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Cambodia completes first pilot study
of Tonle Sap mollusc fishery
By Ngor Peng Bun, Chhuon Kimchhea, Prak Leang Hour and So Nam *

Five main landing sites for molluscs in
Kampong Chhnang Province are found
to yield some 8,700 tonnes of snails and
clams over a 12-month period with an
estimated value of $1.4 million. Local
mollusc gatherers and traders reckon
catches are on the decline.

kao leah) which are prohibited for fishing. Other
factors were said to be the use of agricultural
chemicals, habitat loss and competition from the
invasive golden apple snail (Pomacea sp.).

The first study of mollusc production in the Tonle
Sap system has estimated average daily catches
from five landing sites in Cambodia's Kampong
Chhnang Province at almost 24 tonnes. But the
year-long study, conducted by the Cambodian
Fisheries Administration with support from the
MRC Fisheries Programme, also heard from local
mollusc gatherers and traders that catches of
snails and clams have been falling. The reported
decline was partly attributed to overfishing, linked
to the use of motorised clam dredges (kantrong

Given the absence of data on the Tonle Sap
mollusc fishery, including species diversity,
abundance, yields and values, the Fisheries
Administration prioritised the pilot study after a
field trip to Kampong Chhnang with the MRC
Fisheries Programme in 2013. Local traders
reported at least seven mollusc species with
tonnes being harvested every day for both the
domestic and export markets (see Catch and
Culture, Vol 21, No 1). In addition, it was observed
that most fishing households in the province were
directly involved in gathering molluscs, either for
their own consumption or for supplementing their
daily income.

Continued on page 8 ...

Asian clams (Corbicula moreletania) are often salted and mixed with chili before being sun dried and offered for sale in Cambodia
Photo: Ngor Pen Bun
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Five mollusc landing sites in Kampong Chhnang Province
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A brief description of freshwater gastropods and bivalves
Molluscs are easily recognised because their
bodies are enclosed, wholly or in part, by a
hard calcareous shell. Two classes of the
phylum Mollusca occur in fresh water, the
Gastropoda (snails) and Bivalvia (clams and
mussels). The descriptions below are from the
Mekong River Awareness Kit, an interactive
training programme for river basin managers in
Cambodia, Lao PDR, Thailand and Viet Nam.
The self-study CD-ROM was developed for the
MRC by Canada's Hatfield Consultants in 1999
and is still available online.
Gastropods live within a single shell that is
usually conical, spiralled or tent shaped. They
are divided into the Prosobranchia, which
possess gills for respiration under water and
close the mouth of the shell with a horny
operculum, and the Pulmonata that have an airfilled lung and no operculum. Both forms can live
continually submerged unless the water contains
little dissolved oxygen. Prosobranchs generally
have thick, hard shells that are difficult to crack
and which may be ornamented with spines and
ridges. Pulmonate shells are usually quite thin
and rather smooth. Snails use a radula (a filelike 'tongue') to scrape up biofilm (especially
algae) on the surface of rocks or macrophytes;
detritus, fresh vegetation, carrion, bacteria and
fine organic material are eaten also.

Prosobranchs in Asia have been the subject of
considerable attention because of the role of
some species (e.g., Melanoides, Oncomelania,
Semisulcospira, Neotricula and Tricula) as
intermediate hosts of parasitic flukes that
infect birds and mammals (including man)
as final hosts. Schistosoma mekongi is one
such blood fluke that has caused concern in
the Mekong Basin. Pulmonates of the family
Lymnaeidae and Planorbidae can also serve as
intermediate hosts of flukes that infect humans
and domestic animals. One prosobranch, the
introduced 'golden snail' (Pomacea canaliculata:
Ampullariidae) from South America, has become
widespread in the Mekong Basin where it is
a pest of irrigated crops. Some prosobranchs
can be used as human food, and snails make
up an important part of the diet of some river
birds.  The shells of freshwater snails can vary
greatly in form and shape within a species, and
this is noticeable also in the ornamentation and
degree of elongation of the shells (and especially
in the prosobranch family Thiaridae). However,
the opposite applies also; some species differ in
internal structure, while their shells appear very
similar. Care is needed in species identification.
Bivalves are characterised by possession of a
shell that is divided into two equal halves (or
valves) hinged dorsally by an elastic ligament
and closed by powerful muscles. The body is
enclosed within the shell, and has large gills

As a broad generalisation, tropical regions are
richer in freshwater prosobranch
snails than in pulmonates, with
prosobranchs generally making up
over 75% of the species in a given
habitat. Some such as the Pilidae or
apple snails can, as their common
name suggests, grow quite large. The
Mekong River has an exceptionally
rich prosobranch fauna (see box).
Running waters tend to be richer in
prosobranchs, while pulmonates are
more often found standing waters.
However, pulmonates can become
extremely abundant in rivers that are
organically polluted where elevated
Golden snail (Pomacea canaliculata) from South America has become
nutrient levels contribute to dense
widespread in the Mekong Basin where it is a pest of irrigated crops.
algal growths and increased food
Illustration: British Museum
availability.
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Lower Mekong supports world's richest mollusc fauna with more than 160 species
The biodiversity of invertebrates in Asian
rivers has been less studied than that of
fishes, but some taxa are certainly highly
speciose (Dudgeon, 1999). For example, the
mollusc fauna in the Lower Mekong Basin
includes species-flocks of stenothyrid and
pomatiopsid snails (>110 endemic species); a
similar radiation has occurred in the Yangtze
River, China. The Mobile Bay Basin in the
southeastern United States once supported the
most diverse freshwater mollusc assemblage in
the world (Groombridge and Jenkins 1998), but
one third of them have been driven to extinction
by flow regulation and habitat alteration. As
a result, with over 160 species, the Lower
Mekong now supports the richest fauna. This
is despite the fact that much of the river course
has not been surveyed for molluscs. The
richness of stenothyrids and pomatiopsids is
related to their dietary and habitat specialism
(Attwood, 1995a): some species prefer muddy
substrates, others occur on sand, on rocks
or on submerged wood. Flow regulation in
the Mekong would lead to changes in food
for respiration. The gills also play a vital role
in filtering tiny food particles from water that is
pumped in and out of the shell cavity, entering
and leaving via a pair of short siphons. A foot
that can be protruded beyond the shell valves
allows the animal to burrow into riverbeds. In
many areas bivalves are a popular human food,
and the large species living in shallow sections
of river are often heavily exploited.
Freshwater bivalves are most diverse in large
rivers and floodplain lakes, but some taxa
(Corbiculidae and Sphaeriidae) occur in small
streams also. They vary considerably in size: the
fingernail clams (Sphaeriidae) are mature at less
than 10 mm long, while some Unionidae reach
lengths of 25 cm. A few specialised forms, such
as the mussel genus Limnoperna (Mytilidae),
attach to hard surfaces (using thread-like
secretions called byssus), but most bivalves
burrow in stable gravel, sand or mud substrates.
The largest of these families (made up of several

availability and substrate characteristics that
might impact some snails while favouring
others – in particular, Neotricula aperta, a host
of the human blood fluke parasite Schistosoma
mekongi (Attwood, 1995b).
References
Attwood, S.Y. 1995a. The effect of substratum grade on
the distribution of the freshwater snail y-Neotricula aperta
(Temcharoen), with notes on the size of particles ingested.
Journal of Molluscan Studies 61: 133-138.
Attwood, S.Y. 1995b. A demographic analysis of
y-Neotricula aperta (Gastropoda: Pomatiopsidae)
populations in Thailand and southern Laos, in relation to
the transmission of schistosomiasis. Journal of Molluscan
Studies 61: 29-42.
Dudgeon, D. 1999. Tropical Asian Streams: Zoobenthos,
Ecology and Conservation. Hong Kong University Press,
Hong Kong.
Groombridge, B. and M. Jenkins. 1998. Freshwater
Biodiversity: a Preliminary Global Assessment. World
Conservation Monitoring Centre, World Conservation
Press, Cambridge.

hundred species worldwide and including the
vast majority of freshwater bivalves) is the
Unionidae.
Certain Unionidae require a particular type of
fish host for development as their larvae, called
glochidia, must go through an ectoparasitic
developmental stage on fish gills or fins before
settling in the riverbed as a juvenile. Such
most-specific unionids may be limited in their
distribution by the availability of suitable fish
host species. Other unionids have less particular
host requirements (although all unionids require
fish hosts of some type) but are highly are
habitat specific, and will only thrive under certain
combinations of current, water chemistry and
substratum. These specialised characteristics
can make unionids especially vulnerable to
human modification of the environment.
Further reading
http://mekong.riverawarenesskit.org
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Mollusc production at five landing sites in Kampong Chhnang Province
February, 2014 ─ January, 2015

Scientific name

Khmer

English (Khmer transliteration)

Tonnes

USD

Corbicula moreletania

លៀស

Asian clam
(leah)

6,436

$369,805

Pila polita

ខ្យងគូថស្រួច

Sharp-tail or conic snail
(kchong kouth srouich)

1,511

$781,025

Pila ampullacea

ខ្យងគូថទាល

Blunt-tail snail
(kchong kouth teal)

382

$218,053

Mekongia wainsoni

ខ្ចៅដូង

Coconut snail
(kchao dong)

322

$42,211

Filopaludina martenis
cambodjensis

ខ្ចៅក្អែក

Crow snail
(kchao kaek)

68

$8,987

8,719

$1,420,081

Total

Asian clam (Corbicula moreletania)
Photo: Prak Leang Hour

From left to right, sharp-tail snail (Pila polita), blunt-tail snail (Pila ampullcea), ricefield or
pila snail (Pila scutata), crow snail (Filupaludina martensi cambodgensis) and coconut
snail (Mekongia swainsoni)
Photo: Ngor Peng Bun

... from page 4
The Fisheries Administration conducted the study
between February, 2014 and January, 2015. The
five landing sites chosen are in four districts (see
page 5). One site, Chhnok Tru in Boribo District,
is a floating village on the Tonle Sap Lake. The
others are located on the Tonle Sap River — Koh
Thom in Cholkiri District, Kampong Prasat and
Kampong Kda in Kampong Tralach District and the
provincial capital of Kampong Chhnang. The sites
are surrounded by large floodplain areas which
are good habitats for snails and clams. Data was
collected daily by three Fisheries Administration
officers and two community fisheries committee
members in Koh Thom and Kampong Kda. The
data collectors focussed on five species including
8
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the Asian clam (Corbicula moreletania). The others
were two species from the apple snail family, the
sharp-tail or conic snail (Pila polita) and the blunttail snail (Pila ampullacea), and two species from
the river snail family, the coconut snail (Mekongia
swainsoni) and the crow snail (Filopaludina
martenis cambodjensis).
The total mollusc catch from the five sites over the
12-month period was 8,719 tonnes, with a daily
average of 23.9 tonnes (see table above). Asian
clams accounted for three quarters of the catch
and snail catches were dominated by the two
species of apple snail. The first-sale value of the
annual catch was estimated at KHR 5,680 billion
($1,420,081). More than half came from sharp-tail
snails, which fetched the highest average price of

June 2016
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Skimming push baskets (chok leah) also target clams. The triangular
wicker basket is attached to a bamboo pole split into two parts. The
push baskets cost about $12.50 at the time of the study. They were
being used in the river and lake in the late dry season at depths of up
to 1.5 metres
Photo: Prak Leang Hour

Motorised clam dredges (kantrong kao leah) deploy metal baskets
attached to bamboo poles. These are dragged over the sandy or
slightly muddy bottom of the river or lake where clams can be found.
At the time of the study, these clam scrapers cost between $30 and
$35 and were being used in the late dry season and early wet season
when waters are generally low.

Handle scoop bags (kantrong dong kchong) target snails with a
bag net supported by a metal ring attached to a wooden or bamboo
handle. The scoop bags are used to collect snails on the surface of
the water in floodplains and lakes during the wet season when water
levels rise. At the time of the study, they cost between $7.50 and $10.
Photo: Prak Leang Hour

Photo: Prak Leang Hour

$0.47/kg during the 12-month period. The value of
the catch is based on daily prices at which mollusc
gathers sold their catches to 23 traders operating
at the five landing sites. Most of these traders
had their own trucks to transport the molluscs to
Cambodian markets, including Phnom Penh, and
the Vietnamese border.
The study found that the sharp-tail and blunttail snails spawned during the wet season from
August to October. The Asian clam along with the
crow and coconut snails spawned in the late dry
season and early wet season between March and
May. Peak catches occurred in January for the
crow snail, February for the Asian clam, June for
the blunt-tail snail, August for the coconut snail

and September for the sharp-tail snail. The study
also observed that the invasive golden apple snail
was "widespread" in the Tonle Sap Lake. Although
this species is a pest for rice farmers, it provides
food for humans and feed for animals. Against a
background of calls by local people to eradicate
the species, the study highlighted the need to
understand its impacts on the local ecosystem,
especially other aquatic animals and plants.
Chhnok Tru alone accounted for 73 percent of
the overall catch. Asian clams accounted for
most of the catch in terms of volume. The three
other species landed at this site were sharp-tail,

June 2016
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First study on freshwater mussel stocks in 26 European countries
Mussels are the natural treatment plants of
bodies of water and, therefore, just as important
as bees. Unfortunately, they are equally
threatened: most of the world’s mussel stocks
are in decline and some species face extinction.
For this reason, scientists from 26 European
countries have compiled the first comprehensive
survey on the status quo of freshwater mussel
species in Europe. Technical University of Munich
Professor Jürgen Geist and two colleagues
from Porto coordinated the project and provide
recommendations for the future protection of the
species.
It may not always be obvious due to their
concealed way of life, but mussels are among the
most endangered species in the world. Very little
was known about the status quo of mussel fauna
up to now, as there was no information available
on the stock sizes of this underwater organism.
The varying surveying methods used by different
countries exacerbated the problem. A catalogue
of the 16 freshwater mussel species found
throughout Europe will now be published for the
first time in the journal "Biological Reviews". The
project was coordinated by researchers from the
University of Porto in Portugal and the Technical
University of Munich (TUM).
Crucial role in the aquatic habitat
The survey’s three main authors, Manuel
Lopes-Lima and Ronaldo Sousa from the
Interdisciplinary Centre of Marine and
Environmental Research (CIMAR) and Professor
Jürgen Geist, Chair of Aquatic Systems Biology
at the Technical University of Munich (TUM),
describe how crucial mussels are for aquatic
ecosystems: they form around 90 percent of the
biomass in the bed of a water body. In addition,
mussels filter the water and have a major
influence on the water quality as a result.
“Because a single mussel filters up to 40 liters
of water per day,” reports Professor Geist, “we
humans also benefit from the ecosystem services
provided by mussels.” When the hard-shelled
animals keep a body of water clean, more
invertebrate organisms tend to join them there.
Due to their crucial role in the aquatic habitat,
the extinction of these small natural treatment
10
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plants in rivers and lakes would have serious
impacts on the aquatic habitat. So what do the
freshwater mussels, some of which live for over a
century, need to survive? The research network,
comprising scientists from 26 countries, collected
information about the requirements of European
mussels vis-à-vis their habitat and began by
answering the following questions:
•
•
•
•
•

Where do which species arise?
How big is the current stock?
How are the species related to each other?
What are their preferred habitats?
What are the greatest threats to their survival?

