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than management type in an Austrian conservation area. -SVALY IN[[LYA> UL]
works on three grassland types in the National Park Neusiedler See — Seewinkel

were analysed, viz. (1) a fenced pasture grazed mainly by Przewalski’'s horses at low

densities, (2) pastures grazed by non-stationary cattle and (3) meadows maintained

by mowing. Sampling took place in June and July 2021 during a drought period.
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species, including 147 interaction pairs not previously recorded. Sp ecies diversity

and composition of interacting communities varied across the thre e grassland types
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summer. Network specialization H2' and modularity Q did not vary system atically

between grassland types, but decreased in response to drought. All obse rved
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species-level specialization d’ was higher on meadows than on pastures a nd further

decreased with summer drought. This suggests that partitioning of nectar sou rces
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caused by summer drought, whereas extensive management by grazing vs. mo wing

left a rather minor signature on these ecological networks. Due to their higher nectar
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in this large conservation area.
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Introduction

In Central European lowlands, most grassland ecosystems (exesptithr §peci ¢
edaphic conditions like extremely dry, saline or water-logged soilset al. 2020)

are anthropogenic in origin. Anthropogenic grasslands therefoeemeaaaigement

by grazing or mowing for maintenance to prevent shrub encroachment aradlyeventu
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succession towards forest as potential natural climax vegetdteosadet time, an-
thropogenic grasslands harbour a rich biodivérsity ( et al. 2016), especially
with regard to heliophilic organisms such as butter ies and manysebts. iHence,
grassland management has long been in the focus of nature consersatioangse
practice in Europdl( et al. 2021). is also applies to the management zone of the
National Park Neusiedler See — Seewinkel, where only small fractiongtbf $aline

or very wet soils are naturally free of woody vegeiation ( et al. 2008). All other
grasslands in the area were established through human land-iesecanctirdve been
maintained over time (or restored in recent decades) by means of managgragintg
ormowingE  etal. 2014).

Mowing and grazing may favour di erent species assenblages ( &

L 2003,S &L 2004). As a result, on the landscape scale pluralism
in management practices may foster an increased gamma Hiversityef al. 2017).
Moreover, whether grazing or mowing are better suited to meet congmakstvaries
between target taxa (for the study regioZ e.g. et al. 1997H 2008). Yet,

for the functioning of ecosystems not only the organismal commuoditlesirediver-

sities are important. Rather, the interactions between organissesraia ér all the
uxes of energy, matter and information through an ecosystem. Prommplasaee
plant-animal interactions, such as herbivory or pollination.

Globally, 87.5% of all angiosperm species, including grécwitaral crops, are polli-
nated by animal®( et al. 2011). However, concomitant with increasingisand
intensity species richness of ower visitors is declining, whicaredisaes into reduced
complexity of biotic interactiona/( etal. 2011, 2014). In parallel, climate change
poses a threat to pollination serviges (et al. 2016). Besides distribution shifts of
interacting species, indirect e ects like phenological missrathieen pollinators and
plants or the decline in quality and quantity of oral resources mayMccur (

et al. 2007H et al. 2009). With progressing climate change, espéwally t
occurrence and intensity of drought events will incBeas20(3). Drought threatens
pollinators through its impact on oral resourges ( 2016), since plants under
drought stress spend less energy in reproduction, translating lato sreask, less
pollen and nectaH( et al. 2010P & C 2011). As plant species
respond di erentially to drought, the net e ect of drought stress on thrindgnlevel
might further depend on species composition (G et al. 2000). Henceastaclding

the response of ecological networks to drought events might become exgriahore ¢
in the decades to conie ( et al. 2018).

In recent years, the structure of interaction networks has gaineérmrermrbiodi-
versity researcd ( et al. 2008W etal. 20147 et al. 2020). One
well established target group for that purpose are butter ies. énctiist appearance
and moderate species richness facilitate species identi cation in dred alabitat
requirements of European butter y species are well documentedeMbréter ies
respond sensitively to environmental chang&(e.g. et al. 2005). For example,

P &S (2011) investigated di erences in ower visitor network structure be
tween organically and conventionally managed dairy farm pastutais jnvBere the
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degree of network specialisation seemed to be in uencedbiyeantensities. It has
been suggested that generalists in networks bene t from disturbanceaijithts,
while specialists su vl (K 1997A et al. 2012). However, support for this
idea is not unequivoc ( 1999,P et al. 2012).

Ecological networks consist of “nodes” (i.e. species) connectdd’byemare an-
alysed using a variety of quantitative metrics, some of which have onelmpadde
during the past two decades ( etal. 2009 et al. 2014). One example
is network-level specialization H2' which describes the exds$orarmmplementarity)
of interactions at network level. is scaled metric is based on Shanropy emtd
ranges between 0 (no specialization, viz. species interactipire ewirte relative
abundances of all players) and 1 (completely specialized Betwork; 2010). Other
metrics focus at the species level, such as the specializationisndwadure also
scales from 0 to 1, with O indicating no specialization at all and 1 showingettiesa s
has only one single partner in the network under consideration,. $énalyneasures
describe the extent of compartmentalization of networks into fahstiomnits, e.g. the
network modularity Q, which also scales from 0 to 1. e higher the Q value, #he mor
the network is segregated into modules. All these measures arelpoh steoicgd

by network size or sampling intendgty ( 2010).

