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Fisheries Restricted Areas (FRAs), as area-based fisheries management tools, can be
effective in providing protection for fisheries and biodiversity, in addition to traditional
Marine Protected Areas (MPAs), and are already in effect in waters above 1,000 m of
the Mediterranean and the Black Seas. Whereas in the North-Western part of the Black
Sea all fishing activities are concentrated in the shallow area (at depths of maximum
90 m), where species and habitats of conservation interest are present, this restriction
is completely irrelevant. In this context, given that a FRA can also be established
nationally (nFRA), the main objective of this research was pre-identifying suitable area
(s) at the Romanian coast and providing the scientific substantiation for such an
endeavor. In addition to being a traditional fishing ground for small-scale local
fishermen, the study perimeter, which includes the Northern Romanian coast (part
of the Marine Zone of the Danube Delta Biosphere Reserve), was chosen for various
reasons. First, because of the uniqueness of the habitats found here, it serves as a vital
forage area for fish species that are valuable both from a conservation and economic
standpoint. Additionally, during the past ten years, beam trawl fishing for the gastropod
Rapana venosa (Valenciennes, 1846) has affected the area, potentially causing harm to
benthic habitats. A variety of data sources were integrated as part of the research
strategy, including the composition and spatial distribution of macrozoobenthos, an
inventory of the local fish fauna conducted through scientific fishing (both for
commercial fish and species of conservation interest), fish stomach content analysis
(by dissection or gastric lavage), and records of fishing effort and catch. The identified
Sf. Gheorghe - Sahalin nFRA, covering 272.76 km? between the 40 m and 50 isobaths,
proved to be appropriate according to both ecological and fisheries criteria, and, after
public consultation, was established by law, thus becoming the first national Fisheries
Restricted Area in the Black Sea, to the benefit of both nature conservation, by spillover
effects to adjacent areas, and the livelihood of local coastal communities.

nFRAs, essential habitats, ichthyofauna, fisheries, spillover, management,
participatory approach
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1 Introduction

The latest statistics of the General Fisheries Commission for the
Mediterranean (GFCM) revealed that more than half of fish stocks
monitored (58%) are overexploited, including stocks in the Black
Sea (FAO, 2023). Despite this being the lowest rate observed since
the trend in overexploitation was first reversed a decade ago, taking
alternative measures to counter overfishing and restore fish
populations is essential for sustainable fisheries management. In
addition to applying the general provisions of the Common
Fisheries Policy (CFP), the establishment of spatial restrictions
can help protect Essential Fish Habitats (EFH), thus reducing
pressure on stocks and Vulnerable Marine Ecosystems (VME), by
mitigating the impact on sensitive species and habitats (FAO, 2023).
This can be achieved by establishing Fisheries Restricted Areas
(FRAs), an approach that is fully consistent with Target 1 of the
GFCM 2030 Strategy, which aims to implement effective spatial
measures to reduce the impact on vulnerable species, sensitive
habitats and essential fish habitats, with the purpose of meeting
conservation objectives at international level (FAO, 2021).
Moreover, the creation of such restricted areas also meets the
objectives of the European Union’s 2030 Biodiversity Strategy,
which states that 30% of the EU’s marine area should be under
protection (European Commission, 2020).

Restricting fishing activities in certain critical areas for
ichthyofauna (such as feeding, spawning or wintering grounds) is
intended to reduce total fishing mortality and habitat destruction/
impairment (Taylor et al.,, 2021). Properly designed and
implemented fishing restricted areas provide the opportunity for
improved fisheries management to mitigate potentially destructive
changes to critical habitats by different fishing methods (Lauck
et al., 1998). The use of such “closed” areas has been particularly
promoted in tropical reef systems, where habitat attributes give
structure to the ichthyological community and movements of adults
outside the boundaries of these areas are limited (Bohnsack, 1994),
but more recently it has also proven effective in temperate areas
(Murawski et al., 2000). For example, in the Northwest Atlantic
(USA), restricted areas have become important elements in fisheries
management programs, and their use, combined with more
aggressive measures (direct controls and sanctions), has led to
major changes in the rate of fishing mortality, species abundance
and distribution (Murawski et al., 2000).

In the Mediterranean Sea and the Black Sea, 1,760,000 km” are
under the protection regime as Fisheries Restricted Areas established
under the GFCM (gfcmFRAs), most of this area being covered by the
deep-sea zone (in waters above 1,000 m of the Mediterranean and the
Black Sea, any trawling and dredging activity is prohibited, in order to
protect demersal habitats) (FAO, 2021). Given that the Black Sea is
anoxic and practically lifeless at depths greater than 200 m (Dubinin
et al., 2024), this restriction is totally ineffective and irrelevant, as all
fishing activities are concentrated in the shallow area (at depths of
maximum 90 m), where species and habitats of conservation interest,
such as deep-sea mussel clumps on soft substrate and sturgeons, are
present (Nicolaev et al, 2018). In addition to being impacted by
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fisheries, the North-Western Black Sea shelf habitats in front of the
Danube Delta are under continuous stress induced by the Danube’s
inputs and anthropogenic influence (Teaca et al., 2020). The constant
stress to fish stocks caused by the Danube’s outflow calls for careful
management measures, the establishment of the FRA contributing to
mitigating this impact. In this context and given that a FRA can also
be established at national level (Petza et al., 2017), our research aimed
at identifying suitable area(s) at the Romanian coast and providing
the scientific substantiation for such an endeavor.

