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Abstract

Agricultural intensification is a major cause of biodiversity loss in European grassland.
Research on the function of traditionally used grassland and the establishment of new flower
strips as biodiversity refugia includes many features and unresolved details. Given a large
number of interferences between insect groups as well as of different land-use practices, the
topic rapidly gains in ecological complexity, especially if sites are surrounded by landscapes
of high habitat diversity. The overarching goal of the study was to investigate whether newly
established flower strips will transform intensive meadows into biodiversity-rich meadows to
conserve native grassland insect diversity. We analyzed how quickly newly established flower
strips enhance insect diversity compared to intensive and extensive meadows. Further, we
involved local stakeholders for assessing in a participatory way how the restoration activities
were perceived and if they had an impact on aspects such as beauty or attractiveness.
Heteropteran bug abundance was similar in all habitat types, but species richness was found
to be significantly highest in flower strips. Syrphid abundance and species richness were
significantly highest in flower strips. There was a significant difference between management
types regarding the number of bumblebee individuals. Contrary, butterfly abundance and
species richness were significantly higher in extensive meadows compared to flower strips.
By looking at the species assemblage’s pattern, heteropteran bug species assemblages in
extensive meadows were significantly different from flower strips, intensive and control
meadows. However, syrphid and butterfly species assemblages were similar in all habitat
types. Further, heteropteran bug abundance and species richness increased with an increase
in flower frequency and plant height. Similarly, syrphid abundance and species richness
significantly increased with flower frequency but decreased with vegetation structure. Flower
cover, vegetation structure, and vegetation height were positively correlated with the
number of bumblebee individuals. Butterfly abundance increased with plant species,
however, species richness decreased with plant height. The extensive meadow was valued as
being the most natural one and the expected relation between estimated species diversity
and aesthetic valuation. Restoring biodiversity in intensive grasslands represents a real
conservation challenge. Flower strips seem most effective to enhance syrphid abundance in
intensively managed agricultural landscapes. Overall, restoration of insect diversity is a
relatively slow process, in which colonization by each insect group is not only limited by local
vegetation conditions but is also affected by the presence, distance, and connection to source
populations. Local people appreciate extensive grassland ecosystems, which received the
highest ratings for their aesthetic values and had the highest effect on derived well-being. The
results of the present study could be used to push for more active implementation of new
flower-rich areas as well as for the conservation of extensively managed grassland that allows
both, productive agricultural land use while maintaining and promoting insect habitats and
species diversity.

Zusammenfassung

Die landwirtschaftliche Intensivierung ist eine der Hauptursachen fiir den
Biodiversitatsverlust im europdischen Griinland. Die Erforschung der Funktion von traditionell
genutztem Griinland und der Etablierung neuer Blihstreifen als Biodiversitatsrefugien
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beinhaltet viele ungeklarte Details. Angesichts einer Vielzahl von Wechselwirkungen zwischen
Insektengruppen sowie unterschiedlicher Landnutzungspraktiken gewinnt das Thema schnell
an Okologischer Komplexitat, insbesondere wenn Standorte von Landschaften mit hoher
Lebensraumvielfalt umgeben sind. Das lbergeordnete Ziel der Studie war es zu untersuchen,
ob neu angelegte Blihstreifen intensive Wiesen in biodiversitatsreiche Wiesen verwandeln
werden, um die heimische Grasland-Insektenvielfalt zu erhalten. Wir haben analysiert, wie
schnell neu angelegte Blihstreifen die Insektenvielfalt im Vergleich zu intensiven und
extensiven Wiesen verbessern. Darliber hinaus haben wir lokale Interessengruppen
einbezogen, um auf partizipative Weise zu bewerten, wie die Restaurierungsaktivitaten
wahrgenommen wurden und ob sie Auswirkungen auf Aspekte wie Schonheit oder
Attraktivitat hatten. Die Abundanz der Wanzen war in allen Lebensraumtypen ahnlich, aber
der Artenreichtum war in den Blihstreifen signifikant am hochsten. Abundanz und
Artenreichtum von Schwebfliegen waren in Blihstreifen signifikant am hochsten. Es gab einen
signifikanten Unterschied zwischen den Managementtypen beziiglich der Anzahl der
Hummelindividuen. Im Gegensatz dazu waren Individuenzahlen und Artenreichtum an
Tagfaltern in extensiven Wiesen signifikant hoher als in Blihstreifen. Betrachtet man das
Muster der Artengemeinschaft, so unterschieden sich die Artengemeinschaften von Wanzen
auf extensiven Wiesen signifikant von Bllhstreifen, Intensiv- und Kontrollwiesen. Die
Artengemeinschaft von Schwebfliegen und Tagfaltern waren jedoch in allen
Lebensraumtypen dhnlich. Darliber hinaus nahmen die Haufigkeit und der Artenreichtum von
Wanzen mit einer Zunahme der Blitenhaufigkeit und der Pflanzenh6he zu. In dhnlicher Weise
nahmen die Haufigkeit und der Artenreichtum von Schwebfliegen mit der Blitenfrequenz
signifikant zu, nahmen jedoch mit der Vegetationsstruktur ab. Hummelindividuen waren
positiv mit der Bliitenbedeckung, Vegetationsstruktur und Vegetationshohe korreliert. Die
Tagfalterhaufigkeit nahm mit der Anzahl an Pflanzenarten zu, jedoch nahm der Artenreichtum
mit der Pflanzenhohe ab. Die extensive Wiese wurde als die natirlichste eingeschatzt, und
ihre Beziehung mit geschatzter Artenvielfalt und asthetischer Wertschatzung am hochsten
bewertet. Die Wiederherstellung der Biodiversitdt in Intensivgriinland ist eine echte
Herausforderung fir den Naturschutz. Bllhstreifen scheinen in intensiv bewirtschafteten
Agrarlandschaften am effektivsten zu sein, um die Zahl der Schwebfliegen zu erhéhen.
Insgesamt ist die Wiederherstellung der Insektenvielfalt ein relativ langsamer Prozess, bei
dem die Besiedlung durch jede Insektengruppe nicht nur durch lokale
Vegetationsbedingungen begrenzt wird, sondern auch durch die Anwesenheit, Entfernung
und Verbindung zu Quellpopulationen beeinflusst wird. Die Menschen vor Ort schatzen
extensive Griinlanddkosysteme, die die hochsten Bewertungen fir ihre dsthetischen Werte
erhielten und die héchste Wirkung auf das abgeleitete Wohlbefinden hatten. Die Ergebnisse
der vorliegenden Studie kdnnten genutzt werden, um eine aktivere Umsetzung neuer
blitenreicher Flachen sowie die Erhaltung extensiv bewirtschafteter Griinlandflachen
voranzutreiben, die sowohl eine produktive landwirtschaftliche Landnutzung erméglichen als
auch Insektenlebensraume und Artenvielfalt erhalten und férdern.



