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 Introduction

The systematic concern for the research of the littoral 
ecosystems in the shallow waters of the Romanian coastal 
areas has a history of over a century. Now, there are several 
observations and data concerning the situation of sandy 
invertebrate populations along Romanian littoral, many of 
which having been published in the series: ”Marine Ecology” 
printed in the Romanian Academy Editions (Editura Acade-
miei Române), in the periodicals “Marine Research” (“Cercetări 
marine – Recherches marines”), etc. Nevertheless, there still is 
a lack of information concerning detailed research on certain 
sectors. On the other hand, some of these studies, although 
of a real value, were conducted over 30 years before, when 
major changes of the marine environment had occurred due 
to the increasing pollution and eutrophy, changes that have 
had a profound impact on all biotic and abiotic components 
of the marine ecosystem.

This study presents the changes observed in the quantita-
tive and qualitative structure of the sandy invertebrate popu-
lations of the littoral areas of Mangalia and Mamaia, as well 
as the current status of the sandy invertebrate populations 
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in the “littoral cells” – coastal marine sectors bordered by per-
meable or impermeable protection dams, usually built per-
pendicularly to the shore, having variable terminal forms of T, 
Y, L etc. In those sectors, water communicates with the open 
sea only on one side (the exposed area), and this results in 
the creation of a sheltered area, that protects beaches against 
erosion and where the kinetic energy of the waves is lost or 
reduced to a minimum. The coastal littoral cells have a special 
character of “still waters”, inside them occurring ecologic con-
ditions that are different from those outside them, due to the 
relative isolation provided by the protection dams.

At the moment, little is known about the differences be-
tween the biotic composition in the cell interior and that in 
the open sea sectors. Certainly, these semi-enclosed sectors 
become, during summer, areas of ecologic risk, as a conse-
quence of an explosive development of algae, bacteria or 
fungi populations that may be followed, in some cases, by 
mass mortality of benthal and nektonic organisms.

The areas undergoing research belong to the superior 
infra-littoral layer, represented by the fine sand biocenosis 
Corbula mediterranea – the only biocenosis that is typically 
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psammobiontic, and that has an important presence along 
the Black Sea and Azov seacoasts. Also, according to Bacescu 
et al. (1971) this biocenosis is one of the most important bio-
cenoses of the Black Sea, since it is the feeding area of several 
fish species of economic value, as well as of their offspring.

	 Material and methods
The study is based on the analysis of 21 quantitative and 

10 qualitative samples, collected in summer and autumn 
2003, at 7 stations on the Romanian Black Sea coast (5 sta-
tions in Mamaia cell and 2 in Mangalia cell).

Quantitative sampling was done by Van Veen grab covering 
an area of 200 cm2, and the qualitative sampling by a dredge 
(“Băcescu dredge” – having the net mesh size Φ 1 mm).

The samples have been conserved with buffered formalde-
hyde 5 % and stained by Congo Red Laboratory processing:

Washing samples through 3 sieves of 1 mm, 0.25 mm and 
0.125 mm to separate macro- and meiofauna;
Identification of the species by binocular microscope;
Counting all species / individuals;
Larger size forms were weighed (wet weight, including 
shells, intervalvar water etc.);
Meiobenthos biomasses were estimated using standard 
weight tables;
Computer processing of the data for ecological param-
eters were performed. 

In order to statistically process the results obtained fol-
lowing separation, the analytical ecologic indicators and di-
versity indicators were used.

	 Results and Discussions
The results of researches carried out in summer and au-

tumn 2003 at Mamaia and Mangalia shallow water zones 
proved the presence in the biocenosis of the mobile sedi-
ments of 60 taxa, of which 50 have been identified accord-

•

•
•
•

•

•

ing to their species. Of the total taxa identified, foraminifers 
represent 12 % of species, worms – 45 %, mollusks – 7 %, 
crustaceans– 33 % and the other groups– 3 %. The average 
density recorded in the sandy invertebrate populations in the 
researched areas has been of 722,011.90 indvs.m-2, and the 
biomass of 192.25 g.m-2. 

