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INTRODUCTION 

Over the last decade, the price of small-sized/low value fish has risen considerably and it is predicted 
to increase over the next few years due to increased demand for fish meal and fish oil to meet market 
demands for aquaculture of carnivorous fish and well as a source of affordable human food 
(FAO-APFIC, 2005). At the local level, prices of small-sized/low value fish vary depending on 
species, seasons and abundance of other fish and fishery products. Prices also fluctuate with the 
demand for fish meal in the livestock and aquaculture industry and the availability of raw materials 
for fish meal production in the Lower Mekong basin (So Nam et al. 2009a; Le Xuan Sinh and 
Pomeroy, 2009; So Nam et al., 2007; So Nam et al., 2005). Given that aquaculture is predicted to 
grow while capture fisheries remain stable, it will become increasingly more difficult to meet the 
demand for small-sized/low value fish for human consumptions. 
 
There is an increasing conflict between the use of small-sized/low value fish for animals/fish and for 
human consumption in the Lower Mekong River basin (Hap Navy and Pomeroy, 2009). Supplies of 
small-sized/low value fish are finite, and as indicated by a recent increase in price, i.e. demand is 
outstripping supply, due to mainly depletion of fish stocks resulting from overfishing, population 
growth and ecosystem degradation (So Nam et al., 2009; Le Xuan Sinh and Pomeroy, 2009). It has 
been argued that it would be more efficient and ethical to divert more of the limited supply to human 
food, using value-added products, etc (Un Sophea et al., 2010; So Nam et al., 2009b; So Nam et al., 
2009c). Proponents of this suggest small-sized/low value fish as food for poor domestic consumers is 
more appropriate than supplying fish meal plants for an export income oriented aquaculture industry, 
producing high value commodities (Le Xuan Sinh and Pomeroy, 2009). On the other hand, food 
security can also be increased by improving the income generation abilities of poor people, and it can 
be argued that the large number of people employed in both fishing and aquaculture has this 
beneficial effect, via income generation, rather than direct food supply. 
 
In general, the disposition of small-sized/low value fish is market driven and dependent upon local 
economic mechanisms in the Lower Mekong River basin. Without external interventions (such as 
incentives and subsidies) it will be the economics of the different uses of small-sized/low value fish in 
different localities that will divert the fish one way or the other. For example, in Viet Nam, as the 
national demand for fish sauce is predicted to double over the next 10 years, there appears to be direct 
competition for mixed small-sized/low value fish between Pangasius feeds and those needed to make 
low-cost fish sauce. Traditional small-scale pig, duck and chicken rearing uses small-sized/low value 
fish but large-scale pig, duck and chicken farming uses agro-industrial formulated feed containing 
fish meal (Le Xuan Sinh and Pomeroy, 2009). 
 
Small-sized/low value fish are important to the local communities and aquaculture, as well as the 
wetland or floodplain ecosystems in Cambodia and Vietnam. Therefore there is a need to support the 
development of a policy and management framework to address aquaculture and capture fisheries 
interactions. 
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OBJECTIVE 

The objective of this study is to develop management recommendations for freshwater 
small-sized/low value fish in the Lower Mekong region of Cambodia and Vietnam in order to 
reestablish stocks to support food security and poverty alleviation. 
 

METHODOLOGY 

This study was primarily a desk policy analysis. Significant data and information on the problem, 
issue, status of stocks, utilization, supply and demand trends and impacts were collected from other 
investigations of this project (Table 1) in order to a solid foundation for developing management 
plans and interventions. This investigation involved: (1) a re-analysis of all this data and information 
and (2) the development of fisheries management recommendations to conserve the biodiversity of 
freshwater small-sized/low value fish species in the Lower Mekong region. A series of stakeholder 
consultations with all relevant government and non-government organizations, research and academic 
institutions, and the private sector in both Cambodia and Vietnam were conducted to obtain additional 
information and to validate findings and recommendations (Table 2). In addition, other literatures in 
the Mekong River basin, especially in the Lower Mekong basin of Cambodia and Vietnam were also 
collected, reviewed and analyzed in order to develop a wise management recommendations for policy 
development and action plan for conservation and management of freshwater small-sized fish stocks 
in the Lower Mekong River basin of Cambodia and Vietnam.   
 

RESULTS 

Importance of freshwater fisheries in the Lower Mekong River basin 

The Lower Mekong River basin, including parts of Cambodia, Lao PDR, Thailand and Viet Nam, 
support a significant fishery. Consumption of fish, including small-sized fish and other aquatic 
animals (OAAs) in the Lower Mekong River basin was estimated to be about 2.6 million tonnes by a 
population of about 60 million as fresh whole animal equivalents (Hortle, 2007).  Annual 
consumption of inland fish plus OAAs as country averages varied from 41 to 52 kg per capita. When 
converted to protein units, aquatic foods basin wide accounted for about 49 – 82% of all animal 
protein consumption. Hence, inland fish and OAAs are most important in Cambodia and Viet Nam, 
whereas Lao PDR and Thailand have about equal contributions from aquatic foods and other animals. 
 
