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Abstract: The article presents a methodology for
applying the hemerobia indicator to assess the level of
impact of grazing and recreation on forest, meadow and
ruderal phytocoenosis of the territory of the Bashkir
State Reserve. It is shown that the use of species
hemerobia scales makes it possible to assess the level of
anthropogenic load and identify its constituent factors.
The paper tests the use of the hemerobia indicator as
an estimate of the resulting of anthropogenic impact
on the territory. The impact of grazing and recreation
on the composition of forest, meadow and ruderal
plant communities on the territory of the Bashkir
State Reserve was assessed. It has been established
that the hemerobicity of communities increases in a
series of influences: recreation - grazing - trampling.
In this series, the share of species with euhemerobic,
polyhemerobic components increases and the proportion
with oligohemerobic and mesohemerobic components
decreases in the spectrum of their anthropotolerance.
Factor analysis (principal component analysis) of
the hemerobicity spectra of the flora of the test plots
showed that the main factors in the formation of plant
communities are the complex impact of recreation and
grazing, which leads to soil compaction.
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INTRODUCTION

The term hemerobia (from Greek. hemeros — manual,
cultivated and bios — life) was introduced into ecology
by J. Jalas [Jalas, 1955] to classify plant species
according to the level of their tolerance to anthropogenic
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factors, later it was extended to plant communities and
ecosystems [Sukopp, 1976]. According to H. Sukopp
[Sukopp, 1976], the degree of hemerobia is an integrative
measure of the impact of all human interventions in
ecosystems, whether they are intentional or not. The
degree of hemerobia is the result of exposure to a certain
territory and the organisms inhabiting it.

Previously, we the indicator of hemerobia was used
to assess the degree of resistance of communities with
rare plant species to complex anthropogenic impact
[Ishmuratova et al., 2003; Barlybaeva, Ishmuratova,
2020].

In order to improve methods for monitoring the
state and dynamics of ecosystems and their constituent
plant communities under the influence of anthropogenic
factors in a specially protected area, a comparative
assessment of the level of anthropogenic pressure
(recreation, grazing) was tested using ecological scales
of hemerobicity of species.

MATERIAL AND METHODS
Description of investigation area. The study was
carried out in 2021-2022 on the territory of the
Bashkir State Reserve (Burzyansky district, Republic
of Bashkortostan) in the village of Sargaya (Fig. 1),
coordinates latitude 53°20'36"N longitude 57°47'03"E.
Methods of research. The resistance of the species
to anthropogenic impact was assessed using the
hemerobicity index. The hemerobicity of a species
was determined by the composition of species in plant
communities, in which each species has an individual
spectrum of tolerance to anthropogenic factors [Frank,
Klotz, 1990]. We used the modified Yalas system
[Frank, Klotz, 1990], which includes the following
levels: agemerobes, oligo-, meso-, eu-, poly-, and
metagemerobes.
Hemerobicity species includes the following levels:
a—agemerobes, species that cannot stand
anthropogenic influence (rocks, swamps, tundra);
o—oligohemerobes, types of forests, meadows,
raised bogs, etc., enduring a slight anthropogenic
impact (selective felling and thinning, poor grazing,
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Figure 1. Location of the village of Sargaya (Bashkir
State Reserve).

rare haymaking);

m—mesohemerobes, types of forests with preserved
grass-shrub layer; meadows, steppe meadows and
steppes with extensive use (recreation, rare clearing and
clear-cutting of forests; rare fertilization of meadows);

b—f-euhemerobes, types of forests and meadows
with intensive grazing and haymaking, meadow lawns
(fertilizer, liming, herbicide use, melioration);

c—o-euhemerobes, weeds of fields and species of
spontaneous ruderal vegetation, sown meadows, orna-
mental lawns, intensive forest plantations with a poorly
developed grass layer (permanent disturbances, appli-

Table 1. Characteristics of trial sites.

cation of mineral fertilizers, sewage pollution);

p—polyhemerobes, specialized weeds of plantations
of vegetable and berry crops, vineyards, pioneer species
of'the initial stages of overgrowth of garbage dumps and
municipal solid waste, compacted soils (deep plowing,
intensive fertilization, the use of a biocide complex,
deep drainage or waterlogging, one-time destruction
of the biocenosis and change of the biotope with non-
natural overlap material;

t—metahemerobes, species inhabiting poisoned
ecosystems, completely sealed areas with the destruction
of biocenoses.

