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Abstract

Drainage ditches play a key role in the conservation of fragmented landscapes by provid-
ing refuge sites and secondary habitats for many terrestrial and aquatic organisms across
various taxa. Species richness of ditches can exceed that of adjacent natural habitats, but
here, we looked further and assessed the role of drainage ditches in shaping the commu-
nity structure of true bugs aiming to better estimate ditches’ conservation value from the
point of their species and trait composition. We tested the effects of the ditch substrate
(saline, sandy or fen), landscape matrix (agrarian or grassland) and vegetation (species
richness of all plants and invasive plants, and abundance of woody plants) on the true bug
communities of 60 drainage ditches in the lowland of East-Central Europe. We found that
substrate and landscape matrix contributed the most in determining true bug communities.
Based on species composition, different substrates and landscape matrix types had distinct
communities, but the trait composition showed differentiation according to the landscape
matrix in saline habitats only. The trait composition in true bug communities was more
diverse in grassland ditches than in agrarian ones, which hosted more habitat generalists
associated with invasive vegetation. We concluded that a pronounced gradient in habitat
stress, originating in substrate salinity and aridity, causes the differentiation of the true bug
communities based on their trait composition. Additionally, intense habitat stress increases
the number of habitat specialists and the conservation value of a drainage ditch.
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Biodiversity and Conservation

Introduction

Man-made and modified ecosystems have been attracting the attention of conservation-
ists because they can harbour a significant proportion of local biodiversity (Kowarik 2011;
Chester and Robson 2013; Dorotovi¢ova 2013; Kantsa et al. 2013; Simaika et al. 2016). In
this sense, farmlands and agricultural areas are often the focus of conservation efforts (Big-
nal and McCracken 1996; Kleijn and Sutherland 2003; Tscharntke et al. 2005; DeClerck et
al. 2010; Queiroz et al. 2014), where anthropogenic landscape elements (e.g. field margins,
road verges, burial mounds, power line corridors, river dikes) have an important role in pro-
viding secondary habitats for numerous organisms including red-listed species (Deék et al.
2016; Torma et al. 2018; Phillips et al. 2020; Daniel-Ferreira et al. 2023).

Ditch banks or slopes can have more or less structured and dense vegetation, which
depends on the applied management practices (Marja and Herzon 2012; Dollinger et al.
2015; Tolgyesi et al. 2022). Shrubs and woody plants along the ditches may increase habitat
complexity, provide additional food sources, shelter, resting and nesting places for birds
and invertebrates (Arnold 1983; Herzon and Helenius 2008; Marja and Herzon 2012). Well-
preserved grassy strips on ditch slopes have the role of biodiversity hubs in intensively used
croplands (Herzon and Helenius 2008; Dollinger et al. 2015; Torma et al. 2018), accumulate
a great number of species (Tolgyesi et al. 2022), serve as flower strips for pollinators (Jan-
sen et al. 2012; Konigslow et al. 2021) and provide a natural source of biocontrol agents
(Decleer et al. 2015; Dollinger et al. 2017). Ditch-related communities predominantly con-
sist of habitats generalists with limited conservation value (Herzon and Helenius 2008;
Decleer et al. 2015), however, the quality of the landscape matrix surrounding a drainage
ditch and the availability of natural habitat fragments can increase the conservation potential
of ditches (Marja and Herzon 2012; Decleer et al. 2015).

In the Pannonian lowland of East-Central Europe, the drainage system of canals and
ditches is interconnected with the remnants of the high-value grasslands which are tradi-
tionally used as extensive pastures. The best-preserved grassland fragments of the region
are recognized as conservation priority in Europe, belonging to several categories in the
Habitats Directive (e.g. 1530 *Pannonic salt steppes and salt marshes, 6260 *Pannonic sand
steppes, 6410 Molinia meadows on calcareous, peaty or clayey-silt-laden soils (Molinion
caeruleae)) (Council Directive 92/43/EEC). The Pannonian lowland was a mosaic of wet-
lands, grasslands and forest patches in the past, but it changed markedly in the middle of the
20th century when a dense network of drainage canals and ditches was constructed to make
more land for intensive agriculture. In a few decades, most of the wetlands disappeared or
have been spontaneously turned into drier habitats, mostly grasslands (Bir6 et al. 2007).
Remnants of the Pannonian grasslands still preserve many important species, including
endemics among plants (Riezing 2023) and arthropods (Varga 1995; Szinetar et al. 2005;
Pokluda et al. 2012; Kenyeres and Bauer 2021).