The most important role in obtaining the density and 
frequency of occurrence dominants is that of meiobenthal 
forms: nematodes, copepods, polychaetes Nerine cirratulus 
and Polydora antennata, turbellariates and the foraminifer 
Amonia beccari. Of these, the nematodes and the copepods 
represent 94 % of the total average density.

In the case of the biomasses, the macrobenthal popula-
tions account for 90 % of the total, represented by the bivalve 
mollusks Mya arenaria, Corbula mediterranea, Cardium edule, 
by the amphipod Ampelisca diadema etc.

After having conducted a comparative study of the sandy 
invertebrate populations of both the Northern Romanian 
shore (Mamaia) and the Southern area thereof (Mangalia) it 
was noted that the diversity of macrobental populations, al-
though richer in Mamaia (34 taxa) is not different from that in 
Mangalia (30 taxa), where the fauna in the sandy areas is more 
like that of the submerged beaches to the North of Constanta 
than the fauna of the neighboring areas. Of the total taxa (40) 
identified in both areas - 24 (60 %) are common, 10 taxons 
(25 %) were present only in Mamaia and 6 taxa (15 %) only 
in Mangalia (APPENDIX I, Fig. 1). The differences concerning 
absence or presence of taxa in an area were noted in cases of 
polychaetes and crustaceans.

Yet the diversity of the meiobenthal populations is higher 
in Mangalia (18 taxa) than in Mamaia area (11 taxa), where 
poorer ecological conditions favour the development of some 
species with low ecologic plasticity (ostracods, some polycha-
etes) (APPENDIX II). Of the total identified taxa (20) only 8 taxa 
(42 %) are common to both areas, 9 taxa (47 %) were present 
only in Mangalia and 2 (11 %) only in Mamaia (Fig. 1).

Fig. 1 The percentage of specific and common macrobenthal and meiobenthal taxa in the studied areas, i.e., Mamaia and Mangalia in 2003
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By analyzing the values of average density and biomass 
of the macrobenthal populations that are cohabitating in the 
two sectors of Romanian sea coast, it was noted that fauna in 
the Mamaia cell (29,013 indvs.m-2, that is 235.13 g.m-2) has 1.4 
times higher density and 3.2 greater biomass than in Mangalia 
(20,300 indvs.m-2 that is 73.37 g.m-2) (Fig. 2). This has also been 
noticed in the case of meiobenthal populations, which, in the 
Mamaia area, have a density 1.8 times higher and an average 
biomass 1.9 times greater than in Mangalia area (Fig. 3).

The reduced contribution of the macro - and meiobenthal 
fauna segment in Mangalia sector to the formation of popu-
lations of average numeric and weight variables greater than 
those in the Mamaia sector is due to the spatial limitation of 
the mobile sediments, which does not allow the evolution of 
typical psammic associations. 

The sediments that aggregate in sufficient quantities to al-
low for the support of sandy invertebrate populations are only 
achieved in the cell interior, sheltered by protection dams. Due 
to the bordering of the sedimentary bottoms by the natural 
one, the possibilities of fauna inflows from other regions are 
limited, and the quality was only improved where the species 
existed on the hard bottom (e.g.: polychaetes Brania clavata, 
Eteone picta, etc., amphipods Amphithoe vaillanti, Hyale perieri, 
Hyale pontica, cumaceans Cumella limicola etc). The reduc-
tion of the communities associated with the sandy bottom 
is achieved also through the important aggregation of algae 
that are wiped away from the hard bottom. This happens in the 
circumstances of the summer stillness, which favours the oc-
currence of the hypoxia in these areas through the consump-
tion of O2 in the shallow water column and subsequently by 
the decomposition of excess organic material, a process also 
related to high levels of O2 consumption. Because of the re-
duced surface and stillness of the water mass in summer, the 
pseudo-faeces of the mollusks also contribute to a high extent 
to the overloading of sediments with organic material (and 
mineral, too). Generally, at the foundation of any coastal pro-

