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Abstract: Scallops are bivalve filter-feeding mollusks that can attain a large size and have great
importance in terms of their ecological roles and commercial value. Overfishing has led to a decrease
in scallop stocks worldwide, leading to intense development of the aquaculture industry. The latter is
well-established in Asian countries in the East Sea and Sea of Japan. In this paper, we summarized
information regarding the biology, stock dynamics, and fishery of yesso scallops inhabiting Russian
waters of the Sea of Japan. This species has relatively rapid growth rates and reaches a marketable
size of 100 mm in shell height at age 3–5 years. In Russian waters, the total commercial stock of
yesso scallops in 2021 was estimated at 2784 t. Commercial fisheries have been banned since 2020
due to the depletion of natural stocks as a result of illegal fishing and overexploitation. The total
allowable catch for yesso scallops has been set at 3 t for monitoring and recreational purposes. The
cultivation of the scallops includes spat collection, spat intermediate culture, and final grow-out on
the seafloor or in suspended cages. In the past decade, this industry has demonstrated rapid growth
and currently accounts for >16,000 t per year. Environmental fluctuations and epizootics seem to be
the most important challenges for the scallop aquaculture sector in the Sea of Japan.
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1. Introduction

Scallops are bivalve mollusks belonging to the superfamily Pectinoidea. This group
includes the extant families Cyclochlamydidae, Pectinidae, Propeamussiidae, and Spondyl-
idae [1]. Scallops are considered a diverse group in terms of their morphology, behavior,
and ecology [2]. As with other large bivalves, scallops are widely distributed in marine
habitats from shallow to deep water. Although most species of scallops are small in size,
some species (for example, weathervane scallop Patinopecten caurinus and rock scallop
Crassadoma gigantea) can reach shell heights as large as 250 mm and solid weights as large as
1 kg. Large scallop species have significant economic importance and support commercial
fisheries and aquaculture worldwide [3]. Scallops represent an important component of
benthic marine communities [4,5], being ecological engineers whose activity keep the water
clean from microbes, pathogens, suspended particles, and contaminants [6,7] and create
new habitats for infauna [8]. Scallops are prey organisms for various predators including
starfish, fish, and crustaceans [9]. More than 400 scallop species occur in all the seas of the
world [1,2] including the North Pacific.

The Sea of Japan is a marginal sea of the western Pacific Ocean with a total area of
978,000 km2 and a mean depth of 1752 m. The sea is bounded by the Russian Federation
and Korea to the west and by Japan and Sakhalin Island to the east [10]. It has a relatively
warm climate with the prevailing northwest monsoon wind from December to March and
the southerly tropical monsoon blows from the North Pacific onto the Asian mainland in
summer [11]. Because the Sea of Japan is a semi-closed area, the effects of local winds are
greater than that of swell, and, especially in winter, the wave height distribution is driven by
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the seasonal wind speed and the fetch [12]. The northern part of the area freezes in winter. A
counterclockwise pattern determines the water circulation in the sea. In summer, a distinct
thermocline separates two water masses: the surface water and the middle water with
relatively high temperature and salinity. The deep water with temperatures ranging from
0 to 0.5 ◦C forms a third water mass [10]. The concentration of dissolved oxygen is usually
high, providing a good basis for diverse flora (>800 species) and fauna (>3500 species). Due
to favorable environmental conditions, there are many abundant stocks of commercially
important species including saury, mackerel, Jack mackerels, sardines, anchovies, herring,
sea bream, salmon, trout, squid, crabs, mollusks, sea urchins, and sea cucumbers with
fishing grounds being mostly located on the continental shelves and in adjacent waters [11].

Scallops have historically been considered a delicacy, especially in the local markets of
the USA as well as European and Asian countries where the fresh product is consumed. Its
high demand guarantees a continued high value in the mentioned markets [13]. Currently,
the growing demand for scallops has led to overfishing of many natural stocks [14,15]
and the development of their aquaculture [16]. Asian countries, Japan and China, and
Latin American countries, Peru and Chile, have achieved considerable success in scallop
production under cultivation conditions, providing as high as 90% of the global scallop
supply [3,16–18]. Scallops continue to bring high prices from both commercial fisheries
and aquaculture ventures. For example, world prices for the adductor muscles of yesso
scallops vary from USD 110 to 129 per kg. In Russia, they account for RUB 1600–2400 per kg
(USD 23–34 per kg).

