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With the expanding scale of aquatic product imports, safety issues have arisen.
Among them, the lack of supervision by government agencies, illegal importation
by unscrupulous enterprises and the lack of regulatory bodies such as consumers
are major reasons for the occurrence of unsafe imported aquatic products.
Therefore, this paper adopts a two-by-two static game model between
government agencies and importers, importers and consumers, and a three-
way sequential dynamic game model between government agencies, importers
and consumers to analyze the causes of quality and safety problems of imported
aquatic products in China. The results show that when the safety problems of
imported fishery products occur, consumers choose to report importers when the
compensation they receive due to reporting increases or when the cost of
reporting is reduced by not reporting; government agencies choose to strictly
regulate importers when the cost of regulation is reduced by loose regulation and
reputation loss increases, or when the revenue from fines obtained by strict
regulation increases. It is further verified through empirical evidence that both
government agency regulation and consumer monitoring have positive effects on
importers’ self-regulation. Finally, countermeasures to ensure the quality and
safety of imported aquatic products in China are proposed.
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1 Introduction

Aquatic products are rich in high-quality animal protein, which is important for people’s
health. As China’s economy continues to grow and living standards improve, people are
pursuing a more nutritious and balanced diet, and fish products are becoming an
increasingly popular dining choice for most Chinese consumers. According to the
National Bureau of Statistics of China, the per capita consumption of aquatic products
by urban and rural residents in China reached 13.9 kg in 2020. The proportion of Chinese
residents consuming aquatic products has increased from 23% in the past to nearly 30%
today. The China Food and Nutrition Development Programme (2021-2035), jointly led by
the Ministry of Agriculture and Rural Development and the National Health Development
Commission, predicts that the average consumption demand for aquatic products will
exceed 32 kg in 2035. The growing demand for aquatic products is making it difficult to meet
the supply of domestic aquatic products, and imported aquatic products are gaining more
and more popularity among Chinese consumers due to their more delicious taste and richer
nutrition (Zhang and Ma, 2022).
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As the scale of aquatic products imports continues to expand,
safety issues also arise. In particular, during COVID-19, a series of
unsafe imported aquatic products sounded the alarm for the relevant
authorities. Beijing Xinfadi wholesale market of imported salmon,
imported frozen shrimp from Ecuador and other countries and
several imported aquatic products tested positive for COVID-19.
The lack of supervision by government agencies, illegal importation
by enterprises and consumer rights are major reasons for the
occurrence of unsafe incidents of imported aquatic products.
Therefore, this paper analyzes the government agencies,
importers and consumers in the safety of imported aquatic
products in China, reveals the interest relationship between the
regulatory bodies of imported aquatic products safety through the
game model, and explores the causes of food safety problems. At the
same time, we collected data through a questionnaire survey and
used structural equation model to analyze the relationship between
regulatory bodies and the influencing factors, so as to provide
countermeasure suggestions for ensuring the safety of imported
aquatic products in China.

The innovation and contribution of this research are as follows:
A combination of theoretical and empirical approaches is used

to study the safety regulation of imported aquatic products in China.
The theoretical study uses a game model to analyze the strategic
choices among the subjects involved in the regulation of imported
aquatic safety in China, and the empirical analysis uses a structural
equation model to study the causes of imported aquatic safety
problems from both qualitative and quantitative perspectives. In
review, game model and structural equation model have been widely
used to study food safety regulation, but the literature combining the
two is scarce, especially not applied to the practical study of the
regulatory behavior of relevant subjects in the imported aquatic
safety system. Using game model and structural equation model, we
can provide a clearer understanding of the inter-subject relationship
and comprehensively investigate the causes of the quality insecurity
of imported aquatic products in China, especially for the
formulation of policies to ensure the safety of imported aquatic
products in China.

The remainder of the article is organized as follows. Section 2
reviews the relevant literature. In Section 3, Section 4, we present
model assumptions and results. Section 5 includes implications of
the research. Section 6 concludes and puts forward proposals.

2 Related literature

The use of game theory to analyze food safety issues occurred
early in foreign research. Henson and Caswell (1999) argued that
game analysis among food safety stakeholders determines the
development of food safety-related policies. Starbird and
Amanor-Boadu (2007) showed that companies make decisions
based on food traceability systems by means of backward
induction. In a study of the factors influencing food safety, D
Martínez-Simarro et al. (2010) used a game model to analyze the
effect of price on product quality, namely, at what price level the
product will gradually show the trend of quality. Bekker and Jooste
(2011) analyzed the behavior of farmers, distributors, policymakers
and regulators in the meat supply chain based on game theory. Cen
and Zhuang (2017) modeled a game between government

departments, distributors and farmers to study the use of
chemicals in agricultural products. Ma Z et al. (2021) constructed
a three-way evolutionary game model between government
regulators, e-commerce retailers and manufacturers to analyze
the evolutionary process between e-commerce retailers and
manufacturers under changing government regulations.

