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In order to explore the effectiveness of Marine ecosystem conservation and
restoration, an evaluation method based on the effectiveness and investment
benefit of Marine ecosystem conservation and restoration was proposed.
This method recommends key technical problems and solutions based on
the information represented by Marine ecosystem protection to explore the
effectiveness of Marine ecosystem protection and restoration. The results
show that the evaluation efficiency of Marine ecosystem protection and
restoration and investment benefit is about 30% higher than that of traditional
methods. Due to the uncertainty of Marine ecological restoration, the role of
adaptive management in Marine ecological restoration has been paid more
and more attention, and the systematic process of improved management
adapted to new knowledge and information has been explored.

Marine ecology, system protection, repair effect, investment benefit, conservation
and restoration

Introduction

Marine economy is one of the material bases supporting the socio-economic
development of coastal areas (Rachwalska and Loster, 2020). Sustainable utilization
of Marine resources is a prerequisite for the sustainable development of society and
economy (Li, 2022a). For a long time, in the process of using Marine resources, people
have believed that resources are priceless, and the disorderly and boundless exploitation
and utilization of Marine resources have destroyed the Marine ecosystem (Viturka and
Pail, 2020). Environmental value assessment is a hot research topic at present, and
there are many theories and methods that need to be further explored, especially in
Marine ecosystem.

The ocean is a treasure house of resources and the lifeblood of the economic
development of coastal countries (Li, 2022b). The ocean is the synthesis of nature,
containing rich natural resources. The fluidity and continuity of Marine resources, the
three-dimensional nature of Marine resources and the complexity of Marine resources
environment determine the suitability of Marine functions. It determines that ocean
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development is a special economic and social activity, a
huge and complex social system engineering, and determines
the relevance, comprehensiveness and strategy of ocean
development. Ocean exploitation is not only related to the
ocean’s own ecological environment, but also closely related to
the development of human society.

For a long time, the theory of “resources are priceless” has
resulted in the free possession and predatory development and
utilization of Marine ecological resources (Kosov and Solovyova,
2020). As a result, Marine resources are destroyed, ecological
environment deteriorates, and the sustainable development of
Marine economy is blocked (Al-Meziraa et al., 2021). With the
emergence of global resource shortage, population explosion,
environmental deterioration, survival crisis and other problems,
an upsurge of comprehensive exploitation and utilization of the
ocean is rising all over the world. At the same time, it also
brings people a rational thinking, and the traditional “resource
priceless” theory is deeply reflected. More and more people
realize that the traditional value of Marine resources is difficult
to adapt to the development of Marine economy in the 21st
century and it must be re-recognized.

Oceans account for about 71% of the earths surface
area and provide mankind with rich and diverse resources,
products and services. They are an important foundation for
the sustainable development of human society and economy.
With the rapid population growth and social and economic
development in coastal areas, high-intensive and high-intensity
human development activities are constantly exerting pressure
on the ocean, and the Marine ecosystem is degrading at an
unprecedented rate, and the products and services provided by
the Marine ecosystem are also declining day by day (Kasyanenko
et al, 2021). Marine ecosystem degradation is a common
problem faced by coastal countries all over the world. As an
important way to contain the degradation of Marine ecosystem,
Marine ecological restoration is a hot spot in the field of
oceanography and ecology and has attracted more and more
attention from scholars around the world.

Typical Marine ecosystems include mangroves, coral reefs,
salt marshes and seweed beds. They have high biodiversity
and productivity, providing rich natural resources for human
beings, spawning and nurturing places for Marine organisms,
and protecting ecological coasts from erosion such as waves and
hurricanes. However, due to the combined effects of human
activities such as large-scale reclamation projects, massive
discharge of pollutants into the sea, overfishing, exploitation
and intensive transportation of offshore oil, gas and mineral
resources, global climate change, natural disasters and other
natural factors, typical Marine ecosystems have experienced
habitat loss, resource attenuation and eutrophication. And a
series of ecosystem degradation problems such as hydrodynamic
disturbance and biodiversity decline. Some 80% of coastal
wetlands, 35% of mangroves, 20% of coral reefs and nearly
29% of seagrass beds have been lost or degraded, according
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FIGURE 1
Ecological restoration process.

to the study. Nearly 50 percent of our mangrove forests have
disappeared since the 1950s. Coral reefs have declined by 80%
since the 1990s; Currently about 14% (James et al., 2021).

