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In soil risk assessment, there is an ongoing regulatory discussion

on the evaluation depth for the exposure assessment. In general,

a tendency towards a more conservative risk assessment by

reducing the evaluation depth from 5 cm to 1 cm can be observed.

However, this evaluation depth does not reflect the reality of

variable exposure soil organisms, such as earthworms, are facing

when moving through agricultural soils. The movement of

earthworms depends not only on their ecotype but also on abiotic

and biotic factors. Thus, knowledge of the movement is a major

key to assess the effective exposure of earthworms to plant

protection products (PPPs). Here, modelling offers a powerful

tool to investigate the movement of earthworms in soil and to

couple the exposure and effect assessment of PPPs towards

earthworms.

Introduction Ecotypes Abiotic Biotic

Epigeic (E. fetida)

o Forest litter, manure 

piles

o Foraging on surface 

Anecic (L. terrestris)

o Deep permanent & 

semipermanent

burrows

o Foraging on surface

Endogeic (A. caliginosa)

o Upper 10-15 cm of soil

o Foraging in soil

o Soil moisture

o Organic matter 

content

o Bulk density

o Soil composition

o Temperature

o Light

o Foraging

o Developmental stage

o Reproduction

o Inter- and Intra-

species interaction

Aims and Scope

o Development of a modular modelling

approach for earthworms in order to

merge existing approaches to one model

o Establish a generic movement model

applicable for different species

o Integration of TKTD & DEB modelling to

assess lethal and sublethal effects on 

earthworms

FORESEE

(In)Field Organism Risk 
modElling by coupling Soil 

Exposure and Effect 

Modular approach

o To increase acceptance of earthworm

modelling we suggest the development of

one model that covers the environmental 

factors, the movement of different species, 

their population dynamics, and the toxicity

of substances

o Modules can be exchanged in case new

knowledge is available

o More species can be added to cover a 

larger variety and more regions (N–C–S)
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o Spatial and temporal explicit data on 

soil parameters important for 

earthworms (moisture, OM, bulk 

density, and pesticide concentration)

o Using accepted exposure models as 

input, such as PEARL, PELMO, HYDRUS

o Coupling exposure model to effect 

model

survivalExternal 

concentration

Toxicokinetics

Internal

concentration

Toxicodynamics

Threshold

distribution

hazard rate

damage

o Represented by state-of-the-art toxicity models, such as

o GUTS for lethal effect // DEB for sublethal effects

o Calibrated with laboratory data, to be validated with field data

o Based on existing population models for different earthworm species (E. 

fetida, A. caliginosa, and L. terrestris) developed by A. Johnston 

o Johnston et al. 2014

o Johnston et al. 2015

o Johnston et al. 2017

o Similar to ecological trait-based approach

o Set of traits for each worm

o Incl. abiotic factors (optimal moisture, OM preference, optimal 

temperature range) and biotic factors (ecotype, foraging) at 

different weighing depending on the species

o Movement module is based on multiple laboratory experiments and has 

been calibrated or fitted using Patten-Oriented Modelling (POM)
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