1. Introduction

Extensive meadows, traditionally mown once or twice a year and not fertilized (Tiefenbach et
al. 2014), are important habitats not just for the diversity of vascular plants but also for
invertebrate, fungal and microbial diversity (Binder et al. 2018; Kun et al. 2021). For humans,
they have considerable cultural, economic and aesthetic importance (Arnberger et al. 2018,
Hussain et al. 2019) due to high flower and plant species richness (Hussain et al. 2018).
Extensive meadows not only enhance the aesthetic beauty of the landscape but also
contribute to its unique character (Westphal et al. 2003). Intensive meadows are usually the
dominant type of grasslands in many European countries but are generally of poor ecological
value (Plantureux et al. 2005). Species diversity has been proved to be highly linked with
infrequent cutting. For example, the total number of vascular plants and bryophytes of
Austrian grasslands decreased from 11.3 to 5.6 per m? when the number of cuttings per year
increased from two to more than three times. When only one cut was performed, species
richness was 7.1 per m? (Zechmeister et al. 2003).

The term intensive meadow is used to indicate high stocking rate, high fertilizer input and
several cuts per year (Buchgraber et al. 2011). Intensive meadow management has resulted
in the loss of biodiversity and the specialist flora and fauna associated with the semi-natural
grasslands of low-intensity farming throughout Europe (Plantureux et al. 2005). Intensive
meadows appear to be incompatible with maintaining a high level of biodiversity, thus leading
to the following key question: How to optimize meadows to restore insect diversity whose
loss is caused by intensive meadow management?

In response to the reinstatement of extensive management and cessation of fertilizer inputs,
changes in species richness have generally been positive, but relatively modest (Walker et al.
2004). The restoration of upland hay-meadows may take over 20 years using extensive
management alone (assuming a linear increase in species richness) (Smith et al. 2002).
Alternatively, restoration of grasslands depends on people's willingness to manage them
because socio-economic factors are central, but often neglected, in grassland restoration
(Waldén & Lindborg, 2018).

The overarching goal of DivRESTORE was to transform intensively used meadows into
biodiversity rich meadows, to conserve native insect diversity and enhance landscape beauty
by establishing flower strips. Local stakeholders will be involved for assessing the effect of the
restoration on the local peoples’ perception of concepts such as attractiveness and beauty of
the landscape. DivRESTORE responds to the urgent need to rebalance grassland diversity in
the context of major global challenges of insect diversity loss (Hallmann et al. 2017).

Human perceptions and preferences related to landscape are key for the sustainable
development, tourism and also recreational values of Austrian biosphere reserves. Moreover,
biosphere reserves are designed to deal with issues like how to reconcile biodiversity and



conservation of natural resources while allowing their sustainable use (Ishwaran et al. 2008).
Newly established flower strips near to intensive meadows aim to restore high biodiversity
(Potts et al. 2009) thereby enhancing landscape restoration. Providing a broad range of
flowering plants could be an essential component of rebuilding and preserving a stable
beneficial insect community in grasslands (Ouvrard et al. 2018). High availability of adult and
larval food resources near to intensive meadows could act as refuge for many beneficial
insects after intensive mowing (Wade et al. 2007). In this project, we will study the
effectiveness of flower strips in conserving flower-visiting pollinator communities. Pollination,
an essential ecosystem service, is an important aspect in grassland management systems.
High density of pollinators effectively increases grassland yields. In Austria, insect pollination
benefits for agriculture were estimated at about 298 million € in 2008 (Schwaiger et al. 2015).
We complement these investigations by examining the response of primary and secondary
consumers such as grasshoppers and heteropteran bugs (true bugs).

1.2. Study objectives and hypotheses

The goal of DivRESTORE was to investigate whether newly established flower strips will
transform intensive meadows into biodiversity rich meadows to conserve native grassland
insect diversity. We analyzed how quickly newly established flower strips enhance insect
diversity compared to intensive and extensive meadows. Further, we involved local
stakeholders for assessing in a participatory way how the restoration activities were
perceived and if they had an impact on aspects such as beauty or attractiveness (Figure 1).
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Figure 1. Conceptual model showing different biodiversity attributes to be measured and

effects of newly established flower strips on the perception of local people on concepts such
as beauty or attractiveness and well-being.

The present project was aimed to answer the following questions:
1. Do newly established flower strips increase insect species richness and abundance in
the adjoining intensive meadows?



2. Do newly established flower strips promote insect diversity more than extensive
meadows?

3. How do farmers and local stakeholders perceive restoration outcomes?
Are newly established flower strips perceived by local people as enhancing landscape
aesthetic beauty, ecosystem services and well-being?

