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Report on fitting the French national method for the evaluation of lake ecological status using benthic diatoms (IBDL) -Phytobenthos cross-GIG intercalibration exercise

Figure 1: Study sites and number of samplings per site. Lake alkalinity classes are reported (LA: low alkalinity; MA: medium alkalinity; HA: high alkalinity

Introduction

When the Cross-GIG phytobenthos exercise was carried out, France did not have yet any method based on benthic diatoms and dedicated to the evaluation of lake ecological status. France then participated in this exercise with the Biological Diatom Index (BDI, [START_REF] Coste | Improvements of the Biological Diatom Index (BDI): Description and efficiency of the new version (BDI-2006)[END_REF], routinely used to assess river ecological status. Although previous results tended to advocate for a good correlation between BDI and the pressure gradient at least in shallow lakes [START_REF] Cellamare | Ecological assessment of French Atlantic lakes based on phytoplankton, phytobenthos and macrophytes[END_REF], the intercalibration exercise revealed a poor correlation between BDI values and total phosphorous at the national scale [START_REF] Kelly | Water Framework Directive Intercalibration Technical Report: Lake Phytobenthos ecological assessment methods Publications Office of teh European Union[END_REF]. Explanations may be found in the fact that many lake taxa were absent from the list of key species used to calculate the BDI, resulting in a globally poor relevance of the final lake status assessment. A new method was thus developed specifically for lakes, namely IBDL (Tison-Rosebery et al., submitted), and related ecological status boundaries were set. This report aims to fit those boundaries to the harmonised definition of good ecological status established in the completed intercalibration exercise, following the "Procedure to fit new or updated classification methods to the results of a completed intercalibration exercise" [START_REF] Birk | Water Framework Directive Intercalibration Manual: Procedure to fit new or updated classification methods to the results of a completed intercalibration[END_REF]  IBDL : index settlement and properties

The IBDL assesses lake ecological status based on the composition of the benthic diatom communities and is calibrated against different environmental gradients: biological oxygen demand, Kjeldahl nitrogen, total phosphorous and suspended particles. Dataset used

The dataset gathers samplings performed on 93 French lakes during the summer period, each year from 2015 to 2020, and according to Morin et al. (2010). Lakes were classified into three metatypes based on alcalinity, according to the European intercalibration exercice previously performed [START_REF] Kelly | Water Framework Directive Intercalibration Technical Report: Lake Phytobenthos ecological assessment methods Publications Office of teh European Union[END_REF]: low alcalinity (LA, alcalinity < 0.2 meq.l -1 ), medium alcalinity (MA, 0.2 meq.l -1 < alcalinity < 1 meq.l -1 ), high alcalinity (alcalinity > 1 meq.l -1 ).

 Computation details

All analyses were performed with R 3.6.1 software [START_REF] Core | R: A language and environment for statistical computing[END_REF].

Considering that the final dataset revealed a particularly discontinuous trophic gradient, we opted for the so-called method "Threshold Indicator Taxa ANalysis" (TITAN, [START_REF] Baker | TITAN2: Threshold Indicator Taxa Analysis[END_REF] which, based on bootstraps and permutations, makes it possible to determine a list of "alert taxa". Alert taxa presence and/or increasing abundance reveal the existence of anthropogenic pressures. A three-step procedure was necessary to build our Biological Diatom Index for Lakes (IBDL): identification of alert taxa, settlement of relevant metrics and aggregation of these metrics to obtain the final index score.

2-1 Identification of alert taxa

For further analysis, we only considered taxa with occurrence equal to or greater than 3 (the socalled "index taxa").

TITAN combines change-point analysis (nCPA; [START_REF] King | Integrating bioassessment and ecological risk assessment: an approach to developing numerical water-quality criteria[END_REF] and indicator species analysis (IndVal, Dufrêne & Legendre 1997). Basically, change-point analysis compares withingroup vs between-group dissimilarity to detect shifts in community structure along the environmental variable considered [START_REF] Baker | TITAN2: Threshold Indicator Taxa Analysis[END_REF]. Indicator species analysis then identifies the strength of association between any particular taxon and this sample grouping. At the end of the process, two IndVal scores are calculated for a single taxon in a two-group classification. The algorithm finally classifies taxa into three different categories: Z + taxa showing a significant increase in abundance along the increasing environmental gradient, Z -taxa showing a significant decrease along this gradient, and indifferent taxa showing no significant trend. Z + taxa and Z -taxa show affinities with respectively the high and the low concentrations of the environmental variable under consideration. Alert taxa were defined as Z + or Z -taxa which shift thresholds were greater or lesser than the community shift threshold (see the list of Alert taxa in Annex 1).

