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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.

Keywords: entomofauna, species composition, environmental groups, industrial waste

Article

DOI 10.23859/estr-240311

EDN LTTBFQ

UDC 574.472, 574.23, 595.7

Funding. The study is based on the materials obtained under the Contract between Vologda State 
University and “Apatit” Company No 2502/2021 dated 20.04.2021 (Research report "Assessment of 
biological diversity and identification of officially rare species of plants and animals at the site of pyrite 
cinder sludge reservoirs (PCSR) Nos. 1, 2, 3 and along the perimeter in the 300-meter zone, for the 
development of a project for the conservation of the complex of hydraulic structures PCSR Nos. 1, 2, 3 
located on the territory of the Phosphorous Complex of “Apatit” Company").

ORCID:
Yu.N. Belova, https://orcid.org/0000-0002-1420-6590
N.S. Kolesova, https://orcid.org/0000-0003-2503-1682

Acknowledgements. The authors thank A.B.  Chkhobadze and A.A.  Shabunov (Vologda State 
University) for their help in organizing and conducting the field research. Special thanks to the reviewers 
for their critical comments.

To cite this article: Belova, Yu.N., Kolesova, N.S., 2024. Fauna and ecological features of pyritic cinder 
reservoir insects (using the example of the Vologda Region). Ecosystem Transformation 7 (3), 218–243. 
https://doi.org/10.23859/estr-240311

https://orcid.org/0000-0002-1420-6590
https://orcid.org/0000-0003-2503-1682


Belova, Yu.N., Kolesova, N.S.., 2024. Ecosystem Transformation 7 (3), 218–243.

Фауна и экологические особенности
насекомых шламонакопителя пиритных 
огарков (на примере Вологодской области)

Ю.Н. Белова  , Н.С. Колесова*
Вологодский государственный университет, 160000, Россия, Вологодская область,
г. Вологда, ул. Ленина, д. 15

*nbalukova@yandex.ru

Аннотация. В июне–июле 2021  г. исследована энтомофауна хранилища пиритных огарков в 
окрестностях г.  Череповец. Всего обнаружен 161  вид насекомых из 64  семейств и 8  отрядов. 
Наибольшее видовое разнообразие свойственно для отрядов Coleoptera, Hymenoptera и Diptera. 
В основном представлены виды, широко распространенные в области, однако отмечены редкие, 
в том числе охраняемые виды. Наиболее богат видовой состав насекомых вершин и склонов 
шламонакопителя. В составе фауны многочисленны виды-хортобионты, питающиеся цветками, 
пыльцой и нектаром, обладающие хорошими миграционными способностями. Отмечена низкая 
численность насекомых-филлофагов. На вершине и склонах шламонакопителя доминантами яв-
ляются муравьи. Всего в районе исследования было встречено 5 видов муравьев.

Ключевые слова: энтомофауна, видовой состав, экологические группы, промышленные отходы
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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 (FeS2). The soil samples contained Fe3+, Ba2+, Mn2+, Ca2+, Al3+, Cu2+, Cd2+, 
Zn2+, Hg2+. 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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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 resource1.

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.

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

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 
reservoir (adjacent territory)

weed-ruderal, 
meadow and forest willow herb-tansy-cocksfoot

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

3 slope of sludge reservoir 
(edge) weed-ruderal beaked parsley, umbel-hawk weed-

brown knapweed-tansy

4 sludge reservoir top (storage 
site) weed-ruderal

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

sweet clover-meadow vetchling
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A B

C D

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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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 produced2. 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).

Fig. 3. Spatial distribution of insects along the profile of the sludge reservoir of pyrite cinders.



225Belova, Yu.N., Kolesova, N.S.., 2024. Ecosystem Transformation 7 (3), 218–243.
Ta

bl
e 

2.
 C

om
po

si
tio

n 
of

 th
e 

in
se

ct
 fa

un
a 

of
 p

yr
ite

 c
in

de
r d

um
ps

 a
nd

 e
co

lo
gi

ca
l f

ea
tu

re
s 

of
 s

pe
ci

es
. B

io
to

pe
s:

 1
 –

 p
er

im
et

er
 o

f t
he

 s
lu

dg
e 

re
se

rv
oi

r, 
2 

– 
fo

ot
 o

f t
he

 s
lu

dg
e 

re
se

rv
oi

r (
bi

rc
h 

gr
ov

e)
, 

3 
– 

sl
op

e 
of

 th
e 

sl
ud

ge
 re

se
rv

oi
r (

ed
ge

), 
4 

– 
to

p 
of

 th
e 

sl
ud

ge
 re

se
rv

oi
r (

w
ee

d-
ru

de
ra

l v
eg

et
at

io
n)

; e
co

lo
gi

ca
l g

ro
up

 a
cc

or
di

ng
 to

 th
e 

tie
r: 

H
 –

 h
er

pe
to

bi
on

ts
, H

d 
– 

hy
dr

ob
io

nt
s,

 D
 –

 d
en

dr
ob

io
nt

s,
 

T 
– 

ta
m

no
bi

on
ts

, H
t –

 h
or

to
bi

on
ts

; t
ro

ph
ic

 g
ro

up
 (i

m
ag

o)
: A

n 
– 

an
th

op
ha

gu
s 

or
 a

nt
ho

ph
ilo

us
, A

 –
 a

ph
ag

ou
s,

 H
m

 –
 h

em
op

ha
go

us
, S

 –
 s

ap
ro

ph
ag

ou
s,

 P
h 

– 
ph

yl
lo

ph
ag

ou
s,

  P
 –

 p
re

da
to

ry
, E

 –
 

eu
ry

ph
ag

ou
s;

 a
bi

lit
y 

to
 m

ov
e:

 H
 –

 h
ig

h,
 M

 –
 m

od
er

at
e,

 W
 –

 w
ea

k.

Fa
m

ily
Sp

ec
ie

s
Bi

ot
op

e
Ec

ol
og

ic
al

 g
ro

up
 

ac
co

rd
in

g 
to

 th
e 

la
ye

r
Tr

op
hi

c 
gr

ou
p

D
is

pe
rs

al
 

ab
ilit

y
1

2
3

4
O

rd
er

 O
do

na
ta

C
oe

na
gr

io
ni

da
e

C
oe

na
gr

io
n 

ha
st

ul
at

um
 (C

ha
rp

en
tie

r, 
18

25
)

+
H

t
P

H
Ae

sh
ni

da
e

A
es

hn
a 

gr
an

di
s 

(L
., 

17
58

)
+

H
t

P
H

Li
be

llu
lid

ae
S

ym
pe

tru
m

 fl
av

eo
lu

m
 (L

., 
17

58
)

+
+

H
t

P
H

S
ym

pe
tru

m
 s

an
gu

in
eu

m
 (M

ül
le

r, 
17

64
)

+
+

H
t

P
H

S
ym

pe
tru

m
 v

ul
ga

tu
m

 (L
., 

17
58

)
+

H
t

P
H

O
rd

er
 O

rth
op

te
ra

Te
tti

go
ni

id
ae

D
ec

tic
us

 v
er

ru
ci

vo
ru

s 
(L

., 
17

58
)

+
H

t
E

M
Ac

rid
id

ae
C

ho
rth

ip
pu

s 
br

un
ne

us
 (T

hu
nb

er
g,

 1
81

5)
+

H
t

Ph
M

O
rd

er
 H

em
ip

te
ra

Ap
hr

op
ho

rid
ae

Le
py

ro
ni

a 
co

le
op

tra
ta

 (L
., 

17
58

)
+

H
t

Ph
M

P
hi

la
en

us
 s

pu
m

ar
iu

s 
(L

., 
17

58
)

+
H

t
Ph

W
C

ic
ad

el
lid

ae
C

ic
ad

el
la

 v
iri

di
s 

(L
., 

17
58

)
+

+
H

t
Ph

M
Ps

yl
lid

ae
P

sy
lla

 a
ln

i (
L.

