
P artial outlines of this paper have 
been presented at the conference: 
«Environmental and Sanitary Pro­

blems of Land and Coastal Waters of the 
Mediterranean (Napoli , Oct. 1992) whose 
main aim was to promote communication 
between scientists, engineers, teachers and 
politicians as needed for better management 
of the Mediterranean environment that 
should become «a major engagement for the 
New Europe 1993» (cit. the title of the con­
ference's Roundtable). This is one of the rea­
sons for the author to address this paper, 
not only to professional marine scientists, 
but also to other concerned people at alllev­
els of SOciety, and particularly to members 
of engineering and political lobbies and 
other decision-makers who are, in many 
respects, responsible for the use and mis­
use of the Mediterranean marine environ­
ment and hence for the pertinent natural 
heritage , including the invaluable marine 
resources which represent the basis of the 
Mediterranean civilization as well as an im­
portant share in national economies and the 
well-being of people around «mare nos­
trum». 
With his 30 years of active involvement in 
marine pollution studies, the author has 
gathered quite extensive information and 
experience which leads him to believe that 
among all forms of pollution (e.g . toxic me­
tals and synthetic organics, radioactivity, oil 
and pathogenic microbial contamination) it 
is man-made eutrophication that presents , 
specifically for Mediterranean coastal 
waters , by far the most harmful pollution 
impact. 
However, it seems that, apart from a num­
ber of politically and/or «commercially» in­
dependent marine scientists, not many share 
the above opinion. Therefore, comparing 
all efforts, including pollution research and 
monitoring on national levels and, quite sur­
prisingly, also within the UN-guided region­
al framework of the Mediterranean Action 
Plan (MAP), predominant attention has al­
ways been paid to all other pollution forms 
as listed above, leaving but a marginal in­
terest for the problems of eutrophication. 
Moreover, quite typical in this respect is also 
the attitude of E.E .C. by its categoric and 
repeated refusal to co-finance a 
eutrophic at ion-targeted (applied!) research 
project as proposed 1989-90 by a number 
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MAN-MADE EUTROPHICATION 
IN THE MEDITERRANEAN SEA 
fOZE STIRN (*) 

I Abstract 

The typical features of man-made eutrophication developments in open waters and in coastal 
zones of the Mediterranean Sea and their successions during the last 25 years are reviewed and 
illustrated by descriptions of exemplary cases, mainly from the North Adriatic. These 
developments are explained as gradual phases of the eutrophication processes that appear 
characteristic for previously oligotrophic ecosystems. Man-made causes of eutrophication 
processes, mainly as critical nutrient inputs and reduced herbivorous consumption-rates of 
excessive primary biomass are reviewed, too, and the elements of a rational strategy for the 
efficient control and prevention of eutrophication are suggested. These activities are proposed as 
the most critical component of the environmental protection in the Mediterranean region for 
eutrophication is considered the most harmful consequence of pollution and other adverse man­
made impacts. 

I Resume 

Les pbhwmenes les plus typiques du developpement de I'eutropbisation antbropogene, au large et 
en zones c6tieres de la Medtterranee, ainsi que leurs successions depuis les 25 dernieres annees sont 
iet rapportes et illustres par des descriptions de cas exemplaires, provenant surtout de l'Adridtique 
du nord. On attribue ce developpement aux pbases graduelles des processus d'eutropbisation qui 
paraissent etre caracteristiques aux ecosystemes ayant ete oltgotropbiques auparavant. Les causes 
des processus d'eutropbisation, surtout celles provenant des decbarges des nutrillttes et la reduc­
tion des taux de. la consommation berbivore d'une biomasse primaire excessive, y sont rapportes 
aussi; une strategie rationnelle permettant la prevention et un contr61e efficace de I'eutropbisation 
y est proposee. Ces demarcbes sont suggerees en tant que I'action la plus importante de la protec: 
tion de I'environnement en Mediterranee puisqu 'on considere I'eutropbisation comme etant la con­
sequence la plus noetve de la pollution et des autres impacts negatifs qui sont produits par les acti­
vites de I'bomme. 

of partners from France, Italy and Greece 
(Aubert-Stirn, 1989 & 90). 
The only significant exception to this is a 
set of activities which were launched recent­
ly for the area of the North Adriatic by con­
cerned governments in response to public 
(and touristic) pressure that followed im­
pressive summer 1988-89 episodes of «mare 
sporco», i.e. massive mucous diatom 
«blooms». However praised these activities 
should be , for their obvious merits and 
remarkable outputs of information and data, 
one feels a certain tendency to relate both, 
these episodes and eutrophication effects 
generally as much as possible to unusual 
natural conditions rather than blaming man­
made impacts . Such an approach would be 
indeed quite normal and understandable as 
far as governments and/or responsible in­
vestors are concerned because they would 
always try not to pay for whatever could be 
avoided, like very expensive eutrophication 
control measures, but more disappointing 
in this respect is the attitude of some scien­
tists and engineers who, for one or another 
reason, support governments ' hesitations 
without having reliable scientific evidence. 
Apart from such intentional or even manipu­
lated neglect, the very reason for a general 
underestimation of eutrophication-impacts 

as mentioned above , might be in the 
author 's opinion, rather common difficul­
ties to apprehend the true nature of eu­
trophication processes. Taking into account 

the relevant complexity, variability, un­
predictable appearances and seemingly 
beneficial effects, such difficulties are quite 
understandable and so is the attitude of a 
number of fisheries biologists (Bombace 
1985, 1992) who consider eutrophication 
as a useful food supplement that may en­
hance otherwise quite limited fisheries 
production. Obviously, a rational consider­
ation of eutrophication phenomena, which 
present not only an extraordinary complex 
topic of ecosystem studies, but also a con­
tentious subject, requires good background 
knowledge of aquatic ecology and a clear 
understanding of specific terminology. In­
eVitably, this paper, too, contains a burden 
of terms which readers, except for profes­
sional ecologists , may not be familiar with . 
As mentioned above, the paper is not only 
addressed to marine scientists and therefore 
it seems useful to extend the introduction 
with some essential explanations as follows. 
Eutrophication means a process which 
causes an aquatic environment to become 
eutrophic, i.e . literally «well nourished», or 
using another ecological term, having a high 
trophic (nourishment) level. Apart from in­
significant inputs of organic matter from 
land (waste waters and detritus), the bulk 
of primary-available organic food in the ma­
rine environment is photosynthesized in the 
process of primary productivity, main­
ly by unicellular plants (algae) of 
phytoplankton. Unlike terrestrial environ-



ments, sea water contains almost all inor­
ganic constituents that are required for the 
normal metabolism, growth and reproduc­
tion of plants (C02 , H20, N, S, P, Ca, Mg, 
K, Na, Cl, B, Si, Fe and trace bioelements) 
in inexhaustible amounts, except for nitro­
gen and phosphorus compounds (and Fe 
and Si in specific circumstances) whose 
amounts can be steadily or temporarily in­
sufficient to support a considerable marine 
plants productivity. Consequently, these 
compounds (ammonia , nitrate and or­
thophosphate in the first place), called also 
limiting nutrients , present the most deci­
sive factor which regulates the rates of ma­
rine plant productivity, provided there are 
no other environmental restraints, such as 
inadequate temperature and poor light 
conditions. However, due to the geographic 
position and a mild climate, temperature 
and light levels in the Mediterranean Sea can 
rarely be as low as to be limiting, except 
during short winter intervals , and this only 
in shallow areas of its northern provinces. 
Thus, there is ample reason to believe that 
the impact of limiting nutrients is more ef­
fective in the Mediterranean Sea, as well as 
in other subtropical and tropical marine 
environments, than in cold and temperate 
seas; more pertinent details are shown be­
low in the chapter on nutrients. Neverthe­
less, marine environments with poor sup­
plies of limiting nutrients, as is still the case 
in the prevailing part of the Mediterranean 
Sea, can support but a very limited biomass 
of plants and hence a low density of 
phytoplankton cells in suspension. Conse­
quently, the water masses have as a rule a 
clear blue colour, extremely high trans­
parency, and more importantly, a low 
primary trophic potential that cannot feed 
important stocks of consumers such as 
larger invertebrates and fish . In terms of the 
entire bioproductivity and overall biomass 
such environments are typically oligo­
trophic, Le. «poorly nourished", in con­
trast with eutrophic conditions. 
The latter are characterized by rich nutrient 
supplies and correspondingly elevated bi­
oproductivity , mainly at the expense of 
unicellular algae in phytoplankton whose 
density is, as a rule, steadily quite high. Con­
sequently, the transparency of sea water is 
reduced and its colour is normally greenish, 
or yellowish-green, brown or reddish dur­
ing the peaks of maximum growth and 
reproduction. These are known also as 
«blooms» , usually of dominating diatoms 
and «red tides» which in most cases appear 
as extremely dense populations of 
dinoflagellates. The overall production of 
primary biomass in a eutrophic system clear­
ly exceeds the amount of food the her­
bivorous animal component of the system 
can consume. Thus, a surplus of dead or­
ganic matter is formed , deposited and/or 
consumed exclUSively by heterotrophic 
decomposers , mainly bacteria, caUSing a 
corresponding intensity in oxygen con­
sumption. In the case of extremely heavy 
eutrophication, Le. hypertrophication, 
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the surplus amounts exceed the net rate of 
oxygen supply required to oxidize them 
which leads in turn to hypoxic (02\ 2 
cm3 ·dm- 3) or anoxic (zero O2) conditions, 
fish-invertebrate mortalities and other 
harmful effects as described in more detail 
later in this paper. Turning back to oligo­
trophiC conditions , however low the over­
all biomass of pertinent ecosystem might be, 
its components are communities whose 
biodiversity, i.e . relative number of plant 
and animal species , is extremely high , ap­
proaching the highest known, e .g. for trop­
ical coral reefs. It seems needless to stress 
that the biodiversity, in other words the bi­
otic richness represent, not only a natural 
heritage per se, but also an aesthetic value 
which, in combination with the azure beau­
ty of oligotrophic waters , provides an in­
valuable resource , at least for touristic com­
ponents in national economies of the 
Mediterranean countries. Moreover, an 
ecosystem whose biotic components are 
communities of high diversity also has a 
highly organized and ecologically well 
balanced structure. Thus, the oligotroph­
ic ecosystem functions through complex in­
ternal regulations in a state of homeosta­
sis . Consequently, such an ecosystem 
buffers the environmental variability and 
related stress conditions, therefore it is sta­
ble and persistent in time and space. When 
the above facts are considered, it seems un­
necessary to stress that the first priority in 
environmental issues for the Mediterrane­
an Sea should be protection of its oligo­
trophic conditions. Having recognized new 
inputs of nutrients as the only factor that can 
trigger primary transitions from oligotrophic 
towards eutrophic conditions , a need for 
significant reductions in nutrient discharges 
appears as to be indisputable. This of 
course, is subject to people's (governments) 
decisions on what kind of marine environ­
ment they would like to have in the Mediter­
ranean Sea. In this respect, it is the aim of 
this paper to provide evidence which sup­
ports the efficient and rational control of 
growing eutrophication in order to protect 
the best of what the Mediterranean Sea has 
to offer. 

Changing eutrophication 
concepts and definitions 

According to an interesting statement 
(GESAMP, 1990b), «the term eutrophication 
is understood in almost as many different 
ways as the frequency with which is used». 
Although exaggerated, this statement clearly 
reflects conceptual and terminological con­
tradictions which can lead a priori to er­
roneous conclusions , and more so by inter­
preting eutrophication problems in marine 
environment with concepts and measures 
as applied for fresh waters. In order to avoid 
such misunderstandings , this chapter pro­
vides some relevant clarifications and defi­
nitions as proposed by the author previous­
ly (Stirn, 1988). 

