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Abstract

A tested methodology is presented to assess the environmental status Sensu on the Marine Strategy Framework Directive
(MSFD) based on the data obtained from the monitoring of water quality in the Hellenic coastal waters within the Water Frame-
work Directive (WFD). A decision tree developed by Borja et al. (2004) for integrating WFD results was applied after some adap-
tations. Modifications were included to evaluate the physicochemical status based on the eutrophication index developed for the
Eastern Mediterranean waters. Results regarding the hydromorphological, physicochemical and biological elements are presented.
The chemical status was assessed based on the concentrations of the heavy metals in water. Evaluation of the biological quality
was based on the use of metrics developed for the phytoplankton biomass, benthic macroinvertebrates and macroalgae updated
to accommodate the MSFD needs. Results from the integrative status of the water bodies were validated by correlating the clas-
sification results with a pressure index and environmental indicators in the water column and sediment. Following this decision
tree the majority of stations expected to be at risk for achieving the ‘good’ status were found in the ‘moderate’ status. The benthos
was found to be the element showing the closest agreement with the integrated final status having an increased weightage in the
decision tree. The benthos quality and, in some limited cases, the eutrophication index largely determined the final status. The
highest disagreement with the integrative classification was revealed by the macroalgae. All the indicators used correlated with
the water and sediment parameters, although the benthos correlated better with the sediment factors while the phytoplankton and
eutrophication index correlated with the water column parameters.

Keywords: Water Framework Directive, Marine Strategy Framework Directive, Eastern Mediterranean, Integrative environmen-
tal status, biological quality, physicochemical quality.

Introduction tors and the two Directives largely overlap (Zampoukas
et al., 2012). An informative work by Borja et al. (2010)
presents a system of applying the experience gained from
the WED to implement the MSFD. This work outlines the
points of overlap and conflict between the two directives.

Borja et al., (2004) described a methodology (further
updated in Borja et al. 2009a) that integrates the biologi-
cal elements together with the hydro-morphological and

physicochemical elements (including pollutants) into a

The European Water Framework Directive (WFD)
(2000/60/EC) (EC, 2000) uses the Biological Quality Ele-
ments (BQE) as the basic quality elements for the evalua-
tion of the ecological status of the water bodies, whereas the
other elements (hydromorphological and physicochemical)
are only used to support the BQEs. The Marine Strategy
Framework Directive in turn is a more holistic Directive

and uses eleven Descriptors with several indicators cover-
ing the ecological, physical, chemical and anthropogenic
components of the ecosystem that need to be integrated at
the indicator and descriptor levels (Van Hoey ef al., 2010).
However, all the biological and supportive hydro-
morphological and physicochemical elements of the
WEFD address many of the MSFD indicators and descrip-
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unique quality assessment within the Basque Country us-
ing only the WFD elements. In this way the approach of
‘One-Out, All-Out’ (OOAO) recommended by the WFD
Guidance (EC, 2003) for integrating across the elements
of biological quality is circumvented and a more inte-
grated synthesis is possible. This “worst status element”
approach has been seriously criticized for increasing the
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probability of committing a false positive error (errone-
ously downgrading a waterbody to a worse class) (Borja
& Rodriguez, 2010). Similarly, Borja et al. (2009b) on re-
viewing the challenge of assessing the ecological integrity
in marine waters, suggest that simple approaches such as
the ‘One-Out, All-Out’ principle of the WFD, which takes
the final quality of a water body from the worst rated ele-
ment, may be a useful starting point, but one that should
eventually be avoided.Several methodological approaches
recommended for integrating the assessment of the MSFD
indicators and descriptors have been reviewed (Prins ez al.,
2013) including the decision trees.

With the acquisition of more data on the other de-
scriptors, integration schemes for all the descriptors and
indicators will become possible, for example the weight-
ed rating system proposed by Borja et al. (2011) for the
assessment of the environmental status in the case of the
Basque country giving specific weights to those associ-
ated with the significant pressures. The environmental
integrity of an aquatic system should be evaluated using
all the information available, including as many elements
of the biological ecosystem as is reasonable, by using an
ecosystem-based assessment approach.

However, the transition from the WFD to the MSFD
should be seamless, without any conflicts in the assessment
(Borja et al., 2010), and therefore, a starting base is neces-
sary. To enable this, the decision tree integrating the WFD
results into the first MSFD assessment is presented here.

On reviewing the objectives and requirements of ma-
rine water quality monitoring, Karydis & Kitsiou (2013)
highlighted the paucity of marine monitoring programs
in which the information provided is assimilated into the
integrated assessments and ultimately attributed to the re-
quirements and complexity of such an approach.

In the present work, the first year results of the Hel-
lenic coastal waters monitoring network for the WFD
were used following the methodological approach pro-
posed by Borja et al. (2004) for integrating the results of
the various biological and physicochemical elements into
an integrative environmental status.

The data set

The data set used originated from one seasonal sam-
pling of the 44 stations of the national monitoring net-
work designed for the implementation of the WFD in the
coastal waters. This first sampling cruise of the monitor-
ing network, during which the data presented were col-
lected, was conducted in April and May 2012, in 44 sta-
tions by the R/V PHILIA of HCMR ownership.

Although the results presented here refer to only one
season, they are considered to be representative of the ar-
eas sampled as, according to the integrative methodology
applied, the most heavily weighted element is the benthic
macroinvertebrates, which is sampled only once per year
and during the first cruise presented here.
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Methodologies used and elements measured

Hydromorphological and physicochemical conditions

Current speed and direction were measured by em-
ploying an Acoustic Doppler Current Profiler (ADCP),
and the CTD (Conductivity, Temperature, Depth) profiles
were recorded. Transparency was measured using a Sec-
chi disk depth of disappearance.

The sediment was sampled with a Smith McIntyre
benthic grab with a 0.1m? sampling surface used also for
sampling of the benthic macroinvertebrates. Grain size
analysis was performed according to Folk (1954). The
total nitrogen and organic carbon were measured in an
elemental (CHN) analyzer following the methodology
outlined by Verardo et al. (1990).

Oxygen and nutrient samples were collected from
discrete standard depths of 2m, 10m, 20m, 50m, and the
bottom layer depending on the station depth. The Win-
kler method was used to determine the oxygen using the
standard methods for nutrient measurements: (Murphy
& Rilley, 1955, for silicate; Strickland & Parsons, 1977,
for nitrate-nitrite; Murphy & Riley, 1962, for phosphate;
and Koroleff, 1970, for ammonium).

The physicochemical quality regarding the condition
of the combined nutrients was estimated using the Eu-
trophication index of Primpas et al., 2010, explained in
further detail below.

The seawater samples for Total Nitrogen (TN) and
Total Phosphorus (TP) were collected and analyzed in
the lab by persulfate wet-oxidation according to Pujo-
Pay & Raimbault (1994) and Raimbault ez al. (1999a).

Particulate Organic Carbon (POC)was measured in
a Thermo Scientific FLASH 2000 CHNS elemental ana-
lyzer according to the methodology suggested by Cutter
& Radford-Knoery (1991) and Verardo et al. (1990), and
Particulate Organic Phosphorus (POP) was determined
using the persulfate wet-oxidation method (Pujo-Pay &
Raimbault, 1994; Raimbault et al., 1999a; 1999Db).

Samples for the heavy metal analysis were collected
from a total of 21 stations subjected to chemical moni-
toring according to the network requirements. Dissolved
Cd, Ni, Pb (priority substances according to the WFD
as well as Co, Cu, Fe, Mn and Cr were analyzed in the
surface and bottom layers (42 samples). The analyses of
Cd, Ni, Pb, Cu, Fe, and Mn were conducted according to
Willie et al. (1998) and Milne et al. (2010). The Cr was
analyzed according to the method proposed by Cranston
& Murray (1978). Metal determinations were conducted
using an ICP-MS (Thermo Element Xseries II).

Biological quality

The biological quality is determined by the quality
of the basic biological elements used also by the WFD.
Classification of the biological quality elements was
based on the results of the Mediterranean ecoregion in-
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tercalibration exercise (GIG, 2013) using the intercali-
brated methodologies for Greece and the Eastern Medi-
terranean, namely the Bentix and the EEIc. However,
in order to be compatible for the environmental status
assessment within the MSFD, the classification tool for
the benthic macroinvertebrates was extended to include
a combination of the Bentix Index and the diversity pa-
rameters (Simboura ef al., 2012; 2014) necessary for the
assessment of the environmental status in relation to the
condition of the benthic communities.

