
Environmental

values
(biodiversity,

soil protection...)

3. Selection of variables
insect groups, weeds,

recombinant DNA...

SpaceSpace

Space Space

5. Data analyses

4. Selection of methods
Where, when and how?

general

surveillance

case specific

monitoring

7. Decisions for
risk containment,

approval, refusal

GMO information

from experimental risk

and release research

1.GMO characterisation
transgene specifics

site preference (soil, climate)

field management

containment measures...

risk assesment
risk assesment

6. Reassessment of

effects and methodology,

communication
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2. Identifying potential

agro-environmental effects
hybridisation, loss of diversity,

wild plant establishment...

F. Graef, W. Z üghart, B. Hommel,

U. Heinrich, U. Stachow, A. Werner

Spatial planning of GMO monitoring

„Analysis of agricultural production and

potentials in Brandenburg as a basis for deriving

regional concepts of surveying GMOs“

why? (which potential effects)

what? (which variables)

how? (which field and lab methods)

when? (how often, which period)

where? (number and location of sites)

Basic questions for designing a flexible GM crop monitoring

with diverse...

• GM crop traits

• agro-ecological sites

• potential agro-environmental effects

• cropping systems

systematic

scheme !

3. Variables to monitor
a,b,c, ...

5. Assessment of

distribution of variables

in spatial layers
�land use,

�landscape ecology,

�crop species distribution,

�cultivation systems,

�infestation potential,...

Rating: high (3), medium (2),

low (1), none (0)

4. Monitoring methods
i,ii,iii, ...

1.GMO characteristics

2. Potential environmental

effects 1, 2, 3, ...

6. Monitoring site and

network determination
from all weighted spatial

information layers and

representativeness analysis

“ How strong, from the our

state of knowledge, is the

influence of the factors among

the spatial information layers

on the distribution of the

variables to be monitored? “

Information layers for GM crop monitoring

site ecology + CORINE land cover

(CLC class "arable land“, overlay)

crop species distribution

environmental

values

concerned
1

potential

environmental

effects

variables measured ranking of

variables
2

assessment and ranking of the relevance of spatial information layers

for the spatial distribution of variables
3

M E P land use landscape

ecology

crop species

distribution

pot. + pres.

infestation

regional cultiv.

systems

a,d DNA-persistence transgenic DNA in soil 3 3 3 3 3 1 0 2

b,c,e,f shift in trophy levels

and diversity

species diversity and frequency

of herbivore arthropods and

specific antagonists

2 3 2 3 3 1 1 2

b,c species diversity and frequency

of butterflies outside the cropped

fields.

2 3 2 3 3 1 0 1

d,c,d Saprophages in the soil (dipter

larvae)

3 3 2 3 3 1 0 2

d,e change in biomass

decomposition

microbial basal respiration 3 3 3 3 3 0 0 1

b,c,d change in soil

communities

microbial sum indicators 2 2 2 3 3 0 0 1

e,f consequences for best

management practice

change of cropping techniques 3 3 3 3 2 1 3 3

e,f change in animal pests resistance of corn borer 3 2 3 3 1 3 3 3

overall assessment: averages of spatial information layers 3.0 2.6 1.0 0.9 1.9

overall ranking of spatial information layers 1 2 4 4 3

1
General environmental values: GMO persistence and/or invasion (a), ecological interactions (b), biodiversity(c),

soil functions (d), sustainable agricultural practice (e), plant health (f);
2
Ranking of (M) methodological aspects: representativeness, sensitivity, prognosis capability, reproducibility; (E):

ecological risks: risk extent, risk likelihood of exposure; (P): practicability: availability of baseline data, expenditure

of time and costs, variables already measured in other monitoring schemes, available infrastructure on the following

scale: 0 = none, 1 = small, 2 = medium, 3 = high;
3

Assessment and ranking of the relevance of spatial information layers for the spatial distribution of variables on the

following scale: 0 = no relevance, 1 = small relevance, 2 = medium relevance, 3 = high relevance;

Preliminary variables for case specific monitoring of Bt-Maize in

Brandenburg / assessment and ranking of spatial information layers

monitoring network
1 LSM IEM EMBR FOPV PPA GMO-

relevance
2

site No. in BB 31 12 89 23 20-30,

flexible

-

arable land sites in BB 24 3 36 23 20-30,

flexible

-

site No. in Germany 672 - - 815 - -

spatial representativeness
3

high low low high medium

variable groups and no. of measured variables
soil characteristics 3 7 5 4 1

soil analyses 8 11 9 3 1 1

climate factors 2 5 6 2 1 1

fauna 0 3 2 0 1 2

flora 3 4 1 0 2 2

agricultural management 4 4 7 8 8 2

total No. of variables 19 33 30 17 13 -

overall suitability assessment4 27 46 42 25 24

ranking medium high high medium medium
1

LSM: Long-term soil monitoring; IEM: integrated ecological monitoring; EMBR: ecosystem monitoring of biosphere reserves; FOPV: trial sites

of Federal Office of Plant Varieties; PPA: Plant protection agency. Not relevant variable groups not shown.
2 rating of variables for GMO monitoring (Results from working groups of the Federal Environmental Agency (UBA) and the Federal Biological

Agency (BBA)): 0 = no relevance, 1 = medium relevance, 2 = high relevance.
3 representativeness analysis using standard deviations of the sites' occurrence in agricultural land of ecoregions (Graef et al. 2003, adapted)
4 S variable number x relevance

Assessment of environmental monitoring networks in Brandenburg

GIS analysis scheme for determining GM crop monitoring sites

specify relevant classes (arable land, six ecoregions)

determine high ranked layers (land cover, site ecology)

create max. class Nr, overlay (six classes)

optimise class Nr. a) verify if all classes arerelevant

(not relevant with our data) b) reduce to 95% largest areas

specify site Nr. / class (three, six)

specifiy network composition

append network to area layers

a) LSM

b) LSM,FOPV

c) LSM, FOPV,IEM,EMBR

3. maize: overlay present infestation (relevant class: Oder valley)

apply „max. distance <2000 m to (urban areas, forest, arableland

potential crossing partner sites“ inland cover layer)

3. canola:

4. all crops:

maize:

overlay crop spec. distribution (relevant classes: medium, high)

overlay potential infestation (relevant classes: medium, high)

a) apply site reduction in networks

only if site Nr. > specified Nr.

b) reduce among low ranked networks

overlay crop cultiv. systems (not avail.� farm survey)

5. canola overlay crossing partners (not relevant: ubiquitious

or not existing)

multiple overlay of area layers
present optimum monitoring

sites for GM crops

area informationarea information

area + point

information

area + point

information

network (point) informationnetwork (point) information

append and rank networks (IEM>EMBR>LSM>FOPV)

1. all crops:

site reduction and

optimisation rules

on area information

additional

site areas

(visualisation)

2. all crops:

select largest areas in classes

1.

2.

Determining potential sites and additional areas

� systematic network planning approach, that integrates the agro-

environmental variability

� based on expert knowledge, semi quantitative and quantitative data

(state of knowledge)

� assessments, rankings and optimisation rules

� transferable framework

� functional (data required, CPU time, PC programme)

Summary


