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Abstract: Until recently, the smooth scallop Flexopecten glaber (Linnaeus, 1758) was considered absent
from Romanian Black Sea waters, as only isolated valves were documented on beaches of the southern
coast. Yet, in 2020, the first living specimens were collected by dredging at 25 m depth in Mangalia.
Moreover, in the past three years, a considerable number of live individuals were also retrieved
from beam-trawling operations targeting the gastropod Rapana venosa (Valenciennes, 1846) along
the Romanian coast, indicating that there is a stable population here. This remarkable expansion of
F. glaber in Romanian waters may be explained as a consequence of the Black Sea’s recovery from
eutrophication, reduced predatory pressure from the declining population of R. venosa and changing
climate conditions. Our research aimed at using all this novel information to document for the
first time the occurrence and distribution of this bivalve on the Romanian coast, also considering
perspectives for the development of a new type of shellfish mariculture, avoiding any pressure on the
natural stock. In total, 386 F. glaber individuals were sampled during 2020-2023, at depths between
22.5 and 33.3 m. The abundance and biomass per station oscillated between 5 and 319 specimens
and 51.5 and 7377 g, respectively. A subsample of 122 specimens was preserved and analyzed in the
laboratory, revealing an average shell length of 53.54 mm (£4.13 SD) and an average shell height
of 49.54 mm (£3.64 SD). The smooth scallop has both ecological and economic value, which makes
it a viable candidate for sustainable aquaculture by collecting spat from the most abundant areas
and subsequently placing “seedlings” in the appropriate polygons for stock recovery. Ultimately,
commercial exploitation from aquaculture installations can be considered, provided a permanent
healthy F. glaber population is established on the Romanian coast.
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1. Introduction

The smooth scallop, Flexopecten glaber (Linnaeus, 1758), is the only representative of
the Pectinidae Family within the Black Sea. Originating from the Mediterranean, the Black
Sea scallop is believed to have been established around 7000 years ago [1]. Designated
as a subspecies, Flexopecten glaber ponticus (Bucquoy, Dautzenberg & Dollfus, 1889) is the
recognized taxonomic classification for the Pectinidae species inhabiting the Black Sea [2].
Nevertheless, both morphological and genetic analyses have indicated no differences
between Black Sea scallops and their counterparts in the Mediterranean Sea [1,3].
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The Black Sea scallop has been recorded at various occurrence frequencies and abun-
dance values along the entire Black Sea coast, as recently documented [4]. However, two
patterns emerge in the Black Sea smooth scallop’s evolution. Firstly, certain regions, such
as the southern, eastern (Central and North Caucasus) and northern (Crimea) sectors,
demonstrate similar long-term dynamics in scallop population development. Historically,
F. glaber was abundant enough along the Crimean coast and in Sevastopol Bay to support
commercial harvesting operations [5]. Lately, there has been a significant decline in the
scallop population across its former habitats, leading to its inclusion in the Red List of
Crimea and Sevastopol [6,7]. In the southern part (i.e., the Turkish coast), F. glaber was a
characteristic species in some benthic habitats. However, data from the southern region
are primarily representative of the first half of the 20th century, with limited information
available in recent years. In the eastern area, encompassing the Kerch pre-strait area and
adjacent regions within the strait, scallop abundance has recorded a consistent decline over
the past decade, culminating in the absence of records since the 1960s [4].

Conversely, other areas, particularly the western and northwestern sectors of the Black
Sea, exhibit historically poor development of scallop populations. In the northwestern
part, the smooth scallop was documented in benthic habitats but never as a characteristic
species [4]. In the Black Sea, the smooth scallop has been recorded in a range of habitats,
including both soft sediments and hard substrates, at depths between 0 and 48 m [4,8].
While habitat type may not be a limiting factor, salinity and dissolved oxygen levels appear
to play crucial roles in its distribution [9]. Recently, in Bulgarian waters, an abundant
population of F. glaber was discovered, marking the first occurrence since the 1960s [8].

