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Abstract 

In ecological risk assessment, mechanistic effect models (MEMs) are thought to 

overcome the limitation of standard laboratory single species test by accurately 

extrapolating the models to population-level. This review introduces the basic 

theory of MEMs-dynamic energy budget theory which can connect with 

toxicokinetic/ toxicodynamic models to describe the interaction of toxicants and 

organisms. This review summarizes some typical MEMs which simulate different 

scenarios, pesticides and species, and compared their modelling performance 

according to the guidance on good effect models of European Food Safety 

Authority, in order to judge if it is accounting for all modelling steps. In addition, a 

summary of the linkage of MEMs in pesticides ecological risk assessment have 

been discussed, especially evaluating the linkage results of ‘MODELINK’ workshop. 

However, there is no genuine application of MEMs in pesticides ecological risk 

assessment in real world today, because there is no validated model built with 

acceptable predictive power to motivate the ecological assessors or shareholders 

to use effect models confidently. Therefore, there is still a long way to develop an 

effect model which is valid enough and has strong prediction power.  

 

Keywords: mechanistic effect model, ecological risk assessment, pesticide, 

dynamic energy budget, extrapolation.  
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Introduction  

Ecological risk assessment of pesticides 

Pesticides are an important type of plant protection products which are commonly 

used to effectively control the growth of weeds, diseases, insects, mites and 

nematodes which reduce crop yields, hinder harvest operations and contaminate 

agricultural production (Jutsum et al., 1998). The continued use of large amount 

of pesticides have resulted in the evolution of resistance of some pesticides and 

the contamination of soil, groundwater, surface water environment and produce 

a potential risk to threaten public people health by transferring pesticides 

residues (PPRs) from plants into food (Jutsum et al., 1998; Grimm and Thorbek, 

2014; EFSA, 2018). Hence, the large amount usage of pesticides has been raised a 

serious public concern of whether or not to use it or what extent to use it in a safe 

way to almost all species it would affect, and how to recover their contamination 

sites fields to previous condition. 

 

Although the complexity of each ecological risk assessment (ERA) would be 

different, each would involve the same four basic elements— problem formulation, 

exposure analysis, effects (or exposure-response) analysis, and risk 

characterization—that make up a risk assessment of a chemical stressor, such as 

a pesticide (McDowell et al. 2013). The first aim of ERA is to quantify the likelihood 

of adverse ecological effects resulting from exposure to chemicals and other 

anthropogenic stressors. The ecological adverse effects on populations of non-

target species, the communities they comprise and the ecosystem in which they 

function (Andre Gergs et al. 2016; Forbes et al., 2016). Currently, risk assessments 

mainly rely on predicted exposures and ecotoxicological data generated for birds 

and mammals, terrestrial invertebrates (foliar and soil), and plants, as well as fish, 

aquatic invertebrates, macrophytes, and algae under laboratory conditions 

(Hommen et al., 2016). 

 

Generally all ERA schemes are tiered and the tiers are triggered by the mode of 

action, substance properties or the volume (or mass) of a substance produced in 

or imported into the EU, as well as the outcome of low tiers (Hommen et al. 2010). 

Commonly, there is a 3-tiered procedure for ERA, the first tier is a qualitative ERA 
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between stressors and sources, as well as the expected ecological impacts. The 

second tier is a regional ERA, a semi-quantitative ERA over large geographical 

areas, which lead to the ranking of sources and stressors, with the greatest 

potential for ecological effects and ranking of partition inside source areas more 

likely to be impacted. The final-highest tier is a site-specific and quantitative ERA, 

at a smaller scale and needing more resources, that incorporated methodologies 

for establishing causality between exposure and multiple stressors and effects on 

specific endpoints of ecological and social relevance (Moraes and Molander, 2004).  

 

For different tiered ERA processes of organisms in which MEMs is placed, the 

standard ERA procedure for species still relies on laboratory tests at the individual 

level (Forbes et al., 2009). In the test, effects of chemicals on simple endpoints like 

survival, growth or reproduction are studied. One of the commonly used 

approaches in estimating the risk posed by chemicals relies on applying safety 

factors to the measured ECx (the x% effective concentration) or NOECs (no 

observed effect concentration) of tests with acute or chronic exposure to the 

chemical, to calculate the PNEC (predicted no effect concentration). Testing these 

indicators of different organisms to show pesticides ecological effects in 

laboratory environment is a traditional standard way to acquire toxic risk 

assessment data. 

 

Although pesticides have some negative impacts on ecosystem, they cannot be 

replaced or inhibited for their functions in agriculture now. Hence, the tool – 

‘ecological risk assessment’ can be used to control these negative impacts’ range 

and severity of using pesticides. Ecological risk assessment (ERA) of chemicals 

aims to characterize risks to the environment associated with chemical exposure 

combining an exposure and hazard dimension and to conclude on magnitude of 

effects that are deemed acceptable in relation to set protection goals (e.g. 

mortality) (Baas et al., 2018). For gaining authorization of plant protection 

products, EC Regulation 1107/2009 put forward to make full use of 

environmental risk assessment, so that the use of the pesticides following good 

agricultural practices will not cause any unacceptable impacts on individuals (for 

some taxa) or populations or functions of non-target species in the field (Hommen 
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et al., 2016), so that plant protection products application in the field conditions 

can be more effective and safer. 

 

Mechanistic Effect Models (MEMs) in ERA of pesticides 

Drawbacks of traditional ERA 

Nowadays, ERA of pesticides is characterized by a limited amount of some 

biological principles such as every organism takes up resources from its habitat, 

and uses these resources to build and maintain their bodies and reproduction 

(Jager et al. 2014). These principles can be invoked to structure modelling efforts. 

Models operating on these principles are generally called (dynamic) energy 

budget (DEB) model (Hommen et al. 2010; Schmolke et al. 2010).  

 

In traditional ecological risk assessment studies of pesticides, many standard 

experiments about species, exposure patterns, time-scale change, sensitivity and 

uncertainty to different pesticides have been studied all along and they can 

provide some basic knowledge to reduce the blank field and increase ecological 

relevance. Commonly, all the lower tiers of ERA are based on the results of 

standard tests which assess the toxicological effects on individual organisms in 

laboratory settings, while effects on higher-tiers are not routinely considered. It 

denoting the protection aims of the various ERA schemes should pay more 

attention to the population or community level or entire ecosystems (Hommen et 

al., 2010). Effects of pesticides on populations of nontarget organisms depend not 

only on exposure and sensitivity to the toxicant but also on life-history 

characteristics, population structure, population density, interactions with other 

species, and if recovery via recolonization is considered species mobility and 

landscape structure (Grimm et al., 2009). However, these experimental designs 

are limited when it comes to extrapolation between different exposure scenarios 

or extrapolation to field situations characterized by different environmental 

conditions or living communities (Gabsi and Preuss, 2014). In addition, not every 

situation can be tested experimentally (Hommen et al., 2010).  

