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INTRODUCTION
The problem of eutrophication in the Mediterranean appears to be limited largely to specific coastal and adjacent offshore areas. However, several (severe sometimes) eutrophication events occur. Especially in enclosed coastal areas, which receive anthropogenically-enhanced nutrient loads from rivers and the direct discharges of untreated domestic and industrial waste-water. Uncontrolled expansion of aquaculture may also cause local environmental problems in the Eastern Mediterranean. According to Izzo & Pagou (1999), eutrophication problems are likely to increase in the future due to rapid population expansion, applied production technologies and inadequate environmental policies and enforcement. These local and regional eutrophication problems can negatively affect marine life and have a severe socio-economic and potential adverse impact on tourism, aquaculture, fisheries and other water uses.

It is not feasible to assess the Mediterranean eutrophication phenomena based only on nutrient concentrations. However, the establishment of nutrient thresholds for each Mediterranean sub-basin are needed as tools for communication between scientists, policy makers and the public. Furthermore, according to Moncheva et al. (2001) subsequent comparative studies between different basins could be a step toward to highlight common patterns and modes of ecosystem response to anthropogenic eutrophication and to suggest common indices to scale eutrophication impact.

The Eastern Mediterranean is one of the world’s poorest seas Azov (1991). The Aegean Sea is one of the Eastern Mediterranean basins displaying a complicated hydrographic and ecological structure due to its geographical position between the Black Sea and the Ionian and Levantine Seas (Siokou-Frangou et al., 2002; Zervakis et al., 2000). A number of recent studies in Aegean Sea confirmed its oligotrophic status (Gotsis-Skretas et al., 1999; Siokou-Frangou et al., 2002; Ignatiades et al., in press). Data collected during the MTP-II-MATER (MAST-III) multidisciplinary EU project in Aegean Sea (Ignatiades et al., in press) showed that all nutrients exhibited very low concentrations not differing significantly between the N. and the S. Aegean Sea. The average levels in the entire area ranged for phosphate from 0.013 to 0.049μM, for ammonium from 0.067 to 0.397 μM, for nitrite+nitrate from 0.287 to 0.881 μM and for silicate from 1.177 to 2.395 μΜ. Τhe overall average level of chl α ranged from 0.119 to 0.371 mg m-3, whereas daily primary production rates in the N. Aegean (81.36 mgC m-2 d-1) is higher than that in the S. Aegean (38.88 mgC m-2 d-1), but both areas are oligotrophic as having productivity values lower than 270 mgC m-2 d-1 (Nixon, 1995).

Despite the above, eutrophication problems have been recognized in a number of Aegean coastal areas, affected by urban and industrial waste-waters and/or nutrient inputs from rivers and agricultural activities (Pagou, 1990; Pagou & Ignatiades, 1988, 1990; Gotsis-Skretas, 1995).

The most disturbed Greek coastal areas, regarding anthropogenic nutrient enrichment, are the Saronikos and Thermaikos Gulfs situated in Central and Northern Aegean Sea, respectively (FIG. 1).

Saronikos Gulf (mean depth ~100m) was impacted by untreated sewage for more than 30 years from the metropolitan Athens (up to 3 million inhabitants during that period) discharged in the surface of its northern part, by a surface outfall (Keratsini Bay, FIG.1). The industrial effluents from the Elefsis Bay (a shallow semi-enclosed area to the north of Saronikos gulf) contributed also to the pollution of Saronikos. Elefsis Bay was the most industrialized area of Greece, where anoxic conditions near the bottom were recorded every summer. From summer 1994 Saronikos Gulf receives the primary treated effluents (domestic and industrial) from the Psittalia Treatment Plant, through an outfall positioned at 60m depth.

