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Abstract
The northeastern part of the Carpathian Lowland is one of the most species-rich parts of the region, despite the long-term 
and sometimes extreme changes in land use. The fragmented remains of formerly contiguous forests maintain a significant 
part of the wildlife living in different oak, mixed oak, and gallery forest, and even faunas of connected grassland habitats. 
To reveal how the parallel Carpathian and Pannonian effects form the local insect fauna, the Noctuoidea assemblages of 
eight forest patches were assessed and compared, based on the distribution data of 479 species. Three types of assemblages 
were designated, with similar diversity but different compositions. The most unique and valuable ones can be found in the 
colline area of Transcarpathia, where the high habitat diversity supported by the topography promotes the coexistence of 
the species of humid forest fauna and many steppic and southern elements. The protection and planned management of 
these remained forest patches and their network in international cooperation can maintain a significant part of the fauna of 
the affected regions.
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Introduction

The northeastern part of the Carpathian Lowland has been 
formed mainly by the Tisza and Szamos Rivers and addition-
ally by some small water streams. Formerly, this region was 
covered with large marshlands (Pécsi and Sárfalvi 1960), 
and it is the coldest (with 8.9 ºC annual mean temperature) 
and most humid (with an average of 609 mm annual pre-
cipitation) part of the lowland with significant continental 
effect on its climate and wildlife (Baranyi 2009). After the 
last ice age, a continuous deciduous forest has been grown 

where the regular floods and the nearness of the Carpathians 
formed the vegetation (Simon 1952). The region is located 
at the ternary border of Hungary, Romania and Ukraine. A 
significant part of the area is the Bereg Region belonging 
to the Chop-Mukachevo Basin, situated on the border of 
Hungary and Ukraine which is the border of the Pannoni-
cum (Carpathian Lowland) and the Carpathicum (mountain-
ous area) at the same time. The first reports on the flora 
of its forests were made in the 1940s; while, the investiga-
tion of the marshlands started 10 years later (Hargitai 1943; 
Simon 1960). The most valuable and unique part of the 
flora contains mountainous plants inhabiting lowland areas 
such as geophytes flowering in early spring (Crocus heuf-
felianus Herb, Gagea spathacea (Hayne) Salisb., Anemone 
nemorosa L., Isopyrum thalictroides L., Lathraea squa-
maria L.). Beyond that, in the grasslands and forest edges 
many forest-steppe species appear (Buglossoides purpureo-
coeruleum (L.) Holub., Dianthus carthusiana L., Lathyrus 
niger (L.) Bernth., L. sylvestris L., Peucedanum alsaticum 
L., Rosa gallica L.); while, the species assemblages of hay-
fields and meadows are also especially species-rich (Lesku 
2008). Referring to the strong Carpathian effect on the land 
snail (Mollusca) fauna, malacologists formerly mentioned 
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the region as "Praecarpathicum" (Deli et al. 1997; Deli and 
Sümegi 1999), where the species richness and even the bio-
diversity reach a higher level than in the other parts of the 
lowland, considering such invertebrate taxa, as, e.g., land 
snails, orthopterans, carabid beetles and lepidopterans (Deli 
et al. 1997; Ködöböcz 1997; Magura et al. 1997; Deli and 
Sümegi 1999; Ködöböcz and Magura 1999; Gálik et al. 
2001). Nevertheless, the lowlands are less studied than the 
connected hilly and mountainous areas. Orthopterological 
studies were started in the 1950s in the area, and more recent 
investigations were implemented since the early 2000s (Lik-
ovitch 1957, 1959; Kristin et al. 2011; Nagy et al. 2011, 
2015; Szanyi et al. 2015a). Contrary, night active lepidop-
terans of the area have been studied only in the last dec-
ade (Lyashenko 2009; Geryak 2010, 2012, 2013; Kanarsky 
et al. 2011; Szanyi et al. 2012, 2015b, c, d, e, 2016, 2017; 
Nowacki et al. 2018).

Night active lepidopterans are a widely used indicator 
group of natural value and status of arboreal habitats, and 
a species-rich target taxa of biodiversity monitoring studies 
(Usher and Keiller 1998; Summerville et al. 2004; Rákosy 
and Schmitt 2011; Truxa and Fiedler 2012; Horváth 2013). 
For their quantitative sampling, a wide scale of different 
methods has been developed and used during the last dec-
ades (e.g., Baker 1963; Yela and Holyoak 1997; Beck and 
Linsenmair 2006; Nowinszky and Puskás 2011). Since 
several representatives of them are hostplant and habitat 
specialists, the ratio and relative frequency of their faunal 
components (life forms) can be used for evaluation and com-
parison of their assemblages in the same way as their species 
richness and species composition (Altermatt 2010; Merckx 
and Slade 2014; Végvári et al. 2014).

