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Industrial agglomeration plays an increasingly critical role in optimizing the efficiency of
resource allocation, promoting local and national economic growth and enhancing
international competitiveness. This study constructs a theoretical model of the formation
mechanism of aquaculture industry agglomeration and uses location entropy and
Geodetector methods to explore the agglomeration level and formation mechanism of
China’s aquaculture industry. The conclusions of the study are as follows: (1) There is an
industrial agglomeration phenomenon in China’s aquaculture industry, but the degree of
industrial agglomeration is not high, and the agglomeration phenomenon shows a
weakening trend as a whole. At the same time, the agglomeration level of the aquaculture
industry varies greatly among regions; (2) Aquaculture industry agglomeration is the
result of the interaction of comparative advantage, external economic and institutional
policy environment. The impact of various factors on the agglomeration of the
aquaculture industry will change over time; (3) Industrial correlation and production
technology level are important influencing factors of aquaculture industry
agglomeration, with the highest explanatory power of 82.3 % and 66.9 %, respectively.

INTRODUCTION

In 1985, China’s fisheries established a development strat-
egy focused on “Aquaculture as the primary method,” lead-
ing to the rapid rise and leapfrogging development of the
aquaculture industry.! Today, aquaculture has become an
important component of China’s agricultural sector, pro-
viding a solid foundation for national food security and
serving as one of the key drivers of rural economic growth.2
Industrial clustering, as a typical phenomenon of industrial
layout, is one of the trends in industrial development and
evolution. It plays an increasingly crucial role in optimizing
resource allocation efficiency, promoting local and national
economic growth, and enhancing international competi-
tiveness.3 China is a big aquaculture country, and the ag-
glomeration of the aquaculture industry is becoming more
and more obvious, which promotes the development of the
aquaculture industry. Based on this, the “14th Five-Year
National Fishery Development Plan” clearly proposes to
promote the agglomeration of aquaculture industry as one
of the main tasks, and points out that it is necessary to
speed up the optimization and upgrading of industries, de-
velop advantageous industrial agglomeration areas, and

strengthen the aquaculture industry by creating aquatic
advantageous industrial agglomeration areas, aquaculture
demonstration areas, modern industrial parks and indus-
trial strong towns. During the ‘14th Five-Year Plan’ period,
the focus of the work on agriculture, rural areas, and farm-
ers has shifted to comprehensively promoting rural revi-
talization, and the fishery has entered a critical stage of
accelerating high-quality development and realizing mod-
ernization. Improving quality and efficiency is a key issue
in the development of aquaculture. At the same time, the
aquaculture industry is facing problems and challenges
such as supply-side structural contradictions, resource and
environmental constraints, and rising production costs.4 In
this context, it is of great significance to study the ag-
glomeration of China’s aquaculture industry, analyze its
agglomeration level, change trend, and formation mech-
anism, so as to promote the sustainable development of
China’s aquaculture industry.

Since the 1930s, the spatial distribution of agriculture
has begun to exhibit significant geographic clustering char-
acteristics, and by the 1980s, this phenomenon acceler-
ated.5 With the rapid advancement of agricultural scale and
specialization, the spatial pattern of agricultural develop-
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ment in China has continually evolved, gradually forming
several distinct industrial clusters and block production ar-
eas.® Most research findings indicate that there is an indus-
trial clustering phenomenon in China’s agriculture, with
significant differences in the clustering levels of various
crops.”9 Some scholars have also studied the phenome-
non of aquaculture industry agglomeration and believe that
there is industrial agglomeration in China’s aquaculture in-
dustry.10 In examining the mechanisms behind the forma-
tion of industrial clusters, scholars believe that agricultural
industrial clustering relies on a variety of internal and ex-
ternal factors and is the result of their interactions. Agri-
cultural clustering is mainly influenced by factors such as
natural resource endowments,!1:12 technological develop-
ment levels,!314 human capital,!516 consumer demand,!7
18 transportation costs for agricultural products,!%20 and
the external environment.21,22

Through the combing of literature, the current research
on the agglomeration of the aquaculture industry mainly
focuses on the qualitative description of the agglomeration
level and influencing factors of the aquaculture industry
and lacks the theoretical discussion and quantitative analy-
sis of the formation mechanism. At the same time, with the
continuous development of the forward and backward in-
dustries of the aquaculture industry and the extension of
the aquaculture industry chain, the industrial correlation
degree also has an important impact on the aquaculture
industry agglomeration, and plays an increasingly impor-
tant role in the development of the aquaculture industry
agglomeration, which has not been involved in the existing
research. This study attempts to apply the general theory of
industrial agglomeration to the aquaculture industry. Based
on the relevant theories of industrial agglomeration, com-
bined with the characteristics of the aquaculture industry,
the industrial correlation degree is incorporated into the
factors affecting the agglomeration of the aquaculture in-
dustry, and the theoretical model of the formation mech-
anism of the aquaculture industry agglomeration is con-
structed. The location entropy and Geodetector method are
used to explore the agglomeration level and formation
mechanism of China’s aquaculture industry. This has ex-
panded the research perspective of industrial agglomer-
ation to a certain extent, further enriched the research
content of aquaculture industry agglomeration, and has a
certain marginal contribution to the research of industrial
agglomeration. Furthermore, this study enhances the un-
derstanding of spatial agglomeration patterns in China’s
aquaculture industry. The findings provide valuable in-
sights for policymakers to maximize agglomeration effects
while maintaining stable total aquaculture production ar-
eas. Specifically, our results can help improve production
efficiency, boost output growth, and ultimately promote
sustainable development of the aquaculture sector.

