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1. Introduction 
Since the mid-1990s, development practitioners have promoted aquaculture as an 

important tool in strategies to address food security, poverty reduction and rural development. 

The discourse among international agencies has focussed on aquaculture’s potential 

contribution to food security outcomes, especially as part of Integrated Agriculture-

Aquaculture (IAA) systems that benefit poor rural farmers (FAO 2001; FAO 2003a; FAO 

2003b; FAO 2005; ADB 2005; OECD 2010). In Vietnam, the subject country of this paper, 

the government includes aquaculture in its national food security policy (Government of 

Vietnam 2009) and in a handful of development projects (World Bank 2005, pp.1-6, 

Appendix F, Table F1). But the objectives of these policies and programs are generally at a 

lower level than the international food security discourse, focussing on isolated outcomes 

such as fish production and consumption, poverty reduction and rural development.  

The analysis contained in the above aquaculture development projects typically focuses 

on matching production techniques and systems with the environmental context and desired 

outcomes. But this approach ignores a major line of analysis: that of the fish species to be 

cultured. By treating fish as a homogeneous crop, these initiatives risk selecting a fish species 

whose characteristics are not the best fit with the intended production method and desired 

development outcomes. For example, if the characteristics of a particular fish species favour 

a capital-intensive, water-intensive monoculture production method, it is at best an imperfect 

choice for an aquaculture development program that aims to expand subsistence fish 

production among poor farmers in an arid region. 

In this paper I propose the hypothesis that “fish” is not a homogeneous crop animal 

(Dey, R. Briones et al. 2008, p.85) and therefore that aquaculture development projects would 

benefit from a species-based analysis. This comprises several sub-hypotheses: first, that only 
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a limited number of fish species are suitable for culture in a particular environment, each 

species with its distinct zoological characteristics. Second, I propose that these distinct 

zoological characteristics favour certain production methods and preclude others. Third, I 

propose that the different production methods suited to each species have implications for the 

socioeconomic outcomes from aquaculture. 

I chose Vietnam as an example to test this hypothesis. Vietnam is a leading aquaculture 

nation in Asia, the latter being the dominant region in world production and consumption of 

cultured fish (FAO 2008, p.19). The country represents a suitable case study because of a 

sharp dualism between the export and domestic subsectors of its aquaculture sector. 

Foreign attention often focuses on the export sector and its sales of large volumes of 

frozen catfish fillets to European, Japanese and US buyers. Catfish production has boomed in 

Vietnam since the late 1990s, organised around an intensive, monoculture production model. 

By 2007, it represented the world’s third most valuable exported aquaculture species after 

shrimp and salmon (Phan et al. 2009, p.229). 

But Vietnam also has a thriving domestic aquaculture subsector. Despite the large 

volumes of catfish exports, the country consumes the majority of its aquaculture production 

(World Bank 2005, pp.4, Appendix I). Its domestic subsector is often held up as an example 

of aquaculture’s contribution to development strategies (World Bank 2005; Cuong 2010; Dey, 

R. Briones et al. 2008). Four species of carp are the principal fish crops of this subsector. 

Production methods are typically low- or semi-intensive polycultures on integrated family 

farms (World Bank 2005, p.7; Amilhat et al. 2009b, p.58). 

I test my hypothesis against the example of Vietnam’s dualistic aquaculture sector 

through the following questions: Using the principal finfish species farmed in Vietnam – 

catfish and carp – as examples of a broader heterogeneity of fish crops, what zoological 
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characteristics can explain the dualism in production methods? What are the different 

development outcomes we can observe in the two subsectors? 

With this line of questioning, I do not aim to select one species or subsector over the 

other, but rather to demonstrate the value of a species-based analysis to aquaculture 

development. Such an approach can help aquaculture initiatives, whether they target food 

security or other sets of outcomes, to select the species and production method best suited to 

achieving their desired outcomes. 

2. Methodology 

2.1. Approach 
I address the stated research questions using a species-based approach. I argue that the 

dualism in the Vietnamese aquaculture sector stems from the different zoological 

characteristics of the two main species available for culture in the country – catfish and carp – 

and the production methods they imply. These different production methods, in turn, have a 

considerable effect on the development outcomes of the two models. 

In the third section, I frame my approach within aquaculture’s role in the food security 

discourse. I introduce Vietnam’s aquaculture sector in the fourth section, including the 

dualism that has evolved between the export and consumption subsectors. In the fifth and 

sixth sections I trace the development of this dualism through the specific zoological 

characteristics of the two main farmed species in Vietnam – catfish and carp. In both sections 

I introduce the zoological characteristics, relate them to an implied production method, and 

then discuss the economic and social outcomes of that method. Note that I do not evaluate 

each subsector according to a common set of outcomes, but rather profile each according to 

its most prevalent outcomes. I present my conclusions in the seventh section of the paper. 
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2.2. Scope 
The development of Vietnam’s aquaculture sector involves more factors than I had 

space to address in this paper. For example, the history of the sector was affected by both the 

Doi Moi reforms of the late 1980s and early 1990s and by Vietnam’s accession to the World 

Trade Organisation (WTO) in 1994 (World Bank 2005, p.iii). Similarly, the development of 

the catfish subsector underwent major upheaval after the 2003 antidumping measures 

imposed by the USA on Vietnamese catfish imports (Brambilla et al. 2008). A pertinent 

microeconomic question is how the strategies and coping mechanisms of households in 

catfish farming regions have adjusted to the recent changes. 

