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1. INTRODUCTION

The Mediterranean GIG successfully completed the second intercalibration (IC) round for Phytobenthos
for rivers in 2012. Results of the first round were included in the first Commission Decision on
intercalibration (COM DEC 2008/915/EC). In the second round the Mediterranean GIG repeated the
whole exercise in order to be fully compliant with the requirements of the new guidance. Greece did not
participate in any rounds of the intercalibration exercise with data for Phytobenthos.

The scope of this report is to declare that the Greek assessment method of ecological status of rivers of
the IC types (RM1, RM2, RM4) according to benthic diatoms is compliant with the WFD normative
definitions and its class boundaries are in accordance with the results of the completed intercalibration
exercise.

In particular, the classification method was verified for WFD compliance and IC feasibility and the class
boundaries were compared with agreed boundaries from the MED-GIG intercalibration exercise
following the instructions of the CIS Guidance Document ne 30: "Procedure to fit new or updated
classification methods to the results of a completed intercalibration exercise".

This is an updated report following the July 2016 report: “Defining new classification boundaries for the
ecological status assessment of rivers in Greece, using the biological quality element “phytobenthos”
with the results of the completed intercalibration of the MED-GIG (RM1, RM2, RM4, RM5)”. The need for
the update derived from the change of the number of reference sites and adjustments on river typology,
following suggestions during the review process of the BQE Macroinvertebrates.

2. DESCRIPTION OF NATIONAL ASSESSMENT METHODS

The national method for ecological status assessment of rivers considers benthic diatoms as proxies for
phytobenthos. It is compliant with normative definitions of WFD used by other MS and takes into
account both taxonomic composition and species’ relative abundance of benthic diatom assemblages.
Sampling, sample treatment, diatom identification and data processing are based on the European
standards EN 13946: 2014 and EN 14407: 2014 (European Committee for Standardization, 2014a, b).
Ecological status is evaluated using the diatom metric IPS (Specific Pollution Sensitivity Index -Coste in
Cemagref 1982).

2.1. SAMPLING AND DATA PROCESSING

Sampling: Benthic diatoms are scrubbed from hard substrata in the main water current of the river, in
the well exposed euphothic zone. Sampling is performed twice a year, during the high flow (spring) and
low flow (summer, autumn).

Sample treatment: Diatom samples in the laboratory are treated using the hot hydrogen peroxide
method to remove all the organic material. Permanent slides are prepared by mounting clean diatom
suspension with Naphraxon microscopic slides.

Diatom identification: Around 400 valves are counted and identified to the lowest taxonomic level
possible in each sample, using light microscope with Differential Interference Contrast at 1000 x
magnification.

Data processing: Taxa lists with corresponding relative abundances are entered in the Omnidia
software (Lecointe et al. 1993) and the IPS index is calculated.



2.2. NATIONAL REFERENCE CONDITIONS

Reference samples came from High (spring) and low flow (summer, autumn) according to MEDGIG
2012.Selection of reference sites was based on both MEDGIG 2012 and the following criteria:

1) Hydromorphological criteria

a) Degree of habitat AMENDING (Habitat Modification Score, HMS) <2 (Raven et al. 1998)
b) Land use coverage at catchment area (MEDGIG 2012, Feio etal. 2014) according to Corine Land Cover
2012:

-Forests and semi-natural areas=68%

-Intensive agriculture <11%

-Extensive agriculture%s 32

- Artificial surfaces< 1

c) Land use coverage at catchment area (Environment Agency 2005):

-Agriculture areas <20%

-Urban areas<20%

d) Land use coverage rate along the river (Environment Agency 2005):

-Agriculture areas <20%

-Urban areas <20%

1) Physico-chemical criteria

The selection of reference sites based on the physico-chemical criteria led to the creation of five
databases which were tested in order to choose the appropriate typological system for Greece.
DATABASE A: Physico-chemical criteria recommended by Bonada et al. 2002:

- NH4<0.5 mg/], equivalent to N-NH4 <0.3889 mg/1

- N-NO2<0.01 mg/1

- P-P04<0.05 mg/1

DATABASE B: Physico-chemical criteria recommended by Munné et al. 2006:

Maximum value NH4<1 mg/l], equivalent to N-NH4<0.7778 mg/1

Maximum value NO3<20 mg/], equivalent to N-NO3<4.5162 mg/]

Maximum value PO4<1 mg/], equivalent to P-P04<0.326 mg/1

DATABASE C: Physico-chemical criteria recommended by MEDGIG 2012 and Feio et al. 2014:
DO 6.39-13.70 mg/1

02 73.72-127.92 %

N-NH4+* <0.09 mg/1

N-NO3 <1.15 mg/1

P-P043 <0.06 mg/1

DATABASE D: Physico-chemical criteria recommended by Skoulikidis et al. 2006:
N-NH4<0.024 mg/1

N-N02<0.003 mg/1

N-N03<0.220 mg/1

P-P04<0.030 mg/1

In DATABASE D, the DO criteria was also taken into account (DO 6.39-13.70 mg/1) as specified in the
MED GIG 2012.

DATABASE E: only the criteria proposed by Feio et al. 2014 were taken into consideration.

I1T) Biological quality

The biological quality under the Hellenic Evaluation System (Artemiadou & Lazaridou 2005) was also
taken into consideration in the selection of reference sites; the value of SemiHes had to be greater than
4.0, so as the sites to have at least good ecological quality (see also report on BQE: Benthic
macroinvertebrates).

From all above physico-chemical databases, the last one (database D) was found to be more appropriate
for Greece. However, the number of reference sites was less (Table 1) since the criteria were stricter.



Table 1. Number of reference samples in the tested typological systems (see Section 4.1).

Typological system Database C Database D Database E
RM 73 54 147
RBMP 63 51 95
System A 63 50 145
System B’ 73 54 147

The above reference samples constitute the total of reference samples of the national dataset. However,
diatoms were not collected for all the above reference samples. For river types RM1 and RM2, the
minimum number of reference samples and sites was screened. For river type RM4 no diatoms were
collected from the reference sites; thus benchmark sites were used instead. For river type RM5, neither
reference nor benchmark sites were enough; therefore, this river type was not intercalibrated in the
present updated report. The number of samples and sites spreading in different types are shown in
Table 2.

Table 2. The total of 21 samples with diatom data spreading through the different river types and sites.

River type Type of site Number of samples | Number of sites
RM1 Reference 6 4
RM2 Reference 7 5
RM4 Benchmark 8 3

2.3. NATIONAL BOUNDARY SETTING

EQR for the IPS index is calculated as follows:
EQR_IPS= observed IPS value / reference IPS value

The national boundary has been set for each IC river type using the EQR_IPS reference samples value.
The value of 25th percentile of the reference values (i.e. the peak value of the lower quartile) is the
boundary between the high and good (H/G) water quality. The range between zero value and high-good
quality limit (i.e. higher value of the lower quartile - 0) is divided into four equal parts (quarters). The
lower value of the first quarter (from the top) is the boundary between good and moderate quality
(G/M) (Table 3).

Translated to equations:

Good/Moderate boundary=0.75 x High/Good boundary
Moderate/Poor boundary=0.50 x High/Good boundary
Poor/Bad boundary=0.25 x High/Good boundary

Table 3. Summary of the class boundaries for the EQR_IPS values in the IC river types.
R-M1 R-M2 R-M4
16.00 16.30 16.85

Reference IPS values

0.478
0.239

Moderate/Poor Boundary

0.477
0.238

0.466
0.233

Poor/Bad Boundary

2.4. PRESSURES ADDRESSED

Pearson correlation coefficient showed statistically significant relationships (p<0.05) between IPS and
a number of different pressures, thus rendering the GR assessment method comparable to the methods
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which have already been successfully intercalibrated. Linear regressions of significant pressures and
their coefficient are presented in table 4, whereas the pressures that present the strongest relationships
with the national metric are presented in figures 1-3. As expected, diatom assemblages respond to
nutrient pollution, especially phosphorus loadings, and to land use parameters such as agriculture and
urbanization. Different river types can present different responses to pressures.

