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Opening Lao	floodplains for migrating 
fish: not just an uphill	battle

Location of fish pass and regulator on the Pak Peung Floodplain in the central Lao province of Bolikhamxay

IllustratIon: la trobe unIversIty/Murray-DarlIng Freshwater resourch centre

Pak	Peung	Wetland	in	the	central	Lao	
province	of	Bolikhamxay	is	about	to	

become	the	first	"holistic"	wetland	fish-
pass	demonstration	and	evaluation	site	in	
the	Lower	Mekong	Basin.	It	promises	to	
greatly	enhance	the	ability	to	determine	
the	environmental,	social	and	economic	
benefits	from	best-practice	irrigation	and	

fish-passage	works.

Regulators and other water-control structures on 
rivers and wetlands support irrigated cropping on 
floodplains and are critical to the economic and 
social well-being of communities of the Lower 
Mekong Basin (LMB). There is also potential to 

Spawning habitat

Fish pass and regulator

Mekong	River

Pak	Peung	Floodplain

retrofit these infrastructures with mini-hydropower 
to generate electricity and support renewable 
energy generation and associated economic 
activities. But an unintended impact of this 
irrigation infrastructure is that it can block fish 
migrations and prevent fish accessing important 
breeding and feeding habitats.

Without safe passage, as much as 70 percent 
of fish species in the LMB, which are highly 
migratory, are under threat. Protecting fish 
passage in the region is of significant social and 
economic importance as it is the largest freshwater 
fishery in the world. More than 80 percent of rural 
households are involved in capture fisheries and 
an estimated 48 percent of the animal protein  

by craIg boys, DouangkhaM sInghanouvong, ouDoM PhonekhaMPeng anD garry thorncraFt *
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Fyke net at the Pak Peung regulator. Over a 24-day period, fyke and other larval netting collected more than 100 species moving out of the wetland.

Photo: craIg boys
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Pilot experiments in Australia and Lao PDR show that more fish are injured or killed by undershot weirs (above left) than overshot weirs (above right).
Overshot weirs are particularly effective if a deep plunge pool is maintained below the weir. 

IllustratIon: chhut chheana

intake of Lao people comes from fish and other 
aquatic animals (see MRC Technical Paper No 
16). There is therefore no doubt that if regional 
development is to occur in the LMB, environmental 
sustainability needs to be a key objective, with 
progress in agricultural production being closely 
aligned with best-practice fish passage and fishery 
management. 

In 2010, the Australian Centre for International 
Agricultural Research (ACIAR) completed 
research into the effectiveness of low-cost 
fishways on small barriers in central Lao PDR of 
up to six metres (see Catch and Culture, Vol 17, 
No 1). Since that time, ACIAR has continued to 
support research efforts that have seen barriers 
to fish passage prioritised and the construction 
of a permanent fish pass at a wetland in Pak 
Peung in Bolikhamxay Province (see Catch and 
Culture, Vol 18, No 1). The fish pass is exceeding 
expectations, with more than 170 species of fish 
already passing the structure, well in excess of the 
expected 100 species.

But	what	goes	up,	must	come	down
The recent focus on restoring upstream passage 
in the LMB has been associated with little or no 
activity to protect fish during critical downstream 
migrations on their return to the Mekong River. At 
the Pak Peung fish pass site, like thousands of 
others across the LMB, fish require return passage 
out of wetland habitats and back to the main river 
where they continue to contribute to the fishery. 

Unfortunately, downstream passage out of 
wetlands is being substantially impacted by water-

control structures across much of the LMB. When 
fish do pass these regulator gates, the hydraulic 
conditions are often extreme and cause injury or 
death. This was investigated by a recent ACIAR-
funded study that used controlled experiments 
at the Nong Teng Hatchery site in Vientiane. The 
study showed that in some cases up to 90 percent 
of fish can be injured or killed on their downstream 
passage under wetland regulators. A positive 
finding, however, is that proper infrastructure 
design and operation can play a huge role in 
mitigating these impacts. Similar research from the 
Murray-Darling Basin in Australia has shown that 
significant numbers of larvae and small-bodied 
fish can be killed if they pass weirs where water 
is discharged underneath a gate ("undershot" 
weir design). Far fewer fish die when they pass 

"Fish-friendly" overshot LayFlat gates like this one have successfully 
replaced undershot gates at more than 50 sites in Australia. These 
gates are also known as tilting weir gates and result in fewer fish 
injuries or deaths.

Photo: awMa Pty ltD

OvershotUndershot OvershUndersh
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These gates at Pak Peung use the undershot method of discharge that results in high levels of fish injury and mortality. Unfortunately, most irrigation 
structures throughout the Lower Mekong Basin use this method. To reduce fish injury and mortality, fish-friendly overshot gates are being retrofitted 
upstream from these gates at Pak Peung. Refurbishment is due for completion in mid-2016.

Photo: craIg boys

structures that discharge water over a crest 
("overshot" design)—particularly if a deep plunge 
pool is maintained below the weir.

Completing	the	migration	cycle
A four-year project is now underway that plans 
to refurbish the existing Pak Peung regulator to 
ensure it meets best-practice standards for fish 
passage and the maintenance of wetland levels for 
irrigation. As a preliminary step, the project is also 
quantifying the biological, ecological and socio-
economic benefits of downstream fish migration 
out of wetlands using fish-passage technology. 
Australian engineers will help refurbish the gates, 
and have recently met with district irrigation 
officers to discuss water-control and fish-passage 
needs at the site. The refurbishment is due for 
completion midway through 2016.

By upgrading Pak Peung regulator gates for safer 
downstream passage, Lao PDR will showcase 
the first holistic, wetland fish-pass demonstration 
and evaluation site in the LMB. For the first time 

in the region, both upstream and downstream fish 
passage remediation works will be viewed side by 
side and the environmental, social and economic 
benefits evaluated.

Regardless of how "fish-friendly" irrigation 
infrastructure may be, it will not receive broad 
adoption if it does not perform its primary role—to 
effectively regulate water for irrigated agriculture. 
A primary objective of ongoing research is 
therefore to ensure that best-practice gate design 
is evaluated from both a water-control and fish-
passage perspective. By ensuring the needs of 
irrigators and migrating fish are being met, the 
ultimate aim is to support agriculture and protect 
fish passage, therefore supporting agriculture and 
fisheries economies. 

* Dr Boys is a fish ecologist at the Port Stephens Fisheries Institute 
in Australia, Mr Douangkham is deputy director of the Living Aquatic 
Resources Research Centre (LARRec) in Vientiane, Dr Oudom is 
dean of the Faculty of Agriculture at the National University of Laos 
and Mr Thorncraft is a research fellow at the National University of 
Laos
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How research on fish	passage through 
big	dams can be applied in the Mekong

The	MRC's	Initiative	on	Sustainable	
Hydropower	and	Fisheries	Programme	
recently	assessed	how	research	on	
fish	passage	through	large	dams	can	
be	applied	to	hydropower	development	

on	the	mainstream	of	the	Mekong	
River.	Commissioned	by	the	Deutsche	

Gesellschaft	für	Internationale	
Zusammenarbeit	(GIZ),	the	review	aims	to	
ensure	a	sound	knowledge	base	on	global	
experience	to	underpin	further	work	on	
sustainable	hydropower	development,	
specifically	on	options	for	mitigating	

risks.	Below	is	a	summary	of	the	review,	
which	was	recently	published	as	
MRC	Technical	Paper	No	48.

The Mekong River does not yet have any 
hydropower plants on the mainstream, although 12  
are planned. The first, the Xayaburi Hydropower 
Project in northern Lao PDR, is already underway. 
Such plants disrupt the continuity of rivers, 
considered the main cause of impacts on aquatic 
organisms, especially migratory fish. These 
impacts are most likely to increase as mainstream 
hydropower dams develop. To mitigate the effect 
of such development on aquatic organisms, fish 
passes should be considered for all existing and 
planned plants. This requires sound understanding 
of the types of fish passage available—and their 
efficiency and effectiveness under certain aquatic, 
ecological and biological conditions.

'There	are	distinct	migrations	between	
and	within	the	upper,	middle	and	

lower	parts	of	the	basin'
 

Fish migration in the Lower Mekong Basin (LMB) 
is understood to involve shifts between marine 
and freshwater habitats, between upstream and 
downstream areas within the Mekong, between 
the Mekong and its tributaries, and between rivers 
and floodplains. There are distinct migrations 

between and within the upper, middle and lower 
parts of the basin. So-called “white fishes” migrate 
within the mainstream and into the floodplains 
during the wet season whereas “black fishes” and 
“grey fishes” show restricted migratory behaviour. 
Mekong fish species migrate for several reasons 
such as spawning, feeding, and taking refuge (in 
deep pools). Migrations are in both directions— 
upstream and downstream. They take place all 
year round and throughout  the life cycles of fish 
as larvae, juveniles, sub-adults and adults. Peaks 
occur at the onset and during the wet season.

'Effective	fish	passes	in	
the	Mekong	mainstream	face	

multiple	challenges'
 

Knowledge of the effective design of fish passes 
for large tropical rivers is limited. Data and 
information is available, but largely on rivers in 
Europe, North America and South America (the 
latter being of particular interest due to their 
diverse fish fauna and high productivity which 
are similar to the Mekong). For the Mekong River 
Basin, only few case studies on fish passes exist. 
At the same time, effective fish passes in the 
Mekong mainstream face multiple challenges, 
especially with regard to the large size required to 
accomodate migration of large species, migration 
peaks with high biomass and the high diversity of 
species—all constituting different requirements for 
fish passes.

Upstream	fish	passes
Different types of upstream fish passes have been 
developed in recent decades. Technologies vary 
in terms of conceptual design (e.g. continuous 
vs. discontinuous operation), spatial demands 
(e.g. channel-type fish passes vs. fish lifts) and 
applicability for single or multiple species (e.g. eel 
ladders vs. nature-like fish passes). So far, most 
fish passes have been built for small or medium-
sized dams (up to 15 metres high). For large 
dams, many challenges remain, including for those 
built in multi-species tropical rivers.
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Geesthacht Fish Pass on the Elbe River in Germany. A vertical-slot fish pass was built to ensure access to reproduction habitats 
for Atlantic salmon (Salmo salar), sea trout (Salmo trutta) and Atlantic sturgeon (Acipenser oxyrinchus) with a focus on restoring 
sturgeon populations that were already extinct in the river.

Photo: geesthacht-elbe s.a.
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For large weirs, the construction of two fish passes may be required. 
This is also the case for mainstream Mekong dams.

IllustratIon: aDaPteD FroM the gerMan assocIatIon For water, 
wastewater anD waste (Dwa)

Efficiency depends on the "perceptibility" and 
"passability" of the fish pass. Perceptibility ensures 
migrating fish can find the entrance to the fish 
pass and includes questions about the design of 
the entrance and the attraction flow. Passability 
ensures that the fish pass has enough capacity 
to accommodate large species and amounts 
of biomass. In addition, small fishes with low 
swimming abilities must be accommodated. 
For large multi-species rivers, vertical-slot fish 
passes and nature-like bypass channels can 
be considered state-of-the-art solutions. Other 
fish pass types may favour species with high 
swimming abilities only. Likewise, trap-and-
truck solutions, fish lifts and fish locks may suit 
specific species only. The dimension of a fish pass 
depends on the largest species and the biomass 
that has to pass. 

'All	fish	pass	solutions	in	the	
Mekong	River	must	deal	with	

seasonal	variations	in		
discharge	and	water	level'

 

For the Mekong, required fish pass dimensions 
are yet to be established. Several fish passes 
with complementary features would generally be 
required for the Mekong to accommodate different 
migration corridors and different species. Bypass 

systems, consisting of near-natural channels that 
circumvent the entire reservoir, are a valuable 
alternative to re-establish migratory routes for fish. 
All fish pass solutions in the Mekong River must 
deal with seasonal variations in discharge and 
water level. Seasonal variations of tailwater levels 
may exceed 10 metres in the Mekong River. Fish 
passes have to accommodate these variations 
by providing different entrances at different water 
levels.

Downstream	fish	passes
Solutions for downstream migration are largely 
lacking for large, multi-species rivers. Potential 
downstream pathways are through turbines, 
spillway flows or fish passes designed for 
downstream migration. The protection of fish is 
the critical consideration in the design of such 
pathways—especially for preventing turbine 
injuries, but also taking into account the drift of 
larval fish. The challenge is to avoid fish mortality 
through turbines and spillway gates and to guide 
fish efficiently to downstream bypass systems.
In spite of substantial global knowledge of fish 
passes, several challenges and open questions 
remain to develop effective mitigation options 

Schematic diagram of locations within a turbine system where 
downstream-migrating fish are believed to be injured by increasing 
pressure (1), rapidly decreasing pressure (2), cavitation (3), strike (4), 
grinding (5), shear (6) and turbulence (7)

IllustratIon: oDeh, 1999, MoDIFIeD FroM caDa et al., 1997
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for fish passage through dams on the Mekong 
mainstream. Research requirements include:

• Baseline information in many areas relevant for 
sustainable hydropower in large tropical rivers, 
particularly around the ecology of key fishes 
including commercial species; 

• Better understanding of the specific nature of 
potential impacts of hydropower on Mekong 
species and fish production.

• Improved understanding of migratory behaviour 
to adapt existing fish pass technologies to 
large tropical rivers―preferably before project 
implementation. This includes key species and 
their migration distances, swimming behaviour, 
migratory routes, locations of spawning 
habitats, migration periods and environmental 
conditions triggering their migration as well 
as the role of floodplain migrations, sub-adult 
migrations and larval drift;

• For specific projects, a detailed understanding 
of the hydromorphological and hydraulic 
conditions at the dam; and 

• Improved knowledge of fish pass efficiency 
at the river-system and fish-population levels 
including situations where multiple dams are 
needed; and

• Addressing design questions including:

▫ Fish pass effectiveness for multiple species 
at existing facilities including small and large 
species and the high number of migratory 
fish in large tropical rivers;

▫ Potential locations for fish pass entrances 
and solutions to efficiently guide fish into the 
entrance (particularly challenging given the 
high variability of discharge and water level 
in tropical rivers);

▫ Hydraulic characteristics of the fish passage 
with respect to the swimming capability of 
different species and their size; and 

▫ Improved and new designs for downstream 
migration.

The MRC's Initiative on Sustainable Hydropower 

and Fisheries Programme are expected to initiate 
work on some of these topics and pursue in more 
depth design options for specific river reaches. 
Developers are already undertaking fish pass 
research and design for mainstream hydropower 
projects. Ideally, knowledge gathered in those 
projects should be combined in collaborative 
forums and regional databases towards an 
improved design and operations approach for fish 
passage and impact mitigation in the Mekong.

Further	reading

Schmutz, S. and C. Mielach (2015) Review of Existing 
Research on Fish Passage through Large Dams and its 
Applicability to Mekong Mainstream Dams. MRC Technical 
Paper No. 48. Mekong River Commission, Phnom Penh, 
Cambodia. 
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Viet Nam uses gene	silencing for 
all-male production of giant river prawns
After	their	initial	successes,	Vietnamese	

scientists	are	now	focussing	on	improving	
their	technique	with	fewer	injections	of	
double-stranded	RNA	which	effectively	

turns	male	prawns	into	females	

More than a decade ago, Vietnamese scientists 
developed surgical procedures for sex reversals 
in the giant freshwater prawn (Macrobrachium 
rosenbergii), a widely cultured species that is 
native to the Mekong and other parts of the 
Indo-Pacific region. The technique, developed 
with Israeli scientists, succeeded in turning male 
prawns into "neo-females" which could mate with 
regular males and produce all-male offspring. This 
helped meet the demands of farmers, who prefer 
males of this species since they can grow much 
larger than females, and produce more uniform 
populations at harvest (see box below). 

