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Proposal of a new method: the multimetric index based on 

macroinvertebrate fauna for the ecological assessment of 

French wadeable rivers (I2M2). 

 

1 SUMMARY 

The Water Framework Directive 2000/60/EC (WFD; European Council 2000) requires the 

assessment of the ecological status of European water bodies. This assessment should be performed using 

information from different biological quality elements including the benthic macroinvertebrate 

communities. The assessment of macroinvertebrate communities should integrate the information 

provided by metrics related to (i) taxonomic composition, (ii) abundances, (iii) the ratio of disturbance 

sensitive to insensitive taxa and (iv) diversity (Annex V of WFD; European Council, 2000). These 

metrics should react to measurable stressors related to water quality and hydro-morphological pressures. 

The French macroinvertebrate index currently used, and successfully intercalibrated (EU 

commission decision of 20 September 2013) is the French IBGN (AFNOR, 2004). Nevertheless, this 

index presents several limitations: 

 it is not representative of the whole benthic substratum distribution within the river reach, 

 it does not fully integrate information on abundances and diversity, 

 it mainly focuses on the detection of organic pollution and thus demonstrates weak responses to 

other pressures, notably hydromorphology. 

The new macroinvertebrate-based French index (I2M2) was developed to be both fully WFD-

compliant (see Table 1) and sensitive to a larger range of anthropogenic pressures (Mondy et al., 2012, 

Appendix A). After several years of testing on more than 10,000 samples over more than 1,800 sites, the 

I2M2 is now available in a stabilized version, validated at the national level (Usseglio-Polatera et al., 

2016). The index has demonstrated a significant gain in sensitivity to pressures compared to the former 
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IBGN, making it a much more reliable bioassessment method based on benthic macroinvertebrates for 

French rivers (Mondy et al., 2012; Usseglio-Polatera et al., 2016). It is a multimetric index based on five 

individual metrics: 1) Shannon index, 2) ASPT score, 3) the relative frequency of polyvoltine 

organisms in the assemblage, 4) the relative frequency of ovoviviparous organisms in the 

assemblage and 5) taxonomic richness. Table 1 summarizes the validation of the WFD requirements 

by the I2M2. 

 

Table 1: I2M2 WFD-compliance checking. Codes of metrics: 1) Shannon index, 2) ASPT score, 3) the 

relative frequency of polyvoltine organisms in the assemblage, 4) the relative frequency of ovoviviparous 

organisms in the assemblage and 5) taxonomic richness. 

Compliance Criteria Compliance Checking 

Ecological status is classified by one of five classes (high, good, 

moderate, poor and bad) 

Yes 

High, good and moderate ecological status are set in line with 

the WFD’s normative definitions (Boundary setting 

procedure) 

Yes 

All relevant parameters indicative of the biological quality 

element are covered. A combination rule to combine parameter 

assessment into BQE assessment has to be defined. If 

parameters are missing, Member States need to demonstrate that 

the method is sufficiently indicative of the status of the QE as a 

whole 

Yes - abundance (covered by 

metrics 1, 3 & 4), taxonomic 

composition (covered by metrics 1, 

2, 3, 4 & 5), diversity (covered by 

metrics 1, 2 & 5) and pollution 

sensitivity (covered by metrics 2, 3 

& 4) 

Assessment is adapted to intercalibration common types that 

are defined in line with the typological requirements of the 

Annex II WFD and approved by WG ECOSTAT 

Yes 

(types R-CB, R-A1, R-A2 & R-

M124) 

The water body is assessed against type-specific near-natural 

reference conditions 

Yes 

 

Assessment results are expressed as EQRs Yes 

Sampling procedure allows for representative information about 

water body quality/ecological status in space and time 

Yes 

(French standard AFNOR, 2016) 

All data relevant for assessing the biological parameters 

specified in the WFD’s normative definitions are covered by the 

sampling procedure 

Yes 

(French standards AFNOR, 2010, 

2016) 

Selected taxonomic level achieves adequate confidence and 

precision in classification 

Yes 

(French standard (AFNOR, 2010) 

providing the taxonomic level to 

reach for all potential taxa) 
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2 I2M2 METHODOLOGY OF DEVELOPMENT 

2.1 DATA SET 

The I2M2 was developed using a dataset covering 66 stream types, 1267 streams, 1860 reaches 

and 10074 sampling events. This dataset contains (i) general information about sampling events (e.g. 

sampling date, site coordinates, river type, ecoregion), (ii) information on the macroinvertebrate 

community (list and abundances of taxa) and (iii) information on the quality classes related to the 

anthropogenic pressures potentially acting on the communities (Table 2).  

