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World’s biggest catfish farm takes 
shape in Mekong Delta in Viet Nam

Binh Phu High-Tech Aquaculture Area 
expected to be fully up and running in mid-
2020 following $174 million investment by 

company based in An Giang Province 

To the east of a series of mountains straddling the 
Vietnamese-Cambodian border, a vast fish farm  is 
taking shape on former rice fields in the Mekong 
Delta. Located in Chau Phu District in the Vietnam-
ese province of An Giang, the 600-ha site is being 
developed by Long Xuyen-based Nam Viet Corp 
at a cost of VND 4,000 billion ($174 million). The 
sprawling site in Binh Phu Commune comprises 
two zones —  a 150-ha breeding area for striped 
catfish (Pangasianodon hypophthalmus) with the 
remaining 350 ha taken up by grow-out ponds. 
To get an idea of the huge scale of the Binh Phu 
project, the company’s 21 fish-farming areas as of 
2018 covered 250 ha. With a future water surface of 
850 ha, it will have a farming area 60 percent larger 
than its nearest rival (see table below).

Nam Viet — also known as Navico — held a ground-
breaking ceremony for the Binh Phu High-Tech Aq-
uaculture Area in January last year (see Catch and 
Culture - Environment, Vol 25, No 1). During a visit 
to the site in December last year, company officials 
said the mega-project was about 80 percent com-
plete and scheduled to be fully up and running in 

June. Most of the excavation work for some 400 
ponds had been done and some ponds had already 
been stocked with fish. The remaining work mostly 
involved completing the installation of machinery 
such as water-pumping systems and automated 
feeding equipment, some of which was already op-
erating during our visit.

Biochemical water treatment
The Vietnamese company says the new farm will 
be using a Japanese biochemical water-treatment 
powder known as Bakture. According to the United 
Nations Industrial Development Organization (UNI-
DO), Bakture was developed in 1993 by RBC, a 
wastewater-treatment and environmental engineer-
ing-company based in the western Japanese city 
of Tsuyama. UNIDO’s Investment and Technology 
Promotion Office in Tokyo says Bakture Powder 
was commercialised in 1996 and has since been 
used to purify more than 200 river and lake loca-
tions while treating wastewater at around 10 indus-
trial plants across Japan. The system has also been 
applied to aquaculture in Thailand and to soil, un-
derground water and pig farm sewage in Lao PDR.

“Bakture Powder can speed up decomposition and 
purification by microbes in a series of food chains. 
The result is a decrease in biochemical oxygen 

By Peter Starr *

Top three Vietnamese pangasius producers
Nam Viet Corp IDI Corp Vinh Hoan Corp

Farming area 250 ha 
supplying 100% to factories

300* ha 
supplying 95% to factories

530 ha 
supplying 65% to factories

Annual production 292,000 tonnes 378,000 tonnes Outsourced

Number of factories 4 (daily output 600 tonnes) 2 (daily output 450 tonnes) 8 (daily output 850 tonnes)

* 40 ha own farming area, remaining 260 ha in cooperation with farmers 

Source: International University (2019) 
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Huge farm attracts top-level political interest

Giau — the former cen-
tral bank governor who now 
chairs the parliamentary Com-
mittee on Foreign Affairs — 
had visited the site four weeks 
earlier with European Parlia-
ment Committee on Interna-
tional Trade Vice Chair Jahn 
Zharadil. The visit was part of 
a conference hosted by Nam 

Viet to introduce the pangasius industry and the 
company's business, an earlier note to sharehold-
ers said. Giau was born in Cho Moi District in An 
Giang and is among the members of parliament 
representing An Giang in the National Assembly.   

Further reading

Nam Viet Corporation (2019)  Navico: ANV October 2019 IR 
News. Nam Viet Corporation, Long Xuyen, Viet Nam. 

Nam Viet Corporation (2019)  Quick Update: Vietnam’s Na-
tional Assembly Chairwoman Nguyen Thi Kim Ngan visits 
Binh Phu Fish farm Nam Viet Corporation, Long Xuyen, Viet 
Nam.

Thanh Niên (2016) Chân dung 19 Ủy viên Bộ Chính trị khóa 
XII. 29/01/2016. Báo Thanh Niên, Hà Nội.

Vietnam News Agency (2016) Biography of NA Chairwoman 
Nguyen Thi Kim Ngan. July, 2016. Vietnam News Agency, 
Ha Noi. 

Vietnamese National Assembly Chairwoman Nguyen Thi Kim Ngan (left) with Nam Viet 
Chairman Doan Toi (right) during a visit to the site on 30 November last year

Photo: Nam Viet Corp

Nguyen Van Giau

On 30 November last year, National 
Assembly Chairwoman Nguyen Thi 
Kim Ngan visited the Binh Phu site as 
part of a visit to An Giang Province. 
Ngan, who was born in the Mekong 
Delta province of Ben Tre and ranks 
second in the Politburo of the Com-
munist Party of Vietnam, was accom-
panied by National Assembly Com-
mittee on Foreign Affairs Chairman 
Nguyen Van Giau — former governor 
of the State Bank of Vietnam  — and 
senior provincial party officials.

In a note to shareholders, Nam Viet  
said Ngan observed the automatic 
feeding system — controlled by lap-
top or smartphone  — and praised 
the company’s “hi-tech applications 
and creativeness" in the pangasius value chain 
(see pages 8 and 9). The National Assembly 
chairwoman also noted that integrated closed-
chain production from hatchery, farming, harvest-
ing, processing with sustainable export markets 
would help Navico to become more active and 
less dependent on external factors. The automat-
ic system would help the company conveniently 
control feeding timing and quantity as well as wa-
ter exchange and environmental monitoring, she 
said.

Ngan, a former deputy finance minister who spent 
much of her career working in the Mekong Delta, 
said she would work with related departments to 
remove the “yellow card” for Vietnamese pan-
gasius exports to the EU and consider amend-
ments to the Land Law to have better policies for 
individuals and enterprises. She said she would 
also ask banks to have “more appropriate inter-
est rate policies" for enterprises investing in the 
countryside like Nam Viet and encourage govern-
ment support policies that don’t violate interna-
tional trade laws, the note to shareholders said. 
The National Assembly chairwoman hopes Nam 
Viet "will continue to develop sustainably and be-
come the spotlight of the industry,” the note said. 
“She wants to visit again when the fish farm is 
fully completed.”
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nals that crisscross the delta in Viet Nam. The site 
is located between two major canals — the Tri Ton 
Canal and the Xang Moi Ba The Canal — that link 
the Bassac River to the neighbouring coastal prov-
ince of Kien Giang. 

Company officials said feed is shipped in by canal 
from Long Xuyen, the capital of An Giang prov-
ince where Nam Viet processes pangasius into 
fillets. Following the establishment of a feed plant 
in 2012, Nam Viet now has eight feed production 
lines with a daily capacity of 800 tonnes which is 
mostly consumed by the company with the rest 
sold to the market (feed accounts for about 10 per-

demand (BOD), chemical oxygen demand (COD), 
total nitrogen (TN) and total phosphorous (TP). Im-
provements in the transparency of the water are re-
alized as a result,” the UNIDO office says. “Bakture 
Powder is easy to use with no need for fancy or 
expensive equipment. Although some knowledge 
and know-how is required to examine suitable wa-
ter condition and water flow, it can simply be scat-
tered in the water.”

Remote area
Since Binh Phu is in a relatively remote area with 
limited road access, the company relies on water 
transport though a network of highly developed ca-
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Detailed map of the Binh Phu High-Tech Aquaculture Area. The site is almost 4 km long and nearly 2 km wide. Upon completion, scheduled for 
June, the farm is expected to have 400 ponds. In the image above, the water supply channels are blue and the discharge channels green. The area 
shaded red represents nursery ponds. Among the other ponds, the smallest are for broodstock, the medium-sized ones are for fingerlings and the 
large ones are for grow-out. The area shaded grey is the breeding and hatchery area while the yellow area is for fingerlings.   

Map: Nam Viet Corp
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cent of company revenues). When fish are ready 
to harvest, they will be shipped live from Binh Phu 
in cage-equipped vessels for processing in Long 
Xuyen, about three hours away. From Long Xuyen, 
the packaged frozen fish will be exported to world 
markets. In 2019, Nam Viet shipped 3,290 contain-
ers of frozen panagasius, up 19 percent from a year 
earlier and almost entirely to foreign countries.

Main export markets
Exports of pangasius accounted for 84 percent of 
Nam Viet’s record revenue of 4,481 billion ($194 
million) last year, up 9 percent from 2018 despite 
an overall decline in he country’s exports (see page 
12). China was the company’s biggest export mar-
ket (31 percent) followed by Southeast Asia (20 
percent), Europe (14 percent), Mexico (9 percent), 
Brazil (5 percent) along with Colombia and the Unit-
ed Arab Emirates (almost 4 percent each). 

It was not until 2018 that Nam Viet succeeded in 
penetrating the Chinese market under a distribu-
tion agreement with Shanghai Fenglei International 
Trading Co Ltd. At the time, Fenglei had 15 retail 

stores including two in Shanghai, two in Suzhou 
and others in Hangzhou, Jinan, Nanjing and Wuxi.  
According to Nam Viet’s latest annual report, “the 

Fenglei outlet selling Nam Viet products in Shanghai

Photo: Fenglei International Trading

Aerial view of the Binh Phu aquaculture area, which covers 600 hectares of former paddy fields in Chau Phu District in An Giang Province. Located 
between the Tri Tron and Ba The canals flowing from the Bassac River, the site comprises 150 hectares for breeding and 450 hectares for grow-out 
ponds.

Photo: Nam Viet Corp
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Feed transportation vessel

Photo: Lem Samean

Water treatment uses technology from Japan

Photo: Lem Samean

Feed arriving by boat is siphoned into an automatic scale

Photo: Lem Samean

Delivering feed to distribution silos

Photo:  Lem Samean
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China market has a lot of potential due to high de-
mand, diverse products, close distance compared 
to other markets.” In 2018, the company “laid the 
necessary foundation to develop the Chinese mar-
ket,” Nam Viet Chairman Doan Toi said in a letter to 
shareholders in 2019. “This year will be the year we 
build and develop this market strongly.”

Growing Chinese demand
In a research report published in October last year, 
Viet Capital Securities described China as a “major 
long-term growth driver for Viet Nam’s pangasius 
industry” thanks to rising fish consumption. “Viet-
namese pangasius is standing out as an alterna-
tive to Chinese fish species,” the Ho Chi Minh City-
based securities firm said. It noted that Vietnamese 
pangasius exports to China — including Hong 
Kong — recorded a compound average growth rate 
of 42 percent in the five years to 2018. “This stellar 
growth was underpinned by booming catering ser-
vices (including hotpot chains) and e-commerce in 

China, and compounded by proactive market pen-
etration efforts of Vietnamese exporters,” the report 
said.

“Amid the growing popularity of pangasius, some 
farmers in southern China even switched from rais-
ing tilapia (one of China’s key farm-raised fish spe-
cies) to pangasius in 2018, which raises the question 
of whether China will reduce Vietnamese imports in 
the long term. We see this risk as insignificant given 
the unfavorable temperature for pangasius farming 
in China as well as the yellow flesh of Chinese pan-
gasius,” the report said, noting that the white flesh 
of Vietnamese pangasius is preferred. Viet Capital 
Securities  estimated that China’s harvest of 30,000 
tonnes of raw pangasius in 2018 was less than 10 
percent of its imports from Viet Nam. “We believe 
the Chinese appetite for pangasius will continue to 
intensify due to the country’s expanding seafood 
palate amid its relatively low pangasius penetration 
vs the US and EU,” the report said. At the same 

Feed distribution silos 

Photo:  Lem Samean
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time, China’s crackdown on illegal border trade with 
Viet Nam “will bode well for official exporters” such 
as Nam Viet.

In a separate research paper also published in 
October last year, Rong Viet Securities noted that 
Vietnamese pangasius exports to China were also 
benefiting from pork shortages — caused by Afri-
can swine fever — and a reduction in Chinese VAT 
on imported fish from 10 percent to 9 percent from 
April 1 last year. At the same time, Nam Viet is dis-
tributing “high class” pangasius fillets to its Chinese 
partner with a higher selling price and the Navico 
brand name on the packaging. Rong Viet Securi-
ties, also based in Ho Chi Minh City, noted that the 
Chinese partner would be in charge of research, 
market forecasting and marketing under the 10-
year agreement signed in 2018. But it warned that 
fallout from the US-China trade war including a 
weaker Chinese currency could have a negative 
affect on pangasius trade. “The weakness of the 
renminbi may make imported goods relatively more 
expensive while a fall in consumer incomes may 
reduce demand for imported pangasius,” it said.

