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Abstract

The European Water Framework Directive (WFD) requires the national classifications of
good ecological status to be harmonised through an intercalibration exercise. In this
exercise, significant differences in status classification among Member States are
harmonized by comparing and, if necessary, adjusting the good status boundaries of the
national assessment methods.

Intercalibration is performed for rivers, lakes, coastal and transitional waters, focusing
on selected types of water bodies (intercalibration types), anthropogenic pressures and
Biological Quality Elements. Intercalibration exercises are carried out in Geographical
Intercalibration Groups - larger geographical units including Member States with similar
water body types - and followed the procedure described in the WFD Common
Implementation Strategy Guidance document on the intercalibration process (European
Commission, 2011).

The Technical report on the Water Framework Directive intercalibration describes in
detail how the intercalibration exercise has been carried out for the water categories and
biological quality elements. The Technical report is organized in volumes according to the
water category (rivers, lakes, coastal and transitional waters), Biological Quality Element
and Geographical Intercalibration group. The North East Atlantic Geographic
Intercalibration Group (NEAGIG) has successfully intercalibrated the fish quality element
for transitional waters in the Second Intercalibration Phase (2008-2012). This report
outlines the intercalibration of a new assessment method with those included in the
completed NEAGIG intercalibration exercise.



1. Introduction

The European Water Framework Directive (WFD; 2000/60/EC) requires that Member
States undertake an intercalibration exercise of the various biological assessment
methodologies to ensure consistent and comparable quality classifications. The North
East Atlantic Geographic Intercalibration Group (NEAGIG) has successfully intercalibrated
the fish quality element for transitional waters (Lepage et al., 2013).

Guidance on the intercalibration process provided by the Common Implementation
Strategy for the Water Framework Directive, has described three approaches or options
depending on the nature of data acquisition and numerical evaluation (European
Commission, 2011). Where countries use the same data sampling and processing
techniques, and the same assessment methods, intercalibration can be achieved by
directly comparing the classification boundaries (option 1). Where sampling
methodologies, data processing, and assessment methods differ among countries,
intercalibration is achieved indirectly through the development of common biological
metrics into which national methods are converted before being compared (option 2). In
cases where data sampling techniques are similar among countries but the assessment
methods differ, intercalibration is achieved by applying each assessment method to
every national dataset within the GIG and comparing the class boundaries directly
(option 3).

A variety of fish assessment methods have been developed to assess transitional waters
within the NEAGIG; each method has been formulated based on specific sampling
methods and data requirements. Intercalibration of the various methods therefore was
undertaken indirectly using a common metric or index (option 2). However, rather than
using a common biological metric, a common (abiotic) pressure index was used to
compare and intercalibrate the various methods (Lepage et al., 2013). Fish assessment
methods from eight member states were included in the exercise and intercalibrated
‘high-good’ and ‘good-moderate’ class boundary values have been established for eight
fish assessment methods; these results have now been accepted in Commission Decision
2013/480/EU of 20 September 2013.

A new fish assessment method, the estuarine multi-metric fish index (EMFI), has
recently been developed for application to Irish (Northern Ireland and Republic of
Ireland) transitional waters (Harrison & Kelly, 2013). This report outlines the
intercalibration of the EMFI (and a modification of this new method) with those included
in the completed NEAGIG intercalibration exercise. The process followed the European
Commission, Joint Research Centre procedure to fit new or updated classification
methods to the results of a completed intercalibration (Willby et al., 2014).



2. Description of national assessment methods

The estuarine multi-metric fish index (EMFI) consists of a balanced and complementary
set of 14 metrics that includes both qualitative and quantitative measures representing
four broad fish community attributes: species diversity and composition, species
abundance, estuarine utilisation, and trophic composition (Harrison & Kelly, 2013). The
metrics included in the EMFI are based on their ecological relevance, ease of
measurement, and their ability to meet the requirements of the WFD; it provides a
sensitive and integrated measure of the ecological status of fishes in transitional waters

(Table

1).

Table 1 Overview of the national assessment methods
Member State Method Included |_n this IC
exercise?
United Kingdom ) _ o
(Northern Treland) & Estuarine Multi-metric Fish Yes

Republic of Ireland

Index (EMFI)

2.1 Methods and required BQE parameters

The estuarine multi-metric fish index (EMFI) consists of a balanced and complementary
set of 14 metrics that represent four fish community attributes: species diversity and
composition, species abundance, estuarine utilisation, and trophic composition (Table 2).

