Check for
updates

WILEY

Received: 30 September 2019
DOI: 10.1002/rra.3643

Revised: 15 February 2020 Accepted: 2 May 2020

RESEARCH ARTICLE

River embankments mitigate the loss of grassland biodiversity
in agricultural landscapes

Zoltan Batori® |
Orsolya Valké® |
Andras Kelemen®

1Department of Ecology, University of Szeged,
Szeged, Hungary

?Doctoral School of Environmental Sciences,
University of Szeged, Szeged, Hungary

SMTA-OK Lendiilet Seed Ecology Research
Group, Institute of Ecology and Botany, Centre
for Ecological Research, Vacratét, Hungary

“Department of Ecology, University of
Debrecen, Debrecen, Hungary

SMTA-DE Lendiilet Functional and Restoration
Ecology Research Group, Debrecen, Hungary

SInstitute of Ecology and Botany, Centre for
Ecological Research, Vacratét, Hungary

?MTA-DE Biodiversity and Ecosystem Services
Research Group, Debrecen, Hungary

Correspondence

Zoltan Batori, Department of Ecology,
University of Szeged, K6zép fasor 52, H-6726,
Szeged, Hungary.

Email: zbatory@gmail.com

Funding information

NKFI FK, Grant/Award Number: 124404; NKFI
K, Grant/Award Numbers: 116639, 119225,
124796; NKFI KH, Grant/Award Numbers:
126476, 126477, 129483, 130338; NKFI PD,
Grant/Award Number: 132131; Hungarian
Academy of Sciences: Bolyai Janos Research
Scholarship, Momentum Program, MTA's Post-
Doctoral Research Program

Péter J. Kiss> | Csaba Tolgyesi® |
Péter Toro

Balazs Dedk® |

k*> | Laszlé Erdés*® | Béla Tothmérész*’ |

Abstract

Agricultural intensification has resulted in severe declines in the extent and diversity
of seminatural habitats in Europe, whereas the extent of secondary habitats has
increased considerably. River embankments have become one of the most extensive
and widespread secondary habitats in former floodplains. We compared the diversity
patterns of secondary dry and wet grasslands on river embankments with those of
seminatural dry and wet grasslands in a Hungarian agricultural landscape using the
following community descriptors: (a) species diversity, (b) phylogenetic diversity and
(c) functional diversity. We also performed trait-based analyses to evaluate the eco-
system services provided by these secondary grasslands. Both grassland types of the
embankments showed significantly higher Shannon diversity compared with their
seminatural counterparts. The cover of generalist species (i.e., cosmopolitan species,
weeds and nonindigenous plant species) was high in the secondary grasslands. We
found significant differences in phylogenetic diversity between the secondary and
seminatural grasslands: secondary grasslands showed significantly lower mean
nearest taxon distances than the seminatural grasslands. Functional diversity did not
differ between the secondary and seminatural grasslands according to the Rao's qua-
dratic entropy. However, we found higher community-weighted means of specific
leaf area, plant height and flowering period in the secondary grasslands, which are
related to important ecosystem services (via biomass production and pollination).
Well-planned management actions and restoration activities could help further
improve the ecological function and conservation value of secondary grasslands on
river embankments, contributing to the maintenance of species diversity and sustain-
ing the functionality of ecosystems in agricultural landscapes.
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1 | INTRODUCTION

Technological advances in the second half of the 20th century have
resulted in unprecedentedly rapid agricultural intensification world-
wide (Baessler & Klotz, 2006), leading to a global-scale decline of the
species and habitat diversity of ecosystems (Benton, Vickery, &
Wilson, 2003). Landscapes with a high proportion of natural grass-
lands have largely been converted into arable fields, built-up areas
and forest plantations (Bastian & Bernhardt, 1993; Biro, Boloni, &
Molnar, 2018). For instance, a large proportion of loess grasslands in
Europe have been ploughed for cereal production because of their
fertile chernozem soils (Dedk et al., 2018; Erdos et al., 2018). Today,
this grassland type mainly occurs in small fragments (e.g., on ancient
burial mounds, earthen fortifications, road verges or at the margins of
arable fields) and its area is still shrinking (Dedk et al., 2016; Molnér,
Bird, Bartha, & Fekete, 2012). The area and diversity of the European
wet grasslands have also significantly declined in the last 300 years
due to inappropriate management, drainage and river regulation
(Maltby & Blackwell, 2005; Timmermann, Margoczi, Takacs, &
Vegelin, 2006). Along regulated rivers, wet grasslands can usually be
found in the narrow and frequently disturbed (i.e., periodically
flooded) floodplains between the river and the embankments (Varga,
Dévai, & Tothmérész, 2013).

