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Abstract. The hypothesis of potentially lethal effects on biota during serious and major radiation accidents (SMA) is 
presented as a key event determining the characteristics of post-accident biota. At the same time, its actual observed 
state is the result of an evolutionarily fixed adequate reactivity to the risk of extinction. The programmed 
radioprotective–adaptive response includes epigenetic modifications and all levels of bioorganization, from molecular, 
intrapopulation (maternal effect, biosocial processes, etc.), to the formation of radiation ecosystems. The universality 
and effectiveness of this reactivity are the main indicator of overcoming biota extinction. Multiple anomalies imitating 
the effects of reduced radioresistance are also markers of damage. However, increased sensitivity to radiation in the 
natural environment is incompatible with the basic principles of biodiversity, which increases resistance to stress. 
Therefore, suppression of radioresistance cannot serve as an alternative to potentially lethal irradiation by SMA. Real 
SMA radiation loads are an order of magnitude lower than the doses characteristic of the observed damage to biota, 
ranked in laboratory and controlled conditions. It has been shown that the abnormally high radiotoxic load in SMA is 
provided by the synergy of damaging factors, both physical (acute/subacute + chronic irradiation) and biological (two– 
and multicomponent), to one degree or another associated with mutagenesis. In the early stages, for example, in rodents 
– hematological syndrome, then mainly reproductive damage, genetic drift, synergistically enhanced by a small 
population size. A constant level of increased mutagenesis against the background of a decrease in the absorbed dose 
may indicate a molecular-adaptive mechanism for blocking the synthesis products of damaged DNA (proteins, mRNA). 
Radioadaptation depends on isolation: animals living in families in an underground colony (mole vole Ellobius talpinus 
Pallas, 1770) are perfectly adapted, i.e. without anomalies, while the adaptation of mobile terrestrial rodents is 
imperfect. Radioadaptation is widely represented in the post–accident biota of the Chernobyl disaster under conditions 
of epigenetic transgenerational heredity. However, its implementation in the experiment has not been noted. 
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1. INTRODUCTION 

Serious and Major accidents (SMA) on the 
International Scale of Nuclear and Radiological Events, 
INES (level 6 and 7 on the INES scale: Kyshtym (East 
Ural Radioactive Trace, EURT, 1957; Chernobyl, 1986; 
Fukushima, 2011) are actually the main source of 
information about biological processes in radioactively 
contaminated areas. Exposure during these most 
“significant nuclear and radiological events” (INES) is 
characterized by the scale of the damage and the 
characteristics of the post-accident biota. These features 
are manifested, in particular, in discrepancies between 
estimates of an increasing number of dose-dependent 
parameters of biota and the verified accuracy indicators 
of radiobiological experiments. Statistically significant 
signs of damage to all studied representatives of various 
taxa of the impact biota of Chernobyl (that is, hundreds 
of species of plants and animals, invertebrates, 
vertebrates, aquatic organisms) are described. The 
authors believe that morphophysiological anomalies in 
irradiated organisms from the natural environment at a 
lower dose of chronic irradiation than in the experiment 
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are a sign of increased radiosensitivity [1, 2]. Based on 
this, a hypothesis has been put forward about a reduced 
level of radioresistance in the natural environment 
compared to the control. 

This conclusion, however, seems insufficiently 
correct: 

- No direct evidence has been provided. 

- The statement that the wild nature of the 
Chernobyl zone is more radiosensitive than the biota in 
control areas contradicts the general biological 
principle of biodiversity. 

- The pattern that is well substantiated in radiation 
oncology is also violated: low radioresistance is fraught 
with cancer, high radioresistance minimizes radiogenic 
cancer [3]. Reliable cases of oncogenesis in the natural 
environment in SMA are rare. 

- Apparently, there are no analogies in nature or they 
have not been given. 