Fish has long been critical to all Cambodian and Vietnamese people as well as other Mekong riparian 
countries. It is a major source of nutritious food in the daily diet, a primary source of income and has 
strong cultural and religious significance (So Nam and Touch Bunthang, 2011; Kurien et al., 2006). 
Fisheries matter a great deal to the millions of people who live on the banks of the country’s rivers, 
particularly those living in and around the Tonle Sap Great Lake. Cambodians are considered one of 
the highest per capita consumers of freshwater fish in the world as the average freshwater fish 
consumption rate in Cambodia was 51.4 kg per person per year, including OAAs, while the average 
freshwater fish consumption rate in Vietnam was 48.7 per person per year (Hortle, 2007), which are 
in the mid-upper level of world ranges of 15 – 90 kg per person per year. Therefore, freshwater fish 
provided more than 80% of the total animal protein intake for the population, and contributed 6.2 to 
8.0% of the Cambodia’s total GDP in 2010 (So Nam and Srun Lim Song, 2011). Fisheries from the 
Cambodia's Mekong River basin contributed over 80 percent of the total annual fish catch in 
Cambodia, being equal to approx. 400,000 tonnes in 2010, including small-sized fish and juvenile of 
commercially important fish species (See the following sections); of which around 60% was from 
Tonle Sap (Table 3). Its value ranged from US$ 800 – 1,000 million (So Nam & Srun Lim Song, 
2011). 
 
Small-sized fish and freshwater fisheries- status and key issues 

Small-sized fish species by definition generally has a maximal total length of equal to or less than 25 
cm. They generally have at least 10-time lower market value than big-sized fish species. Therefore 
small-sized fish species are more acceptable by and accessible to the poor particularly in seasons of 
high production, which reflects the findings of Roos et al. (2007). Funge-Smith et al. (2005) defined 
low value fish as: "Fish that have a low commercial value by virtue of their low quality, small-size or 
low consumer preference. They are either used for human consumption (often processed or preserved) 
or used for livestock/fish, either directly or through reduction to fish meal/oil”.       
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Small-sized fish catch 
In Cambodia and Vietnam, inland fisheries are significant for local food security, household income, 
and export markets. Cambodia fishers operated more than 150 types of fishing gears (Hortle et al, 
2004). Of which, the nine most common and popular middle-scale fishing gears were gill-nets, 
bamboo or nylon net traps, cast-nets, seine-nets, encircling seine-nets, deep drag-nets/trawls, pair 
trawls, giant lift nets, net fence system with pens/bor in Tonle Sap and Mekong River basin and their 
floodplains (So Nam et al., 2009a). The average fish catch was about 10 tonnes per fisher in 2008. 
This figure was declined from 19.7 tonnes per fisher in 2001, representing a decline of approx. 45% 
since 2001 (So Nam et al., 2009). Small-sized fish is the most dominant in the catch as the average 
proportion of small-sized fish catch in 2008 was about 88% of total fish catch, while the big-sized fish 
catch was about 12%. The trends of proportions of small-sized fish catch had increased since 2001, 
i.e. being an annual increase of about 10%. Of the small-sized fish catch, 38% was juvenile of 
big-sized or commercially important fish species. The trends of proportions of juvenile of big-sized 
fish had increased for the last eight years, i.e. increasing from about 20% in 2001 (So Nam et al., 
2009a).  
 
Bag-net ‘Dai’ or stationary trawl fishery is, by law, one of the large or commercial scale fisheries in 
Cambodia, which filters the current, and is typically 25-45 m wide and 100 m long (Fig. 1). The 
operation of this commercial-scale bag-net fishery is subject to payment of annual fees for the 
national revenue. Dai fishery operates during receding floodwaters between October and March each 
year in Tonle Sap River to filter migratory fish species, particularly small cyprinids of the genus 
Cirrhinus (misidentified as Henicorhynchus; Trey riel in Khmer), migrating from the Great Lake 
floodplains, via Tonle Sap River, to the Mekong River. Within this timeframe, there are, normally, 
two peak migration periods, one being at the end of December or January and the other at the end of 
January or February each year. Each peak period lasts for 6 – 10 days before the full moon (Lieng, 
2006). Based on the study of So Nam et al. (2009a) the average fish catch was 133.5 tonnes per dai in 
the 2007-2008 fishing season. The per dai fish catch had declined since 2000-2001 fishing season, i.e. 
a decline of about 36%. Of the total dai fish catch, 96.5% was small-sized fish species, while 
big-sized fish catch was about 4% (So Nam et al., 2009). This proportion of small-sized fish catch 
increased from 90.3% in 2000-2001, while the big-sized fish proportion decreased from 10% in the 
2000-2001 fishing season. Of total big-sized fish catch in the 2007-2008 fishing season, 85% was 
juvenile of big-sized fish, which increased from 76% in the 2000-2001 fishing season. 
 
The other commercial-scale fishing operation in Cambodia is based on ‘lots’, fishing areas which are 
auctioned every two years. Large-scale fishing gears are only permitted in fishing lots, which can only 
be fished in the open season (October to May in most areas). Such gears include fences with traps, 
and barrages. Fences, up to several kilometers in length, are built across flooded areas or lakes to 
direct fish into traps (Figure 2). Barrages are smaller gears that block a stream and direct fish into 
traps (Figure 3). The average annual fish catch of a fishing lot system was 337 tonnes per lot in 2008, 
decreasing from 554 tonnes in 2001 or a decrease of approx. 39% over the past 8 years. Of the total 
fish catch, small-sized fish catch is the most abundant (82%), while big-sized fish catch was 18% (So 
Nam et al., 2009). The figure of small-size fish catch increased from 74% in 2001 (being an increase 
of about 9%), while the figure of big-sized fish decreased from 26% in 2001(being a decrease of 9%). 
The proportion of fish catch of juvenile of big-sized fish was 32% of small-sized fish catch in 2008 
and 28% in 2001, representing an increase of approx. 5% since 2001.    
 
