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Vilenica, M., Katar, M., Koren, T. & Stih Koren, A.: Dragonfly fauna (Insecta: Odonata) of Papuk
Nature Park, Croatia. Nat. Croat., Vol. 31, No. 2, 351-364, 2022, Zagreb.

Odonata is an amphibious insect order constituting an important link between aquatic and terres-
trial habitats. Members of the group are widely used as bioindicators of freshwater habitat health. The
Odonata fauna of a total of 44 freshwater habitats in the wider area of Papuk Nature Park was inves-
tigated in the spring and summer of 2017 and 2019. Twenty-three lotic and 21 lentic habitats were in-
cluded in the study. We recorded 39 Odonata species, witha higher species richness (i.e. 35) docu-
mented at lentic than at lotic habitats (i.e. 16 species). Calopteryx virgo was the most widespread species
in the area, while Aeshna affinis, Epitheca bimaculata, and Sympetrum meridionale were the rarest. The
most frequently recorded species at lentic sites were Platycnemis pennipes, Coenagrion puella, and Ischnu-
ra elegans, while Calopteryx virgo, Onychogomphus forcipatus, and Cordulegaster bidenatata were the most
common species in lotic habitats. Although we recorded numerous anthropogenic pressures in fresh-
water habitats in the Park, 11 recorded species are of conservation concern, which highlights the con-
servation value of aquatic habitats in the study area. Our results represent the first Odonata checklist
of Papuk Nature Park, and as such, they are an important contribution to our knowledge of the Odo-
nata fauna and species distribution in Croatia.

Key words: freshwater habitats, protected area, anthropogenic pressures, threatened species, Odo-
nata

Vilenica, M., Katar, M., Koren, T. & Stih Koren, A.: Fauna vretenaca (Insecta: Odonata) Parka
prirode Papuk, Hrvatska. Nat. Croat., Vol. 31, No. 2, 351-364, 2022, Zagreb.

Odonata (vretenca) su amfibijski red kukaca koji ¢ini vaznu poveznicu izmedu vodenih i kopnenih
staniSta. Vretenca se Cesto koriste kao bioindikatori zdravlja slatkovodnih stanista. Tijekom proljeca i
ljeta 2017. i 2019. istrazivana je fauna vretenaca na ukupno 44 slatkovodna stanista na Sirem podrudju
Parka prirode Papuk. U istrazivanje su ukljucena 23 loticka i 21 lenticko staniste. ZabiljeZili smo 29 vrsta
vretenaca, s ve¢om brojnos¢u vrsta na lentickim (35) nego na lotickim stanistima (16). Najrasirenija vrsta
na cijelom istrazivanom podrudju bila je Calopteryx virgo, dok su Aeshna affinis, Epitheca bimaculata i Sym-
petrum meridionale bile najrjede. Najcesce zabiljeZene vrste na lentickim staniStima bile su Platycnemis
pennipes, Coenagrion puella i Ischnura elegans, a na lotickim stanistima bile su to vrste Calopteryx virgo,
Onychogomphus forcipatus i Cordulegaster bidenatata. Iako su na slatkovodnim stanistima na Sirem podrudju
Parka zabiljeZeni brojni antropogeni pritisci, ¢ak 11 zabiljeZenih vrsta u nekoj je od kategorija ugrozenosti,
Sto naglasava konzervacijsku vrijednost vodenih stanista na istrazivanom podrudju. Nasi rezultati pred-
stavljaju prvi prvi popis vrsta vretenaca Parka prirode Papuk, i stoga su vazan doprinos nasem pozna-
vanju faune vretenaca i rasprostranjenosti njihovih vrsta na podrucju Hrvatske.

