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Abstract

Background and Aim. Steppe pastures of Central Asia are exposed to long-term grazing pressure
that can modify soil properties and belowground microbial communities. Soil bacteria regulate nutrient
cycling and ecosystem resilience, yet their responses to grazing intensity in steppe ecosystems remain
poorly understood. This study evaluated the effects of grazing intensity on soil bacterial diversity,
community composition, and functional structure,with particular emphasis on taxonomic richness and
on Gram-positive and Gram-negative bacteria.

Materials and Methods. Soil samples were collected from steppe pastures subjected to light, moderate,
and heavy grazing. Bacterial community composition was analyzed using high-throughput sequencing
of the 16S rRNA gene. Alpha diversity indices (Chaol, observed species richness, Shannon, Simpson,
Pielou’s evenness, and Faith’s phylogenetic diversity) were calculated. Beta diversity was assessed
using Bray-Curtis dissimilarity, principal coordinates analysis (PCoA), and permutational multivariate
analysis of variance (PERMANOVA). Homogeneity of multivariate dispersion was evaluated using the
betadisper. Bacterial taxa were additionally classified into Gram-positive and Gram-negative groups to
assess functional responses to grazing.

Results. Taxonomic richness indices differed significantly among grazing groups, indicating
sensitivity of bacterial richness to grazing intensity. In contrast, Shannon diversity, evenness indices,
and phylogenetic diversity did not differ significantly, suggesting structural stability of bacterial
communities. Beta diversity analysis revealed significant compositional differences among grazing
groups, while dispersion did not differ significantly, confirming that the observed differences reflect true
shifts in community composition. Functional analysis demonstrated contrasting responses of Gram-
positive and Gram-negative bacteria along the grazing gradient.

Conclusion. Grazing intensity in steppe ecosystems primarily affects soil bacterial richness and
community composition, whereas diversity evenness and phylogenetic structure remain comparatively
stable. Grazing acts as an environmental filter shaping microbial functional structure without causing
a pronounced loss of bacterial diversity. These findings highlight the resilience of steppe soil bacterial
communities and support the use of microbial indicators in sustainable pasture management.

Keywords: alpha-beta diversity; Gram-negative bacteria; grazing intensity; soil bacteria; steppe
pastures.
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Introduction

Grazing is one of the most widespread land-use practices in steppe ecosystems and represents a
major driver of soil change in arid and semi-arid regions. Long-term grazing alters vegetation cover,
soil structure, and nutrient availability through biomass removal and trampling, which can subsequently
affect soil moisture retention and erosion processes [1, 2].

Soil bacteria play a central role in ecosystem functioning by regulating carbon and nitrogen cycling,
organic matter decomposition, and nutrient availability for plants. Due to their rapid turnover rates and
sensitivity to environmental change, bacterial communities respond quickly to grazing disturbances and
are increasingly recognized as informative indicators of soil condition in rangeland ecosystems [3, 4].

Among soil bacteria, Gram-positive and Gram-negative groups differ fundamentally in cell wall
structure, physiological traits, and ecological strategies. Gram-positive bacteria, characterized by thick
peptidoglycan layers, are generally more resistant to desiccation, temperature fluctuations, and physical
disturbance, whereas Gram-negative bacteria are often associated with higher nutrient availability and
less stressful soil conditions [5, 6]. Consequently, shifts in the relative abundance of these groups may
reflect grazing-induced environmental stress.

Previous studies demonstrate that grazing intensity can modify soil bacterial diversity and community
composition; however, reported responses vary widely among ecosystems. While heavy grazing has
been associated with reduced microbial diversity in some grasslands, other studies report stable or even
increased bacterial richness in arid and steppe systems dominated by stress-tolerant taxa [7, 8]. These
contrasting results highlight the importance of environmental context and suggest that functional or
trait-based approaches may provide additional insight beyond overall diversity metrics.

Steppe ecosystems of Central Asia represent one of the largest continuous pastoral regions worldwide
and have experienced centuries of grazing under harsh continental climatic conditions. Despite their
ecological and socio-economic importance, these systems remain underrepresented in soil microbiome
research, particularly with respect to microbial functional traits related to grazing pressure.

