
VARIATION OF PHOTOPHILIC MACROALGAE FUNCTIONAL 
METRICS OF ROCKY COASTS, WITH EMPHASIS ON THE BIOTIC 

INDEX EEI-c,  ACROSS THE MEDITERRANEAN SEA
Maria Kosmidou1, Konstantinos Tsiamis2, Martina Orlando-Bonaca3, Soultana Tsioli1, Ergün Taşkin4, Demetris Kletou5, Khadidja Chabanev6, Ricardo Bermejo7, Sonila 

Gogo8, Ljiljana Iveša9, Petros Stavrou10, Annalisa Falace11, Massimo Devescovi 9, Vasilis Papathanasiou1, Panayotis Panayiotidis2, and Sotiris Orfanidis1

1Fisheries Research Institute (HAO-DEMETER), 64007 Nea Peramos, Kavala, Greece
2Institute of Oceanography, Hellenic Centre for Marine Research, Anavissos, 19013 Greece

3Marine Biology Station, National Institute of Biology, Fornace 41, SI – 6330 Piran, Slovenia
4Manisa Celal Bayar University, Faculty of Arts and Sciences, Dept. of Biology, Muradiye, Yunusemre, 45140, Manisa, Turkey 

5Marine & Environmental Research (MER) Lab Ltd., Limassol 4533, Cyprus
6Sciences, University of Science and Technology of Houari Boumedien (USTHB), 16111 Algiers, Algeria 

7Departamento de Biología. Facultad de Ciencias del Mar y Ambientales, Universidad de Cádiz, 11510, Puerto Real, Cádiz, Spain
8Faculty of Natural Sciences, University of Tirana, Bulevardi Zogu I, Albania

9Center for Marine Research, Ruđer Bošković Institute, Zagreb, Croatia
10Department of Fisheries & Marine Research, Ministry of Agriculture, Rural Development & Environment, 1416, Nicosia, Cyprus

11Department of Life Sciences, University of Trieste, Via L. Giorgieri, 10, 34127 Trieste, Italy

Introduction 

Materials & Methods 

Results

Conclusions

Benthic macroalgal communities from 8 different countries across the Mediterranean Sea were sampled; the
dataset used consisted of 1.145 destructive quantitative samples collected from 189 sites (n=1-18, Figure 1).
The abundance of each macroalgal genus per sample was estimated by its coverage (%) at ESG level (Table 1).

Non-metric MDS analysis by Primer (v. 7) was based on mean coverage (%) data after a 4th-root transformation
and standardization. The similarity of the sites based on the Bray–Curtis similarity index was investigated.

The evaluation of the human impact on the shallow (photophilic) macroalgae communities was estimated with
the use of the anthropogenic stress index MA-LUSI (MEDGIG, 2013). This Index is based on a combination of
(continental) descriptors that influence the coastal waters as follows:

Redundancy Analysis (RDA) by CANOCO (v. 5) was used to study the relationship between the functional metrics 
with the individual (Urban, Agriculture, Commercial & Industrial) or cumulative (MA-LUSI index) anthropogenic 
stresses. 

The variation of EEI-c was studied at a spatial (Mediterranean) scale to anthropogenic stress indices, e.g., MA-
LUSI.  The variation of EEI-c based on seasonal data, either separate or combined, was studied in the Aegean 
(Kavala and Saronikos Gulfs) and Adriatic (Slovenian and Albanian coasts) Seas.

Biotic indices comprising one or more biotic metrics
represent an effort to describe different and complex aspects
of benthic communities or other biological organisational
levels by integrating them in a formula producing a single
numerical output that leads one to a particular conclusion,
e.g., the Ecological Evaluation index (EEI-c) (Orfanidis et al.,
2001, 2011).

The EEI-c, inspired by the ‘alternative stable stages’ (Holling,
1973) and r, K selection (Mac Arthur & Wilson, 1967)
theories, is a functional biotic index based on the well-known
pattern where anthropogenic stress, for example
eutrophication, shifts the ecosystem from being pristine,
where late-successional mostly K-selected macroalgae are
dominant, to a degraded state, where opportunistic, mostly r-
selected nitrophilous macroalgae are dominant (Odum,
1985).