CONSTRUCTION OF THEORETICAL MODEL

Based on the basic theory of industrial agglomeration, pre-
vious research results on industrial agglomeration, and the
particularity of the aquaculture industry, this paper con-
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structs a theoretical model of the formation mechanism of
aquaculture industry agglomeration, which provides a the-
oretical basis for subsequent empirical research.

THE FORMATION BASIS OF AQUACULTURE INDUSTRY
AGGLOMERATION: COMPARATIVE ADVANTAGE

The Heckscher-Ohlin factor endowment theory posits that
the unique resource endowments of different regions affect
the cost of production factors, leading to variations in pro-
duction costs between regions. This results in the forma-
tion of comparative advantages that incentivize industrial
clustering.23 The aquaculture industry relies on local water
resources, climate, and other natural resources and condi-
tions. Initially, different aquaculture species can only be
produced in their respective ecologically suitable areas.24
Therefore, the comparative advantage formed by the dif-
ference in fishery natural resource endowment between re-
gions is an important factor and basic condition for the ag-
glomeration and evolution of the aquaculture industry.

THE ENDOGENOUS DRIVING FORCE OF AQUACULTURE
INDUSTRY AGGLOMERATION: EXTERNAL ECONOMY

In industrial clustering theory, external economies are con-
sidered the core driving force behind industrial clustering
and are crucial factors when analyzing the phenomenon
of industrial clustering. For those clustering phenomena
that cannot be solely explained by natural resource en-
dowments, the influence of externalities is often at play.”
Therefore, the external economy constitutes the endoge-
nous driving force of aquaculture industry agglomeration.
Externalities include technical externalities and financial
externalities.

TECHNOLOGICAL EXTERNALITY

Technological externalities refer to externalities arising
from knowledge spillovers, technological spillovers, and
human capital spillovers. The spillover of knowledge, tech-
nology, and human capital helps reduce business costs and
increase production efficiency, thereby attracting the clus-
tering of talent, capital, and enterprises.” The factors con-
tributing to technological externalities include human cap-
ital and the level of production technology: (1) Human
Capital: As a vital carrier of knowledge and technology,
the mobility of human capital increases the likelihood of
knowledge spillovers, which helps reduce production costs
and improve production efﬁ(:iency.25 The aquaculture in-
dustry is a labor-intensive industry, and an ample supply of
labor resources is a crucial condition for its development26;
(2) Level of Production Technology: Given a certain level of
technology, the clustering capacity of each region has an
upper limit due to constraints such as resource availabil-
ity.27 Advancements in aquaculture technology not only
enhance the clustering capacity of a region but also create
a more favorable environment for industrial clustering.
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FINANCIAL EXTERNALITY

Financial externality refers to the positive external effect of
production activities, which establishes forward and back-
ward linkages in space and improves production efficiency
by optimizing material exchange among economic enti-
ties.28 It includes factors such as factor flow, local market
demand, and forward and backward linkages of industries.
These financial externalities are the key driving forces of
industrial agglomeration and endogenous interaction.2’
Urbanization and transportation are conducive to the flow
of factors and are important financial externalities affecting
industrial agglomeration.” Therefore, the financial exter-
nality factors in this study include urbanization level,
transportation cost, market demand, and industrial corre-
lation. (1) Level of Urbanization: The process of urbaniza-
tion enhances the per capita land resources and the com-
mercialization rate of agricultural products in rural areas,
prompting a transition from traditional small-scale oper-
ations to modernized practices. Urbanization essentially
represents a stage of spatial clustering of factors and indus-
tries.” With the rise of specialized aquaculture operators,
cooperatives, and leading industrial enterprises, the aqua-
culture industry is undergoing deepened developments
characterized by intensification, regionalization, special-
ization, and industrialization; (2) Transportation Costs:
Krugman emphasizes in his new economic geography the-
ory that transportation costs are a core factor determining
industrial concentration.3 Most aquatic products are per-
ishable and difficult to store, resulting in relatively high
transportation costs, which further impacts the economic
activities related to their spatial distribution; (3) Market
Demand: Sufficient market demand provides developmental
space for industrial clustering. An increase in market de-
mand for aquatic products incentivizes aquaculture farmers
or enterprises to expand their production scale, promoting
the scaling and specialization of the aquaculture industry,
thereby facilitating its clustering.3! (4) Industrial correla-
tion: The upstream components of the aquaculture industry
chain include seedlings, aquaculture feed, medications, and
farming tools; the midstream comprises aquaculture activ-
ities, mainly involving the farming of fish, shrimp, crabs,
shellfish, algae, and ornamental fish; the downstream con-
sists of processing and distribution of aquatic products. In
specific regions, the tighter the forward and backward link-
ages among clustered enterprises, the more significant the
positive external effects generated, thereby attracting the
clustering of more related industries.32