We hypothesized:

1) Higher insect species richness and abundance in intensive meadows adjoining newly
established flower strips compared to intensive meadows without flower strips,
thereby essentially counteracting the overall ongoing insect decline.

2) Newly established flower strips to contain similar insect diversity like extensive
meadows. However, we expect to some extent other insect species in the flower strips
compared to extensive meadows thus increasing regional species pool.

3) That newly established flower strips will be perceived by local people as opportunity
to enhance insect diversity, landscape beauty, ecosystem services and well-being.

Although there are many studies on establishing flower strips near intensive meadows
(Plantureux et al. 2005; Potts et al. 2009; Haaland et al. 2011; Ouvrard et al. 2018, Hussain et
al. 2021, Maas et al. 2021, Scharnhorst et al. 2021), our approach simultaneously covered not
only intensive meadows but also compared the potential of flower strips with extensive
meadows in maintaining insect diversity. Moreover, establishing flower strips adjoining
intensive meadows has never been done so far in Austrian biosphere reserves, thus we
covered a regional novel scientific approach.

2. Methods

2.1 study sites

The study was conducted at the biosphere reserves Salzburger Lungau/Karntner Nockberge
and Wienerwald. The study sites were inspected on site after permission to access the
meadows was obtained by the landowners and biosphere managers. The aims and objectives
of DiVRESTORE were sufficiently communicated to the landowners. Those sites which fulfilled
the points of the criteria list were finally selected. The selection of the sites in the biosphere
reserves was performed by team members of the Institute of Zoology (BOKU). Within each
biosphere reserve, two meadow types of different level of land-use intensity (intensive and
extensive) was selected involving local stakeholders. Flower strips adjoining intensive
meadows were established. We selected intensive meadows without flower strips (as
control), intensive meadows with flower strips (intensive), and extensive meadows
(extensive) without flower strips with ten replicates each. In total, 15 meadows and five
flower strips that served as study sites were used in each biosphere reserve.



2.2 Sampling site preparation and data collection

2.2.1. Flower-strip establishment and development

Establishment of flower strips was planned together with experts from biosphere reserves.
Moreover, we collaborated with the expert Bernhard Krautzer from the Federal Agriculture
Research and Education Centre (AREC) in Raumberg Gumpenstein, Austria (www.raumberg-
gumpenstein.at), who helped to minimize risks with flower strips establishment. We
prioritized precisely plant species for flower strips that support a broad range of flower
visitors. In general, it is observed that easily accessible flowers like those of the families
Apiaceae, Asteraceae and Malvaceae were preferred by syrphids and bees equally (Warzecha
et al. 2018). Surprisingly, this was also the case for bumblebees, although Fabaceae and red
clover have been identified as important pollen and nectar sources (Goulson et al. 2005). This
was true for both short-tongued (adapted to open flowers) and long-tongued pollinator
species (Warzecha et al. 2018). The seed bed was prepared according to the region and
meadow location, and machine sowing was performed in Wienerwald and hand sowing was
perfomed in Salzburger Lungau/Karntner Nockberge (Figure 2).

Figure 2. A seed bed was prepared and hand sowing was performed in Salzburger
Lungau/Karntner Nockberge. After placing a specified number of seeds on the firm bases, a
loose surface layer of soil was put on top provided by gentle hand spraying.

Seeding date of flower strips was September 2019. Late-summer sowing was generally
preferred over spring sowing which ensured a satisfactory plant establishment. Moreover, in
spring 2020, the time of first insect sampling, flowers strips were already covered by plants
(Figure 3).



Figure 3. Developmental stages of one flower strip in the biosphere reserve Wienerwald.

2.2.2. Syrphid sampling

We surveyed syrphid species richness and abundance using an observation plot method
(Hussain et al. 2018) in June, July and August 2020 and 2021. For the observation plot method,
five 2 m? observation plots were established in a straight line per study site with a distance of
5 meters between them. Observations were carried out over a period of 5 minutes for each
plot. During the observations, we recorded every individual syrphid or, if it was not possible
to identify them on site, collected them using a sweep net. The frequency with which a sweep
net was used in the observation plots was depending on the number of unknown syrphids per
plot. Sampling was performed between 10 a.m. and 5 p.m. when syrphids were most active,
and identification of syrphids was carried out by an expert from the Institute of Zoology
(BOKU) who has experience in identifying syrphids. Specimens that could not be identified on
site were treated using ethyl acetate and stored in plastic vials. Identification was carried out
in the laboratory using a stereomicroscope.

2.2.3. Heteropteran bug sampling

A sweep net method was applied along defined transects for heteropteran bugs (true bugs),
with sampling in June, July and August 2020 and 2021. We conducted a total of 90 sweeps
per study site, separated in 3 x 30 sweeps. In the laboratory, identification of species was
performed with reference to Wagner (1967) and Strauss (2010).

2.2.4. Bumblebee and butterfly sampling

Species richness and abundance of bumblebees were surveyed in June, July and August 2020
and 2021. Bumblebees were recorded during standardized 10-minute transect walks within a
total area of 150 m? (3 x 50 m) per meadow type. We walked at a slow pace through each
meadow, counting and identifying each individual bumblebee that occurred in the area. For
identification, individual bumblebee individuals were captured with a sweep net, transferred
into plastic tubes, and identified using a hand lens and the field identification key proposed
by Gokcezade et al. (2015).



For plant-bumblebee networks assessment within the different meadow types, the
interaction between each individual bumblebee and its host plant was recorded. This was
additionally done during the 10-minute transect walks. Each bumblebee visiting a flower was
recorded, and the visited plant identified to species level.

