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 1. INTRODUCTION

The Danube is the second longest European river, more 
than a third of the river’s length flowing through Romania. 
Saint George 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. George branch is part of the Danube Delta (UNESCO Bio-
sphere Reserve, Ramsar and World Heritage site declared 
since 80’s years), being surrounded in its lower part by strictly 
protected and buffer deltaic areas (Fig. 1). 

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

stance, in order to improve the navigation, in the 1985-1990 
interval, the Saint George 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 distinct 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 affected the quality of the environment (Hum-
borg 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 Mahmu-
dia and Murighiol sectors of the Saint George channel (Ghe-
orghe 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 popu-
lations within the rectified meanders of the Saint George 
branch, in the period 2016-2017.
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2. MATERIALS AND METHODS

The study was focused on the area approximatively de-
limited by the Mahmudia – Dunavățul de Jos localities and 
comprised both the natural meanders and the cut off  artifi -
cial canal used for navigation, as well as the Uzlina lake, which 
communicates with the one of the meander through a nar-
row channel (Fig. 2). 

From ecological point of view, these areas diff er signifi -
cantly both in terms of hydrology and submerged vegetation 

coverage. The Mahmudia meander sampling area as well as 
the “big M” meander are characterized by a free fl ow water 
regime and rich vegetation along the banks. The navigable 
channel between Murighiol and the confl uence point of “big 
M” meander with the Saint George channel has an active fl ow 
regime and no or little vegetation. The Uzlina Lake, on the 
other hand, represents a lotic eutrophicated system, rich in 
submerged vegetation, especially in the summer period. 

In total, 43 quantitative and qualitative zoobenthos sam-
ples (Table 1) have been collected using a Van Veen grab and 

Fig. 1. The Danube Delta Biosphere Reserve (red: strictly protected areas; green: deltaic buff er areas; blue: marine buff er areas; yellow: eco-
nomic and ecological reconstruction areas). http://www.ddbra.ro/en/danube-delta-biosphere-reserve/danube-delta/location
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a limnological net, in order to gather, as much as possible, 
the diversity of the analysed ecosystem. On board of the R/V 
Istros, the samples were washed through a 0.125 mm sieve 
in order to remove the excessive sediment particles. A mixed 
solution of Rose Bengal and buff ered formaldehyde 4% was 
used for fi xation, staining and further preservation until sub-
sequent analysis of benthic organisms in the laboratory.  The 
sample processing and analysis were done according to the 
SR EN ISO 5661-1:2008.

In laboratory, the samples were sorted and the organisms 
were identifi ed at the lowest taxonomical level possible using 
a Carl Zeiss SteREO Discovery V8 microscope and an Axiostar 
microscope. The taxonomic identifi cation was done accord-
ing to Godeanu, 2002. All organisms within a sample have 
been counted.

In order to characterize the dynamics of the benthic pop-
ulations, the calculation of the structural unicriterial indices 
(total abundance, average and ecological density, frequency, 
dominance and indices of ecological signifi cance) was done 
using Microsoft Offi  ce Excel 2017. The dendrograms and the 
cumulative dominance curves depicting the relationships 
between samples, on the one hand, and between species, on 
the other hand, as well as the ranked dominance of taxons 
after abundance were performed using the software PRIMER 
6 & PERMANOVA + (Clarke and Gorley, 2006) and PAST (Ham-
mer et al., 2001).

3. RESULTS AND DISCUSSIONS

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 and 12,402.4 ind.m-2 in 2017, respectively. 

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. Pfeiff er, 1828), Theodoxus danubialis (C. Pfeiff er, 
1828), Viviparus viviparous (Linnaeus, 1758), and Stagnicola 
palustris (O. F. Müller, 1774) (Table 2). Rarely found were Bi-
thynia leachi (Sheppard, 1823), Dreissena bugensis (Andrusov, 
1897), Lymnaea stagnalis (Linnaeus, 1758), Unio pictorum (Lin-
naeus, 1758) and Corbicula fl uminea (O. F. Müller, 1774). The 
bivalves were found within the psamopeloreophilic biocoe-
nosis (fi ne mud and fast water stream habitats) at low depths, 
with the exception of the species D. polymorpha, which in-
habits the stony facies from depths of 3 to 25 m. 