Table 2

Metrics that make up the Estuarine Multi-metric Fish Index (EMFI)

Metric

Measurement

Species diversity and composition

1 Species richness Number of estuarine-associated taxa

2 No. of introduced species Number of non-benign non-native species

3 Species composition ;/;simgzla;;tg (presence/absence) to reference
Abundance

4 Species abundance % numerical similarity to reference community

5 Dominance Number of taxa that make up 90% of the abundance

Estuarine utilisation

abundance

6 No. of diadromous species Number of anadromous and catadromous species

7 Estuarine species richness Number of estuarine species

8 Marine migrant species richness | Number of marine migrant species

9 Estuarine species abundance Relative (%) numerical abundance of estuarine species
10 Marine migrant species Relative (%) numerical abundance of marine migrant

species

Trophic integrity

11 | Zoobenthivore species richness | Number of estuarine-associated zoobenthivore species
12 | Piscivore species richness Number of estuarine-associated piscivore species
Relative (%) numerical abundance of estuarine-
13 | Zoobenthivore abundance associated zoobenthivore species to the total
abundance
. o . o
14 | Piscivore abundance Relative (%) numerical abundance of estuarine

associated piscivorous species to the total abundance




Each metric is allocated a discrete score of between 1 and 5 according to the degree of
deviation from reference condition. The EMFI is calculated by summing the scores of
each metric and has the range 14 - 70. The final EMFI values are re-scaled to an
Ecological Quality Ratio (EQR), which ranges between 0 and 1 where a value of close to
1 represents high ecological status and values close to 0 represent bad ecological status.
The metrics included in the EMFI not only meet the WFD requirement of measures of
species composition, abundance, and disturbance-sensitive taxa (Table 3), but also
include functional elements of the fish community (estuarine utilisation and trophic

composition).

Table 3 Overview of the metrics included in the national assessment methods.

Member Full BQE Taxonomic Abundance Disturbance Combination
State method composition* sensitive taxa | rule of metrics
United

Ki f i
mgdorn & EMFI Yes Yes Yes Sum of metric

Republic of scores
Ireland

2.2 Sampling and data processing

The sampling and data processing requirements of the EMFI is summarised in

Table 4.




Table 4 Overview of the sampling and
data processing of the national
assessment methods

EMFI - United Kingdom & Republic of Ireland

Sampling/survey device

A standard multi-method sampling approach designed for the
implementation of the WFD is used ; this includes a 30 m long x 2 m deep
seine net (14 mm mesh body with a 5 m long x 6.5 mm central panel), a
fleet of double fyke nets (trap: 0.5 m high, 2.5 m long with a 10 mm
mesh cod end ; joined by a 6 m long x 15 mm mesh leader), and a 1.5 m
wide x 0.5 m high beam trawl (the body of the net is 3 m long x 14 mm
mesh with a 1 m long x 6.5 mm mesh cod end).

How many sampling/survey occasions
(in time) are required to allow for
ecological quality classification of
survey site or area?

Classification results are based on a single multi-method survey
undertaken at least once every three years.

Sampling/survey months

Surveys are carried out during autumn (September - November).

Which method is used to select the
sampling /survey site or area?

Expert knowledge, extensive spatial sampling is carried out ensuring that
where possible, all gears are deployed throughout the entire estuary.

How many spatial replicates per
sampling/ survey occasion are required
to allow for ecological quality
classification of sampling/ survey site
or area?

One sample of each gear is carried out per site; the numbers of sites vary
according to the size of the estuary but should cover the entire system.

Total sampled area or volume, or total
surveyed area, or total sampling
duration on which ecological quality
classification of sampling/survey site or
area is based

Multiple sampling methods are deployed at various sites spanning the
entire system.

Short description of field
sampling/survey procedure and
processing (sub-sampling)

Seine netting is conducted in shallow (usually <1.5 m deep) littoral areas;
the fyke nets are set for 24 hours in deeper waters. Trawling is typically
conducted in mid-channel areas; the trawl is towed at a speed of 1-2
knots for approximately 5 minutes or for a set distance of 100-200 m.
The sampling effort (number of samples and deployment of the different
gear) varies among estuaries, depending on the size of the system.
Sampling is undertaken to ensure an adequate spatial coverage of each
system and that all representative habitats and species are sampled using
all gear. Although the sampling effort varies according to estuary size,
the proportions of the various sampling gear deployed is fairly consistent.
Sampling is generally considered sufficient and representative when no
new species are collected during the surveys; this is supported by species
accumulation curves. Where possible, fishes are identified to species level
and counted in the field and returned to the system; specimens that could
not be identified in the field are retained for processing in the laboratory.
The total number of species and their numerical abundance is calculated
for each system by pooling the catches from all samples.

2.3 National reference conditions or benchmark sites

Reference conditions and metric scoring thresholds for the EMFI were developed using a
combination of historical records, best available data, and expert judgement (Table 5).

Table 5 Overview of the methodologies used to derive the reference conditions for the
national assessment methods
Tvpe and period of reference Number of Location of |Reference criteria
Member yp P reference or |reference/ |used for selection of
or alternative benchmark
State i benchmark |benchmark |reference or
conditions . . .
sites sites benchmark sites
) Reference conditions for the Reference conditions
United EMFI used a combination of No reference | No reference |are based on a
Kingdom & | historical records, best available |sites sites combination of
data, and expert ecological historical records, best




Republic of | knowledge. Reference conditions available data, and
Ireland for species richness based expert ecological
metrics used richness-surface knowledge rather than
area relationships derived from the selection of least
WFD transitional water fish impacted/near-natural
surveys between 2005 and sites.
2008.

