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Collembola is a group of numerous ubiquitous small soil-dwelling arthropods decomposing the plant residues.
The study analyses the diversity structure of this group in mesic conditions of coniferous, mixed, and broad-
leaved forests. Sample plots were located in three Protected Areas in the Moscow Region (Losiny Ostrov Na-
tional Park and the Valuyevsky Forest Park) and Smolensk Region (Smolenskoe Poozerye National Park). In
total, 70 species of Collembola were registered in the forest litter. Two Collembola species were of Asian origin,
namely Appendisotoma stebayevae (noted in Europe for the first time) and Vertagopus asiaticus (the second
record of this species in the study area). The number of species was close to the number of genera, indicating the
allochthonous character of the forest fauna of Collembola of the central Russian Plain. A multiscale approach
was applied for sampling design. This allowed us to assess the diversity of Collembola at various spatial scales:
from 1 m to hundreds of kilometres. The study scheme included two regions, four localities, 12 sample sites,
and 36 plots; the latter was 1 m? (the smallest area unit). The data analysis was based on the concept of alpha-
beta diversity accompanied by the additive partitioning method. The region (the largest area unit) was the most
important factor in forming the species diversity. The type of forest litter (coniferous vs. broad-leaved) was
less significant; the habitat heterogeneity factor made even a less contribution. On average, 1 m? of forest litter
comprised about a quarter of the entire list of Collembola species in the studied forests. The species richness of
Collembola in the broad-leaved forests was more variable in space and in time compared to coniferous forests
and mixed forests; a transitional pattern was observed. The species composition of Collembola varied between
the seasons of the year by about a quarter when considering the same sites of coniferous and mixed forests. In
broad-leaved forests of various areas, seasonal changes in species composition varied highly, from very pro-
nounced to insignificant. The new concept of plant litter traits is discussed as a factor for affecting the patterns
of the structure and dynamics of the Collembola species diversity.
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Introduction

Biodiversity is affected by a large number
of factors; each one operates at a certain spatial
scale. At regional level (the largest area unit),
these are climatic and geological factors; at mi-
crolevel (the smallest one), the main factor may
be the distribution of resources or interspecif-
ic interactions (Turner, 1989; Azovsky, 2000;
Ettema & Wardle, 2002). Regional diversity
(y-diversity) is calculated as the sum of the a- and
B-components, where a-diversity is the average
number of species on a certain site, B-diversity
is the difference of the species lists between the
sites. Additive partitioning is applied to study the
structure of diversity taking into account the area
size, when a- and B-components of diversity are
decomposed into the levels corresponding to re-
gions, areas, habitats, and others (Gering & Crist,
2002; Stendera & Johnson, 2005). For example,
if a is the number of species in a certain habitat,
then B, is the difference in species composition
between habitats, B, between the areas compris-
ing these habitats, and so on.

Much interest is paid to this analysis because
a higher or lower contribution of the B-component
is usually interpreted as a higher or lower contri-
bution of various factors preconditioning diversity.
At the habitat level, this may be the species sorting
in regard to abiotic factors, at the regional level,
these are geological and historical factors (Leibold
et al., 2004; Potapov et al., 2020).

Additive partitioning is currently used in
the study of benthic protists and invertebrates
(Azovsky et al., 2016), fish (Francisco-Ramos &
Arias-Gonzélez, 2013), bats (Pech-Canche et al.,
2011), butterflies (Summerville & Crist, 2003),
beetles (Crist et al., 2003), and others. In soil zo-
ology, this method has been first applied relative-
ly recently. The large role of forest microhabitats,
including tree trunks, is reported for oribatid mites
in Ireland (Bolger et al., 2014). The forest type
turns out to be more significant than the micro-
habitat for testate amoebae in protected forests of
the Northern Urals (Tsyganov et al., 2015). Vari-
ous zones of the forest belt made a great contribu-
tion to the diversity of Collembola in protected
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pine forests of the Russian Plain (Kuznetsova &
Saraeva, 2018).

Small ubiquitous soil arthropods, Collembola,
are the object of this study. Most experts distinguish
them as a separate class of Collembola, which is in-
cluded together with insects in the Hexapoda super-
class of the Arthropoda phylum. Collembola use fun-
gal mycelium and spores as food; they also consume
bacterial and algal films, plant pollen, and tissues of
living plants (Hopkin, 1997; Potapov et al., 2020).
The numerous and diverse Collembola belong to the
ecological size group of the soil mesofauna.

Collembola are abundant in the forest litter,
which is both their habitat («home») and food
resource (Fujii et al., 2020). Coniferous litter de-
composes slowly, creating a large space, while
broad-leaved litter provides more accessible food
resources. Some authors conclude that coniferous
forests make a greater contribution to Collembola
diversity (Salamon et al., 2008); other habitats con-
sidered are broad-leaved forests (Korboulewsky et
al., 2021) or mixed forests (Hansen & Coleman,
1998; Ganault et al., 2021).