The study perimeter, which covers the northern part of the
Romanian coast (part of the Marine Zone of the Danube Delta
Biosphere Reserve ROSCI0066), was selected for several reasons:
firstly, through the uniqueness of the habitats present here (Teaca
et al., 2020), it represents an essential feeding area for fish species
valuable both from a conservation and economic point of view
(Nita et al., 2023a); moreover, it is a traditional fishing ground for
small-scale local fishermen (Nita et al., 2023b), and, additionally, in
the last decade, the area has been affected by beam trawl fishing for
the gastropod Rapana venosa (Valenciennes, 1846), with a
potentially destructive impact on benthic habitats (Danilov et al,
2019; Muresan et al., 2019; Teaca et al., 2019; Nenciu et al., 2023).
The research strategy applied involved integrating several types of
data, starting from macrozoobenthos composition and spatial
distribution, an inventory of the fish fauna in the area performed
by scientific fishing (both for commercial fish and species of
conservation interest), fish stomach content analysis (by
dissection or gastric lavage), as well as catch and fishing effort
records. The ultimate goal of this study was identifying an area
suitable to be proposed for closure of fisheries which would benefit
both nature conservation and the livelihood of local coastal
communities, by potential spillover and propagation effects to
adjacent fishing grounds.

2 Materials and methods
2.1 Description of the study area

The study area is located in the North-Western Black Sea, in
Romania’s Exclusive Economic Zone, at depths ranging from 37 to
53 m. It encompasses the Natura 2000 sites ROSCI066 and
ROSCI0413, along with adjacent areas. These marine protected
areas (MPAs) were designated under the EC Habitats Directive
(2009/92/EEC) in 2009 to protect unique marine ecosystems. The
region is strongly influenced by the Danube River, the primary
source of inorganic sediment input into the Black Sea, surpassing
contributions from other major rivers such as the Dniester and
Dnieper. This area represents a critical ecological transition zone,
where Danube Delta habitats gradually merge with the continental
shelf. Local hydrodynamics, nutrient influx, and sediment-laden
freshwater shape distinct habitat types. The invertebrate fauna
exhibits a mixed composition, ranging from brackish species with
high salinity tolerance to strictly marine taxa (Teaca et al., 2020;
Menabit et al., 2024).

frontiersin.org


https://doi.org/10.3389/fmars.2025.1570936
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Nita et al.

2.2 Macrozoobenthos sampling and
data interpretation

The macro-zoobenthos data were obtained within the various
national projects of the Romanian Nucleu Program (GEODEMAN,
GEOBIOECOMAR, GEOMARDIGITAL), the Large Infrastructure
Operational Program funded project “Revision of the Management
Plan and Regulation of the Danube Delta Biosphere Reserve”), as
well as from international grants (H2020 - BRIDGE-BS)
implemented by GeoEcoMar in the last six years. During the
eight scientific surveys carried out in the northern area of the
Romanian continental shelf of the Black Sea with the R/V “Mare
Nigrum”, during 2018-2023, 43 macrozoobenthos samples were
collected from 37 stations (Figure 1), using a Van Veen boden-
greifer (area 0.125 m?). To reduce the sample volume and make the
sorting of organisms easier, the collected biological material was
separated from the sedimentary material on board the vessel by
passing the samples through a granulometric sieve with a 0.5 mm
mesh size. The biological material was subsequently preserved with
a 4% formaldehyde saline solution and stored in plastic containers
(Bacescu et al,, 1971; Holme and McIntyre, 1984; Todorova and
Konsulova, 2005).

In the laboratory, the samples were processed according to the
procedure described by Todorova and Konsulova (2005), as follows:
the sorting of macrobenthic organisms (e.g. mollusks) was done
directly, visually (macroscopically) or by means of a low power
binocular magnifier; the sorting of the rest of the macrozoobenthos
organisms was carried out with a stereomicroscope; the
identification of all organisms was performed under a microscope
and the nomenclature of species was checked following the World
Register of Marine Species (WoRMS, 2024); all data were recorded
in a sorting/triage sheet and used for further processing and
statistical analysis. Density and biomass (as wet weight) were

ROSCI0066

ROSCI10413

Legend:
Habitat type (EUSeaMap (2023) habitat types (MSFD benthic broad habitats))

l:l Infralittoral sand
- Circalittoral mud
FIGURE 1

Map of macrozoobenthos sampling stations in the northern area of
the Romanian continental shelf of the Black Sea (2018-2023).

- Circalittoral mixed sediments

@ nFRA polygon
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referred to one square meter (ind.m'z, g.m'z), and bivalves were
weighed with shells.

The macrozoobenthic community structure was analyzed based
on species composition (S), density, dominance (D), frequency (F),
diversity (H’), and biomass (B). Diversity was assessed using the
Shannon-Wiener index (H’) with a log, base (Shannon and Weaver,
1963). Spatial analyses were conducted using Ocean Data View
(v.5.4.0) (Schlitzer, 2018), while univariate and multivariate
analyses were performed with PRIMER 7 (v.7.0.17) (Clarke et al.,
2014). Multidimensional scaling (MDS) and cluster analysis were
applied using density and biomass values.

The AZTI Marine Biotic Index (AMBI) (Borja et al., 2000) and
multivariate AMBI (M-AMBI) (Muxika et al., 2007) were calculated
using dedicated software (v.5.0) (AZTI, 2024). Species distribution
across the five Ecological Groups (EG) was based on the AMBI
species list (June 2017) (Borja and Muxika, 2005). The M-AMBI*
(n) index was subsequently derived as the arithmetic mean of the
normalized minimum and maximum AMBI, H’, and S (Sigovini
et al, 2013). AMBI and related indices were applied following
recommendations from national authority reports (Abaza et al,
2018) and the Romania-Bulgaria intercalibration initiative
(Todorova et al., 2018). For circalittoral habitats, a threshold
value of 0.68 for M-AMBI*(n) was used to distinguish between
Good Ecological Status (GES) and non-GES (Abaza et al., 2018).

2.3 Ichthyology data collection

Scientific fishing surveys were carried out in the northern area
of the Romanian continental shelf with NIMRD’s R/V “Steaua de
Mare 17, the “Thethys” motor boat and the “Kingfisher” pneumatic
boat in the frame of the National Fisheries Data Collection
Programme and the Large Infrastructure Operational Program
funded project “Revision of the Management Plan and Regulation
of the Danube Delta Biosphere Reserve”, following which an
inventory of ichthyological biodiversity was made in the Marine
Zone of the Danube Delta Biosphere Reserve (ROSCI0066) and the
adjacent offshore area (Figure 2). Fish sampling was conducted in
compliance with the Scientific Fishing License no. 05/20.02.2024,
issued by the Romanian National Agency for Fisheries and
Aquaculture. Concerning the vulnerable sturgeon species, all
Acipenseridae specimens included in the study were by-caught
(not targeted) and, after performing the gastric lavage procedure
onboard the fishing vessel, all individuals were released back into
the wild alive and viable.

