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Do nuclear accidents generate a “Garden of Eden” for wildlife? 
Lessons from the Chernobyl and Fukushima disasters  



- 438 Nuclear reactors in operation around the World 
- 65 under construction (22 in China) 
- 165 on order or planned, 325 proposed 

Nov 2015, World Nuclear Association 
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Enormous quantities of radioisotopes released as a part of normal operations. 



IPFM 2011 



How many NPP’s 
are leaking tritium? 
(>37 in USA 
reported in the last 
few years) 



Atomic Bombs at Nagasaki and Hiroshima 





UNSCEAR 2000 

1193 atmospheric 
1517 underground 
2710 total 





Chernobyl disaster – April 26, 1986 – nuclear fire burned for 10 days 
- More than 200,000 km2 significantly contaminated land or abut half the land area of Japan 



Fukushima Disaster – March 11, 2011 – more than 10,000km2  land are 
significantly contaminated, unknown impacts on the marine system. 

(36 M) 



Wheatley et al. 2015.  



Hypotheses and questions addressed: 
 
• Do low (and high) doses result in measureable, 

elevated mutation rates in natural populations? 
 

• Are there phenotypic consequences to elevated 
mutation rates?  
 

• Are there fitness consequences to elevated 
mutation rates? (i.e. survival, reproduction, or 
disease).  
 

• Is there evidence for adaptation? 
 
• Are there effects on population abundances and 

biodiversity? 
 

• Are there ecosystem consequences? 



How do we know the radiation 
dose received by an animal? 



“TLD” dosimeters to 
measure external radiation 
dose. 



Gamma radiation spectrometry in the field is used to determine internal dose to birds and 
rodents without hurting them. 



 
• T.A. Mousseau (South Carolina) and A.P. Møller (France) – first field 

expedition together in 2000. 
 
• Research in Fukushima beginning July 2011 

 
• Studies of natural populations of birds, insects, microbes, 

mammals, and plants. 
 
• More than 35 research expeditions to Chernobyl, and 14 

expeditions to Fukushima. 
 

• More than 80 scientific publications related to low-dose radiation 
effects (Most available at http://cricket.biol.sc.edu) 
 

• We are independent evolutionary biologists; our primary interest 
is in documenting adaptation and impacts of elevated mutation 
rates on population processes. We are not activists. 
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Chernobyl: Radiation and Mutation, a Meta-Analysis 

A. P. Møller, T. A. Mousseau. 2015. Strong effects of ionizing radiation on mutation rates from Chernobyl. Nature Scientific Reports .  

E = 0.67; 95% CI 0.59 to 0.73; N = 151 
 
R2 = 0.44  



Citation: Møller AP, Bonisoli-Alquati A, Mousseau TA, Rudolfsen G (2014) Aspermy, Sperm Quality and 
Radiation in Chernobyl Birds. PLoS ONE 9(6): e100296. doi:10.1371/journal.pone.0100296 



Proportion of male birds with no sperm 
Or only dead sperm in Chernobyl. 

Moller, Rudolfsen, Bonisoli-Alquati, & Mousseau. 2014.  
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287 males from 38 species – R2 = 43% 
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Tumor around eye 

Great tit, Parus major 







Tumors and other developmental abnormalities 

Møller, A.P., A. Bonisoli-Alquati, and T.A. Mousseau. 2013. High frequencies of albinism 
and tumors in free-living birds at Chernobyl. Mutation Research.  
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albinism and tumors in free-
living birds at Chernobyl. 
Mutation Research.  
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N = 1669 

Chernobyl Birds Have Significantly Higher Rates of Tumors 

= 15/1000 

Chernobyl Denmark 
N = 35,578 
0 cases of  
tumors 









Mousseau, T.A., and A.P. 
Møller. 2013. Elevated 
frequencies of cataracts in 
birds from Chernobyl. PLoS 
ONE. 

Chernobyl 
Birds 

N = 1111 

                                                                         
 









p < 0.001 

Rodents from Chernobyl and Fukushima show smaller brains in radioactive areas 



Population and Ecosystem 
Consequences of Injuries to Individuals  



- 896 bird and insect 
surveys at about 
300 locations in 
Ukraine and Belarus 
 
 
Additional Control 
Populations: 
 
- Italy (Milan) 
- Spain (Badajoz) 
- Denmark (Aalborg) 
- Ukraine  
 
 

Most of our research includes areas of the highest contamination in addition to control 
areas.   Patchiness of deposition permits disentanglement of radiation, distance from 
source, and other environmental factors that influence abundance and biodiversity. 



Surveys of birds 
and insects from 
400 discrete 
locations, 1500 
inventories in total 
to date. 



Massively Replicated Biotic Inventories  
(1500 in Fukushima, 896 in Chernobyl) 

+ 
Measures of Multiple Environmental Variables  
(e.g. meteorology, hydrology, geology, plant community, Habitat type,  

land use history, plant coverage amount and type, altitude,  
meteorological conditions, time, date, distance to nearest water source, etc)  

+ 
Field Measures of Residential Radiation Levels 

+ 
GIS 
+ 

Multivariate Statistics 

= 
Predictive Models of Radiation Effects on Populations 


