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Abstract⎯The study of the indices of developmental homeostasis in natural populations leads to the defini-
tion of the fundamentals of population developmental biology, which is associated with the assessment of the
nature of phenotypic diversity and the mechanisms of population dynamics and microevolutionary changes.
Characterization of environmental quality based on the assessment of population status by developmental
homeostasis determines the fundamentals of the health of environment concept. The use of the ideas of
developmental homeostasis and the health of environment in the studies of homeostatic mechanisms of bio-
logical systems of different levels (from the organism and population to the community and ecosystem) is
promising. This gives new opportunities for understanding the mechanisms that provide sustainability and
their ratio at different levels as well as for the characterization of ontogenetic stability significance. The notion
of developmental homeostasis, or homeorhesis, is promising for the elaboration of the ecological and biolog-
ical basics of sustainable development.
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INTRODUCTION
The study of developmental homeostasis as one of the

most general developmental characteristics, which is
assessed using various approaches, from embryology to
physiology and morphology (Waddington, 1957;
Zakharov, 1987; Zotin, 1988; Detlaf, 2001), is central
not only in developmental biology but also opens up
new prospects and directions of research in other
fields of science, such as ecological developmental
biology and evolutionary developmental biology (Gil-
bert, 2004; Gilbert and Barresi, 2016).

The study of developmental homeostasis indices in
natural populations leads to the definition of the foun-
dations of developmental population biology. This
approach seems promising for assessing the nature of
phenotypic diversity and the microevolutionary trans-
formation mechanisms (Zakharov et al., 2001).

The new approach based on the study of organ-
ism’s condition by developmental homeostasis also
open up an opportunity for solving the problem of
assessment and monitoring of the quality of environ-
ment and its auspiciousness for living beings, includ-
ing humans. Given the increasing global and local
anthropogenic impacts, the importance of this task
steadily increases. This leads to the formulation of the

health of environment concept, which is based on the
ontogenetic characterization of natural populations of
different species of living beings (Zakharov et al., 2000).

It is relevant to consider the opportunities for the
development of studies of the homeostatic mecha-
nisms of biological systems with the application of the
concepts of developmental homeostasis and health of
environment using various approaches to characteriz-
ing the processes that take place at different levels
(from organism to ecosystem), including the sustain-
able development concept.

ASSESSMENT OF DEVELOPMENTAL 
HOMEOSTASIS IN NATURAL POPULATIONS: 
DEVELOPMENTAL POPULATION BIOLOGY 

AND THE HEALTH OF ENVIRONMENT 
CONCEPT

Homeostasis, as the ability to maintain the struc-
tural and functional parameters of a system at a
required level, is the basic characteristic of the sustain-
ability of any biological system (from organism to ecosys-
tem). Developmental homeostasis, or homeorhesis, is
one of the most comprehensive characteristics of a devel-
oping organism and means the ability to provide sustain-
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able development along the certain trajectory (chreod)
(Waddington, 1957; Zakharov, 1987; Zotin, 1988).

Developmental homeostasis depends on both
genetic and environmental stress. The ideas about
genetic and environmental stress are largely close.
When environment changes, the previous genetic
coadaptation can be considered ineffective, and vice
versa, when coadaptation is disturbed, the previous
optimum conditions for a given genotype become
nonoptimal. The response to any adverse impacts
from both the genotype and the environment is the
same: the organism’s conditions changes, which is
detected by the developmental stability deterioration.
It can be defined as environmental or genetic stress
only by the nature of its causative factors. The indices
of developmental homeostasis give an assessment of
an organism’s condition, which depends both on the
power of the system itself (genetic coadaptation) and
on the external conditions (environmental stress) and
serves as an ontogenetic characteristic of an organ-
ism’s condition, as a measure of genetic coadaptation
and environmental stress.

The study of natural populations showed that
developmental homeostasis is maintained by genetic
coadaptation under optimum developmental condi-
tions. This makes it possible to identify changes in a
developing organism’s condition caused by genetic or
environmental stress using the population biology
approaches (Zakharov et al., 2001).

In the population dynamics studies, this provides
an opportunity to assess the mechanisms underling
different types of dynamics on the basis of information
about the possible changes in organism’s condition
from the ontogenetic standpoint.

This approach allows approximate assessment of
the nature of the observed phenotypic diversity and its
possible changes taking into account the significance
of both directed deviations in development due to
genetic or environmental differences the “ontogenetic
noise” and the consequences of the “genotype–envi-
ronment” interaction.

