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Abstract: Integrated Multi-Trophic Aquaculture (IMTA) is growing fast in China, in order for cultivation with
this system to continue. Through eDNA approach in able to detect Ostreococcus lucimarinus which include
picoeukaryotic in IMTA system at enclosed sea (Hangzhou Bay). Information about this species and their
ecological placement in the IMTA system is still very limited. eDNA is an ecological approach that can detect
supply down to the species level in monitoring aquatic ecology in the IMTA system. The purpose of this study was
to determine the taxonomy and guarantees of Ostreococcus lucimarinus and the role of this species in the IMTA
system descriptively. Through high throughput sequencing, the taxonomic results of Ostreococcus lucimarinus and
confinement of this picoekaryotic species were highest in winter with a total of 599,632 ind. Based on the sampling
location, the highest abundance were in aquaculture areas of 337,165 ind. The approach using eDNA has proven to
be capable of detecting up to the species level as well as spatiotemporal abundance dynamics of Ostreococcus

lucimarinus.
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1. Introduction

Agquaculture with emphasis on the concept of
sustainable fisheries and a more environmentally
friendly approach is currently being developed in
China for many decades and rapidly growing, because
China responsible for more than 60% of global
fisheries farm production [1], [2], [3]. This cultivation
is known as IMTA (Integrated Multi-trophic
Aquaculture) which has many advantages that are
integrated between ecology, economy and society [4],
[5]. The term IMTA refers to the integrity of
cultivation using various species at each tropic level
[6]. The dominant aquaculture industry in China, such
as net cages, ropes, other structures in water columns
that have impacted aquaculture waste on the
surrounding environment [7]. IMTA activities in
coastal areas must receive special attention because of
the impact of offshore transfer of cultivation waste and
transfer of waste from the mainland to the cultivation
area [4]. Monitoring, management and evaluation of
both organic and inorganic waste recycling can be
carried out using several methods, one of which is
using the eDNA approach [8], [9], [10], [11].
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eDNA is defined genetic material from a wide
range of organisms obtained directly from
environmental samples (soil, sediment, water, ice)
[12], [13]. eDNA provide key information from using
high-throughput sequencing, it can be effective and
sensitive assay for detecting single or multiple species
(biodiversity), monitoring, exploiting, management,
and conservation in wide range of ecosystem, include
marine ecosystem [14], [15], [16].One of the eDNA
studies in the IMTA area is the role of algae in
controlling nutrient content in waters and their
potential in the fields of biotechnology, food
industries, biofuels, and reducing carbon emissions
[17], [18]. Marine algae range in size from
picoplanktonic cells to macroalgal kelps [19].

Ostreococcus is a marine algae which is one of
the genera of Mamiellales which has a major role as
primary production in the food chain in marine
ecosystems [20], [21], [22]. Ostreococcus is a
photosynthetic picophytoplankton and is included in
the smallest group of eukaryotes because their size is
less than 2um [23], [24]. The identified algae groups,
Ostreococcus lucimarinus is the most dominant
species of Eukaryota found in the IMTA area. Further
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information regarding the abundance of this species is
still very limited and it is a current status that can be
further investigated regarding the role of specific
species in environmental change in the IMTA area.

The purpose of this research is to know the
taxonomy, the abundance of Ostreococcus lucimarinus
based on different sampling points and seasons, and to
describe their role in the marine environment.

2. Material and Methods
2.1. Materials

Water sampling is carried out in the enclosed sea,
Hangzhou Bay, East China Sea in January (Winter),
April (Spring), July (Summer), and October (Autumn)
2019. The enclosed sea located in Hangzhou Bay,
Jinshan City Beach (121°34°73.571 E, 30°70°86l N).
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Figure 1. Sampling location in the enclosed sea,
Hangzhou Bay (red circle) (25).
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Figure 2. Location of eDNA sampling points, where a)
aquaculture area (1,2,3), b) control area (4,5,6), ¢)
algae cultivation (7,8,9) (25)

Water samples were taken at three (3) different

sampling points, the right (sites 1, 2, 3) are locations
representing aquaculture areas (black sea bream, sea
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bass, and blue crab), the middle area (sites 4, 5 , 6) is
the control area, and to the left (site 7, 8, 9) is the algae
(Myriophyllum spicatum) cultivation area. The depth
of each pond is between 6-7 meters.

The materials used in this study were membrane
polycarbonate filters (0.22 pum pore size), gloves,
masks, and 70% ethanol. The tools used in this study
were sterile 5L polyethylene bottles, Kemmerer water
sampler, 1 set of eDNA filtering (filter tunnel and
electric pump), and eDNA vial.

2.2. Methods
2.2.1. eDNA sample collection and filtering

Water samples were collected using a Kemmerer
water sampler (depth 2.5 m) and placed in sterile 5L
polyethylene bottles (for eDNA analysis). Then eDNA
water was immediately filtered in the laboratory and
stored at -80°C.