The Inner Thermaikos Gulf (mean depth ~30m) on the other hand and especially its northern part (Bay and Gulf of Thessaloniki) are the marine receptors of urban and industrial wastes from the city of Thessaloniki, along with agricultural effluents from the relevant practices taking place in the adjacent land, which includes drainage basins of rivers, streams and channels discharging in Thermaikos Gulf. At the same time in Inner Thermaikos Gulf several fishing practices and aquacultures (the most important aquaculture ground of Greece) exist together with recreational and touristic activities concentrated along its coastline. The western coast of the Inner Thermaikos Gulf is influenced by the three major river estuaries (Axios, Loudias, Aliakmon). The inflow of large amounts of freshwater enriched in nutrients (from agriculture run-off) and matter through these rivers determines significantly the trophic condition in the ecosystem. In fact this inflow is the second most serious (after sewage) impact for the coastal environment of the Inner Thermaikos Gulf. However, from June 2000 a treatment plant with an outfall discharging at 25m depth started operating in the northern part of Thermaikos including biological treatment of the influents. Load removal efficiency of the treatment plant has reached 90% for nitrogen and 50% for phosphorus.

The purpose of the paper is an attempt to produce estimates on nutrient thresholds for Eastern Mediterranean coastal marine ecosystems. Some methodological procedures are presented and used in order to define eutrophication scales, assign critical values and, consequently evaluate water quality. The two Greek gulfs were selected as case studies. 

METHODOLOGY: DEFINING NUTRIENT THRESHOLDS AND EUTROPHICATION ASSESMENT CRITERIA

1.  Eutrophication scale based on nutrient and phytoplankton data:

Definition of concentration ranges from nutrient and phytoplankton data sets, specific for this region of the Eastern Mediterranean and characteristic of the different trophic levels in the Greek seas have been conducted by local authorities in the two gulfs. A eutrophication scale was developed by Ignatiades et al. (1992) and Karydis (1999), based on nutrient data from several Greek marine areas coastal and offshore waters influenced or not by industrial and/or domestic effluents). Later the original eutrophication scale was modified in order to include also phytoplankton parameters (Siokou & Pagou, 2000; Pagou, 2000), which were undergone the same statistical treatment. The derived eutrophication scale is given in Table I.

Table I: Trophic classification ranges based on nutrients (phosphates, nitrates, ammonium), chlorophyll α and total number of phytoplankton cells. Ranges are given for the oligotrophic, lower mesotrophic, higher mesotrophic and eutrophic system. Nutrients concentrations are given in μM, phytoplankton cells number in cells l-1 and chlorophyll in μg l-1.

	Parameter
	Oligotrophic
	Lower mesotrophic
	Higher mesotrophic
	Eutrophic

	Phosphates (ΡΟ4)
	<0.07
	0.07-0.14
	0.14-0.68
	>0.68

	Nitrates (ΝΟ3)
	<0.62
	0.62-0.65
	0.65-1.19
	>1.19

	Ammonium (ΝΗ4)
	<0.55
	0.55-1.05
	1.05-2.2
	>2.2

	Phytoplankton
	<6x103
	6x103-1.5x105
	1.5x105-9.6x105
	>9.6x105

	Chlorophyll α
	<0.1
	0.1-0.6
	0.6-2.21
	>2.21


Four levels of eutrophication are defined in this scale: eutrophic, higher mesotrophic, lower mesotrophic and oligotrophic. These levels could be considered as corresponding to the five categories of environmental status as defined by the WFD: eutrophic for bad, higher mesotrophic for poor, lower mesotrophic for both moderate and good and oligotrophic for high. Therefore, nutrient concentrations above the limit defining eutrophic conditions could be considered as estimates of threshold values for marine coastal areas of Eastern Mediterranean. In addition, nutrient concentrations which define higher mesotrophic conditions indicate “sensitive” ecosystems (can be eutrophic in the future, if an increasing trend in eutrophication parameters is detected). Thus, concentrations characteristics of higher mesotrophic conditions can serve as “red flags” for ecosystems potentially threatened by future human impacts.

