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Abstract. This article sheds light on the role diatomic algasoils play in the assessment of bee farm and
nearby territories in four soil and landscape zdneSamarskaya Oblast. The community of diatonmizel
is characterized by low species diversity, of whéhtaxons were found. The most often found speaies
represented byHantzschia amphioxy&hrenberg Grunow in Cleve & Grunow andluticola mutica
(Kitzing D.G.Mann in Round et al. The maximum of phyla (M@)e found in the buffer (transient) zone; in
the wooded steppe zone, 11 species were recorméuk isteppe — 2 species, and in the dry steppe izon
species of diatomic algae were found. The quali#atind quantitative characteristics of diatomicaalg
communities in various biotopes depend on the aband climate features of a territory and the degf
the anthropogenic impact on the soil and vegetatidrich is proved by the fact that high specieslinea
signifies that the ecosystem is stable and resitiethe changing conditions in the environmentilevhoor
algal flora is less resilient due to the lower @egof diversity.

1 Introduction Diatomic algae play a special role in habitats wittreme
conditions [6, 7].
Beekeeping is a basic branch of agriculture witbsel The goal of the work is the study of the diversify

connections to crop farming. A key condition fos it diatomic algae communities in bee-farm and neadiyg s
intensification is the presence of wild and cultiedh  within the soil and landscape zones of Samarskblasb
plants growing on soils that are not contaminatéh w  [8].

ecotoxicants [1, 2]. Nowadays, however, bee farms a
usually located in residential (inhabited) arehat pften

act as contamination centers. They are especiaftytul

to soils due to the contamination of stationaryreesi
with ecotoxicants, the use of cars, etc [2—-4]. iSgtup
bee farms without considering the ecological safethe
area is one of the key factors causing honey besades
(Apis melliferg because many ecotoxicants have
cumulative properties and are able to impact méimbo
cycles. They make up highly toxic metallic organic
compounds that reduce the resistant abilities of
organisms. This leads to an increase in disease rat
colony collapse, and population decline [3].

All of the abovesaid makes the research of the
ecological conditions of soils as a habitat andsgalbe for
honey plants and bees relevant these days. Onkeof t
directions of theoretical and applied research his t
respect is the assessment of the environmentalqrosi
bee-farm and nearby soils using the bioindicatiethnd.
Currently, various organisms are used as bioindisat
including hydrobionts, insects, honey productstaiiac
algae Bacillariophyceag etc. According to specialists
[5], diatomic algae are an integral part of thedlan
ecosystem. They belong to the first link of envir@ntal
food chains and take an active part in the cyclmaiter.

2 Materials and Methods

Samarskaya oblast is located in the South-Eashef t
European part of Russia, between 47 &%t 52°35east
longitude and 51°47and 54°41 of north latitude.
According to the landscape and climate zoning [les,

four soil and landscape zones can be found thége 1F

The wooded steppe is located on typical, leached, a
degraded black soil (chernozem); grey forest soils,
rendzina soils, and floodplain soils. The vegetatitere

is represented by deciduous and coniferous forests,
intermingled with meadow steppe, floodplains, and
marshes. The woodland amounts to
22-26 %. The buffer zone (transient from the wabde
steppe to steppe) is located on the same black a®ithe
wooded steppe, but also on alkaline soils, gregsissoils,

and flood plains with mixed vegetation. The steppee

is located on southern and common black soils, dark
brown soils, alkaline soils, and flood plains wahmost

no woodland and a great abundance of feather grass,
mixed herb, and fescue steppes, shrubland, stody an
sandy steppes. The woodland amounts to 1.5 %. fijhe d
steppe zone is located on southern black soil&, lwtamwn
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soils, alkaline soils, and flood plains with narrow Grunow, Hantzschia abundans Lange-Bertalot,
silvicultural strips. Hantzschia amphioxysf. capitata Otto Miuller,
gt n Humidophila contenta (Grunow) Lowe, Kociolek,

DA 4 :’.)’;a..l J.R.Johansen, Van de Vijver, Lange-Bertalot &
e S ; Kopalova,Luticola cohnii(Hilse) D.G.Mann in Round,
i 1 b Crawford & D.G.Mann, Luticola mutica (Kitzing)

D.G.Mann in Round et alluticola ventricosgKiitzing)
D.G.Mann in Round, Crawford & MannNavicula
minima Grunow in van HeurckNitzschia perminuta
(Grunow) M. Peragallo et al. (Fig. 2).