tection dam, especially on the inside, the fauna associated with 
mobile sediments is extremely poor in quality and in points of 
abundance, because of the pseudo-faeces rain favouring the 
decomposition processes using up the O2 in the sediment col-
umn. Direct observations in free diving have shown that the 
sub-superficial layer of sediments was fully oxidized, and that 
it was producing a strong smell of sulphurous hydrogen. Thus, 
limitation of the hydrologic exchange in these semi-closed 
cells represents a decisive factor in electing some populations 
that are scarce in points of species count and abundance per 
surface unit, when compared to Mamaia cell, where extended 
exchange provides for a water mass circuit even in stillness pe-
riods, and the renewal of populations affected by mass mortal-
ity is more rapidly achieved.

The participation of macrobenthal populations, of the main 
organisms groups in the psammic biotopes in the areas ana-
lyzed is presented in figure 4, and the domination of Vermes 
group are obvious. Of these worms, in the Mamaia cell, a major 
weight in points of number and an almost constant presence is 
that of polychaetes that are exclusively psammic, Nerine cirra-
tulus (9,460 indvs.m-2) and Polydora antennata (6,217 indvs.m-2) 
followed by oligochaetes, with 2,467 indvs.m-2. In the Manga-
lia cell, apart from the species mentioned, a significant abun-
dance has been recorded also in the polychaetes Sphaerosyllis 
bulbosa (1,267 indvs.m-2) and Spio filicornis (1,100 indvs.m-2). As 
compared to the years 1960 – 1970, the polychaete Spio filicor-
nis, a species that is largely present in the infra-littoral with fine 
sands, has reduced its densities in the areas analyzed.

The mollusks are the most representative element in the 
sand area, defining the type of biocenosis. In the Mamaia cell, 
the mollusk populations are represented by Corbula medi-
terranea, Mya arenaria and Cardium edule that have recorded 
abundance and biomasses higher than those in the Mangalia 
cell. Corbula, the most common species in the fine sand area, 
has been thoroughly watched in its biocenosis by Băcescu et al. 
(1965, 1967) and Gomoiu (1965, 1966, 1968a, 1968b, 1969). 

Fig. 3 The average density and biomass of the meiorobenthal 
psammobiontic populations in Mamaia and Mangalia cells in 2003

Fig. 2 The average density and biomass of the macrobenthal psam-
mobiontic populations in Mamaia and Mangalia cells in 2003
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Today, the populations of this species have undergone 
important changes in structure. Thus, the leading species, of 
the biocenosis, less tolerant to environmental changes has 
reduced populations from 246,000 indvs.m-2 in the 1960s 
(Bacescu et al. 1971) to 3,700 indvs.m-2 at the beginning of the 
1990s (Petranu, 1997). At the moment, the densities of this 
species in the upper infra-littoral area of Mamaia, on the iso-
baths of 1.5 m, have increased to approximately 7,350 indvs.
m-2, the most abundant species in the macrobental popula-
tions. It is worth mentioning that in the Mangalia cell Corbula 
mediterranea has not been found in any of the samples ana-
lyzed, but its absence in the samples does not mean that it is 
missing in the sandy areas in the Southern littoral.

In the sands of the Romanian shore, but especially in 
Northern areas, Mya arenaria is an element quite frequent (it 
is found in over 50 % of the stations analyzed). Sometimes 
Mya arenaria remains the leading species in the biocenosis of 
fine sands, replacing Corbula (in the Mangalia cell).

