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RESUMO

A resisténcia dos ecossistemas terrestres as influéncias climaticas é largamente determinada pela
condicao de cobertura do solo, onde o horizonte organogénico (serapilheira) desempenha um papel crucial. A
interacdo entre residuos vegetativos e micro e mesoorganismos é regulada pela temperatura, umidade e
parametros fisico-quimicos do ambiente, que juntos formam um nicho ecolégico de tal horizonte organogénico.
Este trabalho tem como objetivo analisar a formagdo de horizontes organogénicos do solo em varias
combinagdes de fatores bioclimaticos (nichos ecologicos) e, assim, identificar sua associagdo com
comunidades solo-fitocenéticas - varios ecossistemas terrestres. O estudo utilizou os seguintes métodos:
avaliagdo de especialistas, mapeamento, previsdo geografica, métodos matematicos (correlagado, dispersao,
andlise de regressdo, método de informacdo estatistica para avaliar a conjugacdo intercomponente de
fendmenos e fatores) e o0 método taxondmico para categorizar os nichos ecolégicos do solo. Foram avaliados
0s parametros quantitativos de fatores climaticos do solo (quantidade de serapilheira, t/ha, temperaturas ativas
acima de 10 °C, razao de precipitagao, potencial redox, mV) que afetam a formagédo e o desenvolvimento de
horizontes organicos moidos. Quatro tipos de nichos ecologicos formados em varios ecossistemas da Terra
foram identificados. Os resultados podem ser Uteis para uma analise comparativa do funcionamento de varios
ecossistemas terrestres, a escolha de métodos para a sua reabilitagdo e previsdo de sua evolugdo na mudanca
climatica.

Palavras-chave: dindmica do ecossistema, estabilidade do ecossistema, pardmetros climaticos, cobertura do
solo, método estatistico.

ABSTRACT

The resistance of ground ecosystems to climatic influences is largely determined by the soil cover
condition, where the organogenic horizon (ground litter) plays a crucial role. The interaction between vegetative
waste and micro- and meso-organisms is regulated by temperature, humidity, physicochemical parameters of
the environment, which altogether form an ecological niche of such an organogenic horizon. This paper aims to
analyze the formation of ground organogenic horizons in various combinations of bio-climatic factors (ecological
niches) and hence identify their association with soil-phytocenotic communities — various ground ecosystems.
The study used the following methods: expert assessments, mapping, geographic forecasting, mathematical
methods (correlation, dispersion, regression analysis, information-statistical method for assessing the
intercomponent conjugacy of phenomena and factors), taxonomic method for categorizing the ground ecological
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niches. The quantitative parameters of soil-climatic factors (amount of ground litter, t/ha, active temperatures
above 10 °C, precipitation ratio, redox potential, mV) that affect formation and development of ground organic
horizons, were assessed. Four types of ecological niches formed in various ecosystems of the Earth were
identified. The findings can be useful for a comparative analysis of the functioning of various ground
ecosystems, the choice of methods for their rehabilitation and forecasting of their evolution in changing climate.

Keywords: ecosystem dynamics, ecosystem stability, climatic parameters, soil cover, statistical method.

