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Anthropogenic stress and projected effect 
of climate change on inland fisheries
The Food and Agriculture Organization of the 
United Nations published a technical paper on 
the impacts of climate change on fisheries and 

aquaculture on July 10. Involving more than 
100 scientists, the 654-page volume on current 
knowledge, adaptation and mitigation options 
finds that climate change will have altered the 
productivity of many of the planet’s fisheries 

by 2050. In terms of aquaculture, Viet Nam 
and Lao PDR are found to be among the four 
countries most vulnerable to climate change 

(see box). The UN agency says the report 
is mainly aimed at policymakers as well as 

fisheries managers and practitioners to help 
countries develop the next version of their  

“nationally determined contributions” to the 
Paris Climate Agreement due by 2020. Chapter 
19 of the report — on the anthropogenic stress 
and projected effect of climate change on the 
world’s inland fisheries —  explores the future 
evolution of the Mekong, Yangtze and Ganges 
rivers in Asia, the Congo River Basin and the 

Great Lakes system in Africa, the La Plata 
and Amazon River Basins in South America 

and Finland's inland lakes. Below is 
an edited summary of the section 

on the Lower Mekong Basin. 

The Mekong Basin has a total area of about 
800,000 km2 and is the 22nd-largest river basin 
in the world. Its catchment is comprised of China 
(21 percent), Myanmar (3 percent), Lao PDR (25 
percent), Thailand (23 percent), Cambodia (20 
percent) and Viet Nam (8 percent). The hydrology 
of the basin is characterised by marked and 
predictable seasonality. The annual monsoon 
results in a single annual peak in flow, which sees 
a 20-fold increase in discharge. The dry-season 
discharge is about 30 times less than the wet-
season discharge and coincides with maximum 
demand for water for production of irrigated rice. 
The inflow from left-bank tributaries (in Lao PDR)  
provides the bulk of the wet-season peak discharge 
and the floods that characterise the system. Some 
all-year round flow is derived from snowmelt from 
the Tibetan plateau.Wetland and floodplain habitats 

extend across about 185,000 km2 in the lower 
Mekong basin and include the Tonle Sap system, 
one of the world’s greatest inland fisheries. The 
Mekong River Basin is a biodiversity hotspot for 
fish, birds, molluscs and plants, and includes 
between 780 and 900 fish species.

Drivers and threats
A rapid increase in population over the past 50 
years is associated with increased exploitation of 
fisheries, extraction of water for agriculture and 
habitat modification. This development of a largely 
agricultural population has led to accelerated land-
use change with deforestation and development 
of reservoirs and irrigation systems for agriculture 
and plantations. These can affect fisheries by 
degrading habitats, and increasing siltation and 
inputs of agricultural chemicals including fertilisers 
and pesticides.

Water demands from agriculture impact the water 
supply for fisheries, and extraction of water from 
the Mekong  is considered to have the largest 
hydrological impact on the system. There are 
about 25,000 small irrigation reservoirs in the 
Lower Mekong Basin region and an estimated 78 
percent conversion of original wetland habitat, 
mainly for rice cultivation.

The loss of connectivity in river and floodplain 
systems through the construction of dykes as 
flood defences, all-weather roads, river training 
and channel modification all have impacts on 
fisheries. The basin also includes more than 370 
hydropower or multipurpose dams. There are 
about 100 more dams either under construction 
or planned throughout the basin. Further dam 
construction and regulation of flow will see a 
reduction in the duration and impact of the dry 
season, and reduction in flooding associated with 
the wet season.

Inland fisheries of the Lower Mekong Basin
The Mekong Basin is home to some of the 
world’s poorest people. Rural dwellers are 
heavily dependent on inland fisheries and for the 
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FAO Director-General Jose Graziano da Silva launching the technical paper at the annual meeting of the UN agency’s Committee on 
Fisheries at FAO headquarters in Rome on July 10  

photo: Fao/Giulio napolitano 

poorest, fishing may be the main source of food 
and income throughout the year. Estimates of the 
number of inland fishers range between 7.6 million 
and 20 million. (separate studies by the MRC and 
the World Bank have indicated that more than 40 
milliion people in the basin are either dependent 
on or engaged in fisheries — see Catch and 
Culture, Vol 21, No 3). Estimates of the total catch 
of the fishery range between 1.2 million and 2.6 
million tonnes per year (in a study publlished in 
2016, the MRC estimated the inland catch within 
the basin at around 2.3 million tonnes).

‘There is little published work on 
observed changes in climate in the 
Lower Mekong Basin, reflecting its 

remote nature and the political 
situation over the last century’

This is probably the largest subsistence inland 
fishery in the world and in parts of the basin, per 
capita consumption of fish can be up to 50 kg/
yr, providing up to 80 percent of animal protein in 
the diet. Non-fish aquatic species can contribute 
significantly (about 25 percent) to catch. The 
annual value of wild-capture fisheries in the Lower 
Mekong Basin is estimated at about $11 billion 

(2015). There has been a systematic expansion 
of fisheries associated with increasing population 
density, with a concomitant increase in the use of 
modern fishing gear.

Climate change and future trend 
Climate change is recognised as a major issue 
for the Lower Mekong Basin but possibly less 
controversial than water management. In terms 
of impacts on fisheries. Cambodia’s economy 
has been identified as the 30th most vulnerable 
to climate change impact on fisheries, reflecting 
the very high (about 50 percent) per capita 
reliance on fish as a source of protein. The basin 
is included in the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change as a 
case study. The authors find evidence of increases 
in air temperature, increased rainfall in the wet 
season and decreased rainfall in the dry season 
in the Lower Mekong Basin over the past 30 to 
50 years. They also note more intense floods and 
droughts as well as sea-level rise in the Mekong 
Delta. Apart from this, there is little published work 
on observed changes in climate in the Lower 
Mekong Basin, reflecting its remote nature and the 
political situation over the last century.

Continued on page 8 ...
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According to Chapter 1 of the FAO report, 
increases in water temperature are expected 
to occur in most freshwater systems as a 
result of an increase of air temperature. This 
is linked to the relatively shallow nature of 
surface freshwaters and their susceptibility 
to atmospheric temperature change. The 
authors note that the analysis of river basins 
in Chapter 18 found that an increase of up to 
1.8 °C in water temperature is expected, with 
geographical heterogeneities, including areas 
where the increase is expected to be minor 
such as in the Lower Mekong Basin. According 
to the authors, “there is a high confidence that 
rising water temperatures will lead to shifts in 
freshwater species’ distributions and exacerbate 
existing problems in water quality, especially in 
those systems experiencing high anthropogenic 
loading of nutrients.” 

‘Viet Nam is notable in achieving 
high vulnerability scores across 
all three culture environments’

Chapter 21 finds that the vulnerability of 
freshwater aquaculture is greatest in Asia, 
with its large aquaculture sector. Viet Nam 
is the most vulnerable country followed by 

Vietnamese and Lao acquaculture highly vulnerable

Bangladesh, Lao PDR and China. For brackish 
water production, Viet Nam, again, has high 
vulnerability scores. Thailand, with its significant 
brackish water production of crustaceans, also 
features strongly. When considering adaptive 
capacity alone in relation to countries currently 
engaged in brackish water aquaculture at any 
level, Cambodia also scores highly, indicating 
low adaptive capacity (see maps opposite). 
The highest vulnerability in relation to marine 
aquaculture was recorded for Norway and Chile. 
Other locations with high mariculture vulnerability 
include Viet Nam and Thailand. Viet Nam is 
notable in achieving high vulnerability scores 
across all three culture environments.

According to the authors of this chapter, global 
assessment of vulnerability provides a “highly 
valuable indication of where aquaculture-related 
climate change effects may occur and where 
further research would be valuable. Clearly, 
global studies should be complemented by 
investigation at a more localised level where 
specific aquaculture practices and environmental 
conditions can be considered, as well as 
taking into account specific interactions with 
stakeholders and communities. While locally 
focused studies may identify potential negative 
impacts, they are also better able to evaluate 

Vulnerability of aquaculture to climate change
Freshwater 1 Brackish water2

Viet Nam**

Vulnerability Sensitivity Exposure Adaptive capacity Vulnerability Sensitivity Exposure Adaptive capacity

0.690 0.999 0.395 0.519 Ecuador 0.558 0.950 0.277 0.355

Lao PDR 0.561 0.583 0.358 0.633 Vietnam** 0.557 0.664 0.368 0.519

Bangladesh* 0.544 0.498 0.436 0.676 Belize* 0.524 0.758 0.312 0.389

Myanmar 0.514 0.462 0.318 0.702 Egypt 0.483 0.528 0.426 0.450

China** 0.504 0.616 0.452 0.393 Taiwan* 0.460 0.267 0.383 1.000

Taiwan* 0.404 0.207 0.363 1.000 Thailand** 0.457 0.536 0.356 0.407

Uganda 0.342 0.181 0.408 0.767 Nicaragua 0.358 0.278 0.293 0.547

Cambodia 0.334 0.201 0.406 0.633 Philippines** 0.332 0.258 0.360 0.462

Thailand** 0.322 0.254 0.409 0.407 Honduras* 0.325 0.236 0.349 0.496

India 0.293 0.153 0.455 0.616 Indonesia* 0.308 0.236 0.209 0.501

1 For freshwater, gridded vulnerability values are averaged over the entire land area of each country
2 For brackish water, vulnerability values are averaged over land area within 50 km inland of the coast
** = countries appearing in the most vulnerable 20 for all three culture environments (freshwater, brackish and marine)
* = countries appearing in the most vulnerable 20 for two of the three culture environments
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Relative vulnerability of aquaculture to climate change at global level (marine aquacuture not included)

sourCe: adapted From Fao (2018) From handisyde, telFer and ross (2017)

positive benefits arising from changing climate 
on specific aquaculture practices, thus guiding 
future development and adaptation within the 
sector.”

The authors of Chapter 18 (How climate change 
impacts inland fisheries) note that river regulation, 
dam construction and water abstraction are 
the most serious (non-climate) anthropogenic 
stressors causing habitat degradation and 
fragmentation, marked shifts in community 
structure, loss of sensitive species and of 
population connectivity. As an indicator of the 
potential significance of climate change impacts 
on inland fisheries, they highlight one study 
suggesting that “by the mid-twenty-first century, 
climate change may have had a larger impact 
on ecologically-relevant river flow characteristics 

than river regulation and water abstraction have 
had up to the time of writing.” They also point to 
another study which notes that “global riverine 
fish catch scaled steeply (and positively) with 
discharge, and suggested that water abstraction 
and climate change likely have disproportionately 
large effects on riverine fisheries, especially in 
large intensively fished rivers like the Yangtze, 
Mekong, Zambezi and Ganges.”

Further reading

FAO. 2018. The state of world fisheries and aquaculture 
2018. Rome.

Handisyde, N., Telfer, T.C. & Ross, L.G. 2017. Vulnerability 
of aquaculture-related livelihoods to changing climate at 
the global scale. Fish and Fisheries, 18(3): 466–488. (also 
available at https://doi.org/10.1111/faf.12186).
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... contintued from page 5

United Nations Development Programme 
Climate Change Country Profiles are available 
for Cambodia and Viet Nam. These show that 
mean annual air temperatures have increased 
between 1960 and 2003 (Cambodia: +0.8°C; 
Viet Nam: +0.4°C). Over the same period, the 
annual frequency has increased for hot days 
(Cambodia: +46 days; Viet Nam: +29 days) 
and nights (Cambodia: +63 nights; Viet Nam: 
+49 nights). There was no measurable change 
in precipitation in either country. Although an 
increase in temperature has been observed from 
1950 to 2002 for Cambodia (0.8°C), a small 
reduction of 0.18 percent per year in precipitation 
was also reported. Changes in water temperature 
differences between the upper and lower parts 
of the basin over time have been examined. On 
average, lower basin temperatures are higher 
(wet season: +2°C; dry season +5°C) reflecting 
differences in latitude and altitude. However, it 
has been suggested that the differences between 
the upper and lower catchment lessened between 
1985 and 2000 in both wet and dry seasons.

Assessments of future climate change in the 
region have been conducted in the primary 
literature and as reports published by the Mekong 
River Commission or other international agencies   
including summaries by the Intergovernmental 
Panel on Climate Change. Modelling has 
suggested that climate change will affect the 
Mekong River by reducing the dry-season 
discharge from the Tibetan Plateau, and also by 
strengthening the Southwest Monsoon that drives 
the annual floods. The MRC estimates that by 
2050, air temperatures will increase by +0.8°C in 
the Lower Mekong Basin, but that increases will 
be greater in the colder northern parts at +0.9°C. 
Precipitation across the basin is predicted to 
increase by 13.5 percent (+200 mm) in the wet 
season. Dry-season precipitation is predicted 
to increase in both parts of the basin (upper by 
28 percent; lower by 2.6 percent). It has been 
suggested that these changes will result in an 
increase of 21 percent in total annual run-off and 
will result in increased flooding in the basin, with 
greatest impacts seen in downstream catchments 
of the main-stream of the Mekong River.

It has been estimated that a basin-level average 
discharge in the whole Lower Mekong Basin is 

predicted to increase by three percent by the 
end of the twenty-first century relative to 1971 to 
2000. High flow is predicted to increase by seven 
percent which, given the volume of water in the 
system at peak discharge, means this may have 
significant impacts on conditions in the main 
channel and the extent of flooding. Low flows 
are predicted to decrease by 22 percent. In the 
same study, they predicted that changes in water 
temperatures would be relatively minor, 0.9 °C, 
for both mean and high (95th percentile) forecast 
temperatures. It has been estimated that by 2050 
mean annual discharge in the Mekong would 
decrease very slightly, by one percent, under the 
A2 emissions scenario of the intergovernmental 
panel.

Implications
The Mekong system has evolved against a 
background of extremely predictable annual 
floods. Even minor shifts in low flows or the timing 
of the wet season may affect the ecology of the 
river and the ecosystem services it provides to 
humans, including inland fisheries. The projected 
increases in flow during the wet season will 
likely result in increased flooding, e.g. in Tonle 
Sap. This will potentially be a positive for fish, 
expanding spawning, nursery and growth habitat, 
with likely positive effects for the fishery. Extreme 
flooding, however, may be catastrophic for human 
populations.