The fishing gears used were pelagic and demersal trawls
(operated from the research vessel) (Supplementary Figure 1A)
and fishing nets launched and recovered using the motorboats,
namely gillnets (mesh size a = 32 mm, height = 4 m, length = 95 m)
and trammel nets (mesh size a = 32 mm, height = 3.20 m, length =
95 m) (Supplementary Figure 1B).

The ichthyological samples taken were analyzed in the field or
in the laboratory, as the case may be, both quantitatively and
qualitatively (Supplementary Figure 2). Systematic classification
was achieved with verification in global biodiversity information
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FIGURE 2
Map of scientific fishing stations in the Northern part of the
Romanian continental shelf.

systems (FishBase, 2024; WoRMS, 2024). The inventory of the
species that make up the ichthyofauna in the investigated area was
represented in the form of a table with the species caught during
the surveys.

2.4 Fish stomach content analysis

In order to correlate information on essential benthic habitats
for fish species, stomach content analysis was performed using two
different methods: classic dissection analysis (for commercial
species) and gastric lavage with subsequent release of the
individuals (for protected species).

2.4.1 Classic dissection

Turbot Scophthalmus maeoticus (Pallas, 1814) individuals
(species of commercial interest) caught in the investigated area
were measured, weighed (with and without stomach), dissected in
order to extract the stomach (which was then tied at the ends); then
the stomach was weighed (with and without food), the
identification of food elements at microscope being subsequently
performed (Supplementary Figure 1). The stomachs were preserved
in 4-10% formaldehyde solution, and the contents later examined in
the laboratory.

2.4.2 Gastric lavage

To investigate the stomach contents in sturgeons without
endangering the physical integrity of the individuals, gastric
lavage was performed, adapting internationally agreed methods
(Haley, 1998; Brosse et al., 2000, 2002). A plastic jar was used to
collect the stomach contents. A catheter was carefully inserted
through the oesophagus down to the first gastric loop. The
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catheter was attached to a wash bottle, which was used to pump
seawater into the digestive tract of the sturgeon. The pumping of
seawater forced the discharge of the stomach contents into the
collection jar. The whole procedure, from the retrieval of the fish
from the fishing gear to the release back into the sea, took between 3
and 7 minutes, depending on the size of the specimen, as well as the
amount of food in the stomach (Brosse et al., 2000, 2002). The
lavage procedure itself took about 30 seconds/individual. After
being subjected to gastric lavage, all sturgeon specimens were
safely released into the sea (Supplementary Figure 1), and
stomach contents samples were preserved in 4-10% formaldehyde
solution, and later analyzed in the laboratory.

In the laboratory, two methods were used to determine the
stomach contents in both turbot and sturgeons, namely: qualitative
and quantitative analyses. The qualitative analysis consisted in the
complete identification of the food items present in the fish
stomach. The quantitative method consisted of numerical
analysis, and the calculated parameters were: Frequency of
Occurrence (FO), Dominance (Di%) and Index of Relative
Importance (IRI).

The Frequency of Occurrence (FO%), as a numerical percentage
of the food items identified, was calculated to characterize the
stomach contents (Hyslop, 1980; Hansson, 1998), according to
the formula:

FO% = FO,/FO, x 100

where FO; stands for the number of stomachs where the species
“i” occurs, and FO, represents the total number of
stomachs analyzed.

Dominance (D;%) was calculated as a share of stomachs
dominated by a certain type of food and expressed as a
percentage of the total number of stomachs analyzed (Hyslop,

1980), according to the formula:
Di% = Di/Dt x 100

where D; stands for the total number of taxa of a group, and D,
is the total number of taxa identified in the stomach
contents analyzed.

The Index of Relative Importance (IRI) represents an integrated
value of number, mass and frequency of occurrence, which
evaluates the relationship between different food items in the
stomach (Ahlbeck et al., 2012). It is calculated according to the

formula:
IRL‘ = (%N, + %W,)*%FOI

where N;, W; and FO; are the percentages of the number, mass,
and frequency of occurrence, respectively, of the food item “i”.
To estimate comparisons between groups within the food array

of a species, IRI was standardized to %IRI (Cortes, 1997).
2.5 Catch and fishing effort information
Catch (kg) and fishing effort (days at sea) information for the

period 2022-2024 for all commercial species in the target area were
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centralized from the Romanian National Agency for Fishery and
Aquaculture (NAFA), covering the landing points in Sulina and Sf.
Gheorghe. The purpose of collecting these data was to create a
baseline for assessing the future effect of establishing a fishery
restricted area on fisheries in the North-Western part of the
Romanian coast. A regression model was applied to calculate the
correlation between total fish catches and fishing effort using the
Excel software (Microsoft Office 365 Business Pack).

3 Results

3.1 Structure of the macrozoobenthos
community and ecological
status assessment

A total of 107 macrobenthic taxa were identified, representing
20 major taxonomic groups. Most taxa were classified to the
species level, except for Oligochaeta, treated as a superspecific
taxon, and some Nemertea representatives, which remained
indeterminate. The identified species belong to Porifera (6
species), Anthozoa (2), Hydrozoa (3), Turbellaria (2), Nemertea
(6), Polychaeta (30), Gastropoda (7), Bivalvia (14), Pantopoda (2),
Phoronida (1), Cirripedia (1), Amphipoda (15), Cumacea (4),
Isopoda (1), Tanaidacea (1), Echinodermata (2), and Tunicata (4).
Polychaetes constituted 28% of the total taxa, followed by
mollusks, crustaceans, and other invertebrate groups (Porifera,

10.3389/fmars.2025.1570936

Coelenterata, Pantopoda, Echinodermata, and Tunicata) with
relatively similar representation.