 

Hence, a new method is needed to widen the application range of ERA, then 

mechanistic effect models (MEMs) was been put forward to solve these problems. 
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Advantages of MEMs in ERA 

It has previously been shown that mechanistic effect models may capture the 

toxicant’s modes of action at the individual level and may be used to test these 

toxicant effects at the population level (Brinkmann et al., 2016; Galic et al., 2012, 

2010; Gergs et al., 2016; Hommen et al., 2010; Panizzi et al., 2017). This means 

that this tool can make up the limitations of standard tests and allow us to test 

different assumptions about the chemical effects at the organism level, as well as 

enable us to explore which of these organism-level endpoints has the highest 

predictive power of population-level effects (Gabsi et al. 2014). The MEMs 

comprise ecological models, such as population models, and individual-level effect 

models, such as toxicokinetic-toxicodynamic (TK-TD) models (Ashauer et al., 2011; 

Hommen et al., 2016). Moreover, individual-based population models (IBMs), 

allow the integration of different toxicokinetic/toxicodynamic (TK/TD) models, 

which dynamically simulate the processes that lead to toxicity within an organism, 

and its corresponding effects on survival. 

 

Ecological models are suggested as a tool to circumvent the limitations of 

experimental approaches (Hommen et al., 2010). Ecological models, particularly 

population-level models, have long been discussed as a tool to make risk 

assessment of chemicals more ecologically relevant (Forbes et al., 2009; Galic et 

al., 2012; Hunka et al., 2013). The advantages of ecological models are manifold: 

They enable the extrapolation of effects between different exposure individuals to 

populations (Forbes et al., 2009) and integrate the necessary ecological 

knowledge, leading to a more realistic chemicals’ effect assessment. Further, 

ecological models can be used as virtual laboratories to test and analyze the 

consequences of exposure to a wide set of exposure scenarios that cannot be 

tested experimentally (Gabsi et al., 2014). Individual-based models in particular 

have the additional ability to predict effects on populations which emerge directly 

from the properties of each individual within that population (Gabsi et al., 2014; 

Gabsi and Preuss, 2014). This constitutes an important feature for estimating 

population dynamics under chemical exposure especially under environmental 

interactions’ impact (Gabsi and Preuss, 2014; Galic et al., 2010; Gergs et al., 2016).  
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Ecological mechanistic effect models (MEMs) can be a powerful tool for exploring 

the importance of, and interactions among, such factors and for predicting effects 

of pesticides on populations of nontarget species. Whereas ecological modeling 

has the potential to be implemented into pesticide risk assessment and regulation, 

its use has, so far, been minimal. If modeling can be used routinely to predict 

pesticide fate and exposure to increase the realism, relevance, and robustness of 

exposure assessments, Ecological modelers certainly can learn a lot from how fate 

modeling got established, but there are also important differences. Fate models 

describe physical processes, which are based on established physical models that 

rely on well-understood and widely accepted principles. In ecology, there is no 

established model based on first principles, and there is more debate on the 

underlying theory. Moreover, the entities and interactions to be represented in 

ecological models-individual organisms and their behavior are more variable, 

contingent, and complex than the building blocks of physical systems (Forbes et 

al., 2009; Grimm et al., 2009). 

 

Limitations of MEMs in ERA 

Definitely, there are still some shortcomings of ecological effect models when 

assessing the risk of pesticides. Commonly, these shortcomings includes the lack 

of guidance on good modeling practice, the lack of detailed derivation processes 

of parameters indicating the past developed models performance, and a lack of 

standardized and use-friendly software resulting in programming errors (Forbes 

et al. 2009), Furthermore, there is a scarcity of credible examples and case studies 

motivating the ecological assessors or shareholders to use effect models 

confidently. For example, when extrapolating a model from the inhibition of 

reproduction in the life-cycle test with the zebra fish to effects on stickleback 

populations in European water bodies, the uncertainty of the extrapolation of 

species sensitivity has to be considered by an uncertainty factor applied to the 

toxicity data of the test species in a similar way as in traditional ERA (Hazlerigg et 

al. 2014).  

 

Furthermore, data requirements could be categorized into standard acute (e.g., for 

Daphnia and fish) or chronic tests (e.g., algal growth inhibition test) according to 
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Organization for Economic Co-operation and Development (OECD) test guidelines 

and higher-tiers approaches with more flexibility. If only the standard 

ecotoxicological tests data on individual-level organisms are available, the default 

safety factor would be used to estimate the LC50 in the population model. If more 

species have been tested, the safety factor might be reduced as would also be the 

case in traditional risk assessment procedures (Hommen et al. 2010). In addition, 

a large amount of available trustful dataset is hard to collect and it is also hard to 

compile datasets from different tests into one comprehensive model. Another 

complicating factor is the interactive processes between ecological system and 

pesticides, there are a number of external factors that can alter the ecological 

effects of pesticides, besides the types of pesticides and target species. Finally, for 

evaluation of the validity and the prediction power of MEMs there is clearly a need 

for educating risk assessors and risk managers. 

 

So far, ecological modelling for risk assessment of chemicals has been mainly an 

academic exercise (Galic et al., 2012; Schmolke et al., 2016) although there are a 

certain number of panels built relevant MEMs in field-level since MEMs were 

applied in answering ecotoxicological questions. The main reasons for this are: 

skepticism among risk assessors in regulatory authorities and industry regarding 

the realism of population models, a lack of example models specifically developed 

for risk assessment that could serve as a proof of concept, and a lack of modelers 

well-trained not only in ecology and modelling but also in ecotoxicology and 

regulatory risk assessment (Grimm et al., 2009; Grimm and Thorbek, 2014; Martin 

et al., 2013; Meli et al., 2014). 

 
Guidance on Good Modelling Practice MEMs of EFSA 

EFSA has set the specific protection goals (SPGs) of pesticides in 6 dimensions: 

biological entity, attribute, magnitude of effect, temporal and geographical scale of 

the effect, and the degree of certainty that the specified level of effect will not be 

exceeded. SPG options are presented for 7 key drivers (microbes, algae, non-target 

plants (aquatic and terrestrial), aquatic invertebrates, terrestrial non-target 

arthropods including honeybees, terrestrial non-arthropod invertebrates, and 

vertebrates), covering all ecosystem services which could potentially be affected 
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by the use of pesticides (EFSA, 2010). 