It seems that Weber (1907) was the first to 
introduce the term «eutrophic» , in relation 
to nutrient conditions in marshlands soils. 
Naumann (1927) transferred the term into 
limnology, and was the first to perceive rela­
tionship between nutrients and primary 
productivity of lakes which led in turn to 
a classification scheme for lakes, based on 
the trophic state. At the same time 
Thienemann (1925) developed a parallel 
scheme but based on the oxygen content 
and related distributions of indicator spe­
cies. Although there was some simplification 
in these early works, they not only laid the 
foundation for the current lake classifica­
tion, but also developed the classic concept 
of eutrophication. However, this concept 
refers to the natural aging of lakes in suc­
cessions of steadily increasing trophic lev­
els due to natural inputs of nutrients. Only 
recently, Le. after"" 1950, has the concept 
been extended to include man-made eu­
trophication (named also cultural or an­
thropogenic) which was very soon widely 
recognized as one of the most threatening 
forms , or rather consequences of pollution 
in fresh-waters , causing first the known 
deleteriOUS effects in lakes and affecting 
now rivers, reservoirs and indirectly ground 
waters as well. Moreover, for fresh-waters 
it has also been indisputably recognized that 
the current state of eutrophication is due, 
almost entirely, to excessive, man-made 
nutrient inputs that originate from sewage, 
biodegradable industrial effluents , runoff 
from fertilized land and a polluted at­
mosphere . In response to the formidable ex­
tent of eutrophication and facing a number 
of consequent practical problems, e.g. in 
supplies of drinking water, fisheries and fish 
farming , tourism, etc ., important progress 
was achieved in all relevant fields of fresh­
water science, engineering and manage­
ment . Moreover , having adequate scientif­
ic information, including quite reliable 
predictive models (OECD, 1982), techno­
logical experience, and dealing with rela­
tively small, semi-closed ecosystems, the 
control of fresh-water eutrophication be­
came technically quite feasible and efficient 
as proven by an increasing number of suc­
cessfully solved case-problems. 
Eutrophic provinces of the Ocean and their 
purely natural sources of nutrient supplies, 
mainly through discharging rivers and wind­
driven upward circulation of nutrient-rich 
deep waters (upwelling), have been known 
and described quite long ago (Harvey, 
1928); probably Gilson (1937) was the first 
to use the term eutrophic in this context. 
As to man-made eutrophication, similar 
processes as developed in fresh waters were 
for some time thought to be unlikely in the 
marine environment which , being larger 
and more dynamic , would have the capaci­
ty to absorb nutrient inputs. For example , 
in the Mediterranean region, the early warn­
ings (Stirn, 1966) about potential eutrophi­
cation impacts were not seriously consi­
dered, either by scientists or governmental 
authorities , and completely ignored. 
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Nevertheless , the expansion of man-made 
eutrophication has become quite obvious 
during the last decade, thus there is now less 
need to convince people about relevant 
problems; these were recently recognized 
also at international levels as shown in the 
following statements from the GESAMP 
(1990a) publication The State of Marine En­
vironment, cit.: 
§ 263 - Globally, present inputs of nutrients 
from rivers due to man's activities are at 
least as great as those from natural process­
es. The inputs in different localities vary 
widely , depending on a range of facto rs in­
cluding population density, land use, ef­
fluent treatment, estuarine topography, dis­
persal rates and natural marine sources of 
the nutrients. In some enclosed waters anc. 
coastal seas these inputs have led to clearly 
detectable and sustained increases in 
nutrient concentration in the water. The 
areas thus affected are numerous and ge­
ographically widespread but all have the 
common feature of limited water exchange 
with the open sea. 
§270 - It is now possible to recognize the 
sequence of changes that characterizes 
progressive stages of eutrophication in the 
sea. An idealized progression of phenome­
na is (a) enhanced primary production, (b) 
changes in plant species composition, (c) 
dense 'blooms, often toxic, (d) anoxic con­
ditions , (e) adverse effects on fish and in­
vertebrates, (t) impact on amenity, (g) 
changes in structure of benthic communi­
ties. Not all these features are observed in 
every case and the full sequence is not al­
ways obvious. Indeed, changes in the struc­
ture of benthic communities are often the 
earliest signs of eutrophication, probably 
because the benthos integrates the exposure 
over time. The effects of concern to man 
are reduced fisheries yields or gross fish 
kills, and amenity deterioration with atten­
dant economic losses. More directly, health 
risks result from exposure to flagellate neu­
rotoxin passed through shellfish. Recogniz­
ing this sequence may make remedial action 
possible at a sufficiently early stage to avoid 
serious consequences. 
The above, very appropriate statements are 
surely of an extraordinary importance for 
global views on eutrophication problems 
and so is, the whole document. Unfor­
tunately, the document failed to provide 
adequate information about relevant 
problems in the Mediterranean Sea for it 
shows the case of the North Adriatic as the 
only problem and even this one by a rather, 
«soft» interpretation, cit.: «The northern 
Adriatic also shows signs of eutrophication». 
However, in the same paragraph we read: 
«". anoxic conditions, sometimes resulting 
in mass mortalities of fish and benthic in­
vertebrates in shallow waters» . Obviously, 
this statement alone confirms that there are 
not just «signs» but heavy eutrophication, 
in fact temporarily occurring stage of hyper­
trophication. Nevertheless , from the stand­
point of aforementioned requirements for 
efficient eutrophication control, this docu-
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ment does not provide much help. On the 
contrary, it might be used as an indirect sup­
port of technocratic tendencies to disregard 
the impact of eutrophication, including rele­
vant statements within studies, reports etc, 
the techno-bureaucracy is producing and/or 
using in order to justify for its own, usually 
misleading interpretations. 
As a rule , such interpretations are based 
upon the concept and criteria for fresh­
water eutrophication which, if applied non­
critically for marine environments, may lead 
to erroneous or even absurd conclusions. 
An example of such an absurd conclusion 
is shown most typically in an interdiscipli­
nary evaluation of organic pollution impact 
in the Gulf of Trieste (North Adriatic), pub­
lished by Olivotti, Faganeli and Malej (1986). 
The authors determined the state of eu­
trophication by comparing the averages of 
some routine measurements (chlorophyll bi­
omass, transparency and nutrients) with cor­
responding criteria as proposed by OEeD 
for fresh-water lakes (OEeD, 1982) and con­
cluded that the Gulf of Trieste , cit.: ,ds not 
affected by eutrophication, rather the major 
part of eastern waters appear to be essen­
tially oligotrophic» . As will be shown later 
in this paper, it is precisely the above en­
vironment which is heavily eutrophied and 
represents, apart from western coastal 
waters of the North Adriatic and a few 
coastal lagoons, the only area within the 
Mediterranean region where 
hypertrophication-induced oxygen deple­
tions and concomitant mass-mortalities have 
become regular, though fortunately still 
short-lived phenomena during the last de­
cade. 
Another exemplary feature of the above 
publication is the affiliation of suggested 
conclusions to the following OEeD defini­
tion as quoted therein: «Eutrophication is 
an undesirable degradation of the environ­
ment resulting in a deterioration of water 
quality which interferes with most of the 
beneficial uses of water; it is causing, in 
many cases , significant economic losses, in 
other words, as a form of pollution •. It 
seems needless to stress that by to this defi­
nition the Gulf of Trieste appears indeed to 
be non-affec ted by eutrophication. 
Moreover, according to this definition, one 
would hardly find any eutrophication 
problems in the Mediterranean Sea as a 
whole but only in a few coastal lagoons. 
This and other discrepancies as shown by 
the above example as well as in many more 
similar confrontations between purely eco­
logical and exceedingly pragmatical ap­
proaches clearly suggest the need for some 
more adequate principal statements and 
definitions to be formulated on the basis of 
pertinent ecological facts, and by recogniz­
ing that the phenomenon of eutrophication 
is typically relative for it varies according 
to time , space, inputs and given environ­
mental conditions, as most illustratively ex­
pressed by Ott (1989), cit.: «Eutrophication 
in an oligotrophic sea such as the Mediter­
ranean may occur at absolute nutrient lev-

els that would leave North Sea communi­
ties starving». 
In this context, and knowing that the only 
generality in ecology is that there are no 
generalities (Poole, 1974), the author pro­
poses the following statements and defini­
tions (partly from Stirn, 1988) as applicable 
in the case of specific conditions in the 
Mediterranean Sea, and perhaps in similar­
ly oligotrophic environments elsewhere in 
subtropical and tropical seas: 
Eutrophication is defined as a substantial 
and persisting increase of trophic levels in 
an ecosystem whose productivity was pri­
or a given impact as a rule significantly low­
er. The stage of eutrophication at which the 
rate of new organic matter production ex­
ceeds the oxygen supply required to oxidize 
it (which causes hypoxic-anoxic conditions 
and concomitant mortalities) is identified as 
hypertrophication (modified from Mee, 
1987). 
French speaking authors tend to use the 
term dystrophic to describe hypertrophica­
tion (Aubert, 1988, etc.). This term, too, is 
«borrowed» from limnology where it 
characterizes an entirely different situation, 
Le. low trophiC level in bog lakes which are 
loaded with humic acids, thus this term 
should not be used in marine ecology. Simi­
larly inappropriate is the usage of the term 
mesotrophic (quite common in Italy) for this 
stage cannot be assessed adequately in ma­
rine conditions. 

Natural and man-made 
eutrophication 

Although there is in principle no substan­
tial difference between these two process­
es as far as the production, storage and 
decomposition of primary and microhetero­
trophiC organic matter are concerned, ulti­
mate effects upon overall structure and 
metabolism of ecosystems are significantly 
different: 
Natural eutrophication, which is based 
on natural nutrient sources (upwelling, 
coastal mixing, fresh water and atmospher­
ic inputs) supports high trophic levels in 
ecosystems whose structure, communities 
and food-webs have been adapted to high 
levels through ecological evolution (which 
was going on for, at least> 10,000 years). 
Thus, in such «organized. ecosystems a high 
proportion of primary organic matter is con­
sumed and cycled by herbivorous and car­
nivorous animals. Exceptionally, in environ­
ments with weak circulation of water mass­
es, e.g. Black Sea, Baltic and upwelling areas 
of the Indian Ocean, natural eutrophication, 
actually hypertrophication, results in sur­
plus organic matter which is partly buried 
in sediments but mainly consumed via 
microbial decomposition, followed by 
desoxygenations and mortalities. However, 
this, too makes a part of long-term adapted 
ecosystems which still remain relatively sta­
ble, supporting, La. some among the richest 
fisheries of the World Ocean. As mentioned 



previously, some people think that man­
made eutrophication, too, may enhance 
fisheries production, yet for most known 
cases the evidence shows just the opposite. 
Man-made eutrophication is of course a 
very recent phenomenon which is showing, 
apart from obscure initial effects of 
deforestation and gradual development of 
intensive agriculture during last two centu­
ries , significant effects in marine environ­
ments only as late as after the fifties of this 
century. It seems quite obvious that, by hav­
ing a gradual increase of nutrient inputs ef­
fective only for a few decades, the time scale 
is much too small to allow such complex 
and stabilized ecosystem adaptations as re­
quired for an ecological equilibrium to be 
maintained in an entirely different, highly 
productive ecosystem. Consequently, the 
ecosystems which are affected by man­
made eutrophiC at ion are characterized by 
typical stress-environments, Margalef's 
(1978) «immature» communities, chaotic dy­
namics and unpredictable variability . Tak­
ing into account these characteristics , and 
the most common occurrence of man-made 
eutrophication which is in coastal zones, i.e. 
in target areas of human interests, its effects 
become usually harmful, not only for the 
environment, but also for the exploitable bi­
ologic resources and most of beneficial uses 
of sea. In this respect and by a generalized 
consideration, it should be stressed that the 
heaviest and as a rule most harmful eu­
trophication effects occur in coastal en­
vironments which are recipients of cu­
mulative, natural and man-made loads 
in discharging rivers. 
Pollution as defined by GESAMP and en­
dorsed also by the Mediterranean Action 
Plan 
means. cit: «Introduction by man, directly 
or indirectly, of substances or energy into 
the marine environment resulting in such 
deleterious effects as harm to living 
resources, hazards to human health, hin­
drance to marine activities including fishing, 
impairing of quality for use of sea-water and 
reduction of amenities» . 
Considering this definition on the one hand 
and ecological cause-effect principles on the 
other, man-made eutrophication is not a 
form of pollution, it is the consequence of 
any pollution or other human activities that 
discharge nutrients and other substances 
which enhance primary productivity or sub­
stances which have harmful effects on her­
bivorous consumers of primary organic 
matter. As suggested above, the most harm­
ful forms of pollution and other man-made 
impacts in the Mediterranean region seem 
to be those which induce eutrophication 
processes and related problems. 