Two major benthic habitats were delineated using a broad
manual mapping approach based on a sampling point grid,
considering community structure, the presence and coverage of
ecosystem engineers’ species, and substrate type (Figure 3). These
habitats include mixed circalittoral sediments with Dipolydora
quadrilobata and biogenic reefs with Mytilus galloprovincialis, as
well as muddy circalittoral sediments with Melinna palmata
(Supplementary Figure 1).

A two-way analysis of similarity (ANOSIM) based on the Bray-
Curtis matrix was conducted to assess differences in benthic
community structure across stations, bathymetric ranges, and
benthic habitats (Figure 4). The similarity analysis, based on
macrozoobenthic population densities and multidimensional
scaling, revealed a variation between 44% and 54% (global
ANOSIM R = 0.716, p = 0.1%, permutations 999). The
dissimilarity in numerical abundances of macrobenthic species

between the identified groups was 81%, indicating well-
differentiated communities. Species richness differ between
habitats, significantly higher species number was observed at
Dipolydora habitat compared to Melinna habitat (One-Way
ANOVA, F = 12.5, p=0.007).

Of the 107 taxa identified, 102 were recorded in the mixed
circalittoral sediment habitat with Dipolydora quadrilobata and
biogenic reefs with Mytilus galloprovincialis. This habitat
represents an enclave in the northern circalittoral zone, extending

ROSCI0066 %\
%
O |
Sf. Gheorghe
7 ROSCI0413
/
447N
/ o
Black Sea
294°E 29.5°E 29.6°E 29.7°E 29.8°E 29.9°E 30°E
1 11 12 13 L4 15 L6 17 18 19 2
Substrate

FIGURE 3

Spatial distribution of the benthic habitats identified in the study area (habitats type: circalittoral mixed sediments with Dipolydora quadrilobata and
Mytilus galloprovincialis biogenic reefs; circalittoral mud with Melinna palmata).
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from the Phyllophora habitat on the Ukrainian side. D. quadrilobata
has occupied an empty ecological niche following the decline of
sciaphyllous rhodophyte algae (Teaca et al., 2020). The primary
factor defining this habitat is substrate composition, marking a
transition to deeper circalittoral habitats. Species richness in
samples ranged from 44 to 48 species (Figure 5), with a
community dominated by endobenthic tube-building polychaetes
(D. quadrilobata) and mussel clumps. D. quadrilobata is an
opportunistic species that has recently become widespread along
the Romanian coast, frequently dominating areas with high organic
sediment loads. On sedimentary bottoms, it constructs tubes from
sand particles bound by fine pelitic fractions, which are vertically
embedded within the sediment.

The characteristic species of the mixed circalittoral sediment
habitat with D. quadrilobata and biogenic reefs with M.
galloprovincialis, highlighted based on ecological index
calculations, included D. quadrilobata, Heteromastus filiformis,
Nephtys hombergii, Phtisica marina, and various oligochaete
species, all with 100% frequency. Among the top 10 species
ranked by ecological significance index based on density, only two
crustaceans were present: P. marina and Caprella acanthifera.

As with diversity, numerical abundance (density, ind. m™) and
biomass (g m™) varied considerably between stations, as reflected in
the population similarity indices and station clustering dendrogram.
The average macrozoobenthic density in this habitat was 7,935 ind.
m’2, with an average biomass of 396 g m™. The bivalve species in
mussel-dominated areas were Abra alba (F% = 66), Parvicardium

10.3389/fmars.2025.1570936

simile (F% = 84), and Pitar rudis (F% = 76). M. galloprovincialis, the
dominant species, exhibited an uneven mosaic distribution, with an
average abundance of 43 ind. m™ and 317 g m, accounting for 86%
of the total macrobenthic biomass in this habitat.

The second habitat identified in the study area, the muddy
circalittoral habitat with M. palmata, comprised 52 taxa - 51% fewer
than the D. quadrilobata and M. galloprovincialis habitat. This
lower diversity (Figure 6) results from the specific environmental
conditions that favor species with high abiotic tolerance. The
accumulation of detritus in the sediments, during the 1970s,
facilitated the mass expansion of M. palmata populations, leading
to the establishment of a new community on the Romanian coast.
This community developed within areas previously occupied by
deep-sea mussel habitats, with M. palmata as the dominant species.
Between 1970 and 1980, M. palmata populations had an average
density of approximately 2,330 ind. m?, with peak values exceeding
17,000 ind. m™2 (Gomoiu, 1982). In the present study area, M.
palmata exhibited 100% frequency, with an average density of 5,020
ind. m™, accounting for 65% of the total macrozoobenthic density
(7,672 ind. m™). Compared to the Dipolydora-Mytilus habitat,
macrozoobenthic abundances in the Melinna habitat were slightly
lower (Supplementary Figure 2).

In the Melinna habitat, biomass is mostly dominated by the
bivalves Polititapes aureus, M. galloprovincialis, Spisula
subtruncata, and Abra nitida, along with the large polychaetes M.
palmata and N. hombergii. Spatial distribution of average biomass
values indicated lower and more uniform biomass in the
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FIGURE 4

Benthic species association index based on numerical abundance and diversity data by habitat type.

Frontiers in Marine Science

06 frontiersin.org


https://doi.org/10.3389/fmars.2025.1570936
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Nita et al.

10.3389/fmars.2025.1570936

OMANIA

R

44.9°N

Saca

1

G

447N

29.4°E 29.5°E 29.6°E

FIGURE 5
Distribution of the number of macrozoobenthic taxa in the study area.
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Melinna habitat compared to the Dipolydora-Mpytilus habitat
(Supplementary Figure 3).

The application of the AMBI biotic index revealed a relatively
low percentage of sensitive species (EG I), generally below 10%,
ranging from 1% in the Melinna habitat to 51% in a station within
the Dipolydora-Mytilus habitat. In contrast, second-order
opportunistic species (D. quadrilobata, M. palmata, etc.)
dominated most stations (~44%) but exhibited high variability

(1.6%-82%). Tolerant and indifferent species together accounted
for 42%, while first-order opportunistic species (EG V) were absent
in some stations, with proportions ranging from 0.07% to 21.2%.

