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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 FAO’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: 

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

• two strategies that could be used as the basis for efficient monitoring programmes; and  
• 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.  
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The key steps or actions for developing a monitoring programme are as follows: 
 
• 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. 

 
• 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.

• 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. 

 
• 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. 

 
• 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.  
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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 participants2. 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. 
                                                
1 Report of the FAO expert consultation entitled Environmental Effects of Genetically Modified Crops, 16–18 June 2003. 
ftp://ftp.fao.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 II of this publication.)
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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.��
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3.  Expert Consultation Sessions 

���� ������������������������������������������������������������

� �
�
�
�
�
�
�
�
�
�

Paul Jepson reviewed the monitoring principles based upon the expert consultation background 
review paper3. 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/EC4, 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 
matter5, 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.��

                                                
3 See Footnote 2. 
4 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/l_106/l_10620010417en00010038.pdf.�
5 �� ������	
�
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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.  
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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 François 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, Māori (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. 
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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 (Bt) 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 suppliers is required by the Office of the Registrar: Genetically 
Modified Organisms Act 19976  to ensure refugia are maintained. Seed companies have 
established a GM Seed Standing Committee to coordinate an Insect Resistance Management 
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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.
� �
2��� ������� ������
�
• 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.  

 
• 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. 
 
• 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.  

 
• 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. 

 
• 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.  

 
• 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. 
 
• 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.  

 
• 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.  

 
• 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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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 material2. 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 
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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.  
�
2��� ������� �������
�
• 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.  

 
• 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.  

 
• Socio-economic indicators may also need to be developed to address monitoring of GM 

crops, especially in the context of developing countries. 
 
• 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. 

#��� /�������� /��-���� �������� ��� �;�������� ���� ����������� ������ ����
������������

�
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 trait, the 
farming system and the broader (natural and managed) habitat context. Agricultural systems 
have unique 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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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: 
 
• 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. 

 
• 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.

• 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. 

 
• 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. 

 
• 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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" ���������� ������������������������������������������/��������
�
• 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. 
 
• 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. 

 
• 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. 
 
" ���������� �����������������������������������������������/��������
�
• 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.
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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.  
 
.��� 0 ������������������������������������������)����������������������

&�������������1��� �����
�
• 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. 

 
• 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. 

 
• Involve stakeholders early and continuously in the process.  
 
• 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. 

 
• Participate in data-sharing mechanisms, including access via the Internet, where 

appropriate. 
 
• Avoid selection of inappropriate indicators by following a robust process: 
 

• 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. 

• 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. 

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

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

 
• 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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• 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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• FAO has a big responsibility to initiate the process and continue the dialogue started among 

stakeholders with respect to monitoring. 
 
• 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. 
 
• Support the establishment of “pilot monitoring projects” for collection, management and 

reporting field data as appropriate through joint initiatives.  
 
• In countries/regions where CGIAR centres are located, 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.  

 
• 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 paper9 
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. 

                                                
9 �������������
�
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ANNEX 1 
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