Our previous multi-taxa study on the drainage ditch system in this landscape has revealed
that ditches have higher numbers of plants and terrestrial arthropods (i.e. butterflies, spiders
and true bugs) than the nearby semi-natural grasslands (To6lgyesi et al. 2022). However,
many of these ditches also hosted a great amount of ruderal and invasive plants, which have
the potential to increase the number of habitat generalists, but also to homogenize com-
munities (Gallé et al. 2023). In our study, we also showed that an increase in habitat stress
enhances the conservation value of drainage ditches (Tolgyesi et al. 2022). It is well-known
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that great habitat stress leads to species-poor and specialized plant communities, and a good
example of this phenomenon is saline habitats, some of the most stressful environments
in the region (Molnar and Borhidi 2003; Sefferova-Stanova et al. 2008; Dedk et al. 2014).
Therefore, the potential of ditches to support local biodiversity is unquestionable, but we
still lack important information. From the conservation perspective, it is necessary to find
out which ditches support habitat generalists and which ones promote more specialized
communities. It is also important to explore what features of the ditches can indicate/predict
the presence of organisms with a specific combination of functional traits.

True bugs are especially suitable for capturing the trait-based assembly mechanisms of
complex secondary habitats like drainage ditches. In the Pannonian lowland, true bugs are
highly diverse and well-studied with a growing literature on the ecology of their communi-
ties (Korosi et al. 2012; Torma and Csaszar 2013; Torma et al. 2017, 2019). They are good
biodiversity indicators and have been frequently used in conservation assessments (Duelli
and Obrist 1998; Fauvel 1999; Achtziger et al. 2007; Rabitsch 2008; Gerlach et al. 2013),
while their functional traits have been adopted to estimate habitat quality and the success of
habitat management (Birkhofer et al. 2015; Simons et al. 2016; Torma et al. 2019; Koranyi
et al. 2023). Having in mind the high responsiveness of true bug communities to vegetation
structure and species composition of plants (Zurbriigg and Frank 2006; Torma and Csaszar
2013; Klimm et al. 2024), we expected that ditches with different vegetation properties have
true bug communities of distinctive combination of traits. Also, we assumed that an increase
in the abundance of invasive plants in ditches would promote habitat generalists among true
bugs, in contrast to nearby semi-natural grasslands, where pronounced habitat stress, caused
by salinity and dryness, prevents non-native vegetation from establishing (Perelman et al.
2007; Kelemen et al. 2012) and preserves original true bug fauna.

In this study, we investigated drainage ditches in the Pannonian lowland by comparing
trait-based assembly mechanisms of their terrestrial true bug communities to those of sur-
rounding high-value grasslands. Our main goal was to understand how the environment
drives the true bugs’ traits and how it reflects to the conservation value of drainage ditches.
Specifically, (i) we assessed the effect of the surrounding landscape matrix (agrarian vs.
grassland), substrate type (saline vs. sandy vs. fen) and vegetation (species richness of all
plants and invasive plants, and abundance of woody plants) of ditches on the species com-
position and trait composition of true bugs, (ii) we identified characteristic relationships
between species traits or trait combinations (i.e. trait syndromes) and environmental predic-
tors, and (iii) we assessed the effects of habitat stress on the presence of habitat specialists.