AHHOTALUA

YCTONYMBOCTb Ha3eMHbIX 3KOCUCTEM K KMMMATUYECKUM BO3AEWCTBMAM BO MHOrOM ornpefensietcd
COCTOSIHUEM TMOYBEHHOTO MOKPOBa, B  (PYHKUMOHUPOBAHUW KOTOPOrO BaXHEWLWYK poNb  urpaet
NOBEPXHOCTHbIN OpraHoreHHbIn ropu3oHT. VHTEHCUBHOCTbE B3aMMOOENCTBUA OTMMUpPAOLEro pacTuTesnbHOro
onaga C XMWBbIMU MWKPO- U Me300praHM3MamMu perynmpyeTcsi BHELHWMW YCMOBUSMW — TemnepaTypown,
BMaXXHOCTbI0, PUBNKO-XMMUYECKMMIN NapaMeTpamMu cpefpbl, KOTopble B AaHHOW paboTe paccmaTpmBaloTCs Kak
9KOMOTMYECKyl0 HWLWY TaKoro OpraHoreHHoro ropu3oHTa. Llenb crtaTbm 3akniwoyaeTca B aHanuse
¢dopMNpOBaHNS HAMOUYBEHHbIX OpPraHOreHHbIX FOPU3OHTOB NPU PasnNUYHbIX COYETaHUAX BGUONOrMyeckux u
KNnUMaTuyeckmx aKkTopoB (3KOMOMMYECKUX HULL), YTO MNO3BOMUMO BbIABUTb WX MPUYPOYEHHOCTb K
onpeaeneHHbIM MOYBEHHO-(PUTOLEHOTUYECKMM coobliecTBaM — pasnUYHbiM Has3eMHbIM 3dkocuctemam. B
KayecTBe METOAOB WCCMedoBaHMS WCNOMb30BaHbl METOAbl 3KCNEPTHLIX OLIEHOK, KapTorpadgupoBaHus,
reorpadpmyecKkoro nNporHo3a, MmatemMaTmyeckme (KOppensaunoHHbIN, AUCNEPCUOHHBbIN, PErPEeCCUOHHBIA aHanms,
MHOPMALMOHHO-CTAaTUCTUYECKUIN METOL OLLEHKU MEXKOMMOHEHTHOW COMPSXXEHHOCTU SIBNEHUN U (haKkTOpOoB),
TaKCOHOMWYECKMIA, NO3BOMSKLINA TUMM3NPOBaTb OCHOBHbIE BMAbl HA3EMHbIX 3KONOrm4yecknx Huw. OueHeHbI
KONMYeCTBEHHbIE MapaMeTpbl MOYBEHHO-KNMMMAaTMYECKNX pakTopoB (BenvMuMHa Has3emHoro onaga, T/ra;
CyMMa aKkTuBHbIX TemnepaTyp Bbiwe 100 °C; KoappuuMeHT  yBRaXHEHUsl;  OKUCIUTENbHO-
BOCCTAHOBMUTEMbHbLIN MNOTeHuuan, MB), okasbiBawWMX BRMAHME Ha OPMUPOBaAHME HAMOYBEHHbIX
OpraHoreHHbIX rOPU3OHTOB U MOSABMNEHUE YeTbipexX BWOOB IKONOMMYECKUX HULI B pPasfmMyHbIX 3KOCUCTEMaX
3emnu.

KnioueBble cnoBa: QuHamuKa 3KocUucCmeMbl, UHGhOpMaUUOHHO-Cmamucmuyeckue Memoosi, KIuMamuyeckue
napamempsi, Harmo4YeeHHbIl op2aHo2eHHbIl 20pU30HM, ycmoliyu8oCcmb 3KOCUCMEM, 3K0/102UYecKasl Huwa

INTRODUCTION morphological units that make up the organic
profile of soils. The role of litter in soil formation is

In any ecosystem, the detrital branch is an  difficult to overestimate: to a large extent, it
important link of the circulation: that is the determines both the morphological structure and
transition from the living (green) organic matter to many  physicochemical properties of the

the mortmass to continue the geosphere cycle. ~ functioning soil profile. As a rule, any plant
succession inevitably leads to the transformation

of soil as well. Therefore, the litters should be
regarded as relatively independent, spatially
defined organomineral horizons where plant litter,
meso- and micro-organisms, and soil mineral
matter are closely intertwined. Such horizons

In phytocenoses, such processes mainly
occur within the organic soil horizons, which
perform a dual function. On the one hand, the
organic matter of litter decomposes, which
indicates the final stage of the green cycle. On

the other hand, the decomposition products of the  ¢,nction in certain conditions that are determined
litter stimulate the soil formation processes. Such by the external environment parameters where
organic soil horizons are an integral part of any they exist (Kubiena, 1955; Bazilevich, 1965

soil profile and are usually classified as genetic paievich et al. 1968: Bazilevich. 1986
horizons, in spite of very little thickness in relation  goqatvrey, 1993). ’ ’ ’ ’

to the entire profile. Thus, the forest soil litter, the . . _
steppe mat, and the peat horizons can be Usually, the soil cover is the basic
considered as mega-forms, or large component in the ground ecosystem formation.
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Therefore, it can be said that ecosystems are
formed under the influence of similar factors: the
biological ones (ground plant litter, vital activity of
organisms) and the climatic ones (heat supply,
wetting, environment acidity, mineral nutrition,
etc.) (Bazilevich et al, 1968; Tishkov, 1979;
Popova, 2006; Popova, 2012). However, it is the
different combinations of these parameters that
determine the appearance of specific organic
horizons within certain areals. (Chandler, 1941;
Karpachevsky, 1983; Bogatyrev, 1993;
Bogatyrev, 1996)