‘Climate change will increase 
vulnerability to poverty and food 

insecurity in the Lower Mekong Basin, 
and the area is considered as one of 

the world’s most vulnerable 
regions to climate change’

The projected reductions in flow during the dry 
season are of concern, as they will extend the 
period spent by fish in refuge pools, and the 
severity of conditions in the pools. Any reductions 
in dry-season precipitation will also lead to 
increased demands for water for irrigated rice, 
which grows during the dry season.

In many of the world’s main inland fisheries, future 
population increase represents a major threat to 
the long-term management of inland fisheries. 
In the Lower Mekong Basin, the picture is less 
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clear because projected population changes differ 
between countries. At a national level, Thailand 
is projected to see a five percent reduction by 
mid-century, while populations in Viet Nam (+20 
percent), the Lao People’s Democratic Republic 
(+34 percent) and Cambodia (+38 percent) are 
set to increase considerably. The development of 
urban areas close to key fisheries like the Tonle 
Sap system may represent a potential threat.

‘It is likely that the direct effects of 
climate change on inland fisheries in 
the region, at least by the end of the 

twenty-first century, will be secondary 
to more pressing direct human 

impacts, including dam building’

Five major potential land-use changes that are 
likely to affect the Lower Mekong Basin (and its 
fisheries) up to 2050 have been highlighted: the 
expansion of mainstream dams, water diversion, 
expansion of large-scale rubber plantations and 
transnational transport infrastructure. Predictions 
show that about 2.3 million ha of forest will be 
converted to plantations, irrigation will be extended 
to 851,000 ha of farmland and 12,000 ha of 
riparian farmland will become permanently flooded 
following dam construction. As infrastructure 
develops, it is likely that urban areas will expand. 
A future is foreseen where natural landscapes in 
the region will be fragmented by human-made 
landscapes such as dams, mines, plantations and 
transport infrastructure.

Climate change will likely result in an increase in 
rainfall during the growing season for several key 
crops (rain-fed rice, upland rice, sugarcane, and 
maize) across much of the Lower Mekong Basin, 
even in the dry season. However, climate change 
is predicted to result in higher evaporation rates 
and reduced growing-season rainfall across most 
of the basin region. As such, water requirements 
for irrigated rice (grown during the dry season) will 
increase, with obvious implications for fisheries. 
Increased future reliance on pump irrigation may 
result in reduced natural fish production in rice 
fields because of decreased inputs of fish eggs 
and larvae relative to those provided by flood 
irrigation.

Climate change will increase vulnerability to 

poverty and food insecurity in the Lower Mekong 
Basin, and the area is considered as one of the 
world’s most vulnerable regions to climate change, 
especially because of its importance as a rice-
growing region and the risk of extreme weather 
such as drought and flooding.

Climate change is expected to affect air and water 
temperatures, precipitation, agricultural yields and 
practices, and the volume and flow of the river, 
affecting fish and other taxa that support one of 
the world’s largest inland fisheries that, in turn, 
plays a major role in the nutrition of the population 
of the Lower Mekong Basin. The MRC Council 
study projected that drier conditions in the basin 
would reduce fish yields by at least 15 percent. 
Modelling results indicate that the impact of 78 
proposed tributary dams would further reduce 
the biomass of migratory fishes by 19 percent. 
Furthermore, given the importance of fish protein 
to human populations in the basin, the loss of 
fish through construction of dams means that an 
additional 6 percent to 17 percent of water and 
19 percent to 63 percent of land will be required 
to raise livestock to replace the protein previously 
supplied by the fishery, without considering the 
reduction in health benefits compared to the 
consumption of fish.

This will require the formulation of adaptation 
strategies that work both in individual countries 
and across the region. However, it is likely that the 
direct effects of climate change on inland fisheries 
in the region, at least by the end of the twenty-first 
century, will be secondary to more pressing direct 
human impacts, including dam building (which 
impacts flow regulation and creates barriers to 
fish migration) and agricultural development 
(affecting water extraction and leading to habitat 
degradation). It is important that policymakers 
in the region fully recognise the crucial role of 
fisheries in maintaining food security in the region. 

The technical paper’s chapter on current anthropogenic stress and 
projected effect of climate change on global inland fisheries was 
written by Chris Harrod, Alejandro Ramírez, John Valbo-Jørgensen 
and Simon Funge-Smith.

Further reading 

FAO (2018) Impacts of climate change on fisheries and 
aquaculture: Synthesis of current knowledge, adaptation and 
mitigation options. FAO Fisheries and Aquaculture Technical 
Paper 627. Rome
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Climate change may lead to bigger 
atmospheric rivers

New study expected to help scientists, 
water managers and other stakeholders 

consider potential implications of change 
to such extreme precipitation events. 

The study is also seen providing a 
uniform way to research atmospheric 

rivers on a global level.  

A new NASA-led study shows that climate change 
is likely to intensify extreme weather events known 
as atmospheric rivers across most of the globe 
by the end of this century, while slightly reducing 
their number. The Jet Propulsion Laboratory at 
the California Institute of Technology reported 
on May 24 that the study projected atmospheric 
rivers being “significantly longer and wider” than 
the ones observed today, leading to more frequent 

atmospheric river conditions in affected areas.

"The results project that in a scenario where 
greenhouse gas emissions continue at the 
current rate, there will be about 10 percent fewer 
atmospheric rivers globally by the end of the 21st 
century," said the study's lead author, Duane 
Waliser. "However, because the findings project 
that the atmospheric rivers will be, on average, 
about 25 percent wider and longer, the global 
frequency of atmospheric river conditions — 
like heavy rain and strong winds — will actually 
increase by about 50 percent."

The study, published in the journal Geophysical 
Research Letters in April, also showed that the 
frequency of the most intense atmospheric river 
storms is projected to nearly double.

A series of atmospheric rivers that brought drought-relieving rains, heavy snowfall and flooding to California in January last year is shown in satellite 
data from the Atmospheric Infrared Sounder (AIRS) instrument on NASA's Aqua satellite 

satellite imaGe: Jet propulsion laboratory/nasa
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The study
Climate change studies on atmospheric rivers 
have been mostly limited to the western United 
States and Europe. They have typically used 
different methodologies for identifying atmospheric 
rivers and different climate projection models —
meaning results from one are not quantitatively 
comparable to another. The team sought to 
provide a more streamlined and global approach 
to evaluating the effects of climate change on 
atmospheric river storms.

The study relied on two resources -- a set 
of commonly used global climate model 
projections for the 21st century developed 
for the Intergovernmental Panel on Climate 
Change's latest assessment report, and a global 
atmospheric river detection algorithm that can be 
applied to climate model output. The algorithm, 
developed earlier by members of the study team, 
identifies atmospheric river events from every day 
of the model simulations, quantifying their length, 
width and how much water vapor they transport.

The team applied the atmospheric river detection 
algorithm to both actual observations and model 
simulations for the late 20th century. Comparing 
the data showed that the models produced a 
relatively realistic representation of atmospheric 
rivers for the late 20th century climate.They then 
applied the algorithm to model projections of 

climate in the late 21st  century. In doing this, 
they were able to compare the frequency and 
characteristics of atmospheric rivers for the current 
climate with the projections for future climate.

The team also tested the algorithm with a different 
climate model scenario that assumed more 
conservative increases in the rate of greenhouse 
gas emissions. They found similar, though less 
drastic changes. Together, the consideration of 
the two climate scenarios indicates a direct link 
between the extent of warming and the frequency 
and severity of atmospheric river conditions.

What does this mean?
The significance of the study is two-fold. First, 
"knowing the nature of how these atmospheric 
river events might change with future climate 
conditions allows for scientists, water managers, 
stakeholders and citizens living in atmospheric 
river-prone regions…. to consider the potential 
implications that might come with a change to 
these extreme precipitation events," said Vicky 
Espinoza, postdoctoral fellow at the University 
of California-Merced and first author of the 
study. And secondly, the study and its approach 
provide a much-needed, uniform way to research 
atmospheric rivers on a global level — illustrating 
a foundation to analyse and compare them that 
did not previously exist.

Limitations
Data across the models are generally consistent 
— all support the projection that atmospheric river 
conditions are linked to warming and will increase 
in the future. However, co-author Marty Ralph of 
the University of California, San Diego, pointed 
out that there was still work to be done. "While 
all the models project increases in the frequency 
of atmospheric river conditions, the results also 
illustrate uncertainties in the details of the climate 
projections of this key phenomenon," he said. 
"This highlights the need to better understand why 
the models' representations of atmospheric rivers 
vary."

Further reading

https://www.jpl.nasa.gov/news/news.php?feature=7141

Espinoza, V., Waliser, D. E., Guan, B., Lavers, D. A., & Ralph, 
F. M. (2018). Global analysis of climate change projection 
effects on atmospheric rivers. Geophysical Research Letters, 
45. https://doi.org/10.1029/2017GL076968

Atmospheric rivers are long, narrow jets of air 
that carry huge amounts of water vapor from the 
tropics to Earth's continents and polar regions. 
These "rivers in the sky" are typically 400 to 
600 kilometres wide and carry as much water 
— in the form of water vapour — as about 25 
Mississippi Rivers. When an atmospheric river 
makes landfall, particularly against mountainous 
terrain, it releases much of that water vapour in 
the form of rain or snow. These storm systems 
are common — on average, there are about 
11 present on Earth at any time. In many 
areas of the globe, they bring much-needed 
precipitation and are an important contribution to 
annual freshwater supplies. However, stronger 
atmospheric rivers — especially those that 
stall at landfall or that produce rain on top of 
snowpack —can cause disastrous flooding.

What are atmospheric rivers?
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Solar seen driving global shift in 
electricity markets
With rapidly falling prices and broad gains 
in scale, solar technology has come of age, 

the Cleveland-based Institute for Energy 
Economic and Financial Analysis (IEEFA) 
says. But it also warns that protectionist 

threats in countries like India and the 
United States could “seriously hamper” 
the viability of solar energy and shrink 
its growing competitive advantage over 

thermal power. 

Solar energy is taking an increasingly prominent 
role in transforming global electricity markets 
alongside gains in storage, wind, hydroelectricity 
and energy efficiency, according to a report 
published the Institute for Energy Economic and 
Financial Analysis in May. “The speed of this 
transformation is hard to grasp,” the institute said, 
noting a Bloomberg report  that newly installed 
global capacity for solar increased 31 percent from 
a year earlier to 98 GW in 2017. At the same time, 
solar costs fell 15 percent to $86/MWh over the 
same period.

China led last year’s charge, accounting for 
more than half the newly installed solar capacity. 
While its numbers are less dramatic, “India is 
clearly embarking on a massive transformation 
of its electricity sector as well.” The US-based 
institute noted that India’s National Electricity 
Plan released in March provided for increasing 
renewable capacity to 275 GW by 2027, with solar 
representing two thirds. “But China and India 
are hardly alone on this front, as scores of other 
countries embrace solar,” it said, pointing to Saudi 
Arabia’s plan announced in March to build 200 
GW of solar capacity by 2030. “The uptake of solar 
is gathering momentum too in Europe and the 
Americas,” the institute said. 

Last year saw several new solar milestones set, 
the institute added, pointing to record low utility 
solar tariffs with deflation over  two years hitting 
50 percent in markets ranging from Chile and 
Mexico to India and Saudi Arabia. A 1,547 MW 

The IEEFA report noted that nine of the Top Ten 
solar module suppliers were now Chinese, the sole 
non-Chinese competitor being  Hanhwa Q-Cells 
from South Korea. Shipments by the Top Ten 
amounted to just under 60 percent of global supply 
in 2020 and included production from subsidiaries 
in Malaysia, Thailand and Viet Nam. New Chinese-
owned manufacturing proposals for India and the 
United States are being considered this year. While 
Japanese and German companies were once world 
leading suppliers for solar cells and modules, “the 
very long-dated strategic intent of the Chinese solar 
firms drives an ongoing pursuit of rapidly growing 
global market share driven by a combination of 
ever-lower costs, ever-better technology and 
mind-blowing economies of scale,” the report said. 
“While America and India both contemplate import 
tariff barriers to Chinese solar modules due to this 
uncompetitive (or super-competitive, long dated) 
behaviour, to IEEFA this shows a dangerously short 
sighted approach in light of the enormous whole 
of society benefits of ever-lower solar electricity 
generation costs. Renewable energy deflation is 
transforming world energy markets.”

Tariff barriers to Chinese modules 
‘dangerously short-sighted’

project at Tengger in China meanwhile set a 
record as the world’s largest operational solar 
project while India’s push to develop “industrial 
solar parks” had driven construction on a number 
of the world’s largest utility scale solar projects.  At 
the same time, China set a new record 150 MW 
for the world’s largest floating solar installation 
while there was a record high number of corporate 
power purchase agreements (PPA) worldwide with 
an increasing number incorporating solar.

“Cost deflation for PV (photovoltaic) solar and 
wind has been so extensive that it has created 
the risk that other renewable energy technologies, 
such as offshore wind and concentrated solar 
power (CSP), have already lost the race. 
However, gains in innovation and cost reductions 
are being increasingly being seen across a broad 
range of technologies,” the institute found. “As 
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In his foreword to the report 
on renewable costs, IRENA 
Director General Adnan 
Amin stressed the need for 
policy makers and investors 
to confront the economic 
opportunities and challenges 
arising from scaling up 
renewable energy. Amin 
noted that solar photovoltaic 
(PV) modules were now 
more than 80 percent cheaper than in 2009 and 
that the cost of electricity from solar PV fell by 
almost three-quarters between 2010 and 2017. 
“Wind turbine prices have fallen by around half over 
a similar period, depending on the market, leading 
to cheaper wind power globally,” he said, adding 
that onshore wind electricity costs had dropped by 
almost a quarter since 2010. “The trend is clear,” 
the director general said. “By 2020, all mainstream 
renewable power generation technologies can be 
expected to provide average costs at the lower end 
of the fossil-fuel cost range. In addition, several 
solar PV and wind power projects will provide some 
of the lowest-cost electricity from any source.”

‘The trend is clear’
countries grapple with ever-higher shares of 
variable renewable energy generation, demand 
for system balancing will require a multitude 
of technology solutions including improved 
international grid connectivity, better demand 
response management, more pumped hydro 
storage, and appropriate system pricing signals to 
incentivise grid stability and peaking power supply. 
In this context, concentrating-solar technology 
and solar with storage have become increasingly 
valuable, cost-effective system tools.”