The same team at Research Institute for 
Aquaculture No. 2 (RIA2) in Ho Chi Minh City has 
now made a second breakthrough by developing a 
genetic technique that achieves the same results 
without surgery, which can be intensely tedious 
and time-consuming work. The new technique, 

pioneered by the same Israeli scientists, involves 
RNA interference whereby injecting the prawn with 
double-stranded RNA silences the gene encoded 
for the androgenic gland which is similar to insulin. 
Discovered in crabs in 1947, the androgenic gland 
has since been described in various crustacean 
species where it helps regulate male differentiation 
and inhibit female differentiation (Sagi, 2001). 

continued on page 16 ...

Why	do	farmers	prefer	males?

In some crustaceans, females grow faster than males. In others, like the giant freshwater prawn, maturing 
males grow faster and are also much larger than females. But in mixed-sex populations of this species, 
only a small percentage of males grow to a large size. These mature and dominant males (distinguished 
by their blue claws) suppress the growth rate of other males in the population. Consequently, male 
prawns show a very skewed size distribution, with few large ones and numerous medium and small 
ones. Females grow more uniformly and all mature. But on reaching breeding size, they put their energy 
into reproduction rather than growth. Farmers have therefore long wanted to raise all-male populations. 
Without a microscope, however, it's hard to determine the sex of a giant river prawn in the early stages 
of development, which is when ponds are usually stocked. Farmers have tried manually sexing juvenile 
prawns. On a commercial scale, however, this is never 100 percent effective (important since even a few 
females in a population is enough to cause male size hierarchies to develop). As a result, farmers have 
traditionally faced the grim reality that as many as four out of every five mature adults will be females at 
harvest time, and that much of the population will be undersized males with orange rather than blue claws.

source: CatCh and Culture, vol 13 no 1  

Fifth pair of walking legs where the androgenic gland is located

Photo: rIa2
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A Vietnamese scientist injects a giant freshwater prawn with double-stranded RNA at the Thu Duc Experimental Fisheries Research and Production 
Station in Ho Chi Minh City in April

Photo: leM chaMnaP
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IllustratIon: annIka röhl/nobel coMMIttee For PhysIology or MeDIcIne
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1.  The central dogma

2.  The experiment
RNA carrying the code for a muscle protein is injected 
into the worm C. elegans. Single-stranded RNA has 
no effect. But when double-stranded RNA is injected, 
the worm starts twitching in a similar way to worms
carrying a defective gene for the muscle protein.
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4.  Several processes in the cell 
     use RNAi 

When an RNA virus infects the cell, 
it injects its genome consisting 
of double-stranded RNA. 
RNA interference destroys 
the viral RNA, preventing the 
formation of new viruses.
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In the research laboratory, 
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degrade mRNA for a specific gene. 
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3.  The RNAi mechanism
RNA interference (RNAi) is an important biological 
mechanism in the regulation of gene expression. 
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What	is	RNA	interference?

In 2006, American biologists Andrew Fire and Craig Mello won the Nobel Prize for Physiology or 
Medicine for discovering RNA interference, also known as gene silencing by double-stranded RNA. 
By allowing scientists to selectively turn off genes, this promised to set the scientific world alight with 
its therapeutic potential and wide-ranging applications including onions that can’t make people cry and 
new treatments for degenerative diseases.

The process stemmed from experiments with roundworms (Caenorhabditis elegans) carried out by 
Fire and Mello in the 1990s. They were injecting the worms with a short piece of RNA that was the 
genetic mirror image of a muscle gene called unc-22. The results were worms that twitched, just like 
another family of worms from which the unc-22 gene had been removed (see opposite page). This 
told the two scientists that the RNA they had injected must have shut off or “silenced” the muscle gene 
in the injected animals. Building upon their initial worm work, the two scientists then slowly pieced 
together the molecular machinery behind this RNA-interference process.

The basis of RNA interference dates from 
the 1950s when scientists first discovered 
that RNA could exist in a double-stranded 
form (dsRNA) a bit like its relative, DNA. 
Double-stranded RNA can occur naturally 
when cells are infected by pathogens such 
as viruses like HIV, and by jumping pieces 
of genetic material called transposons which 
can damage a cell’s DNA. To deal with these 
threats, cells have evolved a mechanism for 
degrading any dsRNAs that occur to block 
the offending agent from replicating.

Destruction of the dsRNA is achieved by 
an enzyme called Dicer, which operates in 
partnership with a second enzyme called 

Argonaute (randomly named after its resemblance to a family of octopuses which were, in turn, 
named after sailors in Greek mythology). Together, these enzymes initiate the interference process by 
locating the dsRNA and slicing it up, so that the gene it represents cannot be translated into a protein 
sequence, effectively "silencing" the gene. The same process is at work in a wide variety of organisms 
from fungi and plants through to worms, mice and humans.

source: the nakeD scIentIsts, unIversIty oF caMbrIDge

Craig Mello

Photo: nobel MeDIa ab

Andrew Fire

Photo: nobel MeDIa ab

Caenorhabditis elegans, the species of roundworm used in the Nobel Prize-winning experiments

IllustratIon: k.D. schroeDer (caenorhabDItIs_elegans_herMaPhroDIte_aDult-en.svg FroM wIkIMeDIa coMMons)
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... continued from page 13

This was the same gland targeted in the surgical 
technique developed by RIA2 in collaboration with 
Ben Gurion University of the Negev between 2002 
and 2004 (see Catch and Culture, Vol 13, No 1). 
Mass production of neo-females was subsequently 
transferred to the National Breeding Centre for 
Southern Freshwater Aquaculture in Cai Be in the 
Mekong Delta. Production, however, could not 
keep pace with the demand from prawn farmers. 
Hence the launch of a new project in 2010 to 
identify the best way to produce more all-male 
seed.

Over an 18-month period, RIA2 received VND 
1.5 billion ($72,000) in research funding from the 
Ministry of Agriculture and Rural Development to 
find the most promising way forward. Researchers 
at the Thu Duc Experimental Fisheries Research 
and Production Station in Ho Chi Minh City 
looked at four approaches. Apart from the existing 
surgical procedure, there were three others—
using hormones to inhibit growth of the androgenic 
gland, low water temperatures to produce more 
males and the RNA interference technique. 

By mid-2013, there were insufficient signs of 
progress so the ministry ordered RIA2 to shut the 
research project down. The institute, however, 
felt it was close to a breakthrough in adapting the 
new Israeli technique and appealed for six more 
months of research. With the ministry agreeing to 
a further VND 500 million ($24,000) in funding, the 
institute started to see its first successes with RNA 
interference by the beginning of 2014.  

To synthesise double-stranded RNA, the 
Vietnamese researchers have been using an in-
vitro transcription system developed by Promega 
Corporation, a Wisconsin-based biotechnology 
company specialising in genomics, proteomics, 
cellular analysis, drug discovery and human 
identification.  Known as the T7 RiboMAX Express, 
the system can synthesise milligram amounts of 
RNA in as little as 30 minutes. The RNA is then 
used to generate double-stranded RNA which 
can be used in RNA interference assays in non-
mammalian systems (Betz et al., 2003).

The institute achieved its initial success in 
producing neo-female prawns last year  by 
using postlarvae (PL) of 40 days. These were 

Androgenic gland of the giant freshwater prawn (Macrobrachium rosenbergii)

Photo: nguyen thI thu thuy/rIa2
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A neo-female giant river prawn. The former male can mate with regular males to produce all-male offspring which are larger than females.

Photo: leM chaMnaP

injected twice a week until they were mature at 
around 8 months. By April this year, however, the 
researchers were using PL of only 13 days and 
weekly injections for only eight or nine weeks. 
While the success rate for sex reversals has 
ranged from 88 percent to 92 percent, RIA2 is 
seeking further improvements by reducing the 
number of injections even more.

The neo-females produced were being offered for 
sale at VND 150,000 ($7.20) each in April. Since 
that's too expensive for most prawn farmers, the 
Thu Duc station has focussed on selling their 
all-male offspring at VND 450 ($0.02) each. With 
a grow-out phase of 6-7 months, the station has 
been producing about 500,000 postlarvae every 
month to meet the demand from farmers who 
stock their ponds twice a year.

For the time being, the new genetic technique for 
sex reversals is four times more expensive than 
the surgical procedure developed more than a 

decade ago. But the latter is extremely labour-
intensive and the cost benefits of RNA interference 
are expected to become greater with increased 
economies of scale. 
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Viet Nam improves catfish breeding 
with focus on disease-resistant	trait

Researchers	deliberately	infect	catfish	
with	the	most	virulent	strain	of	a	bacterium	
in	an	attempt	to	get	insights	into	genetic	

variation	for	disease	resistance

Bacillary Necrosis of Pangasius (BNP) is a serious 
bacterial infection that is now widespread among 
striped catfish (Pangasianodon hypophthalmus) 
farmed in the Mekong Delta in Viet Nam. Caused 
by Edwardsiella ictaluri, the same bacterium that 
infects channel catfish (Ictalurus punctatus) in the 
United States, it can result in mortalities of up to 
90 percent. The disease mainly affects young fish 
(fry to fingerlings from roughly 15 to 120 days, or 
less than 250 grams). The main risk factors are 
stress caused by overstocking (more than 500 fish 
per square metre), transition of seasons (in May, 
November and December) and the rainy season 
(from July to September). In Viet Nam, diseased 
catfish treated with antibiotics have become 
resistant to the drugs (Tu et al., 2008).

Under a project started in 2012, the Research 
Institute for Aquaculture No. 2 (RIA2) in Ho Chi 
Minh City has been deliberately infecting catfish 
with the most virulent strain of the bacterium in 

an attempt to get insights into genetic variation 
for disease resistance among families to allow for 
improved resistance. The aims of the project are 
to estimate the genetic parameters for resistance 
to E. ictaluri, such as heritability and genetic 
correlation with growth traits, and to establish a 
base population for long-term selection. 

The project selected catfish from a broad genetic 
base from multiple habitats including five private 
hatcheries in the Mekong Delta provinces of An 
Giang and Dong Thap as well as the institute's 
own catfish-selective breeding programme at the 
National Breeding Centre for Southern Freshwater 
Aquaculture in Cai Be in Tien Giang Province (this 
programme started in 2001 and has focused on 
the trait of growth). The institute also collected 
fish from the wild in Cambodia from the Tonle Sap 
system and the Mekong River in Kratie Province.

For strain comparison, the project developed a 
protocol to produce a complete set of full-diallel 
crosses (all possible crosses between a group 
of males and females), resulting in 179 full-sib 
families. The families were nursed separately, first 
in fibre glass tanks (1.5 m3) and then in net 

by trInh Quoc trong anD Peter starr *

Edwardsiella ictaluri in the blood (left) and the liver (right) of striped catfish (Pangasianodon hypophthalmus)

Photos: ha thI ngoc nga
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Bacillary	Necrosis	of	Pangasius

In 2001 and 2002, scientists from the College 
of Aquaculture and Fisheries at Can Tho 
University and the Institute of Aquaculture 
at Stirling University in Britain described the 
various infectious and non-infectious diseases 
suffered by native catfish farmed in the 
Mekong Delta in Viet Nam (Ferguson, 2001, 
and Crumlish et al., 2002). Among the bacteria 
and parasites was E. ictaluri which causes 
bacterial necrosis in the catfish. In a paper 
published in Global Aquaculture Advocate in 
2008, the scientists noted that this condition 
showed "few external signs" at the beginning 
of infection. "Clinical signs are encountered 
immediately before death. Fish swim slowly at 
the surface of the water and when examined 
show pale color on skin and gills, and internal 
white spots on the liver, kidney and spleen." 
According to the  scientists, the disease peaks 
during the rainy season, when temperatures 
drop below 28°C. "In general, crowding, 
mixing and adverse climate conditions are 
considered risk factors," the paper said, 
adding that the disease was "difficult to avoid" 
in the Mekong Delta.

enclosures known as hapa (1.5 m × 2.0 m × 1 m).  
The breeding centre tagged the fish with passive 
integrated transponder (PIT) tags when they 
reached around 10 grams. Scientists then 
randomly selected more than 9,000 fingerlings for 
a cohabitation challenge test, which took place 
at a bio-secure site at the Go Vap Experimental 
Research Station in Ho Chi Minh City. 

Under the test, carried out between January 12 
and February 9 this year, the fish were separated 
into two tanks (acting as replicates) of about 4,500 
individuals each. Each family had equal numbers 
of fingerlings in each tank. For each tank, the 
scientists injected an additional 1,500 fish with 
the bacterium (termed cohabitants). They then 
transferred the fish into the tanks and waited for the 
disease to spread. The fish were checked every 
three hours, with the scientists recording the time of 
death and the number of mortalities over time. 

The test was halted when mortalities in both tanks 
levelled off. Mortalities were 46.9 percent in Tank 1 
and 24.4 percent in Tank 2. These mortalities were 
considered satisfactory since such experiments in 
challenge tests in aquaculture should be halted as 
soon as mortalities reach 40-50 percent. This is 
the level at which scientists can reliably estimate 
the genetic parameters of a desired trait, or when 
mortalities have either levelled off or ceased 
(Ødegård et al., 2011).

There was a large variation in mortality and 
survival rate among families, with a coefficient 
of variation (CV) of 33.53 percent. For data from 
two tanks combined, heritability of resistance to 
E. ictaluri was estimated from 0.17 ± 0.02 to 0.26 
± 0.04 (on the observed binary scale) and 0.29 ± 
0.10 to 0.42 ± 0.07 (on the underlying continuous 
scale), depending on the statistical model used. 
Together, these points indicate that resistance to 
the bacterium is heritable and that selection will 
be effective. The genetic correlation between this 
trait and the growth trait—that is, whether resistant 
fish also grow fast—was expected to be known in 
August when the fish were harvested and growth 
could be determined.

Apart from 9,000 fish that were in the challenge 
test, the scientists tagged an additional 10,026 
fingerlings and stocked them into a 2,000 m2 
earthen pond for grow-out so that growth could be 
determined for the base population.

* Dr Trong is the director of the National Breeding Centre for Southern 
Freshwater Aquaculture in Cai Be and Mr Starr is editor of Catch and 
Culture
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Selective	breeding	aims to improve		
growth of black tiger	shrimp

Vietnamese	government	programme	
also	seeks	to	produce	specific-	

pathogen-free	broodstock	

Black tiger shrimp (Penaeus monodon) is native 
to coastal areas of Southeast Asia and other 
parts of the Indo-Pacific region. Since it was first 
domesticated in Taiwan and Thailand in the 1970s, 
it has become one of the world's most intensively 
farmed aquatic species. It has also, however, been 
subjected to periodic outbreaks of viral diseases, 
the most recent emerging from southern China in 
2010. Over the past two decades, such outbreaks 
have led to unstable prices for the shrimp in 
international markets amid sharp fluctuations in 
global supply (see below). 

The tiger shrimp industry in Viet Nam—today 
one of the world's biggest producers, mainly from 
farms in brackish waters in the Mekong Delta— 
has traditionally relied on broodstock from the wild. 
However, wild broodstock are increasingly rare in 
Vietnamese coastal waters. Moreover, they can 
carry disease pathogens. Against this background, 

the Research Institute for Aquaculture No 2 (RIA2) 
in Ho Chi Minh City launched a three-year project 
in 2012 to domesticate broodstock and improve 
genetic traits for rates of growth and survival.  

The project, undertaken by the National Breeding 
Institute for Southern Marine Aquaculture in Vung 
Tau, about 120 km southeast of Ho Chi Minh City, 
crossed males and females from four sources 
including domesticated broodstock. As seen in 
the map above, the three other sources were wild 
broodstock from Myanmar, Singapore and Viet 
Nam (the town of Rach Goc in Ngoc Hien District 
in Ca Mau Province in the Mekong Delta and Song 
Cau District in Phu Yen Province in southern part 
of central Viet Nam). The 16 crosses produced 
116 families which were divided into two batches 
of 47 families and 69 families. Offspring were 
individually tagged with Visible Implant Elastomer 
(VIE) tags after two months to distinguish which 
family they were from.