The data sets from Saronikos (1998-1999) and Thermaikos Gulfs (1997-1998), used as examples to evaluate this tool, were mean annual values based on mean integrated values over the water column of the above mentioned parameters. The mean values (of the log-transformed data) were calculated using the method “Box-and-Whisker” plot (Ott 1988). For the exclusion of outliers, the statistical package STATGRAPHICS PLUS, version 3.1 was used.

2.  Thematic maps:

a) The methodological procedure for the generation of thematic maps regarding the spatial distribution of each nutrient and chlorophyll was based on the application of the spatial interpolation Kriging method (Lancaster & Salkauskas, 1986). The method was applied in a spatial resolution of 100x100m using Geographic Information System (ARC/INFO version 7.1.2). The values of each generated continuous surface were categorised based on nutrient and chlorophyll concentration scaling given in Table I. Therefore again four levels of eutrophication were defined on the thematic maps: eutrophic, higher mesotrophic, lower mesotrophic and oligotrophic.

b) For the synthesis of all measured parameters to create the final eutrophication map the below described procedure was followed:

Values assigned to the limits of each trophic level of Table 1, were standardised according to the equation (Sneath & Sokal, 1973):

Z=X-Xμ/sd

where, Z is the standardized value for the data X of the parameter, Xμ is the mean value of the parameter and sd is the standard deviation of the parameter. Standardisation is necessary in order to compare and combine parameters-criteria measured in different scales, as are nutrients and chlrophyll. Thus, new ranges were produced for each trophic level, which were pure numbers (scores) and were added to produce a new eutrophication scale based on the combination of all examined parameters. The same standardisation procedure was followed for the data sets used as case studies and the results were compared to those of the newly formed eutrophication scale.

Afterwards in order to produce the final synthetic eutrophication map, the same procedure as before (2a) was followed, but for the categorisation of the area was based to the new synthetic limits produced for each trophic level.

Thus, two series of maps were produced: a) categorical maps for the distribution of each nutrient and chlorophyll α, separately (FIG. 2), and b) synthetic categorical maps of the eutrophication level) (FIG.3). The data sets used for the evaluation of this tool were from Inner Saronikos Gulf (1998-1999, for surface and for the mean integrated value of the water column) and before the application of the above described procedure exclusion of the outliers was carried out.

3.  Trend analysis

The investigation of the existence of trends in the evolution of the trophic condition parameters is very important, both for the assessment of the eutrophication levels and also in order to test the effectiveness of management plans applied in coastal marine areas. Nutrients and chlorophyll α data from 1987 to 1999 for the Saronikos Gulf and from 1993 to 2000 for the Thermaikos Gulf were tested in order to assess any trend existence.
In all time series of the elaborated parameters (after their log transformation) the outliers were excluded using the “Box-and-Whisker” plot (Ott, 1988) and a simple regression analysis was applied in order to test if the overall trend was statistically significant. The statistical package STATGRAPHICS PLUS, version 3.1 was used.

4.  Nutrient ratios:

Nutrient ratios (ΣN/P, Si/ΣΝ, Si/P, where ΣΝ is the sum of nitrate+nitrite+ammonium) were calculated for the same data sets as before. In addition, the available time series of nutrient ratios were analyzed for trends and the more important results are presented.

CASE STUDIES

Data from the Saronikos and Thermaikos Gulfs were applied as case studies to assess the effectiveness of the above described tools.

Eutrophication scale: The application of this criterion showed that overall the Inner Saronikos Gulf (the sewage receptor water body) revealed a high mesotrophic character regarding nutrients and phytoplanktonic cells and low mesotrophic regarding chlorophyll α. A small area of its southern part is oligotrophic, whereas the northern (Keratsini bay) is high mesotrophic (Table II).

On the other hand, the northern part (port and sewage outfall area) of the Inner Thermaikos gulf has a higher mesotrophic to eutrophic character (depending on the parameter), whereas estuaries can be characterized as mesotrophic (towards the upper levels). The central and southern part of the Inner Thermaikos Gulf has a variable character from oligotrophic to higher mesotrophic, depending on the parameter. It must be mentioned again that this is not a deficiency of the examined tool but different parameters have different spatial behavior (Table III).