An estuarine-associated fish species checklist was developed for Irish transitional waters.
Each species in this list was assigned an estuarine use functional guild and feeding guild
as described in Elliott et al. (2007). Estuarine use functional guilds included marine
migrant species (MM), estuarine species (ES), anadromous species (AN), catadromous
species (CA), and freshwater migrant species (FM). Trophic or feeding guilds included
detritivore (DV), herbivore (HV), omnivore (OV), zooplanktivore (ZP), zoobenthivore
(ZB), piscivore (PV) and miscellaneous/opportunist (OP) (Elliott et al., 2007). Functional
guilds used in the EMFI included estuarine species (ES), marine migrant species (MM),
and a combined guild of anadromous (AN) and catadromous (CA) species as diadromous
species (DI); trophic guilds included only zoobenthivore (ZB) and piscivore (PV) fishes.
Each species in the reference checklist was also assigned a descriptive abundance
category and an associated coded abundance score that represents the expected
numerical abundance of each species under natural conditions. Reference conditions for
species richness based metrics (metric 1: species richness, metric 6: dominance, metric
8: estuarine species richness, metric 9: marine migrant species richness, metric 12:
zoobenthivore species richness and metric 13: piscivore species richness) took estuary
size into account through the establishment of species richness-area relationships
(Harrison & Kelly, 2013).

Each metric was allocated a discrete score of between 1 and 5 according to the degree of
deviation from the reference (Table 6). Metric scores and thresholds were established
using a combination of a review of other multi-metric indices, expert ecological
knowledge, and an evaluation of the data itself. Scores for metrics based on species
richness are based on the proportion of species present relative to the reference value.
The number of introduced species (metric 2) and number of diadromous species

(metric 6) are scored according to the number of species captured during WFD fish
surveys only. Metrics based on similarities (metrics 3 and 4) are scored according to the
resultant percentage similarity values with the reference condition. Metrics based on
relative abundance (metrics 9, 10, 13 and 14) are scored according to the percentage
contribution of each guild.

Table 6 Estuarine Multi-metric Fish Index (EMFI), metric thresholds and scoring

criteria
Score
Metric
1 2 3 4 5
Species diversity and composition
. . >20% to >40% to >60% to
0, 0,
1 Species richness <20% <40% <60% <80% >80%
2 No. of introduced species >4 3 2 1 0
. . >20% to >40% to >60% to
0, 0,
3 Species composition <20% <40% <60% <80% >80%
Abundance
. > 10% to <|= 20% to <|= 30% to <
0, 0,
4 Species abundance < 10% 20% 30% 40% = 40%
. >20% to >40% to >60% to
0, 0,
5 Dominance <20% <40% <60% <80% >80%
Estuarine utilisation




Score
Metric
1 2 3 4 5
6 No. of diadromous species 0 1 2to 3 4to5 >5
: . : >20% to 240% to >60% to
0, - 0,
7 Estuarine species richness <20% <40% <60% <80% >80%
Marine migrant species o =20% to =40% to =60% to 200
8 richness <20% <40% <60% <80% 280%
>5% to ~1E0 ~5E0
<50/0 <150/O _15 /0 to _25 /0 to
9 Estuarine species or or <25% or | <40%or | >40% to
abundance >75% to >60% to <60%
>950/0 >850/0 tO <850/0 <750/0
<95% B B
>5% to S0 ~5E0
<50/0 <150/0 _15 /0 tO _250/0 tO
10 |Marine migrant species or or <25%or | <40% or | >40% to
abundance >75% to >60% to <60%
>950/0 >850/0 tO <85°/0 <750/O
<95% B B
Trophic integrity
Zoobenthivore species o =20% to =40% to =60% to o
11 Vrichness <20% <40% <60% <80% 280%
- . . >20% to >40% to >60% to
o) - 0,
12 |Piscivore species richness <20% <40% <60% <80% >80%
>5% to >10% to >25% to
<5% <10% <25% <40%
. >40% to
13 |Zoobenthivore abundance or or or or < 60%
>95% >90% to >75% to >60% to
<95% <90% <75%
I o > 0% to 21% to 25% to o
14 |Piscivore abundance 0% < 1% <5% <10% >10%

2.4 National boundary setting

Ecological status class boundaries for the EMFI were based on the linear regression
relationship between the EMFI-EQR and a common pressure index, which took the range
0 (high impact/pressure) to 1 (low impact/pressure). Boundary values were established
by mathematically dividing the pressure index range into five equal classes. The results
of the linear regression between the EMFI-EQR and the pressure index were then used to
produce EMFI-EQR ecological status class boundaries that correspond with the pressure
index threshold values (Table 7).