Among scallops inhabiting Russian waters of the Sea of Japan, the yesso scallop
(Mizuhopecten yessoensis) is the most important species in terms of its abundance, wide
distribution, and potential for fisheries and aquaculture [19]. Populations of these bivalve
mollusks in the region have been explored by native inhabitants of the coasts of Sakhalin,
the Kurils, Japan, Primorye, and Korea since the Palaeolithic age [19]. In Peter the Great Bay,
large-scale fishing of scallops occurred between 1920 and 1937 when motorboats equipped
with dredges were introduced. As a result, local stocks rapidly depleted. After World
War II, industrial fishing was renewed for a short period but then totally banned in 1960.
At coastal sites in northern Primorye, southern Sakhalin, Kuril Islands, and the Bering
Sea, yesso scallops and other scallop species were harvested by small seiners equipped
with steel 1.5–3.0 m wide dredges towed for 5–30 min. In Peter the Great Bay, scallops are
harvested by divers [19].

In Russia, the marine fisheries and aquaculture sectors are of high priority for further
development of coastal communities, infrastructure, and human well-being, and new
techniques and scientific data are required to supply farming of cultured species [20–22]. In
the past decade, there has been significant development of the scallop aquaculture industry,
and new data concerning the biology of yesso scallops have been obtained. We combined
the new biological data with those previously published and reviewed by Ivin et al. [19]
instead of simple reference to the mentioned paper for the convenience of the reader. Thus,
the aim of our paper is to summarize information regarding the main biological aspects
and current status of the fishery and aquaculture of Mizuhopecten yessoensis in the Russian
part of the Sea of Japan.

2. Biological Aspects
2.1. Distribution

The yesso scallop, Mizuhopecten yessoensis Jay, also called the common scallop, Japanese
scallop, Russian scallop, Primorsky scallop, or giant scallop, is the most abundant and
important scallop species in Russian waters of the Sea of Japan. This cold-water mollusk is
widely distributed at coastal sub-Arctic sites in the North Pacific Ocean, southern part of
the Sea of Okhotsk, and the Sea of Japan. It occurs along the coasts of the southern Kuril
Islands, Sakhalin, Hokkaido, northern Honshu, and North Korea [19,23,24].
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2.2. Life Cycle

Mizuhopecten yessoensis is a predominantly gonochoric species, i.e., both sexes are
separate and invariable. The sex ratio (males:females) varies from 0.83:1 to 1.52:1 depending
on the population age structure [25]. The events that occur in the reproductive cycle of
a scallop population include activation, growth and gametogenesis, ripening of gametes,
pre-spawning, spawning, and an inactive or ‘resting’ period [26]. The gonadosomatic index
(GSI), which expresses gonadal weight as a proportion of the total body weight, is used
extensively as an indicator to define the stages of gametogenic cycles in scallops [26]. In
yesso scallops from Peter the Great Bay, different stages of the reproductive cycle strongly
correlate with water temperature (Table 1).

Table 1. Gonadosomatic index (GSI) at different stages of the yesso scallop gametogenic cycle in the
Sea of Japan in relation to water temperature [27].

Phase Period GSI Water Temperature

Activation mid-September 5.8 ± 0.8 18
Growth and gametogenesis October–November 9.8 ± 1.7 9

Ripening of gametes February 11.5 ± 1.2 0
Pre-spawning April 19.1 ± 2.4 5

Spawning May 20.3 ± 2.6 9
Resting July–August 5.8 ± 0.8 18

The life cycle (Figure 1) starts when demersal eggs of Mizuhopecten yessoensis (average
diameter 60–70 µm) are fertilized in the sea.
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Usually, female fecundity varies from 25 to 30 million eggs but can reach 180 million
eggs depending on size and age [28]. The initiation of spawning has been observed to occur
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with increasing water temperature and the temperature-driven progression of the plankton
community [3]. As has been established by Maru [29], yesso scallops start to spawn when
the cumulative water temperature over 2.2 ◦C reaches 285 degree-days. In Russian waters
of the Sea of Japan, spawning occurs from mid-May to June at temperatures of 7–9 ◦C [30].
The normal embryonic development of Mizuhopecten yessoensis requires a salinity range
between 14 and 21.5 psu [31]. After 4 d, fertilized eggs develop to the trochophore stage. A
day or two later, the early veliger larval stage (D-veliger, 100–150 µm) forms a fully formed
prodissoconch shell. Then, the growth of the umbones of the larvae lasts for 25–30 days.
D-veligers of yesso scallops have only 2 teeth per shell valve at each end of the hinge
line [32]. Veligers of Mizuhopecten yessoensis can filter 3–45 µL h–1 of seawater and are
capable of ingesting 50–700 algal cells h–1 depending on larval size [33]. As a rule, veligers
occur near the water surface during night hours [34].