In coniferous and broad-leaved forests of Eu-
ropean Russia, the total diversity of Collembola is
about the same order of magnitude, while the local
diversity (at the sample level) is lower in broad-
leaved forests (Chernov et al., 2010). We assume
that the spatial structure of Collembola diversity in
these forests varies significantly at different spatial
scales. Our study aims to find out the spatial and
seasonal structure of Collembola diversity in pro-
tected mesic forests (coniferous, mixed, and broad-
leaved) in the centre of the Russian Plain.

Material and Methods
The study was carried out in boreo-nemoral
forests in the Smolensk Region and Moscow Re-
gion (further referred to «regions»), the largest area
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units in accordance with the terminology adopted
in landscape ecology. The distance between these
two regions is about 400 km. These territories be-
long to the Smolensk-Moscow bioregion as part of
the Smolensk-Trans-Ural ecoregion (Ogureeva et
al., 2004). The climate in the Smolensk Region is
generally more humid and warmer than that in the
Moscow Region. The average annual temperature
in the Moscow Region is +5.8 °C, in the Smolensk
Region, +6.1 °C; the average annual precipitation
is 678 mm and 773 mm, respectively. The weather
conditions in May, the month preceding the sam-
pling performed in early June in both regions, were
colder and wetter in Moscow Region than the annual
average (2017), but warmer and drier in Smolensk
Region (2018) (Online Weather Archive, 2021).

In each region, two forest locations were stud-
ied. In Smolensk Region, this was the territory of
Smolenskoe Poozerye National Park (UNESCO
Biosphere Reserve); the locations were at a 17-
km distance (nearby the villages of Petrakovo and
Myakury; Fig. 1). In Moscow Region, the study
was carried out in the Losiny Ostrov National Park
(Losinka; Fig. 1) and the Valuevskiy Lesopark
(Protected Green Territory, Valuevo; Fig. 1) dis-
tanced for 48 km from each other.

The plots were located on slightly disturbed
areas of mature forests: broad-leaved, coniferous
(spruce, Picea abies (L.) H.Karst.), and mixed
(spruce-oak, Picea abies — Quercus robur L.) for-
ests. Tilia cordata Mill. dominated in broad-leaved
forests in all regions; Carex pilosa Scop. prevails
in the grass layer. In coniferous forests, these were
Picea abies, Oxalis acetosella L., and green moss-
es. In mixed forests, Picea abies, Tilia cordata,
Quercus robur, and Carex pilosa dominated. For-
est types differed also in litter depth, which was
1-3 ¢cm in broad-leaved forests, 3—4 c¢m in conifer-
ous forests, and 1.5-4.0 cm in mixed forests.
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Fig. 1. Sampling design in Protected Areas of the Moscow Region and Smolensk Region. Designations: BF, MF, CF are
the sampling plots of broad-leaved, mixed, and coniferous forests, respectively. The squares in the bottom row represent

1-m? samples.
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In all forest types in each particular region,
the censuses were carried out within one day.
Each series included 81 samples, which were
taken with a soil corer (8-cm? sampling diam-
eter). The samples included litter, humus layer,
and 1-2 cm of the upper mineral soil layer. The
series consisted of three groups of samples taken
at a 10-m distance from each other in a relatively
homogeneous ground cover of the inter-canopy
space. The censuses were quite intensive, since
each group included 27 samples within 1 m?
arranged in a fractal pattern (Marsh & Ewers,
2013). The scheme was described in detail by
Vasenkova & Kuznetsova (2019).

Here, we analyse the diversity of Collembola,
starting from the level of 1-m? plots and moving
gradually to the largest area unit (region). In gen-
eral, the design of the multiscale study included
two regions, four locations, 12 sample plots, and
36 plots of 1 m? (Fig. 1). In addition, the censuses
on sample plots in the Moscow Region were car-
ried out in summer and autumn to assess changes
in diversity over time (six series).

Collembola were extracted using Tullgren
funnels, fixed with 80% alcohol, mounted in mi-
croslides in Phoera liquid, and identified down to
the species level, in some cases, down to the ge-
nus level (Babenko et al., 1994; Fjellberg, 1998,
2007; Potapov, 2001). Species designated «sp.»
in Appendix 1 and Appendix 2 are valid species,
but not juveniles of other species. The complete-
ness of assessing the species richness of Col-
lembola was analysed using cumulative curves,
which were characterised by an increasing trend
in the number of species as the number of sam-
ples grew. Matrices of the number of species for
individual samples (8 cm?) of each series were
analysed using the Chao2 index in the PAST 3.21
(Hammer et al., 2001). Following the adopted ter-
minology in landscape ecology, here we use the
terms «species richness» and «species diversity»
(or simply «diversity») as synonyms, despite the
well-known difference between them.

