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The principles of use Insect species as the markers of conditions and natural status of eco-
systems are considered. In this way, indicator (marker) species are those which have specific
habitat requirements as well as their presence (absence) reflects the preservation status and
natural conditions of diversity of the related biotic communities or complexes. These are
predominantly rare, threatened, locally distributed or stenotopic species.

There are 3 categories of indicator Insect species selected as markers of: less disturbed
natural ecosystems (I), derivative and semi-natural ecosystems (II), unique ecosystems (III).
The 6 ecological groups of indicator species are considered on the base of analysis of their
distribution pattern and habitat preferences as well as by the character of tolerance under
anthropogenic influences. There are species of non- and extra-zonal habitats (A), forest spe-
cies (B), ecotone species (C), grassland species (D), species of “cultivated landscape” (E),
hydrobionts & amphibionts (F).

The preliminary checklist of indicator species is here presented within a context of
four ecological-taxonomical clusters of insects: ground or Carabid beetles (Coleoptera,
Carabidae), saproxylic beetles (Coleoptera p.p.), butterflies (Lepidoptera, “Rhopalocera”),
larger moths (Lepidoptera, “Macroheterocera”). The general indicator value of considered
species consists in that is analysis of their distribution pattern allows determining most valu-
able habitats as well as “hot spots” of regional biodiversity of the terrestrial invertebrates on
the levels of landscape or biogeocoenosis ecosystems. In this way, there are 12 high-valuable
biodiversity areas selected within the Ukrainian Carpathians region.

Key words: biodiversity, bioindication, ecosystem, habitat, rare and threatened insect spe-
cies, Ukrainian Carpathians

At the present conditions of about total human-made transformation of natural eco-
systems in the European continent, which has been becoming up from the beginning
of Holocen, the conservation of the remnants of natural ecosystems with its biodi-
versity still remains one of the most important issues of sustainable development.
Conservation of the entomological complexes diversity as an inalienable at-
tribute of natural ecosystems requires urgently the conservation of some key habi-
tat types. Since complete investigations of Insect fauna within any territory is near
impossible by practical causes, then it is necessary to concentrate on the reduced
number of species from several indicator groups. Their taxonomical and ecological
diversity has to be sufficiently high as well as its identification in the terrain would
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not require the use of special hard-working, high-expensive or inconvenient research
methods (total collection, as an example). There are general requirements for Insect
indicator groups drawn up in the mentioned below way (Kudrna, 1986):

e sufficient taxonomical diversity together with relatively limited amount of
taxa,

e wide general spectrum of habitats;

e available condition of ecological and biogeographical investigations;

e specific environmental requirements, various topical and trophical prefer-
ences of the several group’s representatives;

e accessible discovery and identification in the field without use of high-ex-
pensive methods;

e aesthetic attractiveness, that is promoting wider public awareness in the
nature conservation issues.

In this way, indicator (marker) species are those, which have specific habitat
requirements as well as their presence (absence) reflects the preservation status and
natural conditions of diversity of the related biotic communities or complexes. These
are mostly rare, threatened, a strictly spread or stenotopic species.

Conventionally, the role of such indicators belongs to protected species includ-
ed into “Red Data Book of Ukraine” (2009) or other Red Lists of diverse ranges.
However, most part of protected Insect species, which occur within the region do not
correspond to mentioned above requirements. There are lots of widespread, relative-
ly indifferent or less threatened as well as insufficiently known or hardly identified
species. It appreciably decreases the value of these species as legislative background
for implementation of the nature protection measures.

At present there are 11 high-rank nature protected areas within the Ukrainian
Carpathians region, including Carpathian Biosphere Reserve and Gorgany Nature
Reserve, 9 National Parks (Skolivski Beskydy, Carpathian, Hutsulshchyna,
Verkhovynskyi, Cheremoskyi, Vyzhnytskyi, Uzhanskyi, Zacharovanyi Krai —
“Enchanted Land”, Synevir) and many other protected areas, such as regional land-
scape parks, refuges, nature monuments, etc. At the same time, in the view of actual
problems of the regional biodiversity conservation, especially its endemic and relic
elements, this protected area net needs both territorial and functional optimization.

Thus, the aim of this work is grounding and forming of the list of indicator
Insect species with its occurrence reflecting “hot spots” of regional biodiversity of
the terrestrial invertebrates on the levels of habitat types, landscape or biogeocoeno-
sis ecosystems.

Materials and methods

The background materials of this work were the results of many years origi-
nal investigations upon fauna and habitats of Coleoptera & Lepidoptera within
the Ukrainian Carpathian Mts and adjacent territories of Western Ukraine, such as
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Subcarpathian and Transcarpathian foothill areas as well as Western Podolian up-
lands. There are commonly acceptable entomological and geobotanical methods
have been using in the framework of related field research. Also numerous former
and recent reference works on these topics were analysed.

Most part of these materials was generalized at the data processing for reference
books “Red Data Book of the Ukrainian Carpathians” (2011) and “Rare and threat-
ened animal species of the Lviv region (Ukraine)” (2013), workshop reports on the
biodiversity of Carpathian Biosphere Reserve, Carpathian and Uzhanskyi National
Parks, as well as other areas of the region considered.

In the context of this article the concept of natural ecosystems conditions is
considered as the status of its accordance onto structural and functional parame-
ters and attributes (such as biodiversity) of the corresponding primeval ecosystem
(Kozlovsky, 2015).

Results and Discussions

Categories and ecological groups of indicator species

There are three categories of indicator species considered concerning the eco-
system types as objects of indication.

I. Markers of less-disturbed natural ecosystems

The presence of these species is an evidence of high preservation value and
ability of ecosystems to support its native biodiversity, especially populations of
characteristic ecological and faunal complexes. It is an important argument for the
establishing of protection status of related territories, providing the complex con-
servation measures for valuable and less-disturbed ecosystems (Kulak, 2002). The
species of this category become extinct first in consequence of any environmental
changes in their habitat.

I1. Markers of derivative and semi-natural ecosystems

There are widespread species but inherent to several habitat types. Their pres-
ence or absence indicates the character of transformation changes going on within
the corresponding ecosystems. The indicator value of these species is an important in
the view of the ability of derivative, semi-natural or managed ecosystems to support
biodiversity as well as for the monitoring of dynamics of their development, estima-
tion of the land use changes consequences and, in prospective — the modeling and
prognosis of changes within biotic communities of these ecosystems.