After selecting 120 individuals from each family, 
the shrimp were tested in three production 
systems in central, southeast and southwest 
Viet Nam (corresponding to where the species is 

World	aquaculture	of	black	tiger	shrimp
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500,000
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Aquaculture production of black tiger shrimp (Penaeus monodon) 
rose from 21,000 tonnes in 1981 to 200,000 tonnes in 1988, climbing 
to nearly 500,000 tonnes with a value of $3.2 billion in 1993. Output 
has since fluctuated considerably, from a low of 480,000 tonnes in 
1997 to a high of  858,000 tonnes in 2012. Major producers include 
Thailand, Viet Nam, Indonesia, India, the Philippines, Malaysia and 
Myanmar. Since 2002, production has been unofficially reported to 
have declined, particularly in Thailand and Indonesia, because of 
substitution by white leg shrimp (Litopenaeus vannamei) in many 
farms.

source: Fao

To establish the base population, the Research Institute for 
Aquaculture No 2 (RIA2) in Ho Chi Minh City sourced wild broodstock 
from Myanmar, Singapore and two locations in southern and central 
Viet Nam. The institute also used domesticated broodstock from a 
foreign company.

Song	Cau	District
Phu	Yen	Province

Ngoc	Hien	District
Ca	Mau	Province

SINGAPORE
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Selective	breeding	aims to improve		
growth of black tiger	shrimp

Black tiger shrimp (Penaeus monodon) produced under the selective breeding programme in Vung Tau 

Photo: leM chaMnaP
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Black tiger shrimps weighing about 2 grams after being tagged with 
Visible Implant Elastomer (VIE) tags    

Photo: Dang to van caM

Entrance to the National Breeding Centre for Southern Marine Aquaculture in Vung Tau 

Photo: leM chaMnaP

mostly found in the wild). The three environments 
had different sources of water, which varied in 
terms of salinity, temperature and frequency of 

exchange, and used different  feeding rates. 
Each of the three locations received 40 shrimp 
from each family. Researchers at the Vung Tau 
institute randomly sampled another 35 individuals 
from each family for an in-house "raceway" flow-
through system, which allows aquatic animals to 
be cultured at higher densities.

When the experiment began in the raceway 
system, each shrimp weighed about 2 grams. After 
80 days, the average weight was 26.1 grams, or 
27.8 grams for females and 24.2 grams for males 
(unlike giant freshwater prawns, female tiger 
shrimp grow faster than males). The offspring of 
female domesticated broodstock were the biggest  
(28.0 grams) followed by female broodstock from 
Singapore (26.8 grams), Viet Nam (25.5 grams) 
and Myanmar (25.2 grams). 

Further analysis of the crosses were carried out. 
Among the three production systems, central 
Viet Nam had the best results in terms of growth 
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Dr Dang To Van Cam is overseeing the selective breeding 
programme in Vung Tau where she serves as director of the National 
Breeding Centre for Southern Marine Aquaculture   

Photo: leM chaMnaP
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(29.3 grams) with a survival rate of 55.2 percent. 
That compared with 26.1 grams (27.8 grams for 
females and 24.2 grams for males) and a survival 
rate of 73.1 percent for the shrimp raised in the 
raceway system (see chart). 

Crosses between the domesticated and wild 
strains have shown significantly better growth. The 
project has also found mild and positive genotype 
by environment interaction, which will need to be 
considered as the breeding programme takes 
shape.

The Ministry of Agriculture and Rural Development 
is expected to extend the project for another three 
years to allow for improvements over three more 
generations before seed is distributed to farmers. 

"We've proposed to apply molecular genetics 
not only for genetic diversity but also for markers 
associated with the growth rate," said Dr Nguyen 
Van Sang, deputy director of RIA2. "We know it's 
hard, but we're starting."

Further	reading
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FAO (2013) Report of the FAO/MARD Technical Workshop on 
Early Mortality Syndrome (EMS) or Acute Hepatopancreatic 
Necrosis Syndrome (AHPNS) of Cultured Shrimp (under 
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Mekong species featured at 
ornamental	fish festival in Bangkok

New	festival	allows	ornamental	fish	
producers	to	display	products	
and	meet	retail	buyers	directly

Keeping ornamental fish has long been a popular 
hobby in Thailand. Most cultured ornamental 
fish are freshwater species, both indigenous and 
exotic. The country’s largest ornamental fish farm 
area is located in Banpong District, Ratchaburi 
Province, about 70 km south of Bangkok. The 
biggest wholesale market for ornamental fish in the 
capital takes place every Thursday in Chatuchak.

Two ornamental fish exhibitions are organised 
in Bangkok every year. The Pramong Nomglow 
Exhibition, organised by the Department of 
Fisheries, is held in July and the National 

Ornamental Fish Exhibition, organised by the 
Ornamental Fish Association in collaboration 
with the private sector, takes place in November. 
Exhibition activities normally include fish contests, 
aquarium decorations and sales of accessories.

In recognition of the importance of the ornamental 
fish industry and other agricultural products, the 
Ministry of Agriculture and Cooperatives and the 
Ministry of Culture organised the country’s first 
Flower and Ornamental Plant and Fish Festival in 
June with the aim of expanding market channels 
for farmers. The festival, held from 5 to 28 
June, 2015, at the Padung Krung Kasem Canal, 
attracted almost 122,000 visitors and generated 
THB16.8 million ($493,000) in ornamenral fish 
sales. The canal is the site of a new floating market 

Thai Prime Minister Prayut Chan-O-Cha speaking at the opening of the month-long Flower and Ornamental Plant and Fish Festival in Bangkok on 5 
June.

Photo: PrIMe MInIster's oFFIce

by theerawat saMPhawaMana *
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Prime Minister Prayut Chan-O-Cha (left) visits booths at the festival with Fisheries Department Director General Dr Joompol Sanguansin (centre) and 
Ornamental Fish Expert Dr Amonrat Sermwatanakul (right). Dr Amonrat also serves as Thailand's national coordinator for the Network for the Promotion 
of Gender in Fisheries Management and Development in the Lower Mekong Basin (NGF), set up by the four MRC Member Countries in 2000.

Photo: PrIMe MInIster's oFFIce
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The half-moon (1) crown-tail (2) and fancy dragon short-tail (3) strains of the Siamese fighting fish (Betta splendens). The "golden brilliance" variety 
of the half-moon strain (top right) was named by Prime Minister Prayut Chan-O-Cha during the month-long festival. 

Photos: chotIrose saelee

2

3

1

1

1

1

3 1



27August 2015                       Catch and Culture Volume 21, No. 2

Ornamental	fish

near Government House in central Bangkok that 
opened in February. Prime Minister Prayut Chan-
O-Cha presided over the opening,  attended by 
cabinet ministers, foreign ambassadors, chief 
executives of government agencies, civil servants 
and industry representatives.

Deputy Agriculture and Cooperatives Minister 
Amnuoy Patisay reported to the prime minister that 
the government had given priority to expanding 
agricultural market channels and promoting 
agricultural products. To support this policy, the 
government established the Padung Krung Kasem 
Canal Market in February. The market is aimed at 
promoting Thai culture and eco-tourism.  

In his address, the Prime Minister encouraged 
consumers to visit the festival “to allow flower 
and ornamental fish producers to have a channel 
to display their products and meet consumers 
directly.” He urged producers to explain how 
to maintain and take care of both flowers and 
ornamental fish. “Producers will have a chance 
to exchange information with each other, create 
business networks and understand the needs of 
consumers,” the prime minister said.

“Ornamental fish are an important agricultural 
product. Thailand is famous and internationally-

recognised as a top-ranked global source of 
ornamental fish for many years. Thai fish farmers 
have great potential to produce good quality 
ornamental fish as well as various strains popular 
with hobbyists to meet the needs of the domestic 
and global markets,” the prime minister said.  
“Moreover, the business chain of ornamental 
fish culture can be expanded and linked to 
other businesses such as groups of collectors, 
producers, retailers, wholesalers, exporters, 
accessories traders and fish feed traders.”

Sixty booths took part in the festival. Among native 
Mekong species on display were Siamese fighting 
fish (Betta splendens), tinfoil barb (Barbonymus 
schwanenfeldii), red-tail tinfoil barb (Barbonymus 
altus) and Jullien’s golden carp (Probarbus 
jullieni). Albino striped catfish (Pangasiandon 
hypophthalmus) were also popular as were the 
Mekong tiger perch (Datnioides undecimradiatus), 
an internationally vulnerable species considered 
endangered in Thailand, and the Asian 
bonytongue (Scleropages formosus) which is 
native to eastern Thailand and western Cambodia. 

The author wishes to acknowledge Dr Amonrat Sermwatanakul for 
her contribution to this article.

* Mr Theerawat is a programme officer at the MRC Fisheries 
Programme

A Mekong tiger perch (Datnioides undecimradiatus, with stripes), considered endangered in Thailand, on display with several giant pangasius 
(Pangasius sanitwongsei) and a tinfoil barb (Barbonymus schwanenfeldii)

Photo: PrIMe MInIster's oFFIce
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Hun	Sen reiterates call to halt	illegal	
fishing as crackdown	intensifies
Cambodian Prime Minister Hun Sen has reiterated 
calls to people to conserve fisheries resources by 
halting the use of illegal fishing gear and protecting 
fish conservation areas. "Don't use illegal fishing 
gear such as electric-shock instruments and 
mosquito nets," he told a National Fish Day 
ceremony at Knach Reservoir in Steung Trong 
District in Kampong Cham Province on July 1. The 
prime minister also called for campaigns against 
illegal fishing to focus on areas where people fish 
rather than Phnom Penh. "Whatever we do, we 
have to do it properly," he said. 

Hun Sen also reiterated earlier appeals for people 
to stop catching fish during the four-month closed 
fishing season when many species are spawning 
and to stop cutting down trees in flooded forests 
which are important habitats for many fish species, 
especially around the Tonle Sap Lake. The prime 
minister meanwhile encouraged Cambodians to 
report "bad people and bad officials" whose illegal 
activities were threatening fish conservation areas. 
He stressed that such areas were designed as 
places to keep broodstock to spawn fish for people 
to catch elsewhere. 

Prime Minister Hun Sen addressing the National Fish Day ceremony in Steung Trong District in Kampong Cham Province on July 1, the first day of 
the closed fishing season in water bodies downstream from Phnom Penh which lasts until the end of October. In water bodies upstream from the 
capital, the closed season for commercial fishing activities starts a month earlier on June 1 and lasts until the end of September.

Photo: chhut chheana
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Khnach	Reservoir

The area that served as the venue for this 
year's National Fish Day ceremony was 
notably greener than other parts of Kampong 
Cham Province on July 1. Both Prime 
Minister Hun Sen and Agriculture, Forestry 
and Fisheries Minister Ouk Rabun pointed 
to Khnach Reservoir, located in Toul Preah 
Khlang Commune in Steung Trong District, 
about 170 kilometres north of Phnom Penh. 

Built during the Khmer Rouge regime (1975 
to 1979), the reservoir was damaged and not 
maintained during 20 years of subsequent 
civil war. In 2014, however, the Ministry of 
Water Resources and Meteorology rebuilt 
the reservoir which has embankments, water 
gates and many irrigation canals. It can irrigate 
an area of 672 hectares for growing rice during 
the dry season which runs between November 
and April (most Cambodian farmers produce 
only one rain-fed crop of rice every year during 
the wet season which normally lasts from May 
to October). 

The water level of the reservoir ranges from 
2 metres in the dry season to 10 metres in 
the wet season. The dry-season rice crop is 
grown in Toul Preah Khlang Commune and 
Prek Bak Commune, home to more than 6,000 
households.

Prime Minister Hun Sen releasing fish into the Khnach Reservoir 
at the National Fish Day ceremony accommpanied by senior 
government officials including Agriculture, Forestry and Fisheries 
Minister Ouk Rabun and Fisheries Administration Director-General 
Eng Cheasan. The ceremony included the release of more than one 
million fish, prawns and frogs into the reservoir

Photo: caMboDIa heralD

In an annual report delivered to the National Fish 
Day ceremony, Agriculture, Forestry and Fisheries 
Minister Ouk Rabun indicated that crackdowns 
on illegal fishing had intensified since 2013. The 
number of cases of illegal fishing fell to 3,686 in 
2014, which was 140 fewer cases than a year 
earlier. But the number of people fined increased 
to 408, up from 225 in 2013, and the number of 
people sent to court rose to 188, up from 96 a year 
earlier. At the same time, authorities detained 152 
people in prison for illegal fishing activities.

'Patrols	and	inspections	
have	particularly	focused	
on	conservation	areas'

 

The minister said staff of the Fisheries 
Administration and armed forces at the provincial, 
district and commune level are "strongly 
committed" to cracking down on illegal fishing 
activities, notwithstanding a lack of manpower, 
transport and finance. Patrols and inspections 
have particularly focused on conservation areas, 
he said, noting that the country now has 491 such 
areas including 50 newly established ones. Among 
the remaining conservation areas, the minister 
said 433 were located in community fisheries.

Preparing to release fish and other aquatic animals into Khnach 
Reservoir on July 1

Photo: chhut chheana
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Minister Ouk Rabun speaking at the National Fish Day ceremony in 
Kampong Cham Province on July 1

Photo: chhut chheana

Cambodia sees aquaculture output 
hitting 250,000	tonnes a year by 2019

Annual	growth	rate	raised	
to	20	percent,	up	from	15	percent	

Cambodia's Agriculture, Forestry and Fisheries 
Minister Ouk Rabun announced on July 1 that the 
country's aquaculture production was expected 
to reach almost 250,000 tonnes a year by 2019. 
The forecast, based on an annual growth rate of 
20 percent, is more than a third higher than an 
earlier projection of 185,000 tonnes contained in 
a Strategic Planning Framework for Fisheries for 
2010 to 2019. The earlier target was based on an 

annual growth rate of 15 percent.

Speaking at the National Fish Day ceremony in 
Steung Trong District in Kampong Cham Province, 
the minister said aquaculture production jumped 
to about 120,000 tonnes in 2014, up from an 
estimated 90 tonnes a year earlier. The increase 
was the driving force behind last year's overall 
increase in fisheries production of 2.4 percent to 
745,255 tonnes, up from 728,000 tonnes in 2013. 
Marine fisheries production meanhwile rose to 
120,250 tonnes last year, up from 110,000 tonnes 
a year earlier. But freshwater fisheries production 
fell to 505,505 tonnes, down from 528,000 tonnes 
in 2013.

'The	country's	aquaculture	sector	
has	grown	"remarkably"	with	65,000	
households	now	involved	in	farming	

fish	and	other	aquatic	animals'
 

Ouk Rabun said the country's aquaculture sector 
has grown "remarkably" with 65,000 households 
now involved in farming fish and other aquatic 
animals, up from 61,000 a year earlier. He also 
noted that Cambodia now had 305 fish hatcheries 
of which 292 belonged to farmers who had 
received technical support from government 
fisheries officers, development partners and non-
governmental organisations.These hatcheries are 
producing 120 million fingerlings a year, he said. 

The minister noted that freshwater species 
accounted for most of Cambodia's aquaculture 
production. The main species are silver 
barb (Barbonymus gonionotus), red tail 
tinfoil (Barbonymus altus), striped catfish 
(Pangasianodon hypophthalmus) climbing perch 
(Anabas testudineus), walking catfish (Clarias 
spp), snakeskin gourami (Trichogaster pectoralis), 
Hoeven's carp (Leptobarbus hoevenii), giant 
freshwater prawn (Macrobrachium rosenbergii), 
tilapia (Oreochromis niloticus), silver carp 
(Hypophthalmichthys molitrix) and common carp 
(Cyprinus carpio). 
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Lao minister orders better	conservation 
of aquatic	species	and wildlife

Order	says	all	Lao	people	should	be	
educated	about	fishery	resources	so	

they	can	earn	more	income	and	
learn	how	to	protect	wildlife

Lao Agriculture and Forestry Minister Vilayvanh 
Phomkhe has issued an order to ministry officials 
and local authorities across the country to 
conserve and boost stocks of aquatic species 
and wildlife, the Vientiane Times reported in 
June. According to the report, "most of the order's 
content concerned the need for officials to work 
with local authorities to promote the conservation 
of aquatic species and wildlife as well as the need 
to be familiar with wildlife protection laws."