Fig. 1. Soil and landscape zones in Samarskaya oblast:

| — wooded steppe, Il — transient zone from wocstegpe to
steppe (buffer zone), Il — steppe zone and IVy-stieppe
zone

The research material is represented by 28 mixi&d so
samples. Sampling and diversity analysis was achoig Fig. 2. Species frequently found on the' explored teré®in
with classic algological methods [6, 9]. The tecihi  Samarskaya oblast: 1 — Amphora ovalis, 2 — Hantasch
preparation of samples was done using the standar@MPhioxys, 3 —Hantzschia amphioxys f. capitata L4iticola
procedure [7]. To prepare the specimen, the valwse mutica, 5 — Pinnularia borealis, 6 — Pinnularianoétauron.
cleaned of protoplasts by boiling in concentratédcn The leading taxons according to the number of gseci
acid and put into Naphrax™ resin [10]. To idensfygle and in-species taxons are as follows: the
species and in-species taxons, we used a visuatiahae Bacillariophyceae class, the Naviculalles order, the
estimate expressed in points on a modified Kolbe- Bacillariaceae family, and the Pinnularia genus
Visloukh scale [11]. The dominating or main compdun (Table 1).
was made up of species and in-species taxons of 3-6
points abundance. Diatomic algae with 6 points tedin
as dominant, subdominants had 4-5 points, and thibise

Table 1. The leading taxonomic ranks in Samarskaya oblast
according to the number of species and in-speaiass

3 points were deemed companion species. Th Class Order Family Genus
identification was performed using foreign guidég+ Bacillariophyg Naviculales Bacillariaceae(6)| Pinnularia
16]. To assess the sustainability of the developrén eae(22) 12) . , (5
diatomic algae compounds, we used the frequenaxind Bac'”g”a'es Diadsmidaceae| Luticola(4)
The species frequency was calculated using theviiollg (6) - (5) -
f . Pinnulariaceag(5) Hantzschia
ormula: 3)
C_ﬂ %100 ) Nitzschia(3)
) N ) Note. The number in brackets represents the nuoftegrecies
whereC is the frequency in %; n is the number of samples
in which the species was found, and N is the tatiahber Overall, the results show a rather low speciesrdiiye
of samples. _ of diatomic algae communities in the soils of tkplered
Taxons whose species count was above average wergrritories. The results show the uneven zoneikigion
deemed dominant. of taxonomic ranks of diatomic algae in Samarskaya
oblast (Table 2).
3 Results and Discussion Table 2. The taxonomic wealth and diversity of diatomic &ga
compounds in various zones of Samarskaya oblast

The research we carried out allowed us to ider2ily

species and in-species taxons, belonging to 2 edass Indicators WS | Bz ST DS
orders, 9 families and 11 genera of diatomic algae: No. of classes 1 2 1 i
Achnanthes lanceola@rébisson ex Kiitzing) Grunow in No. of orders 3 6 2 -
Van Heurck, Amphora ovalis (Kitzing) Kutzing, No. of families 6 7 2 -
Gomphonema parvulum (Kitzing) Kditzing, No. of genera 7 9 2 -

Gomphonema angustatum(Kitzing) Rabenhorst,
Hantzschia amphioxy&Ehrenberg) Grunow in Cleve &
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The number of species and in-species taxons oéalga development of th@innularia genus specimens that are
gradually reduces going north to south. The maximum often found in forest ecosystems.

number of taxonomic groups is found in the buffene

The least diatomic species diversity — only twocpe

Then this index drops from the wooded steppe to the(Hantzschia amphioxysuticola muticg — was found in

steppe zone. The soils in the bee-farm lands intdaled
steppe zone were less diverse in terms of diataigee.
The steppe soils took the third place in algaerditye In
the last zone, i.e. the dry steppe, no specimerfausml.

For the majority of diatomic algae species and in-

the Samarskaya Luka National Park, which is explhin
by the large proportion of stony steppe there, whi
formed on stony outcrops with poor, washed-offsstiiht
often have a heavy texture that is unsuitableffeigrowth

and the development of algae. In other samples, the

species taxons (91 %), found in bee-farm lands, thenumber of algae species varied from one to threetdu

frequency rate is between 4 and 18 %. Only twoisgec
have a frequency rate of over 30 %, and these epace
deemed leading:Hantzschia amphioxy&hrenberg
Grunow in Cleve & Grunow (68 %) antluticola
mutica(Kitzing D.G. Mann in Round et al. (36 %).
These algae are the
environmental factors. Many researchers pointediait
the overall spread and constant occurrendeamitzschia
amphioxysin various ecosystems is a sign of its
‘cosmopolitanism’ and high resilience to extermapacts

[6].

least susceptible to shiftingwith production

the anthropogenic impact and the changes in natural
wooded steppe vegetation. The high concentratiah an
active operation of oil refining facilities, cheralglants,
and other industries in the explored territoriesdiéo the
depletion of natural resources, contamination a§phere
wastes, destruction of natural
ecosystems, and, as a consequence, to the dednease
algae diversity.