2.2.5. Measurement of human perception to flower strips, intensive and extensive
meadows

The survey of local people’s perception and valuation of the established flower strips and
different types of meadows was conducted in the municipalities Ebene-Reichenau, Tamsweg
and Mauterndorf in the biosphere reserve Salzburger Lungau/Karntner Nockberge. The
sample strategy, known as convenience sample (Newing, 2011), included all local people who
were willing to take the time to fill in the questionnaire. Altogether 65 questionnaires were
answered and used for analysis. The sample consisted of 33 male and 32 female participants
with an age range from 18 to 77 years old. All participants were locals from the biosphere
reserve Salzburger Lungau/Karntner Nockberge and represented different field of
employments.

The originally planned transect walks through different types of meadows were replaced
through a photo-based survey due to the unpredictable Covid-19 regulations. Prototypical
photos that represented different types of studied meadows and flower strips were taken
(Figure 4).

Figure 4. Photos used in the questionnaire to depict the different types of study sites:
a) extensive meadow, b) intensive meadow. C) flower strip next to an intensive meadow.
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The questionnaire was composed of multiple =~ Wahmehmungvon Wiesen und Blihstreifen
guestions asking the participants to write down :
three terms that come to their mind when they

look at the photos of the study sites. The

perceived species diversity Was assessed DY e st soorem see e e

asking the participants to estimate the number 3 9
2) Wie hoch schatzen Sie die Anzahl der unterschiedlichen Pflanzenarten auf dieser Flache ein? Kreuzen

of plant and animal species living in the study

005 0610 011-20 021-30 031-40 041 und mehr

sites. Possible responses were grouped ON @ SIX- 2 Wiehoch schitzen e die Anzahi 2n unterschiediichen Tierarten die auf ieser Fische beheimatet sind

ein? Kreuzen Sie an.
. . . . 005 0610 011-20 021-30 031-40 041 und mehr
point scale. Further, attitudinal Likert scale
4) Wie sehr treffen Inrer Meinung nach folgende Aussagen auf diese Flache zu?
Lesen Sie jede Aussage genau durch und kreuzen Sie eine Antwortkategorie an.

questions were used to assess the values people  wmsimasms s, aiwim ener o, @it ener s s, )i gons un gar e

assign to the different types of meadows and the Pl -l
1 Ln e::;r::f* finden nur wenige Tierarten einen guten ° o ° o
flower strip next to the intensive meadow. A [ [cecrwesns wwenren 0 [0 o |o
. . . . . 3 | Diese Rache ist wichtig fir die Bestiubung von Nutzpflanzen. o o o o
species identification exercise was performed to [ [ermorrms s mesmere aeese o o 1o o
assess the participants’ ecological knowledges. [ fisssimmsee ™R 0 10 10 |
The species were selected based on information {1 Sreemesnans —
from FiBL, a research institute for ecological | reemommmnnns —
agriculture (van de Poel & Zehm, 2014; FiBL, [u]neisesenoemseomeetenson  Jo  Jo o |o
12 | Diese Riche zieht ungewolite Schidlinge an. o o o o

2018). Afterward, participants answers were
grouped to represent ‘low’, ‘rather low’, ‘average low’, ‘average’, ‘average high’, ‘rather high’,
or ‘high’ level of ecological knowledge (Reyes-Garcia et al. 2014). This variable was then
correlated for assessing instrumental and aesthetic values for the different types of meadows
(Cebrian-Piqueras et al. 2020).

2.2.6. Plant parameters
To assess the influence of several plant parameters on biodiversity attributes, we investigated
plant height and flower frequency in five
randomly chosen 1x1 m study plots per
habitat type. A frame of 1x1 m size was
placed on the ground (Karrer, 2015) to
estimate flower frequency. Plant height was
measured using a measuring tape. For each
study plot and treatment, a representative 4
m? releve (2 x 2 m) was randomly chosen in
the middle of each meadow type.

Abundance of plant species was estimated
following the Braun-Blanquet scale (Braun-Blanquet, 1964), modified according to DierBen
(1990). Further, vegetation structure was measured using a modified point quadrat method.
This method is considered a good criterion to measure vegetation changes and widely used
to measure plant cover (e.g. Frank & Kiinzle, 2006; Zurbriigg & Frank, 2006). The iron rod was
inserted vertically into the soil and every plant that was in contact with the rod was counted,
beginning at the top.
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2.2.7. Statistical analyses

To test whether habitat types differed in abundance and species richness of heteropteran
bugs, syrphids and butterflies, we used generalized linear mixed models (GLMMs) from the R
package Ime4 (Bates et al. 2015). In our dataset, response variables (abundance and species
richness) were count data so we included Poisson family in GLMMs models. We nested all
sampling plots (N=200) in transects (N=40) as a random effect in all models to account
multiple samples within each sampling site. Where models showed overdispersion, i.e. when
residual has larger deviance than degree of freedom, we used dispersiontest function from
the AER library (Kleiber and Zeileis, 2008) and the dispersion_glmer function of the bimeco
library (Korner-Nievergelt et al. 2015) on all models. If a model showed overdispersion, an
additional observation-level random effect was used to account for overdispersion (Harrison,
2014).

To test how abundance and species richness changed over time and region, we tested the
interaction of habitat types with year (2020, 2021 as numeric) and region as fixed effect and
sample plots nested in transects as random effects. Flower strip was used as a reference level,
and we tested whether intensive, control and extensive meadows sampling plots for the year
and region had a different slope compared to flower strips.

We used principal component analysis (PCA) based on a resemblance matrix of Bray-Curtis
similarity to assess the difference in species assemblages between habitat types (Leyer &
Wesche, 2007). To decrease the common zero problem of assemblage data, the species
densities were Hellinger-transformed (Stawska et al. 2017). We pooled all sampling data for
every plot and year. A PERMANOVA (Bray-Curtis dissimilarities, 999 permutations) was
calculated with the function adonis in the R package vegan (as performed in Hussain et al.
2021). Data were tested for equal multivariate dispersion using the function betadisper.
Furthermore, multilevel pairwise comparison using adonis was applied (pairwise.adonis) to
test for differences in species assemblages between habitat types.