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) consti-
tuting 72% of the total amphipods abundance. It inhabits 

Fig. 2. Distribution of the stations on the Rectifi ed Meanders Area of the Saint George Branch.
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Table 1. Synopsis of the macrozoobenthos stations 

Crt.
 no. Station Depth

(m)
Coordinates

Lat. (α) Long. (λ)
1 G1-001 7.50 45002’45.9”N 29011’24.5”E
2 G1-002 15.70 45002’43.3”N 29011’23.2”E
3 G1-003 16.20 45002’41.3”N 29011’22.5”E
4 G3-004 21.36 45002’57.7”N 29010’56.4”E
5 A3-005 18.10 45004’06.2”N 29008’28.3”E
6 A1-006 10.20 45004’17.9”N 29007’49.6”E
7 A1-007 6.20 45004’21.9”N 29007’50.0”E
8 A1-008 10.50 45004’14.9”N 29007’47.3”E
9 A2-009 1.40 45004’20.7”N 29008’26.6”E

10 A2-010 0.70 45004’21.9”N 29008’26.7”E
11 A2-011 1.30 45004’23.2”N 29008’26.0”E
12 B-012 4.50 45005’28.0”N 29009’43.0”E
13 C-013 4.10 45005’53.0”N 29007’36.1”E
14 G2-014 4.50 45003’07.2”N 29011’15.9”E
15 G2-015 1.20 45003’04.6”N 29011’21.0”E
16 G2-016 4.20 45003’12.1”N 29011’11.1”E
17 D-017 4.20 45006’21.1”N 29011’02.1”E
18 E-018 4.10 45004’47.0”N 29013’07.0”E
19 CU1-019 8.10 45004’21.1”N 29013’33.9”E
20 CU2-020 2.40 45004’52.0”N  29014’52.6”E
21 LU1-021 1.20 45005’12.9”N 29015’32.0”E
22 LU2-022 1.20 45005’33.5”N 29016’00.0”E
23 F-023 14.40 45004’03.1”N 29012’57.2”E
24 H-024 4.50 45002’16.6”N 29013’53.5”E
25 H-025 4.30 45002’19.0”N 29013’56.4”E
26 H-026 4.40 45002’24.1”N 29013’57.8”E
27 I1-027 8.40 45002’13.8”N 29015’20.8”E
28 I3-028 11.10 45002’03.2”N 29015’47.2”E
29 I2-029 4.50 45002’14.9”N 29015’53.2”E
30 J-030 4.60 45002’18.9”N 29016’41.7”E
31 K2-031 4.30 45001’37.8”N 29016’22.1”E
32 K3-032 9.60 45001’32.2”N 29016’09.4”E
33 K1-033 18.80 45001’16.7”N 29016’21.1”E
34 CD1-034 3.30 45001’05.8”N 29016’21.0”E
35 CD2-035 3.50 45000’21.5”N 29016’05.9”E
36 L2-036 4.10 45001’09.0”N 29016’51.7”E
37 L3-037 14.30 45000’59.4”N 29016’49.4”E
38 M-038 2.10 45001’18.6”N 29018’05.3”E
39 CP1-039 1.60 45001’12.8”N 29018’22.9”E
40 CP2-040 1.60 45001’13.0”N 29018’40.0”E
41 N2-041 5.50 45000’27.1”N 29017’12.1”E
42 N1-042 12.50 44059’55.4”N 29017’21.6”E
43 N3-043 12.80 45000’25.4”N 29017’06.7”E
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all the biocenoses in this sector, from depths of 1 to 30 m. 
Generally, the populations of C. curvispinum have been en-
countered 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 
fluviatilis (Eichwald, 1841), D. villosus (Sowinsky, 1894), Chae-
togammarus tenellus behningi, Uroniphargoides spinicaudatus 
(Cărăușu, 1943), Pontogammarus obesus (Sars, 1896), Chelico-
rophium curvispinum (G.O. Sars, 1895), Euxinia sarsi (Sowin-
sky, 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, 
whereas only one species of cumacean: Pseudocuma cerca-
rioides (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. Hence, in 2016 seven species 
were identified: Darwinula stevensoni (Brady & Robertson, 1870), 
Cypria ophtalmica (Jurine, 1820), Pseudocandona albicans (Brady, 
1864), Ilyocypris sp. (Brady & Norman, 1889), Cypridopsis vidua (O. 
F. Müller, 1776), Fabaeformiscandona fabaeformis (Fischer, 1851), 
whereas only one species Ilyocypris sp., in 2017, respectively. The 
difference could be explained, in part, by the collecting meth-
od. Thus, a limnological net instead of grab sampler was used in 
2017 in some stations, the number of ostracods species that live 
usually in mud being smaller than in 2016.

The hydrozoan Hydra vulgaris (Pallas, 1766), a species 
spread throughout the lower Danube, reached an average 
abundance of 56 ind.m-2 in the studied area, in 2016. 

