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What are the patterns of radiation effects on the structure, What are the patterns of radiation effects on the structure, 
function, and development of natural communities?function, and development of natural communities?  
 Nuclear weapons testingNuclear weapons testing
 Experiments with external irradiation of ecosystemsExperiments with external irradiation of ecosystems
 Heavy radiation accidentsHeavy radiation accidents

G. Woodwell. Science. 1967. V. 156. P. 461-470

The typical reactions of phytocenosis to irradiation The typical reactions of phytocenosis to irradiation 
are reduction in species diversity, changes in are reduction in species diversity, changes in 

species dominance, reduction in productivity and species dominance, reduction in productivity and 
changes in a community structurechanges in a community structure  



Classification of ecosystems on Classification of ecosystems on 

radiosensitivityradiosensitivity  ((AlexakhinAlexakhin, 1982), 1982)

Type of ecosystems The extent of damage at a dose, Gy

Low Medium Heavy

Agricultural crops 2 >2 -

Pine forest 2 2-20 >20

Deciduous forest 2 2-100 >100

Meadow phytocoenosis 20 20-200 >200

Abandoned field 40 40-70 >70



External exposureExternal exposure  Radiation accidentRadiation accident  

SSource ource of of 
irirradiation radiation 

PPoint sourceoint source  DDistributed sourceistributed source  

Type of Type of 
radiationradiation  

γ γ or neutronsor neutrons  α, β, γ α, β, γ in different combinationsin different combinations

Type of Type of 
irradiationirradiation  

ExternalExternal  External and internalExternal and internal

Distribution of Distribution of 
the absorbed the absorbed 
doses in doses in 
ecosystemecosystem

Relatively uniform. Relatively uniform. 
Dose decreases Dose decreases 
with distance from with distance from 
the sourcethe source

EExtremely heterogeneousxtremely heterogeneous

Dose Dose 
distribution distribution 
over timeover time

UniformUniform  Intensive short-term, followed by a slow Intensive short-term, followed by a slow 
decline in chronic dose rate.decline in chronic dose rate.  Redistribution Redistribution 
of radiation exposure in the ecosystem of radiation exposure in the ecosystem 
components due to the migration of components due to the migration of 
radionuclidesradionuclides

Why the results of experiments with external irradiation cannot be usedWhy the results of experiments with external irradiation cannot be used  for for 
explanation of situations related to the accidental release of radionuclides?explanation of situations related to the accidental release of radionuclides?



A COMPARATIVE ASSESSMENT OF RADIATION 
IMPACTS ON BIOTA AND HUMANS 

Fesenko et al. J. Env. Rad. 2005. V. 80. p. 1-25

DoseDose, , GyGy 1986 1986

PinePine 3.73.7

Meadow grassMeadow grass 1515

CropsCrops 88

CattleCattle 1.6 (150)1.6 (150)

RodentsRodents 0.60.6

InvertebratesInvertebrates 4.64.6

PhytoplanktonPhytoplankton 0.060.06

ZooplanktonZooplankton 0.180.18

ZoobenthosZoobenthos 0.70.7

FishesFishes 0.40.4

ManMan 0.3 (4.5)0.3 (4.5)

In this radioecological situation a man is 
obviously can’t be considered as the most 

exposed component of the ecosystem 



A comparative assessment of radiation impacts on biota and a man in case 
of contamination with the decay chain of 238U and 235U (Spirin et al., 2013)

Dbiota/Dman 
238U 235U

Soil biota 10 - 45 100 - 480

Plants 0.4 - 10 3 - 20

Mammals 0.7 -5 10



Forest ecosystems are the most sensitive to radiation Forest ecosystems are the most sensitive to radiation 
exposureexposure

Radiation damage to coniferous forests in the vicinity of the Chernobyl NPP



Dose ranges that result in 100% mortality in various taxonomic groupsDose ranges that result in 100% mortality in various taxonomic groups

                                                                                  Whicker, Schultz, 1982Whicker, Schultz, 1982  

Differences in the radiosensitivity of different taxa create the backgrounds for Differences in the radiosensitivity of different taxa create the backgrounds for 
the secondary radiation effectsthe secondary radiation effects



Secondary radiation effects are associated with the Secondary radiation effects are associated with the 
disruption of ecological relationships in an ecosystemdisruption of ecological relationships in an ecosystem

 Suppression of Suppression of 
radiosensitive species and radiosensitive species and 
intensive development of intensive development of 
radioresistant speciesradioresistant species..

 A large amount of organic A large amount of organic 
residues leads to increase residues leads to increase 
in the number of insect in the number of insect 
pests.pests. 