In China, Chao (2016) also used the same model to analyze the
behavioral motivations of government and enterprises in food safety
regulation under complete and incomplete information. Chang et al.
(2020) constructed a tripartite evolutionary game model of food
enterprises, consumers and regulators. They studied food
enterprises’ breach of trust in terms of game equilibrium based
on the size of the profit of the enterprises’ breach of trust. Zhao and
Tang (2020) analyzed the game relationship between government
agencies, enterprises and social organizations involved in food safety
regulation, and proposed the necessity of collaborative governance
among multiple actors for food safety regulation. Cao et al. (2021)
investigated the optimal strategy choice between government agency
regulation and safe production of food companies under the
involvement of online platforms for online food safety in China.
Yang et al. (2022) demonstrated that food safety stakeholder
behavioral decisions are the result of mutual game play among
subjects, arguing that the benefits of non-compliance by food
companies, the intensity of government penalties, and
government rewards to the public are key factors that influence
the behavioral choices of each participating subject.

Concerning the safety of imported aquatic products, there is
relatively little foreign research. Liu et al. (2012) highlights that the
effectiveness of imported aquatic products safety systems is unlikely
to be guaranteed through increased government regulation alone,
and that it is necessary to encourage the development of regulatory
systems involving the private sector. Freitas et al. (2020) pointed out
that markets, consumer preferences and food safety concerns are
affecting the aquatic products trade industry, forcing the upgrading
of quality management systems. Godoy et al. (2021) illustrated how
to promote the sustainability of the global fresh frozen fish trade and
aquaculture industry during COVID-19. Yin et al. (2022) measured
consumer preferences for different aquatic product safety
information attributes (organic certification, traceability
information, brands and geographical indications) to enable more
effective aquatic product safety information delivery by aquatic
product producers. In China, Wang et al. (2021) combined
blockchain technology with customs supervision to improve the
quality of imported aquatic products and the traceability
management system in China. Based on the context of COVID-
19. Zhao et al. (2021) researched the main factors for the reduction
in the scale of China’s imported aquatic products in 2020 during the
COVID-19 and made observations to meet the people’s demand for
a better life and to stabilize market supply. Liu et al. (2021) argued
that the epidemic has adversely affected major countries in the world
in terms of aquatic product production and import or export
countries, and also revealed that there are still some loopholes
and blind spots in the safe supply and quality supervision of
aquatic products in China. He et al. (2021) suggested the
construction of an aquatic product quality and safety standard
system that is in line with international standards. Lu et al.
(2021) argued that the current import structure of Chinese
aquatic products has been in the stage of transformation and
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upgrading, and the existing diversified channel guarantee capacity of
Chinese aquatic products import should be improved to cope with
potential risks.

In summary, some scholars have analyzed the equilibrium
strategy and proposed countermeasures to ensure food quality
and safety by constructing a game model among food safety
subjects from several perspectives. Other scholars have conducted
studies on the safety regulation of imported aquatic products and
proposed measures to promote the sustainable development of
aquatic product import trade. The quality and safety of aquatic
products has always been an important issue in the quality and safety
of agricultural products in various countries, especially the study of
imported aquatic products quality and safety regulation, which is a
gap in research perspectives. Game model and structural equation
model have been widely used in food safety regulation, but the
combination of them has rarely been studied. It has not been applied
to the practical study of the regulatory behavior of relevant subjects
in the imported aquatic product safety system, which is the gap of
research methods. Based on previous theoretical research results,
this paper applies game theory to the field of imported aquatic
products safety in China, analyzes the quality and safety of imported
aquatic products in China by constructing a game model, studies the
causes of imported aquatic products safety problems, and provides
useful countermeasure suggestions to promote the healthy
development of China’s imported aquatic products trade industry.

3 Construction and analysis of game
model

3.1 Model assumptions

The relevant bodies involved in the regulatory system for the
safety of imported aquatic products in China are government
agencies, importers and consumers. Government agencies are the
main regulators of the safety of imported aquatic products, including
customs agencies responsible for entry safety and market
supervision authorities responsible for the safety of domestic
market circulation; Importers are the key entities responsible for
the safety of imported aquatic products and the main duty bearers,
subject to the supervision of government agencies and consumers, as
well as self-monitoring to ensure the safety of the aquatic products
they sell; Except for the direct demanders of imported aquatic
products, consumers are the direct bearers of the safety. Also,
they play a role in monitoring the safety of the products.
Government agencies, importers and consumers form a
constraint relationship (Figure 1) and are jointly responsible for
the safety of imported aquatic products. The following basic
assumptions are made based on the safety monitoring behavior
of the three main actors of imported aquatic products in China.