Furthermore, based on the M-AMBI*(n) index and the GES/
non-GES thresholds from Teaca et al. (2020) and Abaza et al.
(2018), 80% of the investigated habitats achieved Good Ecological
Status (GES) in accordance with the Marine Strategy Framework
Directive (Figure 6).
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The ecological status of the mixed circalittoral sediment habitat with D. quadrilobata and M. galloprovincialis and the muddy circalittoral sediment
habitat with M. palmata, calculated according to the M-AMBI*(n) index (green - Good Ecological Status/GES; red - non-GES).
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3.2 Inventory of the main fish species of
conservation and commercial interest

Out of the 140 species of fish reported in the Black Sea (Nita
et al., 2024), in the research expeditions carried out by NIMRD’s
experts in the northern part of the Romanian coast, 62 fish species
were identified (Supplementary Table 1), of which 20 are of
commercial interest (turbot, picked dogfish, flounder, sole, Black
Sea sprat, whiting, garfish, sprat, anchovy, horse mackerel, Azov
shad, bluefish, golden-gray and flathead mullet, red mullet, big-scale
sand smelt, Danube shad, black goby, round goby, knout goby),
Moreover, species of high ecological and conservation importance
were also by-caught, namely the three sturgeon species: beluga,
Russian sturgeon and starry sturgeon. It should be mentioned that,
in the last 5 years, a slight increase in the number of fish species
identified on the Romanian coast was reported (Nita et al., 2024).
Although the number of species consistently observed in the
analyzed samples decreased, the occurrence of rare species had a
slight upward trend (Nita et al., 2023b).

Regarding the conservation status of fish species identified
following research surveys in the northern sector of the
Romanian coast (according to TUCN - International Union for
Conservation of Nature), out of the 62 species identified, 4 species
(6%) are Critically Endangered (CR), namely the 3 sturgeons: Huso
huso, Acipenser gueldenstaedtii and Acipenser stellatus, and Anguilla
anguilla, 4 species (6%) are Vulnerable (VU) - Alosa immaculata,
Pomatomus saltatrix, Umbrina cirrosa and Squalus acanthias, 2
species (3%) are Near Threatened (NT) - Sciaena umbra and Raja
clavata, 6 species (9%) are Data Deficient (DD) - Ophidion rochei,
Dasyatis pastinaca, Hippocampus guttulatus, Syngnathus schmidti,
Syngnathus tenuirostris and Syngnathus variegatus, and 6 species
(10%) are Not Evaluated (NE) - Sprattus sprattus, Gaidropsarus

10.3389/fmars.2025.1570936

mediterraneus, Planiliza haematocheilus, Aphia minuta, Pegusa
nasuta and Scophthalmus maeoticus. The remaining 40 species
(65% of the total reported species) inventoried in the investigated
sector are Least Concern (LC) (Figure 7).

In order to substantiate the proposal of a delimited area in
which fisheries are restricted at national level (nFRA), among all the
fish species identified in the northern part of the Romanian coast,
turbot (8. maeoticus), as a species with high economic value, and the
3 sturgeon species (H. huso, A. gueldenstaedtii and A. stellatus),
representing species of conservation importance, were studied in
detail, focusing mainly on their feeding behavior by stomach
content analysis.

Following the scientific fishing surveys carried out, the greatest
abundance of turbot (over 60 out of 100 specimens) and sturgeons
(10 out of 15 accidentally caught individuals) encountered in the
catch were recorded in the perimeter located off the Sahalin Peninsula
- Sfantu Gheorghe, at a distance of approximately 10 km from the
shore, between the 40 and 50 m isobaths, which indicates the area as
extremely important for fish species, which use it mainly for feeding.

3.3 Stomach content analysis

Turbot is a predatory fish that occupies an important position
in the marine food web, thus, studying the stomach contents of this
species contributes to the analysis of trophic interactions in the
Black Sea basin (Nita et al., 2024). The 100 specimens analyzed
during the study period had an average length of 51.02 cm and an
average biomass of 2,629.13 g, all exceeding the legal minimum size
(45 cm) for commercial fishing in Romanian waters.

Regarding the analysis of the dominance of food elements, the
following results were obtained after investigating the stomach

IUCN conservation status of fish species in the northern sector
of the Romanian coast - no. of species (% of the total)
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contents of turbot: the dominant group was fish (81.13%), followed
by mollusks (12.85%), then crustaceans (3.15%) and polychaetes
(2.87%) (Figure 8). With reference to the percentual value of the
Index of Relative Importance (%IRI), the fish group was again the
one that prevailed (Table 1).

It should be highlighted that a high percentage of mollusks
(mussels) was also identified in the stomach contents of the
analyzed turbot specimens (Supplementary Figure 1A), while the
predominant fish species in the analyzed stomachs was whiting
(Merlangius merlangus) (Supplementary Figure 1B). This species
consumes sprat, anchovies, red mullet and mollusks (Ismen, 1995;
Sensurat-Geng et al, 2019; Bas¢inar et al, 2023). Another fish
species identified in the analyzed stomachs was horse mackerel
(Trachurus trachurus), which in turn consumes anchovies, sprat,
mollusks and crustaceans (Yankova et al., 2008). Red mullet, which
feeds mainly on sprat, anchovies, mollusks and crustaceans (Onay
and Dalgi¢, 2019), has also been identified in the turbot
stomachs investigated.

Regarding sturgeons, following the qualitative and quantitative
analysis of the stomach contents of the 15 accidentally caught
specimens, the following results were obtained: the trophic
spectrum of the species H. huso was dominated by fish and
organisms belonging to the group Bivalvia, in A. gueldenstaedtii
bivalves predominated, and, in the case of A. stellatus, items
belonging to the groups Polychaeta and Crustacea were
dominant (Table 2).

