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Dear colleagues, ladies and gentlemen. 
 
Two reasons for having this conference are the two method books published by Birkhäuser 
Verlag. In 1991, I was asked together with Vibeke Simonsen by the Danish Environmental 
Authorities to prepare a catalogue of methods for risk assessment of transgenic plants. This 
work should cover essential aspects in relation to competition, plant establishment and 
ecosystem effects. 
 
An extensive literature search was made, and during some intense months of work, the first 
version was produced. After the result was presented to our colleagues in the Ministry, it was 
decided that it should be published as a book. We contacted Birkhäuser Verlag in Basel, and 
the first book was published in 1994. (Kjellsson and Simonsen 1994) 
 
Already during the preparation, it became clear, that a second volume was greatly needed, 
with focus on: Pollination, gene transfer and effects on plant populations. It was also clear that 
neither Vibeke or myself had the specific professional skills to cover this vast area. In the 
meantime we had come into contact with Klaus Ammann here in Bern, and the Swiss group 
which were engaged in this area. The Swiss group  was interested in collaboration with 
Danish scientists - and consequently, a plan was made and a project was set up.  
 
The project was supported by  the Federal Office of Environment, Forest and Landscape, 
Switzerland, the European Commission, DG XI, and from Denmark: the National Forest and 
Nature Agency, the Environmental Protection Agency. 
 
The project involved many discussions concerning the scientific basis, the use of terminology 
and how to define and  apply different types of methods to specific topics in risk assessment. 
Many of these questions were solved during two fruitful workshops, one in Switzerland and 
one in Denmark. 
 
During the last stage of the work, it was decided that the publishing of the method  books 
should be followed by an international conference on important aspects of risk assessment, to 
get an even broader view. (Kjellsson et al. 1997) 
 
This was the seed of the conference we are starting here today.  For different reasons - some 
of which are local -  is the conference held here in the beautiful town of Bern in Switzerland - 
and I suspect that not many of you mind that at all. 
 
We have a large program ahead of us, and  many exciting topics for dispute so I will finish 
and now give the word to my dear colleague, Klaus Ammann. 
 
 
 
 
Kjellsson Gösta and Vibeke Simonsen 1994 
Methods for Risk Assessment of Transgenic Plants  I. Competition, Establishment and 
Ecosystem Effects. Birkhäuser, ISBN 3-7643-5065-2, 214 p. 
 
Kjellsson Gösta, Vibeke Simonsen and Klaus Ammann 1997 
Methods for Risk Assessment of Transgenic Plants  II. Pollination, Gene transfer and 
Population impacts, ISBN 3-7643-5696-0, 308 p. 
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Welcome to Bern, my friends, and welcome to the “Gene Monastery” in our Botanical 
Garden. This I say on purpose, since this will not be an ordinary symposium where everybody 
tries to show how perfect and intelligent his own contribution to Science is, this will be a 
discussion process, a collaborative learning process. It is set up as a “trialogue” between 
Scientists, Regulators and Industrials in a new concept: Scientists will set the tone, they will 
have a voice to contribute to each of the modules described later – and Regulators and 
Industrials have to listen. At the end of each module Regulators and Industrials are obliged to 
speak up, to intervene and to do this with an open mind and with no fear to reveal 
governmental and corporate interests. The symposium is set up in a way that corporate people 
should feel free to intervene, in an atmosphere of collaborative thinking and for once not 
feeling to intervene as heroes in a hostile environment deserving  a medal of honour. 
For this purpose, modules have been set up in a specific sequence, in order to encourage a 
learning process, which will end up in some resolutions, resolutions which can be supported 
by everyone attending symposium. This is also the reason, why we have avoided to open the 
symposium to a broader audience, since we want to initiate a dialogue between professionals 
on risk assessment. Let me come back to the opening remark about the “Gene Monastery”. 
Catering, pauses and even the evening meals will be organised within the Botanical Garden, 
so we have a unique chance to concentrate in “religious exercises”, which by all means points 
at the methodology of concentration of the mind, not at all hinting that there would be religion 
involved. 
 
We will start with Ecological Effects of Transgenes, a module which will set the tone, since 
the title of the symposium involves questions about ecological effects and prospects. The 
study of ecological effects can be considerably helped by Modelling Risk Assessment, and 
inevitably we will dig into the problematic of Short-term and Long-term Effects and also into 
the important questions about a possible Standardisation of Limits. The first symposium day 
will finish with a more synthetic module about Monitoring, which will allow us to wrap up in 
a first phase what has been said and discussed. 
 
With fresh minds the next day we will tackle the complex science of population genetics, 
another basic view when you want to analyse ecological risk assessment of transgenic crops. 
 
Then the symposium inevitably will sail into the political waters of Decision Procedures and 
Harmonisation. Having done this we will have a good basis to attack the very important 
questions about the Methodological Lacunas. Conclusions, Strategies will then be the final 
topic of a module, which will hopefully reveal some information on Where do we go from 
here? 
 
As you can easily see this is a very demanding job we have to do and lets be pragmatic, we 
won’t be able to solve all problems coming up in these times of a first mass dissemination of 
transgenic crops on a global scale. But as a convenor I have strong hopes that this will be a 
good beginning of a future development in risk assessment, which takes more into account 
long term ecological problems. 
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Session 1: Ecological Effects of Transgenes  

PREDICTING THE ECOLOGICAL IMPACTS OF TRANSGENES FOR 
INSECT AND VIRUS RESISTANCE IN NATURAL AND FERAL 
POPULATIONS OF BRASSICA SPECIES 
 

Alan F. Raybould*, Catherine L. Moyes+, Lindsay C. Maskell, Rebecca J. Mogg, 
Elizabeth A. Warman†, Judith C. Wardlaw, Graham W. Elmes, Mary-Lou Edwards‡, J. 
Ian Cooper‡, Ralph T. Clarke & Alan J. Gray 
Natural Environment Research Council , Institute of Terrestrial Ecology, Furzebrook 
Research Station, Wareham, Dorset BH20 5AS, United Kingdom and †Natural Environment 
Research Council , Institute of Terrestrial Ecology, Monks Wood Abbots Ripton, 
Huntingdon, Cambridgeshire PE17 2LS, United Kingdom and ‡Natural Environment 
Research Council , Institute of Virology and Environmental Microbiology, Mansfield Road, 
Oxford OX1 3SR, United Kingdom. +Present address: Brassica and Oilseeds Research 
Department, John Innes Centre, Colney Lane, Norwich NR4 7UH, United Kingdom. 
 *senior author 
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Introduction 
Oilseed rape is now widely grown in the UK. Nearly 400, 000ha were planted in 1990, 
compared with only 50,000ha in 1978 [1]. There is concern that transgenes may be able to 
escape from cultivated oilseed rape, either by the formation of feral populations that arise 
from spilled seed [2,3], or by gene flow into related wild species (including B. oleracea) [4,5]. 
This paper describes research to help predict whether transgenes for insect or virus resistance 
(two of the commonest genetically modified stress-tolerance traits [6]) will increase the 
weediness of feral and wild Brassica populations in the UK. We also consider resistance to 
herbivory by molluscs (although we know of no genetic modifications for mollusc resistance) 
because slugs and snails are common herbivores of Brassica species. 
 
Predicting the effects of transgenic insect and virus resistance in wild Brassica oleracea 
Variation for glucosinolates in Dorset populations of B. oleracea 
Plant populations are often polymorphic for insect resistance. It is assumed that variation in 
resistance occurs, at least in part, because genetically controlled resistance mechanisms 
impose a cost in the absence of attack (e.g. [7]). It is possible that GM insect resistance may 
impose no cost [8] and, therefore, could spread rapidly within and among populations and 
possibly alter their dynamics. 
 
To estimate the potential effects of herbivore resistance transgenes on the population 
dynamics of a wild crop relative, we have studied the distribution of genetic variation 
controlling the production of glucosinolates in natural populations of Brassica oleracea (wild 
cabbage) on the Dorset coast. Glucosinolates are secondary metabolites that occur in the 
Capparales and a few unrelated taxa. They are composed of a glycone group with a variable 
side-chain derived from methionine (aliphatic glucosinolates), phenylalanine (aromatic 
glucosinolates) or tryptophan (indolyl glucosinolates). Aliphatic glucosinolates are the most 
abundant type in Brassica leaves. When tissues are damaged, the endogenous enzyme 
myrosinase is released which, under ambient temperature and pH, calatyses the hydrolysis of 
aliphatic glucosinolates to isothiocyanates (mustard oils) [e.g.[9]). 
 
In oilseed rape, variation in glucosinolate concentration and side-chain structure mediate 
interactions with herbivores. For example, high concentrations deter feeding by generalist 
herbivores such as rabbits, pigeons and slugs while attracting and stimulating feeding and 
egg-laying in specialist Brassica herbivores such as flea-beetles. The effects on specialists are 
increased by shortened side-chain structure (propenyl rather than butenyl glucosinolates) and 
decreased hydroxylation [10,11]. 
 
Interactions between herbivores and aliphatic glucosinolates in wild cabbage are an attractive 
system for studying the potential impacts of insect resistance transgenes on natural 
populations. Variation in side-chain modification of aliphatic glucosinolates in B. oleracea is 
under the control of a small number of loci [12] and aliphatic glucosinolate concentration 
appears to have high heritability [9]. The seedling and pollination biology of wild cabbage 
and feral oilseed rape are also very similar, although cabbage is a long-lived perennial 
whereas oilseed rape is annual or biennial [13,14]. 
 
Mithen et al. [9] compared variation at loci controlling glucosinolate side-chain structure with 
that at isozyme loci in cabbage plants at three sites on the Dorset coast. There was strong 
differentiation (high and significant FST values) at all glucosinolate loci but not at isozyme 
loci (low and non-significant FST). There were also clear differences in aliphatic glucosinolate 
concentrations in leaf tissue, which was also reflected in glasshouse-grown seed material 
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taken from the same sites. Mithen et al. inferred from these data that the glucosinolate 
differences were not the result of genetic drift or founder effects, and suggested divergent 
selection among sites was a possible cause. 
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 Figure 1. B. oleracea study populations. 
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Moyes and Raybould (unpublished observations) have studied genetic variation at 
glucosinolate and marker loci in more detail. Leaf tissue was sampled from 50 plants, spaced 
1m apart in each of 7 transects. At Durdle Door, Kimmeridge and St. Aldhelm’s Head (Figure 
1) two transects were sampled to reflect environmental variation (mainly substrate and 
vegetation cover) within the site. At Old Harry a single transect was sampled. The leaf 
material was assayed for aliphatic glucosinolate phenotype and concentration using HPLC. 
The frequency of null homozygotes pro, elong and oh loci was inferred from the 
chromatograms and allele frequencies were estimated from genotype frequencies using a 
maximum likelihood procedure [15]. The proportion of the variance in allele frequencies due 
to site effects was estimated using analysis of molecular variance (AMOVA) [16], with 
groups of 12 plants (  transects) as the unit of comparison. Glucosinolate concentration was 
analysed by hierarchical ANOVA, again using  transects. Two hundred and fifty plants 
additional plants were sampled from the same sites for analysis with 6 microsatellite primer 
pairs isolated from oilseed rape [17,18]. Data were also analysed by AMOVA using both 
differences in allele states (FST) and the sum of the squared allele size differences (RST) [19] 
with spatially distinct groups of about 10 plants as the unit of comparison. The plants were 
also analysed for variation in esterase, malate dehydrogenase and peroxidase isozymes (8 
putative loci). 
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Table 1. Partitioning of genetic variation at microsatellite, isozyme and glucosinolate loci and 
for TuMV resistance within and among 5 Dorset populations of B. oleracea. 
 
 

 Percentage of Variation 
Marker/ Trait Within 

Patches 
Among Patches  
Within Populations 

Among 
Populations 

Microsatellites (RST) 84.15 -0.55 16.40 
Microsatellites (FST) 75.92 1.27 22.81 
Isozymes 77.38 14.14 8.48 
Pro 79.74 15.60 4.66 
Elong 70.78 18.13 11.09 
Oh 52.89 2.62 44.49 
Glucosinolate Concentration 83.36 7.72 8.92 
TuMV Resistance* 83.70 12.67 3.63 

*Within half-sib families/among families within populations/among populations. 
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There was a significant among population effect for all loci or groups of loci analysed (Table 
1). Compared with the results of Mithen et al. [9], the data from a wider range of populations 
show a much less clear difference between the distribution of variation at marker and 
glucosinolate loci. There is strong differentiation among populations at the oh locus, but pro 
and elong show a similar amount of differentiation to isozymes and lower differentiation than 
microsatellites. Therefore while there are statistically significant differences in allele 
frequencies at glucosinolate loci and in glucosinolate concentrations among populations, it is 
not possible on the basis of these data to infer that genetic drift and limited gene flow cannot 
fully account for the differences. 
 
Analysis of among population variation, however, does not examine whether the spatial 
pattern of variation is different at glucosinolate and marker loci. Preliminary analysis (Moyes, 
unpublished observations) suggests that glucosinolate and marker variation may be distributed 
differently within populations. Glucosinolates tend to be uniform within transects but 
different between transects within populations, whereas markers tend to show as much 
variation between groups within transects as between groups between transects within sites. 
The situation is complex, however, as microsatellites show very little differentiation within 
populations (among patches within populations column in Table 1). All other data suggest 
that populations are genetically substructured; isozymes show significant FIS (Table 1 and ref. 
9), there is non-random distribution of cleaved amplified polymorphic DNA variation at self-
incompatibility locus-related sequences [20] and direct observations of pollinator flights and 
seed dispersal suggest that genetic neighbourhoods contain fewer than 20 individuals 
(Warman, unpublished observations). The lack of detectable within population differentiation 
may be due to higher mutation rates at microsatellite loci compared with other markers (e.g. 
[21]). 
 
Associations between glucosinolates and herbivore damage 
Although the genetic structure work is equivocal about whether there is selection at 
glucosinolate loci, glucosinolate variation does appear to be associated with variation in 
potentially important life-history characters. Moyes et al. [13] grew mixtures of seedlings 
from St. Aldhelm’s Head (large proportion of plants with high concentrations of 3-butenyl 
glucosinolate) and Kimmeridge (most plants with low concentrations of a mixture of 2-
propenyl, 3-butenyl and 2-hydroxy 3- butenyl glucosinolates) at each of the two sites in the 
summer of 1995. At both sites, a higher proportion of seedlings originating from St. 
Aldhelm’s Head were grazed by molluscs (Kimmeridge χ2 = 19.98, d.f. = 1, P < 0.001; St. 
Aldhelm’s Head χ2 = 32.19, d.f. = 1, P < 0.001). Flea beetles occurred at Kimmeridge only, 
where they attacked a higher proportion of seedlings originating from St. Aldhelm’s Head (χ2 
= 14.30, d.f. = 1, P < 0.001). Therefore the generalist Brassica herbivores (molluscs) attacked 
a higher proportion of the seedlings from the population with low concentrations of 3-butenyl 
glucosinolate, whereas seedlings from the population with high concentrations of 3-butenyl 
glucosinolate were attacked more frequently by the specialist flea beetles. This is what one 
would expect on the basis of data from experimental populations of oilseed rape [11]. 
However, near isogenic lines differing only in glucosinolate profiles, would be required to 
confirm that the glucosinolate differences are the basis of the herbivore preferences. 
 
There also appears to be an association between glucosinolate variation and fitness of mature 
plants. While there is no detectable effect of herbivory of mature leaves on seed output [13], 
there is an effect of herbivory of seed pods. Cabbage seed pods are attacked by larvae of the 
cabbage seed weevil (Ceutorhyncus assimilis) and several studies have shown that weevils are 
attracted by isothiocyanates [22,23,24,25]. Seed loss by direct consumption is exacerbated by 
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the entry of fungal pathogens through the damaged pod wall [26]. Damage to the pod wall 
also facilitates egg-laying by the Brassica pod midge (Dasineura brassicae) which can lay 
eggs in intact pods only with difficulty.  
 
Moyes and Raybould [26] found significant differences among transects in the proportion of 
pods infested with cabbage seed weevil in both 1995 and 1996 (χ2 = 65.58, d.f. = 6, P < 0.001 
and χ2 = 174.23, d.f. = 6, P < 0.001 respectively). In both years, transects at St. Aldhelm’s 
Head (i.e. high 3-butenyl glucosinolate) had the highest proportions of infested pods, while 
plants at Kimmeridge had the lowest proportions. In addition, these transects also had the 
highest infestations of brassica pod midge (Figure 2). 
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Figure 2. The proportion of pods infested with cabbage seed weevil and brassica pod midge in 
7 transects of B. oleracea. 
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The effect of weevil infestation on seed output was examined at St. Aldhelm’s Head in 1996 
[26]. There was no relationship between the proportion of pods infested and the number of 
pods per plant (r = 0.10, P = 0.379), the proportion of pods infested and plant size measured 
as leaf area (r = 0.14, P = 0.23) or the number of racemes per plant (r = 0.12, P = 0.31). A 
weighted regression of the mean number of seeds per pod against the proportion of pods 
infested showed that seed output was significantly reduced by higher amounts of weevil 
infestation (r = 0.60, P = 0.05) [26].  
 
The preliminary work presented here suggests that glucosinolate variation has detectable 
effects on damage caused by herbivores. Seedlings with high concentrations of 3-butenyl 
glucosinolate seem more prone to flea beetle damage and less prone to mollusc damage than 
seedlings with lower concentrations. Also populations with high proportions of 3-butenyl 
glucosinolate suffer higher infestations of cabbage seed weevil and brassica pod midge, and 
weevil infestation appears to be associated with reduced seed output [26] (although there is no 
association between weevil infestation and concentration of 3-butenyl glucosinolate at the 
individual plant level - Moyes, unpublished observations). 
 
We cannot, however, infer from these data that the glucosinolate polymorphism originated or 
is maintained by fitness trade-offs due to the effects of specialist and generalist herbivores. 
Nor, by extension, can we argue that a general insect (or herbivore) resistance transgene 
would significantly alter the fitness of wild cabbage plants. Although slugs appear to 
selectively browse seedlings with lower glucosinolate concentrations, and although cabbage 
populations with high glucosinolate concentrations have high weevil infestations, seedling 
recruitment is rare in wild cabbage populations [27] and as yet we have no evidence that 
recruitment is other than random with respect to glucosinolate profiles. Therefore, while 
glucosinolates may influence herbivore feeding behaviour, their effects on plant fitness may 
be minimal. 
 
The other important point to draw from the work on herbivory of wild cabbage is the 
complexity of interactions between herbivores, parasitoids and diseases. Weevil damage in 
terms of lost seeds per pod is reduced by parasitoid wasps (as has also been demonstrated in 
the interaction between Hormathophylla spinosa (Cruciferae) and a Ceutorhyncus species 
[28]), whereas pod midge infestation and fungal disease increase with weevil infestation [26] 
and all these factors may interact with glucosinolate phenotype. If the interaction between 
glucosinolates and herbivores is in any way analogous to that between herbivores and insect 
resistant transgenes, the effect of such transgenes in natural populations will (perhaps 
obviously) depend on the outcome of the complex dynamics of multispecies interactions, 
rather than the relationship between the plant and a single herbivore. 
 
Ecological effects of virus resistance transgenes 
One concern about the release of plants containing virus resistance transgenes is that the 
genes will introgress into a wild relative of a crop and cause it to become weedy as the effects 
of viruses on fitness are removed or reduced [6,29]. There are also concerns about the 
evolution of new virus types which may result from recombination between pathogen-derived 
virus resistance genes and viruses [30,31]. Assessment of the risks associated with these 
processes requires knowledge of the distribution of viruses in populations of crop relatives 
and their effects on the population dynamics of the species. To investigate these issues, we are 
studying the growth and reproduction of wild Brassica oleracea in relation to virus infection. 
  
Distribution of viruses in natural populations of Brassica oleracea 
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Two hundred and eleven plants among 5 populations were assayed for the presence of 4 virus 
pathotypes (beet western yellows virus, BWYV; cauliflower mosaic virus, CaMV; turnip 
mosaic virus, TuMV; and turnip yellow mosaic virus, TYMV). ELISA [32] revealed 
significant non-random distribution of all four virus types (Table 2), the most striking 
variation being in TYMV, in which 82% of the plants with the virus occurred in a single 
population. Skotnicki et al. found a similar extremely non-random distribution of TYMV in 
Cardimine lilacina on Mt. Kosciusko in Australia [33]. 
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Table 2. The distribution of viruses among 5 Dorset populations of B. oleracea 
 
 
 Plants tested Plants with 

 BWYV 
Plants with 
 CaMV 

Plants with 
 TuMV 

Plants with 
 TYMV 

Old Harry 50 16% 26% 36% 2% 
Winspit 44 55% 80% 57% 0% 
Chapman’s Pool 50 52% 24% 90% 62% 
Kimmeridge 30 67% 50% 80% 13% 
Durdle Door 37 35% 41% 41% 5% 
Test for random 
distribution 

     

χ2  15.57 20.93 16.66 72.43 
d.f.  4 4 4 4 
P  0.0044 0.0003 0.0023 <0.0001 
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Associations among viruses were also non-random. There were more plants than expected 
with zero or 3 virus types and fewer than expected with 1 or 2 virus types (χ2 = 62.32; d.f. = 
4; P < 0.00005). Tests of associations among pairs of viruses (Table 3) showed that all viruses 
occurred together with CaMV more often than expected. There was also a significant positive 
association between BWYV and TuMV. The associations between BYMV, CaMV and 
TuMV may be because they share the peach potato aphid (Myzus persicae) as a vector and 
CaMV and TuMV are also spread by the cabbage aphid (Brevicorynae brassicae) [34]. 
TYMV is spread by biting insects, such as weevils and flea beetles [34], so it is not surprising 
that there is no association between the distributions of BWYV and TYMV. A possible 
reason for the non-random distributions of TYMV with CaMV and TuMV may be common 
susceptibility to TYMV and CaMV and cross-protection or fitness trade-offs in the case of 
TYMV and TuMV. 
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Table 3. Tests for association between virus types.  
 
 
 BWYV TuMV CaMV 

TuMV χ2
[1] = 15.894 

P = 0.000 
+ ve 

  

CaMV χ2
[1] = 36.366 

P = 0.000 
+ ve 

χ2
[1] = 9.483 

P = 0.002 
+ ve 

 

TYMV χ2
[1] = 1.707 

P = 0.191 
no association 

χ2
[1] = 8.841 

P = 0.003 
- ve 

χ2
[1] = 13.740 

P = 0.000 
+ ve 
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The reason for the observed non-random distribution of viruses may be genetic differences 
among plants (populations) or the distribution and behaviour of virus vectors. The available 
evidence suggests vector behaviour as the more important. A study of resistance to turnip 
mosaic virus (Cooper, Edwards and Raybould, unpublished observations) found a significant 
heritable component to variation in TuMV titres among plants in a glasshouse trial (h2 among 
Chapman’s Pool, Winspit and Kimmeridge populations = 15.5 - 31.0%, variation among 
families F = 2.82; d.f. 57, 660; P <0.0001), but only a small proportion of the variation was 
due to differences among populations (Table 1) (although among population variation was 
significant F = 4.64; d.f. 2, 57; P = 0.0136). In addition, control plants in a field trial (see 
below) were infected with viruses in roughly equal proportions regardless of their origin. 
 
The effects of viruses on plant fitness 
To test for the effects of viruses on plant fitness, 574 seedlings from the 5 study populations 
were grown in insect-screened glasshouses in Oxford. At the 3-5 leaf-stage, plants were 
inoculated with either TuMV (an isolate from Kimmeridge), TYMV (an isolate from 
Chapman’s Pool) or sterile water. When the plants were 3 months old (June 1996) they were 
planted out in a fully-randomised design in a field at Chapman’s Pool, approximately 300m 
away from a natural population of Brassica oleracea. 
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 Figure 3. Percent mortality of cabbage plants in the field trial at Chapman’s Pool. 
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Mortality was significantly non-random among the treatments (χ2
[2] = 17.29, P < 0.001), with 

highest mortality in the TYMV treatment and lowest in the TuMV (Figure 3). Among the 
surviving plants there were also differences in (assumed) fitness characters (Maskell, 
unpublished observations). For example there were significant differences in total seed 
production per plant among the treatments (F = 5.00, d.f. = 2. 79; P = 0.009), with the virus 
infected plants producing fewer seeds than the control plants (Figure 4). 
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Figure 4. Seed production per plant (± SE) in the field trial at Chapman’s Pool. 
 
 
Our results show that agriculturally important viruses are present in natural populations of B. 
oleracea and that infection with these viruses can affect plant fitness, especially if infection 
occurs at the seedling stage. This contrasts with the results of Bartsch et al. [35] who found 
that sugar beet resistant to beet necrotic yellow vein virus (BNYVV) produced more biomass 
than susceptible beet in trials on a site infected with BNYVV. Transgenic BNYVV-resistant 
beet gave intermediate productivity. However, no BNYVV was detected in wild beets in 
north east Italy, suggesting that introgression of gene for BNYVV resistance would have no 
effect on wild beets in that area. 
 
Genetic differences among the B. oleracea populations appear to play only a small part in the 
observed non-random distribution of viruses. This suggests that vector behaviour may be the 
major determinant of virus distribution, and that vector distributions are not consistent enough 
to impose differential selection for virus resistance among populations. This contrasts with the 
apparent consistency of cabbage seed weevil distributions (see above). However, wild 
cabbage has a long life-cycle and consistent vector patterns over a few years may be 
insufficient to impose differential or directional selection. Clearly, therefore, the effect of a 
virus resistance transgene in a natural population will be highly dependent on the behaviour of 
the vectors of the virus against which the gene provides resistance. 
 
Predicting the effects of transgenic insect and mollusc resistance in feral populations of 
oilseed rape 
Little is known of the importance of herbivory in regulating the size and persistence of feral 
populations. To simulate the effect of transgenes for resistance to insect and/or mollusc 
herbivory we decided to apply insecticide and/or molluscicide to feral populations. However, 
surveys of feral rape populations (Wardlaw, unpublished observations) indicated that it was 
not possible to conduct well-replicated experiments because of the transience of populations 
(e.g. because of mowing), varietal differences, varying distances from herbivore source 
populations and variation in population size. We therefore established experimental 
populations of ‘feral’ rape on farmland near Moreton, Dorset. 
 
Experimental plots were established on pasture that had been ploughed and harrowed before 
the start of the experiment. Briefly, the experiment was set out as follows. Twenty-five 5m x 
5m plots were marked out in 5 rows of 5. On 28th March, seed of spring rape variety Aries 
was sown into the central 2m x 2m part in 17 rows at a density calculated to give 35 plants per 
row (previous trials indicated 86% germination) (i.e. about 150 plants m-2). Molluscicide 
('Draza'), insecticide (alternately 'Hallmark' and 'Sybol') or both were applied periodically to 
individual plots according to the manufacturers’ recommendations according to a latin square 
design. The 2 x 2m plots were fenced to prevent grazing by deer and rabbits and the 1.5m 
surrounding strips were kept free of weeds until seeded naturally by the mature rape plants. 
Among several performance measures, the density of plants in each plot was recorded on 25th 
July and seed output was recorded on 14th August. 
 
Molluscicide and insecticide treatments both increased the density of plants over that of the 
control plots (Figure 5), although only the molluscicide effect was significant at the 5% level. 
Combined molluscicide and insecticide treatment gave the highest plant density. Higher plant 
densities with insecticide were due to reduced damage by flea beetles (e.g. Phyllotreta spp.). 
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Figure 5. Measures of plant performance in the oilseed rape experiments at Hurst Farm. 
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The number of seeds per plant was increased significantly by insecticide but not by 
molluscicide. The combined treatment gave a value intermediate between the two single 
treatments (Figure 5). Several effects combined to give these results. The small difference 
between the control and molluscicide plots was probably due to lower plant density in the 
controls, leading to the production of larger plants. This compensated for damage caused by 
molluscs. The insecticide treatment had a large effect because it reduced damage to flowers 
by pollen beetles (Meligethes spp.) and seed predation by the cabbage seed weevil 
(Ceutorhyncus assimilis). Plants also flowered earlier than in the other plots because they 
were not checked by flea beetle damage. The intermediate value for the combined treatment is 
probably because the high plant density gives smaller plants compared with the insecticide 
treatment alone. 
 
The plant density and seeds per plant values combine to give an estimate of seed output per 
m2. The were significant differences among the treatments (F = 6.88; d.f. = 4, 12; P = 0.004) 
which were due mainly to the effect of insecticide (F = 19.52; d.f. = 1, 21; P < 0.0001). 
Neither the molluscicide effect nor the insecticide*molluscicide interaction were significant 
(F = 0.77 and 1.24 respectively; d.f. = 1, 21; P > 0.05 in both cases). 
 
These data suggest that transgenic insect resistant feral oilseed rape may produce more seed 
per unit area than the equivalent unmodified variety. However, this does not mean that insect 
resistant feral oilseed rape would necessarily cover a larger area or be more persistent than 
non-resistant varieties. Rape plants were allowed to seed into the 1.5m cleared border area 
around each plot which received the same treatment as the 2 x 2m central square. 
Significantly more seedlings were produced in the treatment plots compared with the control 
plots, although absolute numbers were small. On average, the control plots produced 6 plants 
from the estimated output of ¼ million seeds per plot; insecticide treated plots produced about 
50 plants from ¾ million seeds; molluscicide treated plots gave about 55 plants from ½ 
million seeds; and the combined treatment produced about 90 plants from ¾ million seeds. 
 
All seedlings in the protected central 2 x 2m plot were killed by frost, as were the smaller 
seedlings in the unprotected outer area. The more mature plants in the outer area were heavily 
predated by vertebrate herbivores (pigeons, pheasants, rabbits and especially deer). Only 36 
flowering rape plants were found throughout the whole experimental site in the summer of 
1997, the majority of which were in one control plot that, by chance, had been missed by the 
deer. 
 
Conclusions 
Observations of natural populations and field trial data suggest that herbivory and virus 
infections can affect plant survival and/or seed output. It is not clear, however, whether 
herbivory or viruses play any role in determining the persistence or abundance of natural or 
feral Brassica populations. B. oleracea has very high seed output compared with seedling 
recruitment and also has short seed dispersal distances. Many seedlings appear to die because 
of drought [27], and while slugs prefer seedlings with low glucosinolate concentrations if 
given a choice, they will eat those with high glucosinolate concentrations [13]. Similarly in 
feral rape populations, competition with perennial plants and herbivory by vertebrates seems 
far more important to population persistence than does protection from insect and mollusc 
herbivory. These preliminary results are similar to those of Bergelson [36], who found that a 
herbicide resistant line Arabidopsis thaliana produced fewer seed than a susceptible line in 
the absence of herbicide. However, there was no difference in the invasiveness of the two 
lines because space rather than seed production limited recruitment. Similar process may 
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operate in Brassica populations, either giving no selective advantage to insect and virus 
resistance, or applying soft rather than hard selection. In the latter scenario, transgenes for 
resistance may spread among populations, but not increase plant weediness. More research is 
required to assess the crucial factors affecting the seedling recruitment of Brassica species 
before we can predict with confidence the effects of transgenes on their population dynamics. 
 
The other important consideration is whether natural pest and disease resistances are useful 
analogues of transgenic resistance. As mentioned above, there may be trade-offs between 
resistance and fitness in the absence of pests or pathogens in natural populations [7], while 
there may be no cost to genetically modified resistance [8]. Also pests and their parasitoids 
may have evolved to use natural resistance mechanisms, such as glucosinolates, as cues for 
locating their hosts, whereas such interactions with transgenic resistance mechanisms are less 
likely. We also need to be careful that phenotype similarities are considered at both the whole 
plant and molecular levels, and under a range of conditions. For example, the robustness of 
transgenic and natural virus resistance mechanisms may vary with temperature in different 
ways [37,38]. Transgenic virus resistance mechanisms will also interact with the pathogen in 
very different ways, with potentially significant effects on the evolution of new viral strains 
which cannot be predicted easily by studies of natural populations. 
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Introduction 
Genetically modified plants are now being commercialised in several countries as regulatory 
authorities consider that the balance of risk versus benefit is beneficial. However, numerous 
questions remain unanswered, especially the impact of these plants when used over large 
areas and under a range of variable environmental conditions. Some issues need to be re-
evaluated [1,2]. Risk / safety analysis, as well as prospects of transgenic crops depend on the 
scale which is to be considered. Extrapolation of methods, and laboratory and greenhouse 
results, to large-scale farmers' fields, may provide useful preliminary data, but is not a sound 
approach to the study of the consequences of the commercial release of transgenic crops. Risk 
/ safety analysis involves hazard identification and risk assessment. Hazards are scale-
dependent and need to be tested on an appropriate scale. Change to a region’s flora, for 
instance, is not a matter for a greenhouse test, but must be studied at the regional level. Risks 
associated with identified hazards depend on local conditions, e.g. non-proportionality of 
pollen spread with source size, regional variation of crop management practices, interaction 
between crops, genotype variability of populations of wild relatives, etc. A main concern is to 
estimate the value of predictability for agriculture and environment of results collected on 
different scales. In order to answer this question, several institutes (Association Générale des 
Producteurs de Maïs AGPM, Centre Technique Interprofessionnel des Oléagineux 
Métropolitains CETIOM, Institut National de la Recherche Agronomique INRA, Institut 
Technique de la Betterave ITB, Institut Technique des Cérélaes et des Fourrages ITCF), seed 
producers (KWS, Novartis) and agrochemical companies (Agrevo, Monsanto, Rhone-
Poulenc) jointly designed an experiment on an agricultural scale. This was a multisite testing 
of several gene constructs with different crops rotating in farmers' fields over several years, 
representing a true field situation. 
 
Material and methods 
Experimental design: Three sites were chosen in Northern, Eastern and Southern France 
representing different sides of the country, climatic conditions and typical regional cropping 
systems. Transgenic varieties were introduced into the crop rotation in the place of normal 
sugar beet, rapeseed and maize. Winter wheat and fallow were also used. The five adjacent 
plots were 1 ha each. Experiments were conducted as closely as possible to that of the usual 
farming practice of each region. Transgenes were herbicide resistance against glyphosate, 
glufosinate and bromoxynil in rapeseed (3 varieties), glyphosate and glufosinate in sugar beet 
and maize (2 varieties each). Bt transformed maize was also used. The main objectives were 
to quantify the ease of usefor the farmer,  agronomic performance with regional average, and 
assess potential problems. Well characterised markers allowed the study of pollen flow 
around the crops, gene flow between varieties, occurrence of multi-resistant volunteers, 
behaviour and control of volunteers, and hybridisation between crops and wild relatives. 
 
Pollen dispersal : Dispersal of pollen outside the field was assayed by the introduction of 
male-sterile plants, at various distances from the field plots, to biologically trap pollen of the 
corresponding crop. At maturity, seed production was recorded and seeds were collected and 
tested for resistance by screening a portion of the sampled seed with herbicide. Resistance 
within the progeny of these plants provided evidence of pollination by the crop.  
 
Cross-pollination between varieties : Cross-pollination was studied by taking seeds samples 
prior to harvest at different positions within the field. Treatment of volunteers (rapeseed) was 
also used as an easy way to estimate cross pollination within the field. For a mother plant 
resistant to herbicide A, the progeny was screened with the other herbicide(s). A second 
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treatment with A was also conducted to remove potential seed pollution and thus ascertain the 
expected double resistance. 
 
Volunteers: Crop rotation allowed determination of the occurrence of transgenic volunteers in 
other crops as well as studies on their natural ability to grow, flower and produce progeny. 
Multi-resistance was also tested using non-destructive Elisa tests on volunteers. The most 
interesting results can be expected after the second year of the experiment. 
 
Potential gene escape to wild relatives : All wild relatives of rapeseed and sugar beet 
occurring within a 1000 m diameter circle in the centre of the field were mapped. The 
potential hybridisation between a crop and its wild relatives was estimated by sampling all 
stands of wild relatives previously observed. At maturity, a proportion of the seeds were 
collected and screened in the greenhouse for resistance. As samples sizes were relatively 
small, the probability of observing hybridisation was low and one or two orders of magnitude 
below what may have been tested in the laboratory. Remaining seeds were left in the habitat 
in order to not interfere too much with local flora and potential weed infestation. 
 
Results: 
Rapeseed: Pollen dispersal and effective isolation of the experiment from rapeseed grown by 
other farmers was checked on plots of male-sterile plants at different positions. Cross-
pollination occurred between varieties within the experiment. With each pollen source of 
approximately 1/3 ha, cross-pollination decreased with distance, giving 2.5% at 1m, 0.18% at 
22m and slightly less than 0.01% hybrids at 65m. At 127m no cross pollination was observed 
so that the rate of cross-pollination at that distance could not exceed 2 / 10000 seeds with 95% 
confidence. However, an isolated natural volunteer rapeseed growing in 1996 in a fallow at 
150 m from the nearest corner of the field gave 2 seedlings resistant to Bromoxynil and 1 
resistant to Glyphosate. This suggested that the rate of cross-pollination is highly dependent 
on the size of  the pollen source and the area of recipient plants . Volunteers were observed in 
maize but as they were winter rape, they could not have a complete life cycle. They may also 
occur in subsequent years in wheat and sugar beet. As for the wild relatives of rapeseed, no 
hybrid was found. Hybridisation rates would be lower than those for which we could test 
according to the numbers of emerged seedlings of each species tested, i.e. 0.01% for Sinapis 
alba, 0.03 % for Sinapis arvensis (with 95% confidence). 
 
Sugar beet: Sugar beet is a biannual crop grown for its root, so very few flowering plants 
were expected. One variety did not flower, while the other had 24 plants which flowered over 
half an hectare in 1996. The analysis of seed production of male sterile plots showed that 3% 
of the amount of pollen at 0 m of pollen was still available 190 m from the field. Volunteers, 
observed in both fallow ground and winter wheat, could flower and set seed. In order to test 
the potential for crosses between sugar beet and its weedy relative, several plots of annual 
weedy plants were added along one field border. In addition, in one location, about 200 
volunteers occurred naturally in the fallow plot. The progenies of those plants gave a total of 
40 000 seedlings of which 23 were resistant. According to the number of plants flowering 
within the field trial, the plants bearing resistant pollen only represented about 5% of field 
flowering plants. As such, the cross-pollination observed may be under-estimated by one 
order of magnitude. 
 
Maize: Asynchrony of flowering between varieties limited the study of gene flows. Seed 
production on emasculated plants at 150 m dropped to about 10 % of the seed amount 
observed on fully pollinated plants. 
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Conclusion 
Although our agronomic approach of risk assessment on a large scale seems to be well fitted, 
it has overall limited value and is time consuming ! Trying to both monitor and carry out 
experiments in true agricultural situations is a compromise. For instance, the accuracy of 
measurements made for gene flow and hybridisation depends on the number of seeds and 
plants tested, but only a small proportion of the seeds produced by the wild plants were 
studied. Of course, most of the seed produced must remain in the field if we want the weed 
community to evolve under normal field conditions. Therefore, some issues could not be 
correctly evaluated in such a study. Additional simplified approaches are required to reach a 
significant value of predictability. For instance, the spontaneous production of hybrids by 
wild relatives of rape has been shown to occur at different rates according to the wild species 
[3,4,5]. The question is not only the frequency of hybridisation, but rather  what may occur 
after several years. There might be invasion by descendants of hybrids,  change of weed flora 
due to the use of the new herbicides, or new problems with volunteers... Leaving the field 
system evolving also enables us to check secondary effects on non-target organisms such as 
the adjacent wild flora and non-target insects (in the case of the Bt resistant maize), which is 
much harder to test experimentally. 
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Introduction 
With the release and the commercialization of transgenic plants the spread of genetically 
modified phenotypes in the environment seems certain. The remaining question is merely how 
long this process will take and what effects it will cause. The fundamental problem when 
talking about risk assessment is, that we lack the necessary extensive knowledge about the 
ecology of the modified species and the function of the transferred genes. Only this 
knowledge makes it possible to look for the really relevant topics and to ask the right 
questions for an adequate risk assessment. To address ecologically important features like 
outcrossing [1], competitiveness [2], gene flow [3] or survival through the winter the 
following investigations were carried out. To make the aims of the investigation clearer it is 
useful to differentiate between two kinds of monitoring. Following Maas [4] there is on the 
one hand specific monitoring, which examines possible cause-effect relationships and on the 
other hand a general monitoring which focuses on investigations for example in natural 
populations without using the transgenic organism. 
Our specific monitoring was primarily carried out in single organism tests with the transgenic 
plants themselves to check the ecologically relevant winter survival. Our general monitoring 
focuses on the virus infestation level in the potentially influenced habitats and on the genetic 
structure of the populations of the wild relatives A definition of the actual state of population 
dynamics using RAPD-PCR was necessary for an evaluation of possible future changes in 
natural populations due to transgene introgression. These data give information about whether 
a specific trait is able to cause a competitive advantage in a particular habitat and thus help to 
assess the potential risk of outcrossing and establishment of transgenic traits in wild beet 
habitats. Only precise knowledge about such as transgene / emvironment interactions enables 
us to identify priorities for research. 
Material and Methods 
Plant material: The breeding lines, cultivars and transgenic varieties were made available to 
us by KWS/PLANTA, Einbeck, Germany. The transgenic sugar beets we worked with were 
carrying the additional transgenic sequences of the c-DNA of the coat protein of beet necrotic 
yellow vein virus (BNYVV) [5], the nptII gene [6] as a resistance marker against kanamycin 
and the bar-gene [7] mediating resistance against the herbicide BASTA® / LIBERTY® with 
its active agent glufosinate-ammonium. Some wild varieties were from FAL, Braunschweig, 
while others were from own collections. 
Virus infestation: 12 to 16 days after germination, the seedlings were pricked out into soil 
containing BNYVV. Thirty two plants of each treatment were watered twice a week with sea 
salt water at two different concentrations. The first treatment was 1 % salt, the second 0.5 % 
and the third was tap water as a control. After cultivation for 95 to 106 days, the roots were 
harvested and checked for the presence of BNYVV [8, 9, 10] with a specific antibody test 
(ELISA, enzyme linked immunosorbent assay) [11, 12].  
Survival of sugar beet in the winter: Between 1994 and 1997 field tests were performed at two  
sites, one with virus infestation (and pre-inoculation) in Mainz, the other at a the virus free 
control site in Aachen. In 1994 to 1996 the tests were conducted with conventional plants 
done at different sites in Germany (Braunschweig, Dresden, Aachen, Köln, Stuttgart) and at 
the Dutch coast near Breskens.  
Molecular analysis of population genetics:   
The RAPD-PCR (randomly amplified polymorphic DNA- Polymerase chain reaction) was 
based on Lorenz et al. [13], Uphoff & Wricke [14, 15] and Eagen & Goldman [16], optimized 
for the specific requirements like used enzymes or DNA-template. (PCR-conditions: 10mM 
buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 1u taq, 0.001% gelatin, 0.5 µg primer, approx. 100ng 
template, added to 50 µl with water, Amplification program: denaturation 30’’, 94°C, 
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annealing 1’, 35°C, synthesis 2’, 72°C, 40 cycles, DNA-isolation: SDS-method, Taq-
polymerase: EUROGENTEC Goldstar, Primer: MWG-Biotech). 
 
Results 
Virus infection under different soil conditions: The typical extinction value of an infected 
plant was about 2.5 after 60 minutes of reaction time. Transgenic plants, expressing the virus 
coat protein and thus responding to the test showed values as a positive control of 
approximately 0.5. The different salt concentrations in the water caused a decrease of 
infection with an increase of salt content in the water. As shown in Figure 1, the decrease is 
significant except in wild beet population #1, which showed the highest infection under 0.5 % 
salt solution watering. 
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 Figure 1: Infection of different wild populations of Beta vulgaris L. with BNYVV depending 
on salt concentration in the soil (mean of 32 plants with standard error). The six different wild 
beet populations originated from the Adriatic coast in Italy. 
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The different wild variants showed a different range of extinction values. One of the 
populations even proved to be completely tolerant against virus infection. In this case the 
extinction never exceeded an value of 0.3 in the ELISA. Especially in the case of the cultivar 
Edda, morphological changes due to salt irrigation were noticed. The plants developed 
succulent characteristics such as thick leaves with a strong cuticle and more compact growth 
thus causing morphological similarity to their wild relatives. 
 
Survival of transgenic and conventional sugar beet: As shown in Figure 2, correlation was 
found between survival rate and temperature in the trials when survival rate was plotted 
against cold sum. The independent variable cold sum is defined as the sum of every daily 
negative average temperature at 2m above ground over the whole winter. Summing only 
average temperatures below –4°C gave better correlations and this parameter was chosen as 
independent variable. The logistic regression with the formula f(x)=(100)/(1+(x/c)b) and the 
parameters b = 4.213 and  
c = -32.461 had a correlation coefficient of r = 0,931 . 
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Fig. 2: Survival rates of Beta vulgaris L. at different sites in different test periods (mean over 
all genotypes). Transgenic plants were used in Mainz and Aachen. The tests in 1996/97 were 

carried out with hybrids between sugar beet and Swiss chard. 
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Significant differences between the genotypes at the same test site were not detected and so 
the different genotypes were combined and compared within the different sites. In the winter 
1994/1995 the temperature was moderate and the survival rates were high. At the field site in 
Cologne more than 90 % of the beets survived. The winters of 95/96 and 96/97 were much 
harder and survival rates were so low that nearly all plants died (see fig. 2). Only in Breskens 
at the Dutch border were the temperatures milder and here survival rates were high (90%). 
 
Characteristic RAPD marker for wild and cultivated beets: Four primers showed suitable 
banding patterns and produced 24 useful bands. To find particularly reproducible fragments, 
only amplification products of a specific size (depending on the primer, between 400 and 
2000 bp) were evaluated. Five markers were found, that occurred only in wild beets and two 
were found to be characteristic for cultivars  
Discussion 
Specific Monitoring: Even in very harsh winters,  survival of sugar beet in North Europe is 
possible. Contrary to earlier investigations [17] according to which sugar beet will die at 
temperatures below -5 °C, plants survived minimum temperatures of –10°C and less. The 
comparison of different genotypes in a species, especially in the case of the Swiss chard 
hybrids, may be matter of discussion. Swiss chard, being a leaf crop, is not like the other beet 
varieties selected towards big beetroots. Small beetroots have a relatively higher content of 
osmotic compounds and less water causing a potentially higher frost resistance [18].  
 
General Monitoring: Our investigations show that the infection of wild beets with BNYVV is 
low in natural, mesohaline habitats. This is very important due to the ecological relevance of 
transgenic rhizomania resistance. The occurrence of Beta vulgaris ssp. maritima is limited to 
a small area along the coasts where a moderate salt concentration reveals. This could be the 
reason why BNYVV has not been found in wild beets grown in such natural habitats. In 
addition to this, wild beets are genetically less susceptible to rhizomania [8] and so wild beets 
carrying the transgenic virus resistance would not behave much differently from their 
unaffected relatives in salt free habitats where an infection could occur. Whether the 
decreasing infection at higher salt concentration directly depends on the virus or on the 
disturbance of the vector Polymyxa betae KESKIN has not been clarified, but the important 
aspect is that a transgenic virus resistance is of minor ecological importance due to the lack of 
selection pressure. However, the fact that a tolerance against BNYVV in wild beet is found 
seems to be a hint towards an co-evolutionary process and thus the temporary occurrence of 
BNYVV in wild beet habitats. 
The RAPD-PCR resulted in several specific marker bands which are characteristic either for 
wild beets or for cultivars. These markers are a useful tools to investigate the interaction 
between wild and cultivated beets and the great heterogeneity the within the species Beta 
vulgaris [19] and support the hypothesis of creation of the weed beets by hybridization during 
seed production near wild beet populations like in Italy or France [20, 21]. 
The present investigation gives an impression of how many aspects have to be observed in an 
extensive monitoring program. It should be clear, that all modified traits of a transgenic plant 
have to be checked towards their possible ecological consequences based on the qualities of 
the new gene. Moreover, the conditions in the habitats of the wild relatives are of great 
importance to evaluate the relevance of the selective advantage caused by the new traits. 
It seems to be a never ending story - research will only be done if effects of a change can be 
imagined. Who, for example, thought of CO2 and global change when introducing 
automobiles instead of horse carriages ? 
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The question remains: Do we know enough about plant ecology to be sure we have 
considered all the possible implications of releasing transgenic plants ? Thus, the reason for 
the many of ”reassuring” results could be that we do not look for the right topics and do not 
ask the right questions.  
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Discussion session 1: Ecological effects of Transgenes 
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Alan Raybould 
My work aims at answering the question whether herbivore have any effect in natural viral 
populations, if they drive the population dynamics. If the herbivore had a big effect in a viral 
population, may be we should look at the effects of insect resistance transgene. If not, then 
perhaps it might be less of a problem.  
The viruses used in my experiments might be cross-protected .  
 
Jim White 
Cross-protected viruses are naturally occurring. And this is true for many viruses and their 
host plants. And the one reason is all these viruses are aphid transmitted viruses. 
 
Ian Cooper 
Viruses do tend to cross-protect against closely related species.  
There is some tendency for the naturally occurring viruses to be mild in their effects. How 
ever they are not mild in their effects on test-plants when taking a test elsewhere.  
 
Jim White 
I want to underline the fact that if you take the virus strain out of a natural situation and place 
it under artificial condition, you can get different kinds of symptoms. One of the very 
important things is that the vector has to come to the plant and for the aphid-transmitted ones, 
they need immediatly to feed on the new host plant. And the symptoms depend on how the 
plants are growing in that area, the season, and probably the culture conditions. And there is 
change from year to year.   
 
Alan Raybould 
time is probably important and has probably a log-effect. 
 
Tom Nickson 
It was also pointed out that it is not wise to talk about insect resistance as a very general thing. 
We have to study what the transgene is really doing. 
Considering the monitoring, it was pointed out that we should consider monitoring over a 
period of years for instance when we look at plant survival. It is essential because climatic 
conditions vary so much.  
 
Matthias Pohl-Orf 
The only thing we can do is to spread the field sites over a big area, so you have very different 
climatic conditions. 
 
Phil Dale 
Just a question comment about the oilseed rape the glyphosphate and bromoxylene. I think 
that the studies on herbicide resistant plants give us useful data, but I wonder  how and to 
what extend we could have predicted those kind of data from what we already know about 
gene flow. We need to know much more about these ecological consequences of growing 
different herbicide tolerance together in agriculture is real. What are the crucial questions ? In 
the way we need to commercialize and grow transgenic plants before we can answer the 
grander question about the ecological and the agronomic impact. So I think the question is: 
what are the really crucial bits of information we need before we move forward to approve all 
of those three herbicide tolerance genes in oilseed rape ? 
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Les Levidow 
An important point is : What more need we to know before commercialization of transgenic 
plants. This question should be also examined at the regulatory level.  
In the early days of these risk assessment discussions it was sometimes said that herbicide 
tolerance genes, virus resistance genes and so on, are wide spread in nature and in some crops. 
And therefore we had a basis for predicting the effect of such transgenes into crops which did 
not have those particular genes before. The presentation of session 1 and this discussion takes 
us very far away from that origin of the familiarity criteria. Instead we have a set of 
interesting questions about the unfamiliarity of virus resistance, herbicide tolerance and so on 
for example. What is the extent of virus infection ? If the virus infection is low or even high in 
particular wild relatives, then why? On what is it dependent ? I want to pose a general 
conceptional question for us to think about what is given at the risk assessment research 
starting from a presumption of unfamiliarity. How can these different questions about 
unfamiliarity be related ? If we rightly ask questions about the unfamiliarity of how plants are 
or are not infected by viruses or resistant to viruses,  then methodically, conceptionally how 
can the different unfamiliar aspects be related. And therefore how can these different risk 
assessment projects be related. 
 