The next stage called “pediveliger” (240 µm) attaches to the substratum with byssal
threads 40 days after fertilization [3]. Pediveligers have 6 teeth per shell valve [32]. On set-
tlement, juvenile scallops (250–280 µm) are positively geotropic or geotactic, or negatively
photokinetic [35]. Suitable substrata for Mizuhopecten yessoensis include both natural and
artificial surfaces at depths from 1 to 3 m [35].

The survival rate from fertilized eggs to attached juveniles is estimated to be 5–8% [36].
The main factor driving the total spat density of Mizuhopecten yessoensis is the concentration
of food available for their parents [37]. Rapid changes in the shell morphology of the
dissoconch (spat shell) and growth of internal organs start immediately after settlement,
resulting in the adult scallop form with a shell height of 10–30 mm.

From 4 to 5 months after attachment when the spat reach 1 cm in shell length, young
mollusks start to fall off the substratum, and the free spat then inhabit the seafloor [3]. At
this stage, the survival rate of mollusks is 5–10% or even 0% under unfavorable condi-
tions [28]. In general, only 4% of juvenile scallops survive as long as 6 months [35]. By
the next spring, the bottom-dwelling animals develop into juveniles with 2–5 cm shell
lengths depending on temperature, food quality and availability, water exchange, and other
environmental conditions [38].

2.3. Feeding, Growth, and Mortality

Yesso scallops are filter-feeders and, according to Mikulich and Tsikhon-Lukanina [39],
adult mollusks are capable of ingesting relatively large particles (up to 950 µm). On the
sandy bottom, the scallops due to feeding on phytoplankton and detritus can establish
shallow depressions. The most abundant food items are detritus (60–70%), the diatom
Cocconeis scutellum, the dinoflagellates Dinophysis acuta and Protoceratium areolatum, the
tintinnids Helicostomella longa and H. subulata, the cladoceran Evadne nordmanni, small
copepods, Copepoda nauplii, and larvae of bivalve mollusks [39]. The feeding and growth
of Mizuhopecten yessoensis have been established to be obstructed when the flow rate
surpasses 20 cm s–1 [40]. Yesso scallops grow at temperatures ranging from –2 to 26 ◦C
with the optimum at 4–6 ◦C [19]. In the Russian part of the Sea of Japan, this temperature
optimum occurs in May–June and September–October [41]. Three-year-old scallops reach
90–110 mm in shell height. The largest mollusks (190–195 mm of shell height, age 16 years)
usually occur at a 20 m depth in sandy habitats with good water exchange and relatively
constant temperatures. In coastal waters of the southern Sea of Japan (Primorye) where
the average water temperature is 8–9 ◦C, yesso scallops grow faster than in the northern
part of the sea (Tatar Strait) where the average water temperature is 4–5 ◦C [42]. Size-at-age
data for yesso scallops are summarized in Figure 2.
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The level of pollution can also affect the growth rate in Mizuhopecten yessoensis. Indeed,
in 4-year-old mollusks at the active gametogenic stage, the total weight of somatic tissues
was found to be 60 g during the period of a heavy pollution load and 90 g during the period
of a low load of contaminants [44].

Mortality rates of Mizuhopecten yessoensis are dependent on their age being high at age
0–2, 6–7, and 9–10 and low in 2–5-year-old individuals [45]. In Russian waters, the major
natural predators of yesso scallops are the starfish Asterias amurensis and Distolasterias nipon.
Small mollusks are prey for the gastropods Boreotrophon candelabrum, Tritonia japonica, and
Nucella heyseana, octopuses, king crabs, and hermit crabs [19,46].

