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FOREWORD

After genetically modified (GM) crops are released, they interact with the environment.
Introgression, mutations and selection pressure continue to take place and, when the crop is
grown on large areas, there are the possibilities of unanticipated effects on the habitats and
ecosystems. Thus, the need to monitor both the benefits and potential hazards of released GM
crops to the environment is becoming more important as the commercial area of these crops is
increasing.

An expert consultation at FAO headquarters in 2003 on the environmental effects of GM crops
stressed that the benefits and potential hazards of GM crops needed to be considered within a
broader ecosystem and recommended that the environmental effects of GM crops be assessed
on a case-by-case basis. It was emphasized that there was limited information on the subject
and that there was an emerging need to monitor possible medium- to long-term environmental
impacts through adequate practical methodologies.

Hence, in January 2005, a consultation of experts was convened at FAO in Rome to explore
and evaluate methodologies for monitoring the impact of GM crops on agriculture and the larger
domain of ecosystems, and recommend strategies to FAO for strengthening member countries’
capacities to design and carry out monitoring of environmental effects of GM crops. The
consultation was organized by the Plant Production and Protection Division together with FAO’s
Priority Areas for Interdisciplinary Action on Biotechnology, Biosecurity and Biodiversity.

Seventeen experts from 13 countries and organizations participated in their individual capacity.
The technical scope of the meeting was restricted to methodologies for monitoring the impacts
of GM crops already released for cultivation. The consultation, while informed by the range of
existing policies, particularly in developing countries, did not seek to analyse policies or propose
new policies outside those directly enabling the application of better monitoring methodologies.

The experts recommended that any responsible deployment of GM crops needs to comprise the
whole technology development process, from the pre-release risk assessment to biosafety
considerations and post-release monitoring. Environmental goals must also encompass the
maintenance and protection of basic natural resources, such as soil and water, and biodiversity.
In this way, monitoring could also generate the necessary knowledge to protect agrosystems,
rural livelihoods and broader ecological integrity. Potential hazards associated with GM
cropping — according to the scientists — have all to be placed within the broader context of both
positive and negative impacts that are associated with all agricultural practices. More
importantly, stakeholders, from environmental organizations to farmer groups and community
organizations, should be actively and continuously engaged in this process. The workshop
agreed that these stakeholders are absolutely intrinsic to the system.

These proceedings consist of two parts: the first is a report of the presentations, deliberations
and recommendations that took place during the sessions, and the second includes a selection
of papers presented by invited speakers. A major conclusion of the experts was their
consideration that the establishment of monitoring systems is a matter of urgency. They can be
built up in stages, with a limited programme, taking advantage of local expertise and readily
available tools as a first stage. FAO, along with other agencies and national and international
research centres, is ready to facilitate this process, encouraging the adoption of monitoring
programmes for agricultural and environmental sustainability.

Shivaji Pandey

Director

Plant Production and Protection Division

FAO, and

Chairperson, FAO Working Group on Biotechnology
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Executive Summary

The Food and Agriculture Organization of the United Nations (FAO) hosted an expert
consultation entitled Genetically Modified Organisms in Crop Production and Their Effects on
the Environment: Methodologies for Monitoring and the Way Ahead from 18 to 20 January 2005
in Rome. The main objective of the consultation was to review the scientific basis for, and
procedures to establish, effective post-release monitoring of genetically modified (GM) crops
and develop guidelines to strengthen the capacities of member countries to design and carry
out monitoring programmes. The participants represented a wide range of expertise from
research institutes, universities, international agencies, regulatory agencies, the private sector
and the civil society. The consultation was jointly organized by the Plant Production and
Protection Division of FAQO’s Agriculture Department and the Inter-Departmental Working
Groups on Biodiversity for Food and Agriculture, Biotechnology in Food and Agriculture and
Biosecurity for Agriculture and Food Production.

The experts emphasised that GM crop deployment must comprise the whole technology
development process, from pre-release risk assessment to biosafety considerations and
monitoring post-release. The positive and negative effects of GM crops on the environment are
shaped by location and context, and monitoring programmes should recognize that there are
important sources of variation within and among farming systems. Monitoring programmes
should inform decision-makers and provide feedback to the regulatory process and policies that
support the development of sustainable practices. Wherever possible, the objectives of
monitoring programmes should, therefore, be nested within processes that address broader
goals.

The experts did not list or evaluate individual indicators needed for monitoring, but emphasized
the critical importance of planning the process.

The major outputs of the meeting were:

e a review of scientific criteria and procedures that address the technical aspects of
monitoring environmental effects of GM crops;

e two strategies that could be used as the basis for efficient monitoring programmes; and

e recommendations for scientists managing the monitoring process, policy and decision-
makers, FAO and other relevant international agencies.

The capacity to undertake monitoring varies globally. Several developed countries have
undertaken large-scale, long-term research and post-release monitoring programmes for GM
crops that have provided an effective basis for decision-making. Monitoring programme
development is, however, a greater challenge in the developing world, where possible hazards
are less clearly understood and the stakeholders are less well defined. In addition, opportunities
for engagement in public debate are limited, environmental protection measures are less
effectively enforced and there are insufficient resources for research and development or for
strengthening local expertise.

To address these challenges, experts developed a robust design for monitoring that could work
within limited resource levels, using the example of herbicide-tolerant rice in Asia with the
potential risk of gene flow to weedy rice. The core values of the monitoring programme are the
serious commitment to engage and consult with people with a stake in the final outcome, and a
judicious selection of indicators that meet the basic requirements for scientific rigour and
address stakeholder concerns and that can trigger appropriate management or regulatory
responses.



The key steps or actions for developing a monitoring programme are as follows:

e Set monitoring programme goals and immediate objectives
- consult stakeholders, including farmers and managers, regarding the natural resources
to develop the goals and immediate objective.

¢ Identify potential barriers
- prioritize and develop plans to overcome or minimize potential field barriers.

e Identify potential risks and benefits
- use stakeholder and expert knowledge of potential risks/concerns and benefits of GM
crops, and ways and indicators to measure these factors.

e Develop a testing hypothesis to guide actions and decisions
- ensure that the hypothesis is simple, robust and can be easily tested in the field.

¢ I|dentify a limited number of potential indicators
- ensure that the indicators meet the basic requirements of scientific rigor;
- reflect key elements of the hypothesis tested;
- compare with control sites and/or baseline values prior to GM crop release; and
- estimate the status and trends in indicator values.

e Determine appropriate trigger values for decision-making and action
- anticipate the range of decisions and actions if triggers are exceeded; and
- prepare a follow-up action plan.

e Cultivate a transparent and effective process
- ensure continued involvement of stakeholders;
- maintain clarity in analysis and reporting, and identify needs; and
- build linkages with policy development and capacity building.

The consultation viewed these actions as occupying a toolbox. They should not be adopted as
an inflexible, linear process. Full stakeholder engagement should be fostered through formal
and informal networks, alliances and initiatives to promote resource mobilization,
communication and information dissemination. Building trust and transparency is the only way
to sustain an effective link between monitoring and the resulting actions.



1. Introduction

The Food and Agriculture Organization of the United Nations (FAO) hosted an expert consultation
entitled Genetically Modified Organisms in Crop Production and Their Effects on the Environment:
Methodologies for Monitoring and the Way Ahead from 18 to 20 January in Rome. The main
objective of the consultation was to review the scientific basis for, and procedures to establish,
effective post-release monitoring of genetically modified (GM) crops and develop guidelines to
strengthen member countries’ capacities to design and carry out monitoring programmes. The
consultation was a follow-up to the earlier FAO expert consultation entitled Environmental Effects of
Genetically Modified Crops1 which had recommended that the environmental effects of GM crops
be assessed on a case-by-case basis and emphasized the emerging need to monitor possible
medium- to long-term environmental impacts through adequate practical methodologies.