A number of studies suggest that secondary habitats can act as
refuges for native, endangered or vulnerable species, thus they may
play key roles in the maintenance of biodiversity in transformed land-
scapes (e.g., in agricultural landscapes and settlements; Hobbs,
Higgs, & Harris, 2009). For instance, city walls may provide valuable
habitats for ferns (Lanikova & Lososova, 2009), highway stormwater
ponds for aquatic macroinvertebrates (Le Viol, Mocq, Julliard, &
Kerbiriou, 2009), graveyards for orchids (Loki, Deak, Lukacs, &
Molnar, 2019; Molnér et al., 2017), kurgans (i.e., burial mounds) for
steppe species (Dedk et al., 2016), roadside verges for endangered
lizard-orchids (Fekete et al., 2017) and plantation forests for vulnera-
ble plant species (Batori et al., 2020; Stiveges et al., 2019). Further
studies show that linear anthropogenic structures (e.g., ditches,
hedgerows, river embankments and road verges) have the potential to
form dispersal corridors not only for the native biota but also for many
invasive species (Corbit, Marks, & Gardescu, 1999; Fekete,
Mesterhdzy, Valké, & Molnar, 2018; Chadwick, &
Turbelin, 2019). Grasslands on embankments can be used as pastures

Francis,

or hay meadows and provide suitable habitats for pollinators
(cf. Liebrand & Sykora, 1996). Although the area of secondary grass-
lands on river embankments is more than 15,000 ha in Hungary, data
on their ecological function and conservation value are scarce (but see
Batori et al., 2016; Sallai, Harcsa, Szeman, & Percze, 2011; Torma &
Csaszar, 2013).

The precise assessment of the ecological function and conserva-
tion value of different habitats is not possible based only on species
diversity measures, because these methods neglect the functional
complementarity and redundancy of species (Diaz & Cabido, 2001;
Schleuter, Daufresne, Massol, & Argillier, 2010) and some of the
information provided by more complex analysis of species is lost

(Cadotte, Cavender-Bares, Tilman, & Oakley, 2009; Cadotte &
Davies, 2016). Therefore, we computed not only species diversity
but also functional and phylogenetic diversity and performed trait-
based analyses to compare the ecological function and conservation
value of secondary grasslands on river embankments and seminatural
grasslands. We hypothesized that the secondary grasslands of river
embankments have the potential to act as refuges for many plant
species and provide important ecological functions that play a crucial
role in sustaining the functionality of ecosystems within agricultural

landscapes.

2 | MATERIAL AND METHODS

21 | Study area and sampling

The study sites were located in the eastern part of the Great Hungar-
ian Plain, in the proximity of the Kérés and Maros Rivers (Figure 1).
The climate of this region is moderately warm and dry. The mean
annual temperature is 10.2-10.6°C, and the mean annual precipitation
is 500-550 mm. The main soil types within the study area are cherno-
zem, alluvial and meadow soils (Dévényi, 2010).