The sampling scheme was designed espe-
cially in order to reveal the diversity structure of
Collembola in various types of the litter in forest
ecosystems of the mixed forest subzone in Euro-
pean Russia (y ). Alpha-diversity (a_) was set
as the average number of species per 1-m? plot.
Beta-diversity was divided into four levels: re-
gion (Breg), location (B, ), site (B, ), and intra-site
heterogeneity (B_). In this article, we use «site»
when talking about a sampling site in a particular

habitat. Analysis was performed using the «adi-
part» function (Crist et al., 2003) in the «vegan»
package of the R software environment (Oksanen
et al., 2015). Matrices for calculations combined
the data on the number of individuals of each
species in particular samples. The results of par-
titioning reflected the observed share of a-level
and each of B-levels of the given sample to the
gamma diversity (y = 1). Alpha-components were
calculated as simple averages (weights = «unif»).
The number of species was used as an index (in-
dex = «richness»). For each level, the estimates of
the significance of the observed values from the
expected ones are given at a random distribution
of diversity components (nsimul = 5000). The
significance level was set as p < 0.05. The follow-
ing equations were used for additive partitioning
by spatial scales for samples of different sizes:

Ytotal = am + Bm + Bsite + Bloc + Breg (tOtal Sample);
Vieg = % T By, + By By, (for each region);
Yiee = &, T B, T By, (for certain location),

where a_ is the average number of species at
the 1-m? plot; B_is the difference in the species
composition of Collembola within the habitat-site
(10 x 10-m area); B is the difference between
the sites; B, _is the difference between locations;
Breg is the difference between the regions.

Seasonal sampling at the same sampling plots
in Moscow Region (summer and autumn) made it
possible to assess the seasonal structure of diver-
sity, i.e. seasonal differences (B ) according to the
following equation:

Vo = O T By

where a _is the average number of species at
the site; B is the difference in species composi-
tion between seasons.

In total, 13 229 Collembola from 18 se-
ries and 1458 samples were considered. In the
Moscow Region, six series of samples were
taken at six plots in summer (07.06.2017, and
13.06.2017) and in autumn (30.09.2017, and
02.10.2017). In the Smolensk Region, six series
of samples were taken at six plots in summer only
(06-07.06.2018). The diversity of the regions
was compared only for summer series, seasonal
changes were estimated using the material from
the Moscow Region only. The dataset analysed
in this article was published in the Global Biodi-
versity Information Facility (GBIF) international
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information system as two datasets («sampling
event» type), comprising 5447 records in total
(Vasenkova & Kuznetsova, 2021a,b).

Results

General characteristics

The total abundance of Collembola in the
forests differed by an order of magnitude according
to summer sampling from 2100 individuals/m?
(ind./m?) to 21 400 ind./m? In particular, 2100—
13 200 ind./m? in broad-leaved forests, 4000—
14 000 ind./m? in mixed forests, and 10 600—
21 400 ind./m?in coniferous forests. In autumn,
the abundance was higher, except for mixed and
coniferous forests in Losiny Ostrov National Park.
The most numerous species were Isotomiella minor
(Schéfter, 1896), Parisotoma notabilis (Schéffer,
1896), and Folsomia quadrioculata (Tullberg,
1871) (Appendix 1, Appendix 2).

In total, 70 species of Collembola were found
in the studied forests (Appendix 1, Appendix 2).
These were mainly widespread nemoral and eu-
rybiont species, except two unexpected records
of Asian Collembola species, Appendisotoma ste-
bayevae (Grinbergs, 1962), and Vertagopus asi-
aticus (Potapov, Gulgenova & Babykina, 2016).
On average, 23 species per habitat were found in
broad-leaved and mixed forests, and 25 species,
in coniferous forests (Fig. 2). The ratio of the
number of species to the number of genera (S/G)
was extremely low, 1.0-1.1 in Moscow Region
and 1.1-1.2 in Smolensk Region.

Assessing of the completeness of revealing of
the species composition

The species composition of each series was
assessed at significant level of 87-99% according
to the Chao2 index. The species richness of Col-
lembola varied greatly in the series from broad-
leaved forests, but it was relatively constant in
coniferous forests, being transitional in mixed
forests (Fig. 3).

Additive partitioning of the beta-diversity
of Collembola of the total material representing
the boreo-nemoral forests of the Russian Plain
(Y, =1) was carried out only for summer series.
The following contributions of various spatial di-
versity levels were calculated:

Vo = 0250 +0.12B_ +0.188 +0.13p,  +0.328_

Partitioning results for all diversity levels, ex-
cept for B, differed from random values (p <0.01).

On average, 1-m* plots of the forest litter (o, ) in-
cluded a quarter of the number of species inhabiting
the studied forests. The pattern structure within the
habitat (B,_) had the smallest (0.12), but significant
contribution to the total diversity. The proportion of
diversity was relatively small (0.18) due to the dif-
ferences between sites; the contribution of location
was random (p = 0.09), and the largest differences
were associated at the regional level (Bmg).
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Fig. 2. Average number of species per series in various
forest types in the total material. Designations: 1 — broad-
leaved forests, 2 — mixed forests, 3 — coniferous forests. The
horizontal line in the bar indicates the median; the cross is
the arithmetic mean; the upper and lower sides of the bar
are the upper and lower quartiles, respectively; the whis-
kers are the absolute maximum and minimum values of the
number of species.
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Fig. 3. Accumulation of the number of species in the sam-
pling series depending on the number of cores. Solid lines
refer to the series in coniferous forests, shaded lines to the
series in mixed forests, dot lines to the series in broad-leaved
forests. Sampling series in the Moscow Region are numbered
as lines with numbers of 1, 5, 9 (Valuevo), and numbers of 2,
6, 10 (Losinka); in Smolensk Region, as lines with numbers
of 3,7, 11 (Myakury), and numbers of 4, 8, 12 (Petrakovo).
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Fig. 4. Additive partitioning of spatial Collembola diversity
in the Moscow Region (A) and Smolensk Region (B). Desig-
nations: o is the average number of species per 1 m? of for-
est litter; B is the heterogeneity of areas of the same habitat;
B, is the differences between forest types; B, is the differ-
ence between locations of the same region; «observed» indi-
cates in-situ data, simulated — the expected data at a random
distribution of components.