Here we compare the Noctuoidea fauna of the arboreal 
habitats of the Precarpathian hills and lowlands in order to 

evaluate how the two different faunas overlap and combine. 
The species composition of the local and regional fauna, 
and the composition of faunal types and faunal components 
were also evaluated, parallelly with the publishing of the 
check list of the regional Noctuoidea fauna. To support the 
conservation and management of the unique assemblages 
and habitats, the conservation value of the eight sampled 
habitats were also evaluated.

Material and methods

Sampling sites

Data collected of eight sampling sites (Table 1) situated in 
the hilly areas of the Precarpathian region and the north-
east part of the Carpathian Lowland were involved in the 
analysis. Half of the sites situated in West Ukraine; while, 
the other half of them were located in Northeast Hungary.

Beregovo (UA)

Precarpathian hilly area in the surroundings of Beregovo 
city. The sampled forest has a double-layer canopy. In the 
upper layer, Tilia cordata Mill. and Quercus petraea (Matt.) 
Liebl. are dominant while in the lower layer, Tilia species 
are abundant. In the shrub layer, Acer tataricum L. and Cra-
taegus monogyna Jacq. are common. The diverse landscape 
of the surroundings also contains gallery forests, and wet- 
and meso-xerophyl grasslands (mainly different pastures and 
hayfields).

Czorna hora (UA)  Small isolated volcanic hill with gentle 
southern and southwestern slopes, providing extraordinary 

Table 1   Coordinates of the studied habitats and source of data with the sampling methods used in different sites and studies. MV = mercury 
vapor

Sites Coordinates (N,E) Sampling methods Sources

Beregovo 48°11′0.86"-22°40′54.25" fixed light trap Kanarskyi et al. (2011)
Czorna Hora 48° 8′14.59"-23° 4′5.86" mobile light trap: MV lamp (250 W or 400 W) with a white 

sheet
Kanarskyi et al. (2011)

Kireshi 48°10′40.56"-23°20′57.55" fixed light trap Kanarskyi et al. (2011)
Velyka Dobron’ 48°24′07″-22°24′07”

48°26′25″-22°25′51”
fix light trap (Jermy-type), mobile light trap (20 W UV 

blacklight) + MV lamp (250 W) with a white sheet
Szanyi et al. (2012, 2015b, d, e, 

2016)
Vámosatya 48°09′41″-22°22′44”

48°11′29″-22°24′59”
fixed light trap (Jermy-type), mobile light trap (20 W UV 

blacklight) + MV lamp (250 W) with a white sheet
Szanyi et al. (2015b, c, 2016)

Bátorliget 47°41′41″-22°24′17”
47°44′59″-22°17′36”

fixed light trap (Jermy-type), mobile light trap (20 W UV 
blacklight), MV lamp (250 W) with a white sheet

Szanyi et al. (2015b, 2016)

Lónya 48°15′07″-22°21′55”
48°18′10″-22°27′36”

mobile light trap (20 W UV blacklight) + MV lamp (250 
W) with a white sheet

Szanyi et al. (2015b, 2016)

Barabás 48°14′41″-22°28′51”
48°15′13″-22°29′31”

mobile light trap (20 W UV blacklight) + MV lamp (250 
W) with a white sheet

Szanyi et al. (2015b, 2016)
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warm climatic conditions to this region with a 9.9 ºC annual 
average temperature and a high amount of precipitation (an 
average of 750 mm/year) (Gerenczuk 1981). Contrary, the 
eastern slopes are steep with a functioning stone mine. The 
hill is mainly covered by forests dominated by oak (Quercus 
spp.). In the warm southern slopes, a mosaic of low, xero-
philous oakwood forests and forest-steppes can be found. 
In the upper canopy of those, Quercus petraea, while in 
the lower, Tilia tomentosa Mill.and Fraxinus ornus L. were 
dominant. Along the bank of the Tisza River, gallery forest 
has grown (Nowacki et al. 2018).

Kireshi (UA)

Diverse landscape with mixed oak forest, forest-steppe and 
steppe grasslands in the Chop-Mukachevo Basin, close to 
the city of Khust (Tsys 1968; Marinich 1982, 1985). The 
largest lowland population of Narcissus poeticus L. in Cen-
tral Europe lives in the “Narcissi Valley”, which is also 
located near to the city. The area of the valley is 257 ha, that 
has belonged to the Carpathian Biosphere Reserve, since 
1978 (Didukh and Shelyag-Sosonko 2003).

Velyka dobron' (UA)

The Velyka Dobron Game Reserve is a similarly large, 
mixed forest of the Ukrainian part of the Bereg Region, as 
the Hungarian Lónya Forest. Its dominant forest type is the 
oak-ash-elm gallery forest (Fraxino pannonicae-Ulmetum), 
in which Quercus robur L. is the most dominant species, 
but Populus canescens (Aiton) Sm. and Ulmus minor Mill. 
also appear with remarkably high relative frequencies. The 
bush layer is also diverse, with high frequencies of Cratae-
gus monogyna, Acer tataricum, and A. campestre L. The 
other important forest association of the area is the espe-
cially dense and closed Querco robori-Carpinetum, with 
significantly less diverse bush and grass layers. Grassland 
patches of the area are mainly formed and maintained by 
different kinds of land use. These secondary biotopes of the 
area provide habitats for unique and highly diverse inverte-
brate assemblages with significant remains of the wildlife 
of the former peatlands of the Szernye Marsh (Szanyi et al. 
2012, 2015b, d, e, 2016, 2017).

