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放射線と樹木の生長

チェ ノブイ 事故



Scots Pine Forest  - “Normal”



Abnormal Scots pine trees (Pinus sylvestris) from Chernobyl.

Mousseau, T.A., S.M. Welch, I. Chizhevsky, O. Bondarenko, G. Milinevsky, D. Tedeschi, A. Bonisoli-Alquati, and

Møller, A.P., 2013. Tree rings reveal extent of exposure to radiation in Scots pine, Pinus sylvestris. Trees –

Structure and Function, DOI 10.1007/s00468-013 -0891-z





Firebug
Pyrrhocoris apterus

“Facemask Bug”



Mutant Firebugs from Chernobyl

Mousseau & Møller. 2013.. 





Abundance and radiation –

Fukushima Birds  2011-14

Background radiation (µSv/h)

N
o

. 
b

ir
d

s

χ2 = 241.93, P < 0.0001



Species richness and radiation -

Fukushima Birds  2011-14

Background radiation (µSv/h)
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χ2 = 100.30, P < 0.0001





Dose rate to most birds was high enough to cause significant reduction in reproduction

Fukushima 2011-14



(z = −4.06, p < 0.0001; unstandardised partial 

slope (SE) = −0.256 (0.063)
Fukushima

2011-2014



“cold” site  - < 0.6 usv/h

http://youtu.be/q6h-Mh8J_Ao



Hot Site – about 30 usv/h  - “Silent Summer”

http://youtu.be/QMsuCE97xr0



Ongoing Studies in Fukushima:

- Censuses of large mammals using camera 

traps.

- Censuses of rodents by trapping

- Censuses of birds, butterflies and moths

- Tests for effects of radiation on tree grwoth

- Tests for effects of radiation on microbial 

decomposition rates



Using Camera Traps to Assess Large 

Mammals Abundances in Fukushima 

and Chornobyl:
- 40 camera traps placed across Fukushima  Feb 2015 – Jan 2016, in areas 

from  1 to 30 µSv/h

- Highly significant reductions in abundance and diversity in more

radioactive locations

- 39 camera traps place in Chornobyl Feb 2016











There are significantly fewer large mammals in areas of high radiation. 

Radiation effects were much larger than other factors.

Mousseau & Møller. 2015. unpub.



Animals living in the wild 

are about 8 times more 

sensitive to radiation 

than preciously thought.





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 









χ2 = 77.65, df = 1, P < 0.0001

Cuckoos count the number of years you 
have left!

Radiation (µSv/h)
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(Møller et al., Ecol. Indicators 2016)



The Last Swallows of Futaba

The overwhelming consequences 

of radiation exposure are 

obvious if you look and listen.



The Effects of Radiation on Mammal 

Diversity and Abundance

• Past studies in Chornobyl have documented 

significantly reduced numbers of most 

mammals in areas of high radiation.

• Chornobyl studies were conducted by tracking 

animals from footprints in the snow and by 

large scale trapping for rodents. 



Wolf footprint in snow in Chornobyl



Wolves or Dogs?

(or hybrids?)



Most mammals show significant declines in areas of high contamination.

Moller and Mousseau. 2013. Ecological Indicators.
Mousseau and Moller. 2011. Bulletin of the Atomic Scientists.

F=18.5, p<0.0001
N = 445



Mappes, Mousseau & Moller. 2015. 



Chornobyl Vole Winter 2016 Densities (Mappes et al. unpublished)



















There are significantly fewer large mammals in areas of high radiation

Mousseau & Møller. 2015. unpub.





https://youtu.be/4Oh7keJ7f3I



https://youtu.be/vRPHMO0NVGo