, 1
75

8)
+

T,
 D

Ph
S

Ap
hi

di
da

e
Ap

hi
di

da
e

+
+

+
H

t, 
T

Ph
S

Ac
an

th
os

om
at

id
ae

A
ca

nt
ho

so
m

a 
ha

em
or

rh
oi

da
le

 (L
., 

17
58

)
+

T,
 D

Ph
S

An
th

oc
or

id
ae

A
nt

ho
co

ris
 n

em
or

um
 (L

., 
17

61
)

+
T,

 D
P

S

Pe
nt

at
om

id
ae

C
ar

po
co

ris
 p

ur
pu

re
ip

en
ni

s 
(D

e 
G

ee
r, 

17
73

)
+

+
H

t
Ph

M
D

ol
yc

or
is

 b
ac

ca
ru

m
 (L

., 
17

58
)

+
H

t
Ph

M
G

ra
ph

os
om

a 
lin

ea
tu

m
 (L

., 
17

58
)

+
H

t
Ph

M
P

al
om

en
a 

pr
as

in
a 

(L
., 

17
61

)
+

T,
 D

Ph
M

O
rd

er
 C

ol
eo

pt
er

a

C
ar

ab
id

ae

A
m

ar
a 

ae
ne

a 
(D

e 
G

ee
r, 

17
74

)
+

H
E

M
A

m
ar

a 
si

m
ila

ta
 (G

yl
le

nh
al

, 1
81

0)
+

H
E

M
C

ar
ab

us
 g

ra
nu

la
tu

s 
L.

, 1
75

8
+

H
P

M
Li

m
od

ro
m

us
 a

ss
im

ili
s 

(P
ay

ku
ll,

 1
79

0)
+

H
P

M
N

ot
io

ph
ilu

s 
pa

lu
st

ris
 (D

uf
ts

ch
m

id
, 1

81
2)

+
H

P
W



Belova, Yu.N., Kolesova, N.S.., 2024. Ecosystem Transformation 7 (3), 218–243.226

Fa
m

ily
Sp

ec
ie

s
Bi

ot
op

e
Ec

ol
og

ic
al

 g
ro

up
 

ac
co

rd
in

g 
to

 th
e 

la
ye

r
Tr

op
hi

c 
gr

ou
p

D
is

pe
rs

al
 

ab
ilit

y
1

2
3

4
D

yt
is

ci
da

e
A

ci
liu

s 
ca

na
lic

ul
at

us
 (N

ic
ol

ai
, 1

82
2)

+
H

d
P

M

C
et

on
iid

ae
O

xy
th

yr
ea

 fu
ne

st
a 

(P
od

a,
 1

76
1)

+
H

t
An

M
P

ro
ta

et
ia

 c
up

re
a 

(F
ab

ric
iu

s,
 1

77
5)

+
H

t, 
T

An
H

M
el

ol
on

th
id

ae
M

el
ol

on
th

a 
hi

pp
oc

as
ta

ni
 F

ab
ric

iu
s,

 1
80

1
+

T,
 D

Ph
M

St
ap

hi
lin

id
ae

La
th

ro
bi

um
 s

p.
+

+
H

P
M

C
an

th
ar

id
ae

C
an

th
ar

is
 li

vi
da

 L
., 

17
58

+
+

H
t

P
M

C
an

th
ar

is
 n

ig
ric

an
s 

M
ul

le
r, 

17
66

+
+

H
t

P
M

C
an

th
ar

is
 p

el
lu

ci
da

 F
ab

ric
iu

s,
 1

79
2

+
+

H
t

P
M

R
ha

go
ny

ch
a 

fu
lv

a 
(S

co
po

li,
 1

76
3)

+
H

t
P

M
R

ha
go

ny
ch

a 
te

st
ac

ea
 (L

., 
17

58
)

+
H

t
P

M

Sc
irt

id
ae

C
yp

ho
n 

co
ar

ct
at

us
 P

ay
ku

ll,
 1

79
9

+
H

t
S

W
C

yp
ho

n 
pa

di
 (L

., 
17

58
)

+
H

t
S

W
C

yp
ho

n 
pa

yk
ul

li 
G

ue
rin

, 1
84

3
+

H
t

S
W

C
yp

ho
n 

va
ria

bi
lis

 (T
hu

nb
er

g,
 1

78
7)

+
H

t
S

W
El

at
er

id
ae

A
m

pe
du

s 
ba

lte
at

us
 (L

., 
17

58
)