“One result of the Europe-wide study is the extent
of the gap between north and south,” says Geist.
“There are fewer species in the north of Europe,
for example Scandinavia, but the populations
there are bigger.” In contrast, southern Europe
has more species, but some of them are only
found in a handful of waters. This can be due
to the fact that they are specialised on one fish
species and if this species only arises on the
Iberian Peninsula, the mussels that depend on
it can only survive in proximity to it. In addition,
mountain ranges like the Alps and Pyrenees act
as geographical barriers. “If a mussel population
dies out in just one location in the south, this can
represent half of the global population,” the TUM
scientist explains.
Preferred habitats and threats
The fact that some mussel species are dispersed
all across Europe and have given rise to different
strains could be related to the ice ages and
periods between them, on the one hand, but
also to their fish hosts and the conquest of new
habitats, on the other. In addition, the scientists
established that less demanding mussel species
can spread more successfully, as they can
survive in different water bodies and quickly
adapt to changes in the water quality. Similarly,
like people, some species prefer warmer, stiller
waters while other mussel strains are more
tolerant and can survive just as well in cold rivers
and streams as in lakes.
The main authors also summarise the main
threats to the species in their report:

June 2016		
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Species richness of European freshwater mussel species in hydrographical river basins
Source: Lopes-Lima et al

•
•
•
•
•
•
•

Barrages, weirs and dams
Pearl fishing (for certain species)
Pollution and over-fertilisation
Loss of fish hosts
Invasive species
Water extraction and climate change
Other hitherto unknown stress factors

To ensure the long-term conservation of
freshwater mussels for aquatic ecosystems and
their functions, the authors recommend that
detailed scientific plans with defined objectives
be compiled. Targeted protection should be
provided for populations that are important from
an evolutionary perspective and whose stocks

have already been reduced by 90 percent,
water bodies with a high level of mussel species
diversity, and also healthy mussel stocks in intact
habitats. “Because a mussel is highly dependent
on its fish host and these are in decline, particular
attention should be paid to the fish stocks,” says
the TUM scientist, “even if some of these fish
species do not have any particular economic
value.”
Further reading
Lopes-Lima, M. et al. (2016) Conservation status of
freshwater mussels in Europe: state of the art and future
challenges, Biological Reviews 4.1.2016. DOI: 10.1111/
brv.12244
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... from page 9

Food, feed, lime and handicrafts

blunt-tail and coconut snails. Most of the 197
mollusc gatherers in Chhnok Tru used motorised
clam dredges, considered a medium-scale type
of fishing gear. Other landing sites usually used
small types of fishing gear such as skimming push
baskets or handle scoop bags (Deap, 2003). In the
dry season, which usually lasts from November
to April, some people used their hands to search
for snails at the bottoms of lakes, ponds, streams
and rivers, typically spending five to six hours
per trip with the average catch ranging from 3 to
5 kg. Catches in the town of Kampong Chhnang
comprised sharp-tail snails, Asian clams, blunt-tail
snails and crow snails. Only three species were
caught in Kampong Prasat, namely sharp-tail,
blunt-tail and crow snails. Catches at the other two
sites, Koh Thom and Kampong Kda, were limited
to sharp-tail and blunt-tail snails.
Monthly data showed that the biggest mollusc
catches were in the dry season from December to
April with the peak catch in January. The smallest
catches were in the wet season from June to
October, with the lowest catch in July. Asian clams
were available for nine months of the year (from
September to May) while sharp-tail and blunttail snails were gathered all year round. Coconut
snails were caught for six months of the year (May
to September and November) and crow snails
were collected over three months (December,
January and March).
The study found that many mollusc collectors were
from the same household or family and were often
women and children, sometimes collecting snails
and clams individually but most frequently working
in small groups. A total of 1,214 households were

In Cambodia, molluscs are processed
into many different food items for human
consumption and animal feed. The meat can be
used in traditional Khmer dishes such as samlo
kokou (spicy vegetable soup), samlo prohaer
(aromatic lemongrass soup) and amok (coconut
cream with turmeric steamed in banana leaves).
Snails and claims can otherwise be served
steamed, fried, boiled or grilled. Both the meat
and the shells can be processed into feed for
ducks and pigs. The shells can also be used
in lime production or as a raw material for
producing handicrafts.

found to be selling molluscs at the five sites. For
each household, the average catch was estimated
at 19.8 kg a day or 7,182 kg a year, generating
average income of about KHR 4.68 million
($1,170). The average price paid to gatherers
was $0.23 per kg (ranging from $0.05 per kg for
Asian clams and $0.47 per kg for sharp-tail snails).
Wholesale prices averaged $0.34 per kg and retail
prices averaged $0.50 (see table below). The 23
wholesale traders at the five landing sites bought
an average of 1,592 kg of molluscs per day.
The average annual volume for each trader was
estimated at 379 tonnes.
In addition to the use of illegal motorised clam
dredges and agricultural chemicals, local gatherers
and traders blamed declining catches on the loss
of habitats for snails and clams. According to the
study, such habitat loss may have been caused
by conversions of flooded forest into fields to grow

Mollusc prices at five landing sites in Kampong Cham Province
February, 2014 ─ January, 2015

Species

12

First-sale prices ($)/kg Wholesale prices ($)/kg Retail prices ($)/kg

Corbicula moreletiana

0.05

0.10

0.25

Pila polita

0.47

0.60

0.75

Pila ampullacea

0.41

0.54

0.75

Mekongia swainsoni

0.10

0.20

0.37

Filopaludina martensi cambodjensis

0.13

0.25

0.37

Average Price

0.23

0.34

0.50

Catch and Culture Volume 22, No. 1
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Preparing freshwater snails for transport to Phnom Penh at the Chhnok Tru landing site on the Tonle Sap Lake in Kampong Chhnang Province
Photo: Ngor Peng Bun

rice and other crops such as corn. Commercial
planting of lotuses could also be responsible. The
study also noted that some natural ponds and
lakes in Kampong Chhnang had been filled in for
development. Other ponds and lakes had dried up.
At the same time, declining fish catches may have
encouraged some people dependent on catching
fish to diversify into collecting molluscs.
The pilot study by the Fisheries Administration
was found to provide a "useful baseline" on the
volume and value of mollusc catches in one of
the five main provinces surrounding Southeast
Asia's largest lake. The authors recommended,
however, that any future research on the value
of the fishery should use sampling sites that
are more geographically representative and
cover a greater range of aquatic habitats and
ecosystems. They also recommended that future
mollusc studies include socio-economic factors
such as contributions to livelihoods and market

prices as well as environmental parameters such
as temperature, land moisture, water quality,
sedimentation and mud quality. In addition, the
authors suggested a study on the impact of the
golden apple snail on indigenous mollusc species,
and crops such as rice and other aquatic plants.
Such a study could include possible management
options for the invasive species aimed at "making
best use of its proliferation while reducing its
harmful effects on rice cultivation".
Reference:
Deap, L., P. Degen and N. van Zalinge (2003) Fishing Gears
of the Cambodian Mekong. Inland Fisheries Research and
Development Institute (IFReDI), Phnom Penh. Fisheries
Technical Paper series, Volume IV (2003), 269 pp. ISSN:
1726-3972
* Mr Ngor Peng Bun is the capture fisheries specialist at the
Mekong River Commission, Mr Chhuon Kimchhea is deputy director
of the Fisheries Affairs Department of the Cambodian Fisheries
Administration, Mr Prak Leang Hour is deputy director of the
Kampong Chhnang Provincial Fisheries Cantonment and Dr So Nam
is the Fisheries Team Leader at the MRC
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After difficult year, Vietnamese shrimp
exports seen rebounding in 2016
Exporters are expected to benefit from
lower anti-dumping duties in the United
States and free-trade deals recently
concluded by the Vietnamese government
with various countries on four continents
Vietnamese shrimp exports are forecast to rebound
12 percent to about $3.3 billion in 2016 following
a difficult year marked by weak demand and
falling prices, the Vietnam Association of Seafood
Exporters (VASEP) reported in January. VASEP
said local customs figures showed that exports fell
26 percent from a year earlier to $2.7 billion in the
11 months to November. For the full year, exports
were expected to reach $3 billion, down 25 percent
from 2014 but still accounting for 44 percent of all
of the country's fisheries exports.
VASEP said the top 10 markets for Vietnamese
shrimp in 2015 were the United States, Japan,
the European Union and China followed by South
Korea, Canada, Australia, Taiwan, ASEAN and
Switzerland, accounting for almost 95 percent
of total shrimp export value. Exports to the four
biggest markets fell sharply last year, although
shipments to Britain and Hong Kong grew, the
association said. In Britain, the largest European
importer of Vietnamese shrimp, demand for warmwater shrimp was said to be strong due to limited
supplies and higher prices for cold-water shrimp.
Depreciating currencies
The association partly blamed the lower exports
on weaker currencies of major importers such
as Japan, the European Union and China. The
currencies of rival Asian shrimp exporters such
as India, Indonesia, Malaysia and Thailand
also fell sharply against the dollar, reducing the
competitiveness of shrimp produced in Viet Nam
where the dong's depreciation against the dollar
was fairly mild. "Due to higher input costs, Vietnam
shrimp price was relatively high," VASEP said.
Lower international prices for shrimp were another
factor behind the decline in exports. In the United
States, the world's largest market for imported shrimp,
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Imports from Ecuador and India
During the first half of 2015, Vietnam reportedly
became the largest market for shrimp produced
in Ecuador and India, the world's two largest
shrimp exporters during the period. The FAO
publication Globefish reported that Vietnamese
shrimp producers reduced their stocking density
by 30 percent during the first six months of last
year to combat falling export prices and early
mortality syndrome (EMS). Local raw material
shortages in Viet Nam subsequently led to
increased imports of shrimp for re-export and
export processing, the report said. In the six
months to June last year, Vietnamese imports
of shrimp soared 68 percent from a year earlier
to more than 100,000 tonnes. As a result,
Globefish said, Viet Nam was the top shrimp
export market for Ecuador in the first half and
the second largest export market for India after
the United States. In terms of volume, the report
said the world's biggest exporters in the period
were Ecuador with 167,291 tonnes and India
with 160,957 tonnes.
Further reading
http://www.fao.org/in-action/globefish/market-reports/
resource-detail/en/c/357932/

VASEP noted that prices for larger black tiger shrimp
(16-20 per pound) dropped from $11.30 a pound in
early 2015 to $9.75 in the third quarter. During the
same period, prices for smaller black tiger shrimp
(21-25 per pound) fell from $7.50 a pound to $5.80.
In a separate report in November, the Food and
Agriculture Organization of the United Nations (FAO)
said the US shrimp market remained "oversupplied"
due to increased catches of domestic shrimp.
"Overall, inventories remain excessive," it said.
Black tiger shrimp (Penaeus monodon) is native
to Viet Nam and the coasts of other Southeast
Asian countries as well as Australia, the Indian
subcontinent and Africa. Also known as the giant
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tiger prawn, the species is a major contributor to
aquaculture production in the Mekong Delta in Viet
Nam, which is estimated to be worth almost $6
billion a year (see Catch and Culture, Vol 21, No 3).
Lower anti-dumping duties
The brighter outlook for 2016 is buoyed by sharply
lower anti-dumping duties on Vietnamese shrimp
in the United States. VASEP noted that the US
Department of Commerce issued the final results
of its ninth anti-dumping duty review in September
last year. Under the one-year review, from
February 2013 to January 2014, the average antidumping duty on shrimp from Viet Nam was 0.91
percent compared with a preliminary duty of 0.93
percent — much lower than the 6.37 percent in the
eighth review. "This is a good news for Vietnam
shrimp exporters," VASEP said, adding that the
reduction "helps ease the burden" imposed.
Free-trade deals
Exporters are also expected to enjoy the benefits
of the country's recent free-trade deals with South
Korea, the European Union and the Eurasian
Economic Union (see Catch and Culture Vol 21,
No 2) as well as the Trans-Pacific Partnership
(TPP) with 11 other countries (see Catch and

Culture Vol 21, No 3). VASEP said import duties
on most raw shrimp were expected to fall to zero
as soon as these agreements take effect. "For
value added shrimp products, that roadmap of duty
reduction will depend on each market," it said.
With growing markets and increased
competitiveness against rival shrimp exporters
not part of such arrangements, VASEP concluded
that the TPP and bilateral trade deals "will impact
positively on Vietnam shrimp exports in 2016." Of
the major shrimp exporting countries in Southeast
Asia, only Viet Nam and Malaysia are parties to
the TPP, which was signed by trade ministers from
all 12 countries at a ceremony in Auckland, New
Zealand, on February 4. The TPP, which still has to
be ratified, grew out of a free-trade deal signed by
Brunei, Chile, New Zealand and Singapore in 2004.
Further reading
http://seafood.vasep.com.vn/seafood/59_10979/vietnamshrimp-exports-2015-challenges-and-opportunities.htm
http://www.fao.org/in-action/globefish/market-reports/resourcedetail/en/c/357932/
https://www.mfat.govt.nz/en/media-and-resources/news/transpacific-partnership-signing/

Chinese buying seen exacerbating raw shrimp shortage in Mekong Delta
Chinese traders were reportedly buying large
quantities of raw shrimp from Mekong Delta
farmers ahead of the Lunar New Year in early
February, sending prices higher and making it
difficult for Vietnamese processors to compete.
VietnamNet quoted processors as saying that
the Chinese traders were re-exporting the
Vietnamese shrimp after injecting them with
unidentified substances to increase their weight.
Nguyen Van Kich, general director of Cafatex
Corporation in Hau Giang, reportedly said that
Chinese traders were even asking suppliers to
inject substances into shrimp. Kich was further
quoted as saying that Cafatex had received "many
orders for export to Japan, but can hardly find
material supply. They (the Chinese traders) have
bought it all, big shrimp, small shrimp, everything.”
Chu Van An, deputy direct general of Minh

Phu Seafood Corporation in Ca Mau, said
Vietnamese processors were not injecting
shrimp with substances but that Chinese traders
were buying shrimp at such high prices that
local companies could not compete. “Workers
lose their jobs," An reportedly said. "The USA,
Japan and South Korea will likely switch to other
suppliers. Therefore, decent shrimp traders will
suffer severely," Mekong Delta farmers were
meanwhile enjoying a bonanza in January. In Ca
Mau, VietnamNet said prices for larger shrimp
(15 shrimp per kilogram) had risen to $14.00 to
$14.46 per kilogram, a two-year high.
Further reading
http://english.vietnamnet.vn/fms/business/150133/chineseshrimp-traders-disturb-mekong-delta-market.html
http://www.shrimpnews.com/
FreeReportsFolder/NewsReportsFolder/
VietnamChinaTradersScoopingUpFarmedShrimp.html
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Mekong catfish exporter to buy 51%
of Russian fish distributor for $15 mln
Distributor has 19 branches in
major Russian cities and ports as well as
13 representative offices in smaller cities
and towns. Reported plans for acquisition
follow Viet Nam's signing of a free-trade
agreement with the Eurasian Economic
Union in May last year.
Viet Nam's leading catfish exporter Hung Vuong
Corporation has announced plans to buy a
controlling interest in the distribution subsidiary
of Russian Aquaculture PJSC for $15 million,
Thanh Nien News reported on January 31. The
Vietnamese newspaper said the Moscow-based
company would sell the subsidiary, known as
Russian Fish Company, to Vietnamese-Russian
venture RKK Holding in which Hung Vuong holds a
51 percent stake.