Looking ahead, looming concerns for the sector include the environmental and natural 

resource effects of aquaculture, for example the effect of intensive catfish monoculture 

systems on in-demand water resources in the Mekong Delta region (Phan et al. 2009, p.235). 

Linked to the water issue is the larger question of government involvement in the aquaculture 

sector. The Vietnamese government has generally favoured increased aquaculture production 

and has implemented a selection of smaller regulations and programs (World Bank 2005, 

p.9). But it has yet to undertake the more costly measures needed to address issues such as: 

environmental sustainability; monitoring and enforcement of existing regulations (Loc et al. 

2010, p.904); and aligning its aquaculture activities with the principles of its poverty 

reduction plans (World Bank 2005, p.9).   

These issues and others invite further study, but are unfortunately beyond the scope of 

this paper. 

2.3. Measures 
Volume estimates of Vietnamese aquaculture production and exports vary drastically, 

due in large part to a general failure of authors to identify their statistics as round weight 
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(before processing) or processed weight. The ratio of round to processed weight depends on 

the end product. For example for catfish fillets, the processed weight is approximately 30-

37% of the round weight of the fish.1 Exact production statistics are unimportant to the 

analysis in this paper, but for comparability between species whose end products differ, I 

have used volume data that I assumed to represent round weight. 

2.4. Definitions 
The terms “aquaculture,” “seafood” and sometimes “fish” can refer to a variety of 

aquatic animals valued by humans as food, including molluscs such as clams, crustaceans 

such as shrimp and finfish such as salmon. I use these terms in reference only to finfish. 

Similarly, I have used commonly accepted groupings for the distinct but similar species 

covered in this paper. For example I use “carp” to denote the four species of carp most 

commonly farmed in Vietnam. Table 1 outlines the simplified groupings I have used. 

TABLE 1: Species name groupings 
Species comprising group Group name 

in this paper Common names Scientific names 
Carp   Common carp Cyprinus carpio 
  Grass carp Ctenopharyngodon idella 
  Mud carp Cirrhinus molitorella 
    Silver carp Hypophthalmichthys molitrix 
Catfish   Basa Pangasius bocourti 
  Iridescent Shark, Tra Pangasius hypophthalmus 
Tilapia   Nile tilapia Oreochromis niloticus 
    Mozambican tilapia Oreochromis mossambicus 

Source: Fishbase, http://www.fishbase.org/, page consulted 3 December, 
2010. 

 

Lastly, for “food security,” I use the widely accepted definition of food security adopted 

at the 1996 World Food Summit: “Food security is a condition when all people, at all times, 

                                                 
1 Source: The Fish Site, “Cultured Aquaculture Species - Striped Catfish,” 
http://www.thefishsite.com/articles/916/cultured-aquaculture-species-striped-catfish, accessed December 3, 
2010. 
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have physical and economic access to sufficient, safe and nutritious food to meet their dietary 

needs and food preferences for an active and healthy life” (FAO 2006, p.1). 

Within this definition of food security, aquaculture affects the availability and 

affordability of fish, as well as economic and social components of access to food. In 

addition, it addresses the “nutritious food” clause by contributing to a balanced diet 

(Kawarazuka 2010, p.i). 

3. Food security, aquaculture and fish species 
The term “food security” was first used at the World Food Conference in mid-1970s, 

referring narrowly to a sufficient food supply at an affordable price (FAO 2006, p.1). For 

much of the following two decades, food security discourse in developing countries has 

focussed on cereal and staple food production. In Asia, this focus was heightened by the 

effects of the Green Revolution on rice production (Ahmed & Lorica 2002, p.126). This 

approach ignored opportunities for diversified farming, employment and income as 

components of food security. It also ignored the importance of a balanced diet over simple 

calorie intake as a measure food security, thereby ignoring the role of non-staple foods such 

as vegetables and fish as complements to cereal-based diets (Kawarazuka 2010, p.3). 

As the concept of food security evolved to the wider definition adopted at the 1996 

World Food Summit, aquaculture has grown in importance as a component of food security 

strategies. For example, aquaculture appears in a variety of FAO (2001; 2003b; 2003a; 2005; 

2008) programs and literature relating to food security. Donor organisations such as the Asian 

Development Bank (ADB 2005) and the Organisation for Economic Co-operation and 

Development (OECD 2010) contribute to aquaculture projects that address food security 

concerns. And the WorldFish Centre in Penang, Malaysia, funded by a variety of public and 

private international donors, is the world’s largest aquaculture research organisation, 
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producing a variety of research devoted to aquaculture and food security.2  

Aquaculture projects with food security goals tend to focus on some combination of the 

following economic effects of aquaculture on food security: 

- Income effect. Fish can be a valuable cash crop, earning an income that is 

greater than the average in many rural areas. In addition, since aquaculture 

integrates well with existing agriculture activities, aquaculture income can be a 

supplement. This additional income allows fish farmers greater access to food 

they do not produce themselves (Ahmed & Lorica 2002, pp.128-9). Also, rural 

inhabitants can earn a wage income working on fish farms, although this is 

typically only an option on large, monoculture farms and replaces the workers’ 

own subsistence farming activities (World Bank 2005, p.7) 

- Employment effect. A household’s ability to earn income depends in part on 

the nutritional health of its members to perform wage-earning work. For poor 

households with cereal-dominated diets, fish provides an important source of 

micronutrients missing from their diets. It therefore contributes to a balanced 

diet that boosts the household’s capacity to perform wage-earning labour 

(Ahmed & Lorica 2002, p.129). 