II1. Markers of unique ecosystems

There are rare species including marginally distributed ones, strict endemics
or species with a relic distribution pattern. Their presence indicates an exclusive
ecological and faunal originality of the habitats (ecosystems), which should be sig-
nificant reason for its conservation.

From another side, there are 6 ecological groups of the indicator Insect spe-
cies reasonable to consider proceeding from its habitat preferences and tolerance to
human influences.
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A. Species of non- and extra-zonal habitats

Within the broadleaf and mixed deciduous forests zone there are species in-
herent to high-mountain, mire and wetland, steppe, continental dune, rocky barrens
habitats, etc., belonging to this group. These habitats (ecosystems) have restricted
or strictly local distribution and there are localities of many rare, endemic and relic
species of plants and animals. There are such impacts for the species of this group:

e Spontaneous overgrowing of open grassland habitats with the shrub or tree
vegetation, or its artificial afforestation. It is one of much significant threats for the
most of the A group species,

e Wetland melioration,

e Habitat destruction caused by agriculture, built-up, mastering of “badlands”,

e Mass pesticide use on croplands surrounding the little isolated remnants of
extra-zonal meadow steppes,

e Fragmentation of the habitats with followed isolation of the rare species
populations.

Other kinds of human impacts such as grazing, grass burning out or mowing
down, as well as natural (climate changes) impacts require monitoring research upon
vegetation cover condition and population status of rare Insect species.

B. Forest species

Here obligate saproxylic insect species are often considered as ecological relics
of virgin forests (I category) together with the species being able to inhabit various
derivative forest ecosystems (Il category) are belonging to the group.

The general threats for species of category I are given as follows:

e Destruction of the virgin and old-growth natural forests. Recently there are

only small fragments of these forests remain in the Ukrainian Carpathians.
They need the priority conservation measures and the presence of rare Insect
species there could be an additional background for their protection;

e Forestry management that foresees a withdrawal of dead wood. Exactly here
is a conflict arises between the forestry practice and nature conservation
requirements (Nieto, Alexander, 2010).

Another item of the threat is small-area continuous logging with large amount
of the timber remains during the vegetation season. These felling areas become lo-
cations of attraction and reproduction of many rare saproxylic Insect species (e.g.
Eurythyrea austriaca (Linnaeus, 1767), Rosalia alpina (Linnaeus, 1758), Cerambyx
cerdo (Linnaeus, 1758), etc.) which were perish obviously in masses after the bring-
ing out the timber and clearing of that lots.

For the most of the B group species of category II the following threats seem
to be actual:

e Felling of natural forests together with shifting of its tree species composi-

tion and replacing it by the monoculture stands,

e Changes in spatial structure by reducing of the strata and parcellar complex-
ity of the forest ecosystems,
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e Digression of the forest litter, herbaceous and dwarf shrub or undergrowth
strata in consequence of grazing, forestry management and recreation pres-
sure.

C. Ecotone species

This group includes characteristic habitants of various woodland-grassland in-
termediate zones as well as early succession stages of forest vegetation, woodland
clearings and margins, shrubs, overgrowing forest fellings, etc. There are mainly
those species, which extinction is an evidence of significant changes of environ-
mental conditions within corresponding ecosystems in the way of supporting the
general biodiversity, have an indicator value (category II). It becomes both as a con-
sequence of spontaneous overgrowing of open lots and woodland clearings by trees
and shrubs, and as a result of reduction of spatial structure of the natural ecotones
because of land use management.

D. Grassland species

The grassland (meadow), predominantly semi-natural habitats of diverse types
are populated with various ecotone or eurytopic species as well as original habitants
of hygrophile (wetland), acidiphile (heathland) or xerophile (derivative xeric or na-
tive meadow-steppe) ecosystems. Some of them prefer both hygrophile and xero-
phile open habitats avoiding derivative mesophile meadows, and they form specific
ecological group of “distopic” grassland species. Exactly there are some butterflies:
Euphydryas aurinia (Rottemburg, 1775), Phengaris alcon ([Denis et Schiffermueller],
1775), Ph. teleius (Bergstraesser, 1779), Ph. nausithous (Bergstraesser, 1779), etc.
Their reaction onto human impact is equivocal because of environmental require-
ments of several species and their optimum existence under environmental condi-
tions being within wider scale of digression — demutation stages of the grassland-
meadow ecosystems. Among the mean threats of the D species should be mentioned:

e Spontaneous overgrowing of grasslands by tree or shrub vegetation because
of change of hydrological regime (drainage) or cessation of extensive hay-
making or grazing use,

e Wetlands drainage in the way of melioration, which has led to the shift of
plant species composition and herbaceous-moss vegetation stratum, chang-
es of micro-climatic conditions,

e Intense exploitation of meadows (haymaking or grazing) led to falling out
of many plant species, packing down the litter and soding (swarding) of the
soil.

Regularly frequent cutting out of the grass stand during the vegetation season

also has driving to the perishing of pre-imaginal stages of many Insect species.

For the many grassland species intensive haymaking / grazing as with the lack
of that pressure have a negative effect. The same impact has to be caused by the
burning out of dry grasses at spring or autumn for the species, which are wintering
on diverse stages of their life cycle on the ground or on plants.
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E. Species of “cultivated landscape”

There is a mixed group of eurytopic and eurychoric species (ubiquists), mi-
grants as well as habitants of various natural ecosystems, which are adapting to the
much transformed landscape conditions — such as on croplands, ruderal habitats, gar-
dens, orchards, parks, urbanized locations. An indicator value (II category) should
belong to the species, which presence or absence is an evidence of favourable for the
biodiversity supporting land use regime of traditional extensive management.

F. Hydrobionts and amphibionts

There are species, which inhabit permanently or are related by their life cycles
and ecology to freshwater habitats. It is water contamination considered as main
threat for these species (above 60% of protected species). Another threats for several
ones are caused by drainage melioration, hydro-technical constructions, deteriora-
tion of the bank areas, intensive fishery with regular fall down of the water level
in pounds or chemical processing of the bottoms (Dytiscus latissimus (Linnaeus,
1758): Coleoptera), dragging of timber by the streams (Cordulegaster sp.: Odonata).
These include a specific ecological group of hygrophile ground beetles (Coleoptera,
Carabidae), e.g. “stream hygrophils”. They are vulnerable to bank erosion, destruc-
tion and draining of the stream and river’s beds, timber dragging, cutting out of sub-
alpine dwarf wood or pastoral digression on the high-mountain meadows.