According to Russian Aquaculture, the company
has one of the largest fish distribution networks in
Russia with 19 branches in major cities and ports
and 13 representative offices in smaller cities and
towns supplying more than 2,200 customers in
2014. Distribution volumes have, however, fallen
in recent years, declining from 166,200 tonnes
in 2012 to 158,000 tonnes in 2013 to 143,200
tonnes in 2014. The company says its sales grew
6.5 percent from a year earlier to RUB 19.2 billion
($245 million) in 2014. Earnings before interest,
taxes, depreciation and amortisation more than
doubled to RUB 945 million ($12 million) over the
same period.
Founded in 1997, the company says it had 12
percent of the Russian market for chilled and
frozen fish by 2009, three times more than its

Processing salmon from one of Russian Aquaculture's four salmon farms on the Barents Sea in the Murmansk region of northwest Russia
Photo: Russian Aquaculture
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nearest competitor. It disposed of its value-added
products business in 2014 and changed its name
from Russian Sea Group to Russian Aquaculture
in 2015 to reflect its focus on farming fish in
northwest Russia where it has four salmon farms
in the Barents Sea and five trout farms on the
Segezoro Lake.

Dong Nai plans big shrimp-farming complex
The Department of Science and Technology
in Dong Nai Province in southern Vietnam
plans to invest VND 909 billion ($41 million) on
developing an advanced shrimp-farming complex
in Nhon Trach District, according to Bao Dong
Nai. The provincial newspaper reported that Vo
Van Chanh, vice chairman of Dong Nai Provincial
People’s Committee, held a working session
with the provincial department on January 20 to
discuss the project.

Hung Vuong's headquarters in My Tho in the Mekong Delta
Photo: Hung Vuong Corporation

Hung Vuong is based in the Mekong Delta city
of My Tho in Tien Giang Province. The company
is Viet Nam's largest exporter of striped catfish
(Pangasianodon hypophthalmus) with Russia
ranking as its biggest market after the European
Union and the United States in 2015, accounting
for about 10 percent of its total exports of $400
million. Founded in 2003, Hung Vuong's activities
include fingerling and feed production in addition
to processing and export.

Meeting of Dong Nai People’s Committee and Department of
Science and Technology on January 20
Photo: Bao Dong Nai

Thanh Nien News said the announcement of the
Russian acquisition coincided with a company
shareholder meeting on January 29. It also
followed Viet Nam's signing of a free-trade
agreement in May last year with the Eurasian
Economic Union, which now comprises Russia,
Kazakhstan and Belarus as well as Armenia and
Kyrgyzstan. Under the agreement, import tariffs
on almost all Vietnamese fish exports to these
countries are expected to fall to zero (see Catch
and Culture Vol 21, No 2).

The shrimp farming complex will reportedly
cover 480 hectares in Phuoc An Commune. "At
first, 200 hectares of land will be handed over
to businesses to pilot the project which will be
combined for ecological tourism and shrimp
farming," the newspaper said. Bao Dong Nai
added that Vice Chairman Chanh assigned Nhon
Trach District to cooperate with the department
and enterprises implementing the project.

Further reading

Further reading

http://www.thanhniennews.com/business/seafood-exporterhung-vuong-to-buy-stake-in-russian-company-58805.html

http://baodongnai.com.vn/english/business/201601/dongnai-pilots-hi-tech-shrimp-farming-model-2659683/

https://russaquaculture.ru/index.php?id=1&L=2
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Can catfish resistant to deadly
bacterial infection also grow fast?
By Trinh Quoc Trong *

Final results of a three-year government
research project in Viet Nam show that
fast growth does not affect resistance
to Edwardsiella ictaluri

estimate genetic parameters for resistance (such
as heritability and genetic correlation with growth
traits) and establish a base population for long-term
selection (see Catch and Culture, No 21, No 2).

In 2012, Vietnamese scientists began deliberately
infecting striped catfish (Pangasianodon
hypophthalmus) with the most virulent strain of
a bacterium known as Edwardsiella ictaluri. The
bacterium causes bacillary necrosis, which also
infects channel catfish (Ictalurus punctatus) in the
United States and can result in mortalities of up to
90 percent. In the Mekong Delta, diseased striped
catfish treated with antibiotics have become
resistant to the drugs.

In early 2015, the scientists carried out tests on
9,000 catfish separated into two tanks, acting
as two replicates. The fish were from a broad
genetic base from multiple habitats in Viet Nam
and Cambodia. The tests showed a large variation
in mortality and survival rates among families,
indicating that resistance to the bacterium was
heritable and that selection would be effective. But
would resistant fish also grow fast?

By infecting the fish, the scientists at the Research
Institute for Aquaculture No. 2 (RIA2) in Ho Chi Minh
City were seeking insights into genetic variation
for resistance among families. The aim was to

To answer this seemingly simple question, a
time-consuming and costly operation had to be
conducted. Fish that died during the test were not
of harvestable weight. Fish that survived usually
had to be culled because they could be potential

Resistance, tolerance and resilience
The term "disease resistance" can mean
different things. Disease itself is the
pathogenic consequence of infection,
the colonisation of a host by organisms
such as viruses, bacteria, protozoa,
helminths and ectoparasites. Resistance
can be either to infection – a host’s ability
to moderate the pathogen or parasite
lifecycle – or to the disease consequence
of infection. The terms "tolerance" or
"resilience" describe a host’s ability
to withstand the pathogenic effects of
infection (Bishop, 2010).
Reference
Bishop, S.C. et al. (2010) Breeding for disease
resistance in farm animals, 3rd Edition. CAB
International, Oxforshire.
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Edwardsiella ictaluri in the liver of striped catfish (Pangasianodon hypophthalmus)
Photo: Ha Thi Ngoc Nga
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carriers of the disease so growth performance
was usually determined in their siblings. To
establish the a population, the scientists tagged
an additional 10,026 fingerlings (siblings of the
original 9,000 fish) and stocked them in an earthen
pond for grow-out.
When the fish were harvested in November last
year, their harvest body weights were recorded.
Genetic correlation between resistance to E.
ictaluri and growth (measured by harvest body
weight) was estimated at 0.26 ± 0.11. The positive
genetic correlation between the two traits means

that selection for resistance does not affect
growth. In other words, fish selected for fast
growth do have better resistance. A carefullydesigned breeding programme that selects these
two traits simultaneously, a process known as
index selection, can exploit good genes for both
traits, resulting in fish that are both fast growing
and resistant to E. ictaluri. This is one of the
ultimate goals of the breeding programme for
striped catfish in Viet Nam.
* Dr Trong is the director of the National Breeding Centre for Southern
Freshwater Aquaculture in Cai Be

FAO sees drug resistance as 'global threat' to food security
Antimicrobial resistance (AMR) is a public
health threat requiring an international effort to
counter risks posed to food security, according to
Helena Semedo, deputy director general of the
Food and Agriculture Organisation of the United
Nations (FAO) "AMR is a global threat," she told
European ministers of health and agriculture at a
conference in Amsterdam on February 10. "How
can we eliminate hunger or improve sustainability
when we cannot cure sick animals?" the former
Portuguese fisheries minister asked. "How can
we reduce rural poverty when the drugs given to
ill farm workers and their families no longer have
effect?"
Semedo said overuse and misuse of antibiotics
and other antimicrobial agents increased
resistance among microbes that cause the
infections and disease they were designed to
quell, threatening to reverse a century of progress
in human and animal health. "The risk of AMR
appears to be particularly high in countries
where legislation, surveillance, prevention and
monitoring of AMR are weak or inadequate," she
said, noting the need to translate European efforts
to slash drug use in animals to "countries in need
with poor resources."
Prevalence higher in intensive systems
In a statement, the FAO noted that its governing
conference in 2015 called for "urgent action" at
both national and international levels to respond

to the growing
threat of drugresistant pathogens
in both terrestrial
and aquatic foodproducing systems.
"While resistance
develops as part of
natural adaptation,
it is exacerbated by
inappropriate use of Helena Semedo
pharmaceuticals, and Photo: Giulio Napolitano/FAO
the prevalence of
resistance in the agricultural sector is generally
higher in animal species reared under intensive
production systems," it said.
The FAO favours "prudent regulations and
measures to control the influx of medicines and
reduce their use." But "many rural smallholders
and pastoralists often face difficult economic
choices and that counterfeit drugs are rampant,"
the statement said. "Broad improvements in
hygiene, disease prevention, veterinary oversight
and accurate and affordable diagnostics, as well
as ensuring quality nutrition to improve the overall
health of livestock and fish through safe feed and
suitable breeds are critical in reducing overuse of
antibiotics."
Further reading
http://www.fao.org/news/story/en/item/382636/icode/
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How to set priorities for restoring fish
migration across existing barriers
The MRC develops a set of guidelines to
identify high-priority barriers in the Lower
Mekong Basin that are most suitable
for rehabilitation works to create
fish-friendly irrigation structures
The Lower Mekong Basin has tens of thousands
of irrigation and flood-control structures, especially
in northeast Thailand. These structures, ranging
from dams and weirs to regulators, floodgates and
road crossings, may be too high for fish to pass,
blocking their access to spawning areas, new

habitats such as refuges and food resources. Such
barriers can therefore have a significant impact on
fish migration, affecting the successful completion
of life cycles and leading to over-harvesting of
fish that accumulate below the structures. Given
that most Mekong fish species migrate up and
down the river throughout the year and onto the
floodplain during the wet season, the cumulative
impact of these structures is large and has longterm implications for fisheries productivity.
Fishways can restore fish migration with
rehabilitation works that allow fish to pass

Process suitable for catchments throughout the Lower Mekong Basin
The process used in the guidelines has
succeeded in trials in two smaller catchments
in the Lower Mekong, the Xe Champhone
catchment in southern Lao PDR (see page
26) and the Nam Ngum catchment near
Vientiane. The trials showed that it is suitable
for catchments throughout the basin. The
design and construction process has been
used successfully in rehabilitating fish passage
in Australia and more recently at the the Pak
Peung regulator in central Lao PDR (see Catch
and Culture, Vol 21, No 2, and box on opposite
page). The prioritisation process ensures that
limited information and resources are efficiently
used to identify barriers with the greatest impact
on fish migration. Priorities are based on a
scoring and ranking technique used in Europe,
the United States and Australia but also include
broad concepts derived from optimisation
techniques used in highly developed countries.
In this way, the process keeps the simplicity of
scoring and ranking but uses the re-evaluation
power of the optimisation system.
Prioritisation takes into account limited information
for catchments. GIS data to assess the priority
of a barrier often uses proxy information about
biology that is not directly available. For example,
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information about fish communities in every
stream is difficult to collect. But many studies
have shown that highly degraded habitats have
reduced fish communities. Such degradation
is related to the intensity of land use in the
catchment, which can be easily identified by
land use types in GIS. Intensity of land use can
therefore be used as a substitute for the condition
of fish communities, with conditions in pristine
undisturbed catchments highly likely to be better
than those in intensively developed catchments.
In this way, mapping characteristics assessed
by GIS can stand in for characteristics that are
difficult to collect and represent spatially.
At the same time, thousands of potential barriers
can be assessed before visiting sites. An initial
desktop study employs the efficiency and unique
decision-making capabilities of an automated
GIS system to assess wide-ranging temporal
and spatial habitat characteristics associated
with each potential barrier. This approach
allows limited resources to be directed towards
assessing the highest ranking potential barriers
after the initial GIS stage, rather than a more
arbitrary approach of visiting unknown and
often less critical barriers based on limited local
knowledge.
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Australia launches new five-year project to quantify impacts of fishways in Lao PDR
Australia launched a five-year project in April to
quantify the biophysical and community impacts
of improved fish passage in Lao PDR. The project
is among the largest fisheries projects since the
Australian Centre for International Agricultural
Research (ACIAR) began its first Lao fisheries
project on indigenous species in 1997. It is also the
fifth ACIAR project in eight years to address the use
of fishways to boost Lao fish production in areas
where barriers to fish migration have been built.
Mr Khamphiew Phimmathad, Director General of
the Bolikhamxay Provincial Agriculture and Forestry
Office, said development of Lao infrastructure,
especially roads and irrigation systems, had occurred
rapidly in recent years. “These benefits will greatly
benefit agriculture but may impact to fish migration
and lead to decreased wetland fish production,”
he told a workshop launching the project in Pak
San District on April 1. “The construction of suitable
fishways can allow fish to migrate and also support
sustainable development,” Mr Khamphiew said,
noting that many countries had developed fishways
over the years. “It is possible to have food, water and
energy production but only if designed in the best
possible way ... Fish passage in Laos is an emerging
scientific discipline,” the director general said,
underlining the importance of basing fishway designs
on data for Mekong species. “Lao PDR is rapidly
developing water resources for many purposes.
Therefore study on fish passage for utilisation in Laos
is necessary, especially for including fish-passage
outcomes into irrigation and development policy.”
Mr John Williams, the Australian ambassador to Lao
PDR, told the workshop that Australia was proud to
support the work through ACIAR, "drawing on all our
experiences over the past 20 years in the MurrayDarling River Basin”. He noted that cost-effective
fish passage technology to bring fish back to the
wetlands was a vital effort in the ongoing story of
Lao PDR’s economic development.
The first ACIAR fishway project, from 2008 to
2009, focused on developing criteria for floodplain
species in central provinces. This was followed by a
second ACIAR project from 2010 to 2015 to develop
fishway technology to boost fisheries production
in the floodplains of the Lower Mekong and the