Vámosatya (HUN)

Samplings were made in the Bockerek Forest, which is one 
of the largest remains of the former continuous forests in 
the Bereg Lowland with its 700 ha area. It is situated among 
Gelénes, Tákos and Vámosatya villages. The dominant asso-
ciation of the area is the Querco robori-Carpinetum, but 
in lower parts of it, oak-ash-elm gallery forests (Fraxino 
pannonicae-Ulmetum) and occasionally, planted Picea abies 

(L.) H. Karst. patches also can be found. Both the grass and 
shrub-layers are dense and highly diverse. A significant part 
of the forest is protected and belongs to a Forest Reserve. 
The checklist of the area was composed based on the catch-
ings of a Jermy-type light trap of the Forest Research Insti-
tute (ERTI), located on the northern edge of the forest, in 
Vámosatya village (Szanyi et al. 2015b, c, 2016).

Bátorliget (HUN)

The Fényi Forest is about 270 ha oak forest on a sandy area, 
which is one of the most interesting and valuable parts of 
the Nyírség region, located south from the Bereg region. 
The main forest types of the area are similar to the forests 
of the Bereg, with higher frequencies of Populus alba L., 
Tilia platyphyllos Scop., Ulmus laevis Pall., etc. The Lath-
raea squamaria L., Leucojum aestivum L., Listera ovata (L.) 
Bluff & Fingerh and Orchis militaris (L.) are all protected 
rarities of this strictly protected Forest Reserve. A Jermy-
type light trap of the Department of Evolutionary Zoology 
and Human Biology of the University of Debrecen worked 
for 20 years in the margin of the forest (Szanyi et al. 2015b, 
2016).

Lónya (HUN)

Now, the Lónya Forest is the largest forest refuge of the 
Bereg Lowland with a near-natural state. It covers a wide 
belt along the Csaronda channel east from the line formed 
by Lónya, Mátyus and Tiszakerecseny villages. The two 
main forest types of the area are the oak-hornbeam (Querco 
robori-Carpinetum) and the oak-ash-elm gallery forests 
(Fraxino pannonicae-Ulmetum), with diverse hygrophilous 
grass layers, which also contain species characteristic to 
mountainous beech and oak forests. Alder-ash forest patches 
also can be found in the protected forest, which is belonging 
to the Natura 2000 network. Data of the local fauna were 
assessed based on the samplings of Zoltán Varga (Szanyi 
et al. 2015b, 2016).

Barabás (HUN)

The sampling site was located in the Kaszony Hill, a small 
hill with 197 m height, which is situated between Hungar-
ian Barabás and Ukrainian Kason villages and divided by 
the state border. The habitats of the Hungarian side are 
parts of the Natura 2000 network. The higher part of the 
hill forms a plateau, with steep rocky southern and eastern 
slopes. The diverse landscape of the hill maintains espe-
cially high habitat diversity, with different types of forests 
and grassland associations. Beyond the widely distributed 
oak forest types of the region, patches of the mixed durmast 
oak—silver linden forest, and the xeric durmast oak forest 
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should be highlighted. The rocky grasslands of the eastern 
slope are under conservation management. The fauna was 
assessed based on collections of Zoltán Varga (Szanyi et al. 
2015b, 2016).

Sampling methods  Data collection was carried out with 
different types of light traps in each studied site. The type of 
traps used were depended on the features of the studied hab-
itats, the phenology and the available resources (both mate-
rial and human). One of the commonly used trap types was 
the fixed light trap (in some cases standardized Jermy-type 
ones) with 125 W or 250 W mercury vapor bulbs. Mobile 
traps with UV light source and white sheets lighted with 
125 W, 250 W or 400 W mercury vapor bulbs were also 
generally used. Each of these methods is widely used and 
accepted in faunistic and community ecological studies and 
even in plant protection and forestry monitoring schemes.

Data analysis

The checklists of the eight studied area were revised, cor-
rected and uploaded in a common table. In the case of scien-
tific names, book of Varga (2011) was followed, the whole 
names with the author’s name and the date of description 
are listed in the Annex I. The faunas of different sites were 
compared based on the species composition, using principal 
coordinate (PCoA) and cluster analysis, as multidimensional 
statistical methods. Because of the differences in the study 
intensity and the used sampling methods, only binary data 
of species were used in the analysis. The calculations were 
made with SynTax 2000 (Podani 1997a,b) program using 
Jaccard similarity index in both types of the analysis.

