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Abstract

Background. This study aimed to assess the level of anthropogenic stress on the
territory of the Don State Technical University training and experimental site (Rassvet,
Rostov Oblast) using the fluctuating asymmetry method of Betula pendula Roth. A
comparative analysis of the integral index of fluctuating asymmetry was conducted
between zones with different levels of expected impact (“Site 1 and “Site 3”) and
a conventional background zone (“Roshcha”). The level of fluctuating asymmetry
in the anthropogenic impact groups was significantly higher than in the background
zone, and the overall environmental condition of the study area corresponded to the
“alarm” category. The most stress-sensitive traits were the length of the second vein
and the angle between the veins. The fluctuating asymmetry method has proven its
effectiveness for bioindicating complex anthropogenic stress in urban ecosystems.

Purpose. The aim of the study was to quantitatively assess the level of anthro-
pogenic stress on the territory of the Don State Technical University training and
experimental site by analyzing the fluctuating asymmetry of the leaves of Betula
pendula Roth and identifying the most sensitive morphological features.

Materials and methods. The study focused on Betula pendula Roth growing in
anthropogenically altered habitats, with special attention to the fluctuating asymme-
try of its leaf morphological traits in the leaf blade of Betula pendula as an indicator
of developmental instability. A method for assessing fluctuating asymmetry of the
leaf blade was employed. Standard biometric methods were used to measure five
leaf blade traits, followed by calculation of the relative asymmetry value for each
trait and the integral fluctuating asymmetry index for each leaf. Statistical data pro-
cessing included descriptive statistics, testing for normality (Shapiro-Wilk test), and
homogeneity of variance (Levene’s test). One-way analysis of variance (ANOVA)
with Tukey’s post hoc test was used to compare groups.
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Results. The integral fluctuating asymmetry index (IIFA) for the combined sam-
ple was 0.093, which corresponds to the “alarm” zone according to Zakharov’s scale.
Statistical analysis revealed significant differences (p < 0.001) between the conven-
tional background zone “Roshcha” (IIFA = 0.065 = 0.004) and the impact zones ““Site
17 (0.110 £ 0.007) and “Site 3” (0.104 + 0.006). At the same time, no significant dif-
ferences were found between the two sites (p = 0.721). Analysis of the contribution
of individual traits showed that the “Length of the second vein” (0.152) and “Angle
between veins” (0.095) exhibit the greatest sensitivity to anthropogenic stress.

Conclusion. The study demonstrates that fluctuating asymmetry in Betula pen-
dula leaves is an effective tool for diagnosing complex anthropogenic stress. The
data indicate an unfavorable environmental situation within the Don State Techni-
cal University training and experimental site, where developmental disturbances
reach alarming levels. Spatial differentiation of FA values confirms the hypothesis
of higher stress in areas immediately adjacent to infrastructure. Identifying the most
sensitive morphological features allows for the optimization of bioindication mon-
itoring programs for such urbanized areas.
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genic stress; urban ecosystems
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Hayunast cratbst

OIIEHKA AHTPOIIOTEHHOM HATPY3KHU
O YPOBHIO ®JIYKTYUPYIOIIEA ACUHMMETPUU
JIMCTBEB BETULA PENDULA (HA IPUMEPE
YYEBHO-OIIBITHOI'O ITIOJIMT'TOHA AI'TY)

/.A. Kosvipes, E.A. Myn, I1.A. /lyonuykasn, B.C. /luzauesa,
M.IO. Ooabawman, A.A. Epowenko, O.B. I'opouey