As seasonal changes shape ower availability and insect emergendly,ptas not
surprising that some studies found seasonal changes in poHimatetywbrks

et al. 2018). When more plants come into blossom, visitors have a grmiertcele
choose from and their apparent specialization might decrease. Onahg adren
ower availability is low, e.g. during a drought event, apparent spgoialinight
increase. European ower-visiting butter ies are usually niot $peertain nectar
plants D 2010). One would therefore expect apparent specialization to co-vary
with local ower supply, which again is expected to vary between grasstaadd
over time. Even generalist butter y species may appear ratherespebiatiever they
are forced to use only few available ower resources, while the sam@gipdoéhave
more opportunistically once a broader array of nectar source®lis.availa

e aim of the present study was to gain insight into owerdyuftnetworks on three
grassland types in the National Park Neusiedler See — Seewinkel. stesadgngses
are known to harbour quite di erent communities of owering plants (ee&, laed
also variation in their butter y assemblages has earlier been docilimentedet

al. 2017). We therefore set out to investigate whether these di geseralatetinto
variation in the butter y- ower networks. Speci cally, we addie following research
guestions:

i. Do network structures and species-level specialization vatgrtbnbietween
grassland management types?

ii. Do these network structures vary between early and high summeredatatym
after a severe spell of drought?

Here, we report on results aggregated according to grassland ty pestionabsaths.
Detailed analyses on the site level can be foDnd in  (2022).
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Methods

Study area

Data sampling took place in the management zone of the National ParkeXeusied
See — Seewinkel in eastern-most Austria, situated about 2-3 km wéstvashoft
the village of Ilimitz. Much of the area had traditionally been grazee blptaegtic
herbivores for centuries, while parts of the landscape wertkfordvay production.
Apart from these open grasslands only small areas were historieallipdesage as
crop elds, and forest cover was negli@ble ( et al. 2005). After the middle
of the 20th century profound changes in the landscape have occurred: npzesty
vanished, instead intense viniculture and croplands took overtive @egés of too
low grazing intensities on various biota of conservation concerriegésd,dgazing
was re-established as a means of ecological resibratioret(al. 1997 et al.
2014). Today, in the management zone three major types of grassland iwdn(be fou
Pastures with mainly Przewalski’s horses grazing there, (% gesteckby cattle,
and (3) meadows maintained by mowing. e area is situated in the Panmoaie cli
region characterised by high temperatures and low g@tiecipitiring summet (

et al. 2013). June 2021, however, was extreme with only 3.2 mm praciphéédhe
average monthly precipitation during June was 57.2 mm sinc&V1999 (

B 2022).

Study sites

Six plots on the Przewalski’s horse pasture were chosen, six furtheafiletpastures
and 12 plots on meadows. All plots were spaced from another by a distarst00at lea
m. is random selection of plots was based on a land-use map provided byotied Nati
Park administration. Too sandy areas with very sparse vegetatiere @wided, as
were sites directly adjacent to soda pans. e fenced Przewalski’s tuwesgqtakarea
69.5 ha) is situated between a sandy dam and the eastern margin of LakenNleeisied|, i
so-called “Seevorgelande”. e more humid parts are dominated by ptaitasns

like Juncetum subnodudoaiSchoenetum nigricamtisereas on the drier eastern parts
the vegetation is of t&ntaureo pannonicae-Festucetum psetigoeinae021 the
area was grazed by 13 Przewalski’s horses the whole year. During aetwerne the
additionally 110 cows with their calves held for 3 months in the enclosure.

e cattle pasture sites were situated on the gravel terrace east of thersaachudd

the soda pans “Kirchsee” (~46 ha) and “Zicklacke” (~27 ha). Both rtipsane

saline ponddH{ 2020) were completely dried out at the time of sampling. Two
herds of cattle based in the village of llimitz, both comprising abow4@dtbaheir

calves, grazed the area, ranging under control by herdsmen. is pasagemeant

was started in the 1980s and has since successfullytedribestoration of the
historical vegetatioR ( 2019). Vegetation at sampling sites showed multiple
signs of disturbance by cattle, including dung deposits and gagphdygiteatepling.

e vegetation is semi-dry grassland of@®entaureo pannonicae-Festucetum pseudovinae
type K et al. 2008).
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e meadow sites, situated south of the cattle pastures, are extensivehnowor
twice per year, are not fertilized and represent semi-dry calcaradisjghtty rud-
eral vegetation of ti@stuco-Brometgpe. Unfortunately, no data about their exact
mowing schedule in the previous years is available. @r iufidrmation about the
individual plots sd2 (2022).