The report was authored by Tim Buckley, 
director of energy finance research at IEEFA, 
and Kashish Shah, a research associate at the 
institute. “The sheer size and number of solar 
power-based generation projects in operation 
and under construction around the world is a 
clear indication that solar as a technology has 
come of age,” they concluded. “The accelerated 
rate of solar deployment all around the world is 
due to technology improvements, availability of 
cheaper financing and sensible policy support from 
governments. 

“While there has been an extraordinary build-up 
of momentum behind solar, it is crucial to address 
the current challenges faced by the global solar 
industry. Protectionist threats to this sector in 
countries like India and the U.S. could seriously 
hamper the economic viability of solar energy and 
shrink its growing competitive advantage over 
thermal power. Solving this problem as soon as 
possible is key to allowing the continuation of the 
global energy technology transition, locking in 
further, deflationary solar capacity and reducing 
costs for consumers whilst improving access to 
electricity.”

In a separate report on renewable power 
generation costs published in January, the 
International Renewable Energy Agency (IRENA) 
described falling electricity costs from utility-scale 
solar photovoltaic (PV) projects since 2010 as 
“remarkable.” But is also highlighted sharp cost 
reductions — both recent and anticipated — for 
concentrating solar power (CSP) as well as 
onshore and offshore wind

“The outlook for solar and wind electricity costs 
to 2020, based on the latest auction and project-
level cost data, presages the lowest costs yet 
seen for these modular technologies that can 

Adnan Amin

be deployed around the world,” the Abu Dhabi-
based agency said. “Decreasing electricity 
costs from renewables as a whole, and the low 
costs from the best solar PV and onshore wind 
projects, represent a real paradigm shift in the 
competitiveness of different power generation 
options.”

For solar and wind technologies, IRENA said that 
reductions in total installed costs were driving the 
fall in the “levelised” cost of electricity (the ratio of 
lifetime costs to lifetime electricity generation, both 
of which are discounted back to a common year 
using a discount rate that reflects the average cost 
of capital). While these declines, they have been 
most important for solar PV, CSP and onshore 
wind,” the agency said.

Further reading

IEEFA (2018) Solar is Driving a Global Shift in Energy 
Markets — Rapid Cost Deflation and Broad Gains in Scale. 
Institute for Energy Economic and Financial Analysis, 
Cleveland. 

IRENA (2018) Renewable Power Generation Costs in 2017. 
International Renewable Energy Agency, Abu Dhabi.
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Singapore’s Sunseap gets green light 
for $150 mln solar farm in Viet Nam

Project in Ninh Tuan Province is 
Southeast Asia's largest solar farm to date 

Singapore’s Sunseap Group Pte Ltd announced 
on April 30 that it had received the green light for a 
$150 million solar farm in Viet Nam, the largest in 
the country to date and also the biggest in ASEAN.
The issue of the Decision on Land Handover 
(Phase 1) for the 168 MW-peak solar project in 
Ninh Thuan Province coincided with the Vietnam-
Singapore Business Dialogue in Singapore with 
Vietnamese Prime Minister Nguyen Xuan Phuc as 
guest of honour.

“The project represents the largest solar 
collaboration between Singapore and Vietnam and 

is expected to break ground in mid-2018 before 
going into commercial operation by June 2019,” 
the leading clean energy supplier in Singapore 
said. “Once completed, it will generate enough 
electricity to power up to 200,000 households in 
Vietnam and create permanent jobs for over 200 
workers".

Under an agreement, Sunseap and its joint-
venture partners — InfraCo Asia, an infrastructure 
development and investment company of Private 
Infrastructure Development Group, and CMX 
Renewable Energy Canada Inc. — will be allowed 
to sell power generated by its solar farm to Viet 
Nam’s national grid at a mandated feed-in tariff 
of 9.35 cents/kilowatt hour for the next 20 years 

Sunseap Chief Executive Officer Frank Phuan with Vietnamese Prime Minister Nguyen Xuan Phuc  

photo: sunseap Group
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provided they deliver the solar energy to the grid 
by June 2019.

‘Largest project to date’
“This is the largest project to date for Sunseap 
and we are honoured to be able to participate 
in the greening of Viet Nam,” said Frank Phuan, 
co-founder and chief executive of the company. 
“There is so much potential to bring affordable 
and reliable clean energy to the country and we 
are excited to work with a government that is 
committed to sustainable development as the 
way forward. The Vietnam solar farm project is in 
line with our vision to conserve the environment, 
and at the same time contribute to communities 
across Asia. We hope that our project can serve 
as a catalyst to promote greater investments in 
renewables not just in Vietnam but also throughout 
the Indo-China region.”

Luu Xuan Vinh, chairman of the Ninh Thuan 
Provincial People’s Committee, said the project 
would get 130 hectares of land were being handed 
over in the first phase with the remaining 56 
hectares expected to be handed over later. “We 
are confident that this project will act as a catalyst 
for more foreign investments into Vietnam and 
look forward especially to greater collaboration 
with Singapore enterprises,” Mr Vinh said.
The Singapore company energy Viet Nam’s 
energy demand was growing at an annual rate of 
12 percent. “Solar power is expected to become 
the main source of renewable energy in the 
future,” it said, adding that installed solar capacity 
was projected to increase to 850 MW by 2020 — 
or 1.6 percent of the country’s power generation — 
and 12,000 MW by 2030.

Sunseap said its expansion into neighbouring 
markets of Cambodia, Malaysia, the Philippines, 
Thailand and Viet Nam had been supported by 
Enterprise Singapore, a Singaporean government 
agency. “We have seen traction in renewable 
energy projects in Vietnam, particularly in the 
solar energy sector,” Enterprise Singapore 
assistant chief executive Tan Soon Kim said. 
“We hope to partner more companies to tap 
these growing opportunities in the market. The 
recent Memorandum of Understanding (MOU) 
we have signed with Vietnam Electricity and 
Renewable Energy Authority aims to bring in more 
potential downstream opportunities for Singapore 
companies.”

Ground-breaking for the new solar farm in Ninh Thuan Province on June 8

photo: sunseap Group

Separate project in Cambodia
The announcement came a year after Sunseap 
disclosed that the Asian Development Bank (ADB) 
had agreed to lend the company €9.2 to the 
building of a 10 MW solar facility in Cambodia, 
the country’s first large-scale solar plant. The 
financing package includes co-financing from a 
private sector financial institution through ADB and 
a concessional loan from the Canadian Climate 
Fund for the Private Sector in Asia.

The project is located close to Bavet, a special 
economic zone in Svay Rieng Province near 
the border with Viet Nam. Sunseap said its local 
unit had secured a 20-year power purchasing 
agreement for the project from state-owned utility 
Electricité Du Cambodge (EDC). A company 
statement said a consortium led by Sunseap 
was selected to build the plant in 2016 through a 
tender.  In a separate statement, the ADB said the 
completed project would be able to meet roughly a 
quarter of Bavet’s local energy demand, of which 
half of was being met through power imports from 
Viet Nam.

Mr Phuan, the Sunseap chief executive, said 
Cambodia was a “fast-growing market with vast 
potential for solar development.” While Cambodian 
electricity consumption had increased significantly 
over the years, “almost half of the country’s 
population currently has no access to stable, 
affordable electricity,” he said.

Further reading 

http://www.sunseap.com/2018/04/

http://www.sunseap.com/2017/04/

https://www.adb.org/news/adb-backs-sunseap-build-
cambodias-first-large-scale-solar-farm
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New rules seen spurring investment 
in solar projects in Cambodia

The Cambodian government recently 
adopted its first solar energy regulations. 

It’s also preparing legislation with 
incentives to companies investing 

in solar energy. 

The Cambodian government has been working on 
a draft Environment and Natural Resources Code, 
which is expected to be adopted soon. The code 
addresses various issues such as environmental 
impact assessments, the use and protection of 
natural resources, and the use of sustainable 
energy. 

“It will have a major impact on Cambodia’s 
regulatory framework, especially for sustainable 
energy,” leading regional law firm Tilleke & Gibbins 
said in an article published on May 25. The firm 
said the draft code was “very promising to the 
solar energy sector” with the right for companies 
and consumers using solar energy to connect to 
the national grid and a  requirement to develop 
regulations on net metering. 

The draft also provides for establishing a one-
year pilot for a feed-in-tariff system (in which the 
government offers a fixed rate for  solar energy 
fed into the grid) and a reduction in profit taxes of 
up to 20 percent for any company generating at 
least 20 percent of its energy through sustainable 
sources.  

‘Clarity as to the regulatory framework 
for large-scale initiatives ... will 

hopefully spur investment in solar 
projects in Cambodia’

The Electricity Authority of Cambodia meanwhile 
adopted solar regulations in early 2016, which 
cover connecting solar photovoltaic generating 
sources to the national grid or consumers 
connected to national grid. Tilleke & Gibbins wrote 
that the solar regulations were “not as forward-
thinking” as the environment code, noting that they 
don’t provide similar incentives for solar energy. 

But the regulations are a “welcome development” 
as they provide a regulatory framework where 
previous regulations were either absent or unclear.

The regulations allow only large-scale solar 
initiatives to supply power to the grid in exceptional 
cases. At the same time, however, they clarify that 
solar initiatives not connected to the grid do not 
fall under the regulations which provide individuals 
and companies freedom to use solar energy.

Although the regulations don’t address several 
key issues for developing the solar industry, such 
as feed-in tariffs and net metering, the article 
concluded that they do “provide clarity as to the 
regulatory framework for large-scale initiatives, 
and will hopefully spur investment in solar projects 
in Cambodia.”

Further reading

Cohen, J. , S. Sin and D. Mol (2018). A break in the clouds: 
Regulating Cambodian Solar Energy. Tilleke & Gibbins, 
Phnom Penh

According to the Tilleke & Gibbins report, 
a solar system project must be included in 
the Power Development Master Plan of the 
Ministry of Mines and Energy before it can be 
connected to the grid (Article 3). If the project 
is not included in the Master Plan, the project 
must be evaluated by the Ministry of Mines 
and Energy, and Electricitie du Cambodge 
(EDC), which operates the national grid. If 
approved, the project will be included in the 
Master Plan. The project’s investment and 
business conditions are subject to a project 
implementation agreement, but the regulation 
does not address this agreement in further 
detail. Lastly, the project must meet the 
technical standards and safety conditions in the 
Solar Regulation. Any solar energy supplied to 
the national grid must be sold to EDC under a 
power purchase agreement (Article 4). 

Powering the grid
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Cambodian delegation visits Thai lake 
Tonle Sap communities seen benefiting 

from knowledge acquired through five-year 
project funded by World Bank 

Officials and community members of Thailand’s 
Songkhla Lake Basin and Cambodia’s Tonle 
Sap Lake pledged on August 17 to continue their 
friendship and joint learning after their bilateral 
outreach project on lake resources management 
ends this year. The pledge was made at the 
wrap up meeting between the two sides in 
Hat Yai, following a four-day field visit to the 
three communities of the Songkhla basin by a 
Cambodian team.

“We’ve built such a strong friendship between the 
two lakes, especially between people and people, 
including children,” said Chatchai Ratanachai, an 
environmental professor who led the Thai team of 
the bilateral project for the last five years. “This is 
our last meeting, but our relationship will not end 
here. We’ll continue our good friendship for the 
years to come.”

During the final field visit of the Cambodian 
team to Songkhla, the 20-member delegation 
visited three pilot sites of Songkhla: Thale Noi, 
a northern tip of the lake working on adaptation 
of climate change; Chong 
Feun, a Muslim fishing village 
renowned for its successful 
microfinancing and 
community development; and 
Tahin, a simple but thriving 
community with natural 
resources-based income 
generation activities.

“We learnt many things 
during the exchange 
visits,” said Wat Botkosal, 
Deputy Secretary General 
of the Cambodian National 
Mekong Committee who 
led the delegation. “We 
observed successful stories 
of alternative income 
generation, effective 
microfinancing, and strong 

fisheries conservation. We can compare these 
with Cambodia, and find a way to improve 
livelihoods of Tonle Sap lake communities.”

The Tonle Sap Authority, which coordinates the 
work of line ministries to improve lake governance 
and has led the bilateral lake project, has a plan to 
continue its support for community development 
of the pilot site in Battambang province, and 
information sharing through forums on water 
solutions between Tonle Sap and Songkhla. “We’ll 
not waste our new knowledge learnt from our Thai 
friends,” said Sin Viseth, head of Exploitation and 
Conservation Control at the Tonle Sap Authority.

The lake project is part of the five transboundary 
initiatives among the MRC member countries 
under the Mekong Integrated Water Resources 
Management Project, which promote a holistic 
approach to develop and manage water resources 
in the Mekong basin. Funded by the World Bank, 
all five transboundary initiatives are slated to 
complete by the end of this year.

Further reading

http://www.mrcmekong.org/news-and-events/news/tsl-slb-
wrap-up-meeting-on-17-august-in-hat-yai/

Songkhla Lake

photo: mrC
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Lao National Tree-Planting Day

Thousands of trees planted in Lao 
capital
Tree-planting events in line with resolution 

at Tenth Party Congress to create more 
green spaces and restore forest cover  

The Mekong River Commission marked Lao 
National Tree-Planting Day on June 1 by planting 
24 trees along the Mekong riverbank in front of 
the MRC Secretariat in Vientiane’s Sikhottabong 
District in an event attended by dozens of staff 
and District Governor Inpong Thoumma. Officials 
from the Lao Ministry of Information, Culture and 
Tourism held a separate tree-planting ceremony at 
the National Museum the same day.

“We aim to use this opportunity as a reminder of 
the MRC’s commitment to a sustainable future of 
the Mekong region and inspire action to contribute 
to the cause,” MRC Chief Executive Officer Pham 
Tuan Phan said. He added that he was pleased 

the secretariat was able to move with initiatives 
to print less and use more electronic documents 
in meetings and daily operations and to use less 
plastic in line with this year’s World Environment 
Day theme “Beating Plastic Pollution”. Mr Phan 
said he was “keen to institutionalise them in our 
annual work plans or even strategic plans at a 
broader, basin-wide scale.”