Annomayusn
Oo6ocHoBanme. VccienoBanue HampaBlIeHO Ha OLIGHKY YPOBHSI aHTPOIIOTCH-
HOHM Harpy3Kkd Ha TeppuUTOpUH yueOHO-ombITHOTO monmrona JI'TY (m. Paccser,
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PocroBckast obmacTb) MeTonoM (QIIyKTyHpyIoIieii acCHMMETPUH JINCTOBOH IIa-
cTrHKH Oepésbl oBuco (Betula pendula Roth). [TpoBenéH cpaBHUTENBHBIN aHa-
JIU3 MHTETPAIBLHOTO MOKa3aTens (QIIyKTynpyromei aciMMETpHH MEXIy 30HAMH C
Mpe/ronaraeMoi pa3Hoi crenenpto Bo3aeiictus («Ilonuron 1», «Ilomuron 3») u
yCI0BHO-(DOHOBOM 30HO# («Poriay). YeTaHOBIIEHO, YTO YPOBEHD (ITYKTYyHUPYHOIICH
ACHMMETPUH B TPYIIIAaX aHTPOIIOT€HHOTO BO3JECHCTBHUS JOCTOBEPHO BHIIIE, YEM B
(hOHOBOM 30HE, a COCTOSTHHE CPE/Ibl Ha BCEH MCCIICIOBAHHON TEPPUTOPUH COOTBET-
CTBYET 30HE «TpeBorm». Hanbosee 4yBCTBUTEIBHBIMI K CTPECCY ITPU3HAKAMH SIB-
JISIFOTCSL TMHA BTOPOH KMJIKH U YTOJl MEXKIY *KUIKaMH. MeTon GiayKTyupyromen
aCHMMETPHH MOATBEPAHI CBOIO 3P ()EKTUBHOCTD 151 OMOMHINKAIINYI KOMILIEKCHOM
QHTPOIIOTEHHOH Harpy3KH B ypOOIKOCHCTEMAX.

ean. Llensio nccnenoBanus OblIa KOMTUUECTBEHHAS OLCHKA YPOBHS aHTPO-
MOTEHHOTO CTpecca Ha TEPPUTOPUHU ydeOHOo-ombITHOrO nosnurona JAI'TY myrtém
aHaiu3a QIyKTyHpYIOIIEH aCHMMETPHH JIMCTHEB OEpPE3bI MOBUCIION U BBISBICHHS
Han0Oosee 4yBCTBUTEIIBHBIX MOP(OIOrHUEeCKUX IPU3HAKOB.

Marepuaibl 4 MeToAbl. OObEKT NaHHOIO HCCIeNOoBaHUs Oepé3a MoBHUCIAs
(Betula pendula Roth) B yCIIOBHSAX aHTPOIOI'€HHO-IIPEOOPA30BaHHBIX TEPPUTOPUIL.
ITpenmeToM KccaenoBaHuUs BBICTYIMIIA (DIyKTYHpYIOLIasi aCUMMETpUst MOp(oIoru-
YECKUX MIPU3HAKOB JINCTOBOM IIACTHHKU Betula pendula kax mokasarenb HapyILeHUS
CTaOMIBLHOCTU pa3BUTHs. B pabore mpumeHsics MeTol OLEHKH (IIyKTyHupyromeit
ACHMMETPHH JIMCTOBOH IUTACTUHKH. VICTIONIb30BaINCh CTaHIapTHBIE OHOMETPUYECKHUE
METO/Ibl U3MEPEHUS IIATH TIACTUHYATHIX PU3HAKOB JIUCTA C MOCIIEAYIONIM pacyé-
TOM OTHOCHUTEIILHOM BEIMUUHBI ACHMMETPHUH JUIs KayK/I0TO IIPU3HAKA U HHTETPaJIbHO-
T MoKa3zaresst pIyKTyHpyroLIeil aCHMMETPHUH JUTs KaxJ0T0 Jiucta. CTaTHCTHIeCKas
00paloTKa JAHHBIX BKJIFOYAJIA OIUCATEbHYIO CTATUCTUKY, IPOBEPKY pacipeiesIeHUst
Ha HOpMaJIbHOCTS (KpuTepuii [llanupo-Yuika) 1 oqHoporHocTs auctiepenii (tect Jle-
BEHa), JUTSI CPABHEHHS TPYIII IIPUMEHSIICS OTHO(DAKTOPHBIN TUCIIEPCHOHHBIN aHaIN3
(ANOVA) ¢ mocnenyromnmm mocT-X0K TECTOM ThIOKH.