Assessment of eutrophication 

According to the above definition of eu­
trophication and recognizing its ecological 
principles , the only direct and fully reliable 
parameters are combined measures of 
primary productivity, such as plant biomass) 
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population density and functional produc­
tivity, provided these are measured in long­
term series and adequate frequencies) and 
evaluated in relative terms, i.e. as compared 
with comparable non-eutrophied conditions. 
Standard data on dissolved inorganic 
nutrients cannot be used as a reliable meas­
ure of the state of eutrophication for a num­
ber of reasons as explained later in this 
paper , unless nutrient data include in­
biomass and dissolved organic forms. Simi­
larly, standard dissolved oxygen measure­
ments, unless continuously recorded in situ 
as a long-term monitoring, cannot be con­
sidered a reliable indication, either of eu­
trophic or hypertrophic conditions , even 
less for the latter. The reason for that is an 
extraordinary variability of oxygen concen­
trations which can oscillate, within a given 
water column and at any fraction of time) 
in the range from anoxic-hypoxic to super­
saturated levels ("" 0 - 8 cm3. dm -3). 
An optimal methodological approach in the 
assessment and monitoring of eutrophica­
tion would include, in addition to the above 
methods, complete ecosystem and commu­
nities studies as described in specific 
FAO/UNEP manuals (Stirn, 1981; Gray, 
MCIntyre & Stirn, 1992). 
However) eutrophication studies which are 
expected to advise engineering and 
management on eutrophication control 
measures and their practical implementa­
tion require additional ecophysiological and 
advanced bioassay research in experimen­
tal facilities as proposed by Aubert and Stirn 
(1988-89). 

The ecological process and 
the causes of man-made 
eu trophication 

The essential features of the process of eu­
trophication have already been explained in 
the introduction to this paper. However, in 
real ecosystems the process is very complex 
and variable as illustrated by a simplified 
schematic presentation in Fig. 1 which 
compiles the most common features as ob­
served in the known cases of man-made eu­
trophication within the Mediterranean 
region; as justified below and in order to 
avoid an excessive sophistication in this 
presentation , the compartments of 
eutrophication-bound natural factors have 
been omitted. Moreover, it is beyond the 
scope of this paper to discuss the complex­
ity of both, the process and ecological fac­
tors involved, (reviewed by Stirn, 1974, 
1987 & 1988 and UNESCO/UNEP 1988), ex­
cept for a few components which ought to 
be considered in o rder to justify and sup­
port the request for efficient eutrophication 
control in the Mediterranean region, which 
is, as mentioned previously, the «leitmotif» 
of this paper. However, these process­
components will be shown in more detail 
in the next chapter, along with descriptions 
of exemplary eutrophication-cases. 

When considering the causes of man-made 
eutrophication one should discuss first the 
most powerful ecological mechanisms 
which dominate the control of any form of 
aquatiC bioproductivity, i.e . natural factors 
such as: light, thermic and osmotic (salini­
ty) conditions, CO, - 0, fluxes, au­
tochtonous (sea-born) nutrient pools and 
their recycling, flushing and sediment­
deposition rates, structure and efficiency of 
trophiC chains etc. which are all also sub­
ject to meso-scale and long-term fluctua­
tions of likely global dimensions . However, 
apart from man-made global modifications 
of CO, - fluxes , climate, and spectral com­
position of incident solar radiation, that ap­
parently affect eutrophication, too, as 
shown later in this paper, there is almost 
nothing man can ever change significantly 
in this respect. Therefore and since there is 
ample relevant information available in 
oceanographic literature (for basic reviews 
e.g. Parsons & Takahashi, 1975 ; Harris, 
1986, etc.) as far as natural factors are con­
cerned, the emphasis is given here to fac­
tors which, altered by human activities, trig­
ger and maintain man-made eutrophication, 
and which man can, at least partially con­
trol by technical interventions, i.e. nutrients 
on one hand and the fate of produced bi­
omass on the other. 

Nutrients - The main cause of 
eutrophication 

However crucially important are the effects 
of the the aforementioned, mainly natural 
factOrs for the development of eutrophica­
tion processes, it is always the quantity of 
available nitrogen and phosphorus nutrients 
which determines the ultimately produced 
biomass of plant populations, regardless of 
which taxonomic group they belong to, ex­
cept for diatoms and flagellates , if growing 
in high-density or «blooming» populations) 
which can be limited by the lack of silicon 
and/or bio-assimilable iron. These specific 
aspects as well as the effects of other 
nutrients in sensu latu and biostimulative 
organic compounds will be briefly dis­
cussed at the end of this chapter, however, 
the emphasis is given to aspects of nitrogen 
and phosphorus nutrients. 
Such a priority is justified, partly for the 
above reasons, and in the first place, by con­
sidering the reduction of nitrogen and phos­
phorus discharges into the Mediterranean 
Sea to be far the most important , and tech­
nically feasible measure for the control of 
man-made eutrophication. Since this sub­
ject, as related to the conditions in the 
Mediterranean region, has been adequately 
reviewed in a number of documents (Stirn, 
1988; UNEP/MAP 1978; UNESCOIUNEP 
1988 and partly GESAMP, 1990), the infor­
mation below presents but a summarized, 
though updated version from Stirn (1988); 
therefore, and for the sake of a shorter text, 
the extensive burden of references as given 
in the original paper has been omitted. 
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Phosphorus 

In natural and moderately polluted coastal 
waters phosphorus usually appears in vari­
ous chemical forms, however, the or­
thophosphate is preferred by unicellular al­
gae, but the abili ty to utilize other forms , 
such as polyphosphates and organic phos­
phorus, seems to be widespread. Consider­
ing the growth of algae in eutrophic condi­
tions this should be taken into account, for 
sewage and incorporated detergents present 
a massive source of organic phosphorus 
compounds and polyphosphates, respec­
tively, while the concentrations of or­
thophosphate after a substantial dilution of 
effluents in sea water might not be drasti­
cally elevated. 

A typical value for open ocean is 0.1 
/LM·dm - 3 in surface layers and 1.5 (Atlan­
tic) to 2.8 (Indian and Pacific) in deep 
waters. Values for the Mediterranean Sea are 
ex tremely low, typically below 
0.05/LM·dm - 3 in the euphotic zone and at 
best 0.3 in the deepest waters. 
The most adequate example to show the 
relationship between typical orthopho­
sphate concentrations (in /LM· dm -3 p-po4, 
l/LM P = 31 /Lg of P) in surface waters and 
riverine and pollution-born enrichments is 
provided by the case of the Adriatic Sea as 
follows: 

Extremely oligotrophic southern 
basin 0.03 

Average natural concentrations of or­
thophosphate in euphotic layers of produc­
tive temperate coastal waters are around 
0.3/LM· dm - 3 P-P04, and significantly low­
er after periods of phytoplankton blooms. 

Oligotrophic Mid-Adriatic 0.05 
Eutrophic North Adriatic 0.12 
Highly eutrophic NW Adriatic 0.30 

In coastal waters which are directly pollut­
ed by sewage, similar effluents or within the 

Figure 1 - A generalized succession of tropbic and structural ecosystem 
modifications at typical stages of eutropbication processes as observed in 
tbe Mediterranean Sea. 

Figure 2 - Gradual increase in loads of major nutrients discbarged into 
tbe Nortb Adriatic by tbe river Po: (a) as ortbopbospbate (in 100 tons per 
year) and (b) as total inorganic nitrogen (in 1000 tons per year); based on 
data of Marcbetti, 1992. 
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plumes of polluted rivers the concentrations 
of phosphate are as a rule dramatically 
higher, e.g. 2.0/LM and more . 
Nevertheless , highly eutrophic waters, 
regardless of whether they are fertilized by 
rivers or man-made effluents are rather 
steadily receiving phosphorus supplies at 
levels approaching the optimum needed for 
the growth of mixed phytoplankton popu­
lations at an eutrophic level , e.g. 0.3 - 0 .5 
/LM· dm - 3 P-PO, and often well above the 
saturation levels the highest plant biomass 
can ever assimilate under natural conditions. 
In addition , other forms which may not be 
shown in analytical data also contribute to 
the phosphorus-pool and regeneration flux­
es that continuously deliver bioassimilable 
phosphorus forms. However, the major and 
eve r available source of phosphorus 
regeneration is intercellular within the plant 
biomass in which the process of so-called 
lUXury uptake accumulates actually more 
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phosphorus than needed for normal phys­
iological functions. These sources, «hidden» 
for standard chemical analyses, explain why 
it is possible for a eutrophic environment 
to support a high plant production despite 
its extremely low concentrations of dis­
solved inorganic phosphates as quite fre­
quently observed in practice as well as con­
sidered in the sense of evidence for a 
phosphorus-limited primary production. At 
least as far as heavily eutrophied environ­
ments are concerned, it appears perfectly 
logical that under the conditions as shown 
above, it is not phosphorus but nitrogen 
which might be the limiting factor ; actual­
ly this has never been proved correctly for 
the Mediterranean conditions, though large­
ly recognized for similar marine environ­
ments elsewhere (Goldman, 1976). 

Nitrogen 

Out of the total nitrogen dissolved in sea 
water, ""90% goes at the expense ofnitro­
gen gas (N,) while the rest is composed of 
numerous dissolved organic compounds 
(DON) and a few inorganic salts (DIN), main­
ly in ionic states as shown below, along with 
concentrations typical for the surface in 
shelf water of the temperate parts of oceans: 

nitrate (N-N03) : 2 5 
- nitrite (N-NO,): Trace - < 1 
- ammonia (N-NH4): 1 3 

In tropical surface layers the concentrations 
are as a rule much lower, except in upwel­
ling areas. However, in deep oceanic waters 
the concentrations are quite high, mainly as 
nitrates, in the range 20-50p.M · dm - 3 . 

In the Mediterranean Sea, inorganic nitro­
gen is generally very depleted, although 
proportionally not to the same extent as are 
phosphates. The typical range of concentra­
tions (in p.M . dm3 ; 1 p.M of N = 14p.g of N) in 
surface layers of open waters is shown be­
low using the example of the Adriatic Sea: 

Area 
Oligotrophic southern 

basin: 
Oligotrophic Mid-Adriatic: 
Eutrophic North Adriatic : 
Highly eutrophic NW Adriatic: 

1.0 0 .5 
0.5 0.5 
1.5 1.0 
4.0 2.0 

In oligotrophic areas both nitrates and am­
monia originate from marine regeneration 
and from the atmosphere; in eutrophiC areas 
a substantial part of nitrates is river-borne, 
from natural sources and fertilized agricul­
turalland, while the ammonia comes mainly 
from man-made sources . In coastal waters 
which are directly polluted by sewage or 
significantly mixed with discharging pollut­
ed rivers, the concentrations are generally 
much higher, above 35 p.M·dm - 3 N-N03 

and 20 p.M·dm - 3 N-NH4' 
In principle, ammonia is the preferred form 
of nitrogen for algae, followed by nitrate 
and nitrite after the ammonia concentration 
is reduced to <0.5 p.M·dm - 3 . In addition , 
algae can use a number of organic com­
pounds, e.g. urea and amino acids , as the 
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sole or partial source of nitrogen. With 
regard to man-made eutrophication this ob­
viously is quite relevant, although very lit­
tle is known about it. 