2-2 Building metrics and selecting the relevant ones

For each environmental variable, a metric is calculated at the OU scale according to (1):

(1)

Where "Alert_taxa" is the number of alert taxa in the sample and "Index_taxa" the number of index taxa.

The metric value is bounded between 0 and 1. The lowest value (0) corresponds to a species list entirely composed of alert taxa (determined for the environmental variable considered).

In order to build our index, we further selected the most relevant metrics, i.e. those with the best relationship towards the environmental parameter considered. We used the Pearson's correlation coefficient to measure this statistical association, and only kept metrics showing a Pearson's coefficient >|0.6|: four metrics based on NKJ, BOD5, Pt and SP were finally considered to build the IBDL. We obtained the response patterns of the different metrics via the transformation of raw values into normalized deviations (Standardized Effect Size -SES-, [START_REF] Gotelli | Species co-occurrence: a meta-analysis of J.M. Dia-mond's assembly rules model[END_REF]McCabe, 2002, Mondy et al., 2012) (2). SES values allowed obtaining a single response pattern for a metric whatever the lake metatype and the substrate type considered.

(2) Where: MetricM is the observed value of the metric, Mgroup and sdgroup respectively the mean and the standard deviation of the metric value for a given group of samples (i.e substrate type x lake alkalinity metatype) (values of Mgroup and sdgroup are reported in S1)

The next step consisted in the normalization of SES values (SESnorM) to make their range of variation comparable between metrics (3):

(3) Where: SESM is the observed value of SES for a given metric, Min is its minimum value and Max its maximum value in the whole dataset.

We further transformed metric values from normalized SES into EQR (4). The Ecological Quality Ratio (EQR) is the ratio between the observed value of a metric (SESnorM) and its expected value under reference conditions, for any lake metype and any substrate (SESnorMref).

(4)

We finally performed a Wilcoxon test to detect the potential influence of the substrate type on the EQR values obtained at the OU scale, for each metric. Metric values (in EQR) calculated from taxa lists sampled on mineral substrates or on macrophytes for a single OU did not significantly differ (p-value= 0.479, n=237).

2-3 Aggregating metric values to obtain the final IBDL score

The final index score was obtained at the OU scale by averaging the different metric values selected, expressed in EQR. If a score was calculated for both mineral and macrophyte substrates, the minimum value between those two scores was considered as the final score. Each OU belongs to one of the 4 riparian zone types as required in the XP T90-328 standard. These types are defined from the description of the vegetation structure and/or anthropogenic alterations of the lakeshore. The percentage of each riparian zone type is estimated in situ, during the sampling surveys, on the whole lake perimeter. The final index score for the whole lake was derived from a weighted average of the ScoreOU (5), taking into account the percentage of the lake perimeter each OU represents in terms of riparian zone type (Pctype).

(5) Finally IBDL scores vary between 0 (worst water quality) and 1. IBDL relationships with the different environmental variables considered were a posteriori tested with simple linear regressions.

2-4 Boundary setting

The list of reference lakes was established from the Circular DE/MAGE/BEMA 04/N 18 n° 2004-08 DCE relating to the constitution and the implementation of the network of reference sites for French freshwaters (rivers and lakes) in application of the WFD. The H/G boundary was set by the 75th percentile of the reference scores. The lower boundaries were obtained by equal divisions of the rest of the distribution (scores between the H/G boundary and 0). The different ecological status thresholds obtained are reported below (in EQR_IBDL, for all lake metatypes):

Reference High/Good Good/Moderate Moderate/Poor Poor/Bad 1 0,8 0,6 0,4 0,2

 IBDL: fitting the national classification to the harmonised definition of the good ecological status

For this intercalibration exercice, a reduced dataset was used with 58 sampling surveys spread over 37 lakes. Both the common metric (Rott's TI) and the IBDL were calculated for this dataset.

Framework Directive compliance checking

The table below (Table 2) lists the criteria from the IC guidance and compliance checking conclusions.

Compliance criteria Conclusions

Q1 -Does the national assessment method meet the requirements of the Water Framework Directive? Yes Q2 -Is the method newly developed and has thus not yet been intercalibrated?