Kljucne rijeci: slatkovodna stanista, zasticeno podrucje, antropogeni pritisci, ugrozene vrste, Odo-
nata
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INTRODUCTION

Dragonflies (Odonata) are amphibious insects, which spend most of their life in the
nymphal stage inhabiting various freshwater habitats, both lotic and lentic. The adult
part of Odonata life is spent in a terrestrial environment around water bodies. Hence,
they represent a very important link between aquatic and terrestrial ecosystems (Askew,
2004; CorseT & Brooks, 2008). Odonata species often have specific requirements for
habitat conditions, such as habitat morphology, structure, and physical and chemical
water parameters (Askew, 2004; CorseT & Brooks, 2008; Vipakovi¢ Maopus et al., 2022;
VILENICA, 2017; VILENICA et al., 2022a). The presence and structure of riparian, submer-
ged, emergent, and floating aquatic vegetation provide a range of microhabitats for
oviposition, nymphal survival, hiding from predators, perching, and hunting (Askew,
2004; DyjksTRA & LEWINGTON, 2006). As the composition and structure of Odonata as-
semblages reflect the condition of freshwater habitats, they are widely used as bioin-
dicators of aquatic ecosystems’ health and as a tool to assess the conservation value of
lotic and lentic habitats (CorBet & Brooks, 2008; ViLenICA ef al., 2020, 2022b).

Although the interest in Odonata of Croatian freshwater habitats increased during
the last several decades (BELANCIC et al., 2008; Bogpanovic et al., 2008; Perovic & Pe-
rovié, 2006; St et al., 2015; ViLenica et al., 2011; ViLenicA & ViNko, 2013; ViLENIcA &
Dijkstra, 2014; ViLENICA et al., 2016, ViLENICA, 2017, VILENICA et al., 2020), there are
still many gaps in our knowledge about species richness and distribution in Croatia.
Many areas have remained understudied, or else data have not been published, which
limits the protection of species and their habitats as well as the management of impor-
tant areas. Such is the case with most nature parks and national parks in the country,
with some rare exemptions (Stim et al., 2020; St Koren & Koren, 2022). Before our
study, there were only two published records regarding the occurrence of Odonata in
Papuk Nature Park: Sympecma fusca Vander Linden, 1820 and Sympetrum striolatum
(Charpentier, 1840) were recorded almost a century ago at Jankovac Lake (Koca, 1925).
Therefore, here we aim to present Odonata species richness and distribution in Papuk
Nature Park as well as the anthropogenic pressures on their habitats.

MATERIAL AND METHODS

Study area

Papuk Nature Park is located in the continental eastern part of the Republic of Croatia,
in the Slavonian mountains, Papuk, and partially Krndija (Fig. 1). Due to the exceptional
biological and geological diversity and valuable cultural and historical heritage, a large
part of the area of the Slavonian highlands was protected by law on April 23 1999 as
Papuk Nature Park. The Park covers an area of 336 km?. It is mostly covered with mixed
forests of beech, oak, and fir (Pamic€ et al., 2010) with other flora and fauna being extremely
rich (TomaSEvIC & SamarDZIC, 2000; PanDZA, 2010; Rapovi¢ & Teri¢, 2009). However, it
is very important to mention the areas of non-forest vegetation, which occupy only abo-
ut 4% of the Park's territory but are of crucial importance for the Park's biodiversity.
Numerous and diverse surface terrestrial waters (springs, rivers, streams, ponds) and
associated wetlands provide habitats for numerous aquatic and terrestrial organisms
(AucustiNoviC, 2009; Barisi¢ & Bogpanovié, 2011; Petrovic, 1969; Kozic et al., 2015;
Kunra & Brki¢, 2003; PreviSIC ef al., 2013), including dragonflies (Bogpanovi¢, 2007).
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Fig. 1. Map of the study area located in the wider area of Papuk Nature Park, Croatia. Site numbers
correspond to the ones given in Tabs 1 and 2.

The Park area is located in climate zone Cfb: a moderately warm, humid climate
with hot summers, during which the mean air temperature of the hottest month is
below 22 °C (Képpen climate division, Secora & FiLip¢ic, 2003). The average annual
precipitation is between 700 and 1000 mm (ZaNiNoviC et al., 2008).

Odonata survey

An Odonata survey in the wide area of Papuk Nature Park was conducted on three
occasions: at the end of spring 2017 (May 26, 27, and 28), in mid-summer 2017 (July 31,
August 1, and 2), and late spring and early summer 2019 (May 16 and 17, June 12 and
13, July 5) at a total of 43 sites: 23 lotic and 21 lentic habitats (Tabs 1 and 2, Fig. 1).

