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Abstract. In June—July 2021, the entomofauna of a storage facility for pyrite cinders in the vicinity of
Cherepovets was studied. A total of 161 species of insects from 64 families and 8 orders were found.
The orders with the greatest species diversity were Coleoptera, Hymenoptera and Diptera. Most of the
species reported are widespread in the region, but rare, including protected, species are also found.
The richest species composition of insects is on the tops and slopes of the sludge reservoir. The fauna
includes numerous hortobiont species that feed on flowers, pollen and nectar and have good dispersal
abilities. A small number of phyllophagous insects was found. At the top and slopes of the sludge
reservoir, ants are dominant. A total of 5 species of ants were found in the study area.
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Hay4yHas cTatbs

CDayHa M 3KONTormyeckmue ocobeHHoOCTU
HaCeKOMbLIX lWaMOHaKonumTe Nnd NMPUTHDLIX
OorapkKosB (Ha npuMepe BOﬂOTOHCKOﬁ OGJ'IaCTM)

KO.H. Benosa , H.C. Konecosa*

Bornozodckuti eocydapcmeeHHnbili yHusepcumem, 160000, Poccusi, Bornoeodckasi obnacme,
2. Bonoeda, yn. JleHuHa, 4. 15

*nbalukova@yandex.ru

AHHoTaumua. B noHe—uione 2021 r. nccnegoBaHa aHTOMOgayHa XpaHunuvia NUMPUTHBIX Orapkos B
OKpecTHoCTSAX I. Yepenosel. Bcero obHapyxeH 161 Bug HacekoMbix u3 64 ceMelncTB n 8 OTpsSO0B.
Haunbonbluee BugoBoe pasHoobpa3sne cBoMCTBEHHO Anis oTpsanoB Coleoptera, Hymenoptera n Diptera.
B ocHOBHOM npeacTaBneHbl BUAbl, LLMPOKO pacnpocTpaHeHHble B 06racTu, 04HaKo OTMeYeHbI pedkme,
B TOM uucrie oxpaHsiemble Buabl. Hanbonee 6orat B1nOoBow cocTaB HacCEKOMbIX BEPLUMH W CKITOHOB
wrnaMmoHakonutens. B coctaBe dayHbl MHOrOMMCNEHHbI BUABI-XOPTOOMOHTLI, MUTAOLMECs LUBEeTKamu,
MbINbLON U HEKTapoM, obnagaroLmue XopoLwnMmn MMrpaumMoHHbIMK cnocobHocTamn. OTMedeHa HU3Kas
YNCNEHHOCTb HacekoMbIX-chunnnodaros. Ha BepLuMHE 1 CKNOHAX LWiaMOHaKonuTens ZOMUHaHTaMu siB-
nawTca Mypasbu. Becero B panoHe uccrnegoBaHus Ob1no BCTPeYEHO 5 BUOOB MypaBbEeB.

KnioueBble crnoBa: SHTOMO(*)ayHa, BWOOBOW COCTaB, 3KOSOrmyeckme rpynnbl, NPOMbILLIIEHHbIE OTXOAbI

®PuHaHcupoBaHue. Pabota GasnpyeTcsa Ha Matepuanax, nofyveHHbIXx B pamkax [oroBopa BolY ¢
AO «Anatnt»» Ne 2502/2021 ot 20.04.2021 (OT1yer HNP «OueHka Guonoruyeckoro pasHoobpasus
1 BbiSBNeHMEe oumumnanbHO pegkux BUOOB PacTEHUIM M XKMBOTHBIX Ha MAoLWaiKe LufaMoHakonutenewm
nupuTHOro orapka (LUHMO) Ne 1, 2, 3 n no nepumeTpy B 300-MeTpoBOM 30He, ANs pa3paboTku npoekTa
KOHCEpBaLMN KOMMIeKca rmapoTexHnyecknx coopykenuin LWHMO Ne 1, 2, 3, pacnonoXeHHbIX Ha Tep-
putopun docgopHoro komnnekca AO “Anatut’y).