 

The protection goals addressed in the European regulation are general and 

relatively vague (e.g., “no unacceptable effects on the environment” including “its 

impact on biodiversity and the ecosystem”) (EC No 128/2009), the European Food 

Safety Authority (EFSA) panel on Plant Protection Products and their Residues 

(PPR) has developed a framework to derive specific protection goals based on the 

ecosystem services approach (Ockleford et al., 2016; EFSA, 2010) and identified 

several critical steps namely modelling cycle to set scientific mechanistic effect 

models within risk assessment to address the protection goals, namely: problem 

formulation, considering the specific protection goals for the taxa or functional 

groups of concern; model domain of applicability, which drives the species and 

scenarios to model; species (and life stage) selection, considering relevant life 

history traits and toxicological/toxicokinetic characteristics of the pesticide; 

selection of the environmental scenario, which is defined by a combination of 

abiotic, biotic and agronomic parameters to provide a realistic worst-case 

situation (EFSA, 2014). These critical steps instruct the processes of building a 

good MEMs and help to judge the model whether or not has enough quality to 

represent field population. 

 

Besides the modelling cycle of the steps of developing a scientific mechanistic 

effect model, EFSA (2014) also emphasizes the importance of  clear and accurate 

problem formulation, model domain of applicability, critical selection of relevant 

species to model and environmental scenario when developing an MEMs. At all 

stages of modelling, the utmost important thing is the availability and quality of 

data which can decide the regulatory model whether or not can be accepted for 

risk assessment. Definitely, the constructed model quality needs to be evaluated 

by regulatory authorities by checking each step of the modelling cycle and 

uncertainties and son on. In addition, when extrapolating the model from one 

situation to another, the extent of these extrapolations and the resulting effect on 

the level of uncertainty as well as the uncertainty of measured parameter should 

be clearly stated. The consequences of limitations in the datasets on the selection 

of the species, scenarios and exposure to model, and an evaluation of the level of 
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conservatism need to be clearly set out. After evaluation of a model and use of the 

model results (or rejection of model results), a feedback mechanism for model 

developers ought to be established, in order to improve the model for regulatory 

purposes.  

 

According to the guidance of EFSA (2014) on good effect models, an agreed set of 

models would include more efficient use of resources in terms of reduction in cost 

and labor. Additionally, standardized scenarios would help to harmonize the risk 

assessment calculations and their interpretation. 

 
Research questions 

- Are there any effect models in ERA of pesticides that can cover all steps defined 

by the guidance of European Food Safety Authority? 

- Is there a state-of-the-art mechanistic effect model in ERA of pesticide that can 

apply in all field- and time-scale, in all species and population and so on? 

 
Methodology 

Literature searching 

Key words to search for literatures: 

- Ecological risk assessment & pesticides  

- Ecological model & ecological risk assessment (& pesticides) 

- Effect model & ecological risk assessment (& pesticides) 

- Mechanistic effect model & ecological risk assessment (& pesticides) 

 

Literature screening and grouping  

By using the keywords mentioned above, totally 70 papers were found in various 

databases (Web of science, Springer LINK, Wiley online library, Google scholar, 

EFSA official website, Library one-search.), and then 53 literatures were used and 

they were classified into four groups according to the basic contents covered by 

this review. They are, 1) current situation of ERA of pesticides, 2) guidance on 

MWMs of EFSA of pesticides, 3) Existing MEMs in ERA of chemicals, especially of 

pesticides, Linkage of MEMs of pesticides: focus on the research results of 

“MODELINK” workshop.  
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Group 1: Current situation of ERA of pesticides 

By searching the keywords to attain relevant papers so as to know about current 

development status of ecological risk assessment of pesticides, should pay more 

attention to the current key research points of ERA of pesticides. 

 

Group 2: Guidance on MEMs of EFSA of pesticides 

a  Scientific Opinion on good modelling practice in the context of 

mechanistic effect models for risk assessment of plant protection 

products (central guidance document) 

(EFSA Panel on Plant Protection Products and their Residues (PPR)) 

b  Guidance on Uncertainty Analysis in Scientific Assessments  

(EFSA Scientific Committee) 

c  Regulatory environmental risk assessment of pesticides  

(Laura Padovani & Domenica Auteri, Pesticides Unit, EFSA) 

d  Scientific risk assessment of pesticides in the European Union (EU): EFSA 

contribution to on-going reflections by the EC  

(European Food Safety Authority (EFSA)) 

e  Guidance on the assessment of the safety of feed additives for the target 

species  

(EFSA Panel on Additives and Products or Substances used in Animal 

Feed (FEEDAP)) 

 

Group 3: Existing MEMs in ERA of chemicals, especially of pesticides.  

Totally about 35 essays related to MEMs in ERA of pesticides were found and they 

could mainly be divided into four categories:  

a  Dynamic energy budget theory/ model 

b   Toxicokinetic (TK) and toxicodynamic (TD) processes/ model 

c   Constructed MEM based on standard laboratory test in individual-based 

level and population/ colony-level trial 

d  MEM extrapolation processes from individual to population level 

Among selected existing MEMs in this review, 7 models were selected. The models 

were described and analyzed by evaluating their model developing steps 
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answering the ; whether or not can representatively extend to relative species or 

the other similar environmental compartments under the stress of pesticides. 

These models were selected because they include information on; model design, 

parameters calibration by cases studies, evaluation of predictive power, and 

sensitivity analysis steps. These components indicate the completeness, reliability 

and quality of the effect models chosen. 

Group 4: Linkage of MEMs of pesticides: focus on the research results of 

“MODELINK” workshop.  

The reason for selecting “MODELINK” workshop to represent the current status of 

MEMs are, 1) These papers related to this workshop’s modeling linkage 

substantially included all the ecological modeling steps guided by EFSA. 2) They 

selected different representative species (include vertebrate, invertebrate, 

aquatic macrophytes and small mammals) as endpoints of stressors to build 

MEMs, these species can stand for different environmental (terrestrial, aquatic) 

ecological effects. 3) Different toxicants/ pesticides were selected so that I can 

compare the ecological effect under the perturbation of different pesticides. 4) All 

of constructed model should have relatively integrated extrapolation processes, 

and when models were built and calibrated, cases studies are taken in account also, 

in order to estimate the validity of these models and their strength of prediction 

power. 5) The developed models are the newest results compared to the other 

model linkage workshops. 

The contents of “MODELINK” workshop includes 6 papers/ models as follows. 

a  Population-Level Effects and Recovery of Aquatic Invertebrates after 

Multiple Applications of an Insecticide 

b  Using Toxicokinetic-Toxicodynamic Modeling as an Acute Risk 

Assessment Refinement Approach in Vertebrate Ecological Risk 

Assessment 

c  How TK-TD and Population Models for Aquatic Macrophytes Could 

Support the Risk Assessment for Plant Protection Products 

d  A Risk Assessment Example for Soil Invertebrates Using Spatially 

Explicit Agent-Based Models 

e  An Example of Population-Level Risk Assessments for Small Mammals 

Using Individual-Based Population Models 
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f  How to Use Mechanistic Effect Models in Environmental Risk 

Assessment of Pesticides: Case Studies and Recommendations from the 

SETAC Workshop MODELINK 
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Results  

Mechanistic effect models (MEMs) consider the mechanisms of how chemicals 

affect individuals and ecological systems such as populations and communities. 