Government agencies, importers and consumers are all rational
agents. In this paper, we assume that the principle of maximizing the
benefits of government agencies is to save the cost of regulation and
reduce the loss of reputation. We do not directly assume that social
welfare is maximized because there are many evaluation indicators
of social welfare maximization, and this paper mainly discusses from
the perspective of regulation. Therefore, government agencies
choose two strategies: strict regulation or loose regulation.

Besides, we assume that importers choose two strategies of
regulated imports or unregulated imports according to the profit
maximization principle, while consumers choose two strategies of
reporting or not reporting according to the utility maximization
principle. The utility maximization principle here specifically means
that consumers decide on the optimal strategy by comparing the
health loss, the cost of reporting, and the compensation from the
unsafe event.

3.2 Analysis of the game between
government agencies, importers and
consumers

The two-by-two static game models between government
agencies and importers, and between importers and consumers
are available in the Supplementary Material. The following
section constructs a three-way sequential dynamic game model
between importers, government agencies and consumers, which
are the main actors involved in the regulation of imported
aquatic products. It is assumed that the level of regulation of
imported aquatic products by government agencies is given,
which is in line with the current level of regulation of imported
aquatic products by government agencies in China. The three-way
sequential dynamic game model is used to analyze the strategic
choices of importers, government agencies and consumers. The
sequence is as follows: firstly, importers decide to choose whether
regulated imports or unregulated imports; secondly, government
agencies decide whether to strictly regulate or not in response to the
choice of importers; and finally, consumers choose to report or not.
The game tree is used to demonstrate the specific decision process in
Figure 2, where the importer corresponds to I, the government
agency to G and the consumer to C.

The game tree shown in Figure 2 has eight combinatorial
strategy choices, denoted by nodes ①-⑧. The vector of benefits
at each node is expressed as importer, government agency,
consumer, as shown in Table 1. R is the additional revenue
gained by the importer for unregulated imports, C1 is the
regulatory cost saved by the government agency for loose

FIGURE 1
The triangular relationship between government agencies,
importers and consumers.
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regulation, C2 is the import cost saved by the importer for
unregulated imports, C3 is the cost saved by the consumer for
not reporting, U1 is the loss of reputation of the government agency
for unsafe imports, U2 is the future revenue lost by the importer for
unsafe imported aquatic products, U3 is the physical and mental
health loss of the consumer for unsafe imported aquatic products, F1

is the fine imposed by the government agency for unregulated
imports of importer, F2 is the compensation gained by the
consumer for reporting when the importer adopts unregulated
imports.

The equilibrium strategies of the three-party game model are
analyzed below using the inverse induction method. First, the
analysis starts with the consumer strategy, comparing the
consumer gains at each node in Table 1 according to the utility
maximization principle. Choose② among① and②,④ among③
and④,⑥ among⑤ and⑥, and compare⑦ and⑧. If F2 >C3 then
choose ⑦, otherwise choose ⑧. Then, compare the government
agency gains for each node in Table 1. Choose ④ from ② and ④,
compare ⑥ and ⑦ or ⑥ and ⑧, and choose ⑥ if F1 >C1 − U1 ,
otherwise choose⑦ or⑧. Finally, compare the gains to importers at
each node in Table 1. Compare ④ and ⑥ and select ⑥ if >U2 −
C2 + F1 , otherwise select ④. Compare ④ and ⑦, if R>U2 − C2 +
F2 then choose ⑦, otherwise choose ④. Comparing ④ and ⑧, if
R>U2 − C2 then choose⑧, otherwise choose④. The refined Nash
equilibrium for the subgame of the three-way sequential game is
thus derived as follows.

(1) When F1 >C1 − U1 and R>U2 − C2 + F1 ,⑥ is chosen, the
three-way game strategy is for importers to choose regulated
imports, government agencies to regulate strictly and
consumers not to report. The results show that government
agencies choose strict regulation when the benefit of fines gained
from strict regulation is greater than the difference between the
saved cost of regulation and the loss of reputation from loose
regulation; Importers choose unregulated imports when the
additional benefits and import cost savings gained from
unregulated imports are greater than the future loss of
revenue and fines to be paid to government agencies.

(2) When F2 >C3 , F1 <C1 − U1 and R>U2 − C2 + F2, ⑦is
selected, the three-way game strategy is that the importer

chooses unregulated imports, the government agency adopts
loose imports, and the consumer reports. The results show that
consumers choose to report when the compensation they
receive from reporting is greater than the cost savings from
non-reporting; government agencies choose loose regulation
when the benefit of fines from strict regulation is less than the
difference between the cost savings from loose regulation and
the loss of reputation; Importers choose unregulated imports
when the additional benefits and cost savings from unregulated
imports are greater than the loss of future revenue and the
amount of compensation to be paid to consumers.