Therefore, the objective of this study was to assess the response of Gram-positive and Gram-
negative soil bacterial communities to grazing intensity in steppe pastures. Specifically, we aimed to (i)
compare the relative abundance of Gram-positive and Gram-negative bacteria across grazing gradients
and (ii) evaluate their potential as microbial indicators of grazing-induced soil stress. Although soil
samples were collected across three natural zones, the present study focuses on the steppe ecosystem
as a representative system for evaluating microbial responses to grazing intensity, in order to minimize
environmental variability and isolate the effects of grazing pressure.

Materials and Methods

Soil samples were collected from pasture ecosystems located in three contrasting natural zones
of southeastern Kazakhstan: desert (Bozoy area), steppe (Turgen area), and mountain pastures (Tau-
Turgen area). These zones represent a pronounced environmental gradient in terms of climate,
vegetation structure, altitude, and grazing regimes typical for Central Asian rangelands [1, 9]. Within
each natural zone, pastures were classified according to grazing intensity as lightly grazed, moderately
grazed, or heavily grazed, based on distance from settlements, livestock density, and visible signs of
grazing pressure [1]. For each combination of natural zone and grazing intensity, five independent soil
samples were collected, resulting in a total of 45 samples (3 natural zones x 3 grazing intensities X 5
replicates). For the steppe zone, grazing intensity groups were coded as LGSN (light grazing, steppe
zone), MGSN (moderate grazing, steppe zone), and HGSN (heavy grazing, steppe zone), where group
designation reflects increasing grazing pressure based on livestock density, distance from settlements,
and visible grazing impact and are used consistently in figures and tables. In this study, detailed microbial
community analysis was performed for the steppe zone only, while results for the desert and mountain
zones will be reported separately.

Soil samples were collected from the topsoil layer (0-15 cm) following the removal of surface
litterand plant residues. Each sample was placed in sterile containers, transported on ice, and stored
at —20 °C prior to molecular analysis to preserve microbial DNA integrity [10]. Total genomic DNA
was extracted from soil samples using standardized protocols for environmental samples. Bacterial
community composition was assessed using high-throughput sequencing of the 16S rRNA gene [3].
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Library preparation, sequencing, and primary bioinformatic processing were performed by an external
commercial sequencing service (GenesCloud, China), following established quality control procedures.
Sequencing targeted a commonly used bacterial 16S rRNA gene region suitable for microbial community
profiling [10].

Raw sequencing reads were quality-filtered, denoised, and clustered into operational taxonomic units
(OTUs) based on sequence similarity thresholds. Operational taxonomic units (OTUs) were generated
at a 97% sequence similarity threshold, which remains a widely applied approach for comparative
microbial community analyses across environmental gradients. Although amplicon sequence variants
(ASVs) have been increasingly used in recent studies, OTU-based clustering is considered appropriate
for identifying community-level patterns and relative differences among treatment groups in ecological
disturbance studies. Taxonomic assignment was performed using curated reference databases for bacterial
16S rRNA gene sequences, resulting in OTU tables and taxonomic abundance matrices for downstream
analyses [3]. Gram-positive and Gram-negative classification was assigned at the phylum level based on
dominant cell wall characteristics reported in the literature [4, 3]. Functional heterogeneity may exist
within individual phyla; therefore, this classification represents a broad ecological approximation rather
than a strict taxonomic assignment.Although OTU-based clustering was applied in this study, it remains
suitable, for comparative analyses of microbial community patterns across grazing gradients [11].

Alpha diversity of soil bacterial communities was assessed using several complementary indices
reflecting taxonomic richness, diversity, evenness, and phylogenetic structure. These included the
Chaol estimator, observed species richness, Shannon diversity index, Simpson diversity index, Pielou’s
evenness, Faith’s phylogenetic diversity (PD), and Good’s coverage [12, 3]. Differences in alpha
diversity indices among grazing-environmental groups were tested using one-way analysis of variance
(ANOVA) or the Kruskal-Wallis test, depending on data normality as assessed by the Shapiro-Wilk test.
Statistical significance was evaluated at p < 0.05

Beta diversity was evaluated based on Bray-Curtis dissimilarity matrices calculated from OTU
abundance data [13]. Patterns of bacterial community dissimilarity among samples were visualized
using principal coordinates analysis (PCoA). Differences in bacterial community composition among
grazing-environmental groups were tested using permutational multivariate analysis of variance
(PERMANOVA) with 999 permutations [ 14]. To assess whether PERMANOV A results were influenced
by unequal within-group variability, homogeneity of multivariate dispersion was evaluated using the
betadisper approach [15]. Distances of individual samples to group centroids in multivariate space were
calculated, and differences among groups were tested using both analysis of variance (ANOVA) and
permutation tests with 999 permutations. Boxplots of distances to centroids were used to visualize beta
dispersion patterns across grazing and environmental groups.