Following the analysis of the Frequency of Occurrence (FO%) of
food items in the 15 gastric lavage samples, the most consumed type
of food was Crustacea (Decapoda), followed by fish. Individuals
belonging to the groups Polychaeta and Bivalvia were identified in
40% of the samples analyzed (Supplementary Figure 2). The

10.3389/fmars.2025.1570936

Frequency of Occurrence (FO%) and the Index of Relative
Importance (%IRI) of the main groups of organisms identified in
the stomach contents of sturgeons are shown in Table 3 below.

With reference to the analysis of the dominance of food items,
the following results were obtained: in the two gastric lavage
samples from beluga (H. huso) the dominant items were mollusks
(54.67%), followed by fish (anchovies and gobies), with 33%, then
by crustaceans (12%). In the case of Russian sturgeon (A.
gueldenstaedtii), the clear dominance of mollusks (76.81%) was
recorded, followed by crustaceans (13.04%) and fish (10.14%). In
the case of starry sturgeon (A. stellatus), however, there was a clear
dominance of polychaetes (77.47%), followed by crustaceans
(22.22%) and, in a lower percentage, by fish (0.31%) (Figure 8).

In summary, according to the analyses of stomach content
samples, bivalves are the dominant food group for large sturgeon
species (beluga and Russian sturgeon), while polychaetes are
essential for smaller sturgeons (starry sturgeon), fish and
crustaceans being present in the food spectrum of all sturgeon
species in the investigated area.

3.4 Catch and fishing effort baseline

The latest catch data from the landing points in the
investigated area (Sf. Gheorghe and Sulina landing points) show
an overall decreasing trend in the total catch (from 309.65 tons in
2022 to 95.57 tons 2024, which is a direct result of the drastic
reduction of R. venosa landings in recent years in the area (which
decreased four times during 2022-2024, from 288.06 tons to 71.10
tons). Turbot catches, the main target of fisheries, remained
constant during the period investigated (around 21 tons)

Main groups in the food spectrum of the main economically and conservatively
important fish species in the investigated area
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Dominance of food item groups in the food spectrum of the economically and conservatively important fish species caught in the study area.
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TABLE 1 Frequency of Occurrence (%FO), Index of Relative Importance (IRI) and %IRI of the main groups of organisms identified in the stomach
contents of turbot.

Food % of organisms % of Frequency of Occurrence Index of Relative

item/Group (N) biomass (W) % (FO) Importance (IRI)

Bivalvia 19.64 14.29 37.85 2,231.62 12.85
Crustacea 14.28 531 24.18 1,418.83 2.87
Polychaeta 8.92 2.58 19.37 1,234.73 3.15
Pisces 3035 75.66 78.91 4,151.22 79.03
Semidigested 26.81 2.16 72.44 1,298.12 2.10

(Figure 9). Other commercial interest species caught included
Danube shad, picked dogfish, sprat, red mullet, stingray and
thornback ray, but in rather low quantities (all below 1 ton).
Fishing effort, on the other hand, increased steadily, from 61 days
at sea in 2022 to 235 days at sea in 2024 (Figure 10), thus a strong
negative correlation between catches and effort in the investigated
area is recorded (R-Squared value of 0.96).

3.5 Integration into legislation

As a result of the investigation performed and corroborating all
the acquired information, the broad area studied and identified as
highly important for both vulnerable and commercial fish species
was proposed to be established as the first national Fisheries
Restricted Area (nFRA) at the Romanian coast. In the pursuit of
a participatory approach and seeking the compliance of all
stakeholders, the proposal was debated within the Romanian

Fisheries Advisory Council Meeting organized by the National
Agency for Fisheries and Aquaculture (NAFA). This public
debate was attended by representatives of individual fishermen
and fishing associations, research institutes (National Institute for
Marine Research and Development “Grigore Antipa”, Danube
Delta National Institute for Research and Development, Research
and Development Institute for Aquatic Ecology, Fishing and
Aquaculture), universities (“Lower Danube” University) and other
authorities (Ministry of Environment and Forests, Romanian
Waters National Administration, Danube Delta Biosphere
Reserve Administration). After the legal public consultation
period, during which the proposal was transparently available
online for comments and suggestions, the nFRA was officially
established by law: Joint Order no. 23/28.01.2025 & 297/
31.01.2025 (Romanian Ministries of Agriculture and Rural
Development and Environment, Waters and Forests, 2025),
covering an area of 272.76 km?®, between the 40 m and 50
isobaths (Table 4) (Figure 11).

TABLE 2 Food items identified in the food spectrum of the three sturgeon species in the investigated area.

Sturgeon species Polychaeta Bivalvia Crustacea Fish Semidigested food
1. A. gueldenstaedtii - 12 3 2 X
2. A. gueldenstaedtii - 41 9 5 -
3. H. huso - 12 3 6 -
4. H. huso - 8 6 8 -
5. H. huso - 11 - 4 X
6. H. huso - 10 - 7 -
7. A. stellatus - - - - X
8. A. stellatus 221 - 20 - -
9. A. stellatus 223 - 52 - -
10. A. stellatus - - - 3 X
11. A. stellatus 147 - 28 - -
12. A. stellatus 188 - - 1 -
13. A. stellatus 57 - 41 - X
14. A. stellatus - - 65 - -
15. A. stellatus 161 - 80 - -
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TABLE 3 Frequency of Occurrence (%FO), Index of Relative Importance (IRI) and %IRI of the main groups of organisms identified in the stomach

contents of sturgeons.

% of biomass (W)

Food item/Group

% of organisms

Frequency of Occurrence

Index of Relative

() % (FO) Importance (IRI)
Bivalvia 6.56 2523 40.00 1,271.60 13.89
Crustacea 21.40 134 66.66 1,514.84 16.55
Polychaeta 6953 3481 40.00 4,173.60 45.60
Pisces 251 38.62 5333 2,193.46 23.96

4 Discussion

Area-based fisheries management measures are potential tools to
manage fisheries (Petza et al., 2023) and can be used as an alternative
to classical Marine Protected Areas (MPAs), which do not always
prove effective both for fisheries and biodiversity management
(Claudet et al., 2020). The first prerequisite for a marine area to be
suitable for establishment as a no-take zone (restricted to fisheries) is
its richness in food for valuable fish species (Clark et al., 2016), thus a
sound knowledge of zoobenthos structure and diversity is essential
(Tyler-Walters et al., 2009). Benthic organisms are an excellent food
source of many high trophic value fish and the state of the
macrozoobenthic fauna can provide crucial information on the
carrying capacity of the habitat, as well as its resilience (Teaca
et al,, 2020; Begun et al., 2022; Chevalier et al., 2024).

