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Abstract

The article presents the results of cultivating commercial invertebrates with two species
of alge (kelp): Saccharina japonica and Saccharina cichorioides on seaweed plantations
in Primorsky Krai, as well as keeping salmon: masu salmon Oncorhynchus mason and
chum salmon Oncorhynchus keta in a Bridgestone fish cage. It was found that masu salmon
is more suited for cage keeping than chum salmon. Cage culture of Japanese scallop
Mizuhopecten yessoensis and its non-transplantation culture in rarefied collector - cages
(CC) at the Whale Bay kelp farm showed the advantage of non-transplantation culture. In
CC, in addition to M. yessoensis, the Pacific mussel Mytilus trossulus reached a commercial
size, but the Swift’s scallop Swiftopecten swiftii and the sea urchin Strongylocentrotus
intermedius reached a viable size, suitable for sowing on the sea floor. Co-cultivation of
invertebrates and algae has a mutually beneficial effect on the production indicators of these
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mariculture objects.
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Introduction

Seafood farming at sea (mariculture) is a rapidly growing industry
in which China has achieved outstanding results.> Moreover,
seaweeds (especially the algal kelp Saccharina japonica) are the
leaders in production volume.’ In recent decades, the area and
density of cultivation have increased so much that the negative
impact of animals on the environment due to self-pollution has been
recognised. An increased concentration of metabolites in shallow
marine ecosystems has led to eutrophication, decreased biodiversity,
reduced growth, death of cultured organisms,*’ and even a decrease in
production.®’ In China, to reduce the negative impact of mariculture
on the environment, intensive monoculture has moved to polyculture.
The first successful attempt was made in 1975, when S. japonica and
the mussel Mytilus edulis were co-cultured; the metabolites of M.
edulis were consumed by S. japonica, and dissolved organic matter
secreted by the algae was consumed by mollusks.*® Soon, polyculture
in China developed such that valuable (fish and shrimp) and low
value species (bivalves and seaweed) were co-cultured, with the low

value species serving as a recycling agent for the valuable species.'*!!
Such integrated multitrophic aquaculture (IMTA) is practiced both in
China®'? and elsewhere.'>!® High growth rates of kelp and mussels near
fish farms, compared to reference sites, reflect higher availability of
food and energy.'” Reduced cultivation intensity, better hydrodynamic
conditions, and scallop-kelp polyculture may explain the healthy
benthos in Sanggou Bay.'® Seaweeds absorb dissolved nutrients and
this function has been well studied in effluents from fish, shrimp, and
shellfish mariculture."

In the late 1970s, the Experimental Mariculture Base (EMB) was
created in Whale Bay, Russia, (43°06°36” N and 134°19°60” E)
(Figure 1) for the cultivation of four species of valuable seafood: the
algae (kelp) S. japonica, the holothurian Apostichopus japonicus, and
the salmon O. mason and O. keta. By the mid-1980s, 100 hectares
of marine plantations (Figure 2) for growing S. japonica had been
created. In 1982, a broodstock of M. yessoensis formed on the sea
floor due to the transition to a bottom lifestyle of juveniles raised on
S. japonica.®
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Figure | Map-scheme of stations located on the sea plantations of Primorsky Krai.
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Figure 2 Plantations for growing Saccharina japonica.

For the cultivation of salmon fish, five Bridgestone fish cages,
each 5x5x4 m, and a pilot plant for feed production were purchased. A
workshop with pools and thermal treatment of fresh and salt water was
built for growing algal kelp seedling colonies (thallus), sea cucumber
larvae and fish fry. In 1985, 100 garlands of scallop collector-cages
(CC)*" were suspended between ropes with the seaweed. Similar
work on the co-cultivation of seaweed and shellfish was carried out
in the 1980s in the Stark Strait (Popov Island) (42°98°02” N and
131°75°63” E) and Reid Pallada Bay (Posyeta Bay) (42°59°14” N
and 130°83°75” E). This publication reports on the results obtained
from the co-cultivation of seaweed algae and other marine life.

Material and methods

For breeding masu salmon Oncorhynchus mason and chum salmon
Oncorhynchus keta in a sea cage, in the autumn of 1982 and 1984,
the spawners were caught, incubated, raised with artificial feeds and
transferred to sea water. At the end of August, they were placed in a
cage in Whale Bay where they were fed salmon eggs. In the spring of
1984, thallus of the kelp (algae) Saccharina cichorioides were taken
from the bottom near Popov Island, woven into 6 mm nylon ropes
and suspended on horizontal ropes in the Stark Strait (Figure 1) near
this island. Several designs of mussel collectors and collector-cages
(CC) with and without a cover were simultaneously exposed. In the
summer of 1985, the Pacific mussel Mytilus trossulus was removed
from three ropes containing of this kelp. Over the course of two years,
the growth of M. trossulus that had settled on the thallus and collectors
was monitored.

