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Based on the incompressible RANS equation, the KVLCC1 ship’s 
resistance field’s numerical simulation is carried out. In this paper, the 
bare hull (calm water resistance and wave resistance) and hull-propeller-
rudder models are studied and compared with the values of the Hydrostatic 
resistance test. In the hull-propeller-rudder system’s performance analysis, 
the body force method is used to replace the real propeller model. The new 
calculation domain is set for the hull-propeller-rudder system model and 
meshed again to obtain the highly reliable numerical simulation results. 
Finally, the calculation results are analyzed. The research results in this 
paper can provide technical support for the resistance of similar ship types.
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1. Introduction

The commonly used methods for studying the hydrody-
namic performance of ships are tank experiments and nu-
merical simulation. Because of the high cost and the long 
cycle time of the tank experiment, it is difficult for indi-
vidual researchers. Therefore, most scholars currently use 
numerical simulation. In recent years, the use of the CFD 
(Computational Fluid Dynamics) method has been used 
to study the hydrodynamic performance of ships and has 
achieved rich research results [1-2]. There are three types of 
ship hydrodynamic performance: resistance prediction of 
the bare hull in still water, performance prediction of ship 
self-propulsion, and ship-propeller-rudder system perfor-
mance prediction. Especially, the bare hull’s hydrostatic 
resistance prediction has been studied very maturely, and 
the error with the experimental value is kept within 3%, 

which can meet the requirement of engineering [3]. Al-
though the performance prediction of ship self-propulsion 
mainly calculates the propeller’s hydrodynamic perfor-
mance and many researchers [4], due to the complexity of 
resistance prediction of the ship-propeller-rudder system, 
there are few researchers right now. However, the various 
analyses under the hull, propeller, and rudder interaction 
are currently a hot topic in ship hydrodynamics.

Due to the mutual coupling, a complicated circumfer-
ential flow field will be generated in the waters. On the 
one hand, the propeller’s suction effect will change the 
flow field at the stern and the pressure on the surface of 
the hull, thereby increasing the resistance. On the other 
hand, when the flow field at the stern of the hull changes, 
it will affect the propeller’s thrust. It is very likely to form 
the cavity, noise, etc. Also, it can change the rudder’s side 
load. Specifically, when the propeller produces an explo-
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sive wake field for the rudder, its lift will be severely dam-
aged. This paper studies the KVLCC1 ship-propeller-rud-
der system’s resistance performance based on the CFD 
because of the previous research results. The research 
results can provide a meaningful reference for the design 
and calculation of similar ship types.

2. Basic Theory of CFD

The entire flow field uses the continuity equation and 
the Navier-Stokes equations as the governing equations [5]. 
It uses the turbulence model, adopts the VOF (Volume 
of Fluid) method to track the free surface. Besides, the 
governing equation is discretized by the volume-centered 
finite difference method. All time-term are used in the 
Second-order backward difference method; wave genera-
tion methods use the boundary velocity method.

Wave equation:
                                                                 (1)

Velocity Field:

( ) 0, , cos( )ω ω= − +kz
eu x y t a e kx t U                              (2)

( ), , z 0=v x y                                                                   (3)

0( , , ) sin( )ω ω= −kz
ew x y z a e kx t                                      (4)

Where the k is the wavenumber, which depends on the 
formula: k=2π/λ; the ω0 is the Natural frequency of waves. 
It depends on the recipe: .

The establishment of the damping region is necessary 
for preventing the influence of the reflected wave. The 
damping model provided by STAR-CCM+ is used to 
dampen the waves. The length of the damping region is 
1-2 times the steady wave-making. In this paper, by add-
ing a damping term [6] at the outlet of the pool to attenuate 
the wave in the vertical direction, the vertical velocity at 
the outlet of the numerical wave pool is almost zero to 
achieve the purpose of wave elimination. The wave dissi-
pation formula is deduced as follows:

                                                (5)

where, k = , xsd is the starting point of the 

absorbing
 
region, xed is the outlet boundary of the wave 

tank, f1, f2 and nd

 
are the parameters of the model, and β is 

the vertical velocity
 
component.

3. Motion Equation of Ship with 6-DOF

When establishing the ship model’s 6-DOF motion 
equations, it is necessary to establish two reference 
frames: one is the fixed coordinate system, OoXoYoZo., 

and the other is the follow-up coordinate system GXYZ 
fixed on the hull. As shown in Figure 1, the origin of the 
moving coordinate system is at the center of gravity of the 
ship, in which the Gx, Gy, and Gz are the intersections of 
the midship section, the longitudinal section in the cen-
ter plane, and the waterplane passing through the center 
of gravity, respectively. Follow-up coordinate system, 
the X-axis is positive for the bow, the Y-axis is positive 
for the starboard side and the Z-axis is positive for the 
downward direction [7]. The STAR - CCM + FDB module 
activates the heaving and pitching, to complete the ship 
motion simulation performance.

Figure 1. The fixed coordinate system and the follow-up 
coordinate system

                                                         (6)

                                      (7)

Where the B, Ω, F, K, U, and M, in turn, are the mo-
ment of the resultant force, ship’s momentum, angular ve-
locity, external force, the moment of momentum, and ship 
speed, respectively.

4. KVLCC1 Ship Hull

The KVLCC1 ship model is the standard ship type in 
the international symposium SIMMAN2014. Compared 
with the ship types such as Wigley and KCS, its surface is 
more complicated. To compare the numerical simulation 
results with the experimental values, the scale ratio used 
in the model is 64.386 (compared with the actual ship 
model). The 3D model is shown in Figure 2, and the con-
crete parameters are shown in Table 1.

Figure 2. 3D model of KVLCC1 naked hull

DOI: https://doi.org/10.30564/jms.v3i1.2506
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Table 1. The main parameters of the KVLCC1 ship model

Parameters Numerical Parameters Numerical

The length between 
perpendiculars(m) 4.97 Block coefficient, 

Cb 0.8099

Molded breadth, B(m) 0.901 Froude number, 
Fn 0.142

Draft, Td(m) 0.323 Speed, Vm(m/s) 0.994

Wet-surface area, S(m2) 6.589

The computational domain and boundary of the KVL-
CC1 ship model are shown in Figure 3. Among them, the 
inlet is defined as the velocity inlet; the outlet is defined as 
the pressure outlet. Also, the two sides are set as the plane 
of symmetry. The other positions are set as the velocity 
inlet; the hull is a no-slip wall. In order to save computing 
resources, only half of the hull is simulated.

       

(a) Computational domain          (b) Boundary setting

Figure 3. The computational domain and boundary condi-
tions

For the computational domain grid, set the raw size to 
0.1m, the prism layers number is 6, and the absolute thick-
ness values to be 0.002m. The thickness of the boundary 
layer grid’s height value mainly depends on the Reynolds 
number. When dividing the grid, the parameter y+ refers 
to the first boundary layer grid, which is generally con-
trolled at about 6.25 to 50. It is obtained from the dimen-
sionless local Reynolds number in the near-wall region. 
The estimating formula is:

                                                     (8)

Mesh generation is an essential part of numerical 
simulation. The quantity and quality of the grid will sig-
nificantly affect the time and results of the numerical 
simulation calculation. Furthermore, the mesh’s quality 
plays a decisive role in calculation accuracy. To better 
simulate the hull’s motion on the waves, this paper adopts 
the chimera grid technology that comes with Star-ccm to 
establish the background (fixed part) grid and overlapping 
(moving part) grid area, respectively. The background 
grid is relatively sparse, and the overlapping regions are 
denser. Overlapping and background grids must be exces-
sive in a particular proportion. The free surface must also 

ensure that there are at least 80 grids within a wavelength 
and at least 20 grids within a wave height. Taking into 
account computing time and machine location, the final 
number of grids generated is 2.49 million. Figure 4 shows 
the mesh generation of the hull and rudder’s surface and 
the mesh refinement of the bow and stern on the ship. 
From the figures, it can be seen that the grid near the free 
surface gradually becomes sparse outward from the hull. 
To capture the free surface more accurately, the water sur-
face also needs to be refined, as shown in Figures 5, 6.

Figure 4. Hull meshing

Figure 5. Free surface and boundary layer meshing

Figure 6. The grid of water surface

5. Hydrostatic Resistance Calculation

When Fn=0.142, the iteration number reaches 1249, so 
at 5s, the pressure curve stabilizes. The iteration number 
from 14492 to 17,489, the resistance change rate is less 
than 5% and stable at 6.612N (only half of the models are 
selected in the simulation; the entire ship’s resistance must 
be multiplied by 2). Finally, the total number of iterations 

DOI: https://doi.org/10.30564/jms.v3i1.2506
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is 24,735. This simulation uses an eight-core workstation 
to calculate, which is about wall clock time 12 hours. 
Compare the calculation results with the experimental re-
sults [8], as shown in Table 2. It can be seen from the table 
that the calculation result is relatively close to the experi-
mental value, indicating that the reliability of the simula-
tion result is higher.

Figure 7 is the oscillogram of the free surface of the 
bare hull. It can be seen from the oscillogram that the 
stabilized waveform shows the shape of the Kelvin wave. 
Figure 8 shows the pressure distribution on the surface of 
the bare hull in still water. According to Figure 8, it can 
be seen from the figure that the pressure in the stagnation 
area formed at the bow decreases from the maximum. 
Also, vortices are generated at the bilge and shoulder, 
which causes the pressure to decreases rapidly and 
forming two low-pressure regions. There was almost no 
change in pressure in the mid-hull area. In the middle and 
rear part of the hull, the pressure first drops until it rises to 
a certain extent at the stern, mainly due to shoulder waves 
and vortices’ influence.

Figure 7. The oscillogram of the free surface of the bare 
hull

Figure 8. The pressure profile of the free surface of the 
bare hull

6. Wave Resistance

The calculation conditions of wave resistance are 
shown in Table 3. Compared with the drag convergence 
curve in still water. When the calculation time step is set 
the same, the time required for the bare hull model’s resis-
tance to reach convergence in the first-order regular wave 
becomes significantly longer. Similarly, when the number 
of iterations is 2501, that means the physical time is about 
10s. At this time, it tends to be stable. Then, when the iter-
ation number is between 5096 and 6019, the value change 
range is less than 5% and finally stabilizes at 7.86N.The 
time history curve is shown in Figure 9. Comparing the 
value with the resistance of the bare hull in still water 
and the experimental data, as shown in Table 4, it can be 
found that the resistance in the first-order regular wave is 
increased by 13.36% compared with the resistance of the 
bare hull in still water. As can be seen that waves have a 
significant influence on hull resistance.

The wave added resistance is equal to wave resistance 
minus the calm water resistance,

                                                            (9)
Where the Raw, RW and RT are the wave added resis-

tance, the wave resistance and calm water resistance, re-
spectively.

The dimensionless expression of the wave added resis-
tance is:

                                                               (10)

Where the ρ, S and V are the fluid quality density, the 
hull wet surface and speed, respectively.

Table 3. Calculation conditions

Parameters Numerical

Froude number, Fn 0.142

Wave steepness, ak 0.0109

Wavelength, λ(m) 2.485

Wave height, H(m) 0.0487

Frequency, v(Hz) 0.2234

DOI: https://doi.org/10.30564/jms.v3i1.2506

Table 2. Comparison of calculation values with experimental values (N)

Fn Result Pressure drag Frictional resistance Total resistance Deviation between total resistance and 
experimental value

0.142
Calculated value 1.023 12.20 13.224

-4.64%
Experimental value - - 13.867
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Figure 9. The resistance time history curve

Figure 10 shows the oscillogram of the free surface of 
the bare hull in waves. This oscillogram shows that the 
incoming current flows from the bow first, so the peak 
is formed at the bow. Near the middle of the ship, the 
change of the waveform is relatively stable. At the stern, 
a ship wave forms and gradually dissipates as the stern 
moves backward. It can be seen from the oscillogram that 
under the action of regular waves, the oscillogram of the 
free surface formed around the hull has slightly changed, 
which is not very different from the oscillogram in still 
water.

Figure 10. The oscillogram of the free surface of the bare 
hull in waves

Figure 11. The pressure profile of the free surface of the 
bare hull

According to Figure 11, the peak pressure appears near 
the bow and generally shows a decreasing-increasing-de-
creasing-increasing trend along the length of the boat. 
Among them, the pressure attenuates sharply at the bow 
and creates two low-pressure regions at the bow. Besides, 
this is the lowest pressure region of the entire hull in the 
waves. When it is close to the parallel middle body, it ris-
es again. At the rear end of the parallel middle body near 
the stern, it first reduces the pressure value close to the 
parallel middle body. Then gradually increase along the 
stern. In general, speaking, the pressure distribution of the 
overall ship is not particularly noticeable.

7. Resistance Calculation of Hull-propel-
ler-rudder System

7.1 Calculation Principle of Body Force Method

The VLM (Vortex Lattice Method), based on the po-
tential flow theory, generates the body force that meets 
the requirements of the edge of the propeller blade [9]. It 
assigns the body force to the propeller’s grid area, that is, 
it adds thrust and torque to replace the actual load on the 
surface of the propeller. The formula of the applied vol-
ume force source term is as follows:

                                                                 (11)

                                             (12)

                               (13)

Where, 
HP

H

RR
Rrr
−
−

= 1* , 
P

H
H R

RY = ,

( )( )HH

t
x

x

C
A

Y1Y34

105
' −+∆

=

( )( )HH

Q

xJ

K
A

Y1Y34

105
'2 −+∆

=
πθ

Where r1 represents the distance from any point in the 
propeller area to its axis; YH is the hub diameter ratio, that 

DOI: https://doi.org/10.30564/jms.v3i1.2506

Table 4. Comparison of wave resistance with experimental values (N)

Fn Results Hydrostatic resistance Wave resistance Deviation between Hydrostatic resistance and Wave resistance

0.142
Calculated value 13.224 15.720

13.36%
Experimental value 13.867 ——
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is to say, RP and RH are the radii of the propeller and the 
radius of the hub, respectively; Ct is the dimensionless 
thrust coefficient; KQ is the dimensionless torque coeffi-
cient.

7.2 Modeling

The Body Force Method (BFM) is used to simulate the 
propeller. First, a virtual static disk model is created based 
on the specified propeller curve. The thrust coefficient 
Kt, torque coefficient KQ, process ratio J, and open water 
efficiency η are all derived from open water tests of the 
KVLCC1 ship’s propeller in SIMMAN 2008. Secondly, 
determine the size and position of the virtual disk, and 
define the direction of the disk axis. Next, set the inflow 
velocity plane’s properties. Make the velocity plane radius 
more significant than 10% of the virtual disk radius, and 
offset the velocity plane to 10% of the virtual disk diame-
ter. Finally, set the virtual disk’s rotation rate to be the ro-
tation speed of the propeller in the open water test, which 
is 8.5rad/s. As shown in Figure 12.

Figure 12. Propeller’s action region

7.3 Analysis of Calculation Results

Due to the large number of grids in the entire calcula-
tion, it takes about 40 hours in total to use an eight-core 
workstation. Comparing the results with the hydrostatic 
test. In Table 5, after considering the propeller rotation, 
the resistance of the ship-propeller-rudder system has in-
creased by 13.49%. This shows that the propeller still has 
a significant influence on the hull resistance. Therefore, its 

effect needs to be considered when calculating the actual 
resistance.

