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Regulation (EC) No 1829/2003 - GM food & feed

Public 

consultation

European Commission/

Member States

Risk management

EC/MS: 

Authorisation 

(or not)

GMO application

One of the 

Member States 

performs ERA

Risk assessment

Consultation of all 

EU Member States

 risk assessment Opinion
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EFSA GM Plant Guidance

Guidance for the risk assessment of GM plants and derived food and feed in  �
accordance with EU legislation

Written consultation + stakeholder consultation meeting  �

Guidance on Post Market Environmental Monitoring �

3 consultation workshops on Post Market Environmental Monitoring �

Guidance for the renewal of existing products  �

Written consultation �

Objective

To provide a general concept of risk assessment of GMOs �

Requirements for food/feed safety assessment �

Requirements for environmental risk assessment �

Outline an Environmental Monitoring Plan �

Guidance document is not a protocol for carrying out specifi c analytical,  �
toxicological and nutritional testing or feed trials

Key elements in the assessment of GMOs

Characterization of donor and host organism �

Molecular characterization of the genetic modifi cation event �

Analysis of agronomical and compositional properties �

Specifi c toxicity/allergenicity/nutritional testing �

Post-market monitoring �

Environmental risk assessment �

Post-market environmental monitoring �
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Safety Assessment Strategy for GM Crops:
Two-step Procedure

Identifi cation of differences between the GM and non-GM crop: intended and 1. 
unintended changes

Assessment of the environmental and/or food/feed safety and nutritional 2. 
impact of identifi ed differences

Concept of Familiarity  �

Comparative Safety Assessment  �

Comparative safety assessment approach

Underlying assumption: �

Traditionally cultivated crops have gained a history of generally accepted  �
use (environment/ consumer/ animals) 

These crops can therefore serve as a  � baseline for the environmental and 
food/feed safety assessment of GM crops

Comprehensive approach

Case-by-case assessment �

The available evidence determines the extent of specifi c testing (tiered  �
approach, feeding trials yes/no) 

All the available information should be taken into account �

Environmental Risk Assessment

Mechanism of interaction between the GM plant and target organisms  �
(if applicable).

Potential changes in the interactions of the GM plant with the biotic  �
environment resulting from the genetic modifi cation

Persistence and invasiveness �
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Selective advantage or disadvantage �

Potential for gene transfer �

Interactions between the GM plant and target organisms �

Interactions of the GM plant with non-target organisms �

Effects on biogeochemical processes �

Impacts of the specifi c cultivation, management and harvesting techniques �

Potential interactions with the abiotic environment �

Mechanism of interaction between the GM plant and target organisms  �
(if applicable)

Environmental Monitoring Plan �

‘Self task’ activities to address scientifi c concern

Biosafety of antibiotic resistance marker genes �

Post-market environmental monitoring of GM crops (general surveillance) �

The use of animal feeding trials for the safety evaluation of whole GM foods/ �
feed

Improve the approaches for allergenicity assessment of GMOs �

Statistical considerations for the safety evaluation of GMOs �

Cooperation with MS (Art. 36)

Nominated institutions within Member States �

In area of GMO risk assessment: �

Study on safety of Cry proteins �

Herbicide tolerant plants �

Guidance on GM animals �
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GMO Consultations

Broad public and Member State consultation before adoption of opinions  �
relating to risk assessment approaches and guidance documents

Stakeholders (applicants, NGOs,…) �

Risk assessors from MS �

Academia (highly welcomed) �
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JEREMY SWEET 

Vice Chairman EFSA GMO Panel

ENVIRONMENTAL RISK ASSESSMENT 

OF GENETICALLY MODIFIED PLANTS: 

FUTURE CHALLENGES 
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Background 

ENVIRONMENTAL RISK ASSESSMENT is an evolving science �

ERA is only as good as current knowledge and experience �

ERA Methods based on experience of applying scientifi c methods  �

Always scope for improvement �

Objectives 

Review Environmental Risk Assessment  �
Approaches and Methods  

How do we examine the effects on different Biota at both species and  �
population levels?

Do we focus too much on effects on organisms and not enough on impacts  �
on receiving environments?

How do we anticipate effects of long term, large scale cultivation of multiple  �
GM crops in changing agricultural environments (due to economic, political 
other considerations)?  

Open scientifi c meeting  �

Brain storming  �

Your ideas  �

Think outside the box (no bars or constraints)  �

Individual comments not reported  �

No media, press etc…  �
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Focus of Colloquium: 1

Testing Effects on Non-Target organisms: Approaches and Methods:  �

Talks:  �

Joerg Romeis  �

Gabor Lovei �

Working Group:  �

Chairman: Jozef Kiss �

Rapporteur: Guy Poppy �

Focus of Colloquium: 2

Upscaling: Objectives, Approaches, Methods … �

Talk: Frederique Angevin  �

Working Group:  �

Chairman: Joe Perry �

Rapporteur: Salvatore Arpaia �

Focus of Colloquium: 3

Long Term Effects: Objectives, Approaches, Methods… �

Talk: Peter van Tienderen �

Working Group:  �

Chairman: Detlef Bartsch �

Rapporteur: Simon Butler �
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Focus of Colloquium: 4

Broadening the Scope of ERA: Biodiversity effects, Life cycle analysis,  �
Risk benefi t analysis…

Talk: Chris Pollock �

Working Group:  �

Chairman: Joachim Schiemann �

Rapporteur: Rosie Hails �

Environmental RISK Assessment Colloquium

Plenary Presentations  �

Working  Groups  �

Rapporteur Reports: Messages to EFSA on scope for developing ERA  �
methods or approaches. 

Establish EFSA Self tasking/Working group activities…? �  

EFSA publication of Proceedings of Colloqium �

Review Paper in Scientifi c Journal?  �
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JÖRG ROMEIS ET AL. 