Yes

Q3 -Has the respective BQE already been intercalibrated successfully within the relevant GIG for the relevant common IC type?

Yes Q4 -Is the national method applicable to the same common IC types and pressures addressed in the completed IC exercise, and its assessment concept similar to the concept of the methods intercalibrated in the completed exercice? Yes Q5 -Is the national data basis available and of sufficient quantity and quality? Yes Q6 -Which IC Option was used in the completed exercice? Option 2 -Indirect comparison (use of common metrics) Q7 -Is the method sufficiently correlated with the common metric or the BRINC ? Yes Q8 -Wich benchmark standardisation was applied in the completed IC exercise?

Case A2: IC Option 1 or 2 using continuous benchmarking 

IC feasibility checking

 Typology

French lakes were classified into three metatypes, based on alkalinity, and according to the European intercalibration exercice previously performed [START_REF] Kelly | Water Framework Directive Intercalibration Technical Report: Lake Phytobenthos ecological assessment methods Publications Office of teh European Union[END_REF]: low alkalinity (LA) (<0.2 meq.L -1 ), moderate alkalinity (MA) (<1 meq.L -1 ) or high alkalinity (HA) (≥1 meq.L -1 ).

 Pressure addressed

In the common intercalibration exercice, all national methods were calibrated to address a single pressure: eutrophication (total phosphorus concentration). IBDL is also calibrated against this pressure. Low alkalinity lakes were not intercalibrated in the common exercice and therefore will not be considered here.

 Relationship between IBDL (EQR) and the trophic pressure

For the intercalibration exercice, IBDL scores were obtained for 58 samples spread over 37 lakes.

Figure 2 reports the relationship between these IBDL values (in EQR) and total phosphorus concentrations.

Figure 2. Relationship between total phosphorus concentrations and IBDL (in EQR).

The relationship between IBDL and total phosphorus concentrations is significant for both lake metatypes. For medium alkalinity lakes (12 IBDL values spread over 10 lakes), we obtain an R 2 value of 0.81 and a p-value of 0. For high alkalinity lakes (46 IBDL values spread over 27 lakes), we obtain an R 2 value of 0.64 and a p-value lower than 0.001.

 Assessment concept

All assessment methods included in the common intercalibration exercice focus on the littoral zone of the lakes, including samples from stones or macrophytes, and are based on species proportions in a fixed count. IBDL follows the same assessment concept.

Intercalibration exercise for medium alkalinity lakes

Following the procedure to fit new or updated classification methods to the results of a completed intercalibration exercise, the common metric (CM obs ) is expressed in EQR and is derived from Rott's Trophic Index (TI) using the following formula for medium alkalinity lakes:

CMobs = (4-TI) / (4-1.38)
The CMobs results obtained are listed in Table 3.

The next step described in the intercalibration procedure consists in the calcultation of CM benchmarked scores. Predicted values of the CM (CMpred) are first obtained using the relationship between the common metric and the total phosphorus gradient (TP, μg.L -1 ), according to the following formula fixed during the original intercalibration exercise [START_REF] Kelly | Water Framework Directive Intercalibration Technical Report: Lake Phytobenthos ecological assessment methods Publications Office of teh European Union[END_REF]:

CMpred = -0.243 * log10(TP) + 1.235
The CMpred values are listed in Table 3. In order to remove any bias in CMpred, we need to calculate the average residuals of the linear regression between CMpred (y) and CMobs (x). This allows us to calculate the final metric used in this intercalibration exercise (CMbm), according to the following formula.

CMbm = CMobs + residual

The mean residual between CMpred and CMobs is 0.084. The CMbm values are listed in Table 3. We can now draw the relationship between the common metric CMbm (y) and the IBDL (x), expressed in EQR, using a linear regression (OLS regression, Figure 3). Deviations between our boundaries expressed in CMbm and the common views are expressed as a proportion of the class width considered. For the H/G boundary, for example, this can be calculated with the following formula. with a the slope of the relationship between the common metric CMbm (y) and the IBDL expressed in EQR (x) and b the intercept of the same regression (Figure 2). Results are reported in Table 5.

Lake

Boundary Deviation H/G 0.14 G/M 0.50

Table 5. Deviation between boundaries on the common metric scale and the common view (medium alkalinity lakes).