Hence, freshwater small-sized fish are the most abundant species in the total freshwater fish catch in 
Cambodia. The small-sized fish species keep increasing in the total fish catch over nearly a past 
decade, while the bid-sized or commercially important fish species keep decreasing since that time; 
this leads to overfishing in freshwater fisheries in Cambodia. The main reasons of overfishing are (1) 
population growth and increase in number of fishers; (2) use of illegal and destructive fishing 
methods such as brush parks, electro fishing gear, small mesh sized mosquito nylon nets and water 
pumping fishing method; and (3) wetland or floodplain ecosystems or habitats degradation. These 
reflect the findings of So Nam & Srun Lim Song (2001). 
 
Freshwater fisheries in the Mekong Delta of Vietnam is less significant compared to Cambodia's ones 
and to its aquaculture sector. There were three major fishing grounds in freshwater water bodies in the 
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Mekong delta, consisting of rice field, rivers or public man-made canals, and ponds or garden ditches 
without aquaculture, which are located three flooding areas, shallow, medium and deep (Le Xuan 
Sinh and Pomeroy, 2009). One fishing gear might be used in one or different fishing grounds. The 
survey results showed that fishing on the rice field in flooding season was the most common (76% of 
the fishers), especially in the medium flood areas (81%). The next was fishing in rivers or public 
canals (41%), while fishing in the ponds or garden ditches without aquaculture was very rare (5%). At 
least, 14 types of fishing gears were reported in the Mekong Delta of Vietnam (Le Xuan Sinh and 
Pomeroy, 2009 Le Xuan Sinh et al., 2007), significantly lower that the figure found in Cambodia. The 
most common and popular fishing gears used in Vietnam were gill-nets, including three-layer gill nets 
or tremble nets (56%), trawl nets with or without combined with electro shockers (22%), and small 
mesh size nets (13%) (So Nam et al., 2009a; Le Xuan Sinh and Pomeroy, 2009). These types of 
fishing gears are very destructive and also illegal when electro shockers are combined, and can catch 
all fish species, with all sizes. The average annual fish production varied from 1.5 to 4.2 tonnes per 
household, excluding the catch of golden snails. Golden snails contributed significantly to the fishing 
production overall average, the households might catch more than 1 - 90 tonnes of golden snails per 
year. Trawl net had the highest yield (2.3 t/net/year), followed by trawl nets (1.8 t/net/year), and small 
mesh size set net (1.8 t/net/year). Note that the fish yield by fishing gears was also different by fishing 
grounds, flood scenarios and fish species, as well as the design of net and number of fishing days per 
year. The proportion of small-sized fish catch was 96% of the total fish catch, while the proportion of 
big-sized fish catch was 4%. The proportion of fish catch of juvenile of big-sized fish was 51% of the 
total small-sized fish catch. There was a significant decline of small-sized fish catch by 58% between 
2001 and 2008, and of big-sized fish catch by 63% between both years. 
 
The above fishing gears used in Cambodia and Vietnam are very effective and efficient that can 
capture all small-sized fish species, with all different sizes. 
 
Small-sized fish species diversity 
Small-sized fish species of the Lower Mekong River basin of Cambodia and Vietnam is very diverse. 
At least 200 inland small-sized fish species were found and identified, and their photographs were 
available (So Nam et al., 2009a; Le Xuan Sinh and Pomeroy, 2009). Many of these small-sized fish 
species are truly abundant. Trey riel in Khmer or Cá linh ria in Vietnamese (mainly Cirrhinus 
siamensis and C. lobatus) was the most abundant freshwater small-sized species in the Lower 
Mekong River basin of both countries Cambodia and Vietnam.  The top ten small-sized fish species 
detected in the Mekong River basin in Cambodia were: Trey riel (Cirrhinus spp.), Trey srakar kadam 
(Cyclocheilichthys armatus), Trey khnag veng (Labiobarbus lineata), Trey kros (Osteochilus 
microcephalus), Trey slouek russsey (Paralaubuca spp.), Trey linh (Thynnichthys thynnoides), Trey 
kanhchrouk (Yaasuhikotakia spp.), Trey bandol ampil (Clupeichthys aesarnensis), Trey khampleanh 
phluk (Trichogaster microlepis), and Trey changwa (Rasbora spp.). These species make up to approx. 
80% of total freshwater small-sized fish catch. In the Mekong Delta of Vietnam, the top ten 
small-sized fish species were Cá linh ria (Cirrhinus spp.), Cá linh (Labiobarbus lineata), Cá thiểu 
(Paralaubuca spp.), Cá rầm (Puntius brevis), Cá ba kỳ (Cyclocheilichthys armatus), Cá lòng tong 
(Rasbora spp.), Cá rô đồng (Anabas testudineus), Cá sặc bướm (Trichogaster trichopterus), Cá sặc 
rằn (Trichogaster pectoralis) and Cá rô biển (Pristolepis fasciata). These species contribute at 70% to 
the total freshwater small-sized fish catch. The estimate of freshwater small-sized fish catch in 
Cambodia is approx. 85% of the total freshwater fish catch, while the estimate in Vietnam is around 
96%. Of the total freshwater small-sized fish catch, in Cambodia 35% were juvenile of big-sized or 
commercially important fish species, while in Vietnam 51% (So Nam et al., 2009a).  
 
