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China’s shrimp farming industry has experienced significant growth in recent years. With such a development, some major constraints linked to the industry’s sustainable development have emerged. This paper aims to present an overview of China’s shrimp industry over the last two decades, with special attention to farm-raised shrimp both in marine and inland waters. Documentary research on its recent evolution was carried out based on data collected from China Fishery Statistics Yearbooks 2003 to 2022 coupled with data from FAO. Findings indicated that there has been an upward trend in China’s total shrimp production over the last 20 years, with a growth rate of 120%, representing an average annual growth rate of 4.3%. The observed higher shrimp production was driven by expanded shrimp aquaculture production, with major species dominated by the Pacific whiteleg shrimp (litopenaeus vannamei), the black tiger shrimp (Penaeus monodon), the Chinese shrimp (Penaeus chinensis), and the Japanese prawn (Penaeus japonicus). Challenges associated with the intensification of the production and the driven environmental deterioration need to be properly addressed. First, the shrimp farming industry should be practiced while considering both environment and ecosystem protection. Applying such an organic farming principle presupposes some practices for addressing the existing issues threatening the sustainable growth of the industry. To that end, there is a need for innovative techniques that should be strengthened. Second, possible solutions to shrimp disease problems, namely prevention, early diagnosis, and various control techniques, should also be developed and improved, with an emphasis on the former. In addition, encouraging the use of good-quality feed in appropriate quantity and form is also of paramount importance. It is thus worth noting that further policies need to focus on promoting a large range of ecological shrimp aquaculture technologies that should be encouraged among farmers.
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1 Introduction

Aquaculture has become a flourishing industry by undergoing a particular intensification process in recent years (Dong and Raghavan, 2022). Shrimp aquaculture industry has enjoyed phenomenal growth during the 1980s and has become the leading contributor to the world’s fishery production in recent years (FAO, 2021; Yu et al., 2023). The latter was reported to be the second largest seafood traded worldwide after salmon fisheries (FAO, 2019). In today’s world, there is a high demand for seafood products, but the supply from wild-stock fisheries is not enough to meet this demand. As such, the aquaculture industry as a whole and shrimp aquaculture in particular can be an alternative food source to compensate for the shortages. This can help address the increasing food scarcity and reduce the pressure on wild fisheries (Mansour et al., 2022).

Asian countries led by China, were the main fisheries and aquaculture producing countries, representing 70% of the global production in 2020 (FAO, 2022). Since 1991, China has remained the top producer of farmed aquatic animals and algae in the world, with its shares being 56.7% and 59.5%, respectively, in 2020. Indeed, aquaculture industry exists in almost every province in China, with its major areas located in the southeast coastal watershed and the middle and lower reaches along the Yangtze River (Chao et al., 2017). Precisely, pond and freshwater aquaculture production in China are mainly concentrated in Guangdong, Hunan, Hubei, Jiangxi, Anhui, Jiangsu, Shandong, and Sichuan (Hu et al., 2021).

The People’s Republic of China has been one of the world’s leading shrimp producing countries since the late 1980s (Biao and Kaijin, 2007). China’s shrimp industry faces potential long-term challenges despite short-term yield success (Dong and Raghavan, 2022). Although the shrimp industry is widely researched, with many studies reporting on breeding, growth performance, genetics or genomic aspects and experimental conditions and/or observations (e.g., Li et al., 2021; Abdel-Latif et al., 2022; Liu et al., 2023; Huang et al., 2024), little is known on the current status, evolution and prospective of China’s shrimp industry. Regarding both its marine and freshwater shrimp aquaculture, no abundant information was found that reviewed the trends in shrimp production over the last two decades. As such, there is insufficient scientific information available on these particular aspects. The available recent studies on similar matter were found performed on the tendencies and dynamics of aquaculture ponds at provincial levels (e.g., Duan et al., 2021; Fu et al., 2021). However, given the importance of shrimp as one of the major aquatic products in China, presenting an overview of key features of the industry is crucial for understanding the drivers of its aquaculture development and dynamics. This could also help overcome issues that challenge the industry and thus plan consistently what should be the way ahead. To that end, there is a need to review the trends in its shrimp aquaculture production, imports into China and exports from China in recent years and thereafter make policy recommendations, whose implementation could help the country maintain its leading position in the global shrimp industry.

Therefore, this paper presents an overview of the current state of the Chinese shrimp industry. This review helps understand the trends in China’s shrimp production, imports and exports during the last two decades, and challenges that have emerged.

The remainder of the paper is organized as follows: Section 2 describes the methodological approach and the data sources. Section 3 presents the results of the overview of the current state of the Chinese shrimp industry, by considering both wild-caught and aquaculture species, both freshwater and marine shrimp species. Then, the discussions are presented in Section 4, in particular by focusing on the progress in shrimp aquaculture modes and technologies in China. Besides, the needs to keep on improving the quality of the fries, combating water pollution and thus developing ecological and healthier shrimp aquaculture are also discussed. Finally, the paper concludes with Section 5, which includes remarks, implications and outlook.