BnarogapHocTu. ABTOpbl NpuaHaTenbHbl A.B. Uxobaase n A.A. LLabyHoBy (BolY) 3a nomoLpb B opra-
HM3auMmM 1 NPoBeAEHNM NONEBbIX NUCCNEAOBaHWN, a TakKe peLeH3eHTam 3a BbiCKa3aHHbIe KpUuTuyeckne
3amevaHus.
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Introduction

Pyrite cinders are industrial mineral substrate from sulfuric acid production using the pyrite
concentrate roasting technique (Makarov et al., 2012). Pyrite cinders are finely-dispersed purplish,
brown-red powder (Makarov et al., 2020) which predominantly consists of iron oxides (50-70%) and
silicon with a slight infusion of sulphur (1-2%), copper (0.33-0.47%), zinc (0.42-0.35%), lead (0.32—
0.58%), valuable metals (up to 10—20 grams per ton) and other metals (Gulayeva et al., 2017). There
are four huge waste disposal facilities containing more than 1 million tons of pyrite cinders as waste
products of sulfuric acid production in Russia. The biggest one (12 million tons) is located on the
territory of the “Apatit” Company, not far from the city of Cherepovets, Vologda Oblast, in the north-
west European part of Russia (Melentyev, 2015). The cinders are stored using the hydraulic method
in slurry reservoirs, special uncovered containers of large size to collect the cinders before they go to
the special storage area.

Under the influence of environmental factors, the contents of a slurry reservoir undergo natural
processes connected with precipitation accumulation, oxidation, and colonization by living organisms
the features and variety of which change over time. Invertebrates play an important role in such
assemblages especially at an early stage of their formation (Suktsessii..., 1993). Insects are the first to
appear on the surface of the anthropogenic substrates (Mordkovich and Lyubechansky, 2019).

The research showed that the invertebrate fauna of the anthropogenic substrates of industrial
waste is formed due to active invasion of species from the surrounding areas or their passive dispersal
with the air streams, or with soil which is brought to improve the environment and remediate, etc.
(Dulkin et al., 1969; Eremeeva and Luzyanin, 2015; Mordkovich and Lyubechansky, 2019; Rusakov et
al., 2013; Suktsessii..., 1993). At the beginning, an assemblage of soil animals forms which influence
the processes of soil formation and vegetation cover, either directly or indirectly (Suktsessii..., 1993).
The phytocenoses that appeared are actively colonized by invertebrates, the diversity of their species
depends on the age of the dumps and the vegetation cover which has been formed. The more vegetation
types and flowering herbaceous plants are found, the greater the species diversity is (Galinovsky and
Kritskaya, 2014). In general, the number of species on the dumps is low, but animal populations
may be even denser in comparison with natural assemblages (Bogorodskaya et al., 2010; Eremeeva
and Luzyanin, 2017; Lyubechansky et al., 2019; Mordkovich and Lyubechansky, 2019; Suktsessii...,
1993). The species diversity and population density of species with dispersal behavior are greater.
Coleoptera (Carabidae, Staphylinidae) and ants predominate on the ground cover (Blinova, 2015;
Blinova et al., 2015; Eremeeva and Luzyanin, 2016; Eremeeva et al., 2013, 2015a, b; Luzyanin and
Eremeeva, 2016; Mordkovich and Lyubechansky, 2019). Hemiptera (Acanthosomatidae, Anthocoridae,
Pentatomidae, Cicadellidae), Diptera and Thysanoptera predominate among the insects in the grass
(Dulkin et al., 1969).

Composition and behavior patterns of the insect assemblages in anthropogenic substrates are
of great interest and relevance, and numerous studies deal with coal industry dumps. The problems
of animal population formation and development under the influence of remediation actions and over
time have been studied (Bespalov, 2016; Bespalov and Belanov, 2020; Eremeeva et al., 2013, 2015a;
Eremeeva and Luzyanin, 2015, 2017; Luzyanin and Eremeeva, 2016; Mordkovich and Lyubechansky,
2019; Rusakov et al.,, 2013; Suktsessii..., 1993). Many research works on soil mesofauna and
herpetobionts use insects as a subject of study. Similar studies in other types of industries are not very
numerous and contain little data about fauna in slurry reservoirs and dumps. The fauna and Coleoptera
population in phosphogypsum stacks (phosphorus production) were studied (Galinovsky and Kritskaya,
2014; Kritskaya and Galinovsky, 2014). There have been some studies on insect fauna in dumps from
metal production: aluminum (Dulkin et al., 1969), zinc and lead (Blinova, 2015).
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This research is considered topical as there are no works on insect fauna in pyrite cinder dumps.
The aim of the current study is to analyze the composition and characteristic features of entomofauna in
sludge reservoirs of pyrite cinders.