They are referred to as “mechanistic” because they represent processes in 

contrast to statistical models, and as “effect” models because they focus on effects 

on individuals and ecological systems in contrast to “fate” models, which describe 

the fate of chemicals in the environment (Grimm and Martin, 2013). MEMs can 

help to close the gap between laboratory tests on individuals and ecological 

systems in real landscapes and lead to a better mechanistic understanding of how 

chemicals have lethal and sublethal effects on organisms and how these effects 

translate to effects on the structure, dynamics, and stability properties of 

populations and communities in real landscapes (Grimm and Martin, 2013). 

Hence, there is a known awareness that MEMs have high potential to make risk 

assessment of chemicals more ecologically relevant than current standard 

practice (Grimm and Martin, 2013; Thorbek et al., 2017; Reed et al., 2016; Forbes 

et al., 2016). 

 

Dynamic energy budget (DEB) Theory and DEB models  

There is a typical theory of mechanistic effect modelling in ecological risk 

assessment of chemicals (including pesticides) - Dynamic energy budget (DEB) 

theory-can extrapolate the toxic effects observed on individuals to population 

level effects and combine effects of multiple chemicals effects. DEB theory whose 

principle namely the conserved allocation of energy to different life-supporting 

processes in a wide variety of different species (see Fig. 1) (Baas et al., 2018). 

Based on the DEB theory, many mechanistic effect models (DEB models) are 

derived for better understanding the ecological effects of toxicants or stressors. 

 

DEB models (A family of models following from DEB theory which is used to 

simulate how organisms acquire and use energy to live, grow and reproduce, and 

how chemicals change those energy flows) (Ashauer and Jager, 2018) can be 

derived with various levels of complexity. The complexity of the model 

(parameters and state variables) depends on the questions one is interested in 

and the availability and quality of data available (Baas et al., 2018).  Two common 
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DEB models related to the ecological risk assessment of chemicals has been 

constructed: DEB with toxicity module (DEBtox) and DEB with a strong focus on 

the “keep it simple, stupid” principle (DEBkiss) (Jager and Zimmer, 2012). 

 

If sufficient data are obtained, the standard DEB model (see Fig.1) can be applied. 

The standard DEB model assumes that the shape of an organism from a particular 

species does not change during growth and that the life cycle is defined by three 

life stages: embryo, juvenile and adult. When information is lacking standard DEB 

model can be extended to incorporate biological traits for specific taxa or default 

values (Baas et al. 2018). For example, when developing DEB models for plants, it 

is important to explore more than one structure or primary producers would need 

more than one assimilated reserve of energy (Kooijman et al., 2010). Different 

biological traits can be included in the standard DEB model as extensions, with 

conservation of the interpretation of parameters and parameter values, such as 

toxicokinetic (TK) and toxicodynamic (TD) parameters (Baas et al. 2018). 

 

Toxicokinetics deals with the time course of the toxicant concentration at the site 

of toxic action, encompassing the processes of absorption (uptake, 

bioaccumulation), distribution, biotransformation, and elimination of a toxicant 

within an organism (what the organism does with the chemical). Toxicodynamics 

deals with the processes that lead from the toxic action at the target site to effects 

on the individual organism (what the chemical does to the organism). Models that 

link TK and TD processes and translate exposure into time course of effects are 

TK-TD models (see Fig.2) (Ashauer et al., 2011; Jager et al., 2014), which can 

include a range of endpoints, from survival to various sublethal effects. Toxic 

effects simulated with TK-TD models could quantitatively link molecular or 

cellular toxicity level to the organism level apical endpoints (changes in the life-

history traits) (Ashauer et al., 2011), it means that using TK-TD models to 

characterize toxicity at the organismal level could improve in vitro to in vivo 

toxicity extrapolation and quantitative adverse outcome pathways. 

 

A family of TK-TD models originating from DEB theory (broadly, it is a DEB model) 

has been developed over the last decades and is currently the most advanced 
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framework for such thinking, modelling and data analysis. In these models, effects 

of toxicants are modelled as changes in energy allocation. The way in which a 

toxicant alters the dynamic energy budget is termed the physiological mode of 

action (pMoA). The five pMoA that have been commonly used in ecotoxicology are 

a decrease in assimilation, an increase in the costs for maintenance, growth or 

reproduction, and a direct hazard to the embryo (Ashauer and Jager, 2018). 

 

Fig 1. Schematic presentation of the standard Dynamic energy budget (DEB) model theory. 

Boxes: state variables for the individual. Arrows: energy fluxes for the process specified by the 

arrow. Two branches priority is always given to maintenance: somatic maintenance (Ķ branch) 

and maturity maintenance (1 Ķ branch) 

 

Fig 2. General toxicokinetic-toxicodynamic approach. The model for specific endpoints could 

be a dynamic energy budget (DEB)–based model or an empirical model. The damage stage is 

optional.   
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Existing MEMs of different species in ERA of Toxicants  

Nowadays, there are many studies which use mechanistic effect models in 

environmental plant protection products risk assessment to predict the ecological 

effect on various species. They often combined the existing experimental data 

related to single or several pesticides or organisms into a model, so as to this 

model can be extrapolated to predict the ecological effects on some untested 

population or species of untested pesticides scientifically and accurately.  

 

Considering the criteria mentioned in methodologies, 7 models were selected in 

this review to describe the existing MEMs. The chosen models are presented in 

Table 1 enabling a comparison of; their model types, studied species, taxonomic 

group, stressors, time scale, toxicity, model prediction, presence of uncertainty 

analysis and presence of sensitivity analysis, as well as model application range. 

 

These selected models’ subjects are aquatic macrophytes, terrestrial invertebrate, 

mammal, fish and terrestrial plant as well as multivoltine aquatic phantom midge, 

respectively (Table 1). The studied stressors include common pesticides (such as 

isoproturon, iofensulfuron), some specific honeybee colony pesticides, 

dihydrotestosterone (DHT), hormone (such as 4-tertoctylphenol (4-OP)), and 

triphenyltin (algicides and molluscicides), as well as the nanoencapsulated 

pesticides (Table 1). Entirely different types of pesticides have been showed in 

these models and could be represent different types pesticides’ ecological effects.  

 

In addition, these studies on different species and under different stressors’ 

perturbation have a certain comparable time scale, from acute laboratory test 

(14d) to chronic standard test (15yr) (Table 1). most of these models have 

conducted uncertainty analysis, sensitivity analysis, and model application using 

case studies. For example, when the constructed model about zebrafish in 

individual-level endpoints (Hazlerigg et al. 2014) was used to predict the 

population-level relevance of changes in sex ratio caused by an androgenic  and 

oestrogenic  substance, the stimulation concentrations were far in excess of 

environmentally realistic levels, this demonstrated that ecological models can be 

applied to link laboratory derived ecotoxicity data at the individual level to 
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impacts at the population level. So, carrying out these steps can reasonably and 

effectively judge and enhance the model’s prediction power, and may facilitate 

modelers to find out which factors/ substances could affect the precision of model 

prediction, making us to modify and calibrate it I the later modeling works. 