With the aggravation of degradation, Marine ecological
restoration has attracted great attention from all over the
world. Marine ecological restoration refers to the restoration
of damaged Marine ecological environment to its original or
similar structure and state by using appropriate biological,
ecological and engineering technologies on the basis of
stopping or reducing human disturbance. At present, the
theories and methods of Marine ecological restoration are
mainly focused on the diagnosis and mechanism of ecosystem
degradation, as well as the technology and methods of
ecological restoration, but there is a lack of research on the
effectiveness evaluation of ecological restoration. At present, a
large number of ecological restoration projects have been carried
out in various typical Marine ecosystems in different regions
according to the diagnosis results of ecological degradation.
It is urgent to carry out relevant studies on effectiveness
assessment, so as to judge the effectiveness of ecological
restoration, correct misunderstandings in time and meet the
needs of adaptive management. The ecological restoration
process is shown in Figure 1. In terms of time flow, it
should be carried out in a coherent order in the order
of investigation-analysis-forecast-evaluation-planning-design-
construction-management; in terms of space, it consists of
ecosystems generated by means of protection, restoration, and
regeneration. composed. The restoration technology of the
ecological environment should be the optimal combination of
the ecological distribution of this time process and space. The
purpose of restoration is to control the impact on the natural
environment to the minimum limit.

Literature review

A systematic understanding of the environmental value
of Marine ecosystems has important practical and strategic
significance for safeguarding Marine rights and interests,
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formulating Marine policies, and developing Marine economy.
Williams et al. (2020) said that with the increasing attention paid
to Marine ecological restoration by coastal countries around
the world, a series of global scholars have summarized the
research progress in the field of Marine ecological restoration.
Yilmazer and Tzer (2020) reviewed and evaluated the cost,
survival rate of restored organisms, project duration, scale and
restoration technology of coral reef, seagrass, mangrove, salt
marsh, oyster reef and other types of ecological restoration
projects. Levchenko (2020) summarized the research contents,
methods and existing problems of ecological restoration
of mangrove, coral reef and seagrass bed, and proposed
modes and measures of Marine ecosystem restoration.
Lioznov et al. (2020) summarized and discussed the ecological
restoration of coastal wetlands from key issues such as
ecological degradation diagnosis, restoration objectives,
restoration measures, restoration monitoring, and restoration
effectiveness evaluation. Guttsayt (2020) summarized the
principles of site selection or spatial planning for Marine
ecosystem restoration at different spatial scales based on
literature related to seagrass beds, salt marshes and mangroves.
Swystun and Davey (2022) summarized the driving force and
purpose of scientists’ research on Marine ecological restoration
through literature analysis.

With the rapid development of scientometrics and
infometrics, quantification and visualization have developed
rapidly Knowledge graph is a literature analysis method
emerging in recent years. It has the advantages of large amount
of literature processing, intuitive visualization, diverse analysis
angles and high reliability of data analysis results, which makes
up for the deficiency of traditional literature review.Among
them, VOSviewer is one of the commonly used knowledge
graph software, which has been gradually applied in the field
of ecological environment protection and restoration in recent
years. Habibov and Abasova (2020) used VOSviewer software
to analyze the status and trends of phosphorus research in
global basins. At present, knowledge mapping is rarely used
in the summary of Marine ecological restoration research
(Habibov and Abasova, 2020).

In recent years, in order to explore the impact of Marine
resources exploitation activities, many researchers have carried
out relevant research on the evaluation model of Marine
resources exploitation. Clark et al. (2020) constructed a green
evaluation model for Marine resource development from the
perspective of national economic evaluation and opportunity
cost. This model tries to evaluate the advantages and
disadvantages of different exploitation and utilization modes of
Marine resources by the ratio of pure benefit and total cost, and
tries to monetize the impact of resources, environmental profit
and loss, ecological benefit and social benefit in the exploitation
of Marine resources. It only puts forward an attempt and
thinking of the green evaluation model of Marine resources
exploitation from the theoretical point of view.
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Marine resources have multiple suitability. The same Marine
resources have different ways of exploitation and utilization,
which will have different environmental impacts and bring
different economic, ecological and social benefits.This study
intends to build a comprehensive benefit evaluation model
of Marine resources exploitation activities, and bring the
economic, ecological and social benefits of Marine resources
exploitation activities into the evaluation model. According to
the calculation results of the model, the comprehensive benefits
of different ocean source development modes are discussed and
their advantages and disadvantages are evaluated.