If the organic horizon (litter) is regarded as
a relatively independent natural object, then the
aggregate of external factors affecting its
development can be seen as an ‘ecological
niche’, i.e. conditions where such horizon exists.
Hence the characteristics of the litter can reveal
conditions of the ecosystem functioning.
Respectively, the ecosystems can be
represented as certain combinations of the
ecological niches of different structure,
complexity and stability in time and space
(Evans, 1956; Orians, 1975; Svirezhev, 1978;
Kolomyts, 2003; Popova, 2006).

At present, in connection with the climate
change, an important issue is the ecosystem
resistance to the external influences (Evans,
1956; Svirezhev, 1978; Holten et al, 1993;
Kolomyts, 2003; Popova, 2006). It should be
assumed that the ecosystem resistance largely
depends on the state of organic horizons, as part
of a small biological cycle of matter and energy.
The  structural-functional and  diagnostic
properties of such horizons allow assessing the
quantitative parameters of the ecosystem
resistance in potentially possible variations of
hydrothermal conditions and biological factors.

This work is devoted to the study of
ecological niches of the basic ground ecosystems
in the aspect of their differentiation depending on
the acting environmental factors (Armand and
Vedyushkin, 1989; Armand, 1993; Bogatyrev and
Semenyuk, 1996). At that, the ecological niches
are studied through the condition of the organic
horizons.

The purpose of the study is a structural
and functional analysis of formation of the organic
soil horizons in order to classify the ecological
niches and indicate the ecosystems of basic
types in the view of biological (the magnitude of
land litter) and climatic (heat supply, wetting, pH
of the environment) factors (Svirezhev, 1978;
Armand, 1986; Bazilevich, 1986; Bogatyrev and

Semenyuk 1996; Kolomyts, 2003).

The following tasks were solved in
accordance with the purpose of the study:

First, a geo-information database of the
state of organogenic horizons was created using
the authors' own materials, file materials,
monographic literature and cartographic data.

Second, the influence of soil-climatic
factors on formation and distribution of the
organic soil horizons was assessed in various
phytocenosis-soil ecosystems.

soil
the
the

Third, ecological niches of organic
horizons were classified based on
assessment of the relationship between
thickness characteristics of the organic soll
horizon and environmental factors, and the
degree of resistance of the basic ecosystems
was determined.

The subject of the study is the
phytocenosis-soil ecosystems, which are defined
as a biogeocenoses within the boundaries of
phytocenosis and characterized by the thickness
of the organic soil horizon, consisting of dead
remnants of plants, animals and bacteria and
being in genetic relationship with both the
vegetation cover and the mineral soil mass.

MATERIALS AND METHODS

The study uses the notion ‘ecological
niche of the organic soil horizon’. It means a
certain area of a space of vital factors (biota,
heat, moisture, minerals) that affect formation of
the organic soil horizons in ecosystems of
various types (Bazilevich, 1965; Titlyanova,
1984; Glazovskaya, 1992; Popova, 2012).

The organic soil horizon is regarded as
the central biogenic object in a specific soil-
cenotic ecosystem, which development and
functioning is determined by a number of soil-
climatic factors (the size of ground litter, heat
supply, moistening conditions, environmental
response). Organic  soil  horizons are
characterized by the following properties
(Kolomyts, 2003; Popova, 2012):

- elasticity is the litter ability to return to its
initial state (to restore its structure) at
various changes in the effect of factors, to
maintain interrelations within the system, i.e.
the ability to compensate for the influence of
factors;
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- plasticity is the litter ability to change under
the influence of external factors, but to
return to the initial state after a certain time;

- resistance (inertance) is the litter ability to
change within the limits acceptable for a
given areal under the influence of factors;

- ecological optimum is a combination of the
environmental factors that ensures a natural
balance, under the conditions of their
natural fluctuations.

Relying in the geo-information method,
this study used the database of the thickness of
the organic soil horizons in 300 stakes (Figure 1).
The following influencing factors were identified
for each stake with litter stocks, known from the
previous research (Popova, 2012):

- the amount of ground litter, the zoomass and
the number of decomposers (G.I., c/ha);

- environment response (pH);

- redox potential (RP, mV);

- heat supply indexes (Sw10c);

- vegetation wetting indicators (Ku).