Field sampling

Butter y- ower networks were sampled in June and July 2021. ere welisitsxo/

every site, separated by 1-2 weeks, three in June 2021 and three in JylgraDgLieBe

butter ies (Rhopalocera) we also included ower visits gtlmmoths (genus/gaena

and one diurnal hawkmotiécroglossum stellatarbat for simplicity we below use the

term “butter ies” throughout. Plot size was 50 m x 50 m at each site. At eazkisampl

all observed butter y-plant interactions were recorded. As actioitewe only counted

if the butter y was touching the open petals of a ower. Butter y indivieisilsg on

plants or ying through the site were not counted. Each sample site whis \aatie
andering pattern, in an attempt to cover all potentially available neetaras exhaus

tively as possible. e survey was nished either if 60 butter y-plant itibterebad been
observed or otherwise was terminated after one houreAbuytdtefer warm, windless

and sunny weather for nectaring, recording only took place at suitbiid@scadapted

from the Butter y Monitoring Scheme methodologys( et al. 2008): (a) plots

were not walked when air temperature was below 13 °C; (b) a plot was walked only prc
vided there was at least 60% sunshine; (c) when wind speed was above 5 ort the Beau
scale, plots were not walked; and (d) recording only took place between 9 am and 5 p

Butter ies which could not be identi ed from a distance were captured wgbamat,
identi ed on the spot and released immediately. Species identiatimtioeds

et al. (2006) for butter ies aikd et al. (2008) for plants. Two sibling species pairs
were scored as one operational taxonomic unit (OTU), as &ldadien is not reliably
possibleZygaena purpuratgnosandColias hydlfacariensidll available potential
nectar sources (i.e. owers and owerheads of entomophilous piesit seee counted

in one randomly selected 10 x 10 m2 area within each plot. Compact in esekkenc
Asteraceae or Caprifoliaceae owerheads were counted asfne unit ét al. 2008).

To characterize the range of the butter ies’ nectar sources, ghubicsheation on
nectar plants of all butter y species observed in 2021 was compiled fro&
R (1993),H (1994),H et al. (1995)D (2010),
L et al. (2015)3 et al. (2016) ang & B (2018).
Plant species observed to receive visitations, but which had not beesdnire tticn
literature for the respective species, were regarded as “novel” record

Statistical analyses

Field data was digitized into a spread sheet software, resulting xod atlasbiserved
interactions at all sampling events. is matrix was subsequentlyopaditither
according to the three grassland types, or the two sampling monthk &Netlyses
were done using the R package “biparbte” ( et al. 2022).
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For further statistical analysis, the RStudio softwaienvérl was useB$

T 2020), and for graphical illustrations the package “ggplet2” ( 2016).

For the comparison of species diversity of ower-visiting buttsnied as ower spe-
cies visited by butter ies between the months and the grassland tymkslibdsed
accumulation curves were generated with the package “INEXT"dt al. 2016). As
Hill number the factor g=1 was chosen, which is equivalent to the exponemital Sha
species diversity, also termed “e ective number of sgecieséf al. 2014).

Results

.LULYHS VIZLY]H[PVUZ VU [OL IN[[LYA" AVALY UL[AVYRZ

We altogether recorded 4,160 butter y- ower interactions in June izD2a) 27
butter y species and 59 plant species were involved. Eight butteieg spgeounted
for 92% of all interactions, while 10 species were accountaB¥% furtfie observed
interactions from the plants’ perspective (Figures 1.a9ict Butter y species were
seen less than ve times visiting a ower, and 14 plant species weres/tbited es
times by a butter y. Among the butter ies, oRlyicarusvas more prevalent as ower
visitor in July than in June. Late summer owering plant specig3neais spingsa
Eryngium campes8eabiosa ochroleammdCentaurea stogbatus corniculatwas fre
guently visited in both months, whergasus serpylluminula salicinandDianthus
carthusianorumere characteristic of the early summer aspect.

All butter y species observed in the networks were already knownatheiditroad
ranges of nectar ower species (Figure 3). However, for more than halfnofvede
nectar plants could be added to their resource lists, with thezesdde sadditions
observed iRolyommatus icarkebejus argasdCoenonympha pamphilasll, 147
new nectar plant records were assembled (Table 1). On average, GAnmapacies
are now reported per butter y species represented in the observ&d.networ

Polyommatus icarus -
Coenonympha pamphilus -
Melanar%a Qgalathea -
Plebejus argus, -

Pyrgus carthami -

Pieris rapae -

Maniola jurtina -

Zygaena _filipendulae -

) Zf/gaer]a loti -
Colias hyale/alfacariensis -
Erynnis tages -

Zygaena purpdralis/minos -

Afa/crog/ossum,stellatarum - Month
jeris brassicae - June
Melitaea cinxia - B July

Thymelius lineola -
Pontia edusa -
Ochlodes sylvanus -
Lasiommata megera, -
Vanessa cardui -
Papilio machaon -
Argynnis paphia -
Zygaena carniolica -
Plebeéus argyrognomon -
oneptéryx rhamni -

. Brinfesia circe -
Iphiclides podalirius -

HHE

250 500 750 1000 1250
Observed butterfly-plant interactions

Fig.1: 5\TILYZ VM VIZLY]LK WSHU[ I\[[LYA" PURWHIRPRYUZIWIYYNH[LKAVLY VIZLY]
month.
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Nectar ower abundance did not signi cantly vary between the thréendraygses
(two-way ANOVA: F, =0.135, p=0.874), but was distinctly higher in June (1.4+0.9
owers/m?) than in July (0.85£0.56 owers/mz; E8.447, p=0.005). ere was no
signi cant monthx grassland type interactiop (F1.696, p=0.19).

Nectar ower supply on the sites and the number of observed interactipositieecly
related to each other in June (Spearman rank correla@80, p=0.005) and even
more strongly so in July=0.767, p<0.0001), when nectar supply was lower.