Materials and methods
Study area and sampling sites

The study was carried out in the Danube-Tisza Interfluve of central Hungary, mostly within
the Kiskunsag National Park (Fig. 1). The region has dry continental climate, with cold
winters and hot summers where the mean annual precipitation is 550-600 mm and the mean
temperature is 10—11°C (Tdlgyesi et al. 2016). The region is characterized by a diversity
of substrates and zonation of soil types—sand occupies the central part of the region, salt-
affected soils are distributed along the former floodplains of the Danube and Tisza rivers,
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and peaty loam (fen substrate) is embedded between the previous two zones (Bir6 et al.
2007). Extrazonal patches of saline habitats and fens can also be found in the depressions
of the central sandy zone (Pasztor et al. 2018). Three different substrates (sandy, saline and
peaty loam) reflect gradients in humidity and salinity in a habitat; fens have medium humid-
ity and low salinity, sandy habitats are seasonally extremely dry and saline habitats have
similar drought periods to sandy ones but the salinity adds to the habitat stress. Consider-
ing that the interfluve has a narrow elevation gradient (mostly lying between 90 and 120 m
a.s.l.) and continental climate, substrate primarily determines the grasslands formed (Bir6 et
al. 2007, 2008; Molnar et al. 2008; Tolgyesi et al. 2022).

We selected 200 m long sections in 60 drainage ditches for sampling sites. Ditches varied
according to landscape matrix (30 agrarian and 30 grassland ditches) and substrate type (20
fen, 20 saline and 20 sandy ditches), in a full-factorial balanced design (Fig. 1). Agrarian
ditches were bordered by annual croplands on both sides and with no grassland fragments in
a one km buffer, where grassland ones were embedded in semi-natural grasslands, without
any crop fields in a same one km buffer. Sampled ditches were dry for most of the year, usu-
ally having open water only temporarily in early spring and after heavy rains. We selected
ditches which were 1-5 m wide and up to 2 m deep. Large regional canals and ditches with
constant water cover were avoided, as they are usually intensively managed due to their
regional importance in water management. As a reference, we selected 200 m long transects
in the semi-natural grassland (hereafter reference grassland) parallel to every grassland
ditch and approximately 50 m from the ditch. In total, we sampled 30 grasslands (10 fens,
10 saline and 10 sandy grasslands), which correspond to the number of grassland ditches.
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Fig. 1 Sampling sites and the study area of the Kiskunsag National Park in Hungary (red area on the map
of Europe and grey area on the detailed map)
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True bug and plant sampling

We surveyed plants in eight evenly spaced 1 m? plots along the ditch sections and refer-
ence transects by identifying all vascular species that were rooted within the plots. We used
only species richness data (presence—absence data) in this study as a possible environmen-
tal driver of true bug communities. In total, 480 plots for plant species were processed in
ditches and 240 in reference transects. Additionally, we assessed the abundance of woody
vegetation, i.e. small trees and bushes, in the ditches. The measure was the cumulative
length of the covered ditch bank with a resolution of 1 m. Each bank was measured sepa-
rately, leading to a maximum coverage of 400 m by woody vegetation. The plant sampling
was done during the second half of June 2018.

We sampled true bugs by standard sweep-netting method alongside the 200 m ditch sec-
tions and the reference transects. One sample contained specimens swept from four evenly
spaced 25 m long sub-transects (i.e. 4 xX25 one-direction sweeps by a 35 cm diameter sweep
net) per ditch section or reference transect. All material collected by sweep-netting was
placed in plastic bags filled with 70% ethanol and stored in a freezer until identification.
Only records of adult true bugs were used for this study and they were identified to spe-
cies level in our laboratory. To account for seasonal changes in true bug communities, we
applied three sampling periods: May 15-24, July 9-17 and September 5-18, 2018.

