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Environmental risks of Bt-maize cultivation  

on aquatic ecosystems 

The aspect of aquatic ecosystems had been ignored for long time 

in the EIA / risk assessment of  Bt-maize 

 

Recent studies showed that there are potential risks that cannot 

be excluded without further investigations 

Rosi-Marshall et al. 2007  

 

Bohn et al. 2008  

 

Douville et al. 2008 



         Risks 

Environmental Risk Assessment 

Exposure 

Effects 

Exposure is the base for any effects 



Harvest residues 
Input by wind drift and run-off 

 Exposure  from harvest in autumn 

until spring 

Pollen 
Input by wind drift /deposition 

 Exposure mainly during maize 

bloom in Juli/August 

Soil passage / drainage 
Input  all over  the year 

  Exposure of aquatic ecosystems to pollen and harvest residues 

Drift in streams / 

deposition 
Transport, decomposition, deposition, 

accumulation 

Depending on water regime (heavy rains, 

floods, snow melt etc) 



Bilder:  Rosi-Marshall, Kuhn,  

Hofmann, BfN 

• Collection of drifted material from 
headwater streams in the watershed area to 
downstream waterbodies 

• Accumulation at sites / sinks far  away 
downstreams  and in higher concentrations 
compared to input sites 

  Special aspect of freshwater ecosystems 



Modells of exposure  pathways and  potential effects 

Rosi-Marshall et al 2007 



Selection method 
of exposed & sensitive aquatic ecosystems 

Ecosystem type specific 

Risk maps 

Intensity of corn cultivation 

Aquatic ecosystems 
Water Framework Directory 

GMO 
Exposure  

assessment 

Selection 
Top priority streams 

Streams 



Database 1: Maize cultivation 

1995 2010 

Statistical data on density of corn production  
[regionalized data base, in % area of district] (Source: Stat. Bundesamt) 



Data base 2:    EU-Water Framework Directory (WFD) 

Actual WFD includes: 

• Streams >10 km² watershed area 

• Lakes >50 ha 

• Transitional water bodies  

• Coastal water bodies 

• Groundwater bodies 



4 eco region classes 
25 stream types 

7 sub-types 

WFD:  Stream typology of Germany 

Eco-region independant types 

Types in the central plains 

Types in the central highlands 

Types in the Alps and Alpine foothills 



Advantages of WFD data base 

- More than 10.000 monitoring sites  for streams in Germany 

- Detailed data on stream type, morphology, chemical and biological status and stressors 

- Standardized assessment of ecological status   

- Realization in all EU member states 

Biological components Assessment of ecological status 

High 

Good 

Moderate 

Low 

Bad 

 
< 1% 
 
 
<10% 
 



WFD: Profiles for each stream type 
Selection of  
type-specific 

species  



Principle:  

 - Combining the data of WFD on stream ecosystems with data on maize cultivation using GIS 

- Determination of an Exposure Index E  

 

Technical problem: 

- Data on maize cultivation are given as regionalised data in percentage of district area 

- Stream data are given as vectorized data in the GIS 
 

Solution: 

- We placed a grid over Germany with an optimized size of  
5 km x 5 km (n=14.931 grid cells) 

- For each grid cell the length of water body per  each 
stream type was determined  

- An exposure  index was calculated by multiplication of 

 + the lenght of the water body (km] with 

 + the density of maize cultivation [% area] 

Exposure  index for stream ecosystems   



Exposure Index for streams 

Exposure Index E =  
lenght of stream type [km] x density of maize cultivation [%] 
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Beams: Density distribution (statistically) 
 

Classes 
Quantiles  
0 (no  maize 
or stream); 
<1%;>1-5%; 
>5%-10%; 
>10%-20%; 
>20%-40%; 
>40-60%; 
>60-80%; 
>80-90%; 
>90-95%; 
>95-99%; 
>99%. 

Log E 

 
Risk map (visually)  



- Exposure: Intensity (hot spots) and abundance 

- Sensitivity (water bodies of high or at least good ecological status) 

- Reference  water bodies without or negligible maize cultivation 

- Each eco-region should be represented with at least one stream type 

Selection Matrix: Top Priority Stream Types 

A  Rational classification by algorhythms based on the statistical density 
distribution of the parameters 

B  Visual plausibility check using the risk maps and beam graphs  
 

Criteria 



Exposure index 

2 parameters:  
 
Intensity EI:  95% quantile of exposure index (“hot spots“)                                           5 classes 1-5  

 
Abundance EA: geometric mean of exposure index   x  frequency (number of grid cells ) 5 classes 0-4 

Exposure index E = stream length [km]  x  density of maize cultivation [%] 



Sensitivity 

Water bodies with at least ecological status “good“  
 

Sensitivity index S =  
             percentage  of water bodies with at least ecological status “good“  
                                                                                                                                3 classes  0-2  
Exposure index for sensitive streams ES =  
            length of streams with at least good ecological status  [km]   
                        x  density of maize cultivation [%]                                            3 classes 0-2 

Blue: total water bodies 
Green: sensitive water bodies 

C
u

m
u

la
te

d
 le

n
gt

h
 o

f 
w

at
e

r 
b

o
d

ie
s 

[k
m

] 



Reference water bodies 

Water bodies without or negligible maize cultivation  
 
Reference index R =  
      percentage  of grid cells for each stream type without  or negligible maize cultivation  
                                                                                                                           3 classes  0-2 



Priority  Index and Priority Class 

Numerical priority index  PN =   EI + EA + S + ES + R 
  
 

Priority class PC      5 classes 
 
 