Checklist of indicator Insect species of the Ukrainian Carpathians

There are four ecology-taxonomical clusters of Insect species with specific en-
vironmental requirements considered as the groups to be used for indicating the
conditions and status of natural ecosystems within the Ukrainian Carpathians region.

The distribution ranges of several species are given in the way of compilation of
the biogeographical units substantiated by A. Emelyanov (1974) and O. Kryzhanovskii
(2002). Ecological characteristics of ground beetles (Coleoptera, Carabidae) are
given following the scheme of H. Turin with co-authors (2003). Also original eco-
geographical classification is used here for ecological (environmental) characteristics
of the indicator species (Kanarskyi, Geryak, Lyashenko, 2011; Kanarskyi, 2015).

Ground (or Carabid) beetles (Coleoptera, Carabidae): Table 1.

This is one of the most well studied taxonomical groups in biogeography and
ecological aspects. Being mostly carnivorous non-flying insects, the Carabid beetles
show strict habitat selection, because the local environmental conditions as geomor-
phology, climatic and spatial characteristics, geological history of the area, evolu-
tion of the population together with the contemporary anthropogenic transformation
processes are the key ecological factors that determinate their distribution. All of the
mentioned above makes the ground beetles a good model group for diverse bioge-
ography and ecological research, especially indicator and monitoring investigations.

General regional diversity is about 450 species (Rizun, 2003).

Main references: Roubal, 1930; Lazorko, 1963; Burakowsky, Mroczkowsky,
Stefanska, 1973, 1974; Rizun, 1990, 2003; Hurka, 1996; Lie, Kleinfeld, 2001; Turin,
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Penev, Casale, 2003; Freude et al., 2004; Farkac, Kopecky, Vesely, 2006; Rizun,
Mateleshko, 2011; Dreano et al., 2015.

Saproxylic beetles (Coleoptera: Rhyssodidae, Lucanidae, Cetoniidae,
Buprestidae p.p., Elateridae p.p., Cerambycidae p.p., etc.): Table 2.

Sapro-xylophagous or saproxylic carnivorous species which are related eco-
logically to the natural processes of timber destruction. There are many species
of the virgin and olg-growth forest ecosystems, considered as ecological relics in
recently transformed natural conditions of European continent (Nieto, Alexander,
2010). Here we present mostly larger species, which are relatively easy to discover
and identify in the field.

General regional diversity is about 200-300 species (of the families pointed
above).

Main references: Roubal, 1936; Plavilshchikov, 1936, 1940, 1958; Rikhter, 1952;
Medvedev, 1964; Zahajkevych, 1978; Dolin, 1982, 1988; Burakowsky, Mroczkowski,
Stefanska, 1983, 1985, 1990; Yanitskii, 1996; Laibner, 2000; Rizun, Konovalova,
Yanytsky, 2000; Bartenev, 2003(2004); Polska czerwona ksiega zwierzat, 2004;
Mateleshko, 2009a, 2009b, 2010, 2011; Mateleshko, Roshko, Yanytsky, 2011.

Butterflies (Lepidoptera, Papilionoidea [= Rhopalocera)): Table 3.

This is one of the most popular, attractive and well studied both by ecology and
biogeography Insect group. Being phytophagous on the larval stages and anthophile
on the imaginal stages these species are predominantly inherent to various ecotone or
natural and semi-natural grassland habitats. There are good indicators on the level of
landscape (partly biogeocoenoses) ecosystems, as well as many locally distributed
or stenotopic species among the butterflies. Its indicator aspects were elucidating
for a long time in many reference sources (Kudrna, 1986, etc.). There are burnets
(Zygaenidae, Zygaena sp.), ecologically close to butterflies, which could be also
considered within this indicator cluster.

General regional diversity is about 150 species (Popov, Plyushch, 2004).

Main references: Rizun, Konovalova, Yanytsky, 2000; Gorbunov, 2001; Benes,
Konvicka, 2002; Polska czerwona ksiega zwierzat, 2004; Popov, Plyushch, 2004;
Tschikolovets, 2005; Buszko, Maslowski, 2008; Kanarsky, 2011 a, b; Kudrna,
Pennerstorfer, Lux, 2015.

Larger moths (Lepidoptera: Bombycoidea, Lasiocampoidea, Noctuoidea [=
Macroheteroceral)): Table 4.

With the small exceptions, predominantly phytophagous on the larval stage spe-
cies populate diverse ecosystems and habitats as well as cultivated and managed
cases. In general, moths could be used as indicators on the level of landscape ecosys-
tems only, because they have to be discovered mostly by nocturnal attraction to the
light sources. Using these methods, it is very often a problem to localize the species
habitats or locations exactly.

General regional diversity is about 600-800 species (Kanarskyi, Geryak,
Lyashenko, 2011; Kanarskyi et al., 2012, etc.).
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Main references: Rizun, Konovalova, Yanytsky, 2000; Klyuchko, Plyushch,
Sheshurak, 2001; Polska czerwona ksiega zwierzat, 2004; Macek et al., 2007,
2008; Geryak, 2009, 2010, 2012, 2013; Geryak et al., 2011; Kanarskyi, Geryak,
Lyashenko, 2011; Buszko, Maslowski, 2012; Geryak, Kanarsky, Koval, 2013;
Kanarskyi, Geryak, 2014.

The analysis of distribution pattern of the considered indicator Insect species to-
gether with the background of many years faunal and ecological investigations allow
to select 12 “hot spot” areas of biodiversity within the Ukrainian Carpathians region.
All of these areas have specific patterns of biodiversity, high-valuable habitats and
ecosystems as well as general threats for biodiversity conservation.

I. The Upper Dnister foothills area: north-west part of Pre-Carpathian foot-
hills including riparian-terraced landscapes of the Upper Dnister lowland.

I1. East-Bukovine foothills area: south-east part of Pre-Carpathian foothills
with the Prut river valley riparian-terraced landscapes and uplands within the Siret —
Prut river valleys intermediate areas.

I11. The Upper Dnister Beskydy low-mountain area: Upper Dnister Beskydy
Mts with its marginal low-mountain and adjacent foothill areas.