Silicon 

In addition to nitrogen and phosphorus, the 
available silicon is also an equally determina­
tive, yet specific nutrient required but for 
the growth of diatoms in silicoflagellates 
whose skeletons are made of pure silica. 
Since the former represent generally as well 
as in the Mediterranean Sea a dominating 
component of inshore phytoplanktonic 
communities which normally occur in at 
least two picks of maximum reproduction 
(spring and autumn blooms), both in eu­
trophic and clearly oligotrophic, even off­
shore waters, adequate supplies of silicon 
are obviously of great importance for 
primary productivity as a whole. 
It seems that in prevailing conditions silicon 
is rarely a limiting nutrient, except tem­
porarily after the terminal stages of heavy 
diatom «blooms» (as typical for eutrophic 
conditions) , in which silicates may be 
depleted down to as low concentrations 
(Si< 1 p.M·dm - 3) as known to be absolute­
ly limiting considerable diatom growth and 
reproduction. 
As is widely known, diatom «blooms» are 
normally followed by successions of 
predominantly dinoflagellate communities 
which temporarily overrun silicon-limited 
diatoms component. According to numer­
ous authors (Menzel, 1963; Parsons & Taka­
hashi, 1975, etc.), it is just silicon-limitation 
that regulates the above successions. Provid­
ed the other environmental conditions (as 
shown below and in the Fig. 1) are favora­
ble for the growth of dinoflagellates or other 
flagellate populations during the periods of 
such succession stages, these may culminate 
in flagellate «blooms» (Officer & Ryther, 
1980) or «red tides» in the case of 
predominantly dinoflagellate components . 
Recognizing a worldwide expansion of «red 
tide» occurrences in polluted coastal waters 
and man-made changes of the Si:N:P ratio 
(whose normal values for natural conditions 
in coastal waters would be 16: 15: 1) by 
decreasing relative values of silicon against 
increasing levels of nitrogen and phospho­
rus, one can agree with the hypothesis that 
man-made relative silicon limitation may be 
a significant factor in «red-tide. develop­
ments (Smayda, 1990). However, assuming 
this factor to be really effective, this presents 
an additional justification for the reduction 
of nitrogen and phosphorus as the prime 
measures in eutrophication control for one 
would not think as to increase the silicon 
levels. 

Biomicroelements and chelating substances 

As mentioned above in introduction, there 
is a number of microelements (Fe, Mn, Cu, 
Zn, Co, Mo and Se) which are essential to 
the growth of plants since they occur in 
their enzyme systems, etc . It is unlikely that 

phytoplankton growth is ever limited by the 
total concentration of any of these trace ele­
ments (except in mass-monocultures of al­
gae), but an essential element may be 
present in a form in which it is not assimil­
able . This is particularly important for iron 
which has a very low ionic concentration 
in sea water. Most algae , however, are able 
to make use of some particulate and colloi­
dal forms , provided there is a chelating 
mechanism available . There seems to be a 
variety of natural chelating substances in 
oceanic and open coastal waters, although 
their chemical identity is still quite obscure. 
The «classic» ligands of humic-complex 
compounds (Gelbstoff) have an au­
tochtonous marine origin , and similar 
material also reaches the coastal waters from 
rivers, estuarine-lagoon marshes , digested 
sewage and other biodegradable organic ef­
fluents. 
Phytoplankton growth, even in highly eu­
trophic conditions in coastal waters or dur­
ing moderate «blooms» of diatoms, does not 
appear to be significantly limited by a 
reduced availability of trace elements. 
However, there is evidence that iron does 
indeed trigger or limit the development of 
«red tides», as a complementary factor to the 
others as discussed above and shown in the 
Fig. 1. 

Bioactive organic compounds 

It has been known for decades that, apart 
from nutrients in sensu stricto and microele­
ments, a number of organic compounds, 
vitamins and phytohormon - like substances 
in the first place, may significantly enhance 
the growth and reproduction of algal popu­
lations , particularly at high-density or 
«blooming» levels . In this respect the most 
relevant example is a widely recognized fact 
that the population growth of the great 
majority of flagellate species, including «red 
tide. dinoflagellates require vitamin B" 
which they cannot synthesize , hence this 
should be pOSitively considered one of the 
decisive factors in «red tide» outbreaks. As 
a microbial product, B I , is much more 
abundant in organically polluted and/or 
river-enriched coastal waters than elsewhere 
in marine env!ronments which suggests 
another aspect in explaining the heavy and 
frequent occurrences of flagellate «blooms» 
precisely in enriched coastal waters . 
Furthermore, there is quite a lot of ex­
perimental evidence that some specific or­
ganic compounds can biochemically regu­
late both population dynamics and species 
compositions in phytoplankton communi­
ties. Since, apart from some antibiotic algal 
extrametabolites, the chemical identity of 
effective substances is not known as yet , 
these compounds were quite appropriate­
ly classified by Aubert et al. (1981) as a 
group of telemediators. Although their na­
ture and effects still seem to be rather ob­
scure, and therefore quite disputed, there 
is ample reason to believe that their regula­
tory effects in ecosystems might be more 
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significant than one would expect on the 
base of presently inadequate scientific 
knowledge . 

Detergents 

As is widely known, the «classic» detergents 
contain considerable amounts of 
tripolyphosphates which contribute to 
nutrient pools and hence increase aquatic 
eutrophication, yet probably much more in 
really phosphorus-limited fresh waters than 
in the sea. Therefore the producers of 
modern «enVironment-friendly» detergents 
have replaced phosphates with a variety of 
synthetic organicals whose effects possibly 
increase the nitrogen pool instead of phos­
phorus. Considering eutrophication 
problems in marine environment with the 
assumption that nitrogen be recognized as 
the major limiting nutrient, this replacement 
obviously appears useless , if not quite harm­
ful. Experimental evidence (Aubert & Stim, 
1989-90) shows quite clearly that all types 
of phosphate-free detergents such as these 
currently used in France (which were exten­
sively tested by a number of bioassay 
methods) have induced far more adverse ef­
fects, as far as potential eutrophication is 

Flow m3/sec .l 03 
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concerned , than the «classic» ones, mainly 
because the replacement substances en­
hance the bioassimilation of combined 
forms of both nutrients and microlements. 
Moreover, the toxicity of tested 
«enVironment-friendly» detergents was as a 
rule significantly higher and the biodegrad­
ability was lower. Consequently, the popu­
lations of delicate species were depressed 
in favour of tolerant species, known as 
dominants in eutrophiC conditions. 
Although the above information is far from 
being comprehensive , it indicates an urgent 
need for in-depth reconsideration of the 
«detergent issue» before the New Europe 
(EEC) sets relevant criteria whose ultimate 
impacts in marine environments may not 
reduce the eutrophication at all , but in­
troduce other harmful effects in ecosystem 
equilibria. 

Sources of nutrients 

In natural marine environments normally a 
half of all available nutrients is regenerated 
and originates from autochtonous, sea-born 
sources , as mentioned above. The rest of 
the «new nutrients» are provided from al­
lochthonous sources, i.e . the atmosphere , 

rivers and any other fresh-water inputs as 
shown below. 

Atmosphere 

As regards the cycling of phosphorus, the 
atmosphere plays a minor, though not a 
negligible role , contributing to the oceans 
roughly 1-2 % of the total input, i.e. about 
5 mg· yr - I

. m -2 of sea surface, and signifi­
cantly more in coastal areas close to large 
industrial agglomerations (SCOPE, 1976). 
The atmospheric input of nitrogen com­
pounds which ultimately enter the nutrient 
pool (N2 gas excluded): NO" N20, NH3, 

and ionic NH4 and N03 in rain, is much 
higher, 8-18% of the total input. Amounts 
of nitrogen oxides are significantly higher 
in areas of heavy atmospheric pollution 
(urbanized-industrial areas), as are the lev­
els of ammonia, evaporating also from high­
ly fertilized agricultural land and heavily 
from animal farms. Typical concentrations 
of nutrient-forms of phosphorus and nitro­
gen in rain waters are 0.08 and 0.7 
mg·dm - 3, respectively. 

Rivers and runoff 

Although there are almost no rivers enter-

Figure 3 - Exemplary coincidences oftbe river Po flow-maxima prior non­
seasonal and/or unusually beavy blooms (B) and concomitant bYPoxia­
induced mortaltties of demersal fisb and bentbic invertebrates (M) in tbe 
Nortb Adriatic Sea. 

6-1--------118112 - representing a "normal" flow "h, • .,,,·t .. rl~tl,, .. J 
Figure 4 - Compilation of dissolved oxygen data as measured in tbe Nortb 
Adriatic near-bottom layers during tbe period 1911-1989, sbowing recent 
trends in development of bypoxic conditions; updated from Stim et al., 
1984. 
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ing Mediterranean coastal waters that can be 
considered «unpolluted», it is appropriate to 
mention their typical natural background 
concentrations of nutrients: 0.01 - 0.05 
mg·dm - 3 P-P04 and 0.1-0.6 mg·dm- 3 N 
(mainly nitrate). Taking as an example the 
Adriatic Sea with river-borne inputs estimat­
ed at 79,000 t· ye 1 of phosphorus and 
250,000 t'yr - 1 of nitrogen (UNEP, 1978), 
the natural input of phosphorus would 
represent less than 8 % and that of nitrogen 
up to 30%. 
Since in the majority of cases the lower 
reaches of rivers collect practically all the 
runoff from intensively fertilized agricultural 
land , drainage and domestic effluents from 
urban agglomerations, and a great variety of 
industrial effluents, the levels of nutrients 
in rivers are of course drastically increased, 
generally doubled during the last three de­
cades. 

Sewage 

This abundant effluent is no longer com­
posed just of human excreta, for it is invari­
ably mixed with other diverse waste materi­
als, particularly detergents which still cause 
a considerable increase in levels of phospho­
rus . On the basis of UNEP (1978) estimates 
for the Mediterranean region, the «point» 
sewage discharges into the coastal waters in 
northern areas (dense population and ur­
banization, important rivers) contribute 
only about 5% of total phosphorus/nitro­
gen loads, while in arid and less developed 
areas this is about 12 % of phosphorus and 
25% of nitrogen. From the above and other 
available information it is impossible to get 
a reliable estimate of the relative sewage 
contribution to the nutrient loads carried by 
rivers and hence it is also difficult to esti­
mate the proportion of sewage in total 
nutrient discharges into coastal waters. In 
comparison with relevant estimates else­
where in Europe one could suggest that in 
northern areas of the Mediterranean, sew­
age may contribute something like 30% of 
phosphorus and 20% of nitrogen to ex­
ogenous nutrient sources, and substantial­
ly more in southern areas. 

Industrial effluents 

Some inorganic and most industrial effluents 
can contribute a considerable amount of 
nutrients. As far as the Mediterranean is con­
cerned, the majority of these loads are again 
carried by the rivers . Therefore the «point» 
sources along the coastal zones usually con­
tribute less than 5 % of total N & P loads. 
Obviously, the increase of man-made 
nutrient inputs into allochthonous sources 
results in both increased levels of «new 
nutrients» and a change in the relative im­
portance of sea-born versus external 
nutrient sources. Almost all man-made eu­
trophication processes are induced by 
nutrient supplies that originate from multi­
ple sources, except in very localized cases 
(lagoons, semi-enclosed bays) with enrich­
ments from point sources. Multiple causes 
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are most typical in some northern Mediter­
ranean subregions whose coastal zones and 
adjacent hinterland have a high density of 
human settlements, industrial plants, animal 
farms and heavy traffic, both in coastal 
zones and the catchment areas of discharg­
ing rivers on one hand, and intensive 
agriculture on the other; consequently, the 
combined loads of man-made nutrients 
from point sources, diffused runoff, rivers 
and atmosphere become the major source 
of nutrients in the receiving coastal waters. 
Using the case of the North Adriatic as an 
example, according to Chiaudani et al. 
(1983) the natural nutrient contributions be­
came almost negligible in comparison with 
man-made sources as shown, e.g. for the 
origin of phosphorus loading to the NW 
Adriatic (in metric tons/year): 

Sewage 7 ,199 
Croplands 5,745 
Industry 1,589 
Detergents 8,688 
Animal Farms 4,623 
Natural 601 

Evidently, natural sources of phosphorus 
contribute but - 2 % of total loads; the share 
of natural nitrogen-nutrients is most likely 
much more important, but unfortunately no 
reliable relevant data seem to be available. 
On the other hand, the levels of man-made 
nitrogen loads seem to be steadily increas­
ing, both, in atmosphere and rivers , while 
the increase in phosphorus loads appears 
significantly slower during the last decade 
as shown, e.g. in Fig. 2. 