Top Priority Stream Types:   Class 4 + 5 



Stream types
Priority 

Index

Priority 

Class

Stream type EI
Class    

1,2,3,4,5
EA

Class   

0,1,2,3,4
S in %

Class      

0,1,2
ES

Class      

0,1,2
R in %

Class      

0,1,2
Sum classes 1-5, U

Types in the Alps and Alpine foothills

F 1 Alpine streams 

F 1.1
Small and mid-sized rivers of the Calcareous 

Alps
32 1 0,2 0 77 2 1 1 0,00 0 4 2

F 1.2 Large rivers of the Calcareous Alps 56 2 1,1 1 52 2 2 1 0,00 0 6 3

F 2 Streams in the alpine foothills 80 3 3,6 1 0 0 0 0,00 0 4 2

F 2.1 Small rivers in the alpine foothills 172 5 19,1 3 12 2 16 1 0,00 0 11 5

F 2.2 Mid-sized rivers in the alpine foothills 135 5 6,1 2 0 0 0 0,00 0 7 3

F 3
Streams in the Pleistocene sediments of the 

alpine foothills 
63 3 2,2 1 0 0 0 0,00 0 4 2

F 3.1
Small rivers in the Pleistocene sediments of the 

alpine foothills
68 3 3,1 1 59 2 3 1 0,00 0 7 3

F 3.2
Mid-sized rivers in the Pleistocene sediments of 

the alpine foothills
46 2 0,2 0 66 2 2 1 0,00 0 5 2

F 4 Large rivers in the alpine foothills 124 5 3,8 1 8,9 1 32 1 0,00 0 8 4

Types in the central highlands

F 5
Small coarse substrate dominated sil iceous 

highland rivers
51 2 43,7 4 16 2 3 1 0,07 1 10 5

F 5.1
Small fine substrate dominated sil iceous 

highland rivers
27 1 10,4 3 10 2 3 1 0,00 0 7 3

F 6
Small fine substrate dominated calcareous 

highland rivers
58 2 21,9 4 2,5 1 3 1 0,07 1 9 4

F 6_K
Small fine substrate dominated calcareous 

highland rivers in the Keuper
64 3 9,8 2 2,5 1 7 1 0,00 0 7 3

F 7
Small coarse substrate dominated calcareous 

highland rivers
46 2 17,2 3 7,4 1 6 1 0,00 0 7 3

F 9
Mid-sized fine to coarse substrate dominated 

sil iceous highland rivers
35 1 10,6 3 8,4 1 4 1 0,10 1 7 3

F 9.1
Mid-sized fine to coarse substrate dominated 

calcareous highland rivers
45 2 8,0 2 0,6 1 5 1 0,00 0 6 3

F 9.1_K Subtype  in the Keuper 69 3 3,9 1 19 2 24 1 0,00 0 7 3

F 9.2 Large highland rivers 42 2 8,3 2 3,5 1 18 1 0,16 1 7 3

F 10 Very large gravel-dominated rivers 50 2 6,3 2 0 0 0 0,24 1 5 2

Types in the central plains

F 14 Small sand-dominated lowland rivers 135 5 43,9 4 0,8 1 8 1 0,39 1 12 5

F 15
Mid-sized and large sand and loam-dominated 

lowland rivers
128 5 19,3 3 0,9 1 12 1 1,27 1 11 5

F 15_g
Very large sand and loam-dominated lowland 

rivers
120 4 1,5 1 0 0 0 0,00 0 5 2

F 16 Small gravel-dominated lowland rivers 74 3 29,8 4 1,6 1 5 1 0,24 1 10 5

F 17
Mid-sized and large gravel-dominated lowland 

rivers
47 2 5,6 2 4,6 1 8 1 0,00 0 6 3

F 18 Small loess and loam-dominated lowland rivers 78 3 7,1 2 0,7 1 9 1 0,00 0 7 3

F 20 Very large sand-dominated rivers 60 3 6,3 2 0 0 0 1,75 1 6 3

F 22 Marshland streams of the coastal plains 17 1 0,1 0 0 0 0 0,00 0 1 1

F 22.1 Subtype small to mid-sized streams 62 3 7,7 2 0 0 0 1,42 1 6 3

F 22.2 Subtype large rivers 132 5 2,5 1 0 0 0 0,00 0 6 3

F 22.3 Subtype very large rivers 29 1 0,3 0 0 0 0 0,00 0 1 1

F 23
Backwater and brackish water influenced Baltic 

Sea tributaries
29 1 1,4 1 0 0 0 0,00 0 2 1

Ecoregion independent stream types

F 11 Small organic substrate-dominated rivers 76 3 18,6 3 2,1 1 2 1 0,36 1 9 4

F 12
Mid-sized and large organic substrate-

dominated rivers
66 3 5,6 2 2,0 1 15 1 0,32 1 8 4

F 19 Small streams in riverine floodplains 146 5 29,5 4 1,7 1 10 1 0,19 1 12 5

F 21 Lake outflows

F 21_N Subtype in the Northern Plains (North) 29 1 4,3 1 2,4 1 5 1 0,91 1 5 2

F 21_S Subtype in the Alpine foothills (South) 39 1 0,1 0 83 2 3 1 0,00 0 4 2

F 99 50 2 15,6 3 0,06 1 14 1 0,99 1 8 4

F 0 108 4 5 2 0,09 1 0 0,00 0 7 3

Reference 

water bodies 

Exposure Intensity               

(hot spots)

