areas’
is needed, which can meet the expectations of different users, from children to older adults. The
new methodological approach tested on three model areas in the city of Nitra in the housing estate
Chrenova was used to establish the level of benefits provided by existing vegetation areas in urban
environment in terms of recreation as a CES. Following data were collected: the quality of vegetation,
spatial design, management of vegetation elements, selected environmental aspects, available ameni-
ties and architectural elements needed for recreation. In our article, we present the assessment of
vegetation in relation to the provision of recreation as a CES. Our results show that the assessed areas
can be classified in the category of average to low provision of benefits related to recreation. Vegeta-
tion on area P1 is in good condition, mainly the quality of trees and shrubs was assessed as very good
(4). Other areas (P2 and P3) assessed provide only low levels of benefits derived from recreation as
one of the CES. This was caused by some vegetation deficiencies (mainly related to horticultural and
compositional aspects). Methodological approach can be used for different vegetation areas in urban
environment and after suitable modifications (e.g. adding other components for assessment) also for
different cultural ecosystems services. The results can be used in landscape planning documents or
in other types of documents dealing with the quality of vegetation in urban environment.

Key words: CES, recreation, public green spaces, vegetation.

Cultural ecosystem services (CES) can be defined according to MA (2005) as the intangible
benefits that people derive from ecosystems. CICES (2018) understands them as the charac-
teristics of elements of nature that provide opportunities for people to derive cultural goods or

benefits.
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An integral part of human life in urbanised environments is vegetation. In the urban
environment, we refer to it as urban ecosystems, which enrich the surroundings and life
through their benefits. Vegetation as a biotic component serves to balance but also to com-
plement abiotic components. Public greenery is one of the most important elements that
provides urban ecosystem services, and it is regarded as a subject that is accessible to all
residents. Public greenery represents a piece of nature for all residents (De La Barrera, 2016;
Murgas, 2018). Vegetation areas are an important component of urban green infrastructure,
and they provide a wide range of ecosystem services, including cultural services such as rec-
reation and recovery (Daniel et al., 2012; Izakovicova et al., 2017).

According to Spulerova (2006), vegetation has a positive impact in the urbanised envi-
ronment especially on improving microclimate, ecological stability, elimination of threats
to the urban environment and biodiversity in cities, such as climate change or unstable hy-
drological cycle, on some entities related to sustainable development, for example, environ-
mental education, public health, recreational services, psychological and aesthetic functions.

Material and methods

Research sites

On the left bank of the Nitra River, the Chrenové I housing estate was built between 1964 and 1968, supervised by the architect
Michal Maximilian Scheer. The quality of this residential area is also confirmed by the fact that it is inscribed in the UNESCO
urban-architectural book. The residential area is dominated by continuous areas of residential greenery around the river and res-
idential buildings. The meandering structure of the low-rise housing structure defines interesting block spaces (Jarabica, 2011).

The research is carried out in the localities of Chrenova I, IT and III housing estates in Nitra (Fig. 1). Three areas
are selected (P1, P2 and P3), which have the best potential for leisure, sport, recreation and so on.

Methodological approach

The aim of the research was to create a new methodological approach to analysis of CES in terms of recreation in
urbanised environment. The quality (value) of elements and factors (quality of vegetation, spatial composition, en-
vironmental factors, management and equipment) on selected vegetation areas determines the level of benefit, based
on which the provision of recreational services is determined (Turanovi¢ova, Rézova, 2017). This approach builds
on already existing CES assessment methods (Piscova et al., 2018). The method is applicable to all vegetation areas
in urbanised environments to determine the current status of providing benefits related to CES - specifically recrea-
tion. It can be complemented from different perspectives and from different areas and needs (e.g. accessibility). In
this article, we deal with the quality of vegetation (trees and shrubs, lawn and flower beds) for recreational use and
for determining the level of benefit that vegetation provides to inhabitants.

The methodological approach is based on the work of Bastian et al. (2012) and Burkhard et al. (2009, 2012). The
value of ecosystem services is expressed in a relative point scale of 0—5, where zero means ‘zero ecosystem capacity
to provide the selected ecosystem service, whereas value 5 represents ‘very high capacity (quality) of ecosystem.