Table 4. Linear regressions with significant relationships between the IPS and pressures. Significant levels: *<0.05,
**<0.01, ***<0.001

Linear regression R r
IPS = 11.2849 + 0.048395*[Near natural] 0.105 0.324 *
IPS =15.9156-0.00551047*[Agriculture] 0.112 -0.335 ok
IPS =9.35611+ 0.0552804*[DO] 0.109 0.331 ok
i
E IPS = 14.9688- 0.530581*[NH4] 0.122 -0.349  **
IPS = 14.846- 2.0371*[NO2] 0.068 -0.260 ¥
IPS =15.3259- 0.555691*[NO3] 0.106 -0.325 ok
IPS = 15.9403- 16.7617*[P04] 0.379 -0.616  ***
IPS =11.8374+ 0.0425791*[Near natural] 0.086 0.293  wkx
IPS = 15.9443- 0.0434873*[Agriculture] 0.089 -0.299  *x
IPS = 14.9154- 0.296669*[Artificial] 0.034 -0.184  *
E IPS =10.2835+0.0431358*[DO] 0.121 0.347 ¥
3 IPS = 14.6729- 0.444336*[NH4] 0.041 -0.201 *
IPS =14.7119- 3.73019*[NO2] 0.038 -0.193 *
IPS = 14.8737- 0.336468*[N0O3] 0.029 -0.171 *
IPS = 14.8926- 3.83475*[P04] 0.302 -0.549 ¥
IPS =11.1123+ 0.0594743*[Near natural] 0.220 0.469  **¢*
IPS =16.7048- 0.0568336*[Agriculture] 0.193 -0.439  *x
IPS = 15.8344- 0.575442*[Artificial] 0.188 -0.434  **x
<
E IPS =15.7218- 1.18012*[Urban] 0.129 -0.359 e
IPS = 15.4487-7.93077*[N0O2] 0.081 -0.284  **
IPS = 15.6206- 0.358943*[NO3] 0.088 -0.297  **
IPS = 15.5227- 14.2157*[P04] 0.116 -0.341 ok
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Figure 1. Pressure-Response relationship between the most important pressures (here only PO4) against the
IPS in R-M1 river type.
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Figure 2. Pressure-Response relationship between the most important pressures against the IPS in R-M2 river
types.
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Figure 3. Pressure-Response relationship between the most important pressures against the IPS in R-M4 river
types.

3. WFD COMPLIANCE CHECKING

According to Guidance document No 14 (2011), only assessment methods meeting the requirements of
the WFED can be intercalibrated. An important step in the intercalibration procedure is the evaluation of
the national methods considering various WFD compliance criteria. The WFD compliance criteria are
specified in the reporting template for milestone reports [Annex VI of Guidance document No 14
(2011)]. The compliance check showed that the Greek method fulfils the requirements of the WFD
(Table 5).

Table 5. List of the WFD compliance criteria and the WFD compliance checking process and results

Compliance criteria Compliance checking

Ecological status is classified by one of five classes (high,
good, moderate, poor and bad).

High, good and moderate ecological status are set in line
with the WFD’s normative definitions (Boundary setting Yes
procedure)

All relevant parameters indicative of the biological

quality element are covered (see Table 1 in the IC

Guidance). A combination rule to combine parameter Yes; both taxonomic composition and
assessment into BQE assessment has to be defined. If species relative abundance are taken into
parameters are missing, Member States need to consideration

demonstrate that the method is sufficiently indicative of

the status of the QE as a whole

Assessment is adapted to intercalibration common

types that are defined in line with the typological

requirements of the Annex Il WFD and approved by WG Yes
ECOSTAT

Yes

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; 2 occasions per year: Spring (high
flow) and Summer/Autumn (low flow)

All data relevant for assessing the biological
parameters specified in the WFD’s normative Yes
definitions are covered by the sampling procedure

Selected taxonomic level achieves adequate confidence

L e Yes; identification in species level or lower
and precision in classification

4. IC FEASIBILITY CHECKING

The methods in the final MED-GIG Intercalibration exercise follow similar assessment concepts based
on diatom metrics calculated from species relative abundance data of epilithic assemblages. The method
presented here is fully in line with the assessment concepts of the completed IC using the fit-in
procedure and is thus considered feasible in terms of assessment concepts.
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4.1. TYPOLOGY

The RM typological systemwas foundto be the most appropriate for describing Greek rivers in previous
intercalibration methods using benthicmacroinvertebrates (see also report on BQE Benthic
Macroinvertebrates).