Exposure 

Abundance 
S = Percentage of water 

bodies of good 

ecological status

Exposure of aquatic ecosystems 

to maize cultivation

Spatial match of aquatic ecosystem with 

maize cultivation per GIS

ES geometric mean

Percentage of water 

bodies without 

maize cultivation

WFD type specific 

eco_stat 1 or  2          

(high, good)

Water bodies of good 

ecological status

Exposure  of 

sensitive 

aquatic 

ecosystems

Sensitive 

aquatic 

ecosystems  

Priority class PCF

Numerical 

Priority Index 

PNF

Exposure factor 95% 

quantile

Ecosystem type according to WFD R =  frequency % 

(percentage of number 

grid cells without any 

maize cultivation to 

number of grid cells 

with ecosystem type)

EA= Exposure factor 

geometric mean x 

frequency % (percentage 

of grid cells)

Exposure factor E = Length of water body (km)  x  

density of maize cultivation (% area) per grid cell 

(size 5 km x 5 km)

Spatial match of 

water bodies of 

ecological good 

quality with maize 

cultivation

ES =  Length of water 

body  of good quality 

(km)  x  density of maize 

cultivation (% area) per 

grid cell 5 km x 5 kmStream type 

Sensitivity Exposure 
sensitive 
streams 

Reference 
water  
bodies 

Priority 

Index Class 

Exposure 

Abundance Intensity 

 Selection Matrix: Top Priority Stream Types 

Each eco-region is 
represented with at 
least  2 stream types  



Types of the Alps and alpine foothills 



Stream types
Priority 

Index

Priority 

Class

Stream type EI
Class    

1,2,3,4,5
EA

Class   

0,1,2,3,4
S in %

Class      

0,1,2
ES

Class      

0,1,2
R in %

Class      

0,1,2
Sum classes 1-5, U

Types in the Alps and Alpine foothills

F 1 Alpine streams 

F 1.1
Small and mid-sized rivers of the Calcareous 

Alps
32 1 0,2 0 77 2 1 1 0,00 0 4 2

F 1.2 Large rivers of the Calcareous Alps 56 2 1,1 1 52 2 2 1 0,00 0 6 3

F 2 Streams in the alpine foothills 80 3 3,6 1 0 0 0 0,00 0 4 2

F 2.1 Small rivers in the alpine foothills 172 5 19,1 3 12 2 16 1 0,00 0 11 5

F 2.2 Mid-sized rivers in the alpine foothills 135 5 6,1 2 0 0 0 0,00 0 7 3

F 3
Streams in the Pleistocene sediments of the 

alpine foothills 
63 3 2,2 1 0 0 0 0,00 0 4 2

F 3.1
Small rivers in the Pleistocene sediments of the 

alpine foothills
68 3 3,1 1 59 2 3 1 0,00 0 7 3

F 3.2
Mid-sized rivers in the Pleistocene sediments of 

the alpine foothills
46 2 0,2 0 66 2 2 1 0,00 0 5 2

F 4 Large rivers in the alpine foothills 124 5 3,8 1 8,9 1 32 1 0,00 0 8 4

Types in the central highlands

F 5
Small coarse substrate dominated sil iceous 

highland rivers
51 2 43,7 4 16 2 3 1 0,07 1 10 5

F 5.1
Small fine substrate dominated sil iceous 

highland rivers
27 1 10,4 3 10 2 3 1 0,00 0 7 3

F 6
Small fine substrate dominated calcareous 

highland rivers
58 2 21,9 4 2,5 1 3 1 0,07 1 9 4

F 6_K
Small fine substrate dominated calcareous 

highland rivers in the Keuper
64 3 9,8 2 2,5 1 7 1 0,00 0 7 3

F 7
Small coarse substrate dominated calcareous 

highland rivers
46 2 17,2 3 7,4 1 6 1 0,00 0 7 3

F 9
Mid-sized fine to coarse substrate dominated 

sil iceous highland rivers
35 1 10,6 3 8,4 1 4 1 0,10 1 7 3

F 9.1
Mid-sized fine to coarse substrate dominated 

calcareous highland rivers
45 2 8,0 2 0,6 1 5 1 0,00 0 6 3

F 9.1_K Subtype  in the Keuper 69 3 3,9 1 19 2 24 1 0,00 0 7 3

F 9.2 Large highland rivers 42 2 8,3 2 3,5 1 18 1 0,16 1 7 3

F 10 Very large gravel-dominated rivers 50 2 6,3 2 0 0 0 0,24 1 5 2

Types in the central plains

F 14 Small sand-dominated lowland rivers 135 5 43,9 4 0,8 1 8 1 0,39 1 12 5

F 15
Mid-sized and large sand and loam-dominated 

lowland rivers
128 5 19,3 3 0,9 1 12 1 1,27 1 11 5

F 15_g
Very large sand and loam-dominated lowland 

rivers
120 4 1,5 1 0 0 0 0,00 0 5 2

F 16 Small gravel-dominated lowland rivers 74 3 29,8 4 1,6 1 5 1 0,24 1 10 5

F 17
Mid-sized and large gravel-dominated lowland 

rivers
47 2 5,6 2 4,6 1 8 1 0,00 0 6 3

F 18 Small loess and loam-dominated lowland rivers 78 3 7,1 2 0,7 1 9 1 0,00 0 7 3