S. japonica was grown in Whale Bay and Reid Pallada Bay in
a two-year cycle using 6-metre-long nylon ropes.?” During the kelp
harvest year in Whale Bay,”® one nylon rope containing algac was
removed monthly, and the length, width, and weight of each thallus
were measured. At least 25 thalli were used for analysis. In September
1987 and October 1988, in Minonosok Inlet, Posyet Bay (42°36°55”
N and 130°50°48” E), the nylon ropes were placed in water containing
spores extracted from S. japonica thalli collected in Peter the Great
Bay. After the spores had settled, the ropes were suspended vertically
on horizontal ropes in Reid Pallada Bay (Figure 1). In June 1989,
plastic cages with yearling M. yessoensis were placed on adjacent
ropes and between the ropes with spores. After 3—6 months, one rope
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was raised to the surface and the length, width, thickness, and weight
of each thallus were measured. At the same time, M. yessoensis and M.
trossulus molluscs growing on artificial substrates and on S. japonica
rhizoids were counted and measured. Minonosok Inlet, located near
Reid Pallada Bay, was used to compare the production indices of the
mollusks.

In Whale Bay, to determine the optimal time for collector
exposure, 25-30 M. yessoensis spawners were captured every 10 days
using diving equipment and their gonadal index was measured using
the method.” A decrease in the gonadal index by 9-12% meant the
end of spawning. One week after spawning, plankton samples were
collected at five stations using a Judy net with 100um mesh size.
Plankton samples were fixed with 4% formaldehyde. The abundance
of M. yessoensis larvae in the sample was counted in a Bogorov
camera under an MBS-9 microscope. Knowing the volume of water
filtered by the plankton net, the resulting number of larvae was
recalculated per 1 m®. The height of the larval valves was measured
with an ocular micrometer with an accuracy of +5um. Simultaneously
with catching the spawners and collecting plankton samples at three
horizons (0, 5 and 10m), the water temperature was measured. After
the appearance of scallop larvae with a shell height of 200-250um,
CC with a cover having Smm holes and mussel collectors made of
nylon net were suspended at five stations of algae farms between the
ropes with algae. In addition, at each station there was one garland
of CC with double the spacing between the cones and the with cover
holes of 15mm diameter. After the juvenile scallops reached 8-10
mm in shell height, part of the CC with Smm holes in the cover was
lifted to the surface. Japanese scallops M. yessoensis, Pacific mussels
M. trossulus, Swift’s scallops Swifiopecten swiftii and sea urchins
Strongylocentrotus intermedius were removed from the collectors.
The living and dead individuals were measured and counted. The
results were expressed per Im? Due to the harsh weather conditions
in Whale Bay, the main transfer of juvenile M. yessoensis from CC
to plastic cages was carried out in the summer of 1986. The growth
and survival of animals transferred to cages and not transferred to CC
were monitored for four years. For the analysis, 25-30 specimens of
cultured mollusks were used. The number, weight, and shell height of
mussels sitting in rhizoids (roots) of kelp were determined.

In 1985-1988, employees of the Far Eastern Hydrometeorological
Institute analyzed water samples and determined the wind direction in
Whale Bay. Statistical processing of the data was carried out using the
STATISTICA 6 program®* and tested at the level of o = 0.05. Graphic
material for publication was built using Serfer 7 Golden Software,
and Excel 2007.

Results

Salmon farming in Whale Bay ceased due to cage destruction. In
1983, the cage cover broke and the young fish swam away. In 1985,
the cage frame collapsed during a storm because of faulty installation.
However, the month-long stay of the young fish in the cage in 1985
showed that despite the painful transition to sea water, the cherry
salmon O. mason adapts to captivity faster than the chum salmon O.
keta and is more suitable for cage keeping. The biological peculiarity
of the chum salmon is its early migration to the open sea; it rubbed its
snout against the cage walls, was injured, fell ill and died.