- Most of the other real problems of post-accident 
biota are not consistent with and are not explained by 
the conclusions of the hypothesis. 

http://www.rap-proceedings.org/
mailto:starichenko@ipae.uran.ru
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There is a clear incompatibility between reducing 
radioresistance and at the same time increasing survival 
rate with additional sublethal irradiation of seeds and 
rodents from the epicenter of the SMA [4, 5]. 

This conclusion is also contradicted by publications 
that appeared in the scientific literature [6] about 
permanent packs of dogs and wolves in Chernobyl, that 
do not die out from cancer in its exclusive zone, one of 
the most radioactive natural focis. This is the hope of 
human cancer protection. 

However, the hypothesis of a decrease in 
radioresistance in the natural environment is currently 
the only discussed general theory of bioprocesses in the 
territory of the SMA. Therefore, its refutation (or 
confirmation) is necessary. The reason for its apparent 
indisputability is the observations of anomalies. This 
phenomenon has been observed repeatedly, including 
by us [7, 8]. 

It would be logical to refuse to recognize the 
presence of morphophysiological anomalies in 
organisms of irradiated biota as a criterion for 
radioresistance. It seems more likely that the increase in 
the frequency of anomalies is attributable to signs of an 
overcoming catastrophe caused by the SMA. But for this 
it is necessary to show that the potential biological 
danger of SMA is many times underestimated. 
However, from the well-documented data on the dose-
dependence of bioeffects [9], it is obvious that the dose 
load characteristic of SMA is not capable of itself leading 
to the lesions observed in impacted biota. Obviously, the 
point is a synergy of factors that dramatically enhance 
the effect. The changes in effects observed with complex 
exposure compared to their arithmetic sum are well 
known. A radiation dose effect an order of magnitude 
higher than that observed under real SMA conditions 
can be achieved with a corresponding increase in the 
mutagenicity effect. 

Goal of the work: To substantiate the hypothesis of 
the potential threat of extinction of biota due to the 
synergy of acute–subacute and chronic irradiation of 
SMA and its consequences. 

2. MATERIALS AND METHODS 

The results of field studies were obtained on 
9 species of rodents of the East Ural Radiation Trace 
(EURT), living in areas with a contamination density of 
90Sr of 18.5 and 37 MBq/m2 (500, 1000 Ci/km2 – the 
epicenter of EURT) and 74–3700 kBq/m2  
(2–100 Ci/km2 – the periphery of the EURT), as well as 
in control territories with a contamination density of 
7.4–74 kBq/m2 (0.2–2 Ci/km2), located at a distance of 
0.5–4 km from the EURT border, as well as in areas 
outside the zone VURSA. The main dose-forming 
radionuclides at EURT are β-emitters 90Sr and the 
daughter 90Y and β-γ emitter 137Cs (its specific activity 
in soil is two orders of magnitude lower than 90Sr + 90Y). 

Laboratory studies were carried out on strains of 
inbred mice (CBA, BALB/c and BC). We assessed the 
hereditary component of variability (intrafamilial 
correlation, R) in the metabolism of bone-seeking toxic 
substances – 90Sr (single administration) and stable 
fluorine (chronic intake) in comparison with the 
correlation of morphological characteristics, the 
hereditary condition of the development of which is 
known. The assessment was carried out while 
controlling the effects of sex, age and strains affiliation 

of animals, as well as the conditions of their 
development and litter size [10, 11]. 

Determination of specific activity of 90Sr and 
fluorine concentration (F–) in bone tissue – according to 
laboratory methods [12, 13]. 

Statistical data processing was performed using a 
package of licensed programs Microsoft Excel 2002 and 
Statistica 6.0 (StatSoft Inc.). 

3. RESULTS AND DISCUSSION 

Analysis of the processes of damage and protective-
adaptive reactivity in irradiated biota allows us to 
characterize the features of the interaction of factors of 
various processes and the role of their synergy. 

3.1. Factors of defeat 

Two-phase irradiation of SMA: 1st phase – 
acute/subacute emergency sublethal irradiation, 2nd 
phase – long-term (centuries) chronic as a result of 
radioactive fallout on the soil and vegetation cover. 