Diversity partitioning at a lower level, within
each region (y,_, = 1), was significant at all levels
(p < 0.01), except for B in the Smolensk Region
and B _in the Moscow Region (Fig. 4). In the Smo-
lensk Poozerye National Park, 42% of the species
recorded on average at the smallest area units of
1 m? (0, ); in the Moscow Region, the a._ contribu-
tion was lower by 10%. In addition, the locations
in the Moscow Region differed from each other
more than the locations in the Smolensk Region
(by 28% and 13%, respectively).

The diversity partitioning at a lower level,
within each location (y, . = 1), had a high similarity
(Table 1). On all locations, on average, 44—49% of
the number of species was found at 1-m? plots. The
differences between plots did not differ statistically
from random. The contribution of the forest type
to the diversity of Collembola on a certain location
was also significant (p < 0.001), ranging 31-35%.

Diversity partitioning over time

Seasonal differences in the species composi-
tion of Collembola at the same sampling plot were
evaluated for the Moscow Region. The proportion
of species constantly found in the habitat (regard-
less of the season) was high by ranging from 71%
to 87% (Table 2). In coniferous and mixed forests,
seasonal differences were significant and similar in
both localities of the Moscow Region (23-24% in
coniferous forests and 27-28% in mixed forests).
In broad-leaved forests, the contribution of the sea-
sonal factor differed more than twice in different
localities: 13% vs. 29%. In all cases, the signifi-
cance level was p < 0.001.

Table 1. Additive partitioning of spatial Collembola diversity
within the localities (y, ) according to data of summer samplings

) Partitioning levels
Locations
a’m Bm Bsite
Valuevo 0.44™* 0.210 0.35™"
Losinka 0.44™ 0.22m 0.33"
Myakury 0.47 0.220 0.31™
Petrakovo| 0.49™" 0.20" 0.31™

Note: o_ is the average number of species per 1 m* of forest
litter; B is the heterogeneity of areas of the same habitat; B
is the differences between forest types; B, is the difference
between locations of the same region. Significance level
p<0.001 is designated as ***_ insignificant differences as «ns».

Table 2. Additive partitioning of Collembola diversity in
time (summer vs. autumn) according to the dataset obtained
in the Moscow Region

Series Partitioning levels
o, B,
Broad-leaved forests
Valuevo 0.71" 0.29"
Losinka 0.87" 0.13"
Mixed forests
Valuevo 0.73" 027"
Losinka 0.72" 0.28"
Coniferous forests
Valuevo 0.76" 0.24"
Losinka 0.77" 0.23"

Note: o, is the average number of species per habitat; f_ is
the difference between seasons. Significance level p < 0.001
is designated as ***.

Discussion

The species composition of Collembola of
European Russia and entire Europe is supple-
mented by a new species, Appendisotoma ste-
bayevae, which has been known to date only
from dry steppes of the continental part of Asia
(Republic of Tuva, and Republic of Khakassia
in Russia; Kazakhstan, Kyrgyzstan, and Mongo-
lia) (Potapov, 2001). In our collections from the
Moscow Region, we found Vertagopus asiati-
cus, a nemoral bark-dwelling species, numerous
in taiga forests from the Urals to the Russian Far
East (Potapov et al., 2016). The second finding
of the species in the centre of European Russia
suggests the invasive spread of V. asiaticus to
Europe (Potapov & Janion-Scheepers, 2019).

The average species richness of Collembola
in forest ecosystems of the temperate zone



Nature Conservation Research. 3anoseonasn nayxa 2022. 7(Suppl.1)

https://dx.doi.org/10.24189/ncr.2022.019

is low, 25-30 species per habitat (Petersen &
Luxton, 1982; Salamon et al., 2008; Chernov
et al.,, 2010; Russell & Gergodcs, 2019). In
our samples, this indicator is nearly the same,
23-25 species. Slightly lower indicators in
our material are due to the limitation of the
sampling areas by only the inter-canopy space,
targeting on the greatest comparability of the
results from different territories. In this study,
we did not examine areas near tree trunks, study
of which usually allows adding several species
to Collembola diversity.

The actual number of Collembola species in
the habitat is higher, since sampling during an-
other season adds from 13% to 29% (on average,
25%) to the species composition of Collembola
at the same sampling habitat. If the number of
repeated samplings is large, as during long-term
studies of Collembola in the oxalis-spruce for-
est, then the total number of recorded species
may exceed 50 (Kuznetsova, 2007). High dif-
ferences in the population density of common
and rare species are the reason for the difficulty
in revealing the species composition of Collem-
bola. According to the same dataset, these dif-
ferences may reach four orders of magnitude if
one considers the total material.