Five typesare included in the MED-GIG, all of which are applicablefor Greece (Table6). Among them,
RM3 type cannot be intercalibrated due to the lack of comparability between MS methods because of
insufficient number of reference sites. Furthermore, reference sites for large river types are open to
criticism and therefore they are not included in the MED-GIG intercalibration exercise. Moreover, RM5
type could not be intercalibrated for the BQE phytobenthos due to the lack of a sufficient number of
reference and benchmark sites.

Table 6. IC types in the MED GIG.

Common | River characterization Catchment | Geology Flow regime
IC Type (km?)

RM1 Small Mediterranean streams <100 Mixed (except silicious) Highly seasonal
RM2 Medium Mediterranean streams 100-1000 Mixed (except silicious) Highly seasonal
RM3 Large Mediterranean streams 1000-10000 | Mixed (except siliceous) | Highly seasonal
RM4 Mediterranean mountain streams Non-silicious Highly seasonal
RM5 Temporary streams Temporary

4.2. PRESSURES ADDRESSED

Diatom assemblagesas summarizedby the national metric (IPS) respond to nutrient pollution, especially
phosphates, as well as land use related to agriculture and artificial use. These pressures were also found
to be significant correlated with the common metric of the other MS during the intercalibration exercise.

4.3. ASSESSMENT CONCEPT

The IPS (SpecificPollutionsensitivitylndex - CosteinCemagref, 1982) takes into consideration the
tolerance of the species present in the assemblage and their relative abundances, assessing each species
with a specific weight. IPS responds effectively to many pressures (see above Section "2.4 Pressures
addressed"). The IPS index is used in water quality assessment by most of the Med GIG MS, such as Spain,
Portugal, Cyprus and Bulgaria.

4.4. CONCLUSION ON THE INTERCALIBRATION FEASIBILITY

The RM typology was chosen.The IPS (Specific Pollution sensitivity Index - Costein Cemagref, 1982)
takes into consideration the tolerance of the species present in the assemblage and their relative
abundances. IPS addresses various pressures (see above Section "2.4 Pressures addressed"). It is
concluded that the fitting of IPS to the results of the MED-GIG river intercalibration results was feasible.

5. DEMONSTRATING THE COMPLIANCE WITH THE COMPLETED
INTERCALIBRATION EXERCISE

According to the flow diagram in the CIS Guidance No. 30 (Wiblly et al. 2014) to select the appropriate
fitting procedure, option B (case A1) was applied for the assessment method using benthic diatoms as
biological element in the MED GIG river types RM1, RM2, RM4.
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The requirements for case A1l are:

Full details of the common metric

A suitable site x biology dataset covering a range of environmental quality from which the
national EQR and common metric can be calculated

Accompanying pressure data in the same format as that used in the completed exercise.
Information on the specific thresholds already used in the completed exercise to define
reference or alternative benchmark sites

Details of exactly how benchmarking was undertaken in the complete exercise. If the completed
exercise concluded that benchmarking was not necessary the mean value of the benchmark sites
from each country must be provided so that the joining Member State can also judge the need to
benchmark its own method.

Values of the global mean view of the HG and GM boundaries on the common metric scale for
Member States who participated in the completed exercise.

The process of fitting the GR method to the completed IC exercise:

According to the Wiblly et al. 2014, the following steps should be followed:

I

IL.

iil.

iv.

Calculate the common metric (CM) on the national dataset.

The ICM applied in the MED-GIG is composed of two diatom metrics (according to Kelly et al.
2009):
- IPS (Coste in CEMAGREF, 1982): this metric measures ‘general water quality’, with high
pressure levels rendering low values and thus low EQRs:

EQRL_IPS = Observed value / reference value

- TI (Rott et al. 1999): a trophic index, with higher eutrophication levels rendering high values
and thus needs to be adjusted so that high values represent high EQRs:
EQR_TI = (4-observed value) / (4-reference value)

ICM=(EQR-IPS + EQR-TI)/2

Use the associated pressure data to identify sites in the national dataset that meet the criteria
established by the GIG for the selection of benchmark or reference sites.