All statistical analyses and data visualization were performed using R software (version 4.5.2).
Alpha diversity analyses and statistical testing were conducted using base R and supplementary
packages. Multivariate analyses, including Bray-Curtis dissimilarity calculation, PCoA ordination,
PERMANOVA, and betadisper analyses, were performed using the vegan package [16]. Statistical
significance was assessed at p < 0.05 unless stated otherwise.

Results and Discussion

Alpha diversity of soil bacterial communities in the steppe pasture ecosystem varied among
grazing intensities (Table 1). Indices describing taxonomic richness showed significant differences
among grazing groups, whereas indices reflecting community diversity, evenness, and phylogenetic
structure remained comparatively stable. The Chaol richness estimator differed significantly among
grazing intensities (one-way ANOVA, p <0.001), with the highest values observed under heavy grazing
(HGSN: 6989.29 + 694.25) and lower values under light grazing (LGSN: 6120.23 + 385.44). A similar
pattern was observed for observed species richness, which also varied significantly across grazing
groups (Kruskal-Wallis test, p < 0.001), ranging from 5866.40 + 343.80 under light grazing to 6534.20
+ 569.68 under heavy grazing.
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Table 1 — Alpha diversity indices (mean + SD) of soil bacterial communities across grazing intensities
in the steppe pasture ecosystem

Index Test p-value Shapiro HGSN LGSN MGSN
min_p
Chaol ANOVA | 0.0001 0.0761 6989.29 + 6120.23+ 6565.74 +
694.25 385.44 123.14
Good’scoverage | ANOVA | 0.0045 0.0768 0.97+0.01 0.98+ 0.00 0.98+ 0.00
Simpson Kruskal- 0.0555 1.00+ 0.00 1.00+ 0.00 1.00+ 0.00
Wallis 0.00097
Pielou_e Kruskal- 0.0798 0.018 0.90+0.01 0.91£0.01 0.91£0.01
Wallis
Shannon ANOVA | 0.4070 0.0543 11.36+0.16 11.55+0.37 11.65+£0.24
Observed_species | Kruskal- 0.0005 0.0231 6534.20+ 5866.40+ 6272.60+
Wallis 569.68 343.80 93.06
Faith_pd ANOVA | 0.7430 0.0593 457.42+40.45 | 459.98+32.51 | 460.52+ 6.34

The increase in bacterial richness under heavy grazing suggests that, in steppe ecosystems, grazing
disturbance does not necessarily lead to taxon loss but may promote the coexistence of multiple stress-
tolerant bacterial taxa. Comparable disturbance-mediated richness patterns have been reported in arid
and semi-arid grassland soils, where environmental stress favors microbial taxa adapted to low resource
availability and physical disturbance [1, 17]. In contrast, diversity and evenness-related indices did not
differ significantly among grazing intensities. Shannon diversity ranged from 11.36+0.16to 11.65+0.24
(p > 0.05), while Simpson diversity and Pielou’s evenness exhibited consistently high and comparable
values across all grazing groups (Simpson = 1.00; Pielou’s evenness = 0.90-0.91). Faith’s phylogenetic
diversity also remained stable across grazing intensities (p > 0.05), indicating that grazing pressure did
not substantially affect the evolutionary breadth of bacterial communities (Table 1). Together, these results
indicate a decoupling between taxonomic richness and community evenness under grazing disturbance.
While grazing intensity altered the number of detectable taxa, relative abundance distributions and
phylogenetic structure remained conserved, a pattern characteristic of soil microbial communities
exhibiting high functional redundancy and resilience to disturbance [18].

Beta diversity analysis based on Bray-Curtis dissimilarity revealed significant differences in bacterial
community composition among grazing intensities in steppe pastures. PERMANOVA results indicated
that grazing pressure significantly structured bacterial assemblages (F = 1.69, R2 = 0.22, p = 0.006;
Table 2).