Figure 13 shows the oscillogram of the free surface of 
the ship-propeller-rudder system. From the oscillogram, 
the free surface presents a clear Kelvin wave, which 
reflects the reliability of the numerical simulation. The 
streamline diagram of the surface of the hull and rudder 
is shown in Figure 14. The streamline diagram shows that 
when the water flows through the propeller’s action re-
gion, some streamlines are shifted because of the suction 
role of the propeller.

Figure 13. The oscillogram of the free surface of the 
ship-propeller-rudder system

Figure 14. The streamline diagram of the surface of the 
hull and rudder

To further obtain the force condition of the ship-propel-
ler-rudder system in the fluid, this paper sets four groups 
of different working conditions for calculation, Fr=0.142, 
as shown in Table 6. Analyze and use the data in Table 6 
to draw Figure 15. It can be seen from the curve that the 
zero of the curves indicates that the net resistance is zero, 
which means that the resistance of the hull is balanced 
with the thrust generated by the propeller. If the shipping 
speed reaches 0.99m/s, the propeller’s rotational speed 
needs to reach 55r/s.

DOI: https://doi.org/10.30564/jms.v3i1.2506

Table 5. Comparison of resistance results (N)

Fn Research object Calculated value Experimental value (Naked hull) Deviation between the calculated value and 
experimental value

0.142 hull-propeller-rudder 36.84 31.87 13.49%
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Table 6. The net resistance of the ship-propeller-rudder 
system (N)

Conditions Rotational 
speed (r/s)

Propeller 
thrust Resistance Net resistance

1 20 5.5 -51.5 -46

2 40 24.5 -50.5 -26

3 60 59.5 -49.5 10

4 80 99.5 -48.5 51

Figure 15. The fitting curve of net resistance of the 
ship-propeller-rudder system

Figure 16. The pressure profile of the free surface of the 
ship-propeller-rudder system

Figure 16 shows the pressure distribution on the surface 
of the entire ship-propeller-rudder system during direct 
navigation. As shown from the pressure profile, since the 
rudder angle is not set, the hull surface pressure is sym-
metrical. There is a high-pressure area at the bow, mainly 
because it first contacts the inflow and forms a layered 
decrease along with the entire bulbous bow. Additionally, 
in the middle and front part, the shoulders on both sides of 
the hull and the bilge have a small range of low-pressure 
area, and the pressure in the entire parallel middle body 
is the same. The pressure at the rear end of the parallel 
midbody begins to decrease again until the pressure on the 
stern and the rudder’s surface begins to increase gradually, 
and the pressure at the bottom edge of the rudder gradual-
ly decreases. This pressure change leads to the generation 
of vortices.

8. Conclusion

Based on the CFD theory, the calm water-resistance of 
the KLVCC1 ship was studied. Firstly, the reliability of 
the numerical simulation was verified by comparison with 
experimental values. Then the Stokes wave numerical 
wave tank was established to simulate the ship’s resistance 
in waves. Finally, based on the body force model, the re-
sistance of the ship-propeller-rudder system is studied. To 
sum up, the comparison with the static water experimental 
value proves that rudder and propeller’s effect must be 
considered in the research of resistance through numerical 
simulation.
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purpose of the existing paper is to present an overview of its extensive 
physical features and circulation patterns. To achieve this goal, more 
than five decades of data analysis - from  1960 to 2015 - were taken into 
consideration and the results were validated against acknowledged data, 
both from satellite data over the last two decades and in-situ measurements 
from first decades. The circulation of the Black Sea basin has been studied 
for almost 400 years since the Italian Count Luigi Marsigli first described 
the “two-layer” circulation through the Bosphorus Strait in the year 
1681. Since climate change projections for the Black Sea region foresee 
a significant impact on the environment in the coming decades, a set of 
adaptation and mitigation measures is required. Therefore more research 
is needed. Nowadays, the warming trend adds a sense of immediate 
urgency because according to the National Oceanic and Atmospheric 
Administration’s National Centre for Environmental Information, July 2020 
was the second-hottest month ever recorded for the planet. Its averaged 
land and ocean surface temperature tied with July 2016 as the second-
highest for the month in the 141-year NOAA’s global temperature dataset 
history, which dates back to 1880. It was 0.92°C above the 20th-century 
average of 15.8°C, with only 0.01°C less than the record extreme value 
measured in July of 2019.

Keywords:
Black Sea basin
Circulation patterns
Historical data
Climate change
Extreme values

1. Introduction

The Black Sea is clearly one of the most conspicuous 
inland seas throughout the entire world. Squeezed between 
Central Asia and Western Europe, the wider Black Sea 
area borders Turkey to the South and Russia to the north. 
Following the Persian Gulf, this region is the second-larg-
est reservoir of oil and natural gas and has considerable 
deposits of coal and, of course, a traditional adherence 
to fossil fuels [1]. At the same time, it is renowned for the 

potential of its substantial renewable in hydropower, solar, 
and wind energy, and altogether [1-7], these factors raise 
awareness whenever climate change generate concern. 
The Black Sea is cut off from the world’s ocean through 
its unique particularities. The dominant forces acting upon 
the Sea are represented by gravity, buoyancy - the floa-
tation force of a material of lower density than the liquid 
that is immersed in - and wind, generating its dynamics 
of currents, tides, and mixing waters. Taking into con-
sideration that the Black Sea’s surface is relatively small 
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- roughly 423 000 square kilometres - the surface tides 
produced by the gravitational attraction of the moon are 
almost insignificant. However, on the other hand, buoy-
ancy maintains less dense layers of water floating on top 
of thicker ones, remaining unmixed, unless the buoyancy 
of either layer changes considerably through cooling of 
the lighter layers or warming of the denser ones. Another 
likelihood of mixing the layers would be the increasing or 
decreasing of the salt amount [8].

The Black Sea is permanently stratified, given the 
fact that it has developed two primary water layers 
which are separated by a strong density gradient, or 
pycnocline [8]. Its unique body of water is represented by 
the cold intermediate layer, below 70-150 metres, colder 
and saltier than the upper layer. It must be outlined that 
the Black Sea has a positive freshwater balance, which 
implies that it receives more freshwater from rivers (Eu-
rope’s second, third, and fourth largest rivers - Danube, 
Dnipro, Don - flow into the Sea) and rainfall than it loses 
from evaporation [8]. Every year, the Black Sea receives 
roughly 350 square kilometres of river water and about 
250 square kilometres of precipitation, while evaporation 
releases only 350 square kilometres of water [9]. Given the 
positive freshwater balance, the level of the Black Sea is 
higher than that of the Marmara Sea by an average of 0.43 
metres [9]. Therefore, the excess of water flows through the 
Bosphorus Strait into the Marmara Sea, resulting in the 
development of two flows throughout the strait. The upper 
one leaves the Black Sea and transports surface water out 
of it.

Meanwhile, the bottom flow carries salty water, with 
salinity between 35 and 36‰ from the Mediterranean to 
the Black Sea [9]. The much saltier water mixes with the 
waters of the basin, ending in a relatively low salinity at 
the surface, with an average of 18.2‰, though it could be 
much lower near river outflows. The lower layer of the 
Bosphorus Strait has an average salinity of 21.8‰. One 
could say that a difference of 3.6‰ is insignificant, but 
is enough to prevent the bottom, hydrogen sulfide water 
from reaching the sea surface [4,8], posing a significant 
threat to human life and the surrounding environment [8].

According to statistics and researchers [8-10], an average 
of 300 cubic kilometres of bottom water mixes into the 
surface layer yearly, which is equivalent to a layer of al-
most 2 millimetres thick of bottom water per day. There-
fore, it would take somewhere near 2000 years for all that 
bottom water to be circulated through the pycnocline [8]. 
According to [8], the layer nearest the surface with constant 
density is mixed by the wind and waves, and it is known 
as the “upper mixed layer”. Secondly, the deepwater 
area has minimal variation regarding the density, and the 

temperature is warming the water near the surface - the 
measurements took place during middle spring - but it is 
getting colder with depth until a cold intermediate layer 
of around 7.5-8°C is reached. The more bottomless Sea 
is warmer, mainly from the Mediterranean water, but also 
from geothermal processes underneath the seabed [8].

Gradually, but at a plodding pace, the bottom water 
layer does mix, to form the upper layer. The rate of overall 
mixing can be determined from the water balance through 
the Bosphorus Strait, as it is the only gateway of seawater 
to the Black Sea. Logically, in the long run, the amount of 
salt entering must be equal to the one leaving; otherwise, 
the seawater would become fresher or saltier [8].

2. Circulation Patterns in the Black Sea Basin

On a global scale, thermohaline circulation is part of 
the ocean circulation driven by density gradients created 
by surface heat and fluxes of freshwater, and it is a signif-
icant regulator of the Earth’s climate. The thermohaline 
circulation process of the Black Sea is similar but on a 
smaller, regional scale. One of the distinctive character-
istics of the Black Sea is the cold intermediate layer (also 
known as CIL), a relic of the cold winter water masses, 
which in summer are covered by warmer surface water, 
being a subject of constant debate among researchers. 
Different hypotheses on the establishment of the cold in-
termediate layer were put forward throughout the years. 
Some say that it was formed as a result of advective and 
convective contributions taking place along anticyclonic 
regions of the Sea, largely dawning from the shelf and 
the continental slope area throughout the winter and 
expanding during spring and summer [11]. It was Luigi 
Marsigli who first recognized that the Bosporus currents 
were purely a simple outcome of the difference among 
the water densities in the Black and Mediterranean Seas. 
He succeeded in demonstrating this density difference by 
developing a physical model that captured the striking 
features of the phenomenon that has intrigued oceanogra-
phers since 1681 - considered by scientists the year of the 
foundation of modern oceanography [12]. Water from the 
cold intermediate layer is essential for the biology of the 
Black Sea since it is richer in plant nutrients than offshore 
surface water and fertilizes the Sea when it is mixed back 
to the surface [8].

The Black Sea’s general circulation features consist 
mainly of the cyclonic Rim current, drifting along the 
continental slope, and various cyclonic and anticyclonic 
mesoscale eddies located inside the primary current or 
between it and the shore [4,13]. Nevertheless, the mesoscale 
eddies emerge along the borderline of the basin, as part 
of the Rim structure. It is mesoscale circulation that ef-
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fectively links coastal hydrodynamic and geochemical 
processes to those in the deep Sea, hence providing a 
mechanism for two‐way transport between nearshore 
and offshore areas [13].

Horizontal circulation of the Black Sea is characterized 
by gyres, which are wind-driven cyclonic and anticyclonic 
currents with similar dimensions to that of ocean basins. 
Black Sea’s circulation is nearly driven by the winds and 
the buoyancy differences between inflowing freshwater 
and the saltier Mediterranean inflow [8]. Consequently, 
throughout the year there is a cyclonic circulation at vari-
able speed. Figure 1 depicts a changeless feature of the 
upper layer circulation - the Rim Current surrounding the 
whole Black Sea. From place to place, it has a width of 
some tens of kilometres and sometimes may achieve a 
maximum speed of 0.8-1 knot, which is between 40 and 

50 cm/sec, at times increasing up to 1.6 knots, or 80-100 
cm/sec [8]. Direct observations have determined these re-
sults and in situ measurements, as well as available satel-
lite data of the current velocity from surface buoys [8,11,14]. 
Figure 1 reveals the circulation of the Black Sea on 23rd of 
October 2020 using a snapshot from [14], and the naviga-
tion traffic at that specific moment. 

Figure 2 indicates the characteristics of the circula-
tion in gyres, with the permanent Rim current following 
the continental shelf, as a general rule. Nevertheless, the 
coast’s shape sends it on seawards short cuts in some plac-
es, outwitting another gyre, much smaller, between the 
coast and the Rim - Bosphorus gyre, in the south-western 
part, and the Batumi gyre, in the south-eastern coast, both 
of them represented as continuing features. Inside the Rim 
current, there are two (more or less) permanent gyres, 

Figure 1. Circulation patterns in the Black Sea (23rd of October 2020) and the most circulated navigation routes. Snap-
shot from [14]

Figure 2. Schematic diagram of the general circulation in the Black Sea basin - the solid lines indicate the habitual fea-
tures of the general circulation. (Modified satellite map provided by NASA - a screenshot from NASA’s globe software 

World Wind)
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marked and known as the “Western” and “Eastern” gyres. 
They are of great significance as they mark the pathway of 
planktonic larvae - that cannot swim against the currents 
and their whole lifecycle has been adjusted to the circula-
tion. Within the Rim Current and the shore, there is also a 
range of seasonal gyres, with as much significance as the 
ones as mentioned earlier, as they play a significant role in 
the redistribution of  Danube and Dnipro’s water and mix-
ing it with the Black Sea surface water [8].

It has been confirmed that the interannual wind vari-
ability has a meaningful effect on the mesoscale activity 
and consequently on the Black Sea’s circulation. The 
mesoscale activity is shallow when the wind force has 
long-lasting, vital cyclonic events which strengthen the 
large scale circulation. However, the large scale circula-
tion is less intense, and the mesoscale activity expands 
when the wind is anticyclonic. Consequently, it is of 
utmost importance to take into consideration wind vari-
ability in numerical modelling to avoid undervaluing the 
contribution of critical physical processes that dominate 
the ocean’s response to the climatic forcing, as presented 
in [11,15,16].

Knipovich first described in 1932 that the general cy-
clonic circulation is attributed to the cyclonic nature of 
the wind field. Nevertheless, various classifications and 
further investigation of the circulation have been carried 
out since then, suggesting that the circulation patterns are 
dominated by fundamental factors such as the sequence of 
the seasonal thermohaline circulation induced by non-uni-
form surface fluxes, the wind, and the topography of the 
basin. Another major determinant that contributes to the 
Black Sea’s general circulation is the freshwater inflow 
from the rivers along with the dense Mediterranean inflow 
in the Bosphorus proximity, generating lateral buoyancy 
fluxes. The spatiotemporal inconstant sub-basin scale 
features are typically cyclonic gyres in the deep Black 
Sea and some anticyclones positioned at the shelf split be-
tween the coast and the Rim Current.

The semi-permanent characteristics are schematized in 
figure 2. Beginning from the north-eastern part, in a clock-
wise way, the Caucasus eddy in the north-eastern coast, 
the Batumi eddy in the south-eastern corner of the basin, a 
range of anticyclones along the Anatolian coast (including 
the Sakarya, Sinop and Kizilirmak eddies), the Bosphorus 
and Kali-Akra eddies in the western part, the Sevastopol 
eddy at the west of the Crimean peninsula, and the Crimea 
eddy at the east of the peninsula. 