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 group 
were the larvae of Chironomidae, Trichoptera and Ephemer-
optera, and seldom Odonata (e.g., Zygoptera) and Lepidop-
tera. Out of the Trichoptera group, species from Hydropsy-
chidae, Polycentropodidae, Leptoceridae and Hydroptilidae 
families have been present. The Ephemeroptera larvae were 
represented by the Caenidae and Baetidae families. The in-

sects belonging to the Diptera Group were dominated by  the 
species of the Bezzia. Genus, with an average abundance of 
336 ind.m-2, in 2016 and the Heteroptera Group were dom-
inated by the species Coriza dentipes (Thomson, 1869) and 
Paracorixa Cincinnati (Fieber, 1848), in 2017. 

Overall, the average density of the benthic populations 
in the area of the rectified meanders of the Saint George‘s 
branch was of 481,868 ind.m-2 in September 2016 and 
58,467.4 ind. m-2, in June 2017 respectively. 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 sta-
tions located in Uzlina Lake and on the natural “big M me-
ander” (Fig. 2). In 2016, the oligochaetes, polychaetes and 
gammarids dominated as abundance, whereas in 2017, the 
oligochaetes, crustaceans (Gammaridae and Corophiidae) 
and Chironomidae larvae prevailed (Fig. 3). 

Fig. 3. The cumulative curve of the average density of benthic 
populations in the investigated area in 2016 and 2017.

The euconstant taxa were oligochaetes, gammarids and 
Chironomidae larvae in 2016 and oligochaetes, gammarids, 
corophiids, the gastropod Lithoglyphus naticoides and Chi-
ronomidae larvae, in 2017, respectively (Fig. 4 and 5).

Our results are similar to other outcomes studies, which 
showed that the oligochaetes, chironomids, gasteropods 
and bivalves are the dominant taxa within the Danube Delta 
branches (Ignat et al., 1997, Vădineanu et al., 2000, Tudoran-
cea and Tudorancea, 2006, Martinovič-Vitanovič et al., 2013, 
Dobrin et al., 2013, Atanackovič et al., 2013). These results 
evince a structure that is still influenced by the changes oc-
curred in the years 80’s - 90’s, when a pronounced simplifica-
tion of aquatic biocenoses was reported (Rîşnoveanu, 1993; 
Ignat et al., 1997; Stănescu et al., 2013). After 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 pollutants both in 
water and sediments (Stoica et al., 2014). 
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CONCLUSIONS
The total average density of invertabrates determined in 

the Saint George rectified meanders area in September 2016 
was eight times higher than in June 2017. Due to predominant 
use of limnological net in the stations with luxuriant vegeta-
tion in 2017, the abundance of phytophyllous species such as 
of insect larvae (Trichoptera, Ephemeroptera) was found high-
er, while the number of sediment inhabitant species was lower.

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 muddy bio-
coenosis 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 “big M” meander, where crustaceans, gastropods and chi-
ronomid larvae dominated. 

Overall, taking into consideration the relatively high diver-
sity of 51 species, comparable with that reported by other au-
thors in the area (Stoica et al., 2012, 2013) and the high abun-
dances of groups such as crustaceans, gastropods and bivalves, 
the dynamic of the benthic populations both in September 
2016 and June 2017 in the study area can be considered in ac-
cordance with the positive tendency recorded by several stud-
ies in the recent period that attest a slightly recovery process 
(IGCPR, 2008, 2015). However, attention should be drawn on 
the dominance of halophilous crustaceans D. haemobaphes, D. 
villosus, Obesogammarus obesus, Echinogammarus trichiatus, 
E. ischnus, Chelicorophium curvispinum, of polychaete Hypania 
invalida, the Ponto-Caspian species that have become highly 
invasive in other basins in the last decades, especially due to 
ship traffic. Anyway, the Danube and its reaches are also ex-

Fig. 4. The index of association between macrobenthic species (vertical) and stations based on the Bray-Curtis similarity (presence / absence 
transformation) (horizontally), in 2016.
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posed to non-native species, 34 non-native aquatic macroin-
vertebrates being recorded in 2015 (Joint Danube Survey 3 re-
port, 2015). Species like C. fluminea, for the first time reported 
in the Romanian Danube part in 1999 (Bij de Vaate and Hulea, 
2000) and in the Romanian sector of the Danube delta in the 
winter of 1997 (Skolka and Gomoiu, 2001), was rarely present 
in the study area, but it is still very abundant in the main Dan-
ube stream and its tributaries as well as in the delta, where can 
reach hundreds to thousands of individuals per square meter 
(Hubenov et al., 2013). 
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