(3) When F2 <C3 , F1 <C1 − U1 and R>U2 − C2 ⑧is chosen, the
three-way game strategy is that the importer chooses
unregulated imports, the government agency adopts loose
regulation, and the consumer does not report. The results
show that consumers choose not to report when the
compensation they receive from reporting is less than the
cost savings from not reporting; Government agencies choose
loose regulation when the benefit of fines from strict regulation
is less than the difference between the cost savings from loose
regulation and the loss of reputation; Importers choose
unregulated imports when the additional benefits and cost
savings from unregulated imports are greater than the loss of
future benefits.

(4) When F1 >C1 − U1 and R<U2 − C2 + F1 , or F2 >C3 ,
F1 <C1 − U1 and R<U2 − C2 + F2 , or F2 <C3 , F1 <C1 − U1

and R<U2 − C2,④is chosen, the three-way game strategy is that
importers choose regulated imports, government agencies adopt
loose regulate, and consumers do not report. The results show
that importers choose regulated imports in the following three
cases. These are when the additional benefits and import cost
savings obtained by the importer from unregulated imports are
less than the future loss of benefits; when the additional benefits
and import cost savings obtained by the importer from
unregulated imports are less than the future loss of benefits
and the fine to be paid to the government agency; and when the
additional benefits and import cost savings obtained by the
importer from unregulated imports are less than the future loss
of benefits and the compensation to be paid to the consumer.
Assuming that the importer provides safe imported aquatic

FIGURE 2
Sequential game model.
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products, the government agency chooses loose regulation and
the consumer chooses not to report because of the regulatory
and reporting costs associated with a strict regulatory strategy
and a reporting strategy.

In conclusion, consumers choose to report when the cost
savings from non-reporting decreases; consumers choose to
report when the compensation they receive for reporting
increases; government agencies choose to regulate strictly
when the regulatory cost savings from loose regulation
decreases and the loss of reputation increases; government
agencies choose to regulate strictly when the profits from
fines received from strict regulation increase; and importers
choose regulated imports when the additional revenue gained
and import cost savings from unregulated imports decrease,
and when future revenue losses, fines paid to government
agencies and compensation paid to consumers increase.

4 Empirical analysis of safety regulation
of imported aquatic products

Through the game analysis between the subjects of imported
aquatic product safety regulation in China above, it is concluded
that the strategic choice of government agencies to strictly
regulate, importers to regulate imports and consumers to
report in order to promote the safety of imported aquatic
products is influenced by a variety of factors. At the same
time, government agencies and importers promote each other
and constrain each other’s behavior of imported aquatic
product safety regulation, which jointly determine the quality
and safety of imported aquatic products. In order to verify the
conclusions of the game model in the previous chapter, this
section will use the structural equation model to quantitatively
study the intrinsic role and mutual influence degree of
government agencies, importers and consumers in the
regulation of imported aquatic products safety, and obtain
regulatory data through questionnaire distribution to deeply
analyze the causes of imported aquatic products safety problem.
A total of 519 valid questionnaires were obtained and the
analysis is as follows.

4.1 Individual characteristics of respondents

It can be seen that among the respondents who participated
in this questionnaire (Table 2), 63.6% were female, which was
slightly higher than that of male; 365 respondents were aged 36-
50, accounting for 70.3%; the percentage of respondents with
education in high school or junior college or below was smaller,
20.7%, while the percentage of respondents with education in
bachelor or college was the largest, 46.8%, and the second largest,
32.6%, was postgraduate; respondents mainly came from East
China, including Shandong, Jiangsu, Anhui, Zhejiang, Fujian and
Shanghai, with a total of 396 people, accounting for 76.3%; the
majority of respondents had a per capita monthly household
income of RMB 5,000-10,000, with 204 people, accounting for
39.3%. Most of East China is near the sea, consumers in this
region prefer to buy seafood, and the highly educated group
focuses on the nutrition and quality of food, which is one of the
main consumers of imported aquatic products. At present,
Chinese families are still mainly related to women cooking,
and the proportion of female consumers buying imported
aquatic products is usually higher than men. Therefore, the
group structure of the respondents is in line with the actual
situation of imported aquatic products consumers in China, and
the survey sample is representative.

4.2 Model assumptions

Based on the above two-two game analysis between government
agencies and importers, two-two game analysis between importers
and consumers, and three-way game analysis between government
agencies, importers and consumers, the following hypotheses to test
are proposed between government agency regulation, importer self-
regulation, consumer monitoring and imported fish safety in the
structural equation model.

Hypothesis 1: Government agency regulation has a positive effect
on self-regulation of importers.

Hypothesis 2: Consumer monitoring has a positive impact on
importer self-regulation.

TABLE 1 Importer-government agency-consumer benefits.

