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Abstract
A methodological procédure for eutrophication assessment al a spatial scale is proposed using numerical classification. The values of five
ecological indices (number of species, Menhinick's, Odum's, Margalef "s, Evenness) describing the phytoplankton community structure in
Saronicos Gulf. Greece wcre calculaied and their horizontal distributions were developed. The simulated data produced were used for the
classification of the trophic state of the subareas of the Gulf. A stepwise description of the methodology is given and the advantages of the
procédure in coastal studies are discussed.
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Introduction
A number of studies has already been carried oui to quantify eutrophi-

cation using parameters describing the eutrophic conditions such as
nutrient. chlorophyll-û concentrations and phytoplankton ccll number
[1.2J; in addition the use of ecological indices has been proposed [3. 4] for
assessing water quality. Howcver. most of ihesc studies don't consider the
spatial distribution of the parameters examined and as a conséquence the
trophic conditions in coastal areas cannot be clcarly discriminated. The
parameters that describe eutrophication show différent horizontal distribu-
tions and therefore. ail the information they incorporate has to be taken
inlo account if a gênerai assessment of the eutrophic level of the coastal
water body is required.

In the présent work. a methodological procédure is proposed for eutro-
phication assessment at a spatial scale based on the horizontal distributions
of five ecological indices (number of species. Menhinick's. Odum's.
Margalef's. Evenness) describing phytoplankton community structure.
Methods of digital cartography were applied for the development of five
thematic maps and ihe simulated data from thèse maps were used for clas-
sifying the trophic levels by cluster analysis. A case sludy was performed
in Saronicos Gulf, Greece and Ihe différent areas of the Gulf were asses-
sed as far as their trophic levels are concerned using the proposed melho-
dological procédure.

Malerial and methods
Sludy area and source of data. The présent work is concerned w ith the
inner Saronicos Gulf, Greece a relatively shallow basin (maximum depth
100m) which receives sewage effluents from the metropoliian area of
Athens. The sources of data hâve heen described in previous publications
[5] as well as the study area and ihe location of the sampling siles |6]. The
mean values for each ecological index during the stratification period
(April-September) were calculated and are shown in Table 1. The indices
used were [7] the number of species (S), the Menhinick's index
[DMn=S/v'N]. the Odum's index [Dod=(Sx1000)/N], the Margalef's index
|DMg=(S-l) inN] and the Evenness index ]E=H" H|. where N stands for
Ihe phytoplankton cell number (cells/1). H'for the sample diversily and
H'max for the maximum sample diversity.

Table t : Mean values for the phytoplankton cell number (N) and the ecological indices
(S : number of species. Dun: Menhinick's index, D^. Odum's index, D ^ : Margalefs index,
E:Evenness index) during the stratification period (April-September) in the sampling station.
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Data analysis. The génération of ihe spatial distributions of the five eco-
logical indices was based on the application of the Inverse Distance
Weighted interpolation method [8. 9]. This method was applied on the data
of Table 1 wïth a spatial resolution of lOOxlOOm using the program
Arc/Info, version 7.0.2 (ARC/INFO-Environmental Systems Research
Instilute. Inc). Therefore, the study area was represented by a grid / surfa-
ce for each one ecological index.

The next slep of the methodology developed was the division of the
study area into 22 sub-areas, approximately 5x5Km each (Figure 1). For
each one of thèse areas. the médian of the simulated values within its boun-
daries was calculated for each ecological index. Consequently, each area
was thereafter characterized by five values représentative of the five eco-
logical indices under examination.
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Figure 1 : the 22 areas ol Saronicos Gutf

Cluster analysis [10] was applied for the 22 areas and clusters of areas
were formed according to the values of the ecological indices. It is noticed
hère that the Euclidean Distance was used as the dissimilarity index of the
analysis [10] and thaï before ihe application of the method. standardization
of the data was performed [11] due to the différent scales that the variables
are measured. Subsequently, the non-parametric randomization test
(Analysis of Similarities - ANOS1M) was applied for determining whether
areas which appear to be in the same clusters. form distinct, signirieanllv
différent groups [12].

The clusters derived from the ANOSIM method were représentative of
Ihe exisling différent eutrophic states in the marine environment and were
characterized accordingly as follows. For the areas belonged lo each dis-
tinct group. the médian of their représentative values for the phytoplank-
ton cell number (médian of the simulated values within their boundaries),
was calculaied and the obtained values were compared to a eulrophicalion
scale [fi] which is given in Table 2. In that way, each distinct group was
characterized precisely according lo its eutrophic level (eutrophic. upper-
mesotrophic, lower-mesotrophic, oligolrophic).

Table 2 : Eutrophication scale based on the phytoplankton cell number (N).

tutrophication Scale for the phytoplankton ccll number (cells/1)

oligotrophic lowcT-mesotrophlc upper-mesotrophic eutrophic

0 6x10" 1 5x10' 9 6xlO!
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