Materials and methods

The field material was collected in June—July, 2021 on the sludge reservoir of pyrite cinders on the
territory of “Apatit” Company, 12 km from Cherepovets (Fig. 1). There are ponds in the middle of the
sludge reservoir; there is an enclosing dam and a drain along its periphery. The soil in the reservoir
mainly consists of pyrite cinders and ash with the majority of their elements in a static form; there are
insertions of sulfur and pyrite (FeS,). The soil samples contained Fe*, Ba*", Mn**, Ca*, Al**, Cu**, Cd*,
Zn*, Hg?". Biotesting of the soil showed different degrees of contamination: from strong in the central
part of the sludge reservoir to weak and no contamination on the periphery, including the enclosing dam
(Bulycheva, 2022).

Fig. 1. Sludge reservoir of pyrite cinders in the vicinity of Cherepovets. The orange line shows the border of the sludge reservoir,
the yellow line shows the border of the adjacent zone, the studied areas are marked with blue filling.
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Table 1. Characteristics of the studied areas. The names of the plant associations are given according to the research report
"Assessment of Biological Diversity and Identification of Officially Rare Species of Plants and Animals at the Pyrite Cinder Sludge
Reservoir Site (PCSR) No 1, 2, 3 and along the perimeter in the 300-meter zone, for the development of a conservation project for
the complex of hydraulic structures PCSR No 1, 2, 3 located on the territory of the “Apatit” Phosphorus Complex".

No. Area Vegetation type Plant association

1 perimeter of the sludge weed-ruderal,
reservoir (adjacent territory) ~ meadow and forest

willow herb-tansy-cocksfoot

2 sludge reservoir foot forest large-grass birch, large-grass alder

3 slope of sludge reservoir
(edge)

beaked parsley, umbel-hawk weed-

weed-ruderal brown knapweed-tansy

sweet clover-various grasses, meadow
weed-ruderal vetchling-various grasses, willow herb-
sweet clover-meadow vetchling

4 sludge reservoir top (storage
site)

The materials were collected in several areas: outside along the perimeter, at the foot, on the slopes
and on the top of the enclosing dam of the sludge reservoir (Table 1, Figs. 1, 2). The following methods
were used to collect the material:

1) manual collection from herbaceous, shrubby and woody plants, under ground covers;

2) collection of insects of the herbaceous layer using an entomological net;

3) study of damage to herbaceous and woody plants.

The process of collecting ground insects with traditional pitfall traps was not possible, because
particles of pyrite cinders in the dumps are significantly compacted and cemented into dense stony
aggregates under the influence of surface factors (mainly water) (Makarov et al., 2021).

To determine insect species, the identification keys were used for all systematic groups (Mozolevskaya
et al., 2004; Opredelitel nasekomykh..., 1948), as well as for the orders Dragonflies (Opredelitel
nasekomykh..., 1964), Coleoptera (Benkovsky, 1999; Opredelitel nasekomykh..., 1965), Hymenoptera
(Opredelitel nasekomyh..., 1978), Diptera (Haarto and Kerppola, 2007; Opredelitel nasekomykh...,
1969, 1970; Stakelberg, 1933) and Lepidoptera (Tatarinov and Dolgin, 1999). The genus and species
of some representatives of Aphididae, Ichneumonidae, Chalcididae have not been identified. The
species of some representatives of Lathrobium (Staphylinidae), Tenthredo (1 of the 4 collected species
is undetermined) (Tenthredinidae), Chaoborus (Chaoboridae), Platycheirus (Syrphidae) have not been
identified. When counting the number of species, each named taxon is taken into account as a unit. The
names of the taxa are given according to the Fauna Europaea resource’.