IV. Skolivski Beskydy mountain area: Skolivski Beskydy Mts.

V. Watershed-Verkhovyna mountain area: Carpathian Watershed mountain
ridge with adjacent peneplains of Stryi-San and Volovets-Mizhgiria Verkhovyna.

VI. The Upper Uzh mountain area: upper part of the Uzh river basin with
adjacent Beshchady and Lower Polonyna Mts.

VII. Vyhorlat volcanic mountain area: western part of Volcanic Carpathians
within the Uzh river basin mostly, with eastern Vyhorlat and western Makovytsia
volcanic massifs.

VIII. Uholka rocky mountain area: lower southern parts of Polonyna Krasna
massif within the Pieniny rocky geo-morphological zone, lower mountain forest
zone.

IX. Maramaros rocky mountain area: lower southern parts of Svydovets Mts
and western Maramaros Mts with the Tisa and Bila Tisa river valleys, within the
Maramaros rocky geo-morphological zone, lower mountain forest zone.

X. Chornohora-Svydovets-Maramaros high-mountain area: upper parts of
Chornohora, Svydovets, Maramaros, Hryniava and Chyvchyny Mts from the upper
mountain forest zone to subalpine and alpine vegetation zones.

XI. Gorgan mountain area: Gorgany Mts between Mizunka-Svicha and Prut
rivers.

XII. The Upper Tisa lowland and volcanic hilly-mountain area: insular vol-
canic enclaves (e.g. Beregovo massif, Chorna Hora Mt, Akli-Dyula massif, etc.)
with adjacent volcanic Avash (Hutyn) Mts and riparian-terraced landscapes of the
upper Tisa river basin.
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Conclusions

1. The general indicator value of considered Insect species consists in that is
analysis of their distribution pattern allows determining most valuable habitats as
well as “hot spots” of regional invertebrates biodiversity on the levels of landscape
or biogeocoenose ecosystems. In this way, there are 12 high-valuable biodiversity
areas selected within the Ukrainian Carpathians region.

2. The presence or absence of several indicator species in its inherent habitats is
an evidence for the ability of corresponding ecosystems to support the characteristic
biodiversity pattern. It allows estimating those abilities without use of high-expen-
sive, long-term or difficult investigation methods.

3. There are relatively little number of “officially” threatened Insect species,
which have an indicator value as the markers of natural ecosystems conditions with-
in the region. At the same time, there are many species, which don’t have a conserva-
tion status but could pretend to it exactly owing to their indicator value.

4. It is necessary to elaborate detailed regional checklists of indicator inverte-
brate species for each large natural region (e.g. West Polissia, West Volyn-Podolian
Uplands, Ukrainian Carpathians, etc.) corresponding to the habitat concept of bio-
diversity protection (Habitat Concept..., 2012). It gives availability for upgrading
methods of the complex evaluation of natural ecosystems and areas which need pro-
tection.

BArTENEV A.F. Obzor vidov zhukov-usachej (Coleoptera: Cerambycidae) fauny Ukrainy [A
review of the long-horned beetles species (Coleoptera: Cerambycidae) of the fauna of
Ukraine] // The Kharkov Entomological Society Gazete. — 2003 (2004). — vol. XI. —
iss. 1-2. — P. 24-43 (in Russian).

BEenEs J., Konvicka M. (eps). Butterflies of the Czech Republic: Distribution and conserva-
tion I, II. — Praha: SOM, 2002. — 860 pp.

Burakowsky B., Mroczkowski M., STEFANskA J. Katalog fauny Polski, Cz. XXIII. Chrzaszcze
(Coleoptera). Biegaczowate — Carabidae. Cz. 1. — Warszawa: PWN, 1973. - T.2.-233
s. (in Polish).

Burakowsky B., Mroczkowskl M., STEFANsKA J. Katalog fauny Polski, Cz. XXIII. Chrzaszcze
(Coleoptera). Biegaczowate — Carabidae. Cz. 2. — Warszawa: PWN, 1974, —T. 3. —430
s. (in Polish).

Burakowsky B., Mroczkowski M., STEFANskA J. Katalog fauny Polski, Cz. XXIII. Chrzaszcze
(Coleoptera). Scarabaeoidea, Dascilloidea, Byrrhoidea i Parnoidea. — Warszawa:
PWN, 1983. - T. 9. — 294 s. (in Polish).

Burakowsky B., Mroczkowskl M., STEFANsKA J. Katalog fauny Polski, Cz. XXIII. Chrzaszcze
(Coleoptera). Buprestoidea, Elateroidea 1 Cantharoidea. — Warszawa: PWN, 1985. —
T. 10. — 401 s. (in Polish).

Burakowsky B., Mroczkowski M., STEFANskA J. Katalog fauny Polski, Cz. XXIII. Chrzaszcze
(Coleoptera). Cerambycidae i Bruchidae. — Warszawa: PWN, 1990. — T. 15. — 312 s.
(in Polish).

179



Kanapcekwuii F0.B.

Buszko J., Mastowski J. Motyle dzienne Polski. — Nowy Sacz: Wydawnictwo Koliber, 2008.
—274 s. (in Polish).

Buszko J., Mastowsk J. Motyle nocne Polski. Macrolepidoptera. Czgs¢ 1. — Nowy Sacz:
Wydawnictwo Koliber, 2012. — 301 s. (in Polish).

DoLiNn V.G. Zhuky-kovalyky. Agrypniny, negastriiny, dyminy, atoiny, nestodyny. Fauna
Ukrainy. V 40 t. [Click beetles. Agrypninae, Nagastriinae, Diminae, Athoinae,
Nestodinae. Fauna of Ukraine. In 40 vols]. — Vol. 19. —Iss. 3. — Kyiv: Naukova dumka,
1982. — 288 pp. (in Ukrainian).

Dorm V.G. Zhuki-shchelkuny. Kardioforiny i elateriny. Fauna Ukrainy. V 40 t. [Click beetles.
Cardiophorinae, Elaterinae. Fauna of Ukraine. In 40 vols]. — Vol. 19. — Iss. 4. — Kiev:
Naukova dumka, 1988. — 204 pp. (in Russian).

Dreano S., BarLoy J., PRunar F., BArRLOY-HUBBER F. Status of C. (Morphocarabus) mendax
Kraatz 1880 in Romania // Research Journal of Agricultural Science. — 2015. — 47(2).
—P. 34-44.