Table II. Mean annual values based on mean integrated values (May 1998 - May 1999) of the studied parameters in the water column. Symbols: E=Eutrophic, HM=Higher Mesotrophic, LM=Lower Mesotrophic, O=Oligotrophic.

	Area
	PO4

(μgat/l)
	NO3

(μgat/l)
	NH4

(μgat/l)
	Chl-α

(μg/l)
	Phytoplankton (cells/l)

	Keratsini bay (former outfall)
	0,44 HM
	1,15 HΜ
	0,92 LΜ
	0.92 HM
	

	Psitallia (new outfall)
	0,23 HΜ
	0,70 HΜ
	1,17 HΜ
	0,30 LM
	3,25Χ105 HΜ

	Inner Gulf (8.5km to the SE from new outfall
	0,09 LΜ
	0,98 HΜ
	0,509 Ο
	0,29 LM
	4,11Χ105 HΜ

	Inner Gulf (15km to the SW from new outfall)
	0,13 LΜ
	1,262 Ε
	0,25 Ο
	0,29 LM
	

	Southern Inner Gulf (18km to the SE from new outfall)
	0,06 Ο
	0,609 Ο
	0,24 Ο
	0,23 LM
	


Table III. Mean annual values based on mean integrated values of the studied parameters for the period May 1997-May 1998 in the water column. Symbols: E=Eutrophic, ΗM=Higher Mesotrophic, LM=Lower Mesotrophic, O=Oligotrophic.

	Area
	PO4

(μgat/l)
	NO3

(μgat/l)
	NH4

(μgat/l)
	Chl-α

(μg/l)

	Thessaloniki Bay - port
	0,45 ΗM
	1,04 ΗM
	1,63 ΗM
	3,79 Ε

	Thessaloniki Gulf - outfall
	0,34 ΗM
	1,08 ΗM
	1,64 ΗM
	2,37 E

	Estuaries
	0,33 ΗM
	1,59 E
	0,77 LM
	1,67 ΗM

	Inner Thermaikos Gulf
	0,10 LM
	0,57 O
	0,93 LM
	1,16 ΗM


Thematic maps: The classification of the sub-areas of the Inner Saronikos Gulf derived by recent nutrient and chlorophyll data sets (FIG. 2) showed that almost all Inner Saronikos Gulf is high mesotrophic regarding phosphates and only the southeastern part is oligotrophic. Regarding ammonium, the area up to a distance of 4km from the outfall is characterised as high mesotrophic, up to 10km from the outfall as low mesotrophic, whereas the south Inner Saronikos is oligotrophic. Based on nitrates measurements, almost the entire Inner Saronikos is high mesotrophic with few delimited eutrophic areas, whereas based on chlorophyll α the whole area is low mesotrophic.


From these results it is obvious that the different horizontal distribution patterns of the various eutrophication parameters renders the characterization of water quality at a spatial scale very difficult, when producing categorical maps for each examined variable. Nutrient loads tend to homogenize environmental gradients (Giovanardi & Tromellini, 1992), whereas phytoplankton parameters show spatial heterogeneity (Li & Reynolds, 1994). Furthermore, according to Lipiatou (2002) nutrient threshold is referring to the sum of organic and inorganic nitrogen and phosphorus and Carbon and Si.

Thus, a synthetic trophic condition presentation was produced based on all available environmental parameters (FIG. 3). Taking into account the whole water column and the annual mean values, the Inner Saronikos is characterized as high mesotrophic, but the southeastern part is low mesotrophic to oligotrophic. Keratsini Bay (the northern part of Inner Saronikos) has been revealed as eutrophic. The figure (3A) based on the surface and stratification period data is similar to that for the water column (FIG. 3B). This figure (FIG. 3A, stratification period) compared to that given by Kitsiou & Karydis (1998; data from 1980-1982) reveals the change of the trophic conditions in the area, where the former sewage outfall was discharging, from eutrophic to high mesotrophic and of the southern Inner Saronikos from high mesotrophic to low mesotrophic. These changes can be attributed to the operation of the new treatment plant.