Table 7 Explanations for national boundary setting of the national methods
Type of boundary setting: BSP:
Member Expert judgment - statistical - | Specific Specific method
State ecological discontinuity - or approach for | approach for |tested
mixed for different HG boundary | GM boundary | against
boundaries? pressure
.Unlted S’ga:liﬂcal regresstlrc])n relatlo_nsh|p High/good Good/moderate
Kingdom & | W! € same anthropogenic boundary was |boundary was |vyes
Republic | Pressure index as that used for the | _ according | set according
of Ireland second round of intercalibration. to a pressure to a pressure
Boundary conditions were pressure pressure




Type of boundary setting: BSP:
Member Expert_judgr_nent - st_atistical - | Specific Specific method
State ecological discontinuity - or approach for | approach for |tested

mixed for different HG boundary | GM boundary | against

boundaries? pressure

established by mathematically
dividing the pressure index range
into five equal classes.

index ratio of
0.80.

index ratio of
0.60

2.5 Results of WFD compliance checking

The EMFI was checked against nine WFD compliance criteria (Table 8).

Table 8 List of the WFD compliance criteria and the WFD compliance checking process
and results of the national methods included in the IC exercise

Compliance criteria Compliance checking conclusions

1. Ecological status is classified by one of five Yes - the EMFI provides a classification
classes (high, good, moderate, poor and according to five quality classes.
bad).

2. High, good and moderate ecological status are | Yes - ecological status boundaries were set
set in line with the WFD’s normative according to the level of anthropogenic
definitions (Boundary setting procedure). | pressure.

3. All relevant parameters indicative of the Yes - the EMFI includes all relevant parameters
biological quality element are covered (see required by the WFD.

Table 1 in the IC Guidance)?

4. Assessment is adapted to intercalibration Yes - the EMFI assessment is based on one
common types that are defined in line with (whole estuary) type. The intercalibration
the typological requirements of the Annex II procedure for transitional fishes within the
WFD and approved by WG ECOSTAT? NEAGIG was undertaken based on one (whole

estuary) type.

5. The water body is assessed against type- Yes - although no near-natural reference sites
specific near-natural reference are used, the EMFI utilizes theoretical reference
conditions? conditions based on a combination of historical

records, best available data, and expert
ecological knowledge.

6. Assessment results are expressed as EQRs? Yes - the EMFI results are converted into an

EQR.

7. Sampling procedure allows for Yes - a standard multi-method sampling
representative information about water body | approach is used, designed to obtain a
quality/ecological status in space and time? | representative sample of the fish community

present.

8. All data relevant for assessing the biological Yes - all relevant data requirements are covered
parameters specified in the WFD’s normative | by the sampling protocol.
definitions are covered by the sampling
procedure?

9. Selected taxonomic level achieves adequate Yes - fish are identified to species level and
confidence and precision in classification? adequate confidence and precision is provided.

Conclusion on compliance checking:

The EMFI provides a robust, sensitive, and integrated measure of the ecological status of
fishes in transitional waters and meets the criteria of the EU Water Framework Directive.
All WFD compliance criteria were met.

10




3. Results IC feasibility checking

3.1 Typology

While it was recognised that several estuary types were identified within, and between
Member States, the intercalibration of transitional water fish assessment methods within
the NEAGIG was based on one (whole estuary) type (Table 9). All transitional waters
were assigned to the same typology and intercalibration performed on this single
typology (Lepage et al., 2013).

Table 9 Common intercalibration water body types used for NEAGIG transitional

waters

Common IC type

Type characteristics

MS sharing IC common type

Transitional water
(whole estuary)

Bodies of surface water in the vicinity of
river mouths which are partly saline in
character as a result of their proximity to
coastal waters but which are substantially
influenced by freshwater flows.

Belgium, France, Germany,
Republic of Ireland,
Netherlands, Portugal, Spain,
United Kingdom.

The EMFI can be intercalibrated based on the single typology used in the completed
NEAGIG intercalibration exercise (Table 10).

Table 10 Conclusion of the feasibility evaluation of the EMFI in terms of typology

Method

Appropriate for IC types/subtypes

Remarks

EMFI

Transitional water

None

Conclusion: Intercalibration is feasible in terms of typology

3.2 Pressures addressed

The response of the EMFI to anthropogenic disturbance was examined using two
independent measures of estuarine condition: Article 5 (WFD) and a pressure index
(Aubrey & Elliott, 2006). Article 5 of the WFD required that EU Member States provide a
review of the impact of human activity on the status of surface waters within each river
basin district. Seventeen impacts were assessed and these included point sources (e.g.
waste water treatment plants), morphology (e.g. channelization, impoundments), water
balance (e.g. abstraction), hazardous substances, and nutrients. The second measure of
estuarine condition included a common pressure index based on that described by Aubry
& Elliott (2006) that was used in the second phase of WFD intercalibration. The common
pressure index comprised eight indicators that were classified into three broad categories
of disturbance: coastal morphological change, resource use change, and environmental
quality. The results of the Article 5 assessment and the common pressure index were
both converted into a ratio with a range of between 0 (high impact/pressure) and 1 (low
impact/pressure). The overall EMFI-EQR, exhibited a moderate (r> > 0.30) and
significant (p < 0.01) relationship with both the Article 5 index and the common
pressure index (Table 11); EMFI-EQR values increased with a corresponding increase in

Article 5 index and common pressure index values (Figure 1).