The relation between the litter stocks and
the influencing factors (G.l., Si10ec, Ku, pH) was
estimated by the correlation coefficient in the
following form:

YN x;y;—~Nxy
1
[(EX, x2-N#2)(ZN, y2-Ny2)]| /2

(Eq. 1)

Txy

The dispersion analysis was used to
distinguish the part determined by the influence
of the studied environmental factors, from the
total aggregate of indicators of the horizon
thickness.

To improve the accuracy, the division of
places with different litter thickness in the
ecosystems of the basic climatic zones was
confirmed by the taxonomic method. The
randomization at a high scale level ensured the
representativeness of the samples.

The information-statistical method was
used to assess the inter-component contingency
of various factors and litter stocks in areals and to
identify the types of ecological niches
(Puzachenko, 1988; Kerzhentsev, 1999;
Kolomyts, 2003; Popova, 2012). The ecological
niches of the organic soil horizons were classified

according to the following parameters:

- intervals of litter stocks in the areals/sub-
areals — the dependences of the horizon
thickness on the amount of ground litter;

- niche volume per each gradient of the factor
(V,rel.) — the number of gradations of the
described factor, covered by this niche;

- niche capacity per each gradient of the factor
(P,rel.) — the maximum value of the
normalized frequency (ratio of the indicator to
the relative value) for the considered factor
(biological or climatic); such maximum value
corresponds to the ecological optimum of
phenomena.

The first parameter indicates the width of
the homeostasis region, i.e. the range that the
organic soil horizon occupies in the space of
values of the considered factor. The second
parameter indicates the degree of concentration
of the organic soil horizon in that factor gradation
where the litter occurs with the greatest
probability, and which is accepted as optimal.

It was believed that the relation between
the factor and the phenomenon is significant if
>1. Gradations of the factor with the highest
coefficient values form an ecological optimum of
the niche, while the remaining gradations refer to
the part influenced by random factors (the
‘blurred’ part of the niche). Hence the ecological
optimum of the niche characterizes the statistical
norm, which corresponds to the equilibrium
requirement. Consequently, it can be assumed
that when within its ecological optimum, the
ecosystem is in a fairly balanced state, but the
‘blurred’ parts of the ecological niche characterize
deviations from equilibrium, and in this respect
they are of prognostic interest as values of the
probabilistic ‘normal’ states of the ecosystem in
case of the future shift of a certain parameter.

The information-statistical method was
used to characterize and typify the ecological
niches by estimating the ratios of litter stock
indicators in areals with inter-component
contingency of various factors. The algorithm was
as follows:

(1) Determination of the number of intervals, that
all values of the litter stocks of the
considered areal are divided into, by the
expression adopted in the probability theory:

K=1+32IgN (Eq. 2)
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where N is the number of points in the areal.
The number of intervals in each areal is 5 at
N = 30.

Building the matrices of joint occurrence of
phenomenon A (litter stocks) in different
intervals with the gradations of factors—G.l.
(c/ha), Stioc, Ku, pH. Determination of
possible combinations of the litter stocks (A)
with the gradations of factors (B).

Calculation of the probabilities (frequencies)
of the joint occurrence P;;, where i is the
repeatability of phenomenon A, and j is the
repeatability of gradations of factors B.

Determination of the total frequencies of
occurrence of the litter stocks (A) for different
gradations of factors (B) in each interval—by
adding in columns. Determination of the total
values of one factor gradation for the whole
areal—by adding in rows.

Determination of conditional probabilities
(Pa;/Pb;) of the fact that the litter stocks in
each interval have definite values for specific
factor gradations.

The coupling coefficient Ca;/Cb; was
determined for each interval of litter stocks in
the areal and specific factor gradations. The
coefficient > 1 indicates that the coupling
between the litter stocks and the factor is
significant.

The number of coupling coefficients > 1
characterizes the volume of the ecological
niche of the areal (V,rel.). The niche volume
(V) shows how many factor gradations have
a significant effect on litter stocks in the
areal.

To determine the niche capacity (P,rel.), the
normalized partial coupling coefficients were
calculated for each factor gradation in each
litter stock interval, using the formula

The following methods were also used in
developing the theoretical and methodological
basis for this study: expert assessments,
mapping, geographic forecasting, mathematical
methods (correlation, dispersion, regression
analysis, information-statistical method for
assessing the inter-component contingency of
phenomena and factors), and taxonomic method.