F 20 Very large sand-dominated rivers 60 3 6,3 2 0 0 0 1,75 1 6 3

F 22 Marshland streams of the coastal plains 17 1 0,1 0 0 0 0 0,00 0 1 1

F 22.1 Subtype small to mid-sized streams 62 3 7,7 2 0 0 0 1,42 1 6 3

F 22.2 Subtype large rivers 132 5 2,5 1 0 0 0 0,00 0 6 3

F 22.3 Subtype very large rivers 29 1 0,3 0 0 0 0 0,00 0 1 1

F 23
Backwater and brackish water influenced Baltic 

Sea tributaries
29 1 1,4 1 0 0 0 0,00 0 2 1

Ecoregion independent stream types

F 11 Small organic substrate-dominated rivers 76 3 18,6 3 2,1 1 2 1 0,36 1 9 4

F 12
Mid-sized and large organic substrate-

dominated rivers
66 3 5,6 2 2,0 1 15 1 0,32 1 8 4

F 19 Small streams in riverine floodplains 146 5 29,5 4 1,7 1 10 1 0,19 1 12 5

F 21 Lake outflows

F 21_N Subtype in the Northern Plains (North) 29 1 4,3 1 2,4 1 5 1 0,91 1 5 2

F 21_S Subtype in the Alpine foothills (South) 39 1 0,1 0 83 2 3 1 0,00 0 4 2

F 99 50 2 15,6 3 0,06 1 14 1 0,99 1 8 4

F 0 108 4 5 2 0,09 1 0 0,00 0 7 3

Reference 

water bodies 

Exposure Intensity               

(hot spots)

Exposure 

Abundance 
S = Percentage of water 

bodies of good 

ecological status

Exposure of aquatic ecosystems 

to maize cultivation

Spatial match of aquatic ecosystem with 

maize cultivation per GIS

ES geometric mean

Percentage of water 

bodies without 

maize cultivation

WFD type specific 

eco_stat 1 or  2          

(high, good)

Water bodies of good 

ecological status

Exposure  of 

sensitive 

aquatic 

ecosystems

Sensitive 

aquatic 

ecosystems  

Priority class PCF

Numerical 

Priority Index 

PNF

Exposure factor 95% 

quantile

Ecosystem type according to WFD R =  frequency % 

(percentage of number 

grid cells without any 

maize cultivation to 

number of grid cells 

with ecosystem type)

EA= Exposure factor 

geometric mean x 

frequency % (percentage 

of grid cells)

Exposure factor E = Length of water body (km)  x  

density of maize cultivation (% area) per grid cell 

(size 5 km x 5 km)

Spatial match of 

water bodies of 

ecological good 

quality with maize 

cultivation

ES =  Length of water 

body  of good quality 

(km)  x  density of maize 

cultivation (% area) per 

grid cell 5 km x 5 km

Stream type 

Sensitivity Exposure 
sensitive 
streams 

Reference 
water  
bodies 

Priority 

Index Class 

Exposure 

Abundance Intensity 

 Selection matrix: top priority stream types 



Stream types
Priority 

Index

Priority 

Class

Stream type EI
Class    

1,2,3,4,5
EA

Class   

0,1,2,3,4
S in %

Class      

0,1,2
ES

Class      

0,1,2
R in %

Class      

0,1,2
Sum classes 1-5, U

Types in the Alps and Alpine foothills

F 1 Alpine streams 

F 1.1
Small and mid-sized rivers of the Calcareous 

Alps
32 1 0,2 0 77 2 1 1 0,00 0 4 2

F 1.2 Large rivers of the Calcareous Alps 56 2 1,1 1 52 2 2 1 0,00 0 6 3

F 2 Streams in the alpine foothills 80 3 3,6 1 0 0 0 0,00 0 4 2

F 2.1 Small rivers in the alpine foothills 172 5 19,1 3 12 2 16 1 0,00 0 11 5

F 2.2 Mid-sized rivers in the alpine foothills 135 5 6,1 2 0 0 0 0,00 0 7 3

F 3
Streams in the Pleistocene sediments of the 

alpine foothills 
63 3 2,2 1 0 0 0 0,00 0 4 2

F 3.1
Small rivers in the Pleistocene sediments of the 

alpine foothills
68 3 3,1 1 59 2 3 1 0,00 0 7 3

F 3.2
Mid-sized rivers in the Pleistocene sediments of 

the alpine foothills
46 2 0,2 0 66 2 2 1 0,00 0 5 2

F 4 Large rivers in the alpine foothills 124 5 3,8 1 8,9 1 32 1 0,00 0 8 4

Types in the central highlands

F 5
Small coarse substrate dominated sil iceous 

highland rivers
51 2 43,7 4 16 2 3 1 0,07 1 10 5

F 5.1
Small fine substrate dominated sil iceous 

highland rivers
27 1 10,4 3 10 2 3 1 0,00 0 7 3

F 6
Small fine substrate dominated calcareous 

highland rivers
58 2 21,9 4 2,5 1 3 1 0,07 1 9 4

F 6_K
Small fine substrate dominated calcareous 

highland rivers in the Keuper
64 3 9,8 2 2,5 1 7 1 0,00 0 7 3

F 7
Small coarse substrate dominated calcareous 

highland rivers
46 2 17,2 3 7,4 1 6 1 0,00 0 7 3

F 9
Mid-sized fine to coarse substrate dominated 

sil iceous highland rivers
35 1 10,6 3 8,4 1 4 1 0,10 1 7 3

F 9.1
Mid-sized fine to coarse substrate dominated 

calcareous highland rivers
45 2 8,0 2 0,6 1 5 1 0,00 0 6 3

F 9.1_K Subtype  in the Keuper 69 3 3,9 1 19 2 24 1 0,00 0 7 3

F 9.2 Large highland rivers 42 2 8,3 2 3,5 1 18 1 0,16 1 7 3

F 10 Very large gravel-dominated rivers 50 2 6,3 2 0 0 0 0,24 1 5 2

Types in the central plains

F 14 Small sand-dominated lowland rivers 135 5 43,9 4 0,8 1 8 1 0,39 1 12 5

F 15
Mid-sized and large sand and loam-dominated 

lowland rivers
128 5 19,3 3 0,9 1 12 1 1,27 1 11 5

F 15_g
Very large sand and loam-dominated lowland 

rivers
120 4 1,5 1 0 0 0 0,00 0 5 2

F 16 Small gravel-dominated lowland rivers 74 3 29,8 4 1,6 1 5 1 0,24 1 10 5

F 17
Mid-sized and large gravel-dominated lowland 

rivers
47 2 5,6 2 4,6 1 8 1 0,00 0 6 3

F 18 Small loess and loam-dominated lowland rivers 78 3 7,1 2 0,7 1 9 1 0,00 0 7 3