Results

Taxonomic analysis of fauna

The insects recorded on the pyrite cinder sludge reservoir and its immediate surroundings belong to
161 species from 64 families and 8 orders (Tables 2, 3). The representatives of Coleoptera, Hymenoptera
and Diptera show the highest species diversity (Table 3). Among beetles, leaf beetles (Chrysomelidae)
predominate in terms of species richness, true bees (Apidae) predominate among Hymenoptera, and
hoverflies (Syrphidae) predominate among Diptera.

" Fauna Europaea. Web page. URL: https://fauna-eu.org. (accessed: 30.08.2021).
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A B

Fig. 2. Surveyed areas of the sludge reservoir: A — foot, B — slope (edge), C — top, D — perimeter (adjacent territory). Photograph
by N.S. Kolesova and Yu.N. Belova.

Species diversity and spatial distribution of insects

The analysis of the spatial distribution of insects shows that a greater number of insect species is
found on the tops and slopes of the sludge reservoir in comparison with its foot and perimeter (Fig. 3).

Only a small number of the species is observed in all parts of the sludge reservoir and in its
surroundings. These are Apis mellifera, Bombus bohemicus, B. lapidarius, B. lucorum, B. pascuorum,
B. semenoviellus, B. terrestris, Formica cinerea and Polyommatus icarus. The rest of the species are
not so widespread and colonize a particular biotope.

The perimeter of the sludge reservoir

Along the perimeter of the sludge reservoir there are tall grasses and areas with woody vegetation:
gray alder Alnus incana (L.) Moench and silver birch Betula pendula Roth. The golden alder leaf beetle
Plagiosterna aenea is found in great numbers in alders in wet areas. The alder beetle Agelastica alni is
found in large numbers on alders and occasionally on birches. In tall grass areas, the wart-biter Decticus
verrucivorus, the field grasshopper Chorthippus brunneus, and the Italian shield bug Graphosoma
lineatum are numerous.

The foot of the sludge reservoir

At the foot of the sludge reservoir there are young small-leaved forests. In the crowns of the trees
there are adults of the May beetle Melolontha hippocastani, bugs that feed on plant sap Acanthosoma
haemorrhoidale, and predators Anthocoris nemorum. Sucking insects such as alder psyllid Psylla
alni are common on young alder shoots. Among the herbaceous vegetation, click beetles Ampedus
balteatus have been observed, the adults feed on the green parts of plants, and the larvae develop in
deciduous wood. In the grass stand under the forest canopy, predatory soft-bodied beetles Cantharis
livida, C. pellucida and Rhagonycha testacea are found in great numbers. The adults of ground beetles
Limodromus assimilis and Carabus granulatus, which are common in deciduous forests, are found on
the soil surface and in the litter.
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Fig. 3. Spatial distribution of insects along the profile of the sludge reservoir of pyrite cinders.

There are ditches along the dam where larvae of many insects develop. The adult insects are found
on the slopes and top of the dumps: dragonflies, marsh beetles, horseflies, and hoverflies from the
genera Neoascia and Eristalis.

The slopes and top (storage area) of the sludge reservoir

The observations show that there is a low number of phyllophagous insects along the border of woody
and herbaceous vegetation in the crowns of deciduous trees (birch, alder, aspen, willow). On the young
shoots of aspens and willows, there are individuals of the leaf beetles Cryptocephalus octopunctatus,
Cr. androgyne and Phratora vitellinae, and weevils Phyllobius arborator. All of them feed on the surface
of leaves of the host plants as adults, and as larvae either on the leaves (Phratora) or in the soil and
leaf litter (Phyllobius, Cryptocephalus). There are insect larvae that develop in leaf tissues and inside
rolled leaf blades: Scolioneura betuleti (Fig. 4A), Agromyza alnibetulae (Fig. 4B), Harmandiola globuli
(Fig. 4C), Deporaus betulae, Byctiscus populi. The low number of phyllophages is probably determined
by the presence of a film of dust-like particles on the surface of the leaves, deposited from the air during
work at the sludge storage site (Fig. 4D), as well as the impact of emissions from the nearby industrial
workshops of “Apatit”, where phosphate-based fertilizers, phosphoric and sulfuric acids, ammonia
and ammonium nitrate are produced?. A decrease in the number of phyllophagous insects under the
influence of emissions in the impact zone of an industrial enterprise (copper smelter) was reported by
E.A. Belskaya and E.L. Vorobeichik (2013).