Phil Dale 
Familiarity can be defined at very different levels. It is realistic to compare familiarity at a 
phenotypic level where we may have varieties or whatever it is that carry at a phenotypic 
level resistance to a particular virus. But at a genetic level, a functional level, the mechanism 
achieving the phenotype may be different. And in that case we may not have complete 
familiarity. You know there are aspects of unfamiliarity and it raises questions about 
recombination at codon switching, and you know of possible recombination between the 
invading virus and the homology sequences on the virus transformed into the plants. So he 
think there are different levels of familiarity and unfamiliarity we have to draw on what 
information we can and build that into the risk assessment process. 
 
Tom Nickson 
Let me point to the example of Canada, where genetically modified oilseed rape has been 
approved now for three years in production. Transgenic rape represent around half of the 
production of oilseed rape in 1998. Canadian authorities looked into the risk assessment of 
out-crossing and the obvious probability that it will occur to Brassia rapa. But they also 
accepted a risk management regarding gene escape at regulatory level, and at an industrial 
agricultural level. This is something that is not being balanced in the discussion. Where does 
the risk-management come in ? And along those lines, we have have the opportunity to create 
something that is new and very powerful : the area of monitoring. Monitoring has to be for 
regulatory reasons to ensure the safety at the production level and this is something that 
industry can accept. Monitoring has to be accepted by the industry. But there also has to be a 
joint collaboration between academia, industry and government to develop a more 
fundamental knowledge of the ecology in agriculture. This collaboration is extremely 
important: The benefits will be evident in developing sustainable agriculture project 
scenarios. We must continue to ask all these very detailed questions, but for the purpose of 
developing sustainable agriculture projects not for the purposes of blessing technology. 



 52

Session 2: Modelling in Risk Assessment 
 

THE ROLE OF MODELLING IN RISK ASSESSMENT FOR THE 
RELEASE OF GENETICALLY ENGINEERED PLANTS. 
 

Glynis D. Gidding 
Institute of Biological Sciences, Sir George Stapledon Building, Aberystwyth, Ceredigion, 
SY23 3DD. United Kingdom, Phone 01970 621764, Fax 01970 622307, e-mail 
gdg@aber.ac.uk  



 53

 
Keywords: Modelling, Invasiveness, Population dynamics, Neighbourhood models, sampling 
effort. 



 54

 
 
Introduction 
Models can help us to understand, and make predictions about, the behaviour of biological 
systems. This includes those which will govern the fate of transgenes in the environment. The 
suitability of various models is considered for predicting and monitoring the potential for 
invasiveness [1,2], or causing outbreeding depression [3,4] or genetic assimilation [5]. The 
influences of spatial and temporal heterogeneity and stochasticity are discussed in relation to 
their effects on predictive modelling. The importance of modelling in the design of risk 
assessment experiments [6], for summarizing experimental data [7] and in monitoring 
transgene spread after release [6], is demonstrated. 
 
Statistical models of invasions  
Considerable statistical modelling has been conducted in an attempt to correlate invasiveness 
with biological, genetic and/ or environmental traits (e.g. [6, 8-11]). From this it has been 
deduced that vegetative and reproductive traits are not good predictors of invasiveness per se 
[11-14]. Whether a plant is annual or perennial, or if it is an inbreeder, outbreeder or asexual, 
is not an indicator of its potential invasiveness [10, 12] Genetic characteristics - such as 
polyploidy and levels of variability or heterozygosity - are also poor predictors of colonising 
ability [8]. Differences between plants which succeed and fail are often apparently trivial [12] 
and may be determined by just a few genes [11, 13, 15]. 
 
It has been estimated that about 10% of organisms deliberately or accidentally introduced into 
the environment have feral populations [12]. Of these about 10% establish permanent 
populations, with about 10% of these becoming pests (the “tens rule”, [11, 13]). Williamson 
and Fitter [16] considered exceptions to this, one example of which was British edible crop 
plants. They found that because crops are strongly selected to grow well in the region where 
they are cultivated almost all non-native crop plants were at least casual, i.e. with temporary 
feral populations (95%). They concluded that the tens rule does not apply if there has been 
selection to counteract it. This will be true in the case of genetically modified crop plants.  

 
This, coupled with the severe consequences of invaders which do have adverse ecological or 
agricultural consequences [2, 17-19], warrants the use of regulation and monitoring as an 
insurance policy. It is clearly inappropriate to base predictions about potential risks solely 
according to the qualitative properties of transgenics.  

 
Mathematical models of invasions 
Two of many possible models are used to illustrate what could be required for any particular 
model of escaped transgenics. The first is a reaction-diffusion model adapted, by Hastings 
[20], from a spatial Lotka model suggested by van den Bosch and colleagues [21]. The second 
was developed by Crawley [22] to describe the population biology of invaders.  
 
The “Hastings Model” 
In the model presented by Hastings [20] the birth rate at time t  and location x  is given as 

 
b t x b t a L a m a D a x aliveagespace( , ) ( , ) ( ) ( ) ( , )= − × −∫∫ ψ ψ da  dψ  

 
For a plant b t x( , )  is the probability of a seedling at time t  and location x . L a( )  is the 
probability of surviving to age a  and m a( )  the fecundity at age a . Movement is described by 
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a dispersal kernel which can be interpreted as the probability that a seedling germinated 
a time units ago at location ψ  has now produced a seedling at location x . Discrete time and/ 
or space versions of reaction-diffusion models may be required for plants [20]. Models of this 
sort lead to travelling-wave population densities of constant velocity [20, 23]. 
 
The “Crawley Model” 
Crawley [22] considers the rate of change of population size of species i over time: 
dN
dt
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where ri  is the rate of increase per individual under ideal conditions (intrinsic rate of 
increase). The minimum condition for population increase is, therefore, ri >0. The functions 
f f1 4−  characterise what are often termed the density dependent functions. 
f1 represents the way in which the resource supply rate ψ  affects the abundance of species i. 
ψ  has different meanings in the “Crawley” and “Hastings” models and it should be realised 
that there is no connection between them. f2  describes the effects of interference competition 
where species j i= −1 1L( )  are “fiercer” than the invader. Individuals of one species reduce 
the fitness of others in ways not directly related to resource capture, e.g. by allelopathy or 
alteration of the physical environment. f3 represents the influence of natural enemies (P), and 
is related to their preference for the invader in comparison to other prey species, where 
k i= −1 1L( ) are species they would prefer to prey on. With regard to plants the enemies are 
diseases and herbivores. f4  describes negative effects due to a limited supply of mutualists, 
e.g. rhizobia, mycorrhizae and pollinators. Indirect effects of mutualists may also be 
accounted for in f f1 3− , for example predators of natural enemies will reduce P in f3 . 
 
X is what Crawley describes as the “mystery” ingredient essentially representing immigration 
into the population, including recruitment from protected refuges, and is a way of introducing 
heterogeneity into the model. 
 
A comparison of the Hastings and Crawley models 
The Hastings model deals with a particular space and time and the probability that it will 
become occupied by the species of interest whereas the Crawley model deals with the rate of 
change of the number of individuals of a particular population over time. Both models deal 
with the occupancy of space, by a species of interest, over time.  
 
In the first model occupancy here and now depends on the probability that individuals born 
elsewhere and previously have produced offspring that survive here and now. In the second 
model population change depends the number of surviving offspring per individual and 
immigration. For both the main parameters are fecundity, survivorship and dispersal. 
Crawley’s model explicitly specifies the influences on these as exploitation competition, 
interference competition, natural enemies, mutualists and the presence of refuges. 

 
It is possible to incorporate stochasticity into either model by using Monte Carlo computer 
simulations which draw values from probability density functions instead of using fixed 
parameters. Also some choices of function for the dispersal kernel in the Hastings model 
would necessarily involve different population attributes over space, for example one 
involving the pollen dispersal models of Giddings et al [24]. 
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The importance of gaps 
Recruitment from seed in an existing community depends on there being suitable gaps in the 
vegetation where germination can occur. Small changes in gap density, due to grazing 
animals, for example, can result in large changes in recruitment [25-27]. Models which 
describe this, [e.g. 25-27] are related to the Hastings model presented above. If b(t,x) was at 
sometime a gap then what it is now depends on the probability that what was in existence then 
dispersed seeds into the gap which germinated into seedlings and survived to now.  

 
Not all invaders reproduce sexually. Japanese knotweed (Reynoutria japonica), for example, 
has spread around the UK despite only female plants being present. Some transgenic crops 
may reproduce asexually, in fact male sterility may be a feature introduced into some, such as 
forage grasses, in order to prevent cross pollination with indigenous plants. Simple models, 
such some version of a “Richardson model” [20, 28], can be used to investigate the likely 
spread of vegetative propagules accidentally released outside the crop. Such models are 
simplified discrete versions of the Hastings model in which the neighbourhood set defines 
dispersal of clonal material rather than seeds.  
 
Neighbourhood models 
Neighbourhood models were developed specifically for the studying the population dynamics 
of sessile organisms [34, 35]. They are currently very popular for practical applications (e.g. 
[29-34, 38, 39]), particularly cellular automata models. They have been used to model clonal 
growth (e.g. [36, 37]), gap colonisation by annuals (e.g. [40, 44]), competition between 
annuals (e.g. [29, 42]), between annuals and perennials (e.g. [25]), and between perennials 
(e.g. [43]), succession (e.g. [23, 44-46]) and weed spread (e.g. [47-50]). Interactions are 
usually assumed to be local and dispersal limited. There may be many variables concerned 
with an explicit description of the various underlying mechanisms of density dependence. It 
may also be possible to model the effects of farming and cultural practices. This makes such 
models more realistic but less tractable than more strategic models. For this reason they are 
usually implemented as computer simulations (e.g. [36, 37]).  
 
Such “realistic” models can be treated as “experiments” which can be done (relatively) 
quickly and on a large scale compared with field experiments. Parameters can be varied 
systematically, experimental simulations replicated, and the outcome analysed statistically. 
That is not to suggest models replace field experiments, which are required to provide 
parameter estimates for the models in the first place. They can however demonstrate the likely 
spread of transgenes in particular conditions and the possible effects of stochasticity on 
predictions. 
 
A model for transgenic oilseed rape 
First order difference equations relating population sizes of succeeding generations can be 
used to model the likely invasiveness of annuals. Crawley et al [7] used the simple density 
independent model N Nt t+ =1 λ  for investigating the potential invasiveness of oilseed rape, 
where λ is the finite rate of population change. λ can be estimated from the ratio of seedlings 
sampled in t+1 to seedlings sampled in t or defined as a function of the probabilities of 
germination, survival to flowering and surviving offspring produced per individual. 
 
When λ=1 Nt Nt+ =1  and the population is at equilibrium. The invasion criteria is, 
therefore, λ>1. At equilibrium the change in population over time is zero. Recall from 
Crawleys model that, for a population in ideal conditions modelled in continuous time, 
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dN
dt

rNi
i=  and r=0 at equilibrium. If for any particular non-ideal conditions 

dNi
dt

r Ni= '  then 

N N et
r t= 0
'  and the multiplication rate between two consecutive times is er ' . Hence it is seen 

that the relationship between λ and r is er '= λ , or r ' ln= λ .  
 

The rape model is simply a discrete time version in which the mechanisms underlying the 
departure from “ideal” are hidden. Functions f f1 4−  and X in Crawleys model define the 
difference between r and r ' . Although the rape model does not include explicit density 
dependence the experimental data was collected from 12 different habitats to which different 
treatments were applied, at 3 sites in the UK and over 3 years. Interspecific plant competition 
was the main determinant of λ which was only greater than one when the seeds were 
distributed in a cultivated competition free environment from which other vegetation had been 
removed. When surrounding perennial vegetation reinvaded the cultivated plots λ again 
dropped to below one highlighting the importance of competition free gaps for recruitment 
into natural habitats. Thus what appears to be a density independent model is, in reality, 
density dependent by virtue of the manner in which the data has been collected. 

 
Introducing stochasticity into these models is easily done by using a probability density 
function for λ. Log transformation converts such multiplicative models into additive ones. 
This is useful for parameter estimation from data, and because the probability density function 
of log(λ) is arithmetic rather than geometric [51] (invasion criteria log(λ) >0). Some problems 
of estimating λ from experimental data are considered below.  
 
Model modifications for perennials 
Perennial populations can be structured according to age or stage. Possible stages might be: 
(1) germination and seedling development when survivorship is low and fecundity zero; (2) 
pre-sexual maturity when survivorship has increased but fecundity is still zero; (3) sexual 
maturity when survivorship is high and fecundity above zero and (4) senescence when 
survivorship and fecundity decline to zero. The perennial equivalent of the difference 
equation presented for oilseed rape involves using age or stage structured population 
projection matrices (Μ) and population structure vectors (νt). The information required for 
these models is st,t+1, the survivorship from time t to t+1 and ft the fecundity at time t, for each 
age or stage. A value for λ can be determined by from the dominant eigenvalue of the matrix 
(for a clear explanation of why and how to do this see chapter 5 of Gillman and Hails [52]). 
 
Mechanistic approaches to defining rates of population change 
In some cases there will be advantages in quantifying the rate of population change by 
formulating some or all of the “Crawley” functions f f1 4− and X, for example, when 
transgenes enhance traits involved in competition by conferring resistance to pests and 
pathogens. Isolation from pests and pathogens appears to be an important factor influencing 
the success of invaders [11, 53]. Induced resistance to pests and pathogens is therefore worthy 
of particular attention with regard to risk assessment [1, 54, 56]. Andow [1] suggested that 
Tilman’s resource acquisition models [56-59] could be used for predicting the effect of 
transgenic resistance to pests and pathogens such as insects, viruses, bacteria and fungi. 
 
Tilmans models predict the dynamics of plant communities based on the way plants acquire 
and use resources [56-59]. The relative growth rate (RGR) of a population of plant species i is 
estimated as per unit change in biomass (B), i.e. the difference between growth from resource 
use and biomass loss from any source. Hence 
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dB
B dt

f R mi

i
i i= −( )  

where t is time, f Ri ( ) is a function giving the rate of biomass increase from using resource R, 
and mi  is biomass loss, here independent of plant biomass and the resource. Each species i 
has its own associated equation.  
 
The rate of resource change is the rate of resource renewal y R( )  minus resource removal by 
all species in the community: 
dR
dt

y R Q B f Ri i i ti= − ∑( ) [ ( )]  

where Qi  is the nutrient content per unit biomass of plant species i and the summation is over 
all species in the community.  

Ri
*  is the concentration of a particular resource that species i must have to persist without 

changing its biomass, i.e. the minimum resource requirement for persistence. If more than one 
species are limited by the same resource then the species with the lowest Ri

*  will increase the 
fastest and eventually replace the others, all other things being equal. Transgenics with low a 
Ri

* are therefore more likely to be invasive than those with a high minimum resource 
requirement. Transgenes which lower Ri

* , for example by providing resistance to pests which 
consume plant material, could cause an otherwise non-invasive plant (either crop or crop-
native hybrid) into one which could alter community structure. Transgenics with high Ri

*  
might persist in local patches due to spatial heterogeneity, or having relatively high rates of 
colonisation and low mortality [60-61]. They will not replace species with low Ri

*  and are 
therefore unlikely to substantially change community structure[1] (unless, for example, there 
is evolution which lowers Ri

* ). Not all transgenic resistance will increase biomass 
accumulation, e.g. if pests attack grains or spoil fruits, when effects on fecundity may be 
important. 

 
Genetic considerations 
Transgenic-native hybrids might become invasive displacing other species in the environment 
[62-65]. If transgenes bestow some measurable advantage on their host then modelling the 
fate of individuals in the hybrid population is possible using neighbourhood models such as 
cellular automaton. This requires assigning genotypes to individuals in the model and 
determining differences in phenotype from experimental data. 
 
There are two other possible situations where genetic introgression of transgenes into natural 
populations of conspecifics may be a problem (1) where persistent immigration of transgenes 
causes outbreeding depression [66, 67, 68], and (2) where genetic assimilation causes the 
extinction of the original species [68]. In the first transgenes bestow some measurable 
disadvantage on their host, which, when there is a continued immigration of transgenes, could 
cause a decline in the native population. The second case might be particularly important in 
the case of inter-specific hybridisation where the composition of the population is important, 
although if the fitness of hybrids is greater than that of the parents the abundance of the 
population could also change. Both can be modelled by tracking individuals. 
 
What can models tell us about experimental design and sampling effort 



 59

Having good parameter estimates is important for modelling. One crucial question in relation 
to designing experiments to provide these is: “in how many different sites and years should 
demographic parameters be measured”. We might further ask what magnitude of error we 
would expect if we reduce the size and duration of experiments to below this “ideal”. 
 
Kareiva et al [6] conducted a particularly illuminating analysis of the data presented by 
Crawley et al [7]. First they calculated an average rate of population change over the full 
range of environments and years. They calculated 100 geometric mean rates of population 
change for each site by drawing and replacing multiplication rates at random from the original 
data, and then took arithmetic means of these. They calculated an average canola 
multiplication rate of 0.11 with 95% confidence intervals ranging from 0.01 to 0.46. 
Assuming that this represented “reality” for the whole set of data they repeated the process for 
different subsets of the data, simulating the results that would have been obtained from 
different numbers of sites and years (i.e. from smaller experiments). The error due to reduced 
sampling was presented as the percentage difference from the overall mean. Data from one or 
two years observations were several 100% to about 100% different from the overall data 
respectively, regardless of the number of sites. Data from three years obviously became more 
accurate with increasing numbers of sites.  
 
This large variation in plant success between years is not unusual [49] and indicates that 
experimental risk assessments will require several years of data. Anything less is likely to 
greatly reduce the predictive power of any models derived from it. This is particularly so 
when the average multiplication rate is close to one, i.e. when it is not obvious whether the 
transgenic is destined for extinction, persistence or spread. In these cases long term 
monitoring of transgenics may be relevant. Such monitoring could be continued to a time 
when subsets of the data accurately predict the whole, i.e. the data is apparently as variable as 
it is likely to be. The analysis of Kareiva et al [6] shows a useful method for assessing the 
reliability of data obtained for risk assessment experiments, and hence the usefulness of 
models derived from it.  

 
Predictable prediction problems: heterogeneity and stochasticity 
Predictive modelling can only be successful if it deals with situations which are 
predominantly deterministic. Particularly when populations are small, and in the case of long 
term predictions, stochastic processes might override deterministic ones [20, 35, 69-70]. 
Escapes from transgenic crops occurring at low frequencies will be vulnerable to stochastic 
events. Then the occurrence of repeated escapes from widely grown crops may be important 
in determining whether transgenics establish feral populations [64]. Stochasticity can be 
incorporated into models by taking random draws from a specified probability distribution 
function [52, 66]. It may be demographic, environmental [71] or genetic. 
 
In patchily distributed populations where there are repeated extinction-recolonisation events, 
for example when there are repeated escapes from commercially grown crops, gene 
frequencies will be determined by the number and genotype of founders [69-70]. Then genetic 
drift [72] could have a major influence on the fate of the transgenes [69-70]. Introgression 
[66, 73], epistasis [73-75], pleiotropy [76-80], spontaneous chromosome doubling or the 
introduction of transgenic gene controlling sequences [54] could all affect the fitness of 
hybrids containing transgenes, and thus their persistence in the environment [80, 81].  

 
Monitoring models 
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An analysis of 90 different invasive weeds in the northwestern United States found that the 
initial extent and rate of increase of was not a good predictor of their eventual distribution [6]. 
This should caution us against using deterministic models to make long term predictions. 
Demographic parameters estimated from a transgenic crop are likely to alter with 
environmental stochasticity and the evolution of feral populations. If a transgene can be 
maintained in casual or naturalised populations then sooner or later evolution, or the chance 
occurrence of favourable circumstances, might promote its hosts to invasion status. This 
situation provides a strong argument for long term monitoring and modelling of the 
demography of feral populations harboring transgenes of potential ecological consequence.  

 
Summary and Conclusions 
1.  Statistical modelling of biological invasions shows it is inappropriate to base predictions 

about the potential risks of transgenics solely according to their qualitative properties. 
Modelling can at help to make some predictions concerning the risk of invasion, genetic 
assimilation and outbreeding depression. 

2.  Neighbourhood models can be used to simulate the population dynamics of escaped 
transgenics and their hybrids with native plants. Survivorship, fecundity and dispersal can 
be specified according to some version of the Hastings model, while the output, in terms of 
population growth, can be formulated in the style of the Crawley model.  

3.  Quantifying survivorship, fecundity and dispersal has to be done experimentally. The 
mechanisms that regulate these are exploitation competition, interference competition, 
natural enemies, mutualists and the presence of refuges. Farming and cultural practices 
may also be important. These may or may not be explicitly taken into account when 
measuring and modelling survivorship, fecundity and dispersal. 

4.  The reliability of data obtained for risk assessment experiments, and hence the usefulness 
of models derived from it, can be tested using the method of Kareiva et al [6]. 

5.  When populations are small, and in the case of long term prediction, stochastic processes 
might override deterministic ones, making reliable predictions difficult or impossible. 
Evolution might promote benign escapees to invasion status - a situation that could be 
impossible to predict in advance. Risk assessors need to be aware of such difficulties - and 
exercise caution - when considering model predictions of the risks of transgenics (or any 
other predictions, for that matter). Particularly as “off the shelf” models become available 
users must be aware of the underlying assumptions and limitations.  

6.  The possible unreliability of small data sets and influence of stochasticity provides a strong 
argument for long term monitoring and modelling of the demography of feral populations 
harboring transgenes of potential ecological consequence.  

 
Models, being quantitative, can appear deceptively precise. We must, therefore, be careful not 
to over-estimate their predictive capabilities. Nevertheless they are of undoubted value and 
their use will increase our knowledge of both transgenics and the release environment. 
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The biotechnological development of disease resistance is going to be increasingly important 
for future transgenic plants. Therefore, it is appropriate to investigate the effect of a potential 
spread of resistance genes to other populations or species on the natural environment. Here 
modelling becomes an important tool in estimating probabilities and evaluation of the risks of 
the spread of a resistance gene.  
 
The modelling of the potential spread of disease resistance genes in natural plant populations 
requires that characteristic host - pathogen interactions are taken into account. 
  
The infection process of a typical airborne plant pathogenic fungi depends on the density of 

host plants [1, 2]. 
The pathogen population size (census and effective) is typically large and the selection 

pressure on the pathogen population is high. 
The genetic basis of resistance and virulence varies from a gene-for-gene system of host 

recognition [3, 4, 5] to quantitative resistance (partial resistance) and induced resistance. 
Difference in life history characteristics (e.g., whereas a typical plant relies on a “seed bank 

strategy” to ensure presence in a local subpopulation, pathogens frequently goes locally 
extinct and rely on long distance dispersal of spores [6]). 

  
Here I will summarise the results of two complementary models of evolution in the gene-for-
gene system: A metapopulation model with local extinction and recolonisation, and a spatial 
model of the spread of a resistance gene in a local population. Both models will be published 
in detail elsewhere.  
 
A well known plant resistance mechanism against fungal diseases is host recognition of the 
pathogen typically followed by a local hypersensitive cell death response [7]. The host is 
assumed to recognise the pathogen by a fungal gene product which either is involved in the 
general maintenance of the fungus or the actual infection process. The genetics of the 
recognition process is most easily explained by a single host locus and a corresponding 
pathogen locus. The host locus has two functional alleles a usually dominant resistance allele 
and a susceptible allele. The pathogen locus, likewise, has two alleles a usually dominant 
avirulence allele and a virulence allele. A host carrying a resistance allele is resistant to the 
avirulent pathogen, whereas a host without a resistance allele is susceptible to both pathogen 
phenotypes [5].  
 
When natural host-pathogen populations are investigated, a considerably amount of 
polymorphism in the gene-for-gene system has been observed [2, 8]. This is surprising 
because the selection pressure in favour of the resistance and especially the virulence allele is 
high, when there is variation in the system. Normally, the observed variation is explained by 
“cost of resistance” and “cost of virulence” [9]. However, when investigated, it has been 
difficult to measure any significant costs of either resistance or virulence, possibly because it 
is difficult to measure selection on a single gene in different genetic backgrounds [2, 5]. 
Another explanation may be that at the metapopulation level the host and pathogen 
populations never reach equilibrium, but instead the local populations continually are 
experiencing mutation and immigration of especially new pathogen genotypes.  
 
Here, the dynamics of the gene-for-gene-system is examined in a metapopulation of an annual 
selfing host and a haploid pathogen subpopulations. Migration of both hosts and pathogens 
occur among the subpopulations either according to an island migration model or a 
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steppingstone migration model. Extinction and recolonization is modelled according to the 
characteristic life-history differences between plants and pathogens, thus if a plant 
subpopulation goes extinct the plant population is recolonized from the seedbank whereas the 
pathogen is recolonized by migration. If it is assumed that the probability of extinction is a 
function of the disease level in the subpopulation, then it is possible to maintain variation in 
the gene-for-gene system at the metapopulation level at a significantly higher level than by 
mutation-selection balance.   
 
Additionally, the fixation probabilities and mean fixation times of a resistance allele in an 
annual partial selfing local host population which is infected by a monomorphic pathogen 
population is examined. In the model, there is a number of pathogen generations for each 
plant generation. The mortality of the plants is a function of whether or not the plants are 
infected and when they were infected. The infection and plant birth processes are assumed to 
be partly dependent on the state of the neighbours. One conclusion of the modelling is that the 
breeding system of the host plant has a large effect on the probability that a resistance allele is 
fixated in the population. If only the female fecundity is affected by the disease, i.e. not the 
pollen production, then the probability of fixation in some cases are higher for outcrossing 
populations compared to selfing populations. Another conclusion is that the probability of 
fixation depends on the spatial structure of the host population and the infection process.  
 
Combining results from models with local neighbour dependent birth and death processes, 
and extinction and recolonization processes at the level of the metapopulation will lead to an 
understanding of which effects are most important for predicting the potential spread of a 
resistance gene on a local and a regional scale, and it will be possible to suggest which 
parameters should be estimated in order to predict possible ecological scenarios.  
 
We, together with Risø Research Institution and Copenhagen University, are starting a project 
to investigate the potential spread of a disease resistance gene in Brassica napus into a 
Brassica campestris population. The project will focus on the probability that a neutrally or 
positively selected gene will cross the hybridisation barrier by estimating the competitive 
ability of the different back-cross generations in field experiments. The following spread of a 
resistance allele into the B. campestris population from a low frequency due to hybridisation, 
as well as the effect on the pathogen population, will be evaluated/predicted using models as 
discussed above.  
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Introduction 
In plants, gene flow is limited to relatively short distances, implying that dynamic models 
which aim to predict the fate of genes introduced by genetic engineering need to take into 
account the geographic location of the genes present in the population at any particular point 
in time. The frequency p of some allele is then a function not only of time t but also of the 
geographic location x. Several different formulations of such spatially explicit models are 
given in the literature. Here I give a brief overview of these different models and some of the 
predictions which may be relevant when discussing the long term spread of introduced genes. 
I also present a numerical solution for the resulting dynamics in one particular situation and 
discuss some implications of these results for the design of monitoring programs. 
 
The model 
We consider a population distributed continuously in one single dimension x. Local 
population density is constant and large, such that local genetic drift can be ignored, and 
generations are discrete. Let pt(x) denote the frequency of the transgene in generation t at 
geographic location x. We now assume that gene displacements, through seed and pollen 
dispersal, around every plant in the population follow some probability distribution f(x). The 
frequency of the transgene also changes locally due to selection. With no dominance this gene 
frequency change is equal to spt(x)[1- pt(x)]. With these assumptions, the frequency of the 
transgene in generation t+1 at each geographic location x becomes 
 p x f y x p y dy sp x p xt t t t+ = − + −∫1 1( ) ( ) ( ) ( )[ ( )] . (1) 
This equation defines the dynamics of a spatially explicit model with selection and dispersal 
acting every generation on local gene frequencies. The frequency of the transgene as a 
function of geographic location and time, is completely determined by (1) and the initial state 
of the population, that is pt(x) at t=0. It should be noted that this model can also be applied to 
population distributed in two dimensions, as long as there is no dependency on the second 
dimension y in the initial state of pt(x,y), and as long as the selection coefficient s is 
independent of y. 
 
Analytic results 
It is clear that if a selectively favoured gene is released at some geographic location, it will at 
first increase in frequency locally, and, at the same time, disperse into new parts of the 
population. After some initial generations, a steady state wave front moving will be formed. 
By doing certain approximations, Fisher and Kolmogorov [1,2] independently showed that 
this wave front will move with a constant speed of  
 v s= 2 σ . (2) 
Note that the dispersal probability distribution f(x) in the first term of the right hand side of (1) 
only appear through a single parameter σ 2  in (2), defined as the variance of the gene 
displacements, that is, σ 2 2= ∫ x f x dx( ) . This parameter, the dispersal variance (or it’s square 
root, the dispersal standard deviation) is the relevant quantity to estimate, and should not be 
confused with another frequently used measure of dispersal, the mean dispersal distance 

x f x dx∫ ( ) , which in general have no simple relationship to σ 2 . The dispersal variance can 
be estimated from different forms of data, either directly by using pollen traps [3] or genetic 
markers [4,5], or indirectly from the amount of genetic differentiation in subdivided 
populations [6]. In general, unless a random set, of say pollen grains, can be followed 
assumptions need to be made about the distributional form of f(x). Some estimates of σ  and 
some other measures of dispersal are given in Table 1. 
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Table 1. Some estimates of σ  and other measures of dispersal. 
Species Method Estimate Reference 
Meadow fescue (Festuca pratensis) Genetic markers 30m [5] 
Sea beet (Beta vulgaris maritima) Indirect 74.6m [6] 
Norway spruce (Picea abias)  30.6m* [7] 
Pinus cembriodes  16.8m* [7] 
* Assuming an exponential dispersal distribution 
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If we use σ =40m, assume a selection coefficient of say, s=0.1, and also rely on Fisher’s 
approximation, then this implies that the transgene will move with a speed of only 
v=18m/generation. For organisms with long generation times, such as many species of trees, 
the distance by which the wave front will move each year may become very small. Norway 
spruce, for example, has a generation time of about 20 years, which means that we should 
expect the wave front to move only about 1m/year. Although these calculations can only be 
taken as a rough approximation, they may still give us an idea about the relevant temporal and 
geographic scale of the problem. 
 
Numerical analysis 
The analytic results presented above refer to the asymptotic behaviour of the wave front, that 
is, the speed at which the wave front moves when stationarity has been attained many 
generations after the introduction. During the first few initial generations, however, the 
behaviour of the wave front may be quite different. The gene frequency dynamics will still be 
completely determined by (1) and the initial state of the system, but needs to be analysed 
using numerical techniques. This can be done by slightly modifying the model, by assuming 
that the population is distributed in many small discrete subunits, instead of assuming that 
space is continuous. Using discrete coordinates, model (1) can be rewritten to 
 p m p sp pt i ij t j

j
t i t i+ = + −∑1 1, , , ,[ ] , (3) 

where mij, determined by f(x), represents the probability of dispersal to subunit i from some 
geographic location in subunit j. The dynamics of the model can then be simulated by setting 
all p0,i to some initial value, and then iterating (3) for the desired number of generations.  
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Figure 1. The frequency of the transgene as a function of distance from a permanent, 
transgenic population, with a) selective advantage, and b) selective disadvantage. The gene 
frequency cline at every 5th generation is shown. Further details are given in the main text. 
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Two such simulations are shown in Figure 1, the first with selective advantage (s=+0.1), and 
the second with selective disadvantage (s=-0.1). In both cases, dispersal of genes follow a 
double exponential (Laplace) distribution with a standard deviation of 40m. The simulated 
populations consists of two regions; one transgenic ‘cultivated’ part at x<0 in which the 
frequency of the transgene is maintained at pt,i=1, say by replantation of the crop every year, 
and a natural part at x>0 in which the trangene, in the initial generation, is assumed to be 
absent. The resulting gene frequency clines at every 5th generation are shown. 
 
There are some interesting points to notice. Even when there is selection against the transgene 
it still becomes established several dispersal standard deviations into the natural part of the 
population. After about 30 generations, the effect of dispersal becomes balanced by the effect 
of selection, and the frequency of the transgene is then about 10% at a distance of 200m from 
the boundary. With selective advantage, after some initial generations, a steady state wave 
front is formed moving with a speed approximately equal to the prediction of Fisher’s 
analysis. 
 
Another result, and perhaps the most important one, is the small difference between the two 
scenarios in the predicted frequency of the transgene during the first few generations. After 5 
generations the difference between the position of the gene frequency clines for selective 
advantage and disadvantage (represented by the two leftmost curves in Figure 1a and 1b) is 
very small and only about 10m. Only much later does the effect of selection become apparent. 
The main reason for this is that when pt,i is kept at 1 in the transgenic part of the population, 
dispersal will effectively occur in only one direction across the boundary into the the natural 
part of the population. This form of one-way migration will dominate the dynamics of the 
gene frequency cline during the first generations, regardless of whether the selection 
coefficient is positive or negative. Only several generations later is, either an equilibrium 
attained between dispersal and selection, or a steady state wave front moving ‘with it’s own 
help’ is established. 
 
Discussion 
According to theory and existing estimates of some of the important parameters, the spread of 
transgenes into populations of wild relatives is likely to occur rather slowly. This has to be 
kept in mind when designing monitoring programmes and when evaluating the information 
that such monitoring programmes produce. Taken together with the fact that genetically 
engineered plants have been in use for at most two decades, that is, just a few generations, the 
absence of studies documenting the spread into populations of wild relatives and related 
environmental effects is perhaps not very surprising. It is well known, however, that at least in 
panmictic populations, even though the rate of increase in gene frequency may be slow, the 
probability of fixation of a gene rapidly tends to one for only slightly selectivly favoured 
genes [8], p. 425. 
 
Even though the spread through large geographic regions may be slow, we should still be 
concerned with possible long-term effects, if the use of genetically modified organisms is to 
be sustainable, and the most critical parameter determining the long-term spread of a 
transgene is it’s selection coefficient s. The result that the gene frequency cline during the first 
generations may depend only weakly on the coefficient of selection, suggests that a 
monitoring programme, sampling near a permanent transgenic plant field, will produce little 
information about the coefficent of selection. The models discussed in this paper are also fully 
deterministic, whereas a gene frequency cline, in a real population, will be influenced also by 
local genetic drift which is likely to mask any pattern that may be present in the data obtained. 
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Empirical evidence [9] and theoretical models for some modes of dispersal [3], suggest that 
the distributional form of seed and pollen displacements is quite leptokurtic, that is, a large 
part of seeds and pollen grains are deposited at either relatively short or long distances. Since 
dispersal of, at least, airborne pollen is essentially a stochastic non-deterministic process, this 
means that dispersal over any distance always is possible, and this has led some authors to the 
conclusion that gene flow by, for example, air borne pollen, is very effective also over long 
distances. Long distance dispersal will typically occur with a low probability, however, and 
because of competition with large amounts of local pollen, long distance dispersal from some 
foreign population will in general not be as important as it may seem, because the 
contribution to the next generation made up by the foreign pollen in such cases will be very 
slight only. The actual shape of the dispersal distribution can be important, however, in 
estimation of the dispersal variance σ 2 , because the distribution in most cases is observed 
over a limited study area only.  
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Glynis Giddings: 
There are in fact various reasons why transgenes might persist in a population even if they 
have a selective disadvantage. In the case Jarle Tufto, repeated introgression stochastically 
and heterogeneity could link to the life cycle, thus, transgenes could persist long enough for 
evolution to elevate GMO’s to a different fitness. 
 
Gösta Kjellsson 
I have a question to Christian Damgaard. Do you think that is a good idea, if you want to 
prevent coevolutive processes, to count with migration? I think that migration might bring 
insensitive types into the population or maybe resistant types. How would you quantify that 
idea? 
 
Christian Damgaard: 
I put migration in the model, because there is seed-migration and there is migration of spores 
and pollen from one population to the other. If that is not the case in the actually scenery that 
you are modelling, then you are free to put it to zero. If you have reasons to think that there is 
no migration, migration in the cases I have looked at makes the effect. The effect I was 
talking about was that an avirulence gene was allowed to hide somewhere in the meta-
population. Migration diminimize that effect. Throwing away migration would increase the 
differentiation between the different subpopulations, increasing the effect I was talking about. 
So dependent upon the ecological situation you could include migration or exclude migration. 
I would keep an open mind on migration anyway. 
 
Gösta Kjellsson: 
I have one question to Jarle. We discussed this a little bit yesterday. Now, you are looking at 
the wave front of pollen and pollen dispersal. What about dispersal of seeds and the cones 
both more stochastically and dispersed by animals or birds. How do you include that when 
you see it in the practical terms of modelling? 
 
Jarle Tufto: 
Seed dispersal in nature was included in the model, not the one caused by man. 
 
Gösta Kjellsson: 
That may show some of the problems with modelling, because they have a limited scope. We 
have to validate models with real world data, otherwise they remain just helpful concepts of 
the mind.  
 
Christian Damgaard: 
Models are no trivial mind-game, because before you get the data it is useful to first formulate 
what you actually predict would happen, which is a big help in making these initial 
hypotheses. 
 
Klaus Ammann: 
Well, for me the modelling is a great advantage by having the character of disciplining the 
ecologist. Still: we need a balance of observation, modelling and data-collection. 
 
Glynis Giddings: 
I agree that the “animal” which is most likely to move seeds about the countryside is in fact 
man. This is a very difficult problem and models have always been critizised for not including 
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enough parameters. But we have the same problem with experiments. Hassle, citation 
requested by email. 
 
Jan Carel Zadok 
Different ways of dispersal be incorporated into models: Various dual dispersal models 
published in phyto-pathology which are perfectly useful and if you want triple dispersal you 
can do it. A word to Glynis Giddings: I fully agree with the model output survivorship, 
fecundity and dispersal. But this is only because we have put them into it. This is a word of 
caution and hopefully useful for further discussions. 
 
Glynis Giddings: 
Yes, this is a good point. We don’t put things like “the action of man” often into these models, 
we don’t put things in like practices in agriculture. We need to look at these parameters too, 
although It makes the models quite complicated. 
 
Jim White: 
I think we should consider seriously the gene-for-gene hypothesis.  Traditional resistance 
genes often fail after some years.  What about transgenes?  It is likely that pest will overcome 
transgene resistance too.  One scenario that has been discussed is insects overcoming BT 
genes.  Another case is the one with the papaya ring spot (PRSV) coat protein resistant 
papayas that has been commercialized in the US, there are exotic strains of PRSV  to the US 
that these transgenic plants are susceptible too.  This suggests that resistance breaking strains 
might occur in papayas. 
We should also consider Alison Snow recent statement about escaping herbicide resistance 
transgenes in colza: In general, however, there are few examples of weeds benefiting from 
specific fitness-related crop genes.  This could be due to several factors - the lack of attention 
the phenomenon, the absence of crop genes that confer strong fitness advantage to relatives, 
or simply the fact that the impact of beneficial genes is not dramatic.  (Snow, A.A. and Palma, 
P. M. 1997.  Commercialization of transgenic plants: potential ecological risks. BioScience 
47:86-96. 
 
Klaus Ammann: 
From the point of view of ecology I think it is much better to have a resistance system which 
is not working so perfectly well. It is rewarding to hear from American entomologists that 
there is presumably also natural resistance against Bt. 
 
François Pythoud: 
How can modelling help the work of the regulators when they have to take decisions on an 
application ? 
 
Glynis Giddings: 
I think there are various positive things we can do. In designing experiments we can put some 
idea of probabilities addressed. We can learn of how many environments we need, how many 
years of data we need in order to be at least reasonably predictive. 
 
Wolfram Hemmer:  
I want to add a comment to Mr. Pythoud’s question. Something which possibly could help 
even more for regulatory decisions would be calculation of damage-potential and not only for 
comparison to calculation of probabilities. 
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Tom Nickson 
Just from my perspective one comment. I worked with a little bit of modelling as chemist 
years ago, and I have seen it now used as an interesting complement to the experiments in 
biology. But I would stress the point that for a regulator to use a model without any 
experimental validation, would be a very dangerous thing. I think that the modellers do a very 
nice job of complementing and rationalising why something is happening, but there is no sure, 
you can’t make any decisions without data based on valid experimental methods, and I think 
that we can’t loose that here. 
I would really caution any kind of a statement where the model doesn’t fit the data.  
 
Klaus Ammann 
I must say that data can also be wrong. If they have been collected in the wrong way, besides 
miscalculation or things like that or worse: If inappropriate data have been collected. And I 
think also there modelling can help. I agree fully: it should discipline the regulatory processes 
in a way that risk assessment should be channelled through the interaction with good 
modellers. 
 
Christian Damgaard: 
I don’t think there is controversy between experiment and model. Some of these systems are 
so complex, with the genetical rearrangements and the coevolution consequences, that our 
intuition does not hold very well. Why not let our intuitions be trained and helped by the tool 
of modelling ? 
 
Klaus Ammann 
I think that was a good final sentence. And thanks for the high level of discussion.
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Introduction 
 
The risk assessment process is supported by data from many sources.A criticism of risk 
assessment data from short term and small scale experiments is that some of the information 
they provide cannot be extrapolated to assess the impact of the long term and large scale 
production of transgenic crops. Currently, a range of transgenic crop plants is being approved 
for large scale agricultural production. A rare hybridisation event, for example, between a 
crop plant and a related species is unlikely to be detected in a one hectare experiment carried 
out for one year, but could be significant when the crop is grown on 100,000 hectares over a 
ten year period. The aim of this paper is to consider how we cope with assessing the impact of 
crops to be grown long term and widespread within agriculture. How do we bridge the gap 
between data on short term effects of transgenic plants, to predict their possible impacts when 
grown extensively over many years, and it is possible to set standards or criteria to help with 
this process? 
 
Short term experiments and long term releases 
 
When a transgene is introduced for the first time, it is usual to test its function and stability 
under contained glasshouse conditions. The evaluation process then usually continues in small 
scale field experiments (50-500 m2). Depending on the nature of the crop, the transgene and 
the environment, there may be a requirement to use «field containment» conditions. These 
can include genetic isolation measures such as physical separation from sexually compatible 
plants, the use of barrier crops, the removal of sexually compatible wild species and other 
regulatory restrictions may be imposed. This initial testing is usually on one site and in one 
environment. As the evaluation process continues, the plot size and number are increased and 
will eventually include several different experimental sites and environments. Evaluation 
experiments of these kinds are important for learning about the expression and stability of the 
transgenes in particular lines (specific transgene insertion events) and to give an indication of 
gene expression levels and tissue specificity in field environments; however, they are unlikely 
to give comprehensive information on all of the possible impacts of those transgenic plants 
when grown extensively in agriculture.  
 
Various potential impacts are likely to be affected by the length and scale of transgenic plant 
cultivation. These impacts include: gene transfer to other plants by hybridisation; non-target 
effects on friendly organisms within the environment; genetic interactions between different 
transgene constructs; interactions between transgenes and resident genes in different 
environments; changes in virulence of pests and pathogens in response to the use of resistance 
genes; invasiveness of transgenic plants and their progeny in natural habitats; and persistence 
of transgenic plants and their progeny in agricultural habitats. 
 
How do we bridge the gap? 
 
 
It is sometimes tempting to make generic responses to risk assessment. In general, these kinds 
of reactions are unhelpful to the risk assessment process.  
 
Some examples of generic responses are as follows: 
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1. All gene transfers across sexual barriers are unnatural, undesirable, unacceptable and a 
kind of genetic pollution. This overlooks the fact that methods to overcome sexual 
barriers have been used in conventional breeding for many decades, by the use of in-
vitro ovary and embryo culture techniques. 

2. Disapproval of the principle of introducing transgenes to make plants tolerant to 
particular herbicides. Again, conventional plant breeding has been used to produce 
herbicide tolerant crops for many decades.  

3. All non-target effects on friendly organisms within the environment are undesirable 
and unacceptable. But, using insect control as an example, whatever method is 
employed to limit aphid damage, whether sprays, transgenes or removal of aphids by 
hand, all are likely to have an impact on ladybird predators.  

 
 
In considering how we bridge the gap between short and long term impacts of transgenic 
plants, gene transfer to related plant species by sexual hybridisation will be used to illustrate 
some principles. The likelihood of transgene dissemination to other plant species can be 
divided into qualitative and quantitative effects. Plant species can usually be classified into 
those that are sexually compatible, and those that are not sexually compatible with crop 
species (qualitative effect; see for example [1], [2]). Most species in nature are sexually 
incompatible with crop plants, and therefore for those species the possibility of gene transfer 
can be disregarded during risk assessment. 
 
When gene transfer between crop species and related plant species is known to occur, there 
can be considerable quantitative variation in the likelihood of that hybridisation under field 
conditions ([1],[3],[4],[5]). Even when a crop is considered to be largely sexually 
incompatible with a related species, it is important to consider the extent to which genetic and 
environmental variation might influence the state of sexual incompatibility. It is widely 
known from attempts to introduce genes into crops from related species or genera in 
conventional plant breeding, that the ease of sexual transfer of a gene into a crop is usually 
influenced by the genotypes of the donor and recipient species, and the environments the 
plants are grown in. When hybrids are formed, there are also genetic and environmental 
influences on the success of those hybrids. 
 
An assessment of the likelihood of transgene transfer to related species is an important part of 
the risk assessment process before permitting an experimental release of transgenic plants 
and, more importantly, before allowing commercialisation of a transgenic plant variety. If 
hybridisation is known to be possible under field conditions, it is usual to assume that hybrids 
will form during agricultural practice. The emphasis of the risk assessment is then transferred 
to considering the consequences of that hybridisation. For example, if herbicide tolerance is 
transferred to weed species, what is the likely impact of that transfer on the agronomic 
environment, and are there agronomic and agricultural practices that can cope with particular 
weed species that have become tolerant to specific herbicides. Similarly, if pest or disease 
resistance is transferred to plants in natural habitats, what is the likely impact of that transfer, 
and will the transgenes confer a significant advantage in those habitats ([6])? 
 
Can we define criteria or standards? 
 
It is appealing to attempt to define standards of acceptable and unacceptable impacts of 
transgenic plants on the environment. This might make it easier to monitor and police the 
widespread use of transgenic plants in agriculture. However, before it is possible to do this, it 
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would be necessary to define, in rather precise terms, what is meant by impact. The 
responsibility provided within the European Union by the Directive (90/220) governing the 
release and marketing of genetically modified organisms, requires a consideration of impact 
on «human health and the environment». It is also important to consider the extent to which 
this includes impact on the closely managed «agricultural environment». To what extent 
should the regulatory process be involved with orchestrating agronomic practices within 
agriculture? In most cases it will be very difficult to define precise, sensible and policeable 
criteria of the kind that may be favoured by some regulatory authorities. 
 
Developing criteria 
 
It will be very difficult and often impractical to define generic kinds and levels of 
unacceptable impacts on the environment. For example, it may be tempting to say that to kill 
more than 20% of earthworms or ladybirds over a given period and habitat, is unacceptable 
and represents a significant adverse effect on a friendly organism. It is, in my view, important 
that decisions on criteria for acceptable and unacceptable impacts must be specific to 
particular crops, genes and environments. For example, the consideration of a particular 
herbicide tolerance gene in oilseed rape must take into account the likelihood and 
consequences of the growth of herbicide tolerant crop plant volunteers, the transfer of that 
gene into specific weed species, the likelihood of multiple resistance developing and the 
agronomic practices that are employed or might be employed for that crop. It is necessary to 
have specific criteria for particular crops and situations, and solutions to deal with them.  
 
A particularly challenging issue relevant to the question of developing criteria, is the extent to 
which any negative impact should be balanced by consideration of benefit. For example, if an 
insect resistant crop that reduces numbers of ladybirds by 20% in a given period and habitat, 
also reduces the need to use a persistent insecticidal spray, does this influence the final 
decision on acceptability for commercialisation? Within the EU regulatory process the 
overwhelming emphasis in risk assessment is to minimising adverse effects on the 
environment, with negligible (although there is some variation among the 15 EU countries) 
consideration of potential benefits.  
 
Although the development and adoption of standardised criteria for acceptability and 
unacceptability will generally be very difficult in practice, it is likely to be feasible for certain 
specific cases. For example, in conventional plant breeding, certain standards of seed purity 
are required for the production of breeders’ basic seed during seed multiplication (<0.1% 
contamination; [5]). Similarly, standards of seed purity are required for the production of 
certain oil types of varieties of oilseed rape. It is not difficult to envisage precise standards of 
contamination being set for the production of crops grown for industrial processing or 
pharmaceutical extraction. It is also reasonable to set standards of contamination for the 
production of food crops grown in the vicinity of transgenic crops for industrial and 
pharmaceutical processing, where a risk assessment shows this to be necessary or desirable.  
 
Strict standards and criteria for impact on the environment will, therefore, mostly be very 
difficult to define and impractical to operate. If the transfer of a specific gene to a natural 
population is genuinely considered to present a significant hazard, then genetic isolating 
mechanisms should be considered or the transgenic plant release should not be allowed.  
 
How do we decide? 
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How do we carry out the best possible assessment of environmental impact for the widespread 
use of a particular transgenic crop in agriculture? It is important to emphasise that risk 
assessment is an imperfect science. Assessments and measurements of impact on the 
environment could be carried out for the next 50 years, and still not provide evidence to 
satisfy all concerns about the long term impact of genetically modified crops. The 
fundamental initial choice is, either we conclude that the potential impact of genetically 
modified crops is unacceptable and therefore ban or inhibit their development; or we accept 
that genetic modification has valuable attributes and is capable of making a useful 
contribution to agriculture. In my view the arguments against inhibiting the development of 
genetically modified crops for agriculture are: 
1. It would make a generic negative judgement about a whole area of scientific enquiry 

and development. 
2. It would prevent the development of crops that have the potential to make a very 

significant contribution to human health and the environment throughout the world. 
3. Transgenic crops are already in widespread agricultural production in certain parts of 

the world (principally North America), and because of regulatory harmonisation and 
trade agreements, it would be very difficult to inhibit significantly the importation of 
genetically modified crops and their products into Europe.  

Conversely, if we accept the principle that genetically modified crops have the potential to 
make a very valuable contribution to European and world agriculture, then we must accept 
that risk assessment and scientific analysis of impacts over the long term will inevitably 
always be imperfect and incomplete. All aspects of agriculture and human existence carry a 
degree of risk. It is also important that we should not penalise transgenic plant breeding 
simply because of its novelty. 
 
 
The regulatory process that assesses the acceptability of the commercial production of 
genetically modified crops must draw on all the experience and evidence that is available, 
including the following: 
1. Evidence from the experimental releases and breeding trials carried out on modified 

crops by plant breeders, and those involved in variety evaluation and comparison. In 
the later phases of plant breeding and evaluation, the process includes large scale, 
multi-site and multiple environment evaluation plots. If the regulatory authorities 
require additional environmental impact data for commercial approval, then this field 
evaluation phase can be an opportune time to gather such information. 

2. It is important that we draw on the experience of conventional plant breeding over 
many years. Many of the transgenic varieties currently being produced have 
phenotypes very similar to those that have been modified for many decades in 
conventional plant breeding. If the genetically modified plants are tolerant to 
particular herbicides, then it is appropriate to compare and contrast them with other 
herbicide tolerant varieties of the same crop. This principle also applies to pest and 
disease resistance and a wide range of other characters.  

3. The concept of substantial equivalence is widely used in the assessment of novel 
foods, including those from genetically modified organisms. Although there is debate 
about the criteria that are used to define substantial equivalence - the principle of 
comparing the environmental and other impacts of genetically modified plants with 
plant varieties well established in agriculture, is a compelling one. 