The methodological approach includes analyses and assessments of individual vegetation elements on vegeta-
tion areas in housing estates. A value-creating process has been created, in which value means quality from a human
perspective. A point scale of 0-5 was used to determine the quality of the monitored vegetation elements, where 0
means no quality of vegetation elements and 5 means the highest quality. The quality values have been assigned a
benefit rate provided by the vegetation elements for recreation (Turanovi¢ova, Rozova, 2018).

Analysis of vegetation elements quality

The vegetation quality analysis was carried out by assigning numerical values (0-5) to vegetation elements (trees and
shrubs, flower beds and grass areas). Numerical values used for tree inventory according to Machovec (1982) were
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Fig. 1. Research localities.

used for this analysis. The numerical values reflect the quality of analysed vegetation elements. The highest quality
trees are assigned a value of 5 and the least quality a value of 1. If there are no trees and shrubs on the area, a value of
0 is assigned. Parameters of horticultural value and health status were chosen, supplemented by the composition value
according to the method of Kubista (2008) adjusted for the needs of our evaluation, where 0 is the vegetation with-
out compositional value, 1 represents the lowest value of the vegetation or elements in the composition, 5 represents
the best applicability of given vegetation in the spatial composition. The analytical data about the vegetation ele-
ments obtained from the field survey are collected and then used in the evaluation. Individual vegetation elements
together form one whole; therefore, they are evaluated by rounded average in individual parameters.

Assessment of vegetation elements

The aim of the evaluation is, based on the analytical data that indicated the quality of individual elements, to evaluate
the extent of benefits obtained from the monitored area for the needs of recreation within the framework of CES.
The level of benefit is manifested in the use of the area for recreational, leisure, sports and other activities. After
evaluation, the individual elements are assigned a level of benefit within the framework of CES.

Assigning the level of benefits to quality values of vegetation elements

The analysis of vegetation quality in the monitored areas is carried out by assigning numerical values to vegetation
elements (trees and shrubs, lawn and flower beds). The quality of vegetation corresponds to the level of benefit
expressed in points. That is, the higher the quality of vegetation on the surface, the higher the utilisation (benefit)
rate, in our case the benefit of recreational services. Therefore, a numerical value of 0 is assigned to a zero level of
benefit. The highest quality of vegetation (4, 5) is assigned the highest benefit level (3). The quality assessed as 1 and
2 is assigned the value of 1, and the quality level of 3 is assigned a value of 2.
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Categories of levels of benefits provided by vegetation to recreational ecosystem service in terms of quality of vegetation
elements

The overall benefit levels of the monitored area in terms of vegetation are divided into four categories. It is the sum of
the points assigned to benefits from vegetation elements. It expresses the degree to which vegetation provides benefits
in terms of the recreational ecosystem service:

4. 9-8 points — a high level of benefits related to recreational cultural ES

- vegetation of the highest quality, representation of all analysed vegetation elements in excellent health condition,
vegetation is well placed from the compositional and horticultural point of view, high representation of native species,
3. 7-5 points — average level of benefits related to recreational cultural ES

- vegetation of average quality, one vegetation storey is missing, health condition can be disturbed, but it has the po-
tential to perform its functions after professional treatment, compositional and horticultural aspects have deficiencies
that can be treated,

2. 4-2 points - low level of benefits related to recreational cultural ES

- low-quality vegetation, one or two storeys missing, health condition unsuitable, vegetation does not meet the require-
ments to provide CES,

1. 1-0 points — very low level of benefits related to recreational cultural ES

- unsatisfactory vegetation quality, only one storey can be represented, in poor health condition without compositional
and horticultural value, areas very damaged, untreated.

Results
Analysis of quality of vegetation elements in area P1

The vegetation area P1 at Chrenova 1 is located between the streets Ludovita Okénika and Lom-
nickd. It is located in the middle of the residential complex. It is attractive for families with children,
thanks to the traffic playground (Fig. 2). Relaxation areas, sidewalks and a tavern provide leisure
options for different ages. There is a large amount of predominantly deciduous trees. The grass areas
are located along the edges of the vegetation area. They are little used. The area does not provide
opportunities for a variety of different recreational, sports and leisure activities, which negatively
affects visit rate.