As for the corona virus outbreak, Nam Viet said in 
a note to investors in February that “2020 seems to 
be another challenging year” but that it was “well-
prepared for any sudden change in market de-
mand”, noting that shipping to China took only a 
week. The company highlighted its “track record of 
being able to thrive even better through crisis” and 
said it was “confident” about achieving its targets.

Competitive advantage
Nam Viet says its has numerous advantages over 
its rivals. It has a closed value chain from produc-
ing feed to farming the fish and processing them for 

export. The company also has factories available 
to increase production without the need for new 
investment. Moreover, its farms are mainly in An 
Giang and Dong Thap provinces bordering Cambo-
dia. These are the two provinces furthest upstream 
in the Vietnamese part of the Mekong Delta and 
therefore less affected by saltwater intrusion than 
downstream provinces closer to the South China 
Sea. In addition, the company says it has devel-
oped a “relatively diverse and stable export market 
over the years, with many traditional customers in 
each market.”

Indeed, research by International University —  
part of Vietnam National University in Ho Chi Minh 
City — noted in a paper last year that Nam Viet’s 
two main rivals were overly dependent on single 
markets. Vinh Hoan Corp, based in Sao Lane, the 
Dong Thap provincial capital, relied on the United 
States for more than 50 percent of its exports (Vinh 
Hoan overtook Nam Viet as the country’s biggest 
pangasius producer a decade ago. International 
Development and Investment Corp (IDI), based in 
Lap Vo District in Dong Thap, meanwhile depended 
on China for more than half its exports. On the oth-
er hand, Nam Viet had a “diversified export market” 
and the company had “diversified its risk across na-
tions,” the research paper said. 

At the same time, Nam Viet admits some disad-
vantages. The labour force, for example, “often 
moves between businesses inside and outside the 
industry,” the company says. In 2018, Nam Viet had 
more than 4,600 employees of whom about 4,000 
were unskilled workers. Women accounted for al-
most half the company’s workforce. The company 

Xin Fenglei (left) and Nam Viet Chairman Doan Toi (right) sign 
distribution agreement in Long Xuyen in 2018

Photo: Fenglei International Trading

Fish consuming feed delivered by tube

Photo:  Lem Samean
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also has to contend with non-tariff barriers in export 
markets. “Some markets set up non-tariff barriers to 
limit and tighten the control of imported goods like 
the US and European markets,” it says. In export 
markets, Nam Viet says it’s particularly exposed 
to additional costs such as inspection and storage 
charges.  

Environmental risks
Nam Viet appears to be under no illusions about the 
risks involved with farming fish in the Mekong Del-
ta, notably diseases and environmental pollution. 
Moreover, the impact of climate change in recent 
years has been “quite negative,” the latest annual 
report says. Rising sea levels have been causing 
saltwater to penetrate deeply upstream in the del-
ta with direct impacts on fingerling production and 
farming. But the company “cannot resist the impact 
of nature,” the annual report says. “Farming and 
exporting pangasius in the Mekong Delta region 
has brought high economic efficiency and promises 
great development potential,” it says. But mortality 
rates for pangasius have been steadily increasing, 
with losses as high as 50 percent in some ponds. “If 
we continue to neglect the issue of environmental 
protection, the environmental degradation caused 

by fish farming will have a strong impact on farming 
and is the biggest obstacle to the development of 
pangasius in the future.”

* Mr Starr is the editor of Catch and Culture - Environment

Further reading 

Dao Ha and Dang Phap (2019) Nam Viet Corporation (ANV) 
[Not Rated]: Company Report. Viet Capital Securities, Ho Chi 
Minh City, Viet Nam.

International University (2019) Student Research: Nam Viet 
Corporation. International University, Vietnam National Univer-
sity, Ho Chi Minh City, Viet Nam.  

Nam Viet Corporation (2019)  Annual Report 2018. Nam Viet 
Corporation, Long Xuyen, Viet Nam. 

Nam Viet Corporation (2020) 2019 Year in Review. Nam Viet 
Corporation, Long Xuyen, Viet Nam.

Pham Tam (2019) Nam Viet Corporation (HOSE: ANV): Strong 
self-supply and diversified markets facilitate growth. Rong Viet 
Securities, Ho Chi Minh City, Viet Nam. 

UNIDO (undated) Biochemical Water Treatment for Multiple 
Applications. United Nations Industrial Development Organiza-
tion. Investment and Technology Promotion Office, Tokyo.   

Pangasius consuming feed at the Binh Phu site

Photo:  Lem Samean
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Vietnamese catfish exports seen 
recovering in 2020 after bad year

A ruling by the United States Department of 
Agriculture is expected to breathe new life 
into the Vietnamese catfish export market 

this year with a handful of leading processors 
gaining duty-free access to the world’s largest 
market for pangasius. Exporters are meanwhile 

keeping a close eye on the European market 
with a Viet Nam-EU Free Trade Agreement 

taking effect this year. A separate 
free-trade agreement is seen benefitting 

exports to Mexico and Japan. 

After more than three years of negotiations, the 
Food Safety and Inspection Service of the US De-
partment of Agriculture finally recognised the Viet-
namese Pangasius Food Safety Control System 
late last year. The recognition in November paved 
the way for duty-free exports to the United States 
by four Mekong Delta companies following the 
completion of a 15th period of review by the US 
Department of Commerce in February. The com-
panies — Vinh Hoan Corp based in Cao Lang in 
Dong Thap Province along with Can Tho-based 
Bien Dong Seafood Co Ltd, NTSF Seafoods Joint 
Stock Co and Can Tho Import Export Seafood Joint 
Stock Co, also known as Caseamex — will have an 
advantage over competitors which will be subject to 
a “Vietnam-wide entity” anti-dumping rate of $2.39 
per kg. 

Vietnamese exports of frozen pangasius have been 
subject to US anti-dumping duties since 2003 fol-
lowing protests from the US domestic catfish lobby 
which argued that American catfish farmers had a 
monopoly over the name “catfish” for channel cat-
fish (Ictalurus punctatus), the most widely farmed 
catfish species in the United States. Vietnamese 
exporters accordingly changed the name for two 
shark catfish species native to the Mekong — 
striped catfish (Pangasianodon hypophthalamus), 
known as tra in Vietnamese,  and Bocourt’s catfish 
(Pangasius bocourti), locally known as basa. Both 
species have since been marketed as “pangasius” 
— the name now used by the Food and Agricul-

By Nguyen Tuong Thuy *

tural Organization of the United Nations (FAO). But 
exports are also marketed under the name “basa” 
and several other names including “swai” which is 
based on the Thai name for the species. Despite 
dropping the name catfish,  Vietnamese exporters 
have still been subjected to anti-dumping duties to 
protect American catfish farmers — a source of re-
curring trade frictions between Ha Noi and Wash-
ington (see Catch and Culture, Vol 9, No 2).

Recovery in pangasius exports to US market?
Duong Nghia Quoc, chairman of the Vietnam Pan-
gasius Association, reportedly told the newspaper 
Kinh te Tieu dung in January that US recognition 
of the Pangasius Food Safety Control System and 
removal of tariffs were “good signals to recover 
pangasius exports to the US market. However, ac-

Dr Quoc, chairman of the Vietnam Pangasius Association

Photo: Nguyen Kim / Bao Moi 
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Farmers harvesting pangasius in An Giang Province in the Mekong Delta

Photo: Bao An Giang 

cording to domestic enterprises, the recovery will 
not be strong this year. In the first quarter, exports 
may rise but not by much.” 

As for the increasingly important Chinese market, 
Vietnamese companies were experiencing difficul-
ties in exporting aquatic products to China follow-
ing the outbreak of a new coranavirus centred on 
Wuhan in January. In the longer term, the Ministry 
of Agriculture and Rural Development believes the 
potential for boosting pangasius exports to China 
is sizable. Doan Toi, chairman of Nam Viet Corp 
based in Long Xuyen in An Gian Province, report-
edly said in February that China’s average annual 
pangasius consumption per capita is still low at 
0.14 kg compared with 0.32 kg in the United States. 
“With these positive signs, domestic pangasius ex-
ports are expected to increase this year. However, 
the industry will still face fierce competition glob-
ally,” he reportedly told the Vietnam News Agency 
in February. 

China has been farming pangasius for several years 
and has intensified quality controls on imports from 

Viet Nam. Among other countries outside the Me-
kong Basin, the fish has also been introduced into 
India, Bangladesh and Indonesia where it is now 
being farmed, mostly for domestic consumption. 
The Ministry of Agriculture and Rural Development 
expect combined production outside of Viet Nam — 
by far, the world’s largest producer — to eventually 
reach the same level as domestic production.

Quoc, the head of the pangasius association, says 
Vietnamese businesses need to enhance trade 
promotions, expand markets and apply technology 
to improve quality. He says the they also need to 
develop production chains and avoid competition 
by cutting prices. He also see big opportunities in 
the domestic market of 96 million people. Several 
years ago, some producers started selling their 
diverse products at home — including in northern 
Viet Nam where the Mekong species was virtually 
unknown. But bigger profits from exports resulted 
in local consumers being neglected. Quoc makes 
a simple calculation — per capita consumption to 2 
kg per year represents domestic sales of 200,000 
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tonnes of various frozen pangasius products origi-
nating from the Mekong Delta.

According to the Vietnam Association of Seafood 
Exporters and Producers (VASEP), the value of 
pangasius exports dropped 11.7 percent from a 
year earlier to around $2 billion in 2019, depressed 
by lower exports to traditional markets like the Unit-
ed States and plunging prices. Exports to the US 
market came to only  $282 million, down 49 percent 
and accounting for a mere 14 percent of the total 
export value compared with 32 percent for China. 
At the same time, prices plummeted by as much as 
35 percent from 2018 levels as increases in farmed 
areas led to oversupply in a weak international mar-
ket.

Benefits from free-trade agreements
With a EU-Vietnam Free Trade Agreement taking 
effect this year, exporters are keeping a close eye 
on the European market. Some are optimistic — 
under a three-year roadmap, EU tariffs in imports 

of frozen pangasius products are scheduled to de-
cline from the current level of 5.5 percent to zero in 
2023. But Truong Dinh Hoe, the general secretary 
at VASEP,  says he believes Viet Nam will continue 
to face difficulties in the EU. “Viet Nam’s seafood 
export to the EU continues to struggle with the EU 
yellow card as fishermen were found having vio-
lated regulations on illegal, unreported and unregu-
lated fishing (IUU) fishing,” he was quoted as say-
ing by VNA. 

Beyond the United States, China and Europe, ex-
porters are expected to benefit from the Compre-
hensive and Progressive Agreement for Trans-Pa-
cific Partnership (CPTPP) — with Australia, Brunei, 
Canada, Chile, Japan, Malaysia, Mexico, New Zea-
land, Peru and Singapore — which came into effect 
in Viet Nam in January last year. Customs News, a 
publication of the General Customs Department of 
the Ministry of Finance, reported in June last year 
that pangasius exporters were expected to enjoy 
“many opportunities” in markets such as Mexico, 

Workers in the Mekong Delta processing pangasius before filleting, freezing and packaging for export markets 

Photo: Nguyen Tuong Thuy 
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Japan and Chile when zero tariffs take effect in the 
third year. Japan and Mexico are already among 
the top ten markets for Vietnamese pangasius. In 
addition to major export markets, “there must be 
some potential markets in the group of countries 
participating in the CPTPP such as Canada, Aus-
tralia, Singapore, and Malaysia. These markets 
are being evaluated with many opportunities to in-
crease export market share in the future,” Custom 
News said. 

As for other export destinations, the FAO publica-
tion Globefish reported in December last year that 
“markets in Southeast Asia, including Thailand, 
Malaysia and Singapore, are now attracting an in-
creasing amount of attention from the pangasius 
sector in Viet Nam.” But the key objective of the 
industry as a whole is expansion in China “despite 
a keen awareness of the risk represented both by 
the unpredictability of Chinese regulatory changes 
and future potential of Chinese domestic supply.” 
According to Globefish, “Vietnamese pangasius is 
now well accepted by Chinese consumers, both as 
a cheaper commodity whitefish and as a more high-
end product. The species has become important for 
the Chinese food service sector and is selling well 

A worker with pangasius farmed in the Mekong Delta 

Photo: Nguyen Tuong Thuy 

through e-commerce channels, where the penetra-
tion of fillets has also increased.”

Chinese still ‘some way behind’ Vietnamese
The FAO publication said pangasius farming de-
velopment was continuing to gather pace in China. 
But “the productivity of Chinese operations is still 
some way behind that of their Vietnamese coun-
terparts, who benefit from decades of experience, 
established  infrastructure and a better climate.” On 
the other hand, “Chinese farmers have the advan-
tage of having a large market in close proximity. 
The sector there is now focusing on developing the 
practices and technologies necessary to support 
the industry, starting with high-quality fingerlings 
and feed.”
 