The meeting was a three-day event organized by the Plant Production and Protection Division
(AGP) of FAO’s Agriculture Department. It was co-sponsored by the FAO Inter-departmental
Working Groups (IDWG) on Biodiversity for Food and Agriculture and on Biotechnology in Food and
Agriculture and on Biosecurity for Agriculture and Food Production. Seventeen experts from around
the world were invited to participate in their personal capacity, including representatives from the
scientific community, international research centres, the private sector and the civil society. A
background paper on monitoring was prepared and distributed to all participants®. The Agenda is in
Annex 1.

The consultation was inaugurated by Louise O. Fresco, Assistant Director-General of FAO’s
Agriculture Department, who welcomed the participants and emphasized the Organization’s
commitment to providing tools to assist countries in making their own informed choices on the
matter, as well as protect the productivity and ecological integrity of farming systems. She urged the
experts to consider the importance of networks and partnerships for practicability and cost-
effectiveness, and to provide access to necessary information and enable its dissemination, should
nations introduce post-release monitoring to address both foreseen and unforeseen impacts of GM
crop production. She felt confident that FAO would be better positioned to assist member countries
in making appropriate choices in this area from recommendations received from the broad range of
expertise assembled at the meeting.

The Director of AGP, Mahmoud Solh, stressed the need for evaluating current monitoring
methodologies and procedures, identifying the common elements and constraints so that FAO can
provide guidance for strengthening the capacities of member countries to establish effective
monitoring of GM crops, as appropriate. He emphasized the facilitator role of FAO in the
development of a follow-up mechanism for monitoring medium- to long-term environmental effects
of GM crop cultivation involving United Nations agencies, Consultative Group on International
Agricultural Research (CGIAR) centres and other international and national centres.

Peter Kenmore, Chairperson of the IDWG on Biodiversity for Food and Agriculture, introduced the
Provisional Agenda, which was adopted unanimously. He briefly described the process proposed for
the consultation. The first section would be devoted to presentations on current monitoring
procedures, country experiences, large-scale experiments on monitoring GM crops and management
of monitoring programmes. This would be followed by two thematic group discussions where the
experts would analyse proposals from the perspective of (a) countries with well-established risk-
assessment procedures and scientific infrastructure, and (b) countries that have more limited
capacities. He emphasized that the scope of the consultation was post-release monitoring, and hoped
that practical guidelines would be developed through deliberations during the third thematic working
session. It was essential to ensure that the stakeholder community, including scientists and the civil
society, together played a major role in developing a working programme.

Thereafter, the chairpersons of the sessions invited the speakers to present their papers, after which general
discussions took place. On the final day, the meeting was closed with the adoption of a preliminary meeting
report and draft recommendations. A special note from the experts concluded the consultation.

' Report of the FAO expert consultation entitted Environmental Effects of Genetically Modified Crops, 16—18 June 2003.
ftp:/ftp.fac.org/docrep/fao/field/006/ad690e/ad690e00.pdf.

2 Jepson, P. 2005. FAO expert consultation background paper: Challenges to the design and implementation of effective monitoring for GM
crop impacts: Lessons from conventional agriculture. (See Part Il of this publication.)




2. Monitoring Defined

The experts considered that it was important to properly define monitoring and to outline the role
of monitoring in relation to other environmental data collection and analysis procedures.
Monitoring was defined as “a procedure that involves the systematic measurement of selected
variables and processes that may be affected by a given practice”. Reasons for monitoring
include the need to meet environmental protection goals, concerns about deviations in
ecological integrity from a predetermined standard or verification of risk-assessment findings.

Monitoring is not a substitute for rigorous risk assessment in protecting against adverse
environmental impacts, although, unlike risk assessment, it may also be used to quantify the
potential benefits of GM crops.

Successful monitoring procedures build upon existing ecological data sources that establish the
status of the system under investigation. Monitoring should not be confused with general
environmental surveillance or ecological inventory; monitoring is goal-oriented, and designed to
detect change in comparison to reference sites and/or the pre-treatment condition. When
effective, monitoring addresses the priorities of people with a stake in its outcome, and feeds
back to inform management and policy development.

Deployment of GM crops must encompass the whole process of technology development, from
pre-release risk assessment to post-release monitoring. Monitoring programmes should
recognize and take into account important sources of variation between farming systems and
GM crop types in order to properly address potential interactions between the GM crop and the
environment. The positive and negative effects of GM crops will vary with location and context,
and monitoring will require a new model of working in order to inform actions at the farming-
system level.

The capacity to undertake monitoring varies globally and reflects the level of ecological
knowledge associated with particular systems, the local capacity to plan, implement and
analyze the data, and the integrity of the pathway that leads from the data to decision-making,
and back to effective management.



3. Expert Consultation Sessions

3.1 Session |. Elements of Environmental Monitoring Strategies

Presentation 1:
Principles and procedures for medium- to long-term environmental
monitoring. Paul Jepson

Presentation 2:
Strategies and tools for monitoring biodiversity and ecological function.
Angelika Hilbeck

Presentation 3:
Soil ecosystem monitoring methodologies. Janice Thies

Paul Jepson reviewed the monitoring principles based upon the expert consultation background
review paper’. Analysis of long-term biodiversity monitoring in agro-ecosystems tends to be
retrospective, with time lags between data collection, analysis and response. Monitoring of
functional, often abiotic, indicators has a better record for early detection of adverse impacts.
Decision-making and effective responses are only possible when plausible mechanisms
underlying effects are known, and when monitoring analysis has high inferential power.
Measurements must also translate to the values and concerns of stakeholders in the final
outcome if management responses are to be implemented. Post-release monitoring must
consider functional, taxon-based and structural indicators to detect the drivers of change
associated with GM cropping. Some farming systems will be more sensitive than others. Sensitive
systems may be at intensification limits or ecologically fragile, with high species turnover rates and
poor connectivity with natural areas. They may also be critically dependent upon the growers’
knowledge base, R&D support may be poor and the policy environment may be inflexible.

Angelika Hilbeck discussed monitoring biodiversity and ecological functions in the context of
European Union Directive 2001/18/EC*, which requires monitoring for all GM commercial
releases. Monitoring designs must be case-specific (to verify risks) and general (to detect
unanticipated effects). A project of the German Federal Agency for Nature Conservation is
identifying faunistic indicators using a species-ranking approach, which characterizes and ranks
species by ecological function, occurrence, spatio-temporal abundance and relevance, and an
impact pathway approach, which identifies hazard scenarios using ‘event-tree analysis’ and ‘fault-
tree analysis’. The two tools are used in succession; the first prioritizes species based on
characteristics and conservation goals independent of genetically modified organisms (GMOs)
and the second subjects them to fault- and event-tree analyses to identify species at risk.

Janice Thies discussed methodologies for monitoring the soil ecosystem and its function. The
soil provides many ecosystem services, including decomposition and nutrient cycling. The
agricultural soil food web, with crop residues as its base, includes decomposers (bacteria and
fungi) and predatory protozoa, nematodes and micro-arthropods. GM crop residues have the
potential to disrupt energy and material flows, and monitoring should be designed to detect
detrimental changes in trophic structure and/or key ecosystem services. Soil scientists are yet to
agree upon the factors that determine soil ecosystem integrity and the level of change that
might trigger concern. Promising indicators include the level of retention and form of soil organic
matter®, soil respiration rate, abundance of shredder species (Collembola and mites), microbial
biomass, nitrogen mineralization and nitrification, soil glomalin concentration and molecular
indices of soil community structure.

% See Footnote 2.

* Directive 2001/18/EC of the European Parliament and of the Council on the deliberate release into the environment of
genetically modified organisms and repealing Council Directive 90/220/EEC. http://europa.eu.int/eur-
lex/pri/en/oj/dat/2001/I 106/I 10620010417en00010038.pdf.

5 Sohi et al. 2001. Soil Science Society of America Journal 65: 1121-1128.




Discussion Summary

Before/after comparisons, or comparisons with control areas (without GM crops), are
essential if analysis of monitoring data is to have inferential power. Data must span the
whole cropping system.