For each biological quality, the metric values were ex-
pressed as a standard unit termed the Ecological Quality
Ratio or EQR. The Ecological Quality Ratio (EQR) ranges
from O to 1 and is used as the standardized measure for
correlations among the various indices. For each ecologi-
cal quality metric in a given sampling site, this EQR value
results from the ratio of the value observed versus the val-
ue of the same metric under the reference conditions.

Phytoplankton-eutrophication

The biomass of the phytoplankton (as chlorophyll-a)
constitutes an important ecological quality descriptor for the
coastal environment. The phytoplankton biomass is most
frequently measured as the concentration of chlorophyll-o
at discrete depths in the euphotic portion of the water col-
umn and is measured in the seawater samples collected also
for the physicochemical parameters from the discrete stan-
dard depths of 2m, 10m, 20m, 50m and the bottom layer.
Chlorophyll-a was measured in the laboratory with a fluo-
rometer, TURNER 00-AU-10, according to Holm-Hansen
et al. (1965). All the phytoplankton biomass values were
integrated over depth according to the trapezoid rule (Cul-
ley & Welschmeyer, 2002).The estimation of the ecological
quality status of the phytoplankton was based on the mean
integrated values of chlorophyll-a, according to the scale
suggested by Karydis (1999); Ignatiades et al. (1992); Pa-
gou et al. (2002) and Simboura et al. (2005). The classifi-
cation scale of the chlorophyll-a concentrations has been
proposed by Karydis (1999) and used extensively for the
Greek seas. This scale includes four eutrophication levels,
viz., the eutrophic, higher mesotrophic, lower mesotrophic
and oligotrophic, and was later modified by Simboura et al.
(2005) to comply with the five levels of the ecological sta-
tus of the Water Framework Directive. The boundaries of
this scale were intercalibrated during the WFD Intercalibra-
tion activity. Although the composition of phytoplankton is
one of the mandatory WFD parameters for phytoplankton,
it was not intercalibrated within the Mediterranean ecore-
gion and, therefore, not included here.

Moreover, for assessing the eutrophication status,
the Eutrophication Index (EI) of Primpas ef al. (2010)
was used, combining the concentrations of the nu-
trients (phosphate, nitrate, nitrite, ammonia) and the
chlorophyll-a biomass into a single formula to produce
a five-scale scheme according to the WFD requirements:
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E.1=0.279C, ,+ 0.261C_ , + 0.296C  , + 0.275C, +
0.214C,
(High) less than 0.04; (Good) 0.04-0.38; (moderate)
0.38-0.85; (poor) 0.85-1.51; (bad) >1.51

According to the Eutrophication Index ranges report-
ed by Primpas et al. (2010), oligotrophy corresponds to
the ranges of EI (0.04-0.38), mesotrophy to the EI range
(0.37-0.87) and eutrophication to EI (0.83-1.51). The up-
per limit of the moderate range of the EI scale was set as
the average of the lower limit of the eutrophic and the
upper limit of the mesotrophic groups.

Macroalgae

Macroalgae were collected from the representative
rocky shores in the water bodies checked by free div-
ing along the upper rocky infralittoral zone, from the
almost horizontal surfaces, 30—50 cm below the lowest
water level. Macroalgae within one quadrat of 400 cm?
(20 x 20 cm), considered to be the minimal representa-
tive sampling surface for the Mediterranean infralittoral
communities (Dhont & Coppejans, 1977; Boudouresque
& Belsher, 1979), were scraped off with a chisel in each
station. The material collected was preserved in buffered
4% formalin seawater. In this work, the results from the
31 stations sampled for macroalgae will be presented.

In the laboratory, the species were identified down to
the lowest possible taxonomic level, and the abundance
of each taxon was estimated as the percent coverage in
the sampling surface in the horizontal projection (Ver-
laque, 1987). The cumulative coverage of the taxa per
sampling unit would often exceed 100% due to the mul-
tiple layers of vegetation (canopy, bushy, epiphytes).

The Ecological Evaluation Index (EEI) by Orfani-
dis et al. (2001; 2003) and its continuous values version
EElc (Orfanidis et al., 2011) were used for the ecological
evaluation of the biological element of the macroalgae.

Benthic Macroinvertebrates

Benthic samples were collected from each station
using a Smith MclIntyre grab over a 0.1m? sampling
surface. Two replicate samples were collected in each
station from the soft bottom sediments. Samples were
sieved on board through a 1mm mesh size sieve, pre-
served in 4% formalin solution in water and sorted out
in the laboratory. The benthic species were identified to
the species level wherever possible. For the assessment
of the ecological status (WFD) the intercalibrated Ben-
tix Index is used; however, for the MSFD assessment of
benthic communities, diversity parameters also need to
be taken into account (EC, 2010).

To this end the method of Simboura et al., (2012;
2014) was applied by integrating the indicators for the
condition of benthic communities under the Sea-floor In-
tegrity descriptor of MSFD and proposing thresholds and
reference values for Good Environmental Status (GEnS)
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for the Eastern Mediterranean for Diversity indices.

This method is an adaptation of a similar method ap-
plied across the MSFD descriptors in the Basque country
(Borja et al., 2011). The scheme proposed is a modular for-
mula assigning weighting scores to each one of the compo-
nents of a formula: one ‘biotic’ component, two ‘diversity’
components and one ‘size’ component. The size component
was not included here as size spectra analysis for benthic
communities is a labor-intensive process and such data are
difficult to obtain and are unavailable for this dataset.

Each component in the formula is expressed by
the EQR, weighted accordingly and the sum of all the
weighted values corresponds to the final Environmental
Status. The weighting scores were selected taking into
account that a) the Ecological Quality Status (EQS) with-
in the WFD and the Environmental Status (ES) within
the MSFD should be harmonized and the two Directives
should be fully and seamlessly integrated (Borja et al.,
2010); b) the conclusion that at least in the Mediterra-
nean Sea the Shannon diversity shows a non-monotonic
response to the pressure gradients and that the biotic in-
dices are more efficient to assess the EQS (Subida et al.,
2012); c) the species richness is a highly variable indica-
tor and shows a less significant correlation with the EQS
than the Shannon index (Simboura et al., 2012).

The derived formula is as follows:

Bentix EQR X 0.6 + Shannon EQR X 0.2 + Species rich-
ness EQR X 0.2=ES

The final Environmental status (ES) is expressed as an
EQR value and classified according to the standard scale:
1=high; 0.8=good; 0.6=moderate; 0.4=poor; 0-bad.

For naturally stressed biotopes such as the coastal areas
close to the Evrotas and Kalamas, Louros and Arachthos

river mouths the scale used for assessing the environmental
status was not the standard one but the one derived from
the European intercalibration (Borja et al, 2007; 2009),
viz., 0.77, 0.53, 0.38, 0.20, 0 and used by other authors for
the classification of estuaries (Borja & Tunberg, 2011).The
Bentix EQR used in the multimetric formula is normalized
according to the scale used for determining the final ES.

For the calculation of the Bentix Index (Simboura &
Zenetos, 2002) an Add-in v.1.0 version software for MS
Excel 2007 has been used, downloaded free from: http://
www.hcmr.gr/en/.

For the calculation of H and S EQRs the reference
values for each ecotype (Simboura et al., 2012) were set
as follows: ecotype A (coastal muddy) and C (deeper than
90m, muddy):S=40 and H=5; and for ecotype B (coast-
al, mixed):S=100,H=6. These values refer to the stan-
dard sampling surface for the benthos (0,1m?) (UNEP/
MAP, 2004). These reference values were derived from
the maximum values encountered over the Hellenic seas
(Simboura et al., 2012; UNEP/MAP, 2004). Specifically,
for three stations at depths greater than 90m but with un-
clear ecotype classification the reference values were set
as follows: S=21 and H=4 whereas the Shannon refer-
ence values correspond to the maximum possible diversi-
ty for the maximum richness (21 species) found in these
data calculated as: Hmax=log,(Smax).