All freshwater small-sized fish species in the Lower Mekong River basin of Cambodia are not "trash" 
fish, and all are eaten by human, especially for the poor communities. Some freshwater small-size 
species have a high market value, e.g. Trey linh, Trey kanhchrouk, Trey kros in Khmer. All 
freshwater small-sized fish are either used for human consumption (often processed or preserved) or 
used for fish and livestock, either directly or through reduction to fish meal or oil.     
 
Utilization and price of freshwater small-sized fish 

Freshwater small-sized fish species were traditionally used in Cambodia and Vietnam for making fish 
sauce, prahok or mum (fermented fish paste; Un Sophea et al., 2010So Nam et al., 2009b; So Nam et 
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al., 2009c; Le Xuan Sinh and Pomeroy, 2009), which is a vital protein source and favorable ingredient 
for most of the Cambodian population, particularly the rural poor during the closed fishing season and 
at the end of the dry season when fish are scarce (So Nam et al., 2009a; So Nam et al., 2007), leading 
to enhancement of fish food security of the local communities. The indigenous technologies of 
freshwater small-sized fish processing for bony and boneless fermented fish paste or prohoc 
production in Cambodia were documented in the study of So Nam et al. (2009b). It is a profitable 
business and the total production of fish paste keep increasing, although its main problem is poor 
hygiene quality and safety of fish paste. However, this problem has been being addressed by the 
Royal Government of Cambodia by the development of good manufacturing or hygienic practices, 
and quality and safety standards to meet national and international market requirements (Kao Sochivi 
and Pomeroy, 20011). In the Mekong Delta, the fish sauce production has been expanded over the 
past decades and the Vietnamese government in Viet Nam has set a target to double fish sauce 
production over the next 10 years (Le Xuan Sinh and Pomeroy, 2009), there appears to be direct 
competition of the use of freshwater small-sized fish for fish and other animal feeds and for producing 
low-cost fish sauce for human consumption. 
 
Over the past two decades, small-sized fish were also utilized for feeding fish and other animals 
(Camber et al., 2008; Eldin-Lundgren et al., 2008; So Nam et al., 2005; So Nam & Nao Thuok, 1999) 
and now especially for feeding snakehead and Pangasius fish species in Cambodia and Vietnam (So 
Nam et al., 2009a; Le Xuan Sinh and Pomeroy, 2009). Based the recent study (So Nam et al., 2009), 
approx. 84% of total freshwater small-sized fish catch in Cambodia were used for human food 
consumption (fresh or processed); being 71% used in Cambodia and 13% exported to Vietnam and 
Thailand, while 16% were used for fish and animal feeds, including the export to Vietnam. This 
potential problem could be an increasing export of freshwater small-sized fish to Vietnam for the use 
of human food and fish and animal feeds, which will lead to a net loss of small-sized fish for the 
Cambodian people. This problem is also reported in the studies of Camber et al. (2008) and 
Eldin-Lundgren et al. (2008). Based on these three studies, it is concluded that freshwater small-sized 
fish used in Cambodia is approx. 80%, and exported is 20%. The proportions of freshwater 
small-sized fish used for human food consumption in fresh and processed forms, and the portions of 
small-sized used for animal and aquaculture feed cannot be separately quantified. So Nam et al. 
(2007) quantified the proportions of freshwater small-sized fish used for human consumption and 
fish/animal feeds only from freshwater small-sized fish harvested from dai or bag-net fishery along 
Tonle Sap River. The proportions are similar to the ones of So Nam et al. (2009a).  Similar 
proportion of freshwater small-sized fish in Vietnam (72%) to the one (71%) in Cambodia was used 
for human food consumption Approx. 72% of the total freshwater small-sized fish catch was used for 
human food consumption. Approx. 15% was used for snakehead fish culture industry as direct feed, 
and 13% for direct animal feed (So Nam et al., 2009a). Hence, the key issues related to freshwater 
small-sized fish utilization are underpinned by the rapid development of the aquaculture industry, 
including the snakehead fish, and the increasing demand for fish by consumers, and strong 
competition between these two users in the Lower Mekong River basin of Cambodia and Vietnam. 
 
Due to all the above key problems and issues: limited and declined freshwater small-sized fish 
resources, high competition between the use of freshwater small-sized fish for human food 
consumption and fish and other animal feeds, and demand outstripped supply lead to a significant 
increase in fish price in the Lower Mekong River basin of Cambodia and Vietnam (So Nam et al., 
2009; Le Xuan Sinh and Pomeroy, 2009). In Cambodia, there was an average increase of approx. 6 
times in price of freshwater small-sized fish over the past decade, while this growth rate was lower in 
Vietnam, being a 4-time increase in price of freshwater small-sized fish. This is probably due to 
freshwater aquaculture significantly developed in Vietnam and insignificantly developed in Cambodia 
over the past decade. 
 