The EEI-c has been adopted in the Mediterranean Sea to
assess the Ecological Status Classes (ESC) of coastal waters
using photophilic benthic macrophytes as quality elements
(Orfanidis et al., 2011). Here we tested the variation of
photophilic macroalgae functional metrics (unit richness, %
coverage, Shannon-Weaver Index, cluster analysis of Bray–
Curtis similarity) at Ecological Status Group (ESGI, IA, IB, IC,
ESGII, IIA, IIB) level, as well as the variation of EEI-c at a
spatial (Mediterranean Sea) and temporal (season) scales to
anthropogenic stress.

Table 1. Key functional traits and names of coastal water benthic 
macrophyte Ecological Status Groups (ESG).

Fig 1 . Map of the sampling sites in the Mediterranean Sea and their Ecological Status Class based on the 
Ecological Evaluation Index (EEI-c) by Orfanidis et al. (2011).

Fig. 3 Graph plot of RDA Analysis between Ecological Status Groups 
(ESGI, IA, IB, IC, ESGII, IIA, IIB) and EEI-c index, and the individual 

(Urban, Agriculture, Commercial & Industrial; from land cover map 
of Europe 2016) or cumulative (MA-LUSI index) anthropogenic stress 
indices along the sampling sites. Red arrows: Abiotic Variables, Blue 

arrows: Biotic Variables.

This functional and broad spatial approach confirms that macroalgal communities, even when sampled not
evenly, can be a valuable quality element of the anthropogenic stress and water quality, supporting thus the
implementation of the Water Framework (WFD) and Marine Strategy (MSFD) EU Directives in the whole
Mediterranean Sea scale.
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Fig. 5 A non-linear relationships between the seasonal 
combination values of Ecological Evaluation Index (EEI-c) and 
the Anthropogenic Stress index MA-LUSI across the sampling 

sites of the Aegean Sea.

The Index MA-LUSI showed a high non-linear correlation (R2=0.6) with EEI-c (Figure 4).

The variation of EEI-c based on seasonal data, either separate or combined, was studied in the Aegean (Kavala
and Saronikos Gulfs) and Adriatic (Slovenian and Albanian coasts) Seas. The results showed a non-linear
correlation to the stress index MA-LUSI; highest correlations (R2>60) were detected for EEI-c values obtained
from samplings combining two (summer and autumn or spring and autumn) or three (spring, summer,
autumn) sampling seasons in the Aegean Sea (Figure 5).

Based on the functional metrics examined, the EEI-c index was able to classify the sampling sites into “High”
(48%), “Good” (27%), “Moderate” (16%), “Low” (7%), and “Bad” (2%) ESC’s (Figure 1).

In Figure 2, the sampling sites groups across the Mediterranean Sea on ESG level is presented. A gradient
change from less to highly degraded sites is indicated.

Redundancy Analysis (RDA) showed a negative correlation of the biotic index EEI-c to the index MA-LUSI and
to the urban stress index (Figure 3). Also, the basic classification scheme of the ESG’s of EEI-c is confirmed.

Fig. 2 A non-metric MDS analysis on mean coverage (%) of 
Ecological Status Groups (ESG) based on Bray–Curtis similarity 

index. Different colors represent the different Ecological Status 
Classes (ESC) of sites based on EEI-c biotic index.

Fig. 4  A non-linear relationship between Ecological Evaluation 
Index (EEI-c) and the Anthropogenic Stress Index MA-LUSI, 

across the sampling sites of the Mediterranean Sea..

MA-LUSI = (Urban Score + Agricultural Score + Commercial and Industrial Score + Mariculture Score
+ Sediment nutrient release score + Sewage outfall score + Irregular Freshwater inputs score + Harbour score) * 

Background trophic status * Stability of water column
* Confinement
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