 

From these models’ building processes, we can find that building a comprehensive 

and precise effects model to extensively predict the ecological risks of those 

untested regions, species, pesticides, should be based on different types models, 

including individual-level models and existing developed population-level models. 

The modelers should be focus on finding and comparing the similarity of these 

models’ applicability and precision, and trying to integrate these similarities of 

MEMs by making full use of standardized and use-friendly software with less 

programming errors (Forbes et al. 2009) or some other approaches, to acquire 

enough precision of model prediction. Only in this way, ecological assessors or 

shareholders could be motivated to use effect models confidently and promoting 

the realistic application of ecological models for ERA of pesticides. 

 

The following are the specific contents of these 7 models selected in this review. 

 

Heine et al. (2015a, 2015b, 2014) integrated toxicodynamics in an already 

published toxicokinetic growth model of M. spicatum, to develop a model that can 

predict the effects of time-variable chemical exposure. And to show the 

applicability of the model, the effects of 2 short-term exposure scenarios of a 

sulfonylurea compound (Isoproturon or Iofensulfuron) that causes adverse 

effects on the growth of aquatic plants were predicted. Modeling showed that the 

TK-TD growth model of M. spicatum can be successfully used to predict effects of 

short-term iofensulfuron exposure by using effect data from a standard toxicity 

test. A general approach is presented, in which time-variable chemical exposures 

can be evaluated more realistically without conducting additional toxicity studies 

(Heine et al. 2015b). 

A honeybee model, BEEHAVE, which integrates colony dynamics, population 

dynamics of the varroa mite, epidemiology of varroa-transmitted viruses and 

allows foragers in an agent-based foraging model to collect food from a 
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representation of a spatially explicit landscape (Becher et al. 2014; Thorbek et al., 

2017). Simulation experiments with various combinations of stressors 

demonstrate, in simplified landscape settings, the model - BEEHAVE model’s 

potential: predicting colony dynamics and potential losses with and without 

varroa mites under different foraging conditions and under pesticide application 

(Becher et al. 2014). 

 

There is a study which developed an individual-based model for zebrafish, Danio 

rerio aimed at linking individual-level endpoints observed in laboratory tests to 

responses at the population level. The model was structured with sub-models 

based on empirical data (e.g. growth, reproduction, mortality) derived from a 

combination of our own laboratory and field experiments, the literature and 

theoretical concepts. this study found different modes of action and potencies 

caused different levels of population perturbation (Hazlerigg et al. 2014). They 

included density-dependent effects on growth and survival in the model, with 

relationships parameterized with data from previous published literatures. 

Ecological relevance, i.e. population-level impact, of changes to sex ratio after 

exposure to DHT and 4-OP using data from laboratory tests, to demonstrate how 

this model may improve ERAs (Hazlerigg et al., 2014). 

 

A model was built which combined the life-history traits of wood mice (stands for 

terrestrial environment), typical landscape dynamics in agricultural farmland 

with a constructed individual-based model that can represent the locations and 

movement patterns of individual mice. This study used the exact location of wood 

mice individuals and not too coarse temporal resolution so that the spatial 

dynamics of mice and their surroundings are captured, as well as the timing of 

pesticide exposures and other agricultural practices to estimate the extrapolation 

model accuracy realistically (Liu et al., 2013). 

 

 

A detailed, individual-based population model for a threatened plant species, the 

decurrent false aster (Boltonia decurrens) was developed for application in 

pesticide risk assessment (Schmolke et al. 2016). The authors used the model to 
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compare the population-level effects of 5 toxicity surrogates applied to B. 

decurrens under varying environmental conditions (considered floods and 

competition with other plant species). The model approach provides a case study 

for population-level risk assessments of listed species and suggested population-

level effects of herbicides can be assessed in a realistic and species’ specific context, 

and uncertainties can be addressed explicitly.  

 

Galic et al. (2018) applied an individual-based model to simulate the impacts of 

hypothetical stressors, individually and in pairwise combinations that target the 

individuals’ feeding, maintenance, growth and reproduction. The results 

suggested across levels of biological organization responses to multiple stressors 

are rarely only additive and they suggested methods for efficiently quantifying 

impacts of multiple stressors at different levels of biological organization. 

 

In addition, there is an article introduce the ecological effects on the fate, uptake 

and distribution of soil-earthworm systems of nanoencapsulated pesticides, 

which are novel products and behave obviously different from conventional 

pesticides (Mohd Firdaus et al. 2018). The findings were used to explore the 

suitability of existing and novel toxicokinetic models to better characterize the 

environmental risks of nanoencapsulated substances in the future. This study 

provided a starting point of the ecological risk assessment of no encapsulated 

pesticides. 
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Table 1 Overview of the typical MEMs in ecological risk assessment of pesticides 

Model 
type 

Species 
Taxonomic 

group 
Stressors 
included 

Time 
scale 

Toxicity 
included 

Model 
predic

tion 

Uncertainty 
analysis 
included 

Sensitivity analysis 
performed 

Model 
application 

References 

Individual-
based 
model 

Myriophyllu
m spicatum 

aquatic 
macrophytes 

Isoproturon 
Iofensulfuron 

14 d Yes Yes Yes 
Yes, Parameters set are 

conservative 

listed species 
AND 

pesticides 

(Heine et al. 
2015) 

Colony-level 
model 

Honeybee 
(Apis 

melifera L.) 

terrestrial 
invertebrate 

honeybee 
colony 

pesticides 
30 d Yes No No 

Yes, gave a 
quite comprehensive 

overview of how single 
parameters affect model 

behavior 

listed species 
AND 

pesticides 

(Becher et al. 
2014; 

Thorbek et 
al., 2017) 

Individual-
based 
model 

Wood 
mouse 

(Apodemus 
sylvaticus) 

Mammal Pesticides 1 yr Yes Yes No 

Yes, robust to changes 
in mortality related 

parameters, sensitive to 
changes in parameters 
related to reproduction 

listed species 
AND 

pesticides 

(Liu et al. 
2014) 

Individual-
based 
model 

Zebrafish 
(Danio 
rerio) 

Fish 

dihydrotestost
erone (DHT), 

4-
tertoctylpheno

l (4-OP) 

acute 
(10 d); 
chronic 
(1 yr) 

Yes Yes Yes 

Yes, population 
abundance was most 

sensitive to changes in 
density-dependent 

survival and the 
availability of refugia 

for juveniles the model 
may be conservative for 

certain chemicals 

Listed 
species AND 

endocrine 
disrupting 
chemicals 

(Hazlerigg et 
al. 2014) 

Individual-
based 
model 

Boltonia 
decurrens 

Terrestrial 
plant 

Pesticides 15 yr Yes Yes Yes Yes 
Listed 

species AND 
pesticides 

(Schmolke et 
al. 2016) 

Individual-
based 
model 

Chaoborus 
crystallinus 

multivoltine 
aquatic 

Triphenyltin 
(algicides and 
molluscicides) 

70 d yes Yes No No 
Listed 

species and 
listed  

(Strauss et 
al. 2011) 
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Model 
type 

Species 
Taxonomic 

group 
Stressors 
included 

Time 
scale 

Toxicity 
included 

Model 
predic

tion 

Uncertainty 
analysis 
included 

Sensitivity analysis 
performed 

Model 
application 

References 

phantom 
midge 

Individual-
based level 

Earthworm 
(Eisenia 
fetida & 

Lumbricus 
terrestris) 

terrestrial 
invertebrate 

Nanoencapsul
ated pesticides 

21 d Yes Yes No Yes 

Listed 
species AND 
Nanoencaps

ulated 
pesticides 

(Mohd 
Firdaus et al. 

