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Climate 
crisis

Microplastic crisis

Pollinator crisis

Ocean
crisis

https://ejfoundation.org/reports/towards-the-abyss-deep-sea-mining

Pandemic crisis

https://ejfoundation.org/reports/towards-the-abyss-deep-sea-mining


Complexity, uncertainty & ambiguity: 
3 conditions of scientific knowledge
• Complexity

– Density of interactions & multi-causality;
– Non-linearity, multiple feedback loops, tipping points;
– Time dependencies & path-dependencies;

• Uncertainty
– Technical (inexactness)
– Methodological (unreliability)
– Epistemological (ignorance)

• Ambiguity
– Diversity of interpretation of evidence
– Diverging styles of scientific reasoning
– Lack of coherence among competing scientific understandings

http://sapea.info/masos

http://sapea.info/masos


Complex - uncertain - risks
Typical characteristics:

• Decisions urgent
• Stakes high
• Values in dispute 
• Irreducible & 

unquantifiable uncertainty

• Assessment: models, scenarios, assumptions, extrapolations
• (hidden) value loadings in problem frames, indicators chosen, 

assumptions made

• Knowledge Quality Assessment!

(Funtowicz & Ravetz, 1993)



Elements of Post Normal Science
• Appropriate management of uncertainty quality 

and value-ladenness
• Plurality of commitments and perspectives
• Internal extension of peer community 

(involvement of other disciplines)
• External extension of peer community 

(involvement of stakeholders in environmental 
assessment & quality control)



Acting on pressing issues and crises

• Reliance on 
institutionalised expertise

• Narrow selection of 
knowledge privileged, 
other knowledge silenced.

 Need for a more inclusive & socially robust 
knowledge base, attentive to epistemic pluralism

Presenter Notes
Presentation Notes
can expand the range of policy options, avoid addressing the wrong problems and reduce unforeseen impacts. 

will allow science and society to include relevant knowledge from diverse sources more equitably.
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World wide: 25000 bee species; EU: 1965
In NL about 350 bee species, 181 of them 
are on the Red List / at risk of extinction



Number of worldwide 
recorded bee species is 
sharply decreasing

despite increasing number of 
observations in Global Biodiversity 
Information Facility

https://doi.org/10.1016/j.oneear.2020.12.005

between 2006 and 
2015, 25% fewer 
species of wild bees 
were seen than was 
the case before 1990

https://doi-org.proxy.library.uu.nl/10.1016/j.oneear.2020.12.005


New pollinator emerging…



The importance of pollinators
• 90 major crops (35% world food production volume) depend on 

pollinators
• Key nutrients: 90-100% from pollinator mediated crops (vit C, 

antioxidants, lycopene, β-tocopherol, vit A and folic acid)
• Estimated global values of pollination (2020) range widely from 

US$ 195 billion to US$ 657 billion annually
• 94% of all flowering plants on Earth depends on insect pollinators 

for reproduction and evolution



Key role for insects in all 
categories of  ecosystem services
• Provisioning 

– Nutrition (food for animals and humans: About 1,500 edible 
insect species are consumed by 3,000 ethnic groups in 113 
countries), materials (silk, wax, lac, pigments), medicine

• Regulation and maintenance 
– Pollination, seed dispersal, food web support, pest control, 

soil formation, decomposition, nutrient cycling
• Cultural

– Aesthetic, poetry, scientific, educational, inspirational (for many 
domains, technology, robotics, democracy, art, etc)



http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0185809&type=printable

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0185809&type=printable


“The impact on wildlife of changes in farming practice (and the 
expansion of the farmed area) is so rapid and severe that it is hard 
to get your head round the scale of what is happening. A study 
published this week in the journal Plos One reveals that flying 
insects surveyed on nature reserves in Germany have declined by 
76% in 27 years. The most likely cause of this Insectageddon is 
that the land surrounding those reserves has become hostile to 
them: the volume of pesticides and the destruction of habitat have 
turned farmland into a wildlife desert.”



