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Abstract. The Danube River is among the few rivers in Europe that still support wild anadromous fish species populations, like
sturgeons or the Pontic shad, along the 864 km river length without dams located between the Black Sea and the Iron Gate II dam.
Because of navigation difficulties when the water level is low, there is a need to solve this problem in the Danube River section
between 864 and 375 rkm. However, no alterations and works can be conducted until considering the potential impact of these
activities on the fish species’ habitats. This preliminary habitat assessment of anadromous fish species describes the potential
sturgeon habitats in the study area, which may be affected by the planned works which are to be implemented for improving
navigational conditions. The Pontic shad (Alosa immaculata Bennet 1835), whose migration begins in the early spring and ends at the
end of July, was present in some Critical Point (CP) areas. The identification of the habitats used by migratory fish species was made
to prevent their degradation by the planned works that will take place in the river.
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Introduction

Detection of functional spawning sites for sturgeons
involves various methods such as telemetry, describing the
nature of the bottom substrate, collecting eggs by using
artificial traps/mattresses set at potential spawning sites
(Faukner & Jackson 2014, Poytress et al. 2015), or capturing
larvae by using stationary bottom drift nets. Since sturgeons®
spawning is known to be guided by a strong homing
behavior (Greene et al. 2009, Kieffer & Kynard 2012a,
Kynard et al. 2012), the possibility of recreating spawning
sites in the relocated fairway for navigation is strongly
dependent on the available data about the location and
functioning of the existing spawning sites.

Anadromous migratory fishes represent the most
valuable fishery resource of the Danube River. The most
important anadromous species spawning in the Danube
River are two shads, the Pontic shad (Alosa immaculata), the
Azov Shad (Alosa tanaica), and three anadromous sturgeon
species, the Beluga Sturgeon (Huso huso), the Russian
Sturgeon (Acipenser gueldenstaedti) and the Stellate Sturgeon
(Acipenser stellatus). With time the spawning area of these
fish species has been reduced due to the construction of
large dams at the Iron Gates I (in 1971) and the Iron Gates II
(in 1984), which lack any fish passage facilities (Holcik 1989,
Navodaru et al. 1998, Holostenco et al. 2019; Nyeste et al.
2020). Despite the damming at Iron Gates, a small sturgeon
population survived in the Lower Danube River (LDR) due
to still functioning essential habitats wintering,
spawning, and young-of-year nursing, all
downstream of the dams. The hydrological regime of the
Danube remained the same downstream of the Iron Gate II
dam (high water levels in spring-summer and low water
levels in fall-winter, ex: at river kilometer (rkm) 71). The
water level peak before (1935-1965) and after damming
(1974-2016) has remained unchanged during the spring; it
occurs around the 2nd of May, enabling the spawning of the
Beluga Sturgeons on hard substrates cleaned of fine
sediments by the high water-discharge during the spring
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season downstream the dams (Suciu et al. 2005a). Detailed
knowledge on the sturgeon’s behavior in the wild, in their
spawning habitats in rivers, is lacking. Due to distinct life
cycle features, the three anadromous sturgeon species of the
LDR spawn in different substrate, temperature, water depth,
turbidity, and flow conditions. It is known that most
sturgeons lay eggs in current velocities ranging from 46 - 76
cm/s (Greene et al. 2009, Kieffer & Kynard 2012a). The
substrate is a key habitat parameter for sturgeons spawning
in the LDR; the hard bottom is required for successful egg
attachment, incubation, and protection of larvae from
predators. Potential spawning substrates include cobble,
small rubble and gravel, hard clay, and even limestone
substrate. So far, there were two confirmed spawning sites
for the Beluga and the Sterlet (Acipenser ruthenus) Sturgeons
at Danube rkm 311 (in May 2004), and rkm 100.5 (in May
2008) (Onara et al. 2011). Substrate and water flow
conditions above the bottom at rkm 311, (the “Red Rock”
site) have been described before (Kynard et al. 2002). The
successful capture of the larvae of these two species in May
2004 was conditioned by the fact that at that site the
spawning on a hard substrate of Beluga and Sterlet
Sturgeons happens in a narrow time window right after the
very peak of water level and can only be estimated
retroactively by water level monitoring (Suciu et al. 2005a).
Very little is known so far about the characteristics of
spawning sites in the LDR of the other two anadromous
sturgeon species, the Russian and the Stellate Sturgeon.
Indirect information about the existence of functional
spawning sites for the Stellate Sturgeon was obtained while
monitoring the migration of this species on the Borcea and
Bala branches in previous monitoring studies (Badilita et al.
2012, Dedk et al. 2014). Since the bottom of these two large
branches of the LDR is dominated by sand and clay, the
hypothesis was that Stellate Sturgeon females, captured soon
after spawning during the last week of June 2011, were
spawning either on the hard substrate or clay banks. This
kind of substrate is relatively abundant on these branches,
where the river has washed the sand on the bottom and
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revealed the limestone bedrock, forming in different sectors,
hard clay structures with holes suitable for egg attachment
and protection from predators in early life stages (Rogin
2011).