It is of great interest to note that a parasitic wasp Aulacus striatus was found, which has only once
been observed previously in the north and north-west of European Russia (Sundukov and Leley,
2015, 2019). This is the second time the species was recorded in the north of European Russia (within
the boundaries of this region, according to the “Annotated catalogue of the Hymenoptera of Russia”
(Belokobylsky at al., 2019)). Both times it occurred in the Vologda Region, in 1983 and 2021 (Sundukov
and Leley, 2015). Aulacus striatus is a specialized parasite of horntails of the genus Xiphydria. Adult
insects are found on damaged or fallen trees (alder, birch, and aspen) in which horntail larvae develop,
as well as on umbelliferous flowers (Apiaceae) (Bulanova, 2022; Sundukov and Leley, 2015; Zlatanov
et al., 2017). This time Aulacus striatus and Xiphydria camelus were found on one of the drying birches
on the top of the dump (Fig. 5).

2 Apatit JSC (Vologda Region). Web page. URL: https://www.phosagro.ru/about/holding_cherepovets (accessed: 06.04.2024).
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Fig. 4. Some species of phyllophagous insects found on the territory of the sludge reservoir: A — Scolioneura betuleti, larvae
in sac-like mines on birch leaves; B — Agromyza alnibetulae, larvae in long ribbon-like mines on birch leaves; C — Harmandiola
globuli, larvae in nut-shaped galls on aspen leaves; D — dust particles in the air. Photograph by Yu.N. Belova and N.S. Kolesova.

Among the tall grasses (on the upper parts of the slopes) and weeds on the tops, there are species
typical of meadows and disturbed territories of the Vologda Region. So, on herbaceous plants and in
the crowns of young trees, herbivorous shield bugs Dolycoris baccarum, Carpocoris purpureipennis,
and spittle bugs Philaenus spumarius, Lepyronia coleoptrata are found. Phytophagous beetles colonize
herbaceous plants: leaf beetles Cassida vibex, Crepidodera aurata and weevils Sitona suturalis, Hypera
miles. On flowering plants with large flowers and inflorescences, there are large beetles: flower chafers
Protaetia cuprea and Oxythyrea funesta, and stem-boring longhorns Agapanthia villosoviridescens.

On the top of the sludge reservoir and near the storage site for cinders, there are numerous adults
of anthophilous insects on flowering plants. They feed on flowers with nectar and pollen and have strong
dispersal abilities. These are hoverflies (19 species, the most numerous species are Eristalis arbustorum,
Syritta pipiens), bumblebees (16 species, predominated by Bombus terrestris and B. lapidarius (Fig. 6)),
butterflies (6 species, Polyommatus icarus is the most frequently found).

On the tops and slopes of the sludge reservoir, ants are numerous, the species Formica cinerea
and Lasius niger predominate. They build underground nests on dry and well-warmed peaks, as well
as on the slopes.

In total, 5 species of ants were found in the study area. Formica cinerea was found in all the biotopes
along the sludge reservoir profile, the rest of the species were registered on one or more profile sites.
For the first time in the Vologda Region, Tetramorium caespitum was found at the foot of the sludge
reservoir. Along the perimeter of the dump a rare species for the region, Formica exsecta, was found,
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Fig. 5. Parasite and host: A — Xiphydria camelus; B — Aulacus striatus; C — parasite A. striatus in search of its host X. camelus;
D — the habitat of the species on the top of the sludge reservoir. Photograph by N.S. Kolesova.

at the foot and along the slopes — Myrmica rubra was observed. In all the studied areas, except for
the slopes, the species Lasius niger was found. However, the fineness of the biotopes and their close
proximity suggest that all the ant species move along the profile of the sludge reservoir in search of food.

A common ecological feature of all these ant species, with the exception of Myrmica rubra, is that
they prefer well-lit areas (sparse forests, edges, meadows) (Dunaev, 1997). Lasius niger can live in
cities and make nests under asphalt; in addition, this species was noted as dominant in lead and zinc
production dumps (Blinova, 2015), and coal dumps (Eremeeva et al., 2015a).