Impacts of snakehead culture  

In May 2005, the government of Cambodia put a ban on snakehead farming and the reasons for this 
was the potential negative impacts on wild fish populations from wasteful snakehead seed collection 
and on other freshwater fish species diversity, including small-sized fish and juveniles of 
commercially important fish species, and also potential negative effects on poor consumer groups 
from decreased availability of small-sized fish (So Nam et al, 2007). So Nam et al. (2005) provided 
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an estimation of 50,482 tonnes of freshwater small-sized fish (or approx. 13% of total freshwater fish 
production), which has been used for aquaculture, including snakehead, in 2004 in Cambodia. So 
Nam et al. (2009a) revealed that the ban did not only result in positive impacts on poor consumer 
groups from increased availability of freshwater small-sized fish in Cambodia, but also providing 
negative effects on livelihood of tens of thousands of snakehead farmers who depend on this 
livelihood for generating household income. In other words, these snakehead fish farmers have lost 
their important livelihoods and household income. Moreover, the ban also did not provide positive 
impacts on improvement of snakehead wild stocks as fishing pressure on wild snakehead using illegal 
and destructive fishing gears particularly electro-shockers has been increased for the recent years in 
order to supply local and external markets. In this sense, domestication breeding, and weaning and 
growing out the striped snakehead Channa striata using formulated diets was trialed on station at the 
hatchery of Freshwater Aquaculture Research and Development Center (FARDeC) in Cambodia, and 
these technologies were transferred from College of Aquaculture and Fisheries of Can Though 
University, Vietnam through trainings and demonstrations (See the below section). In Vietnam, the 
production of 30,000 tonnes of snakehead in 2009 (Le Xuan Sinh and Pomeroy, 2009) and 40,000 
tonnes in 2010 (Le Xuan Sinh and Pomeroy, 2011) were produced by mainly using small-sized fish as 
direct feed. If the FCR is 4, 120,000 tonnes of small-sized fish in 2009 and 160,000 tonnes in 2010 
were used for feeding the snakehead, representing 17% and 23% of total annual freshwater fish 
production in the Mekong Delta of Vietnam in 2009 and 2010, respectively. As a result, snakehead 
farmers in the Mekong Delta of Vietnam lost profit due to high feed cost (> 75%; Le Xuan Sinh and 
Pomeroy, 2009; Tran Thi Thanh Hien and Bengtson, 2011), and disease outbreaks caused by 23 
genera of parasites, 4 genera of fungi, and 81 strains of bacteria belonging to 5 genera (Pham Minh 
Duc et al., 2011). In this sense, formulated feed development and weaning of snakehead Channa 
striata and C. micropeltes using formulated feed were trialed on station and on farm by College of 
Aquaculture and Fisheries of Can Though University, Vietnam (See the below section).   
 
Domestication breeding, and weaning and growing out striped snakehead Channa striata using 
formulated feed in Cambodia 

So Nam et al. (2011) demonstrated that the wild striped snakehead Channa striata broodstocks can 
successfully be developed, mature and semi-artificially induced spawning using HCG at doses of 
1,000 IU.kg-1 for female fish and 3,500 IU.kg-1 for male fish at the hatchery of Freshwater 
Aquaculture Research and Development Center (FARDeC), Cambodia. The male fish received 2-3 
injections within 2-3 days before the female fish, which was received only 1 injection. With this 
optimal HCG doses, the spawning success was 100%; spawning time after the last injection of female 
and male fish was 9 hours; number of eggs spawned per kg female was 32,000; the fertilization rate 
was 87%; hatching rate was 73%; and the larval production and survival rate was 21,000 larvae per 
kg female and 72%, respectively. This has very important implications for protecting snakehead wild 
stocks from a wasteful collection of snakehead seed from the wild. 
 
The striped snakehead Channa straita aging 30 days old after hatch could gradually and successful 
accept formulated feed in replacement of small-sized fish in the rate of 10% every three days for a 
period of 30 days of feeding, and then be successfully grown out with a complete 40% crude protein 
pellet feed for a period of ten months to achieve a final weight of 314 g.fish-1, a survival rate of 56%, 
and a FCR of 1.68 (So Nam et al., 2011). The F1 broodstocks which could accept formulated or pellet 
feed are available for future domestication breeding and weaning at FARDeC, Cambodia. This has 
very important implications for protecting freshwater small-sized fish, which are usually fed to 
snakehead, and will eventually lead to list the snakehead ban in Cambodia. 
 
Formulated feed development and weaning and growing out of snakehead fish in Vietnam 

The formulated diets used for weaning snakehead larvae, rearing fingerlings and for growing out are 
successfully developed at laboratory and hatchery of College of Aquaculture and Fisheries, Can Tho 
University, Vietnam. Tran Thi Thanh Hien and Bengtson (2009) reported weaning of snakehead 
larvae with 50% crude protein formulated feed could begin by 17 days after hatch with the 
replacement ratio of 10%.day-1. Up to 40% of fish meal used in formulated diet for Channa striata 
and Channa micropeltes fingerling could be replaced by soybean meal, with phytase supplements and 
showed insignificant loss of growth performance, feed utilization and survival rate of the two 
snakehead species. Rice-bran could be well utilized by snakehead fingerlings with levels from 10% to 
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30%, without any differences in growth performance and carcass composition. Hence, rice bran could 
be used as home-made formulated feed for snakehead fingerlings up to 30% to reduce feed cost. 
Soybean meal can replace up to 60% of fish meal in the diet with the addition of phytase and 
alpha-galactosidase or fish solution feeding attractant. However, considering economic efficiency, 
protein soybean meal only can replace up to 50% of protein fish meal in the diet with the addition of 
phytase and alpha-galactosidase or fish solution feeding attractant. 
 
Considering economic efficiency, replacing freshwater small-size fish by formulated feed in the two 
snakehead species diets up to 100% is possible (Tran Thi Thanh Hien and Bengtson, 2009). If both 
growth performance and feed efficiency ratio were interested, the replacement should stop at 50%. 
Thus, depending on a farmer’s situation, they should choose optimal solution for replacing fresh 
water trash fish by formulated feed in snakehead culture. C. micropeltes and C. striata fillet quality in 
a taste test was fairly liked and did not significantly differ between samples. In descriptive pair tests, 
there were no significant difference between samples. Thus, formulated feed (fish meal or plant 
protein) did not significantly affect the quality of fish fillet in both C. micropeltes and C. striata 
compared to a diet of freshwater small-sized fish. 
 