Pesyabrarbl. HTErpasibHbIi TIOKa3arenb Guykryupytomieii acummerpun (UI1
®DA) mist 06venmHEHHOM BEIOOPKH cocTaBwi (0,093, 9TO COOTBETCTBYET 30HE «TPEBO-
rm» 1o mKaie 3axaposa. CTaTUCTHYESCKUI aHAIIN3 BBISIBIII JOCTOBEPHBIE P3N
(p <0,001) mexy ycnoBHO-poHOBOH 30H0M «Poray (MUIT @A = 0,065 £ 0,004) u
3oHamu BozzencTBus «Ilomuron 1» (0,110 £ 0,007) u «ITomuron 3» (0,104 + 0,006).
[Ipu 5TOM 3HAYMMBIX Pa3THMYUN MEKAY ABYMsI IOJHTOHAMH HE O0OHapy»XeHO (p =
0,721). Ananu3 BKJ1aJia OTJIEIBHBIX TPU3HAKOB MOKA3aJ1, YTO HAUOOJIBIIYIO YYBCTBHU-
TENBHOCTB K aHTPOTIOTEHHOMY CTpecCy MpOsIBISIIOT «/ImuHa Bropoi xumkmy» (0,152)
u «Yron mexay xuikamm» (0,095).

3akiiouenue. [IpoBenéHHoe ucciaenoBaHue IEMOHCTPUPYET 3()(HEKTUBHOCTD
MeToaa PIyKTYUPYHOLIEH aCHMMETPUH JIUCThEeB OepE3bI MOBHUCIIOH JIJIsl AMArHOCTH-



36 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-2, 2025

KH KOMIUTEKCHOH aHTPOIIOT€HHOW Harpy3Kku. [lonydeHHbIe JaHHbBIE CBUACTEIbCTBY-
0T O HaNPsDKEHHON HKOJIOTUUECKON 0OCTAaHOBKE Ha TEPPUTOPHH yueOHO-OIBITHOTO
nonurona J{I'TY, rie ypoBeHb HapyIIeHUH Pa3BUTHS IOCTHTAET YPOBHS «TPEBOTH.
IpocrpancTBennas nuddepeHimanus 3Ha4eHnit @A MOATBEPKAACT THIIOTE3Y O
0oJiee BBICOKOM CTPECCE B 30HAX HEMOCPEICTBEHHOH OIM30CTH K MHPPACTPYKTYpE.
BrisBienne Hanboee 9yBCTBUTENBHBIX MOP()OTOTHUECKUX IPU3HAKOB MTO3BOJISIET
OIITHMH3HUPOBATH IIPOTrPaMMbl OHNOMHINKAIIOHHOTO MOHUTOPHHTA JUIS TIOMOOHBIX
ypOaHU3NPOBAHHBIX TEPPUTOPHIA.

KuroueBble ciioBa: (uykTyupyrolias acCHMMETpHst; OnouHuKanms; Betula
pendula; anHTpONOTeHHBIH cTpecc; ypOOIKOCUCTEMbI

Jas untupoBanusi. Kossipes, /. A., MyH, E. A., Jlyonuukas, I1. A., JIuraue-
Ba, B. C., OnabamsH, M. 10., Epomienko, A. A., & Topauen, O. B. (2025). Ouesn-
Ka aHTPOIIOT€HHOM HAarpy3KH MO YPOBHIO (UIYKTYUPYIOIIEH aCHMMETPUU JINCTHEB
Betula pendula (na npuMepe yueOHo-onbITHOTO nonurona AI'TY). Siberian Journal
of Life Sciences and Agriculture, 17(6-2), 33-47. https://doi.org/10.12731/2658-
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Introduction

Urban tree stands are a critical component of urban ecosystems, providing
a wide range of ecosystem services, including carbon sequestration, improved
air quality, microclimate regulation, and biodiversity conservation. However,
the viability and functionality of these stands are threatened by the chronic
impact of a complex array of anthropogenic stressors. These include chemical
pollution of the soil and atmosphere, physical degradation and compression of
soil cover, disruption of symbiotic interactions in soil biota, and specific mi-
croclimatic conditions [1; 5].