Murray-Darling basins
in Australia. During the
second project, more
than 8,000 barriers
to fish migration
were identified in
just three tributary
catchments of the
Mr Khamphiew (right) speaking at
Mekong – Xe Bang
the workshop in Pak San District
Hieng, Xe Champone in Bolikhamxay Province on April 1
with Australian Ambassador John
and Nam Ngum. The
Williams (left)
third project, from
Photo: Jarrod McPherson/Charles
2012 to 2013, was a
Sturt University
pilot study to develop
design criteria for fish-friendly irrigation and minihydropower projects in the two river basins. The
fourth, launched in 2014 and scheduled to be
completed in 2018, aims to improve the design of
irrigation infrastructure.
Although these projects showed that fishways could
be effective for Mekong fish species, feedback was
that the scope of the work should be expanded to
show and quantify their impact. ACIAR therefore
commissioned the Institute for Land, Water and
Society at Charles Sturt University to carry out the
new project from 2016 to 2020, which aims to make
it easier to adopt fishway technology to rehabilitate
declining fisheries.
The new project aims to evaluate the colonisation
of species in seasonal wetlands and quantify
whether there has been annual increases in fish
production at sites where fishways have been built.
It also aims to quantify, in social and economic
terms, options for building fishways at barriers
on rivers and promote the uptake of project
outputs. “We’re keen for other donors to add to
the outcomes by building more fishways,” said
Dr Chris Barlow, the ACIAR Fisheries Program
Manager. The former manager of the Mekong River
Commission Fisheries Program said ACIAR also
hoped outcomes could be taken to “other countries”
in the region. Dr Barlow explained that the new
project was part of ACIAR’s “strategic research” in
which benefits might take more than five years to
be realised – unlike its “applied research” which
focuses on improving livelihoods and income
security in less than five years.
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Rehabilitating fish-passage barriers
Prioritisation
1. Identification
Use available
information and
satellite imagery
on all potential
fish-migration
barriers
including
fixed-crest
weirs, gated
weirs, dams,
regulators,
flood gates and
bridges
2. Remote
assessment
Conduct GIS
analysis of five
attributes of
potential barriers
3. Field appraisal
Record physical
attributes of
high-priority
potential barriers
4. Biological
assessment
Conduct GIS
analysis of five
properties of the
barrier and site
5. Socioeconomic
assessment
Consider four
factors
Rehabilitation
6. Selection
7. Design
8. Construction
9. Operation and
maintenance
10. Evaluation
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Attributes (range of possible scores)
(i) Stream type (0-10)
(ii) Intensity of land use (1-5)
(iii) Upstream habitat (1-5)
(iv) Number of barriers downstream (1-7)
(v) Sub-catchment characteristics (1-7)
(vi) Can fish pass the barrier? (0-5)
(vii) Stream condition (1-5)
(viii) Stream flow and water hole performance (1-5)
(ix) Instream habitat for migratory species upstream of
barrier (1-5)
(x) Importance to local community of fishing at barrier (1-5)
(xi) Estimated cost (1-5)
(xii) Technical viability (1-5)
(xiii) Effectiveness (1-5)
(xiv) Productivity benefits (1-5)
Recommendations
Rankings are not definitive. Significant barriers not
necessarily of the highest priority may be preferable for
fishways in areas that can be used as demonstration sites to
generate community interest.
Team should include biological, engineering and irrigation
experts. Collate as much existing site data as possible,
conduct meeting, site visit and workshop, develop concept
design and detailed design.
Refer any design changes to design team. Biologist should
conduct at least one inspection before completion. Biologist
and engineer should also inspect near or upon completion
and when commissioned.
Plan should be developed during design phase and might
include operating rules, a maintenance programme,
contingency plans, a process for timely repairs and status
reporting procedures.
Fishway monitoring (sampling with traps at entrance and
exit of fishway), catchment fish community monitoring,
local fishing community monitoring and tracking of fish
movements.
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through small steps along the barrier or slower
water velocity that is more easily negotiated by
fish. Building fishways, however, is a significant
undertaking and requires a focus on high-priority
sites. Determining which sites are the most
important for building fishways is the focus of a
new report that spells out guidelines for identifying
and assessing all barriers to fish migration in
the basin. Facilitated by the MRC Fisheries
Programme and the MRC Agriculture and Irrigation
Programme, the guidelines have been developed
by Australian consultants, including Australasian
Fish Passage Services, the Murray Darling
Freshwater Research Centre of Latrobe University
and a research fellow at the Faculty of Agriculture
at the National University of Lao.
In addition to outlining steps to identify and
prioritise existing barriers to fish migration, the
guidelines offer advice on how to design, build
and maintain fish passes and how to monitor their
effectiveness. The aim is to promote informed
investments in structures that have the greatest
chance of improving fisheries productivity if
passage is restored.
Barrier prioritisation
The prioritisation is run over a comprehensive
five-stage process that identifies barriers and
evaluates the fishery and ecosystem improvement,
economic cost and social benefit of barrier repair
(see opposite). The focus is on identifying barriers
affecting the entire fish community. The authors
of the guidelines note that this is different from
assessment criteria biased towards particular fish
families, economically important fish species or
specific river reaches. Subjective prioritisations,
particularly those focused on primarily highvalue species, are seen as inadvertently creating
environmental conditions unsuitable for some
sections of the fish community, either by upsetting
the balance of predator-to-prey relationships
or by disadvantaging fish species that occupy
specialised trophic niches fundamental to aquatic
ecosystem functioning. Barrier prioritisations that
only investigate particular river reaches or subsections of catchments are seen as having the
potential to neglect or inadequately investigate
downstream barriers. This is particularly pertinent
as a single downstream barrier may be preventing
or delaying sections of the fish community from
reaching upstream habitats.

The score and rank system uses the five stages
of assessment with an automated GIS process.
The system takes into account the importance of
various migration patterns and the likelihood of
localised extinctions caused by the barrier. As a
result, the process is designed to favour barriers
close to the Mekong River or the South China
Sea. Such barriers will affect a greater number
of species by preventing fish from migrating
upstream to feed or breed. A large portion of
recruits to a population can be lost if adults cannot
find suitable spawning habitats and juveniles
are unable to find suitable nursery habitats. If
fish passage is prevented year after year, fish
populations can be severely diminished and over
time lead to localised species extinction. The
impact of barriers on the large fish communities
close to the Mekong River or South China Sea
is considered to be more critical than their effect
on the smaller fish communities in the headwater
streams. Additionally these headwater streams
have much greater gradients that can create
natural barriers to fish movement.
Adjustment of scores or weighting of attributes
As individual regions will have different priorities
for the rehabilitation of fish passage, as well as
unique conditions that may bias the results of
the prioritisation process, the adjustment and/
or weighting of scores may be appropriate. The
guidelines outline a scoring regime that is suitable
across most of the Mekong Basin. However,
individual countries or regions may need to score
some attributes differently.
An example where the adjustment of scores may
be appropriate can be found in the two parts of
the Mekong Basin in Viet Nam. In the Central
Highlands, many of the structures are very large
due to the steep gorges of streams in the area. In
the Mekong Delta, however, barriers are unlikely
to be very large as the area is very flat. In this
example, the small barriers are likely to block large
migrations just as effectively as high barriers and
should therefore be scored similarly. In this case,
the score can be adjusted so that smaller barriers
score that same as large barriers.
An example of where the weighting of attributes
might be appropriate would be where a regional
committee believes that the productive benefit to
Continued on page 26 ...
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Design options for Mekong fish species
Recent research in Lao PDR has established
several fishway designs suitable for local fish. A
combination of designs is often the most suitable
option. Designs that can be used to rehabilitate
fish passage at new and existing structures
include:
Rock ramp fishways, commonly used for low
barriers up to about two metres high. They
are essentially a series of rock ridges placed
immediately below a barrier, creating a low slope
pool and step that simulates a rocky stream bed.
Larger boulders are placed in ridges across the
rock ramp, creating pools of low flow and low
turbulence. Each of the ridge rocks has a gap
between it and the ridge rock beside it, through
which the water flows, allowing fish to move from
pool to pool and over the weir.

Cone fishways, designed on a similar principle
to rock ramp fishways but with concrete to create
the ridges. This design is particularly suitable
for sites where the supply of rock is limited. The
concrete cones create a series of ridges that
provide small steps and pools of low turbulence
and velocities through which fish can ascend.
This design has recently been installed on the
Pak Peung regulator near Paksan in Boxhimalay
Province, Lao PDR and has been successfully
assessed in the 2014 wet season. Monitoring
indicates that the design is successfully passing
fish.
Culvert baffle fishways, consisting of a set of
vertical protrusions from the walls of a culvert
that break up the water flow, slow the water
down adjacent to the culvert walls and provide

Rock ramp fishway, Echuca Weir, Campaspe River, Central Victoria, Australia
Photo: Tim Marsden
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Cone fishway, Pak Peung Wetland, Bolikhamxai Province, Central
Lao PDR Photo: Tim Marsden

Culvert baffle fishway, Aims Creek, Central Queensland, Australia
Photo: Tim Marsden

Vertical slot fishway, Gooseponds Creek, Central
Queensland, Australia
Photo: Tim Marsden

resting areas and migration pathways for fish.
The baffles are usually made of steel and fixed
to the wall with suitable materials. They work
on the same principal as other fishways, in that
they break up the fast flow in to a series of small
steps with manageable velocities for fish. They
are most suitable for application at floodgates
where culverts are often used in association with
the gates.

baffle there is a vertical slot through which water
is transferred to the next pool downstream. This
creates a series of pools and small steps, with
low velocities that fish are able to swim through
easily. This is one of the most successfully
applied designs worldwide, but can have high
capital costs.

Vertical slot fishways, consisting of a concrete
channel extending from the top of the weir
(headwater) to the base of the weir (tailwater).
Within the channel, baffles are inserted at
regular intervals along the length of the channel
to slow the velocity of the water. Within each

Further reading
Baumgartner, L. J, Marsden, T, Singhanouvong, D,
Phonekhampheng, O, Stuart, I.G. and Thorncraft, G. 2012.
Using an experimental in situ fishway to provide key design
criteria for lateral fish passage in tropical rivers: A case
study from the Mekong River, Central Lao PDR. River
Research and Applications. Volume 28, Issue 8, pages
1217–1229
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How the guidelines succeeded in the Xe Champhone catchment
To identify potential barriers, data in the form of
satellite imagery and aerial photography were
used in GIS software. Due to poor imagery in
some areas, Google Earth imagery was also
used. Stream and road data were then acquired
from the MRC. Data was then imported into both
GIS software and Google Earth.
After remote assessment of five attributes, 798
potential in-stream barriers to fish migration were
identified.Initial elimination removed 243 barriers
on small intermittent streams with minimal fishery
value, leaving 555 barriers to be analysed further.
The highest score of 28 was achieved by the
first potential barrier on the Xe Champhone
upstream from the Mekong mainstream. Other
highly ranked barriers were generally clustered
around the lower Xe Champhone wetlands and
mainstream channels higher in the system.
Field appraisal involved ground-truthing 105
top-priority barriers by a small team of fisheries
biologists and students from the National
University of Laos. Potential barriers were located
and then accessed via vehicle or on foot. Barriers
determined to have no impact on fish passage
were removed. Others were assessed further on
ecological, social and physical criteria.
For the biological assessment, all barriers were
scored on "how well" they answered the criteria
for five questions. A total of 105 potential barriers

... from page 23
local villages should be the highest priority within
the scoring system. As such, the committee may
determine that a 100% weighting to the productive
benefit score (thereby doubling the score) will
ensure that this aspect is given the correct
consideration within the scoring system. In this
way the committee can ensure that projects with
the most benefit to the local community will be
considered the highest priority.
The adjustment of scores or the weighting of
different attributes can allow the local project
officers to refine the priority list to reflect the
unique circumstances in their local area or
26
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were validated in the field during this stage.
Of these, 61 were identified as barriers to fish
migration and 43 as non-barriers. The 61 barriers
were then priority ranked in accordance with the
ecological and physical criteria.
The socio-economic assessment involved
analysing the top 61 barriers with several
economic, social and technical criteria. Barriers
were then prioritised in accordance with the
scoring system, leaving a top priority list of 26
ranked barriers requiring future remediation (see
table). Several barriers had equal scores.
A report detailing the top-priority structures was
well received by the local government and nongovernmental organisations. Several barriers are
being investigated for remediation. Plans have
been drawn up for the installation of a fishway on
Hou Souy, ranked sixth on the list but providing a
high-profile demonstration site due to its proximity
to a large number of villages and its popular
status as a recreation location.
The design at Hou Souy weir has been in
conjunction with the World Bank, with site visits
and surveys as well as a design process involving
engineers, biologists and local agriculture
and irrigation officials. The detailed design
phase provides for a dual bank cone fishway
providing fish passage over the majority of flows
encountered at the site.

of concern to local communities. However, it
should be recognised that overuse of the score
adjustment or attribute weighting can have a
detrimental impact on where rehabilitation works
are undertaken and as such should be used
sparingly and with caution.

