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Figure 3.4: Linear regressions for the SPEAR(fm)pesticides index and water toxicity 
expressed as Toxic Units (D. magna) for the sites with (r2=0.47, p <0.001) and without 
(r2=0.66, p <0.001) upstream recovery areas. The intercepts are significantly different 
(p < 0.05); the slopes are not different (p > 0.05, ANCOVA). 
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Figure 3.5: Linear regressions for the SPEAR(sp)pesticides index and water toxicity 
expressed as Toxic Units (D. magna) for the sites with (r2=0.53, p <0.001) and without 
(r2=0.79, p <0.001) upstream recovery areas. The intercepts are significantly different 
(p < 0.05); the slopes are not different (p > 0.05, ANCOVA). 
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3.3  Seasonal variability in SPEAR indices 
Seasonal variability in the structure and dynamics of communities is well known for lotic 
aquatic habitats (Allan 1995). Pesticide contamination is also known to significantly 
vary during the year, with highest concentrations detected in the spring period of 
maximum pesticide, and especially insecticide, use (Liess and von der Ohe 2005). 
Given that communities recover after pesticide exposure, the influence of sampling 
time on SPEAR indices is expected to be significant. The strength of the observed 
effect may decrease over time after the maximum pesticide input. 

In order to assess seasonal difference in the dependencies of SPEAR indices on water 
toxicity, three time periods were compared using the data set for Germany (Liess and 
von der Ohe 2005): April (before contamination), May and June (during and shortly 
after contamination), and July (after contamination). SPEAR indices based on both 
family and species taxonomic levels were computed for these time periods, and linear 
correlations of these indices with water toxicity (maximum TU detected during the 
entire observational period) were compared between the time periods using ANCOVA 
separately for the sites with and without upstream recovery areas and for the two levels 
of taxonomic resolution. In addition, ANCOVAs were performed to compare 
SPEAR(fm)pesticides and SPEAR(sp)pesticides indices separately for each sampling period. 
This temporal analysis was performed for the German data set only as those from 
Finland and France only comprised data before and during pesticide exposure, and not 
after this time period. 

The relationships between the SPEAR indices and water toxicity for the three different 
sampling periods are shown in Figures 3.6 to 3.9. All the correlations derived were 
statistically significant (p < 0.05) except those for both the SPEAR(fm)pesticides and 
SPEAR(sp)pesticides in April for sites without upstream recovery areas (Figures 3.6 and 
3.8). The absence of significant correlation is likely due to the relatively low number of 
samples (eight sites). No significant difference was found between the slopes or 
intercepts for all the time periods, levels of taxonomic resolution, and types of sites in 
terms of presence/absence of upstream recovery areas (Figures 3.6 to 3.9). 

Although no statistically significant differences in slope were found for the data 
analysed, there is an obvious tendency for the correlations derived for April to be less 
steep than those in later observation periods (Figures 3.6 to 3.9). It is possible that a 
significant difference confirming this tendency could be found with a larger number of 
sampling sites. Future application of SPEARpesticides indices should consider these 
temporal trends, and sampling programmes to monitor effect and recovery should be 
planned accordingly (for example, for strongest effect in May-June, and for maximum 
possible recovery in April). 

Comparison of relationships between SPEAR indices and water toxicity performed 
separately for each sampling period showed no significant differences between these 
indices for any of the periods (p > 0.05, ANCOVA). This suggests that there is no 
difference between the seasonal variability of the family-level SPEAR index and that of 
the species-level index. 
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Figure 3.6: Linear regressions for the SPEAR(fm)pesticides index and water toxicity 
expressed as Toxic Units (D. magna) for different time periods: April (r2=0.17, p > 
0.05), May-June (r2=0.75, p <0.01), and July (r2=0.92, p <0.01). Data are for sites 
without upstream recovery areas. The intercepts and slopes are not significantly 
different (p > 0.05, ANCOVA). 
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Figure 3.7: Linear regressions for the SPEAR(fm)pesticides index and water toxicity 
expressed as Toxic Units (D. magna) for different time periods: April (r2=0.56, p < 
0.01), May-June (r2=0.41, p <0.05), and July (r2=0.58, p <0.05). Data are for sites 
with upstream recovery areas. The intercepts and slopes are not significantly different 
(p > 0.05, ANCOVA). 
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Figure 3.8: Linear regressions for the SPEAR(sp)pesticides index and water toxicity 
expressed as Toxic Units (D. magna) for different time periods: April (r2=0.34, p > 
0.05), May-June (r2=0.83, p <0.001), and July (r2=0.96, p <0.01). Data are for sites 
without upstream recovery areas. The intercepts and slopes are not significantly 
different (p > 0.05, ANCOVA). 
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Figure 3.9: Linear regressions for the SPEAR(sp)pesticides index and water toxicity 
expressed as Toxic Units (D. magna) for different time periods: April (r2=0.44, p < 
0.05), May-June (r2=0.43, p <0.05), and July (r2=0.62, p <0.05). Data are for sites 
with upstream recovery areas. The intercepts and slopes are not significantly different 
(p > 0.05, ANCOVA). 
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4 Conclusions 
The updated SPEAR database is ready for use in the UK, as it contains most of the UK 
stream macroinvertebrate taxa together with information about their respective 
ecological traits. 

Comparison of the pesticide-specific SPEAR indices based on family and species 
levels of taxonomic resolution (SPEAR(fm)pesticides and SPEAR(sp)pesticides respectively) 
has shown that the family-level index can be used to detect pesticide contamination in 
streams. In particular, it has been shown to relate to levels of insecticides and 
fungicides. The efficiency of this index is expected to be only slightly lower than that of 
the species-level index. Taking into account the time-consuming nature, cost and 
difficulties of species-level identification, the SPEAR(fm)pesticides index is a promising 
and cost-effective bioindicator tool for detecting pesticide contamination in streams. 

Use of the SPEAR approach in the UK is now possible, assuming that exposure-effect 
relationships in UK streams do not differ greatly to other investigated areas in Europe 
(Finland, France and Germany). However, future application of the SPEAR approach 
will benefit from validation in field investigations in the UK. A sampling programme 
including biological (macroinvertebrates) and chemical (pesticides and other 
contaminants) sampling and covering various streams with different levels of 
anthropogenic disturbance should be undertaken to increase the level of confidence in 
the SPEAR-based assessment of pesticide effects. The success of such a field 
validation will depend on selection of appropriate streams, the right time period for 
investigation and good sampling methods to obtain a realistic measure of short-term 
pesticide contamination (see Liess et al. 1996; 1999; Liess and von der Ohe 2005; 
Schäfer et al. 2007). 

Future biomonitoring programmes may consider applying other stressor-specific 
SPEAR-bioindicators for various types of contaminants. For example, recent 
investigations in Western Siberia demonstrated the applicability of a modified SPEAR 
approach for organic toxicants such as petrochemicals and synthetic surfactants in lotic 
habitats of this region. The index SPEARorganic was developed for these contaminants 
and applied across a large gradient of longitudinal environmental factors (Beketov and 
Liess 2008b). This example shows the potential for creating further bioindicator tools 
for different stressors using this approach. 
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