Agroscope Reckenholz-Tänikon Research Station ART, 

Zurich, Switzerland, 

International Organisation for Biological and

Integrated Control of Noxious Animals and Plants

NON-TARGET ARTHROPOD RISK ASSESSMENT 

OF INSECT-RESISTANT GM CROPS
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An activity organized by the IOBC/WPRS working group 
GMOs in Integrated Plant Production

IOBC

International Organisation for Biological and
Integrated Control of Noxious Animals and Plants

http://www.iobc-wprs.org/

Participating scientists

Detlef Bartsch, Franz Bigler, Marco P. Candolfi , 
Marco M.C. Gielkens, Susan E. Hartley, Richard 
L. Hellmich, Joseph E. Huesing, Paul C. Jepson, 
Raymond Layton, Hector Quemada, 
Alan Raybould, Jörg Romeis, Robyn I. Rose, 
Joachim Schiemann, Mark K. Sears, Anthony 
M. Shelton, Jeremy Sweet, Zigfridas Vaituzis, 
Jeffrey D. Wolt

Objective

To develop a scientificallysound, generic, and pragmatic 
approach to assessing the risks of insecticidal transgenic 

crops to non-target organisms, with emphasis on terrestrial 

arthropods, that meets the needs of environmental 

decision makers
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Background

Application of the ‘ � tiered approach’

accepted internationally within regulatory toxicology  �
and environmental sciences

versions of which are already in use in established and effective  �
regulatory systems for GM crops

US EPA /USDA-Aphis White Paper �
http://www.epa.gov/pesticides/biopesticides/pips/nontarget-arthropods.pdf

Garcia-Alonso et al. (2006) �
Environmental Biosafety Research 5, 57-65

EFSA GMO Panel suggests application of �

Tiered approach to risk assessment �

Comparative approach �

concept of ‘familiarity’ -

concept of ‘substantial equivalence’ -

Involvement of scientists from diverse institutions

Public research institutes �

Agricultural biotechnology industry �

Regulatory agencies �

Commercial testing laboratory �

The group has experience in the application
of the tiered risk assessment from a research
and regulatory perspective
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Subgroups - Topics

Problem formulation  �

Framework �

Species selection �

Study design �

Conceptual risk assessment framework

Predictable pathway for requesting, acquiring, organizing and evaluating data �

Evaluation of need �

Problem formulation �  (construct hypotheses)

Hypothesis testing �  (existing and new data)

Overall risk assessment �

Risk management and communication �

Problem Formulation

Defi nes I. scope of the risk assessment

Identifi es  � assessment endpoints refl ecting management goals 
(protection goals, policy)

Generates relevant  � risk hypotheses concerning the likelihood 
of unacceptable harmful events (changes to assessment endpoints)

Identifi es  � data requirements 
(data to provide powerful tests of the risk hypotheses)

Considers II. precursor information identify meaningful differences 
between the GM plant and its non-transformed comparators besides 
the introduced trait
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Crop/plant characterization

Agronomic/morphological characterization �

Dormancy �

Growth �

Reproduction �

Seed dispersal �

Volunteer potential �

Insect-, disease-plant interactions �

… �

Compositional analysis �

Macro- and micronutrients �

Toxicants �

Anti-nutrients �

… �

Problem Formulation

Considers II. precursor information identify meaningful differences 
between the GM plant and its non-transformed comparators besides 
the introduced trait

if  � No, the remaining ERA is focused on the expressed trait as stressor 
(insecticidal protein)

if  � Yes, then the novel or different characters of the plant become 
additional stressors that also need to be evaluated
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Stressor characterization

Expression profi le (time, tissue, level, etc.) �

Agronomic practice (location, timing, area, etc.) �

Identifi es NTOs likely to be exposed �

Mode of action �

Spectrum of activity against pests (or NTOs) �

Identifies NTOs likely to be sensitive �

 Guides risk assessment and testing requirements

Properties of the framework (how to test)

Conduct Field Studies

Conduct Semi-Field Studies

Conduct Laboratory Studies

Analyze Available Data

Sufficient Data? 

Sufficient Data? 

Sufficient Data? 

S
to

p
 testin

g

Move through the framework to acquire sufficient data 

to make a regulatory decision
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S
to

p
 testin

g

S
u

ffi cien
t D

ata fo
r D

ecisio
n

How to move within the framework

Is there really a risk?

Yes  No 
Does the hazard pose a risk?

Yes  No 
Is there a hazard?

Yes  No 
Is there conceivable risk?

(Potential hazard and exposure)

Example framework

Field Studies

Semi-Field Studies

Laboratory Studies

Previous Data

EFATE NTO-Soil NTO-Lep NTO-Coleop

Not all hypotheses require the same testing

Species selection

Select appropriate species to serve as surrogates for ecologically and 
economically important non-target organisms that can be tested to provide 
relevant data at proportionate costs in the laboratory.
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Species selection - criteria

Representation of different  � ecological functions

Representation of the receiving  � environment

Information about the  � stressor (specifi city, exposure profi le)

Amenability �  for testing

Availability �  of test methods

Taxonomic recognition �

Anthropocentric values �

Adoption of the surrogate species concept

Study design – general requirements

Purpose and  � objectives of the study clearly defi ned 
(directed by problem formulation)

Study must provide data that are  � Interpretable and can be related 
to an assessment endpoint

Study results should assist decision-making  �
by reducing uncertainty in the risk assessment

Higher tier testing

Conduct only when they

Reduce uncertainty �  in the risk assessment

Are justifi ed �  by detection of unacceptable risks at lower tiers of testing

When early tier studies are not possible �

Can be performed under conditions and rigour necessary to produce  �
interpretable results
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Study design – considerations

Specifi c measurement endpointsI. 