Ononis spinosa-

Lotus corniculatus -

. Galium verum - P
Dianthus carthusianorum -
entaurea stoebe -
edicago lupulina -
Thymus serpyllum -

" Inula salicina-
Trifolium pratense -
Scabiosa ochroleuca -
Achillea millefolium -
Medicago falcata -
Trifolium aureum -
Eryllvquum campestre -
olyg(?_la_ comosa-

icia cracca-

Centaurea scabiosa -
Scabiosa columbaria -
chium vulgare -

Lotus maritimus -
Euphorbia seguierana -

. Linum austriacum -
Erysimum diffusum agg. -
Astraqgalus onobrychis -
otentilla reptans -
Cuscuta epithymum -
Plantago lanceolata -
Asperula cynanchica -

Chrysanthemurn segetum -
Arenaria serpyllifolia - Month
Teucrium chamaedrys - B June
Leucanthemum vulgare - B Juy

Petrorhagia saxifraga -
Myaosotis arvensis -

. Trifolium fragiferum-
Hieracium umbellatum -
Globularia bisnagarica -
Carduus acanthoides -
Jacobaea vulgaris -
Vicia sativa-

Salvia pratensis -
Trifolium repens -
Leontodon hispidus -
Trifolium fragiterum -
Linum catharticum -
aucus carota-
Ranunculus acris -
Convolvulus arvensis -
Melilotus_officinalis -

. Linaria vulgaris -
Linaria genistifolia -
Anthyllis vulneraria -
llium vineale -
Securigera_varia-

Picris hieracioides -
Glechoma hederacea-
Erodium cicutarium -
Consolida regalis -
Cirsium arvense -
Cichorium intybus -
Globularia bisnagarica - T i T
0 200 400 600
Observed butterfly-plant interactions

Fig.2: 5\TILYZ VM VIZLY]JLK WSHU[ IN[[LYA" [PDWMLYIHPLP VUZNWILNHWISKHW LY VIZ
month.

____-r--rrrlll I"I"'l[l'”'||
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Pieris rapae -

Pieris brassicae -

Maniola jurtina -
Polyommatus icarus -
Vanessa cardui -
Coenonympha pamphilus -
Lasiommata megera -
Gonepteryx rhamni -
Melanargia galathea -
Ochlodes sylvanus -

Zygaena filipendulae - Nectar plants
Colias hyale/alfacariensis - I new
Plebejus argus - . literature

Iphiclides podalirius -
Melitaea cinxia -

Argynnis paphia -
Macroglossum stellatarum -
Thymelius lineola -
Erynnis tages -

Pyrgus carthami -

Papilio machaon -

Pontia edusa -

Zygaena loti -

Zygaena carniolica -
Brintesia circe -

Plebejus argyrognomon -
Zygaena purpuralis/minos -

100 150 200
Nectar plants

o
v
o

Fig.3: Numbers of previously recorded (blue) and newly documented nectar plants (r ed) of the 27 ob-
ZLY]LK IN[[LYA® ZWLJPLZ

Tab.1: 5LIJ[HY WSHU[Z "OPJO ~LYL UV[ LHYSPLY TLWHOQULKLRW L[O[IP PP [L[KLYRA[LY
species.

Brintesia circe Coenonympha pamphilus Colias hyale/alfacariensis

Ononis spinosa Arenaria serpyllifolia Centaurea stoebe
Asperula cynanchica Dianthus carthusianorum
Astragalus onobrychis , Y ZPT\T KPH\Z\T HNN
Chrysanthemum segetum Galium verum
Convolvulus arvensis Ononis spinosa

Dianthus carthusianorum

Echium vulgare

Eryngium campestre
Y ZPT\T KPH\Z\T HNN

Euphorbia seguierana

Galium verum

Globularia bisnagarica

Inula salicina

Jacobaea vulgaris

Leucanthemum vulgare

Linum austriacum

Linum catharticum

Lotus maritimus

Myosotis arvensis
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Ononis spinosa

Petrorhagia saxifraga

Plantago lanceolata

Polygala comosa

Potentilla reptans

Teucrium chamaedrys

Vicia cracca

Vicia sativa

Erynnis tages

Gonepteryx rhamni

Lasiommata megera

Lotus corniculatus

Ononis spinosa

Dianthus carthusianorum

Lotus maritimus

Linum austriacum

Medicago lupulina

Vicia cracca

Scabiosa columbaria

Maniola jurtina

elanargia galathea

Melitaea cinxia

(JOPSSLH TPSSLMYV,

PRNRusddrithusianorum

(JOPSSLH TPSSLMYV

Astragalus onobrychis

Galium verum

Dianthus carthusianorum

Galium verum

Inula salicina

Galium verum

Inula salicina

Medicago falcata

Linum austriacum

Ononis spinosa

Ononis spinosa

Medicago lupulina

Scabiosa columbaria

Securigera varia

Scabiosa columbaria

Scabiosa ochroleuca

Thymus serpyllum

Ochlodes sylvanus

lebejus argus

olyommatus icarus

Astragalus onobrychis

(JOPSSLH TPSSLMVS

SP\T HNN (JOPS

Arenaria serpyllifolia

Allium vineale

Astragalus onobrychis

Asperula cynanchica

Centaurea stoebe

Astragalus onobrychis

Chrysanthemum segetum

Centaurea scabiosa

Cirsium arvensis

Centaurea stoebe

Convolvulus arvensis

Chrysanthemum segetum

Daucus carota

Consolida regalis

Dianthus carthusianorum

Cuscuta epithymum

Euphorbia seguierana

Daucus carota

Galium verum

Erodium cicutarium

Hieracium umbellatum

Eryngium campestre

Linaria vulgaris

Euphorbia seguierana

Linum austriacum

Galium verum

4LSPSVI[\Z VIJPUHSH

Hieracium umbellatum
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Myosotis arvensis Inula salicina
Ononis spinosa Jacobaea vulgaris
Polygala comosa Leontodon hispidus
Ranunculus acris Linaria genistifolia
Salvia pratensis Linum austriacum
Trifolium pratense Linum catharticum
Vicia sativa Myosotis arvensis