The newspaper said the order also urged Lao 
people to observe National Fish Release and  
Aquatic and Wildlife Conservation Day on July 13, 
noting that people had been paying attention to 
biodiversity, nature and environment protection by 
raising awareness of the need to conserve natural 
resources, aquatic species and wildlife to increase 
the country's natural wealth.

"However, some local people are not sufficiently 
involved in such activities. Some communities 
have not taken care of fish after releasing them 
into rivers and streams while others are still 
hunting animals to extinction by using chemicals, 
explosives, electrical devices and other destructive 
methods," the report said.

'Everyone,	including	deaf	people,	
should	be	educated	on	the	basics'

 

Solutions included continued support for 
conservation activities and reminding local people 
of the law on fishery, aquatic species and wildlife 
as well as greater cooperation with the media. 
"Everyone, including deaf people, should be 
educated on the basics of fishery so they could 
earn an income from this resource while also 
learning how to protect wildlife," the report said.

"The sectors responsible should also continue to 
monitor the movements of hunters and encourage 
people to hand in their traps and weapons to the 
authorities instead of officials having to confiscate 
them. The order also stressed that people should 
not hunt protected species, saying they should 
understand the reasons why and should also know 
the requirements of the law on the protection of 
wildlife."

Further	reading

Southivongnorath, S (2015) Order calls for protection of 
aquatic species, wildlife. Vientiane Times. Accesed at http://
www.vientianetimes.org.la/FreeContent/FreeConten_Order.

Minister Vilayvanh Phomkhe
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New global	spotlight on children's 
involvement in family-based fisheries

Distinctions	between	marine	
and	freshwater	fisheries	not	

immediately	clear

The Food and Agriculture Organisation of 
the United Nations (FAO) has launched an 
international guidebook to assess child labour in 
the agricultural sector including fisheries. Ahead 
of the global launch on June 15, the FAO and 
the International Labor Organisation (ILO) field-
tested the new guide in Cambodia. In a statement 
released by the FAO headquarters in Rome, 
the UN agency said the guide "encourages the 
identification and use of good practices to prevent 
child labour." It also offers advice on "how to 
collect information to track the impact of child 
labour on school performance and health."

The new guide focuses on family agricultural 
activities, including capture fisheries and 
aquaculture. "In recent years, we have seen an 
increase in awareness of child labour," said Rob 
Vos, director of the FAO Social Protection Division 
and Coordinator of Rural Poverty Reduction. Vos 
said this awareness had focused on children's 
role in producing export crops such as cocoa, 
coffee and cotton. But child labour in family-based 
agriculture not connected to such commodity 
markets "has remained largely untouched," he 
said. "The new guide tries to fill this void."

The FAO says the new guide is aimed at 
agricultural organisations, NGOs, international 
organisations, agricultural ministries, policy-
makers and basically anyone involved in crop 
production, fisheries and aquaculture, forestry 
or livestock-raising. As far as fisheries are 
concerned, it seems to be mainly targetted at the 
marine fisheries industry, where the worst forms 
of child labour in some parts of Asia and Africa 
have long been of considerable concern. From a 
socio-economic and cultural perspective, however, 
the important distinctions between marine and 
freshwater fisheries are not immediately clear.

by Peter starr anD Peter Degen *

Fishers and their communities engage in marine 
and freshwater fisheries across a spectrum from 
deep-sea and coastal fisheries to inland fisheries 
spanning rivers, lakes and tributaries. This ranges 
from highly specialised professionals in marine 
waters to seasonal fishers in freshwater areas, 
where fishing is often part of a broader livelihoods 
portfolio that also includes other aquatic animals 
and plants as well as gardening, farming and 
forest products. The potential for children’s 
participation therefore depends much on the 
nature of the marine or freshwater fisheries and 
how they are embedded into the local culture of 
rural and indigenous communities.

In the Lower Mekong Region, child labour on 
family fish farms is already being addressed by the 
billion dollar global market for "pangasius" catfish, 
a relatively new market that emerged in the 
Mekong Delta in Viet Nam over the past decade. 
The two species in this trade―striped catfish 
(Pangasianodon hypophthalmus) and Bocourt's 
catfish (Pangasius bocourti)―are native to the 
Mekong River and widely eaten by local people.

Under an international dialogue that took place 
in Viet Nam between 2007 and 2010, a wide 
range of stakeholders adopted voluntary global 
standards for pangasius (see Catch and Culture, 
Vol 16, No 3). Apart from importers and exporters, 
stakeholders who took part in the Pangasius 
Aquaculture Dialogue included academics, 
farmers and  government officials as well as 
seed, feed and chemical suppliers and non-
governmental organisations. 

These standards, which have since been 
adopted by the Netherlands-based Aquaculture 
Stewardship Council, include specific provisions 
for child labour. The minimum age for workers, for 
example, is generally 15 years. Up until the age 
of 18 years, however, young people are limited 
to "light" and "not hazardous" work. Moreover, 
work should not jeopardise schooling or exceed 
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10 hours a day when added to school hours. 
Under the standards, child labour specifically 
excludes children under 15 "helping their parents 
on their own farm, providing that working does not 
jeopardise their schooling or health."

The FAO guidebook takes a similar approach to 
"light" work and notes that ILO Convention No 
138 allows children to perform such work as long 
as it "does not interfere with the child's education 
and physical and mental development." Moreover, 
the convention lets children do light work from 13 
years with the additional requirement that it does 
not fall under the scope of the "worst forms of child 
labour" defined by the Child Labour Convention 
of 1999. In addition to slavery, prostitution and 
other illicit activities such as drug production 
and trafficking, these forms of labour include 
"hazardous" work which is not allowed until young 
people turn 18 years. 

Since "underwater" work is deemed to be 
hazardous, herein lies a dilemma for the fisheries 
sector―or more precisely, distinguishing between 
marine and freshwater fisheries. For countries 
in the Lower Mekong Basin, the launch of the 
new handbook in mid-June coincided with the 
onset of the wet season. At this time of the year, 
it is common to see children across the basin 
collecting freshwater molluscs. These children 
often "dive" below the surface of water bodies to 
find snails or clams, which are typically collected 
in floating containers such as washing basins 
or baskets. It is also common to see children 
navigating small boats by themselves or even 
using home-made spear guns to catch fish (see 
Catch and Culture, Vol 17, No 1). 

It's not difficult to see how socio-economic 
researchers not familiar with the Mekong region 
could easily jump to the wrong conclusions. 
A toolkit included in the new FAO guide, for 
example, has guidelines for interviewing children 
about their daily activities. To determine whether 
children are performing "hazardous" work, one of 
the suggested questions is: "Do you swim or dive 
to catch fish?" Another asks children if they use 
"sharp tools" in carrying out their agricultural tasks.

To be sure, the FAO acknowledges in the first 
chapter of the guidebook that some tasks are "not 
harmful to children and can even be beneficial. 
These tasks do not interfere with the child's 

education, they are physically appropriate to the 
child's development and allow sufficient time for 
recreation and leisure. For example, the weight 
of a load carried by a child must be suitable 
for the child's stage of physical development. 
Especially in the context of family-based economic 
activities, some participation by children may be 
regarded as positive, since it contributes to the 
intergenerational transfer of skills and children's 
food security."

Indeed, a common picture of the Lower Mekong 
Basin is small groups of excited children running 
into fields during seasonal rains to catch fish, 
frogs and all sorts of aquatic animals. For such 
children, fishing is playing. It's fun. In terms of 
childhood development, it is a very important part 
of socialisation within their culture.   

Over the past 15 years, Cambodian and Lao 
surveys in collaboration with the MRC Fisheries 
Programme have indicated that children are 
sometimes actively involved in capture fisheries. 
In one survey of rice field fisheries in Battambang 
province in northwest Cambodia, 25 percent of 
fishers interviewed at one site were under the age 
of 15 years. In another survey conducted in Luang 
Prabang Province in northern Lao PDR, the ratio 
was almost 50 percent.  

When Catch and Culture last looked at this issue 
in 2011, we concluded that the main question 
was how children could be involved as fisheries 
stakeholders in the most appropriate way. The 
FAO seems to have reached similar conclusions. 
In announcing the launch of the new guide in 
mid-June, the UN agency cautioned of the need 
to address child labour in family-based agricultural 
activities in an "appropriate and context-sensitive 
way that respects local values and family 
circumstances."

Further	reading

FAO (2015) Handbook for monitoring and evaluation of child 
labour in agriculture. Food and Agriculture Organization of 
the United Nations. Rome. http://www.fao.org/3/a-i4630e.
pdf?utm_source=visiting+cards&utm_medium=qrcode&utm_
campaign=occ-book-cards

* Mr Starr is the editor of Catch and Culture and took part in the 
Pangasius Aquaculture Dialogue meetings in Viet Nam between 2007 
and 2010. Mr Degen is the international technical advisor at the MRC 
Fisheries Programme and has spent 30 years working with freshwater 
and marine fishing communities in the Lower Mekong Basin and Latin 
America.
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How will fish help feed the world's 
nine	billion people in 2050? 

albeit less than half the average consumption in the 
Lower Mekong Basin (see box below).

Feeding	the			Lower	Mekong	Basin

In the Lower Mekong Basin (LMB), which has 
a population approaching 70 million, average 
consumption of freshwater fish alone is 46 
kg a year, the highest rate of freshwater fish 
consumption in the world. Production from 
capture fisheries and aquaculture in the basin 
was estimated at 3.9 million tonnes in 2010, up 
from an estimated 2.8 million tonnes in 2000. 
In lowland areas of the basin, people rely on 
fish for between 47 percent and 80 percent 
of their animal protein. Given the importance 
of fish to regional food security and nutrition, 
the LMB countries (Cambodia, Lao PDR, 
Thailand and Viet Nam) are now developing 
a Basin-Wide Fisheries Management and 
Development Strategy with the Mekong 
River Commission Fisheries Programme in 
consultation with stakeholders. The strategy is 
focused on sustainable use and conservation 
of fish resources, stakeholder participation, 
gender equity in fisheries management and 
development, and property rights in fisheries.
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World fish consumption averaged 18.8 kg per capita in 2011

source: béné et al. (2015)

A	group	of	scientists	makes	a	case	for	
more	closely	integrating	fish	into	the	
global	debate	about	food	security	and	
nutrition.	Their	appeal	is	aimed	at	
international	experts	influencing	

the	debate	who	are	mostly	unaware	
of	the	critical	role	that	aquaculture	

is	likely	to	play	in	the	future.	

The fishing industry has been the world's fastest 
growing source of food since the middle of the 20th 
century. Capture fisheries and aquaculture together 
have expanded eight times since 1950, an average 
annual growth rate of 3.2 percent. By comparison, 
world rice production increased only three times 
over the same period. In 2011, an estimated 173 
million tonnes of fish were extracted from marine 
and freshwater ecosystems. After accounting 
for discards and post-harvest losses (19 million 
tonnes) and production for non-human consumption 
such as fishmeal, fish oil, the ornamental fish trade 
and bait (23 million tonnes), an estimated 131 
million tonnes were directed to people's tables. On 
a per capita basis, the world's seven billion people 
were consuming an average of 18.8 kg of fish a 
year in 2011, more than three times 
the amount of 6 kg 
a year in 1950 
(see chart 
above), 
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At the same time, the increase in fish production 
since 1960 has outpaced increases in other 
sources of animal protein (see chart below). 
In 2010, fish was twice as important as poultry 
and three times more important than beef, 
providing three billion people with 20 percent of 
their average intake of animal protein. In West 
Africa and Asian countries such as Bangladesh, 
Cambodia, Indonesia and Sri Lanka, the 
proportion of dietary protein from fish can reach 60 
percent or more. Twenty-two of the 30 countries 
where fish accounts for more than a third of the 
animal protein supply are classified as low-income 
and food-deficient countries. Moreover, it is not 
just a source of animal protein but can also contain 
important fatty acids and micronutrients (see box). 

With the world population projected to reach 9 
billion in 2050, where will fish stand? A group of 
scientists recently set out to address the issue 
by asking two key questions. First, will fisheries 
and aquaculture be able to maintain the current 
rate of global fish consumption?  Second, will 
fish farming be able to replace some of the less 
efficient production systems for animal protein—
such as beef and pork—or even compensate for 
productivity declines in such systems caused by 
climate change?

Outlook	'relatively	positive'
Their findings, published in the journal Food 
Security earlier this year, are that the best 
available projections are "relatively positive" 
in terms of capacity to meet future demand. 
The scientists, however, found that more solid 
modelling (better calibration) is needed to improve 

demand projections. They also warn that the 
impacts of climate change on fish production will 
create "uncertainty" in the projections. "Fish should 
certainly be on the menu," the paper concludes. 
"Yet, the potential contributions of fish to food 
security and nutrition (FSN) are all but ignored 
in the international debate, as if a firewall stood 
between the discussions about the role of fish 
and the broader debates." The scientists suggest 
fisheries experts are themselves to blame (see 
box).

In reviewing various projections for demand 
and supply, the paper finds that all models 
available seem to agree that the rate of global 
fish consumption can be maintained. In other 
words, growth in capture fisheries and aquaculture 
production can keep up with population growth. 
One projection, by the Organisation for Economic 
Development (OECD) and the Food and 
Agriculture Organization of the United Nations 
(FAO), indicates that consumption will increase 
10 percent to reach 20.9 kg a year by 2023.  A 
separate projection by the World Bank, FAO and 

Nutritional	benefits

The paper notes that the main contribution 
of fish to nutrition may be lipids and 
micronutrients rather than protein. Among 
cheaper fishes in poor countries, small pelagic 
species such as anchovies are some of the 
richest in long-chain polyunsaturated fatty 
acids, especially when compared to larger 
freshwater fishes such as carps and tilapia. 
Such fatty acids benefit child development 
and adult health, offering protection against 
strokes, high blood pressure and heart 
disease. Fish is also an important source of 
vitamins D and B and lipid-rich fish contains 
vitamin A. Some small fishes contain 
high levels of minerals such as calcium, 
phosphorous, iodine, zinc, iron and selenium 
which are low in other foods. Fish therefore 
have the potential to address multiple nutrient 
deficiencies such as iodine deficiency which 
results in mental retardation and stunted 
growth, which is still a major problem among 
Cambodian, Lao and Vietnamese children.
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the International Food Policy Research Institute 
(IFPRI) estimates that consumption will remain 
around 18 kg in 2030, the same level predicted for 
2050 by other scientists. 

But the paper notes that specific conditions 
are needed to achieve such an outcome. 
Capture fisheries will need to be exploited 
in a sustainable way and "very significant 
technological developments" will need be required 
in aquaculture. These range from reducing the 
dependency on fishmeal for feed to addressing 
farm management and genetic issues. At the 
same time, discards, waste and  losses will 
need to be reduced. But with income growth and 
urbanisation driving demand for fish, ensuring that 
fish production keeps up with population growth 
won't  be enough to prevent fish prices from rising. 
To avoid a situation where urban people with fast 
growing incomes eat more fish and poor people 
eat less, global fish production will have to expand 
faster than the overall population.  

Additional	arguments
The paper concludes with three additional 
arguments. The first is that capture fisheries and 
aquaculture have been the main contributors to 
the increase of almost two-thirds in global meat 
and fish supply over 40 years to 60 kg per capita 
in 2009, up from 37.3 kg per capita in 1969. By 
2009, fish was accounting for 30.3 percent of 
supply of which almost half was from aquaculture. 