The predominant process of the fauna for-
mation in the region may be assessed by the ra-
tio of the number of species to the number of
genera (S/G). At a high S/G ratio, it is consid-
ered autochthonous, at a low ratio allochtho-
nous. A low ratio (close to 1.0) indicates that
each genus is represented by one species due
to its migration to the region (Malyshev, 1969;
Tolmachev, 1974). In the Moscow Region, this
indicator is 1.1 on average, in the Smolensk Re-
gion 1.2. This suggests a predominantly alloch-
thonous nature of the formation of the fauna in
these regions. Indeed, the centre of European
Russia was affected by the Pleistocene glacia-
tions, which mastered the diversity of various
taxa, including plants (Markova et al., 2019).

A relative constancy of Collembola species
richness in coniferous forests, compared with
mixed and, especially, broad-leaved forests is
observed in the present study. The reason for
this phenomenon seems to be associated with
the properties of the forest litter, which are both
microhabitat and food source for Collembola.
Indeed, the regulation of soil animal communi-
ties (including that of Collembola) is bottom-up,
i.e. the availability of resources is recognised

as more significant than the regulation of popu-
lations by predators (Ettema & Wardle, 2002).
Recently, the concept of plant litter «traits» has
been proposed, offering a quantitative method
for analysing the relationship between vegeta-
tion cover and soil animals (Fujii et al., 2020).
Two groups of litter traits are identified, being
related to the nutritional quality and physical
parameters of the litter. In broad-leaved forests,
the parameters of both resources and litter space
vary widely over time. In coniferous forests,
the variability of these parameters is minimal
(Fujii et al., 2020), which corresponds to the
stability of Collembola species richness in for-
ests of this type, confirmed by our results. The
similarity of the average number of Collembola
species in coniferous and broad-leaved forests
may be associated with the balance of pros and
cons of litter of various types for Collembola.
The litter of broad-leaved forests is more nutri-
tious, but highly variable (HH type), while the
litter of coniferous forests is less nutritious, but
more stable in physical parameters (LL type)
(Fujii et al., 2020).

Despite the importance of forest litter prop-
erties, its contribution (B ) to Collembola di-
versity is inferior to the regional differences in
boreo-nemoral forests (Breg). This means that the
so-called process of species sorting (Leibold
et al., 2004), according to their adaptation to
the properties of various types of forest litter,
is less significant for the formation of Collem-
bola diversity in the studied set of forest types
compared to the regional species list. It is in-
teresting that in pine (Pinus sylvestris L.) for-
ests, which differ sharply in terms of humidity
(an important factor for Collembola), the habi-
tat type i1s not a limiting factor (Kuznetsova &
Saraeva, 2018). In general, the conclusion on
direct dependence of difference in species lists
on the distance between the sampling areas has
been suggested earlier for various groups of ter-
restrial and aquatic organisms (Kuznetsova &
Saraeva, 2018; Takada et al., 2021).

On average, a quarter of the total diversi-
ty of Collembola (17.5 species) was found per
each square meter of forest litter in the mesic
forests of both regions studied. Regard must be
paid to the significant differences in the species
composition of Collembola between 1-m? plots
of the same site, located at only a 10-m distance
from each other considering the entire dataset
(Yooru = 1)- This indicates a noticeable heteroge-
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neity in the distribution of Collembola species
within the habitat, even on a relatively small
sample area of 10 x 10 m with a fairly uniform
vegetation cover. This heterogeneity is due to a
local increase in the population density of the
number of small-sized species, as well as their
accidental entry into the samples. An estimate
of this effect of 12% means that 8.4 species may
be added on average to the number of Collem-
bola species per 1 m? if two more such plots will
be studied within the sampling site. Therefore,
the average number of species at a 100-m? plot
is 1.5 times higher than on a 1-m? plot.

Seasonal changes in the species composi-
tion of Collembola (by about 25%) were fairly
constant in the studied coniferous and mixed
forests of the Moscow Region, as well as in the
pine forests of Karelia (Kuznetsova & Saraeva,
2018). However, in broad-leaved forests, the
seasonal «renewal» of the species composition
may be pronounced to a different extent (Table
2). This is consistent with the variability in the
litter properties in the broad-leaved forests (Fujii
et al., 2020). The «renewal» of the species com-
position occurs both as a result of the seasonal
growth of populations of small-sized species and
as a result of accidental sampling of certain rare
species, which lists are quite long for any type
of forests. Migration processes from other habi-
tats are mainly limited to a few «winter species»
and do not play a significant role in Collembola
diversity dynamics during the growing season
(Hagvar, 2010).

Conclusions

The Collembola of the boreonemoral forests
of the Russian Plain represent a rather diverse,
but historically young, postglacial fauna. A large
number of hard-to-identify rare species, which are
found by chance, complicates the task of studying
the spatiotemporal structure of the diversity of
Collembola in the forests of the study area. In or-
der to solve this issue, a multiscale approach has
been applied in combination with intensive cen-
sus. The factor of regional specificity contributes
the most to the species diversity of Collembola.
The second most important factor is related to the
forest type (coniferous or broad-leaved) and as-
sociated characteristic features of the forest litter.
Differences between the locations of the same re-
gion may be considered better random than regu-
lar. Heterogeneity of the distribution of small spe-
cies in the space of one habitat also contributes

notably to this process. On average, the number
of species at 100-m? site exceeds that at 1-m? site
by 1.5 times.