2018) 
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Quantitatively Linkage and cases-application of MEMs 

Current status  

In Europe, there in an increasing number of workshops and, academic 

publications, sessions contributed to mechanistic effect modelling at Society of 

Environment Toxicology and Chemistry (SETAC) conferences. The results of a 

SETAC technical workshop entitled “MODELINK: How to use ecological effect 

models to link ecotoxicological tests to protection goals”. The main objective of the 

workshop was to provide case studies and recommendations relating to the 

application of mechanistic effects models in environmental risk assessment of 

pesticides. Models, species, and criteria used in MODELINK should be viewed as 

examples serving the purpose of illustrating how such models could be used for 

solving specific risk assessment issues, and also good modelling practice of EFSA 

which is currently a cornerstone of guidance on models (Hommen et al., 2016; 

Grimm and Martin, 2013). Definitely, there are also some other studies doing the 

linkage work of MEMs in ERA (Ashauer et al. 2016; Jager et al. 2011; Jager and 

Zimmer 2012). 

 

How the linkage results related to risk assessment issues 

There are 6 articles reporting the results of the “MODELINK” project. They used 

case studies to explore, respectively, how to use MEMs to conduct ERA (Dohmen 

et al., 2016), how to use the TK/TK-TD models to refine ERA (Ducrot et al., 2016), 

how to extrapolate the MEMs from laboratory data to complicated field (Hommen 

et al., 2016), how to extrapolate the MEMs from individuals to population 

(Hommen et al., 2016b), how MEMs at population-level can be used in risk 

assessments for soil invertebrates to estimate pesticide effects on population-

level endpoints (Schmitt et al., 2016). Finally, they used cases covering 

assessments for plants, invertebrates, and vertebrates in aquatic and terrestrial 

habitats related to the realistic applications of MEMs in ERA of plant protection 

products for guiding when and how to apply MEMs in regulatory risk assessments 

(Reed et al., 2016). The details of these 6 papers can be seen in Table 2. 

 

Based on the various existing TK-TD modeling approaches for survival, General 

Unified Threshold Model of Survival (GUTS) were developed. There is a study who 
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combined approaches for individual tolerance (GUTS-IT) and stochastic deaths 

(GUTS-SD), respectively (Jager et al., 2011). Basically, GUTS integrated all 

previously published TKTD models for survival that we are aware of (i.e., models 

that include aspects of both TK and TD) to build a full GUTS model and clarified 

how a range of existing models can be derived from it as special cases. Hence, this 

principle of MEMs is also an effective way to comprehensively integrate the 

ecological effects of pesticides.
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Table 2 Linkage results of effect models related to pesticides from ‘MODELINK’ workshop 

Subjects Purposes Main contents/processes  Results  References 
Population-level 
effects and 
recovery of 
aquatic 
invertebrate after 
multiple 
applications of an 
insecticide 

To explore how to use 
mechanistic effect models to 
conduct a risk assessment on 
aquatic arthropod 
invertebrates for an 
insecticide, rapidly dissipating 
in aquatic environments, but 
with multiple applications 

- Select the most sensitive aquatic 
arthropod group for an insecticide; 

- Develop and apply ecological models to 
assess the risk from a hypothetical 
insecticide in a number of scenarios, 
across different geographic regions, and 
for 3 identified sensitive species. 

- Constructed tables defined adverse effects on 
sensitive species across regions; 

- Shown how population recovery can be 
assessed for arthropod species with long 
generation times and habitat constraints 
following multiple and variable pesticides 
exposure events. 

(Dohmen et 
al. 2016) 

How to use MEMs 
in ERA of 
pesticides 

Present the motivation for the 
for the MODELINK workshop 
and its rationale; 
According to the application 
results of MEMs in practical 
cases at the organism and 
population levels and relevant 
models’ evaluation, for 
providing guidance for when 
and how to apply MEMs in 
regulatory risk assessments. 

demonstrate 6 case studies covering 
assessments for plants, invertebrates, and 
vertebrates in aquatic and terrestrial habitats 
related to the realistic applications of MEMs in 
ERA of plant protection products.  

- formulated 12 recommendations so as to 
promote and guild how and when to use 
MEMs in the future regulatory risk 
assessments. 

- The recommendations include the issues of 
how to translate specific protection goals into 
workable questions, how to select species 
and scenarios to be modeled, and where and 
how to fit MEMs into current and future risk 
assessment schemes. 

(Hommen 
et al. 
2016a) 

How TK-TD and 
Population 
Models for 
Aquatic 
Macrophytes 
could support the 
ERA of pesticides 

show how macrophyte models 
could be used to extrapolate 
from experimental data to 
effects of time–variable 
exposure on seasonal 
dynamics of macrophyte 
populations in the field 
Increase the awareness of 
challenges and possibilities in 
using mechanistic effect 
models in ERAs conducted for 
regulatory purposes. 

- Three scenarios were analyzed using 
effect models for 2 aquatic macrophytes 
(Lemna sp. and Myriophyllum spicatum).  

- Use population growth models for Lemna 
and Myriophyllum coupled with TK–TD 
models to link experimental 
concentration–response relationships for 
these macrophytes and the example 
herbicide to dynamic exposure patterns 
predicted by the FOCUS exposure 
scenarios and models. 

- Calibrate and validate the MEMs. 

- The macrophyte models refined the risk 
indicated by lower tier testing for 2 out of 3 
scenarios and they confirmed the risk 
indicated for the third scenario.  

recommended ecological scenarios be developed 
that are also linked to the exposure scenarios, 
and quantitative protection goals be set to 
facilitate the interpretation of model results for 
risk assessment. 

(Hommen 
et al., 
2016b) 
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Subjects Purposes Main contents/processes  Results  References 
An example of 
population-level 
risk assessment 
for small 
mammals using 
individual-based 
population 
models 

Discuss the differences in 
modelling approaches and 
how differs. 