Windshield phenomenon
Anecdotal observation that people tend to find fewer insects smashed on the 
windscreens of their cars now compared to a decade or several decades ago. 
This hints at continental-scale declines in insect abundance.

A 20-year study measured number of dead insects on car windshields on two 
stretches of road in Denmark from 1997 until 2017. Reductions of 80% and 97%
were found at two transects of 1.2 km and 25 km respectively. 

Parallel declines in abundance of insects and insectivorous birds in Denmark over 22 years
https://doi.org/10.1002/ece3.5236

https://doi.org/10.1002/ece3.5236




Governing under extreme 
unknowns

• “Insects are disappearing and we don’t even have data”
• Globally, insects make up three quarters of animal and plant 

species
• There are approximately 5.5 million insect species
• Nearly 89 percent of these species has not even been named
• No global scientific monitoring of insect abundance in the past, 

present and near future
• Strong anecdotal evidence of dramatic declines of flying insects 

(windscreen phenomenon)
• Causes are poorly known, manifold, and(/or?!) highly contested



Scientific dissent on what drives insect declines (% of publications [n=73] 
mentioning cause x as the main driver of insect decline)
DOI: 10.1016/j.biocon.2019.01.020



1962



https://science.sciencemag.org/content/358/6359/109/tab-pdf

2017

https://science.sciencemag.org/content/358/6359/109/tab-pdf


Systemic = plant takes up the 
insecticide into its sap-stream, 
becomes toxic from the inside

Deadly sowing-dust killed millions of bees



Timeline neonic case
• 1991 Market introduction imidacloprid
• 1994 Early warnings France
• 1999 First ban in France (sunflowers)
• 2002 EFSA established
• 2003 CST report France PEC>>PNEC 

– https://controverses.sciences-po.fr/archive/pesticides/rapportfin.pdf

• 2004 Ban in France (corn)
• 2013 EU ban 3 neonics on crops attractive to bees
• 2018 EU ban on outdoor use in crops
• 2019 EU ban thiacloprid

https://controverses.sciences-po.fr/archive/pesticides/rapportfin.pdf


(historic) errors in risk assessment of neonics
Industry & regulatory
science

Proven wrong by academic
research

Issue

Does not translocate to flowers Detected in pollen and nectar 
at ppb level. 

Limit of detection

Key risk indicator is Acute 
Toxicity (+some times 10d 
chronic)

Sublethal effects are crucial 2003 CST PEC>>PNEC
= No Go!

Honeybee is representative Wild bees more sensitive and 
ecologically more key

Resilience of honeybee 
colony >> wild bees

Field tests can overrule lab 
tests

Field tests used are flawed by 
design & lack statistical power

Reproducibility

Assess single applications 
of single substances, 
assume 1 time exposure

Holistic, all applications 
together, all neonics together, 
year round exposure

> 1000 allowed applications 
of 6 neonics in 200 products 
in EU (2015)

Allow for recovery of hive after 
single exposure

Year round exposure makes
recovery irrelevant

Recovery unrealistic

What is field realistic: what 
industry reports based on 
models / standard experiments

What we measure in the field Invalid assumptions

Emissions based on models 
with assumptions

Measured levels of pollution
proofs models wrong

Invalid assumptions



Source: Noa Simon Delso, 2017. Fungicides and bees: a story of the 
unexpected. 
PhD thesis, University Louvain la Neuve, Belgium 
https://dial.uclouvain.be/pr/boreal/object/boreal:195698

Honeybee field tests are hard to reproduce:
Example land use in a 3 km radius around a 
honeybee hive (red dot)

e.g. 74 hives needed 
to detect an effect of 
35% with a 
significance level of 
0.05 (R. Luttik, 2013)

Problem of 
statistical power 
honeybee field 
tests

https://dial.uclouvain.be/pr/boreal/object/boreal:195698


Ravetz, J., 1971, Scientific Knowledge and its Social Problems, Oxford University Press.