Based on the results from on-farm trials conducted using hapa culture system in An Giang and Dong 
Thap province, the striped snakehead Channa striata was successfully grown with formulated feeds 
of 44%, 41% and 38% crude protein developed Can Tho University, and showed insignificant loss of 
growth performance, feed utilization and survival rate, while it was unsuccessful with the giant 
snakehead Channa micropeltes (Tran Thi Thanh Hien and Bengtson, 2011). Interesting, the striped 
snakehead fed with formulated feeds showed slightly higher profit than fish fed with freshwater 
small-sized fish. This has very implication for protecting freshwater small-sized fish stocks and 
reducing environmental impacts. As a result from the research and trials, now at least seven fish 
manufacturing companies are developing and trialing their snakehead formulated diets in the Mekong 
Delta of Vietnam. Of which four companies are very active and advanced: AquaFeed, Ca Vang, 
Cargill and UP.  
 

CONCLUSIONS AND RECOMMENDATIONS 

1. The capture fisheries of Lower Mekong River basin in Cambodia and Vietnam are overfished due 
to illegal and high fishing pressures, population growth, and floodplain or wetland ecosystem 
degradation. Therefore the freshwater small-sized fish production, which contribute more than 
80% to the total freshwater captured fisheries in the Lower Mekong River basin of Cambodia and 
Vietnam and are used and important for human food consumption, fish, including snakehead fish, 
and other animal feeds, and aquatic or wetland ecosystems, are scarce or limited, although the 
biodiversity of freshwater small-sized fish species is rich (at least 200 species). Capture fisheries 
are not the major threat to biodiversity in rivers – aquatic environmental or ecosystem 
degradation is. 

2. Understanding the role of ecosystem variability (including hydrology) in sustaining the Lower 
Mekong’s rich biodiversity is crucial. Development activities in a river system almost always 
result in the simplification, or even obliteration, of ecosystem diversity. These disturbances 
appear to be by far the greatest threat to sustaining aquatic biological resources in Lower Mekong 
River basin. 

3. The important role that river floodplain fisheries play in maintaining aquatic biodiversity must be 
promoted more widely. All sectors should cooperate in integrated water resources management 
(i.e. IWRM approach). 

4. The waters of the Mekong and its tributaries could be put to many uses: irrigated agriculture, 
potable domestic supply, hydroelectricity production, navigation and fisheries. In Cambodia, 
fisheries production is primarily from the wild capture fishery. Developments in other sectors will 
become increasingly common in the future and the wild fishery is likely to decline as a 
consequence. Actions to mitigate and manage the impacts of water management projects will 
minimize this decline; such actions depend upon an effective engagement of fisheries managers 
with planners in other sectors. Only through this approach can we have truly sustainable 
development for the people using the resources of the Mekong. 
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5. Emphasizing the importance of fisheries of small-sized fish species to livelihoods and food 
security provides the strongest and most relevant argument for improved management of the 
aquatic environment. 

6. Fisheries activities can have negative impacts upon biodiversity. Improved management of law 
and regulation enforcement, and exploitation, by moderation the use of unsustainable fishing 
practices such electro fishing, small mesh size net fishing, brush-park fishing and pumping 
fishing method, should centre on the promotion of co-management approaches to decentralization 
of fisheries management (i.e. dialogue between local resource users, government authorities, 
scientists and other stakeholders on management needs and methods in order to reduce the 
impacts of illegal fishing and overfishing. 

7. Management initiatives need to be prioritized and adaptive, focusing on those species and 
habitats under greatest threat and basing on scientific research and monitoring data and local 
ecological knowledge. Recent experience has shown a high level of agreement between local 
ecological knowledge and fisheries science. 

8. The use of local ecological knowledge as both a research tool and a mechanism for improving 
participation in management should be promoted more widely. There should be increased 
recognition of the importance of this knowledge base for biodiversity-related subjects. 

9. The fishing "lot" system of floodpain fisheries and river dai fishery in Cambodia should be 
properly and scientifically evaluated to determine if it is an effective tool for sustaining 
biodiversity. Studies should include consideration of whether social equity and sustaining 
biodiversity are necessarily mutually exclusive. There is considerable interest internationally in 
this system as a way of improving environmental management. 

10. Freshwater fish protected areas, dry season refuge ponds, and channel for migrating fish on 
floodplains should be maintained or scientifically identified and established in fishing “lot” areas, 
community fisheries areas, and floodplain rice-fields, and an adaptive plan for managing these 
protected areas should be developed and implemented to protect and enhance stocks or 
populations of this rich biodiversity. 

11. Development planning should recognize the value of fisheries and their importance in the 
livelihoods of Cambodian and Vietnamese people. 

12. Environmental Impact Assessments should consider all options for development, as well as the 
costs and benefits of competing uses of water. 

13. Plans for water management projects should include consideration of sustaining, and where 
possible, increasing fish production. 

14. The main elements of the flooding cycle and important fish habitats should be maintained where 
possible; if water management projects are designed to reduce flood levels then the consequences 
for fisheries production should be appraised and appropriate substitutes for livelihoods and 
income for those affected should be available. 

15. Any evaluation of dams proposed for the Mekong mainstream and major tributaries should 
consider the consequences for fish migrations and floodplain production downstream, and should 
recognize that impacts could not be fully mitigated. 