RESULTS AND DISCUSSION

3.1. Quantitative parameters of ecological niches

The determined quantitative parameters
of the environmental factors that influence
formation of the organic horizons made it
possible to build a correlation matrix and identify

the relation patterns in various terrestrial
ecosystems.

Eleven gradations of litter stocks were
identified: >0.6; 0.6-1.2; 1.3-1.6; 1.7-2.6;

2.7-6.0; 6.1-12; 13-14; 15-21; 22-47; 48-97,
98225 t/ha. They are referred to as ‘areals’ in
this paper. Breakdown of points into areals was
confirmed using the taxonomic method. The
following were selected as basic conditions:

First, an areal should be a relatively dense
accumulation of points in comparison with other
areas of space. Such accumulation of points
determines the litter stocks at different points,
depending on the influencing factors: the amount
of ground litter, the sum of active temperatures,
the wetting factors and pH of the environment. All
other areas of space must contain either few
points, or contain none. In the first case, the
points can be classified as extreme, requiring a
separate detailed consideration. To quantify the
above density concept, it is necessary to obtain
both the mean values of the litter stocks and the
influencing factors for the selected areals, and
the value of the dispersions describing how close
the points of the areal are located to the centre
(mean value) in the space: the denser and more
compact the areal is, the less the dispersions
should be.

Second, the areals should be separable
from each other — they can be relatively close to
each other or separated by wide empty sections.

Third, the set of points should be divided
into areals, based on the above rules. At that,
one more option was adopted in addition to the
requirements for the closeness of points within
the areals, density and their remoteness from
each other: the divided areals must have the
same number of points (N = 30). This rule was
implemented by analyzing the graphs of the
dependencies of litter stocks on the influencing
factors. Then, the most informative and clear
graph of areal division was determined. This
graph reflected the dependence of litter stocks on
the wetting factor, since the features of
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distribution of 330 points on the plane ‘litter
stocks — wetting factor made it possible to
highlight the areals most clearly (Figure 2). The
graph ‘litter stocks — amount of ground litter’ was
also rather indicative (Figure 3).

The first 120 points arranged along the
abscissa axis, which made it possible to
distinguish areals by density and separation from
each other. It was impossible to identify areals
from these 120 points with respect to the ordinate
axis. The remaining 210 points arranged along
the ordinate axis, which allowed identifying the
remaining areals.

In the process of classification, a situation
occurred that 60 points with litter reserves of
11.9-21.1 t/ha could not be divided into separate
areals in the plane ‘amount of ground litter’ with
respect to the ordinate axis, since the points
arranged in a very compact manner (Figure 3).

Due to this, there were considered options
for classification in the planes ‘litter stocks — sum
of active temperatures’ and ‘litter stocks -
environment response’. It appeared that the most
expedient was the classification of these areals in
the plane ‘litter stocks — heat supply (the sum of
active temperatures)’ and these 60 points were
divided into two areals (Figure 4).

Since the data samples in the areals
should be a source of information on litter stocks,
influencing factors and their interaction, it is
important that such samples correctly reflected
the properties of the resultant feature — the litter
stocks and the factors. For this, the samples
should be representative. The method of
ensuring the sample representativeness is
randomization, i.e. random sampling of data. The
randomness of data in the samples was provided
by using random numbers.

For each areal there were estimated the
mean value of litter stocks and influencing factors
and the dispersion (mean deviation squares of
random values—litter stocks and influencing
factors—from the estimated mean in the areal),
which made it possible to assess the
compactness of areals.

The estimates of the arithmetic mean are
used as the estimates of mean. The analysis of
errors of mean (arising from the fact that the
estimate of mean was obtained from a finite
number of data) brought a conclusion that the
obtained estimates of mean with a small error
characterize the true mean value.

The boundaries of the intervals were
determined, and it became possible to state that
the true mean values in 95% of cases fall into this
interval, and respectively the sample means
(estimates of mean) are in this confidence
interval.

The compactness (density) of areals was
estimated as a ratio of estimates of dispersion of
litter stocks and the influencing factor in which
plane the distribution to the areals was
conducted.