Trend analysis: For the Saronikos Gulf eutrophication trends had not a consistent character, since a different trend was detected for nutrients (eutrophication causative) when compared to chlorophyll (eutrophication result). Among nutrients only nitrates revealed a clear increasing trend, whereas chlorophyll revealed a more or less decreasing trend. The observed increasing trends of nutrients in the sewage outfall area can be explained by the increase of the discharge volume. Especially for nitrates, the increase observed at all sampling sites could be related to the discharges increase and diffusion due to circulation patterns and probably the entrance from the atmosphere should also be considered (Carpenter et al., 1998). However the decreasing trends of chlorophyll α concentrations suggest that nutrients (and mainly nitrates) are not exclusively used by the autotrophic organisms (heterotrophic bacteria also use nutrients). On the other hand not favorable relative concentration ratios in the sewage area (N/P, Si/N, Si/P), or even light limitation, since sewage is discharged in a greater depth than before 1994, should also be encountered. Before the operation of the Psittalia treatment plant (1994) the highest chlorophyll values were recorded in the surface layer, whereas surface and column integrated values are very low after 1994 (NCMR, 1999). The observed trends suggest an ecosystem being in evolution, since only nitrates among nutrients (eutrophication cause) revealed a clear increasing trend, whereas chlorophyll (eutrophication result) revealed a more or less decreasing trend.
Trend analyses of nutrients and chlorophyll time series from the Thermaikos Gulf revealed also some important features. Nutrients and chlorophyll α concentrations showed a general trend to decrease the last years, according to the trend analysis performed in time series data from 1993 to 2000. These decreasing trends were often statistically significant. However, an exception was recorded. In the reference area, nitrate and ammonium showed an increasing trend, which respectively were not statistically significant and statistically significant. The reference area was near the southern boundaries of Inner Thermaikos with the Outer Gulf where it is assumed minimum impact from the sewage. Therefore, is suggested the existence of a local inflow of nutrients, which can possibly be of a local nature. This increase needs further investigation. In conclusion nutrients and chlorophyll concentrations show a decreasing trend in the most affected areas of the Inner Thermaikos Gulf during the last years.

Nutrient ratios: It is known that anthropogenic nutrient enrichment is confined to N and P mainly, whereas Si supply remains constant or decreases as a consequence of increased diatom production and subsequent increased deposition and retention of Si in the sediments. Furthermore, this shift in relative nutrient concentrations increases the occurrences of Si limitation to phytoplankton growth. Si limitation could diminish the importance of diatoms in the phytoplankton population and replace it by noxious and toxic forms such as dinoflagellates (Parker, 1987; Dortch & Whitledge, 1992; Justic et al., 1995). Therefore, marine ecosystems impacted by such nutrient enrichment show changes in resource supply ratios that can cause changes in microplankton population.
Studies on nutrient uptake kinetics have pointed out that ambient ratios of dissolved N/P<10 and Si/N>1 indicate stoichiometric N limitation, Si/N<1 and Si/P<3 indicate Si limitation and N/P>20-30 suggests P limitation (Dortch & Whitledge, 1992; Justic et al., 1995). In Eastern Mediterranean open waters productivity was shown to be P limited (Krom et al., 1991).

At this point it is very interesting to compare data on nutrient ratios and phytoplankton blooms in the two Aegean Gulfs chosen as case studies, before and after 1995.

Moncheva et al. (2001) examined differences and similarities in phytoplankton response to anthropogenic nutrient enrichment in coastal sites of the Western Black Sea and the Eastern Mediterranean (Aegean Sea). From the Aegean Sea the Saronikos and the Thermaikos Gulf were selected for this study and historical data on physicochemical parameters and phytoplankton populations from the 80ties up to 1995 were studied. The most important conclusions regarding the two Greek gulfs were:

· Diatoms were less common blooming species in Aegean Sea coastal areas with the exception of Thermaikos Gulf. In Thermaikos diatoms dominated even during summer, whereas spring blooms were due to diatom assemblages. On the other hand in Saronikos gulf, dinoflagellates, chrysophyceae and chlorophyceae species frequently outcompeted diatoms.

