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INTRODUCTION

The Danube is the second longest European river, more 
than a third of the river’s length flowing through Romania. 
Sfantu Gheorghe is the southernmost of the three main 
branches through which the Danube flows into the Black Sea, 
carrying about 23% of the total water flow of the main river 
and 21% of the Danube sediment discharge (Jugaru Tiron et 
al., 2009). St. Gheorghe branch is part of the Danube Delta 
UNESCO Biosphere Reserve, (Ramsar and World Heritage site 
declared since 80’s), being surrounded in its lower part by 
strictly protected and buffer deltaic areas (Fig. 1). 

However, during 80’s and 90’s, the Danube Delta has 
suffered major changes induced by transformation of large 
areas of natural land and water environments into artificial 
ecosystems used for agriculture, industry or navigation pur-
poses. Thus, out of the thirty ecosystems types of the Danube 
Delta, seven of them were created by man. For instance, in 

order to improve the navigation, in the 1985-1990, the Sfantu 
Gheorghe branch was shortened from 108 km to 70 km by 
cutting six meanders along its length (Florescu et al., 2013). 
This anthropogenic intervention led to creation of three dis-
tinct sections in the river branch: the free-flowing sector (FS), 
the meanders section (MS) and the newly built canal (NBC). 

Several studies performed before showed that these 
changes had negatively affected the quality of the environ-
ment (Humborg et al., 1997; Vosniakos et al., 2008; Vosniakos 
et al., 2012; Giosan et al., 2012, Stanescu et al., 2013) and, in 
particular, the diversity and the abundance of benthic fauna 
of the Mahmudia and Murighiol sectors of the Sfantu Gheo-
rghe channel (Gheorghe et al., 2013; Stoica et al., 2013, 2014). 
Our study aims to present the biodiversity and the ecological 
structure in terms of abundance, dominance and frequency 
of benthic populations within the rectified meanders of the 
Sfantu Gheorghe branch, in the period 2016-2017.
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MATERIALS AND METHODS

The study was focused on the area approximatively delim-
ited by the Mahmudia – Dunavățul de Jos localities and com-
prised both the natural meanders and the cut off artificial canal 
used for navigation, as well as the Uzlina lake, which communi-
cates with one of the meander through a narrow channel (Fig. 2). 

From ecological point of view, these areas differ signifi-
cantly both in terms of hydrology and submerged vegetation 
coverage. 

The Mahmudia meander (Big Meander of Uzlina – sta-
tions between A2, A3, B, C, D, E, F, G2) sampling area as well as 
the “Small M from Dunavat” (Old Danube – stations between 
I1, 2, J, K1, L2, M, CP1, N2) meander are characterized by a 
free flow water regime and rich vegetation along the banks 
(Ceratophyllum sp., Myriophyllum sp., Elodea sp and floating 
species like Lemna minor and Salvinia natans). The naviga-
ble channel between Murighiol and the confluence point of 
“small M from Dunavat” meander with the Sfantu Gheorghe 
channel has an active flow regime and no or little vegetation. 

Fig. 1. The Danube Delta Biosphere Reserve (red: strictly protected areas; green: deltaic buffer areas; blue: marine buffer areas; yellow: econom-
ic and ecological reconstruction areas). http://www.ddbra.ro/en/danube-delta-biosphere-reserve/danube-delta/location
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The Uzlina Lake, on the other hand, represents a lentic eu-
trophicated system, rich in submerged vegetation, especially 
in the summer period (Ceratophyllum demersum, Potamoge-
ton sp., Trapa natans and Elodea nuttallii). (Coops et al., 1996; 
Covaliov and Coops, 2003).