11




Table 11

Pressures addressed by the national methods included in the IC exercise and

overview of the relationship between national methods and the pressures.

Member Meth?d/ Pressure Amount Strength of
State Metrics Pressure indicators of data relationshi
tested P
United Point sources,
Kingdom & WFD Arltlcle 5- Bﬂolrpholor?y, w(:j:lter 29 R = 0.56
Republic of EMFI Genera _ alance, hazardous estuaries P <001
degradation substances, :
Ireland .
nutrients.
United Common Morphology,
Kingdom & pressure index — | resource use, 29 R =0.59
. EMFI - .
Republic of General environmental estuaries P < 0.01
Ireland degradation quality.
1.0
| @
0.8 -
x 06 1
(04
m _
L
0.4 1
o N
. y=0.47x + 0.32
rz=0.31
0.2 1 n=29
i p <0.01
0.0 r . T .
0.0 0.2 0.4 0.6 0.8 1.0
Article 5 Index
| ®
*
y=0.46x +0.34
r2=0.35
n=29
p<0.01
0.0 0.2 0.4 0.6 0.8 1.0
Common Pressure Index
Figure 1  Relationship between EMFI-EQR values and (a) the WFD Article 5 index ratio

and (b) the common pressure index ratio (after Harrison & Kelly, 2013)
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Conclusion:

EMFI was shown to respond to environmental condition or stress; significant
relationships were observed between two separate indicators of environmental state.

3.3 Assessment concept

The assessment concept of the EMFI followed a multi-metric approach, which has been
successfully applied to transitional waters (estuaries) both globally and in Europe in the
context of the WFD (e.g. Miller et al., 1988; Deegan et al., 1997; USEPA, 2000; Hughes
et al., 2002; Borja et al., 2004; Harrison and Whitfield, 2004; 2006; Breine et al., 2007;
Coates et al., 2007; Delpech et al., 2010; Jordan et al., 2010; Cabral et al., 2012). The
metrics included in the EMFI not only meet the WFD requirement of measures of species
composition, abundance, and disturbance-sensitive taxa, but also include functional
elements of the fish community (estuarine utilisation and trophic composition). The
EMFI is applied at the transitional water (estuary) level where each metric is assessed
according to the degree of deviation from a reference value (Table 12).

Table 12 Assessment concept of the EMFI

Method Assessment concept Remarks

Multiple metrics measuring four broad fish community
EMFI attributes: species diversity and composition, species None
abundance, estuarine utilisation, and trophic composition.

Conclusion:

Intercalibration of the EMFI is feasible according to the NEAGIG process used for
transitional water fish assessments (Lepage et al., 2013).

13



4. Collection of IC dataset and benchmarking

4.1 Dataset description

The dataset used for the intercalibration of the EMFI included data from eight Member
States used in the completed Phase 2 intercalibration exercise (Table 13).

Table 13 Overview of the number of sites/samples/data values.

Number of sites or samples or data values

Member State Phvsico-chemical
Biological data ysm:ac;aemlca Pressure data
Belgium (EBI) 49 49
France (ELFI) 26 26
Germany (FAT-TW) 12 12
Netherlands (FAT-TW) 10 10
Portugal (EFAI) 9 9
Spain (AFI) 18 18
Spain (TFCI) 16 16
United Kingdom &
Republic of Ireland 39 39
(TFCI)
United Kingdom &
Republic of Ireland 29 29
(EMFI)

Data provided for the EMFI were assessed against acceptance criteria (Table 14).

Table 14 Overview of the data acceptance criteria used for the data quality control.

Data acceptance criteria

Data acceptance checking

Data requirements (obligatory
and optional)

EMFI - 29 EQR values with associated common pressure
index values.

The sampling and analytical
methodology

EMFI - A standard multi-method sampling approach is
used, designed to obtain a representative sample of the
fish community present. Data are collected and analysed
appropriately to provide an EQR and ecological status
classification for each transitional water.

Level of taxonomic precision
required and taxa lists with
codes

EMFI - All fishes are identified to species level. Reference
species checklists provide appropriate functional and
feeding guild allocations and abundance scores. Taxonomic
identification follows that provided in Fishbase and
Maitland & Herdson (2009).

The minimum number of
sites/samples per
intercalibration type

EMFI - Sampling effort varies according to estuary size;
the proportions of the various sampling gear deployed is
fairly consistent. Sampling is considered sufficient and
representative.

Sufficient covering of all
relevant quality classes per type

EMFI - EQR values ranged between 0.36 and 0.88;
pressure index values ranged from 2 to 48 (range 0-72).

14




4.2 Common benchmark or reference conditions

The procedure used to intercalibrate transitional fish quality elements within the NEAGIG
did not use a common biological reference but was based on a common pressure index;
intercalibration was achieved through the use of pressure-impact relationships (Lepage
et al., 2013).