4. There is extensive experience of ecological experimentation and observation relevant 
to assessing the characteristics that influence plant persistence and invasiveness, in 
natural and managed habitats. 
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5. An adjunct to all of these is monitoring. It is important to take the challenge of 
monitoring very seriously and to consider how this can be done in practice, who might 
do it and whether it is appropriate for some directed monitoring to be carried out by 
farmers and the agricultural extension services. Within the United Kingdom the 
National Farmers Union (NFU), the British Society for Plant Breeding (BSPB) and the 
United Kingdom Seed Trade Association (UKASTA) have combined to develop codes 
of practice for use in farming and are currently debating codes of practice appropriate 
for the cultivation of specific genetically modified crops.  

 
Summary and conclusions 
 
Attempting to extrapolate evidence from short term release experiments with genetically 
modified crops, to estimate the long term impact of widespread agricultural production, 
presents a significant challenge. Generic reactions to impacts or perceived impacts on the 
environment, such as the concept of genetic pollution, or blanket judgements about non-target 
effects on friendly organisms within the environment, are usually not helpful in decision 
making. Risk assessment needs to be specific to the crop, the transgene and the environment. 
It is attractive to try to develop criteria and standards of environmental impact that are 
policeable and can be monitored. In practice it is difficult to define in precise terms what are 
acceptable and unacceptable impacts. There are differing risk assessment considerations 
depending on whether the potential impacts are on the natural environment or the agricultural 
environment. There is currently debate about the extent to which risk assessment and 
regulatory oversight should include management of the agricultural environment which is 
already a highly managed habitat There is also discussion about whether environmental 
impact should include an assessment of benefit. An analysis of benefit is appealing, but we 
should also ask: benefit to whom? Criteria should and will be definable in certain specific 
cases, but in general describing standard criteria for environmental impact will be difficult 
and impractical. Risk assessment and environmental impact assessment will of necessity 
provide incomplete answers. All aspects of human existence carry some level of risk. 
Decisions on the long term use of genetically modified crops can only be made by drawing on 
the extensive experience of breeding, agricultural practice and ecological observation. There 
are compelling arguments for the long term monitoring of genetically modified crops used in 
agriculture, but it is important to consider who should be responsible for monitoring, how 
should it be done and will it be informative be in practice ? 
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Summary 
Genetically engineered agrobacteria are routinely used to transform crop plants. These 
agrobacteria can obviously persist within the transgenic plants although they are not 
tumorgenic [1, 2, 3, 4]. Our attempts to eliminate the agrobacteria concentrate on the 
regeneration of secondary shoots from infected tobacco plants. Application of the antibiotics 
cefotaxim or carbenicillin during the regeneration process did not result in sufficient reduction 
of the bacterial contamination. Shoot tip culture of apical meristems, however, resulted in a 
large percentage of agrobacteria-free regenerated plants (within the detection limits). The 
degree of plant contamination with agrobacteria was determined by PCR (Polymerase Chain 
Reaction). 
Implications for the assessment of human or environmental risks associated with the release 
into the environment of genetically engineered plants containing persisting genetically 
engineered agrobacteria, however, seem relevant only in specific cases, e. g. if host ranges of 
pathogens or selective advantages of microorganisms by means of resistance traits might be 
altered or increased. 
 
Leaf disk transformation of tobacco 
 
Leaves from sterile grown Nicotiana tabacum var. W38 were cut into strips and transformed 
with Agrobacterium tumefaciens LBA4404 [2, 5] containing derivatives of the binary vector 
pLX222 [6]. Selection with kanamycin (100 mg/ml) and agrobacterial counterselection with 
Claforan (Hoechst) (250 mg/ml) were maintained for four weeks. No agrobacteria grew on 
this medium. 
During shoot tip propagation [7], i.e. more than five weeks after release of Claforan 
counterselection and more than nine weeks after transformation, occasionally bacteria could 
be detected growing out of the cut stem site of the transgenic shoots.  
 
Identification of the reisolated bacteria 
 
All bacteria isolated six months after plant transformation from the transformants were 
positive in a ketolactose test [8] indicating they were A. tumefaciens. The bacterial isolates 
were tested in a BIOLOG test (Biolog Inc., Hayward, CA, USA) and could be clearly 
identified as Agrobacterium spp. 
Two of 18 isolates tested had lost one of their antibiotic resistance markers. 
Plasmid preparations from all 60 isolates tested resulted in plasmid DNA of the expected size, 
although the vectors were generally not completely stable in A. tumefaciens LBA4404. 
Restriction analyses showed the restriction pattern of the original binary vectors. Southern 
hybridisation with a vector probe detected the correct fragments although additional 
rearrangements had taken place. 
 
Functional integrity of the reisolated agrobacteria 
 
In order to check the integrity of the constructs two of the reisolated Agrobacterium strains 
were used to transform tobacco with the leaf disk method. Six regenerated plants of each 
transformation experiment were grown to the rooting stage. The level and variability of GUS 
activity of the regenerated plants proved to be comparable to the primary set of transformants 
[2, 9].  
 
Localisation of agrobacteria in the plant tissue 
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Two methods were applied to localise the persisting agrobacteria in the plant tissue: tissue 
print immunoblotting (TPIB) and scanning electron microscopy (SEM) [10].  
Examination of the leaf and stem samples of in vitro transgenic tobacco plants by SEM 
revealed bacteria in all five plants tested. The external surfaces were always found to be 
colonised by bacteria but their distribution was not uniform. The bacteria mainly appeared in 
colonies, often associated with an extracellular matrix. Within tissues exposed by freeze-
fracture, bacteria were rarely observed. Bacteria could be found in the epidermal layer, the 
intercellular spaces beneath the epidermis and within the vascular tissue. No bacteria were 
detected on the internal surfaces of the roots. 
TPIB was performed according to [11]. The in vitro cultivated tobacco leaf and stem tissues 
were cut and the freshly exposed surfaces pressed onto nitrocellulose membrane. Bacterial 
antigens were detected by means of alkaline phosphatase-labeled  A. tumefaciens C58C1-
specific antibodies. Agrobacteria could always be localised in stem sections and frequently in 
leaf sections. The external surfaces of tissues often showed higher density of agrobacteria.  
When testing tissue from transgenic tobacco plants which had been grown in soil under non-
sterile conditions, there was a high concentration of agrobacteria in the stem base of the 
plants, but no signals in the middle and upper part of the stem. Root material was not tested 
with TPIB. 
 
Cefotaxim (Claforan) or carbenicillin are not sufficient for elimination of agrobacteria 
 
Pieces of leaves from transgenic in vitro tobacco plants, still harbouring recombinant 
agrobacteria, were incubated on MS-medium to regenerate shoots. During the regeneration 
process  Claforan 250 µg/ml or carbenicillin 500 µg/ml were applied. Fifty shoots of each 
experiment were analysed. One of the shoots developed agrobacteria when transferred to 
antibiotic-free medium. The majority of the shoots were positive in PCR analyses with 
primers for the agrobacterial chromosomal ros gene, i. e. they showed amplification products 
of the expected size on ethidium bromide stained agarose gels [12, 13].  
 
Shoot meristem culture reduces agrobacterial contaminations 
 
Shoot tips were prepared from transgenic in vitro tobacco plants and used to regenerate calli 
and shoots [14]. 50 % of the regenerated calli from 57 meristem preparations > 0,5 mm in 
diameter and 85 % of calli regenerated from 139 meristems < 0,5 mm in diameter did not 
develop agrobacterial colonies on the medium (Table 1). DNA preparations of these calli 
were submitted to PCR analyses including hybridisation with the ros gene of the 
Agrobacterium chromosome as hybridisation probe [3, 15]. 71 % of the calli showed negative 
results in the ros hybridisation of the PCR gels (Table 2). Primers for the tet gene of the 
binary vector pLX222 could not detect visible amplification products in PCR analyses with 
the bacteria-free candidates. The tet gene is located outside the T-DNA region and should not 
be transferred to the plant chromosome upon plant transformation.  
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Table 1: Regeneration of calli from shoot apical meristems of transgenic tobacco plants and 
detection of agrobacterial colonies on the surface of the cultivation medium 

 
Meristem size ∅ ∅ < 5mm ∅ > 5mm total 
Number of total meristem preparations 149 59 208 
Number of successful callus regenerations 139 57 196 
Preparations with agrobacterial colonies 22 29 51 
Preparations without agrobacterial colonies 127 28 155 
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Table 2: ros-gene PCR with DNA preparations from calli regenerated from shoot apical 

meristems of transgenic tobacco plants 
 
Successful detection of agrobacterial colonies (see Table 1) Yes No 
Number of calli tested in ros-PCR 27 117 
Number of calli positive for agrobacteria according to 
ethidium bromide stained agarose gel of ros-PCR 

 
24 

 
0 

Number of calli positive for agrobacteria according to 
hybridisation of PCR-blot with ros gene 

 
27 

 
34 
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Tobacco seeds exclude agrobacteria 
 
Several hundred seeds from different individual tobacco transformants were aseptically 
germinated on MS-medium. The emerging plantlets were cut into pieces and incubated at 
28°C on LB-medium agar. After 10 days still no agrobacteria were visible. The remaining 
plantlets were grown for a further 4 months, with no bacteria appearing on the MS-medium.  
Seedlings from different transgenic tobacco lines were submitted to PCR analyses with the ros 
and the tet primers. 100 % of 46 tet-PCR analyses of 2 transgenic lines (comprising 2-3 
pooled seedlings each) and all 20 tet-PCR analyses of leaves from individual plantlets of 
another transgenic line were negative [12]. 
 
Discussion 
 
Engineered agrobacteria residing within transgenic plants in the field are capable of gene 
transfer to other bacteria in the environment. An uncontrolled spread of genes from non-
bacterial kingdoms to the microflora of natural and agricultural ecosystems is not desired to 
date. Thus plants released into the environment should be free from engineered agrobacteria 
[16, 17, 18, 19].  
It should be noted, however, that in the vast majority of cases no significant impact and thus 
no risk for the environment would be connected with such a horizontal gene transfer.  
Implications for the assessment of human or environmental risks associated with the release 
into the environment of genetically engineered plants containing persisting genetically 
engineered agrobacteria, however, seem relevant only in specific cases; e. g infective plant 
virus genomes on the agrobacterial T-DNA could overcome natural infection barriers for that 
virus and thus theoretically increase the host range of that pathogen; e. g natural transfer of 
antibiotic resistance genes from persisting agrobacteria to pathogenic microorganisms could 
increase the selective advantage of those microorganisms and thus under specific conditions 
impede medical therapies. 
Agrobacteria persisting in plants after natural infections [20, 21, 22] as well as after plant 
transformation through genetic engineering appear to be defying even severe attempts of 
elimination. Nevertheless, seed transmission of agrobacteria can probably be denied at least 
for tobacco. Notwithstanding, tests proving the bacteria-free state of a plant depend upon the 
detection limit and need to be standardised for general use [23, 24, 25]. The detection limit for 
visible PCR products on ethidium bromide stained gels lay at < 100 bacteria per reaction tube. 
Additional hybridisation could detect even 1 bacterium. However, when calculating the 
necessary dilutions (PCR does not work in concentrated extracts) and extrapolating to the 
plant material assayed it came down to a minimum of 750 agrobacteria which escape 
detection.  
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Introduction 
 
The aim of this paper is to contribute to the development of strategies for assessing ecological 
impacts of transgenic tree species. Norway spruce (Picea abies (L.)Karst.) plays a key role in 
boreal ecosystems from Norway to Siberia and is also an economically very important 
species. An hypothetical release of transgenic spruce is selected for this case-study exercise, 
modified from Tømmerås et al. [1].  
  
Risk assessment and some/their limitations 
 
Norway spruce plays a key role in natural ecosystems by e.g. changing the soil quality 
(chemically and functionally), the ability to create structure and the importance for the forest 
dynamics in the boreal zone. Interbreeding between cultured and natural populations is 
common in the species. Thus, Norway spruce is a very relevant model system for evaluating 
environmental impacts of genetic modification of a key species which features both cultured 
and natural populations, i.e. a semi-domesticated species.  
 
There is no established definition of «long-term» in connection with assessing environmental 
impacts. We have followed a pragmatic definition of 10 to 100 generations as a guideline [3]. 
The generation time for Norway spruce is approximately 25 years, and the time scale for 
long-term environmental impacts of release of transgenic trees can therefore be hundreds of 
years. The Ecological Society of America has proposed the following principle for risk 
evaluations when genetically modified organisms are released to the environment [4]: 
"Genetically modified organisms should be evaluated and regulated according to their 
biological properties (phenotypes), rather than according to the genetic techniques used to 
produce them.". Others have pointed out that the technique used in the genetic engineering 
must also be subject to assessment, for example with respect to regulating gene expression 
and uncertain time lag effects.  
 
There will always be an element of biological «gambling» involved in the release of 
genetically modified and other (non-modified) organisms. Our genetic and ecological 
knowledge is inadequate to allow us to give a priori, precise risk assessments or reliable 
predictions of aimed success for releases [5,6,7]. Lack of knowledge, especially on topics 
related to the biodiversity and function of forest ecosystems, is partly responsible for un-
certainties in predicting impacts by releasing transgenic spruce. Moreover, some short-term 
and especially long-term effects are more or less unpredictable due to stochasticity in climatic 
and biological conditions and the specific conditions in the area at the time of release, as 
experienced from impacts of some introduced plant species [2]. 
 
An important principle for risk assessment is that the environmental effects of genetically 
modified organisms must be evaluated on a case-by-case basis through a stepwise procedure 
that includes fully enclosed pilot studies [8]. There is broad international agreement about this 
principle [9,4]. But even a risk assessment based on the principles of "case-by-case" and 
"step-by-step" has limitations such as (1) we have to use short-term experience to assess long-
term impacts, (2) we can only test the possible problems we are aware of, (3) an inability to 
prove any impact can be caused by problems with the method or that the investigation does 
not cover all the relevant effects, and (4) for organisms with long generation time as forest 
trees time is a limiting factor. Moreover, it has been shown in many cases of deliberate 
introductions that the persistence of the released population largely depends upon how many 
individuals were released [10] and that changes in tree invasiveness after several generations 
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occur [11]. Therefore, the results of small-scale experiments need not translate directly to 
large-scale releases. Furthermore, in a widespread organism as Norway spruce experience 
from field trials with transgenics in one region, cannot be applied to risk assessments of 
release in other regions without explicit tests of the effect of environmental and genetic 
variation on the outcome of the release. Collectively, these considerations mandate a way of 
thinking about releases that must incorporate a precautionary approach as a guideline for 
decisions. 
 
Consideration of environmental effects 
 
The environmental effects may be divided into three broad categories [12]: (1) effects caused 
by the genetically modified organism itself («invasion potential»), (2) effects resulting from 
dispersal of genes from the genetically modified organism to other organisms (intra- and 
interspecies) in the environment («gene flow»), and (3) altered practice in the use of an 
organism because of the genetic modification («altered use»). Tiedje et al. [4] have provided a 
detailed list of questions which can be used as a checklist for identifying releases on a 
subjective scale from low to high risk, a list we have modified. 
 
(i) Invasion potential 
Some key questions regarding the invasion potential of a genetically modified organism are: 
(1) is the expression of the genetic modification well documented and understood, (2) do the 
genetically modified trait represent an ecological novelty, (3) to what degree is the host 
organism domesticated, (4) is the organism a key species in the environment, (5) is the release 
environment «contained» by natural barriers for spread of the organism, or can the spread be 
controlled by human intervention, and (6) how well can the dynamics of the release 
environment be simulated prior to, and monitored after, release? 
Transgene expression. Increased predictability of the phenotypic expression of the genetic 
modification in different environments and under different environmental conditions means 
that the GMO (Genetically Modified Organism) is safer to the environment. Some factors 
affecting the stability of transgene expression have to be focused. Time lag effects following 
changes in gene expressions are unpredictable and several decades are for Norway spruce 
needed to discover e.g. selective advantage. Both the long generation time and reproductive 
period highlight the need of stability to reduce uncertainties on this species.  
Ecological novelties. Transgenic organisms are claimed to pose greater ecological risks than 
conventionally cultured organisms, particularly if the transgene has not previously been tested 
against the genetic and environmental background of the organism (e.g., a flounder gene in-
troduced to spruce) [4]. 
Domestication. The degree of domestication of an organism often reflects how dependent it 
is on human support for survival and reproduction. Fully domesticated species are expected to 
pose less risk to the environment, because any unwanted effects can be controlled by human 
intervention. The semi-domesticated species Norway spruce grows both in natural stands and 
in plantations.  
Key species. Some species are ecologically more important than others. It is clear that 
genetically modified varieties of these species will have greater ecological impacts than 
modified species which play a lesser ecological role. Ecologically important species have 
been termed «keystone species» which may be defined as: a species is keystone if its 
experimental removal (or introduction) causes major ecosystem-level changes in structure, 
dynamics or nutrient flows [3]. No species in the boreal zone is as important for the function, 
structure and dynamics and the whole biodiversity of the boreal forests as Norway spruce.  
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Natural spread and its control. Releases of genetically modified organisms are considered 
safer if the organism has a small area within which it can survive and reproduce, and if 
limited dispersal capability (or an environmental barrier) prevents it from reaching other such 
areas, should they exist. Norway spruce poses potential risks by existing naturally in large 
areas, and for which dispersal capabilities (or lack of environmental barriers) can make rapid 
range expansion possible following, say, genetic modification or environmental change.  
Simulation and monitoring. The ecosystem performance of many small, short-lived 
organisms can be simulated with good ecological realism in the laboratory. For transgenic 
varieties of these organisms, the possible environmental effects may be well known following 
evaluation of their performance in a «step-by-step» fashion. The performance of many large, 
long-lived organisms as spruce, on the other hand, cannot easily be simulated, because in 
order to obtain ecological realism, the scale of the experiment would itself demand 
uncontained conditions. 
 
(ii) Gene flow 
Some key questions regarding the effects of gene flow from a genetically modified organism 
are: (1) does the organism have close relatives (i.e., natural or semi-natural populations of the 
same or closely related species) in or near the release environment, (2) how large is the 
natural gene flow among populations of the species, and (3) does the release environment put 
a selective premium on the introduced gene? 
 Spruce seeds are mostly produced by outcrossing, but some self-fertilisation occurs. Sexual 
maturity generally is reached at an age of 15-30 years. Seeds are dispersed mainly by wind 
and rather few are spread over larger distances. The gene flow by means of pollen dispersal is 
effective in Norway spruce. 
Close relatives. By close relatives, we mean everything from semi-natural or wild popu-
lations of the species undergoing genetic modification, to other species of the same genus and 
even other genera with which the genetically modified organism can hybridise [13,14]. The 
potential for introgression of the transgene into wild populations will be highest for situations 
where the genetically modified organism coexists with conspecific populations that form a 
natural part of the surrounding environment as for GM-spruce. When released in the boreal 
zone any release of not 100% sterile genetically modified spruce normally are going to 
interbreed with natural populations. Natural hybridisation can also occur involving other 
variants of P. abies as var. obovata, jeoenzis and koraensis. 
Natural gene flow. The level of natural gene flow in a species can be used as a yardstick for 
predicting the spread of genes from genetically modified variants of the same species. Several 
aspects of the natural population structure are important; for example in a highly subdivided 
population, a transgene can become locally abundant even if there is selection against it, but it 
will rarely spread far. In contrast, a transgene may spread far into a highly connected 
population but will rarely reach a high frequency in any location [15]. All these circumstances 
are present in the more or less heterogeneous landscape of connected spruce forests in the 
boreal zone. At any rate, it is difficult to precisely predict gene flow from experimental 
studies of the dispersal of pollen and seeds. For assessing more long term gene flow, estimates 
based on studies of genetic differences between extant populations may be appropriate [16].  
Selective advantage. Fixation of the transgene in natural populations is almost inevitable if 
the transgene poses a selective advantage to its carrier. Hence, one crucial piece of 
information is whether or not the genetically modified trait has a selective advantage in the 
wild. Norway spruce is, due to its large genetic variability, able to colonise areas with quite 
different physical and climatic conditions as well as compete with other tree species. Selective 
advantages can therefore normally not be predicted over its whole distribution area in the 
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boreal zone. Selective advantages in one type of area can be disadvantageous or neutral in 
another.  
 
Transgenic traits that are considered to be important to assess, especially when released in the 
area of natural range, include those which increase the environmental tolerance of the species. 
This tolerance can relate to both the abiotic (e.g., climate) and biotic environment (e.g., 
competing species), and have effects on the abundance (e.g., carrying capacity) or distribution 
of the organism. Norway spruce as a key species and the actual GM (Genetically Modified)  
type will be crucial for evaluation. The potential different GM-spruces may possess quite 
different inserted genes, but potentially several with an selective advantage. 
 
(iii) Altered use  
Some key questions about the effects of altered use of the organism, following genetic 
modification, are: (1) does area expansion occur, and (2) are new control agents favoured? 
Depending on the genes inserted different scenarios are possible e.g. use of GM-spruce by 
introduction to areas at present not regarded suitable for the species.  
Area expansion. A number of otherwise unlikely environmental effects can occur. First, the 
environmental changes posed by the genetically modified organism will occur over a larger 
geographical area, and secondly, the fitness of the genetically modified organism becomes 
less important as a limiting factor for its spread, because this spread will be mediated through 
human action. Thus, altered use can increase the impacts on special species, habitats and 
ecosystems. In Norway spruce photoperiod is the environmental factor that initiates the 
cessation of growth and development of frost hardiness, but with some modifications caused 
by temperature.  
Control agents. A number of transgenic plants which show resistance to a particular 
herbicide, are now produced. The use of these transgenic plants invites new usage of 
herbicides, which may be tougher - or more benign - to the general flora.  
 
Transgenic norway spruce  
 
General considerations of invasion potential and gene flow to wild populations make it clear 
that Norway spruce is a high-risk GMO. Concerning GM-spruce the biodiversity dependent of 
the species Norway spruce must be included. In figure 1 a subjective grading of the potential 
ecological and genetic risks is presented for a selected set of attributes of Norway spruce and 
the boreal (release) environment. Among these attributes, the most important ones for grading 
transgenic spruce at the high-risk end of the spectrum are (1) the essentially wild (self-pro-
pagating) characteristics of Norway spruce, (2) the broad geographic range it occupies, (3) the 
high level of gene flow among populations/neighbourhoods and the proximity of cultured 
(transgenic) stands to wild populations, (4) the important role that Norway spruce plays in the 
structure and function of boreal ecosystems, (5) the virtual impossibility of simulating 
realistic ecological conditions in the laboratory or in field test orchards, and (6) the typically 
uncontrolled access for the public to test sites. If transgenic spruce were to be based on only 
prereproductive (immature) stages outside of (controlled) greenhouses, the risks associated 
with reproduction and gene flow would decrease.  
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Figure 1: Subjective evaluation of the level of scientific considerations demanded by 
transgenic Norway spruce on a scale from less (low risk) to more (high risk). Two general 
situations are covered; one which involves reproductive stages (filled silhouettes) and one 
with obligate harvesting of immature trees (open silhouettes). From Tømmerås et al. 1996. 
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 For some potential GM-types the main risk is invasion to new areas (e.g. frost tolerance) 
while other types affect the forest where spruce is the dominating species (e.g. enhanced 
pathogen resistance). Finally, both area types can be affected (e.g. enhanced drought resi-
stance). A type of GM-spruce able to resist or change the decomposition of wood (e.g. insect 
resistance) are considered as specifically questionable due to threat to natural ecosystem 
function, habitats and species. The impact of using GM-spruce with enhanced fungi resistance 
is also uncertain, and can seriously affect mycorrhiza systems which are indispensable for 
ecosystem functioning. 
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Several genetically engineered crop plants (corn, cotton, potatoes) containing the gene from 
Bacillus thuringiensis (Berliner) (Bt) that encodes for the expression of an insecticidal δ-
endotoxin are commercially produced in the United States and many other countries since 
several years. The introduction of more and other transgenic Bt-crop plants to the US market 
and other countries is immanent [1, 2]. The safety of these transgenic Bt-plants released into 
the environment is currently of great concern to the public. One issue of the safety discussion 
is how transgenic Bt-plants will interact with other non-target organisms of different trophic 
levels. 
 
Insecticides containing Bt-proteins have been used in agriculture for several decades. Based 
upon previous studies that were designed to test for undesired side effects of Bt-insecticides 
on beneficial insects and the long record of safe use of commercial Bt-formulations, they are 
commonly considered to have little or no effect on natural enemies of pest insects [3, 4, 5]. 
However, Bt-insecticides and transgenic plants expressing Bt-proteins differ in a number of 
aspects. In currently commercially available transgenic plants, the Bt-proteins are produced in 
relatively high levels in almost all plant parts throughout the growing period until the plants 
senesce [6, 7]. Therefore, most if not all non-target herbivores colonizing transgenic Bt-plants 
that are not or sublethally affected to various degrees by the Bt-proteins will ingest plant 
tissue containing Bt-proteins which they may pass on to their natural enemies in a more or 
less processed form. Further, most Bt-proteins in transgenic plants are expressed in a 
truncated, activated form [6, 7, 8] that differs from the mixture of spores and crystalline, full-
length Bt-proteins found in microbial Bt-insecticides [9]. Bt-corn plants produce a 69 kDa 
portion of the native, full-length 130 kDa Cry1Ab protoxin. This is a relatively small protoxin 
which is comprised of 620-648 amino acids [6]. Inside the insect gut only a small fragment 
must be further cleaved to produce the fully activated 65 kDa toxin (Fig. 1). Consequently, no 
crystal solubilization and almost no protoxin-toxin conversion is necessary in the insect gut. 
But both processes are important for the specificity of Bt-compounds [10]. For example, the 
in vitro conversion of the 130 kDa Cry1Ac protoxin into the 60-65 kDa toxin involved seven 
specific cleavages, each removing fragments of about 10 kDa [11]. Thus, selectivity and 
biochemical processing may be altered in an insect.  
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Figure 1: Differences between Bt-insecticides and Bt-expression in transgenic plants. 
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Current assessment methods do not adequately account for the modified, activated form of 
release of Bt-proteins in transgenic plants and the extended duration of availability to 
herbivores and, consequently, also to other members of the food chain [12]. Therefore, 
appropriate assessment procedures have to be developed [13, 14]. 
 
As a first step towards this direction, we carried out tritrophic level model studies using 
transgenic Bt-corn plants (Cry1Ab) and the corresponding untransformed, Bt-free corn hybrid 
(both varieties were kindly provided by formerly Ciba Seeds) to study prey-mediated effects 
of Bt-corn on mortality of the predator Chrysoperla carnea (Stephens). Two different prey 
species were used in the experiments, the Egyptian cotton leafworm, Spodoptera littoralis 
(Boisduval), a lepidopterous, non-target pest and the European corn borer, Ostrinia nubilalis 
(Hübner), the lepidopterous, target pest. Another objective was to determine whether the 
observed effects were only due to intoxicated, suboptimal prey or could also be observed for 
non-target prey that was not or only slightly, sublethally affected. Small instar S. littoralis and 
O. nubilalis larvae were allowed to feed on the respective corn plant material for 12 to 24 
hours before they were provided as prey to C. carnea larvae. By then O. nubilalis larvae fed 
Bt-corn (O. nubalis (+)) exhibited early symptoms or disease but were not dying until another 
24 to 48 hours or more. S. littoralis larvae fed Bt-corn (S. littoralis(+)) did not exhibit any 
noticeable effects. Prey larvae were replaced every day by new prey that had fed for 12 to 24 
hours on the respective plant material. Total immature mortality for chrysopid larvae raised 
on O. nubilalis(+) or S. littoralis(+) was 59% and 66%, respectively, compared to 37% when 
raised on Bt-free prey of both species (Fig. 2) [15]. There was no significant difference in 
mortality between chrysopid larvae reared on O. nubilalis(+) or S. littoralis(+). Similarly, no 
significant difference in mortality was detected when chrysopid larvae were raised either on 
O. nubilalis (-) or S. littoralis(-). This suggested a direct Bt-induced effect. 
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Figure 2: Total mean immature mortality [%] and standard error of Chrysoperla carnea larvae 
feeding on Bacillus thuringiensis corn-fed (+Bt) and Bacillus thuringiensis-free (-Bt) larvae of 
Ostrinia nubilalis (O.n.) and Spodoptera littoralis (S.l.) during their entire immature life stage 
(first instar to adult). (Columns with different letters represent treatment means that are 
significantly different at p=0.05 (LSMEANS)). 
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To further investigate a direct Bt-induced effect, we fed the respective Bt-protein directly to C. 
carnea larvae using a novel bioassay technique which allowed for incorporation of the 
activated Cry1Ab toxin into a liquid diet specifically developed for optimal nutrition of C. 
carnea. This media was then encapsulated within small paraffin spheres. Because only second 
and third instars can penetrate the skins of the paraffin spheres, two different methods were 
used to rear chrysopid larvae through first instar. The first method used 0.5 cm3 foam cubes 
soaked in non-encapsulated, liquid diet. For one treatment, activated Cry1Ab toxin (100 μg/ml 
diet) was mixed into the non-encapsulated diet whereas only an equivalent amount of double-
distillated water was added to the diet for the corresponding control. The second method used 
Ephestia kuehniella (Hübner) eggs as prey during first instar. After reaching second instar, all 
larvae received encapsulated, artificial diet with or without Cry1Ab, respectively. In a fifth 
treatment, chrysopid larvae were raised on E. kuehniella eggs only . When reared only on 
artificial diet containing Cry1Ab toxin, total immature mortality was significantly higher 
(56%) than in the respective untreated control (30%) (Fig. 3). Also, significantly more 
chrysopid larvae died (29%) that received Cry1Ab later during their larval development 
compared to the respective control (17%). Only 8% of the larvae died when reared exclusively 
on E. kuehniella eggs (Fig. 3). These results demonstrate that activated Cry1Ab is toxic to C. 
carnea at 100 μg/ml diet. However, mortality in these direct-feeding studies was similar to the 
mortality detected in the tritrophic studies using transgenic Bt-plants despite the large 
difference in Bt-concentrations between the artificial diet (100 μg/ml diet) and those expressed 
in transgenic Bt-plants (2.13 - 3.27 μg/g fresh weight [16]). This suggests that interactions 
between the herbivores and Bt-plants occur that either cause unnoticed secondary effects in the 
herbivore or further process the Bt-protein rendering the prey (+) more toxic to C. carnea. 
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Figure 3: Total mean immature mortality [%] and standard error of Chrysoperla carnea 
larvae feeding on different types of Cry1Ab toxin-containing and untreated diets during their 
entire immature life stage (first instar to adult). (Means with different letters are significantly 
different at p=0.05 significance level (LSMEANS); AD=artificial diet only incl. first instar; 
Eggs/AD= E. kuehniella eggs during first instar, artificial diet during second and third instar; 
Eggs = E. kuehniella eggs only) 
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These findings illustrate that different approaches are necessary to determine reliably the 
long-term agroecological consequences of transgenic Bt-plants. Field studies have to be 
conducted to determine the ecological consequences of these laboratory results. Monitoring 
programs should be established that assess the long-term compatibility of naturally-occurring 
biological control with the utilization of transgenic Bt-crop plants to secure the sustainable 
use of transgenic Bt-crop plants that were introduced as a significant contribution to a more 
environmentally friendly agriculture. Performance and fitness of natural enemies in Bt-crop 
fields also may affect pest resistance development [17, 18]. 
 
Further, we want to emphasize that for an overall ecological risk assessment of transgenic Bt-
plants, other risk aspects must be included and analyzed in context with each other. Aside of 
intensively studied pest resistance development, these include the effects of Bt-plant residues 
on non-target organisms in soils. Only little has been done in this field of research until today, 
despite the fact that researchers at the New York University have found lab-produced Bt-
proteins to be persistent and retain insecticidal activity for many weeks in certain soil types 
[19, 20]. Further, effects of Bt-proteins on non-target herbivores in the agroecosystem have to 
be studied because they can potentially change prey diversity and quantity for natural enemies 
thereby affecting natural enemy - prey relationships [21]. Miller [21] found for example a 
significant reduction of species richness and densities of non-target lepidopteran herbivores 
when Bt-insecticides were applied in a gypsy moth (Lymantria dispar) eradication program in 
Oregon forests from 1986 to 1988. Finally, also outcrossing of Bt-genes to wild/weedy 
relatives needs to be evaluated carefully. If Bt-genes escape to relatives in natural habitats, 
possible effects of Bt-proteins described for agroecosystems also apply in natural habitats and 
the interface of agricultural and natural habitats, respectively (e.g. alterations in arthropod 
communities and food webs), which may in turn again affect processes in agricultural 
habitats. 
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Discussion session 3: Short-term, long-term effects and standardization of 
limits. 
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Phil Dale  
Someone points out that we should no more focus that much on gene dispersal because we 
have quite a lot of experience and data on this and now it is important that we focus on effects 
and look at the specific race, specific genes. The choice of efficient methods is difficult, but 
you could build up on experience from toxicology, you have a lot of things you can test there 
in soil organisms, insects and so on. We need to define which ecosystems we are going to use 
for these studies. 
 
The quantification of test data to rely on is most besides the experience. We can also use of 
the mass of the experience from agricultural tradition. Criteria for rejection and acceptance 
have to be defined. That is something we must discuss in relation to possible effects. It is a 
very complex area.  
 
Jan Husby 
What we should do about risk assessment for trees in general ? They have a very long 
generation time. That is a specific, a difficult situation in risk assessment. 
What crucial things do we need to know before approving the release of genetically modified 
plants ? 
 
Bjørn Tommerås  
In risk assessments there are «needs to know» and «nice to knows». And there are a lot of 
things that will be nice to know. The main impact of a herbicide tolerance is going to be 
principally an agronomic one. And it is really a matter of how we develop a agriculture 
practice. The main questions are : Can we design ways of managing three different herbicide 
tolerant genes together (referring to Xavier Reboud talk)? Will it affect control of volunteers ? 
Will it affect control in the next crop culture that also contains one of those herbicide tolerant 
genes ? So in the sense of herbicide tolerance I am sure there will be people here that will ask 
questions about the impact on natural habitats also. But the answers we need are in relation 
with how we managed the transgenic plant culture in practice. The extensive transgenic colza 
cultures in Canada have to be closely watched,  but you cannot compare them directly to 
Europe with its different agriculture practice. So some of the questions and answers will have 
to be different. In a way, we can only do that really effectively by commercializing. There are 
other issues where we need to have a degree of confidence before we can commercialize, but 
we really need to commercialize in a large scale and find out what the problems are in 
practice. We have to define what monitor questions we are going to ask and get that data back 
and if after the some years, if it looks satisfactory we have strategies to cope with. 
 
Lisa Rudenko 
I want to bring up a very important point that risk assessment is an iterative process. We are 
not simply identifying a hazard by asking : can this occur ? We should  ask : does it occur 
under what circumstances and at what rate ?  
 
Klaus Ammann 
The big biotech companies are highly interested to talk about these matters and to go to a 
more sustainable agriculture. Another point is that we should also carefully screen what the 
biotech companies have already done. And with the Bt field-studies a lot of work has been 
done, may be not enough, but there are studies showing that the pesticide application is much 
more harmful to the beneficial insects than the Bt-strategy. Several papers state that and we 
have to consider those papers and to carefully listen to each other. I agree with Angelika 
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Hilbeck on the fact that we need more studies and more specific studies outside in the field, 
because containment is often producing a very harsh selection environment for the beneficial 
insects : It has nothing to do with  reality when those poor lacewings have to feed on this 
paraffin spheres coated with purified Bt protein.  
We also have to remenber when saying that there are always going to be impacts, that  
impacts should be just taken both positively and negatively.  And that  there is a value 
judgment done on friendly and unfriendly. The regulators try to balance this. 
 
Piet Schenkelaars 
How and when you as a regulator are able to make a decision in a situation when the research 
is still going on about many ecological effects. 
 
Thomas Nickson 
Speaking as a scientist, I do not look at the regulatory approval as a drop dead endpoint if you 
will. It is an endpoint from which we can proceed to the next level. We proceeded to 
commercialization, but that does not mean at any product is beyond the scrutiny of 
stewardship, the scrutiny that the company give their products in order to make sure there are 
continuing to be save and continue to be everything that they should be for the consumer and 
in this case it is the farmer and that is a critical aspect. So we continue to evaluate our 
products to ensure safety and the highest possible quality for the consumer. 
 
Philippe Gay 
As a regulator, I see the safety analysis process as a dynamic process never finished. For me, 
the main question is, when do I have to come back to the decision ? This means that 
regulators are confronted with the question of when new data would be the cause  of changing  
approvals ?  
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Introduction 
Monitoring is a continuous control of something. In population biology it can be the study of 
populations during a time period, e.g. the study of succession in an ecosystem with the focus 
on a certain species or genotype, or dispersal of a species in a certain area. Depending of the 
species studied the questions why, when and how the monitoring shall be performed have to 
be considered before initiating the monitoring program. Marvier et al. [1] have discussed if 
monitoring is the way to reduce the risks of transgenic plants. 
Transgenic plants offer an excellent possibility for monitoring dispersal of specific genes as 
the plants in their genome contain a well-characterized transgene. Until now various 
transgenes have been used [2], which can be classified in four groups [3]: Crop protection 
against diseases, herbicide tolerance, stress tolerance and quality traits, encompassing natural 
and alien plant products, e.g. pharmaceuticals. Several genes are used for crop protection 
against diseases, and especially genes providing resistance to insects have been applied. 
Tobacco plants, producing proteinase inhibitor, are shown to have an impact on the species 
diversity of degrading organisms, living in soil [4]. Genes from the bacterium Bacillus 
thuringiensis coding for insecticidal crystal proteins, which are not toxic to humans and many 
other non target species, have obtained a great application as crop protection genes. However, 
the target insect species can develop a resistance to the specific toxin produced by the plant, 
which may be reversed, when removing the selection pressure [5], i.e. when plants are not 
producing the toxin. These observations imply that many of the topics studied in population 
biology are relevant for studying the performance of transgenic plants. Herbicide tolerance as 
well as stress tolerance may cause severe problems to agriculture if the transgenes are 
dispersed either as cultivars outside the fields or transferred to related natural species or 
genera, which are consider to be weeds. Transmission of a gene or a transgene can occur as 
found for e.g. Brassica [6, 7, 8, 9, 10], Beta [11] and Sorghum [12], and hence the possibility 
to obtain herbicide tolerant weed or weed with increased stress tolerance is present. In both 
cases regional differences have to be considered, e.g. potato has claimed to be of no risk for 
Canada and United States [13], but for the original source of potato, the Andes region, the risk 
of getting unwanted transmission of transgenes are possible. Changed quality traits may also 
have an impact on the composition of metabolites which again may change the food quality of 
the plants for herbivores. The implication of the production of pharmaceuticals by transgenic 
plants has to be studied carefully to avoid unwanted effects on the ecosystem. 
Transgenic plants are as mentioned in the previous paragraph very well suited for monitoring 
programs with the aim to look for dispersal of a transgene as the transgene can serve as a 
molecular marker. Molecular markers encompass nucleic acids, proteins and metabolites. A 
depiction of the relation among molecular markers is shown in Figure 1, which is divided into 
a group of markers providing the genetic information and one on the expression of the genetic 
information. It has to be emphasized that molecular markers as DNA may encompass genes as 
well as nonsense DNA sequences. Molecular markers are widely applied for the study of 
populations [e.g. 14, 15], and also as versatile tools in breeding programs [16]. The molecular 
markers are inherited according to the Mendelian laws, and they can have dominant, 
codominant or recessive inheritance. 
Molecular markers are used for individual identification as well as parentage identification in 
forensic medicine and for grouping of individuals in population biology. The mode of 
grouping can be helpful in understanding mating structure, migration among populations, 
selection and other features important for the dynamics of the population. Furthermore, 
phylogenies may be constructed on data from molecular markers. Statistical analyses as well 
as program packages for analysing data obtained from studies of molecular markers in 
populations have been developed [e.g. 17, 18, 19, 20]. 
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The aim of this presentation is to give a brief summary on the methods which can be used for 
detection of molecular markers and with the emphasis on methods relevant for studying 
plants, containing a transgene. 
Figure 1. Molecular markers 
 
 DNA (DNA organized in chromosomes) Information 
   

 RNA    Expression 
   
 Protein (e.g. enzyme) 
    
 substrate  product (e.g. metabolite) 
 
 
DNA 
An absolute necessary assumption for studying molecular markers is the presence of a 
sequence of DNA, which may code for a gene or not. Also it has to be mentioned, that a gene 
may be present in the genome but not expressed, which may be due to age dependent or tissue 
dependent expression of the gene. Many transgenic constructs consist of a constitutive 
promoter, which ensures the expression of a specific gene, independent of age and tissue, a 
gene needed for the wanted product and may be a marker gene, see the following section on 
marker genes. The methods for detecting the presence of a gene in the genome are developing 
very rapidly and have been improved tremendously with regard to the needed time and cost 
per analyzed sample. The methods can be divided into two groups, one using DNA directly 
isolated, and the other using amplification of DNA by performing a polymerase chain reaction 
(PCR) [21]. Moreover, the DNA may be treated with restriction enzymes, which cuts the 
DNA at specific sites. The method using isolated DNA, digestion with restriction enzymes, 
electrophoresis of the fragments, transfer of the fragments to a membrane and visualization by 
applying the appropriate probe, marked radioactively or biotinylated, is called restriction 
fragment length polymorphism (RFLP), and the visualization process is a Southern blot [22]. 
The advantage of transgenic plants is the knowledge of the alien DNA which facilitates 
design of probes for identification of the plants carrying the construct [23]. The RFLP method 
has also been applied to bulk analysis in order to detect different DNA fragments encoding 
wanted traits, the result of the procedure is identification of a quantitative trait locus (QTL) 
[e.g. 24]. In a similar way as RFLP the use of gene characteristic primers in the PCR process, 
amplification of the gene of interest can be performed, and the product can be visualized with 
ethidiumbromide or other dyes after an electrophoretic separation. By applying any of these 
methods the presence of the transgenic construct can be proven with a high probability, but 
transcription of the construct is not verified. For this, detection method as described in the 
next sections on proteins and metabolites, respectively, are needed. Single sequence repeats 
(SSR), which are repeats of a few bases (e.g. AATAATAAT...), are often highly variable in 
number in a population. When applying PCR amplification with specific primers for the ends 
of the repeats the sequence can be amplified, and the product detected after electrophoresis. 
This process can be automated and the number of alleles, when applying the method for 
determination of SSR, may be very great and therefore well suited for identification of 
hybrids, dispersal of genes etc. [e.g. 25]. However, if this method shall be used for detection 
of transgenic plants, a specific allele shall be present in the plant material transformed and 
strongly associated to the transgenic construct. A recent method, called amplified fragment 
length polymorphism (AFLP), combines the digestion with restriction enzymes, amplification 
by the PCR reaction, electrophoresis and visualization [e.g. 26, 27, 28]. This method reveals a 
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huge amount of variation, but for the study of transgenic plants the use of restriction enzymes 
and Southern blot are easier to perform and will provide the result, detection of the transgenic 
construct. Several of the methods can be used directly for detection of a specific gene [e.g. 29] 
and others for identification of hybrids [e.g. 30]. The DNA methods by using gene-specific 
primers or probes have provided a great step further in determination of linkage groups on the 
chromosomes and these methods as such have been reviewed [31]. These methods may useful 
for testing the presence and the localization of a gene and may also be adequate for 
monitoring of transgenic plants. 
 
RNA 
RNA is necessary for the transmission of genetic information from DNA to protein, as 
depicted in Figure 1. The presence of a certain RNA indicates that the organism has the ability 
to produce the corresponding gene product. RNA for specific genes can be detected by probes 
which can be marked with either radioactivity or bio-luminescence (Northern blot). Often the 
amount of RNA is very limited so a PCR amplification is necessary [32]. Electrophoresis can 
be used for separation of the RNA fragments and these can be visualized by a Northern blot 
when transferring the separated RNA fragments to a membrane and applying the appropriate 
probe to the membrane. The method has been widely applied for detecting the presence of a 
transgene [e.g. 33, 34, 35, 36]. Methods for quantification of the RNA products are also 
available [37, 38], which may be of interest for detecting how much energy the plant is 
devoting for the production of the particularly product. However, all the methods mentioned 
are only suited for monitoring transgenic plants in small scale experiments. 
 
Proteins 
The methods for detection of proteins may rely either on the composition of amino acids of 
the molecule, the electric charge, the size, the enzymatic or the immunological ability of a 
protein. The method for determination of the amino acid composition, amino acid sequencing, 
is despite the fact that the procedure can be highly automatic a time consuming process. It is 
needed to isolate the protein in question before the analysis can take place and the procedure 
demands advanced equipment, so the method may not be realistic for monitoring transgenic 
plants. The utilization of the electric change of a protein is done when performing gel 
electrophoresis. The method separates a mixture of proteins according to their individual 
electric charge in a gel, made from e.g. agarose, starch, cellulose acetate or polyacrylamide. 
Depending of the material used for the gel matrix also the molecular size can have an effect 
on the separation of the proteins. This method can be combined with a visualization procedure 
for proteins as such or utilizating the enzymatic or immunological ability of the protein, 
further information on gel electrophoresis is available [39, 40]. Descriptions of procedures for 
enzymatic visualization have been compiled [e. g. 41]. When using the immunological ability 
the relevant antibody has to be produced and information on how this is done as well as 
further description of the technical details is available [42, 43]. It has to be emphasized that 
the production of the particular antibody is the greatest task when dealing with immunological 
methods. Recently, methods for detecting expression of a certain protein in various tissues 
have been developed, e.g. immunogold labelling, where gold particles are coated with the 
relevant antibody, applied to the tissue slices and scanned with an electronic microscope. 
Methods, utilizing the immunological property of the protein, seems to be used more and 
more also in the context of transgenic plants for detecting tissue differential expression of a 
gene product [e.g. 44, 45, 46]. The advantage of using enzymatic or immunological property 
of a protein in a mixture of proteins is that a great number of individuals can be checked 
quickly, especially when using the immunological methods as enzyme linked immunosorbent 
assay (ELISA) or radioimmunoassay (RIA). 
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Metabolites 
Metabolites are in this case considered to be non-protein molecules, but other organic 
compounds. These compounds can be defence substances as proline, cyanide, phenolic 
compounds etc. or changed quality traits as oil, starch, sugar etc. Several chemical analytic 
methods are available depending of the structure of the chemical compound. Among these are 
chromatographic methods, which utilize the solubility of the compound in various phases. 
The relative simple method thin-layer chromatography (TLC) consists of a stationary phase, 
e.g. silica gel coated on a glass plate or plastic sheet, and a mobile phase containing a solvent. 
The samples are applied on the stationary phase. The plate or sheet is placed in a solvent 
reservoir and due to capillary forces the solvent is migrating up in the stationary phase. The 
samples will then be separated according to their solubility in the stationary and mobile phase, 
and when the solvent passes the other edge of plate, the analysis is stopped and a visualization 
procedure for the chemical compound performed. High performance liquid chromatography 
(HPLC) is a separation of chemical compounds in a mobile liquid phase and a stationary 
phase, consisting of a liquid on a solid support or a solid, under high pressure, and the 
compounds are detected as a change in refractive index, light absorption or fluorescence. In 
gaschromatography (GC) the mobile phase is a gas, and specific detectors are developed. 
Capillary electrophoresis is performed in capillaries under high voltage, and detected in a 
similar way as used for HPLC. The advanced methods as HPLC, GC or capillary 
electrophoresis need advanced equipment, skilled persons for doing the analysis and have 
compared to TLC a limited capacity regarding the number of samples which can be analysed 
per day. TLC has been applied for detecting hybrids [e.g. 47], so the method may be possible 
to apply for transgenic plants producing a specific chemical compound. 
 
Marker genes 
A shortcut for rapid detection of transgenic plants is the use of marker genes. The marker 
gene is attached to the transgenic construct. Neomycin phosphotransferase II and β-
glucuronidase have both been used as markers for transgenic constructs. Neomycin 
phosphotransferase II provides resistance to kanamycin, which can be tested by a bio-assay, 
whereas presence of β-glucuronidase can be detected by a histochemical analysis, which now 
can be performed as a chemolumiscence assay [48]. Marker genes, providing resistance, may 
cause an enhanced risk for dispersal of unwanted resistant genes, e.g. to human pathogens, so 
it ought to be avoided for future transgenic constructs. Luciferase, which can be detected by 
embedding the tissue in a solution of luciferin and adenosine triphosphate (ATP) and then 
exposed to light [49, 50], and green fluorescent protein from jellyfish [51, 52, 53], which is 
visible when exposed to ultra violet light (UV-light), have both been suggested for this 
purpose. Neither luciferase nor green fluorescent protein so far have shown unwanted effects. 
However, the use of markers genes for identification of transgenic plants may not be 
unambiguous, so additional investigation for identification of the gene, producing the wanted 
product, or detection of the product, may be needed. 
 
Demand for monitoring methods 
The monitoring methods shall be easy to perform for a huge number of plants. In summary, 
the following demands shall at least be fulfilled: High reliability, inexpensive, non- or minor 
destructive, and results in form as presence/absence. Many of the methods mentioned in the 
previous sections are complicated, need expensive equipment and skilled personal when 
performed. Simple techniques like bio-assays or dot-tests which may be performed either in 
microtiter plates or on membranes, where the application of the necessary solutions can be 
done automatically, and which only need an application of a small piece of leaf, so the plant 
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can continue growth, may be useful. In this context the knowledge of the transgenic construct 
can be of great help for designing appropriate probes. 
As a conclusion it can said that there is a need for development of simple monitoring methods 
suited for transgenic plants, if the society wants to keep track of the dispersal of transgenic 
plants and transgenic constructs, but also a need for knowledge on why, when and how the 
monitoring shall be performed [51].  
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Biogeographical assay provides knowledge on differences in natural gene flow in different 
regions, which is essential information for an ecological risk assessment for field releases of 
transgenic crops. In a given region, a biogeographical assay is performed to know whether 
wild relatives are present in the area or not, following the principle “species by species, region 
by region” [1, 2]. Data sources are combined to detect natural hybrids between crops and 
related wild species. As a synthesis, risk categories for natural gene flow are defined for the 
test region [1; see article by K. Ammann in this volume]. To obtain basic data for an 
ecological risk assessment and a long-term monitoring accompanying field releases and large-
scale cultivation of GMP’s, biogeographical distribution and hybridisation potential of crops 
and related wild species have to be studied on non-transgenic plants, ideally before first field 
releases have been persecuted. 
 
Basic data sources for species distribution, wild relatives, hybridisation and habitat 
characteristics are: distribution maps for plant species (from regional to continental scale), the 
local and regional floristic literature and herbarium sheets of the region. Combination of these 
data gives a first overview on potential natural gene flow in the region and detects wild 
relatives which might show natural gene flow with crops.  
 
For an estimation of natural gene flow, information on the hybridisation potential can not 
exhaustively be found in the literature. Herbarium sheet survey and field excursions are 
essential to make a picture on the real situation in the test area.  
 
Through screening of historical herbarium sheets by morphometrical character analysis one 
may detect natural hybrids found in the region. Large herbarium collections preserve dried 
and pressed plants, most of them collected since 1850. Field-botanists have an eye for unusual 
individuals which often reveal to be hybrids. Such rarities are often inserted in herbaria, 
consequently such collections represent fairly exactly in a qualitative way the status quo on 
natural hybrids found in a given region – and this not just for a three-year project period, but 
over many decades. This is why you can interpret such data as long-term data. Normally, 
herbarium sheet labels contain valuable information about the locality, the habitat and the 
date. This allows drawing of distribution maps from present and past times and will be a 
valuable help for modellers. Such long term data is very rare, nevertheless highly needed to 
develop and test model performance. 
 