The assessment of the mechanisms underlying
microevolutionary transformations allows taking into
account two aspects of developmental homeostasis,
including not only the stability (as the ability to mini-
mize the “ontogenetic noise”) but also the develop-
mental canalization. Developmental canalization
means the ability to ensure development along a cer-
tain trajectory (chreod) even when conditions are
changed, in contrast to plasticity, which means a
change in the trajectory with changing conditions.
Evolutionary transformations in the course of adapta-
tion to new environmental conditions and optimum
change are accompanied by switching to another tra-
jectory, with subsequent stabilization of development
along this new trajectory, associated with genetic
determination of the new norm of reaction (Zakharov,
1987).

Developmental homeostasis can be characterized
using various approaches associated with the assess-
ment of developmental stability indices, cytogenetic
homeostasis, immune status, and a number of physio-
logical and biochemical parameters (Zakharov et al.,
2000).

When using the morphogenetic approach, which is
associated with the study of developmental stability,
assessment is reduced to characterizing the “ontoge-
netic noise” (the value of which is usually estimated by
the f luctuating asymmetry of bilateral structures of an
organism) (Waddington, 1957; Zakharov, 1987). The
significance of the characteristics obtained with this
approach is determined by a number of fundamentally
important features. First of all, at the level of popula-
tion estimates, the asymmetry of different traits is usu-
ally highly correlated. The consistency of their changes
can be regarded as reliable evidence that, indeed, the
developmental stability in the studied group of sample
differs. To elucidate the significance of changes in
developmental stability, their correlation with changes
in other indices of organism’s condition, which pro-
vides a multifaceted characteristic of developmental
homeostasis, is extremely important (Zakharov et al.,
2001). Numerous examples of such concerted changes
in different indices of homeostasis of an organism were
obtained in the studies of the impact of anthropogenic
factors (Zakharov et al., 2000).

This approach makes it possible to assess the health
of environment and characterize its auspiciousness for
living beings, including humans. The essence of this
approach consists in assessing the condition of living
beings by developmental homeostasis. This direction
can be defined as the characterization of the condition
of a natural population by the state of health of its con-
stituent organisms or, more generally, as the assess-
ment of the health of environment.

It is fundamentally important to assess the degree
of deviation from the norm. Such scales have been
developed for the main approaches of the proposed
methodology. As a result, within each approach, we
can talk about the degree of change in an organism’s
condition within a given characteristic (morphologi-
cal, genetic, or immunological). The comparison of
scores obtained in different species using different
approaches showed that, in many cases, the scale is
universal for different species and the results obtained
using different approaches give a similar picture. This
suggests the possibility of scoring the living organism’s
condition as a whole (Zakharov et al., 2000).

Despite some differences between the data
obtained by different parameters and species, the
resulting picture is similar. Instead of the usual mosaic
of biological responses obtained by different methods
for different objects, the main indices of the proposed
approach give a correlated response. This consistency
of responses is one of the basic principles of the meth-
odology for assessing the health of environment and is
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always observed if the following two conditions are
met: if the used indices characterize the organism’s
condition by the developmental homeostasis and if the
given characteristic does change in the considered
sample group. The consistency of changes in different
indices of “ontogenetic noise” for different traits indi-
cates a change in the overall developmental stability.
The consistency of indices for different approaches to
assessing the developmental homeostasis indicates a
change in the overall condition of an organism. The
consistency of responses of different species indicates
a change in the health of environment (Fig. 1).

This means that, in case of homeostasis deteriora-
tion, the entire life support system of an organism
begins to “crumble,” which is reflected in changing
various indices of an organism’s condition. However,
the first, still reversible changes can be detected at the
early stages by sufficiently sensitive indices of develop-
mental homeostasis, which provides an opportunity to
use this approach as an “early warning system.”

This determines the importance of this approach
for assessing both the environmental quality and the
condition and homeostatic mechanisms at the level of
populations, communities, and ecosystems. This pro-
vides the necessary information for the development
of indicators of sustainable development, which is
aimed at ensuring the health of humans and environ-
ment and maintaining homeostasis at the level of both
individual ecosystems and the biosphere.

The proposed methodology for assessing the con-
dition (health) of living systems by developmental
homeostasis is not just one of the methods but is a funda-
mentally different, new approach to solving the problem
of assessment and monitoring of the environment.