To characterize assemblage types formed by multidimen-
sional methods, the total and the mean species richness and 
the ratio of species belonging to different taxa (families and 
subfamilies), life forms, and faunal types were used. In the 
case of life forms and faunal types, the work of Varga et al. 
(2004) was followed. Since the different assemblage could 
be characterized only based on data of two or three sites; 
thus, the statistical comparison of the assemblages based on 
the means of studied variables was not possible. The means 
of the characteristic variables were calculated and presented 
with MS Excel in Office 365.

Results

In the eight sampling sites, totally 479 species of the Noc-
tuoidea superfamily were collected (Supplement I). The 
most species-rich family was Noctuidae with 330 species. 
Among them, the ratio of species belonging to subfamilies 
of Xyleninae, Hadeninae and Noctuinae were the highest 
(Table 2). Most Hadeninae and Noctuinae species feed on 

herbaceous plants, and prefer open habitats and forest edges, 
and some of them, especially the bivoltine, and migratory 
ones, can be seen as dangerous pests in agriculture. Contra-
rily, many Xyleninae species have leaf-feeding larvae living 
in the canopy layer of arboreal habitats and cause economic 
damage in forestry.

During the studies, some especially important and unex-
pected distribution data were also collected on some less 
known species, such as Dioszeghyana schmidti, which has 
been thought to be rare and sporadically distributed in the 
mixed oak forests of the southern slopes of the Hungarian 
mountains. However, it appeared in the fauna of Beregovo. 
Dicycla oo, which is characteristic species of xeric oak for-
ests and shrub forests, and Shargacucullia gozmanyi, a char-
acteristic species of xeric grasslands of sandy lowland areas 
and rocky grasslands of low mountains also live in the same 
habitat. Apamea syriaca tallosi, which species was already 
known from some habitats of the Bereg region (Szanyi et al. 
2015b, d, e, 2016) was caught in all sites, except Kireshi. 
This species refers to the humid character of the studied 
habitats since this Carpathian endemic subspecies prefers 
wet habitats in contrast with the known related Ponto-Med-
iterranean-Iranian subspecies (Zilli et al. 2009).

Numerous relatively rare oligophagous leaf-feeding spe-
cies generally living in the canopy layer of gallery forests 
(e.g., Gluphisia crenata, Earias clorana, Ipimorpha retusa, 
etc.) were found in all sampling sites. Additionally, the num-
ber of monophagous oak specialist species was equally high 
in all studied habitats. Characteristic members of this group 
were Moma alpium, Drymonia dodonaea, D. querna, Egira 
conspicillaris, Spatalia argentina, Stauropus fagi, Minucia 
lunaris, Notodonta tritophus, etc. The appearance of the 
character species of dense meadows was also an interest-
ing and important result. Although these species, such as 
Autographa jota, A. pulchrina, A. bractea, Diachrysia chry-
son, and Lamprotes c-aureum prefer hilly and low mountain 
areas in the Carpathian Basin, they were absent from sam-
ples of Precarpathian hilly sites (Czorna Hora, Beregovo 
and Kireshi).

Based on the principal coordinate and cluster analysis 
performed with binary data of species distributions three 
types of species assemblages could be distinguished (Figs. 1 
and 2). The first well-defined group is formed by the sites 
of Precarpathian hilly region (Beregovo, Czorna Hora and 
Kireshi). The especially high number of differential species 
of this assemblage type also showed its unique character. 
The second and third groups containing only lowland sites 
showed larger similarity and separated from the first group 
along the 1st Axis of the PCoA ordination. In the second 
group, there were three sites (Velyka Dobron, Vámosatya 
and Bátorliget) with gallery forest, which is characteristic 
for floodplains, and wet habitats, such as marshlands and 
moors, which abound in mountainous species. The two sites 
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(Lónya and Barabás) of the third group showed similar but 
less humid character. These two groups separated along the 
2nd PCoA axis which represented mainly a humidity gra-
dient; while, the 1st Axis showed a gradient of elevation 

and/or distance from the Carpathians and its huge arboreal 
habitats. Especially low number of differential species in the 
Group 3 referred the relatively low species richness and high 
number of common species in these habitats.

Table 2   Ratio of species belonging to different families and subfamilies by sites and assemblage groups formed by cluster analysis

Bold numbers show summarized values by families

RF% Beregovo Czorna
Hora

Kireshi Velyka
Dobron’