Generally, seas have a significant component of meso-
scale circulation [11], and eddying movements are nearly 
everywhere. Eddies stir the flow, transport heat and trace 
chemicals across it. Globally, the humblest circulations are 

merely a few millimetres in size, yet the greatest is more 
than ten thousand kilometres in diameter. Circumstances 
such as latitude, nearby bottom topography, energy level, 
as well as the nature of their generation, contribute to the 
variation of the horizontal scales of mesoscale eddies [11]. 
This fabulous range of variety comes from the tendency 
for the high-latitude ocean to have lighter density stratifi-
cation and larger Coriolis rate. Mesoscale eddies are often 
created by the uncertain meandering of a strong current 
where the waving deflection of the current is itself a form 
of the underlying eddy, which might finally turn into a cir-
cular one. However, wind or a colder sea surface water, as 
well as a flow over a former island or rocky seafloor can 
contribute to the creation of a mesoscale eddy, which is a 
fundamental mechanism of transport of impulse, heat, and 
trace water properties ( for example oxygen, chemicals, 
biological communities, and nutrients).

As regards the Black Sea, oceanographic surveys and 
the availability of satellite data added considerable detail 
to the description of its circulation. Thus, a novel feature 
discovered is that the regular circulation is not as steady 
as beforehand thought, and there is unusual mesoscale ac-
tivity in the region. While mesoscale eddies in the Black 
Sea usually have 80 to 100 kilometres in diameter and 
they seep deeply into the pycnocline (dropping to almost 
400 m in some areas), with a velocity near the sea surface 
between 15 and 50 cm/s.  

3. Statistical Analysis of the Circulation Pat-
terns in the Black Sea Basin Using Satellite 
Data, Recent Measurements, and Simulations 
with Numerical Models

It has been stated that the general circulation of the 
Black Sea is wind-driven and also driven by extensive 
freshwater input  from the “three-D” rivers - Danube, 
Dnipro, and Don. In the year 1994, the Danube river was 
declared one of the ten Pan-European transport passage-
ways - the seventh one. The Danube outflow produces a 
current system that seldom generates strong interactions 
with waves - especially at the Saint George’s arm in the 
southern part [2]. Its alluvium has led to the creation of the 
Sacalin Islands in 1897, which measure 19 kilometres in 
length - and still growing.  

Generally speaking, validated models that have been 
used to reproduce the Black Sea hydrodynamics fall into 
two major categories, such as data assimilation models 
and those with weak/strong relaxation. An approach of the 
interannual variability of the Black Sea’s hydrodynamics 
is reported in [17], providing a model without relaxation; 
however, neither sea surface salinity nor water column 
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salinity is displayed. The models presented in [18,19,20,21] 
are based on data assimilation and available satellite data 
for altimetry and sea surface temperature to force model 
works. Given the lack of consistent data for sea surface 
salinity, typically climatological datasets are utilized in-
stead. However, they failed to replicate the vertical Black 
Sea thermohaline structure, such as the cold intermediate 
layer’s properties, realistically, but are suitable for oper-
ational forecasting (CMEMS, [4]  ). The second category 
includes stand‐alone ocean models with distinct 
relaxation plots to climatological or observational sea 
surface temperature and sea surface salinity time series. 

Because of the complexity and hardness of repro-
ducing the surface salinity and its extensive vertical 
gradients, newer versions of statistical modelling of 
currents are bound to continue to use sea surface salinity 
relaxation. Besides, the Black Sea’s surface salinity ob-
servational data is still rare and meagre. Notwithstanding 
its shortcomings, the present data can be used to some 
extent for relaxation in hindcast simulations, as presented 
in [19,20,21]. Nevertheless, a model capable of performing 
scenarios for the future is highly needed, not only for the 
phytoplankton blossom but also to foresee potential eco-
logical changes.

Consequently, these factors motivated researchers to 
generate a model capable of simulating the mesoscale and 
thermohaline circulation in the Black Sea for a perpetual 
multidecadal period without any relaxation via external 

fields. The 3D hydrodynamic model presented in [13] cov-
ers the 3D General Estuarine Transport Model (known 
as GETM - which implements primitive equations with 
hydrostatic approximations to calculate the 3D flow field 
and the free surface [22]) and the General Ocean Turbulence 
Model (known as GOTM). The goal of the scientists was  
The study presented in [23] emphasizes the realistic repre-
sentation of the Black Sea circulation and mean thermo-
haline structure, with a particular focus on the mean sea 
surface salinity variation. Since salinity, temperature and 
density are approximately uniform in the deep water, the 
main focus is on the dynamics of the upper surface down 
to 250 metres depth. Besides, long‐term trends of tem-
perature over salinity fluctuations are discussed.

Having as target the Black Sea basin, the increased 
resolution obtained from oceanographic surveys and the 
availability of satellite data (AVISO - Archiving, Val-
idation, and Interpretation of Satellite Oceanographic 
data and ECMWF - European Centre for Medium-Range 
Weather Forecasts) added considerable detail to the de-
scription of its circulation. Thus 18 years of satellite data 
were analyzed from 1993 until 2010 [5] to achieve a greater 
level of understanding of the circulation in the Black Sea 
basin. The satellite data was obtained from AVISO and 
contained daily measurements of the “U-V” parameters 
of the currents with a spatial resolution of roughly 10 
kilometres horizontally and 13 kilometres vertically. The 
monthly averaged values of the current velocity are pre-

Figure 3. The bathymetry of the Black Sea (from GEBCO - The General Bathymetric Chart of the Oceans) with 20 
points of reference
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sented below in table 1, with results provided by AVISO. 
The 20 points of reference taken into consideration are 
outlined in figure 3, having the bathymetric map of the 
Black Sea in the background.

At first glance, the values outlined in table 1 confirms 
that the average current velocity values in the Black Sea 
basin are normally low, compared to the Global Ocean. 
Most of the points selected on the Rim cyclonic current 
and at the edge of the anticyclonic eddies have higher 
velocities than the ones located in the north-western shelf 
and central gyres. Another characteristic of the Black 
Sea’s current velocities is the variation between summer 
and winter periods, as the table reveals that the lowest 

values are measured during June, July, and August. The 
points in the interval [X1-X12] have higher current veloc-
ities, being positioned near the Rim current. The points 
with almost insignificant velocity variation are those in 
the interim determined by [X1 - X6], points positioned in 
the south-western part of the Black Sea. In addition, the 
points situated on the Rim or the two anticyclonic eddies 
have greater velocity values than, for example, X13, X14 
and X15, points located inside the Rim current. As regards 
point X20, which is situated in the north-western shelf, it 
can be observed that it has the smallest value and no other 
significant circulation feature can be recognized. 

Table 1. Monthly averaged values of the current velocity ( measured in ms-1) for the reference points taken into consid-
eration [X1 - X20] for 18 years, from 1993 until 2010

Points (with coordinates)
Months

January February March April May June July August Sep. Oct. Nov. Dec.

X1(44.4N/30.43E) 0.08 0.07 0.07 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.06 0.07

X2 (43.18N/29.43E) 0.11 0.12 0.13 0.12 0.11 0.11 0.09 0.11 0.11 0.10 0.10 0.11

X3 (41.58N/29E) 0.13 0.12 0.13 0.11 0.10 0.09 0.11 0.12 0.11 0.10 0.11 0.10

X4 (41.36N/29.58E) 0.08 0.08 0.08 0.09 0.07 0.07 0.07 0.08 0.09 0.08 0.08 0.09

X5 (42.7N/31.59E) 0.06 0.06 0.06 0.07 0.07 0.06 0.06 0.05 0.06 0.08 0.08 0.07

X6 (42.21N/34.2E) 0.08 0.08 0.08 0.07 0.08 0.07 0.07 0.08 0.07 0.07 0.07 0.07

X7 (41.32N/36.59E) 0.07 0.09 0.08 0.08 0.06 0.06 0.07 0.07 0.08 0.08 0.08 0.08

X8 (42.1N/39.3E) 0.14 0.10 0.10 0.10 0.09 0.11 0.12 0.13 0.13 0.11 0.12 0.13

X9 (43.32N/39.14E) 0.13 0.11 0.11 0.11 0.11 0.10 0.10 0.13 0.12 0.11 0.13 0.12

X10(44.38N/36.49E) 0.15 0.14 0.14 0.13 0.10 0.11 0.13 0.13 0.15 0.15 0.13 0.14

X11 (43.59/33.59E) 0.08 0.07 0.07 0.07 0.07 0.07 0.06 0.06 0.08 0.08 0.08 0.07

X12 (44N/32E) 0.15 0.14 0.16 0.18 0.17 0.16 0.15 0.13 0.13 0.14 0.12 0.14

X13 (43N/30.6E) 0.07 0.09 0.08 0.08 0.08 0.08 0.07 0.07 0.08 0.09 0.10 0.08

X14 (43.1N/32.58E) 0.07 0.06 0.07 0.07 0.06 0.07 0.06 0.07 0.06 0.07 0.07 0.07

X15 (42.59N/36E) 0.08 0.08 0.08 0.08 0.07 0.08 0.09 0.09 0.09 0.10 0.09 0.08

X16 (41.23N/40.4E) 0.11 0.10 0.11 0.10 0.11 0.12 0.11 0.10 0.11 0.11 0.10 0.11

X17(43.32N/9.57E) 0.12 0.08 0.09 0.09 0.10 0.09 0.09 0.09 0.11 0.14 0.14 0.13

X18 (44.37N/33E) 0.11 0.12 0.12 0.10 0.10 0.10 0.10 0.09 0.12 0.12 0.10 0.12

X19 (44.4N/31.46E) 0.18 0.18 0.18 0.17 0.16 0.18 0.17 0.14 0.14 0.13 0.14 0.16

X20 (45.21N/31E) 0.07 0.07 0.07 0.06 0.06 0.06 0.06 0.07 0.07 0.08 0.08 0.07
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4. Discussion

According to the National Oceanic and Atmospheric 
Administration’s National Centre for Environmental In-
formation, July 2020 was the second-hottest month ever 
recorded worldwide. Its averaged land and ocean surface 
temperature tied with July 2016 as the second-highest 
for the month  in the 141-year NOAA’s global tempera-
ture dataset record, which dates back to 1880 [24]. It was 
0.92°C above the 20th-century average of 15.8°C, with 
only 0.01°C less than the record extreme value measured 
in July of 2019. From a regional point of view, warmer 
winters are beginning to remould the structure of the 
Black Sea, which could foreshadow how ocean configura-
tions might vary from future climate change, according to 
brand-new observations and research [25]. 

Studies imply that what is causing the CIL to warm 
is climate change, as gigantic water masses determine 
the planet’s climate and transfer nutrients throughout the 
world. Therefore, changes in oceanic masses’ composi-
tion might remodel global currents, with adverse effects 
on the global ecosystems. Since it is quite challenging to 
study massive masses of water as a whole, researchers 
and oceanographers use regional water masses to discover 
how oceanic masses could be affected [25]. A novel study 
published last year in American Geophysical Union’s 
Journal of Geophysical Research-Oceans and analyses 
salinity, density, and seasonal temperatures in the Black 
Sea during the last 14 years reveals a warming trend in the 
middle layer of the Black Sea (CIL). As has been outlined 
in other publications [13,16,23,26-29], this unique layer had its 
fluctuations in the past, but since 2005 its core temperature 
has warmed up to 0.7 °C, according to [25]. The blending of 
the other layers of water with the CIL will, consequently, 
allow the masses of water from the deeper layers of the 
Sea to infiltrate into the surface one. Thus hazardous im-
pacts on the marine environment might befall, and it could 
even lead to the displacement of hundreds of millions of 
inhabitants from the coastal area.

Due to its specific and unique thermohaline structure, 
the Black Sea is of keen interest. A warming trend in the 
surface water is not precisely defined for the last century, 
while a positive trend for the last three decades has been 
demonstrated in [23,26]. Consequently, changes in the re-
gional climate appear to have their impact firstly on other 
thermohaline features, such as the temperature of interme-
diate layers, succeeded by an increase in the temperature 
of the sea surface water. The CIL, whose formation and 
evolution are not yet entirely explained, it is certain to 

have the lowest Black Sea temperature - less than eight °C 
- and most of its pycnocline [27-29]. Since in the Black Sea 
basin has been meaningful ecological degradation since 
the 1970s, mainly due to overfishing, pollution and natural 
climatic changes. To understand at least up to a certain ex-
tent how the Black Sea’s circulation and physical features 
may evolve in the near future, simulations of future sce-
narios and mapping courses in its ecosystem are a matter 
of immediate urgency.

There have been numerous studies and significant re-
search related to the Black Sea’s cold intermediate layer 
and its general circulation patterns [31-37], but little informa-
tion has been presented on its changes over time. In this 
up-to-date study [25], researchers mapped the evolution of 
the Black Sea’s CIL in the period from 2005 until 2019, 
comparing its development with the region’s climate 
courses. Utilizing battery-powered buoys to measure sa-
linity, density, and temperature from the sea surface down 
to one thousand metres, at various points throughout the 
year. Thenceforth, after comparing the measurements with 
the surface air temperature in order to find a correlation 
between the weather and the CIL’s salinity and tempera-
ture, the result was that weather fluctuations during win-
tertime changed the temperature and salinity of the CIL 
while keeping the density values almost the same.

The trials performed in [23] comprising more than 50 
years of data analysis revealed no major long-term trend 
in the Sea’s average surface water temperature. This ab-
sence of a trend is a fundamental discovery based on a 
long-term trial that had not previously been fortunately 
conducted. This period from 1960  to 2015 was taken into 
consideration, and the results provided were compared 
with acknowledged data from available satellite data over 
the last two decades and less complete, but reliable data, 
from first decades. Before the accomplishment of this 
study [23], experts had relied on scarce surface temperature 
values from ship cruises to understand the Black Sea’s 
particular features better.

The final results of the simulation presented in figure 4 
came as a great astonishment to researchers. They expect-
ed the study to reveal some warming trend, while it re-
vealed a decreasing course in salinity at the surface of the 
Black Sea of 0.02% per year. There was no particular cor-
respondence between wind speed or direction and salinity, 
which implies that combinations of weather contingencies 
are accountable for this trend.

Furthermore, three distinct periods outlined an import-
ant shift in the saltwater and temperature properties of 
the Sea, and these are between 1960 and 1970, 1970 and 
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1995, and 1995 to 2015. This observation may be relat-
ed to the changes of currents that took place in the Sea’s 
general circulation, as these periods were characterized 
by major changes from a small and disorganized current 
circulation during 1960 until 1970, to a strong central Rim 
circulation starting from 1970 until 2015, as outlined in [23]. 

Even though there has been no long-term positive trend 
in the temperatures measured at the surface waters of the 
Black Sea, this does not mean that it is “untouched” by 
the global warming trend. One explanation might be that 
air temperature in the region is still increasing, thus hiding 
or moderating these effects. The study [23] even took into 
account the average temperature trends at particular dep-
ths (50, respectively 200 metres), resulting in a positive 
course at 50 metres below the surface, which implies a 
warming pattern of the deeper waters, instead of the surfa-
ce layer.

