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The Danube River sediment transport leads to alluvial sedimentation of the Danube Delta Biosphere Re-
serve inner hydro-graphical network which, in some upstream zones, is high. As a result of this fluvial 
process, wetland ecosystems get fragmented due to their disconnection from the main channels, especially, 
in the Danube River low water level condition. This hydrological condition lasting 2-3 months in the year 
lead to a negative impact on flora and fauna species. In order to improve and maintain an optimum water 
flow regime inside the aquatic ecosystems, ecological restoration is performed. Thus, fragmented migra-
tion routes of wild species are restored and their feeding and breeding conditions are improved. The paper 
presents the Șontea-Fortuna zone ecological restoration case study. As main action, three secondary chan-
nels have been subject to dredging works. Channels morphology has been reshaped and the bottom eleva-
tion from about + 1.20 m a. s. l. reached post-restoration state - 1.50 / - 2.00 m a. s. l. Within the study 
area, the 7 wetland habitat types and 1,116 wild flora and fauna species have been studied and their pre 
and post-restoration state were presented in this paper to emphasize the improvements as a result of eco-
logical restoration (a prerequisite measurement for biodiversity conservation and protection). 
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INTRODUCTION  

 
Before reaching the Black Sea, the Danube 

River bifurcates in three major arms and con-
structs its own Danube Delta (DD) due to high 
sediment transport (average  2,138 kg s–1), 
which corresponding to the discharge 6,570 
m3s –1  (BONDAR 1994). It covers, in Eastern 
Europe, an area of 4,180 km² shared between 
Romania (84 %, 3,510 km2) and Ukraine (16 %, 
670 km2) (Fig. 1). The Danube’s main arms 
(271 km) together with the 3,500 km of chan-
nels connect the 500 lakes (approximately 
200,000 ha), create a complex pattern of land 
cover types and ecosystems, including exten-
sive cover of semi-natural wetlands, inland mar-
shes and natural grasslands, sand dunes, beach-
es, broadleaved forests, and large areas conver-
ted for aquaculture and agriculture (ROMA-
NESCU 1999, BONDAR and BLENDEA 2000, 
GÂŞTESCU and ŞTIUCĂ, eds. 2008, POPES-
CU et al. 2015). 

Danube Delta area 3,510 km2, the Danube 
River (13 km2) with its upstream floodplain be-
tween rkm 81 and 103 (102 km2), the Razim-
Sinoie lake complex (1,145 km2), and the Black 

Sea coastal zones up to 20 m water depth (1,030 
km2) were declared in 1990 as Biosphere Re-
serve (DDBR).  

The DDBR (5,800 km2, Romanian part) in-
ner hydrographical network (main and second-
dary channels, fishery brooks, and lakes) is na-
turally structured in 7 hydrographic units (HU)/
aquatic complexes (Fig. 2) with own inlets and 
outlets. These are identified based on their hy-
drologic regime and morpho-hydrographical 
dynamics depend on the Danube River water 
flow regime and sediment transport and the hu-
man interventions. 

In 1990, overall 97,408 ha of the DD (22 %) 
were dammed and transform to agriculture, fo-
restry or fish ponds land use. In 1993, accor-
ding to the Ramsar CONVENTION (1971), 
reverse action started in DD by ecological resto-
ration works (GÂȘTESCU and ŞTIUCĂ 2008, 
SCHNEIDER et al. 2008, CIOACĂ 2002, CIO-
ACĂ 2004, DDNI 2008-2016). Within the 
DDBR, some zones of wetland ecosystems get 
fragmented due to the hydrographical network 
disconnection from the main channels and 
changes of the Danube River natural flooding 
regime. Channels siltation occurs in some se-
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condary channels/sectors, where the fluvial pro-
cess of alluvial sedimentation has a medium-
high intensity. Low water level conditions with 
duration up to 2-3 months in the year, lead to 
disconnection, desiccation and degradation of 
channels and sectors with negative impact on 
flora and fauna species. The depositional zones 
create obstacles in the migration routes of aqua-
tic species. Data from morpho-hydrographical 
field measurements, carried out in areas ecologi-
cally reconstructed, show significant morpholo-
gy changes of the channels’ bottom elevation 
uplift ranging between 0.50 – 1.00 m from the 
ecological restoration works execution (1994-
2007) to the present (DDNI 2008-2016). 

The DDBR aquatic habitats produce the sup-
port services for feeding and reproduction of 
most wild species of flora, zoo-benthos, aquatic 
macro-invertebrates, molluscs, birds, fish, mam-
mals, amphibians, reptiles, insects, closely lin-
ked to each other in the framework of the Func-
tional Feeding Groups relationships. 