Presenter Notes
Presentation Notes
At the interface between knowledge and action, scientists translate societal problems into technical ones. But much is lost in translation! To timely detect risks that need the PP, we need to systematically open this box in appraising evidence to extend quality control to the crafts of translation and interpretation. An example: Are pesticides safe for bees? Is translated into: What dose can bees survive in a 10 day experiment? Industry reasons within this box: this test shows it is safe. But are corresponding field concentrations really safe? Beekeepers say no. The test is irrelevant, the bees loose their navigation and get lost. So we need to quality control these crafts!

http://www.andreasaltelli.eu/file/repository/Scientific_Knowledge_and_Its_Social_Problems.pdf


Radar-tracking experiment Randolf Menzel:
Bees exposed to neonicotinoids loose orientation

Fischer J, Müller T, Spatz A-K, Greggers U, et al. (2014) Neonicotinoids Interfere 
with Specific Components of Navigation in Honeybees. PLoS ONE 9(3): e91364. 
doi:10.1371/journal.pone.0091364
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0091364

Yellow-Red
Thiacloprid-bees

Green-Blue
Control bees

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0091364


https://peerj.com/articles/5255/

https://peerj.com/articles/5255/


Prophylactic pesticides: # of honeybee lethal doses (LD50) in pesticides applied 
to UK farmland 1990-2015 DOI: 10.7717/peerj.5255/fig-2 



 Five years study
 First meta-analysis on neonicotinoids and fipronil
 29 scientific authors (no conflict of interest)
 Comprehensive analysis (1121 publications & data from

companies)
 Published in Environmental Science and Pollution Research, 2015

Slide by: Dr. JM Bonmatin (CNRS) France

2014: Eight scientific papers (154 pages)

2017-2018: Three new scientific papers ( 107 pages)
 Updated meta-analysis on neonicotinoids and fipronil
 24 scientific authors (no conflict of interest)
 Comprehensive analysis (700 additional publications)
 3 main chapters:

 Exposures & Metabolism DOI:10.1007/s11356-017-0394-3
 Impacts & Ecosystems DOI: 10.1007/s11356-017-0341-3
 Resistances & Alternatives DOI: 10.1007/s11356-017-1052-5

http://www.tfsp.info/assets/WIA_2015.pdf

http://dx.doi.org/10.1007/s11356-017-0394-3
http://dx.doi.org/10.1007/s11356-017-0341-3
http://dx.doi.org/10.1007/s11356-017-1052-5
http://www.tfsp.info/assets/WIA_2015.pdf


Pisa et al. 2017 https://link.springer.com/article/10.1007/s11356-017-0341-3

https://link.springer.com/article/10.1007/s11356-017-0341-3


2009 2010 2011 2012 2013 2014

2015 2016

Since 2004,
NL surface
water is heavily
polluted with
Imidacloprid

www.bestrijdingsmiddelenatlas.nl

Only 1.6 to 20% of 
applied neonicotinoid 
is absorbed by the 
growing crop (Sur & 
Stork 2003)
80 to 98.4% leaches
to soil & water!

http://www.bestrijdingsmiddelenatlas.nl/


• 45% of all samples (n=9037) on 801 locations: 
imidacloprid exceeds MTR (>13 ng/l)

• 70% reduction in macrofauna 
abundance in polluted water

• Permanent leaching of 
Imidacloprid year round 
from fields to surface water

• Meeting MTR requires 
reduction of use by at 
least 90%

https://doi.org/10.1371/journal.pone.0062374

https://doi.org/10.1371/journal.pone.0062374




• “Emergency” authorisations

• Use as biocide continues
- Bayt spray (imidacloprid) to kill flies in cattle breeding (stables, trucks, etc.)
- Wood conservation (thiacloprid)

• Use as veterinary medicine continues
– On pets and cattle (fleas and flies)

• Use outside EU on food (for humans and cattle) continues
– Neonic residues in food are not fully metabolised, ends up in urine and manure.
– Found in effluent of household waste-water treatment plants.