In order to assess the differences between habitat types regarding species richness and
abundance of bumblebees, GLMMs were calculated, with habitat type (flower strip, intensive,
intensive control, extensive) as a fixed factor and sampling month as a random factor.
Furthermore, GLMs with a poisson error distribution were used to analyze the effects of plant
parameters (flower cover, plant species richness, vegetation height and vegetation structure)
on the species richness and abundance of bumblebees. In the case of overdispersion, GLMs
with a quasi-poisson error distribution were computed. Variance inflation factors (VIFs) were
calculated to evaluate possible multicollinearity among plant parameters.

In order to assess possible differences in species assemblages of bumblebees between the
different habitat types, a Principal Coordinate Analysis (PCO) was performed. Further, to test
for significant differences in species assemblages, a permutational ANOVA (PERMANOVA)
was performed. For the analysis and visualization of plant-bumblebee networks in the studied
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meadows, we will use the R-package bipartite. However, the search for an appropriate
analysis for bumblebee-plant networks is currently in progress. All statistical analyses were
performed with the R program version 3.5.1 (R Core Team, 2018).

The terms used to describe the different types of habitats were coded, grouped and
categorized (Mayring, 2000). The defined categories ‘perceptions’, ‘assigned values’,
‘assigned context’, ‘derived well-being’ and ‘other terms’ were used for all habitats. The
variables ‘instrumental value’, aesthetic value and ‘derived well-being’, were defined as the
mean value of the ratings of the corresponding attitudinal statements. They can range from
1 to 4, according to the level of agreement the participants expressed with the statements.
For inferential statistical analysis, the data were checked for normal distribution. The
Spearman’s rank correlation was used to check the correlation of different combinations of
ordinal variables (Déring & Bortz, 2016). The Mann-Whitney-U-Test was used to compare the
ratings of two independent sample groups. This was applied to test whether men and women
rated the meadows differently (Doring & Bortz, 2016). In order to validate the results, SPSS
27 were used for data analysis.

3. Results

In total, we recorded 5863 heteropteran bugs belonging to 125 species. The most abundant
species were Leptopterna dolabrata and Megaloceroea recticornis, representing 37% of all
heteropteran bugs. We collected 1175 syrphids belonging to 77 species. The most abundant
syrphid species were Sphaerophoria scripta and Melanostoma mellinum, representing 55% of
the total syrphid abundance. In total, 60 butterfly bee species and 1411 individuals were
found. The most abundant butterflies were Maniola jurtina and Melanargia galathea,
representing 48% of the total butterfly abundance. We found 10 bumblebee species with 400
individuals in both years. The most abundant species in both years were Bombus terrestris
and Bombus lapidarius, representing 49 % of the total bumblebee abundance.

Heteropteran bug abundance was similar in all habitat types, but species richness was found
to be significantly highest in flower strips (p<0.05, Figure 5). Syrphid abundance and species
richness were significantly highest in flower strips (p<0.05, Figure 5). Butterfly abundance and
species richness were significantly higher in extensive meadows compared to flower strips
(p<0.05, Figure 5). By looking at the species assemblage’s pattern, heteropteran bug species
assemblages in extensive meadows were significantly different from flower strips (p=0.036,
Table 1), intensive (p=0.006, Table 1) and control meadows (p=0.006, Table 1). However,
flower strips and extensive meadows had similar heteropteran bug species assemblages.
Syrphid and butterfly species assemblages were similar in all habitat types. Further,
heteropteran bug abundance and species richness increased with increase in flower
frequency (p<0.05, Figure 6) and plant height (p<0.05, Figure 6). Similarly, syrphid abundance
and species richness significantly increased with flower frequency but decreased with
vegetation structure (Figure 7). Butterfly abundance increased with plant species, however,
species richness decreased with plant height (Figure 8).
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We did not find any change in heteropteran bug abundance in the two years of sampling
(2020+2021). However, species richness significantly decreased in flower strips in 2021.
Interestingly, syrphid abundance significantly increased in intensive and extensive meadows
in 2021. Concerning sampling region, the regions Salzburger Lungau and Wienerwald had
significantly higher heteropteran bug and butterfly abundance and species richness
compared to the Karntner Nockberge region. However, the Salzburger Lungau and Karntner
Nockberge region had significantly higher syrphid abundance and species richness than the
biosphere reserve Wienerwald.

There was a significant difference between management types regarding number of
bumblebee individuals (p=0.007, Figure 9a). Additionally, there was a significant difference in
species richness between the habitat types (p=0.0246, Figure 9b). Flower cover, vegetation
structure and vegetation height were positively correlated with the number of bumblebee
individuals (p-values < 0.0001; Figure 10 a, b and c). The number of bumblebee species was
positively correlated with flower cover and vegetation height (p-values < 0.0001; Figure 11 a
and b), however, only marginally correlated with vegetation structure (p=0.059). Measured
plant species richness did not correlate with either number of species or individuals of
bumblebees (p=0.572 and p=0.929, respectively). In addition, PERMANOVA-analysis revealed
no significant difference in species assemblages between habitat types (p=0.301).

Table 1. PERMANOVA (Pairwise-adonis) between measured biodiversity attributes in studied
habitat types (p: significant p-values (< 0.05) are shown in bold).