Table 2. Anthropogenic pressures taken into account for the I2M2 development 

Water quality Hydro-morphological alterations 

Organic matter Transportation facilities 

Nitrates  Riverine vegetation 

Nitrogen compounds (except Nitrates) Urbanization (at the 1 km upper reach scale) 

Phosphorous compounds Clogging risk 

Suspended matter Hydrological instability 

Acidification Catchment anthropization 

Mineral micropollutants Straightening 

Pesticides  

PAH  

Organic micropollutants (others)  

 

Water quality characterization of reaches was performed considering a variable number of 

parameters among 173 parameters distributed in ten chemical pressure categories (Table 2, cf. Mondy et 

al., 2012 for the list of individual parameters) for which information on quality class boundaries was 

available in the French water quality assessment system (i.e. Water Quality Evaluation System or SEQ-

Eau; Oudin & Maupas, 2003). The water quality status of a given reach at the macroinvertebrate 

sampling date was estimated by averaging chemical measures from this reach during the six months 

before faunal sampling [i.e. 4.16 (± 2.17) measures available, in average, on this period]. Land use and 

hydromorphology characterization were performed considering ten parameters distributed in seven 

habitat degradation pressure categories (cf. Table 2 and Mondy et al., 2012 for the list of individual 

parameters). Individual habitat degradation parameters were measured using ESRI’s ArcGis 9.2 software 

(ESRI, 2006). For each available parameter, pressure level was assessed by comparing the parameter 
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measure with the threshold delimiting ‘low’ to ‘moderate’ pressure levels (thresholds are given in Mondy 

et al., 2012). The pressure level allocated to a given reach for a given pressure category was the worst 

state (i.e. impaired or not) allocated to this reach by individual parameters [between 1 (nitrates) to 71 

(pesticides) parameters according to the pressure type] taken into account by this pressure category.  

For each sampling event, a large number of biological metrics (biotic indices, taxonomic metrics, 

metrics related to bio-ecological traits) was calculated. The data used to build the I2M2 thus corresponded 

to 10074 samples, each described by more than 2500 “metric x sample combination(s)” and quality 

classes for ten types of water quality pressures and seven types of hydro-morphological alterations (Table 

2). 

2.2 PRINCIPLES 

The I2M2 is a multimetric index calculated as the arithmetic average of 17 sub-indices (one per 

pressure type 𝑝); each sub-index being composed of the same 𝑁 individual metrics : 

𝐼2𝑀2 =
∑ 𝑖2𝑚2

𝑝17
𝑝

17
         (Eq. 1) 

with: 

𝑖2𝑚2
𝑝
=

∑ (𝐷𝐸𝑚
𝑝
×𝐸𝑄𝑅𝑚)

𝑁
𝑚

∑ 𝐷𝐸𝑚
𝑝𝑁

𝑚
         (Eq. 2) 

𝐸𝑄𝑅𝑚 =
𝑜𝑏𝑠𝑚−𝑤𝑜𝑟𝑠𝑡𝑚

𝑏𝑒𝑠𝑡𝑚
𝑡 −𝑤𝑜𝑟𝑠𝑡𝑚

         (Eq. 3) 

The transformation of raw metric values in ecological quality ratios (EQR; Hering et al., 2006) 

was done by normalizing the observed values (𝑜𝑏𝑠𝑚) after accounting for the worst value observed at the 

national scale (𝑤𝑜𝑟𝑠𝑡𝑚) and the stream-type specific reference value observed in the reference sites 

(𝑏𝑒𝑠𝑡𝑚
𝑡 ). The 5

th
 and 95

th
 percentiles of the distribution of values for a given metric, were used as ‘best’ 

or ‘worst’ values instead of the highest/lowest values to discard metric values of outliers (Ofenböck et al., 