4.3 Benchmark standardization

Benchmarking and benchmark standardisation is a process designed to take into account
regional differences in faunal composition; this includes zoogeographical and typological
differences as well as differences in data acquisition. Benchmark standardisation allows
for biological data and assessment methods to be compared either directly (options 1
and 3) or indirectly using a common biological metric (option 2). However, since the
intercalibration procedure for transitional fishes within the NEAGIG utilised a non-
biological pressure index to compare methods, benchmarking and benchmark
standardisation was not considered necessary (Lepage et al., 2013).
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5. Comparison of methods and boundaries

5.5 IC option and common metrics

The intercalibration process utilises three approaches or options depending on the nature
of data acquisition and numerical evaluation (European Commission, 2011). Where
countries use the same data sampling and processing techniques, and the same
assessment methods, intercalibration can be accomplished by directly comparing the
classification boundaries (option 1). Where sampling methodologies, data processing,
and assessment methods differ among countries, intercalibration is achieved indirectly
through the establishment of a common biological metric into which national methods
are converted before being compared (option 2). In cases where data sampling
techniques are similar among countries but the assessment methods differ,
intercalibration is achieved by applying each assessment method to every national
dataset and comparing the class boundaries directly (option 3).

The NEAGIG examined the data with the view to establishing a common biotic
intercalibration metric (option 2). Variability in sampling techniques, data treatment,
establishment of reference conditions, metric composition and metric calculation
between various assessment methods, however, precluded the identification of a
common biotic metric. Intercalibration of the various methods, however, was possible
through the use of a common (abiotic) pressure index (Lepage et al., 2013). The
common pressure index (PI) was developed as part of the second round of
intercalibration and was based on that described by Aubry & Elliott (2006). The index
comprised eight indicators that represented three broad categories of disturbance:
coastal morphological change, resource use change, and environmental quality. Each
indicator was allocated a score of between 0 and 9 according to the severity of the
disturbance (see Lepage et al., 2013 for further details). The final pressure index for
each transitional water was calculated as the sum of all indicator scores and has a range
of between 0 (no disturbance) and 72 (high disturbance). The intercalibration procedure
ensured that the scoring of indicators and calculation of the pressure index was applied
consistently throughout all participating countries.

5.2 Results of the regression comparison

A regression analysis was performed on the EMFI-EQR values and the associated
pressure index values. These results are provided in Table 15 and Figure 2.

Table 15 Correlation coefficient (r) and the probability (p) for the correlation of each
method with the common metric (see Annex V of IC guidance)

Member State/Method r P
United Kingdom & Republic of Ireland - EMFI 0.594 p < 0.001
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Figure 2  Regression between the EMFI-EQR and the pressure index; horizontal lines
represent the harmonised (global mean) class boundaries (on the pressure
index scale) of the intercalibrated methods

5.3 Comparability criteria

Assessing level of boundary bias:

The results of the regression were used to translate the EMFI-EQR class boundary values
into pressure index values. Class boundary values for the EMFI were assessed in relation
to their position relative to the harmonised (global mean) boundary values established
during the original NEAGIG transitional fish intercalibration process. Although
intercalibration is largely concerned with the *high-good’ and ‘good-moderate’ boundary
values, all class boundary values for the EMFI were adjusted to fall within 0.25 of a class
equivalent of the appropriate harmonised boundary value. All class boundaries required
adjustment toward the harmonised values and to fall within 0.25 of a class equivalent.

Table 16 EQR class boundary values for the EMFI based on original boundary values
(after Harrison & Kelly (2013)), harmonised (global mean) boundary
values (Figure 2), and intercalibrated boundary values

Boundary Original Harmonised Intercalibrated
Good/High 0.71 0.99 0.92
Moderate/Good 0.62 0.67 0.65
Poor/Moderate 0.52 0.37 0.35
Bad/Poor 0.43 0.08 0.10

Although class boundary values for the EMFI were originally established according to the
pressure index, the pressure index values used to set the class boundaries were
somewhat arbitrarily derived through a simple division of the pressure index range. This
had the effect of compressing the EMFI boundary values toward the middle of the EQR
range (Harrison & Kelly, 2013). The intercalibration process has enabled pressure index
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values that represent boundaries between ecological classes to be established and
agreed at the NEAGIG level.

Assessing class agreement:

Class agreement between the previously intercalibrated methods and the EMFI was
examined using a simulated dataset where 300 random pressure index values spanning
the range 0 to 72 was first generated. A simulated dataset of biological EQR values for
each intercalibrated Member State method was then produced using the appropriate
regression relationship with the pressure index but included a random offset based on
the prediction error of each regression. The simulated EQR values for each method were
then classified into one of three categories (high, good, and <good) according to the
Phase 2 intercalibrated class boundary values. Simulated EMFI-EQR values for each
pressure index value were also generated using the regression relationship with the
pressure index. The simulated EMFI-EQR values were then classified into one of three
categories (*high’, ‘good’, *<good’) according to a) the original class boundary values,