At each site, Odonata fauna was surveyed for 45 minutes, until no additional species
were detected. Species flying or perching within =5 m of the survey route were docu-
mented and counted (high abundances of damselflies were estimated immediately).
Dragonflies were observed visually and identified by eye or using close-focusing bi-
noculars. Some species were captured with an entomological net (e.g., those from the
genus Sympetrum), identified in the field, photographed, and released.

Additionally, at lotic habitats, nymphs were collected using a standard benthos net
(25x25 cm, 500pm mesh size) at all available microhabitats. Individuals were identified in
the field and released. The surveys were conducted on sunny days between 9 a.m. and 5
p-m.

RESULTS

Thirty nine Odonata species were recorded (Tab. 3). A higher number of species (i.e.
35) was recorded in lentic than in lotic habitats (i.e. 16 species) (Fig. 2). In lentic habitats,
between zero and 22 species were recorded (Tab. 4), while in lotic habitats we recorded
between one and seven species (Tab. 5). The lentic site with the highest number of
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Tab. 3. Odonata species recorded in Papuk Nature Park, Croatia, with national and international con-
servation concern categories. Legend: NT =near threatened, VU = vulnerable, EN = endangered, DD =

data deficient (according to BELANCIC et al. (2008) and KarLkman et al. (2010)).

Odonata species

Lotic
habitats

Lentic
habitats

Croatian
Red list

European
Red list

Habitat
Directive

Calopteryx virgo (Linnaeus, 1758)

X

X

Calopteryx splendens (Harris, 1782)

X

Sympecma fusca (Vander Linden, 1820)

Platycnemis pennipes (Pallas, 1771)

Pyrrhosoma nymphula (Sulzer, 1776)

Erythromma lindenii (Selys, 1840)

Erythromma najas (Hansemann, 1823)

NT

Erythromma viridulum (Charpentier, 1840)

Coenagrion ornatum (Selys, 1850)

NT

NT

Annex II

Coenagrion puella (Linnaeus, 1758)

Coenagrion pulchellum (Vander Linden, 1825)

NT

Enallagma cyathigerum (Charpentier, 1840)

Ischnura pumilio (Charpentier, 1825)

Ischnura elegans (Vander Linden, 1820)

XXX XXX XXX | X | X |X|X

Aeshna affinis Vander Linden, 1820

Aeshna mixta Latreille, 1805

X

Aeshna isoceles (Muller, 1767)

NT

Anax imperator Leach, 1815

XXX [ X | X

Anax parthenope (Selys, 1839)

NT

Hemianax epphipiger (Burmeister, 1839)

VU

Brachytron pratense (Muller, 1764)

XX X | X | X

Gomphus vulgatissimus (Linnaeus, 1758)

Omnychogomphus forcipatus (Linnaeus, 1758)

bs

Cordulegaster bidentata Selys, 1854

X

Cordulegaster heros Theischinger, 1979

X | xIxX | X

NT

Annex II, IV

Cordulia aenea (Linnaeus, 1758)

Somatochlora meridionalis Nielsen, 1935

Epitheca bimaculata (Charpentier, 1825)

EN

Libellula depressa Linnaeus, 1758

Libellula fulva Muller, 1764

Orthetrum albistylum (Selys, 1848)

XX | X | X | X |X

Orthetrum brunneum (Fonscolombe, 1937)

Orthetrum cancellatum (Linnaeus, 1758)

Orthetrum coerulescens (Fabricius, 1798)

DD

Crocothemis erythraea (Brulle, 1832)

Sympetrum sanguineum (Muller, 1764)

Sympetrum meridionale (Selys, 1841)

NT

Sympetrum vulgatum (Linnaeus, 1758)

X | X | X [ X | X | X |X

NT

Number of species

16

10
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Fig. 2. a) Odonata species richness (shown as mean with standard deviation) in lentic and lotic habitats
in Papuk Nature Park, Croatia, with examples of each habitat type characterized by highest number
or Odonata species: b) the Jankovac lake, the Dubocanka stream.