Along the Romanian coast, the first record of living Black Sea scallops occurred
in 2020, when the first living specimens were collected by dredging at 25 m depth in
Mangalia (southern part of the coast) [10]. This finding led to its inclusion in the Red
Book of Romania, classified as Critically Endangered (CR) [11]. In the past three years,
a considerable number of live F. glaber specimens were also by-caught by beam-trawling
targeting the gastropod Rapana venosa (Valenciennes, 1846) along the entire Romanian
coast, indicating that there is a stable population here. Under these circumstances, the
current research aimed at using all this novel information to document for the first time the
occurrence and distribution of the smooth scallop on the Romanian coast, characterizing
the species’ influencing environmental factors, spawning specificities, also considering
perspectives for the development of a new type of shellfish mariculture, avoiding any
pressure on the natural stocks.

2. Materials and Methods
2.1. Sampling and Study Area

The smooth scallop sample collection was performed during research surveys along
the entire Romanian coast targeting rapa whelk (R. venosa) in 2020, 2021, 2022 and 2023,
respectively, in the frame of a dedicated project aimed at assessing the stock of this gas-
tropod in the Black Sea basin [12]. F. glaber specimens appeared as by-catch during the
surveys. The gear used was a customized Turkish design beam trawl [13]. The mesh size
of the codend was 72 mm (diamond stretched) and the nets were made of polyamide
netting (nylon). A 40 mm mesh size cover netting was used around the codend to retain
the specimens escaping from the sampling gear. The stretched length of the 40 mm cover
was 1.5 times longer than the 72 mm survey net (Supplementary Materials S1). The gear
was towed from the aft of NIMRD’s “Steaua de Mare 1” research vessel (570 HP engine)
and connected to a winch with a 12 mm warp diameter. The warp length was adjusted to
3-5 times the water depth so that the gear remained in good contact with the sea bottom.
Each haul performed had a duration of 30 min at a trawling speed of 2 knots.

A total number of 51 stations were sampled yearly in the Romanian area in order to pro-
vide wide and homogeneous coverage of the continental shelf (Figure 1). The surveys were
carried out on 3 water depth strata—5-15 m, 15-25 m and 25-35 m, respectively—covering
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a total research area of more than 5500 km? (Table 1). The swept area covered by each haul
ranged between 0.006 and 0.017 km?.
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Figure 1. Map of the sampling stations along the Romanian coast.
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Table 1. Area covered by the beam-trawling surveys (on depth strata).

Depth Strata Area (sqkm)
5-15m 1418.0
15-25m 1662.4
25-35m 2437.3
Total 5517.7

2.2. Biometrics and Age Reading

After each haul operation ended, the catch was sorted by species. All the catch was
weighed and measured for total length and weight according to the FAO Technical Guidelines
2020 [14]. The by-caught scallops were measured in the field using a manual caliper, weighted
on a Kadda electronic balance and subsequently released (Supplementary Materials S2).

For a comprehensive analysis of population characteristics, a subsample of 122 in-
dividuals was preserved in 70% ethanol and transported to the laboratory. Additional
measurements were performed using a carbon fiber composite digital caliper (model
X0027BRMP7, RoHS, accuracy £0.1 mm), for more reliability. Within the laboratory, mor-
phological parameters, specifically shell height (H) and length (L), were assessed, for the
larger left (upper) shell of each specimen (Figure 2 left). The measurements were systemati-
cally organized into size classes, divided at 2 mm intervals (Figure 2 center). Afterward,
the scallops were scrubbed with a brush to clean any epibiotic deposit, and the rings on the
upper shell were marked with a pencil (Figure 2 right). The biological age of the individuals
was estimated based on the number of annual rings [15].

Figure 2. Smooth scallop shell height (H) and length (L) measurement (left); size class division
(center); age reading by counting annual rings (right) (original photos).

The relationship between shell length (L) and shell height (H) was established based
on the allometric equation:

y=a><xb @

2.3. Statistical Analysis and Map Generation

The initial phase of data handling involved inputting the raw data into Microsoft Excel
2016 (KB4011684), where pre-processing and organization procedures were carried out.
Subsequently, statistical analysis and visualization of the processed data were conducted
using the Excel 2016 software package. The results encompass numerical data presented
in a structured format. Mean values were calculated for each dataset, with associated
standard deviations (SD) provided to convey the variability within the samples.