The diversity of Collembola in broad-leaved
forests varies considerably in space compared to
coniferous forests, characterised by more stable
physical parameters of the litter. The species
composition of Collembola of a certain habitat
«updates» seasonally by about 25% in conifer-
ous and mixed forests. In broad-leaved forests,
seasonal changes in species composition are
pronounced to a different extent. In general, the
diversity of Collembola is characterised by a
relative spatial and seasonal stability in conifer-
ous forests and pronounced variability in broad-
leaved forests, while in mixed forests, this pa-
rameter is intermediate.
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Appendix 1. Species composition of springtails and the number of specimens in one sampling series in the studied forests

of Moscow Region.

Valuevo Losinka
Family, species, index
BF MF CF BF MF CF
Hypogastruridae
Ceratophysella denticulata (Bagnall, 1941) 1/0
Willemia denisi (Mills, 1932) 2/0 11/2 7/5 1372 3/0
 Xenylla brevicauda (Tullberg, 1869) 12
Neanuridae
Anurida sp. 2/0
Friesea truncata (Cassagnau, 1958) 0/1 27/19 3/0 0/6 197/83
Micranurida pygmaea (Borner, 1901) 0/1 6/10
Neanura muscorum (Templeton, 1836) 02 6/2
Pseudachorutes dubius (Krausbauer, 1898) 0/1 2/0 1/0
Pseudachorutes parvulus (Borner, 1901) 2/9 1/10 1/6 2/29 2/5
Odontellidae
Xenyllodes armatus (Axelson, 1903) | 5/0
Onychiuridae
Oligaphorura absoloni (Bérner, 1901) 1/2 23/66 3/7 26/47
Oligaphorura serratotuberculata (Stach, 1933) 0/1
Oligaphorura sp. 1/0
Protaphorura boedvarssoni (Pomorski, 1993) 6/31 5/9 16/45 105/38 108/16 4/0
Tullbergiidae
Mesaphorura sp. 19/9 30/15 87/54 26/44 68/21 208/44
Metaphorura affinis (Borner, 1902) 9/1
Stenaphorura quadrispina (Borner, 1901) 5/0
Isotomidae
Anurophorus laricis (Nicolet, 1842) 0/1 0/1
*Appendisotoma stebayevae (Grinbergs, 1962) 0/1
Desoria sp. 0/87 32/32
Folsomia fimetaria (Linnaeus, 1758) 02
Folsomia manolachei (Bagnall, 1939) 2/17 1/6 2/100
Folsomia quadrioculata (Tullberg, 1871) 0/2 28/15 28/34 430/328
Isotoma viridis (Bourlet, 1839) 0/4
Isotomiella minor (Schiffer, 1896) 30/79 84/71 301/209 53/181 220/60 147/118
Parisotoma notabilis (Schiffer, 1896) 28/146 37/223 126/256 9/126 132/168 | 282/205
Proisotoma minima (Absolon, 1901) 4/0 0/1 7/26 02 5/0
*Vertagopus asiaticus (Potapov, Gulgenova, 10
Babykina, 2016)
Tomoceridae
Pogonognathellus flavescens (Tullberg, 1871) 1/32 3/36 3/30 8/45 3/53 4/15
Tomocerus vulgaris (Tullberg, 1871) 3/20 5/45 0/27 2/11 0/20 11
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Valuevo Losinka
Family, species, index
BF MF CF BF MF CF
Entomobryidae
Entomobrya nivalis (Linnaeus, 1758) 0/1 0/6 2/2 - 3/0 18/0
Lepidocyrtus lignorum (Fabricius, 1793) 7/93 25/173 14/79 34/80 30/79 1/20
Orchesella flavescens (Bourlet, 1839) 0/1 0/2 0/11 0/10 0/6 0/7
Orchesella sp. 8/0
Pseudosinella alba (Packard, 1873) 6/34
Pseudosinella immaculata (Lie—Pettersen, 1896) 0/1
Pseudosinella zygophora (Schille, 1908) 02
Sminthurididae
Sphaeridia pumilis (Krausbauer, 1898) 80 | 200 | 438 6/9 52
Arrhopalitidae
Arrhopalites caecus (Tullberg, 1971) 2/5 0/1 1/0
Arrhopalites principalis (Stach, 1945) 3/0
Katiannidae
Sminturinus bimaculatus (Axelson, 1902) 4/0
Sminthurinus trinotatus (Axelson, 1905) 2/0 3/0 3/0
Sminthuridae
Allacma fusca (Linnaeus, 1758) 2/0 3/0
Caprainea marginata (Schott, 1893) 5/0 14/0 11/1 1/3
Sminthurus sp. 1/0
Dicyrtomidae
Dicyrtoma fusca (Lubbock, 1873) 12/0 8/0 4/1 10/0 5/0 1/0
Dicyrtomina minuta (Fabricius, 1783) 3/0 13/0 5/0 5/0 7/0
Ptenothrix atra (Linneus, 1758) 1/0 4/0 2/0
Ptenothrix setosa (Krausbauer, 1898) 0/2
Bourletiellidae
Deuterosminthurus bicinctus (Koch,1840) 2/0
Deuterosminthurus pallipes (Bourlet, 1842) 2/0
Neelidae
Megalothorax minimus (Willem, 1900) 7/6 23/11 12/4 4/7 7/4 4/6
Neelides sp. 0/1 0/3 1/0
Number of individuals 139/453 | 261/664 685/959 349/605 | 668/580 | 1385/893
Total abundance, thousands ind./m? 2.1/7.0 4.0/10.2 10.6/14.8 5.4/9.3 10.3/9.0 | 21.4/13.8
Number of genera 17/15 18/20 25/24 18/15 22/19 22/14
Number of species 17/17 19/22 28/24 18/15 22/19 23/14
Number of species / number of genera 1.0/1.1 1.0/1.1 1.2/1.0 1.0/1.0 1.0/1.0 1.1/1.0