The specific sequence of SMA irradiation is an 
example of a synergy that is not usually taken into 
account. A clear demonstration of its role is a 
comparison of the damage to the natural environment 
after the nuclear bombing of Japan (1945) and in a 
single nuclear test (Totsk, 1954), as well as the effects of 
other irradiation options. Thus, in Hiroshima and 
Nagasaki, the phase of acute exposure was reproduced 
(high-altitude explosion, minimal radioactive 
contamination). The damage to the natural 
environment is not discussed in the scientific literature. 
In Totsk, both phases were reproduced (an explosion at 
an altitude of 300 m above ground level, which resulted 
in the formation of radioactivity induced by nuclear 
radiation in the soil and dust cloud). The level of soil 
contamination is comparable to the periphery of the 
EURT. Damage to the natural environment closely 
models SMA [14]. The picture of the increasing 
radiation impact on biota during nuclear tests over time 
does not differ from the predictable one. 

Factors of physical dual (acute/subacute and 
chronic) radiation ionizing injury are primary. 

The radiation effect at the molecular level is carried 
out by secondary physical and chemical factors of direct 
and indirect influence: 

- direct damage – transfer of radiation energy 
directly to the affected molecular structure; 

- indirect damage by hydrolysis products (ROS and 
RNS, reactive oxygen and nitrogen species). They 
produce single and double DNA breaks and other 
damage. 

Four biogenic factors arising during irradiation are 
secondary: 

- DNA damage (mutagenesis and activation of 
selection); 

- morphophysiological and reproductive radiation 
injuries; 

- a sharp reduction in the habitat area and increase 
number of fragments of irradiated populations, from 
which new impact populations are formed; 

- a significant increase in the frequency of genetic 
drift occurring in small populations in each of the taxa 
of the impact biota. 
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The most important features of damage and reactive 
defense in SMA have been described repeatedly. But the 
probabilities of extinction of the SMA impact biota, 
apparently, have not been discussed in the scientific 
literature. 

We believe that the complex of damage and 
protection of SMA biota is due to the long-term threat 
of mutagenesis. However, its complexity seems 
excessive to protect the ecosystem from the relatively 
low risk of individual mutations. But genetic drift that 
occurs in small populations is harmful [15, 16]. 
Extinction is accelerated by increased genetic drift and 
weakened selection. Random events can affect the 
survival of a small population. Mutations introduce new 
alleles, some of which lead to reproductive disorders. 
Populations are gradually becoming more vulnerable to 
environmental pressures. The risk of harmful mutations 
increases. Against this background, the multiplication 
of attempts at multidirectional selection aggravates 
depression. 

Thus, populations – the units of evolution – are the 
main target of the SMA. Probably, such populations 
died out more than once until natural selection 
consolidated a specialized radio-adaptive program, 
which included epigenetic mechanisms of protection 
against products of increased mutagenesis. 

3.2. Radioadaptation factors in SMA 

Protective-adaptive reactivity is adequate to the 
potential lethal risk of radiation damage. It clearly 
meets the main criteria: preservation of structural and 
functional integrity and pre-accident territorial 
location. However, its signs are ambiguous, distributed 
and expressed extremely unevenly and often not 
obvious. 

Recent review works [4, 5] do not doubt radio 
adaptation. In the work [17], radioadaptation in SMA is 
considered as a consequence of the high radioactive 
background in the history of evolution. The authors are 
interested in evolutionary genetic adaptations that arise 
when the frequency of existing “protective” alleles 
increases or are formed de novo as a result of mutations. 
However, they are extremely rare against the 
background of mass material for natural selection. At 
the same time, the authors do not reject the current role 
of physiological adaptation, which includes epigenetics. 
The works [18] provide examples of radio adaptation of 
a wide range of animal and plant species. 