The compactness analysis showed that
three areals were loose. These were the areals
with litter stocks 0.02-0.6; 0.6-1.2; 51.4-96.5
t/ha. The points with litter stocks in them are
rather scattered in relation to their center (mean).
It was suggested to allocate the so-called
extreme points in these areals.

To isolate such extreme points and
confirm the fact that they differ from the bulk of
the values of litter stocks, culling of points in the
areals was carried out. The rules justifying culling
were developed with reference to the case when
the data sampling (litter stocks or influencing
factors in the areal) is described by the normal (or
close to it) distribution law.

The assumption of the normal distribution
of values in the samples characterizing both litter
stocks and influencing factors was checked for all
areals. The need for such a check was also
connected with the fact that all subsequent
mathematical operations—correlation analysis,
showing how justified the choice of factors is;
dispersion analysis, showing how much variation
in environmental factors in the areal affects
variation in litter stocks; and regression analysis
that predicts litter stocks — require the normal
distribution of values in the samples.

The hypothesis on the normality of
distribution of values in the samples was checked
on the basis of the Wilk-Shapiro test, specially
adapted for the case when the sample size is
N < 50. The results of the check showed that, at
the risk of making a mistake in 10% of cases, it
can be argued that all the samples are distributed
normally. This is also confirmed by the variation
coefficient (Table 1).

The arithmetic mean values of litter stocks
were used in the study to characterize the main
geographic areals (Table 2).

The parameters of areals were considered
depending on the environmental factors: with
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litter stocks from 0.3 to 141.4 t/ha, the sum of
active temperatures above 10°C from 0.1 to
10,000°C, wetting coefficient from 0.1 to 1.4, soil
solution reaction from 4.0 to 7.0 (Figure 5).

3.2. Types of ecological niches

Next, niches of litter were

typified.

ecological

3.2.1 Type I — unstable ecological niche

This type has ¥=0.1-0.2; P=0.9-1.0
and includes niches for sub-areals in terms of
ground litter, heat supply and soil solution
reaction. It is characterized by absolutely minimal
resistance of the organic soil horizon. Having an
extremely narrow ecological niche and a very
wide variety of its states in the zone of ecological
optimum, the litter quickly loses balance even
with a slight change in any factor of the external
environment. The organic soil horizon of this type
can be used as a primary indicator of changes in
the landscape-ecological state of various
ecosystems.

Thus, it can be assumed that the sub-
areals and gradations of the environmental factor
that are within the ecological optimum, reflect a
decrease in stability of litter and the ecosystem
functioning as a whole.

This ecological niche is typical for the
deserts of tropical and equatorial belts with litter
stocks of less than 0.3 t/ha and the deserts of
arctic belt with litter stocks of 3.3 t/ha.

3.22 Type
resistance

This type has V =0.3—-0.5; P =0.6 —0.8
and includes niches for sub-areals, where the
leading factors are the amount of ground litter,
wetting factors and soil solution reaction. Such
niches are widespread, but the main states of the
organic soil horizon are concentrated in a
bottleneck of the ecological optimum, so the
resistance is poor. The litter of this type can retain
its qualitative certainty in various conditions due
to elasticity near the ecological optimum and, to a
lesser extent, plasticity in the range of blurred
branches of the ecological niche. In general, this
litter is characterized by an insignificant number
of ecological optimums, which increases the
ecosystem functioning stability of the terrestrial
version of the landscape sphere.

Il — ecological niche with poor

In terms of ground litter, this type of
ecological niches includes the following areals

among the areals with different litter stocks:

e Sub-areal with litter stocks of 64.3-71.3;
71.3—78.3 t/ha (suffruticous tundra);

e Sub-areal with litter stocks of 0.6-0.9 t/ha
(savanna).

A sub-interval, where heat supply is the
limiting factor (Si-10°c), was not found among the
main areals. Probably, such parameters as mean
July temperatures and radiation balance of
dryness could point to the bottlenecks (limiting
resistance) of the ecological niches.

In terms of wetting conditions, the

following intervals were identified:

e sub-areal with litter stocks of 12.2—15.2 t/ha
(forest steppes);

e sub-areal with litter stocks of 11.8-13.2;
13.2-14.6; 16.0-17.4; 17.4-18.8 t/ha
(broadleaved woodlands);

e sub-areal with litter stocks of 147.9—180.9;
213.9-246.9 t/ha (swamps of western
Siberia);

e sub-areal with litter stocks of 7.4-9.4 t/ha
(subtropical forests);

e sub-areal with litter stocks of 4.9-5.9 t/ha
(arctic tundra).