· The numerical displacement of diatoms with other species in Saronikos in relation to Thermaikos was attributed to differences in the nature of nutrient loads and nutrient ratios. Higher dominance of the Si demanding diatoms in Thermaikos were more efficient in utilizing high nutrient levels (especially of Si) as mainly supplied by the rivers run-off. On the contrary, the sewage outfalls, rich in dissolved organic matter (a major source of eutrophication in Saronikos Gulf) stimulate the growth of mixotrophic microalgae.
After 1995 dramatic changes occurred in both areas. In Saronikos no significant phytoplankton bloom have been reported and this can attributed to the lowering of the trophic status of the most eutrophic areas (from eutrophic to high mesotrophic) due to the operation of the new waste treatment plants.

However minimum values (annual means) of N/P ratios (5-9) were found in areas near the sewage outfall in Saronikos Gulf after 1995, according to recent data (1998-1999). The ratio increases with distance from the outfall (14-18) and remains close to the theoretical value 16 (Redfield ratio), due to the decrease of phosphates, which are domestic sewage indicator. Time series analysis of N/P ratio (1987-1999) showed a significant increasing trend in all areas except the one where the outfall discharges. But even in this area N/P ratio remains stable or it is showing a no statistically significant increase. It can be concluded that in the Saronikos Gulf N/P ratio trend is to reach values close to those found in undisturbed marine waters of E. Mediterranean. Thus, the ecosystem from N limited due to the anthropogenic impact is changing to P limited. At this point it is worth mentioning again that no exceptional phytoplanktonic blooms were detected in the Inner Saronikos Gulf during the last 10 years. Even in the most eutrophic areas, blooms are scarce in contrast to what happened in the 80ties, when red tides were observed quite often (Pagou, 1990).