The vegetation elements on the P1 area are of high (4) to average quality (3) (Table 1). The high-
est quality ratings (4) have trees and shrubs. Planted trees were assessed as average quality from the
horticultural point of view. The plants are of average value; about half of the area includes native spe-
cies with typical species and growth attributes. In particular, the health condition can be assessed as
particularly good, with high quality (4). The occurrence of diseases and pests is rare; the vegetation
is partly dried, concerning up to one-fifth of the vegetation. The trees are appropriately deployed in
terms of composition.

In particular, grass areas have deficiencies, especially from the point of view of horticulture and
health, having poor quality (2). The lawn is damaged; the growth characteristics are changed for
more than 50% of the lawn. Considering health aspects, three-fifth of the area is dry, the damage due
to diseases is 25-50%. Flower beds are missing, which negatively affects the assessment.

Analysis of quality of vegetation elements in area P2

The vegetation area P2 is located between the streets Lesnd and Lipova. The area is situated near the
busy main road Tr. A. Hlinku and shopping centre Centro Nitra. There is a playground and fitness
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Fig. 2. Traffic playground.

[

Fig. 3. Fitness elements.

Fig. 4. Dried lawn.
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equipment Street Workout Park Ni-
tra (Fig. 3). The whole area is planted
with many predominantly deciduous
trees.

Analysis (Table 1) shows that the
quality is average (3) to low (2). Trees
and shrubs have the highest (4) value
in the health category. There is rare
occurrence (up to 5%) of diseases
and pests in trees; vegetation is partly
dried, concerning up to one-fifth of
the vegetation volume, the stability is
not disturbed. The horticultural value
is average (3). Approximately half of
the area includes native species with
typical species and growth character-
istics. From the compositional point
of view, the vegetation covers about
half of the area, and it has a long-term
potential to fulfil various functions,
and the potential for further use of
the vegetation is 40—60%. Both hor-
ticultural value and health conditions
of the lawn are of poor quality (2).
The lawn is damaged. The growth
characteristics are changed on more
than 50% of the vegetation. More
than three-fifth of the area are dried.
After the treatment, it can be left on
the surface. The occurrence of dis-
eases is rare; the biggest deficiency is
desiccation. The lawn covers 20-30%
of the area; the usability of the lawn
in the future is 40-60%. The absence
of flower beds negatively affects the
overall vegetation assessment of the
monitored areas.

Analysis of quality of vegetation ele-
ments in area P3

The vegetation area P3 on Chrenova
III is bordered by Karpatska and



Bajkalska streets. It connects to an important pedestrian communication linking the shopping
centre to the former Lipa cinema and housing units. The vegetation is not properly placed
in terms of composition, the central grass area is exposed to sunlight and is dry in summer
months (Fig. 4).

On the basis of our analysis (Table 1), the vegetation on the area P3 has the biggest defi-
ciencies of all the monitored areas. Trees and shrubs are of low quality (2) in terms of hor-
ticulture and composition. The quality of trees is below average, with significant predomi-
nance of non-native species (approximately two-third). Vegetation covers only 30% of the
area; the usability of vegetation is 20—-40%. The health of woody plants is average. Grass areas
have a low rating in all parameters (2). The lawn is damaged, weedy on 50-80% and dried,
covering 70% of the area

Table 1. Analysis of quality of vegetation elements on areas P1, P2 and P3.

Analysis of quality of vegetation elements in Average
different parameters quality of
Vegetation elements Horticultural Health Compositional vegetation
value condition value elements
P1 | P2 | P3  P1 | P2 P3| Pl P2|P3|P1|P2|P3
Trees and shrubs 3 3 2 4 4 3 4 3 2 3
Grass areas 2 2 2 2 2 2 4 3 2 2
Flower beds 0 0 0 0 0 0 0 0 0 0
Average quality of parameters 2 2 1 2 2 2 3 2 1 -

Notes: 5 - very high quality; 4 - high quality; 3 - average quality; 2 - low quality; 1 - very low quality; 0 - without
vegetation elements.