Mr Inpong, the district governor, expressed his 
appreciation and support for the commision’s 
green initiatives, saying he would be pleased to 
see other local and international institutions take a 
similar approach. “I am happy to see that the MRC 
Secretariat join forces with the Lao government to 
raise awareness about the important role of forests 
and green cities. And I’d highly encourage others 
to join the cause,” he said.

Sikhottabong District Governor Inpong Thoumma (left) attending the the tree-planting ceremony with MRC Chief Executive Officer Pham Tuan 
Phan (right)

photo: mrC
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MRC Chief Executive Officer Pham Tuan Phan (left) and Sikhottabong District Governor Inpong Thoumma (right) planting a tree in front of the MRC 
Secretariat on June 1

photo: mrC

Dr Bosengkham Vongdara, the Lao Minister of 
Information, Culture and Tourism, meanwhile 
presided over the planting of several species 
of fruit tree at the museum — including mango, 
Burmese grape and jackfruit. “When the trees 
mature, the area will be a shady spot where 
visitors to the museum can gather before or 
after enjoying the many exhibits on display,” the 
Vientiane Times reported. 

‘Various entities including the 
private sector are being encouraged 

to plant commercial tree species 
on 500,000 hectares and 

rehabilitate 6 million hectares 
of degraded natural forest’

The newspaper said the ministry was planting 
trees in support of a resolution adopted by the 
Tenth Congress of the Lao People’s Revolutionary 
Party in 2016 to create more green spaces and 
restore forest cover. It added that many ministries 

and organisations arranged tree-planting events in 
other locations including the capital’s Naxaithong 
District where more than 4,000 saplings were 
planted on May 31.

To achieve the goal of restoring forest cover to 
70 percent of the country by 2020, the Vientiane 
Times said the Ministry of Agriculture and Forestry 
would try to rehabilitate 517,500 hectares of 
degraded forest. “The targeted 70 percent forest 
cover means that 16.5 million hectares of land 
will be forested,” the newspaper said. “This will 
comprise 4.7 million hectares of conservation 
forest, 8.2 million hectares of protected forest, 
3.1 million hectares of production forest (forests 
where commercial logging is authorised), and 
500,000 hectares of commercial tree plantations. 
To achieve this target, various entities including 
the private sector are being encouraged to plant 
commercial tree species on 500,000 hectares and 
rehabilitate 6 million hectares of degraded natural 
forest. As a result of these efforts so far, forest 
cover increased to 60.4 percent in 2017.”
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Crustaceans

Shrimp processing on the Tonle Sap Lake

Wet season brings bountiful 
shrimp harvest to fishers and 
processors in Pursat Province 

Lang Sothy is a 45-year-old shrimp processor 
living on the Tonle Sap Lake in Pursat Province in 
northwest Cambodia. She buys small freshwater 
shrimp known locally as kampeh (Macrobrachium 
nipponense) directly from shrimpers who bring 
their catch to her house in the floating village of 
Kampong Luong in Krakor District. Lang Soth 
says she pays about KHR 4,000 ($1) per kg for 
the shrimp. “I can buy between 100 and 300 kg of 
fresh shrimp every day,” she says.

After boiling the shrimp in salted water, she leaves 
the tiny crustaceans to dry in the sun for several 
days. She then removes the shells and sells the 
final product to traders at around KHR 50,000 
($12.50) per kg. 

Lang Sothy says it usually takes about 10 kg of 
fresh shrimp to produce 1 kg of dried shrimp. 
Nothing goes to waste — the shells are sold to 
fish farmers at around KHR 400 to 500 (10 to 12.5 
cents) to produce feed.

Van Kim Ly is one of Lan Sothy’s suppliers. The 
19-year-old  uses shrimp traps known as lob 

Lang Sothy removes shells from the tiny shrimp after boiling the crustaceans and leaving them to dry in the sun for a few days

photo: Chhut Chheana

by Chhut Chheana *
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Lang Sothy's son prepares the boiled shrimp for drying in the sun

photo: Chhut Chheana

kampeh to harvest the shrimp. She places dozens 
of these metal traps with mosquito netting in 
flooded forest areas along the shore of the lake. “I 
can catch between 40 and 100 kg of shrimp a day 
using lob kampeh. I got 40 kg today,” she told a 
visitor in March.

According to the Cambodian Fisheries 
Administration, kampeh spawn in the wet season 
between May and August. In addition to the Tonle 
Sap Lake, the species can be found in rivers, 

streams, canals and other water bodies on the 
floodplain.

* Mr Chheana is the designer of Catch and Culture - Environment 
and also communications coordinator of the USAID-funded Wonders 
of the Mekong project launched last year in partnership with the 
Cambodian Fisheries Administration and University of Nevada, Reno, 
in the United States

Further reading

Chan S., Nao T., Deap L., Thach P., Oung R., and Chhun S.  
(2016) Trey teuk sap nov preahreachea nachak Kampuchea. 
Ministry of Agriculture, Forestry and Fisheries, Phnom Penh.
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Sustainable Development Goals

Inland fisheries can help to achieve
the Sustainable Development Goals
Inland capture fisheries are seen as important 
stakeholders contributing directly to achieving 

the Sustainable Development Goals while 
being indirectly affected by the efforts of 
others. They are expected to benefit from 

improved protection of freshwater habitats 
and more effective integrated resource 

management in watershed areas. 

With the 11.6 million tonnes harvested from inland 
capture fisheries and 51.4 million tonnes from 
inland aquaculture, freshwater ecosystems are 
important sources of food fish and have accounted 
for about 40 percent of all fish destined for human 
consumption in recent years. As inland capture 
fisheries production is often under-reported, its 
importance as a source of food, income and 
livelihood may be even larger than these figures 
imply. Most global inland fishery production is 

in developing countries in Asia and Africa. Low-
income food deficit countries provide 43 percent 
of global inland capture fish production . Such 
countries account for 15 of the 21 countries with 
the highest per capita inland fish production. The 
impact of inland capture fisheries may be focused 
in specific areas of a country. 

The contribution of inland fisheries has often 
been overlooked in policy discussions and the 
global sustainable development agenda, mainly 
because of lack of awareness of their real 
contribution and the ecosystems that support 
them. In addition, inland fisheries are dispersed 
and not generally associated with intensive yields 
or taxable revenue. In many developing countries, 
the people that depend on inland fisheries and 
the ecosystems that support them are extremely 
vulnerable to impacts of ill-advised development, 
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In terms of inland fisheries per capita, Cambodia, Myanmar and Bangladesh are the most productive countries in the world
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poor labour practices, pollution, habitat loss and 
climate change. Furthermore, most inland fisheries 
are now poorly managed or not managed at all. 
Competition for freshwater from more powerful 
sectors, such as agriculture and energy, typically 
reduces water quantity and quality for inland 
fisheries. Post-harvest losses are substantial in 
some regions.

Inland fisheries are an essential element of the 
Sustainable Development Goals adopted by the 
UN in 2015 to end poverty, protect the planet 
and ensure prosperity. Using a combination of 
ecosystem and human rights–based approaches 
to develop and manage inland fisheries, through 
applying FAO guidelines for sustainable small-
scale fisheries and aquaculture adopted in 
2015, would help achieve the goals related to 
biodiversity, human health, poverty alleviation, 
improved nutrition and climate change.

The World Bank has estimated 
that inland capture fisheries and 
their value chains provided 
income and employment to over 
60 million people worldwide in 
2009. Inland fishers who depend 

on fishing for their livelihoods are among the 
poorest and most vulnerable rural populations. 
These fisheries contribute to poverty reduction and 
building resilience by providing food, income and 
employment. Fishery-related livelihoods are 
particularly important in rural and remote areas 
where alternative employment is lacking. Fisheries 
strengthen resilience by acting as a safety net 
during lean times and when disaster strikes, when 
other food-producing sectors such as agriculture 
do not function. Inland fishing households in 
Cambodia get more than 50 percent of their 
income from fishing; in the mainstream Mekong 
River 20 percent of household income comes from 
fishing.

Determining the global value of inland fisheries 
remains a challenge, as FAO does not collect 
value data on capture fisheries from its members. 
Global inland fisheries production is generally 
considered to be underestimated One preliminary, 
conservative estimate puts  the total use value 
of reported global inland finfish as $26 billion for 
2015, or over $43 billion if hidden, unreported 
production and freshwater molluscs and 
crustaceans are included. The global non-market 

use value of inland recreational fisheries was 
estimated to be $65 billion to $79 billion.

Inland fisheries provide benefits to 
all four of the pillars of food 
security. Fish, crustaceans, 
molluscs and plants from 
wetlands, rivers, lakes, reservoirs 
and rice fields provide a 

sustainable source of food, containing a wealth of 
nutrition, to the populations that exploit them. The 
global catch of 11.6 million tonnes is equivalent to 
the total dietary animal protein requirement of 158 
million people, or 2 percent of the global 
population. 

Inland fishery resources are accessible to people, 
often the landless poor, in remote, open-access, 
rural and developing areas. The fishing gear 
is inexpensive and often requires little or no 
mechanisation. Around 94 percent of the small-
scale inland production is consumed within the 
country of origin. The products are inexpensive, 
often consumed by producer households, often 
processed with traditional methods such as 
fermentation, and use the entire fish, including 
bones and organs, with little or no waste.

In terms of food utilisation, the benefits of inland 
fish in the human diet are well established. In a 
study of women in rural Cambodia, inland fish and 
other aquatic animals contributed on average 37 
percent of their total protein intake, 51 percent 
of their calcium, 39 percent of their zinc and 33 
percent of their iron.

Inland fisheries contribute to 
health and well-being not only 
through improved nutrition and 
livelihoods, but also in the 
biological control of disease 
vectors. Mosquitofish, carp and 

tilapia have been used in many areas to control 
vectors of diseases such as malaria, Zika and 
bilharzia through predation on the hosts of the 
parasites. 

Inland fisheries empower women 
and contribute to gender equity. 
The World Bank indicated in 2012 
that about 35 million of the 
estimated 60 million people 
engaged in global inland fisheries 
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and their value chains – about half – are women. 
However, their role has largely been unrecognised. 
Women are strongly associated with the post-
harvest activities such as processing, sales, 
distribution and marketing; however, women also 
fish. They obtain income, independence and 
power through these activities. Income earned by 
women often has a stronger, more beneficial 
impact on household incomes. In 61 countries that 
report disaggregated data to FAO and where 
women are recognised as fishers, the ratio is one 
fisherwoman to every 7.3 fishermen. Women are 
most often involved in fishing when the water body 
is close to the household. Although comprehensive 
information is lacking, it appears that much of 
women’s catch is of small highly nutritious fish and 
other aquatic animals and is consumed by their 
households.

Healthy inland aquatic 
ecosystems are indicators of good 
water quality, with benefits in 
terms of productive fishery 
resources and municipal drinking 
water that requires minimal 

treatment. The need to manage inland fisheries 
has been an important driver in creating national 
and cross-border lake and river basin authorities, 
which supervise many freshwater systems around 
the world. Unfortunately, only a small proportion of 
transboundary inland water bodies have such 
authorities, and where they do exist, their 
mandates vary considerably between water 
management and environment and only 
occasionally include the management of fisheries 
resources.

Inland capture fisheries are 
important as a source of direct 
employment and income to an 
estimated 16.8 million to 20.7 
million people globally, particularly 
in developing countries. It has 

been conjectured that more than twice as many 
people may be involved along the supply chain, 
including women. Most inland fisheries are small 
in scale. Small-scale fisheries create employment 
several times greater than large-scale fishing, as 
the lesser mechanisation typically requires greater 
human input. Recreational fishing on inland waters 
also contributes to global economies (see box 
above).

Inland fisheries are typically in 
remote areas, although they can 
be found in peri-urban and even 
urban areas in some countries. 
They are difficult to manage, and 
related management policies are 

hard to enforce, as they involve few or no 
recognised landing sites or processing plants and 
fishers are largely not organised.

Small indigenous inland fish species are 
consumed or processed whole and consumed 
locally with little waste. As natural production 
systems, inland fisheries have a far lower 
environmental footprint than agricultural production 
systems. To replace the basic energy (kilocalorie) 
content of the 11.5 million tonnes of wild inland-
water fish, it has been estimated that lower-

Recreational fishers are those who don’t 
rely on fishing to supply a necessary part of 
their diet or income. In the developed and 
increasingly developing countries where it 
is common, recreational fishing is estimated 
to involve an average of 6.7 percent of the 
population. In some countries, occasional 
fishing may provide recreation as well as 
household food. The FAO has requested 
reports on recreational catches since 1995 but 
these remain rare, even when such catches 
contribute to food and livelihoods. Securing 
food is not a primary purpose of recreational 
fishing — unlike subsistence fishing. But 
the retained catch from recreational inland 
fisheries may be more than 4 percent of the 
global reported inland fishery catch. In addition 
to contributing to economies and general 
well-being, recreational fisheries may help to 
improve habitats and conserve ecosystems.

Further reading 

Cowx, I.G., Arlinghaus, R. & Cooke, S.J. 2010. 
Harmonizing recreational fisheries and conservation 
objectives for aquatic biodiversity in inland waters. 
Journal of Fish Biology, 76(9): 2194–2215.

FAO. 2012b. Recreational fisheries. FAO Technical 
Guidelines for Responsible Fisheries No. 13. Rome.

Recreational fishing in inland waters
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intensity developing-country crop production would 
have to increase by 14.3 million tonnes. Similarly, 
chicken production would have to increase by 
11.7 million tonnes and aquaculture by 6.8 million 
tonnes. Complete replacement of current global 
inland fish production with aquaculture-produced 
fish would require conversion of 2.4 million square 
kilometres, as production efficiencies are currently 
low in many regions. Conversion for beef would 
be similar (2.1 million square kilometres), with 
the added challenge that beef would require an 
additional 197 cubic kilometres of water. Since 
inland fishery production figures are almost 
certainly underestimated, these replacement 
equivalents are likely to be higher.

Inland fisheries production has relative nutritional 
efficiency compared with other fish production 
systems such as marine fisheries and aquaculture. 
As 81 percent of nutritional dependence on 
freshwater fish occurs in nations with per capita 
gross domestic product (GDP) below the global 
median (less than $4,800 purchasing power per 
capita per year), the impact of this fish supply is 
even more important. In contrast with many marine 
capture fisheries, inland fisheries involve very little 
unused bycatch or discards. However, in a few 
important inland fisheries and value chains, post-
harvest quality loss is substantial. Efforts to reduce 
waste in these value chains and to improve the 
nutritional value provided by inland fisheries can 
yield considerable benefits. Preservation greatly 
increases the geographic scope of many inland 
fisheries.