Note: BF — broad-leaved forests, MF — mixed forests, CF — coniferous forests. Summer data are given left to slash «/», au-
tumn data, right to slash «/»; asterisk (*) indicates new records for European Russia.
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Appendix 2. Species composition of springtails and the number of specimens in one sampling series in the studied forests
of Smolensk Region.

Myakury Petrakovo
Family, species, index
BF MF CF BF MF CF
Hypogastruridae
Ceratophysella denticulata (Bagnall, 1941) 4 9
Willemia anophthalma (Borner, 1901) 1 2 4
Willemia denisi (Mills, 1932) 2 8 1 8 12
Xenylla sp. 1 1 4
Neanuridae
Friesea truncata (Cassagnau, 1958) 4 40 95 2
Anurida granulata (Agrell, 1943) 1 6 1 1 3
Neanura muscorum (Templeton, 1836) 1 14
Pseudachorutes dubius (Krausbauer, 1898) 3 5
Pseudachorutes parvulus (Borner, 1901) 1 2 2 4 7
Odontellidae
Xenyllodes armatus (Axelson, 1903) 7 | | | 4 | | 24
Onychiuridae
Oligaphorura absoloni (Borner, 1901) 1 39 28 4 10 48
Protaphorura armata (Tullberg, 1869) 16 1 59 25
Protaphorura bicampata (Gisin, 1956) 54 15 7
Tullbergiidae
Mesaphorura sp. 1 13 9 4 2 23
Stenaphorura quadrispina (Borner, 1901)
Isotomidae
Anurophorus sp. 1
Desoria divergens (Axelson, 1900) 22 28 121 31 24
Folsomia quadrioculata (Tullberg, 1871) 208 138 285 143 340 196
Isotomiella minor (Schiffer, 1896) 298 417 423 392 200 405
Parisotoma notabilis (Schiffer, 1896) 56 143 121 41 31 68
Proisotoma minima (Absolon, 1901) 1 1 2
Pseudanurophorus binoculatus (Kseneman, 1934) 1 4 5
Tomoceridae
Pogonognathellus flavescens (Tullberg, 1871) 55 | 16 | 34 | 9 | 33 | 11
Entomobryidae
Lepidocyrtus lignorum (Fabricius, 1793) 4 10 31 72 20 20
Entomobrya corticalis (Nicolet, 1842) 1 1
Entomobrya marginata (Tullberg, 1871) 3
Entomobrya nivalis (Linnacus, 1758) 12 3 34 3 3
Entomobrya sp. 1 19 13 4 14 1
Orchesella bifasciata (Bourlet, 1839) 1 1 5 1 15 21
Orchesella flavescens (Bourlet, 1839) 8 2 21 9 5
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Myakury Petrakovo
Family, species, index
BF MF CF BF MF CF
Sminthurididae
Sphaeridia pumilis (Krausbauer, 1898) 21 4 10 15 11 15
Arrhopalitidae
Arrhopalites secundarius (Gisin, 1958) 5 4
Arrhopalites sp. 10 1 2 3 1
Katiannidae
Sminthurinus elegans (Fitch, 1862) 5 | | | 1 | 1 |
Sminthuridae
Allacma fusca (Linnzeus, 1758) 1 3 2 2
Caprainea marginata (Schott, 1893) 1 1
Lipothrix lubbocki (Tullberg, 1872) 3
Sminthurus viridis (Linnaeus, 1758) 1
Dicyrtomidae
Dicyrtoma fusca (Lubbock, 1873) 22 | | 3 | 1 | 1 |
Neelidae
Megalothorax minimus (Willem, 1900) 12 16 29 14 45
Neelides sp. 16
Number of individuals 851 905 1270 853 785 925
Total abundance, thousands ind./m? 13.1 14.0 19.6 13.2 12.1 14.3
Number of genera 25 18 24 23 23 20
Number of species 29 22 27 26 27 24
Number of species / number of genera 1.2 1.2 1.1 1.1 1.2 1.2

Note: BF — broad-leaved forests, MF — mixed forests, CF — coniferous forests.
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MYJIBTUMACHITABHBINA OJXO/ K OHIEHKE CTPYKTYPBI PASHOOBPA3USI
KOJIJIEMBOJI BOPEOHEMOPAJIBHBIX JIECOB PYCCKOM PABHUHbI