Rehabilitation

The guidelines also recommend a process for
designing and building fishways, particularly
important stages as any mistakes will lead
to ineffective fish passage. Any design or
construction errors are extremely hard to rectify
at the site and can derail support for further fish
passage infrastructure. It is therefore important to
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Top 26 barriers for future remediation
Rank

Stream

Type

Height

Option

Est Cost

1 Xe Xangxoy

Medium weir

2.0 m Vertical slot fishway

$200,000

1 Xe Xangxoy

Low weir

1.3 m Vertical slot fishway

$75,000

3 Unnamed

Drop-board weir

1.8 m Vertical slot fishway

$75,000

3 Hou Makmi

Regulator

2.0 m Vertical slot fishway

$75,000

3 Xe Champone anabranch

Low weir

1.3 m Vertical slot fishway

$75,000

6 Hou Souy

Medium weir

2.5 m Concrete cone fishway

$85,000

7 Hou Kalang

Drop-board weir

1.3 m Baffles

$5,000

8 Hou Lat

Drop-board weir

1.3 m Baffles

$5,000

8 Hou Salongkhiang

Drop-board weir

2.5 m Vertical slot fishway

$150,000

8 Hou Sala

Medium weir

1.5 m Vertical slot fishway

$75,000

11 Unnamed

Medium weir

1.5 m Concrete cone fishway

$100,000

11 Hou Payong

High weir

3.3 m Concrete cone fishway

$150,000

11 Hou Makmi

High weir

3.5 m Concrete cone fishway

$150,000

14 Wetland Kengkok-Dong

Wetland bund

0.8 m Rock ramp fishway

14 Hou Souy anabranch

Bund wall & reg

3.0 m Concrete cone fishway

$150,000

16 Hou Kalang

Medium weir

1.8 m Concrete cone fishway

$45,000

16 Hou Souy anabranch

Bund wall & reg

4.0 m Concrete cone fishway

$150,000

16 Hou Bak

Regulator

5.0 m Vertical slot fishway

$150,000

19 Hou Pakho

Drop-board weir

2.8 m Concrete cone fishway

$150,000

20 Hou Payong

Medium weir

3.5 m Concrete cone fishway

$150,000

20 Hou Thouat

High dam

20.0 m Concrete cone fishway

$450,000

22 Hou Chelamong

Medium weir

2.2 m Concrete cone fishway

$100,000

22 Unnamed

Wetland bund

4.0 m Concrete cone fishway

$200,000

22 Unnamed

Wetland bund

2.5 m Concrete cone fishway

$100,000

22 Unnamed

Wetland bund

1.2 m Rock ramp fishway

22 Unnamed

Wetland bund

3.0 m Concrete cone fishway

get the design and construction process correct
to ensure long-term and effective fish passage at
priority sites.
Operation and maintenance are also significant
factors in the success of a fishway. Fishways that
are not maintained or operated incorrectly are also
likely to lead to ineffective fish passage. Installing
and implementing correct procedures and plans
after the completion of construction is therefore
vital to the long-term operation of the fishway.
To determine if all steps have been undertaken
successfully requires monitoring fish use. The
authors note with surprise how many projects

$10,000

$10,000
$100,000

assume that their constructions are successful
and fail to conduct any monitoring. To determine
if a fishway has increased fisheries productivity,
they suggest a rigorous monitoring programme to
assess the performance of the fishway and how
it is affecting fish communities of the surrounding
catchment. The guidelines provide options
for detecting the success of any fish passage
installation that can be tailored to the scale of the
project.
Further reading
Marsden, T., L. Peterken, L.J. Baumgartner and G. Thorncraft
(2015) Guideline to prioritising fish passage barriers and
creating fish-friendly irrigation structures. Mekong River
Commission, Phnom Penh.

June 2016

Catch and Culture Volume 22, No. 1

27

Hydropower

Additional works seen addressing 'all
concerns' with Xayaburi project
Last year's announcement of additional
works for the first mainstream hydropower
project in the Lower Mekong Basin went
largely unnoticed. Here we provide a
brief update on the project including some
of the latest proposals for upstream and
downstream fish-migration facilities.
In September, 2010, the Lao National Mekong
Committee notified the MRC Secretariat of a
proposed hydropower project over the Mekong
mainstream. Located in Xayaburi in northern Lao
PDR, the $3.6 billion project would be the first
of its type across the Lower Mekong (several
others already existed across the Upper Mekong
in China). As such, the developer ― a joint

venture between the Lao government and Thai
construction company CH. Karncharn Public Co
Ltd ― was subject to rules endorsed by ministers
of the MRC countries seven years earlier.
Known as the Procedures for Notification, Prior
Consultation and Agreement, these rules have
since been put to the test for the first time since
they were adopted in Phnom Penh in 2003. The
design of the project has also been subject to
guidelines adopted by the MRC in 2009 (see box
on opposite page).
The project documents submitted by the Lao
government underwent checks and clarifications
before being sent to all MRC members. After
receiving the documents, senior officials from the

Overall layout of Xayaburi hydropower project in 2010 when the Lao National Mekong Committee notified the MRC Secretariat
Source: Xayaburi Power Co Ltd
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New design of Xayaburi power plant in 2015 showing left bank facilities with upstream fish channel, fish locks and fish ladder
Source: Pöyry

four countries set up a working group which met
for the first time in Vientiane in October, 2010. The
working group held a second meeting in Luang
Prabang the following month and also visited the
project site.
During this period, the MRC set up a task force to
address questions about the design and operation
of the proposed dam as well as issues such
as hydrology, fisheries, sediment, morphology,
nutrients, water quality, ecosystems, safety,
navigation and social implications. In addition, it
formed two expert groups to examine fisheries and
sediment issues. The MRC also hired international
engineering experts in dam layout and operation
as well as navigation locks.
To consider the MRC's review of the project, the
working group held a third meeting in Vientiane in
February, 2011. As part of their regular meetings
twice a year, senior officials met again in March
to finalise the review and discuss initial country
responses. Amid differing opinions between the
four countries, they sent the case to ministers,
bringing the six-month consultation to a close the
following month.

Two weeks later, the Lao government
commissioned Pöyry Energy AG to determine
whether the Lao-Thai venture, Xayaburi Power Co
Ltd, had complied with the MRC design guidelines.
Pöyry Energy, a Swiss unit of Finnish consulting
and engineering company Pöyry PLC, was also

MRC guidelines for designing dams
In 2009, the MRC released guidelines for
designing dams on the Lower Mekong
mainstream. The aim was to give hydropower
developers an overview of the issues to be
considered under the rules the four member
countries adopted in 2003. Issues included
navigation, fish migration, sediment flows,
ecology and safety. The Preliminary Design
Guidance for Proposed Mainstream Dams
in the Lower Mekong Basin were advisory
only, with the MRC noting that responsibility
for complying with national standards and the
Mekong Agreement of 1995 remained with
developers.
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Upstream fish migration facilities under the new design
Source: Pöyry and Fishtek Consulting

asked to determine whether the Lao government
and Xayaburi Power had considered comments by
the other MRC countries and addressed the issues
raised in the MRC review finalised in March.
Pöyry completed its compliance report in August,
2011, leaving additional works for the LaoThai venture, Xayaburi Power, to address the
concerns of the other MRC countries and other
stakeholders. The concerns included the potential

Fish-crowder net drawn by boat as part of navigation lock
Source: Pöyry and Fishtek Consulting
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impact of the project on the Mekong Delta and
the more general impacts on water flows, fish
migration, sediment flows and navigation. Studies
and designs for the additional works started in
2012, the same year as construction began.
Additional works
By mid-2015, the project was 45 percent complete.
According to Xaypaseuth Phomsoupha, director
general of the Department of Business Energy
at the Lao Ministry of Energy and Mines, the
additional works will address "all concerns" about
the project. Speaking at a workshop in Vientiane
in July last year, Mr Xaypaseuth said the works
entailed more fish passes including fish-friendly
turbines, provision for a second navigation lock,
deepening and widening bottom outlets to flush
sediment and installing additional bottom outlets.
Construction of the Xayaburi power plant is
scheduled to be completed in 2019, some
12 years after the original memorandum of
understanding between the Lao government
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A brief history of the Xayaburi hydropower project
2007
Lao government and Thai construction
company CH. Karncharn sign memorandum
of understanding, leading to feasibility study
on proposed hydropower project at Xayaburi.
Environmental and social impact assessments
begin.
2008
Initial feasibility and environmental impact
studies completed, project development
agreement signed, negotiations on concession
agreement and power purchasing agreement
begin.
2009
MRC announces Preliminary Design Guidance
for Proposed Mainstream Dams in the Lower
Mekong Basin.
2010
Feasibility study and environmental impact
assessment finalised, Lao National Mekong
Committee notifies MRC Secretariat about
project, MRC sets up working group, task
forces and two groups of experts of fisheries
and sediment, MRC receives consultant report
on Strategic Environmental Assessment of
Hydropower on the Mekong Mainstream,
concession agreement and power purchasing

agreement with Electricity Generating Authority
of Thailand signed.
2011
MRC finalises review of project as six-month
consultation period ends, senior officials from
four countries forward case to ministers, Pöyry
completes completes report commissioned
by Lao government, ministers agree on need
for further study of impacts on mainstream
hydropower development.
2012
Peer review report by Compagnie Nationale
du Rhône (CNR) on sediment and navigation
issues, Lao government engages Pöyry and
CNR to study and design additional works,
construction officially starts on 7 November.
2014
Lower Mekong leaders instruct MRC to expedite
study including impacts on mainstream dams in
coordination with separate Mekong Delta study
initiated by Viet Nam and including Cambodia.
2015
Mekong diverted as first stage of construction
completed.

Artist's impression of Xayaburi hydropower plant
Source: Lao Ministry of Energy and Mines
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Downstream fish migration facilities under the new design
Source: Pöyry and Fishtek Consulting

Fisheries and sediment
Fisheries experts engaged by the MRC found that between 23 and 100 fish species could be affected
by the project, and that a proposed fish ladder for upstream migration and provisions for downstream
migration would be ineffective. In the absence of information about migratory species and their ability use
fish passes, the scale of the impact on fisheries was not clear The experts proposed alternative mitigation
measures based on international best practice.
Sediment experts concluded that the initial project design did not reflect MRC guidance or international
best practice for sediment management, proposing adaption of the proposed flushing operations. The
experts proposed an adaptive approach to managing sediments to minimise bank erosion and scouring of
the riverbed while protecting the plant's generating capacity in the longer term.

and the Thai construction company. As the first
mainstream hydropower plant across the Lower
Mekong, the Lao government has expressed the
need for the project to be "versatile, transparent
and inclusive", with start-of-the-art design serving
as a showcase for other dams on the mainstream.
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Further reading
Phomsoupha, X (2015) Requisites for Concession
Agreement, Technical Workshop on Xayaburi Hydropower
Project, 15 July, 2015, Vientiane.
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Xayaburi construction site in 2015
Source: MRC

June 2016

Catch and Culture Volume 22, No. 1

33

Aquaculture
Larval
and juvenile fish

Larval and juvenile fish along
northern Lao stretches of the Mekong
Two years before work on the Xayaburi
hydropower project began in 2012, the
MRC Fisheries Programme took samples
of larval and juvenile fish at two sites
upstream from the project and two sites
downstream. Below is a summary of the
results of the study, recently published as
MRC Technical Paper No 46.
In 2010, the MRC Fisheries Programme began a
pilot study to provide basic information on larval
and juvenile fish in the Mekong River in northern
Lao PDR. Sampling was conducted over 75 days
in the early wet season (May-August) at four
sites. Two (Pakhao and Thadeua) are 40 and 20
km upstream of the Xayaburi hydropower project
(see page 28 ). The others (Nasak and Angnyai)
are 176 km and 364 km downstream from the
project. Samples were collected four times a day
with a plankton net suspended in the main current
of the river one metre below the surface. For
each sample, the net was set to filter water for 30
minutes.
The 1,180 samples collected contained 7,096 fish
from 87 species and 22 families. Combination of
some congeneric species into groups (one group
of two similar species and one of three similar
species) reduced the number to 84. The dominant
families were carps (Cyprinidae), shark catfishes
(Pangasiidae) and other catfishes along with other
typical Mekong mainstream fish families. Judged
by a ranking of species abundance, the fauna was
similar at each site, reflecting similar habitats and
the absence of barriers to dispersal between sites.
After allowing for differences in total fish numbers,
however, Nasak appeared to be relatively poor
in species whereas Angnyai and Thadeua were
relatively rich, possibly reflecting variation in
habitat. About 3/4 of the species and 90% of the
fish were very small to medium-sized (up to 50 cm
maximum size). There were relatively few large
or very large species (> 50 cm maximum size), a
group that includes many long-distance migratory
fishes.
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The samples comprised larvae (80% of
individuals) along with juveniles and adults (20%).
Some 27 species were present only as juveniles
or adults and in low numbers (4%). While the
nets were designed to catch drifting larvae, the
presence of larger fish in samples may have
represented incidental capture of fish swimming
locally but in some cases seemed to indicate
active dispersal of juvenile fish.
Relatively few species dominated the samples,
with ten species making up about 95% of all
larvae. The most common were two catfishes,
Pangasius macronema and Glyptothorax lampris,
and small mud carps (Henicorhynchus spp). The
87 species collected ranged from very small to
very large fishes. Over a year, it could be assumed
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Baseline for assessing and mitigating the impact of dams in northern Lao PDR
Biological information included in Environmental Impact Assessments (EIAs) for hydropower projects
in the Lower Mekong Basin is usually based on short-term sampling, which provides very limited
information, typically a tabulation of the main species present. For EIAs, local people are also usually
interviewed regarding general patterns of fish migration and seasonality of effort and catch. Such local
ecological knowledge (LEK) is useful but needs to be complemented by quantitative long-term studies to
verify the opinions of respondents, quantify catches and their value — and answer any questions beyond
the knowledge of local people. For example, fishers may know that certain fish spawn in their area at
certain times. But they won't know about all species and cannot know how many eggs are spawned,
how many larvae hatch or the importance of their fishing areas for any species in the context of the entire
Mekong Basin.
EIAs may also include secondary data from other studies of fisheries in the basin which covers
Cambodia, Lao PDR, Thailand and Viet Nam. However, such studies lack geographic coverage
(intensive studies at one, a few sites) or have been carried out over limited periods (surveys or censuses)
or are snapshots which suffer from both limitations. The Mekong and its tributaries in northern Lao PDR
are particularly understudied because access is limited and most research has been directed at the large
and valuable fisheries associated with floodplains further downstream in southern Lao PDR, northeastern
Thailand and Cambodia.
The fieldwork for the pilot study was carried out in 2010 in anticipation of questions that would be raised
during the debate over mainstream dams and, more specifically, to provide information that would be
useful in assessing and mitigating the impact of the Xayaburi project and other dams proposed in
northern Lao PDR. This study aimed to quantify the drift of fish larvae as a way of determining the relative
importance of this section of the river for fish spawning and recruitment. Sampling was carried out in the
same way as at sites further downstream in Cambodia and Viet Nam, where intensive sampling has been
carried out for several years. The study also aimed to obtain information on the fish species that spawn at
this time and to provide baseline information.