Inland fisheries are a low carbon 
footprint food source compared 
with terrestrial agriculture, marine 
fisheries and fed aquaculture. 
Inland fisheries require neither 
feed nor fertiliser (the main 

contributors to greenhouse gas emissions in 
agriculture) and often use non-mechanised gear 
that does not require fuel (consumed by boats 
using active fishing gear in major marine fisheries). 
Global greenhouse gas emissions would be 
significantly higher if inland fisheries had to be 
replaced with other forms of animal protein 
production.

Greenhouse gas emissions
Estimated increase if inland fisheries replaced by other food 
production

This goal is primarily directed at 
marine ecosystems. 
Nevertheless, coastal 
environments and even marine 
species can depend greatly on 
the integrity of freshwater 

systems, which not only provide nutrients that 
allow coastal production to take place, but also 
support anadromous fish species which make up 
substantial coastal and marine fisheries and 
high-value fisheries for diadromous eel around the 
world. While Goal 14 does not explicitly include 
sustainability indicators for inland fisheries, 
countries may report on the status of these 
fisheries in relation to Goal 14 if they wish to do 
so.
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Freshwater ecosystems are a rich 
source of biodiversity. They cover 
about 1 percent of the Earth’s 
surface but provide habitats for 
almost half (about 14,000) of the 
world’s fish species. Rice fields 

are a particular source of freshwater biodiversity; 
in some cases this diversity has greater economic 
value than the rice. Rice fields have been shown 
to contain about 200 different species useful for 
local communities. When managed for this 
biodiversity, for example through integrated pest 
management, farmers use lower amounts of 
pesticides and herbicides in addition to receiving 
additional food and income. This biodiversity is 
threatened primarily due to habitat loss and 
degradation and changing agricultural practices.

Inland fish are one of the important provisioning 
services of freshwater ecosystems, but to sustain 
their benefits it is crucial to conserve the aquatic 
ecosystem. Inland fisheries are vulnerable to 
activities in the water sector and changes in land use 
that result in substantial changes to water flow and 
quality. Inland fisheries can provide a justification for 
protecting and/or rehabilitating habitats. Indeed one 
of the criteria for designating a wetland as a Ramsar 
Site of International Importance is the presence of 
important fisheries or aquatic species. However, 
the inland fishery sector has limited negotiating 
power and usually obtains concessions from other 
sectors only as part of regulatory requirements or 
environmental trade-offs.

‘It is important to recognise the 
efficiency and value of current inland 

fishery production as an asset that 
should not be traded off lightly 

against competing demands from 
other sectors ... However, effective 

strategies for achieving this 
outcome are few so far.’

Inland capture fisheries are important stakeholders 
that both contribute directly to achieving the 
Sustainable Development Goals and are 
indirectly affected by the efforts of others. 
They will particularly benefit from those efforts 
aimed at improving protection of freshwater 
habitats and environments and at more effective 
integrated resource management in watershed 

Simon Funge-Smith, lead author of the report on inland fisheries and 
the Sustainable Development Goals, at this year's annual meeting 
of the FAO's Committee on Fisheries, held in Rome between July 
9 and 13. The report forms part of The State of World Fisheries 
and Aquaculture 2018, published by the FAO in July. Dr Funge-
Smith is the senior resource officer for inland fisheries at the FAO 
headquarters, He previously served as secretary of the Asia-Pacific 
Fisheries Commission, hosted by the FAO's regional office in 
Bangkok, and has worked extensively in the countries of the Lower 
Mekong Basin.  

photo: Fao/Giuseppe Carotenuto

areas, which in turn will enhance the resource 
base. The productivity of some inland waters 
can potentially be enhanced through culture-
based fisheries, habitat enhancement and more 
effective management of water. A key to ensuring 
the contribution of inland fisheries is to focus on 
greater appreciation of their role in nutrition and 
livelihood resilience and securing this role in 
vulnerable countries. It is important to recognise 
the efficiency and value of current inland fishery 
production as an asset that should not be traded 
off lightly against competing demands from other 
sectors, especially for water,as recommended 
in the FAO guidelines for small-scale fisheries. 
However, effective strategies for achieving this 
outcome are few so far.

This article is a summary of a section of the FAO’s annual report on 
fisheries and aquaculture written by Simon Funge-Smith (lead author) 
and Devin Bartley, with contributions from José Aguilar-Manjarrez, 
Nicole Franz, John Valbo-Jørgensen, Gerd Marmulla, Felix Marttin 
and Florence Poulain

Further reading: 

Ainsworth, R.F & Cowx, I.G. 2018. Validation of FAO inland 
fisheries catch statistics and replacement of fish with 
equivalent protein sources. Unpublished report to FAO

FAO. 2018. The State of World Fisheries and Aquaculture 
2018 - Meeting the sustainable development goals. Rome.
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Cambodia aims to stabilise annual catch 
while further expanding aquaculture

Minister says government aims to 
improve sustainable fisheries 

resource management 

Cambodia aims to stabilise its annual fish catch 
and maintain double-digit growth in aquaculture 
production, Agriculture, Forestry and Fisheries 
Minister Veng Sakhon said on July 1. Speaking 
at the country’s National Fish Day ceremony 
at the Angkor Wat temple in Siem Reap, the 
minister said the total catch from both freshwater 
and marine fisheries was estimated at 649,000 
tonnes in 2017. The freshwater catch rose almost 
4 percent from a year earlier to an estimated 
528,000 tonnes and the marine catch was 
estimated at 121,000 tonnes, up less than 1 
percent. Production from freshwater and marine 

Senior Cambodian government officials led by Deputy Prime Minister Tea Banh release fish and other aquatic animals into the moat surrounding the 
Angkor Wat temple on July 1.   

photo: Chhut Chheana

farms meanwhile jumped more than 20 percent 
from a year earlier to 207,000 tonnes and the 
number of households engaged in aquaculture 
climbed to an estimated 90,000 up from 70,000 in 
2017.
 
Sustainable management
Veng Sakhon said the ministry’s policy direction 
was to improve sustainable fisheries resource 
management by reinforcing laws and stabilising 
the combined freshwater and marine catch at 
around 600,000 tonnes a year. At the same time, 
the ministry is aiming for a further expansion of 
aquaculture production by between 15 and 20 
percent a year and improving the livelihoods of the 
country’s 516 community fisheries of which 475 
are located in inland areas. “The unified command 
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In his annual address to the National Fish Day 
ceremony, Agriculture, Forestry and Fisheries 
Minister Veng Sakhon said the moat around 
Angkor Wat could store more than one million 
cubic metres of water. The water body is 
connected to the Siem Reap River and provides 
an “excellent” habitat for conserving fish 
broodstock, he said, adding that the fingerlings 
released during the ceremony would help clean 
up algae and aquatic plants, helping to maintain 
water quality. The minister said the fish were 
expected to migrate to lakes, rice fields and the 
Tonle Sap Lake through canals in the Angkor 
temple area.    

According to Hang Peou, deputy director general 
of the Apsara Authority — the government 
agency that manages the Angkor Archeological 
Park — the moat around Angkor Wat used to 
be filled by only by an ancient canal from the 
southwest section of Angkor Thom, the site of 
the former capital of the Khmer Empire almost 
two kilometres away. Since 2010, however. 
the Angkor Wat moat has been connected to 
southeast part of the Angkor Thom moat through 
a moat around the Phnom Bakheng temple and 
a canal. This has raised the moat’s maximum 
water level by more than 1.3 metres.

Water bodies at Angkor

Hang Peou says moats play a “pivotal role” in 
stabilising the Angkor temples by collecting run-
off water during the wet season and recharging 
the sand layer below. Before the temples were 
built, he explains, soil was removed and replaced 
with sand to which water was added to support 
the heavy load of the stone temples. The sand 
layers are linked to the groundwater. “But to 
make sure that the temple would still have a 
sounds foundation of there was any variance in 
underground water level, the moat system was 
adopted.”

Ancient Khmers understood that “people would 
probably not listen” if safeguarding of water was 
enforced by law and the need was explained in 
purely technological terms. “But by presenting 
the water as a form of life-blood and the basis 
for a systems of beliefs, people were more 
likely to look after the water system,” the deputy 
director general wrote in an article published by 
the International Journal of Intangible Heritage 
in 2014. “So to ensure there was water in the 
moat to support the temple, what was actually an 
engineering requirement was transformed into 
a religious duty.” In Khmer tradition, the temples 
are accordingly considered as dwellings of the 
gods and the moats regarded as oceans. 

Aerial view of Angkor Wat and the moat surrounding the 12th century temple, the world’s largest religious monument

photo: steve Jurvetson
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of the provinces, municipalities, districts, Fisheries 
Administration officers and local armed forces  
must continue to cooperate to prevent illegal 
fishing,” he said.

The minister said the government would promote 
“all types” of aquaculture including pond, cage 
and rice field culture—especially in dry areas 
— by promoting small, medium and large-scale 
farming activities. “In addition, we will promote the 
establishment of breeding stations,” he said. Veng 
Sakhon said Cambodia now had hatcheries in 307 
locations with 294 private hatcheries producing 
200 million fingerlings a year. 

“We will also promote the establishment of 
more community fish-refuge ponds in more 
communes of the country because this is a 
method of spending less money and ensuring 
fish abundance,” the minister said. He said 
Cambodia now had 864 community fish refuges 
with protection accorded to 97 deep pools in 
upper reaches of the Mekong River in northeast 
Cambodia.

The 16th National Fish Day ceremony, overseen by 
Deputy Prime Minister Tea Banh, who also serves 

as national defence minister, concluded with the 
release of one million fingerlings and broodstock 
of multiple fish species into the moat surrounding 
Angkor Wat. These included critically endangered 
giant carp (Catlocarpio siamensis), the national fish 
of Cambodia where it is known as trey kolreang. 
Participants also released other aquatic animals 
into the moat such as turtles and frogs.

Agriculture, Forestry and Fisheries Minister Veng Sakhon addressing 
the 16th annual National Fish Day ceremony at the moat surrounding 
Angkor Wat on July 1

photo: lem samean

Schoolchildren attending the National Fish Day ceremony in Siem Reap. The banner in the front reads: "There are many flooded forests and they 
are very important fish spawning habitats".

photo: lem samean
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Building a genetic biodiversity network

USAID-funded project develops 
systematic genetic-sampling methodology 
for important representative fish species 

in the Lower Mekong Basin with three 
research institutes in Cambodia, 
Lao PDR and Thailand along with 

two universities in Viet Nam  

A three-year project on Building a Mekong Genetic 
Biodiversity Network held its final workshop in 
Siem Reap on 12-14 June with 48 participants 
including international scientists and experts. 
The project was implemented under the USAID-
funded Partnerships for Enhanced Engagement 
in Research (PEER) program in collaboration 
with Old Dominion University in Norfolk, Virginia, 
and the Mekong River Commission. Partner 
institutions were the Inland Fisheries Research 
and Development Institute (IFReDI) in Cambodia, 
the Living Aquatic Resources Research Centre 
(LARReC) in Lao PDR and Ubon Ratchathani 
University in Thailand along with Nha Trang 

by berit mohr *

Group photo of scientists and other stakeholders who took part in the final workshop of the USAID-funded Mekong Genetic Biodiversity Network 
project in Siem Reap between June 12 and 14

photo: mrC

University and Can Tho University in Viet Nam. 
The purpose of this project was to initiate a 
systematic genetic-sampling methodology of 
important representative fishes of the Mekong 
and build a strong biodiversity research network 
among scientists from the four countries.

As part of the project, an initial meeting at Can 
Tho University in 2015 focused on the selection 
criteria and final selection of species for collection 
at five sites — three in Viet Nam and two in 
Cambodia. Further meetings with the Lao research 
centre resulted in two Lao sites being added in 
Nam Ngum River and Nam Kading. Samples 
were taken and analysed during an eight-day 
training course on next-generation sequencing at 
Nha Trang University. This was followed by  an 
international conference and an additional five-
day course for further capacity building on data 
analysis at Can Tho University in early 2016. 
Three Thai sampling sites were then included and 
additional training was conducted towards the end 
of 2016.
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The highlight of 2017 was an international 
conference with more than 100 participants at Can 
Tho University which presented the results of the 
project and was complemented by five days of 
training on data analysis. The conference provided 
a forum for researchers and managers to discuss 
the most recent innovations, trends, concerns and 
challenges encountered in the fields of biodiversity 
conservation and resource management in the 
Lower Mekong Basin. Sampling of all identified 
species continued with samples sent to a 
university in the United States for final analysis.
Partnership between US and Asia
During the final workshop in Siem Reap in June, 
Dr. Cameron Bass from USAID noted that project 
represented a “partnership not only between 

NatureMetrics, a company spun off from 
the University of East Anglia in Norwich, 
England announced on May 24 the launch of 
“environmental DNA” or “eDNA” fish monitoring, 
which identifies communities of fish from ponds, 
lakes, streams, rivers, estuaries and oceans. To 
survey waterways, scientists traditionally need 
to catch the animals themselves. With the new 
technique, DNA amplification and sequencing 
can be used to identify which animals have been 
present in an area of water — all in one test. The 
method could assess the impact of hydropower 
plants and other barriers to the passage of 
migratory fish. The arrival and spread of invasive 
species, which can threaten native species can 
also be monitored.
 
The company said the technique — believed 
to be the first commercial service of its kind in 
Britain — was cheaper and less invasive than 
traditional methods of surveying fish, such as 
gillnetting or electrofishing. Moreover, it usually 
detect more species. NatureMetrics said it has 
worked with  academic research groups and 
environmental policy makers for two years to 
develop, test and refine the methods. They 
have been used to monitor fish in British and 
international waters including lakes, rivers and 
oceans. In one case, 300 ml of water from the 
Devonshire coast revealed 25 fish species. 
In another case, in partnership with Swedish 

New ‘eDNA’ method to help monitor aquatic diversity

company AquaBiota, a narwhal was detected in 
a sample from the Arctic Ocean.
 