2.4. Epibionts

Shellfish species are known to be hosts for a variety of epibiotic species [47–49]. In
the Sea of Japan, a list of epibiotic organisms living on the shells of yesso scallops includes
some 100 species [49–51], among which the highest density and biomass are found for
barnacles (Hesperibalanus hesperius and Balanus rostratus), polydorid polychaetes (Dipolydora
bidentata and Polydora brevipalpa), red algae (Polysiphonia spp. and Gelidium spp.), brown
algae (Sphacelaria furcigera), green algae (Ulva fenestrata, Codium fragile, and Cladophora
stimpsonii), and small gastropods (Odostomia culta and O. fujitanii). Although the majority
of epibiotic species are commensals, negative effects for hosts (reduced water flow and
food accessibility, increased shell weight) are registered when the epibionts occur at high
densities. Moreover, shell-dwelling organisms (Polydora, Dipolydora, and Odostomia) can
exacerbate the erosion effect demonstrating evidence for parasitism [52]. The prevalence
of epibionts and incidence of bioerosion as well as the associated scallop mortality were
found to be closely correlated with environmental pollution being high when a substantial
pollution load was registered within scallop beds [53].

2.5. Toxins

Yesso scallops can accumulate biotoxins produced by harmful microalgal species such
as Dinophysis spp., Pseudo-nitzschia spp., Alexandrium spp., and Gymnodinium catenatum.
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Diarrhetic shellfish poisoning effects may be caused by dinophysistoxins, pectenotox-
ins, yessotoxins, and okadaic acid. The main producers of these toxins are Dinophysis spp.,
among which D. acuminata, D. fortii, and D. norvegica are the most abundant (concentrations
of 500,000, 5000, and 3000 cells L–1, respectively) [19,54,55]. In general, the concentrations
of diarrhetic shellfish poisoning toxins in yesso scallops are below the permissible level of
16 µg per 100 g [56,57]. In the Sea of Japan, the dinoflagellates Alexandrium acatenella (mean
concentration 400,000 cells L–1), Alexandrium tamarense (700,000 cells L–1), and Gymnodinium
catenatum (30 cysts cm–3) are the most common producers of saxitoxin, which is responsible
for paralytic shellfish poisoning at concentrations higher than the permissible level of 80 µg
per 100 g. However, there were only a few occasions when this level was exceeded without
known human poisonings [19]. Amnesic shellfish poisoning is caused by domoic acid
producers from the genus Pseudo-nitzschia. In the Sea of Japan, the highest abundance
(11,000,000 cells L–1) is registered for P. pungens and P. multiseries [58]. Concentrations of
domoic acid (permissible level = 20 mg kg–1) in tissues of yesso scallops do not exceed
0.1 mg g–1 [56]. The highest level of this toxin is usually registered in January [59].

2.6. Meat Yield and Chemical Composition

In Peter the Great Bay, the yesso scallop meat yield (muscle weight) accounts for
10–18% [30,60]. Muscles of Mizuhopecten yessoensis contain a high percentage of moisture
and a low percentage of fat. The muscle is richer in total protein than the mantle but the
latter contains higher levels of moisture, fat, and ash [61]. The most common macroelements
in the muscle and mantle of Mizuhopecten yessoensis are Ca, K, Na, and Mg. The mantle was
found to contain higher proportions of these elements in comparison to the muscle [61].
Muscles and mantles of yesso scallops are rich in vitamins B12, B2 (riboflavin), and B1
(thiamine) with higher levels in scallop muscles (Table 2).

Table 2. Biochemical composition and microelement and vitamin content in muscles and mantles of
wild yesso scallops from the Sea of Japan [61].

Parameter Muscle Mantle

Content
Moisture, % 73 80
Protein, % 16.5 9.7

Fat, % 1.55 1.1
Ash, % 1.8 1.9

Macroelements
K, mg kg–1 1420 1470
Ca, mg kg–1 1695 1735
Mg, mg kg–1 170 220
Na, mg kg–1 1302 1420

Vitamins
B12, mg g–1 224 222
B2, mg/% 90 87
B1, mg/% 90 85

2.7. Heavy Metals

Concentrations of metals in muscles, gonads, and mantles of 3-year-old yesso scallops
account for 1.8, 1.4, and 0.7 µg g–1 d.w. for Cd, 0.04, 0.03, and 0.06 µg g–1 d.w. for Pb, and 0.5,
0.1, and 0.3 µg g–1 d.w. for As, respectively. These levels are much lower than the permissible
levels (2 µg g–1 d.w. for Cd, 10 µg g–1 d.w. for Pb, and 5 µg g–1 d.w. for As) [62]. According to
Zhad’ko et al. [63], concentrations of Cd, Pb, and As in muscles of 1- and 2-year-lod scallops are
0.29, 5.6, and 0.41 µg g–1 w.w. and 0.21, 1.1, and 1.4 µg g–1 w.w., respectively.