• Regrettable substitution Neonics:
- Thiacloprid (replaced the 3 neonics banned in 2013/2018)
- Sulfoxaflor [2015] & Flupyradifurone [2015]: same mode of action, early warnings 

date from before authorisation decisions
• New markets:

– Lice treatment in Salmon farming authorised in 2021 in Norway (imidacloprid)

Loopholes
Neonics continue to pollute our environment



60 years of regrettable substitution
Can we stop the pesticide merry-go-round?

Insecticides:
• DDT (banned by many countries in 70s/80s, worldwide ban 

2001)
• Drins (Aldrin, Dieldrin, Endrin) (Banned in EU in 1991, 

worldwide 2004)
• Organophospates (replaced DDT) 

(some banned recently in EU: 2002 omethoate; 2020 
Chlorpyrifos)

• Neonicotinoids (replaced Drins and Organophosphates) 
(4 partly banned in EU in 2018 / 2019)

• Sulfoximines (sulfoxaflor, authorized in EU in 2015, 
banned in 2022)

• Butenolides (flupyradifurone)



Challenges
Too little
• Large scale use and pollution continues (see previous slide)
• How to fix the loopholes? 

Too late
• How to reduce delays between early warning and action?
• How to improve the social organisation of expertise to timely inform 

decisions

Partial ban only in Europe
• World wide use Neonics still growing
• Europe produces and exports the banned neonics
• Human exposure still high and probably rising (residues in imported 

food)
• Pollutant of emerging concern in Marine and Arctic environments





Pollinator Stewardship, an international 
challenge for science and policy
• At present the attention for insect decline is low in all 

domains, ranging from scientific research to policy-
making to nature conservation.

• Global risk requires globally coordinated approach: 
international treaty on pollinator stewardship

• End pollinator habitat destruction
• Global phase out of the prophylactic use of ecotoxic 

agrochemicals such as neonicotinoids and fipronil
• Improve pesticide regulation and transition to 

agroecology



Three parts:

• Scope of 
application

• Organisation
of expertise

• Participation

https://recipes-
project.eu/results/guidance-future-
application-precautionary-principle

https://recipes-project.eu/results/guidance-future-application-precautionary-principle
https://recipes-project.eu/results/guidance-future-application-precautionary-principle
https://recipes-project.eu/results/guidance-future-application-precautionary-principle


Precautionary Principle (PP)
evidence-informed action on uncertain risks

• Requires scientifically underpinned grounds 
for concern, not certainty, nor an exhaustive 
risk assessment 

(PP ≠ principle of prevention!)

• Who or what gets the benefit of the doubt is a 
policy choice: 

should be made explicitly



PP not only in risk management!
Risk assessment needs to be well-informed by the PP

• Detect situations that require precautionary 
action more adequately and timely

• Well-organised and timely collection of actionable 
knowledge is key for dealing prudently with 
uncertain risks

• Pluralization of expert knowledge in scientific 
assessment:

engage wider range of knowledge holders



Risk assessment must be open 
to ‘non-standard’ knowledge
RECIPES cases showed:
• Blind spots in overly reductionist risk assessment protocols. 
• Knowledge that do not fit in such protocols (e.g. end-points not 

covered by the protocols) is often downplayed, marginalised or 
ignored. 

• Too often, coalitions of concerned scientists and societal actors 
need to step in and ‘break the script’ of routinised 
assessment and management processes to recognise key 
uncertainties and potential harm.



Lessons learned
• Post-authorisation feedbacks missing 

(extreme violation of norms has no consequences)
• Power asymmetries bias weighting of evidence
• Epistemic diversity of the knowledge base not accounted for: 

– Important knowledge systematically silenced, downplayed and ignored.
– Full spectrum of available knowledge should be taken into account;

• Robustness of the knowledge claims
– Include uncertainty, dissent and criticism in the analysis, synthesis and assessments;

• Make thorough Knowledge Quality Assessment the key task in the 
science policy interface and develop a joint language to communicate 
limitations to our knowledge and understanding clearly and transparently

• Make use of information of non-scientific sources (local knowledge)
– But scrutinize this information and be clear on its status;

• Clarify values, stakes and vested interests that play a role in research 
and in the political and socioeconomic context within which the research is 
embedded.