Heteropteran Habitat F.Model R2 p.value p.adjusted
bugs Control vs Extensive 4.064905 0.184225 0.001 0.006
Control vs Flower strip 2.337634 0.114941 0.018 0.108
Control vs Intensive 0.886264 0.046926 0.492 1
Extensive vs flower strips 2.092252 0.104132 0.006 0.036
Extensive vs Intensive 3.471642 0.161685 0.001 0.006
Flower strip vs Intensive 1.756699 0.088917 0.059 0.354
Syrphids Control vs Extensive 0.5854755 0.031502 0.907 1
Control vs Flower strip 1.3702709 0.070741 0.141 0.846
Control vs Intensive 0.5818664 0.031314 0.848 1
Extensive vs flower strips 1.0121215 0.053236 0.412 1
Extensive vs Intensive 0.8778062 0.046499 0.593 1
Flower strip vs Intensive 1.1502564 0.060065 0.286 1
Butterflies Control vs Extensive 1.677963 0.085271 0.114 0.684
Control vs Flower strip 0.2545924 0.013947 0.975 1
Control vs Intensive 0.6504002 0.034873 0.764 1
Extensive vs flower strips 1.2569397 0.065272 0.242 1
Extensive vs Intensive 1.312342 0.067954 0.201 1
Flower strip vs Intensive 0.5965066 0.032076 0.803 1
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Figure 5. Effects of habitat type on the abundance and species richness of heteropteran bugs, syrphids and butterflies in the studied habitat types.
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Figure 6. Linear regressions showing positive significant relationships (p <0.05) of
heteropteran bug abundance and species richness with flower cover (%) and vegetation
height for studied habitat types.

Syrphid abundance Vs Flower cover (%) Syrphid abundance Vs Vegetation structure

Number of individuals
@
Number of individuals

3 / \

0 25 50 75 100 0 5 10 15 20
Flower cover (%) Vegetation structure

Syrphid rihness Vs Flower cover (%) Syrphid richness Vs Vegetation structure

2
=)

Number of species
H
Number of species

'S

N
N

/\

0 25 50 75 100 0 5 10 15 20
Flower cover (%) Vegetation structure

Habitat Flower strip Intensive Control Extensive
Figure 7. Linear regressions showing positive significant relationships (p <0.05) of syrphid
abundance and species richness with flower cover (%) and negative relationships with
vegetation structure for studied habitat types.

16



Butterfly abundance Vs Plant richness

Butterfly rihness Vs Plant height (cm)

6
P 40
© 0
=3 [}
B 3
>
5 o
= G4
: 3
o
o E
£ 2
z
'/-/ 2
0
10 20 30 0 25 50 75 100 125
Number of plants species Plant height (cm)
Ilabitat Flower strip Intensive ~ Control Extensive
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For the whole presentation of the study results the different types of meadows that were
referred to in the socio-economic survey and illustrated with the photos in the questionnaire
will be referred to in the following way: the extensive meadow as Meadow 1, the intensive
meadow as Meadow 2 and the flower strip next to the intensive meadow as Meadow 3.
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The estimated number of species was clearly the lowest for Meadow 2 where 16.9% of the
participants took the option of 0-5 and 35.4% the option of 6-10 species inhabiting the
depicted meadow. The ratings for Meadow 1 and Meadow 3 were quite similar (Figure 12).

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Meadow 04'6 . @ _
Meadow 2 - 35.4 _ 6'2 l
Meadow ’ n’. 26'1 _

| 0-5 6-10 W 11-20 21-30 W 31-40 W 41 and more species inhabiting the
depicted meadow

Figure 12. Percentage of chosen options by the participants for the estimated number of
species.

The participants assigned high, similar levels of instrumental value to Meadow 1 and Meadow
3. (Figure 13). 97% and 95% of the participants ‘totally’ or ‘partially agreed’ with the
statements, referring to Meadow 1 and Meadow 3. For Meadow 2, 80% of the participants
‘partially disagreed’ with the provision of instrumental values (Figure 13).

0% 10% 20% 30% 40% S50% 60% 70% 80% 90% 100%

Instrumental values Meadow 1 _ 67,7 3,0

Instrumental values Meadow2 0 16,9 80 I

Instrumental values Meadow 3 _ 72,3 4,60

M totally agree partially agree partially disagree W totally disagree

Figure 13. Percentages of selected degree of agreement to the attitudinal statements
referring to the instrumental value for Meadow 1, 2 and 3 (65 participants = 100%).

The highest aesthetic values were assigned to Meadow 1. 64.6% of the participants ‘totally
agreed’ to the statements, another 32.3% ‘partially agreed’ (Figure 14). For Meadow 2, ratings
of the participants were more divided, around 40% ‘partially agreed’ and around 60%
‘partially disagreed’ with the given statements (Figure 14).
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Aesthetic values Meadow 2 I 36,9 58,5 *

Aesthetic values Meadow 3 _ 60,0 6,20

M totally agree partially agree partially disagree W totally disagree

Figure 14. Percentages of selected degree of agreement to the attitudinal statements
referring to the aesthetic value for Meadow 1, 2 and 3 (65 participants = 100%).

A detailed view on the rating of the assigned value of ‘naturalness’ showed that Meadow 1
received a very high rating because of its naturalness. 76.9% of the participants ‘totally
agreed’ to the corresponding statement and another 16.9% ‘partially agreed’ (Figure 15).
Meadow 2 was rated rather unnatural; 44.6% of the participants ‘partially disagreed’ and
another 41.5% ‘totally disagreed’ with the statements (Figure15).

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

—
Naturalness Meadow 3 _ 26,2 38,5 .