The horizontal distribution of M. yessoensis larvae in Whale Bay
showed a fairly clear seasonal variability. In June and July 1985, 1986
and 1988, the distribution of larvae was more similar than in August
1986 (Figure 3).
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Figure 3 Results of catching M. yessoensis larvae in 1985, 1986 and 1988 in Whale Bay. a — 07.16.1985; b — 07.24.1985; c- 07.25.1986; d — 08.01.1986; e —
08.05.1986; f — 08.06.1986; g — 06.29.1988; h — 07.12.1988.
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In July 1985, 1986 and 1988, the average wind direction was
170.1°; 159.9° and 161.4°, respectively, and in August 1986 it was
155.2°. The southerly wind direction and the currents caused by
them in 1985 contributed to a specific circulation leading to the
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accumulation of M. yessoensis larvae in the northeastern part of
Whale Bay and the maximum number of juveniles observed there on
the collectors (Figure 4).
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Figure 4 Results of distribution of juveniles of three bivalve species on the collector — cage (CC) in 1985 and 1986 in Whale Bay.a - M. yessoensis in 1985;b - M.
trossulus in 1985;d - S. swiftii in 1985; c - M. yessoensis in 1986; e - M. trossulus in 1986 and f - S. swiftii in 1986.

Citation: Gabaev DD, Gilmour AR. Results of integrated multitrophic aquaculture on seaweed plants in Primorsky krai (sea of Japan). ] Aquac Mar Biol.

2025;14(3):109-118.DOI: 10.15406/jamb.2025.14.00430


https://doi.org/10.15406//jamb.2025.14.00430

Copyright:
Results of integrated multitrophic aquaculture on seaweed plants in Primorsky krai (sea of Japan) ©2025 Gabaev et al. 114

A two-year survey of CC collectors at five stations in Whale distribution of these mollusks in CCs. In the top 10m, M. yessoensis
Bay showed that, despite strong currents, juveniles exhibit both and M. trossulus showed discordant vertical distribution patterns,
interspecific and interannual spatial differences. The warm-water- below 10meters they were similar. As they approach the sea floor, the
loving M. trossulus is more common in CCs closer to the shore, abundance of juveniles increases, with S. swiffii being most noticeable
while the cold-water-loving S. swiftii is more common at those far  (Figure 5).
from the shore (Figure 4). Differences are also observed in the vertical
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Figure 5 Abundance of juvenile bivalve mollusks of three species in CC at various depths in Whale Bay.

Apparently, M. yessoensis that were transplanted from CC to cages grew slower than those not transplanted, possibly due to being exposed
to air during transplantation (Figure 6).
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Figure 6 Growth rate of four species of marine invertebrates on artificial substrates and algae in Whale Bay and Reid Pallada Bay:a - growth rate of M. yessoensis
in rarefied (cones double spaced) CC without transplantation into cages and transplanted into cages, b - growth rate of S. swiftii in rarefied CC and in cages with
M. yessoensis, c - growth rate of M. trossulus in rarefied CC and rhizoids of S. japonica in Whale Bay, and also on thallus and rhizoids of S. japonica in Reid Pallada

Bay, d - growth rate of S. swiftii in rarefied CC in Whale Bay
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The results of three-year cultivation of M. yessoensis in Whale
Bay and Posyeta Bay showed that not transplanting mollusks into
cages or putting them on the sea floor increases the productivity of the
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cultivation technology due to the low survival rate of mollusks on the
sea floor and their loss during transplantation (Table 1).

Table | Productivity indicators for M. yessoensis cultivation in Whale Bay and Posyet Bay over three years using three technological schemes

Cultivation technology Scallop shell Survival, The general weight = Weight the Weight Production,
and Bay height, mm % with shell, g soft tissue, g muscle, g g/m?

CC'  Whale 82.3+1.8 75 58.1+4.2 21.7+1.8 9.5+0.8 14728

CC! Posyeta 84.1+1.7 30.3 76.7+3.9 23.7+3.2 6.0+0.8 11045
Transplanted>  Whale 75.1+6.5 55.2 48.6+4.3 18.2+1.7 7.6+1.8 4050
Transplanted?  Posyeta 84.4+8.6 56 79.5+8.1 31.8+9.5 13.5+1.5 7950

Sea floor*  Posyeta 88.9+1.5 9.9 79.3+4.1 39.8+1.8 15.1+0.7 397

'grown in CC without transplantation; “transplanted from CC to cages; *yearlings own on sea floor.

Comparison of the growth rates of M. yessoensis in cages on the
seaweed farms of Whale Bay and Reid Pallada Bay showed a positive

effect of seaweed on this indicator, since it was lower on the scallop
farm in Minonosok Inlet (Table 2).