Petrorhagia saxifraga

Picris hieracioides

Polygala comosa

Potentilla reptans

Salvia pratensis

Scabiosa columbaria

Scabiosa ochroleuca

Pontia edusa ‘anessa cardui A'NHLUH ASPWLUK\$HL
Erysimum KPH\Z\T HNN | Glechoma hederacea Dianthus carthusianorum
Vicia cracca Echium vulgare

L, Y ZPT\T KPH\Z\T HNN

Lotus corniculatus

Ononis spinosa

Polygala comosa

Zygaena loti
, Y ZPT\T KPH\Z\T HNN

Galium verum

Inula salicina

Species diversity of butter ies (Figure 4) and plants€PByum the networks was

more than twice as high in June than in July. In regard to the land use typesgthere we
di erences in the ranking between plants and butter ies. In sx#h ttee meadows
revealed the highest diversity of species participating in thesétstopkitter y species
diversity in the networks tended to be lower on cattle pastures than at HiskiPszew
horse pasture, while the reverse pattern applied to nectar plants.

Species composition of butter y-visited owers substantiaéy between grassland
types and months (two-way PERMANOVA based on a Bray-Curtis simi&arity m
trix; grassland type; f=6.165, p<0.001; month: £=6.349, p<0.001; interaction:
F,.5=2.967, p<0.0016). Species composition of ower-visiting batteraried even
more strongly between grassland types and months (butter y couatsosquieans-
formed for analysis; grassland tygsg.:H.BQ, p<0.001; monthi;4§=9.746, p<0.001;
interaction: £, =1.785, p=0.046).
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4 = interpolated

= =+ extrapolated [=@=| July 2021

|=A=] June 2021

= interpolated
= = extrapolated

Species diversity
S

Species diversity
(4]
o

Meadows

AN
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Network structures at land-use type and monthly levels

Butter y- ower network structure was overall remarkably sinetaebn the three
grassland types (Figures 6, 7 and 8), despite the substantial nespetmed diversity
and composition of the interacting partners. Network speaalizdtiwas rather low
in all three cases (horse pasture: 0.283; cattle pastures: 0.366; M&adyp and there
was no evidence for compartmentalization. e role of individual butterwell as
plant species varied between grassland types. In contrast, nailagikvwaped more
strongly between early and high summer in 2021 (Figures 9 and 1®, bverail
specialization was far higher (H2'=0.642) than after the onset of duongig in July
(H2'=0.250). Only three butter y species (@zpamphilys1. galatheand especially
P. icarusstrongly dominated the visitor networks in July, whereas vigiegji@nties
were more evenly distributed in June.

Network modularity Q revealed a pattern very similar to H2'. Q was lowestarséh
pasture (0.273), highest on cattle pastures (0.373) and interoediaadows (0.323).
Moreover, Q was distinctly higher in June (0.349) than July (0.179).

Network specialization d’ on butter y species level wa$ toxg (species mean + SD
across months: 0.344+0.162; across grassland types: 0.33b#@IBidpesigni cantly
correlate with the number of available records per specieshbt et r=-0.288,
p>0.07; at grassland types level: r=-0.047, p¥¥&)ver, species level specialization d’
averaged across butter y species di ered signi cantly betwskmdrigpes (one-way
ANOVA: F, . =5.425, p<0.008) as well as between months (teat14, p=0.041).
Mean specialization d’ was higher in June (0.372+£0.127) than in 34yQQ.27),
and was distinctly higher on meadows (0.427+0.196) than on the two tggasef p
ecosystems (horse: 0.271+0.123; cattle: 0.351+0.120). OndyiSvohgag 6 butter y
species of rather narrow ower specializations (d’>0.500) wereddidsetellatarum
on meadows (0.878; edusan meadows (0.739); carduion meadows (0.65@;
lipendulaeon horse pastures (0.508)galathean cattle pastures (0.588);galathea
in June (0.596. edusm June (0.621). carduin June (0.618); ard. tage® July

(0.504).

Discussion

In temperate zone grasslands, mowing or grazing lead to higher dipksityamed
insect species than abandonment or intense manadgemente( al. 2019 -

& F 2020). However, it is also well known that too high land use intensity
may lead to a loss of biodiverdity ( et al. 20125 et al. 2013A
et al. 2014). erefore, using traditional agricultural hoets as tool in conservation
management needs to be done carefully. e highest plant specty dinaived in
ower visitor networks during this study in the National Park NeusieeleiSeewinkel
was found on meadows, followed by pastures grazed by cattle. As mose airtlye tim
13 horses grazed on 69.5 ha in the “Seevorgelande” in 2021, this mightoodmat
grazing intensity. Ecological successions at later stages, whemdstie@sssaart to
grow, generally have a negative e ect on butter y div8rsity ( & E 2000).
Our results support these ndings partly: Meadows showed highestdpersity of

20



Depisch E. & Fiedler K.