Materials and methods

Measurement of Marine resources
development

(1) Measure method

Since the measurement index of Marine resource
development comprehensive index varies greatly among
provinces and regions, in order to eliminate the influence of
other non-effective components on the measurement results,
unified standardized processing of data is carried out first, and
the processing formulas are shown in Formula 1 and Formula 2:

Xjj — min x;jj

(1)

Xij = — .
max xi]’ — min xij

max x,-j — xij

)

M= max Xj; — min x;j

Formula 1 is the standardization formula of positive
indicators, and Formula 2 is the standardization formula
of negative indicators. Considering the natural properties of
Marine resources, the objective weighting method is used to
assign the Marine resources. The specific weighting method is
shown in Formula 3 and 4:

The entropy of the i th evaluation index is:

1 m
Hi=-—— ;ﬁﬂﬂﬁj 3)
Among which,
1+ by
fi=——— =12, mlj=12..,m0<H <1
(1+ by)
j=1
(4)
Then the entropy weight of the evaluation object is shown in
Formula 5:
1-H;
b= (5)
m — Z H,'
i=1
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(2) Fuzzy relative membership model based on entropy
weight

This article introduces the relative membership degree
establishes the
membership degree evaluation matrix of Marine resources

model of fuzzy mathematics, relative
exploitation comprehensive index on the basis of fuzzy set,
and carries on the comprehensive evaluation of China’s Marine
resources exploitation comprehensive index with entropy
weight methodLet the fuzzy concept on the domain y,for any
element u on U, u € U. u has an attractive property and the
relative membership of A is 14 (u).The relative membership of
A’ with repulsive property is s’ (1), as shown in Formula 6
and 7:

fa () € 0,1] ©
p () €0,1]

Ha () +pa (w) =1 (7)

The fuzzy variable set of the domain U is V, as shown in
Formula 8:

V={(u,D)ueU,Ds W) =pa(u)—pus u,De[-1,1]}
(8)

D is the relative difference function. As shown in Formula 9.

Ay ={ulu e U, us (u) > uy (u)}
©))

A_={ulueU,us (1) < uy (1)}
Ag ={ulue U, us () = ux (u)}

Relative difference function model. As shown in Formula 10.

xo = [a, b] (10)

Let the above formula be the attractive domain of V on the
real axis, as shown in Formula 11.

0 <Dy (u) < L;x=cd] (11)

The above formula is an upper and lower bound range
domain interval containing xo (xo € X). x is the magnitude
value of any point in the Xy interval, so when x falls to
the right of pointM, its relative difference function model is
shown in Formula 12.

Dy (u) = (X‘[_Z)ﬁ ,x €[M,b]

(12)
p
Daw) = (54) xe[d 0]

When x falls to the left of point M, its relative difference
function model is shown in Formula 13.
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When x falls outside the range region [C, d], as
shown in Formula 14.

Djp(u)=-1,x¢€ [c, d] (14)

In the formula, B is a non-negative index (usually 1), which
can be obtained according to Formula (8) and formula (8), as
shown in Formula 15.

ua (u) = [1+ D4 (w)] /2 (15)

Therefore, when Dy (u) is determined, the relative
membership u4 (1) can be solved according to Formula (15).
On this basis, the entropy weight method is used to determine
the weight w of each index, and the comprehensive evaluation
matrix is established. As shown in Formula 16.Today’s
application of fuzzy mathematics has spread all over the fields of
science, engineering, agriculture, medicine and social sciences,
fully showing its strong vitality and penetration.