Odonata species was the Jankovac lake (site 5), while no Odonata were recorded at the
tishpond in Vetovo (site 3) (Tab. 4). The lotic site with the highest Odonata species ri-
chness was the Dubocanka stream (site 23), while at three streams only one species was
recorded: Kamenac stream, stream in Kralji¢ino brdo, and the Camanovica stream
(sites 42, 43, 44) (Tab. 5).

Calopteryx virgo was the most widespread species in the area, recorded at 22 sites,
while Aeshna affinis, Epitheca bimaculata, and Sympetrum meridionale were recorded at
only one site (Tabs 4 and 5). The most frequently recorded species at lentic sites were
Platycnemis pennipes, Coenagrion puella, and Ischnura elegans (Fig. 3), found at 15 sites,
while the rarest were Cordulegaster bidentata, Aeshna mixta, Epitheca bimaculata, and Sym-
petrum meridionale, recorded at only one site (Tab. 4). Calopteryx virgo, Onychogomphus
forcipatus, and Cordulegaster bidentata were the most common species in lotic habitats,
recorded at 17, 16, and 12 sites, respectively (Fig. 3). Seven species were recorded at
only one lotic site: Ischnura elegans, Aeshna affinis, Aeshna mixta, Aeshna isoceles, Anax
imperator, Libellula depressa, and Sympetrum sanguineum (Tab. 5).

A total of 11 recorded species are of conservation concern: ten of them are in the
Croatian and two in the European Red List of Odonata (Tab. 3), whereas the latter two
species are also listed in the Habitat Directive’s Annexes (Tab. 3, Fig. 4). Numerous
anthropogenic pressures were documented both in lotic and lentic habitats (Figs 5 and
6, Tabs 1 and 2).
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d)

Fig. 3. The most frequently recorded species at lentic sites: a) Platycnemis pennipes, b) Coenagrion puella,
¢) Ischnura elegans, and at lotic sites: d) Calopteryx virgo, €) Onychogomphus forcipatus, f) Cordulegaster bi-
dentata.

s
NN

<)

Fig. 4. Examples of species of national conservation concern, vulnerable a) Epitheca bimaculata and
Hemianax epphipiger, and species of international conservation concern, near threatened c) Coenagrion
ornatum and d) Cordulegaster heros.



Nat. Croat. Vol. 31(2), 2022 361

n S b) d

Fig. 5. Examples of anthropogenic pressures recorded in lotic habitats in Papuk Nature Park, Croatia: a)
the Marin stream: hydromorphological alteration of riverbed (covered in concrete), b) and c) the Vetovka
stream: construction and domestic waste disposal, shore banks erosion, small dams’ construction.

d) e)

Fig. 6. Examples of anthropogenic pressures recorded in lentic habitats in Papuk Nature Park, Croatia:
a), b), ¢) the Vocinska lakes: shoreline covered with concrete, eutrophication, succession, d) fishpond
in Vetovo: riparian and aquatic vegetation absence, e) gravel pit in Orahovica: very low density of ri-
parian and aquatic vegetation, excavation of gravel.

DISCUSSION

With more than half of the Croatian Odonata fauna recorded (BELANCIC et al., 2008;
excluding regionally extinct and doubtful taxa), our study revealed high Odonata species
richness in freshwater habitats in the area of Papuk Nature Park in Croatia. Those results
are not surprising since the area is rich in lotic and lentic habitats. The most widespread
species were lotic Calopteryx virgo and eurytopic Platycnemis pennipes (DyksTRA & LEWIN-
GTON, 2006). Nymphs and adults of Calopteryx virgo were recorded at most of the investi-
gated streams, while adults were also in some cases recorded at lentic habitats located
in the vicinity of streams, most probably in their search for food. Platycnemis pennipes was
recorded at most of the lentic sites but also by some sunny streams. The dominance of
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this species is not unusual considering that it is a species that has a wide ecological tole-
rance for habitat conditions (DijkstrA & LEWINGTON, 2006).