2023

Entomologica Austriaca 30: 9—33

Achillea millefolium
Anthyllis vulneraria
Asperula cynanchica

Astragalus onobrychis
Carduus acanthoides
Centaurea scabiosa

Centaurea stoebe
Daucus carota
Dianthus carthusianorum

Echium vulgare

Eryngium campestre
Euphorbia seguierana

Galium verum
Leucanthemum vulgare

Linum austriacum
Linum catharticum

Lotus corniculatus

Lotus maritimus
Medicago falcata
Medicago lupulina
Ononis spinosa
Petrorhagia saxifraga
Plantago lanceolata

Polygala comosa
Potentilla reptans

Scabiosa columbaria

Scabiosa ochroleuca
Teucrium chamaedrys

Thymus serpyllum

Trifolium aureum

Trifolium pratense

Trifolium repens

—) A\
Shoa

)
AL

‘.\
R
o

K

Coenonympha pamphilus

Colias hyale/alfacariensis

Macroglossum stellatarum

Maniola jurtina

Melanargia galathea

Melitaea cinxia

Pieris brassicae

Pieris rapae

Plebejus argus

Polyommatus icarus

Pontia edusa
Pyrgus carthami

Thymelius lineola
Zygaena carniolica

Zygaena filipendulae

Zygaena purpuralis/minos

Fig.6: )PWHY[P[L I\[[LYA® AVALY UL[*VYRZ MMN[OUNHHLKS V]WHZHSBLYXLWSPJIH
S5LJ[HY AVALYZ PU NYLLU AVALY JPZP[PURN. MHLPARIZZKPHAMY HEZNIPULZ O
proportional to the number of observed interactions.

21



Depisch E. & Fiedler K. 2023

Entomologica Austriaca 30: 9—33

Achillea millefolium

Allium vineale
Arenaria serpglllfoh_a
Astragalus onobrychis

Centaurea scabiosa

Centaurea stoebe

Convolvulus arvensis
Cuscuta epithymum

Dianthus carthusianorum

Echium vulgare
Eryngium campestre
Erysimum diffusum agg.
Euphorbia seguierana
Galium verum
Globularia bisnagaria
Hieracium umbellatum
Inula salicina

Leontodon hispidus
Linum austriacum

Lotus corniculatus

Lotus maritimus

Medicago falcata
Medicago lupulina

Ononis spinosa

Petrorhagia saxifraga
Plantago lanceolata

Polygala comosa
Potentilla reptans
Scabiosa ochroleuca
Securigera varia

Teucrium chamaedrys
Thymus serpyllum

Trifolium aureum

Trifolium pratense
Vicia sativa

Fig.72 )PWHY[P[L IN[[LYA> AVALY UL[AVYRZ \ZM WOH.ZTWal HHINSZYRAME[ IO/ VLY HSS YL
Z\Y]L Z SLJ[HY AVALYZ PU NYLLU AWUW YRAPNEUOUIN VHIAPYDZ KYHAU HZ SP

N

Wi
Qy

IIINQ
\

ol
i

width is proportional to the number of observed interactions.

22

Argynnis paphia
Brintesia circe

Coenonympha pamphilus

Colias hyale/alfacariensis
Erynnis tages

Gonepteryx rhamni
Iphiclides podalirius
Lasiommata megera
Macroglossum stellatarum

Maniola jurtina

Melanargia galathea

Ochlodes sylvanus
Papilio machaon
Pieris brassicae

Pieris rapae

Plebejus argus

Polyommatus icarus

Pyrgus carthami
Thymelius lineola
Zygaena filipendulae

Zygaena loti
Zygaena purpuralis/minos



Depisch E. & Fiedler K.

2023 Entomologica Austriaca 30: 9—33

Achillea millefolium
Anthyllis vulneraria
Arenaria serpyllifolia
Astraz?a/us onobrychis
Carduus acanthoides
Centaurea scabiosa

Centaurea stoebe

Chrysanthemum segetum
Cichorium mtgbu.s

:rs:u?w arv nsll.s

onsolida regalis

Convo BU us arv s;s
aucus carota

Dianthus carthusianorum
Erodium cicutarium

Eryngium campestre

Erysimum diffusum agg.

Galium verum
Glechoma hederacea
Hieracium umbellatum
Jacobaea vulgaris
Leucanthemum vulgare
LlnEna ﬁen/s ifolia
_Linarta vulgaris

Linum austriacum

Lotus corniculatus

Lotus maritimus
Medicago falcata

Medicago lupulina

Melilotus officinalis
Myosotis arvensis
Ononis spinosa
Petﬁ:,rhagﬁa saxifraga
icris hieracioigés
Plantago lanceolata
Polygala comosa
Ranunculus acris
Salvia pratensis

Scabiosa columbaria

Scabiosa ochroleuca
Thymus serpyllum
rifolium aureum
Trifolium pratense
Trifolium repens

Vicia cracca

Vicia sativa

Fig.8: YPWHY[P[L IN[[LYA® AVALY UL[AVYRZ VM VOILYTHBE & W ZWSNPN W LIN H [ YKL "
AVALYZ PU NYLLU AVALY ]JPZP[PUN IHI[PARIZZKP/HVY HEZNIP WIUZL ¥OVZL "PK]

) N
///\<\>’ V /Ik/'" [
N \M
)

A

\\;‘&@/{/‘)\ [/ ‘l'l 0 ,\
e
XA

A\
AN

<%

tional to the number of observed interactions.