H. B. BacenkoBa, H. A. Ky3neunosa

Mockosckuil nedazoeuueckuil eocyoapcmeennviil ynusepcumem, Poccus
e-mail: vasenkowa@mail.ru, mpnk@yandex.ru

Collembola — MHOTOUHCIIEHHAS TPyIIIa TIOBCEMECTHO PACIPOCTPAHCHHBIX MEITKHAX IMOYBCHHBIX UJICHUCTO-
HOTHX, YYaCTBYIOIIUX B NPOIECCax pa3joKeHHsS PAaCTHTEIBHBIX OCTaTkoB. PaboTa mocBslleHa aHAIU3Y
CTPYKTYPBI pa3sHOOOpa3Hs ITOI IPyINIEl B XBOHHBIX, CMEIIAHHBIX M IMIHPOKOJIMCTBEHHBIX JIecax, Ipou3pac-
TAIOMMUX B ME30(UTHBIX yCIOBHUAX. [IpoOHBIC TUTOMAAN OBITH PACIIONOKEHB HA TPEX 0C000 OXpaHIEMBIX
npupoxasix Tepputopusx (OOIIT) MockoBekoit (HammoHanbHBIH napk «JlocuHbI ocTpoB», BamyeBckmii
necomapk) 1 CmoneHcko#l (HannoHansHBEIN mapk «CmoneHnckoe Ilooseppe») obmacrteir. Beero B mecHoit
nonctuiike O0b10 ob6Hapyxkeno 70 Bumos Collembola. /IBa Buaa a3maTckoro MpoOMCXOXACHUS: Appendiso-
toma stebayevae, BiepBble OTMEUEHHBII 115t EBponsl, U Vertagopus asiaticus, Kak BTopasi HAX0JKa BU/a B
EBpome. Yncno BumoB, OJIM3KOE K YHUCITY POAOB, MOKET OBITh CBUAETEIHLCTBOM aJUIOXTOHHOTO XapakTepa
necHoit gpaynsr Collembola mientpa Pycckoit paBaunEL. [Ipu cOope MaTepnana MBI HCIIOIB30BaN MYJIBTH-
MacmTaOHBIA TTOAXO, TO3BOJSIONINH OIeHUTh pasHooOpasue Collembola Ha pa3TMYHBIX TPOCTPAHCTBEH-
HBIX [IKaJaX: OT MeTpa JI0 COTEH KMJIOMEeTpoB. CXeMa MccieJ0BaHus BKIIIOYaja JBa PETHOHA, YeThIpe paid-
oHa, 12 mpoOHBIX TUIOMmaAe u 36 METPOBBIX YYAaCTKOB. AHAIN3 OBIT OCHOBAH Ha KOHIIEMIINU anbda-oera
pa3sHo00Opa3us ¢ IPUMEHEHHEM MeToja A TUTHBHOTO ITIapIIMOHUPOBaHus. bbto mokasano, 4ro ¢akrop «Pe-
THOH» SBJIIETCS HanOosee BaXKHBIM Ui (POPMHUPOBAHHS BHOBOTO pa3HO0Opa3us. THII JIeCHOH MOACTHIKH
(XBOWHASI WM MIUPOKOIHMCTBEHHAs) OBUT MEHEe 3HAYUMBIM, a (DaKTOp HEOTHOPOJHOCTH MECTOOOMTaHUS
BHOCHJI ellle MeHbIInit Bkinag. OQUH KBaJIpaTHBIH METP JIGCHOM MOJCTUIIKH COJASPKall B CPEJAHEM YETBEPTh
BCETO ITyJIa BHJIOB HOTOXBOCTOK M3Y4YEHHBIX JiecoB. BumoBoe 6orarctBo Collembola B mmpokoaucTBEHHBIX
necax 0oJiee U3MEHYHBO B IPOCTPAHCTBE U BO BPEMEHH 110 CPAaBHEHHUIO C XBOWHBIMH JiecaMu. CMeIIaHHbIe
Jeca 3aHUMAIH IMPOMEXYTouHOe mojoxeHue. Ce30HHBIH BHIOBOI coctaB Collembola pasnuuancs mpu-
MEpPHO Ha YETBEPTH JJIS OJHOTO U TOTO XKE yJacTKa XBOWHOTO M CMEIIaHHOTO Jieca. B IUpPOKOIMCTBEHHBIX
Jecax pa3IMYHBIX PaiiOHOB CE30HHBIC CMEHBI BHJIOBOTO COCTaBa BapbHPOBAIM OT CIAOBIX O CHIIBHBIX.
CrpykTypa u auHamuka pasHoobOpasus Collembola obcyxmaercs ¢ mo3umnuii HOBOM KOHIIETIIINH TPEHUTOB
PacTUTENEHON TOACTHIIKH.
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MUKPOApTPOIIObI, HOTOXBOCTKH, IIOUYBEHHAs Me30(dayHa, IPOCTPAaHCTBEHHBIE LIKAJIbI, Ce30HHAS AMHAMUKA
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