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Article

A Comparison of the Drosophilidae Fauna of the
Leithagebirge Slopes with That of the Adjacent
Pannonian Plain (Austria, Burgenland), with Special
Consideration of Vineyards and Forest Edges
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1 A-7052 Millendorf, Steinzeile 7, Austria
2 Federal office of viticulture, A-7000 Eisenstadt, GolbesstrafSe 1, Austria
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Abstract: The Drosophilidae fauna of vineyards and forest edges or hedges on the slopes of the
Leithagebirge and the Pannonian Plain around Eisenstadt was surveyed. Traps containing an
attractant liquid made of wine and fermenting grape juice were used for this purpose. Over the course
of two years, 60,024 individuals were captured. The subsequent identification revealed seven genera
and 36 species. The species composition differed significantly between vineyard leaves and forest
edges. On the slopes, both in the vineyards and at the forest edges, as well as in the hedges of the
plain, D. suzukii, a commercially relevant pest of thin-skinned fruits and berries, dominated. In the
flatland vineyards, however, D. melanogaster and D. simulans, two closely related species that can be
harmful due to the spread of acetic acid bacteria in viticulture, were more prevalent than on the
slopes. Particularly in traps from the slope locations, D. subobscura was frequently recorded. Other
species were relatively rarer in vineyards than at the forest edges. The statistical analysis revealed
that significantly more individuals of D. suzukii were recorded in the slope and forest edge traps than
in those from the plain or vineyards. While D. melanogaster and D. simulans also prefer the forest edge,
they were more frequent in the plain than on the slope. D. subobscura, which is not relevant for
viticulture, was captured more frequently at the forest edge and on the slope, just like D. suzukii. The
same applies to D. testacea, though the difference between slope and plain was less pronounced. D.
phalerata was only occasionally found in vineyards, with no significant difference between slope and
plain. D. immigrans clearly prefers the forest edge over the vineyard leaves and, similar to D.
melanogaster and D. simulans, the sample sites in the plain over those on the slope.

Keywords: Drosophilidae; Drosophila melanogaster; Drosophila simulans; Drosophila suzukii;
Drosophila subobscura; Drosophila testacea; Drosophila phalerata; Drosophila immigrans

Introduction

The fly family Drosophilidae (vinegar flies) is an ecologically very diverse taxon; some species,
for example, develop in fungi or live as commensals in beehives and the brood cells of mason bees
(Béchli & Burla 1985). Most species are found in moderately moist deciduous forests with abundant
undergrowth, as well as in hedgerows, fruit trees, and meadows. Many of these species are
ecologically significant because they spread microorganisms that can decompose organic matter,
primarily dead plants. Most larvae feed on yeasts and bacteria, with which the female when she lays
her eggs inoculates the substrate transporting them on her tarsi and mouthparts. Microorganisms as
food can be found not only on fruit but also in compost heaps, rotting plant parts, decaying wood,
under tree bark, sap flows, mushroom caps, etc. Therefore, Drosophila larvae can also be found in
these locations. The adults also feed on yeasts and other microorganisms, but they also consume
sugars.
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Some species are commensals of humans, apparently for thousands of years. A well-known
passage from the New Testament quotes Jesus Christ as saying to the scribes and Pharisees: "You
blind guides! You strain out a gnat but swallow a camel!" (Matthew 23:24). The "gnats" likely refer
primarily to species of Drosophila that had to be strained out of wine before consumption. Several
species are attracted to alcoholic beverages and fruit juices in late summer and autumn, where they
can contaminate and spoil the flavour. This is especially true for the most famous representative of
the family, Drosophila melanogaster, which has also gained significance as a model organism. Due to
its ease of breeding, short generation time, high offspring count, and a genome consisting of only
four chromosomes (which form large "giant chromosomes" in the salivary glands), genetic research
was greatly simplified, as recognized by T. H. Morgan. In the years since, this species has also become
highly significant in other fields of research, such as neurobiology.

In viticulture, D. melanogaster is harmful due to the spread of acetic acid bacteria, the cause of
vinegar rot, as the females of this species seek out injured berries for egg laying. The same applies to
the closely related D. simulans, which is often more frequent in vineyards than D. melanogaster. This
could be because D. simulans prefers more exposed habitats and is less sensitive to direct sunlight
compared to D. melanogaster (David et al. 2004). D. simulans is considered somewhat more
thermophilic and becomes rarer in Central Europe towards the north (Bachli & Burla 1985).

Another species relevant to viticulture is the invasive Drosophila suzukii, a species originally from
Southeast Asia (the first reports of the fly come from Japan, where it was observed as early as 1916,
according to Kanzawa 1936). It was first recorded in Spain and Italy in 2008, almost simultaneously
with its first appearance in the U.S. (Hauser, 2011; Cini et al., 2014), and shortly thereafter, in 2011, in
Switzerland, Germany, and Austria, where it quickly established itself and is now found in all the
federal states that have been subsequently surveyed. Its wide distribution likely occurred through
the import of infested fruit. The European and Mediterranean Plant Protection Organization (EPPO)
has classified D. suzukii as a pest organism with significant potential for plant damage in European
fruit and viticulture.

D. suzukii is a polyphagous, commercially relevant pest of thin-skinned fruits and berries, where
larval development occurs. The females of D. suzukii have a strong, serrated ovipositor with which
they can slit the skin of healthy, uninjured berries and fruits to lay their eggs beneath the surface. The
larvae that develop from these eggs feed on the fruit flesh under the skin and cause extensive fruit
decay. In addition, significant secondary damage is caused by other pests, including, as mentioned
earlier, other vinegar fly species, as well as fungi and bacteria. The reproductive potential of the fly
is considerable. Up to 10-15 generations can occur per year, with each female laying an average of
380 eggs, meaning that under favourable climatic conditions, very large populations can build up in
a short time (Walsh et al., 2011).