Material and Methods

Study area
The study area is located on the Romanian-Bulgarian sector of the

Danube River between the Iron Gate II dam (rkm 863) and Chiciu -
Silistra (rkm 375). We focused on 12 critical areas where the hydro-
technical works are planned to be carried out in the riverbed and on
the bank, upstream and downstream of the Critical Points (CP)
established as bottlenecks for navigation along the fairway. The 12
critical points for navigation are located as follows:

- Romanian Sector: CP1 Garla Mare (rkm 839- rkm 837); CP2 Salcia
(rkm 824- rkm 820); CP3 Bogdan Secian (rkm 786- rkm 782); CP4
Dobrina (rkm 762- rkm 756); CP5 Bechet (rkm 678- rkm 673);
CP6 Corabia (rkm 632- rkm 626)

- Bulgarian Sector: CP7 Belene (rkm 577- rkm 560); CP8 Vardim
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(rkm 542- rkm 539); CP9 Iantra (rkm 537- rkm 534); CP10 Batin
(rkm 530- rkm 520); CP11 Kosui (rkm 428- rkm 423); CP12
Popina (rkm 408- rkm 401).

As an example, the Critical Point 5 / Bechet, located between
rkm 678-673, has widths between 900 meters in the upstream part of
the sector and 1400 meters in the downstream (Fig. 1). Critical Point
6 / Corabia, located between rkm 632-626, has the channel widths
between 900 meters in the upstream part of the sector and 1600
meters downstream. In the CP 6, two large and one minor island are
located on the north side of the river, where numerous sand bars are
visible in the channels around the islands (Fig. 1).

Critical Point 7 (Belene), located between rkm 577-560, has one
large island (Belene island), dividing the river into two channels. The
main navigation fairway passes north of the island, and a secondary
channel passes south. There are smaller islands on both northern and
southern channels. The northern channel has many mobile sandbars
on the river’s south branch (Fig. 2).

CP12 (Popina), located between rkm 408-401, has a channel
width of over 1,000 m wide along this section; an island is located
adjacent to the southern bank with a relatively small secondary
channel flowing around the island’s south. In this river sector, large
sand bars are visible in the channel (Fig. 2).
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Figure 2. CP 7 Belene located between rkm 577 - 560 (left) and CP 12 Popina located between rkm 408 - 401 (right), (Map source - Google)

Some of the spawning sites of the Beluga Sturgeon located in the
Bulgarian-Romanian section of the Danube River have been only
preliminarily identified by Vassilev (2003). Few functional sturgeon
habitats were identified in the very lower reach of the LDR
(downstream rkm 350) (Suciu et al., 1998, 2004, 2005 a, b, Suciu 2008,
Onara et al. 2011, 2014, Paraschiv & Suciu 2005, Holostenco et al.
2012, 2013). The data from these studies about the functional
sturgeon habitats located on the river at tkm 310 and rkm 100 were
used to identify new potential sturgeon habitats within the study
area (rkm 375 - rkm 863).

Desk study
Before the fieldwork trip, to enable focused survey efforts,

bathymetry data were analyzed using the Global Mapper software to
identify the potential wintering habitats used by sturgeons, and
vertical clay banks, which provide potential spawning habitats for
the Stellate Sturgeons. Sediment data were also analyzed to identify

locations with gravel substrate as this provides potential spawning
habitats for the Beluga Sturgeon.

Field survey
The identification of potential sturgeon adult spawning and

wintering habitats, and young-of-year (YOY) feeding habitats was
accomplished by finding similarities (bottom substrate and fauna,
water velocities, species captured) between habitats studied
downstream, and from rkm 100 and 310 (spawning habitats), rkm
123 (YOY feeding habitat), and wintering habitats and vertical banks
(spawning habitats) form the Borcea branch (lani et al. 2019). Two
fieldwork trips were undertaken from 2017 - to 2018. The first
fieldwork trip was conducted in November 2017, and the second
fieldwork trip was conducted in July 2018. In these two fieldwork
trips, we gave more attention to sturgeon habitats, as the Pontic and
the Azov shad are species that spawn in the water column. Because
of this spawning behavior, the Pontic and the Azov shad are less
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affected than the sturgeon species which spawn on hard substrate,
and thus have greater potential to be affected by the works for the
improvement of the navigational conditions. The Pontic shad and
the Azov shad surveys were limited to identifying their presence or
absence in the area.