F 20 Very large sand-dominated rivers 60 3 6,3 2 0 0 0 1,75 1 6 3

F 22 Marshland streams of the coastal plains 17 1 0,1 0 0 0 0 0,00 0 1 1

F 22.1 Subtype small to mid-sized streams 62 3 7,7 2 0 0 0 1,42 1 6 3

F 22.2 Subtype large rivers 132 5 2,5 1 0 0 0 0,00 0 6 3

F 22.3 Subtype very large rivers 29 1 0,3 0 0 0 0 0,00 0 1 1

F 23
Backwater and brackish water influenced Baltic 

Sea tributaries
29 1 1,4 1 0 0 0 0,00 0 2 1

Ecoregion independent stream types

F 11 Small organic substrate-dominated rivers 76 3 18,6 3 2,1 1 2 1 0,36 1 9 4

F 12
Mid-sized and large organic substrate-

dominated rivers
66 3 5,6 2 2,0 1 15 1 0,32 1 8 4

F 19 Small streams in riverine floodplains 146 5 29,5 4 1,7 1 10 1 0,19 1 12 5

F 21 Lake outflows

F 21_N Subtype in the Northern Plains (North) 29 1 4,3 1 2,4 1 5 1 0,91 1 5 2

F 21_S Subtype in the Alpine foothills (South) 39 1 0,1 0 83 2 3 1 0,00 0 4 2

F 99 50 2 15,6 3 0,06 1 14 1 0,99 1 8 4

F 0 108 4 5 2 0,09 1 0 0,00 0 7 3

Reference 

water bodies 

Exposure Intensity               

(hot spots)

Exposure 

Abundance 
S = Percentage of water 

bodies of good 

ecological status

Exposure of aquatic ecosystems 

to maize cultivation

Spatial match of aquatic ecosystem with 

maize cultivation per GIS

ES geometric mean

Percentage of water 

bodies without 

maize cultivation

WFD type specific 

eco_stat 1 or  2          

(high, good)

Water bodies of good 

ecological status

Exposure  of 

sensitive 

aquatic 

ecosystems

Sensitive 

aquatic 

ecosystems  

Priority class PCF

Numerical 

Priority Index 

PNF

Exposure factor 95% 

quantile

Ecosystem type according to WFD R =  frequency % 

(percentage of number 

grid cells without any 

maize cultivation to 

number of grid cells 

with ecosystem type)

EA= Exposure factor 

geometric mean x 

frequency % (percentage 

of grid cells)

Exposure factor E = Length of water body (km)  x  

density of maize cultivation (% area) per grid cell 

(size 5 km x 5 km)