EXOGENOUS THRUST OF AQUACULTURE INDUSTRY
AGGLOMERATION: INSTITUTIONAL POLICY
ENVIRONMENT

In the theory of industrial agglomeration, institutions,
policies, and other factors are regarded as exogenous vari-
ables that affect industrial agglomeration.33 Fair, reason-
able and high-quality institutional policies provide a good
development environment for promoting industrial ag-
glomeration. The institutional policy environment is the
exogenous thrust of aquaculture industry agglomeration.
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This study specifically examines the impact of institu-
tional and policy environment factors on aquaculture clus-
tering from two aspects: the degree of government inter-
vention and the level of openness to external markets. (1)
Degree of Government Intervention: Fiscal policies such as
subsidies, interest subsidies, and rewards are important
tools for the government to guide industrial restructuring
and optimize industrial layout. These fiscal and tax policies
significantly influence industrial clustering30; (2) Level of
Openness to External Markets: Foreign trade is a crucial fac-
tor affecting the industrial clustering of a country or re-
gion.24 Regions with a higher degree of openness to exter-
nal markets tend to have closer trade relations with other
countries, which helps expand the market for aquatic prod-
ucts. An increase in demand size can promote the scaling
and specialization of the aquaculture industry, thereby fos-
tering its clustering.”

In summary, the agglomeration of the aquaculture in-
dustry is the result of the joint action of comparative ad-
vantage, external economic and institutional policy envi-
ronment. Comparative advantage is the formation basis of
aquaculture industry agglomeration, external economy is
the endogenous driving force of aquaculture industry ag-
glomeration, and institutional policy environment is the
exogenous thrust of aquaculture industry agglomeration.
The comparative advantage formed by the spatial distrib-
ution difference of resource endowment is the basic con-
dition for the agglomeration of the aquaculture industry.
Technological externality and financial externality promote
the further agglomeration of the aquaculture industry from
within the industry. External environmental factors such as
government intervention and opening up, play an impor-
tant role in promoting industrial agglomeration.

METHODS

DATA SOURCES

The data used in this study is sourced from the “China Fish-
eries Statistical Yearbook” and the “China Statistical Year-
book” for the years 2007 to 2023. Some missing data have
been supplemented using interpolation methods. Given the
availability of data, the research focuses on 30 provinces,
municipalities, and autonomous regions in China, exclud-
ing Tibet Autonomous Region, Hong Kong Special Admin-
istrative Region, Macao Special Administrative Region and
Taiwan Province.

RESEARCH METHODOLOGY
LOCATION QUOTIENT (LQ)

The Location Quotient is an economic indicator used to
measure the relative concentration of a particular economic
activity within a specific region. It was first introduced by
Haggett in 1965.3% The specific formula for the Location
Quotient is as follows:

_ B/5: 1)
A A

Qi
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Where Qi represents the agglomeration degree of aqua-
culture industry in region i; Ei is the aquaculture output
value of region i; Et is the total national aquaculture output
value; Ai is the total output value of agriculture, forestry,
animal husbandry, and fishery in region i; and At is the total
national output value of agriculture, forestry, animal hus-
bandry, and fishery. A value of Qi greater than 1, and the
larger the value, the higher the concentration of aquacul-
ture industry in that region.

GEODETECTOR

The Geodetector method, proposed by Wang and Xu in
2017, is a statistical method primarily used to study spatial
differentiation and its causes.3> This method not only de-
tects the degree of influence of various factors but also an-
alyzes the interactions among multiple influencing factors.
A significant advantage of the Geodetector method is that
it can reveal the relationship between driving forces and
geographic phenomena without requiring any linear as-
sumptions. Its computational processes and results are not
affected by multicollinearity, a problem that is often chal-
lenging to avoid in spatial econometric models. The core
idea of this method is based on the following hypothesis:
if an independent variable has a significant effect on a de-
pendent variable, then the spatial distribution of the inde-
pendent and dependent variables should show similarities,
meaning they should have a high degree of spatial match.
Furthermore, the stronger the influence of the independent
variable on the dependent variable, the higher the degree
of spatial distribution match.