Reference and benchmark sites have been identified based on environmental pressures above
(see Section "2.2 National reference conditions")

Standardize the common metric (CM_bm) against the benchmark according to the approach used
in the completed exercise.

The common metric was calculated for the reference sites in the national dataset. For the IC river
types RM1, RM2, RM4 the mean was ICM _RM124=0.989. These values were inside the range of
the mean values of the MS who took part in the intercalibration exercise, therefore, no
standardization is required.

Use OLS regression to establish the relationship between CM_bm (y) and the EQR of the joining
method (x).

[PS and ICM were strongly correlated for each IC river type and for combined types RM1, RM2
and RM4 (Table 7, Figure 4).
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Table 7. OLS equations for the relationship between ICM and EQR_IPS. Significance level: ***<0.001

No of No
IC River type samoles of Linear regression R?
P sites
R-M1 92 41 ICM =1.1093 IPS - 0.1098 0.877 0.937  ***
R-M2 139 60 ICM = 1.1272 1PS -0.1993 0.860 0.927  ***
R-M4 89 38 ICM = 1.1687 IPS -0.2121 0.759 0.871  ***
R-M124 320 139 ICM = 1.0873 IPS -0.1562 0.848 0.921  **
R-M1 R-M2
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Figure 4.0LS regressions to establish the relationship between ICM and the EQR-IPS for each IC river type and

combined RM1+RM2+RM4 river types.

v.  Predict the position of the national class boundaries (MP, GM, HG and reference) on the CM bm

scale.

The prediction of the class boundaries on the CM scale was made using the OLS equations of

the relationship between the national and the common metric (Table 7).
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Table 8. Reference values and High/Good class boundary of the ICM values derived from the OLS regression
(Figure 4) for each IC river type and combined RM1+RM2+RM4 river types.

RM1 RM2 RM4 RM1,2,4
HIGH Max (maximum of national EQR) 1.334 1.180 1.141 1.190
H/G Boundary + 0,25H 1.042 0.951 0.943 0.966
H/G Boundary (for MS) 0.945 0.875 0.877 0.891
H/G Boundary - 0.25H 0.880 0.808 0.809 0.826
H/G MedGIG Global mean 0.896 0.896 0.896 0.896
G/M quarter (+) 0.097 0.076 0.066 0.075
G/M quarter (-) 0.065 0.067 0.068 0.066

Table 9. Good/Moderate class boundary of the ICM values derived from the OLS regression (Figure 4) for each IC
river type and combined RM1+RM2+RM4 river types.

RM1 RM2 RM4 RM1,2,4
Good/Moderate Max 0.945 0.875 0.877 0.891
G/M+0.25H 0.751 0.673 0.673 0.695
G/M Boundary (for MS) 0.686 0.606 0.605 0.629
G/M Boundary - 0.25H 0.621 0.539 0.537 0.564
M/P M in 0.421 0.338 0.332 0.367
G/M MedGIG Global mean 0.688 0.688 0.688 0.688
G/M quarter (+) 0.065 0.067 0.068 0.066
G/M quarter (-) 0.065 0.067 0.068 0.066

The comparison of H/G and G/M original boundaries values for the types RM1, RM2 & RM4with the
other MS of the MED-GIG is presented in figures 5-6. The explanation of the typological codes used is
given in Table 10.

Table 10 - Typological codes used in the boundary bias analysis.

Code MS Type Code MS Type
PT-Type 1 N1<100 SP1-Type 2 IBMWP R-M2
PT-Type 2 N2 SP1-Type 3 IBMWP R-M4
PT-Type 3 N3 SP1-Type 4 SP1 R-M5
PT-Type 4 N1=>100 SP2-Type 1 IMM R-M1
PT-Type 5 S1<100 SP2-Type 2 IMM R-M2
PT-Type 6 S3 SP2-Type 3 IMM R-M4
FR-Type 1 FR R-M1 SP2-Type 4 SP2 R-M5
IT-Type 1 IT R-M1 SI-Type 1 SL R-M1
IT-Type 2 IT R-M2 SI-Type 2 SL R-M2
IT-Type 3 IT R-M4 SI-Type 3 SI R-M5
IT-Type 4 IT R-M5 CY-Type 1 CY R-M4
SP1-Type 1 IBMWP R-M1 CY-Type 2 CY R-M5
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Figure 5.Comparison of H/G original boundaries for the types RM1, RM2& RM4 with the other MS.
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Figure 6. Comparison of G/M original boundaries for the types RM1, RM2& RM4 with the other MS.
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vi.  Apply the comparability criteria as summarized in Chapter 6.