Most of the streams located on the slopes of the Papuk Mountains were pristine, in
a good and natural state, and no major causes of potential endangerment have been
recorded. However, at several sites, mostly in populated or near populated areas, an-
thropogenic pressures were numerous and significant, and the Odonata fauna could
have already changed in some of them. For instance, a lower number of species was
recorded, or the recorded species were eurytopic generalists, similar to the results of
previous studies (e.g. VILENICA ef al., 2020). There are no natural standing water habitats
in the study area, hence, for a high number of lentic species, the existence of man-ma-
de lentic habitats, such as fishponds, gravel pits, and reservoirs represent an important
resource for life cycle completion. Old man-made lakes in the area are particularly
important habitats for Odonata because, over the years, the environmental conditions
in these habitats have become much closer to natural lake habitats or even swamps.
However, potential factors that could negatively affect the composition of the lentic
Odonata assemblages were observed at many lentic sites, which should be monitored
and managed to preserve the existing Odonata fauna of the Park.

As shown by some previous studies (e.g. ViLENICA ef al., 2020), Odonata fauna of
lentic man-made water bodies in the area studied largely consisted of widespread, ge-
neralist species, such as Ischnura elegans, Coenagrion puella, Libellula depressa, Orthetrum
albistylum. However, almost a quarter of species recorded are of conservation concern,
such as Hemianax epphipiger and Epitheca bimaculata, which indicates the importance of
such habitats for distribution and protection of rare species (DoLNY & Harasis, 2012;
HorrMmann et al., 2018; VILENICA ef al., 2016), especially in areas where natural lentic ha-
bitats are scarce or absent. To be adequate for a high number of Odonata species, man-ma-
de habitats need to meet the species’ ecological requirements, i.e. should be characterized
by well-developed aquatic and riparian vegetation (ViLENICA ef al., 2016, 2022a, b). The-
refore, it is not surprising that lentic habitats with such characteristics, such as the Jan-
kovac Lake, and some of the Vocinska lakes (i.e. lakes 1 and 2), had high Odonata species
richness, including those of national conservation concern (BELANCIC et al., 2008). On the
other hand, sites without any aquatic and riparian vegetation, such as the fishpond in
Vetovo, proved to be highly unfavourable for any Odonata species.

Lotic habitats were characterized by lower Odonata species richness, as expected
(Askew, 2004; VILENICA et al., 2022b). Nevertheless, the stream assemblages are unique
and interesting consisting of species preferring shaded streams with higher water ve-
locity, such as Cordulegaster spp., Onychogomphus forcipatus, and Somatochlora meridio-
nalis (DyksTrRA & LEWINGTON, 2006). Moreover, their conservation value is reflected in
the presence of species with restricted distribution in Europe, such as Cordulegaster
heros and Somatochlora meridionalis (DyyksTRA & LEwinGTON, 2006; KALKMAN ef al., 2010).

Cordulegaster heros, together with Coenagrion ornatum, is among the EU Habitats
Directive species. They are both enlisted as near threatened at the European Red list of
Odonata (KaLkmaN et al., 2010). The international conservation concern of those species
is due to the anthropogenic pressures to their habitats. Cordulegaster heros is a typical
inhabitant of shaded forest streams, which are negatively influenced by various ant-
hropogenic pressures such as deforestation, hydro-morphological alterations and cli-
mate change (Bouport, 2020). Coenagrion ornatum inhabits sunny streams but also
channels with well-developed aquatic and riparian vegetation. Such habitats are often
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surrounded by agricultural fields and are therefore negatively influenced by the inflow
of pesticides, herbicides, as well as by the removal of both aquatic and riparian vege-
tation (Boupor, 2010).

CONCLUSIONS

The results of this study represent the first Odonata checklist of Papuk Nature Park.
The collected data indicate the importance of pristine stream habitats but also man-ma-
de lentic habitats for maintaining local Odonata species richness. Such habitats were
even shown to have high conservation potential with 11 species of national or interna-
tional concern recorded. Moreover, the presented results could contribute to filling the
gaps in our knowledge of the distribution of rare Croatian Odonata, and their habitat
preferences, which could help in future assessments of the species’ conservation status,
both in Croatia and in their whole distribution area.
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