That compared with 26.3 percent for pork, 22.7 
percent for poultry, 16 percent for beef, 3.2 percent 
for mutton and goat meat and 1.5 percent for other 
meat. With increasing demand for animal protein, 
aquaculture will remain the fastest growing food 
commodity sector and "soon become even more 
central in the future food security of the world 
population."

Farmed	fish	overtakes	wild	fish

In May, the Food and Agriculture 
Organisation of the United Nations (FAO) 
announced that human consumption of 
farmed fish had exceeded that of wild fish 
for the first time. Fish consumption per 
capita in 2015 was 20.0 kg of which 10.3 
kg came from aquaculture and 9.7 kg from 
capture fisheries. That compared with 9.8 
kg from farmed fish and 9.9 kg from wild 
fish in 2013. The FAO said the gap was 
expected to widen in 2015, with consumption 
of farmed fish rising 3.8 percent from a year 
earlier to 10.6 kg. Consumption of wild fish 
is forecast to decline 2.2 percent to 9.5 kg in 
the same period. "Consumer demand for fish 
remains strong, with more people worldwide 
appreciating the health benefits of regular fish 
consumption," the UN agency said.
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Why	do	food	security	experts	and	policymakers	ignore	fisheries?	

The authors of the paper note that "limited 
attention" has been given to fish as a key 
element in national food security and nutrition 
strategies as well as wider development 
discussions and interventions. "Part of the 
problem might have been that specialists 
in fisheries debates have concentrated 
predominantly on questions of biological 
sustainability and on the economic efficiency 
of fisheries, neglecting issues linked to its 
contribution to reducing hunger and malnutrition 
and to supporting livelihoods," the authors state. 
At the same time, most non-fishery food security 
experts and decision makers seem "unfamiliar 
with these facts and, therefore, unaware of 

the critical role that aquaculture is likely to 
play in the future." The problem is "particularly 
pronounced" in the debate about how to improve 
food systems to advance nutrition. As a result, 
fish has been "only marginally included" in 
the global debate about food security and 
nutrition. "Many nutritional programmes are still 
not aware of or not recognizing and building 
on the potential of fish for the reduction of 
micronutrient deficiency." The authors argue that 
"fish deserves more attention in food policies 
due to its importance in the food basket, its 
unique nutritional qualities, its higher efficiency 
of production and carbon footprint compared to 
other forms of animal production systems."

The second argument is that farmed fish are far 
more efficient than most terrestrial livestock in 
converting feed into protein. Fish convert about 30 
percent of their consumed food. That compares 
with about 18 percent for poultry and 13 percent 
for pigs.  Moreover, only 13.5 kg of grain are 
needed to produce a kilogram of fish. To produce 
the same amount of pork or beef protein, pigs 
require 38 kg of grain and cattle need 61.1 kg (see 
box on left on opposite page). This mainly reflects 
biological differences which give fish greater 
advantages over livestock in terms of growth: not 
having to exert energy on maintaining a constant 
body temperature and using fewer resources on 
bony skeletal tissue, which frees up a larger part 
of the food they eat for body growth.

The third argument is that aquatic animal 
production systems have a lower carbon footprint 
than production systems for terrestrial animals. 
Nitrogen and phosphorous emissions from fish 
farms, measured in kilograms per tonne of protein 
produced, are much lower than beef and pork 
production systems, although they are slightly 
higher than those for poultry (see box on right on 
opposite page). Emissions from the farming of 
bivalves such as clams are even lower than those 
from poultry production systems as they absorb 
nitrogen and phosphorous from other systems.

But perhaps the most compelling argument for 

greater recognition of fisheries is the incomes 
generated by the industry. The paper points out 
that the sector plays a "crucial role" in low-income 
and emerging economies with between 660 million 
and 820 million people depending on fisheries-
related activities as a source of income. That's 
more than 10 percent of the world's population. 
These people are not only fishers and fish 
farmers but also fish traders and workers in fish-
processing plants. "For most of these households, 
the revenues generated may not be very high," the 
authors note. "But it is often the main component 
of their livelihood which allows them to secure 
accessibility to food."

Further	reading

Baran, E.; So, N.; Degen, P.; Chheng, P and Starr, P (2013) 
Updated information on the fish and fisheries of the Lower 
Mekong Basin. Catch and Culture, Vol 19, No 3. 

Béné, C; Barange, M.; Subasinghe, R.; Pinstrup-Andersen,P.; 
Merino, G.; Hemre, G.-I. and Williams, M. (2015) Feeding 9 
billion by 2050 - Putting fish back on the menu. Food Security 
7: 261-274. 

Food and Agriculture Organization of the United Nations 
(2015) Food outlook: Biannual report on global food markets 
(May, 2015). FAO.
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Viet Nam catfish exports	falling on
weak demand, increased competition
Value	of	exports	declines	9.3	percent	in	
first	four	and	a	half	months	of	2015.	Weak	
exports	to	the	United	States,	the	biggest	
market	for	Vietnamese	catfish,	reflect	anti-
dumping	measures	and	a	stronger	dollar.

The Viet Nam Association of Seafood Exporters 
and Producers (VASEP) expects exports of striped 
catfish (Pangasianodon hypophthalmus) to fall 
by around 4.0 percent from a year earlier to $1.7 
billion in 2015 amid difficulties in export markets 
and tighter regulations, according to Viet Nam 
News. The newspaper reported on June 19 that 
the value of exports had dropped to $545 million 
in the four and a half months to May 15, down 9.3 
percent from the same period in 2014. Increased 
exports to China, Canada and the United States 
were offset by declines in exports to the European 
Union, Mexico and Colombia.

'An	official	source	in	Indonesia	
indicated	that	there	was	more	

than	400,000	tonnes	of	pangasius	
production	in	the	country'

 

VASEP reportedly blamed anti-dumping operations 
by the US Department of Commerce for weak 
exports to the United States, the biggest market 
for Vietnamese exports (see article on next page). 
In January alone, catfish exports to the country 
were down 23 percent from the same period last 
year. At the same time, a stronger dollar was 
putting downward pressure on export prices. Viet 
Nam News said prices had been falling by as 
much as VND 500 (two cents) a kilogram since the 
end of February. Prices ranged from between VND 
20,000 ($0.095) and VND 25,000 ($1.19) by the 
end of May, the lowest level so far this year, the 
newspaper said.

In addition to weak demand, Vietnamese 
producers are also facing increased competition 
from neighbouring countries. In its June update 
on the international pangasius market, the FAO 

publication Globefish reported that Southeast 
Asian countries were stepping up production of 
the Mekong species for both local consumption 
and export. "An official source in Indonesia 
indicated that there was more than 400,000 
tonnes of pangasius production in the country," it 
said. "Local production of fillets in Indonesia are 
also replacing products imported from Viet Nam." 
Globefish added that declining imports of frozen 
pangasius fillets by the EU in 2014 had been 
partly offset by increased imports of whole frozen 
pangasius from Viet Nam, Indonesia, Thailand, 
Myanmar and Bangladesh.

'Better	image	for	pangasius	
in	the	mind	of	German	consumers'

 

VASEP has meanwhile reported that certification 
of Vietnamese catfish farms by the Netherlands-
based Aquaculture Stewardship Council (ASC) 
had "created a better image for pangasius in the 
mind of German consumers." The council was 
set up by the World Wildlife Fund (WWF) and the 
Sustainable Trade Initiative in 2009 to manage 
global standards for responsible aquaculture 
including pangasius standards completed under 
a three-year dialogue in Viet Nam between 2007 
and 2010 (see Catch and Culture Vol 16, No 
3). According to VASEP, Vietnamese exports to 
Germany began to decline in 2010 amid negative 
perceptions towards pangasius production, which 
VASEP blamed on "untrue information through 
local media."  

Further	reading

FAO (2015) Pangasius - June 2015. Globefish. Food and 
Agriculture Organization of the United Nations. http://www.
globefish.org/pangasius-june-2015.html

Viet Nam News (2015) Tra fish exports continue to fall. Viet 
Nam News. June 19, 2015.  

Wright, J. (2015) Germany's pangasius imports continue 
to fall. Seafoodsource.com. March 3, 2015. http://www.
seafoodsource.com/news/supply-trade/27759-germany-s-
pangasius-imports-continue-to-fall
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'Food politics,	not	public	health'Viet Nam catfish exports	falling on
weak demand, increased competition Back	in	2003,	we	reported	how	

Vietnamese	fish	farmers	were	adapting	to	
the	shock	of	America	imposing	punitive	
tariffs	on	imports	of	catfish	native	to	the	
Lower	Mekong	Basin	(see Catch and 

Culture	Vol	9,	No	2).	Here,	we	look	at	some	
of	the	latest	twists	in	this	long-running	

political	saga.

Are American politicians serious about free 
trade? According to The Wall Street Journal, the 
country's leading business newspaper, "ending 
catfish protectionism would be a sign that at 
least some in Washington are." In a commentary 
published on 14 May, 2015, the New York-based 
daily asserted that a provision in the US farm bill 
of 2008 had amounted to "one of Washington’s 
most wasteful programs", costing an estimated 
$30 million to start plus $14 million a year to 
operate.

The person behind the provision was Thad 
Cochran, a Republican senator from the southern 
state of Mississippi, a big producer of channel 
catfish (Ictalurus punctatus) which is native to 
North America. Under the provision, the bill 
transferred US regulatory authority over catfish 
―including striped catfish (Pangasianodon 
hypophthalmus) native to the Lower Mekong 
Basin―from the Food and Drug Administration 
(FDA) to the Department of Agriculture (USDA).  

"The pretext was public health," the American 
newspaper recalled. But the Mekong species, 
also native to the Chao Phraya and Maeklong  
basins in Thailand, "posed no risk." Moreover, the 
Department of Agriculture is supposed to regulate 
meat and poultry, not fish. "The real aim was to 
raise costs for Vietnamese exporters and drive 
them from the U.S. market," the newspaper said.

That followed a failed attempt to curb America's 
appetite for the Mekong species back in 2002, 
when Congress barred Vietnamese exporters 
from using the word  “catfish” when marketing 
the striped catfish, also known as the Sutchi 
river catfish, in the United States. The Wall 
Street Journal noted that this was despite the 

Mekong species having "similar taste, texture and 
whiskers" to its North American cousin. 

Vietnamese exporters initially responded by 
changing the common name for marketing the 
Mekong species in English, typically to "basa" 
the common Vietnamese name for Bocourt's 
catfish (Pangasius bocourti), a closely related 
species also farmed in the Mekong Delta. In 
2003, Washington went one step further by 
imposing tariffs on striped catfish from Viet Nam, 
claiming they were “dumped” onto the American 
market at unfairly low prices. So it turned out 
that the Mekong species was a catfish after all. 
But the tariffs didn’t really work either, hence Mr 
Cochran's move to get the farm legislation to 
transfer regulatory responsibility over catfish to 
the USDA in 2008.

According to The Wall Street Journal, America's 
Government Accountability Office has since 

Thad Cochran, the Republic senator from Mississippi who was behind 
legislation to transfer regulatory authority over catfish from the Food 
and Drug Administration (FDP) to the United States Department of 
Agriculture (USDA)
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criticised the USFA catfish-monitoring programme 
no fewer than nine times. The newspaper noted 
that the $30 million start-up-costs and $14 million 
a year in operational costs compared to only 
$700,000 a year under the original inspection 
regime. That had raised the retail prices of 
Vietnamese catfish for Americans. This is 
“everything that’s wrong about the food-safety 
system,” former FDA food-safety czar David 
Acheson was quoted as saying. “It’s food politics. 
It’s not public health.”

Despite the increasingly desperate attempts to 
protect the American channel catfish industry 
from Vietnamese competition, exports of striped 
catfish to the United States have continued. 
The Wall Street Journal noted that the Mekong 
species overtook cod and crab in 2014 last 
year to become America’s sixth most-popular 
"seafood" (shrimp ranks first). Meanwhile, Viet 
Nam has threatened to respond by demanding 
the right to retaliate against American beef, 
soybeans and other products as part of Trans-
Pacific Partnership (TPP) trade negotiations. It 
has also threatened to sue the United States at 
the World Trade Organization. "It would probably 
win," the newspaper said.

While most members of Congress understand 
the damage, The Wall Street Journal said Mr 
Cochran had used his seniority in the Senate 
to block the controversial provision from being 
repealed. The latest effort, sponsored by former 
Republican presidential candidate John McCain 
and nine other Republicans and Democrats, 
could get a vote when the Senate reconsidered 
the TPP bill. But then, the newspaper observed, 
it would have to go through the House of 
Representatives. Mr McCain, a former prisoner 
of war in Viet Nam, lobbied as early as January, 
2014, to repeal the USDA inspection program, 
describing it as "reckless and wasteful" and 
stressing the threat of retaliatory trade action by 
Viet Nam. "Hardworking farmers and ranchers 
across the United States may find themselves 
reeling from the effects of a multi-billion dollar 
trade war," he wrote (see opposite). 

In the meantime, there was considerable 
uncertainty about the TPP trade accord going 
head after Senate Democrats refused on 13 May, 
2015, to support the bill needed to complete 
the agreement, which would group 12 countries 

John McCain, the Republican senator from Arizona who says the US 
Department of Agriculture's "reckless and wasteful" catfish-monitoring 
programme could lead to a backlash from Viet Nam and a multi-billion 
dollar trade war

across the Asia-Pacific region. "Now Japan, 
Vietnam and other negotiating partners will look to 
see if Washington can salvage its trade agenda," 
the Wall Street Journal said.  "They'll also be 
watching Congressional jockeying over catfish."

Zero	taxes	on	exports	to	Eurasian	union

While the future of the Trans-Pacific 
Partnership (TPP) going ahead remained 
in doubt as Catch and Culture was going 
to press, prospects for Vietnamese catfish 
exports were looking brighter elsewhere. On 
May 30, Vietnamese Prime Minister Nguyen 
Tran Dung signed a free-trade agreement with 
the Eurasian Economic Union, which groups 
Russia, Kazakhstan and Belarus. In a report 
on the signing on May 30, Viet Nam News 
noted that the agreement provided for "open 
customs regulations" between the two sides. 
"It has been reported that nearly 100 percent 
of  Viet Nam's fisheries exports will enjoy a 
zero percent tax rate," the newspaper said.
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Aquaculture estimated at 1.1	% of 
land cover in Lower	Mekong	Basin

Scientists	are	now	getting	their	first	
real	glimpse	of	how	important	aquatic

	habitats	are	to	the	Lower	Mekong	Basin	
with	a	new	regional	map	of	land	cover.	

The	new	map	rationalises	and	harmonises	
the	different	national	reference	systems	
used	by	the	Cambodian,	Lao,	Thai	and	

Vietnamese	governments.

Aquaculture accounted for an estimated 1.1 
percent of the land cover of the Lower Mekong 
Basin (LMB) in 2010, according to a new study 
by the Information and Knowledge Management 
Programme of the MRC. The percentage 
comprises both regular aquaculture (0.65 percent) 
and shrimp ponds that rotate with rice fields (0.45 
percent).  The latest estimate for aquaculture's 
contribution to basin land cover compares with 
0.64 percent in 2003, although the study cautions 
that comparisons should be qualitative as the 
classification results for mapping were based on 

different approaches for the two years.

Presented to a final dissemination workshop 
arranged by the MRC in collaboration with the 
Viet Nam National Mekong Committee (VNMC) in 
Hanoi in June, the Land Cover Map of the Lower 
Mekong Basin in 2010 uses 19 classes of land 
cover (see table opposite). These were derived 
from the Land Cover Classification System (LCCS) 
software developed by the United Nations Food 
and Agriculture Organisation (FAO), which was 
last updated in 2009. The work to complete the 
Land Cover Map rationalises and harmonises 
national reference systems for data sharing and 
exchange between the MRC, the four Member 
Countries and other organisations. 