True bug traits

We selected six traits to describe the trait composition in true bug communities (Table 1): (i)
body size, defined as the mean length of an adult body; (ii) dispersal ability, based on fore-
wing length, where apterous individuals lack wings or they are extremely reduced, brachyp-
terous individuals have shortened wings, and macropterous are those with full (maximum)
wing length; (iii) herbivory category, defined by the taxonomic diversity of host plants (spe-
cies of predatory or mixed feeding strategies, i.e. zoophytophagous, were excluded from the
trait analysis); (iv) overwintering stage, matching the number of the developmental stages
of hemimetabolous true bugs and reflecting different survival strategies; (v) humidity pref-
erence; and (vi) shade tolerance described along a continuum of true bugs’ preferences of
humid and shaded, forest-like habitats up to completely open and dry grassland-like habi-
tat types. To maximize the informativeness of qualitative data, we applied numeric coding

Table 1 List of analyzed func- Trait Values
tional and life-history traits of Body size Body length in mm
true bugs

Dispersal ability 0—always apterous, 0.25—mostly brachypter-
ous, 0.5-brachypterous (females brachyp-
terous, males macropterous), 0.75—-mostly
macropterous, 1-always macropterous

Specialization of 0—polyphagous (feeds on plant species from

herbivores different families), 0.5—oligophagous (feeds
on plants from one family), 1-monophagous
(feeds on one plant species or one plant genus)

Overwintering stage 0—egg, 0.5-nymph, 1-adult

Humidity 0—humid, 0.25-semi-humid, 0.5—indifferent to

preference humidity, 0.75-mostly dry, 1-dry

Shade tolerance 0—shaded, 0.25-semi-shaded, 0.5—indifferent
to shade, 0.75-open to partly shaded, 1-open
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ranging from 0 to 1 on ordinal traits of true bugs (Table 1). All details on true bug traits were
taken from the available literature (Wagner and Weber 1964; Péricart 1972, 1983, 1984,
1987, 1998; Wachmann et al. 2004, 2006, 2007, 2008; Gossner et al. 2015a, b).

Data analysis

Data collected in a single sampling site (eight plots for plants and 4x25 sweeps for true
bugs) were pooled making a single statistical sample each. Also, samples of true bugs col-
lected in different seasons were merged to create a joined species composition matrix.

We analyzed the species composition of true bug communities using permutational mul-
tivariate analysis of variance (PERMANOVA). The total species composition matrix (90
sampling sites, including 60 ditches and 30 reference grasslands) was used as a depen-
dent variable, where the substrate (sandy, saline and fen) and landscape matrix (agrarian
ditch, grassland ditch and reference grassland) were independent variables. We also ran six
separate single-predictor models for each of the substrate and landscape matrix types. PER-
MANOVA tests were run in R version 4.3.0 (R Core Team 2023) with the adonis2 function
of the ‘vegan’ package (Oksanen et al. 2017), whereas pairwise comparisons of the single-
predictor models were done by pairwise.adonis function of the ‘pairwiseAdonis’ package
(Martinez Arbizu 2020). The significance of all PERMANOVA models was tested using 999
permutations on Bray-Curtis distance matrices.

To reveal what habitat and landscape attributes are associated with trait syndromes of
true bugs, we applied RLQ and fourth-corner analyses following Kleyer et al. (2012) and
Dray et al. (2014). Both methods are based on the analysis of the fourth matrix, which
crosses species traits weighted by species abundances and environmental variables. The
input matrices for the resulting fourth matrix are the R-table (samples X environmental
variables), the L-table (samples X species) and the Q-table (species X species traits). These
two methods complement each other; RLQ is a multivariate ordination technique that sum-
marizes the joint structure among the three tables, whereas the fourth-corner tests individual
trait—environment relationships.

We performed RLQ and the fourth-corner analyses separately for different substrates.
The R-table for a single substrate type had 10 agrarian ditches, 10 grassland ditches and
10 reference grasslands for ‘samples’, whereas, landscape matrix, the abundance of woody
vegetation, total species richness of plants and species richness of invasive plants were used
as ‘environmental variables’. The L-table was the standard species composition matrix (i.e.
sampling sites X true bug species). The Q-table was based on true bug trait values given in
Table 1. We used the ‘ade4’ package (Dray and Dufour 2007) to carry out the RLQ and the
fourth-corner analyses. To evaluate the significance of the trait-environment relationships
in the RLQ and fourth-corner, we followed Dray et al. (2014) and set the ‘modeltype’ argu-
ment to 6, the combination of Model 2 (permuted site vectors, i.e. rows of the L-table) and
Model 4 (permuted species vectors, i.e. columns of the L-table). The significance of RLQ
and fourth-corner models was tested using 9,999 permutations.