Integrative environmental status

In the present work, a modification of the decision
tree presented by Borja et al. (2004; 2009a) will be used
for an integrative assessment of the environmental status
within the Marine Strategy Framework Directive (Fig. 1).

-Does each of the biological elements
meet High or Good Quality ? or
-Does Benthos meet High Quality and,

from the remainder elements, one or No
two meet at least Moderate Quality ?

-Does at least, one
biological element
meet Modetate
Quality ? (except

-All the
No| combinations

Do No (c1), or cases 1,2, and 3), or not included No -Do all the biological
o3 e ’ -Does Benthos meet previously, or elements meet Bad
I biological -Do Benthos and another element Highor Good ] | Does B t’h Quality ? or
elements meet meet Good Quality and the remainder f -Does Benthos L
High quality ? at least Moderate ? (c2) Quality gnd, from meet Proor -Does Benthos meet
the remainder, one Quality ? Bad Quality ?
-Does benthos meet Good Quality and| or two have at least ¥
Yes other Moderate ? (c3 Poor Quality ?
Yes Yes Yes
Yes \—\‘/
N\
i High Biological ] Good Biological Quality ] l Moderate Biological ] i Poor Biological Quality ][ Bad Biological Quality ]

Quality

Quality

Do the physicochemical ]/

conditions meet High
Status (by El and No
correlated factors) and
are specific contaminants
under/over background
levels ?

Yes/Under Yes/Over LL
\L Yes

. Are the priority
Do thehydromorphological substances (heavy
conditions meet High Status ? metals) under the N
o

‘ uality objectives ?

Do the physicochemical
conditions meet Good
Status (by El and
correlated factors) ?

Yes ; No LYes
| |

[ High Status Good Status

I [ Moderate Status l i

Poor Status I [ Bad Status

Fig. 1: Decision tree modified from Borja et al. (2004; 2009a) for integrative ecological status assessment.
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The modification lies in the representation of the general
physicochemical status by the Eutrophication Index (EI) of
Primpas et al. (2010), an index developed for the Eastern
Mediterranean oligotrophic waters combining the nitrates,
nitrates, ammonium and phosphates together with the
chlorophyll-a biomass levels. The oxygen values and trans-
parency through the Secchi disk disappearance depth were
also considered in the evaluation of the physicochemical
conditions. It should be highlighted that the chlorophyll-a
is used separately as an evaluation measurement of the bio-
logical quality element of the phytoplankton. Correlation
of the EI index with the physicochemical parameters will
assess the representativeness of this index as a ‘general
physicochemical status’ descriptor.

The biological quality was assessed based on the
three biological quality elements, following the decision
tree giving special weightage to the benthic communities,
which are good indicators of the quality of the whole eco-
system due to their limited mobility, and for which also
the mature and intercalibrated methodologies tested for the
different pressures are available as recommended (Borja
et al., 2009a; Prins ef al., 2013). It is noted here that in
the original decision tree, case 3 (c3) is intended only for
coastal areas which are however exclusively treated in
this work. In cases where the biological quality is ‘moder-
ate’, ‘poor’ or ‘bad’, the corresponding ecological status
is ‘moderate’, ‘poor’ or ‘bad,’ respectively. In cases where
the biological quality is ‘high’ or ‘good’, a series of steps
involving the hydromorphological, the physicochemical
conditions and the priority substances/specific contami-
nants are followed (Borja et al., 2004).

Among the priority substances, only the heavy metal
concentrations are available. Their concentrations were
evaluated with respect to the quality standards defined by
the national and EU regulations (EC, 2008Db).

It should be highlighted that the decision tree de-
scribed, using the Bentix index as a classification metric
of the benthic communities, was applied as an integrative
assessment method for the implementation of the WFD
in the Grecian coastal waters (HCMR, 2012).

To compare the classification given by the different
tools used in relation to the final integrative classification,
a weighted Kappa analysis was undertaken (Cohen, 1960;
Landis & Koch, 1977) applying the methodology presented
by Borja et al. (2007). This analysis takes into account that
the importance of misclassification is not the same among
the close categories (for example, high or good, moderate or
poor) as between further categories (for example, between
high or good and moderate or poor). Disagreements involv-
ing the categories apart from the threshold of degraded-un-
degraded status are referred to as the percentage of mismatch
or problem cases. The kappa values reveal the next levels of
agreement: (1)Null <0.05; (ii) Very low: 0.05-0.2; (iii) Low:
0.2-0.4; (iv)Moderate: 0.4-0.55; (v) Good: 0.55-0.7; (vi)
Very Good: 0.7-0.85; (vii) Almost perfect: 0.85-0.99;and
(viii) Perfect: 1 (Monserud & Leemans, 1992).
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As a method for integrating results at the water body
level (Fig.10), the method of “worst case” or the OAOA
rule was used.

Pressure and State of Change indicators

The pressure index derived from Borja et al. (2011)
was estimated for the water bodies monitored to give
the magnitude of the anthropogenic pressures imposed
(Table 1). According to this methodology, a pressure in-
tensity scale is defined from 3 (high) to 1 (low) provid-
ing values for each pressure type within the correspond-
ing area. The pressure index is calculated as the average
pressure intensity. The classification of the pressures was
based on the Water Information System for the Europe
(WISE-SoE) reporting system for the coastal and marine
waters (http:/cdr.eionet.europa.eu/gr/eea) and data avail-
able through the Article 5 implementation of WFD, in
Greece (HCMR, 2008, www.minenv.gr). The pressure
types include sewage discharge, industrial discharge,
other discharges, spoiled waste, other waste, mariculture,
fishing, marinas, ports, and other activities.

The integrated (over the whole water column) values
of Total Carbon (TC), Total Nitrogen (TN), Particulate
Organic Carbon (POC) and Particulate Organic Phospho-
rus (POP), dissolved oxygen and bottom layer dissolved
oxygen, the transparency and organic carbon and nitro-
gen content in the sediment were used as environmental
indicators of the state of change, following the European
Environmental Agency (EEA) Drivers, Pressure, State,
Impact, Response (DPSIR) approach. Correlations of
these environmental indicators with the integrative eco-
logical status were made.

For substituting status class with the parametric val-
ues in the correlations of the integrative status with the
environmental and pressure parameters, an equivalence
value was used according to the one proposed by Borja et
al. (2009a). For high status the equivalence value is 10,
for good 8, for moderate 6, for poor 4 and for bad 2.

The STATGRAPHICS CENTURION 2009 software
package, StatPoint Technologies, Inc., was used to ex-
plore statistically significant differences or correlations
across the biotic and environmental parameters. For test-
ing correlations, the Pearson correlation coefficient was
calculated.

Results

Hydromorphological conditions

The speed of the coastal currents recorded was in
general weak, i.e., in the range of 5-10 cm/sec, in the
upper 15 m. In the deeper layers it was even less, in the
order of 2-3 cm/sec. This occurred mostly in the isolated
areas that had minimal exposure to the open sea. Higher
speeds, near 15-20 cm/sec were recorded near Korinthos
and in the Thessaloniki Gulf (TP16, TP10), most likely

Medit. Mar. Sci., 16/1, 2015, 46-64



Table 1. Indices values and Environmental Quality Status (EQS) assessment of the biological quality indices, eutrophication sta-
tus, biological status and integrative environmental status. Pressure index value. H=high, G=good, M=moderate, P=poor, B=bad,
NA=not available.