EmELYanov A.F. Predlozhenija po klassifikatsii i nomenklature arealov [Propositions of clas-
sification and nomenclature of the distribution ranges] // Entomologicheskoje oboz-
renije. — 1974. — Vol. 53. —Iss. 3. — P. 497-522.

Farkac J., Kopecky T., VEsELY P. Vyuziti stfevlikovitych broukti (Coleoptera: Carabidae)
fauny Slovenska k indikaci kvality prostfedi // Ochrana prirody, Banska Bystrica. —
2006. —25. - S. 226-242 (in Czech).

Freupe H., HarDE K.-W., Lonse G.A., Krausnitzer B. Die Kéfer Mitteleuropas. Band 2.
Adephaga 1. Carabidae (Laufkéfer). — 2. (erweiterte) Auflage. — Heidelberg: Spectrum,
2004. — 522 s.

GERYAK YU.M. Do vyvchennia fauny sovok (Lepidoptera, Noctuidae) urochyshcha Biletsky
lis (Ukraina, Lvivska oblast) [To the study of the owlet moths fauna (Lepidoptera,
Noctuidae) of Biletsky lis location (Ukraine, Lviv region)] // Scientific Bulletin of
Uzhgorod University. — Series Biology, Vol. 25 —2009. — P. 176-185 (in Ukrainian).

Gervak Yu.M. Luskokryli nadrodyny Noctuoidea (Insecta, Lepidoptera) Zakarpatskoi oblasti
[The Noctuoids (Insecta, Lepidoptera) of Transcarpathian region] // Scientific Bulletin
of Uzhgorod University. — Series Biology, Vol. 29. — 2010. — P. 126-139 (in Ukrainian).

GErRYAK YU.M. Novi ta malovidomi vydy Noctuoidea (Lepidoptera, Insecta) Ukrainskykh
Karpat [New and little known Noctuoidea species (Lepidoptera, Insecta) of Ukrainian
Carpathians] // Scientific Bulletin of Uzhgorod University. — Series Biology, Vol. 33. —
2012. —P. 105-119 (in Ukrainian).

Gervak Yu.M. Do fauny Noctuoidea (Lepidoptera, Insecta) Ukrainskykh Karpat [To the
Noctuoidea fauna (Lepidoptera, Insecta) of Ukrainian Carpathians] // Scientific Bulletin
of Uzhgorod University. — Series Biology, Vol. 35. —2013. — P. 73-83 (in Ukrainian).

GERYAK YU.M., Kanarsky Y.V., KovaL N.P. Luskokryli nadrodyny Noctuoidea (Lepidoptera,
Insecta) Uzhanskoho natsionalnoho pryrodnoho parku [Noctuoidea (Lepidoptera,
Insecta) of Uzhansky National Nature Park] // Proceedings of the State Natural History
Museum. — Vol. 29. —2013. — P. 19-32 (in Ukrainian).

GERYAK Y., KANARSKY Y., LyasHEnkO E., MaTELESHKO A. [Insecta, Lepidoptera: Sphingidae,
Saturniidae, Endromididae, Lemoniidae, Lasiocampidae, Notodontidae, Nolidae,
Arctiidae, Lymantriidae, Erebidae, Noctuidae] / Chervona knyha Ukrainskykh Karpat.
Tvarynnyi svit [Red Data Book of Ukrainian Carpathians. Animal Kingdom]. — eds.
Mateleshko A., Potish L. — Uzhgorod: Karpaty, 2011. — P. 126-175 (in Ukrainian).

Gorsunov P.Y. The butterflies of Russia: classification, genitalia, keys for identification
(Lepidoptera: Hesperioidea and Papilionoidea). — Ecaterinburg: Thesis, 2001. — 320 p.

Haitat Concept of Biodiversity Protection: Basic Documents of the European Union / Eds.
A. Kagalo, B. Prots. — Lviv: ZUKC, 2012. — 280 p. (in Ukrainian).

180



Inaukaropre 3uaueHHs komax (Coleoptera, Lepidoptera) sk MapKepiB cTaHy...

Hurka K. Carabidae of the Czech and Slovak Republics. — Zlin: Kabourek, 1996. — 565 p.

Kanarsky Y.V. Ridkisni ta znykayuchi vydy dennykh luskokrylykh (Lepidoptera:
Papilionoidea, Hesperioidea) zakhidnykh regioniv Ukrainy [Rare and threartened but-
terfly species (Lepidoptera: Papilionoidea, Hesperioidea) of the western regions of
Ukraine] // Scientific Principles of Biodiversity Conservation. — Vol. 2(9)/1. — 2011a.
—P. 271-284 (in Ukrainian).

KaNarsky Y. [Insecta, Lepidoptera: Papilionidae, Pieridae, Nymphalidae, Satyridae,
Riodinidae, Lycaenidae, Hesperiidae] / Chervona knyha Ukrainskykh Karpat. Tvarynnyi
svit [Red Data Book of Ukrainian Carpathians. Animal Kingdom]. — eds. Mateleshko
A., Potish L. — Uzhgorod: Karpaty, 2011b. — P. 94-125 (in Ukrainian).

Kanarskyr Yu.V. Ekogeografichna kharakterystyka dennykh luskokrylykh (Lepidoptera:
Hesperioidea, Papilionoidea) [Ecological and geographical characteristics of the butter-
flies (Lepidoptera: Hesperioidea, Papilionoidea)] // Scientific Principles of Biodiversity
Conservation. — Vol. 6(13)/1. — 2015. — P. 235-248 (in Ukrainian).

Kanarskyr Yu.V., Gervak Yu.M. Macrolepidoptera (Insecta, Lepidoptera) of the
Pozhyzhevska site in Chornogora Mts // Scientific Principles of Biodiversity
Conservation. — Vol. 5(12)/1. — 2014. — P. 145-162.

KaNarskyl Yu., GERYAK YU., LyasHEnko E. Ecogeographic structure of the moth fauna
(Lepidoptera, Drepanoidea, Bombycoidea, Noctuoidea) in upper Tisa river basin and
adjacent areas (Ukraine) // Transylvanian Review of Systematics and Ecology, Res.11:
The Upper Tisa River Basin. —2011. — P. 143-168.