Table 2 Growth rates of four-year-old M. yessoensis in three bays of Primorsky Krai

Ne Date H, mm W gen.g W soft tiss. g W muscle, g W gonad, g

| 03.06.89. 94.0+9.07 84,9+23,27 27,63+7,23 9,76+2,86 2,44+0,71

2 09.06.89 89.5+4.26 84.6+11.18 34.88+4.77 15.95+2.39 2.53+0.82
22.06.89 92.4+8.62 85.5+26.6 33.01+14.07 12.13+5.34 4.65+3.82

Note: | - Reid Pallada Bay, 2 - Minonosok Inlet, 3 - Whale Bay

S. swiftii, like other animals, showed density-dependent growth. It
was accidentally transplanted together with M. yessoensis into cages,
and the low density improved its living conditions and the growth rate
exceeded those in the rarefied CC (Figure 6b). M. trossulus sitting
on rope with S. japonica in Reid Pallada Bay (Figure 7) showed
the highest growth rate compared to those sitting on scallop cages
and mussel collectors. The shell height of two-year-old individuals

was 49.3 £ 2.13; 37.2 + 3.09 and 35.6 + 3.74 mm, respectively. On
rope with the harvested S. japonica, the rhizoids did not deteriorate
for another year and M. trossulus achieved record results there. The
height of three-year-old individuals was 63.65 + 4. 22 mm. In Whale
Bay, M. trossulus on S. japonica thallus had a similar growth rate
to those in the rarefied CC and outpaced those in the rhizoids of S.
Japonica (Figure 6).

Figure 7 M. trossulus living in the rhizoids of S. japonica.

Despite the harvesting of the spawners in Whale Bay, the larvae
of the sea urchin S. intermedius successfully colonized CC, where the
abundance of juveniles at deep-water station 2 reached 353.2 ind./m>.
They attacked juvenile bivalves in groups, and their shell diameter on
the rarefied CC reached 30 mm over three years (Figure 6).

The indentations on the thallus of S. cichorioides facilitate the
colonization and growth to commercial size of the M. trossulus larvae,
since the thallus do not disintegrate for three years. The secretions of
this alga (kelp) are apparently food for the mollusks, since, despite the
high settlement density, M. trossulus were larger than those sitting on
artificial substrates (Table 3).
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Table 3 Comparative analysis of several collector designs and S. cichorioides thallus on the abundance and growth of M. trossulus

Time of
observations

Tallus of S. cichorioides

Artificial substrates

collector - cage with

Collector - cage without

Mussel collector

cover cover
Abundance altitude Abundance altitude Abundance altitude Abundance altitude
shell shell shell shell
M.trossulus M.trossulus M.trossulus M.trossulus
) 2 M.trossulus . ) M.trossulus - 5 M.trossulus . ) M.trossulus
ind./ m ind./ m ind./m ind./m
mm mm mm mm
09.08.84 20336,6 6,1+0,6 15120,0 -- 10566,6 - 19831,0 --
16.10.84 -- 19,5+1,0 -- 15,1+1,1 - 19,3+1,4 - 18,7+1,9
31.05.85 9242,4 36,2+1,6 -- -- 550,0 33,8+2,0 - --

M. trossulus on the thallus of S. cichorioides stimulated the growth
rate of this alga, and by mid-June the length of the uncleaned thallus

retardation (Figure 8).
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Figure 8 a - growth rate of thallus of S. cichorioides with and without M. trossulus, b - growth rate of S. japonica on a marine plantation in Whale Bay.
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Favorable conditions for the existence of algae caused by the
presence of animals in the rhizoids near the algae growth zone are
confirmed by the fact that the transplantation of S. japonica to new
ropes in Reid Pallada Bay twice led to the complete death of the
thallus. Only the unreplanted and sparse thallus survived.

Table 4 Results of hydrochemical observations in Whale Bay in 1985-1988

Copyright:
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During the process of cultivating mollusks in Whale Bay, the
concentration of phosphorus, silicon, and nitrites in the water
increased (Table 4).

oxe 0 a0 ot gt TocPeet T e g gt
ml/l %

22.07.85 16.1 30.44 6.94 - - - 0.5 1.5 300 0,3 72 44,0
21.08.85 19,1 31,82 6,46 120,7 7,46 2,075 0 4,5 0 | 0 44,0
11.09.85 18,0 33,75 6,37 118 81 2,028 9 10 160 0,9 13,0 44,0
10.10.85 12,8 32,62 5,99 99,1 8,09 2,242 45 6 0 2,7 6,3 0
31.07.86 12,3 35,41 6,53 - - - 0,0 16,0 430 0,6 4,7 0
19.08.86 16,2 32,95 6,73 1198 8,68 2,315 00 5 800 2,1 30,0 0
11.09.86 16,6 33,49 6,51 17,1 8,80 2,419 2 4 580 1,7 15,0 0
10.10.86 13,5 33,58 7,06 1195 888 2,344 | 5 0 0,9 16,0 0
30.07.87 16,6 34,22 8,79 - - - 0,0 11,0 400 0,0 3,0 163
12.07.88 15,6 33,46 6,28 - - - 4,2 5,5 550 0,3 - 2,0