Gaming strategy Benefits of participating subjects

① (Regulated imports, strict regulation, reporting) (0, 0, 0)

② (Regulated imports, strict regulation, non-reporting) (0, 0, C3)

③ (Regulated imports, loose regulation, reporting) (0, C1 , 0)

④ (Regulated imports, loose regulation, non-reporting) (0, C1 , C3)

⑤ (Unregulated imports, strict regulation, reporting) (R + C2 − U2 − F1, F1, −U3)

⑥ (Unregulated imports, strict regulation, non- reporting) (R + C2 − U2 − F1, F1, C3 − U3)

⑦ (Unregulated imports, loose regulation, reporting) (R + C2 − U2 − F2, C1 − U1, F2 − U3)

⑧ (Unregulated imports, loose regulation, non-reporting) (R + C2 − U2, C1 − U1, C3 − U3)
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Hypothesis 3: Importer self-regulation has a positive impact on
the safety of imported aquatic products.

Hypothesis 4: Government agencies have a positive impact on the
safety of imported aquatic products.

4.3 Structural equation modeling

Linear SEM estimates two kinds of models: a measurement
model and a structural model. A measurement model specifies some
number of latent, unmeasured variables or factors, each with a
specified number of measured indicators or variables. A structural
model includes a set of paths (regression coefficients) or correlations
between the various measured and unmeasured variables in the
overall model.

Y � θX + e (1)

Y � λYiYi + eYi (2)
X � λXiXi + eXi (3)

A structural model can be expressed as Eq. 1, where Y (latent
variable) represents importer self-regulation or imported aquatic
products, X represents government regulation or consumer
monitoring. θ is the coefficient of action between latent variables,
i.e., the direction and degree of action of latent variables on other
latent variables, e is the residual term, reflecting the part that cannot be
explained between latent variables. Eqs 2, 3 are the measurement
equation, where Yi denotes the observable indicators that reflect the
importer self-regulation and the safety characteristics of imported
fishery products respectively, Xi denotes the observable variables
that reflect the characteristics of government agency regulation and
consumer monitoring respectively, λYi denotes the extent to which the
observable indicators Yi can explain the latent variables Y; λXi denotes
the extent to which the observable indicators Xi can explain the latent
variable X, eYi and eXi denote the error terms respectively, reflecting the

TABLE 2 Individual characteristics of respondents.

Individual characteristics Options Responses %

Gender Male 189 36.4

Female 330 63.6

Age <20 6 1.2

20–35 67 12.9

36–50 365 70.3

51–65 80 15.4

>65 1 0.2

Degree Graduate 169 32.6

Bachelor or college 243 46.8

High school or junior college 84 16.2

Middle school 20 3.9

Primary School and below 3 0.6

Location East China (including Shandong, Jiangsu, Anhui, Zhejiang, Fujian, Shanghai) 396 76.3

South China (including Guangdong, Guangxi, Hainan) 22 4.2

Central China (including Hubei, Hunan, Henan, Jiangxi) 17 3.3

North China (including Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia) 46 8.9

Northwest China (including Ningxia, Xinjiang, Qinghai, Shaanxi, Gansu) 4 0.8

Southwest China (including Sichuan, Yunnan, Guizhou, Tibet, Chongqing) 16 3.1

Northeast China (including Liaoning, Jilin and Heilongjiang) 16 3.1

Hong Kong, Macau and Taiwan 2 0.4

Household monthly income per capita <5000 RMB 65 12.5

5,000–10000 RMB 204 39.3

10,000–15000 RMB 95 18.3

15,000–20000 RMB 75 14.5

>20,000 RMB 80 15.4
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part of the latent variables that cannot be explained by the observable
indicators, i denotes the number of observable indicators.

In this paper, the measurement model and the structural model
is displayed in Figure 3. The circles represent unobserved, latent
variables, and the squares represent the observed variables. All

analyses were conducted by using the SPSS 26.0 for Windows
computer package and Amos 26.0. The model estimation was
performed using the great likelihood method, and the estimation
results are shown in the Table 3. The standardized coefficients in
the table can be used directly to compare the degree of influence
between different variables. For example, the standardized
coefficient of government agency regulation on importer self-
regulation is 0.650, while the standardized coefficient of
consumer monitoring on importer self-regulation is 0.121,
which indicates that the degree of influence of government
agency regulation on importer self-regulation is greater than the

TABLE 4 Assessment of the model fit.

Index χ2/df GFI RMSEA NFI CFI PGFI CAIC

3.872 0.867 0.079 0.856 0.894 0.792 1183.419

TABLE 3 Coefficient estimation results of SEM.