To differentiate species groups according to their trait syndromes, we applied hierarchi-
cal cluster analysis, which was followed by the analysis of variance (ANOVA) and Tukey’s
tests to validate the distinction of trait values among species clusters. Functions Aclust and
aov of the basic ‘stats’ package in the R were used (R Core Team 2023).
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The commonness index (CI) was calculated for the total true bug dataset and each sub-
strate separately to test what species were common and which ones were rare, whether
there was a difference in commonness of shared species in different substrates and what
species could indicate specific substrates based on their CI values. The commonness index
estimates the probability for each species to be common (1) or rare (0) based on abundance—
occupancy information from the species composition matrix. Commonness indices were
calculated using the ‘FuzzyQ’ package and its fuzzyg function (Balbuena et al. 2021a, b).

From the literature and available red lists of the Pannonian countries, we selected habi-
tat specialists of characteristic semi-natural grasslands (Stepanoviéova and Bianchi 2001;
Wachmann et al. 2004, 2006, 2007, 2008; Rabitsch 2012; Kment et al. 2017; Seat and
Nadazdin 2021) to check what substrates promote more specialists and how specialists are
distributed among landscape matrix types.

Results
Species composition shaped by landscape matrix and substrate

Results of PERMANOVA for the full dataset showed that the substrate (F=6.061,
R?=0.100, p<0.001), landscape matrix (F=6.601, R?=0.109, p<0.001) and their inter-
action (F=3.097, R?=0.102, p<0.001) significantly affected the true bug communities.
Results of the single-predictor PERMANOVAs indicated distinct true bug composition
among the landscape matrix types of each substrate and among the substrate types of grass-
land ditches and grasslands. Regarding agrarian ditches in pairwise comparisons, we could
not detect any difference between fen ditches and the other two substrates, although saline
and sandy ditches still differed (Table 2).

Species trait-environment relationships

The total inertia in every one of the three RLQ ordinations was explained by five axes, and
the first two axes described more than 95% of the variation in each of the three ordinations.
Models were significant for saline habitats (p=0.025), but not for sandy habitats (p=0.089)
nor fens (p=0.350). The tests which provide separate results for Model 2 and Model 4
showed significant results for saline habitats (p,,,qp = 0.013, ppoqs = 0.030), but only the
Model 2 component was significant for sandy habitats (p,, 4, < 0.001, p, .44 = 0.085) and
fens (Poqn < 0.001, poqs = 0.342), which implies that in sandy habitats and fens the trait
composition of true bug communities of different landscape matrices do not significantly
differ from each other.

In saline habitats, the ordination biplot of RLQ analysis showed a certain grouping of
true bug traits and environmental variables along both main axes (Fig. 2a), and resulted in
significant species trait—environment correlations by the fourth-corner analysis (Tab. S2).
In sandy habitats, species traits were grouped and positively associated with environmental
attributes only along the horizontal axis (Fig. 2c). In fens, no grouping of true bug traits
and environment was detected, and only one negative correlation could be observed on the
ordination biplot (Fig. 2e).
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Table 2 Dissimilarity in species Habitat Pairs of F-model R? p-value
composition of true bug com- habitats
ml_mlt_les of dlﬂerent habl_tats (for Fons 3660 0202 0.001
pairwise comparisons adjusted
p-values with Bonferroni correc- Saline habitats 5.342 0.283  0.001
tion are indicated) Sandy habitats 3.708 0.216  0.001
Agrarian ditches 1.910 0.124  0.007
(AC)
Grassland ditches 6.375 0.313  0.001
(GO
Reference grass- 4.023 0.223  0.001
lands (RG)
Fens AC vs. GC 3.594 0.159  0.003
AC vs.RG 3.871 0.169  0.003
GCvs. RG 3.552 0.151  0.003
Saline habitats AC vs. GC 6.840 0.275  0.003
AC vs. RG 3.424 0.160  0.003
GCvs. RG 6.108 0.253  0.003
Sandy habitats AC vs. GC 1.725 0.087  0.042
AC vs. RG 5.770 0.243  0.006
GC vs. RG 3.846 0.176  0.003
Agrarian ditches Fen vs. Saline  1.423 0.073  0.297
Fen vs. Sandy  1.484 0.076  0.222
Saline vs. 2.766 0.133  0.003
Sandy
Grassland ditches ~ Fen vs. Saline ~ 7.775 0.290  0.003
Fen vs. Sandy  3.726 0.164  0.003
Saline vs. 7.937 0.306  0.003
Sandy
Reference Fen vs. Saline  3.095 0.140  0.003
grasslands
Fenvs. Sandy  6.065 0.242  0.003
Saline vs. 3.153 0.149  0.006
Sandy