Results

There are many gaps in the characteristics of spawning sites
in the LDR of the other two anadromous sturgeon species
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spawning in the LDR (Russian and Stellate Sturgeon). The
Stellate Sturgeon may spawn on hard clay banks, which is
relatively abundant in LDR.

During the field assessments, 21 potential habitats were
identified, respectively 15 potential breeding habitats for
sturgeons (stony shores with gravel bottoms and boulders,
steep riverbanks with clay sills), two habitats for YOY
feeding with specific sandy/muddy with
invertebrate fauna, and four potential winter habitats (deep
areas with small water currents) (Tables 1, 2).

substrate

Table 1 Potential location of sturgeon habitats identified in the Bulgarian - Romanian Danube River sector

. Type of .
Crt.  Location Sturgeon Perimeter Area Observations
No. [rkm] . [km] [km?]
habitat
1 843 - 841 spawning 457 0.39 Left bank, gravel substrate
2 831 - 824 spawning 14.6 1.5 Right bank, rocky banks, and gravel substrate
3 786 - 785 spawning 243 0.14 Left bank, vertical clay banks
4 778 - 776 spawning 5.70 0.45 Right bank, rocky banks, and gravel substrate
5 775 -771 spawning 9.27 0.74 Right bank, rocky banks, and gravel substrate
6 770 - 769 spawning 23 0.14 Left bank, vertical clay banks
7 762 -761 spawning 2.68 0.16 Left bank, vertical clay banks
8 678 - 677 wintering 145 m 0.00128 Left bank, 8 meters deep, close to the river
9 678_673 spawning 85 1 Right bank, the bottom samples extracted reveal rocky / gravel
substrate.
10 662 - 651 spawning 34 2% Fight bank, the bottom samples revealed rocky / gravel substrate and
arge soft stones.
11 649 - 640 spawning 199 2.25 Right bank, Rocky banks, and gravel substrate
12 626 - 624 feeding 3.9 0.56 Left bank, Bottom samples with worms
13 603 - 602 spawning 3.62 0.23 Right bank, rocky/ gravel substrate
14 596 - 593 spawning 6.10 0.44 Right bank, rocky banks, and gravel substrate
15 586 - 585 wintering 0.363 0.0082 Left bank, deep water/pit
16 579 - 577 spawning 541 0.46 Right bank, gravel substrate
17 572 -571 feeding 1.12 0.0313 Left bank, at the island’s tail, the bottom sample revealed worms.
18 570 - 569 spawning 2 0.1 Left bank, vertical clay banks
19 524 - 523 wintering 1.5 0.1 Left bank, deep water/ pit
20 414 -412 spawning 4.35 0.29 Left bank, gravel substrate
21 409 wintering - - Left bank, deep pit at the tail of the island

Potential Spawning habitats

A potential spawning habitat was located close to the
Danube River’s right bank (between rkm 678 - 673) which is
higher and rockier than the left bank (Fig. 4). The bottom
samples extracted from this area reveal gravel substrate,
usually found in sturgeon spawning habitats (Fig. 3). The
potential spawning area has a perimeter of 8.5 km and an
estimated area of 1 km?(Table 1).

A similar rocky bottom substrate was identified between
rkm 658 and close to the right bank of the river. In this
location, the extracted bottom samples revealed gravel
substrate and soft stones (Fig. 4). Here the potential
spawning habitat is estimated to be in the sector between
rkm 662 - 651 with a perimeter of 23.4 km and an area of
2.26 km? (Table 1).

Potential feeding habitats

During the field survey at rkm 626, a new location was
investigated as a potential feeding/nursery habitat for YOY
sturgeons and the Pontic shad (Alosa immaculata). A potential
feeding habitat was located close to the island's tail, where
small invertebrates were detected in the muddy substratum
of this area (Fig. 5). During the experimental fishing, in the

potential YOY sturgeon feeding habitat, Pontic shad
specimens were captured using a drift net with a mesh size
of 28 mm (Fig. 5).