3. Stocks and Fishery

In Peter the Great Bay, the most important scallop beds of Mizuhopecten yessoensis are
located along the coast at a low density (0.01–0.2 ind. m–2) and biomass (1–35 g m–2) [64,65].
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The highest stock is registered in the mouth of the Tumannaya River, Amursky Bay, and
near Russky Island (Figure 3a).
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The highest proportions of commercially sized scallops (120 mm shell height) are
found in the mouth of the Tumannaya River and in Rifovaya Bay (96–99%). In Peter the
Great Bay, the total stock is estimated to be 721 t and the commercial stock is 414 t [66–68].
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At coastal sites between Cape Povorotny and Cape Zolotoy, there are a lot of scallop
beds, but they have low abundance (0.01–0.6 ind. m–2) and biomass (2–127 g m–2). The
most abundant beds are found in Kievka Bay (Figure 3b) where the majority of scallops
belong to the 105–140 mm size class (76.7%), and in the area between Cape Vatovsky and
Cape Yuzhny (Figure 3b) where scallops are most abundant in the 135–140 mm size class
(48%). The total and commercial stocks of yesso scallops across this area are 1637 and 756 t,
respectively [68]. In the areas located to the south of Cape Zolotoy, commercial fishing of
Mizuhopecten yessoensis is not allowed but a total allowable catch of 2 t is set for scientific
and recreational purposes [68].

In the northwestern part of the Tatar Strait, scallop beds occur along the coast of
the continental part at depths ranging from 10 to 45 m with high-density aggregations
being located in the northern part of the area from Sovetskaya Gavan Bay to Nakatov Bay
(Figure 3c). There is a trend to decrease in the mean density from 0.09–0.2 ind. m–2 in 2003
to 0.002–0.04 m–2 in 2018 [70]. Currently, the local population consists of specimens with
104–207 m shell heights, 105–940 g body weights, and 3–11 yr ages. The proportion of
commercial yesso scallops is 95%. In the area with a total square of 140 km2, the frequency
of occurrence of Mizuhopecten yessoensis is 19%. The mean density is estimated to be
0.03 ind. m–2 and the total stock is 382 t or 804,000 ind. [69]. In this area, the growth rate
of Mizuhopecten yessoensis is lower than in Peter the Great Bay, and the life span does not
exceed 8 years. Mollusks reach a marketable size of 120 mm in the 5th year of life [71].

In the past decade, the total catch of Mizuhopecten yessoensis varied considerably
with a peak of 75 t in 2014 (Figure 4). The official catch levels are lower than the total
allowable catch.
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Figure 4. Total annual catch of Mizuhopecten yessoensis in Russian waters of the Sea of Japan (Pri-
morye) [69,70].

Since 2020, this fishery has been banned due to the high rate of illegal fishing which
accounted for 100 t per year in 2003–2008, and due to the use of dredges [69,70]. The
application of these gears is a reaction to a depletion of shallow-water beds where SCUBA
diving has become unprofitable. In recent years, the total allowable catch for yesso scallops
has been set at 1 t for scientific surveys.
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4. Aquaculture
4.1. Methods

Cultivation of scallops includes spat collection, spat intermediate culture, and final
grow-out (Figure 5).
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Figure 5. Scheme showing the cultivation process of yesso scallops in the Sea of Japan [19,72].

The main growing areas are situated in Peter the Great Bay. The most important
farming sites are Posjet Bay, Amursky Bay, Ussuriysky Bay, and Nakhodka Bay. The most
important farms in the coastal zone between Cape Povorotny and Cape Zolotoy are Kievka
Bay and Vladimir Bay.

