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Abstract: Today the main scientific belief on the mechanisms for the formation of community structure is the concept of 

ecological niches and the “neutral theory”. We consider processes of diversity optimization at the levels of populations and 

ecological communities as an additional type of the mechanisms. Basing on the principle of optimal diversity a scheme for 

cooperative effect of different mechanisms of formation of the communities species structure is proposed: 1 ‒ number of 

species and their niches width is primarily determined by the processes of diversity optimization, according with an available 

resources levels and the degree of environmental stability; 2 – these parameters are modified by other mechanisms during the 

formation of the species composition, depending on the ratio of the environmental “richness” and stability: ‒ neutral 

mechanisms work primarily in very “rich” or very stable environments;‒ niche mechanisms work primarily in the 

environments with medium values of the “richness” and stability, rather when the number of niches with optimal width, 

which divide the available range of the resource parameter and the number of species that may exist on the available quantity 

of the resource, are approximately equal;‒ “abiotic filters” work primarily in poor, severe, or extremely unstable 

environments. 
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1. Introduction 

Identifying the mechanisms, forming species diversity 

and community structure, is traditionally one of the main 

areas of environmental research. Today it is particularly 

important, given the crucial role of biodiversity in 

providing of vital ecosystem functions to humans [1]. 

The basic concept to explain the mechanisms of 

community formation is the theory of ecological niches. It 

remained one of the central themes of ecological studies for 

decades, although recently there has been some decline of 

interest in this concept [2] together with the increasing 

popularity of “neutral theory”. Another possible type of 

mechanisms of community structure formation is an 

optimization of intra-species and intrapopulation diversity 

[3, 4]. The purpose of this publication is an analysis of the 

possible relationships between these ways of forming of the 

ecological community structure. 

 

2. Niche and Neutral Mechanisms of 

Species Coexistence 

2.1. Competitive Exclusion ‒‒‒‒ the Rule or the Exception to 

the Rule 

The idea that species which use the same resources and 

need the same conditions, can’t live together, exists more 

than 100 years [5]. Following the works of V. Volterra, and G. 

Gause in 1920-30, the idea that species can’t coexist stably 

in one ecological niche was accepted as one of the major 

ecological laws and has been called “the competitive 

exclusion principle” or “Volterra-Gause principle”. The very 

formulation of this principle contains a mechanism for 

coexistence of species – it is separation of their ecological 

niches. 

Niche mechanisms determine the number of species as a 

result of “packaging” of species niches in the community. 

The “rule of limiting similarity” answers the question, what 

is the maximum degree of niches overlap, which allows 

species to coexist on a one resource. It has been shown 40 
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years ago for the modifications of Lotka-Volterra model 

that the probability of species coexistence is large enough, 

if the mean values of the functions of the resources 

consuming differ no less than the standard deviation of 

these functions [6]. Another formulation suggests that the 

stronger the species niches overlap is, the lower is the range 

of their coexistence conditions [7]. Since this rule has not 

fundamentally changed, despite the development of the 

much more sophisticated models, e.g. [8]. The “rule of 

diversity of limiting factors” considers the division of 

multi-dimensional niche space by species. The simplest 

variant of the species coexistence is the use of different 

resources, when the niches do not overlap. In a more 

complex case all of the species use the same range of 

resources, but these species differ one from another by 

limiting resources [9, 10]. 

Investigations of competition have been the subject of a 

great amount of experiments, observations in nature and 

theoretical models which confirm that the competition and 

the ecological niches separation do exist. But these facts of 

the existence of species in different niches do not refute the 

possibility of coexistence of species in a single niche. 