Using the example of describing a butterfly from 
Fukushima [19] and a pine tree from Chernobyl [5] as 
indicators, in our work we rely on data on EURT 
rodents. We have described perfect and imperfect forms 
of radio adaptation [7, 8, 20, 21]. The beginning of 
studies of radio adaptation in rodents at EURT dates 
back to the 1970s, but we called it “imperfect” when in 
the 2000s we became acquainted with “perfect” in the 
northern mole vole (Ellobius talpinus Pall., 1770) from 
an underground colony at the epicenter of EURT. With 
an absorbed dose of 2 Gy/year and 12 Gy over a 6-year 
life, no pathological changes were found in her. For 
example, the cytogenetics of peripheral blood and bone 
marrow is without any peculiarities, while the absorbed 
dose, which is almost an order of magnitude lower, in 
rodents living on the surface of less contaminated areas 
manifests itself as stable shifts. A physiological sign of 
perfect adaptation is the background level of oxygen 
absorption compared to hypooxygenia characteristic of 

the imperfect form [22]. The most significant deviations 
(adaptive, but not pathological) are phenetic signs of 
epigenetic modification and complete isolation of the 
colony, established by the absence of immigrants 
significantly different in the level of 90Sr [23]. This is an 
indication of a transition to a change in characteristic 
behavioral attributes, first of all, the cessation of a very 
high, up to 70% per year and higher, migration 
exchange of individuals of individual age strata with 
neighboring colonies [24] and living in complete 
isolation. 

With imperfect radio adaptation, moderate isolation 
is necessary and sufficient for its development – less 
than 10% [25]. In work with our participation [26], the 
migration rate of the small wood mouse (Sylvaemus 
uralensis Pall., 1811) was estimated at 7 and 15% per 
year (for underyearlings and overwintered individuals, 
respectively). The average period for half-replacing the 
exposed population with migrants from 
uncontaminated areas is 8 years. 

Adaptive traits are constantly accompanied by 
various anomalies. In many works, the detected 
anomalies are identified with pathology. This is true, for 
example, in cases of deformities, cataracts or aspermia. 
On the contrary, a moderate decrease in immunity in 
rodents cannot be considered an exclusively negative 
phenomenon, if we focus on the survival of the 
population and not the individual. Weakening of the 
immune control of the antigenic status of the gestating 
offspring leads to a decrease in embryonic death, an 
increase in litters and maintenance of the number at the 
control level or higher due to non–eliminated inferior 
individuals. This reproduction strategy during radiation 
damage is similar to that described by us for pike from 
a radiation reservoir near EURT [27]. The number of 
hatched eggs and prelarvae with pronounced anomalies 
increases. But the numbers of observed populations of 
rodents and fish have remained at the same level for 
decades. 

3.3. On the role of epigenetics and some molecular 
mechanisms in SMA 

It is not possible to reproduce radio adaptation in 
experiments [28]. However, this is a common 
occurrence in the natural environment of the SMA. 
There are sufficient grounds to assert that this is 
associated with epigenetic modification of probably the 
entire irradiated biota. Indeed, epigenetics has been 
described in EURT rodents [29], in Chernobyl pine 
[30], and later on other objects. 

Mechanisms of epigenetics include DNA 
methylation, histone modification, and noncoding RNA 
action. Biochemical epigenetic processes in rodents are 
associated with the formation of alternative threshold 
microstructures (signs) in bone tissue, the variability of 
which indicates the epigenetic status of the animal and 
the population [31, 32]. The “recording” of information 
in bone structures appears in the developing bone tissue 
and obviously reflects a stage of more intense tension in 
epigenetics. Thus, at EURT and in Totsk, epigenetics is 
expressed, while after a natural disaster (windstorm and 
forest fire) the indicators are at the control level. 

It is expected that with a decrease in the dose of 
chronic radiation, all symptoms of damage, including 
the mutagenic effect, will decrease in direct proportion. 
Then a special approach requires the interpretation of 
an increase in the frequency of mutations per unit dose 



N.M. Lyubashevsky & V.I. Starichenko, Post–accident biota..., RAP Conf. Proc., vol. 9, 2024, 114–120 
 

 117 

with a decrease in dose and radiation dose rate [4]. 
Perhaps this is how the restriction of the functional role 
of DNA manifests itself according to the gene silencing 
type, i.e. manifestation of the increased role of 
epigenetic mechanisms. This may be a condition that 
ensures radioadaptation in the natural environment. 