The sampling strategy, according to the SR EN ISO 
10870:2012, took into consideration the heterogeneity of 
substrate, which employed the multihabitat technique (a 
modified version of AQEM method used for water bodies 
monitoring in Romania – SR EN ISO 16150: 2012). According 
to this technique, the habitats types and the proportion be-
tween them have been established. Subsequently, a fiche of 
habitats has been filled in (SR EN ISO 16150:2012). All habi-
tats with a coverage of more than 5% have been noted. The 
habitats (biocoenosis) were classified according to Pora E., 
Oros I., 1974. As result, in the next step, the method and sam-
pling effort in each habitat have been set. In 2016, in deep 
zone, the quantitative samples were collected by using a Van 
Veen grab with mouth surface of 0.14 m2. The results (num-
ber of individuals) were expressed at unit surface (1 m2), us-
ing a multiplication factor of 7.4. Additionally, both in 2016 
and 2017, the sweep and foot methods according to the SR 
EN ISO 10870:2012 were used for semiquantitative samples 
collecting in the littoral zone, where the macrophytes were 
present (Table 1). Thus, in order to collect the phytophilous 
organisms, the vegetation corresponding to a surface of 1 
m2 was swept by helping of a limnological net with 125 μm 

mesh size used aboard the boat. In total, 56 samples from 43 
stations were collected.

 On board the R/V Istros, the samples were washed 
through a 0.125 mm sieve in order to remove the excessive 
sediment particles and keep both meio- and macrofauna. A 
mixed solution of Rose Bengal and buffered formaldehyde 
4% was used for fixation, staining and further preservation 
until subsequent analysis of benthic organisms in the labo-
ratory. 

In laboratory, the samples were sorted and the organisms 
were identified at the lowest taxonomical level possible using 
a Carl Zeiss SteREO Discovery V8 microscope and an Axiostar 
microscope. The taxonomic identification was done accord-
ing to Godeanu, 2002. All organisms within a sample have 
been counted. The sample processing and analysis were car-
ried out according to the SR EN ISO 5661-1:2008.

STATISTICAL ANALYSIS

In order to characterize the state of benthic populations, 
the calculation of the structural univariate indices (total indi-
viduals abundance (indv.m-2), average and ecological densi-
ties per sample, frequency, dominance and index of ecolog-
ical significance) was performed according to Stoica, 2012 
and Stan, 1995. The dendrograms and the cumulative dom-
inance curves depicting the relationships between samples, 
on the one hand, and between species, on the other hand, 

Fig. 2. Distribution of the stations on the Rectified Meanders Area of the Sfantu Gheorghe Branch (image A. Popa)  
(FS - free-flowing sector, MS - the meanders section, NBC - the newly built channel)
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as well as the ranked dominance of taxons after abundance 
were performed using the software PRIMER 6 & PERMANOVA 
+ (Clarke and Gorley, 2006) and PAST (Hammer et al., 2001).

RESULTS AND DISCUSSIONS
The psammoreophyllic, psammopeloreophyllic biocoe-

noses occupied about 80% of the studied area, whereas the 
argillous-reophyllic biocoenosis was present in only 3 sta-
tions (K3-032, L3-037, and N3-043) (Table 1). 

The faunistic research performed in the studied sector 
highlighted the presence of 44 taxa of invertebrates in 2016 
and 41 taxa in 2017, respectively, belonging to 20 major tax-
onomic groups (Table 2).

In the area of the meanders, the oligochaetes were the 
most numerous with an average abundance of 265,440 
ind.m-2 in 2016 (G1-16-003, CP2–16-040, LU1-16-021) and 
12,402.4 ind.m-2 in 2017 (N2-17-041, G2-17-016, L2-17-036). 

The molluscs were represented by a small number of 
species, the most frequent being: Dreissena polymorpha 
(Pallas, 1771), Esperiana esperi (Férussac, 1823), Lithoglyphus 
naticoides (C. Pfeiffer, 1828), Theodoxus danubialis (C. Pfeiffer, 
1828), Viviparus viviparus (Linnaeus, 1758), and Stagnicola pa-
lustris (O.F. Müller, 1774) (Table 2). Rarely found were Bithynia 
leachi (Sheppard, 1823), Dreissena bugensis (Andrusov, 1897), 
Lymnaea stagnalis (Linnaeus, 1758), Unio pictorum (Linnaeus, 
1758) and Corbicula fluminea (O.F. Müller, 1774). The bivalves 
were found within the psamopeloreophilic biocoenosis (fine 
mud and fast water stream habitats) at low depths, with the 
exception of the species D. polymorpha, which inhabits the 
stony facies from depths of 3 to 25 m (Pora E., Oros I., 1974).