- Price effect. Increased aquaculture production not only increases fish 

consumption among producing households, but increases the market supply of 

fish, which has a downward effect on prices and therefore increases the general 

accessibility of fish (Ahmed & Lorica 2002, p.129). 

- Efficiency effect. Often overlooked is the increased farm efficiency through 

recycling of waste and water between agriculture and aquaculture activities, 

                                                 
2 Source: WorldFish Center, “Who we are,” http://www.worldfishcenter.org/wfcms/HQ/article.aspx?ID=898, 
accessed December 20, 2010 
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which can improve a farmer’s net income (Halwart 2005, p.41). 

From a nutrition perspective, aquaculture contributes to food security not only with the 

simple energetic value of fish produced, but as a component of a balanced diet. For example, 

rice-based diets among poor populations in Asia are generally deficient in protein and a 

variety of micronutrients such as fatty acids, calcium and vitamin A that fish can provide 

(Kawarazuka 2010, p.2). 

Few scholars have studied food security in Vietnam as a subject on its own. A 

significant literature exists on poverty reduction, as well as on individual components of food 

security, such as food production and rural incomes. But a comprehensive food security 

approach is rare in the literature on Vietnam (Guha-Khasnobis et al. 2007, p.130). 

In its “State of Food Insecurity in the World” report, the FAO (2010, pp.50, Table 1) 

shows that Vietnam has achieved steady success in reducing food insecurity among its 

population, with the number of undernourished persons declining from 21 million in 1990-2 

to 10 million in 2005-7, or from 22% to 11% of the total population. This improvement 

means that since 2000-2, Vietnam’s undernourishment rate fell below the average among 

developing nations (currently 16%) (FAO 2010, pp.50, Table 1). Nevertheless, the FAO does 

not analyse aquaculture’s role in Vietnam’s food security progress. 

Vietnam’s (2009) food security policy includes several references to aquaculture, 

although its discussion of food crops refers mainly to rice. The references to aquaculture are 

limited to general production and consumption goals, for example to increase aquaculture 

output to 4 million metric tons (MT) and per capita fish consumption to 30 kilograms (kg) by 

2020 (sec. II). The policy does mention other aspects of food security, such as access to land, 

construction of infrastructure and dissemination of knowledge, but none of these measures 

are specific to aquaculture (sec. III). 
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The World Bank (2005, pp.1-6, Appendix F, Table F1) has a dated list of the 

Vietnamese government’s fish-related programs. Seven of them are specific to aquaculture 

and their budgets total $468 million for the 2006-10 period. But none of them have specific 

food security aims, even if their goals are related (e.g. poverty reduction). 

Given that aquaculture figures in the international food security discourse, but is 

relatively absent from Vietnam’s food security discourse, I have not structured the species-

based analysis I propose in this paper around food security outcomes, although there may be 

overlap. Instead it is a general approach that can be calibrated with the outcomes of food 

security-motivated aquaculture projects, or with another set of outcomes, such as the 

Vietnamese government’s poverty reduction-motivated aquaculture projects. 

Therefore, as it relates to food security, this paper proposes an analytic approach that 

matches crop and production method with the desired outcomes of an aquaculture 

development project. I do not attempt in this paper to conduct a food security profile of 

Vietnam or its aquaculture sector. 

Similarly, I have chosen carp and catfish as examples to illustrate this approach, not to 

select one of them as a preferable species for food security-related aquaculture development. 

4. Aquaculture in Vietnam 
Vietnam ranked third among aquaculture producing nations in 2006, producing 

approximately 1.7 million metric tonnes (MT) of processed aquaculture food products (FAO 

2008, pp.19, Table 4). Table 2 shows Vietnam’s position among the other leading producing 

nations, as well as the general dominance of Asian countries in world aquaculture production. 
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TABLE 2: Top five aquaculture 
producing nations, food fish, 2006 
Country  Volume (MT)
China  34,429,122
India  3,123,135
Vietnam  1,657,727
Thailand  1,385,801
Indonesia  1,292,899
MT: metric tonnes 
Source: (FAO 2008, p.19, Table 4) 

 

Quantitative descriptions of Vietnam’s aquaculture sector by government agencies and 

international organisations tend to focus on Vietnam’s catfish exports. Depending on the 

source, Vietnamese catfish exports earned between $650-980 million in 2007, ranking third 

worldwide among aquaculture species, after shrimp and salmon (Phan et al. 2009, p.229). As 

of 2007, this profitability had motivated Vietnam’s catfish farmers to devote 1.2 million MT, 

or 90% of their production, to the export market (Loc et al. 2010, p.892). In general this has 

led to higher income among catfish farmers, relative to farmers of other fish species (Loc et 

al. 2010, p.906). The Mekong Delta region dominates Vietnam’s aquaculture production in 

general and the culture of catfish in particular (World Bank 2005, fig.6). 