The extent of the damage naturally depends on the population density of D. suzukii at the time
of fruit or berry ripening. Potential antagonists, which, alongside weather conditions, influence this,
include not only Wolbachia bacteria (Kaur et al. 2017), but also various species of parasitic wasps
(Collatz and Knoll 2017; Green et al. 2000), earwigs, and lacewings (Képpler and Zimmermann 2018),
as well as maggots of both D. suzukii and other Drosophila species (Yang 2018; Narasimha et al. 2019),
since the larvae of some species are omnivorous and even cannibalistic. Other interactions, such as
competition between closely related species, are also possible and may significantly influence
population development. Therefore, when examining the factors influencing the individual density
of an invasive species, it is advisable to also include related species, in the case of D. suzukii, all
Drosophilidae (Tiefenbrunner & Tiefenbrunner 2025).

In addition to cultivated plants, many wild plant species and cultivated ornamental plants serve
as food sources. The species, their varieties, and the ripening stage influence the attractiveness to flies,
as well as their suitability for oviposition and larval development (Burrack et al., 2013). Tiefenbrunner
& Tiefenbrunner (2017) observed a higher abundance of D. suzukii adults at forest edges compared
to vineyards. Forests likely play a significant role in overwintering (Pelton et al., 2016); survival in
mistletoe berries during winter and spring has already been demonstrated (Briem et al., 2016).
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Observations by Saguez et al. (2013) and Van Timmeren and Isaacs (2014) suggest that the
dipteran D. suzukii is capable of completing its life cycle on grapevines (wine and table grapes).
According to Lee et al. (2016), the likelihood of oviposition increases as the resistance of the fruit skin
to the penetration force of the ovipositor decreases and the pH value rises during ripening. loriatti et
al. (2015) investigated the infestation potential of D. suzukii on grape berries and found that the risk
of oviposition during ripening increased with rising sugar content and decreasing values of acidity,
skin resistance, and, in agreement with the latter, skin hardness. Skin hardness was identified as a
critical component in host selection by D. suzukii among grape varieties. The authors concluded that
while grape berries are not an ideal host for D. suzukii development in most cases, the species can
pose a serious threat to grape and wine production. Consistent with this finding, Entling et al. (2018)
identified berry skin resistance as a key factor influencing oviposition preferences between cultivars.

The niche integration of a neozoon in a new habitat—and thereby its potential future damage —
is often significantly influenced by closely related, established species. Therefore, in the present
study, which covers a small area around Eisenstadt (Burgenland, Austria), all vinegar flies
(Drosophilidae) in vineyards and their surroundings were examined.

In previous projects by one of the authors, Drosophila traps with an attractant liquid
(Tiefenbrunner & Tiefenbrunner 2017, Tiefenbrunner & Riedle-Bauer 2021, Tiefenbrunner et al. 2024)
were deployed on the southwestern slopes of the Leithagebirge near Eisenstadt in vineyards, at forest
edges, near composting facilities, glass containers, and cherry trees. These catches were used to infer
the population dynamics of various Drosophilidae species (in the study area, D. suzukii was first
recorded in 2012). Now, sites in the surrounding Pannonian Plain were also included, allowing for a
comparison between hillside and lowland.

The collections were already conducted in 2018 and 2019, but the evaluation of the results was
delayed by the pandemic.

Method

e  Trap Type and Capture Medium

To capture Drosophilidae, 250 ml plastic bottles (originally containing lemonade) were used.
Approximately 30 holes, each around 2 mm in diameter, were drilled in the upper third of the bottles.
These entry holes were kept small to minimize bycatch (Tiefenbrunner & Tiefenbrunner 2017; the
referenced work also provides an image of the trap). The bottles contained approximately 50 ml of
trapping liquid to attract Drosophilid individuals.

One week before the start of the experiment, grape juice (‘Weifser Burgunder’; 16°KMW grape
must weight; pH 3.35) was used to prepare the standard attractant liquid by fermenting it at room
temperature with a yeast mixture (Saccharomyces cerevisiae and S. bayanus). After the phase of most
intense fermentation, equal parts of grape juice and wine were added again until the volume of the
attractant liquid was double the original amount.

e  Sampling Dates

Sampling in 2018 was conducted from the first calendar week (to potentially capture winter
flights) until the 47th CW. In 2019, sampling began in the tenth CW (early March) and continued until
the 46th CW (November 11-17). The traps were replaced weekly. Sampling planned for 2020 could
not be conducted continuously due to pandemic-related lockdowns and had to be ultimately
abandoned.

e  Sampling Locations

All twelve trap sites were situated near the western Leithagebirge (‘Leitha Mountains’, whereby
‘Leitha’ is the name of a nearby river. In fact, it is a range of hills with a maximum height of 484
metres) in the Eisenstadt district, from east to west: near the incorporated village of St. Georgen (G),
directly at Eisenstadt (E), and near Miillendorf or Grof$hoflein (M). Their exact locations can be found
in Table 1 and Figure 1.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 1. Sampling sites, their designations, GPS coordinates, and elevation above sea level.