2 Methodological approach

This study was mainly conducted through desk research from April 16, 2023, to August 30, 2023. As a first step, we carried out a systematic review to map relevant literature. This consisted of (1) identifying relevant studies, (2) screening and selecting relevant publications, (3) charting the data and information, and then (4) summarizing the results (see Figure 1). To this end, we used a group or set of keywords (related to China’s shrimp industry, ecological shrimp aquaculture, trends in China’s shrimp imports and exports, challenges, and outlook) to search in two scientific databases. The first was Scopus, and the second one was Clarivate Analytics Web of Science (WoS), which were both used as research tools to obtain reliable and relevant results. We particularly opted for the WoS given it is a widely accepted and comprehensive bibliometric database (Zhu and Liu, 2020). For this present review, a checklist of criteria was used to determine which publications to include. Particularly, the selected publications were required to meet the following criteria: (i) They should be focused on shrimp aquaculture or capture and be topically relevant, (ii) They should meet academic quality standards, which means only scientific, technical, and academic documents will be considered, (iii) They should have been published in the last 15 years (between 2008 and 2023), (iv) They should be written in English, and (v) They should focus on the geographic location of China. As such, relevant terms were combined with shrimp industry and/or china and other concepts. The syntax were, among other, “Shrimp industry” AND “China” AND “last two decades,” “Shrimp aquaculture” AND “China” AND “last two decades,” “Shrimp production*” AND “exports OR imports “AND “China” AND “last two decades,” “Shrimp industry*” AND “marine AND freshwater” AND “exports OR imports “AND “China*” AND “last two decades,” “Shrimp industry*” AND “wild caught AND aquaculture” AND “marine AND freshwater” AND “exports OR imports “AND “China*” AND “last two decades,” etc. This helped us locate various types of published materials such as research articles, review papers, books, and technical reports.
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FIGURE 1
 Flow chart of the selection process of studies examining shrimp industry in China and trends in production, imports and exports over the last two decades.


In other words, the review of possible available information regarding China’s shrimp aquaculture industry has been conducted using key published reports and official databases. Overall, the search approach yielded 150 publications. Thereafter, we eliminated duplicates and 105 publications remained. After screening the articles ‘titles and abstracts, 75 potentially relevant publications were considered. After evaluating and reading the full-text articles, 40 papers were found to meet the inclusion criteria for this review. In addition, this review contained twelve (12) records that were identified through a two-step iterative search process. This process consisted of reviewing available literature, choosing pertinent papers for inclusion, checking the presented information, and evaluating whether it fitted properly the objectives of this study.

We then addressed the objectives of our study, which, were to: (1) present an overview of and develop a better understanding of the industry, and (2) identify challenges and/or issues currently faced by the shrimp industry in China by collecting secondary data from China Fishery Statistical Yearbooks, spanning from 2003 to 2022. In addition, data on trends in shrimp production for the world’s top ten shrimp producers (2002–2021), imports and exports (2018–2022) were provided by FAO.



3 Results


3.1 Development history of shrimp aquaculture in China

Fish farming in ponds is a long-standing practice. Early farmers probably developed it as one of their initial farming systems for household food security and income generation. The earliest recorded instances of fish farming in ponds were found in China, about 4,000 years ago, and in Mesopotamia, around 3,500 years ago (FAO, 2000). The historical evolution of China ‘shrimp industry can be categorized into three development phases, namely the start-up phase, new phase, and the rapid development phase (Table 1).



TABLE 1 Historical phases of shrimp aquaculture development in China.
[image: Table1]


3.1.1 The start-up: 1949–1992

Shrimp farming in China started in 1950s but its extensive farming inception began in the late 1970s, along the eastern coast (Wang et al., 2022). In the introductory phase of shrimp farming, the yield was low; the shrimps were primarily farmed for family consumption and gradually sold in the local market. In 1978, a panel of scientists was established by the government to develop technologies for the country’s shrimp farming intensification. This involved high density shrimp farming with hatchery-bred shrimp, processed feed, regular water exchange, and mechanization using many techniques and tools. Indeed, China implemented reform and open-up policies in 1978 (Zhang, 2007), which, among others, helped bolster a rapid expansion of its fisheries in order to meet the increasing demand for fish and fishery products by its growing population (Li et al., 2011). A general plan, which was drawn up for fisheries and aquaculture development in China, contained the following goals:

• To promote the transformation of the fishery economic system, including its expansion, based mainly on the socialist market economy principles;

• To promote fisheries and aquaculture through education, science and technology, and new strategies implementation;

• To achieve optimal fisheries production, the industrialization of production system, farming of high-value species, pond-culture operations, etc., should be intensified;

• To prioritize seed production as the foundation and emphasize sustainable fisheries, and quality of aquatic products, and;

• To industrialize fisheries and aquaculture in a coordinated way, which will help improve agriculture, rural economy, and rural population livelihoods.