Vámosatya Bátorliget Lónya Barabás Total Group 1 Group 2 Group 3

Erebidae 19.6 20.3 18.5 19.9 22.2 24.4 20.0 21.7 21.4 19.5 22.1 20.8
Arctiinae 3.6 3.3 2.6 3.0 3.9 4.5 3.5 3.8 4.0 3.1 3.8 3.6
Aventiinae 0.6 0.7 0.6 0.7 0.7 0.6 0.6 0.8 0.4 0.6 0.7 0.7
Boletobiinae 0.0 0.0 0.0 0.0 0.3 0.3 0.3 0.4 0.2 0.0 0.2 0.4
Catocalinae 3.6 4.3 3.9 5.0 4.9 5.1 4.1 4.2 4.6 3.9 5.0 4.1
Ctenuchinae 0.6 0.7 0.3 0.7 0.7 0.6 0.3 0.8 0.4 0.5 0.7 0.6
Eublemminae 0.8 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.6 0.5 0.3 0.4
Herminiinae 2.2 2.2 2.6 2.6 2.3 2.6 1.9 2.1 2.5 2.3 2.5 2.0
Hypeninae 0.6 0.7 0.6 0.7 0.7 0.6 1.3 0.8 0.8 0.6 0.7 1.1
Hypenodinae 0.6 0.0 0.3 0.3 0.7 1.0 0.0 0.0 0.8 0.3 0.6 0.0
Lithosiinae 4.1 4.0 3.6 3.3 3.6 4.2 3.8 3.8 4.0 3.9 3.7 3.8
Lymantriinae 1.9 2.5 2.3 2.3 2.9 3.2 2.9 3.3 2.3 2.2 2.8 3.1
Phytometrinae 0.6 0.7 0.6 0.3 0.7 0.6 0.3 0.4 0.4 0.6 0.5 0.4
Rivulinae 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.2 0.3 0.3 0.4
Scoliopteryginae 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.2 0.3 0.3 0.4
Noctuidae 69.9 68.1 70.1 69.5 65.0 63.1 69.5 68.8 68.6 69.4 65.9 69.1
Acontiinae 1.1 1.4 1.0 1.3 1.0 1.0 1.0 1.3 0.8 1.2 1.1 1.1
Acronictinae 3.3 4.0 4.5 3.6 3.6 3.5 3.8 3.3 2.9 3.9 3.6 3.6
Amphipyrinae 1.4 1.1 1.6 1.3 1.3 1.0 1.3 1.7 1.2 1.4 1.2 1.5
Bryophilinae 1.1 0.7 0.6 0.7 0.7 1.0 0.6 0.4 1.0 0.8 0.8 0.5
Condicinae 4.4 4.0 4.9 1.0 1.3 2.9 3.2 2.5 3.7 4.4 1.7 2.8
Dilobinae 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.2 0.3 0.3 0.4
Eriopinae 0.3 0.4 0.3 0.3 0.0 0.3 0.0 0.0 0.2 0.3 0.2 0.0
Eustrotiinae 1.4 1.1 1.3 1.3 1.0 1.3 1.3 1.7 1.0 1.3 1.2 1.5
Hadeninae 13.8 14.5 14.0 12.9 11.4 13.5 12.7 15.4 12.3 14.1 12.6 14.1
Heliothinae 1.7 2.5 1.9 2.0 1.3 1.0 1.6 2.1 1.5 2.0 1.4 1.8
Metoponiinae 0.6 0.7 0.6 0.3 0.3 0.6 1.0 1.3 0.6 0.6 0.4 1.1
Noctuinae 8.6 7.2 9.1 9.9 9.2 9.6 8.3 9.6 9.4 8.3 9.6 8.9
Oncocnemidinae 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.2 0.3 0.3 0.4
Pantheinae 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.2 0.3 0.3 0.4
Plusiinae 2.8 2.9 4.2 4.0 2.9 3.5 4.1 3.8 4.0 3.3 3.5 3.9
Psaphidinae 1.4 1.1 1.0 1.3 1.3 0.0 1.3 1.3 1.0 1.1 0.9 1.3
Xyleninae 27.3 25.4 24.0 28.5 28.8 23.1 28.6 23.3 28.3 25.6 26.8 26.0
Nolidae 3.9 3.3 3.2 2.6 3.6 3.8 2.5 1.7 3.3 3.5 3.4 2.1
Chloephorinae 1.9 1.4 1.6 1.7 2.0 1.9 1.0 1.3 1.5 1.7 1.8 1.1
Nolinae 1.9 1.8 1.6 1.0 1.6 1.9 1.6 0.4 1.9 1.8 1.5 1.0
Notodontidae 6,6 8.3 8.1 7.9 9.2 8.7 7.9 7.9 6.7 7.7 8.6 7.9
Dicranurinae 1.7 1.8 2.3 1.7 2.3 1.9 1.9 1.3 1.5 1.9 2.0 1.6
Notodontinae 3.9 4.7 4.2 4.3 4.9 4.8 4.1 4.6 3.7 4.3 4.7 4.4
Phalerinae 0.3 0.7 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.3 0.4
Pygaerinae 0.8 1.1 1.3 1.3 1.3 1.3 1.3 1.3 0.8 1.1 1.3 1.3
Thaumetopoeinae 0.0 0.0 0.0 0.3 0.3 0.3 0.3 0.4 0.2 0.0 0.3 0.4
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The total species richness of the assemblage types was 
similar, but considering the mean number of species per 
site, the first group showed the highest species diversity, 
followed by the second and third groups, respectively 
(Table 3). Based on the values of the Whittaker’s indices, 
the most species-rich group showed medium in-group het-
erogeneity; while, the species-poor third group was the 

most uniform in species composition. Each value of in-
group heterogeneity was lower than the between-group 
value, that supported the results of the multivariate analy-
sis (Table 3).