As for the new coronavirus epidemic, the Maine-
based publication Seafood Source reported in early 
February that the epidemic was raising concerns 
as it was beginning to cause delays in Vietnamese 
trade with China. “Seafood exports from Viet Nam 
to China will face headwinds in the first quarter of 
this year,” it said. But “once the virus is brought 
under control, demand for pangasius could rise 
sharply, as it has a reputation for being disease-free 
and is priced reasonably. Additionally, it is plentiful, 
which will be an important factor following the cata-
strophic impact of swine flu and a growing outbreak 
of bird flu.”

* Mr Thuy is an environmental journalist based in Ho Chi Minh City 

Further reading

Dao, T. (2020) Coronavirus outbreak to hit Vietnam’s pangasi-
us, shrimp exports in short-term. 5 February. Seafood Source, 
Portland, Maine.

Globefish (2019) Pangasius prices dive as buyers pull back 
but rapid output expansion continues. 2 December. Food and 
Agricultural Organisation of the United Nations, Rome.

Kinh tế - Tiêu dùng (2020) Chủ tịch Hiệp hội Cá tra Việt Nam: 
Xuất khẩu cá tra quí I có thể tăng nhưng không quá mạnh. 10 
January. Kinh tế - Tiêu dùng, Hà Nội.

Le, T and M. Binh (2019) Opportunity to export pangasius to 
10 countries under CPTPP. 15 June. Customs News, Ha Noi. 
https://customsnews.vn/opportunity-to-export-pangasius-to-
10-countries-under-cptpp-11048.html.

Vietnam News (2019) Export of tra fish expected to reach 
$2.06 billion this year. 17 December, 2019. Vietnam News 
Agency, Ha Noi

VNA (2020) Tra fish exports likely to recover this year. 5 Febru-
ary. Vietnam News Agency, Ha Noi.
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Scientists research genetic parameters 
for resistance to new tilapia virus
Selective breeding is found to be feasible and 
promising to boost resistance to Tilapia Lake 

Virus and reduce fish mortalities 

In 2017, the Food and Agriculture Organization of 
the United Nations (FAO) issued a global alert over 
a lethal virus affecting Nile tilapia (Oreochromis 
niloticus), the second-most farmed fish in the world. 
As of mid-2017, the highly contagious Tilapia Lake 
Virus  (TiLV) in both farmed and wild tilapia had been 
confirmed in Colombia, Ecuador, Egypt, Israel and 
Thailand. The FAO warned that the virus could have 
a “large potential impact on global food security and 
nutrition” given that annual production worldwide at 
the time was more than six million tonnes worth al-
most $10 billion (see Catch and Culture, Volume 
23, No 2).

Scientists from WorldFish, the University of Edin-
burgh and University College Cork have since been 
working on estimating the genetic parameters for 
resistance to the virus in a breeding population of 
the Genetically Improved Farmed Tilapia (GIFT) 
strain. WorldFish developed the strain for small-
scale and commercial aquaculture as part of a 
project with Norwegian and Philippine partners 
launched in 1988. The GIFT strain of tilapia is now 
farmed in at least 14 countries.   

In a paper published in the journal Aquaculture, on 
15 February the authors note that the Tilapia Lake 
Virus is “one of the primary disease concerns” for ti-
lapia farming, with mass mortalities and biosecurity 
restrictions threatening aquaculture on several con-
tinents. According to the abstract, selective breed-
ing for improved resistance to the virus may help 
to mitigate this problematic disease “but the extent 
of genetic variation in resistance is not yet known.” 

So the team of scientists looked at data from 1,821 
pedigreed fish (from 124 full-sibling families). The 
fish were collected during and after a pond “field” 
outbreak of the virus. Resistance was defined us-
ing genetic traits for both binary survival and days-
to-death. Animal and sire-dam linear mixed models 
were fitted for these two traits. Binary survival was 

Research from Thailand published in 2017 indi-
cated fingerlings were the life stage most affect-
ed by the Tilapia Lake Virus. But fertilised eggs, 
yolk sac larvae and fry have also tested posi-
tive. According to reports from Ecuador, Egypt, 
Israel and Thailand, clinical signs include lethar-
gy, ocular alteration, skin erosion, discoloration, 
abdominal swelling, scale protrusion, gill pallor, 
loss of appetite and abnormal behavior such as 
swimming on water surfaces. Other signs in-
clude anemia, skin congestion, haemorrhagic 
patches, detached scales, open wounds and 
fin rot. In Thailand, mortality levels between 20 
percent and 90 percent were reported in 2017, 
with mortality usually seen within the first month 
after the tilapia were transferred from nursery to 
grow-out facilities.

Further reading

Dong HT, Ataguba P, Khunrae T, et.al. (2017). Evidence of 
TiLV infection in tilapia hatcheries in Thailand from 2012 to 
2017 reveals probable global spread of the disease. Aqua-
culture, doi: 10.1016/j.aquaculture.2017.2017.06.035. 

Jansen, M.D. and CV Mohan (2017) Overview of Tilapia 
Lake Virus (TiLV) in Emergency Regional Consultation for 
Prevention and Management of Tilapia Lake Virus (TiLV) 
in the Asia-Pacific. Guangzhou, 27-28 September 2017. 
Network of Aquaculture Centres in Asia-Pacific, Bangkok; 
National Fisheries Technology Extension Center, Beijing;  
China-ASEAN Center for Joint Research and Promotion 
of Marine Aquaculture Technology, Guangzhou; and Sun 
Yat-sen University, Guangzhou. 

Symptoms

also evaluated using two sire-dam threshold mod-
els with either probit (Pro-SD) functions — a unit of 
probability based on deviation from the mean of a 
standard distribution — or logit-link (Log-SD) func-
tions that use logarithms of odds to estimate the 
probability of an event.

At the end of the outbreak, cumulative mortality 
for the fish was 39.6 percent with family survival 
rates ranging from zero to 100 percent. Moderate 
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to high values of heritability — characteristics that 
can be transmitted from parents to their offspring — 
were estimated for resistance to the virus. Signifi-
cant heritability was estimated on the binary scale 
(0.40 for both animal and sire-dam models) which 
equates to 0.63 on the underlying liability scale. Us-
ing threshold models, heritability was estimated at 
0.56 with the Pro-SD model and 0.48 with the Log-
SD model. Correlation among the estimated breed-
ing value of full-sib families ranged from 0.912 to 
0.999, “suggesting a low re-ranking of the families 
and a high consistency of the results obtained us-
ing the different models.” 

In addition, significant heritability of 0.41 and mod-
erate heritability of 0.06 were estimated for harvest 
weight. The genetic correlation between this trait 
and resistance to the virus was not statistically dif-
ferent from zero. “These results demonstrate that 
host resistance to TiLV is highly heritable in a Nile 
tilapia breeding population with GIFT origin. There-
fore, selective breeding to increase resistance and 

Naturally TiLV-infected Nile tilapia fingerlings revealing discoloration (left) and scale protrusion (right)

Source: Jansen and Mohan (2017)

reduce mortalities due to TiLV is a feasible and 
promising approach,” the authors concluded.

Nile tilapia is widely farmed in the Lower Mekong 
Basin. The species, which is native to the Middle 
East and Africa, was introduced into Thailand from 
Japan in 1965 and into Viet Nam from Taiwan, the 
Philippines and Thailand in 1973 and 1994. It was 
also introduced into Cambodia and Lao PDR at un-
known dates 

Further reading

Barría, A., Trong Q.T., Mahmuddin, M., Benzie, J.A.H, C.V. Mo-
han and Houston, R.D. (2020) Genetic parameters for resist-
ance to Tilapia Lake Virus (TiLV) in Nile tilapia (Oreochromis 
niloticus). Aquaculture 522 (2020) 735126. 

Jansen, M.D. and C.V. Mohan. 2017. Tilapia lake virus (TiLV): 
Literature review. Penang, Malaysia: CGIAR Research Pro-
gram on Fish Agri-Food Systems. Working Paper: FISH-2017-
04.

https://www.worldfishcenter.org/pages/gift/
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MRC launches joint environment 
monitoring for Lao hydro plants

With the first two dams across the Mekong 
in the Lower Basin now operating, the pilot 
program for the Xayaburi and Don Sahong 

plants covers disciplines ranging from 
hydrology and hydraulics to sediment, water 

quality and aquatic ecology along with fish and 
fisheries. Monitoring aims to improve scientific 

understanding of the effectiveness of dam 
facilities installed by developers including fish 

passes and sediment-flushing gates. 

The Mekong River Commission (MRC) announced 
on 24 February the launch of a pilot program to 
monitor impacts of the Xayaburi and Don Sahong 
hydro plants in Lao PDR. In a statement, the MRC 
Secretariat said the program would “advise on 
measures to address any negative effects from the 
existing and future Mekong mainstream hydropow-
er projects.” Pilot projects are expected to advise a 
draft Joint Environment Monitoring (JEM) program 
that aims to advise hydro companies once it is ap-
proved. The announcement in February followed a 
two-day meeting of regional environmental experts 
organised by the MRC in the northeastern Thai 
province of Nong Khai the previous week. 

Dr So Nam, Chief Environmental Management Of-
ficer at the MRC Secretariat, told the meeting that 
the pilot program would provide standard operating 
procedures for the future JEM Program. “The over-
all objective of the JEM is to systematically collect, 
generate and share reliable and scientific data and 
information through a standardized basin wide joint 
environmental monitoring program on site-specific 
issues that have cross-national implications,” he 
said. Dr So Nam said monitoring over 2020 and 
2021 would  let teams trial and refine approaches 
and methods to be applied across the Lower Me-
kong Basin and incorporated into MRC’s core moni-
toring work.

The program involves five disciplines — hydrology 
and hydraulics, sediment transport, water quality, 
aquatic ecology, and fish and fisheries. Data-collec-
tion equipment is being installed in at least three lo-
cations at each dam, depending on the discipline. At 

least two monitoring sites will be located upstream 
from and within impoundment areas. Downstream 
areas will have at least one monitoring site.  

With support from Deutsche Gesellschaft für In-
ternationale Zusammenarbeit (GIZ) and Charles 
Sturt University in Australia hydro developers and 
specialists from Cambodia, Lao PDR, Thailand 
Viet Nam, the MRC Secretariat will work together 
throughout the process. “Teams from each Mekong 
country will be trained on how to collect the data,”  
the statement said, adding that reports would be 
shared publicly. "These reports will include initial 
findings and encountered challenges and short-
comings of the proposed monitoring approaches 
and methodologies, which will be used to update 
the current JEM program,” the MRC said. 

With preliminary findings, "we will be able to provide 
initial knowledge of the effectiveness of the dam im-
pact mitigation facilities, including fish passes and 
sediment flushing gates,” Dr So Nam said. “From 
there, we hope to identify some practical adaptive 
management actions and initial mitigation meas-

New parameters include bedload movement and photographic 
monitoring of riverbed morphology for sediment, chlorophyll 
a and turbidity for water quality, cyanobacteria (blue-green 
algae) for aquatic ecology, and larval drift and juvenile as well 
as fish-passage monitoring for fisheries. HYCOS is the Mekong 
Hydrological Cycle Observation System, FADM is the Fisheries 
Abundance and Diversity Monitoring Program and FLDM is the 
Fish Larval Drift Monitoring program.
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New parameters include bedload movement and photographic monitoring of riverbed morphology for sediment, chlorophyll a and turbidity 
for water quality, cyanobacteria (blue-green algae) for aquatic ecology, and larval drift and juvenile fish for fisheries. HYCOS is the Mekong 
Hydrological Cycle Observation System, FADM is the Fisheries Abundance and Diversity Monitoring Program and FLDM is the Fish Larval Drift 
Monitoring program.

ures that could eventually help address some of 
the potential impacts from the two already existing 
mainstream dams.”

The Xayaburi and Don Sahong power plants are 
the first two hydro projects on the mainstream of the 
Lower Mekong. Cambodia, Thailand, Viet Nam and 
other stakeholders have been calling for proper and 
systematic assessments of the impacts from main-

stream hydropower plants as they start operating.
Further reading

Hak S. (2020) Progress on the MRC Joint Environmental Moni-
toring (JEM). 2 February. Mekong River Commission Secretari-
at, Vientiane, Lao PDR. 

MRC (2020) Progress on the status of MRC Draft JEM pro-
gramme and the implementation of two JEM pilots. Mekong 
River Commission Secretariat, Vientiane, Lao PDR. 
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Management committee enforces 
Lao fisheries law at Khone Falls  

The Don Sahong Fisheries Management 
Committee was set up in 2016 to improve 
fisheries management at Khone Falls in 

southern Lao PDR. The committee comprises 
seven government officials, 88 villagers and 

leaders of three village groups in Khong 
District. The committee is supported by the 
Don Sahong Power Company, a Malaysian-

Lao venture behind the 260-MW Don Sahong 
Hydropower Project on Sahong Channel for 
which construction was completed in 2019. 