Kanarskyt Yu.V.,, KovaL N.P., Gervak Yu.M., KoracH V.A. Riznomanitnist’ i suchasnyi
stan vyvchennia entomofauny Uzhanskoho NPP [Diversity and recently studying sta-
tus of the insect fauna of Uzhansky National Nature Park] // Scientific Principles of
Biodiversity Conservation. — Vol. 3(10)/1. —2012. — P. 151-167 (in Ukrainian).

Kryucako Z.F., PryusHcH 1.G., SHESHURAK P.N. Annotirovannyi catalog sovok (Lepidoptera,
Noctuidae) Ukrainy [Annotated catalogue of the owlet moths (Lepidoptera, Noctuidae)
of Ukraine]. — Kyiv: Ivan Shmalhausen Institute of Zoology, NAS of Ukraine, 2001. —
884 p. (in Russian).

Kozrovsky M.P. Pryrodnist’ lisovykh biogeocenoznykh ecosystem Karpat ta ii bioindy-
katsiya na osnovi fitonematodnykh kompleksiv [The natural condition status of the
Carpathian biogeocenose forest ecosytems on the basis of Phytonematoda complexes]
// Biological sciences. — Scientific Journal “ScienceRise” Ne 9/4 (14). —2015. - P. 51-57
[Internet Issue] (in Ukrainian).

Kryzuanovskil O.L. Sostav i rasprostranenije entomofaun zemnoho shara [The composition
and distribution of entomofaunas of the world]. — Moscow: KMK, 2002. — 237 p.
KuLak A.V. Strategiya sokhraneniya vidovogo raznoobraziya nasekomykh. 1: Otsenka neob-
khodimosti okhrany redkikh vidov nasekomykh. 2: Metodika vydeleniya vidov dla
Krasnoj knigi [The preservation strategy for Insect species diversity. Pt.1: Evaluation
of necessity of the conservation of rare Insect species. Pt.2: Methods of selection of the
species for Red Data Book] // Red Data Book of Belarus Republic: condition, problems
& perspectives. Proceedings of Republic scientific conference, Dec. 12-13, 2002. —
Vitebsk: P.M. Masherov Vitebsk State University Publishers, 2002. — P. 137-140 (in

Russian).

Kuprna O. Aspects of the conservation of butterflies in Europe. Butterflies of Europe. — Vol.
8. — Wiesbaden: Aula-Werlag, 1986. — 323 p.

KubprNaA O., PENNERSTORFER J., Lux K. Distribution Atlas of European Butterflies and Skippers.
— Wissenschaftlicher Verlag Peks i K., Schwanfeld, Germany, 2015. — 632 p., maps.

LaiBner S. Elateridae of the Czech and Slovak Republics. — Zlin: Kabourek, 2000. — 292 p.

Lazorko V. Materijaly do systematyky i favnistyky zhukiv Ukrainy [Materials to the sys-
tematics and faunistics of the beetles of Ukraine]. — Wancouwer: Shevchenko Science

181



Kanapcekwuii F0.B.

Society, 1963. — 200 p. (in Ukrainian).

Lie P, KLewreLp F. Betrachtungen tiber Carabus (Morphocarabus) hampei Kiister, 1846
und seine Rassen in Transsylvanien, Ruménien (Coleoptera: Carabidae) // Galathea.
Berichte des Kreises Niirnberger Entomologen. — 2001. — 17/2. — S. 75-94.

Macek J., DVoRAk J., TRaxLER L., CERVENKA V. Motyli a housenky stfedni Evropy. Noéni
motyli [. — Praha: Academia, 2007. — 376 s. (in Czech).

Mackx J., DvorAk J., TRaxLer L., CERVENKA V. Motyli a housenky stiedni Evropy. Noéni
motyli I — muroviti / Praha: Academia, 2008. — 492 s. (in Czech).

MATELESHKO A., RosHko V., Yanytsky T. [Insecta, Coleoptera: Rhysodidae, Lucanidae,
Scarabaeidae, Buprestidae, Elateridae, Cerophytidae, Trogossitidac, Cucujidae,
Erotylidae, Oedemeridae, Boridae, Cononotidae, Cerambycidae] / Chervona knyha
Ukrainskykh Karpat. Tvarynnyi svit [Red Data Book of Ukrainian Carpathians. Animal
Kingdom]. — eds. Mateleshko A., Potish L. — Uzhgorod: Karpaty, 2011. — P. 28, 59-87
(in Ukrainian).

MateLesako O.Y. Novi ta malovidomi vydy tverdokrylykh (/nsecta, Coleoptera) u fauni
Ukrainskykh Karpat [ The new and poorly known species of beetles (/nsecta, Coleoptera)
in the fauna of Ukrainian Carpathians] // Vestnik Zoologii. — 2009a. — Vol. 43 (2). —
P. 179-183 (in Ukrainian).

MateLesHKO O.Y. Novi znakhidky tverdokrylykh (Insecta, Coleoptera) z regionu Ukrainskykh
Karpat [The new finds of beetles (/nsecta, Coleoptera) from the region of Ukrainian
Carpathians] // Scientific Bulletin of Uzhgorod University. — Series Biology, Vol. 25. —
2009b. — P. 155-163 (in Ukrainian).

MateLesiko O.Y. Nova znakhidka kovalyka luskatoho — Lacon lepidopterus (Panzer,
1801) (Coleoptera, Elateridae) v Ukrainskykh Karpatakh [The new find of the click
beetle — Lacon lepidopterus (Panzer, 1801) (Coleoptera, Elateridae) in the Ukrainian
Carpathians] // Scientific Bulletin of Uzhgorod University. — Series Biology, Vol. 27. —
2010. — P. 67 (in Ukrainian).

MarteLesiko O.Y. Znakhidky kovalykiv Limoniscus violaceus (P. W. Mueller, 1821) i
Ampedus quadrisignatus (Gyllenhal, 1817) v Ukrainskykh Karpatakh [Finds of the
click beetles Limoniscus violaceus (P.W.Mueller, 1821) & Ampedus quadrisignatus
(Gyllenhal, 1817) in the Ukrainian Carpathians] // Scientific Bulletin of Uzhgorod
University. — Series Biology, Vol. 30. —2011. — P. 218 (in Ukrainian).