Adult ants feed on honeydew (sugary excrement) of aphids that suck sap on herbaceous and woody
plants. Probably, it is ants that contribute to the wide distribution and high number of aphids on the sludge
reservoir, as they protect their colonies from predators. In turn, the high number of aphids determines
the formation of a rich food base for their specialized predators — ladybugs, some genera of hoverflies
and lacewings, the larvae of which develop on the surface of plants. 4 species of ladybugs were found
on the sludge reservoir: Coccinella quinquepunctata, C. septempunctata, Hippodamia variegata,
Propylea quatuordecimpunctata. In mid-July, the larvae and adults of Coccinella septempunctata, as
well as pupae and adults of Hippodamia variegata were the most numerous (Fig. 7). The adults of
hoverflies with predatory larvae from the genera Sphaerophoria, Scaeva, Syrphus and Eupeodes were
often found on flowers. 2 species of lacewings (Chrysopa perla and Chrysoperla carnea) were found in
the herbaceous vegetation.

On the slopes and top of the sludge reservoir we found the adults of the species whose larvae
develop in water bodies: dragonflies Sympetrum flaveolum and Coenagrion hastulatum, blood-sucking
females of horseflies Hybomitra bimaculata, H. lundbecki, Haematopota pluvialis, H. crassicornis. All of
them actively move in search of food.
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Fig. 6. Bumblebee species often found on the slopes and top of the sludge reservoir: A — rock bumblebee Bombus lapidarius
on the meadow vetchling Lathyrus pratensis L.; B — ground bumblebee B. terrestris on hawkweed Pilosella sp. Photograph by
N.S. Kolesova.

Fig. 7. Ladybugs on the top of the sludge reservoir: A — larvae of Coccinella septempunctata; B — pupae of Hippodamia variegata.
Photograph by Yu.N. Belova.

The species listed in the Red Book of the Vologda Region and the list of species (taxa) in need of
scientific monitoring in the region were identified on the territory of the sludge reservoir®. These are the
protected pollinating insects Bombus deuteronymus (at the top) and B. sporadicus (along the perimeter)
and those in need of scientific monitoring B. jonellus (at the foot and on the slopes), B. sichelii (perimeter,
slopes, top) and B. schrencki (perimeter, foot, top).

Ecological characteristics of insect fauna

The majority of insect species recorded as adults on the sludge reservoir belong to the ecological
group of mesophiles. An amphibiotic species (Acilius canaliculatus, Dytiscidae) was found on the top of
the sludge reservoir near the pond.

3Resolution of the Government of the Vologda Region No. 942 dated 25.07.2022 “On Approval of Lists of Rare and Endangered
Species (Intraspecific Taxa) of Plants, Fungi and Animals Listed in the Red Book of the Vologda Region, lists of Species
(Intraspecific Taxa) of Plants, fungi and Animals in Need of Scientific Monitoring in the Vologda Region, and on Amendments
to the resolution The Government of the region dated March 29, 2004 No. 320 and the invalidation of certain resolutions of the
Government of the region”.
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Table 4. Ecological characteristics of the insect fauna of the sludge reservoir according to the tiered distribution of species in plant
assemblages. The number before the slash specifies the number of species, the number after the slash specifies the proportion
of total species, %.

Sludge reservoir profile part
Environmental group

Perimeter Foot Slopes Top

Herpetobionts 3/7.5 8/17.8 5/6.9 6/6.9
Hortobionts 34/85.0 28/62.2 55/76.4 71/81.6
Tamno- and dendrobionts 3/7.5 9/20.0 12/16.7 10/10.3

Amphibionts - - - 111
Total 40/100 45/100 72/100 87/100

Table 5. Ecological characteristics of the insect fauna of sludge reservoirs according to the trophic features of species. The
number before the slash is the number of species, the number after the slash is the proportion of the total number of species, %.