16. Mitigation measures should be incorporated in the design and operation of dams, including 
low-level weirs; these could include fish passes, maintenance of riparian flows, re-regulation of 
discharges and measures to improve water quality. 

17. Dialogue should be maintained between LMB countries on mitigating transboundary impacts 
from water management projects, fishing activities and exotic species, both up-and downstream 
of Cambodia and Vietnam. Where migration routes cross national borders, fish stock 
management becomes a trans-boundary issue and requires international collaboration. 

18. The emphasis might be on developing appropriate procedures for cooperation at the international 
level in harmony with national and local management initiatives. The best opportunities are with 
the high profile migratory fish species and the vulnerable habitats such as the flooded forests and 
the deep pools where a consensus already exists on the need for action. 

19. More information is required on the ecology (e.g. migration and spawning sites and behaviors), 
population genetics (e.g. stocks), and value and importance for livelihoods of the Lower Mekong 
River fisheries of Cambodia and Vietnam. But enough is known to provide clear directions for 
management of theses freshwater fisheries. It is time to adopt an integrated approach to 
conserving and enhancing fisheries for the continuing well-being of Cambodia and Vietnam and 
their neighboring countries. 
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20. Macro-habitat requirements are known for a few species in broad categories such as floodplain 
habitats and deep pools. However, micro-habitat requirements are unknown for most species. For 
example, even if it is known that a certain species lives in deep pool habitats during the dry 
season, the habitat features that the species require within the deep pool (type of substrate, 
vegetation, depth, slopes, current etc.) are unknown. Such micro-habitat requirements determine 
types of pools certain fishes prefer and indirectly determine other ecological characteristics 
including migration patterns. 

21. Feeding biology for most species is related to the micro-habitat issue since availability of food 
(for example on the floodplain) determines the preferred floodplain micro-habitat. 

22. A more attainable short-term goal is to promote changes to land classification systems, which are 
the basis for both natural resources planning and asset allocation. The current system suffers from 
a bias toward dry-season agricultural uses of land. It appears that legal systems are ill equipped to 
deal with assets undergoing dynamic changes especially for seasonal wetlands. Wetlands rarely 
have any legal status and are usually regarded as open access areas during the flood season. 
Converting these areas to agricultural use would not necessarily be more efficient biologically but 
it would enhance people's security of access and ownership. The legal status of wetlands and 
related institutional limitations are already recognized as constraints in achieving sustainability of 
fisheries and other natural resources. 

23. Aquaculture production, including snakehead fish over nearly past ten years in Cambodia and 
Vietnam has rapidly expanded and continued expansion of aquaculture will contribute 
significantly to meeting the anticipated demand for fish products in the coming decades, although 
the difficulties in meeting anticipated demand are considerable. 

24. Aquaculture, capture fisheries and reservoir management should be considered as a holistic 
system. Concentrating policy and development efforts towards aquaculture, as an 'easy option' for 
fish production, without taking proper care of the wild fisheries could result in a dramatic loss of 
wild fisheries resources, with food security implications for the Lower Mekong Basin of 
Cambodia and Vietnam, particularly for poor people. Similarly, aquaculture and fisheries are 
strongly influenced by the development of other sectors. A balanced approach to fisheries 
development is required. 

25. Aquaculture can have the greatest impact on rural households in areas with food insecurity and 
limited wild fish supplies. The approach to supporting food security and livelihoods should be 
based on identifying these areas and supporting local area development, which may be 
aquaculture or wild fisheries activities or a combination of both. Therefore establishment and 
implementation of an action plan for development of aquaculture of indigenous Mekong fish 
species, including genetic knowledge and information, which are less dependent on freshwater 
small-sized fish as direct feed (e.g. omnivorous and herbivorous fish species), should be 
encouraged and supported by public and private sector and non government or civil society 
organizations.  

26. Further research and development of formulated diets and domestication breeding, weaning and 
growth-out technologies for sustaining snakehead aquaculture in Cambodia and Vietnam should 
be a joint effort and support among public and private sectors, research and academic institutions, 
non-government organizations and snakehead farmers. The demand of freshwater small-sized fish 
is outstripping supply, so these fish should be important for local communities’ food consumption 
and for maintaining aquatic biodiversity and ecosystems.    

27. Golden snails are so abundant in all rice fields of the Mekong Delta and harmful to rice 
production. Research on snakehead aquaculture using golden snails as a source of protein should 
be encourages and supported. This will have very important implications for reducing 
environmental and economical impacts caused by golden snails. 

28. There are several constraints to sustainable development of snakehead aquaculture, especially in 
Cambodia, that will have to be addressed. Many of these are institutional rather than technical. 
The existing capacity and resources of government institutions for participatory extension and 
research is relatively weak and manpower is limited. Therefore, capacity building is required to 
support this approach. New partnerships going beyond traditional aquaculture extension are 
needed. The policies to support an integrated approach to aquaculture are not yet in place. There 
is a need to develop enabling policies to support the approach, but this will take time. 

29. Diversification of rice farming systems using omnivorous or herbivorous indigenous Mekong fish 
species and integrated pest management, including economics and livelihood impacts of farming 
options and practices. 
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30. Reducing risks to rural livelihoods from aquatic animal diseases is one of the priority areas for 
sustaining snakehead aquaculture in Cambodia and Vietnam. 

31. An efficient low-cost contingency plan for fish health management may also be established on a 
catchment as well as transboundary basis. Plans should be prepared for the containment and 
treatment of fish disease including the prevention of trade in live fish and movement of fry, 
fingerlings and breeders from a catchment area or cross border or transboundary area where an 
outbreak has been detected. 