b) the harmonized (global mean) class boundary values, and c¢) the adjusted
(intercalibrated) class boundary values. Fleiss’ multi-rater kappa analysis was then used
to compare the level of agreement between the fish assessment classification methods
using a) the original EMFI class boundaries together with the intercalibrated class
boundaries of the other methods, b) the harmonised EMFI class boundaries together
with the intercalibrated class boundaries of the other methods, and c) the intercalibrated
EMFI class boundaries together with the intercalibrated class boundaries of the other
methods. The synthetic dataset was also used to examine absolute average class
difference and percentage class agreement between the EMFI and the previously
intercalibrated methods. Absolute average class difference was established by calculating
the non-directional difference between two assessment methods averaged across every
pair of samples. Percentage class agreement was calculated as the number of cases
where classifications agreed between each method. Classification agreement of the
EMFI with the other methods based on the original EMFI class boundaries yielded a
kappa statistic of 0.45 (£0.02), this increased to 0.50 (£0.02) when the harmonised
(global mean) boundaries were used. According to Willby & Birk (2010) boundary
harmonisation between methods is achieved when the kappa value does not differ
significantly from the guideline value (the 95% confidence limit of the kappa values
overlap). Classification agreement based on the adjusted boundary values yielded a
kappa statistic of 0.49 (£0.02), which indicates that boundary harmonisation was
achieved (Figure 3).
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Figure 3  Classification agreement (£95% confidence limit) between the EMFI and
eight intercalibrated fish assessment methods using original EMFI class
boundaries, harmonised EMFI boundary values, and intercalibrated EMFI
boundary values

According to Birk et al. (2013), countries must classify the majority of a common set of
sites the same as, or within one class of each other (average absolute class difference
< 1.0). The absolute average class difference between the EMFI and the eight other
methods was below 0.3 with percentage class agreements exceeding 72 % (Table 17).

Table 17 Absolute average class difference and percentage class agreement between
the EMFI and other fish assessment methods

Absolute average Percent class
class difference agreement
AFI 0.25 75.67
EBI 0.25 75.67
EFAI 0.21 79.33
ELFI 0.27 73.33
FAT-TW-Ge 0.21 79.00
FAT-TW-Ne 0.24 76.00
TFCI-Irl 0.29 72.67
TFCI-Sp 0.26 74.00

Intercalibration of a modified EMFI:

The EMFI has recently been modified for application within broader UK waters. The key
modifications included expanding the reference checklist to include English, Scottish, and
Welsh transitional waters and modifying the reference coded abundance scores and
similarity calculation. Following the procedure outlined in Willby et al. (2014), a
regression was performed of the EQR values of the old method (EMFIowp) and the EQR
values of the new method (EMFInew) using the same dataset used in the intercalibration
exercise above. The results of the regression were first examined to ensure they met the
progression criteria (r2 = 0.8) (Willby et al., 2014) and were then used to translate the
‘high-good’ and ‘good-moderate’ boundaries of the old method into EQR values of the
new method. The boundary values of the old method and the revised method were then
compared (on the scale of the new method). The boundary values selected for the new
method were the same as those derived from the intercalibration procedure of the EMFI
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above; a ‘high-good’ EQR boundary value of 0.92 was selected for the new method while
the ‘good-moderate’ value was 0.65. The regression of the EMFI-EQR values of the old
method (EMFlowp) and the EMFI-EQR values of the new method (EMFInew) produced a
very strong (r> = 0.99) relationship (Figure 4). When converted, the EMFIowp ‘high-good’
boundary produced a value of 0.91 on the EMFInew scale while the ‘good-moderate’
boundary translated in to a value of 0.65. According to Willby et al. (2014), if the
boundary values of the nhew method are higher than or equal to the old method, then the
revised method is considered intercalibrated.

1.0
y=0.9486x+ 0.0326
rz=0.99

0.8 - n=29

0.6 1
g
P4
[
=
W 04 1
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Figure 4  Relationship between the original EMFI (EMFIo) and the modified EMFI
(EMFInew)
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6. Final results to be included in the EC

6.1 Table with EQRs

Intercalibrated EMFI-EQR values for the ‘*high-good’ and the ‘good-moderate’ boundaries
are presented in Table 18.

Table 18 Overview of the IC results for the national methods included in the IC

exercise.
Ecological Quality Ratios
Member State National classification system -
intercalibrated High-Good Good-Moderate
boundary boundary
United Kingdom & Estuarine Multi-metric Fish Index 0.92 0.65
Republic of Ireland (EMFI) ' '

6.2 Gaps of the current intercalibration

There are no specific gaps that need to be filled with the intercalibration of the new
method (EMFI).
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7. Ecological characteristics

The intercalibration procedure could not derive or describe a common fish community
corresponding to “good” or “high” status at the NEAGIG level (Lepage et al., 2013). This
was due to the variability in sampling devices and sampling strategies employed by the
various Member States. Each method, however, can provide its own definition of “"good”
or “high” status according to the specific design and requirements of the method. A
description of “high” and “good” fish communities for the EMFI are provided below.