Table 2 — Results of permutational multivariate analysis of variance (PERMANOVA)

Source Df Sum of squares R? F p-value
Group 2 0.92 0.22 1.69 0.006
Residual 12 3.26 0.78
Total 14 4.18 1.00

The moderate R? value suggests that grazing intensity explains a meaningful but not dominant
proportion of total community variation, indicating that grazing acts alongside strong background
controls such as climate and soil type. Similar moderate effect sizes have been reported for grazing
impacts on soil bacterial communities in environmentally constrained grassland ecosystems [3, 19].
Importantly, tests of homogeneity of multivariate dispersion (betadisper) revealed no significant
differences in within-group variability among grazing intensities (ANOVA p = 0.41; permutation test
p = 0.39; Figure 1). This confirms that the observed PERMANOVA results reflect true compositional
differences rather than dispersion effects [15].
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Ordination patterns from principal coordinates analysis further indicated partial overlap among
grazing groups, suggesting that grazing-induced community changes occurred along a continuous
gradient rather than as abrupt compositional shifts (Figure 2). Overall, these findings indicate that grazing
intensity modifies bacterial community composition without increasing within-group heterogeneity.

Across all grazing intensities, soil bacterial communities in the steppe ecosystem were dominated by
members of the phyla Actinobacteriota, Proteobacteria, Firmicutes, Acidobacteriota, and Bacteroidota,
which together accounted for the majority of total sequence abundance (Figure 3).
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Figure 3 — Taxonomic composition of soil bacterial communities
in steppe pastures across grazing intensities
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The overall taxonomic structure at the phylum level remained broadly similar across grazing
groups, indicating the presence of a shared core bacterial community adapted to steppe environmental
conditions. However, variations in the relative abundance of dominant phyla were observed along the
grazing gradient, suggesting reorganization of community structure rather than complete taxonomic
turnover. Such stability of higher-level taxonomic composition under disturbance has been widely
reported for grassland soils [20].

Classification of bacterial taxa according to Gram staining characteristics revealed distinct functional
patterns along the grazing gradient (Figure 4).
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Figure 4 — Relative abundance of Gram-positive and Gram-negative bacterial groups across grazing
intensities in steppe pastures, indicating a shift toward stress-tolerant bacterial group
s under increased grazing pressure

Gram-positive bacteria, primarily represented by Actinobacteriota and Firmicutes, exhibited higher
relative abundance under moderate and heavy grazing conditions, whereas Gram-negative bacteria,
including Proteobacteria and Bacteroidota, were relatively more abundant under light grazing. The
increased dominance of Gram-positive bacteria under elevated grazing pressure likely reflects their
enhanced resistance to environmental stressors such as desiccation, nutrient limitation, and physical
disturbance. Traits such as thick cell walls, spore formation, and conservative growth strategies may
confer competitive advantages under grazing-induced soil stress [4,5]. These stress-tolerant groups
primarily include representatives of Actinobacteriota (e.g., Streptomyces, Nocardia) and spore-forming
Firmicutes (e.g., Bacillus, Clostridium). In contrast, Gram-negative bacteria are often associated with
copiotrophic lifestyles and higher availability of labile organic substrates, conditions more typical of
less disturbed soils [3]. The observed shifts in Gram-positive and Gram-negative proportions therefore
suggest that trait-based microbial indicators may provide sensitive signals of grazing pressure. Gram
classification in this study was assigned at the phylum level and therefore represents a functional
approximation rather than a strict taxonomic distinction. Functional heterogeneity may exist within
individual phyla, and not all taxa within Actinobacteriota or Firmicutes necessarily exhibit uniform
physiological responses to environmental stress. Consequently, the observed Gram-positive and Gram-
negative patterns should be interpreted as indicative of broad community-level functional tendencies
rather than precise trait-based classifications at lower taxonomic resolution. Importantly, these functional
shifts occurred without substantial loss of overall bacterial diversity, indicating that grazing alters
community structure and functional balance rather than causing microbial degradation per se. Similar
trait-based microbial responses have been proposed as early indicators of soil disturbance preceding
visible changes in vegetation [21].

Despite significant changes in taxonomic richness and community composition, phylogenetic
diversity remained stable across grazing intensities, as indicated by Faith’s PD values. This suggests that
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grazing-induced changes occurred primarily within existing evolutionary lineages rather than through
the loss of deeply divergent taxa. Phylogenetic patterns further revealed that taxa persisting under higher
grazing pressure tended to cluster within specific lineages associated with stress tolerance, particularly
within Actinobacteriota (Figure 5).