But the focus on the export side of Vietnam’s aquaculture sector ignores the important 

role its domestic subsector has played in the country’s rural development. From a 

consumption perspective, the World Bank (2005, pp.4, Appendix I) reports that the majority 

of aquaculture production in Vietnam is consumed domestically. In absolute terms, the World 

Bank (2005, p.37) reports that national per capita fish consumption rose from approximately 

13kg in 1990 to 19-24kg in 2000, depending on sources. As a component of the Vietnamese 

diet, Briones et al. (2004, p.48) report that fish comprises 40% of the average animal protein 

intake in Vietnam, with a higher rate among rural Vietnamese.  
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As for the distribution of this rise in consumption, the World Bank (2005, p.37) reports 

that inhabitants in the Mekong Delta region, the main aquaculture zone, consumed the most 

fish in the country, at 33kg per person. Dey et al. (2008, pp.328, Table 1) reported that in 

2004, although fish represented a higher proportion of food expenditures among higher 

income earners in Vietnam (21%), it was also important in the food expenditures of lower 

income earners (15%). Both of these figures were above the average of the authors’ five-

country sample group. Although neither of these studies explicitly addresses the effects of 

aquaculture development on fish consumption among the rural poor, the geographic and 

socioeconomic distributions suggest that inhabitants of areas with aquaculture development 

have benefited from increased fish consumption, and that those benefits were relatively 

accessible to the lower income earners in those areas. 

From an economic perspective, Loc et al. (2010, p.905) estimate that this domestic, 

non-catfish subsector employs 89% of fish farmers in the country. They contribute 20-30% of 

Vietnam’s aquaculture production, but collect only 5% of net profits in the sector. 

Despite its small share of profits, domestic aquaculture has significantly benefited rural 

farming incomes. Using data from the 2002 and 2004 Vietnam Household Living Standard 

Survey, Cuong (2010, pp.50-3) calculates that farms with integrated small-scale aquaculture 

systems enjoyed statistically significant increases of approximately 5% in per capita 

expenditure and 7% in per capita income. By contrast, Cuong found in the same analysis that 

agriculture had no statistically significant effect on poverty reduction. 

Finfish aquaculture in Vietnam is dominated by freshwater species (Dey, Garcia et al. 

2008, p.327). After catfish, the next most important farmed species are a collection of 

different carp species that I have grouped as “carp” in this paper. Tilapia, although growing in 

popularity, is a distant third in volume (Amilhat et al. 2009b, p.60). In this paper I profile 
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catfish and carp in Vietnam’s aquaculture sector to support my argument that their different 

zoological characteristics have led to a dualism within the sector, with different economic and 

social outcomes for the respective aquaculturists of each species.  

On the surface, the dualism in Vietnam’s aquaculture sector is relatively clear. The 

World Bank (2005, p.7) reported that the export-oriented catfish subsector was dominated by 

larger, monoculture farming operations that relied on wage labour and a highly specialised 

supply chain. By contrast, the domestic subsector was comprised of small-scale, often family-

operated farms, employing a polyculture of carp species in an integrated agriculture system 

with predominantly farm-based inputs (World Bank 2005, p.7; Amilhat et al. 2009b, p.58). 

The following two sections will detail how the characteristics of the two species have 

contributed to these two different development models. 

5. Catfish and the export subsector 

5.1. Zoological characteristics 
Vietnamese catfish species were an obvious choice for domestication. They occur 

naturally in the Mekong River, meaning there were no adaptation concerns. Catfish farming 

has therefore existed for many years in the Mekong Delta region of Vietnam. But until the 

late 1990s, its production relied on catching all of its fingerlings3 from the wild population in 

the Mekong River. In 1996, an international team of scientists calling themselves the “Catfish 

Asia Project” discovered a hormonal injection that allowed the artificial reproduction of 

catfish in captivity (Cacot et al. 2002, p.1; Sinh & Hien 2010, p.26). 

As a food fish, catfish fits into the “whitefish” category, a group of fishes valued for 

their firm, white flesh and mild taste, making them flexible ingredients for a variety of fish 

                                                 
3 A fingerling is a young or small fish. Source: Princeton WordNet, “Fingerling,” 
http://wordnetweb.princeton.edu/perl/webwn?s=fingerling, accessed December 2, 2010. 

http://wordnetweb.princeton.edu/perl/webwn?s=fingerling
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recipes. Catfish fits these flesh characteristics, but is generally considered a lower-value 

whitefish, selected in export markets as an inexpensive alternative to higher-valued whitefish 

such as cod or halibut (Phan et al. 2009, p.227). 

Catfish in general require feed with higher protein content than do species such as carp. 

Demanding flesh quality standards in export markets boost this protein requirement for 

Vietnamese catfish to 25-30% (Phan et al. 2009, p.232). The same authors (2009, p.231) 

report that, where once catfish farmers produced their own feed with an average protein 

content of 22%, they now rely on commercial feeds with an average protein content of 26%. 

Catfish flesh is also robust, meaning it can withstand the rigours of processing and 

freezing to yield a frozen processed product that is easily transported and retains its highly 

marketable firm, white flesh (Sena S. De Silva 2003, p.239).  

The growth rate of catfish also makes them attractive aquaculture species. With modern 

production techniques, farms can grow a catfish of commercial size in six to seven months 

(Phan et al. 2009, p.234), which compares favourably to the 10-12 months required to grow 

carp to a harvestable size (Sena S. De Silva 2003, p.231). 

5.2. Implied production model 
The flesh qualities of catfish allow it to compete against other whitefish species in the 

lucrative US, European and Japanese markets. In particular, catfish is an established seafood 

product in the USA, where it is also farmed. Vietnamese producers quickly discovered they 

could earn higher prices for their products in these export markets, motivating them to devote 

more than 90% of their catfish production to export markets (Loc et al. 2010, p.892). 

The robustness of catfish flesh allowed processors to convert the whole fish into frozen 

fillets, the predominant product on the export market. This processing model further 

segregated the catfish subsector from domestic oriented aquaculture, as fillets are not 
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commonly demanded on the local market (Sena S. De Silva 2003, p.239), meaning 

investments in processing and freezing equipment could only be recouped from export sales. 