Depend on purpose of study �

Should be related to assessment endpoints �

Life-stage to be testedII. 

Selection criteria �

Level of likely exposure (e.g., adult vs. larva) -

Sensitivity to the insecticidal compound -

Amenability to testing (‘validated’ test system) -

Availability of test protocolsIII. 

modifi ed to account for �

oral exposure pathways -

mode of action of insecticidal proteins -

Test validation (quality control standards)IV. 

Assures repeatability, interpretability and quality of the study �

GLP standards recommended / mandatory �

Need for complete study/ data reconstruction �

Conclusions

Tiered evaluation of potential hazards with representative surrogate  �
species provides a rigorous and effective basis for characterizing risk

It thus minimizes the likelihood of false negatives which could result  �
in the release of hazardous insect-resistant GM plants

The tiered approach ensures testing of clearly stated relevant hypotheses �

It thereby minimizes collection of data that are irrelevant  �
to the risk assessment

Decisions about acceptable risk can be made in a reasonable period of time �
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For details see

Romeis J, Bartsch D, Bigler F, Candolfi  MP, Gielkens MMC, Hartley SE, Hellmich 
RL, Huesing JE, Jepson PC, Layton R, Quemada H, Raybould A, Rose RI, 
Schiemann J, Sears MK, Shelton AM, Sweet J, Vaituzis Z, Wolt JD (2006)

Moving through the tiered and methodological framework for non-target 
arthropod risk assessment of transgenic insecticidal crops.

Proceedings of the 9th International Symposium on the Biosafety of Genetically
Modifi ed Organisms, 24-29 September 2006, Jeju Island, South Korea, pp. 62-67.

http://www.isbr.info/symposia/

Contact: joerg.romeis@art.admin.ch
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FRÉDÉRIQUE ANGEVIN, NATHALIE COLBACH, 

ANTOINE MESSÉAN, CLAIRE LAVIGNE

INRA, France

RELEVANCE OF MODELLING 

FOR ASSESSING SPATIAL AND 

TEMPORAL EFFECTS OF GMOS UPSCALING 



102.   Summary Report EFSA Scientifi c Colloquium 8, 20-21 June 2007 - Tabiano, Italy

Questions that puzzle us as experimentalists

A 1 ha maize fi eld produces about 10 � 12 pollen grains of these about 
106 fertilize ovules within the fi eld. What is the fate of the 106 others?

For how long are we going to fi nd transgenes in wild related populations   �
after we stop growing a transgenic oilseed rape variety?

How to manage refuges to avoid resistance of European corn borer  �
to Bt varieties?

Why models are necessary? 

Gene fl ow: over many years (rapeseed, sugar beet) �

Therefore fi eld experiments are too time consuming �

Gene fl ow: over long distances (rapeseed, maize) �

Realistic fi eld experiments are too spatially complex  �

Many factors and interactions to be addressed on a long-term basis, e.g.,  �
crop rotations, seed spillage, effect of soil tillage

 Field studies no longer suffi cient  �

  Field experiments are necessary to know phenomena 

but not suffi cient to study gene fl ow

Why do we need models?

The landscape fragmentation, climate and farmer practices have a great  �
infl uence on gene fl ow and adventitious presence 

Different decision levels should be taken into account: �

Farm level: What if I grow GM in this fi eld? How to grow it? �

Local level: How to organize spatial allocation between farms?  �

Regional level: is coexistence feasible at this scale? �

 Complex long term or large scale processes
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What do we expect from models?

Accurate quantitative predictions �

Ranking of scenarios �

Predictions, even inaccurate of events diffi cult to observe �

Understanding of relationships between processes �

 Different levels of precision, generality and explicative power are required

Accurate quantitative predictions

What rate of pollution by a transgene do we expect in a fi eld depending on its  �
surroundings?

How to achieve a given threshold of harvest purity?  �

 Sampling procedures

Field plan
Crop 

succession

For each fi eld and year:

AIMS:

to  � rank cropping 
systems

to  � propose new 
systems

Number per m² �

Genotypic proportions �

GeneSys

Plants Seeds produced  Seedbank

Crop 

management

Rape 

varieties

Colbach et al., 2001
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Use of GeneSys model: transgene progression 
from the central plot *

INRA – CETIOM- Université Paris Sud
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Use of GeneSys model: transgene progression 
from the central plot *

Ranking of scenarios

Cropping systems, harvest organisation that minimise the risk  �
of adventitious presence in non-GM productions?

Cropping systems and type of transgene that minimise the risk  �
of appearance of resistant weeds?

Management of refuge zones so that insects do not become  �
Bt resistant too fast?

INRA – CETIOM- Université Paris Sud
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Effect of changes in cropping system on the level 
of impurities in hybrid seed production 

Farm 1: 0% GM on farm - 
50% GM outside

rape/wheat/wheat/set-aside/
wheat/barley

Simulation Relative rate

Basic system 100

Harvest losses : 10 % vs. 5 % 115

Seeds: Farm saved vs. certifi ed 402

Soil Tillage: 
plough vs chisel

before rape 72

before other crops 197

Rape sowing early non-GM + late GM vs simultaneous 300

late non-GM + early GM vs simultaneous 27

Border 
management

Cutting Mid-April vs none 62

Glyphosate vs none 1490

set-aside: spring crop sown vs. unsown 2.5

Crop rotation: Spring barley added in the rotation 42

Farm fi eld location: clustered vs. dispersed 2.5

Crop location:  + fi elds with previous rape > 200m vs 0 m 1.5

(Co-existence study, JRC, 2002)
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Identifi cation of the optimal spatial confi guration of refuges 
(Bt cotton)

Use of a population genetic model of 
selection in a spatially heterogeneous 
environment, to determine an optimal 
spatial confi guration of refuges that 
could prevent the evolution of resistance 
whilst reducing the use of costly refuges 

Vacher, C., Bourguet, D., Rousset, F., Chevillon, C. & Hochberg, M. E.
Modelling the spatial confi guration of refuges for a sustainable control of pests: 
a case study of Bt cotton. Journal of Evolutionary Biology 16 (3), 378-387.