Studied sites can be characterized by the similar com-
positions of different faunal types. The widely distributed 
(common) eurytopic Euro-Siberian species were dominant 
in each assemblage type and showed a slightly higher ratio in 
the third group. The ratio of Boreo- and South-Continental 
species were also relatively high, between 17.4 and 25.9%; 
while, other faunal types were represented with an especially 
low number of species (Table 4).

The diverse biogeographical character of the fauna living 
in the lowland habitats was shown mainly by the South- and 
Central-European species, such as Tyria jacobaeae, Lyge-
phila lusoria, Tiliacea aurago, Eugnorisma depuncta, etc. 
These species do not tolerate cold and humid microclimates, 
contrarily, the mountainous Boreo-Continental elements 
(e.g., Photedes extrema, Gortyna flavago, Enargia palea-
cea, Mniotype adusta, Mythimna impura, Diarsia brunnea) 
prefer these conditions.

Faunal components refer to the habitat preference of 
the species. Considering them separately, the ratios of 
the generalist, silvicolous, oakwood and steppic species 
were the highest, in decreasing order (Table 5). If spe-
cies of deciduous forests were assumed, their ratios were 
extremely high compared to all other types, with values 
between 40.3 and 40.5%. Among this group, the eurytopic, 
silvicolous Catocala promissa, Meganola albula, Nola 
aerugula, Thalpophila matura and Acronicta auricoma, 
the willow-poplar Catocala electa, Catocala fraxini and 
Earias vernana, the nemoral Brachionycha nubeculosa 

Fig. 1   Result of principal coordinate analysis (PCoA) made with Jac-
card index based on checklists of the studied habitats (inf. content 1st 
Axis: 24.03, 2nd Axis: 18.92)

Fig. 2   Result of the cluster 
analysis made with Jaccard 
index based on the checklists of 
the studied habitats
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and Amphipyra perflua, the Lithophane consocia, Lith-
ophane furcifera, Furcula bicuspis and Pheosia gnoma 
belonging to the birch-alder type were characteristic, that 
referred to the high natural values of the studied habitats.

The more xeric patches of the oak forest of Beregovo 
and Barabás could be characterized by the occurrence of 
Polyphaenis sericata and Nycteola revayana belonging to 
the Oakwood faunal components.

Although the ratio of steppic species (e.g., Deltote 
deceptoria, Antitype chi, Arctia villica, Cucullia absinthii, 
C. fraudatrix, and Shargacucullia verbasci) was relatively 
low but it was higher in the assemblages of Precarpathian 
hilly areas (Group 1: Beregovo, Czorna Hora), where on the 
slopes, the ratio of mesic and meso-xerophilous grasslands 
(steppic- and rocky grasslands) were higher. These habitats 
provided suitable conditions also for migratory species, such 
as Dysgonia algira, Aedia leucomelas, Heliothis viriplaca, 
Mythimna unipuncta, Spodoptera exigua, Trichoplusia ni, 
etc.

Ratios of species belonging to the mesophilous (e.g., 
Apamea crenata, Hadena bicruris, Phytometra viridaria, 

Table 3   Some characteristics of assemblage types (Group1-3) defined 
with cluster analysis

Group 1 Group 2 Group 3 Total

Total number of species (S) 399 391 321 479
Mean number of species (α) 315.3 306.7 277.5 302.6
Maximum number of species 362 312 315 362
Whittaker's α (S/ α) 1.27 1.28 1.16 1.59
Whittaker's α' (S/αmax) 1.10 1.25 1.02 1.33
Number off differential species 68 42 9

Table 4   Mean number (N) and 
ratio (%) of species belong 
to different faunal types by 
assemblage types (Group 1–3) 
defined with cluster analysis and 
for the whole sample

Euro-Siberian: Holarctic and Euro-Siberian, South-Continental: Holo-Mediterranean-W-Asiatic, Holo-
Mediterranean, Ponto-Mediterranean, Boreo-Continental, Trans-Palaearctic: European-East-Asiatic dis-
junct, Ponto-Caspian, Ponto-Caspian-Manchurian, Extra-Palaearctic

Group 1 Group 2 Group 3 Total

N Ratio (%) N Ratio (%) N Ratio (%) N Ratio (%)

Euro-Siberian 152.7 48.8 157.0 51.2 148.5 53.9 153.3 51.0
South-Continental 82.3 25.9 70.0 22.8 67.5 24.3 74.1 24.4
Boreo-Continental 66.7 21.0 63.0 20.5 49.5 17.4 61.0 19.9
Trans-Palaearctic 7.7 2.4 9.6 3.1 6.0 2.2 8.0 2.6
Extra-Palaearctic 6.0 1.9 7.0 2.3 6.0 2.2 6.4 2.1