Species are individual in terms of the breadth of the
continual spectrum of anthropotolerance, therefore, in
a discrete scale reduced to seven gradations (a-o-m-b-
c-p-t), each of them can occupy from one to five steps,
for example, Alchemilla vulgaris Willd. - m, Carduus
nutans Boiss. ex Nyman - m-b, Capsella bursa-pastoris
Medik. - b-c-p, Elytrigia repens (L.) Nevski- m-b-c-p,
Potentilla anserina L.- o-m-b-c-p.

The level of hemerobia of local territories was
calculated from the composition of species in the
phytocenosis, in each of which a geobotanical
description was performed. In total, 8 test plots of forest,
meadow and ruderal vegetation with different levels and
nature of anthropogenic impact were studied (Table 1).
The description area was chosen taking into account the
recommendations adopted in phytocenology: 400 m?
in forest communities, 25 m? in meadow communities,
on the maximum possible area of ruderal communities
homogeneous in composition and physiognomy - 4-16
m?. In all cases, the size of the trial area was not less
than the area of detection of partial flora.

Sites, Phyto- Localization Operating factors
no. COenosis
1 f z sq. 117, allotment 73, Bolshoy Bashart creek valley recreation
2 z § g sq. 117, section 67; the lower part of the slope of Mt. Bashart  recreation, grazing
= =
3 L g Y sq. 118, division 75; river valley Big Sargaya grazing, recreation
4 S & sq. 117, division 61; floodplain terrace grazing, trampling
sq. 117, division 61; central floodplain. Uzen and r. Big .
5 grazing
= " Sargaya
s _ 8 territory of the village, short-grass roadside communities with .
6 SR . . trampling
% 5 5 a predominance of meadow species
= g = territory of the wvillage, short-grass meadow-ruderal .
7 S g . trampling
= 3 communities
the territory of the village, ruderal communities with a .
8 trampling

predominance of knotweed on highly compacted soils
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For each trial plot, the number of species with a certain
component in the hemerobicity spectrum was summed
up. The level of hemerobia (/) was calculated as the ratio
of the number of species with b-c-p-t components in the
spectrum of hemerobia to the number of species with
a-o-m components (Equation 1):

H = (b+ctp+t) / (a+o+m)

Equation 1. where a — agemerobes, o — oligohemerobes, m
—mesohemerobes, b— f-euhemerobes, c— a- euhemerobes,
p — polyhemerobes,  — metahemerobes.

Example of calculation is presented in table 2.

The synanthropic flora of the Bashkir State Reserve
was studied earlier [I[shmuratova et al., 2021]. Latin names
of plants are given by WFO.

The data obtained were processed by variational-
statistical methods using the STATISTICA software
package (10.0.228.2).

RESULTS AND DISCUSSION

The results of calculating the level of hemerobia in test
plots and the characteristics of plant communities were
analysed (Tab. 3). It was revealed that the recreational
use of forest communities shows the minimum values of
the hemerobia level in the studied series. Grazing, and to
an even greater extent trampling with soil compaction,
lead to a strong increase in the level of hemerobia of
territories. With moderate grazing, the number of species
increases due to the loss of oligo-mesohemerobic species
of the original communities and the introduction of
euhemerobic species (meadow species with a wide range
of hemerobicity and weed species). The height of the
herbage is greatly reduced with constant trampling and
compaction of the soil. The projective grass cover grows in
forest communities due to an increase in the proportion of
grasses (including meadow grasses) or the introduction of
ruderal species (trial plot 4). In trampled communities, the
number of species noticeably decreases with an increase
in the impact of the factor and an increase in soil density.

Table 2. A training example of calculating the level of hemerobia of a plant community.

Plant species

The breadth of the spectrum of hemerobia

0 m b c 2 t

Melica nutans L.

Campanula glomerata L.
Aegopodium podagraria L.

Achillea millefolium L.

Taraxacum officinale Wigg.

Poa pratensis L.

Elytrigia repens (L.) Nevski)
Potentilla anserine L.

Polygonum aviculare L.
Chenopodium album L.

The number of species with a certain component
in the spectrum of hemerobia.
Calculation of the level of hemerobia.
H=(b+ctp+t)/ (ato+m)

—_ = = =
ke
OO0 = = = e e e e
ke

A = = ==

5 8

H=(8+6+4+0) / (0+5+8)=1.4

Table 3. Structural changes and changes in the level of hemerobia in plant communities under various

anthropogenic impacts and their combinations.