The cumulative effect of these factors is reflected in fundamental disturbanc-
es in the physiology and ontogenesis of woody plants. Research has documented
accelerated development, leading to a two- to threefold reduction in lifespan, pre-
mature senescence and leaf shedding, as well as the activation of compensatory
mechanisms at the molecular and cellular levels [2]. Therefore, monitoring the
condition of urban dendropopulations requires the development of integrated diag-
nostic methods sensitive to the overall stress response of the organism, as opposed
to traditional approaches that measure the concentrations of individual pollutants.

A promising tool in this area is assessing developmental stability based on
the magnitude of fluctuating asymmetry (FA) of bilateral organs. FA, defined
as small, non-directional deviations from ideal symmetry, is a consequence of
the organism’s inability to buffer disturbances during ontogenesis [4]. Its level
correlates with the intensity of stress — both genetic and environmental — mak-
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ing FA a universal indicator of environmental conditions [9]. The effectiveness
of this approach has been confirmed for a wide range of stress factors: from
heavy metal pollution [6] and thermal stress to the impact of radical changes in
environmental conditions at the boundaries of habitats [10].

Thus, given the complex nature of anthropogenic stress in urbanized en-
vironments, fluctuating leaf asymmetry represents a theoretically sound and
methodologically robust bioindicator parameter. However, under optimal con-
ditions, low levels of fluctuating asymmetry will be observed as a manifestation
of ontogenetic noise [8].

Purpose

The aim of the study was to assess the level of anthropogenic load on the ter-
ritory of the educational and experimental site of the Don State Technical Uni-
versity (Rassvet, Rostov Region) based on the analysis of fluctuating asymmetry
of the leaf blade of the Betula pendula Roth. To achieve this goal, Betula pendula
leaf material was sampled in areas with expected varying degrees of anthropo-
genic impact (“Site 17, “Site 3”’) and in the conditional background zone “Rosh-
cha”. The integrated index of fluctuating asymmetry (IIFA) was calculated for
each study group based on five lamellar leaf traits. To qualitatively process the
obtained data, a comparative statistical analysis of the obtained ITFA values was
conducted between the groups to identify significant differences. Based on the
statistical analysis data, the morphological leaf traits most sensitive to anthropo-
genic stress were determined. As a result of the study, the state of the environment
in the study area was evaluated according to the Zakharov scale.

Materials and methods

The study was conducted using a model species, Betula pendula Roth. This
species was chosen as a bioindicator due to its widespread distribution, high
sensitivity to anthropogenic impact, and ease of leaf sampling.

The study was conducted at the Don State Technical University training
and experimental site in the village of Rassvet, Aksay District, Rostov Region.
The site represents an anthropogenically transformed ecosystem typical of the
southern European part of Russia and includes areas with varying levels of
recreational and anthropogenic pressure. Three groups of Betula pendula trees,
growing 100-200 meters apart, were selected for the study. This allowed us to
cover areas with differentiated anthropogenic pressure: zones in the immedi-
ate vicinity of educational and laboratory buildings and infrastructure (“Site 1”
and “Site 3”) and a background zone, remote from the main sources of pressure
(Roshcha). The climate of the area is temperate continental with arid features,
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characterized by hot summers with frequent dry winds and moderately cold,
low-snow winters. Average annual precipitation is approximately 500-600 mm,
with high interannual variability and a pronounced summer minimum [3].

To ensure representativeness of the data and allow for comparative analy-
sis, material was collected at three sites with different expected levels of an-
thropogenic load:

1. “Site 17: A site in close proximity to the landfill infrastructure, character-
ized by potentially high recreational load.