Location GPS-North |GPS-East |Elevation
GhF/GhV 47,86995° 16,57813° 233 m
GpF/GpV 47,85630° 16,56782° 175 m
EhF/EhV 47,85362° 16,52008° 261 m
EpF/EpV 47,83974° 16,54661° 151 m
MhF/MhV 47.84725° 16,46437° 282 m
MpF/MpV 47,82048° 16,47572° 180 m

St. Georgen

Eisenstadt

Millendorf

Per locality or village (Table 1), four traps were deployed: two in hillside locations (h) at
elevations between 282 m and 233 m above sea level, and two in the Pannonian plain (p) at elevations
between 180 m and 151 m above sea level, situated some distance from the edge of the Leithagebirge.
One trap was placed between the third and fourth vine-row posts in the foliage of a vineyard (V),
and the other in its immediate vicinity, in a forest edge or hedgerow (F).

In the hillside locations (slopes), this was either at the edge of a low forest (St. Georgen,
Miillendorf) or a tree-lined hedgerow near the Eisenstadt city park. In the plain, small wooded areas
adjacent to vineyards were used as sampling sites.

GhFE/GhV

)

— ¥ ; GpF/GpV
ERF/ENV. S St Geoargen

MhF/MhV

MpF/MpV:

Figure 1. Sampling locations. Red points: plain; blue points: slope. The first letter of the sample designation refers
to the village (St. Georgen = G, Eisenstadt = E, Miillendorf = M), the second to the exposure (hillside = h, plain =
p), and the third to the habitat (F = forest edge or hedgerow, windbreak; V = vineyard foliage).

e  Determination of the Drosophilidae

The identification was primarily based on Bachli & Burla (1985), supplemented by Markow &
O’Grady (2006). Determination was conducted using a stereomicroscope (Stemi 2000-C; Zeiss,
Oberkochen, Germany). Apart from D. melanogaster and D. simulans, whose females cannot be
distinguished morphologically, identification was carried out to the species level. For species of
which only one individual was caught, identification in the Genus Drosophila may be uncertain in
some cases. The sex of the individuals was also recorded.
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e  Statistical Analysis

To investigate the significance of the influencing factors "habitat" with the variants "forest edge"
("hedgerow") and "vineyard" ("vine foliage"), and "exposure," with the alternatives "hillside" and
"plain," on the species abundance in the traps, tests for both paired samples (sign rank test) and
independent samples (Wilcoxon-Mann-Whitney U-test) were applied. Since the samples were
uniformly non-normally distributed, only this nonparametric methods were used.

For the factor "habitat" the two traps—one in the canopy of the forest edge and the other in the
vineyard row foliage —are spatially very close, making their pairing obvious and indisputable. In the
case of the factor "exposure" (hillside/plain), the traps are spatially separated, and their pairing is
justified only by the proximity of the traps to the same location, the identical sampling time, and the
comparison of either two vineyard traps or two forest-edge traps. This pairing is therefore less
straightforward, which is why the test for independent samples was also performed, although it is
inherently less meaningful.

The sample size varies from species to species, as only dates on which at least one individual of
the species was caught were included.

The question of whether the factor "location” or “village” (St. Georgen, Eisenstadt, Miillendorf)
had an influence on the number of individuals per trap was tested using the Kruskal-Wallis test,
another nonparametric method. Statistical software Statgraphics Centurion Version XV (Statgraphics
Technologies, Inc., Virginia, USA) was used for the analysis.

The similarity of species spectra captured by individual traps was analyzed using a multivariate
method, principal component analysis (PCA). This analysis was conducted with the statistical
software ViDaX from LMS-Data (Trofaiach, Austria).

Results and Discussion

¢  Genus and Species Spectrum; Overview

Over the two study years, a total of 60,024 Drosophilidae were captured (30,284 in 2018, and
slightly fewer in the following year with 29,740). These specimens were, with a pandemic-related
delay, assigned to seven genera and 36 species in subsequent years. The species spectrum and their
distribution across the sampling locations are summarized in Table 2a for 2018 and Table 2b for 2019.

The genera (in alphabetical order) are: Amiota, Cacoxenus, Chymomyza, Drosophila, Gitona,
Leucophenga, and Scaptomyza. Three genera (Cacoxenus, Chymomyza, and Gitona) are represented by
only one species each, whereas 24 species were identified within the genus Drosophila.

The abundances varied significantly: more than 92% of individuals belonged to just four species,
all within the genus Drosophila. Three of these species are relevant to viticulture: D. suzukii (a total of
27,493 individuals), D. melanogaster and D. simulans (together 15,978). However, the also very frequent
D. subobscura (11,956 specimens) is not considered relevant to viticulture.

The number of species and total captures varied greatly across sampling locations. The most
species-rich locations were not always the most individual-rich. For instance, the highest total
number of individuals was found in EoH (Eisenstadt-Hang-Hecke) in both years, whereas the species
count was highest at MhF (Miillendorf-hillside-forest edge; 29 species in 2018 and 26 in 2019).