Predictions, even imprecise, of events diffi cult to observe

Very long distance dispersal  �

Gene fl ow from crops to unidentifi ed wild populations �

Hybridisation events when rare �

Adaptation of GeneSys model �

?

?

?

?
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Effect of structure of landscape on pollen movement

Number of sink populations that receive a given proportion of marked pollen

Impact of 1. 
proportion of 
long-distance 
pollination

impact of 2. 
spatial 
distribution of 
populations

geometric 

kernel

exponential 

kernel

 unmarked pollen  marked pollen  sink populations

Moliné, 2000 & Devaux, 2006
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m

s

Understanding the relationships between processes

Relative importance of effi cient migration rate (including introgression) and  �
fi tness of the hybrid on the fate of a transgene in a wild population?

Garnier et al, 2006 & 07

How does the behaviour of pollinators infl uence migration rates? �

Potentials of models

Large number of replicates of a situation �

  Probabilities of an observation under different scenarios

Exploration of a wide range of parameter values �

   E.g. sensitivity analysis, confi dence intervals for outputs, 
test of innovations, etc.)

Extrapolation in space and in time �
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Evolution of adventitious presence levels of rapeseed hybrid 
seed production over time 

(Co-existence study, JRC, 2002)
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Regional scale

How to determine gene fl ow amplitude over this region without simulating  �
processes for each fi eld?

Map: courtesy of JRC Ispra and AUP ex-QNIGC
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Two different approaches:

Models typically designed for this scale  �

 RegioPol (University of Bremen) �

 Model with partial differential equations (University of Braunschweig) �

… �

Upscaling results from local gene fl ow models �

Upscaling results of local gene fl ow models – 
preliminary study

Sensitivity analysis of local gene fl ow models to local and regional variables �

Relationships between major driving forces (practices, climatic factors,  �
landscape descriptors…) and average adventitious presence rate at the local 
scale  typology

Upscaling results of local gene fl ow models

Determination of 
adequate grid 

mesh to describe 
landscape 

according to the 
studied process

Agricultural 
practices 
typology

Landscape 
and climatic 
descriptors

GeneSys

Map: Courtesy of University of Bremen
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Conclusions

Models are necessary for addressing the wide range of agro-ecological  �
situations

Local spatially-explicit gene fl ow models can be used for upscaling  �

However scale specifi c models might be necessary or more effi cient �

 Not a model but models

All the models are false,

some are useful.

GEP Box cited by Chatfi eld, 1988
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PETER VAN TIENDEREN 

Institute for Biodiversity and Ecosystem Dynamics (IBED) 

Universiteit van Amsterdam

PREDICTING THE LONG TERM EFFECTS 

OF GM CROPS 
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How to put risks in the right perspective

Why?

 GMO applicants are obliged to provide adequate data to allow the  �
assessment of the potential long-term adverse effects on both the human/
animal health and environmental aspects of a GMO as part of their 
application, as described in the EFSA Guidance Document. 

Types of (slow) processes in plant populations

Accumulation of (known) small effects (or chances) in time �

New events that may occur (much) later �

1. Accumulation of (known) small effects in time

Population dynamics (e.g. Lotka-Volterra) �

Selection �

Drift  �

Metapopulation dynamics �
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J. Kummer, MSc project

1. Accumulation of (known) small effects in time

Population dynamics (e.g. Lotka-Volterra) �

Selection �

Drift  �

Metapopulation dynamics �

Sometimes easier to look for differences 

and extrapolate (model) than to wait for changes to occur

Requires knowledge, models, 

and experimental protocols for screening
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2. New events that may occur (much) later

Changes during the hybridisation process �

Linkage drag, heterosis, genetic background, transgressive phenotypes,  �
epistatic effects

Compensatory mutations �

Breaking of containment / silencing �

Results due to stacking �

… �

Later changes in ecology �

Invasiveness, range expansion (e.g. stress related) �

In response to external (e.g. climatic) changes �

Introgression of genes into wild relatives

Barriers for transgenes:

Escape from GM crop �

Escape from  �
fi rst generation hybrid

Fitness of later generations �

T: transgene

crop

wild

TT

F1
T.

BC1
TT or T. or ..

selfer

crop

wild

BC1

BC2

F1

TT

T.

T. Or ..

T. Or ..

outcrosser
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Wild and cultivated lettuce

Fitness per breeding class
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2. New events that may occur (much) later

Changes during the hybridization process �

Changes in ecology �

Are very diffi cult to predict, require ‘what if’ scenarios

Require species / crop / wild specifi c information

Benefi ts of the case-by-case, step-by-step approach

Precautionary principle �

Monitoring  �
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Drawbacks of the case-by-case, step-by-step approach

Less attention to develop generic & crop/system specifi c information
Who are responsible for this?  �

Unclear what applicants should deliver as ‘ � adequate data’

Wasted energy, slow procedures �

Information needed

Screening protocols �

Ecology of crops, feral populations and wild relatives �

Specifi cs of the crop/wild hybridisation process �

Models to assess vulnerabilities �

Potentially dangerous crop-trait combinations �

Back to case-by-case guidelines for E.R.A. �
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Types of (invasive) processes

Internally driven �

Autonomous, acceleration, positive feedbacks, irreversible  �

Which crops / wild relatives / traits?