32. Further maximization of the utilization of freshwater small-sized fish for human Consumption 
through improving quality standard and safety with appropriate value added product development 
(e.g. fermented fish paste in Cambodia and fish sauce in Vietnam). 

33. More information is needed on the trade of freshwater small-size fish and fish products, including 
snakehead fish within the basin and exports and imports to and from the basin. 
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Figure 1 One row of commercially fishing bag-net ‘Dai’ operated in Tonle Sap River, Cambodia, 
catching more than 95% of small-sized fish species (Photo by: FEVM Component of the MRC 
Fisheries Program).  
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Figure 2 Fence, with traps, a fishing lot system in Tonle Sap Lake, Cambodia
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Figure 3 A barrage fishing system in Tonle Sap, Cambodia 
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Table 1 The 2007-2009 and 2009-2011 investigations of AquaFish CRSP USAID Grant No.: 
EPP-A-00-06-00012-00 in Cambodia and Vietnam 
Investigation code Investigation title Host country principal 

investigator 

07MER01UC   Competition and impacts between use of low 
value/trash fish for aquaculture feed versus use for 
human food 

Le Xuan Sinh and Hap Navy 

07MNE01UC   Assessment of diversity and bioecological 
characteristics of low value/trash fish species 

So Nam  

07SFT01UC     Alternative Feeds for Freshwater Aquaculture Species Tran Thi Thanh Hien 
07TAP01UC 
 

Feed Technology Adoption and Policy Development 
for Fisheries Management 

Prum Somay and Le Xuan 
Sinh 

07FSV01UC     Maximizing the utilization of low value or small size 
fish for human consumption through appropriate value 
added product development 

So Nam 

09SFT01UC 
 

Alternative Feeds for Freshwater Aquaculture Species   Tran Thi Thanh Hien 

09IND02UC 
 

Sustainable snakehead aquaculture development in the 
Lower Mekong River Basin of Cambodia and Vietnam  

So Nam and Tran Thi Thanh 
Hien 

09TAP03UC 
 

Development of Alternatives to the Use of Freshwater 
Low Value Fish for Aquaculture in the Lower Mekong 
Basin of Cambodia and Vietnam: Implications for 
Livelihoods, Production and Market 

Prum Somany 

09FSV01UC 
 

Maximizing the utilization of low value or small size 
fish for human Consumption through improving 
quality standard and safety with appropriate value 
added product Development: case study on fermented 
fish paste in Cambodia. 

Kao Sochivi 

09MER04UC 
 

Value chain analysis of snakehead Fish in the Lower 
Mekong Basin of Cambodia and Vietnam 

Le Xuan Sinh and Hap Navy 
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Year Total 

2001 441,000 385,000 231,000 42,000 14,000

2002 420,750 360,300 216,180 45,850 14,600

2003 382,000 308,750 185,250 54,750 18,500

2004 326,635 250,000 150,000 55,800 20,835

2005 410,000 324,000 194,400 60,000 26,000

2006 516,500 422,000 253,200 60,500 34,000

2007 493,760 395,000 237,000 63,500 35,260

2008 470,100 365,000 219,000 66,000 39,100

2009 516,910 390,000 234,000 75,000 51,910

2010 550,711 405,000 243,000 85,711 60,000

Freshwater 

fish catch

Tonle Sap 

Great Lake

Marine fish 

catch

Aquaculture 

production

 
Table 2 A series of stakeholder consultations with all relevant government and non-government 
organizations, research and academic institutions, and the private sector in both Cambodia and 
Vietnam 
No. Workshop/meeting Date and venue Participants  
1. Stakeholder consultation workshop on 

validation of investigation research 
findings and recommendation for 
freshwater small-sized fish management 
in the Cambodia Mekong River basin. 
 

11 March 2011, Inland 
Fisheries Research and 
Development Institute 
IFReDI, Phnom Penh, 
Cambodia 

(1) provincial government 
fisheries officers in Kampong 
Cham, Prey Veng, Kandal, 
Phnom Penh, Kampong 
Chnang, Battambang and Siem 
Reap provinces in Cambodia, 
(2) non-government staff: 
WWF, CI, FAO, FACT, CEPA, 
JICA, DANIDA, IUCN, WCS 
and MRC, (3) Royal 
University of Agriculture and 
Prek Leap National School of 
Agriculture, and (4) fishers 
and fishing lot owners 

2. Consultation and training workshop on 
“Importance and Use of freshwater 
small-sized fish in the Lower Mekong 
basin of Cambodia and Vietnam, and 
policy management development and 
dialogue for freshwater small-sized fish 
in the Lower Mekong of Cambodia”  
 

11-12 May 2011, Inland 
Fisheries Research and 
Development Institute 
(IFReDI), Phnom Penh, 
Cambodia 

Government fisheries 
managers and officers, 
university faculty deans and 
staff, and R & D researcher 
and research managers 

3.  Consultation and training workshop on 
“Importance and Use of freshwater 
small-sized fish in the Lower Mekong 
basin of Cambodia and Vietnam, and 
policy management development and 
dialogue for freshwater small-sized fish 
in the Lower Mekong of Vietnam”  

8 July 2011, Can Tho 
University, Vietnam 
 

Government fisheries 
managers and officers, 
university faculty deans and 
staff, and R & D researcher 
and research managers 

 
 
 
Table 3 Trends of annual fish production in Cambodia (2001-2010) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