Satellite	images	and	field	surveys
The MRC study involved buying 57 time-series 
Landsat 5 Thematic Mapper images for Cambodia, 
Lao PDR, Thailand and Viet Nam. To ensure 
quality and reliability of land cover classification, 

Lower	Mekong	land	cover	as	part	of	the	Indo-Burma	Biodiversity	Hotspot

Indo-Burma is designated by the Critical Ecosystem Partnership Fund (CEFP) as one of the most threatened 
of the Earth's 34 diversity hotspots, areas with change in land cover of high significance. It begins in eastern 
Bangladesh and then extends across northeastern India to encompass nearly all of Myanmar, parts of 
southern and western China, all of Lao PDR, Cambodia and Viet Nam plus most of Thailand and a small part 
of Peninsular Malaysia (see below).

CEPF is a joint initiative of l’Agence Française de 
Développement, Conservation International, the 
European Union, the Global Environment Facility of the 
United Nations, the Government of Japan, the MacArthur 
Foundation and the World Bank. Between 2013 and 
2018, it is planning to invest $10.4 million on five priority 
areas in Indo-Burma region including the Mekong and its 
major tributaries as well as the Tonle Sap Lake and its 
inundation zone. This follows an initial investment of $9.5 
million between 2008 and 2013.

source: crItIcal ecosysteM PartnershIP FunD
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Land	Cover	Changes	in	the	Lower	Mekong	Basin	between	2003	and	2010

Map
	Land	Cover	Types

2003 2010 Land	Cover	Area	
Variation

km2 % km2 % km2 %
Total	Area 624,864 100 624,864 100 - -

4 Annual Crop 41,033 6.57 52,276 8.37 11,243 1.80
5 Paddy Rice 153,891 24.63 140,681 22.51 -13,210 -2.12
6 Shifting Cultivation 11,855 1.90 10,893 1.74 -962 -0.16
7 Orchard 5,567 0.89 12,176 1.95 6,609 1.06
8 Flooded Forest 4,357 0.70 4,886 0.78 529 0.08
9 Grassland 20,381 3.26 8,267 1.32 -12,114 -1.94
10 Shrubland 21,052 3.37 69,768 11.17 48,716 7.80
11 Urban Area 15,530 2.49 15,691 2.51 161 0.02
12 Bare Soil 3,223 0.52 3,666 0.59 443 0.07
13 Industrial Plantation 4,840 0.77 25,576 4.09 20,736 3.32
14 Broadleaved Deciduous Forest 126,171 20.18 184,731 29.56 58,560 9.38
15 Broadleaved Evergreen Forest 188,239 30.12 60,023 9.61 -128,216 -20.51
16 Forest Plantation 481 0.08 1,500 0.24 1,019 0.16
17 Bamboo Forest 9,158 1.47 5,654 0.90 -3,504 -0.57
18 Coniferous Forest 232 0.04 3,922 0.63 3,690 0.59
19 Mangrove 1,830 0.29 1,293 0.21 -537 -0.08
20 Marsh/Swamp Area 964 0.15 2,606 0.42 1,642 0.27
21 Aquaculture 3,978 0.64 6,885 1.10 2,907 0.46
22 Water Body 12,082 1.93 14,370 2.30 2,288 0.37

The latest estimate for aquaculture of 1.1 percent in 2010 compares with 0.64 percent in 2003, although the study cautions that comparisons should 
be qualitative as the classification results for mapping were based on different approaches for the two years

source: lanD cover MaP oF the lower Mekong basIn In 2010

ground-truthing took place with field surveys in 
the four countries. Since the LMB countries form 
a large section of the Indo-Burma Biodiversity 
Hotspot (see opposite), the collection of field data 
was designed to cover both hot-spot areas (55 
percent) and non-hotspot areas (45 percent).  

In the Vietnamese part of the LMB, which extends 
to 18 provinces, mostly in the Mekong Delta 
and the Central Highlands, the field studies (as 
opposed to the satellite images) estimated that 
aquaculture alone covered 6 percent of land cover. 
This was the same proportion of land as urban 
areas in the Vietnamese part of the basin and only 
slightly less than that devoted to annual crops and 
broadleaved evergreen forest (7 percent for both).

Other	aquatic	habitats
The classification system used in the MRC study 
defines aquaculture as being in artificial water 
bodies, both fresh and brackish. Other classes 

of land cover that include major freshwater fish 
habitats in the LMB in 2010 were paddy rice (22.5 
percent), natural water bodies (2.3 percent) and 
flooded forest (0.8 percent) as well as marsh and 
swamp areas (0.4 percent). The study also had a 
separate class for mangroves located in brackish 
waters (0.2 percent).

The 19 classes defined in the project were 
found to form a solid basis for further monitoring, 
enabling easy comparison of different land cover 
states of the LMB in the future. This is expected 
to help scientists analyse land cover changes and 
allow decision makers to rely on sound information 
for policy and decision making.

Further	reading

Vo Thi Be Nam, Kritsana Kityuttachai, Michael Haase, Sou 
Virak and Heng Suthy (in press) Land Cover Classes for 
the Lower Mekong Basin Land Cover Mapping Project. 
Geoinformatics Magazine. Emmeloord, Netherlands.
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Aquaculture	in	the	Lower	Mekong	Basin	in	dry	and	wet	periods

Land	cover

Landsat 5 Thematic Mapper image showing aquaculture in the dry period (left) and the wet period (right)

source: Mrc InForMatIon anD knowleDge ManageMent PrograMMe 

Aquaculture is characterised by very high 
absorption intensities of transmitted energy. This 
is because water highly absorbs radiation.  In 
the sample images below, Landsat 5 Thematic 
Mapper bands have been assigned to the RGB 
(Red Green Blue) colour model as (R, G, B) = 
(5, 4, 3), also known as “true colour”. Due to 
the pixel resolution of the image (30 m x 30 m) 
at the selected scale of 1:25,000, a variance of 
brightness values for objects can be detected at 
the pixel scale.

In the dry-period image (below left), Aquaculture 
(blue) can be clearly distinguished by colour 
from other land covers such as bare soil or dry 
aquaculture as the brightness values are not 
similar. Aquaculture absorbs more energy than 
the bare soil and neighbouring or other ponds. It 
is therefore displayed as dark blue in the image. 

With different stages of aquaculture operations, 
such as draining water for pond maintenance, 
objects possess different absorption capacities 
which are depicted by different colours in the 
images. 

The colours of the images differ because 
the energy reflectance during the dry period 
is higher than during the wet period. During 
the wet period (below right), the atmosphere 
absorbs more energy due to the higher 
humidity. This is why the image, in general, has 
a colour shift from pale to dark blue, which can 
be clearly observed. Aquaculture is comprised 
of a mixture of water and other land cover 
characteristics such as vegetation and bare soil 
on dykes or ridges next to ponds, which can be 
clearly reflected in the images. These textures 
are clearly distinguishable. 
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Important fish habitats such as water bodies (deep blue) and rice fields (yellow) can clearly be seen in the new Land Cover Map 
for 2010. The flooded forest (grey green) around the Tonle Sap Lake in Cambodia can also easily be distinguished. Aquaculture 
(pale blue) and mangroves (sea green) are concentrated in the Mekong Delta in Viet Nam.

MaP: Mrc InForMatIon anD  knowleDge ManageMent PrograMMe
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Study assesses larval and juvenile fish 
communities in Lower	Mekong Basin

To	determine	key	spawning	areas	for	
major	commercial	fisheries	in	the	Lower	

Mekong	Basin,	the	Fisheries	Programme	of	
the	Mekong	River	Commission	undertook	
a	study	to	assess	the	distribution	and	
abundance	of	larval	and	juvenile	fish	
communities.	Below	is	a	summary	of	

the	findings,	recently	published	as	MRC	
Technical	Paper	No.	49.

Capture fisheries in the Lower Mekong Basin 
(LMB) have a centuries-long history and are 
important to the livelihoods of millions of people 
in the region. Despite this importance, fisheries 
are not adequately represented or considered by 
planning agencies involved in development of the 
water resources of the Mekong, particularly for 
hydropower. Particular aspects that have received 
little attention are the potential impact of damming 
on ichthyoplankton drift and subsequent fish stock 
recruitment processes throughout the river and 
on the biodiversity of small-sized non-commercial 
species. The aim of this study was to determine 
the key spawning areas for the major commercial 
fisheries of the Mekong through assessment of the 
distribution and relative abundance of larval and 
juvenile fishes in the mainstream Mekong River 
(and, to a lesser extent, the tributaries).

The objectives of the study were:

i. quantitative assessment of fish and fisheries 
recruitment through extensive field studies of 
distribution of larval and juvenile life stages 
and from indigenous knowledge;

ii. descriptions of larval and juvenile fish 
communities at multiple, permanent 
reference sites throughout the study area 
and monitoring of community structure in 
relation to spatial and temporal shifts in 
mesohabitat characteristics throughout an 
annual cycle; and

iii. assessment of the likely impacts of 

hydropower developments on fish 
biodiversity and fish community dynamics, 
including evaluation of the likely impact of 
damming in the mainstream Mekong on 
capture fisheries.

The ichthyoplankton and juvenile and small-sized 
fishes were sampled bimonthly at 11 locations in 
2009 using conical plankton nets and micromesh 
seine netting. Catch composition from conical 
plankton and seine netting varied between 
sampling locations. Conical plankton net catches 
were dominated by Clupeidae, Cyprinidae and 
Pangasiidae, and seine net catches by Cyprinidae, 
Clupeidae and Gobiidae. Considerable differences 
were found in capture rates by the different gears 
at the different stations. Conical plankton net 
catches and species diversity at Luang Prabang, 
Stung Treng, Pakse and Don Sahong were 
considerably lower than elsewhere. By contrast, 
seine net catches at Luang Prabang and Stung 
Treng were considerably higher, although catches 
at Pakse remained poor in terms of both number 
and diversity. Seine net catches at the lower 
Mekong Delta sites were considerably lower than 
elsewhere except Pakse, although diversity of 
species caught was high. This was possibly a 
reflection of the deeper channels sampled in this 
region.

Seasonal variation in species diversity was 
found in the conical plankton net catches at each 
sampling site. The greatest number of species and 
hence diversity was generally found in the May – 
September periods. This was particularly notable 
at Nong Khai, Nakhon Phanom, Kratie and Phnom 
Penh (see charts on opposite page). Diversity 
tended to be higher earlier (February – May) at 
Luang Prabang, but was more stable throughout 
the year at Vinh Xuong (Mekong River) and Quoc 
Thai (Bassac River). These differences probably 
reflect the influence of the flooding regime and site 
topography on catches, with the sites in the delta 
influenced as much by tidal regimes as flooding 
cycles. Fish caught were generally drifting larval 
life stages or juveniles.
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In conical plankton net catches, the greatest number of species and hence diversity was generally found in the May – September periods, 
particularly at Nong Khai (NK) and Nakhon Phanom (NP) in Thailand as well as Kratie (KT) and Phnom Penh (PP) in Cambodia. Diversity tended 
to be higher earlier (February – May) at Luang Prabang (LP) in Lao PDR, but was more stable throughout the year at Vinh Xuong on the Mekong 
River (MK) and Quoc Thai on the Bassac River (BS), both in Viet Nam. Other study locations from upstream to downstream were Ubon Ratchatani 
(UB) in Thailand, Pakse (PK) and Don Sahong (DS) in Lao PDR and Stung Treng (ST) in Cambodia. Note that there were not enough species to 
calulate the indices in Stung Treng.   

source: Mrc technIcal PaPer no 49

  Number of species 

 Margalef diversity index 

 Shannon Weiner diversity index of fish composition 
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Seasonal variation in species 
diversity was found in the seine 
net catches at each sampling 
site. The number of species at 
each site, and hence diversity, 
was fairly stable, except at 
Phnom Penh where the number 
of species increased throughout 
the year. The opposite trend was 
found at Stung Treng and Quoc 
Thai (Bassac River). The lack 
of major differences in diversity 
between seasons probably reflects 
the species caught by seine 
netting being typically small-sized 
residents complemented by increasing 
numbers of a few major species 
associated with the flooding cycle.

Overall, regional patterns of 
economically important species and 
biodiversity in the
ichthyoplankton were identified, with 
a distinct component in the upper 
reaches around Luang Prabang, a second 
grouping in the upper middle reaches (Nong 
Khai, Nakhon Phanom and Ubon Ratchathani), 
a third associated with the Khone Falls region 
(Pakse, Don Sahong and Stung Treng) and a 
final grouping in the lower floodplain/delta region 
(Kratie, Phnom Penh, Quoc Thai on the Bassac 
River and Vinh Xuong, on the Mekong River. 
These components relate well with the migratory 
systems recognised in the Mekong Basin. 
However, of importance to this study, is
that individual fish in the ichthyoplankton were 
often less than 20 mm long, indicating larval life 
stage that had been in the river for up to 15 days 
for pangasiid and some cyprinid species, such 
as Henicorhynchus and Laides, but considerably 
longer for other species. If the fish are in the drift 
for this period of time, based on passive flow, it is 
possible they spawned several hundred kilometres 
upstream, depending on location and period of the 
flood cycle.

The composition of the seine net catches was 
significantly different from that caught by conical 
plankton nets and included (with the exception 
of Vinh Xuong on the Mekong River and Quoc 
Thai on the Bassac River) a greater diversity of 
species, including many that were only caught by 
seine net. These represent important components 

of the fish community and probably the trophic 
interactions in the river ecosystem that are likely 
to be lost if large sections of the river are to be 
impounded by the construction of hydropower 
dams.

The impacts of Mekong mainstream hydropower 
dams in terms of upstream fish passage are well 
recognised. But the implications of disruption to 
downstream migration and dispersal or impacts 
of impoundment on resident small-sized species 
to maintenance of fish biodiversity and fish 
community dynamics are largely unexplored. 
This study provides considerable insight into 
potential impacts on the ichthyoplankton and fish 
recruitment as well as on biodiversity. Generally 
the downstream fish community structure and 
population dynamics are likely to be altered 
because the impoundment itself drowns out 
spawning and nursery habitats of migratory 
species. It also acts as a sink for downstream 
drifting eggs and larvae, inevitably disrupting 
downstream dispersal of ichthyoplankton and 
juvenile life stages. Mortality from passage 
through turbines is especially critical for these 
life stages: eggs, larvae and juvenile fishes are 
particularly susceptible to injury and death when 
they pass through turbines or over spillways, with 
consequences on the recruitment to populations 
downstream of the dam. Even if larvae and 
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juvenile fishes survive passage over the spillway 
or through the turbines, any injury suffered by 
the fish during the passage is likely to reduce 
survival during its onward journey. This is a major 
issue because no mechanism exists to prevent 
ichthyoplankton passage through the turbines 
or over spillways, i.e. there are not appropriate 
screening or diversion methods available.

Several conclusions were forthcoming from the 
study:

• Sampling was restricted to sites in the 
mainstream of the Mekong and the 
study does not account for recruitment 
processes and the contribution of the major 
tributaries. It is therefore recommended 
that ichthyoplankton studies are carried 
out upstream and downstream of major 
tributaries to account for the contribution 
these make to recruitment dynamics.

• Reproductive cycles were previously 
considered to be associated with the rising 
water level at the beginning of the rainy 
season (May – July). Results from the 
current study suggest that reproduction is 
at discreet times of the year associated with 
the rising water level (June – September) or 
protracted over extended periods, or indeed 
throughout the year, including around the 
dry season (February – May). It is therefore 
recommended that future studies do not 
neglect the contribution made to the fish 

community from species that reproduce 
outside the wet season.

• Despite being an aim of the project, 
accurate determination of spawning habitats 
remains elusive. It is recommended that 
environmental impact assessment studies 
on dam developments must include specific 
elements to determine the locations of 
spawning habitats accurately and quantify 
the likely impact of the development of fish 
recruitment.

• Considerable information has already been 
collected on the larval and juvenile life 
stages of fishes of the Mekong. However, 
there is a critical need to consolidate all 
data on migration and ichthyoplankton drift 
from environmental impact assessments 
and research-orientated programmes to 
fill gaps in this study and allow greater 
confidence in interpreting the impacts of 
hydropower development in the Mekong. It is 
also critical that studies on ichthyoplankton 
drift are included in any impact statement of 
proposed dams.

