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A long time ago (well 31 years) in a land which no longer exists (the 

USSR) there was a …….



A long time ago (well 31 years) in a land which no longer exists (the 

USSR) there was a …….



And then ….. somebody …….





• Releases of radioactivity over 
10 days

• 116,000 people and 60,000 
cattle evacuated (initially)

• Creating the Chernobyl 
Exclusion Zone 3,500 km2



Chernobyl now
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1993

‘Re-wilding’

2013



Chernobyl now – Pripyat Town



Chernobyl now – villages



Dose rates now
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What is the debate?



Effects at Chernobyl

v’s

BBC website



Will look at results for different organism 

types



Mammals
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Baker, Chesser, Rodgers, Meeks et al. 

USA

Mostly small mammal work

Important conclusions (our selection):



Baker, Chesser, Rodgers, Meeks et 

al. USA

• Contaminated sites greater genetic diversity 

(2001), but: mutation or immigration?

– Can’t say and no significant detrimental effects

• Genetic diversity in Ukraine (bank vole) is 

‘widely variable’ (2009), but:

– contaminated areas no different

– no support for a ‘Chernobyl effect’

• Baker et al. 2009 ‘high levels of genetic 

variation’ …. later withdrawn after new analyses



Baker, Chesser, Rodgers, Meeks et 

al. USA

• No reduced small mammal abundance/diversity 
in CEZ

• No aberrant morphological features

• No gross chromosomal re-arrangements

• Introduced ‘naive’ bank voles to CEZ (36 mG/d)
– No increase in micronucleus frequency

– No evidence of development of radioresistance (but 
only 30 d study?)

• ‘Beautiful theories (there’d be a radiation effect) 
destroyed by ugly facts’ [Growing up with 
Chernobyl Chesser & Baker 2006]



Study of mammals, Ukraine

Moller and Mousseau, 2013

161 x 100m snow tracks

c. 16 km total over 1.5 day

Separation of transects of 50-500 m



Mammals

Moller & Mousseau 2013

(p < 0.0001; R2=0.31)

Dose meter measurement at ground level 

(2-3 measurements per transect?)

12 species



Mammals

Moller & Mousseau 2013

Dose meter measurement at ground level 

(2-3 measurements per transect?)

(p < 0.0001; R2=0.31)



•An influential observation added to the data 
in the scatterplot on the left is shown on the 
right.



•Is there a relationship- is it statistically 
significant ?



•The regression equation is

•y = 99.1 + 0.0419 x

•The slope is  0.0419 with a standard 
error of 0.01900    and the p-value is   
0.032

•R-Sq = 9.2%   R-Sq(adj) = 7.3%

•So statistically significant, very little 
variation in y explained (7%), and the 
data were randomly generated with 
no relationship.

Random numbers



•The regression equation is

y= 98.4 + 0.0727 x

•The slope is 0.07271  with se 
0.01641  and p-value  0.000

•R-Sq = 28.6%   R-Sq(adj) = 27.1%

•So statistically significant, more 
variation in y explained (27%), 
and the slope has changed from 
0.0419 to 0.0727

BUT?



Mammals

Moller & Mousseau 2013

Red Forest?

Dose meter measurement at ground level 

(2-3 measurements per transect?)

(p < 0.0001; R2=0.31)





‘Red Forest’

c. 4 – 6 km2







Large mammals 1-10 years after 

Chernobyl

Deryabina, Kuchmel, Nagorskaya, Hinton, Beasley, 

Lerebours, Smith (2015) Current Biology

Helicopter winter surveys



Winter tracks

315 km total/mean track 9 km
Deryabina, Kuchmel, Nagorskaya, Hinton, Beasley, 

Lerebours, Smith (2015) Current Biology



Winter track survey data

Deryabina, Kuchmel, Nagorskaya, Hinton, Beasley, 

Lerebours, Smith (2015) Current Biology

15 mammal species identified

c. 5µGy/h c. 5µGy/h



Mammals

Moller & Mousseau 2013

(p < 0.0001; R2=0.31)

Dose meter measurement at ground level 

(2-3 measurements per transect?)