- present a case study demonstrating the 
application of 3 individual-based models, 
the 3 IBMs each used a hypothetical 
fungicide spraying in cereals (common 
vole), in orchards (field vole), and cereal 
seed treatment (wood mouse). 

- use spatially explicit population models 
(IBMs) in ERA to predict long-term effects 
of a pesticide on populations of small 
mammals. 

recommended the most important 
input considerations, including the selection of 
exposure levels, duration of simulations, 
statistically robust number of replicates, and 
endpoints to report. 
Discussed the differences in modeling 
approaches, e.g., regarding consideration of toxic 
effect, may impact the use of each model and the 
interpretation of the results in regulatory risk 
assessments. 

(Schmitt et 
al. 2016) 

A risk assessment 
example for soil 
invertebrates 
using spatially 
explicit agent-
based models 

explore how mechanistic 
population effect models can 
be used in risk assessments 
for soil invertebrates to 
estimate pesticide effects on 
population-level endpoints 

Elucidate population-level effects of spatial-
temporal variations in exposure when refining 
the risk assessment processes, using Agent-
Based Models (ABMs) and population-level 
endpoints while yielding outputs that directly 
address the protection goals.  

- The models enhanced risk assessment 
outputs by providing information about 
ecologically relevant endpoints, thus 
improving the information supplied to risk 
managers.  

- Recommended choosing model outputs that 
are closely related to specific protection 
goals, using available toxicity data and 
accepted fate models to the extent possible in 
parameterizing models to minimize 
additional data needs and testing, evaluating, 
and documenting models following recent 
guidance. 

(Reed et al. 
2016) 

Using TK-TD 
modelling as an 
acute risk 
assessment 
refinement 
approach in 
vertebrate 
ecological risk 
assessment 

demonstrate how to apply 
these models to risk 
assessment refinement and to 
discuss their usefulness and 
complement to available 
experimental data. 

select 2 fairly simple state-of-the-art peer-
reviewed models as examples, to simulate 
long-term effect on fish survival based on 
acute test data, which have already been 
proposed for use in the ecological risk 
assessment context and submitted as part of 
risk assessment dossiers. 

- Example 1 addressed the influence of feeding 
behavior on internal dose of the active 
substance in individuals and thus its toxic 
effects in birds and mammals.  

- Example 2 showed how to account for a 
realistic temporal pattern of exposure in fish 
using long-term pulsed exposure scenarios as 
defined by FOCUS Surface Water Scenarios 

(Ducrot et 
al. 2016) 
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Discussions  

Relationship between selected species and developed MEM 

When selecting species to simulate the ecological effect of pesticides, some 

information has to be considered. Such as the sensitivity of the selected species to 

the stressors and its current status, such as if it is a threatened species and is 

running the risk of going extinct or if it having a very important role to play in an 

ecosystem. In addition, the selected studied species whose TK/ TD/TK-TD 

mechanism whether or not clearly studied, whether or not reasonable enough to 

quantitively extrapolate to the whole colony’s ecological risk under some kinds of 

pesticides, also have to be considered. 

 

The selected species as an object of study have always an important ecological role 

to play, they are often typical when linking to the whole population or more 

sensitive and vulnerable to the specific external stressor so that the developed 

MEM can be conservative to extrapolate the other species’ ecological effect of this 

pesticide. For example, Daphnia magna and unicellular green algae such as 

Pseudokirchneriella sp., are species of interest to effect models for ERA for their 

sensitivity and representative role in an aquatic ecosystem. However, different 

species have diverse ecological function and role, as well as live in various 

ecological habitat, leading to they have entirely different response to different 

toxicants, this differences between species would result in a lot of uncertainties 

for an extrapolated population-level MEM. Hence, extrapolation processes from 

individual laboratory test to population-level model often needs to take the 

relatively highly sensitive and typical species within an ecological community.  

 

Furthermore, the most common species which are listed in the regulatory lists is 

also one of the factors need to be considered when selecting species. For example, 

wood mice (Apodemus sylvaticus) are omnivorous and can therefore easily adapt 

to various habitats, leading to they are  the most widespread rodent in the UK and 

many other EU member states (Liu et al. 2013). Wood mice are likely to be more 

exposed to and potentially affected by pesticides than other small rodents. In 

particular as they prefer seeds in their diet. Wood mice (Apodemus sylvaticus) are, 

therefore, used as a generic focal non-target species in regulatory risk 
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assessments of pesticides in Europe (EFSA, 2009).  

 

Therefore, building a MEM which can effectively and easily to extend the standard 

laboratory test in individual-level to population-level, can protect more species 

are going to extinct from laboratory toxic test. In the meantime, the developed 

MEM also can predict the ecological toxic effect on the studied species and those 

species within extrapolated range, so that we can take effective measures to 

decrease the negative impacts of stressors. 

 

Comparison of existing MEMs 

There are some studies (Ducrot et al. 2016; Heine et al. 2015; Hommen et al. 2016; 

Liu et al. 2013; Reed et al. 2016; Schmitt et al. 2016; Schmolke et al. 2018) to 

compare and link some typical current existing MEMs in ecological plant 

protection products and residuals risk assessment. 

 

There are the 4 main independent variables in mechanistic effect models, basically, 

Various organisms and populations, various pesticides, wide-scale region, 

changeable internal mechanisms over time. Although many other factors can also 

affect the function of pesticides on ecological environment, such as weather, 

temperature and so on, these factors are often attributed to uncertainties to help 

the accurate prediction of a model. In other words, the work of mechanistic effect 

models in ERA of pesticides are facing the situation which is various species at 

entirely different scenarios. So, the main aim is to construct a model that can be 

applied for larger region-scale, longer time-scale, more complex pollution 

situation as soon as possible-this is also the direction almost all studies are doing. 

 

Nowadays, many studies are presenting mechanistic effect models on different 

environmental compartments, including terrestrial, aquatic, and marine 

environment, related to the risk assessment of pesticides. Mostly in terrestrial and 

aquatic environment for the heavy and concentrated application of pesticides. 

Most of the selected species focus on plants, invertebrates, and vertebrates. But 

the variety of plants, invertebrates and vertebrates that can be affected by the 

pesticides are countless resulting in it is impossible to combine all the species into 
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one MEM. Usually a typical laboratory subjects are selected as standard species to 

represent predict the response of species in a relatively complete ecological 

system. These processes are extrapolation from individuals to populations thus 

uncertainties cannot completely be avoided. 

 

In addition, in a realistic environment, the species are usually facing more than 

one pollutant, consequently, we should keep conservative when predicting and 

assessing the risk of multiple application of pesticides. This means that the 

importance of a proper evaluation, including uncertainty and sensitivity analysis, 

of a MEM should be emphasized before a model can be used for regulatory 

purposes such as when performing an ecological risk assessment before a 

pesticide is put on the market.  