An important feature of this approach is the detec-
tion of adverse changes, even against the background
of positive effects, in such indices as the size and
growth rate of an organism, abundance, and biodiver-
sity. Another important feature of this approach is the

Fig. 1. Schematic representation of the health of environment assessment methodology.
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level of determined conditional norm. The latter, in
turn, depends on the sensitivity of the indices used.
The range of conditions in the gradient of increasing
degree of impact, which is characterized by a substan-
tial change in the developmental stability indices, usu-
ally fits within the survival zone range, when devia-
tions in the commonly used indices of viability are not
observed (Zakharov and Trofimov, 2014).

Thus, the assessment of organism’s condition by
developmental homeostasis allows the assessment of
the condition of populations of different species (pop-
ulation developmental biology), which, in turn, opens
up the possibility for characterizing the condition of
community and ecosystem (the health of environment
concept).

HOMEOSTATIC MECHANISMS 
OF BIOLOGICAL SYSTEMS: 

POSSIBLE APPROACHES

Developmental homeostasis can be assessed using
various approaches that usually give similar results.
Such an assessment is important to characterize not
only an organism’s condition but also the processes
occurring in populations, communities, and ecosys-
tems. In many cases, the changes at these levels are
preceded by the changes in an organism’s condition.
At the same time, changes at higher levels affect the
condition of individuals.

Homeostatic mechanisms can be assessed using
the following different approaches. The analysis of
morphological diversity from the standpoint of the
morphological space and its structure gives an esti-
mate of its organization. In terms of individual devel-
opment, this approach makes it possible to identify the
dynamics of approaching and deviation from the sta-
tionary state in the course of ontogeny and the transi-
tions between the more and less organized states. The
multivariate nature of development and its stabilization
on a certain channel is a manifestation of developmen-
tal homeostasis. A change in the degree of multivariate
nature of development depending on environmental
conditions is the resultant of homeostatic mechanisms
at the organismal and population levels. Parallel studies
of different aspects of developmental homeostasis,
including the stability and canalization of development,
make it possible to assess the nature of the phenotypic
diversity and its transformation in the course of popula-
tion dynamics and microevolution. At the ontogenetic
level, morphogenetic mechanisms are regarded as a
manifestation of fractality, consistent patterns of forma-
tion of large-scale invariant structures.

A multifaceted characterization of developmental
homeostasis significance implies the use of different
approaches. In particular, the evaluation of cytoge-
netic stability is a measure of both a developing organ-
ism’s condition and the genetic homeostasis. This
approach makes it possible to evaluate the population

status by the ratio of homeostatic mechanisms that
maintain stability at the organismal and population
levels (Gomeostaticheskie…, 2014).

Similar methodological approaches, apparently,
can be used to assess homeostatic mechanisms of dif-
ferent levels.

A promising approach is to assess fractality against
the background of implementation of the mechanisms
of homeostasis (in particular, the developmental
homeostasis, homeorhesis). The very presence of
fractality, in a sense, can be considered as a manifesta-
tion of homeostasis. Fractality, as a manifestation of
large-scale invariance of biosystems, can be repre-
sented as a resultant of implementation of the homeo-
static mechanisms of biological systems at different
levels, from molecular to ecosystem. At the same time,
the directional effect of some mechanisms that pro-
vide homeostasis under certain conditions or in the
course of development along a certain trajectory may
lead to deviations from the latter. This is especially
true when considering the consequences of imple-
mentation of homeostatic mechanisms at different
levels of organization, from organism to ecosystem.

Such studies are especially relevant and important
to assess the consequences of global environmental
changes observed today. Anthropogenic transforma-
tion of the environment causes adverse effects at all
levels (from organismal to ecosystem), which indicates
the importance of assessment of homeostatic mecha-
nisms maintaining the stability of biological systems at
all levels. Here, the most universal and sensitive indi-
cator is developmental homeostasis. This direction of
research has led to the development of the health of
environment assessment methodology (Zakharov and
Clark, 1993; Zakharov et al., 2000).

The study of the ratio of the mechanisms aimed at
both ensuring a certain state of homeostasis as such,
on the one hand, and maintaining the sustainability of
development along a particular trajectory (develop-
mental homeostasis, or homeorhesis), on the other, is
worth special attention. This leads to the understand-
ing of developmental homeostasis as a “chain of
homeostases” or stabilization of development along a
particular trajectory (chreod) (Waddington, 1957,
1970; Zakharov, 1987; Zotin, 1988; Zakharov and
Trofimov, 2014). Here, the buffer mechanisms that
provide primarily the directional processes of changes
and development rather than a certain state acquire a
fundamental importance.