Almost all systematic groups represent the crustaceans in 
the analyzed areas. Of the macrobenthal forms, the amphi-
pods and cumaceans have recorded in the Mamaia cell densi-
ties almost twice as high as in the Mangalia cell. The amphi-
pods populations are dominant in both areas by the species 
having a large ecological plasticity, Ampelisca diadema, but 
the important contribution of the populations of rocky – phi-
tophagous species Amphithoe vaillanti, Echinogammarus oli-
vii, Hyale perieri, H. pontica etc. should be noted. 

Isopods, tanaids and decapods have a heterogeneous 
spreading in the areas analyzed. Significant abundance has 
been recorded in the populations of isopods represented by 
Idotea baltica and Sphaeroma pulchelum and the tanaids in 
the Mangalia cell, and the decapods analyzed from the quan-
titative samples in the Mamaia cell.

Among the meiobenthal forms, the worms represented 
by Nematodes were dominant, 90 % of the total density in 
both littoral cells. The meiobenthal crustaceans in the cope-
pods group exhibited large densities in the Mamaia cell, 1.7 
times higher than in the Mangalia cell, and the ostracods 
were only identified in Mangalia.

As in our quantitative samples the epifauna organisms 
have usually been missing, since they can only happen to 
be taken by our semi-quantitative dredgers, a series of semi-
quantitative dredges were conducted, that revealed that the 
epifauna is made of Mysida, as a dominant group, and of Am-
phipoda, Cumacea and Decapoda. 

The dispersion of mysida populations is, in most cases, 
an aggregate one, and their density in the biocenoses ana-
lysed is generally low, not reaching the high values indicated 
in the specialized literature, namely thousands of items per 
m2. This is supported also by the fact that mysida are species 
intolerant to pollution, and in the last two decades a series of 
changes in these aquatic ecosystems, following increase of 
the anthropogenic pressure, has certainly affected the mysi-
da populations, taking into account their low number in the 
samples analysed.

Among the mysida populations of Mesopodopsis slabberi 
average densities were recorded of 36 indvs.m-2, and Paramy-
sis kroyeri of 118 indvs.m-2 in both areas analysed. The Medi-
terranean species slightly eurihalyne and psammic species 
Gastrosaccus sanctus together with Siriella jaltensis jaltensis 
– stenobiotic, rocky substratum, exceptionally phototropic 
and an excellent predator have been found only in the south 
of the Romanian Black Sea coast, (Mangalia cell) having aver-
age densities of 9 indvs.m-2.

The decapods species found in the qualitative samples 
were the shrimp Crangon crangon, hermit crab Diogenes pu-
gilator and the sand crab Liocarcinus holsatus.

The analysis of the quantitative and qualitative distribu-
tion of the macro - and meiobenthal fauna segment in the pro-
tected area of the Mamaia and Mangalia cells reveals mostly 
quantitative differences. Thus, in the case of macrobenthal 
populations in the Mamaia cell as well as in the Mangalia cell 
in their protected areas, protected by dams, densities twice 
as high as in the exposed areas were recorded. (Fig. 5, 6). 

Fig. 4 Participation of the macrobenthal populations in the main groups of organisms to the psammic biotopes of Mamaia and Mangalia cells, 2003
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The differences are accounted for by the polychaetes 

populations Polydora antennata, Nerine cirratulus as well as 

by the oligochaetes, preferring the protected areas of the lit-

toral cells, where densities 7 times higher were recorded, as a 

consequence of the presence of a rich organic material found 

as detritus preventing the inter-specific competition and al-

lowing for the quantitative count development thereof.

Specific abundance was recorded among the meiobenthal 

populations in the protected area of Mamaia cell, with densi-

ties exceeding 1,000,000 indvs.m-2, as compared to Mangalia 

cell, where in both exterior and interior sides, the quantitative 
variables are similar (~ 450,000 indvs.m-2) (Fig. 7, 8). 