The gammarid and corophiid species among the crus-
taceans were represented by few species. The dominant 
species throughout the studied area was the Ponto-Caspian 
relict Chelicorophium curvispinum (G.O. Sars, 1895) constitut-
ing 72% of the total amphipods abundance. It inhabits all the 
biocenoses in the meanders, from depths of 1 to 30 m.   

Generally, the populations of C. curvispinum have been 
encountered associated with D. polymorpha, which is in ac-
cordance with Sebestyén (1938) observations in the Balaton 
Lake. On contrary, the highly successful invasion potential of 
the muddy tube-building C. curvispinum was associated by 
several authors with its capacity to outcompete the stony in-
habiting species such as D. polymorpha (Van der Velde et al., 
2000), several larvae of chironomid species, isopods and oth-
er amphipods, by exerting a mud swamping effect on their 
habitats. Also present, but in smaller quantities were found 
C. robustum (G.O. Sars, 1895), Dikerogammarus haemobaphes 
(Eichwald, 1841), D. villosus (Sowinsky, 1894), Chaetogam-
marus tenellus behningi (Martynov, 1919), Uroniphargoides 
spinicaudatus (Cărăușu, 1943), Pontogammarus obesus (Sars, 
1896), Chelicorophium curvispinum (G.O. Sars, 1895), Euxinia 
sarsi (Sowinsky, 1898), Stenogammarus carausui (Derzhavin & 
Pjatakova, 1962) and S. compressus similis (Sars, 1894).

Two species of mysids - Paramysis bakuensis (G.O. Sars, 

1895) and P. ullskyi (Czerniavsky, 1882) - were identified, one 

species of cumacean: Pseudocuma cercarioides (Sars, 1894). 

The isopod species Jaera istri (Veuille, 1979) was found 

only sporadically in 2017, despite that the isopod is wide-

spread in the Danube and recently has been reported as in-

vader of many aquatic systems (Tittizer, 1997; Schleuter and 

Schleuter, 1995).

The ostracods were represented also by few species that 

reached very low abundances. In 2016, seven species were 

identified: Darwinula stevensoni (Brady & Robertson, 1870), 

Cypria ophtalmica (Jurine, 1820), Pseudocandona albicans 

(Brady, 1864), Ilyocypris sp. (Brady & Norman, 1889), Cypridop-

sis vidua (O. F. Müller, 1776), Fabaeformiscandona fabaeformis 

(Fischer, 1851), whereas only one species Ilyocypris sp., was 

found in 2017. This could be explained through the greater 

number of sediments dwellers species found in 2016 than in 

2017, when the number of samples collected in vegetation 

was higher (Table 1).

Among the Ponto-Caspian relicts, the polychaete Hypa-

nia invalida (Grube, 1960), with an average abundance of 

9,352 ind.m-2 in 2016 and 407 ind.m-2, in 2017 respectively 

was present. It inhabits various substrate types (hard and soft 

bottoms), at depths ranging between 1 and 30 m.

The most important representatives of the Insecta were 

the larvae of Chironomidae, Trichoptera and Ephemeroptera, 

and seldom Odonata (Zygoptera) and Lepidoptera. Out of 

the Trichoptera, species from Hydropsychidae, Polycentropo-

didae, Leptoceridae and Hydroptilidae families have been 

present. The Ephemeroptera larvae were represented by the 

Caenidae and Baetidae. The insects belonging to the Cera-

topogonydae were dominated by the species of Bezzia, with 

an average abundance of 336 ind.m-2, in 2016 and the Heter-

optera were dominated by Coriza dentipes (Thomson, 1869) 

and Paracorixa concinna (Fieber, 1848), in 2017.