Figure 5 — Phylogenetic relationships of dominant soil bacterial taxa across pasture ecosystems

Such patterns support the concept of phylogenetic conservatism, whereby closely related taxa share
adaptive traits that confer resilience to environmental disturbance [22]. Overall, the results indicate
that grazing acts as an environmental filter, reshaping bacterial communities through lineage-level
reorganization while preserving overall evolutionary structure. The combined alpha and beta diversity
results demonstrate that soil bacterial communities in steppe pastures exhibit a high degree of resilience
to grazing disturbance, highlighting the importance of ecosystem-specific and trait-based approaches
when assessing grazing impacts on soil microbial diversity and pasture sustainability [20].

A limitation of this study is the absence of direct measurements of key abiotic soil properties, such
as soil moisture, organic carbon content, and nutrient availability, which are known to strongly influence
microbial community composition. Incorporating these environmental parameters in future studies
would improve the mechanistic interpretation of grazing-induced microbial responses. It should also be
noted that functional interpretations in this study are based on taxonomic inference derived from 16S
rRNA gene sequencing rather than direct measurements of microbial metabolic potential. Consequently,
the trait-based patterns observed here should be interpreted as indirect indicators of functional shifts
within the microbial community.

Conclusion

This study provides a comprehensive assessment of soil bacterial community responses to grazing
pressure within steppe pasture ecosystems of Central Asia. By integrating taxonomic, phylogenetic,
and compositional analyses based on high-throughput 16S rRNA gene sequencing, we demonstrate
that grazing influences bacterial communities in a selective and context-dependent manner rather than
causing uniform degradation.

Our results show that grazing pressure significantly affected bacterial taxonomic richness, as
reflected by changes in Chaol and observed species richness indices. Richness responses to grazing
were ecosystem-specific, with the steppe zone exhibiting elevated richness under heavy grazing. In
contrast, diversity indices incorporating community evenness, including Shannon diversity, Simpson
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index, and Pielou’s evenness, remained relatively stable across grazing regimes. These findings indicate
that grazing primarily alters the number of taxa present rather than the relative distribution of abundances
among dominant bacterial groups.

Beta diversity analyses further revealed significant differences in bacterial community composition
among grazing groups, suggesting that grazing pressure reshapes community structure through gradual
compositional shifts. The absence of significant differences in multivariate dispersion confirms that
these patterns reflect genuine changes in community composition rather than increased variability
within grazing groups. Together, these results indicate that grazing modifies bacterial assemblages along
a continuum, without inducing abrupt community reorganization.

Analysis of Gram-positive and Gram-negative bacterial groups revealed contrasting responses
to grazing intensity. Gram-positive bacteria, particularly representatives of Actinobacteriota and
Firmicutes, increased in relative abundance under moderate grazing, whereas Gram-negative bacteria
were more prevalent under lighter grazing conditions. This shift suggests that grazing favors stress-
tolerant bacterial lineages with traits adapted to resource limitation and physical disturbance.

Despite observable changes in taxonomic composition and richness, phylogenetic diversity
remained relatively conserved across grazing regimes. This indicates that grazing-induced shifts occur
primarily within existing evolutionary lineages, supporting the concept of environmental filtering acting
on phylogenetically conserved traits rather than eliminating broad evolutionary groups.

Overall, the findings highlight the resilience of steppe soil bacterial communities to grazing
disturbance and emphasize that grazing effects on microbial diversity cannot be generalized across
ecosystems. Instead, microbial responses are shaped by interactions between grazing pressure,
environmental constraints, and long-term adaptation to arid and semi-arid conditions. These results
underscore the importance of ecosystem-specific assessments when evaluating grazing impacts on
belowground biodiversity and provide a foundation for integrating microbial indicators into sustainable
rangeland management strategies in Central Asian pastures.
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Trait-based (ocHoBaHHbIe HA PYHKIIMOHAJIBHBIX MPU3HAKAX) PeaKIIMU IPAMIIOI0KUTEIbHBIX
U TPaMOTPHIATeIbHBIX MOYBEHHBIX 0aKTepHil HA HHTEHCHBHOCTH BhINaca
B CTEIMHBIX IKOCHCTEMax

Tacteibait M.b., Jlenmu Banr, KanaeB A.T., Kymenos K.U., Ceiitoarramosa A.1.