Compared with most other hydropower 
projects in the Mekong basin, this project 
is small and causes relatively minor local 

impacts. Unlike all other Mekong projects, it 
does not dam the entire river but blocks only 
one of seven Mekong anabranches at the site. 

However, Sahong Channel was considered 
an important pathway for fish migration, so to 
mitigate any negative impacts of its closure 

two main activities were carried out. 
These were the removal of large illegal gears 
which obstructed fish passage along other 

channels and physical improvements of other 
channels for fish passage. The management 
committee’s work to remove the large illegal 

gears between 2016 and 2019 — its most 
significant activity  — is summarised below. 

At Khone Falls, big gears used mainly in the ear-
ly wet season traditionally included  lee (inclined 
plane traps), luang khang (large funnel traps with 
fences) and jib (stationary trawls). These caught a 
wide range of species and sizes of fish, but in par-
ticular targetted fish migrating upstream just prior to 
or during the early wet season (May to July) when 
many species spawn. Targeting spawning fish, es-
pecially larger long-lived species, is a serious threat 
to the sustainability of fisheries. In the dry season, 
the channels at Khone Falls were obstructed by 
various kinds of fence traps, termed ou, luang sai 
and ton sai. These primarily caught small or medi-
um-sized fish migrating upstream in search of food, 
particularly filamentous algae that grow when the 
river water becomes clear. 

The largest gears, lee and luang khang, were built 
of wood and bamboo, fastened together with cane, 
rope, monofilament nylon and nails. During high 
flows, the big gears would usually be damaged with 
components broken and/or washed away. Some of 
the larger pieces of timber might be re-used the fol-
lowing season. But each year, significant quantities 
of new timber were required. As timber became de-
pleted, wood was increasingly purchased to build 
the traps and accounted for about two-thirds of 
the cost. Much of the wood was from trees illegally 
logged in Cambodia and transported across the 
border by boat. 

Jib nets are made of multifilament netting, nylon 
ropes and wire frames purchased from local trad-
ers. Large jib nets block several metres of river 
channel and are not easily demountable. Smaller 
jib nets 1-2 m wide can be set up and moved quickly 
and are commonly used at night to avoid detection. 

The big gears based on traditional designs were 
originally deployed at well-defined sites informally 
owned by local families. But they had become more 
numerous and much larger in recent years, lead-
ing to competition for fish between their owners 
and increasingly obstructing fish passage through 
the channels at Khone Falls. Under Article 38 of 
the Fisheries Law passed in 2009, these big gears 
are illegal as they “unduly obstruct the passage or 
aquatic fauna” within a waterway, which is consid-
ered incompatible with the sustainable manage-
ment of fisheries. 

Declining catches
For many years, villagers living in Siphandon up-
stream of Khone Falls had complained to provincial 
and district agriculture and forestry officers about 
declining fish catches. They blamed the declines 
on increased use of big gears catching more fish 
and preventing fish from migrating upstream from 
Cambodia. The Khong District Agriculture and For-
estry Office had been collecting taxes every year 
from lee owners, based on the estimated value of 
the wood used in their construction, which was as-

By Kent G. Hortle and Somphone Phommanivong *
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sumed to be sourced locally. These payments im-
plied quasi-legal status for the traps. 

After the Fisheries Law was passed, the district 
office hosted several village-level meetings and 
co-signed agreements with the local villagers that 
they would reduce the numbers of big gears by 50 
percent each year until all of the big gears were 
gone. However, the agreements were ignored and 
the number of gears actually increased significantly 
in the years up to and including 2015, especially 
in Sahong Channel, and they were being used in 
more localities every year. In 2015, a field survey 
by the Don Sahong Power Company and the Lao 
government recorded 356 big gears at Khone Falls. 
While virtually all families at the six villages near-
est to the Don Sahong Hydropower Project had ac-
cess to and/or partly owned one or more big gears, 
their construction was in many cases financed by 
fish traders who bought most of the catch but who 
charged high rates of interest on loans. 

To mitigate any impact on fish passage from clo-
sure of Sahong Channel, the power company and 
government agencies considered it necessary to 
reduce the number of big gears (especially luang 
khang) which obstructed migration of fish attempt-
ing to swim upstream through alternative channels. 
In 2016, the company requested that the Don Sa-
hong Fisheries Management Committee remove all 
big gears from Sadam Channel, which had been 
completely blocked in 2015 (and in earlier years) 
by fence traps in both wet and dry seasons. The 
company also requested selective removal of some 
gears from critical locations in Xang Pheuak Chan-
nel as well as prohibition of big gears in Hou Wai, a 
sub-channel of Xang Pheuak, to allow it to function 
as a fish passage. These requests were in accord-
ance with the measures for mitigation outlined in 
the company’s environmental impact assessment 
as approved by the Ministry of Natural Resources 
and Environment.

Distribution of big fishing gear at Khone Falls in mid-2015 showing lee (inclined plane traps) in yellow and luang khang (large funnel traps with fences) 
in blue. Red lines indicate the main falls/rapids/cascades in each channel.

Map: Kent Hortle
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In addition to removing illegal 
fishing gear, the Don Sahong 
Fisheries Management Com-
mittee has been engaged in ef-
forts to prevent destructive fish-
ing by poisons, explosives and 
electro-fishing. Working with the 
Don Sahong Power Company, 
the committee has also been 
involved in  teaching students 
about the importance of fish and 
fisheries for food and livelihoods 
to improve their understanding 
about the need for sustainable 
management. During 2018, at 
four local schools, 877 students 
were taught and engaged in 
hands-on learning activities. The 
main subjects were general en-
vironmental awareness and con-
servation, the importance of fish 
passage and habitat, illegal and 
destructive fishing, and protect-
ed species.

Teaching local students about the importance of fish and fisheries

This class at Veun Som Village Primary School was held on 23 October in 2018. Students 
have also been engaged in field activities — which include replanting riparian vegetation 
along channels to stabilise banks and provide habitat — and  fish passage works as learning 
exercises.

Photo: Keodokmai Khemkham

Students plant seedlings along Sadam Channel to stabilise the river banks and improve fish habitats on World Fish Migration Day on 21 April in 
2018.

Photo: Somphone Phommanivong 
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Sadam Channel blocked by fence gears in 2006 (looking upstream). At the time, the 5-km channel had about 20 fences.

Photo: John Chu 
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Company advice to the management committee 
was that impacts on catches should be reduced 
by allowing a certain number of big gears to be li-
censed — with conditions set upon their design and 
use, and with gear ownership rights to be tradable. 
Nevertheless, the committee decided that all big 
gears should be prohibited to comply with the law 
and because committee members believed that in-
dividual fishers would not tolerate other people us-
ing such gears if they could not. 

Removing large-scale illegal fishing gear 
Following approval of the Don Sahong Hydropow-
er Project and commencement of construction in 
2016, the company provided funds and technical 
support for implementing the law. The manage-
ment committee held meetings in all affected vil-
lages during early 2016 to explain that all big gears 
were not to be rebuilt for the approaching wet sea-
son (June to September) and existing frames of 
gears should be removed by their owners or they 

would be destroyed. Some 323 big gears were re-
moved in 2016 — about 90 percent of the number 
recorded the previous year — with a further 216 
removed over the subsequent three-year period. 
Some gears were not removed until 2017, and oth-
ers were removed separately during fish passage 
works by the the company in 2016. Over the period 
between 2016 and 2019, half the gears removed 
were lee traps, 22 percent were luang khang traps 
and 28 percent were jib nets. Since 2016, there has 
been limited reconstruction of the large fixed gears 
with attempts by some fishers instead to use large 
jib nets to catch migrating fish. Meanwhile, many 
fishers have also taken to using small portable jib 
nets at night in certain relatively inaccessible loca-
tions, such as Som Yai Channel. 

In addition to the gears removed by the commit-
tee, 108 big gears were removed voluntarily by vil-
lagers employed by the company for fish passage 
construction from 2011 to 2016. Many villagers ap-

A lee in Sahong Channel during the early wet season in 2014 (looking upstream). At the time, lee were built mid-channel downstream of major 
obstructions. Fish which turned back downstream after failing to pass obstructions swam onto the lee platform. Don Sahong Power Company 
Fisheries Team Leader Somphone Phommanivong is holding a catfish Pangasius conchophilus in pre-spawning condition.

Photo: Nakhone Houmpheng 
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A luang khang in Sahong Channel in 2015. At the time, such fence traps were built along river edges, where fish swim to avoid fast or turbulent water 
in the mid-channel.  As water levels rise, fish swimming along the edge are directed into the trap (right). This fence was about 30 m long and 2 m high.

Photo:  Kent Hortle 

peared to understand the benefits of fish being able 
to move freely along the channels near their home 
villages.

By 2019, a total of 647 big gears had been removed 
which has improved fish passage and should lead 
to improved survival, growth and spawning of fish. 
Increased production of wild fish should provide 
general benefits to legitimate fishers at and near 
Khone Falls, where anyone may continue to freely 
use small-scale gears such as gill-nets, cast-nets 
and traps. 

The removal of big gears has caused a significant 
reduction in household catches at Khone Falls. As 
decided by a government Livelihood and Resettle-
ment Committee, compensation has not been paid 
directly for the loss because the gears were illegal 
(despite long-term informal ‘ownership’ of sites by 
some families). However, various measures funded 
by the company for livelihood improvement as well 
as employment opportunities in project construc-
tion, trading and tourism are intended to compen-

sate for any negative impacts such as reduced fish 
catches. 

Improving support for sustainable fisheries man-
agement will require ongoing education in all vil-
lages, as well as increased and consistent enforce-
ment against destructive fishing activities at Khone 
Falls — and further upstream where fish catches 
appear to have increased since the big gears were 
removed. In the medium term, aquaculture may 
provide some alternative opportunities for Khone 
Falls households and may also help to take pres-
sure of the wild fisheries, as well as increasing the 
availability of complementary fishery products. 

* Mr Hortle is fisheries advisor to Don Sahong Power Company and Mr 
Phommanivong is leader of the company's fisheries team

Further reading

Hortle K.G. and S. Phommanivong (2019) Don Sahong Fish-
eries Management Committee Activities during Construction 
of the Don Sahong Hydropower Project, southern Lao PDR, 
2016 to mid-2019. Don Sahong Power Company, Vientiane, 
Lao PDR. 57 pages. 
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Vietnamese traders attracted to giant 
native fishes in Cambodian border areas

Two critically endangered Mekong species are 
reportedly snapped up by unidentified traders 

to send to big cities in southern Viet Nam 

Unidentified Vietnamese traders reportedly paid up 
to $26 per kg for a couple of endangered giant na-
tive  fish in two separate transactions in An Giang 
Province in the Mekong Delta in late 2019 and ear-
ly 2020. Under the first deal, a trader from Khanh 
Binh Commune in An Phu Distict bought a 230-kg 
Mekong giant catfish (Pangasianodon gigas) for 
VND 200,000 ($8.60) per kg on December 22, lo-
cal news reports said. The reports said it took more 
than 10 people to get the fish into a truck which 
then drove to an unidentified restaurant in Long 

By Nguyen Tuong Thuy *

Xuyen, the provincial capital. In the second trans-
action, Tuoi Tre — the country’s leading newspaper 
— said traders from Ho Chi Minh City purchased a 
111-kg giant barb (Catlocarpio siamensis) for VND 
600,000 ($26) per kg in Tan Chau District on Febru-
ary 10. The fish was reportedly trucked to Ho Chi 
Minh City, some 200 km from Tan Chau. 

The two fishes were bought from riverside towns 
in different branches of the delta. An Phu, border-
ing Takeo Province in Cambodia, is located on the 
Bassac River (Hau Giang in Vietnamese) whereas 
Tan Chau, bordering the Cambodian province of 
Kandal, is on the mainstream of the Mekong (Tien 
Giang). Bui Thai Hoang, director of the Tan Chau 

The 230-kg giant catfish reportedly caught near the An Giang border 
with Cambodia in December

Photo:  Báo Lao Động

A man weighs the giant barb purchased in Tan Chau in An Giang 
Province in February. The fish reportedly weighed 111 kg.

Photo:  Tuoi Tre
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Viet Nam's National Breeding Centre for Southern Freshwater Aquaculture raises giant barbs in Cai Be District in the Mekong Delta province of Tien 
Giang. The centre is run by the Research Institute for Aquaculture No 2 in Ho Chi Minh City.