Equivalent dose 

range to Belarus 

study



Winter track survey data

Deryabina, Kuchmel, Nagorskaya, Hinton, Beasley, 

Lerebours, Smith (2015) Current Biology

15 mammal species identified

5 times fewer wolves per 

unit distance than study of 

Moller & Mousseau



Chernobyl compared to nature 

reserves

Deryabina, Kuchmel, Nagorskaya, Hinton, Beasley, 

Lerebours, Smith (2015) Current Biology

Similar winter track survey 

protocol



Scent station camera trap study
Webster et al. Frontiers in Ecol. and Environ. 2016

• No correlation with contamination density in grey 

wolf, red fox, wild boar

• Raccoon dog showed statistically significant 

positive correlation with contamination density



3

2

1

Random placement trap study



What did we see?



First observations



Birds

• Over 40 publications on effects of radiation on 

birds re Chernobyl (& Fukushima)

– One of the most studied taxa

• >90% of papers by one research group 

• Largely ‘negative’ effects reported



Some observed effects

• Fluctuating 

asymmetry and 

mutation rates 2 - 10 

fold higher in 

Chernobyl

• Cataracts, partial 

albinism, tumours and 

other deformations all 

negatively associated 

with increasing 

radiation

• Reproduction effects

Mousseau & Møller, 2013 - Elevated frequency of cataracts in birds from Chernobyl



Some observed effects

• Fluctuating 

asymmetry and 

mutation rates 2 - 10 

fold higher in 

Chernobyl

• Cataracts, partial 

albinism, tumours and 

other deformations all 

negatively associated 

with increasing 

radiation

• Reproduction effects

Birds displaying albinistic feathers, tumours and developmental

abberations. Møller et al., 2011 - High frequency of albinism and 

tumours in free-living birds around Chernobyl



Some observed effects

• Fluctuating 

asymmetry and 

mutation rates 2 - 10 

fold higher in 

Chernobyl

• Cataracts, partial 

albinism, tumours and 

other deformations all 

negatively associated 

with increasing 

radiation

• Reproduction effects



Statistical significance - real world relevance or not

A  p-value helps determine statistical significance (i.e. 

the effect observed is unlikely to have occurred by 

chance).

It does not translate always to real world importance.



Statistical significance - real world relevance or not

A  p-value helps determine statistical significance (i.e. 

the effect observed is unlikely to have occurred by 

chance).

It does not translate always to real world importance.

….. or maybe nuclear power really is bad for 

you (especially if you cannot swim)?

……. or does uranium create mathematicians?



http://www.tylervigen.com/s

purious-correlations



Migratory raptors - Israel

Yosef & Fornasari, 2004

Steppe Eagles

Levant Sparrowhawks



Migratory raptors - Israel

Yosef & Fornasari, 2004

Steppe Eagles

“….the fact that the decline occurred 

immediately after 1986 and that the 

radioactive plume following the 1986 

Chernobyl accident was blown in the 

direction of the known breeding grounds 

of the species (Figure 3), suggests that 

radioactive contamination could have 

negatively affected not only the survival 

of the adults but also their reproductive 

ability…”Levant Sparrowhawks



Migratory raptors - Israel

Yosef & Fornasari, 2004

Steppe Eagles

There have been large, whole scale and 

often severe declines in many Afro-

Palearctic migrants species over the last 

three decades, with no single causative 

factor identified, though a combination of 

habitat loss or deterioration on the 

wintering and/or breeding grounds, loss 

of staging areas, hunting pressure in 

southern Europe and North Africa, and 

climate change all play some part in this 

decades long pattern.  - (Sanderson, et 

al., 2006. Long-term population declines 

in Afro-Palearctic migrant birds).

Levant Sparrowhawks



Invertebrates

1986:

Pine forest 3 km from NPP

• 30-fold reduction soil dwelling mites (29 Gy)

• Larvae/nymphs of many species absent

Agricultural soils 3-7 km from NPP

• Lower abundance of young earthworms

1988/89:

• Mesofauna population size restored 

Mid-1990’s:

• Changes in species composition as consequence of 
changing ecosystems

• Reduced mesofauna diversity

Geras’kin et al. 2008. Environment International



Chernobyl

Invertebrates

Møller & Mousseau 2009 

Biol. Lett.



