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The use of indices to assess water quality 

 The structural composition of a community can give an 
indication of the intensity of impact resulting from 
different factors or stressors on that community 
 Kolkwitz and Marson 1902  

● Saprobic index 
● Oligosaprobic – Polysaprobic 

 Many indices nowadays 
● SASS5 
● a valid, rapid and robust  
 assessment methodology 

 Specific index is the holy grail of environmental 
management 
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Question: what is impacting my system? 
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Question: what is impacting my system? 

 Pesticides: SPEcies At Risk (SPEAR) index 
 A taxon is regarded as ‘at risk’ only if it is  

● Relatively sensitive to pesticides 
● Has a low recovery potential 

 
 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  ∑ 𝐿𝐿𝐿𝐿𝐿𝐿 𝑥𝑥𝑖𝑖+1 ∗𝑦𝑦𝑛𝑛

𝑖𝑖=1
∑ 𝐿𝐿𝐿𝐿𝐿𝐿 𝑥𝑥𝑖𝑖+1𝑛𝑛
𝑖𝑖=1

∗ 100 

● n = # of taxa 
● xi is the abundance of the taxon i and  
● y = 1 if taxon is ‘at risk’, or 0 if not 
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SPEAR index 
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SPEAR index 

 Invertebrate samples 
taken in three countries 
in Europe → SPEARpesticide 

 Also pesticides measured 
and recalculated to 
TUdaphnia  
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SPEAR index 
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 SI: DE and FR 



SPEAR index 

8 

 
 
 
 
 
 
 Indices 

● SPEARpesticides 

● Temperature 
● Flow velocity 
● pH stress 



SPEAR index 
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 ASTERICS (version 4.0.4)  
● calculates the ecological status of rivers based on 

benthic invertebrate taxa lists 
● Water Framework Directive 
● 83 indices for general water quality + SPEARpesticide 

● 1063 species used for correlation (662 ±328) 
● Correlations between indices and SPEARpesticide 

● P < 0.001 63% 
● P < 0.01 70% 
● P < 0.05 80% 



Diagnosis of field impacts of chemicals  
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1. Correlations between species/traits  
 and stressors from monitoring study 

2. Vulnerability analysis of species/traits per mode  
 of action based on sensitivity and recoverability 

Stressors x and y have a significant  
correlation with invertebrate community 

3. Detailed assessment of affected species/traits  
 using TKTD and/or population modelling 

Selection of species for which causality makes sense 

Which species/traits are  
likely to be influenced? 

In depth analysis of 
expected response 

Multivariate analysis or 
correlation analysis 

 Problem: correlation in field data cannot be avoided 
 But a more holistic view including all possible stressors 

can be adopted 
 



1. Corr. between biology and stressors 
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1. Corr. between biology and stressors 
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 Traits determine vulnerability 
Sensitivity   Recovery 

 

Rubach et al., 2012  
Van den Brink et al., 1996 
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1. Corr. between biology and stressors 
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No environmental impact 
at reference site 

Traits frequency unchanged 

Environmental Stressor Filtering 
at test site 

Traits that provides resistance or 
resilience to stressor are favoured 

Culp et al., 2011 



1. Corr. between biology and stressors 
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Elevation

Width

Length

Water flow

Turbidity
TSS

Phosphate

Nitrate
BOD

Velocity/depth combinations

Group 1

MaxPotSi 2

MaxPotSi 3

MaxPotSi 4

MaxPotSi 6

NumCycl 2

AquSta 2

Disp 2

Disp 4

ResForEg 1
Resp 1

Resp 2

Resp 3

Resp 4

LocAndSu 1

LocAndSu 2

LocAndSu 3

LocAndSu 6

Food 4

Food 5

Sub 2

Sub 7

CurVel 3

TroSta 2
TroSta 3

Temp 1

Temp 2

Temp 3

Sapro 1

Sapro 3

pH 6

Sediment deposition

Group 1 constitutes of the habitat  
parameters bank vegetative protection,  
epifaunal substrate/available cover,  
embeddedness, channel flow status,  
channel alteration, frequency of riffles,  
bank stability, riparian vegetative  
zone width as well as the sum of all  
habitat parameters.  



1. Corr. between biology and stressors 
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Traits:  Gill, aerial, plastron, tegument respiration 
Chem.:  Chlorprofam, pirimiphos-methyl 



Diagnosis of field impacts of chemicals  
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Stressors x and y have a significant  
correlation with invertebrate community 

Selection of species for which causality makes sense 

Which species/traits are  
likely to be influenced? 