Distribution maps were created using the ArcMap 10.x Software (ESRI product).
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3. Results

During the investigated period (2020-2023), F. glaber specimens were retrieved as by-
catch in beam-trawl hauls for R. venosa along the entire Romanian coast, generally at depths
between 20 m and 35 m (Figure 3). During the 2020 survey, 5 smooth scallop individuals
were recorded in 2 stations, at depths ranging from 24.5 to 33.3 m. In 2021, 44 F. glaber
specimens were identified in 6 stations at water depths between 23.5 m and 31.4 m. Further,
2022 was the year with the highest number of live smooth scallop specimens collected (319),
found in 9 stations, at depths ranging from 22.4 m to 32.4 m. In 2023, 18 F. glaber individuals
were identified in a single station, at a depth of 26.5 m (Supplementary Materials S3).
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Figure 3. Sampling stations where live F. glaber individuals were identified during 2020-2023,
referenced to habitat type on the Romanian continental shelf.

Regarding the habitat type preference of the smooth scallop, the majority of F. glaber
specimens were found on circalittoral mixed sediments and circalittoral muds (Figure 3).

The abundance and biomass of F. glaber oscillated in the period 2020-2023 between 5
and 319 specimens (Figure 4 left) and 51.5 and 7377 g (Figure 4 right), respectively, with
a peak in 2022 for both parameters considered. Concerning the spatial distribution, most
specimens (>100) were recorded in the central part of the coast (off the Mamaia-Navodari
area), with significant occurrences (60-100 individuals) in the southern sector (off Mangalia),
as well. The fewest F. glaber specimens were documented closer to the Danube mouths, off
the Vadu-Portita area.

The shell length (L) of the analyzed specimens ranged between 36.8 and 63.6 mm,
with an average length of 52.80 mm (44.41 SD). The shell height (H) ranged from 35.8 to
58.1 mm, with a mean value of 48.78 mm (£3.76 SD). The size distribution was dominated
by specimens within the length class of 53-55 mm (20%) and the height class of 49-51 mm
(28%) (Figure 5). On average, shells were longer than higher with 4.01 mm (£1.70 SD). Just
one individual was higher than longer (+0.6 mm).
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Figure 4. Distribution of F. glaber abundance (left) and biomass (right) along the Romanian coast

during 2020-2023.
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Figure 5. F. glaber size distribution on length and height classes.

The relationship between two size variables (i.e., H and L) was examined using the
allometric Equation (1). The growth coefficient (b) was determined to be close to 1, with a
value of 0.84. This suggests an allometric growth pattern, where an increase in length leads
to a proportional increase in height, but at a slightly lesser rate (i.e., negative allometry of
height) (Figure 6).
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Figure 6. Length-height relationship of F. glaber specimens at the Romanian coast.

Analyses of the 122 F. glaber individuals brought to the laboratory revealed ages
ranging from 5 to 9 years old. A significant share of the sampled population (56%; N = 68)
fell within the 7-year age class, followed by the 6-year class (23%; N = 28) and 8-year age
class (18%; N = 22). The size classes representing 5 and 9 years old exhibited the lowest
representation (3%; N = 4) of the total number (Figure 7).

80
70
60
50
40
30

20

No. of individuals

10
0 — —
S 6 7 8 9
Age (y)

Figure 7. Age distribution of F. glaber specimens sampled on the Romanian coast.

In this study, individuals aged 5 years exhibited dimensions ranging from 35.8 to
38.3 mm, while those aged 6 years had dimensions spanning between 39.8 to 56.6 mm. At
7 years of age, the individuals reached sizes of 44.6 to 57.6 mm, which increased slightly at
8 years to 45.8 to 58.1 mm. Finally, individuals aged 9 years showed dimensions ranging
from 50.4 to 50.6 mm (Figure 8).
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Figure 8. Size at age for F. glaber derived from the application of the von Bertalanffy growth function
to a sample of 122 individuals collected in Romanian waters.

The investigated shells displayed six color morphs (Figure 9, left). The most frequent
were brown (39%), multi-colored (32%) and off-white (11%) shells (Figure 9, right).
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Figure 9. Color morphs identified in F. glaber specimens on the Romanian coast (total number of
individuals analyzed N = 122).

4. Discussion

The recovery of Black Sea scallop populations, following a significant decline, has
piqued the interest of the scientific community, as evidenced by the emergence of pub-
lications in recent years [1,3,4,8]. On the Romanian shelf, however, before June 2020, F.
glaber was documented solely as isolated shells on beaches. The reporting of isolated shells
persisted across several studies [16-20], until the recent discovery of living specimens in
the Mangalia area [10].