Water from the polyethylene bottles was poured
slowly into the filter funnel with an engaged electric
pump. During filtering, the wearing of gloves and
disinfecting of forceps using ethanol for at least 1 min
was ensured, followed by rinsing thoroughly in
distilled water. Membrane polycarbonate filters (0.22
um pore size) (Millipore Corporation, Billerica, MA,
USA) were folded in half four times, this membrane is
proven to be able to capture the most DNA compared
to other membrane sizes (26). After the filter funnel
was removed from the rubber stopper, the vials were
stored in a cool place away from light exposure [27],
[28]. Samples (eDNA membrane and soil) were stored
at -80°C and sent to Shanghai Majorbio Bio-pharm
Technology Co., Ltd. (Shanghai, China) for DNA
extraction.

2.2.2 DNA extraction, library contruction, and
sequencing

The extracted DNA samples were dissolved in
30.0 L of Tris-EDTA buffer and quantified. Dilute the
experimental DNA solution in TE to a final volume of
1.0 mL in disposable cuvettes or test tubes. Add 1.0
mL of the aqueous working solution of the Quant-iT™
PicoGreen® reagent in the presence of 500 ng/mL calf

' thymus DNA. Purity of DNA extraction was

determined with NanoDrop2000. The extracted DNA

was then confirmed by 1% agarose gel electrophoresis,
i then library preparation was performed by Shanghai

Majorbio Bio-Pharm Technology Co. The primers that
used for detection Ostreococcus lucimarinus is V4
region of the 18S rRNA [29].

2.3. Data Analysis

Abundance of Ostreococcus lucimarinus using
high throughput sequencing data were assembled using
Illumina MiSeq (Illumina, San Diego, CA, USA) and
interpretation itu using PAST 4.03 software (32-bit and
64-bit PCs, Oyvind Hammer).
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3. Results and Discussion

3.1. Taxonomy of Ostreococcus lucimarinus

The results of reading the eDNA sequence,
Ostreococcus lucimarinus was identified by matching
taxonomy based on www.algabase.org. The taxonomy
consists of 9 classifications. Part of the calcification of
this species in detail can be seen in Table 1.

Table 1. Taxonomy classification of Ostreococcus

lucimarinus
Taxonomy of Ostreococcus lucimarinus
Empire Eukaryota
Kingdom Plantae
Subkingdom Viridiplantae
Infrakingdom Chlorophyta infrakingdom
Phylum Chlorophyta
Class Mamiellophyceae
Order Mamiellales
Family Bathycoccaceae
Genus Ostreococcus

The contribution of knowledge about the
taxonomy of marine algae is very much needed in
relation to a thorough understanding of their role in
environmental changes in the sea [30], [21]. Knowing
the taxonomy of Ostreococcus lucimarinus can
provide relevant information regarding its role in
marine waters, especially the IMTA area.

3.2 Spatiotemporal abundance of Ostreococcus
lucimarinus

Ostreococcus  lucimarinus  was  found in
abundance in all seasons and research areas in the
enclosed sea, because this species is cosmopolitan and
can survive in different temperature [31], [21].
However, the highest abundance occurred in winter
(total 599,632 ind.) followed by spring (total 288,593
ind.). The discovery of species abundance in this study
is also the same as the research conducted by research
by [21], Ostreococcus lucimarinus is one of the
species found in abundance in winter. In winter, the
most abundance of this species is found in IMTA areas
of 337,165 ind. (Figure 3). In this study, the abundance
of Ostreococcus lucimarinus in winter and also in
aquaculture area is due to the abundance of
micronutrients and macronutrients from the excretions
of fish and crab farming in aquaculture area at
enclosed sea. The abundance of eukaryotic
picophytoplankton is due to the availability of
essential micronutrients, this supports its role as
primary productivity and carbon transfer at other
trophic levels [32].

Winter in the East China Sea and The Yellow
blows winds from the north intensively which
contributes to causing heat loss to the atmosphere, thus
impacting the mixed layer which affects physical and
biogeochemical processes [33], [34].
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Figure 3. Dynamics of Ostreococcus lucimarinus
abundance based on different sampling points and
seasons.

Iron (Fe) is one of the important micronutrients
which is a limiting factor for the growth of
phytoplankton at sea level which affects the ability to
photosynthesize, fix and transfer nitrogen, carbon
fixation, and the dynamics of phytoplankton. [35],
[36], [37]. Besides that, there is also manganese,
molybdenum, and nickel [38], cobalt [39], dan copper
[40] those become micronutrient for phytoplankton.
Based on research by [24] by culturing Ostreococcus
lucimarinus, this species was able to reduce the Fe
content by up to 68%. Waste products from pelagic
vertebrates can thus contain high concentrations of Fe
released through reduction of Fe from microbial
activity [41], [42], because more than 99% of iron is
bound to complex organic ligands [43]. In winter, iron
bound to organic ligands will be in a stable condition
and precipitate in sediments (large iron deposits) and
release dissolved Fe in the water column which will be
utilized for phytoplankton productivity [44], [45], [46],
[43]. Waters with low temperatures can enrich the
dissolved Fe content on the surface of the water
through remineralization of Fe [47], [48].

4. Conclusion

Taxonomy of Ostreococcus lucimarinus are
consists of 9 classification that the abundance of this
species is highest in winter and at aquaculture areas.
Based on the study description, Ostreococcus
lucimarinus is able to bioindicator and absorb iron for
their growth.
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