AHHOTAUA

[Ipeanocsuikn u nenb. CrenHble mactOumma LleHTpanpHONH A3WM MTOABEPraroTCs UINTEILHOMY
MacTOUIITHOMY BO3/ICHCTBHUIO, KOTOPOE MOKET U3MEHSATh IOYBEHHBIE CBOMCTBA U CTPYKTYPY TOJ3EMHBIX
MHUKpPOOHBIX coobmiecTB. [louBeHHbIE OaKTEpHUU UTPAIOT KIOYEBYIO POJIb B KPYTOBOPOTE MUTATEIBHBIX
BELIECTB M YCTOMYMBOCTH 3KOCHUCTEM, OJHAKO MX PEAKIMM HAa MHTEHCHBHOCTH BbINIACa B CTEMHBIX
9KOCHCTEMAaX OCTAIOTCS HEJOCTATOYHO M3Y4YeHHBIMHU. Llenplo HacTosIIero HccieaoBaHus Obuia
OIIEHKA BJIMSHUS WHTEHCHBHOCTH BBINIaca Ha pasHOOOpa3ne MOYBEHHBIX OaKTEpHii, cCOCTaB COOOIIECTB
U (QYyHKIMOHAJIBHYIO CTPYKTYpY C OCOOBIM aKICHTOM Ha TaKCOHOMHYECKOE OOTraTCTBO M TPYIIIBI
IPaMITOJIOKUTEIBHBIX U TPaMOTPUIATEIBHBIX OaKTePHIA.

Marepuansl u MeToabl. [TouBeHHBIE 00pa3iibl ObUTH 0TOOPaHBI HAa CTEIHBIX MACTOUIAX C JIETKOM,
YMEPEHHOW M CHIIbHOW cTemneHbplo Bbimaca. CocraB OakTepUaNbHBIX COOOIIECTB aHAIM3UPOBAIN
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METOJOM BBICOKOIIPOM3BOAUTEIHLHOTO cekBeHUpoBaHusa reHa 16S pPHK. PaccumreiBamm mokasarenu
anbda-pazHoodpasus (Chaol, Habmomaemoe BUpoBoe OorarctBo, uHiAeKCH lllenHona, CumrcoHa,
paBHOoMepHOcTH Ilwenmy w  dumorenernueckoro pasnooOpasus @Deiita). berta-pasnoobdpasue
OIICHWBAJIM C HMCIIONIb30BaHUEM  paccTossHusl bpes—Képruca, ananmsa rinaBabix koopauHat (PCoA)
1 TepMyTaliOHHOTO MHOromepHoro aucnepcuonHoro aHainuza (PERMANOVA). OagHopomaHOCTh
MHOTOMEPHOHW JNHCIIEPCUH OICHUBAIM MeTomoM betadisper. TakcoHbsl OakTepuii TOMOTHUTEIHHO
KJIACCU(UIIMPOBAIM HA TPaAMIIOJOKHUTEIbLHbIE W TPAaMOTPULIATENILHBIC TPYIMIbBI UL OICHKHU
(hyHKIIMOHANBHBIX PEaKIU{ Ha BHITIAC.

Pesynbrarer. [lokazaTenn TaKCOHOMHUYECKOTO OOrarcTBa JOCTOBEPHO pa3iHUYaIMCh MEXIY
rpynmnaMyd HMHTCHCHUBHOCTH BbIIaCa, 4YTO CBUACTCILCTBYCT O YYBCTBUTCIIBHOCTH GaKTepI/IaJIBHOFO
forarcTBa K NMacTOWITHOMY BO3JEHCTBHIO. B TO ke Bpems uHpmekchl llleHHOHa, paBHOMEPHOCTH H
(DUIIOreHETHYECKOr0 pa3sHOo0pasusi HE BBISBMIIM 3HAUMMBIX Pa3IM4Mid, yKa3blBas Ha CTPYKTYPHYIO
CTaOMIIBHOCTh OaKTephadbHBIX COO0OIIecTB. AHAMM3 OeTa-pasHO0Opa3us IOKaszal TOCTOBEPHEIE
pa3nauurs B COCTAaBE COOOIIECTB MEXIy TPYIIAaMH BbIIAca MPU OTCYTCTBUU Pa3NIUYUN B JAUCIICPCHH,
YTO NOATBEPKAACT pC€ajibHbIC CIABUI'M B COCTaBC COO6IIICCTB. qDYHKHHOHaJ]LHBIﬁ aHaJIN3 BbISIBUII
KOHTPACTHBIE PEaKIMH TPAMIIONIOKHUTEIBHBIX M TPAMOTPUIATENLHBIX OaKTepui BIOIb TpaJHeHTa
BbIIIaca.