=f z=f =z 3z 2 32 - &% g% -F £}
STATION clﬂg 8('0%’ E g? ;': 8; = gé gg (IJ(@; E’-%
Pylos 0,51 M 3,91 P 0,337 G 0,193 G M M 1,1
Methoni 0,69 G 5,03 M 0,205 G 0,197 G G G 1,1
Korinthos 0,66 G 3,87 P 0,299 G 0,320 G M M 1,1
Aigio 0,70 G 6,02 G 0,486 M 1,175 P G M 1,1
Xylokastro 0,79 G 5,52 M 0,608 P 0,808 M M M 1,1
W. Patraikos 0,68 G 7,59 G 0,156 G 0,609 M G M 1
Patra 0,78 G 7,22 G 0,314 G 0,870 P G M 1,3
S. Patraikos 0,55 M 4,46 M 0,238 G 0,404 M M M 1
Argostoli 0,80 G 4,08 M 0,666 P 0,333 G M M 1,2
Argolikos 0,63 G 6,96 G 0,416 M 0,535 M M M 1,2
Vourlias 0,74 G 9,20 H 0,279 G 0,312 G G G 1,1
Evrotas 0,60 G NA NA 0,296 G 0,228 G G G 1
Messolonghi 0,60 M 9,60 H 0,262 G 0,819 M G M 1,2
South Amvrakikos 0,29 P 2,00 B 0,860 P 1,228 P P P 1,6
Igoumenitsa 0,47 M 9,64 H 1,324 P 0,508 M M M 1,4
Kalamas 0,58 G 8,39 H 0,288 G 0,278 M G M 1,2
Ekvoles Lourou 0,51 M 2,00 B 2,572 B 1,069 P M M 1,4
Ekvoles Arachthou 0,32 P NA NA 1,860 P 0,880 P P P 1,4
South Evvoikos 0,61 G NA NA 0,127 G 0,173 G G G 1,3
S1 0,26 P 5,83 M 1,398 P 0,489 M P P 1,4
S8 0,44 M 4,52 M 0,154 G 0,169 G M M 1,2
S11 0,56 M 5,37 M 0,153 G 0,122 G M M 1,2
S7 0,51 M 5,18 M 0,194 G 0,381 M M M 1,4
Faneromeni 0,47 M NA NA 0,577 M 0,223 G M M 1,1
S25 0,30 M 5,37 M 0,170 G 0,285 G M M 1,1
Maliakos 0,72 G 2,00 B 1,002 P 0,417 M M M 1,3
Asopos 0,46 M NA NA 0,363 G 0,250 G M M 1,2
Itea 0,53 M NA NA 0,746 P 0,843 M M M 1,3
Antikyra 0,73 G 6,81 G 0,680 P 0,522 M G M 1,2
Theologos 0,64 G 5,57 M 0,235 G 0,615 M M M 1,1
Skouries 0,44 M NA NA 0,281 G 0,568 M M M 1,4
Larymna 0,54 M NA NA 1,106 P 0,581 M M M 1,5
Volos 0,64 G 4,70 M 0,166 G 0,137 G G G 1,2
TP32 0,52 M NA NA 0,615 P 0,301 G M M 1,2
Stratoni 0,36 P 10,00 H 0,201 G 0,152 G P P 1,2
TP16 0,47 M 3,06 P 2,232 B 0,685 M M M 1,2
TP10 0,60 M 3,81 P 1,769 P 0,492 M M M 1,6
KAV3 0,53 M NA NA 0,638 P 0,384 M M M 1,6
Diavlos Thasou 0,66 G NA NA 0,355 G 0,143 G G G 1,2
1G2 0,64 G 6,16 G 0,156 G 0,169 G G G 1,4
Souda 0,62 G 6,85 G 0,128 G 0,219 G G G 1,4
Messara 0,71 G 6,05 G 0,059 H 0,067 G G G 1
Moudros 0,64 G NA NA 0,299 G 0,113 G G G 1
Limnos 0,90 H NA NA 0,049 H 0,104 G H H 1
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related to the tidal influence. The general hydromorpho-
logical conditions were normal corresponding to the sa-
linity and density of the Eastern Mediterranean type of
coastal waters ‘not influenced by freshwater input’.

Physicochemical conditions

The temperature and salinity CTD measurements,
during the period of April and May 2012, showed the
typical values of these parameters found in the coastal
marine environment around Greece for this period (Kon-
toyiannis et al., 2005). Temperatures ranged approxi-
mately from 16 to 19°C, in the surface layers and between
the 15-11°C near the bottom. Isolated water bodies such
as the gulfs and the narrow passages exhibited compara-
tively lower surface temperatures in April and higher in
May. The surface salinity values ranged from the minima
of ~26-28, near the river mouths of the Amvrakikos Gulf,
to ~35-36 in the North Aegean areas and to the maxima
0f'~38.5-39.1 in the South Aegean. Higher salinity values
existed in the subsurface and near-bottom layers in al-
most all the stations. These values ranged from ~36-38.5
in western coastal Greece to 38.5-39.3 in the Aegean.

The Secchi disk transparency values ranged from
2.5m to 22m. Lower values were recorded near the river-
mouths, especially those in western Greece (Amvrakikos
Gulf), and in the enclosed bays or protected gulfs (Argo-
likos Gulf, Larymna Bay, Maliakos Gulf, Thessaloniki
Gulf, Elefsis Bay, Faneromeni Bay). The southern Aegean
and the areas near and around Crete were characterized
by the highest transparency values (19-22 m), whereas the
area of the Inner Saronikos Gulf (stations S7, S8, S11) had
Secchi-disk transparency values around ~15-20 m.

In general, the waters of the Greek coastal areas are
well oxygenated. Relatively lower dissolved oxygen (DO)
DO values (4.25mL/L) were recorded near the bottom of
Elefsis Bay. In Elefsis Bay, the development of a strong
temperature-driven pycnocline during the period of May-
November every year, results in the isolation of the deeper
part of the water column, leading to insufficient oxygen
supply from either the atmospheric or photosynthetic
sources and the significant decrease in the oxygen con-
tent, resulted in the anoxic conditions during the summer
period. In addition, low DO concentrations (<2.00 mL/L)
were recorded near the bottom of the Amvrakikos Gulf
due to the consumption of the high organic matter content
discharged from the rivers.

Nutrient concentrations during April and May 2012
revealed significant spatial variation among the various
coastal areas of Greece influenced by different points
and/or diffuse anthropogenic pressures (related to nutri-
ent enrichment).

The nutrient values recorded in the coastal zones of
Greece were highly deviated from the average value and
ranged as follows: Nitrate: < LOQ (limit of quantification)—
5.100 pumol/L (0.63440.025 pmol/L); nitrite: < LOQ- 0.579

52

pmol/L (0.106£0.096 umol/L); silicate: 0.85 pmol/L — 41.7
umol/L (4.65+7.67 umol/L); ammonium: 0.051 — 2.994
pmol/L (0,385+0,402 pumol/L); DIN:P ratio (referring to the
Dissolved Inorganic Nitrogen: nitrate+nitrite+ammonium ra-
tio to inorganic phosphorus): 1-98 (29+23).

The highest mean integrated nitrate concentrations
were recorded in Korinthiakos Gulf, Patraikos Gulf and
North Evvoikos Gulf influenced mainly by industrial ac-
tivities, as well as in the Amvrakikos Gulf which is en-
riched in nutrients through the riverine outfalls from the
Arachthos and Louros rivers. The mean integrated Am-
monium concentrations were lower than 0.50 umol/L in
most parts of the Greek coastal areas, whereas relatively
higher ammonium mean integrated values were recorded
in the areas affected by industrial activities. It is note-
worthy, that a relatively high mean integrated value of
ammonium (1.13 pmol/l) was recorded in the Louros es-
tuary, indicating pollution problems in the river.

The Amvrakikos Gulf together with Patras port and
Psyttalia sewage outfall were enriched in phosphate. Con-
sequently, the DIN:P ratio was calculated below the theo-
retical value (16:1) (Redfield,1958) indicating nitrogen
limitation. Thus, the Saronikos Gulf, Thermaikos Gulf and
Amvrakikos Gulf seem to be nitrogen limited whereas, the
rest of the coastal Greek areas were phosphorus limited
(Fig. 2). The Amvrakikos Gulf was also highly enriched in
silicate (34 umol/L in the south Amvrakikos Gulf and 26
umol/L in the north Amvrakikos Gulf).

The DIN:Si ratio was below 1 in all the coastal areas
studied in Greece suggesting a higher silicate concentra-
tion relative to inorganic nitrogen (Fig.3). The ratio of
silicate to inorganic phosphorus (Si:P) was extremely
high, indicating a strong deficiency of P relative to Si for
the Greek coastal zones (Fig. 4).

The Eutrophication Index (EI) of Primpas et al. (2010)
was used to assess the combined effect of all the nutrients
on the physicochemical status. Fig. 5 shows the Eutrophica-
tion Index values (EI) in each station. The EI recorded three
classes of water quality, namely, good, moderate and poor.
The physicochemical status was judged as good in stations
where the eutrophication index rendered good status and
also where the oxygen values and Secchi disk disappear-
ance depth were not ranging among the lower values.

