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Abstract

Expansion of Erythromma lindenii (Selys, 1840) (Odonata: Coenagrionidae) is still ongo-
ing: settlement of Central Europe by various migratory routes — The Erythromma linde-
nii population in the Czech Republic was only recently established; the species was not
present before 2009. In 2020, Erythromma lindenii was identified for the first time in two
places in the Moravia territory (eastern country of the Czech Republic) surrounding the
town of Znojmo (Znojmo district). In 2021-2022, a stable population was discovered in the
area. In 2022, another expansion of the species to the Lanzhot village are was observed at
the confluence of the Dyje/Thaya and Kyjovka Rivers (the Bfeclav district), at the March/
Morava river near Hohenau an der March (the Ganserndorf district) in Austria, and in two
places near the Moravsky Svaty Jan village in Slovakia (the Senica district, found as a new
species in Slovakia). These data confirm the quick north-eastwards expansion of the spe-
cies range in Central Europe in the area of the Pannonian biogeographical province, i.e., by
the Danube-Pannonian current. This expansion contrasts with the expansion to the terri-
tory of Bohemia, which was settled by the Lusatian migration flow in 2009.

Abstrakt

Expanze druhu Erythromma lindenii (Selys, 1840) (Odonata: Coenagrionidae) stale pro-
biha: osidlovani stfedni Evropy rdiznymi migra¢nimi proudy — Vyskyt Erythromma lindenii
byl zjisten poprvé v roce 2009 v severnich Cechach. V roce 2020 byl zjisten vyskyt E. lindenii
na dvou mistech na Gzemi Moravy (vychod CR) v okoli mésta Znojma (okres Znojmo). V
letech 2021-2022 byla v oblasti zjisténa stabilni populace. V roce 2022 bylo pozorovano
dalsi rozsifeni druhu k obci Lanzhot na soutoku feky Dyje a Kyjovky (okres Breclav), na
fece March/Morava u Hohenau an der March (okres Ganserndorf) v Rakousku, a na dvou
mistech u obce Moravsky Svaty Jan na Slovensku (okres Senica, jako novy druh zjistény pro
uzemi Slovenska). Tyto Udaje potvrzuji rychlé severovychodni rozsiteni druhu ve stfedni
Evropé v oblasti panonské biogeografické provincie, tedy dunajsko-panonskym migraénim
proudem. Tato expanze kontrastuje s expanzi na Gzemi Cech, které bylo v roce 2009 osid-
leno luzickym migra¢nim proudem.
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Zusammenfassung

Die Ausbreitung von Erythromma lindenii (Selys, 1840) (Odonata: Coenagrionidae) ist
noch im Gange: Besiedlung Mitteleuropas durch verschiedene Migrationsrouten — Das
Vorkommen von Erythromma lindenii wurde erstmals fiir die Tschechische Republik 2009 in
Nordbdhmen nachgewiesen. Im Jahr 2020 konnte das Vorkommen von E. lindenii an zwei
Orten in Méahren (6stlicher Teil der Tschechischen Republik) in der Ndhe der Stadt Znojmo
(Bezirk Znojmo) nachgewiesen werden. Im Zeitraum 2021-2022 wurde in der Region eine
stabile Population festgestellt. 2022 konnte die weitere Ausbreitung der Art nach Lanzhot
am Zusammenfluss der Flisse Thaya und Kyjovka (Bezirk Bfeclav), an die March/Morava bei
Hohenau an der March (Bezirk Ganserndorf) in Osterreich und an zwei Orte in der Nahe des
Dorfes Moravsky Svaty Jan in der Slowakei (Bezirk Senica, als neue Art auf fur die Slowa-
kei) beobachtet werden. Diese Daten bestatigen die schnelle nordostliche Ausbreitung der
Art in Mitteleuropa im Bereich der pannonischen biogeografischen Provinz, d.h. tber die
donau-pannonische Migrationsroute. Diese Ausdehnung steht im Kontrast zur Ausbreitung
auf das Gebiet Bbhmens, das 2009 durch die Lausitzer Migrationsroute besiedelt wurde.