The principle of competitive exclusion is contrary to the 

diversity of wildlife that exists. The question was posed in 

the most vivid form by the example of the G. Hutchinson 

plankton community, where dozens of species of 

microscopic algae and cyanobacteria live together on the 

surface layer of water, competing for a very limited set of 

resources ‒ the light, some mineral nutrients and carbon 

dioxide. The same question was posed in respect of a huge 

variety of tropical forests and coral reefs [11]. In recent 

years, studies confirm the possibility of different species 

niches broad overlapping. Thus, it has been shown for 

tropical and deciduous forests, that the interspecific 

variability of different species of trees is higher than the 

intraspecific one [12, 13]. For example, average growth 

rates of different trees species in the southeast USA have 

shown almost equal response to inter-annual changes in 

moisture content, moreover, each species has been revealed 

to have a broad variability of individual trees responses, far 

exceeding the average differences between species [13]. 

Almost complete overlap of niches was found in the grass 

and moor frogs in different parts of their habitat [14]. 

Broad overlapping of niches is also determined for invasive 

species. For example, there are two species of Elodea, 

penetrated into Europe, with very similar ecological 

requirements and the wide overlap of niches for a growing 

period [15]. 

Of particular interest are sibling species which are found 

in different taxa of animals and in different geographical 

regions ‒ from the pole ‒ to the equator [16, 17]. In many 

cases after the identification of sibling species former 

species-generalists appeared to be a complex of a few 

species-specialists. First of all, it concerns the cases of 

herbivorous insects specialization on different plant species 

[18, 19, 20] or specialization of insect parasitoids in 

different insect species larvae [21, 22], that is determined 

by the species diversity of the hosts. However, some sibling 

species have only minor environmental differences or have 

almost identical environmental requirements, for example, 

wasps which pollinate one fig species [23]. 

2.2. Mechanisms to Get Around the Principle of 

Competitive Exclusion 

The search for mechanisms to evade the competitive 

exclusion and provide coexisting of species has formed a 

vast area of research. There were proposed more than a 

hundred of mechanisms (e.g. negative density-dependent 

regulation of population size, the mutual suppression of 

species, circular competitive networks, fluctuations in 

environmental conditions, cyclic successions, spotted 

environment, varying properties of species in the space, 

influence of predators and parasites on competing species, 

mutualistic relationships with other species, chaotic 

regimes population dynamics, etc.) and a few alternative 

classifications of them [5, 24, 25, 26, 27, 28]. 

The “neutral theory” may be considered the most radical 

way to get around the principle of competitive exclusion. 

The accumulation of data on the coexistence of 

ecologically similar species has led to the idea that species 

can coexist not because of their differences, but because of 

their similarity. “Neutral theory” [29, 30, 31] developed 

rapidly and was the concept most frequently modeled and 

tested in environment [32, 33, 34]. Under the concept of 

neutral theory the local community is a part of the 

surrounding meta-community which species migrates 

constantly to the local one by analogy with the concept of 

equilibrium in the MacArthur-Wilson theory of island 

biogeography. Neutral mechanisms explain the number of 

species in the community as a result of the rates of 

migration, fertility and mortality balance in different 

species. Some models take also into account the rate of 

species speciation and extinction. Species composition may 

vary at that ‒ a random process of species replacement 

(“ecological drift”) exists. 

The “neutral theory” explains the distribution of the 

species abundance better than the niche theory for some 

communities [35, 36, 37], but worse for others [38]. 

However, the recent models shows that the character of the 

distributions can’t unambiguously point to the character of 

the mechanisms as similar distributions of species diversity 

can be obtained both in neutral and niche models [28, 39, 

40]. 

2.3. The “Niche-Neutral” Continuum of Species 

Coexistence 

In fact, niche and neutral theories do not contradict each 

other. 

Competition models based on the Lotka-Volterra 

equations show that the coexistence of species may result 

from differences between them as well as from their 

similarities. Exploring these possibilities, P. Chesson [25] 

has marked out two main types of mechanisms of species 
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coexistence: equalizing (neutral) mechanisms that 

minimize the differences between species fitness; 

stabilizing (niche) mechanisms that increase intraspecific 

competition with increasing of dominance of any species, 

which leads to a decrease in the rate of its growth. 

Separately, either equalizing or stabilizing mechanisms 

can’t provide the stable coexistence of species. The 

coexistence is most probable if there are certain 

combinations of the mechanisms [25, 39]. Actually, the 

both types of mechanisms are likely to act [39, 41, 42], 

which is confirmed by empirical tests [35]. That is, there is 

a continuum of conditions, where various combinations of 

alignment and stabilization are between the extremes. 