Moreover, the study confirmed that the surface waters 
are colder in the central-deep interior parts of the Black 
Sea basin during winter, as well as the moving of cold 
water masses formed in winter on the north-western slope 
by the principal cyclonic current and by mesoscale eddies 

on the shelf break [38,39]. The innovative part of the study is 
the quantification of the significance of these newest fin-
dings during an extended period. Particularly, the fact that 
surface waters are colder than usual play a crucial role 
in the cold intermediate layer’s formation in the interior 
basin, while the transport of cold water masses regulates 
the renewal of the cold intermediate layer along with the 
principal cyclonic currents and the exterior basin, also in 
the south-eastern part of the basin [23].

To completely isolate the effects of basin circulation 
and the contribution of the north-western shelf cold water 
masses, the Joint Research Centre studied the frequency 
of a latent tracer originating in this area. The result shows 
that a substantial fraction of the cold north-western shelf 
water mass is transported through the principal cyclonic 
current to the eastern confluence and anticyclonic regions. 
In contrast, only a tinier fraction of the cold water mass is 
transported to the central part of the basin. The temporal 
cooling capacity of the cold intermediate layer is extreme-
ly variable and has decreased dramatically during the past 
decade, being comparable to nothing, which insinuates 
that the CIL has disappeared, as figure 5 outlines.

Figure 4. Time series from observations and simulations: (1) averaged temperature over the interior basin at levels of 50 
metres, and 200 metres depth; (2) salinity averaged over the Black Sea basin at levels of 50, 100, and 200 metres depth 

from the first and second run—reanalysis data processed from [23] and [36]
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Figure 5. The CIL cold capacity trend is showing a dra-
matic drop at the beginning of the 21 st century

Therefore, the additional heat from regional warming is 
transported downward to greater depths, thus warming the 
CIL, instead of contributing to the warming of the upper 
layer. This could potentially explain the missing increas-
ing temperature trend in the Black Sea surface waters re-
ported in 2019 by the European Commission of Science [30].

5. Conclusion

the cases a good correlation between the satellite data, 
historical data, and simulation results can be observed, 
revealing a warming trend during the last decades. Should 
this warmer trend happen to continue, there might be po-
tential changes in the stratification of the unique Black 

-
icals from the bottom of the Black Sea, up to the upper 
surface layer, endangering aquatic wildlife and tourism as 
well. Even though past research has proved that the Black 
Sea’s water layers had their cycles through warm and 
cold times since the 1950s, the CIL has never touched this 
extraordinary temperature. Nevertheless, more intensive 
analysis on the progression of the Black Sea’s circulation 
must be conducted, along with studies on the cold inter-
mediate layer and its fluctuations, to determine whether 
global warming is responsible for the cold intermediate 
layer’s gradual disappearance or not.

Physical oceanography is a fascinating and complex 
study, and as it has been proved in this paper, the chem-
istry and the biology of the Sea are in direct correlation 
with the physical processes within it. The state-of-the-art 
satellite measurements are improving our understanding 
of physical processes. Knowledge of the main physical 
features and circulation patterns in the Black Sea is of par-
amount importance, as their trends and variability might 

pursuits. Such activities might include a safe and eco-
nomical design and development of offshore oil and gas 
amenities, naval architecture design, decisive planning for 
extended marine towing operations. Additionally, a better 
understanding of the wind, wave and the current climate is 
indispensable for coastal foundation, including lessening 
shoreline erosion and more extensive protection, sediment 

a better design of harbours.
Overwhelming is the fact that scientists warn that if the 

global average temperature rises by another three °C, sea 
and ocean levels will rise by approximately 6.5 meters. 
Such apocalyptic scenarios will lead to the displacement 
of hundreds of millions of people from the coastal region, 
including the Black Sea coast. Moreover, the average tem-
perature of the Earth’s surface has already risen by one 
degree since the end of the 19th century, enough to lead to 
extreme weather events. However, an increase from 2 to 
6°C can lead to a real catastrophe. Climate change would 
destroy civilization and redraw the map of the world. 
From 6°C upwards, sea and ocean levels would rise by 10 
meters for each degree, which would raise the oceans to 
levels not seen for millions of years.
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Based on the perspective of marine tourism, this paper integrates various 
types of marine pollution, and puts forward high-quality development 
solutions and future extension direction of marine tourism. Through the 
research, it is found that the main culprits of marine pollution mainly 
include the following seven points: human activities produce garbage; 
white pollution; ship pollution; exploration of marine oil and gas 
resources and mineral pollution; land reclamation; pollution in mariculture 
industry and new estrogen pollution. The causes of marine pollution and 
countermeasures are discussed.

Keywords:
Marine tourism
Marine pollution
White pollution
Restrictive bottleneck

1.Introduction

1.1 Development Status of Marine Tourism

Marine Tourism refers to a series of activities such as 
marine travel, entertainment, and vacation based on the 
ocean and meeting people’s spiritual and material needs 
under certain social and economic conditions [1]. Accord-
ing to the distance of the road area as the classification 
standard, it can be divided into coastal tourism, offshore 
maritime tourism and ocean tourism [2]. At present, coastal 
tourism is the dominant tourism mode in China.

At present, the marine tourism industry occupies a 
pivotal position in the world tourism industry. Coastal 

countries and regions account for 23 of the top 25 tour-
ism revenues in the world. It can be seen that coastal 
countries and regions play a significant role in the devel-
opment of marine tourism. In Spain, Australia and other 
countries, marine tourism has become an important pil-
lar industry of the national economy. Tropical and sub-
tropical regions have formed many world-class marine 
tourism destinations, occupying a dominant position in 
the world marine tourism industry. With the continuous 
update of tourism products and the gradual maturity of 
the tourism market, the world’s marine tourism industry 
will show a development trend of diversification, ecolo-
gy, leisure and innovation.
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1.2 Marine Tourism Shifts to High-quality Devel-
opment

According to the “World Tourism Economy Trend Re-
port (2020)”, the total number of global tourism (including 
domestic and inbound and outbound tourists) in 2019 
was 12.31 billion, and the total international tourism rev-
enue was US$5.8 trillion [3]. The output value of China’s 
coastal tourism industry has been steadily increasing year 
by year, and by 2019, it achieved an add value of 188.6 
billion yuan. Although the output value of coastal tourism 
will decline in 2020 due to the impact of the New Crown 
Pneumonia Virus, tourists will retaliate consumption with 
the development of the new economic normal after the 
epidemic. The marine tourism industry will usher in a 
new round of development and reform. In the future, the 
marine tourism industry will develop in a more casual, 
smarter, and more humane direction. The proportion of 
self-guided tours and self-driving tours will increase sig-
nificantly. With the development of 5G, the promotion of 
smart tourism applications such as VR tourism and cloud 
tourism will also accelerate significantly.

1.3 Marine Pollution-The Bottleneck Restricting 
the Development of Marine Tourism

Marine pollution refers to pollution caused by humans 
changing the original state of the ocean, destroying the 
marine ecosystem and causing harmful substances to 
enter the marine environment. The lack of supervision 
of land-based sewage outlets, and the large amount of 
waste generated by human life flowing into the ocean; 
the development of traditional marine industries such as 
coastal tourism has caused very serious white pollution 
to the ocean; the inefficient use of fishery resources, worn 

fishing ropes, fishing nets and worn-out fishing gear being 
thrown into the ocean, causing seawater pollution, lack of 
supervision of marine fishery fishing operations, exces-
sive pollution in the marine aquaculture industry, serious 
seawater eutrophication; substandard oil and sewage dis-
charge from ships, frequent oil leakage problems; oil and 
gas resource exploration and exploitation technology im-
mature, limited exploration scale, low efficiency and se-
rious pollution; land reclamation has caused serious dam-
age to the ecosystem, the hydrodynamic environment has 
been changed, and the ecological carrying capacity has 
declined; the discharge standards for estrogen substances 
have not yet been perfected, all of which are harmful to 
the marine tourism industry development has serious im-
pacts, and the potential threats to the marine ecological 
environment and humans are immeasurable.

According to data from the State Oceanic Adminis-
tration, in 2019, the sea areas under Chinese jurisdiction 
(the Bohai Sea, the Yellow Sea, the East China Sea, and 
the South China Sea) have a total area of 89,670 square 
kilometers [4]. At present, the water quality in the coastal 
waters of Shanghai and Zhejiang is relatively good. As a 
national key tourist city and the largest cruise home port 
in Asia, it is necessary to fully implement the maritime ap-
plication management system, focus on solving the coast-
al water management problem, and effectively protect the 
marine ecological environment. 

1.4 Review of research status at home and abroad  

This article focuses on the high-quality development 
of marine tourism and its constraints, mainly studying 
marine pollution and its impact. After clearly defining the 
concept and category of the research object, this article 
determines the keyword list as shown in Table 1.

DOI: https://doi.org/10.30564/jms.v3i1.2599

Table 1. Keyword search plan list

keywords

Marine travel Marine pollution

Or

Ocean travel Beach recreation

Or

Micro-plastic marine litter Coastal pollution

Coastal Tourism plastic plastic debris Maritime shipping

Coastal resources; Fibres Ocean pollution Marine plastic debris

Storm-water pollution
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The second step is research positioning. This article 
first chooses to search online from the SSCI and SCI core 
databases in Web of Science. Based on the table keyword 
search plan, search by subject. The collection time is up 
to March 2020, and the papers are selected article. After 
deleting conference documents, books and other informal 
documents, and excluding duplicate documents, a total of 
68 English documents were collected in this process. The 
third step is to evaluate and select. First, read the title and 
abstract of the literature, and select the literature based 
on the following principles: (1) Eliminate relevant papers 
that study chemicals or microorganisms in the ocean; (2) 
Pay attention to marine pollution or the relationship be-
tween marine pollution and economic development; (3) 
Non-academic documents such as book reviews, editori-
als, and journal solicitation. In accordance with the above 
principles, 54 relevant documents are published and 14 
are remaining. Secondly, manually search the mainstream 
high-quality journals in the field of “marine environmen-
tal protection” from Wanfang database, such as Journal 
of Oceanography, Ocean Science, Journal of Ocean Uni-
versity of China, Marine Environmental Science, etc., to 
consult and supplement the literature 2 articles related to 
marine pollution in these journals. Through the above pro-
cess, this paper finally obtained 16 documents.

Figure 1. Main sources of literature journals

There are many factors in the causes of marine pollu-
tion, but most domestic and foreign scholars mainly dis-
cuss from one aspect of marine pollution, and the research 
mainly focuses on marine plastic pollution and the impact 
of environmental pollution on the economy. At present, 
the problem of marine pollution is mainly focused on 
microplastics pollution and the impact on marine life. 
Typical research results mainly include 7 articles. It can 
be seen that most scholars are focusing on the impact of 
microplastics on marine life, and the research focuses on 
marine pollution. There are five articles related to eco-
nomic development, one article researching noise pollu-

tion, and one review article. The journal sources of 16 ar-
ticles are shown in Figure 1. Two of the articles reviewed 
in this article are from Environment International, and the 
remaining articles are from Marine Science, Journal of 
Ocean University of China, Marine Geodesy, Food and 
Environmental Virology, Journal of the Acoustical Society 
of America, Ecosystem Services, Marine Resource Eco-
nomics, Ocean&Coastal Management, Journal of Sustain-
able Tourism, Journal of Coastal Research, Environment 
Research, Marine Pollution Bulletin, Estuarine Coastal 
and Shelf Science, Ocean Science, four articles published 
in 2017 Articles, there are only two articles in 2020. It can 
be seen that there have been few studies on marine pollu-
tion in recent years.

Marine pollution not only affects the balance of the 
marine ecosystem, but also severely limits the sustainable 
development of China marine tourism industry. Therefore, 
we should pay more attention to the problem of marine 
pollution, make rational use of resources, and promote the 
high-quality development of marine tourism. Through re-
search, this article found that the types of marine pollution 
mainly include the following: Human activities produce 
garbage; White pollution; Ship pollution; Exploration of 
marine oil and gas resources and mineral resources; Land 
reclamation; Pollution in mariculture industry; New es-
trogen pollution. The sources and methods of each type of 
pollution are different, as shown in Table 2.

2. Types of Marine Pollution

2.1 Human Activities Produce Garbage

The sources of waste generated by human activities 
mainly include industrial waste, domestic waste and 
medical waste. The marine pollution caused is mainly 
discharged through coastal sewage outlets, dumped into 
the ocean, merged into the ocean through rivers, and 
deposited in the atmosphere. According to data released 
by the Ministry of Ecology and Environment in 2019, 
large and medium-sized cities generated 1.55 billion tons 
of general industrial solid waste, 21.473 million tons 
of domestic waste, 817,000 tons of medical waste, and 
monitored 453 pollution source discharge outlets. The 
comprehensive sewage outlet has the largest discharge 
volume, the industrial pollution source is the second, and 
the domestic pollution source is the smallest [5]. The dis-
charge points of waste into the sea are mainly land-based 
sewage outlets. Generally, shore discharge and offshore 
deep-sea discharge are selected [6]. It can be seen that the 
supervision of pollution source discharge outlets should 
be strengthened, and waste discharge standards should 
be strictly controlled. In addition, nutrients, heavy metal 
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Table 2. Causes of marine pollution

Types of marine pollution Source of pollution Pollution patterns

Human activities produce 

garbage

Industrial waste Land source sewage outfall
Shore discharge

Offshore deep sea emissions

Household garbage Dump directly

Medical waste
Rivers carry pollutants

Atmospheric deposition

White pollution

Land source input Wind action, rain washing, surface runoff

Coastal tourism Tourists discarded

Ship transportation Ship transport and discard

Fishing and breeding Damaged and abandoned plastic fishing gear

Atmospheric deposition Fiber sedimentation

Ship pollution

Cruise ship
Domestic garbage and sewage

Operational contamination
Solid Waste

Tanker
Oily sewage and toxic gas

Sudden pollution
Shipwreck(oil spill)

Exploration of marine oil and 

gas resources and mineral 

resources

Development and mining of solid mineral resources

Muddy sand

Improper handling of chemical substances, releasing 
radioactive substances

Sand disaster

Land reclamation Land reclamation
Change coastal structure and tidal movement characteristics

Changes in the hydrodynamic environment

Pollution in mariculture 

industry

Nutrients

The discharge of Nitrogen (N), Phosphorus (P), Chemical 
Oxygen Demand (COD), etc. leads to hypoxia

Sulfide

drug

New estrogen pollution

Industrial production River and lake transportation

human activity Atmospheric deposition
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elements, and acid rain can be imported into the ocean 
through atmospheric deposition and have a greater impact 
on the ocean.

The industry directly affected by garbage discharge 
to the ocean is marine tourism. Cultivating environmen-
tal awareness, rationally discharging garbage, creating 
a green marine tourism atmosphere, and promoting the 
high-quality and sustainable development of marine tour-
ism require the joint efforts of all members of society.