2. “Site 3”: A site adjacent to technological zones or utility lines, where an-
thropogenic impacts are expected.

3. “Roshcha”: A site consisting of a forest belt or natural tree stand within
the landfill, remote from the main sources of impact and considered a back-
ground (control) site.

Leaf collection for the study subject was carried out uniformly from the mid-
dle canopy layer (at a height of 1,5-2 m) to minimize the influence of age-re-
lated and microclimatic gradients.

To assess developmental stability, the fluctuating asymmetry method —
small, non-directional deviations from strict bilateral symmetry — was used.
Five lamellar features were measured on each leaf (Fig. 1) on the left and right
halves of the leaf blade:

Fig. 1. Measured leaf parameters [7]
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1. Width of leaf half.

2. Length of second vein from base.

3. Distance between bases of first and second veins.

4. Distance between ends of first and second veins.

5. Angle between main and second veins.

Measurements were taken using a digital caliper and a protractor with an
accuracy of 0,1 mm and 1°, respectively.

For each trait on each leaf, the relative asymmetry value was calculated
using the formula:

_IR-L]|
“|R+L|

where R and L are the values of the trait on the right and left sides of the leaf,
respectively.

The integral index of fluctuating asymmetry for each leaf was calculated as
the arithmetic mean of the asymmetry values for all five characteristics:

YFAwval
5

To describe the data for each group, the arithmetic mean (M), standard error
of the mean (+m), standard deviation (SD), minimum, maximum, and coeffi-
cient of variation (CV, %) were calculated (Table 1).

Data distribution was tested for normality using the Shapiro-Wilk test, and
homogeneity of variances was tested using Levene’s test. Since the basic as-
sumptions for using parametric tests (normality and homogeneity of variances)
were not violated, a one-way analysis of variance (ANOVA) was used to com-
pare mean values of the IIFA between the three groups. If statistically signifi-
cant differences were identified, pairwise comparisons between groups were
performed using Tukey’s post-hoc test for multiple comparisons. The level of
statistical significance was set at p < 0,05.

To rank the features based on their contribution to overall asymmetry, the mean
asymmetry value for each feature was calculated across the entire pooled sample.

Environmental conditions were assessed based on the IIFA using the gen-
erally accepted Zakharov scale.

FA val

ITIFA leaf =

Results of the research
The integral index of fluctuating asymmetry (IIFA) for the combined sam-
ple of 30 leaves was 0,093, which, according to Zakharov’s scale, corresponds
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to the “alarm” zone and indicates the presence of moderate anthropogenic
stress.

To further clarify this conclusion, a comparative analysis of three groups of
trees was conducted: two from the hypothetical impact zone (“Site 17 and “Site
3”) and one from the conventional background zone “Roshcha.”

The initial data analysis revealed that the IIFA distribution in the “Site 17
and “Site 3” groups deviated slightly from normality (Shapiro-Wilk test, p >
0,05), while in the “Roshcha” group, the distribution was normal. The group
variances were homogeneous (Levene’s test, p = 0,152). Given that the para-
metric assumptions were met, a one-way analysis of variance was used to com-
pare the groups.

Table 1.
Descriptive statistics of the integral index of fluctuating asymmetry
of birch leaves in different groups
Group n | Average | Standard Standard Min | Max | CV,%
M) error (£m) | deviation (SD)

Site 3 10 0,104 0,006 0,020 0,074 | 0,134 19,2
Site 1 10 0,110 0,007 0,023 0,080 | 0,152 20,9
Roshcha | 10 0,065 0,004 0,012 0,047 | 0,082 18,5

Descriptive statistics (Table 1) demonstrate that the lowest values of the
IIFA were found in the “Roshcha” group (0,065 =+ 0,004), while in the “Site”
groups, the values were significantly higher and approximately the same (0,104
+0,006 and 0,110 + 0,007). The coefficient of variation in all groups was below
25%, indicating acceptable homogeneity of the samples.