To enhance precision of evidence for natural gene flow, extensive field excursions should be 
performed and local agricultural experts and plant specialists contacted. Field excursions are 
planned in regions where data from the sources mentioned above indicate the potential 
presence of natural hybrids, or at least an overlap of the distribution area of both crop and 
related species. Reading detailed topographic maps is essential for an expedient screening of a 
region. On excursions by car, populations of crop species, wild relatives and of hybrid zones 
are mapped for later comparison with information from other sources. Interesting populations 
containing putative natural hybrids are sampled for further examination and hybrid 
determination by morphological character analysis and genetical analysis, e.g. by isozymes or 
RAPD.  
 
Combination of the data sources mentioned above may reveal historical aspects of gene flow 
and hybridisation as cases of successful invasion or decline of a species. Spatial 
differentiation of the probability of natural gene flow between crops and related wild species 
may be detected. In regions with poor data sources, e.g. where no distribution maps are 
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available, extensive field excursions, although being expensive, are important to assay the risk 
of natural gene flow from crops to potential wild partners.  
 
The case study of the rediscovery of wild rape, Brassica rapa L. ssp. campestris Clapham 
(syn. B. campestris) (drawing of Swiss material in [2]), in Switzerland shows that the 
combination of data sources may detect deficiency in single sources [3]. Analysis of European 
distribution maps reveals that this species is not present in Switzerland and in Great Britain; 
obviously, this weed was not mapped there as it is too closely related with crops and therefore 
not interesting for plant specialists. In the majority of modern floristic books, it is not 
mentioned as well. As recent data are lacking, historic sources are important indicators where 
this species lived and where it might have survived. Herbarium sheets from the beginning of 
the century as well as old local floristic books prove that wild rape was a frequent weed in 
cultivated fields, especially in alpine valleys. In 1995, on field excursions in regions with 
historic locations of wild rape, we rediscovered the species in similar habitats as it grew 
decades ago: in traditional small-scale fields of potato and spring barley at about 1400 m in 
the Valais (Obergoms) and Graubünden (Unterengadin and Vorderrheintal). There, it is a 
frequent, but harmless weak weed, strictly restricted to cultivated fields. Oilseed rape 
(Brassica napus), with which it might form natural hybrids, is not cultivated in these regions 
as the climate is too rough. For a risk assessment of gene flow of oilseed rape, wild rape is 
therefore a minor problem in Switzerland [3].  
 
The case study of purple flowering Medicago sativa (alfalfa) and yellow flowering, wild M. 
falcata (sickle medic) in Switzerland shows a regional differentiation in the probability of 
hybridisation due to two chromosome types of M. falcata [3, 4, 5]. All cultivated and feral 
alfalfa individuals analysed in Switzerland were tetraploid. On the other hand, we detected 
both tetraploid and diploid M. falcata, regionally separated. Extreme interspecific gene flow 
exists between the tetraploid types. Hybrids and introgressive forms of any flower colour 
shade (including often greenish flowers) are very frequent where both species meet. Genetic 
pressure from cultivated alfalfa is so strong that the wild type sickle medic has disappeared 
from large areas - this without genetic engineering. M. falcata is nowadays an endangered 
species, threatened genetically by introgression and by intensive agriculture. Our field 
excursions showed that this decline goes on, that sickle medic has disappeared from regions 
where it was mapped in the Sixties. Many large hybrid zones contain a wide range of hybrids, 
but no or very few individuals of pure M. falcata. Only in one single alpine valley in the East 
of Switzerland (Unterengadine), we detected no hybrids, even where both parents were 
adjacent. Herbarium sheets and local floristic literature confirm that hybrids are very rare 
events there. Chromosome countings show that M. falcata is diploid in this region [4, 5]. But 
neither published distribution maps nor modern floristic literature mention this aspect; field 
excursions and the study of herbaria are therefore essential. For risk assessment, the chance of 
natural gene flow from alfalfa to sickle medic must thus be regionally differentiated.  
 
Analysis of hybrid zones of Medicago is demonstrated with an example of a natural mixed 
population in Bonaduz, Graubünden, Switzerland [4, 5]. Measuring tapes were spread over 
the population forming a grid of X/Y coordinates to determine the position of the sampled 
plants. For each m2 of the transect, one plant was sampled. In case no plant was growing 
exactly on the crossing of a whole meter of coordinates X and Y, the closest one was chosen. 
The roots of the selected sprouts were dug out (for cultivation in the Experimental Garden of 
Neuchâtel; biochemical analysis [5]), the shoots were cut and immediately pressed for the 
herbarium collection and biometrical character analysis. Flower colour was determined on 
living material using an international colour system. Exact location of each individual within 
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the transect was labelled with its x/y coordinates. Both biometrical and biochemical analysis 
were performed on the same individuals [4, 5]. 
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Figure 1. Transect of a hybrid zone of Medicago sativa, M. falcata and hybrids M. x 
varia (natural population M4a, Bonaduz, Graubünden, Switzerland) [4].  
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X-axis, Y-axis: Spatial population dimensions [m]. Circles: Medicago individuals sampled in 
the corresponding X/Y coordinates. Circle diameter: Factor 1 of a Principal Coordinate 
Analysis (PCA) of about 30 morphological characters. Factor 1 approx. > 0.1: alfalfa (M. 
sativa); factor 1 approx. < -0.2: sickle medic (M. falcata); hybrids M. x varia around zero. 
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Figure 1 shows the spatial distribution of individuals within a natural population of Medicago 
sativa, M. falcata and hybrids M. x varia (population M4a from Bonaduz, Graubünden, 
Switzerland). Principal Coordinate Analysis (PCA) aggregates similarity of morphological 
characters and identifies hybrid types. X-axis and Y-axis are the spatial population 
dimensions [m]. Each circle represents an individual plant, collected at the corresponding m2 
within the population. Where no circles appear, no Medicago plants were present. Circle 
diameter represent factor 1 of the PCA (about 30 morphological characters considered) 
indicates the Medicago type. Plants with factor 1 approx. > 0.1 are feral plants of alfalfa (M. 
sativa) of the adjacent alfalfa field. Hybrids are found around zero on the z-axis, whereas pure 
individuals of M. falcata have a factor 1 approx. < -0.2.  
 
The results of the study of natural hybrid zones show a continuum of various hybrids between 
Medicago sativa and M. falcata. According to the literature, „pure“ parents are defined by 
legume characters and flower colours [6]. Population M4a of Bonaduz (totally 98 samples) 
contains 48 % of M. sativa, 23.5 % of M. falcata, 22.5 % of hybrids M. x varia individuals; 6 
% were not clearly identifiable as they were sterile [4]. 
 
As a conclusion, biogeographical differentiation has to be considered in a risk assessment; 
especially for modelling and for the evaluation of long-term effects of transgenic crops. 
Biogeographical assay supplies spatial data, whereby combination of data sources is essential. 
In addition to the well-accepted „species by species“ strategy, knowledge on spatial data 
„region by region“ is essential for a planning of large scale field releases. For a monitoring of 
potential ecological long-term effects of transgenic crops, data should be collected before and 
after large field releases in order to detect potential differences in gene flow to wild species 
between transgenic and conventional crop varieties. 
 
This study was funded by Swiss National Science Foundation (grant n° 5002-035207). 
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Introduction 
With the development of recombinant DNA techniques, plant breeders now have access to an 
astounding number of useful genes that can be inserted into a given plant’s genome. Virtually, 
all commercially important plants are being concerned by this type of improvement, and the 
number of transgenic cultivars that are field-tested each year is increasing exponentially. 
Some crops are now commercialised and many more crop varieties are nearly ready for 
commercial release.  
 
Hundreds of small-scale field tests have been carried out in order to assess the performance of 
transgenic cultivars under different field conditions. Results from these small-scale trials are 
sometimes cited as evidence that transgenic plants pose no ecological risks at any scale of 
cultivation, but this conclusion can be unwarranted for several reasons. First, they are usually 
conducted so that gene escape is unlikely. Second, the scale at which the tests are conducted 
is so small and short that undesirable effects on non-target organisms such as beneficial 
insects are extremely unlikely. Furthermore, the possibility that microbes, insects, and weeds 
will quickly evolve resistance to plant-produced antibiotics, toxins, and herbicides cannot be 
addressed in these tests due to the short duration and limited acreages involved. Finally, the 
fact generally reported that nothing happened in the field trial is not useful in evaluating the 
ecological risks unless these questions are the focus of carefully designed, long-term 
experiments. 
 
One of the perceived risks of commercialisation of genetically engineered plant is that 
transgenes for fitness-related traits could be transferred to wild or weedy populations of these 
taxa and their close relatives, causing free-living taxa to become more serious weeds. 
 
The purpose of the work presented here is to 1) Evaluate the probability of gene transfer from 
crop to wild relatives and 2) Classified some important Swiss crops into risk categories.  
For this purpose, (1) a bibliographic databank on gene flow between crops and their wild 
relatives have been built, (2) a convenient classification of gene dispersal probability from 
transgenic crop to the wild flora was adapted for Switzerland after an idea of De Vries et al. 
[1]. 
 
Bibliographic databank 
This databank comprise the most relevant articles relating to this subject with an emphasise 
on the thirty studied plants.  
The literature have been searched in large databases like BIOSYS, AGRICOLA, Current 
Contents, … and put together in an Access database.  Each record contain the full reference of 
the article as well as species names and  general keywords.  
The data available in this bibliographical databank have been used to make an evaluation on 
the probability of gene flow for thirty important Swiss crops. 
 
Dispersal codes 
As a result of discussions in the symposium at Louverain, we propose gene flow codes after 
the idea of some Dutch authors [1, 2]. We are giving here an adapted version in order to spur 
discussion on a European level. We think it is desirable to establish a European classification 
system as proposed by Frietema De Vries [2], where some of our proposals have been 
adopted. It is not possible to arbitrate the crops and their wild relatives on one and the same 
level all over Europe: Classification work has to be done on a regional scale taking into 
account local environmental conditions, species and transgenes. This regional scale has been 
proposed by Frietema De Vries [2], following the well-known subdivisions of Meusel. 
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Here we deal only with the three first codes, but we feel strongly the necessity of a fourth 
code for the future: We need to assess also the risk of the inserted transgene itself. For this Dg 
code we need experimental approaches on all levels from a strict containment over small scale 
field releases to the large scale releases over long periods. For the time being there remains 
only the possibility of a rough estimate of how transgenes will have side effects in the long 
run, some comments are built in provisionally in code Dp (vertical gene flow). The authors 
are well aware of the pragmatic view they take, which is blurring the logic of the three codes 
already defined.  
 
These codes are presented here in order to open debate on feasibility and organisation of such 
codes for future risk assessment:. The codes can serve as a first rough estimate, before going 
into more detail for a risk assessment based on field monitoring and experimental approach, 
where judged necessary. 
 
The three codes are: 1) Dp: Hybridisation and pollen dispersal index; 2) Dd: Diaspore 
dispersal index and 3) Df: Distribution frequency index (at present time) 
Each index is subdivided in five levels with a sixth one for data too scanty or lacking at all 
(Categories 0 (lowest risk)  to 5 (highest risk)  and U (unknown)). In this last case no 
evaluation is possible. They are summarise below. 
 
Classification of the codes for the dispersal of diaspores (Dd) 
Category Dd 0:  
No chance for dispersal of diaspores to the wild: Seeds are sterile or otherwise deficient, they 
have lost reproductive function. No ecological effects are expected from fruiting of the 
cultivated plants. 
Category Dd 1:  
Dd to the wild occurs only occasionally and under very favourable conditions, plants usually 
survive only for one season (advena), they are not adapted for survival in our climate. No 
ecological effects are to be expected regarding the Swiss ecosystem. 
Category Dd 2:  
Chance for dispersal of diaspores to the wild is small, but under favourable and exceptional 
conditions possible. Further research on population dynamics seems necessary. For risk 
assessment the standing of the plants in the Swiss ecosystem can be of importance. 
Category Dd 3:  
Chance for dispersal of diaspores (by spontaneous vegetative reproduction) is real; fruiting of 
the cultivated plant is essentially undesirable and will normally be suppressed by various 
methods. Further research on population dynamics is necessary. For risk assessment the 
standing of the plants in the Swiss ecosystem can be of importance. 
Category Dd 4:  
Chance for dispersal of diaspores to the wild real. Fruiting of the cultivated plant occurs 
normally during cultivation. Ecological effects can be expected from fruiting of the cultivated 
plant. For risk assessment the standing of the plants in the Swiss ecosystem will be of 
importance. 
Category Dd 5:  
Dispersal of diaspores to the wild will be the rule. Fruiting occurs very frequently and also 
extremely abundant. Ecological effects can be expected from fruiting of cultivated plant. For 
risk assessment the standing of the plants in the Swiss ecosystem will be of importance. 
Category Dd U:  
Data too scanty or lacking at all, no evaluation possible. 
 
 
Classification of the codes for Df (frequency of distribution) 
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Category Df 0:  
No plants of this species or of a wild relative, no feral populations found in nature; no 
ecological effects are expected from the introduction of the cultivated transgenic plant. 
Category Df 1:  
Plants of this species or of wild relatives are extremely rare in the wild and have their stable 
place in the Swiss ecosystem in specific associations. No feral populations are found in 
Switzerland. Chances for hybridising with the wild or feral populations are negligible. 
Locations to grow transgenic plants should be appropriately chosen in order to avoid 
hybridisation and any ecological effect. 
Category Df 2: 
Plants of this species or of wild relatives are rare, but occur sporadically, distribution difficult 
to predict and essentially uncontrollable. Feral populations may exist in certain regions. 
Chances for hybridising with wild populations are scanty but unpredictable. Ecological effects 
from the introduction of the cultivated plant may be expected, but in most cases on a local 
scale only. Locations to grow transgenic plants should be appropriately chosen in order to 
avoid hybridisation and any ecological effect. 
Category Df 3:  
Plants of this species or of wild relatives are not very common in the wild and have their 
stable place in Swiss ecosystem. Feral populations are known from Switzerland, but not 
frequent. Chances of hybridising with the wild populations exist but are small. Some 
ecological effect from the introduction of the cultivated plant may be expected under 
unfavourable conditions when cultivated plants and wild relatives are not sufficiently 
separated. Locations to grow transgenic plants should be carefully chosen in order to avoid 
hybridisation and any ecological effect. 
Category Df 4:  
Plants of this species and their wild relatives are not frequent but well distributed over the 
whole Swiss plateau, chances for hybridising with wild populations are considerable, but 
under very favourable conditions it can still be safely prevented. Feral populations are known 
and distributed over an important part of Switzerland. Locations to grow transgenic plants 
should be carefully chosen in order to avoid hybridisation and any ecological effect. Detailed 
biogeographical studies are necessary to reach this goal. 
Category Df 5:  
Plants of this species and their wild relatives are common and well distributed over the whole 
Swiss plateau, chances for hybridising with wild populations must be expected and cannot be 
prevented in field experiments. Feral populations are frequent and distributed over the whole 
Switzerland. In exceptional cases locations to grow transgenic plants can still be carefully 
chosen in order to avoid hybridisation and any ecological effect. Detailed biogeographical 
studies are necessary to reach this goal 
Category Df U:  
Data too scanty or lacking at all, no evaluation possible. 
 
 
Classification of the codes of dispersal of pollen (Dp)  
Dispersal of pollen and hybridisation potential, including a differentiation of possible negative 
ecological effects of the inserted gene itself. 
Category Dp 0:  
No  chance for hybridisation because there are no wild relatives growing in Switzerland. No 
ecological effects when the cultivated plants come into flower. 
Monitored field releases possible, no containment experiments and no field experiments 
necessary. 
Category Dp 1:  
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No chance for hybridisation with wild relatives because it is experimentally proven that wild 
species of the same genus in Switzerland are not compatible with the cultivated plant: 
(artificial pollination methods and/or embryo rescue are necessary to produce hybrids). 
No ecological effects when cultivated plants come into flower. Monitored field releases 
possible without containment. However, experiments should be carried out, to test there are 
no negative effects on the host /predator system in case of transgenes introducing new 
resistance and/or competition effects. 
Category Dp 2:  
No chance for hybridisation with wild relatives because there is no record of spontaneously 
formed hybrids of the cultivated plant with wild species of the same genus in Switzerland. 
However, hybridisation is possible under experimental conditions and progeny is fertile 
without any artificial help. Chances of gene flow by hybridisation are small due to various 
outcrossing barriers (competition, biogeographical or ecological incompatibility), but under 
special local or artificial conditions in agricultural systems still to be considered as possible 
rare events.  
a)  In certain species groups there is a small chance of getting new transgenic hybrids, but no 

invasions are to be expected. 
b)  In other species groups there is a small chance of getting new transgenic weeds which tend 

to be aggressive and will possibly cause invasions under unfavourable conditions. 
Category Dp 3:  
Natural hybridisation occurs only occasionally, backcrosses have not been observed up to 
now. Local situations have to be studied carefully in risk assessment of field experiments. 
Species to species, region by region and step by step approach required. 
a)  In certain species groups and under unfavourable circumstances gene flow by pollen 

transfer will occur, but new transgenic hybrids do not tend to be invasive.  
b)  In other species groups and under unfavourable circumstances gene flow by pollen transfer 

can influence ecosystems negatively: Local invasions of new transgenic weeds will occur. 
Category Dp 4:  
Chance for natural hybridisation is medium; backcrosses have been observed, successful 
outcrossing occurs fairly often. Natural fertile hybrids are sometimes observed, small hybrid 
populations can be detected in nature. Species to species, region by region and step by step 
approach required. 
a)  Transgenic hybrids will have no ecological effects on the flora of the Switzerland, since 

the new hybrid is only capable to invade small ecological niches, and therefore does not 
demonstrate any disturbing invasiveness, since the inserted gene itself did not show 
negative ecological effects in long term monitoring experiments. Experiments should also 
be carried through proving that there are no negative effects on the host / predator system. 

b)  Transgenic hybrids will have ecological effects on the flora of the Switzerland, since the 
new  weed is capable to invade ecological niches, and therefore is potentially 
demonstrating invasiveness. There may also be negative effects (e.g. more competitive, 
more allelopathic) caused by the inserted gene itself. 

Category Dp 5:  
Chance for natural hybridisation is high; vertical gene flow occurs often, hybrids are fertile 
and backcross frequently. Hybrid populations are often found in nature. Species to species, 
region by region and step by step approach required. 
a) Transgenic weeds will have no ecological effects on the flora of Switzerland, nevertheless 

the new weed is capable to invade important ecological niches and it will act as a new 
weed (which should by all means be avoided!), but the inserted gene itself does not show 
negative ecological effects. 

b) Transgenic weeds will have negative ecological effects on the flora of Switzerland since it 
is capable of invading many ecological niches as a major new weed and/or  since the 
inserted gene itself may have characters demonstrating negative ecological effects. 
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Category Dp U:  
Data too scanty or lacking at all, no evaluation possible. 
 
 
Dg Codes 
Transgene may affect persistence by altering traits such as seed dormancy, seed germination, 
tolerance to biotic (living organisms), or abiotic (non-living) stresses, or competitiveness of 
vegetative plant parts. These changes might be manifested in the transgenic plant’s 
appearance as a weed in the next growing season. 
 
Any modification that enhances population growth, such as increased reproductive capacity or 
survival, theoretically increases its invasiveness. Transgenes like herbicide-, insect-, salt- and 
disease-tolerance may provide an advantage to the crop and increase its weediness. 
Transgenes judged less likely to affect weediness traits are the ones  that delay fruit ripening, 
produce pharmaceutical chemicals, or alter oil, carbohydrate, or protein composition of the 
seeds. However, one could reasonably ask whether the changes in seed composition affect 
seed-related weediness traits, such as dormancy and germination capacity [3]. 
 
The long-term persistence of fitness-related genes depends on the balance between the cost of 
expressing the phenotype and the strength of selection favouring the trait. 
 
Classification by combination of the three codes  
After an evaluation of the three single factors (see above, dispersal codes), the combination of 
these codes enables us to estimate impact of a transgenic species on the environment. Six 
categories of risk probability have been developed: 
1 No effect 

No related species or no compatible related species of the crop are known in Switzerland. 
Field releases of species belonging to this category are possible without any containment 
or short term monitoring. Certain transgenes have to be tested in medium term field 
experiments regarding their secondary effects on ecosystems: Sustainable resistance must 
be achieved. To reach this goal a long term monitoring is required. 

2.  Minimal effects 
No records of spontaneous hybridisation between the crop and the wild relatives are known 
in Switzerland. Field releases are possible after a thorough clarification of the 
biogeographical situation. Short term monitoring in confinements should be done prior to 
large scale field releases. Certain transgenes have to be tested in medium term field 
experiments regarding their secondary effects on ecosystems (pest and insect resistance 
genes). 

3. Low but local effects 
Gene flow occurs towards wild or feral species existing also outside agricultural 
environment and control. Release experiments should first be done in confinements and 
afterwards in small scale releases closely monitored. This statement is restricted to 
transgenes not causing enhanced competitiveness outside agricultural environment, such as 
herbicide tolerance. Any other transgenes should be carefully tested in confinements.  

4. Substantial but local effects 
Gene flow is high and substantial, but still locally controllable. Field releases could be 
done within strict confinements. A case by case analysis including the potential effects of 
the transgene is required before any field releases are done. Long term monitoring of field 
releases under strict biological or geographical confinement conditions is necessary in 
order to study competitiveness of the transgenic crop. Risky transgenes have to be avoided. 

5. Substantial and wide-spread effects   
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Gene flow is high, substantial, and widespread and will not be controllable by any means. 
No field releases of species belonging to this fifth category are possible. Medium term 
monitoring under strict confinement conditions is necessary in order to find out about 
competitiveness of the transgenic varieties. Experiments with less risky crop varieties (e.g. 
with male sterility) having the same favourable effect desired. 

6. Unknown (one of the three codes is unknown) 
More studies are needed before any field releases are done.
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Table 1: Risk categories for 22 important swiss crops 
 
  Dp code 
Df code Dd code 0 1 2 3 4 5 
0 0       
 1 Tomato      
 2 Tobacco      
 3       
 4       
 5       
1 0       
 1       
 2  beet     
 3       
 4       
 5       
2 0       
 1       
 2    Endive   
 3       
 4    Turnip   
 5      lettuce 
3 0       
 1       
 2    Cabbage   
 3    Radish   
 4       
 5    Rape   
4 0 Maize      
 1   barley    
 2   wheat  carrot  
 3   rye Chicory   
 4       
 5       
5 0       
 1 Potato      
 2       
 3  clovers     
 4      alfalfa 
 5      grasses 
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  No effect 
  Minimal effect 
  Low but local effect 
  Substantial but local effect 
  Substantial and wide-spread effect 
 
 
 
Conclusion :  
Because we know not yet enough about the potential for natural hybridisation, we must regard 
the information presented in table 1 as tentative, pending further research. The number of low 
risk crop species is probably substantial, but until further studies are conducted on a case by 
case and region by region basis, conclusions may be premature. Some species such as tomato, 
potato or maize do not appear to interbreed with wild species in Switzerland, but grassy crop 
species do interbreed freely with their wild relatives. 
 
The hundreds of small-scale field tests in order to evaluate the performance of genetically 
engineered crop varieties are up to now not designed to investigate the ecological risks of 
widespread commercialisation (1994 International Symposium on the Biosafety Results of 
Field Tests of Genetically Modified Plants and Microorganisms in Monterey, CA, USA).  
 
In order to achieve sustainability in cultivating transgenic crops, the focus should be on long 
term monitoring of several years in the same field where the transgenic crop was planted. To 
assess invasiveness, the transgenic plant’s capacity to disperse and establish in adjacent and 
nearby habitats should be investigated. 
 
If genetic exchange between transgenic crops and wild relatives has weediness potential, there 
should nearly always be evidence of this process with non transgenic crop/weed complexes. 
Recent evolution of weed beets in France [4] demonstrate the novelty and effectiveness of 
certain fitness-related transgenes. Closer attention should be paid to possible effects on free-
living wild relatives. 
 
Rigorous studies of the sexual compatibility of crops and wild relatives are clearly needed to 
determine whether escaped transgenes are likely to persist in wild populations. Further 
research is also needed to predict how escaped transgenes are likely to affect the abundance 
and invasiveness of the transgenic hybrids. 
 
Genetic exchange between crops and their wild relatives is known to have occurred in the 
past, but most often the focus of such studies has been on how the crop cultivar is affected by 
wild type genes rather than vice-versa. Very little is known about the long term persistence of 
crop genes in wild populations or the impact of fitness-related crop genes on the population 
dynamics of weedy relatives. 
 
Because Switzerland’s ecosystems do not fit with the political borderlines of Germany, 
France, Italy, Austria and Luxembourg, it is appropriate to examine outbreeding causing new 
weediness  on a more international scale, thus adding to the safety evaluation also in our small 
country. 
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Monitoring is a compromise response to environmental debates 
Environmentalists are concerned with the risks associated with transgenic crops, whereas 
many promoters of biotechnology can see only benefits [1]. As with many such debates, the 
solution is a compromise, which may satisfy neither side. One key to making both parties 
agree to such a compromise can be an effective monitoring program. From an 
environmentalist’s perspective monitoring can serve to alert the public that there is indeed an 
ecological problem, in spite of our best hopes. From a biotechnologist’s point of view, 
monitoring can substantiate that no ecological problems have been forthcoming, and that thus 
regulations should be relaxed. Monitoring needs to be sensitive enough that it triggers an 
alarm BEFORE IT IS TOO LATE. On the other hand, monitoring must not be so 
unrealistically sensitive to the point that it could never yield a verdict of safety. In this paper 
we explore the promise and limitations of monitoring for escaped transgenic plants that are on 
the verge of becoming serious weed problems. More specifically, the ecological risk at which 
our monitoring program is aimed is simply the establishment and spread of a novel plant. 
Although this is a simplistic "risk", it might well be a practical target for transgenic 
monitoring, since without spread and proliferation transgenes are unlikely to produce 
substantial impacts. 
 
The nature of transgenic modifications in agriculture and the perceived risks 
 
Many different risks have been suggested for genetically engineered crops – ranging from 
altered and impaired soil fertility, to the creation of resistant pests, to increased weediness of 
wild relatives [1,2,3,4]. We focus in this paper on the creation of new weed problems, either 
because the cultivar itself has an enhanced weedy potential when it escapes from cultivation 
as a result of some transgene, or because the transgene becomes incorporated into a weedy 
wild relative and confers more aggressive traits on that weed. Since many crops are being 
modified towards greater stress tolerance, the issue of enhanced weediness is a relatively 
general risk that warrants broad consideration with respect to agricultural biotechnology. 
Alternative "risks" may warrant different monitoring programs. But even in these different 
cases, we believe the development of any monitoring program would benefit from the type of 
exercise we illustrate in this paper. In particular, the only way of understanding how to design 
monitoring strategies is to simulate specific scenarios that one hopes to avoid, and then see if 
with sampling error and variability, monitoring actually can help avoid the undesirable 
scenarios. 
 
Analyses of plant invasions: implications for monitoring transgenic crops 
An extensive, albeit largely anecdotal, literature documents the establishment and spread of 
hundreds invasive plant species [6,7]. The patterns emerging from plant introductions and 
invasions can provide insights about what to expect when a transgenic crop either becomes 
invasive or hybridizes with wild relatives to produce an invasive weed [8]. One obvious 
feature of plant introductions is that most introduced plants do not become weeds. In fact, the 
vast majority of introduced plants fail to establish naturalized populations [9]. This should 
not, however, provide a false sense of security because those introduced plants that do 
flourish often cause immense ecological and economic damage [8].  
 
Even more disconcerting is the finding that many, if not most, of the worst invasive plants 
were deliberately introduced to provide some benefit to humans [10]. For example, in 
northern Africa, almost half of 87 naturalized plant species were deliberately introduced [11]. 
In Australia, of 463 intentionally introduced plant species, 60 became listed as weeds, while 
only four species have been found to be useful without also being weedy [12]. Finally, in the 
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United States, the U. S. Department of Agriculture (USDA) may be responsible for 
introducing most of the nonindigenous species currently identified as invasive, and in Florida, 
90% of the 94 most problematic weed species were introduced intentionally [13]. Obviously, 
intentional introductions of plants are not necessarily benign, and caution is warranted 
whenever plant genotypes are introduced to novel environments. 
 
It is Generally Impossible to Predict Invasion Success  
Complicating matters further is the lamentable reality that it is exceedingly difficult to 
identify a priori which species will cause economic and ecological problems. Lists of traits 
shared among weedy species [14] are so riddled with exceptions and ambiguities as to be 
largely useless. Indeed, a number of comparative studies have failed to identify simple, 
general predictors of invasion success [15,16,17,18]. More recently, it has been recognized 
that plant species that are successful invaders in one region are likely to be successful in 
others [19,20]. However, at least initially, this trait will not be of much use in evaluating the 
invasion potential of transgenic plants due to their high degree of novelty. Nevertheless, once 
a transgenic crop is identified as invasive in one region, it would be wise to prohibit its 
introduction to other areas and to eradicate it from places where it already exists.  
  
Time lags in plant invasions can be staggeringly long 
A striking feature of plant invasions is that some invasive species quickly become widespread 
and troublesome pests, whereas others maintain innocuously small populations for long 
periods before becoming a problem [21,22,23,24,25]. Mimosa pigra, for example, was 
introduced to Australia between 1870 and 1890 and remained a minor weed until a dramatic 
increase in the late 1970s when dense monospecific stands of M. pigra expanded over large 
areas [26]. Explosive population growth and range expansion of alien species may be 
triggered by environmental change or the appearance of favorable genetic traits in the 
invasive species [24,25]. Tamarisk, for example, was planted to provide shade to settlements 
along a central Australian river. It remained a useful and non-invasive plant for decades until 
a periodic flood dispersed tamarisk seeds to new habitats and opened up new sites for 
settlement [27]. Tamarisk then began to spread rapidly, forming dense stands and displacing 
native species. Remarkably long time lags between the time of first introduction and initial 
detection of weed spread have been documented in an extensive reconstruction of historical 
plant invasions [24]. Kowarik [24] used horticultural and floristic records dating back to 1594 
to reconstruct the invasion history of 184 woody plant species introduced to Bradenburg, 
Germany. Due to a strong gardening tradition and a rich history of floristic research, the date 
of first introduction was fairly well documented for these species, almost all of which were 
intentionally introduced. Kowarik also searched for the first record of a plant having become 
naturalized (i.e., the occurrence of non-cultivated plants). Overall, the average time lag 
between the date of first introduction and the first record announcing that the plant had 
become naturalized was an astounding 147 years.  
 
Data for invasive forbs are not as complete as those for woody species, but one of the best 
data sets comes from a reconstruction of the temporal and spatial spread of weeds in the 
northwestern United States [28]. Forcella and Harvey [28] used county and state weed records 
and herbarium specimens to construct a history of weed invasions into the northwest for five 
states and 90 different species, between 1890 and 1980. Unlike the ornamental shrubs and 
trees introduced to Germany, the date of first introduction is unknown for these weed species. 
Thus, we defined the detection lag as the time from first report of the plant until it was 
reported to have spread to 10 and 20 countries. For those species that had spread to at least 20 
countries by 1980, half required 20 years to spread to 10 countries and half took over 50 years 
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to reach 20 countries. Thus, long lags between introduction and detection of weed spread are 
found in both woody species and forbs. An important consequence of time lags in the 
detection of weed invasions is that past performance of an invader reveals little about its 
future potential for population growth and spread. 
 
Lessons for monitoring transgenic plants 
The history of plant introductions suggests that caution is warranted in the release of 
transgenic plants. Although most introduced species do not become naturalized and even 
fewer become economic or ecological pests, the majority of the most noxious weeds were in 
fact introduced to provide some economic or aesthetic benefit to humans. Further, we cannot 
predict which plant species will eventually become weeds. Certainly some modifications to 
plant traits are more likely to cause problems than others, but there simply is little about the 
target crop itself or its wild relatives that could allow robust predictions about its potential to 
become a pest. Finally, time lags in the detection of plant invasions make it difficult to 
evaluate the potential extent and effects of a transgenic weed. Some argue it is unfair that 
novel transgenic plants receive such attention, when traditionally bred plant varieties have not 
been so carefully scrutinized. We believe that history tells us all novel organisms should be 
looked at cautiously before being released into a new environment.  
 
Finally, the cost and difficulty of controlling a weed population are greatly exacerbated once 
the weed population becomes well established [23,29], and early investment may allow 
eradication that becomes impossible once a weed has spread [30]. Currently, there exists no 
reason to expect that the eradication of a transgenic weed will be cheap or easy. Thus, to 
minimize the cost of eradicating a transgenic weed, monitoring programs should strive toward 
the earliest possible detection and elimination of transgenic weeds. 
 
Using a simulation model to assess monitoring strategies 
One way of evaluating monitoring algorithms is to simulate an invasion process that is well-
specified, and to ask how well the monitoring detects an invasion early in the process. There 
are three components to our simulation: 1) the actual model of transgenic weed establishment, 
population growth, and spread; 2) a simulation of sampling the environment and then 
analyzing data from those monitoring samples and; 3) a simulation of control measures 
embarked on after an "alarm" is raised by the monitoring results. 
We describe each of these separately below, but first it is important to discuss our key 
simplifying assumptions -- both their rationale and implications. We do not intend the 
simulation to represent any particular weed invasion, but rather to indicate the general 
problems encountered when monitoring the landscape surrounding fields in which transgenic 
crops are grown. First we decided to represent the world as two distinct habitat types: suitable 
and hostile. In hostile habitats, the transgenic weed cannot live. In suitable habitats, the weeds 
can live and reproduce, but at rates that vary about some median from year- to-year and place-
to-place. Secondly, we do not track gene frequencies or hybridization events. The spread of 
"genes" will be essentially the same as that of weed phenotypes, with the exception that 
increases from low frequency could be exceptionally slow if the selective advantage of the 
transgene were recessive. Rather, our starting point is the creation of some novel weed type 
that can thereafter breed true and spread. Thus, our model is literally accurate if one imagined 
a polyploid formed by hybridization which was then reproductively isolated, and it would also 
approximate well the spread of a dominant transgenic allele. For alternative genetics, the lag 
times between hybridization and weed outbreak would be greatly enhanced relative to the lag 
times recorded in our simulations, but the monitoring principles we uncover are general to 
invasion in a variable environment. Our model and monitoring program apply generally to 
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any weed invasion with the special detail that the initial origin of the first weed innoculum is 
centered about a central source crop with exponentially declining probability as one moves 
away from the source crop.  
 
Spatially explicit plant population growth and spread in a stochastic and heterogeneous 
environment. 
We developed a cellular automata model that simulated plant growth, reproduction and 
dispersal in a heterogeneous environment (Fig. 1). Our world consisted of 10,000 total cells in 
a 100 by 100 grid. We envisioned an annual transgenic weed (which could be a feral plant or 
a closely-related weed that had acquired some fitness enhancing gene through hybridization) 
that appears randomly, with exponentially declining probability as one moves away from a 
central point. This point could be thought of as an agricultural field or valley, around which 
monitoring would be focused. When weeds appear, they then start to reproduce and spread 
from cell-to-cell. Of course, an incipient invasion could die out as well -- spread being certain 
only when the mean net reproductive rate is quite high, and variability in plant success is low.  
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Figure 1: Snapshot of a transgenic weed simulation. Patches of suitable habitat are positioned 
at random, with the farm always located at the center of the grid. Transgenic weeds escape 
and disperse close to the farm according to an exponential distribution. The weeds cannot live 
in unsuitable habitat. In suitable habitat, the weeds reproduce at a variable rate and disperse, 
with the majority of dispersal occurring locally. There is a small chance of long distance 
dispersal which can lead to more peripheral weed populations such as seen in the upper right 
portion of the picture. 
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To simplify matters, the environment is thought to consist of only two types of habitat 
patches: hostile and potentially favorable. If seeds land in hostile patches they die. If seeds 
land in favorable patches, they can survive and multiply at some variable rate. The spatial 
deployment of favorable habitats is described by two attributes: the number and size of good 
habitat patches. The actual locations of favorable habitats is determined randomly at the 
beginning of each simulation. For the habitat parameters used here (Table 1), 75% of the 
landscape was suitable habitat, on average. 
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Table 1. Values of parameters explored in the presented simulations. 
 
Parameter type Parameter  Values 
Habitat: number of suitable patches 25 
 radius of suitable patches  14 
Weed escape: a, number of escaping weeds per year 0.05, 0.1, 1.0 
 1/b, mean distance escaping weeds disperse 5 
Weed life history: r, median net reproduction 1.3, 1.6, 1.9 
 temporal coefficient of variation 1.3 
 spatial coefficient of variation 1.3 
 h, proportion seeds remaining in parental cell 0.699 
 n, proportion seeds dispersed to eight  

 neighboring cells with uniform probability 
0.3 

 g, proportion seeds dispersed globally with  
 uniform probability 

0.001 

Monitoring: number of cells sampled 25, 50, 100, 200, 400 
 1/d, mean distance of sampled cells from farm 10 
Control: K, threshold number of sampled cells  

 occupied to initiate herbicide spray 
2, 10, 20 

 probability all plants in a cell die when  
 sprayed 

0.8 
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We imagine each year the possibility of an escape or hybridization at a rate, a. Thus, if a = 
0.5, there may be an escape and colonization once every other year, on average. To position 
the escaped plant on the landscape we assumed it would most likely fall close to the source 
according to the exponential curve: distance = -ln(x) / b, where x is a uniform random deviate 
between 0 and 1, and 1/b is the mean distance of seed or pollen flow away from the source. 
We imposed the additional limitation that colonization is restricted to favorable habitat. Thus, 
the actual annual probability of escape depends on the random arrangement of habitat patches 
as well as the parameters a and b, described above. 
After the plant has appeared, its "weediness" is captured in the following life history 
attributes: 1) the median number of offspring plants produced per "cell" in a favorable 
environment; 2) the fraction of offspring dispersed away from their natal site; and 3) to what 
extent dispersal is local (only to neighboring cells) versus global (spread randomly with 
uniform probability across the entire landscape). Each cell may contain a breeding population 
of plants, and the model ignores within-cell population dynamics. The median reproductive 
rate varies from year to year according to a lognormal distribution with specified coefficient 
of variation (cv). Once a yearly median has been selected, the net reproductive rate also varies 
from patch-to-patch, again according to a lognormal distribution with a specified cv. To select 
realistic cv values we calculated the spatial and temporal cv's for the fecundities of transgenic 
varieties of oilseed rape reported by Crawley [31]. For the simulations reported here, we set 
both the spatial and temporal coefficients of variation to 130%, well within the range of cv's 
we calculated from Crawley's data. 
The net reproductive rate per cell results from growth, survival, and seed production. Thus, 
when we indicate a net reproductive rate of two, that does not mean only two seeds are 
produced, but rather that two seeds germinate, survive, grow, and live to reproduce 
themselves in the next generation. We assume there is no seedbank, an assumption that makes 
control of the weed easier, and that slows the spread of the weed in a variable environment 
(since seed banks can help populations survive poor reproductive years). 
In summary then, the invasion process for our hypothetical escaped transgenic entails the 
following factors: first, establishment of either a feral plant or a new hybrid weed is a function 
of the mean dispersal rate for transgenes away from central crop. A potential escapee is 
emitted from the source every 1/a years, on average, but whether or not this potential escapee 
can establish depends on whether it lands in suitable habitat. The habitat is characterized by 
the number and size of favorable habitat patches. Life history traits of the transgenic weed 
include: the median net reproductive rate in favorable habitat (r), temporal and spatial cv's, 
the proportion of seeds that stay "home" in the parental cell (h), the proportion of seeds that 
are spread randomly but with uniform probability among the surrounding eight immediate 
neighboring cells (n), the proportion of seeds that disperse globally (g = 1-h-n) over the 
landscape. All of these factors could in theory influence the effectiveness and feasibility of 
different monitoring schemes. Each simulation was run for 100 time steps, and we ran 100 
replicates for each combination of parameter values (see Table 1 for a complete list of 
parameter values explored here). 
 
Spatially explicit monitoring simulations 
Layered on top of this invasion process, we simulated a spatially-explicit monitoring scheme. 
The key features characterizing this monitoring scheme are the total monitoring effort (the 
number of cells sampled) and the spatial distribution of samples. For the simulations 
presented here, sampling occurs every year and we assume that sampling within a cell is 
completely accurate: if a weed population is present, it is detected, and any time a weed 
population is detected, it is truly present.  
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Sampling sites are randomly chosen with distance from the 'farm' described by an exponential 
distribution, -ln(x) / d, where x is a uniform random deviate between 0 and 1, and 1/d is the 
mean distance of sampled cells from the farm, with the additional limitation that sampling is 
restricted to favorable habitat. Thus, the degree to which sampling sites are concentrated 
around the source crop depends on the mean distance of sample sites from the crop and the 
random arrangement of habitat patches. The arrangement of sample stations remains fixed for 
each run of the simulation. 
 
Simulating control measures 
Here we consider a simple scenario of how managers might decide to implement control 
strategies. Control is attempted any time the number of sampled cells that are occupied by 
weeds exceeds a threshold K, with K being a variable that is altered for different simulations. 
This simple trigger for control action is practical and biologically sensible: control is 
implemented as soon as the weed infection exceeds some threshold level. This rule does not 
require sophisticated statistics, and would be easy to implement. 
Once the weed population exceeds the threshold level, all cells of patches where breeding 
weed populations were detected are 'sprayed' with a herbicide before reproduction occurs. The 
effectiveness of this control method is given by the probability of killing all the plants within 
a cell, p. For the simulations presented here, p is held constant at 0.8. In other words, there is 
an 80% chance that the entire weed population within a cell will be wiped out by each 
herbicide application. We do not consider sub-lethal effects of herbicide application here.  
 
An important consideration of developing a control strategy is the cost. The total cost of 
control is a function of the number of cells treated times the cost per cell, with the cost per 
cell given as the cost of the herbicide and application times the number of herbicide 
applications per year. In addition to how many cells are treated with herbicide, there is also 
the question of which cells are treated. Which cells are treated does not alter cost, but is 
something worth examining from a strategic point of view [22]. We examine both cost 
effectiveness and alternative control strategies in Marvier and Meir (in preparation). 
 
Structure of our model analyses and synthesis 
By combining simulated invasions with simulated monitoring programs, there are several 
practical questions worth exploring. First, are there some combinations of life history 
attributes for invasive weeds that make monitoring essentially a losing battle? Second, are 
there general principles of efficient monitoring design? or do these principles vary with the 
details of weed life history? We present our results in three stages. First, we show at what 
stage monitoring programs detect an invasion problem given particular sampling designs and 
the biological attributes of invaders. Second, we display how the severity of invasions, 
measured by total area "infested" by weeds, depends on life history of the weeds and the 
design of monitoring and control strategies. Third, we examine how the frequency of 
monitoring failures and the frequency of "false alarms" vary with different monitoring 
programs and various triggers for action. Lastly, we synthesize these results into general rules 
of thumb for monitoring programs. 
 
How does the design of monitoring programs interact with biology to produce average year 
after initiation at which a weed is detected? 
Because "detection lags" are such an inherent feature of ecological invasions, it makes sense 
to summarize the results of alternative monitoring programs in terms of the average delay 
before a weed is detected. The time to first detection is actually the sum of 1) the time until 
weed escape and 2) the time from first escape until first detection via monitoring. Thus, we 
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explored how various weed traits and monitoring parameters influence time to escape as well 
as the overall time to first detection.  
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Figure 2: Time to first detection of a transgenic weed. The three columns of graphs compare 
how time to detection is affected by: a. the median net reproductive rate of the weed; b. the 
number of cells monitored; and c. the number of weeds escaping from the farm each year. The 
top graphs are cumulative frequency distributions of time from start of a simulation to first 
detection of a transgenic weed; middle graphs show average time to first successful weed 
escape; and bottom graphs show average time lag between first successful weed escape and 
first detection of the weed via monitoring. Simulation runs where no weeds were ever 
detected were omitted, and the threshold for spraying was 10 cells occupied. 
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The weed's median rate of net reproduction has essentially no effect on the time to first 
detection (Fig. 2a, top). This parameter describes the rate of weed reproduction after it has 
successfully escaped and therefore has no effect on the time of first escape (Fig 2a, middle). 
More surprisingly, changes in net reproduction also had little effect on the duration of the lag 
between escape and detection (Fig 2a, bottom). Time to detection of a transgenic weed is 
slightly longer when monitoring effort is low (Fig. 2b, top). The time of first weed escape is, 
of course, independent of the number of cells sampled (Fig. 2b, middle), but increased 
monitoring effort can strongly reduce the time lag between escape and detection (Fig. 2b, 
bottom). The variable that most strongly affected time to detection is the rate at which weeds 
escape from the farm (Fig. 2c, top). This is largely caused by differences in the time to first 
escape (Fig. 2c, middle) rather than changes in the lag between escape and detection (Fig. 2c, 
bottom).  
 
How do biological attributes and monitoring protocols influence the extent of weed 
infestations? 
We investigated how two biological attributes of the transgenic weed, the median rate of net 
reproduction and the number of weeds annually escaping from the farm, affect the final size 
of the weed infestation. Both of these weed traits strongly affect the size of the weed 
infestation, measured as the number of cells occupied at the end of a simulation run (Fig. 3a). 
However, either reducing the threshold for herbicide spraying (Fig 3b) or increasing 
monitoring effort (Fig. 3c) can greatly limit the final extent of weed infestation.  
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Figure 3: Spatial extent of infestation. The average number of cells occupied by weeds at 
time step 100 as a function of the weed's median rate of net reproduction (r). Lines compare 
how final infestation depends on: a. the number of weeds escaping the farm each year; b. the 
threshold number of occupied cells (K) before herbicide spray is initiated; and c. the number 
of cells monitored each year. 
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How do the "rules "of monitoring and control affect the likelihood of monitoring success 
and the frequency of false alarms? 
For monitoring to be successful, the final infestation should be small. Here, we have 
arbitrarily defined a monitoring failure as a final infestation of greater that 100 cells occupied. 
Although we would optimally want the weed population to be consistently contained, 
examining the final time point of the simulations allows us to estimate a probability of 
containment. The probability of a monitoring failure depends strongly on the net reproductive 
rate of the weed (Fig. 4). For weeds with high reproductive rates it is very important that 
monitoring is intensive (Fig. 4a). However, there is a point of diminishing returns, and 
certainly the economic costs of extensive monitoring may outweigh the improvements in weed 
containment. Similarly, for weeds with high reproductive rates, lowering the threshold for 
herbicide spray can reduce the probability of monitoring failure (Fig. 4b). 
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Figure 4: Frequency of monitoring failures. Failure is defined as more than 100 cells 
occupied at the end of a simulation run. Frequency of failure from 100 replicate runs for 
weeds with different median rates of net reproduction (r) as a function of: a. the number of 
cells sampled each year; and b. the threshold number of monitored cells that must be occupied 
by weeds to initiate herbicide spray (K). 
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Of course, increasing sampling effort and lowering the threshold for herbicide spray can also 
increase the frequency of "false alarms", where herbicides are sprayed even though a weed 
problem is unlikely. Here, we have calculated the frequency of false alarms as the difference 
between the number of runs in which herbicide was sprayed given particular monitoring rules 
and the frequency of failures in the absence of spraying (Fig. 5). The frequency of false 
alarms is quite insensitive to changes in the median reproductive rate of the weed (data not 
shown), but is strongly affected by the design of the monitoring program. In particular, low 
thresholds for herbicide spraying cause many false alarms regardless of the number of cells 
sampled. For high spray thresholds, larger sample sizes increase the number of false alarms. 
However, the combination of high thresholds and low sample sizes is a particularly poor 
strategy causing spraying to be initiated far too infrequently.  
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Figure 5: Frequency of false alarms. False alarms are calculated as the number of runs where 
spraying was initiated minus the frequency of outbreaks in the absence of spraying. Negative 
values indicate that spraying was initiated less often than outbreaks were occurring. 
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Rules of thumb for designing effective monitoring 
Because detection lags can be quite long, effective monitoring will require many years of 
sampling. Obviously, there will be enormous pressure to discontinue monitoring efforts if no 
weeds have been detected after long periods of monitoring, especially if monitoring has been 
intensive. However, long time lags are well documented both in our simulations and in the 
plant invasion literature. In our simulations, a transgenic weed might not be detected for more 
than 90 years after the transgenic crop is first planted. In addition, sampling effort had 
relatively little effect on the duration of the time to first detection of a weed. The things that 
do affect the time to detection, such as movement of pollen and seed dispersal from the farm, 
are difficult to assess. 
 
In order to guarantee detecting a problem “before it is too late” one might either emphasize 
extremely low triggers for an alarm to be raised (a low threshold in our simulation), or 
alternatively more extensive spatial coverage for the monitoring effort. Our simulations 
clearly indicate that over low ranges of sampling effort more spatial coverage enhances the 
effectiveness of monitoring as a trigger for successful control, but that these benefits of ever 
increasing sampling effort progressively diminish. The benefits of low triggers for an alarm to 
be raised are less robust – they can be dramatically influenced by the multiplication rate of the 
weed, and are most striking if population multiplication is quite high. This provides very 
practical guidance to regulatory agencies – the best guarantee of safety is widespread 
sampling in all cases, and a low trigger for an “alarm” if population growth rates are 
extremely high. 
 
Lastly, the change in fitness due to a transgene may often appear incremental. For example, it 
is not clear whether a 5% or even 10% increase in fitness would seem like much of an 
increase. However, we suspect that for any suite of life history traits and environmental 
suitability, there is some threshold for net reproduction, which once surpassed, makes 
monitoring and control essentially hopeless. For example, in Figure 4 it is evident that once 
net reproduction rises from 1.6 to 1.9, the frequency of monitoring failure becomes 
unacceptably high (certainly a 30 out of 100 frequency of failure would not be accepted by 
anyone). Where this threshold is will be difficult, if not impossible to predict. But the point is 
that the assurance of only small increases in fitness due to a transgene may be no assurance at 
all.  
  
Can monitoring provide substantial risk reduction for transgenic crops? 
Clearly monitoring, followed by control measures can offer substantial reduction in the risk of 
weedy invaders escaping and sweeping across our landscapes (Figure 3, comparing “no 
spray” versus monitoring plus various spray thresholds). Just as clearly, there are 
circumstances in which monitoring is doomed to failure, or for which extremely broad spatial 
sampling is required. We are in the process of exhaustively exploring a wide range of options 
for monitoring and control programs in the context of different plant life histories and 
environmental conditions. No matter what, risk is substantially reduced by any reduction in 
the number of seeds (or genes) escaping from source crops. Agronomic practices that 
minimized this escape could combine with monitoring as a complete risk management 
strategy. The greatest need for study now is the characterization of temporal and spatial 
variability in the environment (with respect to annual plant multiplication), and of dispersal 
potential (see contribution by Klinger).  
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Discussion session 4: Monitoring methods 
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Jarle Tufto 
Why should you not release genetically modified alfalfa when the hybrid has a herbicide 
resistance gene or whatever. What is the problem? 
 
Pia Rufener Al Mazyad 
Alfalfa is a perennial and it seems to be very invasive in Switzerland. Anywhere you have 
once cultivated alfalfa you can find it several years later. I wanted to show you, that the wild 
relative, the yellow one, the sickle medic (Medicago falcata) is on a decline and needs 
protection. 
 