The occurrence of F. glaber in regions historically characterized by poor development,
or in areas where it was previously absent, is frequently associated with environmental
recovery following eutrophication (nutrient levels have constantly decreased in recent
years [21]), declining populations of R. venosa due to economic harvesting and changing
climate conditions, particularly seawater warming trends [4,8].
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The biology and ecology of this species are incompletely understood in both the
Mediterranean and Black Sea basins [22].

In the Mediterranean Sea, F. glaber is commonly found inhabiting sedimentary habitats
at depths ranging from 5 to 900 m [23]. In the Black Sea, the smooth scallop was found
in the depth range of 0-48 m [4,8]. During this study, the trawling activities took place
between the 5 and 35 isobaths. Smooth scallops were primarily found within a narrow
depth band from 20 to 35 m, inhabiting circalittoral soft-bottom benthic habitats, comprising
mud and mixed sediments. This preference for such habitats aligns with findings reported
in Bulgaria [8]. Notably, the presence of smooth scallops on hard substrates or within
seagrass meadows has not been documented in Romania yet, unlike the observations made
in Bulgaria or Ukraine [8,24].

As a habitat generalist species, the occurrence of F. glaber at depths exceeding 20 m
could be attributed to the freshwater discharge from the Danube River (impacting salinity
level, particularly within the 0-20 m depth) rather than to habitat type [25]. As for the
maximum depth at which the smooth scallop can be found in Romanian waters, definitive
assertions cannot be made at the moment. For this, research efforts should be extended to
greater depths.

Among environmental factors, salinity and dissolved oxygen levels seem to be the
most important limiting factors for smooth scallop distribution. Most scallop species
inhabit fully saline waters and are incapable of colonizing low-salinity environments.
Salinity not only limits the spatial distribution of bivalves but also impacts various aspects
of their biology, including feeding, reproduction, growth, respiration, osmoregulation
and interactions with parasites and diseases [15]. For Black Sea scallops, optimal salinity
conditions fall within the range of 16-17%. [9]. During our investigations, the salinity levels
where the smooth scallop was found ranged between 16.4 and 18.6%., which indicates
proper conditions for development (Supplementary Materials S3).

Concerning the size of F. glaber individuals on the Romanian coast, the maximum shell
length of smooth scallops (63.6 mm) exceeded those reported in Bulgaria (53.48 mm) [8]
and Crimea (53.4 mm) [24,26], respectively. The maximum age (9 years) of specimens from
Romania was similar to the maximum age found in Bulgaria [8]. The minimum length
and age could not be compared with other studies from the Black Sea due to the use of a
sampling gear with a mesh size of 40 mm (thus smaller), and younger scallops were not
retained and documented.

With reference to shell color, the number of morphs found in our samples was compa-
rable to the ones documented on the Bulgarian coast: six morphs in Romania compared
to seven in Bulgaria [8]. The only color not identified in our samples was violet. This
similarity indicates a rather homogeneous population in the north-western Black Sea area.

Smooth scallops (F. glaber) are simultaneous hermaphrodite species, characterized by
rapid sexual maturation [27]. In the Mediterranean Sea, this species reproduces from April
to September [22]. In the plankton of the Black Sea, veliger larvae of F. glaber are found
from June to August [28]. The duration of larval life in marine bivalves ranges from three
to five weeks, influenced by environmental conditions such as temperature, salinity and
food availability [15]. In the Black Sea, the length of the meiosis stages, embryonic and
larval development and the description of larvae at the veliger stage are provided based on
cultivated material from Sevastopol Bay [29]. The age and size at first maturity for F. glaber
were observed to be 9-10 months (22.4-25.1 mm shell height) in the Adriatic Sea [22].