In the soil samples from the wooded steppe zorlg, on
Hantzschia amphioxyslantzschia amphioxyfs capitata
Otto Miiller and_uticola muticadeveloped in abundance,

The dominant species set was small and it includedwhich is due to the resilience of these specimesatmus

specimens from four families Bécillariaceae,

Catenulaceae, Diadesmidaceae, Gomphonemataceae

Five species were dominant Ariphora ovalis,
Gomphonema  parvulum Hantzschia  abundans
Hantzschia amphioxyfscapitata, Luticola muticg while

environmental factors.

Buffer zone. Soil samples here show the greatest
number of algae species and in-species taxons(¥81%
of the species diversity). The number of specieseimsed
due to the ecotone effect that conditioned the egél of

no subdominants were found. The set of companionbiodiversity. The increase was implemented duehto t

species included two taxonsLuticola ventricosa,
Nitzschia fonticola) 16 diatomic algae species showed
only single or sporadic occurrences. To see thagd®in
the diatomic algae set structures, we analyzedidinal
structures of all zones.

Wooded steppe zone. The total number of species
recorded: 11. Species of six families played aificgmt
role in the formation of the algae set. The fimstl ahe
second places went to two famili®nnulariaceaeu

natural introduction of wooded steppe and steppeisp
[17, 18].

In this territory, the Bacillariaceae family (five
taxons) holds the first place, then comes the
Pinnulariaceae family (four species), then the
Diadesmidaceaefamily with three species and the
Gomphonemataceaeith two taxons. In this zone, plots
with different soils were chosen for analysis, Ipgiog to
four administrative districts: Kinel-Cherkasskiysttict

Bacillariaceae consisting of three species, and the third (various black soils), Kinelskiy district (blackilg soil

place went to thBiadesmidaceatamily, comprising two
taxons. The rest of the families comprised 27 %albf
species diversity. In this zone, different admizigve
districts were investigated and they all have défe

gardens and flood plains), Privolzhskiy districbrfamon
black soils), Bezenchukskiy district (various blaskls)

and two urban districts (Novokuybyshevsk — common
black soils and Chapayevsk — common, southern and

soils, such as Syzranskiy district (near Syzran andflood plain black soils). The number of speciesamples

Oktyabrsk — various black and dark brown soils),

Shentalinskiy district (grey forest soils), Volzhsk
districts (near Samara — leached and degraded bdalsk
grey forest soils, flood plains), Stavropolskiytdig (near
Togliatti — typical black and grey forest soils),
Krasnoyarskiy district (typical black, meadow blaakd
flood plain soils), Isaklinkskiy (typical black $g),
Pokhvistnevskiy district (leached and degraded kblac
soils, grey forest soils, and flood plain soilg,veell as a

varied greatly depending on the location and it fram

1 to 14 species. Despite the anthropogenic loa€, th
samples collected from the bee farms near
Novokuybyshevsk showed high diversity — 14 algae
species (78 %) were found in them. In this biotapeh
species as Hantzschia amphioxys Gomphonema
parvulum (Kitzing) Kitzing and Amphora ovalis
(Kutzing) Kutzing reached the mass developmentliéeve
The companion species were representedLinycola

plot of land near the Samarskaya Luka National Park muticaandNitzschia fonticolgd Grunow) Grunow in Van

spanning the territories in Volzhskiy, Stavropoyskind
Syzranskiy districts (various black and rendzinigsso

The highest number of species was found in beedetected

farming territories in Stavropolskiy district. Tispecies

Heurck.

A decent species diversity (six species or 34 % wa
in samples from Kinelskiy district. The
dominating species aréHantzschia amphioxysand

diversity of diatomic algae is characterized by the Luticola mutica The companion species is represented by

presence of algae families Diadesmidaceae
andBacillariaceae and is due to the wethess of
vegetational cover [5] of grey forest soils. Thed o the

Hantzschia amphioxyfscapitata.P. In the soils from bee
farms in Kinel-Cherkasskiy district, species froime t
Pinnulariaceadamily were found. Other districts showed

increase in algae community diversity due to the poor algae development. Onltantzschia amphioxys
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could be found everywhere. The uneven distributbén
diatomic algae in the soils of this zone is ex@dily the
high concentration of underground

resources and

species reduced seven times, and in the dry steppe
(Bolshechernigovskiy district) no algae were found.
The analysis of family ratio showed that in the ded

industries. The presence of diverse communities ofsteppe zone theBacillariaceae and Pinnulariaceae

diatomic algae near Novokuybyshevsk is due to #uoe f
that the further from the source of contamination get,

families were dominant, in the buffer zone - the
Bacillariaceae Pinnulariaceae and Diadesmidaceae

the more diverse and numerous the ecosystems 8yre [1 families, and in the steppe zone — Beillariaceaeand