Project staff and fishers with a plankton net and retrieved sample at Thadeua
Photo: Khounsavanh Oudone
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that many more species would spawn in or
upstream of this section of the river with adults,
juveniles and larvae requiring passage, posing a
major challenge for dam design. This is apart from
the issue that fish at different stages have various
and different requirements for habitat, flow and
food. For many species, these will not be met once
dams alter the local environment.
Fish larvae were classified into three stages:
yolk-sac (estimated as <1 day old), pre-larvae
(estimated as 1-5 days old) and post-larvae
(estimated as 5-43 days old). Numbers of
fish were converted to density (numbers per
megalitre of water filtered), which was multiplied
by discharge to provide an estimated load
(numbers per day). Overall, the abundance of
larvae, particularly pre-larvae, increased between
Pakhao and Angnyai (most upstream to most
downstream). This indicated net input of larvae
along this section of the river, either from spawning
in the Mekong or in tributaries. At the most
downstream site (Angnyai), the average drift rate
was estimated as 5.9 million fish a day, including
5 million fish larvae. So over the 75 days of the
study, about 375 million fish larvae drifted past
this point. Annually, the total would be much more.
This provides some indication of the difficulty of
replacing lost recruitment by stocking, even if it
were possible to breed in captivity the 200-plus
species that inhabit this section of the river.
The overall pattern of upstream-downstream
accumulation of larvae was heavily influenced
by the most abundant species, Pangasius
macronema. For most other species, there was
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Preliminary identification of species at the Living Aquatic Resources
Research Centre (LARReC) in Vientiane
Photo: Kent G. Hortle

The most common fish in samples,
Pangasius macronema, pre-larvae and
some post-larvae

A common catfish, Hemibagrus spilopterus,
larvae and juveniles Parambassis
siamensis, a very small species

Parambassis siamensis, a very small
species for which mostly adults and
juveniles were caught

Photo: Kent G. Hortle

Photo: Kent G. Hortle

Photo: Kent G. Hortle
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Summary of most abundant fish species in samples grouped by families
Family
Bagrid catfishes (Bagridae)
Shark catfishes (Pangasiidae)
Noodle fishes (Salangidae)
Schilbid catfishes (Schilbeidae)
Sheatfishes (Siluridae)
Sisorid catfishes (Sisoridae)
Asiatic glassfishes (Ambassidae)
Climbing gouramies (Anabantidae)
River loaches (Balitoridae)
Snakeheads (Channidae)
Cichlids (Cichlidae)
Herrings (Clupeidae)
Loaches (Cobitidae)
Carps (Cyprinidae)
Sleepers (Eleotridae)
Gobies (Gobiidae)
Armored catfishes (Loricariidae)
Spiny eels (Mastacembelidae)
Asian leaf fishes (Nandidae)
Featherbacks (Notopteridae)
Gouramies (Osphronemidae)
Soles (Soleidae)
Total

No. of species
in samples
3
7
2
2
8
4
1
1
1
2
1
3
1
34
1
3
1
1
2
2
3
1
84

no clear pattern of accumulation of larvae. Rather,
it appears that a proportion moves out of the drift
as the larvae develop, swimming to the bed and
banks which would be favourable behaviour for
fish seeking to access edge habitats during rising
water. This interpretation is supported by three
general features of the data: (1) generally poor
correspondence between peaks of larval drift
between sites (2) some species were abundant at
upstream sites but rarer or absent at downstream
sites, and (3) for some species, pre- or yolk-sac
larvae appeared at more downstream sites at
the same time as drift rates did not increase or
declined.
A 2009 regional study also showed variable
densities of fish larvae down the length of the
Mekong which, as in this study, can be attributed
to newly hatched fish larvae drifting up to a few
hundred kilometres before settling or moving to the
edges. In sampling just before this study, another
study in the Mekong in Chiang Rai province in

Percent
3.6%
8.3%
2.4%
2.4%
9.5%
4.8%
1.2%
1.2%
1.2%
2.4%
1.2%
3.6%
1.2%
40.5%
1.2%
3.6%
1.2%
1.2%
2.4%
2.4%
3.6%
1.2%
100.0%

No. of fish
in samples
181
3,365
140
49
259
491
151
1
1
16
2
63
1
2,023
3
301
5
6
6
23
7
2
7,096

Percent
2.6%
47.4%
2.0%
0.7%
3.6%
6.9%
2.1%
0.01%
0.01%
0.2%
0.03%
0.9%
0.01%
28.5%
0.04%
4.2%
0.1%
0.1%
0.1%
0.3%
0.1%
0.03%
100.0%

Thailand, about 335 km upstream of Pakhao,
found abundant larvae of two large pangasiid
catfishes. But these were rare in this study,
suggesting that larvae of these species move out
of the drift as they develop so few reach the study
area as larvae.
Variation over 24-hour periods was examined for
abundant species. Three (Pangasius macronema,
Glyptothorax lampris and Gobiopterus cf. chuno)
drifted in greatest densities at midnight and lowest
densities at midday. Such night-drifting behaviour
is an advantage for avoiding predation and has
also been found for Pangasiidae elsewhere.
However, one species (Ompok bimaculatus)
was more abundant at dawn and midday. Other
species showed variable patterns.
The results from the 2010 sampling were
compared with results from local ecological
knowledge (LEK) interviews in 1999, which for this
section of the river covered 55 commonly caught
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Average values for most abundant species at all sites
Species
Pangasius macronema
Henicorhynchus spp.
Cosmochilus harmandi
Hemibagrus spilopterus
Glyptothorax lampris
Paralaubuca barroni
Cyclocheilichthys armatus
Parambassis siamensis*
Puntioplites proctozystron*
Gobiopterus sp.
Mystacoleucus marginatus*
Neosalanx sp. cf. jordani*
Ompok bimaculatus
Kryptopterus spp.
Phalacronotus apogon
Other (69 spp.)

Mean No. day-1
all sites
Cumulative
Percent
Percent
39.8%
39.8%
16.9%
56.7%
7.7%
64.4%
4.8%
69.2%
4.5%
73.7%
2.6%
76.3%
2.3%
78.6%
2.2%
80.9%
2.1%
83.0%
1.8%
84.8%
1.8%
86.6%
1.4%
88.0%
1.2%
89.2%
1.0%
90.2%
1.0%
91.2%
8.8%
100.0%

Mean No. ML-1
Percent
52.2%
10.0%
6.9%
2.6%
5.0%
2.8%
1.7%
2.0%
1.2%
2.4%
1.4%
1.6%
1.3%
0.9%
0.7%
7.4%

Cumulative
Percent
52.2%
62.2%
69.1%
71.7%
76.7%
79.4%
81.1%
83.0%
84.2%
86.6%
88.0%
89.6%
91.0%
91.9%
92.6%
100.0%

Max
length
(cm TL)

Category

40
20
100
75
7
15
26
7
25
5
20
8.5
50
20
77

Medium
Small
Large
Large
Very small
Small
Medium
Very small
Small
Very small
Small
Very small
Medium
Small
Large

Species that comprised > 1% of total numbers in terms of mean density or mean load across all sites
* species that did not comprise >1% of larvae across all sites
Maximum lengths from literature (FishBase – refer to the text)
TL = total length, ML = megalitres
Unshaded species had few larvae

species. The LEK study showed that most species
migrate upstream and have eggs between March
and July with a peak early in the flood (May-June).
On a species-by-species basis, the results of this
study are broadly consistent with the LEK findings.
Some species found in 2010 were not covered
by the LEK study (which included only common
basin-wide species) and some of the LEK study
species were not recorded in 2010, probably
because they spawned earlier or later so their
larvae were not present at the time of sampling or
rare.
Comparison with fish larvae and juvenile sampling
over an equivalent period near Phnom Penh and
in the Mekong Delta in Viet Nam showed that the
northern Lao samples contained relatively few
fish, about 1% of the numbers found in Phnom
Penh samples. The total load near Phnom Penh
between June and August 2010 was estimated
to be about 20 billion larvae. Comparison with
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Mekong Delta monitoring samples showed that the
total load of fish larvae at Angnyai was about 1/50
of the load in Viet Nam during the study period.
Similarly, the 2009 regional study found fish larvae
in relatively low abundance in northern Lao PDR;
Luang Prabang samples had about 1/50 as many
larvae as samples from Phnom Penh, and an even
smaller proportion compared with samples from
Mekong Delta sites in Viet Nam. Lower densities
of fish larvae in northern Lao PDR would be
consistent with the relatively limited extent and
diversity of aquatic habitats in the upland Mekong
and smaller fish stocks.
Further reading
Hortle, K.G.; Khounsavanh, O.; Chanthasone, P.;
Phommachanh, P.; Singhanouvong, D. and S. Viravong
(2015) Larval and juvenile fish in the Mekong River in
Northern Lao PDR. MRC Technical Paper No. 46. Mekong
River Commission, Phnom Penh, Cambodia. 87 pp. ISSN:
1683-1489.
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Ministers approve future direction for MRC
Ministers also endorse leaner structure
to be implemented in July with focus
on core river basin-based rather than
programme-based functions

New CEO from Viet Nam
Pham Tuan Phan of Viet
Nam assumed the post
of Chief Executive Officer
at the MRC Secretariat
on January 18. This is
the first time that the
MRC has appointed a
CEO from one of the
four Member Countries.
The move coincides
Mr Phan
with the MRC’s efforts
Photo: MRC
in structural reforms of
decentralisation and “riparianisation” to make the
organisation self-sufficient by 2030.

Ministerial delegates from the MRC Council have
approved a Strategic Plan 2016-2020 and set
out a new direction and structure for the MRC
Secretariat. The MRC Council is the highest,
ministerial level of the organisation, composed of
water resources and environment ministers from:
Cambodia, Lao PDR, Thailand and Viet Nam.
During the annual gathering in Phnom Penh
on 13-14 January, the Council approved the
next five-year Basin Development Strategy and
Strategic Plan including the Annual Work Plan for
2016 to allow the organisation to focus on core
river basin management functions. These include
the enhancement of national plans, projects and
resources based on basin-wide perspectives;
strengthening regional cooperation; better
monitoring and communication of Mekong basin
conditions; and a leaner river basin organisation.

For the next three years, Phan will lead the
MRC’s structural reforms and oversee a strong
team of men and women to carry out the new
five-year strategic development plan for regional
cooperation and sustainable development of the
Mekong River Basin.

An annual 10 percent increase in financial
contributions from Member Countries was
committed to pave the road for the MRC to be
fully self-financed by 2030. This is a commitment
reaffirmed by Heads of the Governments at the
Second MRC Summit in Ho Chi Minh City on 5
April 2014 (see Catch and Culture Vol, 20, No 2).
The five-year plan requires $65 million of which
about $15 million will come from contributions of
Member Countries and roughly $9 million from an
on-going fund. The remaining amount will require
external support from the donor community.
Along with the new strategic plan, the meeting
also discussed a reform structure of the MRC
Secretariat that will see an increase in efficiency
and effectiveness. The Council agreed on having
a leaner structure, changing from a programmebased to a core river basin-based function
structure. The new structure, to be implemented
in July this year, comprises four Divisions
(Administration, Environmental Management,
Planning and Technical Support).

The first riparian CEO has extensive managerial
experience running offices at international
organisations as well as in the private sector.
Prior to this appointment, Phan worked as CEO
for Add-on Development in Hanoi following his
tenures at the United Nations in New York as
Chief of Integrated Management Information
Service and at the Comprehensive Nuclear-TestBan Treaty Organisation in Vienna as Chief of
Global Communications Infrastructure Section.
“As a Mekong citizen, it’s my great honour to be
the first riparian CEO of the MRC Secretariat. I
will do whatever it takes to lead and guide this
organisation to effectively achieve its goals,
with greater vision and a finer spirit of hope and
achievement in becoming a self-financed institution
in 2030,” said Phan as he assumed his office.
The 62-year old native of Hanoi holds Master’s and
Doctor’s degrees in Physics and Computing from
the State University in Belarus, and has completed
core courses of Master of Business Administration
from the Open University in the United Kingdom.
He is married and has two daughters.
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Tonle Sap system on the brink of
'massive' environmental change
A recent study published in the Canadian
Journal of Fisheries and Aquatic
Sciences looks at multi-species fisheries
that exploit fish stocks evenly within
and across trophic levels in an entire
ecosystem. The authors show that
simple food web modules yield general
and robust predictions about the fate
of such fisheries. Specifically, high and
uniform fishing mortality modifies the
fish community, leading to increased
productive capacity from a low-diversity
assemblage of small-bodied fish with rapid
population growth and turnover. The study
shows consistent qualitative agreement
between the theory of indiscriminate
fishing and existing empirical data for the
Tonle Sap system, as summarised below.

catfish, Irrawaddy dolphin, Siamese crocodile, and
the giant barb.

The Tonle Sap Lake ecosystem in Cambodia
is a globally important example of large-scale
indiscriminate fishing. Fishing methods include
the commercial bagnet (dai) fishery that traps
migrating fish in the Tonle Sap River. Others
include commercial trap and net fisheries (gillnets,
seine nets, barrage traps, artisanal fisheries
(hook and line, throw nets, small gill nets) and
small-scale rice field fisheries. Data for gear type
and use suggest that fish are caught relatively
indiscriminately from all taxa and habitats across
a range of gear sizes. Fishing mortality is likely to
have increased due to increases in population and
gear efficiency, and increased percentages of the
population actively participating in the fishery.

While some research has found evidence of a
significant reduction in diversity, others have found
little evidence for temporally changing community
structure in the major species of the Tonle Sap.
However, there is little data before 1993, and
there remains the distinct possibility that the real
signature of diversity change occurred before this
time and that the system has long since settled
into a new high-production fishery. Nonetheless,
like many of the important, yet understudied,
world fisheries, this system now resides at the
brink of massive environmental change. With
climate change and dams both likely reducing the
amplitude of the flood-pulse nature of this system
this ecosystem will be forced to adaptively respond
to novel environmental conditions.

The fishery is expected to have experienced a
slow and steady increase in fish mortality over
time, effectively losing stocks of many large
predators and large herbivores–detritivores, which
are slow growing compared with the smaller fastgrowing fishes. Fish alone are not targeted; turtles,
snakes, mammals, and other aquatic or semiaquatic organisms are also sought after. Notable
examples of large organisms being depleted in
the Tonle Sap floodplain include the Mekong giant
40
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The mean size of "at risk" species in the Tonle
Sap (59.7 cm) was found to be nearly double that
of those species "of least concern" (35.2 cm),
suggesting that larger, slower growing species
have tended to be impacted most through history.
Other research shows that some of the smaller,
more opportunistic fast-growing fish dominate
catches. Trey riel (Henicorhynchus spp.) are
consistently 30%–50% of the dai fishery catch,
an amazing dominance given that this system is
believed to have over 500 fish species, many of
which are migratory. The bagnet method used in
the fishery is not selective for size or species and
therefore represents a reasonable approximation
of the migrating fish stock. Unfortunately, as with
many of these important fisheries, it is difficult to
assess how different this is from historical levels.