Background data required for all systems include soil parameters, climatic conditions and
crop management (fertilizers, crop protection chemicals, crop rotations and previous crop
history).

Existing biodiversity measurements and abiotic measures of system conditions should be
collated, and availability of monitoring expertise must also be established.

Monitoring should focus on potential positive and adverse effects of concern to
stakeholders.

Available data on the turnover of GM crop residues in the soil should be compiled into a
global database.

Scientific experiments, undertaken by researchers to develop understanding of
mechanisms, do not constitute monitoring; they are, however, essential precursors to
effective monitoring because they provide a direct link between measures of change and
the mechanisms that underlie such change if it is occurring.



3.2 Session lla. Monitoring GM Crops: Methodologies and Practices

Presentation 1:

Issues and challenges in monitoring GM crop-specific traits.
Detlef Bartsch

Presentation 2:

Farm-scale evaluations of GMHT plants in the United Kingdom. Leslie
Firbank

Presentation 3:

Regulatory aspects for monitoring GM crops in New Zealand. Fleur
Francois

Detlef Bartsch discussed the impact of monitoring GM crops on the environment. GM crop
environmental risk assessment in the European Union (EU) identifies areas of uncertainty,
including the potential for large-scale and long-term cumulative impacts that should be
addressed by monitoring. The types of variables to be monitored must be identified with the
procedures to measure them and an appropriate time period for measurement. Monitoring
designs must be within logistic limits. Monitoring can also be linked with conservation goals,
e.g., via the EU Directive on environmental liability. Damage in this context can include effects
on aquatic and terrestrial protected areas and natural habitats, with reference to a baseline or
conservation status, ecosystem services that are offered and the capacity to recover. Damage
is not considered to have taken place if impacts consist of fluctuations within normal variability,
effects of natural events or normal management, short-term effects or improvements in
condition. Agro-ecosystems may already be included in national environmental monitoring
programmes, and surveillance systems may already exist. Having a legal definition of damage
may help to focus the monitoring effort and make it more cost-effective.

Leslie Firbank discussed the farm-scale evaluations (FSEs) of spring-grown GM crops in the
United Kingdom (UK). They constituted a very large experimental regime, and were not
designed as monitoring studies. Biodiversity impacts of genetically modified herbicide-tolerant
(GMHT) sugar beet, maize, spring oilseed rape and winter oilseed rape were evaluated in
separate experiments, each with 60-70 replicates that represented UK farming environments.
Herbicide regimes in GMHT sugar beet and spring oilseed rape reduced weed numbers more
than conventional crops, with effects on invertebrates. Currently, these two crops are not
allowed to be grown in the EU. Weed numbers were higher in GMHT maize and commercial
growing was allowed. The requirements for ongoing monitoring should be based on an
understanding of what is an unacceptable impact on biodiversity. The same results in a different
part of the world may give different policy responses if the conservation goals differ or if the
balance between environmental, social and economic goals differs.

Fleur Frangois provided a regulatory perspective on approaches and challenges in conducting
risk assessment and monitoring in New Zealand, which has regulated GMOs since the late
1980s. Over 50 GMO field tests have been conducted but no GMOs have been released. The
Hazardous Substances and New Organisms (HSNO) Act 1996 requires consideration of the
sustainability of native and valued introduced flora and fauna, intrinsic value of ecosystems,
public health, Maori (indigenous people) culture and traditions, economic costs and benefits and
international obligations. Applications to release GM crops are declined if they fail to meet
minimum standards relating to environmental impact. Monitoring may be required for conditional
release approvals, if technically feasible and cost-effective. Post-release monitoring of GM
crops is not considered a substitute for adequate pre-release risk assessment.



3.3 Session IIb. Monitoring GM Crops: Sharing Country Experiences

Presentation 1:
Monitoring GM crops in Canada. Robert Blackshaw
Presentation 2:
Monitoring GM crops in China. Bao-Rong Lu
Presentation 3:
Monitoring GM Crops in Brazil. Eliana Fontes
Presentation 4:
Field experience in monitoring GM crops in South Africa. Gurling Bothma

Robert Blackshaw outlined approaches to studying the environmental effects of GM crops in
Canada, where 5 million hectares of GM crops are grown annually. A 12-year field experiment is
examining environmental and economic effects of herbicide-tolerant (HT) canola, maize and
potato (until 2003), and Bacillus thuringenesis (Bf) maize. Data include soil quality and weed
seed bank at initiation, weed density by species (species shifts), assessments of resistance
development, target insects and plant diseases, arthropod community dynamics (diversity), soil
microbial biomass and diversity, transgenic DNA persistence in soil, Bt toxicity persistence in
soil, DNA transfer to soil micro-organisms, crop yield and quality and production economics. A
second study addresses an HT canola seed in the soil seed bank. It was pointed out that
although much scientific evaluation is conducted before GM crops are approved for commercial
production, post-commercialization studies are prudent because some environmental impacts of
GM crops are likely to be scale- and/or time-dependent.

Bao-Rong Lu outlined methodologies for monitoring environmental effects of GM crops in
China, with special emphasis on rice. Biosafety research has been funded on GM cotton, rice,
soybean, wheat, tomato and Brassica species, including gene flow and its ecological
consequences, impact of transgenes on non-target organisms, changes in biodiversity,
development of Bt resistance, fitness of inter-specific hybrids and field performance of GM
crops. Research on rice and its wild relatives provides a model for selfing, wind-pollinated crops.
It addresses pollen flow, crop-to-crop and crop-to-wild gene flow, biodiversity influences of GM
rice, fitness performance of hybrids between GM rice and wild rice species and cost-benefit
analysis. The objectives are to determine the most effective methodologies for monitoring
environmental effects of GM crops and to develop guidelines for safe management.

Eliana Fontes presented details of monitoring for the environmental effects of GM crops in
Brazil, where agricultural crops are grown in all five geographical regions, which differ in
topography, climate, ecological and socio-economic characteristics and biodiversity. New
agricultural technologies must fit within a culturally diverse society, a mega-biodiverse country
and subsistence to industrial farming systems. Field trials of GM crops have been held since
1997, but only GMHT soybean is commercially cultivated. There are concerns about adverse
effects on non-target organisms, and some crops have sexually compatible wild, feral and
backyard relatives. Gene flow may pose a threat to the long-term preservation of the genetic
diversity of crop species. The diversity of agricultural systems in Brazil and the variety of
expertise and baseline information needed for monitoring, pose a significant challenge. A Post-
Commercial Monitoring Plan required by the National Technical Biosafety Commission for
commercial release of GMHT soybean and an impact assessment of Bt cotton were presented.

Gurling Bothma discussed field experience and methodologies for monitoring the environmental
effects of GM crops in South Africa, where GM yellow and white maize, soybean and cotton are
grown. Monitoring by seed sugpliers is required by the Office of the Registrar: Genetically
Modified Organisms Act 1997° to ensure refugia are maintained. Seed companies have
established a GM Seed Standing Committee to coordinate an Insect Resistance Management

® Office of the Registrar: Genetically Modified Organisms Act 1997.
http://www.info.gov.za/acts/1997/act15.htm.
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System and a protocol is under development. Indirect monitoring of seed sales is also used to
monitor the maintenance of refugia in cotton in order to prevent resistance build-up. A different
strategy is used to manage and monitor compliance by less technologically advanced farmers.
Companies selling the GMHT crops are required to monitor for herbicide resistance in weeds,
but this has not been detected yet. Monitoring and management systems are being
synchronized in South Africa to make them accessible across the diverse farming community.