Thus, considerable efforts in terms of on-farm technical supports and extension services were undertaken by fishery research institutes and technology promotion departments at different levels towards the farmers. At the same time, the government invested considerable funds in the country’s aquaculture development. Such projects were funded through loans from the World Bank, local government investments, and labor contributions. Besides, to ensure the successful execution of the fisheries promotion through science and technology, the central and local governments have invested significant funds in establishing a national aquaculture technical training and extension networks. They were set at different administrative levels in the country and the stations included at provincial, prefecture, county, and village levels, were 37, 206, 116 and 1,155, respectively. Every station was furnished with suitable equipment and training facilities. Furthermore, a system that comprised fishery administration, 25 specialized farms, and environmental protection, etc., has been established to promote high-value species (Wang, 2001).

Between 1980 and 1988, shrimp production grew by an average of 75% annually. Indeed, by 1980, shrimp farms in China spanned across 9,342 hectares and produced around 2,549 metric tons. However, in 1988, the farms expanded to cover 162,960 hectares and yielded roughly 200,000 metric tons of shrimp (Wang, 2001). Such expansion led China to become the largest shrimp producer worldwide. The country’s shrimp production was mainly dominated by Penaeus orientalis (ADB/NACA, 1996).



3.1.2 Emergence and spread of diseases: 1993–2003

Like Taiwan province, whose shrimp industry collapsed in 1987, shrimp aquaculture industry in mainland China was exposed to some diseases in 1990 and 1993 (Wang et al., 2022). China’s farm-raised shrimp production increased to 200,000 metric tons per year from 1988 to 1992. However, the country faced new challenges starting from 1993. Between 1993 and 1994, its shrimp production crashed to about 50,000 metric tons. The first disease occurrence in the shrimp industry was due to factors including the misuse of antibiotics, overstocking, inappropriately processed food, and over-exploitation of groundwater (Kautsky et al., 2000). Again, a virus, which appeared coupled with industrial and domestic pollution around the Gulf of Bohai Sea, hit the industry. In addition, China’s fish (shrimp) ponds are basically located in low-lying areas. This makes it difficult to clean up bottoms in terms of pond management between harvests. But very quickly, China’s brackish water shrimp breading demonstrated evidence of recovery between 1994 and 2000. In addition, given the ever-increasing demand for shrimp on the international market, the potential and real profit as well as the improvement in technologies used have led to the growth trends of the industry. As such, shrimp output increased on average by 23% per year from a low of 64,000 metric tons in 1994 to reach 218,000 in the early 2000s.



3.1.3 Rapid development phase: 2004–2009/2010

Shrimp farming in China had another period of rapid development from 2004 to 2010. The production of cultured freshwater prawns increased rapidly with the implementation of more intensive farming and improved culture techniques. The production area increased quickly during this period before a serious disease outbreak of acute hepatopancreatic necrosis disease (AHPND) also known as early mortality syndrome (EMS) of shrimp in China in 2009 (Thitamadee et al., 2016), which caused high shrimp mortalities of L. vannamei and P. monodon in southern China (Thitamadee et al., 2016) and spread sequentially to Vietnam (2010), Malaysia (2011), Thailand (2012) (Joshi et al., 2014). The AHPND caused significant economic losses among shrimp producers in China, estimated to USD 11.0 billion from 2009 to 2016 (Shinn et al., 2018; Estrada-Perez et al., 2020). The spectacular new recovery of the country’s shrimp production resulted from increases in the production area and stocking density and technological improvements.

In terms of cultured species, the farming of pioneer shrimp species in China, started in the 1950s. Some years later, the Institute of Oceanology of the Chinese Academy of Sciences introduced Litopenaeus Vannamei, the Pacific white shrimp, to China in 1988. Since 1992, the nursery barrier has been broken and the Vannamei farming has developed throughout China. Meanwhile, Chinese shrimp (Penaeus chinensis) remained the major farmed shrimp species in China until 1995, and its farming was primarily concentrated in the provinces along the coast of the Yellow Sea (Meng et al., 2015). At present, Guangdong, Guangxi, Fujian, Hainan, Zhejiang, Shandong and Hebei have gradually promoted their farming along with that of many other species.




3.2 Overview of the current status of shrimp industry in China (2010–present)

China is the main producer of aquatic food in East Asia, which contributed 77% to global aquaculture production in 2017 (MacLeod et al., 2020). Shrimps have become of increasing economic importance in China. The past two decades have witnessed a significant increase in China’s total shrimp production (both wild-caught and aquaculture) by around 120%, from 3.2 million MT in 2003 to 7.07 million MT in 2022 (Figure 2). This represents an average annual growth rate of 4.3%. With such an upward trend and rapid growth, China overtook the leading suppliers and became the world’s top shrimp producer. Meanwhile, there was a slight decrease in China’s shrimp output in 2008 and 2016 as compared to their previous year, of 1 and 1.8%, respectively.
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FIGURE 2
 China’s total shrimp production over the last two decades, 2003–2022. Source: Authors, based on data from China Fishery Statistical Yearbooks, 2003–2022, FAOSTAT (2023) and IMF (2023).