2004). The pressure-specific discrimination efficiency of a given metric (𝑫𝑬𝒎
𝒑

; Ofenböck et al., 

2004) corresponds to the proportion of samples from disturbed sites with EQR values lower than 

the 25
th

 percentile of the EQR values distribution observed in the reference sites. 
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The selection of metrics was performed in order to select those with (i) the ability to respond to a 

large range of pressures, (ii) a good average DE over the 17 pressure types and (iii) a low variability in 

type-specific reference sites (to ensure that the I2M2 variability is more linked to anthropogenic pressures 

than to natural variability). Moreover, the selected metrics should bring different taxonomic/functional 

information about the community, and therefore not be redundant. The I2M2 building procedure is 

described in Figure 1. Following this process, a set of metric combinations was obtained and the 

combination exhibiting the best trade-off between (i) stability in reference sites, (ii) robustness, (iii) 

discrimination efficiency over pressure types and (iv) WFD-compliance was selected. The I2M2 is thus 

composed of five metrics: (i) the Shannon index (Shannon, 1948), (ii) the ASPT score (Armitage et al., 

1983), the relative frequencies of (iii) polyvoltine and (iv) ovoviviparous organisms (Usseglio-Polatera et 

al., 2000) in the communities and (v) the taxonomic richness. The REFCOND recommendations, in 

particular the pressure screening criteria and the definitions of class boundaries were considered carefully 

during the whole process. 

 

Figure 1. Design of the iterative procedure used to build the I2M2 from a selection of candidate metrics. 

This procedure was repeated using each of the pre-selected metrics as the first metric to include in the 

I2M2. At each step, the procedure tested if the inclusion of an additional metric in the multimetric index 

resulted in a significant improvement of the index DE (i.e. significantly increased the global ability of the 

index to detect disturbed situations).  
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2.3 RESULTS 

The new I2M2 index has proved to significantly better discriminate reference from 

disturbed sites than the former IBGN index, with a gain in discrimination efficiency of 26% in 

average over the 17 pressure type (Figure 2).  

 

Figure 2. Discrimination Efficiency value distribution for 

I2M2 compared to IBGN over the 17 pressure types 

considered. Adapted from Mondy et al. (2012). The gain 

in discrimination efficiency is of 26% in average over 

the 17 pressure types. 

 

This index has also proved to be stable in reference sites, efficient in detecting a large 

variety of pressures and robust (i.e. keeping its efficiency in new datasets) (Figure 3 & Figure 4). 

 

 

 

Figure 3. I2M2 value distribution in 

reference sites (white boxes) and 

disturbed sites (grey boxes) for 10 

water quality pressure categories 

and two datasets (calibration: plain 

boxes; test: dashed boxes). ‘n’ 

represents the number of faunal 

samples considered in each group. 

Adapted from Mondy et al. (2012). 
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Figure 4. I2M2 value distribution in 

reference sites (white boxes) and 

disturbed sites (grey boxes) for 7 

habitat degradation pressure 

categories and two datasets 

(calibration: plain boxes; test: 

dashed boxes). ‘n’ represents the 

number of faunal samples 

considered in each group. Adapted 

from Mondy et al. (2012).  

 

 

 

 

Finally, this new I2M2 index has proved to respond more efficiently to increasing anthropogenic 

pressure levels than the former IBGN as illustrated with the level of catchment anthropization 

(Figure 5). 

 

Figure 5. Distribution of the IBGN and I2M2 values along a gradient of increasing catchment 

anthropization level reflecting the overall anthropogenic pressure level of sites acting, at the catchment 

scale. ‘n’ represents the number of faunal samples considered in each group 



  

8/35 

 

3 I2M2 INTERCALIBRATION 

3.1 DATA SET 

The I2M2 was intercalibrated using the same qualified data set as for its development (covering 

66 stream types, 1267 streams, 1860 reaches and 10074 sampling events). This data set fulfills the 

requirements listed in the CIS-Guidance Document on the Intercalibration Process (European 

Commission, 2011): 

 It sufficiently covers the geographical area in which the common types occur within 

France; 

 It encompasses sampling sites covering the entire gradient of the pressure to be 

intercalibrated, and hence the complete ecological quality gradient ranging from high to 

poor ecological status; 

 It contains non-biological (environmental) and biological data to conduct pressure-

impact analyses. The non-biological data are contemporaneous with the accompanying 

biological data in time and space. 

This data set covers the European common river types from the following Geographical 

Intercalibration Groups (GIGs): Central/Baltic, Alpine and Mediterranean. 