Both the Koérds and Maros Rivers flow in a westerly direction and
are among the major rivers of the Great Hungarian Plain. The hydro-
graph of the larger rivers in this landscape usually shows two floods:
snowmelt-induced floods occur in early spring and rain-induced floods
in early summer (Batori et al, 2016). We chose a 100-km-long
section of the Koros River and a 40-km-long section of the Maros
River for vegetation sampling. The embankments along these rivers
were established in the 18th and 19th centuries to prevent the
adverse effects of flood and to provide land for agriculture (Batori
et al., 2016). The slopes of embankments were sown with seed mix-
tures of native grasses (e.g., Arrhenatherum elatius, Alopecurus
pratensis, Bromus inermis and Lolium perenne) in order to reduce ero-
sion and to produce fodder for livestock. At that time, natural grass-
lands were widespread in the vicinity of the rivers, and soils
originating from these grasslands were also used for the construction
of the embankments. The current crest width of embankments usually
ranges between 4 and 6 m, their height is about 4.5 m, while the ratio
for vertical and horizontal dimension of the slopes is 1:3 or 1:4. Soil
organic matter content is higher on riverside slopes than landside
slopes.

Our previous study indicated that the vegetation on the north-
facing landside slopes of the embankments (hereafter “secondary dry
grasslands”) is similar to the loess grasslands (hereafter “seminatural
dry grasslands”), whereas the vegetation on the north-facing riverside
slopes of the embankments (hereafter “secondary wet grasslands”) is
similar to the mesotrophic wet meadows (hereafter “seminatural wet
grasslands”). Seminatural dry grasslands in the studied region are dom-
inated by Festuca rupicola, but other grasses such as Agropyron
cristatum, B. inermis, Elymus hispidus and Stipa capillata are also com-
mon. The high cover of dicots (e.g., Fragaria viridis, Galium verum, Inula

germanica, Salvia nemorosa and Thalictrum minus) is also typical
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FIGURE 1 Location of the study area in (a) Europe and (b) Hungary; (c) secondary wet grassland on a river embankment; (d) secondary dry
grassland on a river embankment; (e) position of the different grassland habitats in the landscape; (f) seminatural dry grassland (i.e., loess grassland)
fragments between agricultural fields; (g) seminatural wet grasslands in the floodplain [Colour figure can be viewed at wileyonlinelibrary.com]

(Borhidi, Kevey, & Lendvai, 2012). These grasslands have a high con- Ajuga laxmannii, Cynoglottis barrelieri and Phlomoides tuberosa. The
servation value due to their unique species pool. They also provide dominant species of the seminatural wet grasslands are A. pratensis,

habitats for several endangered plant species such as Adonis volgensis, Poa pratensis s.l., and Poa trivialis. Many other wet meadow species
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are also abundant in this habitat type, including Carex melanostachya,
Euphorbia lucida, Inula britannica, Iris pseudacorus, Ranunculus repens,
Thalictrum lucidum and Viola pumila (Borhidi et al., 2012). Grasslands
on embankments are usually managed by machine mowing twice per
year, whereas seminatural grasslands have been managed for centu-
ries by various management practices (e.g., mowing and grazing).

In order to obtain representative samples from the study sites,
we applied a stratified random sampling approach. The embankments
of both rivers were divided into 10 subsections, and both the sec-
ondary dry and wet grasslands on the upper two-thirds of embank-
ments were sampled (the lower third was omitted to reduce the
effects of periodic floods and therefore habitat heterogeneity) in
each subsection using three randomly placed 2 m x 2 m plots in both
habitat types (120 plots in total). The age of these grasslands is about
45 years. For comparison, we selected 20 seminatural dry and
20 seminatural wet grassland patches within the study area. We ran-
domly placed three 2 m x 2 m plots in each patch (also 120 plots in
total). The percentage cover of each vascular plant species was esti-
mated in May to early June 2017 in all 240 plots (see Supporting
Information Table S1). Nomenclature follows The Plant List (http://

www.theplantlist.org).

2.2 | Data analysis
To evaluate the ecological functions and conservation value of sec-
ondary grasslands on river embankments, we compared them with the
seminatural grasslands using the following metrics: species diversity,
diagnostic species, phylogenetic diversity, functional diversity and
functional trait distributions.