The H/G boudary falls above the common view with about 14% of one class width and the G/M boundary also falls above the common view with about 50% of one class width. If this value is ≤ 25%, the boundary meets the comparability criteria. If this value is > 25% and ≤ 50%, the boundary can be lowered until the deviation between the national boundary and the common exercise boundary is ≤ 25%, but there is not compulsory to perform this adjustment.

Here, we consider that this is not necessary to lower our G/M boundary and that our results correspond to what is expected. This choice is justified by the discrepency between the total phosphorus gradients in the common exercise and in the French data set. Indeed, in the common exercice dataset, total phosphorus concentrations ranges between 3 and 1000 μg.L -1 , while in the French dataset total phosphorus concentrations ranges between 2.5 and 170 μg.L -1 .

IC of the high alkalinity lakes

The procedure for high alkalinity lakes is the same as for medium alkalinity lakes except for a few changes in the equations. The common metric (CMobs) is expressed in EQR and is derived from Rott's Trophic Index (TI) using the following formula for high alkalinity lakes:

CMobs = (4-TI) / (4-1.88)
The CMobs results obtained are listed in Table 6.

Predicted values of the CM (CMpred) are first obtained using the relationship between the common metric and the total phosphorus gradient (TP, μg.L -1 ), according to the following formula fixed during the original intercalibration exercise [START_REF] Kelly | Water Framework Directive Intercalibration Technical Report: Lake Phytobenthos ecological assessment methods Publications Office of teh European Union[END_REF]:

CMpred = -0.382 * log10(TP) + 1.431
The CMpred results obtained are also listed in Table 6. In order to remove any bias in CMpred, we need to calculate the average residuals of the linear regression between CMpred (y) and CMobs (x). This allows us to calculate the final metric used in this intercalibration exercise (CMbm), according to the following formula.

CMbm = CMobs + residual

The mean residual between CMpred and CMobs is 0. We can now draw the relationship between the common metric CMbm (y) and the IBDL (x), expressed in EQR, using a linear regression (OLS regression, Figure 4). Based on this linear regression IBDL scores can be turned into CMbm scores. Thus our national class boundaries (H/G, G/M, M/P & P/B) were converted to CMbm scores. Those predicted values of our national boundaries on the CMbm scale, together with the boundaries common view (Kelly et al., 2004) are reported in Table 7. The H/G boudary falls above the common view with about 47% of one class width and the G/M boudary also falls above the common view with about 17% of one class width. These results correspond to what is expected. If this value is ≤ 25%, the boundary meets the comparability criteria. If this value is > 25% and ≤ 50%, the boundary can be lowered until the deviation between the national boundary and the common exercise boundary is ≤ 25%, but there is not compulsory to perform this adjustment.

Here, we consider that this is not necessary to lower our H/G boundary and that our results correspond to what is expected. This choice is justified by the discrepency between the total phosphorus gradients in the common exercise and in the French data set. Indeed, in the common exercice dataset, total phosphorus concentrations ranges between 3 and 1000 μg.L -1 , while in the French dataset total phosphorus concentrations ranges between 2.5 and 170 μg.L -1 . 
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 3 Figure 3. Relationship between the national EQR and the common metric benchmarked (medium alkalinity lakes).
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 4 Figure 4. Relationship between the national EQR and the common metric benchmarked (high alkalinity).

  

  

Table 2 .

 2 Compliance checking of phytobenthos methods.

Table 3 .

 3 CMobs, CMpred, CMbm and IBDL scores for medium alkalinity lakes.

		Total	Root's TI	CMobs	CMpred	CMbm	IBDL
		phosphorus					
	LEO40	60	2.41	0.61	0.8	0.69	0.59
	ECH33	5	1.56	0.93	1.07	1.01	0.88
	PAR40	10	1.62	0.91	0.99	0.99	0.82
	CAZ40	15	1.51	0.95	0.95	1.03	0.91
	CAZ40	15	1.49	0.96	0.95	1.04	0.93
	ORX40	510	3.43	0.22	0.58	0.3	0.17
	BLA40	15	1.75	0.86	0.95	0.94	0.79
	BOU33	5	1.52	0.95	1.07	1.03	0.94
	LEO40	80	2.56	0.55	0.77	0.63	0.69
	AUR40	40	1.8	0.84	0.85	0.92	0.82
	LAC33	5	1.92	0.79	1.07	0.88	0.9
	BIS40	10	2.33	0.64	0.99	0.72	0.83

Table 4 .