The Geodetector model includes four detectors: differ-
entiation and factor detection, interaction detection, eco-
logical detection, and risk zone detection. Based on the re-
search content of this paper, the main influencing factors
and the interaction of each influencing factor affecting the
agglomeration of China 's aquaculture industry are ana-
lyzed by selecting the differentiation and factor detection
and interaction detection. The Geodetector method has
been successfully applied in various fisheries studies,
demonstrating its robustness for spatial pattern analysis
in aquaculture systems. Notably, Gou et al. employed this
method to examine spatial patterns and influencing factors
of aquaculture in Sichuan Province,3¢ while Yan and Shen
effectively identified key determinants of marine aquacul-
ture output in China.3” Most recently, Ma et al. utilized Ge-
odetector to analyze carbon sequestration mechanisms in
shellfish and algae cultivation systems in Fujian Province.38

Differentiation and Factor Detection: This involves de-
tecting the spatial differentiation of the dependent variable
and examining to what extent the independent variables
explain the spatial differentiation of the dependent vari-
able, measured by the q value. The specific formula is as fol-
lows:

XN} ssw o)
= No> SST
L
SSW = Nyo}, SST = No? (3)
h=1
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In the formula, q represents the degree of spatial differen-
tiation explanation of the factor, with a value range of [0,
1]. A larger g value indicates a greater explanatory power of
the independent variable on the dependent variable, while
a smaller q value indicates the opposite. The g value signi-
fies that the independent variable explains 100 x g% of the
dependent variable. h represents the stratification of the
dependent or independent variable, where h=1, ..., L; Nj,
and N denote the counts in stratum h and the entire region,
respectively; o7 and o are the variances of the dependent
variable in stratum h and the entire region, respectively;
and SSW and SST represent the sum of within-group vari-
ances and the total variance of the entire region, respec-
tively.

Interaction Detection: This process identifies whether
the pairwise interaction between different independent
variables will increase or decrease their explanatory power
on the dependent variable, or whether the impact of these
independent variables on the dependent variable is mutu-
ally independent. The types of interaction are shown in the
table below (Table 1).

RESULTS

CALCULATION RESULTS OF AQUACULTURE INDUSTRY
AGGLOMERATION LEVELS

From the perspective of the agglomeration level of the na-
tional aquaculture industry, the average agglomeration de-
gree of the national aquaculture industry from 2006 to 2022
is 0.88. From the perspective of the development trend,
the agglomeration degree of the aquaculture industry in
2006-2022 showed a slow downward trend as a whole. By
comparing the agglomeration degree of aquaculture indus-
try in different regions, it can be seen that there are 12
regions with an average aquaculture industry agglomera-
tion degree of more than 1 in various regions of China
from 2006 to 2022, namely Tianjin, Shandong, Liaoning,
Jiangsu, Shanghai, Zhejiang, Fujian, Jiangxi, Anhui, Hubei,
Hainan and Guangdong. The agglomeration trend of aqua-
culture industry in these regions is obvious. By comparing
the trend of aquaculture industry agglomeration in differ-
ent regions, it can be seen that the agglomeration level of
aquaculture industry in Hubei Province, Shandong Province
and other regions shows an upward trend as a whole, while
the agglomeration level of aquaculture industry in Beijing,
Shanghai and other regions shows a downward trend as a
whole (Table 2).

ANALYSIS OF THE EMPIRICAL RESULTS OF THE
FORMATION MECHANISM OF AQUACULTURE INDUSTRY
AGGLOMERATION

VARIABLE SELECTION

According to the theoretical analysis of the formation
mechanism of aquaculture industry agglomeration and
reading a lot of literature,3%40 the influencing factors and
specific indicators of aquaculture industry agglomeration
are shown in table 3.
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Table 1. Types of interaction between two independent variables on the dependent variable.

The basis for judgment

Interaction

g (X1NX2) <Min(q(X1) * q(X2))

Min (q(X1) * q(X2)) < g (X1NX2) < Max (q(X1) * q(X2))

g (X1NX2) > Max (q (X1) * q (X2))
g (X1NX2) =q(X1)+q(X2)
g (X1NX2) > q (X1) +q(X2)

Nonlinear attenuation

Single-factor
nonlinear attenuation

Two-factor enhancement
Independence

Nonlinear enhancement

Table 2. The agglomeration level of aquaculture industry in various regions of China from 2006 to 2022.