Their survival, preservation and maintenance 
of a favourable state depend on the upper water 
level extent during the water circulation regime 
within the DDBR and their inner hydrographic 
network. To assure an optimum water circula-
tion, supply and freshening of water for all 
aquatic ecosystems, especially, under the Da-
nube River low level conditions, ecological res-
toration works have been performing since 1994 
to present, in order to restore or improve the 

water flow regime by re-connecting those an-
thropic degraded wetland (dammed zones) and 
silted secondary channels to the main channels 
(Fig. 3).  

 
 

Study area 

 
Among the 7 hydrographical units (HU) of 

the DDBR belongs Șontea-Fortuna (24,636 ha) 
as it is most upstream located within the fluvial 
delta, which is exposed to fluvial processes, ero-
sion and, especially, alluvial sedimentation. The 
IRS Satellite Images (Fig. 4) show the sediment 
transport dispersion among the DDBR hydro-
graphical unit. Within the Șontea-Fortuna area 
the upper sectors of secondary channels and the 
connected lakes are exposed to siltation and dis-
connection from the main (supply) channels du-
ring the Danube River low water level condi-
tions. It leads to habitats and aquatic species 
migratory routes fragmentation. In this area, 
ecological restoration is the only option to en-
sure an improved hydrological regime by biodi-
versity protection and conservation measure-
ment.  

 
Material and methods 

 

Field measurements have been carried out 
for pre- and post-restoration state and evaluate 
the morpho-hydrographical changes and the ha-

Fig. 1 Location of the Danube Delta Biosphere Reserve (DDBR) in Eastern Europe 
and Romania. 
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bitats and wild flora and fauna species status 
improvement. This reflect the study area inner 
hydrographical network dredging works execu-
tion, which lead to re-connection it to the main/
supply channels, especially, during the Danube 
River low water level conditions (less than +1.5 
m a. s. l. as recorded at the Tulcea-port gauging 
station). 

The channels morphology changes have been 
evaluated based on morpho-hydrographical field 
measurements. Topographical station, an ADCP 

– Acoustic Doppler Current Profiler (both 
equipped with GPS antenna) and specialised 
software for field data collection (WinRiver II) 
have been used and processing in ArcGIS and 
QGIS software. WinRiver II is a real-time dis-
charge data collection program, which creates a 
measurement file for operation the ADCP, 
checks each command, and verifies that the 
ADCP has received these commands. Also, the 
georeferenced position of each point target by 
the ADCP in the channel profile is recorded as 

Fig. 2 The 7 hydrographic units of the Danube Delta Biosphere Reserve. 
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primary data. These data are processed and pre-
sented in this paper as graphics to show the bot-
tom elevation post-restoration, compared to the 
pre-restoration one, as well as the height of allu-
vial sedimentation deposits, along the channel’s 
longitudinal profile. 

The evaluation of the 7 types of Natura 2000 
habitats’ status, from the study area, was per-
formed according to the European Habitat Di-
rective.  

The wild flora and fauna species status as-
sessment from IUCN Red List of Threatened 
Species categories (version 3.1/2001: EX-Ex-
tinct, CR-Critically Endangered, EN-Endange-
red, VU-Vulnerable, NT-Near Threatened, LC-
Least Concern, DD-Data Deficient, and NE-Not 
Evaluated) was performed within the study area 
(7,000 ha) in 1995 - 2016 and compared to the 
entire DDBR aquatic and terrestrial ecosystems 
area (580,000 ha). 

Fig. 3 Ecological restoration types implementation within the Danube Delta Biosphere 
Reserve wetland fragmented ecosystems since 1994 to present. 
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Fig. 4 Location of the study area: Șontea-Fortuna hydrographic unit (24,636 ha). IRS Satellite 
Image from May 2006 (left), a year with long-duration, 5 months flood conditions and suspen-
ded load dispersion into the DDBR. A detail image of the secondary channels zone (right) which 
was object of ecological restoration in 2015 - 2016. 

Fig. 5 Longitudinal profiles of the dredged secondary channels. The lines in the 
graphs represent the channel’s thalweg as the line joining the lowest elevations of the 
channels’ bottom in the pre-restoration (upper line) and post-restoration state (lower 
line). The channel bottom elevations ranging in the profile in pre-restoration state are 
positive (between 0.00 ÷ +1.20 m a. s. l.) and leading to disconnection of the system 
from the main channel during the Danube River low water level conditions. In the post-
restoration state, the channel bottom elevations ranging is negative (between - 1,0 ÷ - 
2,00 m a. s. l.) and leading to system re-connection with the main channel, especially, 
during low water level discharges.  
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Research results 
 

Within 2015-2016, ecological restoration 
works were executed in the Șontea-Fortuna area, 
in order to restore some wetland fragmented 
habitats by their re-connection to the main chan-
nels. This was achieved by execution of dred-
ging works of silted secondary channels, for a 
total length of 13.56 km (Tab. 1). The water 
flow regime within the inner habitats and, im-
plicitly, the aquatic species migration routes 
have been improved, especially, during the Da-
nube River low water level conditions.  