Meanwhile, the artificial propagation techniques and rapid growth rate of catfish 

favoured an intensification of production. With biological reproductive limits effectively 

removed, production was limited only by economic constraints. Every increase in production 

reduced the per-unit cost, making catfish more competitive in its export markets. As a result, 

Vietnamese catfish production boomed after the breakthrough in artificial propagation, from 

approximately 15,000MT per year during the early 1990s (Cacot et al. 2002, p.1) to 1.2 

million MT in 2007, making it Vietnam’s main aquaculture species, representing 29% of total 

aquaculture production (Loc et al. 2010, p.892). 

One constraint of the artificial propagation technique was that it required regular 

hormone injections to the fish (Cacot et al. 2002, p.201), which in turn required closed, 

monoculture pond systems allowing direct access to the fish (Phong et al. 2010, p.234). 

5.3. Development outcomes 

5.3.1. Specialisation 
The intensification of Vietnamese catfish aquaculture after the introduction of artificial 

propagation pushed its feed requirements beyond the capacity of an integrated farm to 

produce its own feed. This favoured the development of a specialised, commercial feed 

sector. By 2007, only a few years after the introduction of artificial propagation, 97% of 

catfish aquaculture operations relied on commercially made feed, effectively eliminating 

farm-produced feed from the catfish subsector (Phan et al. 2009, p.231). In addition foreign 

suppliers now dominate feed supply in Vietnam (World Bank 2005, p.32). 

5.3.2. Barriers to entry 
The intensification of aquaculture operations inflated the investment required to 
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compete in the sector. Phan et al. (2009, p.235) report that to build an export-calibre 

aquaculture operation requires an initial fixed investment of between $50,000 and $1 million. 

In addition, quality and purity standards in markets such as the USA and the EU are higher 

than in Vietnam, raising production costs for Vietnamese producers if they wish to sell their 

products into these markets (Loc et al. 2010, p.905). The increased capital and production 

costs represent significant barriers to entry for rural farmers. 

Results from Loc et al. (2010, pp.899, Table 5) suggest that, on average, small catfish 

farms in the Mekong Delta can no longer generate attractive rates of return on investment 

relative to larger farms. The authors went on to profile the number of catfish farms in the An 

Giang Province of the Mekong Delta region by the area of their ponds over the 2006-8 period 

(Loc et al. 2010, pp.899, Table 6). Table 4 summarises their findings. 

TABLE 3: Changes in the number of catfish farms in An Giang Province 
by area of ponds 

Area of ponds (m2) Number of farms  Percentage change 
    2006 2007 2008  2006-8 
<500  1,910 1,271 913  -52% 
500-1,000 1,040 1,884 945  -9% 
1,000-2,000 1,064 1,778 1,530  44% 
2,000-3,000 358 1,339 945  164% 
3,000-5,000 313 620 530  69% 
5,000-10,000 159 401 317  99% 
10,000-20,000 95 159 175  84% 
>20,000  30 106 104  247% 
Total   4,969 7,558 5,459  10% 
Source: (Loc et al. 2010, pp.899, Table 6) 

 

Table 3 shows that over the three profiled years, farms with less than 1,000 m2 of ponds 

fell in nominal and relative terms, while the number of larger farms increased significantly. 

The number of farms in the largest category, those with more than 20,000 m2 of ponds, grew 

by 247% over the three years, albeit from a smaller base. The surge in the number of large 
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farms reinforce that small farmers find it increasingly difficult to compete. 

5.3.3. Natural resource impacts 
Land and water are the two main natural resource inputs for fish farms (Ahmed & 

Lorica 2002, p.134). Intensive farming has raised the water needs of catfish aquaculture 

beyond the capacity of a typical integrated farm. In simple scale terms, the increase in total 

pond area implies a corresponding rise in water consumption for operational uses such as 

filling the ponds and flushing out wastewater. But in addition, monoculture aquaculture 

systems result in higher disease prevalence in Vietnamese catfish than would occur in the 

wild or in small-scale, polyculture systems. Aquaculturists employ antibiotics in injections 

and feed to protect their fish from disease, both of which exit the system in the wastewater. 

This water demand of intensive catfish farms requires an abundant source, a key factor their 

development is limited almost exclusively in the Mekong River system, as it has the highest 

discharge among Vietnam’s rivers (Phan et al. 2009, pp.232-4).  

Wastewater from fish farms can have negative downstream effects on food security. 

The wastewater from catfish fish farms is high in nitrogen and salt and contains antibiotics. 

When it is flushed into the Mekong River or leeched into groundwater, its salinity can have 

negative effects on rice production areas that use the Mekong River for irrigation (Stevenson 

& Irz 2009, p.297). The growing presence of fish waste and antibiotics in local water sources 

raises the need for water treatment, which increases the price for drinking water, with 

disproportionate effects on the disposable incomes of poor households (Stevenson & Irz 

2009, p.297). Lastly, nitrogen content contributes to algae blooms in freshwater and marine 

environments that decrease the oxygen content in the water, to the detriment of aquatic 

organisms in the area, including fisheries species (Davenport 2003, p.34). 

Note that these wastewater effects are not limited to catfish farming – they occur any 
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time an aquaculture operation is intensified beyond the capacity of an integrated farm to 

recycle its waste. I have included them here because, in general, catfish operations in Vietnam 

are more intensive and employ monoculture systems, both of which raise their wastewater 

output beyond the level of the lower-intensity polyculture systems in the consumption sector. 