Coenonympha pamphilus

Colias hyale/alfacariensis
Erynnis tages
Lasiommata megera
Macroglossum stellatarum
Maniola jurtina

Melitaea cinxia

Ochlodes sylvanus
Pieris brassicae
Pieris rapae

Plebejus argus

Plebejus argyrognomon

Polyommatus icarus

Pontia edusa
Pyrgus carthami

Vanessa cardui

Zygaena filipendulae

Zygaena loti

23



Depisch E. & Fiedler K. 2023 Entomologica Austriaca 30: 9—33

Fig.9: YPWHY[P[L IN[[LYA® AVALY UL[AVYRZ PUQLUBHUYKNHL KSNIZZBVYMHY AVALYZ PU NYL
AVALY ]PZP[PUN I\[[LYAPLZ PU VYHUNL

24



Depisch E. & Fiedler K. 2023 Entomologica Austriaca 30: 9—33

Fig.10: )PWHY[P[L IN[[LYA® AVALY UL[AVYRZ PUWL\SHWYKNAHYKSMZBVMHY AVALYZ PU
AVALY JPZP[PUN I\[[LYAPLZ PU VYHUNL

25



Depisch E. & Fiedler K. 2023 Entomologica Austriaca 30: 9—33

ower-visiting butter ies. Even though the pastures with rangiteghaadta higher plant
diversity, butter y diversity was still slightly higher at the Przésvatske pasture.

J (1984) showed that under normal weather conditions the peak of butter y
species diversity among North European butter ies occursdn July. et al. (2020)
also con rmed a peak of plant and butter y species in late summer, viz. Jufjuand Au
However, this pattern did not recur in our present study. Rather, thalation curves
revealed a signi cant decrease of species diversity fromul262a.Jis could likely

be explained by the massive summer drought inR02&t(al. 2009 etal.
2018). ere was a positive correlation of ower supply and visitation eateuch
tighter correlation between nectar ower abundance and obseraetiontein July
might also indicate a bottleneck of nectar resources in late summer dueugtthe d

In contrast to their larval stag€s (  2022), European butter y species are well
known to utilize rather broad ranges of nectar ower species as adutgelinapla
portunistic mannei) 2010). While temporary ower constancy may emerge in
butter ies at the individual or population level under suitable icoisdf

& P 2011), ower-visiting butter ies are much less specialized thgrothan
pollinators such as ies or wild bees. Among the latter, a sizeabiedgraligjolectic

(W 2019). It was therefore not surprising that we could observe a number of but
ter y- ower interactions that had not previously been reported ireibated literature.

Nevertheless, communities of butter ies and the owering plantssited for nectaring
di ered clearly in regard to species diversity and composition betgskmditypes.
Yet, structural di erences in the resulting networks were only vetatisiae between
grazed and mown grassland habitats, while di erences in the netweks batly
and high summer were distinct. We attribute this observation to thexigty ef
butter ies when foraging for nectar, so that these insects may ogpoatlynswitch
to alternative nectar sources whenever needed. Obviously in thateegaventor
grazed grassland sites did not o er conditions so contrasting frioen emstipulate
repercussions on network level. One might have expected the extensivghagslands
to o er more favourable conditions for ower visitors, since graesgakoremove all
owers at once, as does mowing. However, at least as long as our meadovosites had n
yet been mown, they even o ered more nectar ower species relevant fes lautter
we observed no consistent di erences between grassland types in deveceduio
conclude, while species diversity and composition signi caatldibetween the land
use types, these di erences were not re ected by network spetiadisaiularity.
ese metrics were unable to characterise the di erences betwedtethetiiacenoses
in the study area well. Hence, although network measures maywigthtrimsights
about the analysed interactions, this information might be lemst ieléhe light of
practical nature conservation.

ese observations do not imply that there were no di erences at all betwadiethe b
y- ower networks in regard to individual species. Indeed, someytspEries were
more important in ower visitor networks of one grassland type than indtse Bor
exampleC. pamphilusontributed a much larger share to the networks on cattfeqas

P. argusn meadows, and. galathean the horse pasture (Figures 6, 7 and 8). Yet,
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these local “preferences” did not translate into sizestikean network level. It is also
worth mentioning that, since our study sites were all situated in a |@rgattomsrea,
land-use intensity was low, be it through grazing or mowing. ereforeuduisges
did not encompass sites under intense levels of management, in contnagid¢dioex
the study oW et al. (2011).