3.2 IC METRICS & REFERENCE CONDITIONS 

The actually intercalibrated French evaluation method (IBGN) requires data collected with less 

demanding field and laboratory protocols (in terms of both sampling effort and taxonomic identification 

level) compared to the new I2M2 method. Therefore, the I2M2 should be considered as a new evaluation 

method and not a revision of the IBGN and the intercalibration (IC) option 2 should be applied. 

This option requires the use of common IC metrics that enable a GIG-wide comparison of 

classification results (European Commission, 2011). Regarding the macroinvertebrate biological quality 

element, these common metrics (ICMs) and the multimetric indices (ICMi) they constitute are different 

across the several GIGs corresponding to the river types where the I2M2 method should be applied (Table 

3). The data from the national data set are sufficient to calculate the required ICMs. 
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Table 3. GIG-specific IC indices and their constitutive IC metrics (see Van de Bund, 2009 for more 

details). metricEQR refers to EQR-transformed metric values. 

Central/Baltic & Mediterranean Alpine 

ICMi = 0.333 * ASPTEQR               + 

             0.266 * log10selEPTDEQR + 

             0.067 * oneMinusGoldEQR + 

             0.167 * SfamEQR                + 

             0.083 * SfamEPTEQR         + 

             0.083 * ShannonDiversityEQR 

ICMi =   0.25 * SfamEQR        + 

               0.25 * SfamEPTEQR + 

               0.25 * SsensEQR       + 

               0.25 * ibericASPTEQR 

For a given ICM, the transformation of raw values to Ecological Quality Ratios (EQR) was 

performed dividing the raw values by the median of the ICM values observed in reference sites of the 

corresponding common river type from the qualified national data set. The qualification of reference sites 

was performed following the REFCOND recommendations (European Commission, 2003). This 

qualification was performed using two indicators of land use (intensive agriculture and urbanization; at 

least one ‘reference’ status and one ‘limit’ status tolerated) and five indicators of water quality (BOD5, 

oxygen saturation, concentrations in ammonium, nitrates and orthophosphates; all in ‘reference’ status) 

(Table 4). 

Table 4. Rules used to qualify a site as ‘reference’, ‘limit’ (only for land use criteria) and ‘not reference’. 

x refers to the site-averaged values of the different measured parameters. 

 

Table 4 (continued) 

 

 

GIG River Type reference limit not reference reference limit not reference reference not reference

Alpine 1, 2 x ≤ 20 20 < x ≤ 50 x > 50 x ≤ 0.4 0.4 < x ≤ 0.8 x > 0.8 x ≤ 2 x > 2

Central/Baltic 1 x ≤ 20 20 < x ≤ 50 x > 50 x ≤ 0.4 0.4 < x ≤ 0.8 x > 0.8 x ≤ 2.4 x > 2.4

Central/Baltic 2 x ≤ 20 20 < x ≤ 50 x > 50 x ≤ 0.4 0.4 < x ≤ 0.8 x > 0.8 x ≤ 2.4 x > 2.4

Central/Baltic 3 x ≤ 20 20 < x ≤ 50 x > 50 x ≤ 0.4 0.4 < x ≤ 0.8 x > 0.8 x ≤ 2 x > 2

Central/Baltic 4, 5, 6 x ≤ 20 20 < x ≤ 50 x > 50 x ≤ 0.4 0.4 < x ≤ 0.8 x > 0.8 x ≤ 2.4 x > 2.4

Mediterranean 1, 2, 3, 4 x ≤ 20 20 < x ≤ 50 x > 50 x ≤ 0.4 0.4 < x ≤ 0.8 x > 0.8 x ≤ 2.4 x > 2.4

Intensive agriculture (% of the catchment) Urbanization (% of the catchment) DBO5

GIG River Type reference not reference reference not reference reference not reference reference not reference

Alpine 1, 2 95 ≤ x ≤ 105 x < 95 OR x > 105 x ≤ 0.06 x > 0.06 x ≤ 6 x > 6 x ≤ 0.06 x > 0.06

Central/Baltic 1 95 ≤ x ≤ 105 x < 95 OR x > 105 x ≤ 0.12 x > 0.12 x ≤ 6 x > 6 x ≤ 0.12 x > 0.12

Central/Baltic 2 95 ≤ x ≤ 105 x < 95 OR x > 105 x ≤ 0.06 x > 0.06 x ≤ 6 x > 6 x ≤ 0.09 x > 0.09