The water requirements of catfish farming link to its other central natural resource 

requirement: land. The Mekong Delta is one of Vietnam’s most economically important zones 

and therefore its land is in high demand from the agriculture, tourism and residential 

development industries (Phan et al. 2009, p.235). 

5.3.4. High price and investment risk 
Catfish farming has become extremely competitive, forcing producers to operate on 

tight margins. Vietnamese catfish farmers therefore face considerable price risk from volatile 

world catfish prices (Loc et al. 2010, p.898). 

Also, catfish farms require large capital investments. But these operations generally 

involve intensive monoculture systems, which are expensive or even impossible to convert 

for another species. By committing their entire capital stock to a single species, farmers’ 

investment risk is also high (Loc et al. 2010, p.900). 

5.3.5. Important source of income 
Risk aside, catfish farming remains an above average source of income. According to 

Loc et al. (2010, p.895), the average catfish farm in the Mekong Delta earns its owners 

approximately $12,000 per year. This compares well to the average income of $1,600 among 

non-catfish aquaculture households (Loc et al. 2010, p.900) and is more than 10 times the 

national average rural income of approximately $900 in 2008 (Viet Nam News 2009). 

But the above income for catfish farms is limited to owners. Faced with the growing 

barriers to entry in the catfish subsector, wage labourers now far outnumber owners, so wage 
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levels seem a more suitable comparison for an accessible potential income from catfish 

farming. Wage labourers on a catfish farm can earn between $1,200-2,800 per year (Loc et al. 

2010, p.900), still an attractive income relative to the average rural income. 

5.3.6. Commercialisation and dependence 
In the Vietnamese catfish sector, family networks and middlemen were the traditional 

source of credit for farmers, resulting in mix of both family and commercial dependency 

relationships (Loc et al. 2010, p.901). But the shift in recent years to an export orientation has 

placed more power in the hands of the processing companies, who have sought to expand 

their vertical control of the supply chain by replacing the middlemen in the sector and 

advancing credit to farmers (Loc et al. 2010, pp.892, 901-5). Therefore, where once a 

farmer’s dependencies were relatively dispersed, they are increasingly concentrated on the 

large processing companies that buy their product and finance their operations.  

5.3.7. Rural exclusion 
The World Bank (2005, p.34) reported that the capital-intensive techniques employed in 

the catfish sector are often ill-suited to the skill profiles of the rural inhabitants traditionally 

employed in the sector. The survey by Loc et al. (2010, p.901) confirmed that because of 

increasing technical requirements, the profile of employees on catfish farms has shifted in 

favour of employees with more education. Thus these farms employ fewer poor, unskilled 

rural farmers. Coupled with the increasing barriers to ownership in the catfish subsector, the 

decline in employment opportunities contributes to the progressive exclusion of the rural poor 

from the benefits of catfish farming. 

The commercialisation of the sector has diverted profits from rural areas, as processing 

and feed companies, predominantly from urban centres or foreign countries, control large 

shares of valued added in the sector (Loc et al. 2010, p.904; Phan et al. 2009, p.235). 
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6. Carp and the consumption sector 

6.1. Zoological characteristics 
The four main carp species farmed in Vietnam are not native to the country. They are of 

Chinese and Indian origins, but Vietnamese farmers have cultured them for decades, meaning 

they are well adapted to the environment (Amilhat et al. 2009b, p.61). 

Artificial propagation of Chinese carps has existed since the 1960s, so carp farmers are 

not dependent on wild fingerling stock (World Bank 2005, p.32). 

Carp are less demanding eaters than catfish, specifically with regards to protein content, 

and farmers can often grow a marketable fish using a wide variety of farm and household 

waste as feed. What is more, carp is a hardy fish that thrives in a variety of environments, 

requiring minimal effort from the aquaculturist (Billard & Marcel 1986, p.87). 

In Vietnam and in other Asian countries, carp are sold either whole or with speciality 

products such as head, eyes, belly and roe removed and sold separately. Their food value lies 

therefore not in a single characteristic, but in the edible quality of the variety of products into 

which they can be processed and sold at a relatively low cost (Dey, Garcia et al. 2008, p.322). 

Relative to catfish, the different carp species generally have darker flesh, of a brown-

grey colour, and a stronger, musky, fishy flavour. Enzymes released after death lead relatively 

quickly to bacterial decomposition and spoilage. Therefore carp is suitable for processing 

only if it is frozen soon after harvesting to slow the decomposition. Otherwise it is best eaten 

immediately after harvesting (Billard & Marcel 1986, pp.468-9).  

Although they do not grow as rapidly as catfish, carp grow to a harvestable maturity in 

10-12 months (Sena S. De Silva 2003, p.231), which is still relatively fast for a farmed fish.4  

                                                 
4 For comparison, a farmed Atlantic salmon grows to harvestable maturity in two to three years. Source: World 
Wildlife Fund, “Farmed Salmon,” 
http://www.worldwildlife.org/what/globalmarkets/aquaculture/WWFBinaryitem8617.pdf, accessed December 4, 
2010. 

http://www.worldwildlife.org/what/globalmarkets/aquaculture/WWFBinaryitem8617.pdf
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6.2. Implied production model 
As a food fish, carp does not command high prices in export markets. In addition, its 

flesh is unsuitable for processing and freezing, making carp an unlikely export crop. Instead, 

carp farmers sell fresh, whole fish to middlemen for sale in a variety of product forms in local 

markets (S.H. Nguyen et al. 2001, p.984). 