Trial sites, no.

Characteristics of trial sites and plant communities

Trial area size, m?
Crown density

Grass stand height, cm
Projective grass cover, %
Number of species, pcs.
Hemerobia level (H)

0.28 039 0.52 0.75

2 3 4 5 6 7

400 400 400 200 25 16 4

06 05 04 - - - -
30 15 20 5 7 15 5
85 50 80 85 80 90 100
41 39 43 19 14 9 5
1.10 095 3.75 9.00
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Table 4. Spectrum of hemerobicity of plant communities on test plots.

Sites, Phyto- ) Hemerobia scale gradations

no. COeNOSiS Operating factors e 5 . b . » p
1 gz recreation 0 70 94 36 9 0 0
2 g g % recreation, grazing 0 68 95 49 15 7 0
3 £ é qé grazing, recreation 0 64 95 62 21 8 0
4 S grazing, trampling 0 37 74 60 23 9 0
5 T 8 grazing 0 32 79 79 42 16 0
6 ; g g trampling 0 36 100 93 36 14 0
7 3 g = trampling 0 11 33 8 78 67 0
8 = 3 trampling 0 0 20 8 100 60 0

Note: in the cells, the proportion (%) of species with a certain hemerobicity component.

Table 4 shows the data on the total hemerobicity
spectrum for each of the eight test plots. It has been
established that forest communities (test sites 1, 2, 3)
of recreational and pasture use are mesohemerobic.
The community with a tree canopy and intensive
anthropogenic load (trampling, disturbance of the soil
cover), as well as pasture and short grass communities
with a predominance of meadow species (test plots 4, 5,
6) were assessed as mesohemerobic — f-euhemerobic.
Low grass meadow ruderal communities (test site 7)
proved to be S-o -euhemerobic. Knotweed-dominated
communities (test site 8) are a -euhemerobic. With an
increase in anthropogenic influence on the territory,
the proportion of species with an eupolyhemerobic
component will increase, the proportion of species with
an oligomesohemerobic component in the spectrum of
hemerobicity decreases (Fig. 2).

100
80
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40

20

1 2 3 4

In order to identify the main factors that determine
the structure of plant communities in terms of the
composition of groups of species with different spectrum
of anthropotolerance (Tab. 4), a factor analysis was
performed. High loads for factor 1 (more than 0.70)
were noted for variables (test sites) 1-6 (recreational
and grazing areas) and for factor 2 for variables 7-8
(compacted soils of roadside habitats). The graphical
result is shown in figure 3. Factor 1 is identified by us
as a “complex anthropogenic factor”, factor 2 - as “soil
compaction”.

Factor analysis on the composition of the flora did not
give satisfactory (interpretable) results. The probable
reason for this is the difference in the composition of
the flora, mainly forest communities, due, among other
things, to ecological differences, different composition
of the flora, and different syntaxonomic affiliation of the

o
- —=m
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Figure 2. Change in the proportion (%) of species with a certain component of the
spectrum of hemerobia along with an increase in the total anthropogenic load.
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Figure 3. Coordination of trial plots in the axes of
leading factors. On the y-axis factor 1 is identified as
complex anthropogenic factor, on the abscissa factor 2
as “soil compaction”.

original communities [Martynenko et al., 2003].

Thus, forests in the valleys of rivers and streams
belong to the association Geo rivali-Pinetum sylvestris
Martynenko et al. 2003 (association Trollio europaei-
Pinion sylvestris Fedorov ex Ermakov et al., 2000 of
the class Brachypodio pinnate-Betuletea pendulae
Ermakov, Koroljuk et Latchinsky, 1991), and
communities of gentle slopes of ridges to the association
Digitali grandiflorae-Pinetum sylvestris Martynenko
et al., 2003 (alliance Dicrano-Pinion (Libbert, 1933)
Matuszkiewicz, 1962 class Vaccinio-Piceetea Br.-Bl. in
Br.-Bl., Sissing et Vlieger, 1939).