The adjustment of the boundaries follows the fit according to the guidance of chapter 6 (Wiblly
et al. 2014).The main principle is that H/G or G/M statistic must not be >|0.25|. The G/M
boundary bias was <-0.25 in RM2 and RM4 river types (in red in table 11) and thus adjustment
in these boundaries was required by adding a value to the respective G/M boundaries until they
reached the appropriate limit (Table 12, Figure 7). The final boundaries adopted after the
harmonization are presented in Table 13.

Table 11. H/G and G/M statistic bias for each IC river type and combined RM1+RM2+RM4 river types. Red color
represents statistic bias >|0.25].

Boundary RM1 RM2 RM4 RM1,2,4
H/G 0.126 -0.069 -0.072 -0.017
G/M -0.008 -0.306 -0.304 -0.225

Table 12. Harmonized Good/Moderate class boundary for each IC river type and combined RM1+RM2+RM4 river
types.

RM1 RM2 RM4 RM1,2,4
Good/Moderate Max 0.945 0.875 0.877 0.891
G/M+0.25H 0.751 0.688 0.688 0.695
G/M Boundary (for MS) 0.686 0.626 0.625 0.629
G/M Boundary - 0.25H 0.515 0.470 0.469 0.472
M/P M in 0.421 0.338 0.332 0.367
G/M MedGIG Global mean 0.688 0.688 0.688 0.688
G/M quarter (+) 0.065 0.062 0.063 0.066
G/M quarter (-) 0.065 0.062 0.063 0.066
1.00 | RM1, RM2 & RM4 - harmonized boundaries (G/M)
SL-Type 1
SP2-Type 2
.800 |
PT-Type 2 e 3 sP1-Type 3 CY-Type 1
PT-Type 4
""""""""""" $iTpe1 LV  sporeer | ||
FR-Type 1 [T-Type 1
PT-Type 1
.600 PT-Type 3 *
SP2-Type 1 GR-RM2 GR-RM1
IT-Type 2 GR-RM4
SL-Type 2
=== MedGIG WA G/M Original
¢ G/M boundary (for each MS)
400 -

Figure 7. Comparison of G/M harmonized boundaries for the types RM1, RM2& RM4 with the other MS.

14



Table13. The final class boundaries adopted of the national metric (IPS) and the ICM.

R-M1 R-M2 R-M4 R-M1,2,4
Reference IPS values 16 16.3 16.85 16.3
Reference TI values 2.1 1.67 1.555 1.67
2 2 4 4
= | 5| =z | 3| =|38| = | &
o — o — (@4 — (@4 -
2 2 = m

6. ECOLOGICAL QUALITY STATUS BEFORE AND AFTER IC

Classification in ecological quality classes was based on the original boundaries proposed for the IPS
values. When reference sites in the national dataset were detected, the IPS values were translated to
EQR_IPS and the IC procedure described in the present report was followed.

The use of new boundaries resulted in changes in ecological quality status by 40% of the sites in the
national database. Specifics in the number of sites’ classification and changes per IC river type are
presented in Table 14.

Table 14. Number of sites changing ecological status after the IC exercise

No of sites No of sites No of sites No of sites changing class

Total no classified as classified as classified as after using the EQR_IPS
of sites Husing IPS  GusingIPS M using IPS
values values values GtoH Mto G
R-M1 92 23 48 12 31 8
R-M2 139 21 87 20 34 13
R-M4 89 13 65 10 30 5

This change can be attributed to the fact that most of the reference and benchmark sites presented good
quality status using benthic diatoms as the BQE. The number of reference sites with high biological
quality based on benthic diatoms was limited and consequently reference sites with good biological
quality based on diatoms were also used. This resulted in less strict boundaries, thus increasing the
ecological status of many sites. The MS intends to use the proposed boundaries of the IC temporarily,
and aims to improve them in the future with the new National Ecological Monitoring Program.