We calculated the Shannon diversity for each plot and the phi (®)
coefficient of association (Chytry, Tichy, Holt, & Botta-Dukat, 2002)
between species and habitat (i.e., secondary dry grasslands vs. seminat-
ural dry grasslands and secondary wet grasslands vs. seminatural wet
grasslands). We considered a species diagnostic if it had 0.2 or higher
phi value in a particular grassland type (Fisher exact test; p < .01). If a
species proved to be diagnostic for more than one grassland type, it
was considered diagnostic species to the grassland in which it had a
higher phi value. For the further evaluation of these diagnostic species,
we classified them into three groups based on their habitat preferences
(Borhidi, 1995). The three groups were (a) dry grassland specialists,
(b) wet grassland specialists and (c) generalist species (i.e., cosmopolitan
species, weeds and nonindigenous species).

For the analysis of phylogenetic diversity, phylogenetic trees
were created based on a dated, ultrametric phylogenetic tree of
European plants (Durka & Michalski, 2012) and the genera occurring
in the studied habitats. The cover values of species from the same
genus were summarized. Polytomies were retained as they were rep-
resented in the original tree. Phylogenetic diversity of the grasslands
was compared using the mean pairwise distance (MPD) and mean
nearest taxon distance (MNTD) indices. MPD calculates the MPDs
among different taxa, whereas MNTD calculates the mean phyloge-

netic distance to the closest relative for particular taxa. These two

indices capture different aspects of phylogenetic diversity. MPD is
generally thought to be more sensitive to tree-wide patterns of phylo-
genetic diversity, whereas MNTD is more sensitive to the patterns of
the tips of the phylogeny (Kembel et al., 2010). These two indices are
suitable measures of phylogenetic diversity and are less confounded
by species richness than other phylogenetic diversity indices. There-
fore, they are appropriate measures in studies where species diversity
was also calculated (Barak et al., 2017).

As a measure of functional diversity, we calculated plot-level
Rao's quadratic entropy using leaf-height-seed traits (specific leaf
area [SLA], plant height and seed mass), flowering traits (flowering
period, starting time of flowering and pollination type) and persis-
tence traits (life-form, growth form and lateral spread; Botta-Dukat,
2005; Weiher et al., 1999; Westoby, 1998). Plot-level community-
weighted means (CWMs) of single traits were calculated for four
traits: SLA, plant height, seed mass and flowering period. The number
of insect pollinated plants was calculated for each plot. For the
detailed description of the categories and sources of the studied
traits, see Table 1.

For the comparisons of diversity indices, CWMs and the number
of insect pollinated plants (dependent variables) across seminatural
and secondary grassland types, general or generalized linear mixed-
effect models with Gamma, Gaussian or Poisson family were used.
We applied separate models to compare the dry (secondary dry grass-
lands vs. seminatural dry grasslands) and wet (secondary wet grass-
lands vs. seminatural wet grasslands) grassland types. We set
sampling location (i.e., subsection) as random factor in the models.
Seed mass and flowering period traits were log-transformed.

The calculations of phi values were conducted with the JUICE
7.0.25 programme (Tichy, 2002). Diversity indices and linear models
were computed in R environment (R Core Team, 2018). Shannon
diversity values were calculated with the “diversity” function of the
vegan package (Oksanen et al., 2019). We used the “cophenetic,” “ses.
mpd” and “ses.mntd” functions of the picante package to calculate
phylogenetic diversity (Kembel et al., 2010). Rao's quadratic entropy
was calculated with the “dbFD” function of the FD package (Laliberté,
Legendre, & Shipley, 2014). The linear mixed-effect models were pre-
pared with the “Ime” function of the nlme package (Pinheiro, Bates,
DebRoy, Sarkar, & R Core Team, 2017) and the generalized liner
mixed effect models with the “glmer” function of the Ime4 package
(Bates, Maechler, & Bolker, 2013).