Depending on the predominance of certain mechanisms, 

researchers have marked out two types of communities: a) 

formed primarily by mechanisms of niche separation, and b) 

formed primarily by neutral mechanisms of dispersal of 

organisms.  

One of the approaches, combining neutral and niche 

mechanisms, worth mentioning, is the concept of 

“emerging groups” [42], implying that there are groups of 

species in the community that are sufficiently close in their 

ecology for neutral behavior, have similar functional niches 

and convergent environmental strategies. Neutral 

mechanisms act primarily within these groups and the niche 

mechanisms – between them. Interestingly, in one of the 

models competing species are not evenly distributed on the 

axis of resource but, contrary to the expectation of the 

authors, are distributed by groups, and the greater the width 

of the species niches within the groups, the greater the 

distance between the groups is [43]. 

3. The Principle of Optimal Diversity as 

an Additional Mechanism for the 

Diversity Formation 

Thus, there are a lot of empirical data of the both 

competition and niche separation on the one hand, and of 

the broad overlap of niches and species coexistence in the 

nearly identical niches on the other hand. It is proposed a 

broad range of mechanisms to provide an implementation 

of these states. But the question remains why there are as 

much species as it is observed in natural communities. 

Available explanations answer this question in part only. 

Niche mechanisms can’t explain the coexistence of species 

with strongly overlapping niches and “ecological twins”. 

Numerous models, exploring the mechanisms that 

neutralize the competitive exclusion, argue that the species 

with certain characteristics can coexist, but do not answer 

the question why the characteristics of species are such that 

the observed in nature number of species can coexist. 

Furthermore, the vast majority of models, considering the 

dynamics of species in communities, address this issue at 

the individual species level, though interacting. Community 

as the specific system with its own laws of development is 

considered rare.  

An approach that integrates processes at the levels of 

populations and communities may be helpful in this 

situation. The principle of optimal diversity of biosystems 

[3, 4], may serve as such an additional approach. This 

principle is based on the suggestion that the diversity of 

elements of a biosystem is related to the fundamental 

characteristics which define its viability (survival 

probability). The viability of a biosystem reaches its 

maximum at optimal value of its inner diversity. That is, 

the most viable populations have the optimal 

intrapopulation diversity and the most viable 

communities have the optimal species diversity.  

3.1. The model of Optimal Diversity without Niche 

Divergence 

To test this principle we have developed two models of 

optimal diversity at two interacting hierarchical levels - 

populations and community. 

The first model [3, 4] does not account for the 

phenomenon of niche divergence. A brief description of this 

model we repeat below. Environment is characterized by 

the intensity of the resources flow and by the degree of 

stability. At each moment of time, some value of an 

environmental parameter is realized, which can be 

interpreted as a characteristic of the most important 

resource (e.g., the size of prey) or as an environmental 

factor, providing its consumption (e.g., temperature). The 

dispersion of the distribution of its values defines the 

degree of environmental instability. Populations consist of 

various phenotypes. Phenotype characteristic is the ability 

of individuals to breed in a given environmental conditions. 

At each moment of time, the realized value of 

environmental parameter corresponds with a definite 

phenotype, for which the given environmental conditions 

are the most favorable. At each passing moment of time, 

the realized value of environmental parameter corresponds 

with a definite phenotype, for which the given 

environmental conditions are the most favorable. At this 

moment, a group of phenotypes breeds around it. The value 

of dispersion of distribution of breeding phenotypes can be 

interpreted as an index of the width of the zone of 

individual tolerance. The value of dispersion of distribution 

of their offspring serves as an index of diversity reproduced 

by the population at each step of its development. During 

the experiment, the population either dies or goes to the 

steady state with the definite numbers, level of resource 

consumption and phenotypic diversity. 

The model community consists of populations sharing 

the same resource (the community of the one trophic status). 