Discussion Summary

e The types of variables to be monitored must be identified with the procedures to measure
them and appropriate time periods for measurement. Monitoring designs must be within
logistic limits.

e All biodiversity effects in the UK FSEs arose from the effects of herbicides whose use was
enabled by the GM technology rather than because of the mode of crop breeding.

e Although the FSEs were not monitoring studies, their design criteria (i.e., procedures built
from a clear hazard scenario with an identified mechanism) were equivalent to those
required in monitoring programme design.

e Several countries already have good procedures in place that provide a useful model for
implementation in other countries, and some countries have made a commitment to conduct
long-term research on monitoring environmental effects of GM crops.

e Several countries that have adopted GM crops still do not have a monitoring process in
place. In rice, to date, the major concern has been the presence of wild rice relatives and
the impacts of the foreign gene in these species. The level of out-crossing between
transgenic cultivated rice and weedy rice is still low; however, it may change as the
infestation increases. Procedures are also needed to monitor the impact of GM soybean
and cotton, but in several cases, countries did not have trained personnel or resources
allocated for this purpose.

e In one example, the private sector has shown interest in investing in the monitoring process,
but there is not enough human capacity to carry it out.

e Policy makers vary in their capacity to exploit details about GM crop ecological effects, and
ecological impact data vary in the degree to which they can inform and assist the
development of effective policy. Emphasis in some policy arenas tends to be on crop
production goals, whereas in others (e.g., the EU), ecological effects are a priority.

e Monitoring must consider factors of concern to stakeholders, and to be effective, they must
establish a relevant location, scale and duration. The specific GM traits may guide design,
as may significant changes in crop management.

e  Capacity building for GM crop monitoring is needed in developing countries. There should
be a responsible institution/organization in the country to coordinate monitoring. CGIAR
centres may help with regional implementation and play a role in information gathering.
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3.4 Session lll. Management of Monitoring Programmes: Options, Stakeholders
and Participation

Presentation 1:
Monitoring GM potato in Peru and in The Netherlands. Richard Visser and
Maria Scurrah
Presentation 2:
Field monitoring and research on GM crops in CIMMYT. Rodomiro Ortiz
Presentation3:
Management of GMOs in ex situ collections in genebanks. Coosje
Hoogendoorn
Presentation 4:
Monitoring strategies and management of GM crops: Industry perspective.
Raymond Layton
Presentation 5:
Monitoring strategies and management of GM crops: Perspective from the
civil society. Suman Sahai

Richard Visser reviewed GM potato work in The Netherlands and Peru in collaboration with Maria
Scurrah. Monitoring of GM potato for volunteer plants in The Netherlands has occurred since 1990.
For GM crops in centres of origin, special additional procedures are required, including analysis of
gene flow, investigations of pollinators and pollen flow. These procedures were developed in GM
nematode-tolerant potato1. In the high Andes, improved varieties of Solanum tuberosum spp.
andigena mix with the seven other cultivated and wild species. Gene flow was quantified, with
overlapping flowering periods, sexual compatibility, presence of pollinators and seed survival.
Hybridization between cultivated and wild species occurred despite chromosome and endosperm
balance differences, and more hybrids were obtained than predicted.

Rodomiro Ortiz presented experience with monitoring GM crops in the International Maize and Wheat
Improvement Center (CIMMYT); one of the CGIAR centres. Its goal is to improve low diversity traits
and generate public-sector-provided products, which include drought-tolerant wheat and insect-
resistant maize. A public-awareness campaign includes food, feed and environmental safety,
monitoring of resistance and establishment of refugia, non-target effects and gene flow. Monitoring of
genetic resources is a CGIAR-wide concern, with emphasis on the quality of genebanks. Decisions,
policies and procedures about monitoring should be science-based, and this requires education, an
area where CIMMYT/CGIAR can play a role. There will be a need to continue to evaluate the need for,
and type of, monitoring as new (and unique) products are developed and released.

Coosje Hoogendoorn discussed the adventitious presence of transgenes in CGIAR ex situ collections.
A 2004 workshop provided genebank managers with measures to adopt in response to requests for
GM-free material®. High-risk crops currently include maize, which is wind cross-pollinated and has a
sexually compatible wild species, teosinte, in Mexico and Central America. Varieties may be protected
by applying isolation distances and rotation. There is a need to develop screening tools and to ensure
that best practices are adopted. Other high-risk crops, now or in the future, include canola, sorghum,
pigeon pea, millet, Cruciferae, sunflower and forage grasses.

Raymond Layton provided an industry perspective of monitoring strategies and management of GM
crops. Monitoring should be designed to test a hypothesis and it should be conducted only if

! Celis et al. 2004. Nature 432.

2 Workshop on “Technical issues associated with the development of CGIAR policies to address the possibility of
adventitious presence of transgenes in CGIAR ex situ collections”, 30 August-1 September 2004.
http://www.ipgri.cgiar.org/Policy/GMOWorkshop/.
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recommended by scientifically based risk assessment. Monitoring studies should be located and
designed to reduce uncertainties. The controls and end points should be clearly defined before
monitoring is conducted. Important questions to be answered prior to monitoring include: “What
are we seeking to protect?” and “How will the data be used?” Trained personnel and appropriate
sample collection and analysis techniques are needed to ensure that the data will be useful. The
audience for monitoring must be clearly defined and personnel who interpret and communicate
results should be trained.

Suman Sahai discussed development of socio-economic indicators to assess the impact of GM
crops. Socio-economic impacts of GM crops are relevant in a developing country context where
livelihoods could be affected. Indicators for GMHT crops include changes in family income due
to wage loss and shortage of weeding impact on health and veterinary care (loss of medicinal
plants), impact on household nutrition and family income (loss of fodder for livestock and loss of
supplementary crops grown on field bunds and field margins), soil erosion through loss of
vegetation cover and development of HT-tolerant weeds and the costs of eradicating them. The
impact of using Bt crops should be assessed by monitoring the impact on lepidopteran
resistance development that may be caused due to overuse of Bt transgenes. Measurements of
the impact on organic agriculture, crop diversification, mixed farming and inter-cropping are
needed, as well as agro-ecosystem and adjoining natural ecosystem effects and the impacts on
traditional farming practices and indigenous knowledge.

Discussion Summary:

e GM crop monitoring is an international issue. The CGIAR centres, relevant UN agencies,
national and international centres and universities should assist in the development of
effective procedures.

e The experts recommended that the biotechnology industry works with the public sector. The
majority of the information collected by the industry is not in the public domain, and a
greater degree of sharing is needed. The capacity to do risk assessment and monitoring is
often lacking in developing countries.

e Socio-economic indicators may also need to be developed to address monitoring of GM
crops, especially in the context of developing countries.

e Raising public awareness and building confidence among all stakeholders is essential for
establishing a successful monitoring programme.
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4. Thematic Working Sessions

The thematic sessions examined the scientific data, the actual design of post-release monitoring
programmes of GM crops and approaches for sharing experiences. Through two working
groups, the experts developed strategies for (1) long-term monitoring of GM crops in countries
and regions with substantial knowledge of potential hazards and existing monitoring
programmes, and (2) a practical medium-term monitoring programme to meet the needs of
countries and regions with limited knowledge of potential hazards and little experience in
monitoring programmes.

4.1 Thematic Working Session 1. Examining the Scientific Basis for
Monitoring

The expert working groups were asked to focus on the scientific criteria and procedures for
effective protocol design and to broadly address the technical aspects of monitoring. The
experts were unanimous in concluding that monitoring programmes need to be developed in
ways that recognize important sources of variation between farming systems and GM crop
types. The effects (both positive and negative) of GM crops will vary with location and context,
and monitoring will require a new model of working in order to inform actions at the farming-
system level.

The experts discussed data needs and development of minimum datasets. The challenge will
be to address variation within and between countries in: (i) regulatory requirements; (ii) the
organisms, process and systems to be monitored; and (iii) individual goals for monitoring
programmes.

All possible sources of data should be taken into account and identified, including biodiversity
surveys and inventories, soil databases, genebanks, plant protection services, farmer
organizations, private sector (including sales figures), plant variety rights agencies, pre-release
monitoring databases, environmental groups and water authorities.

The experts recommended that coordinators of post-release monitoring be appointed (possibly
from the lead GM regulatory agency) for coordinating the collection of data, compiling the
information in an appropriate way and performing the analysis and reporting. The challenge will
be to link data sources and systems that were not set up for this purpose.