3 | RESULTS

Both habitat types on embankments (i.e., secondary dry and wet
grasslands) showed significantly higher Shannon diversity than their
seminatural counterparts (seminatural dry and wet grasslands, respec-
tively; Table 2 and Figure 2). The number of diagnostic species was
also higher on the embankments (Table S2): secondary dry grasslands
had 25 (e.g., Bromus hordeaceus, Buglossoides arvensis and Vicia hirsuta)
and secondary wet grasslands had 29 species (e.g., Clematis

integrifolia, P. pratensis s.I. and Veronica polita), whereas seminatural
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TABLE 1
Trait groups Trait
Leaf-height-seed Specific leaf area
traits Plant height
Seed mass

Flowering traits Flowering period

Starting time of
flowering

Pollination type

Life from

Persistence traits

Growth form

Lateral spread

TABLE 2

Details of the nine traits used for the functional diversity analysis

Data type

Numeric (mm?/mg)
Numeric (cm)
Numeric (g)
Numeric (months)

Nominal with three levels: blooming from early
spring (Months 1 to 4); blooming from early
summer (Months 5 and 6); blooming from late
summer (Months 7 to 9)

Nominal with four levels: insect pollination, wind
pollination, self-pollination and insect and
self-pollination

Nominal with six levels: annual monocots, annual
dicots, perennial monocots, perennial dicots,
small shrubs and trees and shrubs

Nominal with seven levels: tall erect forbs
without rosette or semirosette; tall erect forbs
with rosette or semirosette; short, crawling
forbs without rosette or semirosette; short,
crawling forbs with rosette or semirosette;
nontussock forming graminoids; tussock
forming graminoids and woody species

Ordinal with three values: <1 cm/year; between
1 and 25 cm/year; >25 cm/year

Source

Kleyer et al. (2008)
Kiraly (2009)

Torok et al. (2013, 2016)
Kiraly (2009)

Kiraly (2009)

Kihn, Durka & Klotz (2004)

Kiraly (2009)

Kiraly (2009)

Klime3ova & de Bello (2009) and Klime3ova,
Danihelka, Chrtek, de Bello &
Herben (2017)

Comparisons of secondary grasslands on river embankments and seminatural grasslands (secondary dry grasslands vs. seminatural

dry grasslands and secondary wet grasslands vs. seminatural wet grasslands) based on different diversity indices

Shannon (H) Rao's quadratic entropy MPD MNTD

t t p t p t p
Secondary dry grasslands versus seminatural dry grasslands -2.02 .050* -1.56 128 0.44 .668 3.13 .003*
Secondary wet grasslands versus seminatural wet grasslands -5.89 <.001* 0.14 .892 0.25 .802 2.85 .007*

Abbreviations: MPD, mean pairwise taxon distance; MNTD, mean nearest taxon distance.

*p < .05.

dry grasslands had only 12 (e.g., C. barrelieri, S. capillata and Verbascum
phoeniceum) and seminatural wet grasslands had 15 diagnostic species
(e.g., Cerastium dubium, I. britannica and Phalaris arundinacea).

Although the number of diagnostic species was higher in the sec-
ondary grasslands, the proportion of habitat-specific diagnostic spe-
cies was higher in the seminatural grasslands. The proportion of dry
grassland specialists was 20% in the secondary dry grasslands and
75% in the seminatural dry grasslands. Conversely, the proportion of
generalist species was 76% in the secondary dry grasslands and 25%
in the seminatural dry grasslands (Supporting Information Table S2).
The proportion of wet grassland specialists was lower in the second-
ary wet grasslands (29%) than in the seminatural wet grasslands (67%)
and secondary wet grasslands had more generalist species (64%) than
seminatural wet grasslands (33%).

Secondary grasslands showed similar MPDs compared with the

seminatural grasslands. In contrast, the difference was significant for

MNTDs; secondary grasslands showed significantly lower MNTDs
than seminatural ones (Table 2; Figure 2). There was no difference
between the Rao's index for secondary and seminatural grasslands
(Table 2). However, the CWMs of SLA were significantly higher in
secondary grasslands (Table 3 and Figure 3). There was no difference
in the CWMs of plant height between the secondary and seminatural
dry grasslands. In contrast, the CWMs of plant height indicated that
secondary wet grasslands had potentially higher vegetation than
seminatural wet grasslands. We did not find any significant difference
for seed mass CWMs. However, the CWMs of the flowering period
were significantly higher in the secondary grasslands of embank-
ments in both comparisons (Table 3 and Figure 3). The number of
insect pollinated plants was significantly higher (p < .001) in the sec-
ondary wet grasslands than in the seminatural wet grasslands, but we
did not find any significant difference in the case of dry grass-
lands (p = .780).