This model considers that all the populations are identical 

in their parameters, i.e., the phenomena of dominance and 

niches separation are not considered. The optimization 

problem is solved on two hierarchical levels. The optimized 

parameter at the population level is the phenotypic diversity 

and at the community level the number of populations is 

(i.e., species). The criterion of optimality at both levels is 

the efficiency of resource use by biological systems.  
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The results of mathematical modeling have showed the 

existence of optimal values of diversity which obtain 

maximum effectiveness of resource utilization at the 

population and community levels (the maximum total 

biomass under a certain quantity of the resource or the 

minimal consumption of resources at a certain total 

biomass). Оptimal values of diversity depend on the 

intensity of resource flow and the instability of the 

environment. At that, dependence of the optimal values of 

intrapopulation and species diversity on the degree of 

environmental stability is of the opposite nature. Optimal 

species diversity increases in more stable and “rich” 

environments, while optimal intrapopulation diversity 

decreases in more stable environments and is independent 

of the intensity of resource flow. 

3.2. The Model of Optimal Diversity with Possibility of 

Niche Divergence 

In the second model populations have the ability to 

disperse on the axis of environmental parameter that is to 

separate niches. For simplicity then we will consider as an 

environmental parameter some characteristic of the 

resource, although, as in the first model can be considered 

any parameter, that allows populations to use the resource. 

The axis of resource parameter consists of a number of 

cells and forms a ring to avoid boundary effects. At every 

moment of time resource flows in some cells which are 

selected in random manner (Fig. 1). The degree of 

environmental stability is determined by the number of 

cells with resource at each step – the more the number of 

cells is the more stable the environment is. In this 

environment, there are several species, each of which 

consists of different phenotypes. As in the first model, the 

phenotypic feature - the ability to reproduce under certain 

environmental conditions, i.e. in a cell with resource with 

specific characteristics. Mechanisms of mortality, 

reproduction and distribution of phenotypes in the adjacent 

cells are similar to those in the first model. Initially, species 

are placed in each cell of the resource axis. After several 

generations the system passes to the steady state or all of 

the species die. The width of species phenotypic 

distribution is interpreted as the width of its ecological 

niche. Niches of species may overlap.  

 

Figure 1. Distribution of species on the axis of the resource parameter at some moment of time. Each “bell” represents a population (option model with 

20 cells). 

A formal description of the model is as follows. Model 

community of one trophic level consists of I populations. 

Each population consists of J phenotypes, defined by their 

ability to reproduce when specific value of resource 

parameter is realized. Nij(t) ‒ is a number of individuals of 

i-th population and j-th phenotype at a time t (i∈I, j∈J, 

t=1,2,…). The set of recurrent balance equations has the 

following form: 

Nij(t+1)=Nij(t)‒ N‒

ij(t)+ N
+

ij(t)    (1) 

N
‒

ij(t) is a number of individuals which died and  N
+

ij(t) 

is a number of individuals which born during the time 

interval (t, t+1) in j-th phenotype of i-th population.  

N‒

ij(t)= diNij(t)      (2) 

N
+

ij(t)= rijβjjNij(t)+ rij-1βj-1jNij-1(t)+ rij+1βj+1jNij+1(t)  (3) 

In (2) and (3) di is the mortality rate for the i-th species, rij 

‒ the fertility rate for the relevant phenotype in i-th 

population, βnm ‒ the proportion of individuals born in the 
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m-th phenotype and passed to the n-th phenotype. In 

accordance with the condition (3) individuals can only be 

born of this phenotype and phenotypes neighboring to it. 

Parameters βnm should be restricted with βjj+βj-1j+βj+1j=1 

The coefficients rij(t) are defined in the following way:  

rij(t)= rmax(1- Kj(t)/ Rj(t)) (1- S (t)/ R)    (4) 

where rmax – is the maximum allowable increase ratio; 

Kj(t)=∑iNij(t) – is the sum of all individuals consuming the 

resource of the j-th value;  S (t)=∑jKj(t) ‒ is a total number 

of individuals at time t; Rj (t) – is a random variable that 

determines the amount of the j-th resource, realized in time t; 

R =∑jRj(t)=const ‒ the amount of resource with a random 

distribution between the types of individuals. 