Photo:  Chhut Chheana / USAID Wonders of the Mekong
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A recent study found that global popula-
tions of megafauna — freshwater ani-
mals weighing 30 kg or more — plunged  
88 percent between 1970 and 2012. The 
steepest decline of 99 percent was in the 
Indomalaya realm, the biogeographic re-
gion stretching from the Indian subcon-
tinent to southern China and Southeast 
Asia. Among freshwater animals, mega 
fishes showed the greatest decline. 

“In megafauna rich basins, such as the 
Mekong and Amazon, the situation is 
continuously deteriorating. For example, 
populations of mega fishes in the Me-
kong River Basin have dropped close to 
zero,” the authors wrote. “This includes 
the Mekong giant catfish (Pangasiano-
don gigas), giant Siamese carp (Catlo-
carpio siamensis), and giant pangasius 
(Pangasius sanitwongsei).” According to 
the study, freshwater megafauna are “in-
trinsically prone to extinction due to their 
large body size, complex habitat require-
ments and slow life history strategies 
such as long life span and late maturity.”
 
The two upper charts to the right show 
population declines in (a) overall global 
freshwater megafauna (126 species; 639 
time series) and (b) mega fishes (81 spe-
cies; 404 time series) from 1970 to 2012. 
The two lower charts illustrate population 
declines over the same period in two bio-
geographic regions — (a) the Palearctic 
realm stretching from Europe to northern 
Asia, northern Africa and the Middle East 
(37 species; 239 time series) and (b) the 
Indomalayan realm across southern Asia 
(25 species; 63 time series).

Further reading

He Fengzhi, C. Zarfl, V. Bremerich,  J. N. W. David,  
Z.Hogan, G. Kalinkat, K. Tockner and S. C. Jäh-
nig (2019) The global decline of freshwater mega-
fauna. Global Change Biology. 2019;00:1–10. 
https://onlinelibrary.wiley.com/doi/abs/10.1111/
gcb.14753

Global decline of freshwater megafauna

Population declines between 1970 and 2012 
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Mekong giant catfish attracts multiple onlookers at Salayman's house

Photo:  Báo Lao Động

Economic Department, was quoted as telling Tuoi 
Tre that local officials had verified Cambodia as the 
origin of the giant barb and that it was brought to 
Tan Chau after being caught by unidentified Viet-
namese fishing across the border.

Information was more forthcoming about the Me-
kong giant catfish. Local reports said it was caught 
by a Cham fisherman named Salyman from Nhon 
Hoi Commune in An Phu District. He reportedly saw 
the fish while fishing in the border area on Decem-
ber 21. He and six other men struggled for more 
than two hours to drag the fish onto his boat, the 
reports said. 
  
‘We educated him’ 
Tran Phung Hoang Tuan, head of the An Giang 
Fisheries Sub-Department, told Tuoi Tre that he 
and his staff visited Salyman’s house on Decem-
ber 23 to confirm the news. Tuan said the fisher-
man sold the fish without knowing it was classified 
as "critically endangered” in the IUCN Red List of 
Threatened Species, indicating that a species is at 
extremely high risk of extinction in the wild in the 
immediate future. “We educated him that if some-
body catches such a fish, they have to report to it to 
authorities so they can get instructions on handing 
it over to authorities instead of selling it,” Tuan was 
quoted as saying. 

'Few Vietnamese seem to be aware 
that it is against the law to sell giant 

catfish, giant barbs or other 
endangered fish species'

Vietnamese restaurant owners, chefs and custom-
ers are generally complicit in catching, advertising, 
serving and eating endangered species. While it is 
common knowledge that trading elephant ivory is 
illegal, few Vietnamese seem to be aware that it is  
against the law to sell giant catfish, giant barbs or 
other endangered fish species. In the absence of 
awareness campaigns and effective law enforce-
ment, restaurant owners continue to include such 
fishes on their menus (see Catch and Culture - En-
vironment Vol 23, No 1). 

The Mekong giant catfish is not particularly well 
known in Vietnamese waters of the Mekong Delta 
these days. But the giant barb is still renowned as 
the “king of fish” — and the Vam Nao Channel be-
tween the Bassac and Mekong rivers in An Giang 

was traditionally believed to be home to the largest 
population of the species in Viet Nam. The 7 km 
channel is located between Phu Tan and Cho Moi 
districts, downstream from where the Mekong giant 
catfish was caught. 

Vam Nao channel also used to be known for the 
Mekong freshwater stingray (Hemitrygon laosen-
sis), now considered “endangered” — indicating 
species at very high risk of extinction in the wild in 
the near future. Locals have also reported sightings 
of the critically endangered Irrawaddy dolphin (Or-
caella brevirostris). 

The channel is a rich fishing ground, providing local 
people with an important source of nutrition. Under 
a government-funded irrigation network, the chan-
nel has helped villagers to boost their annual rice 
harvests from two to three and expanded vegetable 
production. Under an agreement between Viet Nam 
and Cambodia in 1998, the channel is also a tran-
sit route for maritime vessels between the mouth of 
the Bassac and the port of Phnom Penh which is 
located on the Mekong.

* Mr Thuy is an environmental journalist based in Ho Chi Minh City
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Estimated value of inland recreational 
fisheries needs to be updated

Like marine fisheries, inland fisheries 
include subsistence fisheries, commercial 

fisheries and recreational fisheries. There’s a 
perception, however, that official statistics tend 

to underreport nearly all of the recreational 
catch. The Food and Agricultural Organization 

of the United Nations (FAO) estimated total 
non-market use value of inland recreational 

fisheries at almost $80 billon in 2015. But three 
quarters of this was from North America and 
data was lacking from Africa and Asia where 

recreational fishing is booming. In this extract 
from a paper published in Fish and Fisheries 
last year, Simon Funge-Smith, the FAO Senior 
Fisheries Resources Officer who worked for 

the UN agency in Bangkok and Vientiane for 20 
years, and Abigail Bennet, Assistant Professor 

at the Center for Systems Integration and 
Sustainability at Michigan State University, 

argue that the estimate needs 
a comprehensive update. 

Recreational fishing is defined by FAO as the fish-
ing of aquatic animals (mainly fish) that do not con-
stitute the individual's primary resource to meet ba-
sic nutritional needs and are not generally sold or 
otherwise traded on export, domestic or black mar-
kets (FAO, 2012). Recreational fishing is the pre-
dominant inland fishing activity in North and South 
temperate latitudes; however, some transitional 
economies such as countries in Latin America are 
also seeing substantial growth in recreational fish-
ing (Bennett & Thorpe, 2008). Recreational fishing 
activities range from local   people capturing fish on 
a casual basis for personal consumption to inter-
national tourists targeting highly sought sportfish. 
Recreational inland fisheries are conducted primar-
ily for leisure or sport, and the fish caught may be 
released or, if retained, not commercially traded 
(FAO, 2012). 

There is a lack of recent global data on the extent 
of recreational fisheries, despite evidence of wide 
participation and an economic value greater than 
inland capture fisheries (Thorpe, Zepeda, & Funge 
-Smith, 2018). Due to limitations in data collection 

This article is an extract from a paper on the 
role of inland fisheries in food security and live-
lihoods — often overshadowed by the higher 
profile interest in marine fisheries. The paper 
synthesizes recent data and approaches for 
assessing livelihood contributions and their 
importance in countries with limited access to 
ocean resources or aquaculture. Inland fisher-
ies are found to be crucial to vulnerable peo-
ple but monitoring challenges preclude a full 
understanding of the size of their contributions.
This situation is improving with growing recog-
nition of inland fisheries which has encouraged 
research to enhance knowledge of the sector’s 
importance. The authors review this work to 
characterize the current state of knowledge of 
the world’s inland fisheries which were valued 
at between $108 billion and $122 billion in 2015 
if both capture and recreational fisheries are in-
cluded.

Further reading

Funge-Smith, S and A. Bennet (2019) A fresh look at land 
fisheries and their role in food security and livelihoods. 
Fish and Fisheries 2019:20:1176-1195

'Growing recognition of inland fisheries'

and reporting in most inland recreational fisheries, 
the retained catches from recreational fishing may 
be another area where there might be substantial-
ly more catch than reported. FAO has requested 
countries to include all retained catches, regard-
less of the sector, but recreational fisheries are of-
ten poorly estimated and rarely reported (Garibaldi, 
2012). This situation is further complicated by the 
unclear distinction between recreational and sub-
sistence fisheries in some countries and how this 
may or may not be reported by those countries. 

Some studies report decreasing recreational fish-
eries participation while others show evidence of 
possible increases (Aprahamian, Hickley, Shields, 
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Among European nations, England was among the first to popularise recreational 
fishing following the publication in 1496 of Treatyse of Fysshynge wyth an Angle by 
Juliana Berners, a prioress at a Benedictine nunnery. According to Cowx (2002), the 
publisher wanted to keep the essay away from those who were not gentlemen since 
their immoderation in angling might "utterly destroy” the new recreational pursuit. The 
wood engraving above depicts English writer Izaak Walton (1593-1683) holding a rod as 
his “scholar” nets a trout at the end of the line. Walton authored The Complete Angler or 
the Contemplative Man’s Recreation, first published in London in 1653.

Illustration: Louis Rhead 

& Mawle, 2010; Aps, 2003; Hickley & 
Tompkins, 1998; Le Goffe & Salanié, 
2005) with trends varying across geo-
graphical contexts. Although there are 
also indications of the growth of rec-
reational fisheries in some regions, for 
example in recreational fishing parks in 
Asia, there is a paucity of accompany-
ing data to quantify such trends. 

‘Hidden catch’
Funge-Smith, Gee, Simmance, and 
Marttin (2018) collated existing pub-
lished estimates on the percentage of 
country populations involved in rec-
reational fishing. These estimates cov-
ered 43 countries and indicate a total 
of more than 174.5 million recreational 
fishers, or 6.7 per cent of the population 
in those countries where recreational 
fishing is common. 

'Retained recreational catch 
could represent more than 5 
per cent of the current (2016) 

inland fishery catch'

Other studies, using extrapolation ap-
proaches, have estimated the num-
ber of recreational fishers to be even 
higher, between 220 million (World 
Bank, 2012) and 700 million (Cooke 
& Cowx, 2004). Retained recreational 
catch could represent more than 5 per 
cent of the current (2016) inland fishery 
catch (Cooke et al., 2018). This “hid-
den catch” is likely taking place largely 
in countries that report relatively small 
inland fisheries catch, and these rec-
reational fisheries have considerable 
economic importance.

The total non-market use value (NMUV) 
of recreational inland fisheries in 2015 
was estimated between $64,550 mil-
lion and $78,740 million (Thorpe et al., 
2018). For this valuation, the NMUV 
values obtained from a range of coun-
try studies relate to the principal direct 
purchases and expenditures that arise 
from engaging in recreational fishing. 
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These images are from The Speckled Brook Trout, a book by British-American artist and angler Louis Rhead that was published in New York in 1902. 
The image on the left is captioned “Softly creeping, lightly dropping” and the one on the right “The end of a stiff fight.” Rhead reportedly died of a heart 
attack in 1926 after a "long struggle in capturing a 30-pound turtle." 

Illustrations: Louis Rhead 

Fishes of the salmon family depicted in fourth edition of The Fly Fisher’s Entomology by Alfred Ronalds, published in London in 1849

Illustration: Longman, Brown, Green and Longmans
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"Buy tickets online and go to our fishing sites!” says this advertisement 
by Tsuri Tickets which offers access to more than 50 sites across 
Japan. The name of the cartoon character Tsurikichi Sanpei translates 
as “Fish-Crazed” Sanpei. The boy is wearing a straw hat commonly 
associated with recreational fishing in Japan.“Now it’s so easy to buy 
fishing tickets,” Sanpei says.

British weekly recreational fishing magazine Angling Times has been 
published since 1953. Owned by Germany’s Bauer Media Group, 
Angling Times ditched its old newspaper format to become a small 
glossy magazine amid falling circulation in 2016. At the time, Editor 
Steve Fitzpatrick reportedly told Britain’s Press Gazette that anglers 
preferred a smaller format while fishing from river banks.

Technical guidelines for recreational fisheries

Detail of the cover of the FAO Technical Guidelines 
for Responsible Fisheries

Illustration: Emanuela D’Antoni 

The FAO published technical guidelines for recreational fisheries 
in 2012. Until then, the only FAO-related document on the subject 
was the Code of Practice for Recreational Fisheries published 
by the European Inland Fisheries Advisory Commission (EIFAC) 
in 2008.  The development of the FAO guidelines followed 
discussions at EIFAC meetings in the Netherlands in 2007 and 
Turkey in 2008 as well as FAO workshops in Kyrgyzstan in 2009 
and Lao PDR on 2010. At the Sixth World Recreational Fishing 
Conference in Berlin in 2011, the FAO held consultations on the 
guidelines with ten international experts and others representing 
a wide rage of recreational fisheries expertise, experience and 
geographical areas. 

