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Location of case study Socio-ecological

(researcher; cited in
Walker et al., 2006)

characteristic

System change

Vulnerabilities

Resilience

Causse Méjan, France
(Etienne & Bousquet)

Ecosystem diversity is
totally dependent on
grazing.

Pine trees from
neighbouring forest
stands are invading
the steppic grasslands.
Agriculture has
destroyed many
flatlands.

New social groups,
including forest owners,
secondary residents.

Keeping alive the Causse
culture and traditions of
environmentally friendly
farming through sharing
labour and knowledge
and the co-evolution of
habitat and farming.

Caribbean coral reefs
(Hughes, 2003)

Coral reefs have been on
a trajectory of serious
decline. In the 1950s

a single species of
sea-urchin was keeping
macro-algal blooms in
check. In the 9170s a
disease outbreak led to
the catastrophic loss of
urchins, precipitating
blooms that persist
today.

Collapse of many reefs
due to overharvesting,
pollution, disease and
climate change. Loss
of key habitat forming
Acropora species.

Long-term trajectory
of a shift from fish- to
echinoid-dominated
destructive herbivory.

Reefs exhibit numerous
alternate states, but the
resilience of these is
unknown. Experiments
with No Take Areas and
protection of hotspots
may help locally, but
are unlikely to stem
region-wide loss of
resilience.

Dry spiny forests,
southern Madagasar
(Elmqvist)

High degree of
endemism; inhabited
by the People of the
Thorn Bush who protect
dense forest patches
through strong informal
institutions.

Fragmentation and loss
of forest due to insecure
land rights.

Tensions between
Christianity ad
customary institutions,
government policies
and local informal
arrangements.

Strong social capital
and the large capacity
of spiny forests to
regenerate.

Everglades, Florida
(Gunderson, 2001)

Internationally
recognised wetland,
which was historically
partitioned into
agricultural, recreational
and conservation areas.
Area is now maintained
through canals, pumps
and levees.

Ecological crises brought
on by changes in water
quality and quantity
caused by the volume
and timing of flooding.

Institutional reformation
and realignment,

plus the need for
large-scale, expensive,
technologically based
solutions. Conflicts over
water use amongst
institutions and actors.

Example of a perversely
resilient social system
based on conflict and a
formal closed network
of government agencies
and policies.

Gorongosa National
Park, Mozambique
(Lynan)

Park was home to large
herbivore and carnivore
populations but these
were decimated in the
war of Independence in
the 1980s. Now home to
some 500 bird species
and 10 000 people.

The loss of major
species.

There are no schools,
clinics or facilities for
the people living in

the park who provide
local protection to the
ecosystem. No local
enforcement of existing
conservation policies in
the buffer zone.

Remains one of the
prime protected areas in
southern Africa.

Goulburn-Broken
Catchment, Australia
(Ryan)

Sub-catchment of the
Murray River. Climate
temperate with sparse
vegetated plains.
Originally occupied by
Aboriginal people but
subsequently populated
by Europeans after the
discovery of gold. Today
heavily agricultural.

Irrigation infrastructure
and clearing of more
than 70 % of the native
vegetation cover have
substantially altered the
hydrological balance.

Climatic variation
causing changes

in vegetation and
groundwater recharge.
Substantial land-use
change, with dry-land
areas delivering
significant salt and
nutrient loads to

the waterways.
Increasing demand for
non-consumptive water
and conflicts amongst
property rights.

Property rights

and downstream
accountability in place.
Costs of maintaining
the regime mounting,
resource base
degrading, regional
economy more

brittle. System more
vulnerable to shocks and
disturbance (Anderies
et al. 2006).

Northern Highland Lakes
District, Wisconsin
(Petersen & Carpenter)

Pristine wilderness
with management
focused on protection
and promotion as a
wilderness tourist
destination.

Lakeshore development
for tourism and second
homes. Invasive species
including rainbow smelt,
rusty crayfish and
Eurasian milfoil have
reduced the quality of
fishing and boating.
Proliferation of suburban
life.