19].
Steppe zone. The smallest diatomic algae set was
found here. The reason is the plot’s locatiors thie true

DiadesmidaceaeHowever, in all of the districts, the
leading species were represented by tkantzschia
amphioxysandLuticola mutica,except for the dry steppe

(feather grass and fescue) steppe zone, undergoingone where no diatomic algae were found. The resilt

intensive grazing load, which leads to soil comjmact
grass cover exhaustion, and stream conditionsptisru
Besides, this territory features operating mining
companies and associated gas treatment facilitieal
works, etc. Within the zone, plots in three dissiwere
selected for the analysis: Alekseyevskiy (southsatk
soils, dark brown soils, and salt gardens),
Khvorostyanskiy (southern black soils) and Neftesgor
(near Neftegorsk — southern and common black sdils)
total of two species of the famili®@adesmidaceaand
Bacillariaceae were found. Both species Hantzschia
amphioxys and Luticola mutica — were among the
dominants in Alekseyevskiy district. In Khvorostghiy
and Neftegorskiy districts, algae were not foungaa
from the impact of anthropogenic-origin ecotoxicatie
decrease of diversity in steppe communities istdube
indirect influence of topsoil disturbance becaude o
grazing [5]. Some authors claim [20] that topsoil
compaction, poor turfness, and grass cover spasane
pastures have a positive effect on the developroént

the taxonomic structure analysis for diatomic algats
show significant discrepancies in the number ofecsd
families, genera, and species, which, first of @inifies

a close connection between the algae communitids an
environmental conditions.

The research performed showed that the most mesilie
and stable sets of diatomic algae in soils are the
communities of Stavropolskiy, Kinel-Cherkasskiy,dan
Kinelskiy districts, as well as Novokuybyshevsk amb
district. The algae communities of Syzranskiy,
Kuybyshevskiy, Krasnoyarskiy, Pokhvistnevskiy,
Volzhskiy, Privolzhskiy, Bezenchukskiy, and
Alekseyevskiy districts, the Samarskaya Luka Nation
Park and Chapayevsk urban district proved to be les
resilient in terms of the number of species. Theimiim
number of algae species were found in Shentalinskiy
Isaklinskiy, Khvoroskyansky and Neftegorskiy distsi
In the Bolshechernigovskiy district in the dry giezone,
no diatomic algae were found.

The results of environmental monitoring of soil and

other organisms, e.g. cyanobacteria, a competifor o landscape zones in Samarskaya oblast (wooded steppe

diatomic algae. The suppression of diatomic algatort
grass and feather grass communities might be cansed
other factors, such as dense turf and thick gtassl$90-
100 %).

Dry steppe zone. In this territory, sampling was
performed in the bee-farms of the Bolshechernigigvsk
district. No diatomic algae were found here. Th8s i
mostly due to the presence of several large omeratil
prospecting and refining facilities, as well as pamies
mining oil shale, mineral construction materiaénd, and
gravel. All of the above create adverse conditifmmghe
development of diatomic algae.

4 Conclusion

The changes in the floristic composition of hightamnts,
soils, and environmental conditions going from tiogth
to the south of Samarskaya oblast are reflectethén

changes of species diversity and diatomic algae set

structure. Herewith, the highest number of diatoahime
species and in-species taxons were found in théebuf
zone, in the Novokuybyshevsk urban district, wial¢he
north and the south of the buffer zone, the numider
species was reduced. In the northern wooded stappe
(Stavropolskiy district), the number of speciesuaat
two-three times, and in the southern portion ofdhkst,
the species composition reduced more dramatidalthe
steppe zone (Alekseyevskiy district), the number of

buffer/transient, steppe, dry steppe) showed tiasbils
of bee-farm and nearby areas, where ecotoxicants we
recorded officially, have the least of diatomic adg
taxonomic groups or none at all.

Therefore, the methodology presented in this work
allows evaluating the environmental position of Hu#
by using soil diatomic algae, irrespective of the
geographic location of the bee farm in questioral$b
provides for the timely decision making to preveet
farms being set up in environmentally adverse aagas
thus avoid the collapse of evolutionary geneticebasf
populations, including honey bees.
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