 4 

	Boundary	Projection of the national EQRs	Common view EQRs
		on the CMbm scale	
	H/G	0.877	0.849
	G/M	0.685	0.588
	M/P	0.492	0.309
	P/B	0.300	0.025

Table 4 .

 4 Predicted projections of the national boundaries on the CMbm scale and common view for medium alkalinity lakes.

  117. The CMbm values are listed in table 6.

	BAR01	2.5	0.95	1.44	1.28	1.56	1
	BAR01	2.5	1.45	1.2	1.28	1.32	0.97
	AIG73	2.5	1.8	1.04	1.28	1.15	0.97
	MON74	8	1.62	1.12	1.09	1.24	0.95
	ANT74	2.5	1.17	1.34	1.28	1.45	1
	GEB69	16	1.69	1.09	0.97	1.21	0.88
	BOU73	13	1.58	1.14	1.01	1.26	0.94
	UBY32	25	2.44	0.74	0.9	0.85	0.63
	UBY32	25	2.5	0.71	0.9	0.82	0.58
	ETI39	5	1.1	1.37	1.16	1.49	1
	LPC38	5	1.99	0.95	1.16	1.07	0.92
	ALL04	2.5	1.29	1.28	1.28	1.39	0.99
	CHA39	5	1.58	1.14	1.16	1.26	0.97
	ENT25	14	1.6	1.13	0.99	1.25	0.97
	NAN01	5	1.82	1.03	1.16	1.15	0.91
	ANN74	3.5	1.8	1.04	1.22	1.15	0.88
	ANT74	2.5	1.31	1.27	1.28	1.39	0.94
	ENT13	170	2.92	0.51	0.58	0.63	0.3
	YRI40	10	2.26	0.82	1.05	0.94	0.87
	AUL13	78	2.76	0.59	0.71	0.7	0.44
	RGL69	16	2.56	0.68	0.97	0.8	0.67
	ANS69	3	2.27	0.82	1.25	0.93	0.78
	LPC38	5	1.62	1.12	1.16	1.24	0.98
	PAL38	8	2.09	0.9	1.09	1.02	0.94
	ENT13	170	2.9	0.52	0.58	0.64	0.41
	LRO39	13	1.62	1.12	1.01	1.24	0.93
	Lake ETI39 LGM39	Total phosphorus 2.5 2.5	Root's TI 1.29 0.99	CMobs 1.28 1.42	CMpred 1.28 1.28	CMbm 1.4 1.54	0.99 IBDL 0.99
	LRO39 ENT25	12 14	1.81 1.89	1.03 1	1.02 0.99	1.15 1.11	0.88 1
	ENT25 SYL01	22 11	1.52 1.7	1.17 1.09	0.92 1.03	1.29 1.2	0.94 0.97
	PAL38 ENT25	14 14	1.34 1.73	1.25 1.07	0.99 0.99	1.37 1.19	0.98 0.98
	REM25 ANT74	2.5 2.5	0.99 1.07	1.42 1.38	1.28 1.28	1.54 1.5	1 0.98
	SPO25 BAR01	3 2.5	1.47 1.28	1.19 1.28	1.25 1.28	1.31 1.4	0.95 1
	LAF38 ALL04	13 2.5	1.71 1.27	1.08 1.29	1.01 1.28	1.2 1.4	1 0.97
	PET38 AUL13	8 78	1.59 2.51	1.14 0.7	1.09 0.71	1.25 0.82	0.99 0.61
	RGL69 UBY32	16 25	2.38 2.44	0.77 0.74	0.97 0.9	0.88 0.85	0.68 0.62
	RGL69 MON74	16 2.5	2.4 1.54	0.75 1.16	0.97 1.28	0.87 1.28	0.7 0.93

Table

6

. Lake by lake results of the intercalibration procedure (high alkalinity).

Table 7 .

 7 Predicted projections of the national boundaries on the CMbm scale and common view for high alkalinity lakes.

	Boundary	Projection of the national EQRs	Common view EQRs
		on the CMbm scale	
	H/G	1.081	0.965
	G/M	0.833	0.790
	M/P	0.584	0.604
	P/B	0.336	0.416
	Deviations between our boundaries expressed in CMbm and the common views are expressed as a
	proportion of the class width considered.	
	Results are reported in Table 8.		
	Boundary		Deviation
	H/G		0.47
	G/M		0.17

Table 8 .

 8 Amount

of the deviation between boundaries on the common metric scale and the global view (high alkalinity lakes).