2.2 White Pollution

White Pollution is an image term for the phenomenon 
of waste plastics polluting the environment. It refers to the 
pollution caused to the ecological environment by plastic 
products that are randomly thrown away after use and 
are difficult to degrade. Its pollution sources to the ocean 
mainly include: land-based input, coastal tourism, ship 
transportation, fishing and breeding, atmospheric deposi-
tion. According to the Bulletin of the State of China’s Ma-
rine Ecological Environment in 2019, tourism and leisure 
areas, agriculture and fishery areas, port and shipping areas 
and adjacent sea areas are the areas with the most marine 
debris distribution. Among them, floating garbage on the 
sea, beach garbage and seabed garbage, plastic garbage ac-
counted for 84.1%, 81.7% and 92.6% respectively [4]. The 
beach and the sea are areas with a high concentration of 
tourists, and are the “front” of marine tourism. Therefore, 
the degree of environmental protection of beaches and sea 
areas directly affects the development of marine tourism. 
It can be seen that white pollution is an important factor 
hindering the development of marine tourism. Strength-
ening sea surface supervision, improving environmental 
protection measures, and improving the quality of tourists 
are to reduce white pollution.

Land-based input is the main pollution source trans-
ported from rivers to the ocean. It is washed by wind, 
sewage and rain, and enters the river and marine envi-
ronment through surface runoff, which causing pollu-
tion. Due to the current monitoring data in China, it is 
impossible to estimate the flux of marine plastic waste 
input and the sources of plastic waste in different marine 
activities [7]. So we searched for ocean plastic pollution 
in foreign countries. According to the 2020 report of the 
International Union for Conservation of Nature (IUCN), 
12 million tons of plastic are leaked into the ocean every 
year [8]. According to a survey conducted by Schmidt and 
his team in 2018, rivers dump 0.47 to 2.75 million met-
ric tons of plastic into the ocean every year, and more 
than a quarter of plastic waste flows into the ocean from 
10 rivers, 8 of which are in Asia [9].

At seaside tourist attractions such as densely popu-

lated beaches, tourists discarded plastic packaging bags, 
mineral water bottles and other plastic garbage, forming 
microplastics into the marine environment, and causing 
marine pollution [10]. The discarding of plastic garbage 
into the ocean by passing ships at sea is also an import-
ant source of white pollution. According to UNEP esti-
mates, the amount of plastic garbage imported into the 
ocean during global ship transportation in 2005 reached 
5 million tons [11]. The specific classification and pollu-
tion methods of ship pollution will be discussed in detail 
in the next section.

In fishing activities, worn fishing ropes, fishing nets 
and worn-out fishing gear will be thrown into the ocean, 
thereby increasing the content of microplastics in the wa-
ters. The 2019 “Marine” Ghost Fishing Gear “Pollution 
Research Report” shows that there are about 800,000 tons 
of fishing gear debris discarded in the ocean every year, 
accounting for 10% of the total marine plastic pollution [12]. 
Fishing gear fragments are extremely harmful to marine 
biodiversity. Marine life may be entangled in fishing gear 
and unable to get out and eventually lead to death, causing 
damage to the marine ecological balance and hindering 
the development of submarine tourism.

Another important source of marine plastic pollution 
is atmospheric deposition. Dris et al. analyzed the com-
position of atmospheric sediments and found that 50% 
are natural fiber sediments, 21% are artificially processed 
natural fibers, 17% are man-made plastic fibers, and 12% 
are man-made mixed fibers [13]. This proves that fiber sedi-
ment can also cause marine pollution.

2.3 Ship Pollution

Ship pollution refers to the entry of various harmful 
substances into the ocean due to ship manipulation, mari-
time accidents, and dumping at sea via ships, thereby dis-
rupting the balance of the marine ecosystem. Marine ship 
pollution mainly includes cruise ship pollution and tanker 
pollution. There are two main ways of pollution:opera-
tional pollution and sudden pollution. Operational pollu-
tion is mainly the pollution produced by the ship in the 
process of traveling, and the sudden pollution is the pol-
lution caused by the sudden maritime accident of the ship 
during the traveling.

2.3.1 Cruise Ship Pollution

The main sources of pollution from cruise ships are 
domestic garbage, sewage, and solid waste. According to 
its source, it can be divided into four types: black water, 
gray water, oily bilge water and ballast water [14]. Black 
water, that is untreated ship sewage, generally consists of 
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medical waste and human waste [14]; gray water general-
ly comes from showers, sinks, and dishwashers; marine 
fuel oil and mechanical waste such as engines and steam 
engines form oily bilge water; cruise ship ballast water is 
the water loaded to ensure the balance of the cruise ship. 
Solid waste mainly includes many domestic wastes such 
as plastic waste and food waste.

According to foreign data, a cruise ship will produce 
approximately 50 tons of garbage, 1 million US gallons 
of gray water, 210,000 US gallons of sewage and 25,000 
US gallons of oily water during a one-week journey [15] 
(according to Chinese national standards GB3102.1-1993, 
1 gallon (US) = 3.785412 liters). Different from land-
based pollution, the waste discharge supervision of marine 
cruise ships is insufficient, and the detection technology is 
immature. Due to the uncontrollability of cruise ships, it 
passes through multiple countries and regions each time, 
and the laws and regulations of each country and region 
have different sewage discharge standards that cannot 
be unified. The development of cruise tourism has been 
booming in recent years. On October 19, 2019, China’s 
first large-scale domestic cruise ship officially started 
construction and is scheduled to be delivered and operated 
in 2023. Once cruise tourism develops in China, cruise 
pollution is an inevitable topic. Therefore, we should real-
ize that the solution to the problem of marine pollution is 
imminent.

2.3.2 Tanker Pollution

The main sources of oil tanker pollution are oily sew-
age, toxic liquids, and marine accidents (oil spills). The 
oily sewage, ballast water, and tank washing water of oil 
tankers contain a large amount of oil. Emergency dis-
charge of cargo and oil spills from tanker cargo warehous-
es will cause toxic liquid leakage. Excessive oily sewage 
discharge will cause marine pollution. At present, each 
country has its own oily sewage discharge standards, but 
in view of the wide range of coverage and poor operabil-
ity, it is difficult to implement. Oil spill-the super killer 
of the marine environment, its pollution is mainly sudden 
pollution. After the toxic compounds contained in oil leak 
into the ocean, they quickly enter the food chain, and no 
creatures from lower to higher are immune. It will have a 
serious impact on the marine tourism industry, especially 
the cruise tourism industry.

According to statistics, the amount of oil and petro-
leum products released into the ocean through various 
channels amounts to 2 million to 10 million tons each 
year. The petroleum pollutants discharged into the ocean 
by shipping amount to 1.6 million to 2 million tons, and 
the most prominent pollution is caused by the death of a 

tanker [16]. There are about 500 marine oil spill accidents 
in China every year. Oil will form a large area of oil film 
on the sea, causing serious marine pollution, destroying 
the marine ecological environment, and causing serious 
impact on marine tourism. At present, the main methods 
of dealing with the leakage of offshore crude oil include 
oil containment method, combustion method, dispersant 
method, adsorption method, and microbial ingestion 
method [17]. But no matter which method has its own ad-
vantages and disadvantages, the degree of recovery of the 
marine environment is also different. Once an oil spill oc-
curs, the pollution to the ocean is still serious and difficult 
to predict. Therefore, rather than remedial measures, it is 
more important to prevent problems before they occur.

2.4 Exploration of Marine Oil and Gas Resources 
and Mineral Resources

The ocean has very rich resources-oil and gas resources 
and mineral resources. According to the assessment of 
the United States Geological Survey (USGS), the world 
(excluding the United States) has 54.8 billion tons of un-
discovered petroleum resources (including condensate) 
and undiscovered natural gas resources. 78.5 trillion cubic 
meters [18], there are 7 sedimentary basins with petroleum 
prospects in China, with a total area of about 700,000 ki-
lometers. Therefore, China’s marine oil and gas resources 
and mineral resources have huge development potential, 
and prospects for exploration are good.

The comprehensive indicator of China’s marine devel-
opment is 3.4%, mainly based on mineral resources [19]. 
China is still immature in terms of mineral resource mining 
technology and laws and regulations. Uncontrolled mining 
and irregular systems have led to serious environmental 
pollution problems, muddy seabed sediments, improper 
handling of chemical substances in mineral resources ex-
ploration, and release of radioactive substances, these will 
threaten the survival of marine life. For example, in the 
mining of seaside placers, due to the imperfect system and 
immature technology, uncontrolled mining leads to waste 
and serious environmental pollution [20]. Therefore, it is 
necessary to formulate corresponding laws, regulations 
and policies, increase government intervention, cultivate 
talents related to marine resource exploration, improve 
mining technology, and carry out sustainable mining.

2.5 Land Reclamation 

Land reclamation refers to the act of transforming the 
original sea area, lake area or river bank into land through 
artificial technology. From the 1950s and 1960s, China 
began to reclaim land from the sea. By the end of the last 

DOI: https://doi.org/10.30564/jms.v3i1.2599



25

Journal of Marine Science | Volume 03 | Issue 01 | January 2021

Distributed under creative commons license 4.0

century, the area of land reclamation from the sea reached 
12,000 square kilometers. Land resources continue to 
be in short supply, and the new impetus to promote eco-
nomic growth in coastal areas has become a demand for 
land from the sea. However, uncontrolled and unscientific 
continuous reclamation of the sea will change the coastal 
structure and hydrodynamic environment, and marine re-
sources will be drastically reduced. Large-scale reclama-
tion activities not only affect important ecosystems such 
as coastal wetlands, mangroves, and bays, but also destroy 
the habitats of marine life, resulting in a significant reduc-
tion in biodiversity.The destruction of oceans and marine 
resources by reclamation activities and becoming more 
and more scarce, how to talk about the development of 
marine tourism.

2.6 Pollution in mariculture industry

In recent years, China has moved from rapid devel-
opment to an era of high-quality development. People’s 
income levels have continued to increase, and the types 
of seafood have become more and more abundant. The 
production of crustaceans and shellfish has increased year 
by year, accounting for 79.47% of the total, as shown 
in Figure 2, the composition and proportion of national 
fishing in 2016 to 2018. Although the proportion of ma-
rine fishing has been declining year by year, it can still 
be clearly seen that marine fishing accounts for as much 
as 70% of the national fishing. The increasing amount of 
seafood farming has caused serious pollution in offshore 
waters. The seawater has become eutrophic, and the 
spawning grounds and habitats of fishery organisms have 
been destroyed, which has seriously affected the water 
environment of the offshore waters and the sustainable 
development of coastal tourism.

Figure 2 Fishing composition and proportion in 2016-
2018

Data source: China Fishery Statistical Yearbook 2019

Mariculture can cause serious chemical pollution [21]. 

Nutrient salts and other components will be deposited on 
the bottom of the water, resulting in hypoxia, which is not 
conducive to the growth of marine life and causes serious 
marine pollution. The marine environment is closely re-
lated to the survival of organisms, and it is also related to 
the long-term development of marine tourism. Therefore, 
it is very important to do a good job in the prevention and 
control of pollution in the marine aquaculture industry, 
establish a reasonable marine aquaculture plan, unify ma-
rine aquaculture specifications, and cut off the source of 
pollution. Only in this way can we better protect the ma-
rine environment and promote the ecological and healthy 
development of marine tourism [22].

2.7 New Estrogen Pollution

The last type of marine pollution-New Estrogen pol-
lution. Environmental Estrogens refers to the presence 
of chemicals in the environment that have estrogen-like 
effects in the body or block the effects of androgen [23]. 
After it enters the body, it can interfere with the synthesis, 
release, transportation, binding, and metabolism of normal 
endocrine substances in the body, thereby destroying the 
compounds that maintain the stability and regulation of 
the body, and produce various toxic effects on the organ-
ism. It belongs to environmental endocrine disruptors [24].

Estrogen substances enter the environment, enter the 
marine environment through the transportation of rivers, 
lakes, and atmospheric deposition. After being absorbed 
by marine organisms, they will in turn endanger humans. 
At present, most new estrogens lack a regulatory mecha-
nism and have not formed a corresponding environmental 
standards [25]. In recent years, research on new estrogen in 
foreign countries has gradually increased, but domestic 
research is relatively insufficient. Therefore, the improve-
ment of new estrogen-related emission standards, the 
study of the migration law of new estrogen in the ocean 
and the impact on humans, are important for protecting 
ocean water. The development of resources, environment, 
marine tourism, and human physical and mental health 
have very important practical significance.

3. Causes of Marine Pollution
China’s current laws and regulations on the discharge 

of marine garbage are not perfect, the relevant depart-
ments have insufficient supervision, the incomplete 
establishment of supervisory institutions, the lack of 
personnel and the inability to fundamentally implement 
the responsibility of ecological environmental protection; 
the prevention and control of land-based pollution is rel-
atively difficult, and it is difficult for the sewage outlets 
to enter the sea. Inadequate supervision of rivers requires 
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coordinated treatment of industrial pollution, agricultural 
pollution and many other sources of pollution, which has 
increased the difficulty of treatment. The sources, types 
and quantities of marine garbage are not monitored in 
place. The waste recycling industry chain has not yet been 
formed, and garbage treatment technology needs to be 
improved; in some coastal areas, the illegal discharge of 
black water and garbage enclosing the sea are prominent 
and have not been effectively resolved, which seriously 
affects the publics quality of life and tourist pro-sea de-
mand; some companies fail to assume the responsibility 
for ecological and environmental protection. Production 
and neglect of environmental protection. In order to re-
duce costs, equipment processing waste materials are not 
up to standard, stolen to the sea and leaked to the sea, 
illegally exploited in marine protected areas, sea sand ar-
eas, etc.; beach garbage classification measures are not yet 
complete, cruise waste disposal supervision is insufficient, 
tourists are in the ocean ecological and environmental 
protection awareness is still insufficient, self-discipline 
needs to be improved, and green and sustainable lifestyles 
and consumption patterns need to be formed. These series 
of factors have caused pollution problems in the ocean.

4. Solutions

4.1 Improve Laws and Regulations and Strength-
en Supervision

As the main body, the government should promul-
gate corresponding laws and regulations to control the 
total discharge of marine pollutants, and place marine 
environmental protection work in key and prominent 
positions [26]. Establish relevant regulatory departments, 
improve marine garbage discharge standards, and formu-
late mandatory measures and punishment mechanisms to 
restrict people’s dumping of marine garbage, minimize 
the impact of man-made marine pollution, and effectively 
protect the marine environment [27]; relevant enterprises 
perform their own obligations to achieve transparency 
in their waste discharge; increase maritime law enforce-
ment agencies to supervise various marine activities and 
rationally use marine resources; make corresponding reg-
ulations on the scope of fishery and aquaculture seawater, 
and establish aquaculture standards, and regulate plastic 
fishing gear carry out unified recycling and reuse, and ful-
ly implement the responsibility of protecting the ecologi-
cal environment of the sea.

4.2 Strengthen Publicity and Raise Public Envi-
ronmental Awareness

Raise the public’s awareness of marine ecological and 

environmental protection, conduct marine environmental 
protection publicity and corresponding training, make the 
public aware of the harm caused by marine pollution, and 
actively participate in marine environmental protection 
activities. Learn from Japanese garbage classification and 
recycling measures, encourage the public to consciously 
carry out garbage classification and recycling, and orga-
nize the cleanup of garbage on the beach. Conduct marine 
environmental protection education for young people to 
form a green lifestyle and consumption model. Citizen 
travel should be a behavior that relieves their own pres-
sure and is conducive to economic growth. They should 
respect the construction of the local ecological environ-
ment, minimize damage to the environment, and carry out 
sustainable and responsible tourism.

