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Chernobyl Research Initiative
• Began in 2000 by T.A. Mousseau and A.P. Møller

St di f t l l ti f bi d i t i b• Studies of natural populations of birds, insects, microbes 
and plants.

• Studies of the Children of the Narodichesky region of• Studies of the Children of the Narodichesky region of 
Ukraine.

• As evolutionary biologists, mainly interested in documentingAs evolutionary biologists, mainly interested in documenting 
adaptation and impacts of elevated mutation rates on 
population processes.



Scientific Publications by the Chernobyl Research Initiative (Moller, Mousseau, et al.) since 2001:
http://cricket.biol.sc.edu/chernobyl/
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Major Findings from studies of Wildlife in Chernobyl and Fukushima:

1) Most organisms studied show significantly increased rates of genetic 
damage in direct proportion to the level of exposure to radioactive 
contaminants

2) Many organisms show increased rates of deformities and developmental 
abnormalities in direct proportion to contamination levels

3) Many organisms show reduced fertility rates…..
4) Many organisms show reduced life spans……
5) Many organisms show reduced population sizes…..
6) Biodiversity is significantly decreased……  many species locally extinct.
7) M t ti d f ti t th t d h i7) Mutations are passed from one generation to the next, and show signs 

of accumulating over time.
8) Mutations are migrating out of affected areas into populations that are 

not exposed (i e population bystander effects)not exposed (i.e. population bystander effects).



Animal Models – Provide Clues to Human Populations
Birds don’t usually drink smoke or get depressed!Birds don t usually drink, smoke or get depressed!

The Barn Swallow,
Hi d tiHirundo rustica

Phylopatric



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? (i.e. teratology).

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

) f ?disease). Is there evidence for adaptation?

• Are there effects on population abundances and 
biodiversity?

• Are there ecosystem consequences?



Massively Replicated Biotic Inventories 
(700 in Fukushima 896 in Chernobyl)(700 in Fukushima, 896 in Chernobyl)

+
Measures of Multiple Environmental VariablesMeasures 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



896 bird and insect 
surveys from 
locations in Ukraine 
and Belarus

Control Populations:

- Italy (Milan)y ( )
- Spain (Badajoz)
- Denmark (Aalborg)
- Ukraine (Borispil)





Surveys of birds 
and insects fromand insects from 
400 discrete 
locations, 700 
inventories in totalinventories in total 
to date.

30km



“Radioactive Robin” with Jeremy Wade and Tim Mousseau near Chernobyl cooling pond.





“TLD” dosimeters to measure 
external radiation dose received by 
bird is attached to bird leg band.

3.8 x 3.8 x 0.8 mm







662 keV



Activity vs Environmental Measurements

N = 279; slope = 0.57 (0.03 SE); 
t 15 52; P < 0 0001; R2 0 47

June
N = 307; slope = 0.63 (0.03 SE); 
t 18 66; P < 0 0001; R2 0 53

May

t278 = 15.52; P < 0.0001; R2 = 0.47t306 = 18.66; P < 0.0001; R2 = 0.53



External Dose Correlates with Radiation at First 
Capture

This is where mostThis is where most 
Radioecology studies end….

N = 75; slope = 0.016 (0.001 SE); 
t74 = 16.42; P < 0.0001; R2 = 0.79



The UN Chernobyl Forum Report 
(IAEA 2006: p137):(IAEA, 2006: p137):

“. . . the populations of many plants and animals have 
expanded, and the present environmental conditions have 
had a positive impact on the biota in the Chernobyl 
Exclusion Zone.”Exclusion Zone.

Human morbidities primarily the result of psychological 
tstress….
But:  

No quantitative data in support of this position and it avoids the 
primary question of whether or not there are injuries to 
populations and the ecosystem as a result of radioactive popu at o s a d t e ecosyste as a esu t o ad oact e
contaminants.





Chernobyl in Recovery?
The return of plants, animals and 

l i th th tpeople give the appearance that 
health and environmental 
consequences of radioactive 
contaminants are negligible.g g

Is this correct?Is this correct? 
In 2005, no data available to accept 
or refute this hypothesisor refute this hypothesis.





Abundance of birds depressed by 
h 66%more than 66%

Micro Sv / hr        .       

Moller & Mousseau. 2007. Biology Letters of the Royal Society
Moller & Mousseau. 2010. Ecological Indicators.



Biodiversity depressed by more than 50%

Long distance migrants and brightly colored birds are most affected

Micro Sv / hr        .       

Moller & Mousseau. 2007. J. Applied Ecology



Abundance of bumblebees and radiationAbundance of bumblebees and radiation

Micro Sv / hr        .       

Moller & Mousseau. 2009. Biology Letters of the Royal Society



Abundance of butterflies and radiationAbundance of butterflies and radiation

Micro Sv / hr

Moller & Mousseau. 2009. Biology Letters of the Royal Society

Micro Sv / hr        .       