Hedgerow (forest edge) locations had an average of 21 species, whereas vineyard sites hosted
only 15 species on mean. The difference between hillside (19 species on average) and plain (17 species
on mean) locations was smaller.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 2a. Species spectrum and assignment to locations for the year 2018.
Year [ 2018
Genus Species JEnF18 EhvV18 EpF18 EpV18 MhF18 MhV18 MpF18 MpV18 GhF18 GhV18 GpF18 GpV18
albilabris 0 0 0 0 1 0 0 0 0 0 0 0 1
alboguttata 0 2 0 1 53 12 0 0 3 7 0 0 78
Amiota basdeni 0 0 1 0 1 0 0 0 0 0 0 0 2
flavopruinosa 0 0 0 0 3 0 0 0 0 0 0 0 3
variegata 10 2 26 4 20 4 19 0 5 4 9 1 104
Cacoxenus indagator 0 0 0 0 0 0 0 0 2 0 0 0 2
Chymomyza _amoena 3 0 7 7 2 0 2 1 3 1 3 0 29|
alpina 0 0 0 0 1 0 0 0 0 0 0 0 1
ambigua 0 0 1 0 0 0 0 0 0 0 0 0 1
bifasciata 0 0 0 0 1 0 0 0 0 0 0 0 1
buschkii 0 0 3 0 0 1 1 0 3 0 0 0 8
cameraria 1 0 0 0 2 0 0 0 3 1 0 0 7
confusa 0 1 1 0 4 0 0 0 1 0 1 0 8
deflexa 0 0 3 0 30 0 0 0 1 2 0 0 36|
funebris 0 0 0 0 2 0 0 2 0 0 3 0 7
helvetica 0 1 0 0 0 0 0 0 0 0 0 0 1
histrio 1 0 0 0 5 0 0 0 0 0 1 0 7
hydei 4 0 6 1 1 0 4 0 9 3 3 1 32
Drosophila immigr.ans 20 10 70 10 35 4 38 3 36 5 26 3 260
kuntzei 12 0 4 1 18 2 5 2 12 3 25 1 85
limbata 0 0 0 3 0 0 3 0 0 0 1 2 9
sim&mel 328 296 1072 366 190 102 790 679 655 781 1659 777 7695
obscura 29 3 1" 3 78 6 1 14 12 3 4 0 164
oldenbergi 0 0 0 0 0 0 0 0 0 0 1 0 1
phalerata 78 6 26 3 115 4 53 9 24 3 70 3 394
rufifrons 7 0 17 2 43 1 3 3 7 3 4 1 91
subobscura 536 327 662 363 1052 375 294 240 1188 770 251 125 6183
suzukii 3689 1038 1120 194 1803 624 2135 319 1309 485 1176 319| 14211
testacea 91 3 43 4 129 7 47 7 40 17 105 6 499
transversa 10 1 9 1 7 1 5 2 7 1 1 1 56
tristis 40 8 17 5 131 3 10 9 25 10 7 2 267
Gitona distigma 0 1 2 1 1 2 0 0 0 2 2 2) 13|
Leucophenga maculata 0 0 0 0 1 0 0 0 0 0 0 0 1
Scaptomyza graminum 0 0 0 1 0 0 0 0 1 0 0 0 2
pallida 0 7 3 3 1 0 1 3 2 2 3 0 25
4859 1706 3104 973 3730 1148 3411 1293 3348 2103 3365 1244] 30284
rSpecies 36 17 15 22 20 29 16 18 14 23 20 21 14
Table 2b. Species spectrum and assignment to locations for the year 2019.
Year |= 2019
Genus Species EhF19 EhV19 EpF19 EpV19 MhF19 MhV19 MpF19 MpV19 GhF19 GhV19 GpF19 GpV19
albilabris 0 0 0 0 0 0 0 0 0 0 0 0 0
alboguttata 2 2 2 0 210 28 0 1 1" 12 1 2 271
Amiota basdeni 0 0 0 0 1 0 0 0 0 0 0 0 1
flavopruinosa 0 0 0 0 1 0 0 0 0 0 0 0 1
variegata 4 3 7 2 8 1 1 1 0 1 3 1 32|
Cacoxenus indagator 0 0 0 0 9 1 0 0 0 0 0 0 10|
Chymomyza amoena 2 2 2 1 15 5 0 1 3 1 2 0 34
alpina 0 0 0 0 0 0 0 0 0 0 0 0 0
ambigua 0 1 0 0 0 0 0 0 0 0 0 0 1
bifasciata 0 0 0 0 1 0 0 0 1 1 0 0 3
buschkii 0 0 2 0 0 0 2 0 1 0 1 0 6|
cameraria 1 0 2 0 2 1 2 0 0 0 0 0 8
confusa 2 0 4 0 2 2 0 0 0 0 2 0 12
deflexa 0 0 0 0 2 0 1 0 0 0 0 0 3
funebris 1 0 4 0 1 0 0 1 1 0 1 0 9
helvetica 0 0 0 0 0 0 0 0 0 0 0 0 0
histrio 0 0 0 0 5 0 0 0 1 0 0 0 6|
hydei 2 0 8 3 4 1 2 0 3 6 6 1 36
Drosophila immigrans 13 2 132 7 " 4 40 2 37 5 66 6 325
kuntzei 23 0 5 1 14 4 8 0 10 0 9 0 74
limbata 0 0 2 0 0 1 1 0 2 0 0 0 6
sim&mel 690 492 854 385 175 130 439 369 762 767 2591 629 8283
obscura 95 7 19 3 80 13 6 4 22 10 14 3 276
oldenbergi 0 0 0 0 0 0 0 0 0 0 0 0 0
phalerata 1056 7 50 4 104 1 35 0 53 1 38 4 412
rufifrons 1 0 28 0 12 1 3 0 1 0 1 0 57|
subobscura 1855 252 343 131 999 502 192 110 526 555 192 116 5773
suzukii 1968 601 937 786 2562 1094 2010 192 1043 493 1495 101] 13282
testacea 112 7 49 14 134 22 47 5 55 17 98 15 575
transversa 4 1 3 2 9 0 1 0 4 2 9 1 36
tristis 75 0 39 2 42 5 6 5 4 4 3 0 185
Gitona distigma 0 0 0 2 4 2 0 0 0 0 0 0 8
Leucophenga maculata 0 0 0 0 0 0 0 0 0 0 0 0 0
graminum 0 0 0 0 0 0 1 0 1 0 0 0 2
Scaptomyza - lida 1 8 0 0 0 0 0 2 0 0 0 2 13
4966 1385 2492 1343 4407 1828 2797 693 2541 1875 4532 881] 29740
rSpecies 36 20 13 21 14 26 19 18 12 20 14 19 12,