The area investigated within this study overlaps with a unique
biocoenosis in the Black Sea - the deep-sea mussel clumps. The
deep-sea mussel biocenosis is one of the most characteristic and
well-defined, both for the Romanian coast and for the entire Black
Sea basin (Borcea, 1931, 1937; Bacescu et al., 1971; Bacescu, 1977).
Off the Romanian coast, this biocenosis occupies a vast area

Catch dynamics in the investigated area (2022-2024)
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Evolution of catches (total catch, turbot catch, rapa whelk catch) in the investigated perimeter.
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between 25 - 45 m and 48 - 70 m deep, but it appears in its
typical form between 30 and 50 m deep. It always occupies a vertical
level difference of at least 20 m, the width of the occupied bottom
strip varying between a minimum of 8 km (southeast of Sf.
Gheorghe) and a maximum of 100 km east of Sulina. The total
area covered in front of the Romanian coasts comprises about 7,000
km? (Bacescu et al., 1971; Bacescu, 1977). The substrate is made of
gray silt with a variable proportion of clay. Because of the very little
consistent silt, the populations of the leading form - M.
galloprovincialis Lamarck, 1819 - have an uneven distribution,
forming small agglomerations, the so-called “mussel clumps”,
included in the habitat identified within this study as mixed
circalittoral sediments with D. quadrilobata and biogenic reefs
with M. galloprovincialis. During the study period, the most
numerically abundant mussel specimens were found in this
habitat. Deep sea mussels have an essential ecological role, as they
create a hard tridimensional substrate where otherwise there would
only be mud/silt, thus supporting a wide biodiversity, including
polychaetes, other mollusks and fish (Begun et al., 2022; Nenciu
et al., 2023). These particularities render it as an Essential Fish
Habitat (EFH), as it provides forage and shelter areas for valuable

2024
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Correlation between total catch (tons) and fishing effort (days at sea) in the
250 investigated perimeter during 2022-2024

© 2022

230

210

190

170

150

130

110

FISHING EFFORT (DAYS AT SEA)

920

70

50
50 150

R?=0.9618

: 2024

250 350

TOTAL CATCHES (tons)

FIGURE 10

Fishing effort (days at sea) in the investigated area (landing points in Sf. Gheorghe and Sulina).

fish species (Katara et al., 2021). Additionally, this habitat could be a
potential Vulnerable Marine Ecosystem (VME) on the North-
Western Black Sea shelf, as it complies with most applicable
criteria in the field: uniqueness or rarity; functional significance of
the habitat; life-history traits of component species that make
recovery difficult; structural complexity (FAO, 2003, 2009), to be
further investigated. The second habitat identified in the study area,
muddy circalittoral sediments with M. palmata, equally offers
nutritious food sources for various fish species, as polychaetes are
widely consumed by benthic fishes (Ross et al., 2018). Moreover, by
applying ecological indices, it resulted that both investigated
habitats are in Good Ecological Status (80% achieving GES)
(Teaca et al,, 2020), thus indicating that they can definitely
provide a sound trophic support for fish communities in the area.

Ichthyofauna is a basic component of marine biodiversity, and,
according to bibliographic sources, the fish fauna of the Black Sea
includes over 140 species and subspecies (Nita et al., 2024). However,
in the last decades, significant changes in the structure of the
ichthyofauna, as well as ethological shifts in fish populations, have
been highlighted. These can be correlated with the influence of
numerous factors, such as: the significant input of the Danube, the
increase of maritime traffic, tourism, the intensification of port activities,
the urbanization of coastal areas, excessive fishing, but also with
inappropriate (non-selective) gears, the penetration of alien species and

TABLE 4 Coordinates (decimal) of the Sfantu Gheorghe - Sahalin
national Fisheries Restricted Area (nFRA).

Latitude N Longitude E

44.75994057812347 29.64721744104693
44.66454962427717 29.79178641056055
44.8125013193292 29.98187396125368
44.90371881813084 29.85148405710686
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other anthropogenic influences (Banarescu, 1964; Carausu, 1952; Feider
et al, 1964; Otel, 2007; Radu et al, 2008). Over 60 fish species were
identified in the investigated area, of which turbot (S. maeoticus), as a
species with high economic value, and the 3 sturgeon species (H. huso, A.
gueldenstaedtii and A. stellatus), representing species of conservation
importance, are of particular interest for Fisheries Restricted Area
implementation, as the perimeter is documented as an essential
foraging area for these species (Nita et al, 2023a). Stomach contents
analysis performed both on commercial and conservation interest fish
species showed a strong connection between the zoobenthos structure in
the area and the food spectrum of the species investigated.

Turbot stomach content analysis revealed that fish, mollusks,
crustaceans and polychaetes make up the core of the food spectrum,
fish being the preferred prey (mainly whiting, horse mackerel and red
mullet), consistent with literature sources (1§men, 1995; Yankova et al.,
2008; Onay and Dalgig, 2019; Sensurat-Geng et al., 2019; Bas¢inar et al,,
2023). The food chain relationships between turbot as top predator and
the main groups identified in its stomach contents clearly point out that
the common item among the food spectrum of the above-mentioned
fish species is represented by mollusks, thus it can be inferred that there
is a direct connection between the top predator (turbot) and mussel
clumps on the muddy substrate in the investigated area.