Table 5   Mean number (N) 
and ratio (%) of the species 
belonging different faunal 
components and sum of 
the categories belonging to 
deciduous forest group (*) by 
assemblage types (Group 1–3) 
defined with cluster analysis and 
for the whole sample

Group 1 Group 2 Group 3 Total

N Ratio (%) N Ratio (%) N Ratio (%) N Ratio (%)

Altoherbosa 23.3 7.4 20.3 6.6 20.0 7.0 21.4 7.0
Arundiphilous 6.3 1.9 8.3 2.7 5.5 1.8 6.9 2.2
Birch-alder* 8.7 2.8 7.0 2.3 4.0 1.4 6.9 2.3
Forest edge* 1.0 0.3 0.7 0.2 1.0 0.4 0.9 0.3
Fungivorous 0.7 0.2 0.7 0.2 1.5 0.5 0.9 0.3
Generalist 47.0 15.1 47.7 15.5 46.0 16.8 47.0 15.7
Lichenophagous 11.3 3.6 9.7 3.1 8.5 3.0 10.0 3.3
Litter-feeding 3.0 1.0 4.0 1.3 2.0 0.7 3.1 1.0
Mesophilous 25.3 8.1 25.7 8.4 27.0 9.8 25.9 8.6
Migratory 8.7 2.7 7.7 2.5 7.0 2.6 7.9 2.6
Moor-marsh 26.0 8.2 28.7 9.3 20.5 7.3 25.6 8.4
Nemoral* 10.3 3.3 10.0 3.3 9.5 3.4 10.0 3.3
Oakwood* 34.0 10.8 30.3 9.9 30.0 10.8 31.6 10.4
Pine-sprouce 0.0 0.0 0.3 0.1 0.0 0.0 0.1  < 0.1
Silvicolous* 49.0 15.6 47.7 15.6 45.5 16.5 47.6 15.8
Steppic 36.3 11.3 28.3 9.2 27.5 10.0 31.1 10.2
Willow-poplar* 24.3 7.7 29.7 9.7 22.0 7.9 25.8 8.5
Deciduous forest* 127.3 40.5 125.3 40.9 112.3 40.3 122.8 40.6
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etc.), and altoherbosa (e.g., Hecatera dysodea, Orthosia 
opima, etc.) groups, which are characteristic for natural and 
semi-natural, mainly humid habitats showed medium values 
(8.1–9.8% and 6.6–7.4%).

The ratio of arundiphilous (e.g., Rhizedra lutosa, Sedina 
buettneri, Mythimna straminea and Nonagria typhae, etc.) 
species was relatively low.

Discussion

The remains of the formerly huge and continuous forests of 
the northeast part of the Carpathian Lowlands and neigh-
boring hilly areas of the Precarpathian region maintain a 
high-level diversity both in the flora and fauna (Simon 1952, 
1953, 1960; Varga 2003; Fekete & Varga 2006). Lowlands 
of the region geographically belong to the Pannonian Low-
land (Alföld), but they have special character considering 
both climate and wildlife (Hargitai 1943; Simon 1952, 1960; 
Baranyi 2009). The relatively cold continental climate and 
wide distribution of meso-hygrophilous forests differ from 
the other part of the lowland. To explore how the different 
biogeographical effects reveal in the local fauna, and which 
kind of assemblages lives in the remains of the former con-
tiguous forest, Noctuoidea fauna of eight mainly forested 
sampling sites were compared and characterized.

The high species richness of the studied assemblages 
(totally 479 Noctuoidea species) proved the high natural 
value of their habitats, as it was shown also in the case of 
other invertebrate taxa, such as land snails, orthopterans, 
carabid beetles (Deli et al. 1997; Ködöböcz 1997; Magura 
et al. 1997; Deli and Sümegi 1999; Ködöböcz and Magura 
1999; Gálik et al. 2001; Nagy et al. 2011, 2015; Szanyi 
et al. 2015a). Among studied locations, the surroundings 
of Beregovo showed the highest species number (362 spe-
cies) (Kanarsky et al. 2011); while, the sampling site near 
Barabás (Kaszony Hill) proved to be the least species-rich 
area (Szanyi et al. 2015b, 2016). During former light trap 
samplings (between 1961 and 1970), the highest species 
richness in the Carpathian basin was recorded in the low 
Hungarian mountains (Varga and Gyulai 1978), but the local 
species richness of the sites was mainly lower than in our 
studied sites. This, and other unpublished data of the authors 
suggested that considering the Noctuoidea fauna, the north-
eastern part of the Lowland is one of the most species-rich 
parts of the Carpathian Basin.