+
H

t
Ph

M
N

iti
du

lid
ae

B
ra

ss
ic

og
et

he
s 

ae
ne

us
 (F

ab
ric

iu
s,

 1
77

5)
+

H
t

An
M

C
oc

ci
ne

llid
ae

C
oc

ci
ne

lla
 q

ui
nq

ue
pu

nc
ta

ta
 L

., 
17

58
+

H
t

P
M

C
oc

ci
ne

lla
 s

ep
te

m
pu

nc
ta

ta
 L

., 
17

58
+

H
t

P
M

H
ip

po
da

m
ia

 v
ar

ie
ga

ta
 G

oe
ze

, 1
77

7
+

H
t

P
M

P
ro

py
le

a 
qu

at
uo

rd
ec

im
pu

nc
ta

ta
 (L

., 
17

58
)

+
H

t
P

M
O

ed
em

er
id

ae
O

ed
em

er
a 

fe
m

or
at

a 
(S

co
po

li,
 1

76
3)

+
H

t
An

M
M

or
de

llid
ae

Va
rii

m
or

da
 v

ill
os

a 
(S

ch
ra

nk
, 1

78
1)

+
H

t
An

M
C

er
am

by
ci

da
e

A
ga

pa
nt

hi
a 

vi
llo

so
vi

rid
es

ce
ns

 (D
e 

G
ee

r, 
17

75
)

+
H

t
An

M



227Belova, Yu.N., Kolesova, N.S.., 2024. Ecosystem Transformation 7 (3), 218–243.

Fa
m

ily
Sp

ec
ie

s
Bi

ot
op

e
Ec

ol
og

ic
al

 g
ro

up
 

ac
co

rd
in

g 
to

 th
e 

la
ye

r
Tr

op
hi

c 
gr

ou
p

D
is

pe
rs

al
 

ab
ilit

y
1

2
3

4

C
hr

ys
om

el
id

ae

A
ge

la
st

ic
a 

al
ni

 (L
., 

17
58

)
+

T,
 D

Ph
W

A
lti

ca
 a

en
es

ce
ns

 (W
ei

se
, 1

88
8)

+
+

T,
 D

Ph
W

B
ro

m
iu

s 
ob

sc
ur

us
 (L

., 
17

58
)

+
H

t
Ph

W
C

as
si

da
 v

ib
ex

 L
., 

17
67

+
H

t
Ph

W
C

re
pi

do
de

ra
 a

ur
at

a 
(M

ar
sh

am
, 1

80
2)

+
T,

 D
Ph

W
C

ry
pt

oc
ep

ha
lu

s 
an

dr
og

yn
e 

M
ar

se
ul

, 1
87

5
+

+
T,

 D
Ph

W
C

ry
pt

oc
ep

ha
lu

s 
oc

to
pu

nc
ta

tu
s 

(S
co

po
li,

 1
76

3)
+

T,
 D

Ph
W

Ly
th

ra
ria

 s
al

ic
ar

ia
e 

(P
ay

ku
ll,

 1
80

0)
+

T,
 D

Ph
W

P
hr

at
or

a 
vi

te
lli

na
e 

(L
., 

17
58

)
+

T,
 D

Ph
W

P
hy

llo
tre

ta
 c

ru
ci

fe
ra

e 
(G

oe
ze

, 1
77

7)
+

T,
 D

Ph
W

P
la

gi
os

te
rn

a 
ae

ne
a 

(L
., 

17
58

)
+

T,
 D

Ph
M

Ap
io

ni
da

e
O

xy
st

om
a 

op
et

ic
um

 (B
ac

h,
 1

85
4)

+
H

t
Ph

W

C
ur

cu
lio

ni
da

e

Br
ac

hy
so

m
us

 e
ch

in
at

us
 (B

on
sd

or
ff,

 1
78

5)
+

H
t

Ph
W

H
yp

er
a 

m
ile

s 
(P

ay
ku

ll,
 1

79
2)

+
H

t
Ph

W
P

hy
llo

bi
us

 a
rb

or
at

or
 (H

er
bs

t, 
17

97
)

+
+

T,
 D

Ph
W

S
ito

na
 s

ut
ur

al
is

 S
te

ph
en

s,
 1

83
1

+
H

t
Ph

W

R
hy

nc
hi

tid
ae

B
yc

tis
cu

s 
po

pu
li 

(L
., 

17
58

)
+

T,
 D

Ph
W

D
ep

or
au

s 
be

tu
la

e 
(L

., 
17

58
)