Consequences for E.R.A.?

External forcing �

Infl ux driven, no/negative feedbacks, reversible �

Which crops / wild relatives / traits?

Consequences for E.R.A.?
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CHRIS POLLOCK 

Chairman, Advisory Committee 

on Releases to the Environment 

MANAGING THE FOOTPRINT OF AGRICULTURE: 

TOWARDS A COMPARATIVE ASSESSMENT 

OF RISKS AND BENEFITS 

FOR NOVEL AGRICULTURAL SYSTEMS
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SYNOPSIS

ACRE �

The reasons for the trials �

The broad fi ndings of the trials �

Their implications �

The work of the ACRE Wider Impacts Sub-Group �

Conclusions �

The Advisory Committee on Releases to the Environment (ACRE)

ACRE is an independent scientifi c advisory committee established in 1993 �

The Committee provides statutory advice to the UK government regarding  �
environmental risks associated with genetically modifi ed organisms. 

ACRE works within the legislative framework that  implements EU Directive  �
2001/18/EC. 

(http://www.defra.gov.uk/environment/acre/index.htm)

Concerns have been raised by conservation bodies 

that many novel agricultural systems have increased 

adverse effects on wildlife

In general, increased intensifi cation and “agro-effi ciency” 

reduce energy capture by the non-farmed components on farms 

(e.g. weeds in fi elds and fi eld boundaries)
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Changes in biodiversity attributable to the development of agriculture

B
io

d
iv

er
si

ty

10,000BC 1900 AD Today

Natural and semi-natural populations

“Planned” populations (crops etc)

Small-scale
Mixed farming

Large-scale
Specialist farming

“Unplanned” populations (weeds etc)

HT CROPS

Intended to provide more effective weed control �

Concern that this could impact on wildlife  �
(with some indirect supporting evidence)

Proper exercise of precautionary principle to measure these effects  �
before license

ACRE RECOMMENDED FIELD-SCALE TRIALS OF HT CROPS

The null hypothesis was that there would be no differences 

between HT and conventional crops in terms of impact on biodiversity
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Site selection

66 beet sites ( � )

68 maize sites ( � )

9 following sites �

67 spring oilseed rape sites ( � )

Split fi elds �

Crop management  �
as per normal practice
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Comparing crops

Differences between crops and treatments

Greater between crops than GM and Conv for same crops �

Biodiversity of Winter OSR is the most distinctive �

GM crops and dicots

GM beet, spring OSR, winter OSR, produced fewer dicot seeds and biomass  �

GM maize produced more dicot seeds and biomass �

All crops likely to impact populations of granivorous birds �

PCO axis 1

0.5 0 0.5

P
C

O
 A

x
is

 2

0.25

0.0

0.25

58% variance a/c

27
%

 v
ar

ia
n

ce
 a

/c

decreasing biodiversity

increasing biodiversity

winter
crops

spring
crops

0.5

SOSR
WOSR

Beet

Conventional

GMHT
Maize

Treatment Crop
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In summary…

Differences greatest for in-fi eld weeds �

Differences are driven by herbicide regimes �

Differences between crops greater than between GM and conventional �

ACRE advice to ministers

Permit cultivation of GMHT maize under the FSE conditions  �
within the current consent to 2006

Renewal would need to show that the advantages to wildlife  �
were maintained under new conventional herbicide regime (no atrazine)

Any cultivation of rape and beet would require evidence  �
of effective  mitigation

Response

Ministers accepted ACRE’s advice �

Applications for cultivation withdrawn �

Ministers asked ACRE to consider the wider implications of the FSE results �

Outcome

In May this year, ACRE published 
Managing the Footprint of Agriculture: 
Towards a Comparative Assessment 
of Risks and Benefi ts for Novel Agricultural Systems
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Evidence in support of change

Canadians assess novelty rather than concentrating on technology �

Norwegians include benefi ts of GMOs �

Experts briefed ACRE on developing methodolgies that could be used �

UK and EU Sustainability targets emphasise the need to consider balance  �
of benefi ts and disbenefi ts

Main conclusions

Existing regulatory system is partial, inconsistent and only concerned  �
with impact

As agriculture is required to balance delivery of ecosystem services  �
with food production, the balance between impact and benefi t 
 is increasingly important

We propose a matrix-based assessment of impacts and benefi ts  �
to encourage evidence-based and objective-led regulation of novel 
agricultural technologies

Eight criteria are used to develop an overall view of impacts and benefi ts �
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Csa principles

Take account of benefi ts as well as risks �

Be evidence-based �

Recognise the need to assess impact on a limited scale  �
before widespread use

Be based on comparison with current crops and practices �

Protect opportunities for innovation by taking into account  �
the impacts of current practice

Be straightforward to apply �

Be sensitive to the competitiveness of UK agriculture �
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Worked examples to illustrate how the csa might be used

Japanese knotweed1. 

Winter wheat2. 

Biocontrol of the European corn borer 3. 
with Trichogramma

The energy crop Miscanthus4. 

Bt cotton5. 

Herbicide tolerant amenity grasses 6. 
developed through GM or conventional means

American Mink7. 

Example 5

Benefi ts and negative impacts of Bt cotton for bollworm control 
compared to conventionally managed non-GM cotton 
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Example 5: conclusions

Compared to cotton sprayed with insecticides, Bt cotton has major benefi ts in 
terms of the environment, yield security and human health. The environmental 
disbenefi ts appear marginal in comparison. 

Example 6:  gm vs non-gm ht ryegrass

Benefi t in terms of effectiveness and cheapness of management �

Disbenefi ts in terms of: �

 Increased spraying over non-HT �

Negative effects on non-target biodiversity �

High risk of escape of trait into wild populations  �
(alternative control strategies more damaging)

Gm vs non-gm ht ryegrass

Conclusions that the approach offered advantages over non-HT but  �
also had potential disadvantages that would have to be mitigated.