The results of hierarchical cluster analysis distinguished three species clusters or trait
syndromes (Fig. 2b, d and f) for all three substrates according to trait partitioning (Fig. 3).
Species clusters of different substrates do not correspond to each other and should not be
compared, however, a similarity of trait syndromes is present in communities of saline and
sandy habitats (Fig. 3). Only in saline habitats defined trait syndromes correspond to three
landscape categories—cluster A is associated with grassland ditches, cluster B with refer-
ence grasslands and cluster C with agrarian ditches (Fig. 2b). In sandy habitats, there is a
certain relatedness of cluster B with reference grasslands and cluster C with both types of
ditches (Fig. 2d), but in fens, defined trait syndromes do not correspond to any of the three
landscape categories (Fig. 2f).

Distribution of habitat specialists
Saline habitats came up as the richest in habitat specialists among substrates, and saline

specialists Conostethus hungaricus and Henestaris halophilus were the most common out
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of nine recorded specialist species (Table 3). Antheminia varicornis was the only specialist
that was not recorded in reference grasslands but exclusively in ditches. In saline habitats,
most of the habitat specialists were associated with cluster B which corresponds to the refer-
ence grasslands (Fig. 4).

Discussion

Based on the species composition, true bugs from various substrates and landscape matrix
types formed distinct communities. Trait composition confirmed the results of species com-
position in the case of saline habitats, but we could not identify clear trademark trait syn-
dromes and communities exclusive for ditches or reference semi-natural grasslands in fens
and sandy habitats. For instance, no specific relationship between true bug traits and any
of the environmental attributes was detected in fens. It means that true bug communities of
reference grasslands and ditches with fen vegetation are relatively trait-uniform and their
trait composition is independent of the landscape matrix. These habitats appear similar to
each other and the resemblance originates in their structure and resources (Tolgyesi et al.
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Fig. 3 True bug traits partitioned among species clusters (A, B and C), which were defined by hierarchi-
cal cluster analysis. Mean values of traits (+ SEM) are given for each species cluster. Different lowercase
letters define significantly different groups for p<0.05 (corr.ratio: correlation ratio)

2022). On the other hand, well-defined trait syndromes in saline habitats were correlated
with specific habitat and landscape attributes.

Communities of semi-natural grasslands

To some degree, true bug communities of all reference grasslands, regardless of the sub-
strate, belong to the same trait syndrome. Combination of traits of grassland communities
refers to the presence of species of medium size (ca. 5 mm) with good dispersal abili-
ties, species that are oligophagous, overwinter in early developmental stages (i.e. as eggs
or nymphs) and have high preferences for dry and open habitats. This characterisation is
strongly supported by the results from sandy and saline grasslands. In these grasslands,
species of clusters B match the previously described trait syndrome. In fens, there was no
clear association of any of the species clusters to reference grasslands, however, the species
of cluster C are the closest to what can be considered as a community of a reference fen.
The combination of traits in communities of semi-natural grasslands was expected,
because studied reference grasslands shared several grass-feeding species that had high
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Table 3 Recorded habitat specialists (CI,,,;: commonness index of a species in the joined dataset, CI: com-
monness index of a species for a specific substrate, AC: agrarian ditches, GC: grassland ditches, RG: refer-
ence grasslands)