Limiting nutrients 

About 150 years ago Liebig (1840) in­
troduced «the law of the minimum» which 
states that plant growth is controlled and 
limited by a nutrient for which the availa­
ble concentration is approaching the criti­
cal minimum as needed for normal physio­
logical processes and reproduction. Follow­
ing this concept, phosphorus has been 
widely recognized as the limiting nutrient 
of the primary productivity in fresh-water 
lakes and the critical factor of related eu­
trophication problems (Vollenweider, 1968; 
OECD, 1982). Although the above princi­
ple seems to be adequately supported by an 
extensive scientific evidence as far as fresh­
water lakes are concerned, even in contem­
porary limmology the rigid application of 
Liebig's law has become rather outdated. In 
this regard, it seems quite appropriate to 
quote a relevant warning from the «classic» 
ecological textbook by Odum (1971): «Lie­
big's law is strictly applicable only under 
steady-state conditions .. .. .... Since cultural 
eutrophication usually produces a highly 
unsteady state, involving severe oscillations 
(i.e. heavy blooms of algae followed by die­
offs, which in turn trigger another bloom 
on release of nutrients) then the «either/or» 
argument may be highly irrelevant because 
phosphorus , nitrogen etc. may rapidly 
replace one another as limiting factors dur­
ing the course of the transitory oscillations». 

The reason for the above discussion, which 
seemingly has not much to do with the sub­
ject of marine eutrophication, is a remarka­
ble tendency among some scientists, en­
gineering lobbies and decision-makers in the 
Mediterranean region to consider phospho­
rus as the critical factor in marine eutrophi­
cation just as rigidly as in the above, now 
rather historic approaches. One can under­
stand the enthusiasm of civil engineers for 
the consequent needs to remove phospho­
rus as a causative factor of eutrophication 
for it can be rather easily precipitated from 
waste water, whereas the pertinent attitude 
among scientists appears more disturbing. 
Therefore it seems worthwhile to discuss 
some aspects of this problem. 
Unlike most marine environments whose 
primary productivity is limited by nitrogen 
(Carpenter and Capone, 1983), and silicon 
and iron in specific circumstances, the 
prevailing part of the Mediterranean 
ecosystem really appears phosphorus­
limited although this has never been proved 
by reliable experimental evidence. It should 
be stressed, however, that this might be true 
only as far as oligotrophic, mainly offshore 
Mediterranean waters are concerned where 
the concentrations of bioavailable phospho­
rus are extremely low, often beyond ana­
lytical detection limits. Normally, nitrogen 
becomes depleted too, yet rarely as ex­
tremely as phosphorus because of relative­
ly better conditions for replenishment from 
modest but slLady or at least frequent in­
puts such as heterotrophic excretion, 
cyanobacterial nitrogen fixation, rain and 
the absorption of atmospheric ammonia. 
Thus, the limiting factor is indeed phospho­
rus, however, the entire nutrient pool is ex­
traordinarily poor and as a whole supports 
but a minimum of primary productivity. 
The causes of extremely low nutrient lev­
els in the Mediterranean Sea are multiple: a 
weak exchange of water masses with the At­
lantic and the Black Sea, a narrow continen­
tal shelf, great mean depth and the lack of 
strong vertical circulations and extraordinar­
ily poor nutrient reserves in deep waters 
which limit an efficient replenishment of 
nutrients in euphotic layers. 
Apart from the Atlantic influx, the major 
nutrient supplies originate from rivers and 
more recently from pollution. Therefore the 
areas of enhanced productivity are located 
exclusively within the reach of these two 
sources. There the phosphorus-nitrogen 
proportion must be entirely different be­
cause the source of nutrients, i.e . sewage 
and other biodegradable organic effluents, 
discharged directly or through minor rivers, 
provide bioavailable nitrogen and phospho­
rus as a rule in proportions like 5: 1. 
An exception to this are the enrichment ef­
fects of large rivers whose nutrient loads 
show usually N:P ratio like 20: 1, hence there 
is a nominal surplus of nitrogen. In spite of 
this, phosphorus still cannot become limit­
ing in those coastal waters which contain 
significant components of river waters, e.g. 
at levels of > 5% reduced salinity, (for hav-
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ing) bioavailable phosphorus concentrations 
as high as required for euthropic rates of 
primary productivity, i.e. > 0.3 JLM P-P04 • 

However, further out in open waters where 
the river component becomes highly dilut­
ed the above initial N:P ratio may indeed 
induce phosphorus limitation as, for in­
stance, in open waters of the Northern and 
Mid-Adriatic Sea as reported by Pojed and 
Kveder (1977), Revelante and Gilmartin 
(1976) etc . 
Apart from that, the initial man-made enrich­
ments of coastal waters are characterized by 
both. An absolute and relative abundance 
of phosphorus. Since marine plants , unicel­
lular algae in particular, normally assimilate 
10-20 times more nitrogen than phospho­
rus, the above sources obviously provide (at 
the initial stage, i.e. before being dispersed 
and transformed in receiving coastal waters) 
a large surplus of phosphorus versus nitro­
gen which alone can be considered a poten­
tially limiting factor. Despite phosphorus 
transformations and its gradual biological in­
activation while being combined with sedi­
ments, etc., it appears most unlikely that 
phosphorus could ever become limiting in 
marine environments whose eutrophic con­
ditions result from man-made nutrient en­
richments (Goldman, 1976). And yet, there 
is a number of papers, the most recent ones 
by Vollenweider et al. (1992) and Mingaz­
zini et al. (1992) in which the authors sug­
gest phosphorus limitation even for heavi­
ly eutrophied and/or hypertrophic inshore 
environments such as the western area of 
the North Adriatic where neither phospho­
rus nor nitrogen ever present a true limit­
ing factor because their concentrations are 
more than sufficient for eutrophic rates of 
primary productivity. The reasons for such 
misleading conclusions are of a methodo­
logical nature, i.e. simplified applications of 
Redfield ratio (e.g. by excluding intracellu­
lar nutrient pools) which is for such cases 
ofN and P nonlimited environments irrele­
vant anyway, and inadequate experimental 
procedures of applied bioassay tests. . 
In case such conclusions become the sub­
ject of only academic disputes, one could 
consider that by a mOderately critical ap­
proach. However , taking into account the 
aforementioned tendencies to focus eu­
trophication control measures on the reduc­
tion of phosphorus inputs , one feel obliged 
to stress that such conclusions may lead to 
heavy investment in treatment technologies, 
economic and «ecologic» costs of 
«environment-friendly» detergents which 
may not result in any significant improve­
ments. In this respect an exemplary lesson 
which one carefully conSiders , comes again 
from the North Adriatic. As shown in Fig. 
2a, the legally introduced limit of detergent­
phosphorus content « 5 %) significantly 
reduced further increase of riverine loads 
from 1975 onward. However, instead of the 
expected moderations in eutrophication 
processes , their effects were steadily grow­
ing, showing dramatic blooms with conse­
quent hypoxia-induced mortalities (com-
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pare this with temporal trends in desoxy­
genation as shown in Fig. 4) first in 1977 
and then almost regularly since 1983 which 
clearly coincides with maximum nitrogen 
discharges as shown in Fig. 2b as well as 
with the temporal dynamics of river-flows 
as shown in Fig. 3. 

Altered food web - A parallel cause 
of eutrophication 

As discussed above, the ultimate result of 
eutrophication is an extraordinarily high 
primary biomass whose production is en­
hanced by enriched nutrient supplies. Given 
such ecosystem conditions in which the 
bulk of biomass cannot be readily con­
sumed by herbivorous animals, i.e. at secon­
dary trophic levels of a food-web, 
(zooplanktonic and benthic suspension 
feeders and grazers of benthic macroalgae), 
such biomass becomes «surplus» organic 
matter. Although a part of «surplus» amounts 
might be deposited and eventually bio­
inactivated in bottom sediments or even ex­
ported (e.g. accumulations of floating 
«blooms», macroalgae and seagrasses on 
shores above high tide level), by far the 
greatest share is taken up by the hetero­
trophic microbial loop, decomposed and 
otherwise transformed. As explained previ­
ously, high oxygen consumption as need­
ed for the above processes may result in 
hypertrophic conditions characterized by 
hypo-anoxic conditions, mortalities etc. 
Whether a eutrophic ecosystem can cul­
minate in hypertrophic conditions or not , 
depends in the first place on the amounts 
of available «surplus» organic matter. Since 
this represents the net result of primary 
productivity on one hand and herbivorous 
consumption on the other, the latter, too, 
should obviously be considered as the 
parallel causative factor in eutrophication 
processes, particularly as related to hyper­
trophic developments . 
There are of course numerous ecological sit­
uations in which a herbivorous component 
of a given food-web may consume the avail­
able primary biomass at relatively reduced 
rates . Although very little is known in this 
regard as far as the Mediterranean 
ecosystems are concerned, the following 
two basic aspects can be suggested as relat­
ed to eutrophication aspects. 
By the first aspect it is assumed that neither 
standing stock nor the community structure 
of the herbivorous component have been 
modified and/or ecologically depressed, yet 
the rate of consumption becomes selective­
ly reduced because certain, possibly 
predominant species in the primary biomass 
are simply not edible for the herbivorous 
species which make up part of a given com­
munity . Consequently, the biomass of in­
edible species becomes «surplus» organic 
matter. For instance, in eutrophic pelagic 
environments such a situation may appear 
quite often because the usual planktonic 
herbivores avoid feeding on many «bloom­
ing» flagellate species as well as the mucous 

diatom agglomerates. Another example is 
shown in eutrophic lagoons whose major 
component of primary biomass is usually 
produced by the green alga Ulva rigida, 
mainly as massive «surplus», for there are no 
grazing species that would cause but an in­
significant consumption; the relevant con­
sequences for hypertrophic developments 
will be shown later in the paper. 
The second aspect of reduced rates of her­
bivorous consumption is assumed to be the 
consequence of impoverished diversity and 
standing stocks of herbivorous communi­
ties as induced, apart from secondary effects 
of hypertrophication, by primary man-made 
impacts such as: 

- The acute and/or sublethal toxicity of 
coastal waters as introduced by industrial or 
large inputs of domestic effluents which 
contain active levels of toxic metals, deter­
gents, phenols , ammonia , H2S etc. 
- The «mechanical» destruction of 
respiratory-filtering organs of filter-feeders 
by steadily elevated contents of dispersed 
mineral particles , or by temporary but mas­
sive silting due to dredgings , coastal en­
gineering works, etc . 
- The destruction of inshore or bottom 
hard substrata for sedentary filter-feeders, 
removal of sea-grass beds etc ., by works as 
above or due to oil-spills and chronic shore­
based oil pollution. 
Obviously, the above direct impacts may 
equally affect both pelagic and benthic com­
munities. However, the effects of 
hypertrophication-induced hypoxic condi­
tions and anoxia with the concomitant 
evolvement of highly toxic hydrogen sul­
phide are certainly much more detrimental 
in benthic habitats. Firstly, because these 
processes are usually not only initiated but 
also most harmful just in near-bottom en­
vironments, and secondly because of the in­
comparably weaker flushing and water ex­
change conditions in the benthic domain 
than in upper water masses. Therefore en­
tire benthic communities, except some su­
pertolerant infauna-species, might be killed 
within a few days of a hypo-anoxic episode 
(Stachowitch, 1984; Stirn 1968). 
Another reason for more emphasis to be 
given to the consideration of the ecologi­
cal vulnerability of benthic communities is 
their relative importance for the main­
tenance of ecosystem equilibria, particularly 
in eutrophic conditions. Apart from large 
eutrophic regions such as the North Adriat­
ic and the Golfe de Lion, the areas which 
are significantly affected by man-made eu­
trophication are mainly confined within 
shallow coastal zones . However negligible 
benthic communities might be from the 
standpoint of pelagic-trophic conditions in 
open sea, their relevant impact within the 
limited volume of affected inshore waters 
is indeed of paramount importance because 
of their positive effects upon the «natural 
controh, of eutrophication, such as: 
- the assimilation of excessive nutrients 
and absorption of dissolved organic com­
pounds , 
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Figure 5 - Schematic presentation of typical features of moderate eutrophi­
cation processes as observed in the Mediterranean Sea. 