Central/Baltic 3 95 ≤ x ≤ 105 x < 95 OR x > 105 x ≤ 0.06 x > 0.06 x ≤ 6 x > 6 x ≤ 0.06 x > 0.06

Central/Baltic 4, 5, 6 95 ≤ x ≤ 105 x < 95 OR x > 105 x ≤ 0.12 x > 0.12 x ≤ 6 x > 6 x ≤ 0.12 x > 0.12

Mediterranean 1, 2, 3, 4 90 ≤ x ≤ 110 x < 90 OR x > 110 x ≤ 0.12 x > 0.12 x ≤ 6 x > 6 x ≤ 0.12 x > 0.12

Oxygen saturation (%) ammonium (mg/L) nitrates (mg/L) orthophosphates (mg/L)
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Applying the rules described in Table 4, and following the river type grouping used during the 

previously completed IC procedure (Van de Bund, 2009), we qualified 151 reference sites corresponding 

to 1027 sampling events (Table 5). For each European common river type (or group of river types), we 

obtained a minimum number of 15 sites as recommended to reliably perform the IC (European 

Commission, 2011). 

Table 5. Distribution of reference sites and sampling events among the four 

groups of European common river types. 

River types 
Number of 

reference sites 
Number of reference 

sampling events 

R-A1 15 106 

R-A2 49 307 

R-CB 19 136 

R-M124 67 473 

3.3 IC FEASIBILITY CHECK 

For each river type, the ICMi scores were regressed against the I2M2 scores calculated using the 

same data. These regressions are summarized in Table 6 and Figure 6. For the IC to be reliably doable, 

the relationship between the IC metric (here the ICMi) and the national method (I2M2) should be strong 

(with a significant Pearson’s correlation coefficient above 0.5) and neither too shallow nor too steep 

(i.e. a significant slope comprised between 0.5 and 1.5). 

Table 6. IC feasibility analysis for the I2M2 in five European common river types.  

 Regression  Pearson’s correlation 

River type R² Equation p (slope)  R p 

R-A1 0.706 y = 0.855x + 0.373 < 0.001  0.840 < 0.001 

R-A2 0.614 y = 1.410x - 0.063 < 0.001  0.784 < 0.001 

R-CB 0.768 y = 0.572x + 0.528 < 0.001  0.876 < 0.001 

R-M124 0.823 y = 0.763x + 0.457 < 0.001  0.907 < 0.001 
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 Following these criteria, the I2M2 can be intercalibrated in all the river types considered 

exhibiting strong linear relationships with the ICMi with slopes comprised between 0.57 (R-CB) and 1.41 

(R-A2) (Table 6 and Figure 6). 

 

Figure 6. Linear relationship between the I2M2 values and the ICMi values for the four groups of 

European common river types considered (R-A1, R-A2, R-CB and R-M124). The black dots represent the 

observations, the plain red lines the linear regression models, the dashed blue and green lines the High-

Good and Good-Moderate quality class limits, respectively. 
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3.4 I2M2 QUALITY CLASS LIMITS 

Since the I2M2 was developed to take into account river type-specificities through the use of 

river-type specific reference conditions during the EQR transformation, a common initial set of quality 

class limits was defined. The initial High-Good (HG) quality class limit was defined as the 25
th
 percentile 

of the I2M2 distribution in the national set of sites qualified as “reference” following the REFCOND 

recommendations (Table 4). This HG limit was then divided to obtain four quality classes of equal sizes.  

Following a previous work, the HG and Good-Moderate (GM) limits have been adjusted 

depending on the corresponding IC river types whereas it was kept unchanged for the other national river 

types that were not considered during the IC process (Table 7).  

Table 7. Quality class limits for the I2M2 index in the different European common river 

types. (I2M2 units/ICMi units) 

River type HG GM MP PB 

R-A1 0.605/0.890 0.354/0.675 0.236/0.574 0.118/0.474 

R-A2 0.665/0.872 0.460/0.584 0.306/0.367 0.153/0.152 

R-CB 0.665/0.908 0.443/0.781 0.295/0.697 0.148/0.613 

R-M124 0.676/0.973 0.464/0.811 0.310/0.694 0.155/0.576 

other 0.665/- 0.498/- 0.332/- 0.166/- 

 