One of the keys to the mechanisms of 
radioadaptation seems to be a well-known paradox: 
acute irradiation reveals adaptation to chronic 
irradiation, but additional chronic irradiation does not. 
The test detects radioresistance by the reaction to 
additional acute radiation. 

The dynamics of increasing radioresistance of 
populations over a number of generations was traced in 
the 70s-80s of the 20th century at EURT and in the 80s-
90s in Chernobyl [33, 34]. In addition to the general 
increase in life expectancy after a single irradiation, the 
number of survivors in the impact group increased, 
equaling or even exceeding the lifespan of intact 
vivarium animals. The results we obtained at EURT are 
consistent with those described [35]. In contrast, with 
chronic exposure to repeated injections of 90Sr, 
extinction occurs almost simultaneously (Fig. 1) [27]. 

 

Figure 1. Comparative mortality with control during  
chronic irradiation of pygmy wood mouse from the  

territory of the head part of EURT [27]. 

We explain the phenomenon by the fact that the 
main adaptive mechanism of the cell is the presence of 
a reserve of bioantioxidants and their rapid production 
if necessary. When an acute high dose of gamma 
radiation is applied, the adapted cell meets it with a 
large amount of rapidly renewable antioxidants; 
unadapted – has no reserves and does not have time to 
accumulate them. Under the influence of chronic 
irradiation of increased power, at each moment (or in 
each period of time of its total duration), the irradiation 
power is not so high that even the antioxidants of non-
adapted cells cannot cope with it - therefore they die out 
at the same time. But at a lethal dose, the adapted 
organism will still die – but later, from the inability to 
repair DNA. 

It has been shown that radioresistance to acute and 
chronic ionizing radiation are different processes. 
During chronic irradiation, two DNA protection factors 
are active: neutralization of oxidizing agents and 
accelerated restoration of its damaged sites. 
Improvement in both processes may be associated with 
adaptation to radio radiation. But acute radiation 
obviously disrupts, rather than accelerates, DNA repair. 
Accelerated synthesis and increased supply of 
bioantioxidants lead to success. And, therefore, the 
mechanism of radioadaptation is predominantly 

antioxidant. This is in good agreement with the 
therapeutic role of antioxidants in chronic radiation 
injury. Bioantioxidants, for example, glutathione, 
provide radioadaptation in birds; increased levels of 
antioxidants in Chernobyl bank vole skin fibroblasts 
increase their radioresistance, resistance to oxidative 
stress, and lower sensitivity to apoptosis [18]. 

3.4. Maternal effect and radio adaptation 

One of the leading mechanisms of radioadaptation 
in the post-accident biota of the SMA is the maternal 
effect, which affects the fitness of the offspring to the 
environment [36]. The maternal effect manifests itself 
at all stages of gametogenesis, conception, gestation, 
childbirth itself, lactation, growth and maturation. It is 
associated with both maternal mitochondrial 
inheritance (paternal mitochondria are destroyed) and 
epigenetics and radioadaptation. 

In the EURT territory, as shown [37], males 
predominantly migrate, replacing natives. In another 
work [34], after three generations of isolation of wood 
mouse (Apodemus sylvaticus) from a radioactive 
environment with complete cleansing of the body from 
90Sr, hybrids were obtained from mothers with EURT 
and male control mice. These hybrids turned out to be 
significantly more resistant to the survival test after 
additional lethal irradiation than hybrids from an 
experimental male and a control female. This is a typical 
positive maternal effect. Consequently, it serves as one 
of the prominent mechanisms for maintaining 
radioadaptation. To a certain extent, thanks to radio 
adaptation, the offspring retain the mother’s 
predominantly sedentary lifestyle. 