It is likely that the active consumption of biogens from the
water contributed to the fact that the commercial thallus in Whale
Bay reached record sizes (Figure 8). By the time of harvesting of S.
Jjaponica, the weight of thallus from 40 ropes (1ha) was 170 tons,
waste from processing the raw material was 12%, and the marketable
output reached 150 tons with an average rope weight of 42kg.

Discussion

Integrated multitrophic aquaculture (IMTA) is a production
method based on an ecosystem approach that was developed to
address the problems of marine pollution caused by fish farming.' It is
a polyculture system that combines the production of forage species
as the primary commodity (e.g. pelagic fish), organic extractive
species (e.g. benthos feeding on sediments and feces), and inorganic
extractive species (e.g. seaweed).”® The method of culturing blue
mussels M. edulis and M. trossulus in close proximity to salmon cages
in IMTA systems will be a useful practice for the disposal of solid
waste and feces.”® The use of seaweeds allows for the creation of a
balanced forage ecology taking into account the carrying capacity, site
selection and food safety.'*

The interannual and interspecific variability of the spatial
distribution of larvae in Whale Bay are apparently related to the
peculiarities of the direction of the prevailing winds and different
thermopathies of bivalve mollusks. In July 1985, 1986 and 1988 the
average wind direction was 170.1°; 159.9° and 161.4°, respectively. It
is possible that the “southern” direction of the winds and the currents
caused by them contributed to the specific circulation causing the
concentration of late larvae in 1985 in the northeastern part of Whale
Bay and the maximum number of juveniles observed there on the
collectors.”” Spawners of the M. yessoensis also live on the bottom
there.”® The record number of scallop larvaec on August 1, 1986,
near Cape Misty (Figure 3) was apparently also caused by the wind
direction during this period. Due to the river runoff and mixing, there
are more biogens and, accordingly, phytoplankton in this area, which
can increase the survival rate of the settled larvae.”

The variability of the vertical distribution of bottom animals —
inhabitants of coastal waters — is the result of specific adaptation of
their cells to the temperature of the environment and is associated with

differences in protein structure.’® Apparently, intensive mixing in the
open Whale Bay contributes to the fact that the vertical distribution
of juveniles on the collectors is more uniform than in Posyeta Bay.?

Due to the poor viability of M. trossulus, it accumulates away from
the sea floor in calmer waters often found with artificial substrates.”!
Therefore, near ports and marine plantations there are more of its
mature individuals producing more larvae around anthropogenic
structures.” Indentations on the thallus of S. chichorioides, create
microscale turbulence,’® which facilitates the attachment of larvae
and high abundance of mussels (Table 3). These results allow us
to recommend this alga, as well as the rhizoids of S. japonica, as
substrates for collecting and growing M. trossulus. After the harvest of
S. japonica, the algal plantation remains unused until spring. During
this time, two-year-old M. trossulus in the rhizoids of S. japonica in
Whale Bay will reach a commercial size of 40mm, since already in
the fall the shell height of two-year-old individuals there was 33.29 +
1.3mm, and its total weight was 32 tons per hectare.**

Scallop collectors of Japanese design are an ecological trap for
other species. In the CC in Whale Bay, in addition to M. yessoensis,
the species M. trossulus, S. swiftii and the sea urchin S. intermidius
reached great abundance. At the time of transplantation of M.
yessoensis into cages, these other species are very small and are
discarded during sorting, since, for example, urchins become suitable
for sowing on the bottom only in the third year of life, when the shell
reaches 15mm in diameter.® In CC with 15mm cover holes they,
together with M. yessoensis, reach commercial or viable size, thereby
increasing the efficiency of the culture process.

The combined cultivation of algae and mollusks optimizes the
process of cultivating of S. japonica, since the yields we obtained are
higher than previous mono-culture the previous yields in Whale Bay.
Previously, the length of the thallus in March fluctuated from 166 to
180 cm, the weight from 270 to 340 g.,* and the yield was 60-100
tons per hectare.*® At this time, our average length was 219 cm, the
weight was 582 g (Figure 8), and the yield was 170 tons per hectare.