During the study period, seafood products consumption per capita in China and the global price of shrimp also exhibit upward trends. With Chinese consumers increasing their spending on high quality, value-added fish and seafood products (Wang et al., 2021), per capita consumption of fish and seafood in China jumped more than one-half from 25.77 kg/capita in 2003 to 40.33 kg/capita in 2020 (FAOSTAT, 2023). In recent years, the volume of seafood, including shrimp consumed by person in the country had increased slightly. At the same time, the global price of shrimp also had been fluctuating, wherein values varied from 7.05 USD/kg in 2003 to 8.04 USD/kg in 2022, and had reached the highest of 10.1 USD/kg in 2014 (IMF, 2023), as observed in Figure 2.

In a comparative view, it can be seen in Figure 3 that China’s aquaculture shrimp was particularly higher and had outweighed that of other shrimp producing countries over the last two decades (Fu-Chi, 2023). Indeed, aquaculture shrimp in China has increased by around 194% from 1.11 million MT to 3.27million MT, from 2003 to 2022 (e.g., Wang et al., 2022). In contrast, aquaculture shrimp has decreased by 6% in the United States over the same period. Similarly to China, aquaculture shrimp has almost tripled in India (Kumar, 2022). Again, farmed shrimp has also almost tripled in Indonesia while it has quadrupled in Viet Nam (3.14%) and Argentina (3.33%) in the recent two decades. Ecuador is the country that witnessed the fastest growth rate (12.69%) for farmed shrimp over the same period (Van der Pijl, 2023), which is evident from the perspective of many policies and interventions toward fisheries development, with particular emphasis on shrimp aquaculture (Boyd and McNevin, 2018). The development of local technicians’ capabilities enabled by improved environmental stewardship also contributed to this. It is worth noting that within the first half of the period under investigation, Thailand shrimp production had slightly increased and thereafter, there was a considerable decrease in the country’s shrimp production between 2012 and 2014. The years after, although an observable steady increase, the volume of its shrimp production was remained smaller than that of the 2000s. Overall, as, it can be seen in Figure 3, there was an upward trend in China’s aquaculture shrimp production over time.

[image: Figure 3]

FIGURE 3
 Trends in shrimp production for the world top ten shrimp producers, 2002–2021. Source: Authors, based on data from FAO database 2023.




3.3 Shrimp species farmed and caught in China

The diversity of the shrimp species is such that it is not possible to discuss them all in detail in this report. If we arbitrarily consider species to whose annual volume production represents individually more than 5% of national shrimp production, five species stand out. First, white-leg shrimp, litopenaeus vannamei. Second, the giant freshwater prawn Macrobrchium_Rosenbergii. To this group should be added the giant tiger shrimp, Penaeus monodon and a key species of freshwater shrimp in China, the so-called, Macrobrachium nipponensis, the Chinese white shrimp, Penaeus chinensis. Likewise, globally, L. vannamei is the most important species in China, with the main proportion of its production coming from aquaculture.


3.3.1 Marine shrimp aquaculture

Marine shrimp aquaculture has been one of the most important industries in the field of marine economy development in China. The main species cultured are Chinese shrimp (Penaeus chinensis); Pacific white shrimp (litopenaeus vannamei); black tiger shrimp (Penaeus monodon); and Kuruma shrimp (Marsupenaeus japonicus). P. chinensis, whose farming in China, started in the 1950s was the major farmed shrimp species in China until 1995, particularly in the provinces comprising its natural distribution along the coast of the Yellow Sea (Meng et al., 2015; Deng et al., 2023). However, since 1995 and over the last two decades, shrimp output increases in China, have mostly come from L. vannamei (Figure 4). For example, in 2022, China harvested more than 1.5 million metric tons of shrimp from marine aquaculture, with L. vannamei accounting for 1,340 280 tons, or more than 80% of the total. The production of P. chinensis (30,929 tons), Spot shrimp (114,360 tons) and M. japonicus (46,199 tons) also contributed relatively small shares.

[image: Figure 4]

FIGURE 4
 Trends in China’s shrimp marine aquaculture by major species. Source: Authors, based on data from China Fishery Statistical Yearbooks, 2003–2022.




3.3.2 Major shrimp aquaculture species in Chinese inland waters

The development of aquaculture production in China has enabled the country to reduce its dependence on food fish supplies from a hunted to a farmed origin. Inland aquaculture has been fundamental to aquaculture growth in China, with particular attention given to some traditional species (Newton et al., 2021). In the shrimp industry, the available data show that freshwater culture was dominated by the western some imported species until recent years (e.g., Han et al., 2021). From 2016 onwards, the farming of crayfish (Procambarus clarkia) was reported as freshwater crustaceans that has been rapidly developed and has become an economically viable, promising and a companion of the main freshwater shrimp species in China. Indeed, it was reported as the second most cultured crustacean species in china in 2018 (Jin et al., 2019; FAO, 2020), and its production was estimated to be around 2.6336 million tons, an increase of 10.02% year-on-year, and continues to maintain rapid growth (Figure 5).