The results of the model research, presented on Fig. 2, 

show that the optimal values of intra-population diversity 

increases with the destabilization of the environment, while 

the total number of individuals in the community decrease 

(Fig. 2 a). The optimal number of species in the community 

reduces in the destabilization of the environment (Fig. 2 b). 

Thus, qualitative character of changes in optimal values 

of diversity at the population and community levels 

depending on the degree of environmental stability is the 

same in two versions of the model: the optimal 

intrapopulation diversity (niche width) increases, and the 

optimal number of species reduces in less stable 

environments. Alternatively, the optimal number of species 

increases, and the width of niches decreases in more stable 

environments.  

 

Figure 2. Increase the optimal phenotypic diversity (asterisks in Fig. a) and decrease the optimal number of species (numbers in frames in Fig. b) in the 

destabilization of the environment. N is number of cells with the resource influx which corresponds with stability of environment. 

3.3. Combined Effect of Optimization, Niche and Neutral 

Mechanisms 

Based on the fact that the optimal values of diversity 

occur in both models, we assume that the optimization of 

diversity can be the specific mechanism of diversity 

formation. Thus, at least three groups of mechanisms can 

take part in determining of the number of species in the 

community: niche, neutral and optimization mechanisms 

(Fig. 3). Optimal values of species and intrapopulation 

diversity are determined by the “richness” and stability of 

environment and the evolutionary level biota [3, 4]. The 

feasibility of these optimal values is determined by the 

regional species pool during the interaction of species 

through niche and neutral mechanisms.  

 

Figure 3. Three groups of mechanisms, forming species diversity of communities 
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Optimization, niche and neutral mechanisms do not 

contradict each other, it is only necessary to determine the 

ranges of their impacts and their ratio in different 

conditions. Obviously, in different habitats and conditions 

and at different successional stages, and depending on the 

characteristics of species in a regional pool (e.g., the ratio 

of r- and K-strategists), different mechanisms may have 

different importance. 

In order to determine the relation of these three groups of 

mechanisms we have considered the simplest thought 

experiment, ignoring the environment heterogeneity, 

community development and species characters. In axes of 

resource amount and environmental stability consider a 

stationary state of the community of species with similar 

characteristics, of which can only be changed niche width 

and resource consumption. For clarity, we divide the space 

conditions in the axes of “resource ‒ stability” into cells 

(Fig. 4). Resource parameter range (D) in all cells is 

identical, for example the size of feed particles ranges 

anywhere from 1 to 5 mm (in Fig. 4 this range corresponds 

to the total width of niches in each cell). However, the 

stability of the resource influx is different: in stable 

conditions (left column of cells) the population receives 

particles of different sizes at each step of the development, 

in unstable conditions (right column) ‒ just one size, and 

every time ‒ different. The cells include populations with 

the optimal niche width (D*), except for cell 3, where the 

niche width is wider than the optimum (see below). The 

volume of incoming resource (R) increases from the lower 

to the upper row of cells, R* ‒ the resource volume 

required for a population with an optimal niche width, Rmin 

- the minimum resource volume on which a population can 

exist. 

 

Figure 4. Width and number of niches according to the ratio of available 

resource and environmental instability. R – the amount of resources 

available in each cell; R* ‒ the amount of resource, which is necessary for 

the population with an optimal niche width, Rmin – the minimal amount of 

resource which is necessary for population existence; D – the range of 

resource parameter value, D* ‒ optimal niche width. Triangles represent 

schematically the phenotypic distribution of populations, i.e. the width of 

the niches.  

In accordance with the principle of optimal diversity the 

optimal niche width D* is determined by a degree of the 

environmental instability, and is wider in unstable 

environment. The optimal number of species is determined 

by a degree of the environmental instability and available 

resources volume, or in other words, by how many species 

with the optimum niche width for the given conditions can 

exist on the incoming resource.  