Into context



Into context

ERICA ‘no effect level’



Into context

ERICA ‘no effect level’

ICRP ‘expect 

effects’



Into context

ERICA ‘no effect level’

UK natural 

background

ICRP ‘expect 

effects’



Aquatic invertebrates (2003-2004)



Increasing contamination →

Murphy, Nagorskaya, Smith (2011) J. Env. Radioactivity

Aquatic invertebrates (2003-2004)
0.13 µGy/h 31 µGy/h

2.5 µGy/h

Example estimated 

external dose rate 

of sediment living 

macroinvertebrate



Soil function



Mousseau et al, 2014 Bonzom et al, 2016

0.2 cm and <0.5 mm mesh

0.75 year

1 cm mesh 

0.44 year



Mousseau et al, 2014 Bonzom et al, 2016



Soil microbiota (CEZ 2002)
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Bacteria nutrient poor Bacteria nutrient rich

Pseudomonad Fungi

Jones 2004

Uni. of 

Nottingham

c. 6 µGy/h

c. 6 µGy/h



Bait lamina



April 2016
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Thinking about how exposure is 

estimated in the field

• Often using dose rate meters (at ground surface) 

reporting in µSv/h

– Sometimes relatively few measurements (e.g. 

2-3 per 100 m transect)

66



Deposition in CEZ – is highly 

variable

67



So need to consider home ranges

68

Estimating soil 

contamination in 

home ranges of 

different species



Variable at small scale as well

69

28-210

7-17013-120

2-61

2-24

<1-6

kBq/kg

Cs-137

Sr-90



Variable at small scale as well

70

200 

m

210 kBq/kg 

Cs-137

28

kBq/kg 

Cs-137



Variable at very small scale as well

71

Dose changes 3-fold



Estimating dose – by measurement

72



Internal dose rate

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Pinus sylvestris (wood)

Agrostis gigantea

Lumbricus terrestris

Apodemus agrarius

Sorex araneus

Sorex minutus

Apodemus flavicollis

Microtus agrestris and Microtus spp.

Muscardinus avellanarius

Myodes glareolus

Bombina bombina

Bufo bufo

Pelobates fuscus

Rana arvalis

Bombus and Xylocopa spp.

Cs-137 Sr-90 Am-241 Pu-isotopes



Now starting to see similar 

things from Fukushima 

related studies

IAEA 2015



Japan butterflies

• Butterfly larvae fed plants harvested from 

Fukushima evacuated area

• LD50 = 1.9 Bq

Hiyama et al. 2014, Scientific Reports



Japan butterflies

• Butterfly larvae fed plants harvested from 

Fukushima evacuated area

• LD50 = 1.9 Bq

• LD50 equates to a maximum of c. 8µGy/h

– Below ‘no-effect’ and in natural background range?

Comment by Copplestone & Beresford, 2014, The 

Conversation



Japan butterflies

• Butterfly larvae fed plants harvested from 

Fukushima evacuated area

• LD50 = 1.9 Bq

• LD50 equates to a maximum of c. 8µGy/h

– Below ‘no-effect’ and in natural background range?

• From previous studies LD50

for sub-adults ≥ 1 Gy



Chernobyl – wildlife controversy

• There are [as would be expected] effects on wildlife 
in Chernobyl
• We are observing these ourselves

• But many reports have ‘significant’ effects at 
unbelievably low dose rates
• Dosimetry
• Interpretation [significant v’s meaningful] 
• Confounding factors
• Lack of controls
• Exposure history



Questions?

79



COMET Final Event. 25-27 April 2017. Bruges, Belgium
www.comet-radioecology.org 

www.radioecology-exchange.org

Workshop recommendation

80

• Make data openly available

– a significant step would be made to addressing the 

disagreement on the magnitude of effects due to 

exposure to ionising radiation observed in the 

CEZ/Fukushima areas by enabling its re-evaluation 

by others