Based on data from both the present study and research conducted in 2020, when the
species was initially discovered in samples, it can be asserted that a stable population of F.
glaber exists along the Romanian coast, thriving in favorable conditions for reproduction and
development. Compared to 2020, there has been an observed expansion of the population
along the Romanian littoral. Furthermore, individuals found in 2020 were predominantly
aged 3—4 years, whereas in the current study, individuals aged 9 years were discovered,
indicating continuity in the development of individuals.
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Bivalves are essential marine organisms due to their ecological and commercial rele-
vance, which are appreciated for their taste and nutritional qualities [30]. Among them,
scallops are considered a delicacy worldwide and they represent an important part of the
global seafood market and support both commercial fisheries and aquaculture develop-
ments globally [31]. In the past 10 years, the consumption of Pectinidae has increased and
they are now an important part of the European seafood market [32]. Scallops are popular
among consumers both fresh and frozen; consequently, their rearing may be economically
profitable and able to provide a desirable product for human consumption with high
market value [33]. The organoleptic characteristics (taste, texture, firmness, etc.) and the
high market value of F. glaber, comparable to those of the great Mediterranean scallop
[Pecten jacobeus (Linnaeus, 1758)], make this species of great interest for the development of
shellfish culture [22]. In addition, smooth scallops have shown high growth and survival
performance, early maturation and intensive breeding [34].

Similarly to other Black Sea riparian countries [35], bivalve culture in Romania is
limited to mussels (Mytilus galloprovincialis Lamarck, 1819) and some isolated attempts
for Pacific oyster rearing [Magallana gigas (Thunberg, 1793)] [36]. Whereas F. glaber is an
edible mollusk with considerable market value, it can be considered a viable candidate for
diversifying shellfish aquaculture in the region, given the increasing social acceptability of
seafood consumption [37]. As a potential candidate for aquaculture purposes, the smooth
scallop may offer good prospects for rearing, considering not only its commercial value, but
also that its use in aquaculture might contribute to a reduction in the negative impacts of
fishing gears on the sea bottom [22]. The main hindrance to scallop aquaculture is a reliable
and sufficient supply of seedlings [38], which can be obtained either by spat collection from
the natural environment or by controlled spawning under laboratory conditions.

The deployment of artificial collectors at sea is a widespread technique for settling wild
scallop spat and subsequently culturing different pectinid species worldwide [33,34,39—-41].
Natural recruitment may ensure the permanent availability of scallop spat, addressing the
problem of high seedling variability, which is a major constraint for scallop aquaculture
activities. Due to biofouling, collectors are only effective for a limited period and must
be deployed for a beneficial timeframe to become enticing for spat attachment [30,42,43].
Consequently, the pursuit of commercial bivalve culture calls for a good understanding of
recruitment timing.

Scallop spawning season follows a latitudinal trend, with acute seasonality and syn-
chronism at higher latitudes, that becomes longer and less synchronized as latitudes
decrease [44]. In the north-western Adriatic, spawning is documented to occur mostly
between July and September, with minor spawning events between April and May [22].
The settlement of viable larvae occurs some weeks after the species spawning period [41].
In the Ionian Sea, spawning is reported between February and early August; the larvae
swim for three to four weeks before settling, at water temperatures ranging from 15 °C to
18 °C [34]. In the Turkish Aegean (Izmir Bay), two spawning peaks were determined, in
November/December and July/August, respectively, at water temperatures ranging from
12 °C to 28 °C [45]. In the Black Sea, the spawning period of the smooth scallop peaks in
June and July [29], when seawater temperature is usually around 25 °C [46].

There are several collector types that can be used for smooth scallop spat settlement.
The Turkish model [45] consists of individual collector systems made from 50 cm x 20 cm
polyethylene mesh bags set on polyvinyl chloride (PVC) pipes, with a mesh size of the
polyethylene bag of 5 x 4 mm. The collector system is designed as a surface and bottom
collector. The bags are tied to the pipes with a plastic rope at 15 cm intervals. Two PVC
pipes are attached to the main rope at depths of 1 and 5 m, with the surface and bottom
collectors attached on either side. A buoy (20 L) at the top and an anchor (100 kg) are
used to keep each system stable in the water [43]. Alternatively, the Greek model [34]
proposes spat collectors made of 40 cm x 60 cm crop sacks filled with plastic net (mesh
size 5 X 7 mm, area 40 x 100 cm), hung at 1, 4 and 8 m depth from each of four 8 m long
polypropylene ropes placed vertically at 2 m of each other on a classic shellfish longline
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installation [47]. A weight is set at the bottom end of each vertical rope to maintain the
position of the collector sacks [34]. Another version of collectors set on longlines consists of
28 cm x 53 cm net bags (4 mm mesh size), filled with a 5 m long tubular net that has a 5 cm
mesh opening, which is commonly used for mussels. This internal net (called a “filler”)
is folded and rolled up on itself to convey volume to the collector. Each set of collectors
consists of a rope on which 10 net bags are placed 1 m from each other. The upper end
of each rope is then tied to a longline submerged at 4 m depth so that collectors remain
submerged from 5 to 14 m [41]. Using any of the collectors described, the highest number
of spat settled closer to the seabed and density decreased towards the surface [34,41,45].
This tendency of spat to settle in deeper substrates may be explained by the need to avoid
strong wave action, water turbulence and excessive fouling [48,49].