No one species can exist at very low rates of the resource 

inflow (R < Rmin, cells 1 and 2) even in stable environment. 

With an increase in resource (cells 3 and 4) it is enough 

only for the existence of one species in a stable 

environment, but in such a poor environment this species 

have to occupy a larger niche than the optimal one to obtain 

enough of resources (R* < R < Rmin, the cell 3). In case of 

an even greater resource inflow several species can coexist 

(two are shown) in a stable environment (R ≈ nR*, cell 5) 

and one ‒ in an unstable (R ≈ R*, cell 6), since the 

existence in an unstable environment implies greater 

resource demand. Lastly, if resource abundance is even 

greatly, many species can exist in stable conditions (R >> 

R*, cell 7) and a small number of species ‒ in the unstable 

(cell 8). 

Why the number of species in our scheme increases with 

an increase of resource influx instead of the number of one 

winning species increase? If we consider an individual 

species level, it seems illogical. But when consider the 

community level, the picture is quite different. It is shown 

that the species diversity in the range from 1 to the natural 

number of species allows more efficient using of the 

environmental resources due to effects of complementarity 

and asynchrony, when the species differences in resource 

use, and asynchronous changes in their numbers in 

response to environmental fluctuations provide greater and 

more stable total productivity of the community [44, 45]. 

However, our models let us suggest that increasing of the 

community effectiveness in this range of species numbers 

can occur without niche divergence between species. This 

is evidenced by the emergence of the optimal values of the 

number of species more than “1” without niches divergence. 

In either case, the community with one species, that will 

displace all others, will use the resources influx less 

efficient and, eventually, will be displaced by other more 

optimal community through mechanisms similar to shift 

between succession stages. 

The optimal values of species number and width of their 

niches are modified by niche and neutral mechanisms. 

Their relative importance depends on environmental 

conditions. If the resource is very abundant (cell 7) several 

species with similar ecological characteristics may exist in 

the same niche and species composition will be primarily 

determined by neutral mechanisms. It can be compared 

with the conditions of tropical forests as an example of 

which the neutral theory was developed. The similar 

patterns can also be expected in a very stable environment, 

with a medium intensity of resource influx. The results of 
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our modeling show that the niche overlap index for the 

same resource increases while the environment is 

stabilizing (Fig. 5a). One would expect that the degree of 

niche overlapping will decrease with environmental 

stabilization, since the width of niches contracts. However, 

the number of species increases (Fig. 5b), and the effect of 

the species number increasing affects the niche overlap 

value stronger than contracting of the niches do. 

 

Figure 5. Increase of niches overlapping (a), increase of the optimal values of species number and decrease of niche width (b) in more stable environments. 

The proxy of the environmental stability is the number of cells receiving the resource at each step of the modeling. The proxy of niche width is dispersion of 

phenotypic distributions.  

If the amount of resource is too small (cell 3), the niche 

separation does not occur, since only one species can 

survive in the cell in these harsh environment. These 

conditions can be collated with extreme habitats in which 

species composition is determined primarily by selection of 

species, resistant to abiotic factors (“abiotic filters”). For 

example, S. Sheremetyev and Y. Gamaley [46] showed that 

in arid conditions plant communities consist of 

stress-tolerant species with similar water regime and 

species composition is determined primarily by ecotopic 

selection, not by competitive relations. In areas with wetter 

conditions the ecotopic selection becomes weaker and the 

competitive relations grow stronger resulting in divergence 

of species niches. Therefore, these communities are 

represented by the species with different characteristics of 

water exchange.  

The niche divergence between species can occur in the 

most explicit form in cell 5, where the optimum width of 

the niche is less than an accessible range of the resource 

parameter (D*<D) and the amount of the resource is 

enough for a small number of species (R = nR*). 

Competition can be a major factor in shaping the 

community, if D/D* ≈ R/R* ‒ that is, the number of niches 

with optimal width, which divide the available range of the 

resource parameter and the number of species that may 

exist on the available quantity of the resource, are 

approximately equal. 