7.1 Description of reference or alternative benchmark
communities

At “high” status, the system should contain a diverse assemblage of estuarine associated
species in relation to its size and available habitats; invasive non-native fish species
should be absent. The fish species composition should be dominated by estuarine
associated species. Estuarine associated fish species should be abundant and the fish
community should be numerically dominated by a variety of estuarine associated fish
species. Functional connectivity between adjacent riverine and marine environments
should be apparent with disturbance-sensitive diadromous species well represented.
Estuarine resident species should also be well represented as well as marine migrant
species that utilise estuaries as nursery areas. The fish community should also exhibit a
complex and stable trophic network with a diverse assemblage of zoobenthivore and
piscivorous fishes present. Ecological status as measured by the EMFI is assessed
according to a combination of metrics. Based on the boundaries established during the
intercalibration exercise, high ecological status would be achieved where at least ten
metrics meet the expectation (reference) condition (metric score 5) and the remaining
metrics deviate only slightly from reference (metric score 4).

7.2 Description of good status communities

At “good” status, the diversity of estuarine associated species may be somewhat
reduced; invasive non-native fish species may also be present. The fish species
composition should be dominated by estuarine associated species although other non-
estuary associated fishes may also occur. Functional connectivity is limited with fewer
diadromous species present. Estuarine utilisation may be reduced with lower numbers
of resident and marine migrant species. Trophic diversity may also be reduced with low
numbers of zoobenthivore and piscivorous fishes present. The trophic structure is
simplified with one feeding guild numerically dominating the fish community. Because
the EMFI is based on a combination of an assortment of metrics, the definition of
boundary conditions is complex. However, the minimum requirement to meet good
status is that at least five metrics should approximate the reference condition (metric
score 5) or at least nine metrics should deviate only slightly from expectations (metric
score 4). The remaining metrics may deviate somewhat from the reference (metric score
3).
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8. Conclusion

The method EMFI has been successful intercalibrated with those included in the
completed NEAGIG intercalibration exercise

After the IC exercise, original boundaries have been duly adjusted (Table 18)

The class boundaries will be applied for the establishment of high and good ecological
status in the water bodies of the UK- IE national types included in the common
Intercalibration types
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List of abbreviations and definitions

KEY TERMS:

Assessment method: The biological assessment for a specific biological quality element,
applied as a classification tool, the results of which can be expressed as EQR.

Biological Quality Element (BQE): Particular characteristic group of animals or plants
present in an aquatic ecosystem that is specifically listed in Annex V of the Water
Framework Directive for the definition of the ecological status of a water body (for
example phytoplankton or benthic invertebrate fauna)

Class boundary: The Ecological Quality Ratio value representing the threshold between
two quality classes

Common Intercalibration type: A type of surface water differentiated by geographical,
geological, morphological factors (according to WFD Annex II) shared by at least two
Member States in a GIG

Common metric: A biological metric widely applicable within a GIG or across GIGs, which
can be used to derive a comparable understanding of reference conditions/alternative
benchmark and boundary setting procedure among different countries/water body types

Compliance criteria: List of criteria evaluating whether assessment methods are meeting
the requirements of the Water Framework Directive.

Continuous benchmarking: Option to perform the benchmark standardisation: Biological
differences between national datasets were determined based on the country offsets (i.e.
intercept and/or slope deviates) from the global pressure-biology relationship
established using general linear models across the combined extent of the pressure
gradient afforded by all countries

Ecological Quality Ratio (EQR): Calculated from the ratio observed value/reference value
for a given body of surface water. The ratio shall be represented as a numerical value
between zero and one, with high ecological status represented by values close to one
and bad ecological status by values close to zero

Geographic Intercalibration Group (GIG): Organizational unit for the intercalibration
consisting of a group of Member States sharing a set of common intercalibration types

Intercalibration: An exercise facilitated by the Commission to ensure that the high/good
and good/moderate class boundaries are consistent with Annex V Section 1.2 of the
Water Framework Directive and comparable between Member States

IC Option: Option to intercalibrate (IC) different national assessment methods

Joint Research Centre (JRC): European Commission Joint Research Centre which
provides scientific and technical support for EU policy-making

Method Acceptance Criteria: List of criteria evaluating whether assessment methods can
be included in the intercalibration exercise

Pressure: Human activities such as organic pollution, nutrient loading or
hydromorphological modification that have the potential to have adverse effects on the
water environment.

Reference/Benchmark sites: Reference sites meet international screening criteria for
undisturbed conditions.

Benchmark sites meet a similar (low) level of impairment associated with the least
disturbed or best commonly available conditions

Water Framework Directive: Directive 2000/60/EC establishing a framework for
Community action in the field of water policy
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Abbreviations:

CA: Catadromous species

DV: Detritivore

EQR: Ecological Quality ratio
FM: Freshwater migrant species
HV: Herbivore

MM: Migrant Species

NEA GIG: North East Atlantic Geographic Intercalibration Group
PV: Piscivore

OV: Omnivore

ZB: Zoobenthivore

ZP: Zooplanktivore
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