Species Cliy CI No. of Saline Sandy Fen AC GC RG
occupied
sampling
sites
Antheminia varicornis® 0.033  0.043 3 + + + +
Chorosoma gracile® 0.032  0.047 2 + + +
Conostethus hungaricus® 0.477 0479 4 + +
Henestaris halophilus® 0339 0.736 10 + + + + +
Lygaeosoma anatolicum® 0.031 0.043 2 + +
Menaccarus arenicola® 0.034  0.080 3 + +
Peritrechus meridionalis® 0.032  0.045 2 + +
Pionosomus opacellus® 0.041 0.048 1 + +
Solenoxyphus fuscovenosus® 0.042  0.044 1 + +
# Saline habitat specialist
b Sandy habitat specialist
(@) (b)
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Fig. 4 The ordination plots of species scores based on values of functional and life-history traits (RLQ
analysis). True bug habitat specialists are given for (a) saline and (b) sandy habitats. Dot size indicates the
value of the species commonness index (CI). Dot colour indicates the affiliation of specialists to a species
cluster (hierarchical cluster analysis)

commonness indices in all substrates (e.g. Acetropis carinata, Amblytylus nasutus, Mega-
loceroea recticornis, Stenodema calcarata, Trigonotylus caelestialium and T. pulchellus)
(Tab. S5). A previous study on the species composition of true bugs from saline Artemisia
steppes showed that those communities encompass a great number of oligophagous grass-
feeding Mirids (Seat et al. 2021), which typically overwinter as eggs oviposited in plant
tissues. Many specialized grass-feeding species are shared among different types of dry
grasslands in the region and represent the most abundant group here (Torma and Csészar
2013; Torma et al. 2014, 2017, 2019).
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Even having many species in common and communities with similar trait combinations,
what differentiate reference grasslands of saline and sandy substrates are unique subsets
of habitat specialists. Low abundance of most of habitat specialists could not differenti-
ate saline and sandy communities according to their trait composition, but the presence of
specialists affected species composition results. Out of nine habitat specialists recorded in
our study, eight species were present in reference grasslands, making saline and sandy semi-
natural grasslands irreplaceable habitats for the conservation of characteristic true bugs.

Communities of drainage ditches

Sandy ditches are considerably more humid than the related reference grasslands, which
increases the number of plant species in ditches, but also the encroachment of some invasive
ones (Tolgyesi et al. 2022). In our study, both types of sandy ditches had more complex veg-
etation structures than the adjacent grasslands, which was likely an important driver of true
bug communities in these habitats. Our results also revealed the trait syndrome of true bugs
associated with ditches covered by abundant herbaceous and woody vegetation regardless
of the substrate. These ditches were typically inhabited by large true bug species (>7 mm)
with good flying abilities, which were polyphagous and overwinter in the adult stage. These
species also had preferences for medium humidity and partly shaded habitats. The afore-
mentioned description of the trait syndrome fits a combination of traits in cluster C from
sandy habitats, but also cluster C from saline habitats. Both clusters shared several common
habitat generalists (e.g. Adelphocoris lineolatus, Carpocoris purpureipennis, Eurydema
oleracea and Dolycoris baccarum), which were frequent in the samples. Habitat generalists
associated with drainage ditches have high colonization potential which is the result of the
capability of those species to cross wide cropland areas and reach the most isolated ditches
in the landscape (Seibold et al. 2019).

The presence of similar ruderal and invasive vegetation in agrarian ditches caused dif-
ficulties in distinguishing true bug communities of different substrates. The main reason for
that could be the presence of similar environments in agrarian ditches that supported similar
species composition of true bugs (Blowes et al. 2022; Gallé et al. 2023). Robust ruderal and
invasive plants and woody vegetation increased the habitat complexity of ditches (Herzon
and Helenius 2008; Marja and Herzon 2012), and consequently, contributed to the creation
of new microhabitats and new food sources causing the enrichment in true bug communi-
ties (Zurbriigg and Frank 2006; Torma and Csészar 2013; Stein et al. 2014; Simons et al.
2016; Gallé et al. 2023; Klimm et al. 2024). However, an augmented species number is not
necessarily favourable, as a high prevalence of habitat generalists in the community and the
replacement of specialists may cause functional and taxonomic homogenization and reduc-
tion in the conservation value of a habitat (Herzon and Helenius 2008; Clavel et al. 2011;
Blowes et al. 2022; Gallé et al. 2023).