Klaus Ammann 
It is just a question whether you want to have transgenes in a range of about 20 different 
species with a mostly southern European distribution. Yes, for some transgenes I wouldn’t 
care but for others  we don’t know what effects they will have. I feel uneasy about high gene-
flow plants to be transformed in the years. If we can avoid it, we should do so. Alfalfa is very 
good crop plant anyway and it doesn’t need a lot of dramatic enhancement.  
 
Jan Carel Zadock 
You say, that M. falcata is changing, because of introgression and I want to know when is a 
M. falcata no longer a M. falcata plant ? 
 
Pia Rufener Al Mazyad 
Even Linné had this problem. The description of the characters is defining M. falcata and 
separating it from hybrids. My small experiments in the botanical garden crossing alfalfa pure 
breeding M. falcata showed, that plants from F1-hybrids back-crossed to the parents were 
really weak and had a low fitness. When pure breeding M. falcata is crossed with hybrids it 
looses fitness and therefore there is decline of M. falcata in the population. We also found 
populations with few M. falcata and a large range of hybrids. But the pressure on the plants of 
M. falcata described here has no connection genetic engineering. 
 
Jan Carel Zadok 
In the ethical considerations we often think about the integrity of the species. Now, is the 
integrity of the species of M. falcata damaged when the colour is braking into pink ? I doubt, 
but if the multiplication possibilities are hampered, then the integrity of the species is 
damaged. 
 
Simon Barber 
It seems to me from the last presentation that a risk assessor in any country would be very 
pleased to have the sort of information available as just presented. This is a very basic 
information, which we need. It is based on taxonomy which I think today it is a science that 
perhaps is not upon too favourably, but I see it as the absolutely key knowledge for  anybody 
having to make sensible science based decisions. 
 
Gösta Kjellsson 
In Scandinavia or at least in Denmark and Sweden we tend to have some differences between 
the pure M. falcata and the hybrids. The habitat for pure M. falcata is very sandy soil and 
hybrids tend to be more ruderal where they occur. Anyway, this is according to the traditional 
taxonomists and the way they see this species. Were there differences in habitat choice 
between the hybrids and the pure M. falcata in your study ? 
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Pia Rufener Al Mazyad 
The differences among habitats were, that more M. falcata and hybrids were found together 
on poor soil. Nutrition could be a factor. We did not have a pure zone of M. falcata and mixed 
zones with the hybrids. 
 
Les Lewidov 
Klaus Ammann, you concluded that no release of transgenic alfalfa will be acceptable. I 
would like to make this explicit. P. Dale asked, what is the baseline of acceptability. If a 
transgenic insecticidal plant causes no more harm than caused by chemical pesticide then 
perhaps it is acceptable. In this session we have to focuse on the variation around the baseline. 
If understanding your conclusion correctly, your baseline of acceptability is literally the 
present form of genetic diversity in alfalfa and all its weed relatives and its particular form of 
diversity must not be contaminated by any gene which wouldn’t otherwise have spread in the 
populations.  
 
Klaus Ammann 
As long as we do not have more long-term experience with transgenes jumping around I 
would like to see crops with a really maximum and high gene-flow be banned from being 
transformed. 
 
Phil Dale 
I would like to get on to dealing with monitoring, because this is the really important thing.  
 
Glynis Giddings 
I think the one line of research which we sometimes forget about, particularly with regard to 
invasive species, what an invasive species does. Does it damage perhaps by marginalizing 
other species in the environment and how many species are important, how important is 
biological diversity for maintaining community life support systems. The research has only, 
with a few exceptions, just really started and I think it will be important both for transgenics 
and for further issue in ecology. 
 
François Pythoud 
Regarding monitoring methods there are three basic questions. When do you do monitoring, 
how do you do monitoring and why do you do monitoring. The first presentation showed us 
that we can do monitoring, the methods are available. The second presentation was for me a 
clear case where monitoring is needed in case of high gene flow. But my question to Klaus 
Ammann is how can you justify a ban on transgenic crops with high gene flow with the 
argument of lack of Knowledge on a long term basis ? This way you will never ever be able to 
achieve long term experience ? 
 
Klaus Ammann 
This must be a misunderstanding: My plea is for a delay of mass releases and a continuation 
of experimental and cautiously done field releases. My baseline of non-acceptance is, as long 
as we lack long term experience, all transformation into crops with an extremely high gene 
flow, such as alfalfa and wild grasses. Oil seed rape is not belonging to this category, but still, 
some precaution is necessary. 
 
Henri Darmency 
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I have a comment on the first speaker today so it would break discussion. You said that a gene 
is not expressed so there is no concern. When not expressed you can have mutation, this 
means evolution, because the gene is not used. This needs monitoring tools. So you must 
come back to the information, that mean to DNA, PCR and something like this. 
 
Georg Karlaganis 
It was mentioned, that alfalfa is a high gene-flow plant and my question is, how high is high 
gene-flow ? Can you suggest general parameters, which make this differentiation between 
high, medium or low gene-flow also for non-specialist-understanding. 
 
Klaus Ammann 
It is actually the Dutch-group with van der Meijden who invented this classification-system of 
pollination gradients and seed-dispersal and frequency of a given crop in a given region, and 
in each of these three cases we have now defined five classes (in aberration to the dutch 
system). One of the prerequisites of a 5,5,5 plant, the highest risk class, is for instance easily 
reproducing hybrids with viable seeds and extensive populations on hybrids, which is the case 
for alfalfa in Switzerland. Seed dispersal is not particularly high, but human activity is helping 
here. And you cannot deny that this plant is frequently cultivated here in Switzerland. The 
result is a crop with a high gene flow in Switzerland. 
 
Oostermeijer Gerard 
Three comments on the Dutch study, K. Ammann just mentioned.  
When Ruut van der Meijden  and Femke Frietema de Vries have started that study, where 
they have been looking at actual data on out crossing on hybridization that they could find in 
herbarium material.  
A second comment: Dutch regulators regard transgene flow per se not as a risk. Only in case 
of data showing negative effects the scheme developed by van der Meijden should come into 
place. 
A third comment about monitoring. I think that we can talk about monitoring very easily at 
the moment when we still have very simple transgenic plants with very well straight forward 
constructs in them. I think in another ten years the constructs will be much more complicated, 
that will be genes that are put together with much more sophisticated regulatory elements 
around them and then your monitoring-questions might be different compared to these which 
you ask today. 
 
Glynis Giddings 
I would like to really address this. I wondered whether it was possible to search the databases 
and come up with a long enough unique site, which we might use as a motif when we put in 
transgenes, for later identifying for the DNA test, but it might be a crazy idea. 
 
Andreas Seiter 
This has been proposed and the companies had already started to design specific probes which 
should be put into the transgenes. However, a company is not eager to do so, because there is 
also the chance of misuse of these things. 
 
Kornel Burg 
It is not necessary to put in any extra. There are already unique sequence-combination in 
transgenes like the promoter gene, border sequence and so on, which could be used for 
monitoring. We are using this sort of sequences to monitor transgene-sequences in raw and 
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prepared food-products. If a company wants to bookmark the product, this is possible, as it is 
anyway unique. 
 
Hannes Richter 
Is it possible to monitor if you get soybeans in tons and there is only one percent of 
genetically modified or how many kilos do you need of product to detect by a PCR-product ? 
What is the limit which you can detect ?  
 
Thomas Nickson 
I am a littel confused since I thought we are actually talking about ecological risk assessment 
in this symposium and this is actually a question about food and feed matters. But let me give 
here a general answer, which leads back to what we actually should debate here: 
No matter what analytical method you may use,  it has to be appropriate, it has to be specific 
to the question and has to be valid. And by valid, I mean, that the method has to be precise, 
transferable and reproducible.
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Introduction 
In a seminal publication ten years ago, editors John Hodgson and Andrew Sugden brought 
together papers from ecologists and biochemists regarding the "Planned Release of 
Genetically Engineered Organisms" [1]. At the time, experimental and commercial releases of 
transgenic organisms were anticipated, but few actual releases had occurred, so most of the 
ecological treatments were speculative, drawn from first principles, or couched in 
hypothetical terms. Even so, it is worth noting the prescience of some of the contributors. For 
example, Regal [2] argued that "Genetic engineering is improving at an astonishing pace and 
it is likely that biotechnologists will be able to produce a class of organisms that is viable in 
nature and does not consist of crippled freaks." Indeed, at this time, barely 10 years after that 
statement was written, it is difficult for some to remember that not long ago the products of 
biotechnology were expected by many to be so crippled as to be nonviable in nature. 
 
Genetic engineering for crop improvement has advanced quickly in the past decade. 
Agronomic field tests of genetically engineered organisms, and particularly genetically 
modified plants, have increased exponentially over this same period. In the United States 
alone, more than 2000 field trials had been conducted as of 1996 [3]. And although the 
number of ecologically-based trials of various transgenic and nontransgenic entities also 
increased over this period, there has emerged no consensus regarding the risk of ecological 
detriment posed by the commercial release of transgenic products. 
 
Our purpose here is to 1) review the evolution of ecologically-based field trials of gene flow 
by pollen as they relate to risk assessment; 2) comment on the efficacy of such trials; and 3) 
suggest improvements to existing methodologies. We restrict ourselves to consideration of the 
hazards posed by gene flow by pollen, and do not discuss other means of transgene escape 
(e.g., through direct escape and establishment of transgenic cultivars), although we realize 
that the ecological effects of transgene escape by various means will not be wholly separable. 
It is important to point out that our review of the topic is not exhaustive, but we do intend that 
it be representative. Throughout, we have tried to distinguish between relevant processes (e.g., 
hybridization, persistence, spread) and factors that will influence or modify such processes 
(e.g., multiple source populations, repeated introductions, population size, etc.). Variability in 
both of these will contribute to uncertainty in the estimation of risk.   
 
Hybridization 
Spontaneous hybridization is known to occur between a variety of traditional crops and their 
weedy or wild relatives (e.g., [4-13]). From what is now known of the inheritance of many 
engineered genes as single-locus Mendelian traits [14], it must be expected that similar 
hybridizations between engineered crops and their wild relatives will occur in many crop-
weed systems. Indeed, spontaneous hybridization between genetically engineered crops and 
their weedy relatives with consequent production of viable transgenic hybrids has already 
been documented between Brassica species in diverse settings on two continents [15-18]. 
 
Given the existing evidence, new gene flow studies should seek to demonstrate the potential 
for hybridization in those crop-weed systems for which no hybridization data exist. Gene flow 
will not present a significant ecological hazard in all crop-weed systems, and it is therefore 
important to know which systems are inherently hazardous. Further, and more importantly, 
new gene flow studies should seek to determine the rate of transgene introduction to wild or 
weedy populations. The rate of gene flow is important because it will influence both the 
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persistence and spread of transgenes in the wild, and these are factors of serious ecological 
concern.  
 
Rates of hybridization  
Although many studies have demonstrated the occurrence of hybridization, few have 
estimated actual rates of hybridization. Kareiva et al. [19] have pointed out that measures of 
hybrid frequency at distance are insufficient indicators of the probability of distance-
dependent gene flow; instead, the proportion of hybrid seeds as a function of distance from 
the crop provides a more informative measure. 
 
In a recent study, Timmons et al. [20] measured airborne pollen densities at distances of up to 
2.5 km from fields of oilseed rape over a three-year period. The distance-dependent 
proportion of transgenic hybrids in wild populations was estimated from pollen densities, and 
these estimates were supported with progeny analysis of wild plants. The characteristic 
dispersal distance for transgenic pollen in this setting was calculated to be 128-172 m, far 
greater than previous reports for this (and other) species, suggesting that significant amounts 
of pollen can travel comparatively long distances. 
 
Multiple source populations 
The dynamics of gene flow to wild or weedy populations from multiple source populations 
has rarely been accounted for in field trials or models (but see [20]). Indeed, Kareiva et al. 
[19] noted with reference to their model that the presence of multiple pollen sources would 
make analysis difficult. The presence of multiple transgenic pollen sources is, however, 
highly likely in commercial settings where a single crop comprises the dominant agricultural 
product within a region. In such regions, multiple plots of transgenic cultivars will almost 
certainly be grown in adjoining or adjacent fields, all within pollination distance of the same 
wild or weedy relatives. We expect that where multiple source populations exist the rate of 
introduction of transgenes to weedy or wild populations will increase. The rate of introduction 
will be sensitive to a number of variables, including the number, size, and distance of source 
populations. Clearly, the configuration of source populations relative to recipient populations 
constitutes a critical variable that will change with each application and over time. Therefore, 
levels of predictability when multiple-source populations are present will be low.  
 
Of additional concern in this context is that, among multiple source populations, each could 
bear different genetic constructs. Thus, the potential for simultaneous escape of more than one 
transgene could make management and eradication efforts substantially more difficult. 
Further, where multiple transgenic source populations are present, the potential for crop-crop 
gene flow is substantial. Crop contamination has ramifications for environmental safety in 
that crop-crop matings could produce, in a single generation, offspring that carry multiple 
transgenes of unintended combined effect that are capable of hybridization with wild plants, 
thereby serving as stepping stones for gene escape.  
 
Repeated introductions 
The potential effects of repeated introductions of transgenic products have received little 
attention. Repeated introductions are likely to increase the probability of gene escape for at 
least two reasons. First, continuous gene flow into recipient populations could overcome the 
effects of selection against the transgenic hybrid phenotype. Second, the extensive literature 
on introduced species indicates that most introductions fail to result in the establishment of 
new populations [21]. However, each new introduction of a species (or transgene) constitutes 
an independent trial, providing a new opportunity for establishment. Given spatial and 



   

 188

temporal variability, repeated introductions will increase the probability of unintended gene 
flow. Thus, in agricultural settings where the same crops are regularly replanted in the same 
fields, the potential for successful introduction of transgenes to wild populations will increase 
with the number of field releases. 
 
Effects of donor and recipient population size 
The effects of population size on the movement of transgenes from crops to wild plants are 
poorly known. To date, most field trials designed to estimate gene flow from crops to wild or 
weedy relatives have utilized variously-sized donor populations and small, often isolated or 
patchy recipient populations. The use of small recipient populations is presumably based on 
the expectation that wild or weedy plants growing within mating distance of an agricultural 
crop will comprise volunteers or accidental occurrences that are few in number. However, not 
all potential applications are adequately described by the use of large donor populations and 
small recipient populations. For example, both donor and recipient populations may be large, 
as is likely for some applications of genetically modified silvicultural species (e.g., spruce, 
aspen, Douglas fir) in regions where wild or unmodified congeners are abundant. 
Alternatively, donor populations may be small in comparison with their recipient populations 
(e.g., small-scale or subsistence farming of a crop within its center of diversity), or donor and 
recipient populations may both be small (e.g., small-scale farming in areas where congeners 
are scarce). Each configuration (large-to-large, large-to-small, small-to-large, and small-to-
small) will have consequences for the transmission and persistence of engineered genes in the 
wild. Explicit tests of the effect of population size therefore are necessary.  
 
Because little empirical evidence exists concerning the problem of transmission of engineered 
genes relative to population size, we look to the broader literature ([22, 23] and references 
therein) for general predictions. Clearly, the amount of pollen released constitutes a first 
critical variable. In this context, the size of the pollen population (i.e., the total number of 
pollen grains released) is more important than the number of plants in the donor population. 
Although the total amount of pollen released will generally increase with the size of the donor 
plant population, pollen abundance will be modified by mating system, pollen vector, timing 
of harvest relative to flowering phenology, and selected or engineered traits that alter pollen 
production. Large pollen populations will increase the likelihood of successful pollination of 
wild or weedy plants for the obvious reason that mate encounter is a function of density. 
Large pollen populations therefore present a relatively higher level of risk than do small 
populations.  
 
More difficult to predict are the effects of recipient population size. Gene flow will generally 
increase as the recipient population decreases in size, because in small populations there are 
fewer potential recipients for a fixed amount of crop pollen, and because pollinators will 
effect fewer intrapopulation matings within small populations [23]. Therefore, the proportion 
of seeds sired by crop pollen will tend to increase in small recipient populations, though the 
number of hybrid progeny will be limited by the number of ovules available for fertilization. 
Conversely, gene flow will generally decrease in large recipient populations because a smaller 
proportion of seeds will be sired by crop pollen, though this could in fact constitute a large 
number of seeds because of the large number of ovules available for fertilization. Thus, high 
rates of gene flow into small recipient populations could result in fewer hybrid progeny than 
comparatively lower rates of gene flow into large recipient populations. 
 
New theoretical work indicates that the probability of fixation of beneficial mutations will 
depend on changes that occur in population size [24]. These results might be extended to the 
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case of agricultural transgenes if one equates new mutations with the introduction of 
transgenes to wild populations via hybridization, suggesting that the probability of fixation of 
beneficial transgenes introduced into wild populations will be sensitive to changes in the size 
of the recipient population. Further, the probability of fixation will depend on the number of 
copies of the transgene introduced into the recipient population, with more initial 
introductions (i.e., greater rates of gene flow) leading to a higher probability of fixation.  
 
Effects of population size: Specific examples  
Ellstrand et al. [25] estimated gene flow between several small populations separated by 255-
400 meters and larger populations at distances of more than 650 meters. They found that the 
size of the donor population had a greater effect on gene flow than did interpopulation 
distance alone. Manasse [26] tested gene flow from a small donor population (n=16) into 
small recipient populations of two sizes (n=4 and n=16). She found no effect of population 
size on hybridization rate. Conversely, Klinger et al. [12], using a larger donor population and 
recipient populations of one, two, and nine individuals found a significant effect of recipient 
population size on hybridization. At the crop margin, populations of one or two individuals 
produced more hybrid progeny than populations of nine at the same distance. This effect was 
reversed at a distance of 400 meters, where populations of nine produced more hybrids than 
populations of one or two. This result could reflect the combined effects of the number and 
position of available mates and the ability to attract pollinators. In any case, it should be noted 
that even a population of nine constitutes a relatively small recipient population, and that wild 
or weedy populations in commercial settings will often be much larger. 
 
Goodell et al. [27] measured gene flow as a function of recipient population size, distance 
from multiple pollen sources, and cross-compatibility among mates. They found that 
populations of two experienced greater gene flow than populations of five or more, that gene 
flow into populations of two was negatively associated with distance to larger populations, 
that gene flow was significantly affected by compatibility between mates, and that significant 
interactions occurred between factors. These results imply that distant-dependent gene flow 
will be sensitive to a number of variables, which could render predictions of gene flow in 
natural settings difficult or unreliable.  
 
Effects of 'scaling up' 
The effects of population size on gene flow must be considered in extrapolation of 
experimental results to commercial applications. As noted earlier, most trials designed to 
estimate gene flow have utilized small recipient populations and experimental donor 
populations that are smaller than their fully-commerical counterparts (but see [20]). The most 
significant effect of increasing the size of the donor population will be an associated increase 
in the size of the pollen population. Similarly, increasing the size of the recipient 
population(s) will increase the number of ovules available for fertilization. Therefore, gene 
flow could be expected to increase as the scale of release increases. Significantly, Timmons et 
al. [20] found that the characteristic dispersal distance for oilseed rape pollen increased from a 
previously-reported value of 2.3-8.8 m to 128-172 m when commercial-sized fields and more 
intensive monitoring efforts were employed. Clearly, the dynamics of crop-weed gene flow 
will best be described by the use of commercial-sized plots in relevant agricultural settings, 
and new studies should take this into account.   
 
Sources of variability and problems in estimation of gene flow  
Sources of variability in gene flow by pollen include species and cultivar composition and 
genotype, size and geometry of donor and recipient populations, specific habitat or 
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environment, plant density, season, year, pollen vector and pollinator species composition, 
pollinator behavior, flowering phenology, and mating system. Variability introduced by these 
factors will limit the utility of single trials in generalizing to multiple applications, and could 
in some cases lead to underestimates of risk.  
 
Further, the occurrence of low-frequency, large-magnitude pollination events could 
substantially increase the difficulty of assessing risk associated with the release of transgenic 
crops. The occurrence of exceptional pollination events has now been demonstrated in several 
studies, though their importance often has not been fully appreciated. For example, Klinger et 
al. [11] reported high variance in the frequency of the crop marker among pollen recipients 
400 m distant from a crop of non-transgenic Raphanus sativus. Subsequent review of the 
original data showed that within one plot of nine plants, a single plant accounted for 37% of 
all the crop-sired pollen at that distance, with 39% of its progeny testing positive for the crop 
marker. In comparison, three of the plants in the same plot produced no crop-sired seeds, and 
five others produced between 3% and 19% crop-sired seeds. A second, separate plot of five 
recipients at the same distance from the crop produced no crop-sired seeds at all. Differences 
between plots at this distance were likely related to the directional (i.e., non-random) 
movement of pollinators. Differences between plants within a plot were probably attributable 
to differences in pollinator attraction (e.g., flower color) or interplant compatibility. Results of 
a second experiment in the same field the following year showed another large-magnitude 
pollination event, but in a different plot and position [12]. Within a plot of nine recipient 
plants 200 m distant from the crop, four plants showed no evidence of weed-crop 
hybridization, three others showed hybridization rates of 2.8-5.5%, and a single plant 
exhibited a hybridization rate of 26%. Hokanson et al. [28] reported a similar finding for 
Cucumis sativus, in which a single plot of recipient plants 50 m from a donor plot showed a 
donor-recipient hybridization rate of 38%, in contrast to seven other recipient plots at the 
same distance that showed no evidence of hybridization. Other examples of unusual 
pollination events at distance were reported for crop sorghum x johnsongrass hybrids [6], 
sunflowers [4, 29], millet [30], and engineered cotton [31]. Species- and cultivar-specific 
variability in hybridization rates have also been reported. For example, Langevin et al. [13] 
found that hybridization rates between five rice cultivars ranged from 1% to 7.36%, while a 
sixth cultivar showed a hybridization rate of 52.18%.  
 
High variability in gene flow among replicate plots at a single distance and between 
individual plants within a plot suggests that the use of average rates of gene flow could result 
in negative bias in the estimation of risk. That is, low-frequency, large-magnitude, or 
exceptional pollination events could introduce genes into wild populations at rates far 
exceeding those predicted from measures of average gene flow, creating isolated 'hot-spots' of 
transgenic hybrids. These hot-spots could contribute disproportionately to the spread of 
transgenes, because the frequency of the transgene will be disproportionately greater within 
them. The occurrence of exceptional pollination events therefore must be considered in the 
selection and application of models used to estimate the relationship between gene escape and 
distance from a source crop. As noted by Kareiva et al. [19], selection of appropriate models 
for risk assessment will often entail a compromise between underestimating short-distance 
gene flow and overestimating long-distance gene flow. From our perspective, model selection 
should be biased towards those that are best able to accommodate long-distance, high 
frequency, or "worst-case" gene flow. Risk-averse strategies therefore should seek to 
incorporate or otherwise weight model-fitting protocols to exceptional events. An important 
point here is that, given the fairly low sample sizes and sparse coverage of most field trials 
(especially at distance), the ability to detect exceptional events typically is low. 
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Thus, while the average relationship between the probability of gene flow and distance from a 
source (based on tens or hundreds of data sets) can be described by a monotonically declining 
function (e.g., a constant loss model), the results from individual trials may not be best 
described by such a model (e.g., [20]). Therefore, it is critically important to account for both 
the average probability of gene flow and independent observations of unexpectedly high rates 
of gene flow in the development of risk-averse strategies. 
 
Persistence 
Persistence of engineered genes in wild-type backgrounds will result from introgressive 
hybridization. Persistence can be estimated as the frequency of occurrence of the introduced 
transgene(s) over some number of generations (e.g., [4, 17, 32, 33]), inferred from measures 
of hybrid fitness (e.g., [13, 34, 35]), or from other measures such as comparative seed 
dormancy [36]. Clearly, direct measures of persistence are more reliable than inferences, 
though direct measures to date have been few. 
 
Persistence of engineered genes in wild populations is likely if 1) the engineered trait is 
favored by selection and 2) costs or negative pleiotropic effects associated with the 
engineered trait are minimal. However, even deleterious transgenes could persist in natural 
populations under conditions of constant gene flow, because consistent, high levels of gene 
flow will overcome the effects of selection. Persistence of introduced transgenes therefore can 
be expected in numerous, diverse crop-weed systems under various combinations of selection 
and gene flow. 
 
The size of the recipient population will affect the persistence of the escaped transgene. 
Transgenes may be less likely to persist in small recipient populations than in larger ones 
because small populations are more susceptible to local extinction, especially in agricultural 
settings where eradication is practiced. Local extinction or eradication of wild or weedy plants 
will serve to remove introduced genes from the local environment. On longer time scales, one 
must consider the effects of genetic drift on the persistence of transgenes. Genetic drift causes 
loss of heterozygosity and fixation of alleles. Drift could therefore act to either increase or 
decrease the frequency of transgenes in wild or weedy populations, with small populations 
being most susceptible to either fixation or loss. 
 
Specific examples of persistence 
Whitton et al. [4] followed the persistence of two non-transgenic, crop-specific RAPD 
markers in wild sunflowers (Helianthus annuus) for five generations. Spontaneous 
hybridization between the crop and nine wild sub-populations occurred in the first generation, 
after which time the crop was disposed of. Cultivar allele frequencies showed no significant 
decline over the following four generations, although significant effects of distance and 
generation were detected. The authors concluded that 1) cultivar alleles were able to escape 
and persist at moderate frequencies in naturally-occurring sunflower populations, and 2) 
neutral or favorable transgenes will have the potential to escape and persist in wild sunflower 
populations. 
 
Metz et al. [32] followed the fate of a phosphinothricin-tolerant transgene in Brassica rapa x 
B. napus hybrids under carefully controlled glasshouse conditions. They found that the 
engineered construct was readily transmitted to F1 hybrids and that the construct retained 
activity in hybrid progeny. The engineered trait was expressed by about 10% of the BC3 and 
BC4 generations, implying that the construct was stable across several generations. Mikkelsen 



   

 192

et al. [17] found that spontaneous hybridization between Brassica napus and B. campestris (= 
B. rapa) engineered for glufosinate resistance produced viable transgenic progeny as early as 
the first-backcross generation, and that activity was retained in the second-backcross 
generation. Chèvre et al. [33] found that engineered resistance to the herbicide glufosinate 
ammonium persisted through four generations of Brassica napus x Raphanus raphanistrum 
hybrids, but suggested that transgene introgression within the weed genome would occur 
slowly and at a low probability because four generations were required for the transgenic 
hybrids to achieve a chromosome number and morphology close to that of the weed. Even so, 
persistence of the engineered trait over four generations is a significant result. 
 
Stewart et al. [37] used transgenic and non-transgenic cultivars of Brassica napus to 
determine the fitness effects of engineered insect resistance. The transgenic line was 
engineered for expression of Bacillus thuringiensis (Bt) endotoxin. Transgenic and non-
transgenic individuals were planted in natural (uncultivated) and cultivated plots and 
subjected to varying levels of herbivory. The authors found that expression of the transgene 
conferred a fitness advantage in terms of both increased survivorship and increased 
reproduction under conditions of insect herbivory. This represents a significant finding, 
although it should be noted in the context of this discussion that the entities used were not 
crop-weed hybrids.   
 
Arriola and Ellstrand [35] compared the relative fitness of weed-crop hybrids of Sorghum (= 
Sorghum halepense x S. bicolor) with nonhybrid johnsongrass (= S. halepense). They found 
no significant differences between hybrid and nonhybrid weeds in several measures of sexual 
and vegetative reproductive characters (date to first flowering, panicle number per plant, 
number of seeds per panicle, pollen stainability, number of tillers per plant, total above-
ground biomass, and total below-ground biomass). They concluded that the opportunity for 
hybrid weeds to become established and persist in agricultural settings will be equivalent to 
that of nonhybrid weeds. In an earlier study, Klinger and Ellstrand [34] measured fitness 
components in crop-weed hybrids of Raphanus sativus. They found that the fitness of hybrids 
equalled or exceeded weeds for all characters measured (germination success, time to first 
flowering, fruit production, seed production, and frequency of transmission of the crop allele 
to seed progeny), and that fruit and seed production were about 15% higher in hybrids than in 
their wild siblings. They suggested that transgenic hybrids could exhibit similar levels of 
fitness, allowing transgenes to persist once introduced. Langevin et al. [13] found that weed-
crop hybrids of Oryza sativa were significantly taller, had more tillers, and larger flag leaves 
than the related weed red rice. The authors interpreted this as heterosis among first-generation 
hybrids. The persistence of heterotic characters and their relative contribution to overall 
fitness was not tested, but the results nevertheless indicate that hybrids suffered no obvious 
initial decline in fitness over their weedy relatives. 
 
Spread 
The spread of transgenes via hybridization requires temporal persistence and spatial 
dispersion of the engineered construct across multiple backcross generations, and will be 
influenced by multiple factors, including population size, mating system, selective advantage 
of the introduced trait, and the use of drive mechanisms to sustain the construct in target 
populations. Unfortunately, direct measures of transgene spread beyond the first generation 
are almost completely lacking. Nonetheless, the spread of transgenes poses great potential 
hazard to the environment, because negative impacts will increase in proportion to the area 
affected. In contrast, genes that escape and persist without spreading pose relatively less 
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environmental hazard, because the area affected will be smaller and the likelihood of 
successful containment or eradication therefore will be greater. 
 
The spread of transgenes might be predicted through extension of models created to describe 
the initial probability of gene flow from crops to weeds (e.g., [19, 38]), though such models 
would need to be modified to account for rates of introgression and the dynamics of small 
populations. Hybridization and introgression are likely to occur at different rates, and 
adequate model parameterization will therefore depend on direct, independent estimates of 
each process. Estimates of rates of introgression are currently lacking. Further, the dynamic 
trajectories of very small populations will be highly variable. As noted earlier, risk-averse 
strategies must account for the average behavior of such models, as well as low-frequency, 
high-magnitude events. 
 
It is important to recognize that the spread of transgenes through hybridization will be 
characterized by a different dynamic than direct invasion of the habitat by nonhybrid 
transgenic plants. Invasiveness of nonhybrid transgenics (reviewed in [39]) will depend on the 
selective advantage of the transgene and on characteristics of the crop phenotype, while 
transgene spread via hybridization will depend on the selective advantage of the transgene as 
expressed in a wild-type background. 
 
Containment strategies 
Pollen from transgenic crops will be difficult or impossible to contain. Border or trap rows of 
sacrificial, non-transgenic plantings and barren zones both have been tested for efficacy in 
pollen containment, with varying results. Umbeck et al. [31] tested the utility of border rows 
surrounding a plot of genetically engineered cotton. They found that border rows significantly 
reduced the amount of pollen disseminated from the crop, but the degree of containment 
varied with compass direction (probably due to variability in pollinator behavior). The authors 
acknowledged that complete containment is probably impossible. Manasse [26] reported for 
Brassica campestris that "large isolation distance will simply increase mean gene flow, and 
therefore (will) ultimately increase gene spread". She went on to suggest that border rows 
might be used to trap pollen leaving the crop. The effectiveness of border rows and barren 
zones was further investigated by Morris et al. [40] for plantings of Brassica napus. These 
authors found that barren zones were ineffective at preventing gene flow to outlying 
populations, and might even increase gene flow to distant populations. Conversely, trap rows 
were effective at reducing gene flow to distant populations, but their effectiveness was highly 
dependent on the width of the trap. Trap rows 4 m wide were wholly ineffective, whereas trap 
rows 8 m wide were moderately effective. In no case was gene flow to distant recipients 
eliminated. 
 
Staniland et al. [41] characterized outcrossing rates within a 30 m wide border surrounding a 
30 x 30 m plot of transgenic Brassica napus. They found that outcrossing decayed 
exponentially across the border area, and concluded that the border area was "very effective" 
at containing transgenic pollen. However, gene flow to the outer edge of the border ranged 
from 1-2%, implying that some gene escape likely occurred. Hokanson et al. [28] tested the 
effects of border rows and trap/donor ratios on gene flow to distant recipients in Cucumis 
sativus. They reported that increasing the trap-donor ratio significantly reduced the movement 
of pollen to distant recipients. However, in the most effective treatment, the size of the border 
exceeded the size of the crop itself by 400:1. The authors suggested that borders will only be 
effective if they are substantially larger than the crop. This configuration seems unlikely to be 
widely adopted in commercial settings. 
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Effective containment of gene flow by pollen will not be possible in all agricultural systems, 
and will be especially difficult in wind-pollinated systems. Indeed, Parker and Bartsch [39] 
have suggested that "gene flow into wild relatives will occur if it possibly can occur". Risk-
averse strategies therefore need to specify acceptable levels of distance-dependent gene flow, 
and to include containment or other measures that will ensure that specified levels of gene 
flow are not exceeded. Clearly, more research on the effectiveness of various containment 
measures are needed, and these will require careful design and application on a case-by-case 
basis. 
 
Recommendations 
The goal of biosafety assessment is the development of risk-averse strategies in the 
commercial use of transgenic products. The development of effective strategies for the safe 
use of transgenic agricultural products will depend on adequate biological and ecological 
characterization of the system(s) of interest that can only be achieved through a combination 
of appropriate field tests conducted in relevant environment(s) and development of 
appropriate models. We suggest that the average behavior of models used to predict the 
relationship between gene flow and distance will generally underestimate the hazard 
presented by low frequency, large magnitude pollination events, and model selection and 
parameter estimation should therefore be weighted towards fitting worst-case scenarios at the 
expense of average model performance. This is especially true for species, cultivars, or 
phenotypic traits that are inherently hazardous. Further, uncertainty will be created both 
through variability in biological process and through variability in factor estimation. Risk-
averse strategies should seek to incorporate uncertainty from both sources. 
 
We offer the following recommendations based on our review of the literature:  
 1) The potential for hybridization has been well-studied in a number of crop-weed 

systems, but other systems remain relatively unstudied. Therefore, new gene flow 
studies should seek to measure the potential for hybridization in those systems for 
which no data exist. In the absence of data to the contrary, one should assume that 
introgressive hybridization between crops and weeds will occur. 

 2) The effects of multiple source populations, repeated introductions, and size of donor 
and recipient populations on distance-dependent gene flow should be determined. Use 
of commercial-sized plots is particularly important to accurate estimation of gene 
flow. 

 3) The potential for persistence and spread of transgenic hybrids should be carefully 
evaluated, using direct measures (such as gene frequency) wherever possible. 

 4) Containment measures capable of restricting distance-dependent gene flow to 
acceptable, specified levels must be developed and carefully evaluated for efficacy. 

  
Finally, we recommend that the current scope of field trials be expanded to address these 
issues so that risk-averse strategies that incorporate uncertainty can be developed and applied 
to the problem of transgene movement via gene flow. 
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Introduction 
Plant viruses cause important economic losses to agriculture worldwide. In recent years, 
genetic engineering has provided a major breakthrough for the development of virus-resistant 
plants. The majority of virus-resistant plants are currently obtained based on the concept of 
pathogen-derived resistance [1]. The successful use of this technology was first described by 
Powell-Abel et al. [2] who showed that transgenic tobacco plants expressing the coat protein 
(CP) gene of tobacco mosaic tobamovirus were protected from infection by this virus. Since 
this pioneering work, numerous plants, including agronomically important crops, have been 
engineered for virus resistance, and several field trials have shown the efficiency of this 
strategy to protect plants from the deleterious effects of plant viruses [3].  
 
Commercial release of virus-resistant transgenic crops has become a reality in the United 
States. The first virus-resistant transgenic crop, which received exemption status in 1994, was 
a summer squash resistant to the potyviruses zucchini yellow mosaic virus (ZYMV) and 
watermelon mosaic virus 2 (WMV 2) [3, 4]. Another transgenic summer squash line, 
expressing the CP genes of ZYMV, WMV 2 and cucumber mosaic cucumovirus (CMV), and 
resistant to these three viruses [4], has been recently cleared for commercial use. Also, 
transgenic papaya expressing the CP gene of papaya ringspot potyvirus and exhibiting 
resistance to this virus [5], received exemption status for commercial release. More virus-
resistant crops are likely to be released in the near future.  
 
Gene flow is a major environmental safety issue for the commercial release of virus-resistant 
transgenic crops, as well as heterologous encapsidation and recombination. Numerous articles 
and reviews have been published on potential risks of gene escape from transgenic crops, 
including virus-resistant transgenic crops [6-10]. However, limited information is available 
from experiments conducted in the field and none on the establishment of viral transgenes in a 
free-living plant species yet. 
 
Objectives and rationale of our experiments 
We addressed the issue of gene flow by monitoring the dispersal of CP genes from a virus-
resistant transgenic squash into a wild relative. Field experiments were designed to estimate 
the rate of CP gene introgression and to evaluate the fitness of wild x transgenic crop hybrids.  
 
Commercial transgenic squash (Cucurbita pepo L. spp. ovifera var. ovifera) line CZW-3 
containing the CP genes of CMV, ZYMV and WMV 2, as well as the marker gene neomycin 
phosphotransferase (NPT II) [4], was used as the source of transgenic pollen. Its wild relative 
C. texana (C. pepo L. spp. ovifera var. texana), commonly known as Texas gourd, was used 
as the receptor of transgenic pollen. C. texana is a geographically restricted wild growing 
cucurbit species essentially found in several south-central states in the United States [11]. C. 
texana and transgenic CZW-3 squash are distinctly different in regard to their level of virus 
resistance, growth habit, fruit characteristics, and seed size. C. texana and transgenic CZW-3 
squash can readily hybridize without loss of fertility. 
 
Since gene flow has been described between non-transgenic squash cultivars and C. texana, 
and vice versa [11], it is reasonable to assume that it will also occur between virus-resistant 
transgenic squash and C. texana, through pollen movement. Thus, we focused our work on 
the outcomes of an initial hybridization and developed F1 hybrids (= C. texana x CZW-3) by 
hand pollination in the greenhouse. 
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Introgression of CP genes from wild x transgenic hybrid squash into wild squash 
The first objective of our study was to monitor the dispersal of CP genes from C. texana x 
CZW-3 hybrids into wild C. texana, and their subsequent establishment in a population of C. 
texana. Field experiments were conducted over three consecutive years at the same locations, 
under conditions of high or low disease pressure. The first year hybrids were placed in the 
center of each field, surrounded by a population of C. texana. Thus, the only source of 
transgenic pollen was from the hybrids. The following two years, progenies obtained the 
previous years were analyzed. The movement of the CP and NPT II transgenes was monitored 
at the end of each growing season by testing germinating seeds of C. texana fruits for the 
expression of the NPT II protein by ELISA. 
 
Our results showed that CP and NPT II transgenes easily moved from transgenic F1 hybrids 
into the surrounding C. texana population. Thirty two percent (846 of 2670) of the C. texana 
offspring tested reacted positively for NPT II in ELISA. Movement of CP and NPT II 
transgenes continuously occurred over three generations of C. texana, providing resistance to 
CMV, ZYMV, and WMV 2 to the wild squash. However, we found that the rate of transgene 
introgression was severely inhibited under conditions of high disease pressure. 
 
Fitness evaluation of wild x transgenic hybrid squash 
A second objective of our study was to compare the fitness of C. texana x CZW-3 hybrids and 
wild C. texana. Plants were tested under conditions of high or low disease pressure. 
 
Results showed that transgenic hybrids (F1, and first and second back cross generations) that 
acquired the CP genes exhibited increased fitness over wild C. texana under conditions of 
high disease pressure. Transgenic hybrids displayed resistance to CMV, ZYMV, and WMV 2, 
produced a higher number of fruits and more viable seeds compared to C. texana and non-
transgenic hybrid segregants. Under conditions of low disease pressure, transgenic hybrids 
did not appear to have fitness advantages over their non-transgenic counterparts and C. 
texana, as expected. 
 
Discussion 
Our experiments showed the occurrence of gene flow from an agronomically important virus-
resistant transgenic crop into a free-living relative, and the subsequent transmission of the 
virus resistance trait to the wild plants. What are the consequences of the dispersal of CP 
genes from a commercial virus-resistant transgenic squash into a wild squash? At this point in 
time, it seems that gene flow is inevitable with transgenic crops, including virus-resistant 
transgenic crops [7, 8]. A critical question is to assess whether gene flow will enhance the 
development of undesirable traits such as increased weediness. In other words, will virus 
resistance confer a selective advantage to C. texana in nature? If so, will virus-resistant C. 
texana become a significant threat to the environment as an invasive weed? Or, will viruses 
limit the ability of C. texana to become a weed problem? Extensive surveys would be useful 
to estimate the incidence of viruses in natural populations of C. texana. Interestingly, 
preliminary information suggests that C. texana are not readily infected by viruses in their 
natural ecosystems. Thus, virus-resistant transgenic squash should not pose undue risks to the 
environment. 
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Viral infections in crops can cause serious economic losses. The best way to control a viral 
infection in the field is to use plants that are resistant to the virus. Such plants can be obtained 
by introducing natural resistance genes by classical breeding methods. However, these genes 
are often linked to undesirable character traits. Some ten years ago, it was suggested that 
genetic engineering could be used to increase virus resistance in plants. The idea was based 
on the observation that inoculation with a non-virulent virus strain conferred protection from 
infection by a virulent strain. This phenomenon is called cross protection and has been used 
to protect crops in the field. Instead of inoculating the whole virus onto the plant, the insertion 
of only part of the viral genome into the plant chromosomes was suspected to provide a 
protection against the virus. This was confirmed and transgenic virus resistant plants 
expressing a viral sequence are now starting to appear on the market. 
 
In order to obtain an increased resistance to Potato Virus Y (PVY) in several potato varieties, 
we have cloned the cDNA sequence corresponding to the coat protein gene of this virus. This 
sequence was introduced into the potato chromosomes using Agrobacterium tumefaciens as a 
vector. After having regenerated transformed plants, we controlled their resistance in the 
greenhouse. Some transgenic lines showed a very good resistance to PVY. One of these, 
called Bt6, was tested in the field in 1991/1992.  
 
To study the resistance mechanism, we have been using tobacco instead of potato because it is 
easier to work with this plant and it also belongs to the Solanaceae family. We obtained a 
transgenic tobacco line (4B5) which is resistant to all PVY strains tested thus far. The 4B5 
line was self-pollinated and we analysed 50 transgenic R1 plants for PVY resistance. The 
ELISA test, which detects the virus, showed that five of the R1 plants had lost the resistance 
although they still contained the transgene. These 5 plants were studied in more detail by 
Southern and Northern hybridisations using the PVY coat protein gene as a probe. We found 
that in these plants the transgene was heavily expressed but in plants that still showed 
resistance PVY mRNA was not detectable detectable. This was an unexpected result but it is 
important to realise that in resistant plants there is very little transgenic viral mRNA present 
and furthermore there is evidence that PVY resistance is regulated on a post-transcriptional 
level. 
  
When investigating the risks associated with the use of viral resistant transgenic plants, two 
different types of risks were identified. One is heterologous encapsidation and the other is 
RNA recombination. I would like to focus on RNA recombination which is the only one 
leading to a permanent change in the viral genome.  
 
When a virus infects a plant that synthesises a transgenic mRNA, the viral replication process 
can also be initiated on the transgenic mRNA if this molecule contains a polymerase binding 
site. At a certain moment, the replicase might switch template to the viral genomic RNA, and 
in this way produce a recombined virus. However, if the replicase binding site is missing from 
the transgenic mRNA, the replication will start on the viral genomic RNA, then switch to the 
transgene and finally return to the viral RNA template. Again a recombined virus results. This 
kind of template switching also happens when two closely related viruses infect the same 
plant. This is a normal process in nature and a way for the virus to get additional genetic 
information to ensure its evolution. The environment will determine which combination is the 
most fit. In transgenic plants, this environment is altered. 
  
We have been studying viral recombination between a transgenic mRNA and a genomic viral 
RNA. In our model system, we need a double recombination event in order to obtain an 
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infectious recombinant virus. We used a transgenic plant expressing the coat protein gene 
(hence sensitive) and a virus with a deletion in the same gene. This modified virus cannot 
migrate upwards in the plant because it cannot be encapsidated. Therefore, a systemic 
infection of the plant requires a recombination event between the transgenic mRNA and the 
viral RNA. In order to have enough mRNA available for the recombination event, we have to 
use a sensitive plant as a host. In a resistant plant, the viral RNA is degraded. Consequently 
we have to use a plant that has lost its resistance but still contains the coat protein gene. Such 
a plant will synthesise a large amount of coat protein mRNA which will be translated into the 
coat protein and encapsidate the mutated virus. This means that a systemic infection can 
develop in the transgenic plant. To be able to demonstrate that the deleted virus has replaced 
the missing part of its coat protein gene by recombination, we then need to transfer this 
infection to a normal untransformed plant which is not able to complement the dysfunctional 
coat protein. This experiment has now been going on for over six months in the greenhouse 
and we have not yet been able to detect such a recombination event. However, the experiment 
indicates that a transgenic plant which synthesises a functional coat protein creates a new 
ecological environment. Clearly, this means that a mutated virus will be able to survive in a 
transgenic plant if the transgene can complement the viral mutation.Although a mutated virus 
cannot survive when transferred to a normal plant, this still implies that growing transgenic 
plants on a very large scale modifies the ecological environment. In order to avoid this 
phenomenon, we only introduced parts of the coat protein gene into the genome of a potato 
variety called Matilda. The part which includes the 3' end of the RNA polymerase gene and 
the first bases of the coat protein gene produces a good resistance against the N strain of PVY. 
This means that one can indeed introduce only a small part of the coat protein gene into the 
plant genome and still get a good protection. In these plants no coat protein synthesis is 
possible and hence there is no risk of heterologous encapsidation. 
 
Both untransformed and transformed plants can be infected by two different strains of PVY. 
Although these two strains might show several differences in the amino acid sequence of the 
coat protein, they are closely related. In this experiment we have been using a transgenic 
tobacco (R1-28), which synthesises very little transgenic mRNA and is resistant to the PVY-
N but not to the PVY-O strain. A co-infection was carried out with the two strains. 
Unexpectedly, 3 out of 13 infected plants developed symptoms of a PVY N infection. These 
results could be explained if a recombination event had happened between the two PVY 
strains. The sequence of the PVY- N strain which is recognised by the RNAse (described 
above) could have been exchanged for the corresponding PVY-O sequence which is not 
recognised by the stipulated RNAse since PVY-O is able to infect the R1-28 plant. This was 
confirmed by a straightforward polymerase chain reaction (PCR). Primers a and b can detect 
the N strain, primers c and d, the O strain and the combination of primers a and d a 
recombined virus. As expected, all the plants were infected with PVY O. Only one plant, 
which had lost the resistance, was infected with PVY-N (this plant was then left aside). With 
the primers a and d, four plants gave a positive result and among these, three showed PVY-N 
symptoms. To determine whether a second recombination event had taken place, we tested for 
the presence of an additional part of the N genome by using primers e and f. This region could 
not be detected in one of the four recombinants, namely the one that did not show any N 
symptoms. This means that a double recombination event had taken place in this plant  
 
Among the four different recombination events, two were very close to the 5' end of the coat 
protein gene and the other two were further downstream. We have looked for recombination 
between PVY-N and other PVY-O strains, and found the same high frequency of 
recombination but not at the same sites.  
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It is important to realise that, in nature, recombination between related viral strains occurs all 
the time. Such recombination events increase the sequence variability and allow the virus to 
adapt to a new situation. However, under identical external conditions the viral sequence is 
remarkably stable. The observation of recombined virus particles in four out of thirteen 
transgenic plants with a double infection indicates a high frequency of recombination. In 
theory, we do not expect the recombination frequency to be different in an untransformed and 
a transformed plant. However the external selection pressure is different in the two types of 
plants. The recombined PVY-N has the advantage of having eliminated the sequence which is 
recognised by the "specific RNAse" and hence is not degraded in the transgenic plant. 
 
In conclusion, transgenic virus resistant plants create a new ecological environment, and new 
viruses will appear because there is a strong selection for recombinants. This is most 
probably also true for "natural" virus resistant plants. 
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DISCUSSION SESSION 5: POPULATION GENETICS 
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Phil Dale:  
I agree that Terry Klingers results are very much in the category of „nice to know 
information“. The crucial questions are: What kind of gene, what kind of crop, what kind of 
environment would a knowledge of the precise distribution of genes and blips and so on be 
really crucial information in enabling the regulator to make that decision. 
 
Terrie Klinger: 
I agree with Phil Dale, and in terms of need to know I would go back to something that Dr. 
Ammann suggested yesterday. High geneflow systems, especially things that are wind 
pollinated, will typically carry a higher risk. I think if there are indications that some how 
sensitive natural wild populations occur in the area and this go back to biogeographical 
information we heard yesterday from Pia Rufener Al Mazyad. 
 
Phil Dale: 
This is in a way making the value judgment that any geneflow is undesirable and you really 
need in saying that you really need to give some examples of the particular genes and species 
that you would be concerned about.  
 
Terrie Klinger: 
I’m not saying that all geneflow is undesirable. Geneflows are going to happen, it has happen 
and it will continue to happen. In terms of being more precise at this point I would hesitated 
this point personally to identify specific genes or specific systems. But I think that should be 
part of the initial assessment that might be provided to the regulator.  
 
Jim White: 
Yet we talked about yesterday of familiarity with Terry Klingers’ and Marc Fuchs’ 
presentations. In the US we have an origin of diversity for squashes and still we are the first 
country that has released transgenes there.  We assume  geneflow is going to happen, 
categorically. We applied the familiarity concept at the time when these transgenic squash 
lines were deregulated, since traditionally bred virus resistant squashes for succini-yellow-
watermelon virus and cucumber-mosaic virus were already available and those risks have 
been acceptable under tradition of plant breeding. 
I would like to ask Pia Malnoë one question. Pia, the transgene, it had the three prime and 
translated sequences. 
 
Pia Malnoë: 
It had part of it, not the complete one. 
 
Jim White: 
Those sequences that have been shown to be potential hotspots for recombination. Have you 
used a transgene that is not contained the three prime and translated and the other thing is, 
your situation is very interesting but obviously your plants are totally resistant to virus 
infection, which is not a situation for the commercialized lines that are deregulated in the US. 
Try to explain how you few those things. 
 
Pia Malnoe: 
First of all we have only used the five-prime part of the code protein gene to obtain resistance 
plants also, but we have not looked into the recombination in those plants and it is true in this 
case the plant is resistant only to one strain of the homologous strain and not to all PVY 
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strains. But we used this kind of situation, because we had to see it on a short  time level we 
had was not to long so we had put the situation in such a sense that we could eventually 
measure recombination, you see, but it is just fact that I mean people have been looking on 
recombination in between the transgenic mRNA and the virus in general. 
 
John Adams: 
I have a comment on Terry Klinger’s model describing the dispersal. It occurred to me that 
you might try borrowing a model from transport planners, because that simple distance decay-
function with which you began is a central ingredient in just about every traffic model which 
has ever been run. And they find like you found that there are residuals below the curve of 
best fit. And they tend to coincide with interactions between areas of high population.  
 
Christian Damsgaard: 
It is a comment on familiarity and selection, which is a problematic concept in cases like 
Opuntia in Australia in the last century.  
 
Jim White: 
I do not agree: The Opuntia example is categorically different from the squashes in US. 
Opuntia is an introduction to Australia, it is not native. There were no natural pests. Cactus 
moth was introduced as a biological control agent. Cactus moth was tested to ensure its safety, 
that it didn’t feed on native Australian plants. And that’s how biological control insects are all 
tested. That is different. Squashes, the free living squashes, were native to the US. The viruses 
and the aphid vectors are widely prevalent in the US unlike cactus moth populations. 
 
Jeremy Sweet: 
Terry Klinger, I believe you said in your talk, that fitness of wild crop hybrids was higher than 
that of the wild crop ? 
 
Terrie Klinger: 
I’m speaking of non-transgenics, but the data from non transgenic trials for the most part have 
indicated that the fitness of crop-wild hybrids is equal to or sometimes slightly exceeds that of 
their wild relatives. And that was what I intended to say. I’m talking about the F1, not about 
backcrosses, where we have really ot much information, its just starting to come out. 
 