[image: Figure 5]

FIGURE 5
 China’s freshwater shrimp aquaculture production by major species. Source: Authors, based on data from China Fishery Statistical Yearbooks, 2003–2022.


With their significant respective roles, wild-caught shrimp both in marine and freshwater showed a downward trend, while shrimp aquaculture production displayed an upward trend over the past 20 years (Figure 6). This demonstrates the steady efforts of the government to develop aquaculture and the whole fisheries sector in China. Aquaculture facilities in China have been upgraded, and the investment in capital, infrastructure, science and technology has been increased (Ren, 2021). For example, two major state-funded Basic Research programs in China (with 973 programs) that integrated many research teams from the Institute of Oceanology, Chinese Academy of Sciences, Third Institute of Oceanology, State Oceanic Administration, Zhejiang University, SUN YAT-SEN University and Shandong University were established in the 2000s to focus on shrimp immunology and disease control (Li and Xiang, 2013). In addition, advances in science and technology have played a vital role in intensifying production systems and species diversification in aquaculture. It is worth noting that the relaxation policies towards aquaculture development implemented in 1980s, with more focus on aquaculture as compared to fisheries in a global context of increasing overexploitation of fishery resources, has accelerated shrimp aquaculture in China. Thus, these efforts and investments have been productive and increased the share of shrimp aquaculture production in the country.

[image: Figure 6]

FIGURE 6
 Trends in shrimp wild-caught and aquaculture production in China, 2003–2022. Source: Authors, based on data from China Fishery Statistical Yearbooks, 2003–2022.





3.4 China’s imports and exports of shrimp over the last decades

Since the late 1990s, consumer demand for shrimp and shrimp products has been strong in the Chinese market. At the same time, supply gaps are increasingly met through imports (FAO, 2023). In 2022, a large part of the increase in seafood imports to China were accounted for by shrimp. Indeed, imports of shrimp increased by 25.8% to 370,123 metric tons during the first half of 2022. They were mainly from Ecuador, India, Viet Nam, Canada, and Greenland, accounting for 60%, 12.5%, 6%, 3.6% and 3%, respectively. By the third quarter of the same year, cumulative imports rose in the market by 51.6% to 661,822 metric tons, which made China the world’s largest shrimp importer (Figures 7 A–E).
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FIGURE 7
 China’s shrimp imports among the world’s top ten shrimp importers, in 2018–2022 as shown in (A–E), respectively. (F) Trends in China’s shrimp imports valued in millions of USD (2018–2022). Source: Authors, based on FAO database, 2023.


Such a comparison with other top shrimp importers shows that China moved from the third rank in 2018 to be consecutively the second largest shrimp importer in the world for 4 years, from 2019 to 2022. In other words, except for 2018 where China ranked third for shrimp imports globally, China ranked the world’s second-largest shrimp importer behind the United States for four consecutive years, from 2019 to 2022 (see Figures 7A–E). Additionally, the overall trends in shrimp imports into China exhibited a sharp upward trend, wherein values increased from 1.81 billion USD in 2018 to 6.29 billion USD in 2022, which represents, on average, approximately 4 billion USD per year, during the last four years (Figure 7F). The observable slight decrease in shrimp imports into China between late 2019 and early 2020, might due to the deterioration of the international economic environment following the global health crisis and the lockdown restrictions related to it.

From an export perspective, since ever the theory of export-led growth had been the subject of significant academic research, shrimp is a fast-growing world export market. Indeed, the export-led growth hypothesis postulates that export expansion is one of the main determinants of growth. It is believed that a country’s economic growth can be achieved through an increase in labor and capital, coupled with an expansion of exports (Smith, 1776; Ricardo, 1817; Marshall, 1890; Balassa, 1978; Feder, 1983; Ram, 1987). This said, the Asian countries account for about 55% of total world shrimp exports (Khan et al., 2022). The top six shrimp exporters in Asia are India, Vietnam, Indonesia, Thailand, Bangladesh, and China, respectively, and all together account for more than 90% of the shrimp exports from Asia (OEC, 2021).