Stakeholders with many
divergent views. Natural
resource management
has been slow to adjust
to ecological and social
change. Invasive species
and eutrophication.

Multiple states

and thresholds are
known relating to
eutrophication, collapse
of fisheries, trophic
cascades, woody
habitat and inertia of
long-lived predator and
tree populations. Non-
reversible threshold may
be caused by species
invasions and a shift
from old-growth timber
harvesting to pulpwood
rotation.
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Name CAS no. Number of links Rank
Lead 7439-92-1 8926 2
Mercury 7439-97-6 4399 9
p,p"-DDT 50-29-3 1968 21
Bisphenol A 80-05-7 952 62
Perchlorethylene 127-18-4 898 68
Beryllium 7440-41-7 400 235
Vinylchloride 75-01-4 319 276
Dibromochloropropane (DBCP) 96-12-8 a1 > 1000
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Situation

Nature of knowledge

Type of action taken

Risk

'Known' impacts and 'known' probabilities,
e.g. regarding asbestos from 1930.

Prevention: action to reduce known hazards,
e.g. eliminating exposure to asbestos dust

Uncertainty (*)

'Likely' impacts but 'unknown' probabilities,
e.g. regarding antibiotics in animal feed and
associated human resistance to those antibiotics,
from 1965.

Precaution: action taken to reduce exposure to
plausible hazards, e.g. the EU ban on antibiotic
growth promoters in 1999.

Ignorance 'Unknown' impacts and therefore 'unknown'’ Precaution: action taken to anticipate, identify
probabilities, e.g. the then unknown but later earlier, and reduce the extent and impact of
'surprises' of the ozone layer 'hole' from CFCs, 'surprises' e.g. by using intrinsic properties of
pre-1974; the mesothelioma cancer from asbestos chemicals e.g. persistence, bioaccumulation, spatial
pre 1959; the rate of Greenland ice sheet melting range; using analogies; long-term monitoring; and
pre-2007. using robust, diverse and adaptable technologies that

can help minimise impacts of 'surprises'.

Ambiguity Concerning the different values and Participatory precaution: stakeholder engagement
interpretations about information used by in decision- making about innovations and their
stakeholders. E.g. in invasive alien species cases potential hazards.
where a species can be welcomed by some but not
others.

Variability The natural differences in population or ecosystem Obtain more information in order to minimise

exposures and sensitivities to harmful agents.

simplistic assumptions about average exposures and
sensitivities

Indeterminacy

Unpredictable uses of technologies e.g. use of X-rays
in children's shoe shops in the 1950s.

Pre-market benefit assessment of novel uses of a
technology with potential hazards.
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Total number of articles Articles published 2000-2009

Name 1899-2009 Number % of total
Polychlorinated biphenyls (PCBs) 5809 2738 47
Asbestos 2735 809 30
Sulfur dioxide 2 380 548 23
Benzene 2075 879 42
Tributyltin (TBT) 672 344 51
Diethylstilboestrol (DES) 603 147 24
Methyl-tert-butyl ether (MBTE)* 542 a11 76

Total 14 816 5876 40
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Spirtas et al., 1991 Positive (**) Positive
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Provide long-term environmental and
health monitoring and research into
early warnings

Identify and work to reduce scientific
blind spots and knowledge gaps

++

++

++

++

Identify and reduce interdisciplinary
obstacles to learning

++

Account for real-world conditions in
regulatory appraisal

Systematically scrutinise claimed
benefits and risks

++

Ensure use of lay knowledge, as well
as specialist expertise

++

Evaluate alternative options for
meeting needs, and promote robust,
diverse and adaptable technologies

Account fully for the assumptions and
values of different social groups

++

Maintain regulatory independence of
interested parties while retaining an
inclusive approach to information and
opinion gathering