 

As far as I can judge there isn t́ at the moment any MEMs in ERA of pesticides that 

cover the entire steps set by the guidance of EFSA. There isn’t a MEM in which an 

expert and accurate uncertainty analysis and sensitivity analysis, adequate 

prediction power, valid evaluation and professional feedback, as well as full-scale 

datasets with trustful parameters can be given. Nowadays, there is not any models 

that can be applied in real word accurately, because we have to be conservative to 

predict the ecological effects of pesticides. A MEM can be applying unless under 

the condition of the gap was ignored between the conservative predicted toxic 

effects attained by MEMs and real ecological effects of pesticides.  

 

Evaluation of the Linkage of models 

The main conclusion from the MODELINK workshop is that considerable effort is 

required for making MEMs an integral part of environmental risk assessment of 

pesticides in a regulatory context. Still it is, in my mind, worth the effort because 

it will make risk assessments not only more ecologically relevant and less 

uncertain but also more comprehensive, coherent, and cost effective:  It can help 

to explore the wider prediction range (different species, pesticides, environmental 

compartments and so on) of a developed precise and across-the-board MEM so as 

to effectively increase the efficiency when evaluating the environmental impacts 

of pesticides. They also promoted the development of MEMs in regulatory risk 
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assessment of pesticides. 

Comparatively, although the ‘MODELINK’ workshop did not determine all species’ 

environmental effects of pesticides, it did a review-of-the-art comprehensive 

model-linking work. When the modelers extrapolating the developed MEMs to 

wider population range, they have tried to cover all the steps of a mechanistic 

effect modeling practice for ERA of pesticides, this practice is guided by EFSA. For 

example, this workshop integrated sensitivity analysis, uncertainty analysis of 

extrapolation processes and chose 3 application cases to calibrate their developed 

MEMs, they are seldom considered simultaneously in previous model link works. 

However, the field related to the extrapolation and calibration work is needed to 

do more work leading to produce more prediction-powerful MEMs. Definitely, 

more basic standard laboratory studies focused on organisms and its mechanism 

of TK and TD are also necessary in order to build this model. 

 

By discussing the existing models in ERA of pesticides and the status of model-

linkage, we have to know we are still in the way to find the review-of-the-art MEMs 

and to integrity the mechanistic effect model system. 

 

Uncertainties 

For ecological modelers, there are some guidelines for model construction and 

evaluation of their applicability. It follows an organized sequence of development 

and analysis steps to check potential development pitfalls and characterize model 

performance comprehensively, this process has been named “evaludation” 

(Augusiak et al., 2014). Commonly the steps at least include four parts, model 

design, calibration, prediction evaluation and sensitivity analysis although the 

steps would vary from one study to another but slightly (Courbaud et al., 2015). 

So, the uncertainties of the built models in ERA of pesticides also should focus on 

these four basic steps. 

 

There are some uncertainties when extrapolating a model from an individual-

based level to the wider or entirely different scenarios. The uncertainties 

commonly include these four points:  

1) Extrapolation of effects from individual to population;  
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2) Extrapolation of effects between different exposure scenario;  

3) Extrapolation of effects from laboratory to the field;  

4) Analysis and extrapolation of recovery in the field. 

These extrapolation uncertainties are also the difficulties to apply the model into 

the real case to evaluate the risk level on various organisms, species, populations 

or communities and remediate the adverse effects on external environment of 

pesticides exposure. 
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Conclusion 

According to the existing MEMs, it is easy to find a good MEM it is always based on 

the precise parameters about the studied species’ TK-TD processes. So more and 

more standard laboratory tests on the individual-level are needed to be conducted 

in order to build reliable models. Besides, based on the existing MEMs related to 

one specific species and/ or under the perturbation of one specific pesticide, the 

linkage of MEMs can be used to extrapolate the developed model to population-

level. In this way, the standard laboratory test required can be decreased 

drastically and instead the use of the model output i.e. the predicted ecological 

effect can be used as a guidance to prevent and reduce the negative effects of 

stressors. From this review it is clear that the models developed so far are too 

simple and have too high uncertainties to be acceptable for used in regulatory 

context in the European Union in the near future.  

 

European Food Safety Authority (EFSA) have set a guidance on how to build a 

good MEM which can simulate the active process of various species under various 

pesticides, and a certain number of researches have built MEMs which have 

validated parameters and resulted high prediction power. However, there are not 

any effect models in ERA of pesticides that can cover all steps defined by the 

guidance of EFSA. There is for example not a state-of-the-art mechanistic effect 

model in ERA of pesticide that can be applied in all field- and time-scales and for 

all species and populations. Therefore, there is a long way to go with the 

development of MEMs in ERA of pesticides. 
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Proposed development 

Nowadays, it is unclear when models can be useful as a refinement tool for the 

lacking of available data of various species under the perturbation of different 

stressors, and for the unclear of internal interaction mechanisms between 

pesticides and recipients. To construct a model which can effectively and 

accurately predict the ecological effects on more species or population level of 

different pesticides. More studies should be conducted to increase the amount of 

data available for standard experimental species exposed to a mixture of 

pesticides in wider location fields, so that more TK-TD data can be generated to 

develop or calibrate a science-of-the-art model which has precise prediction 

power and wide prediction range. 

 
Currently, there is a lack of studies about the evaluation and improvement of 

MEMs maybe because the incomplete and unsystematic of mechanistic effect 

model in risk assessment of pesticides at different environmental compartments. 

For example, for one pesticide, there is no common mechanisms of action for all 

organisms so that it is hard to simulate a model to predict the ecological effects of 

this pesticide. In addition, it is possible that not all mechanistic effect mechanisms 

have been identified in each studied species so far. This means that the basic 

integrated TK-TD model for a typical organism is not easy to construct. Another 

problem is that there is no unified evaluation standard of a good mechanistic effect 

model in this research field. In order to fill the data gaps more standard laboratory 

tests should be done to make up the gaps of TK/TD/TK-TD processes of 

microorganisms under the perturbation of pesticides.  

 

The case studies presented serve as examples of the possibilities and added value 

of various ecological modeling approaches for the field of chemical ERA. A good 

modeling practice in the context of MEM for ERA of pesticides have to take the 

case studies in account for enhancing its prediction power. When building a MEM, 

easily obtainable information on focal species, habitats, and chemical substances, 

and more specific details on technical aspects of the models reviewed here, might 

facilitate the decision-making process for end-users (Galic et al. 2010). Hence, the 

more relevant information mentioned above and more case studies can be easily 
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obtained in the future would help to construct a comprehensive and precise MEM 

for ERA of specific pesticide or a mixture of pesticides. 

 

In addition, according to the prediction ecological impacts of a MEM applied for 

sites polluted with a mixture of pesticides, more soil remediation studies to be 

done so as to restore these ecological effects of pesticides, and then construct 

some precise recovery models that can apply into the prediction of wider sites 

exposed to pesticides. In this way, MEMs of pesticides can be built from pollution 

to recovery processes, effectively reduce the amount of study works related with 

the environmental risks of pesticides. 
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