W totally agree partially agree partially disagree M totally disagree

Figure 15. Percentages of selected degree of agreement to the attitudinal statements
referring to the naturalness of Meadow 1, 2 and 3 (65 participants = 100%).
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The highest rating for derived well-being was assigned to Meadow 1. 61.5% of the participants
‘totally agreed’ with the given statements, another 29.2% ‘partially agreed’ (Figure 16).
0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100%

Derived we"-bEing Meadow ' _ 29’2 9'2 0
Derived well-being Meadow 2 Q 18,5 56,9 -
Derived well-being Meadow 3 _ 50,8 10,8 I

W totally agree partially agree partially disagree  m totally disagree

Figure 16. Percentages of selected degree of agreement to the attitudinal statements
indicating the participants’ derived well-being for Meadow 1, 2 and 3 (65 participants = 100%)

4. Discussion and recommendations

Heteropteran bug abundance was unaffected by different habitat types. Our explanation for
this result is twofold. First, the present results are in the line with Tscharntke et al. (2005) that
the effect of habitat intensity is low in a landscape where abundance is high (in this sense all
our habitat types). Secondly, the regions with high variance may have hindered the finding of
significant habitat effects. For example, there is a clear tendency towards higher abundance
in the regions of Salzburger Lungau and Wienerwald, but the opposite was found in the region
of Karntner Nockberge. These outcomes showed that the responses of some taxa to habitat
type may depend on regional factors (Batary et al. 2007). High species richness of
heteropteran bugs was found in the flower strips. This finding suggests the importance of
flower strip areas as remnants and shelters for heteropteran bugs. Moreover, heteropteran
bugs could be influenced by various other factors, e.g succession age (Frank & Kiinzle, 2006),
connectivity (Nicholls et al. 2001), and grassland management (Nickel & Hildebrandt, 2003).
Grassland management, like mowing once in extensive meadows and more than once in the
intensive and control meadows, can change the structure and species composition of
vegetation (Kun et al. 2021) and thereby has an indirect effect on insects by affecting habitat
conditions and host availability (Nickel & Hildebrandt, 2003).

Plant height and flower frequency proved to be important factors affecting the species
richness and abundance of heteropteran bugs. Plant height can be used as a simple proxy for
the architectural density of the vegetation in the studied meadow types. Literature showed
that both species richness and abundance of heteropteran bugs benefit from the greater
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structural complexity of vegetation (Di Giulio et al. 2001; Kruess & Tscharntke, 2002; Zurbriigg
& Frank, 2006; Woodcock et al. 2007) and flower frequency (Walcher et al. 2017; Walcher et
al. 2019). This is because highly structured vegetation can provide a larger potential surface
for colonization and more resources, such as feeding, oviposition, resting and overwintering
sites (Dennis et al. 2003). Management may alter several factors like flower cover and plant
height leading to changes in heteropteran bug assemblages that often show high site-
specificity (Hudewenz et al. 2012; Milberg et al. 2016). We suppose that the different
structural complexity between flower strips and intensive and control meadows could be a
reason. This might be because true bug assemblages were highly affected by flower cover
(Walcher et al. 2017), which is a local factor and varies at the smallest spatial scale among the
studied meadow types.

Flower strips attracted the highest abundance and richness of syrphids from all studied
habitat types. It is known that syrphids need pollen and nectar as food source (Almohamad
et al. 2009) and a variability of floral resources showed positive influences on syrphid species
richness and abundance (Sutherland et al. 2001; Meyer et al. 2009). In our study, syrphid
abundance increased in intensive meadows with flower strips in the second year. High
abundance of syrphids in flower strips probably increased the activity range of the syrphids
that resulted in an increase of abundance in the nearby intensive meadows. Further, presence
of many easily accessible flowers from Apiaceae and Asteraceae in the flower strips
(Branquart & Hemptinne, 2000), which are preferred by syrphids, might play a role in such
increase. Yet, with more than 85% of the aphidophagous syrphids in our study, which is
common in landscapes of high level agricultural intensification (Pfister et al. 2017), aphid
population variability might be the driver of our observations. Several studies have shown
that vegetation that provides shelter and foraging sites is more attractive to syrphids (Haenke
et al. 2014; Pfister et al. 2017; Schirmel et al. 2018). However, we found negative relationships
between syrphid abundance and species richness with vegetation structure. Increase in
vegetation structure may provide resources for predatory insects (Kemp & Ellis, 2017) that
might cause such negative relationships.

Grass margins are recognized as a valuable source for butterfly populations by providing larval
food plants, but the effects would be larger if wildflowers were added in these margins as
butterfly’s food source (Haaland et al. 2011). Even though we have high flower resources in
the flower strips, however these strips were established in the last two years. Extensive
meadows are considered as biodiversity rich habitats (Veen et al. 2009). They exist for a long
time and are characterized by lower management intensities which could have been a reason
for high butterfly abundance and richness in the extensive meadows. The delayed mowing
regime extends the feeding sources availability at that time when mowing reduced important
resources across the habitat. Another collateral effect of the delayed mowing regime is a
reduction in the number of cuts per season in extensive meadows, which favors butterfly
species that naturally have a low resilience to habitat disturbance (Konvicka et al. 2008;
Hudewenz et al. 2012). The low cutting regime in extensive meadows could provide a stable
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vegetation cover throughout the season for caterpillars and pupae, as well as for species with
restricted feeding and dispersal potential, notably those which are typically impacted by the
mowing process in intensive and control meadows (Johst et al. 2006; Humbert et al. 2010).

Bumblebees abundance and richness was found similar in extensive meadows and flower
strips. These stable habitats possibly increased foraging success and colony growth, signifying
potential benefits for bumblebees within and between seasons (Klatt et al. 2020). However,
simplified landscapes characterized by a very intensive land-use have limited or no potential
nesting sites (Goulson et al. 2008). It might be the spatial relationship between potential
nesting sites and available flower resources that are critical for population development
(Haussler et al. 2017). Based on our finding, high grassland management in intensive
meadows did not favor bumblebee abundance and richness. Perhaps, vegetation structure
and flower frequency are the driving factors to improve bumblebee abundance and richness.
Although the results showed that bumblebees prefer higher vegetation height, which is
obtained by seldom mowing in flower strips and extensive meadows, grasslands still need to
be regularly managed or they will be overgrown by shrubs, and bumblebee numbers will start
to decline (Carvell, 2002). It is expected that high flower abundance would favor bumblebee
abundance and richness, as they would not have to travel long distances to forage. It would
be advantageous for bumblebees to fly the shortest possible distances to forage, as their
metabolic rate has been shown to be the highest recorded (Goulson, 2010).