‘Quicker, cheaper and more accurate’
“Our technology means that clients can collect a 
simple water sample and test it to see whether 
it contains traces of DNA from particular 
species,” said company-cofounder Professor 
Douglas Yu, from the university’s school of 
Biological Sciences. "Every fish sheds DNA, 
and even small fragments of that DNA can 
be used to identify species back in the lab so 
the fish themselves don’t have to be seen to 
be detected. This process is quicker, cheaper 
and more accurate than traditional methods of 
monitoring biodiversity,” he added. 
  
The technique has applications for businesses, 
local authorities and conservation groups. Kat 
Bruce, co-founder and  managing director at 
NatureMetrics, said: “The method allows anyone 
to conduct a fish survey to discover what 
species are present in the area without having 
to capture or disturb them. And we often detect 
other non-fish species at the same time – our 
eDNA bycatch has included everything from 
newts to narwhals. We’re excited to launch it 
to help give our clients better information on 
species and diversity and in turn to better inform 
their environmental management decisions.”

Southeast Asia but also between the United States 
and Asia.” Dr. Gregory Maes, from the Laboratory 
for Cytogenetics and the Genome Research 
Centre for Human Genetics at the Catholic 
University of Leuven in Belgium, introduced the 
newest analysis technology for genetics. Dr. 
Jeffrey Williams, national fish collection manager 
at the Smithsonian Institution, offered detailed 
insights into laboratory facilities in the United 
States and their application for a new PEER 
project. This was launched on June 15 with the 
Smithsonian’s National Museum of Natural History 
and the University of Mandalay in Myanmar as 
additional partners.

* Ms Mohr is an intern with the MRC Secretariat in Vientiane
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Global partnership formalised to address 
human-animal-environment risks 

Cambodia and Viet Nam among countries 
receiving assistance under Global Action Plan 

on Antimicrobial Resistance

The Food and Agriculture Organization of 
the United Nations (FAO), the World Health 
Organization (WHO) and the World Organisation 
for Animal Health (OIE) have agreed to step up 
joint action to combat health threats associated 
with interactions between humans, animals 
and the environment. In a Memorandum of 
Understanding signed in the French town of 
Divvonne-les-Bains on May 30, FAO, OIE and 
WHO agreed to strengthen their long-standing 
partnership, with a strong focus on tackling 
antimicrobial resistance (AMR). 

“AMR is a high priority for the three organizations, 
who are working together to develop global 
systems for AMR surveillance and use of 
antimicrobials, a global antimicrobial stewardship 
programme, and a monitoring and evaluation 
framework for the global action plan,” a joint 
statement said. “A current comprehensive 
framework of international standards on 
responsible and prudent use of antimicrobials is 
regularly adapted to keep up with the development 
of scientific knowledge.” 

The new agreement will also focus on improving 
disease forecasting capabilities for more informed 
and swifter responses to emerging and endemic 
zoonotic diseases, helping countries strengthen 
their national health systems and undertaking joint 
activities related to reduction of threats.

FAO Director-General, Jose Graziano da Silva 
said more than  60 percent of existing and 
emerging pathogens affecting humans originated 
in animals, and that 75 percent of these were from 
wildlife. “So we cannot deal with human health, 
animal health, and ecosystem health in isolation 
—  we have to look at them together, and address 
them together,” he said. “This partnership pools 
the unique expertise of each organization and 
brings their combined weight to bear to do just 

that, via a One Health approach.”

WHO Director-General Dr Tedros Adhanom 
said antimicrobial resistance affected humans, 
animals and  ecosystem. “That's why the tripartite 
partnership of WHO, FAO and OIE is so vital," 
he said. "Working together is the only way to 
avoid the huge human, social, economic and 
environmental costs of antimicrobial resistance."  
OIE Director General, Dr Monique Eloit said 
members countries of the three organizations 
faced the same challenges. “Our collaboration 
is therefore fundamental to better help them 
respond, demonstrating that partnerships between 
international organisations support those at the 

According to the FAO, One Health is an 
“integrated approach for preventing and 
mitigating health threats at the animal-human-
plant-environment interfaces with the objective 
of achieving public health, food and nutrition 
security, sustainable ecosystems and fair 
trade facilitation.” The approach leverages the 
idea that problems impacting human health, 
terrestrial and aquatic animals, plants and 
the environment can be effectively resolved 
through improved coordination, communication 
and collaborative actions across disciplines 
and that these solutions are sustainable.  In 
addition to to antimicrobial resistance,  cross-
cutting topics and effective results observed 
through One Health include Highly Pathogenic 
Avian Influenza (HPAI) and other pandemic 
threats, endemic zoonoses (diseases that 
can spread between animals and humans), 
food safety (chemical, biological and physical 
contaminants throughout the food chain), trade 
facilitation and sustainability (imports and 
exports) and waste management.

Further reading

http://www.fao.org/docrep/014/al868e/al868e00.pdf

What is One Health?
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regional, national and even local levels,” she 
said. “This shows that the One Health approach 
is not just a concept, it's a daily reality that we 
build together through the development and 
the implementation of an ambitious working 
programme.”

The statement said that advances in transport, 
trade, populations and agriculture had 
“dramatically altered how diseases emerge and 
spread,” making a One Health approach more 
essential than ever. FAO, WHO and OIE have 
been working together since the 1940s and began 
collaborating on antimicrobial resistance and 
tackling diseases such as influenza and rabies 
in 2010. The three organisations reaffirmed 
their commitment in 2017. “Bringing together 
knowledge, insights and technical capacities in 
human and animal health and food and agriculture 
can generate strong synergies, for more robust, 
effective and cost-efficient solutions to the 
complex health problems facing the world today,” 
the statement said.   

In a separate statement, Graziano da Silva called 
for halting the use of antimicrobial medicines to 
promote growth in farm animals. “Antibiotics and 
other antimicrobials should be only used to cure 
diseases and alleviate unnecessary suffering. 
Only under strict circumstances they should be 
used to prevent an imminent threat of infection," 
the FAO chief said. The use of antimicrobials 
to promote growth, especially in livestock and 
acquaculture, "should be phased out immediately."

Graziano da Silva said that only 89 countries 
had indicated having a system in place to collect 
data on the use of antimicrobials in farm animals. 
"AMR will not be solved in a few years. It will 
need continuous attention and guidance,” he 
said. “Only by working together, the international 
community will be able to address the challenges 
that antimicrobial resistance poses to sustainable 
development.”

As part of efforts to implement Global Action 
Plan on AMR, he noted that FAO, WHO and OIE 
were helping to incorporate and implement the 
responsible use of antimicrobials in Cambodia’s 
legal system and also providing assistance to 
collect samples in aquaculture systems to boost 
surveillance in Viet Nam.

In Viet Nam, the FAO’s Emergency Centre 
for Transboundary Animal Diseases 
(ECTAD), collaborated with the Vietnamese 
Department of Animal Health to organise a 
workshop on the surveillance of antimicrobial 
resistance in livestock and food production 
systems on April 13. The workshop aimed 
to share the preliminary results of pilot AMR 
surveillance by the department in late 2017 
and develop a national AMR surveillance 
programme. “Participants discussed 
ways forward to develop a national AMR 
surveillance programme for the agriculture 
sector including (a) sampling plan, laboratory 
capacity development and antimicrobial usage 
management program at provincial level,” a 
statement said. 

ECTAD Senior Technical Coordinator Pawin 
Padungtod said the emergency centre, set 
up in 2006, had been helping the Department 
of Health build up the country’s AMR 
surveillance capacity and capabilities. “This 
pilot surveillance is a basis for a national AMR 
surveillance progamme, for development 
and implementation of evidence-based 
antimicrobial use management and AMR 
control policies,” he said. “We will continue 
to advocate animal producers and relevant 
stakeholders in adopting good practices 
in animal husbandry and use antibiotics 
responsibly to reduce the risk of AMR 
development and spread.” 

Surveillance of resistance in Viet Nam

Dr Pawin appearing on Vietnamese television

photo: https://twitter.Com/pawinpFao/status/896202805391773
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Cambodian fisherman helps to 
conserve giant barb on Tonle Sap Lake

One man’s quest to protect 
Cambodia’s National Fish

Phan Sopoeun, 35, is a fisherman who lives 
in Kampong Loung, a floating village in Krakor 
District in Pursat, one of the Cambodian provinces 
around the Tonle Sap Lake. As a father of five 
children (three daughters and two sons), he’s a 
model fisherman who takes part in village and 
community activities. 

During the fishing season of 2017, Sopoeun 
said he caught two giant barbs (Catlocarpio 

by Chhut Chheana *

siamensis) in a horizontal cylinder trap, a 110-kg 
male and a 130-kg female. He knew they were 
rare and endangered — and also the National 
Fish of Cambodia — so he reported the catch to 
the Krakor Fisheries Administration. After a small 
ceremony in which he lit incense, sprayed perfume 
and prayed for peace, he released the giant barbs 
back into the lake.

“Traders offer high prices for giant barbs,” the 
fisherman said. “If a fish weighs 50 kg, traders 
will offer $50 to $70 per kg. Fish weighing 100 kg 
are priced at $100 to $150 per kg. In my case, 

Phan Sopoeun with his wife Chhem Srey Neth and three of their five children

photo: supplied 
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Cambodian fisherman helps to 
conserve giant barb on Tonle Sap Lake

The 110-kg male giant barb caught by Phan Sopoeun from the Tonle Sap Lake

photo: supplied 



36 Catch and Culture - Environment Volume 24, No. 2                           August 2018  

Conservation

where I caught two giant barbs with a total weight 
of 240 kg, I would have received more than 
$20,000.” But Sopoeun said he wouldn’t dare sell 
the fish, known as trey kolreang in Khmer. Besides 
being endangered, the giant barb, “represents 
Cambodian national identity and also belongs to 
the spirit which looks after the area,” he said. 

‘Locals donated almost $10,000  to 
build a shrine to the general where 

fishermen come to pray for good luck 
for their families and safety when 

they’re fishing on the lake’

This is all noteworthy. But at the latest GMS 
Sopoeun was referring to the spirit of Pichey 

Sangream, a legendary general who is said to 
have taken care of the water, land and forests 
around the Tonle Sap Lake in ancient times. He 
said locals donated almost $10,000  to build a 
shrine to the general where fishermen come to 
pray for good luck for their families and safety 
when they’re fishing on the lake.

Even if traders offered higher prices, Sopoeun 
said he would not sell. “The money won’t solve 
the problems caused by the fish trade. My family's 
happiness is more important than that. Moreover, 
selling it would be the same as selling Cambodian 
national identity."

His wife, Chhem Srey Neth, agrees. "I support all 
of his activities," she said. "I don’t want money 
from these fish sales."

The 130-kg female giant barb caught by Phan Sopoeun

photo: supplied 
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The International Union for the Conservation of 
Nature has classified the giant barb as “critically 
endangered” which means a species is considered 
to be at “extremely high risk of extinction in the 
wild.” In its latest assessment published in 2011, 
the Swiss-based group highlighted the urgent 
need to survey the abundance, distribution and 
migratory behaviour of the species which can 
reportedly grow to three metres. The giant barb is 
native to the Mekong as well as the Maeklong and 
Chao Phraya basins in Thailand.   

‘The giant barb is among seven 
plants and animals designated 

as national symbols of Cambodia 
demonstrate  the country’s natural 

heritage and promote national pride’

Under a Royal Decree issued by King Norodom 
Sihamoni in 2005, the giant barb is among 
seven plants and animals designated as national 
symbols of Cambodia to demonstrate  the 
country’s natural heritage and promote national 
pride. The decree states that the four animals and 

Mekong fish species classified as threatened since 2011
Species 2004 2017 Remarks

Giant salmon carp
ត្រីប៉្រសាណាក
Aaptosyax grypus

DD CR
In 2011, population estimated to have declined more 
than 90% over previous decade. Large individuals very 
rare. Population trend decreasing.

Giant barb
ត្រីគល់រាំង
Catlocarpio siamensis

NE CR
Abundance reported in 2011 to have fallen sharply over 
previous 20 years. Very rare in Thai and Lao tributaries 
of Mekong. Population trend decreasing.

Striped catfish
ត្រីប្រ្រធំ
Pangasianodon hypophthalmus

NE EN
Overall catch by Cambodian fishermen reported in 2011 
to have declined 68% since 1980’s. Population trend 
decreasing.

Two-headed carp
ត្រីប៉្រវ៉្រមុខពីរ
Bangana behri

NE VU
In 2011, population estimated to have declined 30-50% 
since 1990. Future declines expected at same rate or 
higher. Population trend decreasing.

Small-scale mud carp 
ត្រីក្រឡង់-ត្រីព្រួល
Cirrhinus microlepis

NE VU
Population in Mekong estimated in 2011 to have 
declined by as much as 50% in recent years. Population 
trend decreasing.

Krempf’s catfish
ត្រីបុងឡាវ
Pangasius krempfi

NE VU
In 2011, population suspected to have declined more 
than 30% since 1990. Found in coastal areas as well as 
Mekong. Population trend decreasing.

Critically Endangered  Endangered  Vulnerable  Data Deficient  Not Evaluated 

Source: IUCN/Wonders of the Mekong

three plants should be protected and conserved 
with that awareness of the species should be 
widely raised.  

The decree noted that the Cambodian government 
had been encouraging hatcheries and breeding 
stations to conduct research to stock the fish in 
natural water bodies and for use in aquaculture. 
It also recalled government cooperation with the 
MRC to tag and release giant barbs inadvertently 
caught in bagnet fisheries in the Tonle Sap River. 
In addition to being a popular food fish — as 
illustrated by ancient carvings of the giant barb on 
walls of the Angkor temples —  the decree noted 
that the scales of the species have traditionally 
been used to make shuttlecocks.

* Mr Chheana is the designer of Catch and Culture - Environment 
and also communications coordinator of the USAID-funded Wonders 
of the Mekong project launched last year in partnership with the 
Cambodian Fisheries Administration and University of Nevada, Reno, 
the United States. The article is based on a story published by the 
Khmer-language news service Thmey Thmey on March 10 

Further reading

Hogan, Z. 2011. Catlocarpio siamensis. The IUCN Red List of 
Threatened Species 2011: e.T180662A7649359. http://dx.doi.
org/10.2305/IUCN.UK.2011-1.RLTS.T180662A7649359.en. 
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Lao hydropower review welcomed
Decision follows extraordinary meeting 

of Lao cabinet after dam break in 
southern Attapeu Province 

bordering Cambodia on July 23 

The Mekong River Commission (MRC) has 
welcomed as “highly applauded and progressive” 
a decision by Lao Prime Minister Thongloun 
Sisoulith to review all existing and under-
construction dams and suspend the consideration 
of all new hydropower investments after a dam 
break in Attapeu Province on July 23. 