Further reading

FAO (2012) FAO Technical Guidelines for Responsible Fisheries (13): 
Recreational Fisheries. Food and Agricultural Organization of the United 
Nations, Rome.
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Thailand has the most 
developed recreational 
fishing industry in the 
Mekong region with 
multiple operators tar-
geting both domestic 
and foreign anglers. 
These include Fish-
Siam Co Ltd, a Bang-
kok-based company 
that promotes more 
than two dozen fishing 
destinations across the 
country, many of which 
are either in or close to 
Bangkok.

With the exception 
of Sirikit Dam in Ut-
taradit Province in the 
northeast, all the “ven-
ues” marketed by the 
company in the Lower 
Mekong Basin are in 
Chiang Mai Province 
in the north. Destinations include Mae Ngat Dam 
and Mae Ping National Park for giant snakehead 
alone with Dream Lake and Paradise Lake for 
carp and catfish.

Mekong: ‘the ultimate angling challenge’
SiamFish also promotes the country’s three main 
rivers — the Chaophraya, the Maeklong and the 
Mekong, where fishing for giant species is high-
lighted. “Fishing on this awe inspiring river in 
Thailand presents the ultimate angling challenge 
for visiting anglers to Thailand who wish to fish for 
true native monster freshwater fish in one of the 
wildest and remote rivers in the world,” it says.

At a regional FAO workshop in Bangkok in Sep-
tember last year, a working group comprising 

Recreational fishing in the Lower Mekong Basin

officials from Cambodia, Lao PDR, Myanmar, 
Thailand and Viet Nam recognized recreational 
fisheries alongside inland and marine fisheries. 
According to a summary of the workshop, the 
officials recommended improved statistics for 
small-scale fisheries in all three sectors.

Further reading

FishSiam (Undated) Mekong River Thailand. Fishsiam Co 
Ltd, Bangkok. https://www.fishsiam.com/venues/thailands-
rivers-streams-canals/mekong-river-thailand/

FAO (2019) Regional Workshop On Fisheries Tenure And 
User Rights: Southeast Asia & Bay Of Bengal (SEABOB). 
3-5 September. Food and Agricultural Organization of the 
United Nations, Rome.

Recreational fishing has become increasingly popular in Cambodia in recent years, especially around 
Phnom Penh. This fishing spot, known as Mlop Po Mouath Boeung (which translates as “Banyan Shade 
Lakeside”),is located on the southeastern outskirts of the capital. A local angler says he has been coming 
here for about six years to fish with bamboo fishing rods that can be hired for KHR 2,000 ($0.50). Native 
Mekong species stocked include striped catfish (Pangasius hypothalamus), spot pangasius (P. larnaudii), 
climbing perch (Anabas testudineus), gourami (Trichogaster sp.), bagrid catfish (Mystus sp.) and carp 
(Rasbora sp.) The establishment charges anglers KHR 10,000 ($2.50) a kilogram for their catch.

Photo: Lem Samean

These range from the cost of licenses and bait, the 
manufacture and sales of fishing tackle and equip-
ment, design and building of recreational fishing 
boats and the provision of boat charters. This is a 

lower value than travel cost method for valuation 
which also includes indirect expenses such as trav-
el, accommodation and food. 
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cular No. C942 Rev. 3 .(pp. 274–285). Rome, Italy: The Food 
and Agriculture Organization of the United Nations. 

Funge-Smith, S. J., Gee, J., Simmance, F., & Marttin, F. (2018). 
Chapter 6: Contribution of inland fisheries to employment. In S. 
J. Funge-Smith (Ed.), Review of the state of world fishery re-
sources: inland fisheries. FAO Fisheries and Aquaculture Cir-
cular No. C942 Rev. 3. (pp. 256–263). Rome, Italy: The Food 
and Agriculture Organization of the United Nations. 

Hickley, P., & Tompkins, H. (1998). Recreational fisheries: So-
cial, economic, and management aspects. Oxford, UK: Fishing 
News Books. 

This NMUV for recreational inland fisheries is sub-
stantially higher than inland capture fisheries but is 
to be expected as the NMUV is not a measure of 
the value of the fish caught, it is the expenditures 
made in the pursuit of recreation. These types of 
expenditure are also not included in economic valu-
ation of food fisheries, which are typically based on 
the first-sale value of the fish landed. 

'Lack of data from African 
and Asian regions'

Nearly three quarters of this value is attributed to 
Canada and the United States. This estimate is in 
need of a comprehensive update, as most of the 
available estimates used were historic (Funge 
-Smith, Beard, Cooke, & Cowx, 2018). There was 
also a lack of data from African and Asian regions  
(Funge-Smith, Beard, et al., 2018). As with the val-
uation of inland capture fisheries, case studies on 
recreational fisheries' economic value make a vari-
ety of methodological choices, introducing sources 
of uncertainty into global aggregated estimates. 
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Fishing for Fun Day in Cambodia

Annual event at small Cambodian lake in 
Tboung Khmum Province attracts thousands 
of local men, women and children as well as 

visitors from neighbouring provinces 

Boueng Krom is a protected rain-fed lake surround-
ed by forest in Choam Krovean Commune in Me-
mot District in the eastern Cambodian province of 
Tboung Khmum. Located in Satum Village near the 
Vietnamese border, the lake is open to fishing for 
one day each year in the dry season when the sur-
face area recedes to about one hectare, down from 
about 30 hectares in the wet season.

The Fishing for Fun Day is open to anyone and took 
place on February 15 this year, with at least 15,000 
people taking taking part. Access was free but the 
type of fishing gear was restricted by local authori-
ties. The most common types of gear used this year 
were wedge-shaped scoop baskets (chhnieng dai) 

By Chhut Chheana *

and plunge baskets (angrut). 

Villagers in Satum say the Fishing for Fun Day is a 
local custom that goes back as far as anyone can 
remember. They say the annual event commemo-
rates the tale of a women in love with two men who 
cut her body into two parts. 

Tboung Khmum Provincial Governor Cheam Chan-
sophorn presided over this year’s event which was 
preceded by two days of festive eating, drinking and 
dancing. Organisers said the province stocked the 
lake with 300 kg of fish this year, mainly climbing 
perch (Anabas testudineus) and striped snakehead 
(Channa striata).

* Mr Chhut Chheana is communications officer for the USAID-funded 
Wonders of the Mekong project with the Cambodian Ministry of Agri-
culture, Forestry and Fisheries. He is also responsible for the graphic 
design of Catch and Culture - Environment.  

Some of the children who converged on Boeung Krom lake in Cambodia's Tboung Khmum Province in February

Photo: Chhut Chheana / USAID Wonders of the Mekong
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Aerial view of the Fishing for Fun Day in Tboung Khmum Province. Provincial authorities estimated that at least 15,000 men, women and children 
took part.

Photo: Chhut Chheana / USAID Wonders of the Mekong
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Central banking and financial 
stability in the age of climate change 

Climate change poses new challenges 
to the world’s central banks, regulators and 
supervisors. The Green Swan, a new book 

published by the Bank for International 
Settlements on January 20, addresses the 

risks of extremely financially-disruptive events 
in the age of climate change that could be 
behind the next systemic global financial 
crisis. A summary of the book — by five 
economists from Columbia University, 

the BIS, the Banque de France and French 
asset management company 

Amundi — appears below. 

Climate change is a source of financial and price 
instability. It is likely to generate physical risks re-
lated to climate damages, and transition risks re-
lated to potentially disordered mitigation strategies. 

The Central Banks and Supervisors Network 
for Greening the Financial System (NGFS) 
was established by eight regulatory authorities 
on December 12, 2017. Founding members 
were Banco de Mexico, Bank of England, 
Banque de France, Deutsche Bundesbank, 
Finansinspektionen from Sweden, the Monetary 
Authority of Singapore, Nederlandsche Bank 
and the People’s Bank of China. At the time, 
the founding members said the network would 
“help to strengthen the global response required 
to meet the goals of the Paris agreement and 
to enhance the role of the financial system to 
manage risks and to mobilize capital for green and 
low-carbon investments in the broader context of 
environmentally sustainable development.”

After two years, the network had 54 members 
and 12 observers overseen by a secretariat at 
the Banque de France in Paris . ”Looking ahead,” 
it said in December last year, “the NGFS will 
continue to guide the actions of central banks and 

Network for greening the system 

supervisors to green the financial system. Future 
publications will address transition scenarios 
and guidelines on scenario-based climate risk 
analysis, current environmental risk assessments 
methodologies used by the financial sector and 
a guide on integrating climate and environmental 
related risk into supervision.” The network was 
planning a high-level conference with the Bank 
of Thailand in Bangkok on April 28.

Further reading
www.ngfs.net/en

Climate change therefore falls under the remit of 
central banks, regulators and supervisors, who are 
responsible for monitoring and maintaining finan-
cial stability. Their desire to enhance the role of the 
financial system to manage risks and mobilise capi-
tal for green and low-carbon investments prompted 
them to create the Central Banks and Supervisors 
Network for Greening the Financial System (NGFS) 
in 2017 (see box see below).

'Exceeding climate tipping points could 
lead to catastrophic and irreversible 
impacts that would make quantifying 

financial damages impossible'

Integrating climate-related risk analysis into finan-
cial stability monitoring and prudential supervision 
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The “green swan” con-
cept is inspired by the 
concept of the “black 
swan” developed by Leb-
anese-American essayist 
Nassim Nicholas Taleb 
to describe unexpect-
ed “outlier” events with 
wide-ranging or extreme 
impacts that can be ex-
plained only after the fact. 
Before Europeans discov-
ered Australia, "people in 
the old world were convinced that all swans were 
white, an unassailable belief as it seemed com-
pletely confirmed by empirical evidence,” Taleb 
wrote in his book The Black Swan published in 
2007. “The sighting of the first black swan might 
have been an interesting surprise for a few orni-
thologists (and others extremely concerned with 
the coloring of birds), but that is not where the 
significance of the story lies. It illustrates a severe 
limitation to our learning from observations or ex-
perience and the fragility of our knowledge. One 
single observation can invalidate a general state-
ment derived from millennia of confirmatory sight-
ings of millions of white swans. All you need is 
one single (and, I am told, quite ugly) black bird.”

Black swans can take many shapes — from a ter-
rorist attack to a disruptive technology or a natu-
ral catastrophe (or the outbreak of a new coro-
navirus in China). They exhibit a large skewness 
relative to that of normal distribution and cannot 
be predicted by relying on backward-looking 
probabilistic approaches. Green swans, or “cli-
mate black swans”, present many features of typ-
ical black swans. Physical and transition risks are 
characterised by deep uncertainty and nonlinear-
ity, their chances of occurrence are not reflected 
in past data, and the possibility of extreme values 
cannot be ruled out. In this context, traditional ap-
proaches to risk management consisting in ex-
trapolating historical data and on assumptions of 
normal distributions are largely irrelevant to as-
sess future climate-related risks. 

But green swans are different from black swans. 
First, there is a high degree of certainty that some 

Climate black swans

combination of physical and transition risks will 
materialise in the future. Second, climate ca-
tastrophes are even more serious than most 
systemic financial crises — they could pose an 
existential threat to humanity. Third, the com-
plexity related to climate change is of a higher 
order than for black swans — the complex chain 
reactions and cascade effects associated with 
both physical and transition risks could generate 
unpredictable environmental, geopolitical, social 
and economic dynamics.

According to Taleb, “a small number of Black 
Swans explain almost everything in our world, 
from the success of ideas and religions, to the 
dynamics of historical events, to elements of our 
own personal lives. Ever since we left the Pleisto-
cene, some ten millennia ago, the effect of these 
Black Swans has been increasing. It started ac-
celerating during the industrial revolution, as the 
world started getting more complicated, while 
ordinary events, the ones we study and discuss 
and try to predict from reading the newspapers, 
have become increasingly inconsequential.”

Taleb spent 21 years as 
quantitative trader before 
becoming a researcher 
in philosophical, math-
ematical and practical 
problems with probability. 
He authored the multivol-
ume essay Incerto (The 
Black Swan, Fooled by 
Randomness, Antifragile 
and Skin in the Game) 
covering broad facets of 
uncertainty. He is currently Distinguished Profes-
sor of Risk Engineering at New York University’s 
Tandon School of Engineering.

Further reading

Bolton, P., M. Despres, L.A. Pereira da Silva, F. Samama 
and R. Svartzman (2020) The green swan: central banking 
and financial stability in the age of climate change. Bank for 
International Settlements, Basel, Switzerland.

Taleb, Nassim N. (2007) The Black Swan: The Impact of the 
Highly Improbable, Random House & Penguin, New York.