+
+

T,
 D

Ph
W

O
rd

er
 N

eu
ro

pt
er

a

C
hr

ys
op

id
ae

C
hr

ys
op

er
la

 c
ar

ne
a 

(S
te

ph
en

s,
 1

83
6)

+
+

H
t

P
W

C
hr

ys
op

a 
pe

rla
 (L

., 
17

58
)

+
+

H
t

P
W

O
rd

er
 H

ym
en

op
te

ra
Xi

ph
yd

rii
da

e
X

ip
hy

dr
ia

 c
am

el
us

 (L
., 

17
58

)
+

D
A

M

Te
nt

hr
ed

in
id

ae

S
co

lio
ne

ur
a 

be
tu

le
ti 

(K
lu

g,
 1

81
6)

+
+

+
D

Ph
W

Te
nt

hr
ed

o 
ca

m
pe

st
ris

 L
., 

17
58

+
H

t
E

M
Te

nt
hr

ed
o 

fa
gi

 P
an

ze
r, 

17
98

+
H

t
E

M
Te

nt
hr

ed
o 

m
es

om
el

a 
L.

, 1
75

8
+

H
t

E
M

Te
nt

hr
ed

o 
sp

.
+

H
t

E
M

Au
la

ci
da

e
A

ul
ac

us
 s

tri
at

us
 J

ur
in

e,
 1

80
7

+
D

An
W



Belova, Yu.N., Kolesova, N.S.., 2024. Ecosystem Transformation 7 (3), 218–243.228
Fa

m
ily

Sp
ec

ie
s

Bi
ot

op
e

Ec
ol

og
ic

al
 g

ro
up

 
ac

co
rd

in
g 

to
 th

e 
la

ye
r

Tr
op

hi
c 

gr
ou

p
D

is
pe

rs
al

 
ab

ilit
y

1
2

3
4

Ic
hn

eu
m

on
id

ae
G

ly
pt

a 
sp

. (
по

дS
ем

ей
Sт

H
о 

Ba
nc

hi
na

e)
+

H
t

An
M

по
дS

ем
ей

Sт
H

о 
Ic

hn
eu

m
on

in
ae

+
+

H
t

An
M

по
дS

ем
ей

Sт
H

о 
Pi

m
pl

in
ae

+
H

t
An

M
C

ha
lc

id
id

ae
по

дS
ем

ей
Sт

H
о 

Pt
er

om
al

in
ae

+
H

t
An

W
Pr

oc
to

tru
pi

da
e

C
ar

di
op

si
lu

s 
pr

od
uc

tu
s 

Ki
eff

er
, 1

90
8

+
H

t
An

W

Ve
sp

id
ae

D
ol

ic
ho

ve
sp

ul
a 

sa
xo

ni
ca

 (F
ab

ric
iu

s,
 1

79
3)

H
t

E
H

E
um

en
es

 p
ed

un
cu

la
tu

s 
(P

an
ze

r, 
17

99
)

+
H

t
E

H
O

dy
ne

ru
s 

sp
in

ip
es

 (L
., 

17
58

)
+

H
t

E
H

Ve
sp

a 
cr

ab
ro

 L
., 

17
58

+
H

t
E

H
Ve

sp
ul

a 
vu

lg
ar

is
 (L

., 
17

58
)

+
H

t
E

H
Sp

he
ci

da
e

A
m

m
op

hi
la

 s
ab

ul
os

a 
(L

., 
17

58
)

+
+

H
P

H

Po
m

pi
lid

ae
A

no
pl

iu
s 

vi
at

ic
us

 (L
., 

17
58

)
+

H
P

H
A

ra
ch

no
sp

ila
 tr

iv
ia

lis
 (D

ah
lb

om
, 1

84
3)

+
H

P
H

Ap
id

ae

A
pi

s 
m

el
lif

er
a 

L.
, 1

75
8

+
+

+
+

H
t

An
H

Bo
m

bu
s 

bo
he

m
ic

us
 S

ei
dl

, 1
83

7
+

+
+

+
H

t
An

H
B

om
bu

s 
cr

yp
ta

ru
m

 (F
ab

ric
iu

s,
 1

77
5)