2006 2008 2010 2012 2014 2016 2018 2020 2022 Mean

Beijing 0.454 0.461 0.439 0.314 0.265 0.199 0.165 0.096 0.079 0.292
Tianjin 1.621 2.128 1.936 1.884 1.686 1.757 1.773 1.630 1.448 1.792
Hebei 0.263 0.271 0.313 0.315 0.299 0.312 0.325 0.357 0.416 0.312
Shanxi 0.081 0.096 0.052 0.048 0.048 0.047 0.055 0.044 0.050 0.059
Inner Mongolia 0.065 0.082 0.077 0.072 0.073 0.075 0.063 0.060 0.049 0.072
Liaoning 1.564 1.684 1.833 1.710 1.684 1.684 1.353 1.425 1.362 1.583
Jilin 0.096 0.132 0.121 0.112 0.099 0.107 0.183 0.190 0.217 0.142
Heilongjiang 0.373 0.215 0.243 0.227 0.162 0.162 0.203 0.238 0.244 0.228
Shanghai 2076 1.967 1.897 1.847 1.924 1.442 1.103 1.082 1.358 1.638
Jiangsu 2.182 2.223 2179 2.100 2.293 2.381 2.233 2.363 2.275 2.243
Zhejiang 1.713 1.746 1.708 1.642 1571 1.500 1.680 1.897 1.928 1.724
Anhui 1.158 1.097 1.095 1.011 1.035 1.061 1.084 1.158 1.211 1.105
Fujian 2.752 2727 2.765 2778 2571 2.584 2701 2.809 2,934 2.707
Jiangxi 1.607 1.586 1.628 1.712 1.749 1.613 1.615 1.575 1.607 1.643
Shandong 1.138 1.255 1.244 1.549 1.508 1.436 1424 1474 1.403 1.384
Henan 0.154 0.180 0.169 0.169 0.170 0.194 0.179 0.150 0.158 0.171
Hebei 1.652 1.672 1.705 1.692 1.892 1.960 2.080 2112 2.202 1.917
Hunan 0.827 0.660 0.814 0.727 0.741 0.736 0.897 0.849 0.944 0.805
Guangdong 2.247 2404 2439 2.309 2.303 2.139 2.315 2.385 2371 2.305
Guangxi 0.858 0.914 0.948 0.926 0.975 0.916 0.965 0.950 0.861 0.916
Hainan 1514 1.323 1.358 1.340 1.409 1.329 1.353 1.259 0.706 1.336
Chongging 0.430 0.337 0.349 0.403 0.483 0.465 0.528 0.508 0.557 0.459
Sichuan 0.424 0.471 0.377 0.384 0.389 0.379 0.390 0.418 0.434 0.407
Guizhou 0.234 0.133 0.127 0.375 0.256 0.260 0.157 0.188 0.197 0.203
Yunnan 0.289 0.274 0.242 0.240 0.279 0.289 0.263 0.222 0.214 0.253
Shaanxi 0.083 0.050 0.158 0.224 0.200 0.189 0.098 0.102 0.095 0.126
Gansu 0.035 0.019 0.019 0.016 0.014 0.014 0.014 0.014 0.011 0.017
Qinghai 0.010 0.010 0.009 0.057 0.087 0.174 0.166 0.163 0.143 0.084
Ningxia 0.375 0.402 0.379 0.480 0.433 0.430 0411 0.344 0.322 0.399
Xinjiang 0.081 0.102 0.075 0.076 0.082 0.078 0.083 0.076 0.067 0.080
China 0.879 0.887 0.890 0.891 0.889 0.864 0.862 0.871 0.862 0.880

Note: Limited by the page size, the table only shows the level of aquaculture industry agglomeration in singular years

RESULTS OF DIFFERENTIATION AND FACTOR DETECTION

In this study, the industrial agglomeration degree of aqua-
culture industry is taken as the dependent variable, and the
nine influencing factors of comparative advantage, external
economy and institutional policy environment are taken as
the independent variables. The Geodetector model is em-
ployed to assess the impact of these factors on the agglom-
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eration of the aquaculture industry in China. The analysis
focuses on the formation mechanism of aquaculture indus-
try agglomeration at four time points: 2006, 2011, 2016,
and 2022. Through the four-year detection results, the dy-
namic drivers of each influencing factor are displayed, ex-
ploring their stability and dynamic changes over time. Since
the Geodetector method requires independent variables to
be categorical, the natural breaks method in ArcGIS 10.2
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Table 3. Influencing factors and specific indicators of the aquaculture industry agglomeration

Type Influencing Factors Code Indicator Unit
Comparative Advantage Naltzl:]l;?olvf\ilas::trce X1 Aquaculture Area Hectare
Human Capital X2 Number of.Aquaculture Person
Technological Practitioners
Externality i

Production X3 Yield per Unit of Aquaculture Ton/Hectare
Technology

Urbanization X4 Urbanization Rate %

External .
Economy Transportation Costs X5 Road Network Density Kllometer/Square
Kilometer
Financial h d
Externality Market Demand X6 Permanent Population Ten Thousan
People
Industrial Linkage X7 Aquatic ProducF Processing Year/Ton
Capacity
Government X8 Fiscal Support for %
Intervention Agriculture Subsidies °
Institutional and Policy Environment A ic Product E
Openness X9 quatic \;gluid xport Ten Thousand Yuan

software is used to classify the independent variables into
five categories, converting them into categorical variables.
Then, Excel Geodetector software is utilized to obtain the
differentiation and factor detection results, as well as the
interaction detection results.