BATORI ET AL.

WILEY-_| 15

3.5

Shannon diversity
15 20

1.0

0.5

180
1

*%

160
1

MNTD (myr)
120

80

]
o

60
1

Secondary Semi-natural
dry grasslands dry grasslands

3.5

* k%

3.0

Shannon diversity
25

2.0

oo

220
1

*%

180 200
1
{ :

160
1

140
1

MNTD (myr)

120
1

100
1

80
1

Semi-natural
wet grasslands

Secondary
wet grasslands

Habitats

FIGURE 2

Shannon diversity and phylogenetic diversity (MNTD) values for the grassland habitats of embankments and the landscape.

Statistically significant differences were marked with asterisks. MNTD, mean nearest taxon distance. *p < .05; **p < .01; ***p < .001

TABLE 3

Comparisons of trait distributions between secondary grasslands on river embankments and seminatural grasslands (secondary dry

grasslands vs. seminatural dry grasslands and secondary wet grasslands vs. seminatural wet grasslands)

Specific leaf area Plant height Seed mass Flowering period
t p t p t p t p
Secondary dry grasslands versus seminatural dry grasslands -3.14 .003* 1.17 243 -1.52 137 -3.26 .002*
Secondary wet grasslands versus seminatural wet grasslands -2.15 .040* -3.78 <.001* 0.46 .649 -3.55 .001*
*p < .05.
4 | DISCUSSION Cosmopolitan species, nonindigenous species and weeds could ini-
tially colonize these fresh surfaces during the construction of the
4.1 | Evaluation of ecological function and embankments simultaneously with the sown grasses and other spe-

conservation value

According to the diagnostic species analyses, generalist species play

an especially important role in the grasslands of embankments.

cies as founders; therefore, the higher abundances of generalist spe-
cies on the embankments can be a legacy of this founder effect
(Egler, 1954; Grime, 1998). The floodplains of the rivers are densely
covered by invasive species and weeds, as the rivers can effectively
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FIGURE 3 Community-weighted means of specific leaf area, plant height and flowering period for the grassland habitats of embankments
and the landscape. Statistically significant differences were marked with asterisks. *p < .05; **p < .01; ***p < .001

disperse their propagules to these areas and the disturbance cycle of of different flood regulation facilities also create bare surfaces where
floods continuously creates new colonization gaps (Batori these species have the potential to colonize successfully once intro-
et al,, 2016). Reconstruction works, dirt roads and the establishment duced. In addition, the habitats of these embankments are embedded
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in the matrix of agricultural land with a high perimeter-area ratio.
These circumstances can provide good opportunities for many gener-
alist species to survive on the embankments (cf. Theoharides &
Dukes, 2007). Although the high species richness of generalist species
significantly increased the Shannon diversity on the embankments;
these species did not increase the functional diversity of the grass-
lands because of their similar functional traits. Therefore, the func-
tional structure of these secondary grasslands is similar to that in the
seminatural grasslands of the landscape.

Most studies agree that disturbance has the potential to decrease
phylogenetic diversity (Barak et al., 2017; Dinnage, 2009; Turley &
Brudvig, 2016). Barak et al. (2017) found that prairies that had been
restored using seed sowing had lower phylogenetic diversity com-
pared with natural prairie stands, as the MPD and MNTD of the
restored prairies showed significantly more clustered structure than
those of the natural ones. Turley and Brudvig (2016) showed that old-
fields had significantly lower phylogenetic diversity compared to habi-
tats that had never been cultivated. Similar results were obtained by
Helmus et al. (2010), who found that disturbances in lakes resulted in
clustering in the phylogenetic structure of the zooplankton commu-
nity. Based on the theory of environmental filtering and limiting simi-
larity, the phylogenetically clustered structure of the secondary
habitats can be expected, as disturbance may weaken the strength of
competition (Dinnage, 2009). The MNTD analyses supported this the-
ory, as the values of these indices were lower for the secondary grass-
lands on embankments than for the seminatural grasslands. It also
means that the vulnerability of these secondary grasslands is higher
and their resilience is lower against the invasion of alien species
(Lososova et al., 2015).