“As a regional intergovernmental organization, we 
wholeheartedly welcome the decision and initiative 
of the Lao Prime Minister to review all the dams 
and re-examine all new hydropower investments,” 
CEO Pham Tuan Phan said. “We're seeking ways 
to synergize Lao PDR’s efforts in reviewing and 
updating its hydropower strategy and plan with the 
MRC’s basin development strategy and plan and 
the on-going state of the basin report for a more 
sustainable Mekong region,” he added.

 
‘New hope for a more optimal, 

sustainable and less contentious 
path for development’

The decision followed an extraordinary meeting 
of the Lao cabinet on August 6. In a statement 
released on August 15, the MRC noted that it had 
recently completed a $4.7 million study on the 
Sustainable Development and Management of 
the Mekong River Basin including the Impacts of 
Mainstream Hydropower Projects. 

The “Council Study”, commissioned in late 2011 
and completed in December 2017, indicates both 
positive and adverse impacts of planned water 
resources development. Prime ministers of the 
four countries endorsed the study at the Third 
MRC Summit in Siem Reap in April.

“While the dam break is a national tragedy, 
it ushers in a new hope for a more optimal, 
sustainable and less contentious path for 
development of one of the greatest rivers in 
the world,” CEO Pham said. “The governments 

of Lao PDR 
and Mekong 
countries 
deserve all our 
support and I 
call on all other 
Mekong-related 
organizations 
and cooperation 
frameworks to 
join us.”

Lao state media 
reported earlier 
that one of five 
small auxiliary 
dams in the Xe-
Pian Xie-Namnoy Hydropower Project  failed on 
July 23, unleashing flash floods into the Xe-Pian 
River, a tributary of the Sekong River that flows 
into Cambodia before joining the Mekong, about 
283 kilometres from the dam site.

In addition to flood damage to lives and livelihoods 
in southern Lao PDR, the MRC Secretariat noted 
reports of communities in Stung Treng Province 
in northern Cambodia being evacuated due to the 
flood. 

In a statement released on July 27, the Secretariat 
said that its monitoring station on the Sekong 
River in Siem Pang District in Stung Treng 
Province in Cambodia recorded an increase in 
water levels of more than four metres over five 
days — from 8.39 metres at 3:15 p.m. on July 
22 to 12.47 metres at 2:00 p.m. on July 27. The 
statement said the increase was caused by 
heavy rains followed by the large amount of water 
released from the auxiliary dam.  
 
“Initial and preliminary analysis for the extent of 
the water level rise in Stung Treng due to the dam 
break shows about 20 cm compared to normal 
condition,” it added, referring to the Stung Treng 
Station on the Mekong River. The statement 
estimated volume of water from the dam break 
passing through Stung Treng Station until July 27 
July at around 270 million m3.

CEO Pham Tuan Phan 

photo: mrC
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This image from the Japan Aerospace Exploration Agency (JAXA) shows possible flooded area in blue on July 25

satellite imaGe: JaXa/yamaGuChi university, mapped by mrC seCretariat

A vast brown inundation swamping houses and jungle-like areas in southern Lao PDR can be seen in the satellite image on the right

satellite imaGe: european spaCe aGenCy (esa)

July 17, 2018 July 25, 2018
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A success story – what the Mekong 
can learn from Israel
by berit mohr, so nam and pham tuan phan *

The 21st century is widely expected to be 
a century of water conflicts in water-deficit 
areas. Due to overpopulation and climate 

change, the remaining freshwater in 
aquifers, lakes and rivers needs to be well 
managed and treated with care to ensure 
people’s well-being. Conflict prevention 

includes changing people’s habits to 
use less water along with innovation and 
collaboration between countries. Israel 
is a water-deprived nation that has long 
seen the need to act and is now a world 
leader in the sustainable use of limited 

water resources. Creativity, courage and 
intensive investment in any sector related 
to water management has put the country 

in a powerful position. With the aim of 
encouraging discussion and considering 
such practices in the Mekong region, the 
article below summarises Let There Be 

Water: Israel’s Solution for a Water-Starved 
World, an international best-seller 
by the award-winning American 

author Seth M. Siegel

Israel is one of the most water-scarce nations on 
Earth. But with innovative management strategies, 
strong regulations and clever investment, it is now 
among one of the few nations that export great 
amounts of excess freshwater to neighbouring 
countries. It recognises the importance of water 
access for its neighbours and understands 
transboundary impacts on water resources. 
Neighbouring countries have an interest in not only 
accessing freshwater but also treating waste water 
in a similar way to Israel. The latter is an issue of 
mutual interest — with the connection of rivers and 
potential impacts on its water quality, Israel would 
lose out to Palestine, for example, did not treat its 
water correctly. Moreover, sewage leaking into the 
Dead Sea — whose borders are shared by Israel, 
Palestine and Jordan — could damage an Israeli 
desalination plant nearby. 

Regional collaboration
Collaboration in the water sector between Israel 
and Jordan has benefited the economies of both 
nations and is expected to continue.  According to 
a professor at the Arava Institute for Environmental 
Studies cited by Siegel, “no one would be asked 
to give up their national identity. I’m still an Israeli 
and he’s still a Palestinian or a Jordanian. But the 
doctrine of nationalism would be replaced, over 
time, by regionalism with all of the benefits for our 
economies and for peaceful coexistence”. Siegel 
argues that regional collaboration in treated water 
(Israel), freshwater (Palestine) and clean energy 
in forms of photovoltaic cells (Jordan) ensures a 
sustainable future for all three nations.

Since its formation in 1948, the State of Israel has 
invested in developing various technologies to 
retrieve and restore water, which can be replicated 
by other nations:

Waste-water treatment
More than 85 percent of Israel’s sewage water 
is reused, evenly distributed between agriculture 
and other water-intensive activities apart from 
drinking water. In the 1950s, Israel’s growing 
population produced more sewage, which 
needed to be disposed of safely. Disposal into 
the Mediterranean Sea was not sustainable — 
even though sewage water was treated, it was 
still polluted and fouled beaches. In the 1960s, 
construction started on an extraordinary sewage 
plant near Tel Aviv that was not completed until 
1973 due to its complex engineering. Known as 
Shafdan, the Dan Region Wastewater Treatment 
Plant is located on sand dunes, which filter 
toxic residues in an additional tertiary treatment 
process.  After the plant opened, all waste water 
was filtered through the sand, helping to refill a 
nearby aquifer that was almost empty. 

The aquifer is still being used for irrigation and 
storage that guarantees access to water at any 
time of the year. To eliminate dangerous residues, 
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Shafdan plant south of  Tel Aviv 

photo: tahal Group (2015)

sand filtering has recently been supplemented 
with laser treatment.The use of laser technology 
is limited, however, as it is still being optimised. 
For areas with rapid population growth, using 
wastewater as a source for freshwater is ideal as 
well designed sewage plants can secure year-
round access to water, especially important if 
climate change leads to more intense droughts as 
forecast.

Optimised irrigation
Another revolutionary approach to water use in 
Israel has been drip irrigation, an idea hatched by 
a young engineer. In 1959, the engineer noted a 
difference in tree height on a farm where a row of 
the same species was growing under the same 
conditions. He found that the taller trees were 
located near a leaking pipe.  The idea may have 
been born but it would take several decades to 
optimise the technique in collaboration with private 
investors and government agencies. After intense 
research into the growth rates of different plant 
species and their need for water, drip irrigation 

is now one of the most successful technologies 
in agriculture. Fruit, vegetables and other plants 
such as flowers are now being grown with great 
success due to this technique which reduces water 
use by more than 70 percent, minimising run-off 
and soil depletion. 

Delivering water directly to plant root systems

photo: drip irriGation Canada
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Leafy green vegetables farmed with drip irrigation

photo: borisshin

Ashkelon desalination plant using the reverse-osmosis technique

photo: water world (2015)

“Drip irrigation will produce a larger harvest and 
usually a higher-quality one, as well,” Siegel 
writes. “Regardless of growing conditions or 
the salinity of the water, drip irrigation nearly 
always produces a larger crop than does flood- 
or sprinkler-irrigated crops in a comparable 
environment.” To save precious water resources 
and increase crop rates, drip irrigation should 
be used globally to work towards sustainable 
management practices. Israel has taken great 
efforts to do so and could be a leader for 
transforming the rest of the world in the water 
sector. 

Desalination
Although it was long known that desalination was 
possible, it was not until the late 20th century 
that the technique gained interest for further 
development. Unlike the other two techniques, 
desalination had more difficulties to spread and 

become of interest to the government and other 
businesses. It was due to the cost of building a 
plant and secondly the intense energy use that 
was required to separate the salt from the water. 
Under the Israeli government, the company Israel 
Desalination Engineering (IDE) was established 
in the early 1960s to research, develop and build 
a robust desalination technique. Decades of 
research optimising various techniques including 
the freezing of water to push out the salt crystals, 
heating the water to extract the water vapour led 
to multiple more energy-efficient ways to produce 
salt-free water.

In 1980, IDE optimised a process for an 
already-known technique known as multi-effect 
desalination which heats water and captures the 
vapour. For extraction, the company used multiply-
linked tubes made of aluminium, one of the best 
heat-transmitting metals and therefore ideal to 
transfer heat efficiently. Multiple plants were built 
using this successful technique, although the 
company later developed another process based 
on a reverse-osmosis technology from the United 
States. 

‘'With all this new desalinated water 
added to everything else we're doing,  

we are mostly immune to adverse 
weather conditions’

The new process involved using a membrane, a 
chemical solution that captured salt molecules and 
larger minerals. Pushing the water through the 
membrane resulted in clean freshwater, leaving 
the salty residue behind. After the opening of 
the first reverse-osmosis desalination plant in 
Ashkelon in 2005, operating costs were found to 
be 50 percent cheaper than all previous plants. 
The Ashkelon facility was followed by a second 
plant in 2007 and a third in 2009. “It isn’t just 
desalination, but with all of this new desalinated 
water added to everything else we are doing, 
we are mostly immune from adverse weather 
conditions”, said a former head of the Israel Water 
Commission.   

Lessons for the Mekong
Water scarcity has forced Israel to invest in 
optimising water-use techniques. Israelis have 
had to save water and change lifestyles with 
governmental and local approaches successfully 
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changing society’s relationship with water. 
Innovation in agriculture, irrigation and treatment 
has made Israel one of the most “water rich” 
nations in the world, capable of exporting more 

Water

 

than 80 million gallons (18 million litres) of water to 
neighbouring countries each year. With creativity 
and strong governance, many countries could 
replicate Israel’s success as it is willing to share its 
techniques and lessons learned with others.

As an inspiration for working towards the 
sustainable development of the Mekong River 
Basin, MRC Chief Executive Officer Pham Tuan 
Phan has shared copies of Siegel’s book with 
the Cambodian, Lao, Thai and Vietnamese prime 
ministers. Dr Phan has provided a short summary 
of possible techniques covered in the book that 
could be successfully applied in the lower basin. 
He has also suggested making the Mekong 
Agreement of 1995 more binding to achieve an 
identified target for a sustainable Mekong River. 

Israel itself recognises the regional importance 
of water — the Israeli Embassy in Hanoi and the 
Export Institute of Israel invited the Mekong River 
Commission as a panellist at a Water Emergency 
Relief conference in Tel Aviv in June. The event 
drew more than 100 participants and included 
multiple discussions on “sufficient preparedness” 
as the most important part of water emergency 
relief. It also featured advanced but affordable 
technologies developed by local companies to 
provide potable water to people with no direct 
water access. Conference participants established 
a network to continue exchanging knowledge and 
perhaps extend the topic of emergency relief to 
other areas such as agriculture including drip-
irrigation techniques. 

* Ms Mohr is an intern, Dr So Nam is Chief Environment Management 
Officer and Dr Phan is Chief Executive Officer at the MRC Secretariat 
in Vientiane

Further reading

Siegel, S. M. (2015) Let there be Water. St. Martin's Press, 
New York 

Tahal Group (2015). Wastewater Collection, treatment and 
reuse system ("Shafdan"), Dan Region. [Online]  Available 
at: https://www.tahal.com/project/wastewater-collection-
treatment-and-reuse-system-shafdan-dan-region/ [Accessed 
26 June 2018].

World, W. (2015). IDE'S Israel Seawater RO 
Desalination Plant sets world record for water production. 
[Online]  Available at: https://www.waterworld.com/
articles/2015/02/ide-s-israel-seawater-ro-desalination-plant-
sets-new-world-record.html [Accessed 26 June 2018].

Seth M. Siegel was 
born in Queens, a 
borough of New York 
City, in 1953. He first 
studied to be a lawyer 
but left after five years 
to a pursue a business 
career, completing  his 
master’s degree in 
Jerusalem. He co-
founded a company 
that represented 
global brands such as Harley Davidson and 
Coca-Cola. After the business was sold to Ford 
Motor Company, Siegel helped to incubate 
companies in financial services, real estate, 
brokerage and digital entertainment. Today, 
he works as an author and activist addressing 
water issues around the world. He has 
spoken to international audiences on various 
occasions, notably at the United Nations, the 
World Bank and the World Economic Forum at 
Davos. Michael Bloomberg, the former mayor 
of New York, highly recommended Let There 
Be Water as 
"essential 
reading" and 
the book has 
also won 
praise from 
former British 
prime minister 
Tony Blair and 
the late Israel 
president 
Shimon 
Peres. Siegel 
is working on 
a new book 
about the 
widespread 
contamination 
of American 
drinking water. 

About the author

Mr Siegel
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Dr Ngor Peng Bun
Former capture fisheries specialist 

at Mekong River Commmission 
completes PhD in France  

Ngor Peng Bun, who served as the capture 
fisheries specialist at the MRC Fisheries 
Programme in Phnom Penh between 2011 and 
2016, received his doctoral degree from Université 
Paul Sabatier (Université de Toulouse III) on 
April 10 for his research into fish-assemblage 
dynamics in the Lower Mekong. Using spatial 
and time-series datasets as well as univariate 
and multivariate statistical approaches, his 
thesis highlights importance of flow and other 
environmental factors, the effects of indiscriminate 
fishing around the Tonle Sap and responses of fish 
assemblages to a gradient of disruption of flow 
seasonality and predictability due to dams in the 
Lower Mekong system. 