The HG and GM limits in I2M2 units were then converted in ICMi units (Figure 6 and Table 7) 

using the regression models built for each river type (Figure 6 and Table 6). The limits in ICMi units 

were then compared to the global mean view of the HG and GM quality class limits defined in the 

completed IC exercises. The direction of the deviation between the proposed and the global mean view 

was then determined as well as the amount of this deviation expressed as the proportion of the 

corresponding class width.  
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According to the WFD intercalibration manual (Willby et al., 2014), the following rules are 

followed to test the comparability criteria: 

 The proposed limit falls below the global mean view: 

o The deviation is smaller than ¼ of class width: comparability criteria are met; 

o The deviation is larger than ¼ of class width: the proposed limit has to be raised. 

 The proposed limit falls above the global mean view: 

o The deviation is smaller than ¼ of class width: comparability criteria are met; 

o The deviation is larger than ¼ of class width: no obligation to lower the 

proposed limit.  

 

Table 8. Deviation of the proposed I2M2 quality 

class limits from the European global mean 

view defined during the completed IC exercises. 

The deviation is expressed as proportions of 

class width (negative deviation: proposed limit 

below global mean view; positive deviation: 

proposed limit above global mean view) 

River Type HG GM 

R-A1  0.140 -0.163 

R-A2  0.111 -0.160 

R-CB -0.156  0.250 

R-M124  0.549  0.915 

 

The results of the comparison of the proposed 

I2M2 quality class limits to the global mean 

views of the intercalibrated methods based on 

benthic macroinvertebrates are summarized in 

Table 8 and Figure 7. The proposed limits for 

the river types belonging to the Alpine GIG 

fully met the comparability criteria (absolute 

deviation smaller than ¼ of class width). The 

HG limit for the Central Baltic river types also 

met the comparability criteria. The quality class 

limits proposed for Mediterranean river types 

are larger (i.e. more strict) than the European 

global mean view. 
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Figure 7. Comparison of the proposed I2M2 quality class limits (blue 

and green dots: High-Good and Good-Moderate limits, respectively) 

to the global mean views (thick horizontal lines) obtained during the 

completed IC exercises for the different river types. The whiskers 

represent +/- ¼ of class width. 

 

4 EVOLUTION OF THE EVALUATION 

To assess the consequences of the new evaluation method (I2M2 vs. intercalibrated IBGN) on the 

ecological classification, we looked at the distribution of river sites among the five quality classes (i.e. 

High, Good, Moderate, Poor and Bad) depending on the index used, on two separate time periods (2008-

2010 and 2011-2013) (Table 9 & Table 10). For a given site, the evaluation was performed by averaging 

the index scores over the three year period and allocating the quality class according to the corresponding 

class limits. We only considered sites belonging to the surveillance monitoring network and for which 

both the IBGN and the I2M2 quality classes can be assigned. 
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Table 9. Distribution (in %) of French river sites belonging to surveillance monitoring network 

for the period 2008 to 2010 and allocated to the five different ecological quality classes 

depending on the index used, at the national level and in each of the six French water districts: 

AG: Adour-Garonne, AP: Artois-Picardie, LB: Loire-Bretagne, RM: Rhin-Meuse, RMC: Rhône-

Méditerranée & Corse and SN: Seine-Normandie.   

 France (n = 1287) AG (n = 282) AP (n = 55) LB (n = 348) 

 IBGN I2M2 IBGN I2M2 IBGN I2M2 IBGN I2M2 

High 56.3 38.2 41.1 42.6 32.7 1.8 60.1 42.0 

Good 23.5 33.1 32.3 30.1 27.3 9.1 23.9 32.5 

Moderate 16.5 16.0 22.3 15.2 32.7 41.8 13.2 15.8 

Poor 3.4 8.8 3.5 7.8 7.3 29.1 2.9 8.3 

Bad 0.3 3.9 0.7 4.3 0.0 18.2 0.0 1.4 

Table 9 (continued).  