Further reading
McCann, K. S. and G. Gellner, B. C. McMeans, T. Deenik, G.
Holtgrieve, N. Rooney, L. Hannah, M. Cooperman and So N.
(2016) Canadian Journal of Fisheries and Aquatic Sciences
73: 1–10 dx.doi.org/10.1139/cjfas-2015-0044
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Small mud carps (Henicorhynchus spp.), known as trey riel in Khmer, are consistently 30% to 50% of the dai fishery catch
Photo: Chhut Chheana
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Scientists say a third of world's freshwater
fish species at risk from hydropower
Appeal for better planning to minimise
adverse impacts of new dams in the
Amazon, Congo and Mekong basins
An international group of scientists is calling for
better approaches to hydropower development in
the Amazon, Congo and Mekong basins, which
hold about a third of the world's freshwater fish
species, most of which are not found anywhere
else. The appeal, published in the January edition
of Science, coincides with an unprecedented
boom in the construction of hydropower dams
whose developers are seen as overestimating
economic benefits and underestimating "farreaching effects" on biodivertity and critically
important fisheries in the three river basins.
Boosting credibility
"We are skeptical that rural communities in
the Amazon, Congo, and Mekong basins will
experience benefits of energy supply and job
creation that exceed costs of lost fisheries,
agriculture, and property," the paper says. "An
improved approach to dam evaluation and siting

is imperative." The authors call for "integrative,
strategic planning" across basins to find
balances between tapping hydropower potential
and sustaining key natural resources. They
also note that spatial data on biodiversity and
ecosystem services are "increasingly available
to support sophisticated trade-off analyses."
At the same time, "new analytical methods can
account for cumulative impacts from multiple
dams. Incorporating these data and tools into
assessment protocols would boost the credibility
of dam siting to stakeholders."
The scientists urge institutions behind hydropower
development to carry out basin-scale analyses
that account for cumulative impacts and
climate change. "Proposed dam sites must be
evaluated within the context of sustaining a
portfolio of ecosystem services and biodiversity
conservation, and alternative sites should be
considered explicitly," the paper says. "Such
common-sense adjustments to assessment
procedures would ensure that societal objectives
for energy production are met while avoiding

Fish diversity and dam locations in the Amazon, Congo and Mekong basins. White boundaries indicate ecological regions and black numbers show
species found only in a single region. Shades of green illustrate species richness in sub-basins
Illustration: Winemiller et al
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the most environmentally damaging projects.
Without more careful planning, species extinctions
and basin-wide declines in fisheries and other
ecosystem services are certain to accompany new
hydropower in the world’s mega-diverse tropical
rivers."
Maintaining food security
The paper notes that six large dams have been
built on the upper Mekong since the mid-1990s
and there are plans for at least 11 more on the
middle and lower reaches.
"Rural communities in the lower basin rely on
harvesting wild fish species whose longitudinal
migrations would be profoundly disrupted by
dams on the main-stem or even major tributaries,"
it says, pointing to the Mun River in northeast
Thailand where damming has had a wide range
of detrimental social and economic impacts.
To maintain food security, the paper notes that
agricultural land in the region would have to
expand by between 19 percent and 63 percent to
offset projected fishery losses arising from 88 new
dams planned for the basin by 2030. The authors
argue that fish passes built to mitigate dam
impacts on migratory fishes in Latin America have
proven to be "unsuccessful" and "even harmful"
in Latin America. "Yet, dam proposals continue
to tout fish passages as the principal means for
minimizing impacts on migratory stocks," the
paper says.
Minimum requirements
"The Amazon, Congo, and Mekong basins hold
roughly one-third of the world’s freshwater fish
species, most of which are not found elsewhere.
Each of these rivers has experienced limited
hydropower development to date, largely because
their vast catchments had limited infrastructure
and low energy demand. Most existing dams are
relatively small and located in upland tributaries,
but more than 450 additional dams are planned
for these three rivers alone with many already
under construction." For these new projects, "we
call for more sophisticated and holistic hydropower
planning, including validation of technologies
intended to mitigate environmental impacts," the
scientists say. "Should anything less be required
when tampering with the world’s great river
ecosystems?"

New record for biodiversity loss?
The paper notes that hydropower accounts for
more than two-thirds of energy supply in Brazil
where at least 334 new Amazon dams have
been proposed. "Impacts of these dams would
extend well beyond direct effects on rivers to
include forced relocation of human populations
and expanding deforestation associated with
new roads," it says.
The Belo Monte hydropower complex
scheduled for completion this year was
designed with a capacity of 11,233 MW,
ranking it the world’s third largest. Although
power generation is expected to be much
lower, "Belo Monte may set a record for
biodiversity loss owing to selection of a site
with exceptional species endemism," the
paper says.
While the Congo has far fewer dams than the
Amazon or Mekong, most power generated
in the basin is from hydropower with Inga
Falls having the greatest potential. According
to the paper, the Inga I and II dams built in
the 1970s and 1980s yield 40 percent of
installed capacity of 2,132 MW. The planned
Inga III and Grand Inga dams would harness
as much as 83 percent of the Congo’s
annual discharge, with most of the energy
exported. "Grand Inga would divert water and
substantially reduce flow for at least 20 km
downstream from the falls," the paper says.

Further reading
Winemiller, K.O, P. B. McIntyre, L. Castello, E. FluetChouinard, T. Giarrizzo, S. Nam, I. G. Baird, W. Darwall, N.
K. Lujan, I. Harrison, M. L. J. Stiassny, R. A. M. Silvano, D.
B. Fitzgerald, F. M. Pelicice, A. A. Agostinho, L. C. Gomes,
J. S. Albert, E. Baran, M. Petrere Jr., C. Zarfl, M. Mulligan,
J. P. Sullivan, C. C. Arantes, L. M. Sousa, A. A. Koning, D. J.
Hoeinghaus, M. Sabaj, J. G. Lundberg, J. Armbruster, M. L.
Thieme, P. Petry, J. Zuanon, G. Torrente Vilara, J. Snoeks,
C. Ou, W. Rainboth, C. S. Pavanelli, A. Akama, A. van
Soesbergen and L. Sáenz (2016) Balancing hydropower and
biodiversityin the Amazon, Congo, and Mekong, Science, Vol
351, Issue 6269
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Fishing in pink waters: how scientists
unraveled the El Niño mystery
By Daniel A. Gross *

In 2014, the Paris-based International
Council for Science (ICSU) launched an
experiment by the scientific community
to create an independent media project
around climate change and sustainable
development ahead of the United
Nations Climate Change Conference in
Paris last December. The project aimed
to prove that the research community
could work side by side with traditional
media organizations to improve public
understanding of complex issues. The
following is one of the most read and most
shared articles generated by the project.
It was January 1997, and the Pacific was
turning pink. The color was spreading from deep
beneath the surface, starting near New Guinea
and creeping east toward the coast of Peru—a
distance of nearly 11,000 kilometers. On the map,
it seemed as though the patch might come to
encompass the entire ocean, growing and rising,
expanding at the surface almost like the film of an
oil spill.

representation of anomalous warmth in the Pacific.
The map told Pierce that according to the climate
model developed by him and his colleagues at
Scripps Institute of Oceanography, huge swaths of
the southern Pacific were about to heat up.
A warmer ocean would mean a lot more than
better surfing in Baja California. In fact, it would
mean torrential rainfall across South America,
record winter warmth and wetness in the United
States, and $4 billion of damage in the country of
Ecuador alone. Climate scientists had even found
that through long chains of cause and effect, warm
Pacific temperatures were linked to warm air over
the Arctic and cold air over Russia—regions that
were literally half a world away.
It felt a bit unreal to Pierce that nearly a year in
advance, a computer could identify such a drastic
development in the climate. The forecast was far
from certain knowledge, but if it proved correct, a
big El Niño was brewing. Temperature anomalies
started in the Pacific, but they could have
repercussions across the planet.

In the actual ocean, there wasn’t much to see.
David Pierce was looking at a map superimposed
with projected ocean temperatures, and pink was a

Pierce remembers that back in 1997, there weren’t
many forecasters focused on El Niño, and the
few existing climate models were sluggish and
tedious. So he wasn’t sure that any of his scientific

Summer (Northern Hemisphere)

Winter (Northern Hemisphere)

Precipitation anomalies during El Niño in summer and winter
Graphic: Pacific Marine Environmental Laboratory/National Oceanic and Atmospheric Administration
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colleagues had yet seen results like this. It gave
him an odd and potent feeling, like he had a
private glimpse into a likely future. “It was part
wonder and part responsibility,” he says. “This
thing was coming and it would disrupt lives and
economies across the planet, and I realized I
might be the only one on Earth who knew it.”
*

*

Strong El Niño seen declining to
neutral levels by middle of this year

*

El Niño is far older than its name, dating back
thousands of years according to geological records. Long before climate scientists started to
study it, South American fishermen knew how to
read it in the water. In a strong El Niño year, the
eastern Pacific can rise 30cm and feels palpably
warmer to the touch. Species of fish usually
caught in June are netted in December. Epic rains
fill coastal deserts with lakes, and vegetation
sprouts where there should just be dirt.
On the west coast of South America, residents
have long interpreted warming water as the sign
of an impending El Niño. By the time coastal
temperatures rise, however, the phenomenon is
typically well on its way. The problem scientists are
still trying to solve—the one Pierce was working on
in 1997, and that gave researchers special trouble
in 2014—is how to foresee an El Niño many
months or years in advance. This is more than a
question of pulling out the umbrella before the rain
comes. It’s a question of understanding a pivotal
and fundamental part of the Earth’s climate.
Here’s the basic idea of El Niño. Every few years, a
relatively warm patch of water—the pink on Pierce’s
map—forms beneath the Pacific.The difference
is just a few degrees, but in a global context, the
extra heat can transform the seasonal climate.
Some years, the warm region spreads outward and
eventually upward, where it meets with easterly
trade winds. This creates a feedback loop. Warm
water undermines easterly winds that normally
enable an upwelling of cool water, which amplifies
warming and in turn further slows the winds. It’s this
moment of atmospheric-oceanic coupling that helps
scientists define the start of El Niño.
Wind and water exist in delicate balance with the
rest of the climate—so El Niño sets off a cascade
of effects. Among its most drastic consequences
are increased temperatures along the Pacific and
heavy rains along South America’s western coast.

The El Niño weather event that emerged
in 2015 peaked at the end of the year and
was declining in March, according to the
Agricultural Market Information System
(AMIS). Forecast models were indicating
that "the transition to neutral conditions
will be complete by about June," said the
March edition of the AMIS Market Monitor,
produced by the FAO and nine other
international organisations. "Drought is
expected to continue in Southeast Asia."
The Australian Bureau of Meteorology said
in February that the surface of the Pacific
Ocean close to the equator had cooled
by 0.5 °C since the El Niño peaked in late
2015. "Below the ocean surface, cooler than
average waters now extend into the central
tropical Pacific Ocean. In the atmosphere,
trade winds have recently returned to nearnormal levels in the central and eastern
Pacific," it said.
According to the ASEAN Specialised
Meteorological Centre, a regional
collaborative programme hosted by
the National Environmental Agency of
Singapore, the El Niño was "still strong"
in mid-February. The centre noted that
the impact during the region's northeast
monsoon season from December to early
March was "not as significant" as the June
to October period and also limited to the
southern and eastern parts of the region.
In Viet Nam, however, the National Centre
for Hydro-Meteorological Forecasting
warned that saltwater intrusion into the
Mekong Delta would be more intense than
2015. According to a report by Viet Nam
News in mid-February, the centre said
salinity of four grams per litre was expected
up to 60 kilometres inland, lasting until early
May. The Central Highlands is meanwhile
facing "severe drought" during the first half
of this year, the centre reportedly said.
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Norwegian meteorology pioneer Jacob Bjerknes (1897-1975), the first to understand that the Southern Oscillation and El Niño are part of the same
phenomenon
Source: GFI/Geophysical Institute, University of Bergen

That’s only the beginning, however. El Niño
must have transformed the harvest and thus
the fortunes of the Incan Empire. In the 16th
century, the Spanish conqueror Pizarro repeatedly
attempted to sail down the Peruvian coast, but
historical records suggest he failed until El Niño’s
winds came. It was only after Pizarro’s time that
fishermen named the yearly rains and warming for
the child of Christ, because they tended to arrive
around Christmas.
In a tangled and interconnected system like
the climate, a seemingly regional phenomenon
like El Niño becomes global—and so does the
science deployed to understand it. In the 19th
century, El Niño was understood as warming in
the Pacific, but its secondary effects (if any) were
a matter of debate. Scientists were just starting to
consider that patterns of regional weather might
be connected over vast distances. Increasing air
pressure in one part of the world, for instance, was
surprisingly correlated with decreasing air pressure
elsewhere in the world.
Climate science developed regionally, like pieces
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of a puzzle that have only gradually been put
together. In 1895, Victor Eguiguren postulated a link
between heavy rains in Peru and the El Niño cycle.
Early in the 20th century, Gilbert Walker theorized
a link called the Southern Oscillation between
atmospheric pressure in the Indian and Pacific
oceans. These pieces were refined independently
until the 1960s, when Jacob Bjerknes put them
together and found he had a match: The Southern
Oscillation and El Niño could be understood as two
faces of the same phenomenon, soon known as the
El Niño Southern Oscillation (ENSO). Fluctuating
pressure provided a causal link between the
behavior of wind and water. It also helped explain
cooling phases called La Niña, which alternated
with El Niño years.
ENSO’s impacts have proven to be subtle and
far-reaching. The climate historian César Caviedes argued that ENSO helped chill the winter
of Napoleon’s march to Moscow, just as it helped
freeze the soil during Hitler’s attempt at the same
maneuver. It contributed to drought in the Horn
of Africa that, in 1974, led to the collapse of the
Ethiopian Empire.
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The scope and diversity of these impacts makes
it clear that accurate ENSO prediction would
revolutionize our understanding of the climate.
Advancing science has made it possible to trace
El Niño’s many consequences in the past and the
present, all across the globe. But a crucial question
remains: Can scientists reliably see an El Niño
coming?
*