Phenotype would be similar for GMHT and non-GMHT, so similar  �
balance of benefi t and disbenefi t.

Conclusions

FSEs demonstrated proper application of the precautionary principle �

They confi rmed the impact on biodiversity of conventional systems  �
as well as GMHT

Logical application of the precautionary principle is to assess all new  �
agricultural practices for impacts on the natural environment

Risks should be set against benefi ts �

The debate on regulatory change now has to go out into Europe �
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DISCUSSION GROUP 1

TESTING NON-TARGET ORGANISMS

Annex 5: Slides of the Discussion Groups



140.   Summary Report EFSA Scientifi c Colloquium 8, 20-21 June 2007 - Tabiano, Italy

Scope

We focussed on plants and cultivation

Two presentations – Two views?

What is the starting point �

Focus on bigger issues/philosophy �

Fine detail is important and needs discussion but takes time  �
and could/should be done at later stage

Recognise the similarities

The use of the USEPA ERA type framework – based on ideas relating to  �
stressors/receptors, assessment and measurement endpoints, conceptual 
models, risk characterisation

This was good – room to move forward in our discussion group �

Recognise the dissimilarities

How to choose/select species for testing �

Confi dence of triggers for moving upwards or claiming “safety” �

Signifi cance/Impact of Field trials �

Worst case scenarios – use of lab experiments – need for simplicity/control  �
versus the need for ecological reality

This is typical and can allow improvement of a framework �

One system well developed for Bt plants (Cry toxins) – 

can it be translated, streamlined for other IR plants or other traits?

Cry toxins – confi dence to adopt classical tiered – what about other toxins/traits –

how much data to give confi dence in such an approach?
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Lab based testing – the starting point for assessing risk

The beginning and the end or always just the beginning �

We have come a long way and/or we have had a proper 
chance to listen, learn and discuss

The ERA (USEPA, SUTER) approach integrates science with risk assessment  �
for decision making

The conceptual model approach must be adhered to so that irrelevant data  �
is not collected 

Issues of protection goal etc.might not be clear (what are we trying to protect  �
– can it be objectively assessed), but assessment and measurement 
endpoints must be clear

Stressor Identifi cation

This is critical to ensure focus on what we need to know �

Should eradicate study of irrelevance (some data might only be irrelevant  �
once we have it, but it should not be irrelevant before we start

Should ensure we utilise/capitilise on what we do know and what aditional  �
info we may require (objective way to use experience)

Need a robust way of identifying stressors, especially as this may identify  �
those receptors species we should be studying (decision tree approach 
may work)

Within the ERA framework

The Tiered approach is a good one and allows alignment with ERA �

However, the interpretation (based on confi dence and/or uncertainty)  �
causes disagreement/constructive debate
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Tiered testing – an important difference

(Romeis) approach – early tiered tests with purifi ed toxins on „well chosen”  �
species allows tiers to be cut-short (confi dence to do this with a number of 
Cry toxins). If have robust risk hypothesis, can take to different tier according 
to hypothesis and NTO i.e. will not all be “stopped” at tier 1.

(Lovei) approach – even with Cry toxins, no effect to purifi ed toxin in early tier  �
does not equate to not going up to at least semi-fi eld so as to include 
elements of ecological realism which may occur in more complex spatial-
temporal and/or gene by environment interactions

Species Selection

Should choose species which align with our knowledge and experience  �
(use subjectivity (what we know and what can be done/tractability) and 
objectivity) 

Such an approach may work well when we have lot of a-priori knowledge  �
about gene product e.g. Cry toxin

Should choose species which align with ecological service/function of  �
receiver environment (objective with hopefully some subjectivity, although if 
it relates to tractability in lab – we should develop mentods in which they can 
be used)

Such an aproach may work well when we know little about ecological  �
implications e.g. pharma plant
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So what about fi eld trials

Need to consider role of extended lab/mesocosm/semi-fi eld trials which  �
allow increasing ecological realism whilst offering “lab control” – an 
intermediate between lab and larger scale fi eld trials

Field trials are/can be an important part of a tiered risk assessment scheme  �
(debate as to whether/when they are required)

Field trials likely to always be conducted (by company) – large trails giving  �
ecological reality can be diffi cult to still have causal relationship

Lab trials can more easily be standardised than fi eld trials which may need  �
more regional/receiving environment specifi c

Beyond the lab – the ecological reality of the fi eld

Field trials – lots of agreement

Very important to still adopt the ERA idea i.e. have conceptual models,  �
assessment endpoints etc.

Having a very well defi ned testable question/hypothesis is essential! Should  �
not be general census/monitoring at this stage of RA.

Agree that we don’t need to test everything, but need a method for  �
identifying what we should test

Power analysis for each receptor to be studied needs conducting before trial  �
starts – this copes with increasing diffi culties encountered with noise in fi eld 
and gives confi dence when characterising the risk in the ERA

Field trials – still areas of discussion/disagreement

Should only be representative environments in which the crops are to be grown  �
be tested/assessed (test versus assessment is an important issue – later)

Issues relating to relevant biogeographic regions, but only focus on those  �
picked up for Risk Assessment

Field tests should focus on functional groups (species and/or processes e.g in  �
soil) rather than model species in which we know a lot about from lab studies



144.   Summary Report EFSA Scientifi c Colloquium 8, 20-21 June 2007 - Tabiano, Italy

Risk Assessment versus generation of new data by testing

Often a RA could be conducted as a desk exercise which either does not need  �
new data or can identify clearly which new data are required

If following ERA and having a risk characterisation, then this can mention  �
uncertainty and “missing” data which need to be plugged to increase 
confi dence