Figure 8 shows the top ten shrimp exporting countries in the world from 2018 to 2022. Similarly to the case with the imports, China is among the main exporters of shrimp in the world despite the high domestic demand and consumption that are likely to reduce the country’s capacity to export to other destinations. This is particularly possible thanks to the country’s considerable national production. It is worth noting that China only occupied a relative low rank among the top exporters, shifting from fourth in 2018 and 2019 to the world’s fifth largest shrimp exporter for the following 3 years. Indeed, in the past 4 years, shrimp exports from China have experienced an apparent decrease. As shown in Figure 8F, the country’s shrimp exports decreased from 2.4 billion USD in 2018 to 1.9 billion USD in 2022 and had reached the lowest of 1.6 billion USD in 2020. Similarly, the difference between exports and imports (hereinafter referred to as the net exports) from China, has an evident downward trend, with values declining from 0.6 billion to negative 4.3 billion USD in 2022 (Figure 9). This illustrates the importance of the domestic demand and consumption, which continue to drive both national production and imports. Apart from the fact that, globally, the United States (US) and China are the largest countries in terms of shrimp consumption globally (OEC, 2021), another reason for the huge shrimp imported into China might be that they are mostly processed and re-exported to other countries. Besides, despite China being a significant exporter of farmed and sea-caught shrimp, shrimp imports to the country are significantly higher in volume than exports. This outlines the large size of the country’s internal market (Asche et al., 2022).
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FIGURE 8
 China’s shrimp exports among the world’s top ten shrimp exporting countries, in 2018–2022 as shown in (A–E), respectively. (F) Trends in China’s shrimp exports valued in millions of USD (2018–2022). Source: Authors, based on FAO database, 2023.
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FIGURE 9
 Trends in net exports of shrimp from China, valued in millions of USD (2018–2022). Source: Authors, based on FAO database, 2023.




3.5 Progress in shrimp aquaculture modes and technologies in China

Since the inception of wild juvenile shrimp farming following the establishment of the People’s Republic of China in 1949, considerable attention has been given to researching and promoting aquaculture modes and technologies. Efforts and projects in that regard aimed at improving yields, controlling costs, and increasing farmers’ benefits. Shrimp farming thus expanded from early extensive culture systems to intensive culture and, in between, the semi-intensive modes.

Shrimp aquaculture at large-scale in China can be traced back to the 1980s and, at the same time, implies the development of various farming systems and technology use since the mid-1990s. Thus, farming modes also witnessed constant enhancement and innovation, going from extensive culture to semi-intensive culture, and thereafter to land-based pond culture and greenhouse culture in the 1960s–1980s, 1980s–1990s, and in the early 2000s, respectively. For example, Artificial breeding and feeding techniques played a crucial role in the rapid expansion of shrimp farming in the early 1990s, allowing an annual production of over 200,000 MT. Similarly, these methods also helped scallops to become a more readily available product instead of being a high-value one (Wang, 2001).

Further, technological improvements namely in genetic, better pond management, vertical integration, and development of more environmentally sustainable production practices resulted globally in 9% annual growth from 1998 to 2001, with top shrimp producers, including China that contributed to such a growth (Kumar and Engle, 2016). Such technological advances of this time period set the stage for subsequent rapid expansion of shrimp aquaculture.

In addition, thanks to the government’s continuous improvements in infrastructure, technology, production facilities, China’s aquaculture capacity has been rising continuously. As a result, science and technology have played a significant role in improving the skills of workers in the aquaculture, especially in the shrimp sub-sector. Through technological research, demonstrations, training courses, and extension services, workers in the sector have been equipped with the scientific approach to shrimp farming (Wang, 2001). Hence, scientific and technological advancements were responsible for almost half of the increase in aquaculture production, leading to high returns on investment, particularly in shrimp farming, continues to have good prospects (N’Souvi et al., 2021).

Furthermore, the multi-trophic integrated system, which is an ecosystem-based farming mode, has emerged. Such an integrated culture evolves shrimp co-culture with fish, shellfish, crabs, seaweed or other species with the aim of gaining economic and socio-environmental benefits. These may include good harvests with larger fish products sizes, higher quality and market value, and being more environment-friendly. Thus, in China as elsewhere, a new pond-farming technique referred to as Biofloc technology has been considerably adopted by shrimp farmers in recent years (Cao et al., 2020; Abakari et al., 2022). It helps produce additional food sources (e.g., microbial biomass) to be used by the shrimps in addition to removing unutilized nutrients. Biofloc techniques also play a crucial role in the adjustments of dissolved-oxygen levels and in bio-control against diseases (El-Sayed, 2020; Khanjani and Sharifinia, 2022).




4 Discussion

Shrimp aquaculture has many socioeconomic and other benefits (N’Souvi et al., 2021; Xuan et al., 2021). Like the global shrimp industry, China’s shrimp industry has experienced rapid growth since the 1980s, thanks to technological breakthroughs and high demand for shrimp, leading to high prices and profits of its farming. Though many studies on shrimp farming in China have focused on different aspects, a very few of them have discussed the trends of its evolution in recent years and the challenges associated with such a rapid expansion. In the present study, it has been tried to present and discuss how the production of both wild-caught and aquaculture species, both freshwater and marine shrimp species has expanded in the last two decades, and the progress in shrimp aquaculture technology use, as well.