*

*

As 1997 wore on, David Pierce kept his eyes
on the news. He and his colleagues at Scripps
in California had notified the media that a
potentially large El Niño was on its way, and the
announcement—echoed by ENSO scientists
elsewhere in the world—trickled slowly through the
areas likely to be affected.
The Scripps model had started with existing
conditions in the Pacific and, using a handful of
equations to represent climactic processes, had
extrapolated them into the future. In using this
method, scientists across the world were departing
from the historical standard of ENSO prediction
that had dominated in the 1980s. Back then,
researchers had looked at past instances of El
Niño and tried to guess when the next one would
come. This method has its insights, since ENSO is
a cyclical process, but it has clear shortcomings:
Imagine trying to predict the success of the New
York Yankees based on its World Series titles in
1978, 1981, and 1996.
News of the impending El Niño reached Rodney
Martinez when he was a scientist in Ecuador,
researching climate in a branch of the country’s
Navy. All the early warning signs for a large El
Niño were there, he recalls, from oceanic warming
to atmospheric coupling to early shifts in rainfall
and temperature. “We had a global consensus
in June,” he says, even though most years it
takes much longer for climate scientists to fully
agree. “Everybody knew that El Niño would be
extraordinary.”
As Pierce saw in the headlines, and as Martinez
saw with his own eyes, El Niño struck with a brutal
and unrelenting force. On some days, more than
13cm of rain fell on parts of Peru. Streams and
rivers rose and widened, and vast pools covered
over arid areas where the hard ground was
formerly riddled with cracks. Mosquitoes multiplied
in standing water; houses and even villages were

washed away by flooding. “Roads, infrastructure
along the Ecuadorian coast were destroyed,”
says Martinez, who conducted a 1998 damage
assessment and now works for CIIFEN, a UNfunded El Niño preparedness organization. “There
were isolated people, all of the sanitary and water
supply infrastructure collapsed.”
Humans have only been keeping climate records
for a few decades, so every instance of El Niño
teaches scientists a great deal, but the El Niño
1997/98 was especially pivotal. It was the first
event of its size that scientists really saw coming.
Yet even with the foresight, its effects killed more
than 2000 people and caused over $30 billion in
dam age worldwide. Put simply, El Niño 1997/98
made policymakers pessimistic and scientists
optimistic.
Martinez remembers that he and his colleagues in
South America struggled to get the word out. “You
can have the best models in the world, but that
does not necessarily mean that you will reduce the
impact in a particular region.” As a result, many
national and international programs to prepare for
and adapt to El Niño began in 1998.
On the other hand, David Pierce remembers
that back then, only a few groups were working
on ENSO prediction. Partly thanks to the buzz
generated by El Niño 1997/98, research has come
a long way. These days, ENSO is a much larger
part of academic and national research programs,
and there are more than 20 major climate models
that help predict it. Many model the entire climate,
not just El Niño, and thanks to computing power
and advancing research, their complexity make
the 1997 Scripps model look rather crude in
retrospect. Not every El Niño gives as strong a
signal as 1997/98, and newer models aim to extract
a prediction even when the warning signs are weak.
That was exactly the challenge in 2014.
Still, complex models create new challenges:
Scientists don’t always understand how they work,
or how to improve them. Which brings us to the
present, when even after two decades of advancing
climate science, uncertainty can win the day.
* Mr Gross has written about history and science for publications
like Nautilus Magazine, Smithsonian.com, and Guardian Science.
Additional reporting by Greg Laden. Reprinted with permission from
Twelve Things We Learned on the Road to Paris, published by the
International Council for Science in November, 2015. The article was
first published at www.roadtoparis.info.
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Fisheries governance to be among main
themes at regional forum in Bangkok
Organisers of this year's Asian Fisheries
and Aquaculture Forum highlight the
importance of informal governance at the
grass-roots level, some of which has been
'eroded through centralised policies' over
the past few decades
Governance has emerged as one of the six
main themes of the Eleventh Asian Fisheries
and Aquaculture Forum to be held in Bangkok in
August. More than 10,000 people are expected
to visit an exhibition alongside the forum which
is being organised by the Thai Department of
Fisheries in collaboration with the Asian Fisheries
Society and other partners. These include
the Food and Agriculture Organization of the
United Nations (FAO) as well as the Network
of Aquaculture Centres in Asia-Pacific (NACA)
and the Southeast Asian Fisheries Development
Center (SEAFDEC), two intergovernmental
agencies based in Bangkok.

'Need for a better understanding of
incentives for better governance,
rather than a reliance on implementing
law and order regimes that are not
particularly effective'

Other themes scheduled for this year's forum
are education, sustainable aquaculture, climate
change and sustainable fisheries along with
post-harvest technology and food safety. The
forum from 3 to 6 August follows the previous
forum in South Korea in 2013 and is being held
in parallel with the Sixth Global Symposium on
Gender in Aquaculture and Fisheries (see box
on opposite page). The exhibition, known as the
Forum Marketplace, is meanwhile aiming to attract
international fish producers, traders, processors
and equipment suppliers as well as food service
and catering operators.

'There is no point having
well-crafted legislation and policies
that are not implemented'
Regarding governance, the forum website hosted
by NACA notes that developing countries have
largely "transplanted" laws and legal systems from
developed countries. But such transplants are
often made without acknowledging institutional
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differences, especially in terms of infrastructure
and arrangements for law and order in developing
countries. "As many policy reviews highlight, there
is no point having well-crafted legislation and
policies that are not implemented," the website
says. "In the context of the Asian Fisheries
Society, it would be very interesting to analyse
what parts of governance require strengthening in
Asia and how fisheries research and development
can assist in that strengthening."

"With the current trend towards decentralisation,
the role of informal governance is becoming
increasingly (important) and there is a move
back to strengthening informal governance at
the grass roots level, some of which has been

What is fisheries governance?
According to the forum website, most analyses
of the status of fisheries and aquaculture in Asia
point to the need to strengthen governance.
"However, governance is a broad concept
that covers both the effective institutions
and arrangements for setting, as well as for
implementing, rules and regulations," the
website says, noting that the latter are both
formal and informal. Governance also includes
"planning and implementation mechanisms,
processes and institutions through which
citizens and governing groups (institutions and
arrangements) voice their interests, mediate
differences, exercise their legal rights and meet
their obligations. Good governance importantly
includes adequate resources and arrangements
for compliance and enforcement."
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eroded through centralised policies over the past
few decades. There is also a need for a better
understanding of incentives for better governance,
rather than a reliance on implementing law and
order regimes that are not particularly effective."
Regarding education, the second theme,
organisers highlight the need to discuss the
current status of aquaculture and fisheries
education in the Asia-Pacific region and examine
the linkages of the Asian Fisheries Society and
regional educators with international agencies
and institutions. Other needs include exploring the
development of distance learning and promoting
informal training opportunities.

'The only way to meet the increasing
demand is to promote sustainable
intensification of aquaculture'
Topics covered under the third theme of
sustainable aquaculture are scheduled to include
breeding, larval rearing and grow-out (including
feeds and nutrition), cage culture, socio-economic
considerations, genetic selection, hatchery
technology, biotechnology advances, better
management practices and diseases. Organisers
note the limitations on land and water resources
that are constraining further expansion of
extensive aquaculture.
"The only way to meet the increasing demand is to
promote sustainable intensification of aquaculture,
while ensuring environmental sustainability, which
means 'to produce more with less' by increasing
productivity and efficiency with reduced
consumption of resources and mitigating negative
environmental and social impacts," the forum
website says.

'This intensification of aquaculture
will be faced with many challenges'

Symposium to include Mekong fisheries
The global gender symposium to be held in
parallel with the regional forum is scheduled
to include a special session on gender in
aquaculture and fisheries in Thailand and the
Mekong region. Other special sessions include
regional updates on gender in fisheries and
aquaculture, gender in fish trade and value
chains — and a youth competition. Special
workshops on the basic concepts of gender
theory and gender elements of voluntary
guidelines on small-scale fisheries are also
scheduled along with a panel discussion on the
fish industry, gender and social development.
Other topics are expected to include fishing
communities and well-being (including violence
against women), climate change and disaster
preparedness, “thinking beyond the framework
of gender and fisheries” and food safety.

change are scheduled to include both the impacts
of the phenomenon — including changes in
biodiversity and socio-economic effects — and
mitigating the impacts. Other topics include
building the resilience of stakeholders and disaster
management. The fifth theme of sustainable
fisheries focuses on both small-scale artisanal
fisheries and large-scale industrial fisheries.
Topics covered under the sixth theme of postharvest technology and food safety include value
chains as well as standards, compliance and
certification for food safety. Others are processing
and products, marketing and biotechnology.
Further reading
http://www.enaca.org/modules/afaf/welcome.php

"This intensification of aquaculture will be faced
with many challenges including the impact of
climate change and variability, urbanization and
related social and economic changes, increasing
intra-regional trade and increasing concern over
the environment and food safety by the public."
Topics covered under the theme of climate
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Prices

FAO Fish Price Index

Norwegian Seafood Council (2002-2004 = 100)
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FAO Food Outlook, October 2015

Capture total

2014

2015
Estimate

2016
Forecast

Million tonnes
Production
Capture fisheries
Aquaculture
Trade value (exports USD billion)
Trade volume (live weight)

Change
2016/2015

%

167.2

171.0

175.0

2.3

93.4

93.5

93.6

0.1

73.8

77.5

81.4

5.0

148.1

134.1

132.6

-1.1

60.0

59.9

59.9

0.0

Total utilisation

167.2

171.0

175.0

2.3

Food

146.3

149.4

153.6

2.8

Feed

15.8

16.5

16.3

-1.2

5.1

5.1

5.1

0.0

Other uses
Consumption per person
Food fish (kg/yr)

20.1

20.3

20.6

1.7

From capture fisheries (kg/year)

10.0

9.8

9.7

-0.7

From aquaculture (kg/year)

10.1

10.5

10.9

3.9

FAO Fish Price Index (2002-2004 = 100)
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2014
142
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Jan-Feb

141

Change

Jan-Feb 2016/Jan-Feb 2015

-5.0

Prices

Thailand

Talaad Thai Wholesale Market, Pathum Thani Province

Slender rasbora (Rasbora daniconius)
Chinese edible frog (Haplobatrachus rugulosus) (large)
Chinese edible frog (Haplobatrachus rugulosus) (small)
Asian redtail catfish (Hemibagrus wyckioides)
Yellow mystus (Hemibagrus filamentus)
Tire track eel (Mastacembelus favus)
Clown featherback (Chitala ornata)
Iridescent mystus (Mystus radiatus) (large)
Iridescent mystus (Mystus radiatus) (small)
Wallago (Wallago attu) (large)
Wallago (Wallago attu) (small)
Bronze featherback (Notopterus notopterus)
Wild striped snakehead (Channa striata) (large)
Wild striped snakehead (Channa striata) (small)
Farmed Indonesian snakehead (Channa micropeltes) (large)
Farmed Indonesian snakehead (Channa micropeltes) (small)
Bighead catfish (Clarias macrocephalus) (large)
Bighead catfish (Clarias macrocephalus) (small)
Farmed North African walking catfish hybrid (large)
Farmed North African walking catfish hybrid ((small)
Siamese red catfish (Phalocronotus bleekeri) (large)
Siamese red catfish (Phalocronotus bleekeri) (small)
Silver barb (Barbonymus gonionotus) (large)
Silver barb (Barbonymus gonionotus) (small)
Red tilapia hybrid (large)
Red tilapia hybrid (small)
Nile tilapia (Oreochromus niloticus) (large)
Nile tilapia (Oreochromus niloticus) (small)
Whisker sheatfish (Kryptopterus spp.) (large)
Whisker sheatfish (Kryptopterus spp. (small)
Common carp (Cyprinus carpio) (large)
Giant Mekong catfish (Pangasianodon gigas)
Boeseman croaker (Boesemania microlepis)
Horseface loach (Acantopsis choirorhynchos)
Giant gourami (Osphronemus goramy)
Siamese mud carp (Henicorhynchus siamensis)
Snakeskin gourami (Trichopodus pectoralis)
Striped catfish (Pangasianodon hypophthalmus)
Climbing perch (Anabas testudineus) from rice paddy (large)
Climbing perch (Anabas testudineus) from rice paddy (small)
Farmed climbing perch (Anabas testudineus) (large)
Farmed climbing perch (Anabas testudineus) (small)
Peacock eel (Macrognathus siamensis) (large)
Peacock eel (Macrognathus siamensis) (small)
Swamp eel (Monopterus albus) (large)
Swamp eel (Monopterus albus) (small)
Pond snail (Filopaludina martsensi)

THB per kg
November, 2015

55 - 60
85 - 90
70 - 80
180
120 - 140
250 - 280
210
120
90
180
100 - 110
90 -100
135 - 145
80
145 - 150
100 - 120
110 - 120
110 - 120
38 - 42
34 - 37
350 - 380
200 - 240
55 - 60
45 - 50
75 - 78
55 - 60
58 - 60
30 - 45
140 - 150
80 - 100
40
55 - 60
180 - 190
120 - 160
80 - 100
45 - 50
90 - 195
32 - 35
100 - 115
65 - 85
95 - 105
45 - 75
120 - 140
100 - 110
200 - 230
300
30 - 35

Viet Nam

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

White pangasius (Pangasianodon hypophthalmus) (Type 1)
White pangasius (Pangasianodon hypophthalmus) (Type 2)
Pangasius fry (Pangasianodon hypophthalmus) (1 pc)
Pangasius fingerlings (Pangasianodon hypophthalmus) (3,000 pcs)
Pangasius seed (Pangasianodon hypophthalmus) (2 cm)
Giant freshwater prawn (Macrobrachium rosenbergii) (>100 grams)
Giant freshwater prawn (Macrobrachium rosenbergii) (75 - 99 grams)
Giant freshwater prawn (Macrobrachium rosenbergii) (50 - 74 grams)
Giant freshwater prawn (Macrobrachium rosenbergii) (gravid, <50pcs/kg)
Black tiger shrimp (Penaeus monodon) (8 pcs/kg)
Black tiger shrimp (Penaeus monodon) (15 pcs/kg)
Black tiger shrimp (Penaeus monodon) (25 - 30 pcs/kg)
Black tiger shrimp (Penaeus monodon) (40 pcs/kg)

June 2016

February, 2016

40 - 45
85 - 90
75 - 80
160 - 180
80 - 100
120 - 220
230
60 - 90
50 - 60
180
120 - 140
100
135 - 140
75 - 85
140
60 - 110
110 - 120
110 - 120
53 - 56
45 - 48
270 - 290
180 - 190
55 - 60
72 - 78
75 - 80
60 - 65
58 - 65
35 - 45
140 - 150
100 - 110
40
50 - 60
65 - 250
160 - 180
80 - 100
50 - 60
120 - 195
30 - 32
95 - 110
75 - 85
90 - 95
65 - 75
150 - 160
120 - 140
200
300
30 - 35

VND per kg unless otherwise stated
June, 2015

20,000
18,700
0.5 - 0.7
30 - 35
500 - 600
350,000 - 370,000
300,000 - 340,000
250,000 - 280,000
150,000 - 200,000
500,000
410,000
240,000
140,000

February, 2016

19,500 - 21,500
18,500 - 19,500
0.6 - 0.12
40 - 50
600 - 700
230,000 - 250,000
200,000 - 220,000
170,000 - 180,000
100,000 - 110,000
750,000
560,000
420,000
230,000
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Collecting freshwater snails on the Tonle Sap River in Kampong Chhnang Province in Cambodia. According to a recent study by
the Cambodian Fisheries Administration, the five main landing sites for molluscs in the province yielded almost 9,000 tonnes of snails
and clams over a 12-month period with an estimated value of $1.4 million (see page 4).
Photo: Ngor Peng Bun

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

Office of the Secretariat in Phnom Penh (OSP)
576 National Road #2, Chak Angre Krom,
PO Box 623, Phnom Penh, Cambodia
Tel: (855-23) 425 353 Fax: (855-23) 425 363