3axmrodenue. VHTEHCHMBHOCTh BBIIIaca B CTEMHBIX DKOCHCTEMaxX B TIEPBYIO OYepelb BIIUSET
Ha TaKCOHOMHYECKOE OOTaTCTBO M COCTaB IOYBEHHBIX OaKTEPUAIBHBIX COOOIIECTB, TOT/A
KaK pPaBHOMEPHOCTh pa3HoOOpasuss u (UIOrCHETHUYECKas CTPYKTypa OCTalOTCs OTHOCHUTEIIBHO
cTaOMIbHBIMU. BpITIac BBICTYIIAET B POJU IKOJOTHUECKOTO (QHILTPa, GOpMUpPYS (PYHKIHOHAIBHYIO
CTPYKTYpYy MHKPOOHBIX C00OIIeCTB 0e3 BBIP2KEHHOW NOTEpH OaKTEepUANBHOTO pPa3HOOOpasusl.
[TomrydeHHble pe3ynbTaThl MOAYEPKUBAIOT YCTOWYMBOCTH ITOYBEHHBIX OaKTEpHaIbHBIX COOOIIECTB
CTeIeH U MOATBEPKIAIOT 11EJIeCO00Pa3HOCTh UCIIOIB30BAHUS MUKPOOHBIX HHUKATOPOB B YCTOMYUBOM
yIpaBJIeHAN MAaCTOUIIIAMH.

KaoueBbie  caoBa:  anba-Oeta  pasHooOpasue;  IPaMIIOJIOKUTEIBHBIE  OaKTepUU;
IrpaMOTpULIATCIIbHBIC 6aKTepI/II/I; NHTCHCHUBHOCTSH BbIIIaCca, IIOYBCHHBIC 6aKTepI/II/I; CTCIIHBIC HaCT6I/IIlIa.

JanajabIK 3KoKyHeepae )KalblIbIM KAPKBIHABLIBIFBIHA 5Kayal PeTiHIe TPaM-0H dHe rpam-
Tepic ToNbIpaK 0aKTepUAIAPHIHBIH GYHKIMOHAIABIK Oeirijiepre HerizaeareH
(trait-based) peakumscol

Tactei0ait M. b., Jlenmn Ban, Kanaes A. T., Kymenos K. U., Ceitroarranosa A. 1.

Tyiiin

AnFprmaprrap koHe Makcar. OpTalblK A3WSHBIH JalalblK SKaWbUIBIMIAPBl Y3aK Mep3iMi
JKAMBUIBIM 9CEPIHE YIIBIPAIl, TOMBIPAK KACHETTEPl MEH KEePACThl MUKPOOTHIK KaybIMIACThIKTAPbIHBIH
KYPBUIBIMBIH ©3repTyi MYMKiH. TombIpak OakTepusuiapbl KOPEKTIK AJIeMEHTTEepAiH aifHaJbIMbIH/A
JKOHE DKOXKYHENEep/iH TYPaKThUIBIFBIHAA MAaHBI3[bl POJI aTKapajbl, ajaiija oJapiblH KaHbUIBIM
KapKBIHIBUIBIFBIHA PEAKITUSACH] JallaiblK JKOXKYHEenepae KeTKUTIKTI JmeHreime 3eprrenmercH. Ocbl
3epTTEeYAIH MaKCcaThl — KaWbUIBIM KapKbIHABUIBIFBIHBIH TOMBIPAK OaKTEPUSIIAPBIHBIH OPTYPIILIIriHE,
KaybIMJIACTBIK KypaMbIHA JKoHE (YHKIMOHAJIBIK KYPbUIBIMBIHA OCEPiH, 9CIpece TaKCOHOMUSUIBIK
OaifJIBIK TTEH TPaMOH JKOHE TpamTepic OakTepusuiap TonTapbiHa 0aca Ha3ap ayjapa OTBIPBII, Oarainay.

