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Abstract: Developmental noise is a variety that is not related to the usually distinguished sources of
phenotypic diversity, i.e., differences in the genotype and in the environment. This variation arises
in the process of the realization of genetic information and reflects the imperfection of ontogenetic
processes. The most common measure of it is the value of fluctuating asymmetry as slight deviations
from the symmetry. Developmental noise proves to be one of the main sources of intrapopulation
phenotypic diversity. The magnitude of this variability is an ontogenetic response to environmental
or genetic stress, and its assessment, in fact, provides a unique opportunity to estimate the developing
system condition. The level of developmental noise, characterizing an organism’s condition, acts as
another population parameter that allows to approach the evaluation of the community condition.
Initial deviations in the system condition can be detected even against the background of optimal
estimates of abundance, biodiversity, and ecosystem functioning.

Keywords: fluctuating asymmetry; developmental noise; developmental stability; biological
system condition

1. Introduction

The study of the manifestations of fluctuating asymmetry, which essentially differ from
other forms of asymmetry associated with significant and genetically determined deviations
from symmetry, led to the conclusion that they are rather the result of imperfections in
the realization of genetically predetermined symmetry and represent a special range of
phenomena—ontogenetic noise [1–5]. The assessment of the significance of the phenomena
for characterizing the nature of the observed phenotypic diversity and the condition of the
developing system is the subject of this study. It is aimed to evaluate the applicability of
the approach based on the study of the developmental noise level to characterize the state
of biological systems both at the level of the organism and, more broadly, at the level of
the population and community, especially in the highlight of the main requirements for
such an assessment and in comparison with other possible approaches to realize the task.
The assessment of the state of biological systems seems to be increasingly relevant due
to the intensification of various forms of anthropogenic impact, including climate change.
There is also a need to develop approaches to assess the health of biological systems and
the favorable environment, especially in terms of ensuring human health and sustainable
development [6–10].

2. Developmental Noise Assessment

Developmental noise is understood as the variability that is not associated with the
usually considered causes of the emergence of phenotypic diversity and differences in the
genotype and in the environment (developmental conditions). In fact, this is ontogenetic
variability that occurs in the process of the realization of genetic information. This form
of variability, apparently, is ubiquitous and takes place in the development of any mor-
phological structure, but its isolation against the background of total phenotypic diversity
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is difficult due to the fact that it involves the assessment of phenotypic differences that
arise on the basis of the same genotype under similar developmental conditions. This is
possible when studying isogenic lines and clones, assessing deviations in the realization
of a predetermined pattern of the morphological structure, due to the imperfection of
ontogenetic processes. The most common way to assess the developmental noise level is
the evaluation of the magnitude of fluctuating asymmetry (differences in the values of the
trait on different sides of the body) [11–17].

As evidenced by laboratory experiments and natural population studies, the level of
developmental noise increases under environmental and genetic stress, acting as a charac-
teristic of developmental stability. Moreover, such changes take place before significant
changes in the viability of the organism occur (Figure 1) [4,18–20].
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An increase in the noise level is usually observed with a change in the fitness pa-
rameters, such as the breeding success index, indicating a deterioration of developmental
stability [18,21–25].

3. Assessment of the Developing System Condition

The developmental noise turns out to be not only a source of phenotypic diversity
but also a characteristic of the developing system condition. In genetically homogeneous,
highly homozygous lines and clones (as well as in the cases of genetic coadaptation disrup-
tion), a higher level of phenotypic variability is observed than in ordinary heterogeneous
populations. The main reason for this is the growth of developmental noise. This indicates
that the main factor for determining the magnitude of this form of variability is not genetic
or environmental diversity but the state of the developing system. This form of variability,
along with genetic variability, acts as one of the main sources of the observed intrapopula-
tion phenotypic diversity [4,19,26]. Under normal conditions, the level of developmental
noise does not show consistent changes even for correlated morphological traits, while at
the same time, under stressful exposure, the noise level shows consistent changes even
for uncorrelated traits. The variability of the pholidosis characters (number of scales) in
reptiles and craniological characters (number of foramina) in mammals can be used as
examples. The consistency of changes in the level of developmental noise with other genetic
and physiological parameters allows us to speak about the characteristic of an organism’s
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condition (Figures 2 and 3). At the same time, an increase in the noise level, marking a
change in an organism’s condition, is not the cause of its death [4,27–29].
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Figure 3. Correlated response of the level of developmental noise with other parameters for different
species under stress impact and chemical pollution.

Developmental noise was assessed by the value of the integrated index: the average
scaled difference between the sides per character (for five leaf measurements) for plants and
the average frequency of asymmetric manifestation per character (for 10 craniological char-
acters, number of foramina) for mammals. The efficiency of photosynthesis was evaluated
by the ratio of the variable fluorescence to the maximum. Cytogenetic homeostasis was
assessed by the frequency of cells with micronuclei. Immune status was assessed by the
value of the integrated index of deviation from the conditional norm for some parameters
of the immune system [29].
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4. Applicability of the Approach

The level of developmental noise, characterizing an organism’s condition, acts as
another population parameter [21,30]. The approach can also be used for biological systems
of a higher rank. In this case, the characteristic of the state of the system is carried out
according to the noise level estimates of the constituent elements. Consistency in the change
in indicators of the noise level in populations of different species allows us to approach the
characterization of the community condition (Figure 4).
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Initial deviations in the state of the system can be detected even against the background
of optimal estimates of the indicators of abundance, biodiversity, and ecosystem functioning.
Such assessments of the state of a biological system can also serve to characterize the habitat
quality (Figure 5) [4,27,31–33].
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Among the features of the approach, which determine the possibilities of its practical
use, the following should be noted. The generality of the assessment is associated with
a characteristic of developmental stability, the possibility of characterizing a conditional
norm at a minimum level of noise, and the degree of deviation from it according to the
increase in the level of developmental variability. The sensitivity of the assessment is due
to the fact that an increase in the level of noise up to a certain limit is within the backlash
allowed by natural selection, which makes it possible to detect even initial changes in the
system condition. This makes it possible to characterize such an assessment as an early
warning system. An increase in the level of universality, which is due to the fact that
developmental noise is represented in the phenotypic variability of any morphological
structure of living beings, is a non-specific response to various types of adverse impact.
These features allow us to talk about the prospects of using the approach in accordance
with the requirements to characterize the state of a biological system from an organism to a
community (Figure 6) [27,34,35].
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In the field of environmental toxicology [36–39], the assessment of developmental
noise can act as a biomarker of the state of biological systems under the whole complex
of natural and anthropogenic influences. In fact, this approach assesses the well-being
of living beings [40,41], opening up the possibility for such a characteristic, not only
for animals but also for plants [4,42]. In the field of environmental epidemiology and
conservation medicine [43], the approach characterizes a favorable environment for living
beings, including humans.

Thus, the level of developmental noise seems to be a promising indicator of biological
system conditions. Among the main advantages of the approach is the existence of relevant
criteria for the assessment and justification of the significance of the evaluation obtained
for characterizing the well-being or health of the system and the degree of its possible
deviation from the conditional norm.
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