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Stated protection aim

ICRP 103 (2007):

...to have negligible impact on

- maintenance of biological diversity,

- conservation of species,

- health and status of natural habitats, communities

and ecosystems
IAEA BSS (2014) (GSR Part 3):

Protection of the environment

includes the protection and conservation of:
- non-human species...and their biodiversity;
- environmental goods and services...;

- natural processes such as carbon, nitrogen
and water cycles.

But is this really what we measure/assess?

Protection
Populations / communities

r —
target Individuals
Structure + functions of ecosystems

ﬁ Mismatch ﬁ
Reference organism Ecosystem approach
approach Population level endpoints: Community-level endpoints:

w | Individual organism * Population growth rate Structural
3 level endpoints: e Population density « Biodiversity
% o e Population size (numbers, * Taxonomic composition
s | * Early morbidity biomass) * Trait distribution

* Mortality * Population age/size * Food web structure

* Reproductive structure Functional

success ¢ Net reproduction rate e Primary production

* Chromosome * Probability of extinction e Biomass/energy flow

damage e Mineralization

(the approaches are complementary)
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Why is there a mismatch?

...because all organisms exist in the context i
of an ecosystem
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NW Atlantic Shelf Ecosystem adapted from Link et al (2002)

Why focus on ecosystems instead of
individuals or species?

e Because in reality individuals or single species
do not exist in isolation
— Interactions between species, populations, biotic-
abiotic
— Emergent properties
— Resilience

Bradshaw et al (2014) Fig 2.

C = competition, P = predation,
H = herbivory, Sy = symbiosis,
Sh = shelter
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Why do individual (organism/species)-based
frameworks not address ecosystems?

* Interactions between » effect at ecosystem level
species and indirect effects cannot be
not considered ‘ predicted/extrapolated

* non-linear responses, from effects on individual
emergent properties, species
resilience, etc * may over- or under-

estimate effects / risk

Evidence for ecosystem effects from the field
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30 mGyh ', 2850 Gy

14y chronic gamma irradiation of boreal forest, Canada
Amiro and Sheppard (1994)
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Acute (8 day) high dose exposure, South Urals area
— mixed pine and birch

Fig. 2. General scheme illustrating major primary and secondary radiation reactions in the forest biogeocenosis. 1, phenology; 2,
growth of the tip and side branches; 3, leaf fall; 4, precipitation; 5, wind speed: 6, temperature; 7, light under canopy; 8, humidity; 9,
annual wood ting; 10, soil temperature; 11, biomass and yield of grass seeds; 12, structure and phenology of grass cover; 13, ants; 14,
meso- and microfauna of soils; 15, insects in canopy; 16, forest litter; 17, yield and quality of tree seeds; 18, cytogenetic properties of
buds and pollen; 19, biomass of above ground parts of plants; 20, damage and death of trees; 21, tree and herb relations; 22, tree
and soil relations; 23, grass and soil relations; 24, yicld and quantity of seeds in litter.

Alexakhin et al. (1994) Science of the Total Environment 157: 357-369

Ecosystem effects in forest field studies

™

(note — external doses only)
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What is the Ecosystem Approach?

 Scientific approach
— with ecosystem as the central conceptual unit

e Management/risk assessment:

— “management of human activities, based on the
best understanding of ecological interactions and
processes, so as to ensure that ecosystem
structure and functions are sustained for the
benefit of present and future generations”

(IUR report 7)

How do other legislative frameworks
address ecosystems?

e Convention on Biological Diversity (CBD)

e Marine examples
— OSPAR
— Ecosystem Approa eries (FAO)

EU Water Framework Directive

EU Habitats Directive

Ramsar Convention on Coastal Wetlands
Canadian Environmental Protection Act
e ..etc...

(See IUR report 7 for a full summary)
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“to
| status of the EU's marine waters ... to protect
n lated economic and social

ities w1th/ sustamable leyels”.

overaII state of the environment...taking into account [~
the structure, function and processes of ... marine E

ecosystems together with the natural physiographic,

1| geographic, biological, geological and climatic factors,
| as well as physical, acoustic and chemical conditions,
including those resulting from human activities inside
| or outside the area concerned”

Good environmental status should “allow those

= ecosystems to function fully and to maintain their =
+| resilience to human-induced environmental change”. | |

diversity is malnfained.
The quality and occurrence of habitats -
and the dJstrLbu i bundance of

6) Sea-floor mtegrlty is at a IeveI that
ensures that the structure and

fumﬂm&g&;ﬁ,&’éc&ystems are
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LY e
Ecosystem approach %

Advantages

v enables implicit consideration of
the net effects of contamination,
integrating all direct and indirect
effects (multiple stressors/
contaminants, species interactions,
different responses to different
types of radiation, spatial and
temporal issues and natural
variation)

v’ consistent and compatible with the
Ecosystem Services concept

v' complements the reference
organism concept by enhancing
their ecological contextualisation

v’ consistent with most stated _#""~
management objectives @ @

Ll

|

Challenges \@

lack of good experimental and field
data to evaluate ecosystem-level
effects

multi-species dynamic models
lacking

ecosystem models require
knowledge of many parameters
that are not readily available
modelling may need to explicitly
consider ecosystem complexity
and/or emergent properties
ecological factors and variability can
be more important than radiation
effects — may need a different
conceptual methodology?

Next steps for the IUR Task Group:

Develop practical methods for ERA in line with an Ecosystem Approach

review studies of ecosystem-level effects of contaminants including radiation

review models and tools from other fields of environmental protection that
could be applicable to radiation protection

review the field of ecosystem modelling and ecological network analysis to

identify approaches suitable for accounting for and detecting systems level

processes.

select of a small suite of integrative endpoints to describe population-level,

community-level and ecosystem-level effects, particularly those that
complement organism-level based approaches

theoretically explore, through modelling and analysis, the importance of

species/population interactions, connectivity, biodiversity and differences in
radiosensitivity between species for effects seen at the ecosystem-level.

identify critical ecosystem configurations that might lead to greater

susceptibility to radiological impacts at the ecosystem level than lower levels in

the biological hierarchy
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Interested?!
http://iur-uir.org/
francois.brechignac@irsn.fr

il
o ol LI

clare.bradshaw@su.se
o R R i adiubil

References

¢ Alexakhin et al (1994) The effects of acute irradiation on a forest biogeocenosis; experimental data,
model and practical applications for accidental cases. Science of the Total Environment 157: 357-
369

e Amiro and Sheppard (1994) Effects of ionizing radiation on the boreal forest: Canada's FIG
experiment, with implications for radionuclides. The Science of the Total Environment 157: 371-382

e Bradshaw et al (2014) Using an Ecosystem Approach to complement protection schemes based on
organism-level endpoints. J. Env. Rad. 136: 98-104

e Brechignac and Doi (2009) Challenging the current strategy of radiological protection of the
environment: arguments for an ecosystem approach. J. Env. Rad. 100: 1125-1134

e EC(2008) Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008
establishing a framework for community action in the field of marine environmental policy (Marine
Strategy Framework Directive, (2008/56/EC)). Official Journal of the European Union, 25 June 2008,
L164/19-40.

¢ [UR report 3 (2002) Protection of the environment: current status and future work.

¢ IURreport 7 (2012) Towards and ecosystem approach for environment protection with emphasis on
radiological hazards.

e Link et al (2012) Food Web and Community Dynamics of the Northeast U.S. Large Marine
Ecosystem. US Dept Commerce, Northeast Fish Sci Cent Ref Doc. 12-15; 96 p