From the g-values and significance of different influenc-
ing factors during the same period, the main influencing
factors for aquaculture industry agglomeration in 2006 are
ranked as follows: X7 > X9 > X3 > X2. In 2011, the ranking
is X9 > X3 > X4 > X7 > X8 > X5. In 2016, the main influenc-
ing factors are ranked as X7 > X9 > X8 > X3. In 2022, the
ranking is X7 > X2 > X3 > X4 > X1 > X8. At the four selected
time points, industry correlation (X7) and production tech-
nology level (X3) are both significant, with their g-values
ranking among the top four relative to other factors. Indus-
try correlation (X7) has the highest impact on aquaculture
industry agglomeration, with an average explanatory power
of 66.9% over four years, peaking at 82.3%. The produc-
tion technology level (X3) has the second highest impact,
with an average explanatory power of 54.6%, peaking at
66.9% (Table 4). It is evident that industry correlation (X7)
and production technology level (X3) are influential fac-
tors with high explanatory power and stable performance
regarding aquaculture industry agglomeration.

Analyzing the trend of g-value changes for the same in-
fluencing factors over different periods from 2006 to 2022,
it is observed that the g-values for natural resource endow-
ment (X1) and market demand (X6) show an upward trend.
The g-values for human capital (X2) and industry correla-
tion (X7) initially decrease and then increase, while the g-
values for production technology level (X3) and degree of
openness (X9) exhibit a downward trend. The g-values for
urbanization level (X4) show a fluctuating trend of rising,
then falling, and then rising again, while the g-values for
transportation costs (X5) and government intervention (X8)
initially rise and then fall (Table 4).
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INTERACTION DETECTION RESULTS

Based on the single-factor detection, interaction detection
was employed to identify the interactions among different
influencing factors, specifically to determine whether the
combined effects of the nine factors enhance or weaken
their explanatory power regarding the agglomeration of the
aquaculture industry. The results indicate that under the
joint action of pairs of factors, the detection of interactions
among the nine single-factor detections each year yields 36
types of interaction results, all of which demonstrate ei-
ther enhanced or nonlinear enhancement phenomena for
the dual factors. This means that the explanatory power of
the dual factors is significantly greater than that of the sin-
gle factors (Figure 1).

Based on the interaction detection results of different
influencing factors across years shown in Figure 2, the top
three ranked interactions are summarized in Table 5. In
2006, the top three interactions were X2NX3, X4NX7, and
X1NX7. In 2011, the top three interactions were X1NXO9,
X3NX9, and X5NX9. In 2016, the top three interactions
were X1NX3, X3NX7, and X4NX6. In 2022, the top three
interactions were X3NX7, X1NX8, and X7NX8 (Table 5).
Among the 12 dominant interactions from 2006 to 2022,
five involved the interaction of production technology level
(X3) with other factors, and five involved the interaction of
industrial relevance (X7) with other factors. This indicates
that the interaction of production technology level and in-
dustrial relevance with other factors significantly enhances
the explanatory power regarding the agglomeration of the
aquaculture industry. Additionally, all 12 dominant inter-
actions had g-values greater than 0.88, with the highest
value being 0.965, indicating that the explanatory power
of these 12 dominant interactions for the agglomeration of
the aquaculture industry exceeds 88%, with the strongest
explanatory power being 96.5%.

Based on the above analysis, it is evident that each factor
not only independently influences the agglomeration of the
aquaculture industry but that the interactions between var-
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Table 4. Detection results of influencing factors in different years of China

Year 2006 2011 2016 2022
Indicator q Value p Value q Value p Value g Value p Value g Value p Value
X1 0.297 0.150 0.318 0.179 0.374 0.103 0.421* 0.062
X2 0.432* 0.082 0.389 0.105 0.421 0.123 0.542** 0.025
X3 0.669*** 0.007 0.624** 0.013 0.446** 0.033 0.446** 0.035
X4 0.244 0.272 0.577*** 0.007 0.296 0.144 0.441** 0.029
X5 0.292 0.173 0.339* 0.092 0.268 0.152 0.204 0.350
X6 0.090 0.716 0.104 0.675 0.174 0.432 0.230 0.285
X7 0.823*** 0.000 0.465* 0.093 0.683*** 0.010 0.706*** 0.000
X8 0.343 0.171 0.460** 0.040 0.455** 0.018 0.398* 0.065
X9 0.672*** 0.003 0.647*** 0.002 0.499* 0.089 0.460 0.162

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively. Wang and Xu proposed in “Geodetector: Principles and Prospects” that if the g-value is not sub-

jected to a statistical significance test, it still has a clear physical meaning but does not require the assumption of normal distribution. Therefore, in this study, when analyzing the

changing trends of each factor, the significance p-value of the g-value is not considered; only the magnitude of the g-value is taken into account, which reflects the explanatory

power of each factor on the agglomeration of the aquaculture industry.
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Figure 1. Interaction detection results of different influencing factors across years of China. Panels (a)-(d) show
the interaction detection results for the influencing factors in the years 2006, 2011, 2016, and 2022, respectively.