Species Composition in Relation to Exposure and Habitat

To examine the influence of the factors "exposure" (hillside/plain) and "habitat" (forest
edge/vineyard) on species composition, the locations were grouped into four categories:
hillside/hedgerow, hillside/vineyard, plain/hedgerow, and plain/vineyard. Each group included
three traps, located near the three villages, and a sample number corresponding to the sampling dates
(2018 and 2019). The results are shown in Figure 2.
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23,851 10,045

Slope

B D. suzukii

B D.sim&D. mel
O D. subobscura
OD. testacea

B D. phalerata
@ D. immigrans
@ D. tristis

B D. obscura
OA. alboguttata
m D. kuntzei

m D. rufifrons

O Ch. amoena

O S. pallida

Forest Edge
Vineyard

Plain
19,701 6,427

Figure 2. The occurrence of the ten most frequent species, with locations grouped for comparison based on

exposure (slope, plain) and 'habitat’ (forest edge or vineyard).

The majority of individuals, 23,851, were caught in traps located at the forest edge or windbreaks
on slopes, especially at the EhF site, where the trap was placed at the windbreak and not directly at
the forest edge as in the other two sites in this group. However, the number of species at this location
was rather low, especially in 2018. The dominant species (more than half of all individuals) was D.
suzukii, while D. subobscura was identified as the second most frequent species with fewer than half
as many individuals (Figure 2, top left). The third most frequent, the complex of the closely related
D. simulans/D. melanogaster, was again less than half as frequent as D. subobscura. Figure 2 examines
the ten most frequent species of the group (or eleven, as the species complex is treated as a unit; since
not the same species are the most frequent in all groups and two species cannot be reliably
distinguished, a total of 14 species must be considered). In the slope/forest edge group, the less
dominant species are overall similarly frequent as D. simulans/D. melanogaster. These include D.
testacea, D. phalerata, D. tristis, D. obscura, Amiota alboguttata, D. immigrans, and D. kuntzei.

In the vineyards of the Leithagebirge slopes, fewer than half as many individuals were caught
as in the forest edge traps on the slope (10,045). The most common species is again D. suzukii, but its
dominance is less pronounced than at the forest edge. D. subobscura and the species complex D.
simulans/D. melanogaster are nearly equally frequent, and the remaining species are relatively (and
also absolutely) less significant than at the forest edge; they occupy only a very small sector in the
species spectrum, as shown in Figure 2, top right. Among the ten most common species is Scaptomyza
pallida, but not D. kuntzei. Otherwise, the ten most frequent species in the hedge and vineyard
locations on the slope are the same.

At the hedge (forest edge) sites in the plain, a slightly lower total number of individuals was
found (19,701) than at those on the slope (Figure 2, bottom left). The dominant species is again D.
suzukii, now followed by D. simulans/D. melanogaster. The difference between the frequencies of the
two species or the complex is less pronounced than on the slope. D. subobscura, however, is caught
much less frequently here. The other species form a relatively broad sector, with D. testacea, D.
immigrans, and D. phalerata as still quite frequent species. D. rufifrons, equally frequent as D. kuntzei,
was not among the ten most frequent species in the other two groups (the ones on the slope).

In the vineyards of the Pannonian plain south of the Leithagebirge, the species complex D.
simulans/D. melanogaster dominated. D. suzukii was only the second most frequent species here,
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followed by D. subobscura, which was relatively more common here than in the hedges of the plain.
However, it should be noted that only 6,427 individuals were caught in the vineyards of the plain,
less than a third compared to the hedge traps. For the remaining species, as in the slope vineyards,
only a small sector remained (Figure 2, bottom right).

Tiefenbrunner & Tiefenbrunner (2017) report a significant dominance of D. subobscura in the
slope vineyards in 2015 (the plain was not sampled). According to Tiefenbrunner & Riedle-Bauer
(2021), however, D. suzukii was the most common species in the vineyards of the Leithagebirge slope
in the following year, and in 2017, D. simulans/D. melanogaster, D. suzukii, and D. subobscura were
almost equally frequent. During the study period 2018/2019, D. suzukii dominated the slope vine-
foliage traps, and thus 2018/2019 most closely resembles 2016. At the forest edge, with the exception
of 2015, D. suzukii dominated as in the present study. In 2015, D. subobscura was the most frequent
species at the forest edge. It is possible that D. suzukii was not as well-established at that time, since
the species had only recently reached the area around Eisenstadt.

A multivariate statistical method, principal component analysis (PCA), was used to analyse the
similarity of the sites with regard to the entire species spectrum, i.e. taking into account all 36 species.
The result is shown in Figure 3, separated for the two study years (i.e., the identification label includes
both the location and the study year).
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-3

Vineyard

MhF18

N PC 1

I I I T T T T I I T

-14 12 -10 -8 6 4 2 0 2 4
Figure 3. Multivariate comparison (PCA) of the species spectra of the locations. The two study years were
analyzed separately but are summarized in a single representation. For identification, the location and year are

provided.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.1538.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 June 2025 d0i:10.20944/preprints202506.1538.v1

9 of 18

The first principal component separates the location MhF (Miillendorf/slope/forest edge; MhF18
and MhF19) from all others. Some species, such as A. alboguttata, D. obscura, D. phalerata, D. rufifrons,
D. testacea, and D. tristis, were particularly frequently caught here. PC2, on the other hand, separates
the locations into three groups: MhF18 (MhF in 2018), all sampling locations in the vineyard, and a
third group consisting of all trap locations at the forest edge except for MhF18. The vineyards are
represented particularly uniformly. Exposure (slope vs. plain) does not have a clear effect on the
species spectrum, but can of course influence individual species, which will be examined using
univariate statistics for the most common species. To this purpose, a frequency comparison in
advance for the twenty most common species (with a minimum of a total of twenty individuals
caught) is presented (Figure 4).
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Figure 4. Comparison of total frequencies (separately for both study years and combined for all locations). Note
that the number of individuals is logarithmically scaled. Since the curves in this representation are almost linear,
an approximately exponentially decreasing abundance results when the species are sorted by their frequency.