We conclude that mollusk producers in Primorsky Krai have a
unique opportunity to increase production by replacing mono culture
of marine species with poly culture of sympathetic species.

Citation: Gabaev DD, Gilmour AR. Results of integrated multitrophic aquaculture on seaweed plants in Primorsky krai (sea of Japan). ] Aquac Mar Biol.

2025;14(3):109-118.DOI: 10.15406/jamb.2025.14.00430


https://doi.org/10.15406//jamb.2025.14.00430

Results of integrated multitrophic aquaculture on seaweed plants in Primorsky krai (sea of Japan)

Acknowledgement

None.

Conflicts of interest

We declare that there is no conflict of interest of any kind.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Troell M. Integrated marine and brackish water aquaculture in tropical
regions: research, implementation and prospects. In: D Soto, Editer. 4
global review of integrated marine aquaculture. FAO Fisheries and Aqua-
culture Technical Paper. No. 529. Rome. FAO. 2009;1-85.

. Wartenberg R, Feng L, Wu JJ, et al. The impacts of suspended mariculture

on coastal zones in China and the scope for Integrated Multi—Trophic
Aquaculture. Ecosystem Health and Sustainability. 2017;3(6):1340268.

. Asche F, Khatun F. Aquaculture: Issues and Opportunities for Sustainab-

le Production and Trade, ICTSD Natural Resources. International Trade
and Sustainable Development Series Issue Paper No. 5, International
Center for Trade and Sustainable Development, Geneva, Switzerland.
2006;5:1-64.

. Gabaev DD, Kucheravenko AV, Shepel NA. Anthropogenic eutrophica-

tion of Posyeta Bay, Sea of Japan, by mariculture installations. Biology
Morya. 1998;24(1)53-62.

. Zhang FS, Yang HS. Analysis of the cause of mass mortality of farming

Chlamys farreri in summer in coastal areas of Shandong. Chin Mar Sci.
1999;1:44-47.

. Yang HS, Zhang T, Wang J, et al. Growth characteristics of Chlamys far-

reri and its relation with environmental factors in intensive raft—culture
areas of Sishiliwan Bay, Yantai. J Shellfish Res. 1999;18:71-83.

. Zhang T, Yang HS, Wang P, et al. The factors affecting meat condition

and growth rate of Farreri’s scallop Chlamys farreri (Azumapecten) in
Sishiliwan Bay, Yantai. Mar Fish Res. 2001;22:25-31.

. Xie CL. High economic return generated by bivalve and seaweed co—cul-

ture. China Fish. 1981,5:20.

. Dong SL. History, principles, and classification of integrated aquaculture

in China. J Fishery Sci China. 2011;18:1202—-1209.

Wu CD, Tang TD, Lin ZX, et al. Co—culture of shrimp and mullet.
1980;3:11.

Zhu YG. Co—culture of clam Meretrix meretrix in a shrimp pond. Mar
Fish. 1981;225.

Fang J, Kuang S, Sun H. et al, Status and optimizing measurements for the
culture of scallop Chlamys farreri and kelp Laminaria japonica in Sang-
gou Bay. Mar Fish Res. (Haiyang Shuichan Yanjiu). 1996;17:95-102.

Barrington K, Chopin T, Robinson S. Integrated multi—trophic aquacul-
ture (IMTA) in marine temperate waters. In: D Soto, Editer. Integrated
mariculture: a global review. FAO Fisheries and Aquaculture Technical
Paper FAO. Rome. 2009;529:7—-46.

Resende L, Flores J, Moreira C, et al. Effective and Low—Maintenance
IMTA System as Effluent Treatment Unit for Promoting Sustainability in
Coastal Aquaculture. Appl Sci. 2021;12(1):398.

Austin B, Lawrence AL, Can E, et al. Selected topics in sustainable aqua-
culture research: Current and future focus. Sustainable Aquatic Research.
2022;1(2):74-122.

Noor NM, Harun SN. Towards Sustainable Aquaculture: A Brief Look
into Management Issues. Appl Sci. 2022;12(5):7448.

FAO/NACA. Farming the Waters for People and Food. In: Subasinghe
RP, et al, Editors. Proceedings of the Global Conference on Aquaculture
2010, Phuket, Thailand. 22-25 September 2010. FAO, Rome and NACA.
Bangkok. 2012;896.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Copyright:
©2025 Gabaev et al. 118

Zhang J, Hansen PK, Fang J, et al. Assessment of the local environmental
impact of intensive marine shellfish and seaweed farming — application of
the MOM system in the Sungo Bay, China. Aquaculture. 2009;287:304—
310.