The experts made a case for the broad surveillance of practices in farming systems that are to
include GM crops. The specifics of the monitoring programme depend on the GM ftrait, the
farming system and the broader (natural and managed) habitat context. Agricultural systems
have unigue social, economic and environmental properties.

The experts also presented several challenges for the scientific and technical development of
monitoring, including differences between farmers, environmental groups and agencies in
perceptions of risks and benefits, lack of available expertise, absence of extension services and
lack of available resources.
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4.2 Thematic Working Session 2. Designing the Monitoring Process

The expert working groups undertook programme design exercises, using examples that reflect
the range of capacities to develop and undertake monitoring. The key steps or actions for
developing a monitoring programme are as follows:

e Set monitoring programme goals and immediate objectives
- consult stakeholders, including farmers and managers, regarding the natural resources
to develop the goals and immediate objective.

¢ Identify potential barriers
- prioritize and develop plans to overcome or minimize potential field barriers.

e Identify potential risks and benefits
- use stakeholder and expert knowledge of potential risks/concerns and benefits of GM
crops, and ways and indicators to measure these factors.

e Develop a testing hypothesis to guide actions and decisions
- ensure that the hypothesis is simple, robust and can be easily tested in the field.

¢ Identify a limited number of potential indicators
- ensure that the indicators meet the basic requirements of scientific rigor;
- reflect key elements of the hypothesis tested;
- compare with control sites and/or baseline values prior to GM crop release; and
- estimate the status and trends in indicator values.

e Determine appropriate trigger values for decision-making and action
- anticipate the range of decisions and actions if triggers are exceeded; and
- prepare a follow-up action plan.

e Cultivate a transparent and effective process
- ensure continued involvement of stakeholder;
- maintain clarity in analysis and reporting, and identify needs; and
- build linkages with policy development and capacity building.

The experts proposed processes and mechanisms for developing a monitoring programme that
meet the needs of country or region with (a) substantial knowledge of potential hazards and
programmes for monitoring environmental effects of GM crops, and (b) limited knowledge of
potential hazards and little experience in monitoring environmental effects of GM crops.

Two monitoring programme design templates are presented in Tables 1a and 1b.
Table 1a illustrates the systematic development of a programme of goal-setting, monitoring,
analysis and assessment that is possible where potential hazards and their consequences are

known, and environmental protection standards and policies are effective such that they enable
monitoring goals to be refined to address the specific concerns of stakeholders.
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Further discussion related to the process described in Table 1a

e Developed countries have the infrastructure to undertake monitoring, but there is no
consensus on the types of questions to be addressed or basic data requirements.

e Stakeholders can be polarized, with the broader society concerned about adverse effects,
adopting farmers focused on positive effects and non-adopters (e.g., organic farmers)
concerned about adverse impacts on livelihood.

e There are many data and data flow challenges, e.g.:

“obvious”/clear adverse effects that require direct action; easy to monitor and observers
can issue alerts;

“less obvious”/multi-causal effects require analysis by the monitoring coordinator and
sophisticated outreach efforts;

much of the information will be collected for other purposes and it may not be
immediately reconcilable with new monitoring data (resolution in time and space, units
of expression, differing levels of precision, etc.);

data compilation from multiple sources may require formal meta-analysis; and

if the data do not deliver the requested answers, how are resources to be obtained to
address questions more effectively?

Table 1b presents the programme design template where there is limited information and
experience. Monitoring programme development is a greater challenge in cases where possible
hazards are not clearly understood, the stakeholder community is not well defined, the level of
protection afforded by environmental protection measures is low and there is a lack of capacity
and resources. The outline below examined the process from the perspective of a monitoring
design template: the elements of the programme, points to be considered and the challenges of
implementing the various elements in the context of herbicide-tolerant lowland rice in Asia are
addressed.

Further discussion that related to the process described in Table 1b

The experts were optimistic that monitoring could work, within reasonable resource
levels.

The outline for programme design was considered to be a powerful basis for developing
a monitoring system.

The monitoring system will work best if nested within other processes that address
wider goals, otherwise the process can easily become burdened with multiple tiers of
questions and concerns.

Stakeholder engagement is intrinsic to the system, from the beginning right through to
the end. It is vital to build trust, legitimacy and transparency. It is the only way to deliver
an effective link between goals on the one hand and triggers and decisions on the
other.

Expertise is available in both the formal and informal sectors, but it needs to be
identified and engaged.

Collaborate with the United Nations Environment Programme (UNEP) to build capacity
with the National Biosafety Framework and the Biosafety Clearing House.

Establish pilot workshop processes on a small scale in several areas to work the

process through as a thought experiment and establish pilot systems that include
collection, management and reporting of field data.

18



‘Bunoyuow
BAI1108}48 0} JBLIIEQ [BOIUYI8] SNOIACO ON -

"sys1 abpajmouyde Jou Aew pue ‘@du |9 Jo
uondope ay} asusnjjul [|IM S8910) Bunaxey -

'SUOSeaJ SNoLeA
1o} paanoeid sAemfe jou Inqg ‘pooisispun
[1om aJe saonoeld Juswabeuew poox) -

‘seale pajue|dsuel) Ul OS SS9| ‘Seale papass
10841p Ul peaidsapim Apealfe si 8du Apaap) -

Juswabebus
pue Bumas [eob sjwi| siopjoysxels
USdM]a( UOIIBOIUNWIWOD 100 -

'S80IN0SaJ 0] SS9IJ.
pUE UOIEBDIUNWWOD W04} PaPN|OXd
aq Aew as|adxa juepodw yum
a|doad :A19100s |IA10 8bebus 01 ainjiey
Wi0J} JINS8J UBD SSBIINS JO YoBT -

*SNSUSBSU09 JudAdid P|NOD S8210}
Bunayew pue sisaisiul Bunedwo?) -

‘Aljgeuea pue Alanos|as ‘epniubew
‘quaixe ‘Aousnbauy Jo swis} ul eroqge
8y} JO SolISu8loBIBYD By} 8ZUEBWWNS -

"$101B2IPUI JO UOIEOlIUSP!
Jale| 8] pIe ||Im SIy | "10ssauls 1o sonoe.d
yoea Aq pejoaye 82i1nosal ay) Ajnusp -

‘wa1sAs ay) asiwoidwod Aew
1ey] S10ssalls pue sadnoe.d ayi e Ajusap] -

sjeob Buinaiyoe
0} sJaliieq Ayuapi g

"SIaWIB} UBISY JO SPOOYI|9AI 8y} UlBlUleW -
9011 Jo [00d auab aAljeU 8y ulelURW -

‘uonos|as pue Moy} auab Jo asneoaq
Apaam aiow Buiwooaq a1l Apaam pIOAE -

's|eon

eisy ul Anunod buidojanap e ui

80U (1H) 1uelsjo)-apidigiay Joj awwelboid
Bunioyuoyy :ajdwexa jeanayrodAH

aoualIadxa pue uoneulriojul pajiwi| si aiay}) aidaym ajejdwa) ubisap awwelboud burioyuop :q d|qey

¢ S1ap|oyayels Jueas|al
Ajuapi 0} pasn usaq sawwesboud
uo1309|9s a|qelnba pue ey e SeH -

£SUOIIUBAUOD JUBAB|B) pUB
Sme| 0} asaype swweiboid sy} seo( -

¢ Sse20.d Jabie| e uiyum
paisau aq swuwelboid ay} pjnoys
‘SUJ9OU0D JBapBOIq 8Je 818y} J] -

¢,8lgessalppe aq 0} ybnous
a|dwis pue Jes|o sjeob ay} aly -

pe1apISuod aq 0} Sjulod

‘dn-moJ|0} |BNIUBAS pue
‘ubisap Bulioliuow aA08}e 9|qeusd 0} s[eob
pajels Alesioaid uo snsuasuod dojaaa( -