Klaus Ammann: 
It might just be a heterosis effect. And if this would be the general rule that weedy hybrids 
would be much fitter than their parents evolution would just drive us crazy when you consider 
all the new hybridization opportunities given through urbanization. I believe there is much 
more stability in the biggest genetic experiment mankind has ever made called  urbanization, 
so we are lucky to see that this hybrids, the F1 generation might be a bit fitter, but then they 
loose their heterosis effect and eventually find new enemies. 
 
Henry Darmency: 
Some hybrids also show very low fitness, because they produce few seeds, but at the same 
time these hybrids are more competitive with respect to the parents. So in fact they can 
establish themselves in a habitat, but they produce very few seeds, consequently there is not 
much future for them on the long run. 
 
Terrie Klinger: 
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I don’t necessarily disagree with you in general, but there are studies that indicate with radish 
and sorghum that in fact seed production is higher or at least equivalent. That needs not 
always be the case, I don’t know the generality of that.  
 
Glynis Gliddings: 
I agree with Terry when she said about geneflow data not conforming to a monotonic  
declining distribution. I have been looking to thirteen quite extensive sets of geneflow data for 
outcrossing grasses. Each of that thirteen sets of data was different from every other one. I’m 
guessing this estimate of geneflow giving every time you look you come up with a different 
answer. 
 
Alan Raybould: 
Can I suggest you might think about looking estimates to geneflow from natural populations 
with  processes going on for several generations causing all sorts of conditions over different 
years. You might get reasonable estimates of geneflow from those, rahter than looking at 
single individual experiments. 

Terrie Klinger: 
That is a very good point. Much of Norman Ellstrands work and work with his colleagues has 
been directed at natural populations rather then agricultural systems and we may be alter 
minds with data from that. But it doesn’t need to bother you. The benefits of stability don’t 
need break out. But they may be there. 
 
Klaus Ammann: 
I think it is really important to determine the natural geneflow and we might go back to simple 
techniques as the Dutch-Swiss biogeographical assay in the assessment, also using herbaria. 
There you have a veritable timemachine built in this method, since hybrids documented in 
herbaria give us a good picture over the last decades. 
 
Simon Barber: 
Just several comments. The first one in your modeling on gene dispersal. How do you 
acccount for insects behavior. I mean, I’m just thinking if you got a beehive somewhere and 
your are getting one,  I imagine that bees tending to behave in a certain way and take the 
shortest distance to get what they need and consequently you may find that this is why you 
have a huge amount of gene dispersal in one.  
A comment about crops. I think most of our crops in the present form are environmental 
cripples. And I would suggest almost that perhaps most of our weeds in natural systems 
would perhaps be environmental cripples. 
Another comment about using crop species for special products. I think people are 
considering it. Regulatory agencies consider it. Maybe you can do it if you grow it in a 
greenhouse, it never gets outside ? 
 
Jim White: 
It is well known that bees once pollinating one plant will tend to stay with that plant and 
pollinate the same kinds of plants. The first data you presented on Hokema it was not clear 
what kinds of other plants or whether any plants between those different things. And if there 
are other plants, bees will skip over those and go to those other plants. And this is why the US 
prefer border rows of the same kinds of plants, because they are more likely to stop there, 
because if you sugar beets and you put weed around them, there are likely to skip over the 
weed and go to other free living sugar beets. So it is better to have the same plants, because of 
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bees things. And I think that’s why to talk about how bees travel and in fact, I guess in squash 
production, they like to travel down the row. And I would like to say to Simon Barber. Simon 
could better explain, Terry mention this thing, that it’s is a food safety issue, but in Canada 
the high and low erucic acid canolas are grown. And how are they can separate and how 
efficiant and effective is that system. 
 
Simon Barber: 
There is limited production of higher erucic acid rape seed for industrial purposes. It is all 
grown under contract. So, at the farm level it wouldn’t get mixed up with canola quality rape 
seed. I’m sure that there is potential and it must happen, there will be some pollen movement 
between these crops. But all canola is tested for erucic acid content. And so there will be some 
slight contaminations,  the levels of the erucic acid in the canola crop. If they go about a 
certain point it is not accepted. And so, thinking of the organic farming debate, I don’t think 
people are going to be able to say we have zero, there will be zero genes getting into this stuff, 
but may be there would have to be a limit set. And this would be very similar to what’s being 
going on, I guess, for 60-70 years in the production of certified seed, where you are producing 
varieties, which are distinct in uniform and have to meet certain standards with respect to 
contamination. 
 
Klaus Ammann: 
Well, crop to crop geneflow is a problem and we already had some nice demonstrations in 
front of the house of parliaments stating: “we are against gene smog“. But on the other hand 
you have to see that organic farmers are threatened already now with hybrid high yield maize 
without the transgenes. Again I must warn about the focusing effect. On the contrary, if we 
seriously defocus, then we have now more precision by having the ways and means of genetic 
engineering. We have now markers and we are able to follow up what markers are doing.  
 
Jan Carel Zadok: 
I think genetically speaking there is a very simple answer to that. Take care that the trait  
expressed in the seed is maternaly determined. 
 
Klaus Ammann: 
In oilseed rape there are already several publications showing that this is done and Pia 
Rufener Al Mazyad has put together a list of crops where maternal lines have been achieved 
already and there are many coming up, but to my own dismay with the exception of alfalfa. 
There it is more difficult. 
 
Jim White: 
I doubt that pharmaceutical plants are ever going to be on the table for large scale production. 
I think in fact I know the plants engineered for pharmaceuticals in France are field tested in 
the US. Field testing pharmaceutical plants already for novel products are commercially used, 
those products are used. But they will not go through the same commercialization process in 
the US. They do not have to, because Simon said that for a high erucic acid there are 
contracts. For plastic production or pharmaceuticals they will continue to be under APHIS 
oversight for field testing. And the containment conditions  are much more strict for 
pharmaceuticals to reduce outcrossing level, for example: For corn the isolation-distance in 
the US is 200 meters. The minimum standard for the negotiations and containment’s for 
pharmaceuticals is 400 meters. They are not going to be treated as normal field crops, you are 
not going to be able to buy interleucin canola at the seed store. They are treated as a quite 
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different class of stuff with all oversight and  inspections all the time. So, there are not going 
to be treated like a general release. So I think that is a very good level of safety. 
 
Phil Dale: 
I just questioned the absoluteness of having a transgene-maternally inherited. If seed from that 
maternal inherited crop fall to the ground and the you follow perhaps the next year or the 
following year with a food-crop of the same species then these plants will potentially be 
growing together. So I think it eliminates the pollen-problem but it doesn’t to eliminate the 
total problem.  
There is a very nice work going on in Canada  oilseed rape to produce hirudin, an 
anticoagulant substance. With a country of the size of Canada we thought it will be very 
relatively easy to find a corner that could be dedicated to few hundred or thousand hectares. 
And I think that even in Europe where things are more intensive, you can often find areas that 
not really suitable for growing a food crop, but may be it would then be possible to 
genetically isolate it as far as possible, but if you worry about a single pollination over ten km 
or what ever it is, then your gene is really dangerous and you shouldn’t be putting it out. If 
you bothered about the outpollination, products of that going into the food chain, then you got 
a really nasty protein or whatever it is. 
 
Simon Barber: 
Just a final comment. Phil Dale is right acutally. The people who are producing hirudin in 
canola had to grow it in a intermountain valleys in British Columbia, which is where they do 
not grow  ordinary Brassica napus. But you can not construct neat little pigeonwholes in 
which to put categories of things, because you can always come out with an exception which 
will not fitting there.



   

 214

Session 6: Decision Procedures, Harmonisation 
 

TRANSGENIC PLANTS AND SAFETY REGULATION 
 

Simon Barber,  
OCDE, Direction de l’Environnement, 2 rue André Pascal, Cédex 16, F-75775 Paris, France, 
Phone : +33 1 45 24 16 78, Fax : +33 1 45 24 16 75, e-mail : simon.barber@oecd.org 

mailto:simon.barber@oecd.org


   

 215

Keywords : Plant biotechnology, Harmonisation of biosafety regulation, Familiarity. 
 
Defining the word “harmonisation” as meaning to be in a state of harmony, begs the question 
“what is harmony?” The word has similar meanings even when used in different situations, 
for instance, a collation of material of parallel narratives (e.g., the four Gospels of the New 
Testament) may be in “harmony,” as may the different notes of a piece of music when 
sounded simultaneously by the different members of a symphony orchestra. What the four 
Gospels, and the different notes in a piece of music are not, however, is “identical.” They are 
not the same in every detail. 
 
In considering how national regulatory agencies regulate transgenic plants, it is obvious that 
there are differences. A major difference is the “trigger” used to pull a new plant type into the 
regulatory process. Some triggers are specific to the technology used in developing the new 
plant types, for instance some agencies require notification and assessment of any plant type 
developed using recombinant DNA techniques, while others make “novelty” the trigger, and 
include novel plant types developed by any means. There are also differences in which 
national agency is involved in the regulation of transgenic plants, for instance Departments of 
Environment, Trade or Agriculture may in different countries be responsible for regulations 
governing transgenic plants and environmental safety. There may also be differences in the 
type of legal instrument used to regulate transgenic plants, for example the legal instrument 
may take the form of an “Act” developed specifically for the purpose, a “Regulation” 
developed under existing legislation or even a guideline that on its own is not a legal 
instrument. 
 
What, then, is common to international transgenic plant regulation? Apart from maintaining 
safe laboratory conditions for research with rDNA plants, perhaps the first interest of 
regulatory agencies worldwide was in the environmental safety of transgenic plants intended 
for release (experimental testing and eventual use) into the environment. As these new plant 
types moved from the research and development stage towards commercialisation, food safety 
and livestock feed safety also became important. Clearly there is harmony among national 
regulatory agencies with respect to the fundamental elements of safety of transgenic plants 
that should be considered. 
 
In 1995, the Organisation of Economic Co-operation and Development (OECD) [1] published 
“Analysis of Information Elements Used in the Assessment of Certain Products of Modern 
Biotechnology”[1]. This summarised the information required for safety assessment of 
recombinant DNA products by regulatory agencies in 20 of the OECD Member countries. 
Results of the survey showed a very high degree of commonality of information requirements, 
in particular for environmental and agricultural considerations. The questionnaire used in this 
survey had been developed from the OECD “Recombinant DNA Safety Considerations: 
Safety considerations for industrial, agricultural and environmental applications of organisms 
derived by recombinant DNA techniques”[2], the so called “Blue Book” published in 1986. 
This, the first in a series of OECD publications on rDNA technology and safety, identified 
scientific criteria for the safe use of rDNA organisms, and also devised a general scientific 
framework for assessment of rDNA applications in industry, agriculture and the environment. 
It also emphasised that the safety of rDNA products must be considered on a “case by case 
basis,” and that research and development of rDNA products should proceed in a “step-by-
step” manner, i.e., moving from the laboratory, to small scale field experiments, then to scale-
up for large scale trials and commercialisation, as information to make the relevant decisions 
on safety were acquired. The safety assessment information elements were broken down into 



   

 216

three groups: general and scientific considerations; human health considerations; and, 
environmental and agricultural considerations. 
 
The common blocks of information clearly identified in the “Blue Book” [2] that are relevant 
to transgenic plant biosafety, and that have been reiterated at many meetings, workshops and 
consultations on safety assessment of rDNA products held around the globe, have been 
incorporated into national regulatory regimes. Although, as already stated, these are not 
identical, they can be considered to be in harmony. These information requirements may be 
summarised as follows: 

Information about the host plant species 
Information about the genetic modification including: 

Information about how the modification was achieved 
Information about all DNA donor organisms 
A complete characterization of the resulting modified host plant 

- description of DNA inserted 
- information of the stability of the insertion(s) 
- description of novel protein(s), expression, and properties 

Information about the environment into which the modified plant will be released 
Information about the behaviour of the modified plant in that environment when 

compared to unmodified counterparts 
Information on interactions with other interacting organisms in that environment: 

Is biology altered resulting in changed environmental interactions? 
Do novel proteins themselves result in different environmental interactions? 

 
In 1992, following in the footsteps of the 1986 “Blue Book,” [2] the OECD Group of National 
Experts in Biotechnology, delegates from the OECD Member countries developing the 
guiding principles for conducting safe research and biosafety assessment of biotechnology 
products, published “Safety Considerations for Biotechnology” [3]. This further developed 
the guiding principles from the “Blue Book” and described criteria and principles for good 
industrial large-scale practices(GILP) for micro-organisms and cell cultures, and good 
developmental principles (GDP), guidance for the design of small-scale field research with 
genetically modified plants and micro-organisms. The Safety Considerations were then 
further developed with publications for Scale-up: Crop Plants in 1993 [4]; and, Micro-
organisms as Biofertilizers in 1995 [5]. A key concept in “Safety Considerations for 
Biotechnology: Scale-up of Crop Plants” is that of “familiarity.” Familiarity is described as: 

“The knowledge and experience available for conducting a risk/safety analysis;” (it is 
emphasised that familiarity must be considered on a case by case basis.) 

“Familiarity with the crop plant (species), environment, trait and interactions does 
not determine whether the new combination is either safe or risky. Rather, 
familiarity with the elements (i.e. case by case consideration) of an introduction 
facilitates a risk/safety analysis;” and 

“Where there is sufficient familiarity with the crop plant (species), the new trait and 
the environment of the proposed scale-up, the risk/safety analysis may be 
expedited.” 

 
In developing further concept of “familiarity” the 29 Member countries of the OECD, through 
participation in the Expert Group on Harmonization of Regulatory Oversight in 
Biotechnology at the OECD, have been working towards the development of “Consensus 
Documents.” These may be considered the collation of relevant information that can be used 
as “technical tools” to assist in safety based regulatory decision making. While it is 
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acknowledged that there are differences among the Member countries, in the levels of 
experience gained in regulating transgenic plants, Member countries recognise that 
duplication can easily occur in their efforts to address environmental safety. These 
documents, first drafted by a “Lead Country” and then worked on to reach consensus by all 
Member countries, focus on the science of safety evaluation that is common among the 
national agencies regulating transgenic plants. Consensus Documents intended for use as 
technical tools in transgenic plant safety assessment fall into three general categories: plant 
species biologies; issues arising from “general” trait types introduced into plants; and, 
information on “specific” traits introduced into plants. 
 
“Plant species biologies” are key to all environmental assessments of transgenic plants. To 
date two have been published: The Biology of Brassica napus, Oilseed Rape [6]; and, The 
Biology of Solanum tuberosum, Potato [7]. Drafts on the biologies of other crop plants 
(wheat, soybean, and rice) and tree species (Norway Spruce, White Spruce and Poplar) have 
also been developed and are being reviewed by the Member countries as part of the consensus 
building process. When consensus on the science is achieved the documents are published. 
The plant species biologies all follow a similar format, and particular attention is given to 
centres or origin and diversity, and to the potential of the plant species to hybridise with 
related plants. The general ecology of the plant species is also described, however, OECD 
Member countries consider that since the ecology of a plant species, and the presence of 
related species with which it may hybridise, will vary depending upon the environment in 
which it is released, a statement on the general pest or weed status of the plant can not be 
made. Such a determination will be the responsibility of the agency responsible for the 
environment into which a transgenic plant is to be released. The plant species biologies follow 
a modular format, and it is possible to add further relevant information, for instance with 
respect to food or livestock feed safety of a specific plant species at a later date, if required. 
 
“General trait” Consensus Documents are those dealing with traits such as insect resistance, 
herbicide tolerance, and virus resistance. To date one general trait Consensus Document has 
been developed and published, “Consensus Document on General Information Concerning 
the Biosafety of Crop Plants Made Virus Resistant through Coat Protein Gene-Mediated 
Protection” [8]. The document focuses on basic virus characterisation, the expression of viral 
coat proteins in transgenic plants and scientific biosafety issues related to potential effects of 
coat protein gene-mediated virus resistance in plants. 
 
“Specific trait” Consensus Documents focus on specific genes and their protein products. 
Two of these Consensus Documents are under development at the present time, one 
discussing the genes and gene products that result in transgenic plant tolerance to the 
herbicide glyphosate, and the other the genes and gene products that result in transgenic plant 
tolerance to the herbicide phosphinothricin (glufosinate ammonium). These will focus on 
specific genes and the resulting proteins (enzymes) expressed in the transgenic plant, and their 
general attributes. They will not deal with the general issues associated with herbicide 
tolerance. Such issues would be better dealt with under the “general trait” format described 
above. 
 
The OECD Member countries are striving toward regulatory harmonisation of biosafety 
assessment procedures for transgenic plants. In applying the guiding principles as laid down 
in the early OECD rDNA Safety Consideration publications, the Member countries are now 
developing Consensus Documents as a form of mutual recognition of data, scientific data that 
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can be applied on a case by case basis to transgenic plant biosafety assessments where those 
data are relevant. 
 
Abstract: 
Harmonisation of regulatory oversight of transgenic plants does not mean that all regulatory 
agencies must have identical legislation, information requirements, assessment processes and 
resulting decisions. Rather, it means that they seek to build consensus on the science that they 
use to assess the safety of the release of transgenic plants. Even though there may be 
differences in the outcomes of biosafety assessments because of the different environments 
into which transgenic plants may be released, there is recognition that much information 
(data) already available are relevant to transgenic plant biosafety assessment. The 
Organisation of Economic Cooperation Member countries, through the development of 
Consensus Documents, present this knowledge in a format that can expedite the safety 
assessment of transgenic plants. These documents can be considered as “mutual recognition 
of data,” and are a means of moving towards harmonised regulatory decision making. To date 
the OECD Member countries are working on three types of Consensus Document: plant 
species biologies which focus specifically on centres of origin and diversity, and on related 
plant species with which that species can hybridise; general trait documents which focus on 
scientific issues arising from the development of such general traits as coat protein mediated 
virus resistance; and, specific trait documents which focus on the characteristics of specific 
genes and the resulting gene products that confer the novel trait to the transgenic plant. 
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Abstract 
The impacts of the cultivation of « genetically modified » (GM) herbicide tolerant 
oilseed rape (Brassica napus) on agriculture and the environment are being studied. 
This paper reports results of monitoring sites for up to three years where commercial 
seed crops and variety trials had been grown. The studies include evaluations of the 
impacts of the agricultural management of the GM crop as well as the direct effects of 
the release of the GM crop on the environment. 
 
Introduction 
• Herbicide Tolerance 
Risk assessments for the release of genetically modified (i.e. GM) oilseed rape have 
been largely based on studies of non-transgenic rape or of small scale releases of GM 
oilseed rape [1]. In 1995 seed production of GM glufosinate ammonium tolerant 
spring oilseed rape (GMSOSR) commenced in UK at 3 locations ranging in size from 
1 - 3.5 ha. In addition Plant Genetic Systems established a 5 ha trial site for testing 
breeding lines of winter oilseed rape, of which approximately half were genetically 
modified. In 1996 another GMSOSR seed crop and a further trial area of 7 ha of 
mostly GM winter oilseed rape (GMWOSR) were established. In addition in 1995 and 
1996 GMSOSR was grown in UK National List Trials at 4 sites and in 1997 both 
glufosinate and glyphosate tolerant spring rape was trialled at 4 sites. In 1996/7 both 
glufosinate tolerant and glyphosate tolerant winter oilseed rape was grown in 10 trials 
at various locations in UK. 
 
These crops and trials have provided an opportunity to examine the characteristics of 
these GM crops and to determine whether they have any impacts that are different 
from those of non-transgenic crops. They are enabling the risk assessments conducted 
originally by Plant Genetic Systems, Monsanto and AgrEvo to be verified by studies 
of several trials at a range of geographic sites grown under normal farming conditions. 
 
• Herbicides 
The cultivation of herbicide tolerant crops will result in changes in herbicide usage 
from the currently used selective herbicides to the broad spectrum herbicides (eg 
glufosinate and glyphosate) which the varieties tolerate. In addition, the subsequent 
volunteers generated by these crops may need different herbicides to eradicate them. 
These changes in herbicide programmes may have different effects on plant and 
animal biodiversity in fields and field margins. Trials conducted by NIAB are 
examining impacts on field margins of glufosinate and glyphosate compared with 
currently used herbicides. In addition, the establishment of volunteer herbicide tolerant 
oilseed rape in herbicide treated field margins is also being examined to determine 
whether feral populations are likely to establish adjacent to herbicide tolerant crops. 
 
Studies of plant diversity in crops subjected to the new herbicide programmes are also 
planned for the future. 
 
• Research objectives 
The objective of the NIAB research is to determine the likely agricultural and 
environmental consequences of the cultivation of herbicide tolerant oilseed rape by 
studying both the direct impact of large scale releases and the impact of any associated 
changes in agronomic practices. 
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Materials and Methods 
The oilseed rape used in this study consisted of transformed breeding lines, parent 
lines and F1 varieties developed by Plant Genetic systems, [2]; the transformations 
consisted of the introduction of a Kanamycin resistance gene, a male sterility gene, a 
male fertility restorer gene and a glufosinate-ammonium tolerance gene (Bar gene). 
Comparisons were made with the performance and behaviour of the wide range of 
non-transformed oilseed rape varieties grown in National List trials. 
The sites of the crops were monitored using the methods described by Sweet and 
Shepperson [3,4]. 
 
• Monitoring Sites 
Monitoring sites were established at 4 locations in Devon, Lincolnshire and Yorkshire 
where glufosinate tolerant SOSR seed production crops were grown in 1995 and 1996. 
A site in Cambridgeshire which has grown successive crops of glufosinate tolerant 
winter oilseed rape since 1995 is also being monitored. National List trial sites of both 
spring and winter oilseed rape varieties including glufosinate and glyphosate tolerant 
varieties in Cambridgeshire are also being monitored. At each site a range of 
monitoring studies are being conducted [3,4] and this paper considers the preliminary 
results of certain studies. 
 
• Cross Pollination 
At each site, pollination of the nearest oilseed rape crop (usually between 0.5 - 1 km in 
distance), oilseed rape volunteers and related cruciferous weeds and hedgerow plants 
up to a distance of 200 m was studied. Seed samples were collected from plants 
flowering synchronously with the GM rape and tested for the presence of the herbicide 
tolerance gene using PCR (see below) or by growing the seed and testing the resultant 
seedlings for herbicide tolerance. 
 
• Detection of Herbicide Tolerance 
Plants were tested destructively for herbicide tolerance by spraying with a 1% dilution 
in water of Challenge or Liberty herbicide consisting of 150 g/l of glufosinate 
ammonium. Non-destructive testing was done by placing 1 cm diameter filter paper 
discs soaked in a 1% solution in water of Challenge or Liberty on to leaves of test 
plants. Sensitivity in both instances was recorded after 5-6 days. 
 
The presence of the Bar gene, which is responsible for the oxidation of the 
phosphinothrycin produced by the glufosinate ammonium herbicide, was also 
conducted by amplification by PCR of the products of specific primers for the Bar 
gene [5]. The test was sensitive to a dilution of 1 GM plant sample in 100 non-GM 
plant samples of equal size. Testing was conducted on samples ranging from single 
plant samples to samples diluted 1:50. PCR tests were conducted jointly by the 
Laboratory of the Government Chemist and NIAB. 
 
• Seed Dispersal 
Seed dispersal was recorded at each site by testing volunteers that arose in the field 
margins, neighbouring fields, tracks and roads traversed by farm machinery associated 
with the GM crop. The seed bank of GM seed remaining in the soil at each site was 
assessed after 3 seasons. 
 
• Weediness and Invasiveness of GM Oilseed Rape 
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Oilseed rape volunteers can be serious weeds of subsequent crops but are normally 
controlled by post harvest cultivations and applications of herbicides to emerged 
volunteers either pre- or post-drilling of the following crop. At each monitoring site 
the numbers of volunteer rape plants were measured post harvest and in the 
subsequent crops (mostly wheat). Assessments were made of whether numbers were 
higher or lower than those of non GM oilseed rape, grown under comparable 
conditions. 
 
In addition, seed of a breeding line of spring oilseed rape was mixed in equal portions 
with seed of the same line transformed with the Bar gene. In August 1996 the seed 
was broadcast by hand at a rate of 10 kg/ha into two field margins that had previously 
received the herbicide treatments described in below. The numbers of GM and non-
GM oilseed rape plants was assessed over a two year period. 
 
• Herbicides used on tolerant oilseed rape : Effect on field margins 
A study commenced in April 1996 to study the effects of glufosinate, glyphosate and a 
standard spring oilseed rape herbicide programme on plant populations in two field 
margin sites, one on the NIAB farm and the other on a farm in Grantchester, 
Cambridgeshire. Each site was subjected to a series of herbicide treatments to simulate 
drift or overspraying of field margins as follows: 
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Treatments per site Number Replication Total Plots 
Glufosinate - N, 0.1N, 0.01N 3 3 9 
Glyphosate - N, 0.1N, 0.01N 3 3 9 
Standard - N, 0.1N, 0.01N 3 3 9 
Unsprayed 1 3 3 
TOTAL 10  30 
N = normal dose rate.  Glufosinate = “Liberty”   Glyphosate = “Roundup”  
Standard programme = cycloxydim (Laser) and benazolin + clopyralid (Benazolox). 
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Both sites were adjacent to fields in arable rotations but with 3m buffer areas to reduce 
the likelihood of farm crop agrochemicals being applied to them that might interfere 
with the study. The sites were managed as though adjacent to spring oilseed rape crops 
of both herbicide tolerant and non-tolerant crops. Seed of a similar line of oilseed rape 
(Brassica napus) with and without glufosinate tolerance was scattered onto the field 
margin treatments in August 1996 to simulate seed dispersed at harvest. 
 
The effects of the herbicide treatments on the botanical composition and establishment 
of feral rape are being assessed over two seasons after the herbicide treatments. This 
report describes the results of experiments and assessments made up to June 1997, i.e. 
one year after the herbicide treatments. 
 
Results 
• Cross Pollination 
The seed crops were isolated from other rape crops by at least 0.5 km and were grown 
on farms or areas of farm that did not normally cultivate oilseed rape. However, 
oilseed rape volunteers were detected in close proximity to some seed crops and their 
seed tested for the presence of the transgene. In addition the nearest margin of the 
nearest oilseed rape crops was sampled for seed which was tested for the presence of 
the Bar gene. To date, no cross pollination with other oilseed rape crops has been 
detected in the several thousand seed samples tested, though tests are still being 
conducted on samples, and molecular tests are incomplete. Similarly, tests of volunteer 
and feral rape growing within 200m of the GM crops have not detected any cross 
pollination to date, though tests are not yet complete. 
 
Cruciferous weeds were fairly common at most sites but were successfully eradicated 
from the GM crops by the glufosinate treatments. Field margin populations of Sinapis 
arvensis, Raphanus raphanistrum, Brassica napus, Capsella bursa-pastoris, Alliaria 
petiolata, Hirschfeldia incana and Rorippa nasturtium-aquaticum (one site) were 
recorded as flowering at the same time as the GM crops and seed collected from them. 
Seed was grown and tested for herbicide tolerance or subjected to molecular tests for 
the Bar gene. No herbicide tolerant seed has yet been detected. Populations of 
cruciferous weeds growing near to the GM crops were revisited in 1996 and 1997 and 
tested for herbicide tolerance. None has been found yet. 
 
• Seed Dispersal 

 Most seed of the GM oilseed rape (OSR) crops was transferred to bags from the 
combine harvesters and transported in this way, so that spillage was minimised. 
However, at some sites the harvesters travelled up to 4 km on roads post harvest, 
shedding seed. Populations of OSR volunteers emerged alongside farm tracks leading 
from the GMOSR crop fields, in the autumn of 1995 and 1996. However, these 
populations were very transient and gradually declined during the winter until no 
plants were detectable in the spring.  

 
 The GM spring OSR crops were the last crops to be harvested at all sites in 1995 and 

1996. Subsequently, the harvesters remained uncleaned until they harvested winter 
barley crops the following year. In these barley fields patches of GM oilseed rape 
volunteers emerged after harvest where the barley seed had flushed out GMOSR 
remaining in the harvesters and deposited it on the ground. These populations were 
subsequently eradicated by cultivations and herbicides. 
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 To date no feral populations of GMOSR have established at the sites where GM seed 

crops and trials were grown in 1995 and 1996. However, the soil seed banks at each 
site will be tested in 1997 as populations could still establish from residual seed. 
 
• Weediness and Invasiveness 
Volunteer populations of GMOSR were assessed in the crops following all the spring 
oilseed rape seed crops, two National List spring OSR trials containing GM varieties 
and the winter GM oilseed rape trials sown in 1995 ( Table 1.). At the Cambridgeshire 
site 48% of the area was sown with GMWOSR, however only 5 of 77 volunteers 
(6.5%) were tolerant to glufosinate. At the Lincs 96 and York sites volunteer numbers 
were associated with seed spillage and unsprayed areas. At the other sites volunteer 
numbers were very low or non-existent. 
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Table 1. Oilseed rape volunteers occurring in crops following GM oilseed rape crops 
  and trials 
 Site Crop 

and Area 
Following 
Crop 

No. of 
Volunteers 

No. Herbicide 
Tolerant 

 Lincs 
1995  
    

GMSOSR 
1 ha 

Sugar beet 4 4 

 York 
1995 

GMSOSR 
3.5 ha 

Winter wheat 43* 43 

      
 Devon 

1995 
GMSOSR 
1 ha 

Winter wheat and 
winter barley 

0 0 

      
 Lincs 

1996 
GMSOSR 
1 ha 

Winter wheat 120** 120 

      
 Cambs 

1995 
GMWOSR 2.5 ha 
WOSR 2.7 ha 
in mixed plots 

Winter wheat 77 5 

      
 NIAB 

1995 
SOSR 2 ha 
0.03 ha GMSOSR 
in trial plots 

Winter wheat 0 0 

      
 SOSR = Spring oilseed rape  WOSR = Winter oilseed rape   
 GM =  genetically modified for glufosinate tolerance 
* 35 of these plants were in one area where broad-leaved weed herbicide had not been 

applied. 
** Clump of plants due to spillage of seed when bagging from combine harvester. 
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The numbers of rape plants that established in the two field margin sites treated with 
various herbicide treatments were assessed in 1997 and the results from the NIAB site 
are shown in Table 2. 
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Table 2. The number of oilseed rape plants that established in the NIAB field margin   
site treated with various herbicide treatments. 
 
 Treatment Rate Total No. Of oilseed 

rape plants* 
No. of GM oilseed 
rape plants* 

 Glufosinate N 3 0 
     
 Glufosinate 0.1N 0 0 
     
 Glufosinate 0.01N 0 0 
     
 Glyphosate N 6 1 
     
 Glyphosate 0.1N 12 3 
     
 Glyphosate 0.01N 1 0 
     
 Standard N 0 0 
     
 Standard 0.1N 0 0 
     
 Standard 0.01N 0 0 
     
 Untreated  1 0 
     
* Number of plants established in 3 x 5m plots of approximately 1m width, sown with 
OSR seed at 10kg/ha rate. 
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At the second site at Grantchester there was considerable pigeon damage and other 
grazing of the field margin trial area. Numbers of rape plants establishing were very 
low and plants were destroyed before herbicide sensitivity tests could be completed. 
 
3.4 Herbicide Effects 

 The phytotoxic effects of the herbicides applied to field margin and hedgerow plants 
were assessed at specific times as follows: 
 
 One month post spraying: NIAB and Grantchester 
 

 Glyphosate caused considerable chlorosis and necrosis of woody hedgerow, 
herbaceous and graminaceous species at N and a little at 0.1N rates. 

 Glufosinate caused considerable necrosis at N rate and less at 0.1N in herbaceous and 
graminaceous species and some brown spotting on woody hedgerow species. 

 Standard: considerable necrosis observed at N rate and less at 0.1N in herbaceous and 
graminaceous species and some brown spotting on woody hedgerow species. Some 
cruciferous weeds little affected. 
 

  3 months after herbicide treatment: NIAB 
 

 Untreated plots: the most common species was couch (Elymus repens), followed by 
bindweed (Convolvulus arvensis) and Poa annua (annual meadow-grass), then the 
following species were found at lower frequencies; Dactylis glomerata (cocksfoot), 
yarrow (Achillea millefolium), creeping thistle (Cirsium arvense), nettles (Urtica 
diocia), cow parsley (Anthriscus sylvestris) and hogweed (Heracleum spondylium). 

  
 Glufosinate treatments: Some areas of bare ground were observed at the N rate, and 

cow parsley, yarrow, bindweed, nettles, Poa, creeping thistle and hogweed were less 
common than in the untreated plots. Dactylis and couch were found in similar 
frequencies to the untreated plots. 
 

 Glyphosate treatments: bare ground was common on the N and 0.1N rate plots, but 
uncommon on the 0.01N rate plots. Couch was found to be reduced at the N rate but 
not at lower rates. The other common species found in the untreated plots were found 
on these plots at much reduced frequencies, but at the N and 0.1N rate many other 
species not found in the untreated plots were found at low frequencies also, indicating 
an increase in species diversity. Diversity was not increased on the 0.01N plots. N rate 
caused defoliation of exposed branches of hawthorn and rose. 
 

 Standard treatments: matted grasses were found in high frequencies on the N rate 
plots, but not at the lower treatment rates. Yarrow was found in higher frequencies at 
the N and 0.1N rates, and Poa was found at higher frequencies at the 0.1N and 0.01N 
rates than on the untreated plots. The other common species found in the untreated 
plots were found at similar frequencies at all the treatment rates. 
 
 Grantchester 

 Untreated plots: areas of dead grass were the most frequent ground cover. The most 
frequent species found were couch and nettles, followed by cow parsley, creeping 
thistle and barren brome (Bromus sterilis) at lower frequencies. 
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 Glufosinate treatments: areas of dead grass were less common than in the untreated 
plots, and creeping thistle and barren brome were less common at all treatment rates. 
Couch was found at higher frequencies at the 0.1N and 0.01N rates. Lolium perenne 
(perennial ryegrass) was found to be more common that in the untreated plots on the N 
rate plots. Nettles and cow parsley were found at similar frequencies to the untreated 
plots at all treatment rates. No damage to the hedgerow caused by application of the 
herbicide was visible. 

 Glyphosate treatments: areas of bare ground rather than dead grass were found at all 
treatment rates. Barren brome was found to be much less common, being found on one 
0.01N rate plot only. Couch and nettles were found to be less common on the N and 
0.1N rate plots, but more common on the 0.01N rate plots. Cow parsley and creeping 
thistle were found at the same frequencies as on the untreated plots. In the N rate plots 
there was no increase in species diversity and some defoliation of exposed branches of 
woody hedgerow species. 

 Standard treatments: bare ground rather than dead grass was found, although only on 
the N rate plots. Dead grass was found at the same frequency as the untreated plots on 
the 0.1N and 0.01N rate plots. Couch was found to be more frequent than on the 
untreated plots at all treatment rates. Creeping thistle and barren brome were found to 
be less frequent at all treatment rates. Garlic mustard (Alliaria petiolata), hedge 
mustard (Sisymbrium officinale), scentless mayweed (Tripleurospermum maritimum), 
Lolium, bindweed and prickly sow thistle (Sonchus asper) were found to be more 
frequent than on the untreated plots at all treatment rates. No damage to the hedgerow 
caused by application of the herbicide was visible. 
 
One year after herbicide treatment: NIAB 

 Untreated plots: Couch was found to be the most common species, followed by cow 
parsley, and the following species at lower frequencies: Holcus lanatus (Yorkshire 
fog), bindweed, cleavers (Galium aparine), hogweed, yarrow, nettles and creeping 
thistle. 

 Glufosinate treatments: couch was found to be much reduced in frequency at all 
treatment rates. Yarrow, creeping thistle, nettles and cleavers were found in lower 
frequencies on the 0.1N and 0.01N rate plots. Holcus was found in higher frequencies 
on the N and 0.01N rate plots. Cow parsley, bindweed and hogweed were found at 
similar frequencies to the untreated plots. 

 Glyphosate treatments: damage to the hedgerow was found on all N rate plots, the 
lower branches of hawthorn (Crataegus monogyna) being set back in growth or dead. 
Bare ground was also frequent on the N rate plots. Couch was found to be much less 
common on all treatment rate plots, however Holcus was more common on the 0.1N 
and 0.01N rate plots. Bindweed and cleavers were found to be more common on the N 
and 0.01N rate plots, whereas creeping thistle was found to be more common on the N 
and 0.1N rate plots. Oilseed rape plants established on plots of all treatment rates. The 
other common species found on the untreated plots were found on these plots at 
similar frequencies. Many other annual species not found on the untreated plots were 
found at low frequencies, indicating an increase in species diversity. 

 Standard treatment: Holcus was found at higher frequencies on all treatment rate 
plots. Nettles and creeping thistle were less common at all treatment rates. Yarrow was 
found at a higher frequency on the N rate plots, but at a lower frequency on the 0.1N 
and 0.01N plots. Couch was found to be less frequent on the N and 0.01N rate plots. 
The other common species found on the untreated plots were found on these plots at 
similar frequencies. 
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One year after herbicide treatment: Grantchester 

 Untreated plots: barren brome was the most frequent species found, followed by 
nettles, cow parsley, Lolium and cleavers at lower frequencies. 

 Glufosinate treatment: barren brome was found to be much less common at all 
treatment rates. Cleavers and nettles were also found at lower frequencies at all 
treatment rates. Lolium was found to be more common at all treatment rates. Cow 
parsley was found at similar frequencies to the untreated plots. Many other species not 
found on the untreated plots were found on all treatment rate plots, indicating an 
increase in species diversity. 

 Glyphosate treatments: damage to woody hedgerow species was found on 2 out of the 
3 N rate plots, the lower branches being dead. Barren brome was less frequent at all 
treatment rates. Bare ground was common on N and 0.1N rate plots, uncommon on 
0.01N plots. Nettles and cleavers were found at lower frequencies on all treatment rate 
plots. Lolium was found at higher frequencies on the 0.1N and 0.01N rate plots. 
Oilseed rape has established on some plots. More species diversity was found on the N 
and 0.1N rate plots. 

 Standard treatment: barren brome and cleavers were found at lower frequencies on all 
treatment rate plots. Bare ground was frequent on the N rate plots. Oilseed rape 
established on some of the plots. Nettles were found to be less common at the 0.1N 
and 0.01N treatment rates, and Lolium to be more common at the same rates. More 
species diversity was found compared to the untreated plots. 
 
Discussion 
No pollination of oilseed rape and other crucifers has so far been detected in this 
study. It is assumed that the GM oilseed rape plants found outside the release field 
sites arose from dispersed seed, either at drilling or, more likely, post harvest. Given 
the nature of the releases, ie their comparatively small size, their isolation from other 
crops and use of land that had no record of growing oilseed rape or that rape had not 
been grown for at least ten years previously, it is not surprising that the local incidence 
of cruciferous weeds was low and that few opportunities for cross pollination 
occurred. 
Seed dispersal was also restricted by the size of the crops and the nature of the 
handling post harvest, though spillages and distribution of seed occurred via the 
harvesters at some sites. However, where GM seedlings did occur from dispersed seed 
their survival was very low due to farm operations on cultivated land and various 
environmental stresses on uncultivated land eg. predation, frost etc. No feral/volunteer 
populations of GM rape have been observed to establish outside the release sites, 
though areas of seed spillage continue to be monitored. 
Volunteer numbers of GMSOSR in the crops which followed were generally low, and 
usually associated with failures in volunteer control. The incidence in a following crop 
of sugar beet (4 plants/ha) was surprisingly low. Numbers of SOSR volunteers 
appearing in wheat crops following National List trials recorded at NIAB and 
elsewhere have also been very low and this generally indicates that both GM and non-
GMSOSR are readily controlled by current farm practices. 
Generally winter oilseed rape (WOSR) is more widely grown in the UK and its winter 
hardiness and biennial character enhance its weediness compared with SOSR. At the 
Cambridge GMWOSR site 77 WOSR plants were counted in 5 ha. Their distribution 
pattern suggesting that they had not been controlled by the normal arable management 
of the winter wheat crop that followed. However, the low incidence of GMWOSR in 
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this volunteer population suggested that its weediness was not enhanced by the genetic 
modifications. 
The lower establishment rate of GMSOSR in the field margin trials also suggests that 
GMSOSR does not have enhanced colonising characters. However, these trials 
generally had low levels of SOSR establishment and testing for the herbicide tolerance 
gene was seriously affected by heavy predation at one site, so that little weight should 
be attached to these results. Trials to study establishment of GMWOSR in field 
margins are currently underway at NIAB. 
The effects of the herbicides on the field margins showed, as anticipated, that the 
broad spectrum systemic fungicide glyphosate showed the highest levels of 
phytotoxicity removing perennial species and allowing colonisation by annuals, while 
glufosinate appeared no more phytotoxic than the currently used herbicides. 
Establishment of oilseed rape volunteers appeared to be enhanced by the glyphosate 
treatments, though these results need to be treated with extreme caution because of the 
generally low levels of establishment. However, it may be prudent to advise farmers to 
avoid allowing drifts of broad spectrum herbicides into field margins, since they may 
allow volunteer herbicide tolerant and other GM rape to establish which can then 
provide sources of contaminant seed and pollen for subsequent rape crops. 
The effects of the herbicides used on herbicide tolerant WOSR on field margins is 
currently being studied at NIAB. In addition, the rate of evolution of multiple 
herbicide tolerance in adjacent crops and plots is being studied and the weediness, 
invasiveness and herbicide sensitivity of multiple tolerant plants is also being 
investigated by workers in UK and France [6]. From these studies it will be possible to 
determine both the agronomic and environmental impacts of herbicide tolerant oilseed 
rape. NIAB is studying the effects on farming operations and management and the 
longer term consequences for agriculture. 
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Background 
The environmental organization Stichting Natuur en Milieu was commissioned by the 
Netherlands' Ministry of the Environment to prepare an inventory of views of non-
governmental organizations (i.e. NGOs) on the risk evaluation of genetically modified 
organisms (i.e. GMOs) in six cases: two cases of the contained use of genetically modified 
micro-organisms, three cases of field trials with genetically modified plants, and one case of a 
environmental release of a genetically modified micro-organism. Subsequently, SNM 
subcontracted Schuttelaar & Partners to prepare the inventory. Five NGOs from the 
Netherlands, one from Germany and one from the United Kingdom were prepared to 
participate. 
 
General findings 
Viewpoints of NGOs in the Netherlands 
One of the basic problems encountered by all NGOs was the high level of technical expertise 
required to participate. In general, the NGOs perceived a lack of information on the accuracy 
of the insertion, the number of copies inserted, the sites of integration and on the levels of 
gene expression and, where appropriate, their developmental and tissue specificity. This 
information was viewed necessary to assess the risk of increased genomic instability with 
unknown ecological effects.  
Further, all NGOs criticized the vagueness of criteria applied in the consent procedure to 
establish whether the GMO deviated, except for the modification intended, from the host 
organism. 
 Moreover, all NGOs perceived a lack of empirical data on the actual, ecological performance 
of GMOs, such as their weediness and invasiveness in the case of genetically modified plants 
compared to that of their non-genetically modified counterparts. The view was shared that the 
potential long term ecological effects of their use had not been adequately addressed. Some 
also explicitly questioned the short term proposed by the applicant or required by the 
Competent Authority (CA) to monitor ecological effects resulting from interactions between 
GMOs and the environment. It was also pointed out that the endpoint of risk analysis 
determines which parameters are considered to be relevant to monitor, implying that 
disagreement about the endpoint of risk analysis can lead to disagreement about which 
parameters should be monitored. 
 
In addition, one NGO provided an extensive, historical review of developments of scientific 
approaches on the risk assessment of genetically modified organisms. This review attempted 
to explain why this NGO perceives an inadequate input of up-to-date ecological insights into 
the decision-making on the use of GMOs. On this basis, it was argued in several instances that 
the precautionary principle had not been adequately applied in present regulatory approaches 
to the use of GMOs. 
 
Further, taking as a starting point the classical risk paradigm, risk = exposure * hazard, 
several NGOs concluded that present approach to risk assessment of GMOs by the CA were 
confined to an 'armchair' hazard identification and a qualitative estimate of 'exposure' in terms 
of the probabilities of such hazards occurring. These NGOs therefore suggested approaches 
seeking a more empirical science-based and quantified risk assessment of GMOs, in parallel 
to the risk assessment of chemical substances. For instance, instead of assuming whether a 
genetic insert would confer a selective advantage to a GMO or recipient organisms, it was 
proposed to measure the insert's fitness, dispersal and introgression in relation to the 
connectivity between the GMOs and recipient populations. Similarly, empirical data on the 
weediness and invasiveness potential of a genetically modified crop plants in comparison to 
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host crop plants should be collected, instead of assuming that the genetic modification would 
have no impact on these characteristics.  
Such empirical information would contribute to a better founding of risk management 
procedures, to unambiguous requirements regarding data and monitoring, and to an 
appropriate enforcement of regulations.  
 
Finally, all NGOs addressed the issue that a risk analysis should be distinguished from a risk 
evaluation. The acceptance of a risk is yet another issue. The NGOs indicated to have 
encountered the difficulty to identify which data requirements had to be met by the applicants 
to obtain consent. The NGOs also pointed out that the normative frame of reference for the 
risk analysis was applied very implicitly in the risk evaluation by the CA. According to the 
NGOs, every risk evaluation is value-laden. In this case, it was for instance felt that in the risk 
evaluations under consideration criteria relating to sustainability had not been applied. For 
this reason, the NGOs concluded that decisions by the CA may be based upon an implicit 
environmental ethics conflicting with other views on the acceptability of risks involved in the 
use of GMOs.  
 
Comments by a NGO from the United Kingdom 
In its comments on the views of the Dutch NGOs, the Green Alliance from the United 
Kingdom raised the question about the regulatory handling of uncertainty, as it would be 
unlikely that there will be ever enough scientific data to make accurate predictions of the 
long-term ecological impacts of releasing GMOs. In the view of the Green Alliance, the 
precautionary approach means more than applying ‘state-of-the-art’ ecology; the 
precautionary approach would also need to take a view about uncertainty, and decide not to 
consent a release if there are a number of unknowns involved. 
 
Since the evaluation of the risks of a GMO-application was viewed by the NGOs as 
something different than their acceptance, the Green Alliance pointed out that, at present, the 
NGOs have not yet got to the stage of indicating the kind of answers that would lead to 
conclusions about acceptability. For instance, if more (empirical) data on the weediness 
potential of a genetically modified beet were available, what would be an acceptable level of 
weediness? Or, in wanting to know the host range of the Bt toxin in the potatoes, which 
potential hosts would be of concern? To the opinion of the Green Alliance, it should be the 
role of NGOs to set the agenda in terms of what matters about the possible ecological 
consequences of GMOs, although it recognized that this would be very hard to do. 
 
In addition, the Dutch NGOs, in common with their UK counterparts, raised broad questions 
about the effects of herbicide tolerance, virus resistance and Bt plants as strategies towards 
sustainable agriculture and addressed the idea of weighing risks and benefits. To the opinion 
of the Green Alliance, consideration of benefits was not within the scope of Directive 90/220, 
as the system set up throughout Europe was geared to consideration and judgment of risks. 
However, as the Dutch NGOs and the Green Alliance observed, there tended to be buried 
value judgments in the regulatory systems. These included a general value judgment that the 
technology was worthwhile, and that only a particular level of demonstrable risk, rather than a 
particular level of uncertainty, justified turning down the application. According to the Green 
Alliance, a policy mechanisms that sought to weigh up the risks and benefits of the 
technology, and even alternatives to the technology, could seek to challenge these value 
judgments.  
 
Comments from a NGO from Germany 
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BUND/Friends of the Earth-Germany pointed out that hardly any NGO had the scientific 
expertise and financial resources required to thoroughly evaluate the risks of GMOs. When, 
due to this limited scientific expertise, the NGOs do not adequately demonstrate the risks 
involved, the false impression might emerge that the GMO is acceptable by the NGOs. In 
addition, even if no risks could be demonstrated, there might still be political or ethical 
considerations not to accept such a GMO.  
 
Second, the implications of a positive evaluation and acceptance of a single product 
containing or based on GMOs by a NGO should not be underestimated. Such a ‘door-opener’ 
might be of interest to the company wishing to market that product. However, NGOs, known 
to oppose gene technology in general, would have difficulties to convey such a 
‘differentiated’ position on a single product, and, in addition, risk their public credibility. 
 
Finally, BUND remarked that previous experiments with Technology Assessment (TA) had 
indicated that a ‘problem-oriented’ instead of a ‘technology-induced’ approach should be 
preferred. The first step is the problem how to produce sufficient healthy and nutritious food 
in an ecologically sustainable way. The second step would then be to evaluate the potential 
contribution of different alternative solutions to this problem, followed by a third step, in 
which the potential risks and benefits involved in the ‘most promising technology should be 
evaluated. Subsequently, the risks and benefits involved in the second best technology should 
be evaluated. Finally, the risk potentials of both technologies should be compared before 
reaching a final conclusion.



   

 242

RISK ASSESSMENT OF TRANSGENIC PLANTS - A COMPARISON 
WITH PESTICIDE REGULATION 
 

Werner Mueller (1), Helge Torgersen (2), Helmut Gaugitsch (3*) 
(1)Institute of Organic Farming, University of Agricultural Sciences (BOKU), Gregor-
Mendelstr. 33 A-1180 Vienna, Phone +43 147 654 37 58, Fax +43 147 654 37 92, e-mail 
wmueller@edv1.boku.ac.at, (2) Institute of Technology Assessment, Austrian Academy of 
Sciences, Postgasse 7/4/3, A- 1010 Vienna, (3) Austrian Federal Environment Agency, 
Spittelauerlände 5, A-1090 Vienna, 
(*) senior author. Phone: +43 1 313 04 3710, Fax: +43 1 313 04 3700, e-
mailgaugitsch@ubavie.gv.at 

mailto:wmueller@edv1.boku.ac.at


   

 243

Keywords: EU- directive 90/220/EEC, Risk assessment, Transgenic plants, Pesticides. 