The research, conducted at the French university’s 
Evolution and Biological Diversity Doctoral School, 
contributes to the ecological understanding of 
fish assemblages and the design of applications 
for long-term planning, monitoring, management 
and conservation of fisheries in the Mekong Basin 
and beyond. The thesis suggests that maintaining 
the Mekong’s robust and predictably seasonal 
flood-pulse dynamics and habitat connectivity 
is imperative to ensure fish longitudinal and 
lateral dispersal ability among critical habitats 
for breeding, feeding and seeking refuge. It also 
shows that setting appropriate regulations based 
on known peak fish migrations at various spatio-
temporal scales would allow migratory fish species 
to pass through rivers, access critical habitats and 
complete their life cycles. In addition, the research 
indicates that hydropower-related pulsed flows 
that can mimic natural flows as far as possible are 
critical to reduce downstream effects on aquatic 
organisms and thus should be applied to mitigate 
impacts from existing and planned hydropower 
dams in the Mekong Basin. 

After joining the Fisheries Department of the 
Cambodian Ministry of Agriculture, Forestry and 
Fisheries in 1998, Dr Peng Bun initially worked in 
planning and accounting. Between 2003 and 2005, 
he was a project supervisor under the Assessment 

of Mekong Capture Fisheries (AMCF) Component 
of the MRC Fisheries Programme. He later worked 
as team leader for a fisheries statistics and 
information project. Before rejoining the MRC in 
2011, he was deputy chief of the biological division 
of Cambodian’s Inland Fisheries Research and 
Development Institute (IFReDI).

Dr Peng Bun has two master’s degrees, one in 
environmental management and development 
from the Australian National University in Canberra 
and another in science in information management 
from the Asian Institute of Technology in Bangkok. 
He did his  bachelor degree in fisheries science at 
the Royal University of Agriculture in Phnom Penh. 

Dr Peng Bun
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Mr Nguyen Viet Manh
Vietnam Fisheries Association Deputy 

General Secretary Nguyen Viet Manh died on 
November 18 last year after a distinguished 

career in government, party and military 
work in Viet Nam and Cuba spanning 

four decades. He was 61.  

Nguyen Viet Manh was born in Long Bien 
District in Ha Noi in 1956. He studied at the 
Hanoi University of Foreign Studies in 1973 and 
1974 before moving to Cuba where he studied 
Spanish at the University of Havana between 
1974 and 1979. On his return to Viet Nam, Mr 
Manh joined the Planning Department of the 
Ministry of Fisheries where he worked until 1980 
when he joined the 85th Battalion of the Research 
Department at the Ministry of Defence to do his 
military service. 

He returned to the Ministry of Fisheries in 1982 
where he took up a position as specialist in the 
Department of International Cooperation, where 
he worked until 1985 when he returned to Cuba as 
lieutenant with the 385 Military Advisory Group to 
assist Cubans.

In 1991, Mr Manh returned to the Department 
of  International Cooperation, becoming deputy 
director between 1996 and 2007, when it was part 
of the Ministry of Fisheries, and again between 
2007 and 2010, when the ministry merged with the 
Ministry of Agriculture and Rural Development. 

Mr Manh served as director of the Department 
of Science, Technology and International 
Cooperation in the General Department of 
Fisheries in the Ministry of Agriculture and Rural 
Development from 2010 to June, 2016, when he 
retired from government service, taking up the 
position of deputy general secretary at the Vietnam 
Fisheries Association.

Colleagues say Mr Manh was an exemplary 
cadre, good party member, constantly learning 
and devoting his heart to serve the country. 
With such contributions, he was honoured and 
rewarded by the party and state with a Third-
Class Labor Medal, Certificates of Merit from the 

Minister of Fisheries 
and the Minister 
of Agriculture and 
Rural Development, 
and many other 
medals from various 
agencies. 

During the last 
two decades of 
his career, Mr 
Manh took an 
active interest in 
the activities of 
the Mekong River 
Commission’s former 
Fisheries Programme. During the programme’s 
annual meeting in Siem Reap in 2009, he 
remarked that he was the only person to have 
attended every annual meeting since the MRC 
was founded in 1996.

“Mr Manh was a very active participant in the 
development of the MRC Fisheries Programme, 
always ensuring the positive contribution of Viet 
Nam to the programme’s basin-wide approach,” 
recalled Jorgen Jensen, a former Fisheries 
Programme manager. 

“Through strengthening personal and professional 
relations with his riparian counterparts, he 
contributed significantly to the establishment of a 
positive working climate, which was a key factor in 
the achievements of the programme."    

Chris Barlow, a former chief technical advisor at 
the Fisheries Programme, said he always valued 
Mr Manh's “wise and steady input” at annual 
meetings and on the Technical Advisory Body for 
Fisheries Management.  

"Mr Manh was a constructive contributor to various 
Fisheries Programme management groups,” 
Dr Barlow said. “At all times, he had the broad 
interests of regional management as his first 
consideration, as distinct from a narrower country 
focus.  In this regard, he actively promoted the 
regional context of MRC's mandate."      
 

Mr Manh
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Prices

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

Production, trade, utilisation and consumption
FAO Food Outlook, July 2018

2016 2017
Estimate

2018
Forecast

Change
2018/2017

 Million tonnes %
Production 170.1 175.1 178.7 2.0
Capture fisheries 90.9 91.5 91.7 0.2
Aquaculture 80.0 83.6 87.0 4.0
Trade value (exports USD billion) 142.5 153.1 165.8 8.3
Trade volume (live weight) 59.5 60.5 60.8 0.7
Total utilisation 170.9 175.1 178.7 2.0
Food 151.2 154.4 157.6 2.1
Feed 14.6 15.6 15.8 1.0
Other uses 5.1 5.1 5.2 2.9
Consumption per person
Food fish (kg/yr) 20.3 20.5 20.7 1.0
From capture fisheries (kg/year) 9.5 9.4 9.3 -1.2
From aquaculture (kg/year) 10.7 11.1 11.4 2.9
FAO Fish Price Index (2002-2004 = 100) 2016 2017 2018

Jan-Mar
Change

Jan-Mar 2018/Jan-Mar 2017

146 154 163 8.3

FAO total fish price index
Capture totalAquaculture total
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Thailand
Talaad Thai Wholesale Market, Pathum Thani Province

THB per kg
 March, 2018  August, 2018

Slender rasbora (Rasbora daniconius) 38 - 55 --
Chinese edible frog (Haplobatrachus rugulosus) (large) 105 - 110 85 - 90
Chinese edible frog (Haplobatrachus rugulosus) (small) 90 - 95 75 - 80
Asian redtail catfish (Hemibagrus wyckioides) 180 - 230 180 - 230
Yellow mystus (Hemibagrus filamentus) 90 - 100 100 - 120
Tire track eel (Mastacembelus favus) 200 - 230 200 - 230
Clown featherback (Chitala ornata) 80 - 100 100 - 230
Iridescent mystus  (Mystus multiradiatus) (large) 75 85 - 100
Iridescent mystus (Mystus multiradiatus) (small) 35 - 70 65 - 75
Wallago (Wallago attu) (large) 170 - 180 180 - 190
Wallago (Wallago attu) (small) 120 120
Bronze featherback (Notopterus notopterus) 85 - 100 80 - 100
Wild striped snakehead (Channa striata) (large) 120 - 125 120 - 125
Wild striped snakehead (Channa striata) (small) 80 - 95 80 - 85
Farmed giant snakehead (Channa micropeltes) (large) 80 - 95 90 - 95
Farmed giant snakehead (Channa micropeltes) (small) 60 - 75 80 - 85
Bighead walking catfish (Clarias macrocephalus) (large) 105 - 110 100 - 110
Bighead walking catfish (Clarias macrocephalus) (small) 100 100
Farmed North African walking catfish hybrid (Clarias spp.) (large) 32 - 35 35 - 37
Farmed North African walking catfish hybrid (Clarias spp.) ((small) 35 - 38 35 - 38
Siamese red catfish (Phalacronotus bleekeri) (large) 300 - 340 300
Siamese red catfish (Phalacronotus bleekeri) (small) 120 - 130 120 - 180
Silver barb (Barbonymus gonionotus) (large) 50 - 55 50 - 55
Silver barb (Barbonymus gonionotus) (small) 35 - 38 30 - 35
Red tilapia hybrid (Oreochromus spp.) (large) 70 - 75 80 - 90
Red tilapia hybrid (Oreochromus spp.) (small) 50 - 55 65 - 70
Nile tilapia (Oreochromus niloticus) (large) 50 - 53 45 - 55
Nile tilapia (Oreochromus niloticus) (small) 25 - 38 25 - 35
Whisker sheatfish (Kryptopterus spp.) (large) 130 - 150 130 - 150
Whisker sheatfish (Kryptopterus spp. (small) 70 - 80 90 - 100
Common carp (Cyprinus carpio) (large) 33 - 40 32 - 35
Mekong giant catfish (Pangasianodon gigas) 50 - 60 50 - 60
Boeseman croaker (Boesemania microlepis) 60 - 220 100 - 240
Horse-face loach (Acantopsis choirorhynchos) 150 - 160 150 - 160
Giant gourami (Osphronemus goramy) 80 - 90 80 - 90
Siamese mud carp (Henicorhynchus siamensis) 50 - 60 55 - 60
Snakeskin gourami (Trichopodus pectoralis) 80 - 185 100 - 175
Striped catfish (Pangasianodon hypophthalmus) 22 - 25 25 - 28
Climbing perch (Anabas testudineus) from rice paddy (large) 95 90 - 95 
Climbing perch (Anabas testudineus) from rice paddy (small) 60 - 80 70 - 80
Farmed climbing perch (Anabas testudineus) (large) 90 - 100 90 - 95
Farmed climbing perch (Anabas testudineus) (small) 70 - 85 80 - 85
Spot-fin spiny eel (Macrognathus siamensis) (large) 150 - 165 140 - 150
Spot-fin spiny eel (Macrognathus siamensis) (small) 120 - 135 120 - 150
Rice-field eel (Monopterus javanensis) (large) 260 - 280 270 - 280
Rice-field eel (Monopterus javanensis) (small) 310 - 320 310 - 320
Pond snail (Filopaludina martsensi) 30 - 35 30 - 35

Viet Nam
Vietnam Association of Seafood Exporters and Producers (VASEP), Dong Thap Province in the Mekong 

Delta except black tiger shrimp (Da Nang for individuals and Khanh Hoa Province for post larvae) 

VND per kg unless otherwise stated

March, 2018 August, 2018
Pangasius (Pangasianodon hypophthalmus) (white flesh) 31,500 - 33,500 28,000 - 30,000
Pangasius fry (Pangasianodon hypophthalmus) 3 - 5 each 3 - 5 each
Pangasius sub-fingerlings (Pangasianodon hypophthalmus) (3,000/kg) 200 each 250 each
Pangasius fingerlings (Pangasianodon hypophthalmus)  (28 - 32/kg) 1,800 - 2,000 each 900 - 1,200 each
Red tilapia (Oreochromis spp.) > 300g - 1,000g 37,000 - 39,000 37,000 - 38,000
Red tilapia fingerlings (Oreochromis spp.) (80/kg) 24,000 - 25,000 300 - 320 each 
Snakehead (Channa spp.)  ≥ 500g 36,000 - 38,000 34,000 - 37,000
Snakehead fry (Channa spp.) (1,200/kg) 110 - 140 each 110 - 140 each
Snakeskin gourami (Trichogaster pectoralis) (6/kg) 35,000 - 37,000 35,000 - 37,000
Climbing perch (Anabas testudineus) (3 - 5/kg) 30,000 - 32,000 30,000 - 32,000
Japanese wrinkled frog (Thai strain) (Glandirana rugosa) (3 - 5/kg) 40,000 - 44,000 40,000 - 44,000
Japanese wrinkled frog (Thai strain) fry (Glandirana rugosa)  (120 - 140/kg) 600 - 750 each 600 - 750 each
Giant freshwater prawn (Macrobrachium rosenbergii) (>100g) 270,000 - 290,000 260,000 - 280,000
Giant freshwater prawn (Macrobrachium rosenbergii) (75g - 99g) 240,000 - 260,000 220,000 - 240,000
Giant freshwater prawn (Macrobrachium rosenbergii) (50g - 74g) 160,000 - 180,000 150,000 - 170,000
Giant freshwater prawn (Macrobrachium rosenbergii) (berried females, inferior old blue-claw males) 90,000 - 115,000 90,000 - 100,000
Giant freshwater prawn post larvae (Macrobrachium rosenbergii) (80,000 - 90,000/kg) 120 - 140 each 120 - 140 each
Black tiger shrimp (Penaeus monodon) 15/kg 440,000 460,000
Black tiger shrimp (Penaeus monodon) 25 - 30/kg 240,000 210,000
Black tiger shrimp (Penaeus monodon) 40/kg 150,000 145,000
Black tiger shrimp post larvae (Penaeus monodon) (15 days) 700 - 500 each 600 - 800 each
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Thach Phanara, head of laboratory at the Cambodian goverment's Inland Fisheries Research and Development Institute, holding 
a striped catfish (Pangasianodon hypophthalmus) on a visit to Stung Treng Market in northeast Cambodia in August. He was 
visiting the market as part of a field trip for the USAID-funded Wonders of the Mekong project, a partnership between the Cambodian 
Fisheries Administration and University of Nevada, Reno. The striped catfish is widely farmed in the Mekong Delta in Viet Nam and 
exported to dozens of countries, where it is usually marketed as "pangasius" or "basa" (the Vietnamese name for a closely related 
species). In the wild, the striped catfish is considered "endangered" by the International Union for the Conservation of Nature (IUCN). That 
means the fish faces a "very high risk" of extinction in the wild in the near future. This particular individual had been speared, possibly after 
being shocked by electrofishing which is illegal in Cambodia. According to IUCN, Cambodian catches of striped catfish declined by more 
than two-thirds between the 1980s and 2011.