Figure 6 - Schematic presentation of typical features of heavy eutrophica­
tion and/or temporary hypertrophic conditions as observed in the Mediter­
ranean Sea. 

- the consumption and stabilization of 
pelagic primary biomass, 
- the trapping and stabilization of suspend­
ed particulates, 
- benthic photosynthetic oxygen produc­
tion and the consequent reoxygenation of 
potentially critical water masses . 
In this respect it should be stressed that simi­
larly beneficial effects (nutrient assimilation 
and retention being by far the most impor­
tant) result also from trophiC cycling within 
fresh-water and brackish communities of 
wetlands, marshes and estuarine deltas 
which are the transition zones of nutrient­
discharging rivers as well as the recipients 
of diffused runoff and «point» sources of 
nutrient-bearing pollutants. 
Taking into account all mentioned effects, 
such ecosystem compartments and commu­
nities should be considered, not only from 
the standpoint of the paramount values of 
natural heritage and its comprehensive 
resources as discussed in the introduction, 
but also as the most efficient systems of eu­
trophication control - natural «treatment 
plants» that function more perfectly than 
any treatment technology contemporary en­
gineering is so far able to offer. Moreover, 
these natural systems can also control 

diffuse components of nutrient loads (air­
borne, runoff from agricultural, urban and 
land-traffic surfaces) which technology can­
not cope with for there is no way to col­
lect them as an obviously required 
treatment-precondition. 
Nevertheless, there is ample reason to pro­
pose strict measures as needed to protect 
any such communities which are still in the 
state of natural equilibria, and to suggest 
restoration activities for those which have 
been structurally degraded by ecologically 
adverse man-made effects. In this respect, 
yet considering the eutrophication control 
measures as needed specifically in heavily 
affected areas such as the western coastal 
waters of the North Adriatic, Saronicos Bay 
etc ., it seems justified to suggest a targeted 
development for the artificial enhancements 
of herbivorous consumption, i.e. by provid­
ing substrata (artificial reefs, suspended mus­
sel cultures etc.) as needed for a gradual in­
crease in standing stocks of sedentary filter­
feeders and associated microcosms. 
In order to avoid a potentially dangerous 
misunderstanding, it should be stressed here 
that all the above statements refer to open 
systems but certainly not to lagoonary en­
vironments which have as a rule an ex-

tremely weak exchange of water masses. 
Nutrient-receiving capacity in the Mediter­
ranean lagoons is at present saturated every­
where, at best only by natural nutrient 
loads, but unfortunately in too many cases, 
lagoons are overfertilized and hence high­
ly eutrophic and/or hypertrophic. 
Moreover, lagoonary ecosystems are ex­
tremely vulnerable, particularly their sea­
grass communities which usually dominate 
their benthic component. In the case of sig­
nificantly increased eutrophication, these 
communities cannot compete with expand­
ing growth of green macroalgae (g. Uiva, 
Enteromorpha and Cheetomorpha) which 
soon results in an irreversible extermination 
of primordial communities as observed in 
nature and in an experimentally polluted la­
goon (Malej et aI, 1978; Stirn, 1986) as will 
be discussed in the next chapter. Neverthe­
less, the message from these experiments 
was that, e.g. as little sewage (primary­
treated) as is produced by 240 population 
equivalents, being discharged regularly for 
less than 1 year, causes a previously 
perfectly-balanced natural ecosystem to be­
come extremely hypertrophic and tem­
porarily anoxic, just like the Lake of Tunis, 
an exemplary case in this respect. As regards 
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the management and protection of Mediter­
ranean lagoons, the lesson from the above 
evidence is that no additional nutrient loads 
whatsoever should be allowed to enter such 
environments, unless deliberately sacrified 
for intensive aquaculture or oxidation 
ponds as a part of water water treatment sys­
tems. However, for such purposes one 
would expect to find better solutions, e.g. 
digging new lagoons. It would not be neces­
sary to say this if there were not so many 
cases of the use and destruction of lagoons 
fo r just such purposes as mentioned above . 

Typical features of 
Mediterranean eutrophication 
processes 

It is beyond the scope of this paper to com­
pile and review all known cases of eutrophi­
cation impacts whose number and variabil­
ity have been also gradually increasing, par­
ticularly during the last decade. Therefore 
this chapter provides only summarized in­
formation which has been prepared on the 
basis of a previous review paper (Stim , 
1988) and updated with additional evidence 
on some phenomena which have appeared 
very recently; therefore the relevant refer­
ences are omitted but fo r the new informa­
tion. 
In spite of the great variability of eutrophi­
cation phenomena, most of the cases can be 
somehow systematized into a few categories 
of typical features as shown schematically 
in Figs. 5 and 6. If successions of functional 
steps in the development of eutrophication 
processes, as theoretically outlined in the 
Fig. 1 are compared with features observed 
in nature, the theory matches quite nicely 
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with actual observations in spite of rather 
poor relevant knowledge, particularly as far 
as reliable ecophysio logical data are con­
cerned . Nevertheless the bellow «categori­
zation» , illustrated by examples of typical 
features, seems rather justified at least as an 
orientation. 

Moderate inshore eutrophication 

This is the most common form which can 
be currently seen almost everywhere along 
Mediterranean shores , adjacent to urban ag­
glomerations and tourist resorts, in moder­
ately polluted lagoons, ports, marinas etc. 
It occupies only inshore waters which are 
enriched by chronic , but modest sewage 
discharges. Locally, the trophic level is 
everywhere elevated ; in a pelagic zone this 
is difficult to distinguish from natural fluc­
tuations, but by the shore the modifications 
are quite evident, particularly within com­
munities at hard substrata with dominating 
nitrophilic algal vegetation (g. Ulva, En­
teromorpha, Dictyopteris etc.) and dense as­
semblages of to lerant filter-feeders such as 
mussels, immigrant oyster species , tube­
worms etc. 

Heavily eutrophied small-s ize 
systems 

There is an increaSing number of lagoons, 
semi-enclosed bays and larger port areas 
where the permanent inputs of enrichment 
pollutants normally reach levels which can 
induce full eutrophication development, 
more or less like the one shown in Fig. 1 . 
Apart from heavily eutrophied port areas, 
the most common cases are heavily eu­
trophied lagoons and semi-enclosed , shal-

low bays with a weak circulation whose in­
ner parts are receiving substantial sewage 
loads (e.g. from settlements with popula­
tions above 10.000 inhabitants for small and 
> 100.000 fo r larger and more open bays) 
or discharges from polluted rivers or 
streams. Typical of this eutrophication ap­
pearance is as follows: 
- Shore hard-bottom communities are 
modified as described above yet they are 
much more monotonous and overgrown 
with a very high standing stocks of macro­
algae as above . 
- The macroalgal vegetation also invades 
shallow soft bo ttom communities replacing 
and exterminating previous prairies of sea­
grasses (g. Cymodocea, Zostera, Posidonia) 
and may also fo rm surface-floating mats of 
the above mentioned macroalgae often 
combined with floating Chaetomorpha spp. 
and filamentous cyanobacteria. 
- The pelagic component is characterized 
by significantly increased phytoplankton 
standing crops throughout the year and by 
a succession of heavy blooms of diatoms, 
plus a variety of flagellates during cooler sea­
sons and «chloromonads» and d inoflagel­
lates in summer. 
- The sediment bo ttom is enriched by or­
ganic matter, it is in a reduced state even at 
its very surface, and the near-bottom water 
layers temporarily become anoxic. There­
fore the structures of macrobenthic commu­
nities are modified in many ways, most typi­
cally by reduced species and trophiC diver­
sity versus increased standing crops, 
however the meiofauna, shows decrease in 
both the diversity and the abundance . 
The case of the Lake of Tunis is a drastic ex­
ample of such extreme eutrophication as 
may develop in coastal lagoons. Nutrient in-

Figure 7 - Generalized distribution and circulation oftbe major water mass­
es in tbe Nortbern Adriatic: (A) - in flowing mid-Adriatic, originally oltgo­
tropbic Istrian water and (P) - out flowing and laterally surface-spreading, 
diluted and eutropbic western waters. 
Figure 8 - Exemplary distribution of a beavy «normal bloom» of diatoms, 
dominated by Nitzschia spp. in comparison witb tbe area of origin and suc­
cessive spreading of tbe mucous diatom «bloom» dominated by CycloteUa 
spp. during tbe summer 1989. 



puts from partially treated sewage ( - 1 mil­
lion population equivalents) and their effi­
cient recycling, result in the massive and as 
a rule quite steady production of pelagic 
unicellulars (> 50 J.tg. dm - 3 chlorophyll), 
mainly coccal g. Nannochloris (> 107 

cells!·dm - 3), and green macroalgae, main­
ly sedentary and floating Ulva rigida 
(0.5-5.0 kg w.w. biomass/·m- 2). In spite of 
an intensive herbivorous consumption of 
primary organic matter, particularly by reef­
forming community of the tube-dwelling 
worm Merceriella (Ficopomatus) enigmat­
ica, there is a substantial surplus of dead or­
ganic matter formed and microbially 
decomposed. In consequence, during the 
summer total anoxia appears, along with the 
mass-mortality of fish and less-tolerant in­
vertebrates which are also killed by evolved 
H2S, ultimately oxidized by «red water" 
populations of purple sulfur bacteria (g. 
Thiocapsa and Chromatium). 
As already mentioned in the previous chap­
ter, in principle almost the same 
hypertropication-induced modifications and 
ultimate ecosystem destructions as observed 
in nature were also shown as the result of 
intentional sewage discharges (300 I of 
primary-treated effluent per day) into ex­
perimentallagoons (63 m2 each) performed 
during 1976-78 in a sacrified portion of the 
Lagoon of Strunjan (North Adriatic, 
Slovenija). 

Extensive eutrophication of 
Mediterranean coastal waters 

The major part of the Mediterranean con­
tinental shelf is very narrow and edging 
deep waters. Hence the dispersion and the 
dilution of nutrients within the offshore 
oligotrophic waters is very efficient, 
whereas the nutrient inputs are generally 
quite modest except in northern regions 
and in a few localized areas, e.g. in the Ae­
gean Sea. Therefore offshore or widespread 
eutrophication of coastal waters in southern 
areas is unlikely ever to appear, except in 
the Golfe de Lion, Alboran, North Liqurian 
and Adriatic seas where the evidence does 
indeed show indeed an extensive eutrophi­
cation, particularly in the Golfe de Lion and, 
of course, in the northern and partly mid­
dle provinces of the Adriatic. Since the 
North-Adriatic shows one of the heaviest 
man-made eutrophication impacts known 
in the World Ocean on one hand, and the 
entire spectrum of various eutrophication 
features on the other, it is used here as an 
appropriate example which also indicates 
what kind of impact one can predict for the 
above mentioned eutrophied areas in eco­
logical response to the galloping urban­
industrial developments along the northern 
shores of the Mediterranean Sea. 