+
+

+
H

t
An

H
B

om
bu

s 
de

ut
er

on
ym

us
 S

hu
lz

, 1
90

6
+

H
t

An
H

B
om

bu
s 

ho
rto

ru
m

 (L
., 

17
61

)
+

+
+

H
t

An
H

B
om

bu
s 

hy
pn

or
um

 (L
., 

17
58

)
+

+
H

t
An

H
B

om
bu

s 
jo

ne
llu

s 
(K

irb
y,

 1
80

2)
+

+
H

t
An

H
B

om
bu

s 
la

pi
da

riu
s 

(L
., 

17
58

)
+

+
+

+
H

t
An

H
B

om
bu

s 
lu

co
ru

m
 (L

., 
17

61
)

+
+

+
+

H
t

An
H

B
om

bu
s 

pa
sc

uo
ru

m
 (S

co
po

li,
 1

76
3)

+
+

+
+

H
t

An
H

B
om

bu
s 

ru
de

ra
riu

s 
(M

ül
le

r, 
17

76
)

+
+

H
t

An
H

B
om

bu
s 

sc
hr

en
ck

i M
or

aw
itz

, 1
88

1
+

+
+

H
t

An
H

B
om

bu
s 

se
m

en
ov

ie
llu

s 
Sk

or
ik

ov
, 1

91
0

+
+

+
+

H
t

An
H

B
om

bu
s 

si
ch

el
ii 

R
ad

os
zk

ow
sk

i, 
18

59
+

+
+

H
t

An
H

B
om

bu
s 

so
ro

ee
ns

is
 (F

ab
ric

iu
s,

 1
77

7)
+

+
+

H
t

An
H

B
om

bu
s 

sp
or

ad
ic

us
 N

yl
an

de
r, 

18
48

+
H

t
An

H
B

om
bu

s 
te

rr
es

tri
s 

(L
., 

17
58

)
+

+
+

+
H

t
An

H



229Belova, Yu.N., Kolesova, N.S.., 2024. Ecosystem Transformation 7 (3), 218–243.

Fa
m

ily
Sp

ec
ie

s
Bi

ot
op

e
Ec

ol
og

ic
al

 g
ro

up
 

ac
co

rd
in

g 
to

 th
e 

la
ye

r
Tr

op
hi

c 
gr

ou
p

D
is

pe
rs

al
 

ab
ilit

y
1

2
3

4

H
al

ic
tid

ae
H

al
ic

tu
s 

co
nf

us
us

 B
lü

th
ge

n,
 1

92
6

+
+

H
t

An
H

La
si

og
lo

ss
um

 m
or

io
 (F

ab
ric

iu
s,

 1
79

3)
+

H
t

An
H

M
eg

ac
hi

lid
ae

M
eg

ac
hi

le
 v

er
si

co
lo

r S
m

ith
, 1

84
4

+
H

t
An

H

Fo
rm

ic
id

ae

Fo
rm

ic
a 

ci
ne

re
a 

M
ay

r, 
18

53
+

+
+

+
H

E
H

Fo
rm

ic
a 

ex
se

ct
a 

N
yl

an
de

r, 
18

46
+

H
E

H
La

si
us

 n
ig

er
 (L

., 
17

58
)

+
+

+
H

E
H

M
yr

m
ic

a 
ru

br
a 

(L
., 

17
58

)
+

+
H

E
H

Te
tra

m
or

iu
m

 c
ae

sp
itu

m
 (L

., 
17

58
)

+
H

E
H

O
rd

er
 D

ip
te

ra
Ti

pu
lid

ae
Ti

pu
la

 fa
sc

ip
en

ni
s 

M
ei

ge
n,

 1
81

8
+

H
t

An
M

C
ha

ob
or

id
ae

C
ha

ob
or

us
 s

p.
+

H
t

An
W

C
ul

ic
id

ae
A

ed
es

 c
om

m
un

is
 D

e 
G

ee
r, 

17
76

+
H

t
H

m
W

C
ul

ex
 p

ip
ie

ns
 L

., 
17

58
+

+
+

H
t

E
W

St
ra

tio
m

yi
da

e
M

ic
ro

ch
ry

sa
 p

ol
ita

 (L
., 

17
58

)
+

H
t

E
M

Ta
ba

ni
da

e

H
ae

m
at

op
ot

a 
cr

as
si

co
rn

is
 W

ah
lb

er
g,

 1
84

8
+

H
t

E
H

H
ae

m
at

op
ot

a 
pl

uv
ia

lis
 (L

., 
17

58
)