Artificial propagation means carp can be cultured in intensive systems. But they require 

no injections and more generally require little intervention from aquaculturists, so do not 

require monoculture systems. Therefore carp are farmed in Vietnam in a variety of low- and 

semi-intensive, integrated polyculture systems (Amilhat et al. 2009b, pp.60-1).  

The versatility and hardiness of carp are of particular value to Vietnamese farmers. 

Integrated rice-aquaculture farms elsewhere in Southeast Asia typically involve growing fish 

in rain-fed, flooded rice fields that provide a more comprehensive aquatic ecosystem. But in 

Vietnam, irrigated rice fields are the norm. Carp are versatile enough to thrive in this less 

diverse environment and therefore are grown both in rice fields and closed pond systems 

(Amilhat et al. 2009b, p.59; Amilhat et al. 2009a, pp.221-3). 

6.3. Development outcomes 

6.3.1. Reduced environmental footprint 
Low-intensity carp polyculture systems can complement integrated farms by recycling 

water and waste from a number of uses and by integrating fish ponds into existing water 

catchment schemes and irrigation networks (World Bank 2005, p.11). Aquaculture existed in 

Asia for a long time before its industrialisation in the last 20 years precisely because of its 

natural, even irresistible synergies with wet rice agriculture (Amilhat et al. 2009a, p.219). 

As farming intensity increases, the recycling rate decreases. This is due in particular to 

the increased use of external feed inputs that create more waste, with higher nitrogen content, 
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than the rest of the farm can recycle (Phong et al. 2010, p.232). This excess waste must be 

disposed of and is typically flushed into a nearby watercourse, with downstream effects for 

other users (Phan et al. 2009, p.232). 

6.3.2. Fish consumption for excluded populations 
Fish provides protein and other nutrients to the typically protein-poor, rice-based diets 

of rural farmers (Phong et al. 2010, p.232). Ahmed and Lorica (2002, p.133) state that per 

capita fish consumption in Vietnam is significantly higher among rural fish producing 

households than among non-producer households. Similarly, Amilhat et al. (2009b, p.57) 

estimate that integrated agri-aquaculture farms provide more than two thirds of the total 

aquatic animal catch consumed by farm households in Southeast Asia. Note that their 

findings are not specific to Vietnam and refer to all aquatic species, including non-fish 

species such as frogs, snails and crabs. But the role of integrated farms in Vietnam is not 

fundamentally different from their findings. 

Within the scope of this paper, I attribute this nutrition outcome mainly to carp 

aquaculture in Vietnam, as it is the main farmed finfish consumed domestically, whereas a 

vast majority of farmed catfish is exported. 

Hidden within these global statistics is the protein and nutrition value of fish in remote 

locations. Despite being predominantly an export crop, catfish is nonetheless relatively 

available in the Mekong Delta where it is farmed. Similarly, inhabitants of coastal areas of 

Vietnam have access to marine species. But inhabitants in remote, seafood-poor regions of 

the country derive an irreplaceable value from low-intensity, waste-fed carp-based 

aquaculture. These families typically consume the majority of their fish harvest themselves 

and trade what remains with neighbours (Prein & Ahmed 2000, pp.467-9). 

 



A species-based analysis of dualism in Vietnam’s aquaculture sector Kris Terauds  
 

6.3.3. Nutritious supplement to rice-based diets 

 

TABLE 4: Nutrient content of carp, catfish and comparable foods      
all values per 100g of edible weight  
  Fat  
Food   Energy Protein Saturated Polysaturated Total Calcium Vitamin A 
Units   kcal g g g g mg mcg RAE 
Carp, farmed, cooked 162 22.86 1.39 1.84 3.23 52 10 
Catfish, farmed, cooked 144 18.44 1.59 1.35 2.94 9 15 
Chicken breast, cooked 293 15.78 3.79 3.04 6.83 18 0 
Chicken egg, boiled 155 12.58 3.27 1.41 4.68 50 149 
Rice, cooked 130 2.69 0.08 0.08 0.16 10 0 
g: gram   
mg: milligram   
mcg: microgram   
RAE: Retinol Activity Equivalent   
rice: white, long-grain, regular   
Source: USDA Nutrient Database, http://www.nal.usda.gov/fnic/foodcomp/search/, accessed December 19, 2010.  

Table 4 presents the content of various nutrients in carp and catfish. It also presents the figures for rice, the foundation of the typical 

diet in Vietnam, as well as the figures for chicken breasts and eggs as a comparison with other animal-source foods, although chicken is not 

a central food in the typical Vietnamese diet. 
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Table 4 also shows the nutritive value of fish as a complement to rice-based diets. Its 

protein, fat, calcium and vitamin A (the last only in carp) contents are superior to rice, making 

fish a more efficient source of these nutrients on a per 100g basis. 

For example, the daily protein requirement for women is 30-56g, depending on age and 

weight, more during pregnancy and lactation. In Asia, an average of 80% of protein intake is 

cereal-based, mainly through the staple rice. At 14-20g of protein per 100g of edible weight, 

animal-source foods are much more efficient protein sources than cereals such as rice, which 

offers 2.7g of protein per 100g of edible weight (Kawarazuka 2010, p.14). 

On a species level, Table 4 shows that carp is perhaps a more complete food source 

than catfish, but that relative to chicken and rice, there is not much to separate the two fish. I 

have included this nutrition outcome in the carp section because the vast majority of carp is 

consumed domestically, whereas 90% of catfish is exporter, therefore carp is the main fish 

crop supplementing the rice-based diets of Vietnamese fish farmers.  