Further	reading

Cowx, I.G; Kamolrat, W.; Sukumasavin, N.; 
Sirimongkolthawon, R.; Suksri, S. and Phila, N. (2015) Larval 
and Juvenile Fish Communities of the Lower Mekong Basin. 
MRC Technical Paper No. 49. Mekong River Commission, 
Phnom Penh, Cambodia.

The greatest numbers of species were found in Nakhon Panom in Thailand (left) for conical plankton net catches and Stung Treng in Cambodia 
(right) for seine net catches

Photos: Mrc technIcal PaPer no 49
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for increases in the consumer price index (CPI) for 
Phnom Penh, tracked the increase in nominal prices 
but were less pronounced (see below left).
  
The higher prices don't seem to be accompanied 
by decreased supply, as measured by factors such 
as the abundance and biomass of the fishery or 
the sizes of the fish being caught (see Catch and 
Culture Vol 20, No 1). The rising prices for what 
has been a relatively cheap fish may therefore 
reflect increased demand stemming from economic 
factors such as a rapidly growing population and 
increasing affluence accompanied by greater 
awareness of the health benefits of fish.  

The monitoring has also involved  estimating the 
first-sale value of landings from the fishery (see 
below right). Between 1998-99 and 2002-03, this was 
estimated to have risen from KHR 10.6 billion ($2.7 
million) to KHR 34.9 billion ($8.7 million). In 2003-04, 
the value retreated to around KHR 9.4 billion ($2.4 
million) but resumed rising to hit KHR 42.3 billion 
($10.6 million) in 2005-06. Over the next five years, 
it was well under KHR 20 billion ($5 million). It rose 
dramatically, however, to around KHR 301.5 billion 
($75.4 million) in 2011-12 in line with an exceptionally 
large catch that followed extensive annual floods. By 
2013-14, the value of the landings was back around 
the same level as it was eight years earlier.

* Mr Peng Bun is the capture fisheries specialist at the MRC Fisheries 
Programme, Mr Starr is the editor of Catch and Culture, Mr Phen is 
acting director of the Inland Fisheries Research and Develompent 
Institute and Dr So Nam is the coordinator of the Fisheries Programme

Rising fish prices in Cambodia

Nominal	prices	for	small	mud	carps	landed	
by	the	largest	fishery	in	the	Lower	Mekong	
Basin	quadrupled	in	the	16	years	to	2013-
14.	Real	prices	rose	less	sharply,	although	
increases	were	still	faster	than	the	inflation	
rate	in	Cambodia	during	the	same	period.

In 1994, Cambodia's Fisheries Administration and the 
MRC Fisheries Programme began catch and value 
assessment of the dai fishery, a  stationary trawl bag 
net fishery on the Tonle Sap River in Phnom Penh and 
Kandal Province. Full and regular monitoring has taken 
place since 1995. Monitoring involves regular sampling 
of catches and first-sale prices by species between 
October and March each year. The Henicorhynchus 
species targeted, known as trey riel in Khmer, are used 
to make prahoc—a fermented fish paste used in local 
cuisine which is a staple food and a major source of 
animal protein and essential nutrients.

by ngor Peng bun, Peter starr, chheng Phen anD so naM *

In the eight-year period between 1998-1999 and 
2006-07, nominal (observed) sale prices for the fish 
almost doubled from around KHR 400 ($0.10) per 
kilogram to almost KHR 800 ($0.20). Prices soared 
further to KHR 1,400 ($0.35) the following year 
as the global food crisis triggered surges in prices 
for most international food commodities including 
both wild and farmed fish (see chart on page 62). 
Prices peaked at around KHR 2,000 ($ 0.50) in 
2010-11 before settling at around KHR 1,700 
($0.43) in 2013-14. Prices in real terms, adjusted 
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Research into alternative snakehead 
feed holds promise for easing	ban 

Substituting	low-value	fish	with	
formulated	feed	would	help	lift	Cambodia's	
ban	on	snakehead	farming	which	has	now	

been	in	force	for	10	years	

Cambodia has identified aquaculture as one of 
three pillars of the country's fisheries development. 
The government's Strategic Planning Framework 
for Fisheries for 2010 to 2019 considers expanding 
the farming of fish and other aquatic animals as 
"essential" given the limited capacity of natural 
resources to sustain the country's growing 
population. To support the growth of small, 
medium and large-scale freshwater aquaculture, 
government spending on aquaculture has been 
budgeted at more than $16 million under the 10-
year framework. The aim is to boost production 
from both freshwater and marine aquaculture to 
185,000 tonnes by 2019, up from less than 15,000 
tonnes in 2000.

The latest figures indicate that the government is 
well on the way to achieving its goal. On July 1, 
Agriculture, Forestry and Fisheries Minister Ouk 
Rabun announced that aquaculture production 
had risen to 120,000 tonnes in 2014, up from 
90,000 tonnes a year earlier (see page 30). Yet 
Cambodia's aquaculture development remains 
constrained by a 10-year government ban on 
farming two snakehead species native to the 
Lower Mekong Basin. Cambodian and Vietnamese 
farmers typically feed these highly carnivorous 
fishes with catches of small low-value freshwater 
fish that are otherwise consumed by the rural poor, 
hence the reason for the ban.  

The development of formulated feed as a 
substitute for these low-value fish is one of 
the conditions for lifting the ban on farming 
snakeheads, which are high-value species 
popular among Cambodians. To meet continued 
demand since the ban came into force in 2005, 
Cambodians have increasingly been relying on 
imports of snakeheads farmed in neighbouring 
Viet Nam ─where snakehead farming is legal but 
faced with environmental challenges and disease 

(see Catch and Culture, Vol 20, No 3).  Farming 
in Cambodia has meanwhile mainly focused on 
striped catfish (Pangasianodon hypophthalmus), 
tilapia (Oreochromis niloticus), silver barb 
(Barbonymus gonionotus) and a hybrid walking 
catfish (Clarias batrachus x C. gariepinus). 

Research in the Vietnamese province of An Giang 
in the Mekong Delta has identified 33 fish species 
used as feed in snakehead culture. More than 
half were minnows or carps (Cyprinidae), bagrid 
catfishes (Bagridae), loaches (Cobitidae) and 
gouramies (Osphronemidae). Many were juveniles 
of commercially important species including some 
targeted for aquaculture in Viet Nam such as 

Cambodian aquaculture researcher Nen Phanna with formulated feed 
at the Freshwater Aquaculture Research and Development Centre in 
Prey Veng Province

Photo: leM chaMnaP
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climbing perch (Anabas testudineus), Bocourt's 
catfish (Pangasius bocourti) and Nile tilapia 
(Oreochromis niloticus).  

Formulated	feed
Recent developments in Cambodia and Viet 
Nam show promising research into formulated 
feed for wild snakeheads that would reduce the 
demand for small fish. Under a study funded by 
the Aquafish Collaborative Research Support 
Program at Oregon State University, the Inland 
Fisheries Research and Development Institute 
(IFReDI) at Cambodia's Fisheries Administration 
has been developing indigenous broodstock for 
domesticated breeding of striped snakehead 
(Channa striata) and then weaning the fry with 
formulated feed developed by Can Tho University 

in Viet Nam. The best results were seen with 
feeding 30-day-old fry at a rate increasing by 10 
percent every three days, which resulted in lower 
cannibalism and higher survival by the time the 
fish had reached 60 days (see Catch and Culture 
Vol 20, No 3). 

The institute has now taken this research a step 
further by extending feeding with the formulated 
feed until the snakeheads reach maturity, which 
is usually around six months. The experiment 
has involved about 400 individuals which are 
the first generation of 100 wild broodstock from 
Cambodia and 50 domesticated broodstock from 
Can Tho University. The broodstock were brought 
to the government's Freshwater Aquaculture 
Research and Development Centre in Prey 
Veng Province in late 2013 and early 2014, with 
spawning induced about a year later. While the 
wild broodstock were unable to consume the 
formulated feed, their offspring had no problems. 
And as of June, some of the females from both the 
domesticated and wild broodstock were already 
producing eggs, underlining the pressing need for 
pilot experimental farms for grow-out using the 
formulated feed.

Replacing	fishmeal	with	soybean	meal
The need to extend government research to 
commercial farms in Cambodia is highlighted by a 
new study on formulated snakehead feed by Can 
Tho University Vice Rector Tran Thi Thanh Hien 
and her colleagues from the university's College 
of Aquaculture & Fisheries and the University of 

Wild broodstock caught from Kien Svay District in Kandal Province. 
About 100 wild broodstock are being used in the testing of the 
formulated feed in addition to 50 domesticated broodstock from Can 
Tho University in Viet Nam.

Photo: leM chaMnaP

Induced spawning of snakehead at the Freshwater Aquaculture 
Research and Development Centre in Prey Veng Province

Photo: nen Phanna

Weaning young snakeheads at the Freshwater Aquaculture Research 
and Development Centre in Prey Veng Province

Photo: nen Phanna
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Rhode Island in the United States. Published by 
the journal Aquaculture in June this year, the study 
involved a series of experiments over eight weeks 
to test formulated diets that replaced fishmeal 
with soybean meal. Fishmeal accounts for 33 
percent of the formulated feed developed by Can 
Tho University and soared in price to record highs 
last year following a sharp decline in catches of 
anchoveta (Engraulis ringens), a major component 
of Peruvian fishmeal for which Viet Nam is the 
world's fourth-largest importer (see Catch and 
Culture Vol 21, No 2).

In the first experiment with striped snakehead, 
soybean meal substituted 0, 20, 30, 40 and 50 
percent of the fishmeal with or without the addition 
of phytase as a supplement (phytase is an enzyme 
that accounts for 0.02 percent of the university's 
formulated feed).  The second experiment 
conducted the same tests with or without the 
addition of taurine, an amino acid important in the 
metabolism of fats. The two experiments showed 
that soybean meal could replace 30 percent of 
the fishmeal without phytase or taurine and 40 
percent if it was supplemented by the enzyme or 
the amino acid. A third experiment with Indonesian 
snakehead (Channa micropeltes)  showed that 
soybean meal could also replace 40 percent of 
the fishmeal when supplemented by phytase. 
When compared with fish fed on fishmeal alone, 
the study indicated that diets using soybean meal 
as a replacement could reduce the cost of feed 
by almost 12 percent in terms of one kilogram of 
weight gain.

Rice	bran	and	cassava	meal
Dr Hien and her colleagues have also carried out 
research into using locally available rice bran and 
cassava meal to replace both fish and soybean 
meal in the diets of striped snakehead. In the first 
experiment, a mixture of rice bran and cassava 
meal replaced 0, 10, 20 and 30 percent of the fish 
and soybean meal. No differences in survival or 
growth were found, except that fish fed with the 
replacement diet of 10 percent had faster growth 
than the contra group. In the second experiment, 
rice bran and cassava meal supplemented with 
the enzyme alpha-galactosidase were used as a 
substitute for 0, 50, 60 and 70 percent of the fish 
and soybean meal. The third experiment used the 
same rates of substitution with a feeding attractant 
solution. In both cases, the optimal replacement 
rates were 70 percent for growth, 60 percent for 

food conversion ratio and 50 percent for protein 
efficiency and economic benefits.

Further	reading

Fisheries Administration (2011) The Strategic Planning 
Framework for Fisheries: 2010-2019.Fisheries Administration, 
Ministry of Agriculture, Forestry and Fisheries, Phnom Penh. 

Hien, T.T.T; T.T. Be; C.M. Lee and D.A. Bengtson (2015) 
Development of formulated diets for snakehead (Channa 
striata and Channa micropeltes): Can phytase and taurine 
supplementation increase use of soybean meal to replace fish 
meal? Aquaculture 448 (2015) 334-340.

Hien, T.T.T; V.M.Q. Chau, L.V. Minh, T.T. Be; C.M. Lee and 
D.A. Bengtson (in press) Development of formulated diets for 
snakehead (Channa striata): use of rice bran, cassava meal, 
α-galactosidase and feeding stimulants in fish meal/soybean 
meal diets.  

Hien, T.T.T and D.A. Bengtson (in preparation) Assessment 
of the freshwater trash-fish diet for snakehead aquaculture in 
Vietnam: species composition and chemical characterisation.

Site of the snakehead feed project of the Aquafish Collaborative 
Research Support Programme of Oregon State University at the 
Freshwater Aquaculture Research and Development Centre in Prey 
Veng Province

Photo: leM chaMnaP
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Aquaculture carrying capacity of Stung 
Chinit Reservoir: a pilot	project 

Mass-balance	modeling	of	phosphorous	
can	serve	as	a	template	to	determine	
allowable	levels	of	aquaculture	in	

reservoirs	in	Cambodia	and	perhaps	
throughout	Southeast	Asia

Cambodia has plans to expand freshwater 
aquaculture, including in reservoirs (Fisheries 
Administration, 2011). Lakes and reservoirs 
represent commonly owned or used water bodies 
and are therefore subject to the “tragedy of the 
commons”, in which too many users can destroy 
the quality of the resource (Hardin, 1968). It is 
not unusual in Southeast Asia to see reservoirs in 
which aquaculture has grown beyond reasonable 
limits, with subsequent declines in water quality 
(e.g. the Cirata and Jatiluhur reservoirs in 
Indonesia, with tens of thousands of fish cages).

Aquaculture Carrying Capacity (ACC) refers 
to the limits to aquaculture in a common water 
body, as defined by the environment’s ability to 
assimilate aquaculture wastes. McKindsey et al. 
(2006) reviewed the topic and discussed different 
entities that one might consider protecting (the 
farms themselves, the entire ecosystem, human 
society) in the calculation of ACC. Various kinds 
of models exist for calculating ACC, depending 
on what is to be protected and how much data 
one has to use in the models. For freshwater 
bodies with relatively little data available, mass-
balance modeling of phosphorous (P) is often 
used, since P is normally the limiting nutrient 
for freshwater primary production. The basic P 
mass-balance model is rooted in the work of 
Vollenweider (1968) and Dillon and Rigler (1974), 
relating P levels and primary production in studies 
of eutrophication. That is, eutrophied waters 
eventually result in lowered dissolved oxygen (DO) 
levels due to decomposition of organic material. 
The aquaculture of fish in cages is usually based 
on feeding of some diets (chopped trash fish or 
formulated feed pellets) that add substantially to 

by DavID a. bengtson, chheng Phen, tIth Puthearath anD so naM *

the organic load of the water.

Staff members of the Cambodian Inland Fisheries 
Research and Development Institute (IFReDI) 
received training in P mass-balance modeling and 
collected information to be used in the modeling. 
As described by Beveridge (1996), the modeling 
procedure is quite simple and requires relatively 
little input data. One needs to know volume of 
the water body (A), average depth (z) of the 
water body, turnover rate (number of volume 
replacements per year, ρ), initial P concentration 
before aquaculture [P]i, some acceptable final 
P concentration [P]f, and the fraction of P that is 
lost to the sediments (R). In addition, one needs 
to know about fish being proposed for rearing: 
species, P content of their feed, feed conversion 
ratio (FCR, a measure of how much feed must 
be provided to achieve desired growth of the 
fish), and the amount of P retained by the fish at 
harvest. The critical quantity is ΔP = [P]f – [P]i, the 
amount of new phosphorous that aquaculture can 
add to the system and still allow the system to be 
at or below the acceptable P level. Clearly, if [P]i 
is already greater than [P]f (due to nutrient runoff, 
etc), then no aquaculture can be allowed.