Russian scallop farmers use either conical plates of perforated plastic (diameter
250 mm) covered by mesh stockings (size 7–12 mm) or commercial onion bags with
mesh/monofilament filling (nylon or polyethylene) as collectors for scallop spat. These
collectors are usually placed at 5–10 m depths in semi-closed bays and inlets and at 15–20 m
depths in open waters in early June for the development of the primary bacterial film, which
is known to promote better spat attachment [72]. According to Gabaev [73], the optimal
timing of the deployment of Mizuhopecten yessoensis spat collectors for the establishment of
biofilm depends on the length of the sea ice coverage period in the region. If this period is
≤103 d, the collectors should be placed 25–35 d after the spawning starts at 14–16 m depths
at an angle of 90–120◦ to the prevailing coastal current. In the case of the 103–108 d period,
these characteristics are 15–20 d, 12–14 m, and 120–150◦. In the case of the ≥108 d period,
the collectors should be placed into the sea in autumn of the previous year at 10–12 m
depths at an angle of 150–180◦.

In the Sea of Japan, yesso scallop settlement starts in mid-June, but in warmer and
colder years, it starts in early June and early July, respectively [74]. Immediately after
settlement, the larvae have a height of 250–275 µm. It increases to 3 mm in August. In
strong years, more than 1000 larvae can be collected. The minimum level providing a
profitable scallop yield is 200 larvae per collector [19].

Intermediate culture, i.e., rearing of spat from the collector to a shell length of
25–30 mm, is conducted in suspended cages. Spat collecting and sorting are conducted
in autumn. Young mollusks are scraped off into multi-tier cages (0.12 m–2) attached to
horizontal long-lines. Sorting the collectors is a labor-intensive technique, which requires
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scallops to be hand-picked or sorted away from the rest of the settled organisms such as
bivalves, echinoderms, and polychaete worms. A raft with long lines is placed into the sea
until April–May of the next year. At this stage, the mortality rate of Mizuhopecten yessoensis
is approximately 10% [19].

Afterward, 1-year-old mollusks are used for final grow-out, which takes place either
in prepared bottoms where the scallops enjoy a lower density than in native habitats
(10–20 ind. m–2) for faster growth rates and better weight increments or in suspended
cages at densities of 20–25 ind. per cage for 1-year-old mollusks and 5–7 ind. per cage for
2-year-old individuals [75]. The latter method provides better results because yesso scallops
can utilize a much greater proportion of suspended particles and, therefore, attain optimal
growth performance. Moreover, scallops cultivated on the seafloor usually have a 10–15 mm
smaller shell height than native scallops [19] due to shell breakage during transportation
and stress associated with the adaptation to new environmental conditions. Scallops
inhabiting silted sand demonstrate better growth performance than their conspecifics from
muddy grounds because of higher concentrations of suspended particles and lower oxygen
levels [76,77].

The average size and weight data for yesso scallops in suspended culture are presented
in Table 3.

Table 3. Size and weight of Mizuhopecten yessoensis cultivated in suspended cages in the Sea of Japan [78].

Age Month Shell Height, mm Body Weight, g Muscle Weight, g

0+ July 3.3 - -
0+ October 17.4 1.4 -
1+ April-May 31.7 5.6 1.2
1+ October 57.6 31.9 4.9
2+ May 72.6 60.5 10.1
2+ October 87 93.6 13.3
3+ May 99.1 113.4 16.1
3+ October 111.9 207.7 28.6
4+ May 114.1 - -

Note. “-”—no data.

Bottom grow-out lasts for 2–4 years mainly depending on temperature and habitat
conditions [72]. The survival rate is 5–20% and the production rate is 5–15 t per ha.
Commercially sized scallops are collected by divers. Sea cage cultivation lasts for 3 years
and yields a much higher survival rate (70–90%) [19,79]. Commercial scallops are harvested
manually after cage retrieval. Despite the lower yield, bottom cultivation is considered less
expensive than sea cage culture [80].

4.2. Production

Modern scallop aquaculture for Mizuhopecten yessoensis has been developed since
1968 and went through a period of rapid expansion since the late 1980s. In the mid-
1980s, the USSR produced over 10 million spat per year. From 1972 to 2002, more than
128,000,000 young scallops were transferred from sea farms to nearshore locations to
maintain natural populations. As a result, overexploited scallop beds in Peter the Great
Bay were fully restored [81]. The disintegration of the USSR resulted in the collapse of
the industry in the 1990s, but a trend of its recovery has persisted since 1997. Indeed,
the number of molluscan farms increased from 20 in 2000 to 34 in 2010 and to 114 in
2021 [82–84].