Although in total 27 butter y species were observed visiting 59 ptéad,gpst 30%
of the butter y species and 15% of the plant species accounted for mossefyhd ob
interactions. is pattern complies with et al. (2020) who analysed butter-
y-plant networks over eleven years from ve grassland sibeshwestern Pennsyl-
vania. Again, only a few species built up most of the observed netwatkelddsye
it should not be concluded that only common species aferfaltgtimportant in the
networks. Rare species might not play a prominent direct role in thes)dtwtdhleir
existence could have an indirect impact on networks. For exampleasingnauen-
ber of studies suggest a link between higher biodiversity and more elluitierpo

services & B 2009,B et al. 2016). Another line of evidence is
that some members of a network might improve the e ectiveness ofothers (

et al. 2002, G & K 2006). Diversity can also be seen as an insurance
(v & B 2008). At one point in time an abundant species might dominate

in ower visitor interactions, but if populations of this species azbhosora ected,
e.g. by climate change or other disturbances, other co-occuriesgrigat step in.

Probably the most interesting nding was that specialization atkretwebas well as
across butter y species decreased substantially framJiupe€021, concomitant to
the massive decrease in nectar ower abundance. We attribute theseobsethe

e ects of the severe drought during June, which nally resulted mast @dmplete
lack of nectar owers on the study sites in AuguBt (E. , personal observations).
is stands in contrast to results of other studies indicating that drieagls to higher
network specialisatidd (  etal. 20183 etal. 2022). As re in grasslands may
be somewhat comparable in its impacts to an extreme form of a droughtpngfse ndi
ofD S G etal (2022) might help to interpret our results. is study looked

at plant-pollinator networks after a re for a period of two years. eitsesdicate a
high stability of the network, with an overall ability of the plant®bind{ors to adjust
after such a severe disturbance. is is likely due the ability of plantdlavadqos to
switch partners. In line with these thoughts, our results showed aiddisatfmerof
the key players within the networks, especially among the plants.

During our observations, ower-visiting butter ies dhiated more unevenly across
available nectar ower species in June, when still more owering sgeavesrainits
were available, while specialization decreased in July. Apgaenbytter ies were
forced to distribute their foraging e orts on all of the few nectar soatogerthstill
available. Concomitantly, also network modularity ghaiysigher in June than in July.

As a consequence, competition between butter y species, but also béevéesn b
and other ower visitors, was likely higher after drought in July, svinedeae there
was still more scope for specialization, preferences and thus retstomaggEmong
butter ies. If spells of drought should become more frequent in the aémignwith
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climate chang®( 2013), more intense competition for the few available owers might
have repercussions on reproduction and population dynamics é¢duitecould

be especially critical in species which are known to lgéysependent on suscient
nectar income for realizing their fecundity ( & B 2005,L et al. 2018).

Overall, the summer drought shaped grassland butter y- owerketmograssland
sites in the National Park Neusiedler See — Seewinkel more strongly thaagbe m
ment practices that have given rise to the di erent grassland types. istsomitia
species diversity and composition, which signi cantly di ereddvetiae land use types
for both groups of organisms connected in the networks. It seems thattioa @fd
ower supply because of a severe summer drought forced the butterrdssaonore
opportunistic use of the remaining nectar sources, thereby redeicigg er special-
ization and modularity at network level. Although some changesmbetimeen the
two observation months, the importance of the partners did not chémgely@ver
time. Even though all observed butter ies are opportunistic owensyisiere were
preferences noticeable. Extensive mowing led to the highest spsitiesndnestar
plants and visiting butter ies. Species of conservation cone@yrdils carthaoi
Melitaea cinxidid not contribute high proportions of visitations to the networks.

Deutsche Zusammenfassung

Wir analysierten Netzwerke zwischen tagaktiven Faltern und Nektadidrei Typen

von Grasland-Okosystemen im Nationalpark Neusiedler $&ek8e€l) eine Koppel
beweidet durch Przewalski-Pferde in sehr geringer Dichte, (2)eeRiedsivHutwei-

den und (3) ungedingte Heuwiesen. Die Datenaufnahme erfolgte im Juni und Juli 2021
wahrend einer ausgepragten Sommerdurre. Insgesamt wurden 4.k60rietesan

Blliten zwischen 27 Falter- und 59 P anzenarten beobachtet, darunter 147 ismbinat
nen, die zuvor nicht berichtet worden waren. Artendiversitat und -zusanumg aiset
interagierenden Gemeinschaften variierten signi kesatwm den Graslandtypen und
Erhebungsmonaten. Die hochste Vielfalt wurde auf Heuwiesen beobeldhatdtiinen

traten in den 3 Graslandtypen in etwa gleicher Hau gkeit auf, aber das Blisénangeb
nahm infolge der Durre signi kant vom Juni zum Juli hin ab. NetzweikiSjEez

rung H2' und -modularitét Q unterschieden sich nicht in Relation zunaitygl,

aber nahmen im Juli deutlich ab. Alle beobachteten Bliten besuchenderiZealter nu
eine Vielzahl von Nektarquellen, aber ihr beobachteter mittlerelistgrenigsgrad

d’ war auf den Heuwiesen hoher als auf beiden Typen von Weidatkosyste

nahm zudem im Zuge der Durre deutlich weiter ab. Diese Beobachtungen zeigen, das
Grasland-Schmetterlinge opportunistisch und exibel auhdenteis Blitenangebot
reagieren, wohingegen das extensive Grasland-Management nur wesigEidie
Netzwerkstrukturen hatte. Aufgrund ihres Blitenangebotes elalisdierHeuwiesen

als wichtige Lebensraume im Habitat-Mosaik des Schutzgebietes.
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