Metals

Dissolved Cd, Ni and Pb concentrations were found
below the environmental quality standards set by the
Directive 2008/105/EC (EC 2008b) by one order of
magnitude for Cd and Pb and two orders of magni-
tude for Ni. Cadmium ranged from 0.005 to 0.21ug
L' (0.012 +£0.004ug L'); Pb from 0.113 to 2.55ug
L' (0.377+0.345ug L); Ni from 0.277 to 1.55ug L'
(0.620+0.269ug L. The corresponding quality standard
values are 0.2ug L' for Cd, 20pg L' for Pb and 7.2ug
L for Ni. Metals not included in the priority substances
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Mean integrated Si:P ratios in the various coastal areas of Greece during April-May 2012.
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Fig. 5: Gradient of the Eutrophication Index (EI) values and classification undergood, moderate and poor ecological status.

list (Co, Cu, Zn, Cr) are considered specific pollutants;
however, quality standards have not been established for
the coastal waters. The concentration ranges recorded for
these metals during our survey are as follows: Co: 0.005-
0.021pg L' (0.048+0.025ug L); Cu: 0.149-2.16pg L
(0.339+0.267ug L"); Zn: 0.641-4.28ug L' (1.79+0.774pug
L1); Cr: 0.269-0.815ug L (0.475+0.109ug L'). Overall,
these values do not show important pollution loads. Oc-
casionally, however, for some samples, increased metal
concentrations were recorded, shown as the outlier val-
ues in the box-whisker diagram of Fig. 6. It is noteworthy
that 35% of the outlier values correspond to the metal
concentrations measured in station S1 in the Elefsis Bay
where the largest industrial zone of Greece is located.

—
—

o
o
o o
o
o
g é :
T T T
cu Ni Pb zn cr

Fig. 6: Box-whisker diagrams for Cu, Ni, Pb, Zn, Cr (ug L")
concentrations measured during 2012 samplings in the Greek
coastal waters. Data for Cd and Co not shown.
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Biological quality
Chlorophyll-a

Figure 7 presents the gradient of the mean integrated
values of chlorophyll concentration. It is obvious that the
highest standing stock of chlorophyll-a was recorded in
the Inner Thermaikos Gulf (2.2324+mg m~), in the Louros
and Arachthos Estuaries (Amvrakikos Gulf) with concen-
trations of 2.572+0.09mg m= and 1.860+0.35mg m?, re-
spectively, and in Elefsis Bay with a chlorophyll value of
1.398+0.76mg m~ (Saronikos Gulf). Low chlorophyll con-
centrations were recorded in two stations situated in Lim-
nos (North Aegean Sea) and Messara (Crete) with mean
integrated values of 0.049+0.01mg m~and 0.059+0.01mg
m?, corresponding to the high ecological quality.

Areas assessed as having moderate status include
sites in the Argolikos Gulf, in Aigio (northern coast of
Peloponnese) and Faneromeni Bay (Saronikos Gulf).
The majority of the areas sampled during April and May
2012 were assessed as being in good status and are situ-
ated in Evvoikos Gulf, Argolikos Gulf, outer Thermaikos
Gulf, southern coasts of Peloponnese and in the Western
Basin of the Saronikos Gulf.

High chlorophyll-a values corresponding to bad eco-
logical quality were noted in the North Amvrakikos Gulf,
which is influenced by riverine outflow (Arachthos and
Louros rivers) and in the Inner Thermaikos Gulf area in-
fluenced by the anthropogenic nutrient enrichment and
industrial activities.

The POC concentrations measured exhibited high spa-
tial as well as vertical variability. The POC values during
the April and May 2012 sampling ranged between 4.4 and
33.1umolC L' (meantstdev: 11.0+6.5umolC L), The
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highest mean depth-integrated POC concentrations that
were markedly higher than those recorded in the other
water bodies were observed in the Elefsis Bay area char-
acterized by strong industrial activity (e.g. oil refineries,
steelworks, and shipyards) and the Gulf of Thessaloniki
— a region influenced by riverine inputs and sewage efflu-
ents. The water bodies of Faneromeni Bay, Gulf of Avlis,
Larymna Bay, Maliakos Gulfand Inner Thermaikos Gulf
appear moderately enriched in organic particles.

Benthic macroinvertebrates

On the whole, 4852 benthic macorinvertebrateindi-
viduals were counted and 510 species identified. The
Bentix-H-S combination multimetric tool used as a clas-
sification metric for the benthic macroinvertebrates cor-
responded (Table 1) to poor ecological quality in three
cases: in Elefsis Bay, Amvrakikos Gulf station and ler-
issos Gulf (Stratoni station). Moderate status was noted
in several sites: the southern Patraikos Gulf, Itea Bay
at Korinthiakos Gulf, North Evvoikos Gulf (Skouries),
Gulf of Avlis, and Kavala Gulf, all being water bodies in-
fluenced mainly by industrial and other activities. Other
water bodies classified by the combined Bentix-H-S tool
as in moderate status are the Thermaikos Gulf and Inner
Saronikos Gulf, which are mainly influenced by treated
sewage effluents and eutrophication.

In the western basin of the Saronikos Gulf, the low
number of benthic species found (4 species and 14 spec-
imens) was below the confidence level of the index to
allow a reliable classification by the Bentix Index. How-
ever, considering the specific hydro-morphological con-
ditions prevailing in this deep trench-shaped and hypoxic
basin which acts as a sink for nutrients and organic mat-
ter (Friligos, 1985), the condition of the sparse benthic
communities of the area was characterized as moderate.
Pylos Bay, an enclosure of the lonian Sea and Kalamas
station, influenced by riverine outflow,was also classified
as having a moderate status by the Bentix Index. Good
ecological quality was shown by the Bentix-H-S tool in
20 stations and high ecological quality at one station in
Limnos Island (North Aegean).

Macroalgae

The lowest values on the Ecological Evaluation Index
(EEIc) applied were observed in the South Amvrakikos,
Louros estuary, Maliakos Gulf, Inner Thermaikos and
Thessaloniki Gulf. Poor status was assessed for the Pylos
and Korinthos stations. Stations assessed as having moder-
ate status include Methoni, Xylokastro, S. Patraikos, Ar-
gostoli, stations of the Inner and Western Saronikos Gulf,
Elefsis Bay, Faneromeni Bay, North Evvoikos Gulf and
Volos. Good status was found in Aigio, W. Patraikos and
Patra, Argolikos, Antikyra Bay, and in all stations of Crete
(IG2, Souda, Messara), while high status characterized
Vourlias, Messolonghi, Igoumenitsa Bay, Kalamas and
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Stratoni. In some stations a rocky substrate was absent and
macroalgae were not sampled (marked as NA in Table 1).

Integrative ecological status and validation

Table 1 shows the pressure index values, results of
the biological quality indices, eutrophication index, de-
rived classification status, biological quality classifica-
tion and integrative or global status classification follow-
ing the decision tree (Fig. 1) as modified from Borja et
al. (2004). Analytical data on the values of the various
indices used (Bentix, Shannon, species richness) and
sampling station characteristics (coordinates, depth, sub-
strate) are given in the Annex (as Supplementary Data,
only on line) on request by the corresponding author.

The box-plot of Fig. 8 shows the plotting of the Sec-
chi disk disappearance depth against the integrative status
classes. The differences in the Secchi disk values among
the classes are statistically significant (F-Ratio=4,68 and
P-Value=0,0068) and the lower value of the lower quartile
of the box-plot of the data is 11m depth. This limit could
be set as a tentative threshold value for good status for use
in the decision tree along with the results of the Eutrophi-
cation Index to assess the physicochemical status.

Figure 9 (a-f) shows the assessment of each classifi-
cation tool used separately at the level of the monitoring
stations highlighting on the pie-graphs the percentage of
the different classes provided by each tool. The results of
the class agreement analysis in relation to the integrative
classification, showed that the multimetric tool and Ben-
tix demonstrated a very good (kappa value=0,72, 22,7%
mismatch cases) and good (kappa value=0,60, 25% mis-
match cases) agreement, respectively.