7. DESCRIPTION OF THE BIOLOGICAL ASSEMBLAGES

Similarity between the different ecological status classes based on species composition and abundance
was tested using the Bray-Curtis similarity index. All taxa abundances from a particular class (i.e. good
status) were averaged and log-transformed; thus all data were narrowed down to five “mega samples”.
Dissimilarity increased when moving from high ecological status to bad ecological status (Figure 8).
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Figure 8. Dendrogram describing similarity between sites of different ecological status based on their
diatom assemblages.

To further detect specific species contributions to each ecological status Similarity Percentages Analysis
(SIMPER, using Primer 6)was applied to all data in RM1+RM2+RM4 intercalibration types (no difference
was observed in species contributions between different IC river types) using log transformed data
(Table 15).0ne or two species are contributing the most in the observed similarity, while the rest
significantly contributing species presented a low contribution. Group similarities were relatively low,
indicating a high within ecological status level variability. Achnanthidium minutissimum was responsible
for the within group similarity for high, good, moderate and poor ecological status, whereas Nitzschia
palea and Nitzschia incospicua were responsible for the within group similarity for the bad ecological
status. The contribution of A. minutissimum has been also reported from other MS during the
intercalibration exercise.

Table 15. Species contribution to similarity within and dissimilarity between ecological status levels.The three
most contributing species are presented.

Group High Status

Average similarity: 29.64

Species Average Abundance Contribution % Cumulative contribution %
Achnanthidium minutissimum 4.21 24.54 24.54
Encyonema minutum 2.04 8.31 32.84

Cymbella excisa 1.49 5.46 38.30

Group Good Status
Average similarity:28.54

Species Average Abundance Contribution % Cumulative contribution %
Achnanthidium minutissimum 3.60 18.66 18.66
Encyonema minutum 2.09 7.78 26.44
Amphora pediculus 1.77 6.14 32.58

Group Moderate Status
Average similarity: 25.58

Species Average Abundance  Contribution %  Cumulative contribution %
Achnanthidium minutissimum 2.74 13.02 13.02
Nitzschia palea 1.69 6.70 19.72
Amphora pediculus 1.56 5.01 24.73

Group Poor Status
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Average similarity: 22.00
Species

Average Abundance

Contribution %

Cumulative contribution %

Achnanthidium minutissimum
Nitzschia palea
Ulnaria ulna

2.32
2.09
1.47

11.02
9.21
8.04

11.02
20.23
28.27

Group Bad Status
Average similarity: 16.58
Species

Average Abundance

Contribution %

Cumulative contribution %

Nitzschia palea 2.81 19.89 19.89
Nitzschia incospicua 1.42 17.06 36.95
Gomphonema parvulum 1.45 8.49 45.44
Groups Good & High Status
Average dissimilarity = 71.77

Group Good Group High

Average Average Contribution Cumulative
Species Abundance Abundance % contribution %
Gomphonema tergestinum 1.54 1.53 2.59 2.59
Achnanthidium minutissimum 3.60 4.21 2.49 5.08
Gomphonema pumilum 1.05 1.63 2.46 7.54
Groups Good &
Moderate Status
Average dissimilarity = 74.73

Grou
Group Good Mo der:te

Average Average Contribution Cumulative
Species Abundance Abundance % contribution %
Achnanthidium minutissimum 3.60 2.74 2.61 2.61
Encyonema minutum 2.09 1.33 2.29 4.90
Gomphonema tergestinum 1.54 0.66 2.13 7.03
Groups High & Moderate Status
Average dissimilarity = 75.06

. Grou
Group High Modergte
Average Average Contribution Cumulative

Species Abundance Abundance % contribution %
Achnanthidium minutissimum 4.21 2.74 2.98 2.98
Encyonema minutum 2.04 1.33 2.27 5.25
Gomphonema pumilum 1.63 0.60 2.21 7.46
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