Eutrophication features in the North 
Adriatic Sea 

As the recipient of large river-discharges (the 
average cumulative flow being 1900 
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Figure 9 - Mucous dia-
tom «bloom» in tbe 
Nortbern Adriatic, 
summer 1988: typical 
distribution of macro­
aggregates witbin the 
water column as relat­
ed to tbe density 
stratification (ut) and 
sbowing also tbe ini­
tial near-bottom 
depletion of dissolved 
oxygen; symbols: D­
deptb (m), A-floating 
surface bands and 
«carpets», B-upper dis­
continuity accumula­
tion, C-macroflocs, 
«clouds» and «cur­
tains» of original 
diatom-colonies in 
statu nascendi, D­
lower discontinuity 
accumulation, B­
initial bottom deposits 
(from Stim, 1989). 

m3 • sec ') the North Adriatic nutrient­
enrichments have probably always been 
much higher than in the middle and 
southern Adriatic provinces or elsewhere in 
the Mediterranean Sea. The initial man-made 
increase of nutrient inputs was probably the 
consequence of the first significant 
deforestation in the 16th century (Molin et 
aI., 1992). Thereafter deforestation obvious­
ly continued, along with agricultural de­
velopments , and more recent (19-20th cen­
tury) engineering works in river beds and 
deltas for land reclamation. This all con­
tributed to a gradual increase of nutrient in­
puts up to the levels recorded during the the 
first half of this century. 
Just a little after that period (1964-66) the 
author had the privilege to accomplish ex­
tensive investigations of oceanographic con­
ditions and pelagic bioproductivity, using 
as a rule monthly cruises aboard «R.V. Ar­
gonavt» which occupied the entire area of 
the North Adriatic as well as the upper zone 
of the Mid-Adriatic (Stirn, 1969). It should 
be understood that the reason for these, 
now almost «historic» investigations to be 
mentioned, is not a reflection of the author's 
personal intentions, but the opportunity to 
use this «historic» evidence as the baseline 
in comparisons with recent conditions as 
discussed below. 

Trophic conditions and the state of eu­
trophication around 1965 

The North Adriatic showed as a rule two 

major water masses (Figs. 7 and 8) which 
were distinctly different as were the basic 
ecosystem features in pertinent areas: 

Eastern (Istrian) waters 

Due to prevailing inflows of typically oligo­
trophic waters from the Middle Adriatic, 
pelagic provinces were still oligotrophic for 
the major part of the year, except during 
spring and autumn phytoplankton maxima 
of dominating, yet high-diversity diatom 
communities which did not reach «bloom­
ing» levels (-106 cells·dm - 3). The origin 
of nutrients that supported these maxima 
was the inflow of river-diluted western 
water masses, driven by transversal circu­
lations (Fig. 7). The summer season was 
characterized by the lowest phytoplankton 
standing stocks! No «red tides» have been 
seen and/or record~d, except sporadically 
in the harbour of Pula. Throughout the year­
ly cycle the oxygenation was always at or 
close to saturation levels; the minimum 
measured oxygen concentrations in bottom 
layers were never below 3.5 cm - 3 ·dm-3 

(compare with Fig. 4 - no hypoxic condi­
tions till1977!). However, the hypo-anoxias 
with concomitant benthic mortalities ap­
peared for the first time in the bays of Mug­
gia and Koper which locally became hyper­
trophic due to heavy sewage pollution and 
extensive engineering works (hydraulic 
dredging). 
As regards the coastal zone, this was charac­
terized everywhere along the Istrian shores 
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by high-diversity seaweed communities 
(phytal) on rocky bo ttoms, and the unique 
coralligen-like communities on detritic sedi­
ment bottoms; note: there were no mussels, 
<<imported» oysters (Crassostrea gigas) or 
nitrophilic green algae to be seen at all , ex­
cept in harbours and a few brackish areas. 

Western waters 

The nutrient inputs as shown above as well 
as strong mixing processes in extensive 
areas of very shallow waters which are typi­
cal fo r western coastal zones, supported 
pelagic bioproductivity which was through­
out the yearly cycle at eutrophic levels, as 
it probably always was , well befo re any 
man-made impact. Maximum nutrient in­
puts, which clearly coincided with maxi­
mum river d ischarges, induced during the 
spring and autumn typically monotonous 
diatom «blooms" (characteristic dominant 
species: Nitchia delicatissima, N. cj. seria­
ta and Skeletonema costatum). These, per­
fec tly seasonal and regular «blooms» (no t 
like summer «mucus» episodes of 1988-89 
and ephemeridically also much before), too, 
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were known to fishermen as «mare sporco» 
which clogged the fishing gear. Although 
the seasonal diatom «blooms» normally oc­
cur as dense suspensions, without any sig­
nificant agglomerations, they no rmally con­
tain a massive component of diatom­
produced mucus which obviously is no t 
«fishermen-friendly» . As regards phyto­
plankton standing stock minima, there was 
only a short winter minimum (likely because 
of limitation by low light and temperature); 
the summer season was characterized by an 
early pick of dino flagellate component (non 
«red-tides» , yet with patches of dense popu­
lations of g. Noctiluca); followed by a minor 
summer maximum with dominating diatom 
species Rhizosolenia ala ta. 
Considerably more eutrophied were in­
shore waters, particularly along the region 
of Emilia-Romagna which are receiving the 
maximum loads of nutrients, bo th from the 
river Po and numerous local sources . The 
sporadic occurence of bottom deposits of 
decaying diatom «blooms» and the first out­
breaks of true «red tides» indicated the ini­
tial development of temporary hypertrophic 
conditions. It should be stressed, however, 

Figure 10 - Microstructure of mucous diatom aggregates from tbe Nortb Adriatic «bloom» in sum­
mer 1988 witb dominating g . Nitzschia (N), Leptocylindrus (L) and Bacteriastrum (B); electron-SCAN­
micropboto by Drasler, Rode and Stirn. 
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that in spite of quite heavy eutrophication 
no desoxygenations have been observed as 
yet, either inshore or in open «western 
waters». 

Eutrophication successions during the last 
two decades 

During the las t quarter o f this century we 
have had the privilege (?) to w itness the 
booming development of urban and tourist 
settlements, industry and maritime con­
structions in coastal zones as well as in the 
catchment areas of the rivers discharging 
into the North Adriatic. Simultaneously 
agriculture was remarkably intenSified , 
mainly by the massive use of fer tilizers and 
force d irrigation , while animal husbandry 
has gradually expanded and become a 
fl ourishing industry. In addition , synthetic 
detergents, w hose use was gradually in­
creasing, became a considerable component 
of combined nutrient loads from the above 
sources. Consequently, nutrient inputs seem 
to have been increasing dramatically at the 
expense of all above sources . However, 
reliable evidence is available only for river­
discharges , e .g. for the river Po, as shown 
in Fig. 2 (Marchetti , 1992). These data in­
d icate that nutrient loads have increased 
since 1968 as two-fold orthophosphate, and 
three-fo ld total nit rogen concentrations. 
Although diffic ult to prove by using availa­
ble analytical data, it seems quite obvious 
that the d ischarges of such loads into the 
North Adriatic have resulted in correspond­
ing increases in the levels of «new» nutrients 
and consequently in significantly enhanced 
eutrophication processes as shown , i. a. in 
below-presented exemplary features that 
can be compared with conditions as ob­
served 25 years ago. 
Despite some serio us me thodological 
problems and the lack of adequate long­
series data, the available evidence suggests 
that these recent additions of new nutrients 
has resulted in a generally increased produc­
tivity , at least within the primary trophiC 
level, all over the North Adriatic as well as 
in previously oligotrophic open waters of 
the Middle Adriatic (Pucker-Petkovic et al. , 
1988). However, this extensive eutrophica­
tion would be much less remarkable if it 
were not for coincidence with o ther factors 
(global maxima of temperature and solar ac­
tivity) which the last decade have been ex­
traordinarily favorable for primary produc­
tivity, but less so or even harmful for the 
functional structures of the ecosytem as a 
whole . As shown below, the unusual 
parameters o f these extramarine fac tors in­
duced synergistic conditions for the out­
breaks of formidable mucous «blooms» in 
1988-89. It seems obvious that eutrophica­
tion processes in coastal waters have been 
equally affected, o r as is more likely, quite 
significantly boosted by these factors; 
however, these conditions have been spe­
cifically relevant only during the last decade, 
whereas the gradual increase of eutrophica­
tion as supported by increaSing nutrient 



Figure 11 - Mucous diatom ~blooms» in tbe Nortb 
Adriatic were dominated during tbe summer 
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Figure 12 - Potentially anthropotoxic species of g. Dinophysis from 

of 1989 and 1990 by g. Cyclotella (C); 
electron-SCAN-micropboto by Drasler, Rode and Sttrn. 

the eutrophic areas of the Golfe de Lion and the Northern Adriatic Sea 
(1. D . fortii, 2. D. acuta, 3. D. acuminata, 4. D. sacculus); 
electron-SCAN-microphoto by Drasler, Rode and Sttrn. 

supplies developed well before and in per­
fectly normal light and temperature condi­
tions as shown by the following, most 
characteristic features: 

Moderate eutrophication of eastern (Istrian) 
waters 

As the result of a fluctuating but steady in­
crease in phytoplankton standing crops , 
mainly at the expense of nanoplankton, in­
cluding small diatom species, phytoplank­
ton densities are now throughout the year­
ly cycles (except during winter minima) rela­
tively high (> 105 cells· dm -3), hence the 
sea colour is no longer blue but green-blue, 
at best, and transparency is significantly 
lower than was the previous «historic» aver­
age Oustic, 1987). Previous seasonal 
phytoplankton maxima (spring and autumn) 
became true «blooms», while instead of 
previous summer minima, there are now 
regular nanoplankton maxima (Gilmartin 
and Revelante, 1980) and summer diatom 
«blooms», dominated by Rhizosolenia ala­
ta (Fanuko, 1983). The first true «red tide» 
occured in 1974, since then the frequency 

of outbreaks has been increasing (Honsell , 
1992) and so is the relative abundance of 
potentially toxic dinoflagellates (g. Alexan­
drium and Dinophysis). However, the tox­
icity of shellfish has not been demonstrat­
ed as yet. 
As far as the coastal zone and its benthic 
communities are concerned, there were 
some dramatic and as it seems, irreversible 
changes , of which at least the following can 
be associated with eutrophication effects: 
previous intertidal seaweed communities 
have been replaced by dense mussel (Myti­
Ius galloprovincialis) populations showing 
a remarkable ecological response to a 
eutrophication-induced increase in the 
amounts of available food from phytoplank­
ton, and at least one, relatively positive eu­
trophication impact. 
Unfortunately, this was quite different and 
disastrous as far as the soft-bottom benthic 
communities are concerned. As shown be­
low, the ultimate effects of summer mucous 
«blooms» which were also widespread also 
in coastal waters , caused hypo-anoxic con­
ditions and consequent heavy mortalities of 
benthic invertebrates. These phenomena, 

which occurred repeatedly in 1983, 1987 and 
1990, destroyed benthic communities , in­
cluding commercially important scallop 
populations (Stirn, 1988), over vast areas of 
north-eastern Adriatic benthos in depths of 
15-35 m (Zavodnik et aI., 1989), most severe­
ly in the Gulf ofTrieste (Stachowitsch, 1984). 