At the obvious necessity to provide the stability of
any ecological–biological system (from an organism
to an ecosystem) at any given time moment and its
ability to tolerate or compensate for different disturb-
ing impacts, which may result in its deviation from the
predetermined required condition, including noise
minimization (as an important characteristic of the
system condition), the maintenance of homeostasis
should lead to a certain inhibition and delay in the
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possible changes in the system itself, which is particu-
larly important in ensuring changes along a certain
developmental trajectory.

Inhibition or deceleration of the response of a sys-
tem to a certain impact owing to homeostatic mecha-
nisms is known as the hysteresis phenomenon (Fig. 2)
(Vedyushkin et al., 1995).

The zones of negligible or very slow changes in the
phenological trends in plants in more southern areas
(at an approximately equal temperature increase in
southern and northern areas in the central part of the
European part of Russia in 1970–2015) (Fig. 3) can be
regarded as an example of implementation of homeo-
static mechanisms (Minin and Voskova, 2014; Minin
et al., 2016). It is a question of assessing the consequences
of the global warming trend, which is 2.5 times more
pronounced in Russia than on average in the world
(Doklad…, 2017). The phenological changes do not
directly follow the temperature changes, probably due
to the implementation of the homeostatic mecha-
nisms counteracting such external impacts. It can be
assumed that the plants in northern latitudes have
greater reserves for shortening the winter dormancy
period in favor of the vegetation season under climate
warming conditions than the plants of the southern
latitudes. Different responses of different plant popu-
lations to the climate change trends, which were iden-
tified as a result of long-term phenological observa-
tions, apparently support the assumption about the
fundamental importance of homeostatic mechanisms.

Another example of the manifestation of hysteresis
at a higher level, which is also of interest for assessing
the possible consequences of climate changes, is the
previously mentioned areas where the equilibrium
vegetation of biomes is ambiguously determined by
climatic factors. The existence of zones with drastic
changes in phytomass production can hardly be
explained from the standpoint of the idea about strict
determination of vegetation type by climatic factors
and can be regarded as evidence of spatial hysteresis
(Vedyushkin et al., 1995). The areas adjoining Eur-
asian boreal forests from the north and south, as areas
characterized by an ambiguous relationship between
the annual aboveground phytomass production and
the complex climate characteristics (vaporizability)
can be classified with such zones. The position of the
boundaries between biomes depends primarily on the
historical (paleogeographical) rather than climatic
factors, which differs hysteresis from a monotonic
inertia of a system. This makes it possible to explain
the observed relatively low determinancy of vegetation
types by climatic factors and to assume that boundar-
ies of biomes begin to change only at a sufficiently
severe climate change, indicating the existence of a
certain buffer capacity and a threshold effect.

A possible ratio of homeostatic mechanisms at dif-
ferent levels (from organism and populations to com-

munities and ecosystems) can be considered by a
number of examples.

It was repeatedly shown that major changes in
developmental homeostasis in different species of ani-
mals and plants (detected by indices of developmental
stability, cytogenetic homeostasis, immune status, and
other physiological and biochemical parameters, to
score five on a five-point scale of deviation of an
organism’s condition from the conventional norm
(critical condition)) may be observed against the back-
ground of the same or even increased biodiversity,
abundance of certain species, and high productivity of
ecosystems (Zakharov et al., 2000). Deterioration of
developmental homeostasis in populations of different
species under conditions of both natural and anthro-
pogenic ecological periphery of a range is the “fee” for
the possibility of existence under nonoptimal condi-
tions at the limit of capacity of a species. Up to a cer-
tain threshold level of certain detrimental impacts, the
environment-forming function, the carrier and assim-
ilative capacity of ecosystems may be retained despite
the fact that the conditions of living beings during the
implementation of their role in the ecosystem may be
extremely adverse. At the same time, in the absence of
any detrimental impacts (primarily related to environ-
mental pollution), a high level of homeostasis may
also be observed under conditions of inevitably altered
or depleted biodiversity in the transformed landscapes
in developed areas.