IFReDI researchers gathered available data 
about Stung Chinit Reservoir in Kampong Thom 
Province as a test case for aquaculture carrying 
capacity modeling in Cambodian reservoirs. 
Volume of the reservoir is 35.6 million cubic 
metres (MCM). Dry-season flow (November to 
April) in the Stung Chinit River, a tributary of 
the Tonle Sap Lake, is 460 MCM (for the whole 
season), whereas wet-season flow (May to 
October) was 1,586 MCM. [P] in the reservoir in 
2008 (the last year for which we have an annual 
data set) averaged 92 mg per cubic metre in the 
dry season (range = 40-150) and 195 mg per 
cubic metre in the wet season (range = 50-520). 
The area of the reservoir is 16,720,000 m2 in the 
wet season and 5,140,000 m2 in the dry season, 
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and the average depth is 1.5 m. In the absence 
of specific data, we are assuming that R = 0.5. 
With this information, one can use the relationship 
described by Beveridge (1996)

ΔP = [Lfish(1-Rfish)]/zρ,

where Lfish is the amount of P that can be 
contributed by aquaculture by rearranging it to 
solve for 

Lfish = [ΔPzρ]/(1 – Rfish).

One can then calculate the number of tons of fish 
produced to achieve Lfish. That is accomplished 
by multiplying the P content in a ton of feed times 
the FCR (to determine how much P is provided to 
the aquaculture operation, Pfeed) and subtracting 
from that the amount of P that is retained in a ton 
of fish, Pfish (and therefore removed from the 
system). In other words, the amount of P lost to 
the environment, Penv = Pfeed – Pfish, expressed 
as P loss per ton of fish produced.

One of the interesting things about this exercise 
is that there are some things that fish farmers 
and feed manufacturers cannot control (volume, 
area, depth, flow rate of the water body) and some 
things that they can (FCR, P content of feed). In 
addition, stakeholders of the water can decide 
on the acceptable level of P for that water body. 
For example, if stakeholders desire oligotrophic 
(clear, very low nutrient water) for tourism, then 
aquaculture production is unlikely. But if they really 
want to promote aquaculture, the higher levels 
of P would be permissible. Beveridge (1996) 
suggested that P levels up to about 250 mg per 
cubic metre are permissible for tropical culture of 
tilapia, carp and milkfish, although lower levels 
of 50-75 mg per cubic metre would be more 
protective of wild fisheries production. 

We followed the above approach to calculate 
ACC for fish culture in Stung Chinit. Since this 
effort was part of a project to bring about the 
reintroduction of snakehead culture in Cambodia, 
we used that as our model species, although one 
could clearly model other species as well. We 
began by calculating ACC with the best current 
data available and an assumed acceptable P level 
of 200 mg per cubic metre. However, as part of the 
exercise, we also calculated ACC under different 
scenarios of FCR and [P]f. We were faced with 

the additional challenge that Stung Chinit has very 
different flow rates and [P]I values for the wet and 
dry seasons, but snakehead require about six 
to eight months to grow to market size, thereby 
encompassing both wet and dry seasons to 
calculate ACC separately for wet and dry seasons, 
but finally choose the lower of the two values for 
tons of fish production, so that production would 
be protected in the worst-case scenario.

For our current best scenario with acceptable P at 
200 mg per cubic metre, farmers could produce 
895 tons of snakehead (dry season) or 467 tons 
(wet season). Thus, annual production would be 
limited to 467 tons, the lower of the two values. 
As we examine other scenarios, we see that FCR 
is a powerful regulator of allowable tons of fish 
production. Setting acceptable P at 200 mg per 
cubic metre and just varying FCR demonstrates 
that an FCR of 2.0 allows only 790 tons of 
snakehead production in the dry season and 412 
tons in the wet season (so we choose 412 tons 
for year-round production to be safe), whereas 
lowering the FCR to 1.0 would allow 1,918 tons 
of snakehead production in the dry season and 
1,000 tons during the wet season (so again we 
choose 1,000 tons to be safe) (see first chart on 
next page). Similarly, holding FCR constant at 
1.8, setting acceptable P at 150 mg per cubic 
metre would mean that aquaculture would not 
be allowed in Stung Chinit (481 tons in the dry 
season but a negative number in the wet season). 

Spillway at the Stung Chinit Reservoir in Kampong Thom Province

Photo: chhut chheana
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the fish community is already adapted to a wide 
range of P conditions in the reservoir and can 
cope with somewhat elevated average P values 
due to aquaculture. Finally, Stung Chinit averages 
only 1.5 m in depth, but has some deep areas that 
reach 10 m in depth. Whatever tonnage of fish 
production is allowed in Stung Chinit must also 
be consistent with good aquaculture practices of 
siting cages in deeper water. Thus, sufficient deep 
water areas must be shown to be available as part 
of the decision to allow aquaculture operations.

In summary, using P mass-balance modeling 
to project acceptable snakehead production 
levels in Stung Chinit Reservoir allows us, policy 
makers and farmers to see the impacts of different 
scenarios on potential snakehead production. It 
can serve as a template for modeling allowable 
levels of aquaculture in other Cambodian 
reservoirs and perhaps throughout Southeast Asia.

This research was funded by the AquaFish CRSP under USAID 
CA/LWA No. EPP-A-00-06-00012-00 and by US and Host Country 
partners. The AquaFish CRSP accession number is 1438. The 
opinions expressed herein are those of the authors and do not 
necessarily reflect the views of the AquaFish CRSP or the US Agency 
for International Development.

* Dr Bengtson is a professor at the Department of Fisheries, Animal 
and Veterinary Science of the College of the Environment and Life 
Sciences at the University of Rhode Island, Mr Phen is acting director 
of the Inland Fisheries Research and Development Institute in Phnom 
Penh, Mr Tith is a research assistant at the institute and Dr So Nam is 
coordinator of the MRC Fisheries Programme
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Setting acceptable P at 350 mg per cubic metre 
would mean that 2,138 tons would be allowed in 
the dry season and 14,448 tons in the wet season 
(so 2,138 tons to be safe) (see chart below). It is 
interesting that wet season production levels are 
always lower than dry season production levels 
and therefore determine year-round production 
at all FCR levels. When FCR is held constant 
and acceptable P varies, wet season production 
levels are higher and dry season production levels 
determine year-round production.

Some final issues must be considered regarding 
the introduction of aquaculture to Stung Chinit. 
First, we must be sure that the P levels do not 
violate Cambodian national standards for water 
quality. Those standards appear to allow P levels 
from 50-1,000 mg per cubic metre, so that should 
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not be a problem. Second, we do not want to 
endanger the fish community that already exists 
in Stung Chinit and contributes to fishery catches. 
Monthly measured P values in Stung Chinit in 
2008 ranged from 40-150 mg per cubic metre in 
the dry season and from 50-520 mg per cubic 
metre in the wet season. It is therefore likely that 
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Appointment

Mr Eng Cheasan

Photo: leM chaMnaP

New director	general appointed to 
Fisheries Administration in Cambodia 
Eng Cheasan has been appointed Director-
General of the Cambodian Fisheries 
Administration to succeed Dr Nao Thuok who has 
been promoted to the position of Undersecretary 
of State at the Ministry of Agriculture, Forestry 
and Fisheries. Eng Cheasan previously served 
as Deputy Director-General between 2001 and 
2015, responsible for exploitation, aquaculture and 
freshwater fisheries inspection in five provinces in 
northwest Cambodia.  

As Deputy Director-General, he worked with 
several organisations such as the Asian Institute 
of Technology (AIT), Partnership for Development 
in Kampuchea (PADEK), the Network of 
Aquaculture Centres in Asia Pacific (NACA), 
the Food and Agriculture Organization of the 
United Nations (FAO) and the United Nations 
Development Programme (UNDP). He has also 
worked with the MRC where he was involved in 
formulating different papers on the regulation and 
mainternance of flows on the Mekong mainstream. 

Between 2003 and 2008, Eng Cheasan headed 
the project implementation office for the fisheries 
component of the Tonle Sap Environmental 
Management Project, a Cambodian government 
project funded by a loan from the Asian 
Development Bank (ADB). It was during this 
period that he oversaw the formulation of rules for 
community fisheries.

Between 1985 and 1991, Eng Cheasan studied 
at the Astrakhan State Technical University for 
Fisheries Industry in southern Russia, located 
in the Volga Delta, the largest river delta in 
Europe. After completing his MSc in fisheries  
industry engineering in Astrakhan, he returned to 
Cambodia where he began working in 1992 as a 
technical officer at the Exploitation Office of the 
then Department of Fisheries, helping to oversee 
the country's commercial fishing lots and collecting 
data on freshwater fisheries production. 

Eng Cheasan became Head of the Marine Unit of 
the Exploitation Office in 1994  and Acting Head 

of the office in 1997. Between 1999 and 2001, he 
served as Head of the Exploitation Office where he 
was involved in formulating technical procedures, 
monitoring revenues from different provinces, 
leasing fishing lots and resolving conflicts between 
fishermen and other stakeholders. It was during 
this period that he regularly took part in processes 
related to the country's fisheries reforms, of which 
the first phase was announced by Prime Minister 
Hun Sen in October, 2000 (see Catch and Culture, 
Vol 19, No 1).

In addition to his master's degree from Astrakhan, 
Eng Cheasan has an English-language MBA from 
Pannasastra University in Phnom Penh. He has 
also completed courses on project implementation 
and administration, arranged by the Asian 
Development Bank in Manila, and effective 
negotiating skills, offered by the Civil Service 
College in Singapore. In addition to his native 
Khmer, he speaks English and Russian.

Eng Cheasan was born in Phnom Penh in 1965. 
His father was a physics and chemistry professor 
and his mother was a businesswoman.
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Markets

FAO	Fish	Price	Index
Norwegian Seafood Council (2002-2004 = 100)

Production,	trade,	utilisation	and	consumption
FAO Food Outlook, May 2015

2013 2014
Estimate

2015
Forecast

Change
2015/2014

 Million tonnes %
Production 162.8 164.3 168.6 2.6
Capture fisheries 92.6 90.0 90.6 0.7
Aquaculture 70.2 74.3 78.0 5.0
Trade
Trade value (exports USD billion) $136.5 $143.9 $144.5 0.4
Trade volume (live weight) 58.8 59.5 59.7 0.3
Total	utilisation 162.8 164.3 168.6 2.6
Food 141.0 144.6 147.5 2.0
Feed 16.8 15.0 16.4 9.7
Other uses 5.0 4.8 4.7 -2.1
Consumption	per	person
Food fish (kg/yr) 19.7 20.0 20.1 0.9
From capture fisheries (kg/year) 9.9 9.7 9.5 -2.2
From aquaculture (kg/year) 9.8 10.3 10.6 3.8
FAO	Fish	Price	Index	(2002-2004 = 100) 2013 2014 2015

Jan-Apr
Change

Jan-Apr 2015/Jan-Apr 2014

148 157 150 -6.6
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Markets

Thailand
Talaad Thai Wholesale Market, Pathum Thani Province

Latest	published	prices	(July,	2015)
THB per kg

Slender rasbora (Rasbora daniconius) 50 - 53
Chinese edible frog (Haplobatrachus rugulosus) (large) 85 - 90
Chinese edible frog (Haplobatrachus rugulosus) (small) 75 - 80
Asian redtail catfish (Hemibagrus wyckioides) 160 - 180
Yellow mystus (Hemibagrus filamentus) 110 - 120
Tire track eel (Mastacembelus favus) 200 - 230
Clown featherback (Chitala ornata) 190 - 220
Iridescent mystus  (Mystus radiatus) (large) 50 - 70
Iridescent mystus (Mystus radiatus) (small) 40 - 45
Wallago (Wallago attu) (large) 150 - 160
Wallago (Wallago attu) (small) 40
Bronze featherback (Notopterus notopterus) 90 - 100
Wild striped snakehead (Channa striata) (large) 130 - 135
Wild striped snakehead (Channa striata) (small) 60 - 70
Farmed Indonesian snakehead (Channa micropeltes) (large) 130 - 135
Farmed Indonesian snakehead (Channa micropeltes) (small) 55 - 90
Bighead catfish (Clarias macrocephalus) (large) 90 - 120
Bighead catfish (Clarias macrocephalus) (small) 110 - 120
Farmed North African walking catfish hybrid (large) 40 - 43
Farmed North African walking catfish hybrid ((small) 34 - 37
Siamese red catfish (Phalocronotus bleekeri) (large) 350 - 380
Siamese red catfish (Phalocronotus bleekeri) (small) 180 - 200
Silver barb (Barbonymus gonionotus) (large) 50 - 55
Silver barb (Barbonymus gonionotus) (small) 40
Red tilapia hybrid (large) 90 - 98
Red tilapia hybrid (small) 65 - 75
Nile tilapia (Oreochromus niloticus) (large) 58 - 65
Nile tilapia (Oreochromus niloticus) (small) 25 - 45
Whisker sheatfish (Kryptopterus spp.) (large) 150 - 160
Whisker sheatfish (Kryptopterus spp. (small) 80 - 90
Common carp (Cyprinus carpio) (large) 40
Giant Mekong catfish (Pangasianodon gigas) 65
Boeseman croaker (Boesemania microlepis) 190 - 250
Horseface loach (Acantopsis choirorhynchos) 140 - 155
Giant gourami (Osphronemus goramy) 100 - 115
Siamese mud carp (Henicorhynchus siamensis) 45 - 50
Snakeskin gourami (Trichopodus pectoralis) 90 - 180
Striped catfish (Pangasianodon hypophthalmus) 32 - 33
Climbing perch (Anabas testudineus) from rice paddy (large) 100 - 115
Climbing perch (Anabas testudineus) from rice paddy (small) 50 - 70
Farmed climbing perch (Anabas testudineus) (large) 95 - 105
Farmed climbing perch (Anabas testudineus) (small) 50 - 60
Peacock eel (Macrognathus siamensis) (large) 120 - 130
Peacock eel (Macrognathus siamensis) (small) 100 - 110
Swamp eel (Monopterus albus) (large) 220 - 240
Swamp eel (Monopterus albus) (small) 300
Pond snail  (Filopaludina martsensi) 30 - 35

Viet	Nam
Vietnam Assocation of Seafood Exporters and Producers, Dong Thap Province and Danang

Latest	published	prices	(February,	2015)
VND per kg unless otherwise stated

White pangasius (Pangasianodon hypophthalmus) (Type 1) 24,300 - 26,300
White pangasius (Pangasianodon hypophthalmus) (Type 2) 23,500 - 24,300
Pangasius fry (Pangasianodon hypophthalmus) (1 pc) 1.5 - 2.0
Pangasius fingerlings (Pangasianodon hypophthalmus) (3,000 pcs) 50 - 60
Pangasius seed (Pangasianodon hypophthalmus) (2 cm) 900 - 1,200
Giant freshwater prawn (Macrobrachium rosenbergii)  (>100 grams) 250,000 - 280,000
Giant freshwater prawn (Macrobrachium rosenbergii) (75-99 grams) 200,000 - 220,000
Giant freshwater prawn (Macrobrachium rosenbergii) (gravid, 50pc/kg) 170,000 - 190,000
Giant freshwater prawn (Macrobrachium rosenbergii) (post-larvae, 1 pc) 100,000 - 120,000
Black tiger shrimp (Penaeus monodon) (8 pcs/kg) 540,000
Black tiger shrimp (Penaeus monodon) (15 pcs/kg) 430,000
Black tiger shrimp (Penaeus monodon) (25-30 pcs/kg) 270,000
Black tiger shrimp (Penaeus monodon) (40 pcs/kg) 160,000
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576 National Road #2, Chak Angre Krom, 

PO Box 623, Phnom Penh, Cambodia
Tel: (855-23) 425 353 Fax: (855-23) 425 363

Office	of	the	Secretariat	in	Vientiane	(OSV),	
Office	of	the	Chief	Executive	Officer	
184 Fa Ngoum Road, 
PO Box 6101, Vientiane, Lao PDR
Tel: (856-21) 263 263  Fax: (856-21) 263 264

Pilot experiments in Australia and Lao PDR show that more fish are injured or killed by 
undershot weirs (top) than overshot weirs (bottom).Overshot weirs are particularly effective if a 
deep plunge pool is maintained below the weir (see page 4). 

IllustratIon: chhut chheana
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