The results reveal that the aims of policies that have been implemented and concerns of shrimp farmers and other stakeholders in the sector have evolved over time. In the introductory phase of the Chinese shrimp industry, farmers, government and scientific teams had worked on the feasibility of domestication, especially of imported species. Then, thereafter this relatively long and perilous period, the general trend was profitability and marketing, which have required large-scale production. Despite its current profitability, which is overall satisfactory, the Chinese shrimp industry has seen the emergence of a number of challenges that have arisen from time to time. Indeed, the intensification of high-density shrimp farming has led to substantial environmental repercussions, including aquatic ecosystem degradation and material degradation. Its sustainability is supposed to give overall consideration to various aspects, including the population, market, quality, resources available, and environment, in order to ensure the supply of aquatic products to the generations to come based on the ecosystem carrying capacity (Wurts, 2000; Frankic and Hershner, 2003).

Besides, there has been a surge in bacterial and viral diseases (Febryano et al., 2017; Joffre et al., 2018). The environmental challenges with shrimp both wild-caught and aquaculture production in China as elsewhere in the world is likely to continue for the foreseeable future. In a word, the industry’ current situation is promising but with the ever increasing and alarming effects of climate change, microplastics, water pollution, continued efforts (investment, R&D, Science and technology, etc.,) are needed to ensure sustainable development of the industry.

The present review also indicates that adoption of Biofloc technology, among others, could be one of the alternatives and thus, help reduce the environmental impacts that derived from the conventional shrimp farming practices. The results presented in this paper provide some implications for a more sustainable development of shrimp aquaculture in China. Any policy for promoting the sector needs to take into account the perspective of environmental change. This information is very helpful to improve the current state of the country’s shrimp industry. That said, the challenges associated with the rapid expansion of shrimp aquaculture in developing countries, especially in rural poor areas should focus more on environmentally sustainable production.


4.1 Necessity to deal with disease occurrences

The first cases of disease were the serious outbreaks of shrimp diseases that have been reported in most of the largest shrimp-producing countries, including China (Villarreal, 2023). Acute problems of disease have emerged with the development, coupled with the intensification of farming practices and sales of shrimp on the international market, as well. In the early 2000s, various diseases were identified in cultured aquatic species, including shrimp and prawn culture in China (Wei et al., 2004).

Diseases have been one of the major constraints to shrimp farming sustainability in recent years (Yu et al., 2023). Severe shrimp outbreaks have taken place in many shrimp-producing areas. For example, the foremost among these are shrimp viral diseases that have affected production. Such diseases are most of the time linked to environmental issues related to the intensification of production. In order to make the maximum profit that helps cover the increasing production costs, especially the coastal land price, shrimp farmers tend to adopt more and more intensive practices. This includes an increased shrimp stock densities in the pond area, more feed, and other inputs per unit of pond area. This also results in increased effluents waste and a high risk of disease occurrence, which should be avoided at all costs.



4.2 The need for keep working on good quality of the fries and reasonable structure of shrimp aquaculture

In the past, the quality of shrimp fry was a serious issue that affected China’s shrimp (Weimin, 2005). The use of poor and medium qualities, mixed with inappropriate medicine has sometimes led to shrimp quality, which is not always high enough. Besides, some breeding techniques and the repeated use of broodstock by the hatchery stakeholders also result in a deterioration of the quality of shrimp fry, presenting another challenge for the industry today. Thus, all these issues could slow down the growth rate, and thus considerably add to the production cycle and increase the risks of disease occurrence as well. Farmers own efforts combined with government support could help the former to use more advanced technologies in order to lower their environmental footprint while increasing their economic productivity (Clapano et al., 2022). With government support, shrimp farmers can continue effectively dealing with issues including overuse of chemicals, poor or medium quality feed, since feed is a crucial component of any aquaculture production system as a means to improve the final output quality (Glencross et al., 2019). The increase in broodstock imports also could be part of an effort to improve more the quality and sustainability.

In addition, seasonal markets and the rapid expansion of shrimp production affect the economic returns of the farmers due to the fact that the price sometimes is too low in the domestic market. In some cases, shrimp farmers lack frequent extension services and appropriate market orientation. This may be rendering fragile certain shrimp farmers for the market competitiveness. In the international market, China’s shrimp export is facing strong pressure from non-tariff trade barrier policies implemented by other shrimp importing countries. This is another problem, a market issue that China’s shrimp industry might continue to address with a great deal of interest in the short to medium-term.



4.3 The need for minimizing water pollution and other environmental impacts

While fulfilling the global demand for seafood, aquaculture expansion raises among others, concerns about its impacts on biodiversity, environment and the emergence of pathogens (Abdel-Latif et al., 2022). To ensure its sustainability, the environmental impact must be assessed and science-based management measures be implemented (Hall et al., 2011).