In depth analysis of 
expected response 

Multivariate analysis or 
correlation analysis 

1. Correlations between species/traits  
 and stressors from monitoring study 

2. Vulnerability analysis of species/traits per mode  
 of action based on sensitivity and recoverability 

3. Detailed assessment of affected species/traits  
 using TKTD and/or population modelling 



2. Vulnerability analysis 
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 Pesticides 



2. Vulnerability analysis 

18 

RelSens = -0.2-0.2·Size+0.3·Scle-1.0·Arth 
(r2=0.5; p<0.001) 



 Invertebrate Vulnerability Index: 
RelSens = -0.2-0.2·Size+0.3·Scle-1.0·Arth 
 
IVI = (RelSens·0.46)+(Volti·0.26)+(Fly·0.14)+(Drift·0.05)+(Crawl·0.04)+(Swim·0.04) 

 
 

2. Vulnerability analysis 
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Recovery 

Internal External 

Aerial Aquatic 

0 0.25 0.5 0.75 1

16. Bivalvia
15. Turbellaria

14. Gastropoda
13. Oligochaeta

12. Hirudinea
11. Hemiptera
10. Coleoptera

9. Ephemeroptera
8. Diptera

7. Malacostraca
6. Maxillopoda
5. Trichoptera

4. Arachnida
3. Odonata

2. Lepidoptera
1. Megaloptera

Averaged IVI for  
different class/orders 
for pyrethroids  



2. Vulnerability analysis 
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 Evaluate relationships between taxon traits and three 
flow-related variables (velocity, T and DO) 
 13 independently collected Canadian data sets  
 To develop a flow bioassessment metric irrespective of 

geographical region 



2. Vulnerability analysis 
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Velocity 

 Traits related to flow 
 Low crawling rate 
 Common occurrence in drift 
 Short adult life span 

  
 Erosional rheophily 
 Medium size at maturity 
 Cold thermal preference 



Diagnosis of field impacts of chemicals  
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Verification/ 
Validation 

1. Correlations between species/traits  
 and stressors from monitoring study 

2. Vulnerability analysis of species/traits per mode  
 of action based on sensitivity and recoverability 

Very specific indicators based on external data 

Prioritisation 

 The circle of diagnosis 
● Selection of species/traits and chemicals 
● Hypotheses 
● Very specific vulnerability indicators 
● Verification/validation 



Diagnosis of field impacts of chemicals  
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Stressors x and y have a significant  
correlation with invertebrate community 

Selection of species for which causality makes sense 

Which species/traits are  
likely to be influenced? 

In depth analysis of 
expected response 

Multivariate analysis or 
correlation analysis 

1. Correlations between species/traits  
 and stressors from monitoring study 

2. Vulnerability analysis of species/traits per mode  
 of action based on sensitivity and recoverability 

3. Detailed assessment of affected species/traits  
 using TKTD and/or population modelling 



3. Detailed assessment using models 
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 MASTEP: Metapopulation model for Assessing Spatial 

and Temporal Effects of Pesticides 
 Asellus aquaticus, Gammarus pulex, Chironomus 

riparius, mayflies (Cloeon dipterum/Baetis sp.) 



3. Detailed assessment using models 
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Individual 

Mortality  
 

Move event 
 

Random 
walk 

Alive 

Reproduction 

Drift 

due to 
pesticide 

due to 
age 
 

due to 
density 

initial population size: 
1000 individuals, randomly 

distributed 
at birth lifespan of each individual is set in a 

probabilistic way (Weibull distribution) 

timespan between birth and reproduction 
obtained from normal distribution 

clutch-size dependent on the 
experienced densities and on age 

1% 
drift 

 
 
 
 
 

 

 
 
 Individual Based Model (IBM) 
 Probabilistic 



3. Detailed assessment using models 
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 Pond: Asellus aquaticus 
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3. Detailed assessment using models 
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 Ditch: Asellus aquaticus 

Distance → 

Tim
e →

 



3. Detailed assessment using models 
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 Stream: Asellus aquaticus 

Distance → 

Tim
e →

 



3. Detailed assessment using models 
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 Upscaling of modelling framework to connected 
waterways level (beyond the ditch, stream or pond) 

Focks et al., 2013 

full 

medium 

minimal 

Network complexity 
Adding unstressed stretches 



3. Detailed assessment using models 

30 

 Recovery times from pyrethroid stress (d) 

DT50 = 1d      DT50 =  2d     DT50 = 3d     DT50 = 4d 



3. Detailed assessment using models 

 More upscaling → network of 137 ditches 
A: spray drift 

B: no direct input 

C: spray drift 

D: no direct input 

E: no direct input 

F: no direct input 

G: no direct input 

H: spray drift 

I: no direct input 

J: no direct input 



3. Detailed assessment using models 

 Concentrations of lambda-cyhalothrin and mortality 
probability 

  



3. Detailed assessment using models 

 Numbers relative to untreated runs 
Low sensitivity      High sensitivity 

  



Conclusions / outlook 

34 

 Modelling 
● Increasing the complexity of the water network 

(functional connectivity) affects the effects and 
recovery times → increases realism 

 Indices 
● Try to avoid collinearity of stress factors 
● Have to be very specific (I made an attempt but is 

this possible?) 
● More effort should be made in combining 

experimental and monitoring data 
● Ecological modelling could be included in 

monitoring programmes, especially for charismatic 
/ important species (e.g. fish) 



Thanks! 

Questions? 

35 
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