Individual differences in mineral metabolism and 
maternal diets and the associated accumulation of 90Sr 
in the skeleton, that is, the dose load of internal 
radiation, require special attention. The maternal effect 
plays a significant role in their regulation. Studies in the 
natural environment and in experiment have shown the 
inheritance of the metabolism of bone-seeking 
radionuclides (in particular, 90Sr), which accumulates in 
bone tissue and acts as a long-term source of internal 
radiation. Thus, in the northern mole vole (Ellobius 
talpinus Pall., 1770), living in the EURT territory, 
significant interfamily differences in 90Sr deposition 
were found (Fig. 2) [23]. 

 

Figure 2. Specific activity of 90Sr in the bone tissue of northern 
mole voles (n = 60) from the EURT epicenter (density of 90Sr 

contamination – 37 MBq/m2 or 1000 Ci/km2) [23]. 
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The hereditary dependence of 90Sr accumulation in 
the litters of different female strains mice CBA 
(intrafamilial correlation coefficient R = 0.4–0.5;  
p <0.001) was also revealed in a number of laboratory 
experiments [10, 11, 38]. Similar results were obtained 
for bone-seeking F– in an experiment on mice of the 
CBA, BALB/c and BC strains with a significant absence 
of interstrain differences. The correlation of 90Sr and F– 
accumulation coincides with the reference correlation of 
morphological characters (Table). In the context of the 
topic of this publication, inclusion in the consideration 
of the metabolic features of the non-radioactive (stable), 
“weighty” (versus “weightless” radionuclides) non-
metal anion is justified. Close analogies of the 
metabolism of F– and 90Sr indicate that all bone-seeking 
radionuclides, including radioisotopes of lanthanides 
and actinides that have not been studied in this regard, 
including Ra, Pu, U and others, must obey the identified 
pattern. 

Table 1. Coefficients of intrafamilial correlation (R) between 
different test parameters recorded in experiments on the 

kinetics of 90Sr and F– in inbred mouse strains 

R 
Source 

90Sr F– Body weight Femur weight 
0.513 – 0.391 0.443 [10] 

0.542 – 0.546 0.532 [11] 
– 0.417 0.455 0.478 [10] 

 

Genetically homogeneous strains animals differ 
from each other only in maternal nutrition during 
gestation and subsequent milk feeding and care. These 
same factors distinguish mice of the same litter from 
litters of other females of the same strain kept under the 
same conditions, which lead to different accumulations 
of 90Sr and F–. The idea of the epigenetic nature of 
inheritance of 90Sr and F– deposition is supported by 
literature data [39]. In particular, they indicate that 
females transmit biochemical signals to their offspring 
from the moment of implantation until the end of milk 
feeding, thus modulating its development. The same is 
confirmed by a body of work on the influence of 
maternal nutrition on epigenetic marks [40]. 

From the presented materials it follows that the 
maternal effect takes part in maintaining a stable level 
of internal exposure to 90Sr and other bone-seeking 
radionuclides in the body of mammals in contaminated 
areas. At the same time, the flow of unadapted genetic 
material carried by “pure” immigrants does not weaken, 
but even strengthens radio adaptation, that is, the 
maternal effect is one of the noticeable mechanisms of 
its maintenance. 

4. CONCLUSION 

The study confirms the hypothesis about the 
potential risk of mortality in biota from the synergistic 
effect of acute/subacute and chronic radiation exposure 
in Major and Serious accidents. The threat of mortality 
was overcome by the synergistic action of protective and 
adaptive factors at all levels of biota organization. 
During the long (century) period of restoration of the 
affected biota to the state preceding the accident, 
multiple minor anomalies are detected. It is necessary 
to recognize their inevitability and temporary nature as 
a consequence of imperfect radioadaptation in a 
dynamically changing radiation environment. It has 

been shown that epigenetics plays a crucial role in 
ensuring the effectiveness and reversibility of recovery 
processes. Blocking the risks of long-term mutagenesis, 
which is carcinogenic and dangerous to humans, as well 
as other successful environmental recovery 
mechanisms should be considered as valuable lessons 
from radiation accidents. 
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