D. sim & D. mel: D. simulans & D. melanogaster.

Accordingly, D. suzukii was the most common overall, followed by the species complex D.
simulans & D. melanogaster, then D. subobscura, D. testacea, D. phalerata, and D. immigrans. The results
for these species will be presented below.

e  Discussion of the most common species

With 27,493 individuals, whereby significantly more females were captured (15,921 ? versus
11,572 &), D. suzukii is the overall dominant species. The population development of this species
throughout the year is shown in Figure 5.
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Figure 5. Population development of D. suzukii throughout the year.

D. suzukii is one of the Drosophilidae species that, under suitable weather conditions, can also
fly in winter and can still be caught (Kagar et al. 2016, Shearer et al. 2016, Stephens et al. 2015). In the
first calendar week (CW 1) of 2018, 103 ? and 51 & were collected, whereas in the fourth CW only 18
? and seven & were caught. The species is therefore present in January, and some individuals are also
caught in the following weeks and months. Regular catches, however, begin only in the 25th CW
(mid-June). After that, the number of catches increases more or less rapidly depending on the weather
(in 2018 more strongly than in 2019). A very high number of individuals is reached from the 36th CW
to the 40th CW (early September to early October) during the fruit ripening period of, for example,
grapes. Afterward, the number of catches decreases, but not necessarily continuously. For example,
in 2018, there was an autumn peak around the 45th CW, and in 2019, it occurred in the 46th CW (both
early to mid-November). In 2018, the summer maximum was reached about two weeks earlier than
in 2019. In 2018, almost twice as many ? were caught as &' in the 29th CW, while in 2019, more males
than females were recorded at the same time (end of September), which likely reflects differences
between the sexes in activity rather than frequency. The cause of this difference is unknown to the
authors.

To examine the influence of habitat (forest edge versus vineyard) of the trap and exposure on
the catch numbers, the samples of all three villages and all dates on which at least one specimen of
the species was detected were considered. The statistical analysis was carried out as described in the
methods section, using only non-parametric test procedures, as the samples generally did not
originate from a normally distributed population. To verify this claim, standardized skewness and
standardized kurtosis were used, which in all cases deviated significantly from the normal
distribution.

Whether the traps were applied at the forest edge or at the hedge respectively, or in the foliage
of grapevines, has a significant impact on the catch numbers. The sign rank test for paired samples
yields p=0.0 as the significance level for the null hypothesis that the median catch numbers of hedge
minus vineyard equals zero. The sample size was 228 pairs of samples (Figure 6), and the deviation
from the null hypothesis is also clearly seen in the scatter plot. On average, 93 individuals were
caught per trap per week at the forest edge, whereas 27 were caught in the vineyard (only those dates
where the species was actually caught are considered here). Accordingly, the Wilcoxon-Mann-
Whitney test for median comparison for unpaired samples also yields p=0.0. Thus there is a
significant difference between the medians of the two samples "forest edge" and "vineyard" with
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respect to significance levels of 0.05 and 0.01. Hence, significantly more individuals were found in

the forest edge traps.
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Figure 6. Scatter plots of the influence of habitat and exposure on D. suzukii. The number of individuals per

sample is shown.

Although it can be seen in Figure 6 that the result regarding exposure is less clear than with
respect to habitat, the difference is still notable: On the slope, an average of 73 individuals per sample
are found, while in the plain only 47. The W-test for median comparison for unpaired samples yields
p=0.00003, so the null hypothesis, which states that the medians are equal, must of course be rejected
for a significance level of 0.05. The result is even more pronounced for the sign rank test for paired
samples (p=0.0). Therefore, D. suzukii prefers the Leithagebirge slope over the plain.

Additionally, a Kruskal-Wallis test was used to examine if there are frequency differences
related to the village. In the east, near St. Georgen, significantly fewer individuals were caught in the
traps (sample size: 152 per location) than in the areas around Eisenstadt or Miillendorf (42 versus 70
and 67 as averages, respectively).

The next most common species are the complex D. simulans & D. melanogaster (15,978
individuals). The females of these two species cannot be reliably separated morphologically or
eidonomically, although only the D. melanogaster individuals (5 and ?) display a specific dorsal
marking (on the scutum, a part of the mesonotum), the “crown” (Figure 7). However, this is only

clearly visible in the autumn.
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Figure 7. The "crown" marking on the scutum of D. melanogaster. It is not found in D. simulans.

7,697 female individuals of both species were caught in the study years, while 3,170 D. simulans
males and 5,111 D. melanogaster males were captured. Thus, significantly more males were attracted
to the traps, and D. melanogaster is likely to be more common than D. simulans. A representation of
the population development throughout the year is shown in Figure 8.
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Figure 8. Population development of the D. simulans & D. melanogaster species complex throughout the year for
2018 and 2019. For the males, the yellow and blue curves represent the cumulative yearly development (D.

melanogaster plus D. simulans).