Path S.E. C.R. p-value Standardized path coefficient

Importer self-regulation←Government Regulation 0.055 12.629 *** 0.650

Importer self-regulation←Consumer monitoring 0.089 2.659 *** 0.121

Safety←Importer self-regulation 0.024 3.253 *** 0.224

Safety←Government Regulation 0.036 4.904 *** 0.468

Openness of reporting channels (G1)→Government Regulation — — — 0.767

Protection of consumer rights (G2)→Government Regulation 0.072 13.453 *** 0.581

Enforcement Effort (G3)→Government Regulation 0.058 19.908 *** 0.816

Joint Regulation (G4)→Government Regulation 0.056 21.241 *** 0.861

Sampling public notice (G5)→Government Regulation 0.052 21.536 *** 0.870

Admission Public Notice (G6)→Government Regulation 0.054 19.315 *** 0.796

Importer bad record public (G7)→Government Regulation 0.054 19.144 *** 0.790

Certificate (I1)→Importer self-regulation — — — 0.790

Chinese Label (I2)→Importer self-regulation 0.048 21.437 *** 0.834

Storage conditions (I3)→Importer self-regulation 0.046 22.685 *** 0.869

Traceability Information (I4)→Importer self-regulation 0.049 22.148 *** 0.854

import and sales records (I5)→Importer self-regulation 0.048 23.319 *** 0.887

Proactive Recall (I6)→Importer self-regulation 0.053 19.797 *** 0.785

Physical health loss (C1)→Consumer monitoring — — — 0.357

Defensive behavior (C2)→Consumer monitoring 0.234 6.477 *** 0.485

Attitude to defend rights (C3)→Consumer monitoring 0.291 7.356 *** 0.724

Concern about traceability information (C4)→Consumer monitoring 0.375 7.474 *** 0.788

Concern about Chinese labels (C5)→Consumer monitoring 0.302 7.271 *** 0.689

Concern about legal clearance (C6)→Consumer monitoring 0.305 7.004 *** 0.602

Insecurity Report (Y1)→Safety — — — 0.287

Foreign objects (Y2)→Safety 0.158 4.587 *** 0.296

Odor (Y3)→Safety 0.170 4.393 *** 0.274

Physical Discomfort (Y4)→Safety 0.176 3.839 *** 0.220

Store hygiene environment (Y5)→Safety 0.441 6.247 *** 0.870

Personal hygiene of vending staff (Y6)→Safety 0.438 6.247 *** 0.868

Note: *, **, and ***: 10%, 5%, and 1% significance levels, respectively.
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degree of influence of consumer monitoring on importer self-
regulation. All paths reach the statistical significance level, while
observing the standardized path coefficients among the latent
variables is not difficult to find: the standardized coefficient of
government agency regulation on importer self-regulation is
positive, indicating that government agency regulation on
importer self-regulation is a positive influence, Hypothesis 1
holds; The standardized coefficient of consumer monitoring on
importer self-regulation is positive, indicating that consumer
monitoring has a positive effect on importer self-regulation,
assuming that Hypothesis 2 holds; The standardized coefficient
of self-regulation of importers on the safety of imported fish
products is positive, indicating that self-regulation of importers
on the safety of imported fish products is positive, and the
Hypothesis 3 is valid; The standardized coefficient of
government agency regulation on the safety of imported fish
products is positive, indicating that government agency
regulation on the safety of imported fish products has a positive
impact, and the Hypothesis 4 is valid.

The assessment of the model fit is also revealed by the goodness
of fit index (GFI) and other statistics such as the NFI and CFI. It is
generally recognized that the GFI, NFI and GFI close or to above
0.90 indicate a good model fit. Parsimonious goodness-of-fit index

(PGFI) above 0.5 indicates a goodmodel. The smaller the Consistent
Akaike information criterion (CAIC), the better (Table 4).

4.4 Analysis of structural equation model
estimation results

The direct, indirect and total effects among variables are
generally used to analyze the results of structural equation model
estimation. The standardized coefficients and coefficient products
among latent variables are used to represent the direct and indirect
effects respectively. The sum of the direct and indirect effects is the
total effect.

As can be seen from Table 5; Figure 4: the direct effect of
government agency regulation and consumer supervision on
importer self-regulation is 0.650 and 0.121 respectively, which
means that for every 1 unit increase in the level of government
agency regulation and consumer supervision, the level of importer
self-regulation will increase by 0.650 and 0.121 units respectively.
Therefore, strict government regulation will lead to increased self-
regulation by importers. The direct effect of importer self-regulation
and government agency supervision on the safety of imported fish
products is 0.224 and 0.468, that is, the level of importer self-

FIGURE 3
SEM path diagram.

TABLE 5 Direct, indirect, and total effects among latent variables.

Path Direct effect Indirect effects Total effect

Government regulation→Importer self-regulation 0.650 — 0.650

Consumer monitoring→Importer self-regulation 0.121 — 0.121

Importer self-regulation→Safety 0.224 — 0.224

Government regulation→Safety 0.468 — 0.468

Consumer monitoring→Safety — 0.027 0.027
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regulation and government agency supervision for each unit
increases, the level of safety of imported fish products will be
increased by 0.224 and 0.468 units respectively. The indirect
effect of consumer supervision on the safety of imported fishery
products is 0.027, that is, for every 1 unit increase in the level of
consumer supervision, the level of safety of imported fishery products
will be indirectly increased by 0.027 units through the effect of self-
regulation of importers. The above illustrates the important role of
government agencies and self-regulation of importers in the
regulation of imported aquatic product safety. On the one hand,
the importer is directly responsible for the safety of imported aquatic
products. On the other hand, the importer plays an intermediate role
as a bridge between government agencies and consumers to promote
the safety of imported aquatic products. In terms of the strength of the
effect, the role of government agencies to regulate importers
themselves is more effective. At the same time government
agencies in addition to promoting the safety of imported fish
through the regulation of importers, its regulatory measures can
also play a direct role in the safety of imported aquatic products.