The multimetric tool displays a better agreement with
the integrative status compared with the Bentix, as it was
used as a tool for the benthic element in the decision tree. The
Eutrophication Index (kappa value=0,54, 22,7% mismatch
cases) and chlorophyll-a (kappa value=0,45, 34,1% mis-

Box-and-Whisker Plot

201 T%*-
N e

4§- ] 1 -

P M G H
Integrative Ecological Quality

Fig. 8: Box-whisker plot of the Secchi disk disappearance
depth across the integrative ecological quality classes. Good to
moderate threshold limit located at 11m depth.

55



Table 2. Results of the coastline length and area GIS classification based on a) 2012 monitoring results b) 2008 baseline monitor-
ing results of the respective water bodies (WB) and c) 2008 baseline monitoring results of the whole country.

a) monitoring 2012 - integrative classification

Ecological quality
status (EQS) count of WBs per coastline - length
classification category (km) % length coastline area (km?) % area
High 18 1601,18 32,89 4152,54 25,41
Good 8 410,46 8,43 1259,08 7,71
Moderate 33 2533,35 52,04 10441,47 63,90
Poor 3 323,01 6,64 486,37 2,98
Sum 62 4867,99 100,00 16339.,46 100,00
b) 2008 baseline monitoring results of same water bodies
count of WBs per coastline -
EQS classification category length (km) % length coastline area (km?) % area
High 21 1781,12 36,59 4867,99 28,64
Good 12 888,03 18,24 5451,88 33,37
Moderate 26 2048,80 42,09 6061,11 37,09
Poor 3 150,05 3,08 147,15 0,90
Sum 62 4867,99 100,00 16339,46 100,00
average class %
deviation 2008-2012 6,20 14,04
¢) 2008 baseline monitoring -whole country
EQS classification zg?elfgtog;WBS per coastln(x;:il;)length % length coastline area (km?) % area
High 155 11006,32 65,22 19623,27 51,12
Good 40 3002,40 17,79 11041,39 28,76
Moderate 35 2717,69 16,10 7578,03 19,74
Poor 3 150,05 0,89 147,15 0,38
Sum 233 16876,46 100,00 38389,83 100,00

match cases) showed a moderate class agreement, whereas
the macroalgae index showed a low agreement (kappa val-
ue=0,27, 32,3% mismatch cases) with the integrative status.
The Eutrophication Index had a low class agreement with
both the multimetric and Bentix benthic indices.

Figure 10 shows the Arc GIS mapping of the classified
water bodies of Greece based on the first year monitoring
results. Table 2 shows a) the GIS calculation of the coast-
line length and area classification in each ecological status
class of the 62 water bodies evaluated during 2012, b) the
baseline classification (HCMR, 2008) for case (a) stations
and c) the baseline classification of the whole country.

Table 2 also shows the calculated average percentage
deviation between the 2012 classification results and the
2008 baseline classification results, which is 6,2% for the
coastline length and 14 % for the area classification. It is
then deduced that the eventual classification of the whole
country coastline may be close (with a deviation of 6%)
to the one given under the baseline classification with a
percentage of 65,22% in the high class, 17,79% in the
good and 16,10% in the moderate class. It is notewor-
thy, however, that the baseline monitoring gave a higher
percentage of good and high classes than did the 2012
monitoring, overestimating the EQS.
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Table 3 shows the Pearson correlation coefficient and
p-values among the biotic indices, pressure index and
abiotic parameters used as the state of change indicators.
Chlorophyll-a concentrations correlated positively and
significantly with the pressure index and the water param-
eters of total and particulate organic carbon and phospho-
rus, total nitrogen and with the water transparency esti-
mated by the Secchi disk disappearance depth. Also, the
chlorophyll-a values correlated significantly with the total
organic carbon and nitrogen in the sediment.

The benthic macroinvertebrate Bentix index correlat-
ed negatively and significantly with the pressure index,
total nitrogen and phosphorus, Particulate Organic Car-
bon (POC) and Phosphorus (POP) in water, positively
with the N:P ratio and transparency and negatively with
the sediment parameters.

The same correlations were also evident for the
combination of the Bentix-H-S metric. The macroalgae
EElc index showed significant negative correlation with
chlorophyll-a, biological quality and total phosphorus
in the water. Biological quality derived from the three
biological elements of the phytoplankton, macroinver-
tebrates and macroalgae following the decision tree of
Borja et al. (2004), correlated significantly with all the
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Table 3. Correlations among the ecological status indices and environmental and pressure factor-indices. Values represent cor-
relation and P-value. Statistically significant correlations are marked with bold typing. The strongest correlations are underlined.
DIN:P = dissolved inorganic nitrogen to phosphorus ratio; TN= total nitrogen in water; TP= total phosphorus in the water, POP=the
particulate organic phosphorus, POC=the particulate organic carbon, O,=dissolved oxygen, bottom O,=dissolved oxygen in bot-
tom layer, TOC=total organic carbon in sediment, N=total nitrogen in sediment , EI: the eutrophication index.

Pressure  pynp N TP poP pOC o, Bottom Secchi ... N

index 2 O2 Disk
WATER SEDIMENT
Chl-a 04888  -0,4455 05923  0,5598  0,7538 0,8489 -0,4388 -0,0222 -0,6649 03086 03132
0,0008 00961  0,0004  0,0011  0.0000 00000 0,0529 09260 0,000 0,0441 0,0384
BENTIX  -0,5028 03434 -0,3880 -0,5208 -04438 -0,4140 0,1881 0,1881 03199 -04951 -0,3441
0.0006 0,260 0,147  0,0007 0,0029 0,0058 04272 04272 0,0365 0.0009 0,0239
BENTIX-H-S  -0,4237 03390  -0,3988 -0,5732 -0,3843 -02737 0,0578 02919 03115 -04869 -0,3681
0,0055 0,261  0,0238  0,0006 0,0100 0,722 0,8033 0,1991 0,0395 0.0009 0,0140
EElc 202148  0,1339  -02761 -04397 0,1974 0,1966 04764 04759 0,1960 0,1976 -0,1666
02459 04807 02525 00217 0,5847 05861 0,1640 0,1644 02906 02866 03704
BIOLEOQGSICAL 20,4839 02990  -0,4661  -0,5967 -0,4171 -03723 04992 0,053 04456 -0,4808 -0,3906
0,0009 00514  0,0082 00004 0,0049 00128 0,0250 0,0763 0,0024 0,0011  0.0088
El 03512 0,1827  0,7557 08258 03288 03250 -0,7674 -0,0874 -0,4455 0,0286 0,0599
0,020 02409  0.0000 00000 00313 00334 00001 07142 0,028 08575 0,7026
h‘t%géast“’e 20,4269 02707 -0,4674 -0,6183 -03433 -0,3038 0,5111 055023 04337 -0,4187 -0,3423
0,0039 03291  0,0080 00002 0,0225 0,450 0,0213 0.0240 0,0033 0,0052 0,0230

components of its biological elements and also with the
water and sediment parameters and pressure index. Bio-
logical quality increases with the decrease in the water
nutrients, sediment organic carbon, particulate organic
carbon and pressure index and with the increase in the
dissolved oxygen and transparency. The Eutrophication
Index showed significant positive correlations with the
pressure index, total nitrogen and phosphorus in the wa-
ter, particulate organic carbon and phosphorus in the wa-
ter, dissolved oxygen and transparency.

The integrative global ecological status is signifi-
cantly correlated with all the water and sediment param-
eters (including the bottom oxygen).

The strongest correlations among the abiotic or pres-
sure factors and the biological indices were those seen
among the pressure index and the Bentix index, total ni-
trogen and phosphorus in the water and the eutrophica-
tion index, the particulate organic carbon and phosphorus
with chlorophyll-a, the bottom oxygen and the integra-
tive status, transparency and chlorophyll-a, total organic
carbon in the sediment and the Bentix index, and the total
nitrogen in the sediment and biological quality. The N to
P ratio correlated significantly and positively only with
the Bentix and its multimetric derivative.

Chlorophyll-a. showed the highest correlation with par-
ticulate organic carbon and phosphorus in the water and
transparency. The Bentix and Bentix-H-S metric correlated
best with the pressure index and total organic carbon in the
sediment; the eutrophication index with total nitrogen and
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phosphorus in the water and the biological quality and inte-
grative status with the total phosphorus in the water.