Sustainable existence of ecosystems of Central
Siberia has been provided for a long time against the
background of a pronounced 4-year cyclicity of the
community of small mammals (including the repre-
sentatives of insectivores and rodents). This implied

Fig. 2. Schematic representation of the hysteresis phenom-
enon. The trajectories of possible transition of the system
from one condition to another and back show the suppres-
sion of the system’s response to an external impact.
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the autoregulatory mechanisms of the population
dynamics under conditions of the same climatic sta-
bility and maintenance of high snow cover in winter.
An increase in abundance over 3 years led to signifi-
cant change in organism’s condition, which mani-
fested itself in the deterioration of homeostasis in the
population compaction phase. Under the current con-
ditions of the clear trend of rising temperatures and
climatic instability, against the background of the
beginning changes in the biodiversity towards more
southern species and increase in habitat productivity,
another type of dynamics—fluctuations, which,
apparently, are largely determined by climatic condi-
tions—is observed. Such oscillations in abundance are

not accompanied by significant changes in the organ-
ism’ condition (Zakharov et al., 2011).

Thus, at different ratios of homeostatic mecha-
nisms of different levels and significance of develop-
mental homeostasis assessments at the ontogenetic
level, the mechanisms that ensure homeostasis at a
higher level are of primary importance for the indica-
tion of possible changes in the organism’s condition.

All above examples show the crucial importance of
the notion of developmental homeostasis for the
assessment of sustainability mechanisms and possible
changes not only at the organismal and population
levels but also at higher levels of organization—at the

Fig. 3. Shift in the date of occurrence of the first leaves in silver birch (Betula pendula) in the period 1970–2010 in days (dots show
the observation points).
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level of communities and ecosystems. This approach
opens up new possibilities for a multifaceted assess-
ment of consequences of various impacts, including
the consequences of global climate change.

ECOLOGICAL AND BIOLOGICAL BASES 
OF SUSTAINABLE DEVELOPMENT: 
FORMULATION OF THE PROBLEM

Fundamentals of the Concept of Sustainable 
Development

It is reasonable to consider the possibility of apply-
ing the ideas about developmental homeostasis to the
concept of sustainable development.

The concept of sustainable development was
adopted as the basic developmental paradigm at the
UN Conference in Rio de Janeiro in 1992. For the first
time, the crucial role of ecology in human develop-
ment was defined at the international community level
at the UN Conference on the Environmental Prob-
lems in Stockholm in 1972. Earlier, there were proposals
on the feasibility of changing this paradigm. However, at
the “Rio+20” UN Conference on the Sustainable
Development in 2012, only its increasing relevance and
importance for the search of answers to current chal-
lenges was acknowledged. The Agenda to 2030 and the
purposes of sustainable development, adopted in 2015,
emphasize the importance of providing environmental
sustainability and health of environment (Itogovyi...,
2012; Itogovyi…, 2015). Not many political appeals
have lived for so long. Apparently, this is determined
by the fact that the concept is based on an ecological
and biological rationale—the necessity to fit our ever-
increasing demand into the natural possibilities of the
planet. Although the question about changing some
wordings and definitions can be posed, the essence of
the concept remains the same: this is the condition of
survival and development.

The motive for the call for sustainable development
was the realization that a long-term successful develop-
ment of mankind implies the solution of social and eco-
nomic problems within the planet’s environmental capac-
ity. This postulate was formulated by three leading inter-
national environmental organizations, including the
International Union for Conservation of Nature (IUCN),
the United Nations Environment Program (UNEP),
and the World Wildlife Fund (WWF) in the “Caring
for the Earth” document (1991). A scheme of harmo-
nious combination of three pillars of sustainable
development, including the economic, social, and
environmental ones, has been proposed as a basis for
the development concept for implementing this prior-
ity. This principle was the basis of all major documents
on sustainable development starting with the UN
Conference in 1992, where not only the new develop-
ment concept was proclaimed but also a number of
environmental conventions, including the Convention
on Biological Diversity (1992), were adopted.

At the same time, the recent decisions on sustain-
able development (“The Future We Want” and the
Agenda to 2030) (Itogovyi…, 2012; Itogovyi…, 2015)
are much less categorical than the earlier proposals.
This is due to a number of reasons. Previously, tasks
were formulated, whereas today is the time to summa-
rize the results of their implementation. In many
countries, acute life support problems do not allow
paying sufficient attention to other problems. The
financial crisis of recent years restricts the possibilities
to provide a global stability. All this has led to an
underestimation of the significance of environmental
aspects and the environmental substantiation of the
concept in general.