Mepvebev  S.I.  Plastinchatousyje (Scarabaeidae). Podsem. Cetoniinae, Valginae
[Scarabaeidae. Subfamilia Cetoniinae, Valginae] / Fauna of USSR: Insecta, Coleoptera.
— Moscow-Leningrad, 1964. — Vol. X, iss. 5. — 374 p. (in Russian).

Nieto A., ALEXANDER K.N.A. European Red List of Saproxylic Beetles. — Luxembourg:
Publications Office of the EU. — 2010. — 56 p.

PraviLsacHiKOV N.N. Zhuki-drovoseki (Cerambycidae). Chast 1 [Long horned beetles
(Cerambycidae). Part 1] / Fauna of USSR: Insecta, Coleoptera. — Moscow-Leningrad,
1936. — Vol. XXI. — 613 p. (in Russian).

PraviLsucHikov N.N. Zhuki-drovoseki (Cerambycidae). Chast 2 [Long horned beetles
(Cerambycidae). Part 2] / Fauna of USSR: Insecta, Coleoptera. — Moscow-Leningrad,
1940. — Vol. XXII. — 785 p. (in Russian).

PraviLsacHKOV N.N. Zhuki-drovoseki (Cerambycidae). Chast 3. Podsemejstvo Lamiinae,
Ch. 1 [Long horned beetles (Cerambycidae). Part 3. Subfamilia Lamiinae, Pt. 1]/ Fauna
of USSR: Insecta, Coleoptera. — Moscow-Leningrad, 1958. — Vol. XXIII, iss. 1. — 575
p. (in Russian).

POLSKA CZERWONA KSIEGA ZWIERZAT. Bezkrggowce / Pod red. Z. Glowacinskiego,
J. Nowackiego. — 2004. — 447 s. (in Polish).

182



Inaukaropre 3uaueHHs komax (Coleoptera, Lepidoptera) sk MapKepiB cTaHy...

Porov S.G., PryusHcH 1.G. Bulabousyje cheshujekrylyje (Lepidoptera: Papilionoidea
& Hesperioidea) Zapadnoj Ukrainy [Butterflies (Lepidoptera: Papilionoidea &
Hesperioidea) of the West Ukraine]. — Uzhgorod: M-Studia, 2004. — 577 p. (in Russian).

RARE AND THREATENED ANIMAL SPECIES OF THE L’vIv REGION (UKRAINE) [Ridkisni ta znykayuchi
vydy tvaryn Lvivskoi oblasti] / A.-T. Bashta, Yu. Kanarsky, M. Kozlovsky (Eds). —
Lviv: Liga-pres, 2013. — 224 p. (in Ukrainian).

ReD Data Book oF UKRAINE. Animal Kingdom [Chervona knyha Ukrainy. Tvarynnyi svit] /
ed. I. A. Akimov. — Kyiv: Globalconsalting, 2009. — 600 p. (in Ukrainian)

Rep Data Book orF THE UKRAINIAN CarpaTHIANS. Animal Kingdom [Chervona knyha
Ukrainskykh Karpat. Tvarynnyi svit]. — eds. Mateleshko A., Potish L. — Uzhgorod:
Karpaty, 2011. — 336 p. (in Ukrainian).

RikHTER A.A. Zlatki (Buprestidae). Chast 4 [Jewel beetles (Buprestidae). Part 4] / Fauna of
USSR: Insecta, Coleoptera. — Moscow-Leningrad, 1958. — Vol. XIII, iss. 4. — 234 p. (in
Russian).

Rizuon V.B. Zhuzhelitsy (Coleoptera, Carabidae) rodov Calosoma Web., Carabus (L.),
Cychrus F. [Carabid beetles (Coleoptera, Carabidae) of the genus Calosoma Web.,
Carabus (L.), Cychrus F.] // Catalogue of museum collections: Research works. — Lvov,
1990. — P. 137-166 (in Russian).

Rizun V.B. Turuny Ukrainskykh Karpat [Carabid beetles of the Ukrainian Carpathians]. —
Lviv, 2003. — 207 p. (in Ukrainian).

Rizun V.B., Konovarova .M., YanyTtsky T.P. Ridkisni i znykayuchi vydy komakh Ukrainy
v entomolohichnykh kolektsiyakh Derzhavnoho pryrodoznavchoho muzeyu [Rare and
endangered Insect species of Ukraine in entomological collections of the State Museum
of Natural History]. — Lviv, 2000. — 71 p. (in Ukrainian).

Rizun V., MateLEsHKO A. [Insecta, Coleoptera: Carabidae] / Chervona knyha Ukrainskykh
Karpat. Tvarynnyi svit [Red Data Book of Ukrainian Carpathians. Animal Kingdom].
— eds. Mateleshko A., Potish L. — Uzhgorod: Karpaty, 2011. — P. 29-44 (in Ukrainian).

RousaL J. Katalog Coleoptera (broukl) Slovenska a Podkarpatska na zaklade bionomickém
a zoogeografickém a spolu systematicky doplnek Ganglbauerovych “Die Kéfer von
Mitteleuropa” a Reitterovy “Fauna germanica”.— Praha, 1930. — Tom I. — 527 s. (in
Czech).

RousaL J. Katalog Coleoptera (brouktl) Slovenska a Podkarpatské Rusi na zaklade bio-
nomickém a zoogeografickém a spolu systematicky doplnek Ganglbauerovych “Die
Kifer von Mitteleuropa” a Reitterovy “Fauna germanica”.— Praha, 1936. — Tom II. —
435 s. (in Czech).

TscHikoLovETs V.V. Denni metelyky Ukrainy (faunistychnyi ohlyad) [The Butterflies of
Ukraine] // Zoological Museum research works. —2005. —37. — P. 13-62 (in Ukrainian).

TuriN H., PENEV L., CasaLE A. The Genus Carabus in Europe. A Synthesis. — Sofia-Moscow,
Leiden: Pensoft Publishers & European Invertebrate Survey, 2003. — XVI+512 pp., 24
colour pts, 217 maps.

Yanitski T.P. Rasprostranenije i zoogeograficheskii analiz zhukov-zlatok (Coleoptera,
Buprestidae) v Zapadnoj Ukrainie [Distribution and zoogeographical analysis of jewel
beetles (Coleoptera, Buprestidae) in the West Ukraine] // Vestnik Zoologii. — 1996. —
Vol. 30 (1-2). — P. 23-27 (in Russian).