The winter activity of the adults of these two species is significantly lower than that of D. suzukii,
but one individual was caught in January, and a few more in March. Starting from week 25 (2018) or
week 26 (2019), that is, after mid-June, the population begins to build up. However, for a long time, only
relatively few individuals are present, and it is not until week 36 (early September) that the numbers
significantly increase. The peak is reached later than for D. suzukii, depending on the year, between
week 41 and week 45 (early October to early November). Figure 8 shows that the populations of both
species develop synchronously, although this can only be stated with certainty for the males.
Significantly more males than females were caught only in 2019 around week 43 (late October).

In this in Europe sympatric species complex, the males were analyzed separately by species to
investigate how the main influencing factors affect them, while the females were necessarily
considered together. On average, 10.4 male individuals of D. simulans were found in the forest edge
traps, and 5.6 in the vineyards (sample size: 198). The difference is significant (p=0.0 for the sign rank
test for paired samples and p=0.004 for the W-test for independent samples).

In contrast to D. simulans, D. melanogaster shows exceptionally high numbers of individuals
(Figure 9), but only in the forest edge and hedge traps. With a sample size of 270, five samples contain
more than 150 individuals, and one as many as 454 specimens. On average, 12.4 individuals were
caught in the forest edge traps, while only 6.4 individuals were caught in the vineyard leaf wall ones.
The difference is also significant for this species (p=0.00007 for the sign rank test for paired samples
and p=0.01 for the W-test for independent samples). Thus males of both species are more frequently
caught in hedge and forest edge traps.
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Figure 9. Scatterplots showing the influence of habitat on the males of D. simulans and D. melanogaster.

For the investigation of the habitat effect on the females, a sample size of 282 was available. On
average, 16.9 specimens were found in the forest edge traps, compared to 10.3 in the vineyard foliage
traps. The difference is highly significant (sign rank test: p=0.0; W-test: p=0.009). Exceptionally high
numbers of individuals can only be observed in the hedge or forest edge: in two cases, more than 200
specimens were caught. In conclusion, both species prefer the forest edge over the vineyard foliage.

The effect of exposure on both species is almost as pronounced as the habitat effect. On average,
5.8 D. simulans males were caught in the slope traps, and significantly more, 10.2, in the plain ones.
The trend is opposite to that of D. suzukii, which was found more often in the hillside traps. The
difference is significant (sign rank test: p=0.00001; W-test: p=0.0002). For D. melanogaster, the
difference seems to be even greater — 5.2 individuals in the slope versus an average of 13.7 in the plain
— but there are some samples with extremely high numbers, which affects the visibility of the
difference and partly impacts the statistics.

The Wilcoxon signed-rank test for paired samples calculates p=0.0, but the W-test for
independent samples yields a p-value of 0.003, which is relatively high compared to the one for D.
simulans.

Even for the females of the species complex, the impact of exposure on the capture numbers is
very pronounced. On average, ten individuals per trap in the slope sites contrast with 17.3 in the flat
sites. The difference is highly significant according to the signed-rank test (p=0.0001), but not
according to the W-test (p=0.12). However, the test for paired samples has much more statistical
power here, so we will follow the signed-rank test in the conclusion. Therefore, the species complex
clearly prefers the flat sites, and this tendency is likely why it dominates the vineyards in the plain
(Figure 2), although it prefers hedgerows over the vineyard.

The site (village) comparison (132 samples with more than zero specimen for D. simulans &, 180
for D. melanogaster &, and 188 for females of both species) shows a significant difference for males
(Kruskal-Wallis test p=0.0005 for D. simulans and p=0.007 for D. melanogaster), but not for females
(Kruskal-Wallis test p=0.096). D. simulans ¢ are caught less frequently in Miillendorf (5.3 vs. more
than 9), while D. melanogaster & are particularly abundant in the traps at St. Georgen (18.4 vs. 6.2 in
Eisenstadt and 3.8 in Miillendorf). Thus, there is an east-west gradient. This also holds for the females
of the complex, but not to a statistically significant extent.

In contrast to the previously discussed species, D. subobscura is not a typical autum species and
has a very dark habitus, which enables rapid warming under direct sunlight. A total of 11,956
individuals were caught, including 6,534 ? and 5,432 &. Females are thus more common in the
habitats or are more easily attracted by the trapping fluid. As shown in Figure 10, the species is
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frequently encountered throughout the year, with abrupt peaks suggesting that many more
individuals are likely present in the habitats, but they are generally harder to attract to the traps
compared to the species discussed earlier.
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Figure 10. Population development of D. subobscura over the course of the year (with an interruption in collection

for a few weeks in late winter 2018 and for the whole winter in 2019).

Already in the first week of 2018, a total of 314 ? and 290 & were caught, marking the highest
catch number for the year and providing evidence of a remarkable population density and activity
for the season. From week 17 to week 22 (end of April to end of May), many individuals were also
caught. However, from early July to the end of August (week 27 to week 35), a low catch was
observed in 2018. In contrast, in 2019, there was a peak in week 14 (early April), which only involved
the males, and a maximum was reached in week 26 (end of June) for both sexes, with females being
caught much more frequently. This maximum exceeded anything observed in 2018. A noticeable
summer minimum was not recorded in 2019.

The number of individuals per sample varied greatly for this species, ranging from zero to 1,007
individuals in the hedge and up to 137 in the vineyard foliage. The difference between the forest edge
and vineyard was generally very large. The sign rank test returned a p-value of 0.0 (sample size: 438),
and the W-test returned a p-value of 0.000003. On average, a forest edge sample contained 18.5
individuals, while a vineyard sample contained only 8.8. It can be inferred that the hedge or forest
edge is the preferred habitat.