B=wx uy (1) (16)

Effectiveness evaluation indicators

Evaluation indicators are the key to ecological restoration
effectiveness evaluation studies (Cui et al., 2021).With the
deepening of the research on typical Marine ecosystems, a large
number of indicators are introduced into the evaluation system
of ecological restoration effectiveness, and more indicators
can reflect the effectiveness of ecological restoration more
comprehensively. But it will also lead to the duplication of
indicators and greatly increase the workload of assessment.
Therefore, the main problem facing ecological restoration
effectiveness assessment at present is how to select evaluation
indicators and how to establish an indicator system (Li
et al, 2021, 2022). The main methods of seagrass bed
ecological restoration are seed method, plant transplantation
method and habitat restoration method, and the corresponding
effectiveness evaluation indexes can be roughly divided into
seagrass community, biodiversity, water environment and
substrate environment. Among them, seagrass community
index reflects the recovery of seagrass bed vegetation after
ecological restoration, and is the most common index to
evaluate the restoration status of seagrass bed ecosystem (He
and Kusiak, 2017; Li et al,, 2021). The evaluation indexes
of common seagrass bed ecological restoration are shown in
Table 1. Common evaluation indicators of coral reef ecological
restoration are shown in Table 2.

Just like coral reef ecosystem, the indicators of ecological
restoration effectiveness of salt marsh ecosystem also begin to
consider social and economic aspects.In addition to ecological
status and environmental pressure indexes, the results of the
restoration project of salt marsh ecosystem are evaluated.
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TABLE 1 Evaluation indexes of common seagrass bed ecological restoration effectiveness.

Repair methods

Indicators Specific indicators

10.3389/fev0.2022.991198

Current status of use

Habitat restoration method

Plant transplantation

‘Water environment,
substrate
environment,

Salinity, water temperature, organic matter
content and sediment, species and biomass
of swimming organisms, species and biomass
of benthic organisms, indicator species,
seagrass coverage, seagrass species
composition, seagrass branch density,

biodiversity, seagrass
community

seagrass canopy height

Seagrass community,
biodiversity

Seagrass coverage rate, seagrass species
composition, seagrass branch density,
seagrass canopy height, survival rate of
transplantation unit, new branching rate of

Habitat restoration is often used in combination with
other restoration methods, but hydrological
indicators are rarely considered in existing studies.
When selecting indicator species for evaluation, the
representativeness of indicator species is uncertain.
Lack of continuous, long-term monitoring

Seagrass community indexes were common. Lack of
continuous, long-term monitoring

repaired patch

TABLE 2 Common evaluation indicators of coral reef ecological restoration effectiveness.

Repair methods Indicators

Specific indicators

Status of use

Method of collecting, Indicators of

culturing and biological resources

transplanting coral larvae larvae

Social and economic

work, capacity building, economic value,

Coral reef user satisfaction, management

Attachment rate and growth status of -
coral larvae and recruitment of coral

At present, the rationality and maneuverability of
the indicators are still to be studied

social value, humanistic value

TABLE 3 Evaluation indexes of ecological restoration effectiveness of common salt marsh wetlands.

Repair methods Indicators Specific indicators Status of use
Habitat restoration Hydrological Submerged state of water salinity, Index of the representative is insufficient, needs
indicator dissolved oxygen, pH, temperature further study, need to increase the long-term
monitoring indicators
Restoration of biological resources Vegetation Vegetation coverage, plant growth and

restoration index development

The index of social impact of environmental protection
awareness level, publicity level, per capita income and scientific
research level of surrounding residents and the index of
evaluating the effectiveness of project management by project
managers are also added. As there are few studies on relevant
indicators for ecological restoration effectiveness evaluation of
salt marsh, only common indicators are sorted out (Zhou et al,,
2021). Because salt marsh wetlands often involve large scale,
landscape ecological indicators can be appropriately considered
in effectiveness assessment. As shown in Table 3.

As for the assessment methods, the current mainstream view
is to divide Marine ecosystem services into three categories
based on the existence of corresponding open markets: direct
market assessment, indirect market assessment and hypothetical
market assessment, as shown in Table 4.

Direct market evaluation method (Dhiman et al., 2021).
The method takes ecosystem services or environmental
quality as a factor of production that leads to changes
in productivity and production costs, and measures
market prices and input-output. Since the market price
and output level of many elements of Marine ecosystem
services can be directly or indirectly observed, the total

amount of direct service value of the ocean can be
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TABLE 4 Valuation method of ecosystem service value.