Prof Taleb, author of The 
Black Swan published in 2007
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is particularly challenging because of the distinctive 
features of climate change impacts and mitigation 
strategies. These comprise physical and transition 
risks that interact with complex, far-reaching, non-
linear, chain-reaction effects. Exceeding climate 
tipping points could lead to catastrophic and irre-
versible impacts that would make quantifying finan-
cial damages impossible. Avoiding this requires im-
mediate and ambitious action towards a structural 
transformation of our economies, involving techno-
logical innovations that can be scaled but also ma-
jor changes in regulations and social norms. 

Climate change could lead to “Green Swan” events 
(see previous page) and be the cause of the next 
systemic financial crisis. Climate-related physical 
and transition risks involve interacting, nonlinear 
and fundamentally unpredictable environmental, 
social, economic and geopolitical dynamics that are 
irreversibly transformed by the growing concentra-
tion of greenhouse gases in the atmosphere. 

Traditional backward-looking risk assessment mod-
els that merely extrapolate historical trends prevent 
full appreciation of future systemic risk posed by 
climate change. An “epistemological break” (see 
box at right) is beginning to take place in the finan-
cial community, with the development of forward-
looking approaches grounded in scenario-based 
analyses. These new approaches have already 
begun to be included in the financial industry’s risk 
framework agenda. Reflections on climate-related 
prudential regulation are also taking place in sev-
eral jurisdictions.

Yet scenario-based analysis is only a partial so-
lution to apprehend the risks posed by climate 
change. The deep uncertainties involved and the 
necessary structural transformation of our global 
socio-economic system are such that no single 
model or scenario can provide a full picture of the 
potential macroeconomic, sectoral and firm-level 
impacts caused by climate change. Even more fun-
damentally, climate-related risks will remain largely 
unable to be hedged as long as system-wide action 
is not undertaken. 

‘Climate rescuers of last resort’
Central banks may inevitably be led into uncharted 
waters in the age of climate change. On the one 
hand, if they sit still and wait for other government 
agencies to jump into action, they could be ex-
posed to the real risk of not being able to deliver on 

The concepts of episte-
mological obstacles and 
breaks comes from Gaston 
Bachelard (1884-1962), a 
French philosopher of sci-
ence. Luiz Awazu Pereira 
da Silva, the BIS deputy 
general manager who co-
authored The Green Swan, 
elaborated on the concepts 
at a conference in Paris 
last year. “For Bachelard, 
scientific knowledge is not 
a process of accumulation through continuous 
progress but rather a series of ‘epistemologi-
cal breaks’ - discontinuous jumps, with abrupt 
shifts in the meaning of concepts,”  the former 
deputy governor of the Central Bank of Brazil 
said. “Thomas Kuhn (1922-96), an American 
physicist, held a similar view, stating that the 
advancement of scientific knowledge occurred 
through periodic ‘paradigm shifts’ in the manner 
of Copernicus's revolution, rather than through a 
continuous linear progress.” According to Perei-
ra da Silva, an epistemological break is now oc-
curring with the repricing of climate change risk 
such as insurance against weather-related ac-
cidents. Such repricing affects resource alloca-
tion and tilts preferences towards lower-carbon 
projects and "greener" assets. “All this aware-
ness might therefore be acting, to some extent, 
as a shadow price for carbon emissions,” the 
Brazilian economist said.
 
Further reading

Association Internationale Gaston Bachelard https://gas-
tonbachelard.org

Bachelard, Gaston (1938) La formation de l’esprit scienti-
fique. Librarie philosophique J. Vrin, Paris. 

Centre Gaston Bachelard de recherches sur 
l’imaginaire et la rationalité  https://web.archive.org/
web/20071107075823/http://www.u-bourgogne.fr/CEN-
TRE-BACHELARD/      

Pereira da Silva, Luiz A. (2019) Research on climate-
related risks and financial stability: An "epistemological 
break”? Remarks at the Conference of the Central Banks 
and Supervisors Network for Greening the Financial Sys-
tem (NGFS), Paris, 17 April 2019.

Epistemology

Dr Bachelard, the 
20th century French 
philosopher of science

Climate change
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In his foreword to the book, 
BIS general manager Agus-
tin Carstens noted that the 
physical risks related to 
climate change could se-
verely damage economies 
— through the large cost of 
repairing infrastructure and 
coping with uninsured losses, 
for example. “There are also 
transition risks related to po-
tentially disorderly mitigation 
strategies. Both physical and 
transition risks, in turn, can increase systemic fi-
nancial risk,” he wrote. 

Carstens said the progressive integration of cli-
mate change into macroeconomic models had 
evolved to better assess financial stability risks. 
But he noted the limitations of models “which may 
not be able to accurately predict the economic 
and financial impact of climate change because 
of the complexity of the links and the intrinsic 
non-linearity of the related phenomena.” 

Urgent need for coordination
Carbon taxes are the “first-best solution” to ad-
dress climate change and reduce greenhouse 
gas emissions. “This policy suggests that fun-
damental responsibility for addressing issues 
related to climate change lies with governments. 
But such an ambitious new tax policy requires 
consensus-building and is difficult to implement.” 
Central banks should coordinate their actions 
with measures implemented by governments, the 
private sector, civil society and the international 
community. “This is urgent since climate-related 
risks continue to build,” the general manager said.

“Contributing to this coordinating role is not in-
compatible with central banks doing their share,” 
Carstens said, adding that practical actions in-
cluded enhanced monitoring of climate-related 
risks through adequate stress tests and improv-
ing assessments of climate-related risks. Other 
practical actions would be to include environ-
mental, social and governance criteria in pen-
sion funds, defining the carbon footprint of as-
sets more precisely and working closely with the 

Central bank actions to address climate change

financial sector on disclo-
sure of carbon-intensive ex-
posures. At the same time, 
central banks should study 
more precisely how pruden-
tial regulation could deal with 
risks to financial stability aris-
ing from climate change and 
consider investing surplus 
foreign exchange reserves in 
green bonds. 

‘We cannot be the only game in town’
In a separate foreword, Banque de France gover-
nor Francois Villeroy de Galhau said that climate 
change posed “unprecedented challenges” to hu-
man societies. “Our community of central banks 
and supervisors cannot consider itself immune 
to the risks ahead of us. The increase in the fre-
quency and intensity of extreme weather events 
could trigger non-linear and irreversible financial 
losses. In turn, the immediate and system-wide 
transition required to fight climate change could 
have far-reaching effects potentially affecting 
every single agent in the economy and every sin-
gle asset price,” he wrote.

Despite growing awareness, “the stark reality is 
that we are all losing the fight against climate 
change. In such times, the role our community 
should play in this battle is questioned. It is then 
important to clearly state that we cannot be the 
only game in town, even if we should address 
climate-related risks within the remit of our man-
dates, which may include considering options re-
lating to the way we conduct monetary policy.”

De Galhau said central banks should integrate 
climate change into all economic and forecast-
ing while overhauling their collateral assessment 
frameworks to reflect climate-related risks. “To 
navigate these troubled waters, more holistic per-
spectives become essential to coordinate cen-
tral banks’, regulators' and supervisors' actions 
with those of other players, starting with govern-
ments,” the governor said. “If central banks are to 
preserve financial and price stability in the age of 
climate change, it is in their interest to help mobi-
lize all the forces needed to win this battle.

Mr Carstens, the 
General Manager of 
the BIS 

Mr Villeroy de Galhau, 
Governor of the 
Banque de France

Climate change
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their mandates of financial and price stability. Green 
Swan events may force central banks to intervene 
as “climate rescuers of last resort” and buy large 
sets of devalued assets to save the financial sys-
tem once more. But the biophysical foundations of 
such a crisis and its potentially irreversible impacts 
would quickly show the limits of this “wait and see” 
strategy. 

On the other hand, central banks cannot — and 
should not — simply replace governments and pri-
vate actors to make up for their insufficient action, 
despite growing social pressures to do so. Their 
goodwill could even create some moral hazard. In 
short, central banks, regulators and supervisors can 
only do so much. Their action can only be seen as 
enhancing other climate change mitigation policies. 

To overcome this deadlock, a second epistemologi-
cal break is needed. Central banks must also be 
more proactive in calling for broader and coordinat-
ed change to continue fulfilling their own mandates 
of financial and price stability over longer time ho-
rizons than those traditionally considered. Central 

banks can contribute to coordination to combat cli-
mate change. This coordinating role would require 
thinking within three paradigmatic approaches to 
climate change and financial stability — risk, time 
horizon and resilience (see opposite page). 

Coordinating role
Contributing to this coordinating role is not incompat-
ible with central banks, regulators and supervisors 
doing their own part within their current mandates. 
They can promote the integration of climate-related 
risks into prudential regulation and financial stability 
monitoring, including by relying on new modelling 
approaches and analytical tools that can better ac-
count for the uncertainty and complexity at stake. 
In addition, central banks can promote a longer-
term view to help break the “tragedy of the horizon” 
by integrating sustainability criteria into their own 
portfolios and by exploring their integration in the 
conduct of financial stability policies, when deemed 
compatible with existing mandates.
 
More importantly, central banks need to coordinate 
their own actions with a broad set of measures im-
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Two approaches to sustainability 

Weak sustainability approach with focus on 
increase in capital not which components 

make up the increase

Strong sustainability approach with 
economic system embedded in social 

and ecological systems

A significant limitation of the concept of natural capital is the common assumption that it can be substituted by other forms of capital. 
According to this assumption, what matters is that capital as a whole increases — not which components make up the increase. If, for example, an 
increase in manufactured capital such as machines and roads exceeds the depletion of natural capital, then the conclusion would be that society is 
better off. This view has been coined the “weak sustainability” approach. In contrast, proponents of an alternative “strong sustainability” argue that 
existing stocks of natural capital and the flow of ecosystem services they provide must be maintained because their loss cannot be compensated by 
an increase in manufactured or human capital. For instance, the depletion of natural capital in a warming world cannot be compensated by higher 
income. In this view, the economy is embedded in social and biophysical systems as shown in the “strong sustainability” illustration on the right. It is 
not a separate entity as the traditional approach to sustainable development as depicted in the “weak sustainability” illustration on the left.

Illustration and text: Bolton, P. et al. (2020)
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Contribute to coordination to combat climate change ("the five c's")
Risk, time horizon and resilience approaches 

Responsibilities

Paradigmatic 
approach 
to climate 
change

Measures to be considered by central 
banks, regulators and supervisors1

Measures to be implemented by other 
players (government, private sector, 

civil society)2 

Identification and management of 
climate-related risks

>> Focus on risks

Integration of climate-related risks (given 
the availability of adequate forward-looking 
methodologies) into:

– Prudential regulation

– Financial stability monitoring

Voluntary disclosure of climate-related 
risks by the private sector (Task Force on 
Climate-related Financial Disclosures):

– Mandatory disclosure of climate- 
related risks and other relevant 
information (eg French Article 173, 
taxonomy of “green” and “brown” 
activities)

Limitations: 

– Epistemological and methodological obstacles to the development of consistent scenarios at the macroeconomic, sectoral and 
infra-sectoral levels

– Climate-related risks will remain unhedgeable as long as system-wide transformations are not undertaken

Internalisation of externalities

>> Focus on time horizon

Promotion of long-termism as a tool to break  
the tragedy of the horizon, including by:

– Integrating environmental, social and 
governance (ESG) considerations into 
central banks’ own portfolios

– Exploring the potential impacts of 
sustainable approaches in the conduct of 
financial stability policies, when deemed 
compatible with existing mandates

–  Carbon pricing

–   Systematisation of ESG practices in 
the private sector

Limitations:

– Central banks’ isolated actions would be insufficient to reallocate capital at the speed and scale required, and could have 
unintended consequences

– Limits of carbon pricing and of internalisation of externalities in general: not sufficient to reverse existing inertia/generate the 
necessary structural transformation of the global socioeconomic system

Structural transformation towards 
an inclusive and low- carbon global 
economic system

>> Focus on resilience of complex 
adaptive systems in the face of 
uncertainty

Acknowledgment of deep uncertainty and 
need for structural change to preserve long- 
term climate and financial stability, including 
by exploring:

– Green monetary-fiscal-prudential 
coordination at the effective lower bound

– The role of non-equilibrium models and 
qualitative approaches to better capture 
the complex and uncertain interactions 
between climate and socioeconomic 
systems

– Potential reforms of the international 
monetary and financial system, grounded 
in the concept of climate and financial 
stability as interconnected public goods

– Green fiscal policy (enabled or 
facilitated by low interest rates)

– Societal debates on the potential 
need to revisit policy mixes (fiscal-
monetary- prudential) given the 
climate and broader ecological 
imperatives ahead

– Integration of natural capital into 
national and corporate accounting 
systems

– Integration of climate stability as a 
public good to be supported by the 
international monetary and financial 
system

1 Considering these measures does not imply full support to their immediate implementation. Nuances and potential limitations are discussed in the 
book.  