Sludge reservoir profile part
Environmental group

Perimeter Foot Slopes Top
Predatory 4/10.0 9/20.0 9/12.5 13/14.9
Anthophagous and anthophilous 25/62.5 16/35.6 36/50.0 47/54.0
Phyllophagous 6/15.0 11/24.4 17/23.6 11/12.6
Euryphagous 6/12.5 8/17.8 10/13.9 12/13.8
Aphagous - - - 111
Total 40/100 45/100 72/100 87/100

Table 6. Ecological characteristics of the insect fauna of the sludge reservoir according to the dispersal ability of species. The
number before the slash is the number of species, the number after the slash is the proportion the total number of species, %.

Sludge reservoir profile part
Environmental group

Perimeter Foot Slopes Top
High dispersal ability 30/75.0 21/46.7 32/44 4 41/47.2
Moderate dispersal ability 7/17.5 9/20.0 24/33.3 29/33.3
Week dispersal ability 3/7.5 15/33.3 16/22.3 17/19.5

Total 40/100 45/100 72/100 87/100
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The ecological characteristics of the insect fauna from the point of view of the tiered distribution of
species in assemblages and their belonging to trophic groups naturally determine the characteristic
features of the types of habitats on the sludge reservoir and its immediate surroundings (the areas with
woody and herbaceous vegetation) (Tables 4-6).

Along the perimeter and at the top of the sludge reservoir, where herbaceous vegetation prevails,
the proportion of hortobionts is higher, and the number of species associated with woody vegetation is
lower (Table 4) compared to forest (foot) and edge (slopes) areas. At the same time, the contribution
of the hortobionts to the composition of biotopic insect complexes assemblages in the direction from
the foot to the top of the sludge reservoir. The proportion of the herpetobionts in the biotopes with
herbaceous vegetation, regardless of the position on the sludge reservoir, remains approximately at the
same level; only in forest biotopes at the foot of the reservoir it reaches higher values.

Among the herbaceous vegetation of the open areas (the perimeter and top), the proportion of
species feeding on flowers (anthophagous) and pollen and nectar on flowers (anthophiles) is naturally
high (Table 5). From the foot of the sludge reservoir to its top, the proportion of the species trophically
associated with flowers increases, and the proportion of phyllophagous species decreases. The insects
of other trophic groups in the fauna of biotopes in different parts of the dump form approximately the
same proportions, with the exception of the foot of the reservoir, where the proportion of the predators
and the euryphagous species is slightly higher.

Due to the high proportion of hortobionts feeding on flowers (anthophagous and anthophilous), the
species with highly developed and moderate dispersal abilities prevail in the biotopes on the slopes and
top of the sludge reservoir, as well as along its perimeter (Table 6), since insects of this ecological group
have to actively move in search of food.

Conclusion

A total of 161 species of insects from 64 families and 8 orders were found on the sludge reservoir
of pyrite cinders in the vicinity of the city of Cherepovets, Vologda Region. The analysis of the collected
materials shows that the diversity of the insect species composition on the sludge reservoir is significantly
influenced by the intricate outline of the areas with different types of vegetation due to, the significant
difference in moisture and lighting conditions, the dryness of the surface at the top and in the upper part
of the slopes of the reservoir.

The entomofauna of the sludge reservoir is formed due to its colonization by species from the
immediate natural environment. The insect fauna of the dump is characteristic of a marginal forest, but
the assemblage of phyllophagous insects developing in the crowns is rather poor. At the same time, the
anthophilous insects are well represented. A contribution to the formation of the fauna is made by adults
of insects (dragonflies, mosquitoes, horseflies, hoverflies, marsh beetles) developing at the larval stage
in the ditches surrounding the protective dam of the sludge reservoir. At the top of the sludge reservoir,
a characteristic species assemblage is formed, in which ants play an important role.

In general, the overwhelming majority of the insect species encountered are typical for natural
assemblages of anthropogenically altered landscapes with a wide distribution of secondary meadows,
edges and small-leaved forests.

The obtained data agree with the results of the studies of invertebrate animals on dumps of various
compositions. The fauna of anthropogenic substrates consists of the species typical for natural and
transformed biocenoses of the region. The species with well-developed dispersal abilities predominate.
The study shows that under conditions of low humidity the specific insect a are formed on the top and
slopes of the pyrite cinder sludge reservoir. The thermophilic ant species building nests in soil are nu-
merous in such complexes.
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