Spatial match of 

water bodies of 

ecological good 

quality with maize 

cultivation

ES =  Length of water 

body  of good quality 

(km)  x  density of maize 

cultivation (% area) per 

grid cell 5 km x 5 km

Stream type 

Sensitivity Exposure 
sensitive 
streams 

Reference 
water  
bodies 

Priority 

Index Class 

Exposure 

Abundance Intensity 

 Selection matrix: top priority stream types 



Kalk 

River types of the low mountains 

Silikat 

Types of the central highlands 



Stream types
Priority 

Index

Priority 

Class

Stream type EI
Class    

1,2,3,4,5
EA

Class   

0,1,2,3,4
S in %

Class      

0,1,2
ES

Class      

0,1,2
R in %

Class      

0,1,2
Sum classes 1-5, U

Types in the Alps and Alpine foothills

F 1 Alpine streams 

F 1.1
Small and mid-sized rivers of the Calcareous 

Alps
32 1 0,2 0 77 2 1 1 0,00 0 4 2

F 1.2 Large rivers of the Calcareous Alps 56 2 1,1 1 52 2 2 1 0,00 0 6 3

F 2 Streams in the alpine foothills 80 3 3,6 1 0 0 0 0,00 0 4 2

F 2.1 Small rivers in the alpine foothills 172 5 19,1 3 12 2 16 1 0,00 0 11 5

F 2.2 Mid-sized rivers in the alpine foothills 135 5 6,1 2 0 0 0 0,00 0 7 3

F 3
Streams in the Pleistocene sediments of the 

alpine foothills 
63 3 2,2 1 0 0 0 0,00 0 4 2

F 3.1
Small rivers in the Pleistocene sediments of the 

alpine foothills
68 3 3,1 1 59 2 3 1 0,00 0 7 3

F 3.2
Mid-sized rivers in the Pleistocene sediments of 

the alpine foothills
46 2 0,2 0 66 2 2 1 0,00 0 5 2

F 4 Large rivers in the alpine foothills 124 5 3,8 1 8,9 1 32 1 0,00 0 8 4

Types in the central highlands

F 5
Small coarse substrate dominated sil iceous 

highland rivers
51 2 43,7 4 16 2 3 1 0,07 1 10 5

F 5.1
Small fine substrate dominated sil iceous 

highland rivers
27 1 10,4 3 10 2 3 1 0,00 0 7 3

F 6
Small fine substrate dominated calcareous 

highland rivers
58 2 21,9 4 2,5 1 3 1 0,07 1 9 4

F 6_K
Small fine substrate dominated calcareous 

highland rivers in the Keuper
64 3 9,8 2 2,5 1 7 1 0,00 0 7 3

F 7
Small coarse substrate dominated calcareous 

highland rivers
46 2 17,2 3 7,4 1 6 1 0,00 0 7 3

F 9
Mid-sized fine to coarse substrate dominated 

sil iceous highland rivers
35 1 10,6 3 8,4 1 4 1 0,10 1 7 3

F 9.1
Mid-sized fine to coarse substrate dominated 

calcareous highland rivers
45 2 8,0 2 0,6 1 5 1 0,00 0 6 3

F 9.1_K Subtype  in the Keuper 69 3 3,9 1 19 2 24 1 0,00 0 7 3

F 9.2 Large highland rivers 42 2 8,3 2 3,5 1 18 1 0,16 1 7 3

F 10 Very large gravel-dominated rivers 50 2 6,3 2 0 0 0 0,24 1 5 2

Types in the central plains

F 14 Small sand-dominated lowland rivers 135 5 43,9 4 0,8 1 8 1 0,39 1 12 5

F 15
Mid-sized and large sand and loam-dominated 

lowland rivers
128 5 19,3 3 0,9 1 12 1 1,27 1 11 5

F 15_g
Very large sand and loam-dominated lowland 

rivers
120 4 1,5 1 0 0 0 0,00 0 5 2

F 16 Small gravel-dominated lowland rivers 74 3 29,8 4 1,6 1 5 1 0,24 1 10 5

F 17
Mid-sized and large gravel-dominated lowland 

rivers
47 2 5,6 2 4,6 1 8 1 0,00 0 6 3

F 18 Small loess and loam-dominated lowland rivers 78 3 7,1 2 0,7 1 9 1 0,00 0 7 3

F 20 Very large sand-dominated rivers 60 3 6,3 2 0 0 0 1,75 1 6 3

F 22 Marshland streams of the coastal plains 17 1 0,1 0 0 0 0 0,00 0 1 1

F 22.1 Subtype small to mid-sized streams 62 3 7,7 2 0 0 0 1,42 1 6 3

F 22.2 Subtype large rivers 132 5 2,5 1 0 0 0 0,00 0 6 3

F 22.3 Subtype very large rivers 29 1 0,3 0 0 0 0 0,00 0 1 1

F 23
Backwater and brackish water influenced Baltic 

Sea tributaries
29 1 1,4 1 0 0 0 0,00 0 2 1

Ecoregion independent stream types

F 11 Small organic substrate-dominated rivers 76 3 18,6 3 2,1 1 2 1 0,36 1 9 4

F 12
Mid-sized and large organic substrate-

dominated rivers
66 3 5,6 2 2,0 1 15 1 0,32 1 8 4

F 19 Small streams in riverine floodplains 146 5 29,5 4 1,7 1 10 1 0,19 1 12 5

F 21 Lake outflows

F 21_N Subtype in the Northern Plains (North) 29 1 4,3 1 2,4 1 5 1 0,91 1 5 2

F 21_S Subtype in the Alpine foothills (South) 39 1 0,1 0 83 2 3 1 0,00 0 4 2

F 99 50 2 15,6 3 0,06 1 14 1 0,99 1 8 4

F 0 108 4 5 2 0,09 1 0 0,00 0 7 3

Reference 

water bodies 

Exposure Intensity               

(hot spots)

Exposure 

Abundance 
S = Percentage of water 

bodies of good 

ecological status

Exposure of aquatic ecosystems 

to maize cultivation

Spatial match of aquatic ecosystem with 

maize cultivation per GIS

ES geometric mean

Percentage of water 

bodies without 

maize cultivation

WFD type specific 

eco_stat 1 or  2          

(high, good)

Water bodies of good 

ecological status

Exposure  of 

sensitive 

aquatic 

ecosystems

Sensitive 

aquatic 

ecosystems  

Priority class PCF

Numerical 

Priority Index 

PNF

Exposure factor 95% 

quantile

Ecosystem type according to WFD R =  frequency % 

(percentage of number 

grid cells without any 

maize cultivation to 

number of grid cells 

with ecosystem type)

EA= Exposure factor 

geometric mean x 

frequency % (percentage 

of grid cells)

Exposure factor E = Length of water body (km)  x  

density of maize cultivation (% area) per grid cell 

(size 5 km x 5 km)