The results of the analysis of variance revealed statistically significant differ-
ences between at least one pair of groups (ANOVA: F (2,27)=21,45,p<0,001).

Table 2.
Results of pairwise comparison of IIFA groups using Tukey’s post-hoc test (p-value)
Comparison groups p-value
Site 3 — Roshcha <0,001
Site 1 — Roshcha <0,001
Site 3 — Site | 0,721

Pairwise comparison using Tukey’s test (Table 2) confirmed that both “Site”
groups differed significantly (p <0,001) from the “Roshcha” background group.
However, no statistically significant differences were found between the “Site
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1’ and “Site 3” groups (p = 0,721). A box plot (Fig. 2) was constructed to vi-
sualize these differences.

0,16
0,14
0,12

-

0,08
0,06
0,04
0,02

0

Integral indicator of fluctuating
asymmetry

Polygon 1 Polygon 2 Polygon 3

Group
Fig. 2. Distribution of the integral index of fluctuating asymmetry
in groups of Betula pendula leaves

Note: The figure shows the median, quartiles, and range of values. The “Site 1" and
“Site 3" groups are not statistically different from each other (p> 0.05), but both sig-
nificantly exceed the “Roshcha’ group (p < 0,001).

To identify the most sensitive impact markers, an analysis of the mean
asymmetry values for each of the five measured traits across the entire sample
was conducted. Traits were ranked in descending order of contribution to the
overall asymmetry:

1. Vein 2 Length: 0,152

2. Vein Angle: 0,095

3. Vein Tip Distance: 0,088

4. Leaf Halves Width: 0,057

5. Vein Base Distance: 0,037

The traits “Vein 2 Length” and “Vein Angle” make the greatest contribu-
tions to the overall asymmetry. This is consistent with literature data indicating
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that meristematic traits (such as vein length) and traits dependent on complex
growth processes throughout the season (vein angles) often exhibit greater plas-
ticity and, therefore, greater sensitivity to stress factors compared to more stable
traits such as leaf width.

Conclusion

Thus, the conducted analysis allows us to draw a number of important con-
clusions. First, it has been confirmed that the level of fluctuating asymmetry in
silver birch is an informative indicator of environmental conditions. The average
IIFA value obtained (0,093) corresponds to the “alarm” zone on Zakharov’s scale
(values > 0,055 indicate a critical level of disturbance), indicating the presence
of persistent anthropogenic pressure in the sampling area from the testing sites.

Second, a comparative analysis of the groups revealed clear spatial differ-
entiation. Significantly lower IIFA values in the “Roshcha” group compared to
the “Site” groups convincingly demonstrate that the trees in the grove experi-
ence less stress, allowing us to consider this area as a conditionally background
zone. The absence of significant differences between the two testing sites may
indicate a similar level of impact in these areas, both in strength and nature.

The identified structure of the contribution of traits to asymmetry has im-
portant methodological implications. For future research and comprehensive
monitoring, it is advisable to focus on the most sensitive traits (vein length and
intervein angle), which may improve the effectiveness of the study.

In our study, the sample size was 10 leaves per tree, which is sufficient to detect
gross differences. To conduct a more detailed analysis of the influence of micro-
climatic and soil variations, a comprehensive monitoring study will be conducted,
collecting larger samples and including a larger number of trees in each group.

Based on the integral fluctuating asymmetry index (0,093), the environmen-
tal condition in the studied areas is assessed as unsatisfactory and corresponds to
the “alarm” zone. The study revealed significant differences between the “Rosh-
cha” background zone and the impact zones (“Site 1" and “Site 3"), confirming
the reliability of FA as a bioindication method. The most sensitive characteris-
tics of the silver birch leaf blade to anthropogenic impact are the length of the
second vein and the angle between the main and second veins, which make the
greatest contribution to the overall asymmetry.

Sponsorship information. The work is published as part of a grant from
the federal budget to educational organizations of higher education for the im-
plementation of activities aimed at supporting Student scientific communities.
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