Regarding comparisons among the ecological indi-
ces (Table 4), chlorophyll-a correlated significantly with
the Bentix and the EEIc and even more strongly with the
eutrophication index. The biological quality correlated
significantly with the Bentix and its combined metric, the
eutrophication index, the EEIc and the chlorophyll bio-
mass. The integrative status correlated absolutely with
the biological quality, followed by the Bentix multimet-
ric, the Bentix, the EI and the chlorophyll-a.

Discussion

This work presents a methodological approach (decision
tree) to utilize the data acquired by the implementation of the
WEFD in the coastal water bodies to arrive at an integrative
environmental status assessment sensu on the MSFD.

The elements acquired through the WFD monitor-
ing address several Descriptors of the MSFD like the
Biodiversity (D1) and Sea floor integrity (D6) through
the benthic indices assessing the condition of the ben-
thic communities, the eutrophication (D5) through the
Eutrophication index and the chlorophyll-a biomass, the
hydrographic conditions (D7) through the physical and
hydro-morphological parameters measured and the con-
taminants (D8) through the heavy metals measurements.

The decision scheme applied, therefore, gives weight
to the elements of biological quality and to those of the
benthic macroinvertebrates, in particular, which largely
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Table 4. Correlations among the various ecological quality indices. Values represent the correlation and P-value. Statistically
significant correlations are marked with bold typing.

BENTIX BENTIX-H-S EEIc Chl-a EI BIOL]?QGSICAL
EEI 02038 0,0199
0,2800 0,9153
Chl-a -0,3844 -0,3295 -0.4153
0,0109 0,0289 0,0202
El 20,0709 20,2311 20,1531 0.5250
0,6554 0,1360 04193 0,0003
BIOLE)Q%ICAL 0,7103 0,5974 03742 L0.4732 -0,7773
0,0000 0,0001 0,0381 0,0012 0,0000
INTES&?TED 0,5590 0,6453 0,1989 10,4413 20,5610 0.8575
0,0001 0,0000 02833 0,0027 0,0001 0,0000

defines the integrated biological value as also proposed in
an integrative methodological approach for the assessment
of the environmental status for the MSFD (Borja et al.,
2011). This approach is in line with the Ecosystem Ap-
proach (ECAP) followed also by the Regional Sea Con-
vention for the Mediterranean Sea (UNEP/MAP, 2012).
The weighting of the macroinvertebrates was decided af-
ter the recognition (Borja & Rodriguez, 2010) that some
of the biological elements and mostly the phytoplankton
and macroalgae produced most instances of the disagree-
ments (on the coastal and transitional waters) between the
integrative status and the status derived by following the
OOAO principle of WFD. This disagreement was attrib-
uted by Borja et al. (2004) to the high spatial and temporal
variability of some of the biological elements, such as the
macroalgae and phytoplankton, and the role of some of
the elements as good indicators i.e., benthos and fishes.
In our case too, the macroalgae Ecological Evaluation In-
dex, (EEIc) correlated only with the chlorophyll-a, total
phosphorus in the water and the derived biological quality,
having a low degree of agreement with the Bentix (kappa
value=0,27) and a very low agreement (kappa value=0,15)
with the Eutrophication Index. One explanation is prob-
ably that the macroalgae alone produce this disparity or
lack of correlation, due to the high seasonal and spatial
variability that this element presents. It should be noted
that only one seasonal sampling effort was taken into ac-
count (instead of two), compromising the index accuracy.
Another explanation for producing this disagreement
maybe the sampling location. Macroalgae were sampled
from the rocky shores, if existent, of the monitoring sta-
tions. The water body shores and the associated biological
elements (macroalgae) are more sensitive to the localized
pressures exerted on the coasts of a water body. Caroni
et al. (2013) showed that the sensitivity of the different
BQE:s to various pressures influences the confidence level
and comparability of the various methods for combining
the assessment results. The BQEs used for the WFD as-
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sessment may be sensitive to the same pressure, be com-
plementary in displaying the effects of different pressures,
on different spatial and or temporal scales, on different
aspects of the ecosystem functioning or be responsive to
multiple pressures. According to Caroni et al. (2013), the
OAOA (One-Out-All-Out) approach is recommended for
the complementary or single pressure BQEs and the aver-
aging approach for the multi-pressure BQEs.

From the analysis of the correlations among the eco-
logical indices and the biological and global status de-
rived and the pressure or state of the change indicators,
it seems that the pressure indicators correlate with all the
indices and the derived integrated status.

Also, the quality indices of the water column such
as the chlorophyll-o and Eutrophication Index are more
strongly correlated with the water parameters of the total
nitrogen and phosphorus, particulate organic carbon and
phosporus, dissolved oxygen and transparency. Bottom
oxygen is the parameter with the weakest correlations.

Regarding nutrients, the results of this work show that
the anthropogenic nutrients may cause changes in the ratios
of dissolved inorganic phosphorus to silicates, which shift
the balance of the primary producers from the silicon-re-
quiring diatoms towards the non-siliceous algae, including
the cyanobacteria. These shifts may not be always harmful,
but may produce an ‘undesirable disturbance’ of the eco-
system structure and function, as well as on the ecosystem
goods and services used by humans (Ferreira et al., 2011).

The high spatial and vertical variability of the POC con-
centrations measured reflect the differences in the natural
(i.e. pelagic primary productivity, marginal and submerged
vegetation, organic detritus, riverine discharges) and an-
thropogenic sources (i.e., sewage effluents, industrial ef-
fluents, organic waste from the farms, including fish farms)
of organic carbon to the various water bodies. It is evident
that in both cases the natural POC sources are significantly
supplemented by the anthropogenic inputs, resulting in the
high organic matter content of the water column.
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The macroinvertebrate quality Bentix Index and its
combination metric with the H and S is more strongly cor-
related with the sediment parameters. The Bentix Index
also and its multimetric derivative are the only biological
parametres which significantly correlates with the N:P ra-
tio. As mentioned in the physicochemical status descrip-
tion, most areas in Greece are phosphorus limited, while
the disturbed areas are nitrogen limited; thus, the ratio of
N:P reduces when the ecological quality increases. On the
other hand, the N:P ratio is related to the phytoplankton
composition and not the biomass, which justifies the lack of
significant correlation of this factor with the chlorophyll-a.

Generally, the Bentix Index correlated better with
the abiotic parameters than its multimetric combination;
however, the diversity parameters are mandatory under
the MSFD and their controlled use by weighted scoring
assures compatibility with the MSFD. Critical differenc-
es in class assessment (involving the transition between
the good and moderate classes) among the Bentix and
its combination with H and S existed only in five cases;
however, these classification differences were leveled up
in the subsequent decision tree steps.

The biological status is correlated with all the abiotic
elements barring the bottom oxygen, while the integra-
tive status correlates with all the abiotic parameters and
also with the bottom oxygen.

The hydro-morphological status is used in the deci-
sion tree only in the case of high biological status, which
in our case study was fulfilled only once (Limnos station).
The physicochemical status is critical only in case it fails
to achieve good status and at the same time the biological
quality is high or good; in this case the biological qual-
ity is downgraded to moderate. In the case of moderate
or lower than moderate biological status there is no other
checking step in the decision tree for the global status,
which is then determined by the biological status.

Regarding the heavy metals and contaminants in gen-
eral it appears that a major gap is the setting of regional
or sub-regional quality standards (reference values and
thresholds) for the Hellenic coastal and marine waters.

The Eutrophication Index used here in the decision tree
as a surrogate for the physicochemical status and in combi-
nation with the oxygen and transparency values valuation,
represents reliably the actual condition of the nutrients,
although it also combines the chlorophyll value. Indeed,
in all the cases where the EI index failed to achieve the
good status, one or more of the combined nutrient values
were high and corresponded to the higher mesotrophic or
eutrophic classes according to the scale of Karydis (1999).
Hence, the chlorophyll biomass was not double counted
in the assessment process and the values of the nutrients
were critical for the downgrading of the good biological
status to the moderate global status. It is noteworthy that
the Eutrophication Index surrogating the physicochemical
status did not correlate with any of the biological elements,
except chlorophyll-a, one of its components.

This is indicative of the divergence in the resilience
and resistance among the biological and chemical eco-
system descriptors adopted also by the WFD, which uses
the biological elements as the basic quality elements for
assessing the ecological status and the physicochemical
elements only as the supporting elements.