6.3.4.  “Gateway” crop 
Food characteristics make carp a low-value fish species. In general this means that carp 

is one of the more affordable fish in Vietnam. As a household’s income rises, so too will its 

consumption of carp and other low-value species. But once income rises beyond a certain 

threshold, household consumption of carp decreases in favour of other, higher-value species 

(Kawarazuka 2010, p.10; Dey, Garcia et al. 2008). 

From a food security perspective, carp aquaculture benefits households below the 

income threshold in the form of increased fish consumption. For households above the 

income threshold, its value lies in increased income to buy higher value fish or other non-

staple foods such as vegetables. Carp aquaculture therefore acts as a “gateway” crop, leading 

from an improved subsistence diet up to a certain income, then to a more balanced diet based 
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on purchasing a wider variety of non-staple foods on the market. 

6.3.5. Accessible income 
From the findings of their study, Loc et al. (2010, pp.896-7) estimate a household farm 

has an annual operating cost of $4,600, or 84% less than that of a monoculture catfish 

operation of comparable size. The authors go on to estimate that the annual net income of 

household, carp-based farmers is comparatively even less, at $1,600 per household, or $344 

per person. This represents approximately 13% of the average $12,000 income of a catfish 

farm (Loc et al. 2010, pp.896-7). But since the majority of participants in the carp sector are 

farms owners and their families (Ahmed & Lorica 2002, p.131) and the majority in the 

catfish sector are wage workers, it is more accurate to compare the average income of carp 

farming households ($1,600) with that of wage workers in the catfish subsector ($1,200-

2,800) (Loc et al. 2010, p.903). Both of these compare well to Vietnam’s average rural 

income of approximately $900 in 2008 (Viet Nam News 2009). 

6.3.6. Lack of access to credit 
Low-intensity carp polyculture systems are relatively inexpensive to build and easy to 

modify, meaning that their farmers are generally more willing to adapt to changes in the 

market and diversify to manage risk. But these farmers can not always make these changes, 

as outside credit and capital is typically unavailable to them (Loc et al. 2010, pp.896-7, 901). 

Semi-intense carp polyculture systems require more capital to build and credit to 

operate, but in the absence of traditional sources such as government or financial agencies, 

fish farmers turn increasingly to their intermediaries for credit. Whereas in the catfish 

subsector, processors have used credit to achieve vertical integration and secure their supply 

of raw material, in the carp subsector, it is typically traders who fill this role and to whom 

farmers find themselves indebted (Loc et al. 2010, p.900). 
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Despite these credit relationships, Loc et al. (2010, p.905) observed less value chain 

dependence in the domestic, carp-based subsector than among catfish farms. 

7. Conclusion 
In this paper I illustrated a species-based analysis of aquaculture development using the 

example of Vietnam’s aquaculture sector and its two principal fish crops: catfish and carp. 

Specifically, I highlighted several distinct zoological characteristics that affect their 

marketability and ideal production methods.  

Catfish characteristics such as its flesh quality and robustness, as well as its current 

technique of artificial propagation, favour large-scale, intensive, monoculture operations 

serving lucrative export markets. The resulting concentration and specialisation of the catfish 

subsector has meant that rural farmers are increasingly excluded from owning catfish 

operations, relegating their role in this subsector to that of unskilled, seasonal wage workers. 

Those few rural farmers with access to external capital and credit enjoy significant financial 

benefits, but at considerable risk and with increasing dependence on external actors such as 

processors and foreign feed producers. 

By contrast, the food characteristics of carp species farmed in Vietnam favour local, 

fresh consumption. And their adaptability to different environments and feed sources favour 

low- to semi-intensive, Integrated Agriculture-Aquaculture polyculture systems. Some 

commercialisation has occurred in the carp subsector, meaning some barriers to entry have 

appeared, but in general the income and food security benefits of carp aquaculture remain 

relatively accessible. Although detailed statistics for this subsector are less than 

comprehensive, indications are that carp aquaculture is of particular value to farmers in areas 

isolated from the fish-rich regions of Vietnam such as coastal areas and the Mekong Delta. 

For these excluded populations, carp aquaculture delivers a measure of the development 
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outcomes targeted by proponents of aquaculture, namely: increased fish consumption, 

supplementary income and input-output efficiencies among different farm activities. 

The species-based analysis in this paper was not intended to select either the catfish-

based export subsector or the carp-based consumption subsector as the preferable aquaculture 

development model. Both models have a place in Vietnam’s development. Nor was the 

analysis intended to profile the two subsectors according to outcomes from a specific 

discourse, such as food security, poverty reduction or rural development. 

Rather, this analysis highlighted that each subsector’s choice of species and production 

method leads to different development outcomes. Since aquaculture development projects 

generally have more specific goals, for example to increase fish consumption among poor 

populations in the Central Highlands, a species-based analysis can be calibrated with a 

specific set of desired outcomes to help select the species and production method best suited 

to achieving those outcomes. 

The Vietnamese aquaculture sector is perhaps an imperfect case study of aquaculture as 

a component of any development strategy is the role of the state, and the involvement of the 

Vietnamese state in the sector is insufficient to evaluate the effect of public policy on its 

aquaculture development. But the public policy component aside, the development of the 

Vietnamese aquaculture sector supports my hypothesis that the effective use of aquaculture as 

a tool to achieve development outcomes requires not only a detailed analysis of techniques 

and environment, but also of the characteristics of the fish species available for culture. 
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