Introduction

Over the last 30 years, the reported composition of the Odonata fauna in Central
Europe has changed significantly, partly due to intensive research over the last
25 years (RAAB et al. 2006; DOLNY et al. 2007; BERNARD et al. 2009; STAUFER &
HoLuSa 2010) but also due to changes in the fauna composition and the range
expansion of certain dragonfly species (DaviD 2000; HoLusa 2009; CERNY et al.
2014, DAVID & SAcHA 2019).

The Czech Republic occupies a very specific position in Central Europe with
respect to its biogeographical characteristics, as four biogeographical provinces
meet here: the Hercynian, West Carpathian, Polonian, and North Pannonian prov-
inces (CULEK 1996). This unique quality contributes to a diverse composition of
the dragonfly fauna and diversity in the geomorphological configuration of ar-
eas, resulting in different animal migration patterns, especially for insects. The
unique characteristics of this played an important role in the postglacial migra-
tion of communities into Central Europe (ScHMID 1939, 1949), and a number of
dragonfly species took advantage of the geomorphological configuration to diver-
sify their settlement in Central Europe (cf. BERNAD & DARAZ 2015).

Erythromma lindenii is a Western-Mediterranean faunistic element with West-
european-Holomediterrean occurrence. The geographical range of the species
includes the entire Mediterranean area, including the Maghreb, with a centre of
origin in western Europe. The species is common on the Iberian Peninsula and
in Italy, France, and western Germany and limited to lowlands and coastal areas
in the eastern Mediterranean and throughout the Balkan Peninsula and Turkey.
The easternmost range of the insect includes Crimean Peninsula (KHROKALO &
Prokopov 2009; KHROKALO et al. 2009)), the Caucasus Mountains, and West and
South-west Iran (HEIDARI & DUMONT 2002; SCHNEIDER & IKEMEYER 2019). The
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northernmost European range includes northern Germany and Poland (BERNARD
etal. 2009; BROCKHAUS etal. 2015). Isolated encounters have long been reported in
Brandenburg (mid-eastern Germany) and the adjacent portion of western Poland
(BEUTLER 1985; BERNARD et al. 2009). From this area, the species likely spread to
northern and Central Bohemia (Czech Republic) (WALDHAUSER 2009). Within the
last several years, its range has expanded northwards and eastwards (DIJKSTRA &
LEWINGTON 2006; DE KNIJF & ANSELIN 2010; GOFFART 2010; ZINkow 2022), and
expansion into Belgium, the Netherlands, and northern Germany has been report-
ed (DE KNIJF et al. 2006; HUNGER et al. 2006, BouwMAN et al. 2008). With this
expansion, the gap between the main range and the “Brandenburg-polish” island
is shrinking (BERNARD et al. 2009). The gradual colonisation of this area has been
described by GUNTHER et al. (2021), who reported that the species has scattered
throughout Saxony in Germany. This expansion was confirmed by a recent finding
in southeastern Hungary in the region of Kis-Sarrét (MORA & FARKAS 2015).

Erythromma lindenii was identified for the first time in the country of Bohemia
(western part of the Czech Republic) in July 2009 in the Kunratice u Cvikova local-
ity (WALDHAUSER 2009). To date, the insect’s range has expanded in a southwest-
ern direction, including 37 localities in 25 squares of grid mapping in Bohemia
(AOPK CR 2021).

Moravia is a historic country that forms the eastern half of the Czech Republic
(Fig. 4). From a biogeographical perspective, Moravia differs significantly from
the region of Bohemia, primarily in the existence of the Pannonian lowlands in
the south and the Polish lowlands in the north. The border between Bohemia and
Moravia is formed by the forested massif of the Ceskomoravska vrchovina hills (the
highest point of the Devét skal hill is 836 m a.s.l.). Many Submediterranean plants
and animals particularly inhabit the area of the North Pannonian region. Despite the
presence of suitable habitats and the expansion of E. lindenii, the species has not yet
been observed in Moravia (DOLNY et al. 2007) or in Slovakia (Baldzs pers. comm.).