Quality of vegetation elements in areas P1, P2 and P3

Vegetation in the monitored areas has average (3) to low (2) quality (Fig. 5). Only on area P1,
the trees and shrubs are in the category of high quality (4). The quality of individual vegeta-
tion elements varies across the areas. The character of planting is similar, the planting comes
from the period of construction of the housing estate Chrenova. Coniferous species of Pseu-
dotsuga menziesii (Mirb.) that are represented in each of the monitored areas were planted
in large quantities. Their planting is not appropriate in terms of climatic zone. The highest
quality of trees and shrubs is on the area P1, with the value of 4, meaning ‘high quality’ Area
P2 has an average quality (3) of planted trees and shrubs. The greatest deficiencies are on the
area P3 in terms of species composition and unsuitable compositional distribution.

The lawn has a quality in the range of 3-2, depending on the area. Area P1 has the best rat-
ing among the monitored areas. However, it is only average quality. The lawn in areas P2 and
P3 is dry. In the area P3, the lawn has an unsuitable ratio to tree vegetation. It covers more
than two-third of the area, resulting in sunburn and subsequent drying.

Flower beds are not found on any of the areas. Therefore, we can say that, on the moni-
tored areas, the quality of trees and shrubs is better than the quality of grass areas, area P1
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Fig. 5. Quality of vegetation elements on areas P1, P2 and P3.
Notes: 5 - very high quality; 4 - high quality; 3 - average quality; 2 - low quality; 1 - very low quality; 0 - without vegetation.
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Fig. 6. Quality of vegetation by different parameters in areas P1, P2 and P3.
Notes: 5 - very high quality; 4 - high quality; 3 - average quality; 2 - low quality; 1 - very low quality; 0 - without vegetation.

is better than P2 and P3. The quality of trees, shrubs and lawns on the P3 surface is of poor
quality (2) and is the worst of the monitored areas.

Quality of vegetation by different parameters in areas P1, P2 and P3

The monitored areas can be analysed not only from the point of view of the quality of veg-
etation elements but also from the point of view of the parameters - the horticultural value
of the overall vegetation stand, its health condition and the composition value of the stand.
Figure 6 shows the comparison of quality of the vegetation in terms of different parameters
on three areas. Surfaces are of poor quality (2) in the monitored parameters. An exception is
the area P1, which has an average vegetation quality from a compositional point of view (3).
Opverall, we can say that the quality of vegetation in individual parameters is low.
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Assigning the level of benefit to the quality values of vegetation elements and the category of
utility rates provided by vegetation on areas P1, P2 and P3

The utility rate provided by the vegetation area based on the quality of the vegetation ele-
ments is different on the areas P1, P2 and P3. From Fig. 7, we can see that the best result is
on the area P1 (with 5 points), where the utility rate falls into the category 3 — average level of
benefits provided by the vegetation. Vegetation is of average quality in terms of all evaluated
parameters. The average horticultural value of trees manifests itself in growth characteristics
such as habitus and species nativeness. The biggest deficiency is the occurrence of non-native
species P. menziesii (Mirb.). From a health point of view, vegetation is in a good condition,
which is reflected in appearance, fulfilment of functions (microclimate improvement, dust
absorption and shadowing) and providing benefits to the population. In terms of the com-
position, the most suitable from three monitored areas is the area P1, with the greatest future
usability.

The areas P2 (number of points: 3) and P3 (number of points: 2) are in category 2 a low
level of benefits provided by vegetation. A common drawback in these areas is the inap-
propriate composition of woody plants. Area P2 has spots with overgrown vegetation and,
conversely, P3 has few trees. The absence of flower beds negatively affects the assessment of
all three studied areas.

Level of benefits

Pl P2 P3
Areas

Fig. 7. Level of benefits provided by vegetation on areas P1, P2 and P3.
Notes: 4 - high level; 3 - average level; 2 - low level; 1 - insufficient.

Discussion

Research on CES in urban systems is yet under development and its applicability in planning
processes is still a promise (Haase et al., 2014). This motivated us to look for ways of assess-
ing vegetation areas and determining the level of benefits provided to residents in terms of
recreational use. In order to understand the needs of the city for the provision of recreational
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services, it was necessary to do field research and observation of the use of vegetation areas.
Environment and social conditions vary widely in urban spaces (Haase et al., 2014). We have
verified this idea in the field, and we have found that every part of the city has its specific
needs. But what connects all vegetation areas and living spaces is the need to provide resi-
dents with benefits in the form of relaxation, recreation, sports and other leisure activities.