By comparing the structure of the sandy invertebrate 
populations in the two locations analysed with the data 
published by Băcescu et al. (1969) an increase is noted in the 
average density of the psammobiontic organisms in 2003, 
5.8 times in Mamaia and 4 times in Mangalia. This increase 
is generated by the meiobenthal populations (worms of the 
groups Nematoda, Turbellaria and Polychaeta, crustaceans of 
the group Harpacticoida and Ostracoda) and affects the mac-
robental ones (Fig. 9).

Fig. 6 Diagram representation of the macrobenthic populations 
in the protected and exposed areas of Mangalia cell, in 2003

Fig. 5 Diagram representation of the macrobenthic populations 
in the protected and exposed areas of Mamaia cell, in 2003

Fig. 8 Diagram representation of the meiobenthic populations in 
the protected and exposed areas of Mangalia cell, in 2003

Fig. 7 Diagram representation of the meiobenthic populations in 
the protected and exposed areas of Mamaia cell, in 2003
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But the average biomass of the benthal organisms in the 
Mamaia area was twice as high in 2003 (239.3 g.m-2) as in 1968 
(104.3 g.m-2), and in the Mangalia area, it was 5 times lower 
in 2003 (74.8 g.m-2) than in 1968 (367.4 g.m-2) (Fig. 10). This 
increase and decrease of the average biomass is achieved 
based on the psammobiontic mollusk which, in the Mamaia 
area (2003) has witnessed a recovery in number, especially, 
populations of Corbula mediterranea. In the Mangalia area, 
the populations of mollusks were represented by juvenile 
stages of Mya arenaria and Cardium edule and this lead to the 
achievement of a lower average biomass, compared to 1960-
1970, when the biocenosis of gross sands in the Southern lit-
toral was dominated by Corbula mediterranea. Due to its high 

abundance, this small-scale species is the main element in 
points of weight in the structure of psammic shallow water 
populations of the Romanian shores.

A problem that is worth mentioning is the ratio between 
macrobenthos and meiobenthos, that has lately changed com-
pared to the years of reference (1960 –1970) (Table 1). The value 
of the ratio macrobenthos – meiobenthos indicates the numeric 
abundance of the meiobenthal populations in the period ana-
lysed, more resistant to external perturbations – permanent in-
stability and high fluctuations of the defining ecological factors, 
compared to the macrobenthal populations, that have better 
used the new biotopic conditions of the aquatorium.

After analyzing the current status of the major groups of 
macrobenthos and meiobenthos in the two areas under study, 
compared with the status existing in 1960 – 1970, it is evi-
dent that the populations of macrobenthal and meiobenthal 
psammobiotic organisms in the Mamaia area have recorded 
quantitative changes, that are usually characterized by in-
creases in the benthos abundance, both in points of number 
and weight. The most important changes concerning the 
quantitative weight in the analysed areas were recorded in 
the groups of worms, crustaceans, and foraminifers, which 
reached significant abundances in 2003 (Fig. 11).

In the Mangalia area, apart from the reduction of the taxa 
count, there was a sharp decrease in the numeric abundance 
of mollusks’ populations, from 40,120 indvs.m-² between 
1960-1970, to only 1,075 indvs.m-² in 2003. But the macroben-
thic crustaceans represented by amphipods, isopods, tanaids 
and decapods have doubled their densities (Fig. 12).

Together with the reduction of populations in species 
characteristic of the fine sands biocenosis with Corbula medi-
terranea, some opportunistic species have proliferated, ben-
efiting from the increase of organic substance in the marine 
environment, and also the competition has decreased in the 
dominant species, the polychaetes Polydora antennata, Ne-
rine cirratulus, the bivalves Mya arenaria and Scapharca inae-
quivalvis (Gomoiu, 1981, 1984a). 

In order to maintain the essential ecological processes, 
of the life support system, and of the biodiversity in the ma-
rine and coastal areas, an integrated management thereof is 
required. This concept guarantees the sustainable develop-
ment of marine and coastal areas, as well as reduction of their 
vulnerability to the natural pressures and especially to the 
anthropogenic ones.