The paper provides documentation of the continued expansion of E. lindenii
in Central Europe, as revealed by a detailed survey of the dragonfly fauna in the
northern part of the Pannonian Plain in 2020-2022. Furthermore, we document
the rate of advance and confirm the presence of stable populations, including a
discussion of the migratory flows of this species.

Study area and methods

[ began intensive surveys of dragonflies in the greater area of the National Park of
Podyji in 2018, which is located in the southwestern part of Moravia and borders
Austria, as well as in the area of the Lanzhot village at the confluence of the riv-
ers Dyje (Thaya) and Morava (March) and the adjacent Zahorie region in Slova-
kia. This is a continuation of previous surveys, the first stage of which took place
in Podyji National Park in 1999-2005 (HoLuSa 2007), in the Lanzhot region in
1993-1996 (HoLu$A 1997), and in Slovakia in Zahorie in 1927-1998 (UviRra et al.
1999) and 1993-1996 (HoLuSA 1996).
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The Podyji National Park is primarily a canyon of the river Dyje with wooded
slopes; however, in the vicinity of the National Park, there are many aquatic habi-
tats, including ditches, streams, ponds, clay pits, dam reservoirs, flooded quar-
ries, and marches. The Vrbovecky rybnik pond and clay pit near Pfimétice village
were evaluated as they are places with the greatest diversity of dragonfly species
(HoLu$a 2007). The surroundings of Lanzhot village represent the alluvial ar-
eas of the lower part of the Dyje/Thaya River and the lower part of the Morava/
March River, as well as the confluence of the Kyjovka and Dyje Rivers and the
border of the confluence of the Dyje/Thaya and Morava/March Rivers. Many wa-
ter biotopes exist in the area in addition to the course of the Dyje, Morava, and
Kyjovka rivers, including many oxbows, drainage channels, flooded gravel pits,
and swamps. The alluvium of the March River continues southwards along the
border of Slovakia and Austria, and forms a significant part of the Zahorie region
in Slovakia.

All localities are situated on the territory of the Pannonian Plain, the Podyji Na-
tional Park on the northeastern edge of this plain, the region surrounding Lanzhot
village, the region surrounding Hohenau an der March and Moravsky Svity Jan
village in the Zahorie region within the plain.

The maps were processed in ESRI 2020 ArcGIS ArcMap 10.8 software.

Results

Erythromma lindenii was identified at five localities in the North Pannonian bio-
geographical subprovince within the greater “tri-border” Czech Republic/Aus-
tria/Slovakia. Its presence was also recorded in two localities in the region of the
Znojmo district (in surroundings of the National Park of Podyji), at one locality in
the Lanzhot village region in the Czech Republic, one locality in the region of Ho-
henau an der March region in Austria, and two localities in the region of Moravsky
Svaty Jan village in Slovakia.
1.Moravia, Znojmo district, Pfimétice village - Natural monument Kaolinka,
(48.888105° N, 16.052000° E, 308 m a.s.l,, grid mapping code 7162). 16.vii.
2020: 58, 29, coll. 13; 23.vii.2020: 73, 39 (Fig. 1), coll. 24, 29; 11.viii.2020:
154, 59, coll. 248, 29; 06.vii.2021: 64, 9; 06.viii.2021: 53, 39; 23.vi.2022:
64, 59, coll. 33, 39; 18.vii.2022: 34, 19. At this location, tandems and egg-
laying were observed throughout the day. The habitat in Primétice-“Kaolinka”
includes a clay pit, where Kaolin mining finished in the 1970s. Today, the area
persists as a flooded pit measuring 225 x 100 m with a maximum depth of ap-
proximately 3.5 m. The lake has slightly turbid water and is mostly shallow,
with slightly sloping shores formed by kaolin. On the banks, there is a sparse
stand of common reed Phragmites australis. On the shore, rushes (Juncus sp.)
can be found. In the water column, rich stands of rigid hornwort Ceratophyl-
lum demersum and Eurasian watermilfoil Myriophyllum spicatum are observed