‘an|eA slap|oysyels
eyl swid) ul passaidxs ‘ewwesboud
Buonuow ay; jo sjeob ajewnin ayl auya(q -

'S10]08S JUBIBYIP Ul pUNoy
aq 0] pual s||Xs Juaiayip eyl buiziubooal
‘siap|oyayels abebua pue Ajjuspj -

uolnejnw.oj awweiboud 1o} sjuswad|gz

awWo921No |eul} 3y}
ul ("019 ‘seale pajoajoid
|e20] JO SpJeM3]S ‘Siawlie}
B 9) siapjoyayels

UMM uo1}e}NSuod

ul sjeob swwesboid

ajels pue dojanaq °|

aouauadxa
pue uoljew.oul
pajiwi] s aiay)

aiaym ubisap swweliboid

19



‘slap|oysyels
0] Bulueaw Jes|o aAey 1BY] SWid] Ul ssaldxe
pue s}nsaJ azijensia Alea|o o} Jueuodw -

"SenjeA uesW SE ||om Se ‘sasuodsal
J101eOIpUI Ul UoNeLRA Lodal 0] paa) -

‘(swuey/sio|d |gunjuas asn o} jJuem
Aew) swaisAs \H-uou — juiod aousis)ey -

"WJIOU 8y} Sewooaq
Buiddoso WD 4 Auspi 0} prey aq
Aew sauleseq pue sjulod aduslsjay -

‘peaidsapim Jo pidels s| uondope
aJaym pajedl dwod S UoIIpUOd
10 8)IS 9ouBJ8)al JO B210YD BY] -

‘opew oq ||Im Jeyl
suosliedwod sy ul Jamod [enualajul JO |9A8)
ybiy e uo spuadep BWOIN0 |NJSSBIINS Y -

1amod [eo11siels Jo |99 Alessadsu
8y} uielqo o0} Joys Buidwes jo Aysuaiul
pue Aouanbal} paiinbai sy sulwisla( -

aseajal doud a10j9q

Blep auljaseq pue seale
|ou0d yum uosredwod
ul “4o}eoipuil 8y} uj spuail
pue snjejs ay} ajewl}sy g

‘019 ‘sjueynsuod wue} ‘sdnoib

Jawuey ‘S991AISS UOISUBIXd AQ usyeuapuN 8q
Aew 1ey) swibas Buidwes ysijqelss o} pas -
‘8sn ap1oIqJay jo Aousnbai4 -

“ey/by ‘e1es buipssg -

'SSO| PISIA -

5 W ‘99l Apsam Jo sjunoy -

'SI9P|0YSYelS J8yl0 pue Siaulie}
WI0J} POAISJSI BIEP JO UOEPIEA
pue Aius 1o} suoisinoid paa -

*A|9A1108}49-1S00 paInsesw aq 0} a|ge
80 1SNW Inq ‘YoM ABW SI01BIPU| -

‘palels
aQ 1snw s9eas |eneds pue [ejodwsa] -

'S92IN0S3IJ PaINSEAWUN JO SNiBIS 8y}
uo uonew.ojul apinoid pue asesjal doid |ND
j0 abuel 8y} ssoioe abueyd 0] dAIlISUSS ale
1ey) sassao0.d [B2160j098 pue [ein}nolbe
109|}81 JeY} SuawaINseaw ayef -

siapjoyayels
JO SUJ82U09 3y} 0} pue
‘leapouw jenydasuo9d ayy jo
sjuawajd Aay 0} pajosauuod
aJe jey) siojeaipul
a|qissod Ayuap]

‘sasealoap Ajjuenbasuoo

uoronpoId pue asealdul UBd Sal}Isusp 8ol
Apaap\ “(moys suab 1noyum Jo yum uaddey ued
yolym) sapioigiay Jo asn pasealoul Aq palos|es
S| 901 Apoam u| due)SISal dpPIdIgIaH "SaANE|a)
piim ojul moyjj dusb | H 01 spes| sonoeld

poob jo uondope mo| yum ‘ABojouyosl O

eisy uil Annunod buidojanap e ui

3911 (1H) JueJ3]01-3pIdiqiay Jo} awwelboid
Burioyiuoyy :ajdwexs jeanaylodAH

‘awwelboid ay} 1noybnouyl
uonedioned Jivyl 8INsud 0} pas\ -

*10108s A18100S
JIAI0 pue areaud ‘olgnd ‘Jawe) wouy
abpajmouy Jo s8aunos |je abebu3 -

pa1apISuo9 aq 0} sjuiod

¢usened

[BWIOU B S8INHISUOD Jeym pue Aljigeliea
a|ge1dadoe S| JeyA\ “Slossalis Jo saolnoeld
0] asuodsal uo siseydwa Ue YlIMm SHIoM,
wa)sAs ay) moy Japisuod pue ajesado
$955920.d Y2Iym Je S8|BdS 8y} auInQ -

"WalsAs 8y} JO 81elS By} pue syul|

10 uonoauip pue yibuails ay} ‘sjusuodwiod
WaIsAs UdsBMIBQ SUOIDBUU0DIBIUI BUIIND -

uonejnwu.o} sawweiboud o) sjuswalg

abpajmouy

padxa pue Japjoyayels
uodn paseq walsAs

ay} Joj [apouw jen}dasuod
“asnqou ‘ajdwis e dojanaqg "¢

aoualiadxa pue
uolnew.oul pajwi| S a13y}
alaym ubisap awwelboid

20



“Jadojanap

£2110d pue Jojeinbal ‘10jeonps ‘Jayoieasal

0] ‘JaWJe} 0} JUSWUJISA0H |BD0| WO PUSIXd Jeyl
uoiesluNWwWod Aem-ijjnw Jo sureyo ysiigels3

‘uondope

ABojouyoal aAi08yd pue aaldepe

10} [BuUasSsSs S| ‘JIanamoy ‘Juswabebus
Japjoyayeis |in4 ‘aJnynoube

ul saibojouyss) mau Bundope

Jo Aloisiy 1usdal sy} ul ssaoo.d

SIY] 10} S|OPOW SAIDDYD M) DIoM
aJay} Jeyl paziuboosal suadxa ay |

‘Bupjew-uoIsioap aAI198)8 Ul 8ouepinb
sopinoid pue siapjoyayels sebebus

Sy "uone}aidisiul yoes ylim paleldosse
san|eA [e18100s 8y} pue anJ} Buiaq

yoes JO pooy|dyI| 8y} ‘SanjeA Jojedipul Jo
suonelaidiaiul 8|gissod |[e ajenjeas pue 1si

Buipjinq

Ayoedes pue jJuawdojanap
Koijod annoays
‘Kouasedsueu) ‘Ajuejo
ybnouay) Bunjew-uoisioap o}
s)|nsai Bunoyuow Yui °Z

"WJ8] 1JOYS 8y] Ul Pan|eA J0 8A1108}18-1S02 10U
8l 1BY) SUOISIOBP SYBLW O] SIaW..) %Se AR -

"S}I§oUSQ PUB SIS0D WIS}-LoYS
pue -Buo| usamlag 8oUB[RQ SSBIPPE O} POBN -

‘sjoedw 8sIaApe

8SJaAaJ 0] 8w} Ul JNoIABYSQ Jawley Ul abueyd
B Ul }jnsal jey) papaau aJe si1obbly ‘spiezey
snouas (noge Buiuiem Alies ul aA1108)e 99 0] -

eisy ul Annunod buidojanap e ui

90U (1H) 1uelsjo)-apidigiay Joj sawwelboid
Burioyiuoyy :ajdwexs jeanaylodAH

‘slapjoyayels
Buowe sainsesaw Buip|ing
-90U8plu0d salinbai pue abus|eyo
e s| ‘sjeob ajqeuleisnsun Ajqissod
‘WwJa)-1oys Jo peaye Aljigeureisns
10} s[eob |e1e100s wial-buo| Buloeld -