5 Implications of the research

5.1 Theory implications

Although the issue of imported food safety is receiving more
and more attention, scholar have conducted many relevant
studies. However, fewer are based on behavioral analysis of
relevant subjects in the food safety supply chain, while even
fewer use standardized role coefficients to quantitatively
evaluate the responsible subjects for food safety problems. In
this paper, we analyze the behavioral strategies of imported
aquatic product safety regulatory bodies from the perspective
of government agencies, importers and consumers using a
game model, and then establish a structural equation model
for empirical analysis to quantitatively study the relationship

between imported aquatic product safety regulatory bodies and
the factors influencing the implementation of effective
regulatory behavior, and accordingly propose a series of
policy recommendations to ensure the safety of imported
aquatic products. On the one hand, it can enrich the
application of game model and structural equation model in
the field of imported aquatic products safety, and on the other
hand, it can provide theoretical basis for the improvement of
China’s imported aquatic products safety regulatory policy
system.

5.2 Practical implications

Imported aquatic products as a consumer product
increasingly purchased by residents, to ensure the quality
and safety of imported aquatic products is of great
importance to the improvement of public diet quality. In
order to solve the quality and safety problems of imported
aquatic products in China and minimize the safety risks of
imported aquatic products, it is necessary to study the
regulatory effectiveness of different stakeholders on the
quality and safety of imported aquatic products in terms of
the relevant subjects involved. In this paper, we analyze the
behavioral strategies of stakeholders such as government
agencies, importers and consumers using game theory and
empirical research to propose policy recommendations to
promote the safety of imported aquatic products in China,
with respect to the current situation of imported aquatic
products safety in China. This study has important practical
significance for government agencies to strictly regulate,
importers to strengthen the awareness of the first responsible
body, and consumers to improve food safety and rights
awareness. It also has certain reference value for the
implementation of multi-governance to promote the healthy
development of China’s imported aquatic products industry.

FIGURE 4
Effect diagram.
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6 Conclusion and countermeasures

6.1 Conclusion

6.1.1 Game analysis result
Firstly, consumers choose to report when the cost of reporting

saved by consumers not reporting decreases. Consumers choose to
report when the compensation they receive due to reporting
increases. Secondly, government agencies choose to strictly
regulate when the cost of regulation saved by government
agencies deregulating decreases and the loss of reputation
increases. Government agencies choose to strictly regulate when
the fines obtained by strictly regulating increase. Thirdly, importers
choose regulate imports when the additional revenue gained and
import cost savings from unregulated imports are reduced, and
when future revenue losses, fines paid to government agencies, and
compensation paid to consumers are increased. In a previous study,
Yang et al. (2022) also argued that food enterprises’ revenue from
violations, the intensity of government penalties and government
rewards to the public are the key factors affecting the equilibrium
strategy of the three parties. They find that food enterprises tend to
provide safe food when the revenue from violations by providing
unsafe food is less than the intensity of government penalties and
when government rewards to the public are less than the cost of
public participation in regulation.

6.1.2 Empirical analysis results
From the results of the structural model estimation, the plot of

the effect between latent variables shows the important role of
government agencies and importers in the regulation of imported
aquatic products. Firstly, on the one hand, government agencies play
a direct role in the safety of imported aquatic products, with a direct
effect coefficient of 0.468. On the other hand, they indirectly
promote the safety of imported aquatic products by regulating
the behavior of importers, and the effectiveness of government
agencies in regulating importers themselves is stronger. As the
main body responsible for the safety of imported aquatic
products, importers play a direct role in the safety of imported
aquatic products, the direct effect coefficient is 0.224. For
consumers, the positive impact on the safety of imported aquatic
products is mainly indirect through the intermediate bridge role of
importers, with an indirect effect coefficient of 0.027.

6.2 Countermeasures

It is difficult to achieve “zero risk” of imported aquatic
products safety, but it is possible to reduce the occurrence of
unsafe imported aquatic products by optimizing the regulatory
system to prevent safety hazards and reduce safety risks, and a
perfect supervision and management system of imported aquatic
products safety should be able to make the relevant actors tend to
make good choices. Given the existing problems of China’s
existing regulatory mechanism for imported aquatic products
safety, combined with the game behavior between government
agencies, importers and consumers, the specific policy
recommendations of the major regulatory bodies to optimize
the game equilibrium solution.