+
+

H
t

E
H

H
yb

om
itr

a 
bi

m
ac

ul
at

a 
(M

ac
qu

ar
t, 

18
26

)
+

H
t

E
H

H
yb

om
itr

a 
lu

nd
be

ck
i L

yn
eb

or
g,

 1
95

9
+

+
H

t
E

H
As

ilid
ae

D
io

ct
ria

 c
ot

hu
rn

at
a 

M
ei

ge
n,

 1
82

0
+

H
t

P
H

Em
pi

di
da

e
E

m
pi

s 
te

ss
el

la
ta

 F
ab

ric
iu

s,
 1

79
4

+
H

t
E

M



Belova, Yu.N., Kolesova, N.S.., 2024. Ecosystem Transformation 7 (3), 218–243.230
Fa

m
ily

Sp
ec

ie
s

Bi
ot

op
e

Ec
ol

og
ic

al
 g

ro
up

 
ac

co
rd

in
g 

to
 th

e 
la

ye
r

Tr
op

hi
c 

gr
ou

p
D

is
pe

rs
al

 
ab

ilit
y

1
2

3
4

Sy
rp

hi
da

e

E
ris

ta
lin

us
 s

ep
ul

ch
ra

lis
 (L

., 
17

58
)

+
+

H
t

An
H

E
ris

ta
lis

 a
rb

us
to

ru
m

 (L
., 

17
58

)
+

+
H

t
An

H
E

ris
ta

lis
 p

se
ud

or
up

iu
m

 K
an

er
vo

, 1
93

8
+

H
t

An
H

E
up

eo
de

s 
co

ro
lla

e 
(F

ab
ric

iu
s,

 1
79

4)
+

H
t

An
H

H
el

op
hi

lu
s 

pe
nd

ul
us

 (L
., 

17
58

)
+

H
t

An
H

M
el

an
os

to
m

a 
m

el
lin

um
 (L

., 
17

58
)

+
H

t
An

M
M

ya
th

ro
pa

 fl
or

ea
 (L

., 
17

58
)

+
H

t
An

H
N

eo
as

ci
a 

po
da

gr
ic

a 
(F

ab
ric

iu
s,

 1
77

5)
+

H
t

An
M

O
rth

on
ev

ra
 in

te
rm

ed
ia

 (L
un

db
ec

k,
 1

91
6)

+
H

t
An

M
P

ar
ag

us
 ti

bi
al

is
 (F

al
le

n,
 1

81
7)

+
H

t
An

M
P

la
ty

ch
ei

ru
s 

sp
.

+
H

t
An

M
S

ca
ev

a 
py

ra
st

ri 
(L

., 
17

58
)

+
H

t
An

M
S

ph
ae

ro
ph

or
ia

 s
cr

ip
ta

 (L
., 

17
58

)
+

+
+

H
t

An
M

S
yr

itt
a 

pi
pi

en
s 

(L
., 

17
58

)
+

+
H

t
An

M
S

yr
ph

us
 ri

be
si

i (
L.

, 1
75

8)
+

+
H

t
An

M
S

yr
ph

us
 v

itr
ip

en
ni

s 
M

ei
ge

n,
 1

82
2

+
H

t
An

M
Vo

lu
ce

lla
 b

om
by

la
ns

 (L
., 

17
58

)
+

H
t

An
H

Vo
lu

ce
lla

 p
el

lu
ce

ns
 (L

., 
17

58
)

+
H

t
An

H
X

yl
ot

a 
se

gn
is

 (L
., 

17
58

)
+

+
H

t
An

M
Ag

ro
m

yz
id

ae
A

gr
om

yz
a 

al
ni

be
tu

la
e 

H
en

de
l, 

19
31

+
+

T,
 D

Ph
W

Ta
ch

in
id

ae
E

ur
ith

ia
 a

nt
ho

ph
ila

 (R
ob

in
ea

u-
D

es
vo

id
y,

 1
83

0)
+

H
t

An
H

?T
he

ly
m

yi
a 

sa
ltu

um
 (M

ei
ge

n,
 1

82
4)