Although the highest value of the studied fauna is the 
extraordinary species diversity, 42 species were found, 
which are protected in Hungary (Luperina zollikoferi, 
Mormo maura, Phalera bucephaloides, Shargacucullia 
gozmanyi, Tyria jacobaeae, Xestia sexstrigata etc.), and 
among them, 4 are also listed in Annexes of European Union 
Habitat Directives (Euplagia quadripunctaria, Arytrura 

musculus, Gortyna borelii lunata, Dioszeghyana schmidtii). 
Most of them were locally distributed and rare.

In the regional fauna, the ratio of species characteristic 
for meso-hygrophilous forests was especially higher than 
those, which prefer xeric forests and different steppe-like 
habitats. This showed that the northeast part of the Lowland 
and neighboring Precarpathian region belong to the conti-
nental forest climate zone rather, than to the forest-steppe 
climate zone (Kormány 1976), which is characteristic for 
the neighboring Nyírség Region.

The characteristic species of the region mainly belonged 
to different faunal components of deciduous forests (birch-
alder, forest edge, silvicolous, willow-poplar and oakwood) 
preferring meso-hygrophilous habitats (marshes, meadows, 
gallery forests, etc.). Most of them are widely distributed 
Euro-Siberian, so-called "pseudomontana" species (Varga 
2003), which are distributed rather in hilly areas and moun-
tains of the Carpathian Basin (in some cases especially in 
areas connected to the Carpathicum), than in its forest-steppe 
and steppe-like habitats. These kinds of species formerly 
were known in the Mollusca (Deli et al. 1997), Carabidae 
(Coleoptera) (Magura et al. 1997; Ködöböcz and Magura 
1999), and Orthoptera (Nagy et al. 2011, 2015; Szanyi et al. 
2015a) fauna of the studied region.

Although the ratio of Mediterranean-Subtropic species, 
such as Aedia leucomelas, is still low, their appearance (reg-
ularly appeared in Beregovo, Czorna Hora, Velyka Dobron’ 
and Bockerek) shows the effect of climate change and the 
parallel spread of southern elements (Baranyi 2009), even in 
this continental area of Central Europe (Hickling et al. 2006; 
Parmesan 2006; Chen et al. 2011; Devictor et al. 2012).

During multivariate comparison of the quantitative com-
position of the studied sites, three types of assemblages 
could be differentiated. The first group contained three 
assemblages of the Precarpathian hilly areas, in which, the 
lower ratio of eurytopic generalist Euro-Siberian species, 
the higher ratio of the characteristic Boreo- and South-Con-
tinental steppic species, and even the especially high number 
of differential species (occurred only in this assemblages) 
referred to their unique character. These features showed 
that the Pannonian xerotherm steppe and forest-steppe fauna 
have reached the slopes of the isolated Precarpathian hills 
(as it also can be seen in the case of the xerotherm Quercus 
pubescens Willd. and Tilia tomentosa); while, remained 
patches of former huge forests have maintained significant 
part of the meso-hygrophilous Boreo-mountain element at 
the same time. High species diversity of the local faunas has 
been promoted by the overlap of the Carpathian- and Pan-
nonian biogeographical regions, in which habitat diversity 
was formed and maintained by edaphic factors, long-term 
extensive forestry and agricultural land use.

The second assemblage type was characteristic for more 
humid, hygrophilous sites, among which the Bátorliget site 
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showed the most specific character. This site is isolated as it 
is located in the sandy Nyírség Region, southern to the other 
sites. It has a special character since it is a marsh that can be 
considered as an ice age refugium. Thanks to these, species 
characteristic for marshes (e.g., Hypenodes pannonica and 
Arytrura musculus) and sandy areas (e.g., Cucullia balsami-
tae, Staurophora celsia) occurred together there.

The third assemblage type was less species-rich and had a 
less number of differential species. The appearance of species 
characteristic for hilly and low mountainous (colline) habitats 
(e.g., Hypena obesalis, H. crassalis, Apamea illyria, Mniotype 
adusta) also showed the fluctuation-zone character of the areas 
it was formerly detected in case of other invertebrate taxa (Deli 
et al. 1997; Magura et al. 1997; Ködöböcz and Magura 1999).

The studied regions have mainly lost their original charac-
ter, and nowadays, only remaining patches of the former huge 
forests can be found. However, these patches still maintain a 
significant part of the fauna, with species either exclusively 
living there or being rare in other parts of the Pannonian 
Lowland.

Conclusions for future biology

The studied relatively small area has one of the most diverse 
Noctuoidea fauna in the Carpathian Basin, due to its unique 
transitional geographic location, diverse, changing land use, 
and climate change. To protect and further develop the natural 
value of the region, active and well-planned management of 
the remaining forest patches is essential. Their area should 
be maintained and even enlarged, and connections among the 
patches should be improved. Moreover, the two parts of the 
area separated by the country border require synchronized 
management, necessitating international cooperation involving 
at least the Hungarian and Ukrainian authorities, researchers 
(academies, universities, institutes), and even non-governmen-
tal organizations.
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