Like the whole aquaculture industry, shrimp aquaculture industry generates considerable amounts of wastewater as effluents. Indeed, shrimp aquaculture damages the ecosystem of mangrove areas through converting mangrove wetlands to ponds for shrimp farming. Given water exchange in the ponds is needed during shrimp production, polluted effluents are often discharged into waterways, resulting not only into land and soil fertility diminution but also into hazarded human health (Rahman et al., 2013; Hossain and Hasan, 2017). Such untreated effluent released from shrimp aquaculture can cause serious environmental issues in the future and could affect the shrimp farming industry. Only a few farmers presently treat the effluents that derive from their shrimp ponds before releasing them to the natural environment. Very often, spoiled bait, shrimp excreta, wastes from medicines for shrimp and other biological waste products in water cause nitrogen, phosphorus and other organic wastes, which result in water pollution. For example, the economic loss caused by pollution from aquaculture in China was estimated to be more than three billion yuan in 2019 (Zhang et al., 2019). Only remedial treatments of effluents that derive from the whole food industry can alleviate the environmental hazards (Venugopal and Sasidharan, 2020).

Regarding other impacts on local environments and livelihoods, shrimp cultivation is increasing salinity by constructing canals. Such effects are not only observable in soil salinity of the lands in the farm where ponds are located but also that of the surrounding areas and lands (Alam et al., 2017). As such, soil fertility declines and vegetables or other crops production decreases. This said, the driven salinity intrusion in areas surrounding shrimp farms may reduce farmers and communities’ other livelihood production options (Islam and Tabeta, 2019). Furthermore, shrimp feed production affects climate change through an increase in the greenhouse gases in addition its effects on the ecosystem quality (Ramesh et al., 2023). The induced changes in the climate need to be minimized through appropriate ways and less emissions for a sustainable global shrimp aquaculture industry (Al Eissa et al., 2022).



4.4 The need for developing ecological and more healthier shrimp aquaculture

Ecological and healthy shrimp farming effectively improves the quality and safety of shrimp and shrimp products. It is also a crucial means to minimize factors that challenge the enhancement of the shrimp aquaculture industry (Sun et al., 2023). Developing ecological-friendly shrimp farming can be promoted in different ways.

First, promoting planting and breeding technologies for shrimp through the shrimp-vegetable technology enhancement. In addition, the Biofloc system is another farming technique that needs to be encouraged and promoted among shrimp farmers in China. This system, which consists of a modern practice for initial shrimp monoculture systems toward a more sustainability, has been used in shrimp culture by a few framers. It helps in reducing water usage by up to 90% as compared to traditional methods by maintaining water quality more effectively. Besides, Biofloc technique also enables culture at high stocking densities, manages land use waste, and optimizes the use of artificial food (Wasielesky et al., 2013; Krummenauer et al., 2014; Liu et al., 2017; Kumar et al., 2018). Furthermore, an integrated system of raising, for example, shrimp and tilapia, known as an integrated multi-trophic culture, could help minimize total suspended solids in the biofloc system. Adopting this kind of technology could allow farmers to use residues from one species to cultivate others.




5 Concluding remarks, and outlook

China’s shrimp industry has developed rapidly over the last two decades. Higher shrimp production is driven by expanded shrimp aquaculture production, with major species dominated by litopenaeus vannamei referred to as Penaeus monodon, Penaeus chinensis, and Penaeus japonicus. China has remained among the world top shrimp producers over the last two decades. However, some constraints and challenges threatening the industry have emerged. A growing number of diseases and other issues that have appeared in the shrimp industry in recent years may be associated with the speedy development of the industry. A better grasp of trends in the production, exports, and imports might help predict or avoid the occurrence of disease, and other challenges. Therefore, the development of innovative shrimp industry management approaches is of critical importance in any effort toward the industry’s sustainability.

First, the shrimp aquaculture industry should be farmed in a way that promotes the protection of the ecosystem and environment. Applying such an organic farming principle presupposes some practices or techniques for addressing the current issues threatening the sustainable growth of the industry. To that end, innovative techniques such as shrimp-vegetables technology, the Biofloc system and, integrated multitrophic culture of shrimp and other fish species should be more strengthened or encouraged. Second, appropriate techniques for diseases’ prevention, their early diagnosis, and their frequent control as well, should also be developed and improved. In addition, encouraging the use of good-quality feed in an appropriate quantity and form is also crucial. To that end, the government could continue helping shrimp farmers achieve the sustainable shrimp aquaculture through more ecological technology adoptions.

Furthermore, sustainably providing sufficient and healthier shrimp seafood for both domestic and international market is going to require more effort, given the global climate change influence in the evolution of the world, and which may continue over the coming decades with associated socioeconomic and environmental implications. While the present state of the shrimp aquaculture industry in China is somewhat sustainable, continuous effort and follow up need to be kept and improved. In summary, the following points should be addressed going forward:

• Future studies to explore an overall sustainability picture of the Chinese shrimp industry. For example, an “Economic analysis of the main drivers of shrimp aquaculture expansion in China over the years: Do international market price and shrimp consumption per capita in China matter?”.

• Further investigations are needed to better understand the socio-ecological dynamics of adopting shrimp-based systems in China as elsewhere in the world. For example, an “Analysis of externalities of shrimp aquaculture from economic and environmental viewpoints: Evidence from land use change in China”.

• Other outstanding questions need to be addressed, such as shrimp aquaculture farmers’ willingness to adopt ecological technologies, for example the Biofloc technology.
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