Hypertrophication in western waters 

Since the first catastrophic «red tide» in 1969 
which caused, i.a. remarkable fish and in­
vertebrate mortalities (Piccinetti and Man­
frin , 1969), the frequency and intensity of 
alternating heavy diatom «blooms» (autumn­
winter seasons with dominant Skeletonema 
costatum) and true «red tides (spring­
summer seasons with dominant g. Gym­
nodinium, Gonyaulax and Prorocentrum) 
have been growing steadily and previous 
heavy eutrophication has been transformed 
into a «chronic state of hypertrophy» , 
Vollenweider et al. , (1992); cit.: «Since 1975 
algal blooms along the Emilia-Romagna 
coast have no longer been occasional and 
have become important enough to cause 
serious problems to the environment, 
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tourism and fishery . The first alarming event 
was recorded on September 7, 1975 caus­
ing high mortality of benthic shellfish and 
vertebrate fishes. Since then, more or less 
serious algal blooms have occurred year af­
ter year in various seasons involving 
progressively larger and larger areas . .... .In 
addition to frequent fish mortality, change 
in water colour, alteration of the organolep­
tic characteristics of the water and emissions 
of unpleasant smells to the air are now a 
common disturbance.» 
A novelty, recorded first in 1989, is the oc­
currence of toxic species of g. DinoPbysis 
at densities which caused DSP (diarrhoetic 
shellfish pOisoning of humans) toxicity of 
shellfish (Boni et aI. , 1992). Disturbing, too, 
is the apparent occurrence of potentially 
very toxic dinoflagellate species Alexandri­
urn tamarense and Gymmodinium cl 
catenatum (Honsell et aI., 1992). 

Offshore eutrophication and temporary 
hypertrophication features 

Despite conditions in coastal waters as 
described above, until very recently North 
Adriatic open waters were never affected by 
such levels of eutrophication which could 
cause a significant depletion of oxygen. As 
shown in Fig. 4, and more precisely 
demonstrated by Justic et al. (1987), all data 
as available for the period 1911-1977 show, 
even for near-bottom layers consistently 
normal conditions. 
However, in 1977 a dramatic change occurred 
for the first time as the consequence of the 
most unusual flagellate «bloom» which oc­
cupied the entire North Adriatic. This has been 
largely described as the «red tide» of g. Noc­
tiluca which was indeed very abundant in sur­
face patches, feeding on actually «blooming» 
photosynthetic flagellate Cbatonella cl ma­
rina at densities up to 3 .107 cells·dm- 3 

(Stirn, 1988) which caused coffee-brown sea 
colour and transparency as low as 2 m (Sec­
chi reading). As shown in Fig. 3 this bloom 
promptly followed the highest ever record­
ed monthly discharge of the river Po which 
carried also the highest nitrogen loads (Fig. 
2). The ultimate effect of the «bloom» was a 
drastic depletion of oxygen in bottom layers 
during the summer and autumn all over the 
North Adriatic (Degobbis et al., 1979); oxy­
genation was restored, somehow back to nor­
mal only by the end of 1977. Consequent 
mass-mortality ofbenthic invertebrates in ex­
tensive North Adriatic central and western 
areas as well as escape-migrations of demer­
sal fish and crustaceans (allowing «pesca 
facile», easy fishing in inshore waters) was 
reported by Stefanon and Boldrin (1982). In 
the author's view, the primary mortality was 
due to the known toxicity as induced by the 
above flagellate, while the desoxygenation 
followed the decomposition of both pOisoned 
benthic fauna and deposited organic matter 
of the «bloom» itself. 
The most recent phenomenon whose ulti­
mate effects are about the same as above, 
are seemingly unusual, mucous «blooms», 
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Figure 13 - Outlines of 
feasible measures and 
rational strategy for 
tbe eutropbication 
control and preven­
tion. 
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called also «mare sporco», «marine snow» 
etc. , which incidentally is not the correct 
terminology. As is largely known, the 
phenomenon occurred most apparently in 
summers 1988-89, (in the author 's view, 
also in 1983 , 1987 and 1990 in sub­
thermocline layers), as massive mucous ag­
gregates that occupied surface, water 
column and bottoms of the entire North 
Adriatic in various forms as reviewed by 
Stachowitch et al. (1990) and illustrated in 
Fig. 9 (Stirn, 1989). The focal area of ag­
gregate formation was in the most enriched 
western waters as demonstrated, La. by 
satellite records (Zambianchi et aI., 1992) 
and shown in Fig. 8 , and from where the 
aggregates were advected and spread over 
large areas , including scattered localities in 
the Middle and Southern Adriatic. However, 
similar patchy aggregates were observed 
during the same period in some areas of the 
Adriatic where the above origin appears im­
possible. This suggests an assumption that 
aggregates developed autonomously also in 
other areas , wherever the required initial 
nutrient levels in combination with calm sea 
conditions allowed such development, 
while other factors, assumed by the author 
(Stirn, 1989) to be of decisive importance 
(high temperature, intensive solar radiation 
with correspondingly high UV doses which 
trigger excessive mucus production as the 
anti-radiation shield for diatoms) were 
globally present anyway. 

This also explains also the much disputed 
puzzle about the fact that similar phenome­
na, though much more restricted in inten­
sity and spatial extension, were ephemerid­
ically, yet clearly recorded as early as the 
18-19'h century (reviewed by Umani et aI., 
1989 and Molin et aI., 1992). In this respect 
it should be stressed that there is a dramat­
ic difference between the historic occur­
rences of about the same phenomena and 
recent features. Namely the latter are as a 
rule causing heavy oxygen depletions and 
hence drastic ecosystem disequilibria, along 
with multiple harmful effects , including 
losses in fisheries resources. 
These are affected not only by oxygen 
depletions and consequent mortalities but 
also directly by the mucous aggregates 
which function as the most efficient trap­
ping mechanism for any particles within the 
water column, including fish eggs as ob­
served by the author. Since, e .g. anchovy 
is an exclusive summer spawner, it can be 
assumed that the known collapse of its fish­
eries in the Adriatic is due to recruitment 
failures rather than as the result of some ob­
scure natural fluctuations (Bombace, 1992). 
Although it is beyond the scope of this 
paper to analyse this phenomenon in any 
further detail, it seems worthwhile to make 
a statement about the very origin of these 
aggregates which still represents a quite dis­
puted subject. Observations of aggregates 
in statu nascendi and experiments with di-



atom cultures indisputably show that the 
primary stages of aggregates are patchy, 
planktonic diatom «blooms" of chain­
forming species (g. Nitzschia, Leptocylin­
drus, Chaetoceros and Bacteriastrum) with 
a characteristic and important component 
of «slimy», very small species of g. Cyclotel­
la. Once formed, the aggregates become a 
substratum for a highly diverse microcosm, 
including quickly proliferating populations 
of amoebae which are feeding selectively on 
diatom protoplasts, leaving behind mucus, 
empty diatom frustules and the rest of the 
microcosym, which soon includes impor­
tant colonies of otherwise benthic diatom 
species etc. (Stirn, 1992). Moreover, it seems 
that many authors who have analysed tax­
onomic compositions of aggregates dealt 
with variably transformed stages, and have 
overlooked small but dominant species (e.g. 
diameter of Cyclotella spp. is 4-10 /Lm) etc. 
This has caused some exemplary confusions 
and disputes. 

Prevention and control of 
man-made eutrophication 

There is ample evidence, as outlined also in 
this paper, that the impact of man-made eu­
trophication cannot be considered only 
from the purely ecological standpoints of 
(sometimes romantic) intentions for the 
conservation of natural heritage, but as one 
of the serious socio-economic problems 
concerning beneficial uses of the Mediter­
ranean Sea and its coastal zones which have 
recently been too often threatened by the 
adverse or harmful effects of eutrophica­
tion, such as: 
- degradation of aesthetic and recreation­
al values of oligotrophic waters and its bi­
otic communities which represent an in­
valuable resource-component of the tourist 
economy; 
- destruction of critical biotic communi­
ties in coastal zone and at inshore bottoms 
which results in reduced natural control of 
eutrophication on one hand, and indirect 
losses in fisheries resources on the other for 
these communities function as most effec­
tive self-purification mechanisms and ir­
replaceable fish-nursery habitats, respec­
tively; 
- direct losses in fisheries resources as 
caused by extermination of species, mortal­
ities and recruitment failures, possibly dur­
ing embryo-larval and juvenile stages of a 
given population; 
- losses in mariculture by enhanced infec­
tions, oxygen depletions, biotoxin-induced 
mortalities and prohibited marketing of 
shellfish which have accumulated anthropo­
toxic dinoflagellate DSP and PSP com­
pounds; 
- hindrance of mariculture activities by en­
vironmental deteriorations of otherwise 
adequate habitats of inshore sheltered areas, 
estuaries and lagoons; 
- unpredictable direct losses in the tourist 
economy because clients avoid and/or aban-
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don areas affected by apparent «blooms.; 
- human health-hazard caused by biotox­
ic sea-food and irritant-allergic effects of sea 
water and aerosol in areas of heavy flagel­
late «blooms». 
Recognizing these problems, one should ful­
ly agree with the Resolution as endorsed by 
the participants of International Conference 
«Marine Coastal Eutrophication», Bologna 
1990, (Vollenweider et aI., 1992) which, i.a . 
calls for eutrophication control measures as 
follows , cit .: «Governments are further 
urged to develop ... .. strategic planes to 
bring the undesirable effects of marine eu­
trophication under lasting control, and to 
proceed with the implementation of im­
mediate programs to eliminate all direct and 
indirect discharges to waterways and marine 
waters of inadequately treated sewage, com­
bined with programs aimed at reducing the 
excessive load of eutrophication-causing 
plant nutrients to the marine environment» . 
It should be stressed, however, that the 
above requirements, unless understood in 
the sense of global principles , refer direct­
ly only to those , mainly northern Mediter­
ranean marine environments (as indicated 
in the previous chapter) whose nutrient­
receiving capacities have already been or are 
likely to be surpassed. Thus an efficient con­
trol strategy must include all hydrotechni­
cal and biotechnical measures as presented 
schematically in Fig. 13. 
Fortunately, in the south and east of the 
Mediterranean Sea where the shelf is narrow 
and human settlements are scattered and 
modestly inhabited, there is in principle no 
risk of substantial eutrophication, provided 
that the sewage and similar effluents are ade­
quately disposed of and dispersed in the 
coastal waters, away from the immediate in­
shore zone. Disposal of mechanically 
pretreated effluents via submarine pipelines 
with diffuser outlets at an appropriate dis­
tance from the shore and at a depth which 
is below the summer thermocline can be 
proposed as an adequate control measure, 
and surely the most economic one. Obvi­
ously, this does not apply to stagnant ma­
rine environments such as estuaries and la­
goons, in which the receiving capacity is 
practically nil as shown in previous sections 
of this paper. 
Also on the northern side of the Mediterra­
nean there are extensive areas of coastal 
waters where conditions are sim,ilar to those 
described above, and hence the control 
strategy should be similar (e.g. South Adri­
atic, Tyrhenian, partly Ligurian and NW Ba­
sin). However, is seems that for these areas 
the control strategy should be considered 
cautiously, and reliable monitoring must be 
undertaken. Because of urban, industrial 
and tourist expansion, the intervals between 
settlements (and between effluent dis­
charges) are getting smaller and smaller, and 
there is a possibility that the integrated en­
richment loads may induce more than in­
significant local eutrophication. 
Considering the overfertilized and eutrophic 
environments again, and the North Adriat-

ic in particular, it appears obvious that the 
above strategy of dispersal and dilution of 
nutrient-containing effluents via submarine 
outfalls cannot provide significant effects 
(except for smaller settlements if widely 
scattered), whereas the direct eutro­
phication-control measures as outlined in 
Fig. 13 may result in dramatic improve­
ments, provided the implementation syste­
matically covers the affected areas as a 
whole with rational engineering solutions 
based upon reliable scientific evidence 
which requires considerably more applied 
research. 
The above «relative optimism» refers, of 
course, to the present levels of urban­
industrial activities within coastal zones and 
corresponding nutrient loads. If, however, 
the galopping development of these and 
related activities continues further in the fu­
ture, the idea of keeping and/or improving 
marine ecological equilibria may become 
but an illusion for there will be exponen­
tially growing negative impacts that just can­
not be technically controlled. Although be­
yond the scope of this paper, it should be 
stressed that the concern of probably by far 
the greatest importance in this respect, too, 
is the reasonably restrictive planning of fu­
ture coastal zone developments. • 

The bibliography, which was not published f or lack of 
space, is available on request. People who are interest­
ed in it should ""ply to MEDIT's editorial secretariat. 
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