. Neori A, Chopin T, Troell M, et al. Integrated aquaculture: rationale, evo-

lution and state of the art emphasizing seaweed biofiltration in modern
mariculture. Aquaculture. 2004;231:361-391.

Shaldybin SL. Growth of the Japanese scallop in Whale Bay. Abstract of
the IV All-Union Conference. Viadivostok: TINRO. 1983;201-202.

Gabaev DD, Lvov SM. Rus. patent No. 826998. Collector for artificial
breeding of mollusks. 1981;7:5.

Buyankina SK. Features of growth and development of Japanese kelp
on algae plantations in Primorsky Krai. Commercial algae and their use.
Collection of scientific papers. Moscow: VNIRO. 1981;36-39.

Ito S, Kanno H, Takahashi K. Some problems on culture of the scallop in
Mutsu Bay. Bull of Mar Biol St of Ass. 1975;15(2):89-100.

Borovikov VP. STATISTICA. The art of data analysis on a computer. 2™
ed. St. Petersburg: Piter, 2003;688.

Watanabe S, Kodama M, Orozco ZGA, et al. Estimation of Energy Bud-
get of Sea Cucumber, Holothuria scabra, in Integrated Multi—trophic
Aquaculture. PROCEEDINGS. International Workshop on Resource
Enhancement and Sustainable Aquaculture Practices in Southeast Asia.
2014;307-308.

Reid GK, Liutkus M, Bennett A, et al, Absorption efficiency of blue mus-
sels (Mytilus edulis and M. trossulus) feeding on Atlantic salmon (Salmo
salar) feed and fecal particulates: implications for integrated multi—tro-
phic aquaculture. Aquaculture. 2010;299(1-4):165-169.

Gabaev DD, Aizdaicher NA. Reproduction of some bivalve mollusks
in Primorsky Krai (Sea of Japan). Bull Dalnev malacological society.
2012;15/16:135-153.

Gabaev DD. Non-transplant cultivation of commercial bivalve mollusks.
Fishery Issues. 2008;91(33):218-243.

Gabaev DD. Biological substantiation of new methods for cultivating
some commercial bivalve mollusks in Primorsky Krai. Abstract of Cand
Sci Dissertation. Vladivostok: TINRO. 1990;30.

Zhirmunsky AV. Vertical distribution and cellular heat resistance of bot-
tom animals from the Posyeta Bay (Japan Sea). Helgoland, Wiss. Meere-
suntersuch. 1973;24(1-4):247-255.

Gabaev DD. Settling of bivalve larvae and starfish on collectors in Posy-
eta Bay. Biology morya. 1981;4:59-65.

Gabaev DD, Sharmankin VA. Results of planting juvenile Japanese scal-
lop on the bottom of Peter the Great Bay. Fisheries. 2009;5:35-36.

Moshchenko AV. The role of microscale turbulence in the distribution and
variability of benthic animals. Viadivostok. Dalnauka. 2006;321.

Gabaev DD. Results of joint cultivation of Japanese kelp and edible mus-
sel. Report Abstract. All-Union Scientific Conference. Viadivostok: TIN-
RO. 1988;117-118.

Saito K. Artificial breeding of stocked juveniles of the sea urchin Stron-
gylocentrotus intermedius. Hokkaido Fish Farming Center. Nichiro Korp.
— Transl. from Japanese, NTI 6-2. 1991.

Krupnova TN. On biotechnology of Laminaria japonica cultivation in a
two—year cycle. Commercial algae and their use. Collection of scientific
papers. Moscow.: VNIRO. 1987:20-26.

Citation: Gabaev DD, Gilmour AR. Results of integrated multitrophic aquaculture on seaweed plants in Primorsky krai (sea of Japan). ] Aquac Mar Biol.
2025;14(3):109-118.DOI: 10.15406/jamb.2025.14.00430