In terms of soil solution acidity, the
following sub-areals were identified:

e sub-areal with litter stocks of 1.9-2.4; 2.4—
2.9; 2.9-3.4 t/ha (savannas);

e sub-areal with litter stocks of 0.9-1.2 t/ha
(dry steppes);

e sub-areal with litter stocks of 1.9-2.9; 4.9—
5.9 t/ha (arctic tundras);

e sub-areal with litter stocks of 0.092-0.128
t/ha (deserts).

Type Il ecological niches are the least
numerous, because they have a significant
number of states with parameters that have little
influence on the litter formation. Consequently,
such niches can be found only in those
ecosystems where only the studied factors affect
formation of the organic soil horizon and the
influence of other environmental factors is
dramatically reduced. The indicators of climatic
and biological niches of some areals are in a
border state with other niches, which is found in
almost all ecosystems.

The organic soil horizons of the
broadleaved woodlands with litter stocks of 15
t/ha and the savannas and the sparse forests
with litter stocks of 16 t/ha belong to this type of
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ecological niches.

3.2.3 Type Ill - ecological niche with poor
resistance and increased plasticity

This type has V =0.5-0.7; P = 0.4 - 0.6
and includes niches, where ground litter, wetting
conditions and soil solution reaction play a
leading role. Such ecological niches of the
organic soil horizon differ from those of previous
type by a combination of a poorly manifested
ecological optimum with average values of the
volume of the niche itself. In this case, litter
resistance is also dramatically reduced, but when
conditions change, it is able to maintain its state
due to manifestation of plasticity and, much less,
elasticity. This litter has a high level of
homeostatic nature and resistance, which is an
indicator of terrestrial landscape functioning.

This type of ecological niches includes
organic soil horizons of the suffruticous steppes
and the forest tundra with litter stocks of 85 t/ha,
the coniferous and mixed temperate forests
(taiga) with litter stocks of 33 t/ha, and the
subtropical forests with litter stocks of 10 t/ha.

3.2.4 Type IV - resistant, homeostatic ecological
niche

This type has V =0.6 —0.9; P = 0.1 - 0.4
and includes niches, where the leading role is
played by heat supply, wetting conditions and soil
solution reaction. With such a niche structure, the
organic soil horizon is the most stable, for it has
the maximum possible homeostatic nature, which
provides it with a high level of resistance.

The litter can vary its structural variables
without qualitative transformations in the widest
possible range of factor gradations, so it is most
tolerant to changes in climatic and biological
gradients. Extreme changes in the environmental
factors are necessary to bring litter of the fourth
type beyond the boundaries of the homeostasis
region. In the niche itself, all factor gradations are
relatively balanced, which indicates of highly
developed mechanisms for adapting the ground
organic horizon to changes in this factor. This
type of ecological niches includes organic soil
horizons of the forest-steppe ecosystems with
ground litter stocks of 12.1 t/ha.

CONCLUSIONS

Based on the extensive factual material,
the authors developed a comprehensive method
of identifying the ecological niches of the organic

soil horizons in the aspect of their differentiation,
depending on the active environmental factors. A
new concept of ecological niche of the organic
soil horizon is proposed with reference to the
assessment of soil-climatic factors (the amount of
ground litter, t/ha; the sum of temperatures above
10°C; wetting factor; redox potential, mV) that
influence formation and development of the
organic soil horizons. The parameters of
ecological niches of the organic soil horizons
were analysed, and four main types of ecological
niches were identified.
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Figure 1. Stakes with known litter stock (Popova 2012)
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Figure 2. Dependence of litter stocks (c/ha) on wetting conditions (Ku) (Popova 2012)
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Figure 3. Division of 330 points with known litter stocks into areals in the plane: litter
stocks (c/ha) — amount of ground litter (c/ha) (Popova 2012)

10

PERIODICO TCHE QUIMICA « www.periodico.tchequimica.com « Vol. 16 N. 31.
* ISSN 1806-0374 (impresso) * ISSN 1806-9827 (CD-ROM) « ISSN 2179-0302 (meio eletronico)

Litter stock (c/ha)