Post-restoration results, compared to the pre-
restoration ones, related to physical parameters 
of the secondary channels subject to dredging 
works (Tab. 1., Fig. 5 and Fig. 6), wetland hab-
itats conservation status (Tab. 2) and wild flora 
and fauna species status description are present-
ed in this section  

 

Habitats conservation status 
 

Pre- and post-restoration conservative status 
assessment of the 7 habitats from the study area, 
and their vegetation associations conservative 

Name of channels 
     Length of channels 
                 (m) 

Channels’ bottom  
elevation 

pre/post -restoration 
(m a.s l.) 

Channels’ width 
pre /post  

restoration 
  

(m) 

Trofilca 
Periteaşca 
Draghilea 

2.950 
3.140 
7.470 

0.00 ÷ +1.00/-1.00 ÷ -1,50 
0.50 ÷ +1.20/-1.00 ÷ -1,50 
0.50 ÷ +1.20/-1.50 ÷ -2,50 

0.00/10.00 
0.00/10.00 
4.00/12.00 

Total 13. 560   

Tab.1 Parameters of the secondary channels subject to dredging works. 

Fig. 6 Pre- and post-restoration morpho-hydrographical conditions. First image is from Sep-
tember 2015 and second and third images are from June 2016.  
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value assessment was performed according to 
the European Habitat Directive (DOROFTEI et 
al. 2011, COVALIOV et al. 2012). There is not 
any difference between the pre- and post-
restoration conditions (Tab.2).  

 

Wild flora and fauna status 
 

The total number of species, at the DDBR 
level is 7,705 (2,905 flora species: 1,544 algae, 
107 lichens, 38 mushrooms, and 1,361 vascular 
plants, and 4,655 fauna species: 945 zoo-ben-
thos, 726 macro-invertebrates, 91 molluscs, 
2,300 insects, 177 fishes, 10 amphibians, 11 rep-
tiles, 341 birds, and 54 mammals. 732 species 
are threatened (according to The IUCN Red List 

of Threatened Species: 15 Molluscs, 382 vascu-
lar plants, 12 insects, 205 birds, 59 fishes, 11 
reptiles, 10 amphibians and 38 mammals). 
(OȚEL, ed. 2000, NĂVODARU et al. 2005, CI-
OACĂ et al. 2007, CIOACĂ et al. 2009, DO-
ROFTEI et al. 2011, NĂVODARU and NĂS-
TASE 2011, COVALIOV et al. 2012, MARI-
NOV et al. 2012, TÖRÖK 2012, LUPU 2013. 
DDNI 2008-2016). 

At the study area level, pre-restoration /post-
restoration 1099 /1116 species have been identi-
fied, of which, 195 are threatened, as follows:  

– 631/631 species of vascular plants, none in-
cluded in the IUCN Red List, 

– 31/23 species of zooplankton. They are not 
subject to the IUCN List Red analyses, 

F
av

o
ra

b
le

 

 U
n

fa
v
o

ra
b

le
 

in
ap

p
ro

p
ri

at
e 

b
ad

 

U
n

k
n
o

w
n

 

Tab. 2 Pre and post-restoration conditions: the matrix of the habitats conservation status. 

  
Cod. 

  
 Natura 2000 habitat type 

      
  
Vegetation  
associations’  
conservative value 

  

1530* Pannonian and Ponto-Sarmatian meadows 
and saltmarshes 

                

3130 Oligotrophic to mezotrophic Standing wa-
ters with vegetation from Littorelletea uni-
florae and/or Isoëto-nanojuncetea 

                

3150 Natural eutrophic lakes with Magnopotami-
on or Hydrocharition vegetation 

                

3160 Dystrophic Lakes and ponds                 

3260 Water courses from the plain zones, up to 
the mountainous areas, with vegetation 
from Ranunculion fluitantis and Callitricho-
Batrachion 

                

3270 Rivers with mudflats sides, with vegetation 
of Chenopodion rubri p.p. and Bidention 
p.p. 

                

92A0 Salix alba and Populus alba galleries                 

  = Very high                 

  = High                 

  = Moderat                 

  = Low                 
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– 34/53 species of aquatic macroinvertebrates. 
They are not subject to IUCN List Red ana-
lyses, 

– 181/181 species of birds. 133 species are 
threatened: EX 1, EN 1, VU 2, NT 4, LC 125, 

– 169/169 species of insects. 12 species are 
threatened: EN 2, VU 5, NT 3, LC 2, 

– 19/24 fish species. All of them are included in 
the LC category, 

– 24/25 species of mammals. 19 species are 
threatened: 1 is CR, 1 NT, and 17 LC,  

– 7 species of amphibians. 5 species are threa-
tened: 2 are VU, 2 NT, and 1 LC, 

– 3 species of reptiles. 2 species are threatened: 
1 VU and 1 LC. 
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