Abundance of spiders and radiationAbundance of spiders and radiation

Micro Sv / hr .

Moller & Mousseau. 2009. Biology Letters of the Royal Society

Micro Sv / hr        .       



Moller and Mousseau. 2010. Ecological Indicators.
Mousseau and Moller. 2011. Bulletin of the Atomic Scientists.



Moller and Mousseau. 2010. Ecological Indicators.
Mousseau and Moller. 2011. Bulletin of the Atomic Scientists.





Interspecific interactions



Mammals show significant declines in areas of high contamination.

F=18.5, p<0.0001p

Moller and Mousseau. 2010. Ecological Indicators.
Mousseau and Moller. 2011. Bulletin of the Atomic Scientists.







Surveys of birds 
and insects fromand insects from 
400 discrete 
locations

30km



Fukushima 2011  Chernobyl 2006‐09

A.P. Møller, A. Hagiwara, S. Kasahara, S. Matsui, I. Nishiumi, H. Suzuki, K. Ueda and T. A. Mousseau. 2012. Environmental Pollution.



Can organisms evolve 
adaptations to cope with 
nuclear fallout?



0

+

0

0
0



Major Findings from studies of Wildlife in Chernobyl and Fukushima:

1) Most organisms studied show significantly increased rates of genetic 
damage in proportion to the level of exposure to radioactive 
contaminants

2) Many organisms show increased rates of deformities and developmental 
abnormalities in direct proportion to contamination levels

3) Many organisms show reduced fertility rates…..

4) M i h d d lif4) Many organisms show reduced life spans……

5) Many organisms show reduced population sizes…..

1) Biodiversity is significantly decreased……  many species locally extinct.



The UN Chernobyl Forum Report 
(IAEA 2006: p137):(IAEA, 2006: p137):

“. . . the populations of many plants and animals have 
expanded, and the present environmental conditions have 
had a positive impact on the biota in the Chernobyl 
Exclusion Zone.”Exclusion Zone.

New Results:

The question of whether or not abundances of some species (e.g. those subject to 
hunting) are higher inside the zone is moot. There is now very strong evidence that 
population abundances and biodiversity are negatively impacted in proportion topopulation abundances and biodiversity are negatively impacted in proportion to 
level of radioactive contamination levels.







What are the developmental effects of 
radiation-induced mutations?

Godzilla



Partially albinistic male swallow (on left). Swallows from Chernobyl region are 
generally much paler than swallows from other regions.

Moller & Mousseau. 2001. Evolution



Abnormal
coloration



Bent and asymmetrical tail 
feathers.



Tumor growth under beak.



D f d li D f d iDeformed lips Deformed airsac



Frequency of abnormalities in Chernobyl and elsewhere

Condition Chernobyl Ukrainian Denmark Spain ItalyCondition Chernobyl Ukrainian 

control area 

Denmark Spain Italy

Partial albinism 13.32 (112) 3.75 (20) 4.87 (204) 1.96 (11) 4.06 (65)

Aberrant coloration of plumage 0.28 (3) 0 0 0 0

Red coloration on chest 0.28 (3) 0 0 0 0

Blue coloration in red face 0.19 (2) 0 0 0 0

Deformed toes 0.76 (8) 0 0 0.18 (1) 0.06 (1)

Deformed beak 0.38 (4) 0 0 0 0

Tail feathers with non-fused barbs 0.57 (6) 0 0 0 0

Bent tail feathers 0.19 (2) 0 0 0 0

Tumours 0 66 (7) 0 0 0 0 19 (3)Tumours 0.66 (7) 0 0 0 0.19 (3)

Deformed air-sacks 0.09 (1) 0 0 0 0

Deformed eyes 0.19 (2) 0 0 0 0

N 841 534 4198 562 1601
 

A. P. Møller, T.A. Mousseau, et al., Biol. Lett. 3:414-417, 2007



Frequency of Developmental 
Abnormalities in barn swallows
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G i P jGreat tit, Parus major

Tumor around eyey



















Smaller brained 
birds die younger 
and appear toand appear to 
have lower  
“IQs”.

Moller, Mousseau, et al. 2011. PLoS One



Selection against small headsSelection against small heads

F = 9.92, df = 1,284, P = 0.0018
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(Møller et al., PLoS One 6(2):e16862, 2011)







Mutant Firebugs from 
ChernobylChernobyl
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Frequency of abnormal sperm is directly related to background radiation levels.
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Moller, Mousseau & Surai. 2005. Proc. Roy. Soc. Lond. B.



Radiation and tree ringsRadiation and tree rings



Standardized tree growth rateStandardized tree growth rate



Vast regions near the CNPP are obvious ecological disasters.

Red Forest near Chernobyl Reactor T.A.Mousseau © 2002 

Note lack of decomposition