 RM (N = 80) RMC (N = 347) SN (N = 175) 

 IBGN I2M2 IBGN I2M2 IBGN I2M2 

High 61.3 25.0 61.1 38.3 69.1 41.1 

Good 17.5 46.2 21.0 35.7 14.9 35.4 

Moderate 10.0 12.5 14.7 15.9 14.9 11.4 

Poor 10.0 6.2 2.9 8.1 1.1 7.4 

Bad 1.2 10.0 0.3 2.0 0.0 4.6 

 

 

Table 10. Distribution (in %) of French river sites belonging to surveillance monitoring network 

for the period 2011 to 2013 and allocated to the five different ecological quality classes 

depending on the index used, at the national level and in each of the six French water districts: 

AG: Adour-Garonne, AP: Artois-Picardie, LB: Loire-Bretagne, RM: Rhin-Meuse, RMC: Rhône-

Méditerranée & Corse and SN: Seine-Normandie. 

 France (n = 1213) AG (n = 261) AP (n = 54) LB (n = 320) 

 IBGN I2M2 IBGN I2M2 IBGN I2M2 IBGN I2M2 

High 58.3 35.1 59.8 46.7 24.1 0.0 59.7 36.6 

Good 24.0 35.0 24.1 28.0 27.8 22.2 25.6 37.5 

Moderate 15.0 15.6 13.0 13.8 42.6 22.2 13.1 13.4 

Poor 2.5 10.1 2.7 8.0 5.6 35.2 1.6 9.7 

Bad 0.2 4.2 0.4 3.4 0.0 20.4 0.0 2.8 
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Table 10 (continued).  

 RM (N = 75) RMC (N = 339) SN (N = 164) 

 IBGN I2M2 IBGN I2M2 IBGN I2M2 

High 58.7 24.0 53.4 33.6 74.4 33.5 

Good 20.0 40.0 27.1 35.7 14.6 41.5 

Moderate 12.0 16.0 16.8 19.8 10.4 11.6 

Poor 8.0 10.7 2.4 8.8 0.6 8.5 

Bad 1.3 9.3 0.3 2.1 0.0 4.9 

 

Due to the better discrimination efficiency of the new I2M2 compared to the IBGN 

regarding to pressures, the use of the I2M2 led to changes in the biological quality class distribution 

of the French river sites for both assessment periods, with less sites corresponding to the good and 

high quality and more sites considered as significantly impaired (medium, poor and bad quality) 

(Figure 8). The results were similar for each French hydrographic basin considered independently. 

 

Figure 8. Proportion of the sites classified at least in ‘Good’ (i.e. ‘Good’ or ‘High’) ecological 

status depending on the index used (dark grey: IBGN index, light grey: I2M2 index). The results 

are given at the national scale (France) and detailed for each water district (AG: Adour-

Garonne, AP: Artois-Picardie, LB: Loire-Bretagne, RM: Rhin-Meuse, RMC: Rhône-

Méditerranée & Corse and SN: Seine-Normandie) for each of the two investigated period (2008-

2010 and 2011-2013). 
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5 CONCLUSION 

The new I2M2 is a multimetric index developed to be sensitive to a large panel of 

anthropogenic pressures related to water quality and hydro-morphological alterations. It includes 

five metrics and complies with all the WFD requirements: (i) it is expressed in EQR, (ii) it uses a 

type-specific reference approach, (iii) it includes metrics related to the taxonomic composition, the 

taxon abundances, the ratio of disturbance sensitive to insensitive taxa and the diversity of benthic 

invertebrate communities, (iv) it is based on a specifically developed sampling procedure.  

The I2M2 presents a very good correlation with the common metric ICMi in all the GIGs 

covered by the French method allowing the intercalibration of the new French index. Moreover, 

the proposed quality class boundaries complies with the European global mean views of the High-

Good and the Good-Moderate limits in the Alpine, Central-Baltic and Mediterranean GIGs. 

The better sensitivity of the I2M2 compared to the IBGN is especially clear when looking at 

the discrimination efficiency (Figure 2), at the response to increasing anthropogenic pressures 

(Figure 5) or at the site distribution among the five ecological quality classes (Table 9 &Table 10) 

for both indices. This better sensitivity to anthropogenic pressures results in a more severe 

evaluation of the ecological quality of French streams as illustrated by the proportion of sites no 

longer with at least a ‘Good’ status when using the I2M2 instead of the former IBGN (Figure 8). 
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7 APPENDIX A 

Mondy C.P., Villeneuve B., Archaimbault V. & Usseglio-Polatera P. (2012) A new macroinvertebrate-

based multimetric index (I2M2) to evaluate ecological quality of French wadeable streams fulfilling the 

WFD demands: A taxonomical and trait approach. Ecological Indicators 18, 452–467. 
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