The use of ecological scales with indicators of
species heterogeneity makes it possible to compare
plant communities (territories) in terms of the level
of anthropogenic impact on them, regardless of the
floristic composition and syntaxonomic affiliation of
plant communities. The method can be applied in long-
term monitoring studies, in the protected area.
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Bitki ortiiyiina otlaq vo rekreasiya tazyiqini
gqiymatlondirmak ii¢iin novlarin hemerobluq
indeksinin tatbiqi
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Moqalado heyvan otarilmasi vo rekreasiyanin Bagkir
Dovlst Qorugunun srazisinds mesalors, comanliklors vo
ruderal fitosenozlara tasir saviyyesini qiymatlondirmok
iictin hemerobiya gostericisinin tatbiqi lisulu toqdim
olunur. Gostorilir ki, hemerobiya ndvlori skalasinin
istifadasi antropogen yiikii vo onu togkil edon amillori
miloyyonlosdirmaye imkan verir. Moaqalodo oraziys
antropogen tosirin  naticesinin - qiymatlondirilmasi
iiclin hemerobiya gdstaricisindon istifads sinaqdan
kecirilir. Basqird Dovlst Qorugunun orazisinds
otlaq vo rekreasiyanin meso, ¢comon vo yabani bitki
birliklorinin torkibina tesiri qiymstlondirilmisdir. Bu
sirada euhemerob, polihemerobik novlerin payr artir
vo onlarin antropotolerantliq spektrindo oliqgohemerob
vo mezohemerob komponentlor nisbotin pay1 azalir.
Nimuno saholorin flora hemerobluq spektrlorinin
faktor tohlili (esas komponent tohlili) gosterir ki, bitki
birliklorinin yaranmasinin osas faktorlar1 rekreasiya
vo otartlmanin birgo tosirloridir ki, bu da torpagin
mohkamlonmasing (sixliginin artmast) ilo naticalonir.
Acar sozlar: hemerobiya, otlaq, istirahat, antropogen
yiikiin giymoatlondirilmasi
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IIpuMeHeHMe OKA3aTE/Is1 TeMEPOOHOCTH
BH/IOB JIJIS1 OLleHKH NACTOMIIHOM
U peKpealMoOHHOi HATPY3KH HA PACTUTEIbHOCTh
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B pabote TectupyeTcs mpuUMEHEHHE MTOKA3aTeNs reMe-
poOuM, KaK OIEHUBAIOIIETO PE3yAbTUPYIOIIee BO3IEH-
CTBUE aHTPOIIOTEHHOTO BO3JIEHCTBHUS HA TEPPUTOPHH.
IIpoBenena oreHKa BIMAHUS BBITIAca M peKpeariv Ha
COCTaB JIECHBIX, JYTOBBIX U PYyIEPaTbHBIX PACTUTEINb-
HBIX COOOIIECTB TeppuTopun bamkupckoro rocymap-
CTBEHHOTO 3aIllOBEHUKA. YCTaHOBIIEHO, YTO remMepo0-
HOCTh COOOIIECTB BO3pacTaeT B PALy BO3ACUCTBUI
peKpeanus — BBIIIAC — BHITANThIBaHWE. B 3TOM psify B
pacTHTENBHBIX COOOIIECTBAaX BO3pPACTAET JOJS BUIOB
YCTOHYMBBIX K aHTPOTIOTEHHOMY BO3JEHCTBHIO (dyTe-
MepoObI U ToUTeMepoOsl). Jlomsl BUIOB, BEIHOCSIIHX
HE3HAUYNTENIbHOE aHTPOTIOTEHHOE BIUSHIE (OJIMToreMe-
pOOBI U Me30reMepoOBI), B 3TOM TPagUCHTE CHIKACT-
cs1. DakTOpHBIN aHaMM3 (aHATU3 TIAaBHBIX KOMIIOHEHT)
CIIEKTPOB TeMEPOOHOCTH (GJIOPHI MPOOHBIX IIIOMIATOK
MOKasajl, YT0 OCHOBHBIMHU (hakTopamu (HOPMHUPOBAHHS
pPaACTHTENBHBIX COOOIIECTB SBISIOTCS KOMILIEKCHOE
BO3/ICWCTBUE pEKpealiii W BbITIaca, MPHUBOASAIIEE K
YIUTOTHEHUIO TIOYBHI.

Knrouesvle cnoea: cemepobdbus, evinac, pekpeayus,
OYeHKa AHMPONO2eHHOU Hazpy3KuU, (hakmopul, bawkup-
CKULl 20CYOapCMEeHHbIll 3aN08eOHUK, DPACTNUMENbHbIE
coobuecmea