(Fig. 2).
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Figure 1. An egg-laying pair of Erythromma lindenii at Pfimétice village, Znojmo district,
Moravia, Czech Republic, 11-viii-2021. — Abbildung 1: Ein eierlegendes Paar von Erythromma
lindenii bei Pfimétice, Bezirk Znaim, Mahren, Tschechische Republik, 11.08.2021. Photo: OH

Figure 2. Habitat of Erythromma lindenii at Pfimétice village, Moravia, Czech Republic, 11-
-viii-2020. — Abbildung 2: Habitat von Erythromma lindenii bei Pfimétice, Mahren, Tsche-
chische Republik, 11.08.2020. Photo: OH
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2.Moravia, Znojmo district, Vrbovec village - Natural Monument Vrbovecky
rybnik pond (48.791402° N, 16.137852° E, 209 m a.s.l, grid mapping code
7262). 23.vii.2020: 1. All document specimens in coll. 0. Holu$a. In 2021,
no insects were observed. The Vrbovecky rybnik pond represents a smaller
shallow pond; the pond did not have water in 2019, and in 2020 there was a
maximum water column of 40 cm. Along the banks of the pond there is a wide
strip of P. australis and occasional “islands” of broadleaf cattail Typha latifolia.
At the dam, smaller stands of European bur-reed Sparganium emersum exist,
and sparse stands of three-lobe beggarticks Bidens tripartite exist in the water
column.

3.Moravia, Breclav district, Lanzhot village - confluence of Kyjovka River and
Dyje River (48.649261° N, 16.921136° E, 154 m a.s.l,, grid mapping code
7367).16.vii.2020: 23, 29, coll. 1J (Fig. 3). The habitat includes a confluence
of slow-flowing rivers (width 10-15 m), with a maximum depth of approxi-
mately 2 m; the water is slightly turbid. The rivers possess steep clay banks
and are sometimes shallow with sandy deposits. Near the shore can some-

Figure 3. Habitat of Erythromma lindenii in the March/Morava River near Hohenau an
der March, Ganserdorf district, Austria, 09-vii-2022. — Abbildung 3: Habitat von Erythrom-
ma lindenii an der March nahe Hohenau an der March, Bezirk Ganserdorf, Osterreich,

09.07.2022. Photo: OH
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times be found floating and crisp-leaved pondweed Potamogeton natans and
P, crispus. On the banks, there are dense stands of common nettle Urtica dioica,
reed canary grass Phalaris arundinacea, and European dewberry Rubus cae-
sius. Sedges Carex sp. can be identified at the foot of the bank, as can a sparse
stand of S. emersum.

4. Austria, Ganserndorf district, Hohenau a der March village - March/Morava
river (48.601636° N, 16.933202° E, 150 m a.s.l.). 09.vii.2022: 14. The habitat
includes the lower part of the river with slowly flowing water, with a maximum
depth of 1.5 m. The banks are clay, with sandy deposits at the base, and the bank
is occasionally reinforced with stones. Near the shore, P. crispus and sparse
stands of S. emersum are sometimes present in the water.

5.Slovakia, Senica district, Moravsky Svéaty Jan village - Morava River
(48.608736° N, 16.942591° E, 150 m a.s.l.), 9.VI1.2022, 15/1%, coll. 15. Same
characters as locality No. 4.

6.Slovakia, Senica district, Moravsky Svaty Jan village - Malolevarska kanal canal
(48.594280° N, 16.971731° E, 150 m a.s.l.). 16.vii.2022, 13. The habitat is an
artificial canal with slow flowing, but clean water. The banks are steep with a
strip of S. emersum and sometimes narrow strips of T. latifolia or P communis.
Single plants of S. emersum are very common on the water surface, as are very
often small groups of P. natans.