A more interesting situation has been revealed in Thermaikos Gulf. The ΣΝ/Ρ ratio values were lower than the Redfield ratio in all the examined areas, being lowest in the Bay and the northern part of the Gulf of Thessaloniki (most eutrophic areas due to sewage) and comparativelly higher in the central area of the Inner Thermaikos Gulf near to the boundaries with the Aegean Sea. In fact in the northern part of the Inner Thermaikos Gulf the N/P ratios are exhibiting extremely lower values, than the theoretical and range between 0.6 (spring) to 4.9 (winter) (1997-1998 data) indicating that a strong nitrate deficit occurs during all seasons, in the area. It is also interesting that during 2000 only once (September) the N/P ratio (mean spatial value) exceeded the theoretical Redfield value.
These extremely low values of N/P can be attributed not only to sewage enrichment but also to additional enrichment through the river freshwater inflow. Orthophosphate input in Thermaikos Gulf from the rivers is at the same range and higher from that by the Rhone river in the Gulf of Lions, confirming thus the statement at the European Environment Agency report (EEA, 1999), that phosphate concentrations have increased dramatically in Greece. Furthermore, when calculating budgets of non conservative materials for Thermaikos Gulf during winter and spring, ΔDIP was found to be positive, indicating that there is a net release of DIP probably related to organic matter regeneration processes (Pagou et al., 2001).
On the other hand in the Thermaikos Gulf the frequent diatom blooms observed before 1996 changed to even noxious dinoflagellate blooms, that can be related to the very low N/P ratios recorded at the northern part of Inner Thermaikos gulf, the site where usually the exceptional blooms have started. Trend analysis of N/P ratios in Inner Thermaikos Gulf from 1993 to 2000 showed that in Thessaloniki bay where the port is situated, there was not a trend and N/P ratio values were very low with seasonal means that did not exceeded 12. South to the port, in the area where the new sewage outfall is discharging and nearby is an area with many musselcultures, N/P is showing a decreasing trend with maximum seasonal means <17. Finally, in the estuaries area N/P ratio showed an increasing trend until 2000. Variability in all areas was irregular and abrupt. However, during 2000 very low values were recorded again (<5). These trends should be related to changes to river discharges and rainfall among years.
As it was mentioned above, dinoflagellates were the blooming species from 1996 and among them the toxic species Dinophysis acuminata, a DSP causative, with substantial socio-economic impact in the area (economic losses of ~3 million Euros every year). The first confirmed “bloom” of Dinophysis acuminata was recorded from January to May 2000. This one was the most severe up to mow with cell abundances >50000cells l-1 and okadaic acid concentrations up to 1600ng g-1 of mussel tissue (8 times higher than limits). The Dinophysis acuminata bloom was repeated the two following years (January-April 2001, February-May 2002).
It is interesting to study the ratios Si/P and Si/ΣΝ during the 3 seasons that D. acuminata was blooming. N/P ratios were very low during all 3 periods: mean spatial value <13 for January - May 2000 (and the preceding December 1999), whereas in the sites where the most dense D. acuminata populations were recorded was ~3-5. Si/ΣΝ ranged from 0.01 to 9.77 (May), with mean values per month ranging from 0.90-2.80. Spatial distribution of low values (<1) was the same as for N/P. Si/P<3 was recorded at the same sites except during December 1999 (>4.6). These data indicate Si limitation, in addition to the N limitation (from N/P ratios). N/P ratios were very low again during 2001 (spatial mean <5, except in February = 10.3), Si/N ratios presented values <1 (February 2001), whereas the other months of the bloom minimum values were ~1. During 2002 the same patterns and low values were recorded again. Menesquen (1999) reported the increase of dinoflagellate species blooms including some toxic species (Dinophysis sp.) due to constant lowering of Si/N ratios of marine waters in late spring. In Thermaikos the toxic bloom of Dinophysis is taking place from late winter to spring, probably due to higher temperatures than in other European Seas. Furthermore, vertical haline stratification in front of the river mouth due to the freshwater inflow during this period favors dinoflagellate production also.

The so far presented data on nutrient ratios indicate that a more detailed study on their time series trend analysis and spatial distributions must be performed, as well as an effort to elucidate their possible relationship with HABs occurrence in Thermaikos.
From the above it is obvious that though both Saronikos and Thermaikos gulf present nutrient concentrations characteristic of high mesotrophic and eutrophic conditions according to the scale produced for this region, negative effects in general were recorded in Thermaikos (like HABs). Therefore, establishing nutrient thresholds (including nutrient ratios) is not enough, but other changes like those in community structure, or occurrence of potential toxic species, trends of eutrophication parameters, or even oxygen deficiency, have to be considered in order to evaluate these tools and assess the concept of “threshold”.
Finally, regarding coastal marine ecosystems of E. Mediterranean, is worth mentioning that in general, the above nutrient values characterized as thresholds (Table I) are within the lower ranges of values found in other European seas (ETC/MCE/EEA, 2000). This confirms the very oligotrophic character of the E. Mediterranean Sea even for gulfs, whose trophic conditions have been changed due to the input of anthropogenic effluents or rivers. Therefore, it becomes clear that in such areas a eutrophication scale based on the E. Mediterranean characteristics should be applied, in order to reveal the results of the trophic conditions variability.
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FIG. 1. Maps of case study areas. A: Saronikos Gulf, B: Thermaikos Gulf.
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FIG. 2. Thematic maps.  Distribution of annual means of mean integrated values over the water column 

for nutrients and chlorophyll α.

FIG.3. Thematic maps of eutrophication levels in Saronikos Gulf according to the synthesis of all examined parameters. A. Surface during stratification period. B. Water column.
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FIG. 3. Thematic map of eutrophication levels in Saronikos Gulf according to the synthesis of all examined parameters. A. Surface during stratification period. B. Water column.
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