Overall, the average density of the benthic populations 

in the study area was of 481,868 ind.m-2 in September 2016 

and 58,467.4 ind. m-2, in June 2017. In 2016, the oligochae-

tes, polychaetes and gammarids dominated as abundance, 

whereas in 2017, the oligochaetes, crustaceans (Gammaridae 

and Corophiidae) and Chironomidae larvae prevailed (Fig. 3). 

The greatest abundances were found within the stations CP2-

16-040 and LU1-16-021, in 2016 and within the stations N2-

17-2-17 and LU2-17-2017, in 2017, respectively. This can be 

related to the presence of luxuriant submerged vegetation 

both in the stations located in Uzlina Lake and the present of 

psamopeloreophilic biocoenosis on the natural “small M from 

Dunavat” meander. 
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Fig. 3. The cumulative curve of the average density of benthic 

populations in the investigated area in 2016 and 2017.

The similarity indices Bray – Curtis, based on the presence 
– absence transformed abundance data of benthic species 
within stations displayed against the index of association of 
species showed that the euconstant taxa were oligochaetes, 
gammarids and Chironomidae larvae in 2016 and oligochae-
tes, gammarids, corophiids, the gastropod Lithoglyphus nati-
coides and Chironomidae larvae, in 2017 (Fig. 4 and 5).

Our results bring new evindences on the structure and bi-
odiversity of the rectified meanders, confirming the results of 
other studies, which showed that the oligochaetes, chirono-
mids, gasteropods and bivalves are the dominant taxa within 
the Danube Delta branches (Ignat et al., 1997, Vădineanu et 
al., 2000, Tudorancea and Tudorancea, 2006, Martinovič-Vi-
tanovič et al., 2013, Dobrin et al., 2013, Atanackovič et al., 
2013). 

These results evince a structure that is still influenced 
by the changes occurred in the years 80’s - 90’s, when a pro-
nounced simplification of aquatic biocenoses was reported 

Fig. 4. The index of association between macrobenthic species (vertical) and the Bray-Curtis similarity (presence / absence data transformation) 
between stations (horizontally), in 2016.
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(Rîșnoveanu, 1993; Ignat et al., 1997; Stănescu et al., 2013). Af-
ter 2000’s, a period of slightly restoration of the structure and 
composition of benthic invertebrate fauna was highlighted, 
in spite of the evidences of presence of some remnant pollut-
ants both in water and sediments (Stoica et al., 2014). 

CONCLUSIONS

The total average density of invertabrates determined in 
the Sfantu Gheorghe rectified meanders area in September 
2016 was eight times higher than in June 2017, as an effect 
of seasonal changes. Over the spring – autumn, the abun-
dance of benthic organisms increases progressively. Hence, 
according to our results, the benthic communities recorded 
a maximum of abundance in autumn (481868 ind.m-2), while 
in summer, the density was about eight times lower (58467 
ind.m-2). The greatest average densities of benthic fauna were 
recorded within the stations located on the natural mean-
ders, while the minimum ones within the rectified channels, 
probably due to decreasing of water level and intensified 

decomposing processes within the water. However, the rec-
tification of meanders, which led to increasing of shipping 
traffic as well as of touristic, have also greatly affected the 
benthic communities within these channels. (Jugaru Tiron et 
al., 2009).

In 2016, the organisms with constant populations be-
longed to Oligochaeta and Chironomidae larvae and several 
pulmonary gastropods such as Lymnea stagnalis, Planorbarius 
corneus, and prosobranchs such as the genus Viviparus sp., 
especially abundant in the stations located in the Murighiol 
area, probably because of rich organic matter and epiphyton 
presence at the surface of the sediments. Their high densities 
could also be related to their preferences for the psammal 
substrate and their tolerance to a large variety of pollutants 
still remnant in the sediment and water (Stoica et al., 2014; 
ICPDR, 2015). The highest values of the numerical density 
and diversity of benthic invertebrates were determined at 
the Uzlina Lake stations as well at the stations situated on the 

Fig. 5. The index of association between macrobenthic species (vertical) and the Bray-Curtis similarity (presence / absence data transformation) 
between stations (horizontally), in 2017.
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