In Primétice in the Znojmo district, where the insect was first detected, a stable
population was identified each year from 2020 to 2022. Erythromma lindenii
individuals were found in the coastal areas, especially on the bases of P. aus-
tralis stalks, and a larger number (all in tandems) were observed flying above
the free water surface, especially in places where Myriophyllum spicatum flow-
ers protruded from the water, where females laid eggs (Fig. 1). Tandems were
observed laying eggs on Potamogeton and Ceratophyllum stands. Other species
of dragonflies were also observed at the Primétice site: E. viridulum, Platycne-
mis pennipes, Coenagrion puella, C. scitulum, Orthetrum cancellatum, and Croco-
themis erythraea were the dominant species, but individual Anax imperator,
0. albistylum, Ischnura elegans, I. pumilio, and Enallagma cyathigerum were also
observed.

At other localities, the species was found in lower numbers, in tandems or as
single specimens. At the confluence of the Dyje/Thaya and Kyjovka rivers, Ho-
henau an der March, and the Morava river in Moravsky Svaty, many species of
dragonflies were identified: Calopteryx splendens, E. viridulum, and P. pennipes
were the dominant species, and 1. elegans, Gomphus flavipes, and O. cancella-
tum were identified as individuals. At the Malolevarsky kanal canal in Moravsky
Svéty Jan, groups of C. splendens, E. viridulum, I. elegans, and P. pennipes were
noted, and individual Anax imperator, A. parthenope, Sympetrum sanguineum,
S. pedemontanum, S. meridionale, O. coerulescens, and O. cancellatum were also
identified.
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Discussion and conclusion

Erythromma lindenii populations in the area of the North-Pannonian lowlands on
the Czech Republic/Slovakia/Austria border were identified in different habitats
(standing water in flooded clay deposits, slow flowing waters of large lowland
rivers, and slow flowing channels with rich vegetation), which reflects the eco-
logical variation of the species. The most abundant and stable population is found
in standing water with rich submerged vegetation. The species inhabits a wide
range of types of water, including flowing water like larger streams, rivers, and
canals, as well as stagnant waters, like blind river branches, lakes, ponds, gravel
pits, and sand pits. Most commonly, the species prefers water that is open, un-
shaded, clean, and rich in oxygen. Thus, the species can be found in a large variety
of natural and artificial running and standing water, typically characterised by a
slow current and with dense aquatic vegetation (HUNGER 1998; DIJKSTRA & LEw-
INGTON 2006; KocH 2010; KALKMAN & DYATLOVA 2015). In Poland, the species can
be found in numerous locations, where it represents a stenotopic species inhabit-
ing large lakes with rich aquatic submerged vegetation, including M. spicatum and
C. demersum (BERNARD et al. 2009). In Germany, the species inhabits stagnant as
well as slow-flowing waters, including habitats with rich deposits of submerged
vegetation, e.g., Myriophyllum sp., Ceratophyllum sp., and Elodea, and Potamoge-
ton sp. on the water’s surface. Numerous populations are found where the surface
water evaporates in summer and, conversely, the water freezes completely in the
winter (BROCKHAUS et al. 2015). In Austria, the species inhabits artificial lakes
and gravel and sand pits with larger bodies of water. However, there must be sub-
merged vegetation at least at the edge (RAAB et al. 2006). Erythromma lindenii
exhibits the ability to quickly colonise artificial water bodies, i.e., gravel pits, or
channels (cf. HUNGER 1998; MULLER 2004; Jovi¢ 2009; Jovi¢ et al. 2009). This type
of habitat, with the aforementioned vegetation, can be found in the National Park
of Podyji and its protective zone in southern Moravia in the Czech Republic. How-
ever, because the area has long been a site of odonatological research (HoLusa
2007), it is certain that the species E. lindenii was not found here previously. All
localities have been intensively studied for more than 20 years, and the discov-
ery of E. lindenii in 2020 represents confirmation of expansion. The expansion of
the species has been widely described in recent years (cf. DJKSTRA & LEWINGTON
2006; DE KNIJF & ANSELIN 2010; GOFFART 2010; GUNTHER et al. 2021). The near-
est known localities are in Austria, approximately 190 km from Kendl village and
170 km from Illmitz near Lake Neusiedl (RAAB et al. 2006). It is likely that the
recent discovery of E. lindenii represents an extension of the species’ range from
these known localities. Spread of the species from known localities in Bohemia
is very unlikely, even if the sites are located at the same distance as the Austrian
localities (i.e., 190 km).