ZauaikevycH LK. Tverdokryli rodyny zlatok (Coleoptera, Buprestidae) [The jewel beetles
(Coleoptera, Buprestidae)] // Catalogue of museum collections. Research works of
State Museum of Natural History, Academy of Sciences of the Ukrainian SSR. — Kyiv:
Naukova dumka, 1978. — P. 210-229 (in Ukrainian)

183



Kanapcekwuii F0.B.

IHINKATOPHE 3HAYEHHSA KOMAX (COLEOPTERA, LEPIDOPTERA)
SAK MAPKEPIB CTAHY INPUPOJHOCTI EKOCHUCTEM PEI'IOHY
VKPATHCBKUX KAPIIAT

10.B. KAHAPCHKMIA

Po3mIsiHyTO NPUHIMIIN BUKOPUCTAHHSI OKPEMHX I'PYII 1 BUIB TBEPAOKPHIINX 1 TyCKOKPHINX KOMaX SIK
MapKepiB CTaHy MPUPOIHOCTI EKOCHCTEM. [HAMKATOPHI BHIM (MapKepH) — L€ BHIH, SKi MAlOTh CIICIH-
(iuHi BUMOTH 10 CepelOBHINA iICHYBAHHS i IPUCYTHICTH (BIACYTHICTH) SIKMX BiZ0oOpaXkac CTaH Mpu-
POIHOCTI Ta 30€peKeHOCTI PI3HOMAHITTS BiJIIOBITHUX YIPyNOBaHb i KOMIUIEKCIB OioTH. Bumineno 3
00’extHi kareropii (I-II) Ta 6 exonoriuaux rpym (A-F) iHauKaTopHUX BUAiB KoMax. Ha 0CHOBI bOT0O
MIXOy CKJIaJCHO CIUCKU HIMKATOPHUX BH/IIB PEriOHaNbHOI (hayHH sl 4-X eKOJIOro-TaKCOHOMid-
Hux rpym: typyau (Coleoptera, Carabidae), canpoxcunbti xyku (Coleoptera p.p.), ICHHI METEIH-
ku (Lepidoptera, “Rhopalocera”), Oinbimi pizHOByci Metenuku (Lepidoptera, ‘“Macroheterocera”).
To10BHE iHIMKAaTOPHE 3HAYECHHS LIMX BHUIB MOJATAE B TOMY, IO aHAJi3 0COOIMBOCTEH IX MOLINPEHHS
JI03BOJISIE BUSIBUTH HAHOLIBII IIHHI OCeNUINa i “Tapstdi TOUKH Pi3HOMAaHITTS Ha3eMHUX 0e3XpeOeTHUX
Ha piBHAX JaHAMAa(THUX 1 Oi0reoleHO3HNX ekocucTeM. Ha miif migcTaBi okpeciieHo 12 HaiiBaKIIHBi-
LIMX TEPUTOPIaIbHUX OCEPEaKIB Pi3HOMAaHITTs 6e3xpedeTHnx YkpaiHcbkux Kapmar.

KurouoBi ciioBa: Oioinamkanisi, 610pi3HOMaHITTS, €KOCHCTEMa, OCEIHIE, PIAKICHI i 3HUKar04l BUAM
KoMmax, YkpaiHnceki Kapnaru

NHAUKATOPHOE 3HAYEHUE HACEKOMBIX (COLEOPTERA,
LEPIDOPTERA) KAK MAPKEPOB ECTECTBEHHOI'O COCTOsHUS
9KOCHUCTEM PEI'MOHA YKPAMHCKHUX KAPIIAT

1O.B. Kanarcknit

PaccMOTpeHBI IPUHIUITBT NCTIONB30BAHMS OTCIBHBIX TPYIIT H BUAOB KECTKOKPBUIBIX M YEIIyeKPhIIBIX
HACEKOMBIX B Ka4€CTBE MAapKEPOB €CTECTBEHHOIO COCTOSIHHUS IPHPOJHBIX U TPAHCHOPMHUPOBAHHBIX
sKocucTeM. VHMKaTOpHbIe BUIB! (MAapKephl) — 3TO BUJIBI, KOTOPBIE NPOSIBILIIOT CIIEIM(pHIECKUE Tpe-
0oBaHUsA K cpele OOMTaHHUS M HaJH4YHe (OTCYTCTBHE) KOTOPBIX OTOOPaKaeT eCTECTBEHHOE COCTOSHUE
U COXPaHHOCTh Pa3HOOOPa3usi COOOIIECTB  KOMIUIEKCOB OMOTHI. BhieneHbl 3 00bEKTHBIC KATCTOPUH
(I-IIT) m 6 sxonormueckux rpymn (A-F) MHAMKaTOPHBIX BUIOB HaceKoMbIX. Ha ocHOBe maHHOTO MOJ-
XOZIa COCTABJIEHBI CIUCKN MHUKATOPHBIX BUIOB PETHOHANBHOM (hayHBI 1u1st 4-X 3KOIOTO-TaKCOHOMH-
yeckux rpynrt: xxyxenuiisl (Coleoptera, Carabidae), canpokcunbhbie sxyku (Coleoptera p.p.), OynaBo-
ycble "erryekpeuibie (Lepidoptera, “Rhopalocera”), 6onbiue pasnoycsie uenryexpsuisle (Lepidoptera,
“Macroheterocera”). [maBHOE WHIMKAaTOPHOE 3HAYCHUE ATHUX BUJIOB COCTOUT B TOM, YTO aHAJIH3 OCO-
OCHHOCTEH UX PACIPOCTPAHCHHUS MO3BOJISCT BBIIBUTH HAHOOJICE ICHHBIC MECTOOOUTAHUS U “Tapsune
TOUKK” pa3HOOOpa3usi HA3eMHBIX OECIO3BOHOUHBIX HA YPOBHSX JIAHAMIA(THEIX ¥ OHOTCOIEHO3HBIX
exocucteM. Ha 3ToM ocHOBaHMH BBIAENCHO 12 BaKHEHIINX TEPPUTOPHATIBHBIX 0YaroB pasHOOOpasust
0ecro3BOHOYHBIX YkpanHCckux Kapmar.

KiroueBbie ciioBa: GuonHaMKaius, 6uopasHooOpasue, SKocucTeMa, MECTOOOUTAHUE, PEIKUE U HC-
Ye3arolIne BHUbI HACCKOMBIX, YKpauHckue Kaprarsr
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