The only exception among ditches was saline grassland ditches with a distinctive true
bug community of saline marshlands (Rabitsch 2012; Seat and Nadazdin 2021; Torma et al.
2019). This community was represented by cluster A from saline habitats and the attributes
describing this trait syndrome were small (<4 mm), brachypterous species, which were oli-
gophagous feeders on reed, sedge, bulrush or rush. These true bugs overwinter in the adult
stage and prefer humid and open habitats. Low dispersal abilities (i.e. shortened wings and
small size) of salt marsh true bugs in the intensively used agrarian landscape could reduce
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their success in reaching potentially suitable ditches (Birkhofer et al. 2015). Seibold et al.
(2019) showed that the number of weak dispersers among grassland arthropods decreases if
the cover of surrounding arable land increases. This could be an additional obstacle for true
bugs of already endangered saline marshes (Janssen et al. 2016), which used to be a typical
wetland type in the region but became scarce due to climate change and local drying effects,
including drainage (Bir¢6 et al. 2007; Molnér et al. 2008).

Habitat stress affects community trait composition

Highly dispersive grass-feeding Mirids are resilient to seasonal droughts in saline and sandy
semi-natural grasslands, making this group dominant in the driest habitats. Environmental
filtering of species by habitat stress like drought may lead to convergence in trait values
and lower functional diversity of the communities (Gallé et al. 2018). Similarly, land use
intensity is also known to promote small highly dispersive species and reduce functional
diversity in true bug communities (Birkhofer et al. 2015; Simons et al. 2016). Besides typi-
cal grass-feeders, dry Pannonian grasslands have a unique true bug fauna of habitat special-
ists. These harsh environments provide a peculiar and seasonally limited set of resources
that only specialist species can utilize. Saline and sandy habitat specialists diversify the
ecological functions of the true bug communities while being seed predators and trophic
specialists of halophytes, but also add an extra value to the ditch habitats as very exclusive
and stenotopic representatives of regional fauna (Achtziger et al. 2007; Rabitsch 2008).

In saline habitats, salinity in combination with water availability creates a gradient in
habitat stress that causes the differentiation of trait syndromes in true bug communities. The
same gradient can be observed in a single drainage ditch resulting in the coexistence of dis-
tinct true bug communities of saline marshes and saline grasslands. These ditches mimic the
effect of naturally occurring microtopography unique to saline grassland-marshland mosa-
ics (Molnar and Borhidi 2003; Sefferova-Stanova et al. 2008) by creating characteristic
zonation of saline vegetation on ditch banks, from salt marsh vegetation on the bottom to
Artemisia salt steppe on the top (Kelemen et al. 2012; Deak et al. 2014).

Conclusion

We argue that the drainage ditch system in central Hungary has the potential to support
diverse communities of true bugs. Grassland ditches provide better secondary habitats
for grassland true bugs than agrarian ones, however, saline grassland ditches provide safe
havens for characteristic saline marshland communities. Agrarian and some grassland
ditches which are greatly overgrown by invasive plants promote habitat generalists, which
contribute to the conservation value of ditches only by increasing species richness without
an increase in trait diversity. The main factors that determine the conservation value of
drainage ditches in the region are habitat stress (caused by aridity and salinity) and landscape
matrix. Increased habitat stress generates true bug communities richer in habitat specialists,
whereas the increased distance between a ditch and the nearest cropland decreases the pres-
sure that invasive and ruderal vegetation is putting on a ditch habitat. Keeping non-native
vegetation in drainage ditches to a minimum and preserving natural seasonal migrations
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of salt and water in the soil would conserve species and trait composition in true bug com-
munities which are similar to those in high-value grasslands and marshlands of the region.
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