Radiation effects in meadow phytocenoses Radiation effects in meadow phytocenoses 
(Yanov, near ChNPP, 1987) (Yanov, near ChNPP, 1987) (Smirnov, Suvorova, 1996)(Smirnov, Suvorova, 1996)

Exclusion of radiosensitive species attenuates 
competition for others

– ■ –    total number of plants per m2

– × –    number of Agrostis  syreistschikowii per m2

–▲–    number of Calamagrostis epigeios per m2

– ♦ –    number of plant species per 100 m2

D+15 – dose rates were measured on 15th day 

after the accident



Effect of radioactive contamination (90Sr, the Southern 
Urals) of the birch forest on gypsy moth populations and 

their parasite tahinid flies (Krivolutsky et al., 1988)

– ▲ –     survival rate of gypsy moth caterpillars, 
relative units
– ∆ –      infestation of gypsy moth caterpillars by 
tahinid flies, relative units



Ecological factors can be more important than Ecological factors can be more important than 
radiationradiation



Comparison of species radiosensitivity: 
external exposure versus field observations

Garnier-Laplace et al. J Environmental Radioactivity. 2013. V. 121. 12-21



What are the reasons for discrepancy between 
external exposure and field studies?

External exposure Radiation accidents 

Usually conducted under 
optimal conditions 

Conditions are seldom optimal. 
Many complex confounding factors 
and indirect effects exist 

An accurate assessment of 
doses are available 

The lack of robust dosimetry 

Are generally limited in 
the duration of exposure 

Wildlife is generally exposed across 
generations 

The absorbed doses may be much higher in the 
field than in external exposure experiments



Effect of radiation exposure on host-
pathogen relationships 

Dmitriev et al. Rus. J. Plant Physiol. 2011. V. 58. 1062-1068



Examples of radio-adaptation in Scots Examples of radio-adaptation in Scots 
pine and bank vole populationspine and bank vole populations

Radioresistance of pine seeds from 
populations inhabiting contrasted in 
the level of radioactive contamination 
sites within the Chernobyl NPP zone, 
1997 (Fedotov et al., 2006)

Changes in life expectancy of irradiated (14 
Gy) bank voles from contrasted in the 
levels of radioactive contamination sites 
within the Chernobyl NPP zone (Ilyenko, 
Krapivko, 1998)



Examples of lack of radio-adaptation in Examples of lack of radio-adaptation in 
plant populationsplant populations
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Geras’kin et al. Ecotoxicology. 2011. V. 20. 
1195-1208

Geras’kin et al. J. Env. Radioactivity. 
2012. V. 104. 55-63

Crested hairgrass seeds from the 
Semipalatinsk Test Site 
γ-exposure: 2005, 2006 - 69 Gy at 
2790 Gy/h; 2007- 50 Gy at 39 Gy/h )

Pine seeds from the Bryansk region 
(γ-exposure: 15 Gy at 36 Gy/h )



Why sometimesWhy sometimes  we fwe fail to detect any signs of rail to detect any signs of radio-adio-
adaptation in plant populations?adaptation in plant populations?

 Increased fitness in unfavorable environment is associated with Increased fitness in unfavorable environment is associated with 
decreased fitness in favorable environment. As a result, there are decreased fitness in favorable environment. As a result, there are 
situations situations whenwhen enhanced radioresistance  enhanced radioresistance doesdoes not evolved or  not evolved or 
doesdoes not persisted  not persisted 

 IIn situations where radio-adaptation is observed n situations where radio-adaptation is observed forfor one species one species,,  
often none is found in otheroften none is found in others s despite equivalent opportunitydespite equivalent opportunity

 The response of a population to radiation exposure depends The response of a population to radiation exposure depends 
both on the type of organism and on the biophysical both on the type of organism and on the biophysical 
characteristics of the radiationcharacteristics of the radiation    



Geras’kin et al. Ecotoxicology. 2011. V. 20. p. 1195-1208; 
Geras’kin, Volkova. Science Total Environment. 2014. V. 
496. p. 317-327

Bryansk region, Russia 2003-2014Scots pine Pinus sylvestris L.

High mutation rates is intrinsic for 
progeny of the affected pine trees, and 

genetic diversity is essentially 
influenced by radiation exposure 



Geras’kin et al. Ecotoxicology. 2011. V. 20. 1195-1208

Could the revealed high mutation rates have any effect on Could the revealed high mutation rates have any effect on 

the population fitness?the population fitness?  



Are there any Are there any relationship relationship between rbetween reproductiveeproductive ability a ability annd d 

weather conditionsweather conditions??  

Geras’kin et al. Radiation Biology. 
Radioecology. 2015. V. 55. p. 539-547 (in 
Russian) 



CONCLUSIONSCONCLUSIONS

 To properly understand the effect of real-world To properly understand the effect of real-world 
contaminant exposures, we should consider contaminant exposures, we should consider 
actual field conditions. actual field conditions. 

 The use of the ecological knowledge is essential The use of the ecological knowledge is essential 
for understanding the responses of populations for understanding the responses of populations 
and ecosystems to radiation exposure. and ecosystems to radiation exposure. 



That’s all!That’s all!