In the Sea of Japan, the Russian aquaculture production for yesso scallops have
fluctuated around 150 t between 1991 and 1995 and peaked in value at 1000 t in 1994
(Figure 6a).
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The total amount of scallops dropped dramatically in the next year (26 t) but increased
again to 600 t in 1997. In 2000–2002, the total annual production did not exceed 200 t.
In the subsequent four years, scallop farms demonstrated a stable production rate of
350–450 t per year. A fourfold reduction was observed in 2007 and 2008 while a recovery to
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850 t per year was registered in 2009 and 2010 [86,87]. Since then, a stable trend to increase
in the total production has begun and, in 2019 and 2020, its level was 11,531 and 16,259 t,
respectively [85]. Over the past decade, there has been an increase in the total revenue
(Figure 6b) with maximal values in 2016 (USD 19.5 million), 2019 (USD 17.3 million), and
2020 (USD 26.3 million) [85].

4.3. Problems

Despite relatively high production levels, this industry faces significant problems
with selling scallop products. For example, only 10% of the total production was sold in
2019 [84]. This was mainly due to these shellfish not being a traditional product in Russia
and their export being limited.

Financial problems of protracted payback periods in aquaculture and the necessity
of significant investment in equipment remain major concerns. A possible solution is the
stimulation of potential investors. Over recent years, there has been a significant increase
in the total investment including foreign sources. Thus, the large aquaculture producer,
Dalian Shangpintang (China), was a co-investor of a farm for scallops and sea cucumbers
in the Hasan Area. In 2020, a total of 9,000,000 spat were collected for further bottom
grow-out [88].

Cultivated scallops are hosts for numerous species of bacterial contaminants including
29 species among which Gram-negative bacteria are most prevalent. Some species such
as Aeromonas, Vibrio, and Pseudomonas are potentially pathogenic, especially under poor
environmental conditions [19]. Diseases and pathogens seem to have a negative impact on
cultured mollusks [89]. Mass scallop deaths caused by bacterial and prokaryotic infections
were not recorded until 2019 when an epizootic outbreak of an unidentified pathogen
caused a mortality rate as high as 80% of cultured scallops. According to Zhurba and
Leskova [79], Brovkina and Kostina [90], and Gavrilova et al. [91], the main agents respon-
sible for the high mortality of scallop spat are alveolates of the genus Perkinsus and ciliates
Trichodina spp. Older mollusks suffer from epibionts including macroalgae, sponges, ascidi-
ans, shellfish, bivalves, gastropods, polychaetes, and barnacles, and pathogens including
fungi, flagellates, ciliates, turbellaria, alveolates, and bacteria. These organisms have been
shown to cause detachment of the scallop soft tissue and abnormal shape of their shells.

Other important problems experienced by scallop farmers are storms and fluctua-
tions in water temperature and salinity, which can influence the scallop distribution on
the seafloor and their mortality and growth [84,92]. The mass mortality of spat may be
associated with local freshening events as has been shown for a scallop farm located in
Moryak-Rybolov Bay (eastern part of Primorye) [93].

5. Conclusions

Russian waters of the Sea of Japan are characterized by favorable environmental
conditions for many bivalve species among which yesso scallops are widely distributed,
predominantly at shallow-water sites, and have excellent potential for harvesting and
farming. Temperature, salinity, food supply, and water pollution appear to be the most
important environmental variables regulating the growth and reproduction of the adults
as well as the survival and growth of the embryos and larvae. The high market value of
yesso scallops from the Sea of Japan combined with their rapid growth and short life span
has led to the depletion of their stocks due to overfishing. Currently, the most significant
and persistent commercial stocks of scallops occur at coastal sites between Cape Povorotny
and Cape Zolotoy. Commercial fisheries for this scallop species are forbidden except for a
quota of 3 t per year for scientific and recreational purposes. Growing demand for scallop
muscles has led to the development and refinement of hatchery, nursery, and grow-out
techniques. This industry demonstrated significant success until the early 1990s when early
releases of juvenile scallops into the natural environment were used to rehabilitate depleted
grounds, a collapse until the mid-1990s when the majority of farms were closed, and a
rapid growth since the 2000s when the industry gave high priority. Bottom cultivation of
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juvenile mollusks and their rearing in suspended cages are currently used for grow-out of
juveniles after spat cultivation. Unstable environmental conditions including storms and
water temperature fluctuations as well as epizootic events are the main problems of scallop
aquaculture in the Russian Far East.
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