4.3 Use New Technologies to Promote the 
High-quality Development of Marine Tourism

Based on the scientific development background, the 
use of marine environmental pollution information intel-
ligent image detection technology to monitor the source, 
type, quantity and destination of marine garbage [28]; in-
novative development models such as “Marine Tourism 
+ Internet”, “Marine Tourism + Big Data”, promote sus-
tainable tourism, eco-tourism and other tourism concepts, 
improve tourism quality, and promote the construction 
of smart marine tourism; improve the marine intelligent 
monitoring platform, use big data technology, VR technol-
ogy, etc. So as to realize the sharing and coordination of 
marine resources. In the future, the marine tourism indus-
try will pay more attention to the personal experience of 
tourists and meet the needs of tourists’ participation. Inno-
vative tourism experiences such as underwater adventures 
and robot guides will be satisfied. Live tourism, tourism 
product delivery, full-time tourism, educational tourism, 
etc. This traveling methods will appear. With the develop-
ment of 5G, the advancement of smart travel applications 
such as VR travel and cloud travel will also be greatly 
accelerated.

5. Conclusion

In the past ten years, as the country’s economic 
strength has continued to increase, China has moved from 
rapid development to an era of high-quality development. 
The economic structure is undergoing tremendous chang-
es, and tourism has become a normal and rigid demand 
for the people. However, for a long time, marine pollution 
caused by wanton destruction of the marine environment 
has seriously hindered the development of marine tour-
ism. The innovation of this article is to explore the seven 
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sources of marine pollution and pollution methods from 
the perspective of the bottleneck of marine tourism de-
velopment. Activities generated garbage; white pollution; 
marine ship pollution; marine oil and gas resources and 
mineral resources exploration pollution; land reclama-
tion; marine aquaculture industry pollution; new estrogen 
pollution, and studied the causes of marine pollution and 
solutions. In addition, we proposed the future direction 
and goals of high-quality development provide important 
support for the realization of a maritime economic power 
and the development of sustainable marine tourism.
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Red tides are a major public hazard in the global oceans. The coast of 
the East China Sea is the sea area where red tide disasters are the most 
frequent and serious in China. In order to accurately grasp the occurrence 
of red tides in the coastal waters of the East China Sea, and to understand 
the microbial communities in the waters during the occurrence of red tides 
in the East China Sea, a special survey of red tides in the coastal waters 
of Zhejiang, China was carried out in June 2018. The results showed that 
nutrient concentrations of N and P were generally high in this area, DIN 
concentrations in most areas exceeded the permitted limit of Chinese 
seawater quality grade I. There were significant differences in dissolved 
oxygen, pH, COD, chlorophyll and phytoplankton abundance of red tides. 
During the investigation, red tides were found in the waters near the Yushan 
Islands. The content of chlorophyll a was 42.12mg/m3, the cell abundance 
of phytoplankton was 8.16×108/L, and the abundance of Prorocentrum 
edulis accounted for 98.5%. The Illumina MiSeq sequencing platform was 
used for 16s high-throughput sequencing of water microorganisms, and 
a total of 16 bacteria were identified. Proteobacteria is the first dominant 
phylum, followed by Cyanobacteria and Bacteroides. Some differences in 
bacterial community compositions between HAB and the nearby seawater 
were observed. The predominant bacteria in the red tide occurrence area 
were Proteobacteria, comprising 46.1% of the relative abundance; while 
the predominant bacteria in the nearby sea area, comprising 42.0% of the 
relative abundance.
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1. Introduction 

Red tides are a major public hazard in the global 
oceans today. With the economic development of coastal 
areas, the occurrence of red tides in coastal waters has 
become more and more frequent, and the scope of oc-
currence and the degree of harm are also increasing. The 
ecological environmental damage caused by red tides has 
become more and more serious. It has become a marine 
ecological environment of general concern in the world 
today [1]. Influenced by several main rivers, such as the 
Yangtze River and Qiantang River in the north, the Tai-
wan warm current from the South and the southerly wind 
in summer, the dynamic environment of the coastal water 
in Zhejiang is complex, and the nutrients and biomass in 
the water are high, which is the most frequent and serious 
red tide disaster in China. The earliest record of red tide in 
China is the Noctiluca red tide which occurred along the 
coast of Zhejiang Province, China in 1933. According to 
the Zhejiang Marine Environment Bulletin (2000-2010) 
published by the Zhejiang Ocean and Fisheries Bureau 
and related documents, from 2000 to 2010, a total of 316 
red tides were recorded in Zhejiang sea area, with a cumu-
lative area of more than 91,000 km2. There were 57 toxic 
and harmful red tides, with a cumulative area of more 
than 2.2 km2. In 2011, the direct economic losses caused 
by red tide disaster in Zhejiang Province exceeded 243 
million yuan. It is especially worth noting that the occur-
rence of toxic red tides in recent years has shown a rapid 
growth trend, which has caused long-term potential ad-
verse effects on people’s lives and health and the marine 
ecological environment, and at the same time has brought 
great threats to the sustainable development strategy of 
the marine economy [3-5].

The growth and proliferation of red tide algae are 
not only closely related to environmental factors, but 
also closely related to surrounding microorganisms. The 
growth and elimination of red tide algae is accompanied 
by the joint action of many microorganisms. Marine bac-
teria and algae are closely combined in space and time. 
They can synthesize different types of metabolites, and 
these metabolites can have beneficial or harmful effects on 
both sides [6]. Bacterial metabolites can specifically hinder 
or even stop the propagation of algae [7], and may also 
promote the proliferation of algae. There may be some 
feedback mechanisms which play an important role in 
controlling the population dynamics of algae and marine 
bacteria.

Most microorganisms in the marine environment are in 
an unculturable state, which affects the in-depth study of 
environmental microorganisms [8]. Among the numerous 

microorganisms, less than 1% of them can be separated 
by culture method [9]. Therefore, this traditional plate cul-
ture method can only be used as an auxiliary tool, and it 
needs to be combined with modern biotechnology meth-
ods to reflect the real information of microbial community 
structure more objectively and comprehensively. With 
the popularization of molecular biology technology in 
recent years, studying the diversity of microorganisms at 
the DNA level has become the most important technical 
means of current research, and has promoted the rapid 
development of microbial oceanography [10]. The paper 
uses the MiSeq high-throughput sequencing platform to 
conduct a comprehensive and in-depth investigation of the 
microbial diversity of sea water when red tides occur, and 
uses a variety of statistical software and other common 
community analysis tools to conduct in-depth research on 
the potential relationship between microbial communities 
and environmental factors, with a view to providing tech-
nical support for China’s offshore ecological research and 
environmental management.

2. Materials and Methods

2.1 Sampling Overview

According to the perennial monitoring results of the 
Zhejiang Sea by the Zhoushan Marine Ecological Envi-
ronment Monitoring Station in Zhejiang Province: the 
turn of spring and summer is the period of high incidence 
of red tide disasters in the Zhejiang sea area. The sea areas 
with high frequency of occurrence are mainly concentrat-
ed in the sea area near Shengsi Sea Area, Dongji Sea Area, 
Zhujiajian Sea Area, Xiangshan Harbo, Yushan Islands, 
Taizhou Islands and Nanji Islands. 

In June 2018, the professional marine environment 
survey ship “Zhehai Environmental Supervision” was 
used to conduct a patrol survey of the marine ecological 
environment in the above sea areas. According to the oc-
currence of red tides at the scene over the years, a total 
of 12 stations have been set up. The specific locations of 
the survey stations are shown in Figure 1. During the in-
vestigation, a red tide was suspected to have occurred in 
the waters of the Yushan Islands. The water on site was 
dark brown, distributed in blocks, accompanied by a fishy 
smell.
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Figure 1. Sampling sites of high frequency area of red 
tide in Zhejiang sea area

2.2 Sampling and Analysis Methods

Ecological environment survey: the sampling analysis 
and phytoplankton analysis methods of the investigated 
sea area ecological environment parameters are shown in 
Table 1.

2.3 Microbial Community Analysis

Sampling water samples in areas where red tides occur 
and nearby sea areas to conduct microbial community 
analysis. The total DNA was extracted with TIANGEN 
TIANamp Soil DNA Kit and operated according to stan-
dard procedures. The sequencing samples were construct-
ed by Hangzhou G-BIO Biotechnology Co., Ltd. in ac-
cordance with the 16S metagenomic sequencing standard 
process to construct the 16S rRNA gene V3-V4 variable 

Table 1. Analyzing methods and equipment of marine ecological environmental investigations

Item Sampling method Analysis method Method Analytical Instruments

Chlorophyll a surface water 
sampling Spectrophotometry GB17378.7-2007(8.2) Cary50 spectrophotometer

Water temperature GO-FLOW bottle CTD Method GB/T12763.2-2007 YSI6600 multi-parameter 
water quality instrument

Salinity GO-FLOW bottle CTD Method GB/T12763.2-2007 YSI6600 multi-parameter 
water quality instrument

COD GO-FLOW bottle Basicity KMnO4 GB17378.4-2007(32) VITLAB automatic titrator

pH GO-FLOW bottle Glass Electrode Method GB17378.4-2007(26) PB-21pH meter

Labile Phosphate GO-FLOW bottle Flow injection colorimetric 
method EPA 365.5-1997 QuAAtro Flow Analyzer

Nitrite Nitrogen GO-FLOW bottle Flow injection colorimetric 
method EPA 353.4-1997 QuAAtro Flow Analyzer

Nitrate Nitrogen GO-FLOW bottle Flow injection colorimetric 
method EPA 353.4-1997 QuAAtro Flow Analyzer

Ammonia nitrogen GO-FLOW bottle Flow injection colorimetric 
method EPA 349.0-1997 QuAAtro Flow Analyzer

Silicate GO-FLOW bottle Flow injection colorimetric 
method EPA366.0-1997 QuAAtro Flow Analyzer

Phytoplankton

GO-FLOW surface 
water extraction

Quantity: concentrated 
counting method

GB17378.7-2007(5) Leica DM4000B microscope
Shallow water type 

III vertical trawl Type: Microscope
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region (primer sequence: 341F-CCTACGGGNGGCWG-
CAG; 805R-GACTACHVGGGTATCTAATCC) sequenc-
ing library of environmental microorganisms, perform 
corresponding quality control, and use Illumina MiSeq 
double-end (250 bp×2) sequencing platform to complete 
the sequence determination. Specific experimental proce-
dures, quality control and sequence analysis methods can 
refer to Reference 11 [11].

2.4 Data Processing

The analysis results of various environmental factors 
and phytoplankton in the seawater environment are used 
to draw the planar distribution map of each parameter us-
ing ODV4.0 software. Based on the 16S high-throughput 
sequencing results, the species composition map and Venn 
diagram were drawn by R language. The canonical Asso-
ciation (CCA) analysis was carried out with the software 
of Past to explore the potential relationship between phy-
toplankton and the environment.

3.Results

3.1 Sea Water Quality

A water environment survey was conducted in the sur-
veyed sea area in June 2018. The monitoring results of the 
main water quality factors are shown in Table 2. The plane 
distribution of each factor is shown in Figure 2.

According to the national “Sea Water Quality Stan-

dard” (GB3097-1997), the measured parameters of inor-
ganic nitrogen and active phosphate are the factors that 
exceed the standard of sea water quality. Among them, the 
concentration of inorganic nitrogen is generally higher, 
with an average value of 0.414 mg/L, and 91.7% of the 
samples exceed the first-class seawater standard. From a 
planar distribution, the inorganic nitrogen content in the 
northern waters at the mouth of Hangzhou Bay is signifi-
cantly higher than other regions. The average value of 
active phosphate is 0.013 mg/L, and 41.7% of the samples 
exceed the first-class seawater standard, and the planar 
distribution is the same as that of inorganic nitrogen.

The single factor T test was used to investigate the re-
sults of the water quality factors to investigate the differ-
ences between the various indicators of the red tide water 
body and the nearby sea area. It was found that the dis-
solved oxygen, pH, COD, chlorophyll and phytoplankton 
abundance of the red tide water body were significantly 
different (p<0.01).

3.2 Phytoplankton

A total of 56 species of phytoplankton belonging to 38 
genera, 20 families and 6 phyla were identified, including 
30 species of Bacillariophyta (53.6%), 21 species of di-
noflagellate (37.5%), 1 specie of Chrysophyta, Euglena, 
Cryptophyta, Rhaphidophyta and Dinoflagellate, account-
ing for 1.8% respectively. The main species are Hillea 
sp., Prorocentrum donghaiense, Skeletonema costatum 

Table 2. Statistical results of major monitoring indicators

Water quality factors Sample quantities Range Average value Variance P value (T test)

Chlorophyll a(mg/m3) 13 0.36~42.12 6.18 127.688 8.00×10-8

Number of phytoplankton species 13 75 (Total) 84.97436 0.950

Phytoplankton Abundance (×104/L) 13 0.4~816 162 5922555 5.06×10-7

Shannon index 13 0.58~3.12 1.86 0.6508231 0.182

Water temperature (℃ ) 13 21.2~23.7 22.3 0.925 0.467

Salinity 13 20.7~32.3 29.3 10.04333 0.507

Dissolve oxygen (mg/L) 13 6.54~15.1 8.30 5.18309 1.6×10-7

pH 13 8.03~8.60 8.20 0.0207641 5.90×10-7

Active phosphate (mg/L) 13 <0.001~0.030 0.008 9.48E-05 0.012

COD (mg/L) 13 0.36~8.29 1.31 4.603581 6.25×10-8

Dissovled inorganic nitrogen (mg/L) 13 0.051~0.998 0.414 0.09032924 0.024

Active silicate (mg/L) 13 0.311~1.26 0.648 0.09146092 0.108
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Figure 2. Distribution of main environmental factors
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and so on. The average cell abundance is 1.03×105/L. The 
average content of chlorophyll a is 3.16 mg/m3, and the 
middle part of the survey area is the high value sea area of 
chlorophyll a. The red tide was found in the sea area near 
Yushan Islands. In the red tide area (J2018), the content of 
chlorophyll a is 42.12 mg/m3, and the cell abundance of 
phytoplankton is 8.16×108/L, of which the abundance of 
Prorocentrum donghaiensis accounts for 98.5%. It can be 
considered that this is a Prorocentrum donghaiense event.

Figure 3. Distribution of chlorophyll    

Figure 4. Phytoplankton density of monitoring sites

3.3 Microbial community

3.3.1 Sequence Statistics

High throughput sequencing based on Illumina plat-
form was carried out to collect microorganisms in surface 
water of the sea area where red tide occurs (HAB01) and 
the sea area where no red tide occurs (ZJ0205). A total 
of 75451 pairs of microbial original sequences (pair-end 
reads) were obtained, with an average sequence length of 
412 bp. After quality control and sequence optimization, 
77430 high-quality sequences were selected. Considering 

the large differences of sequencing data at each station, 
further random sampling was conducted to standardize 
the data to balance the impact of sampling error on subse-
quent analysis. After preprocessing, 595 OTUs were ob-
tained according to 97% sequence similarity. The detailed 
distribution of OTUs is shown in Table 3.