‘(s)aus @ouaiv)al BY]

ul JOJedIpUl B} Ul SpUdJ] pue sniels
ay1 se ||om se ‘Alljigeureisns 1o} sjeob
Japeo.q Junodoe Olul 8)e} 1SNW SanjeA
18661y pue pais|dep swooseq 0]

pua} swalsAs pabeuew AjpAIsusiu] -

"S19P|0YS¥E]S 0} UI8oU0D

10 S82IN0S8I UO 108}J8 8SI9APE UE 0]
p81oBuU0d g 1sNW anjea Jebbuy sy -

pa18pISuo0d aq 0} sjuiod

"UOI}IPUOD 8oUBIB)B)
10 aulj@seq 0} aAlle|a] asuodsal Ul uoieleA
|esodwsa) pue [eneds jo Buipuelsispun

ue Uo paseq ‘esuodsal e 1o} 9zIS

108}}9 Jo apnjubew sejeudoidde suiwislaQq

uonejnwu.o} swweiboud o) sjuswalg

uoljoe

juawabeuew o} peaj| ey}
sJ10}e2Ipul Pa}oa|as ay} 10}
sanjeA JabbL} aulwiglaq "9

aouaniadxa pue
uolnew.oul pajwi| S 813y}
alaym ubisap awwelboid

21



4.3 Thematic Working Session 3. Sharing Experiences, International
Context and Networking

In their discussions under Thematic Working Session 3, the experts developed a series of
recommendations and follow-up actions to be carried out through sharing experiences and
networking. It was agreed that a monitoring programme should incorporate existing
environmental surveillance and ecological inventory data, and the available expertise in
monitoring and taxonomy. A monitoring programme must also consider the organisms, functions
and ecological and socio-economic processes that stakeholders value and would seek to have
protected. Post-release monitoring can work, even within the restricted resource levels, but only
if there was a continuous engagement of all the stakeholders. This has to be fostered through
formal and informal networks, alliances and initiatives which promote communication and
information dissemination. The outcome of the monitoring programme must inform decision-
making. It should feed back the regulatory processes and policies that support the development
of sustainable agricultural practices. The experts agreed upon a monitoring system that
would be implemented on a case-by-case basis and would be nested within broader
environmental goals. It was more important to get imperfect monitoring systems up and
running quickly, in circumstances where these are required, rather than wait until perfect
systems can be developed.

In this context, the experts discussed the role and contribution of the international community in
the process of establishing effective monitoring procedures, including UN agencies, CGIAR
centres and national and regional centres of excellence. FAO and other international
organizations have a major responsibility to start a process to develop a comprehensive
understanding of country and local community needs with respect to post-release monitoring of
GM crops.
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5. Session IV. Presentation of Monitoring Strategies

Recommendations and Guidance of the Expert Groups

The key recommendations and follow-up actions that were developed by the expert groups
through sharing experiences and networking were grouped into three categories: basic
guidance for scientists managing the monitoring process, recommendations to policy and
decision-makers and recommendations to FAO, CGIAR centres and other organizations. These
key recommendations are presented below.

5.1 Guidance for Scientists Managing Monitoring Programmes and for the
International Community

e The scientific community is strongly encouraged to engage in research, development and
education associated with the effective implementation of post-release monitoring
programmes. Critical and innovative thinking is essential to develop new and appropriate
methodologies.

e Identify and mobilize relevant expertise, especially field and traditional expertise, including
expertise from biotechnologists, biologists, ecologists and environmental scientists. Also
include expertise from other fields, like social sciences. Engage scientific societies.

e Involve stakeholders early and continuously in the process.

e Collaborate and develop inventory/inventories and biodiversity assessment in agro-
ecosystems and neighbouring natural habitats, to provide baseline data and current trends
coupled with measurements of agricultural practices and the patterns and distribution of
crops that can assist in determining potential indicators.

e Participate in data-sharing mechanisms, including access via the Internet, where
appropriate.

e Avoid selection of inappropriate indicators by following a robust process:

e Define the amount of change in any recommended indicator that should trigger concern
and what aspects of the environment and cropping/soil management practice that might
affect (increase or decrease) trigger values.

e Gain awareness of all potentially useful datasets, and identify the most robust
(precise/accurate) sources of existing data (regionally, nationally and internationally)
that might be used as the indicator or as a surrogate.

e Define the most relevant scale and timeframe(s) at which the indicator operates to
guide sampling and analysis.

e Ensure that appropriate, accessible methods exist to measure recommended indicators
with the precision required.

e Improve dialogue between stakeholders and scientists by focusing stakeholder input on

specific questions you wish to address. The process should be transparent, comprehensive
and include an education and information dissemination programme for stakeholders.
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5.2 Recommendations to Policy and Decision-makers at the Regional and

National Level

Identify clear goals and specific objectives for environmental monitoring programmes, and
when/where these programmes are appropriate. To achieve this, engage stakeholders to
the greatest extent possible to understand what your society values and their main interests
and concerns are for deployment of GM crops. Competing policy goals exist and should be
integrated.

Carefully identify the values (e.g., environmental, cultural and economic) to be protected to
analyse whether implementing a monitoring programme would protect those values or allay
concerns.

The responsibility for monitoring and reporting is national, but programmes can be
undertaken using sub-national levels or jointly among countries.

Ask definitive questions. Formulate a monitoring programme to measure effects that are
connected with clearly stated protection values. State the amount of change over a defined
time-scale in any recommended indicator that should trigger concern. This requires setting
thresholds and quantifying effects, including defining statistical detection limits.

The process should be transparent, comprehensive and include an education and
information dissemination programme for stakeholders.

Develop policies to involve and strengthen public institutions and to build capacity to
develop, maintain and learn from well-constructed monitoring programmes. Priority must be
given to educational programmes and capacity building for relevant stakeholders (farmers,
consumers, the public, etc.).

Identify what actions need to be taken in response to information from a monitoring
programme. If it is unclear for what purpose monitoring data will be used, the monitoring
programme will be ineffective and irrelevant. Additionally, outcomes of the monitoring
programme should inform public debate.

Determine trigger criteria and action plans for intervention and remedial action.
Ensure that any requirements set forth are feasible in terms of costs, personnel, expertise,
protocols and relevance of data generated. Adequate resources are required for monitoring

programmes. Funding may be sourced through partnerships between the public sector,
biotechnology industry, other private sectors and various stakeholder groups.
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5.3 Recommendations to FAQO, CGIAR Centres and International
Organizations

e FAO has a big responsibility to initiate the process and continue the dialogue started among
stakeholders with respect to monitoring.

e Build upon the process to develop a comprehensive understanding of country needs and
local communities. Be prepared to take on a stewardship role as the need arises.

e Support the establishment of “pilot monitoring projects” for collection, management and
reporting field data as appropriate through joint initiatives.

e In countries/regions where CGIAR centres are Ilocated, they should provide
national/regional support. For crops under their mandate, they should provide global
support and serve as repositories of regional information that has been deemed of sufficient
quality such that “mining” for monitoring change can occur. Provide the expertise to use
those data for regional meta-analyses. In some cases, the centre will be the source of the
GM technology and will have special responsibilities to insure that independent, rigorous
monitoring procedures are established.

e FAO, UNEP and other international and regional organizations collaborate to build national

capacity for monitoring programmes, facilitate data management, leverage funding,
partnerships and collaborations for monitoring programmes.
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6. Special Note from the Experts

The responsible deployment of GM crops needs to encompass the whole process of technology
development, from pre-release risk assessment through biosafety considerations to post-
release monitoring. Our working groups agreed on the need for post-release monitoring, under
appropriate circumstances, without endorsing the technology. Monitoring programmes need to
be developed in ways that recognize important sources of variation between farming systems
and GM crop types. Such monitoring needs to address the interactions of the organisms with
the environment. The effects (both positive and negative) of GM crops will vary with location and
context, and monitoring will require a new model of working in order to inform actions at the
farming-system scale.