The practice of implementation of the concept of
sustainable development has led to a situation when
the three aspects (environmental, economic, and
social), which were initially announced as equal, are
quite differently distributed in terms of importance. As
before, the economic aspects are maximum in impor-
tance. They are followed by the social aspects, and
minimum attention is given to the environmental
problems, which initially formed the basis of the pro-
posed developmental concept. In practice, the envi-
ronmental recommendation does not receive ade-
quate attention and is often not taken into account in
decision making at various levels. Against the back-
ground of escalating environmental problems, which
pose a real threat to the survival and successful devel-
opment, the assessment of the current situation, its
consequences, and possible ways of optimization
requires special analysis.

It becomes apparent that it is very urgent to pay
special attention to a number of points that are funda-
mentally important for the further development and
implementation of the concept of sustainable develop-
ment from the ecological and biological standpoint.

Notion of Sustainable Development
First of all, it concerns the very definition of the

concept of sustainable development. Both the possi-
bility and reasonability of combining the concepts of
sustainability and development and the feasibility of
plans for implementing the sustainable development
principles still cause doubts. The situation can be opti-
mized taking into account the experience of research
in developmental biology, which led to the concepts,
such as stability or developmental homeostasis,
homeorhesis (or stabilized f low), that mean a system
of mechanisms providing a successful development of
any system. The fundamental importance of mainte-
nance of developmental homeostasis, the deteriora-
tion of which entails the “crumbling” of the entire life
support system at all levels (from organism to ecosys-
tem), has been repeatedly demonstrated in real models
(Waddington, 1957, 1970; Zakharov, 1987, 2000;
Zotin, 1988). The experience of ecological and biolog-
ical research not only shows the reality of sustainable
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development processes but also demonstrates the
importance of the distribution of these ideas when
defining the ways of development of the society and
the biosphere in general. Despite all the technical and
socioeconomic achievements, mankind remains a part
of the biosphere, and the concept of sustainable devel-
opment, in fact, is an application of the ideas about
stability, or developmental homeostasis, with regard to
the problems of social development. The very term
“sustainable development” indicates the ability of the
system to provide its development.

Purpose of the Concept of Sustainable Development
The environmental and biological substantiation is

also of fundamental importance in defining the key
motivations for the emergence of the concept of sus-
tainable development.

The balance of the environmental pressure and
capacity both within an individual ecosystem (from
organism to community) and the biosphere in general
is provided by the regulatory mechanisms (primarily
the natural selection). These mechanisms limit the
abundance of each species and ensure its harmonious
combination with the capacities of other species and
the ecosystem in general. This provided harmony
between man and nature at the early stages of evolu-
tion. Further development opened up new opportuni-
ties, which allowed mankind partially to escape from
the direct impact of natural selection. Using technical
inventions, man managed to gain new opportunities
for development, population growth, and satisfaction
of needs. The man as if “segregated from nature,”
which gave an impression of the possibility of an
unlimited growth and development. However, at the
same time, this determined the emergence of a new
challenge: whether man may go beyond the natural
capabilities of the biosphere in the case of realization
of the possibility of such an unrestrained growth
(Meadows et al., 1994; Colborn et al., 1996; Brown,
2009; Pavlov et al., 2009). The awareness of the real
threat of such growth for the biosphere and his own
existence has led man to the formulation of the neces-
sity to “bring himself back”—to fit his own steadily
increasingly activity into the natural capabilities of the
planet. The posing of this problem and the attempt to
solve it determines the next stage of development. It is
marked by the appearance of the concept of sustain-
able development.

In this aspect, the task of the noosphere develop-
ment (Kamshilov, 1974; Teilhard de Chardin, 2002;
Vernadsky, 2004) can be defined as the possibility of
finding an answer to the major challenge: whether
man himself, having largely escaped from the direct
control of the natural regulatory mechanisms (primar-
ily the natural selection), can provide his successful
development within the natural capacity of the planet.
Here, in a sense, we can talk about the possibility of
distinguishing two aspects. The first aspect pertains to

providing the balance of man and nature, techno-

sphere and biosphere (homeostasis as such), and the

second aspect is associated with providing the devel-

opmental stability (developmental homeostasis). In

practice, these aspects are linked. On the one hand,

the study of the homeostatic mechanisms providing

the sustainability of biological systems of different lev-

els (from organism to ecosystem) is increasingly

becoming the subject the ecology. On the other hand,

the mechanisms of homeorhesis are intended for pro-

viding sustainable development under conditions of

continuous changes of various environmental factors.