Spatial match of 

water bodies of 

ecological good 

quality with maize 

cultivation

ES =  Length of water 

body  of good quality 

(km)  x  density of maize 

cultivation (% area) per 

grid cell 5 km x 5 km

Stream type 

Sensitivity Exposure 
sensitive 
streams 

Reference 
water  
bodies 

Priority 

Index Class 

Exposure 

Abundance Intensity 

 Selection matrix: top priority stream types 



Types of the central plaines 



Stream types
Priority 

Index

Priority 

Class

Stream type EI
Class    

1,2,3,4,5
EA

Class   

0,1,2,3,4
S in %

Class      

0,1,2
ES

Class      

0,1,2
R in %

Class      

0,1,2
Sum classes 1-5, U

Types in the Alps and Alpine foothills

F 1 Alpine streams 

F 1.1
Small and mid-sized rivers of the Calcareous 

Alps
32 1 0,2 0 77 2 1 1 0,00 0 4 2

F 1.2 Large rivers of the Calcareous Alps 56 2 1,1 1 52 2 2 1 0,00 0 6 3

F 2 Streams in the alpine foothills 80 3 3,6 1 0 0 0 0,00 0 4 2

F 2.1 Small rivers in the alpine foothills 172 5 19,1 3 12 2 16 1 0,00 0 11 5

F 2.2 Mid-sized rivers in the alpine foothills 135 5 6,1 2 0 0 0 0,00 0 7 3

F 3
Streams in the Pleistocene sediments of the 

alpine foothills 
63 3 2,2 1 0 0 0 0,00 0 4 2

F 3.1
Small rivers in the Pleistocene sediments of the 

alpine foothills
68 3 3,1 1 59 2 3 1 0,00 0 7 3

F 3.2
Mid-sized rivers in the Pleistocene sediments of 

the alpine foothills
46 2 0,2 0 66 2 2 1 0,00 0 5 2

F 4 Large rivers in the alpine foothills 124 5 3,8 1 8,9 1 32 1 0,00 0 8 4

Types in the central highlands

F 5
Small coarse substrate dominated sil iceous 

highland rivers
51 2 43,7 4 16 2 3 1 0,07 1 10 5

F 5.1
Small fine substrate dominated sil iceous 

highland rivers
27 1 10,4 3 10 2 3 1 0,00 0 7 3

F 6
Small fine substrate dominated calcareous 

highland rivers
58 2 21,9 4 2,5 1 3 1 0,07 1 9 4

F 6_K
Small fine substrate dominated calcareous 

highland rivers in the Keuper
64 3 9,8 2 2,5 1 7 1 0,00 0 7 3

F 7
Small coarse substrate dominated calcareous 

highland rivers
46 2 17,2 3 7,4 1 6 1 0,00 0 7 3

F 9
Mid-sized fine to coarse substrate dominated 

sil iceous highland rivers
35 1 10,6 3 8,4 1 4 1 0,10 1 7 3

F 9.1
Mid-sized fine to coarse substrate dominated 

calcareous highland rivers
45 2 8,0 2 0,6 1 5 1 0,00 0 6 3

F 9.1_K Subtype  in the Keuper 69 3 3,9 1 19 2 24 1 0,00 0 7 3

F 9.2 Large highland rivers 42 2 8,3 2 3,5 1 18 1 0,16 1 7 3

F 10 Very large gravel-dominated rivers 50 2 6,3 2 0 0 0 0,24 1 5 2

Types in the central plains

F 14 Small sand-dominated lowland rivers 135 5 43,9 4 0,8 1 8 1 0,39 1 12 5

F 15
Mid-sized and large sand and loam-dominated 

lowland rivers
128 5 19,3 3 0,9 1 12 1 1,27 1 11 5

F 15_g
Very large sand and loam-dominated lowland 

rivers
120 4 1,5 1 0 0 0 0,00 0 5 2

F 16 Small gravel-dominated lowland rivers 74 3 29,8 4 1,6 1 5 1 0,24 1 10 5

F 17
Mid-sized and large gravel-dominated lowland 

rivers
47 2 5,6 2 4,6 1 8 1 0,00 0 6 3

F 18 Small loess and loam-dominated lowland rivers 78 3 7,1 2 0,7 1 9 1 0,00 0 7 3

F 20 Very large sand-dominated rivers 60 3 6,3 2 0 0 0 1,75 1 6 3

F 22 Marshland streams of the coastal plains 17 1 0,1 0 0 0 0 0,00 0 1 1

F 22.1 Subtype small to mid-sized streams 62 3 7,7 2 0 0 0 1,42 1 6 3

F 22.2 Subtype large rivers 132 5 2,5 1 0 0 0 0,00 0 6 3

F 22.3 Subtype very large rivers 29 1 0,3 0 0 0 0 0,00 0 1 1

F 23
Backwater and brackish water influenced Baltic 

Sea tributaries
29 1 1,4 1 0 0 0 0,00 0 2 1

Ecoregion independent stream types

F 11 Small organic substrate-dominated rivers 76 3 18,6 3 2,1 1 2 1 0,36 1 9 4

F 12
Mid-sized and large organic substrate-

dominated rivers
66 3 5,6 2 2,0 1 15 1 0,32 1 8 4

F 19 Small streams in riverine floodplains 146 5 29,5 4 1,7 1 10 1 0,19 1 12 5

F 21 Lake outflows

F 21_N Subtype in the Northern Plains (North) 29 1 4,3 1 2,4 1 5 1 0,91 1 5 2

F 21_S Subtype in the Alpine foothills (South) 39 1 0,1 0 83 2 3 1 0,00 0 4 2

F 99 50 2 15,6 3 0,06 1 14 1 0,99 1 8 4

F 0 108 4 5 2 0,09 1 0 0,00 0 7 3

Reference 

water bodies 

Exposure Intensity               

(hot spots)

Exposure 

Abundance 
S = Percentage of water 

bodies of good 

ecological status

Exposure of aquatic ecosystems 

to maize cultivation

Spatial match of aquatic ecosystem with 

maize cultivation per GIS

ES geometric mean

Percentage of water 

bodies without 

maize cultivation

WFD type specific 

eco_stat 1 or  2          

(high, good)

Water bodies of good 

ecological status

Exposure  of 

sensitive 

aquatic 

ecosystems

Sensitive 

aquatic 

ecosystems  

Priority class PCF

Numerical 

Priority Index 

PNF

Exposure factor 95% 

quantile

Ecosystem type according to WFD R =  frequency % 

(percentage of number 

grid cells without any 

maize cultivation to 

number of grid cells 

with ecosystem type)