Thus adopting framework does not mean that everything requires additional  �
testing, but can identify what we need to know rather than what would be 
nice to know

This is very important at fi eld level (for expense and time) or in assessment  �
of different events, hybrids growing in differing environments

We must not think in isolation

Can we align our data generation with requirements of modellers involved in  �
upscaling. We must ensure data we collect addresses hypotheses within our 
NTO RA, but if it can also provide empirical data to validate models – talk 
between groups involved in these aspects of the RA

Baseline – critical and needs discussion 

Baseline at current point and baseline we want in future �

What should we be comparing with (conventional, organic etc.)? �

Agricultural environment versus other environments – treated differently or  �
the same

Collection of data very expensive e.g. UK FSE best baseline to date, but  �
requires investment
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Issues mentioned but not discussed in depth – need further 
inputs recommend that EFSA GMO panel consider this

Finer detail of many of the interpretations of the overarching concept –  �
e.g. precise methods etc.

Equivalence versus Difference testing �

How do we choose the species we will test �

Familiarity with crop and trait should be considered in the RA �
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DISCUSSION GROUP 2

USING MODELLING TO ASSESS SPATIAL AND TEMPORAL 

EFFECTS DUE TO THE UP-SCALED CULTIVATION 

OF GM CROPS
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Introduction

Modern risk assessment requires a sophisticated approach to problems of scale. 
Firstly, whilst studies and predictions are often made at the fi eld scale for a single 
season, we need to assess effects over a landscape or region and to do so at the 
temporal scale of rotations or decades. Scaling results up often requires a modelling 
approach, since resources are too scarce and time unavailable for large-scale 
experimentation. Models are now available that demonstrate how we may upscale 
in space and in time, and simulate large-scale agronomic processes within which 
models may operate. 

1.  How to use modelling (e.g. of Bt resistance) as a tool 
to upscale environmental risk assessment? 

Modelling is done informally in any risk assessment �

Implementing multi-species modelling in Bt resistance may allow to evaluate  �
specifi c risks in rather realistic conditions

Targeting containment strategies and monitoring �

Spatially explicitly models where appropriate (e.g. species distribution) �

Need to have data at scales up to regional level in order to validate upscaling �

2.  How upscaling can be used to quantify  effect(s) (both in 
space and time) in an environmental risk assessment? 

Multi-parameter models may be prone to error magnifi cation  �

Monarch butterfl y (from organismal level to population level) �

Gene fl ow  � Brassica rapa (the gene fl ow from fi eld scale to regional scale)

For certain organisms, models can clarify issues in situations when fi eld  �
trials are not possible or considered too risky
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3.  How to measure potential effects on insects population 
dynamics (e.g. shifts in pathogen populations, insurgence 
of secondary pests, etc.) from large-scale cultivation 
of GM crops? 

Monarch Butterfl y �

Karner blue (Wolt and Peterson, 2006) �

Tritrophic effects through aphids (Ramirez-Romero et al., 2007?) �

Competition models �

4.  How to integrate effects due to landscape 
and farming systems, into models that may aid 
environmental risk assessment? 

Scenario modelling (in terms of adaptation of the agro-ecosystem  �
to the new situation)

Study of gene fl ow may enable to evaluate exposure at larger spacial scales  �
than achieved by fi eld trials. 

Other aspects might be explored considering landscape and farming systems  �
(e.g. rotation at a landscape level)

5.  Could the approaches used in the EU Water framework 
and the Habitats Directive (e.g. concept of basin, 
preservation of the receiving environment) be useful 
in GMO-related Environmental Risk Assessment? 

conservation goals must be clearly stated (ecological services).  �
Who decides?

It might be different in disturbed environment e.g. agro-ecosystems,  �
where baselines are not clearly defi ned

Species assemblage  �
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6.  Can any recommendation be developed for the systematic 
integration of current modelling tools into the procedures 
and guidance for environmental risk assessment? 

Help risk assessment for estimating exposure, but only few models exist.  �
But it is crucial that policy goals are clearly set.

Scaling up should only be done after a decision trigger has been exceeded  �
(tiered approach concept)

Modelling as a tool to make use of knowledge of a GM plant in a different  �
environment (Marvier et al. 2007, limited studies in the EU for instance 
for cotton)

Population genetics spatio-temporal models,  �
matrix models fi tness/non fi tness

Recommendations

We are not yet at the stage to have generic models that can be used for risk  �
assessment but we should still be trying to build these models for research 
purposes as they might be useful in future applications.

The results of post market monitoring may feed back to test, verify  �
and improve models to achieve more realistic upscaling

Defi ne the goal, endpoints and the scale of the model �

Interactions and feedback between modellers and/or data gatherers  �
are important

All models (qualitative and quantitative) should be validated and their  �
variability should be explicitly stated

Risk assessment should always attempt to quantify, where possible �

The case by case approach should be maintained (there is a risk of models  �
being too general) 

Implicit upscaling should be formalized �
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DISCUSSION GROUP 3

PREDICTING AND ASSESSING LONG-TERM EFFECTS
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Defi nition of long-term?

 For the purpose of DG 3, a pragmatic defi nition on long-term effects  �
(of GMO) is given by Crawley (1994): a process (or effect) is long-term if its 
characteristic time scale is of the order of 10 to 100 generations. 
Thus for most organisms long-term effects should emerge after a minimum 
of 10 to 20 years.