The values within the red boxes indicate that the interaction is a nonlinear enhancement, while the others represent dual factor enhancement. Two-factor enhancement indicates
that the interaction’s explanatory power (q-value) exceeds that of each individual factor. Nonlinear enhancement signifies that the interaction’s explanatory power surpasses the sum
of individual factors’ q-values, representing a more pronounced synergistic effect than two-factor enhancement.

ious factors have an even stronger impact on this agglom-
eration. In other words, the spatial differentiation of aqua-
culture industry agglomeration in China is the result of the
combined effects of multiple factors. Moreover, the influ-
ence of each factor on the agglomeration of the aquaculture
industry changes over time, which also contributes to the
complexity of the industry’s agglomeration.

Israeli Journal of Aquaculture - Bamidgeh

DISCUSSION AND CONCLUSIONS

This study attempts to apply general theories of industrial
agglomeration to the aquaculture industry. Based on rele-
vant theories of industrial agglomeration and the charac-
teristics of the aquaculture sector, a theoretical model re-
garding the mechanisms of agglomeration in aquaculture
was constructed. Using location entropy and Geodetector
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Table 5. Top three ranked interactions of different influencing factors across years

Interaction 2006 2011 2016 2022
Dominant Role 1 X2NX3 X1NX9 X1NX3 X3NX7
q Value 0.965 0.957 0.899 0.926
Dominant Role 2 X4NX7 X3NX9 X3NX7 X1NX8
q Value 0.950 0.956 0.889 0.904
Dominant Role 3 X1NX7 X5NX9 X4NnXxé X7NX8
q Value 0.940 0.902 0.883 0.901

methods, the research explores the level of agglomeration
and its formation mechanisms in China’s aquaculture in-
dustry. The findings indicate the following:

THE AQUACULTURE INDUSTRY IN CHINA EXHIBITS A
PHENOMENON OF INDUSTRIAL AGGLOMERATION;,
HOWEVER, THE DEGREE OF INDUSTRIAL
AGGLOMERATION IS NOT HIGH, AND THE OVERALL
TREND OF AGGLOMERATION IS SHOWING A
WEAKENING TENDENCY.

This conclusion aligns with the research results of Li et al.
and Yao et al.%10 The reasons for this can be attributed to
two main factors. On one hand, influenced by natural re-
source endowments, there is indeed industrial agglomera-
tion in the aquaculture industry. Natural resource endow-
ment forms the basis for the production and spatial layout
of the aquaculture industry; the spatial distribution and
combination of water resources and natural climatic con-
ditions directly affect the production layout and inter-re-
gional division of labor in aquaculture. On the other hand,
in recent years, the government has mandated reasonable
planning for aquaculture production to address issues such
as the decline of fishery resources and the degradation of
aquatic ecosystems. This involves scientifically delineating
prohibited farming zones, restricted farming zones, and
designated farming zones to achieve overall planning and
coordinated development of aquaculture areas, leading to a
reduction in the aquaculture area. From 2016 to 2022, the
total area of aquaculture in China decreased by 14.84%, re-
sulting in an overall weakening trend in the level of ag-
glomeration in the aquaculture industry.

THERE ARE SIGNIFICANT REGIONAL DIFFERENCES IN
THE LEVEL OF AGGLOMERATION IN THE AQUACULTURE
INDUSTRY IN OUR COUNTRY.

China’s vast expanse exhibits significant regional differ-
ences in natural resource conditions for fisheries, where the
endowment of regional fishery resources determines the
price levels of production factors in aquaculture. This, in
turn, leads to differences in production costs across regions
and creates comparative advantages. Under the “rational
economic man” hypothesis, aquaculturists or enterprises
tend to follow the principle of comparative advantage in
selecting aquaculture species and regions. Driven by lower
costs, production in the aquaculture industry tends to shift
and concentrate in areas with production advantages to
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gain stronger market competitiveness, resulting in substan-
tial regional disparities in the level of agglomeration in
China’s aquaculture industry.