EA= Exposure factor 

geometric mean x 

frequency % (percentage 

of grid cells)

Exposure factor E = Length of water body (km)  x  

density of maize cultivation (% area) per grid cell 

(size 5 km x 5 km)

Spatial match of 

water bodies of 

ecological good 

quality with maize 

cultivation

ES =  Length of water 

body  of good quality 

(km)  x  density of maize 

cultivation (% area) per 

grid cell 5 km x 5 km

Stream type 

Sensitivity Exposure 
sensitive 
streams 

Reference 
water  
bodies 

Priority 

Index Class 

Exposure 

Abundance Intensity 

 Selection matrix: top priority stream types 



Ökoregion unabhängige Typen = types present within each ecoregion 

Eco-region independant types 



 The developped selection method could be successfully applied for 

stream types providing a base for Part II selection of indicator species 

Further tasks: 

  Lakes: The method can be transfered for a selection of lakes with 

little adaptions – but the WFD data base for lakes has not been 

established enough to date.  

 Smaller water bodies: The same applies to smaller water bodies not 

being included in the actual state of the WFD. 

 Conclusions & Further Tasks 



Thank you for listening! 

 



4        Exposure assessment of lakes 

Similar method potentially 
applicable as soon as data base 
of WFD will be accomplished 
  
Exposure factor lakes EL:  
 
EL = Length of shore line [km] x density of maize 
cultivation [%] 

 
 Problem:    
 

WFD focussen on lakes >50 ha actually, 
the smaller lakes and ponds are not included yet 
 --> inhomogenous distribution over Germany 
 
The classification and documentation is still in 

progress and not in the necessary detail available 
yet 



33 

Exposure risk maps for lakes (preliminary) 
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1 Kalkreicher, ungeschichteter Voralpensee mit relativ großem Einzugsgebiet                      2 Kalkreicher, geschichteter Voralpensee mit relativ großem Einzugsgebiet  

3 Kalkreicher, geschichteter Voralpensee mit relativ kleinem Einzugsgebiet                      4 Kalkreicher, geschichteter Alpensee mit relativ kleinem oder großem Einzugsgebiet 

5 Kalkreicher, geschichteter Mittelgebirgssee mit relativ großem Einzugsgebiet                      6 Kalkreicher, ungeschichteter Mittelgebirgssee mit relativ großem Einzugsgebiet  

7 Kalkreicher, geschichteter Mittelgebirgssee mit relativ kleinem Einzugsgebiet                      8 Kalkarmer, geschichteter Mittelgebirgssee mit relativ großem Einzugsgebiet 

9 Kalkarmer, geschichteter Mittelgebirgssee mit relativ kleinem Einzugsgebiet                    10 Kalkreicher, geschichteter Flachlandsee mit relativ großem Einzugsgebiet  

11 Kalkreicher, ungeschichteter Flachlandsee mit relativ großem Einzugsgebiet und einer Verweilzeit >30d 

12 Kalkreicher, ungeschichteter Flachlandsee mit relativ großem Einzugsgebiet und einer Verweilzeit > 3d und < 30d  

13 Kalkreicher, geschichteter Flachlandsee mit relativ kleinem Einzugsgebiet                       14 Kalkreicher, ungeschichteter Flachlandsee mit relativ kleinem Einzugsgebiet 

88 Sondertyp natürlicher Seen (Moorsee, Strandsee u.s.w.)                                                     99 Sondertyp künstlicher Seen (z.B. Abgrabungsseen) 

Ökoregion Alpen und Alpenvorland Ökoregion Mittelgebirge Ökoregion Norddeutsches Flachland 

Exposure density distribution for lakes (preliminary) 



Suggestion for lakes and ponds 

 Preliminary selection of lakes for each ecoregion according WFD 

 Exemplary selection of smaller lakes and ponds below WFD classification in 
respect to abundance in maize cultivation areas and relevance for nature 
conservation, for example „Sölle“ 

 For lakes a selection of eco zones / habitats is recommended, e.g. 

– accumulation zones at shore line esp. around estuars of streams, reed zones  

– sedimentation zones  

– habitats of freshwater mussels (monitoring indicator) 
(Douville et al. 2007) 

 



Kleingewässer  mit Einzugsgebiet <10 km² bei 
Fließgewässern und Seen <50 ha sind von der WRRL 
derzeit noch ausgeklammert.    

 

Möglicher Ansatz für Einbeziehung von Kleingewässern  
(Fließ- und Stillgewässer) für weiterführende Vorhaben: 

Die Typisierung basiert auf den Gewässerlandschaften,  
die sich nach dem geomorphologischen Untergrund und 
weiteren Aspekten richten. Sie gilt auch für kleinere 
Fließgewässer und ist flächendeckend verfügbar.  

 

Berechnung eines Expositionsfaktor für Kleingewässer  
erfolgt über Verschneidung von Maisanbaudichte mit 
WRRL-Gewässerlandschaften, die flächendeckend 
sind: 

 EK =    
Deckungsgrad Gewässerlandschaftstyp [%]  
  x  
 Maisanbaudichte [%]  

 

Berechnung  wäre im GIS technisch beim derzeitigen  
Kenntnisstand prinzipiell machbar.  

5  Considering smaller  freshwater ecosystems 

WRRL Gewässerlandschaften 

Flächendeckende Grundlage für Gewässertypisierung 
• Geo-Morphologie 
• Höhe 
• Klima 
• Biologie 
• … 