Therefore, our results support the conclusion of recent studies
showing that the precise assessment of the ecological function and
conservation value of different habitats cannot solely be based on
species-based diversity indices, as they are not sensitive to functional
redundancy and other functional consequences of species identity
(Diaz & Cabido, 2001; Kelemen et al., 2017; Petchey & Gaston, 2006;
Schleuter et al., 2010; Tilman et al., 1997). The Shannon diversity indi-
ces together with the diagnostic species and the MNTD analyses
suggested that the reason for the higher diversity in these secondary
grasslands is the higher proportion of generalist species that are func-
tionally and phylogenetically more clustered compared with the spe-
cies pool of the seminatural grasslands.

Our results on single traits can also help understanding vegetation
responses to certain environmental circumstances and potential eco-
system services provided by the vegetation. Species with high SLA
can respond rapidly to environmental changes (fast plants) because of
their high efficiency of photosynthesis and fast growth (Kelemen
et al.,, 2016; Westoby, 1998). Thus, these species can be more suc-
cessful on the river embankments where environmental conditions
are less stable due to human disturbance and periodic management
(mowing twice a year) than in their seminatural counterparts. One of
the main ecosystem services of grasslands is hay production. Produc-
tivity often correlates positively with plant height, therefore the sec-

ondary grasslands on the embankments probably supply higher

amount of hay compared with the seminatural grasslands (cf. Batori
et al,, 2016). Moreover, the larger mean SLAs in the grasslands on
embankments indicate better quality of hay, because grazers prefer
species with high nutritional values, which generally positively corre-
late with SLA (Bullock et al., 2001; Mladek et al., 2013; Moretto &
Distel, 1997). The longer flowering period and the presence of more
insect pollinated plants in these secondary grasslands are favourable
for the pollinator assemblages and also for the palynivores. This eco-
system service can support the maintenance of insect diversity, and

can be beneficial for insect pollinated crop plants.

4.2 | Implications for conservation
Both the landside and riverside slopes of the embankments of the
Koros and Maros Rivers may provide important habitats for the pres-
ervation of both dry and wet grassland species in the future. Embank-
ments play a key role in the prevention of flooding of agricultural
fields, therefore the continuous grassland cover is assured on them
(i.e., the risk of ploughing and afforestation is negligible), which has
important implications for the planning of landscape-scale restoration
strategies. Grassland restoration on river embankments can be a sus-
tainable option in the long term, as water management authorities aim
to manage and maintain permanent grasslands. It would be advisable
to allocate resources for the restoration of grasslands on embank-
ments in restoration planning, as they can be considered temporally
stable refuges. To ensure the increase of the conservation value of
these grasslands, their management should be better coordinated. For
instance, mowing at the same time of each year may be unfavourable
for both plants and animals. Instead, temporally and spatially variable
management practices (e.g.,, mowing and/or light grazing) are rec-
ommended (Sallai et al., 2011; Vadasz, Maté, Kun, & Vadasz-Besnyéi,-
2016; Valko, Torok, Matus, & Téthmérész, 2012) to ensure the
reproduction of most plant species in the long run (Moinardeau, Mes-
|éard, Ramone, & Dutoit, 2019) and to prevent the critical decrease of
biomass, which is also important for the protection against erosion.
The embankments of the investigated rivers are situated in agri-
cultural landscapes; therefore, the colonization potential of many
grassland specialist species (i.e., dry grassland and wet grassland spe-
cies) is limited. Consequently, active restoration would be needed to
ensure the establishment of these species on the embankments. To
increase the number and abundance of valuable dry and wet grassland
species in the grasslands of the embankments, hay transfer from semi-
natural habitats and sowing of regional seed mixtures would provide
feasible solutions (Klimkowska et al., 2010; Térok et al., 2010).
Secondary grasslands on river embankments have the potential to
act as refuge sites for many plant species and may provide important
ecological functions in the future. Proper management practices are
needed to improve the quality of these secondary habitats.
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