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Introduction

(1) Examine at which levels effects occur on macroinvertebrate communities 
in field studies   
(2) Estimate the relationship between structural and functional endpoints

We compiled data from field studies on the effects of pesticides on 
macroinvertebrate communities and the ecosystem function leaf breakdown 
(Table 1). The data was differentiated for sites with and without upstream 
recovery sections (Liess & von der Ohe 2005). For this data, dose-response 
curves were computed with the pesticide-sensitive taxa (reported as 
SPEARpesticides  index (Liess & von der Ohe 2005)) as response variable and the 
pesticide toxicity in terms of TU as explanatory variable.  Dose-response curve 
models (2-parametric log-logistic, Weibull I and Weibull II with upper limit fixed to 
reference sites and lower limit fixed to 0; see Ritz 2010) were compared using 
the Bayesian Information Criterion (BIC). The log TU for reference sites was set 
to -4 in accordance to the highest reported log TU for reference sites in the 
studies. We calculated the hazardous concentration (HC i.e. the fraction of 
affected biota) 10, 50 and 90, the HC for the TU of -2 and the lowest 
concentration at which significant differences to reference sites occur from the 
fitted models. As no upper or lower limit was reported for the leaf breakdown 
rate, we fitted a linear regression model using data divided by the maximum 
predicted breakdown rate for each country in order to yield the same scale.

Methods

Results

Figure 1:Dose response curves (Weibull I model) for the relationship between 
pesticide toxicity in terms of TU and the fraction of sensitive species in terms of 
SPEAR for streams with (a) and without (b) recovery.

Figure 2: Relationship between SPEARpesticides and the scaled leaf breakdown 
rate k. Line derived from linear model (r2 = 0.55, p < 0.001, n = 34). 

- Log TU of -2.7 and -3.1 represent lowest concentrations for significant 
differences to reference sites with and without recovery, respectively (Figure 1) 
- Log TU of -2 from Uniform Principles results in 37 and 28% reduction in 
SPEARpesticides (Figure 1a,b)

- Estimated log TU for HC10 are -2.9 and -3.2 with and without recovery (Table 2)
- No evidence for functional redundancy in the relationship between SPEARpesticides 
and leaf breakdown rate (Figure 1)
- No dose-response relationship between SPEARpesticides and leaf breakdown rate 
for Denmark (not shown) 

- Effects of pesticides on sensitive species occur below log TU of -2 
- Effects stronger without upstream recovery sections
- Relationship between sensitive species and leaf breakdown rate not 
universal
- Reduction in SPEAR may relate directly to effects on ecosystem 
functions

Conclusions

Study Objectives

Table 1: Characteristics of studies included in the meta-analysis
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Thresholds for pesticides in freshwater 
ecosystems

A review of mesocosm studies suggested that no acute toxic effects of 
pesticides on the macroinvertebrate community occur below a toxic unit (TU) of 
1/100 (log TU = -2) for Daphnia magna (van Wijngaarden et al. 2005). This 
threshold is in agreement with the Uniform Principles of the European Union 
stating that for a pesticide “no authorization shall be granted if the 
toxicity/exposure ratio for fish and Daphnia is less than 100 for acute exposure 
[...]” (EC 1991, Annex VI).
  

Regions No. 
Sites

Pesticides 
measured

TU 
reported

Leaf 
breakdown

Reference

South Finland 13 10 x x (d) Schäfer et al. 2007

Brittany/France 16 10 x x Schäfer et al. 2007

Central Germany 20 21 x - Liess & von der Ohe 2005

Victoria/ Australia 24 97 x x Schäfer et al. 2011 a,b

Denmark 14 31 x x Rasmussen et al. 2011

Catalonia/Spain 27 42 (a) x - von der Ohe et al. 2009

North Netherland 7 - - (c) - von der Ohe et al. 2007

Central Germany 11 - - (c) - von der Ohe et al. 2007

Siberia/Russia 6 - (b) - (c) - Beketov & Liess 2008

(a) 111 other organic toxicants measured additionally; (b) sum of surfactants and petrochemicals 
reported; (c) set to TU of reference sites; (d) not included as no pesticides detected in study

HC
Estimated log TU

Streams with recovery section Streams without recovery section 

10 -2.9 -3.2

50 -1.3 -1.6

90 -0.3 -0.4

Table 2: Estimated log TUs for different hazardous concentrations
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