Thus, the predominance of a particular type of 

mechanisms of community structure forming in our scheme 

is determined not only by “richness” and stability of the 

environment but by the ratio of these characteristics with 

regard to the requirements and adaptive capacities of 

species, indicated by a ratio of D/D* and R/R* (Fig.6). 

 

Figure 6. The main mechanisms that shape diversity. D/D* ‒ is the number 

of niches with optimal width that may exist on the available range of 

resource parameter; R/R* ‒ is the number of species with optimal niches 

that may exist on the available amount of resource 

Above the zone of approximate equality of D/D* ≈ R/R* 

where we expect the most obvious manifestation of the 

competition, a powerful flow of resource allows the 

existence of many more species than the optimal number of 

available niches and predominance of neutral mechanisms 

in the formation of community. Below the zone D/D* ≈ 

R/R*, on the contrary, the number of species, which can 

live on the given resource, significantly less than the 

number of optimal niches, which is why some of them may 

remain empty. Therefore, competition in this area is also 

likely to be weak, and the major role in shaping the 

community will play an “abiotic filters”. Examples of 

competitive exclusion may be probably found in the zone, 
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adjacent to zero, where the volume and range of resources 

are enough only for a very limited number of species. 

4. Conclusion 

Basing on the principle of optimal diversity, the following 

scheme of different mechanisms of diversity formation can 

be proposed: 

1 ‒ number of species and their niche width are primarily 

determined by diversity optimization, in accordance with 

volume of the available resources and the degree of the 

environmental stability; 

2 ‒ during formation of the species composition the 

modification of diversity levels occurs through neutral, 

niche and abiotic mechanisms the relative importance of 

which depends on the ratio of environmental “richness” and 

stability: 

‒ neutral mechanisms work primarily in very “rich” or 

very stable environments; 

‒ niche mechanisms work primarily in the environments 

with medium values of the “richness” and stability, rather 

when the number of niches with optimal width, which divide 

the available range of the resource parameter and the number 

of species that may exist on the available quantity of the 

resource, are approximately equal; 

‒ “abiotic filters” work primarily in poor, severe, or 

extremely unstable environments. 

Therefore, answering the question posed in the title, we 

can assume that niche divergence is not a necessary 

condition for the formation of community species diversity. 

The number of species in the community and the width of 

their niches are determined by diversity optimization, when 

competition and divergence of species niches modify the 

structure depending on environmental conditions, the 

regional species pools characteristics, successional stages, 

etc. In very “reach” and stable environment when niche 

mechanisms are of little importance, the observed 

differences in species niches may be the result of a random 

combination of various factors. For example, it has been 

shown that small differences in niches of previously 

mentioned grass and moor frogs are determined not by 

competition in the modern community, but by the specific 

history of speciation [14, 47]. 

A variety of factors influencing the species formation is so 

great that the likelihood of emergence of completely 

ecologically identical species is almost zero ‒ particular 

ecological differences will always be present. In a 

significant range of conditions they are not the major factor 

in forming of community structure, but only ‒ optional one 

which, however, may give some advantages to the 

community due to the effects of complementarity and 

asynchrony (see above). A similar assumption can be made 

about sympatric speciation in “rich” and stable environment. 

Thus, N. Orlov [48] describes the formation of a kind of 

“communities” of sympatric sibling species of tropical frogs 

which differ only in minor behavioral and ecological aspects. 

What may be a major factor in the formation of such 

complexes ‒ the niche divergence or the diversity 

optimization? In our view, it seems unlikely that minor 

differences in ecological niches may play a role of 

energetically significant driving force of speciation process. 

Perhaps the major factor here may be the optimization of 

inter- and intraspecific diversity. In a stable and “rich” 

environment the optimal number of species increases and 

the optimal niche width narrows. This is what is observed: 

one species splits into several slightly more specialized 

species. 

Of course, all this reasoning expressed in the article are 

only preliminary hypothesis requiring further investigation. 

But we hope that the analysis of the possible optimization 

mechanisms at the population and community levels may be 

useful in understanding the ways of the biodiversity 

formation. 
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