+
H

t
An

H
C

al
lip

ho
rid

ae
C

al
lip

ho
ra

 s
ub

al
pi

na
 (R

in
gd

ah
l, 

19
31

)
+

T,
 D

E
H

C
ec

id
om

yi
id

ae
H

ar
m

an
di

ol
a 

gl
ob

ul
i (

R
ub

sa
am

en
, 1

88
9)

+
H

t
Ph

W
O

rd
er

 L
ep

id
op

te
ra

H
es

pe
rii

da
e

Th
ym

el
ic

us
 li

ne
ol

a 
(O

ch
se

nh
ei

m
er

, 1
80

8)
+

+
H

t
An

H

Pi
er

id
ae

C
ol

ia
s 

hy
al

e 
(L

., 
17

58
)

+
+

H
t

An
H

G
on

ep
te

ry
x 

rh
am

ni
 (L

., 
17

58
)

+
+

H
t

An
H

P
ie

ris
 n

ap
i (

L.
, 1

75
8)

+
+

H
t

An
H

P
ie

ris
 ra

pa
e 

(L
., 

17
58

)
+

+
+

H
t

An
H



Belova, Yu.N., Kolesova, N.S.., 2024. Ecosystem Transformation 7 (3), 218–243. 231

Fa
m

ily
Sp

ec
ie

s
Bi

ot
op

e
Ec

ol
og

ic
al

 g
ro

up
 

ac
co

rd
in

g 
to

 th
e 

la
ye

r
Tr

op
hi

c 
gr

ou
p

D
is

pe
rs

al
 

ab
ilit

y
1

2
3

4

Ly
ca

en
id

ae
C

up
id

o 
ar

gi
ad

es
 (P

al
la

s,
 1

77
1)

+
H

t
An

H
P

ol
yo

m
m

at
us

 ic
ar

us
 (R

ot
te

m
bu

rg
, 1

77
5)

+
+

+
+

H
t

An
H

P
ol

yo
m

m
at

us
 a

m
an

du
s 

(S
ch

ne
id

er
, 1

79
2)

+
H

t
An

H

N
ym

ph
al

id
ae

M
el

ita
ea

 d
ia

m
in

a 
(L

an
g,

 1
78

9)
+

H
t

An
H

Va
ne

ss
a 

at
al

an
ta

 (L
., 

17
58

)
+

+
+

H
t

An
H

Sp
hi

ng
id

ae
H

yl
es

 g
al

lii
 (R

ot
te

m
bu

rg
, 1

77
5)

+
H

t
An

H

G
eo

m
et

rid
ae

A
br

ax
as

 g
ro

ss
ul

ar
ia

ta
 (L

., 
17

58
)

+
H

t
An

M
C

hi
as

m
ia

 c
la

th
ra

ta
 (L

., 
17

58
)

+
H

t
An

M
N

ot
od

on
tid

ae
C

er
ur

a 
vi

nu
la

 (L
., 

17
58

)
+

H
t

An
M

Er
eb

id
ae

A
rc

tia
 c

aj
a 

(L
., 

17
58

)
+

H
t

An
M

O
rd

er
N

um
be

r o
f f

am
ilie

s
N

um
be

r o
f s

pe
ci

es

C
ol

eo
pt

er
a

17
46

H
ym

en
op

te
ra

14
45

D
ip

te
ra

12
35

Le
pi

do
pt

er
a

8
15

H
em

ip
te

ra
7

11
O

do
na

ta
3

5
O

rth
op

te
ra

2
2

N
eu

ro
pt

er
a

1
2

To
ta

l
64

16
1

Ta
bl

e 
3.

 E
nt

om
of

au
na

 c
om

po
si

tio
n 

of
 th

e 
py

rit
e 

ci
nd

er
 s

lu
dg

e 
re

se
rv

oi
r a

nd
 it

s 
im

m
ed

ia
te

 s
ur

ro
un

di
ng

s.



Belova, Yu.N., Kolesova, N.S.., 2024. Ecosystem Transformation 7 (3), 218–243.232

A B

C D

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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A B

C D

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.

A B

A B

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 reservoir3. 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.

3 Resolution 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”.

234
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Environmental group
Sludge reservoir profile part

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 – – – 1/1.1

Total 40/100 45/100 72/100 87/100

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, %.

Environmental group
Sludge reservoir profile part

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 – – – 1/1.1

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, %.

Environmental group
Sludge reservoir profile part

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

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, %.
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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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