	 Conclusions 
The results of the ecological research on the sandy inverte-

brate populations in the upper infra-littoral in the Mamaia and 
Mangalia cells in 2003 have revealed the following conclusions:

The coastal marine ecosystems are directly or indirectly tar-
geted by the most powerful ecological pressures exerted 
by multiple human activities of the littoral areas, in the sea 
as well as in the hydrographical areas of the rivers flowing 
into the Black Sea, one of the two main coastal ecosystems 

•

Fig. 9 Variation of average density of sandy invertebrate popula-
tions in Mamaia and Mangalia areas in the 1968 – 2003 interval

Fig. 10 Variation of average biomass of sandy invertebrate po-
pulations in the Mamaia and Mangalia areas in the 1968 – 2003 

time interval

Table 1 The ratio of the average density and biomass of the ma-
crobenthos and meiobenthos

 
1968 2003

Macrofauna : Meiofauna Macrofauna : Meiofauna

Mamaia
DAVG 1  :  13 1  :  27
BAVG 405  : 1 61  :  1

Mangalia
DAVG 1  :  1 1  :  22
BAVG 371  :  1 36  :  1
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– the one of the sandy grounds with Corbula – Mya, has 
recorded important ecological changes in the last decade, 
and sediment associations have occurred that make use of 
the organic material that is “captive” in the sediments;
The comparative analysis of the sandy invertebrate popu-
lations in the two areas under observation have generally 
revealed differences of quantitative nature, both the mac-
robenthal and meiobenthal organisms in the Mamaia cell 
being approximately twice as many as in the Mangalia 
cell, because of the spatial limitations of the sandy bot-
toms in the Mangalia cell, a situation that does not allow 
for the evolution of the typical psammic associations;
Following the comparative study between the protected 
and exposed areas of the Mamaia and Mangalia cells, it 
was noted that in the protected areas of the littoral cells, 
densities recorded are approximately twice as high as in 
the exposed ones, as a consequence of the presence of 
a rich organic material in the form of detritus, prevent-
ing inter-specific competition and allowing the numeric 
quantitative development thereof;
By comparing the structure of the sandy invertebrate 
populations in the two localities analysed with the data 
published by Băcescu et al. (1969), an increase was noted 
in the average density of the psammobiontic organisms 

•

•

•

in 2003, 5.8 times in Mamaia and 4 times in Mangalia; 
the increase is marked in the meiobenthal populations 
(worms in the Nematoda, Turbellaria and Polychaeta 
groups, crustaceans in the Harpacticoida and Ostracoda 
groups) to the disadvantage of the macrobenthal ones;
As for the average biomass, an increase approximately 
double was noted in the Mamaia area of the psammobi-
ontic mollusk populations which, in 2003 record a numer-
ic recovery, namely through the populations of Corbula 
mediterranea, and in Mangalia area the mollusk popula-
tions were represented by juvenile stages of Mya arenaria 
and Cardium edule, a fact that has lead to obtaining an 
average biomass lower than in the 1960-1970 interval, 
when the biocenosis of the gross sands in the southern 
littoral had been dominated by Corbula mediterranea;
The value of the ratio macrobenthos – meiobenthos in 
the recent period has changed radically compared to 
the reference years (1960 –1970), which indicates the nu-
meric abundance of the meiobenthal populations in the 
analysed period. These populations have proved a higher 
resistance to external disturbances – permanent instabili-
ty and high fluctuations of the defining ecological factors, 
than the macrobenthal ones, and they make better use of 
the new biotope conditions of the aquatorium.

•

•

Fig. 12 Diagram of the quantitative and qualitative changes of 
the main groups of organisms in the macrobenthos and meioben-

thos in Mangalia areas in the 1968 – 2003 time interval

Fig. 11 Diagram of the quantitative and qualitative changes of 
the main groups of organisms in the macrobenthos and meioben-

thos in Mamaia areas in the 1968 – 2003 time interval
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