Taiga

Arctic tundra

150

_a; /Swamps of Western Siberia

Suffruticous tundra and forest tundra

Litter s{-::-ck-; I I I I
(c/ha)
i Deserts i
W
i * i
Savannas
X

i o i

Dry £ * +
steppes g |
" S i 2 s
_11.3 % my Aﬁ-l-i_ . |

¥
\»x

- 1.6 |

] 2000 4000 G000 8000 10000 12000

© 2019. Porto Alegre, RS. Brasil

513



Figure 4. Division of 330 points with known litter stocks into areals in the plane: litter
stocks (c/ha) — heat supply (St10°c) (Popova 2012)
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Figure 5. Characterization of the ecological niches of areals with known litter stocks
and parameters: sum of active temperatures above 10°C; wetting coefficient;
environment response. The figures indicate litter stocks (Popova 2012) and the letters
stand for climates: A — tropical semi-deserts, B — tropical deserts, C — savannas, D —
subtropical steppes, E — subtropical hard-leaved forests, F — moist subtropical forests,
G — deserts of the subtropical belt, H — semi-deserts of the moderate belt, | — deserts of
the moderate belt, J — grassland steppes, K — broadleaved woodlands, L — arctic
tundra, M — forest tundra, N — swamps
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Table 1. Indicators of density of the main geographical areals

Areals of I
i Variation .
litter L . Estimate of
stocks Factors Compactness coezfo}(;lent median
(c/ha) °
2.6 Litter stocks (c/ha) 1.1 68 0.55
Ground litter (c/ha) 58 2
Sum of active temperatures (°C) 26 5050
Wetting coefficient 44 0.2
Environment response 5 8.2
12.8 Litter stocks (c/ha) 1.3 26 13
Ground litter (c/ha) 16 17.5
Sum of active temperatures (°C) 27 2200
Wetting coefficient 27 0.4
Environment response 3 7.2
16.3 Litter stocks (c/ha) 0.04 36 155
Ground litter (c/ha) 44 76
Sum of active temperatures (°C) 6 9450
Wetting coefficient 42 0.35
Environment response 3 5.8
19.2 Litter stocks (c/ha) 0.08 38 20
Ground litter (c/ha) 11 240.5
Sum of active temperatures (°C) 25 9800
Wetting coefficient 44 2.65
Environment response 6 4.9
33 Litter stocks (c/ha) 147.5 46 35.5
Ground litter (c/ha) 38 3
Sum of active temperatures (°C) 26 345
Wetting coefficient 9 2
Environment response 3 5.7
101.3 Litter stocks (c/ha) 4.43 31 100
Ground litter (c/ha) 8 192.5
Sum of active temperatures (°C) 20 6350
Wetting coefficient 10 1.6
Environment response 4 4.2
121 Litter stocks (c/ha) 4.0 22 120.5
Ground litter (c/ha) 21 64.5
Sum of active temperatures (°C) 26 2550
Wetting coefficient 12 0.7
Environment response 5 6.4
151 Litter stocks (c/ha) 22 25 152.5
Ground litter (c/ha) 10 47
Sum of active temperatures (°C) 27 2600
Wetting coefficient 6 1.05
Environment response 15 6.05
329 Litter stocks (c/ha) 306 29 305
Ground litter (c/ha) 20 30
Sum of active temperatures (°C) 22 1600
Wetting coefficient 15 1.3
Environment response 16 4.4
849 Litter stocks (c/ha) 4337 17 952
Ground litter (c/ha) 24 9
Sum of active temperatures (°C) 39 600
Wetting coefficient 15 2.2
Environment response 7 5
1414 Litter stocks (c/ha) 54435 36 1134
Ground litter (c/ha) 10 24
Sum of active temperatures (°C) 16 961
Wetting coefficient 10 1.75
Environment response 14 4.8
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Table 2. Characteristics of litter stocks in areals

Limits of fluctuations in Estimate of Estimate of median
litter stocks in the areal arithmetical mean (t/ha)
(t/ha) (t/ha)
0.02-0.6 0.3 0.06
0.6-1.2 1.3 1.3
1.3-1.6 1.7 1.6
1.7-2.6 2.0 20
2.7-6.0 3.3 3.6
6.0-12.3 10 10
12—-14 12 12
14-21 15 15.3
25-47 33 31
52-97 85 95
97-225 141 113
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