https://doi.org/10.15406//jamb.2025.14.00430
https://www.fao.org/4/i1092e/i1092e03a.pdf
https://www.fao.org/4/i1092e/i1092e03a.pdf
https://www.fao.org/4/i1092e/i1092e03a.pdf
https://www.fao.org/4/i1092e/i1092e03a.pdf
https://scholars.cityu.edu.hk/files/33629647/28.pdf
https://scholars.cityu.edu.hk/files/33629647/28.pdf
https://scholars.cityu.edu.hk/files/33629647/28.pdf
https://lib.udsm.ac.tz/cgi-bin/koha/opac-detail.pl?biblionumber=152447&shelfbrowse_itemnumber=102664
https://lib.udsm.ac.tz/cgi-bin/koha/opac-detail.pl?biblionumber=152447&shelfbrowse_itemnumber=102664
https://lib.udsm.ac.tz/cgi-bin/koha/opac-detail.pl?biblionumber=152447&shelfbrowse_itemnumber=102664
https://lib.udsm.ac.tz/cgi-bin/koha/opac-detail.pl?biblionumber=152447&shelfbrowse_itemnumber=102664
https://lib.udsm.ac.tz/cgi-bin/koha/opac-detail.pl?biblionumber=152447&shelfbrowse_itemnumber=102664
https://www.cabidigitallibrary.org/doi/full/10.5555/20000107984
https://www.cabidigitallibrary.org/doi/full/10.5555/20000107984
https://www.cabidigitallibrary.org/doi/full/10.5555/20000107984
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=NART118637681
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=NART118637681
http://aquacase.org/Seaweed/seaweed_production_algaplus/docs/Integrated%20multi-trophic%20aquaculture.pdf
http://aquacase.org/Seaweed/seaweed_production_algaplus/docs/Integrated%20multi-trophic%20aquaculture.pdf
http://aquacase.org/Seaweed/seaweed_production_algaplus/docs/Integrated%20multi-trophic%20aquaculture.pdf
http://aquacase.org/Seaweed/seaweed_production_algaplus/docs/Integrated%20multi-trophic%20aquaculture.pdf
https://www.mdpi.com/2076-3417/12/1/398
https://www.mdpi.com/2076-3417/12/1/398
https://www.mdpi.com/2076-3417/12/1/398
https://saquares.com/index.php/sar/article/view/19
https://saquares.com/index.php/sar/article/view/19
https://saquares.com/index.php/sar/article/view/19
https://www.mdpi.com/2076-3417/12/15/7448
https://www.mdpi.com/2076-3417/12/15/7448
https://library.enaca.org/global-conference-aquaculture-2010/global-conference-2010-proceedings.pdf
https://library.enaca.org/global-conference-aquaculture-2010/global-conference-2010-proceedings.pdf
https://library.enaca.org/global-conference-aquaculture-2010/global-conference-2010-proceedings.pdf
https://library.enaca.org/global-conference-aquaculture-2010/global-conference-2010-proceedings.pdf
https://ui.adsabs.harvard.edu/abs/2009Aquac.287..304Z/abstract
https://ui.adsabs.harvard.edu/abs/2009Aquac.287..304Z/abstract
https://ui.adsabs.harvard.edu/abs/2009Aquac.287..304Z/abstract
https://ui.adsabs.harvard.edu/abs/2009Aquac.287..304Z/abstract
https://ui.adsabs.harvard.edu/abs/2004Aquac.231..361N/abstract
https://ui.adsabs.harvard.edu/abs/2004Aquac.231..361N/abstract
https://ui.adsabs.harvard.edu/abs/2004Aquac.231..361N/abstract
https://tohoku.repo.nii.ac.jp/record/134019/files/0366-4481-1975-15(2)-89.pdf
https://tohoku.repo.nii.ac.jp/record/134019/files/0366-4481-1975-15(2)-89.pdf
https://repository.seafdec.org.ph/handle/10862/2790
https://repository.seafdec.org.ph/handle/10862/2790
https://repository.seafdec.org.ph/handle/10862/2790
https://repository.seafdec.org.ph/handle/10862/2790
https://repository.seafdec.org.ph/handle/10862/2790
https://www.sciencedirect.com/science/article/abs/pii/S0044848609009466
https://www.sciencedirect.com/science/article/abs/pii/S0044848609009466
https://www.sciencedirect.com/science/article/abs/pii/S0044848609009466
https://www.sciencedirect.com/science/article/abs/pii/S0044848609009466
https://www.sciepub.com/reference/133043
https://www.sciepub.com/reference/133043
https://www.sciepub.com/reference/133009
https://www.sciepub.com/reference/133009
https://www.sciepub.com/reference/133009
https://hmr.biomedcentral.com/articles/10.1007/BF01609515
https://hmr.biomedcentral.com/articles/10.1007/BF01609515
https://hmr.biomedcentral.com/articles/10.1007/BF01609515

	Title
	Abstract 
	Keywords
	Introduction  
	Material and methods 
	Results 
	Discussion 
	Acknowledgement 
	Conflicts of interest 
	References
	Figure 1-8
	Table 1
	Table 2 
	Table 3 
	Table 4 