Market types Fundamentals of Main technologies
methods

Direct market Market production Market price method,
method opportunity cost method, shadow

engineering method, human

capital method
Indirect market Revealed preference

method

Shadow price method, travel
expense method, asset value
method

Hypothetical market Stated preference Conditional value method

method

directly calculated, which includes market value method,
opportunity cost method, shadow engineering method and
human capital method.

This method is mainly applicable to the valuation of
Marine ecosystem services with actual market price, and the
corresponding market price of the service can be used as the
economic value measurement standard, so it is the simplest
and easiest. The market value method can be used to evaluate
the food production function of the Marine ecosystem (i.e., the
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TABLE 5 Evaluation methods and characteristics of Marine ecosystem services value.

Fundamentals of
methods

Method types Scope of application

Advantages and
disadvantages of the
method

10.3389/fevo.2022.991198

Influencing factors

Market value method Direct market behavior It applies to the valuation of
Marine ecosystem services
with real market prices, such
as fishery resources, oil

resources, etc.

Opportunity cost method It is applicable to the situation
where one ecological use is

realized at the expense of

Advantages: simple, feasible
and accurate

Advantages: low cost;
Disadvantages: large
selectivity

Fluctuation of market price

Environmental attributes and
evaluation parameters

another

Resource
economy

Ecological economy

Ecological
resources

FIGURE 2
Operation principle of ecological protection incentive system.

function of various Marine foods provided to human beings)
(Balakrishnan et al., 2021).

Different from market value method and alternative market
method, conditional value method is based on utility value
theory and consumer surplus theory. Its main operation
mode is to investigate or ask people’s willingness to pay

TABLE 6 The corresponding relationship between the characteristics
of Marine ecological value and the requirements of Marine ecological
compensation for overall management.

Characteristics of
Marine ecological value

Requirements for
overall management

Integrity It is necessary to grasp the whole situation in
for a certain Marine ecosystem service (WTP) or willingness the exploitation and utilization of Marine
to accept compensation for the loss of a certain Marine resources and make unified guidance and

. . . scientific planning in the Marine ecological
ecosystem service (WAC) by constructing a hypothetical .
. . compensation
market. The value of Marine ecosystem services was evaluated Persistence The technical requirements for Marine
by analyzing the feedback of respondents. This method is ecological compensation are high and the
relatively simple and free to implement, but it also has central government is required to provide
disadvantages, for example, the survey scope is limited, and technical support
the survey feedback cannot fully reflect the real will of Publicness The embodiment of government's public
o . e service function
the respondents. Despite its disadvantages, conditional value
Globality International cooperation and exchange

method is regarded as the only method to evaluate non-use
value. In recent years, global ecological economists have widely
used this method to evaluate the value of public services
(Zhao et al., 2019).

In general, the scope of application, advantages and
disadvantages, and influencing factors of various assessment
methods adapted to the value of Marine ecosystem services are
shown in Table 5.

Environmental protection and economic development have
always been in contradiction. The construction of Marine
ecological protection incentive system can take resources
and environment as the core, and build a three-point cycle
mechanism of economic ecologicalization - ecological resource
utilization - resource economy (as shown in Figure 2), so as
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to achieve a win-win situation among economic development,
ecological protection and resource appreciation.

The ocean is an important strategic resource of the country,
especially the particularity and importance of the Marine
ecological value under the current international game situation,
which determines that it is inevitable to realize the overall
management of the central government in Marine ecological
compensation.Among them, the corresponding relationship
between the characteristics of Marine ecological value and the
central overall management of Marine ecological compensation
can be shown in Table 6.
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TABLE 7 Economic benefit evaluation elements and
evaluation indexes.

Evaluation
index

/ Evaluation
factor

Economic benefits Use the economic Economic net

net income of sea income from the Sea
enterprise used by the project

(10,000 yuan/ha)

Contribution of Annual tax payment

project (10,000 yuan/ha)
implementation to

regional economy

TABLE 8 Ecological benefit evaluation elements and
evaluation indexes.

/ Evaluation Evaluation
factor index

Ecological benefits Impacts on wetland Ecological service
ecological service value loss (10,000
function yuan/a)

Impact on Marine Loss of Marine living

living resources resources (10,000

yuan/ha)
Changes in Changes in
hydrologic and hydrodynamic field
sediment dynamic of hydrology and
fields sediment
Ecological gains and Ecological profit and
losses arising from loss (10,000 yuan /a)

exploitation of

Marine resources

TABLE 9 Social benefit evaluation factors and evaluation indexes
Evaluation factors.