Matepuangap MeH ojictep. Tomblpak YJArUIepl JKEHII, oOpTalia >KOHE KYIITI KaHbUIBIM
JKaF A bIHAaF bl TAJIANBIK KaHBUIBIMAAPAAH allbIH/IBL. baKTepUsIbIK KaybIMIACTBIKTApIBIH Kypambl 16S
pPHK reHnin >xorapsl eHIMII CEKBEHHUpJEY dAiCIMEH aHBIKTANABL. ANb(pa-opTYpIiIiK KepceTKimTepi
(Chaol, Oatikamran Ttypimik Oaiineik, [llennon, Cummcon wuHaekcrepi, [lmemy TeHmecTiri xoHe
@OelTTiH (PUIOreHEeTHKANBIK, opTYypiiniri) ecentenai. bera-opryprinik bpei-KépTtruc KambIKThIFS,
Heri3ri koopauHaranap tanaaysl (PCoA) jxoHe NepMyTalUsIIBIK KOIOIIEM Il TUCTICPCUSUIBIK Talaay
(PERMANOVA) apkbutel 0aranansl. Kememmemui nucnepcusiHeiH OipTekTiniri betadisper omicimen
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Tekcepingi. DOyHKIMOHANIBIK JKayanTapasl Oaranay VIIiH OaKTEpHUSIBIK TAaKCOHAApP TPaMOH >KOHE
rpaMTepic TONTapFa JKIiKTEIIi.

Hormxkenep. TakcOHOMUSIIBIK OalJIbIK KOPCETKIMITEpl >KAWBLIIBIM KapKBIHABUIBIFEI OOWBIHINA
alTapipIKTail alBIPMAIIBUTBIK KOPCETTi, OYJI OaKTEePHSUTBIK OAMIIBIKTHIH KAWBUIBIM oCepiHe Ce3iMTal
exkeHiH monenzeini. An llleHHOH WHIEKCI, TEHIECTIK KOPCETKIMmTepi XoHe (HUIOTeHETHKAIBIK
OpTYpIILITiK OOWBIHIIIA MOH/TI ABIPMAIITBLIBIKTAP OalKaIMa/Ibl, OYJT OaKTEPHUSITBIK KaybIMIACTHIKTAPIbIH
KYPBUIBIMABIK TYPAKTBUIBIFBIH KepceTeli. bera-opTypiinik Tangaybl xKaWblUIbIM TONTApbl apachblHAA
KaybIMIACTBIK KYPaMbIH/1a €J1eYyJ1i allblpMAIIbUTBIKTAP/Ibl AHBIKTA 1B, aJ1 IUCTIEPCUSHBIH AlibIPMAIIBLUIBIFbI
00JIMaysl HAKTHI KYPaMIIBIK ©3repicTepliH 0ap exeHiH pactaasl. OyHKIINOHAIIBIK TalAay KalbUTbIM
rpaJreHTi OOHWBIHA TPAMOH JKOHE TpaMTepic OaKTepusIapIblH KapaMa-Kapcehl JKayanTapblH KOPCeTTi.

Kopeiteiaapsl. [lananslk sKoKyHesnepae KalbUIbIM KapKbIHIBUIBIFEl TOIBIPAK OaKTepHsUIapbIHBIH
TAaKCOHOMUSUTBIK OalJIBIFBl MEH KaybIMIACTHIK KypaMbIHAa HETI3IHEH ocep eTeli, ajl SpPTYPILTIKTIH
TEHJIECTIrT MEH (PUIOreHETHKAJBIK KYPBUIBIMBI CAlbICTBIPMAabl TYPAE TYPAaKTbl OOJbIN KajaJbl.
JKaibuiblM MUKPOOTBIK ()YHKIIMOHAJIBIK KYPBIIBIM/IBI KAJIbIITACTHIPATBIH SKOJIOTHSUIBIK CY3T1 peTiHIe
OPEKeT eTeli KoHe OaKTEPUSIIBIK SPTYPIUTIKTIH alKbIH TOMEH/ICyiHEe SKeNMe Ti. AJTBIHFaH HOTHKeIep
JlaJlaJIbIK TOTIBIPAK OaKTEPHSIIBIK KAy bIMAACTHIKTAPBIHBIH TYPAKTBUIBIFBIH KOPCETII, TYPAKThI KAUBIIBIM
OackapyblHAa MUKPOOTBIK MHINKATOPIIAPAbl KOJIIAHy IbIH MaHbI3IbUIBIFbIH JOJIEACHI].

Kiar ce3aep: anbda-0eta opTypIiiK; TpaMOH OakTepusiiap; rpamMmrepic OakTepusiap; KalbUIbIM
KApKBIHABUIBIFBI; TONBIPAK OAKTEPUSIIAPHI; JANabIK JKalbUIbIMIAP.
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