The needs of residents in the housing estates perfectly define CES. This is confirmed by
the claim that CES can be analysed using methods from different disciplines, including natu-
ral and environmental sciences, and also psychology, anthropology, landscape architecture
and other social sciences. In other words, what makes the service ‘cultural’ is precisely its
‘non-economic’ character.

Similarly, research in Oslo (2015) assessed elements found in public spaces, but their as-
sessment was based on the responses of users and their views on the importance of individual
elements (Barton, 2015). It is in this assessment that we see a combination of different disci-
plines, such as psychology and the human perception of space. The methodology inspired us
in the selection of evaluation elements, which was the basis for the creation of a new meth-
odological approach in the field of recreational services in the housing estates in urbanised
environments.

Various cities in Slovakia, such as Trnava and Bratislava, and also the winner of the archi-
tectural prize CE ZA AR 2018 for the exterior category, public space in Presov, are examples
of the fact that vegetation areas can be functional and modern and provide benefits for vari-
ous recreational uses. The vegetation areas in the housing estate Chrenova do not meet the
necessary quality. This is due to various factors. Vegetation areas are not being restored; only
basic measures that do not meet the needs of rapidly changing trends and requirements are
being taken. This methodological approach can be a tool for identifying missing elements
and for evaluating the level of benefit of existing elements for recreational use in terms of
CES. It is necessary to invest in vegetation areas, because these areas are the places where
the inhabitants will find peace, relax, rest and necessary recreation during busy work weeks.
Reconstruction, time and investment will return back in the form of the quality of life of
inhabitants. The value of the quality of life is incalculable and reflected in many other areas.

Conclusion

Cultural ecosystem services are intangible benefits that a person perceives in everyday activ-
ity associated with outdoor movement. These services are also about understanding the way
people live in urban spaces, and it is important to understand the relationship between man
and the urban ecosystem.

On the basis of this knowledge, a new methodological approach to CES analysis was cre-
ated in terms of recreation in urbanised environment. The quality (value) of elements and
factors (quality of vegetation, composition of space, environmental factors, management and
equipment), which is assessed on selected vegetation areas, determines the level of benefit,
which further determines the degree of provision of recreational services. In this article, the
quality of vegetation (trees and shrubs, lawn and flower beds), as well as its impact on rec-
reational use, and the utility rates that vegetation provides to the population were elaborated.
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The methodological approach was used on three selected vegetation areas marked P1,
P2 and P3 in the internal blocks of individual parts of Chrenova housing estate in Nitra.
After assessing the vegetation areas, we have acquired a notion about the diverse quality of
vegetation in urbanized environments. Vegetation areas are part of the same housing estate,
so the results vary by one degree in maximum. However, a detailed analysis of the vegetation
elements (trees and shrubs, lawn and flower beds) pointed to their shortcomings and differ-
ences. The best results were observed on P1. Provision of benefits of this vegetation area is
at average level (3), which is an acceptable outcome in terms of recreation. The vegetation in
the area is in good condition, especially the trees and shrubs have gained high quality (4) in
our assessment. Their high quality and fitness in terms of horticultural, compositional and
health aspects brings benefits for recreation such as improving the microclimate in the area,
aesthetic effects, providing shade in the summer, trapping dust particles and others.

Other assessed areas are at the level of low benefit in the context of cultural ecosystem
services. This was caused by several shortcomings in vegetation (mainly the horticultural
and compositional aspects). Trees and shrubs are unevenly distributed on P2 and P3, result-
ing in large shading or sunburn. Thereby the grass areas are affected (drying out and moss
overgrowth), and their assessment is decreased. The species composition (horticultural/
landscaping aspect) negatively influenced the evaluation result. The overall level of benefit
for residents in terms of recreational use is low.

Vegetation quality is the basis for achieving a suitable environment for recreational and
leisure activities. The methodological approach can be used for different vegetation areas in
urbanised environments and can be used for various cultural ecosystem services after appro-
priate adjustments (e.g. after complementing other assessment elements).

The results can be used in landscape planning documents or other documents dealing
with the quality of vegetation in urbanised areas.
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