   

 244

The EU-Directive 90/220/EEC[1] regulating the deliberate release of transgenic organisms 
contains a list of criteria and in some cases assessment endpoints to consider in the risk 
assessment of Genetically Modified Organisms (i.e. .GMOs). We compared this list with EU- 
Directive 91/414/EEC [1] regulating risk assessment of chemical and microbiological 
pesticides, in order to analyse differences between both directives and to find out where 
comparable experience with conventional organisms and appropriate test methods is 
available. For this purpose it is helpful to distinguish between different (albeit interlinked) 
categories of risks that are discussed in the following: ”genetic” risks, risks from the gene 
product, risks with regard to adverse agrosystem effects, and socio-economic risks.  
”Genetic” risks result from the dissemination of inserted genes in a new gene pool and from 
the unwanted survival, dissemination and propagation of GMOs in ecosystems. Directive 
90/220/EEC explicitly addresses aspects of this risk category. Although the main focus of 
Directive 91/414/EEC is on the gene product or chemical risk category (see below) there are 
many common criteria for risk assessment in both directives such as: pathogenicity, survival, 
dissemination and propagation of the released organisms, genetic stability, impacts on the 
food chain and to non-target organisms. There is little depth as far as methods and assessment 
endpoints are concerned. No threshold values are given for this risk category with the 
exception of the persistence of chemical and microbiological pesticides in the soil in Directive 
91/414/EEC (DT90 < one year, DT50 < three months). 
Although there are some test methods available for transgenic plants [1, 2] there is still a lack 
of generally accepted methods for adequate risk prediction on a case by case basis in this risk 
category. This mirrors the gap in knowledge on the principles of evolution. Beyond that there 
is no clear definition of which potential effects on ecosystems should be considered as 
harmful.  
Risks from gene products are assessed by measuring stability, toxicology and ecotoxicology 
of GMOs and their products. There is a lot of experience from the assessment of 
environmental and health risks of exposure to chemicals. Knowledge gaps still exist with 
respect to immunotoxicity and here esp. the determination of allergenicity [5], estrogenic [6] 
and synergistic effects. Contrary to Directive 90/220/EEC Directive 91/414/EEC provides 
detailed definitions of assessment endpoints, evaluation principles and threshold values in this 
risk category. However, the large amount of methods used for the assessment of chemicals 
cannot be directly used for assessing gene product risks of GMOs because methods for 
assessing chemicals have been developed largely for assessing single substances only. Whole 
food studies to assess the toxicology of organisms and their products meet serious 
methodological problems (especially with unbalanced diets) [3, 7]. 
Adverse agrosystem effects are harmful effects (e.g. increased pesticide use) to the 
environment which arise from the interdependence of new traits and changes in agricultural 
practice or changes in consumer food preference. Obviously these effects cannot be reduced 
to a single cause. Studying the ecological impacts resulting from the cultivation of 
conventional non-transgenic crops, we came to the conclusion that, following the catalogue of 
questions of Directive 90/220/EEC, it is hardly possible to infer the observed ecological 
effects directly from the plants´ traits [8]. Both directives do not refer to this risk category, but 
we propose to include questions on adverse system effects into both directives. 
Socio-economic risks are taken into account neither by Directive 91/414/EEC nor 
90/220/EEC. Although modelling can be useful for their assessment, neither endpoints nor a 
common understanding of unwanted effects or developments are established. Nevertheless, 
some efforts have been made in the genetic engineering laws in Norway and Austria to deal 
with this category. However, no substantial results have been obtained so far. 
Besides these risk categories Directive 91/414/EEC takes into account regional aspects, risk-
benefit analyses, and agricultural effects like the development of resistant pests. This standard 
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of pesticide risk assessment should be adopted for the assessment of GMOs as well, with a 
reassessment after a certain period of time in order to take into account scientific progress. 
The recent proposal for an amendment of Directive 90/220/EEC by the EU Commission takes 
up some of these points. 
Experience from the history of pesticide regulation 
Studying the history of risk identification and regulation of different pesticides shows that 
from 1939 up till now the risk identification of new (previously unknown) harmful effects to 
humans and the environment continues to evolve. The depletion of the ozone layer by 
Methyl-Bromide and the estrogenic effects of many chemicals (for example Vinclozolin, see 
Figure 1) are well - known examples of these new risk identifications within the last two 
decades. Furthermore the history of pesticides regulation shows the time lag between 
chemical exposure of the environment, the occurence of a harmful effect, the identification of 
that deleterious effect, the scientific proof of the cause of that effect and the political reaction 
to that new scientific evidence. Figure 1 gives a short review of these aspects.  
Another lesson from this historical review is that persistent chemicals - especially if they are 
mobile and can be accumulated - are a major risk factor in a continuously changing 
environment. Due to the complexity of ecosystems the overall ecotoxicity never can be fully 
assessed. The persistence of chemicals is a central criteria for assessing the ecotoxicity 
because the exposure of persistent chemicals cannot be terminated or removed if new harmful 
effects will be identified in the future [9, 10]. Since GMOs are viable their persistence may be 
even more critical than in the case of chemical substances. This has to be taken into account 
in the risk assessment.  
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 DDT Methyl Bromide Vinclozolin 
1940 - approval (before 1948) 

- resistant insects (1947)  
 

  

1950 - DDT in mother´s milk (1950) 
- accumulation in soil & fat tissue (1951) 

  

1960  - approval (1965)  
1970    
1980   -approval (1984) 
1990 - approval withdrawn (1992) 

- estrogenic effect (1995) 
- depletion of the ozone 

layer (1994) 
- estrogenic effects 

(1994) 
2000   

- phase out (2005)? 
 

2010    
 
Figure 1: Historical review of the risk identification and regulation of three pesticides in 
Austria  
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Conclusions 
Comparing EU-Directive 90/220/EEC regulating the deliberate release of transgenic 
organisms and Directive 91/414/EEC regulating the approval of pesticides reveals great 
differences in the depth of regulation. This may lead to the paradoxical situation that, for 
example, a genetically modified plant producing a microbial pesticide protein may undergo a 
risk assessment (following Directive 90/220/EEC) under less detailed conditions more open 
to interpretations than the protein or the microbe itself if applied as a pesticide. 
The history of pesticide regulation reveals that one of the important questions is how 
scientific progress in risk identification can be taken into account in the risk assessment. It is 
obvious that persistence is a central assessment criteria to refer to this problem. The 
consequences to be drawn from the history of environmental risk assessment of pesticides is 
the necessity to strengthen the precautionary principle in the risk assessment procedure not 
only for pesticides but also for GMOs. Directive 91/414/EEC refers to this fact requiring a 
limited persistence for chemical and microbiological pesticides. Gene escape of synthetic 
genes into a new gene pool could be compared with the persistence of chemicals. No 
thresholds are set for gene escape by Directive 90/220/EEC, which has to be considered a 
major omission from a precautionary point of view. 



   

 248

Bibliography: 
1. EU-Directive 90/220/EEC (1990) Council Directive of 3. April 1990 on the deliberate 

release into the environment of genetically modified organism (OJ N° L 117/15, Brussels)  
2. EU-Directive 91/414/EEC (1991) Council Directive of 15. July 1991 concerning the 

placing of plant-protection products on the market (OJ N° L230, 19.8.1991, Brussels) 
3. Kjellsson G, Simonsen V (1994) Methods for Risk Assessment of Transgenic Plants. I. 

Competition, Establishment and Ecosystem Effects. Birkhäuser Verlag. 
4. Kjellsson G, Simonsen V and Ammann K (eds.)(1997) Methods for Risk Assessment of 

Transgenic Plants. II. Pollination, Gene-Transfer and Population Impacts. Birkhäuser 
Verlag. 

5. Kok EJ, Kuiper HA (1996) Evaluation of Strategies for Food Assessment of Genetically 
Modified Agricultural Products - Information Needs. In: OECD: Food Safety Evaluation. 
p. 80-84. 

6. Seibert H (1997) Umweltchemikalien mit endokriner Wirkung. In: UBA 
Umweltchemikalien mit hormoneller Wirkung. Tagungsberichte Band 19.Wien 

7. Hammond B, Rodger SG and Fuchs RL (1996) Limitations of Whole Food Feeding Studies 
in Food Safety Assessment. In: OECD Food Safety Evaluation. p. 85-97. 

8. Torgersen H (1996) Ecological impacts of Traditional Crop Plants – A Basis for the 
Assessment of Transgenic Plants? Austrian Federal Environment Agency 
(Umweltbundesamt) Monograph Nr.75. 

9. Klöpffer W (1994) Environmental Hazard – Assessment of Chemicals and Products Part II: 
Persistence and Degradability of Organic Chemicals. ESPR – Environ. Sci. & Pollut. Res. 
1 (2) 108-116.  

10. Mathes K (1996) Langzeitbeobachtung und –bewertung von Umweltveränderungen 
transgener Organismen. Was hat die Ökologieforschung gebracht? In:Texte 58/96 
Umweltbundesamt Berlin, S. 61-70.



   

 249

Discussion session 6: Decision Procedures, Harmonization 
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Jan Husby 
The purpose of the Norwegian Gene technology act is to ensure the production and use of 
GMO takes place in an ethically and socially justifiably way in accordance with the principle 
of sustainable development and without detrimental effects on health and environment. Living 
in a democratic society, we are sending out applications on marketing to a broad public, both 
consumer organizations, green organizations and scientific institutions and also the industry 
has the possibility to give their opinions. However, the Norwegian parliament in complete 
consensus prohibit GMO and products with antibiotic-resistance-genes. Why did the 
parliament do this ? First of all, they used the precautionary principle, because the scientific 
world did not convince them of the safety of antibiotic-resistance-genes in plants. Quite many 
experts working within gene technology method in veterinary and medicine research were 
much more sceptical and had seen the development of antibiotic-resistance pathogen bacteria 
compared to plant breeders working in virgin technology on plants. And the last question of 
uncertainty was in fact, do we need them. Do they compete with the traditional not modified 
plants, are they better for the consumer, are they cheaper ? In this respect the biotech industry 
has not managed to convince the consumers nor the Norwegian politicians and not many of 
the experts in related fields in Norway. The big issue is the overall lack of knowledge and the 
uncertainty of positive and negative effects on both, human health and environment, are very 
important. 
 
Phil Dale 
In all aspects of live there are all kinds of uncertainties. Is it fair to say, that we take much 
more notice of risk with transgenics, because it is novel ? Piet Schenkelars said that many of 
the interest groups felt that risk assessment is armchair exercise. The alternative to an 
armchair exercise is to get out and to do field releases and to commercialize and to learn from 
that. Now, if we did so without doing this so called armchair exercise the interest groups 
would be the first to criticize that we will not drawing on all of the experience and data that 
was available. One assumption is, that science gives black and white answers, but we all 
know that they are usually shades of grey, because we don’t know everything about 
everything, we have to try to make decisions in using all information we can. The other point 
about risk assessment being poorly integrated seeming a bit of a model. It does seem confused 
and confusing when we talk about things at generic level, when we talk about gene-transfer 
being a hazard, when we talk about herbicide tolerance being a hazard. You can only really 
get down to think about particular issues, solutions by talking about specifics, by talking 
about particular genes, particular crops and particular environments. The risk assessment is 
very much built on science, but there is a political element in the sense that a country has to 
make a decision if a particular area of technology is worth pursuing and has some value. One 
of the problems in decision making, if you have the wide extremes in a group of people trying 
to decide which are safe and which are unsafe. If you have people that want to stop the whole 
thing and people that want to move along as quickly as possible without any regulation or 
with minimal regulation then this resembles a debate of fachists and communists about 
democracy. And eventually they have to make a decision with all of the uncertainties that that 
involved. 
 
Les Levidow 
Simon Barber described that the OECD has to develop at least criteria for data requirements 
and the future acceptance to data and in that respect the criteria are now clearer, but as we all 
know even data which is mutually accepted does not translate into accepted decisions. A great 
task is to clarify the uncertainties in every aspect of risk assessment including monitoring 
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after commercial approval. All of this would be great departure for the European Science 
Foundation (ESF) at least regarding biotechnology. In EU, DG XI brings together all the 
competent authorities and they respond to marketing applications in particular, that brings out 
their differences whether they accept the data in the application, how their interpret the data 
and they disagree about how to define an adverse effect under the directive, they disagree 
about the burden of evidence, demonstrating that a potential effect won’t happen and so on. 
So already there is a clarification process built into the regulatory procedure. Likewise DG 
XII has substantial funding for the prenormative research program which aims are to fill gaps 
in knowledge needed by the risk assessment procedure taking place in DG XI. Here is it 
funded very little research on transgenic plants. We see very few applications for such 
research. So I have to main question from all this. Why is there a gap in the institutions which 
are officially responsible for carrying out the functions of decision making and harmonization 
and so on. 
 
Jeremy Sweet 
My feeling about the European programs is first of all they tend to be very narrow and 
specific and they will look up to particular narrow issue and problem and tackle it probably 
from a very narrow perspective. Another perspective is to try to get a multi-disciplinary 
approach to risk assessments. In Europe we should be considering the agricultural impact in 
the agriculture management. The other reason for going to ESF is that it includes countries 
not in the EU, but the EFS is specifically supported by the scientific academies of a number of 
non EU countries as well, for example Switzerland. 
 
Jan Carel Zadok 
Piet Schekelaars gave an excellent overview of what was ongoing in the Netherlands. One 
point which he brought forward is coming from the English NGO which was apparently a 
buried value judgement that technology is worthwhile. I don’t think this view is correct. It is 
what the government want, what’s parliament want. It wants to stimulate new technology, but 
with sufficient safety. 
 
Jeremy Sweet 
I have an open mind on the need for monitoring and I think it will be one of the things the 
ESF group needs to discuss. They need to discuss what you can monitor and why and if they 
come up with good reasons and so on, then OECD shall develop the methodology. There is a 
major monitor program in the UK. It is looking at oilseed rape and looking to see if the risk 
assessment done by the original companies is OK when the oilseed rape is grown on a large 
scale. What we really need are clear objectives. 
 
Christian Damgaard 
Many of the decision makers this afternoon said that risk assessment was a probability, or 
they didn’t use the word probability. Probability times effects that is the risk assessment. And 
you multiply two things by multiplying two numbers and may be the numbers are what we 
actually want and that is actually the question. What I would like is to suggest that the 
familiarity concept as used now is based on a terminology which is not used in the science 
community. I read your booklet on the definition on the familiarity, it pretty much 
corresponded to what I would call a probability. The advantage of probability is firstly that it 
is possible to multiplied with the effect, because it is a number, it is between zero and one, it 
will also a specific question which the scientific community could answer. What is the 
probability of a certain event ? The answer in many circumstances will be very difficult to 
find, but I think if you ask the question specifically the chance to get a good answer might be 
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larger. Using the word probability instead of familiarity will make the dialogue between 
scientists and regulators more easy. 
 
Simon Barber 
The concept of familiarity includes additional things, they probably would not be covered by 
just by looking at probabilities of events. Many of the familiarity components will not 
translate easily into probability, such as e.g. genetic variability of oilseed rape. What is 
probability for something like the potential for a Brassica to outcross to another species ? We 
do need to be clearer on the components of the familiarity knowledge base. 
 
Jan Husby: 
Another dimension in the discussion is the time scale. We are in fact a big and a small 
audience of the same time. We know that the decision procedures we have to do, we would 
like to have the same decision procedures, but we know that this is going to be different in the 
future. With the case of transgenic spruce, which might soon arrive, my grandchildren will 
have completely different management regimes and systems. 
 
John Adams 
The title of my paper tomorrow is a Richter scale for risk, but I’m not going to have much 
time to talk about that. The example I use in my paper the risk of a road accident or dying in a 
road accident. The appeal for Richter scale of risk is based on the idea that you fill the scale 
benchmark risks. The risk of dying in a road accident is 1:16000 (men/year). What on earth 
did this mean ? If you go through the literature you find that a young man is about a hundred 
times more likely to die on an road accident than a middle aged woman. If you on the road at 
three o’clock in a Sunday morning you are over hundred times are more likely to die than if 
you are on the road at ten o’clock in the Sunday morning. If you are two and a half-time over 
the alcohol limit it is 20 times. Now if all those factors were independent, then a young 
drunken man on the road three o’clock in a Sunday morning would be about 2.5 million times 
more likely to die than a normal middle-aged woman driving to church seven hours later.  
 
Piet Schenkelaars 
Reply to Phil Dales comment: We are living somehow in a democratic society, it means not a 
perfect system, but I don’t know a better one. One of my observations is that membership of 
political parties is declining. So, when political parties decided that the technology is useful, 
that may be an interesting thing. On the other hand membership of consumer and 
environmental and nature protection organizations are very large in comparison with political 
parties. Sorry for people of industry, politics and science, but your credibility is quite low in 
comparison to that of the NGO’s. When you want to introduce biotech on the market and you 
have opinions from NGO’s that technology is not worthwhile to pursue, you have a problem. 
Risk assessment research gets funded perhaps a little bit, may be not enough. Then I would 
like to comment that the NGO’s at least admit that they have low level of expertise on 
biotechnology and I know that some NGO’s do not want to increase their knowledge base, but 
there are quite a lot of people who would like to increase the knowledge base and would be 
enabled to do so. But when you then talk about increasing knowledge within NGO’s 
community programs and communication etc., they are quite well funded. On the other hand I 
would say that biotechnologists they are of course experts in biotechnology, but are they 
experts when you have these very general discussions, are they experts in world economy and 
how to feed the world ? They have also a very specialized scientific expertise and often they 
strech their range of expertise in a way they should not do it. What I would like to say is, that 
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we have to communicate. And when I think about world communication that is a two way 
thing. 
 
Klaus Ammann 
Remember my word symmetry of ignorance and remember my word step by step proceeding, 
learning from each other in a very pragmatic way and I think this also should be incorporated 
in decision processes. Biotech companies have to go through the bottleneck of a very stringent 
regulatory procedure, when they make a single small fault, they will be just tapped on their 
fingers. When NGO’s are seriously involved , they should be heard, but also they have to 
behave according to certain code of conduct. 
 
Phil Dale 
I agree with what Piet said about communication and involvement and as scientists we have 
an increasing responsibility to do this and to spend time. I did the first release just over ten 
years ago and we have been faced with the same sort of question time after time. 
The other thing I find with the some of the interest groups, like Greenpeace and Friend of the 
Earth. When you get them in the bar and you can have a proper reasoned debate with them 
and they will acknowledge that some of the things there is potential to do some really useful 
important things. But when you get them back in the conference room they spring back on a 
bit of elastic. They follow the party line, we must stop all of this, it is some safe, it is 
unacceptable. I think that is a part of the problem.  But clearly we have to keep humming 
away at the communication through as involvement as well to involve and inform. I think we 
need to do more in schools, more with consumer groups and so on. I would very much like to 
get a transgenic plant system in school. We should starting to think about that. Together a 
agrobacterium with a construct approve the regulator process, there are risk assessments on all 
the possible things which could happen with that. And to get school, doing transformations, 
see that things are not scary and look at mendelian seggregations. And I think that is the way 
we need to go. 
 
Peter Kareiva 
The world largest environmental group is the Nature Conservancy, it has billions of dollars of 
assets. It employs 200 Ph.D. it has his own postdoc program, it funds research, that’s a NGO. 
That is a major environmental NGO. So we need to have a differenciated view about NGO’s. 
 
Klaus Ammann 
Yes, I agree, since myself I am a member of IUCN, a global player in Conservation, with 
thousands of specialists organized in hundreads of committees doing a fine job. 
If we want to have a deeper going in decision process we must also involve those being 
against genetic engineering. Is that the correct interpretation ? 
 
Bernadette Scherer 
It is really important that both sides are working together. The point which is important for 
most of the NGO’s in Switzerland in the moment has been discussed for about ten minutes. 
This is the pollination problem we have with all this organic farming and for us it is a 
absolutely major problem. Do we have organic farming in 10 or 15 years if we have 
transgenic crop around ? 
 
Klaus Ammann 
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Let’s go on to conversation about decision procedures, what can we propose from here, from 
this audience, as new steps. Is it this discursive tactics in future and is the strategy to open the 
dialogue with NGO’s ? 
 
John Adams 
The main topic of a meeting, arranged by Scientists for Global Responsibilities, was global 
warming and there were some eminent scientists there including a Nobel prize winner. And he 
claimed that there was two very different versions of responsibility. One was responsibility to 
the truth as a scientist and the other was responsibility as a citizen. The scientists were 
attending the meeting, because they thought that the evidence was far from absolutely 
conclusive on global warming, but on balance there was something to worry about and they 
thought as scientist having come to a conclusion that they should seek to influence policy 
decisions in a direction which would cut down on the emission of CO2 and so on. Now, once 
the responsible scientist switches into campaign mode, it becomes extremely difficult  
 
Klaus Ammann 
Scientific knowledge is certainly just one part of the game. When I say code of conduct of 
course this involves both parties. From what I see is that there are no regulations what so ever 
on the side of the behavior of the NGO’s. Just absolute liberty, no code of conduct, nothing, 
and on the other side there are still a lot of people among the biotech companies who think the 
same. They can do the same. And there, I think, we can make a step forward to talk about 
certain rules in the dialogue and one of the rules should be respect for the different types of 
knowledge of the other party for instance. 
 
Les Levidow 
If we look at the papers inside the program, perhaps we could say, biotech industry, 
regulators, risk assessment researchers around issues of scientific uncertainties. But there is 
only one paper even presenting views of NGO’s, actually describing views of NGO’s, and 
Piet doesn’t represent an NGO as such. So the conference is not intended to discuss the 
question we now find ourselves discussing. And I have to say I find it offensive to hear such 
an important political issue be discussed in such a superficial way. I would be rather 
interested in discussing code of conducts for regulators and scientists present here. 
 
François Pythoud 
If we go as deep into decision making processes as Les is proposing, then we end up by 
mixing two separate processes: The scientific one on safety and risk assessment and the 
political questions about what should be the policy of agriculture in the future: We will end up 
in trouble. 
 
Andreas Seiter 
A code of conduct is in my view most probably an urealistic goal, since we need a polarized 
discussion, where all parties have a chance to express their views, and the public will then 
make up its own opinion.
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Summary 
The development of biotechnological techniques will allow the industry to produce transgenic 
plants with altered traits that may affect the chance of invasion and alter organism-interactions 
in natural communities. In order to assess the hazards from these new transgenes, information 
on a wide range of subjects is required. It is essential that the most relevant research data are 
obtained quickly by the use of the most effective research methods available.  
 
Two books with compilations of current test methods useful in risk assessment of transgenic 
plants was published by Birkhäuser in 1994 and 1997. A total of 161 methods were included 
covering subjects relating to: invasion, competition, establishment and ecosystem effects [14], 
and pollination, gene transfer, hybridisation and population impacts [15]. The coverage of 
different subjects is reviewed, fields are indicated where further research is needed, and the 
need for new methods is mentioned. 
 
Analysis of recent developments in research literature and trends in releases of transgenic 
plants in the EU and in USA indicate some major changes we can expect to happen. The 
importance of resistance to pathogens will increase, the use for production of metabolites, 
pharmaceuticals, etc. will also increase, and plants with increased tolerance to environmental 
stress will be produced. The consequences of these aspects are discussed in the context of 
need of specific information for risk assessment. 
 
Information obtained from literature, field trials, laboratory and greenhouse tests needs to be 
interpreted in an structured and well defined manner. Hence hierarchical decision procedures 
and other approaches are needed to meet the demands on “safety” from the public, 
governmental authorities and international organisations.  
 
New problems arise when transgenic plants are accepted for large-scale commercial releases. 
This will require that effective monitoring programmes are established for detecting transgene 
dispersal and unforeseen chances to ecosystems. 
 
Introduction and background 
There are many different types of concerns we may face by the use of biotechnology and the 
introduction of transgenic plants in modern agriculture:  
1. They may pose a risk to human and animal health which requires assessment of the food 

and feed quality of the new products [19]. 
2. There can be social and economic aspects of dependency of certain types of crops over 

large areas or monopolisation of products by certain companies. 
3. There are ethical aspects which have to be considered. You may object to radical changes 

in the genome or find that the integrity of natural species are overruled - although 
manipulation of species has been done for centuries in traditional plant breeding. We have 
to take these aspects seriously, if public acceptance of the technology is to be gained [5, 8].  

4. Finally, and that is our main object here, there are ecological concerns of risk to the 
environment. Will there be negative effects to natural habitats if transgenic organisms or 
genes spread and establish? Many of the concerns and problems expected are similar to 
those experienced from the introduction of new crops or invasive species [27]. This will, 
however, depend entirely on the particular transgene insert and the phenotypic effects on 
the plant. Consequently, our main environmental concern should not be focused on the 
technique as such, but on the traits and genes that are inserted and on their potential effects 
to the environment [25]. 
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Now, what are the major potential ecological hazards to the environment from the escape of 
transgenic plants, the worst things that could happen? The main issues that are commonly 
quoted [2, 3, 4] are: 
• Loss of genetic diversity in species - through gene-flow, hybridisation and selection. 
• Loss of biodiversity - Species may become extinct by competition or from loss of organism 

interactions. 
• Harm to non-target species - Other groups of organisms (e.g., pollinators and herbivores) 

may become negatively affected directly by the transgenic plant or if plant species are lost 
by competition. A change in plant composition in natural habitats may again lead to: 

• Changes in primary production, nutrient cycles and geochemical processes, which in the 
worst case may ultimately lead to: 

• Increased soil erosion and other types of soil degradation. 
 
The major international organisations that are contributing to the development of strategies 
for risk assessment and collecting information on transgenic plants include the OECD, United 
Nations and the European Union. The OECD contributes to harmonisation of safety measures, 
workshops, publications on regulatory survey and consensus documents [Simon Barber ibid., 
17, 18]. Under the United Nations, UNIDO has established a Biosafety Information Network 
and Advisory Service, BINAS. United Nations Environmental Program, UNEP, has provided 
guidelines for biosafety [26]; and global information is gathered in the Information Resource 
for the Release of Organisms into the Environment, IRRO. EU is central to the regulatory 
work in Europe with the directives 90/220/EEC and 94/15/EC, the simplified annex for 
plants, which stipulate the information required for releases of genetically modified plants. 
These directives are currently under revision. The list of terms now required by the EU is 
quite good, but exactly what specific information is needed and the type of data is required in 
each case, is not stipulated. 
 
Need for new research and methods 
Exactly what kind of research and methods are needed in the next years? To answer these 
questions we first look at current lacunas in our knowledge and then try to analyse future 
needs based on trends in development of biotechnology. 
 A compilation of current test methods useful in risk assessment of transgenic plants is 
available in two volumes from Birkhäuser Verlag [14, 15]. In total 161 methods, some 
covering a range of subjects, are described with nearly 1700 references providing further 
information on each method. The subjects that are included in the books are primarily relevant 
to processes relating to gene dispersal and the life-cycle and population dynamics of the 
transgenic plant - factors which determine the success of an invasion. For specific subjects, 
we find that analysis of plant growth and plant competition are well covered with 33 methods. 
For the study of pollination, 34 methods are available, while gene transfer and hybridisation 
are covered by 43 methods. A total of 35 methods concern seed dispersal, seed viability (i.e., 
seed bank) and seed germination. Population dynamics and population genetics are especially 
well covered subjects with 56 methods available. However, concerning direct ecosystem 
effects, only 11 methods are available in vol. 1. Furthermore, the books do not include 
methods on toxic effects on organisms or non-target effects caused by food webs, etc., and 
plant-organism interactions are only represented by plant-pollinator interactions. 
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Table 1. Need of research and new methods in risk assessment of transgenic plants. 1 

Subjects covered mainly relate to processes of plant life-cycle, plant competition, population 
dynamics and ecosystem effects. GMP is used as an acronym for “genetically modified plant” 
or “transgenic plant”. 

Suggestion 
 

Purpose 

Plant growth and competition  

Need for methods which are less time consuming Estimate seedling fate in relation to 
density 

New methods for analysis of competitive experimental 
designs 

Generalisation of results 

Field methods to study allelopathy need to be 
developed 

Integration of laboratory and field 
research 

Seedling persistence is an overlooked strategy Survival under stress 

Pollination  

Need of information on interactions between GMP and 
local pollinators 

Determines reproductive success of 
invasive species 

Need of research in the role of small, unspecialized 
pollinators 

Influences the range of gene transfer 

More data linking pollinator activity and actual gene 
flow are needed 

Monitoring gene flow between GMP 
and wild species 

Information on range and viability of long-distance 
dispersed pollen is needed 

Monitoring long-distance dispersal 

Gene transfer and hybridisation  

Lack of data of relative importance of seeds compared 
to pollen for gene-flow 

Estimation of transgene dispersal 

Need of additional markers and detailed genetic map 
to study hybridisation 

Monitoring of gene transfer 

Need of information and methods to study pleiotropy Expression of transgenes after 
hybridisation 

Seed dispersal, survival and germination  

Influence of human activity on seed dispersal  Monitoring seed dispersal and 
invasion 

Density of rare seeds in soil difficult to detect Monitoring seed survival in soil 

Artificial seed decay correlated to seed survival in the 
field 

Estimates of survival in seed bank 

Need for easy and reliable seed labelling methods Monitoring seed dispersal distances 

Population dynamics and genetics  

Studies linking genetic diversity to variation in plant Information on the adaptive value of 
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fitness are needed diversity 

Need of data on the migration rate dependency of the 
size of the receiver population 

Modelling invasion of GMP into new 
areas 

Knowledge on identity and action of genes causing 
genetic load is limited 

Genetic load may set constraints on 
invasive success of a GMP 

Need of research which integrates genetic and 
ecological data 

Information on fitness of GMP in 
local environments 

Ecosystem effects  

Need to determine habitat dependent success of 
invasion of crop species 

Estimates of invasion probability of 
GMP 

Need of research in palatability of crop species to 
herbivores compared to wild plant species 

Indicates success of invasion and 
survival 

Confined methods concerning effects of perturbations 
to vegetation are needed 

Trials of GMP performance before 
release 

1 : Based on author suggestions in method books [14, 15] 
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In the method books, the authors made several suggestions of specific fields where further 
research is needed or where there is a need of new methods for risk assessment (Table 1). 
Some of the more general conclusions will be commented on here. For test purposes, there is 
a need to integrate and validate laboratory research and methods concerning allelopathy and 
seed decay (survival in seed bank) with data from the field. There is a lack of knowledge on 
the influence of the type of pollinator and pollinator activity for gene flow and establishment 
of transgenic plants. Data on the relative importance of seeds compared to pollen for gene 
flow is needed in modelling. For monitoring of seed dispersal distances and seed survival, 
methods are needed for labelling and detection of seeds with low density in the soil. The 
influence of human activities, from cars and agricultural vehicles, etc., on dispersal of 
introduced species has been largely unnoticed by experimental research, although man 
probably is a major cause for the dissemination of introduced species. There is a need for 
research in the function of transgenes which affects the success of invasion (pleitropic effects 
and genetic load). Research data for modelling is needed on the migration rate dependency of 
the size of the receiver population. Finally, the integration of genetic and ecological research 
(e.g., genotype-environment interactions) is needed for conclusions on the fitness of 
transgenes in local environments. 
 
Need for new research based on recent trends in field releases and biotech research 
Current research and development of methods for ecological risk assessment must focus on 
the specific inserted trait and the particular types of hazards they may cause to the 
environment. The main traits that are currently inserted by the new biotechnology include: 
Herbicide tolerance in transgenic plants primarily affects problems of herbicide use in the 
agricultural ecosystem and adjacent areas on farming practice (e.g., resistance management) 
and toxic effects on target and nontarget organisms. These problems are only relevant to 
natural habitats is herbicide use is expected. Pest and pathogen resistance require our fullest 
attention as these traits directly involve other organism groups, and may also cause indirect 
effects on non-target organisms [Raybould et al. ibid., Fuchs & Gonsalves ibid.]. The Bt 
resistant Maize and the heated debate in EU, is a good example [see also Hilbeck & Bigler 
ibid.]. Altered plant characters, such as altered height, flower colour, male-sterility, etc., may 
directly or indirectly affect the ability for growth, reproduction and influence competitive 
interactions and invasiveness. Changed metabolic content in the plant (e.g., changed fatty 
acids, aminoacids, pharmaceuticals, etc.) may cause toxic effects on pollinators, herbivores 
and soil organisms. Stress tolerant plants (e.g., to drought, salt and cold) may become a very 
critical group, as they potentially could invade natural habitats along seashores, in northern-
temperate or alpine climate, etc., and possibly affect biodiversity and soil processes in the 
environment. Special problems for human and live stock health concern the use of antibiotic 
resistance markers (e.g., Kanamycin); but these will eventually be phased out by the industry. 
 
What type of transgenic plants are currently being released in field trials, and what can 
we expect in the future?  
To answers this question, we compare the percentage releases of different traits in the EU 
from the period 1991-95 and in 1996 to the data published by the US Department of 
Agriculture, USDA, for 1987-97 and to the published research literature from the period 
1994-95 (Figure 1).  
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Figure 1. The percentage field releases of transgenic plants with different traits in EU and in 
USA compared to the corresponding percentages of research literature. Based on information 
from the EU, DG XI, USDA and a literature search. The percentages for the EU add up to 
more than 100 because a case may involve more than one trait. 
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The development in field releases in EU in 1996 show some minor changes from 1991-95. 
The percentage of trials with herbicide tolerance and pathogen resistance have both declined, 
while trials involving new metabolites has slightly increased. The percentage of trials with 
changed plant characters has significantly decreased. This can largely be explained by the 
male-sterile Rape from PGS with many field releases in the EU in 1991-95.  
 
The data from the USA could indicate what may happen in the EU in the years to come. The 
percentage field releases trials with herbicide resistant crops is much lower in the US than in 
Europe, only some 29%. Both field trials with metabolic products and insect resistance make 
greater percentages than in Europe, 21% and 24%, respectively. Pathogen resistance crops 
make 14% of the trials (9.8% viral resistance and 4.2 % fungal resistance) which is similar to 
the EU. The difference in percentage for changed plant characters is partly caused by overlap 
with the category “Others”. 
 
The published research literature can be used as an indicator of what to expect in field trials at 
a later stage. There are limitations on this approach. The literature search may be biased, and 
the number of field releases will ultimately depend on what is commercially desirable. The 
results compared to the EU data showed a decrease of herbicide tolerance to approx. 10% of 
the published research. Insect resistance also amounts to about 10 % of research literature. 
This comparatively low value may reflect that one technology, the Bt toxins, has been very 
successful and further research seems less urgent. Pathogen resistance (specifically virus 
resistance) has increased further to 27% of the references and so has the percentage of studies 
with metabolites and chemical products in transgenic plant to 25% of references. Others, 
which include research in stress tolerant plants is becoming more important with 7.5% of the 
literature references. 
 
To conclude, the survey indicates a trend of decreasing use of herbicide resistant crops in field 
trials but increasing use of transgenic crops with pathogen resistance (especially virus 
resistance) and transgenic crops for production of metabolites and chemical compounds. So 
this is what we can expect to face in the next years. How should we act on this information? 
What should we do? 
 
Need for structured procedures in risk assessment  
There is a need to apply more structure in the assessment procedure of transgenic plants than 
has been done up to now. There is also a need for effective regulation that meet the demands 
of the industry for clearly stated requirements for information and a limited time scale for 
regulatory decisions. Criteria for data requirements involving specific test methods are 
especially needed, which make stricter delimitations compared to present standards (i.e. the 
EU Directive 90/220, see also [9]). This is required to meet ongoing disputes between 
countries on which effects to include and how to delimit these in risk assessment procedures, 
etc. [16, Levidow ibid.]. Suggestions on how this can be done in a hierarchical manner, partly 
based on the experience from risk assessment in ecotoxicology, have been published [24, 23, 
13]. The procedures generally involve a number of different tiers or levels of increasing 
complexity and cost of data and increasing scale of release (small-scale to large-scale field 
releases). At each tier information and data are collected, tests are made, the results are 
analysed, and decisions are taken on whether to accept release, reject release or that further 
data are needed for assessment.  
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Figure 2. Schematic presentation of main subjects and interactions which should be 
considered in the environmental risk assessment of a genetically modified plant. 
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A flow diagram, which suggests how the different types of effects and hazards in risk 
assessment are interacting, is shown in Figure 2. Not all subjects are relevant to all transgenes 
or plant species. The diagram may be used to indicate which types of subjects and what kind 
of tests needs to be done for specific traits and plants. There are some general subjects which 
directly affects the changes for establishment of the transgenic plant: changes in growth rate, 
competitive ability and reproduction (i.e., flowering, seed production, seed survival, etc.). 
Effects of an established population of the transgenic plant on other plant species, vegetation 
and secondary effects on soil properties, must be considered in tests and monitoring. For 
specific traits, the issues of non-target effects on pollinators, herbivores, wildlife and soil 
fauna including secondary food-web effects, must be evaluated. Finally, the issues of gene 
dispersal and hybridisation, which make further assessment necessary [see 6, 21], has been 
added to the flow diagram. As an example, for a plant made resistant to insects by Bt-toxins, 
effects to vegetation and secondary effects to soil processes would be of little relevance, while 
effects to other organism groups mentioned above will be important to assess.  
 
It is suggested that an assessment procedure for a transgenic plant should include two types of 
tests: one package of basic tests, which should cover the general subjects and in principle 
should be applied to each new case, and one or more packages of tests specific for the inserted 
trait. All tests should be relatively simple to perform, standardised and replicable. Test should 
be done on both the transgenic and the unmodified comparable plant. It is also important to 
define quantitative or qualitative acceptance criteria, which could be based on decisions made 
from consensus meetings in international fora of specialist research scientists. 
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Table 2. Types of tests for risk assessment of transgenic plants. 
Suggested basic tests which apply to all cases and an example of a package of toxicity tests for 
a specific trait, bioproduction. 

Basic tests Toxicity tests 
Subject Type of test/ data Possible hazard to: Type of test/ data 

Plant growth Growth-rate test 
Total plant biomass 
 

Human health and 
live stock health 
 

Toxicity and allergy 
tests 
 (rat-test and skin test) 
 

Plant reproduction 
 (life-cycle) 

Seed germination 
Plant survival 
Flowering 
Seed production 
Seed survival 
(viability) 
 

Wild life 
 
 
Pollinators 
 
Soil organisms 

Feeding studies with 
birds and mammals 
 
Honeybee test  
 
Tests with earthworms 
and springtails 
 

Competitive 
interactions 

Two-species test 
 

Environmental fate 
 

Degradation tests 
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From the basic tests (Table 2), data on possible changes of important aspects of plant growth, 
reproduction and competitive ability are obtained (Figure 2). Most of these issues are rather 
fundamental for assessment of survival and establishment in new habitats, and are fully 
covered in the method books [14, 15]. The tests for the inserted trait should concern the 
specific type of hazards that may be expected from these traits. It could be important to 
include a factor of environmental stress when tests are made (e.g., drought, nutrient deficiency 
or competition). Under optimal growth conditions (normal field trials) critical differences in 
performance between the modified and unmodified plant may not become apparent. Con-
sequently, these type of results will not indicate what would happen in natural habitats. The 
type of trial conditions (greenhouse trial or field release) will require that the relevant safety 
precautions are taken [7]. 
 
If we look at a particular case, bioproduction of metabolites, such as proteins, oils, vaccines, 
etc., besides the basic tests, one package of tests must focus on the possible toxic effects of 
these compounds (Table 2). An array of test methods already exist from the fields of 
ecotoxicology and food regulation. Aspects on human health include acute toxicity, allergic 
reactions, cancerogenic effects, etc. Tests of effects on wild life are relevant if exposure is 
likely. Possible toxic effects of pollen on pollinators can be tested on honeybee larvae or other 
insects. Dead plant material may enter the soil environment and cause toxic effects to soil 
organisms. Environmental fate of toxic compounds can be revealed by tests of degradation in 
soil under different conditions (soil type, anaerobic). 
 
I will try to pin down what is important in the analysis of effects in risk assessment 
procedures. First of all we need to define the problem and translate it into the types of 
measures that give the necessary information. Secondly, relevant test organisms has to be 
chosen - this should be obvious in most cases of direct effects - or standard test organisms for 
a certain types of impacts (e.g., resistance) has to be defined. The level of analysis has to be 
decided - most often individual organisms, populations or ecosystem, which of course is 
much more difficult to include in tests. An adequate test system (lab., greenhouse, field) must 
decided on, including the required safety precautions (i.e., confinement, etc.). Relevant test 
methods for the problem are chosen with the object of testable quantitative results. Pre-trials 
may be necessary in order to fulfil statistical considerations concerning variation of data (e.g., 
power-tests). Analysis of results should ideally produce clear-cut answers that make decision-
taking easier. Modelling can at least to some extent be used to extrapolate to new situations 
and a sensitivity analysis will identify key-parameters or forgotten aspects [Giddings ibid.]. 
As shown above, this should be done within a structural framework in order to get consistent 
data from case-to-case. 
 
Large-scale field releases, commercialisation and monitoring 
In small scale field releases, the escape of transgenes can normally be prevented by adequate 
safety precautions (trap plants, exclusion of seed set, large isolation distances, etc.). 
Furthermore, methods and information on risk of hybridisation and probabilistic models for 
gene flow and introgression are available for many crops [10, 1, Damgaard ibid., Rufener Al 
Mazyad ibid., Tufto ibid.], although gene flow rates can be highly variable [Klinger & 
Ellstrand ibid.]. However, in large scale commercial release the transgenes will eventually 
escape, and even when carefully done, risk assessment cannot be expected to catch all cases 
of possible adverse effects [11, 12]. Consequently monitoring is needed to detect unforeseen 
changes to habitats and other organisms or sudden expansion of the transgenes [20, Sweet 
ibid.]. This is also essential for early detection and management to minimise adverse effects to 
the environment. In this process, definite criteria for long-term impacts to the environment 
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will have to be defined although this may sometimes be difficult [see Dale ibid.]. Especially 
for long-lived perennials, such as trees, the time-scale involved makes quantitative risk 
assessment difficult [Tømmerås ibid.]. Suitable methods for easy detection of spread of 
transgenes (e.g., by morphological markers such as anthocyanins) and at a low cost may be 
crucial in certain situations and regions [see Simonsen ibid.]. The fact that major impacts of 
invasions by exotic species have been difficult to detect initially [Marvier et al. ibid.] must not 
circumvent the efforts to develop monitoring methods targeted at determining the effects of 
transgenic plants. Besides the issue of determining long-term effects, the variation of climatic 
conditions between years and habitat variability become important issues in monitoring 
transgene invasion and ecosystem effects [22]. 
 
On a larger scale, regional aspects of risk assessment of transgenic plants become important. 
Differences in climate, topography, soil properties and vegetation between, e.g., Southern 
Europe and mountainous Central Europe are surely great. These aspects have influence on 
gene dispersal rates and the type of hazards which may be expected. Also, the use of a single 
crop or variety of crop over a large area may affect rate of escape and hybridisation, besides 
the direct consequences to the farmland. In areas where important crops have their centres of 
origin, special precautions must be taken to preserve the original gene pools. 
 
To summarise, what we now need to focus on in risk assessment is: 
• Specific test methods for each type of inserted traits and the different types of effects. 
• Structured risk assessment procedures. 
• Monitoring programmes to detect transgene escape and environmental effects when 

transgenic crops are marketed and used in large-scale releases. 
• Internationally accepted procedures and requirements by EU, OECD and other 

organisations. 
 
However, it is essential that the measures taken get public acceptance at all levels, through 
debate and a high level of qualified information. 
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Session 7: Methodological Lacunas 
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Jörg Landsmann: 
The extensive list of potential hazards Gösta Kjellsson gave us in his contribution suggested 
that they were specific to GMO’s. However, I think this is a  random selection of hazards 
from everyday agriculture. Some of these hazards actually increase with genetically modified 
plants, but others may even decline. 
 
Gösta Kjellsson: 
Well, I fully agree with you. For one thing you could argue there is no difference between the 
problems we face with the transgenic plants and the ordinary crops. And you have to be very 
specific in assessing these problems. 
 
Andreas Seiter: 
I have a similar observation. It is very difficult for me to distinguish between risks which are 
specific for transgenic plants and risks which are kind of general agricultural risks. And I have 
a proposal to make, which I would like to have briefly discussed by the speakers this morning. 
In medicine sometimes you compare two different situations which are comparable in certain 
parameters. So why not compare a specific new introduced feature of a transgenic plant with a 
similar feature in a traditionally bred plant, like insect resistance introduced by transgene 
compared with the ecological impact of traditional insect resistance. We should realise that 
some of those risks exist already for fifty years. 
 
Gösta Kjellsson: 
Yes, and this is just short response. It’s a wise idea to have risk assessment for conventional 
crops also. It’s also necessary to consider the differences of the trait inserted, the gene and the 
toxic effect as in Bt. 
 
Klaus Ammann: 
You remember my statement from yesterday. Genetic engineering is a wonderful tool, 
actually a marker technology, in order to detect and to monitor what goes on also in classic 
agriculture. 
 
Jan Carel Zadok: 
Yesterday, I was very critical about monitoring - that is based on my experience as a plant 
pathologist. And I emphasise the point that you have to be very precise in research questions 
which you can test. Then the answer can be tested statistically. The method must be 
reproducible and transferable. Now here Dr. Kareiva has indicated an approach which would 
even suite the critical plant biologist. I’m very anxious to see his book in print. 
 
Conservation Biology : For the Coming Decade 
by Peggy Lee Fiedler, Peter M. Kareiva (Editors)  
June 1998,  Chapman & Hall 
 
Tom Nickson: 
Just a few comments. I go back to what Dr. Ammann brought us. Some of his first words 
where dealing with a step-by-step approach.  
When I listen to the many speakers, monitoring seems to develop to quite a daunting task for 
science, industry and regulators, without any obvious timelines, without any obvious hazards 
denominated. We certainly need a good definition of what risk really is. Is it risk to human 
health, it is risk to animals health.Unfortunately the farmers aren’t represented here. Because, 
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the fact of the matter is, they rotate crops, and these risk assessments then have to consider 
this. We also have to consider risk balance. I think I could speak for myself and for a 
company, that we really want to do what is appropriate and what’s right for the environment. I 
haven’t seen a good step-by-step approach here. Now under the monitoring specifically, I 
think that there are some really good ideas there. But I just caution some of the terminology 
and the endpoints again, which creates the base problems we have. Environmental disasters 
would be qualified as being that you see transgenes massively invading ecosystems and 
having a considerable negative impact at the same time. These things will all take time to 
truly understand and understand their importance. It is an interesting idea to start using the 
EPA’s paradigm for monitoring, but the EPA has real advantage over the ecology in the sense 
that they have very well defined risks and they have LD 50. They have tests to human health 
done by specific toxins, but it is hard to get a handle on what these toxins really will do in the 
environment. I’m trying to think of what we can really do on a step-by-step bases to move this 
forward. 
 
Klaus Ammann: 
This is what we anyway need to do, because we want some outcome and we want some steps 
to be proposed. We need to learn, just as Peter Kareiva said, from the dynamics which exists 
already. He incidentally also suffers from the bias in academic biology policy, where 
observational strategies are dismissed as being non scientific. I think there we need to learn 
from each other.  
 
Peter Kareiva: 
I want respond to the last remark. Most of my work is with endangered species. I adopt that 
principle which is, you find out at the beginning what is practical and then you go from there. 
So for situations you find out what data really you can get and what you are monitoring and 
what  risk assessment has been done there. It is important to get a quick starting point. First 
you agree on what is feasible and then you say how you can guess or implement this: It has 
nothing to do with special coverage of a weed or a gene or an environmental disaster you have 
to envisage. If there is going to be an environmental disaster, you would have to have 
extensive special coverage anyway. 
 
Christian Damgaard: 
This is a comment to the same thing about the catastrophe. You had the analogy of an 
epidemic situation and I think that is an exaggeration of the problem. It is like comparing a 
competition model with an epidemiology model, which I think is not appropriate. 
 
Jim White: 
We have talked often about what kind of controls and what comparisons you use. I have read 
a paper from Peter Kareiva and other colleagues,  Allison Snow on commercialisation of 
transgenic plants, potential ecological risk. Well, evolutionary effects of engineered crops 
exacerbate weed and pest problems. Now I want to quote a paragraph: It says, that in general, 
there are few examples of weeds benefiting from specific fitness related crop genes. This 
could be due several factors: the lack of attention, the absence of crop genes that influence 
fitness advantages to wild relatives - or simply the fact that the impact of beneficial genes is  
not dramatic. 
 
Klaus Ammann  
Since this is a dialogue between science and biotech companies. Is there anything to say about 
this and regulators of course. Is there anything more to say now. (Hey guys what are you 
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doing. Are you crazy or things like that,) this is the dialogue we need. I amazed to see how 
easily the whole dammed meeting melted down on monitoring and to have applicable monitor 
systems which is really working. That is the focus if you agree. Is there anything to comment. 
 
Tom Nixon 
This is a different comment. I mean, I haven’t heard anything that I felt was absolutely 
unreasonable and many things we haven’t heard before. I think there are some certainties, 
some opinions of what not need to be shared in clarifications, that need to be made at a very 
exact scientific level, but I don’t think that I’ve heard anything that really means that we can 
anticipate progress in an area. But I want to be really clear at least in terms of the monitoring. 
It has got to be clearly understood that for any kind of a company dealing with pesticides (a 
Bt-plant is a pesticide as well as Roundup for us) that have any “missing word” in all data that 
we are generate or are aware of impacts to the safety of humans and environment, we are 
obligate by law to report that. And we do report those things, we and everybody else who is in 
this industry. It is part of our legal obligation and it is also because Monsanto has a council for 
stewardship that really goes beyond the corporate strategy for marketing. It is their job to 
make sure that Monsanto is behaving as a steward in any environment and area in which they 
participate to make sure that we are doing the correct things. So that aspect of imposed 
reporting which should be considered in any kind of plant for monitoring. I think it is a great 
idea to have independent people doing data, call it monitoring or call it academic research, 
that is sometimes supported by the industry and sometimes supported by the science 
foundations. That’s collaboration between industry and academia and that should continue 
and will be supported. So I would really like to see some good examples of monitoring that fit 
at the regulatory level. I would like to see really good proposals for extending the science. We 
don’t now everything at the scientific level and we will never know everything about any 
product that we never put on the market. 
 
Jan Carel Zadok 
I apologise for becoming poetic on a Saturday morning, but as a regulator I want to make a 
statement that we always have to deal with specific applications. And specific risk analysis 
and very limited time frames. So we cannot go through all the ecology text books and we 
should stick to the “need to know” so that list may grow.
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How can we come from the knowledge to the action ? 
 
There are of course tame problems where you only need a piece of paper, write down the 
problem and its solution, hand it over to executives and you can be certain of a positive 
outcome.  
Maybe you need sometimes not a piece of paper but a visit paid to local authorities and talk 
them in to accepting an obvious solution. You can even make it a rule that describing properly 
a problem in all its  aspects is often the same as solving it. 
But unfortunately, most essential planning problems are wicked problems with complex 
structures  and no obvious causal  chains.  
 
 
 
How to Solve Wicked Problems in Biotechnology and the Environment 
 
What we need in such cases is an action oriented approach to future networking. Risk 
Assessment and Management must be seen as a planning strategy of the second generation in 
developing a professional framework for decision making. 
 
Systems approach of the first and second generation  
 
These professional management tools should not be mixed up with amateurish future 
workshops and the frequent use of pin walls when activist groups start their "planning".  
 
Rarely those actions have lead to sustainable results, too often "future-workshops" (German 
"Zukunftswerkstätten" after Müllert and Jungk) start with a fulminate brain storming and lots 
of  
enthusiasm and later on the participants go home to live their normal lives and they tend to 
forget about their big decisions taken earlier.  
 
These and other negative effects are part of a planning crisis, stemming from the seventies 
and still continuing today. Still, much hope has been placed in the systems approach (of the 
first generation), which certainly had its merits (Nasa missions, toll bridges, defence systems, 
layout of a production mix for companies, urban renewal, improving the environment, 
tackling the nutrition problems of mankind etc.).  
In general it can be said that the systems approach of the first generation has been followed by 
an era of disappointment, since it has not yielded what was expected of it and in a number of 
large projects can only be considered as failures or partial failures as e.g. the "green 
revolution". 
 
It is primarily the paradox of rationality which has been  severely underestimated in the 
systems approach of the first generation. 
 
You need to go through an extensive process of argumentation, also called objectification, 

not to be mixed up with an "objective approach" to the problem. The hopes of this process 
are: 

  - to forget less, to raise the right issue 
  - to look at the planning process as a sequence of events 
  - to stimulate doubt by raising questions, to avoid short-sighted explicitness 
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  - to control the delegation of judgement: Experts have no absolute power. 
There is rational  planning, but there is no way to start to be rational, one should always start a 
step earlier, since there are important facts which will make straightforward rational thinking 
and acting in solving wicked problems useless: 
 
The knowledge needed in wicked planning problems is not concentrated in a single head. It 

is absolutely essential to let all partners be involved in the problem solution process, 
including the local population, the "evil environmental polluters", representatives of the 
big companies causing major environmental damage. Or, to be more explicit in this case, 
representatives of big life science companies with their innovative products based on a 
new technology which is still widely not accepted in the big Public. There is no monopoly 
of knowledge, you can put it in other, rather polemic words:  
You have to accept the "Symmetry of Ignorance", the fact, that experts can be wrong and 
farmers    know better (as an illustration). 
 