We are confident that post-release monitoring can be made to work, even within the restricted
resource levels available in the developing world. The expert group recommended that the
monitoring design guidelines that were developed within the workshop could act as an effective
basis for determining the need for monitoring, and the form of monitoring programmes, should
they be required. This step-by-step protocol was based on the successful experiences of
environmental monitoring worldwide. This protocol provided a powerful basis for guiding our
thinking within our workshop, and we believe it can be readily developed as the basis for an
effective monitoring process. It particularly revealed the critical role of stakeholder engagement
throughout the process. Not only is stakeholder engagement vital to build trust and public
confidence, it is the only way to deliver an effective link between the goals for monitoring and
the potential actions that may be triggered. The workshop formed a powerful consensus that
stakeholder engagement is intrinsic to the system.

Our report does not list or evaluate indicators, but emphasizes the critical value of developing a
planning process from which appropriate indicators will emerge. The background paper®
summarizes international efforts that are underway to standardize certain functional indicators
for the condition of agro-ecosystems, and we support the development of standardized
procedures wherever this is possible. There is also a need to establish new methods that further
develop capacity to measure gene flow and its consequences in plant communities in the
ecosystems of the developing world.

We note that an environmental monitoring system for GM crops could easily become
overburdened by broader social, economic and cultural issues unless it is nested within other
processes that address wider goals, e.g., farming-system evaluations and Millennium
Development Goals. Even so, we stress that environmental goals encompass maintaining the
environmental resource base required to deliver these goals; thus, protection of soil, water and
biodiversity need to be considered together.

In order for the process to be coherent, the goals for protection and the balances between them
need to be addressed by the stakeholders. We recognize that important stakeholders are not
yet participating and should be engaged better; stakeholders, scientists and policy makers need
to develop a common working language. We also recognize that there is expertise available in
both formal and informal sectors, but it needs to be identified and engaged. The perceptions
and local knowledge of people who live and work in the agro-ecosystems is critical for an
effective monitoring programme.

We consider that the establishment of monitoring systems is a matter of urgency. This
can be built up in stages, with a limited programme, taking advantage of local expertise
and readily available tools as a first stage.

° See Footnote 2.
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ANNEX 1

Final Agenda

FAO Expert Consultation

Genetically Modified Organisms in Crop Production and Their
Effects on the Environment: Methodologies for Monitoring and the

Way Ahead

18-20 January 2005
FAO, Rome, Italy

Day 1 (18 Jan 2005)

Lebanon Room, D209

08.30-09.30 Registration
09.30-10.15 Opening Ceremony
e Welcome Remarks: L.O. Fresco, ADG, AG"
e Introduction: M. Solh, Director, AGP"
e Framing the Monitoring Challenge: P. Kenmore, AGP
e Adoption of the Agenda
10.15-10.30 Coffee/tea
Session | Elements of Environmental Monitoring Strategies
Chair: D. Bartsch
10.30-11.00 Presentation 1: Principles and procedures for medium- to long-
term environmental monitoring
Speaker: P. Jepson
11.00-11.30 Presentation 2: Strategies and tools for monitoring biodiversity
and ecological function
Speaker: A. Hilbeck
11.30-12.00 Presentation 3: Soil ecosystem monitoring methodologies
Speaker: J. Thies
1200-13.00 General discussion led by the Chair
1300-14.00 Lunch break
Session lla Monitoring GM Crops: Methodologies and Practices
Chair: B.-R. Lu
14.00-14.25 Presentation 1: /Issues and challenges in monitoring GM crop-
specific traits
Speaker: D. Bartsch
14.25-14.50 Presentation 2: Farm-scale evaluations of genetically modified
crops: Lessons for monitoring
Speaker: L. Firbank
14.50-15.156 Presentation 3: Regulatory aspects for monitoring GM crops in

New Zealand
Speaker: F. Francois

10 Currently Professor, University of Amsterdam (Universiteit van Amsterdam), the Netherlands.

"' Currently Director-General, International Center for Agricultural Research in the Dry Areas (ICARDA), Aleppo,

Syrian Arab Republic.
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15.15-15.30 Coffee/tea break

Session Il b Monitoring GM Crops: Sharing Country Experiences
Chair: A. Hilbeck

15.30-15.50 Presentation 1: Monitoring GM crops in Canada
Speaker: R. Blackshaw

15:.560-16.10 Presentation 2: Monitoring GM crops in China
Speaker: B.-R. Lu

16.10-16.30 Presentation 3: Monitoring GM crops in Brazil
Speaker: E. Fontes

16.30-16.50 Presentation 4: Field experience in monitoring GM crops in
South Africa
Speaker: G. Bothma

16.50-17.30 General discussion led by the Chair

19.30-21.30 Reception dinner

Day 2 (19 Jan 2005)

Lebanon Room, D209

Session Il

Management of Monitoring Programmes: Options, Stakeholders
and Participation

Chair: J. Dargie, AGE, FAO

08.30-08.50

Presentation1: Monitoring GM potato in Peru and in the
Netherlands

Speaker: R. Visser and M. Scurrah

08.50-09.10

Presentation 2: Field monitoring and research on GM crops in
CIMMYT

Speaker: R. Ortiz

09.10-09.30

Presentation 3: Management of GMOs in ex-situ collections in
genebanks

Speaker: C. Hoogendoorn

09.30-09.50

Presentation 4: Monitoring strategies and management of GM
crops: Industry perspective

Speaker: R. Layton

09.50-10.10

Presentation 5: Monitoring strategies and management of GM
crops: Perspective from the civil society

Speaker: S. Sahai

10.10-10.30

General discussion led by the chair

Group formation for Thematic Working Sessions explained by P.
Jepson

Thematic Working Sessions in two groups

Group A: Develop a long-term monitoring strategy/initiative for
GM crops to meet the needs of countries/regions with
substantial knowledge of potential hazards and existing
monitoring programmes.

Group B: Develop a practical medium-term monitoring strategy/
initiative for GM crops to meet the needs of countries/regions
with limited knowledge of potential hazards and little experience
in monitoring programmes.
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10.30-13.00

Group A: Lebanon
Room

Thematic Working Session 1. Examining the Scientific Basis for
Monitoring

Group A and Group B separately focus on the scientific criteria,

Group B: ESD procedure and protocol design, measurements and technical
Meeting Room, B540 | aspects of monitoring design
13.00-14.00 Lunch break
14.00-14.45 Presentation by groups and discussion on monitoring design and
scientific criteria
Chair: P. Jepson
15.00-17.00 Thematic Working Session 2. Designing the Monitoring Process

Group A: Lebanon
Room

Group B: ESD
Meeting Room, B540

Group A and Group B to reconvene to discuss and develop the
process and mechanism for a working programme for
monitoring, including documentation, decision support and
information management and stakeholder participation. The
groups may wish to focus on management (agro-inputs and new
agri-practices), process (stakeholders, risk communication) and
networking at national and regional level.

17.00-17.45

Presentation by groups and discussion: focus on monitoring
process, mechanism and stakeholder participation.

Chair: P. Jepson

Day 3 (20 Jan 2005)

08.40-10.156

Group A: Lebanon
Room

Group B: Canada
Room

Thematic Working Session 3. Sharing Experiences, International
Context and Networking

Discuss role and contribution of the international community in
the process and mechanism for a working programme for
monitoring, including the UN agencies, CGIAR Centres and
national and regional centres of excellence

10.15-10.30 Coffee and tea break

Session IV Presentation of Monitoring Strategies

Lebanon Room, D209 | Chair: P. Jepson

10.30-11.30 Guidance for scientists managing the monitoring process and for
the international community

11.30-12.20 Recommendations to policy and decision-makers at the regional
and national level

12.30-13.00 Recommendations to FAO, CGIAR centres and international
organizations

13.00-15.00 Lunch break and draft report of meeting prepared

Session V Meeting Report Adoption
Chair: M. Solh, AGP, FAO

15.00-16.00 Final review of meeting report summary

16.00-16.30 Adoption of report and recommendations

16.30 Closing ceremony
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