It is essential to deploy the collectors two weeks before the larvae settle to ensure that
a microfilm coating forms [45]. Whereas peak spawning of Black Sea F. glaber is expected
in July, the collectors should be deployed at sea in mid-June, aiming to maximize spat
recruitment. In order to reach maturity and a shell length of about 40 mm, the collectors
should be kept immersed for 2-2.5 years [50].

Laboratory/hatchery culture is another method of obtaining scallop spat, with the
French experience being the reference standard for scallop hatcheries in Europe [51-53].
Before spawning, mature scallops collected from the wild are placed in a conditioning
system with controlled light, temperature and food supply to ensure the production of
viable larvae in the hatchery. Hatcheries typically use continuous flow-through systems
(with or without sand on the tank bottom [54-56]. The conditioning of broodstock is carried
out for 11-12 weeks at temperatures of 12-15 °C using a diet of multi-species microalgal
mix [27,52]. If spawning does not occur naturally, scallops may be subjected to external
stimuli (such as mechanical or electrical shock, intense illumination, use of ammonium
hydroxide and variation of water pH) [57] or hormone (estradiol) injections [58]. After
spawning, larvae are grown in flow-through cylindrical tanks with conical bottoms [52].
For the attachment and metamorphosis of pediveligers, circular sieves with a mesh bottom
and airlift downwelling are used [52]. Subsequently, after reaching 3—4 mm shell height,
the spat is transferred to grow-out collectors at sea [59]. The major drawbacks of hatchery
production are large variations in larval production between years, bacterial infections and
high maintenance costs [52]; thus, a spat collection from the wild seems to be the most
feasible solution.

The smooth scallop has both ecological and economic value, which makes it a suitable
candidate for aquaculture by collecting spat from the most abundant areas identified within
this study, growing them out until reaching maturity and subsequently placing “seedlings”
into appropriate polygons for stock recovery. After careful monitoring certifying that
F. glaber has established a permanent and healthy population on the Romanian coast,
sustainable commercial exploitation from aquaculture installations can be considered,
adding value to the productive sector and introducing a highly appreciated seafood species.

5. Conclusions

The recent discovery of a significant number of live F. glaber individuals along the
Romanian coast confirms the fact that smooth scallops are a constant presence in the
marine fauna of the area. This occurrence in a region where it was previously absent may
be attributed mainly to a post-eutrophication recovery. According to our investigations,
F. glaber specimens sampled from Romania seem to be larger than those measured in
other Black Sea areas, which suggests that the species found propitious environmental
conditions to develop here. In order to accurately map the distribution and abundance and
assess the stocks of this bivalve at the Romanian coast, dedicated studies are essential and
envisaged in the future. Moreover, the smooth scallop has both ecological and economic
value, which makes it a viable candidate for aquaculture by collecting spat from the most
abundant areas and subsequently placing “seedlings” into appropriate polygons for stock
recovery. As a possible candidate for aquaculture, the smooth scallop may provide good
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opportunities for rearing, considering not only its commercial worth, but also how its usage
in aquaculture may contribute to a reduction in the destructive effects of fishing gear on the
sea floor. Ultimately, after scientifically acknowledging that a healthy and thriving F. glaber
population is established here, commercial exploitation from aquaculture installations can
be considered, thus providing a valuable alternative marine living resource.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/su16103924/s1, Supplementary Materials S1: beam trawl used for
smooth scallop sampling (original photos); Supplementary Materials S2: on-board length and weight
measurements of F. glaber specimens (original photos); Supplementary Materials S3: coordinates and
environmental parameters of the smooth scallop sampling during 2020-2023.
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