From 2006 to 2022, there are 12 regions in China with
an average aquaculture industry agglomeration degree of
more than 1, and the aquaculture industry agglomeration
trend in these regions is obvious. The reason is that these
areas are located in the coastal areas of China and the
Yangtze River Basin. Due to the abundant fishery natural
resources, relatively perfect fishery infrastructure, and a
high level of aquaculture technology, these areas have
formed the main production areas of aquaculture. The ag-
glomeration level of the aquaculture industry in Hubei
Province, Shandong Province, and other regions shows an
upward trend as a whole. This is mainly because Hubei
Province is the main aquaculture producing area in China’s
inland areas. Hubei Province is known as the ‘Thousand
Lakes Province’. The Yangtze River and the largest tribu-
tary, the Hanjiang River, cross the provincial border, and
the fishery natural resource endowment is rich. Shandong
Province is the main aquaculture producing area in China’s
coastal areas, bordering the Bohai Sea and the Yellow Sea,
and the coastal fishery resources are rich. The agglomer-
ation level of the aquaculture industry in Beijing, Shang-
hai, and other regions shows a downward trend as a whole.
This is mainly because Beijing and Shanghai are megacities.
With the improvement of urbanization level, the crowding-
out effect of urban construction is gradually increasing, the
cost of labor and resource utilization is increasing, and the
aquaculture industry is gradually declining.

THE AGGLOMERATION OF THE AQUACULTURE INDUSTRY
IS THE RESULT OF THE COMBINED EFFECTS OF
COMPARATIVE ADVANTAGE, EXTERNAL ECONOMIES,
AND THE INSTITUTIONAL AND POLICY ENVIRONMENT.
THE IMPACT OF THESE FACTORS ON THE
AGGLOMERATION OF THE AQUACULTURE INDUSTRY
MAY CHANGE OVER TIME. AMONG THE EXTERNAL
ECONOMIC FACTORS, INDUSTRIAL LINKAGE AND
PRODUCTION TECHNOLOGY LEVELS ARE HIGHLY
EXPLANATORY AND STABLE FACTORS INFLUENCING THE
AGGLOMERATION OF THE AQUACULTURE INDUSTRY.

From 2006 to 2022, industrial relevance had the highest
impact on aquaculture industry agglomeration, and recent
trends show an overall increase in its explanatory power.
This is primarily because upstream and downstream enter-
prises in the aquaculture industry tend to migrate to ag-
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glomerated regions to reduce transportation, service, and
other costs, prompting more aquaculture businesses to
cluster in these areas for lower costs. For example, in
Guangdong Province, which has a high level of aquaculture
industry agglomeration, numerous enterprises in seed pro-
duction, feed, seafood processing, and trading markets ex-
ist, such as Guangdong Haida Group Co., Ltd., Guangdong
Hengxing Group Co., Ltd., and Zhanjiang Guolian Aquatic
Products Development Co., Ltd. The high level of forward
and backward industrial development promotes the ag-
glomeration of the aquaculture industry in Guangdong.

From 2006 to 2022, the impact of production technology
levels on aquaculture industry agglomeration was second
only to industrial relevance. The development and ad-
vancement of production technology enhance the utiliza-
tion rates of production factors by aqua-culturists and en-
terprises, increase production efficiency, and lower
production costs, making it more attractive for other farm-
ers and enterprises to cluster. For instance, in Fujian
Province, which has the highest level of aquaculture indus-
try agglomeration, the yield per hectare reached 25 tons
in 2022. Fujian also hosts 6% of the nation’s aquaculture
technology promotion institutions and 4% of the promo-
tion personnel. However, the trend in explanatory power for
production technology levels from 2006 to 2022 shows an
overall decline. This is primarily because the influence of
production technology levels on aquaculture industry ag-
glomeration has already been realized, and the research
and promotion of aquaculture technology require time. The
growth rates of aquaculture industry agglomeration levels
in Hubei Province from 2006 to 2011, 2011 to 2016, and
2016 to 2022 were 7.4%, 10.4%, and 12.4%, respectively,
while the growth rates of yield per hectare reached 19.2%,
28.4%, and 46.3%. This indicates that the development
speed of aquaculture technology levels in Hubei Province
has significantly outpaced the development level of aqua-
culture industry agglomeration.

This study also has some limitations. First, due to the
availability of data and the difficulty of quantification, the
selection of individual influencing factor indicators needs
to be further improved. Second, this study uses the panel
data of provincial-level administrative regions for investi-
gation. The analysis of provincial-level administrative re-
gions as research objects is often macro, and the specific
guidance of the research results on micro-regions may be
limited. In the future, micro-regions such as municipal and
county-level can be studied on the basis of data availability.
Third, there are many aquaculture models and many aqua-
culture varieties. Different aquaculture models and aqua-

culture varieties may have different formation mechanisms
of industrial agglomeration due to different aquaculture
technology levels, aquaculture environments, and other
factors. Therefore, it is necessary to carry out a comprehen-
sive study on the formation mechanism of industrial ag-
glomeration of specific breeding models and breeding vari-
eties in the future, which is more conducive to optimizing
the industrial layout of aquaculture.
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