Our study results of the socio-economic part showed that the descriptive terms for the type
of vegetation were the terms most often mentioned for each meadow, followed by the type
of landscape and the type of management. Consistent with the literature this study
furthermore indicated that participants used the perceived structural diversity to draw
assumption for the species diversity of the place (Meyer-Grandbastien et al. 2021). The
descriptive terms used for the extensive meadow and the flower strip next to the intensive
meadow referred to a high diversity of the vegetation and the two sites also received high
estimation for the level of species diversity. The flower strip received similarly high ratings as
the extensive meadow which in fact is an overestimation of the actual species diversity.
Overestimation of the actual species diversity has been reported in prior research and can
possibly be due to the high flower color diversity and flower density (Southon et al. 2018).

This study was not able to demonstrate the relation between the estimated species diversity
and higher assigned aesthetic ratings, which has been reported previously (Hoyle et al. 2018).
It might be related to the perceived naturalness of the depicted meadows. The extensive
meadow was clearly valued as being the most natural one and the expected relation between
estimated species diversity and aesthetic valuation proved to be valid for this type of meadow
(Hoyle et al. 2018). Although the flower strip next to the intensive meadow also received
rather high aesthetic ratings, its naturalness was rated rather low. This could have influenced
the possible correlation between the estimated level of species diversity and the aesthetic
rating. It may be that the high assigned aesthetic rating for the flower strip next to the
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intensive meadow was due to other factors like the abundance of flowers on the close-up
photos or the high number of colors in the flower strip (Graves et al. 2017).

Our results showed a positive correlation between the estimated level of species diversity
and the derived well-being for the extensive and the intensive meadow, but not for the flower
strip next to the intensive meadow. Other studies on derived well-being were done directly
on the field sites where it is probably easier for the participants to make valuations on the
well-being derived from the place. Still, for two out of the three meadows, a correlation was
shown which is in line and supporting prior research results (Dallimer et al. 2012). Prior
research results furthermore indicated that people’s feeling of well-being is rather related to
their general impression of the landscape than to a number of species or elements within a
flower strip or meadow (Marselle et al. 2016), a statement that can help to explain the
ambiguous result of this study.

Conducting the survey with photos and not directly in the field sites is a limitation of the
survey which made it not possible for the participants to perceive the overall species diversity
of insects and other animals, since they were not visible on the photos. Plant diversity was
only visible with limitations because of the size of the photos, furthermore, only a part of the
meadows was shown. It is therefore not surprising that the participants only perceived
biodiversity on the structural level. However, the fact that many people used terms that
referred to the levels of species diversity also supports the statement that people conclude
from the structural diversity on the level of species richness of the meadows (Meyer-
Grandbastien et al. 2021).

Restoring biodiversity in intensive grasslands represents a real conservation challenge. Flower
strips seem most effective to enhance syrphid abundance in intensively managed agricultural
landscapes. Overall, restoration of insect diversity is a relatively slow process, in which
colonization by each insect group is not only limited by local vegetation conditions, but is also
affected by the presence, distance and connection to source populations (Ockinger & Smith,
2006; Woodcock et al. 2012). The response of syrphids in intensive meadows due to flower
strips can be expected to increase with the duration of the experiment. Further, it can also be
assumed that the probability of colonization increases over time for the other insect groups
studied (Collinge, 2000). Local people really appreciate extensive grassland ecosystems,
which received the highest ratings for their aesthetic values and had the highest effect on
derived well-being. Nevertheless, the assigned instrumental, aesthetic values and the derived
effect on people’s well-being should not be underestimated for their overall value.
Extensively managed grasslands are extremely valuable habitats for a great number of
different plant and animal species and additionally can have positive impacts on aesthetic
aspects of the landscape and on people’s well-being. Still, the establishment of flower strips
next to intensive grassland are a very rarely used method for habitat creation and restoration.
The main reason is probably the loss of productive areas. The results of the present study and
similar studies could be used to push for a more active implementation of such areas as well
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as for the conservation of extensively managed grassland. Therefore, research like it was
carried out in the DivRESTORE project is strongly needed to find ways and measures that allow
both, a productive agricultural land use while maintaining and promoting insect habitats and
species diversity.
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Dr. Ronnie Walcher elaborated the DivRESTORE results and future recommendations in an
event “Forschungsvormittag” in the Biosphere Reserve Wienerwald which took place on the
11th of November 2021 in the lecture hall of the agricultural school in Tullnerbach (
https://www.bpww.at/de/artikel/von-bluehstreifen-und-rinder-dung-forschungsvormittag-

im-bpww).

5.1. Master theses:

1. Andrea Polz:

Title: Local people’s perception and valuation of flowering strips and meadows and derived
effects on well-being

2. Nora Vogel

Title: Comparison of butterflies in different grassland types

3. Lukas StreiRRelberger

Title: Comparison of heteropteran bugs in different grassland types

5.2. Scientific papers in preparation
1. Hussain et al. Can new flower strips enhance arthropods in intensive grassland and
behave like extensive grassland?
2. Walcher et al: Efficiency of flower strips to support bumblebees in intensively
managed grasslands: studies in two Austrian Biosphere Reserves
3. Polz et al: Local people’s perception and valuation of flowering strips and meadows
and derived effects
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