++

Identify and reduce institutional
obstacles to learning and action

++

Avoid paralysis by analysis by acting
to reduce potential harm when there
are reasonable grounds for concern
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Regulation
RoHS * and
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Strength of evidence

Illustrative terms

Examples of use

Very strong (90-99 %)

Statistical significance

Can be part of strong scientific evidence of 'causation’

Beyond all reasonable doubt

Most criminal law, and the Swedish Chemical Law 1973, for
evidence of 'safety’ of substances under suspicion — placing
the burden of proof on manufacturers

Strong (65-90 %)

Reasonably certain

US Food Quality Protection Act, 1996

Sufficient scientific evidence

To justify a trade restriction designed to protect human,
animal or plant health under World Trade Organization
Sanitary and Phytosanitary Agreement, Art. 2, 1995

Moderate (33-65 %)

Balance of evidence

Intergovernmental Panel on Climate Change 1995 and 2001

Balance of probabilities

Much civil and some administrative law

Reasonable grounds for concern

European Commission Communication on the Precautionary
Principle 2000

Strong possibility

British Nuclear Fuels occupational radiation compensation
scheme 1984 (20-50 % probabilities triggering different
awards up to 50 % + which triggers full compensation)

Weak (10-33 %)

Scientific suspicion of risk

Swedish Chemical Law 1973, for sufficient evidence to take
precautionary action on potential harm from substances
— placing the burden of proof on the regulators

Available pertinent information

To justify a provisional trade restriction under World Trade
Organization Sanitary and Phytosanitary Agreement, Art. 5.7,
where 'scientific information is insufficient'

Very weak (1-10 %)

Low risk

Household fire insurance

Negligible and insignificant

Food Quality Protection Act, 1996 (USA)
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Methodological features and their main direction of error

Inadequate statistical power
Lost cases and inadequate follow-up for long-term effects
Exposure misclassification
Insensitive or imprecise outcome measures
Adjustment for confounders with better precision than the exposure
False negative
Failure to adjust for confounder with effects in the opposite direction
Disregarding vulnerable subgroups
5 % probability level to minimize risk of false positives (Type I error)
20 % probability level to minimize risk of false negatives (Type II error)

Pressure to avoid false alarm

Incomplete adjustment for confounders with similar effects
Post hoc hypothesis False positive
Publication bias towards positive findings
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Type of early warning

Possible outcome

Examples

Possible solutions

Spatial Potential rapid spread via Bird flu; various fungal Establish broad jurisdictional authority
multiple unknown pathways diseases, invasive species to monitor spread and develop
potential policy actions; develop in
situ monitoring, and multi-scale and
multi-interaction models
Temporal Potential spread of problem Drought, over-exploitation Develop an understanding of the

on different time scales linked
to ecological and physiological
processes leading to collapse

and a different regime

of key resources over time,
invasive species

adaptive cycle, multiple pathway and
time-dependent models and ensure
appropriate in situ monitoring of
human and ecological systems

Demographic

Potential long-term
impacts on the health of
the ecosystem and human
population

Age-related diseases

Develop more intense monitoring of
entire adaptive cycle and long-term
monitoring of age-related processes

Threshold behaviour

Potential for issue/events

to create socio-ecological
regime shifts with significant
long-term economic and/or
ecological impacts including
irreversibility

Sustained over-harvesting of
fish stocks leading to collapse
of keystone species; runoff
from nitrogen fertilizer leading
to eutrophication

Develop integrated assessments
with scenario analyses that include
the potential to identify long-term
physiological and ecological shifts

Cascading effects

Potential that problem effects
cannot be buffered or can be
amplified between domains
leading to significant socio-
ecological impacts

Reduction in the polar ice cap
opens up northern sea routes
to shipping; creating new

forms of land use change and
local harvesting of resources

Develop multi-jurisdictional approach
to manage changes; develop integrated
assessments and scenario analyses

to understand the multi-dimensional
dynamics and resilience of the
socio-ecological systems; establish new
monitoring systems
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