Potential wintering habitats

Several potential wintering sites were assessed during the
desk study and field survey. One potential area with specific
conditions for a wintering habitat (deep water with
lowvelocity) was located at rkm 409, close to the left
riverbank at the island's tail (Fig. 6). The water velocity
measured close to the bottom of the river in the potential
wintering habitat is low, specific to a wintering habitat
(Table 2).

Discussion

There are only four remaining wild sturgeon species in the
Danube River. These periodically migrate within the river
section, between the Iron Gate II dam (rkm 863) and the
Black Sea. Much more attention needs to be given to this
river sector because little is known about the spawning
habitats of these migratory fish species in this area.
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Figure 3. Potential spawning habitat located close to right Danube River bank (Photo- Original, bathymetry source
- AFDJ, Map source-Google)

Figure 4. Danube River right bank at km 658, bottom samples collected, the difference between the right river bank
and left river bank, (Photo- Original, bathymetry source - AFD])
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Figure 5. Pontic Shad (Alosa immaculata) captured at rkm 626 CP 6 (Corabia). (Photo- Original, bathymetry source -
AFD], Map source - Google)
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Figure 6. Potential wintering habitat located at rkm 409, (bathymetry source - AFD]J, Map source - Google)

Table 2: Water velocities measurements in the potential wintering sites located at km 409 (1) and the km 677.5 (2)

Nr. Potential Location 20 cm from 50 cm from 100 cm from 100 cm from 200 cm from 400 cm from
Crt. habitat [rkm] water surface  water surface  water surface  water surface water surface water surface
[mys] [m/s] [mys] [m/s] [m/s] [mys]
0.19 0.36 0.4 0.32 0.35 0.34
1 wintering 409 0.16 0.36 0.22 0.16 0.21 0.45
0.19 0.29 0.2 0.48 0.49 0.51
0.24 0.24 0.33 0.87 0.9 0.78
2 wintering 677.5 0.19 0.22 0.38 0.93 0.86 0.76
0.25 0.39 0.93 0.84 0.75

For the first time, this study had the opportunity to identify
the potential habitats in this river sector (rkm 863 - 375). It is
important to avoid disturbance in all functional sites and, if
possible, include design and reconstruction nearby in the
new fairway of the new sites that migratory fish may use.
The work with anadromous migratory fish species involves
studying them during the periods in which they migrate in
the river. Historical information and more recent telemetry
data reveal that the Beluga Sturgeon returns to the river after
two up to five years for spawning again, a potential moment
to actively study and collect data about their migration and
spawning behavior (Otel 2007, Hont et al. 2019). The Beluga
and the Sterlet Sturgeons spawn on hard substrate, possibly
in the exact period after the very peak of water discharge at
that site, therefore, it can be estimated retroactively by
monitoring the water level (Suciu et al. 2005a). As a
preliminary preparation, identifying the potential habitats
used by these migratory species would help to focus on
specific areas and reduce the general effort and resources
required. The fieldwork has clearly shown that there are
more vertical clay banks on the left riverside than on the
right riverside. The vertical clay banks identified during the
fieldwork are similar to those located downstream on the
Danube River, on the Borcea branch, known to be used by
the Stellate Sturgeon for spawning (Antipa 1909). Also, the
field surveys undertaken have found that there are higher
and rockier riverbanks on the right riverside. These rocky
banks are similar to the banks located at rkm 310 and rkm
100, where functional spawning habitats have been
confirmed for the Beluga Sturgeon and the Sterlet Sturgeon
(Suciu et al. 2005a, 2013).

Another important migratory fish species in the LDR is
the Pontic shad, which is poorly studied in this river sector,
migrating at a different time in the Danube and reaching the
Iron Gate II dam. The Pontic shad is a species that spawns in
the water column, the eggs are pelagic, and larvae drift
passively to the Black Sea (Ndvodaru 1998, 2001,
Aprahamian et al. 2003, Freyhof & Kottelat 2008). Thus, the
Pontic and the Azov shad are less affected than the sturgeon
species; therefore, when surveying these species, we only
identified their presence or absence in the area. On the
contrary, Sturgeon species spawn on hard substrate and thus
have greater potential to be affected by the works
implemented the improvement of navigational
conditions. During the surveys, Pontic shad was captured at
rkm 661, rkm 626, rkm 401, and rkm 409. Although shad
species are very sensitive (they die soon after they are
captured), telemetry studies may be necessary to collect
more data about the shad migration behavior and assess

for

shad stocks in the Danube River by controlling fishing.
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