The currently forming priority of increasing the

value of natural resources and natural wealth in gen-

eral, as well as man, his life, and health, which ulti-

mately determines the level of development of any

society, is evidence of awareness of the importance of

the ecological and biological foundation of sustainable

development (Prioritety…, 1999). In fact, this priority

is the continuation of the general trend of progressive

evolution to increase the value and importance of each

individual by improving the homeostatic mechanisms

and capacities at the organismal level (Zakharov and

Trofimov, 2015).

From the ecological standpoint, it is clear that a

necessary condition for the existence of mankind is

the necessity to harmonize its demands (including

both demographic and socioeconomic indices) with

the capacities of the biosphere. Similarly, the solution

of any problems must come from the existing biodiver-

sity at both interpopulation and intrapopulation levels.

From the ecological and biological standpoint, it is

clear that the coevolution of man and the biosphere

began with his emergence and will continue through-

out their coexistence. A critical challenge is to answer

the question as to what this coevolution will be—a

chain of accidents or a progressive development and

what the results will be for the biosphere and, ulti-

mately, for man himself. Everything that mankind can

do to improve the environmental situation is not an act

of humanity with regard to nature but only a condition

of its own existence. Thus, careful attention to the

solution of environmental problems does not contra-

dict the priority of satisfaction of the needs of human

development (anthropocentrism). Providing the

health and a long-term successful development of

mankind requires a careful attention to the well being

and health of the environment as a prerequisite for

such development (anthropomorphism) (Zakharov,

2000). The optimal solution to this problem should be

based on providing the developmental homeostasis at

all levels, from the human health and the harmoniza-

tion of the development of society and biosphere to the

health of the environment.
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Sustainable Development: 
Relevant Environmental Problems

The necessity of the “greening” of human develop-
ment is currently announced as the task of providing
“green” growth and development. The main environ-
mental problem today can be, apparently, defined as
the widespread increase in global and local detrimen-
tal anthropogenic impacts. In this regard, the atten-
tion that is currently given to the world’s climate
change problem can only be welcomed. It should only
be born in mind that this does not settle the problem
of the detrimental anthropogenic impact, including
the exhaustion of resources, landscape degradation,
and environmental pollution. Even the elimination of
the climate problem does not reduce the significance
of the increase in the global anthropogenic impact. The
task of extending the economic mechanisms that are
being currently developed to reduce the greenhouse gas
emissions to all types of anthropogenic impact (includ-
ing various types of pollution) and all types of natural
resources becomes increasingly obvious.

The steadily increasing anthropogenic impact poses a
number of new challenges to environmentalists, which
require the development of new approaches to solve
them.

Due to the ubiquity of different types of local and
global anthropogenic impacts, the search for the con-
trol rather than the study of impact ecosystems is
becoming an increasingly complex task. This poses the
task on the agenda to organize monitoring and to find
new approaches to the definition of the concept of a
conditionally normal background state of natural eco-
systems (Zakharov and Trofimov, 2014).

The assessment of the climate change conse-
quences requires an increasingly attentive attitude.
The task shifts from the assessment of coastal and
mountainous areas to the continental ecosystems,
which appeared to be even more sensitive to these
unusual climatic f luctuations. The problem of biodi-
versity conservation, recognized at the international
community level, which implies the conservation of
the original natural complexes, requires updating in
view of the worldwide changes in the biodiversity due
to climate changes (Izmenenie…, 2007, 2008).

In connection with the shift of the major types of
anthropogenic impact on the nature from the trans-
formation of landscapes to the increasingly wide
spread of various types of pollution, the priority direc-
tion in the assessment of the consequences of these
changes shifts from the biodiversity monitoring to the
health of environment monitoring, which is associated
with the assessment of the auspiciousness of condi-
tions for the state of different species of living beings,
including humans (Zakharov and Trofimov, 2011).

Stringent allowable thresholds of a certain impact
or the deviations from the conditional norm caused by
this impact, followed by irreversible changes, which
are in high demand for management decision making

in the field of sustainable development, usually do not
have an unambiguous strictly scientific solution. Of
fundamental importance in this case is the selection of
approaches for adequately determining the “danger
bar” level when making decision on the allowability of
various impacts, determination of the assimilative
capacity of ecosystems, and the health of environment
assessment. Overstatement of the “danger bar” leads
to an underestimation of the risk severity for both nat-
ural complexes and human health. The health of envi-
ronment concept, which is based on the provision of
developmental homeostasis, is aimed at establishing
the “danger bar” at a level required to provide an aus-
picious environment for living beings, including
humans, as well as at determining the conditional
norm and environmental standardization in general.