2 Measures which are deemed essential to achieve climate and financial stability, yet which lie beyond the scope of what central banks, regulators 
and supervisors can do.

Source: Bolton, P. (2020)
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plemented by other players — governments, the 
private sector, civil society and the international 
community. This coordination task is urgent since 
climate-related risks continue to build up and nega-
tive outcomes could become irreversible. There is 
an array of actions to be consistently implemented. 
The most obvious ones are the need for carbon 
pricing and for systematic disclosure of climate-re-
lated risks by the private sector. 

Additional actions will be difficult to take yet essen-
tial to preserve long-term stability. These include 
new fiscal monetary and prudential policy mixes that 
can better address the climate imperatives ahead 
and ultimately lead to societal debates regarding 
their desirability. Other actions include considering 
climate stability as a global public good supported 
through measures and reforms in the international 
monetary and financial system, and integrating sus-
tainability into accounting frameworks at the corpo-

rate and national level. 

'Without a clear indication of how the 
costs and benefits of climate change 

mitigation strategies will be distributed 
fairly and with compensatory transfers, 
socio-political backlashes will increase'

Climate change has important distributional effects 
both between and within countries. Risks and ad-
aptation costs fall disproportionately on poor coun-
tries and low-income households in rich countries. 
Without a clear indication of how the costs and ben-
efits of climate change mitigation strategies will be 
distributed fairly and with compensatory transfers, 
socio-political backlashes will increase. Broad so-
cial acceptance for combating climate change de-
pends on studying, understanding and addressing 
its distributional consequences. 

Technological niches and innovations are expected to be a key parameter of a successful transition to a low-carbon economy. Yet their 
representation in existing models fails to reflect the unpredictable and disruptive nature of technological innovations. As an example, the 
sharp increase of usage and cost variation in many renewable energy technologies over the past few years has outpaced most predictions. This seems 
to have responded more to massive investments in R&D and targeted subsidies to solar energy than to any ambitious carbon pricing mechanism.

Illustration and text: Bolton, P. et al. (2020)

Changes in global levelised cost of energy for key renewable energy technologies (2010-2018)
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Financial and climate stability could be considered 
as two interconnected public goods. This can be 
extended to other human-caused environmental 
degradation such as biodiversity loss. In turn, other 
deep transformations are required in the govern-
ance of our complex adaptive socio-economic and 
financial systems. In the light of these immense 
challenges, a central contribution of central banks 
is to adequately frame the debate and thereby help 
promote the mobilisation of all capabilities to com-
bat climate change. 

Further reading

Bolton, P., M. Despres, L.A. Pereira da Silva, F. Samama and 
R. Svartzman (2020) The green swan: central banking and fi-
nancial stability in the age of climate change. Bank for Interna-
tional Settlements, Basel, Switzerland.

Bryan, Dick, Michael Rafferty, and Duncan Wigan (2017) 
“From Time-Space Compression to Spatial Spreads.” 
Money and Finance After the Crisis, 41–67. https://doi.
org/10.1002/9781119051374.ch2. 

Ripple, William J., Christopher Wolf, Thomas M Newsome, 
Phoebe Barnard, and William R Moomaw (2019). “World Sci-
entists’ Warning of a Climate Emergency.” BioScience. https://
doi.org/10.1093/biosci/biz088. 

Taleb, Nassim N. (2007) The Black Swan. Penguin Random 
House, New York. 

Taleb, Nassim N. (2010) “Fat Tails, Asymmetric Knowledge, 
and Decision Making: Essay in Honor of Benoit Mandelbrot’s 
80th Birthday.” Willmott. 

Weitzman, Martin L. (2011). “Fat-Tailed Uncertainty in the 
Economics of Catastrophic Climate Change.” Review of En-
vironmental Economics and Policy 5 (2): 275–92. https://doi.
org/10.1093/reep/rer006. 

The BIS headquarters in Basel, Switzerland. Established by Belgium, Britain, France, Germany, Italy, Japan and Switzerland in 1930 to help settle 
reparations payments imposed on Germany after World War I, the bank is the world’s oldest international financial institution. It now has 60 members 
including six central banks from ASEAN — Bank Indonesia, Bank Negara Malaysia, Bangko Sentral ng Filipinas, the Monetary Authority of Singapore, 
Bank of Thailand and the State Bank of Vietnam. The role of the BIS is to serve central banks in their pursuit of monetary and financial stability, foster 
international cooperation in those areas and act as a bank for central banks.

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

Production, trade, utilisation and consumption
FAO Food Outlook, November, 2019

2017 2018
Estimate

2019
Forecast

Change
2019/2018

 Million tonnes %
Production 172.6 177.7 177.8 0.0
Capture fisheries 92.5 94.5 91.3 -3.4
Aquaculture 80.1 83.2 86.5 3.9
Trade value (exports USD billion) 155.7 163.1 160.5 -1.4
Trade volume (live weight) 64.9 65.1 64.5 -1.2
Total utilisation 172.6 177.7 177.8 0.0
Food 153.4 155.7 158.2 1.6
Feed 14.6 17.5 15.0 -14.2
Other uses 4.7 4.6 4.6 0.0
Consumption per person
Food fish (kg/yr) 20.3 20.4 20.5 0.6
From capture fisheries (kg/year) 9.7 9.5 9.3 -2.0
From aquaculture (kg/year) 10.6 10.9 11.2 2.8
FAO Fish Price Index (2002-2004 = 100) 2017 2018 2019

Jan-Sep
Change

Jan-Sep 2019/Jan-Sep 2019

156 158 156 -2.1
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Thailand
Talaad Thai Wholesale Market, Pathum Thani Province

THB per kg
 November, 2019  March, 2020

Item Size Price
Chinese edible frog (Haplobatrachus rugulosus) (small) Small 70 80 - 90
Asian redtail catfish (Hemibagrus wyckioides) 125 120 - 185
Yellow mystus (Hemibagrus filamentus) 90 - 120 100 - 120
Tire track eel (Mastacembelus favus) 150 - 190 150 - 250
Clown featherback (Chitala ornata) 160 - 190 160 - 190
Iridescent mystus (Mystus multiradiatus) (large) Large 80 - 100 80 - 100
Iridescent mystus (Mystus multiradiatus) (small) Small 50 - 60 50 - 60
Wallago (Wallago attu) (large)  Large 180 180 
Wallago (Wallago attu) (small) Small 120 120
Bronze featherback (Notopterus notopterus) 90 - 100 90 - 100
Wild striped snakehead (Channa striata) (large) Large — —
Wild striped snakehead (Channa striata) (small) Small — —
Farmed giant snakehead (Channa micropeltes) (large) Large 100 100
Farmed giant snakehead (Channa micropeltes) (small) Small 95 95
Bighead walking catfish (Clarias macrocephalus) (large) Large — —
Bighead walking catfish (Clarias macrocephalus) (small) Small — —
Farmed North African walking catfish hybrid (Clarias spp.) (large) Large 47 - 85 50 - 65
Farmed North African walking catfish hybrid (Clarias spp.) ((small) Small 48 - 52 48 - 50 
Siamese red catfish (Phalacronotus bleekeri) (large) Large 380 280 - 380
Siamese red catfish (Phalacronotus bleekeri) (small) Small 100 - 170 100 - 170
Silver barb (Barbonymus gonionotus) (large) Large 50 - 55 50 
Silver barb (Barbonymus gonionotus) (small) Small 30 - 35 30 - 35
Red tilapia hybrid (Oreochromus spp.) (large) Large 85 - 90 85 - 90
Red tilapia hybrid (Oreochromus spp.) (small) Small 70 70
Nile tilapia (Oreochromus niloticus) (large) Large 55 - 65 55 - 65
Nile tilapia (Oreochromus niloticus) (small) Small 25 - 30 20 - 25
Whisker sheatfish (Kryptopterus spp.) (large) Large 380 380 
Whisker sheatfish (Kryptopterus spp. (small) Small 140 - 200 140 - 200
Common carp (Cyprinus carpio) (large) Large 35 38 - 40
Mekong giant catfish (Pangasianodon gigas) 50 - 65 55 - 65
Boeseman croaker (Boesemania microlepis) 240 - 300 240 - 300
Horse-face loach (Acantopsis choirorhynchos) 190 140 - 170
Giant gourami (Osphronemus goramy) 80 - 90 80 - 90
Siamese mud carp (Henicorhynchus siamensis) 50 - 60 50 - 55
Snakeskin gourami (Trichopodus pectoralis) 135 - 200 138 - 200
Striped catfish (Pangasianodon hypophthalmus) 25 - 30 28 - 32
Climbing perch (Anabas testudineus) from rice paddy (large) Large 90 90 
Climbing perch (Anabas testudineus) from rice paddy (small) Small 80 - 85 80 - 85
Farmed climbing perch (Anabas testudineus) (large) Large 90 - 95 90 - 95 
Farmed climbing perch (Anabas testudineus) (small) Small 80 - 85 80 - 85 
Spot-fin spiny eel (Macrognathus siamensis) (large) Large 170 170 
Spot-fin spiny eel (Macrognathus siamensis) (small) Small 100 - 150 100 - 150
Rice-field eel (Monopterus javanensis) (large) Large 220 - 250 250
Rice-field eel (Monopterus javanensis) (small) Small 320 320
Pond snail (Filopaludina martsensi) 90 - 100 100

Viet Nam
Vietnam Association of Seafood Exporters and Producers (VASEP) 

Dong Thap Province in the Mekong Delta except black tiger shrimp (Da Nang) 

VND per kg unless otherwise stated

October, 2019 February, 2020
Item Size Price

Pangasius (Pangasianodon hypophthalmus) (white flesh) Cá tra thịt trắng 0.7 - 0.8 kg 18,500 - 20,500 18,000 - 19,000
Pangasius fry (Pangasianodon hypophthalmus) Cá tra Bột 0.6 - 1.5 each 1.0 - 3.0 each
Pangasius sub-fingerlings (Pangasianodon hypophthalmus) Cá tra (hương)  3,000/kg — — 
Pangasius fingerlings (Pangasianodon hypophthalmus) Cá tra (giống)  28 - 32/kg 500 - 600 each 600 - 900 each
Red tilapia (Oreochromis spp.)  Cá điêu hồng > 300g - 1,000g 33,000 - 34,000 31,000 - 32,000
Red tilapia fingerlings (Oreochromis spp.)                                 Cá điêu hồng (giống)  30/kg 680 - 740 650 -720
Snakehead (Channa spp.)                                                         Cá lóc nuôi   ≥ 500g 37,000 - 39,000 30.000 - 31.000
Snakehead fry (Channa spp.) Cá lóc nuôi  1,200/kg 110 - 140 each 110 - 140 each
Snakeskin gourami (Trichogaster pectoralis) Sặc rằn   6/kg 40,000 - 50,000 37,000 - 39,000
Climbing perch (Anabas testudineus)                            Cá rô đầu vuông   3 - 5/kg 27,000 - 28,000 27,000 - 29,000
Japanese wrinkled frog (Thai strain) (Glandirana rugosa)                       Ếch  3 - 5/kg 23,000 - 25,000 27,000 - 29,000
Japanese wrinkled frog fry (Thai strain) (Glandirana rugosa)                        Ếch (giống)  120 - 140/kg 500 - 550 400 - 450
Giant freshwater prawn (Macrobrachium rosenbergii)                 Tôm càng xanh  >100g 190,000 - 230,000 180,000 - 220,000
Giant freshwater prawn (Macrobrachium rosenbergii)                    Tôm càng xanh 75g - 99g 160,000 - 170,000 140,000 - 160,000
Giant freshwater prawn (Macrobrachium rosenbergii)                  Tôm càng xanh 50g - 74g 130,000 - 150,000 120,000 - 130,000
Giant freshwater prawn (Macrobrachium rosenbergii) * Tôm trứng, càng xào  90,000 - 110,000 90,000 - 100,000
Giant freshwater prawn (Macrobrachium rosenbergii) post larvae Hậu ấu trùng  80,000 - 90,000/kg 150 - 200 each 150 - 250 each
Black tiger shrimp (Penaeus monodon)                                               Tôm sú    15/kg 480,000 440,000
Black tiger shrimp (Penaeus monodon)                                                       Tôm sú   25 - 30/kg 300,000 250,000
Black tiger shrimp (Penaeus monodon)                                                         Tôm sú  40/kg 250,000 220,000

* Berried females, inferior old blue-claw males
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A new book by the Bank for International Settlements (BIS) addresses the risks of extremely financially-disruptive events in the 
age of climate change that could be behind the next systemic global financial crisis. Published in January this year, The Green Swan 
is inspired by the concept of the “black swan” developed by Lebanese-American essayist Nassim Nicholas Taleb to describe unexpected 
“outlier” events with wide-ranging or extreme impacts that can be explained only after the fact (see page 38). 