Table 3. Summary of sequence information of marine 
sediment microbes

Station Original 
sequence

Effective 
sequence

Optimized 
sequence

Operational 
taxonomic 

units(OTUs)

HAB01 38203 37983 37540 420

ZJ0205 37248 37045 36890 505

Using mothur software to randomly sample the opti-
mized sequences, and construct the dilution curve with 
the number of sequences drawn and their Chao1 index 
as shown in Figure 5. The results show that the curve of 
each station tends to be flat, indicating that the number 
of sequencing in this experiment is reasonable, the OTU 
sampling has reached or close to saturation, and the exper-
imental results basically reflect the species diversity of the 
samples.

Figure 5. Rarefaction of marine sediment microbes

3.3.2 Microbial Species Composition

A total of 16 phyla, 82 families and 126 genera of bac-
teria were identified in this survey. Among them, Proteo-
bacteria is the first dominant group, accounting for 38.4% 
of the total, followed by Cyanobacteria and Bacteroidetes, 
accounting for 29.9% and 24.3% of the total. In addition, 
Actinobacteria, Verrucomicrobia and Planctomycetes 
were also detected. The composition of microflora in the 

DOI: https://doi.org/10.30564/jms.v3i1.2622



35

Journal of Marine Science | Volume 03 | Issue 01 | January 2021

Distributed under creative commons license 4.0

red tide occurrence area (HAB01) and the nearby sea 
area (ZJ0205) is shown in Figure 6. At the level of sub-
ordination, some genera of Bacillariophyta, Candidatus 
Pelagibacte and Flavobacteriaceae are the main dominant 
genera. The composition of the main genera is shown in 
Figure 7.

Figure 6. Species composition (phylum level)

Figure 7. Species composition (genera level)

At the subordinate level, there are 75 genera of micro-
organisms in the two regions, accounting for 59.5%, and 
more than half of the total species

The Venn-Diagram diagram at the genera level was 
used to analyze the differences in the microbial communi-
ties between the red tide occurrence point and the nearby 
sea waters (Figure 8). From a genera level, there are 75 
genera of microorganisms in the two regions, accounting 
for 59.5%, and a total of more than half of the species; 11 
genera of microorganisms in the in the sea area where red 
tide occurs, accounting for 8.7%; and 40 genera of mi-
croorganisms in nearby waters, accounting for 31.7%. In 

terms of species composition, there are nearly half of the 
two different species, and there is a certain degree of dif-
ference in water microorganisms between the two sides.

Figure 8. The variance analysis of microbial community 
(genera level)

Table 4 is the Comparison of main dominant catego-
ries of microorganisms in Case2 waters. The first domi-
nant bacteria in red tide water and the second dominant 
bacteria in nearby waters are Proteobacteria. The second 
dominant bacteria in red tide water and the third dominant 
bacteria in nearby waters are Bacteroides. However, the 
proportion of each dominant bacteria is quite different 
between the two sides. For example, the first dominant 
bacteria in the red tide area were Proteobacteria (46.1%), 
accounting for 30.6% in the nearby sea area, while cya-
nobacteria (42.0%) were the first dominant bacteria in the 
nearby sea area, accounting for 17.7% in the red tide area.

Huang Bei and other scholars used culturable technolo-
gy to isolate and purify bacteria from Prorocentrum bloom 
in the East China Sea and the control waters in Taizhou 
sea area, and identified the strains based on biochemical 
reaction [13]. The results showed that the dominant bacteria 
in red tide water were Vibrio and Pseudomonas, all be-
longing to the Proteobacteria, which was consistent with 
the survey results. However, the main dominant bacteria 
in Zhujiajian sea area without red tide are Flavobacterium 
and Aeromonas, the results of this investigation are cy-
anobacteria, which are quite different. This is due to the 

Table 4. Dominant species of marine microbes (phylum level)

First dominant bacteria Second dominant bacteria Third dominant bacteria Fourth dominant bacteria

HAB01 Proteobacteria, 46.1% Bacteroidetes, 27.2% Cyanobacteria, 17.7% Verrucomicrobia, 1.0%

ZJ0205 Cyanobacteria, 42.0% Proteobacteria, 30.6% Bacteroidetes, 21.4% Actinobacteria, 0.4%.
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different technical means used in the second survey. The 
high-throughput sequencing method used in this survey 
is quite different from the traditional biochemical identi-
fication of bacteria. In addition, the sampling sea area of 
the two methods is also different, so the results are quite 
different. According to the 16S rDNA sequence of culti-
vable bacteria in different periods of red tide, Wang Jian 
and other scholars carried out molecular classification and 
identification of bacteria, and found that most of the bac-
teria are bacterial groups of the Proteobacteria and Bacte-
roides [14].

Chang Hong and other scholars used molecular biolo-
gy methods such as terminal restriction fragment length 
polymorphism (T-RFLP) analysis, through principal com-
ponent analysis and cloning library construction, to study 
the bacterial community structure of S. conidus during the 
red tide in the Shenzhen Dapeng Bay. It was found that 
the types of bacteria mainly belong to the Proteobacteria, 
Bacteroides and Firmicutes [15]. Hye Eun Kang and other 
scholars carried out molecular biology research on the 
microbial community during the occurrence of Hetero-
sigmaak ashiwo red tide in Juji Island, South Korea. The 
16S rDNA sequencing and species identification results 
showed that Proteobacteria and Bacteroides are the two 
most important bacterial groups in red tide waters, fol-
lowed by Firmicutes and Actinomycetes [16]. It can be seen 
that using molecular biology techniques to study water 
microbial communities when red tides occur, although the 
causes of red tides and the studied sea areas are different, 
the structure of the water microbial community is relative-
ly similar at the phylum level. Proteobacteria, Bacteroi-
des, Actinobacteria and Firmicutes are the main bacterial 
groups. The results of this study also confirmed this con-

clusion.

3.4 Correlation Analysis of Water Quality and 
Phytoplankton

In order to directly reflect the correlation between phy-
toplankton and environmental factors, the Past software 
and CCA analysis method were used for sequencing. 
Through the analysis of the correlation between phyto-
plankton species number, cell abundance, chlorophyll, 
Shannon index and environmental factors, it was found 
that the first axis and the second axis explained 93.2% and 
5.4% of the total variation respectively in CCA ordination 
chart (Figure 9), which indicated that the environmental 
factors in this study explained the variation of phytoplank-
ton community to a great extent. The dots in the figure 
represent the number of phytoplankton species, cell abun-
dance, chlorophyll, Shannon index, and the rays represent 
environmental factors.

The dots in the figure represent the number of phyto-
plankton species, cell abundance, chlorophyll, and Shan-
non index, and the rays represent environmental factors. 
The longer the radiation of environmental factors, the 
greater the impact of the factor on the research object; and 
the length of the vertical distance from the microorganism 
to the environmental factors determines the correlation 
between them, the shorter the distance, the greater the 
correlation, and the longer the distance, the smaller the 
correlation. It can be seen from Figure 9 that, in general, 
the environmental factors in this survey have little effect 
on the phytoplankton community. For example, each fac-
tor has little effect on cell abundance. Relatively speaking, 
the number of plant species, chlorophyll and Shannon 
index were significantly affected by active phosphate and 

Figure 9. CCA ordination of phytoplankton and environmental factors
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salinity in seawater.
Salinity is a key factor in the growth of marine phyto-

plankton. Dr. Zhang and other scholars studied the phy-
toplankton and its water quality physical and chemical 
parameters in Hangzhou Bay in the summer from 2004 
to 2010. The survey results showed that salinity was the 
main variable related to phytoplankton community [17]. In 
addition, Dr. Jiang and other scholars studied the biomass 
and physical and chemical indicators of phytoplankton 
in Xiangshan Bay, Zhejiang Province, and found that 
phytoplankton also showed spatial heterogeneity along 
the salinity gradient, which was driven by marine envi-
ronmental factors [18]. Phosphorus is one of the essential 
nutrients for the growth of microalgae, and most of the 
metabolic structure and functions require phosphorus [19,20]. 
Many scholars have studied the estuarine areas of the East 
China Sea and the South China Sea, and found that the 
high nitrogen concentration in the coastal areas of China 
leads to serious phosphorus limitation [21,22]. The results 
of this survey are consistent with the above-mentioned 
research results. In this survey, the concentration of inor-
ganic nitrogen in seawater is generally high, and the CCA 
ranking shows that active phosphate has a relatively large 
influence on the number of plant species, chlorophyll, and 
Shannon index.

4. Conclusion

(1) In June 2018, a patrol survey of the marine ecologi-
cal environment was carried out in the sea areas with high 
incidence of red tides along the coast of Zhejiang, China. 
It was found that the nitrogen and phosphorus nutrient 
contents in the surveyed seas were generally high, and 
the inorganic nitrogen of most samples exceeded the first-
class sea water quality standards. There are significant dif-
ferences in dissolved oxygen, pH, COD, chlorophyll and 
phytoplankton abundance in the water body when red tide 
occurs. The active phosphate and salinity in seawater have 
a greater impact on the number of plant species, chloro-
phyll and Shannon index.

(2) During the investigation, a red tide was found in the 
sea area near Yushan Islands. The chlorophyll a content 
was 42.12 mg/m3 and the cell abundance of phytoplankton 
is 8.16×108/L, of which the abundance of Prorocentrum 
donghaiensis accounts for 98.5%. It can be considered 
that this is a Prorocentrum donghaiense event.

(3) The Illumina MiSeq sequencing platform was used 
to perform 16s high-throughput sequencing on the red tide 
occurrence area and nearby sea waters, and a total of 16 
phyla, 82 families and 126 genera of bacteria were iden-
tified. At the phylum level, the Proteobacteria is the first 
dominant phyla, with 38.4% of the total sequence number; 

followed by the cyanobacteria and Bacteroides.
(4) Comparing the microbial species composition of the 

red tide occurrence point and the nearby sea area, there 
is a certain degree of difference between the two water 
bodies. The proportion of dominant bacteria between the 
two groups was quite different. The most dominant bacte-
ria in the red tide area was Proteobacteria, accounting for 
46.1%; Cyanobacteria was the first dominant bacteria in 
the nearby sea area, accounting for 42.0%.
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Conus loroisii is a marine vermivorous snail found profusely in the 
southern seas of India. They harbor several toxic peptide components 
commonly called as ‘conotoxins’. In this study, we have identified 
and sequenced five conotoxins using proteome based tandem mass 
spectrometry analysis through Data analysis 4.1 software. Among them, 
we found Lo959 as contryphan which is previously described. All other 
conotoxins Lo1702, Lo1410, Lo1385 and Lo1686 belong to M-Superfamily 
conotoxins and novel to C. loroisii. Lo1410 is completely novel to 
conotoxin research with 3 disulfides and the amino acid sequence is derived 
as CCSTNCAVCIPCCP. All the identified M-Superfamily conotoxins are 
sub categorised to mini M2 superfamily conotoxins. Lo1702 and Lo1686 
possess C- terminal amidation which is the key feature in conotoxins.  
Moreover, we have screened the natural venom for the occurrence of 
toxicity in the zebrafish model and brine shrimp. 
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1. Introduction

Cone snails form the largest single genera of living ma-
rine invertebrates and include various carnivorous pred-
ators. Conidae, commonly known as ‘cone snails’, is a 
taxonomic family of predatory sea snails and marine gas-
tropod molluscs belonging to the genus Conus established 
as a family by John Flemming in 1822. The Conidae along 

with the Turridae and Terebridae form the Superfamily 
Conidia [1]. These marine gastropod genus Conus (cone 
snails) found mainly in shallow waters around the world. 
The genus Conus is rich in diversity found in almost all 
parts of tropical seas which makes this as important in 
marine diversity and also play a major role in economy 
for its beautiful shells. As cone snails possess venom 
cocktail which majorly act in the prey’s neuronal system, 
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which primarily serves to capture prey is now a days 
developed as neurological drugs and tools. A venom pep-
tide from Conus magus Ziconotide is the first approved 
drug from a marine gastropod which is used in chronic 
pail alleviation [2]. From that point several other library 
of conotoxins is continuously studied for their medicinal 
properties isolated from several conotoxins worldwide [3]. 
The venom of all classes of conotoxins from various cone 
snails are highly unique in their structure and function [4]. 
Despite cone snails are widely used through exploitation 
for their commercial, medical and scientific value, very 
less research has been focused towards the conservation 
of the genus Conus. Based on feeding habits conus is clas-
sified in to piscivorous which hunt fish, molluscivorous 
which feeds mollusk and vermivorous which hunts on 
worms. Among them piscivorous which hynt fishes is the 
remarkable group as these venom has potential to target 
vertebrate system and it normally used to rapidly immobi-
lize fish [5]. 

Few conotoxins have reached human clinical trials; 
many are at preclinical stages of development for diverse 
potential therapeutic applications. 

Only very few percentage of the whole conotoxins 
identified have been studied and developed for medical 
applications [6]. Cone snails which harbor cocktail of po-
tential conotoxins, serve as a big reservoir for develop-
ment of several marine drugs. Most of these toxins have 
been found to exhibit potential bioactivity in a diverse 
range of mammalian ion channels and receptors associat-
ed with pain-signaling pathways. 

Typically the conotoxins are of small size, with 
well-defined stable structure, highly specific towards the 
target receptors make them attractive and potential phar-
macologic agents.

Many conotoxins have shown promise and potential in 
preclinical models of pain, convulsive disorders, stroke, 
neuromuscular block, and cardioprotection. 

Most conopeptides families studied to date target re-
ceptors and ion channels associated with muscle tissue 
and nervous system. 

Some conotoxins which have specific function of al-
leviation of pain are developed as pain killers [7]. In this 
study, we have characterized few of the venom peptides 
using mass spectrometry based studies and biological 
characterization of the venom using the zebrafish model.

2. Materials and Methods

2.1 Collection and Identification of Cone Snail

Conus loroisii samples were collected from Kasimedu 
fishing harbor (13.1251° N, 80.2955° E), (Figure 1a), 

Tamil Nadu, India. A total of 22 alive C. loroisi samples 
were collected from the trawling fish waste littered in the 
boat jetty of Kasimedu fishing harbor in the month of Jan-
uary, 2019. The collected cone snail was identified follow-
ing standard keys [8]. We selected C. loroisii for this study 
as is not enlisted under endangered or protected species.

Figure 1a. Map showing sampling location of conus 
loroisii at Kasimedu fishing harbor

Figure 1b. Shell and venom duct of conus loroisii

2.2 Extraction of Natural Peptides

The venom ducts of C. loroisii specimens were dis-
sected and stored in 50: 50 % HPLC grade acetonitrile: 
water at the collection site. The samples were transported 
to the laboratory and the crude natural extract was filtered 
through Whatman No.1 filter paper and the clean filtrate 
was concentrated using a rotary vacuum evaporator. The 
crude extract was then stored at -20 °C till further use [9].

2.3 LC-MS-MS of the Natural Extract

The crude extract of C. loroisii was filtered through a 
0.2μM filter and diluted and subsequently, used for mass 
spectrometric analysis. The mass spectrometric data was 
acquired in LC-MS-MS (Bruker Daltonics, Bremen, Ger-
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many) to identify the number of peptide components in 
the crude mixture [9].