Sustainable Development Provision

Currently, the top priority in sustainable develop-
ment is to provide the compliance with the principles
of “green” economy, implying the solution of socio-
economic problems at a minimized depletion of natu-
ral capital and detrimental impact on the environment
(Navstrechu…, 2011). It requires the compliance with
the environmental rules of harmonizing the needs
with the natural capacities of an ecosystem. The grow-
ing needs of mankind can be met only if the environ-
mental capacity of ecosystems is increased due to cer-
tain technical innovations. Today, this environmental
thesis is formulated as the principle of “decoupling,”
i.e., the separation of the still tightly linked processes
of economic growth, on the one hand, and the exhaus-
tion of natural resources and the detrimental impact
on the environment, on the other (Decoupling…,
2011). An increasingly complete characterization of
the importance of the natural capital and ecosystem
services is becoming a fundamentally important
approach. Ideas about the natural wealth importance
for the health of humans and the environment are
being formulated (Bobylev and Zakharov, 2009, 2011).
Here, the approaches aimed at assessing the homeo-
stasis of living systems come again to the fore, because
they are used in such assessments for different species
of living beings, including humans.

In discussing the problems of sustainable develop-
ment, politicians and economists more and more
often express criticism of the market economy
(Bobylev and Zakharov, 2011). Perhaps, from the
environmental point of view, it would be worth raising
the question of the necessity to separately consider
certain target indices and the mechanism of their
achievement. The “market” itself is a natural mecha-
nism that is formed to meet specific needs. In this
regard, it is, to some extent, similar to natural selec-
tion. If there is a request for certain goods and services,
the market economy copes with its tasks perfectly. The
essence of the problem is in the absence of a request of
consumers (including the population and the state) for
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the “greenness” of products. Here again, the priority
task is to provide an increasingly comprehensive eco-
nomic assessment of natural resources and services
(including in the cost the external positive and nega-
tive impacts—the so-called “internalization of exter-
nalities”) taking into account the priority of increasing
the value of natural resources and natural wealth in
general.

The environmental priority of sustainable develop-
ment can be formulated as the conservation of natural
resources and the entire natural wealth to provide the
planet’s ecosystem homeostasis. To ensure an envi-
ronmentally sustainable development, support should
be aimed at introducing modern “green” technologies
and conservation and enhancement of the natural
wealth. To this end, the task of recruiting the countries
with rich natural resources into this process is of prin-
cipal importance. The maintenance of balance,
homeostasis of the biosphere, and, therefore, the pos-
sibility of further development of all countries depends
on how these countries will dispose of their natural
resources in solving the problem of provision of eco-
nomic growth. Environmentally posing the problem of
the development of compensation payments required
for the conservation and enhancement of natural eco-
systems is extremely important.

In general, the success of advancement on the
pathway of sustainable development, apparently, is
largely defined by both the level of our environmental
awareness and cultural level, which is a necessary con-
dition for recognition of the importance of environ-
mental priorities, and the economic opportunities for
their implementation.

Success of Sustainable Development: 
Ecological and Biological Priority Provision

Thus, the ecological and biological priority as a
necessity to fit our steadily increasing needs into the
natural capacities of the planet, which originally served
as a basis for the concept of sustainable development,
retains its relevance, and its value only increases. This
determines the necessity to include environmental con-
siderations into the foundations of modern economy
and general development plans. The “greening” of
development should be implied when implementing the
new Agenda to 2030 in achieving each of the specific
objectives of sustainable development. The formulation
of each objective should imply a mandatory provision of
environmental sustainability as the basis for the survival
and development of mankind.

The implementation of the environmental priority
as a basis for sustainable development implies both a
proactive stance of environmentalists in determining
the pathways of development and the understanding
of the importance of environmental considerations in
decision-making in the field of sustainable develop-

ment provision from a broad range of experts in socio-
economic problems.

CONCLUSIONS

Thus, the notion of developmental homeostasis,
originating from the developmental biology, is of fun-
damental importance for the understanding of the
processes taking place at all levels, from organism to
ecosystem. It also offers new opportunities for the sub-
stantiation of the ecological and biological bases of
sustainable development. Its application is construc-
tive both in studying the ratio of homeostatic mecha-
nisms of different levels and in assessing the signifi-
cance of developmental homeostasis of an organism
and population using the approach based on assessing
the population status from the ontogenetic standpoint
(population developmental biology and the health of
environment concept).
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