With respect to altitude, the identified localities are similar to those in Austria
(RaaB et al. 2006), in Bavaria (KUHN 1998), and in Bohemia (WALDHAUSER 2009;
AOPK CR 2022).
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The range of the species in the Czech Republic, particularly Bohemia, has been
growing since 2009, when the species was noted in northern Bohemia (Kunratice
village) on the border with Germany. In 2011, the species was reported in the upper
reaches of the Ploucnice River, in the Vltava River valley below Prague, and in the
village of Détan in western Bohemia. In 2013, there were sightings along the Be-
rounka River near Prague, and in 2020 the species was found along the Ohte River,
at dozens of sites along the Berounka River, and in the upper Elbe River near Pardu-
bice. In the last year, the species has been found at dozens of sites along the lower
Elbe River and the upper Ohie River and has also spread along the Sdzava River to
the southeast and south into southern Bohemia, the Otava River and its tributary
Blanice River to the village of Vodiiany. In Bohemia, the south, southwestern and
southeastern direction of spread is noticeable, i.e., the gradual occupation of the
‘Czech basin’ along the major rivers: the Elbe, Ohte, and Vltava and its tributaries,
including the Berounka, Sdzava, and Otava (the tributary of Blanice River) (Fig. 3).
Expansion of E. lindenii into Moravia across the Ceskomoravska vrchovina High-
lands is not an impossibility, but for species of suborder Zygoptera, the massif of
these Highlands may be a barrier. Reports of the migration of insect species across
the Ceskomoravska vrchovina Highlands demonstrates that the spread follows
the direction of Pannonian-Hercynian migration, i.e., from south to northeast.
This migration has been recorded for many butterfly species: Agriphila tolli (Lep-
idoptera: Crambidae; ELSNER & ELSNER 1985; LASTOVKA & MAREK 2002; LISKA
et al. 2015), Caloptilia honouratella (Lepidoptera: Gracillariidae; SumpICH et al.
2009; LISKA et al. 2018), Ephestia woodiella (Lepidoptera: Pyralidae; LASTOVKA &
LASTOVKA 2019; LI1SKA et al. 2018), Phragmataecia castaneae (Lepidoptera: Cos-
sidae; SumPICH et al. 2011), and Mantis religiosa (Mantodea; MUCKSTEIN 2016).
The opposite direction of the Hercynian-Pannonian migration is not yet known.
The colonisation of Moravia by E. lindenii likely represents a spread from Aus-
trian localities, i.e., by the Moravian-Pannonian stream of expansion. Due to the
species ecology, its known area of expansion, and the availability of suitable habi-
tats in the territory of Moravia the species has been able to spread further north,
(especially along the Morava River to the foot of the Nizky Jesenik hills in Northern
Moravia) through the typical migration corridor for animals, i.e., the Moravian Gate,
which has been described for other insect species (SIERKA et al. 2008; BANASZAK et
al. 2017). Itis not impossible that in the future the species may be found in the low-
land area around the upper course of the Odra River in northern Moravia and Sile-
sia (Fig. 4). However, the wider Pannonian stream of expansion is likely to spread
the species into western and southern Slovakia in the near future, particularly the
regions of Podunajska niZina lowland, a northern region of the Pannonian plain.
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