Bibliographic sources indicate that sturgeons, especially juveniles,
feed on soft-bodied benthic organisms (Banatean-Dunea et al., 2015).
The preference for a particular food spectrum differs from one species
to another but also depends on the type of food and its availability in a
given habitat (Khodorevskaya et al., 1995; Polyaninova and
Molodtseva, 1995; LeBreton and Beamish, 1998; Billard and
Lecointre, 2001; Zengin et al., 2013). Thus, according to specialized
literature, H. huso feeds especially on organisms belonging to the
groups Harpacticoida, Cumacea, Nematoda, Polychaeta, Mollusca and
Pisces. In the Danube, juvenile belugas feed first on Gammaridae, and
later on crustaceans and insect larvae. Adult beluga feeds on mollusks,
crustaceans and fish (anchovy, mullet, turbot, whiting, gobies) (Radu
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Integrated map of the Sfantu Gheorghe - Sahalin national Fisheries Restricted Area (nFRA): boundaries, benthic habitats and fish sampling points

(source: Google Earth).

et al,, 2008; Nitd et al., 2024). As for Russian sturgeon, in the Danube
the fry feed on organisms belonging to the groups Crustacea and
Chironomida, and the adults on Ephemeropterae larvae, crustaceans
and fish. In the sea, A. gueldenstaedtii adults prefer mollusks,
crustaceans, polychaetes and fish (Radu et al, 2008; Nita et al,
2024). Starry sturgeon juveniles are documented to feed on larvae of
Chironomidae, Tricopterae, Ephemeridae and small crustaceans,
while adults prefer organisms belonging to the groups Mollusca,
Crustacea, Polychaeta, Amphipoda, Cumacea and Pisces (Radu
et al, 2008; Nita et al, 2024). Within this study, the analyses of
sturgeon stomach by gastric lavage revealed that bivalves represent the
dominant group of food items for large-sized sturgeon species (beluga
and Russian sturgeon), while polychaetes are essential for smaller-
sized sturgeons (starry sturgeon), fish and crustaceans being present in
the food spectrum of all sturgeon species in the investigated area.
Spillover of adult fish and propagation of larvae to adjacent areas
is one of the most expected effects of establishing a Fisheries
Restricted Area (Di Lorenzo et al., 2020; Hilborn et al., 2025). Two
types of spillover can be considered: ecological spillover (namely the
net export of juvenile, subadult and adult biomass from the FRA
outwards driven by density-dependent processes), and the fishery
spillover, representing the proportion of this biomass that can be
fished, taking into account regulations and accessibility (Di Lorenzo
et al, 2016). In this context, catch and fishing effort data offer an
overview of the fisheries in the investigated area and are to be used as
a baseline to evaluate the effects of creating a restricted area in the
North-Western sector of the Romanian coast and represent a
valuable starting point (Batista et al., 2015). Historically, Romanian
fisheries experienced a collapse after 1990, caused by a combination
of environmental/ecological factors (from eutrophication to invasive
species, such as the ctenophore Mnemiopsis leidyi) and the reduction
of the fishing fleet (Radu et al., 2013). Catches started to increase
significantly from 2013 to 2017 following the proliferation of the
invasive gastropod R. venosa, which turned into an exploitable
resource, becoming the main target species and accounting for 90%
of the total catch (Danilov et al., 2019). It is important to emphasize
that, despite the overall catch reduction in recent years caused by the
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drop in R. venosa landings due to stock reduction (Tiganov et al.,
2023), fishing effort increased, thus the potential impacts of the
valuable benthic habitats identified in the area are to be considered.

In addition to being an essential feeding area for fish species valuable
both from a conservation and economic point of view (Nita et al., 2023a),
the investigated perimeter is a traditional fishing ground for small-scale
local fishermen (Nita et al., 2023b). Moreover, in the last decade, the area
has become affected by beam trawl fishing for the gastropod R. venosa,
with a potentially destructive impact on benthic habitats (Teaca et al,
2019; Danilov et al., 2019; Nenciu et al., 2023). Invasive fishing gears
negatively affect zoobenthic populations in soft-substrate habitats,
indirectly impacting fish stocks. Establishing a Fisheries Restricted
Area (FRA) would protect both vulnerable habitats and essential fish
species. The establishment of a FRA in an area where small-scale fisheries
are dominant such as the northern part of the Romanian coast can bring
important benefits to local communities by enhancing recruitment and
fish biomass in adjacent fishing grounds, thus providing long-term
sustainability for the local fishery (Chiarini et al,, 2022). It is
important, however, to consider alternative income sources to ensure
fishermen’s livelihood and stimulate their compliance with the ban
(Jones, 2009; Wintergalen et al,, 2022). These alternative livelihoods
should not be mistaken for a total change from one activity to another;
instead, they should consider the ability to adopt multiple alternatives
and options (Howard, 2003), such as eco-tourism or aquaculture
initiatives, aiming at a “blue transformation” of local communities in
the North-Western part of the Black Sea coast (FAO, 2021).

The endeavour of identifying, scientifically substantiating and
establishing Fisheries Restricted Areas should be based both on
ecological and fisheries criteria (Ortega et al., 2023), as the
implementation of no-take areas to protect Vulnerable Marine
Ecosystems (VME) and Essential Fish Habitats (EFH), when
integrated in an ecosystem-based approach, has proven to be
effective for managing fisheries and to improve overall ecosystem
health (Smith et al., 2006; McConnaughey et al., 2020). For the
successful endorsement of local communities and, ultimately,
compliance with this fisheries management measure, it is essential
to integrate socio-economic aspects in the process.
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5 Conclusion

Our study was a stepping-stone for collecting and correlating
essential information for identifying and finally legally establishing
the first national Fisheries Restricted Area (nFRA) in the Black Sea.
Thus, by integrating macro-zoobenthos composition and spatial
distribution data with fish fauna and stomach content analysis, as
well as catch and fishing effort records, Sf. Gheorghe - Sahalin, on
the North-Western Black Sea shelf, was identified as an area suitable
for closure of fisheries - beneficial both nature conservation and the
livelihood of local coastal communities. Future assessments of the
effects of creating this nFRA shall be performed, targeting both the
evolution of the macrobenthic communities and the dynamics of
fisheries in nearby fishing grounds. Evaluating the effectiveness of
this spatial closure in the long-term, compared to other measures
(such as quotas, gear restrictions etc.), shall generate valuable data
for an efficient and sustainable fisheries management in the area.
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