A comparison done between the Eutrophication In-
dex (EI) and chlorophyll-a showed an agreement in the e
cological status in 18 stations, although the chlorophyll-a
classification resulted in five classes while the EI clas-
sification produced only three classes. The use of the EI
instead of chlorophyll-a resulted in upgrading of the eco-
logical status in several cases: from poor ecological quality
to moderate ecological status in 9 stations; from moderate
to good ecological status in Faneromeni Bay; from poor to
good ecological quality in the Outer Thermaikos Gulf and
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Fig.7: Gradient of chlorophyll-a values (mg m~) and classification under the high, good, moderate, poor and bad ecological status.
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Argostoli Gulf; from bad to moderate ecological quality
in the Thermaikos Gulf (TP16) and from bad to poor eco-
logical status in the Louros estuary. On the contrary, the
degradation from high to good ecological quality (Fig. 5,
Fig.7) was noted in Limnos (N. Aegean Sea) and in Crete
(Messara) and from good to moderate ecological quality
in the South and West Patraikos Gulf, Psyttalia outfalls,
Theologos, Sea of Messolonghi and North Evvoikos Gulf.

A deviation from the decision tree was chosen only
in one case where the EI showed good status, while the
chlorophyll-a and biological quality (phytoplankton and
benthos) were of high status. This is the case with the Lim-
nos coast, where all the nutrients values (nitrates, nitrates,
ammonium and phosphates) corresponded to the high EQS
according to the four-step eutrophication scale of Karydis
(1999). In these cases it was decided that the integrative
EQS would be high, irrespective of the EI results.

This is indicative that a possible modification of the
high to good boundary of the EI index would be neces-
sary so that the five-step scale of Primpas et al. (2010)
would be compatible to the four-step eutrophication scale
of Karydis (1999) in the high class area.

Nevertheless, the high level of correlation of the EI
index with the other physicochemical parameters such as
oxygen, transparency, total phosphorus and nitrogen and
particulate carbon in water, justifies the use of the index
as a surrogate indicator of the general physicochemical
conditions in the decision tree applied, combined with
the oxygen and transparency evaluation.

The Box-whisker method of plotting a physicochem-
ical parameter like transparency against the integral eco-
logical quality results will also be used for the saturated
oxygen values and over a larger dataset and seasonal
samplings in order to set good ecological quality thresh-
olds for these parameters, as was also used for setting
the thresholds for the other Marine Strategy Framework
Directive-MSFD indicators for the Hellenic waters (Sim-
boura et al., 2012).

The results are only derived from one seasonal
sampling, and especially the spring sampling when the
phytoplankton is expected to increase. Thus, in the case
where the annual integration of the Eutrophication Index
results in a higher than moderate status and the biologi-
cal status is also good, the global status of some stations
may deviate from the status presented here. Nutrients,
chlorophyll-a. biomass and macroalgae are among the
elements highly prone to seasonal variability. However,
the bias against a seasonal integration of the results as re-
quired by the WFD is considered to be low due to the fact
that according to the integration scheme applied weight
is given to the benthic macroinvertebrates sampled once
a year, and specifically in our case, during the spring
cruise, as presented here.

Regarding the classification given in each station by
each one of the tools used in the decision tree (Fig.9) plus
the Bentix Index for comparison reasons i.e., the mul-
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timetric tool for the benthos, the Ecological Evaluation
Index (EEIc) for macroalgae, chlorophyll-a representing
the phytoplankton, the Eutrophication Index, represent-
ing the physicochemical status and the integrative clas-
sification resulting from the application of the decision
tree and based on the graphical representations of Fig. 9
and the kappa analysis results it is derived that:

Although the pie plots (Fig.9) show a better agree-
ment of the Bentix with the integrative classification
among all the tools used, the class agreement analysis
showed a higher agreement with the multimetric tools
(0,72%) and a good one to the Bentix (0,60%) obviously
due to the use of the multimetric tool in the decision tree
instead of the Bentix and to the special weight given in
the decision tree to the benthic element.

The multimetric classification gives a higher percent-
age to the good class including mostly stations classified
as having high status by the Bentix and a lower percent-
age around 10% classified as in the moderate class by the
Bentix. This is due to the role of diversity indices being
high in some cases of moderate according to the Bentix
classification as noted also by other studies in the Medi-
terranean, where the diversity indices maybe high in the
transition zones between the polluted and normal waters
(Subida et al., 2012); diversity also may downgrade the
high status classification given by the Bentix as it may
not have reached the reference values set.

Chlorophyll-a and mostly the macroalgae produce the
higher overall disagreement with the benthic element and
the integrative classification. This is expected as these ecle-
ments have been reported as being highly variable, thus also
producing a higher disagreement with the final classification
of the water bodies as also discussed above and reported by
other studies (Borja et al., 2004). Specifically chlorophyll-a
gives the highest percentage of good and poor classification
of all the elements but classifying the majority of the sta-
tions under the good class. This had been also observed in
a case study from the Saronikos gulf providing a synthesis
of the classification of the biological elements, where the
chlorophyll-a gave the less severe classification from all the
elements (Simboura et al., 2005). The bad classification of
chlorophyll-a comes mostly from those sites with riverine
inputs like the Amvrakikos gulf river mouths.

Regarding the Eutrophication Index classification, al-
though the distribution of the classes is mostly the same
as that given by the multimetric Benthic Index, the class
agreement among them is low (kappa value=0,37, 36,4
mismatch cases) and there is a moderate agreement (kappa
value=0,54, 22% mismatch cases) with integrative status.
The Eutrophication Index incorporating chlorophyll-o. and
the nutrients downgrades the status from good to moderate
in the case of eight stations in relation to the multimet-
ric index and five stations in relation to the Bentix, thus
leading to the moderate integrative classification accord-
ing to the decision tree. In the rest of cases and with the
exception of two cases (Argostoli and Korinthos) where
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the final quality was downgraded by the poor chlorophyll
or macroalgae status, it is the Benthic Index quality that
determines the final integrative status.

Nevertheless, from the 30 operational monitoring
stations expected to be at the risk of achieving good sta-
tus, only five proved to be of good status and from among
the rest, the majority were of moderate status. Out of the
14 surveillance monitoring stations checked and expect-
ed not to be at the risk of achieving good status, 6 were
classified as having moderate status. Although the results
of the first year show that the moderate class prevails in
the water bodies checked, the baseline monitoring results
for the whole country are expected to be weighted over-
all towards the high and good classes (Table 2). Such a
projection of the baseline monitoring results to the cur-
rent monitoring, eventually covering the whole country
up until 2015, is justified based on the low percentage of
deviation between the current and baseline monitoring.

Although the baseline monitoring overestimated
the status by 6% concerning the coastline length, with
regards to the current monitoring results the overall
country assessment is expected to be weighted towards
the high or good classes. Indeed, the initial assessment
of the country for the Determination of Good Environ-
mental Status-GES according to the MSFD directive
(EC, 2008a) submitted to the Hellenic Ministry of the
Environment (http://marinestrategy.opengov.gr/) reports
that the condition of the benthic ecosystems beyond 50m
depth is in the high or good EQS. This report was based
on the baseline monitoring results and refers to the meth-
odologies developed by Simboura et al. (2012), includ-
ing the Bentix Index.

A significant finding in this work is also that the spa-
tial assessment of the coastline length presented a lower
percentage deviation between the baseline and current
monitoring assessment compared with the surface area
assessment (Table 2), which is indicative that the coast-
line length assessment of the water bodies is more reli-
able than the surface area assessment.

Decision trees is a method of integrating the elements
into a quality assessment using specific decision rules. Its
advantage lies in the possibility of combining different
types of elements and is a flexible approach. However,
it has the disadvantage of being quantitative only up to a
certain level (Borja et al., 2009a; Prins et al., 2013).

Borja ef al. (2013) suggested that the MSFD imple-
mentation can be based largely on the existing data and
presented a review of the decision rules or options de-
pending upon the data available in order to determine
whether an area or sub-region is in GEnS.

The continuation and extension of the monitoring will
assure the acquisition of more data pertaining to the MSFD
descriptors and the filling in of the gaps regarding the thresh-
olds for some of the elements such as contaminants, in or-
der to arrive at a more complete and quantitative assessment
of the marine environmental status of Greece.
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