(see also Maxim and van der Sluijs, 2007, 2012)



Figure modified from: 
Waeber et al (2021), 
doi.org/10.3390/su13063578

Source:
https://researchfeatures.com/fac
ts-not-enough-understanding-
basis-make-decisions-change-
planet/

In order to successfully 
respond, decisions 
makers must: 
1) be aware of the topic, 
2) understand its causes, 
3) value its significance, 
4) have the means to 
respond effectively.

https://doi.org/10.3390/su13063578
https://researchfeatures.com/facts-not-enough-understanding-basis-make-decisions-change-planet/
https://researchfeatures.com/facts-not-enough-understanding-basis-make-decisions-change-planet/
https://researchfeatures.com/facts-not-enough-understanding-basis-make-decisions-change-planet/
https://researchfeatures.com/facts-not-enough-understanding-basis-make-decisions-change-planet/


• Fit for informing precautionary decision-making 
and action

• Resonates with the concerns for which it is 
raised

Explicit and transparent problem scoping
• What are relevant aspects of the problem?
• Set problem boundaries wide enough to include

the concerns of those affected

Includes knowledge on: 
• severity and nature of potential adverse effects 
• nature of the uncertainties on risks and 

proclaimed benefits
• knowledge gaps, known and unknown 

unknowns
• alternatives

Actionable knowledge for 
precautionary stewardship



Further reading
• Insect decline, an emerging global environmental risk

https://doi.org/10.1016/j.cosust.2020.08.012

• Pollinator conservation requires a stronger and broader application of the 
precautionary principle
https://doi.org/10.1016/j.cois.2021.04.005

• Pollinators and global food security: the need for holistic global stewardship
https://doi.org/10.1007/s41055-016-0003-z

• Halting the pollinator crisis requires entomologists to step up and assume their 
societal responsibilities
https://doi.org/10.1016/j.cois.2021.08.004

• RECIPES Guidance on the application of the precautionary principle:
https://recipes-project.eu/results/guidance-future-application-precautionary-principle

• EU Ban on Neonics: Too Little, Too Late
https://www.greeneuropeanjournal.eu/eu-ban-on-neonics-too-little-too-late/

https://doi.org/10.1016/j.cosust.2020.08.012
https://doi.org/10.1016/j.cois.2021.04.005
https://doi.org/10.1007/s41055-016-0003-z
https://doi.org/10.1016/j.cois.2021.08.004
https://recipes-project.eu/results/guidance-future-application-precautionary-principle
https://www.greeneuropeanjournal.eu/eu-ban-on-neonics-too-little-too-late/

	Urgent decisions in uncertain times��the case of global insect decline
	Slide Number 2
	Complexity, uncertainty & ambiguity: 3 conditions of scientific knowledge
	Complex - uncertain - risks
	Elements of Post Normal Science
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	New pollinator emerging…
	The importance of pollinators
	Key role for insects in all �categories of  ecosystem services
	Slide Number 14
	Slide Number 15
	Windshield phenomenon�
	Slide Number 17
	Governing under extreme unknowns
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Timeline neonic case
	(historic) errors in risk assessment of neonics
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	60 years of regrettable substitution�Can we stop the pesticide merry-go-round?
	Slide Number 37
	Slide Number 38
	Pollinator Stewardship, an international challenge for science and policy
	Slide Number 40
	Precautionary Principle (PP)��evidence-informed action on uncertain risks
	PP not only in risk management!
	Risk assessment must be open to ‘non-standard’ knowledge
	Lessons learned
	Slide Number 45
	Slide Number 46
	Further reading