/ Evaluation Evaluation
factor index

Social benefits Pulling effect of Newly employed
project population

implementation on
local employment
market

The attitude of local
residents towards the
project

Popular support rate

Social development
effect of the project

Social development
effect of the project

Results and analysis

Coastal development projects gain economic benefits
through the development of Marine resources at a certain
cost. At the same time, regional governments increase the
government’s fiscal revenue through the tax collection and
management of these sea-related enterprises, and the tax
revenue is mainly used for fiscal expenditure, which is a part of
the total social demand. It plays a driving role in the economy,
thus making a certain contribution to regional development
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FIGURE 3

Number of papers published in the field of Marine ecological
restoration from 1982 to 2021.

(Huang et al,, 2021; Xie et al., 2021). The factors and indexes
of economic benefit evaluation are shown in Table 7.

The exploitation of Marine resources will inevitably occupy
the tidal flat wetland resources, change the property of sea area
completely or partly, and change the ecological environment of
sea area. In order to describe the impact of project development
on ecological benefits, four indexes were selected from the
following aspects: the impact of project implementation on
wetland ecological service function, the impact on Marine living
resources, the change of hydrologic and sediment dynamic
field caused by the project, and the ecological profit and loss
caused by the project. Considering the actual situation of Marine
development activities, the Marine resources development
modes that generate ecological negative income mainly include
sea for breeding, sea for traffic engineering, sea for port industry
and sea for urban construction. In the process of development
and utilization, these projects will produce pollutants and
discharge into the sea, bringing different degrees of ecological
pollution. Therefore, the virtual governance cost paid by the
annual amount of pollution generated by the governance project
is considered as an evaluation index. For ecological positive
revenue projects such as offshore wind power projects and
photovoltaic power projects in the industrial sea, the economic
revenue generated by the carbon emission index exchanged
by the standard coal saved in annual generating capacity is
considered as the evaluation index. For offshore sewage projects,
the fees charged for treating the same standard sewage are
considered as indicators. The factors and indexes of ecological
benefit evaluation are shown in Table 8.

Social development effect refers to the effect of regional
development policy and land development policy in addition to
economic development effect. The effect of land development
refers to the proper adjustment of the distribution of the
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country’s population and enterprises through the construction
of projects. Regional effect refers to the effect that the
development of the project brings to the region :(1) the
improvement of people’s living standard increases opportunities
for education, medical treatment, culture, tourism, recuperation
and entertainment. (2) Stable regional industrial structure—
advanced and stable industrial structure. (3) Increased regional
capital, such as creating a beautiful environment—residential
areas, green areas and ensuring the safety of waste gas treatment
sites, providing transportation facilities and increasing land
resources. (4) Cultivate people’s awareness of environmental
protection, pay more attention to resource protection and
ecological environment construction, promote the sustainable
development of economy and society—the construction of
ecological protection areas and ecological parks. Social benefit
evaluation elements and indicators are shown in Table 9.

In the past 40 years, the number of literatures published in
the field of Marine ecological restoration has obviously increased
year by year. Before 2000, the number of published articles
was small and the annual growth rate was slow. However, after
2000, the number of published articles grew rapidly and linearly
(R =0.92, P < 0.001) with an annual growth rate of 31.15%,
which was generally consistent with the growth trend of the
number of ecological restoration projects, and it has certain
relation with the development of Marine economy. See Figure 3.

Conclusion

Due to the complexity of Marine ecosystem and
the immaturity of Marine ecological restoration theory
and technology, Marine ecological restoration has strong
uncertainty. The role of adaptive management in Marine
ecological restoration has been paid more and more attention,
and the systematic process of improved management adapted to
new knowledge and information has been explored. Adaptive
management emphasizes the need to consider risks and
uncertainties and integrate natural and social systems to
manage the whole process of Marine ecological restoration.
Therefore, it is necessary to strengthen the research on adaptive
management framework and participation mechanism, whole-
process monitoring and assessment of Marine ecological
restoration, process and law of Marine ecosystem restoration,
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