Did not agree that this defi nition could be applied in all scenarios �

Case-dependent – on both GMO and effect (species and function) �

1. What are the relevant sources of information? 

Data in peer-reviewed journals �

Scientifi c reports �

Database of conventional agriculture/wider environment – baseline  �
(e.g. morphological study of hybrid zone) 

Monitoring reports of GMOs (also Part B?) where available �

Data collected and presented by applicants �

Consensus documents (e.g. OECD) �

Predictive models – DG2 (need to be validatable) �

2.  How can appropriate data be collected 
for long-term risk assessment? 

Consequence studies/worst-case scenarios �

Monitoring reports from other areas of cultivation where available �

Make use of appropriate data from food and feed toxicological studies �
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3.  How can information databases 
(e.g. Molecular Register) help?

For instance, for prediction of potential interactions of stacked genes  �
and appearance of unauthorised events

Worldwide exchange of data – experience in other regions  �
(e.g. China for Bt cotton)

Literature databases (e.g. ICGEB) �

Synthesising data for specifi c crop systems �

4.  How to consider potential large-scale production 
of several GM crops? 

Baseline information for receiving environment (e.g. biovigilance in France) �

Is required baseline different for short-term and long-term effects? Pesticides  �
may come and go => pest species levels may change through external forces

Need to look at each crop independently, then look at cumulative risk  �
and benefi ts, potential interaction of traits, offsetting

5.  Your views on modelling for assessing potential 
long-term effects? 

Can GM authorisation be based on modelling results?  �

 Need to be validated, therefore validation rather than modelling results  �
would be driver of authorisation/decline

Potentially important tool for predicting time scale of long-term effect under  �
different scenarios

Cannot be used pre-release for modelling  � unknown or unpredictable effects 
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6. What potential long-term effects should be monitored? 

Cannot monitor everything everywhere, therefore need to focus on  �
protection goals (e.g. relevant protected (or indicator) species, habitats, 
water, soil)

Decide on assessment endpoints/thresholds for action (e.g. in view of crop’s  �
wild relatives)

Surveillance rather than case-specifi c monitoring needed for unanticipated  �
adverse effects

7.  How should the post-market monitoring of long-term 
effects be carried out? 

Organisational 

 Industry – monitoring responsibility  �
(collaboration with national authorities needed)

 Enable link between cultivation registers and environmental surveillance  �
systems for geo-referencing of long-term effects

 Adopt appropriately standardised/protocolised methodology from outset �

Methodological

 Work with indicator species (e.g. calibrated Collembola tests) �

 Use of existing surveillance systems (e.g. bio-vigilance, plant protection  �
services, bee monitoring, veterinarian reports)

 Need to consider long-term effects against generic dynamic baseline �

 Sampling strategy adapted to long-term effects �

8.  What guidance for the overall assessment 
of long-term effects? 

Pre-assessment testing cannot be substituted by monitoring (and vice versa) �

No new guidance needed for existing GMOs?  �

But new tools potentially needed for assessing long-term effects of new traits �
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DISCUSSION GROUP 4

BROADENING THE SCOPE 

OF ENVIRONMENTAL RISK ASSESSMENT 

(RISK-BENEFIT ANALYSIS)
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Should we broaden the scope of environmental risk assessment? �

How should this be done? �

Future music �

Emerging themes �

Should we broaden the scope of the environmental risk assessment? �

Within existing regulations �

Beyond the existing regulations �

Application of the best science to risk assessment �

Should we broaden the scope?

Debate

Reviewed the existing scope �

Data presented by applicants in proposals mainly focuses on direct effects �

Indirect effects are harder to assess, data scarce �

It is in considering the indirect effects that there may be benefi ts as well  �
as risks

Defi nitions of benefi t – environmental, economic, socio-economic, ethical �

Ambiguity in the present interpretation of the regulations �

Initial conclusions

Inclusion of benefi ts a step forward – additional information will lead to a  �
more complete picture and better decisions.

Optional, not compulsory �

Elements already exist within current dossiers �

If EU doesn’t ask for such information it will not be provided. �
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Pitfalls to be avoided

Additional unsustainable burden upon applicants �

Within current system, avoid misconception that a consideration of benefi ts  �
means an acceptance of risks

Impression that this is an additional hurdle �

Actions suggested for EFSA

Clarify present interpretation of regulations �

Consider defi nitions and scope of benefi ts �

Amend the guidance document accordingly �
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How should we broaden the scope?

Debate

Benefi ts come in three categories �

A reduction of risk �

A co-incidental benefi t �

A designed environmental advantage �

Explicitly consider mitigation �

This is already the case for Bt crops �

Field data on GM sugar beet �

FSE data for maize �

Tension between risk assessment and risk management �

Develop tools to examine risks and benefi ts �

Learn from other EFSA activities in the food science area �

Develop risk context at front of dossiers �

Written as a collaboration between CA secretariat and applicant �

Include location specifi c information and the agricultural practices that  �
would be applied

Opportunity to outline potential benefi ts and deal with wider implications �

Avoid misinterpretation �

Conclusions – within the dossier

Encourage more effective use of mitigation �

Consider the introduction of a risk context section �
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Future Music

Scene setting

Impact of agriculture on the environment is increasing �

Due to changes in land use & agricultural practices �

Climate change is expected to exacerbate this �

Debate

How to defi ne a regulatory system that takes account of wider impacts? �

Methodology: life cycle analysis �

Comparative sustainability assessments (UK) �

Other matrix based approaches are being explored elsewhere  �

Similar approaches in other fi elds �

Point at which wider issues should be debated (political v decision  �
making framework)

Where will the data required come from? �

Proposed a provisional licensing system to build up data over appropriate  �
scales (time & space)

Focus on GM defi es scientifi c evidence �

Novelty is one option (Canada v New Zealand) �

Tools yet to be developed for agriculture – this could be an area for research �

Actions suggested for EFSA

Launch a call for a study to investigate different tools used in other  �
disciplines.

On the basis of this study, EFSA could initiate development of tools fi t  �
for purpose.

Communication, political lobbying and awareness. �
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