Exposition also has an extremely large impact on the frequency of this Drosophila species in the
traps. On average, 20.4 individuals were caught in slope traps (maximum: 1,007), but only 6.9 (about
one-third) in the traps on the plain (maximum: 90). The difference is statistically highly significant,
with both test procedures (whether considering the samples as paired or independent) returning
p=0.0.

There is no significant difference between the locations (Kruskal-Wallis test p=0.3), with average
frequencies ranging from 12.75 individuals in St. Georgen to 15.3 in Eisenstadt.

Less than one-tenth of the individuals of the previously discussed species were captured from
D. testacea (1,074), a species that is highly diverse in terms of body color and pattern. 726 ? compared
to a catch number of 348 & were recorded. Females are therefore captured significantly more often.
The species was not detected in winter, but it became somewhat regular from calendar week 12 (mid-
March). It is more frequently caught from CW 22 (end of May) on. The population reaches its
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maximum in CW 26 (2019) or calendar week 30 (2018), i.e., from the end of June to the end of July.
After CW 36 (early September), its capture frequency declines again, but it remains detectable until
CW 47 (mid-November). No further data is available, as sampling was discontinued after this point.

On average, 2.8 individuals were found in forest edge traps (maximum: 51), and 0.37 in vineyard
foliage ones (maximum: 13). A total of 336 samples were available for analysis. The difference in catch
numbers as a result of the habitat is highly significant. Both tests return p=0.0. This species prefers
the forest or its edge.

The effect of exposure on the catch numbers is noticeable in D. festacea, but not very large. On
average, 1.9 individuals were caught in slope traps (maximum: 51), while only 1.3 were caught in the
plain traps (maximum: 18). The difference is significant according to the sign rank test (p=0.02), but
not according to the W-test (p=0.13), which uses less information and is less informative in this case.

No significant difference was found for the sites (Kruskal-Wallis test p=0.3).

806 individuals of D. phalerata were found over two years, with 428 ? and 378 &. Females are
slightly more frequent, not necessarily in the habitats, but in the traps. The species has a distinctive
pattern on the abdomen and can therefore be confused with only a few other species based on this
feature alone. Although one specimen was caught in week 1 of 2018, it is not a winter species. It
wasn’t until week 14 (early April) that individuals were regularly detected in the traps. In both years,
the highest catches occurred in CW 26 (end of June). The catch numbers remained high until calendar
week 31 (end of July), but in late summer and autumn, they often fell below ten specimens per
sample. However, a few individuals were still caught until the end of the study in CW 47 (mid-
November).

D. phalerata is very rarely caught in vineyard traps: While on the forest edge or in the hedges, an
average of 2.3 individuals per sample was recorded, in the vineyard foliage traps it was only 0.17
(sample size: 324). The sign rank test for paired samples returns p=0.0, as does the W-test for
independent samples. The difference is also evident in the maximum catches. Up to 70 individuals
were caught in forest edge samples, while in vineyard samples, a maximum of five specimens was
caught (Figure 11).

In contrast to the clear difference regarding habitat, no significant difference between the two
exposures "slope" and "plain" was found at the 95% confidence level. On the slope, an average of 1.6
(maximum 70), and on the plain, 0.9 (maximum 22) individuals of this species were caught per
sample. The sign rank test returns p=0.06, and the W-test p=0.13. There may still be some influence of
exposure on the species, but it is minor, and the catch numbers are naturally much lower compared
to, for example, D. suzukii.

According to the Kruskal-Wallis test, the trap site has no significant influence on the catch
numbers for this species (p=0.79).
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Figure 11. Scatterplots showing the influence of habitat and exposure on D. phalerata.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.1538.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 June 2025 d0i:10.20944/preprints202506.1538.v1

16 of 18

A total of 585 D. immigrans individuals were collected, with 311 ? and 274 &. As with most
species, the female catches predominate. The females have a prominent ovipositor, which can be
confused with that of D. suzukii females and therefore, there is a possibility of misidentification. No
individuals of this species were caught in winter; detection began only from the 15th CW (early to
mid-April). Two population peaks were observed throughout the year, the first appearing abruptly
in both years in the 26th CW (end of June). The catch numbers remained relatively high until the 30th
CW (end of July). Afterward, it took until the 39th CW (2018; end of September) or the 40th CW (2019;
early October) for the catch numbers to rise again. They remained high until the end of the study in
mid-November. In both years, the autumn peak was more pronounced than the early summer peak
(2018: 35 vs. 29; 2019: 80 vs. 16 individuals).

This species clearly prefers the forest edge or hedge over the vine foliage. On average, 1.9
individuals (maximum: 41) were caught per sample in forest edge traps, while only 0.2 individuals
(maximum: 7) were caught in vineyard ones. The sign-rank test results in a p-value of 0.0, as does the
W-test (sample size: 276).

The difference between slope and plain is much more pronounced than for the previous species,
with D. immigrans being the third species after D. simulans and D. melanogaster that prefers the plain.
There, an average of 1.5 individuals (maximum: 41) per trap were found, while only 0.7 (maximum:
12) were found on the Leithagebirge slope. Both test methods used here reject the null hypothesis at
the 95% confidence level (sign-rank test p=0.0002; Wilcoxon-Mann-Whitney-W-test: p=0.01).

-5 5 15 25 35 45 -4 -31 -21 -1 -1 9 19
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Figure 12. Scatterplots showing the influence of habitat and exposure on D. immigrans.

The affiliation to the sites (villages) has no significant influence on the catch numbers (Kruskal-
Wallis test p = 0.76).
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