2.4 Global Reduction and Alkylation of Natural 
Venom and Analysis by LC-MS-MS

An aliquot of crude venom extract was treated with 
reducing agent TCEP (tris (2-carboxyethyl) phosphine) at 
a final concentration of 20mM and incubated at 37 °C for 
1.5 h. After incubation double the concentration (40mM) 
of alkylating agent NEM (N-Ethyl maleimide) was add-
ed and incubated at room temperature for 45min. The 
reaction mixture was analyzed in LC-MS-MS to identify 
the number of disulfide-rich conopeptide [9]. Auto MS (n) 
experiments (CID fragmentation) was performed for the 
reduced and alkylated peptides. All the above experiments 
are carried after the peptide components were chromato-
graphically separated based on their polarity using a re-
verse phase C18 column [9].

2.5 Sequencing of Venom Peptides

Manual de novo sequencing strategy was followed to 
sequence the conotoxins from the raw data obtained from 
LC-MS-MS using Data analysis 4.1 software (Bruker Dal-
tonics, Bremen, Germany). 

2.6 Toxicity Testing of Conotoxin on Zebrafish 
Embryos

Adult and healthy zebrafish were obtained and main-
tained in a standalone system (Aquaneering, USA) 25-
28˚C, under 14–10 h light/dark cycle photoperiod in 50 L 
housing tank. 6 hpf (hours post fertilization) healthy em-
bryos were screened without any visible physical defects 
and developmental deformities. The zebrafish embryos 
were exposed to the Conotoxins (100, 200, 400, 600, 800, 
1000μg/mL) for 6-72 hpf and then assessed for toxicity. 
The embryos were kept in sterile 24-well plates with 10 
embryos per well-containing 1mL of the solution. The mor-
tality and developmental deformities of the zebrafish larvae 
were recorded at 72 hpf (hour post-fertilization) [10, 11, 12].

2.7 Toxicity Assay of Crude Venom on Brine 
Shrimp

Artemia salina (brine shrimp) eggs were purchased 
from Ocean Star International O.S.I, USA. Dried cysts 
were placed in a separating funnel containing natural sea-
water. After 24-28 hours of incubation and strong aeration 
at room temperature (30-35º C) under continuous light 
supply, the nauplii (larvae) were hatched. The larvae were 
separated using a coffee filter and rinsed well in sterile sea-
water. The nauplii were then suspended in sterile seawater.

The evaluation of cytotoxicity on the brine shrimp 
embryo was performed by adding 10 larvae in each well 
containing 100 μl of sterile seawater. The test was per-
formed in triplicates. The larvae were exposed to different 
concentration of drug (5, 10, 20, 40, 80, 160, 320μg/mL). 
After 24 hours of incubation at room temperature, the 
number of nauplii surviving was checked under a stereo 
microscope. The control well consisted of only nauplii and 
sterile seawater. The percentage of deaths was calculated 
by comparing the test and control wells. The percentage of 
lethality was calculated by means of Abbott’s formula: % 
Lethality= ((Test-Control)/ Control) * 100 [13]. 

2.8 Acetylcholinesterase Quantification

The acetylcholinesterase quantification assay was per-
formed in 96-well plate to which different concentrations 
of conotoxin was added and made up to 250µl with PB 
buffer (pH 7) for 10 mins at room temperature. After in-
cubation, the reaction was stopped by addition of Tris HCl 
(pH 8). Then 10 µl of 5, 5′-dithiobis (2-nitrobenzoic acid) 
(DTNB) was added to each well and absorbance was tak-
en at 412 nm. 2 µl of acetyl thiocholine iodide was added 
to each well to measure the hydrolysis of ATCI by forma-
tion of yellow reaction of DTNP with thiocholine and the 
reaction was measured by 412 nm in multi-mode plate 
reader (PerkinElmer) [10, 11, 12].

3. Results

3.1 Identification, Dissection and Isolation of 
Crude Venom from Conus Loroisii

The cone snail was identified following standard keys 
as Conus loroisii (Figure 1). The venom duct was dissect-
ed from the live specimen (Figure 1). Venom is extracted 
from the venom duct by following the protocol as given 
in materials and methods and stored in the deep freezer 
(-20°C) for preservation until further use. The presence 
of protein in the crude venom extract was confirmed us-
ing NanoDrop (Thermo Scientific™ NanoDrop 2000 and 
2000c) and its concentration was 3 mg/ml.

3.2 Sequencing of Venom Peptides

The total ion chromatogram of C. loroisii venom 
yielded a spectrum showing various peptide components. 
Among them, we identified and sequenced five peptides 
Lo959, Lo1702, Lo1686, Lo1410 and Lo1385 respective-
ly. The fragmented spectrum of Lo959, Lo1702, Lo1686, 
Lo1410, and Lo1385 with daughter ions which are ex-
clusively used for deriving the peptide sequences are 
shown in figure 2-6 respectively. The individual masses 
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of both the ‘b’ and ‘y’ series where determined manually 
by de-novo sequencing and are presented in the tables (2-
6). Complete analysis of the daughter ions yielded the 
sequences Lo959- GCPWDPWC-NH2, Lo1702-CCSQD-
CRVCIOCCPY-NH2, Lo1686- CCSQDCRVCIPC-
CPY-NH2, Lo1410- CCSTNCAVCIPCCP, and Lo1385- 
CCKVLCESCTPCC. ExceptLo959 all other peptide 
toxins are novel to be reported from C. loroisii. Peptide 

Lo959 belongs to the contryphan family. The other four 
sequences Lo1702, Lo1686, Lo1410 and Lo1385 belong 
to the M superfamily of conotoxins. The MALDI-TOF 
spectrum of two conotoxins Lo1686 and Lo1702, after 
alkylation, was determined and it indicates the post trans-
lational modification that takes place between Lo1686 and 
Lo1702. A difference of 16 Dalton between both the pep-
tides is noted.

Table 1. Conopeptides of conus loroisii

Sl. No. Gene Superfamily Name Sequence Mass Notes

1 Contryphan Lo959 GCPWDPWC-NH2 959
This Work and Gowd,K.H. et al. (2005)   

Sabareesh,V. et al. (2006)  
Sonti,R. et al. (2013) 

2 M-superfamily Lo1702 CCSQDCRVCIOCCPY-NH2 1701 This Work and Rajesh 2014

3 M-superfamily Lo1410 CCSTNCAVCIPCCP 1409 Novel to conotoxins history

4 M-superfamily Lo1385 CCKVLCESCTPCC 1384 Peng C et al., 2016

5 M-superfamily Lo1686 CCSQDCRVCIPCCPY-NH2 1685 Conticello et al 2001 and Rajesh 2014

Table 2. Determined m/z values of b and y ions for the sequence Lo959

b ions Theoretical Mass Founded Mass y ions Theoretical Mass Founded Mass 

b1  59 y1 246

b2 287 y2 432

b3 384 y3 529.35 529.35 

b4 570 570 y4 644.3 644.3 

b5 685   685 y5 830

b6 781 y6 927.47 927.47

b7 967.47 967.47 y7 1155
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Table 3. Determined m/z values of b and y ions for the sequence Lo1702

b ions Theoretical  Mass Founded Mass y ions Theoretical Mass Founded Mass 

 b1 229 y1 182

 b2 457.3 457.3 y2 279

 b3 544.1 y3 507.2 507.2 

 b4 672.2 y4 735.1 735.1

 b5 787.4 787.4 y5 848.3 848.3

 b6 1015.3 1015.3 y6 961.4 961.4

 b7 1171.3 y7 1189.5 1189.5

 b8 1270.5 1270.5 y8 1104 1104 

 b9 1498.5 1498.5 y9 1445.4 1445.4 

 b10 1611.6 y10 1672.7 1672.7 

 b11 1724.9 1724.9 y11 1787.6

b12 1952.6 1952.6 y12 1915.7

b13 2180.7 2180.7 y13 2002.5 2002.5

b14 2277.6 y14 2230.5

Table 4. Determined m/z values of b and y ions for the sequence Lo1410

b ions Theoretical Mass  Founded Mass y ions Theoretical Mass Founded Mass 

 b1 229  y1 116 

 b2 457 457  y2 344 344 

 b3 544 544  y3 572 572 

 b4 645 645  y4 669 669 

 b5 759.4 759.4  y5 782 782 

 b6 987.3 987.3  y6 1010 1010 

 b7 1058.4 1058.4  y7 1109 1109 

 b8 1157.4 1157.4  y8 1180 1180 

 b9 1385.5 1385.5  y9 1408 1408 

 b10 1498 1498  y10 1522 1522 

 b11 1595.6 1595.6  y11 1623 

 b12 1823.7 1823.7  y12 1710 

b13 2051.7  y13 1938 
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Table 5. Determined m/z values of b and y ions for the sequence Lo1384

b ions Theoretical Mass Founded Mass  y ions Theoretical Mass Founded Mass 

 b1 229  y1 475.2 475.2 

 b2 457 457  y2 572.3 572.3 

 b3 585 585  y3 673.3 673.3 

 b4 684.3 684.3  y4 901 901 

 b5 797.5 797.5  y5 988.4 988.4 

 b6 1025.5 1025.5  y6 1117

 b7 1154 1154  y7 1345.5 1345.5 

 b8 1241.6 1241.6  y8 1458 1458 

 b9 1469.6 1469.6  y9 1557

 b10 1570.7 1570.7  y10 1656

 b11 1667.7 1667.7  y11 1784

 b12 1895.7 1895.7  y12 2012

Table 6. Determined m/z values of b and y ions for the sequence Lo1686

b ions Theoretical Mass Founded Mass  y ions Theoretical Mass Founded Mass 

 b1 229  y1 182 

 b2 457 457  y2 279 

 b3 544  y3 507 507 

 b4 672 672  y4 735 

 b5 787 787  y5 832 832 

 b6 1015  y6 945 945 

 b7 1171 1171  y7 1173 1173 

 b8 1270 1270  y8 1272 1272 

 b9 1498 1498  y9 1428 1428 

 b10 1611 1611  y10 1656 1656 

 b11 1708 1708  y11 1771 1771 

 b12 1936 1936  y12 1899 

 b13 2164 2164  y13 1986 

b14 2067  y14 2214 
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Figure 2. Spectrum showing sequence of Lo959 obtained 
from de novo tandem Mass Spectrometry

Figure 3. Spectrum showing sequence of Lo 1702 ob-
tained from de novo tandem Mass Spectrometry (O= 

4-trans-hydroxyproline: Hyp)

Figure 4. Spectrum showing sequence of Lo 1686 ob-
tained from de novo tandem Mass Spectrometry

Figure 5. Spectrum showing sequence of Lo 1410 ob-
tained from de novo tandem Mass Spectrometry

Figure 6. Spectrum showing sequence of Lo 1385 ob-
tained from de novo tandem Mass Spectrometry

Figure 7. Spectrum showing sequence of Lo 1686 and 
Lo1702 with 16D more indicating the presence of hydrox-

yl proline in Lo1702
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3.3 Estimation of Acetylcholinesterase Activity

The venom sample was tested for the presence of ace-
tylcholinesterase enzyme using the Ellman’s assay (as de-
scribed in detail in materials and methods). We observed 
that the venom sample of Conus loroisii contains the en-
zyme acetylcholinesterase as shown in Figure 8.

Figure 8. Quantification of the enzyme acetylcholinester-
ase

3.4 Toxicity Testing of Conotoxin on Zebrafish 
Embryos

Zebrafish embryos were subjected to varying con-
centrations of conotoxins for 72 h.p.f based on OECD 
guidelines to determine the LC50 value. It was observed 
that death was initiated at a concentration of 400 µg/µl 
at 24 hrs. Between 50-65 hours after treatment, various 
deformities were observed in higher concentrations such 
as pericardial edema, blood clot, yolk sac edema, spinal 
kyphosis, etc. 100% death was observed in concentration 
800 μg and above (Figure 9&10). The LC50 was deter-
mined to be 700 μg/μl with 50% death. 

Figure 9. Toxicity assessment of zebrafish embryo at 24 
hours post treatment (hpt) a) Control; b) 100μg; c) 200μg; 

d) 400μg; e) 600μg; f) 800μg; g) 1000μg

Figure 10. Different deformities observed in the zebrafish 
larvae during toxicity assessment vs control. a)Control 

b) Pericardial edema; c) Hemorrhage; d) Spinal kyphosis 
(Deformities seen at 48 & 72 hrs.)

3.5 Toxicity Assay of Crude Venom on Brine Shrimp

Brine shrimp toxicity was performed on 24hrs nauplii 
at varying concentrations of conotoxins for 24 h.p.f as 
mentioned in materials and methods. It was observed that 
death was initiated at a concentration of 80 µg/µl. The 
LC50 value was found to be 320µg/µl at 24 hours.

4. Discussion
Conus loroisii is abundantly distributed along the coast 

of the Southeastern state of Tamil Nadu in India. Despite 
its abundance, the venom components of this species have 
not been studied extensively. The de-novo sequencing 
done with the help of mass spectrometry has led to yield 
five peptide sequences. Among these peptides, one was 
found to be a contryphan and the other four belong to 
the M-superfamily conotoxin. One contryphan (Lo959) 
and two peptides from the M-superfamily Lo1385 [13] and 
Lo1686 [9] identified in this study have been identified ear-
lier in other cone snails (Conus betulinus and Conus figu-
linus).Two peptides from the M-superfamily (Lo1702 and 
Lo1410) are novel toxins to the conopeptide library. Sev-
eral conotoxins with from Conus amadis displayed almost 
similar sequence similarity with the peptide sequence 
of the present study (Vijayasarathy et al., 2019). Among 
the 5 conotoxins identified 3 peptides possess C terminal 
amidation which is the major hallmark of conotoxins. 
Lo1702 possess the hydroxylation of proline which is 
another major post-translational modification which also 
found in Conus figulinus as reported earlier [9]. The LC50 
value was determined to be 700 µg/µl by zebrafish em-
bryo toxicity and 320 µg/µl by brine shrimp toxicity. The 
conotoxin lacked acetylcholinesterase inhibitory activity 
but helps in increasing the activity of acetylcholinesterase. 
Based on the preliminary evidence for the occurrence of 
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novel conotoxins and the toxicity studies, if this study is 
extended further and trace out and separate the toxigenic 
molecules, which would provide a lead for discovering 
biologically active molecules.

5. Conclusion
In this study the vermivorous cone snail Conus loroi-

si which is less explored for its venom based peptidomic 
research is analysed using mass spectrometry based de-no-
vo sequencing and tested for its toxicity in zebrafish mod-
el and brine shrimp. We found 5 peptides and derived their 
aminoacid sequences, which belong to single disulfide 
contryphan group and 3 disulfide bonded M-superfamily 
conotoxins. Among them Lo1410 is completely novel to 
conotoxin research. This preliminary research paved the 
way to continue research in biological and structural char-
acterisation of individual peptide molecules which would 
possibly yield us with drug leads against various human 
ailments in near future. 
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