Firstly, Government must improve strict regulatory
effectiveness. As a comprehensive public utility, the regulation of
imported aquatic products safety involves many government
departments, such as fisheries, catering and trade. The different
division of labor is likely to result in overlapping functions and blind
spots between different departments, which greatly reduces the
efficiency of governance. Only by strengthening inter-
departmental coordination and cooperation, avoiding the
fragmentation of departments and stopgap measures, can the
effectiveness of government regulation be improved. The
implementation of the “single window” and “customs and
inspection” policies fully reflects the orderly coordination of
inter-departmental work by the country. Besides, it is necessary
to strengthen the constraints on the power of government agencies
that enjoy the right to regulate food, such as customs, by making
relevant laws and regulations to clearly define the responsibility of
government departments for the regulation of imported aquatic
products, and at the same time establish a system of accountability to
deal with illegal regulatory practices, so as to avoid the abuse of
power induced by interests and the opening of the “entry” channel
for illegal enterprises.

Secondly, it is of great necessity to accelerate the implementation
of the main responsibility of enterprises. A key reason for the
frequent occurrence of quality and safety problems of imported
aquatic products is that importers disregard laws and regulations
and market demand due to corporate profits. Government
departments should make full use of the macro-regulatory role
of the law to monitor the entry and operation of importers to the
large extent. Through the development of laws and regulations
and the establishment of a corresponding reward and
punishment system to help enterprises to achieve legal
business purposes, to promote the healthy development of
China’s aquatic products trade industry. Fish importers should
also raise awareness of their social responsibility under the basic
norms of honesty, trustworthiness and compliance, and actively
provide product information related to the quality and safety of
imported aquatic products in China, in order to increase buyers’
awareness of information on the process of sourcing and selling
aquatic products. By actively disclosing information on the
quality of imported aquatic products, importers can generate a
good public image among market groups and gain wider
consumer trust for greater economic benefits.

Thirdly, the public monitoring and incentive system is
supposed to be improved. By enhancing the public’s
knowledge of imported aquatic products such as Chinese
labels, traceability information and legal customs clearance
conditions, and raising awareness of safety and rights, it is
beneficial for consumers to purchase quality imported aquatic
products and avoid going into consumer misconceptions.
However, in reality, due to the high cost of rights, the first
thing that comes to the public’s mind when faced with an
unsafe imported aquatic product is to withdraw from the
aquatic product market. Improving the public monitoring
incentive system can prompt consumers to take the initiative
to take up legal weapons and actively defend their legitimate
rights and interests. In addition to the need for the government to
give the public some help in defending their rights and improve
the ease of reporting rights, it is also necessary to implement
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rewards for consumers who defend their rights under the law,
which could be funded by fines for imported aquatic products
merchants who sell fake food. In addition, government
departments can set up special media to facilitate consumers
to report cases of unsafe imported aquatic products timely, and
disclose information about the importers and the outcome of the
disposal afterwards, so as to effectively meet consumers’
expectations for the protection of their rights.

Finally, nothing is more important than promoting the
development of co-governance. The public issue is so
complex that no single organization or even the authority
can effectively deal with them, and it is necessary to rely on
the combined efforts of multiple actors to solve them (Chen, Wang
and Yin, 2019). As the safety of imported aquatic products is a
broad and mobile issue, it is urgent to have a sound multi-
dimensional cooperation mechanism for governance. In
addition to fully mobilizing the government, enterprises and
consumers to achieve safety regulation of imported aquatic
products, we must actively encourage other subjects such as
fisheries associations, social groups and the media to participate
in the safety regulation of imported aquatic products, creating a
new situation of shared governance and solving the unsafe
problems of imported aquatic products in China in many ways.
The joint governance body with the participation of multiple
parties makes full use of the governance advantages of different
subjects, realizes the sharing of information and resources through
synergistic effects, and makes joint efforts to control the safety
risks of imported aquatic products. This will bring “visible” and
“tangible” safety protection to the consumers of imported aquatic
products and effectively enhance people’s sense of security and
wellbeing.

6.3 Limitations and future research

This paper also has shortcomings. The questionnaire developed
in this paper needs to be further revised due to the lack of a relatively
mature questionnaire that can be drawn on for the participation of
subjects related to imported aquatic products safety regulation. In
addition, due to the COVID-19, it is difficult to conduct offline
research, and the use of online surveys may lead to the fact that the
demographic characteristics of respondents in this paper’s
questionnaire are not exactly the same as those of Chinese
demographics, and the research findings need to be further
validated. In the future, the evolutionary game model can be
used to study the equilibrium strategy among the subjects of
imported aquatic products safety regulation and simulated by
numerical analysis. In terms of research content, it is possible to
analyze the regulation of imported aquatic products in a specific
region such as the Yangtze River Delta, or to study the differences
between different regions.
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