You need to distinguish properly various types of knowledge:  
Scientific, factual knowledge is not the ultimate thing, since already Karl Popper declared 

that   the most important characteristic of scientific knowledge is its revocability. There 
are still too many scientists who think exclusively in these categories, not using their 
intellect appropriately. Good science has to do with reproducible facts, but also with 
intellect and reason.  

There is also Deontic Knowledge, the very important knowledge of what ought to be. In 
plant breeding this is the knowledge about new concepts in agriculture, the 
understanding of the disadvantage of monocultures. 

There is the ordinary people’s knowledge about daily life, which is now invaded by new 
products, new opportunities. Often it is very difficult to overcome the attitude of a lot 
of people who do not want to know anything about genetic engineering and who, at the 
same time, prefer to be against it. 

There is a lot of instrumental knowledge around which needs to be balanced against 
regulation and safety. 

Often there is a need for conceptual knowledge which would allow to avoid conflicts 
before they pop up. 

 
You need to go through an extensive process of argumentation, also called objectification, 

not to be mixed up with an "objective approach" to the problem. The hopes of this process 
are: 
to forget less, to raise the right issue 
to look at the planning process as a sequence of events 
to stimulate doubt by raising questions, to avoid short-sighted explicitness 
to control the delegation of judgement: Experts have no absolute power, scientific 

knowledge is always limited. 
 

There is no scientific planning.  
Dealing with practical problems as to save a threatened plant cannot be dealt with by 
"scientification of planning". Dealing with wicked problems is always political because 
of its deontic premises (means that you have to involve knowledge what ought to be). 

 
The planner (here the manager of an action plan) is not primarily an expert, but a "mid-wife 

of problem solving,  
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 a teacher more than a doctor. Moderate optimism and careful, seasoned respectlessness, 
casting doubt is a virtue, not a disadvantage of an action plan manager. 

 
The planning process of wicked problems has to be understood as an argumentative process, 

it should be seen as a venture (or even adventure) within a conspirative framework, where 
one cannot anticipate all the consequences of plans.  

  
 Systems methods of the second generation are trying to make this deliberation explicit, to 

support it and to find means in order to make this process more powerful and to get it 
under better control. Planning is an argumentative process. 

 
This process oriented argumentative planning method has been put into effect by a group of 
UNESCO summer school participants of planners, geographers and ecologists on the island of 
Scopelos in Greece where some 16 issues have been discussed in order to improve the 
ecological situation of the island. Some of the issues where: 
- Shall tourism on Scopelos be promoted ? 
- Which kinds of tourism are / could be on Scopelos ? 
- What should be the priorities between national and local interests regarding tourism ? 
- Who are the major decision makers who influence the development of the island ? 
- How can the environmental awareness of the island's population be improved ? 
Each issue was tested against a variety of answers which themselves led to a whole chain of 
arguments for and against answers, and finally, the summary contained some surprising 
solutions, which where never thought of when the planning process started: Extension of 
family run hotels, eco-tourism which exploits the tourist of nature trails, scenic views, 
monastery visits, wine tasting, in-shore-fishing, educational studies of flora and fauna 
But the most surprising solution popped up at the end when the primary agricultural sector 
was finalised: It was decided to reorganise the breeding of the meagre and small Aegean Cow, 
whose genetic resources  where nearly lost to mankind. This cow as the unique ability of 
grazing on rocky meadows in away, which allows reforestation and surprisingly enough gives 
some milk for the small farms. 
 
It is beyond logic to predict some surprising outcomes in genetic engineering debates 
designed as above. Still there are some dreams and hints, which should be placed at the end of 
this contribution: 

Precision Biotechnology could lead to a better design of crop seeds in future. Precision 
biotechnology would mean that a bag of seeds contains a great variety of different 
kinds of seeds related to resistance against many pest insects on one side, but all 
having a precisely designed genome for the product to be sold after harvest. 

Transgenic crops designed for organic farming, in the eyes of the author an absolute need 
but also a very difficult thing to achieve, since the transgenic crops of the first 
generation are either not necessary for  the strategies of organic farming or even worse, 
they work precisely against such visionary strategies. 
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Genetic engineering will become a key technology in the future. New breeding methods aided 
by recombinant DNA technique will provide a significant potential for the realisation and 
improvement of important agricultural products. Modern biotechnology not only does offer 
unprecedented opportunities for studying and understanding biological principles and 
processes, but it also makes available a library of powerful tools, which complement the 
methods of traditional technologies. The first transgenic crop varieties are now entering the 
marketplace and first significant changes in conventional agricultural production are 
becoming apparent.  
Technological developments are characterised by ambivalence and by wider impacts than the 
original target purpose, as reflected in the public discussions on potential risks and benefits. 
Even extensive safety evaluations, carried out in order to gain the approval of the regulatory 
bodies, cannot comply with safety perceptions excluding any harm for a technology 
application. Absolute safety does not exist, and the most comprehensive safety evaluations 
still must acknowledge the possibility of unforeseen effects arising from the natural genomic 
variability of living organisms or from the complex biological processes within ecosystems. 
The challenge will be to determine the degree of uncertainty which could be accepted. 

The acceptance of a technology is strongly influenced by its benefits, especially its 
contribution to a desirable development of environment and society. This would suggest a 
more comprehensive impact analysis comprising ecological, economic and social components 
in comparison to those of different technical options. 

Controversial discussions about the contribution of gene technology to plant breeding are to a 
great extent discussions made of individual convictions about the right way in agriculture and 
food production (Figure 1). The various concepts of agriculture range from high-tech 
agriculture and integrated production to organic farming. 



 

 

285

285

Integrated
Production

55%

Organic
7%

Today
1997

Conventional
                38%

Technological Innovations

Tomorrow?

Society

• e.g Modern
  Plant breeding

• Food security
• Social needs
• Lifestyle

regional
    national 
         global

 
Figure 1. Driving forces for tomorrow’s agriculture. The distribution of different agricultural 
production methods in Switzerland is shown here. 
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An evaluation of different options demands a reference or in other words some idea of how 
future food and agricultural production should proceed. The need to move toward a more 
sustainable production - one which is environmentally sound, economically viable, and 
socially just - has become more and more urgent. In that context the evaluation of new 
technologies, such as modern plant breeding, in terms of the underlying risks and benefits 
becomes a basis and on top of it a new dimension. 

At the 1992 Rio Earth the international assembly of states agreed to elaborate corresponding 
concepts for a sustainable development. Because countries and even regions within the same 
country have different social, economic and environmental contexts, a unique definition of 
sustainability cannot exist. Sustainability should be regarded in a system-based approach, 
where the dynamics and inherent complexity of agroecosystems have been taken into account 
(Figure 2). 
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Figure 2. The spatial dimensions of sustainability encompassing social, economic, and 
environmental components. 
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The realisation of this concept has to be adapted to suit local needs, without losing sight to the 
necessity for a regional, and finally a global approach to sustainable resource management. In 
order to evaluate modern biotechnology for its contribution to sustainable agriculture, detailed 
criteria and indicators need to be defined. Indicators are useful tools to gain insight regarding 
the progress made in achieving sustainable development. Not all of the indicators will be 
applicable in every situation. Countries will choose those relevant to national priorities, goals 
and targets.  
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Figure 3. Case study in Switzerland: Technology Assessment on the contribution of modern 
plant breeding to sustainable agriculture. 
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A comprehensive technology assessment of the introduction of transgenic crops to Swiss 
agriculture has been initiated in 1994 (Figure 3). During a first phase (1994 - 1997) potential 
impacts on environment, farm management, and micro- and macro-economics were analysed 
[1]. In the second phase (1997 - 1999) the contribution of modern plant breeding to 
sustainable agriculture is currently being evaluated [2]. Participating actively in this project 
are a multidisciplinary group of scientists, and an accompanying committee consisting of 
representatives from regulatory bodies and of private and public interest groups. 
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Risk management involves a balancing act in which the potential rewards of a contemplated 
action are weighed against the potential costs. There has been a long-running and sometimes 
acrimonious debate between “hard” scientists - who treat the rewards and costs as capable of 
objective measurement - and social scientists - who argue that risk is culturally constructed.  
Much of this debate evaporates if one distinguishes three categories of risk: 
directly perceptible risks: e.g. climbing a tree, riding a bicycle, driving a car, 
risks perceptible with the help of science: e.g. cholera and other infectious diseases, 
virtual risks - scientists do not know or cannot agree: e.g. low-level radiation, pesticide 

residues, global warming. 
  
In Figure 1 these categories are represented by three overlapping circles to indicate that the 
boundaries between them are indistinct, and also to indicate the potential complementarity of 
approaches to risk management that have previously been seen as adversaries.  
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Figure 1. Three types of risk.  
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Directly perceptible risks are managed instinctively and intuitively. We do not undertake a 
formal probabilistic risk assessment before we cross the street. Other risks are only 
perceptible with the help of science. With a microscope, for example, one can see, and 
measure objectively, the agents responsible for many infectious diseases. To the extent that 
science illuminates for non-scientists the connections between behaviour and consequence, it 
shifts risks into the directly perceptible category. But there remain many risks about which 
scientists cannot agree. Many of the risks associated with genetic modification fall into this 
category. These risks relate to potential health effects, to the potential loss of control over 
environmental releases, and to the concentration of power over the processes and products of 
genetic manipulation. 
 
Some of the risks associated with food can be assigned to the category of risk directly 
perceptible. Our senses of sight, smell and taste form our first line of defence against food 
that might make us ill. Putrid food offends all three senses and is rejected. Commonly the 
rewards are also directly perceptible; eating is one of life’s pleasures and we are attracted to 
foods that look, smell and taste delicious. Hunger and our sense of repleteness also govern, 
more or less satisfactorily, the quantities we consume. 
 
Science also plays an important role in what we eat. Folk science, in the form of accumulated 
knowledge about which plants are poisonous, or curative, has assisted direct perception for 
many millenia. Increasingly the range of direct perceptions is being extended by the printing 
on packaging of use-by dates and other advice relating to preparation and nutrition. Modern 
science in the form of knowledge about poisons, vitamins, allergies, metabolism, genetic 
susceptibilities etc. also guides the regulators of the food chain. But at the same time that 
science is illuminating, and reducing, old risks, it is creating new ones. It produces impressive 
rewards - in the form of nuclear power, new materials, effective pesticides, new crops etc. - 
but often accompanied by uncertain, and potentially catastrophic, side-effects. 
We do not respond blankly to uncertainty, we impose meaning upon it. Long-running 
controversies about large scale risks are often long running because they are scientifically 
unresolved, and unresolvable within the time scale imposed by necessary decisions. The 
clamorous debates that take place in the presence of uncertainty are characterised not by 
irrationality, but by plural rationalities. Scientific uncertainty liberates people to argue from 
pre-established beliefs, convictions and biases. The contending parties often argue logically, 
but from different premises. Figure 2 presents examples of responses characteristic of  well-
established biases. 

 
Individualists are enterprising “self-made” people, relatively free from control by others, and 

who strive to exert control over their environment and the people in it. They are pragmatic 
and optimistic, and tend to be more impressed by the potential rewards of genetic science 
and technology than by its risks. Nature, according to this perspective, is to be commanded 
for human benefit. 

Hierarchists inhabit a world with strong group boundaries and binding prescriptions. Social 
relationships in this world are hierarchical with everyone knowing his or her place. They 
are the regulators responsible for containing the risks associated with genetic manipulation. 
Nature is to be managed.  

Egalitarians have strong group loyalties but little respect for externally imposed rules, other 
than those imposed by nature. They are democrats who resent and fear the power of both 
big business and big government. Nature is to be obeyed and respected and interfered with 
as little as possible. The activities of the large bio-tech industries are resisted as unnatural 
and disempowering. 
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Fatalists have minimal control over their own lives. They belong to no groups responsible for 
the decisions that rule their lives. The best you can do is duck if you see something about to 
hit you. 

 
As the science becomes less certain, the importance of these biases increases. In brief, we 
live in an uncertain world; but certain conclusions about the management of genetic risks 
might, nevertheless, still be ventured: 
It is important to be clear about the nature of the risk under discussion. 
Where risks are directly perceptible 

everyone  takes risks; everyone is a risk manager;  
taking risks leads, by definition, to accidents; the pursuit of world free of accidents is a 

futile exercise; 
it is important to distinguish self-risk (e.g. eating too many cream buns, or beef on the 

bone) from behaviour that puts others at risk (e.g. unhygienic practices on a food 
production line ); the second is a legitimate area for regulation; the first is not; 

attempts to criminalise self risk are likely to be worse than useless; they are likely to 
redistribute the burden of risk in ways that harm innocent third parties; 

all genetically modified products should be so labelled to permit individuals to decide 
for themselves whether they wish to use them; 

risk management is a balancing act; institutional risk managers who do not take 
account of the reasons that people have for taking risks - the rewards of risk - will 
be frustrated. 

Where risks are perceived with the help of science 
science can reduce uncertainty by illuminating the connection between behaviour and 

consequence; 
science, effectively communicated, can defeat superstition and purely imaginary 

scares, but 
science cannot provide “objective” measures of risk;  
risks come in many incommensurable forms that defy reduction to a common 

denominator; 
the act of measurement alters that which is being measured;  
risk is a reflexive phenomenon; in managing risks we are continually modifying them; 

in the realm of risk Heisenberg probably rules. 
Where scientists don’t know or cannot agree 

we are in the realm of virtual risk where plural rationalities contend; 
virtual risks are cultural constructs; 
they may or may not be real - science cannot settle the issue - but they have real 

consequences; 
the precautionary principle is of no help, different rationalities adhere to very different 

versions of the principle; 
virtual risks are a fact of life; science will never have all the answers; 
humility in the face of ignorance is a precondition for civilised debate about virtual 

risks.  
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Figure  2: Ecological risks and prospects of transgenic plants: a typology of bias 
  Fatalist 

•  The whole world is powerless to 
countermand the actions of powerful, 
profit-driven corporations:  “[GMOs are] 
being inflicted on unwilling people like 
myself by Monsanto’s unwelcome 
inclusion of GMOs in the world’s food 
supply…. There are no benefits for the 
consumer by the inclusion of GMOs, only 
greater profits for Monsanto.”i  
 

 
 
Austin, The Guardian, 16 December 
1997.  
 
Gallows humour is a common fatalist 

response to perceived powerlessness. 

   Hierarchist 
genetically modified organisms constitute a 

management problem, soluble by science 
and regulation 

“We conduct a full scientific risk evaluation 
. Once we are satisfied, we recommend 
to Ministers, who have always accepted 
our advice and who then issue 
Government approval.” Derek Burke, 
Chairman of the Advisory Committee on 
Novel Foods and Processes, explaining 
how genetically modified foods gain 
approval in Britain.ii 

“We had no safety concerns [about 
genetically modified soya] and the Food 
Advisory Committee did not require 
labelling.” Ibid 

Government and the scientists it employs 
know best - but there is a risk 
communication problem. “We used to 
think that all we had to do was to decide 
whether a novel food or process was safe 
or not, and a grateful public would 
accept what we said. We should have 
known better! Food irradiation, a process 
I and many others, believe to be safe is 
unusable because of fears connected 
with the word ‘irradiation’, which go 
back to the atomic bomb and are fed by 
concerns about nuclear power stations.” 
Ibid 

☺ Individualist   
“The new technologies are 

environmentally friendly and will lead 
to health benefits, an end to world 
hunger and reduced use of pesticides. 
‘There’s no crop or person that cannot 
benefit. There’s a tide of history 
turning. You can look back, or ask how 
you’re going to feed the world,’ 
Monsanto said.”iii  

“Biotechnology is, and has always been, 
used to make bread, bacon, beer, wine, 
cheese, yoghurt, pickles and sauces. 
Humans have been manipulating plant 
and animal genes for about 8000 years, 
by breeding and cross-breeding. The 
difference is that, since Crick and 

Egalitarian 
abhors “unnatural” practices; is averse to 

unpredictability; fears technology 
dependence, and the polarising socio-
economic consequences of the 
concentration of the ownership of the 
new technology in a small number of 
hands 

“Robert Shapiro [CEO of Monsanto] … has 
to find a market for the products his 
company has spent billions developing 
… The wants and needs of ordinary 
humans are incidental. This ‘growth at 
any costs’ attitude on the part of the 
world’s corporate giants is destroying 
not just our physical environment but the 
social environment that nurtures human 
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Watson worked out the structure of the 
genetic code in 1953, it is now possible 
to work out exactly what is going on 
when an animal or plant grows faster, 
taller, or straighter, or withstands rust 
or blight or brucellosis.”iv 

 if you can’t prove its dangerous assume 
it’s safe:  “Do you cease to approve all 
new technologies until everything you 
could conceivably imagine as a risk has 
been evaluated to the nth degree?  … I 
am confident it is safe. It is not possible 
to prove that it is entirely safe.”  
Monsantov 

community. … The biotech industry 
[seeks] to prohibit labelling of 
genetically modified foods. … The 
premium now is clearly on ignorance. … 
Whatever the multi-million dollar spin 
merchants care to tell us, the scientists 
cannot guarantee their results. … man’s 
tampering with nature in this way is a 
recipe for disaster straight out of a horror 
movie. And you know what comes next. 
Nature fights back.”vi 

if you can’t prove its safe assume it’s 
dangerous: “We cannot just release 
these things into the environment and 
hope for the best” Greenpeacevii 
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The political-scientific debate around biotechnology exemplifies the wider phenomenon of 
the 'risk society'. New technoscientific developments are widely perceived to impose 
unpredictable risks. At issue is the credibility and adequacy of present scientific knowledge 
for risk assessment. As experts overtly disagree, safety claims are opened up to greater public 
scrutiny. There ensue conflicts of accountability about how risks should be defined, calculated 
and managed [1]. 
For transgenic crops, precautionary research has sought to generate new knowledge which 
could resolve the risk controversy. Nevertheless it has been difficult to gain scientific 
consensus and public confidence for safety claims, especially for large-scale commercial use. 
The regulatory procedure responds to an evolving debate over the criteria for evidence of 
safety.  
Amidst pleas that regulation be 'based on science', there are contending accounts of how this 
should be done. These are crystallized in disagreements (or doubts) about the data which 
regulators 'need to know', especially before granting market approval for a transgenic crop. 
Even after such approval, the commercial stage comes under pressure to be managed as yet 
another experiment. At issue is not simply 'acceptable risk', but the acceptability and 
plausibility of potential effects. 
There have been awkward attempts to fit the precautionary features into the 'rational' 
stereotype of science-based risk regulation. This stereotype moves sequentially from hazard 
identification, to risk assessment, to risk management. At the 'assessment' stage, the 
magnitude of hazard is multiplied by its likelihood or frequency; that result in turn informs the 
management decision about what measures are needed to minimize the realization of any 
hazard [2,3, 4: p222].  
Such a logical sequence presumes that hazards are objectively knowable. For transgenic 
crops, however, 'likelihood' really means plausibility or predictability; thus 'risk management' 
accommodates a predictive uncertainty about potential effects. At the same time, the term 
'magnitude' presumes that particular effects are unacceptable; such definitions of 
environmental harm influence the 'hazard identification', thus reversing the stereotypical 
sequence. All these judgements are subject to change, even for the same product in the same 
country. 
Not surprisingly, European safety regulation has had difficulty in overcoming the risk 
controversy. The EC Deliberate Release Directive 90/220 was intended to 'establish 
harmonized procedures and criteria', especially for Europe-wide market approval of 
transgenic products. In judging such approval, however, EU member states have given 
different interpretations to key statutory terms, e.g. 'adverse effects' and the 'step-by-step' 
principle [5,6.7].  
 
Un/acceptability baseline 
As regards 'adverse effects', each marketing application has led to disputes over what potential 
effects must be prevented. For identifying such effects, familiar reference points include: 
lower biodiversity, harm to non-target organisms, pest resistance, crop-protection methods, 
and overall herbicide usage. Within each reference point, disagreements arise over the 
acceptability or statutory relevance of specific effects. Some protagonists cite the effects of 
present agricultural practices as an acceptable baseline for evaluating environmental effects of 
cultivating transgenic crops. Other protagonists request evidence that a new crop will provide 
an environmental improvement and will not preclude any potential options for sustainable 
agriculture. 
For example, transgenic oilseed rape may spread its herbicide-tolerance genes, via volunteers 
or hybrids which become weeds; their presence could preclude and/or encourage specific 
changes in agrochemical usage. Critics demand that any such scenario be evaluated as an 
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'adverse effect', while proponents tend to regard it merely as an 'agricultural problem' which 
lies outside risk regulation. So far the latter view has prevailed: market approval has been 
granted on the basis that farmers would still have other ways to control weeds. Research 
continues to test the hybridization capacity of Brassicas, yet such new knowledge serves to 
intensify (rather than resolve) the original controversy. 
Another example are crops modified to produce a toxin from naturally occurring Bt micro-
organisms. Such crops may intensify selection pressure for Bt-resistant insects, thus 
eliminating a safe alternative to chemical pesticides. Critics regard Bt toxins as an 
indispensible tool for sustainable agriculture, while proponents foresee acceptable substitutes 
from other Bt genes or agrochemicals. So far the latter view has prevailed: market approval 
has been granted on the basis that farmers would still have other ways to control insect pests. 
Research continues to investigate and manage the causes of Bt resistance, yet new knowledge 
serves to intensify the controversy (as in the previous example).  
As regards the 'step-by-step' principle, the EC Directive was intended to help gather safety 
data through a progressive scale-up, to assess commercial use as the final 'step', and thus to 
ensure long-term safety. Yet market approval has been beset with disagreements over how to 
define and predict 'adverse effects'. In designing further research, there are methodological 
difficulties in simulating large-scale commercial use [8].  
As some critics label the commercial stage 'an uncontrolled experiment', the authorities 
attempt to control and monitor its effects. Post-market monitoring has provided a useful 
compromise, though the scientific methodology then becomes subject to further debate. And 
it may be difficult to justify mandatory monitoring (or adequate resources) to detect effects 
which are not officially deemed 'adverse' or which are regarded as implausible. 
 
Predictability baseline 
Beyond any statutory framework, the 'familiarity' concept was devised to provide a common 
language for risk assessment, yet it has diverse meanings [5 :p146-7]. Officially, it means to 
assess whether present knowledge and experience is adequate for regarding a transgenic crop 
as similar to a 'familiar' organism whose behaviour is predictable. That consensual definition 
begs some questions: What unfamiliar features of transgenic crops warrant the effort to oBtain 
additional knowledge? What more experience can overcome their unfamiliarity, or 'gain 
familiarity', and thus enhance their environmental predictability?  
Such questions underlie disagreements over criteria for adequate evidence. Some scientists 
cite known characteristics of plants -- e.g. as 'familiar to the plant breeder' -- yet these provide 
no consensual baseline. Partly at issue is whether phenotypic traits of conventional plants may 
be regarded as adequately familiar: Given that some plants have naturally occurring resistance 
to antibiotics, herbicides, viruses, etc., what is their genetic basis? and their ecological role? 
What is their similarity to the traits being inserted into transgenic crops? How should such 
comparisons inform risk research and regulatory judgements?  
For example, transgenic crops could spread their virus-resistance genes and confer a selective 
advantage to related plants, in turn disrupting weed-control measures and/or undermining 
natural biodiversity. To clarify such scenarios, research has investigated the presence of virus-
resistance genes in wild populations, and how these may differ in transgenic crops [9]. Other 
research investigates the presence of plant viruses, to clarify whether they may exert relevant 
selection pressure.  
Yet the empirical results are cited to propose further research before market approval is 
granted -- or, alternatively, to declare that a virus-resistant plant is adequately familiar. More 
generally, when regulators claim to have found 'no evidence' of specific effects, they come 
under pressure to look in more imaginative ways, or to present evidence that such effects 
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could not occur. Thus the 'familiarity' concept becomes a focus of further argument over the 
burden of evidence. 
 
'Need to know'? 
Concerning 'Ecological Risks and Prospects of Transgenic Plants', the subtitle of this 
conference asks, 'Where do we go from here?' As suggested above, any answer must rest upon 
specific models of nature and agriculture -- e.g. of biodiversity, selective advantage, crop-
protection methods, etc. Thus we also need to ask: What models of reality should guide risk 
research? 
In sum, a value-laden science both informs and follows regulatory policy. Risk-assessment 
research links judgements about the acceptability and plausibility of potential effects. 
Scientific researchers face related dilemmas -- e.g. how to link the normative and predictive 
judgements, how to simulate large-scale use, how to optimize the conditions for unexpected 
effects to occur, and how to justify resource-allocation for such efforts. The available 
resources will depend upon judgements about the data which regulators 'need to know' -- e.g. 
before relaxing initial controls, before granting market approval, or for confirming safety 
assumptions afterwards.  
Indeed, we may say that risk regulation involves an implicit politics in defining the scientific 
uncertainties, why they matter, and the criteria for resolving them. The prospects for research 
funding will be enhanced if scientists publicly argue that market approvals should wait until 
greater scientific knowledge is acquired, though this stance would mean taking political 
responsibility for regulatory delays. Then, again, it would no less political to accept that 
present evidence is adequate (or even to remain silent). Such dilemmas arise from the 
pervasive conflicts over how to regulate transgenic crops. 
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The debate that surrounds the release of genetically modified plants into the environment is 
rich with information, misinformation, and opinion. This conference was a worthwhile 
attempt to bring these factors into a dialogue with basis in objective science. The goal was to 
summarize the current status of the science and propose tangible actions for the future. Key 
scientists with a great deal of experience in evaluating transgenic plants were given the 
opportunity to summarize their work and engage in informal discussions. Complementing 
these presentations were presentations given by regulatory officials who have the 
responsibility to assess the data and make decisions based on the risks present. I personally 
experienced many discussions, and obtained some valuable insights. It remains to be shown 
whether progress was made toward establishing the balance between risk assessment and pure 
scientific inquiry. 
 
Possibly because genetic engineering is a new technology embroiled in public controversy, 
much of the ecological scientific community represented in Bern is confronting questions that 
are difficult to balance. Fundamental to this balance is understanding risk as a personal choice 
versus risk in a regulatory context. When asked how to assess the risk of a plant (not 
necessarily a genetically modified organism (e.g. GMO) in the environment, qualified 
scientists will design a series of experiments which take years to complete. These experiments 
will be detailed and based on their personal interpretation of the questions to be answered. 
Furthermore, the end point of pure science is the next question, rarely is a definitive answer 
obtained. This process creates a dilemma for the regulator and an economic problem to the 
industry that expect return on their investment. The discussion at the Bern conference 
highlighted the fact that for regulatory purposes there is “need to know” data, that which is 
critical to making a regulatory decision. Much of the current debate on the risk associated 
with transgenic crops is centered on detailed characterization of the science. 
 
John Adams probably summed the issue best in his discussion of the nature of risk. Risk, as it 
is understood in science, can not be quantified. As such, the scientific method, while useful to 
answer specific questions, is not able to break the personal biases that shroud acceptable risk. 
Despite its scientific basis, the conference was confronted with the basic problem of breaking 
personal paradigms with objective fact. In addition, the knowledge of ecology as it applies to 
agriculture may be perceived by some as insufficient at this point of time. It is in this area, the 
coalescence of agricultural and ecological sciences, that offers opportunities to better 
understand significant risk in agriculture, and allow the implementation of new food 
production technologies for the future. The conference highlighted this need. 
 
For the short term, regulators in Europe will have to work with key scientists committed to 
objective results and developing the data needed to make regulatory decisions. Appropriate 
methods to monitor the commercial release of modified plants seems to be a consensus 
outcome of this conference. Appropriate monitoring would involve farmers as stewards of 
their land, industry as stewards of their products, regulators and scientific experts in 
agriculture and ecology. No group should be excluded as all are major stakeholders.
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In 1987, the National Academy of Sciences [1] in the United States published a report 
entitled, “Introduction of Recombinant DNA-engineered Organisms into the Environment: 
Key Issues”, that stated that safety assessment of a recombinant DNA modified organisms 
“should be based on the nature of the organism and the environment into which it will be 
introduced, not on the method by which it was produced”. Following this report, the U.S. 
Department of Agriculture (USDA), the Environmental Protection Agency (EPA), and other 
regulatory agencies asked the National Academy of Sciences-National Research Council 
(NRC) to evaluate scientific information relevant to making decisions about the field testing 
of engineered plants and micro-organisms.  
 
In 1989 NRC [2] published its report entitled, «Field Testing Genetically Modified 
Organisms.» One conclusion reached was that the use of plants modified by classical breeding 
techniques for field testing has a history of safe use. That crops modified by engineering 
should pose risks no different from those modified by classical genetic methods for similar 
traits. Thus, if the genetically modified plant is phenotypically similar to a plant that has been 
(or could be) bred by traditional breeding techniques this parallel association is called 
familiarity. The concept of familiarity allows regulators to draw on past experience with 
introduction of modified plants into the environment. Familiar does not necessarily mean safe. 
It does mean that the level of risks associated with the introduction of new pest resistance 
genes into plants by classical methods and the evaluation of new cultivars by national variety 
registration agencies, has made the introduction into the environment of these types of 
modified plants of negligible risk. Other important familiarity factors are whether the plant is 
new to the particular environment where it is intended to grow, the nature of the trait (gene), 
and that the evaluations should be made on a case-by-case basis. All engineered crop plants 
that have been commercialised in the U.S. to date have been grown in the same environment 
that their non-modified progenitors were grown in. (For a more detailed discussion of the 
concept of familiarity see an article by Dr. Simon Barber in this volume [3]).  
So how did the USDA use the concept of familiarity in its reviews of the commercialisation 
of transgenic plants» One of the more controversial commercialisation reviews in the U.S. 
was for the approval of virus-resistant squash (Cucurbita pepo) plant. This was the first 
approved transgenic virus resistant plant and first transgenic plant approved for use in the 
country where the ancestral progenitors of the crop are found. Asgrow Seed Company (now 
Seminis Vegetable Seeds, Inc.) had engineered the squash to contain the viral coat proteins of 
zucchini yellow mosaic virus and watermelon mosaic virus 2. These are two of the six or 
more major virus diseases of that effect cucurbit production in the U.S. and many other parts 
of the world including the Mediterranean basin. Critics suggested that movement of virus 
resistance transgenes from commercial squash to wild squash would increase weediness of the 
wild plants. As key but not the sole component of the USDA’s review it was noted that 
phenotypically-identical, virus-resistant squash plant developed by classical breeding 
techniques was already being sold by a competitor. Thus, the commercial sale of the 
classically-bred virus resistant squash would need no formal written assessment, just the 
traditional assessment that any new cultivar receives before sale performed by plant breeders 
and/or scientists involved with variety registration. USDA concluded in its risk assessment of 
the engineered squash, «... that ZW-20 squash will be just as safe to grow as virus-resistant 
squash cultivars developed through traditional breeding practices». With some virus 
resistance transgenes that are derived from viral sequences like the coat protein used to 
develop the Asgrow squash, some potential issues have been postulated. These issues include 
transcapsidation, synergy, movement of subliminally-infecting viruses, and recombination. 
Those issues were discussed in USDA assessment [4] and general discussion of these issues 
have been published by the OECD [5].  
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As pest resistant transgenic plants reach the commercialisation stage world-wide, using the 
knowledge gained from the use of new varieties of plants that contain pest resistance genes 
introduced by classical breeding may be quite valuable in facilitating the evaluations of 
transgenic plants that will be undertaken in each country.  
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Werner Müller 
As Les Levidow and others pointed out having knowledge based decision has to value 
judgment. The first is about which effects are acceptable and the second is just the  knowledge 
we have to reach our decisions to approve. Is the uncertainty too important or low enough ? 
The answer of organic farmers mean about this case ? They rejected artificial fertilizer already 
in the Twenties, although there wasn’t any risk assessment at that time. The organic farmer 
were not understood. It was only in the sixties and the seventies when environmentalists 
understood that overdoing with artificial fertilizers will have negative environmental effects. 
The same happened with pesticides: Organic farmers rejected pesticides already in the 
Thirties and the Forties, again there was no real risk assessment basis for this judgement. 
 
Klaus Ammann: 
Basically I have nothing to object here, Werner, except the things I have said before: Genetic 
engineering will reveal in future its great ecological potential, and wisely used there will be a 
time when organic farmers will have a difficult time explaining why they still exclude 
GMO’s. And: Today we have a lot of risk assessment going on for GMO’s, thats the 
important difference compared to the times of pesticide introduction. 
 
Jim White: 
Unfortunately in the US we already had Bt resistance insects. And those insects have arisen 
by organic farmers or other farmers misusing conventional Bt’s. Everyone,  including people 
that use Bt in the garden, need to use chemicals in respectful and a safe manner, because they 
are very important, no matter who uses them. The first Bt resistance insects among others that 
emerged in  fields are cabbage loopers in Hawaii, the fields there are surrounded by 
mountains, they used Bt every three days repeatedly. Also in New York Bt has been misused 
or overused in greenhouses. 
 
Angelka Hilbeck: 
If you call it a misuse if organic farmers uses three or four times a Bt insecticide, what is it 
then putting it permanently in transgenic crops ? 
 
Jim White: 
Any misuse of any pesticide could develop resistance without proper management. 
 
Angelika Hilbeck: 
Yes, sure, but I mean if you call this a misuse, then it is a misuse to put it permanently in the 
plant. 
 
Jim White: 
The US have introduced pesticide management strategies in order to avoid premature 
emergence of resistance. 
 
Werner Müller 
We have implemented our pest management program through our methodology. To kill pests 
is not our fist step. Our first step is to introduce a better rotation including seven or eight 
crops, not just only three of them. In many cases this will minimize harmful effects of insects 
or other pests so that if we need Bt we only need it certain and very few cases in Austria. In  
Europe we didn’t find any resistance problems with Bt up to now, because it is really rarely 
used, especially in potato. There are many farmers which do not use  Bt against potato beetle. 
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Klaus Ammann: 
Well, I agree with everything except for you haven’t given me any shutting out argument for 
genetic engineering, not a single one. Still I believe that future GMO’s will reveal a surprising 
ecological potential which should seize the interest of organic farming. But again:  I can 
accept all your valuable  remarks and I think those emphasizing genetic engineering as the 
sole tool for the future in order to achieve a more intensive agriculture feeding the world, they 
should learn from organic farming strategies, and that is what I mean by working together. 
 
Phil Dale 
Les Levidow: One of your messages was that science of risk assessment is  value laden. But 
all science decision making pesticide, what ever, is influenced by our personal values or 
society values. So is it surprising that our risk assessment is also value laden ? 
 
Susanne Lauber 
I would like to come back to the point about ideology whether the organic farmer should use 
genetech Yes or No. And I really like the discussion we have had in the evenings about who is 
ideological and who not. And finally I think we have all our ideologies and finally the point is 
important where we do meet, where we can stay may be with our own ideologies, but where 
do we found common ground. And I think we can’t find this common ground now. If you 
allow  I take advantage to come back about E. Schulte. She showed us in Switzerland that we 
have seven 7% organic farmers, 38% conventional farmers and 55% integrated production. 
And if you take the integrated production, I think this can be the way how we can feed the 
world. Organic farming is not the solution for all over the world, may be it is interesting for 
Switzerland, but when farmers learn from eachother how to plant, how to cultivate and maybe 
also getting better seeds from genetic engineering, this would really be the common ground 
and each one could stay with his own view. 
 
Klaus Ammann 
So, one thing I still have to say about organic farming and genetic engineering coming 
together. I can easily understand that from the point of view of marketing its not the time. I 
mean, organic farmers need to develop their market and they have a hard time and if they are 
just overthrown and invaded in a way which can truly threaten the market then I think its not 
adding to the peace we need. 
 
Jens Soth 
I’m awfully sorry to respond to this discussion with a little argument again, because I see the 
discussion should go in another direction, so later on I will contribute to our general 
discussion. I have exactly a contradicting hypothesis. Organic farming feeds the world. We 
have conducted a study and internationally we found only twelve crops where we could not 
find examples where organic farming outperforms in it’s yield  the normal conventional way 
of farming. That is not scientific, I know, because it is only single examples. But they are 
there.  
I found John Adams idea very brilliant, but risks are often socialized and benefits, such as the 
ones from selling transgenic seeds are privatized. 
 
Andreas Seiter 
I agree, but consider the following: Fact is of course the chairman of Novartis makes 
significant more money then most people here in the room, but the vast amount of the money 
the companies earn is going to back to the shareholders and the shareholders are for example 
pension funds of universities and the shareholder is yourself if you go to a bank and ask for 



 

 

317

317

5% interest rate instead of 3%. And the other point are the jobs people are making money 
from jobs which are provided by industry which is profitable.  
 
Going back to organic farming, I see a similar dilemma here. It is clear that certain risks from 
pesticides and potential risks from transgenic crops are not incorporated in organic farming 
concepts. They are avoided. But what about the productivity of the area, the land used here, 
which is for me a major ecological impact and what about the per ton harvest impact of 
fertilizer, if you use natural fertilizers compared to integrated farming practices. I’m not so 
sure that in an overall assessment on a worldwide basis that the equation is still the same. 
 
Richard Braun 
We just shouldn’t quite forget the farmers in all this discussion in the US it is very clear that 
the use of Roundup Ready Soja increased by a factor of five or six from 96 to 97. So were 
something like five times more farmers who are willing to buy this material and of course 
they did that for their profit. They clearly think economically. 
 
Jens Soth 
Of course, Mr. Seiter, you are putting difficult problems on the table about shareholder values 
and what we define at our institute as the sustainability of capital markets. But I can assure 
you, that this issue which will be taken up in future by a lot of people and it is a very 
important from companies point of view to think about it. Although I do very much agree 
with you that it is a problem for you and it cannot easily be solved, but there are a few 
approaches how to solve it. Actually in Switzerland we have rather good approaches for 
ecoperformance portfolios even on capital markets. 
 
Jens Soth 
And to argue again on organic farming. Yes, you are right. One has to look about the 
productivity per landscape and I come from a institution where we do life cicle assessments, 
we ought so put into question what is the input into any system. And again we see a lot of 
advantages from organic farming. Just if you calculate for instance energy efficiency. What 
you put into the conventional system and what you get out is in relation to organic farming 
not very much competitive. But that need of course a very broad prospective and holistic 
approach. 
 
Klaus Ammann 
Well, the wrap up now still contains a few decisions and conclusions and resolutions, but my 
feeling with the statements from the keynote speakers we have plenty of material to distill out 
something and because I didn’t get any negative feedback about the statements of the keynote 
speakers, I would now say are there any additions from anyone we have been missed in the 
keynote speakers and the rapporteur statements. We have that material, we can put it together. 
Are there things we are truly missed when we focus on practicable monitoring which needs to 
crank out results within a few years or even shorter time. Is there anything more you would 
like to add to this ? 
 
Les Levidow 
Many speakers have proposed methods for monitoring, but these proposals where not 
connected to specific harmful effects with an argument that society must evoke the resources 
to monitor, because such and such effects are unacceptable. If such an argument is not made 
then the scientific technical capability either won’t be developed or the resources were not be 
found. And more importantly products will be commercialized which may have such effects 



 

 

318

318

by which time it may be to late. So far there has been only a vague link between these 
scientific proposals on the one hand and the regulatory judgments about potential effects.  
 
Simon Barber 
I want to make a comment about concepts of effects. I think we can do a very good job of 
monitoring for potentially anticipated effects. We can use science to anticipate effects. And as 
such with certain modified plants we can anticipate this sorts of effects that might result and 
develop in a monitoring scheme forward. We can’t possibly, design anything meaningful for 
unexpected effects. We cannot look for unexpected effects. We don’t know what we are 
looking for. I mean, we are all talking about Bt resistance insects. So we should monitor for it. 
A question for Les. I find his arguments very interesting, but I never find a solution to the 
issues he has raised. I haven’t seen alternative models. It is very difficult to know how to 
react. It is very easy to pick wholes in a thing as they exist. But it is much easier to improve 
things if you are given good concrete suggestions for improving models. 
 
Christian Damgaard 
It is to monitoring contra risk assessment. The one thing stroke me by, i think a very nice 
presentation by Peter Kareiva, was that the x-axis was twenty, thirty and forty years, so the 
monitoring has to pick up a signal, the monitoring has to go on for at least ten or twenty years 
and many of the commercially interesting crops are only grown for ten or 15 years. So any 
result of the monitoring would according to these perspectives come so late, that the crop 
monitored is already replaced by another one. I think that it would be to weak for that reason 
alone to say that monitoring has a very important effect. I think that risk assessment before the 
crop is released has first priority. And the risk assessment being a probability assessment from 
the scientific community multiplied by the effect which has to be defined by the regulators as 
a summing up of the political and social discussion. 
 
Peter Kareiva 
Maximum sample here was less than 1 of 100 percent of the landscape. I was going for a very 
small coverage and if you emphasize the coverage, if you want an answer within two or three 
years then that means you are going to find that sampling tend to 20% of a landscape. So you 
can answer that question with the monitoring program. 
 
Christian Damgaard 
Those very nice examples by Jarle Tuftos in the modeling session, he showed that after a five 
year period there was absolutely no difference between a positive selected gene and a 
negative selected gene of trees. So if you want to monitor transgenic trees you have to allow 
for some time for the effects who occur. After two, three or five years there were no 
significant effects and differences between positive and negative selected genes. 
 
Phil Dale 
I just want to pick some thing that Simon said about monitoring. Clearly we can have more 
planning in monitoring for things that we can anticipate. But Simon’s comment was it is 
impossible or difficult to monitor to things that we can’t anticipate. Again, I think that if we 
involve farmers who have thousands of hectares, they are technologists and scientists in their 
own right, and I think we should bring them much more into the debate and involve them in 
it. They are on the front line in a way to notice these things. 
 
Jens Soth 
I’m happy to present a pragmatic solution for monitoring, but there is one hook. It doesn’t 
help the regulators. So the solution is, or one approach for a solution is that the companies 
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pick up monitoring in a way that they have got a certain responsibility. And according  to 
proactive definition of companies they should take over responsibility. I’m very much in 
favor about Philip Dales ideas about integration of farmers, so the practicable idea would be 
really also to integrate the response that Tom Nickson is getting from the farmers also to 
make this response open. You can shape a monitoring of the more qualitative and soft 
parameters like soil erosion, socio-economics effects, but I see it is not a help for the 
regulators. 
 
Klaus Ammann 
Well, actually it could well be a help also for the regulators. I can’t see any contradiction and 
it is no paradox for me that these farmers relationships with the American Biotech companies 
are much more intense than in Europe, because these are farmers making their own decisions. 
Monsanto  takes good care of these farmers and the seed companies. It is in their own interest. 
I would like to emphasize what Phil Dale said, it is important to involve the farmers, involve 
the biotech companies, but here we are in a dialogue between science and the biotech 
companies and there I would like to make a may be bit audacious remark: The risk assessment 
research community could also be involved by the biotech companies in future when it comes 
to new products and visions, because actually to put in a bit rude words, the risk assessment 
community always has to run after the new products. I know that here we are digging into the 
sensitive competition area for the companies. But still my dream would be at least to enhance 
this dialogue of the present two days for the near future. 
 
Björn Age Tommeras 
I think I fully agree to highlight the questions about monitoring. I think may be it could be a 
good idea to make a little step forward. It is specially important for a dialog between the 
conflicting partners including NGO’s or other organizations. It should include the concern of 
biodiversity. 
 
Klaus Ammann 
Well, if I may just answer here, because it is biodiversity directed, your vote. There are 
bridges to be built where biotech companies, regulators and risk assessment researchers could 
work together, that’s the method of biogeographical assay in Europe. Think about all the old 
crop cultivars where we do not have a clear biogeographical picture. We have only very 
scanty idea of the genomic resources of old cultivars in Europe and that could easily be linked 
with the mapping of red list, pink list and  blue list species. Blue list species are those which 
are definitely on the safe side through conservation projects. Pink lists comprise species on 
the edge of becoming red list species. 
 
Jim White 
I like to support Phil Dale’s suggestion that farmers be involved. In California which is our 
largest agriculture producing state, the majority of farmers have bachelors degrees. There 
highly educated people. I think they need to be involved. In the US also we have over a 
100.000 USDA federal employees in agriculture and they are located in every locality across 
the US. They should be involved, every state has its own agricultural system located in every 
locality. And all those people are good sources to be involved in this monitoring and they 
already are involved in monitoring for a variety of pest reductions looking for mad fly coming 
into California. I like to make one clarification about what I said previously about this free 
number from Monsanto. This was an additional thing for the transgenics. Like in Europe you 
can always call your state or agriculture official to complain. And they do, but this free 
number was something new to respond to the use of the first transgenic plants in potatoes. 
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Martin Keller 
I totally agree with the statement you made that in fact just before that we need a risk 
assessment specific for transgenic plants before deregulating them and this will be a help for 
regulatory agencies. On the other hand we may need a monitoring to answer the big questions 
that you asked about biodiversity geneflow. But I don’t see any answers for those questions in 
a monitoring specific to transgenic crops. In those talks I heard nothing about long-term 
problems restricted to transgenic plants and not to any other way of shipping cultivars and 
seeds around the world. So I would suggest to concentrate on a risk assessment on transgenic 
crops which is based on the knowledge we have to today for possible risks and this will be the 
basis for deregulating the crops.A monitoring should  not be focused on transgenic crops but 
on agricultural practice in general. 
 
Les Lewidow 
Is it often said that farmers are capable to notice things if something goes wrong and of course 
they will notice anything which harms their crop, they may even notice effects other than 
harm to their own crop. But many potential effects may not be noticed by farmers. So this is 
not a perfect solution. For example if insect pest develop resistance to Bt, eventually this will 
be noticed, but the resistance be developing for a long time before the crop damage is 
noticeable and by then the problem may be serious. If Bt crops harm non target insects this 
may never be noticed by farmers. And we could go on and on with the list, so: Yes it is fine 
for risk assessment research to include farmers but it is also necessary to think about types of 
monitoring before commercial use as during commercial use which go far beyond anything 
that farmers themselves can notice. 
 
Phil Dale 
I agree that it’s not the total answer. Science must be injected into monitoring. But I think 
what you just said is is underestimating the ability of many farmers. They know more than the 
pest on their crops and the diseases. They are aware of skylarks, they are aware of many 
aspects of the environment. So, just to think that farmers are there for profit, there for getting 
as much of the land as possible, I think is in a way insulting to them. They are aware of the 
problems and many have been born on the farm, their grandfathers too.  
 
Klaus Ammann 
I fully agree. Farmers by their own experience are holistically thinking ecologists. And those 
who do not think in these categories will not be successful farmers. 
 
Jim White 
I would like to say this Hawaii story where the first Bt resistant insects were found in the 
field. The story, as I have been told by the Hawaiians, is that the farmers noticed the Bt was 
becoming less and less effective, they had to add more and more Bt. They called their state 
person who encouraged an entomologist at the Universisty  that will come and investigate it. 
So think in this case, as Phil said, it has worked in the first situation and they are looking at 
their ecosystem.  
 
Klaus Ammann 
Yes, I have worked for five years in a big monitor program of Switzerland mapping the Swiss 
flora, and this is scientifically not very rewarding. I ended up in one little mention in the 
introduction of two thick volumes for five years of scientific work, but what I learned in this 
period was how to approach problems with a biogeographical assay. It is an early warning 
system and it is the best we have, although we calculated something like a 75% precision in 
getting distribution data.  
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I think it is time to finish the discussion in session 8. As a summary, we really have focused 
on this monitoring and I would like to wrap up this conference by mentioning a few things 
which stick to my head now. 
 
First we have had as an introduction the fantastic Encyclopedia Danica on all aspects of “nice 
to knows” and “need to knows”.  
 
Then two modelers from US and UK gave us lots of very valuable hints of how to structure 
monitoring and any thing else would be a misunderstanding.   
Many others contributors, I shouldn’t mention names, but I should mention the sound science 
coming from the Island over the channel and for me, it is a personal statement, I had lots of 
fun. 
 
Also I highly appreciated the collaborative atmosphere in the dialogue between corporate live 
science companies, regulators and scientists. 
 
And also I had lots of fun with some of the more critical comments coming from the Nordic 
countries. This is something like a cultural difference between the north and the south which 
has been clearly demonstrated here in the conference. 
 
Overall I think we have made some progress and we tried our best to sort out the main 
highlights with summing up the discussions, the rapporteurs have given a clear picture on 
priorities which should be met in the future.  
When it comes to the conference proceedings, it would be nice and easy to fill three volumes 
with all the tapes comprising 8 hours of discussion, but we will try to distill out what ever we 
can. 
 
Next Tuesday we have a press conference where we have to concentrate on a few pages 
delivered to the press. Thank you all. I have learned a lot and I hope that this is something you 
can say also from your own perspective. 
 
Vibeke Simonsen, Yolande Jacot, Pia Rufener Al Mazyad and Klaus Ammann 
 
Press release 
 
An international high level Symposium including scientists, regulators and delegates from life 
science companies was organized in Bern in order to initiate an open discussion on the safety 
of field releases of transgenic crops. Participants from Europe, North America and Asia  were 
chosen according to their professional activities in the field of risk assessment. In three days a 
collaborative learning process has been structured in such a way, that in a stepwise and 
argumentative proceeding the most important research fields have been covered and in a final 
block some decisions about lacunes in risk assessment and future activities have been taken. 
 
- In a first block we concentrated on the ecological impact of single transgenes as a basis 

for the next block discussions. After all transgenes which can cross out should be 
evaluated according to their possible ecological impact. 

- In a second block another important scientific basis for future risk assessment research has 
been presented: Modelling could be part of the solution: Complexity of ecosystems may 
become more transparent with the refinement of modelling methods. 
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- In block 3 many aspects of different time scales have been discussed: Long term and short 
term effects need to be addressed with different methodological approaches. 

- In a fourth block basic questions about monitoring have been asked, new methods have 
been presented. 

- A fifth block has been devoted to the complex questions of population genetics. 
Transgenes offer new opportunities for getting a clearer picture in risk assessment. 

- In a sixth block decision making processes have been discussed in the framework of 
regulating transgenic crops. Special emphasis has been put on the questions of 
harmonizing the regulation process. 

- In a seventh block lacunes of risk assessment research have been discussed. Long term 
monitoring has been determined as one of the most important lacunes. 

- In a last block decisions have been taken in order to answer the most important question 
the conference has been asking: Where do we go from here ? Without any opposition from 
the conference participants it was decided with a clear priority that the establishment of a 
long term monitoring would be very important for the future. 
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i Lynette Anderson, Food Magazine, November 1997. A true fatalist would not trouble to 

write to a magazine because there is no point, but this quotation exemplifies what might be 

termed an informed-fatalist perspective.  A recent study of public attitudes in Britain to 

genetically modified foods discovered that fewer than half the people recruited for focus 

group discussions of GMOs had even heard of biotechnology in the context of food (R. 

Grove-White, P. Macnaghten, S. Meyer & B. Wynne (1997) An uncertain World: genetically 

modified organisms, food and public attitudes in Britain, Centre for the Study of 

Environmental Change, Lancaster University). Thus fatalists can be assumed to outnumber by 

a wide margin all the active participants in debates about GMOs. 

ii Derek Burke (1997) The regulatory process and risk: a practitioner’s view, in Science, 

Policy and Risk, The Royal Society, London. 

iii The Guardian, 15.12.97. 

iv Bernard Dixon, editor of Medical Science Research, in The Guardian, 18 December 1997 

v The Guardian, 17.12.1997 

vi Anita Roddick, Body Shop International in letter to The Guardian, 19 December 1997 

vii The Guardian, 17.12.1997 
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